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Abstract: Objective: To explore the efficacy of video-assisted thoracoscopic surgery (VATS) versus thoracotomy for 
radical resection of non-small cell lung cancer (NSCLC) in elderly patients. Methods: One hundred elderly patients 
with NSCLC who were admitted to our hospital between January 2013 and June 2015 were recruited in this study 
and randomly divided into the observation group and the control group, with 50 cases in each group. Patients in the 
observation group were treated with radical resection of NSCLC by VATS, while those in the control group underwent 
radical resection of NSCLC by conventional thoracotomy. Patients in the two groups were compared in the periop-
erative indicators (operative time, the amount of intraoperative blood loss, the number of mediastinal lymph nodes 
dissected, the time to chest tube removal and the time to ambulation) and the rates of cardiopulmonary complica-
tions. The serum levels of C-reactive protein (CRP), interleukin-6 (IL-6), and interleukin-10 (IL-10), and the percent-
ages of CD4+T cells and CD8+T immune cells were also compared between the two groups before and 3 days after 
treatment, respectively. Results: No significant difference was noted in the number of mediastinal lymph nodes 
dissected between the two groups (P>0.05). When compared with the control group, the observation group had 
significantly shorter operative time, reduced intraoperative bleeding, shorter time to chest tube removal and shorter 
time to ambulation (all P<0.05), as well as significantly lower rates of cardiopulmonary complications (P<0.001). 
Before treatment, insignificant differences were seen between the two groups in pulmonary function, the levels of 
inflammatory cytokines, and the percentages of CD4+T cells and CD8+T cells (all P>0.05); forced vital capacity (FVC), 
forced expiratory volume in one second (FEV1) and maximum voluntary ventilation (MVV) of the observation group 
were significantly higher than those of the control group (all P<0.05). Three days after treatment, the CRP, IL-6 and 
IL-10 levels in the observation group were significantly lower than those in the control group, but the percentages of 
CD4+T cells and CD8+T cells were significantly higher than those in the control group (all P<0.05). Conclusion: For 
elderly patients with NSCLC, radical resection of NSCLC by VATS can significantly reduce the rates of cardiopulmo-
nary complications and the expression levels of inflammatory cytokines, and improve recovery of pulmonary and 
immune functions; hence, it is worthy of clinical generalization.

Keywords: Non-small cell lung cancer, elderly patient, radical resection for lung cancer by video-assisted thoraco-
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Lung cancer (LC) is one of the most frequently-
occurred malignant tumors in clinical practice, 
and it seriously threatens physical and mental 
health of patients. The morbidity and mortality 
of LC are on the increase in recent years, espe-
cially in elderly patients. Approximately 80% of 
patients with LC have non-small cell lung can-
cer (NSCLC) [1, 2]. Thoracotomy is currently 
considered to be the most commonly used 
technique for elderly patients with NSCLC [3]. 

However, thoracotomy is inclined to cause trau-
ma, cardiopulmonary complications, aggravate 
the release of inflammatory cytokines and in- 
hibit the immune function of elderly patients, 
leading to a decline in the success rate of sur-
gery, poorer postoperative recovery, prolonged 
operative time and great pain in such popu- 
lation [4, 5]. Therefore, under the premise of 
guaranteeing the efficacy of surgeries for elder-
ly patients with NSCLC, to minimize the degree 
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of trauma has become the goal of thoracic sur-
geons when they are seeking for new surgical 
techniques.

With the popularization of minimally invasive 
concepts and the development of minimally 
invasive techniques, video-assisted thoraco-
scopic surgery (VATS) plays an increasingly 
important role in the treatment of NSCLC. Its 
effectiveness, safety and minimal-invasiveness 
have been confirmed by many studies of evi-
dence-based medicine [6, 7]. VATS is advanta-
geous over thoracotomy in less postopera- 
tive pain, smaller trauma and faster recovery. 
Studies have demonstrated that the rates of 
lymph nodes dissected and 5-year survival of 
patients undergoing VATS are basically close to 
those of patients undergoing thoracotomy, but 
the rates of local recurrence and distant metas-
tasis in patients undergoing VATS are signifi-
cantly higher [8, 9]. Current studies have proved 
that VATS is more minimally invasive than con-
ventional thoracotomy in terms of the clinical 
data primarily including the size of the inci-
sions, the amount of intraoperative blood loss 
and the rates of postoperative complications 
[10-12]. However, there are few reports on  
the microscopic differences in the indicators  
of cardiopulmonary functions and inflammation 
between the two surgical techniques in the 
special population of elderly patients with 
NSCLC. Therefore, this study was designed to 
compare the efficacy of video-assisted thoraco-
scopic surgery (VATS) and thoracotomy for radi-
cal resection of NSCLC in elderly patients, 
expecting to provide experimental basis for the 
choice of surgical strategy for elderly patients 
with NSCLC.

