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Abstract

OBJECTIVES: Segmentectomies such as S1 + 2, S1 + 2+3 and S4 + 5 segmentectomy are used to treat patients with non-small-cell lung cancer
(NSCLC) in the left upper lobe. However, the preservable lung volume and changes after such segmentectomies remain unknown.
We compared the residual pulmonary function after thoracoscopic segmentectomy or lobectomy in the left upper lobe and examined the
efficacy of S1 + 2 segmentectomy regarding postoperative pulmonary function.

METHODS: Patients with left upper lobe NSCLC who underwent thoracoscopic segmentectomy or lobectomy were included. Spirometry
and computed tomography were performed before and 6 months after resection, and the ipsilateral preserved lobe volume was calculated
using 3-dimensional computer tomography. The percentage of postoperative/preoperative forced expiratory volume in 1 s and actual/
predicted regional forced expiratory volume in 1 s (preservation rate) in the residual lobe were compared.
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RESULTS: Eighty-eight patients underwent lobectomy and 70 patients underwent segmentectomy (23 S1 + 2, 35 S1 + 2+3 and 12 S4 + 5

segmentectomies). The percentage of postoperative/preoperative forced expiratory volume in 1 s was 97 in S1 + 2, 82 in S1 + 2+3, 86 in S4 + 5

segmentectomy and 73 in left upper lobectomy, indicating that segmentectomy could be a meaningful approach to preserve pulmonary
function. The preservation rate was 83% in S1 + 2 and 62% in S1 + 2+3 segmentectomy and was significantly higher in S1 + 2 than in S1 + 2+3 seg-
mentectomy (P < 0.001).

CONCLUSIONS: Postoperative pulmonary function and the preservable lung volume of the residual lobe after thoracoscopic S1 + 2 seg-
mentectomy were well-preserved among other segmentectomies and lobectomy. Thoracoscopic S1 + 2 segmentectomy is a good alterna-
tive for preserving postoperative function.
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ABBREVIATIONS

3D-CT 3-Dimensional computed tomography
FEV1.0 Forced expiratory volume in 1 s
NSCLC Non-small-cell lung cancer
MDCT Multi-detector row CT

INTRODUCTION

The use of segmentectomy has increased and gained interest by
many surgical groups for resecting small-sized early non-small-
cell lung cancer (NSCLC) since this technique may better preserve
lung function compared to lobectomy [1–4]. We previously
reported that segmentectomy better preserved pulmonary func-
tion compared with lobectomy, using a novel 3-dimensional
computed tomography (3D-CT) volumetric method [5]. In the
previous study, although the decrease in actual lung function of
the residual lobe was greater than predicted, we found that the
residual lobe volume rescued by segmentectomy was different
according to the resected segments. Therefore, the investigation
should be broadened to more precisely assess postoperative lung
function in each type of segmentectomy.

The left upper lobe is one of the biggest lobes in the lungs, and
segmentectomy has been well established by thoracic surgeons.
For lung cancer located in the left apical segment, there are
options for surgical procedures including S1 + 2 segmentectomy,
S1 + 2+3 segmentectomy and left upper lobectomy. Postoperative
functional benefit could be expected if the resected areas are lim-
ited to 1 segment, because pulmonary function after segmentec-
tomy was shown to decrease with increasing number of resected
segments [5, 6]. In this context, given that the oncological margin
would be secured, S1 + 2 segmentectomy could be indicated rather
than left upper lobectomy or S1 + 2+3 segmentectomy, in terms of
preserving postoperative lung function. However, there have been
no reports focusing on the comparison of functional changes after
S1 + 2 segmentectomy in the left upper lobe.

Herein, we examined the feasibility of thoracoscopic left S1 + 2

segmentectomy and compared its functional benefit to other
segmentectomies, including S1 + 2+3, S4 + 5 segmentectomy and left
upper lobectomy using a novel 3D-CT volumetric method.

