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Transcutaneous Electrical Acupoint
Stimulation Improves Immunological
Function During the Perioperative Period
in Patients With Non-Small Cell Lung
Cancer Undergoing Video-Assisted
Thoracic Surgical Lobectomy

Qing Tu, MS1,2,*, Zhou Yang, MD3,*, Jianhui Gan, MD1 , Jian Zhang, MD4,
Bin Que, MD5, Qiaofeng Song, MD6, and Yan Wang, MD7

Abstract
The immunological function of patients with malignant tumors may be suppressed during the perioperative period. However,
details on the effects of transcutaneous electrical acupoint stimulation (TEAS) on immunological function are relatively lacking.
We designed this study to examine the effects of TEAS on the immunological function of patients with non-small cell lung
cancer (NSCLC) during the perioperative period. Participants (n ¼ 144) were enrolled and randomly assigned into group
TEAS or group sham TEAS. TEAS on bilateral Feishu (BL13), Hegu (L14), and Zusanli (ST36) was performed continuously
throughout the procedure. The primary outcome was the quantities of natural killer (NK) cells at 30 minutes before induction
(T0), 5 minutes after intubation (T1), at the beginning of the operation (T2), at the beginning of the lobectomy (T3), at the
beginning of the lymphadenectomy (T4), and immediately after extubation (T5). The secondary outcomes were the serum
levels of tumor necrosis factor-a (TNF-a) and interleukin-6 (IL-6) at T0 to T5, the mean arterial pressure (MAP) and heart rate
(HR), the intraoperative consumption of propofol and remifentanil, the incidence of hypoxemia, postoperative nausea and
vomiting (PONV), and the length of hospital stay. The quantities of NK cells were decreased in group sham TEAS after
intubation compared to that in group TEAS, while the quantities of NK cells in group TEAS were similar at T0 to T5.
Meanwhile, the quantities of NK cells in group sham TEAS at T1 (P ¼ .012), T2 (P < .001), T3 (P ¼ .027), T4 (P ¼ .045), and T5

(P ¼ .021) were lower than those in group TEAS. In group TEAS, the serum levels of TNF-a were lower at T1 to T5, while the
levels of IL-6 were lower at T2 to T5. Furthermore, the intraoperative MAP and HR were more stable, the total propofol and
remifentanil consumptions were lower, and the length of hospital stay was shorter than those in group sham TEAS. The
application of TEAS can effectively reverse the decrease in NK cells, decrease the serum levels of TNF-a and IL-6, maintain
hemodynamic stability during the perioperative period, decrease the consumption of propofol and remifentanil, and shorten
the length of the hospital stay.
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Introduction

Lung cancer is one of the most common malignancies observed

in daily clinical practice and the leading cause of cancer-related

death worldwide. Cancer leads to approximately 1 million

deaths, for which non-small cell lung cancer (NSCLC)

accounts for approximately 80%.1 Patients with lung cancer

exhibit numerous immune abnormalities, including cellular

immune dysfunction, cytokine alterations, microcirculatory

disturbances, and antigen presentation defects,2,3 due to surgi-

cal trauma and postoperative pain. Surgical treatment is the

main method of therapy for early-stage NSCLC. However,

immunological function could be further depressed during the

perioperative period, which may predispose patients to septic

complications, multiple organ dysfunction, tumor spread or

metastases, and mortality during this period.4 Therefore, it is

of great importance to find approaches to attenuate periopera-

tive immunological dysfunction. The traditional thoracotomy

causes more trauma and can lead to a strong stress reaction and

severe fluctuation of hemodynamics intraoperatively. Com-

pared to traditional thoracotomy, video-assisted thoracic sur-

gery (VATS) lobectomy causes less trauma and has better

visualization during the procedure, which helps to depress the

inflammatory response, protect immune function,5 shorten the

length of hospital stay, hasten postoperative rehabilitation, and

decrease in-hospital mortality.6 Protection of perioperative

immunological function is one of the most important clinical

concerns, particularly for patients with malignant tumors.

