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ABSTRACT

Objective: The objective of this study was to evaluate utilization and perioperative
outcomes of video-assisted thoracoscopic surgery (VATS) or robotic-assisted thor-
acoscopic surgery (RATS) for lung cancer in the United States using a nationally
representative database.

Methods: Hospital admissions for lobectomy or sublobar resection (segmentec-
tomy or wedge resection) using VATS or RATS in patients with nonmetastatic
lung cancer from October 2015 through December 2018 in the National Inpatient
Sample were studied. Patient and hospital characteristics, perioperative complica-
tions and mortality, length of stay (LOS), and total hospital cost were compared.
Logistic regression was used to assess whether the surgical approach was indepen-
dently associated with adverse outcomes.

Results: There were 83,105 patients who had VATS (n ¼ 65,375) or RATS
(n¼ 17,710) for lobectomy (72.7% VATS) or sublobar resection (84.2% VATS). Uti-
lization of RATS for lobectomy and sublobar resection increased from 19.2% to
34% and 7.3% to 22%, respectively. Mortality, LOS, and conversion rates were
comparable. The cost was higher for RATS (P<.01). Multivariate analyses showed
comparable RATS and VATS complications with no independent association be-
tween the minimally invasive surgery approach used and adverse surgical out-
comes, except for a decreased risk of pneumonia with RATS, relative to VATS
sublobar resection (P<.01). Thoracic complication rates and LOS decreased after
RATS lobectomy in 2018, compared with previous years (P<.005).

Conclusions: The utilization of robotic-assisted lung resection for cancer has
increased in the United States between 2015 and 2018 for sublobar resection and
lobectomy. In adjusted regression analysis, compared with VATS, patients who un-
derwent RATS had similar complication rates and LOS. The robotic approach was
associated with increased total hospital cost. LOS and thoracic complication rates
trended down after RATS lobectomy. (JTCVS Open 2022;12:385-98)
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CENTRAL MESSAGE

The utilization of RATS lung
resection for cancer has
increased in the United States
between 2015 and 2018.
Compared with VATS, RATS was
associated with comparable risk
of perioperative complications
and higher cost.
PERSPECTIVE
One-third of lobectomies and one-fifth of sublo-
bar resections for lung cancer were performed
with a robotic-assisted approach in the United
States in 2018. Compared with VATS, RATS had
15% added cost for lobectomy and 24% for sub-
lobar resection. RATS was associated with com-
parable risks of perioperative complications and
a similar LOS. Thoracic complications after
RATS lobectomy improved compared with earlier
years.
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Abbreviations and Acronyms
HCUP ¼ Healthcare Cost and Utilization

Project
ICD-10 ¼ International Classification of

Diseases, 10th Revision
ICD-10-CM ¼ International Classification of

Diseases, 10th Revision, Clinical
Modification

ICD-10-PCS ¼ International Classification of
Diseases, 10th Revision Procedure
Coding System

LOS ¼ length of stay
MIS ¼ minimally invasive surgery
NIS ¼ National Inpatient Sample
Q4 ¼ fourth quarter
RATS ¼ robotic-assisted thoracoscopic

surgery
VATS ¼ video-assisted thoracoscopic

surgery
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Video clip is available online.

Lung cancer is one of the most common cancers worldwide
and it leads to the highest rate of cancer-related deaths in
men and is second only to breast cancer in women.1,2 The
International Agency for Research on Cancer reports that
the highest rates of lung cancer in the world are observed
in Northern America3 with an estimated incidence and mor-
tality per 100,000 persons being 58.4 and 38.5, respectively,
in the United States, compared with 22.5 and 18.6 world-
wide.4 Lung cancer survival continues to be among the
lowest compared with other kinds of cancer.5

For early-stage non-small cell lung cancer, surgical
resection is the standard of care and can be performed
through a thoracotomy or minimally invasive surgery
(MIS) using video-assisted thoracoscopic surgery (VATS)
or robotic-assisted thoracoscopic surgery (RATS) ap-
proaches.6 Advantages of VATS and RATS over the tradi-
tional open thoracotomy include fewer perioperative
complications, reduced postoperative pain, and shorter
length of stay (LOS).7-11 However, despite the increased
utilization of the RATS approach in thoracic surgery, level
1 evidence of perioperative or long-term advantages of
RATS compared with VATS resection is still lacking.12

In large database studies and meta-analyses, lower con-
version rates to open thoracotomy and more frequent
home discharges have been observed in RATS compared
with VATS lobectomy, with similar 30-day readmission
386 JTCVS Open c December 2022
rates.13-17 Comparable mortality rates between approaches
have been shown in several reports14-16,18-23; however,
decreased odds of 90-day mortality24,25 and increased
1-year mortality risk have also been reported after RATS lo-
bectomy.13 Lower perioperative or 30-day complication
rates have been reported with RATS lobectomy; however,
others have shown no differences19,23,26,27 or even higher
rates of overall or selected types of perioperative complica-
tions like pulmonary complications or intraoperative in-
juries.16,18,28 Similarly, a potential favorable effect on the
LOS after RATS compared with VATS lobectomy or seg-
mentectomy for lung cancer has been shown in a few
studies14,19,25 yet disproven in others.8,16,20,24,26,27

The question remains whether or not RATS lung resec-
tion provides surgical outcome benefits for patients with
lung cancer and whether the conflicting data reported in
the past few years might partially be related to variations
in learning curve effects in single- or multicenter
studies8,25,26 and differences in sampling design, nature of
the data, and study years included in administrative or large
databases.16,18,20,24,27,28 Furthermore, nationally represen-
tative data on VATS and RATS utilization and outcomes
in recent years are lacking. We aimed to evaluate utilization
trends and perioperative outcomes (complications, LOS,
and cost) of lung resection including lobectomy and sublo-
bar resection for cancer with VATS or RATS in the United
States using a nationally representative database.
METHODS
This study was a cross-sectional retrospective analysis of hospital ad-

missions for lung resection using VATS or RATS in patients with nonme-

tastatic lung cancer. Patients who underwent surgery from October 2015

through December 2018 in the National Inpatient Sample (NIS;

Figure 1; Video Abstract) were included.

