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ABSTRACT

Objective: Failure to rescue (FTR), defined as in-hospital death following a major
complication, has been increasingly studied in patients who undergo cardiothoracic
surgery. This study tested the hypothesis that elderly patients undergoing lung can-
cer resection have greater rates of FTR compared with younger patients.

Methods: Patients who underwent surgery for primary lung cancer between 2011
and 2020 and had at least 1 major postoperative complication were identified using
the National Surgical Quality Improvement Program database. Patients who died
following complications (FTR) were compared with those who survived in an elderly
(80þ years) and younger (<80 years) cohort.

Results: Of the 2823 study patients, the younger cohort comprised 2497 patients
(FTR: n ¼ 139 [5.6%]), whereas the elderly cohort comprised 326 patients (FTR:
n ¼ 39 [12.0%]). Pneumonia was the most common complication in younger
(877/2497, 35.1%) and elderly patients (118/326, 36.2%) but was not associated
with FTR on adjusted analysis. Increasing age was associated with FTR (adjusted
odds ratio [AOR], 1.55 per decade, P < .001), whereas unplanned reoperation
was associated with reduced risk (AOR, 0.55, P ¼ .01). Within the elderly cohort,
surgery conducted by a thoracic surgeon was associated with lower FTR risk
(AOR, 0.29, P ¼ .028).

Conclusions: FTR following lung cancer resection was more frequent with
increasing age. Pneumonia was the most common complication but not a predictor
of FTR. Unplanned reoperation was associated with reduced FTR, as was treatment
by a thoracic surgeon for elderly patients. Surgical therapy for complications after
lung cancer resection and elderly patients managed by a thoracic specialist may
mitigate the risk of death following an adverse postoperative event. (JTCVS
Open 2023;16:855-72)
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Risk of failure to rescue following
lung cancer resection increases
with age; however, reoperation
for complications and treatment
by a thoracic surgeon may
improve rescue rates.
PERSPECTIVE
This study demonstrates that risk of failure to
rescue following lung cancer resection increases
with age by approximately 50% per decade. Re-
operation following complications was associ-
ated with reduced risk; however, elderly patients
underwent reoperation less frequently despite
having similar complications. Elderly patients
treated by a thoracic surgeon have lower risk of
failure to rescue.

See Discussion on page 873.
Lung cancer continues to be the greatest cause of cancer-
related deaths in the United States, with an estimated
130,000 deaths in 2022.1 Although surgical resection re-
mains among the best curative treatment options, particu-
larly for early-stage disease, postoperative complication
rates are not insignificant. Recent literature indicates that
complication rates continue to range from 25% to 40%,2-7

with major complications comprising approximately 7%
to 10%.4,5 Although postoperative complications pose
a serious risk to patients due to significantly worse
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Abbreviations and Acronyms
ACS ¼ American College of Surgeons
AOR ¼ associated odds ratio
ASA ¼ American Society of Anesthesiology
BMI ¼ body mass index
FTR ¼ failure to rescue
MI ¼ myocardial infarction
NSQIP ¼ National Surgical Quality Improvement

Program
SUR ¼ survived to hospital discharge
VATS ¼ video-assisted thoracoscopic surgery
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short- and long-term outcomes,8,9 rates of in-hospital mor-
tality do not always correlate with the frequency of compli-
cations but instead relate to the ability to rescue patients
following the occurrence of a major complication.10-13

Failure to rescue (FTR) was first introduced as a quality
metric for hospital performance in the 1990s14 and is gener-
ally defined as in-hospital death following a major postop-
erative complication. Research studies examining FTR over
the next 2 decades indicated that this phenomenon was pre-
dominately associated with hospital factors such as patient
volume, teaching status, nursing staff levels, and specialty
care services available.15,16 More recently, FTR has been
increasingly studied in patients who undergo cardiothoracic
surgery.13,17-20 However, there is limited published data on
this outcome measure for patients undergoing lung cancer
resection, particularly in relation to patient-related factors
that may potentially impact the ability to be rescued
following a postoperative complication. The purpose of
this study was to examine FTR in a younger and elderly
cohort to test the hypothesis that elderly patients have a
greater risk of death following postoperative complications
from lung cancer resection.

METHODS
Data Source

Data from the American College of Surgeons (ACS) National Surgical

Quality Improvement Program (NSQIP) database was used to perform this

retrospective analysis. TheACSNSQIP is a database of risk-adjusted short-

term patient outcomes and quality measures collected from more than 700

hospitals in North America from 49 of the 50 states.21

Patient Selection
The study cohort was created by identifying patients in the ACS NSQIP

who underwent a lobectomy or sublobar resection, defined as either wedge

resection or segmentectomy, for primary lung cancer between 2011 and

2020 (Figure 1). Patients were included if they experienced at least 1 major

postoperative complication, defined as organ/space surgical site infection,
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pneumonia, unplanned intubation, pulmonary embolus, deep-vein throm-

bosis requiring therapy, prolonged mechanical ventilation (defined as

>48 hours), renal failure, stroke, cardiac arrest requiring cardiopulmonary

resuscitation, myocardial infarction (MI), bleeding requiring transfusion,

sepsis, or unplanned reoperation. Exclusion criteria included emergency

surgery, fully dependent functional status, disseminated cancer, ventilator

or dialysis dependency, ascites, bleeding disorder, and patients with an

American Society of Anesthesiology (ASA) classification of IVor greater.

Patients who had any active complications at the time of surgery were also

excluded, such as open wounds or sepsis.

Statistical Analysis
Patients who developed at least 1 major postoperative complication af-

ter lung cancer resection were stratified by age into patients younger than

80 years old and patients 80 years or older. For each cohort, patients were

grouped according to whether they died after postoperative complications

(FTR) or survived to hospital discharge (SUR). An age cutoff of 80 years

was used based on the distribution of FTR by decade, as depicted in

Figure 2, which demonstrates the largest increase in FTR rates at this

decade. Demographics, patient characteristics, and perioperative outcomes

were compared between FTR and SUR groups in both the younger and

elderly cohort using Wilcoxon rank-sum test for continuous variables

and the Fisher exact test and Pearson c2 test for discrete variables.

Twenty-one variables were tested for significance (P<.05) using logis-

tic regression analysis. Model fit was tested using the goodness-of-fit c2

and the Hosmer–Lemeshow tests. Variable selection was accomplished

using a backward stepwise process. Variables that were statistically signif-

icant on univariate analysis or considered clinically relevant were initially

included (Tables E1 and E2). The final models were selected based on the

lowest Akaike information criterion values. Thus, independent predictors

of FTR were estimated using backward stepwise logistic regression

modeling, adjusting for age, sex, body mass index (BMI), smoking status,

ASA class, surgeon specialty (general thoracic vs nonthoracic), surgical

approach (open vs video-assisted thoracoscopic [VATS]), resection type

(lobar vs sublobar), history of dyspnea at rest or with moderate exertion,

history of chronic obstructive pulmonary disease, and the specific postop-

erative complications. Pneumonia was the most common complication in

both the younger and elderly cohort; therefore, a subgroup analysis was

performed comparing FTR and SUR patients who developed pneumonia

as their first or only major postoperative complication.

To further address potential confounding variables between the younger

and elderly cohort, a 1:1 propensity score matching model was used to

create matched cohorts of patients<80 years and 80þ years of age using

covariates from baseline characteristics, comorbidities, and operative

data. Covariates included sex, race, BMI, smoking status, baseline func-

tional status, ASA class, comorbidities, surgeon specialty, tumor location,

extent of resection, and surgical approach (VATS vs open). Perioperative

outcomes were compared between the matched cohorts, including rates

of FTR.

Categorical variables are presented as a frequency and percentage, and

continuous variables are presented as median with interquartile range.

