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Abstract. Clinical efficacy of single utility port video-
assisted thoracoscopic surgery (VATS) and three-port VATS 
for patients with non-small cell lung cancer (NSCLC) was 
compared. A total of 156 patients with NSCLC who under-
went VATS in Taizhou Hospital of Zhejiang Province from 
July 2015 to January 2017 were selected as subjects. They were 
randomly divided into group A (n=74) and group B (n=82), 
in which group A was treated with single utility port VATS 
and group B was treated with three-port VATS. Perioperative 
indicators such as operation time, intraoperative blood loss, 
postoperative drainage, removal of drainage tube, lymph node 
dissection, hospitalization time, postoperative complications, 
postoperative pain and postoperative quality of life were 
observed. Expression levels of CRP and IL-6 in serum were 
detected by enzyme-linked immunosorbent assay (ELISA). 
There was no significant difference in the operation time, 
postoperative drainage volume, drainage tube removal time 
and lymph node dissection between groups A and B (P>0.05). 
Blood loss and hospitalization time in group A were signifi-
cantly lower than those in group B (P<0.001). VAS scores at 
1-3 days after operation in group A were significantly lower 
than those in group B (P<0.001). Levels of serum CRP and 
IL-6 at 1-7 days after operation in group A were significantly 
lower than those in group B (P<0.001). Incidence of complica-
tion in group A was not significantly different from that in 
group B (P>0.05). Overall quality of life scores of group A 
and B were significantly lower than the preoperative scores 
(P<0.001). Overall status score of group A was significantly 
higher than that of group B (P<0.001). Clinical efficacies of 
single utility port VATS and three-port VATS were similar. 

Single utility port VATS can reduce trauma during surgery, 
reduce stress response, relieve postoperative pain, and facili-
tate the recovery of postoperative quality of life.

Introduction

Lung cancer is one of the most common malignant tumors 
and is the leading cause of cancer-related deaths. In 2012, lung 
cancer accounts for approximately 12.9% of all cancers (1). 
The most common type of lung cancer is non-small cell 
lung cancer (NSCLC). NSCLC accounts for 85-90% of lung 
cancer. NSCLC is mainly divided into adenocarcinoma and 
squamous cell carcinoma subtypes, which are derived from 
bronchial mucosa epithelium (2). At present, surgical treat-
ment is the most effective and important method for early 
NSCLC (3). Although the use of minimally invasive surgery 
in clinical practice has increased in recent years, thoracotomy 
is still the most common method of lobectomy (4). Studies 
have shown that video-assisted thoracoscopic surgery 
(VATS) brings more benefits to patients with early NSCLC 
compared with conventional thoracotomy, including reduced 
hospital stay, relief of recent postoperative pain, and less 
postoperative complications (5). VATS lobectomy consists of 
several incisions or ports, usually 3-4. With the development 
of laparoscopic instrument technology, VATS is gradually 
reduced from multiple incisions to double incision, namely 
single utility port thoracoscopic surgery (6). Since 2010, 
single utility port VATS lobectomy has become a new area 
of minimally invasive surgery (7). Single utility port VATS 
is a less invasive surgical procedure. With single utility port 
VATS, thoracic surgery can be performed through a small 
incision of approximately 4 cm in diameter. This technique 
has been increasingly accepted because of its remarkable 
clinical effect (8). Compared with conventional VATS, single 
utility port VATS not only have the advantage of reducing 
surgical trauma, but also reduces postoperative pain and 
prompts recovery (9). Clinical efficacy of single utility port 
VATS has been extensively studied, but studies on the post-
operative stress response and the impact on quality of life 
(physical, functional and social) in 3 months after surgery 
are rare. In this study, single utility port VATS and three-port 
VATS were performed in patients with NSCLC to compare 
the clinical efficacy. Postoperative stress response and quality 
of life were also compared.
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Patients and methods

