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Introduction

Recently, sublobar resection including radical segmentectomy 
(RS) for clinical stage I small-sized non-small-cell primary lung 
cancer has become an important issue, and use of this procedure 
has been increasing (1-3). Video-assisted thoracic surgery 
(VATS) segmentectomy is an ideal surgical procedure (4).  
Cao et al. (5) reported a systematic meta-analytical review 
comparing sublobar resection with lobectomy in non-small 

cell lung cancer. They found no significant difference in 
overall survival (OS) or disease-free survival (DFS) in the 
intentional segmentectomy group compared with lobectomy, 
but significantly worse outcomes for segmentectomy in the 
compromised group. We therefore consider meticulous 
anatomical segmentectomy for maintaining tumor surgical 
margins as the most important issue for obtaining desirable 
outcomes in lung cancer.

Recently, minimally invasive surgical approaches, typified 
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by VATS, have been developed. Swanson et al. (6) defined 
VATS lobectomy: “to encompass a true anatomic lobectomy 
with individual ligation of lobar vessels and bronchus as well 
as hilar lymph node dissection or sampling using the video 
screen for guidance, two or three ports, and no retractor 
use or rib spreading.” We call this procedure “thoracoscopic 
VATS”. Conversely, Okada et al. (7) described a method 
for a mini-thoracotomy that spares muscles, uses a 4- to 
10-cm incision, and includes video assistance for direct 
visualization during lung surgery. They have named this 
method “hybrid VATS”. In this article, we demonstrate the 
validity of hybrid VATS segmentectomy.

Methods

Patients

The Institutional Review Board at the Graduate School of 
Medicine, Gifu University approved this study (approval 
no. 29-100). Of 686 patients who underwent lobectomy or 
segmentectomy from 2004 to 2016 (434 men, 252 women; 
mean age, 69.1±9.6 years) with clinical stage I primary 
lung cancer, lobectomy was performed in 561 patients, and 
segmentectomy was performed in 125 patients. Of these 

125 patients, 62 (49.6%) underwent intensively RS for pure 
grand glass nodule (GGN), more than 50% GGN and <2 cm  
in diameter, solid tumors <10 mm in diameter, or as part 
of a Japanese clinical study [the Japan Clinical Oncology 
Group/West Japan Oncology Group (JCOG0802/
WJOG4607L)] (8). The remaining 63 (50.4%) patients 
underwent palliative segmentectomy (PS).

Hybrid VATS procedure

For our hybrid VATS procedure, we used 2-cm port 
is placed in the 7th intercostal spaces (ICS) along the 
anterior axillary line, plus a mini-thoracotomy to spare 
muscles with a metal retractor that was minimally opened. 
When resecting the middle or upper lobe, we made an 
incision that was 4–8 cm in length in the 4th intercostal 
space along the anterior axillary line (Figure 1A).  
When removing the lower lobe, the incision was made in 
the 5th intercostal space along the posterior axillary line 
with two 2-cm ports, which were placed in the 4th and 
7th ICS along the anterior axillary line (Figure 1B). In all 
cases of hybrid VATS, a direct, thoracoscopic view was 
established (9). To approach the upper or middle lobe, the 
surgeon typically stands on the ventral side of the patient. 
A dorsal approach is needed when resecting the lower lobe. 
In addition, we used forceps (GEISTER Medizintechnik 
GmbH, Tuttlingen, Germany), electrocautery, and 
ultrasonic scissors (HARMONIC ACE; Ethicon Endo-
Surgery, Cincinnati, OH, USA).

For detection of the intersegmental plane, we performed 
an original method (10). Briefly, we separated the segmental 
pulmonary artery and vein. We then filled the segment 
with pure oxygen for 5 min and immediately closed the 
segmental bronchus with surgical staples. After a couple of 
minutes, the intersegmental plane was easily detected. A 
stapler or electrocautery was then used along this plane for 
the segmentectomy.

Statistical analysis

We analyzed our data using SPSS software (version 24; 
SPSS, Chicago, IL, USA). The frequencies of categorical 
variables were assessed with the χ2 test. When the sample 
size was small, Fisher’s exact test was performed. OS was 
defined as the time from the operation until death from any 
cause or the last follow-up. DFS was defined as the time 
from the operation to the first recurrence, death from any 
cause, or the last follow-up. OS and DFS were examined 

Figure 1 Our hybrid VATS. (A) 2-cm port is placed in the 7th 
intercostal spaces (ICS) along the anterior axillary line combined 
with a muscle-sparing mini-thoracotomy with a 4- to 8-cm incision 
in the 4th intercostal space along the anterior axillary line for upper 
or middle lobe resection; (B) two 2-cm ports are placed in the 4th 
and 7th intercostal spaces along the anterior axillary line combined 
with a muscle-sparing mini-thoracotomy with a 4- to 8-cm incision 
in the 5th intercostal space along the posterior axillary line for 
lower lobe resection. VATS, video-assisted thoracic surgery.
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with Kaplan-Meier curves, which were statistically analyzed 
using log-rank tests. P<0.05 was considered to indicate a 
significant difference.

