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BACKGROUND: Little is known about rates of invasive procedures and associated complica-
tions after lung cancer screening (LCS) in nontrial settings.

RESEARCH QUESTION: What are the frequency of invasive procedures, complication rates, and
factors associated with complications in a national sample of veterans screened for lung cancer?

STUDY DESIGN AND METHODS: We conducted a retrospective cohort analysis of veterans who
underwent LCS in anyVeteransHealth Administration (VA) facility between 2013 and 2019 and
identified veterans who underwent invasive procedures within 10 months of initial LCS. The
primary outcome was presence of a complication within 10 days after an invasive procedure.We
conducted hierarchical mixed-effects logistic regression analyses to determine patient- and
facility-level factors associated with complications resulting from an invasive procedure.

RESULTS: Our cohort of 82,641 veterans who underwent LCS was older, more racially diverse,
and had more comorbidities than National Lung Screening Trial (NLST) participants.
Overall, 1,741 veterans (2.1%) underwent an invasive procedure after initial screening,
including 856 (42.3%) bronchoscopies, 490 (24.2%) transthoracic needle biopsies, and 423
(20.9%) thoracic surgeries. Among veterans who underwent procedures, 151 (8.7%) expe-
rienced a major complication (eg, respiratory failure, prolonged hospitalization) and an
additional 203 (11.7%) experienced an intermediate complication (eg, pneumothorax, pleural
effusion). Veterans who underwent thoracic surgery (OR, 7.70; 95% CI, 5.48-10.81), un-
derwent multiple nonsurgical procedures (OR, 1.49; 95% CI, 1.15-1.92), or carried a dementia
diagnosis (OR, 3.91; 95% CI, 1.79-8.52) were more likely to experience complications.
Invasive procedures were performed less often than in the NLST (2.1% vs 4.2%), but veterans
were more likely to experience complications after each type of procedure.

INTERPRETATION: These findings may reflect a higher threshold to perform procedures in
veteran populations with multiple comorbidities and higher risks of complications. Future
work should focus on optimizing the identification of patients whose chance of benefit likely
outweighs the complication risks. CHEST 2022; 162(2):475-484
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Take-home Points

Study Question: What are the frequency of invasive
procedures, complication rates, and factors associ-
ated with complications in a national sample of
veterans screened for lung cancer?
Results: Overall, 82,641 veterans underwent lung
cancer screening, of whom 1,741 (2.1%) underwent
an invasive procedure after initial screening. Among
veterans who underwent a procedure, 20.4% experi-
enced a procedural complication. Invasive proced-
ures were performed half as frequently as in the
National Lung Screening Trial (2.1% vs 4.2%), but
veterans were more likely to experience complica-
tions after each type of procedure.
Interpretation: These findings may reflect a higher
threshold to perform procedures in veterans with
multiple comorbidities and higher risks of compli-
cations. Future work should focus on optimizing the
identification of patients whose chance of benefit
likely outweighs the complication risks.
Lung cancer remains the leading cause of cancer
mortality, with 1.8 million deaths annually worldwide.1

The National Lung Screening Trial (NLST) was the
largest randomized trial of lung cancer screening (LCS),
with > 53,000 participants. The NLST showed a
20% relative reduction in mortality with annual LCS,2 a
reasonable risk to benefit ratio on average,3 and more a
favorable risk to benefit ratio for those at higher risk of
lung cancer.4 The NLST has been used as the benchmark
for LCS guidance, providing the data used in decision
aids to inform patients and providers of the expected
trade-offs from LCS, including the anticipated frequency
and complications of invasive procedures to evaluate
screen-detected findings.5,6
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Yet, the NLSTmay not be an ideal benchmark fromwhich
to gauge the anticipated frequency and complications of
LCS for several reasons. First, the NLST primarily
comprised high-volume academic medical centers, which
typically have lower complication rates (eg, 7.8% of NLST
participants experienced a major complication after an
invasive procedure).7,8 Second, NLST benefitted from the
healthy volunteer effect: trial participants were younger,
were less racially and ethnically diverse, were better
educated, harbored fewer comorbidities, and were more
likely to have quit smoking than the LCS-eligible US
population.9,10 Third, both rates and complications of
procedures often differ in nontrial settings.11,12 Finally,
the NLST was conducted more than a decade ago. As data
have accumulated on LCS, rates of performing procedures
may have changed as providers and patients have become
more comfortable with surveillance of nodules and the
Lung CT Screening Reporting and Data System has
standardized recommendations for evaluation.13-15

