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Background: Day thoracic surgery requires effective analgesia and a rapid recovery. This study evaluated whether Transcutaneous
Electrical Acupoint Stimulation (TEAS) reduces postoperative pain and analgesic use in lung cancer surgery.

Methods: In this randomized, sham-controlled trial at a tertiary hospital in Shanghai, 100 patients (18—70 years old, ASA I-1I) who
underwent day lung cancer surgery (video-assisted thoracoscopic pulmonary wedge resection) were enrolled. Participants were
randomized to receive either TEAS or sham TEAS in the Post-Anesthesia Care Unit. The TEAS group received 30 minutes of
stimulation at Hegu (LI4) and Neiguan (PC6), whereas the sham group received electrode placement without stimulation. Primary
outcome was pain intensity 24 h after surgery, measured using the visual analog scale (VAS). Secondary outcomes were VAS scores at
1 h and 12 h post-surgery, analgesic consumption, incidence of moderate-to-severe pain (VAS score >4), incidence of postoperative
nausea and vomiting (PONV), Quality of Recovery (QoR-15) scores, and safety events.

Results: The TEAS group had significantly lower VAS scores at 1 hour (0.94 vs 1.84, p = 0.006), 12 hours (2.00 vs 5.40, p < 0.001),
and 24 hours (1.72 vs 4.02, p < 0.001). The incidence of moderate-to-severe pain within 12 hours was reduced (12.0% vs 74.0%, p <
0.001). Analgesic consumption was lower in the TEAS group. The QoR-15 scores at 24 h were higher in the TEAS group (130.8 vs
115.9, p < 0.001). No significant differences were observed in PONV, length of hospital stay, or adverse events.

Conclusion: TEAS reduces postoperative pain and analgesic use, improves the recovery quality in lung cancer surgery, and supports
its integration into ERAS protocols.

Trial Registration: ChiCTR2200066600. https://www.chictr.org.cn/showproj.html?proj=187035.

Keywords: transcutaneous electrical acupoint stimulation, postoperative pain, day surgery, lung cancer, enhanced recovery after
surgery

Introduction

Day thoracic surgery, specifically lung resection procedures aimed at same-day or next-day discharge, aligns with principles of
Enhanced Recovery After Surgery (ERAS). ERAS protocols are designed to optimize patient outcomes by minimizing surgical
stress and promoting faster recovery. The adoption of day thoracic surgery offers numerous advantages, including a shortened
hospital stay, reduced healthcare costs, and improved patient satisfaction.'” However, day thoracic surgery presents unique
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challenges, such as significant postoperative pain and the critical impact on respiratory function, which necessitate more rigorous
and effective pain management strategies.> ® Traditional analgesic methods such as intravenous opioids often require prolonged
administration, which is incompatible with the rapid discharge goals of day surgery. Moreover, opioids are associated with
adverse effects such as nausea, vomiting, sedation, and respiratory depression, which can hinder recovery. Alternative techniques,
such as single-dose nerve blocks, provide limited pain relief and may require additional intervention.*”-*

Transcutaneous Electrical Acupoint Stimulation (TEAS) has emerged as a promising non-pharmacological analgesic
method on labor pain, cancer-related pain, myofascial pain syndrome, and postoperative pain.” ' TEAS involves the
application of electrical stimulation to specific acupoints, such as Hegu (LI14) and Neiguan (PC6), which have been
reported to alleviate pain and improve recovery outcomes.'* !> Recent research has shown that electroacupuncture may
alleviate pain by blocking central sensitization mediated by the BDNF/TrkB signaling pathway.'® Unlike traditional
acupuncture, TEAS is noninvasive, poses no risk of infection or bleeding, and can be easily administered in the Post-
Anesthesia Care Unit (PACU) without the need for prolonged intervention.'® Previous studies have demonstrated the
efficacy of TEAS in reducing postoperative pain and opioid consumption in various surgical settings.”'”'* However, its
application in daily thoracic surgery remains unexplored. This randomized controlled trial aimed to investigate the
efficacy of TEAS in enhancing postoperative recovery and facilitating early discharge of patients undergoing surgery for
lung cancer. The primary hypothesis was that TEAS would effectively alleviate postoperative pain and enhance recovery
quality, thereby supporting its integration into ERAS protocols for daily thoracic surgery.