Patient Population and Database Description
Starting in October of 2015, the United States has transitioned to the

10th revision of the International Classification of Diseases (ICD-10), Clin-

ical Modification (ICD-10-CM)/ICD-10 Procedure Coding System (ICD-

10-PCS) for medical billing. We included inpatient hospital admissions

of patients who underwent lobectomy or sublobar resection (segmentec-

tomy or wedge resection) using VATS or RATS approaches (see Table

E1 for the ICD-10-PCS) and had the following ICD-10-CM diagnosis co-

des for lung tumor: C34XX for malignant neoplasms of the bronchus and

the lung, D14.3X for benign neoplasms, D38.1 for neoplasms of uncertain

behavior, D3A.090 for carcinoid tumors, D02.21 andD02.22 for carcinoma

in situ, D49.1 for other neoplasms of unspecified behavior of the respiratory

system, and R91.1 for solitary pulmonary nodules. The ICD-10-PCS does

not accurately distinguish between a wedge resection or segmentectomy

and they were thus combined as sublobar resection.29 Patients with meta-

static primary lung cancer or secondary metastatic disease to the lung

and those who underwent lung resection for other pathologies (including

pulmonary abscess, mycobacterial infection, coccidioidomycosis, and my-

coses) or trauma were excluded from the study. This was because of the

known technical difficulties and heterogeneity in outcomes in these cases.

Because of the deidentified nature of the data, this study was deemed

exempt by our institutional review board.
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Implications:
• RATS was associated with higher cost and overall similar perioperative and thoracic complications after partial lung resection.
• There was increased utilization of the robotic approach for partial lung resection over years with associated improved outcomes 
   after lobectomy

FIGURE 1. Cross-sectional retrospective study of hospital admissions for lung resection using video-assisted thoracoscopic surgery (VATS) or robotic-

assisted thoracoscopic surgery (RATS) in patients with non-metastatic lung cancer in the National Inpatient-Sample (NIS). NSCLC, Non-small cell lung

cancer; LOS, length of stay.
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The NIS is part of the Healthcare Cost and Utilization Project (HCUP)

sponsored by the USAgency for Healthcare Research and Quality. The NIS

is the best available data source for analyses of national estimates for

different inpatient hospitalization measures and outcomes.30-32 It

includes a stratified sample of hospital admissions to US community

hospitals (excluding rehabilitation and long-term acute care hospitals)

and contains more than 7 million hospital stays each year, estimating

more than 35 million weighted hospitalizations. The NIS sampling frame

currently includes data from 47 states and the District of Columbia, which

covers more than 97% of the US population. The NIS provides information

on patient demographic characteristics, diagnosis and procedure codes, ex-

pected source of payment, hospital characteristics, LOS, and total

charges.33

Patient and Hospital Characteristics and Study
Outcomes

The following patient characteristics were studied: age, sex, race/

ethnicity (White, Black, Hispanic, and others), expected payer (private in-

surance, Medicare, Medicaid, and other), and comorbidities. HCUP Elix-

hauser Comorbidity Software for ICD-10-CM34 was used to identify the
following conditions: diabetes, hypertension, congestive heart failure,

chronic pulmonary disease, renal failure, cerebrovascular disease, periph-

eral vascular disease, obesity, and history of smoking. Hospital character-

istics included location and teaching status (rural, urban nonteaching,

urban teaching), bed size (small, medium, large), and geographic region

(Northeast, Midwest, South, West).

Study outcomes included annual estimates of the number of inpatient

lung resections for lung cancer using either RATS or VATS, adverse

perioperative outcomes (conversion to open approach, complications,

and mortality) occurring during admission, and extended LOS

(>7 days), and total hospital cost. Complications were on the basis of

the ICD-10-CM codes shown in Table E2, and were grouped into the

following categories: thoracic, cardiovascular and thromboembolic,

bleeding, and other complications. Of note, unlike the International

Classification of Diseases Ninth Revision coding system, the ICD-10-

CM more accurately differentiates between diagnoses present at admis-

sion (ie, comorbidities) and perioperative complications occurring dur-

ing hospitalization. Total hospital cost in US dollars was calculated

from the individual hospitalization total charges multiplied by the indi-

vidual hospital’s cost-to-charge ratio that is provided by HCUP for a

subset of participating hospitals.35 To account for inflation, costs
JTCVS Open c Volume 12, Number C 387
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were adjusted to the 2018 dollar value using the annual consumer price

index.36 Admissions with missing cost-to-charge ratio information were

excluded from the cost analysis.

