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Division of the intersegmental plane using electrocautery for
segmentectomy in clinical stage | non-small cell lung cancer
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Background: Division of intersegmental planes is one of the important practical issues for segmentectomy
to obtain feasible outcomes without relapse for clinical stage I non-small cell lung cancer. Almost all surgeons
perform this procedure using a stapler. However, division of intersegmental planes for segmentectomy can
also be performed by electrocautery. In this article, we demonstrate the merits and drawbacks of division of
the intersegmental plane by electrocautery for segmentectomy.

Methods: Of those 125 patients who underwent segmentectomy with clinical stage I primary lung cancer,
we compared cautery cases (n=50) with stapler cases (n=75). The cautery group included 29 cases (58.0%)
with partial use of a staple at the end of division.

Results: Operative time was significantly longer in cautery cases (281+72 min) than stapler in cases
(23586 min; P=0.003). No difference in the duration of chest tube placement was evident between cautery
(3.0+3.0 days) and stapler groups (2.8<1.7 days; P=0.613). However, delayed air leakage occurred significantly
more frequently in cautery cases (14.0%) than in stapler cases (4.0%; P=0.048). Five-year overall survival
(OS) in clinical stage I was 94.7% in cautery cases and 80.5% in stapler cases (log-rank P=0.047). Five-year
disease-free survival (DFS) was 80.0% and 71.3%, respectively (log-rank P=0.075).

Conclusions: The merits of cautery division include the ability to achieve meticulous division of the
intersegmental plane and good preservation of the shape of residual segments. Conversely, the drawbacks
include prolonged air leakage. Pleural suture or closure of residual segments may be useful to prevent
delayed air leakage.
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Introduction

Recently, segmentectomy for small non-small cell lung
cancers has been widely performed and the validity of this
procedure including video-assisted thoracoscopic surgery
(VATS) segmentectomy has been established (1-4). In a

systematic meta-analytical review, Cao et 4/. (5) found no
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significant difference in overall survival (OS) or disease-free
survival (DFS) in the intentional or radical segmentectomy
group compared with lobectomy, but significantly worse
outcomes for palliative segmentectomy in the compromised
group. Meticulous anatomical segmentectomy thus appears
central to obtaining feasible outcomes in segmentectomy

for lung cancer.
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Division of the intersegmental plane is one of the
important practical issues for segmentectomy to obtain
feasible outcomes without relapse. Almost all surgeons
perform this division using staplers. However, division of
the intersegmental plane by electrocautery was initially
reported by Okada and Tsubota (6,7). We demonstrate
herein the merits and drawbacks of division of the
intersegmental plane by electrocautery for segmentectomy
in clinical stage I non-small cell lung cancer.

Methods
Patients

This study was approved by the institutional review board
at the Graduate School of Medicine, Gifu University
(approval No. 29-100), and written informed consent
was obtained from all patients with the documents of our
hospital. 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,
while segmentectomy was performed in 125 patients. Of
those 125 patients, 62 (49.6%) underwent intensively
radical segmentectomy for pure grand glass nodule
(GGN), >50% GGN and <2 cm in diameter, or solid
tumors <10 mm in diameter, or as part of a Japanese
clinical study (Japan Clinical Oncology Group/West
Japan Oncology Group (JCOG0802/WJOG4607L)) (8),
and the remaining 63 (50.4%) underwent palliative
segmentectomy. Table 1 provides the locations of the
affected segments.

With our segmentectomy, the intersegmental plane
was identified using our original method (9). Briefly, in
our surgical procedure, the segmental pulmonary artery
and vein are divided. The segment is then inflated with
pure oxygen for 5 min. The segmental bronchus is closed
by the stapler immediately after oxygen inflation. After
a couple of minutes, the intersegmental plane becomes
easily detected as an inflation and deflation line. We
use electrocauterization or a stapler along this plane for
segmental resection. We compared cautery cases (n=50)
with stapler cases (n=75). The cautery group included
29 cases (58.0%) with partial use of a staple at the end of
division. Delayed air leakage was defined as air leakage that
required tube drainage after discharge.
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Table 1 Distribution of the 127 segments resected for primary lung
cancer, including bilateral simultaneous segmentectomy in two cases

Cases Number

Right (n=38)
S1 1
*S2 3
S3 7
*S6 15
S8 3
S9 1
S8+9 2
S9+10 4
S3+1b 1
S6+10a 1

Left (n=89)
S1+2 2
S3 3
*S6 21
S8 2
S10 1
S8+9 3
S9+10 4
*S1+2+3 38
S4+5 6
S8+9+10 8
S4+5+8+9a 1

*, bilateral segmentectomy was performed in two cases (bilateral
S6 and right-S2 & left S1+2+3). S1, apical; S2, posterior; S3,
anterior; S4, superior; S5, inferior; S6, superior; S8, anterior
basal; S9, lateral basal; S10, posterior basal.