Methods

Aim, Design, and Setting

This study was a randomized controlled trial conducted at Shanghai Chest Hospital, Shanghai, China. The study was
approved by the Institutional Review Board of Shanghai Chest Hospital (IRB #KS (Y) 23025) and was conducted in
accordance with the Nuremberg Code, Declaration of Helsinki, and relevant Chinese regulations. Informed consent was
obtained from all participants. This trial was registered in the Chinese Clinical Trial Registry (No. ChiCTR2200066600).

Participants

Eligible patients were scheduled for ambulatory video-assisted thoracoscopic pulmonary wedge resection under general
anesthesia, aged 18—70 years, and with ASA of Anesthesiologists grade I or II. The inclusion criteria were normal liver
and kidney functions, compliance with treatment and follow-up, and clear communication ability.

Participants were excluded if they had previously undergone surgical intervention along the meridian or had a history
of local infection, trauma, or significant scarring at meridian points. Additional exclusion criteria included the presence of
upper or lower limb nerve damage, a long history of sedation, use of analgesics or antidepressants, a history of surgery
associated with chronic incision pain, pregnancy or breastfeeding, and participation in any similar trial (including the
TEAS trial) within 3 months prior to the current trial. Patients who were unable to complete the study plan because of
language difficulties, infectious diseases, or other medical histories were also excluded.

Randomization and Blinding

Eligible participants (n=100) were randomly assigned (1:1) to receive either TEAS or sham TEAS upon arrival at the
Post-Anesthesia Care Unit (PACU). Randomization was performed using a computer-generated list of random numbers
created by an independent third party. A professionally trained anesthesiologist administered the interventions according
to a serial number corresponding to the random number table All clinicians and researchers collecting or analyzing the
data were blinded to the group assignments. To enhance blinding, the sham TEAS group received electrode patches
affixed without electrical stimulation to simulate the sensory experience without actual electrical current. Complete
blinding of all subjects was attempted; however, the sensation of electrical stimulation can bring about some perceptual
differences, and this difference may affect the interpretation of the result. Nonetheless, considering that the participants’
consciousness level was basically low when they entered the PACU, the weak current intensity might not be detected by
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the patients. In the event of serious adverse events, the investigator or clinician could re-evaluate the patient’s treatment
and provide appropriate relief, leading to withdrawal from the trial.

Anesthetic and Surgical Management

Ultrasound-guided thoracic paravertebral nerve blocks were performed at T4-7 levels. After anesthesia induction,
endotracheal intubation was performed, adopting one-lung ventilation and a protective lung ventilation strategy.”® The
patients’ core temperature was maintained stable by using 41°C infusion heating and a warm air blower, and the
bispectral index (BIS) was maintained between 40—-60 throughout the operation. Vasoactive agents were administered to
maintain the heart rate and blood pressure within 20% of the baseline values, and 200 mg of sugammadex sodium was
administered postoperatively. Sufentanil, propofol, and rocuronium bromide were used for anesthesia induction, whereas
propofol, remifentanil, rocuronium bromide, and dexmedetomidine were continuously administered during the operation.
Ropivacaine (150 mg) is used for TPVB,?' but postoperative patient-controlled analgesia (PCA) is not routinely applied.
No additional postoperative analgesics were administered unless the postoperative VAS(visual analogue scale) score
exceeded 4. Paracetamol and oxycodone with acetaminophen tablets or intravenous parecoxib sodium (40 mg) were
administered.”” More details can be found in Supplementary Material 1.

Intervention

Upon arrival in the PACU, participants were randomly assigned to the TEAS or Sham groups. Prior to anesthesia
induction, all patients were informed about the potential use of TEAS for postoperative pain management and were
shown the electrode patches to be applied to specific acupoints, ensuring awareness and minimizing placebo effects.

