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ABSTRACT
Introduction Abdominal surgery is associated with 
common complications, including decreased or poor 
appetite, abdominal distension, abdominal pain caused 
by decreased or absent gastrointestinal motility, anal 
arrest with flatus and defecation, and nausea and 
vomiting resulting from the use of anaesthetics and 
opioid analgesics. These complications seriously affect 
postoperative recovery, prolong hospital stay and 
aggravate patient burden. This study aims to investigate 
for the first time the efficacy of transcutaneous 
electrical acupoint stimulation (TEAS) combined with 
electroacupuncture (EA) therapy for rapid recovery after 
laparotomy for gastrointestinal surgery. There have been 
no clinical studies of this combination therapy.
Methods and analysis This will be a prospective, 
single- centre, three- arm, randomised controlled trial. 
A total of 480 patients undergoing abdominal surgery 
will be stratified according to surgery type (ie, gastric or 
colorectal procedure) and randomised into three groups; 
namely, the EA, TEAS +EA and control groups. The control 
group will receive enhanced recovery after surgery 
(ERAS)- standardised perioperative management, including 
preoperative education, optimising the anaesthesia 
scheme, avoiding intraoperative hypothermia, restrictive 
fluid infusion and reducing surgical trauma. The EA group 
will receive EA stimulation at LI4, PC6, ST36, ST37 and 
ST39 based on the ERAS- standardised perioperative 
management. Moreover, the TEAS +EA group will 
receive ERAS- standardised perioperative management; 
EA stimulation at the LI4, PC6, ST36, ST37 and ST39; 
and TEAS stimulation at ST21 and SP15. The primary 
outcome will be the GI- 2 (composite outcome of time to 
first defaecation and time to tolerance of a solid diet). 
Secondary outcomes will include the time of first passage 
of flatus, time to first defaecation, time to tolerance of 
a solid diet, time to first ambulation, hospital duration 
from operation to discharge, pain and nausea vomiting 
scores on the Visual Analogue Scale, medication use, 
incidence of postoperative complications and evaluation 
of treatment modality acceptability. All statistical analyses 

will be performed based on the intention- to- treat 
principle.
Ethics and dissemination Ethics approval has been 
granted by the Ethics Committee on Biomedical Research, 
West China Hospital of Sichuan University (approval 
number: 2021; number 52). The results are expected to be 
published in peer- reviewed journals.
Trial registration number ChiCTR2100045646.

INTRODUCTION
The most common postoperative compli-
cations in laparotomy for gastrointestinal 
surgery include gastrointestinal dysfunction, 
pain, postoperative nausea and vomiting 
(PONV), etc. These result from numerous 
factors, including the intraoperative use of 
anaesthetic drugs, surgical trauma, perito-
neal irritation or inflammatory response and 

Strengths and limitations of this study

 ► A randomised controlled trial of 480 patients will be 
conducted to evaluate the efficacy of transcutane-
ous electrical acupoint stimulation combined with 
electroacupuncture therapy for rapid recovery after 
laparotomy for gastrointestinal surgery.

 ► The trial feasibility has been examined in a pilot ran-
domised trial of 120 patients, included 60 patients 
with laparotomy stomach tumour resection and 60 
patients with laparotomy colon tumour resection.

 ► This trial will be conducted using rigorous methods; 
for example, the patients will be randomly assigned 
to three groups; the data will undergo blind statisti-
cal analysis; and the interventionists, efficacy evalu-
ators and statisticians will be separated.

 ► This trial did not include a sham control arm, the 
analysis of the placebo response or effect was 
lacking.
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postoperative use of analgesic drugs.1–3 Rapid postoper-
ative rehabilitation can prevent or reduce intraperito-
neal adhesion; reduce the incidence of complications, 
including intestinal obstruction and intestinal infection; 
prevent secondary surgery, reduce opioid usage and alle-
viate pain. Moreover, it can promote prompt recovery of 
the patients’ oral diet, reduce the use of parenteral nutri-
tion, shorten the hospitalisation duration and reduce 
hospitalisation costs.4–8

Enhanced recovery after surgery (ERAS) is based on 
evidence- based medicine and is a standardised, collab-
orative and multidisciplinary optimisation management 
protocol for the perioperative period. It allows a reduc-
tion in the physiological and psychological traumatic 
stress response, as well as postoperative complications; 
a faster postoperative recovery; a shorter postoperative 
hospitalisation time and a reduction in patient costs.9 
This concept was initially proposed by the Danish Medical 
Scientist Kehlet in 1997.10 After >20 years of practice and 
optimisation, the ERAS concept and pathway have been 
popularised and rapidly applied worldwide.11 Although 
a series of perioperative ERAS measures can accelerate 
recovery, there remains room for improvement in the 
prevention and treatment of postoperative gastrointes-
tinal dysfunction and PONV, as well as in the reduction 
of opioid use.12

