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Background: With an increasing amount of small nodules being detected, segmentectomy has recently
received a great deal of attention. We have previously reported the feasibility and safety of uniportal
segmentectomy. This study aims to further compare the perioperative and oncological outcomes of uniportal
and three-port thoracoscopic segmentectomy in lung cancer patients.

Methods: Patients undergoing thoracoscopic segmentectomy for lung cancer from January 2014 to
March 2021 were enrolled. Clinical data were collected from the Western China Lung Cancer Database, a
prospectively maintained database at the Department of Thoracic Surgery, West China Hospital. Propensity
score matching (PSM) was used to reduce the heterogeneity in baseline characteristics. Perioperative
outcomes, 1-, 3-, and 5-year overall survival (OS), and progression-free survival (PFS) were compared.
Results: Of the 10,063 lung cancer patients who underwent thoracoscopic lung resection, 2,630 patients
receiving segmentectomy were selected (uniportal: 400; three-port: 2,230). After matching, similar results
were found between the 2 groups (uniportal: 400; three-port: 1,200) regarding the number of lymph
nodes harvested, the length of postoperative hospital stays, chest tube drainage volume, and postoperative
complication rate. The mean follow-up duration was 27 months. Uniportal regimen showed similar 1- (100%
vs. 99.9%, P=0.36), 3- (100% wvs. 90.4%, P=0.20), 5-year OS (97.7% vs. 99.4%, P=0.78), as well as PFS, with
the three-port regimen.

Conclusions: Uniportal video-assisted thoracoscopic segmentectomy is proven to be safe and feasible,
and the perioperative outcomes and oncological results were similar between the uniportal and three-port

regimens.
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Introduction

Video-assisted thoracoscopic surgery (VATS) is now the
mainstream treatment for lung cancer (1,2). With the
progress of surgical techniques and instruments, VATS
has evolved from a three-port or four-port method to a
uniportal method (3-5). Uniportal VATS lobectomy was first
reported by Diego Gonzalez in 2011 (6), and its feasibility
and safety were then confirmed (7). The comparisons of
perioperative outcomes between uniportal and multiportal
VATS remain inconsistent. A meta-analysis, comparing the
perioperative outcomes of uniportal and multiportal VATS
for any type of thoracic surgery, identified less postoperative
pain and blood loss, shorter drainage duration and length
of hospital stay as advantages of the uniportal group (8).
However, a recent meta-analysis found comparable
outcomes in blood loss, drainage duration, and the length of
stays between uniportal and multiport anatomic pulmonary
resection (9).

Lobectomy is regarded as the standard treatment regimen
for early-stage lung cancer, whereas segmentectomy has
been traditionally used as a compromised treatment for
the patients with poor cardiopulmonary preservation.
With an increasing number of small nodules detected by
widely applied low-dose computed tomography (CT) (10),
segmentectomy has recently gained enthusiasm with
comparable intraoperative and postoperative outcomes.
Segmentectomy showed improved overall survival (OS)

than lobectomy from the JCOG0802/WJOG4607L trial
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(11,12). Certainly, it does not mean that segmentectomy
should be offered to all patients identified with small
nodules. Some would opt for surveillance imaging if the
malignancy probability is estimated to be low. But in those
with indications for surgical resection, segmentectomy
would be an alternative to lobectomy with satisfactory
safety and outcomes. We previously demonstrated the
feasibility and safety of three-port segmentectomy (13-16).
Notably, given its high technical demands, uniportal
segmentectomy was potentially associated with detrimental
outcomes in inexperienced physicians. Nevertheless,
we have accumulated a lot of experience in uniportal
segmentectomy, especially in complex cases like basal
segmentectomy (17-20).

A paucity of high-quality research identifying both
the perioperative and oncological outcomes of uniportal
thoracoscopic segmentectomy is present. The purpose of
this study was to compare the perioperative and survival
outcomes between uniportal and three-port thoracoscopic
segmentectomy in patients with lung cancer. We present
the study in accordance with the STROBE reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tler-22-635/r¢) (21).

Methods
Data source

Clinical data were retrieved from our prospectively
maintained database from September 2005, Western China
Lung Cancer Database (WCLCD), which mainly included
the patients from West China Hospital and Chengdu
Shangjin Nanfu Hospital. The study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). The Ethics Committee of West China Hospital of
Sichuan University approved this study (No. 2021-1027)
and waived the requirement of informed consent due to its
retrospective nature.

Patient selection

Lung cancer patients who underwent intended
thoracoscopic segmentectomy at the Department of
Thoracic Surgery, West China Hospital from January 2014
to March 2021 were included.

The inclusion criteria included: (I) pathological diagnosis
of lung cancer; (II) clinical stage I lung cancer according
to the 8th edition of the tumor, node, and metastasis
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(TNM) staging system; and (III) underwent uniportal or
three-port thoracoscopic intended segmentectomy. The
exclusion criteria were as follows: (I) less than 18 years
of age; (II) reoperation for ipsilateral lung cancer; (III)
simultaneous bilateral segmentectomy; and (IV) robot-
assisted thoracoscopic surgery. Patients who underwent
segmentectomy combined with wedge resection were
included. Patients who underwent lobectomy combined
with segmentectomy were excluded. The patients were
divided into a uniportal group and a three-port group.

Data collection

Clinical data collected included demographic information
(age and sex), preoperative pulmonary function test
[percentage of predicted forced expiratory volume in one
second (FEV1%) and predicted carbon monoxide diffusing
capacity (DLCO%)], tumor characteristics (tumor size,
location, clinical stage, histologic subtype, and year of
surgery), intraoperative findings (development of pulmonary
fissures and degree of pleural adhesion), segments resected,
combined with wedge resection or not. The development of
pulmonary fissures was defined as well-developed (entirely
separate lobes or parenchymal fusion at the base of fissure)
and incomplete development (complete fusion without
fissure line or visceral cleft left for part of the fissure). The
pleural adhesion was classified according to the occupied
fraction in the thoracoscopic view and was recorded as
a binary outcome. Histological subtype was established
according to the World Health Organization classification.
TNM stage was determined according to the 8th edition of
the TINM classification for lung cancer (22).

Outcome variables included the number of lymph nodes
retrieved, the volume of intraoperative blood loss, operative
time, intraoperative conversion to thoracotomy, the drainage
volume within the first 3 postoperative days, the total
drainage volume, the length of hospital stay, hospitalization
cost, the incidence of postoperative complications
(pulmonary infection, persistent air leakage, chylothorax,
etc.), and survival. The blood loss was monitored by reading
the scale on the collecting bottle connecting to our suction.
The drainage volume in the first 3 postoperative days could
reflect the recovery in the postoperative period close to
surgery, which served as an addition to the total drainage
volume. The pulmonary infection was diagnosed according
to the following criteria: at least one of the chest radiological
terms (such as new pulmonary infiltrates, consolidation,
or opacity), combined with at least one of the examination
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terms (such as fever higher than 38 °C or abnormal leucocyte
count less than 4x10°/L or more than 12x10°/L) or at
least two of the symptoms (such as abnormal changes in
respiratory secretions, new onset or aggravated cough).
Persistent air leakage was defined as persistent air leaks
lasting over 5 days.

