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Introduction

The LigaSureTM vessel sealing system (VSS) (Valleylab, 
Boulder, CO, USA) is an electrosurgical device used to seal 
tissue against conventional clips and ligatures. The VSS 
fuses the vessel walls by applying the appropriate pressure 
and bipolar energy to the tissue. It melts the elastin and 

collagen of the vessel walls, and fuses them, obliterating the 
lumen. It has been used in thoracic, urological, abdominal, 
gynecological, and laparoscopic surgeries (1-6). Clinical 
results of the VSS have demonstrated its safety and 
effectiveness and capability to shorten operating times for 
surgeries, including abdominal surgery and hepatectomy. 
However, English literature reveals little studies using the 
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VSS for the lung cancer resection. Thus, in this study, we 
aimed to evaluate the effects of the VSS on acute surgical 
outcomes when used for lung cancer resection with node 
dissection. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-169).

Methods

Subjects and study design

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The 
institutional review board approved the study protocol 
(Sapporo Medical University IRB NO. 322-310) and waived 
the need for written informed consent. From 2004 to 2018, 
a total of 948 patients underwent anatomical pulmonary 
resection with node dissection for non-small cell lung 
carcinoma (NSCLC) via the video-assisted thoracoscopic 
surgery (VATS) approach. This study was a retrospective 
analysis of patient data. Medical records of these patients 
were reviewed (Table 1). All these surgeries were performed 
by the same group of surgeons. Patients that required 
conversion to open thoracotomy or that had undergone 
either preoperative chemotherapy or radiotherapy were 
excluded from this study to simplify the investigation of 
VSS effectiveness in general cases. Patients who underwent 
surgery by partial resection were excluded from this study 
because the VSS is never or rarely used in this surgery. 

Operative procedure

At our institution, VATS is usually performed via one utility 
incision (30–40 mm) at the level of the fourth intercostal 
space and two ports at the sixth and seventh intercostal 
space. The surgeon stands on the ventral side of the patient, 
whereas the scopist and the assistant are located on the 
frontal and opposite sides, respectively. In VATS anatomical 
lung resection surgery, the pulmonary artery branch was 
doubly ligated with 2-0 silk sutures or surgical clips and 
then divided (conventional method). In the VSS group, we 
ligated the proximal part of the pulmonary artery branch 
with a 2-0 silk suture and then divided the vessel with the 
VSS. After anatomic pulmonary resection, mediastinal 
lymph node dissection (MLND) is routinely performed. In 
the right side, mediastinal lymph node stations 2R#, 4R#, 
7#, #8 and 9# were dissected. For the left side, mediastinal 

lymph node stations 4L#, 5#, 6#, 7#, 8# and 9# dissection 
were dissected proposed by International Association 
for the Study of Lung Cancer (IASLC) guideline (7). 
In contrast, selective MLND was performed in patients 
who underwent segmentectomy. Staging was performed 
according to the Lung Cancer Staging Manual (7th edition) 
by the American Joint Committee on Cancer. Regarding 
MLND, initially, we used electrocautery and clips to divide 
the blood and lymphatic vessels (conventional method); 
our current technique relies on the VSS, which is quick 
and leads to less lymphorrhea (8). Chest tube was removed 
when the total discharge volume was not more than  
5 mg/kg/day, and apparent air leakage nor chylothorax was 
not detected. Chylothorax is diagnosed based on the presence 
of chyle in the pleural fluid, triglyceride >110 mg/dL,  
or the presence of chylomicron, generally diagnosed by the 
sight of milky discharge after oral intake. A low-fat diet and 
pleurodesis were performed to treat chylothorax patients. 
In case chylothorax had not been cured in about 7 days and/
or the daily amount of chylous drainage fluid >500 mL with 
this conservative treatment, surgical intervention, which is 
the VATS thoracic duct ligation, was considered. 

