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Background: The role of lung resection in patients with pulmonary aspergillosis is generally reserved for
those with localized disease who fail medical management. We used a national database to investigate the
influence of preoperative patient comorbidities on inpatient mortality and need for surgery.

Methods: Patients admitted with pulmonary aspergillosis between 2007 to 2015 were identified in the
National Inpatient Sample dataset. Inpatient mortality rates were compared between patients treated
medically and surgically. Predictors of mortality, surgical intervention, and non-elective admission were
evaluated using multivariable logistic regression.

Results: Among a population estimate of 112,998 patients with pulmonary aspergillosis, 107,606 (95.2%)
underwent medical management alone and 5,392 (4.8%) underwent surgical resection. Positive predictors
for surgery included hemoptysis, and history of lung cancer or chronic pulmonary diseases. Surgically
treated patients had a lower inpatient mortality when compared to those treated medically (11.5% wvs. 15.1%,
P<0.001) in univariate analysis, but this finding did not persist in multivariable analysis (AOR 0.97, P=0.509).
The odds of mortality were lower in patients undergoing video assisted thoracoscopic surgery compared to
an open approach (AOR 0.77, P=0.001). Among patients treated surgically, mortality was higher in those
with a history of lung cancer, solid organ transplantation, liver disease, human immunodeficiency virus
infection, hematologic diseases, chronic pulmonary diseases, and those admitted non-electively requiring
surgery.

Conclusions: In this generalizable study, medical and surgical management of pulmonary aspergillosis
were comparable in terms of inpatient mortality. However, non-elective admission and patients with select

comorbidities have significantly worse outcomes after surgical intervention.

Keywords: Pulmonary aspergillosis; surgery; mortality; risk factors; non-elective admission

Submitted Feb 17, 2021. Accepted for publication Jul 23, 2021.
doi: 10.21037/jtd-21-151
View this article at: https://dx.doi.org/10.21037/jtd-21-151

A ORCID: 0000-0002-8883-3546.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2021;13(8):4977-4987 | https://dx.doi.org/10.21037/jtd-21-151


https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-21-151

4978

Introduction

Infection due to Aspergillus accounts for nearly 40,000
annual hospital admissions in the United States (1,2).
Primarily acquired via inhalation of airborne spores, it is a
ubiquitous mold commonly found in organic debris, dust,
compost, foods, and plants. A spectrum of pulmonary disease
syndromes exist, including aspergilloma (typically within
an existing cavity), chronic pulmonary aspergillosis (CPA),
and invasive pulmonary aspergillosis (IPA) (3,4). Allergic
bronchopulmonary aspergillosis (ABPA), a hypersensitivity
syndrome in response to fungal antigens, is distinct to other
forms of pulmonary aspergillosis in terms of pathophysiology
and treatment. The interaction between this pathogen and
host immune dysfunction largely determines the clinical
manifestation likely to develop (5). Pulmonary aspergillosis,
particularly IPA, is associated with significant morbidity
and mortality, often a consequence of a necrotizing
bronchopneumonia with invasion of pulmonary parenchyma
and nearby blood vessels (2,5). Angioinvasion is particularly
morbid as it can lead to thrombosis, hemorrhage, and
hematogenous dissemination (6).

With the advent of new antifungal drugs and tools
allowing early diagnosis, pulmonary aspergillosis is often
treated medically (7,8). Surgical intervention is usually
reserved for patients with persistent symptomatic localized
disease (refractory to medical management) and those with
hemoptysis (9,10). Medically treated IPA is reportedly
associated with mortality rates ranging from 30-90%, while
surgically treated patients tend to have lower mortality
ranging from 10-31% (6,11-15). Some have advocated for
early surgery, arguing that early local control through safe
procedures can prevent progression of infection and its
sequelae (6,9,16-18). These promising results are limited
to single institutional series, restricting the generalizability
and inferences that can be made due to small sample
sizes. Therefore, we sought to delineate the differences in
outcomes of patients with pulmonary aspergillosis treated
medically and surgically in a large national database,
specifically examining inpatient mortality. Furthermore,
as early surgical intervention may improve outcomes, we
sought to identify specific patient risk factors that may be
associated with the need for surgical intervention.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-151).

© Journal of Thoracic Disease. All rights reserved.