OS was defined as the time from surgery to death.
Progression-free survival (PFS) was defined as the time from
surgery to any type of progression, including recurrence,
metastasis, and death. The follow-up plans were scheduled
for patients at discharge with CT examination every 3 or
6 months since the surgery. Clinical visits and telephone
follow-ups were conducted.

Indication for segmentectomy

Indications for intended segmentectomy included: (I)
peripheral nodule with a greater than or equal to 50%
ground-glass appearance on preoperative CT with a
diameter smaller than or equal to 2 cm; (II) solid nodule
with a diameter smaller than or equal to 1 cm; (III)
preoperative negative lymph nodes.

Surgical technique

All patients underwent general anesthesia and double-
lumen intubation. The choice of uniportal or three-port
was made based on experience and preferences of surgeons.
Thoracoscopic segmentectomy was performed according
to the methods previously described (13-17,19,23). After
segmentectomy for major nodules, wedge resection would
be performed on those additional small nodules identified
in CT examination but unnecessary for segmentectomy.
Lymph nodes were dissected according to NCCN
guidelines (24). If unexpected circumstances occur during
uniportal thoracoscopic segmentectomy, conversion to
three-port VATS or thoracotomy would be considered.
Postoperative analgesia, pulmonary rehabilitation, nutrition
support, and drainage were routinely performed. The
criteria for chest tube removal included no air leakage,
drainage fluid less or equal to 300 mL/day, and complete
expansion of the lungs.

Propensity score matching (PSM)

To minimize the influence of selection bias and potential
confounders, PSM was performed. Propensity scores were
calculated by a logistic regression model with the variables
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including age, sex, FEV1%, DLCO%, tumor size, clinical
TNM stage, development of pulmonary fissures, degree
of pleural adhesion, histology subtypes, segmentectomy
types, surgeon volume, and the year of surgery. Surgeons
with higher experience in segmentectomy were categorized
into high-volume group, whereas those with moderate
experience were categorized into low-volume group. The
two groups were divided by a cut-off of 70 annual caseloads
over the study period. The year of surgery was divided by
2017, after which the amount of uniportal segmentectomies
in our center experienced a rapid growth (Figure SIA).
Patients in the uniportal and three-port groups were
matched at a ratio of 1:3 according to the propensity
scores. The nearest greedy neighbor matching algorithm
without replacement was used to identify PSM pairs. The
balance of covariates was assessed with the standardized
mean difference before and after matching. An absolute
standardized mean difference less or equal to 0.1 indicated
a balance in covariates between the 2 groups. The PSM
was performed using the “matchit” package in R 4.0.2 (R
Development Core Team, Vienna, Austria).

Statistical analysis

Data management and statistical analysis were performed
using R software (version 4.1.0, R Development Core
Team, Vienna, Austria). Patients’ baseline characteristics
were characterized before and after matching. Appropriate
descriptive statistics were used to summarize the variables.
Quantitative variables were expressed as mean (standard
deviation) or median [interquartile range (IQR)], and
qualitative variables were expressed as numbers (ratio). For
quantitative variables, the Kolmogorov-Smirnov test was
used to test normal distribution. Perioperative outcomes
were compared between the uniportal and three-port
groups after matching. Student’s 7-test was used for the
quantitative variables conforming to a normal distribution,
while Wilcoxon test was used for those not normally
distributed. Qualitative variables were examined using
Fisher’s exact test for comparisons between the two groups.
The Kaplan-Meier survival curves were applied to depict
the difference in OS and PFS between the two groups after
matching. In addition to 1- and 3-year survival outcomes,
we also preliminarily explored the long-term survival
outcomes. We performed Fisher’s exact test to compare the
rate of recurrence and metastasis between uniportal and
three-port groups. All comparisons were two-tailed, a P
value less than 0.05 was considered statistically significant.
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Subgroup analyses

Subgroup analyses were performed according to
prespecified segmentectomy types—simple, complex, and
combined segmentectomies. Perioperative outcomes were
also compared among three segmentectomy subgroups
and the multiple regression analysis was performed on
the association between segmentectomy subtypes and
perioperative outcomes. The patients who underwent
one site segmentectomy and other site segmentectomies,
wedge resection, or sub-segmentectomies were classified
as combined resection. The patients who only received
one site segmentectomy were classified as simple and
complex segmentectomy according to the complexity of the
intersegmental plane (11,25,26). Simple segmentectomy was
defined as segmental resection requiring a linear dissection
of a single intersegmental plane, including the resection
of S6, S7+8+9+10, LS1+2+3, and LS4+5. Resection of the
other segments was considered a complex segmentectomy,
which requires the dissection of two or more intersegmental
planes.

Results

Of 10,063 lung cancer patients who underwent thoracoscopic
lung resection from January 2014 to March 2021,
2,630 patients who received thoracoscopic segmentectomy
were identified (uniportal: 400, three-port: 2,230). The
flow chart was presented in Figures 1,2. The clinical
characteristics of segmentectomy patients before and after

PSM were presented in Table 1.

Baseline characteristics before and after matching

Age, tumor size, development of pulmonary fissures, type
of segments resected, surgeon volume, and year of surgery
were significantly different between uniportal and three-
port thoracoscopic segmentectomy before matching.
Uniportal thoracoscopic segmentectomy group presented
with smaller age than three-port group (52.40+11.50 vs.
54.71£11.33 years old, P<0.001). The proportion of patients
with well-developed pulmonary fissures was higher in
the uniportal group (61.81% vs. 41.58%, P<0.001). The
annual number of uniportal thoracoscopic segmentectomies
increased from 2014 to 2020 (Figure S1A). The proportion
of uniportal thoracoscopic segmentectomy increased from
16.67% in 2014 to 42.5% in 2021.

The PSM identified 1,600 patients (uniportal: 400,
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Short- and Long-term Outcomes of Uniportal versus Three-port Thoracoscopic Segmentectomy

Methods
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Implications

Uniportal thoracoscopic segmentectomy is safe and feasible,

has great potential for early-stage lung cancer.

Figure 1 Flowchart showing the methods, results, and implications of the study. Confidence limit, 95%.

three-port: 1,200). The standardized mean differences
were all under 0.1 and the propensity scores between two
groups were balanced (Figure 3). No significant differences
in baseline characteristics were identified between the two
groups after matching (Zable 1).