General information. One hundred and fifty-six patients with 
NSCLC who underwent VATS in Taizhou Hospital of Zhejiang 
Province (Taizhou, China) from July 2015 to January 2017 
were selected as subjects. Patients were randomly divided into 
group A (n=74) and group B (n=82). Group A was treated with 
single utility port VATS and group B was treated with three-
port VATS. There were 43 males and 31 females in group A, 
aged 45-73 years, with a mean age of 62.67±9.16 years; tumor 
diameter was 1.4-4.8 cm, with mean diameter of 2.81±1.16 cm; 
TNm staging: 59 cases in stage I, 15 cases in stage II; patholog-
ical types: 59 cases of adenocarcinoma, 10 cases of squamous 
cell carcinoma, 5 cases of adenosquamous carcinoma. There 
were 59 males and 23 females in group B, aged 41-72 years, 
with a mean age of 61.83±8.26 years; tumor diameter was 
1.3-4.5 cm, with a mean diameter of 2.86±1.35 cm; TNm 
staging: 64 cases in stage I, 18 cases in stage II; pathological 
types: 61 cases of adenocarcinoma, 14 cases of squamous cell 
carcinoma, 7 cases of adenosquamous carcinoma.

Inclusion and exclusion criteria. Inclusion criteria: 
Preoperative pathological examination confirmed NSCLC (10); 
No distant metastases under examination of CT, color Doppler 
ultrasound, mRI and other imaging examinations, TNm stage 
was stage I-II; no previous history of chemotherapy and radia-
tion therapy; first diagnosis; aged 18-75 years; Eastern Cancer 
Cooperative Group (ECOG) (11) physical status was 0-1, 
expected survival time ≥12 months; no major organ dysfunc-
tion.

Exclusion criteria: History of previous thoracoscopic 
surgery; extensive pleural adhesions; difficulty in maintaining 
single-lung ventilation during surgery; combined with other 
tumors, severe liver and kidney dysfunction, connective tissue 
disease, endocrine and metabolic diseases, hematopoietic 
dysfunction, infectious diseases; mental illness or family 
history of mental illness. 

This study was approved by The Ethics Committee of 
Taizhou Hospital of Zhejiang Province. Patients who partici-
pated in this research had complete clinical data. The signed 
informed consents were obtained from the patients or the 
guardians.

Treatment. Compound anesthesia was performed. After 
intubation of the double lumen tube, single lung ventilation 
was performed into the pleural cavity. Lateral position (90˚) 
on the healthy side was used. After disinfection, observation 
hole was made in the 7th intercostal space of the midline of the 
iliac crest. A 2 cm incision was made and thoracoscope was 
placed. for single utility port VATS, an incision (4 cm) was 
made between the 4th and 5th ribs of the iliac crest. for three-
port VATS, 2 cm incision (main operation hole) was made in 
the fifth intercostal space of the iliac crest, and another 2 cm 
incision (sub-operation hole) was made in the 7th intercostal 
space of the anterior subscapular line. mediastinal pleura 
was opened, and the lower ligament of the lower lung was 
dissected. According to the condition of the resected lung 
lobe, the venous, arterial, and bronchial organs were dissected 
by a single-type lobectomy method. The (articular head) 
intra-cavity linear cutting and closing device was used to close 

the detachment. Lobes were removed, and mediastinal lymph 
nodes were also removed. After that, the chest cavity was 
flushed, the blood was stopped, the drainage tube was placed, 
and the chest was closed layer by layer.

Observation indicators. i) Perioperative indicators such 
as operation time, intraoperative blood loss, postoperative 
drainage, removal of drainage tube, lymph node dissection, 
hospitalization time and postoperative complications were 
observed.

ii) The degree of pain was assessed by visual analog scale 
(VAS) (12) from 1 to 7 days postoperatively (T1-T7). VAS 
score of 0 indicated no pain, and VAS score of 10 indicated the 
most severe pain. The higher the VAS score, the more severe 
the pain.

