
EXPERIMENTAL AND THERAPEUTIC MEDICINE  19:  511-518,  2020

Abstract. Laparoscopy is performed worldwide due to 
its limited side effects and optimal treatment efficacy. 
However, it also has adverse effects, including atelectasis and 
ischemia-reperfusion injury, due to CO2 accumulation during 
ventilation in a head-down position, which may result in severe 
disorders and adversely affecting postoperative recovery, 
prolonging hospitalization. The present study was performed 
to assess whether transcutaneous electrical acupoint 
stimulation (TEAS) protects against lung injury occurring 
during gynecological laparoscopic surgery. Patients were 
randomly allocated to two groups: Control group (received no 
stimulation) and TEAS group (patients treated with TEAS on 
BL13, LI4 and LU5). The mean arterial pressure, heart rate and 
oxygen saturation were recorded at the time-points of arriving 
in the operating room (T0), immediately prior to induction 
of the pneumoperitoneum (T1), immediately after the end of 
pneumoperitoneum (T2) and on leaving the operating room 
(T3). Arterial blood gas analysis was performed to record 

the pH, determine the partial pressure of carbon dioxide and 
calculate the oxygenation index (OI) at T0-3. Blood samples 
were taken from the peripheral vein for determination of the 
serum concentrations of tumor necrosis factor (TNF)-α and 
interleukin (IL)-1β at T0 and T3. Post-operative pulmonary 
complications occurring during the first five days after surgery 
were also recorded. A total of 100 patients were initially 
enrolled and 80 patients were analysed. The results indicated 
that the OI in the control group was significantly lower than 
that in the TEAS group at the T2 and T3 time-points. The 
serum concentrations of TNF-α and IL-1β were significantly 
increased following surgery, while the extent of these 
increases was lower in the TEAS group compared with that in 
the control group. The incidence of post-operative pulmonary 
complications was significantly lower in the TEAS group. It 
was therefore indicated that TEAS protect against lung injury 
as a complication of gynecological laparoscopic surgery. The 
present study was registered at http://www.clinicaltrials.gov 
prior to enrollment of the patients (no. NCT02850471).

Introduction

Laparoscopy is performed worldwide due to its limited side 
effects and optimal healing efficacy compared with tradi-
tional surgery. Despite these advantages, laparoscopy has 
adverse effects, including atelectasis and ischemia-reperfu-
sion injury (IRI), due to CO2 accumulation during ventilation 
in a head-down position, in particular during gynecological 
laparoscopic surgery (1,2). These may sometimes result 
in severe disorders and affect the postoperative recovery, 
prolong the hospitalization (3,4).

Several different mechanisms account for the adverse 
effects of pneumoperitoneum and ventilation. Specific 
trials have been performed proposing that hyperinflation 
and repetitive tidal recruitment may promote the release 
of pro-inflammatory mediators, which may lead to lung 
injury (5). Previous clinical investigations have demonstrated 
that free reactive oxygen species produced by activation of 
neutrophils and by the inflammatory response are an essential 
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factor for inducing lung IRI (6). A previous trial suggested that 
impairment of oxygenation contributed to the development 
of atelectasis. Ventilation is provided due to impairment of 
lung function, which is accompanied by increased expression 
of cytokines, including tumor necrosis factor-α (TNF-α) and 
interleukin 1β (IL-β) (7). To date, several trials have demon-
strated that mechanical ventilation with lower tidal volumes 
and positive end-expiratory pressure can prevent pulmonary 
inflammation and protect against post‑operative pulmonary 
complications (8,9). The underlying mechanism for this could 
be the reduction of myeloperoxidase and elastase levels in the 
bronchoalveolar lavage fluid in addition to the inhibition of 
polymorphonuclear cells activity, which were recruited to the 
pulmonary compartment (8,9). However, there is currently no 
consensus regarding the optimal protective ventilation during 
general anesthesia.

Transcutaneous electrical acupoint stimulation (TEAS) 
is a complementary and alternative treatment method that 
combines transcutaneous electrical nerve stimulation (TENS) 
with traditional acupuncture in order to deliver a specific 
low-frequency pulse current to the body through the skin. It 
has been demonstrated to improve the inflammatory response 
during general anesthesia (10). The present study was performed 
to test the hypothesis that TEAS protects against lung injury 
occurring in patients undergoing gynecological laparoscopy 
under general anesthesia, which is most commonly performed 
in a head-down position.