Perioperative outcomes after matching

The comparisons of the perioperative outcomes between
the uniportal and three-port arms after matching were
reported in Table 2.

Altogether, 6 of 1,200 patients intraoperatively converted
to thoracotomy were attributed to severe intraoperative
bleeding in the three-port arm, whereas no patients

© Translational Lung Cancer Research. All rights reserved.

underwent intraoperative conversion to thoracotomy or
three-port VATS in the uniportal arm. No significant
difference was found between the 2 groups regarding the
lymph node numbers harvested (6.38+2.97 vs. 6.70+3.53,
P=0.11). Fewer lymph node stations (4.43+1.53 vs.
4.68£1.98, P=0.02) were harvested in the uniportal arm than
those in the three-port group. The lymph node numbers
and stations harvested remained generally consistent during
the past 7 years (Figure S1B,S1C).

Uniportal thoracoscopic segmentectomy was
associated with less intraoperative blood loss (30.98+11.88
vs. 43.78+8.51 mL, P<0.001), longer operative time
(106.95£32.2 vs. 98.47+38.09 min, P<0.001), and higher
hospitalization cost (7.58+1.47 vs. 7.24£1.51 kUSD,
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Figure 2 The flowchart summarizing the patients and propensity score matching. FEV1%, percentage of predicted FEV1 values; DLCO%,

predicted diffusion capacity of carbon monoxide; TINM, tumor, node, and metastasis.

Table 1 Clinical characteristics of the included patients before and after propensity-score matching

Before PSM After PSM
Characteristics
Uniport (n=400) Three-port (n=2,230) P value Uniport (n=400) Three-port (n=1,200) P value
Age at surgery (years) <0.001 0.63
Mean (SD) 52.40 (11.50) 54.71 (11.33) 52.40 (11.50) 52.71 (11.42)
Median [IQR] 52.00 [45.00, 60.00]  54.00 [47.00, 63.00] 52.00 [45.00, 60.00]  53.00 [45.00, 60.25]
Sex 0.12 0.65
Female 290 (72.50) 1527 (68.48) 290 (72.50) 854 (71.17)
Male 110 (27.50) 703 (31.52) 110 (27.50) 346 (28.83)
FEV1% 0.43 0.85
Mean (SD) 107.33 (14.87) 106.58 (16.65) 107.33 (14.87) 107.51 (15.98)
Median [IQR] 106.55 [98.10, 116.70] 106.40 [97.10, 116.40] 106.55 [98.10, 116.70]106.90 [97.80, 116.85]
DLCO% 0.49 0.90
Mean (SD) 101.79 (14.83) 101.16 (15.86) 101.79 (14.83) 101.91 (15.39)
Median [IQR] 99.60 [92.40, 111.70] 100.20 [90.10, 110.60] 99.60 [92.40, 111.70] 100.55 [91.20, 110.60] 0.85

Table 1 (continued)
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Table 1 (continued)

Before PSM After PSM

Characteristics
Uniport (n=400) Three-port (n=2,230) P value Uniport (n=400) Three-port (n=1,200) P value

Tumor size (cm) 0.014 0.95
Mean (SD) 1.13 (0.49) 1.20 (0.56) 1.13 (0.49) 1.13 (0.50)
Median [IQR] 1.00 [0.80, 1.40] 1.00 [0.80, 1.50] 1.00 [0.80, 1.40] 1.00 [0.80, 1.40]

Clinical stage 0.47 >0.99
IA 398 (99.50) 2,207 (98.97) 398 (99.50) 1,192 (99.33)
B 2 (0.50) 23 (1.03) 2 (0.50) 8 (0.67)

Development of pulmonary fissure <0.001 >0.99
Well 246 (61.81) 914 (41.58) 246 (61.81) 731 (61.90)
Incomplete 152 (38.19) 1,284 (58.42) 152 (38.19) 450 (38.10)
Missing 2 (0.50) 32 (1.43) 2(0.50) 19 (1.50)

Pleural adhesions 0.28 0.28
No 133 (33.42) 675 (30.54) 133 (33.42) 362 (30.34)
Yes 265 (66.58) 1,635 (69.46) 265 (66.58) 831 (69.66)
Missing 2 (0.50) 20 (0.89) 2 (0.50) 7 (0.58)

Histology 0.14 0.39
AAH 1(0.28) 27 (1.39) 1(0.28) 18 (1.72)
AIS 15 (4.27) 87 (4.47) 15 (4.27) 34 (3.24)
MIA 174 (49.57) 836 (42.94) 174 (49.57) 535 (51.00)
Invasive adenocarcinoma 148 (42.17) 894 (45.92) 148 (42.17) 429 (40.90)
Squamous 0 (0.00) 10 (0.51) 0(0) 0(0)
Others* 2(0.57) 10 (0.51) 2 (0.57) 5(0.48)
Missing 11 (3.13) 83 (4.26) 11 (3.13) 28 (2.67)

Type of segments resected 0.13 0.68
Simple 123 (30.75) 648 (29.06) 96 (24.00) 264 (22.00)
Complex 181 (45.25) 1,124 (50.40) 181 (45.25) 566 (47.17)
Combined 96 (24.00) 458 (20.54) 123 (30.75) 370 (30.83)
With segmentectomy 9 (2.25) 113 (5.06) 9 (2.25) 58 (4.83)
With wedge resection 87 (21.75) 345 (15.47) 87 (21.75) 206 (17.17)

Surgeon volume <0.001 0.86
Low 263 (65.75) 1,221 (54.75) 263 (65.75) 781 (65.08)
High 137 (34.25) 1,009 (45.25) 137 (34.25) 419 (34.92)

Year of surgery <0.001 0.83
2014-2017 48 (12.00) 649 (29.10) 48 (12.00) 151 (12.58)
2018-2021 352 (88.00) 1,581 (70.90) 352 (88.00) 1,049 (87.42)

Data were presented as mean (SD), median [IQR] or number (percentage). *, others including large cell carcinoma, undifferentiated
cancers, neuroendocrine tumor, salivary gland tumor and adenosquamous carcinoma. PSM, propensity-score matching; IQR, interquartile
range; FEV1%, predicted forced expiratory volume in 1 second; DLCO%, predicted carbon monoxide diffusing capacity; AAH, atypical
adenomatous hyperplasia; AlS, adenocarcinoma in situ; MIA, minimally invasive adenocarcinoma.
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Figure 3 (A) Standardized differences of variables between the patients who underwent uniportal and three-port thoracoscopic

segmentectomy. Black circles and grey circles indicated differences before and after matching, respectively. Propensity score matching

effectively minimize the difference of baseline characteristics between the 2 groups. (B) Mirror histogram of propensity score for the patients

who underwent uniportal (above the horizontal line at zero) and three-port thoracoscopic segmentectomy (below the horizontal line at

zero). Similar score distribution was found in the 2 matched groups. FEV1%, predicted forced expiratory volume in 1 second; DLCO%,

predicted carbon monoxide diffusing capacity.