iii) Venous blood was taken from the study subjects 
before and 1-7 days after surgery (T1-T7) under fasting 
conditions. Blood was centrifuged at 670.8 x g at 20-25˚C 
for 10 min to separate serum. Expression of CRP and IL-6 in 
serum was detected by enzyme-linked immunosorbent assay 
(ELISA) (13). Human CRP and IL-6 ELISA kits (Thermo 
Fisher Scientific Co., Ltd., Shanghai, China) were used. All 
operations were performed in strict accordance with manu-
facturer's instructions. No reagent was added into the blank 
control well. After adding samples, the plate was covered with 
film and incubated at 37˚C for 1 h. After that, the plate was 
washed and 80 µl affinity chain enzyme was added into each 
well, followed by incubation at 37˚C for 30 min. After that, 
substrate A and B (50 µl) was added, followed by incubation 
at 37˚C for 10 min. Then each well was added with 50 µl stop 
solution. OD value of each well was measured at 450 nm 
by using a fully automated enzyme label analyzer (miguel 
molecular Instruments Co., Ltd., Shanghai, China), and the 
expression levels of CRP and IL-6 were calculated.

iv) functional assessment of cancer treatment - The lung 
cancer questionnaire (fACT-L) (14) was used to assess the 
quality of life of patients before and 3 months after surgery. 
fACT-L contains 27 items, including body, function, situation 
and social fields. Each item has a 5-level scale (0-4 points, 
0 = no, 4 = very much).

Statistical analysis. Statistical analysis was performed using 
SPSS 19.0 (IBm Corp, Armonk, NY, uSA). measurement data 
were expressed as mean ± standard deviation, and the inter-
group comparisons of measurement data in accordance with 
the normal distribution were compared by t-test. Comparison 
with a group before and after treatment was performed by 
paired t-test. Count data were expressed as number of cases/
percentage [n (%)]. Chi-square test was used to compare count 
data between groups. ANOVA was used for comparison 
between multiple groups and the post hoc test was LSD test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Baseline data of groups A and B. Groups A and B showed 
no significant difference in sex, age, body mass index 
(BmI), smoking and drinking history, lesion location, 
tumor diameter, TNm stage, pathological type, pathological 
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differentiation, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and blood sugar (Glu) (P<0.05) 
(Table Ⅰ).

Comparison of perioperative indicators between groups  
A and B. There was no significant difference between the 
groups in operation time, postoperative drainage volume, 

Table I. Baseline data of groups A and B [n (%)]/(mean ± SD).

Items Group A (n=74) Group B (n=82) t/χ2 value P-value

Sex   3.293 0.070
  male 43 (58.11) 59 (71.95)
  female 31 (41.89) 23 (28.05)
Age 62.67±9.16 61.83±8.26 0.602 0.548
BmI (kg/m2) 20.47±3.18 20.04±3.07 0.859 0.392
History of smoking   2.212 0.137
  Yes 30 (40.54) 43 (52.44)
  No 44 (59.46) 39 (47.56)
Drinking history   0.562 0.454
  Yes 22 (29.73) 29 (35.37)
  No 52 (70.27) 53 (64.63)
Lesion   0.054 0.816
  upper left lobe 16 (21.62) 20 (24.39)
  Left lower lobe   8 (10.81) 9 (10.98)
  Right upper lobe 17 (22.97) 17 (20.73)
  Right middle lobe 10 (13.51) 10 (12.20)
  Right lower lobe 23 (31.08) 26 (31.71)
Tumor diameter (cm) 2.81±1.16 2.86±1.35 0.247 0.805
TNm staging   0.066 0.797
  Phase I 59 (79.73) 64 (78.05)
  Phase II 15 (20.27) 18 (21.95)
Pathological type   0.537 0.464
  Adenocarcinoma 59 (79.73) 61 (74.39)
  Squamous cell carcinoma 10 (13.51) 14 (17.07)
  Adenosquamous carcinoma 5 (6.76) 7 (8.54)
Degree of pathological differentiation   0.105 0.746
  Highly differentiated 17 (22.97) 22 (26.83)
  medium differentiation 47 (63.51) 43 (52.44)
  Low differentiation 10 (13.51) 17 (20.73)
ALT (u/l) 27.47±5.18 26.91±6.33 0.600 0.549
AST (u/l) 17.18±4.27 17.69±4.82 0.696 0.487
Glu (mmol/l   5.97±0.38 6.06±0.47 1.306 0.193

ALT, alanine aminotransferase; AST, aspartate aminotransferase; SD, standard deviation.

Table II. Comparison of perioperative indicators between groups A and B (mean ± SD).

