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Purpose:

Materials and
Methods:

Results:

Conclusion:

To assess national levels and trends in utilization of bi-
opsy procedures during the past decade and investigate
the relative roles of biopsy approaches (open, endoscopic,
and percutaneous) and physician specialties.

Institutional review board approval was not necessary
because only public domain data were used. Aggregated
Medicare claims data were used to determine utilization
of biopsies performed in 10 anatomic regions from 1997
to 2008. Utilization levels according to biopsy approach
and anatomic region were calculated. Trends in the rela-
tive utilization of percutaneous needle biopsy (PNB) and
imaging-guided percutaneous biopsy (IGPB) were as-
sessed. The relative roles of radiologists and nonradiolo-
gists in the performance of all biopsies, PNBs, and IGPBs
were evaluated.

Biopsy procedures with all approaches increased from
1380 to 1945 biopsies per 100000 Medicare enrollees be-
tween 1997 and 2008, which represents a compound an-
nual growth rate (CAGR) of 3%. Utilization of non-PNBs
fell, while the absolute level and relative share of PNBs
increased. In 2008, 67% of all biopsies were performed
by using a percutaneous route. IGPB as a percentage of
all PNBs increased over time in the regions for which
data were available. Radiology was the leading specialty
providing biopsy services. The total number of biopsies
performed by radiologists increased at a CAGR of 8%,
and radiologists’ share of all biopsies increased from 35%
to 56%.

During the past decade, there was continuing substitution
away from invasive approaches and non-imaging-guided
percutaneous approaches in favor of PNBs and IGPBs,
likely related to increasing use of advanced imaging mo-
dalities for biopsy guidance. Consequently, radiologists
are performing an increasing share of biopsies across all
anatomic regions.
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he concept of microscopic examina-

tion of tissue as a means of disease

diagnosis was first described in the
mid-19th century (1). Initially, these pro-
cedures were performed as part of ther-
apeutic surgery or involved an operation
dedicated to biopsy. The first percutane-
ous needle biopsy (PNB) of the liver was
reported by Adolf Bingel in 1923 (2),
and percutaneous biopsies subsequently
developed into an invaluable diagnos-
tic tool in many organ systems. PNBs
were originally performed blind or with
fluoroscopic guidance. PNBs had lower
morbidity than open biopsies and had
the added benefits of possibly obviat-
ing surgery and allowing for cost sav-
ings (3,4). On the other hand, because
the percutaneous approach did not al-
low for direct visualization of organs, it
was hampered by suboptimal diagnostic
yields and was still prone to complica-
tions (5,6). After the advent of computed
tomography (CT), ultrasonography (US),
and magnetic resonance (MR) imaging,
modern techniques for PNB with ad-
vanced imaging guidance were developed.
Imaging guidance allows for greater pre-
cision in targeting lesions, resulting in
high sensitivities and low complication
rates (7-11).

Given this background, a natu-
ral expectation is that, for organs for
which PNB is an option, this approach
will have largely replaced open surgi-
cal biopsies and further, that imaging-
guided percutaneous biopsies (IGPBs)
will have replaced non-IGPBs. Because

Advances in Knowledge

B Percutaneous needle biopsies are
replacing biopsies that have more
invasive approaches, and imaging-
guided biopsies are replacing
non-imaging-guided biopsies.

B Radiologists are performing an
increasing fraction of biopsies
relative to other physicians.

B The total number of biopsies
being performed grew from 1380
to 1945 per 100000 Medicare
enrollees, which represents a
modest compound annual growth
rate of 3% between 1997 and
2008.

radiologists play a central role in the
development and provision of imaging
services, another expectation is that ra-
diologists initially perform the majority
of the IGPBs. On the other hand, the
history of other imaging and imaging-
guided procedures such as percutane-
ous arterial interventions suggests that,
while radiologists may at first perform
the majority of IGPBs, over time, non-
radiologists assume a growing share
of these procedures (12-15). None of
these expectations has been empiri-
cally investigated; data confirming or
refuting these expected trends can help
policymakers and administrators make
decisions related to issues such as re-
source allocation.

