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GENERAL INFORMATION 

1. SUMMARY
Introduction: Postoperative nausea and vomiting (PONV) is among the most common postoperative complications, which gives patients extremely afflictive medical experience and sometimes intractable side-effect, leading to prolonged hospitalization, increased medical expenses and lower surgical satisfaction. PONV prophylaxis has been included in enhanced recovery after surgery (ERAS) management strategy. Even though the incidence of PONV can be decreased by using less of opioid and inhalational anesthetics and/or using antiemetic drugs, its occurrence is still high up to 20% in high-risk patients. Complementary to the antiemetic drugs, non-pharmacotherapy acupuncture treatment, represented by transcutaneous electrical acupoint stimulation (TEAS), has been used to prevent PONV occurrence. However, its effectiveness in preventing PONV has not been established yet due to small sampling size and not well controlled in the previous studies. 
Hypothesis: TEAS treatment based on standardized antiemetic prophylaxis significantly lowers PONV incidence than the Sham treatment.

Primary outcome: PONV incidence
Secondary outcomes: PONV quantitative indicators including the time and VAS score of first nausea and vomiting, the times and VAS scores of each nausea and vomiting within 24 h after surgery; ERAS items including the 40-item Quality of Recovery (QoR-40) within 24 h, PONV related complications.

Methods: A multicenter, prospective, evaluator-blinded, parallel-group, randomized controlled trial (RCT) is administered in Sham or TEAS treatment on laparoscopic non-gastrointestinal surgery patients.
Number of patients: The number of patients to be included 1655 cases in total.
Inclusion criteria: 1) selective laparoscopic non-gastrointestinal surgery under general anesthesia; 2) age 18–50 years, BMI 15–40 kg/m2, ASA class I–III; 3) Apfel score ≥3 points; 4) ability to understand, sign informed consent and coordinate intervention and evaluation.
Exclusion criteria: 1) pregnancy and breast-feeding patients; 2) TEAS contraindications: skin allergy, breakage, infection or itching of test points, allergic to adhesive tape, pacemaker implanted; 3) history of alcohol, opioids or other drug abuse; 4) likely admission to ICU after surgery; 5) participation in other clinical studies within 3 months before admission to this study.

2. SCIENTIFIC RATIONALE AND GENERAL DESCRIPTION OF RESEARCH

PONV characterized as nausea, retching or vomiting or any these symptoms in combination after surgery, is one of the most common complaints after surgery with an overall incidence of 20%–30%
 ADDIN EN.CITE 
(1, 2)
. Nausea gives patients extremely afflictive medical experience, induces the stomach discomfort including the feeling of keck and poor appetite, and even causes dizziness and headache. Vomiting increases the potential risks of electrolyte imbalances, pain, incision dehiscence or hernia, dehydration, esophageal damage or airway aspiration
 ADDIN EN.CITE 
(3)
. The incidence in high-risk patients (more than 3 scores), classified by Apfel simplified score which is based on four independent risk predictors (female gender, nonsmoker, history of motion sickness or PONV, postoperative opioid use), is 61%–79%(4). With The combination of 2–3 kinds of antiemetic drugs for PONV, the incidence of high-risk patients had a significant decline, however, still as high as 20%(5). What's worse is that the actual incidence of PONV is even higher due to the loss to follow-up bias by traditional paper diaries
 ADDIN EN.CITE 
(6)
. The multiple channel and sites of PONV could not be blocked by the single locus of antiemetic drugs(7). It is difficult to further reduce the incidence of PONV by adding different kinds or dosages of drugs for the remaining uncovered PONV sites and the saturation of receptors(8), while drug-related side effects are increasing gradually(9)，such as headaches, xerostomia, abnormal liver function, extrapyramidal reactions and other related side effects
 ADDIN EN.CITE 
(9-11)
. 
Complementary to the antiemetic drugs, non-pharmaceutical therapy including acupuncture provides considerable advantages in wide action range and non-toxic effects, which has been widely used in postoperative pain analgesia and gastrointestinal function rehabilitation
 ADDIN EN.CITE 
(12, 13)
. Acupuncture, a safe and effective non-pharmacotherapy, can directly or indirectly inhibits the emesis center or regulates gastrointestinal function through multiple regulatory mechanism, such as modulating gastric motility through somatovisceral reflex, influencing the endogenous opioid system and serotonin transmission
 ADDIN EN.CITE 
(14-17)
. Transcutaneous electrical acupoint stimulation (TEAS) with transcutaneous electrical nerve stimulation applied to acupuncture points has been used to prevent PONV occurrence
 ADDIN EN.CITE 
(18, 19)
. However, its effectiveness in preventing PONV has not been established yet due to small sampling size and not well controlled in the previous studies
 ADDIN EN.CITE 
(20)
. Therefore, the large sample size, multicenter, evaluator-blinded, and randomized controlled study were carried out to verify the effectiveness of TEAS in reducing the incidence of PONV. 

