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Purpose: Transcutaneous electrical acupoint stimulation (TEAS) has emerged as a promising non-pharmacological intervention to
enhance postoperative recovery. However, its application during the post-anesthesia recovery period remains underexplored. This
study investigated the impact of TEAS during the post-anesthesia recovery period on postoperative recovery quality in patients
undergoing laparoscopic gynecological surgery.

Patients and Methods: In this single-center, randomized, double-blinded, sham-controlled trial, 100 patients undergoing elective
gynecological laparoscopic surgery were randomly allocated to receive either TEAS or sham stimulation at bilateral Hegu (LI4),
Neiguan (PC6), Zusanli (ST36), and Sanyinjiao (SP6) acupoints for 30 minutes during the post-anesthesia recovery period in the post-
anesthesia care unit (PACU). The primary outcome was the Quality of Recovery-15 (QoR-15) score assessed on postoperative days
(POD) 1, 2, and 3. Secondary outcomes included pain, postoperative nausea and vomiting (PONV), recovery times, and adverse
events.

Results: Ninety-seven patients completed the study, with 48 in the TEAS group and 49 in the Sham group. The TEAS group exhibited
significantly higher QoR-15 scores on POD 1 compared to the Sham group, with improvements in emotional state, physical comfort,
and pain dimensions. On POD 2, the TEAS group had significantly higher pain dimension scores. The TEAS group also reported
lower resting VAS scores on POD 1 and lower exercise VAS scores on POD 1 and 2. The incidence of PONV was lower on POD 1,
with fewer patients requiring rescue antiemetics. Additionally, the TEAS group experienced shorter times to first flatus and
ambulation. Adverse events were comparable between the groups, with no local skin irritation noted in the TEAS group.
Conclusion: TEAS applied during the post-anesthesia recovery period significantly improves early postoperative recovery quality,
reduces pain and PONV, and accelerates functional recovery in patients undergoing gynecological laparoscopic surgery.
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Introduction
In recent decades, gynecological laparoscopic surgery has revolutionized the management of various benign and
malignant conditions of the female reproductive system, providing numerous benefits over traditional open surgery.

These minimally invasive procedures are linked to smaller incisions, decreased blood loss, fewer postoperative
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complications and accelerated recovery times.' However, despite these advantages, patients undergoing gynecological
laparoscopic surgery often experience significant postoperative discomfort, pain, and functional limitations. Studies show
that 60—80% of patients report moderate to severe pain within the first 24 hours, with complete functional recovery
typically requiring 3—7 days.** Additionally, 30-50% suffer from postoperative nausea and vomiting,” which can
negatively impact their recovery and overall well-being.®’” Therefore, identifying effective strategies to optimize post-
operative recovery in this patient population remains a critical challenge.

To address these issues, interest in non-pharmacological interventions for enhancing postoperative recovery quality
has grown.&10 Transcutaneous Electrical Acupoint Stimulation (TEAS), based on traditional Chinese medicine (TCM)
principles, has shown promise as an adjunct therapy.'' TEAS involves applying low-frequency electrical stimulation to
specific acupuncture points on the body’s surface. This non-invasive modality has been demonstrated to exert various

13

therapeutic effects, including pain relief,'? anti-inflammatory action,'® and modulation of autonomic nervous system

function.* The underlying mechanisms may involve the activation of peripheral nerves and the subsequent release of
neurotransmitters and endogenous opioids, contributing to the regulation of nociception and the stress response.'>'¢

Numerous studies have investigated the efficacy of TEAS in various surgical settings, demonstrating its potential to
reduce postoperative pain,'” PONV,'® and accelerate gastrointestinal function recovery.'” However, the application of
TEAS specifically during the post-anesthesia recovery period and its impact on recovery quality in gynecological
laparoscopic surgery patients remains insufficiently studied. The post-anesthesia recovery period, encompassing time
in the PACU, represents a critical phase marking the transition from unconsciousness to consciousness and the onset of
recovery.?’ Interventions administered during this period have the potential to influence the course of recovery and
patient outcomes. Therefore, exploring the application of TEAS during this specific phase is of great significance for
improving postoperative recovery quality.

