L))

Check for
updat

Original Article

What is the benefit of preserving the superior segment in
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Background: The beneficial effect of preserved superior segment (S6) after common basal segmentectomy
remains unknown. We aimed to evaluate the effect of preserved superior segment on lung volume and
function.

Methods: Among 671 segmentectomies and 2,249 lobectomies for clinical stage IA lung cancer between
2004 and 2020, 48 patients who received thoracoscopic common basal segmentectomy were included and
compared with 96 patients who received thoracoscopic lower lobectomy after propensity score matching.
The variables analyzed were age, sex, comorbidity, smoking history, preoperative forced expiratory volume in
one second (FEV1), clinical T stage, histology, and tumor location. Lung volume was assessed using a three-
dimensional (3D) computed tomography (CT)-based volumetric method.

Results: There were no significant differences between common basal segmentectomy (segmentectomy
group) and lower lobectomy (lobectomy group) (4,183.8+1,114.9 versus 3,850.7=1,132.1 mL; P=0.10) in
terms of preoperative CT-measured total lung volume. At the immediate postoperative median follow-up
period (6.4 months), the reduced percentage of CT-measured total lung volume in the segmentectomy group
was significantly larger than that in the lobectomy group (~16.2% versus -6.5%; P=0.004). The percentage
of CT-measured contralateral lung volume expansion in the segmentectomy group was significantly smaller
than that in the lobectomy group (-0.7% versus +8.9%; P=0.006). At the last median follow-up period
(43.1 months), the reduced percentage of CT-measured total lung volume in the segmentectomy group
remained larger than that in the lobectomy group (-13.0% versus -3.0%; P=0.01). The reduced percentage
of postoperative FEV1 in the segmentectomy group did not differ from that in the lobectomy group (-9.9%
versus -11.5%, P=0.63).

Conclusions: Preserving the superior segment might not provide beneficial effect on the preservation
of postoperative lung volume and function after common basal segmentectomy compared with lower

lobectomy.
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Introduction

Early surgical treatment of early lung cancer is increasing
owing to advances in diagnostic technology (1). There
has been ongoing research on sublobar resection, which
is known to provide an advantage in future resection,
during the past 20 years (2,3). Moreover, although
several studies on the effect of segmentectomy on lung
function preservation compared with lobectomy have
been conducted, the topic remains controversial (2,4-6).
Furthermore, there is ongoing research regarding whether
lung volume after segmentectomy could be actually
more preserved compared with that after lobectomy (7).
Herein, we focused on the preserved superior segment
(S6) after common basal segmentectomy. Although it was
a common basal segmentectomy that is relatively more
commonly applied among various types of segmentectomy,
the preserved superior segment is too small to preserve
the parenchyme. Therefore, it was not included in the
segmentectomy category according to recent randomized
control trials (8-10). In other words, the beneficial
effect of preserved superior segment after common
basal segmentectomy remains unknown (11). Changes
in pre- and post-operative lung volume were measured
by three-dimensional (3D) computed tomography (CT)

reconstruction, and changes in lung function were assessed
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using the pulmonary function test (PFT). We aimed
to evaluate the effect of preserved superior segment on
CT-measured lung volume and function. We present
this article in accordance with the STROBE reporting
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-791/rc).

Methods
Patients

We retrospectively examined the data of 2,920 patients
who underwent lobectomy or segmentectomy at Asan
Medical Center, Seoul, South Korea, between January 2004
and April 2020. Among 671 segmentectomies and 2,249
lobectomies for clinical stage IA lung cancer, 48 patients and
661 patients who underwent thoracoscopic common basal
segmentectomy and thoracoscopic lower lobe lobectomy,
respectively, were evaluated. After propensity score
matching [1:2, matched variables: age, sex, comorbidity,
smoking history, preoperative forced expiratory volume
in 1 second (FEV1), clinical T stage, histology, and tumor
location], 48 patients allocated to the common basal
segmentectomy group (segmentectomy group) and 96 to
the lower lobe lobectomy group (lobectomy group) were
included in the study (Figure S1). Lung volume was assessed
using a 3D CT-based volumetric method.

