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ABSTRACT

Ultrasound is established as a screening method in the patient at high
risk for hepatocellular carcinoma. US detection of a nodule in such a patient
is frequently followed by contrast-enhanced ultrasound (CEUS) performed
with the addition of a microbubble contrast agent. This allows for the eval-
uation of the mass in a similar manner to that on CT and MR scan where
liver mass diagnosis is based on the enhancement characteristics of the mass
in the arterial and portal venous phases. CEUS plays an integral role with
CT and MR scan in the evaluation of the patient at risk for hepatoma. The
classic enhancement characteristics of arterial phase hypervascularity and
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portal phase washout are shown in the majority of patients. However, well
recognized is arterial phase hypovascularity and lack of washout in the por-
tal phase especially in well-differentiated tumors. The real-time nature of
CEUS gives it a unique role in the evaluation of small tumors in particu-
lar. Its versatility of performance is also invaluable for monitoring RFA and
showing response to therapy.

Key Words: Ultrasound; CEUS (contrast-enhanced ultrasound);
hepatocellular carcinoma; dysplastic nodule; screening

1. INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary liver
malignancy. The majority of HCCs occur on a background of liver cirrhosis
and it is now well recognized that HCCs commonly develop through a multi-
step carcinogenesis from low-grade dysplastic nodule (DN), high-grade DN,
well-differentiated HCC to classic advanced HCC (1, 2). The change of his-
tologic types of the nodule is believed to be sequential; however, the distinc-
tions between each step are not always clear even on histopathology, which
suggests a continuous transition (1). HCCs may also arise de novo from a
relatively normal liver without a background of RN or DN, especially in
non-Asian populations (3). The early diagnosis of HCC is important since
the treatment is most effective when the tumor is small.

Detection and characterization of HCC is one of the major roles of imag-
ing diagnosis in high-risk patients. Imaging diagnosis of HCC is primar-
ily based on sequential changes in the intranodular blood supply during the
hepatocarcinogenesis; RN show similar blood supply to normal liver, bor-
derline lesions show wide variations of blood supply, and typical HCCs are
supplied by abnormal arteries alone (4). Over the last few decades there has
been remarkable progress of imaging techniques for diagnosing HCC. The
improvement of gray-scale ultrasound (US) scan enables us to detect sub-
centimeter lesions in the liver. Recent fast computed tomography (CT) and
magnetic resonance (MR) scanners provide multi-phasic contrast-enhanced
imaging, which has become an integral part of imaging of HCC. Arterial
phase (AP) imaging is extremely important to detect and characterize focal
liver lesions in a cirrhotic liver. Worldwide, US scan is most commonly used
as a screening test for HCC in high-risk patients (5). Multi-phasic contrast-
enhanced CT and MR scans are usually performed when there is any focal
lesion suspected to be HCC on US or there is a strong clinical suspicion of
HCC. However, the pattern of the use of imaging tests is variable depending
on each institutional preference. Clinical use of microbubble contrast agents
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has expanded the role of US from that of detection to one-stop characteri-
zation of HCC based on the enhancement features at contrast-enhanced US
(CEUS) (6–13). Current low-mechanical index (MI) techniques for CEUS
using second-generation microbubble agents have further advantages in
characterizing HCC, including real-time demonstration of continuous
hemodynamic changes in both the liver and the liver lesion. In our insti-
tution, US scan is used as a routine screening/surveillance imaging test for
high-risk patients for HCC, and CT/MR scan and/or CEUS is performed to
characterize any focal lesions detected on US scan. A large number of CEUS
examinations are also performed to characterize small indeterminate focal
liver lesions seen on CT or MR scans, producing satisfactory results. We
have recently developed a systematic imaging work-up algorithm to evalu-
ate newly detected liver nodules in screening/surveillance imaging exami-
nations based on the American Association for the Study of Liver Diseases
(AASLD) guidelines (5). The algorithm includes performance of CEUS, CT,
and MR in all newly detected 10–20 mm nodules and is well received by
referring hepatologists.

