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ABSTRACT

BACKGROUND: The clinical impact of heart failure (HF) on postoperative outcomes following video-assisted thoracic surgery (VATS) for
lung cancer resection remains controversial. This study aimed to assess patient and hospital characteristics related to the type of surgery,
as well as the independent impact of HF on surgical outcomes.

METHODS: We conducted a retrospective analysis using data from the National Inpatient Sample database. A total of 20693 patients aged
18years or older, diagnosed with lung cancer, and undergoing lobectomy or sublobar resection via VATS between 2016 and 2020 were
included. Patients were stratified based on the presence of HF. The HF-present cohorts were matched to HF-absent controls using a 1:2
nearest-neighbor propensity score-matching (PSM) analysis. The matched cohorts were then compared across several endpoints, includ-
ing mortality, length of stay (LOS), hospitalization costs, and postoperative complications.

RESULTS: After PSM, the study included 1781 patients who underwent lobectomy and 1157 who underwent sublobar resection, with 594
and 386 patients, respectively, having concurrent HF. In both the lobectomy and sublobar resection groups, patients with HF demonstrated
significantly higher in-hospital mortality rates (P<.001), longer LOS (P<.001), increased total hospital charges (P<.001), and a greater risk
for overall postoperative complications (P<.001).

CONCLUSIONS: Among patients with lung cancer undergoing VATS, the presence of HF is associated with an increased risk of postopera-
tive complications. This finding underscores the necessity for enhanced monitoring and care for patients with HF should be treated during
the postoperative recovery phase.
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Introduction increased, leading to a growing number of patients with HF

Heart failure (HF) is a prevalent and costly medical condition
that affects approximately 26 million people worldwide.! It is
recognized as a significant risk factor for postoperative morbid-
ity and mortality across various surgical specialties.? However,
research examining the impact of HF on outcomes specifically in
thoracic surgery remains limited. As medical care has improved,
survival rates following an HF diagnosis have been substantially

*These authors contributed equally to this work.

undergoing elective thoracic procedures.*

Lung cancer is one of the most common malignant tumors
worldwide and a leading cause of cancer-related mortality.
According to 2018 data from the Global Cancer Observatory
(GLOBOCAN), there were approximately 2.09 million new
cases of lung cancer, which account for 11.6% of all cancer
cases and 18.4% of total cancer-related deaths globally.>¢ Heart
disease and cancer share several common risk factors, including
age, tobacco use, diet, and insufficient physical activity, which
often leads to the 2 conditions occurring together.” Recent
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study has reported that HF is one of the most prevalent comor-
bidities of lung cancer, with an incidence rate of approximately
12.4%.8 Surgical resection remains the primary approach for
achieving curative outcomes in most early-stage lung cancer
cases.” In addition, advancements in anesthesia and surgical
techniques are expected to enable an increasing number of
elderly patients with heart disease to undergo these
procedures.!0

Lung cancer resection can be performed via open surgery
(such as thoracotomy) or minimally invasive techniques.!!
Video-assisted thoracic surgery (VATS) is a minimally invasive
approach that uses small chest incisions.!? Since the early
1990s, a growing body of clinical evidence has demonstrated
the safety and feasibility of VATS for lung cancer resection,
resulting in improved postoperative outcomes and reduced sur-
gical trauma compared with open surgery.!3' In the field of
lung cancer resection procedures, the cardiovascular and pul-
monary benefits of lobectomy compared with pneumonectomy
are well established.1¢17 However, it remains unclear whether a
similar distinction exists between lobectomy and sublobar
resection. Although several studies have investigated the effi-
cacy and immediate surgical outcomes of lobectomy versus
sublobar resection, the differences in mortality rates due to
other causes have not yet been thoroughly examined.!$1?

Despite the importance of understanding how HF may
affect VATS outcomes, there is currently a lack of research in
this area. Consequently, further investigation is warranted to
fill this knowledge gap. As a result of this situation, there is a
rising demand to gain a deeper insight into and accurately
assess the impact of HF on postoperative risk. This under-
standing is crucial for optimizing clinical decision-making and
enhancing preoperative counseling.

This study aimed to investigate the potential impact of HF
on patients with lung cancer undergoing lobectomy and sublo-
bar resection assisted by VATS. To achieve this, we analyzed
the effects of HF on postoperative complications in a large
cohort of more than 20000 patients from a nationwide US
database using a propensity score-matched cross-sectional
analysis.

