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Purpose: Gynecological laparoscopic surgery is a common minimally invasive procedure, but postoperative recovery quality remains
an important clinical concern. This study aimed to evaluate the effects of transcutaneous electrical acupoint stimulation (TEAS) on the
quality of recovery in patients undergoing gynecological laparoscopic surgery.

Patients and Methods: In this prospective, randomized, single-blind, controlled trial, patients scheduled for gynecological laparo-
scopic surgery under general anesthesia at a tertiary hospital in China between April and December 2022 were enrolled. Participants
were randomized into the TEAS group and the control group. In the TEAS group, bilateral stimulation of Neiguan, Zusanli, and Hegu
acupoints was initiated 30 minutes before anesthesia induction and maintained until the end of surgery. In the control group, electrodes
were applied without electrical stimulation (sham procedure). The primary outcome was the incidence of postoperative nausea and
vomiting (PONV) within 24 hours. Secondary outcomes included the Quality of Recovery-40 (QoR-40) scores, Pittsburgh Sleep
Quality Index (PSQI) scores, pain intensity assessed by numerical rating scale (NRS), and patient-controlled analgesia (PCA) usage.
Results: A total of 85 patients completed the study (TEAS group, n=42; control group, n=43). The incidence of 24-hour PONV was
significantly lower in the TEAS group compared to the control group (42.9% vs 67.4%, P=0.023). QoR-40 scores at 48 hours
postoperatively were significantly higher in the TEAS group (P<0.001). Additionally, the TEAS group exhibited lower blood glucose
levels 30 minutes after skin incision (P=0.045), reduced intraoperative remifentanil consumption (P=0.031), fewer total and effective
PCA demands (P=0.004 and P=0.039, respectively), and earlier recovery of gastrointestinal function (all P<0.05).

Conclusion: Perioperative TEAS effectively reduces the incidence of early postoperative nausea and vomiting and enhances recovery
quality in patients undergoing gynecological laparoscopic surgery, but the improvements in QoR-30 scores were statistically
significant but not clinically significant. These benefits may be attributed to attenuated stress responses, improved sleep quality, and
decreased analgesic requirements.

Keywords: laparoscopic surgery, gynecological surgery, transcutaneous electrical acupoint stimulation, postoperative recovery,
postoperative nausea and vomiting

Introduction

Laparoscopic surgery in gynecology presents numerous advantages over traditional open surgical techniques, including
smaller incisions, expedited recovery, and diminished postoperative pain.'* Despite its minimally invasive nature and
associations with reduced blood loss and shorter hospital stays, laparoscopic surgery may induce physiological alterations
in the body owing to the establishment of artificial pneumoperitoneum and intraoperative positional changes, which can
lead to adverse reactions.* These adverse reactions encompass pain, bleeding, infection or fever, gastrointestinal
dysfunction, and anesthesia-related effects such as dizziness, headache, and drowsiness, all of which may hinder
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rehabilitation and prolong hospitalization.™® Among gynecological patients presenting with high-risk factors, the
incidence of postoperative nausea and vomiting (PONV) can ascend to 70% to 80%, with postoperative pain, drowsiness,
and fatigue reported in 45%, 42%, and 21% of patients, respectively.”* The discontinuation of analgesic treatment often
arises from inadequate efficacy or the emergence of side effects, thereby increasing the demand for non-pharmacological
alternative analgesic approaches.

Transcutaneous electrical acupoint stimulation (TEAS) is a technique that integrates principles of traditional Chinese
acupuncture with transcutaneous nerve electrical stimulation, administering specific pulse currents through the skin at
designated acupuncture points.” TEAS is characterized by its ease of use, safety, non-invasive nature, and broad
acceptance and application across various medical disciplines, including obstetrics, gynecology, gastrointestinal surgery,
and oncology.'™'" The technique has demonstrated efficacy as an adjunct to perioperative sedation and analgesia,
contributing to reduced anxiety, alleviation of the stress response, mitigation of PONV, and enhancement of postoperative
cognitive function.'' ' A recent meta-analysis found that TEAS significantly reduced postoperative pain and opioid use,
with signals toward reducing PONV, although heterogeneity was substantial.'> More recently, Szmit et al'® system-
atically reviewed 22 RCTs and confirmed perioperative benefits for PONV and pain reduction, but highlighted metho-
dological variability and small sample sizes. Nevertheless, there remains a lack of high-quality evidence to evaluate the
impact of TEAS on the recovery duration of patients undergoing gynecological laparoscopic surgery. Although several
drugs can be used to improve the quality of recovery, non-pharmacological approaches could be useful as an adjunct to
pharmacological therapy, when there are drug interaction issues, or to decrease opioid use.