Acupuncture exerts therapeutic effects by regulating 
gastrointestinal dynamics, analgesia and antiemetics. It is 
widely considered that a degree of postoperative gastro-
intestinal dysfunction is an inevitable normal physiolog-
ical response after abdominal surgery.13 Several studies 
have demonstrated that acupuncture can significantly 
relieve postoperative abdominal pain and distension, 
promote intestinal ventilation, and promptly restore the 
patient’s diet.14 15 Acupuncture can enhance gastric dila-
tation through the sympathetic nerve to promote gastric 
emptying16 17; moreover, the vasoactive intestinal peptide 
is involved in electroacupuncture (EA)- mediated gastric 
motility regulation.

Studies have shown that Zusanli (ST36), Shangjuxu 
(ST37) and Xiajuxu (ST39) stimulation can effectively 
improves gastrointestinal transit by reducing local inflam-
mation of the intestinal musculature.18 Hegu(LI4) is a pair 
of acupoints belonging to the Large Intestinal meridian, 
Daheng(SP15) is a pair of acupoints belonging to the 
Spleen meridian, Liangmen(ST21) is a pair of acupoints 
belonging to the Stomach meridian. They have the effect 
of assisting gastrointestinal function recovery, so they are 
also commonly used in clinical practice.19–21

Additionally, acupuncture can facilitate postopera-
tive multimodal analgesia. Postoperative analgesia is 
among the core ERAS components. Its principles include 
sufficient analgesia and minimisation of opioid usage. 
Adequate postoperative analgesia can reduce excessive 
stress, help patients get out of bed quickly and promote 
recovery. Opioids, which are the main traditional post-
operative analgesic drugs, can easily cause postoperative 
nausea, vomiting and other complications. Reducing 

opioid usage allows early recovery of patients. There 
have been numerous studies on the mechanisms under-
lying acupuncture analgesia from the perspectives of 
electrophysiology, neurochemistry, molecular biology 
and brain imaging.22–24 Moreover, numerous clinical 
studies have shown that acupuncture can significantly 
reduce postoperative pain and opioid use after total hip 
replacement, craniotomy, abdominal surgery and kidney 
stone surgery.25–28 Therefore, based on the ERAS clin-
ical pathway, acupuncture analgesia may better control 
wound pain and reduce the use of analgesics, including 
opioids, and therefore, accelerate patient recovery.29

PONV is a common complication after surgical anaes-
thesia and analgesia with opioids that can cause dehy-
dration, electrolyte imbalance, wound cracking and 
discharge delay. PONV is another important factor that 
affects the recovery of patients.30 Studies have shown 
that Neiguan (PC6) stimulation can effectively prevent 
PONV.31 32 Transcutaneous electrical acupoint stimula-
tion (TEAS) is more effective than intravenous ondanse-
tron; additionally, using TEAS combined with drugs can 
enhance the antiemetic effects of ondansetron.33

Numerous studies have supported the application of 
acupuncture in postoperative rehabilitation; however, 
there are differences in efficacy across different acupunc-
ture schemes. Currently, EA is the most common acupunc-
ture scheme for rapid postoperative rehabilitation, with 
TEAS being the second most common scheme. Although 
TEAS avoids pain resulting from acupuncture needles, its 
efficacy is slightly worse than that of EA and it has rela-
tively limited clinical application.34 However, our previous 
clinical experience and preliminary trials suggested that 
combining TEAS with EA may have a better curative 
effect than the conventional EA treatment.35–37 Moreover, 
this combination could provide an improved acupunc-
ture treatment protocol for rapid rehabilitation after 
laparotomy for gastrointestinal surgery. It may promote 
the recovery of gastrointestinal function more quickly, 
reduce pain more obviously, shorten the duration of post-
operative hospital stay and reduce patient hospitalisation 
costs, etc.

Therefore, this prospective, single- centre, three- arm, 
single- blind, randomised controlled trial (RCT) aims to 
evaluate the efficacy of TEAS combined with EA therapy 
for rapid recovery after laparotomy for gastrointestinal 
surgery.

