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Ultrasound-guided percutaneous core needle biopsy (USPCB) is used extensively in daily clinical practice for the pathologic
confirmation of both focal and diffuse diseases of the abdominal viscera. As a guidance tool, US has a number of clear
advantages over computerized tomography or magnetic resonance imaging: fewer false-negative biopsies, lack of ionizing
radiation, portability, relatively short procedure time, real-time intra-procedural visualization of the biopsy needle, ability to
guide the procedure in almost any anatomic plane, and relatively lower cost. Notably, USPCB is widely used to retrieve tissue
specimens in cases of hepatic lesions. However, general radiologists, particularly beginners, find USPCB difficult to perform in
abdominal organs other than the liver; indeed, a full understanding of the entire USPCB process and specific considerations for
specific abdominal organs is necessary to safely obtain adequate specimens. In this review, we discuss some points and
techniques that need to be borne in mind to increase the chances of successful USPCB. We believe that the tips and
considerations presented in this review will help radiologists perform USPCB to successfully retrieve target tissue from different

organs with minimal complications.
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INTRODUCTION

Although pathologic examinations may not be routinely
performed for various diseases of the abdominal viscera,
they are often necessary because an imaging diagnosis can
be declared inconclusive. Ultrasound-guided percutaneous
core needle biopsy (USPCB) is an accurate, safe, and widely
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accepted technique for the tissue diagnosis of various
lesions of the abdominal viscera (1). Among various
guidance tools such as US, computed tomography (CT),

and magnetic resonance (MR) imaging, US has a number

of advantages for guiding percutaneous biopsy for intra-
abdominal lesions, including wide availability, portability,
lack of ionizing radiation, relatively short procedure time,
real-time visualization of the biopsy needle and target
lesion during the procedure, ability to guide the procedure
in almost any anatomic plane, fewer false-negative biopsies,
and relatively lower cost (2-4). These advantages make US
more effective than CT and MR imaging in obtaining safe
access to the target lesions without the need to traverse
non-target organs and vessels. USPCB is widely used in

the diagnosis of various hepatic lesions, but for abdominal
organs other than the liver, it is still considered technically
difficult for general radiologists, especially beginners.

The success of USPCB relies on various factors such as the
radiologist’s experience and knowledge about the procedure.
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Among these factors, continuous real-time visualization of
the whole length of the biopsy needle, anatomic knowledge
of the abdomen, and specific path of approach for specific
abdominal organs are all of great importance (5).

In this article, we review various aspects of USPCB,
including its indications, contraindications, details on the
process including useful tips, specific considerations for
different abdominal organs, potential complications, and
various clinical scenarios.

Indications

Firstly, USPCB is often required to confirm and stage the
malignancy of lesions within the abdominopelvic cavity,
except in organs such as the stomach and colon where
endoscopic approaches are possible (6). In particular,
USPCB can play an important role in planning treatment
strategies for patients with cancers of unknown primary
origin. Secondly, USPCB enables differentiating between
benign and malignant lesions, which is difficult to do with
imaging studies alone, and thereby avoiding unnecessary
surgery. Thirdly, USPCB is necessary to pathologically
confirm diffuse parenchymal disease in the solid organs
such as the liver and kidney (2, 7).

Contraindications

Ultrasound-quided percutaneous core needle biopsy should
be avoided in patients with uncorrectable coagulopathy or
in the absence of a safe needle path and in uncooperative
patients with uncontrolled movement or irritability (6). It
is contraindicated in patients with a serum platelet count
of less than 50 x 10°/L and an international normalized
ratio of more than 1.6 (8). Sometimes, before USPCB,
transfusion of appropriate blood components may be useful
for correcting coagulopathy when pathologic diagnosis is
necessary for patients with impaired coagulation (9). For
in-patients who are receiving anticoagulation therapy, such
as aspirin, USPCB can be performed at least five days after
the withdrawal of aspirin (10). USPCB is not recommended
if the operator fails to delineate a safe path for biopsy.
However, when direct routes to approach the target lesion
cannot be identified during the pre-procedural US, it
may be acceptable to advance the biopsy needle through
major abdominal organs (11, 12). Any motion that is not
anticipated by the operator while performing USPCB may
cause serious injury to vital organs. Therefore, if the patient
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is irritable or uncooperative or has involuntary movements,
USPCB is best avoided.

The Detailed USPCB Process

Pre-Biopsy Preparations

Although routine screening tests for coagulation status
are not universally recommended (13), many centers
perform common coagulation tests before USPCB, including
prothrombin time, activated partial thromboplastin time,
and platelet count (9). Patients are advised to fast without
taking solid or semisolid food (water permitted) for at
least six hours before the procedure when the preoperative
imaging shows that the planned biopsy path traverses the
gastrointestinal (GI) tract or the lesion is located at a site
deep in the abdominal cavity such as the pancreas, left
adrenal gland, or retroperitoneum (14). It is recommended
that the route for intravenous access be established before
the procedure in patients with high risk of bleeding or
anxiety (2).

Selecting the Biopsy Needle

Selecting the appropriate biopsy needle is critical to
the success of USPCB; the size of the needle is directly
correlated with the amount of target tissue required.
Needles can be classified into two types: small caliber
(20-gauge or smaller) and large caliber (19-gauge or larger)
(2). Although needles with small caliber are primarily used
to collect cellular samples for cytologic examinations,
large-caliber needles can provide sufficient tissue cylinders
for thorough histological evaluations (15-17). Although
fine needle aspiration (FNA) with a small-caliber needle
has high diagnostic accuracy with minimal complications,
its efficacy greatly depends on the on-site availability of
experienced cytopathologists (18); in contrast, core biopsy
does not require a cytopathologist. Further, larger tissue
samples are usually obtained by core biopsies, which are
more suitable for the subtype analysis of tumors (2, 6, 19).
In general, USPCB can be successfully performed using an
18-gauge needle with an automated spring-loaded biopsy
gun to obtain sufficient tissue samples (7, 14, 18, 20, 21).