Statistical analysis

Univariate logistic regression analysis was performed to first 
assess the association between the incidence of chylothorax, 
blood loss (median surgical blood loss of 100 mL or more) 
and the following patient characteristics: sex, age, body 
mass index (BMI), VSS usage, comorbidities (hypertension, 
diabetes mellitus), preoperative steroid use, lesion side, 
and resected lobe. The risk factors to be include in the 
multivariate analysis were selected considering the results of 
the univariate analyses, statistical independence and clinical 
importance. A multivariate logistic regression analysis 
with backward elimination was performed to identify 
independent predictors of chylothorax and intraoperative 
blood loss. It was also used to estimate the respective 
odds ratios (ORs) and 95% confidence intervals (CIs) of 
the various predictive factors. With regards to descriptive 
statistics, continuous variables were described using means 
or medians (interquartile ranges), while categorical variables 
were described using frequencies and percentages. All 
statistical analyses were performed using SPSS for Windows 
version 22.0 (SPSS, Inc., Chicago, IL, USA). Student’s t-test 
or χ2/Fisher’s exact test as appropriate was used for analysis. 
All differences were considered significant at P<0.05. 
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Results

The median patient age was 69 (range, 63–75) years. 
Tumor locations were the upper lobe (n=617, 65.1%) 
and lower lobe (n=331, 34.9%). We considered the right 
middle lobe as the upper lobe to analyze the relation of 
the tumor locations and the estimated blood loss (EBL) 
or chylothorax incidence in this paper. Histopathological 
evaluation revealed 653 (68.9%) adenocarcinoma, 229 

(24.2%) squamous cell carcinoma, and 66 (7.0%) other 
carcinoma; furthermore, 606 (63.9%) patients were in stage 
I, 164 (17.3%) patients in stage II, and 178 (18.8%) patients 
in stage III or IV. Patient characteristics are shown in Table 1.

The median amount of intraoperative blood loss for all 
patients was 100 mL (50–250 mL), while 11 (1.2%) patients 
developed postoperative chylothorax.

The univariate and multivariate analyses identified male 

Table 1 Patient demographics (n=948)

Parameter Total (n=948) CM (n=318) VSS (n=630) P value

Age (years) 69 [63–75] 68 [61–73] 70 [64–75] <0.001

Sex (male/female) 598/350 202/116 396/234 0.354

BMI (kg/m2) 23 [20–25] 22 [20–25] 23 [21–25] 0.465

Histology 0.057

Sq 229 89 140

Ad 653 213 440

Others 66 16 50

Tumor location 0.386

RUL 367 111 256

RML 67 25 42

RLL 196 65 131

LUL 183 70 113

LLL 139 47 88

TNM stage 0.825

I 606 204 402

II 164 52 112

III, IV 178 62 116

Steroid use 0.304

− 930 314 616

+ 18 4 14

DM 0.489

− 761 259 502

+ 187 59 128

HT 0.082

− 499 180 319

+ 449 138 311

Ad, adenocarcinoma; BMI, body mass index; CM, conventional method; LLL, left lower lobectomy; LUL, left upper lobectomy; RLL, right 
lower lobectomy; RML, right middle lobectomy; RUL, right upper lobectomy; Sq, squamous cell carcinoma; VSS, vessel sealing system; 
DM, diabetes mellitus; HT, hypertension.
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sex (OR 2.088; 95% CI: 1.592–2.740; P<0.001 and OR 
2.053; 95% CI: 1.494–2.820; P<0.001, respectively) and the 
use of VSS (OR 0.349; 95% CI: 0.263–0.462; P<0.001 and 
OR 0.342; 95% CI: 0.256–0.457; P<0.001, respectively) as 
independent predictive factors of intraoperative blood loss 
(Table 2).

