
Systematic Review and Meta-Analysis

1

Medicine®

Transcutaneous electrical acupoint stimulation 
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Abstract 
Background: To evaluate whether transcutaneous electrical acupoint stimulation (TEAS) decreases rates of perioperative 
neurocognitive disorders (PND) when used as an adjuvant method during perioperative period in geriatric patients since the new 
definition was released in 2018.

Methods: Six databases [Chinese National Knowledge Infrastructure, VIP Database for Chinese Technical Periodicals, 
WanFang Database, PubMed, EMBASE, and Cochrane Library] were systematically searched. Data analysis was performed 
using RevMan 5.4.1 software (Copenhagen: The Nordic Cochrane Centre, the Cochrane Collaboration, 2020). Risk ratios (RR) 
with 95% confidence interval were calculated using a random effects model. Quality of evidence was assessed using the Grading 
of Recommendations Assessment, Development, and Evaluation (GRADE) approach.

Results: 13 randomized clinical trials (999 patients) in total were included. TEAS had positive effects on preventing the incidence 
of PND (RR: 0.43; 0.31, 0.61; P < .001; low certainty) [postoperative delirium within 7 days (RR: 0.39; 0.26, 0.59; P < .001), 
delayed neurocognitive recovery within 3 months (RR: 0.51; 0.33, 0.78; P = .002)]. TEAS could also improve the scores of the 
confusion assessment method (CAM) (Mean difference: −1.30; −2.14, −0.46; P = .003; low certainty). Limited evidence suggested 
that TEAS could reduce the serum levels of biochemical indicator (S100β) (SMD = −1.08, −1.67, –0.49, P < .001; I2 = 83%; very 
low certainty) as well as anesthetic requirements (remifentanil) (SMD: −1.58; −2.54, −0.63; P = .001; I2 = 87%; very low certainty). 
Subgroup analysis indicated that different protocols of TEAS had significant pooled benefits (TEAS used only in surgery and in 
combination with postoperative intervention) (RR: 0.45; 0.31, 0.63; P < .001). Acupoint combination (LI4 and PC6) in the TEAS 
group had more significantly advantages (RR: 0.34; 0.17, 0.67; P = .002). TEAS group had a lower incidence of PND in different 
surgery type (orthopedic surgery and abdominal surgery) (RR: 0.43; 0.30, 0.60; P < .001), as well as with different anesthetic 
modality (intravenous anesthesia and intravenous and inhalational combined anesthesia) (RR: 0.38; 0.23, 0.61; P < .001).

Conclusion: In terms of clinical effectiveness, TEAS appeared to be beneficial for prophylaxis of PND during a relatively recent 
period, noting the limitations of the current evidence.

Abbreviations: 95% CI = 95% confidence interval, AEs = adverse events, DNR = delayed neurocognitive recovery, MD = mean 
difference, PND = perioperative neurocognitive disorders, POD = postoperative delirium, postoperative NCD = postoperative 
neurocognitive disorders, RCTs = randomized controlled trials, RR = risk ratio, SRs = systematic reviews, TEAS = transcutaneous 
electrical acupoint stimulation.
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1. Introduction
Cognitive impairment after anesthesia and surgery is a recognized 
clinical phenomenon, which is the most common complication 
experienced by older individuals as they have more predispos-
ing risk factors.[1–4] A multicentre study (the International Study 
of Post-Operative Cognitive Dysfunction) confirmed unequiv-
ocally that risk of postoperative cognitive decline increases 
with age in people over 60 years of age.[5] The Perioperative 
Cognition Nomenclature Working Group, defined postoper-
ative cognitive impairment as perioperative neurocognitive 
disorders (PND) in 2018.[6] Based on the new definition, PND 
included neurocognitive disorders (NCD) in the pre-operative 
period, postoperative delirium (POD), delayed neurocognitive 
recovery (DNR) diagnosed up to 30 days after the procedure, 
and postoperative neurocognitive disorder (post-operative 
NCD). The incidence of POD was 15% to 25% after major 
elective surgery and 50% after high-risk procedures, such as 
hip fracture repair and cardiac surgery.[7] The incidence of DNR 
was reported as about 19.2% 1 week after major non-cardiac 
surgery, while postoperative neurocognitive disorders (postop-
erative NCD) occurred at 7% at 3 months.[8] Patients with PND 
are exposed to the risk of longer hospitalization time, worse 
cognitive dysfunction, and death. An 8-year observational study 
found that the presence of cognitive dysfunction 3 months after 
noncardiac surgery was associated with increased mortality.[9] 
Furthermore, elderly patients with PND are 3 times more likely 
to experience permanent cognitive impairment or dementia.[10] 
With aging populations and improvements in survival, optimiz-
ing the perioperative management of elderly surgical patients 
to avoid harmful sequelae such as postoperative neurological 
complications is crucial.[11]

Current research indicates that the best treatment for PND 
is prevention, along with promptly identifying and treating any 
modifiable underlying cause.[12] The intervention methods for 
PND could be pharmaceutical or non-pharmaceutical. Despite 
many recent technological advances, the efficacy of currently 
available therapeutic remedies is limited.[13] Major research 
suggests that drugs are effective only in a small subset of aged 
patients and have debilitating side effects.[14] Transcutaneous 
electrical acupoint stimulation (TEAS) is a new acupuncture 
treatment that combines transcutaneous electrical nerve stim-
ulation with acupoint stimulation. The TEAS works by plac-
ing electrodes on the surface of the acupoints and controlling 
the input pulse current to stimulate. As a non-pharmaceutical 
intervention, it has been widely used in clinical practice and has 
become an important part of perioperative management owing 
to the lack of drug-induced side effects and noninvasive. A con-
siderable number of emerging trials now demonstrate the clin-
ical efficacy of TEAS in PND. TEAS may exert neuroprotective 
effects to defer the pathological process of PND through multi-
ple pathways.