Transcutaneous electrical acupoint stimulation (TEAS) is a

type of acupuncture that combines the effect of transcutaneous

electrical nerve stimulation (TENS) and acupoint therapy.

According to the basic theory of traditional Chinese medicine,

surgical trauma could imbalance the state of the human body

and disturb the movement of Qi (vital energy),7 while acupoint

stimulation may restore the balance of Qi and facilitate recov-

ery from bodily injury via exerting effects on the central ner-

vous, autonomic nervous, immune, metabolic, and endocrine

systems.8,9 Acupuncture could promote the release of cyto-

kines activated by natural killer (NK) cells and enhance non-

specific antitumor immunity.10 The NK cells are natural

lymphocytes that play a significant role in antitumor immunity

and can express receptors, such as NK group 2D receptors,

which recognize tumor cells and pathogen-infected cells via

surface ligands.11 Perioperative surgical trauma and other sti-

muli could increase the release of inflammatory cytokines,

such as tumor necrosis factor (TNF)-a and interleukin (IL)-6,

leading to inflammatory reactions and tissue damage. In addi-

tion, high levels of IL-6 not only mediate inflammatory reac-

tions but also promote tumor angiogenesis, tumor cell growth,

and metastasis,12 which are detrimental to the prognosis of

patients with cancer. TNF-a is one of the earliest released and

most sensitive inflammatory factors,13 which can also activate

the production of IL-6. Generally, serum levels of TNF-a and

IL-6 can reflect the levels of inflammatory reaction and

humoral immunity. Research suggests that electroacupuncture

could alleviate the levels of inflammatory reaction by down-

regulating the serum levels of cytokines TNF-a and IL-6.14

Therefore, NK cells, TNF-a, and IL-6 were selected as the

immunological factors of interest. The TEAS has been proven

to provide perioperative immune system protection by regulat-

ing the balance of T lymphocytes and the expression levels of

related cytokines and transcription factors,15 and the procedure

may be a promising strategy for treating postoperative immu-

nological dysfunction in patients with NSCLC. However, rel-

evant studies regarding these effects are relatively lacking.

We conducted this randomized controlled study primarily to

examine the effects of TEAS on the immunological function in

patients with NSCLC undergoing VATS lobectomy.

Methods

Patients

Ethical approval was obtained from the Ethical Committee of

Human Research of Tangshan People’s Hospital, North China

University of Science and Technology (file number: RMYY-

YWLL-2017-1110). The study was performed in accordance

with the Declaration of Helsinki and the guidelines on good

clinical practice. Approval by the regional research ethics com-

mittee was obtained. All patients enrolled in the study signed

informed consent.

Participants who underwent VATS lobectomy were enrolled

in the study. The eligibility criteria were as follows: (1) patients

who provided consent; (2) patients aged more than 18 years; (3)
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patients with an American Society of Anesthesiology physical

status classification grade I or II; and (4) patients with suffi-

cient cognitive function and language skills for the study. The

exclusion criteria were as follows: (1) patients with a painful

condition (eg, chronic migraine, rheumatoid arthritis, cancer

pain); (2) patients with a major organ system disease or hyper-

sensitivity to the study medications; (3) patients fitted with a

pacemaker; (4) participants using an analgesic drug or had a

history of significant abuse of certain drugs; (5) patients who

received acupuncture point stimulation or had experience with

acupuncture electrodes; (6) patients in who the target acupoint

stimulation site was infected, had trauma, or TEAS implemen-

tation was not appropriate to carry out for other reasons; (7)

patients who had already underwent thoracotomy; and (8)

patients who had uncontrolled hypertension, diabetes, history

of epilepsy, were pregnant, lactating or had childbearing poten-

tial, or were enrolled in other clinical trials.