P<0.001) (Table 2). Similar length of postoperative hospital
stay was found between the 2 groups. The intraoperative
blood loss of most cases in the 2 groups was less than 50 mL
during the past 6 years (Figure S1D). Both uniportal
and three-port thoracoscopic segmentectomy showed a
decreasing trend regarding operative time and postoperative
hospital stay from 2014 to 2021 (Figure S1E,S1F). No
significant difference was found between the two groups in
terms of chest tube drainage volume within the first 3 days
and total chest tube drainage volume.

Uniportal thoracoscopic segmentectomy showed similar
incidence of overall postoperative complications (4.25%
vs. 4.67%, P=0.84), pulmonary infection (1.50% vs. 1%,
P=0.58), persistent air leakage (2% vs. 1.58%, P=0.74), and
chylothorax (0.25% vs. 0.67%, P=0.56) (1uble 2, Figure S2).

Subgroup analysis for perioperative outcomes

Of 1,600 segmentectomies after matching, 493 were simple
segmentectomies (uniportal:three-port =123:370), 747 were
complex segmentectomies (uniportal:three-port =181:566),
and 360 were combined segmentectomies (uniportal:three-
port =96:264). No significant differences in most of baseline
characteristics were identified between uniportal and three-
port groups in each subgroup (Table S1).

In simple segmentectomy, uniportal segmentectomy
showed less intraoperative blood loss (33.01+12.45 vs.

© Translational Lung Cancer Research. All rights reserved.

44.02+8.46 mL, P<0.001), and similar operative time,
hospitalization cost and postoperative complication rate
compared with three-port segmentectomy. In complex
segmentectomy, uniportal segmentectomy showed less
intraoperative blood loss (31.85£12.39 vs. 44.22+8.59 mL,
P<0.001), longer operative time (109.25£32.62 wvs.
93.32+33.54 min, P<0.001), higher hospitalization cost
(7.28+1.18 wvs. 6.82+1.15 kUSD, P<0.001), and similar
postoperative complication rate compared with three-port
segmentectomy. In combined segmentectomy, uniportal
segmentectomy showed less intraoperative blood loss
(26.73+8.84 vs. 42.52+8.31 mL, P<0.001), similar hospital
stays, operative time, hospitalization cost, and postoperative
complication rate (Table S2). We found that number of
lymph node stations harvested was gradually increased from
simple, complex, to combined segmentectomy (Table S3).
The multivariate regression analysis on each postoperative
outcome showed similar results (Figure S3).

OS and PFS

The mean follow-up duration was 27 months (range,
1-101 months). Uniportal and three-port thoracoscopic
segmentectomy showed similar 1-year [100% vs. 99.9% (95%
CIL: 99.7-100%), P=0.36], 3-year [100% vs. 90.4% (95% CI:
99.0-99.9%), P=0.20], and 5-year [97.7% (95% CI: 93.3-100%)
v5. 99.4% (95% CI: 99.0-99.9%), P=0.78] OS (Figure 44).
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Table 2 Perioperative outcomes between uniportal and three-port patients after matching

Outcomes Uniportal (n=400) Three-port (n=1,200) P value
Convert to thoracotomy 0 (0.00) 6 (0.50) 0.35
Number of LNs harvested 0.11
Mean (SD) 6.38 (2.97) 6.70 (3.53)
Median [IQR] 6.00 [4.00, 8.00] 6.00 [4.00, 9.00]
Number of LN stations harvested 0.02
Mean (SD) 4.43 (1.53) 4.68 (1.98)
Median [IQR] 4.00 [3.00, 5.00] 4.00 [3.00, 6.00]
Intraoperative blood loss (mL) <0.001
Mean (SD) 30.98 (11.88) 43.78 (8.51)
Median [IQR] 23.38 [23.38, 48.75] 41.48 [34.86, 56.14]
Operative time (min) <0.001
Mean (SD) 106.95 (32.20) 98.47 (38.09)
Median [IQR] 105.00 [81.25, 125.00] 90.00 [70.00, 120.00]
Postoperative hospital stay (days) 0.14
Mean (SD) 4.25 (2.03) 4.17 (2.29)
Median [IQR] 4.00 [3.00, 5.00] 4.00 [3.00, 4.00]
Hospitalization cost (kUSD) <0.001
Mean (SD) 7.58 (1.47) 7.24 (1.51)
Median [IQR] 7.31[6.67, 8.16] 7.05[6.31, 7.95]
Chest tube drainage (mL)
Within the first 3 postoperative days 0.45
Mean (SD) 352.39 (224.73) 341.01 (268.60)
Median [IQR] 320.00 [185.00, 480.00] 290.00 [140.00, 465.00]
Total drainage
Mean (SD) 413.18 (372.24) 433.94 (633.61) 0.54
Median [IQR] 330.00 [197.50, 510.00] 300.00 [140.00, 517.50] 0.059
Postoperative complications 17 (4.25) 56 (4.67) 0.84
Pulmonary infection 6 (1.50) 12 (1.00) 0.58
Persistent air leakage 8 (2.00) 19 (1.58) 0.74
Chylothorax 1(0.25) 8(0.67) 0.56
Others* 5(1.25) 19 (1.58) 0.81

Data were presented as mean (SD), median [IQR], or number (%). *, other included atelectasis, respiratory failure, surgical site infection,

subcutaneous emphysema, arrhythmia, and cerebral infarction. IQR, interquartile range; LNs, lymph nodes.

© Translational Lung Cancer Research. All rights reserved.
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Figure 4 Survival curves according to the ports. Red solid line depicted uniportal thoracoscopic segmentectomy, blue solid line depicted

three-port segmentectomy. (A) Overall survival curves. The difference in 5-year overall survival is not significant (P=0.784). (B) Progression-

free survival curves. The difference in 5-year progression-free survival is not significant (P=0.180). Confidence limit, 95%.

A total of 0.5% (2/400) of patients experienced
recurrence in the uniportal group, and 0.41% (5/1,200) of
patients experienced recurrence in the three-port group
(P=0.85). Altogether 0.25% (1/400) of patients experienced
metastasis in the uniportal group (brain: 1), and 0.58%
(7/1,200) of patients in the three-port group (lung: 1; bone:
3; spleen: 1; brain: 1; brain and bone: 1) (P=0.68).