Consequently, the present study aims to investigate the effect of TEAS on the quality of recovery in patients
undergoing gynecologic laparoscopic surgery. The findings are expected to inform the potential role of TEAS as a non-
pharmacological adjunct for improving postoperative outcomes and minimizing perioperative complications. The present
trial specifically evaluates TEAS within gynecological laparoscopy and extends outcomes to validated recovery indices,

addressing a gap in prior evidence.

Materials and Methods
Study Design and Participants

This prospective, randomized, single-blind, controlled trial was conducted at the Northern Theater General Hospital of
the People’s Liberation Army of China between April and December 2022. Patients scheduled to undergo gynecological
laparoscopic surgery under general anesthesia were screened for eligibility.

Inclusion criteria were as follows: (1) age between 18 and 65 years, (2) body mass index (BMI) between 18 and
30 kg/m?, and (3) American Society of Anesthesiologists (ASA) physical status classification I-II. Exclusion criteria
included: (1) presence of rash or infection at the acupoint stimulation sites; (2) long-term use of sedatives or analgesics
(ie, regular use for >3 months of any benzodiazepines, non-benzodiazepine sedatives, opioids, non-steroidal anti-
inflammatory drugs (NSAIDs), or gabapentinoids); (3) history of substance abuse; (4) diabetes mellitus; (5) impaired
hepatic or renal function; (6) cognitive impairment; (7) severe cardiovascular disease; (8) history of chronic pain; (9)
prior experience with acupoint stimulation therapy; (10) presence of a pacemaker; and (11) participation in another
clinical trial within the preceding three months. Participants were withdrawn from the study if there was a change in the
surgical plan, if the duration of surgery exceeded three hours, or if postoperative transfer to the intensive care unit (ICU)
was required.

The study protocol adhered to the principles outlined in the Declaration of Helsinki and Good Clinical Practice
guidelines. Ethical approval was obtained from the Ethics Committee of the Northern Theater General Hospital of the
People’s Liberation Army of China (Approval No. Y(2021)138). Written informed consent was obtained from all
participants or their legal representatives prior to enrollment. The trial was registered with the Chinese Clinical Trial
Registry (Registration No. ChiCTR2200058283), and the full trial details are publicly available at https://www.chictr.org.
cn/showproj.html?proj=166185. The full study protocol is available from the corresponding author upon reasonable

request.
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Randomization and Blinding

Prior to surgery, a research staff member not involved in the trial’s implementation generated the randomization sequence
using a computer-based random number generator. The random allocation in this study was performed using
a computerized random number generator. A third-party statistician not involved in participant enrollment used the
random number generation function of SPSS. A fixed seed number (eg, 12345) was preset to generate random numbers
ranging between 0 and 1. Participants with a random number <0.5 were assigned to the experimental group, while those
with a random number >0.5 were allocated to the control group, ensuring a 1:1 ratio between the two groups. The group
assignments were concealed in sequentially numbered, opaque, sealed envelopes, which were opened only at the time of
anesthesia induction. At that point, the designated operators were informed of the group allocation and administered the
corresponding interventions. All participants and outcome assessors remained blinded to group assignments throughout
the study. The anesthesiologists performing the intervention were not involved in data collection or analysis. Although
the anesthesiologists were unblinded due to the nature of the intervention, all outcome assessors and data analysts
remained blinded to minimize performance and detection bias.

Intervention

All interventions were performed by a licensed acupuncturist with internationally recognized certification and 5-10 years
of clinical experience. In accordance with traditional Chinese medicine principles and anatomical landmarks, bilateral
Neiguan, Zusanli, and Hegu acupoints were selected for TEAS. Stimulation was administered for 30 minutes prior to
anesthesia induction using disposable silicone electrodes. TEAS was delivered with a Huatuo electronic acupuncture
device (SDZ-V model, Suzhou Medical Devices Co., Ltd., Suzhou, China). The device was set to a frequency of 2/100
Hz for sparse and dense wave stimulation, with the intensity gradually increased from 6 mA to the maximum tolerable
level for the participant, not exceeding 15 mA. The stimulation aimed to induce slight muscle twitching, achieving the
optimal “De Qi” sensation. Electrical stimulation was terminated at the end of anesthesia.