Statistical Analyses
Statistical analyses were performed using the survey procedures in SAS

version 9.4 (SAS Institute Inc) to account for stratification and clustering in

the sampling design of the NIS. Categorical variables are presented as the

weighted number and percentage and were compared using the Rao–Scott

c2 test in the SURVEYFREQ procedure. Continuous variables are pre-

sented as the mean and standard errors of the mean and were compared us-

ing the SURVEYREG procedure. Patient and hospital characteristics and

study outcomes were compared between patients who had RATS versus

VATS approaches and separate analyses were done for patients who had

a lobectomy and those who had sublobar resection (including segmentec-

tomy and wedge resection). Additionally, to study trends in outcomes

over time, LOS and complication rates after RATS resection were

compared between 2018 and previous study years (2015 fourth quarter

[Q4], 2016, and 2017).

Logistic regression analyses were done using the SURVEYLOGISTIC

procedure to assess if the surgical approach was independently associated

with adverse perioperative outcomes (any complication, thoracic complica-

tions, bleeding, extended LOS, conversion to open, and mortality). Factors

included in the model were: patient age, sex, race/ethnicity, comorbid con-

ditions (diabetes, hypertension, peripheral vascular disease, chronic lung

disease, renal failure, and obesity), smoking, surgical approach (RATS rela-

tive to VATS), insurance, hospital characteristics, and location. The Holm–

Bonferroni multiple comparisons method was used to adjust the P values.
RESULTS
Utilization of VATS and RATS

From October 2015 through December 2018, an esti-
mated 83,082 patients had an inpatient sublobar lung
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FIGURE 2. Utilization trends of robotic-assisted lobectomy and sublobar res

October 2015 through December 2018. VATS, Video-assisted thoracoscopic su
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resection (n ¼ 43,415) or lobectomy (n ¼ 39,670) for non-
metastatic lung cancer in the United States using VATS
(n¼ 65,375) or RATS (n¼ 17,710). Figure 2 shows the esti-
mated annual utilization (percentage of RATS and VATS
approaches for lobectomy and sublobar resection) during
the study years. Between 2015 and 2018, the proportion
of patients who had the RATS approach increased from
19.2% to 34% for lobectomy and from 7% to 22% for sub-
lobar resection (P<.001).

Patient and Hospital Characteristics
Patient and hospital characteristics of patients who had a

lobectomy and sublobar resection are presented in Tables 1
and 2, respectively. Of all patients who underwent a lobec-
tomy, 28,850 (72.7%) had VATS and 10,840 (27.3%) had
RATS. Patients’ age, sex, insurance, hospital bed size, loca-
tion, or teaching status were comparable (P>.05). A higher
percentage of Hispanic patients had RATS (5.2% vs 3.3%;
P < .001). The utilization of RATS versus VATS lobec-
tomies varied in different regions of the country. Patients
who had RATS had higher rates of hypertension, chronic
pulmonary disease, and obesity, compared with VATS
(P<.0.3; Table 1). Of all patients who underwent a sublobar
resection, 36,545 (84.2%) had VATS and 6870 (15.8%) had
RATS (Table 2). Patients who had RATSwere older and had
higher rates of diabetes, hypertension, and a history of
smoking (P<.04). There were differences between the 2
approach groups in patients’ race/ethnicity, hospital loca-
tion and teaching status, and region of the country (P<.03).
VATS

2250 13,010 13,745 14,410

Sublobar Resection

2015 (Q4) 2016 2017 2018

ection in patients with lung cancer in the National Inpatient Sample from

rgery; RATS, robotic-assisted thoracoscopic surgery.



TABLE 1. Patient and hospital characteristics of patients who had lobectomy for lung cancer using VATS or RATS in the National Inpatient

Sample database from October 2015 through December 2018

Patient and hospital characteristics All (N ¼ 39,690) VATS (n ¼ 28,850; 72.7%) RATS (n ¼ 10,840; 27.3%) P value

Demographic characteristics

Mean age � SEM, y 67.62 � 0.10 67.50 � 0.12 67.97 � .18 .14

Female sex 22,810 (57.50) 16,675 (57.84) 6135 (56.60) .30

Insurance:

Private 10,955 (27.63) 8050 (27.93) 2905 (26.85) .14

Medicare 25,375 (64.01) 18,415 (63.89) 6960 (64.33)

Medicaid 2275 (5.74) 1670 (5.79) 605 (5.59)

Race

White 31,605 (79.63) 23,045 (79.88) 8560 (78.97) <.01

Black 3000 (7.56) 2135 (7.40) 865 (7.98)

Hispanic 1595 (4.02) 965 (3.34) 630 (5.81)

Missing 1165 (2.94) 980 (3.40) 185 (1.71)

Other 2325 (5.86) 1725 (5.98) 600 (5.54)

Comorbidities

Diabetes 7780 (19.60) 5525 (19.15) 2255 (2.80) .13

Hypertension 24,740 (62.33) 17,635 (61.13) 7105 (65.54) <.01

Congestive heart failure y y 0 (.00) *

Chronic pulmonary disease 17,640 (44.44) 12,570 (43.57) 5070 (46.77) .02

Renal failure 215 (0.54) 160 (0.55) 55 (.51) .79

Cerebrovascular disease 345 (0.87) 260 (0.90) 85 (.78) .62

Peripheral vascular disease 3465 (8.73) 2475 (8.58) 990 (9.13) .47

Obesity 4990 (12.57) 3455 (11.98) 1535 (14.16) .02

History of smoking 26,270 (66.18) 18,925 (65.59) 7345 (67.75) .08

Hospital characteristics

Hospital Bed Size

Large 27,270 (68.71) 20,080 (69.60) 7190 (66.33) .37

Medium 8870 (22.35) 6280 (21.77) 2590 (23.89)

