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Objectives:Upon completion of this article, the reader will be
able to identify the current role of percutaneous biopsy of
lung lesions in the evaluation of pulmonary nodules, as well
as describe the current technical advancements and limita-
tions of the technique.
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The objective of percutaneous chest biopsy is to consistent-
ly obtain the amount of tissue required to meet or exceed
published diagnostic accuracy rates. Past publications have
established standards for the histologic diagnosis of pulmo-
nary nodules deemed large and dense enough to qualify for
percutaneous sampling.Many recent publications have reeval-
uated the subject of chest biopsy to assess borderline or
controversial indications such as very small lesions, ground-
glass opacities, and cases with a past nondiagnostic percuta-
neous biopsy, particularly in the context of the perceived
advantages of computed tomography (CT) fluoroscopy and
on-site cytopathologists. In addition, publications have re-

viewed sample adequacy for the accurate determination of
molecular markers. Molecular markers for both neoplastic and
nonneoplastic disease processes show great promise in deter-
mining diagnosis, disease progression, and choice of therapy,
and therefore the detection of a variety of markers in multiple
organ systems is the subject of ongoing research. Genetic
molecular markers determined from percutaneous biopsy
specimens of lung adenocarcinoma have emerged as key
components in the stratification of patients for the application
of now-standard treatment strategies. Targeting one’s individ-
ual disease type based on the findings of direct tissue analysis
promises improved clinical outcomes via a more tailored
treatment approach. These new indications promise to expand
the numbers of biopsy procedures performed by radiologists.

Diagnostic Accuracy Rates: High Standards

Historically, diagnostic accuracy rates for imaging-guided
percutaneous fine-needle aspiration (FNA) of pulmonary
malignancy were reported to be as high as 94%.1 Over the
years, a wide range of published diagnostic accuracy rates
have emerged, likely secondary to variability in patient
cohorts, definitions of lesions amenable to percutaneous
sampling, operator experience, the presence of comorbidities,
and variable cytopathology support. However, more recently,
large quality studies have reinforced existing high standards
for diagnostic accuracy in the routine performance of chest
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Abstract The objective of percutaneous chest biopsy is to consistently reach the amount of tissue
required to meet or exceed published diagnostic accuracy rates. Many recent pub-
lications have reevaluated the subject of chest biopsy to assess borderline or controver-
sial indications such as very small lesions, ground-glass opacities, and cases with a past
nondiagnostic percutaneous biopsy. In addition, publications have reviewed sample
adequacy for the accurate determination of molecular markers. These new indications
promise to expand the numbers of biopsy procedures performed by radiologists. This
article discusses the current role of image-guided percutaneous lung biopsies in the
management of patients with pulmonary malignancies.
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biopsy. In 2006, Gong et al published a large retrospective
study comparing the diagnostic accuracy of FNA (n ¼ 362)
with core needle biopsy (n ¼ 350) performed in the same
patients.2 FNA was performed via a 20- or 22-gauge aspira-
tion needle with two to three passes through an 18-gauge
introducer needle, the number of passes depending on ade-
quacy assessment of smears by an on-site cytopathologist.
Core needle biopsy was performed using a 20-guage core
biopsy gun with two to four passes through an introducer
needle depending on adequacy assessment of touch preps by
an on-site cytopathologist. This technique has become stan-
dard among many authors and institutions. Diagnostic accu-
racy rates for FNA and core needle biopsy were 85.1% and
86.7%, respectively, formalignant tumors; 86.4% and 85.2% for
malignant epithelial neoplasms; 77% and 96% for malignant
nonepithelial neoplasms; and 40% and 92% for benign-specif-
ic lesions. Combined FNA and core needle biopsy resulted in a
95.2% diagnostic accuracy. These results indicate the benefit
of using combined FNA and core needle biopsy, particularly
when malignancy is likely, as well as describing the benefit of
core needle biopsy in establishing a specific diagnosis in
benign cases. Large studies such as this set a high standard
for procedural technique and diagnostic accuracy rates
achievable by imaging-guided percutaneous sampling
methods.