So far, there are no comprehensive systematic reviews (SRs) 
assessing the effectiveness of TEAS for preventing the incidence 
of PND in geriatric patients. One of the meta-analysis[15] with a 
wide range of patient ages (>18 years) and various treatments 
(TEAS combined with dexmedetomidine or controlled hypoten-
sion) were included. Given that several studies which meet the 
new definition in 2018 have not been included in the published 
SRs, it is a strong necessity for us to conduct an updated SR and 
meta-analysis.

2. Method
This review was conducted and reported following the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis statement guidelines.[16] We had registered the review 
in the international prospective register of SRs (PROSPERO, 
Center for Reviews and Dissemination, University of York, No. 
CRD42022325416).

2.1. Search strategy

An electronic search was completed on 3 English-language 
databases (PubMed, EMBASE, and Cochrane Library) and 
3 Chinese-language databases (VIP Database for Chinese 
Technical Periodicals, China National Knowledge Infrastructure, 
and Wanfang) that include “gray literature,” such as unpub-
lished studies and conference reports up to January 2022. We 
obtained copies of all papers that could be reports of random-
ized controlled trials (RCTs) or reviews of RCTs. We scanned the 
bibliographies of all papers retrieved for further reference. The 
search strategy consisted of 3 components: clinical condition 
[postoperative cognitive dysfunction, PND, POD], intervention 
(transcutaneous electrical acupoint stimulation, TEAS, transcu-
taneous acupoint electrical stimulation, TAES, acustimulation), 
and study type (randomized clinical trial). The specific search 
strategies are presented in Supplemental Digital Content, http://
links.lww.com/MD/I155. Two authors independently screened 
the records of comprehensive searches by titles and abstracts, 
or full text as needed, to establish the eligibility of the studies. 
Articles published without restriction on race, gender, and lan-
guage publication type (that is, either full article or abstract) 
were included if they were RCTs investigating the association of 
transcutaneous electrical acupoint stimulation with PND.

2.2. Inclusion criteria

Original RCTs are human studies published in full text and those 
for which we had full access to all original data. We included: 
participants aged 60 years or older, who undergo surgical treat-
ments without limitation on the forms of anesthesia or opera-
tions to comprehensively evaluate the preventive effects of TEAS 
under different operations and anesthetic modalities; only trials 
on the utilization of TEAS at the perioperative period: before 
and/or during and/or after surgery; participants in the control 
groups were treated with a sham intervention, or with a blank 
control; and the primary outcome measures included incidence 
of PND. Based on a definition proposed in 2018, we included 
literature assessing POD within 7 days postoperatively or prior 
to hospital discharge, as measured by a validated tool or diag-
nostic criteria, for example, Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5), the Confusion Assessment 
Method (CAM[17]) or the Confusion Assessment Method for the 
Intensive Care Unit (CAM-ICU[18]), International Classification 
of Diseases-10 (ICD-10). And the research evaluated the inci-
dence of DNR and postoperative NCD as defined and measured 
by the study authors (DNR within 30 days after operations, and 
postoperative NCD from 30 days to 12 months after surgeries). 
The secondary outcomes were broadly categorized into cogni-
tive function [CAM or CAM-ICU scores, the Mini-Mental State 
Examination (MMSE scores[19]), biochemical indicators, and 
dosage of anesthetics.

2.3. Exclusion criteria

We excluded: non-RCTs, such as case studies or case series, 
reviews, and protocols for RCTs, or nonhuman (in vitro or ani-
mal) research, or duplicate publications; RCTs that evaluated 
TEAS used in combination with other anesthetic drugs during 
surgery; RCTs that treated patients with TEAS after diagnosis 
of PND; and the outcome data could not be extracted or used 
to analyze.

2.4. Data extraction

According to the predetermined criteria, 2 researchers screened 
each article independently and were blinded to the findings of 
the other reviewer in order to conduct a rigorous screening to 
collect qualified articles. In case of disagreement, they would 

http://links.lww.com/MD/I155
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discuss with each other or consult a third reviewer to reach 
a consensus. Data were extracted from these selected articles 
through the standardized data collection table, which included: 
necessary information such as first author, publication date, 
and country of origin; demographic characteristics of different 
groups of participants; intervention measures, including meth-
ods of the TEAS and the control groups such as time to use 
TEAS, selection of acupoints; the details of outcomes, includ-
ing the incidence of PND, tools to assess the cognitive function, 
preoperative and postoperative scale scores and so on; and The 
conclusion of the study.

