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Background: Late-onset pulmonary fistula (LOPF) is a well-described complication after segmentectomy,
but the precise incidence and risk factors are still unclear. We aimed to determine the incidence of, and risk
factors for, LOPF development after segmentectomy.

Methods: A single-institution retrospective study was performed. A total of 396 patients who underwent
segmentectomy were enrolled. Perioperative data were analyzed to identify the risk factors for LOPF
requiring readmission according to univariate and multivariate analyses.

Results: The overall morbidity rate was 19.4%. The incidence rates of prolonged air leak (PAL) in the
early phase and LOPF in the late phase were 6.3% (25/396) and 4.5% (18/396), respectively. The most
common surgical procedures with LOPF development were segmentectomy of the upper-division (n=6) and
S (n=5). With a univariate analysis, presence of smoking-related diseases did not affect LOPF development
(P=0.139). Conversely, segmentectomy with cranial side free space (CSFS) in the intersegmental plane
and use of electrocautery to divide the intersegmental plane were associated with a high risk of LOPF
development (P=0.006 and 0.009, respectively). A multivariate logistic regression analysis showed that
segmentectomy with CSES in the intersegmental plane and use of electrocautery were independent risk
factors for LOPF development. Approximately 80% of patients who developed LOPF recovered by prompt
drainage and pleurodesis without reoperation, whereas the remaining patients developed empyema due to
delayed drainage.

Conclusions: Segmentectomy with CSFS is an independent risk factor for LOPF development. Careful

postoperative follow up and rapid treatment are necessary to avoid empyema.
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Introduction

Prolonged air leak (PAL) is one of the most common
postoperative complications in the early phase after
pulmonary resection, especially segmentectomy. PAL
results in prolonged chest tube drainage, longer length of
hospital stay, and an increased risk of other complications,
such as empyema (1-8). Late-onset pulmonary fistula
(LOPF) is occasionally encountered in the late phase after
segmentectomy, but its incidence and risk factors are still
unclear.

LOPF development is caused by reopening of a tiny
bronchial stump or pulmonary fistula at the divided
intersegmental plane, probably due to an intolerable airway
pressure in the late postoperative phase. It is speculated
that the risk factors for LOPF are similar to those of PAL,
including smoking-related comorbidities and the various
methods used to divide the intersegmental plane during
segmentectomy. Recently, it has been emphasized that
methods to divide the intersegmental plane affect the
development of LOPF after segmentectomy (9-14), but the
actual risk factors for LOPF development have not been
clearly defined in a multivariate analysis. This study aimed
to assess the incidence of LOPF requiring readmission after
segmentectomy and to determine the risk factors for LOPF
development based on a multivariate analysis. We present

Highlight box

Key findings
*  We performed a single-institution retrospective study with 396
patients who underwent pulmonary segmentectomy to identify risk

factors for late-onset pulmonary fistula (LOPF).

What is known and what is new?

* To date, no studies have analyzed both the incidence of and risk
factors for LOPF after segmentectomy. In this manuscript, we
show that LOPF incidence was 4.5% after segmentectomy. The
incidence of LOPF after segmentectomy was high compared with
lobectomy during the same study period. In addition, we found
that surgical procedures with cranial side free space (CSFS) in
the intersegmental plane and division of the intersegmental plane
using electrocautery were both independent risk factors for LOPF
development.

What is the implication, and what should change now?

* Segmentectomy has become very popular in recent years,
prolonged air leak as well as LOPF are complications of
importance in thoracic surgery and it is vital to accumulate

evidence on these pathologies.
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the following article in accordance with the STROBE
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-1212/rc).

Methods
Patients and identification of LOPF and PAL

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by Institutional Review Board of Gunma University
Hospital (No. HS2019-279) and individual consent for
this retrospective analysis was waived. From January 2010
to April 2021, 1,731 patients underwent segmentectomy
or lobectomy at Gunma University Hospital. All analyses
were limited to segmentectomy. Subsegmentectomy or
segmentectomy with subsegmentectomy was performed
according to the extent of tumor invasion. We excluded
cases of multiple segmentectomy (i.e., lingulectomy + S°
segmentectomy) and segmentectomy for thoracic trauma,
as well as cases of combined chest wall resection. Finally,
we performed a retrospective review of 396 patients who
underwent pulmonary segmentectomy, and we compared
patient groups with and without LOPF or PAL development.

