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ABSTRACT

Introduction: Patients undergoing video-as-
sisted thoracoscopic lobectomy (VATL) often
experience chronic postsurgical pain (CPSP).
Postoperative pain can affect the recovery of
postoperative lung function, prolong

postoperative recovery time, and increase
patient hospitalization expenses. Transcuta-
neous electrical acupoint stimulation (TEAS) is
an alternative therapy based on acupuncture
that has shown promise in postoperative
recovery and pain management across various
medical fields. However, research specifically
focused on the improvement of CPSP after
VATL is currently lacking. The purpose of this
study is to evaluate whether TEAS can effec-
tively reduce the severity and occurrence of
chronic postsurgical pain in patients undergo-
ing VATL. By investigating the potential bene-
fits of TEAS in mitigating CPSP after VATL, this
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study aims to provide valuable clinical evidence
to support the integration of TEAS into post-
operative care protocols for patients undergoing
VATL.
Methods: This study is a prospective, single-
center, double-blinded, randomized controlled
trial to be conducted at the 920th Hospital of
Joint Logistics Support Force. Eighty patients
undergoing VATL will be randomly divided into
an experimental group (TEAS group) and a
control group (sham group). The experimental
group will receive TEAS at bilateral PC6, LI4,
LR3, LU5, TE5, and LI11. The control group will
not receive TEAS at the same acupoints. Both
groups will receive TEAS or no TEAS before
anesthesia induction and 1–7 days after surgery,
with each session lasting 30 min.
Planned Outcomes: The primary outcome will
be the incidence of CPSP at 3 months after
surgery. Secondary outcomes will include the
incidence of CPSP at 6 months after surgery, the
numerical rating scale (NRS) scores at 3 and
6 months after surgery, as well as the NRS scores
at 24, 48, and 72 h after surgery, remifentanil
consumption during general anesthesia,
demand for rescue analgesics, number and
duration of indwelling chest tubes, incidence of
postoperative nausea and vomiting, and chan-
ges of norepinephrine (NE), cortisol (Cor),
tumor necrosis factor (TNF- a), and interleukin
6 (IL-6) in serum.
Trial Registration: ChiCTR2300069458. Regis-
tered on March 16, 2023.

Keywords: Transcutaneous electrical
acupuncture stimulation; Anesthesia pain
management; Video-assisted thoracoscopic
lobectomy; Trial protocol

Key Summary Points

Why carry out this study?

Chronic postsurgical pain (CPSP) is a
common complication after video-
assisted thoracoscopic lobectomy (VATL).
Postoperative pain seriously affects the
patient’s recovery and increases the
patient’s medical burden. However, there
is still a lack of standard treatment to
reduce postoperative pain after VATL.

This trial aims to demonstrate that
continuous preventive application of
TEAS can reduce the severity and
incidence of chronic postsurgical pain
after VATL.

What might be learned from the study?

The results of this study may provide
evidence-based medical evidence for the
use of transcutaneous electrical acupoint
stimulation to reduce postoperative pain
after VATL and offer patients additional
pain management options.

The findings of this study hold great
significance in terms of improving patient
care, enhancing the medical system, and
potentially reducing the social and
economic burdens caused by CPSP. This
can be beneficial not only for individual
patients but also for healthcare systems
and society as a whole.

INTRODUCTION

In the 11th revision of the International Clas-
sification of Diseases, chronic postsurgical pain
(CPSP) is defined as persistent or recurrent pain
in the area of the surgery and lasts at least
3 months [1]. CPSP is a serious postoperative
problem for patients, and opioid abuse is an
important cause of this condition. CPSP, like
other chronic pain, requires a comprehensive
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biological, psychological, and social treatment
approach. In thoracic surgery, CPSP is a com-
mon complication with an incidence rate of up
to 65% [2]. Research has shown that nearly a
quarter of patients after thoracic surgery may
experience CPSP, with one-third of them expe-
riencing neuropathic components [3]. Cur-
rently, video-assisted thoracoscopic lobectomy
(VATL) is considered the preferred surgical
method for non-small cell lung cancer due to its
advantages of less trauma, reduced bleeding,
and decreased postoperative pain. It has gradu-
ally replaced traditional thoracotomy [4].
However, a meta-analysis in 2022 pointed out
that the incidence of CPSP is still as high as
43.99% [5]. Pain following VATL may lead to
patients being unwilling to cough and expec-
torate after surgery, which can affect the
recovery of pulmonary function and even lead
to atelectasis, pulmonary infection, and
hypoxemia. Therefore, the incidence and
severity of postoperative pain following VATL
are directly related to the patient’s postopera-
tive recovery. Reducing postoperative pain fol-
lowing VATL and improving the patient’s
quality of life have significant clinical
implications.

