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Abstract: Objective: To explore the role of acupuncture in cardiac anesthesia. Methods: We searched MeSH terms 
including “acupuncture”, “electric acupuncture”, “anesthesia”, “heart surgery”, “open chest surgery” in PubMed, 
CNKI, Wanfang Data, China Journal Net, Vipnet, Longyuan Journal Net and Springer Database. Randomized clini-
cal trials regarding comparison between acupuncture-assisted anesthesia (AAA) and general anesthesia (GA) from 
January 1979 to January 2020 were obtained. The data quality of the enrolled studies was evaluated following 
Cochrane handbook with Review Manager 5.1.0 as the analysis tool. Results: Nine randomized, controlled studies 
were included. AAA was superior to GA in the following outcomes: elevated SpO2 (Z = 17.13, P < 0.00001), longer 
length of stay in resuscitation room (Z = 80.81, P < 0.0001), higher mean arterial pressure (Z = 18.26, P < 0.0001) 
and Prince-Henry scores (Z = 40.23, P < 0.0001), reduced consumption of inhalation anesthetics (Z = 94.34, P 
< 0.0001) and intravenous anesthesia (Z = 130.86, P < 0.0001), lower postoperative VAS score (Z = 39.15, P < 
0.0001), incidence of low blood pressure (Z = 3.31, P = 0.0009), postoperative nausea and vomiting (Z = 4.49, 
P < 0.0001), chills (Z = 3.31, P = 0.0009) and dysphoria (Z = 3.44, P = 0.006), and shortened extubation time in 
patients undergoing thoracotomy (Z = 66.87, P < 0.0001). Conclusion: Meta-analysis shows that AAA has beneficial 
clinical effects in open heart surgery. It can improve respiratory and circulatory functions, reduce the consumption 
of anesthetic drugs, extubation time, recovery time, pain intensity and adverse reactions in the early stage of anes-
thesia, which is suitable for thoracotomy.
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Introduction

The history of cardiac surgery dates back to 
1950s, and nowadays the number of heart sur-
geries performed worldwide has almost dou-
bled every year [1]. Although minimally invasive 
cardiac surgery has been preferred by many 
cardiac surgeons, the traditional open-chest 
surgery with cardiopulmonary bypass is still the 
dominant strategy for treating heart diseases 
[2]. New technology has greatly improved the 
safety of open-heart surgery and decreased its 
mortality [3]. Since China’s population is aging 
fast, the number of elderly patients undergoing 
open heart surgery continues to increase [4]. 
The elderly usually experience decreased 
reserve capacity, which greatly affects circula-
tory function and their ability to recover from 
surgical trauma [5]. The Stability of hemody-

namics during the operation and the body’s 
stress response during and after the operation 
should be concerns of anesthetists.

Acupuncture is the practice of TCM in prevent-
ing and treating diseases, which gives birth to 
the acupuncture-assisted anesthesia (AAA) [6]. 
AAA is a model of integrated Chinese-Western 
Medicine [7] and is funded by National Basic 
Research Program of China (973 Program).

In July 2006, a team led by Zhou Jia, who is the 
chief physician of the Cardiothoracic Surgery 
Department at Shu Guang Hospital which is 
affiliated with the Shanghai University of Tra- 
ditional Chinese Medicine, began research on 
acupuncture-assisted heart surgery, and cre-
atively changed the state of patients undergo-
ing heart surgery from “awake” to “light sleep 
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Figure 1. After a comprehensive search of the database, a total of 88 articles were obtained. EndNote software was 
used to check for duplicates and got 43 articles. By reading the title of the literature, 20 articles were obtained. By 
carefully studying the full text of the literature, 9 eligible studies were finally included.

and spontaneous breathing”. This anesthesia 
method is applicable to many diseases and  
surgical indications, thereby reducing the con-
sumption of anesthetics during surgery, inci-
dence of postoperative complications, and po- 
stoperative recovery time [8]. Acupuncture-
assisted anesthesia has been performed for 
decades. While it overcomes the shortcomings 
of traditional analgesia during surgery, it also 
shows a benign adjustment process that is  
difficult to be realized with anesthetic drugs, 
providing a new idea for anesthesia in cardiac 
surgery. 

