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Objective: Postoperative sleep disturbances have serious adverse effects on postoperative 
outcomes. Our paper aimed to observe the effect of using transcutaneous electrical acupoint 
stimulation (TEAS) on sleep quality and complications after surgery in patients undergoing 
selective video-assisted thoracoscopic surgery.
Patients and Methods: Eighty-five patients were divided into the TEAS group or the 
control group randomly. Thirty minutes of TEAS treatment was performed on TEAS group 
at the following time points: the first night before surgery, at the end of surgery, and before 
sleeping on the second and third nights after surgery. The Portable Sleep Monitor (PSM) was 
performed to determine the sleep quality of the two nights before the operation (Sleep preop 
2 and Sleep preop 1) and the first and third night after surgery (Sleep POD 1 and Sleep 
POD 3). The visual analog scale (VAS) was performed to evaluate pain scores after surgery 
and the Athens Insomnia Scale (AIS) was used for evaluating subjective sleep quality.
Results: Participants in the TEAS group had a lower AIS score and higher sleep efficiency 
at each time point except Sleep preop 2. Participants in the TEAS group showed significantly 
higher proportion of each sleep stage during Sleep-preop 1, Sleep POD 1, and Sleep POD 3. 
Patients in the TEAS group had significantly lower VAS scores at 2, 4, and 6 h during the 
first 24 h after surgery. The incidence of nausea and vomiting and dizziness in the control 
group was statistically higher than in the TEAS group.
Conclusion: Patients usually have sleep disturbances after video-assisted thoracoscopic 
surgery, such as decreased distribution of each sleep stage, lower sleep efficiency, and higher 
AIS score. Undergoing TEAS treatment perioperatively can improve sleep quality, and 
effectively promote the postoperative analgesic effect and alleviate postoperative 
complications.
Keywords: acupoints, general anesthesia, pain, sleep quality, transcutaneous electrical 
acupoint stimulation

Introduction
Despite improvements in surgical and anesthetic techniques, sleep disruption 
remains a challenging problem in surgical settings. Postoperative sleep disturbances 
(POSD) are defined as changes in the sleep structure and quality of patients during 
the early stages after surgery, which are manifested as significantly shortened rapid 
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eye movement (REM) sleep, prolonged awake time, and 
sleep fragmentation.1 Long-term POSD may increase the 
risk of postoperative delirium or cognitive dysfunction and 
delay recovery, thereby worsening the patient’s physical 
condition.2,3 Although pharmacological interventions, 
such as short-acting non-benzodiazepine4 and multi- 
modal analgesia,5 have been reported to improve sleep 
quality after surgery, the potential risk of addiction and 
truncation still limits the clinical use of those drugs.

Transcutaneous electrical acupoint stimulation (TEAS) 
is a new acupuncture therapy developed by combining 
transcutaneous electrical nerve stimulation, more com-
monly used in Europe and America, and traditional 
Chinese acupuncture. TEAS treats disease through input-
ting a pulse current of different frequencies, intensities, 
and waveforms via electrode paste adhering to the skin. 
Previous studies have proven that TEAS can be success-
fully applied for various aspects such as relieving pain and 
nausea and vomiting after surgery,6–8 and improving sleep 
quality after surgery.9

The aim of our study was to investigate the effect of 
TEAS on postoperative pain and sleep quality among 
patients who have undergone video-assisted thoracoscopic 
surgery under general anesthesia. We hypothesized that 
TEAS intervention would effectively improve postopera-
tive pain and sleep quality in these patients.

Patients and Methods
The study was approved by the Human Research Ethics 
Committee of Shengjing Hospital, Shenyang, Liaoning, 
China (Institutional Review Board registration number 
2019PS646K) and complied with the purpose of the 
Declaration of Helsinki. Written informed consent was 
obtained from all patients participating in the study. The 
study was registered on Clinicaltrials.gov (NCT04124679) 
before the patients were enrolled.