Uniportal and three-port thoracoscopic segmentectomy
showed similar 1-year PFS [100% vs. 99.7% (95% CI:
98.4-99.6%), P=0.13], 3-year PFS [99.7% (95% CI: 99.1-
100%) vs. 99.0% (95% CI: 98.4-99.6%), P=0.16], 5-year
PES [99.7% (95% CI: 99.1-100%) vs. 98.2% (95% CI:
96.5-99.9%), P=0.18] (Figure 4B).

Subgroup analysis for survival

For simple segmentectomy, the uniportal group and
three-port group showed similar 5-year OS (100.0% vs.
100.0%, P>0.99) (Figure S4A). Similar OS between the
2 groups was also noticed in the complex or combined
segmentectomy subgroups (Figure S4B,54C). Similar 5-year
PES (100.0% vs. 96.8%, P=0.77) were found between the
2 groups in simple segmentectomy (Figure S4D), as well
as in the patients who underwent complex or combined

segmentectomy (Figures S4E,S4F).

Discussion

With the increasing focus on instruments development
and surgical techniques and the increasing number of
small nodules detected by CT, the question of whether less

© Translational Lung Cancer Research. All rights reserved.

trauma leads to recovery benefits and similar oncological
outcomes is currently being addressed by surgeons. Since
then, uniportal VATS has been tried in clinical practice,
ranging from wedge resection for pulmonary biopsy and
pneumothorax, to lobectomy and segmentectomy for lung
cancer resection (6,27-29). The superiority of uniportal
VATS than three-port VATS in terms of perioperative
outcomes was inconsistent. Two meta-analyses, which
included either all thoracic surgery or the surgery for
T1-3NOMO non-small cell lung cancer, reported better
perioperative outcomes in the uniportal VATS (8,30).
An updated meta-analysis included lung cancer surgery
identified comparable outcomes regarding to operative
time, blood loss, drainage duration, and length of stays (9).
Uniportal VAT is reported to be safe and feasible for more
accurate pulmonary segmentectomy after complying with
surgical indications (31). We also reported the feasibility
of uniportal single-direction segmentectomy with a series
of novel methods (17,19). In this article, we creatively
evaluated the perioperative and oncological outcomes of
uniportal and three-port segmentectomies. We provided
first-hand information on the application of uniportal
segmentectomy.

We note that OS and PFS were similar between
uniportal and three-port thoracoscopic segmentectomy.
The survival was better than those reported in previous
studies (12,32,33). The JCOGO0802 trial included NSCLC
patients in stage IA with consolidation-to-tumor ratio
over 0.5, and compared postoperative survival between
lobectomy and segmentectomy (12). They reported that the
patients who underwent segmentectomy had 5-year OS of
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94.3% (12). Of note, more than 99% of the cases involved
in our study were in stage IA, and more than 80% of cases
were either minimally invasive adenocarcinoma or invasive
adenocarcinoma. This may contribute to such a satisfactory
survival. We might believe that uniportal segmentectomy
could provide a similar oncological effect with the current
survival results of stage I lung cancer.

We found that uniportal approach harvested fewer lymph
node stations (4.43 vs. 4.68) and similar number of total
lymph nodes harvested than three-port approach. However,
the mean difference of lymph node stations harvested
between the 2 groups was 0.25, indicating limited clinical
significance. A systematic review indicated the number
difference of lymph node harvested between uniportal
and three-port regimen remains controversial and needs
to be further identified (34). Of note, decreased lymph
node retrieval may not affect survival in this population of
patients with Tla disease but may be a more significant
issue in more advanced stage patients.

We noticed a decrease in operative time over the past
six years, indicating improved surgical techniques. We
found that the uniportal group was associated with a longer
operative time. This difference was of limited clinical
significance for the following reasons. (I) The difference
in the mean operative time was 8.48 min between the
2 groups, 8.48 min was very short, and the ratio of 8.48 to
106.95 or 98.47 was pretty small. (II) We initialized three-
port VATS segmentectomy from 2005 and uniportal VATS
segmentectomy from 2014. To minimize the heterogeneity
over the years of recruitment, we included all patients who
underwent segmentectomy from 2014 to 2021. During
this period, three-port thoracoscopic segmentectomy
entered a “mature stage”, while uniportal thoracoscopic
segmentectomy was in an “growth stage”. Surgical
instruments, operating planes, and team cooperation
in uniportal thoracoscopic surgery have been gradually
improved. This was followed by an increase in surgical
experience and techniques. And ultimately it would translate
into improvement in outcomes, including shorter operative
time, less intraoperative blood loss, and less intraoperative
complications like major hemorrhage (35).

We also noticed that the uniportal group was associated
with less intraoperative blood loss (30.98 vs. 43.78 mL)
compared with those in the three-port group. Of note, the
difference of intraoperative blood loss was 12.8 mL, and
the mean blood loss in both groups was far from major
bleeding. Our findings were in accord with a previous meta-
analysis indicating that uniportal group showed less blood

© Translational Lung Cancer Research. All rights reserved.
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loss for lung cancer (30). The benefit of less intraoperative
blood loss in the uniportal regimen was also identified in
the patients who underwent simple, complex, and combined
segmentectomy.

At an early stage, surgeons at our center selected cases
with smaller tumor sizes and fewer solid components, for
whom systematic lymph node dissection was not typically
required. As surgical techniques and coordination matured,
we gradually recruited patients with more vascular variation
in basal segment, combined lung segment and other difficult
cases. There has also been an increase in the case number
of our center over the past six years, indicating that surgeon
experience was improving. We also included surgeon
experience and year of surgery as variables in the PSM.

Although the patients who underwent uniportal
thoracoscopic segmentectomy had similar postoperative
hospital stays and incidence of postoperative complications,
the uniportal approach was found to be more expensive
than the three-port approach. The increase in cost may be
related to the application of new surgical instruments (36).
Indeed, as equipment became more sophisticated,
instruments for a new and innovative surgical technique
may be more expensive than those for previous techniques.
Besides, the length of the stapler used was 45 mm in the
uniportal arm and 60 mm in the three-port arm. This
meant that more staplers would be needed in uniportal
segmentectomy, contributing to the higher hospitalization
cost. However, we cannot extract the detailed cost due to
the retrospective nature. Further research is needed to
determine whether the increased costs translate into better
outcomes for the patients, and the pros and cons need to be
balanced.