To comprehensively evaluate the quality of postoperative recovery, the present study employs the Quality of
Recovery-15 (QoR-15) questionnaire, a well-validated and widely utilized patient-reported outcome measure designed
to assess multiple aspects of recovery, including emotional state, physical comfort, psychological support, physical
independence, and pain.”' ** By adopting this multidimensional approach, this study aims to investigate the efficacy of
TEAS applied during the post-anesthesia recovery period on the overall quality of recovery in gynecological laparoscopic
surgery patients. Our hypothesis posits that TEAS administration will result in improved QoR-15 scores, indicating
enhanced postoperative recovery across multiple domains. This study’s findings may inform clinical practice, guide the
development of enhanced recovery protocols, and potentially improve patient outcomes and satisfaction following
gynecological laparoscopic surgery.

Methods

Study Design

This study was conducted at the Second Affiliated Hospital of Guilin Medical University in accordance with the
Declaration of Helsinki. Patient recruitment took place from February 1, 2022 to June 20, 2022. The Ethics
Committee of the Second Affiliated Hospital of Guilin Medical University approved the study protocol (NO.
ZYYJ 2021001) and the study was prospectively registered in the Chinese Clinical Trial Registry
(ChiCTR2200055338) on January 7, 2022. The manuscript adheres to the CONSORT reporting guidelines.

Participants

Eligibility screening was conducted for patients scheduled to undergo elective gynecological laparoscopic surgery under
general anesthesia. Inclusion criteria were as follows: (1) Age range: 18-65 years; (2) American Society of
Anesthesiologists (ASA) physical status I-11I; (3) Capacity to provide written informed consent. Patients were excluded
if they: (1) participation in other clinical trials within 4 weeks prior to surgery; (2) severe cardiovascular, respiratory,
hepatic, or renal dysfunction; (3) history of neurological or psychiatric disorders or long-term use of sedative medica-
tions; (4) severe cognitive, visual, or hearing impairment, or severe motor disorders that could hinder cooperation with
the study; or (5) skin infection, damage, or scarring at the acupoint sites. Eligible patients were approached by trained
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research personnel, informed about the study, including details on randomization, procedures, and potential risks and
benefits. They were given time to consider their participation. Written informed consent was obtained from all
participants, who were advised of their right to withdraw at any time without impacting their clinical care.

Sample Size Calculation

A preliminary study involving 10 patients (5 per group) was conducted to assess the study protocol’s feasibility and
inform sample size calculation. The primary outcome, the QoR-15 score one day post-surgery, was significantly higher in
the TEAS group (111.1 £ 9.7) compared to the control group (105.3 + 9.5). Based on these preliminary results, sample
size calculation using PASS 15 software (assuming a two-sided o of 0.05, 80% power, 1:1 allocation ratio, and 10%
dropout rate) determined that 98 patients (49 per group) were required. To ensure adequate statistical power, the final
sample size was set at 50 patients per group, totaling 100 patients.

Randomization and Blinding

Participants underwent randomization into either the TEAS or Sham group at a 1:1 ratio, utilizing a computer-generated
randomization sequence. Allocation was concealed using sequentially numbered, sealed, opaque envelopes. An inde-
pendent research assistant, uninvolved in patient recruitment, intervention, or outcome assessment, opened these
envelopes sequentially in the PACU just before the intervention to reveal group assignment. Patients, anesthesiologists,
surgeons, and data collectors remained blinded to group allocation. Due to the nature of the intervention, the acupunc-
turist administering TEAS could not be blinded. To maintain blinding, the acupuncturist adhered to a standardized
interaction protocol for both groups. This involved scripted explanations, identical application of electrodes and device
operation, and neutral responses to inquiries, avoiding any cues about group allocation. Patients were informed they
would receive electrical acupoint stimulation, Sham TEAS was performed using the same protocol as real TEAS, but
without electrical current output from the stimulator.