2.5. Study quality assessment

The methodological quality of each included study was assessed 
by 2 authors (LSY and JHL) using Cochrane Collaboration’s 
risk of bias tool (version 5.1.0[20]), which contains 7 specified 
domains: sequence generation; allocation concealment; blinding 
of patients, personnel, and outcome assessment; incomplete out-
come data; selective reporting; and other sources bias. Each item 
was rated as “low,” “unclear” or “high” risk. The results of this 
assessment were summarized in both a “risk of bias” graph and 
a “risk of bias” summary. If some items were not described or 
were ambiguous, we would contact the corresponding authors 
to clarify the details of each bias.

We assessed the overall certainty of the evidence for each 
outcome using the Grading Recommendations Assessment, 
Development and Evaluation (GRADE) approach.[21] We used 
the Guideline Development Tool to formulate the Summary 
of Findings table. Any occurred conflicts for RoB or GRADE 
assessment were resolved by a third investigator (LW) referring 
to the original article and discussing them together.

2.6. Statistical analysis

For pooled data, summary test statistics including attributes data 
and variables data were separately calculated using the Mantel-
Haenszel model and Inverse Variance model, which are the fixed 
effects model used in the Review Manager software version 
5.4.1. The M-H model stratifies the study results and estimates 
the effect of each stratum. If the difference between the effect 
values of each stratum is not statistically significant, the results 
of each stratum can be combined by the M-H method to derive 
the overall effect value. The M-H method has better robustness 
when the sample size is relatively small. The inspection level for 
the pooled data was 2-sided, and P < .05 was regarded as statis-
tically significant. The risk ratio (RR) and mean difference (MD) 
with a 95% confidence interval (CI) were employed to analyze 
the dichotomous and continuous data. And standardized mean 
differences (SMDs) have been used when different scales were 
applied to measure the same outcome.

We evaluated heterogeneity using both the I2 statistic and 
the P-value of the chi-square test of heterogeneity. If P ≤ .1 and 
I2 ≥ 50%, it indicates that the results of the studies are hetero-
geneous.[22] The decision to use random-effects or fixed-effects 
models was based on I2 quantification of heterogeneity, as well 
as variability in the clinical and methodological aspects of the 
studies, the number of studies available for pooling, and study 
sample sizes. We searched the source of heterogeneity and ana-
lyzed the sensitivity to assess the impact of a single study on the 
overall analysis. Publication bias was assessed by using the fun-
nel plot or Egger’s test when there were more than 10 studies. 
We had planned to conduct subgroup analyses about different 
anesthetic modalities, types of surgery, and protocols of TEAS, 
such as acupoint selection, and the utilization of TEAS during 
the intraoperative or intraoperative and postoperative periods. 
If there was only 1 study in a subgroup, no analysis was done. 
We compiled a narrative review of trial results and characteris-
tics where trials were unsuitable for meta-analysis.

3. Results

3.1. Literature search

The initial search in PubMed, EMBASE, Cochrane library, 
and other databases identified 2856 reports and addi-
tional records identified 32 reports through other sources. 
Duplicates removal reduced the number of reports to 2210. 
Then, 2152 studies were further excluded after reviewing the 
title and abstracts. The full text of the remaining 58 studies 
was retrieved for evaluation, 45 out of the 58 studies were 
further excluded due to 1 or more of the following reasons: 
patients age < 60 years (n = 10); no available or insufficient 
outcome data could be extracted or used to analyze (n = 23); 
TEAS treated PND patients (n = 2); duplicate publications 
(n = 10). Reviewing the reference lists of the retrieved stud-
ies did not identify any new eligible studies. Finally, 13 RCTs 
were included in the present review.[23–35] A flow diagram illus-
trating the literature search and trial screening process was 
shown in Figure 1.

3.2. Characteristics of included studies

All trials were conducted in China in 2016, and 1 trial[24] was 
published in English. Only 2 trials[23,26] adopted new definition 
(PND). Seven studies recorded the incidence of POD, 8 studies 
recorded the incidence of DNR and postoperative NCD was 
recorded in 1 study. Detailed information on the study charac-
teristics is presented in Table 1.

In all trials, however, patients received TEAS on the sur-
gery, before and/or after the procedure, and the details 
of the treatment were shown in the table. In 13 trials, the 
TEAS protocol and selection of acupuncture points were 
designed for the sole purpose of improving rates of PND, 2 
trials[23,32] designed acupoints for improving sleep disorders 
in post-operative patients while observing the effect of TEAS 
on neurocognitive function. All the 13 RCTs selected fixed 
acupoint prescriptions with slightly different compositions. 
The acupoints that were used more than twice among the 13 
trials include PC6 (12 times), LI4 (6 times), ST36 (5 times), 
GV20 (5 times), SP6 (4 times), and HT7 (3 times). The most 
frequently used acupoint combinations are PC6 + LI4, and 
GV20 + PC6 + ST36 + SP6. Nine of the trials used a sham 
control, of which 7 trials applied electrode pads to the acu-
points without electrical stimulation. Group C in 1 study[33] 
was stimulated at the non-acupuncture point (4 cm medial to 
the same acupoint at the group TEAS). And 1 trial[27] designed 
the control group which reduced the current intensity to 1 
mA when the patient first felt the current stimulus and other 
contents were the same as the observation group. In 4 tri-
als,[28–31] the control group was given only drug anesthesia 
without assisting with TEAS during intraoperative anesthesia. 
According to the diagnosis of DNR and postoperative NCD, 
6 trials,[23,27-30,28,29,34] were confirmed by performing baseline 
cognitive performance tests prior to surgery and comparing 
the cognitive status following surgery. However, 2 trials[26,31] 
did not clearly define the incidence of cognitive decline by 
using cognitive performance tests. In addition to the inci-
dence of PND and scale scores, the levels of different kinds 
of laboratory indicators in serum at various postoperative 
time points were also measured by part of our included stud-
ies. The details were listed in Table 2. Eight RCTs,[25,26,29,30,32-

