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Abstract Imaging techniques have become the accepted
mainstay for the assessment of liver lesions in cirrhosis
and, thanks to the improvement of their diagnostic capa-
bilities in recent years, have further limited the need to
resort to bioptic sampling. Hepatocellular carcinoma
(HCC) is the most common cause of de-novo liver nodules
in cirrhosis, and its diagnosis relies on noninvasive con-
trast-enhanced imaging studies. Diagnostic criteria have
been extensively validated, and the vascular pattern
deemed typical for HCC is an arterial hyperenhancement of
the nodule followed by washout in the portal or late phase.
This pattern provides a positive predictive value for the
diagnosis of HCC of about 97 % in nodules in cirrhosis
according to the literature. However, the need for a more
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precise differentiation from other malignancies arising in
cirrhosis, making up the remaining about 3 %, and spe-
cifically intrahepatic cholangiocarcinoma, has over time
led to changes in the recommendations for the noninvasive
diagnosis of HCC in cirrhosis. The present review aims to
report recently published interesting studies that have
brought new insights into the problem of the character-
ization and differential diagnosis of liver tumors in chronic
liver diseases.

Keywords Hepatocellular carcinoma (HCC) -
Intrahepatic cholangiocarcinoma (ICC) - Contrast-
enhanced ultrasonography (CEUS) - Focal liver lesions -
Cirrhosis - HCC noninvasive diagnosis

Introduction

The occurrence of small liver nodules is a frequent event in
patients with chronic liver diseases, especially cirrhosis.
Hepatocellular carcinoma (HCC) is the most common
de novo liver nodule in cirrhosis; the estimated probability
that a nodule in cirrhosis is in fact an HCC is more than
80 % in nodules >2 cm in size and between 50 and 75 %
in nodules less than 2 cm [1ee, 2, 3, 4¢]. A multicenter study
on contrast-enhanced ultrasound (CEUS) in focal liver
lesions reported frequencies of HCCs, metastases and
intrahepatic cholangiocellular carcinomas (ICCs) in cir-
rhosis of 76.6, 4.3 and 2.5 %, respectively. Benign lesions
were detected in 14.9 % of cirrhotic livers, with 5.7 %
being large regenerative nodules, 2.8 % hemangiomas and
0.3 % adenomas [4¢]. The characterization of focal liver
lesions (FLLs) in liver imaging has to be performed by an
operator aware of the clinical setting, and specifically of
the presence of any underlying fibrotic chronic liver
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disease, since the range of liver tumors varies widely
between patients depending on whether they have diffuse
liver disease (including severe fibrosis and cirrhosis) or not.
Since the majority of nodules occurring in cirrhosis are
most likely to be HCCs, unless otherwise demonstrated,
patients at risk for developing HCC should undergo a
semiannual ultrasound-based surveillance program for the
early detection of de novo nodules [1e¢]. According to
recently released recommendations, the at-risk population
includes cirrhotic patients in either the Child-Pugh stage (in
stage C only if they are eligible for liver transplantation),
non-cirrhotic hepatitis B virus (HBV) carriers with active
HBV (or inactive but with high viremia or with a family
history of HCC), non-cirrhotic patients with chronic HCV
and advanced liver fibrosis (stage F3 using the METAVIR
classification) and successfully treated patients with
chronic HBV or HCV belonging to at risk categories prior
to antiviral treatment [See, 6e¢]. This aims at an early
diagnosis of malignancy that can possibly be cured.

State of the Art

Imaging of newly occurring nodules in cirrhosis is based
on the progressive changes in the blood supply of the
nodule during hepatic carcinogenesis. Most HCCs develop
from a regenerative nodule through a multistep process of
histological dedifferentiation with alterations of the micro-
and macrovasculature [7], progressing from a large
regenerative nodule, low-grade dysplastic nodule, high-
grade dysplastic nodule and finally to a carcinoma. This
process goes along with a progressive loss of normal paired
portal and arterial branches and the appearance of newly
developed abnormal arterial vessels (neoangiogenesis).

Such changes in the vessel architecture are the key for
imaging techniques in diagnosing HCC, whose imaging
hallmark is a hypervascular appearance in the arterial fol-
lowed by washout in the venous phase (Fig. 1) [8°].
Moreover, neoplastic nodules tend to lack reticuloendo-
thelial cells, which is important for characterization by
means of contrast agents that have a typical postvascular
phase, where malignant nodules stand out as an enhance-
ment defect.

It is widely accepted that the diagnosis of HCC may be
obtained noninvasively by means of contrast-enhanced
imaging studies. Over time, guidelines have changed their
recommendations in this respect.

