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Abstract 
Our study intends to investigate the feasibility and safety of uniportal video-assisted 
thoracoscopic complex and simple segmentectomy in treating early non-small cell lung 
cancer (NSCLC). We retrospectively selected 136 early NSCLC patients from January 2018 
to July 2019. There were 61 patients receiving uniportal video-assisted thoracoscopic 
surgery (U-VATS) who were then assigned into simple segmentectomy group (SS) (n=15) 
and complex segmentectomy group (CS) (n=46) according to the number and shape of 
intersegmental plane. 75 patients undergoing U-VATS lobectomy (LT) during the same 
time were selected as control group. The operative and postoperative outcomes were 
evaluated. No differences were found regarding age, sex, smoking history among the three 
groups. Tumor size in segmentectomy group was significantly reduced compared to 
lobectomy (P<0.01). The operative time of SS group was significantly decreased compared 
with S group and LT group (P<0.01). Both SS and CS groups could acquire appropriate 
surgical margins. While lymph nodes number dissected in LT group was significantly 
increased compared to segmentectomy group (P<0.01). No differences of postoperative 
complications, tube duration, drainage volume and postoperative stay were observed 
among three groups. However, FEV1 (L), FVC (L) and MVV (L/min) in segmentectomy 
group and lobectomy group were significantly decreased at one month after surgery with 
more improvement in segmentectomy than lobectomy (P<0.05). In conclusion, U-VATS 
and simple segmentectomy is safe and feasible to treat early NSCLC in short term. 
Keywords: Segmentectomy; Lobectomy; NSCLC; Uniportal video-assisted thoracoscopic 
surgery (U-VATS). 

 
1. Background: 

Lung cancer has a high morbidity and mortality 
around the world [1]. Surgery is the best approach 
for treating early lung cancer [2]. Compared to 
traditional thoracotomy, video-assisted 
thoracoscopic surgery has the advantages of faster 
recovery and less trauma [3], while uniportal video-
assisted thoracoscopic surgery (U-VATS) can reduce 
postoperative pain compared with multiple ports 
video-assisted thoracoscopic surgery. More and 
more people are willing to adopt U-VATS 
segmentectomy for treating early-stage NSCLC [4, 
5]. 

Segmentectomy was initially used in treating 
patients with pulmonary tuberculosis, benign lung 
disease or NSCLC with poor cardiopulmonary 
function [6]. Recently, it has been used in the 
treatment for early NSCLC. According to the 
difficulty, segmentectomy can be divided into 
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complex segmentectomy and simple 
segmentectomy, which is, segmentectomy with one 
single linear intersegmental plane is considered as 
simple segmentectomy, while segmentectomy with 
two and more intersegmental planes is regarded as 
a complex segmentectomy [7]. So complex 
segmentectomy may involve more postoperative 
complications with uncertain therapeutic effects. 
This study has shown that simple segmentectomy 
and complex segmentectomy are also acceptable in 
treating early NSCLC. However, the safety and 
feasibility of segmentectomy compared with 
lobectomy remain unknown. This study compares 
the therapeutic effects of the simple 
segmentectomy, complex segmentectomy and 
lobectomy in shorter time, so as to further explore 
the feasibility of U-VATS complex and simple 
segmentectomy for treating early-stage NSCLC. 
 
2. Patients and methods 
2.1 Patients 

We retrospectively selected 136 patients with 
cT1N0M0 who had underwent U-VATS surgery in  
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thoracic surgery department of The Third Hospital 
of Jilin University from January 2018 to July 2019. 
All patients underwent high-resolution CT before 
surgery. A total of 61 patients underwent 
segmentectomy had a peripheral lesion with a 
ground-glass opacity (GGO) rate of greater than 50% 
and lesion diameter ≤ 2 cm, and 75 patients 
underwent lobectomy had lesions with diameter ≤ 
3cm, or solid component-dominated (GGO rate > 
50%), or close to lung hilum. Patients with right 
middle lobectomy and extensive pleural adhesion 
and multiple lesions were excluded. A previous 
study [7] suggests that segmentectomy which has 
one, linear intersegmental plane, together with a 
relatively easier surgical procedure, could be 
considered as simple segmentectomy (Just includes 
Left S1+2+3, Left S4+5, Left S6, Right S6), while 
segmentectomy with several, or intricate 
intersegmental planes, with a more complex 
surgical procedure is considered as complex 
segmentectomy (Right S1, Left S1+2, etc). According 
to above definition, we further divided patients 
with segmentectomy into the complex 
segmentectomy group (CS) (n=46) and the simple 
segmentectomy group (SS) (n=15). Comparison was 
made with 75 patients with cT1N0M0 who had 
undergone U-VATS lobectomy (LT) during the same 
period.  

