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Abstract
Purpose: Image-guided transthoracic needle biopsy (IGTTNB)
is an important tool in the diagnosis of patients with cancer.
Common complications include pneumothorax and chest tube
placement, with rates ranging from 6% to 57%. We performed a
population-based study to determine patterns of use, complica-
tions, and costs associated with IGTTNB.

Methods: The Premier Perspective database was used to
identify patients with cancer with � one claim for IGTTNB from
2006 to 2012. Patients were stratified on the basis of inpatient
versus outpatient setting. Pneumothorax was defined by a new
claim within 1 month of IGTTNB; hospitalization and chest tube
placement rates were analyzed. Multivariable analysis was used
to identify factors associated with pneumothorax.

Results: We Identified 79,518 patients with cancer who un-
derwent IGTTNB: 42,955 (54.0%) outpatients and 36,563

(46.0%) inpatients. Of patients who underwent outpatient
IGTTNB, 5,261 (12.2%) developed a pneumothorax. Of those,
1,006 (19.1%, 2.3% of total) were hospitalized, and 180
(3.4%, 0.42% of total) required chest tubes. Pneumothorax
after outpatient IGTTNB was associated with number of co-
morbidities, rural site, hospital bed size of more than 600, and
biopsy of parenchymal as opposed to pleural lesions. Of pa-
tients who underwent inpatient IGTTNB, 7,830 (21.4%) devel-
oped a pneumothorax, and 2,894 (36.0%, 7.9% of total)
required chest tube. Over time, total IGTTNB volume in-
creased by 40.6%, and mean outpatient cost per procedure
increased by 24.4%.

Conclusion: While pneumothorax was frequent in outpatients,
rates of hospitalization and chest tube placement were low. As
screening for lung cancer increases, we anticipate an increased
need for IGTNBB. Patients can be reassured by the low rate of
serious complications.

Introduction
Image-guided transthoracic needle biopsy (IGTTNB) is a com-
mon procedure used to diagnose the nature of pulmonary nod-
ules.1,2 IGTTNB can be performed with a variety of guidance
modalities, including fluoroscopy, ultrasound, and computed
tomography (CT).3-8 CT-guided biopsies have become the
most popular imaging modality in recent years, replacing fluo-
roscopy.2,7,9 IGTTNB also serves as an alternative to open lung
biopsy, which is associated with significant morbidity including
respiratory failure, postoperative bleeding, infection, continu-
ous air leakage, and cardiac complications, and requires hospital
admission.10 In a recent single-institution study that evaluated
the costs and complications of 149 patients who underwent
video-assisted thoracic surgery (VATS), a type of open lung
biopsy, after a diagnosis of lung cancer, the median hospital
length of stay (LOS) was 4 days, with a 30-day mortality rate of
0.7%, a morbidity rate of 37.6%, and a mean hospital cost of
$18,637 per patient.11

IGTTNB is considered to be a safe procedure; however,
complications that include pneumothorax, hemorrhage, and
systemic air embolism can occur.2,3 Previously published re-
ports have shown a wide variation in complication rates, with
rates of pneumothorax that vary from 8.2 to 56.6% and rates of
chest tube placement that vary from 5.8 to 53.2% among patients

who developed a pneumothorax.6,12-21 Predictors of pneumotho-
rax development from previous studies include age, location of
pulmonary nodules, baseline pulmonary function, needle size and
trajectory angle, and operator experience.6,9,12-16,19-21 However,
many of these previous studies of IGTTNB have had a small
sample size and evaluated cases from a single, and often high-
volume, institution. In previous studies, the median sample size
was 150 patients (range, 50 to 1,033) and often included a mix
of both inpatients and outpatients.6,9,13-21

The objectives of this study were to evaluate trends and
safety of IGTTNB in patients with an underlying cancer diag-
nosis using a large national hospital database.