Previous authors (13-18) have writ-
ten on the effects of new imaging and
imaging-guided procedures on utili-
zation and the roles of radiologists in
performing these procedures. However,
with rare exceptions, these studies have
not included the procedures traditionally
performed by nonradiologists which
may have been supplanted by the new
techniques. Furthermore, these studies
include data across relatively short time
spans and tend to focus on one specific
organ system. This study evaluates the
utilization of open and percutaneous bi-
opsy procedures for 10 anatomic sites
and investigates the relative roles of
providers during the past decade. By
taking a wider perspective across an ex-
tended time period, we seek to gain in-
sight on the long-term effect of new im-
aging technologies on the performance
of a variety of biopsy procedures within
and outside of the field of radiology.

Materials and Methods

We used the Centers for Medicare and
Medicaid Services Physician/Supplier

Implications for Patient Care

B The majority of tissue sampling is
now being performed by using
percutaneous needle biopsy.

B Recent trends suggest that the
portion of biopsies performed
with imaging guidance will con-
tinue to increase.

Procedure Summary Master Files from
1997 to 2008. These files include aggre-
gated claims information for all patients
with Medicare Supplemental Medical
Insurance (Medicare Part B) who did
not receive their services through a
Medicare managed care plan (Medicare
Advantage).

The 2008 Current Procedural Ter-
minology (CPT) codes for percutane-
ous biopsy procedures outside of the
central nervous system were selected
and grouped into 10 anatomic regions:
abdomen and retroperitoneum, bone,
breast, chest, kidney, liver, musculosk-
eletal soft tissue, pancreas, superficial
lymph node, and thyroid. For example,
for biopsies in the chest, codes 32400
“percutaneous needle biopsy of the
pleura” and 32405 “percutaneous needle
biopsy of the lung or mediastinum”
were included. Fine-needle aspirations
(FNAs) were kept as a separate group
because the CPT codes for these pro-
cedures are not specific for an organ or
anatomic region. CPT codes for open,
laparoscopic, or bronchoscopic biopsy
procedures in the same anatomic re-
gions were also selected. For example,
for biopsies of the chest, the compara-
ble surgical codes included biopsies of
the lung, mediastinum, and pleura with
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limited thoracotomy, thorascopic, and
bronchoscopic approaches.

Because thyroid lobectomy is not an
appropriate alternative to thyroid core
biopsy, no surgical codes were included
for comparison to percutaneous thyroid
core biopsies. For percutaneous abdom-
inal biopsies, inclusion of the possibly
relevant CPT code 49000 “exploratory
laparotomy, exploratory celiotomy with
or without biopsy(s)” would have been
too broad and not appropriate for com-
parison. Thus, no code for an open sur-
gical approach was included; however,
the code 49321 “laparoscopy, surgical;
with biopsy” was included.

CPT codes 19120 and 19125 for
lumpectomy and lumpectomy with wire
localization, respectively, include both
excisional biopsies and therapeutic ex-
cisions, but because the former indica-
tion represents the minority of cases,
these codes were excluded for general
analyses. We wanted to try to account
for some of these excluded cases, and
thus we performed two sets of analy-
ses for growth rates for biopsies with
all approaches. The first set of analysis
excluded the CPT codes for lumpecto-
mies, and the second set included them
with a weighting of 0.36. This number
was based on a recent study (19) dem-
onstrating that about 36% of lumpec-
tomies are performed as the first di-
agnostic intervention for a new breast
finding.

Only the 10000 to 60000 series of
CPT codes for procedures were included.
The 70000 series of CPT codes cor-
responding to radiologic studies were
excluded so as to not count more than
once those procedures that resulted in
codes for both the procedure and the
related imaging.

Table E1 (online) lists the CPT
codes included in this study according
to anatomic region (where relevant).

