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Abstract: Objective: To evaluate the perioperative complications and related risk factors of thoracotomy and com-
plete video-assisted thoracoscopic surgery (c-VATS) lobectomy. Methods: A total of 93 patients with early lung can-
cer (LC) treated in our hospital from Mar. 2017 to Mar. 2021 were retrospectively enrolled. Among them, 45 patients
underwent conventional thoracotomy lobectomy was classified as the control group (Con group, n=45) and other 48
patients underwent c-VATS lobectomy was classified as the observation group (Obs group, n=48). Surgical indica-
tors of the two groups were compared, and the changes of Visual Analog Scale (VAS) score, plasma levels of vascu-
lar endothelial growth factor (VEGF) and interleukin-6 (IL-6), and pulmonary function indexes were compared before
and after operation. Additionally, postoperative complications were compared between the two groups. Multivariate
logistic regression was carried out to analyse the independent risk factors for postoperative complications. Results:
The Obs group showed significantly less intraoperative blood loss than the Con group and experienced significantly
shorter operation time than the Con group (both P<0.001). The Obs group had significantly lower VAS scores than
the Con group at 1 day and 7 days after surgery (P<0.05), and showed significantly lower levels of plasma IL-6
and VEGF than the Con group (both P<0.001). In addition, higher forced vital capacity (FVC) and maximum ventila-
tion per minute (MVV) were found in the Obs group than in the Con group (P<0.001), and the Obs group showed
a significantly lower incidence of postoperative complications than the Con group (P<0.05). Multivariate logistic
regression analysis revealed that age, body mass index (BMI) and operation mode were independent risk factors
for postoperative complications. Conclusion: Compared with conventional thoracotomy, c-VATS lobectomy brings a
lower incidence of postoperative complications, and age, BMI and operation mode were independent risk factors
for postoperative complications.
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Introduction overall survival rate is still only appropriate 15%
[5]. The outcome of patients with LC is unfa-
vourable, so the early diagnosis, therapy and
prognosis of LC are still the hot issues of great

concern worldwide.

Lung cancer (LC) is a leading cause of cancer-
related death worldwide [1], and its morbidity
and mortality also rank the top ones of malig-
nant tumours in China [2]. The global preva-
lence of tobacco gives rise to a rapid increase
in the number of new LC cases and the resul-

According to an American statistic, early lung
cancer screening can lower the mortality of

tant deaths out of LC [3]. Second-hand tobacco
smoke is also a crucial cause of LC [4]. The ter-
ribly high incidence and mortality of LC has
become a heavy economic and health burden
to the whole world. Despite the great progress
in diagnosis and treatment of LC, its 5-year

high-risk groups by 20%, so early detection and
early therapy can substantially improve the out-
come of patients with LC [6]. At the current
stage, LC is primarily treated by chemotherapy,
radiotherapy and radical resection for LC [7].
The traditional radical operation for LC is lobec-
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tomy and lymph node dissection through pos-
terolateral incision of chest, which has the dis-
advantages of large incision, much bleeding
and great pain [8]. As video-assisted thoraco-
scopic surgery (VATS) advances, complete VATS
(c-VATS) lobectomy, a new technology of mini-
mally invasive surgery, has been extensively
adopted to treat various lung diseases includ-
ing LC, and may become the gold standard for
early LC treatment in the future [9, 10]. Many
scholars at home and abroad have compared it
with thoracotomy, and found its advantages of
minimally invasive property, less inflammatory
reaction, less pain, short hospital stay and
quick recovery [11]. However, radical resection
for LC is accompanied by a high incidence of
complications, which compromises the progno-
sis of patients [12]. The related risk factors for
complications after conventional thoracotomy
lobectomy and c-VATS are rarely studied.

Accordingly, this study investigated the postop-
erative complications and related risk factors
for thoracotomy and c-VATS to provide refer-
ence for clinical therapy and prognosis of
patients with LC.

Clinical data and methods
Clinical data

A total of 93 patients with early LC treated in
our hospital from Mar. 2017 to Mar. 2021 were
enrolled, and retrospectively analysed. Among
them, 45 patients underwent conventional tho-
racotomy lobectomy were assigned into the
control group (Con group, n=45) and 48
patients underwent c-VATS lobectomy were as-
signed into the observation group (Obs group,
n=48).