Updated AASLD (American Association for the Study
of Liver Diseases) [1*¢] and EASL (European Association
for the Study of the Liver) [6+¢] guidelines now endorse the
possibility of diagnosing HCC in all solid lesions >1 cm
detected in cirrhosis if they show a typical enhancement
pattern (namely arterial hypervascularization and a
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washout in the venous-delayed phase) at only one imaging
modality, including four-phase contrast-enhanced com-
puted tomography (CT) or dynamic contrast-enhanced
magnetic resonance imaging (MRI), given the high speci-
ficity and positive predictive value (PPV) of this vascular
pattern [2, 9]. EASL guidelines, however, have at the same
time stipulated that one imaging technique is enough only
if performed in centers of excellence with advanced
radiological equipment. If an HCC-specific vascular pat-
tern is not seen, the lesion should be assessed by the
alternative imaging technique (CT or MRI) or ultimately
by biopsy if the imaging findings remain inconclusive.
Nodules less than 1 cm in size are deemed too small to
make the diagnosis confidentially and warrant close (3-
month) follow-ups, looking for possible growth in size.
After 1 year without growth, the intervals should be
6 months.

When updating the American and European guidelines,
CEUS was excluded from the diagnostic algorithm for the
noninvasive diagnosis of HCC in cirrhosis [1*¢], [6°*], [10]
for different reasons: CEUS may give false-positive results
in case of intrahepatic cholangiocarcinoma (ICC) in cir-
rhosis [11], and ultrasonographic contrast agents are still
awaiting registration in the USA. This last argument indeed
conflicts with the ambition of international guidelines to be
applicable worldwide.

Nevertheless, there is clear evidence from recent studies
that CEUS is indeed a useful primary imaging method in
the characterization of HCC and diagnostically comparable
to CT/MRI for the diagnosis of a typical vascular pattern of
HCC in small (<2 cm) nodules [2, 3, 12—-14]. With regard
to detection of a so far unknown nodule, however, the role
of CEUS is limited. CEUS is not indicated by guidelines
for the detection of HCC nodules, since arterial enhance-
ment can be too short to scan the entire liver in a few
seconds, and looking only for a hypoechoic lesion in the
late phase can miss HCC lacking typical washout.

B-mode ultrasound remains however the first imaging
method indicated for the semiannual surveillance in cir-
rhotic patients to detect de novo nodules. Guidelines state
clearly that nevertheless a CT or MRI—at difference from
CEUS, being panoramic techniques—is required for stag-
ing purposes to complete the diagnostic workup of HCC
nodules before treatment.

The revised AALSD/EASL guidelines are not in
agreement with the recommendations of the Asian [15¢¢],
Japanese [16°°] and World-European Ultrasound Societies
(WFUMB-EFSUMB) [17¢¢], which favor including CEUS
in the diagnostic algorithm of FLLs in cirrhosis, and the
Italian Association for the Study of the Liver (AISF) rec-
ommends likewise [5+¢]. Obviously, more sophisticated
MRI and CT are seen as the gold standard and thus man-
datory for staging and preoperative treatment planning.
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Fig. 1 Typical HCC vascular pattern at CEUS imaging in a cirrhotic
patient (G2 on surgical specimen). a Homogeneous arterial hyperen-
hancement (arrow). b Persistent enhancement in late arterial-early

Imaging Techniques and Contrast Agents
for Characterization of Nodules in Cirrhosis

Contrast agents are classified as purely vascular or having
an additional post-vascular phase. Second-generation con-
trast agents for contrast-enhanced ultrasound (SonoVue
Bracco SpA, Italy), iodine-based agents for CT and gado-
linium chelates for MRI are the most used intravascular
agents. SonoVue is the only pure blood pool agent and is
quickly cleared through the lungs. Iodine- and gadolinium-
based agents, after having been distributed via the blood-
stream, diffuse into the extravascular interstitium, exit
tumor capillaries in the venous phase and tend to be
retained by fibrous stroma, influencing the late phase
appearance of different kinds of tumors. There are two
types of postvascular agents. Some agents are taken up by
Kupffer/reticuloendothelial cells; one of such agents in
ultrasound is Sonazoid, which also has a dynamic vascular
phase (GE Healthcare, UK, not yet registered in Western
countries); others used in MRI are superparamagnetic iron
oxide (SPIO) agents-MRI. The second type is taken up by
hepatocytes and then excreted into the bile. There is no
such agent in ultrasound. Gadoxetic acid (Gd-EOB-DTPA;
Primovist®, Bayer Healthcare, Germany) or gadobenate
dimeglumine (Gd-BOPTA; Multihance®, Bracco, Italy) are
commercially available MRI contrast agents of this type.

portal phase (34 s post injection; arrow). ¢, d Late phase hypoen-
hancement, at 125 and 340 s post injection, respectively (mild, late
washout)

Typically, images are acquired 10-20 min post Gd-EOB-
DTPAinjection. Gd-BOPTA has a lower uptake rate and
needs 120 min p.i. to accumulate sufficiently in the hepa-
tocytes in order to achieve a diagnostic signal alteration of
healthy liver tissue.