Materials and methods

General information

From January 2013 to June 2015, 100 elderly 
patients with NSCLC were recruited and ran-
domly assigned to the observation group 
(n=50) and the control group (n=50). Patients 
in the observation group received radical resec-
tion for NSCLC by VATS, whereas those in the 
control group underwent radical resection for 
NSCLC by conventional thoracotomy. Elderly 
patients older than 60 years of age were eligi-
ble if they had stage I or II NSCLC confirmed  
by imaging and pathological examination; no 
involvement of mediastinal and hilar lymph 
nodes, no lymph node metastasis nor distant 

metastasis. Elderly patients were ineligible if 
they had surgical contraindications such as 
coagulation dysfunction, severe renal and he- 
patic insufficiency, had received chemotherapy, 
radiotherapy and other targeted therapy before 
treatment, a history of thoracotomy; immune 
system disease, did not actively cooperate in 
this study or had incomplete clinical data. This 
study got approval from the Ethics Committee 
of the hospital, and all the patients submitted 
written informed consent.

Surgical procedures

After general anesthesia and double-lumen en- 
dotracheal intubation, each patient was placed 
in the contralateral decubitus position and ven-
tilated in the contralateral lung. Patients in the 
observation group underwent radical resection 
of NSCLC by VATS. A 4-cm incision was made as 
an operating port at the third or fourth intercos-
tal space (ICS) in the anterior axillary line; a 
2-cm incision was made as an auxiliary operat-
ing port at the 7th ICS in the subscapular line; a 
1.5-cm incision was made as an observation 
port at the 7th or 8th ICS) in the middle axillary 
line. A thoracoscope was placed into the tho-
racic cavity; a coagulation hook, non-invasive 
grasping forceps, surgical staplers and other 
instruments were placed into the operating 
port. Rubber trocars were used to protect the 
incisions. After the location of the tumor was 
determined under thoracoscopy, lobectomy 
was performed, followed by lymphadenectomy.

Patients in the control group underwent con-
ventional thoracotomy. An incision was made  
at the posterolateral thorax where the skin  
was cut layer by layer to separate the subcuta-
neous tissues, the latissimus dorsi and serra-
tus anterior muscles. A posterolateral thora- 
cotomy in the fourth intercostal space was per-
formed to open the ribs. The ribs at the inferior 
border of the incision were cut off if necessary. 
The pulmonary arteries, pulmonary veins and 
bronchi in the lobes with the tumor lesions 
were separated under direct vision. The tumor 
lobes were removed and routine lymphadenec-
tomy was performed simultaneously.

The bronchia and blood vessels of the two 
groups were sutured by direct ligation or surgi-
cal staplers. The incisions were washed with 
normal saline; drainage tubes were placed; the 
thorax cavity was closed layer by layer after 
hemostasis; routine lung dilation and ventila-
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tion was asked to perform before thorax clo-
sure, and routine anti-infection treatment was 
given after treatment. Postoperative outpatient 
appointments and telephone follow-up were 
carried out. The patients were followed up on- 
ce a month; imaging examination including the 
chest CT plain scans and enhancement were 
performed periodically every six months.

and the experiments were performed strictly in 
accordance with the instructions.

Moreover, the percentages of CD4+T cells and 
CD8+T cells were also compared between the 
two groups. The percentages of CD4+T cells  
and CD8+T cells were measured by a Beck- 
mann Quanta SC flow cytometer (Beckmann 

Table 1. Basic data of patients in the two groups
Variable CG (n=50) OG (n=50) t/χ2 P value 
Age (year) 64.6±5.7 65.3±6.1 0.593 0.555
Male/female (n) 31/19 34/16 0.396 0.529
PT (adenocarcinoma/SCC) 27/23 29/21 0.162 0.687
TD (cm) 2.9±0.8 3.1±1.0 1.104 0.272
PS (I/II) 33/17 30/20 0.386 0.534
LT (peripheral/central) 37/13 41/9 0.932 0.334
Smoking history (n) 29 32 0.378 0.539
Hypertension (n) 27 24 0.360 0.548
Diabetes mellitus (n) 25 28 0.160 0.689
Note: CG, denotes control group; OG, observation group; PT, pathological 
type; SCC, squamous cell carcinoma; TD, tumor diameter; PS, pathological 
stage; LT, lesion type.