In the control group, identical electrodes were applied and connected to the device, but no electrical stimulation was
delivered. After 30 minutes, anesthesia induction proceeded as planned. To maintain blinding, participants were informed
preoperatively that they might or might not experience electrical stimulation. Regardless of group assignment, all
participants were asked three times if they tolerated the stimulation, ensuring that they remained unaware of their
group allocation and were blinded to the intervention.

Anesthesia and Perioperative Management

All participants fasted for 8 hours and refrained from liquid intake for 4 hours prior to surgery. Standard intraoperative
monitoring included electrocardiogram (ECG), heart rate (HR), pulse oximetry (SpO,), invasive blood pressure (IBP),
bispectral index (BIS), and body temperature. Following a 5-minute rest period, the mean arterial pressure (MAP) was
recorded as the baseline (MAP,).

After anesthesia induction, bilateral TAP blocks were performed under ultrasound guidance. The patients were
positioned supine with abdominal skin disinfected. The ultrasound transducer was placed between the iliac crest and
subcostal margin along the midaxillary line for axial scanning to identify the external oblique, internal oblique, and
transversus abdominis muscles. Using an in-plane ultrasound technique, the needle was advanced to the fascial plane
between the internal oblique and transversus abdominis muscles, with 15 mL of 0.375% ropivacaine injected on each
side.

Anesthesia induction was performed using sufentanil 0.15 pg/kg, rocuronium 0.6 mg/kg, and propofol 2.0 mg/kg.
Anesthesia maintenance was performed using propofol infusion at 4-8 mg/kg/h, remifentanil at 0.6—1.0 pg/kg/h, and
sevoflurane inhalation. Sevoflurane is a risk factor for PONV;16 therefore, the MAC was set at 0.3 with a concentration of
1%-2%. This balanced anesthesia technique was employed to minimize sevoflurane exposure and thereby reduce the risk
of PONYV, while ensuring adequate depth of anesthesia as monitored by BIS. The infusion rate of propofol was adjusted
to ensure the depth of anesthesia at BIS of 40—60. If the anesthesia was too deep or too shallow during the operation, the
participant exited the trial. The remifentanil infusion rate was adjusted to maintain MAP within 20% of MAP,. When
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MAP was <25% of MAP,, 40 pg of phenylephrine (HR >50 bpm) or 3 mg of ephedrine (HR <50 bpm) was administered.
When MAP was >25% of MAP,, 5 mg of urapidil was administered. When HR was <40 bpm, 0.5 mg of atropine was
administered. If the surgery duration exceeded 1 hour, an additional 0.15 mg/kg of rocuronium bromide was adminis-
tered. At the beginning of suturing, an intravenous infusion of ondansetron 8 mg and flurbiprofen ester 50 mg was given
for prophylactic antiemetic and analgesic purposes. At the end of suturing, a patient-controlled intravenous analgesia
(PCIA) pump (sufentanil 2 pg/kg + 0.9% sodium chloride) was established. The flow rate was 2 mL/h, with a single
additional dose of 0.5 mL after pressing and a lock time of 15 minutes. The participant was transferred to the post-
anesthesia care unit (PACU) for observation after tracheal tube removal.

The opioid-sparing regimen was deliberately designed based on three key pharmacological principles. (1) Synergistic
effects of multimodal anesthesia: Remifentanil was combined with sevoflurane (1-2%) and propofol (4-8 mg/kg/h),

allowing significant opioid reduction. Volatile anesthetics reduce remifentanil ECs, by >40%.'"-'®

(2) Procedure-specific
requirements: Gynecologic laparoscopy involves moderate surgical stress (compared to open surgery). The dose aligns
with enhanced recovery after surgery (ERAS) guidelines for minimally invasive procedures. (3) Adjunct regional
analgesia: All patients received bilateral TAP blocks with 0.375% ropivacaine, providing somatic analgesia that further

reduced opioid demand.