Methods

Data source

Patient data for this study were obtained from the Healthcare
Cost and Utilization Project Nationwide Inpatient Sample
(HCUP-NIS) database. The National Inpatient Sample (NIS)
is the largest publicly available all-payer inpatient care database
in the United States, developed by the Agency for Healthcare
Research and Quality (AHRQ). The NIS contains more than
8 million hospitalizations annually?® and comprises a 20%
stratified sample of discharges from US hospitals, providing
comprehensive data elements typically included in discharge
abstracts. For this study, we used data from 2016 to 2020,

applying the International Classification of Diseases, Tenth
Revision, Clinical Modification/Procedure Coding System
(ICD-10-CM/PCS) codes.

Given that this study used a de-identified publicly available
database, Institutional Review Board approval was waived.

Study population
We identified all patients aged 18years and older with a pri-

mary diagnosis of lung cancer who underwent either VATS
lobectomy or VAT'S sublobar resection between 2016 and 2020
using ICD-10-CM/PCS and codes.??> Elixhauser comor-
bidities were generated using Elixhauser Comorbidity Software
Refined for ICD-10-CM v2022.1 from AHRQ. Patient
records with procedure codes for more than one type of lung
resection were excluded. Patients diagnosed with metastatic
cancer were excluded from the study, except for those with a
diagnosis solely of secondary and unspecified malignant neo-
plasm of intrathoracic lymph nodes.?3 We also removed
patients with missing demographic data. The final sample size
for the analysis was 20693, consisting of 13273 patients who
underwent VATS lobectomy and 7420 who underwent VATS
sublobar resection. The cohorts were categorized into 2 groups
(with and without comorbid HF) to compare patient and hos-
pitalization characteristics and outcomes.?* We defined HF
using HCUP CCSR (Clinical Classifications Software
Refined) codes, specifically CIR019 for HF, which includes 26
ICD-10 diagnosis codes (Supplemental Table 1). Details of
ICD-10-CM/PCS codes used are listed in Supplemental
Table 1.

Variables and outcome measures

Baseline characteristics of VATS lobectomy and VATS sublo-
bar resection cohorts are listed in Tables 1 and 2. The primary
outcomes of interests were the incidence of in-hospital adverse
complications, including pulmonary and other complications.
Secondary outcomes included overall hospitalization costs,
length of stay (LOS), and incidence of in-hospital mortality. A
comprehensive list of ICD-10-CM/PCS codes used to define

in-hospital adverse complications is included in Supplemental

Table 1.25:26

Statistical analyses

Descriptive statistics were summarized for the demographic,
clinical, and socioeconomic characteristics of the research
groups. Categorical variables were presented as counts (%),
whereas continuous variables were described using median
(interquartile range, IQR). The chi-square test or Fisher’s exact
test was conducted to evaluate categorical variables, and the
Wilcoxon rank sum test was used for continuous variables that
were determined to be non-normal distribution via the
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Table 1. Postmatch comparison of demographics and medical covariates between propensity score-matched groups.

SUBLOBAR RESECTION

DEMOGRAPHICS LOBECTOMY

HF

Age (median years) 72 72 .699 72 73 0.669

Sex
Male (%) 312 (52.5) 617 (52.0) .828 223 (57.8) 434 (56.3) .631
Female (%) 282 (47.5) 570 (48.0) 163 (42.2) 337 (43.7)

Race
White (%) 472 (79.5) 951 (80.1) 714 320 (82.9) 648 (84.0) 764
Black (%) 79 (13.3) 147 (12.4) 40 (10.4) 80 (10.4)
Hispanic (%) 15 (2.5) 38 (3.2) NR (2.6) 12 (1.6)
Asian or Pacific Islander (%) 12 (2.0) 16 (1.3) NR (1.6) NR (1.2)
Native American and Others (%) 16 (2.7) 35 (2.9) NR (2.6) 22 (2.9)

Admission type
Elective (%) 565 (95.1) 1128 (95.0) .935 366 (94.8) 742 (96.2) .258
Nonelective (%) 29 (4.9) 59 (5.0) 20 (5.2) 29 (3.8)

Medical comorbidities
Diabetes 215 (36.2) 415 (35.0) .608 143 (37.0) 272 (35.3) .554
Chronic pulmonary disease (%) 354 (59.6) 696 (58.5) .698 255 (66.1) 489 (63.4) 377
Hypertension (%) 527 (88.7) 1053 (88.7) .995 349 (90.4) 708 (91.8) 420
Obesity (%) 125 (21.0) 253 (21.3) .895 84 (21.8) 172 (22.3) .833
Cigarette use (%) 127 (21.4) 262 (22.1) 709 96 (24.9) 201 (26.1) 660
Alcohol use disorder (%) 29 (4.9) 52 (4.4) .632 16 (4.1) 30 (3.9) .835
Depress (%) 96 (16.2) 176 (14.8) 460 50 (13.0) 92 (11.9) .618

Abbreviations: NR, not reported due to cell counts <10.