The inclusion criteria: Patients with confirmed
LC by biopsy before operation [13]; patients
with detailed clinical data; patients with the
maximum diameter of tumour <5 cm; patients
without mediastinal lymph nodes as indicated
in preoperative imaging examination; patients
who had not received radiotherapy and chemo-
therapy before surgery; patients who met the
indications of thoracotomy lobectomy; and
those whose preoperative clinical stage of LC
was T1-2 NO-1 MO. The exclusion criteria: Pa-
tients with severe liver or kidney dysfunction;
patients with severe blood diseases or other
primary tumours; and those with autoimmune
disease.
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Ethics statement

This study was carried out with permission
from the Medical Ethics Committee of Hebei
Chest Hospital with the approved no. of
2017-LC-221.

Surgical regimen

Each patient was given general anesthesia
administered by the intravenous or inhalation
route, double lumen endotracheal catheter
intubation, and one-lung ventilation under a lat-
eral position.

The Obs group: Three holes of 2 cm, 2 cm and
3-5 cm were cut in the 7™ intercostal of the
midline axillary, 4" intercostal of the front axil-
lary line and 7™ intercostal of the rear axillary
line, respectively, and lobectomy and media-
stinal lymph node dissection were performed
under VATS. During the operation, pulmonary
veins, arteries and bronchi were treated wi-
th disposable linear suture device, ultrasonic
knife amputation after double ligation of silk
thread, hemlock clamping and so on. The treat-
ment sequence of pulmonary artery, pulmonary
vein and bronchus was determined according
to the development of interlobar fissure, the
safety of operation and the operative habits
of the operator. The dissected lymph nodes
included intrapulmonary, hilar and mediastinal
lymph nodes. The left LC was dissected in
groups 3, 4-9 and 10-14, and the right LC was
dissected in groups 2, 3, 4, 7, 8, 9 and 10-14.

The Con group: lung lobectomy with standard
posterolateral incision and mediastinal lymph
node dissection were routinely carried out.

Collection and detection of samples

The serum levels of VEGF and IL-6 was deter-
mined by Elisa. Fasting peripheral venous blood
(5 mL) was extracted from each patient at ad-
mission and one day after surgery, and stored
in anticoagulant tubes for concentration deter-
mination. The VEGF (cat no. PV963) and IL-6
(cat no. PI330) Elisa kits were provided by
Beyotime Biotechnology Co., Ltd (Shanghai,
China).

Outcome measures

Primary outcome measures: The intraopera-
tive blood loss and operation time of the two
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Table 1. General clinical data of the two groups

vital capacity (FVC) and

Factors

The control
group (n=45)

The observation

group (n=48)

maximum ventilation per

125 P minute (MVV) were obser-

Age (years)

<65 31 (68.89) 37 (77.08)

>65 14 (31.11) 11 (22.92)
Gender

Male 27 (58.70) 33(48.53)

Female 19 (41.30) 35 (51.47)
BMI (kg/m?) 22.18+1.75 22.35+1.88
Pathological type

Adenocarcinoma 22 (48.89) 30 (62.50)

Squamous carcinoma 17 (37.78) 15 (31.25)

Large cell carcinoma 6 (13.33) 3(6.25)
Differentiation

Low 35 (77.78) 41 (85.42)

Moderate 10 (22.22) 7 (14.58)
TNM staging

Stage | 37 (82.22) 43 (89.58)

Stage Il 8 (17.78) 5(10.42)
Smoking index

>400 PCs/year 6 (13.33) 11 (22.92)

<400 PCs/year 39 (86.67) 37 (77.08)
History of hypertension

Yes 13 (28.89) 19 (39.58)

No 32(71.11) 29 (60.42)
History of diabetes mellitus

Yes 12 (26.67) 7 (14.58)

No 33(73.33) 41 (85.42)
History of alcoholism

Yes 36 (80.00) 35(72.92)

No 9 (20.00) 13 (27.08)
Place of residence

Urban 28 (62.22) 22 (45.83)

Rural 17 (37.78) 26 (54.17)

ved before and after ope-

ration.

0.794 0.373

Statistical analyses

0.438 0.508

SPSS23.0 software (SP-
SS Co., Ltd., Chicago, the
States) was used for sta-
tistical analyses of all col-
lected data, and Graph-
Pad Prism 8 (graphpad
Software Co., Ltd., San
Diego, the States) for fig-
ure rendering. Counting
data (%) were analysed
using the chi-square test,
and presented by x2, and
measurement data (Mean
+ SD) were compared us-
ing the independent-sam-
ples T test between gr-
oups, and presented by t.
Analysis of multi-time-po-
int detection was carried
out using the repeated
measures analysis of vari-
ance, and represented by
F. Bonferroni was adopted
of post-hoc test. P<0.05
implies a significant dif-
ference.