In the TEAS group, an experienced anesthesiologist administered Transcutaneous Electrical Acupoint Stimulation at
the bilateral Hegu (L114) and Neiguan (PC6) points*® using an acupoint nerve stimulator (Model: HANS-200A; Nanjing
Jisheng Medical Technology Co., Ltd.). The device delivered fixed-intensity electrical stimulation at frequencies of 2 hz
and 10 hz and a current of 12-20 mA for 30 min.>* Stimulation began immediately upon PACU arrival, while the patients
were still under residual anesthesia, ensuring consistency and minimizing the placebo effects.

In the sham TEAS group, electrode patches were affixed to the same acupoints without electrical stimulation for
30 min. The presence of electrode patches and prior briefings created a comparable experience, maintained blinding, and
reduced psychological biases.

Administering TEAS during residual anesthesia reduced the likelihood of participants discerning their group based on
sensation. TEAS participants might experience numbness and acid distension at acupoints if they become more awake,
reinforcing the perception of receiving active treatment. Conversely, sham TEAS participants, despite no active stimulation,
might believe that they received TEAS due to the electrode patches and initial briefing, further minimizing placebo-related bias.

TEAS was implemented in accordance with the Standards for Reporting of Controlled Trials in Acupuncture
(STRICTA) guidelines to ensure methodological rigor and reproducibility.*®

Outcomes

The primary outcome was pain intensity 24 h after surgery, measured using visual analog scale (VAS) scores (0-10).
Secondary outcomes included VAS scores at 1 h and 12 h post-surgery, incidence of moderate to severe pain (VAS >4) in

the first 12 h, analgesic consumption, incidence of postoperative nausea and vomiting (PONV) within 1 hour, 1-12 hours, and

12-24 hours post-surgery, Quality of Recovery (QoR-15)* scores at 24 h post-surgery, length of hospital stay, and safety.

Statistical Analysis

We evaluated the distributions of continuous variables using histograms and QQ plots and checked for normality using
the Shapiro—Wilk test. Normally distributed continuous variables were expressed as mean + standard deviation (SD) and
compared using Student’s f-test. Asymmetrically distributed variables were presented as medians (interquartile range
[IQR]) and compared using the Mann—Whitney U-test. Categorical variables are expressed as absolute numbers
(percentages) and compared using Pearson’s y2 test with continuity correction or Fisher’s exact test. Mixed linear
models were used for repeated measures, considering the treatment group, time, and their interaction as fixed effects with
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a random intercept for each participant. Estimates were summarized as mean differences (MD) or relative risks (RR) with
95% confidence intervals (CI). A 2-factor repeated measures ANOVA was used to analyze the VAS scores at each time
point post-surgery. The Kolmogorov—Smirnov test was used to assess data normality. Statistical significance was set at
a 95% confidence limit and p < 0.05. All outcomes were evaluated in the intention-to-treat (ITT) population, which
included all subjects in the full analysis set (FAS). Statistical analyses were performed using SPSS version 21 (IBM,
Armonk, NY, USA), Stata 14 (StataCorp, TX, USA), and GraphPad Prism (version 7.0, GraphPad Software, USA).

Calculation of Sample Sizes

The sample size was determined based on a 25% reduction in pain scores with a statistical power of 90% and a type
I error of 5%. This calculation was based on preliminary data, where patients receiving standard general anesthesia had
a mean VAS pain score of 4.05 with a standard deviation of 1.95 in the first 24 h postoperatively. A 25% reduction
corresponds to a VAS score decrease of at least 1 point (from 4 to 3), which is considered clinically significant as it
transitions pain from moderate to mild levels. To account for the potential loss to follow-up (estimated at approximately
20%), 50 patients per treatment group were included, resulting in a total of 100 participants.

Results

Participant Flow

Between January 5, 2023, and May 28, 2023, 132 patients admitted to the day ward of the Chest Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine for minimally invasive lung cancer surgery were screened. Among
them, 32 refused to sign an informed consent form or met at least one exclusion criterion. Consequently, 100 eligible
patients were selected and randomly assigned to two groups: 50 in the TEAS group and 50 in the control group. All
patients successfully completed the final follow-up, with no data loss, except for three patients who were discharged
within 24 hours post-surgery and could not be contacted for data collection at the 24-hour mark. All the results were
included in the final analysis according to the ITT principle (Figure 1). Baseline demographics and clinical characteristics
were well balanced between the two groups (Table 1).