Kolmogorov-Smirnov test. To address baseline imbalances, we
performed 1:2 nearest-neighbor propensity score matching
(PSM) using the calipers of width equal to 0.2 of the standard
deviation of the logit of the propensity score, creating a sample
of individuals with HF that was comparable on all observed
confounders to a sample of non-HF individuals. The balance
in covariates after PSM was assessed using standardized mean
difference (SMD). Postmatching, the HF-present study cohort
and the non-HF controls were compared using the chi-square
test/Fisher’s exact test, Wilcoxon rank sum test, or univariate
logistic regression.

The statistical software package SAS software (version 9.4,
SAS Institute Inc., Cary, NC, USA) and R software environ-
ment (version 4.2.3, R Foundation for Statistical Computing,
Vienna, Austria) were used to perform statistical analyses.

Propensity score-matching analysis was conducted in R using
the “Matchlt” package. Standardized differences in means were
computed and plotted with the “cobalt” package. Frequency
tables were constructed using the “tablel” package. The “car”
package was used to perform Levene’s test for homogeneity of
variances, whereas the “stats” package was employed to conduct
the Wilcoxon rank sum test. A 2-sided value of P<<.05 was
considered significant.

Results
Patient cohort overview
In this study, we analyzed a total of 20693 patients underwent

VATS for lung cancer in the prematching cohort, among which
4.7% had concomitant HF. Specifically, in the lobectomy group,
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Table 2. Postmatch comparison of socioeconomic status and hospital characteristics between propensity score-matched groups.

DEMOGRAPHICS LOBECTOMY SUBLOBAR RESECTION

HF HF NON-HF

N=771

Income quartile by zip code

Quartile 1 (lowest) (%) 161 (27.1) 304 (25.6) 734 106 (27.5) 215 (27.9) .990
Quartile 2 (%) 146 (24.6) 298 (25.1) 95 (24.6) 183 (23.7)
Quartile 3 (%) 156 (26.3) 337 (28.4) 86 (22.3) 172 (22.3)
Quartile 4 (highest) (%) 131 (22.1) 248 (20.9) 99 (25.6) 201 (26.1)

Patient location

Large central metropolitan (%) 150 (25.3) 314 (26.5) .994 107 (27.7) 219 (28.4) .921
Large fringe metropolitan (%) 166 (27.9) 320 (27.0) 123 (31.9) 257 (33.3)

Medium metropolitan (%) 100 (16.8) 194 (16.3) 68 (17.6) 131 (17.0)

Small metropolitan (%) 64 (10.8) 127 (10.7) 24 (6.2) 37 (4.8)

Micropolitan (%) 74 (12.5) 150 (12.6) 38 (9.8) 80 (10.5)

Noncore (%) 40 (6.7) 82 (6.9) 25 (6.7) 46 (6.0)

Primary expected payer

Medicare (%) 464 (78.1) 936 (78.9) .943 313 (81.1) 625 (81.1) 632
Medicaid (%) 22 (3.7) 36 (3.0) 17 (4.4) 29 (3.8)

Private insurance (%) 89 (15.0) 173 (14.6) 50 (13.0) 104 (13.5)

Self-pay (%) NR (1.3) 17 (1.4) NR (0.3) NR (0)

No charge and others (%) 11 (1.9) 25 (2.1) NR (1.3) 13 (1.7)

Hospital region

Northeast (%) 128 (21.5) 266 (22.4) 477 113 (29.3) 223 (28.9) 537
Midwest (%) 142 (23.9) 318 (26.8) 74 (19.2) 137 (17.8)
South (%) 244 (41.1) 452 (38.1) 137 (35.5) 304 (39.4)
West (%) 80 (13.5) 151 (12.7) 62 (16.1) 107 (13.9)