Items Group A (n=74) Group B (n=82) t value P-value

Operation time (min) 142.63±52.73 153.66±51.84 1.316 0.190
Intraoperative blood loss (ml) 136.47±42.71 173.41±49.27 4.978 <0.001
Postoperative drainage (ml) 681.21±44.85 692.54±38.41 1.699 0.091
Drainage tube removal time (days)   4.28±0.93   4.51±1.12 1.387 0.168
Number of lymph node dissections (a) 14.17±4.18 13.87±4.41 0.435 0.664
Hospital stay (days)   9.31±1.82 11.34±1.32 8.029 <0.001

SD, standard deviation.
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drainage tube removal time and lymph node dissection 
(P>0.05). The blood loss and hospitalization time in group A 
were significantly lower than those in group B (P<0.001) 
(Table Ⅱ).

Comparison of VAS scores at 1 and 7 days after opera-
tion between groups A and B. VAS scores of group A were 

ssignificantly lower than those of group B at 1-3 days after 
operation (P<0.001). There was no significant difference 
between groups A and B at 4-7 days after operation (P>0.05) 
(Table Ⅲ and Fig. 1).

Table III. Comparison of VAS scores at 1 and 7 days after 
operation between groups A and B (mean ± SD).

Time Group A Group B
points (n=74) (n=82) t value P-value

T1 5.29±1.34 6.28±1.73 3.685 <0.001
T2 4.19±1.47 5.22±1.58 4.170 <0.001
T3 3.13±1.21 4.56±1.31 6.303 <0.001
T4 2.81±1.38 2.87±1.44 0.374 0.708
T5 2.64±1.63 2.68±1.13 0.689 0.492
T6 2.35±1.27 2.39±1.08 0.546 0.604
T7 2.27±0.46 2.31±0.53 0.938 0.350

figure 2. Comparison of serum (A) CRP and (B) IL-6 expression levels 
between groups A and B before and 1 to 7 days after operation. *P<0.001.Table IV. Comparison of serum CRP expression levels between 

groups A and B before and 1-7 days after surgery (mean ± SD, 
mg/l).

Time Group A Group B
points (n=74) (n=82) t value P-value

Before          
operation 3.15±1.13 3.29±1.27 0.724 0.470
T1 18.64±3.27 24.52±2.41 12.870 <0.001
T2 14.05±2.29 17.49±3.36   7.392 <0.001
T3 10.59±1.15 13.25±2.18   9.382 <0.001
T4   8.25±1.32 11.23±2.57   8.963 <0.001
T5   7.67±1.59   9.67±2.03   6.799 <0.001
T6   5.27±1.24   7.22±1.94   7.390 <0.001
T7   4.38±1.76   6.37±1.89   6.784 <0.001

Table V. Comparison of serum IL-6 expression levels 
between groups A and B before and 1 to 7 days after surgery 
(mean ± SD, pg/l).

 Group A Group B
Time points (n=74) (n=82) t value P-value

Before    
operation 21.53±3.18 22.37±4.18 1.401 0.163
T1   83.47±18.63   94.18±19.67 3.482 <0.001
T2   78.20±13.47   86.74±13.08 4.005 <0.001
T3 54.43±9.85   67.36±14.22 6.533 <0.001
T4 44.27±7.31 51.64±7.58 6.167 <0.001
T5 31.74±6.52 37.41±7.15 5.156 <0.001
T6 24.58±4.28 28.47±5.74 4.757 <0.001
T7 23.69±3.51 26.51±4.28 4.471 <0.001

figure 1. Comparison of VAS scores at 1 and 7 days after operation between 
groups A and B. *P<0.001.
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Comparison of serum CRP and IL-6 expression levels 
between groups A and B before and 1 to 7 days after opera-
tion. There was no significant difference in serum CRP and 
IL-6 expression levels between groups A and B before opera-
tion (P>0.05). Levels of serum CRP and IL-6 in group A were 
significantly lower than those in group B at 1-7 days after 
operation (P<0.001) (Tables Ⅳ and Ⅴ; Fig. 2).