MATERIALS AND METHODS

Patients

We examined consecutive patients who underwent thoraco-
scopic left upper segmentectomy or lobectomy at Hyogo Cancer

Center between January 2012 and December 2018. Study param-
eters included sex, age, smoking history, pulmonary function and
perioperative outcomes (Table 1). The basic selection criteria for
thoracoscopic segmentectomy included the following: (i) patients
with peripheral small-sized NSCLC with ground glass opacity,
indicating clinical T1a/bN0M0 cancer (based on the 8th edition
lung cancer stage classification); (ii) patients with compromised
resection who were considered poor candidates for lobectomy
because of their limited cardiopulmonary reserve; and (iii)
patients with pulmonary metastases or benign lesions. The
Hyogo Cancer Center Institutional Review Board approved the
study, and each participant provided their informed consent.

All patients who received thoracoscopic segmentectomy and
lobectomy underwent a 3D-CT scan and lung function test be-
fore and 6 months after the operation. Patients treated with in-
duction chemoradiotherapy or who had a history of lung surgery
were excluded from this study.

Surgical procedures

All lobectomy and segmentectomy procedures were performed
by the thoracoscopic approach, as described elsewhere [7]. A
representative image and procedure for thoracoscopic left S1 + 2

segmentectomy are shown in Fig. 1 and Video 1. Briefly, the sur-
gery was generally performed through 4 port sites (2–4 cm) with-
out rib spreading. First, the segmental vein was exposed and
resected, while the intersegmental vein was preserved and de-
tached towards the periphery. After the ligation of the segmental
artery, we then identified the accurate bifurcation of B1 + 2/B3 and
detached the bronchus to allow for dissection with a stapler after
lung inflation on the operating side. The inflation–deflation line
gradually became clear when the lung was re-collapsed. Besides
cutting the intersegmental plane along the intersegmental veins
and inflation-deflation line, the systemic injection of indocyanine
green (0.3 mg/kg) helped to identify the demarcation line in
some cases [8]. The pulmonary parenchyma was dissected from
the hilum towards the periphery with a stapling device. This en-
sured that the surgical margin from the tumour was sufficiently
secured, while the intersegmental veins were preserved.
Electrocautery was used to dissect along the demarcation line
until mechanical stapling became feasible. In particular, we kept
in mind that mechanical stapling line should be in a line to mini-
mize the number of junctional points, which helps to avoid post-
operative fistula of the bronchioles. In addition, we performed
pneumostasis with thin type (0.15 mm) polyglycolic acid mesh
(Neoveil; Gunze, Osaka, Japan) and fibrin glue (Beriplast; CSL
Behring, Tokyo, Japan) after lung resection to stop air leak
thoroughly.
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Computed tomography and 3-dimensional lung
image construction

All chest CT examinations were performed with 16- or 80-multi-
detector row CT scanners (Aquilion 16 or Prime, Toshiba Medical
Systems, Otawara, Japan). The entire lung was scanned from the
lung apex to the diaphragm during a single breath held at end-
inspiration. The scan parameters of the multidetector row CT ex-
amination were as follows: 130 kVp, 150 mAs, collimation
1 mm� 16 mm, rotation 0.5 s, or 120 kVp, 390–500 mAs, collima-
tion 0.5 mm� 80 mm, rotation 0.35 s, 512� 512 matrix, field of
view 320 mm and reconstruction 1/1 mm. After the initial non-
contrast-enhanced multidetector row CT examination, 100 ml of
iodine contrast agent (Iopamiron 300; Bayer AG, Leverkusen,
Germany) was administered to each patient.

Three-dimensional imaging was reconstructed from the CT
data using the SYNAPSE VINCENT software programme (Fujifilm
Corporation, Tokyo, Japan). Besides the capability of reconstruct-
ing 3D images of the pulmonary vessels and bronchial trees, this
software programme enabled the calculation of the bronchial
ventilation area using an algorithm based on the direction and
diameter of the bronchi. This function allowed for the measure-
ment of the volume of each lobe including the resected lobe and
the residual lobe rescued by segmentectomy using the preopera-
tive CT data. These volumes after thoracoscopic segmentectomy
were also calculated from the postoperative CT data.