There is general agreement between Eastern and Wes-
tern guidelines on the diagnosis of typical hypervascular
HCC in cirrhosis, but Western guidelines consider only the
findings provided by vascular phases. AASLD and EASL
guidelines include only quadriphasic CT or dynamic MRI
for HCC diagnosis, while APASL (Asian Pacific Associ-
ation for the Study of the Liver) and Japanese guidelines
also accept CEUS [15¢e, 16°°]. Eastern guidelines (APASL
and Japanese) do not stratify nodule workup with respect to
their size and propose a different diagnostic algorithm for
the hypovascular nodules in cirrhosis, highlighting the role
of postvascular phases of MRI and CEUS with Sonazoid.

Aim

The purpose of this review is to report recently published
interesting studies that have provided new insights into the
problem of the characterization and differential diagnosis
of liver tumors in chronic liver diseases in the cirrhotic
stage.
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Fig. 2 Hypervascular HCC (G2) of the right liver lobe, with a
necrotic central part, in a 64-year-old male with a history of HCV-
related cirrhosis. a CEUS arterial hyperenhancement. The enhance-
ment is mainly homogeneous, and most of the nodule is arterially
enhanced, at difference from the rim-like pattern deemed character-
istic of ICC. b CEUS shows washout in the late portal phase (110 s)
(mild hypoenhancement), with a persistently hypoechoic central
portion along all phases (probably necrotic part). ¢ CT: CT scan
confirmed the arterial hyperenhancement (hypervascular nodule) with

CEUS in the Diagnosis of HCC

Typical and Atypical Enhancement Pattern of HCC
in CEUS

According to the EFSUMB guidelines published in 2013
[17e¢], typical CEUS features for HCC are marked arterial
enhancement (stronger than in the surrounding parenchyma)
followed by washout in the portal/late phase. Arterial
enhancement is usually homogeneous (Fig. 1), although
larger nodules may enhance heterogeneously (Fig. 2). A
rim-like appearance is deemed atypical for HCC [17¢],
although one study reported 35 % of HCCs to enhance in a
rim-like fashion, particularly in larger nodules [18].
Requiring the CEUS appearance to be completely typ-
ical will make the technique poorly sensitive, with
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the exception of a small, central, persistently hypodense area
(probably necrotic area). d The nodule is isodense in late phase,
with a slight increase in the hypodense central area. e T1-weighted in-
phase imaging on MRI shows a hyperintense nodule. f EOB-DTPA-
enhanced MRI during the arterial phase confirmed the subcapsular
nodule with hyperenhancement except for a small central hypovas-
cular area. g Incomplete MRI washout in delayed phase. h Hyperin-
tensity on diffusion-weighted MRI imaging

sensitivities as low as 26 % in very small nodules (<2 cm)
[2]. Notably, the lesions missed are more frequently low-
grade HCC than high grade. Iavarone et al. [19] showed
that no more than 13 % of small (<2 cm) G1 HCCs were
characterized on radiological exams (any combination of
two dynamic, contrast-enhanced modalities) compared to
>50 % of a higher (G2-3) grade HCCs of similar size.

This is due to the fact that well-differentiated HCCs tend
to lack the washout in the venous phase at all imaging
techniques, but particularly with CEUS (Fig. 3) [3, 19-21].
Therefore, the question whether arterial hyperenhancement
alone is sufficient for HCC diagnosis was addressed by
some recent publications [3, 21].

It is worth remembering that in CT a washout is con-
sidered a necessary condition for making the diagnosis of
HCC with confidence. The rationale is to lower the rate of
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Fig. 3 HCC in cirrhosis
displaying a typical
homogeneous hypervascularity
at CEUS, but with very late and
mild washout. a,

b Characteristic CEUS arterial
homogeneous
hyperenhancement. ¢ CEUS
isoenhancement in portal-late
phase (2 min 24 s post
injection). d Slightly
hypoechoic portion in the
nodule appears in very late
phase (washout)

false positives, i.e., perfusion abnormalities falsely diag-
nosed as HCC. With CEUS, the setting is different, since it
is used to characterize suspicious lesions already visible in
B-mode or in an accompanying other imaging modality.
Thus, the likelihood of a pure perfusion abnormality
without any morphological correlate is small.

