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Abstract

Introduction The use of molecular biomarkers to guide lung cancer management has led to increasing frequency and
amounts of tissue required for repeat lung biopsies. While patient safety and reporting of adverse events has been increas-
ingly emphasized in recent decades, the safety of lung biopsies in patients with lung cancer has only been studied in small
cohorts. We therefore analyzed adverse events in patients with lung cancer undergoing lung biopsies in the National Hospital
Discharge Survey (NHDS) database.

Methods Data were abstracted using ICD-9 lung cancer diagnosis (162.X) and lung biopsy procedure codes (33.20, 33.24,
33.25,33.26, 33.27, 33.28) from 2001 to 2010. Agency for Healthcare Research and Quality (AHRQ) Patient-Safety Indica-
tors (PSI) were used to identify hospital-acquired adverse events. Weighted analyses were performed using SAS version 9.4.
Results A total of 540,747 patients were included for analysis. The number of biopsies increased over time, from 51,221
in 2001, to 63,239 in 2010 (P <0.001). Overall, 159,683 (30%) patients suffered > 1-PSI event during their hospitalization.
Incidence of PSI varied by biopsy type: bronchoscopic (26%), percutaneous (34%), surgical (39%). The proportion of patients
with > 1 PSI event increased from 24% in 2001 to 38% in 2010 (P <0.001). Patients with > 1 PSI had longer length of stay
(mean, 11.6 vs 8.1 days; P <0.001) and higher in-hospital mortality (adjusted odds ratio, 5.9, 95% CI 3.9-8.9; P <0.001).
Conclusions The frequency of lung biopsies performed and rate of documented adverse events in hospitalized lung cancer
patients have increased. These findings have policy, funding, research, and practice implications.
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Introduction

The emergence of histologic and genomic biomarkers that
guide management of lung cancer has led to increasing
tumor tissue requirements, both in standard clinical care
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and in clinical trials. Additionally, advances in understand-
ing the molecular evolution of the disease have resulted in a
growing role for repeat tumor assessments over the course
of treatment to identify specific resistance mutations and
histologic transformation [1-3]. While serial biopsies of
lung tumors may provide insight into dynamic tumor biol-
ogy, impact therapeutic decisions, and support eligibility
for clinical trials, these procedures also convey costs, incon-
venience, and risks of clinically meaningful adverse events.
Patient safety has emerged as a national priority, and there
have been intense efforts to improve outcomes and increase
adverse event reporting in recent years [4-6]. Despite these
efforts and an ethical obligation to report results, among
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clinical trials incorporating research biopsies, only half of
them report biopsy-related endpoints [7].

It is widely recognized that the yield and complications
of lung biopsies depend on the technical approach. For per-
cutaneous core biopsies, a meta-analysis reported a pneumo-
thorax rate of 25% (with 6% requiring intervention), pulmo-
nary hemorrhage in 18%, and hemoptysis in 4% [8]. Another
cohort of almost 16,000 patients found a pneumothorax rate
of 15%, with almost 7% requiring chest tube insertion [9].
In general, incidence of pneumothorax from transbronchial
biopsy is considerably lower, ranging from 1 to 3% [10-12].
A recent analysis of percutaneous, bronchoscopic, and surgi-
cal biopsies performed in the context of low-dose computed
tomography (CT)-based screening from 2008 to 2013 in the
community setting found an overall complication rate of
22-24% [13], considerably higher than complication rates of
8.5-10% reported in the 2002-2004 National Lung Screen-
ing Trial (NLST) [14].

In contrast to these multicenter datasets, information
on the safety of lung biopsies in patients who already have
established diagnosis of lung cancer has come largely from
single-institution reports of relatively small and heteroge-
neous patient populations. For instance, in a series of 140
patients undergoing research biopsies for lung cancer clini-
cal trials at the National Taiwan University Hospital, CT-
guided percutaneous biopsies resulted in a pneumothorax
rate of 24% [15]. In a cohort of 94 patients undergoing
repeat lung cancer biopsies at Samsung Medical Center
in Korea, 14% experienced CT-guided percutaneous lung
biopsy complications [16].