Small 3550 (8.94) 2490 (8.63) 1060 (9.78)

Location and teaching status

Urban teaching 35,335 (89.03) 25,640 (88.87) 9695 (89.44) .59

Urban nonteaching 3575 (9.01) 2600 (9.01) 975 (8.99)

Rural 780 (1.97) 610 (2.11) 170 (1.57)

Region of the country

South 14,490 (36.51) 10,315 (35.75) 4175 (38.51) <.01

Midwest 7795 (19.64) 5100 (17.68) 2695 (24.86)

West 6575 (16.57) 5080 (17.61) 1495 (13.79)

Northeast 10,830 (27.29) 8355 (28.96) 2475 (22.83)

Data are presented as n (%) except where otherwise noted. VATS, Video-assisted thoracoscopic surgery; RATS, robotic-assisted thoracoscopic surgery; SEM, standard error of the

mean. *The Rao-Scott c2 test does not provide a P value when one of the cells has a value of 0. yThe HCUP National Inpatient Sample does not permit reporting of observations

smaller than 10 due to privacy concerns.
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Adverse Perioperative Outcomes
Adverse perioperative outcomes, LOS, and total hospital

cost of patients who had a lobectomy and sublobar resection
are presented in Tables 3 and 4, respectively. Of all patients
who had a lobectomy, 33.5% experienced a complication
during admission for surgery. Compared with VATS, pa-
tients who had a RATS lobectomy had a higher rate of
any complication (VATS: 32.7% vs RATS: 35.6%;
P¼ .022). However, there were no differences in cardiovas-
cular and thromboembolic complications, bleeding compli-
cations, conversion to open, or mortality (Table 3).
Of all patients who had a sublobar resection, 24.1%
experienced a complication during admission. Compared
with VATS, patients who had a RATS sublobar resection
had a higher rate of any complication (VATS: 23.7% vs
RATS: 26.6%; P ¼ .03). The rate of any thoracic compli-
cation was not different between approaches; however, pa-
tients in the VATS group had a higher rate of pneumonia
(VATS: 3.5% vs RATS: 1.6%; P<.01) whereas those in
the RATS group had higher rates of air leak (VATS:
5.1% vs RATS: 7.1%; P<.01) and acute respiratory fail-
ure (VATS: 0.5% vs RATS: 1.1%; P<.01). The rates of
JTCVS Open c Volume 12, Number C 389



TABLE 2. Patient and hospital characteristics of patients who had a sublobar resection (segmentectomy or wedge resection) for lung cancer using

VATS or RATS in the National Inpatient Sample database from October 2015 through December 2018

Patient and hospital characteristics All (N ¼ 43,415) VATS (n ¼ 36,545; 84.2%) RATS (n ¼ 6870; 15.8%) P value

Demographic characteristics

Mean age � SEM, y 65.65 � 0.12 65.39 � 0.13 67.15 � 0.26 <.01

Female sex 23,715 (54.67) 19,840 (54.34) 3875 (56.40) .16

Insurance

Private 13,575 (31.30) 11,530 (31.58) 2045 (29.83) .79

Medicare 25,535 (58.88) 21,380 (58.55) 4155 (60.61)

Medicaid 2920 (6.73) 2470 (6.76) 450 (6.56)

Race

White 33,985 (78.28) 28,720 (78.59) 5265 (76.64) <.01

Black 3405 (7.84) 2910 (7.96) 495 (7.21)

Hispanic 1885 (4.34) 1395 (3.82) 490 (7.13)

Missing 1410 (3.25) 1320 (3.61) 90 (1.31)

Other 2730 (6.29) 2200 (6.02) 530 (7.71)

Comorbidities

Diabetes 8715 (20.07) 7190 (19.67) 1525 (22.20) .03

Hypertension 25,095 (57.80) 20,945 (57.31) 4150 (60.41) .04

Congestive heart failure 5 (0.01) 5 (0.01) 0 (0.00) .75

Chronic pulmonary disease 17,655 (40.67) 14,685 (40.18) 2970 (43.23) .05

Renal failure 315 (0.73) 260 (0.71) 55 (0.80) .72

Cerebrovascular disease 315 (0.72) 255 (0.69) 60 (0.87) .47

Peripheral vascular disease 3395 (7.81) 2825 (7.73) 570 (8.29) .49

Obesity 5695 (13.12) 4810 (13.16) 885 (12.88) .79

History of smoking 25,600 (58.96) 21,245 (58.13) 4355 (63.39) <.01

Hospital characteristics

Hospital bed size

Large 30,600 (70.48) 25,880 (70.82) 4720 (68.70) .66

Medium 9050 (20.85) 7530 (20.60) 1520 (22.13)

Small 3765 (8.67) 3135 (8.58) 630 (9.17)

Location and teaching status

Urban teaching 38,550 (88.79) 32,605 (89.22) 5945 (86.54) .03

Urban nonteaching 4275 (9.85) 3410 (9.33) 865 (12.59)

Rural 590 (1.36) 530 (1.45) 60 (0.87)

Region of the Country

South 14,805 (34.10) 12,090 (33.08) 2715 (39.52) .03

Midwest 7840 (18.06) 6570 (17.98) 1270 (18.49)

West 6795 (15.65) 5980 (16.36) 815 (11.86)

Northeast 13,975 (32.19) 11,905 (32.58) 2070 (30.13)

Data are presented as n (%) except where otherwise noted. VATS, Video-assisted thoracoscopic surgery; RATS, robotic-assisted thoracoscopic surgery; SEM, standard error of the

mean.
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cardiovascular and thromboembolic complications,
bleeding complications, mortality, and conversion to
open were comparable; however, individual complications
varied among the 2 approaches (Table 4).