Participants
Participants who received elective video-assisted thoraco-
scopic surgery at Shengjing Hospital of China Medical 
University were enrolled in this study. The inclusion cri-
teria were as follows: (1) patients with American Society 
of Anesthesiologists grades I‒II; (2) patients with a body 
mass index of 18‒25 kg/m2; and (3) patients aged 40‒65 
years. The following participants were excluded: (1) 
patients with central nervous system and mental diseases; 
(2) patients with preoperative sleep disturbances; (3) 
patients with a history of sedative, analgesic, or 

antidepression drug use; (4) patients with sleep apnea or 
moderate and severe obstructive sleep apnea-hypopnea 
syndrome; (5) patients with sinus bradycardia or atrioven-
tricular block grade II or greater; and (6) patients with 
severe visual or hearing impairment or who were unable to 
communicate.

Sample Size
Based on our preliminary study, 30 patients were selected, 
including 15 in the TEAS group and 15 in the control 
group. According to the primary outcome of the Athens 
Insomnia Scale (AIS) score between the two groups and 
the calculation of the sample size by the formula (n1 = n2 = 
2 × [(1.96 + 0.842) × δ/σ]2), 0.54 was chosen as the 
estimated variability between the two groups, and 0.8 
was chosen as the standard deviation. Thus, 34 patients 
were recruited for each group in order to achieve a two- 
sided Type I error (α) of 0.05 and power of 80%. Due to 
drop out, a total of 85 patients were enrolled in this study.

Standardized Anesthesia
For all patients, surgeries were completed before 4:00 PM. 
Intramuscular midazolam (0.05 mg/kg) as a premedication 
was given to patients 60 min before transfer to the operating 
room. The induction of general anesthesia were propofol 
(2.0 mg/kg), sufentanil (0.3 μg/kg), and cisatracurium 
(0.15 mg/kg). Three minutes later, orotracheal intubation 
was performed with a double-lumen tube under video lar-
yngoscopic guidance. The airway pressure was maintained 
at <30 cm H20 under one-lung ventilation. The pressure of 
end-tidal carbon dioxide was maintained between 35 and 45 
mmHg. Intraoperative anesthetics administration was as 
follows: continuous propofol infusion at 4‒8 mg/kg/h and 
a separate 0.15‒0.20 μg/kg/min remifentanil infusion for 
maintaining sedation and analgesia; and inhalation of sevo-
flurane (0.6‒2%) to keep a minimum alveolar concentration 
of ≥ 0.7. Ramosetron (0.3 mg) was given prophylactically, 
and ketorolac tromethamine 45 mg was given at 30 min 
before the end of surgery to alleviate postoperative pain. 
Before chest wall closure, 0.1% ropivacaine solution (7 mL 
each) was delivered under thoracoscopic guidance at the 
proximal side of the fourth, fifth, and sixth intercostal 
nerves.

After the surgery, the patients were transferred to the 
postanesthesia care unit until complete recovery of con-
sciousness and then transferred to a single occupant room. 
A patient-controlled analgesia (PCA) system was attached 
after surgery (4 mg butorphanol and 2 g propacetamol in 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                       

Nature and Science of Sleep 2020:12 810

Song et al                                                                                                                                                             Dovepress

http://www.dovepress.com
http://www.dovepress.com


100 mL saline, every pump press resulting in a 2 mL 
infusion, with a 15-min lockout interval).

Study Protocol and Measurements
Eighty-five patients were divided to the TEAS group or 
control group randomly in a 1:1 ratio using a computer- 
generated randomization number sequence. Seal the group 
assignments in sequentially numbered opaque envelopes. 
Random assignment only informs the acupuncturist of the 
Department of Traditional Chinese Medicine of Shengjing 
Hospital. However, the acupuncturist was only responsible 
for placing the electrodes and turning the stimulator on 
and off. To be sure, there was no communication about the 
study between the acupuncturist and other researchers and 
study patients. Patients, attending anesthesiologists, sur-
geons and data collectors (the physicians in the sleep 
laboratory who were only responsible for evaluating 
sleep variables) were all blinded to the group assignment.