Because patients with lung cancer represent a unique
population with improving prognosis and increasing num-
bers of effective treatments—many of which require serial
tissue analysis for consideration—it is important to under-
stand the potential risks of lung biopsies in lung cancer pop-
ulations. While these reports have provided initial insight
into the nature and risks of lung biopsies in lung cancer
patients, their findings may not be generalizable to broader
populations. These institutions represent major academic
medical centers that serve as tertiary referral facilities and
have large, specialized medical faculty with sub-specialty
expertise. For other procedures related to lung cancer, such
as surgical resection, outcomes are clearly associated with
institutional case volume and experience [17]. Furthermore,
only a minority of patients receive their cancer care at major
centers, and these individuals differ from the broader popu-
lation in terms of socioeconomic status and comorbidi-
ties [18]. Given these limitations and the recognition that
lung cancer is a pervasive, global disease, we conducted an
analysis to study the inpatient adverse events in lung cancer
patients receiving lung biopsies using a broadly representa-
tive national dataset, the National Hospital Discharge Survey
(NHDS). Although the NHDS provides information only
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on hospitalized individuals, the inpatient setting provides
a reasonable context for this study because (1) a substan-
tial number of lung biopsies are performed and (2) adverse
events are formally characterized and recorded there.

Methods
Data Source

The NHDS (https://www.cdc.gov/nchs/nhds.htm) is a
national survey that reports discharge data from non-fed-
eral short-stay hospitals (average length of stay less than
30 days) in the United States conducted annually from 1965
to 2010. Collected data include patient diagnosis codes,
demographics, type of admission (i.e., emergent/urgent or
elective), length of stay, in-hospital mortality, and proce-
dure codes. The database has been used in multiple previous
studies to report trends and outcomes representative of the
U.S. population [19-23]. We included patients discharged
between January 1, 2001, and December 31, 2010 (the final
date of NHDS data collection), as a time period most repre-
sentative of contemporary clinical practice and documenta-
tion. Patients less than 18 years of age were excluded from
the analysis because lung cancer in pediatric populations is
extremely rare and the clinical experience may have limited
generalizability to adult cases.

Data Collection

Diagnoses and procedures recorded in this study were based
on the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM). To identify lung
cancer cases, we used ICD-9 diagnosis code 162.X (malig-
nant neoplasm of trachea, bronchus, lung). We identified
lung biopsy-related procedures using the following proce-
dure codes: 33.20 (thoracoscopic lung biopsy), 33.24 (closed
[endoscopic] biopsy of bronchus), 33.25 (open biopsy of
bronchus), 33.26 (closed [percutaneous][needle] biopsy
of lung), 33.27 (closed endoscopic biopsy of lung), 33.28
(open biopsy of lung). The ICD biopsy codes recorded in
the NHDS indicates that patients were billed as inpatients
for the biopsy, suggesting that they underwent the procedure
in the inpatient setting, rather than presenting to the hospital
for a post-biopsy complication.

For each case, we also collected age, sex, race, admis-
sion type (urgent/emergent versus elective), hospital char-
acteristics, length of stay, and mortality. Comorbidities were
analyzed using the Charlson comorbidity index and indi-
vidual diagnosis codes. As a marker of safety and adverse
events, we used Agency for Healthcare Research and Qual-
ity (AHRQ) Patient-Safety Indicators (PSIs) to identify
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hospital-acquired adverse events, ICD-9 codes shown in
Supplementary Table 1 [24].

Statistical Analysis

Demographic and clinical data were summarized using
weighted frequencies and percentages for categorical vari-
ables and weighted means/medians for continuous variables.
We used t-tests and chi-square tests to compare medians and
proportions respectively in patients with and without PSI.
Comparisons of in-hospital mortality and length of stay were
made between those with and without PSI using logistic
regression and linear regression, respectively. Trends in in-
hospital mortality were analyzed using logistic regression.
Multivariable regression methods adjusting for significant
differences in demographic and clinical characteristics were
used to report adjusted P values for all comparisons. All
analyses were weighted to obtain nationwide estimates and
account for the stratified sampling process of the NHDS
database. Analysis was performed overall and also strati-
fied according to type of biopsy performed: percutaneous
(33.26), bronchoscopic (33.24, 33.27), surgical (33.20,
33.25,33.28). A P<0.001 was determined to be statistically

significant. All analyses were performed using SAS version
9.4 (SAS Corporation, Cary, NC).