Most biopsies are performed more than once by making
multiple passes into the target lesion. Coaxial biopsy has
been suggested as a useful method for obtaining multiple
samples without re-puncturing the capsule of the target
organ (6). Although this technique is expected to decrease
the risk of bleeding and time to complete multiple biopsies,
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it poses a greater risk of lacerating target organs due to
longer dwell times for larger coaxial needles (6). Meanwhile,
non-coaxial techniques feature less dwell time for smaller
biopsy needles in the target organs. Previous studies found
no significant differences in complication rates between the
two techniques (6, 22).

There are two types of automated cutting needles: fully
automated and semi-automated (23). In semi-automated
biopsy needles, the inner trocar is advanced by hand to
open the side notch, accompanied by a rapid excursion of
the outer cutting cannula by a spring-loaded automated
biopsy action. The manual insertion of an inner trocar may
provide for more accurate targeting and added safety to
minimize the risk of injury to surrounding critical structures
(24). However, if the target lesion is too hard or movable, it
may be difficult to introduce the trocar through the target
without displacing it. Meanwhile, fully automated biopsy
guns, which thrust both a central trocar and a cutting
cannula in a forceful forward motion into the target, have
less chance of displacing the target during the biopsy
(23, 24). When using fully automated biopsy needles, it is
necessary to consider both the position of the needle tip and
the anticipated penetration length of the needle after the
automated biopsy gun is fired. In this regard, a double-firing
system may be effective in avoiding unexpected injuries
to major vessels located deep in the abdomen. Firstly,
operators advance the echogenic tip of the inner trocar up
to the desired depth within the target with the first firing,
and then the pre-set excursion of the outer cutting cannula
is made by the second firing to extract a core of tissue (16).

The needle length should be chosen according to the
distance of the target lesion from the skin along the
expected biopsy route, considering the fact that long
needles are difficult to control during biopsies. With
regard to the length of the sample notch, needles with a
biopsy throw between 5 mm and 30 mm should be chosen
depending on the target size (3, 25, 26).

Planning an Optimal Approach Path

Planning a safe USPCB begins with a thorough review of
the CT or MR images to determine the safest needle path
to the target lesions while avoiding important abdominal
organs and major vessels (27). The feasibility of the
anticipated biopsy route defined using CT or MR images
must be confirmed by US before biopsy. If the biopsy path
determined using the CT or MR images cannot be delineated
by US, an alternative safe trajectory should be sought from
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the US images. Naturally, the less important the vessels
visualized along the biopsy path, the safer the path will be;
if major vascular structures lie in the course of the planned
biopsy path, the probability of major bleeding due to
vascular injuries is high. Color Doppler US can be effectively
used to identify important vessels around major abdominal
organs and to plan the biopsy path away from them (28).

Occasionally, lesions are not detected in the US imaging
because of their echogenicity or the presence of abundant
abdominal fat or gases within the bowel or lung. Moreover,
the locations of the target lesions and surrounding organs
as defined by CT or MR imaging may vary slightly on US
images because of the mobility of the abdominal organs,
motions of respiration, and the patients’ positions; in this
scenario, the patient’s position and respiration need to be
changed to allow identifying the lesion.

Technical Strategies for Clear Visualization
of the Biopsy Needle

Many operators prefer a free-hand technique in which
the operator holds the transducer in one hand while
manipulating the biopsy needle with the other (5, 29);
the advantage of this technique is that operators can
freely fine-tune the needle path during the biopsy. In this
technique, appropriate alignment of the needle and the
transducer is indispensable for the continuous visualization
of the needle tip (30). In other words, the biopsy needle
should be parallel to the long axis of the transducer to
ensure clear visualization of the entire needle shaft. If only
part of the needle is visible on the US image, the needle
should be realigned while keeping the position of the
transducer unchanged.

Needle visualization is also affected by the reflectivity of
the needle. Compared with highly flexible smaller needles,
large-caliber needles such as 18-gauge provide greater
visibility on US images (31), and sometimes, even these
needles may not be visualized on US images during biopsy.
In such situations, the needle’s visibility may be improved
by moving its tip to and fro (“pump maneuver”) and by
using color Doppler US (32, 33).

The echogenicity of the intervening structures also affects
needle visualization during the penetration of the structures
(33). Biopsy needles are easily visible within relatively
hypoechoic structures such as the liver, spleen, kidney,
and subcutaneous fat layers, but a gas-filled bowel or
hyperechoic abdominal fat can make it difficult to visualize
the needle (Fig. 1).
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A

Fig. 1. Influence of echogenicity of intervening traversed structures on visibility of biopsy needle.
A. Echogenic shaft of biopsy needle (arrowheads) is relatively well visualized within subcutaneous fat layer, spleen, and mass (asterisk) in
50-year-old man. B. Biopsy needle (arrowheads) is poorly seen, especially within hyperechoic abdominal fat and bowel gas in 55-year-old man.

How to Effectively Control the Biopsy Needle
When penetrating the abdominal organs, including the
GI tract, two points are worth considering. First, pierce
the surface of the solid organs and the bowel wall as
orthogonally as possible; this could particularly help
prevent tearing the capsule of the liver and the spleen.
Second, advance the needle forcibly and quickly with no
hesitation so that the flexible and mobile structures such as
the bowel and gallbladder (GB) wall can be punctured (34).
When approaching the target, the needle should be
readjusted to ensure proper inclination and positioning
(16). For larger lesions, acquiring the specimen at the outer
portion of the lesion is recommended because the inner
portion is often necrotic or cystic, which is not suitable
for pathologic diagnosis (6). In contrast, when a mass has
a diameter less than 2 cm, a tissue specimen should be
acquired from the center of the target (26).

