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Abstract

Objective: To elucidate the outcomes of surgical lung biopsies (SLBs) performed for indications other than
interstitial lung disease (ILD) and stratify outcomes according to procedural approach (open vs
thoracoscopic).
Patients and Methods: Using the Nationwide Inpatient Sample database (January 1, 2008, through
December 31, 2014), we identified elective hospitalizations with International Classification of Diseases,
Ninth Revision, Clinical Modification codes for open (33.28) and thoracoscopic (33.20) SLB. We stratified
cases by the presence/absence of ILD. Our primary outcome was in-hospital mortality.
Results: There were 47,469 hospitalizations for elective SLB (26,540 [55.9%] thoracoscopic) during the
study period; 23,930 patients (50.5%) were women, 17,019 (35.9%) had ILD, and the mean � SD age
was 62.6�13.0 years. Over the study period, thoracoscopic increasingly replaced open SLB, and in-
hospital mortality declined (3.5% [308 of 8678] in 2008 vs 2.5% [130 of 5215] in 2014; P<.001).
Mortality following thoracoscopic SLB was 2.1% (550 of 26,519; 1.9% [214 of 11,513] in ILD and 2.2%
[336 of 15,006] in non-ILD), and mean � SD length of stay was 5.1�6.9 days. Open SLBs had worse
outcomes; mortality was 3.7% (782 of 20,914; 3.9% [214 of 5487] in ILD and 3.7% [568 of 15,427] in
non-ILD), and mean � SD length of stay was 8.2�12 days. On multivariable analysis, male sex, advanced
age, ILD, and higher comorbidity index correlated with higher mortality. Conversely, lower mortality was
observed among individuals with obesity (odds ratio, 0.73; 95% CI, 0.60-0.88) and those who had their
thoracoscopic SLBs performed at high-volume centers (top quartile) (odds ratio, 0.73; 95% CI, 0.57-0.94).
Conclusion: Surgical lung biopsy is more often performed for non-ILD indications. Interstitial lung
disease was an independent predictor of poor outcomes, but the unadjusted outcomes were worse in the
non-ILD cohort due to differences in patient characteristics. Thoracoscopic SLBs performed at high-
volume centers had superior outcomes.
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R ecent advancements in chest imaging
modalities have improved clinicians’
ability to establish pulmonary diag-

noses noninvasively. Nonetheless, clinicians
continue to encounter pulmonary disorders
wherein a diagnosis cannot be established
without obtaining lung tissue specimens.
Of lung biopsy techniques, surgical lung
biopsy (SLB) is the criterion standard and
is often favored over other approaches not
only for its superior diagnostic yield1-4

but also for its therapeutic role, eg, in the
management of high-risk pulmonary
nodules.5,6
Mayo Clin Proc Inn Qual Out n April 2022;6(2):87-97 n https://doi.
www.mcpiqojournal.org n ª 2021 THE AUTHORS. Published by Else
access article under the CC BY-NC-ND license (http://creativecommons
The approach to SLB can be open (ie, tho-
racotomy) or thoracoscopic (video-assisted
thoracoscopic surgery [VATS]). The choice of
SLB method is generally determined by the in-
dividual surgeon’s expertise, experiences, and
preference in the absence of special situations
such as the presence of extensive pleural adhe-
sions for which thoracotomy may be
preferred. Most earlier studies assessing SLB
outcomes did not distinguish these 2 separate
approaches but instead reported the results of
these procedures together. This issue is partly
related to the recent introduction of an Inter-
national Classification of Diseases, Ninth
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Revision, Clinical Modification (ICD-9-CM) code
that corresponds to thoracoscopic lung biopsy
(2006 in England; late 2007 in the United
States).7,8

Coutinho et al9 reported that diffuse
parenchymal abnormalities on computed to-
mography, suggestive of interstitial lung dis-
ease (ILD), accounted for only 38.1% of
SLBs, while nodular lesions comprised the
majority of non-ILD cases. Despite this data,
previous studies have focused on the out-
comes of SLBs performed for ILD,7,8,10 while
the outcomes of SLBs performed for non-ILD
indications remain understudied.

Two recent advancements have added to
the preexisting complexity surrounding deci-
sions to pursue SLB11: (1) nintedanib, an anti-
fibrotic agent, may slow lung function decline
in all progressive fibrosing ILDs12-15 and (2)
stereotactic ablative radiotherapy has proven
effective in long-term control of localized, clin-
ically diagnosed lung cancer (ie, diagnosed on
clinicoradiologic grounds without histopatho-
logic confirmation).16-20

The availability of such management op-
tions that do not require a precise histopath-
ologic diagnosis emphasizes the necessity of
weighing the benefits of SLB against its risks.
Based on individualized risk-benefit analyses,
well-informed patients will make decisions
that align with their values. To inform such
clinician-patient conversations, we conducted
this population-based study with the
following aims: (1) delineate the outcomes
of SLBs, stratified by approach (open vs thor-
acoscopic) and indication (ILD vs non-ILD),
(2) specify the patient-related factors that
can predict in-hospital mortality, (3) ascertain
whether SLB exhibits a surgical
volumeeoutcome relationship, and (4)
describe the temporal trends in SLB
utilization.

PATIENTS AND METHODS
We used the Nationwide Inpatient Sample
(NIS), which is the largest publicly available
database that contains information on hospital
discharges in the United States.21 Each record
within the NIS represents a hospital discharge
and contains information on the diagnoses
and procedures related to that hospitalization.

We searched all hospital discharges be-
tween January 1, 2008, and December 31,
Mayo Clin Proc Inn Qual Out n April 20
2014, for ICD-9-CM procedure codes 33.28
(open biopsy of lung) and 33.20 (thoraco-
scopic lung biopsy); records including both
codes simultaneously were excluded. We
sought to characterize the outcomes of elec-
tive SLBs; hence, we only included hospitali-
zations designated as “elective.” Based on the
presence/absence of an ICD-9-CM code for
ILD (Supplemental Table 1, available online
at http://www.mcpiqojournal.org), we
divided records into 2 groups: “ILD” and
“non-ILD,” respectively (Supplemental
Figure, available online at http://www.
mcpiqojournal.org).