In the TEAS group, 30 min of TEAS treatment was 
performed bilaterally by an experienced acupuncturist. 
TEAS was performed at the HT7 (Shenmen) and 
Neiguan (PC6) acupoints on the night before surgery, 
by means of a stimulator (Hwato Electronic 
Acupuncture Treatment Instrument, model no.: SDZ-II; 
Suzhou Medical Appliances Co. Ltd, Suzhou, China) 
(Figure 2). Additionally, 30 min of TEAS treatment was 
also performed bilaterally at the Neiguan (PC6), HT7 
(Shenmen), ST36 (Zusanli), and LI4 (Hegu) acupoints 
at the end of surgery, and before sleeping on the second 
and third nights after surgery (Figure 2). The TEAS 
device was calibrated before each treatment and was set 
at 2/10 HZ, which has been documented as the most 
effective frequency.10 The optimal intensity range is 6 
to 15 mA, which can be adjusted according to the indi-
vidual’s maximum tolerance to maintain minor muscle 
twitches.

Patients in the control group received electrical stimu-
lation at a nonacupoint, which was located 4-cm interior to 
the bilateral Neiguan (PC6), HT7 (Shenmen), ST36 
(Zusanli), and LI4 (Hegu) acupoints, similar to patients 
in the TEAS group. To ensure that patients remained 
blinded, the low-frequency stimuli were set to the same 
frequency (2/10 HZ), resulting in the patients believing 
that they were undergoing real TEAS therapy for 30 min. 
The control group also underwent this sham treatment on 
the first night before surgery, after surgery, and before 
sleeping on the second and third nights after surgery, 
similar to the TEAS group.

Data Collection
The Portable Sleep Monitor (PSM, PSM100A; Chengdu 
Sealand Technology Co., Ltd., Chengdu, China) is based on 
a patented, China Food and Drug Administration (CFDA)- 
cleared algorithm (CFDA approval: 20,162,210,145), which 
uses direct accessibility process to determine the quality of 
sleep. It requires a single-line electrocardiogram or photo-
plethysmography and accelerometer to produce an output 
that can be manipulated or interpreted without professional 
skills or training.11 The PSM was used on the following three 
nights from 23 PM to 6 AM: the second night and first night 
before surgery (Sleep preop 2 and Sleep-preop 1), the first 
and third night after surgery (Sleep POD1 and Sleep POD 3). 
The application of the PSM is shown in Figure 3.

The sleep process can be divided into waking period, 
non-rapid eye movement (NREM) and REM sleep. NREM 
includes Stages 1–4. Combining Stage 3 and Stage 4 
represents “stable sleep”, at this stage the brain almost 
completely generates delta waves. When a person falls 
asleep, Stage 1 occurs for a short time. This is a very 
light stage of sleep because the person is drifting in and 
out of sleep. Stage 2 is defined as a slowing of brain waves 
and occasional sudden faster brain waves. The combina-
tion of Stage 1 and Stage 2 represents “light sleep” or 
“unstable sleep”.12

The following sleep variables were evaluated by phy-
sicians in the sleep laboratory, who were blinded to patient 
information: sleep efficiency (sleep time/recording time), 
subjective sleep quality score [AIS]), and percentages of 
REM sleep, stable sleep, and unstable sleep.

AIS is a self-assessment psychological questionnaire 
used to quantify sleep difficulties, based on the 
International Classification of Diseases-10th edition 
criteria.13 It comprises eight items: sleep induction, wak-
ing during the night, final awakening, total sleep duration, 
sleep quality, well-being, functioning capacity, and sleepi-
ness during the day, and the total AIS scores range from 
0 to 24 points, with ≥6 points indicating a diagnosis of 
insomnia.14,15

The postoperative pain score was evaluated by 
a visual analog scale (VAS) score,16 where 0 means no 
pain and 10 means severe pain. VAS scores were mea-
sured at 2, 4, 6, and 24 hours after surgery. Record the 
total number of PCA pump presses and appropriately 
treat the adverse reactions within 24 hours after surgery, 
such as hypotension, bradycardia, nausea and vomiting, 
and dizziness.
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Statistical Analyses
PSS 23.0 and GraphPad Prism 6.0 software were used for 
the statistical analyses of study data. Quantitative data are 
presented as means ± standard deviations. Use chi-square 
test to analyze qualitative data. The Independent sample t- 
test and Wilcoxon rank- sum test were used between the 
TEAS Group and the Control Group to analyze AIS score, 
sleep efficiency and each sleep distribution.

