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Abstract

Objective To evaluate the efficacy of different periods for the prevention of postoperative nausea and vomiting
(PONV) in patients undergoing gynecological laparoscopy with transcutaneous electrical acupoint stimulation (TEAS).
Design Prospective, randomized, double-blind trial.

Setting An academic medical canter specializing in the care of women and children.

Population or sample A total of 120 women were enrolled.

Methods Patients were randomly allocated to three groups: a single-period TEAS group (Group S, n=40), a multi-
period TEAS group (Group M, n=40) and a non-stimulation control group (Group C, n=40). TEAS was applied at
specific acupuncture points preoperatively and postoperatively.

Main outcome measures The primary outcome was the incidence and severity of PONV during the 48 h after
surgery and the secondary outcomes included pain, early recovery after surgery, and complication.

Results Within postoperative 0-2 h, 4-12 h, group M had less frequency and lower scores for nausea compared

with group C and group S had only less frequency of nausea compared with group C at 4-12 h postoperatively. The
frequency and severity of vomiting for group M were less than group S in the postoperative 2-4 h. Group M mitigated
pain and reduced the rescue antiemetic compared to group S.

Conclusion Multiple-period TEAS provides greater efficacy and a longer duration of action than single-period TEAS.
It effectively reduces PONV in patients undergoing gynecological laparoscopic surgery which could be a new option
in multimodal prophylactic antiemetic regimes for perioperative undergoing gynecological laparoscopic surgery.
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org.cn/bin/project/edit? pid=175,377.
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Introduction

Postoperative nausea and vomiting (PONV) is a common
adverse reaction to anesthesia and surgery that delays
recovery of gastrointestinal function and is related to
a longer hospital stay and higher risks of postoperative
complications [1-3]. Female patients, particularly those
undergoing laparoscopic procedures, have an incidence
rate as high as 80% [4], primarily due to sex-specific risk
factors such as hormonal fluctuations and differences in
drug metabolism [5, 6]. Additionally, laparoscopic pro-
cedures involve pneumoperitoneum and peritoneal irri-
tation, both of which can stimulate the vagus nerve and
further elevate the risk of PONV [7]. Given the high
prevalence of PONV in gynecological laparoscopy, effec-
tive prevention is critical for optimizing recovery times,
enhancing patient satisfaction, and reducing healthcare
costs.

However, the efficacy of using single anti-emetic drugs
remains suboptimal, with response rates ranging from
only 20-40%, and their use is often associated with
adverse effects such as headache and immunosuppres-
sion [8], making it difficult to achieve an optimal balance
between efficacy and safety through drugs alone. In con-
trast, multiple interventions have been shown to enhance
therapeutic effectiveness while minimizing these adverse
effects, establishing them as a more reliable and compre-
hensive strategy for PONV management [9]. Nonphar-
macologic interventions have gained increasing attention
in recent years, with studies confirming that acupunc-
ture, as an adjunctive therapy, can reduce the incidence
of PONYV by more than 20% [10], further supporting its
role as a valuable component of multimodal prophylaxis
[11].

As an integral component of Traditional Chinese
Medicine, acupuncture has been widely used in clinical
practice to prevent and alleviate nausea and vomiting.
Transcutaneous electrical acupoint stimulation (TEAS) is
a modern adaptation of acupuncture that delivers electri-
cal impulses through surface electrodes to stimulate spe-
cific acupoints, thereby modulating autonomic function
and neurotransmitter activity to exert antiemetic effects
[12]. This technique has attracted growing interest for its
potential efficacy in reducing PONV [13, 14].

However, most available studies have focused on sin-
gle-period TEAS interventions, with limited explora-
tion of the potential benefits of multiple-period TEAS,
particularly in gynecologic laparoscopic surgery. Given
TEAS’s proposed mechanisms of autonomic regulation

and neurotransmitter modulation, we hypothesize that
multiple-period TEAS may provide superior regulation
compared to single-period, thereby leading to a greater
reduction in PONV among laparoscopic surgery patients.
Therefore, our study aims to identify a more effective
TEAS strategy for PONV prevention, with the goal of
reducing postoperative complications, improving periop-
erative quality of life, enhancing patient satisfaction, and
lowering healthcare costs.

Methods

Study design

This prospective, randomized, double-blind trial was
approved by the Research Ethics Committee of Hang-
zhou Linping District Maternal and Children Health Care
Hospital (No. LLSC-KYKT-2022-0016-A, 09/06/2022)
and registered in the Chinese Clinical Trials Registry
(Registration No. ChiCTR2200065802, 15/11/2022). The
study was conducted in accordance with the Declaration
of Helsinki, and written informed consent was obtained
from all participants. To facilitate patient enrollment and
data collection, participants were offered free treatment
vouchers as part of the study protocol.

Patients

Patients who met the following criteria were considered
eligible for the trial: American Society of Anesthesiolo-
gists physical status (ASA) I ~1I, aged between 18 and 65
years old, without underlying diseases, and scheduled to
undergo gynecological laparoscopic surgery.

Patients meeting the following criteria were excluded
from the study: neural damage or infection along the
meridian at which the acupoints lay; use of antiemetic
in the previous week; regular use of opioids or alcohol
addicts; mental allergy or severe fear of TEAS; uncon-
trolled diabetes, severe coagulopathy, or cardiac, central
nervous system, or psychiatric disorders; participation in
other clinical trials within the last 4 weeks; recent use of
TEAS or acupuncture (To minimize potential confound-
ing factors, we excluded participants who had any treat-
ment in the category of Traditional Chinese Medicine
acupoint acupuncture in the past 4 weeks).