Patients and methods

Study population and design. Ethical approval of this study 
was granted by the Human Research Ethical Committee 
of Shengjing Hospital (Shenyang, China; IRB registration 
no. 2015PS57J). Informed consent was obtained from all 
participants. The present study was registered at http://www.
clinicaltrials.gov prior to enrollment of the patients (registra-
tion no. NCT02850471).

A total of 100 patients aged between 18 and 65 years who 
were scheduled for gynecological laparoscopic surgery under 
general anesthesia at Shengjing Hospital of China Medical 
University (Shenyang, China) were included in the present 
study. The subjects were recruited between March 2015 and 
July 2015 and were classified according to the American 
Society of Anesthesiologists physical status classification of I 
or II (11). The exclusion criteria were as follows: Pre-existing 
lung or cardiac disease, impaired kidney or liver function, 
history of bronchial asthma or chronic obstructive pulmonary 
disease, history of smoking, respiratory infection two weeks 
prior to enrollment and pre-operative use of a bronchodilator 
or a steroid.

Randomization and blinding. The patients were randomly 
assigned either to the TEAS or the control groups using a 
computer-generated random number sequence. The group 
assignment was performed in sealed opaque envelopes that 
were numbered sequentially. The acupuncturist from the 
Department of Traditional Chinese Medicine of the Shengjing 
Hospital (Shenyang, China) was informed of the randomization 
allocation and was only responsible for placing the electrodes 
and turning on and/or off the stimulator. No communication 

occurred between him and the investigators of the study. The 
patients, attending anesthesiologists, surgeons and data collec-
tors were all blinded to the allocation. In order to enhance the 
reliability of the study, the patients in the control group had 
electrodes placed at the same acupoints as the patients in the 
TEAS group. Patients in either of the two groups were told that 
the acupuncture points would be stimulated by the instrument 
with a low stimulation frequency so that a person may experi-
ence only a mild electric current sensation or feel nothing at 
all (12).

Study protocol. The patients in the TEAS group were treated 
with a stimulator (Hwato Electronic Acupuncture Treatment 
Instrument; model no. SDZ-II; Suzhou Medical Appliances 
Co., Ltd.) on the Feishu (BL13), Hegu (LI4) and Chize (LU5) 
acupoints 30 min prior to the induction of anesthesia. The 
stimulus wave exhibited an alternate ‘dense-disperse’ form 
with the frequency of the disperse wave being 2 Hz and that 
of the dense wave being 100 Hz. The optimal intensity was 
adjusted to maintain a slight twitching of the regional muscle 
according to the individual maximum tolerance. The stimulus 
continued until 5 min prior to the end of surgery. The patients 
in the control group were also connected to the apparatus, 
although no electronic stimulation was applied.

Standardized anaesthesia and peri‑operative management. 
All patients fasted overnight and received no pre-medication. 
Upon arrival in the operating room, standard monitoring, 
including an electrocardiogram lead II, non-invasive arterial 
blood pressure and pulse oximetry to measure the oxygen 
saturation (SpO2) were applied. Furthermore, venous access 
was established using a 18-gauge cannula on the dorsum of the 
hand, connected to a T-connector. Transfusion was performed 
with lactated Ringer's solution at a rate of 30 drops per min. 
General anesthesia was induced with Sufentanil citrate 
injection (0.2 µg/kg) and Etomidate fat emulsion injection 
(2.5 mg/kg). Cisatracurium Besylate injection (0.2 mg/kg) was 
used to facilitate intubation. After adequate jaw relaxation was 
attained, tracheal intubation was performed and each patient 
was mechanically ventilated with the tidal volume and ventila-
tion rate adjusted to maintain the pressure of end-tidal carbon 
dioxide at 35-45 mmHg and the SpO2 at ≥92%. Maintenance 
of anesthesia was achieved by administration of sevoflurane in 
an air‑oxygen mixture at a fresh gas flow rate of 2 l/min. The 
bispectral index was maintained between 40 and 55 during the 
operation by adjusting the flow rate of sevoflurane. If the MAP 
was lower than the fundamental value of 30%, the patients were 
administered 6 mg hydrochloride ephedrine. If the MAP was 
>120%, urapidil hydrochloride (0.10‑0.15 mg/kg) was admin-
istered. Atropine sulfate (0.2 mg) was administered if the 
heart rate (HR) was <50 beats per min. One anaesthesiologist 
who was blinded to the grouping performed the anaesthesia. 
The same group of experienced surgeons performed all of the 
surgeries. Following extubation, the patients were transferred 
to the post-anaesthesia care unit for continuous monitoring.

