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Introduction

The technique of video-assisted thoracic surgery (VATS) has 
evolved from the use in biopsy or wedge resection to lobectomy, 
now regularly performed including complex cases such as sleeve 
resection (1). With the safety of VATS established, more and 
more thoracic surgeons have learned VATS lobectomy, and the 
percentage of lobectomies performed by VATS continues to 

increase (2). Recent studies have confirmed that VATS possesses 
clear advantages compared to thoracotomy, such as shorter 
hospital stay, less perioperative complications and less pain (3-6).  
Recent meta-analysis studies suggest improved outcomes for 
VATS in terms of systemic recurrence and 5-year overall survival 
when compared to open thoracotomy for selected patients with 
early stage non-small cell lung cancer (NSCLC) (7,8). However, 
most of these studies have concentrated on postoperative 
complications and prognosis, while the concerning of severe 
intraoperative complications was limited (9). In this study, 
we retrospectively compared the intra-operative complication 
dur ing lobectomy under went  through VATS or  open 
thoracotomy in single center.

Patients and methods

This study was approved by the ethics committee of the China-
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Japan Friendship Hospital. From February 2008 to June 2012, 
all of patients with postoperative stage Ia-IIa NSCLC who 
underwent lobectomy in China-Japan Friendship Hospital 
were included. The operative approach related to surgeon’s 
experience and hobby, included open thoracotomy, VATS and 
VATS converted to open. Open thoracotomies were performed 
through regular posterior-lateral incision. VATS was performed 
through 2 or 3 ports. Incision of converted open cases was 
performed based to the position of VATS ports. Systemic lymph 
nodes dissection was performed in all malignant cases. All 
surgeons who performed the procedures were skilled with open 
thoracotomy but in different phase of VATS learning curve (10). 
A severe complication was defined as an event that resulted in 
an additional unplanned major surgical procedure other than 
the planned lobectomy. Sex, age, type of histology, resected lobe, 
operative time, blood loss and severe intraoperative complication 
were compared between groups.

Statistical analysis was performed with SPSS version 19.0 
(SPSS Inc., Chicago, IL, USA). T tests and χ2 test were computed 
to examine intergroup differences in operative time, blood loss 
volume and severe intraoperative complication.

Results

During this period, 659 lobectomies were performed. Among 
these, 277 performed through open thoracotomy, 357 performed 
through VATS, and 25 performed through VATS converted to 

open (Table 1). The VATS group was further divided into two 
subgroups, the completed VATS group and conversion group, 
and the compared data are shown in Table 2. There were no 
deaths. Ten severe intraoperative complications were identified, 
4 occurred in open group, 6 occurred in VATS group.

In our study, the operative time which was defined from cutting 
skin to the last stitch finished, did not have statistical difference 
comparing between VATS lobectomy and open thoracotomy 
approach even the conversion cases were included in VATS group 
(208.05±61.97 vs. 198.00±75.24, P=0.061) (Table 3), but the 
complete VATS group was significant shorter than the open group 
(193.24±72.64 vs. 208.05±61.97, P<0.01), and the open group 
was significant shorter than the conversion group (208.05±61.97 
vs. 266.00±80.30, P<0.01) (Table 4). For blood loss, VATS 
group (including conversion cases) had similar statistical result 
comparing with open group (242.85±220.47 vs. 240.43±144.36, 
P=0.865) (Table 3), also the complete VATS group was significant 
less than open group (214.34±151.85 vs. 240.43±144.36, P<0.01), 
and the open group was significant less than the conversion group 
(240.43±144.36 vs. 610.00, and t, P<0.01) (Table 4).

Six severe intraoperative complications during VATS 
lobectomy occurred. There was an equal distribution of severe 
intraoperative complications among all 4 surgeons at different 
phases of learning curve.

Patient 1 was undergoing a right upper lobectomy. Transection 
of right upper lobe vein was performed successfully. Bleeding 
ensued in the process of dissection of pulmonary truncal artery 

Table 1. Characteristics of patients for dividing into open thoracotomy and VATS group.