At present, there are still significant varia-
tions in postoperative pain management
strategies for thoracoscopic surgery. The 2022
guidelines for pain management after thoraco-
scopic surgery recommend the use of non-ster-
oidal anti-inflammatory drugs,
dexmedetomidine, paravertebral block, and
erector muscle block to alleviate postoperative
pain [6]. Opioid medications are recommended
as rescue analgesics after surgery. However,
these analgesics can lead to various side effects,
including urinary retention, nausea, vomiting,
and hyperalgesia. Therefore, there is an urgent
need for a safer and more effective analgesic
measure to reduce postoperative pain after
VATL.

As an essential component of Chinese med-
icine treatment, acupuncture has been widely
used in many fields for sedation and analgesia
relief. Transcutaneous electrical acupuncture
stimulation (TEAS) is a non-invasive adjunctive
intervention based on acupuncture. It attaches
an electrode sheet to the acupoint and connects

the electroacupuncture apparatus to stimulate
the acupoint, thus generating a dual effect of
electrical and acupoint stimulation for disease
prevention and treatment. TEAS combines
modern transcutaneous electrical nerve stimu-
lation with traditional Chinese acupuncture
theory and has emerged as an important com-
plementary and alternative therapy in clinical
analgesia. Both acupuncture and TEAS have
demonstrated their ability to reduce the con-
sumption of opioids during general anesthesia
[7] and alleviate postoperative acute pain [8, 9].
Acute pain usually occurs immediately after
surgery and usually lasts no more than 7 days
[10]. Clinical studies have revealed that TEAS
can decrease the incidence of acute pain fol-
lowing VATL [11, 12]. However, there is still a
lack of research on the long-term improvement
of chronic pain after surgery. Therefore, the
objective of this study is to conduct a prospec-
tive randomized controlled trial to assess the
efficacy of TEAS treatment in improving
chronic pain following VATL. The findings of
this study may provide a safer and more effec-
tive analgesic strategy for patients undergoing
VATL.

METHODS

Design

This trial is a single-center, prospective, double-
blinded, randomized controlled trial (RCT)
using a two-arm, parallel group design. The
study protocol has been approved by the Ethics
Committee of the 920th Hospital of Joint
Logistics Support Force and has been registered
with the Chinese Clinical Trial Registration
Center (ChiCTR2300069458). This trial proto-
col is produced according to the applicable
Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) reporting guideli-
nes [13].

Eligibility Criteria

The inclusion criteria: (1) age C 18 years old; (2)
American Society of Anesthesiologists grade
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(ASA) I or II; (3) body mass index (BMI)
18–30 kg/m2. The exclusion criteria: (1) TEAS
contraindications (scars or skin damage/infec-
tion at the stimulation site, electronic devices
such as pacemakers or other medical electronic
devices implanted in the body); (2) a history of
chronic pain; (3) diabetes and/or hypertension
(Persistent electrical stimulation may cause
severe fluctuations in blood pressure or blood
glucose.); (4) confirmed heart/brain/liver/renal
with severe dysfunction (Patients who have
confirmed heart/brain/liver/renal with severe
dysfunction may result in delayed extubation
after surgery. Liver/renal with severe dysfunc-
tion will affect drug metabolism and may affect
the perioperative medication of patients.); (5) a
history of acupuncture or TEAS (Patients may be
aware of their group assignment.); (6) drug or
alcohol abuse/addiction; (7) communication
difficulties.