35,33,34] reported adverse events (AEs), listed in Table 3. These 
included postoperative nausea and vomiting, postoperative 
pain, sinus bradycardia, hypotension, re-intubation of the 
trachea, postoperative wound infection, postoperative pneu-
monia and postoperative somnolence. None of the other 
RCTs reported whether AEs had occurred. We performed no 
subgroup analyses about AEs due to an insufficient number 
of trials.



4

Li et al. • Medicine (2022) 101:50 Medicine

3.3. Risk of bias

The methodological and reporting quality of the RCTs were 
generally unsatisfactory. Twelve trials (92.31%) described the 
method for generating the random allocation sequence by 
using a random number table, and 1 trial[35] used stratified 
block randomization method. However, another 1 trial[31] was 
assigned as “unclear risk” because the articles only mentioned 
“randomization” and the corresponding authors did not 
provide further details. All included studies did not clearly 
describe the proper way to complete allocation concealment. 
However, the randomization appeared to be successful in cre-
ating similar groups, as there was baseline similarity between 
the 2 groups. In judging the adequacy of blinding, only 9 of 
the trials were assigned a judgment of “Low risk.” All studies 
(100%) reported insufficiently whether personnel responsi-
ble for outcome assessment were blinded to the intervention. 
Expected follow-up outcomes were not reported in 1 trial,[33] 
therefore, we judged this study to have high risk of selective 
outcome reporting bias. Most of the studies did not report 
clinical trials registration or prospectively published study 

protocols except for 1,[35] so selective reporting was difficult 
to judge. Almost all the trials had no information on other 
risks of bias (Fig. 2).

3.4. Synthesis of the results

3.4.1. The primary outcomes Thirteen trials including 999 
patients undergoing surgery reported the outcome of incidence 
of PND between the TEAS group (n = 499) and the control 
group (sham intervention or no intervention, n = 500). After 
synthesizing the data, the results showed that TEAS significantly 
reduced the incidence of PND in senile patients after surgery 
compared with the control group (Random effects; RR: 0.43; 
95% confidence interval [95% CI]: 0.31, 0.61; P < .001; 
I2 = 0%). (Fig. 3)

Seven trials including 579 patients undergoing surgery 
reported the outcome of incidence of POD between the TEAS 
group (n = 290) and the sham intervention group (n = 289). 
After synthesizing the data, the results showed that TEAS sig-
nificantly reduced the incidence of POD in senile patients after 

Figure 1. Flow diagram of the study identification and selection process.
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surgery compared with the control group (Random effects; RR: 
0.39; 95% CI: 0.26, 0.59; P < .001; I2 = 0%). (Fig. 4A)

Eight trials based on data from 569 (TEAS group, n = 285; 
control group, n = 284) patients showed that the use of TEAS 
did significantly prevent DNR after major surgeries compared 
to that of control treatment (Random effects; RR: 0.51; 95% 
CI: 0.33, 0.78; P = .002; I2 = 0%), without significant between-
study heterogeneity (I2 = 0%, P = .99). We found significantly 
benefits of TEAS in reducing the incidence of DNR at both post-
operative day 7 and day 30 (RR: 0.53; 95% CI: 0.29, 0.96; RR: 
0.48; 95% CI: 0.26, 0.90) (Fig. 4B). And 1 trial reported that 
no statistical difference was observed between the TEAS group 
and control group after 3 months (P > .05). Due to the limited 
number of articles, the incidence of postoperative NCD was not 
analyzed for this.

3.4.2. The secondary outcomes Only 3 trials provided clear 
data use of the CAM scale during the postoperative period. 
The main results, including heterogeneity tests, effect models 
adopted accordingly, and the pooled MDs with their 95% 
CI: and the P value of this meta-analysis were presented in 
Figure 5A, suggesting that heterogeneity was not apparent. It 
is showed that the results with continuous data focusing on 
CAM scores were credible within 7 days after the surgery. Using 
the random-effects model, the pooled MD for the CAM scores 
within 7 days was −1.30 (95% CI: −2.14, −0.46, Z = 3.02; 
P = .003; I2 = 30%), indicating that in terms of CAM scores 
within 7 days postoperatively, TEAS would improve the scores 
of cognitive function in the elderly patients. A total of 5 trials 
were included in the analysis, we found no statistically significant 
pooled benefits of TEAS relative to either control, for the clinical 
MMSE scores within 3 months (MD 0.00, 95% CI: −0.46, 
0.46; P = 1.00), and the overall statistical heterogeneity was 
no substantial (I2 = 32%) (Fig. 5B). This may be partly because 
the assessment of cognitive function is highly subjective. Only 
1 trial[23] included long-term follow-up time points, and this 
trial did find both significant difference between TEAS group 
and sham group in the MMSE scores of postoperative elderly 
patients at 1 and 3 months (P < .05). Despite its contributions, 
the study has several limitations that should be acknowledged.