Results

A total of 540,747 patients with lung cancer received a lung
biopsy during the study period and were included in the
analysis. Detailed demographic and case characteristics for
patients with and without PSI are shown in Table 1 and Sup-
plemental Table 2. Overall, the following features were asso-
ciated with increased risk of PSI in adjusted models: elective
admission, more recent year of procedure, pulmonary cir-
culatory disease, renal failure, and absence of hypertension
or drug abuse. Notably, descriptors of medical facility, such
as size, ownership, and geographic region, were not signifi-
cantly associated with PSI rate.

A total of 564,580 biopsies were performed by the fol-
lowing approaches: bronchoscopic (59.6%), percutane-
ous (32.9%), and surgical (7.5%). The number of biopsies
increased over time, from 51,221 in 2001 to 63,239 in
2010 (P<0.001). Additionally, the number and rate of PSI
increased, from 12,338 (24.1%) in 2001 to 24,092 (38.1%)
in 2010 (P value for trend <0.001).

Table 1 Baseline demographics

o e Characteristic No PSI PSI Total P value  Adjusted P value®
and clinical characteristics
in the overall cohort and by N (%) N (%) N (%)
Patient-Safety Indicators (PSI) Total 381,064 159,683 540,747
Age (years)
18-49 26,247 (6.9) 7184 (4.5) 33,431 (6.2) 0.15* 0.46
50-65 119,676 (31.4) 55,827 (35.0) 175,503 (32.5)
>65 235,141 (61.7) 96,672 (60.5) 331,813 (61.4)
Sex
Male 202,353 (53.1) 89,072 (55.8) 291,425 (53.9) 0.41° 0.78
Race
White 245,449 (64.4) 105,825 (66.3) 351,274 (65.0) 0.59* 0.45
African American 48,080 (12.6) 15,318 (9.6) 63,398 (11.7)
Asian 6107 (1.6) 2731 (1.7) 8838 (1.6)
Other 5412 (1.4) 3243 (2.0) 8655 (1.6)
Not stated 76,016 (19.9) 32,566 (20.4) 108,582 (20.1)
Admission type
Elective 74,831 (19.6) 45,765 (28.7) 120,596 (22.3)  0.001*  0.001
Emergency/urgent 262,706 (68.9) 101,139 (63.3) 363,845 (67.3)
NA 43,527 (11.4) 12,779 (8.0) 56,306 (10.4)
Charlson Index
Median (Q1, Q3) 3.7(2.3,8.1) 322.2,7.8) 3.5(2.3,8.0) 0.086°  0.53
Range 2.0-15.0 2.0-14.0 2.0-15.0

Numbers indicate N (%) unless otherwise noted

3Chi-square; "Wilcoxon; °Logistic regression, adjusted for age, year, type of admission, acquired immune
deficiency syndrome, anemias, diabetes without complications, drug abuse, pulmonary circulation disease,
renal failure, solid tumor w/out metastasis, and hypertension
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The occurrence of any PSI was associated with
increased length of hospitalization and increased mortality.
Patients who developed a PSI had a mean length of stay
of 11.6+0.5 days, compared to 8.1 +£0.2 days for patients
without PSI (adjusted P <0.001). Patients who developed a
PSI had 14.5% in-hospital mortality, compared to 3.2% for
patients without PSI (adjusted OR 5.91; 95% CI 3.92-8.92;
P <0.001). Although incidence of PSI increased during
the study period, in-hospital mortality among these cases
decreased, from 23% in 2001-2002, to 11% in 2009-2010
(P<0.001).

The incidence of specific PSI is shown in Table 2, includ-
ing iatrogenic pneumothorax (11%), postoperative respira-
tory failure (10%), and hemorrhage (1%). Rates of specific
PSI over time are shown in Supplemental Table 3. Pneu-
mothorax incidence increased from 10 to 15%; respiratory
failure increased from 7 to 15%; postoperative hemorrhage/
hematoma increased from 0.7 to 1.1% (all P <0.001).