In a study by Jang et al. [22], CEUS reached an accuracy
of 93.2 % for diagnosing an HCC in a previously detected
lesion (small 1-2-cm HCCs) based solely on the arterial
enhancement pattern. At the same time, all hemangiomas
were diagnosed correctly.

Leoni et al. [3] report on 127 primary or recurrent HCC
nodules (size 1-3 cm) in which they found an arterial hy-
perenhancement in 77.2 % of HCCs, with a washout pat-
tern in 41 % of HCCs. Using the classical combination of
arterial enhancement and portal/late phase washout (in the
following termed the “hyper-hypo pattern”) as a crite-
rion for diagnosing HCC, the PPV was 98 %, and the
accuracy was 51 %. An arterial hyperenhancement fol-
lowed by isoenhancement in portal/late phase was noted in
36.2 % of HCCs. When including this pattern as another
criterion for HCC, the resulting overall PPV and accuracy
were 94 and 77 %, respectively. A persistently isoechoic
appearance was noted in 22.8 % of all HCCs, with a higher
rate in recurrent nodules (36 %) than in primary HCCs
(13 %). The recurrences were also slightly smaller than for
primary lesions (mean size, 18.7 vs. 21.5 mm). The authors
concluded that the risk that a lesion is an HCC, although
typical patterns are missing, is higher in recurrent nodules.

They also confirmed that the occurrence of the typical
pattern is strongly influenced by nodule size, as a typical
hyper-hypo pattern was found in only 29 % of HCCs
10-20 mm in size and in 50 % of HCCs 20-30 mm in size.
Almost all authors have observed that the rate of seeing
a typical HCC pattern at CEUS differs from those using CT
or MRI. This is related to the washout rather than the
arterial hypervascularity [3, 13]. The typical vascular pro-
file of HCC has been described and validated using
extracellular contrast media in dynamic imaging; it is thus
related to the specific pharmacokinetics of different con-
trast agents for different imaging techniques. CT or MRI
more often shows a late washout in HCC nodules than
CEUS. The opposite is true for intrahepatic cholangiocar-
cinoma (ICC) in which an early washout is more frequently
observed at CEUS than with CT or MRI. This difference in
different tumor entities is probably related to the different
kinetics of contrast agents and tissue compositions. Sono-
vue is a pure blood agent that is cleared in a few minutes
after injection from the blood pool through the lungs and
does not leak out from the vessels. Conversely, the ICC
stroma appears to retain CT or MRI contrast agents, which
diffuse into the interstitium leaking out from the capillar-
ies, leading to a more persistent enhancement during por-
tal/late phase [11, 23]. This is a notorious pitfall of missing
an ICC, especially for less experienced radiologists.
Timing of washout at CEUS may differ according to
cellular differentiation of HCC nodules. Jang et al. dem-
onstrated that poorly differentiated HCCs have an earlier
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(mostly within 90 s) washout than better differentiated
ones. Of interest, the time of washout in HCCs was inde-
pendent of whether cirrhosis was present or not [21].

Similar data were recently confirmed by a quantification
software analysis study that showed earlier washout and
shorter peak arrival time in more aggressive HCCs (with
higher intratumoral VEGF expression and neovascular
generation), suggesting this could be of prognostic impor-
tance [24].

Boozari et al. [20] evaluated CEUS in the grading of
hypervascular HCCs according to the presence of late
washout. After arterial hyperenhancement, 78 % of higher
grade (G2-G3) HCCs showed a washout in the portal/late
phase, while lower grade (G1) HCCs showed a washout in
only 22 % of cases. In the group of higher grade nodules,
the percentage of HCCs <2 cm was lower than in the Gl

group.

The Guidelines Debate and Potential of CEUS

CEUS was part of the imaging modalities for the nonin-
vasive diagnosis of HCC in Western countries until 2011
[25], when it was excluded from the revised guidelines [1¢e,
6°¢]. The rationale for this exclusion, besides the unavail-
ability of microbubble contrast agents in the USA, was the
risk of mistaking an ICC for an HCC with CEUS based on
a single, small, retrospective study from Vilana et al. [11].

Concerns were raised about whether CEUS has to be
completely excluded from the diagnostic algorithm for
HCC or if only its role has to be redefined. The AASLD
recommendations were not well received in Europe and
Asian countries, where CEUS is still included in the HCC
guidelines [See, 159, 16se, 17¢].