Figure 3 shows a comparison of thoracic complications,
cardiovascular or thromboembolic complications, and
bleeding complications after RATS resection between
2018 (lobectomy: n ¼ 4785, sublobar resection:
n ¼ 3170) and 2015 (Q4) to 2017 (lobectomy: n ¼ 6055;
sublobar resection: n ¼ 3700) study years. The rate of
thoracic complications decreased after RATS lobectomy
(2015 [Q4]-2017: 30.2% vs 2018: 24.4%; P ¼ .004) but
not after sublobar resection (2015 [Q4]-2017: 19.6% vs
390 JTCVS Open c December 2022
2018: 18%; P ¼ .49). There was no difference in the rate
of cardiovascular or thromboembolic complications be-
tween study years. Bleeding complications did not differ
between 2018 and previous years after RATS sublobar
resection or lobectomy (2015 [Q4]-2017: 1.6% vs 2018:
0.7%; P ¼ .065; Figure 3, panel A).

Results of the logistic regression analyses of the indepen-
dent association of surgical approach with adverse perioper-
ative outcomes are shown in Table 5. Only data for the
surgical approach (RATS relative to VATS) are presented.
In patients who had a lobectomy, RATS was not indepen-
dently associated with adverse surgical outcomes (Table
5, Lobectomy section). In patients who had a sublobar



TABLE 3. Adverse perioperative outcomes, length of stay, and total hospital cost of patients who had a lobectomy for lung cancer using VATS or

RATS in the National Inpatient Sample database from October 2015 through December 2018

Perioperative complication All (N ¼ 39,690) VATS (n ¼ 28,850) RATS (n ¼ 10,840) P value (unadjusted)

Any 13,285 (33.5) 9425 (32.7) 3860 (35.6) .02

Thoracic 10,320 (26) 7325 (25.4) 2995 (27.6) .06

Pneumonia 1530 (3.9) 1090 (3.8) 440 (4.1) .58

Pneumothorax 2910 (7.3) 2040 (7.1) 870 (8) .16

Air leak 4345 (11) 3130 (10.9) 1215 (11.2) .68

Acute respiratory failure 295 (0.7) 190 (0.7) 105 (1) .20

Pulmonary collapse or atelectasis 3330 (8.4) 2375 (8.2) 955 (8.8) .45

Other complications of respiratory system 630 (1.6) 390 (1.4) 240 (2.2) <.01

Cardiovascular and thromboembolic 3250 (8.2) 2275 (7.9) 975 (9) .11

Cardiac arrest 185 (0.5) 125 (0.4) 60 (0.6) .50

Atrial fibrillation 2760 (7) 1945 (6.7) 815 (7.5) .24

Periprocedural shock or other

cardiovascular complications

225 (0.6) 165 (0.6) 60 (0.6) .92

Deep venous thrombosis 850 (2.1) 585 (2) 265 (2.4) .26

Pulmonary embolism 140 (0.4) 100 (0.4) 40 (0.4) .88

Bleeding 405 (1) 285 (1) 120 (1.1) .64

Blood transfusion 700 (1.8) 525 (1.8) 175 (1.6) .53

Hemoperitoneum, postoperative

hematoma or hemothorax

330 (0.8) 240 (0.8) 90 (0.8) .99

Other

Device-related complications 140 (0.4) 90 (0.3) 50 (0.5) .32

Injuries to other organs 165 (0.4) 100 (0.4) 65 (0.6) .12

Renal failure or other urinary

complications

135 (0.3) 90 (0.3) 45 (0.4) .51

Paralytic ileus 110 (0.3) 60 (0.2) 50 (0.5) .04

Other or unspecified 3235 (8.2) 2310 (8) 925 (8.5) .52

Other outcomes

Mortality 225 (0.6) 160 (0.6) 65 (0.6) .81

Conversion to open 500 (1.3) 400 (1.4) 100 (0.9) .60

Extended length of stay (>7 d) 5655 (14.3) 4155 (14.4) 1500 (13.8) .56

Mean length of stay � SEM, d 5 � 0.1 5.1 � 0.1 4.8 � 0.1 .13

Median length of stay (IQR), d 3.4 (2.1-5.4) 3.4 (2.2-5.5) 3.2 (2.1-5.3)

Cost (N* ¼ 39,330; 99.1%) (n* ¼ 28,520; 98.9%) (n* ¼ 10,810; 99.7%)

Mean total hospital cost � SEM, $ 24,866 � 278 23,922 � 304 27,356 � 547 <.01

Median (IQR) 21,438 (16,218-28,841) 20,487 (15,555-27,689) 23,805 (18,317-31,672)

Data are presented as n (%) unless otherwise specified. SAS survey procedures do not include comparative analyses of medians. VATS, Video-assisted thoracoscopic surgery;

RATS, robotic-assisted thoracoscopic surgery; SEM, standard error of the mean; IQR, interquartile range. *Total hospital cost was only calculated for hospitals that have submitted

their distinct cost-to-charge ratio in the Healthcare Cost and Utilization Project.
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resection, RATS (relative to VATS) was associated with a
decreased risk of pneumonia (odds ratio, 0.43; 95% CI,
0.27-0.67; adjusted P<.01); however, the surgical approach
was not independently associated with any complication,
thoracic complications, bleeding, mortality, conversion to
open, or extended LOS (Table 5, Sublobar resection
section).