In accordance with the methodology rec-
ommended by the developers of the NIS data-
base, we used weighted data to produce
national estimates.22,23 Changes in trend ana-
lyses spanning the transition period 2011-
2012 in the NIS data set were accounted for.
We recorded patient characteristics (age, sex,
ethnicity, presence of ILD, obesity, and
comorbidities), procedure characteristics
(open vs thoracoscopic), and outcomes.

For assessment of comorbidities, we used
the Charlson comorbidity index (CCI),24

which is the most commonly used comorbid-
ity index in administrative databases,25 in-
cludes 17 comorbidities, and is calculated on
the basis of ICD-9-CM codes.26 A more
detailed description of the CCI scoring can
be found in Supplemental Table 2 (available
online at http://www.mcpiqojournal.org).27,28

Before 2012, the NIS had linked unique
hospital identifiers to discharge records.
Thus, we used data from 2008 to 2011 to es-
timate the number of SLBs performed at each
center. To assess volume-outcome relation-
ship, we divided centers according to their
SLB procedural volume into high volume
(top quartile) and low volume (remainder 3
quartiles). Because open and thoracoscopic
SLBs require different surgical skills, we per-
formed additional analyses examining the pro-
cedural volumeeoutcome relationship for
each approach separately.

Our primary outcome was in-hospital
mortality. Secondary outcomes were length
of hospital stay, cost of hospitalization, rate
of in-hospital pneumothorax, and chest tube
insertion.

We performed a sensitivity analysis assess-
ing hospitalization outcomes after excluding
22;6(2):87-97 n https://doi.org/10.1016/j.mayocpiqo.2021.12.003
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TABLE 1. Characteristics of Patients Who Underwent Elective Surgical Lung Biopsy, Stratified by Procedural Approach (Open vs VATS)a,b,c,d

Variable VATS (n¼26,540 [55.9%]) Open (n¼20,929 [44.1%]) Total (N¼47,469) P value

Sex <.001
Male 12,665 (47.8) 10,838 (51.8) 23,503 (49.5)
Female 13,854 (52.2) 10,076 (48.2) 23,930 (50.5)

Age (y), mean � SD 62.0�13.4 63.3�12.5 62.6�13.0 <.001

Race <.001
White 18,513 (80.6) 14,727 (81.8) 33,240 (81.1)
Black 1993 (8.7) 1526 (8.5) 3519 (8.6)
Hispanic 1280 (5.6) 1034 (5.7) 2314 (5.6)
Asian/Pacific Islander 521 (2.3) 273 (1.5) 794 (1.9)
Native American 106 (0.5) 111 (0.6) 217 (0.5)
Other 543 (2.4) 337 (1.9) 880 (2.1)

Indication <.001
ILD 11,517 (43.4) 5502 (26.3) 17,019 (35.9)
Non-ILD 15,023 (56.6) 15,427 (73.7) 30,450 (64.1)

Charlson comorbidity index <.001
0-1 13,201 (49.7) 6541 (31.3) 19,742 (41.6)
2-3 8012 (30.2) 7802 (37.3) 15,814 (33.3)
�4 5327 (20.1) 6586 (35.5) 11,913 (25.1)

Obesity 3112 (11.7) 2617 (12.5) 5729 (12.1) 0.01

aILD, interstitial lung disease; VATS, video-assisted thoracic surgery.
bData are presented as No. (percentage) of patients unless indicated otherwise.
cNumbers may not always add up to the total due to weighted and missing data.
dPercentages may not always add up to 100% due to rounding.

OUTCOMES OF SURGICAL LUNG BIOPSY AND TIME TRENDS
records that, besides the SLB codes mentioned
previously, had ICD-9-CM codes describing
more extensive procedures: segmentectomy
(32.30, 32.39), lobectomy (32.41, 32.49),
and pneumonectomy (32.50, 32.59).

For statistical analyses, we used 2-sample t
tests to compare means of continuous variables
and Pearson c2 tests to measure associations
between categorical variables. Potential predic-
tors of SLB outcomes were selected based on
the findings reported by previous studies (age,
sex, CCI),8 in addition to other variables of in-
terest, such as obesity, procedural indication
(ILD vs non-ILD) and approach (thoracoscopic
vs open), and the center’s SLB procedural vol-
ume (high volume vs low volume). Univariate
analysis was performed to evaluate the associa-
tion of these variables with our primary
outcome (ie, in-hospital mortality). Multivari-
able logistic regression analysis that included
the previously mentioned variables was then
applied to predict the odds of in-hospital mor-
tality. Statistical analysis was performed using
SPSS Statistics for Windows, version 26 (IBM
Corp). Statistical significance was defined as
P<.05.
Mayo Clin Proc Inn Qual Out n April 2022;6(2):87-97 n https://doi.
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RESULTS
Over the period 2008-2014, 47,469 hospi-
talizations for elective SLB were included;
26,540 of the SLBs (55.9%) were thoraco-
scopic (Table 1). Of patients who under-
went these procedures, 23,930 (50.5%)
were women, 33,240 (81.1%) were white,
and 27,727 (58.4%) had a CCI score of 2
or higher. The mean � SD age was
62.6�13.0 years.