Hospital bed size

Small (%) 55 (9.3) 103 (8.7) 733 42 (10.9) 80 (10.4) 961
Medium (%) 135 (22.7) 255 (21.5) 101 (26.2) 205 (26.6)
Large (%) 404 (68.0) 829 (69.8) 243 (63.0) 486 (63.0)

Hospital location/Teaching status

Rural (%) 23 (3.9) 40 (3.4) .862 NR (1.0) NR (0.9) .950
Urban nonteaching (%) 75 (12.6) 152 (12.8) 29 (7.5) 55 (7.1)
Urban teaching (%) 496 (83.5) 995 (83.8) 353 (91.5) 709 (92.0)

Abbreviations: NR, not reported due to cell counts <10.

there were 594 patients with HF and 12 679 patients without HE. Overall, the presence of HF in this patient population was rela-
Similarly, in the sublobar resection group, there were 387 patients tively low, but still significant, warranting further investigation

had HF while 7033 patients without HF (Supplemental Table 2). into its impact on surgical outcomes.
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Demographics and medical covariates postmatching

Postmatching, we evaluated patient demographics and medical
covariates. As illustrated in Figure 1, the SMD for all covari-
ates following PSM was well-balanced between the HFE and
non-HF groups, with all SMD values below 0.1. Table 1 details
the clinicodemographic characteristics of patients with lung
cancer, stratified by HF status and surgical approach. After
matching, there were 1781 patients in the lobectomy cohort
and 1157 in the sublobar resection cohort, with respective
patients with HF being 594 and 386. Notably, no significant
differences were observed in age, sex, race, or medical comor-
bidities between the HF and non-HF cohorts for both surgical
approaches (all P> .05 as shown in Table 1). These findings
suggest that the matched cohorts were comparable, allowing
for a more reliable assessment of the impact of HF on surgical
outcomes.

Socioeconomic status and hospital admission
characteristics

Table 2 presents a comparison of socioeconomic status and
hospital characteristics between patients with and without HF.
In both the lobectomy and sublobar resection cohorts, there
were no significant differences in socioeconomic status, patient
location, insurance types used, hospital region, hospital bed
size, as well as hospital location and teaching status. This con-
sistency in socioeconomic status indicates that any observed
differences in outcomes are likely due to clinical factors rather
than disparities in access to health care.

Hospital outcomes

Table 3 outlines the hospital outcomes for patients undergoing
lobectomy or sublobar resection. A key finding was that
patients with HF exhibited significantly higher mortality rates
(3.2% vs 0.3%, P<<.001 for lobectomy; 3.1% vs 0.4%, P<<.001
for sublobar resection). Furthermore, those with HF had longer
hospital stays (5 days vs 4days, P<<.001 for lobectomy; 4 days
vs 3days, P<<.001 for sublobar resection). The hospitalization
costs were also significantly higher for patients with HF, with
costs of US$103581 versus US$84 633, (P<<.001) for lobec-
tomy and US$75 058 versus US$69 800 (P=.004) for sublobar
resection. These results underscore the significant burden of
HF on both mortality and resource utilization in patients
undergoing lung cancer surgery.

Postoperative complications

Tables 4 and 5 demonstrate that patients with concurrent HF
had significantly higher rates of postoperative complication
rates compared with those without HF. Specifically, in the
lobectomy cohort, the overall complication rate was 48.5% for
patients with HE versus 30.5% for patients with non-HF

(P<.001, odds ratio [OR]=2.14). For sublobar resection, the
rates were 45.9% for patients with HF versus 26.7% for patients
with non-HF (P<.001, OR=2.30).

In-depth examination of the lobectomy cohort revealed that
patients with HF had elevated rates of specific complications,
including postoperative acute respiratory insufficiency (19.0%
vs 8.0%, P<.001, OR=2.7), pulmonary collapse (12.6% vs
8.8%, P=.013, OR=1.49), pneumonia (11.1% vs 3.5%,
P<.001, OR=3.41), supraventricular arrhythmia (19.5% vs
11.7%, P<.001, OR =1.83), blood transfusion (4.9% vs 1.3%,
P<.001, OR=3.76), mechanical ventilation (8.9% vs 2.4%,
P<.001, OR=3.91), and noninvasive ventilation (4.0% vs
1.3%, P<.001, OR=3.08). For the sublobar resection cohort,
while no statistically significant difference was observed in pul-
monary collapse (P=.369), patients with HF still exhibited sig-
nificantly higher rates of postoperative acute respiratory
insufficiency (18.9% vs 6.9%, P<<.001, OR =3.33), pneumonia
(5.2% vs 2.7%, P=.033, OR=1.94), supraventricular arrhyth-
mia (21.8% vs 10.0%, P<.001, OR=2.54), blood transfusion
(3.6% vs 1.3%, P=.009, OR=2.80), mechanical ventilation
(6.2% vs 1.4%, P<<.001, OR=4.66), and noninvasive ventila-
tion (4.9% vs 1.9%, P=.005, OR=2.53). These findings high-
light the increased risk of postoperative complications in
patients with HF, emphasizing the need for careful periopera-
tive management in this population.