0.451 0.653

2.261 0.323

0.907 0.341

1.047 0.306

1.428 0.232

1.177 0.278

2.086 0.149

0.645 0.422

Results
2.510 0.113

Comparison of clinical

groups were recorded, and the occurrence of
postoperative complications in two groups
were evaluated. Multivariate logistic regres-
sion was conducted to analyze the indepen-
dent risk factors for postoperative complica-
tions.

Secondary outcome measures: With a total
score of 10 points, the Visual Analog Scale
(VAS) was adopted for pain analysis: O point
indicates no pain, and a higher VAS score
implies more severe pain. Plasma VEGF and
IL-6 in the patients were determined before
and after operation, and the changes of forced
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data

According to analysis of general clinical data of
the two groups, there were no statistical differ-
ences in age, gender, body mass index (BMI),
pathological type, differentiation, TNM staging,
history of hypertension, history of diabetes mel-
litus, history of alcoholism, and place of resi-
dence between the two groups (all P>0.05),
indicating comparability (Table 1).

Comparison of surgical indicators

According to statistics, the intraoperative blood
loss and thoracic drainage on the first day in
the Obs group were significantly less than those

Am J Transl Res 2022;14(4):2393-2401
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Table 2. Comparison of surgical indicators

Intraoperative  Operation time

Group blood loss (ml)

Thoracic The number
drainage on the of dissected
first day (ml)  lymph nodes

Extubation
time (d)

The control group (n=45)

273.61+£31.27 161.58+28.63 365.55+48.93 13.28+5.29 3.56+1.30

The observation group (n=48) 193.45+28.75 132.43+25.46 219.46+29.45 14.39+4.59 3.66+0.91

t 12.88
P <0.001

5.196 17.604 1.708 0.479
<0.001 <0.001 0.283 0.633
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Figure 1. VAS score. Comparison of VAS score chang-
es at different time points in each group. *P<0.05;
***P<0.001.

in the Con group, and the operation time was
significantly shorter than that in the Con group
(all P<0.001, Table 2). However, there was no
significant difference in the number of dissect-
ed lymph nodes and extubation time between
the two groups (all P>0.05, Table 2).

VAS score

According to the pain evaluation results by VAS,
the Obs group got notably lower VAS score than
the Con group one day after surgery (P<0.05);
the VAS scores of the two groups at Day 3 after
surgery were not significantly different (P>0.05);
the Obs group got notably lower VAS score than
the Con group at Day 7 after therapy (P<0.001,
Figure 1).

Plasma VEGF and IL-6 levels

According to ELISA results, before surgery, plas-
ma IL-6 and VEGF levels in the two groups
were not significantly different (P>0.05), but at
Day 1 after surgery, the levels in both groups
increased significantly (P<0.001), with greatly
lower levels of them in the Obs group than in
the Con group (P<0.001, Figure 2).
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Pulmonary function index

The pulmonary function indexes of the two
groups were determined. Before surgery, the
two groups were similar in FVC and MVV (both
P>0.05), but 3 months after surgery, FVC and
MVV of both groups decreased (P<0.001), with
higher FVC and MVV levels in the Obs group
than in the Con group (P<0.001, Figure 3).

Incidence of postoperative complications

Statistics of postoperative complications in
the two groups revealed a significantly lower
incidence of postoperative complications in
the Obs group than in the Con group (P<0.05,
Table 3).

Univariate analysis of postoperative complica-
tions

The general clinical data and surgical indica-
tors of patients with and without complications
were collected. According to the analysis, the
two groups were greatly different in age, BMI,
history of diabetes mellitus, operation mode,
and operation time, all of which were the risk
factors for postoperative complications (Table
4).

Multivariate analysis of postoperative compli-
cations

Indicators with differences in univariate an-
alysis were subjected to multivariate logistic
regression analysis by the Forward: LR. The
results showed that age, BMI and operation
mode were all independent risk factors for
postoperative complications (Table 5).

Discussion
Early diagnosis and treatment can increase the
5-year survival rate of patients with stage IA LC

to 80% [14]. With the spread use of low-dose
spiral CT screening, a growing number of

Am J Transl Res 2022;14(4):2393-2401
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Figure 2. Plasma VEGF and IL-6 levels. (A) indicated the results of VEGF and (B) indicated the results of IL.-6. Before
surgery, plasma IL-6 and VEGF levels in the two groups were not greatly different, but at 1 day after surgery, the
levels of them in both groups increased notably, with notably lower levels of them in the observation group than in
the control group [7, 8]. ***P<0.001.
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Figure 3. Comparison of FVC and MVV. (A) indicated the results of FVC and (B) indicated the results of MVV. Before
surgery, the two groups were similar in FVC and MVV, but at 3 months after surgery, FVC and MVV of both groups
decreased (P<0.001), with higher FVC and MVV levels in the observation group than in the control group [9, 10].
***%pP<0.001.