Over the study period, the total number of
SLBs declined by 40% (8678 in 2008 vs 5215
in 2014) (Figure). Although the number of
SLBs performed for both indications (ILD
and non-ILD) declined, the decline was
steeper in the non-ILD cohort, as evidenced
by the increasing proportion of ILD-related
SLBs over time (32.6% [2829 of 8678] in
2008 vs 41.2% [2150 of 5215] in 2014).
Furthermore, the thoracoscopic technique
increasingly replaced open SLB (VATS
comprised 49.0% of SLBs [4253 of 8678] in
2008 vs 64.0% [3335 of 5215] in 2014),
and the overall in-hospital mortality declined
(3.5% [308 of 8678] in 2008 vs 2.5% [130
of 5215] in 2014).
org/10.1016/j.mayocpiqo.2021.12.003 89
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Males and individuals with obesity and
higher CCI scores (�2) were more likely to
undergo open rather than thoracoscopic SLB
(odds ratio [OR], 1.18, 1.08, and 2.18, respec-
tively; P<.01) (Table 1). Conversely, patients
with ILD were twice as likely to undergo
VATS than those without ILD (OR, 2.15;
95% CI, 2.07 to 2.24).

Evaluating the principal diagnosis in the
ILD cohort revealed that the nonspecific
ICD-9-CM code 515 (“postinflammatory pul-
monary fibrosis”) was the principal diagnosis
in 66.9% of hospitalizations (11,390 of
17,019). In the non-ILD cohort, ICD-9-CM
codes indicative of primary or secondary
lung malignancy were the principal diagnosis
in 56.4% (17,174 of 30,450) (Supplemental
Table 3, available online at https://
mcpiqojournal.org).
Thoracoscopic SLB (VATS)
Among the 26,540 hospitalizations for VATS,
52.2% of patients (13,854) were women and
80.6% (18,513) were white, with a mean age
of 62.0�13.4 years (Table 1). The CCI score
was 2 or higher in 50.3% of cases (13,339) .
Most VATS procedures were performed for
non-ILD indications (15,006 [56.6%]).

VATS outcomes varied according to the
procedural indication (Table 2). Compared
to patients with ILD, those who underwent
VATS for non-ILD indications had generally
worse outcomes, with higher in-hospital mor-
tality (2.2% [336 of 15,006] vs 1.9% [214 of
11,513]; P¼.03), hospital length of stay (5.8
vs 4.2 days; P<.001), cost of hospitalization
(66 vs 49 thousand US dollars; P<.001), and
rate of chest tube insertion (14.7% [2207 of
15,006] vs 12.3% [1417 of 11,513];
P<.001). Supplemental Table 4 (available on-
line at https://mcpiqojournal.org) illustrates
in-hospital mortality rate following VATS,
stratified by age group, sex, and indication.
Open SLB
Of the 20,929 hospitalizations for open SLB,
48.2% of patients (10,076) were women,
81.8% (14,727) were white, and 72.8%
(14,390) had a CCI score of 2 or higher; the
mean � SD age was 63.3�12.5 years
(Table 1). Most open SLBs (73.7% [15,427])
were performed for non-ILD indications.
Mayo Clin Proc Inn Qual Out n April 20
Compared to patients with ILD, those in
the non-ILD cohort had a longer hospital
stay (8.5 vs 7.5 days; P<.001) and higher
cost of hospitalization (88 vs 79 thousand
US dollars; P<.001) (Table 3). In-hospital
mortality and rate of pneumothorax and chest
tube insertion were not significantly different
(P¼.49, P¼.68 and P¼.11, respectively).

Surgical VolumeeOutcome Analysis
In this analysis, we included 20,500 SLBs per-
formed from 2008 to 2011. Of those, 12,890
(62.9%) were performed at high-volume cen-
ters and 11,588 (56.4%) were thoracoscopic
(Supplemental Table 5, available online
at https://mcpiqojournal.org). Among these
patients, 10,449 (51.0%) were women, 6944
(33.9%) had ILD, and 12,173 (59.4%) had a
CCI score of 2 or higher; the mean age was
62.8 years.

Compared to individuals who underwent
SLB at low-volume centers, those who had
their procedures performed at high-volume
centers had slightly fewer comorbidities (CCI
�2 in 7508 of 12,890 [58.1%] vs 4665 of
7610 [61.2%]) and were less likely to undergo
VATS (7196 of 12,890 [55.7%] vs 4392 of
7610 [57.6%]) (Supplemental Table 5). Pa-
tients with procedures performed at high-
volume centers were more likely to have
obesity (1489 of 12,890 [11.6%] vs 723 of
7610 [9.5%]) and ILD (4504 of 12,890
[34.9%] vs 2440 of 7610 [32.1%]; P<.05).
Age and sex were not significantly different
in the 2 groups (P¼.15 and P¼.84,
respectively).

Hospitalization outcomes were better at
high-volume than low-volume centers, with
lower in-hospital mortality (318 of 12,890
[2.5%] vs 228 of 7610 [3.0%]; relative risk
reduction, 16.7%), lower rates of chest tube
insertion (1603 of 12,890 [12.4%] vs 1272
of 7610 [16.7%]; P<.001), and lower cost
(63 vs 71 thousand US dollars; P<.001)
(Supplemental Table 5).

Risk Factors of In-Hospital Mortality
As previously known,7,8 advanced age, male
sex, and higher CCI score were associated
with in-hospital mortality on univariate anal-
ysis (P<.05) (Supplemental Table 6, available
online at https://mcpiqojournal.org). When
these and other variables of interest (obesity,
22;6(2):87-97 n https://doi.org/10.1016/j.mayocpiqo.2021.12.003
www.mcpiqojournal.org
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procedural indication and approach, and the
center’s procedural volume) were incorporated
into a multivariable logistic regression model,
we found male sex, age older than 60 years,
and CCI score of 2 or higher to be associated
with increased odds of death (Table 4).
Among these variables, CCI score of 4 or
higher and age 80 years or older were the
strongest risk factors for in-hospital mortality,
with adjusted ORs of 2.38 and 2.41, respec-
tively (both P<.001).