Therefore, we sought to analyze the frequency of
complications resulting from invasive procedures in a
national cohort of veterans who underwent LCS outside
the trial setting and to identify factors associated with
development of complications. The nationally integrated
Veterans Health Administration (VA) health care
system is an ideal setting for studying use and
complications of invasive procedures in current practice,
with robust clinical and administrative data from > 140
VA medical centers and early adoption, but variable
implementation, of LCS and downstream evaluation
across sites.16-18 Our hypothesis was that older veterans
and those with pulmonary or cardiovascular
comorbidities would be more likely to experience
complications resulting from invasive procedures and
that substantial variability in rates of procedures and
associated complications would be found across sites.
Study Design and Methods
Study Design and Population

We conducted a retrospective cohort analysis of veterans 55 to 80 years
of age with > 30 years of smoking who underwent initial LCS in any
VA facility from January 1, 2013, through December 31, 2019. Using
the VA’s Corporate Data Warehouse (CDW), we identified veterans
who underwent an initial LCS examination in the VA system based
on either (1) a health factor for “agrees to screening” generated by
VA’s LCS clinical reminder embedded in the electronic health
record, followed by chest CT imaging within 3 months; or (2) first
chest CT scan for LCS based on Current Procedural Terminology
(CPT) codes or CDW radiology tables (e-Fig 1) that specifies the
chest CT scan as a screening LDCT. We excluded veterans with a
prior lung cancer diagnosis or who previously had undergone LCS
outside of the VA, based on CPT codes for LCS in Medicare claims.
We then identified the subset of veterans who underwent an invasive
procedure typically performed for evaluation of LCS-detected
findings in the 10 months after an initial LCS examination. We
chose 10 months to allow time for evaluation in cases where
abnormal screen-detected findings initially may have been managed
with repeat imaging before an invasive procedure, without
overlapping with the time frame that a repeat annual LCS would be
expected. Specifically, we queried the VA CDW and Medicare claims
data for International Classification of Diseases or CPT codes for
bronchoscopy, transthoracic needle biopsy, mediastinoscopy, or lung
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resection. We excluded veterans who visited the ED in the 5 days
before the procedure or underwent a procedure that occurred more
than 2 days after inpatient admission date, because these procedures
likely were performed in response to an acute illness unrelated to
LCS findings.

Primary Outcome

The primary outcome was the presence of a complication within
10 days of an invasive procedure. We queried VA CDW and
Medicare claims data (available through December 31, 2018) for
evidence of complications defined by International Classification
of Diseases and CPT codes (e-Tables 1, 2). Like in the NLST, we
classified our complications into major and intermediate
complications (e-Table 2). For procedures that occurred within
10 days of each other, we assigned complications to the more
invasive procedure (eg, if a bronchoscopy occurred on the same
day or in the 10 days after a lung resection, all complications
would be attributed to the lung resection). We accounted for the
timing of the complication: for a less invasive procedure that
occurred 10 days before a more invasive procedure,
complications occurring before the more invasive procedure were
attributed to the initial less-invasive procedure, whereas
complications that occurred after two or more procedures were
attributed to the most invasive procedure. Procedures in order of
invasiveness were: thoracic surgery (thoracotomy, thoracoscopy),
mediastinoscopy, transthoracic needle biopsy, bronchoscopy
including endobronchial ultrasound bronchoscopy, and
extrathoracic lymph node biopsy. Of note, expected outcomes of
procedures were not considered complications; for example,
mechanical ventilation after thoracic surgery was not labeled as
acute respiratory failure.