Methods

Data Source
Data from the Perspective database (Premier, Charlotte, NC), a
voluntary, fee-supported database originally developed to mea-
sure resource use and quality of care, were used. Perspective
contains a representative sample of more than 500 acute-care
hospitals throughout the United States that contribute data on
inpatient hospital admissions and outpatient procedures, in-
cluding patient demographics, disease characteristics, and pro-
cedures performed; the database also collects information about
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all billed services rendered during a patient’s hospital stay. Hos-
pitals within this database are predominantly small to midsize
(78% with � 400 beds, 15% with 400 to 600 beds, and 7%
with � 600 beds), geographically diverse (13% located in the
Northeast, 25% in the Midwest, 42% in the South, 20% in the
West), nonteaching facilities (74% nonteaching) that serve a
largely urban population (74% urban location). Data in Per-
spective undergo a rigorous quality control process and have
been used in several outcome studies.22-28

Patient Selection
We analyzed patients with a cancer diagnosis (International
Classification of Diseases, Ninth Revision [ICD-9] codes 140
to 208) who had one or more transthoracic biopsy procedures
(ICD-9 codes 34.24, 33.26, or text code for percutaneous bi-
opsy of thorax, lung, pleura, and mediastinum) from 2006 to
2012. Patients were stratified on the basis of their biopsy setting
(inpatient v outpatient).

Clinical and Demographic Characteristics
Demographic data analyzed included age, race (white, black, or
other), marital status (married, single, unknown), insurance
status (Medicare, Medicaid, commercial, uninsured, or un-
known), and year of admission. Tumor characteristics included
tumor site (lung [ICD-9 code 162 only], nonlung [ICD-9
codes 140 to 161 or 163 to 208], or combination [ICD-9 codes
162 plus 140 to 161 or 163 to 208]) and site of biopsy (paren-
chymal or pleural). The hospitals at which patients were treated
were characterized by location (urban, rural), teaching status
(yes, no), size (� 400 beds, 400 to 600 beds, � 600 beds) and
region of the country (northeast, midwest, south and west).
Risk adjustment for comorbid conditions was performed using
the Elixhauser comorbidity score.29,30

Main Outcome Measures
The primary end point of the study was development of pneu-
mothorax (ICD-9 code 512) within 1 month after IGTTNB.
Secondary outcomes included hospitalization within 1 month
of pneumothorax development and chest tube placement dur-
ing the same hospitalization as pneumothorax (Current Proce-
dural Terminology [CPT] codes 32019, 32020 from 2006 to
2008 and 32550, 32551 from 2008-2012). Use of claims data
to identify procedures, interventions, and postprocedural com-
plications is a common methodology in studies using adminis-
trative data. Use of ICD-9 and CPT codes to identify
interventions and postprocedural complications has a positive
predictive value of approximately 75% to 100% (using the
SEER-Medicare database).31 A 1-month time frame was chosen
to capture the majority of postprocedural complications, as the
Perspective database reports diagnoses and procedure dates in a
month/year format rather than actual date of occurrence. In
addition, LOS and average hospitalization cost after a pneumo-
thorax were compared between those who received their biopsy
in the outpatient setting, those who received their biopsy in the
inpatient setting and remained hospitalized for pneumothorax,
and those who received their biopsy in the inpatient setting and

were rehospitalized after a pneumothorax diagnosis. Other fac-
tors evaluated were frequency of type of IGTTNB by imaging
modality as assessed by ICD-9 and CPT codes; number of
claims for IGTTNB by year; mean outpatient cost of IGTTNB
by year; total cost of IGTTNB by year (calculated by multiply-
ing total number of claims by mean outpatient cost for
IGTTNB); and rates of other complications including air em-
bolism, hemorrhage; and hemoptysis determined by ICD-9
codes. Costs were captured as actual patient costs, consisting of
direct patients costs that included supplies, labor, and equip-
ment, plus fixed costs such as overhead.

Statistical Analysis
The exposure variable was IGTTNB. The outcome variables
were development of pneumothorax within 1 month of
IGTTNB, hospitalization within 1 month of IGTTNB, chest
tube placement after pneumothorax development, hospital
LOS, and hospital costs. Covariates were included that are
known to be related to quality of care or were significant in an
unadjusted analysis. Models included age, race, marital status,
insurance status, tumor and biopsy site, hospital location, hos-
pital teaching status, hospital bed size, hospital region, and
patient comorbidity score. Frequency distributions between
categorical variables were compared using the �2 test. We used
multivariable logistic regression models that included patient,
hospital, and tumor characteristics to determine factors as-
sociated with pneumothorax after IGTTNB. In addition, we
evaluated factors associated with complications from a pneu-
mothorax after IGTTNB. Results are reported with odds ratios
(ORs) and 95% CIs. Totals costs were bundled by admission in
order to determine costs related to IGTTNB procedures, and
no other aspects of the hospital admission, only outpatient pro-
cedures, were considered. To calculate total costs of IGTTNB,
total claims for IGTTNB (both inpatient and outpatient) were
multiplied by outpatient mean cost by year. All analyses were
performed with SAS version 9.2 (SAS Institute, Inc, Cary, NC).