A P value of .05 was used to determine statistical significance. All statis-

tical analysis was conducted using R, version 4.2.2 (R Core Team,

2022). This study was approved by the Stanford University institutional re-

view board; individual consent was not required (institutional review

board#: 35143, approved March 7, 2017, latest revision April 15, 2021).
RESULTS
Of the 2823 patients who developed a major

postoperative complication following lung cancer
resection, 2497 (88.4%) were younger than 80 years of
age and 326 (11.5%) were 80 years or older. The FTR
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FIGURE 1. Study cohort diagram depicting inclusion and exclusion criteria.
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rate was 5.6% (139/2497) in the younger cohort and 12.0%
(39/326) in the elderly cohort. FTR rates demonstrated
increased incidence per decade of life (Figure 2). Patient
characteristics stratified by age and rescue status are
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FIGURE 2. Distribution of failure to rescue rates following lung cancer

resection by decade.
illustrated in Table 1. In the younger cohort, patients with
FTR were older (median age 70 vs 68 years, P ¼ .001),
had greater rates of baseline dyspnea with moderate exer-
tion (38.1% vs 25.8%, P ¼ .004), and a greater incidence
of chronic obstructive pulmonary disease (47.5% vs
37.4%, P ¼ .017). In the elderly cohort, there were no sig-
nificant differences in baseline demographics between the
FTR and SUR groups. With respect to surgery, there were
no significant differences in surgeon specialty, tumor loca-
tion, resection type, surgical approach, operation time, or
postoperative length of stay between patients with FTR
and SUR in the younger or elderly cohorts (Table 2).
Among the entire study cohort, patients with FTR under-
went open lung resection more frequently compared with
patients in the SUR group (53.9% vs 45.9%, P ¼ .037).
Major postoperative complications for each age group

are presented in Table 3. Among the entire study cohort, pa-
tients with FTR had a greater incidence of the following
complications compared with patients in the SUR group:
JTCVS Open c Volume 16, Number C 857



TABLE 1. Baseline patient characteristics stratified by age groups

Characteristic

Younger than 80 years old n ¼ 2497 80þ years old n ¼ 326

FTR, n ¼ 139 SUR, n ¼ 2358 P value FTR, n ¼ 39 SUR, n ¼ 287 P value

Median age, y (IQR) 70.0 (65.0, 75.0) 68.0 (62.0, 74.0) .001* 83.0 (81.0, 84.5) 82.0 (81.0, 84.5) .148*

Sex, n (%) .558y .225y
Female 65.0 (46.8) 1163.0 (49.3) 13.0 (33.3) 125.0 (43.6)

Male 74.0 (53.2) 1195.0 (50.7) 26.0 (66.7) 162.0 (56.4)

Race, n (%) .339z .279z
White 117.0 (84.2) 1855.0 (78.7) 34.0 (87.2) 223.0 (77.7)

Asian 4.0 (2.9) 69.0 (2.9) 3.0 (7.7) 15.0 (5.2)

Black/African American 8.0 (5.8) 147.0 (6.2) 0.0 (0.0) 12.0 (4.2)

Other 10.0 (7.2) 287.0 (12.2) 2.0 (5.1) 37.0 (12.9)

Median BMI (IQR) 27.1 (23.2, 31.0) 26.6 (22.9, 30.9) .664* 23.9 (22.3, 29.9) 26.5 (22.9, 29.6) .178*

Active smoker within 1-y, n (%) 66.0 (47.5) 1119.0 (47.5) .995y 4.0 (10.3) 37.0 (12.9) .800z
Independent functional status, n (%) 136.0 (97.8) 2330.0 (98.8) .329y 39.0 (100.0) 280.0 (97.6) 1.000z
Comorbidities, n (%)

Diabetes 22.0 (15.8) 388.0 (16.5) .846y 3.0 (7.7) 53.0 (18.5) .094y
Dyspnea with moderate exertion 53.0 (38.1) 608.0 (25.8) .004z 10.0 (25.6) 69.0 (24.0) .509z
COPD 66.0 (47.5) 882.0 (37.4) .017y 10.0 (25.6) 93.0 (32.4) .394y
Heart failure 2.0 (1.4) 19.0 (0.8) .328z 0.0 (0.0) 1.0 (0.3) 1.000z
Chronic steroid use 9.0 (6.5) 142.0 (6.0) .828y 3.0 (7.7) 14.0 (4.9) .440z
Weight loss>10% within 6 mo 4.0 (2.9) 83.0 (3.5) 1.000z 3.0 (7.7) 13.0 (4.5) .420z

ASA class, n (%) .288z .279z
I—no disturbance 0.0 (0.0) 2.0 (0.1) 0.0 (0.0) 0.0 (0.0)

II—mild disturbance 14.0 (10.1) 293.0 (12.4) 3.0 (7.7) 27.0 (9.4)

III—severe disturbance 124.0 (89.2) 2059 (87.3) 35.0 (89.7) 259.0 (90.2)

P values in bold are<.05. FTR, Failure to rescue; SUR, survived within 30 d postoperation; IQR, interquartile range; BMI, body mass index; COPD, chronic obstructive pul-

monary disease; ASA, American Society of Anesthesiologists. *Wilcoxon rank sum test. yPearson c2 test. zFisher exact test.
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pneumonia, unplanned intubation, pulmonary embolus,
prolonged mechanical ventilation, renal failure, stroke, car-
diac arrest requiring cardiopulmonary resuscitation or MI,
bleeding requiring transfusion, and sepsis or septic shock.
Pneumonia was the most common complication in both
the younger cohort (877/2497, 35.1%) and elderly cohort
(111/326, 36.2%). There were no differences in rates of or-
gan/space surgical-site infection or deep-vein thrombosis
requiring therapy between patients in the FTR and SUR
groups in either cohort. In the younger cohort, patients
with FTR had greater incidence of pulmonary embolus
(8.6% vs 4.6%, P ¼ .03) and stroke (11.5% vs 3.0%,
P < .001) compared with younger patients in the SUR
group, whereas elderly patients had similar rates between
patients in the FTR and SUR groups (pulmonary embolus
5.1% vs 4.9%, P ¼ 1.00; stroke 5.1% vs 5.6%,
P ¼ 1.00). Notably, younger patients with FTR had a lower
incidence of blood transfusion for bleeding (18.0% vs
27.7%, P ¼ .012) and unplanned reoperation (23.0% vs
33.6%, P ¼ .01) compared with younger patients in the
SUR group. However, in the elderly cohort, bleeding
requiring transfusion and unplanned reoperation were com-
parable between the FTR and SUR groups.

Based on multivariable logistic regression, factors asso-
ciated with FTR in the younger cohort included increasing
858 JTCVS Open c December 2023
age (adjusted odds ratio [AOR], 1.03 per decade, P¼ .021),
unplanned intubation (AOR, 4.05, P < .001), prolonged
ventilation (AOR, 1.93, P ¼ .022), renal failure (AOR,
2.30, P ¼ .022), stroke (AOR, 4.38, P<.001), and cardiac
arrest/MI (AOR, 12.8, P< .001) (Table 4). In the elderly
cohort, unplanned intubation (AOR, 4.71, P ¼ .004), renal
failure (14.1, P<.001), and cardiac arrest/MI (AOR 11.5,
P<.001) were predictors of FTR. Unplanned reoperation
was independently associated with reduced risk of death
in the younger cohort (AOR, 0.52, P ¼ .014) but not the
elderly cohort (AOR, 0.77, P ¼ .631). In contrast, elderly
patients had reduced risk of death when surgery was per-
formed by a general thoracic surgeon compared with a non-
thoracic surgeon (AOR, 0.29, P ¼ .028). Pneumonia was
not included in the final adjustment set after variable selec-
tion in neither the younger (AOR, 0.89, P ¼ .627) nor
elderly cohort models (AOR, 2.02, P ¼ .169) (Table E1).