132 Patients assessed for eligibility

Enrollment
32 Excluded
> 15 Refused to participate
17 Met exclusion criteria
- 100 Randomized

Allocation andomize
50 Randomized to TEAS group 50 Randomized to placebo group
2 Lost to follow-up(early = 1 Lost to follow-up(early

discharge) Follow Up discharge)

48 Finished the trial 49 Finished the trial

50 Inclued in ITT analysis Analysis 50 Included in ITT analysis

Figure | CONSORT flow diagram of the study participants.
Abbreviation: ITT, intention-to-treat.
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Table | Baseline Demographics and Clinical Characteristics

TEAS (n=50) | Control (n=50) | P value
General Characteristics
Age (SD), y 49.3 (11.5) 50.1 (11.4) 0.585
Female, No. (%) 35 (70.0%) 35 (70.0%) 1.000
BMI (SD), kg/m? 23.8 (3.1) 229 (3.2) 0.734
ASA (I/1) 30/20 26/24 0.420
Previous surgical history, No. (%) 12 (24.0%) 13 (26.0%) 0.817
Surgical Characteristics
Operation duration (SD), min 52.1 (14.2) 52.0 (15.6) 0.968
Anesthesia duration (SD), min 77.7 (13.7) 76.6 (15.4) 0.707
Incisive length (SD), cm 3.4 (0.3) 3.5 (0.3) 0.594
Time of one-lung ventilation, min 47.4 (13.5) 46.7 (14.2) 0.812
Anesthetic Consumption During Surgery
Propofol (i.v.) (SD), mg 491.6 (79.0) 480.1 (69.9) 0.441
Dexmedetomidine (i.v.) (SD), mcg 29.1 (13.3) 26.9 (12.8) 0.393
Sufentanil (i.v.) (SD), mcg 24.2 (9.5) 24.3 (10.9) 0.953
Remifentanil (i.v.) (SD), mcg 489.4 (226.0) 533.8 (263.6) 0.368
Rocuronium bromide (i.v.) (SD), mg 55.9 (94) 57.5 (13.0) 0.480
Ropivacaine (TPVB) (SD), mg 154.0 (46.8) 139.5 (46.1) 0.122
Anesthesia Resuscitation
Extubation time (SD), min 23.1 (84) 25.7 (9.2) 0.136
Duration of PACU (SD), min 65.5 (6.0) 68.1 (10.1) 0.116

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; IV, intravenous injection;
TPVB, thoracic paravertebral block; PACU, post-anesthesia care unit.

Primary Outcome

The primary outcome of this study was pain intensity 24 hours after surgery, as measured by the VAS score. The VAS

score at 24 hours post-surgery was significantly lower in the TEAS group compared to the control group (TEAS 1.7 + 0.9

vs control 4.0 = 1.4, p < 0.001) (Table 2).

Table 2 Primary and Secondary Outcomes of TEAS vs Control in Facilitating Postoperative
Recovery in Day Lung Cancer Surgery

Outcome TEAS Group | Control Group P value
(n=50) (n=50)

Primary Outcome

Mean VAS Score at 24 h (SD) 1.7 (0.9) 4.0 (1.4) <0.001

Secondary Outcomes

VAS Scores

At | h 0.9 (1.2) 1.8 (1.6) 0.006

At 12 h 2.0 (I.1) 5.4 (1.6) <0.001

Incidence of VAS Score >4 in the first 12 h, No. (%) | 6 (12.0%) 37 (74.0%) <0.001

Use of Rescue Analgesics*

Compound paracetamol, (P.O.) (SD) 0.3 (0.5) 0.8 (0.9) 0.001

Oxycodone with acetaminophen, (PO.) (SD) 0.3 (0.5) 0.3 (0.6) 0.864

Parecoxib sodium, (i.v.) (SD) 4.8 (13.1) 1.2 (18.1) 0.046

Use of Rescue Antiemetics

Metoclopramide, (i.m.) No. (%) 5 (10.0%) 5 (10.0%) 1.000
(Continued)
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Table 2 (Continued).