Covariates

We a priori selected clinically relevant covariates based on prior studies
of procedural complications.19,20 For each veteran, we extracted data
from the VA CDW on demographic characteristics and derived
comorbidities and Elixhauser comorbidity index scores based on
International Classification of Diseases codes in the VA CDW or
Medicare files (e-Table 3).21,22
chestjournal.org
We assigned veterans to the VA facility at which they underwent their
procedure. Facility-level covariates included geographic location (ie,
US census region) and procedure volume. We performed log
transformation of one variable, number of procedures performed,
because of its right-skewed distribution.

Statistical Analyses

We conducted mixed-effects logistic regression analyses, including
both patient- and facility-level variables, to determine factors
associated with complications. Our models assumed random
coefficients to patient-level variables that varied by facility. We
report the mean patient effects averaged across facilities, accounting
for facility-specific random effects, in our analytic summaries. To
address potential issues of multicollinearity, we computed variance
inflation factors for each patient-level variable in the model. No
variables had a variance inflation factor of > 10, a conventional
threshold for collinearity concerns, suggesting that collinearity was
not problematic.23 To quantify facility-level variation, we calculated
an intraclass correlation coefficient on the model with patient fixed
effects and only random intercepts for each facility.24 Missing data
for race and BMI were filled in using regression imputation, given
the low rate of missing data on these variables. Our multivariate
model excluded 84 veterans who were included in the descriptive
analyses, but whose procedure was identified through Centers for
Medicare and Medicaid Services data, because we could not assign
facilities to these veterans. All analyses were performed using SAS
version 9.4 software (SAS Institute).

Sensitivity Analyses

To explore the possibility that our study may not capture procedures
provided through private insurers, we performed a sensitivity analysis
restricting our analysis to Medicare-eligible veterans (age $ 65 years)
because veterans with VA or Medicare coverage are less likely to
obtain screening through the private sector.25,26 Additionally, because
Medicare claims data were available only through 2018, we performed
a sensitivity analysis restricting the date of procedures from January 1,
2013, through December 31, 2018. We also performed a sensitivity
analysis of our multivariate model, stratifying our cohort by whether
veterans underwent surgical or nonsurgical procedures.
Results

Overall, 82,641 veterans underwent an initial LCS
examination between 2013 and 2019. Compared with
NLST participants, the present cohort was older
(mean age, 66.9 years vs 61.4 years), comprised more
men (95.6% vs 59%), was more racially diverse, and
was more likely to harbor comorbid medical disorders
(Table 1). Among the 82,641 veterans in this cohort,
1,741 (2.1%) underwent 2,026 invasive procedures
within 10 months of the LCS examination. Yearly
rates of invasive procedures performed ranged from
1.8% to 3.5%, and although yearly increases occurred
in the number of screenings performed, no trend was
found in the proportion of veterans receiving an
invasive procedure across the years in the study
period. Facilities varied in their rates of performing
invasive procedures among screened veterans from
0% to 5%.
The overall rates of procedures in the VA cohort was
lower than that in the NLST (2.1% vs 4.2%) as well as for
each individual procedure except extrathoracic lymph
node biopsy (0.29% vs 0.30%): bronchoscopy
(1.1% vs 2.5%), transthoracic needle biopsy
(0.2% vs 0.9%), thoracic surgery (0.5% vs 2.8%), and
mediastinoscopy (0.03% vs 2.8%). Of the 2,026 invasive
procedures undergone in the study cohort, the most
frequent was bronchoscopy (n ¼ 856 [42.3%]) followed
by transthoracic needle lung biopsy (n ¼ 490 [24.2%]),
thoracic surgery (n ¼ 423 [20.9%]), lymph node biopsy
(n ¼ 235 [11.6%]), and mediastinoscopy (n ¼ 22
[1.1%]) (Table 2).

