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ARTICLE INFO ABSTRACT

Keywords: Objective: This trial was to examine the effect of transcutaneous electrical acupoint stimulation
Transcutaneous electrical acupoint stimulation (TEAS) on postoperative cognitive function in older patients who underwent thoracoscopic pul-
(TEAS)

monary resection.

Methods: This was a prospective, randomized, double-blind, placebo-controlled study. 128 pa-
tients scheduled for surgery were randomly assigned to the TEAS group and sham-TEAS group. A
standardized intervention of TEAS or sham-TEAS on the acupoints of Baihui (DU20) and bilateral
Neiguan (PC6), Hegu (LI4), and Zusanli (ST36) from 30 min before anesthesia induction until the
end of the surgery, combined with a general anesthetic protocol performed in the two groups
respectively. The primary outcome was the incidence of postoperative cognitive dysfunction
(POCD) assessed via the Montreal Cognitive Assessment (MoCA) scale at each time point. The
secondary outcomes included the results of the Mini-Mental State Examination (MMSE) score, the
Numerical Rating Scale (NRS) on pain and sleep, the European Organization for Research and
Treatment of Cancer Quality of Life (EORTC-QLQ-C30), and a chronic pain questionnaire at
relative time points.

Results: Participants who completed the 12-month trial of the two groups were well-matched in
baseline demographic and clinical parameters. At postoperative day 1, day 7, and day 30 time
points, the incidence of POCD in the sham-TEAS group was always significantly higher than in the
TEAS group (65.4% vs 20%, 43.6% vs 7.3%, 40% vs 3.6%, all P < 0.001). Also, the TEAS group
showed better scores of MMSE, sleep, and pain compared with the sham-TEAS group (all P <
0.001). At 6 and 12 months points, the global health scores of the TEAS group were still signif-
icantly higher than the sham-TEAS group, and the prevalence of chronic pain was significantly
lower than the sham-TEAS group (all P < 0.05).

Conclusion: TEAS could effectively improve the postoperative cognitive function and long-term
life quality of geriatric patients with lung cancer.
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Older patients
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1. Introduction

Lung cancer is the second most diagnosed cancer among men and women worldwide and is the leading cause of cancer-related
death [1]. With the development of early detection, a growing number of elderly patients diagnosed with stage I or II diseases
have the potential to be cured by surgery [2]. Unlike past cancer treatments aimed primarily at survival, the perioperative field is now
increasingly recognized for its rapid recovery and high quality of life in surgical patients [3]. Thus, several practical strategies, such as
minimally invasive surgery and proper anesthesia management, have been widely adopted to implement the enhanced recovery after
surgery (ERAS) pathway [4]. However, given the large number of elderly patients suffering from basic diseases, a relatively high
prevalence of postoperative complications remains recognized as a major barrier to their optimal recovery.

Postoperative cognitive dysfunction (POCD) is a neurological complication that frequently occurs in elderly surgical patients and
lasts for an indefinite duration (from a few weeks to several years) after surgery [5]. It is defined as an abnormal condition of
orientation, attention, perception, consciousness, and judgment that might produce cluster adverse impacts such as prolonged stay in
the hospital, delayed functional recovery, and increased mortality [6,7]. Over the past decades, several clinical studies have adopted a
broad range of surgical or anesthesia procedures to minimize the impact of POCD [8]. Nevertheless, these perioperative interventions
produced negative or inconclusive results due to the complex causes of POCD [9,10]. Therefore, perioperative medicine is encouraged
to investigate techniques that would help cognitive function achieve an ideal recovery for geriatric patients after surgery [11].

Transcutaneous electrical acupoint stimulation (TEAS) has been used to facilitate postoperative recovery in various surgical pa-
tients. This noninvasive and nonpharmacological adjunctive intervention was born and developed from traditional Chinese
acupuncture and modern electroacupuncture. Multiple randomized controlled trials have suggested that TEAS could be effective in
preventing nausea and vomiting, alleviating psychological symptoms, lowering anesthetic consumption, and synergizing with seda-
tives and analgesics among various surgical patients [12-15]. However, the clinical application of this technology was reported
limitedly in patients with carcinoma of the lung, and the impact on long-term life quality has not been studied beyond 12 months.