A total of 4 studies from 324 (TEAS group, n = 161; control 
group, n = 163) patients which measured the level of S100β 
respectively in controls and in TEAS groups before treatment 
and at the end of the operations. Using the random-effects 
model, we found statistically significant effects of utiliza-
tion of TEAS intervention on S100β (SMD = −1.08, 95% CI: 

−1.67, –0.49, P < .001) [see Fig. S1A, Supplemental Digital 
Content, http://links.lww.com/MD/I156, which illustrates 
the meta-analysis and forest plot for biochemical indicator 
(S100β)]. In addition, we found significant pooled benefits 
of TEAS used to reduce remifentanil requirements (Random 
effects; SMD: −0.99; 95% CI: −1.74, −0.25; P < .001) over 
propofol (P = .37) among 3 trials (see Fig. S1B, Supplemental 
Digital Content, http://links.lww.com/MD/I156, which illus-
trates the meta-analysis and forest plot for dosage of anesthet-
ics). However, there were high heterogeneity in the studies that 
measured changes in S100β levels (I2 = 83%) and anesthetic 
requirements (I2 = 91%).

3.5. Subgroup analysis

Most of the intervention groups in the studies (n = 7, 53.85%) 
were given TEAS starting 30 minutes before induction of anes-
thesia and continuing until the end of the procedure. Meanwhile, 
the most of parameters (n = 9, 69.23%),[23-26,28-30,33,35] were set as 
follows: a frequency of sparse and dense waves of 2/100 Hz 
within the max-tolerance intensity of each patient. Most of the 
intervention groups (n = 12, 92.31%) used TEAS during sur-
geries, and 3 of them used TEAS both intraoperative and post-
operative period. We observed the efficacy of 2 kinds of TEAS 
intervention: the treatment groups underwent TEAS during 
the surgery; the treatment groups also underwent TEAS in the 
post-operative period. A total of twelve trials for the prevention 
of PND were included in the analysis, 9 trials analyzed the effi-
cacy of utilization of TEAS during the surgery and 3 trials also 
used TEAS after the operations. We found significant pooled 
benefits of TEAS used in 2 ways to reduce the incidence of PND 
within 7 days postoperatively (Random effects; RR: 0.45; 95% 
CI: 0.31, 0.63; P < .001; I2 = 0%) (see Fig. S2A, Supplemental 
Digital Content, http://links.lww.com/MD/I157, which illus-
trates the meta-analysis and forest plot for the different proto-
cols of TEAS). However, due to the small sample size, further 
confirmation is still needed. All RCTs selected fixed acupoint 
prescriptions with slightly different compositions. In the sub-
group analysis of acupoint selection, we observed the efficacy 
of 2 kinds of acupoint combinations used more than 2 times in 
the included studies. Our meta-analysis showed that acupoint 
combination (LI4 and PC6) in the TEAS group had more sig-
nificantly advantages in preventing PND (Random effects; RR: 
0.34; 95% CI: 0.17, 0.67; P = .002; I2 = 0%) than GV20, PC6, 
ST36 and SP6 (P = .06) (see Fig. S2B, Supplemental Digital 
Content, http://links.lww.com/MD/I157, which illustrates 

Table 3

Adverse events of included trials.

Trials 

Postoperative 
Nausea and 
Vomiting* Postoperative Pain

Sinus 
bradycardia* Hypotension*

Re-intubation 
of the trachea*

Postoperative 
wound 

infection*
Postoperative 
pneumonia*

Postoperative 
somnolence*

T C T C T C T C T C T C T C T C 

Qian, 2021 4/32 12/32 NA NA NA NA 2/32 4/32 NA NA
Wang et al,2016a NA 2.6 ± 0.8 2.8 ± 1 NA NA NA NA NA NA
Wang et al,2016b NA 2.3 ± 1 2.5 ± 1 NA NA NA NA NA NA
Wu and Luo, 2020 4/42 5/42 NA NA NA NA NA NA NA
Wu et al, 2021 1/30 6/30 NA NA NA NA NA NA 2/30 9/30
Zhang, 2021 4/43 2/43 4/43* 4/43* NA NA NA NA 3/43 3/43 NA
Wei et al, 2021 NA 3.54 ± 0.9a# 3.5 ± 0.96a# NA NA NA NA NA NA

2.74 ± 0.77b# 2.67 ± 0.81b#
2.2 ± 0.75c# 2.15 ± 0.84c#

Liu, 2019 NA NA 14/59 15/59 13/59 11/59 1/59 2/59 NA NA NA

a: The VAS pain score at 6 h postoperatively.
b: The VAS pain score at 24 h postoperatively.
c: The VAS pain score at 48 h postoperatively.
*: Values are numbers: (n/N).
#: The means and standard deviations for the scores of Visual Analogue Scale: (

−
x ± s ).

http://links.lww.com/MD/I156
http://links.lww.com/MD/I156
http://links.lww.com/MD/I157
http://links.lww.com/MD/I157
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the meta-analysis and forest plot for the different choice of 
acupoints).