The perioperative management sequences of TEAS (group

TEAS) and sham TEAS (group sham TEAS) were determined,

and randomization was stratified according to the time of

admission in a block size of 10. Eligible participants were

randomly assigned to receive either TEAS or sham TEAS via

a central randomization system for clinical research using a 1:1

ratio. The random number list was generated by an independent

statistician, and the block size was disclosed to other research-

ers. An independent, blinded statistician concealed the file of

the generated random number table using a password and pro-

vided information regarding which group each participant was

assigned to the clinical research coordinator. Researchers who

assessed outcome measures and those who performed data

management and statistical analysis were blinded to each par-

ticipant’s allocation status. Outcome assessors were not

allowed to have any conversations with participants regarding

the treatment process. To avoid any bias due to deliberate

intervention, each practitioner performed only one of the inter-

ventions (TEAS or sham TEAS), and none of the practitioners

were allowed to participate in the analysis of outcomes. In

addition, patients were treated separately to prevent communi-

cation throughout the trial.

Study Design

All patients were admitted 1 day before surgery, and no pre-

operative medication was administered prior to anesthesia

induction. Upon arrival in the operating room, a dedicated

intravenous cannula was inserted by a circuit nurse, and an

infusion of Ringer’s lactate solution was commenced. The

patient’s temperature, heart rate (HR), electrocardiogram (lead

II), pulse oximetry, and bispectral index (BIS; Model A 3000,

Aspect Medical Systems, Inc, Natick, Massachusetts) were

continuously monitored during the procedure. Puncture and

catheterization of the radial artery were performed after local

anesthesia to monitor continuous arterial blood pressure.

Patients in group TEAS received acupoint electrical stimu-

lation on the bilateral Feishu (BL13, located under the spinous

process of the third thoracic vertebrae approximately 5 cm

apart), Hegu (L14, between the first and second metacarpal

bones on the dorsum of the hand, the midpoint of the radial

side of the second metacarpal bone), and Zusanli (ST36,

located 5 mm below and lateral to the anterior tubercle of the

tibia) 30 minutes before induction of anesthesia. The HANS

LH-202 electrical stimulator (Nanjing Ji Sheng Medical Tech-

nology Co, Ltd, Nanjing, China.) was used to provide electrical

stimulation. After skin disinfection, electrode tabs were placed

on the bilateral BL13, L14, and ST36; the output wire was

connected to the electrode tabs; and the electrode intensity was

adjusted, with the intensity set at the highest level the patients

could tolerate. The TEAS was maintained continuously

throughout the procedure with a dilatational wave at a fre-

quency of 2/100 Hz.16 The intensity of the current ranged from

5 to 30 mA for TEAS, from 5 to 10mA for the upper limbs, and

from 10 to 30 mA for the lower limbs and trunk.17 The presence

of de qi sensation was used to establish the efficacy of the

acupoint stimulation. For patients in group sham TEAS, elec-

trode tabs were placed on the bilateral BL13, L14, and ST36

similar to patients in group TEAS, but electrical stimulation

was not initiated. The electrodes were well protected from

detaching during the operation. The TAES intervention was

performed by a research nurse who was a qualified member

of the research team and then verified by 2 traditional Chinese

medicine physicians. Throughout the trial, participants were

treated separately to prevent communication.