Surgical treatiment

We performed segmentectomy by thoracoscopy, as
reported previously (15). After April 2015, we performed
selective inflation of target segments to determine
the pleural intersegmental line. After August 2019,
we performed selective jet ventilation combined with
intravenous indocyanine green (ICQG) injection. Methods
of intersegmental plane dissection were classified into three
categories: “mainly electrocautery”, “mainly stapler”, and
“mainly energy device”. In the mainly electrocautery group,
electrocautery alone or electrocautery combined with fewer
than two surgical stapler firings was used. In the mainly
stapler group, only surgical staplers or electrocautery
combined with two or more surgical stapler firings was used.
In some analyses, we divided the method of intersegmental
plane dissection into four categories (electrocautery alone,
surgical stapler alone, electrocautery combined with a
surgical stapler, and use of an energy device).

Postoperative management

Complications were classified using the Clavien-Dindo
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Table 1 Characteristics of patients undergoing segmentectomy

Characteristic

Mean [range] or n (%)

Age, years 68.1 [26-88]
Sex
Male 221 (55.8)
Female 175 (44.2)
Respiratory history
Smoking 232 (58.6)
Pack-year 23.6 [0-220]
COPD 85 (21.5)
History of lung resection 76 (19.2)
IP 10 (2.5)
Asthma 21 (5.3

Pulmonary function
FVC, L
FEV1.0, L

Endocrine/metabolic status

3.1 [1.15-5.64]
2.33 [0.69-4.55]

BMI, kg/m® 22.4 [14.1-31.7]
Diabetes mellitus 62 (15.7)
Previous steroid therapy 13 (3.3)
Hemodialysis 9 (2.3)
Histologic diagnosis

Lung cancer 255 (64.6)
Metastatic lung tumor 113 (28.6)
Inflammatory disease 14 (3.5)
Other 12 (3.0

COPD, chronic obstructive pulmonary disease; IP, interstitial
pneumonia; FVC, forced vital capacity; FEV1.0, forced expiratory
volume in 1 second; BMI, body mass index.

classification (16). We analyzed adverse events of greater
than grade II. All patients were followed from the day of
discharge and were examined at 1-2-week intervals for
1 month, at 3-6-month intervals for 5 years, and at 1-year
intervals thereafter. LOPF was defined as follows: (I) an
increased free space when compared with that at discharge
on chest roentgenogram and computed tomography and
need for readmission; (IT) PAL was defined as air leak
lasting for more than 7 consecutive days after surgery.
Perioperative mortality was defined as death within the first
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30 days after surgery.

Surgical procedure classification

Segmentectomy was categorized into several groups based
on anatomical features. Previous studies have reported
that simple segmentectomies include upper-division
segmentectomy (left S'7), lingulectomy (left S*°), superior
segmentectomy (S°), and basilar segmentectomy (S for
right and $*" for left), while complex segmentectomies
include resection of individual upper lobe, middle lobe, and
basilar segments (17). We further divided segmentectomy
based on whether it had an intersegmental plane with
cranial side free space (CSFS) or ventral side free space
(VSFES) (Table S1). Segmentectomies with CSFES in the
intersegmental plane mainly included upper-division, S°, S',
and S'** segmentectomies, as well as those combined with
adjacent segments or subsegments. Segmentectomies with
VSFS mainly included S°, S*, S’, or S* segmentectomies on
the right side and S°, S’, and S® segmentectomies on the left
side. Single or multiple segments were classified according
to the number of resected segments. The number of
intersegmental planes was classified into single or multiple.

