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Department of Thoracic Surgery, Shanghai Tongji Hospital, School of Medicine, Tongji University, Shanghai, China

Background: Cough is one of the most common complications of early-stage non-small
cell lung cancer (NSCLC) after video-assisted thoracoscopic surgery (VATS). The vagus
nerve plays an important role in pulmonary inflammation and the cough reflex. In this
study, we attempted to reduce the incidence of postoperative chronic cough and other
complications by preserving the pulmonary vagus nerve branches.

Patients and Methods: This study was a randomized controlled double-blinded trial of
subjects and observers. A total of 158 NSCLC patients were enrolled. We randomly
assigned 79 patients to Group A (pulmonary branch of vagus nerve preservation group)
and 79 cases to Group B (conventional surgical treatment group). In the final analysis, 72
patients from Group A and 69 patients from Group B were included. The main outcome
measure of the study was the occurrence of CAP or other postoperative complications
within five weeks. This trial was registered with ClinicalTrials.gov (number NCT03921828).

Results: There was no significant difference in preoperative general clinical data between
the two groups. No death during the perioperative period occurred in either of the two
groups. There was no significant difference between the two groups in operation time,
intraoperative bleeding, number of lymph nodes sent for examination, number of cases
transferred to ICU after operation, postoperative catheterization time, or postoperative
hospital stay (P>0.05). There was no significant difference in other pulmonary and
cardiovascular complications between the two groups, including pulmonary infection
(2.78% vs. 8.70%, P = 0.129), atelectasis (1.39% vs. 0%, P = 0.326), pleural effusion
(2.78% vs. 1.45%, P = 0.585), persistent pulmonary leakage (2.78% vs. 2.90%, P =
0.965), arrhythmia (2.78% vs. 1.45%, P = 0.585), and heart failure (0% vs. 1.45%, P =
0.305). The incidence of CAP in Group A was significantly lower than that in Group B
(13.89% vs. 30.43%, P = 0.018). The LCQ-MC scores in Group A were significantly higher
than those in Group B at two and five weeks after operation (P<0.05). Univariate and
multivariate analysis showed that the risk factors for postoperative CAP were surgical side
(right lung), surgical lung lobe (upper lobe), preservation of pulmonary branch of the vagus
nerve during operation, and duration of anesthesia.
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Conclusions: Preserving the pulmonary vagus nerve branches during VATS in patients
with stage IA1-2 NSCLC can reduce the incidence of postoperative CAP.
Keywords: CAP, preservation of pulmonary vagus nerve branches, VATS, early-stage non-small cell lung cancer
(early-stage NSCLC), postoperative complications
INTRODUCTION

In recent years, video assisted thoracic surgery (VATS) has been
widely used, meaning that the majority of early lung cancer
patients receive improved treatment (1). The most common type
of complication is cough after pneumonectomy (CAP), which
accounts for 25% ~ 50% of all the surgical patients (2). CAP is
defined as a dry cough lasting no less than two weeks following
pneumonectomy with no obvious abnormality present in a chest
x-ray (3). The effects of factors such as postnasal drip syndrome,
bronchial asthma, and oral angiotensin converting enzyme
inhibitor (ACEI) drugs are excluded (4).

Sensory neurons of the vagus nerve are the main source of
nerve fibers innervating the lung and airway, which are very
important for normal breathing (5). Previous studies have shown
that the vagus nerve serves important roles in regulating lung
function, such as in the cough reflex, mucus secretion, and
bronchial diameter (6). In addition, the vagus nerve is involved
in the regulation of inflammation (7). Many other factors causing
pulmonary complication, such as choking, aspiration, phlegm,
and blood stasis, also have causal effects on the disconnection
and loss of the vagus nerve during operation (8).

For a long period of time, research on the correlation between
the pulmonary vagus nerve branches and pulmonary
complication has been stagnant due to the lack of accurate
anatomy of the pulmonary vagus nerve branches (9). Wejis
took the lead in addressing this issue by exploring the anatomy
of six cadavers, drawing an accurate anatomical map of the
pulmonary vagus nerve branches on this basis, and successfully
dissecting ten cadavers under thoracoscopy, ultimately
suggesting the feasibility of preserving pulmonary vagus nerve
branches nerve during operation (10).