All patients were provided 100% oxygen for 3 minutes

before induction. Anesthesia induction was initiated by expe-

rienced anesthesiologists with 0.1 mg/kg midazolam, 4 mg/kg

fentanyl, 0.4 mg/kg etomidate, and 0.6 mg/kg rocuronium. A

left double-lumen endotracheal tube (Mallinckrodt; Covidien,

Manseld, Massachusetts) was used for intubation, and its cor-

rect position was confirmed by fiberoptic bronchoscopy. All

the patients received propofol and remifentanil, controlled by

the same closed-loop automated system, during the induction

and maintenance of general anesthesia. The BIS values were

maintained between 40 and 50, with the intermittent addition of

cis-atracurium, to ensure the progress of the surgery. All

anesthetics were discontinued at the end of the surgery. No

anti-inflammatory drugs were administered after surgery. All

participants were transferred to the postanesthesia care unit

(PACU) after surgery and then escorted back to the cardiothor-

acic surgery ward by the anesthesia nurse after extubation. All

surgeries were performed by an experienced, skilled chief sur-

geon who was blinded to the grouping. Patients were dis-

charged when they met the following criteria: (1) surgical

wounds were healing well without infection; (2) pain wound

score was less than 3 points (assessed by the Visual Analog

Scale); (3) vital signs were stable; and (4) they had no post-

operative complications, such as pneumothorax, pleural effu-

sion, and pulmonary infection.

Measurements

The primary outcome was the quantities of NK cells. For all

patients, a 5-mL venous blood sample was drawn from the
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forearm vein with a syringe containing heparin at 30 minutes

before induction (T0), 5 minutes after intubation (T1), at the

beginning of the operation (T2), at the beginning of the lobect-

omy (T3), at the beginning of the lymphadenectomy (T4), and

immediately after extubation (T5), which was used to count NK

cells and detect the serum levels of TNF-a and IL-6. The quan-

tity of NK cells was counted using Attune NxT flow cytometry

(Beijing Xinlei Zhongsen Biotech Co Ltd, Beijing, China). The

secondary outcomes were the serum levels of TNF-a and IL-6,

the mean arterial pressure (MAP) and HR, the interoperative

consumption of propofol and remifentanil, the incidence of

hypoxemia, postoperative nausea and vomiting (PONV) in the

PACU, and the length of hospital stay. The serum levels of

TNF-a and IL-6 were detected by enzyme linked immunosor-

bent assay (Shanghai West Tang Biotechnology Co, Ltd,

Shanghai, China). The detection process was completed by the

Department of Clinical Laboratory of our hospital in accor-

dance with the manufacturer’s instructions. The laboratory

physicians were blinded to the study group assignments.

Sample Size Calculation

The sample size was determined based on the results of the

primary outcome of NK cell counts from a pilot study. The

power analysis suggested that the number of patients should

be 54 in each group, with a ¼ .05 and power (1 � b) ¼ 0.8.

Considering a drop-off rate of 20%, the preferred sample size

of each group was determined to be 66 patients.

Statistics Analysis

Data were processed using SPSS version 20.0 (SPSS Inc,

Chicago, Illinois). Data are presented as the means and standard

deviations for continuous variables and as proportions for cate-

gorical variables. Normally distributed continuous data (deter-

mined by the Kolmogorov-Smirnov method) were compared

using Student t test. The w2 test was used to analyze categorical

variables. One-way analysis of variance was used to analyze

differences between the baseline values and other time points.

Repeated measurements were used to analyze differences in the

interaction effects between groups and different time points. A

2-tailed P value of <.05 was considered statistically significant.

Results

Participant Enrollment

We screened 170 patients selected to undergo VATS lobect-

omy in our teaching hospital for eligibility, of who 144 were

randomly assigned to receive either TEAS (n ¼ 72) or sham

TEAS (n¼ 72). Data from 144 (84.7%) patients were obtained.

Twenty-six (15.3%) patients were excluded for meeting the

exclusion criteria and other reasons after consent. Three

patients had a painful condition prior to surgery, and three

patients had target acupoint stimulation site infection or

trauma. Two patients had serious organ dysfunction, and one

patient was fitted with a pacemaker. One patient had the

potential for a difficult intubation, one patient had significant

drug abuse, and one patient had already undergone a lobect-

omy. Six patients refused to receive TEAS. In all, 5 patients

declined to participate, 3 cases in group TEAS and 2 cases in

group sham TEAS. In total, 3 surgeries were canceled for var-

ious reasons, 1 case in group TEAS and 2 cases in group sham

TEAS. The flow of randomized patients is shown in Figure 1.