The univariate and multivariate analyses identified the 
use of VSS (OR 0.108; 95% CI: 0.023–0.504; P=0.005 and 
OR 0.108; 95% CI: 0.023–0.504; P=0.005, respectively) as 
an independent predictive factor of chylothorax incidence. 
There was no correlation between lymph node metastases 
and chylothorax incidence (P=0.720) (Table 3). Hence, 
as additional analysis, we compared the operating time, 
amount of bleeding, intraoperative complications, and 
perioperative complications including chest tube duration 
between patients who had undergone lung resection with 
node dissection with the VSS (VSS group) and patients who 
had undergone the same surgery by conventional methods 

(CM group) (Table 4). Surgery time, hospitalization and 
incidence of persistent air leaks (air leak lasts >7 days) did 
not differ significantly between two groups. Of the 11 
patients with chylothorax, 10 were male. Their age ranged 
from 51 to 78 years. The initial procedure was lobectomy 
in 10 patients and bi-lobectomy in one patient. Lobectomy 
on the left side was performed in 4 (36.4%) patients. 
Pathologic lymph node metastases were confirmed in three 
patients (all of them had p-N2 disease). Of these patients, 
three underwent redo surgery for the ligation of the injured 
thoracic duct. After reoperation, chylothorax was cured 
in all patients. The remaining eight patients continued a 
low-fat diet, and the condition was resolved. No patients 
underwent pleurodesis. Postoperative chylothorax was 
cured in all patients. 

In these 11 patients, the chest tube was removed at a 
median of 6 days (4–7 days) after lung cancer surgery. There 
was no 30-day or in-hospital mortality in our study cohort.

Table 2 Univariate and multivariate analyses for intraoperative blood loss (n=948)

Factors Categories
Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age (years) <70 1.000 – – – – –

≥70 0.940 0.728–1.213 0.634 – – –

BMI (kg/m2) <30 1.000 – – – – –

>30 1.162 0.525–2.574 0.711 – – –

Sex Female 1.000 – – 1.000 – –

Male 2.088 1.592–2.740 <0.001 2.053 1.494–2.820 <0.001

VSS − 1.000 – – 1.000 – –

+ 0.349 0.263–0.462 <0.001 0.342 0.256–0.457 <0.001

OP side Left 1.000 – – – – –

Right 0.927 0.708–1.213 0.581 – – –

Resected lobe Lower lobe 1.000 – – – – –

Upper lobe 0.941 0.724–1.237 0.688 – – –

Steroid use − 1.000 – – – – –

+ 0.844 0.322–2.212 0.730 – – –

DM − 1.000 – – – – –

+ 0.833 0.605–1.147 0.262 – – –

HT − 1.000 – – – – –

+ 0.952 0.738–1.230 0.708 – – –

BMI, body mass index; CI, confidence interval; OR, odds ratio; VSS, vessel sealing system; OP, operation; DM, diabetes mellitus; HT, 
hypertension.
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Table 3 Univariate and multivariate analyses for chylothorax (n=948)

Factors Categories
Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age (years) <70 1.000 – – – – –

≥70 0.868 0.263–2.864 0.816 – – –

BMI (kg/m2) <30 1.000 – – – – –

≥30 0.998 0.703–1.541 0.100 – – –

Sex Female 1.000 – – – – –

Male 5.848 0.747–45.45 0.093 – – –

VSS − 1.000 – – – – –

+ 0.108 0.023–0.504 0.005 0.108 0.023–0.504 0.005

OP side Left 1.000 – – – – –

Right 1.096 0.319–3.773 0.884 – – –

Resected lobe Lower lobe 1.000 – – – – –

Upper lobe 1.562 0.473–5.156 0.465 – – –

Steroid use − 1.000 – – – – –

+ 0.989 0.956–1.024 0.541 – – –

DM − 1.000 – – – – –

+ 2.503 0.318–19.678 0.383 – – –

HT − 1.000 – – – – –

+ 1.083 0.328–3.572 0.896 – – –

Lymph node 
metastases

− 1.000 – – – – –

+ 1.062 0.739–1.528 0.720 – – –

BMI, body mass index; CI, confidence interval; OR, odds ratio; VSS, vessel sealing system; OP, operation; DM, diabetes mellitus; HT, 
hypertension.