Table 3 lists specific PSI according to biopsy type. Over-
all, surgical biopsies had the highest rate of PSI (39%).
Pneumothorax occurred most commonly after percutane-
ous biopsies (21%), while respiratory failure occurred most
commonly after surgical biopsies (19%). Results of other

analyses (case characteristics, time trends, mortality, length
of stay) according to biopsy types generally resembled anal-
yses in the overall population (Supplemental Tables 4-6).
One exception was an association between hospital size and
rate of iatrogenic pneumothorax for percutaneous biopsy
cases, with lowest rates among the largest medical facili-
ties (P=0.03). Notably, chronic pulmonary disease was not
associated with PSI risk for any biopsy type. However, pul-
monary circulatory disease (which had an incidence approxi-
mately 10% that of chronic pulmonary disease in the study
population) was associated with PSI risk for bronchoscopic
and percutaneous biopsy types. Compared to surgical biop-
sies, bronchoscopic biopsies were less likely to have a docu-
mented PSI, while percutaneous biopsies were statistically
equivalent (Supplemental Table 7).

Discussion

To our knowledge, this study presents the largest cohort of
lung cancer patients undergoing lung biopsies. In the current
analysis, more than 540,000 individuals underwent almost
565,000 lung biopsies at hospitals across the United States

Table 2 Incidence of specific

. Lo Patient-safety indicator
patient-safety indicators (PSI)

N (%)

among 540,747 patients Any

Table 3 Incidence of key
patient-safety indicators (PSI)
according to biopsy type

159,683 (29.5)
ITatrogenic pneumothorax 59,096 (10.9)
Postoperative respiratory failure 53,248 (9.8)
Secondary diabetes or acute kidney failure 27,086 (5.0)
Postoperative deep vein thrombosis or pulmonary embolus 21,750 (4.0)
Postoperative sepsis 9287 (1.7)
Postoperative hemorrhage or hematoma 5444 (1.0)
Pressure ulcers 3449 (0.6)
Postoperative hip fracture 3236 (0.6)
Central venous catheter-related blood stream infection 403 (0.1)
Accidental puncture or laceration 293 (0.1)
Foreign body 145 (0.0)
Transfusion reaction, anesthetic complications, dialysis, postoperative wound dehiscence 0(0.0)
Patient-safety indicator Bronchoscopic ~ Percutaneous  Surgical P

N (%) N (%) N (%)
Any PSI 85,761 (25.5) 63,605 (34.3) 16,632 (39.0) 0.001
Iatrogenic pneumothorax 13,922 (4.1) 39,578 (21.3) 6517 (15.3) <0.001
Postoperative hemorrhage or hematoma 3578 (1.1) 1800 (1.0) 1782 (4.2) 0.29
Postoperative respiratory failure 40,094 (11.9) 9712 (5.2) 7909 (18.6)  <0.001
Secondary diabetes or acute kidney failure 18,940 (5.6) 5827 (3.1) 2782 (6.5) 0.07
Postoperative deep vein thrombosis or 12,812 (3.8) 8935 (4.8) 341 (0.8) 0.04
pulmonary embolus

Postoperative sepsis 7970 (2.4) 930 (0.5) 449 (1.1) <0.001
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over a ten-year period. Across all biopsy procedures, we
observed an overall rate of patient-safety indicators (PSI)—
a measure of adverse events—of 30%. Adverse events most
relevant to biopsy procedures included iatrogenic pneumo-
thorax, postoperative respiratory failure, and hemorrhage/
hematoma. The occurrence of a PSI was associated with a
six-fold increase in the risk of in-hospital mortality and a
50% longer hospitalization.

Notably, the incidence of documented adverse events
increased significantly over time, although associated mor-
tality decreased. This finding is in line with other published
studies, which have noted increasing reporting of PSI over
time [25, 26]. This trend of increased reporting may also
partly account for the increased rate of adverse events from
lung biopsies performed to evaluate radiographic screen-
ing abnormalities from 8.5-10% in the 2002-2004 NLST
to 22-24% in a 2008-2013 study, which is comparable to
the combined pulmonary event rate of 22% in our analy-
sis [13, 14]. Comparison of adverse events with previous
studies is difficult due to the differing definitions of adverse
events. Our reported adverse event rate for percutaneous
(34%), bronchoscopic (26%) and surgical (39%) biopsies is
higher but follows a similar procedural trend to the NLST
reporting of 21%, 9%, and 32% respectively in the sub group
of patients that had lung cancer [14]. This differs substan-
tially from the reported percutaneous (19%), bronchoscopic
(36%), and surgical (51%) adverse event rate in a recent
community-based database analysis [13]. Certainly patient
population characteristics (prospective trial in NLST versus
real-world samples in others) and the inpatient cohort in our
analysis also contribute to these differences.