Patel et al. Surgery for pulmonary aspergillosis

Methods
Data source

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Patients
admitted with pulmonary aspergillosis were identified using
the National Inpatient Sample (INIS) database. The NIS is
the largest publicly available all-payer inpatient healthcare
database in the United States (US), and, by estimating
more than 40 million weighted hospitalizations annually,
is considered to be an accurate representation of the
national inpatient population (19). The NIS approximates
a 20% stratified sample of discharges from US community
hospitals, excluding rehabilitation and long-term acute care
hospitals (20). Comprehensive information on all hospital
admissions, regardless of expected payer, are collected
within the dataset. Since all data within the NIS database
is deidentified, this study was considered exempt by our
Institutional Review Board.

Patient selection

All procedure codes for this study are based on the
International Classification of Diseases, 9™ edition
(ICD-9). In order to maintain consistency in our data
coding, we utilized the NIS datasets for 2007 through the
third quarter of 2015, at which point the International
Classification of Diseases coding was switched from ICD-
9 to ICD-10. Patients with pulmonary aspergillosis were
identified using ICD-9 codes 117.3 (aspergillosis) and
484.6 (pneumonia in aspergillosis). Patients with sinusitis
(461.X and 473.X) and ABPA (518.6) codes were excluded.
Additionally, minors and patients with missing vital status
or procedural data were excluded.

Patients were classified into the surgical management
cohort if the principal or any secondary procedures codes
associated with admission described an open (32.9, 32.4, 32.49,
32.29,32.39,32.9, 32.5, 32.59) or video-assisted thoracoscopic
(VATS) (32.20, 32.25, 32.28, 32.41, 32.50) lung resection.
Of note, patients treated surgically were presumably also
being treated with antifungal medications as this is the widely
accepted standard of care (5,7). Patients without any of the
aforementioned pulmonary surgical procedure codes were
considered as undergoing medical management alone. The two
cohorts were compared in terms of demographics, Charlson
comorbidity score, hospital admission characteristics, and

7 Thorac Dis 2021;13(8):4977-4987 | https://dx.doi.org/10.21037/jtd-21-151


https://dx.doi.org/10.21037/jtd-21-151
https://dx.doi.org/10.21037/jtd-21-151

Journal of Thoracic Disease, Vol 13, No 8 August 2021

4979

aspergillosis from 2007-2015*
n=126,293

NIS admission with diagnosis of pulmonary

Y

Study Sample
n=112,998

T

Exclusion Criteria:
Admission with diagnosis of sinusitis (n=6,270)
Admission with diagnosis of ABPA (n=353)
Minors under age of 18 (n=6,629)
Missing vital status (n=43)

Medical Management
n=107,606

Surgical Management
n=5,392

Figure 1 CONSORT diagram illustrating patient selection and cohorts. *, National Inpatient Sample (NIS) data collected through the 3™

quarter of 2015. ABPA, allergic bronchopulmonary aspergillosis.

inpatient vital status. Additionally, using existing literature
and expert opinion, pertinent patient risk factors and
comorbidities were identified (Table S1) and used for our
multivariable analyses.

Statistical analysis

Each year of NIS data was trend weighted so that the results
would be representative of the population of US inpatients
for the corresponding year. As per HCUP (Healthcare
Cost and Utilization Project) guidelines, updated trend
weights were applied to the NIS data dated prior to
the year 2012 in order to produce frequency estimates
comparable to the state-by-hospital sampling methodology
used in the years following 2012 (21). Pearson’s chi-
square or Fisher’s exact tests were utilized for categorical
variables. Independent sample t-tests were used to compare
continuous variables. Multivariable analysis was used to
identify characteristics associated with surgical intervention
and inpatient mortality. The clinical factors selected for
the multivariable analysis were those that were statistically
significant in univariate analysis, and the variables that
were considered to be clinically important based on our
experience and previous literature. As a secondary analysis,
patients characterized under non-elective admissions
requiring surgical intervention were used to identify patient
characteristics associated with a non-elective surgical
admission. Basic demographics and all variables that were
statistically significant in univariate analysis were used in
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the multivariable logistic regression models.

All analyses were performed in IBM SPSS Statistics,
Version 25 (IBM), SAS, version 9.4 (SAS Institute INC). All
tests of significance were two-sided and the value of alpha
for statistical significance was P<0.05.

Results

Using population estimates, 112,928 patient admissions
with the diagnosis of pulmonary aspergillosis were
identified using the NIS database (Figure I). Among these
patients, 5,392 (4.8%) underwent surgical management
and the remaining 107,606 (95.2%) underwent medical
management (7zble 1). Among patients managed with
surgery, 2,442 (45.3%) underwent a wedge resection,
591 (11.0%) underwent a segmentectomy, 2,044 (37.9%)
underwent a lobectomy, and 315 (5.8%) underwent a
pneumonectomy; 2,141 (39.7%) underwent a VATS
approach and 3,251 (60.3%) underwent an open approach.
The rate of surgical intervention decreased from 5.2% in
2007 to 3.4% in 2015 (P<0.001), while the utilization of
a VATS approach increased greatly from 8.1% in 2007 to
58.8% in 2015 (P<0.001) (Figure 2).

