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INTRODUCTION

Image-guided percutaneous biopsy and fluid
collection drainage are commonly performed
radiologic interventions in the abdomen. Both US
and computed tomography (CT) guidance are
used for image-guided procedures. Advantages
of the sonographic approach include decreased
procedure time, absence of radiation, low cost,
portability, real-time visualization of needle place-
ment, and real-time Doppler imaging to avoid
vessel puncture or to rapidly confirm complica-
tions such as bleeding.1,2 US also allows for rapid,
real-time guidance for aspirations and drainages,
precluding the need for CT scanning and radiation
to confirm needle or catheter placement in many
patients.3

When deciding whether to use US or CT guid-
ance, a good general rule is to consider US first.

If the lesion cannot be seen under US guidance
or if a safe pathway is not identified, then CT
may be considered. Occasionally, both modalities
may need to be used. For example, the initial ac-
cess may be easier under US guidance, with
confirmation of the needle or catheter placement
under CT. However, US alone is more than suffi-
cient for most types of abdominal intervention.4,5

Newer applications in procedures such as the
use of US contrast, volume navigation, and fusion
further expand the capabilities of US. US contrast
helps visualize lesions that may be suboptimally
seen by conventional sonography and also helps
identify foci of residual or recurrent tumor after
ablation.6 Volume navigation assists in selecting
trajectories from various entry points based on
the location of the target. Fusion technology
allows for overlay of CT, magnetic resonance im-
aging (MRI), and positron emission tomography
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KEY POINTS

! Ultrasound (US) guidance for invasive procedures is a necessary tool and should be considered the
first-line modality for most procedures in the abdomen and pelvis.

! There are many steps in ensuring patient safety and optimal procedure environment, including
setup of room and equipment, sonographer and nursing support, and comprehensive review of
the patient history and imaging.

! US with fusion further increases the utility of US in the setting of invasive procedures.
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(PET)/PET-CT images, with the sonographic im-
ages to target biopsies and ablations.

IMAGING REVIEW

Before scheduling a procedure, it is important to
review other imaging modalities such as CT,
MRI, or PET to help localize or characterize the
target lesion or fluid collection. Cross-sectional
imaging may help identify other lesions that are
more amenable to biopsy, such as supraclavicular
lymph nodes or soft-tissue nodules. Additional le-
sions may upstage the diagnosis, which can affect
which lesion is most appropriate to biopsy.
The radiologist can then review the patient’s

history, laboratory values, and allergy information.
Interventional or surgical backup may be sought
for high-risk cases. Patients who are at a higher
risk of bleeding than the general population should
be informed of their risk and consented
accordingly.

SONOGRAPHER

The sonographer plays an important role both
before and during the procedure. The sonographer
should have all the appropriate supplies ready so
there is no need to leave the room after the proce-
dure has started. This preparation includes having

doubles of most supplies in case one is dropped
or inadvertently contaminated. The sonographer
should also coordinate with the imaging nurse for
patient monitoring and review of preprocedure
laboratory results.
The prescan is important to localize the respec-

tive lesion or fluid collection. Before the radiologist
enters the room, the sonographer can identify the
region of interest and help assess possible trajec-
tories for needle entry. In cases in which changes
in patient positioning may be necessary, the so-
nographer can also provide information of which
position allows for optimal visualization of the
target. Once the target is identified and patient po-
sition optimized, the distance from the skin to the
target and/or from the top of the needle guide to
the target can be estimated. The sonographer
can look for impediments in the possible trajec-
tories, such as bowel, lung, or large vessels. It is
imperative that color Doppler imaging be per-
formed, as large vessels should be avoided. The
radiologist can then more expeditiously confirm
the appropriate trajectory.
During the procedure, the sonographer should

capture images demonstrating adequate place-
ment of the needle within the target (Fig. 1). The so-
nographer can capture cine loops of the procedure
when there is a question of whether the target was
reached, especially in hard-to-visualize targets.

Fig. 1. Necessary steps during a biopsy. (A) Assess trajectory to lesion (echogenic liver mass, arrow). (B) Apply co-
lor Doppler and look for vessels in the path (arrow). (C) Record each pass showing needle location (arrow). (D)
Postscan with and without color Doppler to look for bleeding (none detected).
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ROOM SETUP

Amovable, height-adjustable stretcher allows for a
comfortable working level for the radiologist to
minimize unnecessary strain. A functioning oxygen
source with the appropriate tubing or masks
should be readily available. A sharps container is
a requirement for in-room disposal of needles,
scalpels, and other sharp objects. In addition, the
crash cart should be easily accessible for emer-
gent situations.

The US unit should ideally be opposite the radi-
ologist with respect to the patient (Fig. 2). This
setup allows for the radiologist to see the needle
entering the patient and the US monitor simulta-
neously and gives the sonographer room on the
opposite side to record the necessary images.
When the US machine is on the same side as the
radiologist, the radiologist cannot look at the
monitor and the needle at the same time and
may not be able to correlate the needle placement
with the US images effectively or efficiently. This
setup also promotes neck strain during the proce-
dure. Newer monitor configurations with adjust-
able articulating arms help alleviate part of this
problem. However, if the sonographer needs to
document images during the procedure, the
same space occupied by the radiologist, US ma-
chine, and sonographer quickly gets crowded.

IMAGING NURSE

Moderate- to higher-risk procedures usually
necessitate the presence of an imaging nurse to
assess and monitor the patients. The nurse should
review pertinent history and laboratory results and
review the allergy profile, including prior reactions
to procedure-related medications. The nurse plays
a vital role in raising any potential red flags that
may become an issue during the procedure or re-
covery. The nurse also delivers conscious

sedation medication to provide some level of
pain control and anxiolysis.

PATHOLOGY SUPPORT

Communication with the pathology department is
important to help guide whether fine needle aspi-
ration (FNA), core specimens, or both types of
samples are needed. Review of the FNA or touch
preparation of the core specimens by the cytopa-
thology personnel during the procedure decreases
the chance of inadequate or insufficient sampling.
If lymphoma is suspected, FNA specimens may
need to be sent for flow cytometry. The pathology
department may also provide different solutions
for specific biopsies such as renal biopsies.7

NEEDLE SELECTION

FNAs for abdominal biopsies are typically per-
formed with 18- to 22-gauge needles and can be
used independently or through a coaxial intro-
ducer. Most abdominal core biopsies are obtained
with 18-gauge needles. In patients with mild coa-
gulopathy or with deep lesions where prominent
blood vessels may be traversed, downsizing to a
20-gauge needle or performing FNA instead of
core biopsy may be considered, as larger needle
size has been linked to bleeding complications.8,9

However, many studies report no change in
bleeding risk with respect to needle size.10,11 Le-
sions that are small or adjacent to vital structures
may necessitate using needleswith a smaller throw
distance, such as 1 cm instead of the usual 2 cm.

Needles that are too short do not reach the
target, and needles that are too long may bend,
making it difficult to efficiently reach the target.
The actual length of the core needle is typically
shorter than stated on the label (Fig. 3). Many
10-cm-long core biopsy needles have an effective
length of 8 cm when cocked. That means a

Fig. 2. Room setup. (A) Ideal juxtapostion of radiologist facing the patient, needle and transducer position, and
ultrasound monitor in a straight line. Sonographer has room to obtain images and assist with the procedure. (B)
Nonideal position where radiologist turns away from the patient, unable to see the needle and transducer
position while looking at the ultrasound monitor. There is no room for the sonographer to obtain images of
the procedure.
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15-cm-long needle may be necessary to reach a
target depth beyond 7 or 8 cm. In addition,
when subcutaneous anesthesia such as lidocaine
is administered, it slightly increases the distance
to the target. Similar problems exist with the coax-
ial needles, which are typically shorter than the
length on the label and also shorter than the bi-
opsy needle. For example, the coaxial needle on
an 18-gauge 10-cm-long system may be only
about 6 to 7 cm long. If lesion depth exceeds
the length of the biopsy needle in a coaxial sys-
tem, a longer system is required. Sometimes, the
stated length includes the hub, so this has to be
taken into account.