Data collection and statistical analysis

Perioperative variables were retrospectively recorded.
Statistical analyses were performed using IBM SPSS
software (version 25, Chicago, IL, USA). Continuous
variables are reported as mean + standard deviation (or
interquartile range), and categorical variables are expressed
as percentages. For comparisons between the two groups,
the Mann-Whitney U test was used to compare continuous
variables, while Fisher’s exact test was used to compare
categorical variables. Factors shown to be significant using a
univariate analysis with a P value of <0.05 were included in
the multivariate analysis, and independent risk factors were
considered significant if they had a P value of <0.05. For the
multivariate analysis, a binomial logistic regression analysis
was used.

Results
Patient characteristics and LOPF development

Table 1 summarizes the patients’ characteristics. We evaluated
a total of 396 patients with a mean age of 68.1 years.
Tumor pathologies included primary lung cancer (64.6%),
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Table 2 Postoperative complications after segmentectomy

Complication* n %

Respiratory

LOPF 18 4.5%
PAL 25 6.3%
Pneumonia 11 2.8%
Bloody sputum 5 1.3%
Other 3 0.8%
Surgical
Empyema 6 1.5%
With LOPF 5 1.3%
Without LOPF 1 0.3%
Cardiac
Arrhythmias 3 0.8%

*, Clavien-Dindo classification > grade Il. LOPF, late-onset
pulmonary fistula; PAL, prolonged air leakage.

metastatic lung tumor (28.6%), inflammatory disease
(3.5%), and others (3.0%). More than half of patients had a
smoking history (58.6%), and the mean pack-year was 23.6.
The most common respiratory comorbidity was chronic
obstructive pulmonary disease (COPD) (n=85, 21.5%).

The resected pulmonary segments were located on the
right side in 176 of cases and on the left-side in 220 of cases.
The most frequent regions of segmentectomy were upper-
division (n=63) segments on the left side, and S° (n=33)
segments on the right side. The most frequent method for
dividing the intersegmental plane was a surgical stapler
alone (45.7%), followed by a combination of electrocautery
with a surgical stapler (29.0%), electrocautery alone (19.4%),
and an energy device (7.0%) (Table S2). The combination
of electrocautery with a surgical stapler involved several
methods; thus, we divided this group of patients into three
categories to analyze the data: the “mainly electrocautery”
group (31.6%), the “mainly surgical stapler” group (62.6%),
and the “mainly energy device” group (5.8%).

A summary of postoperative complications is shown
in Table 2. The overall morbidity rate was 19.4%
(complications greater than or equal to grade II), and
there was no mortality in this cohort. The following
complications occurred: PAL in 25 patients (6.3%),
LOPF in 18 patients (4.5%), pneumonia in 11 patients
(2.8%), bloody sputum in 5 patients (1.3%), empyema in
6 patients (1.5%), and arrythmia in 3 patients (0.8%). The
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most common complication was PAL. Independent risk
factors for PAL were pack-year and BMI according to the
multivariate analysis (Tables S3 and S4).

The details of the 18 patients who developed LOPF
requiring readmission after segmentectomy are shown
in Table 3; 11 were female and 7 were male. The mean
period from surgery to LOPF onset was 42.4 days (range
5-190 days) after drain removal. Five cases of LOPF (27.8%
of LOPF patients) occurred within 14 postoperative days,
while 13 cases (72.2% of LOPF patients) occurred after
14 days. Of the patients with LOPE, none had postoperative
PAL. As shown in Figure 1, patients with LOPF underwent
segmentectomy of upper-division (n=6) or S® (n=5)
segments. For treatment or LOPE, one patient underwent
observation while hospitalized, three were treated with
pleural drainage alone, 10 were treated with pleural
drainage followed by pleurodesis, and four were surgically
treated. Five patients had LOPF associated with pleural
empyema. Four patients who underwent reoperation after
LOPF had concurrent empyema. The mean length of
hospital stay in patients with empyema was longer compared
with those without empyema (40.4+24.7 vs. 11.0+4.8 days,
respectively; P=0.01). The mean period from appearance of
any symptoms to readmission was significantly longer in the
empyema group compared with the non-empyema group
(14.4£18.6 vs. 3.5+3.5 days, respectively; P=0.049).