There are a number of potential explanations for increas-
ing adverse event incidence, including increased detection
and/or coding of these events in recent years, which could
lead to improved clinical outcomes either because enhanced
recognition results in earlier and better management. The
additional cases reported in recent years could be less clini-
cally significant (e.g., radiographically evident but clinically
silent pneumothoraces), thereby apparently diluting the neg-
ative impact on outcomes. Alternatively, as clinicians and
payors seek to limit hospitalizations, patients hospitalized in
more recent years could be more sick. Finally, the increasing
practice of serial molecular profiling of lung cancer could
result in biopsies performed at later points in disease course,
when patients have greater tumor burden, greater baseline
symptomatology, and therefore face greater risk of adverse
events. Regardless of explanation, the increased documen-
tation of PSI over time has important implications for pay-
ors and hospitals. PST occurrence may be linked to hospital
reimbursement and quality ratings, including the Medicare
pay-for-performance HVBP program [27-29].

As expected, the incidence of specific adverse events var-
ied according to biopsy type. Overall adverse event rates

were lowest for bronchoscopic, followed by percutaneous,
then surgical, consistent with NLST analysis. Pneumotho-
rax occurred most frequently with percutaneous biopsies,
with the observed rate of approximately 20% comparable to
the broad incidence range reported in earlier studies [8, 9].
Pneumothoraces occurred with 4% of bronchoscopic biop-
sies, an incidence slightly higher than reported rates rang-
ing 0.6-2.9% [10-12]. For most adverse events there was no
association with hospital characteristics, including size and
type, with the exception of lower pneumothorax rates with
percutaneous biopsies in larger facilities.

In this study, we focused on the diverse group of adverse
events encompassed by the Agency for Healthcare Research
and Quality (AHRQ) patient-safety indicators (PSI) [24, 30].
While we recognize that some of these events may not nec-
essarily result directly from lung biopsy procedures (e.g.,
secondary diabetes, kidney failure, dialysis, hip fracture,
transfusion reaction, pressure ulcers, central venous cathe-
ter-associated bloodstream infections), together these events
accounted for only 21% of total adverse events. Furthermore,
it is possible that these adverse events represent downstream
effects of thoracic adverse events. By incorporating AHRQ
PSIs—which were designed with the goal of detecting and
preventing adverse events using administrative data follow-
ing surgeries, procedures, and childbirth—into our primary
analysis, we present data that are directly relevant and appli-
cable to a widely used strategy of assessing hospital perfor-
mance [31].

Why are the number of lung biopsies in patients with lung
cancer increasing? Given the growing number of recognized
druggable molecular alterations in lung cancer, more tissue
may be required from more patients to guide therapeutic
decisions. Patients may be more likely to undergo repeat
biopsies to assess tumor genomics that may change over the
course of disease. Additionally, the U.S. incidence of lung
cancer increased during the study period, from 190,627 in
2000, to 214,408 in 2010, which could contribute to the
increased biopsy frequency we observed [32].

Furthermore, in this cost-conscious era, it is unclear and
somewhat surprising that the number of biopsies performed
in the inpatient setting has increased. Perhaps more biopsies
are being done over time in aggressive pursuit of a histo-
logical diagnosis, even for hospitalized, sick patients with
poor functional status. If this is indeed the case, although
histological diagnosis is considered a cornerstone of onco-
logic prognostication and treatment planning, given the poor
outcome we observed in cases with PSI, it is important to
consider which hospitalized patients best stand to benefit
from these invasive procedures and ever receive anti-cancer
therapy.