Drop-out criteria were as follows: operation time was
more than 3 h; violation of the test program (such as fail-
ure to follow the prescribed anesthesia regimen or data
collection procedures); occurrence of serious adverse
events or the subjects requested to withdraw during the
test.
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Randomization and blinding

Eligible patients were randomly assigned to the single-
period TEAS group (Group S), the multi-period TEAS
group (Group M), or the control group (Group C) in a
1:1:1 ratio using a computer-generated randomization
sequence. Allocation concealment was ensured by using
sealed, opaque, and sequentially numbered envelopes. A
nurse, who was not involved in patient assessment was
responsible for opening the envelopes and informing the
TEAS technicians of the assigned group immediately
before the intervention. The technicians administering
the TEAS therapy and anesthesia were aware of the allo-
cation and did not participate in outcome measurements.
Postoperative follow-up observers were not involved in
any treatment and were kept blinded to the allocation.
All investigators in the trial adhered strictly to estab-
lished procedures to maintain a clear separation between
the outcome assessors and the intervention team.

Interventions

All patients received general anesthesia without premedi-
cation. An experienced acupuncturist from the depart-
ment of Traditional Chinese Medical performed TEAS
treatments. Acupoints used in the treatment group were
referenced from the China National Standard Nomencla-
ture and Location of Meridian Points (GB 12346 —2021)
[15]. Gel electrodes were applied to the skin after it had
been cleaned with ethyl alcohol. Then connected to two
guide wires, which were attached to the Hwato electronic
acupuncture treatment instrument (model SDZ - III,
Suzhou Medical Appliances Co., Ltd., Suzhou, China),
each patient required four electrodes. The selected
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acupoints and their locations were shown in Fig. 1. The
acupoints were then stimulated electrically with an
intensity adjusted to the maximum tolerance level of the
patient (6—10 mA), with a dense-disperse wave, 2 and
100 Hz in frequency for 30 min in every period [16, 17].
In this study, Neiguan (PC6) and Hegu (LI4) acupoints
were selected. Research has shown that PC6 is primar-
ily used to treat hiccups, vomiting, and stomach pain,
while LI4 helps strengthen the spleen and stomach, pro-
mote blood circulation, and nourish the meridians of
the limbs. All patients received the same anesthesia and
acupoint (PC6 and LI4) [18]. The participants in the
single-period TEAS group (group S) received stimula-
tion at acupoints, which was performed before anesthe-
sia only and without any electrical stimulation therapy at
any time. Participants in the multi-period TEAS group
(group M) received stimulation treatment at three points:
before anesthesia, immediately after surgery, and 2 h
later. The non-stimulation control group (group C), in
which patients received a sham stimulus at the acupoints
by cutting off the output wires, provided no current
output to the patients even though the equipment was
turned on.

Anesthesia and perioperative management

Patients were routinely fasted from solids for 6 h and
liquids for 2 h before surgery. Anesthesia was adminis-
tered to all subjects with propofol (2 mg/kg), midazolam
(0.03 mg/kg), sufentanil (0.4 pg/kg), and tracheal intu-
bation was facilitated by administering cisatracurium
(0.2 mg/kg). Following endotracheal intubation, anes-
thesia was maintained with 2-3% sevoflurane (inspired

Fig. 1 Location of acupuncture points in the trial and the connection between acupoints and the electronic acupuncture treatment instrument
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concentration) and a target-controlled infusion of pro-
pofol and remifentanil. The depth of anesthesia was
monitored using the bispectral index (BIS). Concentra-
tions at the affected sites of propofol and remifentanil
were adjusted to the hemodynamic index and BIS, and
additional sufentanil was administered at doses deemed
appropriate by the anesthesia provider. Patient’s lungs
were mechanically ventilated in a volume-controlled
mode with a tidal volume of 8—10 ml/kg body weight dur-
ing the operation. In three groups, ondansetron 4 mg was
infused 20 min before the end of the surgery, sevoflurane
inhalation was discontinued, and remifentanil and pro-
pofol infusions were discontinued 10 min before the end
of the surgery. Patients were extubated and transferred to
the Post Anesthesia Care Unit (PACU) after surgery. All
the patients ripped out the electrodes until the next day
after surgery. If the score of pain (by VAS) was >3,0.3 g
Ibuprofen (oral intake) was given. If patients experienced
nausea or vomiting and the score was >3 during the hos-
pital stay, 4 mg ondansetron (intravenously guttae) was
administered as rescue medication. All intravenous anes-
thetics were calculated based on the ideal body weight of
each patient.

Outcome measures

The primary outcome was the PONV score and fre-
quency at seven period intervals (T1: 0-2 h, T2: 2—4 h,
T3: 4-6 h, T4: 6-12 h, T5: 12-24 h, T6: 24-36 h, T7:
36—48 h) after the operation. The score of pain was also
observed.

Patients were provided with a standardized diary
to record severity and frequency of nausea using an
11-point numerical rating scale (with 0 = “no nausea” and
10 = “worst nausea imaginable”), with episodes of vom-
iting taken in 7- period intervals, beginning at the time
of surgery for a total of 48 h. The diary also included an
11-point numerical rating scale and frequency for vom-
iting (with 0 = “no undesired vomiting at all” and 10 =
“undesired vomiting as bad as it can be”) within the 48 h
period after the operation. The visual analog score for
pain (VAS: The VAS consisted of a 10-cm horizontal line
anchored at one end with the words “no pain” (defined as
0 points) and at the other end with the words “worst pain
imaginable” (defined as 10 points) within the 48 hours
period after surgery were recorded.