Supplemental analyses

Finally, the prematch comparisons of respective primary out-
comes can be found in Supplemental Tables 2 to 6, providing
additional context and insights into the initial characteristics.
This supplemental information complements our main find-
ings and offers a comprehensive view of the cohort’s character-
istics prior to matching.

Discussions

This analysis of a large US database of hospital admissions
reveals that the incidence of HF among patients with lung can-
cer undergoing lobectomy and sublobar resection assisted by
VATS is estimated at 4.48% and 5.22%, respectively
(Supplemental Table 2). HF has long been recognized as a risk
factor for cardiovascular events following noncardiac surgery.?’
In the landmark 1977 publication by Goldman and colleagues,
a multifactorial index of perioperative cardiac risk was intro-
duced, which established a connection between preoperative
clinical indicators of HF and severe cardiovascular complica-
tions as well as cardiac mortality.?® The Revised Cardiac Risk
Index subsequently included the presence of HF as a signifi-
cant preoperative risk factor.?? Furthermore, HF has been asso-
ciated with increased perioperative morbidity and mortality
across various surgical populations.®® The prevalence of HF
and lung cancer is increasing as the population ages.’!
Physicians and surgeons should be aware of the potential risks
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Figure 1. Balance of covariates in the PSM analysis.
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involved as more patients with HF choose to undergo VATS. It
is crucial for surgeons to recognize the impact of HF on surgi-
cal outcomes, underscoring the significance of providing opti-
mal perioperative care, particularly in fluid management, for

this at-risk population. However, to date, there have been no
research evaluating the impact of perioperative HF on the
morbidity and mortality in patients with lung cancer undergo-

ing VATS.
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Table 3. Postmatch comparison of hospital outcomes in HF and non-HF patients who underwent lobectomy or sublobar resection.

HOSPITAL OUTCOMES

LOBECTOMY

HF

SUBLOBAR RESECTION

In-hospital mortality (%) 3.2 0.3

Length of stay (days)

Median 5 4
First quartile 3 3
Third quartile 8 6

Hospitalization costs ($)

Median 103581 84633
First quartile 70151 61713
Third quartile 169956 127017

In our propensity score analysis, we compared short-term
postoperative outcomes between patients with HF and non-
HF who underwent VATS for lung cancer in a cohort of more
than 20000 patients. Our findings demonstrate that the
patients with HF in both the lobectomy and sublobar resection
groups experienced increased in-hospital mortality, prolonged
hospital stays, significantly higher total hospital charges, and a
greater susceptibility to various postoperative complications.

Heart failure is a well-established risk factor for poor prog-
nosis following surgery across multiple medical specialties. A
study conducted in Sweden found that patients with HF had
higher crude and adjusted hazard ratios (HRs) for 30-day mor-
tality after elective surgery, with values of 5.36 and 1.79, respec-
tively.3? Another analysis of a large data set comprising more
than 21 million surgical hospitalizations revealed that patients
with HF had a 2.15 times higher adjusted OR for in-hospital
perioperative mortality compared with those without HEF.2
Likewise, in a study involving hospitalized patients with preex-
isting cancer, the presence of HF was significantly associated
with a 41% increased risk of in-hospital mortality in patients
aged 65years or older, even after controlling for covariates.?*
These findings highlight the importance of considering HF as
a significant factor influencing surgical outcomes. Our study
complements the existing literature, providing initial evidence
that the presence of HF amplifies the risk of in-hospital mor-
tality following VAT'S in patients with lung cancer. Specifically,
our findings revealed that patients with lung cancer with HF
have a 10-fold increased risk of mortality after undergoing
VATS lobectomy and a 7.75-fold increased risk after VATS
sublobar resection. These results underscore the importance of
considering HF as a crucial factor in assessing surgical out-
comes for patients with lung cancer undergoing VAT'S proce-
dures. The exact reasons behind the increased perioperative

<.001 3.1 0.4 <.001
<.001 4 3 <.001
2 2
6 5
<.001 75058 69800 .004
50849 47837
129622 104442

mortality in patients with lung cancer with HF undergoing
VATS remain unclear. However, a higher incidence of certain
perioperative complications may partially explain this
phenomenon.