The primary endpoints were changes in CT-measured
lung volume and lung function. The secondary endpoints
were surgery-related complications.

Operative procedures

At our institution, lobectomy was the standard treatment
of lung cancer. Segmentectomy was performed only in
patients whose lung function and performance status
were insufficient to withstand lobectomy or those with
comorbidity or needed additional lung resection due to
multiple lesions. The intersegmental plane was checked
through the inflation-deflation line. At the surgeon’s
discretion, mostly, intersegmental plane division was made
by stapling. In addition, energy device was used only for a
limited number of cases. Generally, systematic lymph node
dissection was mainly performed at our institution rather
than nodal sampling or selective lymph node dissection.
After segmentectomy, if malignant cells existed at the cut
margin or there was doubt that the safety margin would
be sufficiently secured, lobectomy was performed. If the
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rotation of the preserved segment or lobe was anticipated,
fixation was performed using a stapling device or suture.
All operations included in the study group were performed
using video-assisted thoracoscopic surgery

Lung image reconstruction

CT data were used for reconstructing 3D images using the
Synapse Vincent software (Fujifilm Corp, Tokyo, Japan).
The most recent CT data obtained closest to the operation
day was used. Furthermore, reconstruction was performed
using data from the series with the lowest slice thickness
available among the CT image set. In some cases, series
with a larger thickness were used for keeping input data
uniform for pre- and post-surgery reconstruction.

Follow-up strategy

The postoperative follow-up strategy differed among
surgeons. However, the first follow-up CT scan was
performed 3 or 6 months postoperatively. Subsequently,
follow-up was performed at 6-month intervals until the
fifth year and subsequently conducted annually. Although
CT scan was performed in almost all patients, PF'T" was not
routinely performed. Some physicians performed PFT every
one to two years in asymptomatic patients, whereas others
performed PFT only when patients were symptomatic.

Definition of variables

Changes in lung function and CT-measured volume pre-
and postoperatively were expressed as percentages using
the following formula: [(postoperative value — preoperative
value)/preoperative value] x 100 (%)

"The predicted postoperative lung volume and FEV1 was
calculated using the following formula: [preoperative value
x (postoperative preserved functional segment/19)] (12).

Statistical analysis

The baseline characteristics of each group were analyzed
using the independent #-test for continuous variables
and chi-squared and Fisher’s exact test for categorical
variables. Continuous variables are presented as means and
standard deviations. Categorical variables are presented as
frequencies and percentages. The normality of individual
parameter distributions was assessed using the Shapiro-
Wilk test. The propensity scores were calculated by
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the logistic regression models, including the following
variables: age, sex, comorbidity, smoking history,
preoperative FEV1, clinical T stage, histology, and tumor
location. Propensity score matching revealed similarly
distributed propensity scores between the segmentectomy
and lobectomy groups, indicating that differences in the
covariates between both groups were minimized. We
matched propensity scores individually using optimal
methods. Regarding comparison between the matched
groups, Student’s #-test or the Wilcoxon rank-sum test was
used for comparing continuous variables depending on the
normality of distribution.

All statistical calculations were performed using R
Statistical Software (version 4.2.2; The R Foundation for
Statistical Computing, Vanderbilt University, Nashville,
TN, USA) using the Matchlt package (version 4.5.0;
Ho er al. 2011), ggplot2 package (version 3.4.0; Wickham
2016), and moonBook package (version 0.3.1; Moon 2015).
A P value <0.05 was considered statistically significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Review Board (IRB) of
the Asan Medical Center (No. 2022-1345), and individual

consent for this retrospective analysis was waived.