Our analysis is limited to lung biopsies performed during
an inpatient stay. While surgical biopsies generally require
hospitalization, bronchoscopic and percutaneous biopsies
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do not. However, adverse event rates between inpatient and
outpatient percutaneous biopsies are similar, suggesting that
our findings may be potentially generalizable to broader set-
tings [9]. Furthermore, our study demonstrates that tens of
thousands of lung biopsies are performed on hospitalized
lung cancer patients every year. During the study period
(2001-2010), some techniques, such as video-assisted tho-
racic surgery and endobronchial ultrasound, may not have
been employed at contemporary rates. Although we have
data on a hospital’s size, we do not have data on the number
and types of lung biopsies performed at each institution.
The diagnostic yield of biopsies, which represents a critical
consideration in risk—benefit analysis [15], was not avail-
able. In addition, because the NHDS is a U.S.-based sample,
our findings may not be generalizable globally. The severity
and interventions required for PSIs are unknown; for exam-
ple, we do not know how many pneumothoraces required
intervention such as chest tube insertion. Similarly, some
PSI terms may not fully capture related complications. For
instance, “anesthetic complications” includes “poisonings”
and endotracheal tube misplacement, so other cardiopulmo-
nary events potentially linked to anesthesia could have been
coded in other categories. Key strengths of the study include
(1) the large sample size; (2) the multi-institutional setting;
(3) the inclusion of multiple biopsy approaches; (4) the limi-
tation to lung cancer cases exclusively; (5) the analysis of
an entire decade of data, thereby permitting assessment of
time trends; and (6) the focus on hospital-acquired adverse
events in the era of inpatient safety and hospital costs and
performance rankings.

Conclusion

We have reported the largest cohort of lung cancer patients
undergoing lung biopsies. In this analysis of more than
540,000 patients, both the number of lung biopsies and the
rate of apparent adverse events increased over time. These
findings have implications for the policy makers, payors,
hospitals, design and conduct of clinical trials, as well as
standard clinical practice. As serial biologic characterization
of lung cancer over the course of treatment becomes more
relevant and more widespread, efforts to improve procedure
safety and develop alternate options will be critical.

Acknowledgements The authors thank Helen Mayo, MLS from
the UT Southwestern Medical Library for assistance with literature
searches. The authors thank Ms. Dru Gray for assistance with manu-
script preparation.

Funding Funded in part by a National Cancer Institute Midcareer
Investigator Award in Patient-Oriented Research (K24 CA201543-
01; to DEG). This work is not under consideration for publication

@ Springer

elsewhere. If accepted, this work will not be published elsewhere
without written consent of the copyright-holder.

Compliance with Ethical Standards

Conflict of interest The authors report no conflicts of interest.

References

1. Piotrowska Z, Isozaki H, Lennerz JK, Gainor JF, Lennes IT, Zhu
VW et al (2018) Landscape of acquired resistance to osimertinib
in EGFR-mutant NSCLC and clinical validation of combined
EGFR and RET inhibition with osimertinib and BLU-667 for
acquired RET fusion. Cancer Discov 8(12):1529-1539

2. Sequist LV, Waltman BA, Dias-Santagata D, Digumarthy S, Turke
AB, Fidias P et al (2011) Genotypic and histological evolution of
lung cancers acquiring resistance to EGFR inhibitors. Sci Transl
Med 3(75):75ra26.

3. Gainor JF, Dardaei L, Yoda S, Friboulet L, Leshchiner I, Katay-
ama R et al (2016) Molecular mechanisms of resistance to first-
and second-generation ALK inhibitors in ALK-rearranged lung
cancer. Cancer Discov. 6(10):1118-1133

4. Rivard PE, Elwy AR, Loveland S, Zhao S, Tsilimingras D, Elix-
hauser A et al (2005) Applying patient safety indicators (PSIs)
across health care systems: achieving data comparability. In:
Henriksen K, Battles JB, Marks ES, Lewin DI (eds) Advances in
patient safety: from research to implementation, vol. 2: concepts
and methodology. Advances in Patient Safety, Rockville.