CATHETER SELECTION

When selecting drainage catheters, it is important
to select a caliber appropriate for the fluid to be
drained. Simple collections usually drain with
8F and 10F catheters. More viscous collections
such as pus and complex fluid may necessitate
larger catheters such as 12F and 14F. A 10F cath-
eter from 2 different vendors may have different-
sized pigtails and side holes (Fig. 4). Catheters
with smaller pigtails may be easier to place in
smaller collections, and larger side holes promote
faster drainage, especially of more viscous fluid.

Whether to use a modified Seldinger technique
or single-stick trocar technique depends on the
circumstances. The Seldinger technique is helpful
when the collection is small and deep or the
optimal access window is narrow or in a sensitive
location. If the collection is large and there is a
broad access window in a nonsensitive location,
the trocar technique provides a simple and rapid
method of catheter placement.12 Many drainage
catheters today have a default trocar configuration
that obviates the Seldinger technique when
applicable.

TRANSDUCER SELECTION

The curved-phased array transducer (eg, 4–6 MHz
with range down to 1 or 2 MHz) is used for most
types of abdominal intervention because of its
depth of penetration, wide field of view, and excel-
lent spatial resolution. However, a larger window
and subcostal approach are often necessary. A
vector transducer has a smaller footprint and is
easier to use in smaller spaces, especially inter-
costal. Although traditionally the smaller field of
view is a disadvantage, newer high-resolution
transducers with virtual convex capability
compensate for this deficiency and allow for
targeting of deeper lesions.13 If the target is

Fig. 3. Differences in needle size. (A) A 9-cm core biopsy needle is just less than 9 cm in length. (B) However, when
cocked, actual needle length is less than 7 cm. Therefore, target must be less than 6.5 cm from skin entry point.

Fig. 4. Two different 10F catheters. (A) Two different-size pigtails of 10F catheters. Note the top catheter pigtail is
less than 2 cm in diameter and the bottom catheter pigtail exceeds 3 cm in diameter. The smaller pigtail is advan-
tageous for smaller collections, as a shorter length of the catheter needs to be inserted into the collection. (B)
Differences in size of side holes of different catheters. Note the top catheter has larger side holes, which drain
more viscous collections better than smaller side holes.
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superficial or in a thin patient, a higher-frequency
transducer (eg, 9 MHz linear transducer) may
sometimes visualize the lesion better. These trans-
ducers have needle guides that can be used to aid
in accessing the target.

Appropriate scanning should be performed
before the start of the procedure to select the
transducer that best images the target and optimal
trajectory. If a needle guide is being used with a
curved transducer, the air gap between the trans-
ducer edge and skin entry point should be mini-
mized to improve needle visibility at the entry
point, which can be achieved by slightly tilting
the transducer so that the curved edge maintains
contact with the skin.

COAGULATION AND BLEEDING RISK

Prothrombin time (PT)/international normalized ra-
tio (INR) and platelet count are the most important
laboratory values used to assess bleeding risk
before procedures. Normal PT ranges about 11
to 14 seconds, and normal INR typically ranges
from 0.9 to 1.1. An INR of 1.5 has been used as
a traditional cutoff for most procedures.14 Many
studies have shown that the bleeding risk with an
INR up to 1.7 is not significantly increased
compared with a normal INR.15,16

The activated partial thromboplastin time (aPTT)
is generally not considered as important as the INR
or platelet count. Studies have shown that
elevated aPTT is the most common abnormal
coagulation test, it does not predict blood lost in
the operating room, and abnormal aPTT values
are often transient.17,18

The normal platelet count ranges from 150,000
to 450,000, with a traditional threshold of 50,000
for invasive procedures.14 Although many radiolo-
gists are hesitant to perform procedures in pa-
tients with platelet counts less than 50,000, there
are studies showing lower counts are safe in pa-
tients undergoing many types of procedures.19

Platelet counts less than 10,000 or 20,000 are
associated with spontaneous hemorrhage.20

ANTICOAGULANTS

Clopidogrel (Plavix) and similar agents may not be
able to be discontinued depending on the clinical
indication. Neither clopidogrel nor aspirin can be
stopped if a patient has had a drug-eluting cardiac
stent placed in the last 12 to 24 months or a bare
metal stent in the last month.21,22 If a patient
administered clopidogrel needs an invasive pro-
cedure, the comparative risks of continuing or
stopping the use of clopidogrel for the procedure
should be discussed with the patient’s cardiologist

and clinical team. Patient consent should be ob-
tained for increased risk of excessive hemorrhage
or cardiovascular event.

For patients recently administered Clopidogrel,
the procedure may be modified so that FNA can
be performed instead of core or a smaller-gauge
core device can be used (eg, 20 gauge instead
of 18 gauge). The postprocedure observation
period may be increased beyond the usual recov-
ery time, and vital signs can be obtained more
frequently. The patient can also be scheduled for
a follow-up appointment soon after the procedure
if needed.

Hemostatic Agents

Platelets
Platelets may be administered in a 5- to 6-unit
dose pack or 1 pheresis pack. There is a general
increase of 5,000 to 10,000 platelets per individual
unit or 25,000 to 50,000 per pack or unit dose.
Optimally, the last unit of platelets should be given
at the start of the procedure. When a procedure
nurse is not available to monitor for potential
transfusion reaction, the procedure should be per-
formed within 1 to 2 hours of platelet administra-
tion. After platelet administration, it is generally
recommended not to recheck the platelet count
before the procedure. Many times this delays the
procedure, which, in turn, decreases the platelets’
effectiveness.

Fresh frozen plasma
Fresh frozen plasma (FFP) is administered to pa-
tients to decrease an elevated INR. The higher
the INR, the greater the correction per unit of
FFP (Table 1). Typically, two units of FFP may
theoretically decrease coagulopathy when the
INR is about 2.5 or greater. However, there are lit-
tle data to either support or refute the benefits of

Table 1
Estimate of INR correction per unit of FFP

Pretransfusion INR
Correction per FFP
Unit Mean & Range

1.3–1.7 0.1 (0.1–0.2)

1.7–2.3 0.2 (0.1–0.3)

2.4–2.9 0.4 (0.1–0.7)

3.0–4.3 0.7 (0.2–1.5)

4.4–20.0 3.5 (1.1–8.4)

The higher the INR, the greater the estimated correction
per unit FFP.

Adapted from Plapp FV. Essentials of transfusion medi-
cine. ClinLab Navigator, 2008. Available at: http://www.
clinlabnavigator.com. Accessed April 28, 2014.
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FFP.23 Plasma transfusion has a minimal effect on
normalizing a mildly elevated INR, and FFP is inap-
propriately ordered in 10% to 83% of patients.15

Mild to moderate clotting abnormalities do not
typically pose a significantly increased bleeding
risk, and FFP transfusion may not actually
decrease postprocedure bleeding.16

The risk of transfusion reactions should also be
considered when platelets or FFP may be given.
Transfusion reactions include but are not limited
to allergy, fever, shortness of breath, volume over-
load, and transfusion-associated lung injury.24

The 2009 consensus statement from the
Society of Interventional Radiology is a useful
guide for performing procedures in patients with
abnormal coagulation parameters or known coa-
gulopathy.25 It was updated in 2012 and ad-
dended in 2013.26,27 Procedures were divided
into low, moderate, and high bleeding risk, with
recommendations for laboratory analysis and
management.14,27 A modification of these tables
is given in Tables 2–4.
Much of the data currently used for imaging-

guided procedures have been extrapolated from
older surgical data. Therefore, there may be vari-
able clinical practice due to lack of randomized
controlled trials. Patient management ultimately
depends on comprehensive assessment, proce-
dure type, and experience. Newer studies suggest
one may be able to be more liberal with some
procedures than the traditional 1.5 INR and
50,000 platelet thresholds. In an interinstitutional
and multidisciplinary paper, O’Connor and col-
leagues19 proposed more liberal guidelines with
an evidence-based summary (Table 5).