The baseline characteristics were similar between the 2 groups

(Table 1).

Quantities of NK Cells

There were no significant differences in the quantities of NK

cells at T0 (31.45 [3.87] vs 31.55 [3.24], P ¼ .237) between the

2 groups. Compared to the quantity of NK cells at T0, the

counts were decreased in group sham TEAS at T1 to T5 (P <

.05), similar to those in group TEAS at T0 to T5 (P > .05).

However, the quantities of NK cells in group sham TEAS at

T1 (P ¼ .012), T2 (P < .001), T3 (P ¼ .027), T4 (P ¼ .045), and

T5 (P¼ .021) were lower than those in group TEAS (Figure 2).

Serum Levels of TNF-a and IL-6

The baseline serum levels of TNF-a and IL-6 at T0 were com-

parable between the 2 groups (P > .05). The serum levels of

TNF-a and IL-6 at T1 to T5 were increased to varying degrees

in group sham TEAS. In group sham TEAS, the serum levels of

TNF-a increased at T1 to T5, while the levels of IL-6 were

elevated only at T1, T2, and T4, compared to the baseline levels

at T0 (P < .05). However, in group TEAS, the serum levels of

TNF-a at T1 (P ¼ .014), T2 (P ¼ .033), T3 (P < .001), T4 (P ¼
.017), and T5 (P ¼ .016) were lower than those in group sham

TEAS, while the serum levels of IL-6 at T2 (P < .001), T3 (P <

.025), T4 (P ¼ .008), and T5 (P ¼ .031) were lower than those

in group sham TEAS (Figure 3A and B).

Changes in MAP and HR

The MAPs and HRs in both groups were similar at T0 (P > .05).

Compared to T0, the MAPs and HRs were significantly

increased at T1to T5 in group sham TEAS (P < .05). However,

in group TEAS, there were no statistically significant differ-

ences in the MAPs and HRs between time points (P > .05), and

the MAPs and HRs at T1to T5 in group TEAS were lower than

those in group sham TEAS (P < .05; Figure 4A and B).

Consumption of Propofol and Remifentanil, Incidence
of Hypoxemia and PONV in the PACU, and Length
of Hospital Stay

Total propofol (P¼ .002) and remifentanil (P¼ .028) consump-

tion were lower in group TEAS than that in group sham TEAS.

The incidence of neither hypoxemia (P¼ .872) nor PONV in the

PACU (P ¼ .437) differed significantly between the 2 groups.

Meanwhile, the length of hospital stay in group TEAS was

shorter than that in group sham TEAS (P ¼ .014; Table 2).
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Discussion

Unlike other types of lung cancer, the growth and metastasis

rates of NSCLC are relatively slow. Therefore, early surgical

treatment has a chance to cure the disease. The VATS lobect-

omy surgical procedure has an efficacy comparable to that of

traditional thoracotomy but is less likely to cause further

trauma, pain, and perioperative morbidity.18 However, since

malignant tumors are transferrable and commonly reoccur,

clinical treatments for the disease are particularly difficult.

Although surgical resection is the main method of treatment,

the proliferation and distant metastasis of residual tumor cells

can occur during the perioperative period.19 This phenomenon

is primarily related to tumor cell dissemination, perioperative

stress response, and the inhibition of cellular immune func-

tion.20,21 Perioperative immunosuppression allows tumor cells

to escape immune surveillance and promotes tumor metasta-

sis.22 Accordingly, the application of preventive measures is of

great significance to protect patients’ immunological function,

decrease perioperative immunosuppression, reduce tumor

recurrence and metastasis, and improve the long-term prog-

nosis of patients with cancer.