All analyses were based on the intention-to-treat (ITT) 
population that was defined as participants who underwent at 
least one session of TEAS treatment or sham stimulation 
treatment and completed at least one measurement of AIS. 
Additional analyses were performed on the basis of the per- 
protocol (PP) population that was defined as participants who 
underwent 30 min of TEAS treatment or sham stimulation 
treatment and completed outcome measures at each time-
point. P < 0.05 was considered to be statistically significant.

Results
We initially assessed 109 patients for eligibility to partici-
pate in this study. Among them, 15 patients did not meet 
the inclusion criteria, and 9 patients refuse to participate 
(Figure 1). Finally, we included 85 patients in the ITT 
population and 78 in the PP population (three patients 
were allergic to TEAS, two patients were transferred to 

the intensive care unit after surgery, and two patients 
removal of the drainage tube was delayed).

Demographic Characteristics of the Two 
Groups
There were no statistically significant differences between the 
two groups in terms of patient gender (P = 0.595), age 
(P = 0.152), total dose of sufentanil consumption (P = 0.322), 
duration of surgery (P = 0.125), intraoperative fluid input 
volume (P = 0.424), bleeding volume (P = 0.515), urine 
volume (P = 0.689), and type of surgeries (P = 0.808) (Table 1).

Primary Outcome: Comparison of 
Perioperative Sleep Quality Between the 
Two Groups
There was no significant difference in the AIS score and 
sleep efficiency of patients in the TEAS or control groups at 
Sleep-preop 2 (P = 0.205 and P = 0.771, respectively). At 
Sleep preop 1, Sleep POD 1 and Sleep POD 3, the AIS 
scores of the TEAS group were lower than those of the 
control group. Patients in the TEAS group had a lower 
AIS score than those in the control group at Sleep-preop 1, 
Sleep POD 1, and Sleep POD 3 (P = 0.036, P < 0.001, and 
P < 0.001, respectively). Moreover, patients in the TEAS 

Figure 1 Flow diagram showing the patients that were included and excluded in this study.
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group had a significantly higher sleep efficiency than those 
in the control group at Sleep-preop 1, Sleep POD 1, and 
Sleep POD 3 (P < 0.001). The sleep efficiency presented 
lower and AIS scores presented higher among the two 

groups during Sleep POD 1 and Sleep POD 3 than Sleep 
preop 1 (all P < 0.001) (Figure 4A and B; Table 2). There 
were also significant differences in AIS score (P = 0.025, 
P < 0.001, and P < 0.001) and sleep efficiency (all P < 0.001) 
when compared with the previous time point, for patients in 
the TEAS group. No statistically significant differences were 
found in AIS score and sleep efficiency at Sleep-preop 1 as 
compared with Sleep-preop 2 for patients in the control 
Group (P = 0.160 and P = 0.235, respectively) (Figure 4A 
and B; Table 2). The distribution of sleep stages is shown in 
Figure 5 and Table 2. The proportions of REM, stable sleep 
and unstable sleep during Sleep POD 1 and Sleep POD 3 
among the two groups were lower than those during Sleep 
preop 1 (P < 0.001). Patients in the TEAS group showed 
a significantly higher ratio of each sleep stage than those in 
the control group at Sleep-preop 1 (P = 0.013, P < 0.001, and 
P = 0.018, respectively), Sleep POD 1 (P < 0.001), and Sleep 
POD 3 (P < 0.001).

Secondary Outcome: Comparison of 
Postoperative Pain and Adverse Effects 
Between the Two Groups
Patients in the TEAS group had significantly lower VAS 
scores than those in the control group at 2, 4, and 6 h after 

Figure 2 The location of acupoints. The Neiguan (PC6) is located on the palmar side of the forearm, 2 Cun from the TCW, between the ECR and the PLT. The Hegu (LI4) 
acupoints is located radial to the midpoint of the second metacarpal in the dorsal hand. The Zusanli (ST36) is located 3 Cun below the lower border of the patella, 1 finger’s 
breadth lateral to the anterior crest of the tibialis anterior muscle. The Shenmen (HT7) is located in the anterior carpal area, the ulnar lateral margia of the distal carpal 
margin. Cun is defined according to the rules of traditonal acupuncture as the width of the interphalangeal joint of patients’s thumb. TCW: transverse striation of wrist. ECR: 
extensor carpi radialis. PLT: palmaris longus tendons.