Table 3. Incidence of postoperative complications

Group ii;:;?:r:y Arrhythmia 2:;[2;22% Hypoxemia Pneumothorax Total

The control group (n=45) 2 (4.44) 3(6.67) 3(6.67) 4 (8.89) 2 (4.44) 14 (31.11)
The observation group (n=48) 1 (2.08) 1 (2.08) 1 (2.08) 2 (4.17) 0 (0.00) 5(10.42)
X2 6.119

P 0.013
patients with early LC can diagnosed in time and many patients with early LC can now be
[15, 16]. For these patients with early LC, sur- treated with VATS [18]. Different from conven-
gical treatment is still the optimal choice [17], tional thoracotomy, minimally invasive lung sur-
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Table 4. Univariate analysis of postoperative complications

Complication  Non-complication

Factors group (1=19)  group (n=74) /X’ P

Age (years)
<65 6 (31.58) 62 (83.79) 20.96 <0.001
>65 13 (68.42) 12 (16.22)

Gender
Male 13 (68.42) 47 (63.51) 0.159 0.690
Female 6 (31.58) 27 (6.49)

BMI (kg/m?)
<24 12 (63.16) 71 (95.95) 16.94 <0.001
524 7 (36.84) 3 (4.05)

Pathological type
Adenocarcinoma 11 (57.89) 41 (55.41) 1.393 0.498
Squamous carcinoma 5(26.32) 27 (36.49)
Large cell carcinoma 3(15.79) 6(8.11)

Differentiation
Low 13 (68.42) 63 (85.14) 2.827 0.093
Moderate 6 (31.58) 11 (14.86)

TNM staging
Stage | 14 (73.68) 66 (89.19) 3.023 0.082
Stage Il 5(26.32) 8(10.81)

History of hypertension
Yes 7 (36.84) 25 (33.78) 0.063 0.802
No 12 (63.16) 49 (66.22)

History of diabetes mellitus
Yes 9 (47.37) 10 (13.51) 10.66 0.001
No 10 (52.63) 64 (86.49)

History of alcoholism
Yes 14 (73.68) 57 (77.03) 0.094 0.760
No 5(26.32) 17 (22.97)

Place of residence
Urban 8 (42.11) 42 (56.76) 1.306 0.253
Rural 11 (57.89) 32(43.24)

Operation mode
Conventional thoracotomy 14 (73.68) 31 (41.89) 6.119 0.013

Complete video-assisted thoracoscopic surgery lobectomy

Intraoperative blood loss (ml)
Operation time (min)

<180

>180

5 (26.32) 43 (58.11)
192.52+30.45 181.42+29.51 1.375 0.174

7 (36.84) 4 (5.41) 14.33 <0.001
12 (63.16) 70 (94.59)

gery causes milder injury to the chest wall of
patients by reducing the incision, and reduces
the hospital stay and the treatment cost of
patients, but does not reduce the 5-year dis-
ease-free survival rate [19, 20].

In our study, the Obs group showed significantly
less intraoperative blood loss and experienced
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significantly shorter operation time than the
Con group. The reasons were as follows: VATS
caused a smaller incision, so that the operat-
ing mirror didn’t need to go in and out of the
operation hole repeatedly during the operation,
and the intraoperative blood loss was less
accordingly. However, conventional thoracoto-
my lobectomy requires a wider operation field

Am J Transl Res 2022;14(4):2393-2401
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Table 5. Multivariate logistic regression analysis

95% C.I. of EXP (B)

Factors B S.E. Wals Sig. Exp (B) — —
Lower limit Upper limit
Age -2.862 0.933 9.420 0.002 0.057 0.009 0.355
BMI -5.184 1562 11.012 0.001 0.006 0.000 0.120
History of diabetes mellitus 1.665 0.932 3.193 0.074 5.284 0.851 32.805
Operation mode 2.662 1.188 5.015 0.025 14.319 1.394 147.077
Operation time 2.178 1.164 3.501 0.061 8.829 0.902 86.452