Randomization and Blinding

Participants who meet the screening criteria will
be randomized into two balanced groups: TEAS
group and sham group. The random allocation
sequence will be computer-generated with a 1:1
ratio using IBM SPSS Statistics V25.0.

Allocations of subjects will be kept confi-
dential, unless severe postoperative pain occurs
during the trial and cannot be relieved, or the
patient requests that the trial be terminated.
After unblinding, patient trial treatment will be
discontinued, and the clinical information of
the unblinded patients will be recorded in
detail.

The investigators will be responsible for
recruitment and sign informed consent with
patients. After successful recruitment, the clin-
icians will perform TEAS or no TEAS according
to randomization. The patients, outcome
assessor, and statistician will be blinded. Other
clinical staff (surgeons and ward staff) are not
aware of the grouping situation.

To maintain blinding, in both group, elec-
trodes will be attached to the same acupoints
and then connected with electrical stimulator.
Sham group patients will receive sham stimu-
lation by connecting the same acupoints on

their limbs. We will inform the patient that due
to individual difference, each person may
experience the stimulation differently.

Sample Size

According to the incidence of chronic pain after
thoracoscopic surgery, which is as high as
43.99% [5], the sample size is calculated as a
bilateral test and taken a with a value of 0.05,
selecting a total of 64 people from each group of
32 as the total sample size can achieve a testing
efficiency of 80% and an inter group difference
of 30%. Considering a postoperative drop-out
rate of 20%, a total of 80 cases will be selected as
the sample size for this trial.

Recruitment Strategies and Enrollment

Eighty patients who meet the eligibility criteria
and sign the informed consent will be recruited
at the 920th Hospital of Joint Logistics Support
Force. We plan to enroll the first patient on
March 20, 2023 and to end on March 20, 2024.
All participants will be randomly divided into
two groups: an experimental group (TEAS
group) and a control group (sham group). The
researchers’ screen subjects will be based on
established standard treatment plans. Date col-
lection will start from the collection of baseline
data until the end of follow-up.

Figure 1 shows the trial flow chart for the
patient screening, treatment allocation, inter-
vention, outcomes assessment and data analy-
sis. Figure 2 provides an overview of the study
conduct, review, description and interpretation.

Interventions

The TEAS group will receive bilateral Hegu (LI4),
Wai guan (TE5), Quchi (LI11), Neiguan (PC6),
Chize (LU5), and Taichong (LR3) for electrical
stimulation treatment (Fig. 3). LI4 belongs to
the Hand Yangming Large Intestine Meridian,
which is located at the midpoint of the radius of
the second metacarpal bone on the back of the
hand. TE5 belongs to the Hand Shaoyang Triple
Jiao Classic, which is located in the posterior
area of the forearm, 2 in. above the transverse
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line of the distal dorsal wrist, at the midpoint of
the space between the ulna and radius. LI11
belongs to the Hand Yangming Large Intestine
Meridian, which is located in the elbow area, at
the midpoint depression of the line connecting
the ulna and the external epicondyle of the
humerus. PC6 belongs to the Hand Jueyin
Pericardium Meridian, which is located in the
anterior area of the forearm, 2 in. above the
transverse line of the distal carpometacarpal
side, between the palmaris longus tendon and
the radial flexor carpi tendon. LU5 belongs to
the Hand Taiyin Lung Meridian, which is loca-
ted in the elbow area, on the transverse stripe of
the elbow, in the concave radial margin of the
biceps brachii tendon. LR3 belongs to the Foot
Jueyin Liver Meridian, which is located on the
dorsum of the foot, between the first and

second metatarsals, in the anterior depression
of the metatarsal junction. The electrode is
attached to the skin surface of the patient’s
acupoints and connected to the Huatuo Treat-
ment Instrument (Suzhou Electronic Needle
Therapy Instrument SDZ-II) through a wire.
TEAS stimulation uses a dense-disperse fre-
quency of 2/100 Hz alternating every 3 s. The
waveform is a symmetric biphasic curve. The
stimulation intensity will be set to the maxi-
mum tolerance level of each patient. TEAS or no
TEAS will be performed 30 min before anesthe-
sia induction and each of 7 days postopera-
tively, with each session lasting 30 min. In the
control group, electrodes will be attached to the
patients at the same acupoints, but the elec-
trodes will be only connected to the device
without electrical stimulation.