Hemodynamic index and blood gas analysis index. The mean 
arterial pressure (MAP), HR and SpO2 were recorded at the 
following time-points: Arrival at the operating room (T0), 
immediately prior to induction of the pneumoperitoneum (T1), 
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immediately after the end of pneumoperitoneum (T2) and on 
leaving the operating room (T3). Arterial blood samples were 
collected from the radial artery or dorsal artery of the foot for 
blood gas analysis to record pH, determine the partial pressure 
of carbon dioxide (PCO2) and calculate the oxygenation index 
(OI) at T0-3.

Serum concentrations of TNF‑α and IL‑1β. Blood samples 
were taken from the peripheral vein for determination of 
serum concentrations of tumor necrosis factor α (TNF-α) and 
interleukin 1β (IL-1β) at T0 and T3. Peripheral venous blood 
samples were collected into pre-cooled anti-coagulant tubes 
and subsequently centrifuged at 3,000 x g for 10 min at the 
temperature of 4˚C. The plasma was transferred into poly-
ethylene tubes and stored at ‑80˚C. The plasma concentration 
levels of TNF-α (cat. no. 20150220), IL-1β (cat. no. 20150208) 
were measured using ELISA kits (Shanghai Kmaels Biological 
Technology Co., Ltd.; http://www.kmsbiotech.com) according 
to the manufacturer's protocols, following which absorbance 
was read at wavelength of 450 nm using the multifunctional 
microplate reader (Thermo Fisher Scientific, Inc.).

Postoperative pulmonary complications. Post-operative 
pulmonary complications that occurred during the first 5 days 
after surgery were also documented. The complications 
included hypoxemia, bronchospasm, suspected pulmonary 
infection, pulmonary infiltrate, aspiration pneumonitis, atelec-
tasis, pleural effusion, pulmonary edema and pneumothorax. 
Hypoxaemia was defined as SpO2 <90% during ≥10% of 
the total recording time (13). Bronchospasm was defined as 
a sudden constriction of the muscles of bronchioles. It is a 
symptom of pulmonary conditions, namely asthma, chronic 
bronchitis, anaphylaxis, dyspnea, anoxia, asthma and asphyxia. 
Pneumonia was defined as a new development of pulmonary 
infiltration detected by chest X‑ray. It is characterized by acute 
respiratory symptoms (cough, fever, sputum production or 
pleuritic chest pain) and elevated inflammatory markers. This 

condition requires antibiotic treatment (14,15). Atelectasis 
was defined as large-size atelectasis of lobar involvement 
detected by chest X‑ray. Pleural effusion was defined as an 
abnormal accumulation of fluid in the pleural cavity, which 
is >0.1-0.2 ml/kg body weight (16). Pulmonary edema was 
defined as radiologically diagnosed pulmonary interstitial 
fluid accumulation. Pneumothorax was defined as an abnormal 
accumulation of gas within the pleural space, which is usually 
confirmed by imaging techniques. For instance, the chest 
radiographs of pneumothorax include a white visceral pleural 
line separating the lung from the chest wall, accompanied by 
loss of standard lung markings located in the periphery of this 
white line (17).

Sample size. The sample size calculation was based on the 
rate of change of the levels of the IL-1β cytokine prior to and 
immediately after the surgery (18,19). A preliminary study 
demonstrated that 34 patients in each group were required for 
a 10% difference of IL‑1β between the groups immediately 
after the surgery, assuming a two-sided Type I error (α) of 
0.05 and a power of 90%. Potential loss was expected during 
follow-up or due to dropout and therefore, the sample size was 
increased to 100 patients.

Statistical analysis. SPSS 19.0 statistical software (IBM 
Corp.) was employed for data analysis. The normality of 
distribution was assessed using Kolmogorov‑Smirnov test. 
Data that followed a normal distribution were expressed as the 
mean ± standard deviation or n (%). All continuous variables 
were compared using an independent Student's t-test or the 
Mann-Whitney U-test. The repeated measurement values 
were compared at each time-point using repeated analysis 
of variance followed by Bonferroni correction for multiple 
comparisons. Categorical variables were expressed as n (%) 
and were compared using the chi-squared test or Fisher's exact 
test as appropriate. P<0.05 was considered to indicate a signifi-
cant difference.