Outcome TEAS Group | Control Group | P value
(n=50) (n=50)
Frequency of Vomiting
Within | h 0 (0.0%) | (2.0%) 1.000
I h-12h 15 (30.0%) 21 (42.0%) 0.298
12 h-24 h 2 (4.0%) 4 (8.0%) 0.674
QoR-15 Score at 24 h After Surgery
Total score of all items 130.8 (9.0) 115.9 (12.2) <0.001
Sleep quality 5.9 (2.1) 43 (22) <0.001
Postoperative activity evaluation 15.3 (2.0) 13.6 (2.6) <0.001
Gastroenteric function 10.8 (3.1) 10.7 (2.8) 0.785
Psychological assessment 17.1 (1.7) 142 (2.1) <0.001
Length of Hospital Stay (LOS) No. (%)
<24 h | (2.0%) 0 (0.0%) 0.315
24-36 h 9 (18.0%) 9 (18.0%) 1.000
3648 h 40 (80.0%) 40 (80.0%) 1.000
48-72 h 0 (0.0%) | (2.0%) 0.315
Expense of Hospitalization (CNY, yuan) 44,978 45,885 0.637

Note: *Analgesics administered within the initial 24 hours post-surgery.

Secondary Outcomes

The level of pain was low in both groups 1 hour after surgery, but the VAS score in the TEAS group was significantly
lower than in the control group (TEAS 0.9 + 1.2 vs control 1.8 £+ 1.6, p = 0.006). Similarly, the VAS score at 12 hours
after surgery was significantly lower in the TEAS group compared to the control group (TEAS 2.0 + 1.1 vs control 5.4 +
1.6, p < 0.001). The pain level was highest 12 h postoperatively, with the prevalence of moderate-to-severe pain (VAS
>4) being markedly higher in the control group than in the TEAS group within the first 12 h after surgery (TEAS 12.0%
vs control 74.0%, p < 0.001) (Table 2).

In terms of postoperative analgesic use, the dose of oral compound paracetamol in the TEAS group was significantly
lower than in the control group (TEAS 0.3 + 0.5 tablets vs control 0.8 + 0.9 tablets, p = 0.001). The oral dose of
oxycodone with acetaminophen was similar between the TEAS and control groups (TEAS 0.3 = 0.5 tablets vs control 0.3
+ 0.6 tablets, p = 0.864). The postoperative intravenous parecoxib sodium dose was significantly lower in the TEAS
group than in the control group (TEAS 4.8 = 13.1 mg vs control 11.2 £ 18.1 mg, p = 0.046) (Table 2).

Postoperative vomiting primarily occurred 1-12 hours postoperatively in both groups. Notably, none of the patients in
the TEAS group vomited within 1 h after the intervention, whereas one patient in the control group vomited within
1 h. The incidence of vomiting was similar between the TEAS and control group 1-12 hours after surgery. (TEAS group:
15 patients vs control group: 21 patients, p = 0.298). Between 12-24 hours after surgery, the number of patients
experiencing vomiting was relatively low, with no significant difference between the two groups (TEAS: 2 patients vs
control: 4 patients, p = 0.674). Patients with severe vomiting were administered 10 mg metoclopramide intramuscularly,
and there was no significant difference in the number of patients who received metoclopramide between the two groups
(TEAS: 5 patients vs control: 5 patients, p = 1.000) (Table 2).

Short-term recovery quality was higher in the TEAS group than in the control group, with the QoR-15 score at
24 h post-surgery being significantly higher in the TEAS group than in the control group (TEAS 130.8 £ 9.0 vs control
115.9 = 12.2, p < 0.001). Similarly, the scores for sleep quality were higher in the TEAS group (TEAS 5.9 = 2.1 vs
control 4.3 £ 2.2, p < 0.001), indicating that TEAS can remarkably enhance the sleep condition of patients within
24 hours after surgery. The recovery of motor function was better in the TEAS group than in the control group (TEAS
15.3 £ 2.0 vs control 13.6 £ 2.6, p < 0.001). There was no significant difference in gastrointestinal function recovery

between the two groups (TEAS 10.8 £+ 3.1 vs control 10.7 + 2.8, p = 0.785). In terms of psychological assessment, the
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score was significantly higher in the TEAS group (TEAS 17.1 £ 1.7 vs control 14.2 = 2.1, p < 0.001), indicating lower
levels of anxiety and depression in the TEAS group (Table 2).