The secondary outcomes included: the frequency of
rescue antiemetics and analgesics; the early recovery out-
comes indicators (the time of first flatus, bowel motion,
and ambulation); and the length of hospital stay (the
length of hospital stay is defined as the period from the
end of surgery to discharge from the hospital).

The assessors on the team recorded and checked
patient diary each morning following surgery to ensure
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that all relevant information was thoroughly collected
before patient discharge.

Statistical analysis
The sample size was evaluated by formula method
2
2P 9 (zq +2
(n= (17(1 *Pz)g :
size was the rate of PONV during the surgery. The pre-
liminary experiment had 15 cases in each group; the rate
of PONV in Group S and Group C was 6.6% and 40%,
respectively. Therefore, a sample size of 34 in each group
was determined to be required for 5 value of 0.10 and «
value of 0.05. Assuming a 15% dropout rate and consider-
ing the possibility of data loss, a sample size of at least 40
was needed in each group.

All data were tested for normally distributed using the
Shapiro-Will test. Normally distributed statistical data
were analyzed with One-way analysis of variance and
expressed as mean+SD. Non-normally distributed data
were analyzed with the Kruskal-Wallis test and expressed
as the median (Q1, Q3) or ratio. Variables measured at
multiple time points were analyzed using repeated-mea-
sures analysis of variance. GraphPad Prism version 9.0
(GraphPad Software Inc., San Diego, CA, USA) and IBM
SPSS Statistics for Windows version 26.0 (IBM Corp,
Armonk, NY, USA) were used for data analysis. p<0.05
was considered statistically significant. Missing data is
minimal relatively as all data is collected during hospital-
ization. If any missing data remains, listwise deletion will
be applied to ensure data integrity.

). The primary indicator of sample

Results

Patient characteristics

From December 12th, 2022, to June 19th, 2023, a total
of 150 patients were assessed for eligibility. Thirteen
patients were excluded for not meeting the inclusion
criteria or declining to participate. Consequently 137
patients were stratified and randomly assigned to groups
S (n=45), M (n=47), and C (n=45). Seventeen patients
discontinued participation in the trial due to various rea-
sons: six patients lacked delay phase data, five patients
did not receive the scheduled treatment, four patients
withdrew due to surgery cancellation, and two patients
transitioned to alternative surgical protocols. Ultimately,
120 patients completed the study and underwent analysis
(Fig. 2). No significant differences were observed among
the three groups in demography and intraoperative char-
acteristics, including age, height, weight, BMI, anesthesia
duration and surgery duration (p >0.05) (Table 1).

The frequency and severity of PONV

Overall Findings: The results revealed that PONV was
observed in 20 patients (50%) in Group C, 7 patients
(17.5%) in Group S, and 4 patients (10%) in Group M. The
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Fig. 2 Patent flow chart

Table 1 Demographic characteristics and duration of anesthesia
and operation

Characteristic GroupS GroupM GroupC p-Value
(n=40) (n=40) (n=40)

Age(years) 334+66 348+69 338+65 0626

Height(cm) 1593+6.1 159.1+£55 1592+49 0.99%

Weight(kg) 569+85 57.1£94 556+59 0.658

Body mass index 225432  225+33 220+24 0676

Operation time(min) 6271223 645+205 642+219 0926
Anesthesia time(min) 8194235 813+21.1 839+236 0.864

Note: Group S: single-period TEAS group; Group M: multi-period TEAS
intervention group; Group C: non-stimulation control group. Data are
mean +standard deviation (SD)

frequency and severity of PONV differed significantly
among the three groups (Fig. 3).

Frequency and severity of PONV (0-12 H)

During the first 12 h postoperatively, Groups M and S
experienced less nausea and vomiting overall compared
to Group C, with Group M exhibiting the lowest symp-
tom scores.

Frequency and severity of nausea

Between 4 and 12 h postoperatively, both Groups M and
S had a significantly lower frequency of nausea compared
to Group C (p<0.05). During the 0-2 h period, only
Group M demonstrated a significant reduction in nausea
frequency compared to Group C (p<0.05) (Fig. 3A). In
terms of nausea scores, Group M had significantly lower
nausea scores than Group C at 0-2 h, 4—6 h, and 6-12 h
postoperatively (p <0.05). No significant differences were
observed in Group S (Fig. 3A/B).

Frequency and severity of vomiting

At 0-2 h postoperatively, both Groups S and M exhib-
ited significantly fewer and milder vomiting symptoms
compared to Group C (p<0.01). At 2—4 h postopera-
tively, Group M continued to show a significant reduc-
tion in vomiting symptoms compared to Group C
(p<0.05). There was no significant difference in the
vomiting response among the groups beyond this period
(Fig. 3C/D).

Frequency and severity of PONV (12-48 H)

There was no significant difference between the three
groups in the number of occurrences of nausea and vom-
iting or the degree of scores during the first 12—48 h after
surgery. (Fig. 3).