Comparison of postoperative complications between groups A 
and B. In group A, 1 case (1.35%) had lung leak, 2 cases 
(2.70%) had atelectasis, 6 cases (8.11%) had arrhythmia, and 
the complication rate was 12.16%. In group B, 2 cases (2.44%) 
had pulmonary infection, 1 case (1.22%) had lung leak, 3 cases 
(3.66%) had atelectasis, 8 cases (9.76%) had arrhythmia, and 
the complication rate was 17.07%. There was no significant 
difference in the incidence of complications between groups A 
and B (P>0.05) (Table Ⅵ).

Comparison of quality of life between groups A and B before 
and after operation. There was no significant difference in 
physical, functional, emotional, social and additional status 
scores between groups A and B before and after operation 
(P>0.05). The overall status score of groups A and B after 
operation was significantly lower than that before operation 
(P<0.001), and the overall status score of group A after 
operation was significantly higher than that of group B 
(P<0.001) (Table Ⅶ).

Discussion

The number of lung cancer patients has increased in recent 
years and lung cancer has become the leading cause of human 

death. for the early treatment of lung cancer, surgical resec-
tion is still the main method. Traditional thoracotomy causes 
severe incision and trauma, and postoperative pain is serious, 
which makes the quality of life of lung cancer patients greatly 
reduced (15). With the continuous development of endoscopic 
techniques, minimally invasive treatment has become a hot 
research topic that could reduce postoperative complications 
and improve the quality of life of patients with NSCLC (16). 
Single utility port VATS is operated with only one incision. 
With single utility port VATS, thoracoscope and instruments 
are operated in one hole during the operation, and the trauma 
is small, and blood vessels and intercostal nerve damage are 
avoided, and postoperative pain is also lighter (17). Thus, single 
utility port VATS therapy is receiving increasing attention in 
clinical treatment of NSCLC.

Previous studies have shown that the surgical incision of 
single utility port VATS is mostly between 4.0 and 7.0 cm (18). 
The length of the incision in this study is about 4.0 to 5.0 cm, 
which is similar to previous studies. Three-port VATS usually 
requires three incisions. The first incision is generally used as 
an observation hole between the 7th and 8th intercostals, and 
second incision is used as the main operation hole in the 5th or 
6th intercostal space of the ankle line, and the 3rd incision is 
a sub-operation hole (19) made between the rear line and the 
shoulder line.

Single utility port VATS is a modified 2-incision technique 
in which the operating hole is located at the 4th intercostal 
space of the incision, and the incision is large enough for the 
operator to accurately position the endoscopic stapler on the 
fragile pulmonary vessel; and with less incision on the chest 
wall, the intercostal nerve injury and intercostal traction 
could be minimized during surgery (18). Results of this study 

Table VI. Comparison of postoperative complications between groups A and B [n (%)].

Groups n Pulmonary infection Lung leak Atelectasis Arrhythmia Incidence rate (%)

A 74 0 (0.00) 1 (1.35) 2 (2.70) 6 (8.11) 12.16
B 82 2 (2.44) 1 (1.22) 3 (3.66) 8 (9.76) 17.07
χ2 value - - - - - 0.746
P-value - - - - - 0.388

Table VII. Comparison of quality of life between groups A and B before and after operation (mean ± SD).

 Group A (n=74) Group B (n=82)
 ---------------------------------------------------- ----------------------------------------------------
 Before After   Before After
Status scores operation operation t value P-value operation operation t value P-value

Physical status   19.35±2.81 19.25±1.83 0.257 0.798   19.36±2.68 19.07±2.13 0.743 0.459
functional status   21.03±2.37 20.62±2.13 1.107 0.270   20.71±2.16 19.85±2.38 1.513 0.132
Emotional status   19.82±2.47 19.32±1.94 1.369 0.173   19.44±2.02 18.86±1.92 1.833 0.069
Social status   18.36±4.28 17.33±3.25 1.649 0.101   18.49±4.17 17.52±2.86 1.737 0.084
Additional status   24.05±5.36 23.16±4.03 1.142 0.256   23.51±4.13 22.72±3.11 1.384 0.168
Overall status 102.15±7.35 98.31±5.23 3.662 <0.001a 101.36±8.52 95.13±5.68 5.509 <0.001a