Table 4 Surgical outcomes

Parameter Total CM VSS P value

Operating time (min) 214 [171–266] 208 [165–265] 216 [174–267] 0.643

Blood loss (mL) 100 [50–250] 200 [70–380] 100 [30–200] <0.001

Postoperative stay (days) 10 [7–14] 9 [7–13] 10 [7–14] 0.757

Chest tube duration (days) 2 [1–3] 3 [3–3] 2 [1–3] 0.004

Chylothorax (number of patients) 11 (1.2%) 9 (2.7%) 2 (0.3%) 0.001

CM, conventional method; VSS, vessel sealing system.
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Discussion

In this study, we evaluated the effectiveness of the VSS 
on acute surgical outcomes used for lung cancer resection 
with node dissection. Intraoperative blood loss and chest 
tube duration were significantly lower in the VSS group. 
There were no differences in the mean operating time and 
postoperative stay between the two groups.

These results were attributable to simple and reliable 
vascular and lymphatic closure and lymph node dissection 
by the VSS. Reduced intraoperative bleeding with VSS 
is due to the reduced need for extensive dissection and 
exposure of small pulmonary arteries and veins, which 
should be divided; bleeding from the distal site of the 
divided pulmonary vessels can also be easily controlled 
by the use of VSS. In the conventional group, we used 
electrocautery and clips to ligate the small vessels. Sufficient 
dissection is required when applying clips to control the 
thymic veins and bronchial arteries during lymph node 
dissection. Therefore, fragile vessels may get avulsed, 
leading to onerous bleeding. In addition, clips can easily 
slip off during manipulation. Mechanical staplers are also 
used to divide the pulmonary veins and the big pulmonary 
artery branches like superior truncus of the upper lobe and 
basilar artery of the lower lobe. While being useful, staplers 
require radical dissection and this increases the risk for 
small vessel injury, especially when inserting the jaws behind 
the branches. Moreover, the stapler cartridge is expensive 
in Japan (approximately $250). In VSS, to divide the small 
pulmonary arteries, we put the proximal ligation and seal 
and cut the peripheral part with VSS. 

We have previously described the double looping 
technique (How to clamp the main pulmonary artery 
during VATS lobectomy) and that the technique might 
reduce the need for emergent thoracotomy due to reduced 
intraoperative bleeding in VATS lung resection (9). 
Though the patients who underwent conversion to open 
thoracotomy were excluded in this study, the emergent 
thoracotomy rates in the CM and VSS groups were similar 
(n=4, 1.3% vs. n=7, 1.1%; P=0.842).

VATS became a viable treatment option for NSCLC with 
an equivalent oncological resection and equivalent or even 
superior oncological outcomes (10). In 2013, the Japanese 
Association of Thoracic Surgery reported that 70.8% of 
total surgeries for primary lung cancer were performed by 
VATS (11). VATS has been shown to be associated with 
fewer complications, shorter length of hospital stay, and less 
surgical morbidity (12,13). However, some studies report no 

difference between VATS and thoracotomy (14).
In a previous study, we found that VATS could 

significantly reduce the prevalence of both minor and major 
complications (15). Similar findings were reported in other 
studies (16,17).

In VATS surgery, the injury of the pulmonary arteries 
and the resulting massive bleeding has been regarded as the 
biggest obstacle. Different diathermy techniques have been 
developed to overcome the obstacle. In 1998, Kennedy 
reported the effectiveness of the LigaSureTM system for 
vessel sealing in animal model (18). The LigaSureTM system 
is reported as a unique bipolar system that can seal vessels 
up to 7 mm by application of precise pressure and thermal 
energy. This seal has been reported to have burst strength 
comparable with that of mechanical devices and ligatures in 
experimental studies (18). 