Results

Age was significantly lower in RS cases than in PS 
cases (P<0.001). The proportion of female patients was 
significantly higher in RS cases than in PS cases (P=0.015). 
Tumor size was significantly smaller in PS cases (15±5 mm) 
than in RS cases (21±9 mm; P<0.001). Tumor standardized 
uptake value from 2-deoxy-2 [18F] fluorodeoxyglucose 
positron emission tomography was significantly lower in 
RS cases (1.2±1.5) than in PS cases (5.6±6.5; P<0.001). 
Carcinoembryonic antigen was significantly lower in RS 
cases (3.0±2.1 ng/mL) than in PS cases (6.2±8.3 ng/mL; 
P=0.004). The consolidation/tumor ratio obtained with 
thin-sliced computed tomography was significantly lower 
in RS cases (52%±37%) than in PS cases (73%±37%; 

P=0.001). The proportion of clinical stage IA cases was 
significantly higher in RS cases (96.8%) than in PS cases 
(76.2%; P=0.001) (Table 1). Similarly, pathological stage 
IA and IB cases were significantly more frequent among 
RS cases (95.2%) than among PS cases (66.7%; P<0.001). 
Adenocarcinoma was significantly more common among 
RS cases (95.2%) than among PS cases (69.8%; P=0.001). 
Duration of chest tube placement was significantly shorter 
in RS cases (2.4±0.8 days) than in PS cases (3.5±3.2 days; 
P=0.009) (Table 2).

Five-year OS for clinical stage I was 100.0% in RS cases 
and 73.5% in PS cases (log-rank P<0.001). Five-year DFS 
was 95.5% and 55.7%, respectively (log-rank P<0.001) 
(Figure 2).

Table 1 Pre-operative characteristics of clinical stage I cases

Characteristics RS (n=62) PS (n=63) P value

Age (years) 66±10 73±8 <0.001

Sex (%) 0.015

Male 29 (46.8) 43 (68.3)

Female 33 (53.2) 20 (31.7)

Size of tumor (mm) <0.001

Range 6–25 3–54

Mean 15±5 21±9

FDG-PET (SUV) 1.2±1.5 5.6±6.5 <0.001

C/T ratio (%) 52±37 73±37 0.001

CEA (ng/mL) 3.0±2.1 6.2±8.3 0.004

%VC 113±18 106±19 0.045

FEV1.0 (mL) 1,945±893 1,823±748 0.410

Clinical stage (%) 0.001

IA 60 (96.8) 48 (76.2)

IB 2 (3.2) 15 (23.8)

RS, radical segmentectomy; PS, palliative segmentectomy; 
C/T ratio, consolidation/tumor (C/T) ratio obtained with thin-
sliced computed tomography; FDG-PET, 2-deoxy-2 [18F] 
fluorodeoxyglucose positron emission tomography; SUV, 
standardized uptake value; CEA, carcinoembryonic antigen; 
%VC, % vital capacity; FEV1.0, forced expiratory volume in 1 s.

Table 2 Intra- and postoperative conditions of clinical stage I cases

Parameters RS (n=62) PS (n=63) P value

Operative time (min) 260±81 248±87 0.424

Blood loss (mL) 42±49 82±192 0.107

Transfusion (cases) (%) 0 (0.0) 3 (4.8) 0.125

Approach 0.071

Thoraco 2 (3.2) 2 (3.2)

Hybrid 45 (72.6) 34 (54.0)

Open 15 (24.2) 27 (42.8)

Pathological stage (%) <0.001

IA & IB 59 (95.2) 42 (66.7)

IIA & IIB 3 (4.8) 15 (23.8)

IIIA & IIIB 0 (0.0) 3 (4.8)

IV 0 (0.0) 3 (4.8)

Histology (%) 0.001

Adenocarcinoma 59 (95.2) 44 (69.8)

Squamous cell 
carcinoma

2 (3.2) 13 (20.6)

Others 1 (1.6) 6 (9.5)

Chest tube duration 
(days)

2.4±0.8 3.5±3.2 0.009

All complications (cases) 
(%)

16 (25.8) 20 (31.7) 0.554

Respiratory 
complications (cases) (%)

6 (9.7) 12 (19.0) 0.136

RS, radical segmentectomy; PS, palliative segmentectomy.
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Discussion

The hybrid VATS lobectomy uses both direct and video 
visualization, whereas thoracoscopic VATS lobectomy uses 
only video visualization. A propensity-matched analysis (11) 
of these methods showed that the former involves shorter 
operation times and no differences in bleeding, chest 
tube duration, or complications, as well as no significant 
differences in OS or DFS. In another study (12), only 
surgical time (better with muscle-sparing thoracotomy) 
and hospitalization time (better with VATS) were different 
between groups. These researchers found no differences in 
the most important results, including complications after 
surgery, DFS, and OS. We believe that this muscle-sparing 
thoracotomy is similar to the hybrid VATS procedure, and 
that hybrid VATS is broadly equivalent to thoracoscopic 
VATS in terms of the reduced invasiveness.