Results
We identified 79,518 people with a diagnosis of cancer who
underwent IGTTNB, and of these, 42,955 (54.0%) underwent
IGTTNB as an outpatient and 36,563 (46.0%) underwent
IGTTNB as an inpatient. Nineteen thousand eight hundred
sixty patients (25.0%) had a single cancer diagnosis (77.9%
with lung cancer, 5.8% with lymphoma, 1.3% with breast can-
cer, 15.0% with other cancers) and 59,658 (75%) had more
than one cancer diagnosis (68.3% lung cancer, 2.7% lym-
phoma, 1.6% breast cancer, 1.0% colon cancer, and 26.4%
with other cancers). Clinical and demographic characteristics of
the entire cohort and subcohorts are displayed in Table 1. CT
scan was used in 96.4% of cases, ultrasound in 2.89% of cases,
fluoroscopy in 0.67% of cases, and x-ray in 0.02% of cases.

In a multivariable model (Table 1), compared with patients
who underwent IGTTNB as an inpatient, outpatients were
more likely to have advanced age, age 60 to 69 (OR � 1.14;
95% CI, 1.08 to 1.21), age 70 to 79 (OR � 1.19; 95% CI, 1.12
to 1.26), and age � 80 (OR � 1.07, 95% CI, 1.00 to 1.13)
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Table 1. Characteristics Associated With Outpatient Versus Inpatient IGTTNB From 2006 to 2012