Although recent progress of imaging techniques improves the sensitivity
to detect HCC, it also reveals a large number of pseudolesions and benign
tumors that can mimic the appearance of HCC (15). These lesions can alter
the management of the patient, potentially preventing curative surgery. It
is, therefore, critical to achieve noninvasive characterization of focal liver
lesions with reasonable imaging criteria and adequate additional or follow-
up imaging studies. Unfortunately, there are significant overlaps between the
imaging findings of benign and malignant liver lesions in cirrhotic livers.

In this chapter, we review the typical US and CEUS imaging features
of HCC and other cirrhosis-related nodules. We focus, in particular, on the
issue of characterization of small liver lesions in the cirrhotic liver. We also
discuss the role of US and CEUS in routine screening/surveillance of HCC in
high-risk patients and in monitoring therapeutic responses to local ablation
therapy or anti-angiogenic agents.

2. GRAY-SCALE AND DOPPLER ULTRASOUND

Liver cirrhosis is a diffuse process of alteration of the normal liver archi-
tecture into fibrosis with development of regenerating nodules (RN) through-
out the liver. RN do not usually stand out on imaging, but may be seen as
ill-defined tiny nodules within a diffusely coarse liver parenchyma on US
scan.

Dysplastic nodules (DN) demonstrate variable echogenicity patterns,
including hyperechoic, isoechoic, and hypoechoic. Hyperechogenicity is
related to the fatty metamorphosis that may be seen in DN (15). The internal
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architecture of DN is usually homogeneous; however, it is impossible to dif-
ferentiate DN from small HCC by gray-scale US findings alone.

HCC may grow as solitary or multiple discrete nodules or show as an ill-
defined infiltrative mass. It is usually easy to make a diagnosis of HCC when
the tumor is large if expansive or advanced infiltrative tumors are shown.
Expansive HCCs are well demarcated, nodular, and frequently encapsulated
(Fig. 1). On the other hand, infiltrative HCCs have irregular and indistinct
margins (Fig. 2) with frequent invasion of the portal veins or hepatic veins
(2). A mixed expansive and infiltrative growth pattern is not uncommon.
Expansive HCCs usually have a better prognosis and better response to
treatment.

Fig. 1. Encapsulated HCC in a 53-year-old man with hepatitis B. US image shows a
large heterogeneous mass surrounded by a hypoechoic rim, representing a fibrous pseu-
docapsule.

�
Fig. 2. Infiltrative HCC in a 49-year-old man with hepatitis B. (a) US image shows an
ill-defined hypoechoic mass (arrows) in the liver. (b) CEUS scan in the arterial phase
at 10 s after injection of the contrast material shows diffuse hypervascularity within the
mass with an irregular margin. (c) CEUS image at 134 s after injection of the contrast
material shows negative enhancement (washout) of the mass relative to the liver. (d) CT
image in the arterial phase shows a hyperenhancing mass with an irregular margin. (e)
The mass shows washout in the portal venous phase.
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Fig. 2. (Continued)
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HCCs have variable echogenicity on gray-scale ultrasound. Small tumors
without fatty metamorphosis are usually hypoechoic, but the echo pattern
changes as the size increases. Small HCCs with fatty metamorphosis typ-
ically show hyperechogenicity, potentially mimicking the appearance of
hemangioma on gray-scale US (16). With time and increasing size, the
masses tend to become more complex and inhomogeneous as a result of
necrosis. HCC with expansive growth is usually seen as a discrete nodule