There were no significant differences in the mean length of hospital stay and hospitalization costs between the two
groups. In addition to nausea, vomiting, and postoperative pain, the most common adverse event was dizziness, with
a comparable incidence between the two groups (TEAS: 8 patients vs control: 10 patients, p > 0.05). TEAS generally has
few and mild adverse reactions, mainly including local skin reactions such as itching and erythema, as well as pain or
local discomfort, and none of these adverse reactions were observed. No other serious adverse events were observed
during the trial (Table 2).

Discussion

Our results demonstrated that TEAS significantly reduced pain intensity 24 h post-surgery, as evidenced by the lower
VAS scores compared to the control group. Additionally, TEAS was associated with a lower incidence of moderate-to-
severe pain within the first 12 h after surgery, reduced need for certain analgesics, and improved overall recovery quality
as measured by the QoR-15 score. However, there was no significant difference in the incidence of postoperative
vomiting, use of oxycodone and acetaminophen, length of hospital stay, or hospitalization expense between the two
groups.

This study addressed the critical gap in postoperative pain management in patients undergoing thoracic surgery. To
the best of our knowledge, this is the first randomized controlled clinical trial to investigate the use of transcutaneous
electrical acupoint stimulation (TEAS) in day thoracic surgery. Chen et al investigated the postoperative analgesic effect
of TEAS following conventional minimally invasive lung cancer surgery and documented that VAS scores, opioid
consumption, and the incidence of nausea and vomiting were significantly reduced-24—48 hours after surgery in the
TEAS group treated with patient-controlled intravenous analgesia (PCIA).?® Due to earlier discharge, the day of lung
surgery requires higher demands for postoperative analgesia within 24 h under the premise of ERAS. However, unlike
traditional thoracic surgery, it cannot use higher doses of opioid drugs or maintain long-term PCIA.>*” Therefore, this
trial predominantly focused on the effect of short-term TEAS treatment on early postoperative recovery of patients
without PCIA.

Our results revealed that the VAS scores of the TEAS and control groups peaked within 24 h after surgery,
approximately 12 h postoperatively. In the early postoperative period (1-8 hours), the intensity of pain was relatively
low, likely because of the ongoing effect of thoracic paravertebral nerve block.”®?° As the paravertebral block effect
gradually waned, inflammation, edema, and nerve injury around the surgical incision peaked 12 h post-surgery,
potentially leading to a “rebound pain” phenomenon. The TEAS group showed significantly lower VAS scores at 1,
12, and 24 h postoperatively than did the control group. Additionally, the incidence of moderate-to-severe pain (VAS
score >4) within the first 12 h after surgery was significantly lower in the TEAS group than in the sham TEAS group
(12.0% vs 74.0%, p < 0.001). These findings indicate that TEAS effectively mitigates postoperative pain within the first
24 h, enhances hospitalization experience, and contributes to postoperative recovery.

Interestingly, while an earlier systematic review corroborated that TEAS can reduce the frequency and dosage of

3031 there was no significant difference in the oral doses of oxycodone and acetaminophen

postoperative opioid usage,
between the two groups of patients in this trial. Although opioids are recommended for postoperative remedial analgesia,
the use of TPVB and requirement for rapid recovery after surgery may have partially reduced the need for opioids,
resulting in no significant difference between the two groups.