Using these recommendations, Kitchin and col-
leagues28 demonstrated that when the coagula-
tion threshold criteria for their imaging-guided
liver biopsies were loosened from an INR of 1.5
to 2 and from platelet count of 50,000 to 25,000,
they observed an overall decrease in the hemor-
rhagic complication rate in 1846 patients. Prepro-
cedure platelet and FFP transfusions decreased
5-fold. Although the individual risk of bleeding
was higher in those patients with suboptimal INR
and platelet values, they noted that transfusions
did not decrease the additional bleeding risk
when the laboratory test values were abnormal.
Patients with liver failure may be more prone to

bleeding and need laboratory tests more often
due to changes in clinical status. However, these
patients undergo more procedures more fre-
quently than many other patients, which may ac-
count for higher numbers of bleeding-related
complications. Patients on the liver transplant list
who receive platelets and FFP may show im-
proved coagulation parameters on follow-up labo-
ratory tests, which downgrades them on the
transplant list and delays potentially life-saving
transplant surgery.

Contraindications

Although there are no absolute contraindications to
image-guided procedures, relative contraindica-
tions include severe uncorrectable coagulopathy,
severely compromised cardiopulmonary function
or hemodynamic instability, lack of a safe pathway
to the lesion or target (eg, large blood vessels, lung,
or bowel), the patient’s inability to tolerate the

Table 2
Low bleeding risk

Procedure Preprocedure Laboratory Tests Management

Vascular
! Dialysis access/intervention
! Venography
! CVC removal
! IVC filter or PICC placement

INR
! Warfarin/liver disease
(recommendeda)

aPTT
! IV heparin (recommendeda)

INR—correct if >2.0 (FFP or
vitamin K)

aPTT—no consensus
PLT—transfusion if <50 K
Clopidogrel (Plavix)—withhold

0–5 da

Nonvascular
! Drainage catheter exchange
! Thoracentesis/paracentesis
! Superficial aspiration/biopsy
(eg, thyroid, superficial lymph
node or mass)

PLT—not routinely
recommended

ASA—do not withhold
LMWH (therapeutic dose)
! Withhold 1 dose before

procedure
! No need to withhold prophy-

lactic dose

Please refer to official guidelines for comprehensive review.
Abbreviations: ASA, aspirin; CVC, central venous catheter; IV, intravenous; IVC, inferior vena cava; LMWH, low molecular
weight heparin; PICC, peripherally inserted central catheter; PLT, platelet count.

a New recommendations. Indicates changes with 2013 addendum.
Data from Refs.14,25,26, Modified and simplified from SIR Consensus Guidelines.
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procedure (eg, breath hold, positioning, or uncoop-
erative), and patient refusal. Other organ-specific
relative contraindications are listed in each section
where applicable.

INTERVENTIONAL TECHNIQUES

When performing interventions, it is important to
always visualize the needle tip with the optimal
field of view, focus, and gain settings using the
highest-frequency transducer that penetrates the

target. The needle is best seen in-plane (longitudi-
nal) whereby needle is parallel to the long axis of
the transducer and angled with respect to the US
beam, so that the full length of the needle shaft
and tip are visualized.

After local anesthesia is instilled into the dermis,
it should then be administered to the capsule of
the target organ or target lesion if outside an or-
gan. Using the needle guide, anesthesia can be
administered using a spinal needle to reach the
desired location. The authors prefer the use of

Table 3
Moderate bleeding risk

Procedure
Preprocedure
Laboratory Tests Management

Vascular
! Arterial angiography (7F)/venous

intervention
! Chemoembolization/UAE
! Transjugular liver biopsy
! Tunneled CVC/subcutaneous port

INR
aPTTa

PLTa

INR correct if >1.5
aPTT—no consensus, may correct
if >1.5" normal

PLT—transfusion if <50 K
Clopidogrel (Plavix)—withhold 5 d

Nonvascular
! Intra-abdominal, lung, chest wall, or

retroperitoneal biopsy or abscess
drainage

! Percutaneous cholecystostomy or
gastrostomy

! RFA
! Spine procedures (LP, vertebroplasty/

kyphoplasty)

ASA—do not withhold
LMWH (therapeutic dose)
! Withhold 1 dose before procedure
! Do not need to withhold prophylactic

dose

Please refer to official guidelines for comprehensive review.
Abbreviations: ASA, aspirin; CVC, central venous catheter; LMWH, low molecular weight heparin; LP, lumbar puncture;
PLT, platelet count; RFA, radiofrequency ablation; UAE, uterine artery embolization.

a New recommendations. Indicates changes with 2013 addendum.
Data from Refs.14,25,26, Modified and simplified from SIR Consensus Guidelines.

Table 4
High bleeding risk

Procedure
Preprocedure
Laboratory Tests Management

Vascular
! TIPS

INR
aPTTa

PLT

INR—correct if >1.5
aPTT—stop or reverse heparin if >1.5" normal
PLT—transfusion if <50 K
Clopidogrel (Plavix)—withhold 5 d

Nonvascular
! Renal biopsy
! Biliary intervention (new tract)
! Nephrostomy placement
! RFA (complex)

ASA—withhold 5 d
LMWH—withhold for 24 h or up to 2 doses

Please refer to official guidelines for comprehensive review.
Abbreviations: ASA, aspirin; LMWH, low molecular weight heparin; PLT, platelet count; RFA, radiofrequency ablation;
TIPS, transjugular intrahepatic portosystemic shunt.

a New recommendations. Indicates changes with 2013 addendum.
Data from Refs.14,25,26, Modified and simplified from SIR Consensus Guidelines.
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20-gauge needles for this purpose, as smaller nee-
dles tend to bend in the abdomen or retroperito-
neum. If moderate sedation is also being
administered, the patient should remain awake
enough to be able to breath hold when needed.
Several techniques can be used when there

is difficulty in accessing a target for biopsy or

drainage. Changing patient positioning and respi-
ration are simple maneuvers that can improve ac-
cess. Hydrodissection is a useful technique that
uses injection of saline or sterile water to displace
intervening structures away from a target (Fig. 5,
Videos 1–4). This technique may be especially
helpful in accessing retroperitoneal structures
such as the adrenal gland (by displacing the pleura
laterally and expanding the posterior paravertebral
space, allowing a posterior extrapleural ap-
proach).29 In addition, continuously applied pres-
sure with the US transducer over the access site
can help displace bowel loops out of the way.

BIOPSY TECHNIQUES

The 2 techniques used for US-guided biopsies are
freehand and guided techniques. Each technique
has its advantages and limitations.30 The guided
technique provides a predicted needle trajectory
but is limited by the fixed angle. The number of
fixed angles depends on the needle guide, ranging
from 1 to 4. The trajectory can be changed using
the same incision point by changing the angle on
the guide. The freehand technique requires more
technical skill and may be challenging for

Table 5
Recommendation summary

Intervention INR PLT

FNA #20 g Any Any

Paracentesis #3.0 $25 K

Thoracentesis, liver biopsy,
or other

#2.0 $25 K

FNA#20 g refers to fluid aspiration anywhere in the body.
Recommendations proposed by O’Connor and col-

leagues. If laboratory tests are normal within 4–6 months
of the procedure and there is no significant clinical
change, they recommended not repeating laboratory
tests unless warranted by clinical history.

Adapted from O’Connor SD, Taylor AJ, Williams EC,
et al. Coagulation concepts update. AJR Am J Roentgenol
2009;193(6):1658.

Fig. 5. Hydrodissection. (A) A liver lesion is seen at the domeof the liver (left). There is bowel along the livermargin
in the trajectory of the needle seen better on the CT fusion image (right). (B) Bowel along the anterior margin of
the liver onUS imaging. (C) Hydrodissection performedwith 100 to 150mL saline separates the bowel from the liver
surface to provide a safe entry point. (D) Biopsy can then be safely performed. (Courtesy of Tchelepi H, MD,
Los Angeles, CA.)
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beginning or inexperienced interventionalists, as
readjustment and tract correction are more often
needed. However, the absence of the fixed angle
limitation can allow more flexibility in changing
the angle without making the change on a guide
apparatus or creating a new entry site incision. In
a study using phantoms, the guided technique
was superior to free hand by allowing faster,
more efficient, and reproducible technique; this
was especially true for less experienced interven-
tionalists. There was a significant reduction in the
number of attempts to insert the needle, overall
reduction in the time required to perform the bi-
opsy, and decreased number of passes.31

An additional consideration in percutaneous bi-
opsy is using a coaxial system. The advantage of
the coaxial technique is that the coaxial needle is
usually placed only once into the organ or lesion,
obviating multiple entries. This technique may
decrease the risk of complications such as hemor-
rhage, pneumothorax, and tumor seeding along
the needle tract. In addition, multiple samples
can be obtained from a lesion by slightly changing
the needle’s trajectory without completely extract-
ing the needle. If a coaxial needle is placed with a
biopsy guide, the guide apparatus may need to be
detached from the coaxial needle to keep the nee-
dle from moving during the procedure unless a
second pair of hands can hold the transducer
apparatus and needle in place.