Postoperative pain and remedies (rescue medication)
Groups M and S mitigated pain compared with group
C (p<0.05), simultaneously, the analgesic advantage of
group M was more obvious than that of group S (p <0.05).
These advantages are mainly reflected within 2-4 h,
6-12 h and 12-24 h after surgery (as shown in Fig. 4).
The incidence of rescue medication for nausea and vom-
iting within the first 12 h after surgery was significantly
lower than in group M than in group C (p<0.05). There
was no significant difference in rescue medication for
nausea and vomiting between groups S and C. In terms of
rescue medication for postoperative pain, the difference
was not significant among the three groups (Table 2).

Comparison of other secondary outcomes among the 3
groups

The results showed that both groups M and S, which
received the TEAS intervention, were significantly
shorter than group C (p<0.05) in the time to the first
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Fig. 3 The dynamic changes in frequency and intensity of nausea and vomiting were evaluated by visual analog scale at postoperative 48 h. Note:
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bowel motion. However, no significant differences were
determined to exist in the time to first flatus, first ambu-
lation after surgery, or hospital stay in all three groups
(Table 3). No side effects related to TEAS treatment were
observed during the postoperative 48 h.

pain scores at each postoperative time period (b). The data were expressed
S ®%p < 00001

i

Discussion

Main findings

In this randomized, patient- and anesthesiologist-
assessors-blind clinical trial, multiple-period TEAS sig-
nificantly reduced the incidence of PONV during the
first 12 h postoperatively (7.5% lower compared to sin-
gle-period TEAS and 40% lower compared to control
group). Additionally, it alleviated postoperative pain and
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Table 2 The incidence of rescue medication (case [%)])
Group S (n=40) Group M (n=40) Group C (n=40)

Nausea

0-12h 3(7.5%) 1(2.5%) * 7(17.5%)
12-24h  1(25%) 0(0%) 2(5%)
24-48h  1(2.5%) 0(0%) 1(2.5%)
Vomiting

0-12h 3(7.5%) 0(0%) * 7(17.5%)
12-24h  1(25%) 0(0%) 1(2.5%)
24-48h  1(2.5%) 0(0%) 1(2.5%)
Pain

0-12h 7(17.5%) 8(20%) 14(35%)
12-24h  4(10%) 1(2.5%) 2(5%)
24-48h  0(0%) 0(0%) 1(2.5%)

Note: Group S: single-period TEAS group; Group M: multi-period TEAS
intervention group; Group C: non-stimulation control group. * p<0.05,
compared with the Group C

Table 3 Comparison of other secondary outcomes among the
3 groups

GroupS Group M GroupC p-

(n=40) (n=40) (n=40) Value
First flatus(h) 18(13,21) 16(10,20)  20(13,29) 0.061
Frist bowel motion(h) 40(34,46) 43(31,48) 46(41,54) 0.03*
First ambulate(h) 15(7,18) 8(7,17) 10(7,17)  0.254
Length of hospital stay(h) 91(84,94) 93(76,95)  93(89,96) 0374

Note: Group S: single-period TEAS group; Group M: multi-period TEAS
intervention group; Group C: non-stimulation control group. * p<0.05,
compared with the Group C

expedited the first bowel movement. These findings align
with our initial hypothesis and provide new evidence
supporting the efficacy of multiple-period TEAS in peri-
operative management. To the best of our knowledge,
this is the first study to apply bilateral PC6 and L14 acu-
points for TEAS in patients undergoing gynecologic lapa-
roscopic surgery while evaluating nausea and vomiting at
different postoperative time points within 48 h.

Patients undergoing gynecologic laparoscopic surgery
are at high risk for PONV due to multiple contributing
factors, including female sex, opioid use, laparoscopic
surgical stimulation, and patient positioning [1, 7].
The pathogenesis of opioid-induced PONV is thought
to involve direct stimulation of vestibular apparatus
and chemoreceptor trigger zone (CTZ) by opioids and
decline of gastrointestinal motility [19]. Besides, laparo-
scopic surgery exacerbates PONV risk through diverse
mechanisms, including the release of histamine, sero-
tonin, and neurokinin-1 in response to surgical stimuli
[20]. Additionally, elevated intracranial pressure and car-
bon dioxide levels due to the Trendelenburg position and
pneumoperitoneum lead to cerebellar oedema-related
ischemia and impaired oxygen metabolism associated
with the Vestibular system, which further increases the
risk of PONV [21].

(2025) 25:110

Page 7 of 10

TEAS is believed to exert its antiemetic effects through
multiple physiological pathways [22]. Firstly, acupuncture
stimulation promotes the release of endogenous opioids
from immune cells, thereby inhibiting nociceptive sig-
naling at peripheral nerve terminals [23]. Secondly, the
main effect of TEAS in supraspinal structures stimu-
lates neuronal pathways from the soma splanchnic neu-
rons to the paraventricular nucleus of the hypothalamus
also reduces the secretion of 5-hydroxytryptamine(5-
HT) in the duodenum and suppresses the activation of
the nucleus tractus solitarius in the brain-stem [24, 25].
Moreover, TEAS inhibits the sympathetic nerve and
stimulates the parasympathetic nerve and hence increas-
ing the activity of acetylcholinesterase and stimulating
receptors such as nitric oxide(NO), opioid receptors, and
others and regulates neurotransmitters such as 5-HT,
gamma-aminobutyric acid(GABA), and catecholamines
[12, 26-28]. Therefore, we hypothesize that TEAS modu-
lates the autonomic nervous system by inhibiting sympa-
thetic activity and enhancing parasympathetic function,
which in turn increases acetylcholinesterase activity and
modulates key neurotransmitters, such as 5-HT, GABA
and catecholamines. Based on these mechanisms, we
hypothesize that TEAS exerts its antiemetic effects by
restoring autonomic balance, suppressing sympathetic
overactivity, and enhancing parasympathetic function.
These combined effects may contribute to reducing
PONYV incidence, alleviating postoperative pain, and pro-
moting gastrointestinal recovery. Our findings are con-
sistent with previous research demonstrating that TEAS
effectively reduces postoperative nausea and vomiting,
mitigates pain, and facilitates gastrointestinal function
recovery [18, 29-32].