a b

c

Fig. 3. Infiltrative HCC with right hepatic vein thrombosis in a 42-year-old man with
hepatitis B. (a) US image shows an ill-defined slightly hyperechoic area (arrows) in
the liver. There is a focal thrombosis (long arrow) in the right hepatic vein. (b) CEUS
image in the arterial phase at 9 s shows heterogeneous hypervascularity of the lesion with
linear enhancing structures along the course of right hepatic vein thrombosis (arrows).
(c) CEUS image at 247 s shows washout of the mass and right hepatic vein thrombus
(arrows).
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with heterogeneous echo texture and frequently has a hypoechoic periph-
eral halo which corresponds to a fibrous pseudocapsule (Fig. 1) (17). An
uncommon but characteristic appearance of HCC is a nodule-in-nodule pat-
tern which represents a focus of HCC within a DN or areas of different
degrees of differentiation of HCC. In contrast, infiltrative HCC appears as
an area with heterogeneous echogenicity and can be easily overlooked on an
US scan. It is important to carefully evaluate portal or hepatic vein branches
within any suspicious heterogeneous area because tumor thrombosis is fre-
quently associated with infiltrative HCC (Fig. 3). Intratumoral fat also occurs
in larger HCC. Because it tends to be focal, however, it is unlikely to cause
confusion in diagnosis. Rare surface lesions may present with spontaneous
rupture and hemoperitoneum.

Fibrolamellar carcinoma is a histologic subtype of HCC that is found in
younger patients (adolescents and young adults) without coexisting liver dis-
ease. The serum α-fetoprotein levels are usually normal. The tumors are usu-
ally well differentiated, often encapsulated by fibrous tissue and solitary. The
prognosis is generally better for fibrolamellar carcinoma compared with typ-
ical HCC. Most patients, however, demonstrate advanced disease at the time
of diagnosis (18). The echogenicity of fibrolamellar carcinoma is variable.
Punctuate calcification and a central echogenic scar—features which are dis-
tinctly unusual in HCC—are more common in the fibrolamellar subtype.

Color or power Doppler US scan typically shows high-velocity arterial
flow within large HCC (Fig. 4). A pattern analysis of the distribution of
intratumoral flow might be helpful to suggest the diagnosis of HCC (19–21);

a b

Fig. 4. HCC in a 81-year-old man with hepatitis C. (a) US image shows a well-defined
hypoechoic mass in the liver. (b) Color Doppler US image shows a linear intratumoral
vessel showing arterial flow on spectral Doppler examination (not shown).
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however, it is rarely specific and requires a further imaging test for con-
firmation. Doppler is excellent for detecting neovascularity within tumor
thrombi in the portal veins, diagnostic of hepatocellular carcinoma even in
the absence of demonstration of the parenchymal lesion (Fig. 5).

a b

Fig. 5. Infiltrative HCC with right portal vein thrombosis in a 51-year-old man with
hepatitis C. (a) US image shows an ill-defined heterogeneous area (arrows) in the liver.
(b) Color Doppler US image shows a thrombosis within the right portal vein containing
pulsating flow representing tumor thrombosis.

3. CONTRAST-ENHANCED ULTRASOUND

3.1. Techniques
US contrast agents, which are presently used in radiology, consist of

microbubbles of perfluorocarbon gas stabilized by a protein, lipid, or poly-
mer shell. The bubbles are sufficiently small and stable to traverse the pul-
monary and cardiac circulations following peripheral venous injection. The
bubbles disappear as the gas diffuses through the thin shell, with a typical
half-life of a few minutes in blood. In our experience with more than 4,000
injections, patient acceptance has been very high, with no serious adverse
events seen at our institutions. A large retrospective study from Europe using
a slightly different type of microbubble contrast agent reported 0.0086%
incidence of serious adverse events without any fatality among 23,188 exam-
inations (22). The bubbles are approximately the same size as red blood cells
and cannot move through the vascular endothelium into the interstitium,
even after an extended period of time; therefore, they are true blood pool
agents (23). Microbubble contrast agents are approved for radiologic use in
many countries, including the European Union, Canada, and many Asian
countries. Although US contrast material has been approved for clinical use
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for cardiac diagnosis in the United States for a number of years, its use for
radiologic indications is still under investigation at the time of writing this
chapter.