— CEUS has been maintained in the Japanese guidelines,
which endorse separate algorithms for hypo- and
hypervascular nodules in cirrhosis [16¢¢]. For arterial
hypervascular nodules detected on CT, MRI or CEUS
followed by washout in the portal/late phase or no
uptake in postvascular phases (Sonazoid-CEUS or
EOB-MRI), a diagnosis of typical HCC is accepted.
For hypovascular nodules, imaging analysis by means
of Sonazoid-CEUS or EOB-MRI is recommended: if
the absence of postvascular uptake is confirmed on
both, a diagnosis of well-differentiated HCC is made,
provided a hemangioma has been ruled out by the
typical dynamic phase pattern.

— APASL recommendations state that CEUS is as
sensitive as dynamic CT or MRI in the diagnosis of
HCC, which can be diagnosed if the classical pattern is
shown on dynamic CT, MRI or CEUS. For hypovas-
cular nodules, a lack of uptake on SPIO-MRI or
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Sonazoid CEUS in the postvascular phase will confirm
an HCC [15¢].

— The WFUMB/EFSUMB guidelines support the use of
CEUS, which can be performed immediately after the
detection of a nodule in cirrhosis, allowing a rapid
diagnosis [17+¢, 26]. CT or MRI is however required for
a proper pretreatment staging.

— Italian (AISF) recommendations [5¢¢] consider the
available scientific evidence insufficient to remove
CEUS from the diagnostic tools since a CEUS pattern
typical for HCC has a positive predictive value >95 %
[2], and ICCs represent a minority of instances among
all new nodules arising in cirrhosis (1-2 %). Further-
more, not even half of ICCs show a typical HCC
pattern at CEUS [11, 27e, 28]. AISF recommendations
emphasize the specificity of CEUS in the depiction of a
pattern of malignancy (hallmark washin-washout),
which, unless concurrent with a highly discordant CT
or MRI pattern (rim-like/absence of washout or
increasing contrast uptake in the late phase) or with
very early (<60 s) and marked venous washout,
indicates an HCC. Although CT or MRI will always
be needed for staging purposes [26], the most cost-
effective approach may be to use CEUS in case of an
inconclusive pattern at CT or MRI [5].

Overview of CT and MRI for HCC Characterization
in Cirrhosis

Either dynamic CT or MRI is considered the gold standard
for HCC diagnosis and staging in Western guidelines.

However, previous reports indicated that the diagnostic
performance of enhanced MRI was better than that of
dynamic CT even for only assessing dynamic phases,
especially for small nodules [14]. Sensitivities of dynamic
CT and MRI for nodules less than 2 cm ranged between
47-56 % and 63-84 %, respectively [29, 30]. Even in
smaller nodules (<1.5 cm), dynamic MRI performed better
than dynamic CT, with reported sensitivities of 75-81 %
versus 56 %, respectively [31].

Gadoxetic acid (EOB-MRI) and Gd-BOPTA, extracel-
lular agents with hepatobiliary kinetics, allow the explo-
ration of both the vascular pattern and hepatocyte function.
These agents are only taken up by normally functioning
hepatocytes; malignant nodules therefore present as an
enhancement defect during the postvascular hepatocellular
phase [32, 33].

The diagnostic yield of these contrast agents has been
acknowledged by the Japanese Society of Hepatology and
Liver Cancer. The last consensus of the 48th annual
meeting of the Liver Cancer Study Group of Japan
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recommended Gd-EOB-DTPA MRI as a first imaging
method after the detection of a nodule in cirrhosis and
supported the use of dynamic CT only when MRI is not
available [34e°].

The accuracy of Gd-EOB-DTPA-MRI in the character-
ization of HCC is reported to be superior to both dynamic
CT and MRI with purely extracellular Gd-contrast agents
with an overall sensitivity of 72-99 %, 63-88 % and
58-93 % for EOB-MRI, dynamic MRI and CT, respec-
tively [31, 35-41].

The diagnostic challenge of nodules in cirrhosis is
mostly represented by the high rate of small HCCs without
a typical vascular pattern, particularly without arterial
enhancement. The incidence of atypical nodules in cir-
rhosis is high, ranging from 28 up to 33 % in selected
populations (uncertain and/or discrepant features at CEUS
and CT) [39, 42], with about one third being malignant,
suggesting that dynamic imaging alone may be limited for
an early diagnosis.

MRI with Gd-EOB-DTPA will detect either typical
hypervascular HCC or early stage hypovascular HCC, but
in the latter instance, MRI alone is insufficient to establish
the diagnosis, although the diagnosis of HCC at a very
early stage permits the benefit of a timely and minimally
invasive treatment.

To this end, the new diagnostic algorithm proposed by
the latest Japanese consensus [34] proposed a modified
diagnostic workup of nodules in cirrhosis. If a nodule
washes out in the late phase after an arterial hypervascu-
larity on EOB-MRI, a diagnosis of HCC is made. If a
lesion is hypervascular in the arterial phase and hypoin-
tense in the hepatospecific phase, it also has to be con-
sidered as HCC, even if no definite washout in the late
phase is seen. Obviously, hemangioma needs to be ruled
out safely.