Small and Difficult-to-Reach Nodules:
A Diagnostic Challenge

Small nodules still pose a difficult diagnostic challenge. The
small size and the common additional finding of low-density
or ground-glass components make positron emission tomog-
raphy, bronchoscopy, and video-assisted thoracoscopic sur-
gery frequently unsuccessful and imaging-assisted
percutaneous sampling techniques challenging.3 In the past
(and in many current practices), FNA was the sampling
method of choice for small nodules because quality core
samples were considered too difficult to obtain. Prior to
2000, nodules considered amenable to percutaneous core
biopsy tended to be biased toward dense lesions measuring
>1 cm in diameter, but more recent literature questions the

validity of this arbitrary size threshold (►Fig. 1). Atminimum,
these studies suggest that many subcentimeter lesions may
be amenable to percutaneous biopsy or FNA as a competing
strategy to surveillancewith serial CT scans in patients with a
higher likelihood of malignancy.

Options for the Small Nodule: Fluoroscopy,
Computed Tomography Fluoroscopy or
Cone-Beam Computed Tomography

Fluoroscopic guidance of chest biopsy involving small nod-
ules is avoided by some authors and encouraged by others.
Fluoroscopy offers the advantages of real-time visualization
of needle advancement—particularly advantageous for highly
mobile lesions—and triangulation for verification of tip posi-
tion, but a disadvantage is poor visualization of small nodules
that are adjacent to large vessels and mediastinal structures
(►Fig. 2). Retrospective studies reviewing fluoroscopically
guided chest biopsy of small nodules will likely be subject to
significant selection bias because lesions accepted by radiol-
ogists will tend to be easy to visualize and access. That said, in
2012, Jae et al reviewed 42 cases of percutaneous core biopsy
of small nodules measuring<10 mm in diameter. Cases were
performed under fluoroscopic (n ¼ 12) and CT (n ¼ 30)
guidance, which achieved accurate diagnosis rates of 86.7%
and 91.7%, respectively.4

CT fluoroscopymay add the advantage of real-time needle
advancement while still resolving the small nodule from
adjacent vital structures. However, the benefit of CT fluoros-
copy in minimizing nondiagnostic sampling for small and
difficult lesions is a subject of some debate in the literature.
For lesions >3 cm, diagnostic accuracy rates reported in
studies specifically mentioning the use of CT fluoroscopy
tend to produce results that are similar to those of past studies
of cases performedwithout this technique. For example, Bladt
et al reviewed 72 biopsies performed with CT fluoroscopic
guidance and achieved diagnostic accuracy rates of only 78.5%
for lesions 1 to 3 cm in size and 87% for lesions>3 cm.5Amore
careful evaluation of chest biopsy cases of small nodules
behind ribs or adjacent to vital structures with and without
CT fluoroscopy might resolve the true benefit of this

Figure 1 Computed tomography (CT)-guided biopsy of small intraparenchymal nodules. (A) Axial CT lung windows showing multiple
subcentimeter nodules suspicious for metastatic disease. (B) Despite the small size, both core biopsy samples and fine-needle aspirates were
obtained, and the diagnosis of metastatic squamous cell carcinoma of the head and neck was made. High rates of diagnostic accuracy have
recently been reported for subcentimeter nodules.
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technique; no such prospective comparison has been pub-
lished to date.

Yamauchi et al in 2011 emphasized the importance of both
CT fluoroscopy as well as the practice of routinely obtaining
core samples for lesions <1 cm in diameter,6 achieving a 94%
diagnostic accuracy rate. One interesting finding was that
diagnostic accuracy decreasedwith length of the needle path.
Furthermore, Yamagami et al in 2004 reviewed 22 cases of
percutaneous needle biopsy involving lesions <2 cm ob-
structed by ribs and used gantry tilt to facilitate CT fluoro-
scopic guidance of FNA and/or core biopsy to achieve a
diagnostic accuracy rate of 95.4%.7