A contrast-specific imaging mode, such as pulse inversion technology, is
available on all high-end US systems and is essential for the visualization
of microbubbles. The use of low-mechanical index (MI) imaging is critical
for continuous, real-time evaluation of enhancement. Typically, the contrast
agent is injected manually through a three-way stopcock, followed by a 5-
mL saline solution flush. Low-MI continuous imaging is performed during
the arterial and portal venous phases. Slightly higher MI and larger amounts
of microbubbles can be used for deep-seated lesions or lesions within an
attenuating liver. The first injection usually includes a stationary field of
view to include the lesion of interest and adjacent liver, both observed con-
tinuously for 4–5 min. Subsequent injections concentrate on arterial phase
vessel morphology and enhancement as well as sweeps of the entire liver
in the portal venous phase to look for any further abnormalities. Injections
are typically repeated two to five times to obtain images for the same lesion
or to evaluate a different lesion. Each injection is separated by 3–5 min. A
simultaneous dual-imaging mode, which displays gray-scale imaging and
contrast-specific imaging side-by-side, is available on most updated ultra-
sound scanners. The dual-imaging mode is particularly useful to evaluate
small liver nodules. A flash-replenishment technique in conjunction with
real-time maximum intensity processing is useful to characterize vascular
patterns and morphology of the vessels in the arterial phase (24).

3.2. Differential Diagnosis of Nodules in Liver Cirrhosis
Presently, the evaluation of the blood supply in a hepatocellular nodule is

the single most important imaging parameter to characterize nodules in liver
cirrhosis, because there are sequential changes in the supplying vessels and
hemodynamic state during hepatocarcinogenesis (25). Clinical use of
microbubble contrast agents enables US to characterize HCC based on the
enhancement features. Current real-time low-MI imaging techniques with
second-generation contrast agents have remarkably improved the capabil-
ity of CEUS in the characterization of HCC and their differentiation from
various nodules related to cirrhosis. It is now feasible to focus on a small
indeterminate nodule from wash-in to washout of contrast and CEUS can
provide better understanding of complex hemodynamic changes of a nodule
and a cirrhotic liver.

Classic HCCs are typically supplied by abnormal arteries alone and
show positive enhancement during the hepatic arterial phase and nega-
tive enhancement (washout) during the portal venous phase (11–13). There
are irregular dysmorphic arteries within the tumor often visualized in
large HCC in the early arterial filling phase (Fig. 6). Detection of arterial
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Fig. 6. Typical HCC in a 38-year-old man with autoimmune hepatitis. (a) US image
shows a large well-defined hypoechoic mass (arrows) in the liver. (b) CEUS scan in the
arterial phase at 6 s shows dysmorphic arteries within the mass. (c) CEUS scan at 12 s
shows homogeneous enhancement of the mass with small non-enhancing necrotic areas.
(d) CEUS image at 69 s shows slight washout of the mass relative to the liver. (e) The
mass shows clear washout at 144 s after injection.
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hypervascularity is very important to make a diagnosis of HCC as it is one of
the most reliable characteristics of nodular HCC. However, there is a small
subset of HCC with no arterial hypervascularity, including particularly those
that are well differentiated (26). CEUS is also excellent in the differentiation
between tumor thrombosis and benign thrombosis in the portal vein. Tumor
thrombi invariably show heterogeneous enhancement and linear, irregular
feeding vessels after injection of the microbubbles (Fig. 7) whereas benign
thrombi are avascular.

a b

dc

Fig. 7. HCC with portal vein thrombosis in a 58-year-old man with hepatitis C. (a)
US image shows an expanding thrombosis in the right portal vein (arrows). (b) CEUS
image in the arterial phase at 6 s shows linear arteries along the thrombosed portal vein
branching into the tumor thrombi (arrows). (c) CEUS image at 14 s shows homogeneous
enhancement of the mass and tumor thrombi (arrows) in the right portal vein. (d) CEUS
image at 86 s shows washout of the mass and right portal vein thrombi (arrows) relative
to the liver.
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Negative enhancement or ‘washout’ during the venous phase is also an
important characteristic of HCC as typical tumors lack portal venous supply.
The intensity of enhancement of HCC in the portal venous phase, however,
generally decreases more slowly than that in a metastasis. In our study of
115 hypervascular HCC (26), only 50% showed the expected portal phase
washout by 90s. Extended evaluation over 3 min is important to character-
ize HCC by demonstrating ‘eventual’ washout (Fig. 8). Further, sustained
positive enhancement in the extended portal phase should not be considered
diagnostic of a benign lesion, especially in patients at risk for HCC since it
may occur in well-differentiated HCC (Fig. 9).