In lesions that are hypointense nodules in the hepato-
specific phase but show no arterial hypervascularity on
dynamic MRI, CEUS with Sonazoid may be used to show
either arterial hypervascularity or a filling defect in late
phase—both regarded as diagnostic for HCC. Remember
that CEUS is more sensitive for arterial enhancement than
CT or MRIL.

This latter diagnostic algorithm is not applicable in
Europe as Sonazoid is not available in Western countries.
However, the need has emerged to predict the malignant
potential of hypointense nodules on hepatospecific phase at
EOB-MRI and obviously lacking the pattern of hemangi-
oma in dynamic phases, which are at this time to be con-
sidered at higher risk of progressing to overt HCC.

In keeping with this prognostic information, Kogita
et al. [43] showed that EOB uptake decreases already at an
early stage of hepatocarcinogenesis, followed by reduction
of portal flow. This means that a hypointensity in the

hepatospecific phase may occur earlier than delayed vas-
cular phase washout and arterial hypervascularization.
Moreover, the degree of hypointensity increased in parallel
with the dedifferentiation from dysplastic nodules to HCC.

It is controversial, however, whether dysplastic nodules
can be discriminated from HCC on the hepatospecific
phase alone. MRI may provide useful information for the
treatment and follow-up strategy, being able to provide
predictive features of hypervascularization of high-risk
nodules.

Kumada et al. [44] demonstrated that a threshold of
15 mm in size might be critical for the vascularization of
hypointense nodules, since nodules at least 15 mm in size
more often progressed to hypervascular HCC (43 % at
6 months and 77 % at 12 months) compared to smaller
nodules (<15 mm), which progressed to typical HCC at a
smaller percentage (17 % at both 6 and 12 months).

Hypovascular nodules are characterized by smaller size
(87 % <2 cm) and vaguely nodular appearance and hist-
opathologically by the absence of vascular invasion,
infrequent capsule formation or infiltration, and good dif-
ferentiation [42].

Other predictive factors for progression to hypervascu-
larity of nodules that are hypointense in the hepatobiliary
phase (occurring in 31-32 % in about 6 months) demon-
strated by the very recent literature were the presence of fat
within the nodule, hyperintensity on TI- and/or T2-
weighted images, and growth rate (tumor volume doubling
time, 542 days) [45, 46].

Choi et al. [47] noted the absence of the typical imaging
pattern on dynamic imaging in 28 % of 304 HCCs (31 %
in 1-2 cm in size), the most frequent atypical patterns
being the absence of an arterial enhancement and the
presence of hypointensity in the hepatospecific phase. The
authors suggested that the hepatobiliary phase appearance
can be considered an imaging biomarker with prognostic
significance as atypical nodules with iso- or hyperintensity
in the hepatobiliary phase were smaller, with lower histo-
logic grade and longer time to recurrence than hypointense
ones.

With diffusion-weighted imaging (DWI) [48], MRI has
gained further diagnostic potential. Differentiation between
early HCC and dysplastic nodules relies, according to
Western guidelines, on histologic characterization based on
immunohistochemistry. DWI differentiates tissues based on
the cellular density and may improve the noninvasive char-
acterization, since dysplastic nodules and early HCC differ in
the degree of cellular density [49]. Hyperintensity on DWI is
regarded as suggestive of HCC (Fig. 2, panel h), and Park
et al. [50], applying the enhanced EOB criteria along with
hyperintensity on DWI imaging, reached a higher rate of
small HCC detection (82.4 %) than dynamic CT, which
showed 53.9 % of HCCs fitting the AASLD criteria.
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Moreover, among atypical (hypovascular or hypervascular
without hypointensity) nodules, the hyperintensity on DWI
helped with the proper characterization of early HCC.
However, the number of EOB-MRI scans performed in
daily practice is limited. MRI is not as widespread as CT,
and it takes longer to complete EOB-MRI than dynamic
CT. Therefore, the Japanese recommendations suggest the
use of quadriphasic CT at institutions lacking MRI service.

Differential Diagnosis of ICC Versus HCC

The incidence of peripheral mass-forming ICC is increas-
ing, given the high rates of predisposing conditions such as
primary sclerosing cholangitis, as well as chronic HCV and
HBYV infection and cirrhosis, which are known risk factors
for both hepatocellular and cholangiocellular tumors.