Subgroup analysis of patients who developed pneumonia
as their first or only postoperative complication is high-
lighted in Table 5 and Table E3. In patients with pneumonia,
the FTR rate was 7.4% (59/789) in younger patients and
19.2% (20/104) in elderly patients. There were no differ-
ences in baseline characteristics between elderly patients
with FTR and elderly patients in the SUR group who expe-
rienced postoperative pneumonia. However, in the younger



TABLE 2. Operative and perioperative outcomes among patients with lung cancer who underwent lobectomy or sublobar resection

Characteristic

All ages n ¼ 2823 Younger than 80 years old n ¼ 2497 80þ years old n ¼ 326

FTR,

n ¼ 178

SUR,

n ¼ 2645

P

value

FTR,

n ¼ 139

SUR,

n ¼ 2358

P

value

FTR,

n ¼ 39

SUR,

n ¼ 287

P

value

Surgeon specialty, n (%) .181* .185* .182*

Cardiac surgery 1.0 (0.6) 30.0 (1.1) 0.0 (0.0) 28.0 (1.2) 1.0 (2.6) 2.0 (0.7)

General surgery 25.0 (14.0) 261.0 (9.9) 19.0 (13.7) 232.0 (9.8) 6.0 (15.4) 29.0 (10.1)

Thoracic surgery 152.0 (85.4) 2354.0 (89.0) 120.0 (86.3) 2098.0 (89.0) 32.0 (82.1) 256.0 (89.2)

Tumor location, n (%) .801y .770y 1.000*

Lower lobe 59.0 (33.1) 839.0 (31.7) 44.0 (31.7) 729.0 (30.9) 15.0 (38.5) 110.0 (38.3)

Middle lobe 9.0 (5.1) 114.0 (4.3) 8.0 (5.8) 107.0 (4.5) 1.0 (2.6) 7.0 (2.4)

Upper lobe 110.0 (61.8) 1692.0 (64.0) 87.0 (62.6) 1522.0 (64.5) 23.0 (59.0) 170.0 (59.2)

Operation (CPT code), n (%) .257y .453* .601*

Open lobectomy (32480) 86.0 (48.3) 1053.0 (39.8) 67.0 (48.2) 952.0 (40.4) 19.0 (48.7) 101.0 (35.2)

Open segmentectomy (32482) 7.0 (3.9) 80.0 (3.0) 6.0 (4.3) 75.0 (3.2) 1.0 (2.6) 5.0 (1.7)

Open wedge resection (32505) 3.0 (1.7) 81.0 (3.1) 3.0 (2.2) 75.0 (3.2) 0.0 (0.0) 6.0 (2.1)

VATS lobectomy (32663) 66.0 (37.1) 1142.0 (43.2) 52.0 (37.4) 1010.0 (42.8) 14.0 (35.9) 132.0 (46.0)

VATS segmentectomy (32669) 5.0 (2.8) 86.0 (3.3) 4.0 (2.9) 72.0 (3.1) 1.0 (2.6) 14.0 (4.9)

VATS wedge resection (32666) 11.0 (6.2) 203.0 (7.7) 7.0 (5.0) 174.0 (7.4) 4.0 (10.3) 29.0 (10.1)

Lobectomy vs sublobar resection, n (%) .407y .460y .604y
Lobectomy 152.0 (85.4) 2195.0 (83.0) 119.0 (85.6) 1962.0 (83.2) 33.0 (84.6) 233.0 (81.2)

Sublobar resection 26.0 (14.6) 450.0 (17.0) 20.0 (14.4) 396.0 (16.8) 6.0 (15.4) 54.0 (18.8)

Surgical approach, n (%) .037y .068y .143y
Open 96.0 (53.9) 1214.0 (45.9) 76.0 (54.7) 1102.0 (46.7) 20.0 (51.3) 112.0 (39.0)

VATS 82.0 (46.1) 1431.0 (54.1) 63.0 (45.3) 1256.0 (53.3) 19.0 (48.7) 175.0 (61.0)

Median operation time, min (IQR) 184.0 (132.2, 269.0) 186.0 (132.0, 257.0) .687z 190.0 (137.0, 273.5) 187.0 (133.0, 258.0) .518z 169.0 (126.0, 245.5) 167.0 (127.0, 247.5) .985z
Median postoperative time, d (IQR) 8.0 (4.0, 13.8) 7.0 (5.0, 12.0) .947z 8.0 (4.0, 14.5) 7.0 (5.0, 12.0) .916z 7.0 (5.0, 13.0) 8.0 (5.0, 13.0) .562z
Median days from operation

to death (IQR)

12.0 (6.0, 21.0) – – 12.0 (6.0, 20.5) – – 14.0 (6.0, 22.0) –

FTR, Failure to rescue; SUR, survived within 30 d postoperation; CPT, Current Procedural Terminology; VATS, video-assisted thoracoscopic surgery; IQR, interquartile range. *Fisher exact test. yPearson c2 test. zWilcoxon rank sum

test.
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TABLE 3. Major postoperative complications among patients with lung cancer who underwent lobectomy or sublobar resection

Characteristic

All ages n ¼ 2823 Younger than 80 years old n ¼ 2497 80þ years old n ¼ 326

FTR,

n ¼ 178, n (%)

SUR,

n ¼ 2645, n (%)

P

value

FTR,

n ¼ 139, n (%)

SUR,

n ¼ 2358, n (%)

P

value

FTR,

n ¼ 39, n (%)

SUR,

n ¼ 287, n (%)

P

value

Organ/space SSI 4.0 (2.2) 141.0 (5.3) .071* 3.0 (2.2) 134.0 (5.7) .076* 1.0 (2.6) 7.0 (2.4) 1.000*

Pneumonia 88.0 (49.4) 907.0 (34.3) <.001* 66.0 (47.5) 811.0 (34.4) .002* 22.0 (56.4) 96.0 (33.4) .005y
Unplanned intubation 114.0 (64.0) 423.0 (16.0) <.001* 92.0 (66.2) 377.0 (16.0) <.001* 22.0 (56.4) 46.0 (16.0) <.001y
Pulmonary embolus 14.0 (7.9) 122.0 (4.6) .050* 12.0 (8.6) 108.0 (4.6) .030* 2.0 (5.1) 14.0 (4.9) 1.000*

DVT requiring therapy 11.0 (6.2) 118.0 (4.5) .288* 9.0 (6.5) 103.0 (4.4) .244* 2.0 (5.1) 15.0 (5.2) 1.000*

>48 h on ventilator 78.0 (43.8) 254.0 (9.6) <.001* 63.0 (45.3) 224.0 (9.5) <.001* 15.0 (38.5) 30.0 (10.5) <.001y
Progressive RI/ARF 31.0 (17.4) 84.0 (3.2) <.001* 21.0 (15.1) 76.0 (3.2) <.001* 10.0 (25.6) 8.0 (2.8) <.001*

Stroke 18.0 (10.1) 86.0 (3.3) <.001* 16.0 (11.5) 70.0 (3.0) <.001y 2.0 (5.1) 16.0 (5.6) 1.000*

Cardiac arrest requiring

CPR/MI

84.0 (47.2) 131.0 (5.0) <.001* 69.0 (49.6) 115.0 (4.9) <.001* 15.0 (38.5) 16.0 (5.6) <.001*

Bleeding requiring

transfusion

36.0 (20.2) 737.0 (27.9) .027* 25.0 (18.0) 653.0 (27.7) .012* 11.0 (28.2) 84.0 (29.3) .891y

Sepsis/septic shock 47.0 (26.4) 275.0 (10.4) <.001* 37.0 (26.6) 246.0 (10.4) <.001* 10.0 (25.6) 29.0 (10.1) .014*

Unplanned reoperation 39 (21.9) 870 (32.9) .002* 32.0 (23.0) 792.0 (33.6) .010* 7.0 (17.9) 78.0 (27.2) .218*