Anesthesia Management

Experienced anesthesiologists administered standard general anesthesia with endotracheal intubation to all patients,
adhering to the institutional protocol. Monitoring included electrocardiography, noninvasive blood pressure, pulse
oximetry, end-tidal carbon dioxide (PetCO,), and bispectral index (BIS). Anesthesia was induced after sufficient
denitrogenation using midazolam (0.05 mg/kg), etomidate (0.2 mg/kg), cisatracurium (0.2 mg/kg), and sufentanil
(0.5 pg/kg). Once sufficient muscle relaxation was achieved, endotracheal intubation was performed. Mechanical
ventilation was adjusted to maintain PetCO, between 35-45 mmHg.

Anesthesia was maintained with continuous infusion of propofol (4—10mg/kg/h) and remifentanil (0.1-0.4pg/kg/min),
supplemented with intermittent sevoflurane inhalation (1.0-2.0%) to keep BIS values between 40 and 60 and vital signs
within 20% of baseline values. Patients received flurbiprofen axetil (50 mg) and sufentanil (0.1 pg/kg) for postoperative
pain management, and tropisetron (5 mg) for PONV prophylaxis, 30 minutes prior to the conclusion of surgery.
Ropivacaine (0.5%, 10 mL) was infiltrated at the abdominal incision site for local analgesia at the conclusion of the
surgery. All patients were transferred to the PACU with endotracheal tubes, maintaining continued monitoring and
respiratory support until they met the extubation criteria. Discharge from the PACU occurred after meeting the modified
Aldrete criteria. Postoperative pain management included intravenous tramadol (50—100 mg) every 6 hours as needed, at
the discretion of the treating gynecologists.

TEAS Intervention

After patients arrived at PACU and their vital signs stabilized, the TEAS intervention was conducted in the PACU by
a certified acupuncturist using the SDZ-II acupoint nerve stimulator (Hwato, Suzhou Medical Appliance Factory, China).
The intervention involved stimulating four pairs of acupoints—LI4 (Hegu), PC6 (Neiguan), ST36 (Zusanli), and SP6
(Sanyinjiao)—Ilocated according to the WHO Standard Acupuncture Point Locations (Figure 1).2* These acupoints were
strategically selected for their established therapeutic roles in postoperative recovery: LI4 (Hegu) is primarily used for its
potent analgesic effects;>> PC6 (Neiguan) is a key point for preventing nausea and vomiting,”® ST36 (Zusanli) and SP6
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Hegu (LI4)

on the dorsum of the hand, between the first
and second metacarpal bones, approximately at
the midpoint of the second metacarpal bone on
the radial side

Neiguan (PC6)

on the anterior aspect of the forearm, 2 cun
(patient's body inch) above the wrist crease,
between the tendons of the palmaris longus
and flexor carpi radialis muscles

Zusanli (ST36) Sanyinjiao (SP6)

on the anterior aspect of the leg, 3 cun below
the lower border of the patella, one finger-
breadth lateral to the anterior border of the
tibia

on the medial aspect of the leg, 3 cun above
the medial malleolus, posterior to the medial
border of the tibia

_____

Figure | Body Surface Location of PC6, LI4, ST36 and SPé.

(Sanyinjiao) are known to modulate gastrointestinal motility and regulate autonomic function.”’** A more detailed
mechanistic discussion of these effects is provided in the Discussion section. The stimulation parameters were set to an
alternating dense-disperse wave mode at 2/10 Hz, with an intensity of 10—-15 mA and a duration of 30 minutes. Prior to
anesthesia induction, the optimal intensity for each patient was determined by gradually increasing the current until the
patient experienced a strong but comfortable “De Qi” sensation, a traditional Chinese medicine indicator of effective
stimulation.” This intensity was then applied during the TEAS intervention in the PACU.

