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ABSTRACT. Ultrasound examination of the gallbladder is accepted as the primary
imaging modality in the assessment of gallbladder disease, with inherent superiority in
comparison to other imaging modalities. Contrast-enhanced ultrasound is established
as a reliable tool in the detection and characterisation of focal liver lesions. It is less well
recognised in gallbladder and biliary disease but can be a valuable complement to
baseline ultrasound examination. Contrast-enhanced ultrasound provides the
advantages of real-time, repeatable, multiplanar imaging without compromising
patient safety or exposing patients to radiation. It can provide specific information as
pathology often becomes more conspicuous following the administration of contrast,
allowing detailed assessment of benign and malignant conditions arising in the
gallbladder and biliary tree. This review illustrates the application of contrast-enhanced
ultrasound in the evaluation of a variety of gallbladder and biliary duct diseases. The
examination allows clearer delineation of the disease process and more confident
diagnosis.
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The introduction of microbubble contrast agents and
the development of contrast-specific imaging techniques
have advanced the capability of ultrasound (US) imaging
[1, 2]. Studies have shown that the application of
contrast-enhanced ultrasound (CEUS) substantially
improves the detection and the characterisation of focal
liver lesions when compared with conventional US [3, 4].
In addition, studies have also demonstrated significant
concordance between findings at CEUS and those of
computed tomography (CT) and magnetic resonance
(MR) imaging [5].

CEUS has the advantages of providing real-time,
reproducible, multiplanar imaging without compromise
to patient safety [6] or exposure to radiation. More
importantly, microbubble contrast agents give an
accurate assessment of blood flow within a lesion and
are the only completely intravascular contrast agent
used in radiological imaging. Guidelines for the
characterisation of focal liver lesions using CEUS have
been published, aiding investigators to evaluate these
focal liver lesions [7].

The current manuscript focuses on the application of
CEUS in the evaluation of patients with biliary disease
processes, emphasising its advantages over conventional
US. We discuss technical considerations, describe indica-
tions for CEUS and illustrate the features and limitations
of CEUS in the evaluation of bile duct and gallbladder
pathology.

Microbubble contrast agents

Microbubble contrast agents are specific for the blood
pool; ,10 mm microbubbles are not filtered by the lungs,
are too large to enter the interstitial fluid and circulate in
the vascular compartment after an intravenous injection.
They are stable in the circulation for sufficient time for
imaging, typically up to 6–8 min. When microbubbles
pass through an acoustic field, they respond to
the alternating compression and rarefaction cycles of
the US by expanding and contracting markedly, result-
ing in oscillation. The US frequency that generates
the maximum expansion of the microbubble, and thus
the greatest scattering of the incident waves, is called the
resonance frequency. This frequency is contrast-agent
specific and is determined primarily by microbubble
diameter. It is opportune that the range of frequencies
used for abdominal US imaging (3–5 MHz) corresponds
to the resonant frequency of 3–5 mm microbubbles.

The response of microbubbles to insonation depends
on the intensity of the incident waves, measured by the
mechanical index (MI). At low MI below an acoustic
power threshold, microbubbles exhibit linear oscillation
and produce a US signal with the same frequency as that
of the sound that excited them. As the US intensity
increases, the expansion phase of the microbubbles is
greater than the compression phase and these non-linear
vibrations generate harmonic frequencies. When the
acoustic pressure reaches a certain threshold, there is
disruption of the microbubble shell and free gas is
released; this burst of echogenic gas produces a contrast-
specific signal called simulated acoustic emission. This
release of free gas generates a wide-band harmonic
signal that rapidly disperses as the gas diffuses away.
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Contrast-enhanced imaging techniques almost exclu-
sively use low MI to generate an image. Low-MI pulse-
inversion imaging suppresses the normal tissue echoes;
thus, the baseline pre-contrast image appears "dark",
and consequently all subsequent post-contrast admin-
istration echogenicity is attributed to the presence of
the microbubbles. The use of low MI minimises
microbubble destruction and allows real-time observa-
tion for the duration of the presence of microbubbles in
the blood pool. When a region of interest has been
observed under low-MI imaging, a brief moment of
high-MI imaging destroys the microbubbles resident in

that region of view; this releases free gas, thereby
producing a brief, intense increase in signal intensity
followed by rapid loss of contrast enhancement. Upon
returning to low-MI mode, the region of interest is
refilled with microbubbles. This provides a second
opportunity to observe enhancement patterns in the
region of interest.