Variable Open thoracotomy (%) VATS (%) P value

Sex Male 169 (61.0) 229 (60.0) 0.783

Female 108 (39.0) 153 (40.0)

Age 62.45±8.97 61.19±9.00 0.076

Type of histology Squamous carcinoma 93 (33.6) 136 (35.6) 0.704

Adeno carcinoma 163 (58.8) 215 (56.3)

Others 21 (7.6) 31 (8.1)

Resected lobe LUL 68 (24.5) 98 (25.7) 0.086

LLL 54 (19.5) 97 (25.4)

RUL 71 (25.6) 101 (26.4)

RML and RLL 21 (7.6) 18 (4.7)

RLL 49 (17.7) 51 (13.4)

RML 14 (5.1) 17 (4.5)

Stage T1aN0M0 69 (24.9) 111 (29.1) 0.241

T1bN0M0 65 (23.5) 86 (22.5)

T1bN1M0 3 (1.1) 5 (1.3)

T2aN0M0 109 (39.4) 143 (37.4)

T2aN1M0 17 (6.1) 26 (6.8)

T2bN0M0 14 (5.1) 11 (2.9)
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Table 3. Statistical results of blood loss, operative time and severe intraoperative complication between open thoracotomy and VATS group.

Variable Open thoracotomy VATS P value

blood loss (mL) 240.43±144.36 242.85±220.47 0.865

operative time (min) 208.05±61.97 198.00±75.24 0.061

severe intraoperative complication 4 (1.44%, 4/277) 6 (1.57%, 6/382) 1
VATS, video-assisted thoracoscopic surgery; LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, 
right lower lobe.

Table 4. Statistical results of blood loss and operative time among open thoracotomy, VATS and conversion group.

Surgical approach Blood loss (mL) P value Operative time (min) P value

Open thoracotomy 240.43±144.36
<0.01

208.05±61.97
<0.01

VATS 214.34±151.85 193.24±72.64

Open thoracotomy 240.43±144.36
<0.01

208.05±61.97
<0.01

Conversion 610.00±492.02 266.00±80.30

VATS 214.34±151.85
<0.01

193.24±72.64
<0.01

Conversion 610.00±492.02 266.00±80.30
VATS, video-assisted thoracoscopic surgery; LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, 
right lower lobe.

Table 2. Characteristics of patients for dividing into open thoracotomy, VATS and conversion group.

Variable Open thoracotomy VATS Conversion P value

Sex Male 169 (61.0) 215 (60.2) 14 (56.0) 0.883

Female 108 (39.0) 142 (39.8) 11 (44.0)

Age 62.45±8.97 61.07±8.95 62.84±9.72 0.131

Type of histology Squamous carcinoma 93 (33.6) 147 (41.2) 9 (36.0) 0.263

Adeno carcinoma 163 (58.8) 181 (50.7) 14 (56.0)

Others 21 (7.6) 29 (8.1) 2 (8.0)

Resected lobe LUL 68 (24.5) 89 (24.9) 9 (36.0) 0.104

LLL 54 (19.5) 92 (25.8) 5 (20.0)

RUL 71 (25.6) 93 (26.1) 8 (32.0)

RML and RLL 21 (7.6) 17 (4.8) 1 (4.0)

RLL 49 (17.7) 49 (13.7) 2 (8.0)

RML 14 (5.1) 17 (4.7) 0 (0)

Stage T1aN0M0 69 (24.9) 105 (29.4) 6 (24.0) 0.403

T1bN0M0 65 (23.5) 80 (22.4) 6 (24.0)

T1bN1M0 3 (1.1) 4 (1.1) 1 (4.0)

T2aN0M0 109 (39.4) 135 (37.8) 8 (32.0)

T2aN1M0 17 (6.1) 24 (6.7) 2 (8.0)