We found ILD to be associated with
higher odds of in-hospital mortality (OR,
1.49; 95% CI, 1.31-1.71) (Table 4).
Mayo Clin Proc Inn Qual Out n April 2022;6(2):87-97 n https://doi.
www.mcpiqojournal.org
Accordingly, it is surprising that the unad-
justed outcomes were worse in the non-ILD
cohort (Table 2). To explain this discrep-
ancy, we compared the characteristics of pa-
tients with and without ILD and found
significant differences in patient selection.
Patients with ILD were younger, more likely
to be female, more likely to undergo thoraco-
scopic than open SLB, and had fewer comor-
bidities (all P<.001) (Supplemental Table 7,
available online at http://www.
mcpiqojournal.org).

Conversely, thoracoscopic approach and
obesity were independently associated with
org/10.1016/j.mayocpiqo.2021.12.003 91
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TABLE 2. Outcomes of Thoracoscopic SLBs, Stratified by Sex and Procedural Indication (N¼26,5198)a,b,c,d

Variable
ILD (n¼11,513)
(5166 M; 6347 F)

Non-ILD (N¼15,006)
(7499 M; 7507 F) Total (N¼26,519) P value

In-hospital mortality 214 (1.9) 336 (2.2) 550 (2.1) .03
Male 87 (1.7) 248 (3.3)
Female 127 (2.0) 88 (1.2)

Length of stay (d) 4.2�5.3 5.8�7.9 5.1�6.9 <.001

Male 4.2�5.7 6.0�7.9
Female 4.1�4.9 5.6�7.9

Chest tube 1417 (12.3) 2207 (14.7) 3624 (13.7) <.001

Male 686 (13.3) 1123 (15.0)
Female 731 (11.5) 1084 (14.4)

Pneumothorax 1254 (10.9) 1664 (11.1) 2918 (11.0) .63

Male 593 (11.5) 812 (10.8)
Female 661 (10.4) 852 (11.3)

Cost of hospitalizatione 49�54 66�101 59�84 <.001

Male 48�53 71�126
Female 50�54 61�654

aF, female; ILD, interstitial lung disease; M, male; SLB, surgical lung biopsy.
bData are presented as No. (percentage) of patients or mean � SD.
cNumbers may not always add up to the total due to weighted and missing data.
dPercentages may not always add up to 100% due to rounding.
eCost of hospitalization is presented as thousand US dollars (rounded to the nearest integer).
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40% and 27% lower risk of death, respectively
(P<.001 and P¼.001, respectively) (Table 4).
We performed similar analyses for VATS and
open procedures separately and found similar
results (Table 4).

Based on a multivariable analysis that
included potential confounders (age, sex,
CCI score, ILD, and procedural approach),
we found that a center’s procedural volume
is independently associated with mortality.
The SLBs performed at high-volume centers
had 19% lower odds of mortality than those
performed at low-volume centers (OR, 0.81;
95% CI, 0.68-0.97). Additional multivariable
analyses exploring potential procedural
volumeeoutcome relationship were per-
formed for both SLB approaches separately
and revealed that such a relationship exists
for thoracoscopic (OR, 0.73; 95% CI, 0.57-
0.94) but not open (OR, 0.94; 95% CI,
0.74-1.20) SLBs.
Sensitivity Analysis
We excluded 9147 of the 47,469 records
(19.3%) with more extensive surgical proced-
ures. Of those, lobectomy was performed in
7771 (16.4%), segmentectomy in 1045
Mayo Clin Proc Inn Qual Out n April 20
(2.2%), and pneumonectomy in 399 (0.8%).
In 68 of the 9147 hospitalizations (0.7%),
more than one procedural ICD-9-CM code
was present. The demographic characteristics
of the remaining patients were similar to those
of the original cohort (Supplemental Table 8,
available online at http://www.
mcpiqojournal.org). As expected, most pa-
tients with more extensive resections were in
the non-ILD cohort. Aside from the surprising
increase in mortality (3.7% to 4.4%) among
those who underwent less extensive open
SLBs, other outcomes appeared similar to
those of the original cohort (Supplemental
Tables 9 and 10).
DISCUSSION
This is the first population-based study to
describe the outcomes of the 2 SLB ap-
proaches (open and thoracoscopic) for both
ILD and non-ILD indications along with tem-
poral trends. Our data show elective thoraco-
scopic SLB to be associated with lower in-
hospital mortality than elective open SLB and
that thoracoscopic SLBs may have better out-
comes when undertaken at high-volume cen-
ters. Risk factors for in-hospital mortality
22;6(2):87-97 n https://doi.org/10.1016/j.mayocpiqo.2021.12.003
www.mcpiqojournal.org
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TABLE 3. Outcome of Open SLBs, Stratified by Sex and Procedural Indicationa,b

Variable
ILD (n¼5502)

(2705 M; 2782 F)
Non-ILD (n¼15,427)
(8133 M; 7294 F) Total (N¼20,929) P value

In-hospital mortality 214 (3.9) 568 (3.7) 782 (3.7) .49
Male 141 (5.2) 359 (4.4)
Female 73 (2.6) 209 (2.9)

Length of stay (d) 7.5�12.9 8.5�11.7 8.2�12.0 <.001
Male 8.6�16.1 9.0�14.2
Female 6.5�8.6 7.8�8.1

Chest tube 689 (12.6) 2063 (13.4) 2752 (13.1) .11
Male 356 (13.2) 1141 (14.0)
Female 333 (12.0) 922 (12.6)

Pneumothorax 654 (11.9) 1869 (12.1) 2523 (12.1) .68
Male 323 (11.9) 939 (11.5)
Female 331 (11.9) 930 (12.8)

Cost of hospitalizationc 79�111 88�149 85�140 <.01
Male 87�124 93�168
Female 72�96 81�124

F, female; ILD, interstitial lung disease; M, male; SLB, surgical lung biopsy.
aNumbers may not always add up to the total due to weighted and missing data.
bPercentages may not always add up to 100% due to rounding.
cCost of hospitalization is presented as thousand US dollars (rounded to the nearest integer).