Like iodinated contrast agents, microbubbles allow
different dynamic phases of contrast enhancement to be
identified in the liver parenchyma: the arterial phase
begins 10–20 s after injection and lasts 25–35 s; the portal
phase begins at 30–35 s and lasts up to 100–110 s from the

(a) (b)

(c)

Figure 1. Biliary sludge. (a) Baseline US image depicts echogenic material within the gallbladder (arrow). This does not exhibit
movement on change in patient posture. (b) Colour Doppler US demonstrates no noticeable vascularity. (c) Late arterial-phase
CEUS obtained 30 s after administration of microbubble contrast demonstrates that there is no enhancement of the echogenic
material, i.e. the contents of the gallbladder remain dark, indicating that it is non-vascular and simply represents adherent
biliary sludge. The gallbladder wall enhances (arrow) and is seen separately from the lesion, confirming no mural abnormality.
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beginning of microbubble injection; and the late phase
begins after the portal phase and lasts up to 5–8 min.
Because the biliary system has a single arterial supply
from the hepatic artery that forms branches, the patterns
of enhancement in the gallbladder and bile ducts differ.
Enhancement is assessed by comparing the echogenicity
of a lesion with the background echogenicity of liver
parenchyma. Positive enhancement is recognised as
echogenicity equal to or greater than that of the liver
and negative enhancement as echogenicity less than that
of the liver.

The images in this article were obtained using
SonoVueTM (Bracco SpA, Milan, Italy) as the micro-
bubble contrast agent and a Siemens Acuson Sequoia
(Siemens, Mountain View, CA) US machine using a low-
MI technique termed CadenceTM contrast pulse sequenc-
ing (CPSTM). SonoVueTM microbubbles are composed of
a sulphur hexafluoride gas with a phospholipid shell
and have diameters in the range 1–10 mm (median 2 mm).
The contrast agent is metabolised by the liver and the
sulphur hexafluoride gas is exhaled via the lungs.
SonoVueTM is usually administered as a bolus intrave-
nous injection of 2.4 ml followed by a 10 ml saline
flush.

The gallbladder

US examination of the gallbladder is a common
investigation that has excellent potential in assessing
inflammatory and calculus disease. The high-resolu-
tion capabilities of US allow clear depiction of
gallstone and gallbladder polyps that are often not
seen on CT or MR imaging, albeit with the proviso that
US has inherent limitations in the difficult patient.
With malignant gallbladder disease, CT is often more
informative, but CEUS may play a role by providing
further information not evident on other imaging
modalities.

Gallbladder sludge

Biliary sludge was first described with the advent of
US in the 1970s. It is defined as a mixture of particulate
matter and bile that occurs when the solutes in bile
precipitate [8]. Microbubble contrast agents remain
entirely intravascular and hence any abnormality in a
vascular supply will demonstrate some enhancement
following contrast administration. This property is of
value when attempting to distinguish true lesions of the
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Figure 2. Acute cholecystitis. (a) (i) Baseline longitudinal US of a 37-year-old female depicts a moderately distended gallbladder,
hazy delineation of the thickened (.3 mm) gallbladder wall (small arrow) and echogenic debris within the gallbladder (large arrow).
(ii) CEUS 30 s after administration of microbubble contrast depicts an initially hypervascular gallbladder wall. There is improved
delineation of pericholecystic fluid (arrow). Note the lack of enhancement of the echogenic sludge within the gallbladder. (iii) CEUS
at 86 s. In the late phase, the gallbladder wall shows less enhancement and is hypovascular (between arrowheads) relative to the
adjacent liver parenchyma. This enables more accurate measurement of wall thickness. (b) (i) Axial baseline US image of a 30-year-old
female with acute cholecystitis; thickening of the gallbladder wall (short arrow) and gallstones are present (long arrow). (ii) CEUS at
80 s shows the differential enhancement of the gallbladder wall (short arrows), allowing accurate assessment of mural thickness.
Note the lack of enhancement of biliary sludge and the clear demarcation of the solitary calculus (long arrow).
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gallbladder wall from adherent debris or sludge, i.e.
debris or pseudotumour within the gallbladder will not
be enhanced (Figure 1).