Based on these considerations, the main objective of this study was to determine if TEAS could reduce POCD and promote post-
operative recovery in elderly patients undergoing thoracoscopic lung cancer resection. We hypothesized that TEAS could improve the
postoperative cognition function of elderly patients with lung cancer in the early stages and further promote their quality of life.

2. Materials and methods
2.1. Study design

This was a prospective, randomized, double-blind, placebo-controlled study. It was approved by the Research Ethics Committee of
the Second Affiliated Hospital of Air Force Medical University (NO.202006-03) and registered at the Chinese Clinical Trial Registry
(Registration number: ChiCTR2000035552) and the Chinese Medicine Clinical Trial Registry (Registration number:
ChiMCTR2000003560). All procedures in this study were performed following the 1964 Helsinki Declaration and its later amendments
or comparable ethical standards. Before participating, all patients signed the informed consent form without any financial
compensation.

2.2. Participants

Those who were scheduled for thoracoscopic pulmonary resection for suspected lung cancer between August 26, 2020, and January
4, 2021, at the Department of Thoracic Surgery, the Second Affiliated Hospital of Air Force Medical University, were consecutively
screened and enrolled. The inclusion criteria were: (1) Patients were scheduled for thoracoscopic pulmonary resection, which may last
more than 2 h; (2) Patients aged >65 years; (3) BMI: 18-30 kg/mz; (4) American Society of Anesthesiologists status was I to III; (5)
Patients with primary tumor who never had radiotherapy or chemotherapy; (6) Patients planning to conduct pulmonary isolation with
a double-lumen tube (DLT); (7) Patients with normal cognitive function. Patients were excluded as the following criteria: (1) Patients
refused to take part in this study; (2) Patients with communication disorders such as language comprehension disorder, mental dis-
orders, epilepsy, a history of Parkinson’s disease or Myasthenia Gravis, and other disorders impairing their ability to communicate; (3)
History of opioid, alcohol, or other drug abuse and addiction; (4) Patients with TEAS contraindications, including partially damaged
skin, infection, or implantable internal electrophysiologic device; (5) History of severe comorbidities in major organ system, including
pre-existing coagulopathy, hypertension (systolic pressure >180 mmHg and/or diastolic pressure >110 mmHg), hepatic or renal
insufficiency, cardiovascular disease, diabetes, and chronic obstructive pulmonary disease; (6) History of pulmonary operation; (7)
Unilateral pulmonary resection or bilateral pulmonary operation; (8) Massive hemorrhage in operation; (9) Taking pulmonary
sequestration ways such as difficult airway, tracheotomy, occluder, artificial pneumothorax excluded DLT; (10) Patients took part in
other clinical trials within 3 months; (11) Patients considered inappropriate by the physician in charge (provided that the reasons were
detailed and recorded).

2.3. Randomization and blinding

A randomization sequence was generated by Statistical Product and Service Solutions (SPSS 25.0) software, and the allocation code
was performed by an independent technician, 128 patients were enrolled and randomly assigned to the TEAS group and the sham-
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TEAS group (1:1). The patients, anesthesiologists, surgeons, and observers were blinded to group assignment. Until the 12 months trial
was completed, the technician didn’t share the information about divided groups with the statistician.

2.4. Interventions

This part was performed by an experienced technician who held a Good Clinical Practice Certificate. According to the allocation
code of the enrolled patients with the time sequence, they were given TEAS and sham-TEAS interventions, respectively. In detail,
electrodes were attached to the acupoints of Baihui (DU20) and bilateral Neiguan (PC6), Hegu (LI4), and Zusanli (ST36) (Supple-
mentary Material 1) in all patients. For the TEAS group, two Han’s Acupoint Nerve Stimulators (HANS-200 A; Nanjing Jisheng Medical
Technology Co., Ltd; China) were applied to stimulate these combined acupoints with fixed parameters (disperse-dense waves; 2/100
Hz, and 10-30 mA) from 30 min before anesthesia induction until the end of the surgery. In the sham-TEAS group, the stimulators were
also connected, but the power was turned off.