OUTCOMES OF SURGICAL LUNG BIOPSY AND TIME TRENDS
included male sex, advanced age, ILD (vs non-
ILD indications), and high comorbidity index.

Concordant with a prior single-center
study,9 we found that SLBs are performed
more often for non-ILD indications (64% in
our study and 71% in the study by Coutinho
et al9), most commonly, pulmonary nodules.
This notion is supported by the finding that
56% of our non-ILD cohort had a provisional
diagnosis of primary or secondary lung
cancer.29,30

Over the period 2008-2014, several trends
in the utilization of SLB have emerged. The
number of SLBs performed annually for both
ILD and non-ILD indications steadily
declined. Also, the thoracoscopic gradually
replaced the open approach throughout the
study period, comprising nearly two-thirds of
SLBs performed in 2014.

In our study, the in-hospital mortality was
2.1% (1.9% in ILD and 2.2% in non-ILD)
following thoracoscopic SLB and 3.7% (3.9%
in ILD and 3.7% in non-ILD) following open
SLB. Considering this difference in in-
hospital mortality between the 2 procedural
approaches, the increasing utilization of thora-
coscopic SLBs relative to open procedures
likely contributed to the lower in-hospital
mortality following SLBs performed during
Mayo Clin Proc Inn Qual Out n April 2022;6(2):87-97 n https://doi.
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the later years of our study (2008-2010 vs
2011-2014).

The effect that the procedural approach, in
and of itself, has on postoperative mortality
following elective SLBs requires further clarifi-
cation as previous studies have yielded incon-
sistent results.7,8,10,31,32 Hutchinson et al8

studied 32,022 SLBs performed in the United
States between 2001 and 2011; all were per-
formed for ILD. Based on the 11,146 elective
hospitalizations that had “biopsy” ICD-9-CM
codes and the procedural approach specified,
univariate analysis showed that open SLB
was associated with nearly triple the odds of
death compared to thoracoscopic procedures.
Such marked difference in mortality is surpris-
ing because other studies,7,10,31,32 2 of which
were population-based,7,10 did not reach a
similar conclusion.

Our results suggest that biases in patient se-
lection may confound the relationship between
the procedural approach and mortality; males
and those with higher CCI scores were more
likely to undergo open rather than thoraco-
scopic SLBs. Therefore, in the absence of adjust-
ment, it remains unclear whether the mortality
difference noted by Hutchinson et al8 is related
to the procedural approach, per se, or if biases in
patient selection are also at play.
org/10.1016/j.mayocpiqo.2021.12.003 93
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TABLE 4. Results of Multivariate Logistic Regression Analysis Measuring Associations Between Variables and In-Hospital Mortality for the
Entire Cohort (All SLBs), in Addition to Stratification by Procedural Approach (VATS and Open)a,b

Variable

VATS Open SLB Entire cohort

OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Male sex 1.57 (1.32-1.87) <.001 1.62 (1.39-1.88) <.001 1.6 (1.43-1.79) <.001

Age group (y)

<50 1.00 . 1.00 . 1.00 .

50-59 1.45 (1.03-2.04) .04 0.85 (0.62-1.18) .32 1.1 (0.87-1.39) .43

60-69 1.11 (0.80-1.56) .53 1.49 (1.13-1.98) .005 1.34 (1.08-1.66) .008

70-79 1.71 (1.23-2.37) .001 1.94 (1.46-2.56) <.001 1.84 (1.49-2.27) <.001

�80 2.81 (1.95-4.05) <.001 2.07 (1.46-2.92) <.001 2.41 (1.88-3.09) <.001

Charlson comorbidity index

0-1 1.00 . 1.00 . 1.00 .

2-3 2.28 (1.81-1.89) <.001 1.58 (1.29-1.94) <.001 1.91 (1.64-2.22) <.001

�4 3.86 (3.00-4.96) <.001 1.65 (1.33-2.05) <.001 2.38 (2.02-2.81) <.001

ILD 1.62 (1.32-1.98) <.001 1.47 (1.23-1.75) <.001 1.49 (1.31-1.71) <.001

Obesity 0.72 (0.53-0.98) .04 0.73 (0.56-0.93) .01 0.73 (0.60-0.88) .001

VATS NA . NA . 0.60 (0.54-0.67) <.001

ILD, interstitial lung disease; NA, not applicable; OR, odds ratio; SLB, surgical lung biopsy; VATS, video-assisted thoracoscopic surgery.
aNumbers may not always add up to the total due to weighted and missing data.
bPercentages may not always add up to 100% due to rounding.
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We found that open procedures were
independently associated with higher odds of
death than thoracoscopic, albeit with a lesser
magnitude than reported by Hutchinson
et al8 (adjusted OR, 1.67 vs unadjusted OR,
2.72, respectively). Besides the statistical ad-
justments we performed, this difference be-
tween the 2 studies may be related to our
inclusion of a larger number of SLBs that
were not limited to ILD.

Certain patient-related factors correlated
with SLB outcomes. Male sex, advanced age,
and higher CCI score predicted higher mortal-
ity.7,8,33 Interestingly, obesity was indepen-
dently associated with lower mortality.
Numerous studies have reported that obesity,
which had been traditionally regarded as a
risk factor for worse postoperative outcomes,
is associated with lower mortality following
many types of surgical procedures. This phe-
nomenon has been termed the obesity paradox
and is incompletely understood.34

Besides the surgical approach, 2 other
procedure-related factors influenced out-
comes: indication and the center’s surgical vol-
ume. Ours is the first study to directly
compare outcomes based on the procedural
indication (ie, ILD vs non-ILD). The
Mayo Clin Proc Inn Qual Out n April 20
unadjusted in-hospital mortality varied
modestly between the 2 groups. Nevertheless,
multivariable analysis revealed that ILD was
independently associated with increased risk
of mortality (62% for VATS; 47% for open
SLBs).