Acute cholecystitis

Acute cholecystitis is inflammation of the gallbladder
typically caused by a calculus obstructing the cystic duct.
The acalculous variety occurs in about 5–10% of patients

who have acute cholecystitis [9]. Predisposing factors to
acalculous cholecystitis include prolonged fasting,
chronic infection, recent surgery, ischaemia, trauma or
burns; it may also be caused by obstruction of the cystic
duct by extrinsic inflammation, lymphadenopathy or
metastases. The imaging features of acalculous cholecys-
titis are those of acute cholecystitis except for the absence
of calculi and the frequent presence of gallbladder
sludge. The symptoms associated with acute cholecysti-
tis include right upper quadrant pain and tenderness,

(a) (b)

Figure 3. Adenomyomatosis. (a) Longitudinal baseline US shows segmental mural thickening in a 37-year-old asymptomatic
male patient in keeping with a diagnosis of adenomyomatosis. (b) CEUS 23 s after administration of microbubble contrast
demonstrates enhancement of the thickened gallbladder wall with anechoic diverticula (arrows).

(a) (b)

Figure 4. Gallbladder polyps. (a) Longitudinal baseline US in a 58-year-old male depicts several echogenic lesions arising from
the gallbladder wall (arrows). (b) CEUS image at 45 s after administration of microbubble contrast demonstrates vascularity of
the lesions (arrows) and a normal adjacent gallbladder wall.
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often with a positive sonographic Murphy sign (max-
imum tenderness during compression with the trans-
ducer placed over the gallbladder), and fever. The use of
CEUS will clearly depict the thickened gallbladder wall
against the liver parenchyma, particularly in the late
phase when "wash-out" has occurred. During the arterial
phase, enhancement of the cystic artery and gallbladder
wall will be seen earlier than enhancement of the
adjacent liver parenchyma (Figure 2).

Adenomyomatosis

Adenomyomatosis of the gallbladder occurs in up to 5%
of cholecystectomy specimens [10]. Adenomyomatosis
has no malignant potential and may involve the

gallbladder in a focal, segmental or diffuse form. The con-
dition is usually asymptomatic and is often diagnosed as
an incidental finding on imaging. Adenomyomatosis is
characterised pathologically by proliferation of the surface
epithelium and hypertrophy of the muscularis propria of
the gallbladder wall, with invagination of the mucosa into
the thickened muscularis forming Rokitansky–Aschoff
sinuses. Adenomatous hyperplasia is seen on baseline US
as focal or diffuse thickening of the gallbladder wall. As
this may be a non-specific finding, the radiological
diagnosis is largely dependent on the visualisation of
Rokitansky–Aschoff sinuses. The US appearance of an
intramural diverticulum depends on its composition; it is
anechoic when only bile is present and echogenic if it
contains cholesterol or stones. The characteristic feature is
the V-shaped "comet tail" reverberation artefact seen

(a)

(c)

(b)

Figure 5. Adenocarcinoma of the gallbladder. (a) Baseline longitudinal US in a 68-year-old woman presenting with pain,
depicting gross gallbladder fundus mural thickening contiguous with an intraluminal soft-tissue mass (long arrows). The neck of
the gallbladder is normal (short arrow). This may be a florid example of cholecystitis with biliary sludge, but adenocarcinoma of the
gallbladder is a possibility. (b) CEUS at 28 s after administration of microbubble contrast demonstrates vascularity of the thickened
gallbladder wall with a smooth interface with the liver surface (short arrows). There is a gallbladder lumen (long arrow). (c) Axial
contrast-enhanced CT at the level of the gallbladder fossa shows circumferential gallbladder mural thickening without hepatic
invasion (short arrows); histology confirmed adenocarcinoma of the gallbladder without infiltration of the liver.
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emanating from the small echogenic foci in the gallblad-
der wall [11]. The enhancing gallbladder wall is better
visualised following microbubble contrast administration,
which aids the depiction of the non-enhancing intramural
diverteculum and thus facilitates correct diagnosis
(Figure 3).