Results
Operative results

Patient characteristics are presented in Table 1. The
segmentectomy group exhibited a statistically significantly
worse preoperative FEV1 (P=0.009), and more comorbidity
(P=0.046) than in the lobectomy group. After propensity
score matching, demographic data were well matched
between the lobectomy and segmentectomy groups
(Table 2). The overall operation results are summarized
in Table 3. Both groups showed similar operative results,
length of stay (7.0+3.6 versus 6.6+3.8 days, P=0.50), and
postoperative complication rate (14.6% versus 8.3%,
P=0.42). Specifically, persistent air leakage (>7 days)
occurred in 7 patients (7.3%), and pneumonia occurred
in 5 patients (5.2%) in the lobectomy group. Persistent
air leakage occurred in 2 patients (4.2%), and pneumonia
occurred in 1 patient (2.1%) in the segmentectomy group.
There were no 30- and 90-day mortalities.
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Table 1 Demographic and clinical characteristics of patients
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Characteristics Lower lobe lobectomy (n=661) Common basal segmentectomy (n=48) P value
Age, years 61.1+£9.9 63.7+9.0 0.08
Sex, male 315 (47.7) 20 (41.7) 0.51
Never smoker 390 (59.0) 28 (58.3) >0.99
Comorbidity 0.046
0-1 402 (60.9) 23 (47.9)
2 210 (31.8) 16 (33.3)
>3 49 (7.5) 9(18.8)
Preoperative PFT values
FEV1, % 91.4+14.0 85.9+15.6 0.009
Cell type 0.41
Adenocarcinoma 568 (85.9) 39 (81.2)
Squamous cell carcinoma 60 (9.1) 5(10.4)
Others 33 (5.0) 4 (8.4)
Resected location 0.50
Right lower lobe 373 (56.4) 30 (62.5)
Left lower lobe 288 (43.6) 18 (37.5)

Values are presented as n (%) or mean + standard deviation. PFT, pulmonary function test; FEV1, forced expiratory volume in 1 second.

Table 2 Patient demographics after propensity score matching

Characteristics Lower lobe lobectomy (n=96)  Common basal segmentectomy (n=48) P value SMD
Age, years 63.9+9.2 63.7+9.0 0.89 0.025
Sex, male 39 (40.6) 20 (41.7) >0.99 0.021
Never smoker 58 (60.4) 28 (58.3) 0.95 0.042
Comorbidity 0.90 0.100
0-1 49 (51.0) 23 (47.9)
2 33 (34.4) 16 (33.3)
>3 14 (14.6) 9(18.8)
Preoperative PFT values
FEV1, % 87.1+14.2 85.9+15.6 0.64 0.082
Cell type >0.99 0.034
Adenocarcinoma 77 (80.2) 39 (81.2)
Squamous cell carcinoma 10 (10.4) 5(10.4)
Others 9(9.4) 4 (8.4)
Resected location >0.99 <0.001
Right lower lobe 60 (62.5) 30 (62.5)
Left lower lobe 36 (37.5) 18 (37.5)

Values are presented as n (%) or mean + standard deviation. SMD, standardized mean difference; PFT, pulmonary function test; FEV1,

forced expiratory volume in 1 second.
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Table 3 Operative outcomes and follow-up
Characteristics Lower lobe lobectomy (n=96) Common basal segmentectomy (n=48) P value
Length of stay, days 7.0+£3.6 6.6+3.8 0.50
Complications 14 (14.6) 4 (8.3) 0.42

Persistent air leak (>7 days) 7 (7.3) 24.2)

Atelectasis/pneumonia 5(5.2) 1@2.1)

POAF 1(1.0) 1@2.1)

High chest tube output 1(1.0) 0

30-day mortality 0 0

90-day mortality 0 0

Values are presented as n (%) or mean = standard deviation. POAF, postoperative atrial fibrillation.