In order to explore the relationship between the pulmonary
vagus nerve and postoperative complications of lung cancer, we
reserved the pulmonary vagus nerve branches during
thoracoscopic surgery for early lung cancer to clarify its impact
on CAP and other complications.
MATERIALS AND METHODS

Study Design and Population
We performed a randomized and double-blinded controlled trial
of patients and observers. All patients underwent thoracoscopic
pneumonectomy in the Department of Cardiothoracic Surgery of
Shanghai Tongji Hospital. This experimental study was approved
by the ethics committee of Shanghai Tongji Hospital. Patients
were screened using chest CT scans. Preoperative clinical stages
were T1a-bN0M0 or Ia1-2. The postoperative pathological
2

diagnosis was non-small cell lung cancer. If there was massive
bleeding during the operation, or if the postoperative pathology
indicated benign tumor or inflammatory focus, the patient
was removed from the group. All subjects were aware of the
purpose of the study, were able to comply with the requirements
of the study, and provided signed informed consent prior
to operation.

Randomization and Masking
The study nurse was responsible for registering eligible patients.
According to random number assignment, eligible patients were
divided in a 1:1 ratio into the following two groups: the pulmonary
branch of the vagus nerve preservation group (Group A) and the
conventional surgical treatment group (Group B). Random
numbers were generated using excel tables. The main
investigator signed the informed consent form with the patient
or their family one day before the operation and informed the
surgeon about the grouping of the patient. The experimental
researchers randomly selected one of the two surgeons for
surgery. Postoperative patient management was completed by
two other physicians who did not know the grouping of
patients. There was no significant difference in postoperative
medication used between the two groups. Surgeons were allowed
to visit patients after surgery, but were not able to give any orders.
The time for removing the chest catheter was when there was no
obvious gas emission after the patient coughed and the drainage
flow was less than 200 ml within 24h (11). Postoperative follow-up
was completed by the observer. Bedside inquiry was mainly used
during the first week after operation, whereas telephone follow-up
or outpatient follow-up were used to complete the questionnaire
two to five weeks after operation.

Surgical Procedure and Postoperative
Therapy
The patient was placed in the healthy lateral position with double
lumen endotracheal intubation and one lung ventilation. The
seventh or eighth intercostal space of the axillary midline was
selected as the observation hole, and the fourth intercostal space
of the axillary front was selected as the main operation hole with
the aid of endoscopy to make a 2-4 cm small incision. Different
surgical methods were selected according to the location of the
tumor and intraoperative freezing, including wedge resection,
segmental resection, and lobectomy (12).

Lymph nodes were grouped by the American Joint Committee
on Cancer (AJCC) criteria and were sampled according to the
NCCN guidelines for non-small cell lung cancer (2018) (13). We
routinely sampled lymph nodes in groups 4, 5, 6, 7, 8, and 9 during
left lung surgery. Meanwhile, lymph nodes in groups 2, 4, 7, 8, and
9 were routinely sampled during right lung surgery (14).
March 2022 | Volume 12 | Article 837413
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In Group B, the location of the pulmonary vagus nerve branch
was determined according to anatomy during operation. Incision
of pleura and lymph node area. The routine lymph node sampling
method was used for sampling, and the pulmonary branches of the
vagus nerve were not distinguished.

In Group A, pleurotomy was used to identify neural
structures. Sampling was performed around the lymph nodes
on the operation side to avoid injury to the pulmonary branch of
the vagus nerve. Additionally, we only sampled the excised
lymph nodes to preserve the vagus nerve.

After the operation, a 28-F drainage tube was placed in the
patient’s thoracic cavity.

Follow-Up Evaluation
We observed the incidence of pulmonary complications in the two
groups within five weeks of operation, where complications
included CAP, pulmonary infection, atelectasis, pleural effusion,
postoperative respiratory failure, ARDS, and the need for
endotracheal intubation. Other perioperative evaluation indexes
included postoperative drainage time, postoperative mortality,
incidence of postoperative cardiovascular complications,
endotracheal intubation rate, ICU admission rate, ICU
admission time, hospital stay, and hospitalization expenses.

We used the Mandarin Chinese version of the Leicester Cough
Questionnaire (LCQ-MC) and visual simulation scale (VAS) score
evaluation to determine the occurrence of CAP. The LCQ-MC
included psychological, physiological, and social aspects, with a total
score ranging between 3-21 (15). It is widely used in the evaluation
of chronic cough. The focus of the questionnaire is to objectively
and comprehensively evaluate the severity of postoperative chronic
cough. The main scoring method of the VAS is to ask patients to
select a number between 0-100 mm to represent the severity of
their 24-hour cough (16). Patients with a VAS score of 60 mm or
greater were classified into the cough group.