Patients treated surgically were younger (58 vs. 63 years,
P<0.001) and more likely to be male (61.3% vs. 54.7%,
P<0.001) compared to those treated medically (Table 1).
They were less likely to have a non-elective admission
(43.5% vs. 84.3%, P<0.001). They had a longer median
length of stay (12 vs. 9 days, P<0.001), but were more likely
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Table 1 Baseline patient characteristics and inpatient outcomes for all patients with pulmonary aspergillosis

Management
Patient characteristics P value
Medical (n=107,606) Surgical (n=5,392)
Age, y 63 (51,72) 58 (49,67) <0.001*
Gender
Male 58,849 (54.7) 3,307 (61.3) <0.001*
Female 48,756 (45.3) 2,085 (38.7)
Race 0.242
White 67,994 (70.7) 3,384 (70.3)
Black 13,330 (13.9) 680 (14.1)
Hispanic 8,077 (8.4) 392 (8.1)
Asian/Pacific Islander 3,566 (3.7) 207 (4.3)
Others 3,215 (3.3) 152 (3.2)
Primary expected payer <0.001*
Private insurance 30,457 (28.4) 2,181 (40.5)
Medicaid 13,904 (12.9) 665 (12.3)
Medicare 57,227 (53.3) 2041 (37.9)
Other 5,788 (5.4) 500 (9.3)
Charlson comorbidity score <0.001*
0 or none of the conditions 31,409 (29.2) 1,585 (29.4)
1 35,258 (32.8) 2,350 (43.6)
2 or more 40,939 (38.0) 1,457 (27.0)
Admission <0.001*
Non-elective 90,432 (84.3) 2,346 (43.5)
Elective 16,896 (15.7) 3,041 (56.5)
Bronchial artery embolization 2,869 (2.7) 134 (2.5) 0.419
Hemoptysis 3,101 (2.9) 332 (6.2) <0.001*
Other major comorbidities
Lung cancer 5,227 (4.9) 486 (9.0) <0.001*
Solid organ transplantation 9,657 (9.0) 290 (5.4) <0.001*
Hematologic disease 227,57 (21.1) 394 (7.3) <0.001*
Immunodeficiency syndromes 1,106 (1.0) 26 (0.5) <0.001*
Diabetes 17,636 (16.4) 616 (11.4) <0.001*
Hemochromatosis and iron overload 256 (0.2) 0 (0.0) <0.001*
Chronic pulmonary diseases! 50,937 (47.3) 3,003 (55.7) <0.001*
Liver disease 6,953 (6.5) 188 (3.5) <0.001*
Pulmonary NTM infection 2,427 (2.3) 133 (2.5) 0.309

Table 1 (continued)
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Management
Patient characteristics P value
Medical (n=107,606) Surgical (n=5,392)

HIV 3,562 (3.3) 107 (2.0) <0.001*
Prior pulmonary tuberculosis 577 (0.5) 34 (0.6) 0.357
Length of stay, days 9 (5,19) 12 (6,24) <0.001*
Vital status <0.001*

Alive 91,368 (84.9) 4,774 (88.5)
Death 16,237 (15.1) 618 (11.5)
Discharge disposition <0.001*
Home 65,482 (60.9) 3,911 (72.5)
Nursing home 25,149 (23.4) 863 (16.0)
Died 16,237 (15.1) 618 (11.5)
Other 737 (0.7) 0(0.0)

Continuous data presented as median (interquartile range). *, P value is significant at alpha 0.05 level. ", patients with a1AT deficiency,
pulmonary sarcoidosis, COPD, asthma, bronchiectasis, occupational and other exposure based lung diseases, interstitial lung disease,
and chronic respiratory failure. VATS, video assisted thoracoscopic surgery; NTM, nontuberculosis mycobacterial; HIV, human

immunodeficiency virus;
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Figure 2 Trends in use of surgical resection and video-assisted thoracoscopic surgery (VATS) approach for the treatment of pulmonary
aspergillosis. The use of surgery has declined over the course of the study (P<0.001), while at the same time, there has been a significant
increase in the utilization of a VATS approach (P<0.001). Note, National Inpatient Sample data collected through the 3** quarter of 2015.

to be discharged home (72.5% vs. 60.9%, P<0.001). There
was no difference in the utilization of bronchial artery
embolization (BAE) between the surgically and medically
treated cohorts (2.5% vs. 2.7%, P=0.419).