Regarding the possible mechanism for acu-
puncture anesthesia, a large number of studies 
centered on (electroacupuncture) acupuncture 
as well as biological media and transmitters 
were performed in the late 1970s and early 
1980s [6, 7]. Studies have found that low fre-
quency transcutaneous electrical nerve stimu-
lation (TENS) (2 Hz) can increase the release of 
β-endorphin and methionine and enkephalin in 
the brain and midbrain, and induce analgesia 
by binding to related receptors. High frequency 
(100 Hz) stimulation can increase the release 
of endorphins in the spinal cord [9]. Therefore, 
both frequencies could result in analgesia 
mediated by opioid receptors. In addition, relat-
ed studies have found that acupuncture can 
promote the release of adrenal and enkephalin 
into the blood from the pituitary gland. In addi-
tion to opioid peptides, varying signaling mole-

cules also participate in acupuncture analge-
sia. After performing acupuncture, the periph-
eral spinal nucleus and gray matter of the cath-
eter are stimulated, thereby promoting the 
release of norepinephrine and 5-HT. Both nor-
epinephrine and 5-HT can inhibit the signal 
transduction of the spinothalamic tract and 
prevent pain sensation from being transmitted 
in synaptic spaces [5].

The purpose of a systematic review is to per-
form a meta-analysis to evaluate the clinical 
efficacy of acupuncture-assisted anesthesia in 
patients undergoing open heart surgery.

Materials and methods

This study strictly followed the PRISMA 
guidelines

This study looked at Mesh terms including  
thoracic surgery, acupuncture, acupuncture 
therapy, and cardiac surgical procedures in 
PubMed, CNKI, Wanfang Data, China Journal 
Net, Vipnet, Longyuan Journal Net and Springer 
databases. The included studies are all human-
related analysis.

Inclusion criteria [1]: Published randomized 
controlled trials (RCTs) with eligible odds  
ratios, 95% confidence intervals calculated 
from large sample size, irrespective of publi- 
cation language, were enrolled. They all involv- 
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Table 1. General information

study Bai Dan 2019 Xu Meiying 
2019

Yu Huijie 
2016

Jia Zhou 
2011

Yang Xiaochu 
2018 Zhou Qi 2018 Liu Liu 2015 Li Shuopeng 

2013
Li Xiaotao 

2015
study period 2018-2019 2016-2019 2014-2016 2009-2011 2015-2017 2013-2018 2013-2014 2011-2012 2014-2015

country China China China China China China China China China

single centered single centered single centered single centered single centered single centered single centered single centered single centered

Study design
Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

Retrospective 
cohort study

case 78 135 106 83 221 301 42 35 50

control 76 135 107 80 226 314 40 34 50

SpO2 (%) case 99.5±4.5 99.6±2.5 99.5±0.4 0.68±0.21 0.86±0.31 0.60±0.26 99.7±1.3 99.3±1.6 0.91±0.36

control 98.1±3.5 99+2.2 98.7±0.3 0.74±0.28 0.79±0.21 0.74±0.48 99±1.4 98.2±1.5 0.64±0.42

MAP (mmHg) case 88.21±3.2 88.74±2.9 / 86.47±4.5 / 85.98±3.5 / 87.95±2.3 /

control 85.2±3.5 85.98±2.5 / 81.89±5.5 / 82.45±3.2 / 83.27±3.8 /

Extubation time (min) case 36.1±1.7 36.8±1.8 36.6±2.4 35.3±1.5 37.6±1.9 37.8±2.2 42.6±1.2 33.8±2.3 38.3±1.3

control 43.2±2.1 41.7±1.5 39.9±1.3 40.5±1.3 41.4±2.2 44.7±1.9 45.6±1.7 40.9±1.5 45.8±1.8

Resuscitation time (min) case 70.2±3.2 77.6±2.9 69.1±2.7 68.8±2.5 70.8±1.5 69.7±3.1 71.3±3.1 73.6±1.8 75.8±2.9

control 82.5±3.5 86.5±4.2 79.5±3.2 76.5±2.3 78.8±1.8 78.3±2.8 80.5±3.6 82.9±2.6 84.6±2.6