Total
IGTTNB

Outpatient
IGTTNB

Inpatient
IGTTNB

Characteristic No. % No. % No. % OR* 95% CI P

Total no. 79,518 100 42,955 54 36,563 46

Age, years

� 40 1,203 1.5 498 1.2 705 1.9 0.92 0.80 to 1.06 .242

40-49 3,526 4.4 1,718 4.0 1,808 5.0 1.10 1.01 to 1.19 .029

50-59 11,289 14.2 5,610 13.1 5,679 15.5 Reference

60-69 21,752 27.4 11,997 27.9 9,755 26.7 1.14 1.08 to 1.21 � .001

70-79 26,231 33.1 14,822 34.5 11,499 31.4 1.19 1.12 to 1.26 � .001

� 80 15,427 19.4 8,310 19.3 7,117 19.5 1.07 1.00 to 1.13 .047

Year of IGTTNB 1.10 1.10 to 1.12 � .001

2006 9,523 12.0 3,931 9.2 5,592 15.3

2007 9,693 12.2 4,370 10.2 5,323 14.6

2008 9,894 12.4 5,203 12.1 4,691 12.8

2009 10,927 13.7 6,117 14.2 4,810 13.2

2010 12,361 15.5 7,209 16.8 5,152 14.1

2011 13,768 17.3 8,098 18.9 5,670 15.5

2012 13,352 16.8 8,027 18.7 5,325 14.6

Race

White 58,188 73.2 32,899 76.6 25,289 69.2 Reference

Black 7,865 9.9 3,084 7.2 4,781 13.1 0.62 0.59 to 0.66 � .001

Other 13,465 16.9 6,972 16.2 6,493 17.8 0.83 0.80 to 0.87 � .001

Marital status

Married 37,510 47.2 22,013 51.2 15,497 42.4 Reference

Single 33,061 41.6 16,324 38.0 16,737 45.8 0.73 0.71 to 0.76 � .001

Unknown 8,947 11.3 4,618 10.8 4,329 11.8 0.84 0.80 to 0.89 � .001

Insurance status

Medicare 52,739 66.3 28,861 67.2 23,878 65.3 Reference

Medicaid 4,661 5.9 1,628 3.8 3,033 8.3 0.56 0.52 to 0.60 � .001

Commercial 17,855 22.4 10,446 24.3 7,398 20.2 1.35 1.28 to 1.41 � .001

Uninsured 2,824 3.6 1,245 2.9 1,579 4.3 0.71 0.65 to 0.77 � .001

Unknown 1,450 1.8 775 1.8 675 1.8 0.96 0.86 to 1.08 .479

Hospital location

Urban 69,175 87.0 36,421 84.8 32,754 89.6 Reference

Rural 10,343 13.0 6,534 15.2 3,809 10.4 1.30 1.24 to 1.36 � .001

Elixhauser comorbidity score 0.97 0.97 to 0.98 � .001

0-4 17,951 22.6 12,345 28.7 5,606 15.3

5-8 24,958 31.4 12,289 28.6 12,669 34.6

9-12 17,743 12.6 8,786 20.5 8,957 24.5

13-16 9,980 12.6 5,000 11.6 4,980 13.6

� 17 8,886 11.2 4,535 10.6 4,351 11.9

Teaching hospital

No 52,311 65.8 30,293 70.5 22,018 60.2 Reference

Yes 27,207 34.2 12,662 29.5 14,545 39.8 0.74 0.72 to 0.77 � .001

Bed size

� 400 40,823 51.3 22,868 53.2 17,955 59.1 Reference

400-600 24,135 30.4 12,846 29.9 11,289 30.9 1.10 1.06 to 1.14 � .001

� 600 14,560 18.3 7,241 16.9 7,319 20.0 1.12 1.07 to 1.17 � .001

continued on next page
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compared with those age 50 to 69; more likely to have commer-
cial insurance (OR � 1.35; 95% CI, 1.28 to 1.41) compared
with Medicare insurance; more likely to have IGTTNB at a
rural location (OR � 1.30; 95% CI, 1.24 to 1.36); and more
likely to undergo parenchymal biopsy (OR � 7.62; 95% CI,
6.94 to 8.36) compared with pleural biopsy. Patients who un-
derwent outpatient IGTTNB were less likely to be of black race
(OR � 0.62; 95% CI, 0.59 to 0.66) compared with white race,
to have single marital status (OR � 0.73; 95% CI, 0.71 to
0.76), have Medicaid insurance (OR � 0.56; 95% CI, 0.52 to
0.60) or be uninsured (OR � 0.71; 95% CI, 0.65 to 0.77)
compared with Medicare insurance, and have a combination of
lung and other cancer (OR � 0.65; 95% CI, 0.63 to 0.67) or
nonlung cancer diagnosis (OR � 0.60; 95% CI, 0.57 to 0.63)
compared with those with only lung cancer.

Of the entire cohort, 13,091 (16.5%) developed a pneumo-
thorax within 1 month of IGTTNB; 3,074 of these patients
(23.5% with pneumothorax, 3.9% of the total) had a chest tube
placed. There were seven patients (0.01%) who developed an
air embolism, 197 patients (0.2%) with hemorrhage, and 1,852
patients with hemoptysis (2.3%) within 1 month of IGTTNB
(Figure 1).

Of the 42,955 patients who underwent IGTTNB as an out-
patient, 5,261 (12.2%) developed a pneumothorax within 1
month of their procedure; 1,006 of these patients (19.1% with
pneumothorax, 2.3% of the total) were hospitalized, and 180
(17.9% of those hospitalized, 3.4% with pneumothorax, and
0.42% of the total) had a chest tube placed. In a multivariable
model of patients who underwent IGTTNB as an outpatient
(Table 2), pneumothorax development was less likely in pa-
tients who were black (OR � 0.71, 95% CI, 0.63 to 0.81)
compared to those who were white, had a diagnosis of combi-
nation of lung and other cancer (OR � 0.86; 95% CI, 0.81 to
0.92) or a diagnosis of nonlung cancer (OR � 0.68; 95% CI,
0.62 to 0.76) compared to those with only lung cancer. Pneu-

mothorax development was significantly more likely to occur in
patients at rural sites (OR � 1.41; 95% CI, 1.30 to 1.52), at
hospitals more than 600 beds (OR � 1.16; 95% CI, 1.06 to
1.27), and parenchymal location of biopsy (OR � 3.43; 95%
CI, 2.19 to 5.38) compared with pleural location of biopsy.

Of the 36,563 patients who underwent IGTTNB as an in-
patient, 7,830 (21.4%) developed a pneumothorax within 1
month. Of these, 7,409 (94.6% with pneumothorax) were hos-
pitalized under the same admission for IGTTNB, 335 (4.3%)
were hospitalized under a separate admission from IGTTNB,
and 86 (1.1%) were treated as outpatients. Two thousand eight
hundred ninety-four (36.0% with pneumothorax and 7.9% of
total) had a chest tube placed (Figure 1C).