Multivariable analysis was used to identify predictors
of surgical treatment (Tzble 2). Patients with hemoptysis

© Journal of Thoracic Disease. All rights reserved.

[AOR (adjusted odds ratio) 2.4, P<0.001], lung cancer
(AOR 1.59, P<0.001), or chronic pulmonary diseases
(AOR 1.26, P<0.001) were more likely to undergo surgery.
Patients with diabetes, solid organ transplantation (SOT),
hematologic disease, liver disease, and a history of human
immunodeficiency virus (HIV) were less likely to undergo
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Table 2 Multivariable logistic regression identifying predictors for surgical intervention in patients with pulmonary aspergillosis

Surgical intervention

Predictors
AOR (95% ClI) P value

Age (per 10 years) 0.94 (0.92-0.96) <0.001*
Gender

Male 1

Female 0.79 (0.74-0.84) <0.001*
Race

White 1

Black 1.13 (1.04-1.24) 0.007*

Hispanic 1.17 (1.04-1.31) 0.008*

Asian/Pacific Islander 1.41 (1.21-1.65) <0.001*

Others 0.92 (0.78-1.10) 0.381
Primary expected payer

Private Insurance 1

Medicaid 0.78 (0.71-0.87) <0.001*

Medicare 0.55 (0.51-0.59) <0.001*

Other 1.24 (1.10-1.39) <0.001*
Admission

Elective 1

Non-Elective 0.13 (0.12-0.14) <0.001*
Hemoptysis 2.4 (2.13-2.75) <0.001*
Comorbidities

Lung cancer 1.59 (1.42-1.78) <0.001*

Solid organ transplantation 0.54 (0.47-0.62) <0.001*

Hematologic disease 0.22 (0.20-0.25) <0.001*

Diabetes 0.71 (0.64-0.77) <0.001*

Chronic pulmonary diseases! 1.26 (1.19-1.35) <0.001*

Liver disease 0.57 (0.49-0.67) <0.001*

HIV 0.63 (0.51-0.77) <0.001*

Prior pulmonary tuberculosis 1.11 (0.77-1.59) 0.601

*, P value is significant at alpha 0.05 level; ”, patients with a1AT deficiency, pulmonary sarcoidosis, COPD, asthma, bronchiectasis,
occupational and other exposure based lung diseases, interstitial lung disease, and chronic respiratory failure. VATS, video assisted
thoracoscopic surgery; HIV, human immunodeficiency virus.
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surgery. Patients with Medicaid (AOR 0.78, P<0.001) or
Medicare (AOR 0.55, P<0.001) were less likely to undergo
surgery than those with private insurance.

Inpatient mortality

Opverall, surgically managed patients had a lower inpatient
mortality when compared to those treated medically
(11.5% wvs. 15.1%, P<0.001) in univariate analysis, but this
finding did not persist in multivariable analysis (AOR 0.97,
P=0.509) (Table S2). Risk factors associated with increased
mortality in multivariable analysis included older age
(per 10 years change, AOR 1.19, P<0.001), non-elective
admission (AOR 1.35, P<0.001), lung cancer (AOR 1.57,
P<0.001), hematologic disease (AOR 1.67, P<0.001), and
liver disease (AOR 3.47, P<0.001).

Within the surgery cohort, there was a trend towards
lower inpatient mortality in patients undergoing a VATS
approach compared to an open approach (10.5% wvs. 12.2%,
P=0.070). After adjusting for confounding variables in
multivariable analysis, there was indeed a mortality benefit
to a VATS approach compared to an open approach
(AOR 0.77, P=0.001) (7able 3). Patients undergoing a
pneumonectomy had far greater mortality than those
undergoing a wedge resection (25.3% vs. 12.3%, P<0.001).
In multivariable analysis, a pneumonectomy was associated
with a higher inpatient mortality compared to wedge
resection (AOR 2.19, P<0.001), but segmentectomy and
lobectomy were not. Patients with history of SOT, lung
cancer, hematologic disease, tuberculosis, or HIV had a
higher mortality. Non-elective admission was associated
with significantly higher mortality (38.8% vs. 21.3%,
P<0.001) compared to elective admissions, a finding that
persisted in multivariable analysis (AOR 7.26, P<0.001).