Prince-Henry score case 3.21±0.31 3.02±0.25 / 3.05±0.21 3.36±0.33 / 2.98±0.17 / 3.12±0.16

control 1.53±0.41 1.62±0.38 / 1.49±0.19 1.77±0.41 / 1.45±0.23 / 1.7±0.25

Steward score case 5.3±0.21 4.42±0.25 / / 5.32±0.29 / 5.1±0.5 4.5±0.32 /

control 3.1±0.11 2.95±0.29 / / 3.21±0.22 / 3.12±0.23 2.8±0.18 /

Inhalation anesthetic μg/(kg·h) case 0.25±0.01 0.26±0.02 0.27±0.06 0.32±0.05 0.3±0.08 0.3±0.03 0.34±0.05 0.28±0.03 0.26±0.03

control 0.39±0.03 0.4±0.03 0.39±0.06 0.39±0.08 0.42±0.05 0.48±0.07 0.42±0.07 0.39±0.04 0.43±0.03

Intravenous anesthetic μg/(kg·h) case 11.1±2.3 13.5±2.8 12.6±1.9 11.5±2.1 14.6±2.9 11.3±1.8 10.9±2.6 10.8±1.5 10.6±1.9

control 15.3±2.4 16.9±3.1 16.2±2.1 16.4±2.6 17.8±2.4 15.6±2.6 15.1±2.2 14.6±1.9 14.6±1.8

Hypotension (cases) case 2 / 4 4 5 8 1 1 /

control 5 / 7 9 12 17 2 3 /

Feelsick and vomit (cases) case / 3 / / 6 / 1 1 /

control / 12 / / 20 / 8 7 /

Chill (cases) case 1 2 1 / / 3 / 0 1

control 3 6 5 / / 13 / 1 2

Restlessness (cases) case 1 / 2 2 / / 1 / 0

control 5 / 9 7 / / 3 / 3
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Figure 2. A. Effect of acupuncture-assisted anesthesia on SpO2 in patients undergoing open heart surgery (Forest 
plot). B. Effect of acupuncture-assisted anesthesia on SpO2 in patients undergoing open heart surgery (Funnel plot).

Exclusion criteria [1]: Animal studies, studies 
with low level of evidence, studies without acu-

ed open heart surgery under acupuncture com-
bined with standard anesthetics.

Table 2. Quality evaluation of 9 studies and evaluations

Study
Random 

sequence 
generation

Distribution 
of hidden

Blinded for the 
object of study 
or intervention

Blinded for 
the outcome 

measure

Incomplete 
data report

Select the 
report

Other 
sources 
of bias

The quality 
of evidence

Bai Dan 2019 High High High Low Low Low Low A
Xu Meiying 2019 Low Low High Low Low Low Low B
Yu Huijie 2016 High High High Low Low Low Low A
Jia Zhou 2011 High High High Low Low Low Low A
Yang Xiaochu 2018 High High High Low Low Low Low A
Zhou Qi 2018 High High Low Low Low Low Low B
Liu Liu 2015 High Low High Low Low Low Low B
Li Shuopeng 2013 High High High Low Low Low Low A
Li Xiaotao 2015 High Low High Low Low Low Low B
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Figure 3. A. Effect of acupuncture-assisted anesthesia on mean arterial pressure in patients undergoing open heart 
surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on mean arterial pressure in patients undergoing 
open heart surgery (Funnel plot).

puncture and general anesthesia during sur-
gery; studies with non-thoracotomy cardiac 
surgery.

Treatment methods

Experimental group: acupuncture-assisted ge- 
neral anesthesia for open-heart surgery.

Control group: open heart surgery under gen-
eral anesthesia.

Outcome measurement

Intraoperative arterial oxygen pressure (SpO2), 
intraoperative mean arterial pressure (MAP), 
extubation time, length of stay in resuscitation 

room, Prince-Henry score, Stewand score, con-
sumption of inhaled anesthetics, and adverse 
reactions (low blood pressure, nausea, vomit-
ing, chills, dysphoria).

Literature screening and data extraction

Two researchers independently screened the 
database strictly in accordance with the inclu-
sion and exclusion criteria, and excluded arti-
cles that clearly did not meet the requirements. 
They carefully read all the selected literature 
and cross-checked the results of them. A third 
researcher was invited to discussion if there 
was a wide gap between the opinions of two 
reserchers. 
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Figure 4. A. Effect of acupuncture-assisted anesthesia on extubation time in patients undergoing open heart sur-
gery (Forest plot). B. Effect of acupuncture-assisted anesthesia on extubation time in patients undergoing open 
heart surgery (Funnel plot).

Data of included studies were extracted into a 
pre-made unified form which included: (1) gen-
eral information: title, first author, and publica-
tion time; (2) subjects: sample size; (3) patient-
related outcome measures.