The image interpretation and data analysis

The regional forced expiratory volume in 1 s (FEV1.0) of the
residual lobe rescued by segmentectomy was measured

from the volumetric and spirometric parameters using the
following formula:

FEV1:0�ðthe regional subjected lung volume=

the whole lung volumeÞ:

The predicted FEV1.0 of the left upper segments to be preserved
after segmentectomy was calculated using the following formula:

Preoperative FEV1:0� ðthe subjected lung volume=whole

lung volume measured from preoperative 3D�CTÞ:

Similarly, the actual FEV1.0 of the residual preserved lobe was
calculated using the following formula:

Actual FEV1:0� ðthe subjected lung volume=whole lung

volume measured from postoperative 3D�CTÞ:

The percentage of actual/predicted FEV1.0 of the residual lobe
was defined as the preservation rate.

Statistical analysis

All statistical analyses were performed using the JMP software
programme (Version 13, SAS Inc., Cary, NC, USA). All values were
expressed as the mean ± standard deviation.

The difference between the predicted and actual functions of
the preserved lobe in each group was examined using a paired t-
test. In comparison with complications and clinical factors, cate-
gorical and continuous variables were analysed by the v2 test
and unpaired t-test, respectively. A P-value of <0.05 was consid-
ered statistically significant.

Table 1: Summary of clinical variables

Clinical viable Segmentectomy LUL (n = 88)

S1 + 2 (n = 23) S1 + 2+3 (n = 35) S4 + 5 (n = 12)

Gender (male/female) 12/11 22/13 4/8 51/37
Age (years), mean ± SD 70.8 ± 8.4 71.7 ± 6.2 70.3 ± 9.7 68.9 ± 8.9
Smoking history (yes/no) 13/10 22/13 4/8 54/34
FEV1.0 (l), mean ± SD 2.04 ± 0.53 2.20 ± 0.56 1.99 ± 0.56 2.27 ± 0.55
FEV1.0/FVC (%), mean ± SD 71.9 ± 12.0 71.7 ± 11.0 71.6 ± 5.3 75.2 ± 9.8
Tumour size (cm), mean ± SD 2.0 ± 0.5 2.3 ± 0.8 1.9 ± 0.5 2.6 ± 1.0
Histology, n

Ad 15 29 11 68
Sq 3 4 1 9
Others 5 2 0 11

Stage, n
AIS 3 1 1 0
IA 14 26 9 43
IB 3 6 1 27
IIA 0 0 0 2
IIB 2 1 0 8
III or IV 0 1 1 8

Operation time (min), mean ± SD 199 ± 51 181 ± 33 174 ± 30 195 ± 39
Blood loss (ml), mean ± SD 27.8 ± 24.2 36.3 ± 35.2 31.6 ± 15.8 55.2 ± 53.9
Postoperative complication (%), n (%) 0 (0) 2 (6) 0 (0) 11 (13)
Lung fistula, n 0 0 0 9
Supraventricular arrhythmia, n 0 1 0 2
Recurrent laryngeal nerve palsy, n 0 1 0 0

AIS: adenocarcinoma in situ; Ad: adenocarcinoma; FEV1.0: forced expiratory volume in 1 s; FVC: forced vital capacity; LUL: left upper lobectomy; Sq: squamous cell
carcinoma; SD: standard deviation; S1 + 2: S1 + 2 segmentectomy; S1 + 2+3: S1 + 2+3 segmentectomy; S4 + 5: S4 + 5 segmentectomy.
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RESULTS

Surgical results

The patient characteristics, and the results of the overall opera-
tion and resected segment are summarized in Table 1. The
average operation time and the amount of bleeding were
184 ± 39 min and 45 ± 32 ml in segmentectomy and 195 ± 40 min
and 55.2 ± 46.9 ml in lobectomy, respectively. Among segmentec-
tomy cases, the surgical times of S1 + 2 segmentectomies tended
to be longer than those of other segmentectomies (199 ± 51 vs
181 ± 32 min, respectively).