to thoroughly clean the lymph nodes, and the
incision is often larger, which might lead to
more intraoperative blood loss and serious
body injury, and the complicated surgery pro-
longed the operation time [21]. The Obs group
had significantly lower VAS score than the Con
group at Day 1 and 7 after surgery. In the early
postoperative period, the observation group
had less surgical trauma and faster postopera-
tive recovery, so the VAS score was lower at Day
1 and 7 after therapy. As the effects of anes-
thesia weaned off, the VAS would increase
slightly, so the VAS scores of the two groups 3
days after surgery were not significantly differ-
ent. The results imply that the pain caused by
VATS is less than that caused by thoracotomy,
and VATS is conducive to accelerating the post-
operative recovery of patients. The levels of cir-
culating cytokines like IL-6 and VEGF are direct-
ly bound up with surgical trauma, inflammatory
reaction and immune status in the acute stage
after operation [22]. IL-6 is a pleiotropic cyto-
kine secreted by T cells, mononuclear macro-
phages or fibroblasts, which is able to stimulate
the release of other cytokines and thus trigger
inflammatory reaction [23]. It has been report-
ed that IL-6 up-regulated TIM-4 in non-small
cell LC cells via NF-kB signalling pathway, and
both TIM-4 and IL-6 intensified the invasion,
migration, and epithelial-mesenchymal trans-
formation of non-small cell lung cancer (NSCLC)
cells [24]. VEGF can specifically act on vascular
endothelial cells, accelerate division and prolif-
eration of blood vessels and the formation of
new blood vessels, and increase the permeabil-
ity of tumour blood vessels, so that cancer cells
are more likely to spread into the blood and
metastasize [25]. It has also been shown that
significantly high level of VEGF was detected in
the blood of patients with LC compared with
patients with benign lung masses [26]. The
quantification results of ELISA showed that at
postoperative Day 1, the levels of plasma IL-6
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and VEGF in both groups increased significant-
ly, with significantly lower levels of them in the
Obs group than in the Con group. According to
the results, surgery will up-regulate IL-6 and
VEGF, but VATS causes less trauma to the
patient’s body and significantly milder inflam-
matory reaction and immunosuppression due
to the trauma than the open operation. So,
VATS is more conducive to the recovery of
patients and reduces the occurrence of com-
plications. After lobectomy, the increase level
of VEGF caused by the healing process may
promote the proliferation of tumour blood ves-
sels and the spread of cancer cells, thus in-
creasing the possibility of tumour recurrence
and metastasis. VATS causes smaller incision
and less trauma and thus brings a lower risk.

At the current stage, the main clinical treat-
ment for LC is surgery, in which patients’ lung
lobes are resectioned and their pulmonary
function is protected to the greatest extent
[27]. The pulmonary function indexes of the two
groups were determined. Before surgery, the
two groups were similar in FVC and MVYV, but 3
months after surgery, FVC and MVV of both
groups decreased, with higher FVC and MVV
levels in the Obs group than in the Con group.
The results imply milder pulmonary function
injury in patients given VATS than in patients
underwent thoracotomy, which can be explain-
ed by the fact that VATS lobectomy can keep
the integrity of the patient’s chest contour to
the maximum extent, and has less detrimental
to the patient’s cardiopulmonary function.

Pneumonia and atelectasis are common pul-
monary complications after thoracic surgery in
clinical scenarios, which greatly increase the
mortality in hospital and prolong ICU transi-
tion time and postoperative hospitalization
time [28]. In addition, a significantly lower
incidence of postoperative complications was
found in the Obs group than in the Con group in

Am J Transl Res 2022;14(4):2393-2401
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our study. The general clinical data and surgi-
cal indicators of patients with complications
and those without complications were collect-
ed. According to analysis of them, the two
groups were greatly different in age, BMI, his-
tory of diabetes mellitus, operation mode, and
operation time, all of which were the risk fac-
tors for postoperative complications. Multiva-
riate logistic regression analysis showed that
age, BMI, and operation mode were indepen-
dent risk factors for postoperative complica-
tions. Reportedly, BMI>24 kg/m? [29], compli-
cations [30], total pneumonectomy and long
operation time [31] were independent risk fac-
tors for complications after lobectomy.

The current study still has some limitations.
Due to the retrospective nature, the sample
size and the data that can be collected are few.
We hope to conduct a randomized controlled
study in the future to further confirm our re-
search conclusions. Secondly, in this study, we
didn’t explore the life quality of patients after
surgery and was not clear whether the two
schemes have any influence on patients’ post-
operative survival. Therefore, we will follow up
patients in the future to observe the influence
of the two schemes on patients’ survival.

To sum up, VATS can reduce the incidence of
inflammation and pulmonary complications
after lobectomy compared with thoracotomy.
Age, BMI, history of diabetes mellitus, opera-
tion mode and operation time are the risk fac-
tors for postoperative complications. Patients
should be fully informed of the risks before
operation and active preventive measures sh-
ould be taken after operation.
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