Statistical Analysis
Data was input into an Excel table and SPSS Version 21.0
software was used for statistical analysis. A significance level of
a= 0.05 was used for comparison between groups. Measurement
data was described as mean ± SD, where the number of cases and
percentage (%) of total were also expressed. The measurement
data were compared between groups and analyzed using a two
sample t-test. Chi-square or Fisher’s exact tests were used for
comparison between groups involving count data. Multivariate
correlation analysis was analyzed by binary logistic regression
modeling. The results were expressed as corrected odds ratios
(ORs) and 95% confidence intervals (CIs). P< 0.05 was
considered statistically significant.
RESULTS

General Clinical Data and Perioperative
Information of Patients
From January 2019 to May 2021, we screened 324 patients with
pulmonary nodules less than 2 cm on chest CT scans. After
excluding 91 patients who did not meet the study criteria,
Frontiers in Oncology | www.frontiersin.org 3
we identified 233 patients for enrollment. Among this group,
57 patients refused to participate in the experiment and 18
patients did not participate for other reasons. Of the remaining
158 patients, 79 were assigned to the pulmonary branch of the
vagus nerve preservation group (Group A) and 79 to the
conventional surgical treatment group (Group B). In Group A,
a total of seven patients (six with benign tumors or
adenocarcinoma in situ and one with small cell lung cancer)
were excluded from the final analysis. In Group B, a total of 10
patients (eight with benign tumors or adenocarcinoma in situ,
one case of intraoperative conversion to open surgery, and one
with massive intraoperative bleeding) were excluded from the
final analysis. There were no patients lost to follow-up in this
study. There was no significant difference in gender, age, tumor
location, pathology, or history of past illness (smoking history,
hypertension, diabetes, or coronary heart disease) between the
two groups (P > 0.05). Baseline characteristics are summarized in
Table 1 and Figure 1.

There were no perioperative deaths in either of the two
groups. There was no significant difference in perioperative
indexes between the two groups, where these indexes included
operation time, intraoperative bleeding, number of lymph nodes
sent for examination, number of patients transferred to ICU after
operation, time of catheterization after operation, and
postoperative hospital stay (P > 0.05). In terms of operation
time, Group A took longer than Group B (115.069 ± 36.177 vs.
109.493 ± 34.215), but there was no significant difference (P >
0.05). These results are shown in Table 2.

Postoperative Cardiopulmonary
Complications
The incidence of CAP in Group A was significantly lower than
that in Group B (13.89% vs. 30.43%, P = 0.018). There was no
significant difference in other pulmonary and cardiovascular
complications between the two groups, including pulmonary
infection (2.78% vs. 8.70%, P = 0.129), atelectasis (1.39% vs. 0%,
P = 0.326), pleural effusion (2.78% vs. 1.45%, P = 0.585),
persistent pulmonary leakage (2.78% vs. 2.90%, P = 0.965),
arrhythmia (2.78% vs. 1.45%, P = 0.585), and heart failure (0%
vs. 1.45%, P = 0.305). These results are shown in Table 3.

LCQ-MC Score Before and After
Operation
There was no significant difference in LCQ-MC score between
Group A and Group B before operation(P > 0.05). There were
significant differences in the scores of physiology, psychology,
and total points between the two groups two and five weeks after
operation (P < 0.05), but there was no significant difference in the
scores of sociology between the two groups (p > 0.05).The LCQ-
MC score in Group A five weeks after operation was significantly
higher than that at two weeks after operation except sociology.
The situation of Group B was similar to that of Group A. These
results are shown in Table 4.

Univariate Analysis of CAP
Univariate analysis of 31 cases in the cough group and 110 cases in
the non-cough group showed that the factors related to CAP included
March 2022 | Volume 12 | Article 837413
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surgical side (right lung), surgical lobe (upper lobe), preservation of
pulmonary branch of the vagus nerve during operation, and length of
anesthesia. These results are shown in Table 5.