LOS and Total Hospital Cost
For patients who had a lobectomy (Table 3) and those

who had a sublobar resection (Table 4), LOS and the pro-
portion of patients who had an extended LOS were similar
after VATS and RATS but the mean total hospital cost was
higher for RATS admissions (P<.001). Figure 3, panel B
shows trends of LOS over time during the study years.
From 2015 (Q4) to 2018, mean LOS decreased from
5.7 � 0.5 to 4.5 � 0.1 after lobectomy and from
4.8 � 0.5 to 3.9 � 0.4 after sublobar resection. When
LOS in 2018 was compared with previous years combined,
there was a decrease in mean LOS after RATS lobectomy
(2015 [Q4]-2017 [n ¼ 6055]: 4.1 � 0.1 days vs 2018
[n¼ 4785]: 3.9� 0.4 days; P¼ .008) but not after sublobar
resection (2015 [Q4]-2017 (n ¼ 3700): 5.1 � 0.1 days vs
2018 (n ¼ 3170): 4.5 � 0.1 days; P ¼ .67).
JTCVS Open c Volume 12, Number C 391



TABLE 4. Adverse perioperative outcomes, length of stay, and total hospital cost of patients who had a sublobar resection (segmentectomy or

wedge resection) for lung cancer using VATS or RATS in the National Inpatient Sample database from October 2015 through December 2018

Perioperative complication All (N ¼ 43,415) VATS (n ¼ 36,545) RATS (n ¼ 6870) P value

Any 10,480 (24.1) 8650 (23.7) 1830 (26.6) .03

Thoracic 7790 (17.9) 6495 (17.8) 1295 (18.9) .39

Pneumonia 1385 (3.2) 1275 (3.5) 110 (1.6) <.01

Pneumothorax 2260 (5.2) 1905 (5.2) 355 (5.2) .94

Air leak 2355 (5.4) 1870 (5.1) 485 (7.1) <.01

Acute respiratory failure 255 (0.6) 180 (0.5) 75 (1.1) <.01

Pulmonary collapse or atelectasis 2805 (6.5) 2355 (6.4) 450 (6.6) .89

Other complications of respiratory system 485 (1.1) 400 (1.1) 85 (1.2) .67

Cardiovascular and thromboembolic 2515 (5.8) 2080 (5.7) 435 (6.3) .33

Cardiac arrest 55 (0.1) 45 (0.1) 10 (0.2) .83

Atrial fibrillation 2050 (4.7) 1695 (4.6) 355 (5.2) .40

Periprocedural shock or other

cardiovascular complication

125 (0.3) 110 (0.3) 15 (0.2) .60

Deep venous thrombosis 670 (1.5) 515 (1.4) 155 (2.3) .02

Pulmonary embolism 170 (0.4) 145 (0.4) 25 (0.4) .86

Bleeding 380 (0.9) 310 (0.8) 70 (1) .55

Blood transfusion 665 (1.5) 590 (1.6) 75 (1.1) .14

Hemoperitoneum, postoperative

hematoma or hemothorax

390 (0.9) 320 (0.9) 70 (1) .62

Other

Device-related complications 55 (0.1) 35 (0.1) 20 (0.3) .05

Injuries to other organs 135 (0.3) 100 (0.3) 35 (0.5) .15

Renal failure or other urinary complications 165 (0.4) 115 (0.3) 50 (0.7) .02

Paralytic ileus 65 (0.2) 40 (0.1) 25 (0.4) .03

Other or unspecified 2240 (5.1) 1730 (4.7) 510 (7.4) <.01

Other outcomes

Mortality 310 (0.7) 290 (0.8) 20 (0.3) .05

Conversion to open 405 (0.9) 335 (0.9) 70 (1) .72

Extended length of stay (>7 d) 4500 (10.4) 3840 (10.5) 660 (9.6) .35

Mean length of stay � SEM, d 4.1 � 0.1 4.2 � 0.1 4.1 � 0.2 .78

Median (IQR) 2.3 (1.2-4.2) 2.3 (1.1-4.2) 2.3 (1.3-4.1)

Cost (N* ¼ 43,140) (n* ¼ 36,285) (n* ¼ 6855)

Mean total hospital cost � SEM, $ 19,278 � 282 18,574 � 267 23,008 � 868 <.01

Median (IQR) 15,629 (11,361-22,210) 14,990 (10,923-21,372) 19,150 (14,648-26,462)

Data are presented as n (%) except where otherwise specified. SAS survey procedures do not include comparative analyses of medians. VATS, Video-assisted thoracoscopic

surgery; RATS, robotic-assisted thoracoscopic surgery; SEM, standard error of the mean; IQR, interquartile range. *Total hospital cost is calculated for the subset of hospitals

that have submitted their distinct cost-to-charge ratio in the Healthcare Cost and Utilization Project.
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DISCUSSION
In this study, we report estimates of the numbers and peri-

operative outcomes of subtotal pulmonary resections for
nonmetastatic lung cancer that were performed using MIS
techniques in the United States. Previous estimates of
RATS utilization using the Nationwide Readmission Data-
base show that between 2010 and 2014, 12.5% of MIS lo-
bectomies were done with the RATS approach.16 Using the
most recent nationally representative data from the NIS, we
found that the proportion of the robotic-assisted approach
increased, between 2015 and 2018, from 19.2% to 34%
of all MIS lobectomies and from 7% to 22% of sublobar
resections. With this growth in adoption, the question
392 JTCVS Open c December 2022
remains whether the RATS provides any additional periop-
erative outcomes benefits compared with the VATS
approach.