Outcomes

The primary outcome was the incidence of PONV within the first 24 hours after surgery. PONV events were further
categorized based on postoperative periods: 0—2 hours, 2—4 hours, 4-6 hours, and 624 hours. Secondary outcomes
included the Quality of Recovery-40 (QoR-40) score, Pittsburgh Sleep Quality Index (PSQI), postoperative pain assessed
via the Numeric Rating Scale (NRS), total and effective patient-controlled intravenous analgesia (PCIA) usage, incidence
of gastrointestinal function recovery, adverse events, time to first flatus, and length of hospital stay.

Nausea was defined as a subjective unpleasant sensation in the epigastrium accompanied by an involuntary urge to
vomit. Vomiting was defined as sustained, forceful contraction of abdominal muscles with either expulsion of gastric
contents or retching (without content expulsion) occurring >2 times within 5 minutes. It was clarified in the Methods.

The QoR-40, a well-established tool in clinical research, was used to assess recovery quality due to its reliability,
validity, and responsiveness.'” The QoR-40 consists of 40 items across five dimensions, each rated on a 1-5 scale,
yielding a total score range of 40-200, with higher scores indicating better recovery quality.”® The NRS, an 11-point
scale ranging from 0 (no pain) to 10 (worst pain imaginable), was utilized to assess pain intensity. The PSQI, which
evaluates sleep quality, consists of seven components, each rated on a scale from 0 to 3, yielding a total score range of
0-21, with higher scores indicating poorer sleep quality.

Additional perioperative parameters were recorded, including MAP and HR at the following time points: preopera-
tively (TO0), at intubation (T1), at skin incision (T2), after pneumoperitoneum establishment (T3), at the end of surgery
(T4), and 5 minutes post-extubation (T5). Other perioperative factors, such as anesthesia duration, recovery time, PACU
stay, blood loss, and anesthesia drug consumption, were also documented. Biochemical measures included glycemia
30 minutes post-skin incision. The time to first flatus was the time between the end of surgery and the first stools passed
by the participants.

Sample Size

Based on the literature, the incidence of PONV in patients undergoing gynecological laparoscopic surgery within the first
24 hours is approximately 66.7%,>" which was used as the reference value for the control group. It was hypothesized that
TEAS could lead to an absolute reduction in the incidence of PONV by 30%, with a clinically significant reduction of
20%.*? The assumed 30% absolute reduction in PONV incidence was based on a previous RCT showing that non-
pharmacologic interventions combined with antiemetics can achieve such an effect in a similar patient population.?*
Assuming a two-sided confidence level of 95% (o = 0.05) and a statistical power of 80% (B = 0.2), the required sample
size was calculated using G*Power software. The results indicated 40 participants per group (80 in total). To account for
a 10% dropout rate, 4 additional participants were added to each group, resulting in a final target enrollment of 44
participants per group (88 in total).
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Statistical Analysis

Data analysis was performed using SPSS version 26.0 (Armonk, NY, USA). Continuous variables were assessed for
normality using the Shapiro—Wilk test. For normally distributed continuous variables, data were expressed as means +
standard deviations (SDs), while non-normally distributed variables were presented as medians with interquartile ranges
(IQRs). Comparisons between groups for normally distributed continuous variables were conducted using the two-
sample #-test, assuming equal variance. Welch’s ¢-test was applied for comparisons when variances were unequal. For
non-normally distributed continuous variables, the Wilcoxon rank-sum test was employed. Categorical variables were
presented as frequencies (n) and percentages (%). Differences between categorical variables in the two groups were
analyzed using the chi-squared test or Fisher’s exact test, as appropriate.

The primary outcome was assessed using generalized estimating equations (GEE), with the identification number as
the clustering variable, time as the within-subject variable, and the occurrence of PONV as the dependent variable. The
interaction between the intervention and time was evaluated to determine whether the effect of the intervention varied
over time. P-values were calculated for the interaction effect, with main effects of time and intervention excluded in the
analysis to isolate the interaction.

Two-way analysis of variance (ANOVA) was utilized to compare the postoperative recovery scale scores, HR, and
MAP between the two groups at each time point during the perioperative period. Sidak’s multiple comparisons test was
employed to adjust for multiple comparisons. The analysis was performed following the modified intent-to-treat (mITT)
principle.

Results

Participants Characteristics

A total of 112 patients scheduled for gynecological laparoscopic surgery were screened for eligibility. Fourteen
patients were excluded as they did not meet the inclusion criteria, and ten declined to participate. The remaining 88
patients were randomly assigned to either the TEAS or the control group. Three patients were subsequently excluded
from the mITT analysis due to a change in procedure (n=2) or a procedure time exceeding 3 hours (n=1). Thus, a final
total of 85 patients were included in the analysis, and therefore, a modified intention-to-treat (mITT) analysis was
employed (Figure 1). No significant differences in baseline characteristics were observed between the two groups
(Table 1).