Polypoid lesions of the gallbladder

Gallbladder polyps are a frequent incidental finding at
US with prevalence rates reported as ranging from
4% to 7% [12, 13]. US has a high sensitivity for the
depiction of polypoid lesions with a sensitivity quoted
at over 90% [14], higher than that of CT; the majority
are cholesterol polyps [15]. The current rationale for

following up gallbladder polyps is based on the polyp to
carcinoma sequence, comparable to the sequence for
colonic malignancy, in which an adenomatous polyp
progresses to become a gallbladder malignancy; this is
not a universally accepted view [16]. Distinguishing a
potentially pre-malignant adenoma from a benign
cholesterol polyp is not possible on the basis of US
features alone. Size less than 10 mm, multiplicity and
increased echogenicity are suggestive of benign choles-
terol polyps. Increasing size on sequential US examina-
tions, focal thickening of the gallbladder wall or
nodularity adjacent to a polypoid mass should raise
concern regarding malignancy. CEUS may aid the
detection and assessment of lesions. Real-time enhance-
ment of individual polyps facilitates their detection and
distinguishes them from mural folds, 1n;enhancing

(a)

(c)

(b)

Figure 6. Adenocarcinoma of the gallbladder. (a) Baseline US in a 57-year-old man presenting with obstructive jaundice depicts
a soft-tissue mass in an ill-defined gallbladder (long arrow) and evidence of bile duct dilatation (short arrows). (b) CEUS image
obtained 90 s after administration of microbubble contrast demonstrates a hypovascular mass centred on the gallbladder fossa,
with invasion into the hepatic parenchyma (arrows). The late-phase hypovascularity suggests malignancy and differs from the
persistent enhancement in cholecystitis. (c) Axial contrast-enhanced CT at the level of the gallbladder fossa demonstrates a mass
with invasion into the adjacent liver parenchyma (arrows), appearances that correlate well with those seen at CEUS.
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gallbladder contents or sludge. Hence, improved deli-
neation of polyp morphology, size and number is
possible with the use of CEUS, and these characteristics
are useful in assessing the requirement for possible
surgical resection (Figure 4).

Gallbladder carcinoma

Carcinoma of the gallbladder is a malignant epithe-
lial neoplasm arising from the mucosa. It is the fifth
most common malignancy of the gastrointestinal tract
and has an association with gall stones. Gallbladder

carcinoma is found incidentally in up to 3% of
cholecystectomy specimens; of these, 90% are adeno-
carcinoma and the remaining 10% are squamous
cell or anaplastic [9]. Gallbladder carcinoma has
various imaging appearances, ranging from a polypoid
intraluminal lesion to a soft-tissue mass infiltrating
the gallbladder fossa and surrounding structures.
Diffuse mural thickening can mimic chronic cholecys-
titis, but findings that are associated with gallbladder
carcinoma, such as the invasion of adjacent struc-
tures, secondary bile duct dilatation and liver metas-
tases, may support in this differentiation (Figures
5 and 6).

(a) (b)

(c)

Figure 7. Biliary duct dilatation. (a) The common hepatic duct is dilated (long arrow) in this 28-year-old female following recent
passage of a biliary calculus. Enhancement is seen in the hepatic artery adjacent to the duct (arrowhead). In addition,
inflammatory changes in the gallbladder wall are evident (short arrow). (b) Intrahepatic duct dilatation secondary to carcinoma
of the head of the pancreas in a 78-year-old male. The portal vein demonstrates enhancement (arrow) with the surrounding
dilated bile ducts demonstrating no enhancement. (c) Focal biliary dilatation (arrows) in the graft liver following liver
transplantation in a 52-year-old male with an occluded hepatic artery. Ischaemic changes in the bile ducts are probably
responsible for this appearance.
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Microbubble contrast administration may assist in the
interpretation of these findings; in the case of polypoid
lesions, improved visualisation and the pattern of early-
phase hyperenhancement relative to the hepatic paren-
chyma and adjacent gallbladder wall may reveal
suspicious features. Where the morphology of the tumour
is more mass-like or there is diffuse mural thickening,
hyperenhancement followed by rapid washout of con-
trast agent within 35 s of contrast agent administration is
highly suggestive of gallbladder malignancy [17]. Disrup-
tion of the gallbladder wall integrity, a feature absent in
benign gallbladder diseases, has been demonstrated in up
to 85% of gallbladder carcinomas [17]. Improved mural
visualisation following contrast administration and the
malignant feature of late-phase hypovascularity relative to
the hepatic parenchyma may provide sharp demar-
cation of tumour outline. Features such as the extent of
direct hepatic invasion and liver metastases may be made
more apparent by microbubble contrast US.