Post-Biopsy Management

Immediately after the core tissue is extracted, color
Doppler US should be carefully performed to check for any
significant post-biopsy bleeding. A linear track of color flow
along the biopsy trajectory (“patent tract” sign) strongly
suggests the possibility of clinically significant post-biopsy
bleeding, especially if it persists even five minutes after
USPCB (35).
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Organ-Specific Technical Considerations

Liver

For liver biopsy, both the subcostal and intercostal
approaches are used with the patients in the supine
position. In diffuse liver disease, a subcostal approach to
the left hepatic lobe in the midline epigastrium is usually
preferred to an intercostal approach to minimize the risk of
intercostal vessel injury and pain (6, 26). When a subcostal
route is not available due to the small size of the left
hepatic lobe, an intercostal route toward segment 5 can be
alternatively used. For a focal hepatic lesion, the approach
route should be determined according to the location of the
lesion within the liver. If the target is located in the inferior
portion of the caudate lobe or segments 4, 6, 7, or 8, an
intercostal approach should be adopted, whereas a subcostal
approach should be used when the target is located in the
superior portion of the caudate lobe or segments 2, 3, or
5 (Fig. 2). If the lesion is located in the superior segment
of the liver, close to the dome, the left posterior oblique
position may be required to allow visualization of and access
to the target lesion (6); the presence of ascites should not
be a contraindication for liver biopsy, and drainage of ascitic
fluid should be considered before the procedure only in
cases with massive ascites (6). To minimize bleeding, which
is the most common complication of biopsy (36), the needle
trajectory should include as much normal parenchyma as
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possible before the target is entered, without crossing major ~ Pancreas
hepatic vessels. Tissue diagnosis of various pancreatic lesions can be made
by FNA cytology or tissue core biopsy under endoscopic US

A B

Fig. 2. 57-year-old woman with dysplastic nodule in left hepatic lobe.

A. Gadoxetic acid-enhanced T1-weighted hepatocyte-phase MR image displays heterogeneously hypointense mass (arrows) measuring 2 cm with
surrounding focal fat deposition (arrowheads) in left hepatic lobe. Trapezoid outline indicates US scan area (B). B. Oblique transverse subcostal
US image shows hyperechoic mass (arrows) in left hepatic lobe. USPCB with 18-gauge needle (arrowhead; needle length: 11.5 cm, size of cutting
notch: 1.6 cm) using subcostal approach was performed while patient was in supine position with one breath-hold; operator used two-stage
biopsy action during procedure. After advancing needle tip to position 0.5 cm proximal to anterior border of target, operator pressed firing
trigger to thrust inner trocar forward and confirmed that needle tip was within target, accompanied by second firing of outer cutting cannula to
extract tissue specimen (stroke length: 22 mm). US = ultrasound, USPCB = ultrasound-guided percutaneous core needle biopsy

A C

Fig. 3. 63-year-old man with well-differentiated ductal adenocarcinoma in pancreatic uncinate process.

A. Coronal enhanced T1-weighted MR image shows hypointense 2.8 cm mass (arrows) in uncinate process of pancreas. Dotted line indicates
plane of sagittal US image (B, C). Biopsy gun model indicates planned transabdominal caudocranial approach to mass in uncinate process. B.
Corresponding sagittal color Doppler US image planned in (A) shows vascular structures around mass (arrows) that should be avoided. Biopsy
gun model indicates planned trans-omental caudocranial approach. Note that there is no major vessel along planned safe path. C. Sagittal

US image shows echogenic line (arrowheads), which indicates 18-gauge needle (needle length: 11.5 cm, size of cutting notch: 1.6 cm), and
hypoechoic mass (arrows) in uncinate process along planned safe path. Operator used two-stage biopsy action during procedure. After advancing
needle tip to anterior border of target, operator pressed firing trigger to thrust inner trocar forward and confirmed that needle tip was within
target, accompanied by advancing outer cutting cannula to extract tissue specimen (stroke length: 22 mm). US = ultrasound
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(EUS), US, or CT guidance. EUS uses a shorter needle tract,
which may result in a lower likelihood of tumoral tract
seeding (37). Additionally, EUS-guided FNA may be useful
when CT or US cannot detect and localize small focal lesions
in the pancreas (38). However, given that the diagnostic
accuracy rates for EUS and the percutaneous approach are
similar, ranging from 76% to 96% and from 72% to 100%,
respectively (17, 18, 38, 39), percutaneous core-needle
biopsy can be alternatively considered for the pathologic
diagnosis of pancreatic masses through obtaining larger
tissue samples if EUS-guided FNA cytology fails or is
unavailable.

The pancreas is likely the most difficult organ for USPCB
because it is a deep organ and it is surrounded by dense
vasculature and other abdominal viscera. However, the
complication rates have been reported to be low (12, 18,
40). In some cases, penetrating surrounding organs such
as the stomach, small bowel, liver, and spleen cannot be
avoided (12, 34). Nevertheless, USPCB through the colon is
not recommended because of the potential risk of peritonitis
by contaminating a sterile biopsy site (12, 41, 42). Color
Doppler US is very helpful in identifying the vessels to
be avoided during the procedure (Fig. 3). If the lesion is

Fig. 4. 20-year-old woman with multiple microabscesses in spleen.

Kim et al.

located in the head, neck, body, or proximal tail of the
pancreas, a transabdominal approach through the omentum
or stomach is recommended. If the colon or abundant
vasculature overlies the lesion in the pancreatic tail, it may
be useful to use a left intercostal approach through the
spleen or a posterolateral approach through the kidney.

Spleen

Ultrasound-guided percutaneous core needle biopsy of the
spleen is often avoided due to concern for the associated
high risk of hemorrhage after the biopsy. However, the
safety and diagnostic accuracy of splenic biopsies are
reported to be similar to those of liver biopsies (43). In
previous research, the diagnostic accuracy rates ranged
between 87.6% and 98.2%, with major complication rates
of less than 3.2% (19, 43). The left intercostal approach is
generally adopted with the patient in the supine position.
Alternatively, the right posterior oblique or right decubitus
position may be used depending on the location of the
lesion within the spleen. Useful technical tips to minimize
the risk of hemorrhage during splenic biopsy are as follows:
1) choose a peripherally located lesion for the biopsy rather
than a deep-seated lesion if there are multiple lesions

A. Contrast-enhanced CT image displays multiple, small lesions (arrows) in spleen with low attenuation. B. Longitudinal US image during biopsy
with 18-gauge needle (arrowhead) shows multiple, small hypoechoic lesions within spleen. Note that peripherally located 0.8 cm lesion (arrow)
was chosen for biopsy to traverse as little normal splenic parenchyma as possible. Operator used 18-gauge biopsy needle (needle length: 11.5
cm, size of cutting notch: 0.6 cm). After advancing needle tip to position 0.5 cm proximal to anterior border of target, operator pressed firing
trigger to thrust inner trocar forward and confirmed that needle tip was within target, accompanied by second firing of outer cutting cannula to

extract tissue specimen (stroke length: 11 mm). US = ultrasound
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(Fig. 4); 2) choose the shortest biopsy path to traverse as parenchyma tends to increase bleeding risk rather than
little normal splenic parenchyma as possible, unlike with a tamponade effect (44); 3) as far as possible, finish the
liver biopsy, because a more intervening normal splenic procedure during breath-hold or shallow respiration; and 4)

A

Fig. 5. 67-year-old man with GB cancer.