METHODS AND ANALYSIS
Design
This will be a single- centre, prospective RCT with a 
three- arm parallel grouping design. The trial protocol 
V.2.0, date 31 March 2021.The study will be conducted at 
the West China Hospital of Sichuan University (WCHSU) 
from April 2021 to March 2023. All the participants will 
be required to provide written informed consent in accor-
dance with the most recent version of the Declaration of 
Helsinki. Figure 1 presents the study flow chart.
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Patient population and setting
A total of 480 Chinese patients undergoing laparotomy 
for gastrointestinal surgery will be sequentially enrolled 
at the WCHSU after fulfilling the eligibility criteria and 
signing informed consent. A clinical assistant with insti-
tutional review board training will be in charge of patient 
enrolment.

Eligibility criteria
The inclusion criteria will be as follows: (1) male and 
female patients aged 18–70 years; (2) laparotomy tumour 
resection under general anaesthesia (stomach, colon and 
rectum) and (3) volunteering to participate in this study 
and signing an informed consent form.

The exclusion criteria will be as follows: (1) surgical 
incision or scar on the meridian of ST21/SP15, (2) local 
skin infection at acupoints, (3) inability to complete the 
Visual Analogue Scale (VAS) and (4) allergy to metal or 
severe needle fear, intolerance of TEAS or EA treatment, 
(5) uncontrolled diabetes, severe cardiac, central nervous, 
psychiatric disorders or coagulopathy; (6) cardiac pace-
maker and (7) participation in other clinical trials.

Withdrawal criteria: Participants meeting any of the 
following criteria will be withdrawn from the study: (1) 
occurrence of serious adverse events; (2) participants with 
serious complications or other serious diseases requiring 
emergency measures, (3) being required to withdraw 

during the test and (4) violation of the test programme. 
Withdrawn patients will not be replaced.

Randomisation and blinding
This study will have a single- blind design. The patient will be 
blinded to the group allocation; moreover, patients in the 
same ward will be separated by a bed curtain when receiving 
acupuncture treatment, with only the research leader and 
acupuncturist being aware of the treatment allocation. The 
randomised grouping plan will be designed using SPSS 
V.22.0. According to the plan, 480 patients will be randomly 
divided into three groups according to a ratio of 1:1:1: EA, 
TEAS+EA and control groups. The group scheme will be 
kept in a confidential envelope; further, the research leader 
will randomly distribute the included patients to each group 
following the distribution plan in the envelope. Addition-
ally, the research leader will only inform the acupuncturist 
responsible for the operation. Efficacy evaluation will be 
conducted blinded to the grouping allocation. Blind statis-
tical analysis will be used in the data summary stage. Oper-
ators, efficacy evaluators and statisticians will be separated.

INTERVENTION
All acupoints will be determined based on the National 
Standard of Nomenclature and Location of Acupunc-
ture Points (GB/T 12 346- 2006).38 All practitioners 

Figure 1 Flow chart of the study protocol. EA, electroacupuncture; TEAS, transcutaneous electrical acupoint stimulation; GI- 2, 
composite outcome of time to first defaecation and time to tolerance of a solid diet.
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performing the treatment must have an acupuncturist 
qualification certificate with independent clinical experi-
ence for >2 years. The acupuncturists will not be replaced 
during the experiments.

All patients will receive standardised perioperative 
management by ERAS, including preoperative educa-
tion, optimisation of anaesthesia scheme, avoidance of 
intraoperative hypothermia, restrictive fluid infusion 
and reduction of surgical trauma. Regarding the elec-
tronic acupuncture treatment instrument (Hwato, SDZ- V, 
Suzhou Medical Supplies Factory), the current frequency 
will be continuous wave 2 Hz, the current intensity will be 
measured in degrees as tolerated by the patient; more-
over, the treatment duration will last 30 min (figure 2). 
The treatment will be initiated from the first postoperative 
day, once daily in the morning, until the patient regains 
defecation and could tolerate transoral solid food.