Outcome Measurements
The primary outcome was the QoR-15 score, assessed at baseline (one day before surgery) and on POD 1, 2, and 3. The
QoR-15 is a validated, patient-reported questionnaire that evaluates five dimensions of recovery: physical comfort,
emotional state, physical independence, psychological support, and pain. The total QoR-15 score ranges from 0 to 150,
with higher scores indicating better overall recovery quality. In this study, QoR-15 scores were compared between groups
at each time point, and the scores for each dimension were analyzed separately.

Secondary outcomes included: (1) Postoperative pain and analgesic consumption: Pain levels were measured using
a Visual Analog Scale (VAS) at rest and during exercise (coughing and movement) preoperatively and on POD 1, 2, and
3. Rescue analgesic consumption: Proportion of patients requiring additional analgesics within the first three post-
operative days. (2) PONV: PONV was assessed by recording its incidence and the proportion of patients requiring rescue
antiemetics within the first three postoperative days. (3) Recovery times: Recovery times included time to awakening
(from the end of surgery to eye opening on command), time to extubation (from the end of surgery to extubation), time to
first flatus, and time to first ambulation. (4) Adverse events: Adverse events included dizziness, headache, hypertension
(SBP> 180 mmHg or DBP> 100 mmHg), hypotension (SBP < 90 mmHg or a decrease of > 30% from the baseline blood
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pressure), hypoxemia (pulse oxygen saturation < 92%), and local skin irritation at the acupoint sites. The occurrence of
these adverse events was recorded during the first three postoperative days.

Statistical Analysis

Data were analyzed using SPSS version 27.0. The normality of data distribution was assessed with the Shapiro—Wilk test.
For continuous variables that followed a normal distribution, outcomes were expressed as mean =+ standard deviation and
compared via independent samples z-tests. In cases where continuous variables did not conform to a normal distribution,
they were reported as median with interquartile ranges and evaluated using the Mann—Whitney U-test. Categorical data
were presented as frequencies and percentages, and were examined using either the chi-square test or Fisher’s exact test,
depending on suitability. Statistical significance was determined at a two-sided P-value of less than 0.05.

Results

Initially, 127 patients were assessed for study eligibility. Out of these, 18 patients did not meet the inclusion criteria and 9
declined participation. Consequently, 100 patients were successfully enrolled and subsequently randomized into two
distinct groups: the TEAS group (n=50) and the Sham group (n=50). Each participant received the intervention assigned
to their respective group. During the postoperative assessment period, two patients from the TEAS group and one from
the Sham group were lost due to their decision to withdraw. Ultimately, 97 patients completed the study, with 48 from the
TEAS group and 49 from the Sham group. The data from these participants were incorporated into the final analysis. An
overview of the recruitment, allocation, postoperative assessment, and analysis of the trial participants is illustrated in
Figure 2.

Demographic and Intraoperative Characteristics

A comparison of the baseline demographics and intraoperative characteristics of the TEAS and Sham groups is presented
in Table 1. Age, height, weight, and ASA physical status did not differ significantly between the two groups (P > 0.05).
The distribution of surgical types, including ovarian and tubal surgery, uterine surgery, gynecologic oncologic Surgery,
and other surgeries, was also comparable between the TEAS and Sham groups (P > 0.05). Furthermore, the analysis
revealed no statistically significant differences in the duration of surgery and anesthesia between the two groups (P >
0.05). Intraoperative fluid input volume, urine volume, and intraoperative bleeding volume were also similar between the
groups (P > 0.05).

