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ABSTRACT

BACKGROUND In the modern era, whether minimally invasive pneumonectomy for non-small cell
lung cancer (NSCLC) provides a survival advantage over open pneumonectomy is unknown.

METHODS Patients who underwent pneumonectomy for NSCLC between 2015 and 2020 were
queried from the National Cancer Database. Surgical approach was categorized as robot-assisted
thoracoscopic surgery (RATS), video-assisted thoracoscopic surgery (VATS), or open pneumonec-
tomy on an intention-to-treat basis. Propensity score matching was performed to balance patient
cohorts. Univariate and multivariate regression analyses were used to examine the association be-
tween surgical approach and 30- and 90-day mortality, and a Cox proportional hazards model was
used to assess overall survival.

RESULTS We identified 3784 patients, including 73% open (n[ 2776), 19% VATS (n[ 725), and 8% RATS
(n [ 283). The overall conversion rate from minimally invasive to open was 29.5% (n [ 298). After
propensity matching 212 patients per cohort, there were no differences between open, VATS, and
RATS 30-day (9.4% vs 8.5% vs 7.5%, respectively; P [ .807) or 90-day mortality (14.2% vs 12.3% vs
10.4%, respectively; P [ .516). Median overall survival was similar among open (48 months; 95% CI,
35.6-64.1 months), VATS (51.0 months; 95% CI, 34.9-72.3 months), and RATS approaches (50 months;
95% CI, 42.6-NA months; P [ .560). Multivariate analysis of the matched cohort found no association
between approach and overall survival. RATS (odds ratio, 0.67; 95% CI, 0.47-0.94; P [ .020) and
neoadjuvant chemotherapy (odds ratio, 0.52, 95% CI, 0.27-0.98; P[ .045) were found to be protective
against conversion to open.

CONCLUSIONS Minimally invasive pneumonectomy can be performed with short-term and long-
term survival that are equivalent to open pneumonectomy.

(Ann Thorac Surg 2025;119:634-42)
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M inimally invasive surgical approaches,
including video-assisted thoracoscopic
surgery (VATS) and robot-assisted thor-

acoscopic surgery (RATS), have become increas-
ingly used in modern thoracic surgery.1

Compared with thoracotomy, VATS and RATS
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length of stay, decreased pain, and comparable
overall survival compared with an open
approach.2-6 Some authors have additionally re-
ported that RATS lobectomy has a decreased
length of stay and decreased rates of conversion
to open, with comparable overall survival,
compared with VATS lobectomy.5,7

Adoption of minimally invasive pneumonec-
tomy, however, has been relatively slow. Pneu-
monectomy has a significantly higher rate of
morbidity and mortality compared with other
forms of lung resection.8 Previous single-center or
small multiple-center studies of VATS compared
with open pneumonectomy found no differences
in 5-year survival, overall survival, or post-
operative complications.9-11 A previous National
Cancer Database (NCDB) study, which examined
patients from 2010 to 2014, confirmed these
findings and demonstrated no differences in
perioperative mortality or overall survival.12 There
is a paucity of information regarding RATS
pneumonectomy given its relatively recent
adoption, with most reports being single-
institutions case series.13-16

Since the introduction of the newest robotic
platform in 2014, RATS, VATS, and open pneu-
monectomy outcomes have not been compared.
We hypothesize that VATS and RATS pneumo-
nectomy will be associated with improved short-
and long-term survival compared with open
pneumonectomy.
MATERIAL AND METHODS

STUDY POPULATION. The NCDB was used as the pri-
mary data source for this study. This database
captures w70% of all newly diagnosed cancers
annually. Patients with non-small cell lung cancer
(NSCLC) aged >18 years who underwent
pneumonectomy from 2015 to 2020 were eligible
for inclusion. Exclusion criteria included missing
tumor pathology, non-NSCLC histology, missing
surgical approach, or missing staging information
(Supplemental Figure 1). All analyses were
performed on an intention-to-treat basis.