In addition, our study observed that postoperative vomiting largely occurred 1-12 hours after surgery, which may be
related to stimulation of the vagus nerve following the surgical operation and the residual effect of opioids.**>?
Compared with the control group, the incidence of vomiting 1-12 hours after surgery was lower in the TEAS group
(30.0% vs 42.0%), but the difference was not statistically significant. Although TEAS has been shown to lower the

14.26.34 1*° reported that neither acupuncture nor

incidence of postoperative nausea and vomiting a study by Cynthia et a
TEAS effectively inhibited the gastrointestinal gag reflex. The potential mechanisms by which TEAS alleviates post-
operative vomiting (POV) include local inhibition of somatic nerve signals, inhibition of motor efferent (vagus) signals,

relaxation responses, and placebo effects.*® However, the effectiveness of these mechanisms may depend on the choice
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of the stimulation point. In this study, PC 6 and ST 36 were selected as therapeutic targets, consistent with previous
studies.*

In contrast, the QoR-15 score was significantly higher in the TEAS group than in the control group (130.8 vs 115.9),
suggesting that TEAS can promote early postoperative recovery, which has been corroborated by a large number of
previous studies.'’*” Among these, TEAS significantly improved the sleep quality of lung cancer patients undergoing day
surgical interventions in the early postoperative period, promoted the recovery of postoperative motor function, and
alleviated the stress and anxiety levels of patients in the 24-hour postoperative period. Nevertheless, TEAS did not
significantly improve gastrointestinal function during the early postoperative period, suggesting that it cannot significantly
inhibit POV. There were no significant differences between the two groups in terms of the mean length of stay and
hospitalization costs. In addition to nausea and vomiting, the most common adverse event was dizziness; however, this
difference was not statistically significant. Neither group of patients developed postoperative pulmonary complications
(PPCs), which is consistent with the findings of other studies.”® In general, our study highlights the safety of TEAS.

Recent advances in multimodal analgesia for day thoracic surgery have emphasized the importance of combining
various analgesic techniques to enhance recovery and minimize opioid consumption.>**' TEAS, as a non-
pharmacological intervention, TEAS fits well into this paradigm by providing effective pain relief and improving patient
outcomes without side effects associated with opioids. Future research should continue to explore the integration of
TEAS with other analgesic modalities to optimize postoperative care during thoracic surgery.

Nonetheless, our trial had some limitations that cannot be overlooked. First, owing to the inherent limitations of trial
conditions and techniques, we could not fully blind patients while they were awake, potentially leading to a bias in
subjective sensations (numbness and distension elicited by electrical stimulation), although similar previous studies
partially circumvented this problem by applying intraoperative electrical stimulation.** Future resolutions to this challenge
may depend on advancements in TEAS instrument design. Second, due to the shorter hospitalization time and faster
operation speed of day-ward patients, the treatment duration of TEAS was short in this trial, and its efficacy was mainly
assessed within 24 hours after surgery. Consequently, we were unable to comprehensively evaluate the advantages and
disadvantages of TEAS during day lung surgery. Nevertheless, based on our results, we posit that a short period of TEAS
stimulation contributes to the postoperative recovery after daytime chest surgery. Finally, we employed uniform TEAS
stimulation intensities (2 hz and 10 hz, 12-20 mA) to ensure the effectiveness of stimulation. Individualized settings were
not considered to prevent patients from easily perceiving whether they received actual TEAS during the testing process,
which might have interfered with the accuracy of the results owing to the placebo effects. However, this approach has been
adopted in the most recent TEAS-related studies. Further large-sample studies are required to validate our results.

Conclusion

In summary, TEAS serves as an effective nonpharmacological intervention for managing postoperative pain and
enhancing recovery quality in patients undergoing lung cancer surgery. Its integration into ERAS protocols perhaps
offer significant benefits by reducing pain intensity and analgesic requirements, thereby facilitating a faster and more
comfortable recovery. Nevertheless, further multicenter trials are needed to confirm these findings, explore long-term
outcomes, and establish standardized protocols for TEAS application in diverse clinical settings.

Abbreviations

ERAS, Enhanced Recovery After Surgery; TEAS, Transcutaneous Electrical Acupoint Stimulation; VAS, Visual
Analogue Scale; PACU, Post-Anesthesia Care Unit; PONYV, Postoperative Nausea and Vomiting; QoR-15, Quality
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