We also performed subgroup analyses according to the 
surgery type and anesthetic modality. The results were 
shown in Supplemental Digital Content. Figure S3A and B, 
Supplemental Digital Content, http://links.lww.com/MD/
I158. Six trials[23,24,26,30,32,35] reported outcomes following 
orthopedic surgery and 5 trials[25,27–29,31,33] following abdom-
inal surgery of TEAS compared with control. The results 
of the heterogeneity test showed that the heterogeneity 
of the included studies was small (P = .99, I2 = 0%). The 
meta-analysis of the pooled data showed patients in the 
TEAS group had had a lower incidence of PND than those 
in the control group both orthopedic surgery and abdomi-
nal surgery (Random effects; RR: 0.43; 95% CI: 0.30, 0.60; 
P < .001). Five trials were performed under general anes-
thesia while 2 trials were performed under intravenous and 
inhalational combined anesthesia. There was no significant 
heterogeneity of the overall result (P = .87, I2 = 0%). The 
meta-analysis of pooled data showed that the incidence of 
PND was lower in patients in the TEAS group than in the 

control group regardless of the perioperative use of intrave-
nous anesthesia and intravenous and inhalational combined 
anesthesia (Random effects; RR: 0.38; 95% CI: 0.23, 0.61; 
P < .001).

3.6. Sensitivity analysis and publication bias

Owing to the significant heterogeneity in biochemical indi-
cator (S100β) and intraoperative dose of anesthetics, we 
conducted a sensitivity analysis to explore the source of het-
erogeneity by removing 1 study in each turn, and to examine 
the stability of the main outcome by excluding poor-qual-
ity trials with high risks of bias. We found that the 2 results 
were relatively robust, and the data was not overly influenced 
by any 1 study (Tables 4 and 5). The funnel plot (Figure S4, 
Supplemental Digital Content, http://links.lww.com/MD/
I159) showed small study effects, with the intervention effects 
estimated in smaller studies showing more benefit than the 
effects estimated in larger studies. No obvious publication 
bias was observed from the roughly symmetrical shapes of 
these funnel plots.

Figure 2. Assessment of ROB using the Cochrane tool. (A) ROB graph and (B) ROB summary. ROB = risk of bias.

http://links.lww.com/MD/I158
http://links.lww.com/MD/I158
http://links.lww.com/MD/I159
http://links.lww.com/MD/I159
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Figure 3. Meta-analysis and forest plot for the incidence of PND. PND = perioperative neurocognitive disorders.

Figure 4. Meta-analysis and forest plot for the incidence of the different subtypes of the PND. (A) POD and (B) DNR. DNR = delayed neurocognitive recovery, 
PND = perioperative neurocognitive disorders.
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3.7. Certainty of evidence

Tables S1 and S2, Supplemental Digital Content, http://links.lww.
com/MD/I160 show the summary of findings for all outcomes, 
including the certainty of evidence. However, all trials of TEAS were 
of only very low to low quality. We downgraded the certainties by 2 
levels, either due to the use of small single studies (substantial impre-
cision) or high levels of inconsistency (substantial heterogeneity).

4. Discussion

4.1. Summary of main results

In this systematic review, 13 RCTs (999 patients) in total 
were included for meta-analysis. In general, the results of this 

meta-analysis revealed that TEAS, as a low-cost, available, 
safe and convenient intervention method, can effectively pre-
vent the cognitive impairment in the perioperative period. The 
merged data indicated that TEAS is more beneficial for pre-
venting the incidence of PND (POD within postoperative 7 
days, DNR within postoperative 30 days) in elderly patients 
(>60-year-old) compared with the sham or blank controls. 
It is shown that TEAS also improves the scores of the cog-
nitive function (CAM) of elderly patients after the surgery. 
Furthermore, subgroup analysis showed that more favorable 
results were also observed when TEAS was used intraopera-
tively only than in combination with postoperative interven-
tion. We found that acupoint combination (LI4 and PC6) in 
the TEAS group had more significantly advantages in prevent-
ing PND (P = .002; I2 = 0%) than GV20, PC6, ST36 and SP6. 
TEAS used in both orthopedic surgery and abdominal surgery 
were beneficial in reducing the incidence of PND compared 
with controls. Similar results were seen with a different anes-
thetic modality (intravenous general anesthesia and intrave-
nous and inhalational combined anesthesia). However, due to 
the high heterogeneity, limited evidence suggested that TEAS 
could reduce the serum levels of biochemical indicator (S100β) 
as well as anesthetic requirements (remifentanil and propofol). 
Sensitivity analysis using the leave-one-out approach indicated 
the findings are robust and not dependent on any 1 study. 
In addition, no publication bias was detected. Our findings 

Figure 5. Meta-analysis and forest plot for cognitive function scores. (A) CAM within 7 days. (B) MMSE within 3 months. CAM = confusion assessment method, 
MMSE = mini-mental state examination.

Table 4

Sensitivity analysis for the serum levels of biochemical 
indicators (S100β).