Of the 1,741 veterans who underwent an invasive
procedure, 151 (8.7%) experienced a major
complication (Fig 1A). The most common major
complications were acute respiratory failure (n ¼ 58/
1,741 [3.3%]), followed by pneumothorax requiring a
477
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TABLE 1 ] Characteristics of Veterans Who Underwent Lung Cancer Screening and Subsequent Procedures
Compared With Participants in the National Lung Screening Trial

Characteristic
Veterans Who Underwent

LCS (n ¼ 82,641)
Veterans Who Underwent
Procedures (n ¼ 1,741) NLST (n ¼ 26,732)

Age, mean (SD) 65.2 � 5.6 66.9 � 5.4 61.4 � 5.0

Female sex 3,818 (4.6) 76 (4.4) 10,952 (41.0)

Race

White 63,823 (77.2) 1,416 (81.3) 24,289 (90.9)

Black 15,142 (18.3) 265 (15.2) 1,195 (4.5)

Hispanic 2,162 (2.6) 32 (1.8) 479 (1.8)

Other 1,514 (1.8) 29 (1.6) 1,075 (4.0)

Missing 1,423 (1.7) 38 (2.2) 163 (0.6)

Married 35,380 (42.8) 779 (44.7) 17,815 (66.6)

Heart disease or heart attack 13,758 (16,6) 300 (17.2) 3,445 (12.9)

Stroke 3,356 (4.1) 85 (4.9) 753 (2.8)

COPD 27,474 (33.2) 698 (40.1) 4,674 (17.5)

Interstitial lung disease 1,299 (1.6) 49 (2.8) 70 (0.3)

Dementia 2,136 (2.6) 40 (2.3)

Not available

Depression 22,081 (26.7) 444 (25.5)

Posttraumatic stress disorder 13,981 (16.9) 279 (16.0)

Substance use disorder 22,210 (26.9) 442 (25.4)

BMI, kg/m2 28.88 � 6.31 27.82 � 7.65

Elixhauser comorbidity index score 4.25 � 3.12 4.44 � 3.26

Data are presented as No. (%) or mean � SD. LCS ¼ lung cancer screening; NLST ¼ National Lung Screening Trial. Variables with missing data include:
BMI screening (n ¼ 379 [0.46%]) and race (n ¼ 1,423).
chest tube (n ¼ 32/1,741 [1.8%]), prolonged
mechanical ventilation (n ¼ 23/1,741 [1.3%]), and
sepsis (n ¼ 15/1,741 [0.9%]) (e-Table 4). Additionally,
200 veterans (11.5%) experienced a prolonged
hospitalization of > 1 week after the invasive procedure
and 18 veterans (1.0%) died within 30 days of an
invasive procedure, compared with 1.5% of NLST
participants who died within 60 days of the most
TABLE 2 ] Rates of Invasive Procedures in Veterans Who Un
Participants in the NLST

Invasive Procedure

Veterans Who
Underwent LCS
(n ¼ 82,641)

Pe
N

Bronchoscopy 856 (1.04)

Transthoracic needle lung biopsy 490 (0.59)

Thoracic surgery for pulmonary nodule
(thoracotomy or thoracoscopy)

423 (0.51)

Biopsy or excision of lymph node (not in
the mediastinum or hilum)

235 (0.28)

Mediastinoscopy or mediastinotomy 22 (0.03)

No. of invasive procedures 2,026

Data are presented as No. (%), No., or percentage. LCS ¼ lung cancer screening
(2.1%) underwent a total of 2,026 procedures, and in the NLST, a total of 1,10
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invasive procedure. An additional 203 of the 1,741
veterans (11.7%) who underwent an invasive procedure
experienced an intermediate complication. The most
common intermediate complications were cardiac
arrhythmias (n ¼ 79/1,741 [4.5%]), pneumothorax not
requiring a chest tube (n ¼ 51/1,741 [2.9%]), pleural
effusion (n ¼ 36/1,741 [2.1%]), and hemorrhage or
hemoptysis (n ¼ 36/1,741 [2.1%]).
derwent LCS Between 2013 and 2019 Compared With

rcentage of Total
o. of Procedures
(n ¼ 2,026)

Participants in the
NLST Low-Dose

CT Arm
(n ¼ 26,453)

Percentage of Total No. of
NLST Procedures

(n ¼ 1,718)