Table I. Comparison of patient characteristics.

Item TEAS group (n=41) Control group (n=39) P-value

Age (years) 44.7±10.8 47.3±11.0 0.303
Body weight (kg) 55.1±5.4 57.0±6.1 0.148
Body height (cm) 160.2±3.9 159.9±3.8 0.792
Duration of anaesthesia (min) 157.2±41.2 168.1±51.6 0.300
Duration of surgery (min) 140.1±39.4 149.3±49.3 0.364
Surgery type
  Total hysterectomy 9 (22.0) 9 (23.1) 0.904
  Subtotal hysterectomy 3 (7.3) 1 (2.6) 0.616
  Total hysterectomy and bilateral appendectomy 3 (7.3) 4 (10.3) 0.709
  Myomectomy 12 (29.3) 7 (17.9) 0.234
  Oophorocystectomy 12 (29.3) 13 (33.3) 0.695
  Radical hysterectomy 0 (0) 1 (2.6) 0.488
  Radical hysterectomy and pelvic lymphadenectomy 2 (4.9) 4 (10.3) 0.426

Values are expressed as the mean ± standard deviation or n (%). TEAS, transcutaneous electric acupoint stimulation.
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Results

Participant Enrollment. Between March 2015 and July 2015, 
100 patients were enrolled at Shengjing Hospital (Shenyang, 
China). A flow chart depicting the patient enrolment and their 
movement throughout the study is provided in Fig. 1. A total 
of 41 and 39 patients were randomly allocated to the TEAS 
and the control group, respectively. A total of 20 patients 
were excluded from the analysis due to consent withdrawal 
(n=12), satisfaction of exclusion criteria (n=5) and due to loss 
to follow-up (n=3). The patient characteristics and the type and 
duration of their procedures (including the surgical type) were 
not significantly different between the two groups (P>0.05, 
Table I).

Comparison of MAP, HR, SpO2, blood pH, PCO2 and OI. 
The MAP, HR, SpO2, blood pH, PCO2 and OI were compared 
at various time-points (Table II). No significant differences 
were noted between the MAP, HR and SpO2 in these two 
groups (P>0.05). Blood gas analysis demonstrated no 
significant differences in terms of pH and PCO2. However, 
the OI in the control group was significantly lower than that 
in the TEAS group (P<0.05, Table II) at the timepoints of 
T2 and T3.

Serum concentrations of TNF‑α and IL‑1β. The serum concen-
trations of TNF-α and IL-1β were significantly increased 
following surgery (P<0.05, Fig. 2). The extent of the increase 
of the serum concentration of TNF-α and IL-1β in the TEAS 
group was significantly lower than that in the control group 
(P<0.05).

Postoperative pulmonary complications. Postoperative 
pulmonary complications were reported in 3 out of 41 patients 
(7.3%) in the TEAS group compared with 10 out of 39 patients 
(25.6%) in the control group (P<0.05; Table III). The results 
indicated that hypoxemia was the most common complica-
tion following laparoscopy, where the incidence was lower 
in the TEAS group compared with that in the Control group 
(P<0.05). But no significant differences were noted between 
the two groups in the other items.

Discussion

Gynecological laparoscopic surgery is frequently performed 
in a head-down position to facilitate laparoscopic surgical 
manipulation in which carbon dioxide inflation of the pneu-
moperitoneum is induced (1,8), which was also performed in 
the present study. As a result of the head-down body position, 
mechanical ventilation and abdominal pressure are increased, 
which impairs the respiratory function. This increases the risk 
of post-operative pulmonary complications, including atel-
ectasis formation and IRI (5,8,20). Atelectasis and ischemia 
and reperfusion may trigger several different physiological 
responses, including pulmonary edema, as well as lymphocyte 
and neutrophil infiltration, which activate the immune system 
and result in a hypercoagulable state. IRI is an inflammatory 
process that occurs in the organs during anoxia (20).