STUDY VARIABLES. Patient factors collected from the
NCDB included age, sex, race, Charlson-Deyo
score, tumor stage, laterality, systemic
chemotherapy, radiotherapy, lymph nodes
examined, surgical margins (R0, R1, or R2), and
year of diagnosis. Analytic stage refers to the
American Joint Committee on Cancer stage
based on the edition used during the year that
the case was diagnosed.
STUDY OUTCOMES. The primary study outcome was
overall survival after pneumonectomy. Overall
survival was defined as the time from diagnosis to
death from any cause. Secondary outcomes
included 30-day and 90-day survival and
conversions to open.

STATISTICAL ANALYSES. Continuous variables were
analyzed using the t test and the Mann-Whitney
test. The binary outcomes of 30-day and 90-day
mortality were analyzed using c2 and the Fisher
exact test. Univariate and multivariate logistic
regression with a 95% confidence limit was used
to estimate the effect of surgical approach on 30-
day and 90-day survival and to assess potential
predictors of conversion to open. Univariate and
multivariate Cox proportional hazard ratios with
a 95% confidence limit were used to estimate
the effect of surgical approach on overall survival.
Unadjusted overall survival by surgical approach
is displayed using a Kaplan-Meier curve, with log-
rank test used to analyze survival differences.
Additionally, propensity score matching was used
to balance clinical characteristics among the 3
treatment groups. Three-group matching was
obtained by first matching RATS to open and then
matching VATS to the RATS cohort matched in
the prior step, as previously described.17 All
analyses were conducted using RStudio 4.3.2
software (Boston, MA).
RESULTS

PATIENT CHARACTERISTICS.

Unmatched cohort. Overall, 3784 patients who un-
derwent pneumonectomy, including 73% (n ¼
2776) open, 19% (n ¼ 725) VATS, and 8% (n ¼ 283)
RATS, were examined. The median follow-up
time for all patients was 49 months (95% CI,
44.2-53.5 months). Over the study period, the
percentage of patients receiving open pneumo-
nectomy decreased by 14.8%, with a simultaneous
increase in VATS (þ7.6%) and RATS (þ7.1%)
pneumonectomy (P < .001) (Supplemental
Figure 2). Between 2015 and 2020, the total
number of pneumonectomies performed
annually decreased by 63% (from 878 to 326)
(Supplemental Figure 3).

The baseline characteristics of the open, VATS,
and RATS patients demonstrated differences in
age, sex, analytic stage, and year of diagnosis
(Table 1). The median age of open
pneumonectomy patients was slightly younger
(64 years; interquartile range [IQR], 58-70 years)
compared with those undergoing VATS (65



TABLE 1 Patient Demographics and Clinical Characteristics in the Unmatched Cohort

Variable Open VATS RATS P Value

Overall 2776 (73.4) 725 (19.2) 283 (7.5)
Age, y 64 (58-70) 65 (58-71) 66 (59-72) <.001
Race .098
White 2431 (87.6) 640 (88.3) 235 (83.1)
Black 217 (7.8) 50 (6.9) 25 (8.8)
Asian 73 (2.6) 23 (3.2) 11 (3.9)
Other 55 (2.0) 12 (1.7) 12 (4.2)

Sex .148
Male 1763 (63.5) 470 (64.8) 165 (58.3)
Female 1013 (36.5) 255 (35.2) 118 (41.7)

Charlson-Deyo Score .147
0 1582 (57.0) 443 (61.1) 172 (60.8)
1 703 (25.3) 183 (25.2) 68 (24.0)
2 317 (11.4) 70 (9.7) 29 (10.2)
3 174 (6.3) 29 (4.0) 14 (4.9)

Histology .327
Adenocarcinoma 958 (34.5) 263 (36.3) 106 (37.5)
Squamous 1638 (59.0) 406 (56.0) 154 (54.4)
Other 180 (6.5) 56 (7.7) 23 (8.1)