Biliary tree

Biliary duct dilatation

Contrast-enhanced US has potential for the assessment
of biliary dilatation and biliary obstruction. On post-
contrast images, both intra- and extra-hepatic duct dilata-
tion becomes more conspicuous. Dilated bile ducts can be
followed along their course within the liver parenchyma,
and this improves the visualisation of filling defects such
as intrahepatic gall stones or soft-tissue masses (Figure 7).

Biliary duct abscesses

Biliary duct abscesses can occur following liver
transplantation, if hepatic artery thrombosis leads to bile
duct ischaemia and infection, or as a late manifestation of
inadequately treated ascending cholangitis [18]. Vessels

(a)

(b)

i ii

Figure 8. Biliary inflammatory disease. (a) Infective cholangitis in a 35-year-old male patient. On the dual-mode image on the
right, the greyscale appearance is of increased echogenicity around the bile ducts. More evident areas of bile duct dilatation,
probably small communicating biliary abscesses, are visualised following the administration of microbubble contrast (arrow). (b)
(i) On the baseline image from this 72-year-old female patient, multiple highly reflective focal lesions are identified in the right
lobe of the liver (arrows). (ii) CEUS at 27 s after microbubble contrast administration demonstrates low-reflective focal lesions
with septations (arrows), inkeeping with the formation of biliary hepatic abscesses.
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and enhancement are usually completely absent from the
inner liquid portion of abscesses as intralesional vessels
are destroyed or displaced by the colliquative process
(Figure 8). As the abscess evolves, fine internal septa that
are visible on CEUS may form.

Biliary hamartomas

Multiple biliary hamartomas (von Meyenberg com-
plexes) are an uncommon benign biliary neoplasm often

detected incidentally on imaging [19]. Typically, multiple
biliary hamartomas can mimic metastatic disease. The
lesions fail to show microbubble contrast enhancement
through all the vascular phases because biliary hamarto-
mas lack normal sinusoidal architecture. Unfortunately, the
enhancement pattern does not allow biliary hamartomas to
be differentiated precisely from malignant deposits, but
CEUS provides a useful adjunct in the assessment of
patients with multiple focal liver lesions and does allow
improved visualisation. MR imaging is considered the
optimum modality for demonstrating features of multiple

(a) (b)

(c)

Figure 9. Biliary hamartomas. (a) Baseline US examination in an 81-year-old male presenting with liver lesions identified by CT prior
to a hemi-colectomy for a bowel malignancy. A number of low-reflective well-circumscribed lesions are visible (arrows). (b) The
lesions become more conspicuous (arrows) in the late-phase following microbubble contrast administration (after 90 s). The lesions
are indistinguishable from metastatic liver disease but biliary hamartomas were confirmed by biopsy and histology. (c) Contrast-
enhanced CT at the level of the coeliac axis confirms multiple low-attenuation lesions throughout the right lobe of the liver (arrows).
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biliary hamartomas [20], and correlative MR imaging may
obviate the need for biopsy in asymptomatic, otherwise
healthy patients. Ultimately, given the variable imaging
characteristics of multiple biliary hamartomas, diagnosis
might require histopathological analysis, particularly if
there is a known primary malignancy (Figure 9).

Biliary cystadenoma

Biliary cystadenoma is a rare, benign (pre-malignant),
uni- or multilocular cystic tumour that may occur in

the liver, extra-hepatic biliary tree or gallbladder.
Typically a solitary tumour, biliary cystadenomas occur
predominantly in middle-aged women and may recur
after excision with the potential to develop into a
cystadenocarcinoma. The typical US appearance is a
well-defined, multiloculated, avascular anechoic mass.
The cyst fluid may contain low-level echoes from
blood products or proteinaceous fluid [21] (Figure 10).
Highly echogenic septations, enhancing tumour nod-
ules and papillary projections may be visible on
CEUS.