P values in bold are<.05. FTR, Failure to rescue; SUR, survived within 30 d postoperation; SSI, surgical-site infection; DVT, deep-vein thrombosis; RI/ARF, renal insufficiency/

acute renal failure; CPR/MI, cardiopulmonary resuscitation/myocardial infarction. *Pearson c2 test. yFisher exact test.
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pneumonia cohort, patients with FTR were older (median
age 70 vs 68 years P ¼ .011) and had a greater incidence
of ASA class III (94.9% vs 87.8%, P ¼ .033) compared
with younger patients in the SUR group. Interestingly,
active smoking rates were greater in the younger SUR group
compared with the younger FTR group (55.3% vs 40.7%,
P ¼ .030). Similar to the primary analysis, rates of
TABLE 4. Multivariable predictors of failure to rescue after lobectomy or

Characteristic

Model 1: All

OR 95% CI P value

Age (in decades) 1.55 1.27-1.92 <.001

Surgery by thoracic surgeon vs

nonthoracic surgeon

0.68 0.41-1.15 .132

Open resection vs VATS 1.18 0.82-1.69 .383

Lobectomy vs sublobar resection 1.12 0.70-1.87 .640

Unplanned intubation vs no complication 4.10 2.60-6.43 <.001

Pulmonary embolus vs no complication 1.43 0.64-2.91 .355

>48 h on ventilator vs no complication 1.70 1.03-2.79 .037

Progressive RI/ARF vs no complication 3.33 1.81, 5.97 <.001

Stroke vs no complication 3.69 1.82-7.08 <.001

Cardiac arrest requiring CPR/MI vs

no complication

11.4 7.70-16.9 <.001

Sepsis and septic shock vs no complication 1.49 0.92-2.38 .100

Unplanned reoperation vs no complication 0.55 0.34-0.85 .010

No. of observations 2823

No. of FTR events 178

P values in bold are <.05. OR, Odds ratio; CI, confidence interval; VATS, video

CPR/MI, cardiopulmonary resuscitation/myocardial infarction; FTR, failure to rescue.
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unplanned intubation, prolonged mechanical ventilation,
renal failure, cardiac arrest, and sepsis were greater among
younger and elderly patients in the FTR group compared
with younger and elderly patients in the SUR group, respec-
tively (Table E3). In the younger pneumonia cohort, inci-
dence of stroke was greater in patients with FTR
compared with patients in the SUR group (8.5% vs 1.2%,
sublobar resection for lung cancer stratified by age

Model 2:<80 years old Model 3: 80þ years old

OR 95% CI P value OR 95% CI P value

1.03 1.01-1.06 .021 1.16 1.00-1.35 .055

0.81 0.46-1.50 .489 0.29 0.10-0.93 .028

1.18 0.78-1.78 .435 –

1.29 0.75-2.33 .374 –

4.05 2.41-6.77 <.001 4.71 1.64-13.7 .004

1.53 0.64-3.35 .311 –

1.93 1.10-3.38 .022 0.85 0.25-2.79 .796

2.30 1.10-4.60 .022 14.1 4.06-51.1 <.001

4.38 2.02-8.93 <.001 –

12.8 8.28-19.7 <.001 11.5 4.32-32.1 <.001

1.48 0.86-2.49 .152 –

0.52 0.31-0.86 .014 0.77 0.25-2.14 .631

2497 326

139 39

-assisted thoracoscopic surgery; RI/ARF, renal insufficiency/acute renal failure;



TABLE 5. Multivariable predictors of failure to rescue for patients with lung cancer who underwent lobectomy or sublobar resection with

pneumonia as the first or only postoperative complication, n ¼ 893

Characteristic OR 95% CI P value

Age (in decades) 1.63 1.19-2.26 .003

Male vs female 1.46 0.82-2.63 .201

Surgery by thoracic surgeon vs nonthoracic surgeon 1.39 0.59-3.71 .483

Unplanned intubation vs no complication 7.06 3.11-16.4 <.001

Pulmonary embolus vs no complication 1.25 0.28-4.43 .752

>48 h on ventilator vs no complication 1.30 0.65-2.67 .468

Progressive RI/ARF vs no complication 3.27 1.50-7.07 .003

Cardiac arrest requiring CPR/MI vs no complication 5.35 2.73-10.6 <.001

Sepsis and septic shock vs no complication 1.74 0.94-3.21 .074

Unplanned reoperation vs no complication 0.44 0.21-0.88 .026

No. of observations 893

No. of events 79

P values in bold are<.05.OR, Odds ratio;CI, confidence interval; RI/ARF, renal insufficiency/acute renal failure; CPR/MI, cardiopulmonary resuscitation/myocardial infarction.
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P ¼ .002). In the elderly pneumonia cohort, incidence of
bleeding requiring transfusion was greater in patients in
the FTR group compared with patients in the SUR group
(30.0% vs 7.1%, P ¼ .011). Multivariable analysis exam-
ining patients who developed postoperative pneumonia
demonstrated that increasing age (AOR, 1.63 per decade,
P ¼ .003), unplanned intubation (AOR, 7.06, P< .001),
renal failure (AOR, 3.27, P ¼ .003), and cardiac arrest/MI
(AOR, 5.35, P< .001) were predictors of FTR, whereas
TABLE 6. Postoperative outcomes of propensity score–matched patients w

Characteristic <80 years old, N ¼ 323, n

Outcome within 30 d postoperation

Failure to rescue 13.0 (4.0)

Survived 310.0 (96.0)

Organ/space SSI 23.0 (7.1)

Pneumonia 116.0 (35.9)

Unplanned intubation 61.0 (18.9)

Pulmonary embolism 17.0 (5.3)

DVT requiring therapy 14.0 (4.3)

On Ventilator greater than 48 h 33.0 (10.2)

Progressive RI/ARF 16.0 (5.0)

Stroke 14.0 (4.3)

Cardiac arrest requiring CPR/MI 25.0 (7.7)

Bleeding requiring transfusion 81.0 (25.1)

Sepsis/septic shock 41.0 (12.7)

Unplanned reoperation 117.0 (36.2)

P values in bold are<.05. SSI, Surgical-site infection; DVT, deep-vein thrombosis; RI/A

myocardial infarction. *Pearson c2 test.
unplanned reoperation was associated with reduced odds
of death (AOR, 0.44, P ¼ .026) (Table 5).
A matched analysis based on propensity scores was con-

ducted to create a cohort of patients<80 year old and 80þ
years old with matched baseline and operative characteris-
tics, resulting in 2 groups with 323 patients each. There
were no statistically significant differences between these
2 groups with respect to sex, race, BMI, smoking status,
baseline functional status, comorbidities, ASA class,
ith lung cancer undergoing lobectomy or sublobar resection

(%) 80þ years old, N ¼ 323, n (%) P value

<.001*

39.0 (12.1)

284.0 (87.9)

7.0 (2.2) .003*

117.0 (36.2) .935*

68.0 (21.1) .491*

15.0 (4.6) .717*

17.0 (5.3) .581*

45.0 (13.9) .147*

18.0 (5.6) .725*

17.0 (5.3) .581*

31.0 (9.6) .401*

94.0 (29.1) .250*

38.0 (11.8) .719*

84.0 (26.0) .005*

RF, renal insufficiency/acute renal failure; CPR/MI, cardiopulmonary resuscitation/
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Risk of failure to rescue increased
with age by 50% per decade

Results ImplicationsStudy Population

Comparison of Failure to Rescue in Younger Versus Elderly Patients Following Lung Cancer Resection

Patients with postoperative
complications following lung

cancer resection

Total N = 2823

Pneumonia was the most common
postoperative complication, but was
not a predictor of failure to rescue

Reoperation was associated with
reduced risk of failure to rescue

Elderly patients had reduced failure to
rescue risk when treated by a thoracic
surgeon

Surgical therapy following major
postoperative complications may
mitigate the risk of death
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FIGURE 3. Graphical abstract depicting factors associated with failure to rescue in younger and elderly lung cancer resection patients.
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surgeon specialty, tumor location, extent of resection, and
surgical approach (Table E4).When we compared postoper-
ative outcomes, the younger cohort had a greater incidence
of surgical-site infection (7.1% vs 2.2%, P¼ .003) and un-
planned reoperation (36.2% vs 26.0%, P¼ .005) compared
with the elderly cohort. Rates of all other complications
were comparable between the matched younger and elderly
cohorts (Table 6). Similar to the primary analysis, incidence
of FTR was significantly greater in elderly patients who un-
derwent lung cancer resection compared with the younger
matched cohort (12.1% vs 4.0%, P<.001). The standard-
ized mean differences for the propensity-matched analyses
are highlighted in Table E5. See Figure 3 for a graphical ab-
stract of the study.