4983

Nomn-elective admission

Among patients undergoing surgery, 2,346 (43.5%) were
categorized under a non-elective admission. In a secondary
analysis, patients who were not white or did not have private
insurance were more likely to have a non-elective admission
(Table S3). Patients who underwent pneumonectomy were
more likely to have a non-elective admission (AOR 1.61,
P<0.001). Hemoptysis was associated with non-elective
surgical admission (AOR 2.24, P<0.001), as was history
of SOT (AOR 2.88, P<0.001), liver disease (AOR 2.75,
P<0.001), HIV (AOR 4.62, P<0.001), and hematologic
disease (AOR 2.33, P<0.001).

Discussion

In this study, we analyzed national treatment patterns for
the management of pulmonary aspergillosis and found high
inpatient mortality rates in both medically and surgically
treated patients. The use of surgery has declined over the
last several years, while at the same time, there has been a
significant increase in the utilization of a VAT approach.
We did not find a difference in inpatient mortality
between the surgically (11.5%) and medically (15.1%)
treated cohorts in multivariable analysis, despite medical
treatment for IPA being traditionally associated with higher
overall mortality rates compared to surgical treatment
(6,11-14). Previous studies have shown much higher
mortality rates for patients treated medically, up to 36.7%
inpatient mortality in patients treated with intravenous
antifungal therapy (15), and similar mortality rates for
surgically treated patients, including a 10% perioperative
mortality rate in recent case series (13,14). Our study was
able to control for key confounding variables, namely

Table 3 Multivariable logistic regression identifying predictors of mortality for patients with pulmonary aspergillosis who underwent surgical

resection
Descriptive statistics Multivariable predictors of mortality
Predictors
Alive (n=4,774) Death (n=618) P value AOR (95% Cl) P value
Age' 58 (48,67) 63 (55,73) <0.001* 1.48 (1.34-1.63) <0.001*
Gender 0.134
Male 2,910 (61.0) 396 (64.1) 1
Female 1,864 (39.0) 222 (35.9) 0.80 (0.65-0.97) 0.029*

Table 3 (continued)
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Table 3 (continued)

Descriptive statistics Multivariable predictors of mortality
Predictors
Alive (n=4,774) Death (n=618) P value AOR (95% Cl) P value
Race 0.030*
White 2,968 (70.0) 416 (72.3) 1
Black 616 (14.5) 65 (11.3) 0.63 (0.47-0.86) 0.004~
Hispanic 339 (8.0) 54 (9.4) 1.22(0.86-1.75) 0.267
Asian/Pacific Islander 178 (4.2) 30 (5.2) 0.66(0.42-1.04) 0.076
Others 142 (3.3) 10 (1.7) 0.40 (0.20-0.79) 0.009*
Primary expected payer <0.001*
Private Insurance 1,983 (41.6) 198 (32.0) 1
Medicaid 605 (12.7) 60 (9.7) 0.71(0.348-1.04) 0.082
Medicare 1,716 (36.0) 325 (52.6) 1.17 (0.91-1.52) 0.221
Other 465 (9.8) 35 (5.7) 0.52(0.35-0.81) 0.003*
Admission <0.001*
Elective 1,846 (38.7) 500 (80.9) 1
Non-elective 2,923 (61.3) 118 (19.1) 7.26 (56.77-9.15) <0.001*
Lung resection type 0.070
Open 2,858 (59.9) 393 (63.6) 1
VATS 1,917 (40.1) 225 (36.4) 0.77 (0.62-0.96) 0.001*
Extent of surgery <0.001*
Wedge resection 2,194 (46.0) 309 (50.0) 1
Segmentectomy 460 (9.6) 49 (7.9) 1.17 (0.83-1.68) 0.370
Lobectomy 1,865 (39.1) 174 (28.2) 0.91 (0.71-1.15) 0.422
Pneumonectomy 254 (5.3) 86 (13.9) 2.19 (1.53-3.14) <0.001*
Hemoptysis 299 (6.3) 34 (5.5) 0.460 0.94 (0.63-1.41) 0.773
Other major comorbidities
Lung cancer 409 (8.6) 541 (87.5) 0.001* 1.89 (1.40-2.56) <0.001*
Solid organ transplantation 224 (4.7) 66 (10.7) <0.001* 1.79 (1.26-2.54) 0.001*
Liver disease 153 (3.2) 35 (5.7) 0.002* 1.60 (1.01-2.53) 0.046*
HIV 88 (1.8) 19 3.1) 0.039* 1.99 (1.04-3.49) 0.016*
Hematologic disease 310 (6.5) 84 (13.6) <0.001* 2.31(1.73-3.19) <0.001*
Diabetes 565 (11.8) 51(8.3) 0.008* 0.40 (0.28-0.56) <0.001*
Chronic pulmonary diseases! 2,653 (55.6) 351 (56.8) 0.561 1.14 (0.94-1.40) 0.190
Prior pulmonary tuberculosis 30 (0.6) 4 (0.6) 0.096 3.25 (1.03-10.27) 0.045*

', Age data presented as median years (interquartile range) in descriptive statistics, and per 10 years change in multivariable analysis.
*, P value is significant at alpha 0.05 level; ”, Patients with a1AT deficiency, pulmonary sarcoidosis, COPD, asthma, bronchiectasis,
occupational and other exposure based lung diseases, interstitial lung disease, and chronic respiratory failure. VATS, video assisted
thoracoscopic surgery; HIV, human immunodeficiency virus.
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several comorbidities associated with IPA and medical
management (1,22-24).