a b

c d

Fig. 8. HCC with late washout in an 85-year-old man with hepatitis C. (a) US image
shows a hypoechoic mass (arrows) in the liver. (b) CEUS scan in the arterial phase at 8
s shows heterogeneous hypervascularity of the mass (arrows). (c) CEUS image at 133 s
shows isoechogenicity of the mass (arrows) relative to the liver. (d) CEUS image at 213
s shows washout of the mass (arrows).
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Fig. 9. HCC with no washout in a 61-year-old man with hepatitis B. (a) US image shows
a hypoechoic nodule (arrows) in the liver. (b) CEUS scan in the arterial phase at 21 s
shows homogeneous hypervascularity of the nodule (arrows). (c) CEUS image at 218 s
shows persistent hyperechogenicity of the nodule (arrows) relative to the liver.

Most RN are isoechoic to the parenchyma during all phases on CEUS
(Fig. 10), although they may show transient hypovascularity in the arte-
rial phase. As DN have more histological atypia, abnormal arteries increase
while normal arterial and portal supply decrease. The arterial and portal sup-
plies to DN are variable and inconsistent (Fig. 11) (27). Moreover, there are
significant overlaps of vascular supply between DN and well-differentiated
HCC. CEUS, CT, and MR all suffer from similar problems in the imaging
of these nodules. CEUS may have advantages from continuous observation
in detecting subtle vascular differences of HCC from DN.
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Fig. 10. Regenerative nodule in a 52-year-old man with hepatitis B. (a) US image shows
a hypoechoic nodule (arrows) in the liver. (b–d) The nodule is not visualized on CEUS
scans at 22 s (b), 31 s (c), and 113 s (d) after injection of the contrast material because
of isoechogenicity of the relative to the liver.

3.3. Role of US and CEUS in HCC Surveillance
Surveillance for HCC in high-risk patients is widely practiced particu-

larly in endemic regions such as East Asia. A recent practice guideline for
the management of HCC by the American Association for the Study of Liver
Diseases (AASLD) recommended that surveillance for HCC should be per-
formed using US at 6–12 month intervals (5). Traditionally, the diagnos-
tic confirmation of HCC was made by tumor biopsy. However, there is a
recent trend to diagnose typical cases of HCC based on imaging and clin-
ical findings without biopsy. For example, the AASLD guideline recom-
mended that the diagnosis of HCC can be made without biopsy in patients
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Fig. 11. Dysplastic nodule in a 49-year-old woman with hepatitis B. (a) US image shows
a hypoechoic nodule (arrows) in the liver. (b) CEUS image in the arterial phase at 10 s
shows hypovascularity of the nodule (arrows) relative to the liver. (c) The nodule is not
visualized on CEUS scan at 168 s because of isoechogenicity.

with cirrhosis with typical enhancement patterns of HCC on one dynamic
contrast-enhanced imaging technique for lesions larger than 2 cm and on
two dynamic imaging studies, including multi-phasic contrast-enhanced CT,
MR, or CEUS, for lesions between 1 and 2 cm (5). This guideline defines
typical enhancement pattern of HCC as hypervascularity of the lesion in the
arterial phase and negative enhancement (washout) of the lesion relative to
the hepatic parenchyma in the portal venous or delayed phase.