An inverse relationship between hospital
procedural volume and postoperative mortal-
ity (volume-outcome relationship) exists for
multiple procedures.35 Whether SLB exhibits
such a surgical volumeeoutcome relationship
has been unclear.36 Fisher et al10 conducted a
population-based study to answer this ques-
tion and reported that high-volume hospitals
had superior outcomes following nonelective
SLBs but failed to reach a similar conclusion
for elective SLBs (OR, 0.94; 95% CI, 0.74-
1.18). Our study found that elective SLBs per-
formed at high-volume centers were associated
with lower in-hospital mortality (17% relative
risk reduction) and hospitalization costs.
Interestingly, this volume-outcome relation-
ship was observed in association with thoraco-
scopic but not open SLBs.

It is worth noting that ICD-9-CM codes
describing more extensive procedures (eg, seg-
mentectomy, lobectomy) were present in 19%
of our cohort. Such codes were, expectedly,
22;6(2):87-97 n https://doi.org/10.1016/j.mayocpiqo.2021.12.003
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primarily found in the non-ILD cohort. In the
context of focal lung lesions (eg, high-risk pul-
monary nodules), the extent of resection partly
depends on the patient’s baseline health status,
the lesion’s location, and intraoperative course
and does not necessarily imply the procedure’s
intent (diagnostic vs therapeutic). For
example, surgical sampling of a deeply situ-
ated nodule may only be feasible through a
segmentectomy or lobectomy. Of essence, all
records in our study had a “lung biopsy”
code indicating a diagnostic intent in all cases.

To ascertain whether including patients
who underwent more extensive resections
substantially influenced our findings, we per-
formed a sensitivity analysis excluding those
patients. While most results remained un-
changed, we observed a surprising increase
in mortality among those who underwent
less extensive open SLBs. This paradox
suggests that a selection bias may have been
introduced (eg, extensive surgeries could be
completed in healthier individuals without
intraoperative complications). Taken together,
we believe that our decision to include all pa-
tients requiring an SLB (irrespective of the sur-
gical extent) minimizes bias and therefore
enhances the clinical applicability and general-
izability of our findings.

Finally, our study had some limitations.
First, we did not include SLBs performed later
than 2014 given the shift to International Clas-
sification of Diseases, Tenth Revision, Clinical
Modification codes in subsequent years, along
with paucity of data; at the time of this anal-
ysis, the NIS database had data until 2017
only. However, we do not believe that our
study period has substantially impacted our
results for several reasons: (1) since 2014, no
major changes have occurred in the manage-
ment of high-risk pulmonary nodules and
SLB remains the recommended approach,5,6

(2) although enthusiasm has surrounded the
role of transbronchial lung cryobiopsy as a po-
tential alternative to SLB in the diagnosis of
ILD, SLB remains the criterion standard diag-
nostic modality according to the most recent
guidelines,37,38 and (3) surgical techniques
utilized in SLB have not witnessed major ad-
vances since the end of our study period.39

Because nonspecific ICD-9-CM codes were
abundant, we could not discern the exact pro-
cedural indication. Rather, we classified
Mayo Clin Proc Inn Qual Out n April 2022;6(2):87-97 n https://doi.
www.mcpiqojournal.org
patients into 2 categories that clinicians can
readily distinguish (ILD and non-ILD). Finally,
we could not always identify the final diagno-
ses. Nonetheless, our study aims to provide
patients and clinicians with risk estimates us-
ing information known before the procedure,
when the diagnosis is still unknown.
CONCLUSION
Through the period 2008-2014, the number
of SLBs performed in the United States
declined, and thoracoscopic gradually
replaced open procedures. Thoracoscopic
SLB was associated with 40% lower risk of
in-hospital mortality and may be partly
responsible for the down-trending SLB-related
mortality over the same period. Male sex,
advanced age, higher comorbidity index, and
ILD were independently associated with poor
outcomes, whereas obesity appeared protec-
tive. A relationship between higher hospital
procedural volume and superior outcomes
existed for thoracoscopic but not open SLBs.
ACKNOWLEDGMENTS
Dr. Jay H. Ryu takes responsibility for the ac-
curacy of the manuscript’s content, including
the data described within, and its analysis
and interpretation. Drs Samhouri, Kanj, Che-
hab, and Ryu contributed substantially to the
study design, data collection and interpreta-
tion, and writing of the submitted manuscript.
SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
http://www.mcpiqojournal.org. Supplemental
material attached to journal articles has not
been edited, and the authors take responsibil-
ity for the accuracy of all data.
Abbreviations and Acronyms: CCI, Charlson comorbidity
index; ICD-9-CM, International Classification of Diseases,
Ninth Revision, Clinical Modification; ILD, interstitial lung dis-
ease; NIS, Nationwide Inpatient Sample; OR, odds ratio;
SLB, surgical lung biopsy; VATS, video-assisted thoraco-
scopic surgery

Potential Competing Interests: The authors report no
competing interests.

Correspondence: Address to Jay H. Ryu, MD, Division of
Pulmonary and Critical Care Medicine, Mayo Clinic, 200
First St SW, Rochester, MN 55905 (ryu.jay@mayo.edu).
org/10.1016/j.mayocpiqo.2021.12.003 95

http://www.mcpiqojournal.org
mailto:ryu.jay@mayo.edu
https://doi.org/10.1016/j.mayocpiqo.2021.12.003
http://www.mcpiqojournal.org


MAYO CLINIC PROCEEDINGS: INNOVATIONS, QUALITY & OUTCOMES

96
ORCID
Bilal F. Samhouri: https://orcid.org/0000-0002-1536-
7994
REFERENCES
1. Kiranantawat N, McDermott S, Fintelmann FJ, et al. Clinical role,

safety and diagnostic accuracy of percutaneous transthoracic
needle biopsy in the evaluation of pulmonary consolidation.
Respir Res. 2019;20(1):23.