Primary Outcomes

The QoR-15 total and dimensional scores for the TEAS and Sham groups at various time points are presented in Table 2.
Preoperatively, there were no significant differences in the QoR-15 total and dimensional scores between the TEAS and
Sham groups (P>0.05). On POD 1, the TEAS group showed a significantly higher global QoR-15 score compared to the
Sham group (112.00+10.67 vs 107.62+10.27, P=0.042), with notable improvements in emotional state (30.10+3.07 vs
28.59+3.42, P=0.024), physical comfort (36.83+3.31 vs 35.30+3.52, P=0.030), and pain (14.18+2.91 vs 12.474+2.92,
P=0.005) dimensions. On POD 2, despite no significant difference in the global QoR-15 scores between the two groups
(P>0.05), the TEAS group exhibited significantly higher scores in the pain dimension (16.54+2.66 vs 15.10+2.97, P =
0.014). On POD 3, no significant differences were found in the QoR-15 total and dimensional scores between the groups
(P>0.05).

Secondary Outcomes

Table 3 presents a comparative analysis of postoperative pain intensity (VAS scores) and analgesic requirements between
the TEAS and Sham groups. Preoperative VAS scores, both at rest and during exercise, showed no statistically significant
differences between the groups (P>0.05). The TEAS group demonstrated significantly lower VAS scores compared to the
Sham group: at rest on POD 1 [3 (3—4) vs 4 (4-5), P<0.001], and during exercise on both POD 1 [4 (4-5) vs 5 (4-6),
P=0.008] and POD 2 [2 (2-3) vs 4 (3—4), P=0.036]. The TEAS group exhibited a lower proportion of patients requiring
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[ Enrollment ] Assessed for eligibility (n=127)

Excluded (n=27)
+ Not meeting inclusion criteria ( n=18 )

+ Declined to participate ( n=9 )
¢ Other reasons ( n=0)

Randomized (n=100)

v [ Allocation ] v
Allocated to TEAS group (n=50) Allocated to Sham group (n=50)
+ Received TEAS for 30 minutes ( n=50) + Received Sham TEAS for 30 minutes ( n=50)

+ Did not receive allocated intervention ( n=0 ) + Did not receive allocated intervention ( n=0)

v [ Follow-Up ] f
A J
Lost to follow-up (n=2, Patient refused) Lost to follow-up (n=1, Patient refused)
Discontinued intervention (n=0 ) Discontinued intervention (n=0)

v [ Analysis ] l

Analysed (n=48) Analysed (n=49)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

Figure 2 CONSORT 2010 flow chart of randomized controlled trials.

rescue analgesia within the first three postoperative days (12.5% vs 26.5% in the Sham group), although this difference
did not reach statistical significance (P=0.124).

Table 4 illustrates the prevalence of PONV and the frequency of rescue antiemetic administration. On POD 1, the
TEAS group had a significantly lower incidence of PONV compared to the Sham group (20.8% vs 38.7%; P=0.047). No
statistically significant intergroup differences in PONV incidence were observed on POD 2 or POD 3 (P>0.05). Within
the first three postoperative days, the TEAS group demonstrated a significantly lower requirement for rescue antiemetics
compared to the Sham group (20.8% vs 40.8%, P=0.033).

Table 5 shows no significant differences in time to awakening and extubation between the TEAS and Sham groups
(P>0.05). Compared to the Sham group, the TEAS group had significantly shorter times to first flatus (14.10£3.19 vs
15.8843.78 hours, P = 0.014) and first ambulation (17.504+3.40 vs 19.42+4.03 hours, P = 0.013).

Table 6 presents the occurrence of adverse events in the TEAS and Sham groups. The incidence of adverse events
was low in both groups, with no statistically significant intergroup differences observed (P>0.05). No local skin irritation
related to acupoint electrical stimulation was observed in the TEAS group.
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Table | Demographic and Intraoperative Characteristics

