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Introduction

With the recent increase in the number of patients pre-
senting with early-stage lung cancer, the use of segmen-
tectomy, which contributes to the preservation of lung 
function (LF), has increased.1,2) Advances in medical 
equipment3) have allowed this complicated surgery to be 
performed with relative safely. The use of automatic 
suture instruments, for example, have become common 
in procedures involving the resection of lungs and 
vessels.4) Some sources report that resection by staplers 
may lead to less blood loss, shorter operating times, and 
less pulmonary air leakage than by electrocautery.5) In 
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contrast, it has also been determined that when lung 
parenchyma is separated with staples, postoperative atel-
ectasis and peri-staple hematomas may occur.6,7) Further, 
the tucking up of parenchymal tissue with sturdy staples 
may lead to insufficient postoperative lung expansion,8,9) 
which may interfere with the postoperative recovery of 
pulmonary function and volume. However, there is lim-
ited evidence regarding the postoperative LF and volume 
following thoracoscopic surgery by using staplers, as 
opposed to open surgery. In the present study, we inves-
tigated the efficacy of the conventional segment-counting 
method in predicting LF and lung volume after 
stapler-based thoracoscopic segmentectomy in compari-
son with lobectomy.

Materials and Methods

The patients’ medical records were retrospectively 
reviewed under a waiver of authorization and consent, 
and was approved by St. Luke’s International Hospital 
(No. 19-R094, May 22, 2019). This study was performed 
in accordance with the ethical standards of the 1964 
Declaration of Helsinki and its later amendments.

Patients
Between January 2014 and March 2018, 348 patients 

underwent lung resection by thoracoscopic surgery 
(lobectomy, 176; stapler-based segmentectomy, 172) at 
our institution. Thin-section computed tomography (CT) 
and spirometry findings obtained before and 1 year after 
the operations were assessed for all patients after apply-
ing the following exclusion criteria: (1) no postoperative 
CT and/or spirometry performed in the observation 
period (n = 168), (2) the number of staples in the residual 
lungs was unclear due to segmentectomy following par-
tial resection for intraoperative diagnosis such as staple 
on staple (n = 11), (3) additional procedures for air leak-
age, such as direct suturing or usage of polyglycolic acid 
sheets and fibrin glue, pleurodesis (n = 26), and (4) past 
medical history of pulmonary resection (n = 27). Finally, 
116 patients (thoracoscopic lobectomy, 47; stapler-based 
thoracoscopic segmentectomy, 69) were included in this 
study.

Evaluation of lung functions and volumes
For the patients enrolled in this study, spirometry was 

conducted before and 1 year after the operations. 
Thin-section CT images were also taken to assess the 
pulmonary condition at the same time points. LF 

assessments were performed by measuring the forced 
vital capacity (FVC) and forced expiratory volume in 1 
sec (FEV1). Total lung volume (TLV) was evaluated 
using three-dimensional CT images with SYNAPSE 
VINCENT software (Fujifilm Medical, Tokyo, Japan). 
The predicted postoperative (ppo) values for each vari-
able were calculated using the following formula10,11):

ppoX = �preoperative X × (19 − the number of resected 
segments)/19,

where X corresponds to the FVC, FEV1, or TLV. The 
differences between the actual postoperative and ppo 
values, which was the predicted error, for LF and volume 
measurements were compared in the thoracoscopic 
lobectomy and segmentectomy groups. We also evalu-
ated the predicted error of the LF and TLV values for 
each number of resected segments in both groups. Fur-
thermore, the following value was assessed:

The predicted rate of X (%) = postoperative X/ppoX.

For subgroup analyses in the segmentectomy group, 
we investigated the risk factors that would determine a 
lower-than-ppo LF. Prediction of these values with the 
segment-counting method was inaccurate. The risk fac-
tors included the following clinically relevant periopera-
tive variables: age (>65 years), sex (male), positive 
smoking history, lung disease (interstitial pneumonia 
and/or chronic obstructive pulmonary disease), the num-
ber of staples dividing the lung parenchyma (≥5), single 
segmentectomy, operative time (>3 hr), and the number 
of days to the removal of the chest drain (≥2). The thick-
ness and type of staples were not considered.