2. Padrão E, Rodrigues M, Guimarães S, et al. Diagnostic yield of
computed tomography-guided transthoracic lung biopsy in
diffuse lung diseases. Respiration. 2018;96(5):455-463.

3. Poulou LS, Tsagouli P, Ziakas PD, Politi D, Trigidou R, Thanos L.
Computed tomography-guided needle aspiration and biopsy of
pulmonary lesions: a single-center experience in 1000 patients.
Acta Radiol. 2013;54(6):640-645.

4. Takeshita J, Masago K, Kato R, et al. CT-guided fine-needle aspi-
ration and core needle biopsies of pulmonary lesions: a single-
center experience with 750 biopsies in Japan. AJR Am J Roent-
genol. 2015;204(1):29-34.

5. Gould MK, Donington J, Lynch WR, et al. Evaluation of individ-
uals with pulmonary nodules: when is it lung cancer? Diagnosis
and Management of Lung Cancer, 3rd ed: American College of
Chest Physicians evidence-based clinical practice guidelines.
Chest. 2013;143(5, suppl):e93S-e120S.

6. Callister MEJ, Baldwin DR, Akram AR, et al; British Thoracic So-
ciety Pulmonary Nodule Guideline Development Group;
British Thoracic Society Standards of Care Committee. British
Thoracic Society guidelines for the investigation and manage-
ment of pulmonary nodules [published correction appears in
Thorax. 2015;70(12):1188]. Thorax. 2015;70(suppl 2):ii1-ii54.

7. Hutchinson JP, McKeever TM, Fogarty AW, Navaratnam V,
Hubbard RB. Surgical lung biopsy for the diagnosis of interstitial
lung disease in England: 1997-2008. Eur Respir J. 2016;48(5):
1453-1461.

8. Hutchinson JP, Fogarty AW, McKeever TM, Hubbard RB. In-
hospital mortality after surgical lung biopsy for interstitial lung
disease in the United States: 2000 to 2011. Am J Respir Crit
Care Med. 2016;193(10):1161-1167.

9. Coutinho GF, Pancas R, Magalhães E, Bernardo JE, Eugénio L,
Antunes MJ. Diagnostic value of surgical lung biopsy: compari-
son with clinical and radiological diagnosis. Eur J Cardiothorac
Surg. 2008;33(5):781-785.

10. Fisher JH, Shapera S, To T, Marras TK, Gershon A, Dell S. Pro-
cedure volume and mortality after surgical lung biopsy in inter-
stitial lung disease. Eur Respir J. 2019;53(2):1801164.

11. Raj R, Raparia K, Lynch DA, Brown KK. Surgical lung biopsy for
interstitial lung diseases. Chest. 2017;151(5):1131-1140.

12. Flaherty KR, Wells AU, Cottin V, et al; INBUILD Trial Investiga-
tors. Nintedanib in progressive fibrosing interstitial lung dis-
eases. N Engl J Med. 2019;381(18):1718-1727.

13. Noble PW, Albera C, Bradford WZ, et al. Pirfenidone for idio-
pathic pulmonary fibrosis: analysis of pooled data from three
multinational phase 3 trials. Eur Respir J. 2016;47(1):243-253.

14. Richeldi L, du Bois RM, Raghu G, et al; INPULSIS Trial Investi-
gators. Efficacy and safety of nintedanib in idiopathic pulmonary
fibrosis [published correction appears in N Engl J Med. 2015;
373(8):782]. N Engl J Med. 2014;370(22):2071-2082.

15. Wells AU, Flaherty KR, Brown KK, et al; INBUILD trial investi-
gators. Nintedanib in patients with progressive fibrosing intersti-
tial lung diseasesdsubgroup analyses by interstitial lung disease
diagnosis in the INBUILD trial: a randomised, double-blind, pla-
cebo-controlled, parallel-group trial. Lancet Respir Med. 2020;
8(5):453-460.

16. Takeda A, Kunieda E, Sanuki N, Aoki Y, Oku Y, Handa H. Ste-
reotactic body radiotherapy (SBRT) for solitary pulmonary
Mayo Clin Proc Inn Qual Out n April 20
nodules clinically diagnosed as lung cancer with no pathological
confirmation: comparison with non-small-cell lung cancer. Lung
Cancer. 2012;77(1):77-82.

17. Louie AV, Senan S, Patel P, et al. When is a biopsy-proven diag-
nosis necessary before stereotactic ablative radiotherapy for
lung cancer? a decision analysis. Chest. 2014;146(4):1021-1028.

18. Haidar YM, Rahn DA III, Nath S, et al. Comparison of outcomes
following stereotactic body radiotherapy for non-small cell lung
cancer in patients with and without pathological confirmation.
Ther Adv Respir Dis. 2014;8(1):3-12.

19. Stephans KL, Djemil T, Reddy CA, et al. A comparison of two
stereotactic body radiation fractionation schedules for medi-
cally inoperable stage I non-small cell lung cancer: the Cleveland
Clinic experience. J Thorac Oncol. 2009;4(8):976-982.

20. Verstegen NE, Lagerwaard FJ, Haasbeek CJA, Slotman BJ,
Senan S. Outcomes of stereotactic ablative radiotherapy
following a clinical diagnosis of stage I NSCLC: comparison
with a contemporaneous cohort with pathologically proven
disease. Radiother Oncol. 2011;101(2):250-254.