Generally, there are the 2 types of samples that
can be obtained: FNA and core needle biopsy
(CNB). FNA biopsy specimens in the abdomen
are typically acquired using 18- to 22-gauge nee-
dles and are analyzed cytologically, whereas
CNB specimens are obtained using larger 14- to
20-gauge needles, usually 18 gauge, and are
analyzed histologically. The main advantage of
FNA includes decreased risk of bleeding, given
smaller needle size. Advantages of CNB include
preservation of tissue architecture, which may be
required to diagnose well-differentiated hepa-
tomas and lymphoma, and the ability to use spe-
cial stains and immunohistochemical techniques.
In a comparison study of FNA cytology and needle
core biopsy in the sampling of abdominal masses
by Stewart and colleagues,32 FNA cytology was
more sensitive and accurate than CNB (FNA
cytology was diagnostic in 122 of 141 [86.5%]
cases, and CNB was diagnostic in 113 of 141
[80.1%] cases). However, one advantage of CNB
was the ability to perform specific tumor subtyping
(identifying tumor origin or characterizing tumor).
The combination of the 2 techniques yielded the
highest accuracy.

Touch preparation is a useful adjunct tool with
CNB in that it allows on-site evaluation to provide

real-time assessment of material quality and may
supply additional diagnostic material if the core
tissue does not survive processing. In a retrospec-
tive review comparing FNA with CNB with or
without touch preparation of 154 renal lesions us-
ing US- or CT-guided imaging, CNB with touch
preparation yielded a greater specimen adequacy
than FNA.33 In this study, FNAs were obtained with
multiple passes of a 21-gauge or smaller needle,
and core biopsies were obtained with needles of
20 gauge or larger. The specimen adequacy was
satisfactory in 86% of FNAs, 94% of CNBs, and
95% of CNBs with touch preparation. CNB with
or without touch preparation had a higher spec-
imen adequacy and diagnostic yield than FNA.
Another advantage of CNB is that it provided
more diagnostic information (subtype and nuclear
grade) in the diagnosis of renal cell carcinoma.

For biopsies of necrotic lesions, the needle
should be aimed toward the periphery of the lesion
to yield adequate cellular material. Obtaining FNA
or touch preparation in these cases also minimizes
the chance of inadequate sampling as the trajec-
tory or target lesion can be changed if the original
sampling is nondiagnostic.

The number of biopsy passes may be aided by
an on-site cytotechnologist or pathologist who
performs rapid touch preparation smears of the
core biopsy samples or analyzes the FNA samples.
This rapid evaluation helps avoid nondiagnostic bi-
opsy results. However, on-site cytology for every
biopsy procedure may not be possible because
of limited resources. In a study by Appelbaum
and colleagues,34 although lesion size and location
did not influence the number of passes needed for
diagnosis, metastatic lesions required fewer
passes. Without the presence of a cytologist, a
predetermined number of 3 passes would be diag-
nostic in almost 90% of all US-guided focal liver bi-
opsies using an 18-gauge CNB. At the authors’
institution, two to three 18-gauge core passes
are obtained for most solid-organ biopsies.

DRAIN PLACEMENT TECHNIQUES

Two methods are used for percutaneous US-
guided drainage of fluid collections. These include
the Seldinger and trocar methods. In the Seldinger
method, after localizing the fluid collection under
US guidance, a 5F 19-gauge Yueh (Cook Medical,
Bloomington, IN) catheter needle is advanced into
the fluid collection. On aspiration of the fluid, the
outer sheath is advanced from the needle and
the needle is then removed. A 0.035- or 0.038-in
guidewire is inserted through the sheath and
coiled in the collection. The outer sheath is
removed over the guidewire, and serial dilation is
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performed. Typically, dilators can be used in incre-
ments of 2F up to the final catheter size. The cath-
eter of choice is then advanced over the guidewire,
making sure all side holes are located within the
cavity, and the guidewire is removed. The pigtail
of the catheter is formed and a drainage bag is
connected to the catheter. Advantages of this
technique include the ability to manipulate the
wire in the exact location before final catheter
positioning. Disadvantages of this technique
include increased procedure time compared with
the trocar method, problems with wire kinking,
and leakage of fluid contents around the wire dur-
ing removal of the needle or dilators.35

In the trocar method, the catheter is directly
mounted onto a stylet or trocar and no serial dila-
tation is performed. After the collection is localized
and local anesthesia is given, the selected cath-
eter is advanced into the fluid collection. After
ensuring adequate placement with aspiration of
fluid and direct US visualization, the pigtail is de-
ployed and a drainage bag is connected to the
catheter. Advantages of this technique include
faster placement from reduced number of steps
compared with the Seldinger method and reduced
leakage of fluid along the tract.34

A needle guide is used for catheter drainage to
assist in prompt access into the collection. Via
the trocar method, an 8.5F catheter is placed
through the largest guide clip. Alternatively, the
guide can be used to direct the Yueh access nee-
dle via the Seldinger technique. After the guidewire
has been placed and the access needle removed,
the guide apparatus is detached and the catheter
can then be placed over the guidewire.
Drainages are performed with direct access into

the collection or through a respective organ, such
as liver, kidney, and spleen. Posttransplant he-
matomas and seromas usually do not require
drainage. Lymphoceles, abscesses, and urinomas
are usually amenable to drainage.13

PATIENT POSITIONING

Generally, patients are most comfortable in the su-
pine position with a comfortable pillow and awedge
or foam roller underneath their knees to reduce
lower back pressure. Although some patients may
need to be placed in oblique or prone positions for
procedures, ensuringpatient comfortwith adequate
use of pillows, towels, or foam wedges decreases
patient movement during the procedure.

HEPATIC INTERVENTIONS
Indications

Liver biopsy is one of the most commonly per-
formed procedures in the abdomen, both targeted

and nontargeted. Many indications for liver biopsy
include diagnosis of acute and chronic hepatitis,
iron and copper metabolism abnormalities, gly-
cogen storage disorders, infection, primary biliary
cirrhosis, diagnosis of malignancy, and differen-
tiating benign from malignant neoplasms. Liver
biopsy in the post–liver transplant patient is
commonly performed in the case of suspected
rejection. Percutaneous aspiration and catheter
drainage is performed for the treatment of both
pyogenic and amebic liver abscesses and symp-
tomatic hepatic cysts and hydatid cysts.

Potential Contraindications

Encephalopathy, hepatic failure with severe jaun-
dice, and serious systemic disease may preclude
liver intervention. Extrahepatic obstruction and
bacterial cholangitis are also contraindications,
which may both lead to peritonitis and septi-
cemia. Large volume of ascites may complicate
access to the liver, but it can be ameliorated
with paracentesis before the procedure and
should not be considered a contraindication.
According to Little and colleagues,36 perihepatic
ascites does not affect the complication rates of
liver biopsies.