In 2015, Martucci et al. reported the results of a pilot 
prospective study comparing the incidence of postoperative 
atrial fibrillation after lobectomy with nodal dissection 
by LigaSureTM system to those by electrocautery (19). In 
this report, no significant difference in atrial fibrillation 
onset rates was found between the two groups. LigaSureTM 
use was associated with reduction in mediastinal nodal 
dissection time (P=0.017) and fluid output duration 
(P=0.025); however, though there was no reduction in 
cumulative chest tube drainage volume (P=0.52) and chest 
tube duration (P=0.32) (19). 

When pulmonary resection with MLND is performed 
for primary lung cancer, chylothorax is sometimes 
experienced as a postoperative complication. It usually 
prolongs hospitalization, and occasionally requires re-
operation. During MLND, iatrogenic damage to the 
branches of the thoracic duct may cause chylothorax (20,21). 
Some authors have suggested that the increased incidence of 
chylothorax following lung cancer surgery is caused by more 
aggressive MLND (22-24). MLND should be performed 
more meticulously due to the advancement of imaging 
systems, developing endoscopic instruments, and increased 
use of VATS. Nevertheless, no detailed studies have been 
conducted on the incidence of chylothorax after VATS lung 
cancer resection with node dissection. In a previous study, 
we reported a chylothorax rate of 1.4% after VATS MLND 
for lung cancer (15). The use of the VSS played a vital 
role in the reduction of the incidence rate of postoperative 
chylothorax. Liu et al. reported that 20 (2.6%) of 776 patients 
with primary NSCLC who underwent VATS for pulmonary 
resection and MLND experienced chylothorax, which was 
treated conservatively; however, 5 of the 20 (25%) patients 
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subsequently required reoperation (24).
In this study, the incidence of postoperative chylothorax 

in the VSS group (0.3%) was significantly lower than that 
in the CM group (2.8%) (P=0.001). Moreover, all patients 
who developed chylothorax in the VSS method group were 
cured with conservative therapy. We experienced a great 
advantage by VSS use in node dissection: VSS use reduced 
postoperative effusions and lymphatic fistulae. Toishi et al. 
recently reported that VSS application reduced intraoperative 
bleeding, surgeon stress, postoperative drainage output, and 
drainage persistence compared with non-use VSS (25). 

There was no post-operative hospital stay advantage in 
the VSS group but rather increase by 1 day (9 vs. 10 days, 
P=0.757). It would be resulted from the situation that clear 
criteria for hospital discharge after surgery have not been 
set in this study. While the duration of hospital stay may 
seem long for lung resection, it is lower than the 15.5 days 
reported by the Japanese Hospital Intelligence Agency data 
base (2020) patients (26). 

A cost analysis comparison between lung resection 
using conventional and VSS techniques revealed modest 
cost difference. In Japan, hospitals do not charge for use of 
operating rooms, and therefore, the operating time does 
not affect the cost. As we carefully selected patients for 
blood transfusion, there was no significant difference in 
blood transfusion between the groups (3.0% and 1.9%). 
Considering the cost analysis, to use the VSS about  
$220 more cost is required. But it is not expensive 
considering the benefits for patients (less chyle leak and 
chest tube out earlier). We strongly believe the blood loss 
reduction of 100 mL can contribute to the precision and 
safety of our VATS lung cancer surgery.

This study had some limitations. Its retrospective nature and 
lack of randomization may have led to potential bias in patient 
selection. Prospective, randomized studies are necessary to 
further understand the effectiveness of the VSS for lung cancer 
resection with node dissection. Furthermore, the incidence of 
chylothorax after lung cancer surgery was quite low, so the total 
number of chylothorax patients is limited. 

In conclusion, the chest tube duration, amount of 
bleeding, and incidence of chylothorax in patients who had 
undergone VATS lung resection with node dissection can 
be reduced when using the VSS compared with that when 
using conventional methods.
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