42.3 671 (2.5) 39.1

24.2 254 (1.0) 14.8

20.9 596 (2.3) 34.7

11.6 80 (0.3) 4.7

1.1 117 (0.44) 6.8

100 1,718 100

; NLST ¼ National Lung Screening Trial. At the patient level, 1,741 veterans
6 participants (4.2%) underwent a total of 1,718 procedures.
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Figure 1 – A, B, Bar graphs showing rates of major and intermediate complications developing stratified by type of procedure (A) and compared with
the NLST (B). Of note, the NLST reported procedures and complications as a percentage of screenings with positive results, whereas the present study
reported complications at the individual patient level. NLST ¼ National Lung Screening Trial.
Although no difference was found in overall
complications rates compared with the NLST, when
stratified by procedure type, veterans in this cohort
more commonly experienced complications for each
type of procedure (Fig 1B). Thoracic surgery showed
the highest frequencies of major (n ¼ 47 [11.1%]) and
intermediate (n ¼ 119 [28.1%]) complications (Fig 1).
After thoracic surgery, mediastinoscopy showed the
highest presence of complications (major, 9.1%;
intermediate, 18.2%), followed by transthoracic
needle biopsy (major, 9.0%; intermediate, 8.4%),
bronchoscopy (major, 6.0%; intermediate, 4.0%), and
lymph node biopsy (major, 3.8%; intermediate, 5.1%).
These frequencies of complications by procedure type
chestjournal.org
were higher than those resulting from procedures
reported in the NLST: thoracic surgery (major, 11.9%;
intermediate, 14.0%), transthoracic needle biopsy
(major, 0%; intermediate, 13.1%), and bronchoscopy
(major, 1.3%; intermediate, 4.6%) (Fig 1B). Overall,
the rate of major plus intermediate complications
after invasive procedures in the NLST was similar to
that in the present cohort (18.9% for NLST
vs 19.1% for the VA group). This can be attributed to
the fact that a higher proportion of invasive
procedures in the NLST were surgeries
(34.7% vs 20.9% in the VA cohort) (Table 2), which
are more likely to result in complications than lower-
risk procedures.
479

http://chestjournal.org


ABLE 3 ] Patient- and Facility-Level Factors Associ-
ated With a Complication Developing From a
Downstream Procedure of LCSa

Variable ORb 95% CI

Age 1.01 0.98-1.03

Female sex 0.61 0.29-1.27

Race (White as
reference)

Black 0.89 0.59-1.34

Hispanic 0.32 0.07-1.45

Other 0.74 0.25-2.16

Married 0.67 0.51-0.89

BMI 1.01 0.99-1.02

Thoracic surgery 7.70 5.48-10.81

No. of nonthoracic
surgery
procedures

1.49 1.15-1.92

Comorbidities

Elixhauser comorbidity
index score

1.04 0.98-1.10

Major adverse cardiac
event

0.64 0.38-1.08

Stroke 1.53 0.83-2.80

COPD 1.17 0.87-1.58

Congestive heart
failure

1.05 0.58-1.91

Dementia 3.91 1.79-8.52

Depression 0.95 0.67-1.35

Posttraumatic stress
disorder

1.20 0.82-1.76

Substance use
disorder

0.93 0.66-1.32

Interstitial lung
disease

0.29 0.10-0.88

Facility-level
characteristics

Geography (East as
reference)

Midwest 0.91 0.49-1.68

South 1.01 0.58-1.76

West 1.27 0.65-2.47

No. of LCS
examinations
performedc

0.96 0.78-1.17

CS ¼ lung cancer screening.
o missing covariables are included in the model that are not reported in
able 3.
oldface values are statistically significant at P < .05.
eflects log-transformed variables.
Multivariate Analysis

Patient-Level Factors: In the multivariate model,
veterans were more likely to experience either a major or
intermediate complication if they had a history of
dementia (OR, 3.91; 95% CI, 1.79-8.52), if the procedure
was a thoracic surgery (ie, lung resection or
mediastinoscopy; OR, 7.70; 95% CI, 5.48-10.81), or for
each additional nonsurgical procedure a veteran
underwent (OR, 1.49; 95% CI, 1.15-1.92). Veterans were
less likely to experience complications if they harbored
comorbid interstitial lung disease (OR, 0.29; 95% CI,
0.10-0.88). No statistically significant differences were
found among veterans of different ages or race, nor
among cardiovascular comorbidities. Also, no significant
differences were found among facility-level covariables
(Table 3).