Regarding postoperative complications, 1 patient presented
with sick sinus syndrome on postoperative day 3, 1 patient
presented with hoarseness due to recurrent nerve paralysis in
segmentectomy, 9 patients presented with prolonged air leak
and 2 patients presented with arterial fibrillation in the left upper
lobectomy. Notably, no patients presented with postoperative
prolonged air leak in segmentectomy. The complication rate was

significantly lower among segmentectomies compared to lobec-
tomies (3% vs 13%, respectively, P = 0.021). No postoperative
deaths or additional resections due to R1/2 resection occurred in
these populations.

Postoperative lung function after segmentectomy
compared with lobectomy

Figure 2 compares the percentage of the postoperative/preoper-
ative FEV1.0 between segmentectomy and lobectomy groups.
The percentage of postoperative/preoperative FEV1.0 was 97 in
S1 + 2, 82 in S1 + 2 + 3, 86% in S4 + 5 segmentectomy and 73 in
left upper lobectomy. The percentage of postoperative/preopera-
tive FEV1.0 was significantly higher in all segmentectomy groups
(including S1 + 2, S1 + 2+3 and S4 + 5 segmentectomy) compared with
left upper lobectomy (P < 0.001). These findings indicate that
segmentectomy preserved the whole lung function better than
lobectomy in the left upper lobe.

Figure 1: A representative case of thoracoscopic left S1 + 2 segmentectomy. (A) Computed tomography findings showing part-solid nodule (yellow arrow) in left S1 + 2.
(B) Three-dimensional vasculature image and visual guidance of virtual S1 + 2 segmentectomy produced by Synapse Vincent. (C) The operative procedure of thoraco-
scopic S1 + 2 segmentectomy. (a) The segmental veins including intersegmental veins were exposed and detached towards the periphery. (b) After the ligation of the
segmental artery and vein, B1 + 2 was identified and dissected. (c, d) In reference to the inflation–deflation line or systemic indocyanine green injection, intersegmental
plane was dissected using staplers.
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In addition, when comparing the segmentectomy groups only,
the percentage of postoperative/preoperative FEV1.0 in S1 + 2

segmentectomy and S4 + 5 was significantly higher than that of

S1 + 2+3 segmentectomy (P = 0.014 and P = 0.035, respectively).
These findings indicate that the residual lung function could
be decreased according to the increasing extent of the resected
segments.

Residual lung function after S1 + 2 and S1 + 2+3

segmentectomies

Figure 3 shows the predicted and the actual residual lobe vol-
ume in S1 + 2 and S1 + 2+3 segmentectomies. The actual residual
lobe volume was significantly lower than the predicted volume
in each procedures (S1 + 2; P = 0.037 and S1 + 2+3; P < 0.001).
The decrease in the residual lobe volume after S1 + 2+3 segmen-
tectomy was more remarkable as compared with S1 + 2

segmentectomy.
Figure 4 shows the comparison of the preservation rate

between S1 + 2 and S1 + 2+3 segmentectomies. Each preservation
rate was: S1 + 2, 83%; and S1 + 2+3, 62%. The preservation rate
of S1 + 2 segmentectomy was significantly higher than that of
S1 + 2+3 segmentectomy (P < 0.001), indicating that the preserv-
able lung volume of the residual lobe after S1 + 2 segmentec-
tomy was well-maintained compared to that after S1 + 2+3

segmentectomy. In contrast, the actual residual lobe function
after S1 + 2+3 segmentectomy was significantly decreased than
expected preoperatively.

Figure 2: The comparison of the percentage of preoperative/postoperative
FEV1.0 between S1 + 2, S1 + 2+3 and S4 + 5 segmentectomy, and left upper lobec-
tomy. The percentage of preoperative/postoperative FEV1.0 was significantly
higher in all segmentectomy types than in the LUL. FEV1.0: forced expiratory
volume in 1 s: LUL: left upper lobectomy; S1 + 2: S1 + 2 segmentectomy; S1 + 2+3:
S1 + 2+3 segmentectomy; S4 + 5: S4 + 5 segmentectomy.