Surgical procedure
Thoracoscopic lobectomy and segmentectomy were 

performed under general anesthesia with double-lumen 
intubation. For both operative procedures, three surgical 
incisions were made.12) The largest wound had a diame-
ter of 3 cm and was made to pull out the resected 
specimen. Segmentectomy was indicated for: (1) nodules 
less than 2 cm in size, (2) pure ground glass or part-solid 
nodules on CT, and (3) suspected metastases from other 
cancers. For nodules that were relatively far from the 
visceral pleura, to prevent insufficient margins, 
virtual-assisted lung mapping (VAL-MAP) before seg-
mentectomy13) was performed. In addition, when resect-
ing the pulmonary artery and vein and the bronchus, 
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intersegmental planes were created by staples alone and 
electrocautery was not used. During the thoracoscopic 
lobectomy, staples were fired only into the interlobar 
planes and were not used to divide the lung parenchyma. 
In contrast, for stapler-based thoracoscopic segmentec-
tomy, staples were used for dividing both interlobar 
planes and lung parenchyma. In our team, when deter-
mining the resecting lines, we did not adhere to the exact 
intersegmental planes but rather prioritized an adequate 
surgical margin from the tumors.

The findings for a case of stapler-based thoracoscopic 
segmentectomy for left basilar segments (S9 + 10) per-
formed at our hospital are presented in Fig. 1. A part-
solid nodule, 15 mm in size, can be seen at the lateral 
basal segment in the left lung. To maintain the surgical 
margin, three dye markings by bronchoscopy were made 
preoperatively in accordance with the VAL-MAP tech-
nique. Among these three markings, one was planned 
near the tumor through B9a. The other two markings 
were made on the surface of the residual lung via B6c 
and B8b, which were on the borders between the superior 
segment (S6) or anterior basal segment (S8) and the bas-
ilar segments (S9 + 10). A total of seven staples were 
used on the lung parenchyma for resection.

Statistical analysis
Continuous variables are presented as medians with 

interquartile ranges and compared using the Mann–
Whitney U test. Categorical variables are reported as 
frequencies and percentages, and compared using the χ2 
test. In the stapler-based segmentectomy group, univari-
able and multivariable logistic regressions were used to 
estimate the relevant risk factors for lower-than-ppo 
LF values. A P <0.05 was considered statistically 

significant. All analyses were conducted with the statis-
tical software R (Ver. 3.4.3) (R Foundation for Statistical 
Computing, Vienna, Austria).

Results

This retrospective study was conducted with 
116 patients who underwent pulmonary resections by 
thoracoscopic approach. Of these, 69 (58%) constituted 
the stapler-based segmentectomy group. Table 1 shows 
the demographic characteristics of participants in the 
lobectomy and segmentectomy groups. The two groups 
showed no significant differences in baseline preopera-
tive LF and volume values. None of the patients showed 
severe pulmonary dysfunction (FEV1 <1.5 L). The 
median number of staples used for dividing lung tissues 
was five in the segmentectomy group and two staples in 
the lobectomy group. Table 2 demonstrates the resected 
regions in each group. In the segmentectomy group, 
right resection was performed in 38 patients (single seg-
mentectomy: 31; multiple segmentectomy: 7) and left 
resection in 31 patients (single segmentectomy, 9; multi-
ple segmentectomy, 22). VAL-MAP was performed for 
32 patients (46%) in the stapler-based segmentectomy 
group.

For the prediction accuracy of segment-counting 
method, the mean predicted rates of FEV1 were 99 ± 7% 
in segmentectomy group and 111 ± 10% in lobectomy 
group (P <0.001). Also, the mean predicted rates of FVC 
were 99 ± 7% in segmentectomy group and 111 ± 15% in 
lobectomy group (P <0.001). However, the mean pre-
dicted values of TLVs were 107 ± 13% for the segmentec-
tomy group and 116 ± 13% (P <0.001). In the evaluations 
of predicted error, the difference between the 

Fig. 1  �A case of thoracoscopic stapler-based segmentectomy for the left basilar segments (S9 + 10). The axial and sagittal computed 
tomography (CT) images indicate the location of a part-solid nodule. Yellow dotted lines in the CT images are planned routes to 
fire staples and the actual staple lines in this operation. Three blue circles indicate the area of dye markings, which include the B8b 
marking (darker blue). 
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postoperative and predicted values was verified for FVC, 
FEV1, and TLV values (Fig. 2A). The median difference 
in FVC was 270 mL (16–442 mL) for thoracoscopic 
lobectomy and −31 mL (−169 to −110 mL) for the seg-
mentectomy. The median difference in FEV1 was 189 mL 
(69−305 mL) for the lobectomy and −57 mL (−164 to −93 
mL) for the segmentectomy. The median difference in 
TLV was 585 mL (333–861 mL) for the lobectomy and 
236 mL (13–471 mL) for the stapler-based thoracoscopic 
segmentectomy. In the segmentectomy group, all postop-
erative LF and volume values were almost equal to the 
predicted values. The predicted error of LFs and volume 
after segmentectomy was significantly smaller and lower 
than those of lobectomy (P <0.01).