Procedure

A transparenchymal approach, in which there is
interposing normal liver tissue in between the site
of proposed biopsy, may decrease the risk of
intraperitoneal hemorrhage; this is especially
important in preventing peritoneal spillage in sus-
pected echinococcal disease. Intercostal, subcos-
tal, and epigastric approaches can all be used. The
epigastric or subcostal approach is often used to
access the left hepatic lobe and can avoid pleural
transgression (Fig. 6). Intercostal and subcostal
approaches are used for the right hepatic lobe
(Fig. 7). When using the intercostal approach, the
needle should be placed immediately above the
rib to avoid the intercostal vessels. If an intercostal
approach is used, it should be borne in mind that
the pleura extends to approximately the 12th rib
posteriorly, the 10th rib laterally, and the 8th rib
anteriorly. Pneumothorax is rare even if some
pleura is traversed if aerated lung is avoided.
Childs and Tchelepi13 recommend looking for the
sliding echogenic lung sign during inspiration to
help select a trajectory without lung parenchyma
in the way. Every effort should be made to avoid
vascular structures, especially hepatic arteries
and central vessels.37

Manual pressure is held over the biopsy site af-
ter each pass by the radiologist or the sonogra-
pher if possible. After the procedure, pressure
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may be held over the biopsy site for at least 2 mi-
nutes. Postprocedure scan can then be performed
if desired to assess for bleeding. If the patient is
coagulopathic, gelfoam embolization of the biopsy
tract through the coaxial needle may be consid-
ered to help prevent bleeding. However, transju-
gular liver biopsies should be considered in
patients with severe coagulopathy.38

Image-guided percutaneous needle aspiration
or catheter drainage in combination with antibi-
otic therapy has become the treatment of choice
for pyogenic and amebic liver abscesses. Percu-
taneous needle aspiration is performed under
real-time sonographic imaging to localize the ab-
scess and guide insertion of the needle. Needle
sizes range from 18 to 22 gauge depending on
the size of the collection. The change in cavity
size should be monitored under real-time sono-
graphic imaging during aspiration. Percutaneous
catheter drainage is performed with either the
trocar or the Seldinger technique. Catheter sizes
typically range from 8F to 12F depending on the
size of the collection. After placement of the cath-
eter, aspiration should be performed immedi-
ately. The catheter should be secured to the
skin for continuous external drainage and left in
place until drainage has stopped. Perihepatic ab-
scesses sometimes are difficult to discern from
hepatic or subcapsular abscesses (Fig. 8). Large

symptomatic cysts are also amenable to drainage
(Fig. 9).

In a retrospective study by Giorgio and col-
leagues,39 87 percutaneous needle aspirations
were performed under US guidance in patients
with pyogenic liver abscesses. This treatment in
combination with antibiotic therapy was effective
in all patients, and there were no recurrences.
For most patients, one session of percutaneous
needle aspiration was sufficient, and only 7.7%
of patients required a second session. However,
several studies advocate the use of catheter
drainage over percutaneous aspiration. In a ran-
domized prospective study of 60 patients with
pyogenic liver abscesses, percutaneous needle
aspiration was only successful in 67% of patients,
whereas percutaneous catheter drainage was
curative in 100% of patients.40 Similarly, in a ran-
domized study of 50 patients with liver abscesses
undergoing percutaneous needle aspiration
versus catheter drainage, percutaneous catheter
drainage was more effective. Percutaneous nee-
dle aspiration was successful in only 60% of pa-
tients, whereas catheter drainage was curative in
all patients.41 Although most hepatic abscesses
less than 4 or 5 cm usually respond to antibiotic
therapy alone, abscesses in the left lobe close to
the pericardium are usually drained because of
risk of rupture into the pericardium.13

Fig. 6. US-guided biopsy of transplant liver with needle guide using 18-gauge core biopsy needle. (A) Prefire and
(B) postfire.

Fig. 7. US-guided biopsy 2.3 cm right hepatic lobe mass (A) using coaxial technique freehand (B) with 18-gauge
core biopsy needle. Pathology demonstrated hepatocellular carcinoma.
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Percutaneous treatment of hydatid cysts was
first introduced in 1985 by Mueller and col-
leagues42 (Figs. 10 and 11). Before this, percuta-
neous needle puncture or aspiration for hydatid

cysts was always contraindicated because of
potential complication of anaphylatic shock or
spread of cysts to the peritoneum. In the percuta-
neous treatment of hydatid cysts, prophylatic

Fig. 8. US-guided drainage of perihepatic abscess (A) with placement of 10F catheter, transhepatic approach. (B,
C) A total of 230 mL pus was aspirated with drain left in place (arrow). CT images before (D) and after (E) drain
placement demonstrate interval resolution of abscess.

Fig. 9. US-guided aspiration of left hepatic lobe 6 cm simple cyst (A) causing epigastric pain. A 5F Yueh catheter
(B, arrow) was used for aspiration. Postaspiration US (C) demonstrated complete resolution of cyst (arrow).
Patient’s epigastric pain resolved.
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albendazole, 15 to 20 mg/kg, is given twice a day
by mouth starting 1 week before the procedure
and continuing for a total of 4 weeks. Two different
scolicidal agents can be injected into the cyst,
including absolute alcohol or 20% to 30% hyper-
tonic saline. These agents work on the principle
that alcohol causes protein denaturation, cell
death, and fibrosis of the cyst wall. Several
methods have been reported for the management
of hydatid cysts. One method for cysts less than
6 cm uses the puncture, aspiration, injection,
and reaspiration technique described by Ben
Amor and colleagues.43 Puncture of the cyst is

performed with a 19-gauge needle under sono-
graphic guidance, followed by aspiration of half
the volume of the cyst, injection of 20% hypertonic
saline solution amounting to one-third the initial
estimated cyst volume, a 20-minute wait, and re-
aspiration of the cyst fluid. Catheterization is
used for cysts larger than 6 cm. After injection of
the hypertonic saline solution, a 6F to 9F pigtail
catheter is placed into the cavity for 24 hours of
gravity drainage. If a cystographic study through
the pigtail catheter shows no communication be-
tween the cyst cavity and the biliary tract, a volume
of absolute alcohol half the initially estimated

Fig. 10. US-guided drain placement for left hepatic lobe echinococcal cyst seen on MRI. T2-weighted MRI images
(A, B) demonstrate a large cyst (C) replacing the left hepatic lobe. A smaller cystic structure more inferiorly within
the cyst is suspicious for daughter cysts. A 12F pigtail catheter (D, arrow) was placed within the fluid collection
with aspiration of 60 mL of dark green fluid. Postprocedure US imaging demonstrated decreased size of cyst with
drain left in place.

Fig. 11. Hepatic echinococcal cyst, another example (red line is trajectory of drain).
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volume of the cyst is injected for 20minutes to pro-
duce protoscolecidal and sclerosing effects. If,
however, a communication is seen, alcohol should
not be used because secondary sclerosing chol-
angitis may result.
The double puncture-aspiration-injection (D-

PAI)44 method involves fine needle puncture of
the liver cyst, removal of the cyst fluid, and injec-
tion of 95% sterile alcohol into the cyst to replace
50% to 60% of the drained fluid. The procedure
is then repeated 3 days after the initial aspiration,
and the second half of the procedure does
not include reaspiration of the scolicidal agent
(95% sterile alcohol) or catheter drainage. In a re-
view of more than 225 cysts treated by D-PAI
by Giorgio and colleagues,45 success from this
technique was equal to that of surgical interven-
tion. In long-term follow-up on average of
48 months postprocedure, 48.4% of cysts disap-
peared, 46.2% showed a solid pattern on US im-
aging, and the remaining 5.3% presented with a
minimal fluid component, which when aspirated
under US guidance showed no viable scolices.
No new intrahepatic or extrahepatic cysts were
found. Local recurrences occurred in 5% of
cases.
Additional benefits of US-guided hepatic inter-

vention include placement of needles and probes
for ablation, sclerotherapy of symptomatic hepatic
cysts, and placement of localization coils into
metastatic lesions before chemotherapy and
metastasectomy.13,46

Postprocedure Management

Postprocedure monitoring regimens vary by prac-
tice, typically ranging from 2 to 6 hours. At the

authors’ institution, the patient is monitored for 2
to 4 hours depending on the patient, with close
monitoring of vital signs. If a right intercostal
approach is used, the patient lays on the right
side. Postprocedure imaging is usually not per-
formed unless the patient is severely symptomatic
and a procedure-related complication is sus-
pected. A chest radiograph is obtained if pneumo-
thorax is suspected.
In the management of hydatid cysts, US follow-

up to evaluate the size and sonographic appear-
ance of the cyst is important. A large volume
reduction should be noted immediately after the
procedure, and a gradual change in sonographic
appearance from cystic to solid should occur
over months to years. Persistence of a round
shape and anechoic appearance, smooth (nonirre-
gular) and thin cyst wall, and absence of a ruptured
endocyst during the routine follow-up examina-
tions are worrisome for recurrence. At complete
cure, only a solid cyst remnant should be seen.
Occasionally, no remnant of the cyst is detected.