Table 2. Perioperative indicators of patients
Variable CG OG t/χ2 P value
Case (n) 50 50
OT (min) 134.8±55.7 109.5±42.3 2.558 0.012
IBL (mL) 292.3±65.2 145.7±49.1 12.700 <0.001
MLND (n) 11.4±6.2 10.7±6.8 0.538 0.592
TCTR (d) 5.3±0.8 3.4±0.6 13.440 <0.001
TA (d) 3.2±0.9 1.4±0.5 12.360 <0.001
Note: CG, denotes control group; OG, observation group; OT, operative time; 
IBL, intraoperative blood loss; MLND, mediastinal lymph nodes dissected; 
TCTR, time to chest tube removal; TA time to ambulation.

Table 3. Rates of cardiopulmonary complications of the two 
groups (n)
Variable CG OG χ2 P value
Case (n) 50 50
Tachycardia 4 1 1.895 0.169
AF 3 2 0.211 0.646
PC 3 1 1.042 0.307
Atelectasis 6 2 2.174 0.140
Hypoxemia 8 1 5.983 0.014
IC 5 1 2.837 0.092
OCC 29 (58%) 8 (16%) 18.920 <0.001
Note: CG, denotes control group; OG, observation group; AF, atrial fibrillation; 
PC, premature contractions; IC, involuntary cough; OCC, overall cardiopulmo-
nary complications.

Outcome measures

The two groups were compared  
in the operation-related indicators 
(operative time, the amount of in- 
traoperative blood loss, the num-
ber of mediastinal lymph nodes 
dissected, the time to chest tube 
removal and the time to ambula- 
tion).

The rates of cardiopulmonary com-
plications were compared between 
the two groups within one month 
after treatment. Cardiac complica-
tions included tachycardia, atrial 
fibrillation and premature contrac-
tions; pulmonary complications in- 
cluded atelectasis, hypoxemia and 
involuntary cough.

The lung function indicators, which 
included forced expiratory volume 
in one second (FEV1), forced vital 
capacity (FVC), and maximum vol-
untary ventilation (MVV), were co- 
mpared between the two groups at 
6 months after treatment.

The serum levels of interleukin- 
6 (IL-6), interleukin-10 (IL-10) and 
C-reactive protein (CRP) were also 
compared between the two groups. 
Elbow venous blood (5 ml) was col-
lected from each patient in the 
fasting state before and 3 days 
after treatment, placed in an anti-
coagulant tube, and centrifuged 
for 15 minutes at 3000 r/min; the 
serum was isolated and stored  
at -20°C. The serum levels of CRP, 
IL-6 and IL-10 were detected by  
the enzyme-linked immunosor- 
bent assay (ELISA). The CRP, IL-6 
and IL-10 kits were all purchased 
from R&D Science Company, USA, 
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Coulter, USA) before and 3 days after treat-
ment. Antithrombin (100 μL) was drawn from 
each patient, added with directly fluorescence-
conjugated mouse anti-human CD4-FITC and 
CD8-PE monoclonal antibodies, and mixed thor-
oughly. The mixture was cultured away from 
light in the room temperature for 15 min, add- 
ed with 500 μL of erythrocyte lysis buffer 
(Beckmann Coulter, USA), and mixed thorough-
ly. The mixture was cultured away from light in 
room temperature for 20 min, and then centri-
fuged for 5 min at 3,000 r/min. After centrifu-
gation, the supernatant was removed, added 
with 500 μL of PBS buffer, and mixed thorough-
ly. Subsequently, the percentages of CD4+T 
cells and CD8+T cells were measured by flow 
cytometry.

Statistical analysis

The experimental data were processed with  
the use of SPSS software, version 21.0. Mea- 
surement data are presented as mean ± sd, 
and the independent sample t test was used 
for between-group comparison; the paired t 
test was applied for comparison before and 
after treatment. Count data were described  
as percentage, and the chi-square test was 
employed for between-group comparison. P< 
0.05 was deemed to be significantly different.

Results

Basic data of patients

The two groups were basically similar in age, 
sex, pathological type, tumor diameter, patho-

logical stage, lesion type and smoking history 
(all P>0.05), so they were comparable (Table 1).

Perioperative indicators

The patients in the two groups differed insigni-
ficantly in the number of mediastinal lymph 
nodes dissected. Compared with the control 
group, the observation group had significantly 
reduced operative time, intraoperative blood 
loss, the time to chest tube removal and time  
to ambulation (all P<0.05; Table 2).

Cardiopulmonary complications

The rate of cardiopulmonary complications was 
16% (8/50) in the observation group and 58% 
(29/50) in the control group, insignificantly dif-
ferent between the two groups (χ2=18.920, 
P<0.001), as shown in Table 3 and Figure 1.