3. RESEARCH OBJECTIVES
This trial aims to assess the preventive effectiveness of transcutaneous electrical acupoint stimulation (TEAS) on the incidence of PONV in high-risk surgical patients.

4. RESEARCH DESIGN
4.1 Type of study

This work is a multicenter, prospective, evaluator-blinded, parallel-group, RCT. Using Crabyter scientific research system (Xinyu Information Technology Co., Ltd), the enrolled patients will be randomly divided into Sham and TEAS groups in a 1:1 ratio, with four patients regarded as a block, and obtain the random number.
4.2 Primary and Secondary outcomes
4.2.1 Baseline information

Demographic information (age, sex, height, weight, education, occupation, etc.), preoperative information (biochemical indicators, comorbidities, anxiety scores, etc.), surgical and anesthetic information (operation name and period, amount of access, RASS score, dosage of analgesics and antiemetics, etc.) will be compared in the two groups.
4.2.2 Primary outcome

In this study, at least once nausea, retching or vomiting after operation, or any combination of the above symptoms within 24 h after surgery is taken as the diagnostic criteria of PONV, thereby setting PONV incidence 24h as a primary outcome.
4.2.3 Secondary outcome

Secondary research indicators are PONV quantitative indicators and ERAS-related items. PONV quantitative indicators include the time and visual analogue scale (VAS) score of first PONV, the cumulative times and the highest VAS score of nausea and vomiting within 24 h after surgery. ERAS items include the 40-item Quality of Recovery (QoR-40) within 24 h, PONV related complications and postoperative hospital stay. The specific contents of QoR-40 score include five aspects: physical comfort (12 items, 60 scores), emotional state (9 items, 45 scores), physical independence (5 items, 25 scores), psychological support (7 items, 35 scores) and pain (7 items, 35 scores)(21). PONV related complications are dizziness and headache, electrolyte imbalances and pain.

4.3 Description of research methodology

4.3.1 Recruitment
The study will take the First Affiliated Hospital of Xi’an Jiaotong University as the principle research center, allying with 11 Sub-Centers, Affiliated Hospital of Shaanxi University of Chinese Medicine, First Affiliated Hospital of Henan University of Chinese Medicine, First Affiliated Hospital of Henan University of Science and Technology, First Hospital of Hunan University of Chinese Medicine, General Hospital of Ningxia Medical University, Henan Provincial People's Hospital, Hunan Provincial People's Hospital, Second Hospital of Shanxi Medical University, Shanxi Provincial Hospital of Traditional Chinese Medicine, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, Tianjin Third Central Hospital. The study will recruit the patients scheduled for laparoscopic non-gastrointestinal surgery under general anesthesia in 12 hospitals above between September 2019 and February 2021.
4.3.2 Prescreening and rescreening

All investigators will be trained and will follow the trial protocol. Researchers will assess whether the scheduled patient meets the criteria one day before the surgery. Informed consent will be signed if the patient meets the eligibility, and then make an evaluation of self-rating anxiety scale (SAS). Patients’ eligibility for recruitment will be reassessed after extubation. The patients given conversion to open laparotomy, occurring skin allergy, breakage, infection or itching of test points, refusing to participate or unplanned admission to ICU will be excluded from the trial. If they are eligible, randomization will be performed. Using Crabyter scientific research system (Xinyu Information Technology Co., Ltd) for block randomization, the enrolled patients will be randomly divided into Sham and TEAS groups in a 1:1 ratio (with a block size of 4) to verify the reliability of TEAS in PONV prevention. The enrolled patients will be assessed by Richmond Agitation-Sedation Scale (RASS).
4.3.3 Pharmacologic and non-pharmacologic intervention