The University Health Network in Toronto recently developed a sys-
tematic imaging work-up protocol for newly detected nodules on surveil-
lance US. Our experience for the initial 2 years shows that surveillance
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US is able to detect small lesions (<2 cm) in the majority of cases,
and a multi-modality imaging approach with contrast-enhanced CT, MR,
and CEUS provides an excellent diagnostic ability to characterize typ-
ical HCC even if they are smaller than 2 cm. However, there are
still considerable numbers of indeterminate lesions in 1–2 cm nod-
ules requiring biopsy. Our experience also shows that about one-fourth
of newly detected lesions are hemangiomas and those cases are easily
characterized by CEUS at the time of detection, preventing extensive imag-
ing work-up, additional hospital visits, and invasive procedures (Fig. 12).

a
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Fig. 12. Hemangioma in a 52-year-old woman with hepatitis C. (a) US image shows a
slightly hypoechoic nodule (arrows) in the liver. (b–d) CEUS images at 6 s (b), 7 s (c),
and 10 s (d) after injection of the contrast material show peripheral nodular enhancement
of the nodule (arrows) with subsequent central fill-in. The nodule shows homogeneous
hyperechogenicity at 10 s (d).
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Real-time CEUS is excellent in the characterization of hemangiomas,
regardless of the rapidity of the enhancement (28).

3.4. Post-treatment Monitoring of HCC
Radiofrequency ablation (RFA) has become one of the main treatment

modalities for patients with small HCC. Real-time gray-scale US scan is
most frequently used for the guidance for RFA procedure; however, there are
uncommon cases with poor visibility on US scan. CEUS can be extremely
helpful to localize the lesion by demonstrating the arterial phase hypervas-
cularity and washout in the portal venous phase. The use of dual-imaging
mode, which displays gray-scale imaging and contrast-specific imaging
side-by-side, is critical to visualize the lesion and the needle simultaneously.
A routine use of pre-procedure CEUS can reduce the number of incomplete
or erroneous RFA significantly.

On the other hand, an accurate assessment of the RFA therapeutic
response is crucial because a complete tumor ablation significantly improves
patient survival, whereas residual or recurrent HCC may immediately
require an additional treatment. CEUS can be applied immediately after RFA
procedure so that repeated RFA can be carried out immediately after the pro-
cedure in the same treatment session if residual enhancing tumor is found
(29, 30). Contrast-enhanced CT or MR imaging is most commonly used for
interval post-RFA monitoring, but CEUS can be used as a useful alterna-
tive or a problem-solving method when CT or MR imaging is not conclu-
sive. On CEUS, successful treatment means complete avascularity within the
treated HCC. Any intratumoral enhancement indicates residual viable HCC
and requires additional RFA procedure (Fig. 13). Benign perfusion abnor-
malities adjacent to the ablation zone are frequently seen and may persist
several months after RFA procedure. It is, therefore, important to define the
outer border of the pre-existing tumor and assess any enhancing area within
the border. Ill-defined hypervascular areas outside the border usually repre-
sent benign perfusion abnormalities and these areas do not show washout in
the portal venous phase.

4. CONCLUSION

Recent advances in liver imaging techniques and better understanding of
imaging findings have facilitated the detection and characterization of hep-
atocellular nodules in a cirrhotic liver. It is important to recognize that var-
ious types of benign nodules and pseudolesions are identified on all imag-
ing scans performed for the diagnosis of HCC. An accurate differentiation
between them is critical for adequate management of patients with cirrho-
sis. Unfortunately, any of the imaging tests and even percutaneous biopsy
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Fig. 13. Residual viable tumor after radiofrequency ablation for HCC in a 54-year-old
woman with hepatitis B. (a) US image shows a hypoechoic mass (arrows) which has
been treated with radiofrequency ablation. (b) CEUS image in the arterial phase at 11 s
shows an eccentric intratumoral area of hypervascularity (arrows), representing residual
viable tumor. (c) The intratumoral enhancing area (arrows) shows washout at 59 s.

is not diagnostic for borderline lesions. Intimate collaboration of hepatolo-
gists, pathologists, surgeons, and radiologists with reasonable imaging and
clinical criteria estimating the degree of malignancy is imperative.
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