Deletion OR (95% CI) I2 statistic (%) 

  Zhang, 2021 OR = −1.24, 95% CI [−1.96, −0.52] 84
  Wang, 2021 OR = −0.96, 95% CI [−1.69, −0.23] 87
   Liu, 2019 OR = −0.86, 95% CI [−1.40, −0.32] 71
Gao et al, 2018 OR = −1.26, 95% CI [−1.94, −0.58] 84

Table 5

Sensitivity analysis for dosage of anesthetics.

Deletion OR (95% CI) I2 statistic (%) 

Remifentanil Gao et al, 2018 OR = −0.68, 95% CI [−1.29, −0.08] 84
Wang, 2021 OR = −1.01, 95% CI [−1.92, −0.09] 93
Wu et al, 2021 OR = −0.95, 95% CI [−1.86, −0.05] 92

  Propofol Gao et al, 2018 OR = −1.02, 95% CI [−1.95, −0.09] 93
Wang, 2021 OR = −1.29, 95% CI [−1.86, −0.72] 81
Wu et al, 2021 OR = −1.02, 95% CI [−1.95, −0.10] 93

http://links.lww.com/MD/I160
http://links.lww.com/MD/I160
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indicate that TEAS could reduce the incidence of PND, espe-
cially within 7 days after surgery, supporting the use of TEAS 
as adjuvant therapy in preventing PND. Confidence in these 
results is still limited due to the poor risk of bias and overall 
quality of all included studies. However, included studies sug-
gest TEAS has a good safety profile for the elderly during the 
perioperative period, and may be considered as a therapeutic 
option, particularly there are no effective drugs to be used in 
treatment and prevention of PND in geriatric patients.

4.2. Applicability for clinical practice and implication for 
future RCTs

Since classical acupuncture is highly dependent on the skill of 
the acupuncturist and some people are afraid of the painful 
sensation of puncturing, TEAS is becoming a popular trend 
because of its noninvasive nature, adjustable strength, fre-
quency and easy quantification in the clinic. And TEAS is 
widely used in the perioperative period, and some studies have 
confirmed that TEAS has gastrointestinal regulation,[36] cir-
culatory improvement,[37] immune enhancement,[38,39] anti-in-
flammatory,[40] and stress-reduction effects,[41] which would 
lead to a shorter time of convalescence and hospitalization, 
improving the quality of life of patients. In terms of the pre-
vention of PND in elderly patients, as the first comprehensive 
systematic review and meta-analysis after the new definition 
in 2018, the results may have important implications for clini-
cians and researchers.

In the present review, different clinical groups used different 
protocols like various traditional acupoints locations, different 
intervention periods and waves, frequencies and intensities for 
the prevention of PND. The selection of acupoints is an import-
ant factor in the TEAS treatment. Based on the recommenda-
tions of the expert consensus survey,[42] acupoint combination 
should be performed in accordance with syndrome differenti-
ation and personal characteristics. However, all trials in recent 
and our review selected fixed acupoint prescriptions. As the main 
method for PND is prevention, most researchers preferred to use 
TEAS 30 minutes before anesthesia to the end of the surgical 
suture. Our subgroup analysis suggested that intraoperative 
use of TEAS may be more effective and is not restricted to sur-
gery type and anesthetic modality. However, most of the trials 
included in our review have only observed that the use of TEAS 
can achieve prevention of PND in the early postoperative period, 
which lead the insufficient evidence for its preventive effect on 
distant postoperative NCD. And the retention time of TEAS also 
depends on the time of surgery and was not well documented in 
14 included trials. In addition, parameter settings: a frequency of 
sparse and dense waves of 2/100 HZ within the max-tolerance 
intensity of each patient can be regarded as a reference for clini-
cians and researchers. It is critical that future trials should seek to 
determine the optimal protocol during the perioperative period. 
However, the time to assess cognitive function and the tools used 
to evaluate the severity of cognitive dysfunction were different 
among our included 13 studies, and the definition of PND also 
varied. The main determinants of the incidence of PND are the 
type of cognitive performance tests, time of postoperative assess-
ments, and specificity and sensibility of the cognitive tests.[72] In 
general, it is mandatory to train the team on the basic features 
of cognitive dysfunction as well as the features of any tools that 
will be used.[44] Future authors could improve study quality and 
comparability through optimal timing of assessment, the use of 
commonly used cognitive tests, the application of appropriate 
diagnostic rules, and detailed reporting of the methods used.

4.3. How the intervention might work

PND results from a complex interaction of different factors.[43] 
This complexity greatly increases the difficulties in the prevention 