Primary Outcome
The incidence of PONV within the 24-hour postoperative period differed significantly between the two groups. The
TEAS group had an incidence of 42.9%, while the control group had a significantly higher incidence of 67.4% (P=0.023;
odds ratio [OR] = 2.762; 95% confidence interval [CI]: 1.142, 6.681). When considering nausea and vomiting separately,
no significant differences were observed in the incidence of vomiting between the two groups at various postoperative
follow-up intervals.

For nausea, the differences in incidence between the two groups were as follows: 0.25 (CI: 0.05, —0.45, P=0.013)
within the first 0-2 hours, 0.09 (CI: —0.10, 0.27, P=0.351) within 2—4 hours, and 0.04 (CI: —0.10, 0.19, P=0.561) within
4-6 hours (Table 2).

Secondary Outcomes
ANOVA conducted on the QoR-40 scores at 48 hours postoperatively revealed that the TEAS group had a significantly
higher total score (184.0) compared to the control group (181.0), with a difference of —2.9% (95% CI: —4.07, —1.78,
P<0.001). Additionally, the scores across all five dimensions were significantly higher in the TEAS group than in the
control group at the same time point (P<0.001).

Multiple comparisons of the QoR-40 scores at different postoperative time points demonstrated that, prior to surgery, the
quality of recovery scores were similar between the two groups. However, the TEAS group exhibited significantly better
recovery at 24 and 48 hours postoperatively, with differences of —7.0% (95% CI: —9.05, —4.95, P<0.0001) and —2.0% (95%
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Excluded from analysis (n=2) Excluded from analysis (n= 1)
Change of operation method(n= 2) Duration of surger > 3 hours (n= 1)

Figure | Flow diagram of the study.

CI: —3.63, —0.37, P=0.010), respectively. The difference in QoR-40 scores at 6 hours postoperatively was —0.02% (95% CI:
—1.23, 1.17, P=0.068), which was not statistically significant. The specific differences in the five dimensions of the QoR-40
scores are presented in Figure 2.

Table | Baseline Characteristics of the Participants in the Modified Intention-to
-Treat Analysis

Characteristics TEAS (n=42) Control (n=43) P
Age (year) 42.1 (16.3) 44.9 (12.6) 0417
Height (cm) 159.8 (4.2) 161.0 (3.8) 0.522
Weight (kg) 63.2 (9.5) 64.4 (6.0) 0.448
Body mass index (kg/m?) 247 (2.2) 25.1 (2.3) 0.729
ASA physical status 0.462

| 12 (27.9%) 14 (32.6%)

Il 30 (71.4%) 29 (67.4%)
Type of surgery 0.156

Ovarian cystectomy 20 (47.6%) 19 (44.2%)

Myomectomy surgery 16 (30.1%) 16 (37.2%)

Hysterectomy surgery 6 (14.3%) 8 (18.6%)
Duration of surgery (min) 113.5 (93.75-125.75) 112 (98.25-123.25) | 0.689
Duration of anesthesia (min) | 152.5 (133.25-162.75) | 149 (135.5-161) 0.499
PNP pressure (mmHg) 13.0 (12-13) 13 (13-13) 0.247
Baseline QoR-40 191.3 (7.3) 190.7 (6.8) 0.701
Baseline glycemia (mmol/L) 5.0 (0.4) 5.1 (0.5) 0.467

Notes: Data are presented as mean (SD), numbers (%), or medians (interquartile range).
Abbreviations: TEAS, transcutaneous electrical acupoint stimulation; ASA, American Society of
Anesthesiologists; PNP, pneumoperitoneum; QoR-40, Quality of Recovery 40 questionnaire.
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Table 2 Comparison of the Incidence of PONV Between Two Groups at Different Time Points

Variables TEAS (n=42) | Control (n=43) | Difference in Risk or Means | P Prime | PGroup | Pinteraction
(95% CI)