Multivariate Regression Analysis of CAP
Multivariate logistic regression analysis was performed on the
statistically significant risk factors found in the aforementioned
Frontiers in Oncology | www.frontiersin.org 4
univariate analysis. The results indicated that there were
significant correlations between length of anesthesia (OR:
1.024, 95% CI: 1.008-1.039, P=0.012), vagus nerve lung branch
injury (OR: 2.525, 95% CI: 1.239-6.983, P =0.044), surgical side
(OR: 2.747, 95% CI: 1.078-7.002, P = 0.034), and surgical side
lobe (OR: 0.455, 95% CI: 0.178-0.978, P = 0.038) and CAP. That
is, longer anesthesia time, vagus nerve lung branch injury, right
lung surgery, and upper lobe surgery were each independent risk
factors for CAP (P < 0.05). These results are shown in Table 6.
DISCUSSION

VATS is currently the best type of treatment for patients with early
NSCLC (IA1-2) (17). The video-assisted thoracic surgery (VATS)
has been widely used in early-stage non-small-cell lung cancer in
recent years. We developed from open surgery to a minimally
invasive surgery with three-, then two- and lastly uniportal VATS.
Compared with anterolateral thoracotomy, VATS has significant
advantages in postoperative pain and postoperative quality of
life (18). However, CAP and other postoperative pulmonary
complications are still the most common problems following
treatment. The pulmonary vagus nerve plays important
regulatory roles in both lung function and inflammation.
Previous studies have shown that protection of the pulmonary
vagus nerve branches during endoscopic surgery for esophageal
cancer can effectively reduce postoperative pulmonary
complications (19), but the relationship between the pulmonary
vagus nerve and postoperative complications of VATS is not clear.
At present, there is no previous report on protecting the
pulmonary branch of the vagus nerve during VATS. To further
FIGURE 1 | Patient flowchart.
TABLE 1 | Comparison of preoperative general data between the two groups.

General information Group A Group B x2 P value

n 72 69

Gender 0.013 0.908
Male 40 (55.6) 39 (56.5)
Female 32 (44.4) 30 (43.5)

Age (years) 0.354 0.552
<60 35 (48.6) 37 (53.6)
≥60 37 (51.4) 32 (46.4)

History of past illness
Hypertension 23 (31.9) 20 (29.0) 0.146 0.703
Coronary heart disease 5 (6.9) 8 (11.6) 0.910 0.340
Diabetes 7 (9.7) 11 (15.9) 1.224 0.269
Smoking history 23 (31.9) 20 (29.0) 0.146 0.703

Operated side 3.092 0.079
Left lung 29 (40.3) 38 (55.1)
Right lung 43 (59.7) 31 (44.9)

Tumor site 0.157 0.692
Upper lung 41 (56.9) 37 (53.6)
Middle and lower lung 31 (43.1) 32 (46.4)

Pathology 2.299 0.585
Adenocarcinoma 70 (97.2) 68 (98.6)
Squamous cell carcinoma 2 (2.8) 1 (1.4)

Pulmonary resection type 0.199 0.655
Lobectomy 38 (52.8) 39 (56.5)
Subpulmonary lobectomy 34 (47.2) 30 (43.5)
March 2022
 | Volume 12 | Article
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verify the relationship between the pulmonary vagus nerve and
postoperative complications of VATS, we prospectively protected
the pulmonary vagus nerve branches during VATS.

In our experiment, we found no significant difference in
complications between the two groups except for the occurrence
of CAP. We used LCQ-MC and the VAS cough scale to evaluate
postoperative CAP among our participants (20). The incidence of
CAP in Group A was significantly lower than that of Group B
(13.89% vs. 30.43%, P = 0.018). Our experimental results
demonstrate that preserving the pulmonary vagus nerve branches
during VATS can significantly reduce the incidence and severity of
postoperative CAP. At the same time, this preservation did not
reduce the incidence of other pulmonary complications.

There are many potential reasons that could explain these
results. The pulmonary branch of the vagus nerve plays an
important role in cough. The terminal of the vagus nerve
innervates the distal airway and alveolar epithelial cells
(21–23). It has a variety of mechanical and chemical receptors
in this airway and can sense mechanical, chemical, and biological
stimuli. The transient receptor potential channel vanillin subtype
1 (TRPV1) receptor is expressed on C fibers of the vagus nerve
and is easily stimulated by chemical factors (24). Injury to the
pulmonary branch of the vagus nerve during operation can
promote the release of pneumonia factors (such as bradykinin
and PGE2) on the affected side (25). After these inflammatory
factors stimulate pulmonary mechanoreceptors, the TRPV1
pathway is activated and sends signals to the nerve center. This
aggravates the persistent cough reflex, which is the basis of
chronic cough (26). Preserving the pulmonary vagus nerve
branches can effectively shorten this process.