and treatment. The latest guidelines and reviews[44–47] presented 
the consensus statements for preoperative, intraoperative, and 
postoperative risk factors for PND, such as preoperative cogni-
tive impairment, older age, surgery type, inappropriate depth of 
anesthesia, poor pain control, anemia, and infections.[48–51] Apart 
from this, few studies comprehensively described risk factors 
for late PND. Early PND was likely a predictor of late PND,[52] 
therefore, it is particularly important to prevent early PND. 
The underlying mechanisms of the condition is still unknown, 
numerous studies have shown that TEAS, as adjunctive therapy, 
can significantly reduce anesthetic requirements,[53] and current 
theories related to the pathogenesis of PND include a central 
inflammatory response,[54,55] reduced function of the central 
cholinergic system,[56,57] synaptic dysfunction,[58,59] abnormal 
protein function,[60,61] disturbed microflora of the gut,[62] etc. 
Among them, the central inflammatory response mechanism 
is the most important and has received wide attention. Early 
studies have shown that TEAS can reduce central and periph-
eral inflammatory responses, inhibit microglia activation,[63,64] 
restrain the neuronal apoptosis, and execute an important cere-
bral protective role.[65] Meanwhile, our systematic review found 
that the use of TEAS during surgery can reduce the inflamma-
tory reaction perioperatively (Table 2). However, it is difficult to 
perform a comprehensive meta-analysis because of the different 
types of inflammatory factors observed in each included trials, 
as well as the inconsistent timing of blood sampling. The pres-
ent meta-analysis only found that the levels of S100β during 
the immediate post-operative period were attenuated by the use 
of TEAS in elderly patients undergoing surgeries, although the 
evidence level was downgraded to very low due to statistical 
heterogeneity. To better investigate this potential mechanism, we 
strongly recommend the serum levels of inflammatory factors 
and postoperative complications be measured in the terms of 
uniform timing and methods.

4.4. Strengths and limitations

The strengths of this review include the pooled risk ratios that 
are highly significant and clinically important; fairly consistent 
effect sizes across trials; homogeneity of the TEAS protocols; 
and overall high validity of the trials, as well as robustness of 
the results to sensitivity analyses on the effects of study validity 
variables.

Our review is based on a new definition of surgery-related 
cognitive decline published in 2018, thus providing the most 
comprehensive update on the effectiveness of TEAS used in 
perioperative geriatric patients in this area. The terminology of 
cognitive change in 2018[6] could offer a framework for under-
standing the impact of an esthesia and surgery on outcomes for 
the elderly in order to promote cross-specialty communication, 
aid clinical management of patients, and further high-quality 
research. Currently, a meta-analysis and review that meet the 
new definition is still lacking, so we performed qualitative and 
quantitative analysis according to the available data. Notably, 
we included the largest number of RCTs for the most com-
prehensive analysis of POD, which have been limitations of 
previous trials and SRs. In addition, a pre-registered protocol 
and a comprehensive literature search including unpublished 
sources, duplicate and independent screening and data abstrac-
tion, which all improve the credibility and generalizability of 
our findings. And GRADE assessment of certainty of evidence 
was utilized. In the meantime, we carefully developed the more 
comprehensive inclusion criteria for the present review to aim 
for higher homogeneity and thus reproducibility. First, the effect 
of anesthesia on the incidence of PND has still been inconsis-
tent and controversial.[66–68] We therefore chose patients who 
undergo surgical treatments without limitation on the type of 
operation and anesthetic modality. Indeed, several studies have 
now shown that the incidence of PND is similar for different 
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surgeries.[69–71] Third, we considered these RCTs to be funda-
mentally different, in terms of the direction of the research. That 
is, when TEAS combined with other anesthetic drugs such as 
dexmedetomidine is used intraoperative and the control group 
was given an anesthetic drug alone on top of the basic anesthe-
sia, the primary purpose is to evaluate the role of the combina-
tion of the 2 without highlighting the role of TEAS.

There were also several potential limitations. There was little 
clinical expected heterogeneity in several aspects of the included 
trials, such as precise terms, outcome measurement timings and 
definitions, and other unpredictable factors during the periop-
erative period such as fluid therapy, analgesia types, etc. This 
information was not universally available, so we were still 
unable to clearly identify the source of some of the heteroge-
neity. Due to details relating to sequence generation, allocation 
concealment and selective outcome reporting were lacking, none 
of the studies were free from bias. The GRADE approach is 
prone to downgrade research that is not double-blinded, which 
is challenging in studies of manual therapies. The necessity to 
blind participants, however, is arguable when the intervention 
is performed intraoperatively. It seems unlikely that the patient 
will know intraoperatively whether he is receiving a TEAS inter-
vention or not. Although the quality of evidence is limited, the 
role of TEAS remains a means of prevention of PND worthy 
of further investigation, considering that even specific selective 
a2-adrenaline receptor agonist (i.e., dexmedetomidine) and 
monitoring technologies (i.e., electroencephalography), there 
are still no meta-analyses[73,74] evaluating these methods of pre-
venting PND using GRADE approach. And then, the long-term 
such as 1 year after surgery results are unknown, because the 
observation time of the included studies for PND was mostly 
within 1 week after surgery. Future trials with larger sample 
sizes and longer follow-up are needed to draw firmer conclu-
sions. Although it is challenging, trialists should attempt to use 
standardized endpoints (for both efficacy and adverse effects) 
and consider aspects relating to the cost and acceptability of 
interventions. These data are needed to enable the best synthe-
sis of the evidence for making recommendations and informing 
clinical practice.

5. Conclusion
Results of the present review and meta-analysis suggest that the 
utilization of TEAS during the perioperative period will pre-
vent the incidence of PND in geriatric patients. However, TEAS 
interventions lack data support in terms of long-term cognitive 
function. Findings from this review should be interpreted with 
caution, taking into consideration the biases identified and lim-
ited quality of evidence of the included trials. Further research-
ers need to resolve the low quality of studies and investigate the 
efficacy of different application regimens of TEAS.
The original contributions presented in the study are included 
in the article/supplementary material, further inquiries can be 
directed to the corresponding author/s.
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