To reduce the bias, a standardized anesthetic protocol was elaborated and performed throughout the surgery. No anesthetic was
given to the patients before anesthesia induction. The content of intraoperative monitoring included electroencephalogram (EEG),
bispectral index (BIS), arterial blood pressure (ABP), pulse oxygen saturation (SPO3), end-tidal carbon dioxide tension (EtCOs3), core
body temperature (CBT), and urine volume. Dexamethasone (4-5 mg) was used to prevent postoperative nausea and vomiting. The
intravenous induction was started with midazolam (0.015-0.03 mg/kg), sufentanil (0.4-0.8 pg/kg), propofol (1.5-2.5 mg/kg), and
rocuronium bromide (0.6 mg/kg), and then a double-lumen tube was intubated at an appropriate depth. Anesthesia was maintained by
using a target-controlled infusion (TCI) system of propofol, rocuronium, and remifentanil (adjusting the BIS to 40-60). During the
procedure, mechanical ventilation was set as follows: tidal volume (6-8 ml/kg), PEEP (5 cm H30), pause pressure (<30 cm Hy0),
respiratory rate (12-16 breaths/minute), and oxygen (50%). The volume of intravenous infusion was managed according to the
clinical indication. Patients were given relaxant antagonists (neostigmine and atropine) after extubation. At the end of the surgery, a
patient-controlled intravenous analgesia (PCIA) pump (sufentanil: 0.04 pg/kg/h, bolus: 0.01 pg/kg, PCIA dose: 3 ml, background dose:
2 ml/h, interval: 15 min, and duration: 48 h) was connected immediately.

2.5. Measures and data collection

A standardized case report form (Supplementary Material 2) was designed to collect all enrolled patients’ information throughout
the trial. It consisted of three sections, as follows: (1) On the first preoperative day, the surgeon would share the basic information,
physical condition, and surgical schedule of potential subjects with the visitor. All the patients were screened according to the enrolling
and excluding criteria. The effects of the preoperative interviews were ensured by workload, operation schedule, nurse talent, and
coordination between the operating room and the clinical wards. Preoperative evaluation includes demographic data, past medical
history, an assessment of Barthel’s index, and cognitive function. Demographic data include age, gender, race, BMI, education level,
allergic history, smoking history, drinking history, and surgical history. Chronic diseases such as hypertension, diabetes, and cardi-
opathy were also collected. All the neuropsychological tests were conducted at the hospital during daily working hours. To obtain
cognitive baseline information, the Mini-Mental State Examination (MMSE) and Montreal Cognitive Assessment (MoCA) were used in
the preoperative evaluation [16,17]. The MMSE consists of 20 separate items which add up to a maximum score of 30. In the present
study, a score >27 was considered indicative of normal cognitive function, and the MMSE values were corrected for age and education.
The MoCA has taken the originally recommended 26/30 cutoff score. (2) Perioperative information on surgical and anesthesia
management includes the duration of anesthesia and anesthesia recovery, the proportion of lung resected, the dose of propofol,
sufentanil, and remifentanil, fluid administration, and the frequency of remedial analgesia in the hospital. (3) Postoperative follow-up
of cognitive function, quality of life, and chronic pain was also collected. During the postoperative follow-up, the primary outcome was
the incidence of POCD which was diagnosed when the MoCA score declined 1 standard deviation (SD) or more compared with the
preoperative MoCA score on postoperative day 1, day 7, and day 30 [18]. Secondary outcomes included the results of MMSE scores, the
Numerical Rating Scale (NRS) on pain and sleep on Day 1, Day 7, and Day 30 after surgery [19,20], the quality of life assessed by the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (EORTC-QLQ-C30) at 6 months and 12
months [21], and a questionnaire on chronic pain at 12 months.

Adverse events were reported by participants and collected by the investigator throughout the trial. All adverse events were
categorized by a discussion between the anesthesiologists and surgeons as related or unrelated to the intervention within 24 h of
occurrence. Serious adverse events should be immediately reported to the principal investigator and the ethics committee within 24 h.
Any of the reported adverse events should be resolved with proper measures.

2.6. Statistical analysis

According to the previous study, the incidence of POCD was 41.4% in older surgical patients at hospital discharge [22]. We
assumed that TEAS could decrease the incidence of POCD to 25.4% in patients who underwent thoracoscopic lung cancer resection.
Using an a value of 0.05 and a power (1-f) of 80%, we calculated that a sample size of 102 was required. Considering a 20% dropout
rate, the sample size was computed to be 128 by the population correction formula.