Data quality evaluation

With Review Manager 5.1.0, the quality of ulti-
mately included studies was assessed. Spe- 
cifically, the following seven evaluation stan-
dards were included: (1) random sequence gen-
eration; (2) allocation concealment; (3) double-
blind procedures for participants and experi-

menters; (4) blind evaluation; (5) result data 
integrity; (6) choice reports; (7) other sources 
of bias. SIGN checklist (http://www.sign.ac.uk/
methodology/checklists.html) was adopted to 
summarize risk of bias for each study: bias 
judgments are expressed as “low risk”, “high 
risk”, or “risk is unclear”. All discrepancies are 
resolved by consensus. “A” means compliance 
with all or most of the quality standards; “B” 
means compliance with partial standards; “C” 
means little or no compliance.

“A”: study is rated as “high quality” and “B”: 
study is rated as “medium quality”.
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Figure 5. A. Effect of acupuncture-assisted anesthesia on length of stay in resuscitation room in patients undergoing 
open heart surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on dwell time of resuscitation room 
in patients undergoing open heart surgery (Funnel plot).

Statistical methods

All data were analyzed using Review Manager 
version 5.1.0, and P < 0.05 represented signifi-
cant difference. Aggregate effects are estimat-
ed using the standardized mean of difference 
(SMD) and the 95% confidence interval (95% 
CI). Risk ratio (RR) and 95% CI were used for 
dichotomous variables. By excluding low-quali-
ty studies, and using different statistical meth-
ods/models to analyze the same data, etc., we 
observed the changes in the merger indicators 
(such as OR, RR). If excluding a certain docu-
ment has a significant impact on the merged 

RR, the document is considered to have a com-
bined sensitivity, otherwise it has no sensitivity. 
In the process of literature inclusion, we exclud-
ed certain low-quality studies and then ana-
lyzed them. Therefore, the quality of the finally 
included articles was relatively high, and the 
included articles were not excluded in the sen-
sitivity analysis. Heterogeneity was assessed 
by χ2 and I2. Non-significant heterogeneity test 
was performed with a fixed effect model (I2 > 
50%, P < 0.1). The random effects model (SMD/
RR) was used to calculate heterogeneous data 
(I2 < 50%, P < 0.1). The publication bias was 
visually assessed from funnel plots.
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Figure 6. A. Effect of acupuncture-assisted anesthesia on plasma anesthetic in patients with thoracic heart surgery 
(Forest plot). B. Effect of acupuncture-assisted anesthesia on plasma anesthetic in patients with thoracic heart 
surgery (Funnel plot).

Results

A comprehensive search of the database  
yielded 88 studies. By running a duplicate 
check with EndNote, 43 studies were obtained. 
Among them, eligible studies (Bai Dan 2019 
[10], Xu Meiying 2019 [11], Yu Huijie 2016  
[12], Jia Zhou 2011 [13], Yang Xiaochu 2018 
[14], Zhou Qi 2018 [15], Liu Liu 2015 [16],  
Li Shuopeng 2013 [17], Li Xiaotao 2015  
[4]) were enrolled. The flow diagram (Figure  
1) depicts the process of literature search. 
Table 1 summarizes the characteristics of the 
nine randomized, controlled studies centered 
on 2113 patients undergoing open heart 
surgery.

Quality review

According to methods outlined in Cochrane’s 
handbook, risks of bias in studies were evalu-
ated. The results showed that most studies  
presented with clear design methods, but rare-
ly reported allocation concealment method;  
some studies provided detailed blind designs. 
According to the quality criteria, 5 and 4 manu-
scripts were rated as A and B, respectively 
(Table 2). 

Effect of AAA on SpO2 in patients undergoing 
open heart surgery

Studies by Bai Dan 2019 [10], Xu Meiying 2019 
[11], Yu Huijie 2016 [12], Liu Liu 2015 [16],  
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Figure 7. A. Effect of acupuncture-assisted anesthesia on the amount of intravenous anesthesia in patients under-
going open heart surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on the amount of intravenous 
anesthesia in patients undergoing open heart surgery (Funnel plot).

and Li Shuopeng 2013 [17] showed that AAA 
can significantly increase the SpO2 in patients 
undergoing open-heart cardiac surgery (chi-
squared = 2.10, P < 0.00001, I2 = 0%, 95% CI), 
indicating that AAA resulted in higher SpO2 (Z = 
17.13, P < 0.00001) (Figure 2).