Analytic stage .008
1 447 (16.1) 107 (14.8) 70 (24.7)
2 993 (35.8) 262 (36.1) 90 (31.8)
3 1245 (44.8) 338 (46.6) 114 (40.3)
4 91 (3.3) 18 (2.5) 9 (31.8)

Lateralitya .668
Left 1549 (55.8) 409 (56.4) 153 (54.1)

Surgical margins .033
R0 2433 (87.6) 642 (88.6) 243 (85.9)
R1 310 (11.2) 65 (9.0) 35 (12.4)
R2 10 (0.4) 7 (1.0) 0 (0.0)
Unknown 23 (0.8) 11 (1.5) 5 (1.8)

Lymph nodes examined, nb 16 (11-24) 16 (11-25) 15 (9-25) .251
Year of diagnosis <.001
2015 687 (24.7) 143 (19.7) 48 (17.0)
2016 635 (22.9) 146 (20.1) 32 (11.3)
2017 537 (19.3) 143 (19.7) 55 (19.4)
2018 401 (14.4) 124 (17.1) 44 (15.5)
2019 309 (11.1) 91 (12.6) 63 (22.3)
2020 207 (7.5) 78 (10.8) 41 (14.5)

Systemic chemotherapy .077
None 1164 (41.9) 295 (40.7) 137 (48.4)
Neoadjuvant 371 (13.4) 93 (12.8) 40 (14.1)
Adjuvant 1138 (41.0) 306 (42.2) 95 (33.6)
Neoadjuvant D adjuvant 80 (2.9) 30 (4.1) 9 (3.2)
Unknown 23 (0.8) 1 (0.1) 2 (0.7)

Radiotherapyc .095
None 2162 (77.9) 578 (79.7) 222 (78.4)
Neoadjuvant 218 (7.9) 51 (7.0) 23 (8.1)
Adjuvant 304 (11.0) 74 (10.2) 29 (10.2)
Neoadjuvant D adjuvant 10 (0.4) 1 (0.1) 2 (0.7)
Unknown 82 (3.0) 21 (2.9) 6 (2.1)

30-day mortalityd 207 (7.5) 47 (6.5) 18 (6.4) .297
90-day mortalityd 309 (11.1) 73 (10.1) 25 (8.8) .717

aData missing for 331 patients (n [ 245 open, n [ 66 VATS, n [ 20 RATS); bData missing for 146 patients (n [ 113 open, n [ 22 VATS, n [ 11 RATS); cData excluded
from open approach for 1 patient for intraoperative radiotherapy; dData missing for 326 patients (n [ 207 open, n[ 78 VATS, n[ 41 RATS). Values are presented as
n (%) for categorical variables and median (interquartile range) for continuous variables. Bold P values are statistically significant (P < .05). RATS, robot-assisted
thoracoscopic surgery; VATS, video-assisted thoracoscopic surgery.
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years; IQR, 58-71 years) and RATS (66 years; IQR,
59-72 years; P < .001) pneumonectomy. Overall,
56% of pneumonectomies were left sided.

RATS pneumonectomy patients had a greater
proportion of stage 1 disease compared with open
and VATS cohorts (25% vs 16% and 15%, respec-
tively; P ¼ .008). The proportion of patients who
received an R0 resection was different among
approach type (88% in open patients, 89% in VATS
patients, and 86% in RATS patients; P ¼ .033). The
median number of lymph nodes examined be-
tween open (16; IQR, 11-24), VATS (16; IQR, 11-25),
and RATS (15; IQR, 9-25) was similar (P ¼ .251).
TABLE 2 Patient Demographics and Clinical Characteristics

Variable

Open VATS

(n ¼ 212) (n ¼ 212)

Age, y 66 (58-75) 66 (58-74)
Race
White 123 (58.0) 158 (74.5)
Black 36 (17.0) 29 (13.7)
Asian 23 (10.8) 14 (6.6)
Other 30 (14.2) 11 (5.2)

Sex
Male 115 (54.2) 119 (56.1)
Female 97 (45.8) 93 (43.9)