We subdivided segmentectomy into simple, complex,
and combined segmentectomy according to resection
sites and intersegmental plane complexity. In contrast to
simple segmentectomy, complex segmentectomy needs to
deal with at least two intersegmental planes. Combined
segmentectomy is needed to resect two or more sites. This
subgroup consisted of combined segmentectomies as well
as the combination of segmentectomy and wedge resection.
In some cases, we would perform wedge resection on
additional small, palpable nodules after segmentectomy for
major nodules. One concern is surgery safety for uniportal
complex and combined segmentectomy. In each subgroup,
we found less intraoperative blood loss, and similar
converted thoracotomy rate and postoperative complication
rate in the uniportal regimen compared with that in the
three-port regimen. Another concern is oncological

Transl Lung Cancer Res 2023;12(3):446-459 | https://dx.doi.org/10.21037/tler-22-635



Translational Lung Cancer Research, Vol 12, No 3 March 2023

outcome. It is challenging to guarantee adequate lymph
nodes resected and surgical margin in both uniportal
complex and combined segmentectomy. Here, we found
similar OS and PFS in each subgroup. This demonstrates
that uniportal complex and combined segmentectomy are
safe and feasible.

Some limitations of this study need to be acknowledged.
First, this was a single-center retrospective study. Although
we used PSM to reduce bias and ensure study cogency,
there may still be unobserved confounding and selection
bias between the two groups. Compared to lobectomy,
segmentectomy was a newly emerged alternative and more
technically challenging. Uniportal segmentectomy was
even more technically demanding. The decision to apply
uniportal or three-port might be affected by the complexity
of the case. Although our center has accumulated
experiences in uniportal segmentectomies, the presence of
selection bias was unavoidable. Second, the mean follow-ups
of our patients were limited to derive the results of long-
term survival outcomes. Comparisons of 5-year survival
outcomes from our study should be interpreted with
caution. We continue to follow-up on our patients and look
forward to more conclusive conclusions in further studies.
Third, nearly half of the patients were minimal invasive
adenocarcinoma which would lead to minimal impact on
survival. This limited the power to discriminate between the
uniportal and three-port approach for oncological results.
Fourth, some variables, such as postoperative pain and
detailed hospitalization costs, were not collected. We look
forward to prospective studies that include those variables
and provide a more comprehensive evaluation. Fifth, there
were missing values in our baseline characteristics. But the
proportion of missing values were all under 5% and mostly
under 2%. The bias from missing values should be limited.
Finally, we subdivided the patients into subgroups based on
sites resected and complexity of segmentectomy; however,
the sample size in each subgroup was limited. Further
exploration of the subtypes of segmentectomy is needed.
Large randomized controlled trials are also needed to
provide more definitive evidence, which might contribute
to the development of a uniform standard for generalizing
uniportal thoracoscopic segmentectomy.

Conclusions

In conclusion, uniportal thoracoscopic segmentectomy for
lung cancer resulted in less intraoperative blood loss and
similar oncological outcomes. Uniportal thoracoscopic
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segmentectomy is a safe and feasible alternative to the
three-port approach.
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Supplementary

Table S1 Baseline characteristics between uniportal and three-port group in patients with simple, complex and combined segmentectomies

Simple Complex Combined

Characteristics

Uniportal [123]  Three-port [370] P Uniportal [181]  Three-port [566] P Uniportal [96] Three-port [264] P
Age at surgery (years) 0.67 0.56 0.87
Mean = SD 53.90 (11.23) 54.41 (11.54) 50.67 (11.79) 51.24 (11.29) 53.71 (10.92) 53.48 (11.14)
Median [IQR] 54.00 [47.50, 54.00 [46.00, 51.00 [42.00, 51.00 [43.00, 53.00 [46.75, 54.00 [46.00,
61.50] 63.00] 58.00] 58.00] 61.25] 62.00]
Sex 0.75 0.46 0.11
Female 88 (71.54) 257 (69.46) 123 (67.96) 403 (71.20) 79 (82.29) 194 (73.48)
Male 35 (28.46) 113 (30.54) 58 (32.04) 163 (28.80) 17 (17.71) 70 (26.52)
FEV1% 0.67 0.75 0.65
Mean + SD 106.49 (16.85) 107.30 (17.12) 106.80 (12.59) 107.23 (15.23) 109.28 (15.87) 108.38 (15.93)
Median [IQR] 106.10 [97.80, 106.40 [97.25, 106.40 [98.10, 106.60 [97.90, 107.95 [99.10, 108.30 [98.55,
117.00] 117.70] 115.00] 116.60] 117.55] 116.90]
DLCO% 0.035 0.64 0.13
Mean + SD 98.67 (13.82) 102.21 (15.57) 102.53 (16.00) 101.86 (15.57) 104.37 (13.33) 101.59 (14.81)
Median [IQR] 98.15 [88.30, 101.60 [91.20, 100.95 [92.25, 100.15[91.27, 101.40 [95.65, 100.65 [91.10,
107.53] 110.47] 112.78] 110.53] 112.90] 111.10]
Tumor size (cm) 0.38 0.65 0.72
Mean + SD 1.15 (0.55) 1.20 (0.58) 1.10 (0.42) 1.08 (0.46) 1.16 (0.52) 1.14 (0.46)
Median [IQR] 1.00[0.80,1.30] 1.00[0.80, 1.50]  0.61 1.00[0.80, 1.40] 1.00[0.80, 1.30] 0.32 1.00[0.80, 1.40] 1.00[0.80, 1.40] 0.92
Clinical stage >0.99 0.46 0.60
IA 122 (99.19) 367 (99.19) 181 (100.00) 561 (99.12) 95 (98.96) 264 (100.00)
B 1(0.81) 3(0.81) 0 (0.00) 5(0.88) 1(1.04) 0 (0.00)
Development of pulmonary fissure 0.37 0.68 0.093
Well 67 (54.92) 217 (60.11) 110 (61.11) 354 (63.21) 69 (71.88) 160 (61.54)
Incomplete 55 (45.08) 144 (39.89) 70 (38.89) 206 (36.79) 27 (28.12) 100 (38.46)
Missing 1(0.81) 9 (2.55) 1(0.58) 6 (1.06) 0 (0.00) 4 (1.52)
Pleural adhesions 0.064 0.38 0.29
No 44 (35.77) 98 (26.49) 63 (35.20) 175 (31.31) 26 (27.08) 89 (33.71)
Yes 79 (64.23) 272 (73.51) 116 (64.80) 384 (68.69) 70 (72.92) 175 (66.29)
Missing 0 (0.00) 0 (0.00) 2(1.10) 7 (1.23) 0 (0.00) 0 (0.00)
Histology 0.80 0.21
AAH 0 (0.00) 4(1.13) 1(0.58) 9 (1.64) 0 (0.00) 5 (3.40) 0.32
AIS 4(3.42) 10 (2.83) 8 (4.68) 19 (3.46) 3 (4.76) 5 (3.40)
MIA 57 (48.72) 155 (43.91) 81 (47.37) 308 (56.10) 36 (57.14) 72 (48.98)
Invasive 52 (44.44) 170 (48.16) 75 (43.86) 200 (36.43) 21 (33.33) 59 (40.14)
adenocarcinoma
Others* 1(0.81) 5(1.42) 0 (0.00) 0 (0.00) 1(1.59) 0 (0.00)
Missing 3(2.56) 9 (2.55) 6 (3.51) 13 (2.37) 23.17) 6 (4.08)
Surgeon volume 0.34 0.67 0.022
Low 76 (61.79) 248 (67.03) 111 (61.33) 359 (63.43) 76 (79.17) 174 (65.91)
High 47 (38.21) 122 (32.97) 70 (38.67) 207 (36.57) 20 (20.83) 90 (34.09)
Year of surgery 0.93 0.53 0.033
2014-2017 19 (15.45) 54 (14.59) 27 (14.92) 72 (12.72) 2 (2.08) 25 (9.47)
2018-2021 104 (84.55) 316 (85.41) 154 (85.08) 494 (87.28) 94 (97.92) 239 (90.53)