In our study, the overall incidence of complications in the
lung lobectomy group and lung sublobar resection group
among patients with HF was 2.16 times and 2.32 times higher,
respectively, compared with patients with non-HF. Our study
findings align with prior research on patients undergoing non-
cardiac surgery,»3? indicating that HF substantially raises the
risks of postoperative supraventricular arrhythmia, acute res-
piratory insufficiency, pulmonary, pneumonia, need for
mechanical/noninvasive ventilation, and blood transfusion
among individuals undergoing VATS. The increased occur-
rence of these complications in patients with HF can be attrib-
uted to several factors. For instance, clinicians may opt to
prolong mechanical ventilation in patients with HF compared
with those without HE3* as this may potentially benefit car-
diac loading conditions and reduce oxygen consumption.
However, this approach may inadvertently lead to a higher
incidence of ventilator-associated pneumonia, necessitating
tracheal reintubation and prolonged mechanical ventilation. In
addition, health care providers may extend the placement of
central venous catheters or urinary catheters to maintain
hemodynamic stability and accurately assess fluid balance,
which paradoxically increases the risk of infections.

Our study demonstrated that patients with HF who under-
went VATS for lung cancer face an increased risk of adverse
inpatient outcomes. This finding serves as a reminder for sur-
geons to pay closer attention to high-risk patients. To enhance
the prognosis for those undergoing surgery, it may be essential
for surgeons to implement more refined preoperative
risk stratification to identify high-risk individuals for careful
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Table 4. Incidence of postoperative complications of HF versus non-HF lung cancer patients who underwent lobectomy after propensity score

matching.

POSTOPERATIVE COMPLICATIONS

UNIVARIATE ANALYSIS

OR

95% ClI

Pulmonary

Postoperative acute respiratory insufficiency (%)

Postoperative acute pneumothorax (%)
Pulmonary collapse (%)
Empyema with and without fistula (%)
Pneumonia (%)

Others

Supraventricular arrhythmia (%)

DVT/PE (%)
Gastrointestinal (%)

Blood transfusion (%)

Mechanical ventilation (%)

Noninvasive ventilation (%)
Any complication (%)

Abbreviations: NR, not reported due to cell counts <10.

113 (19.0)

50 (8.4)
75 (12.6)
NR (0.7)

66 (11.1)

116 (19.5)
NR (1.3%)
14 (2.4%)
29 (4.9%)
53 (8.9)
24 (4.0%)

288 (48.5)

95 (8.0)
77 (6.5)
105 (8.8)
NR (0.6)

42 (3.5)

139 (11.7)

NR (0.6%)
17 (1.4%)
16 (1.3%)
29 (2.4)
16 (1.3%)

362 (30.5)

<.001

136

.013

.832

<.001

<.001

.099

159

<.001

<.001

<.001

<.001

2.70

1.32
1.49
114

3.41

1.83

2.30
1.66

3.76

3.91

3.08

2.14

2.01-3.62

0.91-1.92
1.09-2.04
0.33-3.92

2.28-5.09

1.4-2.39

0.83-6.38
0.81-3.39

2.02-6.97

2.46-6.22

1.62-5.85

1.75-2.63

<.001
A72
.008

.832

<0.001

<.001
109
164

<.001

<.001

.001

<.001

Table 5. Incidence of postoperative complications of HF versus non-HF lung cancer patients who underwent sublobar resection after propensity

score matching.

POSTOPERATIVE COMPLICATIONS

UNIVARIATE ANALYSIS

OR

95% Cl

Pulmonary
Postoperative acute respiratory insufficiency (%)
Postoperative acute pneumothorax (%)
Pulmonary collapse (%)
Empyema with and without fistula (%)
Pneumonia (%)

Others
Supraventricular arrhythmia (%)
DVT/PE (%)
Gastrointestinal (%)
Blood transfusion (%)
Mechanical ventilation (%)
Noninvasive ventilation (%)

Any complication (%)

Abbreviations: NR, not reported due to cell counts <10.