Statistical analysis

We analyzed our data using SPSS software (version 24;
SPSS, Chicago, IL, USA). The i’ test was used to compare
the frequencies of categorical variables. Fisher’s exact test
was used. OS was defined as the interval from the date of
surgery to death from any cause or last follow-up. DFS was
defined as the interval from the date of surgery to the first
event (relapse or death from any cause) or last follow-up.
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Table 2 Pre-operative characteristics of clinical stage I cases

Variables Cautery (n=50) Stapler (n=75) P value
Age (years) 6711 70+8 0.170
Sex, n (%) 0.012
Male 22 (44.0) 50 (66.7)
Female 28 (56.0) 25 (33.3)
Size of tumor (mm) 0.003
Range 3-33 8-54
Mean 1516 1918
FDG-PET (SUV) 1.9+3.4 4.2+5.8 0.008
C/T ratio (%) 51+39 70+36 0.007
CEA (ng/mL) 2.8+1.7 5.8+7.7 0.002
%VC 111+20 108+17 0.414
FEV1 (mL) 1,907+865 1,866+797 0.785
Clinical stage, n (%) 0.755
IA 46 (92.0) 63 (84.0)
B 4 (8.0) 12 (16.0)

C/T ratio, consolidation/tumor (C/T) ratio at the thin-sliced CT;
FDG-PET, 2-deoxy-2 ['*F] fluorodeoxyglucose positron emission
tomography; CEA, carcinoembryonic antigen; VC, vital capacity;
FEV1, forced expiratory volume in 1 second; SUV, standardized
uptake value.

The Kaplan-Meier method was used to assess OS and DFS,
and results were compared using log-rank testing. The level
of significance was set at P<0.05.

Results

The proportion of female patients was significantly
higher among cautery cases than among stapler cases
(P=0.012). Tumor size was significantly smaller in
cautery cases (15£6 mm) than in stapler cases (19+8 mmy;
P=0.003). Tumor standardized uptake value (SUV) from
2-deoxy-2 ["*F] fluorodeoxyglucose positron emission
tomography (FDG-PET) was significantly lower in cautery
cases (1.9£3.4) than in stapler cases (4.2+5.8; P=0.008).
Consolidation/tumor (C/T) ratio at the thin-sliced CT
was significantly lower in cautery cases (51%+39%) than
stapler in cases (70%+36%; P=0.007) (Table 2). Operative
time was significantly longer in cautery cases (281+72 min)
than stapler in cases (23586 min; P=0.003). Radical
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Table 3 Intra- and post-operative conditions of clinical stage I cases

Cautery  Stapler

(n=50) (n=75) P value

Variables

Operative time (min) 281+72  235+86  0.003
Blood loss (mL) 48+52 71177  0.382
Transfusion (cases), n (%) 0(0.0) 3 (4.0) 0.213

Radical (intensive) 32 (64.0) 30(40.0) 0.009

segmentectomy, n (%)

Pathological stage, n (%) 0.011
IA 47 (94) 54 (72.0)
B 3(6.00 15(20.0)
IIA &1IB 0(0.0) 3(4.0)
A, IB & IV 0(0.00 3(4.0
Histology, n (%) 0.187

Adenocarcinoma 45 (90.0) 58 (77.3)

Squamous cell carcinoma 3(6.00 12(16.0)
Others 2 (4.0) 5(6.7)
Chest tube duration (days) 3.0£3.0 2.8+1.7 0.613
All complications (cases), n (%) 17 (34.0) 18 (24.0) 0.192

Respiratory complications 5(10.0) 4(5.3) 0.260

(cases), n (%)

Delayed air leak (cases), n (%) 7 (14.00 3 (4.0) 0.048

(intensive) cases were significantly more frequent among
cautery cases (64.0%) than among stapler cases (40.0%;
P=0.009). Pathological stage IA cases were significantly
more frequent in cautery cases (94.0%) than in stapler cases
(72.0%; P=0.011). Delayed air leakage was significantly
more common among cautery cases (7 cases, 14.0%) than
among stapler cases (3 cases, 4.0%; P =0.048) (Table 3).

Five-year OS for clinical stage I was 94.7% in cautery
cases and 80.5% in stapler cases (log-rank P=0.047). Five-
year DFS was 80.0% and 71.3%, respectively (log-rank
P=0.075) (Figure 1).