Incidence of nausea, n (%) <0.001 | 0.001 0.002

0-2 h 10 (23.8%) 21 (48.8%) 0.25 (0.05, 0.45) 0.013*

2-4 h 8 (19%) 12 (27.9%) 0.09 (-0.10, 0.27) 0.351

4-6 h 5 (11.9%) 7 (16.3%) 0.04 (-0.10, 0.19) 0.561

6-24 h 0 (0) 0 (0) 0 (0,0) 0.999

Incidence of vomiting, n (%) 0.001 0.020 0.001

0-2h 5 (11.9%) Il (25.6%) 0.14 (-0.03, 0.30) 0.100

2-4 h 3 (7.1%) 5 (11.6%) 0.04 (—0.08, 0.17) 0.477

4-6 h 2 (4.8%) 4 (9.3%) 0.05 (—0.06, 0.15) 0.410

6-24 h 0 1 (2.3%) 0.02 (—0.02,0.07) 0.312

Abbreviations: TEAS, transcutaneous electrical acupoint stimulation; Cl, confidence interval.

There were no significant differences in HR between the two groups (P>0.05). However, MAP was significantly
higher in the TEAS group compared to the control group (86.3 vs 84.2 mmHg, P<0.0001). MAP levels were comparable
at baseline (T0); however, following the initiation of surgery, MAP decreased significantly more in the control group than
in the TEAS group at T1, T2, and T4, with the most pronounced difference occurring at the time of skin incision
(P<0.0001) (Figure 3). Although HR varied across time points, there were no significant differences between the groups
(P>0.05).

The TEAS group also demonstrated lower blood glucose levels 30 minutes after skin incision compared to the control
group (P=0.045), reduced remifentanil consumption during surgery (P=0.031), fewer total and effective patient-
controlled intravenous analgesia (PCIA) presses (P=0.004 and P=0.039, respectively), and faster recovery of gastro-
intestinal function (P<0.05) (Table 3). No significant differences were observed between the two groups with respect to
propofol and sevoflurane usage during surgery, the number of emergency rescue analgesia events, the occurrence of
adverse events, awakening time, PACU stay, or hospital length of stay (all P>0.05) (Table 3).

Although the two groups had similar preoperative sleep quality, the TEAS group reported significantly better sleep
quality on the first and second postoperative days, as indicated by higher PSQI scores (P=0.015 and P=0.024,
respectively). Furthermore, the TEAS group had lower NRS pain scores at 6 and 24 hours postoperatively (P=0.022
and P=0.042, respectively) (Table 4).

Discussion
This randomized, single-blind, controlled trial evaluated the effects of TEAS on the quality of recovery in patients
undergoing gynecological laparoscopic surgery. The findings demonstrate that preoperative and intraoperative TEAS
significantly reduce the incidence of early PONV, enhance recovery outcomes, alleviate stress responses, improve sleep
quality, and reduce the occurrence of adverse events. Nevertheless, it is important to note that the improvements in QoR-
30 scores were statistically significant but not clinically significant.

This randomized controlled trial demonstrated that TEAS enhanced postoperative recovery quality in patients
undergoing gynecological laparoscopic surgery by modulating early PONV and multiple recovery parameters. The
results revealed a 24.5% reduction in 24-hour PONV incidence in the TEAS group compared with controls (42.9% vs

67.4%). This finding aligns with the mechanistic study by Cheong et al,>®

which demonstrated that acupoint stimulation
suppresses 5-HT3 receptor activity through the vagal nucleus tractus solitarius pathway. The 5-HT3 receptor plays
a crucial role in nausea and vomiting. Serotonin, when released, can activate 5-HT3 receptors in the gastrointestinal tract
and the central nervous system, ultimately triggering nausea and vomiting. Antagonizing the 5-HT3 receptor is a strategy
used to treat PONV by blocking the effects of serotonin at these receptors.”**> The TEAS group had a shorter recovery
time for gastrointestinal functions and a significantly lower incidence of PONV, similar to previous studies.’*** TEAS

exhibited a distinct time-dependent antiemetic effect: the absolute risk reduction for nausea reached 25% during the
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as means * standard deviations. *P<0.05, ***P<0.001,****P<0.0001.
Abbreviations: MAP, mean arterial pressure; HR, heart rate.

critical 0—2 hour postoperative window, while its efficacy gradually attenuated in the subsequent 2—6 hour period. This
temporal kinetic profile suggests that TEAS may primarily exert its effects through transient modulation of enterochro-
maffin cell signaling rather than sustained alteration of neurotransmitter levels, which shows intrinsic consistency with

the multiphase regulatory model of postoperative nausea proposed by Gan et al.*’