DISCUSSION
With the implementation of health care payment models

that use penalties and reimbursements to incentivize hospi-
tals and providers to provide quality care, there is a growing
interest in quality measures such as FTR. This is likely
related to numerous publications indicating FTR is more
closely associated with hospital characteristics, such as
hospital ratings or volume and the presence of subspecialty
services,4,10,15,22,23 that may potentially be modified to
improve rescue rates. In contrast, traditional quality metrics
such as postoperative complication rates may be more
reflective of patient factors that are difficult to improve
upon, such as baseline comorbid conditions or functional
status.14,24 Nonetheless, understanding patient-related
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factors associated with FTR is important, as these data
can potentially inform preoperative risk stratification and
provide guidance during difficult family conversations
about whether a patient is likely to survive following spe-
cific postoperative complications. There is published litera-
ture pertaining to patient-related factors associated with
FTR after cardiac surgery25,26 and esophagectomy.12,27

However, to date there are limited data on patient factors
associated with FTR following lung cancer resection.

In the current study, FTR rates were nearly twice as high
in elderly patients who underwent lung cancer resection
compared with younger patients. Aside from age, no other
patient factors were associated with FTR in this analysis,
including sex, race, BMI, smoking status, functional status,
comorbid conditions, or ASA class. The incidence of base-
line pulmonary conditions was greater in younger patients
with FTR compared with younger patients in the SUR
group; however, this association was not seen after adjust-
ing for confounding variables. Age, however, remained sig-
nificant on adjusted analysis, demonstrating roughly 50%
increased risk of FTR per decade (AOR, 1.55, P< .001).
Furthermore, when we examined patients who experienced
postoperative pneumonia, increasing age was the only
patient-related factor independently associated with
increased risk of FTR (AOR, 1.63 per decade, P ¼ .003).
Interestingly, there was no difference between FTR and
SUR rates when we compared surgical approach, tumor
location, resection type, or operating time in either age
cohort, suggesting that intraoperative variables may not
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have a significant impact on the ability to rescue patients
following postoperative complications. Patients in the
FTR group did undergo open surgery more frequently that
patients in the SUR group when we examined the entire
study cohort (53.9% vs 45.9%, P ¼ .037); however, this
variable was not significant on adjusted analysis (open
resection vs VATS; AOR, 1.18, P ¼ .383).

It is notable that despite pneumonia being the most com-
mon complication in both younger (35.1%) and elderly
(36.2%) patients who underwent lung cancer resection,
this complication was not an independent predictor of
FTR in either cohort on multivariable analysis. This finding
implies that patients who undergo lung cancer resection and
contract postoperative pneumonia can potentially be
rescued; therefore, early and aggressive measures should
be considered when there is suspicion for this complication.
Although pneumonia was not independently associated
with mortality, other major complications related to organ
failure predicted FTR. With the risk of death ranging
from 2-fold to more than 14-fold depending on the specific
complication and age cohort, this information may help
inform family of prognosis and guide decision-making for
critically ill patients.

There were 2 instances in the current analysis where risk
of death was mitigated following a postoperative complica-
tion. Unplanned reoperation was independently associated
with approximately 50% reduction in FTR for all groups
analyzed aside from the elderly cohort (total study cohort,
AOR, 0.55, P ¼ .01; younger cohort AOR, 0.55,
P ¼ .014; any patient with pneumonia AOR, 0.44,
P ¼ .026). This suggests that surgical therapy in the appro-
priate setting is important to consider and may improve
chances of rescue following an adverse postoperative event.
Based on the current analysis, we were not able to identify
associations between specific complications and reopera-
tion procedures. A summary of reoperation procedures is
presented in Table E6. Nonetheless, our data indicate that
reoperation should be considered if a complication arises
where surgical therapy is a treatment option.

Importantly, rates of unplanned reoperation were signif-
icantly lower in the elderly cohort compared with younger
patients, both in the unmatched (26.1% vs 33.0%,
P ¼ .012) and matched analyses (26.0% vs 36.3%,
P ¼ .005) (Table E7). It could be speculated that perhaps
elderly patients experience different complications
compared with younger patients, resulting in differences
in the need for reoperation. However, following propensity
score matching, all baseline characteristics, operative vari-
ables, and rates of postoperative complications were similar
between the younger and elderly matched cohorts aside
from organ/space surgical-site infection, unplanned reoper-
ation, and FTR. This matched analysis indicates that elderly
patients are undergoing unplanned reoperation less
frequently compared with younger patients despite having
similar types and rates of postoperative complications,
which is potentially impacting the opportunity to rescue
elderly patients. Data pertaining to the reasons why reoper-
ation was or was not conducted are not captured in the
NSQIP database; therefore, this aspect of our analysis could
not be explored further.
The second factor that was shown to mitigate the risk of

FTR in our analysis relates to surgeon specialty. In elderly
patients who underwent lung cancer resection and experi-
enced postoperative complications, surgery performed by
a general thoracic surgeon was associated with 70% reduc-
tion in risk of death compared with elderly patients who had
surgery performed by a nonthoracic surgeon (AOR. 0.29,
P ¼ .028). Although the details of this association cannot
be determined based on this retrospective analysis, we spec-
ulate that dedicated general thoracic surgeons may be more
experienced and skilled at managing postoperative compli-
cations related to lung resection in a tenuous elderly patient.
There are previously published data on the associations be-
tween surgeon specialty and outcomes after lung cancer
resection, indicating that general thoracic surgeons overall
have improved short- and long-term outcomes compared
with other surgical specialists.28-31 However, an important
limitation for this analysis relates to the fact that NSQIP
does not capture hospital-level data. Since potential con-
founding variables related to hospital volume and capabil-
ities could not be adjusted for, it is possible that this
finding serves as a surrogate marker for hospital, rather
than provider, quality. Nonetheless, to our knowledge this
association has not been previously studied specifically in
the elderly population and in the context of rescuing pa-
tients following postoperative complications.
Aside from the limitations noted previously, the study re-

sults should be considered in light of several additional lim-
itations. This study is retrospective in nature, and causality
cannot be determined. Granular data pertaining to other
patient-related factors that may impact FTR rates are not
tabulated in NSQIP, such as frailty, preoperative pulmonary
function, parameters related to severity of underlying lung
disease such as the Global Initiative for Chronic Obstructive
Lung Disease system, and cancer staging. As a result, our
analyses are unable to account for patient-centered factors
that are traditionally linked to rates of FTR, such as frailty
and preoperative pulmonary function status. Specific details
related to sublobar resections, including the decision to
perform a wedge resection over segmentectomy and the
number of segments removed, are also not captured in
NSQIP. Regarding postoperative pneumonia, it is not spec-
ified in the NSQIP database as to whether this diagnosis was
reached by clinical assessment, radiographic findings, pos-
itive cultures, or other means. There are no specific data on
hospital status or volume, which are important variables
JTCVS Open c Volume 16, Number C 863
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that pertain to FTR based on previous publications. Despite
this limitation, this database was used due to the fact that
NSQIP specifically captures preoperative risk factors, vari-
ables pertaining to surgeon specialty and the operation, and
details regarding postoperative adverse events while
providing the ability to select for patients with lung cancer.
Given that the aim of this study was to examine patient-
related factors associated with FTR, we felt this database
was most appropriate, even though hospital-level data are
lacking. NSQIP also does not capture socioeconomic status,
insurance type, education level, and income. This limits our
ability to study the underserved and underrepresented, who
historically have worse postoperative outcomes as well as
greater rates of FTR.7 Finally, the elderly FTR subgroup
had small numbers relative to the overall sample size.