C-arm cone-beam CT (CBCT) offers a way to avoid time on
the CT scanner while still combining real-time needle ad-
vancement under fluoroscopy with verification of needle-tip
position by cross-sectional imaging. CBCT creates a cross-
sectional image in the fluoroscopy suite, typically with a flat
panel detector. Hwang et al in 2012 used a CBCT system to
guide percutaneous biopsy of 27 small nodules (average:
1.3 cm). As in the CT fluoroscopy study by Yamaguchi et al,
these authors obtained both 20-gauge cores and fine-needle
aspirates, and they achieved similar results. Eighteen lesions
were malignant, eight were benign, and one was indetermi-
nate for a diagnostic accuracy rate of 90% for nodules <1 cm
and 94% for nodules between 1 and 2 cm.8 CBCT resulted in
reductions in procedure time compared with those reported
with CT fluoroscopy.

Practically speaking, both CT fluoroscopy and CBCT help to
shorten procedure time9,10 and facilitate needle access into
deep, mobile, or difficult-to-reach lesions (►Fig. 3).

Repeating the Nondiagnostic Biopsy?

Although biopsy samples deemed nondiagnostic often
prompt more invasive “sampling” methods like surgical
resection, limited data exist on the benefits of repeating
the biopsy procedure (although this is a common request in
clinical practice). In 2010, Lee et al demonstrated that the
diagnostic accuracy rate can be reduced to a few percentage

points in their patients when a single repeat procedure is
performed for nondiagnostic cases.11 They reviewed proce-
dures in 591 patients—20-gauge core biopsy performed in all
patients and 20-gauge FNA in 96 patients—and reported a
diagnostic accuracy rate of 96%. Repeat procedures were
performed on all nondiagnostic cases, and 50%of these repeat
procedures (12 of 24) yielded a diagnosis. Because this
strategy further increased their rate of accurate diagnosis
to 98%, repeating the biopsy of small or difficult-to-access
lesions may be a superior option to proceeding with more
invasive methods of tissue acquisition for repeat biopsies.
One should consider altering the technique to increase the
probability of achieving a diagnosis from the second biopsy,
including altering the needle approach or patient positioning,
altering the portion of the nodule biopsied, injecting saline
into the pleura to move the nodule away from mediastinal
structures, or altering the modality for imaging guidance.

On-Site Cytopathologists

Quality studies with high diagnostic accuracy rates2 often
feature acquisition of samples in the presence of an on-site
cytopathologist. However, no study has compared matched
groups of needle aspiration and biopsy procedures with and
without a cytopathologist. In 2009, Tsou et al reviewed the
diagnostic accuracy of the core touch prep technique on
the first and subsequent samples, each obtained after needle
repositioning resulting from a previous question of sample
adequacy by an on-site cytopathologist.12 A total of 432
biopsies were reviewed: 210 in the lungs and 222 in other
locations. They found that cumulative diagnostic accuracy
rates of the on-site cytopathologist for the first three samples
were 80.6%, 85.9%, and 86.3%, respectively, and the corre-
sponding final accuracies for biopsy were 88.2%, 93.8%, and
94.9%, respectively. The overall accuracy was 97.1% for lesions
in the lungs. They found that the presence of the on-site
cytopathologist was particularly helpful in improving the
diagnostic accuracy for smaller lesions, but a benefit was
noticed for all nodule sizes.

Figure 2 Case illustrating the limitations of fluoroscopically guided lung biopsy. (A) A small nodule adjacent to the heart in the lingula is poorly
visualized radiographically. (B) Computed tomography–guided core biopsy of this lesion, which resides partly within the chest wall, allows
careful placement of the needle tip via a direct approach. In this case, by avoiding the posterior approach, the operator avoided crossing the
pulmonary fissure. An anterior approach was attempted in an effort to minimize risk to the heart but was not possible due to a rib overlying
the nodule.
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Ground-Glass Opacities: A Role
for Percutaneous Chest Biopsy?