We were able to identify several patient factors associated
with higher inpatient mortality rates after undergoing
surgery for pulmonary aspergillosis, which can aid
preoperative decision making and surgical risk assessment.
The patient factors included older age, male sex, and
immunocompromising conditions, including hematologic
diseases, SOT, HIV, liver disease, and underlying pulmonary
disease including prior tuberculosis. Interestingly, prior
tuberculosis was found to be a beneficial prognostic factor
in terms of inpatient mortality in multivariable analysis
examining the entire study cohort (including medical
and surgically managed patients). This contradictory
finding may be a result of surgical patients more likely to
have had an underlying history of cavitary tuberculosis,
whereas patients treated medically were less likely to have
large cavitary lesions as a sequalae of possibly more mild
tuberculosis.

We found that patients with hemoptysis and those with
a history of lung cancer or chronic pulmonary disease were
more likely to undergo surgery. Hemoptysis has long been
an indication for surgery, however, the rationale for the
increased use of surgery in patients with lung cancer or
chronic pulmonary diseases is unclear (25). Presumably,
these patients are more likely to undergo therapeutic
surgical resection for their disease, or diagnostic surgical
biopsy to distinguish focal IPA from malignant disease. On
the other hand, it may be that immunosuppression due to
chemotherapy for lung cancer or long-term steroids for
chronic pulmonary conditions may facilitate a presentation of
pulmonary aspergillosis that is more amenable to surgery (26).
Further, it is possible that patients with a history of lung
cancer or select lung diseases may already be under the care
of thoracic surgeons.

Furthermore, non-elective admission and
pneumonectomy were important risk factors for inpatient
mortality among those who underwent surgery in our
study, which supports several previous studies that have
reported the benefits of early surgery (9,16,18). Habicht
and colleagues demonstrated a significant 6-month
survival advantage in those treated with early surgical
intervention (defined as surgical resection within a few
days of establishing clinical diagnosis) over those treated
with medical management only (27). A trend towards lower
mortality was noted in a surgically managed cohort of
patients with pulmonary aspergillosis when compared to
those treated medically at 3 months post-treatment (28).

© Journal of Thoracic Disease. All rights reserved.
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Early surgical resection may decrease the risk of fungal
reactivation or life-threatening angioinvasion from
occurring months after discharge (6,29,30).

In patients admitted non-electively, the extent of damage
caused by the invasive nature of pulmonary aspergillosis
may result in significantly more extensive pulmonary
resections. We found that patients who were admitted non-
electively were more likely to undergo a pneumonectomy.
Similar trends have been identified in a study comparing
emergent and elective surgery for pulmonary aspergillosis,
reporting increased need for lobectomies rather than partial
resections in the emergent setting (28). Avoiding surgery
in the non-elective setting may be advisable, as it can
lead to larger, more morbid resections, and is associated
with higher mortality. Certainly, there are situations in
which non-elective admission and surgery is unavoidable.
However, in the context of a patient with a history of SOT,
liver disease, HIV, or hematologic disease, one may consider
intervening with surgery sooner rather than later.