CONCLUSIONS
In conclusion, risk of death from postoperative complica-

tions following lung cancer resection increases with age by
approximately 50% per decade. Although pneumonia was
the most common complication in both younger and elderly
patients who underwent lung cancer resection, pneumonia
was not independently associated with FTR. Unplanned
reoperation was associated with reduced odds of death; how-
ever, elderly patients underwent reoperation less frequently
despite having similar postoperative complications as
younger patients. Elderly patients treated by a general
thoracic surgeonhad a greater chance to survive postoperative
complications. Surgical therapy for complications after lung
cancer resection and elderly patients managed by a thoracic
specialistmaymitigate the risk of death following a postoper-
ative adverse event.

Webcast
You can watch a Webcast of this AATS meeting
presentation by going to: https://www.aats.org/resources/
comparison-of-failure-to-rescue-in-younger-versus-elderly
-patients-following-lung-cancer-resection.
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TABLE E1. Multivariable predictors of failure to rescue after lobectomy or sublobar resection for lung cancer including all clinically relevant

variables (full model)

Characteristic

Model 1: All ages Model 2:<80 years old Model 3: 80þ years old

OR 95% CI P value OR 95% CI P value OR 95% CI P value

Age in decades 1.59 1.28-1.99 <.001 1.03 1.01-1.07 .019 1.13 0.96-1.34 .151

Male vs female 1.06 0.73-1.54 .756 0.94 0.62-1.44 .791 1.43 0.58-3.67 .441

Underweight: BMI<18.5 vs BMI>18.5 1.34 0.51-3.06 .515 1.51 0.51-3.75 .414 1.46 0.07-10.9 .749

Obese: BMI>30 vs BMI<30 0.91 0.60-1.37 .658 0.98 0.62- 1.55 .948 0.83 0.27-2.27 .722

Active smoker within 1 y vs nonsmoker within 1 y 1.08 0.72-1.61 .721 1.08 0.70-1.67 .735 1.48 0.33-5.38 .574

ASA class III vs class I/II 0.83 0.48-1.50 .522 0.87 0.47-1.67 .650 1.06 0.26-5.76 .943

Surgery by thoracic surgeon vs nonthoracic surgeon 0.67 0.41-1.15 .131 0.81 0.46-1.50 .482 0.30 0.10-1.02 .045

Open resection vs VATS 1.15 0.79-1.67 .463 1.20 0.79-1.84 .393 0.89 0.35-2.16 .792

Lobectomy vs sub-lobar 1.17 0.72-1.97 .530 1.39 0.80-2.53 .268 0.99 0.32-3.41 .986

Dyspnea at rest or with moderate exertion vs no dyspnea 1.40 0.94-2.07 .096 1.37 0.88-2.12 .159 1.88 0.65-5.44 .238

COPD vs no COPD 0.91 0.62-1.34 .648 1.03 0.67-1.58 .897 0.45 0.15-1.25 .138

Pneumonia vs no complication 1.01 0.67-1.51 .965 0.89 0.56-1.41 .627 2.02 0.74-5.62 .169

Unplanned intubation vs no complication 3.93 2.47-6.21 <.001 3.77 2.22-6.35 <.001 4.43 1.43-13.8 .009

Pulmonary embolus vs no complication 1.47 0.66-3.07 .323 1.65 0.68-3.66 .242 0.98 0.11-5.88 .982

DVT requiring therapy vs no complication 0.88 0.38-1.84 .747 0.76 0.29-1.76 .545 2.81 0.34-15.7 .273

>48 h on ventilator vs no complication 1.78 1.06-2.98 .029 2.10 1.18-3.75 .012 0.78 0.18-3.01 .723

Progressive RI/ARF vs no complication 3.36 1.80-6.10 <.001 2.39 1.13-4.83 .019 14.9 3.66-67.3 <.001

Stroke vs No complication 3.60 1.76-6.97 <.001 4.13 1.89-8.53 <.001 1.76 0.15-11.4 .596

Cardiac arrest requiring CPR/MI vs no complication 11.5 7.77-17.2 <.001 12.7 8.21-19.7 <.001 16.9 5.43-56.7 <.001

Bleeding requiring transfusion vs no complication 0.81 0.51-1.28 .380 0.68 0.39-1.16 .170 1.54 0.55-4.25 .403

Sepsis and septic shock vs no complication 1.47 0.89-2.38 .122 1.50 0.85-2.58 .150 1.22 0.34-4.06 .751

Unplanned reoperation vs no complication 0.55 0.34-0.86 .011 0.53 0.31-0.87 .015 0.94 0.28-2.81 .921

No. of observations 2823 2497 326

No. of FTR events 178 139 39

P values in bold are<.05. OR, Odds ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists; VATS, video-assisted thoracoscopic

surgery; COPD, chronic obstructive pulmonary disease; DVT, deep-vein thrombosis; RI/ARF, renal insufficiency/acute renal failure; CPR/MI, cardiopulmonary resuscitation/

myocardial infarction; FTR, failure to rescue.
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TABLE E2. Multivariable predictors of failure to rescue for patients with lung cancer who underwent lobectomy or sublobar resection with

pneumonia as the first or only postoperative complication, n ¼ 893 (full model)

Characteristic OR 95% CI P value

Age in decades 1.52 1.09-2.16 .015

Male vs female 1.53 0.83-2.87 .175

Underweight: BMI<18.5 vs BMI>18.5 0.49 0.02-3.03 .527

Obese: BMI>30 vs BMI<30 1.12 0.57-2.12 .742

Active smoker within 1 y vs nonsmoker within 1 y 0.69 0.36-1.31 .255

ASA class III vs class I/II 1.00 0.39-3.01 .999

Surgery by thoracic surgeon vs nonthoracic surgeon 1.37 0.56-3.76 .511

Open resection vs VATS 0.97 0.54-1.74 .922

Lobectomy vs sublobar 0.91 0.42-2.18 .831

Dyspnea at rest or with moderate exertion vs no dyspnea 0.96 0.51-1.78 .899

COPD vs no COPD 1.06 0.58-1.93 .850

Unplanned intubation vs no complication 7.95 3.45-18.8 <.001

Pulmonary embolus vs no complication 1.34 0.31-4.64 .666

DVT requiring therapy vs no complication 0.87 0.26-2.42 .798

>48 h on ventilator vs no complication 1.36 0.65-2.90 .414

Progressive RI/ARF vs no complication 3.30 1.48-7.33 .003

Stroke vs no complication 1.00 0.23-3.83 .995

Cardiac arrest requiring CPR/MI vs no complication 5.35 2.66-10.8 <.001

Bleeding requiring transfusion vs no complication 0.57 0.24-1.28 .187

Sepsis and septic shock vs no complication 1.75 0.93-3.27 .080

Unplanned reoperation vs no complication 0.43 0.20-0.88 .026

No. of observations 893

No. of events 79

P values in bold are<.05. OR, Odds ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiologists; VATS, video-assisted thoracoscopic

surgery; COPD, chronic obstructive pulmonary disease; DVT, deep-vein thrombosis; RI/ARF, renal insufficiency/acute renal failure; CPR/MI, cardiopulmonary resuscitation/

myocardial infarction.
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TABLE E3. Characteristics of lung cancer patients who underwent lobectomy or sublobar resection with pneumonia as the first or only postoperative complication