T2bN0M0 14 (5.1) 9 (2.5) 2 (8.0)

secondary to severe adhesions. Thoracotomy was performed. 
On inspection, a portion of the wall of the pulmonary artery had 
been damaged, necessitating intrapericardial proximal arterial 
control. The rupture was overseen and right upper lobectomy 
was completed. Patient 2 was ongoing left upper lobectomy. 
An injury to the first branch of pulmonary artery was occurred 
during dissection, resulted in a tear that required a thoracotomy 

to control and repair. Left upper lobectomy was completed 
subsequently. Patient 3 was ongoing left lower lobectomy. 
Transection of inferior pulmonar y vein was performed 
successfully. The posterior segmental branch of the pulmonary 
artery was injured during dissection of inferior bronchus since 
severe adhesion. Conversion was performed and bleeding was 
controlled. Then left lower lobectomy was completed.
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Patient 4 was undergoing right upper lobectomy. Transection 
of the superior pulmonary vein, bronchus, and truncus artery 
were performed successfully. The posterior ascending branch of 
the pulmonary artery was injured during dissection secondary 
to adherent lymph nodes. Thoracotomy was performed to 
suture the artery and right upper lobectomy was completed 
subsequently.

Patient 5 underwent a right upper lobectomy. The azygos 
vein was inadvertently injured during dissection of hilum. 
Thoracotomy was performed. The rupture of azygos vein was 
too serious to repair and transection was completed. Then, right 
upper lobectomy was performed successfully.

Patient 6 underwent left lower lobectomy. Transection of the 
inferior pulmonary vein and artery was performed successfully. 
The left main stem bronchus was inadvertently transected, instead 
of the left lower lobe bronchus, even after the test of inflating the 
lung. A thoracotomy was performed. The left lower lobectomy 
was completed. The bronchial staple lines of the left main stem 
bronchus and the left upper lobe branch were removed. A primary 
anastomosis of the left upper lobe branch to the left main stem 
bronchus was performed, sparing the left upper lobe.

Four severe intraoperative complications in open thoracotomy 
group were all related to pulmonar y arter y when upper 
lobectomies were performed. One was during right upper 
lobectomy, when the first branch of pulmonary artery was injured 
at the junction to the right main pulmonary artery, necessitating 
intrapericardial proximal arterial control. The rupture was 
oversewn and right upper lobectomy was completed. The other  
3 patients were undergoing left upper lobectomy. The 
conjunctions of first branches of the pulmonary artery to 
the left main pulmonary artery were injured since adhesion. 
Intrapericardial proximal arterial control was needed in two 
cases. All ruptures were oversewn and left upper lobectomies 
were completed.

Discussion

Severe intraoperative complications of VATS lobectomy occur 
infrequently, hence seldom mentioned in studies comparing 
VATS and the open procedure. The conversion of VATS to 
open lobectomy to manage bleeding may assign these patients 
to the open group for analysis, but converted patients should 
be analyzed with the VATS group (11,12). On the contrary, for 
open group, cases would be included even severe intraoperative 
complication occurred. If inappropriately analyzed, the safety 
of VATS lobectomy would be overestimated due to selection 
bias. In addition, severe intraoperative complication during 
VATS group usually needs VATS to be converted to the open 
thoracotomy, and manage on inspection, the operative time and 
blood loss could be increased compared with open procedures. 
Therefore, the severe intraoperative complication during 

VATS lobectomy should be focused more carefully, rather than 
eliminated as a fortuitous event.