The Medicare Physician/Supplier
Procedure Summary files report the
self-designated specialty of the provider
for each claim by using one of 100
specialty codes. To make the informa-
tion according to specialty more use-
ful, we grouped some of the specialty
codes. Specialty codes for diagnostic ra-
diology, interventional radiology, nuclear

medicine, and osteopathic roentgenol-
ogy were classified as radiology. Codes
for family practice, general practice,
and internal medicine were classified
as general medicine. For analyses that
were not specific for anatomic region,
all medical subspecialty physician pro-
viders and multispecialty medical prac-
tices were grouped as medical special-
ists. All surgical subspecialty providers
and multispecialty surgical practices were
grouped as surgical specialists. Non-
physician providers were grouped as
other.

The total number of Medicare en-
rollees for each year was obtained from
the Centers for Medicare and Medicaid
Services (20) and was calculated as the
number of enrollees in Supplemental
Medical Insurance (Medicare Part B)
minus the number of enrollees with
Medicare Advantage. Compound annual
growth rates (CAGRs) were calculated
per 100000 Medicare enrollees for each
calendar year. All data analyses were
performed by using software (SAS, ver-
sion 9.2, SAS Institute, Cary, NC; Excel
2007, Microsoft, Redmond, Wash).

Institutional review board approval
was not required because these public
domain data do not involve individually
identifiable health information.

Biopsy Approach

As summarized in Figure 1, PNBs as a
percentage of all approaches increased
during our study period for six anatomic
regions: breast, chest, liver, lymph node,
pancreas, and musculoskeletal soft tissue.
The percentage of PNBs was essentially
unchanged for kidney and decreased for
bone. Total biopsies across all of these
regions showed a modest growth in the
share of PNBs, from 73% to 78%, be-
tween 2002 and 2008. With the exclu-
sion of breast biopsies (breast biopsies
underwent a coding change in 2001
which affected the reported distribu-
tion of open vs percutaneous biopsies),
PNBs increased from 59% to 67% of
all biopsies during the entire study pe-
riod from 1997 to 2008. Biopsies of the
abdomen and thyroid and FNAs were

excluded from this part of the analysis
because no comparable open approach
was included in our data set for reasons
detailed previously.

A wide range existed in the relative
roles of percutaneous and nonpercuta-
neous approaches for the anatomic re-
gions. At one extreme, PNBs were the
dominant approach for biopsies of the
kidney and liver, representing 96% and
90%, respectively, of all biopsies per-
formed in these sites in 2008. At the
other extreme, PNBs constituted the
minority of all biopsies in the superficial
lymph nodes and musculoskeletal soft
tissues, at 46% and 30%, respectively.

There was relatively modest growth
of total biopsy procedures, with all ap-
proaches included. In 1997, 428144
biopsies, or 1380 biopsies per 100000
Medicare enrollees, were performed.
In 2008, 677811 biopsies, or 1945 bi-
opsies per 100000 Medicare enroll-
ees, were performed. This represents
a CAGR of 3% across the entire study
period; there was no difference in the
CAGR between the earlier part of the
study period (1997-2002) and the later
part (2004-2008). When lumpectomies
with a weighting factor were included in
the analysis, the CAGR for all biopsies
was 2%. The utilization of PNBs rose
from 295836 to 573397 between 1997
and 2008. This equaled a rise from 953
to 1645 biopsies per 100000 enrollees,
for a CAGR of 5%. There was again no
change in the growth rate between the
early and later part of the study pe-
riod. In contrast, utilization of biopsies
performed with nonpercutaneous ap-
proaches had a CAGR of —3% between
1997 and 2008.

Most CPT codes for percutaneous
biopsies do not distinguish whether pro-
cedures are performed with or without
imaging guidance. Two notable excep-
tions are percutaneous core biopsies of
the breast and FNAs, for which CPT
codes specifying the use of imaging
guidance were created in 2001 and 2002,
respectively. These biopsies represent
the two largest groups of percutane-
ous biopsies included in this study,
together representing 60% of all per-
cutaneous biopsies in 2008. They were
also the two largest groups of biopsies
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Figure 1:

Graph shows percentage of biopsies performed with percutaneous approach according to ana-

tomic region in 1997, 2002, and 2008. Lymph node = superficial lymph nodes, Soft tissues = soft tissues of

the musculoskeletal system.
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performed by radiologists (Fig 2), to-
gether accounting for 52% of all biopsy
work performed by radiologists in 2008.
Analysis of percutaneous breast core bi-
opsies and FNAs demonstrate a consis-
tent trend, with substitution away from

2% Pancreas
/ 1%

Figure 2:  Pie chart shows
biopsies according to anatomic
region as a percentage of all bi-
opsies performed by radiologists
in 2008. Lymph node = super-
ficial lymph nodes, Soft tissue =
soft tissue of the musculoskeletal
system.