ICC is an infrequent tumor (1-2 % of all liver nodules in
cirrhosis), and data about its imaging features are derived
from small sample size studies, often retrospectively. Past
studies reported heterogeneous enhancement patterns for
ICC at CEUS, such as early arterial contrast enhancement
followed by marked washout [51, 52], rim-like enhance-
ment, heterogeneous hypoenhancement [18] or absence of
enhancement [53].

Most of these studies were not specifically addressed to
nodules in cirrhosis, and noninvasive diagnosis is not
accepted in patients without cirrhosis. Therefore, a bioptic
confirmation will always be necessary.

In the EFSUMB guidelines, rim-like enhancement with
hypoechoic central areas during the arterial phase is con-
sidered characteristic for ICC as well as an arterial non-
enhancement pattern, with hypoenhancement/none-
nhancing areas in the portal/venous phase [17¢¢].

Recent studies, specifically targeting populations at risk
for primary liver tumors, found that a higher number of
ICCs than expected (up to 47 %) may be hypervascular
during arterial phase (Fig. 4), and several studies have
reported that small ICCs in cirrhotic patients may show an
enhancement pattern similar to those of HCC on CEUS, but
occasionally also on CT and MRI [11, 54-57].

A recently published study by Chen et al. [27¢] com-
pared CEUS enhancement patterns of 50 histologically
proven ICCs (5 in a cirrhotic liver) and 50 HCCs (26 in
cirrhosis). ICC presented with a peripheral rim in 50 % of
lesions (mean size, 7.9 cm), heterogeneous hyperen-
hancement in 20 % (mean size, 7.6 cm), heterogeneous
hypoenhancement in 24 % (mean size, 6.5 cm) and
homogeneous hyperenhancement in 6 % (mean size,
3.4 cm). All HCC nodules showed an arterial hyperen-
hancement, heterogeneous in 58 % (mean size, 7.5 cm)
and homogeneous in 38 % (mean size, 3.9 cm). A
peripheral rim was observed only in 2 out of 50 nodules
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(4 %; mean size, 6.3 cm). HCCs showed intratumoral
vessels much more often than ICCs. In portal phase, 72 %
of ICCs showed a washout, while 24 % remained hy-
poenhanced in all vascular phases. The study reported a
lower risk for CEUS to misdiagnose ICC for HCC than
other studies [11, 28], with only 5 out of 50 ICC nodules
(10 %) misdiagnosed as HCC. Tumor size heavily influ-
enced enhancement behavior as most ICCs and HCCs less
than 3 cm were homogeneously enhancing, while larger
ICCs presented a peripheral rim enhancement mainly due
to abundant central fibrous stroma. The diagnostic chal-
lenge for CEUS is therefore narrowed to the differential
diagnosis of small HCC from ICC presenting with homo-
geneous enhancement, which is the diagnostic issue most
often faced for nodules emerging during ultrasound sur-
veillance of cirrhotic patients.

One study from Vilana et al. [11], which explored ICC
patterns at CEUS in cirrhotic livers and based on which the
AASLD excluded CEUS from the HCC diagnostic algo-
rithm, was performed on smaller nodules (mean size,
3.2 cm); it reported that 48 % of ICCs (10 out of 21 total
nodules) displayed an enhancement pattern indistinguish-
able from those deemed typical for HCC in the AASLD
guidelines. This study however did not report an HCC
control group, and the sample size was limited.

Bohle et al. [58] retrospectively analyzed the CEUS
patterns of 39 HCCs, 11 ICCs (2 with cirrhosis), 3 Klatskin
tumors and 4 gallbladder carcinomas. Most HCCs and
ICCs showed hyperenhancement during arterial phase
(with HCCs more frequently showing complete filling in)
followed by late phase hypoenhancement; a hyperen-
hancement during portal venous phase was observed only
in a few HCCs and not in ICCs. Surprisingly, a rim-like
pattern was observed in only 3 out of 11 ICCs and in no
HCCs. The authors emphasized that no definite consensus
exists on the definition of rim-like enhancement. They
reported that adhering strictly to a definition of irregular
peripheral hyperenhancement (less than 25 % of the whole
tumor), with irregular inner stripes extending to the central
portions, usually seems to be relatively specific for ICC but
that this appears in only some ICCs (Fig. 5).