A. Contrast-enhanced CT image shows enhancing thickened wall (arrows) measuring 2.8 cm in GB. Trapezoid outline indicates US scan area (C).
B. Illustration of transverse US image (C) shows target (GB) surrounded by liver and colon. Biopsy gun model indicates planned transhepatic
approach to target lesion. C. US image during procedure with 18-gauge needle (arrowheads; needle length: 11.5 cm, size of cutting notch: 1.6
cm) via transhepatic approach shows appropriate path for adequate acquisition of specimen. After advancing needle tip to anterior border of
target, operator pressed firing trigger to thrust inner trocar forward and confirmed that needle tip was within target, accompanied by second
firing of outer cutting cannula to extract tissue specimen (stroke length: 22 mm). There were no symptoms from bile peritonitis after biopsy.
GB = gallbladder, US = ultrasound

Fig. 6. 77-year-old man with GB cancer.

A. Contrast-enhanced CT image displays irregularly thickened enhancing wall (arrows) measuring 2.6 cm in GB neck and metastatic
lymphadenopathy (arrowhead). B. **F-FDG PET/CT image shows focal hot uptakes in GB wall (arrows) and lymphadenopathy (arrowhead) that

are seen on (A). C. Longitudinal US image depicts irregularly thickened hypoechoic wall (arrows) in GB neck. US image during procedure with
18-gauge needle (arrowhead; needle length: 11.5 cm, size of cutting notch: 1.1 cm) via transabdominal approach shows needle path for adequate
acquisition of specimen. After advancing needle tip to anterior border of target, operator pressed firing trigger to thrust inner trocar forward and
confirmed that needle tip was within target, accompanied by second firing of outer cutting cannula to extract tissue specimen (stroke length:

16 mm). There were no signs or symptoms of bile peritonitis after biopsy. FDG = fludeoxyglucose, GB = gallbladder, PET = positron emission
tomography, US = ultrasound
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limit the number of needle punctures.

Gallbladder

Percutaneous biopsy of the GB is rarely performed due
to potential complications such as bile peritonitis or
hemobilia. However, USPCB for GB lesions has been shown
to be accurate, safe, and cost-effective (45, 46). A mass
form is more conductive to biopsy than a thickened GB
wall. In most cases, the transhepatic approach is preferred
to the transabdominal approach to avoid bile leak (Fig.
5). Perpendicular penetration through the GB wall is
recommended to avoid GB perforation and bile leakage. If
the transabdominal approach is adopted, rapid and forceful
penetration is useful because of the flexibility and mobility
of the GB wall (Fig. 6).

Kidney

Renal biopsy is often indicated to identify the etiology
of parenchymal disease and to differentiate renal cell
carcinomas from other renal masses (47, 48). To acquire
adequate cortical renal tissue that contains glomeruli
for the diagnosis of intrinsic parenchymal disease, a
posterolateral approach into the lower pole of the kidney is
generally used with the patient in the prone position. The

Kim et al.

factors to be considered in selecting safe paths for renal
biopsy include the target location within the kidney, lesion
size, and the patient’s body habitus (26). If the lesion is
located in the lateral or posterior aspect of the kidney, a
posterolateral intercostal approach is recommended with
the patient in the prone position (Fig. 7). However, if the
lesion is in the medial or anterior aspect of the kidney,

a transhepatic or trans-splenic intercostal approach is
desirable with the patient in the supine position (Fig. 8).

Adrenal Gland

For USPCB of the adrenal gland, the important factors
that influence the choice of a safe path are the laterality
of the lesion and the size of the target. If the lesion is
located in the right adrenal gland, a transhepatic approach
is recommended with the patient in the supine or left
posterior oblique position; if the lesion is located in the
left adrenal gland, a transabdominal or posterior approach
can be adopted with the patient in the supine or prone
position, respectively (Fig. 9). USPCB is more suitable for
lesions in the right gland because the liver may serve as a
useful sonic window.

Although USPCB is usually contraindicated in cases
of pheochromocytoma (49), when performing biopsy in

A B

Fig. 7. 70-year-old man with angiomyolipoma in right kidney.

A. Coronal T2-weighted MR image displays exophytic hypointense 2.3 cm mass (arrows) in lateral aspect of right kidney. Trapezoid outline
indicates US scan area (B). B. Longitudinal US image shows exophytic isoechoic mass (arrows) in right kidney. USPCB with 18-gauge needle
(arrowhead; needle length: 11.5 cm, size of cutting notch: 1.6 cm) via posterolateral approach was performed while patient was in prone
position. After placing needle tip at anterior border of target, operator sequentially advanced inner trocar and outer cutting cannula to extract
tissue specimen (stroke length: 22 mm). Procedure was performed as quickly as possible with patient holding his breath in order not to cause
tumoral rupture. US = ultrasound, USPCB = ultrasound-guided percutaneous core needle biopsy
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patients with suspected pheochromocytoma, pretreatment under endoscopic guidance, but percutaneous biopsy of the
with an a-adrenergic blocker is recommended to avoid bowel is sometimes performed when the lesion is situated
hypertensive crisis and bleeding (50). below the mucosa or in the jejunum and ileum (21, 51, 52).
A bowel mass is usually detected as a hypoechoic lesion
Gastrointestinal Tract within the hyperechoic background of the bowel (53). The

Biopsies for lesions in the GI tract are generally performed  location of the bowel mass as identified by US, CT, and MR

A
Fig. 8. 42-year-old man with clear cell renal cell carcinoma in right kidney.
A. Axial contrast-enhanced T1-weighted MR image shows exophytic poorly enhancing 1.8 cm mass (arrows) in anterior aspect of right kidney.
Trapezoid outline indicates US scan area (B). B. Transverse US image shows exophytic isoechoic mass (arrows) in right kidney. USPCB with
18-gauge needle (arrowhead; needle length: 15 cm, size of cutting notch: 1.1 cm) via transhepatic approach was performed while patient was in
supine position. After placing needle tip at anterior border of target, operator sequentially advanced inner trocar and outer cutting cannula to
extract tissue specimen (stroke length: 16 mm). Procedure was performed as quickly as possible with patient holding his breath in order not to
cause tumoral rupture. US = ultrasound, USPCB = ultrasound-guided percutaneous core needle biopsy

Fig. 9. 69-year-old woman with metastasis in left adrenal gland.