Data were presented as mean (SD), median [IQR] or number (percentage). IQR, interquartile range; FEV1%, predicted forced expiratory volume in 1 second;
DLCO%, predicted carbon monoxide diffusing capacity; LUL, left upper lobe; LLL, left lower lobe; RUL, right upper lobe; RML, right middle lobe; RLL, right lower
lobe; AAH, atypical adenomatous hyperplasia; AlS, adenocarcinoma in situ; IA, invasive adenocarcinoma; MIA, minimally invasive adenocarcinoma. *Others
including large cell carcinoma, undifferentiated cancers, neuroendocrine tumor, salivary gland tumor and adenosquamous carcinoma.
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Table S2 Perioperative outcomes between uniportal and three-port group in patients with simple, complex and combined segmentectomies

Simple Complex Combined
Uniportal [123]  Three-port [370] P Uniportal [181]  Three-port [566] P Uniportal [96]  Three-port [264] P

Convert to 0 (0.00) 2 (0.54) >0.99 0 (0.00) 2(0.36) >0.99 0 (0.00) 2(0.76) 0.96

thoracotomy

Number of LNs harvested 0.018 0.91 0.59
Mean (SD) 6.17 (3.03) 7.01(3.48) 6.35 (2.79) 6.38 (3.37) 6.71 (3.22) 6.95 (3.87)

Median [IQR] 5.00 [4.00, 8.00] 6.00 [5.00, 9.00] 6.00 [5.00, 8.00] 6.00 [4.00, 8.00] 6.00 [4.00, 9.00] 6.00 [4.75, 9.00]

Number of LN stations harvested 0.007 0.24 0.66
Mean (SD) 4.20 (1.39) 4.67 (1.72) 4.42 (1.51) 4.61 (2.03) 4.74 (1.68) 4.85 (2.17)

Median [IQR] 4.00 [3.00, 5.00] 5.00 [3.00, 6.00] 4.00 [3.00, 5.00] 4.00 [3.00, 6.00] 4.00 [4.00, 6.00] 5.00 [3.75, 6.00]

Intraoperative blood loss (mL) <0.001 <0.001 <0.001
Mean (SD) 33.01 (12.45) 44.02 (8.46) 31.85 (12.39) 44.22 (8.59) 26.73 (8.84) 42,52 (8.31)

Median [IQR] 26.16 [23.38, 41.48 [34.86, 23.38 [23.38, 41.48 [34.86, 23.38 [23.38, 41.48 [34.86,
48.75] 56.14] 48.75] 56.14] 23.38] 53.32]

Operative time (min) 0.62 <0.001 0.75
Mean (SD) 99.85 (33.17) 97.91 (38.83) 109.25 (32.62) 93.32 (33.54) 111.78 (28.73) 110.25 (43.36)
Median [IQR] 93.00 [75.00, 90.00 [70.00, 105.00 [86.50, 90.00 [69.00, 114.00 [93.50, 102.50 [75.75,

120.00] 116.50] 125.00] 110.00] 132.00] 135.00]

Postoperative hospital stay (days) 0.57 0.003 0.095
Mean (SD) 4.23 (1.92) 4.38 (2.74) 4.39 (2.24) 3.90 (1.84) 4.02 (1.73) 4.47 (2.40)

Median [IQR] 4.00 [3.00, 5.00] 4.00 [3.00, 5.00] 4.00 [3.00, 5.00] 3.00 [3.00, 4.00] 3.00 [3.00, 4.25] 4.00 [3.00, 5.00]

Hospitalization cost (kUSD) 0.92 <0.001 0.10
Mean (SD) 7.20 (1.30) 7.18(7.18) 7.28 (1.18) 6.82 (1.15) 8.56 (1.65) 8.27 (1.68)

Median [IQR] 7.06 [6.36, 7.64] 7.00[6.21, 7.89] 7.15[6.63, 7.64] 6.77[6.12, 7.52] 8.38 [7.54,9.52] 8.05[7.23, 9.14]

Chest tube drainage (mL)

Within the first 3 postoperative days 0.79 0.40 0.89
Mean (SD) 362.51 (213.43) 354.79 (295.40) 310.92 (211.21)  294.01 (238.95) 418.51 (247.65) 422.76 (268.74)
Median [IQR] 330.00 [215.00, 300.00 [180.00, 270.00 [140.00, 250.00[112.50, 390.00 [220.00, 360.00 [240.00,

455.00] 478.75] 420.00] 400.00] 565.00] 600.00]

Total drainage 0.81 0.33 0.15
Mean (SD) 426.59 (399.47) 439.74 (541.82) 384.81(388.68) 350.94 (405.17) 449.87 (296.19) 603.90 (1011.08)
Median [IQR] 340.00 [210.00, 305.00 [180.00, 280.00 [157.50, 250.00 [115.00, 400.00 [220.00, 380.00 [240.00,

503.00] 521.50] 455.00] 420.00] 590.00] 660.00]

Postoperative 6 (4.88) 18 (4.86) >0.99 8 (4.42) 20 (3.53) 0.75 3@3.12) 18 (6.82) 0.29

complications
Pulmonary infection 1(0.81) 4 (1.08) >0.99 3 (1.66) 4(0.71) 0.48 2 (2.08) 4(1.52) >0.99
Persistent air leakage 4 (3.25) 7 (1.89) 0.59 4(2.21) 5(0.88) 0.30 0 (0.00) 7 (2.65) 0.24
Chylothorax 0 (0.00) 2 (0.54) >0.99 1(0.55) 3(0.53) >0.99 0 (0.00) 3(1.14) 0.69
Others 2(1.63) 7 (1.89) >0.99 2(1.10) 6 (1.06) >0.99 1(1.04) 6 (2.27) 0.75

Data were presented as mean (SD), median [IQR] or number (percentage).
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Table S3 Perioperative outcomes among three types of segmentectomies

Outcomes Simple (493) Complex (747) Combined (360) P value
Convert to thoracotomy 2(0.41) 2(0.27) 2 (0.56) 0.76
Number of LNs harvested