5. Chera BS, Mazur L, Buchanan I, Kim HJ, Rockwell J, Milowsky
MI et al (2015) Improving patient safety in clinical oncology:
applying lessons from normal accident theory. JAMA Oncol
1(7):958-964

6. Weaver SJ, Lubomksi LH, Wilson RF, Pfoh ER, Martinez KA, Dy
SM (2013) Promoting a culture of safety as a patient safety strat-
egy: a systematic review. Ann Intern Med 158(5 Pt 2):369-374

7. Parseghian CM, Tam AL, Yao J, Ensor J Jr, Ellis LM, Raghav
K et al (2018) Assessment of reported trial characteristics, rate
of publication, and inclusion of mandatory biopsies of research
biopsies in clinical trials in oncology. JAMA Oncol. https://doi.
org/10.1001/jamaoncol.2018.4640

8. Heerink WJ, de Bock GH, de Jonge GJ, Groen HJ, Vliegenthart R,
Oudkerk M (2017) Complication rates of CT-guided transthoracic
lung biopsy: meta-analysis. Eur Radiol 27(1):138-148

9. Wiener RS, Schwartz LM, Woloshin S, Welch HG (2011) Popu-
lation-based risk for complications after transthoracic needle lung
biopsy of a pulmonary nodule: an analysis of discharge records.
Ann Intern Med 155(3):137-144

10. Izbicki G, Shitrit D, Yarmolovsky A, Bendayan D, Miller G,
Fink G et al (2006) Is routine chest radiography after transbron-
chial biopsy necessary? A prospective study of 350 cases. Chest
129(6):1561-1564

11. Asano F, Aoe M, Ohsaki Y, Okada Y, Sasada S, Sato S et al (2012)
Deaths and complications associated with respiratory endoscopy:
a survey by the Japan Society for Respiratory Endoscopy in 2010.
Respirology 17(3):478—485

12. Tukey MH, Wiener RS (2012) Population-based estimates of
transbronchial lung biopsy utilization and complications. Respir
Med 106(11):1559-1565

13. Huo J, Xu Y, Sheu T, Volk RJ, Shih YT (2019) Complication
rates and downstream medical costs associated with invasive
diagnostic procedures for lung abnormalities in the community
setting. JAMA Intern Med. https://doi.org/10.1001/jamaintern
med.2018.6277


https://doi.org/10.1001/jamaoncol.2018.4640
https://doi.org/10.1001/jamaoncol.2018.4640
https://doi.org/10.1001/jamainternmed.2018.6277
https://doi.org/10.1001/jamainternmed.2018.6277

Lung (2019) 197:593-599

599

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

National Lung Screening Trial Research Team, Aberle DR, Adams
AM, Berg CD, Black WC, Clapp JD et al (2011) Reduced lung-
cancer mortality with low-dose computed tomographic screening.
N Engl J Med 365(5), 395-409.

Liao BC, Bai YY, Lee JH, Lin CC, Lin SY, Lee YF et al (2018)
Outcomes of research biopsies in clinical trials of EGFR muta-
tion-positive non-small cell lung cancer patients pretreated
with EGFR-tyrosine kinase inhibitors. J Formos Med Assoc
117(4):326-331

Yoon HJ, Lee HY, Lee KS, Choi YL, Ahn MJ, Park K et al (2012)
Repeat biopsy for mutational analysis of non-small cell lung can-
cers resistant to previous chemotherapy: adequacy and complica-
tions. Radiology 265(3):939-948

Bach PB, Cramer LD, Schrag D, Downey RJ, Gelfand SE, Begg
CB (2001) The influence of hospital volume on survival after
resection for lung cancer. N Engl J Med 345(3):181-188

Onega T, Duell EJ, Shi X, Demidenko E, Goodman D (2009)
Determinants of NCI Cancer Center attendance in Medicare
patients with lung, breast, colorectal, or prostate cancer. J] Gen
Intern Med 24(2):205-210

Tsai J, Grosse SD, Grant AM, Reyes NL, Hooper WC, Atrash HK
(2012) Correlates of in-hospital deaths among hospitalizations
with pulmonary embolism: findings from the 2001-2008 National
Hospital Discharge Survey. PLoS ONE 7(7):34048

Wong CA, Jim MA, King J, Tom-Orme L, Henderson JA, Saraiya
M et al (2011) Impact of hysterectomy and bilateral oophorectomy
prevalence on rates of cervical, uterine, and ovarian cancer among
American Indian and Alaska Native women, 1999-2004. Cancer
Causes Control. 22(12):1681-1689