In terms of the number of patients who had both 
higher FVC and FEV1 than their predictions, the lobec-
tomy group had 35 patients (74%), while the segmentec-
tomy group had 30 patients (43%). In the lobectomy 
group, staples for dividing interlobar planes were used 
for 38 patients (81%). However, no significant difference 
in the preoperative predicted- and postoperative LFs was 
observed between patients with and without staple 
(Supplementary Table, available Online).

The results of the patients who underwent single and 
multiple stapler-based segmentectomy are shown in 
Fig. 2B. The mean predicted rates of FEV1 were 97 ± 7% 
for single group and 101 ± 8% for multiple group 
(P = 0.009) as well as those for FVC (P = 0.043). 

Table 1  Overall characteristics of patients who underwent thoracoscopic lobectomy and stapler-based thoracoscopic segmentectomy

Variables Lobectomy (n = 47) Stapler-based segmentectomy (n = 69) P-valuea

Age (years)b 67 (62–72.5) 66 (58−72) 0.523
Male, N (%) 36 (76.6) 32 (46.3) 0.002
BMI (kg/m2)b 22.7 (21.1−25.3) 23.2 (21.5−24.7) 0.998
History of smoking, N (%) 33 (70.2) 38 (55.1) 0.108
Number of used staples in parenchymab 2 (1−3) 5 (4−6) <0.01
COPD, N (%) 6 (12.8) 6 (8.7) 0.663
IP, N (%) 9 (19.1) 7 (10.1) 0.248
FEV1 (L)b 2.41 (2.03−2.81) 2.33 (1.99−2.76) 0.906
ppoFEV1 (L)b 1.89 (1.62−2.17) 2.15 (1.82−2.51) <0.01
FVC (L)b 3.41 (2.94−3.84) 3.33 (2.73−3.81) 0.444
ppoFVC (L)b 2.70 (2.29−3.11) 3.05 (2.54−3.47) <0.01
DLCO (ml/min/mmHg)b 18.1 (14.9−22.3) 18.7 (15.7−22.2) 0.731
Total lung volumes (L)b 4.53 (4.05−5.13) 4.31 (3.82−5.22) 0.365
Operative time (min)b 197 (170−218) 177 (146−207) <0.01
Drainage periods (days)b 2 (1−4) 1 (1−2) <0.01

aP-value in the Mann–Whitney U test. bContinuous characteristics are expressed as the median (interquartile range). BMI: body mass 
index; COPD: chronic obstructive pulmonary disease; DLCO: diffusing capacity of the lungs for carbon monoxide; FEV1: forced expi-
ratory volume in 1 s; FVC: forced vital capacity; IP: interstitial pneumonia; ppo: predicted postoperative value

Table 2 � Resected regions in each procedure by thoracoscopic lobectomy and stapler-based 
segmentectomy (single and multiple segmentectomy)

Lobectomy (n = 47)
Single 

segmentectomy
(n = 40)

Multiple 
segmentectomy

(n = 29)

Right upper 
lobe

19 S1 4 S1 + 2 1
S2 5
S3 8

Right lower 
lobe

11 S6 11 S6 + 8 1
S7 1 S8 + 9 2
S10 2 S9 + 10 3

Left upper lobe 12 S3 3 S1 + 2 10
S1 + 2 + 3 8

S4 + 5 2
Left lower lobe 5 S6 4 S9 + 10 2

S8 1
S10 1

S: segment
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Moreover, the mean predicted rates of TLV were 
107 ± 15% in the single group and 108 ± 10% in the 
multiple group (P = 0.646). All predicted error values for 
LF showed significant differences between the two 
groups. The predicted error for FVC and FEV1 for mul-
tiple segmentectomy was 95 mL and 40 mL, respec-
tively, which were higher than the values for the single 
segmentectomy (−56 ml for FVC, P = 0.016; −83 ml for 
FEV1, P = 0.006, respectively). However, the predicted 
error values for TLV approached significance. The pre-
dicted error of TLV was 300 mL in the multiple segmen-
tectomy, which was higher than that of the single 
segmentectomy (122 mL) with no significant difference 
(P = 0.134).