In the EA group (EA is added at the base of basic 
treatment), treatment will be bilaterally performed at 
five acupoint pairs: Hegu (LI4), Neiguan (PC6), Zusanli 
(ST36), Shangjuxu (ST37) and Xiajuxu (ST39). LI4 is an 
acupoint of the large intestine meridian and is located on 
the dorsum of the hand between the first and second meta-
carpal bones. PC6 belongs to the pericardium meridian 
and is located between the flexor carpi radialis muscle 
tendon and the palmaris longus tendon, 2 Cun above the 
wrist crease. ST36, ST37 and ST39 are acupoints of the 
stomach meridian. ST36 is located on the lateral side of 
the lower leg, 3 Cun below the lateral border of the knee 
and one finger width lateral to the anterior border of the 
tibia. ST37 is located 3 Cun below ST36. ST39 is located 
3 Cun below ST37. After skin disinfection with a dispos-
able disinfecting cotton swab, sterile and disposable stain-
less steel needles (0.25×40 mm, Suzhou Jiajian, Jiangsu, 
China) will be quickly and perpendicularly inserted into 
the skin acupoints at a depth of 25–30 mm. The duration 
of reinforcing- reducing manipulation of twirling and 
rotating needles should be used for 1 min to achieve de qi 
(a composite of sensations including soreness, numbness, 

distention, heaviness and other sensations), which signifi-
cantly contributes to acupuncture efficacy. The ipsilateral 
Neiguan, Hegu, Zusanli and Xiajuxu will be separately 
connected to one electrode set, and therefore yielding 
four electrode sets (figure 3A,B).

For the TEAS+EA group, treatment will be based on 
the EA group with the addition of two pairs of bilateral 
abdominal acupoints: Liangmen (ST21) and Daheng 
(SP15). Additionally, ST21 is an acupoint of the stomach 
meridian that is located 4 Cun above the umbilicus and 
2 Cun open next to the anterior median line. SP15 is an 
acupoint of the spleen meridian, located 4 Cun beside 
the umbilicus and lateral to the rectus abdominis muscle. 
Abdominal acupoints will be stimulated using a self- 
adhesive electrode pad with electrical conductivity; addi-
tionally, the ipsilateral Liangmen will be connected to 
the Daheng set of electrodes. The ipsilateral Neiguan, 
Hegu, Zusanli and Xiajuxu acupoints will be connected 
to one electrode set to yield a total of six sets of electrodes 
(figure 3A–C).

The control group will receive ERAS- standardised 
perioperative management without acupuncture 
treatment.

OUTCOME MEASURES
Main outcome
The primary outcome will be the GI- 2 (Gastrointestinal- 2, 
composite outcome of time to first defaecation and time 
to tolerance of a solid diet). Participants will be visited 
and evaluated by efficacy evaluators at the end of each 
treatment.

Secondary outcome
The secondary outcomes include the time of first passage 
of flatus, time to first defaecation, time to tolerance of 
a solid diet, time to first ambulation, hospital duration 
from operation to discharge, pain and nausea vomiting 
scores on the VAS (from 0 (no at all) to 10 (the worst)), 
medication use(name, frequency and dosage of analgesic 
drugs and antiemetic agents), incidence of postoperative 
complications(include intra- abdominal infection, intes-
tinal ischaemia and necrosis, anastomotic leak, pulmo-
nary infection, etc), and evaluation of treatment modality 
acceptability(classified into five grades: very acceptable, 
moderately acceptable, somewhat acceptable, moderately 

Figure 2 Instrument and parameter. EA, electroacupuncture; 
TEAS, transcutaneous electrical acupoint stimulation.

Figure 3 Localisation of acupoints and electrode 
connection.
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unacceptable and totally unacceptable). Participants will 
be visited and evaluated by efficacy evaluators at the end 
of each treatment.

We add GI- 2 as a primary outcome outcome to the orig-
inal protocol after recruitment of the study had already 
begun. GI- 2 is a time indicator, which will be calculated 
from two existing outcomes (time to first defaecation and 
time to tolerance of oral diet). There will be no harm to 
subjects, no additional cost and no more work.

Safety evaluation
All adverse events will be recorded on the adverse event 
record sheet by the acupuncturist and participants at 
any time during the study period. Adverse events to be 
recorded include fainting during acupuncture treat-
ment, needle breaking, unbearable acupuncture pain, 
local haematoma, infection and any other discomfort 
or accident. The intensity and causality of each adverse 
event will be evaluated and recorded. If any serious 
adverse events occur due to an intervention, the inter-
vention will be immediately stopped; further, appropriate 
corrective action will be taken. Serious adverse events will 
be promptly reported to the institutional review board 
within 24 hours until 30 days after the end of the trial.