All patients received routine preoperative work-
up, including high-resolution CT, brain MRI, 
radionuclide bone imaging, abdominal 
ultrasonography, echocardiography, 
electrocardiogram (ECG), or sometime PET-CT. All 
patients received the pulmonary function test to 
assess lung function. There were no significant 
surgical contraindications in all patients. All 
surgeries were performed by two surgeons with 
years of experience in thoracoscopic surgery. This 
study was approved by ethics committee of The 
Third Hospital of Jilin University and all patients 
signed informed consent. 
 
2.2 Surgery process 

All patients received intravenous inhalation 
combined anesthesia. One-lung ventilation was 
performed through the healthy side lung and the 
diseased lung was collapsed. Then they were placed 
in the lateral position, a 3-4 cm incision was made 
between anterior and posterior axillary line, silica 
gel incision protective casing was inserted to open 
the incision, a 30° video-assisted thoracoscope was 
inserted through it. Generally, wedge resection 
would be performed firstly if the lesion’s location 
permits (not too close to lung hilum), in case of the 
malignant lung lesions, further lobectomy or 
anatomic segmentectomy was performed. 

 
For lobectomy, Mediastinal and interlobular 

fissure need to be separated carefully to find the 
bronchus and blood vessels of the target lobe, 
which were then cut off by linear staples. Patients 
with pulmonary segmentectomy need to be found 
target segment tracheas and vessels based on 
preoperative imaging and the observation on the 
stretched trend of the trachea and blood vessels 
during the operation. The inter-segmental plan was 
confirmed by the dilatation and collapse method, 
linear staples were used to excise pulmonary 
parenchyma along the inter-segmental plan’s 
border. The excised tissue was removed outside the 
thorax. A drainage tube was placed through the 
surgical incision. 
 
2.3 Postoperative care 

Chest X-ray was usually performed 
intermittently after the operation to judge the 
expansion of the lungs. The chest drainage tube was 
not removed until no air leak and the effusion less 
than 100 ml/day. 
 
2.4 Follow-up 

Chest CT and lung function were reexamined 
one month after surgery. All patients regularly (3-6 
months, mean 13.5 months) received chest CT, 
abdominal ultrasound, blood test, tumor markers, 
etc. So far, no local recurrence and distant 
metastasis has occurred in all patients. 
 
2.5 Statistical analysis 

SPSS 23.0 software analyzed data which were 
shown as mean ± standard deviation (SD) and 
assessed by one-Way ANOVA or t test for 
measurement data. The count data were expressed 
by the number of cases (%) [n (%)] and assessed by 
chi-square test or Fisher’s exact test. P < 0.05 were 
considered statistically significant. 
 
3. Results 
3.1 General information 

Simple segmentectomy group (SS) included 15 
patients consisting of 6 men and 9 women (average 
age: 57.7±10.5) years, and tumor diameter of 
(10.8±3.2) mm, 2 (13.3) cases had the history of 
smoking, all cases were adenocarcinoma. The 
clinical TNM stages were Tis (2 cases), IA1 (8 cases), 
IA2, (5 cases). Complex segmentectomy group (CS) 
included 46 patients, consisting of 17 men and 29 
women (average age: 57.3±9.9) years, and tumor 
diameter of (10.2±4.6) mm, 6 (13.0) cases have 
history of smoking, all cases were adenocarcinoma. 
The clinical TNM stages were Tis (4 cases), IA1 (24 
cases), IA2, (18 cases). Lobectomy group (LC) 
includes 75 patients, consisting of 28 men and 47  
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women (average age: 58.4±8.1) years, and tumor 
diameter of (15.4±6.6) mm, 18 (24.0) cases have 
history of smoking, 67 cases adenocarcinoma, 7 
squamous carcinoma, 1 
adenosquamous carcinoma, The clinical TNM 
stages were Tis (1 case), IA1 (20 cases), IA2, (42 
cases), IA3 (12 cases). The average diameter of  

 
tumors in simple segmentectomy and complex 
segmentectomy groups were significantly smaller 
than that in patients with lobectomy (P <0.05). No 
differences were found in terms of the age, sex, 
smoking history among three groups (P＞0.05). 
Meanwhile, there were also no difference of lesion 
distribution in different groups (Table 1). 

 
Table 1. Lesion distribution among three different groups. 