The effects of acupuncture and related techniques on peri-

operative immunological function have been focused on exten-

sively for the last decade. However, the underlying

mechanisms are still unclear. The TEAS adds an electrical

stimulation pulse to target acupoints using electrodes placed

on the surface instead of acupuncture needles. The TEAS has

been found to reduce analgesic consumption and the incidence

of nausea and vomiting and to accelerate anesthesia recov-

ery.16,23 Traditional Chinese medicine holds that acupuncture

at BL13 can treat respiratory diseases. An animal experiment

showed that electroacupuncture at BL13 and Zusanli (ST36)

downregulated the expression of orexins and their receptors,

reduced lung inflammation, improved rat lung function, and

delayed the development of chronic obstructive pulmonary

disease.24 Luo et al suggested that the electroacupuncture sti-

mulation of BL13 downregulated the lung index and serum

TNF-a levels and upregulated the serum IL-10 levels in mice

with viral pneumonia.25 These studies indicated that

Assessed for eligibility (n=170)

Excluded (n=18)
I. Patients had presence of a painful condition prior

surgery(n=3)

II. Target acupoints stimulation site has infection or

trauma (n=3)

III. Serious organ dysfunction (n=2)
IV. Patients fitted with pacemaker (n=1)

V. Potential difficult intubation (n=1)

VI. Participants with significant abuse of drugs(n=1)
VII. Patients have already undergone thoracotomy(n=1)

VIII. Refusing of TEAS (n=6)

Randomised (n=152)

Randomized to receive TEAS (n=76)

I. Received TEAS as randomized(n=72)

II. Did not received TEAS(n=4)

Declined to participate(n=3)

Surgery cancelled (n=1)

Randomized to receive sham TEAS (n=76)

I. Received sham TEAS as randomized(n=72)

II. Did not received sham TEAS(n=4)

Declined to participate(n=2)

Surgery cancelled (n=2)

Included in analysis (n=72)Included in analysis (n=72)

Figure 1. Flow of participants randomized to receive TEAS or sham TEAS. TEAS indicates transcutaneous electrical acupoint stimulation.
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stimulation at BL13 can improve immunological function and

the prognosis for respiratory diseases. Electroacupuncture at

LI4 improved perioperative immunological function26,27 and

inhibited tumor growth.28 Recently, some experimental and

clinical studies have shown that sequential electroacupuncture

stimulation applied at ST36 performed well in the treatment of

stress-induced immunodeficiency.29,30 Electrical stimulation at

ST36 can also activate the immune system and support

anticancer treatments.31 Accordingly, BL13, LI4, and ST36

were selected as target acupoints for electrical stimulation in

our study.

Studies demonstrated that acupuncture promoted the release

of cytokines activated by NK cells and enhanced nonspecific

antitumor immunity.10 Additionally, a current study by

Wu et al suggested that TAES was able to partially attenuate

the postoperative immune depression of patients with lung

cancer by regulating the balance of T lymphocytes and the

expression levels of related cytokines and transcription fac-

tors,15 but they did not discuss the impact of TEAS on NK cells

and related immunologic factors, such as TNF-a and IL-6.