Effect of AAA on MAP in patients undergoing 
open heart surgery

According to Bai Dan 2019 [10], Xu Mei- 
ying 2019 [11], Jia Zhou 2011 [13], Zhou  
Qi 2018 [15], and Li Shuopeng 2013 [17],  
AAA could increase the MAP in patients un- 
dergoing open-heart surgery (chi-squared = 
9.55, P = 0.05, I2 = 5%, 95% CI). The results 
showed that patients received AAA experien- 
ced a higher MAP (Z = 18.26, P < 0.0001) 
(Figure 3).

Effect of AAA on extubation time in patients 
undergoing open heart surgery

In studies of Bai Dan 2019 [10], Xu Meiying 
2019 [11], Yu Huijie 2016 [12], Jia Zhou 2011 
[13], Yang Xiaochu 2018 [14], Zhou Qi 2018 
[15], Liu Liu 2015 [16], Li Shuopeng 2013 [17] 
and Li Xiaotao 2015 [4], researchers have 
found that AAA could shorten the extubation 
time (chi-squared = 361.12, P < 0.00001, I2 = 
8%, 95% CI). The results showed that AAA  
led to a shorter extubation time than GA (Z = 
66.87, P < 0.0001) (Figure 4).

Effect of AAA on length of stay in resuscita-
tion room in patients undergoing open heart 
surgery

On the basis of the studies by Bai Dan 2019 
[10], Xu Meiying 2019 [11], Yu Huijie 2016 [12], 
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Figure 8. A. Effect of acupuncture-assisted anesthesia on Prince-Henry score in patients undergoing open heart 
surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on Prince-Henry score in patients undergoing 
open heart surgery (Funnel plot).

Jia Zhou 2011 [13], Yang Xiaochu 2018 [14], 
Zhou Qi 2018 [15], Liu Liu 2015 [16], Li 
Shuopeng 2013 [17] and Li Xiaotao 2015 [4], 
we found that AAA can shorten the length of 
stay in resuscitation room in patients undergo-
ing open-heart surgery (chi-squared = 89.82, P 
< 0.00001, I2 = 1%, 95% CI). Compared with 
GA, AAA resulted in a shorter length of stay in 
resuscitation room (Z = 80.81, P < 0.0001) 
(Figure 5).

Effect of AAA on the consumption of inhalation 
anesthetics in patients undergoing open heart 
surgery

Studies by Bai Dan 2019 [10], Xu Meiying  
2019 [11], Jia Zhou 2011 [13], Yang Xiaochu 

2018 [14], Liu Liu 2015 [16], and Li Xiaotao 
2015 [4] showed that AAA reduced the con-
sumption of inhalation anesthetics in compari-
son of GA (chi-squared = 28.10, P < 0.00001, I2 
= 2%, 95% CI; Z = 94.34, P < 0.0001) (Figure 
6).

Effect of AAA on the amount of intravenous 
anesthesia in patients undergoing open heart 
surgery

According to Yu Huijie 2016 [12], Jia Zhou 2011 
[13], Yang Xiaochu 2018 [14], Liu Liu 2015 
[16], and Li Shuopeng 2013 [17], AAA can 
reduce the amount of intravenous anesthesia 
in patients undergoing open heart surgery com-
pared with GA (chi-squared = 306.37, P < 
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Figure 9. A. Effect of acupuncture-assisted anesthesia on postoperative VAS scores of patients undergoing open 
heart surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on postoperative VAS scores of patients 
undergoing open heart surgery (Funnel plot).

0.00001, I2 = 1%, 95% CI; Z = 130.86, P < 
0.0001) (Figure 7).

Effect of acupuncture-assisted anesthesia on 
Prince-Henry score after open heart surgery

Studies by Bai Dan 2019 [10], Xu Meiying  
2019 [11], Yu Huijie 2016 [12], Jia Zhou 2011 
[13], Yang Xiaochu 2018 [14], Zhou Qi 2018 
[15], Liu Liu 2015 [16], Li Shuopeng 2013 [17] 
and Li Xiaotao 2015 [4] found that AAA could 
lead to higher post-treatment Prince-Henry 
score than GA (chi-squared = 454.59, P < 

0.00001, I2 = 8%, 95% CI; Z = 40.23, P < 
0.0001) (Figure 8).