This study has several limitations. Inherent to any
retrospective study using a large database, there are
selection biases we are unable to account for and limited
clinical detail. As the NIS is a collection of admissions data,
longitudinal data is not available and prevents this study
from examining the long-term benefits of surgical resection.
Additionally, it is possible for a single patient to appear
multiple times in the database, and to have been treated
differently during separate admissions. Furthermore, the
database does not include the type or duration of antifungal
treatment regimens used, which would certainly affect
prognosis and surgical decision making (31). Further,
beyond the operation performed, indications for surgery
and operative details are not reported within the NIS
dataset. Data pertaining to the time of diagnosis and surgery
is also lacking, and if available would have provided insight
into the potential benefits of early surgical intervention.
Although, we did indirectly attempt to address the impact
of timing and surgery by characterizing non-elective
admissions for pulmonary aspergillosis requiring surgical
intervention as described above. Information pertaining
to patient presenting symptomology is unavailable; for
instance, we are unable to differentiate the severity of
hemoptysis that is recorded in the database. The lack of
detail within the dataset pertaining to a patient’s baseline
pulmonary function or pre-existing medical comorbidities
limit us from commenting on the extent and severity of a
patient’s condition. For instance, a patient with HIV treated
with the appropriate antiviral therapy will not possess
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the same immune deficiencies as a patient non-compliant
with medications. Lastly, given the limited granularity in
ICD-9 codes, we are unable to distinguish IPA from more
subacute or chronic forms of pulmonary aspergillosis, this
will invariably limit the accuracy of our multivariable model
predicting mortality. However, we have excluded ABPA and
sinusitis to focus on non-allergic pulmonary manifestations
of Aspergillus infection, such as IPA (16,32,33). Despite
these limitations, one of the greatest strengths of the NIS
dataset is the ability to aggregate a large number of surgical
patients that would otherwise not be possible using single
institutional data.

Conclusions

Pulmonary aspergillosis is a potentially devastating disease
that is prevalent in a vulnerable patient population. Early
identification of patients who may ultimately require
surgery may help avoid an emergent or more extensive
operation associated with considerable morbidity and
mortality. We have identified predictors of surgical
treatment and of inpatient mortality after surgery that
will help in patient selection and risk assessment, and
ultimately aid in the multidisciplinary clinical decision-
making process required to treat this opportunistic fungal
infection.
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Supplementary

Table S1 ICD-9 medical comorbidity codes

Category

ICD9

Lung cancer
Solid organ transplantation +

Hematologic Disease *

Immunodeficiency syndromes
Diabetes
Hemochromatosis and iron overload

Chronic pulmonary diseases I

Liver disease

Pulmonary nontuberculosis
mycobacterial infection

HIV

Corticosteroid or other
immunosuppression

162.2,162.3, 162.4, 162.5, 162.8, 162.9, 165.0, 165.9
V42.0, V42.1,V42.6, V42.1, V42.7, V42.84, V42.83, 996.81, 996.83, 996.82, 996.84, 996.86

201.40, 201.50, 201.60, 201.70, 201.90, 202.00, 200.80, 202.10, 202.80, 202.81, 273.3, 203.80,
203.00, 203.82, 204.00, 204.82, 205.00, 205.82, 206.00, 206.82, 207.00, 207.82, 208.00, 208.92,
202.5, 202.90, 238.4, 238.72, 238.73, 238.75, 238.74, 279.51, 279.52, 279.53, 279.50, 284.01,
284.09, 284.89, 284.11, 284.9, 996.85, 996.88, V42.81, V42.82, 284.11, 284.12, 288.01, 288.03,
288.04, 288.02, 288.09, 288.00

288.1, 279.04, 279.19, 279.2, 279.12, 279.8, 279.06, 279.3, 270.2
249.20, 249.00, 249.20, 250.11, 250.00, 250.20
275.01, 275.02, 275.03

277.02,277.01, 277.03, 277.09, 277.00, 273.4, 135, 490, 491.0, 491.8, 491.9, 492.8, 491.22, 496,
493.00, 493.90, 494.1, 494.0, 500, 501, 502, 503, 505, 504, 495.0, 495.9, 506.0, 506.9, 507.0,
507.8, 508.0, 508.9, 516.0, 516.8, 515, 516.35, 516.4, 516.9, 518.83, 518.84

070.0, 070.1, 070.21, 070.30, 070.52, 070.9, 070.33, 070.59, 070.6, 070.9, 571.0, 571.1, 571.2,
571.3, 573.3, 570, 572.2, 571.41, 571.40, 571.5, 571.6, 571.8, 573.8, 572.3, 572.4, 573.5, 571.8,
573.9

031.0

042, V08
V87.44,V87.45, V87.46

* Status post heart, lung, kidney, intestinal or pancreas transplantation; ’ Patients with neutropenia, bone marrow transplant, hematologic
malignancies, and myeloproliferative disorders; I Patients with a1AT deficiency, pulmonary sarcoidosis, COPD, asthma, bronchiectasis,
occupational and other exposure based lung diseases, interstitial lung disease, and chronic respiratory failure.
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Table S2 Multivariable logistic regression identifying predictors of mortality for patients with pulmonary aspergillosis