According to the requirements of the 2018 NCCN guidelines
for non-small cell lung cancer, systematic lymph node sampling is
Frontiers in Oncology | www.frontiersin.org 5
feasible for patients whose clinical stage is IA that they had been
assessed completely before operation, it is possible to preserve the
pulmonary vagus nerve branches during operation under the
current technical level (27). Although it took a long time to
preserve the pulmonary branch of the vagus nerve, the lymph
node sampling time was shorter than that of the whole operation,
so there was no significant difference in overall operation time.
From our results, we conclude that it is safe and feasible to
preserve the pulmonary branch of the vagus nerve during VATS.

Univariate and multivariate analysis of postoperative CAP
patients showed that longer anesthesia time, intraoperative vagus
nerve lung branch injury, right lung surgery, and upper lobe
surgery were independent risk factors for CAP. The duration of
anesthesia was the main influencing factor for chronic cough. A
previous prospective clinical study has shown that laryngeal
mask anesthesia in thyroid surgery had less stimulation on the
throat than endotracheal intubation anesthesia, and could reduce
the incidence of throat pain, cough, and hoarseness (28, 29). This
finding suggests that endotracheal intubation can more easily
damage tracheal mucosa and lead to airway inflammation. The
longer the time of endotracheal intubation, the greater the
stimulation of catheter balloon to the airway, resulting in
edema and inflammation of tracheal tissue (30). The
accumulation of acidic substances in the inflammatory reaction
can directly stimulate the C fibers of the vagus nerve, excite the
cough center, and induce bronchoconstriction and cough. In this
experiment, double lumen endotracheal intubation under
general anesthesia was used to eliminate the bias caused by
using different anesthesia methods. Our findings confirmed that
the longer the anesthesia was maintained, the more prone the
patient was to chronic cough after operation, which was
consistent with previous studies (31, 32).
TABLE 3 | Comparison of postoperative complications between the two groups.

General information Group A Group B x2/Fisher P value

n 72 69

CAP 10 (13.89) 21 (30.43) 5.624 0.018*
Pulmonary infection 2 (2.78) 6 (8.70) 2.306 0.129
Atelectasis 1 (1.39) 0 0.965 0.326
Pleural effusion 2 (2.78) 1 (1.45) 0.299 0.585
Persistent pulmonary leak 2 (2.78) 2 (2.90) 0.002 0.966
Arrhythmia 2 (2.78) 1 (1.45) 0.299 0.585
Heart failure 0 1 (1.45) 1.051 0.305
March 2022 | Volume 12 | Article
*Statistically significant (p < 0.05).
TABLE 2 | Comparison of perioperative conditions between the two groups.

Perioperative indicators Group A Group B x2/t P value

n 72 69

Duration of anesthesia (min) 164.236 ± 34.820 163.986 ± 35.111 0.043 0.966
Operation time (min) 115.069 ± 36.177 109.493 ± 34.215 0.940 0.349
Catheterization after operation (day) 3.667 ± 1.233 3.797 ± 1.313 -0.608 0.544
The number of lymph nodes 6.222 ± 1.456 6.000 ± 1.706 0.833 0.406
Intraoperative bleeding (ml) 83.056 ± 34.176 89.130 ± 34.884 -1.044 0.298
Patients transferred to ICU 3 (4.2) 2 (2.9) 0.000 1.000
Postoperative hospital stay 5.375 ± 1.358 5.841 ± 1.763 -1.762 0.080
837413
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Surgical factors are also one of the main causes of
postoperative chronic cough. Our results suggested that right
lung surgery and upper lobe surgery are more prone to
postoperative CAP. The reason behind this may be CAP
caused by bronchial torsion in the middle lobe of the right
lung. Bronchial kinks are thought to be caused by the
displacement of residual lobes. Previous studies have shown
that the incidence of right middle bronchial kink after right
Frontiers in Oncology | www.frontiersin.org 6
upper lobectomy is higher than that after other lobectomy (33).
This is consistent with the results of our experimental study.

In addition to pulmonary vagus nerve branches, we should
pay attention to protecting recurrent laryngeal nerve during
VATS. A recurrent laryngeal nerve injury during operation
may lead to secondary unilateral vocal cord paralysis (UVFP).
Previous studies have shown that Gore Tex implantation is an
effective method for treating unilateral vocal cord paralysis after
March 2022 | Volume 12 | Article 837413
TABLE 4 | Comparison of the mean LCQ-MC score between the two groups before and after surgery.

