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Abstract

Purpose Previous studies with small sample sizes have
shown a wide range of complication rates and no study has
investigated the yield of computed tomography-guided
transthoracic core needle biopsies (CTTCB) for coccid-
ioidomycosis. To better assess the safety, accuracy, and
risk factors for complications of CTTCB of pulmonary
nodules, we conducted a retrospective study at a high-
volume academic center in an endemic coccidioidomycosis
area.

Methods We conducted a retrospective study of 203
patients who underwent CTTCB of pulmonary nodules
between December 2010 and May 2013. We collected
demographics, clinical, and radiographic data. Each case
was reviewed for complications. Diagnostic accuracy was
assessed by comparing CTTCB with final diagnoses.
Results The overall complication rate was 25 %. Pneu-
mothorax accounted for 24 % of complications with 7 %
of pneumothoraces requiring chest tube. 1.5 % were
complicated by hemoptysis but none required blood
transfusions. There was an association between complica-
tions and age, presence of emphysema on CT, traversed
lung length, and lesion depth. The overall sensitivity of the
CTTCB for all types of lung cancer was 93 %, and
specificity of 100 %. The positive predictive value of
CTTCB for lung cancer was 100 %. The sensitivity and
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specificity of CTTCB for a coccidiomycosis lung nodule
was 83 % with a specificity of 100 % with a PPV of
100 %.

Conclusion Our study demonstrates that CTTCB is a
relatively safe method for evaluating lung nodules and
highly accurate in evaluating lung nodules due to coccid-
ioidomycosis in an endemic area. The primary risk factors
for complications from CTTCB are the presence of
emphysema on CT scan, lesion depth, and traversed lung
length.
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Introduction

With the advent of low-dose chest computerized tomo-
graphic (CT) screening, the number of solitary pulmonary
nodules (SPN) is likely to increase. Because of the
underlying risk for lung cancer, histological evaluation of
SPN is often required. While positron emission tomogra-
phy (PET)/CT is recommended for initially evaluating
moderate risk SPN [1], PET/CT may not be appropriate in
some endemic fungal areas because of high false positive
rates [2, 3]. Transthoracic needle biopsy of SPN has a
diagnostic yield of up to 97 % for malignancy [4]. Origi-
nally, transthoracic needle biopsies were performed using
single plane fluoroscopy and fine needle aspiration [5, 6].
In the last decade, more centers have been performing
computed tomography-guided transthoracic core needle
biopsies (CTTCB) [1, 7]. CTTCB is currently recom-
mended for peripheral SPN when clinical and imaging
findings are discordant or when a benign diagnosis that
requires specific medical treatment is suspected [1].
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CTTCB is generally a safe procedure with limited
morbidity and rare mortality [1, 7]. Pneumothorax
(15-34 % incidence) and hemoptysis (4-25 % incidence)
are the most common complications of CTTCBs [4, 8-19].
A recent, retrospective cross-sectional analysis reported a
pneumothorax rate of 24 % and hemorrhage rate of 1 %.
However, this study did not distinguish between core
needle biopsies and fine needle aspiration and was based on
discharge records and medical coding of complications
rather than review of individual patient records [8]. Diag-
nostic yield and complications may vary based on both the
patient population and the volume of procedures being
performed. Prior published series of CTTCB were limited
in that more than half of the studies included fewer than
200 procedures, many did not report risk factors for com-
plications, and none were performed in an endemic area for
coccidioidomycosis [4, 8—19].

Our study was designed to evaluate complications and
diagnostic yield of CTTCB in a high-volume center in a
coccidioidomycosis endemic region. Because of the false
positive rates in PET/CT for granulomatous infections and
coccidioidomycosis specifically, we commonly perform
CCTTB in our patients with peripheral SPN. Our center is
among the top 10 % of institutions in the state of California
and top 26 % in the United States of America in annual
number of CTTCBs performed [8]. This is the first study to
specifically address complication rates and diagnostic yield
for CCTTB in an area endemic for coccidioidomycosis.