Charlson-Deyo Score
0 114 (53.8) 123 (58.0)
1 50 (23.6) 53 (25.0)
2 29 (13.7) 24 (11.3)
3 19 (9.0) 12 (5.7)

Histology
Adenocarcinoma 87 (41.0) 82 (38.7)
Squamous 94 (44.3) 102 (48.1)
Other 31 (14.7) 28 (13.2)

Analytic stage
1 64 (30.2) 51 (24.1)
2 50 (23.6) 70 (33.0)
3 87 (41.0) 82 (38.7)
4 11 (5.2) 9 (4.2)

Laterality
Left 115 (54.2) 119 (56.1)

Systemic chemotherapy
None 83 (39.2) 87 (41.0)
Neoadjuvant 45 (21.2) 40 (18.9)
Adjuvant 57 (26.9) 76 (35.8)
Neoadjuvant D adjuvant 27 (12.7) 9 (4.2)

Radiotherapy
None 136 (64.2) 154 (72.6)
Neoadjuvant 33 (15.6) 27 (12.7)
Adjuvant 43 (20.3) 31 (14.6)

30-day mortality 20 (9.4) 18 (8.5)
90-day mortality 30 (14.2) 26 (12.3)

Values are presented as n (%) for categorical variables and median (interquartile r
robot-assisted thoracoscopic surgery; VATS, video-assisted thoracoscopic surgery
The overall 30-day mortality rates were similar
for RATS, VATS, and open pneumonectomy (6.4%
vs 6.5% vs 7.5%, respectively; P ¼ .297). The
overall 90-day mortality rates were also similar for
RATS, VATS, and open pneumonectomy (8.8% vs
10.1% vs 11.1%, respectively; P ¼ .717). There were
no differences in Charlson-Deyo score, race, sys-
temic chemotherapy, radiotherapy, histology, and
laterality.
Propensity score-matched cohort. Propensity
matching identified 212 patients per approach
(RATS, VATS, or open) with similar characteristics
(Table 2).
for the Matched Cohort

RATS Standardized Difference

P Value(n ¼ 212) Open vs RATS VATS vs RATS

66 (59-72) 0.01 0.00 .998
<.001

174 (82.1) 0.63 0.20
19 (9.0) 0.28 0.17
8 (3.8) 0.37 0.15
11 (5.2) 0.40 0.00

.803
112 (52.8) 0.03 0.07
100 (47.2) 0.03 0.07

.270
131 (61.8) 0.17 0.08
54 (25.5) 0.04 0.01
17 (8.0) 0.21 0.12
10 (4.7) 0.20 0.04

.602
88 (41.5) 0.01 0.06
103 (48.6) 0.08 0.01
21 (9.9) 0.16 0.11

.317
53 (25.0) 0.12 0.02
65 (30.7) 0.15 0.05
88 (41.5) 0.01 0.06
6 (2.8) 0.14 0.09

.854
121 (57.1) 0.06 0.02

.001
103 (48.6) 0.19 0.15
33 (15.6) 0.16 0.09
70 (33.0) 0.13 0.06
6 (2.8) 0.60 0.09

.016
168 (79.2) 0.37 0.16
20 (9.4) 0.21 0.11
24 (11.3) 0.28 0.10
16 (7.5) .807
22 (10.4) .516

ange) for continuous variables. Bold P values are statistically significant. RATS,
.
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SURVIVAL ANALYSIS.

Unmatched cohort. On univariate analysis of the
unmatched cohort, VATS and RATS approaches
were similar to open for 30-day mortality (odds
ratio [OR], 0.89; 95% CI, 0.62-1.25; P ¼ .513; and
OR, 0.89; 95% CI, 0.50-1.47; P ¼ .662, respectively)
and 90-day mortality (OR, 0.90; 95% CI, 0.67-1.20;
P ¼ .489; and OR, 0.81; 95% CI, 0.50-1.25; P ¼ .367,
respectively) (Supplemental Tables 1, 2). On
multivariate analysis, after adjusting for sex, age,
race, Charlson-Deyo score, tumor stage, histol-
ogy, laterality, chemotherapy, and radiotherapy,
VATS or RATS were also similar to open for 30-day
and 90-day mortality.