Our study demonstrated the incidence of severe intraoperative 
complications during VATS lobectomy and open lobectomy 
were 1.57% (6/382) and 1.44% (4/277), respectively. There was 
no significant difference statistically. This result demonstrated 
the safety of VATS lobectomy was similar to open procedure 
preliminary, although the overall sample size was limited. 
Beside one unexpected injury on main stem of bronchus, others 
severe intraoperative complications were all related to the 
injury of vessels (9/10). Major of these complication occurred 
during upper lobectomy (8/10), only 2 occurred during lower 
lobectomy, which indicated more branches of pulmonary artery 
for upper lobe and varied pulmonary artery to upper lobe could 
be one of the most important reason of severe intraoperative 
complication during lobectomy no matter through VATS or 
thoracotomy approach. In VATS group, 3 severe intraoperative 
complications occurred since severe adhesion and 2 since 
adherent calcified lymph nodes, which indicate adhesion and 
calcified lymph nodes which adherent to pulmonary artery 
could be another important reason for severe intraoperative 
complication during VATS lobectomy.

Flores and colleagues (13) performed a retrospective study 
of catastrophic intraoperative complications during VATS 
lobectomy, including injury of vessels (8/12), bronchus (3/12) 
and abdominal organs. Overall incidence of catastrophic 
intraoperative complications was 1%, which was similar to our 
result. 7 of 8 cases of vessel injury were occurred during upper 
lobectomy, which was also similar to our result, indicated varied 
vessel of upper lobe induced more frequently injury during upper 
lobectomy. In Kim’s study (14), the incidence rate of severe 
complications was also similar to our data (1.49%, 11/740), 
which included 10 cases of pulmonary arterial hemorrhage and  
1 case of main bronchial injury.

We tried to f ind the relationship between the severe 
intraoperative complications during VATS lobectomy and the level 
of surgeon’s experience or learning curve. 6 severe intraoperative 
complications during VATS lobectomy occurred. There was an 
equal distribution of severe intraoperative complications among 
all 4 surgeons at different phases of learning curve. Hence, we 
could not build up the relation between severe intraoperative 
complication during VATS lobectomy and the level of surgeon’s 
experience or phase of learning curve (10).

Some reports focused on successful completed VATS 
lobectomy and eliminated conversion cases when investigated 
the advantage of VATS lobectomy. But the reasons of these 
eliminated conversions might include injury of vessels and/
or bronchus, adherent lymph node, severe thoracic adhesion 
and injury of other organs, etc, which induced more complex 
procedure that even could not be completed through VATS. 
Opposite of the benefits from VATS, conversion cases could 
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have longer operative time and more blood loss since the attempt 
of VATS comparing with open thoracotomy approach. Also the 
difficulty of VATS lobectomy could be underestimated since the 
elimination of conversion cases. Although some studies (15) 
demonstrated VATS lobectomy had better results of operative time 
and incidence of complications comparing with open thoracotomy, 
the advantage of VATS could also be overestimated since the 
elimination of conversion cases. In our study, the operative time 
of VATS lobectomy did not have statistical difference comparing 
with open thoracotomy approach even the conversion cases 
were included in VATS group, but the complete VATS group was 
significant shorter than the open group. For blood loss, VATS group 
(including conversion cases) had similar statistical result comparing 
with open group, also the complete VATS group was significant less 
than open group. This result exactly demonstrates that the advantage 
of VATS could be overestimated if the conversion cases eliminated 
from VATS group.

In 2010, Gopeldas and colleagues (16), using the Healthcare 
Cost and Utilization Project Nationwide Inpatient Sample 
database, concluded that VATS lobectomy was associated 
with a greater number of intraoperative complications than 
open lobectomy, while the mortality and hospital stay period 
did not have significant deference. Even though the definition 
of intraoperative complications in this study was ambiguous, 
the level of thoracic expertise as reflected by the rate of VATS 
lobectomy was lower (6%) than what is available in the STS 
database (20%), the database may not capture the desired end 
points accurately in as much as its primary purpose was to 
address health care costs.

Our study preliminary demonstrated the incidence of severe 
intraoperative complication during VATS lobectomy was 
low and similar to open lobectomy. The severe intraoperative 
complications during VATS lobectomy are manageable and 
surgeon needs to take proper caution in performing VATS 
lobectomies. The safety of VATS lobectomy was proved again 
with this retrospective study, but further well-designed trials (e.g., 
prospective randomized controlled trials) are needed.
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