Our findings indicate that at the national level, RATS was
associated with a comparable risk of perioperative compli-
cations compared with VATS during the study period, at a
higher hospital cost and similar LOS. After adjusting for pa-
tient and hospital characteristics, RATSwas associated with
a similar risk of overall perioperative complications and
thoracic complications after lobectomy and sublobar resec-
tion and a higher likelihood of air leak and acute respiratory
failure after a sublobar resection.We also found no indepen-
dent association between the MIS approach (RATS vs
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VATS) and mortality, conversion rates, and extended LOS.
In agreement with our findings, a recent randomized trial
showed no difference in perioperative complications or
LOS between RATS and VATS lobectomy at a higher
cost.12 However, a recent meta-analysis of retrospective
studies suggests potential advantages of RATS compared
with VATS lobectomy/segmentectomy including less blood
loss, lower conversion rate, shorter LOS, and lower overall
complication rate in addition to a higher lymph node
yield.37 Other studies, however, showed no difference in
number of retrieved lymph nodes, perioperative complica-
tions, or LOS between the 2 MIS approaches.17 In a meta-
analysis from Ma and colleagues,37 pooled results showed
a lower conversion rate in RATS (relative to VATS) lobec-
tomy but not segmentectomy. Furthermore, the sensitivity
analysis of high-quality articles (n ¼ 7) showed no differ-
ences between the 2 approaches in conversion rates when
lobectomy and segmentectomies were included. Other
meta-analyses, however, showed no difference in number
of retrieved lymph nodes, perioperative complications, or
LOS between the 2 MIS approaches.17

Among several factors, the improvement in robotic
approach outcomes can partially be related to the surgeon’s
learning curve. The existing literature regarding the robotic
lung resection learning curve is incongruent with some
studies showing the need for 20 to 30 robotic cases38 and
others estimating the learning curve to be upward of
100.39 Su and colleagues40 reported an association between
surgeon experience and postrobotic lobectomy prolonged
air leak, emphasizing the importance of the learning curve
and its potential effect on patient outcomes. This learning
curve might be present independent of the surgeon’s previ-
ous VATS experience.41 Our study showed a decrease in the
number of thoracic complications associated with robotic
JTCVS Open c Volume 12, Number C 393



TABLE 5. Logistic regression analyses of independent association of surgical approach with adverse perioperative outcomes in patients who had a

lobectomy and those who had sublobar resection for lung cancer in the National Inpatient Sample database from October 2015 through December

2018

Adverse perioperative

outcomes

Lobectomy; RATS (relative to VATS) Sublobar resection; RATS (relative to VATS)

Odds ratio

(95% CI)

Unadjusted

P value

Holm-adjusted

P value

Odds ratio

(95% CI)

Unadjusted

P value

Holm-adjusted

P value

Any complication 1.1 (1.01-1.27) .03 .33 1.1 (.96-1.30) .12 .84

Thoracic complications 1.1 (1.01-1.28) .04 .40 1.04 (.88-1.23) .64 1.00

Pneumonia 1.1 (0.82-1.40) .62 1.00 .4 (.27-.67) <.01 <.01

Pneumothorax 1.2 (0.98-1.45) .08 .72 .97 (.75-1.25) .79 1.00

Air leak 1.1 (0.89-1.27) .51 1.00 1.4 (1.08-1.78) .01 .09

Acute respiratory failure 1.4 (0.72-2.55) .35 1.00 2.2 (1.24-3.85) <.01 .07

Pulmonary collapse or atelectasis 1.1 (0.89-1.31) .43 1.00 1 (.77-1.29) .99 1.00

Bleeding requiring transfusion 2.2 (0.77-6.43) .14 1.00 2.3 (.78-6.73) .13 .84

Other outcomes

Mortality 1.01 (0.51-1.97) .99 1.00 .4 (.13-.98) .05 .40

Conversion to open, n (%) 0.5 (0.12-2.44) .42 1.00 .7 (.29-1.47) .30 1.00

Extended length of stay (>7 d) 0.95 (0.81-1.11) .50 1.00 .9 (.72-1.10) .27 1.00

Other factors included in the model were: patient age, sex, race/ethnicity, comorbid conditions, smoking, insurance, hospital characteristics and location. RATS, Robotic-assisted

thoracoscopic surgery; VATS, video-assisted thoracoscopic surgery; CI, confidence interval.
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lobectomy compared with earlier years. Likewise, a
decrease in length of hospitalization after robotic lung
resection over time was noted. The NIS database does not
provide surgeon-level data to assess the effect of the
learning curve on outcomes or provide direct insight into
the relationship between the surgeon learning curve and
outcomes. This needs to be assessed in a prospectively de-
signed multicenter study. Although our multivariate ana-
lyses accounted for some hospital characteristics such as
hospital bed volume, location, and teaching status, the study
was not designed to compare the 2 MIS approaches per-
formed by surgeons and centers of equivalent expertise;
rather, we report an update on the current status of surgical
outcomes with MIS lung resection at the national level. We
found that 66% and 89% of RATS resections were done at
large and urban teaching hospitals, respectively, with no dif-
ferences in hospital size, location, or teaching status be-
tween the VATS and RATS groups.