In the unmatched cohort, median overall sur-
vival was 50 months (95% CI, 44.4-NA months)
for the RATS approach, 48 months (95% CI, 38.9-
59.1 months) for VATS, and 51 months (95% CI,
45.3-56.9 months) for open (P ¼ .520) (Figure 1).
Additionally, there was no association between
surgical approach and overall survival on
univariate or multivariate analysis, adjusting for
FIGURE 1 Kaplan-Meier survival curve for unmatched pneumo
cate the 95% CI. (RATS, robot-assisted thoracoscopic surgery;
sex, age, race, Charlson-Deyo score, tumor stage,
histology, laterality, chemotherapy, and radio-
therapy (Supplemental Table 3).
Propensity score-matched cohort. The 30-day mor-
tality was similar between approaches (9.4% open
vs 8.5% VATS vs 7.5% RATS, P ¼ .807), as was 90-
day mortality (14.2% open vs 12.3% VATS vs 10.4%
RATS, P ¼ .516). On univariate analysis of the
matched cohort, VATS and RATS approaches were
similar to an open approach for 30-day mortality
(OR, 0.89; 95% CI, 0.46-1.74; P ¼ .734; and OR,
0.78; 95% CI, 0.39-1.56; P ¼ .487; respectively) and
90-day mortality (OR, 0.85, 95% CI, 0.48-1.49; P ¼
.566; and OR, 0.70; 95% CI, 0.39-1.26; P ¼ .238,
respectively) (Supplemental Tables 4, 5). This
similarity to open persisted in the multivariate
analysis for 30-day mortality (OR, 0.99; 95% CI,
0.46-2.13; P ¼ .981; and OR, 0.84; 95% CI, 0.38-
1.86; P ¼ .661) and 90-day mortality (OR, 0.83;
95% CI, 0.42-1.59; P ¼ .574; and OR, 0.64; 95% CI,
0.32-1.27; P ¼ .197) for VATS and RATS,
respectively.
nectomy cohort by approach type. The shaded areas indi-
VATS, video-assisted thoracoscopic surgery.)
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In the matched cohort, the overall median sur-
vival was 51 months (95% CI, 43.7-59.1 months).
Median survival was similar among the 3 groups at
48 months (95% CI, 35.6-64.1 months) for open, 51
months for VATS (95% CI, 34.9-72.3 months), and
50 months for RATS (95% CI, 42.6-NA months, P ¼
.560) (Figure 2). Additionally, on univariate and
multivariate analysis, after adjusting for sex, age,
race, Charlson-Deyo score, tumor stage, histology,
laterality, chemotherapy, and radiotherapy, there
was no association between surgical approach and
overall survival (Table 3).

CONVERSION ANALYSIS. The overall conversion rate
from minimally invasive pneumonectomy to tho-
racotomy was 29.6%, with a lower rate for RATS
compared with VATS (23.6% vs 32.0%, P ¼ .013).
Subgroup analyses were performed for minimally
invasive approaches to identify predictors of con-
version to open. The 30-day mortality rate of
minimally invasive pneumonectomies converted
to open was similar to those that were not
converted (8.4% vs 6.9%, respectively; P ¼ .530)
FIGURE 2 Kaplan-Meier survival curve for matched pneumone
the 95% CI. (RATS, robot-assisted thoracoscopic surgery; VATS
(Supplemental Table 6). The 90-day mortality
rate between those converted was also similar to
nonconverted cases (14.4% vs 9.7%, P ¼ .055). On
univariate analysis, RATS approach and induction
chemotherapy were protective against conversion
(OR, 0.67; 95% CI, 0.48-0.94; P ¼ .019; and OR,
0.53; 95% CI, 0.32-0.89; P ¼ .017, respectively),
and Asian race was associated with conversion
(OR, 2.45; 95% CI, 1.20-4.98; P ¼ .013)
(Supplemental Table 7). On multivariate analysis,
RATS approach and neoadjuvant chemotherapy
were associated with fewer conversions to open
(OR, 0.67; 95% CI, 0.47-0.94; P ¼ .020; and OR,
0.52; 95% CI, 0.27-0.98; P ¼ .045), whereas Asian
race was still associated with greater conversion
to open (OR, 2.57; 95% CI, 1.23-5.38; P ¼ .012).
COMMENT

