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Introduction
        Reports have indicated that the long-term outcomes 
of clinical stage I lung cancer remain unchanged when 
surgery is performed via thoracotomy or thoracoscopy [1, 
2]. However, some studies have reported that long-term 
mortality was lower in patients who underwent thoraco-
scopic surgery [3-6]. Moreover, close to 80% of all lung 
cancer patients in Japan who are eligible for surgery are in 
stage I [7], so thoracoscopic surgery is being performed 
more often to treat lung cancer. Video-assisted thoraco-
scopic surgery (VATS) with hilar/mediastinal lymph node 
dissection for primary lung cancer has become more 
popular over the last few decades, and it has been reported 
that patients treated with this surgical procedure experi-
ence significantly lower volumes of blood loss [8]. VATS 
lobectomy is also reported to be associated with a lower 
incidence and severity of postoperative complications 

than standard thoracotomy in the elderly [8, 9]. VATS 
lobectomy for primary lung cancer is increasingly being 
performed in Japan as its population continues to age.
        However, thoracoscopic surgery to treat lung cancer 
is commonly performed by teams of thoracic surgeons, 
and reports indicate that a certain number of patients are 
required to standardize a technique [8, 10]. Moreover, 
there are very few reports of VATS lobectomy being 
performed by a team of general surgeons. 
     From August 2014, we introduced video-assisted 
thoracoscopic lobectomy, which was performed by a team 
of general surgeons that included one thoracic surgeon, 
and this paper documents a retrospective study comparing 
the perioperative outcomes after the introduction of thora-
coscopic lobectomy at our hospital to those reported in 
the literature [2, 3].
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Abstract

Video-assisted thoracoscopic surgery (VATS) with hilar/mediastinal lymph node dissection for prima-
ry lung cancer is usually performed by teams of multiple thoracic surgeons. Few reports have docu-
mented the procedure being performed by a team of general surgeons. We introduced VATS lobectomy 
at our hospital for Stage I non-small cell lung cancer from August 2014, and this procedure was 
performed by a team of general surgeons that also included one thoracic surgeon. Our VATS lobectomy 
procedure is performed via three ports; a camera port and two small instrumentation ports. We conduct-
ed fifty-six VATS lobectomies with hilar/mediastinal lymph node dissection (ND2a-1) for clinical 
stage I lung cancer. This report documents our perioperative and mid-term outcomes after these proce-
dures to date. The perioperative results showed that operating times were virtually identical and the 
rate of conversion to thoracotomy was lower than rates found in other studies, although blood loss was 
slightly higher. Mid-term disease-free survival and overall survival were tolerable. We believe that this 
procedure may become the standard form of surgical treatment for lung cancer at our hospital.
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Materials and Methods
        Our subjects were 56 patients with clinical stage I 
lung cancer who underwent thoracoscopic lobectomy and 
hilar/mediastinal lymph node dissection (ND2a-1). These 
patients were selected from among 90 patients who 
underwent treatment for primary pulmonary malignant 
tumors from August 2014 until March 2016.
        The primary endpoint was the duration of surgery, 
and the secondary endpoints were volume of blood loss, 
duration of the hospital stay, duration of postoperative 
drainage, and postoperative complications. The outcomes 
after the introduction of video-assisted thoracoscopic 
lung cancer surgery at our hospital were compared to 
those reported in the literature, and evaluated.
        We also calculated the disease-free survival (DFS) 
and overall survival (OS) to evaluate oncological aspects 
of our operations. DFS was defined as the interval 
between the date of surgery and the date of relapse, and 
OS was defined as the interval between the date of 
surgery and the date of death. This study was approved by 
the institutional review board at our hospital.

Surgical method
      A camera port was placed in the seventh intercostal 
space along the posterior axillary line, an accessory surgi-
cal port 2 - 3 cm in size was created at the inferior angle 
of the scapular (sixth or seventh intercostal space), a 
surgical port 3 - 5 cm in size was created from the middle 
to the anterior axillary line (fourth or fifth intercostal 
space), and the surgical port was covered with a wound 
protector (Figure 1).
      

Vessels were managed by ligation after transection; 
ligature was performed using a knot pusher or an auto-
mated suture device, while bronchial and interlobular 
transection was performed using an automated suture 
device. The lymph node dissection was performed with a 
coagulator using thoracoscopy forceps or an energy 

device, and a Hem-o-lock(R) was used to manage a some-
what thick lymphatic duct. When a leak test was 
performed at the end of surgery that revealed a pulmonary 
fistula that required closure, we performed suture closure 
and reinforcement with polyglycolic acid felt and fibrin 
glue.

Statistical analysis
      We calculated the DFS and OS in our surgical cases 
using the Kaplan-Meier method, and analyzed the data 
using EZR statistical software (64-bit version) [11].