aP<0.001 indicates statistical significance.
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showed that blood loss in group A was significantly lower 
than that in group B. The VAS score was significantly lower 
in group A than that in group B at 1-3 days after operation, 
suggesting that single utility port VATS performed for patients 
with NSCLC can reduce intraoperative blood loss, reduce 
trauma during surgery and reduce postoperative pain, this 
result is similar with the study of Zhu et al (20). Single utility 
hole VATS is a single-hole operation and ribs are not pulled, 
so thoracic damage and pain are relatively light. This may be 
because single utility port VATS is without rib traction, which 
causes less pain to the patient's thorax, while 3 holes from the 
posterior tibial incision as a secondary operation hole. There 
are many layers of muscles in the thoracic back, abundant 
blood supply and nerve distribution, narrow rib space, and 
thus easy to bleed during the incision. An important indicator 
of successful operation in radical surgery for lung cancer is 
the hilar mediastinal lymphadenectomy. Effective removal of 
the hilar and mediastinal lymph nodes during surgery can not 
only provide reference for postoperative pathological staging, 
but also affect the prognosis of patients (21,22). The results of 
Chang et al (23) showed that the total number of single utility 
port or double-port VATS lymph node dissection was similar. 
Results of this study showed that there was no significant 
difference in the number of lymph node dissections between 
groups A and B. Therefore, single utility port VATS can also 
achieve the purpose of treating NSCLC.

IL-6 is an acute phase mediator involved in B cell stimula-
tion. Peak value of IL-6 is usually reached 2 h after surgery, 
and then rapidly decreases in patients without complications. 
CRP is one of the representatives of acute phase proteins and 
provides a reliable screening test for acute phase reactants. CRP 
level reaches peaks between 24 and 72 h after surgery, and its 
level may continue to rise for approximately 2 weeks (24,25). 
Therefore, IL-6 and CRP can be used as objective biochemical 
markers reflecting surgical tissue trauma. Results of this study 
showed that levels of serum CRP and IL-6 in group A were 
significantly lower than those in group B at 1 to 7 days after 
surgery, indicating that single utility port VATS can reduce 
the surgical trauma and reduce stress response in patients with 
NSCLC. In addition, results of this study showed that incidence 
of complication in group A was not significantly different from 
that in group B, but the length of hospital stay was significantly 
shorter than that in group B, indicating that single utility port 
VATS can shorten hospital stay. Dai et al (26) showed that 
single-pore VATS have the advantages of reducing blood loss 
and reducing postoperative pain compared with dual-pore 
VATS. Surgery-induced intercostal nerve injury is an impor-
tant cause of pain in patients (27). Overall incision length of 
single utility port VATS is significantly reduced compared 
with three-port VATS, and intercostal nerve damage is 
reduced, and the amount of intraoperative blood loss is also 
reduced. Therefore, complications such as lung infections are 
inhibited, and hospital stay is shortened.

Quality of life of cancer patients has become an important 
criterion for the evaluation of tumor treatment efficacy (28). 
Our 3-month follow-up study showed that there was no signifi-
cant difference in physical, functional, emotional, social, and 
additional status scores between the preoperative and postop-
erative levels in groups A and B. Overall status of group A and 
B was significantly worse than that of preoperative conditions. 

Overall status of group A was significantly higher than that 
of group B, suggesting that VATS will affect the quality of 
life of patients with NSCLC, but the effect of single utility 
port VATS on short-term quality of life is better than that of 
three-port VATS, possibly due to the smaller trauma caused 
by single utility port VATS. möller et al (29) followed up 
patients undergoing lung cancer surgery and found that the 
Sf-36 quality of life score decreased 6 months after surgery, 
which confirmed that thoracic surgery would affect the quality 
of life of patients, however, the report also showed Age, extent 
of resection, and subsequent adjuvant therapy were closely 
associated with a decline in quality of life associated with 
physical condition at 6 months postoperatively. Although 
the differences between the single utility port and three-port 
VATS perioperative indexes were observed in this study, long-
term follow-up results are lacking. The recurrence of cancer 
was not investigated. Thus, studies with longer follow-up are 
still required.

In conclusion, clinical efficacies of single utility port VATS 
and three-port VATS were similar. Single utility port VATS 
can reduce trauma during surgery, reduce stress response, 
relieve postoperative pain, and facilitate the recovery of post-
operative quality of life.
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