Attending anesthesiologists administrated PONV prophylaxis in operation room. Dexamethasone 5 mg IV and the second-generation 5-hydroxytryptamine 3 (5-HT3) receptor antagonists palonosetron 0.075 mg are administrated before anesthesia induction as the first choice. When palonosetron was not available at some hospitals, patients received dexamethasone 5 mg (before induction) combined with tropisetron 2 mg (at the end of surgery) instead. According to the criteria of WHO acupuncture points, Neiguan (P6) and Zusanli (ST36) will be selected in this study. As shown in the Supplementary Figure 1, these acupoints are far from the operation site. P6 is located at 2 inches above palm wrist transverse striation, between the palm long tendon and the temporal flexor tendon. ST36 is located at 3 inches below EX-LE5 (the lateral pit of the patella and patellar ligament), and one transverse finger outward lateral tibia. The electrode slice has a single conductive emboss and two connecting wires, thereby enabling non-invasive, accurate and convenient stimulation. The TEAS treatments will be scheduled to conduct twice in total, respectively during anesthesia recovery in PACU (to be awake and calm, RASS = 0) and in the next-morning of surgical ward for 30 minutes.
TEAS group: When patients recover from anesthesia status to a degree of the Steward recovery score ≥ 4 in PACU and the endotracheal tubes are withdrawn, the first TEAS treatment will be performed. The bilateral P6 and ST36 will be pressed to achieve a tingling sensation called “de qi”, and electrode slices will be stuck and fixed on those acupoints. Interveners will connect electrode slices to electrical stimulator and select the distant-dense wave with the frequency of 2/10Hz. After adjusting the intensity to the patient’s maximum tolerance, he/she will be treated for 30 minutes. Another TEAS treatment will be performed between 9 am and 12 am in the ward on the first postoperative day; meanwhile, patients will receive routine health education including illness, diet, exercise and psychological considerations.

Sham group: Electrode slices will be stuck at the same acupoints as in TEAS group. The interveners will connect electrode slices to stimulator through the internally broken wires and set the same treatment procedure with key sound. The treatment will last for 30 minutes without adjusting to the patient’s maximum tolerance intensity. To protect the rights of patients, the interveners will receive the same health education as it in TEAS group in the morning of the first postoperative day.
4.4 Description of measures taken to reduce and avoid bias

4.4.1 Randomization
Crabyter scientific research system (Xinyu Information Technology Co., Ltd) will be used for block randomization, with four patients comprising each block. Each center will compete into block to enroll subjects. A block group will be randomly allocated into TEAS group or Sham group at a ratio of 1: 1, with four patients regarded as one block. This random method ensures that the number of patients in two groups will be essentially equal with highly efficient enrollment. 

4.4.2 Blinding method

Patients will be blinded when being allocated and cannot detect any difference in the entire procedures. This procedure will be the same in both groups, except that the connecting wires inside the stimulators will be broken in the Sham group. Therapeutic evaluators will be blinded in the process of allocation, screening, intervention treatment and statistical analysis. To prevent the leakage of allocation, evaluator will not play any other roles in the study, and we will apply spatial and temporal isolation for interventions and evaluations. Interventions will be conducted in PACU and ward, whereas evaluations will be performed only in the ward. Interventions and evaluations will be performed during different periods in ward. Interventions will be conducted once a day between 9 am and 12 am in the ward, whereas evaluations will be performed after 12 am. When the patient is randomized, an evaluator will complete the entire process of evaluation in a blinded intervention progress. A random administrator will be selected from principle investigator research center. This administrator will not play any other roles in the study. The external statistical experts will be blinded to allocation, and the statistical calculations will be independently conducted.