Memtsoudis SG, Besculides MC, Zellos L, Patil N, Rogers SO
(2006) Trends in lung surgery: United States 1988 to 2002. Chest
130(5):1462-1470

Gupta A, Tariq R, Frank RD, Jean GW, Beg MS, Pardi DS et al
(2017) Trends in the incidence and outcomes of hospitalized
cancer patients with clostridium difficile infection: a nationwide
analysis. J Natl Compr Canc Netw 15(4):466—472

Gupta A, Das A, Tariq R, Bhulani N, Premnath N, Solanky D
et al (2018) Trends in outcomes of patients with metastatic can-
cer undergoing intubation and mechanical ventilation: results of

Affiliations

24.

25.

26.

217.

28.

29.

30.

31.

32.

the national hospital discharge survey. J Natl Compr Canc Netw
16(3):286-292
https://www.qualityindicators.ahrq.gov/Modules/PSI_TechSpec.
aspx. Agency for healthcare research and quality: patient safety
indicators technical specifications. Last Accessed 3 Feb 2019
Vincent C, Aylin P, Franklin BD, Holmes A, Iskander S, Jacklin
A et al (2008) Is health care getting safer? BMJ 337:a2426
Downey JR, Hernandez-Boussard T, Banka G, Morton JM (2012)
Is patient safety improving? National trends in patient safety indi-
cators: 1998-2007. Health Serv Res 47(1 Pt 2):414-430
Levinson DR (2008) Adverse events in hospitals: an overview of
key issues. DHHS Publication No. OEI-06-07-00470. Office of
the Inspector General, Department of Health and Human Services,
Washington, DC

Nguyen MC, Moffatt-Bruce SD, Van Buren A, Gonsenhauser I,
Eiferman DS (2018) Daily review of AHRQ patient safety indica-
tors has important impact on value-based purchasing, reimburse-
ment, and performance scores. Surgery 163(3):542-546
Weissman JS, Lopez L, Schneider EC, Epstein AM, Lipsitz S,
Weingart SN (2014) The association of hospital quality ratings
with adverse events. Int J Qual Health Care 26(2):129-135
Sukumar S, Roghmann F, Trinh VQ, Sammon JD, Gervais MK,
Tan HJ et al (2013) National trends in hospital-acquired prevent-
able adverse events after major cancer surgery in the USA. BMJ
Open 3(6):002843

Narain W (2017) Assessing estimates of patient safety derived
from coded data. J Healthc Qual. 39(4):230-242

U.S. Department of Health and Human Services CfDCaPaNCI
(1999-2016) United States cancer statistics: data visualizations.
changes over time: lung and bronchus U.S. Cancer Statistics Data
Visualizations Tool, based on November 2018 submission data.
www.cdc.gov/cancer/dataviz

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Mitchell S. von Itzstein' - Arjun Gupta'® . Kristin C. Mara? - Sahil Khanna® - David E. Gerber™*>7

Department of Internal Medicine, UT Southwestern Medical
Center, Dallas, USA

Department of Health Sciences Research, Mayo Clinic,
Rochester, MN, USA

Division of Gastroenterology, Mayo Clinic, Rochester, MN,
USA

Department of Population & Data Sciences, UT
Southwestern Medical Center, Dallas, USA

Harold C. Simmons Comprehensive Cancer Center, UT
Southwestern Medical Center, Dallas, TX 75390-9093, USA

Present Address: Sidney Kimmel Comprehensive Cancer
Center, Johns Hopkins University School of Medicine,
Baltimore, USA

Division of Hematology-Oncology, Harold C. Simmons
Comprehensive Cancer Center, University of Texas
Southwestern Medical Center, 5323 Harry Hines Blvd., Mail
Code 8852, Dallas, TX 75390-8852, USA

@ Springer


https://www.qualityindicators.ahrq.gov/Modules/PSI_TechSpec.aspx
https://www.qualityindicators.ahrq.gov/Modules/PSI_TechSpec.aspx
http://www.cdc.gov/cancer/dataviz
http://orcid.org/0000-0002-7812-6741

	Increasing Numbers and Reported Adverse Events in Patients with Lung Cancer Undergoing Inpatient Lung Biopsies: A Population-Based Analysis
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data Source
	Data Collection
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