Actually, NK cells play an all-star role in protecting hosts from

carcinogenesis and metastases. The NK cells are essential and

critical effector cells of the innate immune system that sponta-

neously kill transformed and infected cells and represent the

first line of the host immune defense against cancer and patho-

gens. The NK cells recognize and kill cancer cells by 2 major

constitutive mechanisms: the secretory/necrotic mechanism

and the nonsecretory/apoptotic mechanism. Studies have

shown that IL-6 is the key factor in many inflammatory

responses, and serum IL-6 concentrations are positively corre-

lated with the degree of tissue injury.32,33

In this study, the quantity of NK cells was decreased slightly

in group TEAS after induction. In contrast, the quantity of NK

cells decreased significantly after induction in group sham

TEAS. As expected, in group sham TEAS, the number of cells

declined markedly after induction compared to that in group

TEAS. This result suggested that TEAS may reverse the

decrease in NK cells during the perioperative period. Cytokines

of TNF-a and IL-6 play the core role in the pathogenesis of

inflammatory damage.34 Therefore, inhibiting the expression

and release of inflammatory cytokines can reduce perioperative

inflammatory response and protect the immune system. A

review addressed that acupuncture exerted anti-inflammatory

actions and inhibited macrophage activation and the production

of TNF, IL-6, and other proinflammatory cytokines through

central inhibition of the innate immune system.35 Another clin-

ical research showed that TEAS diminished the lower limb

ischemia–reperfusion injury and improved pulmonary function

by downregulating the levels of inflammatory cytokines, such

as TNF-a and IL-6.36 Previous studies proved that increased

levels of IL-6 may inhibit the cytotoxic activity of NK cells by

decreasing the expression of perforin, granzyme B (a serine

protease), and tyrosine phosphatase-2 (SHP-2) but do not

decrease NK cell numbers.37,38 As an important inflammatory

cytokine, TNF-a directly influences NK cell activation and

cytotoxic effects on tumor cells.39 In our study, the serum

levels of TNF-a and IL-6 were increased to varying degrees

in both the groups. The levels of TNF-a in group TEAS were

lower at T1 to T5 than those in group sham TEAS, while the

levels of IL-6 were lower at T2 to T5 in group TEAS. These

results indicated that TEAS decreased the levels of TNF-a and

IL-6 and demonstrated that the intensity of inflammatory reac-

tions in the body was decreased and may also account for the

stable NK cell levels. Conversely, the increased number of NK

Table 1. Patient and Surgical Characteristic.a

Characteristics

Group

TEAS,

n ¼ 72

Group Sham

TEAS,

n ¼ 72

P

Value

Age, years 64.34 (8.25) 62.88 (8.37) .642

Sex .383

Male 42 39

Female 30 33

BMI, kg/m2 59.42 (8.44) 58.43 (8.90) .572

Smoking history 47 44 .174

ASA physical status .726

I 38 35

II 34 37

TNM stage .477

Stage I 42 41

Stage II 30 31

Side of surgery .941

Left side 36 38

Right side 36 34

Operation time, minutes 165.26 (16.74) 168.48 (12.82) .656

Anesthesia time, minutes 187.47 (14.26) 188.58 (13.66) .824

Abbreviations: ASA, American Society of Anesthesiologist; BMI, body mass

index (calculated as weight in kilograms divided by height in meters squared);

TNM, tumor, node and metastasis.
aValues are shown as mean (SD) or number of patients.

* * * * *
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Figure 2. Counts of NK cells between 2 groups. NK indicates natural

killer. *P < .05 versus group sham transcutaneous electrical acupoint

stimulation (TEAS), #P < .05 versus T0. T0, 30 minutes before

induction; T1, 5 minutes after intubation; T2, the beginning of the

operation; T3, the beginning of the lobectomy; T4, at the beginning of

the lymphadenectomy; T5, immediately after extubation.
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cells may theoretically inhibit the increase in TNF-a and IL-6

levels. However, we did not detect the cytoactivity of the NK

cells. Additional studies are needed to investigate the relation-

ship between changes in TNF-a and IL-6 levels and the

stability of NK cells under the intervention of TEAS. Simulta-

neously, the MAPs and HRs in group TEAS were comparable

at all 5 time points. Nevertheless, the MAPs and HRs after

induction were higher than the baseline values in group sham

TEAS, demonstrating that TEAS was beneficial to maintaining

hemodynamic stability and reducing the stress response.

In addition, the consumption of propofol and remifentanil in

group sham TEAS was much higher than that in group TEAS.