Discussion

In the present study, the 5-year OS was significantly
better in cautery cases than in stapler cases (Figure I).
We speculated that this difference was attributable to
selection bias according to tumor size, SUV of FDG-PET,
carcinoembryonic antigen (CEA), and C/T ratio.
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Figure 1 Survival curve of clinical stage I by the Kaplan-Meier method. (A) Overall survival of clinical stage I patients following

segmentectomy by cautery or stapler; (B) disease-free survival of clinical stage I patients following segmentectomy by cautery or stapler.

Iwata et al. (9) classified segmentectomy into two types: a
simple type, involving resection of only one intersegmental
plane, such as superior (S6) or lingual (§4+5) segmentectomy;
and a complicated type, involving resection of at least two
intersegmental planes, such as anterior (S3) segmentectomy,
basal lateral and posterior (S9+10) segmentectomy or basal
anterior and lateral (S8+9) segmentectomy. In simple-
type segmentectomy, the stapler is quite useful to divide
the intersegmental plane quickly and easily. However,
residual segments are reshaped by the stapler suture.
In complicated-type segmentectomy, such as anterior
segmentectomy, stapler division may also be useful, but
reshaping of the residual segments occurs. Conversely,
division by cautery for complicated-type segmentectomy
can achieve the original shape, but air leakage from the
intersegmental division surface is an issue that requires
attention. In cases such as right basal lateral and posterior
(S9+10) segmentectomy (Figure 2A) or basal anterior
and lateral (S8+9) segmentectomy (Figure 2B), we have
to consider that the right lower lobe contains the medial
basal segment (S7). If the intersegmental plane is divided
by stapler, the medial basal segment (S7) will probably
be damaged by the stapler. We therefore consider that
cautery should be used to divide the intersegmental plane
in these cases.

Asakura et al. (10) demonstrated, using a porcine
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model, that the stapler reduced preserved lung expansion
compared with cautery or combined methods in
segmentectomy. Conversely, Tao et al. (11) compared the
influence of methods for segmentectomy on preserved
lung volume and pulmonary function between cautery and
stapler. They concluded that stapling does not lead to less
preserved volume or function than cautery in the division
of the intersegmental planes. We think that specific merits
and drawbacks exist to division of the intersegmental
plane using cautery. Merits include meticulous division
of the intersegmental plane and good preservation of the
shape of residual segments, especially in complicated-type
segmentectomy. Conversely, one key drawback is prolonged
air leakage. Regarding air leakage, we compared stapler
with cautery division. Operative time was significantly
longer in cautery cases than in stapler cases. No difference
in duration of chest tube placement was seen between
cautery and stapler groups. However, delayed air leakage
cases were significantly more frequent in cautery cases than
in stapler cases (1able 3). Management of the bare area after
division of the intersegmental plane by cautery is thus an
important issue.

Regarding management of the intersegmental plane
by cautery, two methods are available. One is the
pleural closure method of the intersegmental plane with
continuous suturing of the pleural edge, such as with
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Figure 2 The shape of the residual segments after segmentectomy by cautery. (A) Right basal lateral and posterior (S9+10) segmentectomy; (B)

right basal anterior and lateral (S8+9) segmentectomy.

a stapler. The other is the mesh-cover method of the
intersegmental plane with coverage by polyglycolic acid
mesh and fibrin glue (12).

Saito er al. (13) compared postoperative pulmonary
function and complications between mesh cover and pleural
suture groups. They demonstrated that use of a mesh cover
or pleural suture was the only factor independently related
to pulmonary complications such as prolonged or delayed
air leak after pulmonary segmentectomy. They concluded
that pleural suture of the involved intersegmental plane
during pulmonary segmentectomy appeared to be an
acceptable method. Recently, we have attempted to
perform closure of residual segments to prevent prolonged
or delayed air leakage (Figure 3). This method seems to

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

obtain good control of postoperative air leakage (data not
shown).

We think division with cautery is useful to achieve
meticulous, accurate segmentectomy in both complicated-
type and sub-segmental resections.

Conclusions

The merits of cautery division include the ability to achieve
meticulous division of the intersegmental plane and good
preservation of the shape of residual segments. Conversely,
the drawbacks include prolonged air leakage. Pleural suture
or closure of residual segments may be useful to prevent
delayed air leakage.
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Figure 3 Closure of the residual segments. After right anterior segmentectomy, the intersegmental plane is sutured in face-to-face fashion

with 4-0 absorbed monofilament sutures after coverage by polyglycolic acid mesh and fibrin glue.
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