Characteristic TEAS Group (n=48) | Sham Group (n=49) | P- value
Age (years) 43.92+8.84 40.98+7.90 0.087
Height (cm) 157.30£5.32 156.10+6.85 0.338
Weight (kg) 55.78+7.52 55.98+11.04 0917
ASA grading (I/1I/1l) 19/26/3 15/32/2 0.157
Type of Surgery (A/B/C/D) 19/17/8/4 20/18/7/4 0.991
Duration of surgery (min) 114.36+40.25 122.56+57.10 0.417
Duration of anesthesia (min) 141.38+41.10 150.68+59.89 0.376
Intraoperative fluid input volume (mL) | 1700.48+306.29 1750.52+360.20 0.463
Urine volume(mL) 278.48+90.63 258.08+69.65 0.186
Intraoperative bleeding volume (mL) 72.48+45.61 81.00+46.55 0.358

Notes: Data presented as mean * standard deviation or number of patients. A: Ovarian and Tubal Surgery, B, Uterine

Surgery; C, Gynecologic Oncologic Surgery; D, Other Surgeries.

Table 2 QoR-15 Total and Dimensional Scores

TEAS Group (n=48) Sham Group (n=49) P-value
Preoperative
Emotional state 33.27+3.18 33.1243.13 0.817
Physical comfort 41.08+3.48 41.04+3.27 0.951
Psychological support 17.54+1.44 17.85+1.35 0.270
Physical independence 18.38+2.42 18.1242.55 0.618
Pain 17.4843.17 16.95+3.06 0414
Global score 127.76+7.44 127.08+8.99 0.686
POD |
Emotional state 30.10£3.07 28.59+3.42 0.024%*
Physical comfort 36.83+3.31 35.30+3.52 0.030*
Psychological support 16.04+1.44 16.12+1.52 0.789
Physical independence 14.85+2.79 15.12+2.47 0.617
Pain 14.18+2.91 12.47+2.92 0.005%*
Global score 112.00+£10.67 107.62+£10.27 0.042%*
POD 2
Emotional state 31.35%3.19 30.22+3.29 0.089
Physical comfort 39.62+3.14 38.78+3.43 0.207
Psychological support 17.85+1.40 18.08+1.48 0.439
Physical independence 15.52+2.25 14.83+2.4] 0.152
Pain 16.54+2.66 15.10+2.97 0.014%*
Global score 120.88+10.91 117.02£8.79 0.058
POD 3
Emotional state 32.17+3.22 31.95+2.99 0.743
Physical comfort 39.67+3.43 40.16+3.55 0.486
Psychological support 17.67+1.69 17.76x1.67 0.796
Physical independence 18.13+1.72 18.02+1.46 0.748
Pain 17.172.13 16.962.17 0.636
Global score 124.82+9.60 124.84+9.60 0.275

Notes: Data presented as mean * standard deviation. *P<0.05, compared with Sham group.
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Table 3 VAS Scores and Rescue Analgesia

TEAS Group (n=48) Sham Group (n=49) P-value
Resting VAS scores
Preoperative 1 (1-1) I (1-1) 0.096
POD | 3 (34 4 (4-5) <0.001*
POD 2 2(1-2) 2 (2-2) 0.675
POD 3 I (1-1) I (1-1) 0.673
Exercise VAS scores
Preoperative 2 (1-2) 2 (1-2) 0.936
POD | 4 (4-5) 5 (4-6) 0.008*
POD 2 2 (2-3) 4 (34) 0.036*
POD 3 2(2-2) 2 (2-2) 0410
Rescue analgesia 6 (12.5) 13 (26.5) 0.124

Notes: Data are presented as median (25th-75th percentile) or n (%). *P<0.05, compared with Sham group.

Table 4 Incidence of PONV and Rescue Antiemetics

TEAS Group (n=48) | Sham Group (n=49) | P-value
PONV
POD | 10 (20.8) 19 (38.7) 0.047%*
POD 2 5(10.4) 9 (18.3) 0.249
POD 3 2 (4.1) 3 (6.1) 0.646
Rescue antiemetics 10 (20.8) 20 (40.8) 0.033*

Notes: Data are presented as n (%). ¥P<0.05, compared with Sham group.