73 (18.9)
22 (5.7)
36 (9.3)
NR (1.6)
20 (5.2)

84 (21.8)
NR (0.8)
NR (1.6)
14 (3.6)
24 (6.2)
19 (4.9)

177 (45.9)

53 (6.9)
41 (5.3)
60 (7.8)
NR (0.4)
21 (2.7)

77 (10.0)
NR (0.3)
NR (1.3)
NR (1.3)
1 (1.4)
15 (1.9)

205 (26.7)

<.001
787
.369
.033
.033

<.001
.206
724

.009

<.001

.005

<.001

3.33

1.08
1.22
4.00
1.94

2.54

3.00
1.20
2.80

4.66

2.53
2.30

2.23-4.96

0.64-1.82
0.79-1.87
1-15.99

1.04-3.62

1.80-3.59

0.5-17.95
0.44-3.3
1.24-6.30

2.23-9.77

1.29-4.99

1.77-2.97

<.001
.786
.369
.050
.037

<.001
.229
0.724

.013

<.001

.007

<.001
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surgical management. In addition, multidisciplinary consulta-
tions for patient management and the optimization of HF
medications, such as beta-blockers, ACE (Angiotensin-
Converting Enzyme) inhibitors, and diuretics, can improve
cardiac function and enhance surgical outcomes. Furthermore,
future research should focus on strategies to mitigate periop-
erative cardiac complications in patients with HF.

The NIS is the largest all-payer inpatient care database in
the United States.!® To our knowledge, no previous analysis has
examined patients with HF undergoing VATS for lung cancer
using data from the NIS. With a sample size exceeding 20 000,
our study enhances statistical power and minimizes the likeli-
hood of sampling error. The NIS database includes data from a
broad range of hospitals and patient demographics, ensuring
national representativeness and following the generalization of
our findings to a broader inpatient population.

This study has several limitations. First, although PSM was
employed in a large patient cohort, this analysis cannot replace
a randomized trial, and the conclusions await further confir-
mation from prospective clinical studies. Second, an important
limitation is the unavailability of data on cardiac ejection frac-
tion (EF) from the NIS database, despite the recognized sig-
nificance of low EF as a risk factor in patients undergoing
surgery.2%% Similarly, the database did not provide information
on tumor stage or perioperative variables (eg, laboratory results,
preoperative lung function, and anesthetic duration), which
may also impact postoperative complications. Third, the cross-
sectional nature of NIS data and the lack of longitudinal data
prior to hospitalization hinder the ability to gather information
on the underlying causes of HF in these patients. Fourth, the
identification of comorbidities relied on ICD-10 codes, and
there may be missing registrations or discrepancies in actual
complications. Fifthly, the calculation of hospital LOS may not
precisely reflect postoperative outcomes, as elective surgery can
be delayed for reasons unrelated to patients” health status. In
addition, HF-related codes might be missed in the patient’s
medical records, as HF is often not the primary diagnosis or
reason for admission, potentially underestimating the HF pop-
ulation. Finally, our study focused solely on postoperative com-
plications occurring during the hospital stay and could not
assess comorbidities that may have arisen after discharge due to
the lack of available data sources. Therefore, this study primar-
ily addresses postoperative outcomes occurring during hospi-
talization, while adverse outcomes emerging after discharge
and readmission rates remain unassessed.

Despite these limitations, this is the first study to evaluate
the impact of HF on perioperative outcomes in patients with
lung cancer undergoing VATS using a nationwide database.
This study offers a national perspective that can serve as a
foundation for future research in this area.

Conclusions
This study confirmed that in patients undergoing VATS for

lung cancer, the presence of HF is associated with elevated

risks of adverse inpatient outcomes, including increased in-
hospital mortality, prolonged hospital stays, higher total hospi-
tal charges, and a greater incidence of general surgical
complications. These findings emphasize the importance of
exercising caution when considering surgery for patients with
HF and the necessity for close monitoring during postopera-
tive recovery. Furthermore, proactive preventive measures, such
as adjusting medication regimens and managing fluid and elec-
trolyte balance, should be implemented to mitigate surgical
risks in patients with HF. Overall, this study serves as a valua-
ble reference for clinical practice, aiding surgeons and patients
in developing more effective personalized treatment plans.
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