Univariate and multivariate analysis

We conducted a univariate analysis of risk factors for
LOPEF. Perioperative variables were considered in the
univariate analysis. We examined factors related to surgical
procedures, including type of segmentectomy, number of
resected segments, number of segmental planes, position of
free space according to the intersegmental plane (Table S1),
and method used to divide the intersegmental plane. The
results are provided in Table 3. Smoking history did not
influence LOPF. Both pack-year and BMI, which were
independent risk factors for PAL, were not risk factors for
LOPF (P=0.247 and 0.518, respectively). Intraoperative
variables associated with LOPF development were surgical
procedures that demonstrated CSEFS in the intersegmental
plane (P=0.006), simple segmentectomy (P=0.050), and
use of electrocautery to divide the intersegmental plane
(P=0.009). Other factors related to the surgical procedure,
including the number of resected segments and presence
of multiple intersegmental planes, were not risk factors
for LOPF. After multivariate analysis, two variables
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Table 3 Risk factors for LOPF after segmentectomy in a univariate

analysis
Variables ;2:; E; L(S;FE;; P value
Preoperative variables
Age, years 68.3 63.7 0.077
Sex
Male/female 214/164 711 0.152
Smoking 223 9 0.471
Pack-year 24.0 15.5 0.247
BMI, kg/m® 22.4 22.9 0.518
Medical history
Diabetes mellitus 59 3 1.000
Hemodialysis 9 0 1.000
Previous steroid therapy 13 0 1.000
COPD 84 1 0.139
History of lung resection 74 2 0.544
IP 10 0 1.000
Asthma 20 1 1.000
Pulmonary function
FVC, L 3.1 3.3 0.290
FEV1.0, L 2.3 2.6 0.097
Surgical variables
Primary site
Right/left 170/208 6/12 0.468
Primary lobe
Upper, middle/lower 210/168 12/6 0.468
Approach
Open/VATS 25/353 2/16 0.351
Segmentectomy type
Simple/complex 158/220 12/6 0.050
Number of resected
segments
Single/multiple 205/173 10/8 1.000
Number of intersegmental planes
Single/multiple 199/179 13/5 0.146
Position of intersegmental plane free space
Cranial side 165 14 0.006
Ventral side 82 2 0.385

Table 3 (continued)
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Table 3 (continued)
) LOPF - LOPF +
Variables (n=378) (n=18) P value
Intersegmental plane dissection method
Electric scalpel 114 11 0.009
Staple 245 3 0.000
Energy device 19 4 0.015
Covering 349 18 0.621

LOPF, late-onset pulmonary fistula; BMI, body mass index;
COPD, chronic obstructive pulmonary disease; IP, interstitial
pneumonia; FVC, forced vital capacity; FEV1.0, forced expiratory
volume in 1 second; VATS, video-assisted thoracic surgery.

remained in the final model as independent predictors of
LOPF development: segmentectomy with CSFS in the
intersegmental plane and use of electrocautery to divide the
intersegmental plane (7able 4).

Discussion

We performed a single-institution retrospective study with
396 patients who underwent pulmonary segmentectomy
to identify risk factors for LOPF. To date, no studies have
analyzed both the incidence of and risk factors for LOPF
after segmentectomy. We found that surgical procedures
with CSFS in the intersegmental plane and division of
the intersegmental plane using electrocautery were both
independent risk factors for LOPF development.

LOPF is a well-described complication in the late
phase after segmentectomy, and several small-scale studies
have reported an incidence ranging from 1.4% to 18.0%
(18-21). In our series, LOPF incidence was 4.5% after
segmentectomy. In cases of pulmonary lobectomy, the
incidence of readmission for pneumothorax was 0.2-1.6%
in large series (22-25). At our institution, the incidence of
LOPF after pulmonary lobectomy during the same study
period was 0.70%. Therefore, the incidence of LOPF after
segmentectomy was high compared with lobectomy.