Methods

We conducted a retrospective study of transthoracic needle
biopsies for lung nodules performed at Community Medi-
cal Centers (CMC) in Fresno, CA. The study was reviewed
and approved by the CMC Institutional Review Board
(Approval #: 2011075).

Patients

We reviewed medical records of all patients seen in a multi-
disciplinary lung nodule program who underwent CTTCBs
between December 2010 and May 2013. The decision to
perform a CTTCB was made by consensus of a multidisci-
plinary team consisting of radiologist, pulmonologist, oncol-
ogist, and thoracic surgery based on clinical and radiographic
characteristics. We identified 203 patients with biopsy proven
malignancy or proven or probable coccidioidomycosis. A final
diagnosis for cancer was made on histological grounds. Pro-
ven coccidioidomycosis was defined as positive cultures for
Coccidioides or by morphologic identification of Coccidioides
from pulmonary samples. Probable coccidioidomycosis was
diagnosed based on finding granulomatous inflammation on
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the biopsy and a clinical course compatible with coccid-
ioidomycosis including radiographic stability, improvement,
or resolution over a two-year period.

Procedure

All biopsies were performed by board-certified radiologists
using a commercially available helical multidetector-row
CT scanner.

The biopsies were performed using a coaxial technique
with an outer 17-19-gage thin-wall coaxial introducer
needle 10-20 cm long. Core biopsies were performed with
an 18-20-gage automated cutting needle biopsy gun
(Temno systems; Cardinal Health; Dublin, OH) through the
introducer needle. Needle positioning was confirmed using
CT fluoroscopy. Patients were monitored for 2 h after the
biopsy, and pneumothorax was documented on an imme-
diate post-biopsy CT and on an upright postero-anterior
expiratory chest radiograph obtained 1 h after biopsy.
Symptomatic or expanding pneumothoraces were treated
with nasal oxygen and thoracostomy tube insertion and
some were admitted for observation. In addition, any
hemorrhages resulting in hemoptysis and/or requiring
blood transfusions were recorded.

Definitions and Selection of Study Variables

Data were abstracted by trained staff using a standardized
approach. Data abstracted included age, gender, history of
chronic lung disease (CLD), tobacco use, nodule size,
nodule location, body mass index (BMI), and emphysema
seen on CT scan, length of lung parenchyma traversed, and
lesion depth of each patient. Pneumothoraces were cate-
gorized as either requiring treatment with thoracostomy
tube or not requiring treatment. Hemorrhage was catego-
rized as patients who developed hemoptysis or required
blood transfusions. History of CLD was defined as asthma
or chronic obstructive pulmonary disease (COPD) based on
patient history. Tobacco use was categorized as current
smoker, ex-smoker, or never smoker. Emphysema was
defined as emphysematous on CT and nodule size and
location were abstracted from radiologist’s report. The
length of lung parenchyma traversed was defined as the
distance from the pleural puncture site to the nearest edge
of the lesion. The lesion depth was defined as the distance
from the skin puncture site to the nearest edge of the lesion
on CT images. These measurements were made from the
biopsy images captured at the time of the procedure.

Statistical Analysis

Frequency distributions were prepared and examined on all
variables and data were carefully reviewed for statistical
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outliers. Cross tabulations were completed to assess the
correlation between CLD, gender, nodule location, tobacco
history, and the occurrence of complications. To assess
associations among categorical variables, Pearson’s y> test
was used and Student’s ¢ test was used to compare means
of different groups. Logistic regression analysis was per-
formed to evaluate associations between traversed lung
length or depth of lesion and the occurrence of complica-
tions. A receiver operating characteristic (ROC) analysis
was conducted to determine that point of traversed distance
which produced the highest sensitivity for avoiding com-
plications. All statistical analyses were performed using
IBM/SPSS software, version 21.0 (SSPS, Chicago, IL,
USA). Two-sided tests were used, and a p value < 0.05
was considered statistically significant.

Results

We evaluated a total of 203 CTTCBs of which 164 (81 %)
nodules were malignant and 39 (19 %) were due to coc-
cidioidomycosis. The demographics of these patients are
shown in Table 1.