Patients hospitalized within 1 month of outpatient
IGTTNB for pneumothorax had a median LOS of 6 days
(IQR, 4 to 9 days), and a median cost of $9,942 (IQR, $4,819
to $22,145). Patients who developed pneumothorax during the
same admission as inpatient IGTTNB had a median LOS of 6
days (IQR, 3 to 11 days), and median cost of $8,908 (IQR,

Table 1. (Continued)

Total
IGTTNB

Outpatient
IGTTNB

Inpatient
IGTTNB

Characteristic No. % No. % No. % OR* 95% CI P

Region

Northeast 9,953 12.4 3,472 8.0 6,381 17.5 Reference

Midwest 17,055 21.4 9,777 22.8 7,278 19.9 2.2 2.08 to 2.33 � .001

South 36,937 46.5 20,011 46.6 16,926 46.3 1.92 1.82 to 2.02 � .001

West 15,673 19.7 9,695 22.6 5,978 16.3 2.59 2.45 to 2.75 � .001

Tumor site

Lung 32,290 40.6 20,456 47.6 11,834 32.4 Reference

Combination 34,253 43.1 16,711 38.9 17,542 48.0 0.65 0.63 to 0.67 � .001

Non-lung 12,975 16.3 5,788 13.5 7,187 19.6 0.60 0.57 to 0.63 � .001

Biopsy site

Pleura 4,423 5.6 549 1.3 3,874 10.6 Reference

Parenchymal 74,693 93.9 42,390 98.7 32,303 88.3 7.62 6.94 to 8.36 � .001

Not specified 402 0.5 16 0.04 386 1.1

Abbreviation: IGTTNB, image-guided transthoracic needle biopsy; OR, odds ratio.
* Odds ratios were derived from multivariable analysis evaluating factors associated with outpatient IGTTNB, and models were adjusted for all other factors listed in the table.
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Inpatient
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Figure 1. Complication rates in patients with cancer undergoing im-
age-guided transthoracic needle biopsy from 2006 to 2012 (N �
79,518). (*) � 0.01%.
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Table 2. Multivariable Analysis of Predictors of Pneumothorax Development in Patients With Cancer After Outpatient IGTTNB