Fig. 1 The trial flow chart. TEAS transcutaneous electri-
cal acupuncture stimulation, NRS numerical rating scale,
CPSP chronic postsurgical pain, PONV postoperative

nausea and vomiting, NE norepinephrine, Cor cortisol,
TNF-a tumor necrosis factor, IL-6 interleukin 6
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All subjects will use the same anesthesia
regimen. Anesthesia induction: midazolam
0.05 mg/kg, sufentanil 0.5 lg/kg, etomidate
0.2–0.6 mg/kg, rocuronium 0.6–0.9 mg/kg.
Total intravenous anesthesia will be used for
anesthesia maintenance: dexmedetomidine
hydrochloride 0.4 lg/kg/h, remifentanil
0.05–2 lg/kg/min, propofol 4–12 mg/kg/h,
additional rocuronium as needed during

surgery, and the bispectral index (BIS) main-
tained at 40–60. Postoperative patient-con-
trolled intravenous analgesia (PCIA): 30 min
before the end of surgery, the PCIA will be
connected and the analgesic formula 2 lg/kg
sufentanil plus saline to a total volume of
150 ml, 3 ml/bolus, 15-min interval.

We will collect venous blood (5 ml) from
patients before the first TEAS treatment and at

Fig. 2 The schedule of trial enrollment, interventions, and
assessments. TEAS transcutaneous electrical acupuncture
stimulation, NRS numerical rating scale, CPSP chronic

postsurgical pain, PONV postoperative nausea and vom-
iting, NE norepinephrine, Cor cortisol, TNF-a tumor
necrosis factor, IL-6 interleukin 6, POD postoperative day
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the end of the operation, and then centrifuge
and freeze the plasma supernatant for later
testing.

Patients’ vital signs will be constantly mon-
itored during the study, and adverse events will
be recorded if they encounter serious adverse
reactions and will be promptly discontinued
and given symptomatic treatment.

Outcome Assessment

Primary Outcome
The primary outcome of this study will be the
incidence of CPSP at 3 months after surgery. At
3 months after surgery, the patients will be fol-
lowed up using a telephonic questionnaire
[14, 15]. The questionnaire is provided in Sup-
plementary Material.

Secondary Outcomes
The secondary outcomes will include the inci-
dence of CPSP at 6 months after surgery, the
NRS scores at 3 and 6 months after surgery, as
well as the NRS scores at 24, 48, and 72 h after
surgery. The NRS scores at 3 and 6 months after
surgery will be assessed by the outcome evalu-
ator using a telephone questionnaire (see

Supplementary Material 1). The NRS scores at
24, 48, and 72 h after surgery will be evaluated
by the outcome evaluator at the ward. To
observe changes in serum stress factors, such as
norepinephrine (NE), cortisol (Cor), and serum
inflammatory factors, such as tumor necrosis
factor (TNF- a) and interleukin 6 (IL-6). Sec-
ondary outcomes will also include remifentanil
consumption during general anesthesia, the
proportion of rescue analgesic demand at 24,
48, and 72 h after surgery, the duration of tho-
racic tube indwelling, the incidence of postop-
erative nausea and vomiting (PONV), and the
number of thoracic tubes indwelling at 24, 48,
and 72 h after surgery.

Statistical Methods

We will perform all the analyses in an inten-
tion-to-treat population, which includes all
patients who have undergone randomization
and interventions. Descriptive statistics will be
applied to present the characteristics of each
group with mean ± standard deviation, median
(interquartile), or the number of cases (%).
Either analysis of variance or Chi-square test
will be used to reveal the baseline balance

Fig. 3 Acupoints selected in this trial: A Hegu (LI4), Waiguan (TE5) and Quchi (LI11); B Neiguan (PC6) and Chize
(LU5); C Taichong (LR3); D the Huatuo Treatment Instrument (Suzhou Electronic Needle Therapy Instrument SDZ-II)
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between groups, depending on the characteris-
tics of the variables. Repeated measures analysis
of variance will be applied for repeated data,
considering normality and homogeneity. A
P value \ 0.05 will be considered statistically
significant. For missing data, analysis will be
performed according to a worst-case scenario. In
particular, patients lost to follow-up in the TEAS
groups and the sham group will be considered
with and without pain, respectively. All data
will be analyzed using the statistical package for
IBM SPSS Statistics V25.0.