4.4.3 Follow-up
Electronic patient self-reported scale (Jiangsu Rehn Medtech Technology Co., Ltd) will be applied to evaluate and record the occurrence of PONV in real time, including the time to each PONV and corresponding VAS score. The VAS is a simple-to-use measure to evaluate intensity of PONV. It’s a 10-point numerical rating scale with 0 = “no nausea or vomiting” and 10 = “worst nausea imaginable and vomiting”. The cut points on the PONV VAS have been recommended: mild PONV (( 4), which has little impact on daily activities and does not affect sleep; severe PONV (( 7), which results in inability to sleep and seriously hinders daily life; moderate PONV, whose clinical influence intervenes between the two above. When PONV happens at any time, patients or their caregivers spontaneously assess the severity of PONV with VAS and then send it to the central server through the electronic scale. The evaluator port harvests PONV information immediately so that it can be managed timely. To ensure a blinded fashion, both groups will be evaluated by direct questioning in the ward after 12 am at the 1st and 2nd postoperative day in ward. Persistent nausea was defined as continuous nausea lasting over 5 min. If the patients are discharged on the second day postoperative, they will be assessed by telephone. The postoperative 30-day information about delayed curative efficacy, complications and adverse events will be obtained through telephone follow-ups and electronic medical record system.

4.5 Summary table of chronology of research and examinations conducted 
Table 1. Clinical Research Process
	
	BOD
1
	OD
OR
	OD
PACU
	POD
1
	POD
2
	POD
30

	preliminary screening
	√
	
	
	
	
	

	Informed consent
	√
	
	
	
	
	

	SAS
	√
	
	
	
	
	

	Rescreening
	
	
	√
	
	
	

	Randomization
	
	
	√
	
	
	

	RASS
	
	
	√
	
	
	

	Intervention
	
	
	√
	√
	
	

	Evaluation
	
	
	
	√
	√
	√


√ : routinely performed, BOD 1: 1 day before operation, OD: operation day, OR: operation room, PACU: post anesthesia care unit, POD (1, 2, 30): (1, 2, 30) day after operation
4.6 Description of temporary stop rules

Exit criteria: The exit criteria includes the following: 1) patients who exit and terminate observation due to serious adverse events; 2) have other diseases and are unwilling to continue treatment; 3) want to exit for any reason not related to the study; 4) mistakenly included; 5) with poor compliance and unable to cooperate with the researchers to complete the intervention or cannot provide important assessment information.
5. PATIENTS SELECTION AND EXCLUSION 
5.1 Inclusion criteria

These criteria include the following: 1) selective laparoscopic non-gastrointestinal surgery under general anesthesia; 2) age 18–50 years old, BMI 15–40 kg/m2, ASA class I–III; 3) PONV risk prediction score Apfel ≥ 3 points; 4) ability to understand, sign informed consent and coordinate intervention and evaluation.

5.2 Exclusion criteria

These criteria include the following: 1) pregnancy and breast-feeding patients; 2) TEAS contraindications: skin allergy, breakage, infection or itching of test points, allergic to adhesive tape, pacemaker implanted; 3) history of alcohol, opioids or other drug abuse; 4) likely admission to ICU after surgery; 5) participation in other clinical studies within 3 months before admission to this study.

6. PERIOPERATIVE MANAGEMENT FOR PATIENTS 

Attending anesthesiologists administrated PONV prophylaxis in operation room. Dexamethasone 5 mg IV and the second-generation 5-hydroxytryptamine 3 (5-HT3) receptor antagonists palonosetron 0.075 mg are administrated before anesthesia induction, or dexamethasone 5 mg and tropisetron 2mg are respectively administrated before anesthesia induction and at the end of surgery. Patients will be inducted with propofol (2 mg/kg), sufentanil (0.3 μg/kg) and cisphenyl sulfatracurium (0.15 mg/kg), and intubated. Anaesthesia maintenance will be performed using remifentanil (0.1 μg/kg/h), cisphenyl sulfatracurium (0.1 mg/kg/h), dexmedetomidine (initial dose 1 μg/kg for 10 min, maintenance dose 0.4 μg/kg/h) and sevoflurane (oxygen flow of 2 L/min and a dial setting of 1%) and/or propofol (4–8 mg/kg/h) as necessary to keep BIS 40-60 throughout surgery. All patients will receive identical multimodal analgesia in both arms to keep the postoperative pain numerical score less than 4 points. Patients will be rescued once PONV score >7. If it is not exceeded 6 h after the first 5-HT3 administration, propofol 20 mg IV or haloperidol 0.5–2 mg IV will be administrated. If it is exceeded 6 h after the first 5-HT3 administration, tropisetron 0.5 mg or ondansetron 2 mg IV will be administrated.