The results were in accordance with a previous study by Huang

et al.16 However, no significant differences in the incidences of

hypoxemia or PONV in the PACU existed between the 2

groups. These observations may be related to the following
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Figure 3. Serum levels of TNF-a and IL-6 between 2 groups. *P < .05 versus group sham transcutaneous electrical acupoint stimulation

(TEAS), #P < .05 versus T0. T0, 30 minutes before induction; T1, 5 minutes after intubation; T2, the beginning of the operation; T3, the beginning

of the lobectomy; T4, at the beginning of the lymphadenectomy; T5, immediately after extubation.
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Figure 4. Heart rate and mean arterial pressure changes between 2 groups. *P < .05 versus group sham transcutaneous electrical acupoint

stimulation (TEAS). T0, 30 minutes before induction; T1, 5 minutes after intubation; T2, the beginning of the operation; T3, the beginning of the

lobectomy; T4, at the beginning of the lymphadenectomy; T5, immediately after extubation.

Table 2. Consumption of Propofol and Remifentanil Intraoperative,

the Incidence of Hypoxemia, Postoperative PONV in PACU, and the

Length of Hospital Stay.a

Group

TEAS,

n ¼ 72

Group Sham

TEAS,

n ¼ 72

P

Value

Propofol, mg 827.74 (118.37) 1029.26 (126.47) .002b

Remifentanil, mg 1145.56 (216.67) 1864.82 (244.34) .028b

Hypoxemia, n (%) 1 (1.39) 2 (2.78) .872

PONV, n (%) 6 (8.33) 8 (11.11) .437

Length of hospital stay,

days

7.42 (1.23) 9.17 (1.31) .014b

Abbreviations: PACU, postanesthesia care unit; PONV, postoperative nausea

and vomiting; TEAS, transcutaneous electrical acupoint stimulation.
aValues are presented as mean (SD) or number of patients.
bP < .05 versus group sham TEAS.
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factors: Researchers enrolled participants according to strict

criteria; the respiratory functions of the participants were in a

good state; partial lobectomy had little effect on respiratory

function; and combined with good intraoperative management,

the incidence of hypoxemia was relatively small. Thus, the

effect of TEAS on respiratory function could not be accurately

evaluated. Second, research suggested that electrical stimula-

tion at Neiguan (PC6) can reduce the incidence of PONV.16 In

our study, however, PC6 was not selected as a target acupoint.

This may explain why the incidences of PONV were similar

between the 2 groups. The length of hospital stay in group

TEAS was also shorter than that in group sham TEAS, indicat-

ing that TEAS was beneficial to accelerating postoperative

recovery and improving prognosis.

Limitations

As both study groups were comprised of participants from the

same hospital, our findings might not be generalizable to other

hospitals despite that both groups were highly homogeneous.

Since we can determine the effectiveness of TEAS by the de qi

sensations, the patients were not completely blinded to the

interventions, which may have affected the overall results.

However, although the patients experienced the sensation of

de qi, they did not know the group in which they were placed,

since we excluded patients who have received acupuncture

point stimulation or had experience with acupuncture elec-

trode. Additionally, all patients were told that TEAS was car-

ried out throughout the surgery. In addition, patients were

treated separately to prevent communication throughout the

trial and to reduce the bias of blinding as much as possible.

The study was supposed to use absolute time, which would

improve the objectivity of data collection and the reliability

of results. We did not follow the long-term prognosis or

tumor-free survival periods of the participants in our study.

The long-term assessment of tumor progression after surgery

is an important focus, and we recorded only the length of the

hospital stay in the current study. In future studies, larger

sample-sized, double-blind multicenter randomized controlled

trials with a long-term assessment of tumor progression after

surgery are warranted to gather more evidence on the detailed

effects of TEAS on the immunological function of patients

with cancer.

Conclusion

The application of TEAS can effectively reverse the decrease

in NK cells, reduce the serum levels of TNF-a and IL-6, and

depress the inflammatory reaction during the perioperative

period. The TEAS was also beneficial for maintaining hemo-

dynamic stability, reducing the stress response, decreasing the

interoperative consumption of propofol and remifentanil, and

decreasing the length of the hospital stay.
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