Figure 3 The application of using the Portable Sleep Monitor.
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the surgery (P = 0.001, P < 0.001, and P = 0.007, respec-
tively, Table 3). The pump press numbers of PCA in the 
control group was greater than that in the TEAS group 
(P < 0.001, Table 3). The incidence of nausea and vomit-
ing, and of dizziness was also significantly higher in the 
control group than in the TEAS group (P = 0.039 and 
P = 0.012, respectively, Table 3).

Discussion
Our results confirmed that patients undergoing video- 
assisted thoracoscopic surgery were prone to sleep dis-
orders such as reduced distribution of each sleep stage, 
reduced sleep efficiency, and higher AIS scores. 
However, patients who underwent TEAS before and 
after the surgery had better perioperative sleep effi-
ciency and subjective sleep quality, and TEAS promoted 
the postoperative analgesic effect and alleviated 

postoperative complications, as compared with patients 
in the control group.

Surgical trauma, general anesthetics, operation time, 
and intraoperative bleeding volume are important surgical 
factors that may cause POSD in patients, such as 
decreased REM sleep and slow-wave sleep, changes in 
sleep structure, and sleep fragmentation.17,18 This may be 
because general anesthetics may interfere with the normal 
sleep-wake cycle, disrupt melatonin metabolism, and 
affect circadian clock genes which are expressed in the 
suprachiasmatic nucleus.19,20 Moreover excessive stress 
caused by surgical trauma might disrupt the neuroendo-
crine system, hormone and cytokine levels, and immune 
function, and may cause inflammatory reactions.21 In our 
study, we found that patients in both groups presented 
a lower sleep efficiency and a higher AIS score character-
ized by a decreased proportion of each sleep stage during 

Figure 4 Comparison of AIS scores and sleep efficiency between the TEAS group and the control group. (A) Sleep efficiency; (B) AIS. AIS: The Athens Insomnia Scale; Sleep 
efficiency: the ratio of total sleep time/total recording time. Sleep-preop 2: the second night before surgery; Sleep-preop 1: the first night before surgery; Sleep POD 1: the 
first night after surgery; Sleep POD 3: the third night after surgery. In the same group, *vs the previous time point: P < 0.05. **vs the previous time point: P < 0.001. At the 
same point, ▲vs the TEAS Group: P < 0.05. #vs the TEAS Group: P < 0.001. The bar in the figure means standard deviation.

Table 1 Comparison of Demographic Characteristics Between the Two Groups

TEAS Group (n=42) Control Group (n=43) P

Age 57.33±10.0 60.19±8.2 0.152
Gender (Male/Female) 17/25 15/28 0.595

Total dose of Sufentanil (μg) 18.54±2.3 19.09±2.7 0.322

Intraoperative fluid input volume 1046.43±325.2 1111.63±415.9 0.424
Duration of surgery 111.02±32.9 124.91±48.2 0.125

Urine volume 187.86±96.8 196.51±102.0 0.689

Intraoperative bleeding volume 51.90±37.2 58.95±59.3 0.515

Type of Surgery 0.808
Pulmonary Lobectomy 35 (83.3) 36 (83.7)

Mediastinal tumor resection 6 (14.3) 5 (11.6)

Pulmonary Bullae ligation 1 (2.4) 2 (4.7)

Note: Variables were presented as Mean±SD.
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Sleep POD 1 and Sleep POD 3, as compared with Sleep- 
preop 1, which was similar to the finding of Lin et al, who 
reported that sleep disturbances are frequently observed 
during the postoperative period in patients who have 
undergone open thoracotomy or minimally invasive 
surgery.22