The timing and duration of TEAS application are criti-
cal factors influencing its efficacy, yet an optimal inter-
vention strategy remains controversial [33, 34]. Our
study aimed to compare the effects of single-period and
multiple-period TEAS on the incidence and severity of
PONV. The results demonstrated that multiple-period
TEAS reduced the risk of PONV by 7.5% (M group: 10%,
S group: 17.5%) compared to single-period TEAS. This
finding is consistent with previous research, which indi-
cates that perioperative stimulation is more effective in
preventing PONV than preoperative stimulation alone
[35]. These findings suggest that prolonged TEAS admin-
istration enhances its prophylactic efficacy against PONV
[36]. According to the principles of the Traditional Chi-
nese Medicine, the localization of acupuncture stimula-
tion is determined by the patient’s ability to perceive Qi
to ensure therapeutic accuracy [37]. Given that compre-
hensive perioperative management is not well tolerated
by most patients, we implemented two distinct treatment
protocols in a fully awake preoperative state, and the
multi-period TEAS added two supplementary 30-minute
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treatments after surgery [17, 18]. Although our findings
suggest that extending TEAS beyond a single-period
enhances its antiemetic efficacy, further experimental
studies are necessary to establish the optimal timing and
duration of TEAS intervention.

Unlike some previous studies, our findings did not
show a significant reduction in hospital stay. Li et al’
reported that perioperative multi-acupoint TEAS with
increased postoperative stimulation frequency short-
ened hospital stay by 12.8% compared to controls [17].
This discrepancy may be attributed to the additional acu-
points used (LI4, PC6, ST36, and ST37) and the increased
frequency of postoperative stimulation. Another study
found that repeated and prolonged TEAS therapy dur-
ing and after gastrointestinal surgery resulted in a 30%
reduction in hospital stay [12]. Apart from differences in
surgical types, the prolonged duration of TEAS stimu-
lation in those studies may be the major reason for the
difference in our investigation. Thus, while our findings
did not show a reduction in hospital stay, they reinforce
the potential benefits of TEAS in postoperative recovery,
particularly for gastrointestinal function.

Importantly, no acupoint-related adverse events were
observed, further supporting the safety and tolerability
of TEAS regardless of the acupoints used. Additionally,
compared to previous research [13, 35], our study is the
first to investigate PONV incidence at different postop-
erative time points within 48 h for both single-period and
multiple-period TEAS, filling a gap in research regarding
treatment timing and duration. These findings validate
the enhanced effectiveness of prolonged TEAS appli-
cation and underscore its potential as a component of
multimodal analgesia and PONV prevention. Given the
growing emphasis on multimodal perioperative care, we
recommend incorporating multiple-period TEAS into
the standardized PONV prophylaxis protocols. Further
training and education should be provided to optimize
TEAS implementation and enhance perioperative patient
comfort.

Strengths and limitations

This study has several limitations. Firstly, as a single-cen-
ter study, external validity may be limited. Although the
inclusion of 30 surgeons, 20 anesthesiologists, and a suf-
ficient number of participants introduces a degree of het-
erogeneity, partially mitigating this concern. Additionally,
genetic predisposition, cultural perceptions of acupunc-
ture, and variations in regional healthcare practices may
influence the efficacy of TEAS. Therefore, future multi-
center studies are necessary to validate our findings and
assess the broader applicability of TEAS across diverse
populations. Second, this study focused on a high-risk
PONV population, where the therapeutic benefits of
TEAS may be more pronounced. Future studies should
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explore TEAS efficacy in lower-risk populations to deter-
mine its broader clinical significance. Third, despite our
study optimizing the perioperative TEAS protocol to bal-
ance efficacy and patient adherence, practical challenges
remain in widespread implementation. Additional treat-
ment periods and associated healthcare costs may limit
accessibility in certain regions. Future research should
investigate the optimal timing and duration of TEAS,
balancing treatment effectiveness with clinical feasibility
and resource availability.

Conclusion

Multiple-period TEAS demonstrates superior efficacy
and prolonged duration of action compared to single-
period TEAS. It effectively reduces PONYV, alleviates
postoperative pain, and accelerates the post-surgery
bowel recovery time in patients undergoing gynecologi-
cal laparoscopic procedures, which presents a potential
new option for multimodal prophylactic antiemetic regi-
mens during the perioperative period for gynecological
laparoscopic surgery.

Acknowledgements

The authors would thank the staff in the Department of Anesthesiology and
the Department of Gynecology in Linping District Maternal and Children
Health Care Hospital for their help and cooperation in this study.

Author contributions

WL, JX, LX, VS, SL, Y.C,and TH. significantly contributed to patient
enrollment in the clinical study, to the actual clinical application of the
protocol and data collection in the operating theatre and gynecological ward.
L.J. and S.L. conceived the study protocol and prepared the ethical committee.
VY.S. performed the statistical analysis. L.J. and W.L. interpreted the data and
extrapolated/discussed the key messages from this work. L.J. drafted the
article reviewed the report and substantively revised it. All authors read and
approved the final manuscript.