This study compared outcomes between
propensity-matched patients who underwent
RATS, VATS, or open pneumonectomy from a
ctomy cohort by approach type. The shaded areas indicate
, video-assisted thoracoscopic surgery.)



TABLE 3 Univariate and Multivariate Analysis Examining Predictors of Overall Survival in the Matched Cohort

Variable
Unadjusted HR

(95% CI) P Value
Adjusted HR

(95% CI) P Value

Surgical approach
Open Reference Reference
VATS 0.99 (0.78-1.30) .949 0.93 (0.70-1.23) .595
RATS 0.87 (0.66-1.15) .325 0.79 (0.58-1.07) .120

Age 1.02 (1.01-1.04) <.001 1.02 (1.01-1.03) <.001
Sex
Male Reference Reference
Female 0.80 (0.64-1.01) .055 0.78 (0.61-1.00) .053

Race
White Reference Reference
Black 0.90 (0.64-1.27) .546 0.97 (0.68-1.39) .862
Asian 0.52 (0.30-0.91) .022 0.50 (0.28-0.90) .021
Other 1.25 (0.85-1.83) .252 1.21 (0.81-1.82) .353

Charlson-Deyo Score
0 Reference Reference
1 1.07 (0.81-1.41) .622 1.07 (0.81-1.42) .637
2 1.58 (1.13-2.22) .008 1.26 (0.88-1.80) .204
3 2.34 (1.57-3.51) <.001 1.65 (1.07-2.55) .024

Histology
Adenocarcinoma Reference Reference
Squamous 1.13 (0.89-1.44) .314 1.01 (0.78-1.32) .925
Other 1.06 (0.73-1.53) .770 1.09 (0.74-1.59) .659

Tumor stage
1 Reference Reference
2 1.53 (1.10-2.13) .011 1.98 (1.39-2.83) <.001
3 1.87 (1.37-2.54) <.001 2.95 (2.08-4.20) <.001
4 2.50 (1.45-4.29) .001 3.89 (2.18-6.94) <.001

Laterality
Right Reference Reference
Left 0.92 (0.74-1.16) .497 0.90 (0.71-1.13) .360

Chemotherapy
None Reference Reference
Neoadjuvant 0.82 (0.60-1.12) .209 0.63 (0.42-0.96) .031
Adjuvant 0.75 (0.58-0.98) .034 0.57 (0.42-0.78) <.001
Neoadjuvant D adjuvant 0.66 (0.40-1.09) .100 0.50 (0.28-0.90) .020

Radiotherapy
None Reference Reference
Neoadjuvant 1.11 (0.80-1.55) .533 1.26 (0.83-1.93) .284
Adjuvant 1.00 (0.73-1.37) .992 0.86 (0.60-1.22) .402

The bold P values indicate statistical significance (P < .05). HR, hazard ratio; RATS, robot-assisted thoracoscopic surgery; VATS, video-assisted thoracoscopic surgery.
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large national database. Minimally invasive
pneumonectomy by a VATS or RATS approach
showed comparable 30-day, 90-day, and overall
survival compared with an open approach,
consistent in both the unmatched and matched
cohorts. Our findings reinforce those from previ-
ous studies that showed no differences observed
in 30-day or 90-day mortality or overall survival
when comparing minimally invasive with open
pneumonectomy.9,11,12 There was also a protective
effect of Asian race on overall survival, which is
confirmed by previous studies, and may be due
to higher nonsmoker rates among Asians.18-20

Our study demonstrated a conversion rate of
30%, which is also similar to rates reported pre-
viously between 18% and 37%.9,11,12

A previous NCDB study examining pneumo-
nectomies performed from 2010 to 2014 demon-
strated that 15% of cases were performed using a
minimally invasive approach, of which only 1%
were performed with a RATS approach.12 In the
present study, 19% of pneumonectomies were
performed with a minimally invasive approach,
6% of which were performed RATS. This
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difference may be due to the introduction of the
newest version of the robotic platform in 2014.