FNA
21%

non-imaging-guided biopsies in favor of
those performed with imaging guid-
ance. For breast core biopsies, IGPBs
rose from 85% to 95% of all percutane-
ous core biopsies between 2002 and 2008
(Fig 3). For FNAs, the imaging-guided

portion increased from 54% to 77% be-
tween 2004 and 2008 (Fig 4).

Provider Specialty

The top three specialties involved in
performing all biopsy procedures from
1997 to 2008 were radiology, general
surgery, and pulmonology; these spe-
cialties together performed 75% of all
biopsy work in this period. Radiologists’
share of all biopsies increased steadily
during this time, from 35% in 1997 to
56% in 2008 (Fig 5). In comparison,
general surgery and pulmonology had
a decrease in their respective shares,
from 21% to 15% and 10% to 5%.

Between 1997 and 2008, the total
number of biopsies performed by non-
radiologist providers fell from 894 to
852 procedures per 100000 Medicare
enrollees, for a CAGR of —0.4%. Much
of the loss in volume took place in the
beginning of the study period; from 1997
to 2002, biopsies performed by nonra-
diologists had a CAGR of —1%, com-
pared with 0.5% from 2003 to 2008.
When lumpectomies with a weighting
factor were included, the loss in volume
was even more pronounced, from 1053
to 925 procedures per 100000 Medi-
care enrollees, for a CAGR of —1.2%.
The total number of biopsies performed
by radiologists rose from 485 to 1093
procedures per 100000 enrollees, for a
CAGR of 8%. The rate of growth slowed
during the study period, as evidenced
by a decrease in the growth rate from
9% in the period from 1997 to 2002 to
6% from 2004 to 2008.

Anatomic region-level analysis re-
vealed that this robust growth was
because of an increase in radiologists’
share of PNBs in all regions (Fig 6). The
percentage of percutaneous biopsies per-
formed by radiologists increased from
48% to 66% between 1997 and 2008.
The anatomic region that had the most
rapid growth was lymph node biopsies,
where radiologists’ share increased from
12% to 70%, for a CAGR of 22%. Radi-
ologists’ share of FNAs increased from
4% to 44%, for a CAGR of 37%.

Analysis of the top specialists per-
forming breast core biopsies and FNAs
that were imaging guided (Table) re-
vealed divergent trends. With respect to
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Figure 3:  Graph shows percutaneous breast core biopsies performed with or
without imaging guidance as a percentage of all percutaneous breast biopsies

from 2002 to 2008.
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Figure 4:  Graph shows FNAs performed with or without imaging guidance as
a percentage of all FNAs from 2004 to 2008.

image-guided breast core biopsies, radi-
ologists performed the majority of these
procedures and their share increased
slightly, from 70% to 75% between 2002
and 2008. In contrast, radiologists’ share
of imaging-guided FNAs fell during a sim-
ilar period, from 70% to 56% between
2004 and 2008. In the same period, en-
docrinologists increased their share of
imaging-guided FNAs from 12% to 21%.

One salient finding of this study is that
practice patterns are still in evolution—
albeit not rapid evolution—in the field

of biopsies. The data demonstrate that
there was continued substitution away
from more invasive biopsy approaches
in favor of a percutaneous approach for
the majority of the anatomic regions
studied. Because PNB techniques were
established well over a half-century ago,
we might have expected that the distri-
bution of biopsy approach would have
stabilized prior to our study period. A
likely explanation is that the relatively
recent proliferation of CT, MR imaging,
and US had an effect on the overall ap-
proach used for performing biopsies,
because more lesions can be efficiently
and safely targeted with a percutaneously

inserted needle now that imaging guid-
ance is more readily available. Breast
core biopsy is one example of where
this holds true. We found that the per-
centage of IGPBs increased concomitant
with decreases in the percentages of
both open biopsies and nonimaging-
guided percutaneous biopsies.