A. Contrast-enhanced CT image shows well-defined enhancing mass (arrows) measuring 2.5 cm in left adrenal gland. Trapezoid outline indicates
US scan area (B). B. Transverse US image shows hypoechoic mass (arrows) in left adrenal gland. C. USPCB of left adrenal mass (arrows) with
18-gauge needle (arrowheads; needle length: 11.5 cm, size of cutting notch: 1.1 cm) via transabdominal approach was performed while patient
was in supine position. After advancing needle tip to anterior border of target, operator pressed firing trigger to thrust inner trocar forward and
confirmed that needle tip was within target, accompanied by second firing of outer cutting cannula to extract tissue specimen (stroke length: 16
mm). US = ultrasound, USPCB = ultrasound-guided percutaneous core needle hiopsy
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imaging studies may vary slightly because of the mobility of intraluminal gas and echogenic abdominal fat. When
of the bowel. Small GI tract tumors are difficult to detect performing USPCB in the GI tract via a transabdominal
not only because of the bowel’s mobility but also because approach, graded compression may be beneficial because it

Fig. 10. 65-year-old woman with small bowel GIST.

A. Contrast-enhanced CT image shows well-defined heterogeneously enhancing mass (arrows) measuring 6.8 cm in left sided mesentery. Trapezoid
outline indicates US scan area (B). B. Transverse US image shows hypoechoic mass (arrows). USPCB with 18-gauge needle (arrowheads; needle
length: 11.5 cm, size of cutting notch: 1.6 cm) using transabdominal approach and graded compression of abdominal wall was performed while
patient was in supine position with shallow breathing. After advancing needle tip to position 1 cm distal to anterior border of target, operator
pressed firing trigger to thrust inner trocar forward and confirmed that needle tip was within target, accompanied by second firing of outer
cutting cannula to extract tissue specimen (stroke length: 22 mm). Note that there is no bowel between tumor and abdominal wall. GIST =
gastrointestinal stromal tumor, US = ultrasound, USPCB = ultrasound-guided percutaneous core needle biopsy

Fig. 11. 70-year-old man with metastatic retroperitoneal lymphadenopathies.

A. Contrast-enhanced CT image demonstrates multiple enlarged lymphadenopathies (arrows) around abdominal aorta. Trapezoid outline indicates
US scan area (B, C). B. Transverse color Doppler US image using graded compression shows aorta and both renal vessels around lymphadenopathies
(arrows), which should be avoided during biopsy. C. USPCB with 18-gauge needle (arrowheads; needle length: 11.5 cm, size of cutting notch:

1.6 cm) via transabdominal approach and graded compression of abdominal wall in supine position was performed. After advancing needle

tip to anterior border of target, operator pressed firing trigger to thrust inner trocar forward and confirmed that needle tip was within target,
accompanied by second firing of outer cutting cannula to extract tissue specimen (stroke length: 22 mm). Note that there is no bowel between
retroperitoneal nodes and abdominal wall. US = ultrasound, USPCB = ultrasound-guided percutaneous core needle biopsy

318 Korean J Radiol 18(2), Mar/Apr 2017 kjronline.org



Ultrasound-Guided Percutaneous Core Needle Biopsy of Abdominal Viscera

allows for displacing the gas-filled normal bowel loop and
immobilizing the target tumor and it reduces skin-to-lesion
distance (Fig. 10) (54).

Lymph Node

Ultrasound-guided percutaneous core needle biopsy
may be effectively performed for both superficial and
deep lymph nodes with diameters as small as 1 ¢cm (55,
56); before the procedure, color Doppler US is required
to demarcate adjacent vessels and thereby avoid injuring
them; most lymph nodes appear as hypoechoic lesions
within a background of hyperechoic abdominal fat and
bowel. In cases of mobile mesenteric lymph nodes, USPCB
of the node is performed in a manner analogous to that
used with small bowel tumors. When performing biopsy for
a mobile mesenteric lymph node, slow pushing the node by
needle tip and graded compression using the US probe are
useful for holding the node in position to allow for accurate
cutting (Fig. 11) (55). If the transabdominal approach is
not possible for pelvic nodes, a transrectal approach may be
useful (55).

Omentum and Peritoneum

Ultrasound-guided percutaneous core needle biopsy
of the omentum and peritoneum has been reported as a
safe and feasible method of making a tissue diagnosis in
patients with omental and peritoneal implants (57). The
omentum and peritoneum are not visualized on US images
in their normal condition (58); however, various omental
and peritoneal lesions such as peritoneal metastasis
and tuberculosis can be detected on US, especially in
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the presence of ascites. In many benign and malignant
conditions, the omentum and peritoneum show irreqgular
and nodular thickening with increased echogenicity and
are often infiltrated by hypoechoic nodules (58). USPCB of
the omentum and peritoneum needs to be preferentially
performed at the thickest portion near the abdominal wall,
without touching the adjacent intestinal wall or major
vessels, which has resulted in diagnostic accuracy rates of
84% to 93.8% (Fig. 12) (57-59).

Complications

Although USPCB of abdominal organs has been reported
to be safe, complications may occur such as pain, bleeding,
inadvertent organ injury, and possible tumor seeding along
the needle path (2, 60).