Changes in CT-measured lung volume

In the matched population, there were no significant
differences in preoperative lung volume between the
segmentectomy and lobectomy groups (4,183.8+1,114.9
versus 3,850.7+1,132.1 mL; P=0.10). Postoperative CT-
measured lung volume changes are illustrated in Figure 1.
At the immediate postoperative median follow-up period
(6.4 months), there was no statistically significant difference
in ipsilateral lung volume reduction between the lobectomy
and segmentectomy groups postoperatively (P=0.43)
(Figure 1A4). In contrast, the contralateral lung volume
increased by 8.9% in the lobectomy group but decreased by
0.7% in the segmentectomy group (P=0.006) (Figure 1C).
Consequently, the total lung volume also decreased to a
greater extent in the segmentectomy group compared with
the lobectomy group (-16.2% versus -6.5%; P=0.004;
Figures 1E,2). Similarly, the reduction in the percentage of
total lung volume in the segmentectomy group remained
larger than that in the lobectomy group (-13.0% versus
-3.0%, P=0.01) at the last median follow-up period
(43.1 months) (Figures 1F,2). When the predicted
postoperative ipsilateral lung volume was assessed, the
measured lung volume was smaller than the predicted
lung volume at both the immediate and last follow-up
periods. Moreover, the difference between the measured
lung volume and expected lung volume was greater in the
segmentectomy group than that in the lobectomy group
(Figure S2).

Changes in lung function

In the matched population, there was no statistically
significant difference in preoperative lung function

© Journal of Thoracic Disease. All rights reserved.

between the segmentectomy and lobectomy groups
(85.9%x15.6% versus 87.1%x14.2%, respectively; P=0.64)
(Table 4). Similarly, there was no significant difference
in lung function between both groups postoperatively
(77.6%+15.5% versus 76.8%+16.0%; P=0.81). The
segmentectomy and lobectomy groups exhibited similar
reductions in postoperative FEV1 (-9.9% versus -11.5%;
P=0.63) (Figure 3). Both groups achieved larger FEV1
values compared with the predicted postoperative FEV1.
Although the difference was not statistically significant, the
lobectomy group showed a larger FEV1 value than expected
(Figure S3). Similarly, changes in diffusing capacity for
carbon monoxide (DLCO) were not statistically significant
(Table 4).

Discussion

Since the late 2000s, sublobar resection, including
segmentectomy or wedge resection, has garnered attention
as lung parenchymal preserving surgery (13). Since then,
comparisons with lobectomy continued and are still
ongoing. Compared with lobectomy, segmentectomy was
considered more likely to preserve lung volume because the
amount of tissue removed was smaller. Although studies
on changes in lung volume and function after pulmonary
resection have continued, there is still no consensus (2,3,7,9).
In this study, the preserved superior segment after common
basal segmentectomy reduced CT-measured total lung
volume by limiting the lung expansion of the ipsilateral and
contralateral lung compared with lower lobe lobectomy.
Moreover, no statistically significant benefit for pulmonary
function was identified.

Sengul et al. reported that total lung volume loss was
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Figure 1 Postoperative CT-measured ipsilateral lung volume changes (A) at the short-term follow-up and (B) at the long-term follow-
up. Postoperative CT-measured contralateral lung volume changes (C) at the short-term follow-up and (D) at the long-term follow-
up. Postoperative CT-measured total lung volume changes (E) at the short-term follow-up and (F) at the long-term follow-up. CT,

computerized tomography.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2023;15(11):6009-6018 | https://dx.doi.org/10.21037/jtd-23-791



Journal of Thoracic Disease, Vol 15, No 11 November 2023

5.57% after lower lobectomy (ipsilateral volume: -25.58%;
contralateral volume: 12.03%) (14). Lung volume of the
segments preserved following segmentectomy showed
a significant decrease compared with its preoperative
value. Furthermore, both ipsilateral unaffected lobe and
contralateral lung volume increases were greater in the
lobectomy group than in the segmentectomy group (7).
This result is in agreement with our findings (Figure 1).