In general, the risk factors for LOPF are similar to PAL
after segmentectomy because a fragile lung parenchyma in
patients with a smoking history may affect the development
of PAL in the early phase and LOPF in the late phase. PAL
is one of the most common early-phase complications after
pulmonary segmentectomy. Several risk factors for PAL
have been identified, including age, sex, BMI, Brinkman
index, surgical site, and procedure (1-8). The incidence of
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Right side
(lateral view)

Left side
(lateral view)

Figure 1 Schema of the distribution of common development sites for LOPE. The common sites of LOPF development were S'~ and S° on
the left side. Other segments of LOPF development were S’ and S’ on the right side and S and S* on the left side (n=1). LOPF, late-onset

pulmonary fistula.

Table 4 Risk factors for late-onset pulmonary fistula in a multivariate analysis [2010-2021]

Variable SE Wald P OR

Age 0.021 1.603 0.206 0.973
Position of intersegmental plane free space: cranial side free space 0.586 8.048 0.005 5.278
Intersegmental plane dissection using an electric scalpel 0.514 6.655 0.010 3.768

SE, standard error; OR, odds ratio.

PAL in our series was within the range reported in other
large series (6.3%, 25/396) (1-5). We also found that pack-
year of smoking and BMI were independent risk factors
for PAL using a multivariate analysis. Conversely, no
clinicopathological factors were identified as risk factors
for LOPF. However, our results revealed that a younger
age tended to be a risk factor for LOPF development
(P=0.077). This observation may be associated with the fact
that younger female patients tended to (I) undergo division
of the intersegmental plane by electrocautery based on no
previous smoking history and (II) perform intense physical
activity after discharge, resulting in enforced stress at the
intersegmental plane. However, no clinicopathological
factors, such as sex and age, were significant risk factors
for LOPF, indicating that other factors caused LOPEF.
Furthermore, no patients with LOPF had PAL in the early

© Journal of Thoracic Disease. All rights reserved.

phase. These results suggest that the pathogenesis of LOPF
development may differ from that of PAL development
after segmentectomy.

The method used to divide the intersegmental plane may
be related to LOPF development after segmentectomy. It is
controversial whether the use of electrocautery to divide the
intersegmental plane affects PAL and LOPF development
(9-14). Saito et al. reported that the incidence of both PAL
and LOPF development after dividing the intersegmental
plane by electrocautery was lower in patients closed using
pleural suture compared with mesh (11). However, this study
only included a small cohort, and the incidence of LOPF was
relatively high (10.9%) in the mesh group. In our series, use
of electrocautery to divide the intersegmental plane was not a
risk factor for PAL after segmentectomy (P=0.267). We used
electrocautery to divide the intersegmental plane in more
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than 60% of patients with no heavy smoking history or with
a definite pleural intersegmental plane detected by selective
jet ventilation or intravenous ICG injection. We believe that
use of electrocautery to divide the intersegmental plane does
not affect the development of PAL in adequately selected
patients. Moreover, we found that use of electrocautery
to divide the intersegmental plane was an independent
risk factor for LOPF after segmentectomy. However,
patients who underwent intersegmental plane division by
electrocautery included those who underwent electrocautery
alone, electrocautery combined with a surgical stapler, and
electrocautery combined with an energy device, among
others. In the subgroup analysis, use of electrocautery alone
was not a risk factor for LOPF development (P=0.059,
Table S2). It has been shown that intersegmental plane
dissection using an energy device is a risk factor for LOPE,
but not for PAL. This may be because air leakage is caused
by dehiscence of the shielded bronchus and lung parenchyma
in the late phase."” We also found that intersegmental plane
dissection using an energy device was a high-risk factor for
LOPF development, even in a small number of patients.
The most common procedures associated with LOPF
were upper-division and S° segmentectomy, which are
classed as typical segmentectomy procedures. In general,
atypical segmentectomy is a technically complex procedure,
but the incidence of LOPF development is lower than for
typical segmentectomy. Therefore, the technical difficulty of
atypical segmentectomy is not related to the development of
LOPE. In the present study, we found that segmentectomy
with CSFS in the intersegmental plane is an independent
risk factor for LOPF development. The mechanism of
LOPF development after segmentectomy with CSFS in the
intersegmental plane remains speculative. One possibility
is that the pathogenesis is similar to that of spontaneous
pneumothorax. In patients with spontaneous pneumothorax,
the most common site for bulla formation and rupture is
the lung apex, including the S° segment (26,27). The fragile
intersegmental plane created during upper-division and
S® segmentectomy may be affected by the higher negative
pressure at the upper side of the thoracic cavity or by the
higher alveolar pressure in the airways of the lung apex (28).
The second possibility is that the CSFS generated after
upper-division and S® segmentectomy may prevent
adhesion of the intersegmental plane with other anatomical
structures, including the thoracic wall. Previous studies have
reported that thin-walled cavities, which was considered to
be one manifestation of a postoperative pulmonary fistula,
could be identified at several months after lung resection
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close to the hilum, including segmentectomy (13,26).
Segmentectomies without CSFS in the intersegmental
plane have a lower risk of LOPF development due to
adhesion between the intersegmental plane and neighboring
structures.