Pain is the most common minor complication of USPCB
and is successfully treated with analgesic medication, even
in severe cases (40, 61, 62). Although it is rare, ranging
from 0% to 3.4%, bleeding is the most common major
complication (6, 19). The echogenicity of fresh blood
is similar to that of surrounding solid organs, such that
bleeding may be easily overlooked during the procedure (63).
CT should be performed in cases with suspicious peritoneal
bleeding after USPCB. Surprisingly, the risk of bleeding does
not appear to be greatly affected by the needle size (64-
66). If a hemorrhage occurs, especially after splenic biopsy,
percutaneous embolization or even emergent splenectomy
may be required depending on the severity of the bleeding.

Inadvertent organ injury is an important concern when
USPCB is performed using a path that traverses non-

C

Fig. 12. 56-year-old woman with metastatic adenocarcinoma in greater omentum.
A. Contrast-enhanced CT image shows reticular infiltrations (arrows) in greater omentum. B. Transverse US image shows thickened omentum

with increased echogenecity (arrows) near anterior abdominal wall. C. USPCB of greater omentum (arrows) with 18-gauge needle (arrowheads;
needle length: 11.5 cm, size of cutting notch: 1.6 cm) via transabdominal approach was performed while patient was in supine position. After
advancing needle tip to anterior border of target, operator pressed firing trigger to thrust inner trocar forward and confirmed that needle tip was
within target, accompanied by second firing of outer cutting cannula to extract tissue specimen (stroke length: 22 mm). US = ultrasound, USPCB
= ultrasound-guided percutaneous core needle biopsy
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target abdominal organs. However, the risk of organ injury
under these conditions appears to be minimal unless the
penetrated organ is lacerated due to deep breathing during
needle advancement (12, 56, 67).

Malignant seeding of the needle tract following USPCB
is not common, ranging from 0% to 5.1% (6, 18, 60, 68).
Nevertheless, the number of needle passes should be limited
to as few as possible in order to minimize the risk of tumor
seeding (69).

CONCLUSION

Ultrasound-guided percutaneous core needle biopsy
of abdominal organs can be effectively and safely used
for retrieving sufficient high-quality tissue to facilitate
pathologic diagnosis. Knowledge of proper patient
preparation and technical skills for safe and effective
USPCB and organ-specific considerations are keys to safe
and adequate tissue acquisition. The steps outlined in this
paper, if followed meticulously, can help operators collect
useful information via USPCB with a high degree of patient
safety.

Acknowledgments

We thank Chang Geun Kim, PhD and Jin Su Park, PhD
in the ultrasound suite of Chonnam National University
(Hwasun) Hospital for their support in performing USPCB.

REFERENCES

1. Reading CC. Percutaneous needle biopsy. Abdom Imaging
1997;22:311-312

2. Atwell T, Charboneau JW, McGahan J, Reading CC. Ultrasound-
guided biopsy of abdomen and pelvis. In: Rumack CM, Wilson
SR, Charboneau JW, Levine D, eds. Diagnostic Ultrasound, 4th
ed. Philadelphia, PA: Elsevier & Mosby, 2011:613-638

3. Jennings PE, Donald JJ, Coral A, Rode J, Lees WR. Ultrasound-
guided core biopsy. Lancet 1989;1:1369-1371

4. Sheafor DH, Paulson EK, Simmons CM, DeLong DM, Nelson
RC. Abdominal percutaneous interventional procedures:
comparison of CT and US guidance. Radiology 1998;207:705-
710

5. Charboneau JW, Reading CC, Welch TJ. CT and sonographically
guided needle biopsy: current techniques and new
innovations. AJR Am J Roentgenol 1990;154:1-10

6. Lipnik AJ, Brown DB. Image-guided percutaneous abdominal
mass biopsy: technical and clinical considerations. Radiol Clin
North Am 2015;53:1049-1059

7. Uppot RN, Harisinghani MG, Gervais DA. Imaging-guided
percutaneous renal biopsy: rationale and approach. AJR Am J

320

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kim et al.

Roentgenol 2010;194:1443-1449

Atwell TD, Smith RL, Hesley GK, Callstrom MR, Schleck CD,
Harmsen WS, et al. Incidence of bleeding after 15,181
percutaneous biopsies and the role of aspirin. AJR Am J
Roentgenol 2010;194:784-789

. 0’Connor SD, Taylor AJ, Williams EC, Winter TC. Coagulation

concepts update. AJR Am J Roentgenol 2009;193:1656-1664
Burger W, Chemnitius JM, Kneissl GD, Riicker G. Low-

dose aspirin for secondary cardiovascular prevention-
cardiovascular risks after its perioperative withdrawal versus
bleeding risks with its continuation-review and meta-analysis.
J Intern Med 2005;257:399-414

Akan H, Ozen N, Incesu L, Giimiis S, Giines M. Are
percutaneous transgastric biopsies using 14-, 16- and 18-G
Tru-Cut needles safe? An experimental study in the rabbit.
Australas Radiol 1998;42:99-101

Brandt KR, Charboneau JW, Stephens DH, Welch TJ, Goellner
JR. CT- and US-guided biopsy of the pancreas. Radiology
1993;187:99-104

Eckman MH, Erban JK, Singh SK, Kao GS. Screening for

the risk for bleeding or thrombosis. Ann Intern Med
2003;138:W15-W24

Sammon J, Twomey M, Crush L, Maher MM, O'Connor 0J.
Image-guided percutaneous splenic biopsy and drainage.
Semin Intervent Radiol 2012;29:301-310

Stewart CJ, Coldewey J, Stewart IS. Comparison of fine needle
aspiration cytology and needle core biopsy in the diagnosis
of radiologically detected abdominal lesions. J Clin Pathol
2002;55:93-97

Li L, Liu LZ, Wu QL, Mo YX, Liu XW, Cui CY, et al. CT-

guided core needle biopsy in the diagnosis of pancreatic
diseases with an automated biopsy gun. J Vasc Interv Radiol
2008;19:89-94

Zamboni GA, D'Onofrio M, Idili A, Malagd R, Iozzia R, Manfrin E,
et al. Ultrasound-guided percutaneous fine-needle aspiration
of 545 focal pancreatic lesions. AJR Am J Roentgenol
2009;193:1691-1695