All statistical analyses were performed using SPSS 25.0. In this study, the continuous variables were presented as mean + SD. If the
data conforms to the normal distribution, it would be compared by an independent-sample t-test. Otherwise, a Mann-Whitney U test
would be used. Categorical data were expressed as numbers and percentages, and compared with y? or Fisher’s exact test as
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appropriate. A 2-sided P value less than 0.05 was considered significant.

3. Results

3.1. Participant characteristics

Between August 2020 and January 2021, a total of 412 patients who underwent thoracoscopic pulmonary resection for suspected
lung cancer were screened for eligibility. 128 of them were enrolled and randomly assigned to the TEAS or sham-TEAS group, and 110
(85.94%) completed the trial, while 18 (14.06%) patients dropped out of the study, so their data were excluded from the analyses
(Fig. 1). No significant difference in baseline characteristics was found between the dropped patients and the completed patients
(Supplementary Material 3).

3.2. Baseline and demographic characteristics

Overall, patients who completed the trial in the TEAS and the sham-TEAS groups were well-matched for baseline characteristics
(Table 1). There were no significant differences in age, sex, education level, chronic diseases, and MoCA, or MMSE scores between the
two groups at baseline. In the total sample, the mean age was 70.33 years (SD = 4.27), 42.7% of the participants were female, and
77.3% of them were educated more than 9 years, the mean MoCA score at baseline was 27.85 (SD = 1.52), and the mean MMSE score
was 28.17 (SD = 1.23).

According to the perioperative information of the study population (Table 2), it was found that there were no significant differences
between the two groups in the duration of anesthesia, the proportion of lung resected, the consumption of propofol and sufentanil, the
total of input or output fluid, or the frequency of remedial analgesics. However, the consumption of remifentanil in the sham-TEAS
group was significantly higher than in the TEAS group (1.01 + 0.39 vs 0.87 + 0.30 mg, P = 0.040).

412 Patients assessed for eligibility
284 Excluded
! »| 269 Exclusion criterion full illed
v 15 Declined to participate
128 Randomized
64 Assigned to TEAS group 64 Assigned to sham-TEAS group

Excluded at the end of surgery
4 Converted to open thoracotomy
1 Operation time < two hours
1 Benign tumor

'

Excluded at the end of surgery
2 Converted to open thoracotomy
1 Unilateral pulmonary resection

Exduded during the trial
3 Underwent two operations Excluded during the trial
2 Declined follow up 3 Passed away
1 Passed away
55 Completed 12-month follow-up 55 Completed 12-month follow-up

Fig. 1. Study flow diagram.
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Table 1
Baseline characteristics of patients who completed the trial (n [%], mean + SD).
Characteristic TEAS group (n = 55) Sham-TEAS group (n = 55) P-value
Age (years) 70.09 + 3.95 70.56 + 4.59 0.69"
Race -
Han 54 (98.18%) 54 (98.18%)
Other 1 (1.82%) 1 (1.82%)
Gender 0.18
Female 20 (36.40%) 27 (49.10%)
Male 35 (63.60%) 28 (50.90%)
BMI (kg/mz) 24.09 + 2.78 23.63 £+ 2.85 0.52%
Education 0.12
<9 years 12 (21.80%) 13 (23.60%)
9-12 years 36 (65.50%) 27 (49.10%)
>12 years 7 (12.70%) 15 (27.30%)
Allergic history 8 (14.50%) 10 (18.20%) 0.61
Smoking history 23 (41.80%) 20 (36.40%) 0.56
Drinking history 5 (9.10%) 7 (12.70%) 0.54
Surgical history 33 (60.00%) 27 (49.10%) 0.25
Chronic diseases
Hypertension 19 (34.50%) 22 (40.00%) 0.55
Diabetes 6 (10.90%) 3 (5.50%) 0.49"
Cardiopathy 3 (5.50%) 7 (12.70%) 0.19
MMSE Score 28.27 £1.22 28.07 £1.25 0.45"
MoCA Score 27.84 £1.21 27.86 +£1.78 0.57
NYHA 0.05
I 53 (96.40%) 47 (85.50%)
I 2 (3.60%) 8 (14.50%)

Abbreviations: BMI, body mass index; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive Assessment; NYHA, New York Heart As-

sociation Functional Classification.
? Indicates Mann-Whitney U test.
b Indicates Fisher’s exact test.