In the stapler-based thoracoscopic segmentectomy 
group, there were 39 patients (56%) with lower-than-ppo 

LF values. Subgroup analyses were also performed to 
investigate the clinical risk factors for the lower-than-
ppo LF values. In the univariable and multivariable anal-
yses, single segmentectomy was a risk factor (Table 3). 
For a single segmentectomy, the odds ratio was 4.25 
(95% confidence interval [CI]: 1.52–11.90, P <0.01) on 
univariate analysis and 3.29 (95% CI: 1.02–10.70, 
P = 0.04) on multivariable analysis. No associations 
between the number of fired staples for dividing lung tis-
sue and lower-than-ppo LF were noted.

Discussion

Automatic suture instruments have been used for 
stapler-based segmentectomy in the cases of lung cancer 
at many centers.14–16) However, there is limited evidence 

Fig. 2  �(A) Upper row: the difference between actual and predicted (ppo) values for FVC, FEV1, and TLV in the thoracoscopic lobec-
tomy and stapler-based segmentectomy groups. (B) Lower row: the difference between actual and predicted (ppo) values for 
FVC, FEV1, and TLV in the stapler-based segmentectomy (single and multiple segmentectomy). FEV1: forced expiratory volume 
in 1 s; FVC: forced vital capacity; TLV: total lung volume based on three-dimensional volumetry 
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regarding the efficacy of the conventional segment-
counting method in predicting LF and volume following 
stapler-based thoracoscopic segmentectomy. Moreover, 
the impact on the residual lungs following the thoraco-
scopic segmentectomy is unclear. To the best of our 
knowledge, few studies to date have evaluated the influ-
ence of the number of resected segments and staples 
used to divide lung tissues, or the stapling procedure 
itself on postoperative LF and volume. Thus, we investi-
gated all these aspects in the present study. To minimize 
the effect factors other than the stapling procedure on the 
residual lungs, we excluded the patients with a history of 
additional procedure for air leakage or pleural effusion.

Our cohort was suitable for assessing the stapling pro-
cedure’s efficacy in preserving the residual lung because 
all resection lines were created by staples. There are two 
main methods to divide intersegmental planes or lung 
tissues in stapler-based thoracoscopic segmentectomy. 
The classical approach is to divide them by electrocau-
terization along the direction of intersegmental veins.17,18) 
The other approach, a stapling procedure, involves divid-
ing lung parenchyma by assuming intersegmental planes 
using automatic suture instruments.8,19) Some previous 
studies have compared lobectomy and segmentectomy 
on the basis of LF values and 3D lung volumetry find-
ings. These studies evaluated LF before and after opera-
tions by scintigraphy or residual volumes based on 3D 
volumetry.20,21) However, the methods used to make 
intersegmental planes, such as staple or electrocautery, 
were not considered in these studies.

Our results, which are based on only the stapling 
procedure, suggest that the LF and volume after thoraco-
scopic lobectomy were much higher than predicted. 

After thoracoscopic segmentectomy, lung volumes were 
slightly higher than predicted, but postoperative LF val-
ues were equivalent to the predicted values. However, in 
the segmentectomy, 39 cases (56%) had lower-than-ppo 
LF values. To investigate the cause, subgroup analysis 
was performed. According to the result, performing a 
single segmentectomy was significantly associated with 
lowered LFs. In terms of the predicted error in TLV fol-
lowing single and multiple segmentectomy, there was no 
significant difference but a tendency for higher-than-
predicted volumes in those who underwent multiple 
segmentectomy.

There were some possible factors influencing the dif-
ferent results between the thoracoscopic lobectomy and 
segmentectomy. First, the difference in the room for lung 
expansion was considered. After the lobectomy, there 
was more space for the residual lungs to expand com-
pared to the segmentectomy because larger lung volumes 
had been resected. Therefore, the difference was consid-
ered to have occurred due to the postoperative LF being 
beyond the prediction in the lobectomy and equivalent to 
the prediction in the segmentectomy. A similar phenom-
enon was considered as the cause for the different out-
comes observed between the single and multiple 
segmentectomy groups.