We were somewhat surprised that,
while a large percentage of biopsies
were performed with a percutaneous
approach, the percentage was not higher
than the 78% seen in 2008. Of course,
as discussed previously, this number is
expected to continue to evolve with time.
Some explanations do emerge when the
data are examined according to anatomic
regions. The only two regions for which
the PNBs do not represent the majority
of biopsies are superficial lymph nodes
and musculoskeletal soft tissues. These
regions are primarily superficial tissues;
this fact allows for low morbidity from
open biopsies. The areas of concern are
more likely to be palpable (in contrast to
the breast, for example, where screen-
ing mammography results in evaluation
of many nonpalpable lesions), and thus
there is less need for imaging guidance.
Furthermore, many of the CPT codes
for biopsies of the soft tissues are vague
in their description of how the proce-
dure is performed (although PNBs are
specifically excluded), and some of these
biopsies are probably punch or shave bi-
opsies which could be loosely classified
as percutaneous by merit of not requir-
ing a large skin incision.

While PNBs and imaging-guided
FNAs and breast biopsies had CAGRs
of 5% and 13%, respectively, the growth
in overall biopsy utilization was a mod-
est 2%-3%, in part because the percu-
taneous approach was replacing other
approaches. Despite rapid increases in
imaging utilization (21,22) in the same
time span, growth in the total number
of biopsies performed was not ram-
pant. This finding may assuage some
fears that increased imaging utilization
is resulting in additional costly work-
ups, including biopsies (23,24).

Consistent with the rising role of
IGPBs as the preferred approach was
the rapid increase in the share of PNBs
performed by radiologists during this
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Figure 5:  Graph shows relative share of all biopsies performed according to specialty from 1997 to 2008.
+ = Data in 2003 were affected by a coding discrepancy for FNAs.
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Figure 6:  Graph shows radiologists’ share of percutaneous biopsy procedures according to anatomic
region from 1997 to 2008. = = Data in 2003 were affected by a coding discrepancy for FNAs.

period. At the same time as the number
of biopsies performed by nonradiologists
as a whole fell, biopsy procedures per-
formed by radiologists grew by a robust
CAGR of 8%. However, the rate of growth
appears to be slowing; CAGR was 6% in
the second half of the period studied.

One factor that might contribute
to this slowdown is that other spe-
cialties are increasingly performing
IGPBs. The data were inconsistent as
to whether this is occurring. In the case
of breast biopsies, the share IGPBs
performed by radiologists increased

from 2002 to 2008. In contrast, the
share of image-guided FNAs performed
by radiologists fell as endocrinologists
performed more of these procedures.
These divergent findings may be in part
a result of differences in the regulatory
environment related to these services.
A facility must go through a rigorous
accreditation process to perform mam-
mography, and accreditation for breast
biopsy may become mandatory in the
near future (25). This presents a large
barrier to entry. On the other hand,
there is sparse regulation of the use of
US imaging, the modality used most of-
ten for FNA guidance. In keeping with
this, nonradiologists have been shown
to perform about two-thirds of all US
work in the Medicare population (26),
and it makes sense that this trend might
extend to US-guided biopsies.

Our study had limitations. The
Medicare data used in this study have
the advantage of including claims data
on more than 30 million enrollees,
or about one-third of the health care
workload in the United States. The data
collection method is relatively uniform
through multiple years. However, there
was an irregularity in the data for FNAs
in 2003. For this reason, 2003 was not
used for any CAGR calculations. This
irregularity should not affect overall
trends. One limitation of Medicare
data is that they are predominantly
composed of services provided to the
elderly; the nonelderly population will
have different utilization rates.