Common basal segmentectomy
------------- Lower lobectomy

4400 4,184
4200
4000
3800
3600
3400
3200
3000

CT measured
lung volume, mL

Preop Short term

Long term
Time
Figure 2 Preoperative and postoperative CT-measured lung

volume changes. CT, computerized tomography.
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In our study, more specifically, we focused only on the
preserved superior segment and checked the results twice—
during the short- and long-term follow-ups.

In our study, CT-measured lung volume was more
reduced in the segmentectomy group than in the
lobectomy group. This result was unexpected. However,
the compensatory response after pulmonary resection
is still not fully understood (5,14,15). Although it was a
lobectomy-level study, the study by Sengul ez al. suggested
reasons for changes in pre- and post-operative lung volume
according to the type of lobectomy. The reason that the
volume changes in the ipsilateral lobe remaining after
upper lobectomy was relatively small is that the diameter
of the superior thorax was smaller than that of the inferior
thorax. Additionally, the superior mediastinum was less
active (14). In other words, the extent of expansion was
affected by the characteristics of the space remaining
after lung resection. Accordingly, it can be surmised that
the superior segment remaining after common basal
segmentectomy may interfere with the free expansion of
the other ipsilateral lobe and contralateral lung. Moreover,
in a previous study, physical strain following pulmonary

Table 4 Summary of preoperative and postoperative pulmonary function test

Characteristics Lower lobe lobectomy (n=96) Common basal segmentectomy (n=48) P value
Preoperative PFT
FVC, L 3.1+0.7 3.2+0.7 0.17
FEV1% 87.1£14.2 85.9+15.6 0.64
FEV1, L 2.2+0.5 2.3+0.5 0.87
DLCO', % 85.8+15.1 80.4+16.0 0.07
Postoperative PFT
FVCH, L 2.7+0.7 2.9+0.7 0.17
Difference®, % -13.7+15.4 -12.5+13.3 0.73
FEV1%* 76.8+16.0 77.6+15.5 0.81
Difference®, % -11.5+13.7 -9.9+12.7 0.63
FEV1H, L 1.93+0.53 2.09+0.43 0.16
Difference®, % -12.7+13.6 -12.0£12.2 0.84
DLCO', mL 12.3+3.6 11.9+3.4 0.64
Difference®, % -21.2£15.17 -19.9+13.3 0.77

Values are presented as mean + standard deviation. ’, for DLCO, 127 patients were analyzed before surgery (lobectomy group; n=86,
segmentectomy group; n=41) and 44 patients after surgery (lobectomy group; n=27, segmentectomy group; n=17). *, for FEV1 and FVC,
analysis was performed in 129 patients who underwent follow-up pulmonary function test (lobectomy group; n=95, segmentectomy group;
n=34). %, [(postoperative value — preoperative value)/preoperative value] x 100%. PFT, pulmonary function test; FVC, forced vital capacity;
FEV1, forced expiratory volume in 1 second; DLCO, diffusing capacity for carbon monoxide.
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resection, which is imposed in accordance to the extent of
lung resection and acts on extending the remaining lung,
was the key stimulating factor for compensatory lung
response among the different factors reported (5,16). Based
on these studies, we suggested that the preserved superior
segment could affect lung stretching, a major factor for the
compensatory expansion response. Therefore, the common
basal segmentectomy group showed less compensatory
lung expansion than did the lower lobectomy group,
meaning that there was no benefit in terms of lung volume
preservation, as shown in our study.

Bongiolatti et /. confirmed the reproducibility of the
study in that there was no statistically significant difference
in FEV1 between the common basal segmentectomy and
the lobectomy groups (11). However, unlike our study,
there was a statistically significant difference between forced
vital capacity and DLCO, which we suggest it due to two
differences. First, the fact that Bongiolatti ez 4/. did not
perform matching unlike our study, which may have affected
the results. However, more importantly, the other reason
was that there was a difference in the period of testing. In
the study by Bongiolatti ez 4/, lung function was evaluated
one month after surgery. However, in our study, lung
function was evaluated 6 months after surgery. Combining
the results of the two studies, there might be a difference
in lung function between the two groups immediately
after surgery. However, this gradually recovered without
differences after 6 months.