Complications

Complications include hemorrhage (Figs. 12 and
13, Video 5), pneumothorax, and needle-tract
seeding. The complication rate for biopsy of liver
lesions and liver abscess drainage is low. In an
analysis of complications from a center in which
2320 liver biopsies were performed, there were
no major complications after FNA or CNB.47 Minor
complications included self-limited hemoperito-
neum (0.3%), vasovagal reaction (0.04%), and
transient hypotension (0.08%). No cases of tu-
moral seeding along the needle tract were
observed. Similarly, in the same study, no major

Fig. 12. Liver biopsy-related hemorrhage.
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complications were observed after liver abscess
drainage. Minor complications included transient
hyperthermia and mild pain, which resolved within
24 hours. Imaging follow-up is not typically ob-
tained during or after the recovery period unless
the patient is severely symptomatic and clinically
a procedure-related complication is suspected.

For hydatid cysts, long-term results from one
institution that treated a total of 72 patients with
106 hepatic hydatid cysts reported an 11.1%
rate of minor complications, including urticaria
and fever. Major complications included infection
of the cyst cavity (2.8%), development of biliary
fistula (5.6%), and recurrence (2 patients at
follow-up 6-month US imaging).48

ADRENAL GLAND

Indications of adrenal biopsy include differenti-
ating a benign versus malignant adrenal mass,
characterizing an adrenal lesion in a patient with
multiple malignancies, determining the source for
unknown primary malignancy, and staging a
known malignancy with an adrenal lesion.

Contraindications

Adrenal biopsy should be avoided if pheochromo-
cytoma is suspected.

Procedure

It is often advantageous to use both CT and US
with or without fusion to biopsy adrenal lesions,
with CT providing the best spatial resolution and
US providing the best temporal resolution. With
US, freehand, guided, or fusion guidance tech-
niques can be used. Conscious sedation may be
used; however, the patient must be able to coop-
erate with breath holding, given the close location
of the adrenal gland to the diaphragm. A posterior
approach can be used for adrenal biopsy; how-
ever, placing the patient in an ipsilateral decubitus
position may be more optimal to avoid pneu-
mothorax. Alternative approaches also include
anterior, transpancreatic, transhepatic, and trans-
splenic approaches. A caudal-to-cephalad ap-
proach is useful to avoid the kidney and
diaphragm. If the mass to be biopsied is highly
vascular or bleeding is identified during real-time
US evaluation, gelfoam tract embolization should
be considered before withdrawing the needle.

Postprocedure Management

At the authors’ institution, the patient is monitored
for 2 to 4 hours, with close monitoring of vital
signs. Postprocedure imaging is not performed
unless the patient is symptomatic.

Fig. 13. Complications. The liver lesion seen on MRI (A, B, arrow) and US (C, calipers) may have bled as it was
directly biopsied without going through normal intervening parenchyma. Biopsy demonstrated hepatocellular
carcinoma (HCC). Now most biopsies of presumed HCC can be avoided due to diagnostic MRI. (Courtesy of W.
Chong, MD, Chapel Hill, NC.)
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Complications

The most common complications include he-
morrhage and pneumothorax. Less common
complications include pancreatitis if an anterior
approach is used. Needle-tract seeding is ex-
tremely rare, with a higher reported incidence
in primary adrenocortical carcinoma. Coaxial
technique is useful in reducing the incidence of
needle-tract seeding. In a study by Mody and
colleagues,49 which examined the immediate and
delayed complications of percutaneous biopsy of
adrenal masses in 79 cases, the complication
rate for adrenal biopsy was higher for the transhe-
patic approach (12%) than for the posterior
approach (8%). Reported complications included
pneumothorax, pain, perinephric hemorrhage,
subcapsular and intrahepatic hematoma, and
one case of hepatic needle-tract metastasis.

RENAL INTERVENTIONS
Indications

In the past, biopsy of renal masses was per-
formed for diagnosis of lymphoma, metastases,
infection, or tumors in patients with surgical risk.
However, the indications for renal biopsy have
expanded to include patients with a renal mass
and known extrarenal primary malignancy, pa-
tients with a renal mass and imaging features
that suggest unresectable renal cancer, patients
with a renal mass and surgical comorbidity, and
patients with a renal mass that may have been
caused by infection. Emerging indications include
patients with a small (#3 cm), hyperattenuating,
homogeneously enhancing renal mass; patients
with a renal mass considered for percutaneous
ablation; and patients with an indeterminate
cystic renal mass.50

Nontargeted cortical biopsies of native kidneys
are performed in patients with diffuse parenchymal
disease and laboratory test values indicating pro-
teinuria, hematuria, or unexplained acute renal fail-
ure, in which case definitive diagnosis is important
for guiding management (ie, determining if the pro-
cess is active and potentially reversible vs chronic
and potentially irreversible).
Nontargeted cortical biopsies are performed in

renal transplants in the setting of renal transplant
dysfunction. The most common indication for bi-
opsy of a transplant kidney is for diagnosis of allo-
graft rejection.

Contraindications

Contraindications include uncontrolled hyperten-
sion (systolic bloodpressure>180mmHg) and renal
or perirenal infection for nontargeted biopsies.

Procedure

Transplant kidneys only require local anesthesia
as they are no longer innervated. For a native renal
biopsy, the patient should be lying prone or
possibly in an oblique decubitus position. A pillow
or bolster should be placed under the patient’s
lower abdomen to straighten the natural lordosis
of the spine and help level the entry point over
the respective kidney. A subcostal approach is
often used to avoid pleural transgression. The
lower pole cortex is usually targeted, with the nee-
dle aiming as far peripherally as possible to avoid
the renal hilum and vessels. Percutaneous biopsy
of a renal transplant may be technically easier to
perform than biopsy of the native kidneys, given
the superficial location of the allograft kidney
within the pelvis (Figs. 14 and 15). The patient is
able to lie supine in most cases.
For biopsy of renal masses, an 18-gauge core bi-

opsy needle, as well as FNA, is used (Fig. 16).
Renal cortical biopsies are performed using an
18-gauge or larger core biopsy gun, as a smaller
sample may provide too thin a core that does
not provide adequate material. The appropriate
needle gauge is usually determined by the pathol-
ogy department requirements. Some pathology
departments request a cytotechnologist be pre-
sent during biopsy to ensure appropriate sample
size and number. About 2 or 3 samples, each
2 cm in length, are often sufficient for diagnosis.
Generally, at least one specimen is placed in 10%
formalin for light microscopy and another is placed
in 2.5% glutaraldehyde for electron microscopy.
The specimen used for immunofluorescence is
typically placed in Zeus (Michel) solution.51

Fig. 14. US-guided biopsy of renal transplant (per-
formed by a nephrologist) with inappropriate place-
mentofneedle tip (arrow) in the renal collecting system.
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If there is concern for posttransplant lympho-
proliferative disorder, an additional core spec-
imen or flow cytometry analysis is suggested.
For renal mass biopsies, a cytotechnologist may
need to be present during biopsy to ensure
appropriate samples are taken. As the needle is
withdrawn, color Doppler may be used to eval-
uate for bleeding along the biopsy site. Bleeding
can usually be controlled with 5 to 10 minutes of
compression. Gelfoam tract ablation can also be
considered.

Postprocedure Management

After the procedure, patients should rest in bed for
4 to 6 hours depending on department policy, with
close monitoring of vital signs.

Complications

Complications include bleeding, hematuria, pseu-
doaneurysm, arteriovenous fistula, pneumothorax,
and needle-tract seeding. Minor bleeding is the
most common complication and is generally

Fig. 15. US-guided biopsy of renal transplant performed by a radiologist with appropriate placement of needle
tip in the superior pole of the right lower quadrant renal transplant (A). Gel foam embolization (B) was also
performed.

Fig. 16. US-guided biopsy of left renal mass (A, B, arrow) in patient with bladder cancer. Three passes were ob-
tained using 18-gauge coaxial technique with needle guide (C, D). Pathology demonstrated high-grade invasive
urothelial carcinoma.
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self-limited (Fig. 17, Video 6). This bleeding is usu-
ally detected at the time of biopsy and minimized
by applying US-guided compression after the bi-
opsy. Hematuria is usually self-limited, but it is
important to have patients be aware of postproce-
dure. In one case series, hematuria occurred in 5%
to 7% of patients.52 Less common complications
include pseudoaneurysm and arteriovenous fistula
formation, which are often asymptomatic and
resolve spontaneously but can cause persistent
pain and bleeding. If spontaneous resolution
does not occur, transcatheter embolization is per-
formed. Pneumothorax is uncommon but can
occur if an intercostal approach is used. Needle-
tract seeding is a rare complication estimated to
be less than 0.01% of cases.53 Therefore, this
should not be considered a deterrent to biopsy.