Pulmonary functions

There were no significant differences in the  
preoperative indicators of FVC, FEV1 and MVV 
between the two groups (all P>0.05). At 6 
months after treatment, the indicators of FVC, 
FEV1 and MVV in the observation group were 
significantly higher than those of the control 
group (all P<0.05; Table 4).

CRP, IL-6 and IL-10

No significant differences were observed in  
the expression levels of CRP, IL-6 and IL-10 
between the two groups before treatment (all 
P>0.05); at 3 days after treatment, significant- 
ly lower levels of CRP, IL-6 and IL-10 were seen 
in the observation group were than those in  
the control group (all P<0.001; Table 5).

CD4+T cells and CD8+T cells

The percentages of CD4+T cells and CD8+T cells 
were insignificantly different between the two 
groups before treatment (all P>0.05). However, 
the rates of CD4+T cells and CD8+T cells were 
significantly higher in the observation group 
than in the control group 3 days after treatment 
(all P<0.05; Figure 2).

Tumor-free survival

After treatment, the 1-year, 2-year and 3-year 
survival rates were respective 78%, 58% and 
34% in the control group, and 82%, 60% and 
40% in the observation group, so there were no 

Figure 1. Comparison of the rates of cardiopulmo-
nary complications between the two groups. Com-
pared with the control group, *P<0.001.
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significant differences between the two groups 
(all P>0.05; Table 6).

Discussion

For elderly patients with NSCLC who are char-
acteristic of old age, decreased immunity and 
slow recovery, undergoing conventional thora-
cotomy tend to result in more cardiopulmonary 
complications, further damages to the immune 
function and greater pain. Over the years, the 
advance of VATS has provided advantages for 
the surgical treatment of elderly patients with 
NSCLC. VATS is advantageous over conven- 
tional thoracotomy in smaller incisions, milder 
pain, less influence on cardiopulmonary func-
tions, and quicker postoperative recovery. It  
is increasingly widely used in clinical practice 
[13]. It has been reported that VATS can signi- 
ficantly improve respiratory muscle strength 
compared with conventional thoracotomy [14]. 
However, it is still controversial regarding the 

of mediastinal lymph nodes dissected, sug-
gesting that VATS for radical resection of NSCLC 
allowed a good exposure of visual fields and 
thorough dissection of lymph nodes. The oper-
ative time, intraoperative blood loss, the time 
to chest tube removal and the time to ambula-
tion in the observation group significantly 
reduced compared with those in the control 
group, and the differences were statistically 
significant. Operative time and amount of peri-
operative intraoperative blood loss are indi- 
cators reflecting surgical trauma of patients, 
whereas the time to chest tube removal and 
the time to ambulation are important indicators 
reflecting recovery of patients from the opera-
tion. It is thus clear that VATS for radical resec-
tion of lung cancer in elderly patients is associ-
ated with less trauma and blood loss, and 
quicker recovery. This may be due to the facts 
that the ribs were not required to open during 
VATS for radical resection of lung cancer, whi- 
ch resulted in small damages to muscle and  

Table 4. FVC, FEV1 and MVV indicators of the two groups

Variable Case
FVC (L) FEV1 (L) MVV (L)

BT AT BT AT BT AT
CG 50 3.1±0.7 2.0±0.5 2.6±0.5 1.4±0.3 78.7±19.6 59.8±15.7
OG 50 3.0±0.6 2.6±0.9 2.5±0.4 1.9±0.5 80.1±21.3 68.1±17.4
t/χ2 0.767 4.121 1.104 6.063 0.342 2.504
P value 0.445 <0.001 0.272 <0.001 0.733 0.014
Note: CG denotes control group; OG observation group; FVC forced vital capacity; BT 
before treatment; AT after treatment; FEV1 forced expiratory volume in one second; MVV 
maximum voluntary ventilation.

Table 5. Inflammatory cytokines expression of the two groups
Variable CG OG t P value
Case (n) 50 50
IL-6 (ng/L) BT 15.1±1.7 15.3±1.8 0.571 0.569

AT 39.2±6.7 25.8±5.9 10.610 <0.001
t 18.742 26.421
P <0.001 <0.001
IL-10 (ng/L) BT 42.7±7.5 43.5±7.7 0.526 0.600

AT 38.5±6.3 24.6±4.6 12.600 <0.001
t 19.528 25.906
P <0.001 <0.001
CRP (g/L) BT 12.7±1.3 13.0±1.5 1.069 0.288

AT 94.8±15.8 58.2±10.5 13.640 <0.001
t 53.509 32.677
P <0.001 <0.001
Note: CG, denotes control group; OG, observation group; IL-6, interleukin-6; BT, before 
treatment; AT, after treatment; IL-10, interleukin-10; CRP, C-reactive protein.