The overall complication rate was 25 % (51/203). The
most common complication was pneumothorax. Hemor-
rhage was uncommon and no patient required transfusion
(Table 2). Neither gender, BMI, tobacco history, history of
chronic lung disease, nodule size, nor nodule location was
associated with complications (Table 3).

Age was significantly associated with complications.
The average age for those with complications was 66 years
as compared to 60 years for those without complications
(p = 0.007), (Table 3).

Table 1 Patient demographics and medical history in 203 lung
nodule patients at Community Regional Medical Center, Fresno, CA,
2010-2013

Demographics N =203 (%)
History of chronic lung disease

Yes 73 (36)

No 130 (64)
Gender

M 100 (49)

F 103 (51)

Never smoker—=88 (43)
Former smoker—64 (32)
Active smoker—51 (25)

History of tobacco smoking

Mean age (years) £ SD 61.2 + 13.95
Malignant nodules 164 (81)
Coccidioidomycosis nodules 39 (19)

Table 2 Type of complication associated with CTTCB at Commu-
nity Regional Medical Center, Fresno, CA, 2010-2013

Complications N =203 (%) (95 % CI)

51-25 (0.22-0.34)
48-24 (0.18-0.30)
14-7 (0.04-0.11)

3-1.5 (0.02-0.06)
Hemorrhage requiring blood transfusion 0-0

All complications
Pneumothorax
Pneumothorax requiring chest tube

Hemorrhage

While a history of chronic lung disease was not asso-
ciated with complications, the presence of emphysema on
CT was significantly associated with complications.
While 17 % of all patients (35/203) had emphysema on
CT scan, 33 % of patients with complications had
emphysema on CT scan (p value < 0.01). The odds ratio
(OR) for complications with emphysema was 2.97 (95 %
CI 1.40-6.29).

The mean traversed lung length and lesion depth were
independently associated with pneumothorax and hemor-
rhage (Table 3). For patients with pneumothorax, the mean
lesion depth was 92.9 £ 28.2 mm as compared to 57.6 +
29.2 mm for those without a pneumothorax (p < 0.001),
and the mean traversed lung length was 28.9 + 18.6 mm
for those with pneumothorax compared with 21.1 £
19.2 mm for those without pneumothorax (p = 0.002). The
OR for a pneumothorax with increasing lesion depth (in
mm) was 1.03 per mm (95 % CI 1.021-1.044) and was 1.02
(95 % CI 1.004-1.036) for traversed lung length. For
patients with hemorrhage, the mean lesion depth was
95.5 £+ 27.1 mm as compared to 64.5 £ 32.6 mm for those
without hemorrhage (p < 0.001), and the traversed lung
length was 30.0 £ 20.6 mm as compared with 19.5 £
18.8 mm for those with and without hemorrhage (p =
0.003). The OR for hemorrhage with increasing lesion depth
(in mm) was 1.025 per mm (95 % CI 1.007-1.042) and was
1.02 (95 % CI 0.988-1.045) for traversed lung length. The
OR for any complication with increasing lesion depth (in
mm) was 1.04 per mm (95 % CI 1.028-1.052) and was
1.024 (95 % CI 1.008-1.041) for traversed lung length.

To evaluate this relationship further, we developed an
ROC curve for lesion depth and traversed lung length and
obtained inflection points from these curves. For lesion
depth, the area under the curve (AUC) was 0.69
(»p < 0.0001) and the inflection point was 68 mm (Fig. 1).
Patientts with lesion depth of >68 mm had an overall
complication rate of 61 % and those with <68 mm had a
complication rate 8 % (p < 0.001). For the traversed lung
length ROC, the AUC was 0.86 (p < 0.0001) and the
inflection point was 20.5 mm (Fig. 2). The overall com-
plication rate for traversed lung length >20.5 mm was
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Table 3 .Rélatlonshlp be.tween Variable Complications (N = 51) No complications (N = 152) p value
characteristics of the patient
populatiop and cpmplicatiqns at Mean age 66 + 12 60 + 14 0.007
Community Regional Medical
Center, Fresno, CA, 2010-2013 Male 29/100 (29 %) 71/100 (71 %) 0.06
Female 22/103 (21 %) 81/103 (79 %)
BMI < 25 26/82 (32 %) 56/82 (68) % 0.23
BMI 25-30 12/52 (24 %) 39/51 (76 %)
BMI > 30 13/69 (19 %) 57/70 (81 %)