The use of aggregated data lim-
ited our analysis of the proportion of
biopsies performed with imaging guid-
ance to those biopsies for which CPT
codes explicitly separate procedures
performed with versus without imaging
guidance. A claims-level data set would
have enabled us to perform this analysis
for other biopsy procedures. However,
these data sets with physician identifiers
are available only for a 5% sample of
beneficiaries, and it is difficult to accu-
rately capture volumes for procedures
that are not commonly performed with
sample data. Furthermore, these large
claims-level data sets are relatively
expensive and difficult to obtain. Our
use of aggregated data permitted us to
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Top Specialties Involved in Breast Core Biopsies and FNAs with Imaging Guidance

Procedure and Specialty 2002 2003 2004 2005 2006 2007 2008
Percutaneous breast core biopsy with
imaging guidance
Radiology 205.0 (70) 228.2 (72) 247.8 (72) 257.9(72) 282.1(72) 307.1 (74) 331.6 (75)
General surgery 64.9 (22) 69.6 (22) 76.6 (22) 81.8(23) 88.9 (23) 91.4 (22) 91.8 (21)
Other 22.0(8) 19.0 (6) 20.1(6) 19.3 (5) 18.3 (5) 18.7 (4) 21.2(5)
Total 291.8 316.7 344.6 359.1 389.3 417.2 444.6
FNA with imaging guidance
Radiology 127.6 (70) 158.5 (67) 184.6 (63) 203.9 (58) 225.4 (56)
Endocrinology 21.9(12) 34.6 (15) 53.1(18) 68.0 (19) 82.1(21)
General surgery 12.5(7) 15.1 (6) 18.2 (6) 22.6 (6) 24.6 (6)
Pathology 7.0 (4) 10.5 (4) 12.1 (4) 13.0 (4) 14.4 (4)
General medicine 6.6 (4) 8.2(3) 10.1(3) 13.0 (4) 14.5 (4)
Rheumatology 0.0 (0) 0.0 (0) 0.7 (0) 14.4 (4) 16.0 (4)
Other 6.6 (4) 9.8 (4) 12.8 (4) 16.7 (5) 22.5(6)
Total 182.3 236.7 291.6 351.6 399.5

Note.—Numbers are procedures per 100000 Medicare enrollees. Values may not add up to totals because of rounding. Data in parentheses are percentages of all specialties and may not add up to
100% because of rounding. Data for FNAs are not available for 2003 and not included for 2002 because claims coding is less reliable in the 1st year after the introduction of a new CPT code.

perform comprehensive analyses dur-
ing a period of 11 years.

Because the data were reported ac-
cording to CPT codes, we were some-
what restricted by the idiosyncrasies of
CPT coding. While we generally classi-
fied the biopsy procedures according to
anatomic region, we were unable to do
this for FNAs because CPT coding does
not specify anatomic regions for these
procedures. This would be expected
to artificially underestimate the total
biopsies performed in each specific
anatomic region and underestimate the
percentage performed percutaneously,
with a larger effect on breast, thyroid,
and chest biopsies.

We were also unable to capture the
full range of biopsy procedures for the
abdomen, because the CPT code for
open laparotomies included all laparoto-
mies, nonspecific for whether they were
performed for the purpose of tissue
sampling. The effect of not including the
open biopsy equivalent is to overestimate
the growth rate of all biopsy procedures,
because our analysis for other anatomic
regions demonstrated that growth rates
for open biopsies were either flat or de-
creased due to substitution with percu-
taneous approaches. We estimate the
effect of excluding open abdominal bi-
opsies to be very small because biopsies

of the abdomen constituted only a small
percentage of all biopsies in this study.
In conclusion, this study showed that
that the approach with which biopsies
are performed evolved in the past de-
cade, with continuing substitution away
from more invasive and nonimaging-
guided percutaneous biopsy approaches
in favor of imaging-guided percutaneous
approaches. Because of this shift, radi-
ologists are performing an increasing
share of biopsies across all anatomic re-
gions. However, there is some evidence
to suggest that other specialties are in-
creasing their share of certain types of
imaging-guided percutaneous biopsies.

Acknowledgment: The authors thank Rebecca
Lewis, MPH, for her assistance with the data
sources.
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