effects of radical resec-
tion of NSCLC by VATS ve- 
rsus conventional thora-
cotomy on cardiopulmo-
nary complications, pul-
monary function indica- 
tors, inflammatory cyto-
kines and immune func-
tion in elderly patients 
with NSCLC [15]. In this 
study, the two groups dif-
fered insignificantly in 
basic data such as age, 
sex, pathological type, tu- 
mor diameter, pathologi-
cal stage, pathological ty- 
pe and smoking history. 
Therefore, this study co- 
uld better objectively ev- 
aluate the efficacy of VA- 
TS for radical resection 
of NSCLC in elderly pati- 
ents.

The results of this study 
showed no significant dif-
ference in the rates of 
tumor-free survival bet- 
ween the two groups wi- 
thin 3 years after treat-
ment. Besides, the two 
groups also differed insi- 
gnificantly in the number 
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other tissues; additionally, small incisions could 
alleviate the patients’ fears, so that the pati- 
ents could ambulate earlier; the magnification 
function of thoracoscopes enabled precise an- 
atomy, complete hemostasis, and reduced in- 
traoperative blood loss [16]. VATS for radi- 
cal resection of NSCLC is more favorable than 
conventional thoracotomy in elderly patients. 
These are consistent with the findings reported 
by Song et al. and Hwang et al. [17, 18].

In this study, we also discussed the value of 
VATS for radical resection of NSCLC in elderly 
patients from the aspects of cardiopulmonary 
complications and recovery of pulmonary func-
tions. The occurrence of cardiopulmonary com-
plications may lead to lower success rates of 
surgery and poor postoperative recovery. The 
results of this study demonstrated that the  
rate of cardiopulmonary complications in the 
observation group was significantly lower than 
that in the control group, but the levels of FVC, 
FEV1 and MVV indicators in the observation 
group were significantly higher than those in 
the control group at 6 months after treatment. 
This might be attributed to minimally invasion, 
small damages to tissues and mild postopera-
tive pain brought about by VATS for radical 
resection of NSCLC, which help patients to 
make deep breathing, expectoration of sputum 

main manifestations of dramatically elevated 
levels of inflammatory cytokines and cytokines 
inhibiting cellular immunity. The impacts of sur-
gical trauma on cytokines are different; the 
greater the surgical trauma is, the higher the 
levels of cytokines are [22]. The results of this 
study revealed that the levels of CRP, IL-6 and 
IL-10 were higher in the two groups 3 days after 
treatment than those before treatment, with 
lower mean levels in the observation group 
than in the control group; the percentages of 
CD4+T cells and CD8+T cells in the two groups 3 
days after treatment were lower than those 
before treatment, with higher percentages in 
the observation group than in the control group. 
All this above indicates that elderly patients 
undergoing VATS for radical resection of NS- 
CLC had fewer inflammatory reactions, fewer 
impacts on the immune function and faster 
recovery of immune functions, which are basi-
cally in line with the results of studies conduct-
ed by Bobocea et al. and by Ng et al. [23, 24].

In conclusion, radical resection of NSCLC by 
VATS in elderly patients is more significantly 
favorable than by conventional thoracotomy in 
perioperative indicators, cardiopulmonary com-
plications, lung function and immune function. 
However, there are still some limitations in this 
study, such as small sample size, single-center 
study, no results of long-term follow-ups, etc. 
Prospective randomized controlled trials with 
larger sample size and long-term follow-up are 
required in the future research to further vali-
date the advantages of VATS for radical resec-
tion of NSCLC in elderly patients.
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Figure 2. Comparison of the percentages of CD4+T cells and CD8+T cells be-
tween the two groups. Compared within the same groups before and after 
treatment, *P<0.05; compared with the control group, *P<0.05.

Table 6. Tumor-free survival of the two groups 
during 3 years of follow-up (n, %)
Variable Case 1 year 2 year 3 year
CG 50 39 (78%) 29 (58%) 17 (34%)
OG 50 41 (82%) 30 (60%) 20 (40%)
χ2 0.250 0.041 0.386
P 0.617 0.839 0.534
Note: CG, denotes control group; OG, observation group.

by means of coughs. Early am- 
bulation also helps them reco- 
ver pulmonary function. These 
results are generally consis-
tent with those reported by Yan 
et al. and Whitson et al. [19, 
20].

Surgical trauma is closely  
related to inhibition of the 
immune function in elderly 
patients [21]. Surgical trauma 
can result in production and 
response of cytokines, with the 
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