Second, the different stitching strength caused by 
varying quantity and placement of staples might have 
affected the result. There was a significant difference in 
the number of staples in the parenchyma, namely two for 
the thoracoscopic lobectomy group and five for the seg-
mentectomy group. Staples were used only for separat-
ing thin interlobar fissures in the lobectomy, whereas 
they were fired for dividing thick parenchyma in the 

Table 3 � Clinical risk factors leading to lower postoperative lung function than the predicted values 
among patients undergoing stapler-based thoracoscopic segmentectomy in univariable and 
multivariable analyses

Variables
Univariable Multivariable

OR (95% CI) P-value OR (95% CI) P-value

Age >65 years 0.46 (0.17–1.29) 0.14 0.58 (0.17–2.04) 0.39
Male 0.54 (0.21–1.45) 0.22 0.76 (0.23–2.45) 0.64
Ever-smoker 0.97 (0.37–2.56) 0.95 0.92 (0.28–3.05) 0.89
IP and/or COPD 4.33 (0.49–38.20) 0.19 7.11 (0.66–76.60) 0.11
Number of staples used in 
parenchyma ≥5

1.00 (0.36–2.79) 1.00 1.01 (0.28–3.61) 0.99

Single segmentectomy 4.25 (1.52–11.90) <0.01 3.29 (1.02–10.70) 0.04
Operative time >3 hr 0.66 (0.25–1.76) 0.41 0.96 (0.27–3.41) 0.95
Drainage periods ≥2 days 0.63 (0.23–1.69) 0.35 0.68 (0.21–2.18) 0.52

Bold phase indicates P-value less than 0.05. CI: confidence interval; COPD: chronic obstructive pulmonary 
disease; IP: interstitial pneumonia; OR: odds ratio
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segmentectomy. However, although sub-analysis 
between single and multiple segmentectomy showed 
significant differences in the predicted error of LFs, the 
stitching strength might have been irrelevant, exerting a 
minimal impact as the number of staples was the same in 
each group.

Third, according to the sub-analysis, there could be 
another cause as to why single segmentectomy became a 
risk factor for lower-than-ppo LF values. A research 
group reported contrary results following thoracotomy 
showing that a lower-than-ppoFEV1 was seen in a seg-
mentectomy of ≥2 segments than in that of a single seg-
mentectomy.22) This study utilized electrocautery to cut 
the intersegmental plane along the intersegmental vein in 
shallow lung tissue. In contrast, our single segmentec-
tomy using staples under thoracoscopic surgery had a 
higher likelihood of achieving an extended resection to 
maintain an adequate surgical margin, which may have 
resulted in a lower-than-ppo LF values. Dividing the 
intersegmental planes exactly can result in insufficient 
surgical margins. Because the priority policy of our sur-
gical procedure was to maintain sufficient tumor mar-
gins and preserve postoperative LF, VAL-MAP was 
often conducted before surgery.13) According to our 
treatment policy, we sometimes created resection lines 
beyond the anatomical intersegmental planes and 
resected part of the adjacent segments en bloc, especially 
when performing single segmentectomy. Due to this, we 
may have resected a portion slightly larger than the ana-
tomical segment which might have resulted in lower LF 
than the predicted values.

Limitations

There are a few limitations to this study. First, the 
study design was based on a retrospective cohort and 
conducted at a single medical center. The number of 
patients was relatively small. Second, we did not assess 
the differences between stapler-based segmentectomy 
and segmentectomy by electrocautery. Finally, this study 
focused on the condition of LF and TLV 1 year after the 
operations. Thus, the short-term effects were not evalu-
ated and discussed.

Conclusions

Although there are concerns that stapler-based thora-
coscopic segmentectomy will lead to more volume loss 
and lower LFs than expected, they were mostly 

equivalent to the predicted values in this study. In con-
trast, the LFs and volume after thoracoscopic lobectomy 
were much higher than predicted, compared to after seg-
mentectomy. In the segmentectomy group, we experi-
enced several cases that had lower-than-ppo LF, although 
the degree was statistically insignificant. Overall, the 
segment-counting method was determined as capable of 
predicting lung function after stapler-based thoraco-
scopic segmentectomy.
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