Results
      There were 28 men and 28 women included in the 
study with a mean age of 68.7 ± 8.4 years (41 - 82 years). 
The surgical technique was a right upper lobectomy in 20 
cases, a middle lobectomy in four cases, a left upper 
lobectomy in ten cases, and a left lower lobectomy in ten 
cases.
       The duration of surgery was 213 ± 69 minutes (100 - 
443 minutes), the volume of blood loss was 354 ± 607 g 
(10 - 3400 g), and surgery on two cases was converted to 
thoracotomy intraoperatively. One subject underwent a 
right upper sleeve lobectomy to achieve complete resec-
tion of the cancer, and another subject had to undergo 
thoracotomy to ensure hemostasis of a pulmonary artery 
hemorrhage.
        The mean duration of the postoperative hospital stay 
was 8.5 ± 3.8 days (5 - 25 days), and the mean duration of 
postoperative drainage was 4 ± 2.4 days (2 - 18 days). The 
tissue type was adenocarcinoma in 50 cases, squamous 
cell carcinoma in five cases, and adenosquamous carcino-
ma in one case. The postoperative complications were 
atrial fibrillation in three cases, wound infection in two 
cases, hoarseness in two cases, arterial thrombosis in two 
cases, a pulmonary fistula (≥ seven days) in one case, and 
an empyema in one case. There were no surgery-related 
deaths. The results are shown by comparison to the data in 
the literature (Table 1).
        The mean observation period of all patients after cura-
tive operation was 40 months. The 4-year DFS of the 
patients whose postoperative course was followed up on 
an outpatient basis (n=55) was 72.1% (Figure 2). In addi-
tion, the 4-year survival of the patients in whom survival 
could be verified (n=52) was 98.1%, as shown in Fig. 3 
(where ‘zero time’ was the date of surgery and December 
31, 2018 was the end date).

Discussion
       Thoracoscopic surgery to treat lung cancer is usually 
performed by a surgical team made up of multiple thorac-
ic surgeons, and reports indicate that it takes roughly 50 
patients to master the technique [8]. Most VATS lobecto-
my surgeries with hilar/mediastinal lymph node dissec-
tion are performed by a team of numerous thoracic 
surgeons. In the present study, we evaluated the perioper-
ative outcomes of 56 subjects who underwent early 
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Figure 1. Surgical field during thoracoscopic right lower lobec-
tomy: the camera port is at the bo�om of the image, the acces-
sory surgical port is in the le� upper area and the surgical port 
is in the right upper area.
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Figure 2. DFS curve of our cases. Figure 3. Survival curve of our cases.

Shigemura et al.

Whitson et al.

Our institution

Cases

50

59

56

Age
(years)

66

67.1

68.7

Operative 
duration (min.)

246

228

217

Blood loss
(g)

96

251

354

Dissected
lymph nodes
(number)

23

6.3

17

Conversion
to open
thoracotomy (%)

12

15.7

3.5

Postoperative
drainage
(days)

－
5

4

Operative
mortality

0

－
0

Table 1. Perioperative outcomes (data from when video-assisted lobectomy was introduced shown in comparison to the relevant 
literature) 

Table 2. Patients who required transfusion

Case

1

2

3

4

Cause of blood loss

The superior pulmonary vein was difficult to identify due to adhesions, and distal hemorrhage occurred after peripheral
ligature and transection

The abnormal V4 - V5 bifurcations (following a course dorsal to the right bronchus) were injured during dissection of
the bronchus

The patient developed a lung abscess after preoperative bronchoscopy, as well as marked adhesions to the chest wall

Hemorrhage occurred from calcified lymph nodes that were dissected after removal of the upper lobe, so the patient was
converted to thoracotomy

video-assisted thoracoscopic surgery (VATS) and were 
clinical stage I patients treated by a team of general 
surgeons, which included one thoracic surgeon. The 
outcomes were then compared to literature reporting the 
introduction of VATS. There were no differences evident 
between our cases and those reported in the literature in 
terms of the duration of surgery and rate of conversion to 
thoracotomy. The mid-term oncological results (DFS, 
OS) were also comparable [2, 3]. We believe that this 
technique may be acceptable as a standard form of 
surgery to treat lung cancer at our hospital.
      Surgery is performed through two instrumentation 
ports at our hospital; one for the surgeon (surgical port) 
and the other for the assistant (accessory surgical port). In 
addition to the camera port, the entire thoracoscopic 
lobectomy is therefore performed through a total of three 
ports, and is known as a Himeji-style VATS [1]. In this 
operation, similar to thoracotomy, countertraction gener-
ated by the surgeon and assistant in the surgical field are 
used to perform tissue dissection, and it is possible to 