Table 2
Perioperative information of the study population (mean + SD).
Perioperative information TEAS group (n = 55) Sham-TEAS group (n = 55) P-value
Duration of anesthesia (min) 159.36 + 39.68 146.82 + 38.36 0.095
Duration of anesthesia recovery (min) 22.64 +9.37 24.45 + 8.80 0.297
The proportion of lung resected (%) 33.82 +13.78 34.09 + 15.93 0.886"
Dose of propofol (mg) 643.00 + 213.08 626.09 + 233.47 0.680"
Dose of sufentanil (ug) 29.42 + 7.62 30.55 + 7.94 0.433"
Dose of remifentanil (mg) 0.87 £ 0.30 1.01 +0.39 0.040
Fluid administration (ml)
Input 1489.09 + 346.24 1431.82 + 395.62 0.417¢
Output 508.46 + 258.96 494.27 + 294.39 0.482%
Frequency of remedial analgesic in the hospital (times) 2.29 +1.76 1.96 + 1.97 0.361
@ Indicates Mann-Whitney U test.
80— -~ TEAS

(2]
o
1

Incidence of POCD, %
N H
R »

o

- Sham

1 T 1
Baseline Day 1 Day7 Day 30

Fig. 2. The incidence rate of POCD. “*” indicates P < 0.001 as the TEAS group compared with the sham-TEAS group at relative time points.
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3.3. Primary and secondary outcomes

3.3.1. The incidence of POCD

The primary outcome results are shown in Fig. 2. Following the study procedure, the incidence of POCD in the sham-TEAS group
was always significantly higher than in the TEAS group (postoperative day 1: 65.4% vs 20%, postoperative day 7: 43.6% vs 7.3%, and
postoperative day 30: 40% vs 3.6%, all P < 0.001). The peak incidence of POCD in the TEAS group and the sham-TEAS group was both
on day 1 after surgery, and then a descending trend lasted until 30 days.

3.3.2. MMSE, pain, and sleep scores

The secondary short-term outcome results are shown in Fig. 3. On day 1, day 7, and day 30 after surgery, the pain scores in the TEAS
group were significantly lower than those in the sham-TEAS group. The peak values of pain scores in the TEAS group and the sham-
TEAS group were both on day 1 after surgery, and then a reverse trend lasted until 30 days (Fig. 3B). On the contrary, the MMSE and
sleep scores of the TEAS group were significantly higher than that of the sham-TEAS group at the three-time points. The lowest values
of MMSE and sleep scores both occurred in the two groups on day 1 after surgery and then an increasing trend was observed up to 30
days (Fig. 3A and C).

3.3.3. Quality of life

EORTC-QLQ-C30 scores were used to assess the long-term quality of life in patients (Table 3). At 6 months after surgery, the mean
scores of emotional function and global health in the TEAS group were significantly higher than those in the sham-TEAS group (96.82
+9.28 vs 91.67 + 11.79, P = 0.002; 75.61 + 10.98 vs 70 + 10.71, P = 0.007), while the fatigue and pain scores in the TEAS group
were lower than in the sham-TEAS group (6.67 + 12.58 vs 11.92 4+ 13.16, P = 0.01; 3.64 + 8.30 vs 7.58 &+ 11.03, P = 0.032). At 12
months after surgery, no difference was found between the two groups except that the mean score of global health and emotional
function in the TEAS group was higher than that in the sham-TEAS group (74.70 + 11.78 vs 69.70 & 11.82, P = 0.029; 95.45 + 11.21
vs 92.58 + 10.60, P = 0.024).

The information on pain persistence and the presence of chronic pain was collected 12 months after surgery (Table 4). Compared
with the TEAS group, larger proportions of patients in the sham-TEAS group reported suffering postoperative pain (23.6% vs 7.3%, P =
0.018) with a longer duration (3.46 + 3.94 vs 1.68 + 1.52 months; P = 0.043) even more than two months (32.7% vs 14.5%, P =
0.025).