Table 5 Recovery Parameters

TEAS Group (n=48) | Sham Group (n=49) | P-value
Time to awakening (min) 17.38+5.95 17.94+4.82 0.611
Time to extubation (min) 22.68+4.04 23.3244.62 0.470
Time to first flatus (h) 14.10£3.19 15.88+3.78 0.014%*
Time to first ambulation (h) 17.50+3.40 19.42+4.03 0.013*

Notes: Data presented as mean * standard deviation. *P<0.05, compared with Sham group.

Table 6 Adverse Events

TEAS Group (n=48) | Sham Group (n=49) | P-value
Dizziness 15 (31.2) 20 (40.8) 0.399
Headache 3(6.3) 5(10.2) 0.369
Hypertension 2 (42) 3 (6.1) 0.510
Hypotension | (2.0) 2 (4.1) 1.000
Hypoxemia | (2.0) 1 (2.0) 1.000
Skin irritation at acupoints 0 (0.0 0 (0.0) 1.000

Note: Data presented as n (%).
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Discussion

This study evaluated the impact of TEAS during post-anesthesia recovery on postoperative recovery quality in patients
after gynecological laparoscopic surgery. Our findings indicate that TEAS significantly enhances early postoperative
recovery quality, as measured by the QoR-15 scale, with notable improvements in emotional state, physical comfort, and
pain dimensions. Additionally, TEAS effectively alleviates postoperative pain, reduces the incidence of PONV, and
promotes early recovery of gastrointestinal function and postoperative mobility in these patients.

Post-operative recovery is a complex process involving physiological, psychological, and social aspects, requiring
a patient-centred assessment from multiple dimensions. Numerous studies have consistently demonstrated the efficacy of
TEAS in enhancing postoperative recovery quality, particularly through improvements in Quality of Recovery-40 (QoR-
40) scores across various surgical populations.”>*%>! A recent meta-analysis confirmed these findings, showing improved
QOR-40 scores at 24 and 48 hours post-surgery in patients receiving TEAS.*? Our study employed the QoR-15 scale,
a shorter yet well-validated measure for evaluating postoperative recovery, chosen for its conciseness, ease of admin-
istration, and reduced patient burden.>* In line with our hypothesis, the TEAS group exhibited significantly higher global
QoR-15 scores on POD 1 compared to the Sham group, indicating better overall recovery quality. Our analysis revealed
significant improvements in emotional state, physical comfort, and pain dimensions in the TEAS group on POD 1, and in
the pain dimension on POD 2. These results suggest that TEAS positively influences psychological well-being, reduces
postoperative discomforts, and provides effective pain relief, collectively contribute to enhanced recovery quality. The
observed benefits of TEAS across different assessment tools underscore its versatility and broad applicability in
improving postoperative recovery outcomes.

Our study demonstrated that TEAS effectively alleviated postoperative pain, as evidenced by lower resting VAS
scores in the TEAS group on PODI1 and lower exercise VAS scores on POD 1 and POD 2. Although VAS score
differences between groups were modest (1-2 points), these changes met the minimal clinically important difference
(MCID) of 0.99 points established for acute postoperative pain.>* The 20-25% relative reduction in pain scores, achieved
alongside standard multimodal analgesia, represented a clinically meaningful improvement.*® This was further supported
by associated improvements in functional recovery outcomes (earlier ambulation and flatus) and overall recovery quality
(QoR-15 scores). This finding aligns with the results reported by Yao et al and Yu et al who observed significant pain
relief in patients undergoing gynecological laparoscopic surgery receiving TEAS.?*=! Several recent meta-analyses have
also confirmed the efficacy of TEAS in reducing postoperative pain and decreasing the consumption of postoperative
analgesics in patients undergoing various types of surgeries.**>® The analgesic effects of TEAS are thought to be
mediated through the activation of endogenous opioid pathways, leading to increased release of endorphins and
enkephalins, which inhibit pain transmission at the spinal and supraspinal levels.*