perform dissection in the gaps between blood vessels 
using blunt dissection with gauze balls or a suction nozzle 
in tissues with no adhesions. In cases with narrow blood 
vessels or where it is difficult to introduce an automated 
suture device, ligation and transection is performed using 
a knot pusher. Since all doctors who perform VATS are 
able to confirm the status of the ligature, and are able to 
adjust the ligature position with the help of the assistant, 
we believe that this technique will be extremely useful 
once it has been mastered.
      When we compared cases at our hospital to those 
reported in the literature, ours tended to have a somewhat 
higher volume of blood loss, so we reinvestigated the 
cases that required transfusion (Table 2).
         In case no. 1, the position of the left pulmonary vein 
was unknown because of adhesions, and the branches 
were exposed one after the other, then ligated and 
transected. Next, when the left upper lobe was retracted to 
enlarge the surgical field, the pulmonary vein was 
accidentally grasped, the distal ligature suture became 
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unfastened and bleeding occurred. Inadequate attention 
was paid to the site that was grasped when the lung was 
retracted. In case no. 2, the branches V4-5, which bifur-
cated off the inferior pulmonary vein, were damaged 
during the dissection below the bronchial bifurcation, and 
bleeding occurred. Therefore, the understanding of the 
preoperative computed tomography (CT) scan was inade-
quately confirmed in the surgical field. In case no. 3, the 
patient developed a lung abscess after bronchoscopy, and 
required transfusion due to anemia, which was observed 
preoperatively, and intraoperative adhesion dissection. In 
case no. 4, after resection of the right upper lobe, hemor-
rhage occurred when the surgeon attempted to remove an 
inflammatory calcified lymph node attached to the A4 
root. Reports indicate that dissection of hilar and perihilar 
vessels is contraindicated when calcification is present 
[10], so safety should be valued more than complete 
lymph node dissection in these types of cases. Excluding 
the cases that received transfusions, the mean volume of 
blood loss in the remaining 46 subjects was 211 g, which 
was consistent with the literature.
      There were two cases (3.5%) in this study who were 
converted to thoracotomy, and the results were favorable 
when compared to reports in which thoracoscopic lobec-
tomy was introduced (Shigemura et al. 12% [2], Whitson 
et al. 15.7% [3]). Among the subjects converted to thora-
cotomy, one subject exhibited lymphatic invasion of the 
right upper lobe root by a right upper lobe pulmonary 
adenocarcinoma. The surgery in this subject was convert-
ed to a right upper sleeve lobectomy. The other was the 
above-mentioned subject who suffered hemorrhage 
during the dissection of calcified lymph nodes (transfu-
sion case no. 4). There were also other subjects who 
suffered hemorrhage during dissection of the pulmonary 
artery, although hemostasis was achieved by compressing 
the surface of the pulmonary parenchyma (for three 
minutes), and thereafter, it was possible to move to other 
sites in the surgical field and complete surgery without 
conversion to thoracotomy within 30 minutes. Mean-
while, in one case, hemorrhage occurred after the resected 
lung was removed and it was difficult to achieve adequate 
compression of the pulmonary artery hemorrhage site, so 
the subject was immediately converted to thoracotomy, 
and hemostasis was achieved (transfusion case no. 4). 
Despite our paucity of experience, it was difficult to 
control hemorrhage after the resected lung was removed, 
and when performing thoracoscopic surgery, we believe 
that adequate caution is required when there is hemor-
rhage during lymph node dissection after the resected 
lung has been removed.
        There were several limitations during our study. First-
ly, this was a small-scale, retrospective study performed 
immediately after the introduction of VATS lobectomy. 
Larger scale and prospective investigation are needed to 
facilitate more accurate evaluation. Second, our observa-
tion period was insufficient, and further follow-up is 
indispensable for assessing the true oncological value of 

our operations.
        Our patients also developed a number of postopera-
tive complications. These included two cases of irrevers-
ible hoarseness. In one case, the clip applied to the 
lymphatic duct damaged affected the recurrent laryngeal 
nerve when the subject underwent undergoing right upper 
lobectomy, and in the other case, a review of the surgical 
video for the subject undergoing a left upper lobectomy 
showed that tissue close to the recurrent laryngeal nerve 
had been coagulated, which may have been associated 
with the hoarseness. We need to be more attentive when 
performing lymph node dissection in order to avoid 
postoperative dysfunction, because the details of the 
thoracic anatomy are difficult to communicate among the 
team.  

Conclusion
        We performed a retrospective study of the periopera-
tive outcomes after once we introduced video-assisted 
thoracoscopic lobectomy and hilar/mediastinal lymph 
node dissection (ND2a-1) at our hospital. Unlike several 
cases in the literature, surgery at our hospital was 
performed by a team of general surgeons with one thorac-
ic surgeon. The duration of surgery was comparable to 
other studies, the rate of conversion to thoracotomy was 
low, and we believe that this technique may be acceptable 
as a standard form of surgery to treat lung cancer at our 
hospital. Meanwhile, the volume of blood loss was some-
what greater, and we observed complications associated 
with persistent postoperative dysfunction, i.e. hoarseness, 
so it would be desirable to increase the quality of our 
surgical techniques when dealing with hemorrhage and 
during lymph node dissection.
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