Paulsen SD, Nghiem HV, Negussie E, Higgins EJ, Caoili EM,
Francis IR. Evaluation of imaging-guided core biopsy of
pancreatic masses. AJR Am J Roentgenol 2006;187:769-772
Olson MC, Atwell TD, Harmsen WS, Konrad A, King RL, Lin Y,
et al. Safety and accuracy of percutaneous image-guided core
biopsy of the spleen. AJR Am J Roentgenol 2016;206:655-659
Appelbaum L, Kane RA, Kruskal JB, Romero J, Sosna J. Focal
hepatic lesions: US-guided biopsy--lessons from review of
cytologic and pathologic examination results. Radiology
2009;250:453-458

Perez-Johnston R, Hahn PF, Shenoy-Bhangle AS, Shelly MJ,
Gervais DA, Arellano RS. Percutaneous biopsy of focal lesions
of the gastrointestinal tract. Abdom Imaging 2013;38:1197-
1202

Hatfield MK, Beres RA, Sane SS, Zaleski GX. Percutaneous
imaging-guided solid organ core needle biopsy: coaxial versus
noncoaxial method. AJR Am J Roentgenol 2008;190:413-417
Yoshimatsu R, Yamagami T, Tanaka O, Miura H, Tanaka

Korean J Radiol 18(2), Mar/Apr 2017 kjronline.org



Ultrasound-Guided Percutaneous Core Needle Biopsy of Abdominal Viscera

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

kjronline.org

T, Suzuki T, et al. Comparison of fully automated and
semi-automated biopsy needles for lung biopsy under CT
fluoroscopic guidance. Br J Radiol 2012;85:208-213
Sridharan R, Yunos SM, Aziz S, Hussain RI, Alhabshi SM, Suria
Hayati MP, et al. Comparison on the use of semi-automated
and automated core biopsy needle in ultrasound guided
breast biopsy. Med J Malaysia 2015;70:326-333

Hopper KD, Abendroth CS, Sturtz KW, Matthews YL, Shirk

SJ, Stevens LA. Blinded comparison of biopsy needles and
automated devices in vitro: 1. Biopsy of diffuse hepatic
disease. AJR Am J Roentgenol 1993;161:1293-1297

Khati NJ, Gorodenker J, Hill MC. Ultrasound-guided biopsies
of the abdomen. Ultrasound Q 2011;27:255-268
Meier-Meitinger M, Anders K, Alibek S, Uder M, Baum U. CT-
guided biopsies of pancreatic lesions: impact of contrast
application prior to versus following needle placement. Acad
Radiol 2009;16:1386-1392

Longo JM, Bilbao JI, Barettino MD, Larrea JA, Pueyo J,
Idoate F, et al. Percutaneous vascular and nonvascular
puncture under US guidance: role of color Doppler imaging.
Radiographics 1994;14:959-972

Tang S, Li JH, Lui SL, Chan TM, Cheng IK, Lai KN. Free-hand,
ultrasound-guided percutaneous renal biopsy: experience from
a single operator. Eur J Radiol 2002;41:65-69

Phal PM, Brooks DM, Wolfe R. Sonographically guided biopsy
of focal lesions: a comparison of freehand and probe-
guided techniques using a phantom. AJR Am J Roentgenol
2005;184:1652-1656

Yu SC, Lau WY, Leung WT, Liew CT, Leung NW, Metreweli C.
Percutaneous biopsy of small hepatic lesions using an 18
gauge automated needle. Br J Radiol 1998;71:621-624
Bisceglia M, Matalon TA, Silver B. The pump maneuver: an
atraumatic adjunct to enhance US needle tip localization.
Radiology 1990;176:867-868

Feld R, Needleman L, Goldberg BB. Use of needle-vibrating
device and color Doppler imaging for sonographically guided
invasive procedures. AJR Am J Roentgenol 1997;168:255-256
Tseng HS, Chen CY, Chan WP, Chiang JH. Percutaneous
transgastric computed tomography-guided biopsy of

the pancreas using large needles. World J Gastroenterol
2009;15:5972-5975

Kim KW, Kim MJ, Kim HC, Park SH, Kim SY, Park MS, et al.
Value of “patent track” sign on Doppler sonography after
percutaneous liver biopsy in detection of posthiopsy bleeding:
a prospective study in 352 patients. AJR Am J Roentgenol
2007;189:109-116

Weigand K, Weigand K. Percutaneous liver biopsy:
retrospective study over 15 years comparing 287 inpatients
with 428 outpatients. J Gastroenterol Hepatol 2009;24:792-
799

Micames C, Jowell PS, White R, Paulson E, Nelson R, Morse
M, et al. Lower frequency of peritoneal carcinomatosis in
patients with pancreatic cancer diagnosed by EUS-guided FNA
vs. percutaneous FNA. Gastrointest Endosc 2003;58:690-695
Horwhat JD, Paulson EK, McGrath K, Branch MS, Baillie J,

Korean J Radiol 18(2), Mar/Apr 2017

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

52.

Korean Journal of Radiology

Tyler D, et al. A randomized comparison of EUS-guided FNA
versus CT or US-guided FNA for the evaluation of pancreatic
mass lesions. Gastrointest Endosc 2006;63:966-975

Erturk SM, Mortelé KJ, Tuncali K, Saltzman JR, Lao R,
Silverman SG. Fine-needle aspiration biopsy of solid
pancreatic masses: comparison of CT and endoscopic
sonography guidance. AJR Am J Roentgenol 2006;187:1531-
1535

Zech CJ, Helmberger T, Wichmann MW, Holzknecht N, Diebold
J, Reiser MF. Large core biopsy of the pancreas under CT
fluoroscopy control: results and complications. J Comput
Assist Tomogr 2002;26:743-749

Gupta S, Ahrar K, Morello FA Jr, Wallace MJ, Hicks ME. Masses
in or around the pancreatic head: CT-guided coaxial fine-
needle aspiration biopsy with a posterior transcaval approach.
Radiology 2002;222:63-69

Sofocleous CT, Schubert J, Brown KT, Brody LA, Covey AM,
Getrajdman GI. CT-guided transvenous or transcaval needle
biopsy of pancreatic and peripancreatic lesions. J Vasc Interv
Radiol 2004;15:1099-1104