Funding

This study was funded by the Hangzhou Biomedicine and Health Industry
Development Support Program (2022WJC085) and the Department of
Anesthesiology of Linping District Maternal and Children Health Care Hospital.

Data availability

The datasets generated and/or analysis during the current study are not
publicly available to ensure higher levels of data safety and protection, but are
available from the corresponding author on reasonable request.

Declarations

Consent for publication
We declare that the Publisher has the Author’s permission to publish the
relevant Contribution.

Informed consent
was obtained from all the subjects involved in the study.

Institutional review board statement

The study was conducted in accordance with ethical standard of institution
and national research committees and approved by the Ethical Committee of
Linping District Maternal and Children Health Care Hospital (NO. LLSC-KYKT-
2022-00016-A; 09/06/2022).

Competing interests
The authors declare no competing interests.



Jin et al. BMC Complementary Medicine and Therapies

Author details

'Department of Anesthesiology, Linping District Maternal and Children
Health Care Hospital, Hangzhou 311199, China

’Department of Anesthesiology, Linping Branch Women's Hospital,
Zhejiang University School of Medicine, Zhejiang University, Zhejiang,
China

*Department of Gynecology, Linping District Maternal and Children
Health Care Hospital, Hangzhou, China

Received: 18 February 2024 / Accepted: 8 March 2025
Published online: 20 March 2025

References

1.

GanTJ, Belani KG, Bergese S, et al. Fourth consensus guidelines for the
management of postoperative nausea and vomiting. Anesth Analgesia.
2020;131(2):411. https://doi.org/10.1213/ANE.0000000000004833.
Parra-Sanchez I, Abdallah R, You J, et al. A time-motion economic analysis of
postoperative nausea and vomiting in ambulatory surgery. Can J Anaesth.
2012;59(4):366-75. https://doi.org/10.1007/512630-011-9660-x.

Berger ER, Huffman KM, Fraker T, et al. Prevalence and risk factors for bariatric
surgery readmissions: findings from 130,007 admissions in the metabolic and
bariatric surgery accreditation and quality improvement program. Ann Surg.
2018;267(1):122. https://doi.org/10.1097/SLA.0000000000002079.
Chandrakantan A, Glass PSA. Multimodal therapies for postoperative nausea
and vomiting, and pain. Br J Anaesth. 2011;107:i27-40. https://doi.org/10.109
3/bja/aer358.

Fu F, Chen X, Feng Y, Shen'Y, Feng Z, Bein B. Propofol EC50 for inducing loss
of consciousness is lower in the luteal phase of the menstrual cycle. Br J
Anaesth. 2014;112(3):506-13. https://doi.org/10.1093/bja/aet383.

Simurina T, Mraovic B, Skitareli¢ N, Andabaka T, Sonicki Z. Influence of the
menstrual cycle on the incidence of nausea and vomiting after laparoscopic
gynecological surgery: a pilot study. J Clin Anesth. 2012,24(3):185-92. https://
doi.org/10.1016/jjclinane.2011.07.011.

Apfel CC, Heidrich FM, Jukar-Rao S, et al. Evidence-based analysis of

risk factors for postoperative nausea and vomitingt. BJA: Br J Anaesth.
2012;109(5):742-53. https://doi.org/10.1093/bja/aes276.

Weibel S, Schaefer MS, Raj D et al. Drugs for preventing postoperative nausea
and vomiting in adults after general anaesthesia: an abridged Cochrane
network meta-analysis. https://doi.org/10.1111/anae.15295

Apfel CC, Korttila K, Abdalla M, et al. A factorial trial of six interventions

for the prevention of postoperative nausea and vomiting. N Engl J Med.
2004,350(24):2441-51. https://doi.org/10.1056/NEJM0a032196.

Wang N, Ding P, Zheng DY, et al. Wearable transcutaneous electrical acupoint
stimulation bracelet for prevention of postoperative nausea and vomiting in
patients undergoing hysteroscopic surgery: a randomised controlled trial. Br
J Anaesth. 2022;129(4).e85-7. https://doi.org/10.1016/}.bja.2022.06.028.
XuJ,QuY,YueY, et al. Treatment of persistent hiccups after arthroplasty:
effects of acupuncture at PC6, CV12 and ST36. Acupunct Med. 2019;37(1):72-
6. https://doi.org/10.1136/acupmed-2016-011304.

Zhang B, Xu F, Hu P, et al. Needleless transcutaneous electrical acustimula-
tion: A pilot study evaluating improvement in Post-Operative recovery. Am J
Gastroenterol. 2018;113(7):1026-35. https://doi.org/10.1038/541395-018-015
6-y.

Gao W, Zhang L, Han X, et al. Transcutaneous electrical acupoint stimulation
decreases the incidence of postoperative nausea and vomiting after laparo-
scopic Non-gastrointestinal surgery: A Multi-Center randomized controlled
trial. Front Med (Lausanne). 2022,9:766244. https://doi.org/10.3389/fmed.202
2.766244.

Zhou T, Hou H, Cairen Z, et al. Comparative effectiveness of acupoint
stimulation for preventing postoperative nausea and vomiting after

general anesthesia: a network meta-analysis of randomized trials. Int J Surg.
2024;111(1):1330-47. https://doi.org/10.1097/J59.0000000000001976.