The role of percutaneous needle biopsy of ground-glass
opacities (GGOs) is controversial and likely to remain quite
limited, despite recent literature attempts to review diagnos-
tic accuracy in the application of this technique. The principal
problem is the intrinsic limitation associated with analyzing
small quantities of tissue to distinguish the subtle and
complex architectural features associated with the three
types of GGO described in the recent classification scheme
of the IASLC/ATS/ERS International Multidisciplinary Classi-
fication of Lung Adenocarcinoma. These three types of GGOs
are classified as atypical adenomatous hyperplasia, adeno-
carcinoma in situ, or minimally invasive adenocarcinoma
(MIA). Most experts recommend complete resection or sur-
veillance by serial CT as the only options, although the former
strategy is plagued by the absence of supportive data and the
latter is plagued by long periods with barely perceptible
increases in lesion size or density. Little or no agreement

exists on follow-up protocols. Because a greater solid compo-
nent makes MIA more likely, some recommend percutane-
ously sampling lesions with a solid component exceeding a
certain size threshold (e.g., 5 mm), particularly in patients
considered high risk for surgery or general anesthesia. No
agreement exists regarding size threshold or technique or
FNAversus core biopsy, but the previouslymentioned studies
by Jae et al and Yamauchi et al support the feasibility of core
needle biopsy in lesions with small solid components.

Recent reports describing percutaneous FNA or core biop-
sy of GGOs tends to report favorable rates of diagnostic
accuracy, but those rates may not prove to be reproducible
when strict imaging stratification is applied prior to biopsy,
and strict histologic stratification is applied to biopsy speci-
mens under the International Association for the Study of
Lung Cancer/American Thoracic Society/European Respirato-
ry Society (IASLC/ATS/ERS) classification scheme. For exam-
ple, Hur et al in 2009 used CT fluoroscopy to guide needle
aspiration of 28 patients with GGOs of various sizes and
densities.13 Only three lesions were nondiagnostic (later

Figure 3 Case illustrating the benefits of computed tomography (CT) fluoroscopy to biopsy small nodules behind ribs. (A, B) The nodule resides
behind a rib on these two images obtained at two different points during the respiratory cycle. (C, D) Using CT fluoroscopy during suspended
respirations, a 19-gauge introducer needle was quickly advanced around the rib and into the lesion.
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confirmed as benign), indicating a diagnostic accuracy rate of
89%. Interestingly, the size of the lesion (including 10 lesions
that were�10 mm) and the length of the needle path did not
influence diagnostic accuracy. Yamauchi et al in 2011
achieved a similar diagnostic accuracy of 88% for small
(<10 mm) GGOs, but their series of 67 cases with variably
sized GGOs yielded an overall diagnostic accuracy rate of
97%.14 Both groups described CT fluoroscopy as particularly
beneficial during the performance of percutaneous sampling
procedures for GGOs because directional adjustments of
subsequent needle passes could be easily made. The presence
of dense foci increased the likelihood of an accurate diagnosis,
probably due to an associated increased likelihood of MIA.
Again, the length of the needle path did not influence the
results. A specific application for percutaneous biopsy in the
diagnosis of GGOsmay require a prospective study comparing
specimens from surgical resection and percutaneous biopsy,
following the new classification criteria.

Molecular Markers

In the past, lung cancers were classified as either small cell or
non–small cell (NSCLC) tumors. Published techniques for
percutaneous FNA and core needle biopsy focused mainly
on maximizing the diagnostic accuracy rate. More recently,
research has led to the discovery of mutations in two genes,
KRAS (Kirsten ras viral oncogene homolog) and EGFR (epider-
mal growth factor receptor), which represent the most com-
monly mutated genes in NSCLC adenocarcinoma patients.
EGFRmutations occurmore frequently in NSCLC patientswho
have never smoked,15 but the relationship of smoking to
KRAS mutations is a subject of continuing debate in the
literature. The use of these molecular markers has become
standard clinical practice because their detection predicts
survival rate16 and the potential for response to chemothera-
py agents as well as a new class of drugs known as EGFR
tyrosine kinase inhibitors (e.g., erlotinib and gefitinib). Gen-
erally, EGFR positivity predicts a remarkable response poten-
tial, nearly doubling the duration of survival, and KRAS
positivity may predict a lower response potential and a lower
survival rate,17 potentially even worsened by the addition of
EGFR tyrosine kinase inhibitors in the management of KRAS-
positive patients.18 Hence, for lung cancer, the importance of
aspiration and biopsy has increased, and the number of cases
referred to radiologists is likely to rise.