Descriptive statistics Multivariable predictors of mortality
Predictors
Alive (n=96,143) Death (n=16,855) P value AOR (95% ClI) P value
Age' 62 (51, 72) 65 (55, 74) <0.001* 1.19 (1.18-1.21) <0.001*
Gender <0.001*
Male 52,477 (54.6) 9,679 (57.4) 1
Female 43,666 (45.4) 7,176 (42.6) 0.91 (0.88-0.94) <0.001*
Race <0.001*
White 60,677 (70.6) 10,700 (71.3) 1
Black 12,387 (14.4) 1,624 (10.8) 0.86 (0.81-0.92) <0.001*
Hispanic 7,118 (8.3) 1,351 (9.0) 1.15(1.09-1.23) <0.001*
Asian/Pacific Islander 3,021 (3.5) 753 (5.0) 1.36 (1.25-1.48) <0.001*
Others 2,791 (3.2) 576 (3.8) 1.21 (1.10-1.33) <0.001*
Primary expected payer <0.001*
Private Insurance 27,860 (29.0) 4,778 (28.4) 1
Medicaid 12,632 (13.2) 1,937 (11.5) 0.94 (0.88-0.99) 0.047*
Medicare 50,035 (52.2) 9,233 (54.9) 0.90 (0.86-0.95) <0.001*
Other 5,407 (5.6) 881 (5.2) 1.04 (0.95-1.13) 0.406
Admission <0.001*
Elective 78,268 (81.6) 14,510 (86.2) 1
Non-elective 17,617 (18.4) 2,320 (13.8) 1.35 (1.28-1.42) <0.001*
Surgery <0.001*
No 91,368 (95.0) 16,237 (96.3) 1
Yes 4,774 (5.0) 618 (3.7) 0.97 (0.89-1.07) 0.509
Hemoptysis 2,947 (3.1) 487 (2.9) 0.220 1.06 (0.96-1.19) 0.248
Comorbidities
Lung cancer 4,568 (4.8) 1,146 (6.8) <0.001* 1.57 (1.46-1.68) <0.001*
Solid organ transplantation 8,692 (9.0) 1,255 (7.4) <0.001* 0.94 (0.87-1.03) 0.504
Hematologic disease 18,653 (19.4) 4,497 (26.7) <0.001* 1.67 (1.60-1.74) <0.001*
Diabetes 16,126 (16.8) 2,126 (12.6) <0.001* 0.72 (0.68-0.75) <0.001*
Chronic pulmonary diseases 46,106 (48.0) 7,834 (46.5) <0.001* 1.05 (1.01-1.09) 0.018*
Liver disease 4,703 (4.9) 2,437 (14.5) <0.001* 3.47 (3.28-3.67) <0.001*
Pulmonary NTM infection 2,264 (2.4) 296 (1.8) <0.001* 0.76 (0.65-0.85) <0.001*
Prior pulmonary tuberculosis 559 (0.6) 51(0.3) <0.001* 0.55 (0.41-0.75) <0.001*

T Age data presented as median years (interquartile range) in descriptive statistics, and per 10 years change in multivariable analysis. *
P-value is significant at alpha 0.05 level. NTM, nontuberculosis mycobacterial.
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Table S3 Multivariable logistic regression identifying predictors of non-elective admission for patients with pulmonary aspergillosis who

underwent surgical resection

Non-elective surgical admission

Predictors
AOR (95% ClI) P value

Age (per 10 years) 1.02 (0.96-1.08) 0.511
Gender

Male 1

Female 0.90 (0.79-1.03) 0.112
Race

White 1

Black 3.59 (2.97-4.34) <0.001*

Hispanic 1.33 (1.06-1.67) 0.001*

Asian/Pacific Islander 2.89 (2.12-3.94) <0.001*

Others 2.31 (1.64-3.25) <0.001*
Primary expected payer

Private Insurance 1

Medicaid 2.11 (1.72-2.59) <0.001*

Medicare 1.57 (1.33-1.86) <0.001*

Other 3.54 (2.81-4.46) <0.001*
Extent of Surgery

Wedge Resection 1

Segmentectomy 0.42 (0.34-0.53) <0.001*

Lobectomy 0.67 (0.58-0.77) <0.001*

Pneumonectomy 1.61 (1.24-2.09) <0.001*
Hemoptysis 2.24 (1.73-2.91) <0.001*
Other major comorbidities

Lung cancer 0.92 (0.73-1.16) 0.468

Solid organ transplantation 2.88 (2.16-3.83) <0.001*

Liver disease 2.75 (1.92-3.93) <0.001*

HIV 4.62 (2.75-7.77) <0.001*

Hematologic disease 2.33 (1.84-2.96) <0.001*

Chronic pulmonary diseases 0.76 (0.66-0.86) <0.001*

* P-value is significant at alpha 0.05 level. HIV, human immunodeficiency virus.
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