The most critical consideration with segmentectomy 
is establishment of an adequate tumor margin. Khullar  
et al. (13) showed that lobectomy is superior to sublobar 
resection because insufficient lymphadenectomy and 
positive sublobar tumor margins often result from the latter 
procedure. To acquire adequate margins, Tsubota et al. (14) 
proposed an “extended segmentectomy” in which the line of 
resection is placed on the segment adjacent to the affected 
segment. The absence of positive margins was seen when the 
margin distance exceeded the maximum tumor diameter, as 
reported in a multicenter, prospective study (15).

Two types of segmentectomy have been described (10):  
simple, in which only one intersegmental plane is resected 
(e.g., superior or lingual segmentectomy); and complicated, 
in which two or more intersegmental planes are resected (e.g., 
anterior segmentectomy). In the simple segmentectomy, 
such as a right superior (S6) segmentectomy (Figure 3A), the 
solid line shown in Figure 3B represents an ideal dividing 
intersegmental plane. However, the dashed lines should be 
avoided to maintain surgical margins. We suggest that this 
procedure can be accomplished with both thoracoscopic 
VATS and hybrid VATS.

Conversely, in the complicated segmentectomy, such as a 
right anterior (S3) segmentectomy, when the tumor is located at 
“a” in Figure 4A, we can divide along the intersegmental plane 
represented by the solid line. However, when the tumor is located 
at “b” in Figure 4A, division must be made along the dashed line, 
extending into the adjacent segment according to the “extended 
segmentectomy” proposed by Tsubota et al. (14). When the 
tumor is located in a deep position, such as “c” in Figure 4A,  
more careful division to maintain the surgical margins 
is required. More than two intersegmental planes are 
present in the complicated type shown in Figure 4B. When 
division along with an intersegmental vein is performed 
(Figure 4C), the solid line represents an ideal dividing line 
for maintaining surgical margins. The dashed lines are 
insufficient to maintain adequate surgical margins. We 
believe that a three-dimensional, steric understanding 

Figure 2 Survival curve for clinical stage I non-small cell lung cancer with the Kaplan-Meier method. (A) Overall survival of RS and 
pathological stage I PS patients; (B) disease-free survival of RS and pathological stage I PS patients. RS, radical segmentectomy; PS, 
palliative segmentectomy.
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of the intersegmental planes is required, and that hybrid 
VATS with direct visualization is suitable for achieving this 
understanding.

We have previously reported the feasibi l i ty  of 
segmentectomy in non-small-cell lung cancer with GGN (16).  
This study is a follow-up to the previous study (16) with 
additional cases. In this study, we performed hybrid VATS 
segmentectomy in 63.2% of our cases. Only one ipsilateral 
other-lobe relapse was seen in RS (Table 3). Conversely, PS 

showed several relapse patterns. We encountered one PS 
case of left lower superior segmentectomy after a previous 
left upper lobectomy. This patient underwent local radiation 
to prevent a complete pneumonectomy (Table 3). Surgery in 
this case was performed using an open approach.

Thoracoscopic VATS segmentectomy has been reported 
by D’Amico (17), mainly for the simple type. Recently, 
Ghaly et al.  (18) showed that thoracoscopic VATS 
segmentectomy for clinical stage I lung cancer decreases the 

Figure 3 Simple-type segmentectomy. (A) Right superior (S6) segmentectomy, with only one dividing intersegmental plane; (B) solid line 
represents an ideal dividing line for maintaining surgical margins. Dashed lines represent planes that are insufficient to maintain surgical 
margins.
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Figure 4 Complicated-type segmentectomy. (A) Right anterior (S3) segmentectomy, with two dividing intersegmental planes; (B) 
dividing intersegmental planes require more than two lines to maintain surgical margins; (C) solid line represents an ideal dividing line 
for maintaining surgical margins in the division along with the intersegmental vein. Dashed lines represent planes that are insufficient to 
maintain surgical margins.
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duration of hospitalization and pulmonary complications. 
They demonstrated that both 5-year DFS and OS were 
longer with VATS than with open thoracotomy. Median 
surgical margins with VATS were 1.4 cm (range, 0.6–2 cm)  
and with thoracotomy were 1.5 cm (range, 0.8–2.7 cm). 
Locoregional recurrence rates were 7.7% and 12.7%, 
respectively. In several Japanese studies, locoregional 
recurrence rates have been reported as 0–5% (19-21). We 
suggest that determination of whether thoracoscopic VATS 
segmentectomy without direct visualization or rib spreading 
can produce sufficient tumor margins is critical, especially 
for complicated segmentectomy (10). To achieve meticulous 
surgery, the hybrid VATS segmentectomy appears sufficient 
for obtaining adequate tumor margins.

Conclusions

During segmentectomy, the most critical consideration 
is establishment of sufficient surgical margins around the 
cancer. Our hybrid approach that includes meticulous 
surgical manipulations may produce sufficient surgical 
margins.
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