Wu XD, Huang LX, Zhao JS. [Interpretation of China National standard
Nomenclature and location of meridian points (GB/T 12346-2021)]. Zhongguo
Zhen Jiu. 2022;42(5):579-82. https://doi.org/10.13703/j.0255-2930.2022011
7-k0001.

Sun K, Xing T, Zhang F, et al. Perioperative transcutaneous electrical acupoint
stimulation for postoperative pain relief following laparoscopic surgery. Clin J
Pain. 2017,33(4):340-7. https://doi.org/10.1097/AJP0000000000000400.

(2025) 25:110

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

Page 9 of 10

LiWjing, Gao C, An L, xin, Ji'Y, wei, Xue F, shan, Du Y. Perioperative transcuta-
neous electrical acupoint stimulation for improving postoperative Gastroin-
testinal function: A randomized controlled trial. J Integr Med. 2021;19(3):211-
8. https://doi.org/10.1016/}.joim.2021.01.005.

Qin J,Ye X, Ye C, et al. The effect of transcutaneous electrical acupoint
stimulation on High-Risk patients with PONV undergoing laparoscopic gyne-
cologic surgery: A randomized controlled trial. J Clin Med. 2023;12(3):1192. ht
tps://doi.org/10.3390/jcm12031192.

Sato J, Tanaka R, Ishikawa H, Suzuki T, Shino M. A preliminary study of the
effect of Naldemedine Tosylate on opioid-induced nausea and vomiting.
Support Care Cancer. 2020;28(3):1083-8. https://doi.org/10.1007/500520-01
9-04884-0.

Chatterjee S, Rudra A, Sengupta S. Current concepts in the manage-

ment of postoperative nausea and vomiting. Anesthesiol Res Pract.
2011;2011:2748031. https://doi.org/10.1155/2011/748031.

Besir A, Tugcugil E. Comparison of different end-tidal carbon dioxide levels

in preventing postoperative nausea and vomiting in gynaecological patients
undergoing laparoscopic surgery. J Obstet Gynaecol. 2021,41(5):755-62. http
s://doi.org/10.1080/01443615.2020.1789961.

Christensen PA, Noreng M, Andersen PE, Nielsen JW. ELECTROACUPUNCTURE
AND POSTOPERATIVE PAIN. Br J Anaesth. 1989;62(3):258-62. https://doi.org/1
0.1093/bja/62.3.258.

Christensen PA, Rotne M, Vedelsdal R, Jensen RH, Jacobsen K, Husted C.
ELECTROACUPUNCTURE IN ANAESTHESIA FOR HYSTERECTOMY. Br J Anaesth.
1993;71(6):835-8. https://doi.org/10.1093/bja/71.6.835.

CuiY,Wang L, Shi G, Liu L, Pei P, Guo J. Electroacupuncture alleviates cisplatin-
induced nausea in rats. Acupunct Med. 2016;34(2):120-6. https://doi.org/10.1
136/acupmed-2015-010833.

Shu C, Chun-yanY,Heng C, et al. Response of gastric-related neurons in

the hypothalamic paraventricular nucleus to acupuncture at Neiguan

and Zusanliin a rat model of gastric distension. Chin J Tissue Eng Res.
2014;18(5):675. https://doi.org/10.3969/].issn.2095-4344.2014.05.004.

Lee A, Chan SK, Fan LT. Stimulation of the wrist acupuncture point PC6 for
preventing postoperative nausea and vomiting. Cochrane Database Syst Rev.
2015;2015(11):CD003281. https://doi.org/10.1002/14651858.CD003281.pub4.
Sun'Y, Gan TJ, Dubose JW, Habib AS. Acupuncture and related techniques for
postoperative pain: a systematic review of randomized controlled trials. Br J
Anaesth. 2008;101(2):151-60. https://doi.org/10.1093/bja/aen146.

Acar HV. Acupuncture and related techniques during perioperative period: A
literature review. Complement Ther Med. 2016,29:48-55. https://doi.org/10.1
016/j.ctim.2016.09.013.

Lin YC, Tassone RF, Jahng S, et al. Acupuncture management of pain and
emergence agitation in children after bilateral myringotomy and tympanos-
tomy tube insertion. Pediatr Anesth. 2009;19(11):1096-101. https://doi.org/10
1111/].1460-9592.2009.03129 .

Yang L, Yang J, Wang Q, et al. Cardioprotective effects of electroacupuncture
pretreatment on patients undergoing heart valve replacement surgery: A
randomized controlled trial. Ann Thorac Surg. 2010;89(3):781-6. https://doi.or
9/10.1016/j.athoracsur.2009.12.003.

Zhou J, Chi H, Cheng TO, et al. Acupuncture anesthesia for open heart sur-
gery in contemporary China. Int J Cardiol. 2011;150(1):12-6. https://doi.org/1
0.1016/jjjcard.2011.04.002.

Yan S, Xu M, Zou X et al. Acupuncture combined with ondansetron for
prevention of postoperative nausea and vomiting in high-risk patients under-
going laparoscopic gynaecological surgery: A randomised controlled trial.
United European Gastroenterology Journal. n/a(n/a). https://doi.org/10.1002/u
0g2.12421

Vickers AJ. Can acupuncture have specific effects on health?? A systematic
review of acupuncture antiemesis trials. J R Soc Med. 1996,89(6):303-11. http
s://doi.org/10.1177/014107689608900602.