Table 3 Perioperative Data Between the Two Groups

Variables TEAS (n=42) | Con (n=43) | P
After skin incision glycemia (mmol/L) | 5.5 (0.5) 5.9 (0.4) 0.045
Remifentanil (pg) 233.1 (29.6) 289.5 (37.9) | 0.031
Propofol (mg) 495.1 (151.5) 511.8 (162.1) | 0.178
Sevoflurane (mL) 13.1 (2.3) 13.2 (2.2) 0.470
Blood loss (mL) 50 (30-100) 50 (40-100) | 0.335
Wake-up time (min) 12.9 (2.5) 13.0 (2.4) 0.476
PACU stay time (min) 26.8 (4.4) 28.0 (8.1) 0.156
Times of total PCIA use 6.3 (2.2) 10.7 3.9) 0.004
(Continued)
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Table 3 (Continued).

Variables TEAS (n=42) | Con (n=43) | P
Times of effective PCIA use 3.8 (1.0) 4.8 (1.6) 0.039
Incidence of adverse reactions

Fever 6 (14.3%) 8 (18.6%) 0.243
Dizziness and headache 2 (4.8%) 3 (7.0%) 0.061
Drowsiness 0 0

Gastrointestinal function

Time to first borborygmus (h) 19.2 (3.3) 27.6 (2.7) 0.035
Time to first flatus (h) 24.2 (2.5) 31.6 (44) 0.003
Hospital stay duration (d) 4 (3-5) 4 (3-5) 0.722

Notes: Data are presented as mean (SD), numbers (%), or medians (interquartile range).
Abbreviations: TEAS, transcutaneous electrical acupoint stimulation; PACU, post-anesthesia
care unit; PCIA, patient-controlled intravenous analgesia.

Table 4 NRS and PSQI Scores Were Compared at Different
Points in Time

Variables | Group | Baseline | 6 h 24 h 48 h

NRS TEAS | 0 294117 | 1.7+0.8° | 0.9+038
Con 0 3412 | 2.2#1.1 1.0£0.9

PSQI TEAS | 4.5+33 - 11.5+6.9 | 7.4+5.2¢
Con 42+38 | - 15.7+8.1 | 10.6%5.4

Notes: Data are presented as Mean + SDs. 2P=0.022, bP=0.422, °P=0.015, 9p=0.024.
Abbreviations: NRS, Numerical Rating Scale; TEAS, transcutaneous electrical
acupoint stimulation; PSQI, Pittsburgh Sleep Quality Index.

The TEAS group demonstrated a statistically significant improvement in recovery quality assessment, as shown by
higher QoR-40 total scores compared with controls at 48 hours postoperatively (184.0 vs 181.0, p<0.001), representing
47.6% of the established minimal clinically important difference (MCID=6.3 points).?’ The concurrent improvement
across all five subdomains (physical comfort, emotional state, physical independence, psychological support, and pain
control) suggests that TEAS likely exerts its therapeutic effects through multiple interconnected physiological pathways.
Yao et al*” reported higher QoR-40 scores in the TEAS group after gynecological laparoscopic surgery. Notably, TEAS
demonstrated a characteristic delayed-enhancement pattern in overall recovery quality improvement: while no significant
difference was observed in QoR-40 scores at 6 hours postoperatively (P=0.068), the treatment effect peaked at 24 hours
(P<0.0001). This temporal pattern likely reflects the requisite time window for hypothalamic-pituitary-adrenal (HPA)
axis recalibration, which aligns precisely with the postoperative recovery phase model,*'** featuring initial physiological
stabilization (<6 h), followed by functional recovery (6—24 h), and ultimately psychosocial adaptation (>24 h). Therefore,
TEAS, as a non-pharmacological intervention, appears clinically important in reducing the incidence of PONV after
gynecological laparoscopy and promoting the early recovery of the patients.