Figure 3: The change in the left upper residual lobe volume before and after S1 + 2 and S1 + 2+3 segmentectomy (A, C). The actual residual lobe volume was significantly
lower than the predicted volume in each procedures (S1 + 2; P = 0.037 and S1 + 2+3; P < 0.001) (B, D) and its change was more remarkable after S1 + 2+3 segmentectomy.
FEV1.0: forced expiratory volume in 1 s; S1 + 2: S1 + 2 segmentectomy; S1 + 2+3: S1 + 2+3 segmentectomy.
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DISCUSSION

Thoracic surgeons occasionally doubt the need for lobectomy of
small-sized lesions in the left upper lobe since it is one of the
largest lobes. As a result, segmentectomy has been utilized as an
alternative option to left upper lobectomy for lung cancer in the
left upper lobe. It has been indicated that segmentectomy offers
some advantages over lobectomy. In this study, postoperative
lung function after thoracoscopic S1 + 2 segmentectomy was well-
preserved and the preservable lung volume of the residual lobe
was well-maintained compared to that after other types of thora-
coscopic segmentectomies. Thus, in cases where the tumour is
located in the apex of the left upper lobe and the tumour margin
is sufficiently secured, postoperative lung function could best be
preserved by using thoracoscopic S1 + 2 segmentectomy.

Whether segmentectomy offers postoperative clinical safety
and benefit over lobectomy remains controversial. While several
studies indicated that there was no difference of perioperative
morbidity and mortality between segmentectomy and

lobectomy [9, 10], less morbidity, better physical, emotional and
cognitive functioning and less symptoms of dyspnoea and fatigue
after segmentectomy have been documented [11]. In our cohort,
left upper segmentectomy showed favourable postoperative out-
comes and better postoperative pulmonary function as com-
pared to left upper lobectomy, indicating that segmentectomy
could provide perioperative clinical benefits over lobectomy in
the left upper lobe.

Identifying the accurate bifurcation of B1 + 2/B3 and the inter-
segmental veins is the most important procedure for S1 + 2 seg-
mentectomy. As mentioned in the literature, 3D-CT simulation
could be a powerful tool to facilitate the accurate identification
of these bronchus and intersegmental veins both preoperatively
and intraoperatively [12, 13]. The preoperative determination of
the pulmonary vessels and segmental bronchi branches, the ana-
tomical intersegmental surface and a sufficient surgical margin
from the tumour can be estimated by 3D-CT simulation, called
‘virtual segmentectomy’ [14]. In addition to preoperative simula-
tion and guidance by virtual segmentectomy, 3D-CT reconstruc-
tion enables predicting the postoperative lung function by
calculating each lobe’s volume accurately [15]. Recently, preoper-
ative measurement of low attenuation area using 3D-CT in
patients with lung cancer, particularly with the coexistence of
emphysema, was also beneficial for predicting postoperative re-
spiratory complications including prolonged air leak [16]. Thus,
3D-CT simulation could be indispensable for lung cancer surgery.

Segmentectomy, such as S1 + 2+3 and S4 + 5 segmentectomies,
could yield similar oncological outcomes to left upper lobec-
tomy. The left upper lobe is divided in 2 anatomical units: upper
division (segments 1 + 2 and 3) and lingula (segments 4 and 5).
This division could be compared to the anatomy of the right up-
per lobe and middle lobe, as described elsewhere [17]. Although
segmentectomies have usually been proposed for the treatment
of NSCLC <2 cm with a general positive consensus, some reports
have advocated that a ‘Split lobectomy’ (i.e. S1 + 2+3 and S4 + 5 seg-
mentectomies) leads to similar oncological outcomes compared
to left upper lobectomy; this was found even in patients with tu-
mour diameter above 2 cm and a good pulmonary function in
the left upper lobe [18, 19]. Thus, the split-lobe procedure could
be an alternative to left upper lobectomy in select cases of left
upper NSCLC if such procedures produce a sufficient tumour
margin away from the intersegmental plane and a complete lym-
phadenectomy. Our team is also currently working on this clini-
cal implementation, yet, it has not been clarified if S1 + 2

segmentectomy could also be an alternative to lobectomy. To
support a translation of the split-lobe concept to S1 + 2 segmen-
tectomy of left apical NSCLC, more patients must be studied over
a longer time interval.