Total Pneumothorax No Pneumothorax

Variable No. % No. % No. % OR* 95% CI P

Total no. 42,955 54.0 5,261 12.2 37,694 87.8

Age, years

� 40 498 1.16 37 7.4 461 92.6 0.76 0.54 to 1.08 .126

40-49 1,718 4.0 166 9.4 1,552 90.4 0.88 0.73 to 1.05 .147

50-59 5,610 13.1 647 11.5 4,963 88.5 Reference

60-69 11,997 27.9 1,517 12.6 10,480 87.4 1.05 0.95 to 1.17 .343

70-79 14,822 34.5 1,903 12.8 12,919 87.2 1.04 0.93 to 1.18 .510

� 80 8,310 19.4 991 11.9 7,319 88.1 0.96 0.85 to 1.09 .511

Year of IGTTNB 0.998 0.98 to 1.01 .765

Race

White 32,899 76.6 4,220 12.8 28,679 87.2 Reference

Black 3,084 7.2 276 9.0 2,808 91.0 0.71 0.63 to 0.81 � .001

Other 6,972 16.2 765 11.0 6,207 89.0 0.82 0.75 to 0.90 � .001

Marital status

Married 22,013 51.3 2,808 12.8 19.205 87.2

Single 16,324 38.0 1,878 11.5 14,446 88.5 0.91 0.85 to 0.97 .003

Unknown 4,573 10.7 567 12.4 4,005 87.58 1.08 0.97 to 1.20 .151

Insurance status

Medicare 28,861 67.2 3628 12.6 25,233 87.4 Reference

Medicaid 1,628 3.8 173 10.6 1,455 89.4 0.95 0.80 to 1.13 .545

Commercial 10,446 24.3 1231 11.8 9,215 88.2 1.01 0.92 to 1.1 .849

Uninsured 1,245 2.9 135 10.8 1,110 89.2 0.94 0.77 to 1.14 .535

Unknown 775 1.8 94 12.1 681 87.9 0.99 0.79 to 1.24 .913

Hospital location

Urban 36,421 84.8 4,227 11.6 32,194 88.4 Reference

Rural 6,534 15.2 1,034 15.8 5,500 84.2 1.41 1.30 to 1.52 � .001

Elixhauser comorbidity score 1.01 1.01 to 1.02 � .001

Teaching hospital

No 30,293 70.5 3,796 12.5 26,497 87.5 Reference

Yes 12,662 29.5 1,465 11.6 11,197 88.4 0.95 0.89 to 1.03 .197

Bed size

� 400 22,868 53.2 2,862 12.5 20,006 87.5 Reference

400-600 12,846 29.9 1,501 11.7 11,345 88.3 1.02 0.95 to 1.10 .585

� 600 7241 16.9 898 12.4 6,343 87.6 1.16 1.06 to 1.27 .001

Region

Northeast 3472 8.0 344 9.9 3,128 90.1 Reference

Midwest 9777 22.8 1,244 12.7 8,533 87.3 1.28 1.13 to 1.46 � .001

South 20,011 46.6 2,423 12.1 17,588 87.9 1.18 1.04 to 1.33 .01

West 9695 22.6 1,250 12.9 8,445 87.1 1.36 1.20 to 1.56 � .001

Tumor site

Lung 20,456 47.6 2,695 13.2 17,761 86.8 Reference

Combination 16,711 38.9 2,036 12.2 14,675 87.8 0.86 0.81 to 0.92 � .001

Non-lung 5,788 13.5 530 9.2 5,258 90.8 0.68 0.62 to 0.76 � .001

Biopsy site

Pleura 549 1.3 20 3.6 529 96.4 Reference

Parenchymal 42,390 98.7 5,239 12.4 37,151 87.6 3.43 2.19 to 5.38 � .001

Abbreviation: IGTTNB, image-guided transthoracic needle biopsy; OR, odds ratio.
* Odds ratios were derived from multivariable analysis, and models were adjusted for all other factors listed in the table.
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$4,440 to $18,279). Patients hospitalized within 1 month of
inpatient IGTTNB for pneumothorax had a median LOS of 7
days (IQR, 4 to 12 days), and median cost of $15,569 (IQR,
$6,785 to $30,352).

Over time, total IGTTNB claims increased by 40.6%, from
22,756 in 2006 to 31,998 in 2012. Mean outpatient IGTNNB
cost per procedure increased by 24.4%, from $1,243 in 2006 to
$1,545 in 2012. Total IGTTNB costs increased by 74.9%,
from $28,276,933 in 2006 to $49,447,945 in 2012 (Figure 2).

Discussion
We found that IGTTNB use has increased substantially over
time in patients with cancer. Unlike prior studies that found
pneumothorax rates of up to 56%, in this large national hospital
database, we found pneumothorax rates of 12.2% of the total
outpatient population. Reassuringly, only 2.3% were hospital-
ized within 1 month after the procedure, and only 0.42% re-
quired chest tube placement. Rates of pneumothorax and chest
tube placement were substantially lower in patients who under-
went outpatient versus inpatient IGTTNB, which likely repre-
sents selection of healthier patients who underwent outpatient
IGTTNB. For patients who underwent outpatient IGTTNB
and were subsequently hospitalized after a pneumothorax, me-
dian LOS was short. Volume of IGTTNB increased by 40.6%
from 2006 to 2012; however, the mean outpatient cost per
procedure of IGTTNB increased minimally ($303) in the same
time frame.

Compared with previously reported studies, rates of pneu-
mothorax and chest tube placement were lower. Pneumothorax
rates previously reported ranged from 8.2%14 to 56.6%,18 rates
of subsequent chest tube placement ranged from 5.8%13 to
44.4%17 of patients who developed a pneumothorax and
1.0%14 to 18.5%6 of the total population undergoing IGTTNB.
Predictors of pneumothorax development from previous stud-
ies included biopsy location,6,13,15,16,19 needle size,13,21 and
pulmonary function.16,19 Our study included data from more
than 500 hospitals representing 79,518 patients, whereas pre-
vious studies were single-institution analyses. We found that
parenchymal biopsies were associated with higher rates of pneu-
mothorax development, which was also noted by Larscheidet al
in their study,6 which demonstrated a four-fold increased risk of
pneumothorax after parenchymal biopsy.