Sample size calculation
The stratification factors will be gastrectomy and 
colorectal resection, with each layer being divided into 
three groups: the group ratio will be 1:1:1. The main effi-
cacy indicator will be the GI- 2 (composite outcome of time 
to first postoperative defaecation and time to tolerance 
of a solid diet). Given the lack of reports on TEAS+EA 
for promoting postoperative recovery, we conducted a 
preliminary experiment. The preliminary experimental 
results indicated that the GI- 2 of laparotomy gastrectomy 
surgery in the control, EA and TEAS+EA groups was 
113.1±37.5 hours, 86.9±36.1 hours and 80.1±33.2 hours, 
respectively, Additionally, in the control group, the GI- 2 
of laparotomy colorectal surgery in the control, EA and 
TEAS+EA groups was 106.2±35.9 hours, 85.6±33.1 hours 
and 78.5±36.3 hours, respectively. The sample size was 
determined using PASS V.11 with α=0.05 (two sided) and 
β=0.1 (90% power). The required sample size will be 60 
patients per group. Assuming that 20% of patients will be 
lost to follow- up, we chose a sample size of 80 participants 
for each group, with a total sample size of 480 participants.

Statistical analysis
Statistical analysis will be conducted by independent third- 
party professional statisticians. All data will be collected by 
efficacy evaluators. Data analysis will be performed using 
the intention processing principle in SPSS V.22.0. Statis-
tical results will be reported using a two- sided test, with 
statistical significance being set at p< 0.05. Continuous 
variables will be expressed as: mean (SD), median (IQR) 
or minimum and maximum. For comparisons between 
treatment groups, analyses of variance will be used for 
normally distributed variables, and the Kruskal- Wallis 

H test will be used for non- normally distributed vari-
ables. Categorical variables will be expressed as numbers 
(%), and will be analysed via χ2 tests for between- group 
comparisons.

Patient and public involvement
Patients and/or the public were not involved in study 
design or conduct of the study.The present trial was 
developed by acupuncturists based on previous clinical 
experience and literature. The expected outcomes are 
commonly used to assess rapid postoperative recovery in 
clinical practice. The cost of interventions and outcome 
measurements will be maintained using the study funding; 
therefore, it was not considered a significant burden and 
met the patient preferences. The results will be dissemi-
nated to the participants via the WCHSU website.

DISCUSSION
Several studies have demonstrated the efficacy of acupunc-
ture in rapid postoperative rehabilitation.39 Previous 
clinical experience and studies have shown that acupunc-
ture on the distal limb acupoints is mostly selected for 
rehabilitation after abdominal surgery, which may be 
associated with several factors, including the presence of 
surgical wounds after abdominal surgery, postoperative 
changes in the structure and state of abdominal organs 
affecting acupuncture needle manipulation and safety. 
However, recent studies have shown that abdominal and 
limb acupoints facilitate improvement of abdominal 
pain and the distension degree; moreover, abdominal 
acupoints have a more optimal effect on improving the 
degree of abdominal pain.40 In this study, based on exten-
sive clinical practice, TEAS will be applied to abdominal 
acupoints, which is safer than EA based on acupuncture 
on the meridians of the distal extremities; moreover, 
the SP15 and ST21 chosen for abdominal surgery are 
unconventional incision positions that facilitate manip-
ulation. Additionally, they are both antiemetic, promote 
gastrointestinal motility and relieve abdominal pain. 
Some previous studies on acupuncture for gastrointes-
tinal symptoms have shown that SA although have some 
placebo effect, but EA might have greater benefits than 
SA(Sham- acupuncture),15 41 42 so we did not include sham 
control in this study.Therefore, the main purpose of this 
three- arm randomised controlled study is to evaluate 
whether TEAS combined with EA therapy is effective at 
allowing rapid recovery after laparotomy for gastrointes-
tinal surgery is more effective and beneficial, and further 
improving patient satisfaction.

ETHICS AND DISSEMINATION
Personal information and study data of all participants 
will be recorded in case report forms. Moreover, data 
involving patient privacy will be anonymised, protected by 
code and securely kept in a locked cabinet in the WCHSU 
accessed only by the research team. On completion of 
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the trial and data verification, the case report forms will 
be transferred to the Science and Technology Depart-
ment of Sichuan Province for safe archival purposes for 
10 years before being destroyed. Data for use or analysis 
following study completion will be available from the 
corresponding author on reasonable request. The study 
results will be presented at national and international 
scientific conferences and submitted for publication in a 
peer- reviewed journal.

This study has been approved by the Ethics Committee 
on Biomedical Research, WCHSU in April 2021. The 
approval number is 2021 (52). The trial protocol strictly 
adheres to the principles of the latest Declaration of 
Helsinki. Patient consent for publication is not required.
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