Data Collection Methods and Study
Monitoring

Data collection and management procedures
will be developed by statisticians and principal
investigators, and the database will be estab-
lished. The data and safety monitoring com-
mittee (DMC) includes a expertise clinical
doctor, a scientific research manager and a
statistician. All the adverse events should be
submitted to the DMC every 6 months. DMC
has the right to decide whether to stop or
modify the scheme. The scientific research
management committee and the statistician
will have access to all the data in the study.

Informed Consent

The researchers will obtain written informed
consent from all participants recruited to the
study before randomization.

Confidentiality

During the study, in order to ensure the privacy
and safety of patients, we will use numerical
numbers instead of subject names. The personal
information of all subjects will be kept strictly
confidential and will not be disclosed to any
person or organization without authorization.

DISCUSSION

The incidence of postoperative chronic pain not
only slows down patients’ postoperative

recovery but also adds to their medical burden,
leading to severe psychological issues. Addi-
tionally, postoperative chronic pain and neu-
ropathic pain have a notable negative impact
on the overall quality of life, resulting in a
decrease in all SF-36 Health Survey domain
scores [16]. Since its introduction into clinical
practice, thoracoscopy has been widely adopted
as an alternative to thoracotomy [17], primarily
due to its ability to reduce postoperative acute
pain. However, CPSP remains a significant
complication, accounting for 43.99% [5]. Post-
operative management of acute and chronic
pain remains an important challenge for VATL.
In the current postoperative analgesic strategies,
it is recommended to retain opioid drugs as the
main analgesic method [18]. The application of
opioid drugs has to some extent alleviated
postoperative acute and chronic pain, but it has
also brought unavoidable side effects. Conse-
quently, there is an urgent need for a safer and
more effective clinical analgesic approach that
can be applied to postoperative pain manage-
ment following thoracoscopic surgery in clini-
cal practice.

Currently, TEAS has been demonstrated to
effectively reduce opioid usage during surgery,
alleviate intraoperative anxiety, and provide
relief from postoperative pain [19]. In patients
undergoing mastectomy, TEAS at combined
acupoints before surgery was associated with
reduced chronic pain at 6 months after surgery
[15]. TEAS has been applied to patients under-
going abdominal surgery in the perioperative
period, and the results showed that TEAS can
promote the recovery of postoperative gas-
trointestinal function, which may be related to
the brain–gut axis [20]. In cardiothoracic sur-
gery, the application of TEAS primarily focused
on its anti-inflammatory properties and its
ability to alleviate postoperative acute pain. The
study has confirmed that TEAS can reduce
intubation reactions during thoracic surgery
and aid in the postoperative recovery [21]. TEAS
treatment was performed on patients undergo-
ing pneumonectomy at acupoints PC6, LI4,
Houxi (SI3), and Zhigou (TE6). The results of the
study indicated that both TEAS and elec-
troacupuncture have similar effects in regulat-
ing immune function. Both techniques were
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found to effectively inhibit the production of
postoperative immune factors, leading to a
reduction in immune suppression experienced
by the patients [22]. Indeed, some studies have
demonstrated that TEAS treatment can acceler-
ate the recovery of early postoperative pul-
monary function in patients undergoing VATL
[23]. In the Chinese guidelines, PC6, LI4, LR3,
and SI3 were recommended as pain relief points
for thoracic surgery, and LI4, PC6, LR3, LU5,
and TE5 were pain relief points after lobectomy
[24, 25]. Based on consensus, PC6, LI4, LU5,
TE5, LI11, and LR3 acupoints will be chosen for
this research. PC6 belongs to the Hand Jueyin
Pericardium Meridian, which mostly cures pal-
pitations such as chest pain, tightness, tachy-
cardia, and bradycardia. LI4 belongs to the
Hand Yangming Large Intestine Meridian,
which mostly addresses pain symptoms such as
headache, toothache, redness, and swelling in
the eyes. LU5 belongs to the Hand Taiyin Lung
Meridian and is mostly used to treat lung ail-
ments such as coughing, wheezing, and
hemoptysis. TE5 belongs to the Hand Shaoyang
Triple Jiao Classic and is commonly used to
treat rib discomfort, headaches, upper-limb
paralysis, and other symptoms. LI11 belongs to
the Hand Yangming Large Intestine Meridian
and is mostly used to treat gastrointestinal dis-
comfort symptoms such as abdominal pain,
diarrhea, and vomiting. LR3 belongs to the Foot
Jueyin Liver Meridian and is used to alleviate
symptoms such as chest pain, bloating, and
hiccups.