Active tobacco smoker
Former tobacco smoker
Never tobacco smoker
History of chronic lung disease
Nodule size
Nodule location

RLL

RUL

LUL

LLL

RML
Emphysema on CT

Yes

No
Mean traversed lung length
Mean lesion depth

16/51 (31 %) 35/51 (69 %) 0.52
16/64 (25 %) 48/64 (75 %)
19/88 (29 %) 69/88 (78 %)
24/73 (29 %) 49/73 (71 %) 0.28
3.03 £ 2.27 cm 2.51 + 1.76 cm 0.09
0.60

12 (29 %) 30 (71 %)
19 (28 %) 49 (72 %)
9 (20 %) 35 (80 %)
5(16 %) 27 (84 %)
6 (35 %) 11 (65 %)

<0.01
17 (33 %) 18 (12 %)
34 (67 %) 134 (88 %)
29.04 + 4.9 mm 20.25 £ 4.2 mm <0.01
94.1 + 20.3 mm 55.0 &£ 19.6 mm 0.02

48 % compared to 18 % for traversed lung length
<20.5 mm (p < 0.001).

The overall sensitivity of the CT-guided biopsy for all
types of lung cancer was 93 %, with a specificity of 100 %.
The positive predictive value of a CTTCB for lung cancer
was to be 100 %. The sensitivity and specificity of CTTCB
for proven and probable coccidioidomycosis infectious
lung nodule was 83 % with a specificity of 100 % and a
PPV of 100 %. These results are based only on biopsies
with a histological diagnosis.

Discussion

With the increased use of chest CT and the advent of lung
cancer screening, the finding of pulmonary nodules is
likely to increase. Screening studies of smokers who are at
high risk of malignancy find that most nodules identified on
CT are benign, however, management of indeterminate
pulmonary nodules is a diagnostic challenge [20]. Patients
and clinicians must decide on the risk benefit for nodule
biopsy.

In the National Lung Screening Trial, 96 % of nodules
were false positive but 11 % of the positive results led to an
invasive study [20]. Current guidelines propose FDG-PET
for intermediate probability solitary pulmonary nodules
>8 mm. FDG-PET has been shown to differentiate benign
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from malignant lesions; however, infectious, inflammatory,
or granulomatous nodules can yield a false positive [21]. In
fact, in an endemic coccidioidomycosis area, FDG-PET
was positive in 86 % of coccidioidomycosis nodules with a
standardized uptake value (SUV) >2.5 in almost half [22].
These observations highlight the need to adapt guidelines
to local conditions and have led us to often use CTTCB.
Until the mid 1960s, most of the limited diagnostic
procedures for pulmonary nodules had such a low-specific
diagnostic yield that the clinician had essentially two
choices: recommend diagnostic thoracotomy, or observe
with repeated X-ray examinations [23]. In 1973, Zelch
et al. showed that needle aspiration biopsies for pulmonary
nodules with the use of fluoroscopy had a significantly
better diagnostic yield and was easier to perform than the
older bronchial brushing approach [24]. With the advent of
CT, fine needle aspiration became the most commonly used
method because it not only had a better diagnostic yield,
but also made it possible to biopsy smaller and previously
less accessible lesions with low complication rates [25].
Needle core biopsy techniques are now preferred to fine
needle aspiration for both benign and malignant diagnoses.
Core biopsies provide histologic architecture improving
our ability to identify benign diagnoses. In addition, larger
biopsy samples provide for additional immunohistochem-
ical and mutational analysis in malignancy. Larger core
biopsy samples also reduce the number of punctures
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required and have a higher diagnostic yield. The difference
in complication rates between core needle biopsy and fine
needle aspiration varies by studies [26].