Acupuncture has been utilized in Chinese health care for 
at least 2500 years. It involves the insertion of thin needles at 
specific acupoints to balance the body and restore its physio-
logical function, without affecting the natural sleep‒wake 
cycle.23 TEAS combines transcutaneous electrical nerve sti-
mulation with traditional acupuncture to provide specific 
low-frequency pulse currents to the body through the skin. 
Compared with traditional acupuncture or electroacupunc-
ture, it has many advantages, including reduced pain and 
injury, reduced incidence of infection and higher patient 
tolerance. In our study, we chose PC6 (Neiguan) and HT7 
(Shenmen) as acupoints to improve sleep quality; moreover, 
the dense-disperse frequency of 2/10 Hz was chosen based 
on previous literature.24–26 We found that during the perio-
perative period, compared with the control group, the TEAS 
group had higher sleep efficiency and lower AIS scores. 
Although patients in both groups presented with a lower 
postoperative proportion of each sleep stage during the post-
operative period than during Sleep-preop 1 and Sleep-preop 
2, patients in the TEAS group still showed a higher propor-
tion of these sleep phases than those in the control group.

The possible mechanisms underlying the effects of 
TEAS in the treatment of decreased postoperative sleep 
quality may be as follows: First, TEAS can regulate the 
levels of serotonin (5-HT), norepinephrine, cortisol, mela-
tonin, and other endogenous factors to improve sleep 
quality indirectly. Rat studies have shown that electroacu-
puncture can improve sleep quality by restoring normal 
neurotransmitters (eg, 5-HT and 5-hydroxyindoleacetic 
acid), interleukin-1β, and tumor necrosis factor levels, 
and decreasing norepinephrine and dopamine levels in 
the brain of an insomnia rat model.27,28 Second, Heng 
and Jia showed that acupuncture may stably affect 
human brain electrical activity through inhibiting the hip-
pocampus β wave and activating δ wave, thereby effec-
tively reducing nerve stress function and exerting sedative 
and hypnotic effects.24

In addition to the decline in postoperative sleep quality 
caused by surgical trauma, stress, and general anesthetics, 
postoperative complications after major surgery may also 
reduce postoperative sleep quality. Acupoint electrical sti-
mulation may effectively improve postoperative sleep 
quality by reducing postoperative complications. Patients 
undergoing video-assisted thoracic surgery are generally 
expected to experience less postoperative pain because of 
the less-invasive surgery; however, Rizk et al reported that 
patients usually experienced similar pain intensity and 
a similar prevalence of chronic post-surgical pain as 

Table 2 The Comparison of Sleep Efficiency, AIS Score and Each Sleep Stage at Different Timepoints Between the Two Groups

Sleep-preop 2 Sleep-preop 1 Sleep POD 1 Sleep POD 3

Sleep efficiency
TEAS Group 84.68±3.9 87.78±3.6## 76.63±2.9## 82.00±3.4##

Control Group 84.44±3.7 84.71±3.5** 70.35±2.5**## 78.18±3.2**##

AIS score

TEAS Group 2.33±0.7 2.00±0.6# 4.14±0.8## 3.33±0.8##

Control Group 2.14±0.7 2.33±0.7* 5.44±0.6**## 4.33±0.9**##

REM Sleep
TEAS Group 23.88±2.2 25.13±2.3## 19.42±1.6## 21.50±1.7##

Control Group 24.27±2.2 23.92±2.0* 16.07±1.8**## 18.64±1.5**##

Stable Sleep

TEAS Group 34.04±3.1 36.00±2.9## 28.24±2.7## 30.11±3.0##

Control Group 34.86±3.2 34.46±3.0* 24.85±3.3**## 27.13±3.4**##

Unstable Sleep

TEAS Group 41.98±3.4 43.41±3.4## 33.59±3.4## 38.16±3.4##

Control Group 40.83±2.8 40.67±2.7** 27.15±2.8**## 31.39±2.7**##

Notes: AIS: The Athens Insomnia Scale; Sleep-preop 2: the second night before surgery; Sleep-preop 1: the first night before surgery; Sleep POD 1: the first night after 
surgery; Sleep POD 3: the third night after surgery. In the same group, #vs the previous time point: P < 0.05, ##vs the previous time point: P < 0.001. At the same point, **vs 
the TEAS Group: P < 0.001, *vs the TEAS Group: P < 0.05.
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patients undergoing thoracotomy.29 Wang et al also found 
that patients who underwent video-assisted thoracic sur-
gery had higher pain levels on the first night after 
surgery.30