In a subgroup analysis on patients who underwent
segmentectomy with CSFS in the intersegmental plane, the
incidence of LOPF development in those who underwent
intersegmental plane dissection using a surgical stapler
alone was significantly lower compared with patients in
whom electrocautery was used alone (P=0.0083). However, a
surgical stapler alone was used to divide the intersegmental
plane in two cases with LOPF development. Therefore, use
of a surgical stapler alone cannot completely prevent LOPF
development after segmentectomy. Although the incidence
of LOPF development was relatively high after pulmonary
segmentectomy, around 80% of patients with LOPF were
treated by drainage and pleurodesis without reoperation.
All four patients who underwent reoperation suffered with
empyema, which was related to delayed readmission. Based
on these results, careful follow-up and rapid treatment
are necessary to avoid development of severe empyema in
patients with LOPE.

Our study had several limitations. First, it was a
retrospective study performed at a single institution. The
incidence of LOPF development was not high; thus,
a multicenter analysis may be necessary to clarify its
pathogenesis. Second, there is no common definition of
LOPE. In the present study, we defined LOPF as pulmonary
fistula requiring readmission for drainage. Therefore, the
period between drain removal and LOPF development
has a substantially wide range (5-190 days). LOPF with a
relatively early onset after drain removal could have been
caused by acute pulmonary fistula. We compared early-onset
and later-onset LOPE, but no significant difference was
found between the two groups. Third, the surgical method
used to divide the intersegmental plane was chosen in
accordance with the surgeon’s preference. However, it was
assumed that method selection depended on the condition
of the lung parenchyma, including smoking history and
patients with an unclear intersegmental plane demarcation.
Finally, there have been technological advances over the
past decade for segmentectomy. Such technological changes
could have affected the onset of LOPE.

Conclusions

We performed a large single-institution study with a 4.5%
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incidence of LOPF after segmentectomy. Segmentectomy
with CSFS in the intersegmental plane was an independent
risk factor for LOPF development. It is important to
consider that both careful follow up and rapid treatment
are necessary to avoid LOPF with empyema after
segmentectomy with CSFS in the intersegmental plane.
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Supplementary

Table S1 Classification of the position of free space according to the resected segment

Lobe Position of intersegmental plane free space Resected segment
RUL Cranial side S', 8" 8™ s'+8% S'+8%, S'%4+8%, S'+S°, §%+S°
Ventral side s'+8°% s°, 8%
Other S'%4+8%, &%, 8%°+8*
RML Cranial side -
Ventral side s®
Other St g%
RLL Cranial side S°, 8%, S%+S*, 8°%+87+5"°, $%+8%+S"
Ventral side S'+8°% 87%+8%+S°, 8%, S%+8°, S%+8°%+S™, 8%18%+8"°
Other S°4+8", 8%4+8™, &7, 8™, §™°+8'? S%4+S°, S°, S°%+S™°, S*, S™°, basilar segment (S
LUL Cranial side Upper-division segment (S'), S'*?, 8§'24+8%, §'*24 g%
Ventral side S12°48% 184480 §° 8% 8%, 8484 S°, 8%, 3¢ 8% 3% 8% 5488
Other gi#re g2 311 8% lingular segment (S*°)
LLL Cranial side S°, gfe gfa b gta, g
Ventral side s?, 8%, 8%, 8%S°, s%+S%, %+8% 8™
Other S, 8%48'% 3° S9a+5", S®, §°+S'°, S™, basilar segment (S*°)

RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe; S', apical; S?, posterior; S°,
anterior; S*, superior; S°, inferior; S°, superior; S’, medial basal; S°, anterior basal; S°, lateral basal; S'°, posterior basal; S*, sub-superior.