Furthermore, the changes in pre- and post-operative
CT-measured lung volume and function in our study were
also inconsistent. There is no clear consensus on this.

© Journal of Thoracic Disease. All rights reserved.
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However, some studies suggest the growth hypothesis
theory for lung function postoperatively, unlike what
was previously thought. The reason why changes in CT-
measured lung volume and function showed different
results could be explained by the growth hypothesis of
adult lung presented in experimental evidence (17,18). Hsia
reported that the compensatory expansion of the remaining
lungs after lobectomy could be associated with an increase
in vital lung tissue rather than as a result of hyperinflation
of the remaining alveolar tissues (19). Dane et a/. suggested
that perfusion-related stimuli might affect lung growth (18).
In other words, pulmonary function may be more related to
the regeneration of lung tissue by an unknown mechanism
that requires further study rather than simple volume
change due to the hyperinflation of alveolar tissue (5,15).
Therefore, compared with the predicted postoperative
FEV1 with measured FEV1, it can be considered that the
preserved superior segment also affects the regeneration of
vital lung tissue. Furthermore, postoperative lung function
may not be correlated because it might be affected by
underlying conditions such as emphysematous disease or
interstitial lung disease.

Similar to other reports, we found no statistically
significant differences in early complications between
the lobectomy and segmentectomy groups in our study
(9,20,21).

This study has several limitations. First, we analyzed a
relatively small cohort at a single institution. Moreover,
this was a retrospective and non-randomized study. To
overcome these limitations, we performed propensity score
matching. Second, all patients had a postoperative follow-
up CT, but not all underwent a PFT. Therefore, only data
of 34 patients undergoing segmentectomy were included in
the PFT analysis. A follow-up study is required because this
could be the reason for the lack of statistical significance.
Third, there was a difference between the groups regarding
preoperative CT-measured lung volume. However, because
this difference was not statistically significant, it did not
affect the main findings of this article. Fourth, since the
clinical relationship between lung volume and function is
still unclear, further studies are required. Fifth, studies on
pulmonary function at the segmental level have not been
conducted. The 3D reconstruction program used in this
study had a limitation in that it was subjective to identify an
accurate segment in a patient with postoperative change.
Therefore, it is necessary to develop a more accurate
reconstruction technique.
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Conclusions

In conclusion, a preserved superior segment may
not be beneficially effective in the preservation of
postoperative lung volume and function after common
basal segmentectomy compared with lower lobectomy.
Therefore, common basal segmentectomy should be
carefully considered in patients with clinical stage IA lung
cancer.
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Supplementary

Lung surgery (NSCLC)
clinical stage TA
January 2004 ~ April 2020
(N=2920)

v
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Segmentectomy (N=671) | | Lobectomy(N=2249) |

Exclusion

1) RUL, RML, LUL lobectomy
(N=1299)

2) No postoperative pulmonary
function test (N=289)

RLL Lobectomy (N=373)
LLL Lobectomy (N=288)

Common basal segmentectomy (N=48) Iﬁ

1: 2 propensity score matching ( optimal method )
age, sex, comorbidity, smoking history, preoperative FEV1,
clinical T stage, histology, and tumor location

Segmentectomy (N=48) vs Lobectomy (N=96)

Figure S1 Flow diagram of patient inclusion in this study. NSCLC, non-small cell lung cancer; RLL, right lower lobe; LLL, left lower lobe;

FEV1, forced expiratory volume in one second.
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Figure S2 Difference between the predicted postoperative ipsilateral lung volume and measured postoperative ipsilateral lung volume (A) at
the short-term follow-up and (B) at the long-term follow-up. ppo, predicted postoperative.
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Figure S3 Difference between the predicted postoperative FEV1 and measured FEV1. Ppo, predicted postoperative; FEV1, forced
expiratory volume in one second.
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