3.4. Safety

During the 12-month trial, adverse events were reported in 6 (10.90%) patients of the TEAS group and 9 (16.36%) of the sham-
TEAS group. No serious adverse events were reported in either group. Intervention-related adverse events were mild and transient
(Table 5).

4. Discussion

This trial investigated the effect of TEAS on postoperative cognitive function and quality of life in elderly patients for up to 12
months. We found that TEAS could significantly decrease the incidence of POCD, and improve pain and sleep after patients underwent
thoracoscopic pulmonary resection for lung cancer. In addition, good recovery of brain health (three key intervention targets:
cognition, pain, and sleep) may contribute to their long-term quality of life.

In this study, the factors that the average age of the sample was more than 70 years and a certain number of patients had a lower
level of education were taken into consideration. To investigate the effect of TEAS on postoperative cognitive function, we performed
neuropsychological tests using the MMSE and MoCA scales on the same day. The design could take advantage of the good specificity of
the MMSE and the sensitivity of the MoCA in detecting mild cognitive impairment [17]. In addition, several clinical observations
demonstrated that anesthesia, surgical stress, inflammation, and neurotoxicity might be conducive to POCD [23]. Therefore, all
enrolled patients in this study underwent thoracoscopic pulmonary resection, which was characterized by fewer incisions and rapid

A B C -~ TEAS
32+ 10 ik - Sham
30 % . s * 104 * =

8 28 5 6 i 8
(2] Q 0 64
w 2 a
0 26 £ 44 *
2 § g+
=
24 2 24
22 T T T T Y * T T 0 T T T T
Baseline Day1 Day7 Day30 Baseline  Day1 Day7 Day30 Baseline  Day1 Day7 Day30

Fig. 3. (A) Changes in the MMSE scores. (B) Changes in the NRS on pain scores. (C) Changes in the NRS on sleep scores. “*” indicates P < 0.001 as
the TEAS group compared with the sham-TEAS group at relative time points.
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Table 3
Comparison of the EORTC-QLQ-C30 scores between the two groups at relative time points (mean + SD).
Domain 6 months 12 months
TEAS group (n =55)  Sham-TEAS group (n = 55)  P-value®  TEAS group (n =55)  Sham-TEAS group (n = 55)  P-value®
Function scale
Physical function 93.82 +10.01 92.73 + 9.45 0.311 91.64 +10.20 92.24 + 9.50 0.772
Role function 95.15 + 10.48 91.52 + 13.56 0.078 92.73 £12.32 90.61 + 14.26 0.385
Emotional function 96.82 + 9.28 91.67 + 11.79 0.002 95.45 £ 11.21 92.58 + 10.60 0.024
Cognitive function 92.73 + 14.26 90.30 + 11.87 0.09 90.91 + 16.30 89.09 +12.92 0.164
Social function 96.36 + 9.99 97.58 + 8.13 0.529 96.36 + 9.99 97.58 + 8.13 0.529
Symptom scale
Fatigue 6.67 £ 12.58 11.92 £+ 13.16 0.01 10.71 + 14.18 13.94 +13.73 0.151
Nausea and vomiting 0 2.42 4+ 10.35 0.043 0 0.30 + 2.24 0.317
Pain 3.64 £+ 8.30 7.58 £11.03 0.032 2.73+7.70 5.45 £ 10.17 0.092
Dyspnea 21.82 + 20.51 29.70 + 34.94 0.236 16.97 + 16.82 21.21 +19.63 0.299
Sleep disturbance 10.91 £ 19.30 18.18 £+ 27.08 0.198 12.12 + 20.65 16.36 + 24.74 0.429
Appetite loss 6.67 £ 17.45 12.73 £+ 23.56 0.106 5.45 + 14.00 7.88 +£16.93 0.439
Constipation 6.06 = 17.0 12.12 £+ 22.56 0.093 4.85 + 14.93 6.06 + 15.83 0.584
Diarrhea 3.64 £12.29 3.03 £11.61 0.734 2.42 +£8.74 1.21 £ 6.30 0.403
Financial difficulties 2.42 + 8.74 0.61 + 4.50 0.172 2.42 + 8.74 0.60 + 4.50 0.172
Global health 75.61 + 10.98 70 +£10.71 0.007 74.70 £ 11.78 69.70 + 11.82 0.029
Abbreviations: EORTC-QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire.
@ Indicates Mann-Whitney U test.
Table 4
Information on chronic pain collected at 12 months after surgery (n [%] or mean =+ SD).
TEAS group (n = 55) Sham-TEAS group (n = 55) P-value
Postoperative pain duration >2 months 8 (14.5%) 18 (32.7%) 0.025
Pain duration (month) 1.68 + 1.52 3.46 + 3.94 0.043"
Current Pain 4 (7.3%) 13 (23.6%) 0.018
The maximum score of postoperative pain 7.00 +1.14 7.31 £ 1.09 0.117
Movement disorders on the shoulder or arm of the operation side 1 (1.8%) 1 (1.8%) 1.00
Movement disorders in daily washing activities 0 1 (1.8%) 1.00
See a doctor for the pain 0 1 (1.8%) 1.00
2 Indicates Mann-Whitney U test.
Table 5
Adverse events reported after surgery (n [%]).
Adverse events TEAS group (n = 55) Sham-TEAS group (n = 55)
Any 6 (10.90%) 9 (16.36%)
Unrelated to the intervention
Headache 1 (1.82%) 0
Anorexia 0 2 (3.63%)
Edema of the lower extremity 0 1 (1.82%)
Nausea and vomiting 2 (3.63%) 5 (9.09%)
Related to the intervention
Localized allergic dermatitis (For the electrode) 1 (1.82%) 1 (1.82%)
Discomfort feeling (For the electric stimulation) 2 (3.63%) 0