Group Right upper lobe Right lower lobe Left upper lobe Left lower lobe 
SS (n=15) - 5 S6 4 S1+2+3, 2 S4+5 4 S6 

CS (n=46) 
7 S1,4 S1+2,3 S1+3,2 S2,2 

S2+3,3 S3 
1 S6+10,3 S7+8,1 S9+10,2 

S10 
2 S1, 8 S1+2, 2 

S1+3 
1 S7+8, 1 S9, 1 S10, 3 

S9+10 
LT (n=75) 28 13 18 16 

 
3.2 Comparison of operative indexes among three 
groups 

In the operation time, SS group was significantly 
shorter than CS and LT groups (P<0.01) (Table 2). 
Lymph node dissection number in both CS and LT  

 

groups were significantly less than lobectomy group 
(P <0.01). One case in CS group changed to 
thoracotomy due to bleeding which was caused by 
vascular variation, 1 case in LT group changed to 
thoracotomy due to bleeding when excised a lymph 
node which tightly stick to the blood vessel. 

Table 2. Comparison of operative indexes among three groups. 

Group 
Operation 
time(min) 

Intraoperative 
blood loss（ml） 

Margins 
distance
（cm） 

Number of 
lymph nodes 

Perioperative 
nodule location
（%） 

Conversion to 
thoracotomy (%) 

SS 
(n=15) 

131±27 50±22 1.9±0.9 9.5±3.6 2(13.3) 0 

CS 
(n=46) 

175±49 67±46 2.0±1.0 10.7±4.4 8(17.3) 1(2.2) 

LT 
(n=75) 

176±41 70±61 2.7±1.2 13.2±4.6 - 1(1.3) 

 
3.3 Comparison of postoperative complications 
among three groups 

There were 2 cases (13.3%) in SS group, 8 cases 
(17.4%) in CS group, and 14 cases (18.7%) in LT 
group  

 

(Table 3). Regarding the postoperative 
complications (including Arrhythmia, Pulmonary 
infection, Air leakage (> 7 days), Subcutaneous 
emphysema, Incision infection), no differences 
were found (P> 0.05) without death of patients. 

Table 3. Comparison of postoperative complications among three groups [n (%)] 

Group Arrhythmia 
Pulmonary 
infection 

Air leakage（＞7 
days） 

Subcutaneous 
emphysema 

Incision 
infection 

Total 

SS(n=15) 1 (6.7) 0 1 (6.7) 0 0 3 (13.3) 
CS(n=46) 2 (4.3) 1 (2.2) 3 (6.5) 1 (2.2) 1 (2.2) 8 (17.4) 

LT(n=75) 2 (2.7) 3 (4.0) 3 (4.0) 2 (2.7) 4 (5.3) 
14 
(18.7) 

 
3.4 Comparison of postoperative recovery among 
three groups 

 

As seen in Table 4, there were no differences among 
three groups in postoperative recovery indexes 
(P>0.05). 

Table 4. Comparison of postoperative recovery among three groups.  

Group Tube duration (days) Drainage volume (ml) Postoperative stay (days) 

SS (n=15) 5.2±1.6 1050±309 7.3±1.6 

CS (n=46) 5.7±1.8 1083±347 7.8±2.0 

LT (n=75) 5.8±1.8 1194±336 8.4±2.4 
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3.5 Pulmonary function changes at one month 
after segmentectomy or lobectomy. 

There were no differences in preoperative 
pulmonary function in segmentectomy and  

 

lobectomy groups (P＞ 0.05) and both groups 
showed significantly reduced level of FEV1(L), FVC(L) 
and MVV(L/min) 1 month after surgery (P＜0.05) 
(Table 5), while segmentectomy group seemed 
better than lobectomy group (P＜0.05). 

Table 5. Pulmonary function changes at one month after segmentectomy or lobectomy. 
Group Time FEV1(L) FVC(L) MVV(L/min) 

SS (n=15) 
Preoperative 2.59±0.58 3.12±0.63 87.41±7.58 

1 month after surgery 2.23±0.62 2.56±0.68 78.25±9.47 

CS(n=46) 
Preoperative 2.49±0.63 3.02±0.56 86.21±8.51 

1 month after surgery 2.07±0.68 2.54±0.59 76.45±10.08 

LT(n=75) 
Preoperative 2.52±0.56 3.23±0.69 87.32±7.68 

1 month after surgery 1.74±0.58 2.16±0.72 71.15±9.35 

 
Discussion 

In 1995, a prospective randomized controlled 
trial of stage T1 NSCLC showed that segmentectomy 
and wedge resection had a higher recurrence rate 
than lobectomy, then lobectomy is widely used as 
the standard surgery [8]. However, with the 
promotion of low-dose CT and increased awareness 
of public physical examination, more and more 
early-stage lung cancers have been discovered. 
Many studies [9-11] have shown that 
segmentectomy is comparable to lobectomy in the 
treatment of early NSCLC. Therefore, the 
segmentectomy for early NSCLC is now more and 
more used. In general, the segmentectomy is more 
complex than lobectomy, but a previous study [7] 
had further divided the lung segment into simple 
segment and complex segment according to the 
difficulty of lung segment resection, which is similar 
to other study [12] found that thoracoscopic 
complex (uncommon) segmentectomy, compared 
with simple (common) segmentectomy, can also 
obtain sufficient surgical margins and no more 
complications were found. 