This study also demonstrates a 63% decrease in
total pneumonectomies performed from 2015 to
2020, which is supported by a recent report by
The Society of Thoracic Surgeons, where a 52%
decrease in total pneumonectomies performed
from 2013 to 2022 was reported.21 The current
study also demonstrates that the proportion of
open pneumonectomies decreased by 14.8%,
whereas RATS and VATS pneumonectomies
increased by 7.1% and 7.6%, respectively.

These findings suggest that minimally invasive
pneumonectomy is becoming increasingly com-
mon and can be performed with similar long-term
outcomes as open pneumonectomy. The 30-day
and 90-day mortality rates of 8% and 10%,
respectively, are higher than those previously re-
ported, which may represent the evolving trend of
surgeons reserving pneumonectomy as a last
resort and improvements in neoadjuvant therapy
allowing for less radical resections.

The increased proportion of RATS procedures
and decreased rates of conversion to open
compared with previous studies illustrate a few
important trends. Early adopters of minimally
invasive approaches will tend to have lower
thresholds to convert to open initially but will
slowly increase this threshold as they becomemore
facile and comfortable with the technique.22-24 As
early adopters gain experience with minimally
invasive approaches and see potential benefits for
their patients, other surgeons may begin to incor-
porate these techniques as well. Right-sided
pneumonectomy was observed to have worse 30-
day, 90-day, and overall survival in the un-
matched cohorts and worse 90-day mortality in the
matched cohort, consistent with previous
literature.25

This study identifies potential predictors of
conversion from minimally invasive to open
pneumonectomy. On univariate and multivariate
analysis, induction chemotherapy was deter-
mined to be protective against conversion, which
could be explained by the shrinkage of larger tu-
mors that allows for a minimally invasive
approach, because larger tumors have been
strongly associated with increased conversion
rates in minimally invasive lobectomy.7 On
multivariate analysis, Asian race was an
independent predictor of conversion to open,
which was not expected, because a previous
study on minimally invasive lobectomies
demonstrated that race was not an independent
predictor of conversion.26 Notably, our sample
size of Asian VATS and RATS pneumonectomy
patients was relatively small, which limits the
reliability of this association.

On the contrary, the association between VATS
approach and conversion to open is consistent
with several studies that have demonstrated that
conversion rates are lower for RATS than for VATS
lobectomy.26-30 A robotic approach can provide
improved dexterity, optics, and comfort, poten-
tially leading to additional persistence on the part
of the surgeon during difficult dissections. The
increased 90-day mortality rate between con-
verted and nonconverted cases trended toward
significance, which likely represents the subset of
most complex tumors not amenable to a mini-
mally invasive approach.

The current study has several limitations. The
retrospective nature of this study and the poten-
tial for confounding factors limits the overall
strength of the results. Within the NCDB, there is
limited information regarding patient comorbid-
ities, smoking history, preoperative pulmonary
function, and cardiac function, which could affect
postoperative outcomes. Additionally, even
though propensity matching was performed to
help balance baseline patient characteristics, ac-
counting for differences in tumor characteristics
and surgical techniques for each approach is
difficult, which could affect short and long-term
outcomes among patients, as well as different
thresholds for conversion to open among different
surgeons and institutions.

The NCDB is a joint project of the Commission on Cancer of the American

College of Surgeons and the American Cancer Society. The data used in

the study are derived from a deidentified NCDB file. The American Col-

lege of Surgeons and the Commission on Cancer have not verified and

are not responsible for the analytic or statistical methodology used, or

the conclusions drawn from these data by the investigators.
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