Acupoint electrical stimulation has been proven to 
have obvious analgesic and sedative effects, which can 
enhance immune function and reduce postoperative com-
plications, such as pain, and nausea and vomiting, which 
could improve postoperative sleep quality and promote the 
recovery of patients.31,32 According to previous studies 
about the analgesic effect of stimulation at ST-36 
(Zusanli) and LI-4 (Hegu) acupoints,33,34 we used these 
two acupoints in combination with PC6 (Neiguan) and 
HT7 (Shenmen) acupoints after surgery in our study. 
Thirty minutes of TEAS treatment was also performed 
bilaterally by an experienced acupuncturist at these four 
acupoints on the first three nights after surgery. We found 
that patients in the TEAS group had significantly lower 
VAS scores than those in the control group at 2, 4, 6, and 
24 h after surgery. Patients in the control group used more 

PCA doses (more PCA pump presses) than those in the 
TEAS group. The possible mechanisms, according to ani-
mal studies, may be as follows: First, electroacupuncture- 
upregulated endocannabinoids may directly inhibit pain 
because cannabinoid receptor 2 activation inhibits sensory 
nerve activities in a rat pain model.35 Second, electroacu-
puncture at PC6 (Neiguan) and LI4 (Hegu) can change the 
phosphorylation level of the N-methyl-D-aspartate recep-
tor (NMDA) subunit 2B of the NMDA receptor in the C1‒ 
C3 segment of the spinal cord, and can up-regulate the 
expression of 5-hydroxytryptamine 2A receptor mRNA 
and protein, which could effectively increase the pain 
threshold and relieve pain.36,37

Moreover, in terms of other postoperative complica-
tions, we found that the incidence of nausea and vomiting, 
and of dizziness were significantly lower in the TEAS 
group than in the control group. This may be because, 
first, electroacupuncture at PC6 (Neiguan) and ST-36 
(Zusanli) could cause free flow of qi, regulate the digestive 
system, and help relax the gastrointestinal track.38,39 

Figure 5 Comparison of the distribution of different sleep stages between the TEAS group and the control group. (A) REM (B) Stable sleep (C) Unstable sleep. REM: Rapid 
eye movement; Sleep-preop 2: the second night before surgery; Sleep-preop 1: the first night before surgery; Sleep POD 1: the first night after surgery; Sleep POD 3: the 
third night after surgery. In the same group, **vs the previous time point: P < 0.001. At the same point, ▲vs the TEAS Group: P < 0.05. #vs the TEAS Group: P < 0.001. The 
bar in the figure means standard deviation.
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Second, electroacupuncture may induce the release of 
peripheral opioids to relieve pain and reduce the use of 
opioids, which may improve postoperative nausea and 
vomiting.40 Third, electroacupuncture may accelerate 
motility of the gastrointestinal track and mitigate delayed 
gastric emptying via corticotrophin-releasing factor type-2 
receptors, which mediate outflow of the parasympathetic 
efferent pathway.38,39,41

There are some limitations in this study. First, we only 
collected data on sleep quality in the short-term perioperative 
period after TEAS. The effect of TEAS on long-term sleep 
quality after surgery needs further study. Second, although 
we tried to reduce the confounding factors of postoperative 
sleep quality such as light, noise or interference due to nur-
sing care in the study, there may be other inevitable factors 
that may affect postoperative sleep quality. Third, it is neces-
sary to study the effect of TEAS on postoperative sleep 
quality in large-scale multi-center studies and other types of 
surgery under general anesthesia in the future.

Conclusion
In conclusion, patients undergoing video-assisted thoraco-
scopic surgery experienced marked postoperative sleep 
disturbances, characterized by higher AIS scores, lower 
sleep efficiency, and decreased proportions of each sleep 
phase. Our findings show that TEAS can effectively 
improve postoperative sleep efficiency and subjective 

sleep scores, relieve postoperative complications, such as 
postoperative pain, and nausea and vomiting, which may 
further help to improve postoperative sleep quality and 
promote the recovery of patients.

Data Sharing Statement
The individual deidentified participant data in our study 
could be shared with readers. Readers can obtain the data 
by emailing the corresponding author (zhujunchao1@hot-
mail.com). We did not include specific data and documents 
from previous reports in our study. All the data in our 
study are available for 10 years.
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