21. Agency for Healthcare Research and Quality, HCUP. NIS over-
view. Modified September 13, 2021. Accessed March 17, 2021.
https://www.hcup-us.ahrq.gov/nisoverview.jsp#about

22. Agency for Healthcare Research and Quality, HCUP. Trend
weights for HCUP NIS data. Modified October 14, 2021.
Accessed November 28, 2021. https://www.hcup-us.ahrq.gov/
db/nation/nis/trendwghts.jsp

23. Khera R, Angraal S, Couch T, et al. Adherence to methodolog-
ical standards in research using the National Inpatient Sample.
JAMA. 2017;318(20):2011-2018.

24. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new
method of classifying prognostic comorbidity in longitudinal
studies: development and validation. J Chronic Dis. 1987;40(5):
373-383.

25. Sharabiani MTA, Aylin P, Bottle A. Systematic review of comor-
bidity indices for administrative data. Med Care. 2012;50(12):
1109-1118.

26. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbid-
ity index for use with ICD-9-CM administrative databases. J Clin
Epidemiol. 1992;45(6):613-619.

27. Manitoba Centre for Health Policy, University of Manitoba.
Concept: Charlson Comorbidity Index. Updated November
17, 2021. Accessed March 18, 2021. http://mchp-appserv.cpe.
umanitoba.ca/viewConcept.php?printer¼Y&conceptID¼1098

28. Austin SR, Wong Y-N, Uzzo RG, Beck JR, Egleston BL. Why
summary comorbidity measures such as the Charlson Comor-
bidity Index and Elixhauser score work. Med Care. 2015;53(9):
e65-e72.

29. Furuya K, Yasumori K, Takeo S, et al. Lung CT: Part 1, Mimickers
of lung cancerdspectrum of CT findings with pathologic cor-
relation. AJR Am J Roentgenol. 2012;199(4):W454-W463.

30. Hirakata K, Nakata H, Haratake J. Appearance of pulmonary
metastases on high-resolution CT scans: comparison with his-
topathologic findings from autopsy specimens. AJR Am J Roent-
genol. 1993;161(1):37-43.

31. Blackhall V, Asif M, Renieri A, et al. The role of surgical lung bi-
opsy in the management of interstitial lung disease: experience
from a single institution in the UK. Interact Cardiovasc Thorac
Surg. 2013;17(2):253-257.

32. Santambrogio L, Nosotti M, Bellaviti N, Mezzetti M. Videothor-
acoscopy versus thoracotomy for the diagnosis of the indeter-
minate solitary pulmonary nodule. Ann Thorac Surg. 1995;59(4):
868-870.

33. Fisher MR, Forfia PR, Chamera E, et al. Accuracy of Doppler
echocardiography in the hemodynamic assessment of pulmo-
nary hypertension. Am J Respir Crit Care Med. 2009;179(7):
615-621.

34. Ri M, Aikou S, Seto Y. Obesity as a surgical risk factor. Ann Gas-
troenterol Surg. 2017;2(1):13-21.
22;6(2):87-97 n https://doi.org/10.1016/j.mayocpiqo.2021.12.003
www.mcpiqojournal.org

https://orcid.org/0000-0002-1536-7994
https://orcid.org/0000-0002-1536-7994
https://www.hcup-us.ahrq.gov/nisoverview.jsp#about
https://www.hcup-us.ahrq.gov/db/nation/nis/trendwghts.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/trendwghts.jsp
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?printer=Y&amp;conceptID=1098
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?printer=Y&amp;conceptID=1098
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?printer=Y&amp;conceptID=1098
http://mchp-appserv.cpe.umanitoba.ca/viewConcept.php?printer=Y&amp;conceptID=1098
https://doi.org/10.1016/j.mayocpiqo.2021.12.003
http://www.mcpiqojournal.org


OUTCOMES OF SURGICAL LUNG BIOPSY AND TIME TRENDS
35. Birkmeyer JD, Siewers AE, Finlayson EVA, et al. Hospital vol-
ume and surgical mortality in the United States. N Engl J Med.
2002;346(15):1128-1137.

36. Hutchinson J, Hubbard R, Raghu G. Surgical lung biopsy for
interstitial lung disease: when considered necessary, should
these be done in larger and experienced centres only? Eur
Respir J. 2019;53(2):1900023.

37. Raghu G, Remy-Jardin M, Myers JL, et al; American Thoracic So-
ciety, European Respiratory Society, Japanese Respiratory Soci-
ety, and Latin American Thoracic Society. Diagnosis of
idiopathic pulmonary fibrosis: an official ATS/ERS/JRS/ALAT
Mayo Clin Proc Inn Qual Out n April 2022;6(2):87-97 n https://doi.
www.mcpiqojournal.org
clinical practice guideline. Am J Respir Crit Care Med. 2018;
198(5):e44-e68.

38. Raghu G, Remy-Jardin M, Ryerson CJ, et al; American Thoracic
Society, Japanese Respiratory Society, and Asociación Latinoa-
mericana de Tórax. Diagnosis of hypersensitivity pneumonitis
in adults: an official ATS/JRS/ALAT clinical practice guideline
[published correction appears in Am J Respir Crit Care Med.
2021;203(1):150-151]. Am J Respir Crit Care Med. 2020;
202(3):e36-e69.

39. Khaitan PG, D’Amico TA. Milestones in thoracic surgery.
J Thorac Cardiovasc Surg. 2018;155(6):2779-2789.
org/10.1016/j.mayocpiqo.2021.12.003 97

https://doi.org/10.1016/j.mayocpiqo.2021.12.003
http://www.mcpiqojournal.org

	Outcomes for Elective Open and Thoracoscopic Surgical Lung Biopsies in the United States and Temporal Trends
	Patients and Methods
	Results
	Thoracoscopic SLB (VATS)
	Open SLB
	Surgical Volume–Outcome Analysis
	Risk Factors of In-Hospital Mortality
	Sensitivity Analysis

	Discussion
	Conclusion
	Acknowledgments
	Supplemental Online Material
	Supplemental Online Material
	References