7. Data collected

The CRF table will be entered on Crabyter scientific research system (Xinyu Information Technology Co., Ltd), respectively by interveners and evaluators. It will include preoperative and postoperative screening forms, the informed consent form, anesthesia，antiemetic and analgesic record forms, postoperative intervention forms, postoperative evaluation forms, adverse event registration, exit registration forms, etc. Electronic patient self-reported scale (Jiangsu Rehn Medtech Technology Co., Ltd) was used to evaluate and record the occurrence of PONV, including time and corresponding severity. After completing the study, data administrator will retrieved all data in excel format. The postoperative 30-day complications and adverse events were obtained through telephone follow-ups and were stored in the electronic medical record system.
8. SAFETY ASSESSMENT

As TEAS are non-invasive, patients usually have a good tolerance, and the possible adverse reactions are mostly uncomfortable caused by electric stimulation, redness and swelling of electrode adhesion site, while very few patients may appear as hypoglycemia due to active gastrointestinal movement caused by acupoint stimulation. Most adverse reactions are mild and disappear after cease of electrical stimulation. No adverse reactions have been observed in the pre-experiment, and no serious adverse reactions have been reported in previous studies. If occurring from the day patients enrolled to 30 days after the operation, adverse events will be processed and recorded in time, and reported to the principle investigator as well as the director of ethics committee of the hospital in 24 h.

9. STATISTICAL ANALYSIS

Sample size estimation and data analysis：In previous studies, the PONV incidence was reported to be approximately 40%, and the PONV incidence was reduced by 7% with the TEAS treatment


(19) ADDIN EN.CITE . With a significance set at 0.05, power set at 80%, the sample size required to detect differences was 742 patients in each group calculated with the Pass 11 software (NCSS, LLC. Kaysville, Utah, USA). Taking into account a loss-to-follow-up rate of about 10%, 1634 patients in total were enrolled to meet the minimum sample size requirement.
Sample distribution: Describes the size and loss rate of each data set, and provides detailed reasons for loss.

Data comparability: Preoperative baseline information, surgical information, anesthetic and antiemetic drug usage are compared between the two groups.

Validity analysis: The primary and secondary outcomes of the two groups are compared.

Safety analysis: Chi-square statistical tests are performed for the number and incidence of adverse events.

According to the intentionality analysis ITT principle, all subjects are included even if they have undergone in part of the trial process. At the same time, the efficacy and safety indicators will be included into the PP data set conformed to the schemed set, and then statistically analyzed in strict accordance with the scheme. Continuous variables will be described by means (SDs) and median (IQR), the differences between the two groups will be compared using the independent-sample T test. Categorical variables will be described by numbers (percentages), and chi-square test and Fisher's accuracy test will be used to test the incidence. Nonparametric rank sum test will be used for the grade data. P value<.05 will be considered statistically significant. All statistical analyses will be performed using SPSS software (version 25.0, IBM Corporation).

10. QUALITY CONTROL

Quality control system (QC)：In this study, two quality control levels will be established. In the first level, the internal QC inspectors who will not participate in the implementation will be selected from the department. The second level quality control will be monitored by a hospital quality control officer. The quality control manager will examine, correct, and report the violative behavior of the study protocol, and check if the data record is true, timely, accurate and complete.
11. REQUEST FOR THE ETHICAL COMMITTEE

The study was approved by the Ethics Committee of the First Affiliated Hospital of Xi’an Jiaotong University (approval code XJTU1AF2019LSK-084) and registered with Clinical Trials Registry (NCT04043247). According to the Declaration of Helsinki requirements of informed consent, all subjects will voluntarily sign the informed consent form.
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