However, loco-regional recurrences after segmentectomy
should be considered. Lobectomy has been reported to be supe-
rior to segmentectomy for securing adequate surgical margins,
resulting in a lower rate of local-regional recurrence than seg-
mentectomy [20]. According to Sienel et al. [21], segmentectomy
in the S1 + 2+3 regions more frequently lead to local recurrence
than segmentectomy in the remaining segments. In our previous
report, while segmentectomies in the right upper lobe and basal
segments showed significantly higher local recurrence than other
segmentectomies, the left upper segmentectomy was not a signif-
icant risk factor for loco-regional recurrences [22]. Thus, left lo-
bectomy or the additional neighbouring segment resection
would be preferable if upper lobe lesions near the segmental

Video 1: Total thoracoscopic S1 + 2 segmentectomy.

Figure 4: The comparison of the preservation rate between S1 + 2 and S1 + 2+3

segmentectomy. The preservation rate of the residual left upper lobe after S1 + 2

segmentectomy was significantly higher than that after S1 + 2+3 segmentectomy
(P < 0.001). S1 + 2: S1 + 2 segmentectomy; S1 + 2+3: S1 + 2+3 segmentectomy.
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border are predicted through preoperative 3D-CT virtual
simulation.

One reason why S1 + 2 segmentectomy was preserved more
than S1 + 2+3 segmentectomy was the upward displacement of the
residual lobe after the removal of S1 + 2+3 segments. The anatomy
of the left upper division (S1 + 2+3) is similar to the right upper
lobe, and it has been reported that the deviation of the right
middle lobar bronchus affects the mechanism of pulmonary aer-
ation after right upper lobectomy [23]. Nomori et al. [24] also
demonstrated that S1 + 2+3 segmentectomy decreased lobar func-
tion significantly due to large resection and marked depression
of the preserved lobe, resulting in a decrease similar to lobec-
tomy using lung perfusion single-photon emission computed to-
mography. However, there have been no reports to date
describing the comparison of S1 + 2 segmentectomy and other
segmentectomies in terms of preserving postoperative pulmo-
nary function. To our knowledge, this study is the first to eluci-
date the efficacy and superiority of S1 + 2 segmentectomy for
preserving postoperative lung function.

Limitations

This study has some limitations. First, we only examined postop-
erative pulmonary function by calculating the lung volume and
without evaluating the perfusion of the residual lobe. Additional
modalities such as lung perfusion single-photon emission com-
puted tomography are needed for this purpose. Second, we did
not include other types of complicated segmentectomies such as
S3 segmentectomy since it has small number of cases. S3 segmen-
tectomy involves 2 intersegmental surfaces at an acute angle and
requires technical acuity for identifying and dissecting true inter-
segmental plane. The utilization of Indocyanine green injection
may help to identify demarcation line, contributing to increased
cases of S3 segmentectomy in the future. Third, postoperative
spirometry was only examined 6 months after resection. Long-
term changes, such as 1- or 3-year evaluation, should be per-
formed to understand the chronological changes after
segmentectomy.

CONCLUSION

In conclusion, although left S1 + 2+3 segmentectomy spared the
lower residual lobe function more than was predicted preopera-
tively, segmentectomy preserved the whole lung function better
than lobectomy. Moreover, postoperative lung function and the
preservable lung volume of the residual lobe were best preserved
after thoracoscopic S1 + 2 segmentectomy compared to those af-
ter other segmentectomies. Thus, in cases where the tumour is
located in the apex of left upper lobe and the tumour margin is
secured, thoracoscopic S1 + 2 segmentectomy could be a good al-
ternative to preserve postoperative lung function.
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