Patients who underwent outpatient IGTTNB at hospitals
located outside metropolitan areas had an increased risk of post-
procedure pneumothorax (OR � 1.41). Approximately 20% of
the US population lives in rural areas.32 Markin et al33 recently
examined trends in oncologic surgery performed in rural hos-
pitals from 1998 to 2009 and found that at these institutions,
the proportion of oncologic surgeries has decreased from 12%
in 1998% to 6% in 2009. Multivariable analysis demonstrated
that patients who underwent complex cancer surgery had worse
inpatient mortality at rural hospitals compared with urban hos-
pitals (OR � 2.10; 95% CI, 1.67 to 2.64). It is not surprising
that outpatient radiologic procedures follow the same trends.

Interestingly, unlike other studies that have found increased
complications among racial minority patients,34-37 we found

that black patients were less likely to develop pneumothorax
compared with white patients. It is possible that selection bias
for the procedure may contribute to this finding. A recent pop-
ulation-based study of 17,378 patients with locally advanced
non–small-cell lung cancer found in multivariable analysis that
black patients were less likely to undergo surgical resection
compared with white patients (OR � 0.57; 95% CI, 0.51 to
0.65), although 5-year overall survival was significantly higher
in the group that received surgery (29% v 6.8%; P � .001). Of
patients who did have surgery, there was a trend toward in-
creased mortality in black patients compared with white pa-
tients (OR � 1.10; 95% CI, 1.00 to 1.22).38

In our cohort, patients with lung cancer had higher rates of
complications compared with patients with other cancer diag-
noses. Patients with lung cancer have a greater likelihood of
underlying pulmonary disease and decreased pulmonary re-
serve. It is estimated that 50% to 90% of patients with lung
cancer also carry a diagnosis for chronic obstructive pulmonary
disease (COPD). A matched cohort analysis found that smok-
ers diagnosed with lung cancer were 6 times more likely to have
COPD compared with smokers without lung cancer, along
with a statistically significant decrease in FEV1, FEV1% pre-
dicted, and FEV1/FVC.39 Another study of patients with early-
stage non–small-cell lung cancer found that COPD was
independently predictive of worse outcomes, including 5-year
overall survival and disease-free survival.40 A single-institution
retrospective review of outcomes of 704 patients undergoing
VATS found a low postoperative death rate at 1.3%; however,
all occurred in patients with primary lung cancer, and of those
patients, 55% had underlying interstitial lung disease.41

Although our study benefits from the inclusion of a large
cohort of patients with cancer who underwent IGTNNB, we
recognize several important limitations. Given the inherent dif-
ferences in the inpatient and the outpatient population, includ-
ing increased comorbidities and complexities that may have
independently accounted for a proportion of complications not
directly related to IGTTNB, we were unable to compare pre-
dictors of pneumothorax between patients who had outpatient
IGTTNB and those who had inpatient IGTTNB. The Perspec-
tive database contains a large sample of patients throughout the
United States; however, the database has a relatively high pro-
portion of patients treated at small to midsize, nonteaching,
urban, and Southern facilities. As a result, our findings may not
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Figure 2. Trends in use and cost of image-guided transthoracic needle
biopsy in patients with cancer from 2006 to 2012.
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be generalizable to the entire US population. The Perspective
database also does not include data regarding household in-
come, education level, cancer stage, and distance from house-
hold to hospital, which may influence likelihood of undergoing
a IGTNNB. Perspectives reports dates of procedures and com-
plications in a month/year format, lacking the ability to provide
specific dates of post procedural complications like pneumo-
thorax or chest tube placement, so it is unknown the exact
timing of postprocedural complications. Although we defined
complications as claims within 1 month, we may have included
patients with complications from other causes. The use of ad-
ministrative data also limited our ability to obtain details of
underlying cancer diagnosis, including tumor characteristics
and stage; in the combination group, we were unable to deter-
mine how many patients had a nonlung cancer with lung me-
tastases versus two separate primary cancer diagnoses (including
one lung cancer).

In conclusion, in a large hospital-based sample, we have
found that the use of IGTTNB has increased substantially over
the past decade. Although the rate of pneumothorax was less
frequent than previously reported, we still found that approxi-
mately 12% of outpatient procedures were followed by a pneu-
mothorax. However, reassuringly, hospitalization or chest tube
placement resulting from this procedure was uncommon. De-
spite an increase in total volume, the price per procedure has
only increased modestly over time. With new guidelines from
the US Preventative Services Task Force recommending annual
low-dose CT screening for lung cancer in a select population,42

we anticipate an increased need for minimally invasive diagnos-

tic modalities for pulmonary nodules. Patients undergoing
IGTNBB can be reassured by the low rate of serious complica-
tions from this procedure.
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