Poor quality of postoperative recovery in patients undergoing gynecological laparoscopic surgery can be due to
several factors. CO, inflation increases intra-thoracic and intra-abdominal pressures, leading to a decrease in cardiac
output and an increase in sympathetic activity.”** In addition, excessive CO, in the blood predisposes to hypercapnia
and stimulates the release of humoral factors such as catecholamines and cortisol from aortic body chemoreceptors.*>
These changes initiate the stress response through the sympathetic-adrenomedullary and hypothalamic-pituitary-
adrenocortical dual systems, causing fluctuations in blood flow and damage to target organs, affecting the perfusion of
vital organs.”’”® TEAS can make the perioperative blood pressure and HR smoother, and by regulating the levels of
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plasma cortisol and adrenocorticotropic hormone, it can alleviate the stress response to a certain degree, preventing
damage to the body caused by overstress. It can also reduce the secondary damage caused by stress, enhance the body’s
ability to resist damage and repair trauma, promote postoperative recovery, and improve prognosis.'

Elevated glycemia is a common sign of stress induced by surgical trauma.’” In a study of hysterectomies, it was found
that the simultaneous preoperative stimulation of the Sanyinjiao and the Foot Sanli had a significant inhibitory effect on
intraoperative glycemia and insulin tolerance.”® In another study of craniotomy in elderly patients, TEAS was found to
reduce the stress response during extubation, and hemodynamic parameters and plasma concentrations of epinephrine,
norepinephrine, and cortisol decreased during extubation in the TEAS group.*® The results of this trial also found that the
glycemia in the TEAS group was significantly lower than in the control group at 30 min after skin incision, while MAP
and HR fluctuated less compared with basal values after intubation, but MAP and HR fluctuated quite a bit at other
moments, which might be related to the regulation of the depth of anesthesia after intubation.

Perioperative pain is one of the main aspects affecting the quality of postoperative recovery, not only affecting the
patient’s emotional state but also associated with postoperative sleep disturbances.*'*** Pain leads to prolonged sleep
latency and reduced total sleep time, whereas sleep disturbances also increase pain sensitivity and decrease pain
threshold.**** TEAS analgesia acts as a complex network of regulatory mechanisms, from the peripheral to the central
nervous system, involving multiple molecular pathways, inflammatory factors, neurotransmitters, and the properties of
the acupoints themselves.*> A growing number of clinical trials'>*®** demonstrated that TEAS can increase anesthesia
effect, effectively reduce the need for perioperative analgesia, produce organ protection, and promote the recovery of
gastrointestinal function. Acupuncture on LI4 and PC6 can stimulate the release of endogenous opioid peptides from the
center, impede the upward transmission of pain messages, and enhance postoperative analgesia.49 TEAS not only
significantly relieves acute pain up to 24 hours after surgery”® but also alleviates chronic pain up to half a year after
radical mastectomy for breast cancer.*® The present study showed that the TEAS group consumed less intraoperative
remifentanil and had a lower number of PCIA uses. Kjolhede et al’' concluded that sleep quality after gynecological
surgery is an important factor influencing postoperative recovery, with a PSQI score of >6 defined as the presence of
a sleep disorder.”® Here, the study showed lower PSQI scores in the TEAS group within 2 days after surgery, concluding
that TEAS may improve postoperative sleep quality.

Limitations of the Study

This study presents several limitations. Firstly, the inclusion criteria encompassed only ASAI-II patients, necessitating
further confirmation of the generalizability of the findings. Secondly, this trial implemented preoperative and intraopera-
tive TEAS, which may limit compatibility with other studies that utilized different protocols. Thirdly, the duration of
follow-up was relatively short, and the data collected were limited in scope. Fourth, the single-blind design may
introduce performance bias, as the anesthesiologists administering TEAS were not blinded. However, outcome assessors
and data analysts were blinded to minimize bias. Fifth, this was a single-center study, which may limit the general-
izability of the findings. Future multicenter trials are warranted to confirm these results. Lastly, improvements in QoR-40
scores were statistically significant but below the minimal clinically important difference, limiting clinical relevance.
Consequently, the effects of TEAS on the long-term postoperative recovery of patients warrant further investigation.

Conclusion

This trial indicates that TEAS was associated with improvements in the quality of postoperative recovery in patients
undergoing gynecological laparoscopic surgery. Still, the improvements in QoR-30 scores were statistically significant
but fell short of being clinically significant. TEAS appears to mitigate perioperative blood flow fluctuations by
diminishing the stress response, reducing the incidence of PONV, and lowering the requirement for perioperative
analgesia. Additionally, it may facilitate a quicker return of gastrointestinal function, improve sleep quality, and
contribute to a more rapid recovery during the postoperative period.

Data Sharing Statement
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