Effect of AAA on postoperative VAS scores of 
patients undergoing open heart surgery

Studies by Bai Dan 2019 [10], Xu Meiying 2019 
[11], Yu Huijie 2016 [12], Jia Zhou 2011 [13], 
Yang Xiaochu 2018 [14], Zhou Qi 2018 [15],  
Liu Liu 2015 [16], Li Shuopeng 2013 [17] and  
Li Xiaotao 2015 [4] showed that AAA reduced 
the VAS score more than GA, effectively reliving 
the pain (chi-squared = 23.97, P = 0.002,  
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Figure 10. A. Effect of acupuncture-assisted anesthesia on postoperative hypotension in patients undergoing open 
heart surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on postoperative hypotension in patients 
undergoing open heart surgery (Funnel plot).

I2 = 17%, 95% CI; Z = 39.15, P < 0.0001) (Figure 
9).

Effect of AAA on postoperative blood pressure 
in patients undergoing open heart surgery

Accoridng to Bai Dan 2019 [10], Yu Huijie  
2016 [12], Jia Zhou 2011 [13], Yang Xiaochu 
2018 [14], Zhou Qi 2018 [15], Liu Liu 2015 
[16], and Li Shuopeng 2013 [17], patients 
receiving AAA had a lower incidence of hypo- 
tension than GA (chi-squared = 0.36, P = 1, I2 = 
0%, 95% CI; Z = 3.31, P = 0.0009) (Figure 10).

Effect of AAA on the incidence of postoperative 
nausea and vomiting in patients undergoing 
open heart surgery

Studies by Xu Meiying 2019 [11], Yang  
Xiaochu 2018 [14], Liu Liu 2015 [16]  
and Li Shuopeng 2013 [17] found that  
compared with GA, AAA exhibited lower  
incidence of postoperative nausea and  
vomiting (chi-squared = 1.14, P = 0.77,  
I2 = 0%, 95% CI; Z = 4.49, P < 0.0001) (Figure 
11).
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Figure 11. A. Effect of acupuncture-assisted anesthesia on the incidence of postoperative nausea and vomiting in 
patients undergoing open heart surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on the incidence 
of postoperative nausea and vomiting in patients undergoing open heart surgery (Funnel plot).

Effect of AAA on the incidence of postopera-
tive chills in patients undergoing open heart 
surgery

In the literature of Bai Dan 2019 [10], Xu 
Meiying 2019 [11], Yu Huijie 2016 [12], Zhou  
Qi 2018 [15], Li Shuopeng 2013 [17], Li Xiao- 
tao 2015 [4], researchers have found that AAA 
reduced the incidence of postoperative chills 
more than GA (chi-squared = 0.44, P = 0.99, I2 
= 0%, 95% CI; Z = 3.31, P = 0.0009) (Figure 
12).

Effect of AAA on the incidence of postoperative 
dysphoria in patients undergoing open heart 
surgery

Researchers such as Bai Dan 2019 [10], Yu 
Huijie 2016 [12], Jia Zhou 2011 [13], Liu Liu 

2015 [16], and Li Xiaotao 2015 [4] demonstrat-
ed that AAA showed less incidence of postop-
erative dysphoria than GA (chi-squared = 0.24, 
P = 0.99, I2 = 11%, 95% CI; Z = 3.44, P = 0.006) 
(Figure 13).

Discussion

This study analyzed the benefits of acupunc-
ture-assisted anesthesia in open-heart surgery 
with a meta-analysis of the literature. A total  
of 9 RCT studies involving 700 patients were 
included. Through meta-analysis, we found th- 
at compared with traditional intravenous anes-
thesia, acupuncture-assisted anesthesia can 
increase blood oxygen saturation and mean 
arterial pressure, reduce the use of volatile 
anesthetics, shorten extubation time and 
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Figure 12. A. Effect of acupuncture-assisted anesthesia on the incidence of postoperative nausea and vomiting in 
patients undergoing open heart surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on the incidence 
of postoperative nausea and vomiting in patients undergoing open heart surgery (Funnel plot). 

length of stay in resuscitation room, and reduce 
complications such as nausea and vomiting.