Facility-Level Variation: The multivariate model with
no facility effects other than intercepts varying by facility
showed an intraclass correlation coefficient of 0.07,
suggesting that 7% of the variation in the odds of a
complication developing is attributed to facilities, rather
than to differences in the veterans who receive care at
those facilities. To examine variation by facility further,
we plotted this variation across facilities in odds of
complications developing, with point estimates for the
probability of a complication developing varying from
20.3% to 57.4% across facilities (although the CI for even
the highest complication-rate facility overlapped with
the point estimate from the lowest complication-rate
facility) (Fig 2).

Sensitivity Analyses

No changes were found in the direction of statistically
significant mean effects in multivariate models
separating thoracic surgery (including
mediastinoscopy) and nonsurgical procedures
(bronchoscopy, transthoracic needle biopsy, and lymph
node biopsy) (e-Table 5). Other sensitivity analyses
showed similar proportions of veterans who
experienced complications when excluding those
ineligible for Medicare (8.5% experienced major
complications and 11.9% experienced intermediate
complications) or when restricting the study period to
fiscal years 2015 through 2018 (9.1% and 12.2% of
veterans with major and intermediate complications,
respectively) (e-Table 6).

Discussion
To our knowledge, this study is the largest analysis of
complications from invasive procedures in a national
480 Original Research
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cohort of patients undergoing LCS in a nontrial setting
and demonstrated that complications resulting from
LCS-related procedures in practice occur more
frequently than observed in clinical trials for each type of
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1.0 Figure 2 – Graph showing facility-level variation in the
development of complications after a downstream
procedure from lung cancer screening for a veteran with
mean characteristics in the study cohort. Facilities are
ranked by patient-adjusted probability of a complica-
tion developing. Bars represent 95% CIs.
invasive procedure. The higher complication rate in this
cohort likely reflects the fact that patients undergoing
screening in practice are older, more racially diverse, and
harbor more cardiopulmonary comorbidities than NLST
participants (Table 1). Veterans were less likely to
undergo an invasive procedure after initial LCS than
NLST participants, particularly surgical procedures, but
were more likely to experience a complication if they did
(Table 2, Fig 1). These findings may reflect a higher
threshold of VA providers to perform invasive
procedures, perhaps because of concerns about
complications when procedures are performed on
veterans with multiple comorbidities.27,28 In nontrial
populations with complex, multimorbid disease, it is
unclear that the low postprocedural complication rates
achieved by the NLST can be replicated.

This study also supported findings from Zhao et al,13

who showed that commercially insured patients
undergoing an initial LCS underwent invasive
procedures less frequently (2.5%), but demonstrated an
overall 77% higher complication rate than those in the
NLST. Similar to Zhao et al’s work, our study showed
lower procedural rates and higher rates of postprocedure
complications in clinical practice compared with the
NLST, but our study has a few key differences. The
present study cohort was derived from veterans who
were eligible for LCS and analyzed factors associated
with the development of complications, whereas Zhao
et al’s study focused on participants enrolled in private
insurance and was unable to verify LCS eligibility.
Additionally, the methodology varied, with our study
identifying complications occurring within 10 days of an
invasive procedure, whereas the work by Zhao et al13
chestjournal.org
identified complications occurring within 3 months of a
procedure with a 1:1 case-control matching
methodology. Overall, the presence of similar findings
between these two studies with different methodologies
strengthens the evidence that complications occurring
after invasive procedures are more common in clinical
practice than those reported in the NLST.

Not surprisingly, procedures that are considered more
invasive, such as thoracic surgery and mediastinoscopy,
showed higher rates of complications. This was
supported further by multivariate models showing that
the highest odds of a complication developing were
associated with undergoing thoracic surgery. These
findings support the American College of Chest
Physicians recommendation to perform noninvasive
tests (ie, PET/CT imaging) or nonsurgical biopsies (ie,
transthoracic needle biopsy or endobronchial ultrasound
bronchoscopy) as first-line diagnostic tests for nodules
with an intermediate risk of cancer and to reserve
immediate surgical resection for patients in whom the
probability of malignancy before testing is high.29

Indeed, in our study, an increasing number of yearly
LCS examinations was found without an increase in
yearly procedures, suggesting that procedures occur less
frequently in clinical practice compared with clinical
trials as comfort level with screen-detected findings and
diagnostic technologies evolve over time.