recovery that could minimize individual differences. Furthermore, previous studies had shown that old age, preexisting cerebral,
cardiac, and vascular diseases, alcohol abuse, a low level of education, and postoperative complications were risk factors for POCD
[24]. After strict randomization, these variables were well-matched to reduce the probability of bias in this study. Consequently, we
believe that our experimental protocol and data could be powered to support the effect of TEAS on cognitive function.

According to the longitudinal data source in the older patients, the basic tendency of the cognitive trajectories of patients in the two
groups was consistent with the same analysis of patients enrolled in the Oxford Project to Investigate Memory and Ageing (OPTIMA)
study [25]. Patients in the two groups experienced the worst cognition on the first day after surgery, and then a recovery trend was
observed up to 30 days. It should be noted that the incidence of POCD in the TEAS group was dramatically decreased at all the other
time points tested, while the values of the sham-TEAS group were always higher than 40%, a value similar to that observed in a
previous study [24]. Similarly, we found the MMSE scores in the TEAS group almost returned to the baseline level on postoperative day
7, while the sham-TEAS group still had a gap with the baseline scores on postoperative day 30. Thus, we supposed that the TEAS
intervention could help facilitate rapid recovery from cognitive decline in elderly patients who underwent thoracoscopic pulmonary
resection.
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A recent study highlighted the importance of sleep, pain, and cognition on the risk of perioperative brain health [26]. This study
also collected NRS scores for pain and sleep as secondary outcomes within 30 days postoperatively. As a result, the symptoms of sleep
and pain in the TEAS group were always better than in the sham-TEAS group at relative time points. Additionally, the present study
confirmed that TEAS could significantly reduce the intraoperative consumption of remifentanil, which was in line with the aim of
avoidance or minimization of opioids in the ERAS program [27]. These findings extended previous observations and supported the
notion that opioids might be linked to disturbed sleep architecture and hyperalgesia postoperatively [28,29]. Alternatively,
opioid-related side effects such as sedation or hallucinations might hurt cognitive function [30]. Given that there is a large degree of
overlap between sleep disorders, pain, and cognitive decline, our novel findings may provide new insights into reaching an ideal
recovery of perioperative brain health.

Over the past decades, clinical observations have demonstrated that pain, insomnia, and fatigue are the most frequently observed
symptoms in elderly patients with lung cancer [31]. To explore the potential impacts of early postoperative cognitive function on
patients’ long-term life quality, we also observed the changes in these symptoms of EORTC-QLQ-C30 scores in patients at 6 months and
12 months. Similar to former studies, our study has shown that the rapid recovery of cognition facilitated by the TEAS intervention can
significantly reverse the decline in quality of life, especially in terms of improved global function, emotional function, fatigue, and pain
scores, even at 6 months [32]. It was consistent with previous observations that good cognitive function could help patients improve
their self-esteem, set goals in their lives, and enjoy activities that help them to achieve better mental health [33]. In addition, this study
was in agreement with previous research showing that TEAS could alleviate acute pain and prevent its transition to chronic pain after
surgery [34]. Moreover, we speculated that these reciprocally beneficial interactions eventually promoted a better quality of life for
the patients who received TEAS.