Frey UH, Scharmann P, Lohlein C, Peters J. P6 acustimulation effectively
decreases postoperative nausea and vomiting in high-risk patientst. BJA: Br J
Anaesth. 2009;102(5):620-5. https://doi.org/10.1093/bja/aep014.

Yang XY, Xiao J, Chen YH, et al. Dexamethasone alone vs in combination with
transcutaneous electrical acupoint stimulation or Tropisetron for prevention
of postoperative nausea and vomiting in gynaecological patients undergo-
ing laparoscopic surgery. Br J Anaesth. 2015;115(6):883-9. https://doi.org/10.
1093/bja/aev352.

White PF, Hamza MA, Recart A, et al. Optimal timing of acustimulation for
antiemetic prophylaxis as an adjunct to Ondansetron in patients undergoing
plastic surgery. Anesth Analgesia. 2005;100(2):367. https://doi.org/10.1213/01
ANE.0000144425.16116.0A.


https://doi.org/10.1213/ANE.0000000000004833
https://doi.org/10.1007/s12630-011-9660-x
https://doi.org/10.1097/SLA.0000000000002079
https://doi.org/10.1093/bja/aer358
https://doi.org/10.1093/bja/aer358
https://doi.org/10.1093/bja/aet383
https://doi.org/10.1016/j.jclinane.2011.07.011
https://doi.org/10.1016/j.jclinane.2011.07.011
https://doi.org/10.1093/bja/aes276
https://doi.org/10.1111/anae.15295
https://doi.org/10.1056/NEJMoa032196
https://doi.org/10.1016/j.bja.2022.06.028
https://doi.org/10.1136/acupmed-2016-011304
https://doi.org/10.1038/s41395-018-0156-y
https://doi.org/10.1038/s41395-018-0156-y
https://doi.org/10.3389/fmed.2022.766244
https://doi.org/10.3389/fmed.2022.766244
https://doi.org/10.1097/JS9.0000000000001976
https://doi.org/10.13703/j.0255-2930.20220117-k0001
https://doi.org/10.13703/j.0255-2930.20220117-k0001
https://doi.org/10.1097/AJP.0000000000000400
https://doi.org/10.1016/j.joim.2021.01.005
https://doi.org/10.3390/jcm12031192
https://doi.org/10.3390/jcm12031192
https://doi.org/10.1007/s00520-019-04884-0
https://doi.org/10.1007/s00520-019-04884-0
https://doi.org/10.1155/2011/748031
https://doi.org/10.1080/01443615.2020.1789961
https://doi.org/10.1080/01443615.2020.1789961
https://doi.org/10.1093/bja/62.3.258
https://doi.org/10.1093/bja/62.3.258
https://doi.org/10.1093/bja/71.6.835
https://doi.org/10.1136/acupmed-2015-010833
https://doi.org/10.1136/acupmed-2015-010833
https://doi.org/10.3969/j.issn.2095-4344.2014.05.004
https://doi.org/10.1002/14651858.CD003281.pub4
https://doi.org/10.1093/bja/aen146
https://doi.org/10.1016/j.ctim.2016.09.013
https://doi.org/10.1016/j.ctim.2016.09.013
https://doi.org/10.1111/j.1460-9592.2009.03129.x
https://doi.org/10.1111/j.1460-9592.2009.03129.x
https://doi.org/10.1016/j.athoracsur.2009.12.003
https://doi.org/10.1016/j.athoracsur.2009.12.003
https://doi.org/10.1016/j.ijcard.2011.04.002
https://doi.org/10.1016/j.ijcard.2011.04.002
https://doi.org/10.1002/ueg2.12421
https://doi.org/10.1002/ueg2.12421
https://doi.org/10.1177/014107689608900602
https://doi.org/10.1177/014107689608900602
https://doi.org/10.1093/bja/aep014
https://doi.org/10.1093/bja/aev352
https://doi.org/10.1093/bja/aev352
https://doi.org/10.1213/01.ANE.0000144425.16116.0A
https://doi.org/10.1213/01.ANE.0000144425.16116.0A

Jin et al. BMC Complementary Medicine and Therapies (2025) 25:110 Page 10 of 10

37. LiS,Yang G, Zheng M, Wu W, Guo J, Zheng Z. Identifying the optimal timing .
of preoperative electroacupuncture for postoperative nausea and vomiting PUbHSher’s note
and pain in patients undergoing laparoscopic gynecologic surgery: study Springer Nature remains neutral with regard to jurisdictional claims in
protocol for a randomized controlled trial. Eur J Integr Med. 2019;30:100951. published maps and institutional affiliations.
https://doi.org/10.1016/j.eujim.2019.100951.


https://doi.org/10.1016/j.eujim.2019.100951
https://doi.org/10.1016/j.eujim.2019.100951

	﻿Effect of single or multi-period use of transcutaneous acupoint electrical stimulation on postoperative nausea and vomiting in patients undergoing gynecological laparoscopic surgery: a prospective randomized double-blind trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Patients
	﻿Randomization and blinding
	﻿Interventions
	﻿Anesthesia and perioperative management
	﻿Outcome measures
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿The frequency and severity of PONV
	﻿Frequency and severity of PONV (0–12 H)
	﻿Frequency and severity of nausea
	﻿Frequency and severity of vomiting
	﻿Frequency and severity of PONV (12–48 H)


	﻿Postoperative pain and remedies (rescue medication)
	﻿Comparison of other secondary outcomes among the 3 groups
	﻿Discussion
	﻿Main findings
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