In fact, considering the tumor location 
indifferent lung lobes and the availability of safe 
surgical margins, although some lesions could be 
treated with simple segmentectomy (Just includes 
Left S1+2+3, Left S4+5, Left S6, Right S6), while most 
patients who are suitable for segmentectomy 
should undergo complex 
segmentectomy, therefore two types of 
segmentectomy should be compared with 
lobectomy to further analyze the results. This study 
shows that when compared with lobectomy, simple 
segmentectomy and complex segmentectomy are 
feasible in treating early periphery NSCLC with non-
inferior oncological and perioperative results and 
retain more lung function. 

Our study showed significantly smaller tumor 
size in segmentectomy group than lobectomy group 
along with shorter operation time (SS group: 
131±27min) without difference between CS group 

and LT group (175±49 vs 176±41min). Lmph nodes 
dissected number in LT group was significantly 
increased. In other words, for pure ground glass 
nodules (pGGOs) we generally selected systematic 
lymph node sampling, while for those with solid-
component lesions, systematic lymph nodes 
dissection was performed. This is because pGGOs 
are more likely to be non-invasive, and lymph node 
metastasis rarely occurs in those cases[13, 
14].NCCN presently recommends systemic lymph 
node sampling or dissection for stage IA NSCLC and 
our study meets this criterion[15]. 

Regarding the margins, some studies have 
shown that when the margin distance[16] greater 
than the diameter of the tumor may prevent margin 
relapse. In this study, the margins distance in the CS 
and SS groups are 2.0cm and 1.9cm respectively, 
which are larger than the tumor diameter of the 
two groups (about 10mm), indicating that both U-
VATS simple segmentectomy and complex 
segmentectomy could obtain sufficient margins 
even though less than lobectomy’s margin distance 
2.7cm.  

The incidence of complications was 13.3% in U-
VATS SS group and 17.4% in the U-VATS CS group, 
which is not significantly different from 18.7% in the 
LT group in this study. Other studies [4, 5, 17] 
showed that the incidence of complications of U-
VATS segmentectomy were 6.3-13.3%, our result is 
generally acceptable. One study has shown that 
segmentectomy, especially for complex 
segmentectomy, is more subjected to air leak, 
which may be related to the multiple 
intersegmental planes [18]. In this study, no more 
air leakage occurred after complex segmentectomy, 
which may have something to do with the use of 
linear stapler to divide the intersegmental plane. 

Many studies have shown that patients with 
segmentectomy retain more lung function than 
patients with lobectomy [19, 20]. Our results show 
that the patient's FEV1 (L), FVC (L), and MVV (L/min) 
was reduced at 1 month compared with baseline  
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both in segmentectomy or lobectomy, but the 
reduction was smaller in pulmonary 
segmentectomy than in lobectomy, and SS 
group did not show significant difference compared 
with CS group. It maybe because the number of 
resected segments in SS and CS groups mostly less 
than 2 segments. This study shows that in the short 
term, patients after segmentectomy retain more 
pulmonary function, which is helpful for 
postoperative recovery, especially for patients with 
poor cardiopulmonary function who cannot 
tolerate lobectomy. 

This study has some limitations. Firstly, this 
study only recruited a small sample number. Second, 
the follow-up time in this study is not enough long 
(6-18 months, mean 13.5 months) and the sample 
size is relatively small. So far, no recurrence and 
metastasis have occurred in the segmentectomy 
and lobectomy. Although the evidence for the long-
term safety is insufficient, we have ensured 
sufficient margins distance and enough lymph 
nodes dissected. However, in the future, large 
cohort study is required to confirm the findings. 

More and more studies demonstrated the safety 
of segmentectomy for treating early lung cancer [21, 
22]. Segmentectomy as a treatment in some early-
stage peripheral NSCLC, compared with lobectomy, 
is not only available on oncologic outcomes, but 
also can retain the patient's lung function to the 
maximum extent. Segmentectomy is undoubted 
the best treatment for lung cancer patients with 
poor cardiothoracic function and multiple lesions in 
different lung lobes.  

In conclusion, our research indicates that even 
though simple segmentectomy doesn’t show any 
advantages rather than operation time compared 
with lobectomy, at least uniport thoracoscopic 
complex segmentectomy and simple 
segmentectomy are safe and reliable for the 
treatment of early NSCLC in the short term. 
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