While the effectiveness of TEAS on acute
pain after VATL surgery has been confirmed, its
impact on long-term chronic pain after surgery
remains unclear. To address this, a prospective
randomized controlled trial will be conducted
to investigate the effects of TEAS on acute pain
and chronic postsurgical pain (CPSP) following
VATL. The study aims to evaluate the safety and
effectiveness of TEAS in this context. The
experimental results of this study have the
potential to demonstrate the impact of TEAS on
CPSP and its subsequent effects on the quality
of life for patients undergoing VATL. Positive
results indicating the safety and effectiveness of
TEAS in managing CPSP would have significant
implications. By providing an effective method

for managing CPSP in patients, TEAS could
contribute to improving their overall quality of
life. Reduced postoperative pain and better pain
management can positively impact patients’
physical and emotional well-being, enabling
them to recover more smoothly and resume
their daily activities sooner. Moreover, the suc-
cessful implementation of TEAS as a safe and
effective treatment option for CPSP could have
broader implications for the medical system. It
may lead to the integration of alternative ther-
apies like acupuncture into standard postoper-
ative care protocols, offering patients additional
pain management options and potentially
reducing reliance on pain medications with
potential side effects. Therefore, by improving
patient outcomes and reducing the burden of
CPSP, TEAS has the potential to decrease social
and economic costs associated with long-term
chronic pain management. This can be benefi-
cial not only for individual patients but also for
healthcare systems and society as a whole.

STRENGTHS AND LIMITATIONS

Unlike traditional acupuncture, TEAS is a non-
invasive treatment that greatly improves
patient comfort and satisfaction. In addition,
TEAS will reduce the demand for opioids after
surgery, thereby reducing the side effects caused
by opioids and reducing the medical burden of
patients. This study will provide powerful and
up-to-date evidence for clinicians and patients
seeking innovative and effective methods to
relieve pain after VATL.

However, it is important to acknowledge
certain limitations of the study. Firstly,
although the study is a double-blind design,
there is a possibility that some patients may
become aware of their assigned groups during
the intervention process, which could poten-
tially introduce biases and affect the accuracy of
the results. Maintaining blinding throughout
the study is crucial to minimize such issues.
Secondly, ensuring timely and accurate post-
operative follow-up is a crucial aspect of this
study, considering the large number of obser-
vation time points involved. The ability to
accurately track and assess patient outcomes
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following VATL is essential for evaluating the
safety and effectiveness of TEAS in managing
CPSP. Lastly, because this is a single-center trial
with a limited sample size, the results could not
be sufficiently representative. Later on, relevant
investigations will be conducted in order to
increase the sample size and achieve more pre-
cise results.

ETHICS AND DISSEMINATION

The trial follows the principles of the Declara-
tion of Helsinki. It has been reviewed and
approved by the Ethics Committee of the 920th
Hospital of Joint Logistics Support Force. The
protocol complies with GCP principles. All
recruited patients provide written informed
consent to participate in the trial.

CONCLUSIONS

The findings of this study hold great signifi-
cance in terms of improving patient care,
enhancing the medical system, and potentially
reducing social and economic burdens caused
by CPSP.

Trial Status

This is version 1.0 of the protocol, dated August
29, 2022. Recruitment began on March 20,
2023. Recruitment is anticipated to end on
March 20, 2024. This study is still in progress.
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