Table S2 Methods of intersegmental plane dissection [2010-2021]

Variable n LOPF - LOPF + P value
Staple group 300 293 7 0.001
Staples only 181 180 1 0.000
Electrocautery group 203 187 16 0.001
Electrocautery only 77 70 7 0.059
Electrocautery + staples 115 109 6 0.791
Staples <2 48 44 4 0.254
Staples =2 67 65 2 0.749
Energy device group 23 19 4 0.015
Energy device only 8 7 1 0.313
Energy device + electrocautery 11 8 3 0.010
Energy device + staples 4 4 0 1.000
Number of staples (intersegmental plane) 2.1
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Table S3 Risk factors for PAL in the univariate analysis [2010-2021]

PAL
Variables n/mean P value
No (n=371) Yes (n=25)
Preoperative variables
Age, years 68.1 67.9 70.6 0.221
Sex 0.100
Male 221 203 18
Female 175 168 7
Smoking 232 216 16 0.677
Pack-year 23.6 22.9 33.9 0.083
BMI, kg/m’ 22.4 22.5 20.6 0.003
Diabetes mellitus 62 55 7 0.089
Hemodialysis 9 7 2 0.105
Previous steroid therapy 13 12 1 0.577
COPD 85 77 8 0.208
History of lung resection 76 70 6 0.598
IP 10 10 0 1.000
Asthma 21 21 0 0.384
FVC, L 3.1 3.1 3.1 0.986
FEV1.0, L 2.3 2.3 2.3 0.935
Surgical variables
Primary site
Right 176 164 12 0.836
Left 220 207 13
Primary lobe 0.144
Upper/middle 222 204 18
Lower 174 167 7
Approach 1.000
Open 27 26 1
VATS 369 345 24
Segmentectomy type 0.836
Simple 171 161 10
Complex 225 210 15
Number of resected segments 0.540
Single 215 203 12
Multiple 181 168 13
Number of intersegmental planes 0.839
Single 212 198 14
Multiple 184 173 11
Position of intersegmental plane free space
Cranial side 179 167 12 0.837
Ventral side 85 78 7 0.450
Intersegmental plane dissection method
Electrocautery 125 120 5 0.267
Staple 248 230 18 0.396
Energy device 23 21 2 0.648
Covering 367 343 24 1.000
Intraoperative air leakage 308 288 20 1.000
Operative time, min 223.9 222.3 248.3 0.038
Blood loss, mL 55.4 54.6 67.0 0.624
Postoperative variable
LOPF 18 18 0 0.617
Pneumonia* 11 10 1 0.517
Length of drainage, days 3.0 2.5 9.6 0.000
Length of stay, days 7.9 7.3 16.6 0.000
Mortality (30-day) 0 0 0 1.000

Values are presented as mean (interquartile range) or n (%). *, Clavien-Dindo classification > grade Il. PAL, prolonged air leakage; BMI,
body mass index; COPD, chronic obstructive pulmonary disease; IP, interstitial pneumonia; FVC, forced vital capacity; FEV1.0, forced
expiratory volume in 1 second; VATS, video-assisted thoracic surgery; LOPF, late-onset pulmonary fistula.

Table S4 Risk factors for PAL in a multivariate analysis

Variable SE Wald P OR

Pack-year 0.000 3.941 0.047 1.001
BMI 0.076 8.271 0.004 0.803
Operative time, min 0.003 2.986 0.084 1.005

PAL, prolonged air leakage; BMI, body mass index; SE, standard
error; OR, odds ratio.
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