PONV frequently occurs as a distressing complication after gynecological laparoscopic surgery.” In our study, the
incidence of PONV was significantly lower in the TEAS group on POD 1, and fewer patients in the TEAS group required
rescue antiemetics within the first three postoperative days. According to these results, TEAS has antiemetic properties
similar to those demonstrated in previous studies.**** The antiemetic effects of TEAS may be attributed to its regulatory
impact on the autonomic nervous system and gastrointestinal motility, leading to improved gastric emptying and reduced
nausea and vomiting.*®

Functional recovery outcomes, such as time to first flatus and time to first ambulation, were significantly shorter in the
TEAS group compared to the Sham group. These findings suggest that TEAS promotes the early recovery of gastro-
intestinal function and encourages early mobilization, which are crucial factors in postoperative recovery. These results
align with the findings of Yao et al, who reported that TEAS significantly reduced the time to first bowel movement and
accelerated overall recovery in patients undergoing gynecological laparoscopic surgery.** Similarly, several studies have
demonstrated the efficacy of TEAS in promoting postoperative gastrointestinal function recovery and early mobilization
in patients undergoing various surgical procedures.”’*> The mechanisms underlying these benefits may involve the
regulation of gastrointestinal motility, the reduction of postoperative pain and discomfort, and the attenuation of surgical
stress and inflammatory responses.*

The application of TEAS during the post-anesthesia recovery period offers several advantages and holds
significant clinical value. This critical phase of postoperative recovery presents an opportunity to implement
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interventions that can shape the recovery trajectory and improve patient outcomes.*” TEAS, being a non-invasive,
safe, and easily applicable technique, can be seamlessly integrated into the PACU setting. Its simplicity and
minimal risk profile make it an attractive option for enhancing postoperative recovery quality in patients under-
going gynecological laparoscopic surgery. TEAS has been shown to effectively modulate pain and inflammation,
support autonomic nervous system balance, and promote both physiological and psychological recovery.*® By
targeting this crucial period, TEAS can alleviate immediate postoperative discomfort and set a foundation for
improved long-term recovery, highlighting its potential to become a standard component of enhanced recovery
protocols.

To optimize these therapeutic benefits, the selection of appropriate acupoints is crucial. This study utilized four
classical acupoints: PC6, LI14, ST36, and SP6. PC6, located on the pericardium meridian, is a well-documented point
for preventing postoperative nausea and vomiting through its regulatory effects on gastrointestinal function and
autonomic nervous system.?® LI4, the source point of the large intestine meridian, has been extensively studied for
its analgesic properties and ability to modulate pain perception pathways.*’ ST36, a key point on the stomach
meridian, has demonstrated effects on gastrointestinal motility and vagal nerve activity, potentially contributing to
improved postoperative recovery.”® SP6, an intersection point of the spleen, liver, and kidney meridians, has been
shown to influence both digestive and endocrine functions.’’ The combination of these specific acupoints was
strategically chosen to comprehensively address post-surgical recovery needs in gynecological laparoscopic
procedures.**

Nonetheless, our study has notable limitations. The generalizability of our findings may be limited by the single-
center design and small sample size. Additionally, the short-term postoperative assessment period of three days does not
provide insight into the long-term effects of TEAS on postoperative recovery. Thirdly, we did not assess patients’ beliefs
or expectations regarding the TEAS treatment, which could have influenced their reported outcomes, although both
groups received identical-appearing devices and attention from the acupuncturist. Future large-scale, multicenter trials
with extended postoperative assessment periods are warranted to validate our results and explore the long-term impact of
TEAS in this patient population.

Conclusion

In conclusion, TEAS applied during the post-anesthesia recovery period significantly improves early postoperative
recovery quality, reduces pain and PONV, and accelerates functional recovery in patients undergoing gynecological
laparoscopic surgery. These findings support the integration of TEAS into perioperative care protocols as a non-invasive,
safe, and effective adjunct to enhance patient outcomes and satisfaction following gynecological laparoscopic surgery,
potentially reducing reliance on pharmacological interventions.
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