How much tissue is necessary for successful molecular
analysis of lung adenocarcinoma is open to debate. In 2010,
Solomon et al reviewed a series of 18 patients who under-
went core biopsy for gefitinib eligibility, and they compared
the results of molecular analysis of these cores with molecu-
lar analysis of the resected tumors.19 They showed that an
average of 1.8 needle passes with 18- or 20-gauge core biopsy
guns was sufficient to perform EGFR and KRAS mutational
analysis to correctly apply gefitinib therapy in 16 of 18
patients (88.9%). Cheung et al retrospectively reviewed 47
percutaneous core biopsy procedures using 18- and 20-gauge
core biopsy guns and demonstrated successful DNA muta-
tional analysis in all patients.20 They noted that sample

weight and DNA content was greater in the 18-gauge cores,
but that smaller samples were still sufficient for analysis.

In 2011, Zhuang et al reported that even FNA may be
sufficient for mutational analysis. They performed FNA in 43
patients using 18- to 20-gauge needles and obtained 0.5- to
1.5-cm core specimens that proved adequate to perform EGFR
gene mutational analysis in all cases.21 Finally, even the wash
fluid obtained from the chest biopsy needle can provide
sufficient nucleic acid content to perform molecular analysis
in most cases. In 2008, Otani et al evaluated the wash fluid of
26 chest biopsy needles used in the biopsy of NSCLCs for
which pathologic correlation with a resected specimen was
available.22 The EGFR mutational status determined in wash
fluid correlated with the status determined by analysis of the
resected specimen in all 26 cases. In summary, the standard
technique of acquiring a few quality 20-gauge core samples
and additional supplemental FNA samples appears to be
sufficient for accurate histologic diagnosis and mutational
analysis.

A Word of Caution: Standard of Care Versus
Research Protocols

Inevitably with the demand for greater tissue characteriza-
tion comes the demand for greater amounts of tissue. The
unexpected request for “10 core specimens” should be met
with caution and skepticism by the operating radiologist,
particularly when little or no information regarding a stan-
dard clinical indication is provided to support this request. In
the past, standard therapies were based on percutaneous
biopsy results using standard techniques as well as standards
for tissue quality and quantity. For example, as described
here, literature studies demonstrate high diagnostic yields
when two core specimens and fine-needle aspirates are
obtained during percutaneous lung biopsy, and more needle
passesmay become necessary only if the tissue obtained from
the first biopsies appears insufficient. Interdepartmental, and
indeed ethical and legal, conflictsmayarisewhen radiologists
are asked to obtain multiple additional specimens, particu-
larly in high-risk cases with emphysema, coagulopathy, or
poor cardiopulmonary reserve to withstand complications of
pneumothorax or hemorrhage. Suffice it to say, when a
tension pneumothorax or hemothorax occurs after the tenth
core biopsy, a medicolegal review of the case is likely, and the
indications for the tissue quantity had better fall under the
(understandably subjective) definition of standard of care or
fall within an active institutional review board (IRB) protocol.
Three important considerationsmay apply in these instances:

1. Multiple additional samples beyond those required for the
accurate application of standard therapeutic options may
breach the standard of care in some circumstances, and
such acquisitions may require performance under the
surveillance of an appropriate IRB protocol.

2. In all cases, the risks and indications associated with
additional samples should be explained to the patient
during the informed consent process. When the biopsy
procedure falls under an IRB protocol, strict adherence of
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the approved consent form should be followed, including
the information that additional specimens may add addi-
tional risk and are part of an experimental study.

3. A common requirement of IRB protocols is the written
description and identification of all medical personnel and
staff that will come in contact with the subjects of the
study. This requirement is particularly true for radiologists
performing invasive procedures such as percutaneous
biopsy.
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