Characteristic

All ages n ¼ 893 Younger than 80 years old n ¼ 789 80þ years old n ¼ 104

FTR,

n ¼ 79

SUR,

n ¼ 814

P

value

FTR,

n ¼ 59

SUR,

n ¼ 730

P

value

FTR,

n ¼ 20

SUR,

n ¼ 84

P

value

Median age, y (IQR) 74 (67.0, 79.5) 69.0 (63.0, 75.0) <.001 70.0 (65.0, 74.5) 68.0 (62.0, 73.0) .011 83.0 (81.0, 84.5) 82.0 (80.8, 85.0) .42

Age category <.001

<80 y old 59 (74.7%) 730 (89.7%) – – – – – –

80þ y old 20 (25.3%) 84 (10.3%)

Sex .018 .13 .087

Female 26 (32.9%) 381 (46.8%) 22 (37.3%) 347 (47.5%) 4 (20.0%) 34 (40.5%)

Male 53 (67.1%) 433 (53.2%) 37 (62.7%) 383 (52.5%) 16 (80.0%) 50 (59.5%)

Race .10 .47 .14

Asian 1 (1.3%) 23 (2.8%) 1 (1.7%) 19 (2.6%) 0 (0%) 4 (4.8%)

Black/African American 4 (5.1%) 48 (5.9%) 4 (6.8%) 43 (5.9%) 0 (0%) 5 (6.0%)

Other 4 (5.1%) 111 (13.6%) 4 (6.8%) 99 (13.6%) 0 (0%) 12 (14.3%)

White 70 (88.6%) 632 (77.6%) 50 (84.7%) 569 (77.9%) 20 (100.0%) 63 (75.0%)

Median BMI (IQR) 25.6 (23.0, 30.9) 26.7 (23.1, 30.4) .57 26.6 (23.1, 30.9) 26.7 (23.1, 30.5) .86 24.0 (22.0, 30.5) 26.6 (23.3, 29.6) .44

Active smoker within 1 y 26 (32.9%) 412.0 (50.6%) .003 24 (40.7%) 404 (55.3%) .030 2 (10.0%) 8 (9.5%) 1.00

Independent functional status 77 (97.5%) 802 (98.5%) .46 57 (96.6%) 719 (98.5%) .25 20 (100.0%) 83 (98.8%) 1.00

Comorbidities .54 .92 .29

Diabetes 11 (13.9%) 135 (16.6%) 10 (16.9%) 120 (16.4%) 1 (5.0%) 15 (17.9%)

Dyspnea with moderate exertion 27 (34.2%) 233 (28.6%) .51 23 (39.0%) 211 (28.9%) .17 4 (20.0%) 22 (26.2%) .81

COPD 38 (48.1%) 359 (44.1%) .50 32 (54.2%) 328 (44.9%) .17 6 (30.0%) 31 (36.9%) .56

Heart failure 0 (0.0%) 7 (0.9%) 1.00 0 (0%) 7 (1.0%) 1.00 0 (0%) 0 (0%) –

Chronic steroid use 7 (8.9%) 54 (6.6%) .45 4 (6.8%) 48 (6.6%) 1.00 3 (15.0%) 6 (7.1%) .37

Weight loss>10% within 6 mo 5.0 (6.3%) 31 (3.8%) .24 2 (3.4%) 28 (3.8%) 1.00 3 (15.0%) 3 (3.6%) .084

ASA class .12 .033 .13

2—mild disturbance 5.0 (6.3%) 91 (11.2%) 2 (3.4%) 87 (11.9%) 3 (15.0%) 4 (4.8%)

3—severe disturbance 73.0 (92.4%) 721 (88.6%) 56 (94.9%) 641 (87.8%) 17 (85.0%) 80 (95.2%)

None assigned 1.0 (1.3%) 2 (0.2%) 1 (1.7%) 2 (0.3%)

Surgeon specialty 1.00 .75 .60

Cardiac surgery 0.0 (0.0%) 10 (1.2%) 0 (0%) 9 (1.2%) 0 (0.0%) 1 (1.2%)

General surgery 8.0 (10.1%) 87 (10.7%) 4 (6.8%) 75 (10.3%) 4 (20.0%) 12 (14.3%)

Thoracic Surgery 71.0 (89.9%) 717 (88.1%) 55 (93.2%) 646 (88.5%) 16 (80.0%) 71 (84.5%)

Tumor location .42 .32 .31

Lower lobe 32.0 (40.5%) 279 (34.3%) 25 (42.4%) 242 (33.2%) 7 (35.0%) 37 (44.0%)

Middle lobe 4.0 (5.1%) 34.0 (4.2%) 3.0 (5.1%) 33.0 (4.5%) 1.0 (5.0%) 1.0 (1.2%)

Upper lobe 43 (54.4%) 501 (61.5%) 31 (52.5%) 455 (62.3%) 12 (60.0%) 46 (54.8%)

Operation .57 .84 .60

Open lobectomy 38 (48.1%) 318 (39.1%) 29 (49.2%) 290 (39.7%) 9 (45.0%) 28 (33.3%)

Open segmentectomy 3 (3.8%) 23 (2.8%) 2 (3.4%) 22 (3.0%) 1 (5.0%) 1 (1.2%)
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TABLE E3. Continued

Characteristic

All ages n ¼ 893 Younger than 80 years old n ¼ 789 80þ years old n ¼ 104

FTR,

n ¼ 79

SUR,

n ¼ 814

P

value

FTR,

n ¼ 59

SUR,

n ¼ 730

P

value

FTR,

n ¼ 20

SUR,

n ¼ 84

P

value

Open wedge resection 1 (1.3%) 26 (3.2%) 1 (1.7%) 24 (3.3%) 0 (0.0%) 2 (2.4%)

VATS lobectomy 31 (39.2%) 365 (44.8%) 23 (39.0%) 323 (44.2%) 8 (40.0%) 42 (50.0%)

VATS segmentectomy 1 (1.3%) 30 (3.7%) 1 (1.7%) 26 (3.6%) 0 (0.0%) 4 (4.8%)

VATS wedge resection 5 (6.3%) 52 (6.4%) 3 (5.1%) 45 (6.2%) 2 (10.0%) 7 (8.3%)

Lobectomy vs sublobar resection .42 .40 1.00

Lobectomy 69 (87.3%) 683 (83.9%) 52 (88.1%) 613 (84.0%) 17 (85.0%) 70 (83.3%)

Sublobar resection 10 (12.7%) 131 (16.1%) 7 (11.9%) 117 (16.0%) 3 (15.0%) 14 (16.7%)

Surgical approach .17 .22 .28

Open 42 (53.2%) 367 (45.1%) 32 (54.2%) 336 (46.0%) 10 (50.0%) 31 (36.9%)

VATS 37 (46.8%) 447 (54.9%) 27 (45.8%) 394 (54.0%) 10 (50.0%) 53 (63.1%)

Median operation time, min (IQR) 197.0 (144.0, 264.5) 189.0 (133.0, 255.0) .33 202.0 (163.5, 264.5) 189.0 (133.0, 255.0) .13 160.5 (114.2, 258.0) 189.0 (135.0, 264.2) .54

Median postoperative length

of stay, d (IQR)

11.0 (5.5, 19.0) 9.0 (6.0, 15.0) .24 11.0 (5.0, 19.5) 9.0 (6.0, 15.0) .11 10.5 (6.0, 13.8) 10.0 (7.0, 20.0) .29

Median days from operation to death (IQR) 16.0 (9.0, 22.0) – 18.0 (10.0, 22.0) – 14.0 (6.8, 22.2) –

Organ/space SSI 2 (2.5%) 39 (4.8%) .57 2 (3.4%) 39 (5.3%) .76 – – –

Unplanned intubation 66 (83.5%) 192 (23.6%) <.001 50 (84.7%) 167 (22.9%) <.001 16 (80.0%) 25 (29.8%) <.001