Our study is subject to multiple limitations, intrinsic to
the nature of data in national administrative databases. First,
our findings are primarily on the basis of medical coding
with possible errors related to miscoding or missing data.
Importantly, the ICD-10-PCS does not allow researchers
to discern segmentectomy from wedge resections.30 Thus,
our findings should not be interpreted as outcomes of 1 of
the 2 procedures separately from the other, but rather out-
comes of sublobar resections in general. It is not possible
with using ICD-10 coding to determine reliably the ratio
of segmentectomy to wedge resections per surgical
approach in our study. Second, the NIS only includes diag-
noses and procedures documented during in-patient hospi-
tal admission; therefore, we could not report morbidity or
mortality from any complications that might have occurred
394 JTCVS Open c December 2022
after discharge from the index procedure hospitalization.
Similarly, diagnoses and procedures/treatments done before
admission were not captured. This includes any preopera-
tive neoadjuvant therapy. Third, although our multivariate
analyses were adjusted for some patient and hospital char-
acteristics available in the NIS, we were unable to account
for possible differences in cancer staging, American Soci-
ety of Anesthesiologists Classification, hospital case vol-
ume, and individual surgeon’s experiences with MIS
approaches or other factors that might have influenced out-
comes. Fourth, hospital costs in our study were estimated
from hospital charges data using hospital-wide cost-to-
charge ratios.42 This approach has been widely used in
the literature including in studies that have compared ro-
botic and laparoscopic surgical approaches.43 The methods
used did not account for specific potential variations among
the cohorts; however, reliable estimates can generally be
obtained for hospital admissions with similar diagnosis-
related groups, type of hospital services and departments,44

and similar insurance coverage45,46 as was the case in our
study. Finally, similar to most administrative databases,
the nature of the NIS data do not allow an accurate
assessment of the severity of the perioperative outcomes.
CONCLUSIONS
This national-level analysis showed an increase in the uti-

lization of the robotic-assisted approach for subtotal pulmo-
nary resection in patients with lung cancer in the United
States between 2015 and 2018. The RATS approach was
associated with a comparable risk of perioperative compli-
cations and LOS and a higher hospital cost than the VATS
approach.
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TABLE E1. International Classification of Diseases, 10th Revision (ICD-10) procedural codes for VATS and robotic partial lung resections

ICD-10 procedural codes

Thoracoscopic lobectomy, percutaneous endoscopic

0BTC4ZZ Upper lung lobe, right

0BTD4ZZ Middle lung lobe, right

0BTF4ZZ Lower lung lobe, right

0BTG4ZZ Upper lung lobe, left

0BTH4ZZ Lung lingula

0BTJ4ZZ Lower lung lobe, left

Thoracoscopic sublobar resection

0BBC4ZX Upper lung lobe, right

0BBC4ZZ Upper lung lobe, right

0BBD4ZX Middle lung lobe, right

0BBD4ZZ Middle lung lobe, right

0BBF4ZX Lower lung lobe, right

0BBF4ZZ Lower lung lobe, right

0BBG4ZX Upper lung lobe, left

0BBG4ZZ Upper lung lobe, left

0BBH4ZX Lung lingula

0BBH4ZZ Lung lingula

0BBJ4ZX Lower lung lobe, left

0BBJ4ZZ Lower lung lobe, left

0BBK4ZX Lung, right

0BBK4ZZ Lung, right

0BBL4ZX Lung, left

0BBL4ZZ Lung, left

0BBM4ZX Lungs, bilateral

0BBM4ZZ Lungs, bilateral

Robotic-assisted codes

8E0WXCZ Robotic-assisted procedure of trunk region

8E0W3CZ Robotic-assisted procedure of trunk region, percutaneous approach

8E0W4CZ Robotic-assisted procedure of trunk region, percutaneous endoscopic approach

8E0W7CZ Robotic-assisted procedure of trunk region, via natural or artificial opening

8E0W8CZ Robotic-assisted procedure of trunk region, via natural or artificial opening, endoscopic
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TABLE E2. ICD-10 codes for perioperative complications

Complication Code

Thoracic

Pneumonia J13, J14, J15, J16, J17, J18, J69.0, J95.4, J95.851

Postprocedural pneumothorax J95.811

Postprocedural air leak J95.812

Acte respiratory failure J95.1, J95.82

Pulmonary collapse (atelectasis) J98.11

Other complications of respiratory system J95.88, J95.89, J95.0, J98.0

Cardiovascular

Cardiac arrest, insufficiency I97.7, I97.1

Atrial fibrillation I97.89, I48.0

Periprocedural shock, hypertension, or other cardiovascular complications T81.1, I97.3, I97.88, T81.7

Thromboembolic

Pulmonary embolism I26

Deep venous or other venous thromboembolisms I82, I97.89

Bleeding

Postoperative blood transfusion 30233N1

Hemoperitoneum, postoperative hematoma, hemothorax J95.83, J94.2, J95.86

Other

Device-related Y81, Y82

Accidental injuries to other organs J95.7, S27.3, D78.1, E36.1, G97.4, I97.5, K91.72, N99.7

Renal failure or other urinary N99.0, N99.81, N99.89

Pneumoperitoneum and other peritoneal K66.8, K66.9

Paralytic ileus K91.89, K56.0

Other or unspecified T81.89, T81.9, T88.8, Y83, Y84, Y69, Y65

Conversion to open Z53.32
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