In multivariate analyses, veterans with dementia were
more likely to experience complications, highlighting the
importance of considering comorbidities when deciding
if a patient is appropriate for screening.30 Interestingly,
our study also found that veterans with interstitial lung
disease, were less likely to experience complications
481
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resulting from invasive lung procedures, which is
contrary to prior studies showing an increased risk of
surgical complications and the potential for exacerbation
in patients with interstitial lung disease.31,32

Surprisingly, our work did not confirm our hypothesis
and prior findings that COPD or age were associated
with increased risk of complications developing as a
result of surgical and nonsurgical lung procedures.19,20

Although we are unable to quantify the severity of lung
disease, it may be that given the knowledge of increased
surgical risks, older veterans with more severe lung
disease and their providers are choosing not to perform
LCS or downstream procedures, leaving only a subset of
relatively healthier veterans with lower risk of
complications to undergo invasive procedures. Our
study also found that both COPD and interstitial lung
disease were more frequent in the cohort undergoing
invasive procedures compared with all veterans who
underwent screening, suggesting that patients with
underlying lung disease are more likely to demonstrate
abnormal LCS results.33-35 Our study highlights the
complexity of accurately predicting who will experience
a complication resulting from screening and that older
age and some pulmonary diseases may not be as
predictive of complications as some clinicians may
assume. However, given the higher rate of procedural
harm in clinical practice, our study also underlined the
importance of accurately identifying those patients at
high risk of lung cancer and with reasonable life
expectancy for whom the benefits of screening outweigh
the harms.36-39

The facility at which a veteran underwent a procedure
was responsible for 7% of the variation in a complication
developing. This relatively low level of variation in
complication rates may be explained by the VA’s large
integrated health care network, which typically has
reduced disparities and improved outcomes in lung
cancer.40-43 For example, referral pathways exist for
veterans cared for in smaller facilities to undergo the
initial LCS at their home facility, but receive
downstream evaluation at a larger VA facility with more
experience in performing invasive procedures.44 Studies
assessing complications of invasive procedures for
pulmonary nodules in the private sector have shown
greater variation.19

This study has limitations. First, we relied on
administrative data, which can underestimate the
presence of downstream complications if
482 Original Research
complications were undercoded. We also were
unable to capture care received outside of VA or
Medicare, which may have resulted in an
underestimate of procedures and complications if
substantial care was received through private
insurers. Indeed, procedure rates may be higher
outside of the VA system, where providers are
incentivized by fee-for-service payment structures to
perform more procedures.45,46 However, our
sensitivity analysis excluding veterans younger than
65 years, who are more likely to be dual users of
VA and private insurance, showed no differences in
rates of procedures or complications. Our results
may not be generalizable outside of the VA. In
particular, veterans are not representative of the
entire US population, with veterans more likely to
be men, to be White, and more frequently to have
comorbidities than the LCS-eligible US population.27

Additionally, the VA’s national integrated health
care system is unique and has established processes
to facilitate multidisciplinary cancer care and
pulmonary nodule evaluation, which could affect the
rates of invasive procedures.43,47,48 Finally, the
COVID-19 pandemic may have impacted the
frequency of downstream procedures of screen-
detected findings if patients and providers elected to
defer evaluation of screen-detected findings to
reduce infection risk.49 However, our sensitivity
analysis restricting the study period to the end of
2018 showed no differences in the rates of
procedures performed.
Interpretation
Our study represents the largest analysis of
complications from downstream procedures in lung
cancer screening. We found that in clinical practice,
veterans undergo an invasive procedure half as
frequently as in the NLST, but that those who do
undergo procedures are more likely to experience a
complication for every type of procedure. These
findings may reflect greater discrimination in
decision-making about when to perform invasive
procedures for a veteran population at higher risk of
complications because of multiple comorbidities.
Future work should focus on minimizing procedural
complications and optimizing the identification of
patients whose chance of benefit likely outweighs
the complication risks.38
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