Pulmonary embolus 4 (5.1%) 26 (3.2%) .33 4 (6.8%) 23 (3.2%) .14 0 (0%) 3 (3.6%) 1.000

DVT requiring therapy 5 (6.3%) 35 (4.3%) .39 5 (8.5%) 32 (4.4%) .19 0 (0%) 3 (3.6%) 1.000

>48 h on ventilator 50 (63.3%) 144 (17.7%) <.001 38 (64.4%) 127 (17.4%) <.001 12 (60%) 17 (20.2%) <.001

Renal failure 22 (27.8%) 28 (3.4%) <.001 14 (23.7%) 27 (3.7%) <.001 8.0 (40.0%) 1 (1.2%) <.001

Stroke 5 (6.3%) 11 (1.4%) .010 5 (8.5%) 9 (1.2%) .002 0 (0%) 2 (2.4%) 1.00

Cardiac arrest requiring transfusion 32 (40.5%) 33 (4.1%) <.001 27 (45.8%) 29 (4.0%) <.001 5 (25.0%) 4 (4.8%) .012

Bleeding requiring transfusion 13 (16.5%) 52 (6.4%) .001 7 (11.9%) 46 (6.3%) .11 6 (30.0%) 6 (7.1%) .011

Sepsis/septic shock 36 (45.6%) 136 (16.7%) <.001 27 (45.8%) 123 (16.8%) <.001 9 (45.0%) 13 (15.5%) .012

Unplanned reoperation 18 (22.8%) 144 (17.7%) .26 14 (23.7%) 136 (18.6%) .34 4 (20.0%) 8 (9.5%) .24

P values in bold are<.05.FTR, Failure to rescue; SUR, survived within 30 d postoperation; IQR, interquartile range;BMI, bodymass index,COPD, chronic obstructive pulmonary disease; ASA, American Society of Anesthesiologists;

VATS, video-assisted thoracoscopic surgery; SSI, surgical-site infection; DVT, deep-vein thrombosis.
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TABLE E4. Baseline and operative characteristics of the matched groups

Characteristic <80 years old, N ¼ 323, n (%) 80þ years old, N ¼ 323, n (%) P value

Sex .873*

Female 138.0 (42.7) 136.0 (42.1)

Male 185.0 (57.3) 187.0 (57.9)

Race .922*

White 254.0 (78.6) 256.0 (79.3)

Asian 21.0 (6.5) 17.0 (5.3)

Black/African American 11.0 (3.4) 12.0 (3.7)

Other 37.0 (11.5) 38.0 (11.8)

Median BMI (IQR) 25.9 (22.7, 29.8) 26.1 (22.9, 29.6) .742y
Active smoker within 1 y 38.0 (11.8) 41.0 (12.7) .719*

Independent functional status 320.0 (99.1) 316.0 (97.8) .340z
Comorbidities

Diabetes 53.0 (16.4) 55.0 (17.0) .833*

Dyspnea with moderate exertion 80.0 (24.8) 79.0 (24.5) .762*

COPD 99.0 (30.7) 103.0 (31.9) .734*

Heart failure 0.0 (0.0) 1.0 (0.3) 1.000z
Chronic steroid use 20.0 (6.2) 17.0 (5.3) .611*

Weight loss>10% within 6 mo 14.0 (4.3) 16.0 (5.0) .708*

ASA class .921z
2—mild disturbance 33.0 (10.2) 30.0 (9.3)

3—severe disturbance 288.0 (89.2) 291.0 (90.1)

None assigned 2.0 (0.6) 2.0 (0.6)

Surgeon specialty 1.000z
Cardiac surgery 2.0 (0.6) 3.0 (0.9)

General surgery 36.0 (11.1) 35.0 (10.8)

Thoracic surgery 285.0 (88.2) 285.0 (88.2)

Tumor location .771*

Lower lobe 126.0 (39.0) 125.0 (38.7)

Middle lobe 11.0 (3.4) 8.0 (2.5)

Upper lobe 186.0 (57.6) 190.0 (58.8)

Lobectomy vs sublobar resection .430*

Lobectomy 255.0 (78.9) 263.0 (81.4)

Sublobar resection 68.0 (21.1) 60.0 (18.6)

Surgical approach .810*

Open 134.0 (41.5) 131.0 (40.6)

VATS 189.0 (58.5) 192.0 (59.4)

BMI, Body mass index; IQR, interquartile range; COPD, chronic obstructive pulmonary disease; ASA, American Society of Anesthesiologists; VATS, video-assisted thoraco-

scopic surgery. *Pearson c2 test. yWilcoxon rank sum test. zFisher exact test.

870 JTCVS Open c December 2023

Thoracic: Lung Cancer Wang et al



TABLE E5. Summary of balance for age-matched data

Characteristic <80 years old, N ¼ 323, n (%) 80þ years old, N ¼ 323, n (%) Absolute standard mean differences

Sex

Female 138 (43) 136 (42) 0.0125

Male 185 (57) 187 (58) 0.0125

Race

White 254 (79) 256 (79) 0.0153

Asian 21 (6.5) 17 (5.3) 0.0555

Black/African American 11 (3.4) 12 (3.7) 0.0164

Other 37 (11) 38 (12) 0.0096

BMI, median (IQR) 25.9 (22.7, 29.8) 26.1 (22.9, 29.6) 0.0402

Active smoker within 1 y 38 (12) 41 (13) 0.0279

Functional status

Independent 320 (99) 316 (98) 0.0850

Partially dependent 3 (0.9) 6 (1.9) 0.0688

Diabetes

Diabetes 53 (16) 55 (17) 0.0165

No diabetes 270 (84) 268 (83) 0.0165

Dyspnea

At rest 7 (2.2) 10 (3.1) 0.0536

Moderate exertion 80 (25) 79 (24) 0.0072

No 236 (73) 234 (72) 0.0139

COPD 99 (31) 103 (32) 0.0266

Heart failure 0 (0) 1 (0.3) 0.0557

Steroid 20 (6.2) 17 (5.3) 0.0416

Weight loss>10% within 6 mo 14 (4.3) 16 (5.0) 0.0285

ASA class

2—mild disturbance 33 (10) 30 (9.3) 0.0320

3—severe disturbance 288 (89) 291 (90) 0.0311

Surgeon specialty

Cardiac surgery 2 (0.6) 3 (0.9) 0.0323

General surgery 36 (11) 35 (11) 0.0100

Thoracic surgery 285 (88) 285 (88) 0.0000

Tumor location

Lower lobe 126 (39) 125 (39) 0.0064

Middle lobe 11 (3.4) 8 (2.5) 0.0598

Upper lobe 186 (58) 190 (59) 0.0252

Initial surgical approach

Open 134 (41) 131 (41) 0.0189

VATS 189 (59) 192 (59) 0.0189

Operation type

Lobectomy 255 (79) 263 (81) 0.0637

Sublobar resection 68 (21) 60 (19) 0.0637

BMI, Body mass index; IQR, interquartile range; COPD, chronic obstructive pulmonary disease; ASA, American Society of Anesthesiologists; VATS, video-assisted thoraco-

scopic surgery.
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TABLE E6. Reoperation interventions after postoperative complication

Reoperation n ¼ 909, n (%)

Bronchoscopy 173 (19.0)

Chest reoperation 371 (40.8)

Tracheostomy 44 (4.8)

Other scopes 38 (4.2)

Abdominal surgery 42 (4.6)

Other 94 (10.3)

Unspecified procedure 147 (16.2)

TABLE E7. Distribution of reoperations by age group

Reoperation cases by age group

Characteristic N No reoperation, N ¼ 1914, n (%) Reoperation, N ¼ 909, n (%) P value

Age in decades 2823 .042*

<50 y 40 (2.1) 30 (3.3)

50-59 y 244 (13) 112 (12)

60-69 y 629 (33) 312 (34)

70-79 y 760 (40) 370 (41)

80þ y 241 (13) 85 (9.4)

*Pearson c2 test.
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