Prior studies of transthoracic needle biopsies done in the
American Southwest were done with fluoroscopic guidance
and fine needle aspiration [6]. To our knowledge, our study
is the first study of CT-guided core biopsies in patients at
high risk for coccidioidomycosis. Our overall complication
rate was 25 %, similar to other large studies. Twenty-four
per cent of our patients had a pneumothorax but only 7 %
required chest tube, and 1 % had hemorrhage but none
required transfusion. This complication rate is similar to
other large studies, but significantly lower than small case
studies. [5, 11, 17, 18].

We evaluated predictors for complications from
CTTCB. Many clinical risks including gender, smoking
history, presence of chronic lung disease by history, nodule
size, and patient BMI were not associated with complica-
tions. However, age was an identified risk factor in our
population in contrast to prior studies [10, 11, 16, 17], and
may reflect the younger patients in our cohort with coc-
cidioidomycosis. While a history of chronic lung disease
was not associated with complications, we did find an

association between the presence of emphysema on CT
scan and complications with a 2-3-fold increase in com-
plications in patients with emphysema.

Unlike some earlier studies, we did not find an associ-
ation between nodule size or nodule location with com-
plications [4, 10-14, 16-18]. However, one novel finding
in our study was the non-linear relationship between lesion
depth from skin or from the pleura. Lesion depth is the sum
of two elements; depth of soft tissue to the pleura and
distance from the pleura to the lesion. Prior studies have
shown both to be associated with complications and our
study confirms that the increased lesion depth and lung
parenchyma traversed increases the risk of pneumothorax
and hemorrhage in patients undergoing CTTCB. In a linear
analysis of our data, we did find that a 4 % increase in
complications with each mm lesion depth and a 2.4 %
increase in complications for each mm increase in tra-
versed lung length. However, we felt it would be unlikely
that complications will be linear in their relationship to
lesion depth and traversed lung depth. To address this, we
analyzed the data using an ROC curve. This type of anal-
ysis allows us to improve our ability to identify the
threshold beyond which complication risk increases. We
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Fig. 2 Receiver operating 1.0
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found that a lesion depth >68 mm and traversed lung
length >20.5 mm defined points with a significant differ-
ence in complications. To our knowledge, this is the first
time that complications from CTTCB have been analyzed
in this way, and we feel is a more realistic method for
determining risk. Interestingly, using BMI as a surrogate
for soft tissue depth revealed no significant association
with complications.

Our study was performed in an endemic coccid-
ioidomycosis area and it is the first study to investigate
the accuracy of CTTCB in diagnosing pulmonary nodules
due to coccidioidomycosis. Prior studies employed the
use of needle aspiration biopsies and plain X-rays for
guidance [6, 27]. By comparing the histologic specimen
from CTTCB with the clinic diagnosis, we found sensi-
tivity to be 83 % with a specificity of 100 % and PPV of
100 %. We calculated the overall accuracy of CTTCB for
coccidioidomycosis by careful definition using pathology
and microbiology. We found that CTTCB is highly
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sensitive and specific for malignancy, consistent with
most studies [9, 10, 28]. The sensitivity and specificity
were calculated using only biopsies with a histological
diagnosis.

There were some limitations of our study. One is that
this is a retrospective study that depended on collection of
clinical data from the patient record. However, we have
standardized the collection of clinical risk factors for lung
cancer in our clinic, and we reviewed all of the CT scans to
confirm radiographic measurements. In addition, our
diagnostic accuracy for coccidioidomycosis was made by
positive cultures, identification of the organism on
pathology, or presence of granulomatous inflammation
with a consistent clinical course.

Our study demonstrates that CTTCB is a relatively safe
method for evaluating lung nodules in our endemic region.
The primary risk factors for complications from CTTCB
are the presence of emphysema on CT scan, lesion depth,
and traversed lung length. In addition, we demonstrate
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CTTCB is a relatively safe and highly accurate method of
evaluating lung nodules due to coccidioidomycosis in an
endemic area.
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