The pathophysiology of atelectasis and IRI in the lungs is 
complex and multifactorial. Previous studies have indicated 
that a variety of inflammatory mediators are responsible for 
inducing cell damage by regulating vascular permeability and 
leukocyte activity (6). Furthermore, it was demonstrated that 

Figure 1. Flowchart depicting the movement of patients throughout the present study. TEAS, transcutaneous electrical acupoint stimulation.
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cerebral ischemia and reperfusion was due to inflammation 
partly caused by cerebral ischemia (21). Cytokine signaling 
is a unique way to respond to particular cellular stimuli. 
Pulmonary injury caused by atelectasis and IRI is a particular 
consequence of inflammatory reaction. During this reaction, 
the inflammatory effector cells, including neutrophils, are 
activated and facilitate the release of specific cytokines in 
response to specific chemotactic signals (22). A previous study 
showed that IL-1β and TNF-α contributed to the eradication of 
the infection by engaging immune and non-immune cells (23). 

TNF-α and IL-1β are typical cytokines released in the early 
phase of the inflammatory reaction. Furthermore, TNF-α and 
IL-1β are able to activate the cytokine signaling network and 
induce cellular apoptosis (24-27). During cerebral ischemia, 
the expression levels of TNF-α and IL-1β are significantly 
increased, which may further exacerbate brain injury (28). 
A specific signaling pathway is activated following nuclear 
translocation of NF-κB during IRI. This signaling pathway 
may further activate downstream associated pro‑inflammatory 
cytokines, including TNF-α and IL-1β, which in turn induce 

Table II. Comparison of the variables measured at different 
time-points.

 TEAS group Control group
Parameters (n=41) (n=39)

MAP (mmHg)
  T0 89.7±7.9 90.7±10.6
  T1 86.2±9.6 86.2±10.8
  T2 83.1±10.9 86.2±10.7
  T3 86.2±10.1 86.1±10.1
HR (beats/min)
  T0 76.1±10.7 74.7±12.7
  T1 74.2±10.8 69.4±11.7
  T2 69.8±9.7 70.1±11.2
  T3 73.7±10.5 78.3±9.8
SpO2

  T0 99.4±0.6 99.5±0.5
  T1 99.6±0.6 99.5±0.7
  T2 99.6±0.5 99.5±0.9
  T3 99.7±0.8 99.6±0.9
pH
  T0 7.4±0.04 7.4±0.06
  T1 7.3±0.06 7.3±0.04
  T2 7.3±0.06 7.3±0.03
  T3 7.4±0.03 7.4±0.04
PCO2 (mmHg)
  T0 42.8±6.1 44.4±6.8
  T1 44.4±8.8 45.0±8.1
  T2 42.1±8.1 45.2±7.6
  T3 39.5±4.9 39.9±5.9
OI
  T0 425.6±21.2 423.2±22.0
  T1 450.5±30.0 442.3±28.9
  T2 491.6±37.8a 460.1±39.3
  T3 423.7±25.3a 395.0±31.5

Values are expressed as the mean ± standard deviation. aP<0.05 
compared with the patients in the Control group. TEAS, transcuta-
neous electric acupoint stimulation; MAP, mean arterial pressure; HR, 
heart rate; OI, oxygen index; PCO2, partial pressure of carbon dioxide; 
T0, time-point of arriving at the operating room; T1, time-point 
immediately prior to inducing the pneumoperitoneum; T2, time-point 
immediately after the end of pneumoperitoneum; T3, on leaving the 
operating room.

Figure 2. Comparison of the serum concentrations of TNF-α and IL-1β. 
#P<0.05 compared with the time-point of T0. *P<0.05 compared with patients 
in the Control group. TEAS, transcutaneous electric acupoint stimulation; 
TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1β; T0, time-point of 
arriving at the operating room; T3, leaving the operating room.

Table III. Post‑operative pulmonary complications in the first 
five days after surgery.