(a) (b)

(c)

Figure 10. Biliary cystadenoma. (a) Transverse US image of the liver of a 64-year-old female patient with a biliary cystadenoma
shows a well-defined structure (arrow) demonstrating posterior acoustic enhancement and containing complex internal
echoes. (b) CEUS at 30 s after the administration of microbubble contrast demonstrates enhancement of the rim component
and a lack of enhancement centrally within the lesion, confirming its cystic nature. (c) T1 coronal MR imaging sequence
depicts a high-signal lesion within segment 4 of the liver (arrow) indicative of a cyst with potential mucinous or colloid
matrix.
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Cholangiocarcinoma

Cholangiocarcinoma is an adenocarcinoma that arises
from intra- or extra-hepatic bile duct epithelium. Cho-
langiocarcinoma is the most common tumour of the bile
ducts and the second most prevalent liver cancer after
hepatocellular carcinoma. Recognised risk factors include
biliary lithiasis, primary sclerosing cholangitis, inflammatory

bowel disease, clonorchiasis, choledochal cyst and Caroli’s
disease. Cholangiocarcinoma is classified as either intrahe-
patic or extra-hepatic, and intrahepatic cholangiocarcinoma
is further classified as either hilar or peripheral. Peripheral
cholangiocarcinoma classically manifests as a large, well-
defined hepatic mass with lobulated margins and peripheral
rim enhancement at both contrast-enhanced CT and
dynamic MR imaging [22]. Hilar cholangiocarcinoma

(a) (b)

(c) (d)

Figure 11. Cholangiocarcinoma. (a) Baseline US illustrates an ill-defined echogenic heterogeneous mass at the porta hepatis
(short arrows) with proximal dilatation of the intrahepatic bile ducts (long arrow). (b) CEUS at 20 s after microbubble contrast
administration demonstrates peripheral irregular rim-like enhancement (arrows). (c) CEUS at 87 s after microbubble contrast
administration demonstrates absence of enhancement within the tumour (arrow). (d) A metallic stent has been placed in the
common bile duct for palliative reasons but is not functioning adequately. The CEUS image at 110 s demonstrates evidence of
tumour invasion into the biliary stent (arrow).
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may be infiltrative, exophytic or polypoid. Extra-hepatic
cholangiocarcinomas are infiltrative, causing a focal
stricture of the bile duct.

On CEUS, during the arterial phase there is irregular
rim-like hyperenhancement in the periphery of the
tumour, which lasts until the portal phase in the majority
of cholangiocarcinomas [23, 24]. Diffuse heterogeneous
hyperenhancement is the second most common appear-
ance [24]. Absence of contrast enhancement is observed in
the portal-late phase with intrahepatic cholangiocarci-
noma displaying a persistent heterogeneous hypoechoic
appearance relative to that of the enhanced liver par-
enchyma (Figure 11) [25]. Hilar cholangiocarcinoma has a
tendency to grow axially along and into the ducts and to
invade the liver parenchyma. On conventional US, these
invasive foci may not be appreciated as they are isoechoic
to the hepatic parenchyma. CEUS may depict these foci as
grape-like clusters that follow the biliary tracts into the
liver [25]. Portal vein encasement and invasion may also
be established. These features may aid in determining
tumour resectability. CEUS has good spatial resolution
and may be used to stage the hilar infiltrative type tumour
locally. Features such as ductal and vascular invasion are
often more apparent following contrast administration.
Hepatic metastatic nodules often are more apparent when
contrast is used.

Limitations and pitfalls

Contrast-enhanced US may be utilised to further
evaluate B-mode US findings. With CEUS, as with other
modalities, however, the observable enhancement pat-
terns often reflect the pathological process rather than a
specific disease entity. Hence, a conclusive diagnosis
still requires histo-pathological confirmation. Contrast-
enhanced US has limited depth penetration (as a con-
sequence of using low-MI imaging) and consequently
specificity and sensitivity are markedly reduced in an
attenuating liver (steatosis) and for deep-sited lesions,
particularly in those patients with a high body mass
index. Limitations that exist for normal US examinations
also exist for CEUS. Intercostal scanning and placing the
patient in the left lateral decubitus position brings the
liver and biliary system closer to the transducer and can
help to overcome these limitations. Technically subopti-
mal studies or lesions with atypical enhancement still
require further investigation.

Summary

Contrast-enhanced US is established as a reliable tool
in the detection and characterisation of focal liver lesions.
Contrast-enhanced US is less well established but highly
useful in the evaluation of gallbladder biliary duct
disease, and ongoing work is set to better define its role
[26, 27]. Contrast-enhanced US is non-invasive, has no
radiation exposure and can be used in renal impairment.
Furthermore, CEUS is particularly useful in those
patients for whom the use of contrast agents in CT or
MR imaging is contraindicated. The recognition of
specific contrast enhancement characteristics is funda-
mental to the use of CEUS.
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