Variables LCQ-MC Group A (n=72) Group B (n=69) t P-value

Preoperative Sociology 6.396 ± 0.278 6.377 ± 0.375 0.341 0.734
Physiology 6.372 ± 0.205 6.270 ± 0.380 1.449 0.150
Psychology 6.257 ± 0.305 6.302 ± 0.297 -0.878 0.382
Total score 19.024 ± 0.494 18.945 ± 0.753 0.460 0.647

2 weeks after operation Sociology 5.604 ± 0.436 5.562 ± 0.543 0.512 0.609
Physiology 5.607 ± 0.403 5.453 ± 0.469 2.101 0.037*
Psychology 5.689 ± 0.393 5.426 ± 0.458 3.656 0.000*
Total score 16.900 ± 0.982 16.440 ± 1.210 2.481 0.014*

5 weeks after operation Sociology 5.802 ± 0.398 5.783 ± 0.477 0.264 0.792
Physiology 5.815 ± 0.405 5.642 ± 0.426 2.481 0.014*
Psychology 5.849 ± 0.346 5.691 ± 0.406 2.497 0.014*
Total score 17.467 ± 0.939 17.115 ± 1.044 2.104 0.037*
*Statistically significant (p < 0.05).
TABLE 5 | Univariate analysis of CAP.

General information No CAP CAP x2/t/Fisher P value

n 110 31

Gender 1.162 0.281
Male 59 (53.6) 20 (64.5)
Female 51 (46.4) 11 (35.5)

Age (years) 0.554 0.457
<60 58 (52.7) 14 (45.2)
≥60 52 (47.3) 17 (54.8)

Length of anesthesia (min) 159.45 ± 33.05 180.65 ± 36.51 -3.081 0.002*
Operation time (min) 109.41 ± 33.73 122.74 ± 38.86 -1.879 0.062
Catheterization after operation (day) 3.77 ± 1.35 3.58 ± 0.92 0.743 0.459
Postoperative hospital stay 5.65 ± 1.68 5.42 ± 1.18 0.731 0.466
Intraoperative bleeding (ml) 87.27 ± 35.14 81.61 ± 32.47 0.805 0.422
The number of lymph nodes 6.23 ± 1.63 5.71 ± 1.35 1.619 0.108
Pathology 0.230 0.631

Adenocarcinoma 108 (98.2) 30 (96.8)
Squamous cell carcinoma 2 (1.8) 1 (3.2)

Pulmonary resection type 0.977 0.977
Lobectomy 60 (54.5) 17 (54.8)
Subpulmonary lobectomy 50 (45.5) 14 (45.2)

Operated side 5.445 0.020*
Left lung 58 (52.7) 9 (29.0)
Right lung 52 (47.3) 22 (71.0)

Tumor site 5.727 0.017*
Upper lung 55 (50.0) 23 (74.2)
Middle and lower lung 55 (50.0) 8 (25.8)

Past history
Hypertension 34 (30.9) 9 (29.0) 0.040 0.841
Coronary heart disease 11 (10.0) 2 (6.5) 0.364 0.546
Diabetes 15 (13.6) 3 (9.7) 0.078 0.560
Smoking history 35 (31.8) 8 (25.8) 0.412 0.521

Treatment of pulmonary branch of vagus nerve 5.624 0.018*
Pulmonary branch of vagus nerve preservation 62 (56.4) 10 (32.3)
Conventional surgical treatment 48 (43.6) 21 (67.7)
*Statistically significant (p < 0.05).
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lung cancer surgery (34).Our study also has some limitations.
Firstly, this is a prospective, single center study with a small
sample size, meaning there may be bias in the results. Therefore,
our findings need to be supported by multi-center randomized
and double blinded controlled study research with larger sample
sizes. Secondly, this experiment lacks long-term follow-up of
postoperative CAP. Thirdly, the mechanism of preserving
pulmonary vagus nerve branches to reduce the severity of CAP
remains unclear and needs further research.

Robotic surgery has been gradually popularized in oral cancer
surgery (35), chest surgery, and prostate cancer surgery. Such
approach allows operators to magnify the operating field and
respect the precise nervous structures. Therefore, robot assistance
in thoracic surgery canmaximize thebenefits for patients.We intend
to carry out further research in robotic surgery to verify the role of
pulmonary vagus nerve branches in early lung cancer surgery (36).

In conclusion, preserving the pulmonary vagus nerve
branches during VATS for early lung cancer can significantly
reduce the incidence and severity of postoperative CAP, promote
early postoperative rehabilitation, and improve the patient’s
quality of life.
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