 TEAS group Control group
Item (n=41) (n=39)

Total 3 (7.3)a 10 (25.6)
Hypoxaemia 0 (0)a 4 (10.3)
Bronchospasm 0 (0) 0 (0)
Suspected pulmonary infection 1 (2.4) 1 (2.6)
Pulmonary infiltrate 0 (0) 2 (5.1)
Aspiration pneumonitis 0 (0) 0 (0)
Atelectasis 1 (2.4) 1 (2.6)
Pleural effusion 1 (2.4) 2 (5.1)
Pulmonary edema 0 (0) 0 (0)
Pneumothorax 0 (0) 0 (0)

Values are expressed as n (%). aP<0.05 compared with the patients in 
the Control group. TEAS, transcutaneous electric acupoint stimulation.
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inflammatory reactions (29,30). Cannizzaro et al (31) demon-
strated that atelectasis was associated with the production of 
TNF-α, whereas neutrophil infiltration was associated with 
changes in IL-1β expression levels. Furthermore, secretion of 
TNF-α and IL-1β has been noted in pulmonary edema (32-34). 
Atelectasis and IRI may cause damage to pulmonary cells. 
It was further indicated that TNF-α and IL-1β levels were 
increased following surgery, suggesting that lung atelectasis 
and IRI may occur during surgery.

TEAS is a unique treatment method, which delivers a 
specific low‑frequency pulse current to the body through the 
skin at specific acupoints via TENS. TEAS induce less pain and 
injury and may cause a lower incidence of infection compared 
with traditional electroacupuncture. In addition, it exhibits 
optimal patient tolerability. The response efficacy critically 
depends on the stimulation parameters. According to the theory 
of Traditional Chinese Medicine, the Feishu acupoint (BL13) 
is mainly used to treat cough, asthma, chest fullness, spitting 
blood and other signs associated with pulmonary infections. 
Furthermore, acupuncture at BL13 may improve pulmonary 
function and reduce lung tissue and cell inflammation (35-38). 
Acupuncture at the Hegu acupoint (LI4) is considered to exert 
an analgesic and sedative effect and is a key acupuncture point 
for anesthesia (39). Previous studies have demonstrated that 
acupuncture at LI4 may effectively improve the remodeling of 
the cough reflex in patients with tracheotomy following cerebral 
hemorrhage and immunosuppression in patients undergoing 
pneumonectomy (40,41). The Chize acupoints (LU5) belong to 
the Lung Meridian of Hand-Taiyin and may be used to treat 
cough due to their potential analgesic effects (42).

TEAS exert various effects, including inhibition of apop-
tosis, anti‑inflammatory effects and cell protection (43,44). 
Previous studies on IRI indicated that electroacupuncture is 
able to protect the brain against injury through inhibition of 
apoptosis, reduction of oxidative stress and inhibition of the 
inflammatory response (45,46). Animal and human studies 
have suggested that acupuncture may be used to treat dyspnea 
by stimulating the release of endogenous opioid compounds 
and by regulating the limbic system (47,48). Previous studies 
reported that electroacupuncture exerted anti‑inflammatory 
effects and that it was able to cause a decrease in the expres-
sion levels of TNF-α and IL-1β (49-51). In the present study, 
TEAS decreased the expression levels of TNF-α and IL-1β 
and improved the inflammatory response.

The OI is an important indicator of the oxygenation status 
of the lung with a higher value indicating better oxygenation 
of the lung. The present study suggested that the OI in the 
control group was significantly lower than that in the TEAS 
group at the different time-points of T2 and T3. The serum 
concentrations of TNF-α and IL-1β were significantly 
increased following surgery, which indicates inflammatory 
reactions during laparoscopic surgery. In addition, the serum 
concentrations of TNF-α and IL-1β were increased in the 
TEAS group to a lower extent than those in the control group, 
which is consistent with the conclusion that TEAS may inhibit 
the inflammatory response caused by laparoscopic surgery 
and protect against lung injury, as well as reduce the incidence 
of pulmonary complications. However, further studies are 
required to explore the mechanisms of the protective effect of 
TEAS against pulmonary inflammation.

A significant limitation of the present study was that only 
relatively healthy female subjects were included in the study 
protocol (without cardiovascular and/or cerebrovascular 
diseases and/or pulmonary disease). Therefore, it remains 
to be determined whether the results may be generalized to 
patients with pulmonary diseases or to patients who are criti-
cally ill. However, the present study is the first to demonstrate 
that TEAS may be beneficial in reducing the pulmonary injury 
caused by gynecological laparoscopic surgery.

In conclusion, ventilation-associated lung injury in the 
pneumoperitoneum, which may be attributed to inflammatory 
injury, induction of atelectasis and IRI, may be reduced by 
TEAS, which is able to protect the lung from these types of 
injury. Further studies are necessary to explore the mechanism 
of action responsible for these processes.
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