SPLENIC INTERVENTIONS
Indications

Percutaneous splenic interventions are not as
commonly performed as in other organs, most
likely due to concern for increased risk of hemor-
rhage. However, there are data showing that
percutaneous splenic interventions are safe in
adults and children and do not pose a significantly
higher risk of postprocedure complications.54 The
main indications for splenic biopsy include an inde-
terminate solid or cystic lesion in a patient with
known extrasplenic neoplasm and characterization
of a splenic lesion in a patient with known or sus-
pected lymphoma. Other indications include cath-
eter drainage and aspiration of infected fluid
collections or abscesses and alcohol ablation in
patients with symptomatic splenic cysts and

splenic hydatid cysts. In a 10-year review of percu-
taneous splenic interventions by Lucey and col-
leagues,55 the success rate was 91% for splenic
biopsy, 100% for fluid aspiration, and 86% for fluid
drainage.

Procedure

Both subcostal and intercostal approaches can be
used depending on the location of the spleen. The
intercostal approach, however, has risk for pneu-
mothorax and bleeding if pleura or an intercostal
artery is traversed. If there are multiple splenic le-
sions, it is preferred to biopsy the one located
more peripherally to avoid the splenic hilum. The
needle sizes used for core biopsy range from 18
to 20 gauge and 18 to 22 gauge for FNA (Fig. 18,
Videos 7 and 8). Gelatin sponge injection along
the needle tract may be performed if desired. For
catheter placement of infected splenic collections
and abscesses, an 8F to 12F catheter can be
used, depending on how viscous the fluid initially
aspirated is. The trocar method is more commonly
used than the Seldinger technique. Good catheter
care, including 10-mL flushes of normal saline, is
essential for adequate drainage. For splenic cysts
and hydatid cysts, please see procedure used for
management of hepatic cysts.

Complications

The greatest risk for splenic biopsy is hemorrhage
leading to hypotensive shock. If this occurs,
aggressive fluid resuscitation and blood transfu-
sion are performed, and if needed, splenic embo-
lization or splenectomy. Other complications
include pneumothorax if intercostal approach is

Fig. 17. Renal biopsy-related hemorrhage. (Courtesy of W. Chong, MD, Chapel Hill, NC.)
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used and colonic injury. It is suggested that the
complication rate for splenic interventions is not
much greater than that for biopsy of other abdom-
inal organs. However, this may be because splenic
biopsies are much less commonly performed than
biopsies of other organs. In a study in which 147
biopsies were performed, the major complication
rate was 1.9% requiring splenectomy and the mi-
nor complication rate was 14.7%.56 However, in
the study by Lucey and colleagues,55 24 biopsies
were performed in which 1 patient had a small
amount of bleeding requiring no further interven-
tion, whereas 1 patient had significant bleeding
requiring splenectomy. Both of these biopsies
were performed as FNAs. The risk of compli-
cations increased in another study when using
larger-caliber 14-gauge CNB needles; however,
no significant complications were observed when
using core biopsy needles 18 gauge or smaller.57

In a study by Venkataramu and colleagues,58

when FNA of splenic lesions was performed in 35
patients using a 22-gauge spinal needle, there
was only 1 case of intra-abdominal bleeding,

which did not require intervention. The risk of sig-
nificant bleeding requiring splenectomy is higher
for splenic catheter drainage. This complication
occurred in 1 of 7 patients in the study by Lucey
and colleagues and 1 of 9 patients in a study by
Tasar and colleagues.59 Hemorrhage-related
complications from splenic biopsy are reported
in the literature from 0% to 2%, similar to biopsy
of other abdominal and pelvic organs.

PELVIC INTERVENTIONS
Indications

Indications include drainage of fluid collections
such as seromas, lymphoceles, and abscesses
most commonlyarising in thesettingofdiverticulitis,
appendicitis, and pelvic inflammatory disease and
drainage of lymphoceles. Biopsies of pelvicmasses
may also be performed under US guidance.

Procedure

Several approaches are used for the drainage of
pelvic fluid collections depending on the location

Fig. 18. Splenic biopsy. (A) Multiple small splenic lesions. Fusion with CT helps localize lesions on US imaging. (B)
FNA of splenic lesion demonstrated lymphoma. (C) Setup of small splenic lesion biopsy with CT image fusion. (D)
Fusion with CT helped target an extremely small lesion for biopsy. (Courtesy of H. Tchelepi, MD, Los Angeles, CA.)
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of the collection. These approaches include
percutaneous (transabdominal [Fig. 19] and trans-
gluteal) and endocavitary (transvaginal [Fig. 20]
and transrectal) techniques. A transgluteal ap-
proach allows access to the deeper portions of
the pelvis, including posterior to the rectum and
sigmoid colon. Conscious sedation is often given
in addition to local sedation, as this approach is
considered more painful. With the patient in prone
position, a curved 3- to 5-MHz transducer is used
to localize the fluid collection using the greater
sciatic foramen as a window. For this approach,
the puncture site needs to be caudal and as close
to the sacrum or coccyx as possible to avoid dam-
age to the major neurovascular structures (sciatic
nerve and gluteal vessels) that course laterally
through the greater sciatic foramen anterior and
superior to the piriformis muscle. Bony landmarks
are used, and the entry point should be as close
and caudal to the coccyx as possible. The
drainage catheter should pass inferiorly in the fora-
men and at or below the level of the sacrospinous
ligament.60

Transrectal and transvaginal approaches
require the use of an endocavitary probe. Com-
pared with the transgluteal approach, these ap-
proaches are considered safe in that they avoid
damage to the major neurovascular structures.61

Transvaginal drainage is excellent for drainage of
collections in the pouch of Douglas (see Fig. 20).
For collections deep in the pelvis and palpable
through the rectum, a transrectal approach is use-
ful. Conscious sedation and/or local sedation can
be used but are not as important as for the trans-
gluteal approach, as these approaches are
considered much less painful. Typically, 7-MHz
endocavitary probes are used and a drainage
guide is attached with a peel-away sheath. The
trocar technique is typically used to advance the
catheter into the fluid collection under direct US
guidance.

Postprocedure Management

Catheter clogging can be minimized by rigorous
catheter care after placement. Daily irrigation of

Fig. 18. (continued)
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the catheter is recommended with 10-mL aliquots
of saline. Monitoring catheter output allows appro-
priate removal after ensuring effective catheter
drainage. For complex abscesses or hematomas,
thrombolytic administration through the catheter
can also be performed.

Complications

Immediate postprocedure complications include
mainly pain and hemorrhage. Pain radiating to
the leg is secondary to placing the catheter too
far laterally and proximal to the sciatic nerve,
which can occur with the transgluteal approach.

Fig. 19. US-guided drainage of transabdominal approach of periappendiceal abscess (A, B) secondary to perfo-
rated appendicitis. After placement of an 8.5F pigtail catheter (C, arrow) into abscess (A, circle) using the Sel-
dinger technique, CT was performed to confirm appropriate placement. CT (D, E) demonstrated inadvertent
placement of pigtail catheter (arrow) beyond abscess cavity into adjacent sigmoid colon. Pigtail catheter was
left in place to allow for fistulization.

Fig. 20. US-guided transvaginal (TV) aspiration of pelvic ascites in patient with gastric antral adenocarcinoma
with new intrapelvic ascites (C) seen on prior PET-CT (A, B) with diffuse slightly increased fluorodeoxyglucose
activity (max standard uptake value [SUV] 1.7) suspicious for carcinomatosis. A 20-gauge Chiba needle (D, arrow)
was placed into the intrapelvic free fluid under real-time TV US guidance. Cytology demonstrated metastatic
adenocarcinoma.
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Postprocedure pain is most often due to the tran-
spiriformis approach and violation of the sacral
plexus, which lies just anterior to the piriformis
muscle. This situation is best avoided by placing
the catheter inferior to the piriformis muscle. Hem-
orrhage occurs secondary to injury to the superior
and inferior gluteal vessels, which lie anterior to the
piriformis muscle. An infrapiriformis approach can
avoid this complication.62

In a review of transvaginal drainage of pelvic
fluid collections in which 45 aspirations and 40
catheter drainage procedures were performed,
there was clinical success in 75% of cases. Minor
complications included inadvertent bladder trans-
gression, infection, catheter-related pain, and pre-
mature dislodgement of the catheter.63

PARACENTESIS
Indications

Paracentesis is one of the most commonly per-
formed abdominal interventions. It can have both
a diagnostic role, including evaluation for infection
or malignancy, and a therapeutic role in relieving
increased intra-abdominal pressure from a large
volume of ascites.