McInnes MD, Kielar AZ, Macdonald DB. Percutaneous image-
guided biopsy of the spleen: systematic review and meta-
analysis of the complication rate and diagnostic accuracy.
Radiology 2011;260:699-708

Keogan MT, Freed KS, Paulson EK, Nelson RC, Dodd LG.
Imaging-guided percutaneous biopsy of focal splenic lesions:
update on safety and effectiveness. AJR Am J Roentgenol
1999;172:933-937

Venkataramu NK, Sood BP, Gupta S, Gulati M, Khandelwal N,
Suri S. Ultrasound-guided fine needle aspiration biopsy of gall
bladder malignancies. Acta Radiol 1999;40:436-439

Pandey M, Sood BP, Shukla RC, Aryya NC, Singh S, Shukla VK.
Carcinoma of the gallbladder: role of sonography in diagnosis
and staging. J Clin Ultrasound 2000;28:227-232

Whittier WL, Korbet SM. Renal biopsy: update. Curr Opin
Nephrol Hypertens 2004;13:661-665

Lebret T, Poulain JE, Molinie V, Herve JM, Denoux Y, Guth A,
et al. Percutaneous core biopsy for renal masses: indications,
accuracy and results. J Urol 2007;178(4 Pt 1):1184-1188;
discussion 1188

Vanderveen KA, Thompson SM, Callstrom MR, Young WF Jr,
Grant CS, Farley DR, et al. Biopsy of pheochromocytomas
and paragangliomas: potential for disaster. Surgery
2009;146:1158-1166

Casola G, Nicolet V, vanSonnenberg E, Withers C, Bretagnolle
M, Saba RM, et al. Unsuspected pheochromocytoma: risk

of blood-pressure alterations during percutaneous adrenal
biopsy. Radiology 1986;159:733-735

Carson BW, Brown JA, Cooperberg PL. Ultrasonographically
guided percutaneous biopsy of gastric, small bowel, and
colonic abnormalities: efficacy and safety. J Ultrasound Med
1998;17:739-742

Farmer KD, Harries SR, Fox BM, Maskell GF, Farrow R. Core
biopsy of the bowel wall: efficacy and safety in the clinical
setting. AJR Am J Roentgenol 2000;175:1627-1630

321



Korean Journal of Radiology

KJR

53.

54.

55.

56.

57.

58.

59.

60.

61.

322

Marco-Doménech SF, Gil-Sanchez S, Fernandez-Garcia P,

De La Iglesia-Carrefia P, Gonzalez-Afi6n M, Arenas-Jimenez
JJ, et al. Sonographically guided percutaneous biopsy

of gastrointestinal tract lesions. AJR Am J Roentgenol
2001;176:147-151

Puylaert JB. Acute appendicitis: US evaluation using graded
compression. Radiology 1986;158:355-360

Memel DS, Dodd GD 3rd, Esola CC. Efficacy of sonography
as a guidance technique for biopsy of abdominal, pelvic,
and retroperitoneal lymph nodes. AJR Am J Roentgenol
1996;167:957-962

Fisher AJ, Paulson EK, Sheafor DH, Simmons CM, Nelson
RC. Small lymph nodes of the abdomen, pelvis, and

retroperitoneum: usefulness of sonographically guided biopsy.

Radiology 1997;205:185-190

Spencer JA, Weston MJ, Saidi SA, Wilkinson N, Hall GD.
Clinical utility of image-guided peritoneal and omental
biopsy. Nat Rev Clin Oncol 2010;7:623-631

Que Y, Wang X, Liu Y, Li P, Ou G, Zhao W. Ultrasound-guided
biopsy of greater omentum: an effective method to trace the
origin of unclear ascites. Eur J Radiol 2009;70:331-335

Lee JK, Baek SY, Lim SM, Lee KH. Reticular infiltrations alone
without mass in the mesentery and omentum identified at
contrast-enhanced CT: efficacy of US-guided percutaneous
core biopsy. Radiology 2011;261:311-317

Smith EH. Complications of percutaneous abdominal fine-
needle biopsy. Review. Radiology 1991;178:253-258

Tan KT, Rajan DK, Kachura JR, Hayeems E, Simons ME, Ho
CS. Pain after percutaneous liver biopsy for diffuse hepatic
disease: a randomized trial comparing subcostal and

62.

63.

64.

65.

66.

67.

68.

69.

Kim et al.

intercostal approaches. J Vasc Interv Radiol 2005;16:1215-
1219

Mueller PR, Biswal S, Halpern EF, Kaufman JA, Lee MJ.
Interventional radiologic procedures: patient anxiety,
perception of pain, understanding of procedure, and
satisfaction with medication--a prospective study. Radiology
2000;215:684-688

Ralls PW, Barakos JA, Kaptein EM, Friedman PE, Fouladian

G, Boswell WD, et al. Renal biopsy-related hemorrhage:
frequency and comparison of CT and sonography. J Comput
Assist Tomogr 1987;11:1031-1034

Haaga JR, LiPuma JP, Bryan PJ, Balsara VJ, Cohen AM. Clinical
comparison of small-and large-caliber cutting needles for
biopsy. Radiology 1983;146:665-667

Rockey DC, Caldwell SH, Goodman ZD, Nelson RC, Smith AD;
American Association for the Study of Liver Diseases. Liver
biopsy. Hepatology 2009;49:1017-1044

Martino CR, Haaga JR, Bryan PJ, LiPuma JP, El Yousef SJ, Alfidi
RJ. CT-guided liver biopsies: eight years” experience. Work in
progress. Radiology 1984;152:755-757

Elvin A, Andersson T, Scheibenpflug L, Lindgren PG. Biopsy of
the pancreas with a biopsy gun. Radiology 1990;176:677-679
Chang S, Kim SH, Lim HK, Lee WJ, Choi D, Lim JH. Needle
tract implantation after sonographically guided percutaneous
biopsy of hepatocellular carcinoma: evaluation of doubling
time, frequency, and features on CT. AJR Am J Roentgenol
2005;185:400-405

Ferrucci JT, Wittenberg J, Margolies MN, Carey RW. Malignant
seeding of the tract after thin-needle aspiration biopsy.
Radiology 1979;130:345-346

Korean J Radiol 18(2), Mar/Apr 2017 kjronline.org