Mean (SD) 6.80 (3.39) 6.37 (3.24) 6.88 (3.70) 0.024

Median [IQR] 6.00 [4.00, 9.00] 6.00 [4.00, 9.00] 6.00 [4.00, 8.00] 0.019
Number of LN stations harvested

Mean (SD) 4.55 (1.65) 4.57 (1.92) 4.82 (2.05) 0.071

Median [IQR] 4.00 [3.00, 6.00] 5.00 [4.00, 6.00] 4.00 [3.00, 6.00] 0.021
Intraoperative blood loss (mL)

Mean (SD) 41.28 (10.72) 41.22 (11.00) 38.31 (10.96) <0.001

Median [IQR] 41.28 (10.72) 38.31 (10.96) 41.22 (11.00) <0.001
Operative time (min)

Mean (SD) 98.39 (37.47) 97.18 (33.99) 110.65 (39.98) <0.001

Median [IQR] 90.00 [70.00, 117.00] 105.00 [80.00, 135.00] 92.00 [70.50, 119.00] <0.001
Postoperative hospital stay (days)

Mean (SD) 4.34 (2.56) 4.02 (1.96) 4.35 (2.25) 0.016

Median [IQR] 4.00 [3.00, 5.00] 4.00 [3.00, 5.00] 3.00 [3.00, 4.00] 0.001
Hospitalization cost (kUSD)

Mean (SD) 7.18 (1.48) 6.93 (1.17) 8.35 (1.67)

Median [IQR] 7.04 [6.29, 7.82] 8.15[7.32, 9.29] 6.85 [6.24, 7.55] <0.001
Chest tube drainage (mL) <0.001
Within the first 3 postoperative days

Mean (SD) 356.71 (277.12) 298.12 (232.48) 421.63 (262.96) <0.001

Median [IQR] 305.00 [190.00, 470.00] 360.00 [240.00, 600.00] 250.00 [120.00, 410.00] <0.001
Total drainage

Mean (SD) 436.47 (509.82) 359.18 (401.23) 562.79 (881.25) <0.001

Median [IQR] 315.00 [190.00, 512.50] 380.00 [240.00, 650.00] 260.00 [130.00, 430.00] <0.001
Postoperative complications 24 (4.87) 28 (3.75) 21 (5.83) 0.28

Pulmonary infection 5(1.01) 7 (0.94) 6 (1.67) 0.54

Persistent air leakage 11 (2.23) 9 (1.20) 7 (1.94) 0.36

Chylothorax 2(0.41) 4 (0.54) 3(0.83) 0.71

Others 9(1.83) 8(1.07) 7 (1.94) 0.41

Data were presented as mean + SD or number (percentage %). LNs, lymph nodes.
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Figure S1 Trend in operation related variables by year. Red solid line indicated uniportal thoracoscopic segmentectomy, blue solid line indicated three-port
segmentectomy. Black dotted line represented proportion of uniportal thoracoscopic segmentectomies to thoracoscopic segmentectomies. (A) Number of cases,
ratio of uniportal cases to overall cases. (B) Mean number of lymph nodes dissected. (C) Mean number of lymph node stations dissected. (D) mean intraoperative

blood loss. (E) mean operative time. (F) mean postoperative hospital stay.

Overall complications
6%
Pulmonary infection

Others

—s— Uniportal

—=+— Three-port

Chylothorax Persistent air leak

Figure S2 Incidence of complications in uniportal and three-
port groups. Red solid line represented uniportal thoracoscopic
segmentectomy, blue solid line represented three-port
segmentectomy. Overall incidence of complications, incidence
of pulmonary infection, persistent air leakage, chylothorax, and
other complications had no significant difference between the two

groups.
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A Outcomes Beta value (95%CIl) P value
Number of LNs har vested

simple (as reference) ® 0.000 (0.000, 0.000)  reference

complex —— -0.082 (-0.130, -0.034) 0.001

combined —t— 0.019 (-0.037, 0.074) 0.507
Number of LN stations har vested

simple (as reference) ® 0.000 (0.000, 0.000)  reference

complex —e— -0.019 (-0.077, 0.039) 0.518

combined ——— 0.068 (0.001, 0.135) 0.045
Intraoperative blood loss (mL)

simple (as reference) ® 0.000 (0.000, 0.000)  reference

complex ‘o 0.009 (-0.010, 0.028) 0.349

combined - —-0.069 (-0.093, -0.046)  <0.001
Operative time (min)

simple (as reference) ® 0.000 (0.000, 0.000)  reference

complex A 0.016 (0.003, 0.029) 0.012

combined A g 0.145 (0.130, 0.159) <0.001
Postoperative hospital stay (days)

simple (as reference) ® 0.000 (0.000, 0.000)  reference

complex —— -0.078 (-0.138, -0.017) 0.012

combined —T— 0.032 (-0.039, 0.102) 0.375
Hospitalization cost

simple (as reference) ® 0.000 (0.000, 0.000)  reference

complex ° -0.020 (-0.020, -0.019)  <0.001

combined (] 0.162 (0.162, 0.163) <0.001
Chest tube drainage

Within the first 3 postoperative days

simple (as reference) ® 0.000 (0.000, 0.000)  reference
complex [ J -0.125(-0.132, -0.118)  <0.001
combined L] 0.228 (0.220, 0.235) <0.001
Total drainage

simple (as reference) ] 0.000 (0.000, 0.000)  reference
complex ° -0.143 (-0.150, -0.137)  <0.001
combined [ J 0.347 (0.340, 0.353) <0.001

02 01 0 01 02 03 04
B Qutcomres OR(957Q) P value

simple ® 1.000 (1.000, 1.000) reference
complex ——— 0.661 (0.345, 1.260) 0.207
combined —_— 1.301 (0.668, 2.513) 0.434
Pulmonary infection

simple ® 1.000 (1.000, 1.000) reference
complex . 0.640 (0.155, 2.483) 0.514
combined & 1.556 (0.420, 5.798) 0.497

Figure S3 Forest plot showing the association between segmentectomy subtypes and perioperative outcomes, adjusting age, sex, percentage of predicted forced
expiratory volume in one second, predicted carbon monoxide diffusing capacity, tumor size, pleural adhesion, development of intralobular fissures, surgeons, and
surgery date (year). LNs, lymph nodes.
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Figure S4 Survival curves in subgroups of simple, complex, and combined segmentectomies. Red solid line represented uniportal thoracoscopic segmentectomy,

blue solid line represented three-port segmentectomy. (A-C) Overall survival curves in subgroups of simple, complex, and combined segmentectomy. (D-F)

Progression-free survival curves in subgroups of simple, complex, and combined segmentectomy. Confidence limit, 95%.
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