We can infer that acupuncture-assisted anes-
thesia has significant benefits for open heart 
surgery. In acupuncture-assisted anesthesia, 
blood oxygen saturation and mean arterial 
pressure of the patients were significantly  
higher than those of general anesthesia group. 
The case study conducted by Coura [2] and ani-
mal studies by Cassu [18] concluded that acu-
puncture-assisted anesthesia could improve 
patients’ blood oxygen saturation and mean 
arterial pressure [13], which are consistent 
with the results of this study. The acupoints 

selected in the literature are mainly bila- 
teral Neiguan, Hegu, Quchi, etc. In Chinese 
medicine, Neiguan could improve cardiothora- 
cic symptoms such as heartache, chest tight-
ness, palpitations, chest pain, etc. Hegu shows 
the effects of promoting blood circulation,  
and relieving pain and exterior syndrome  
while Quchi has the functions of clearing  
the heat and relieving exterior syndrome, reduc-
ing swelling and pain, and rectifying qi and 
blood. Acupuncture treatment on the basis of 
these acupoints will improve the patient’s 
breathing and circulation function under 
anesthesia.
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Figure 13. A. Effect of acupuncture-assisted anesthesia on the incidence of postoperative restlessness in patients 
undergoing open heart surgery (Forest plot). B. Effect of acupuncture-assisted anesthesia on the incidence of post-
operative restlessness in patients undergoing open heart surgery (Funnel plot).

Shuopeng [17] proposed that acupuncture 
anesthesia can reduce the consumption of vol-
atile anesthetics, and patients have early extu-
bation, faster recovery time, and shorter stay in 
the operating room. Liu [16] further verified 
these results with a study that used acupunc-
ture-assisted anesthesia in plastic surgery. 
Other studies also found that acupuncture-
assisted intravenous anesthesia can shorten 
patients’ extubation time and reduce the need 
for intravenous anesthesia. These results are 
consistent with the results of this meta-analy-
sis. Therefore, we believe that acupuncture-
assisted anesthesia can reduce the consump-
tion of volatile anesthetics and intravenous 

anesthetics. AAA reduces the overall cost of 
surgical anesthesia by reducing the consump-
tion of anesthetics. The result of a meta-analy-
sis by Asmussen et al. [1] further supports 
these findings.

Han evaluated patients with postoperative 
Prince-Henry scores and Stewand scores and 
found that two groups of patients with AAA 
showed higher Prince-Henry and Stewand 
scores. Yang et al. also pointed out that pa- 
tients with AAA scored less on visual analog 
scale and required less opioids [19]. Cassu et 
al. found in animal studies that electroacupunc-
ture significantly reduced inflammatory pain, 
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neuropathic pain, cancerous pain, and visceral 
pain [18]. These results are consistent with this 
study, that is, acupuncture-assisted anesthe-
sia can improve postoperative pain. Faircloth et 
al. [20] found that acupuncture can improve 
ischemia and reduce the expression of gluta-
mate which is an excitatory mediator and has a 
potential toxic effect on cells. Wang et al. [21] 
found that acupuncture-assisted anesthesia 
can improve tissue oxygenation and protect 
myocardial tissue.

Adverse reactions such as nausea and vomit-
ing, hypotension, and chills after anesthesia 
cause great pain for patients [22]. Our meta-
analysis results show that AAA can reduce the 
incidence of postoperative adverse reactions. 
In a randomized controlled study by Wu et al., it 
was proved that AAA can reduce the incidence 
of adverse reactions such as nausea and vom-
iting in patients after surgery [23]. Cheng and 
Tang also believed that AAA can significantly 
reduce the incidence of postoperative anesthe-
sia complications compared to GA [24, 25], 
which is consistent with the results of this 
meta-analysis. The reason may be that AAA 
reduces the consumption of anesthetic drugs 
during surgery, maintains good circulation func-
tion, accelerates the metabolism of postopera-
tive drugs, and reduces the accumulation of 
anesthetic drugs.

Conclusion

Although the sample size and number of stud-
ies are relatively small, our study is based on 
literature of high-level evidence. This meta-
analysis shows that patients who undergo open 
heart surgery with a trained acupuncturist have 
smoother breathing and circulation during the 
operation, reduced consumption of anesthetic 
drugs, faster recovery, and less adverse reac-
tions. However, the included studies all fall 
within the area of Traditional Chinese medicine, 
and there may be regional differences. In addi-
tion, the included literature is mostly single-
center experiment. It is necessary to conduct 
randomized, controlled, multicenter trials to 
better understand its underlying mechanism, 
and further elucidate the protective effect of 
acupuncture on myocardial tissue as well as its 
economic potential in reducing the consump-
tion of anesthetic drugs.
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