As is evidenced in previous studies, the potential functional mechanisms of TEAS on the human body depend on selective and
specific acupoints. In particular, a recent study revealed the neuroanatomical basis for the acupoints in driving specific autonomic
pathways, making the basic theoretical development of TEAS more robust and reliable [35]. It is also proposed by the theory of
traditional Chinese medicine and proven in the current literature, the stimulation of the four combined acupoints [Neiguan (PC6),
Hegu (LI4), Zusanli (ST36), and Baihui (DU20)] in this study could exhibit a good effect on neurological and mental system diseases
[36,37]. Furthermore, the clinical effects of acupoint stimulation on improving postoperative cognitive function could be attributed to
inhibiting inflammatory activity and regulating immunity in previous studies [38]. While the present study examined the effect and
safety of TEAS on postoperative cognitive function and quality of life by a 12-month trial, future research should also look into po-
tential interventions to avoid or control postoperative complications in elderly individuals as well as the mechanism underlying TEAS’s
effects.

As society ages, more and more patients require surgical treatment. Particularly with the development of minimally invasive
techniques, there has been an expansion of surgical indications for older patients and those with more comorbidities. However, a high
rate of postoperative complications, which present a considerable burden to families and caregivers, remains an obstacle to patient
recovery. Given the seriousness of postoperative pain, sleep disorders, and cognitive dysfunction, a significant amount of research has
focused on investigating effective pharmaceutical agents. However, all commonly used drugs, such as opioids, acetaminophen, non-
steroidal anti-inflammatory drugs (NSAIDs), gabapentin, benzodiazepine, parecoxib, statins, and dexmedetomidine, have various
limitations and adverse effects [39-41]. For instance, opioid analgesics could significantly prevent acute pain, but the drugs might
cause severe gastrointestinal reactions, cognitive impairment, and psychological dependence [42]. Therefore, interest in
non-pharmacological strategies to manage postoperative problems is increasing.

Current non-pharmacological interventions for cognition cover a diverse and broad range of categories, including cognitive
training, physical exercise, dietary treatments, art-oriented therapy, and reminiscence therapy [43]. Compared with these in-
terventions, TEAS could not only decrease the incidence of POCD but also improve pain and sleep. The outcome of this paper enriched
the basic theoretical framework of non-pharmacological treatment of postoperative complications and directed the future research of
TEAS. Developing more personalized TEAS treatments that can be better integrated with patients’ family therapy will be an unre-
mitting pursuit of clinical medicine. To reach this goal, future efforts should focus on optimizing the operational simplicity of TEAS
devices, implementing TEAS into various home care settings, and conducting longer follow-up periods in trials. Furthermore,
improved knowledge of the functional mechanism of TEAS would help set standardized dosing parameters, which is of great signif-
icance for promoting its broader application.

4.1. Limitations

Some limitations should be considered in this study. Given the clinical heterogeneity of the collected data in terms of the par-
ticipants recruited, setting time, and the prevalence of POCD in patients with lung cancer, the applicability of the findings in this study
may be limited to patients who underwent minimally invasive approaches. In addition, although we prolonged the interval time
between each test point appropriately, patients may develop a learning memory for the content of the MMSE and the MoCA which
might influence the accuracy of the assessment. Furthermore, the research method of obtaining a single satisfactory result by con-
trolling variables in small and medium-sized samples was limited in its comprehensiveness and ability to reflect real-world situations
in complex medical environments. Future research should use larger, more varied samples and incorporate measurements of potential
confounding factors to address the limitations of this study.
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5. Conclusions

In conclusion, thoracoscopic surgery is now generally applied to elderly patients with lung cancer, but evidence from previous
studies and our results have shown that poor sleep, pain, and cognitive decline might hamper their postoperative recovery. Within this
context, the present study suggests that TEAS could be a promising technology for improving the postoperative cognitive function and
long-term life quality of geriatric patients.
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