Procedure

The patient is positioned with the head of the bed
elevated so that fluid can accumulate in the lower

abdomen. The optimal puncture site should be in
the largest pocket of fluid that avoids the inferior
epigastric vessels (Fig. 21), usually one of the
lower quadrants. A midline approach between
the pubis and umbilicus can also be used as
long as the bladder is avoided. Many patients
requiring paracentesis have cirrhosis with portal
hypertension, so prescanning with color Doppler
to evaluate for portosystemic collaterals and other
vessels before needle puncture is imperative.
Most paracentesis kits include a 5F needle with a
plastic sheath. At the authors’ institution, a 5F
Yueh catheter needle is used. US guidance during
needle placement is especially important if the
collection of fluid is small and to detect moving
bowel. After the needle is removed, the sheath is
left in place to allow gravity or vacuum drainage
of fluid. If a large volume of ascites (>5 L) is
removed, intravenous serum albumin (8 g/L) or ter-
lopressin may be given to prevent hypotension.4,64

Complications

Complications include bleeding, infection, bowel
perforation, and hypotension.

MISCELLANEOUS

Retroperitoneal intervention such as lymphnodebi-
opsy performed with US guidance has advantages
over CT, including real-time needle visualization,

Fig. 21. Diagram of inferior epigastric vessels. (A) The inferior epigastric arteries and veins and their perforators
(exaggerated in red and blue) should be avoided during paracentesis and can be visualized by color Doppler im-
aging. (B) Color Doppler imaging over right lower quadrant (RLQ) showing inferior epigastric artery and vein. (C)
More lateral positioning along RLQ where no vessels are seen. EIA, external iliac artery; EIV, external iliac vein;
IEA, inferior epigastric artery; IEV, inferior epigastric vein. (Courtesy of Erik Paulson, DO, California, USA.)
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multiplanar capability, and decreased distance to
the target.65,66 If visualization with US is difficult, a
transhepatic approach can also be considered.

Subcutaneous fluid collections are common in
the postoperative setting and are easily amenable
to drainage with US guidance given their super-
ficial location. These fluid collections typically
include postoperative seromas, hematomas, or in-
fected fluid collections. Simple aspiration or cath-
eter drainage can be used. Subcutaneous masses
are easily accessible sonographically. If sarcoma
is in the differential, the needle entry and trajectory
should be in keeping with a surgical approach.

The omentum is easily visible on US guidance
when it is thickened. Given its superficial location
and the ability to differentiate the omentum from
bowel on real-time US imaging, omental biopsy

with US guidance is useful (Fig. 22). Firm trans-
ducer pressure can help decrease the distance
to the target and can help fixate mobile lesions, if
needed.

Serosal lesions can be approached similar to
omental lesions but tend to be more fixed, as
they are located along the organ (Fig. 23). Care
should be taken not to puncture the subjacent or-
gan, if possible.

Pancreatic interventions such as pseudocyst or
abscess drainage and pancreatic biopsy can be
performed using a variety of techniques, including
endoscopic US guidance, surgery, and percuta-
neous US or CT guidance. Endoscopic US guid-
ance is more commonly used, as it avoids the
need for an open incision or an external drainage
catheter. Percutaneous drainage of pancreatic or

Fig. 22. Biopsy of omental cake. US-guided biopsy of omental cake. Fusion technology helps identify the thickest
point of soft tissue (arrow, CT) to direct biopsy approach (arrow, US) and avoid puncture of liver. Pathology
demonstrated lymphoma. (Courtesy of H. Tchelepi, MD, Los Angeles, CA.)

Fig. 23. Serosal implant along the liver in a patient with a hypoenhancing pancreatic tail mass. (A) CT image
demonstrating pancreatic tail mass (yellow arrow) and serosal implant along liver (red arrow). (B) US image
showing serosal lesion with possible flow. (C) Biopsy of serosal lesion with FNA (red arrow). CNB was also per-
formed; this was proven to represent pancreatic adenocarcinoma and not a metastasis from a second primary.
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Fig. 24. Biopsy using ultrasound fusion with MRI. Small central hepatic lesion biopsy targeted at the area of bile
duct wall thickening (arrows), which is better seen with MRI. US images are synched with MRI images, and the
lesion can be targeted under US guidance. Biopsy showed cholangiocarcinoma. (Courtesy of Tchelepi H, MD,
Los Angeles, CA.)

Fig. 25. Biopsy using ultrasound fusion with CT. (A) Small mesenteric mass seen on CT (M) is also seen on US image
when images are linked. Color Doppler shows blood flow in iliac vessels (arrows on CT). Compression helps
displace bowel out of the way so biopsy can be performed. (B) FNA was safely performed (arrow) avoiding bowel
and blood vessels. (Courtesy of H. Tchelepi, MD, Los Angeles, CA.)
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peripancreatic collections can be performed under
US guidance; however, the pancreatic duct must
be patent, and direct communication with the
pancreatic duct results in increased time for
drainage.67 CT scan may better demonstrate
pancreatic and peripancreatic collections and their
relationship to other anatomical structures, espe-
cially when there is overlying stomach and bowel.

US-guided percutaneous cholecystostomy
tube placement is a commonly performed inter-
ventional procedure in the treatment of acute
cholecystitis in critically ill patients who are not sur-
gical candidates. A transhepatic approach should
be used to reduce complications. Occasionally,
US guidance can also be used in the biopsy of
gallbladder lesions, also using a transhepatic ap-
proach. Complications include hemorrhage, bile
leak, and peritonitis.68

FUSION GUIDANCE—CT, MR, PET

Image fusion between US imaging and CT, MRI,
and PET is a new technology being used for US-
guided procedures. Its most common application
is liver biopsy ablations but can be used almost
anywhere in the body. This technology allows
real-time synchronization of CT or any multiplanar
reconstructed images with the corresponding
US images.13 It is performed with an image-
processing workstation with built-in fusion
software and US equipment with a magnetic
motion-tracking device. The magnetic sensor
attached to the sonographic probe registers and
transmits the position and orientation of the probe
to the workstation, into which the patient’s previ-
ously acquired CT, MRI, or PET volume data
have been downloaded. Fused images are then
created, and images weighted toward either US
or to the fused modality, such as CT.

When lesions are difficult to visualize by conven-
tional US, this can lead to increased radiation
exposure (because of CT utilization), inadequate
biopsy specimens, and increased number of nee-
dle insertions (because of insufficient sampling).
Fusion imaging, or virtual CT, MRI, or PET-US,
ameliorates those problems by targeting lesions
depicted by other modalities but not clearly seen
on conventional US imaging for biopsy or ablation
(Figs. 24 and 25). The advantages of incorporating
US fusion technology are real-time imaging, ease
of image-guided intervention, and lack of radiation
exposure.

SUMMARY

US imaging should be the first-line modality for
most abdominal diagnostic and therapeutic

interventions. The ability to use real-time image
guidance to view needle trajectory and place-
ment and to identify blood vessels and other
important structures in the needle path without
the use of ionizing radiation gives US imaging
added benefits compared with CT. Faster proce-
dure times, portability, and decreased cost
further increase its utility. Fusion technology
allows US imaging to merge with CT, MRI, and
PET to better localize lesions. Furthermore,
needle-guidance and volume-navigation technol-
ogy assist in precise targeting of difficult lesions.
With steadfast advances in machine and trans-
ducer technology, the applications of US will
continue to increase.

SUPPLEMENTARY DATA

Video related to this article can be found online at
http://dx.doi.org/10.1016/j.cult.2014.07.012.
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