Among studies that examined enhancement patterns of
ICC in cirrhotic livers, Li et al. [59¢] performed CEUS on
31 ICCs in chronic liver diseases (mean size, 6.4 cm) or
cirrhosis (mean size, 5.3 cm), and 23 ICCs in normal livers
(mean size, 6.2 cm). They found that the enhancement was
more heterogeneous in ICCs arising in chronic hepatitis/
cirrhosis (60/50 %, respectively) than in those occurring in
normal livers (26 %). More ICCs in normal liver had a rim-
like enhancement (57 %) than those in chronic hepatitis or
cirrhosis (27/31 %). Among patients with cirrhosis, 62.5 %
ICCs would have been misclassified as HCC, and most of
these were larger than 2 cm. Galassi et al. [28] confirmed
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Fig. 4 CEUS appearance of a well-differentiated ICC (G1) of the
right liver lobe in cirrhosis. a CEUS: “atypical” homogeneous arterial
hyperenhancement. b Marked hypoenhancement (washout) in late
phase CEUS. ¢ Nodule is hypodense on pre-contrast CT scans; d CT:
Mild arterial peripheral inhomogeneous enhancement. e CT:

|
- [

Progressive inhomogeneous enhancement during portal and late
phase without clear washout (f), unlike from what is observed at

CEUS (washout). The solid mass also demonstrates a “buldging”
effect on the liver profile

Fig. 5 “Classical” imaging features of ICC (G3) of the left liver lobe
in cirrhosis. Gd-EOB-DTPA enhanced MRI appearance. a T2-
weighted image shows an hyperintense nodule, while hypointensity
is demonstrated in TI1-weighted in-phase image (b). ¢ Slight

peripheral arterial hyperenhancement. d Isoenhancement on portal
phase. e Characteristic late phase “cloud” sign, which has been
correlated with central fibrosis (see main text). f Marked hypointen-
sity in the hepatospecific phase
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that a significant (up to 50 %) proportion of small ICCs in
cirrhosis can potentially be mistaken for an HCC because
of their similar enhancement pattern in CEUS. A rim-like
arterial pattern was seen only in 8 % of ICCs (2 out of 25).
However, when the authors considered not only the
occurrence of washout in the venous phase, but also its
intensity, deeming only a mild washout typical for HCC,
the proportion of misclassified nodules decreased to 32 %
of all nodules.

Thorough assessment of the intensity of enhancement in
liver tumors is a promising tool for increasing diagnostic
accuracy of CEUS, especially by means of dedicated
software with a time intensity curve (TIC) analysis [60°].

In a study by Chen et al., TIC analysis improved the
diagnostic accuracy of CEUS [27¢]. The analysis of the
intensity of the echo signal in the region of interest put into
the tumor and in the adjacent liver parenchyma showed
lower intensity and lower slope in the peripheral and cen-
tral areas of ICCs compared with HCCs. HCCs had richer
arterial supply conferring higher intensity in the arterial
phase and ICCs washed out to a more marked degree of
hypoenhancement during portal/late phase than HCCs.

The introduction of dedicated quantification software
may increase reproducibility in comparison to the visual
subjective analysis, since it yields semiquantitative perfu-
sion parameters, is able to describe the blood flow pattern
and temporal changes in the intensity of enhancement, and
may bring more accurate insight to the differential diag-
nosis of FLLs [61, 62].

Studies have outlined the different contrast-enhance-
ment patterns of ICC in portal/late phase between CEUS
and CT or MRI (Fig. 4) due to the different uptakes of the
contrast medium from tumoral tissue caused by the dif-
ferent histopathologies of the tumors and interaction with
various contrast kinetics [27¢, 56]. Delayed phase CT can
observe longer enhancement (iso-hyperattenuating
appearance) because of the persistent contrast uptake by
the fibrous stroma, while a washout appears already in the
portal phase at CEUS [11, 63].

lavarone et al. [23] recently evaluated the contrast-
enhanced CT appearance of 40 small ICC nodules in a
cirrhotic setting (median size, 30 mm). Half of the ICC
nodules showed a peripheral rim during arterial phase;
42 % of nodules had an increase in contrast enhancement
throughout portal/delayed phases, whereas 26 % of nodules
showed stable contrast enhancement during a dynamic
study (2 globally hyperdense, 4 peripherally hyperdense, 4
hypodense in all phases). None of the ICCs presented the
vascular pattern deemed typical for HCC, which is a global
hyperenhancement followed by washout in the portal/late
phase. Most (74 %) of the rim-like arterial enhancing
nodules were >3 cm in size, probably because of a central
fibrotic scar in larger nodules. The authors confirm the
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importance of accurate evaluation of delayed phase, as the
risk of misdiagnosis with HCC was ruled out by the iso-
dense pattern observed during the late phase.

A previous study on the CT appearance of ICC in cir-
rhotic livers [54] reported slightly different results as for
washout; few ICCs smaller than 3 cm (5 out of 8 nodules)
showed a washout pattern on portal/venous scans, but the
authors did not provide information about their contrast
pattern in the delayed phase.

A thorough and prolonged evaluation of enhancement
patterns as well as an expertise in the radiological evalu-
ation of nodules in cirrhosis are needed. Nevertheless, CT
is not able to establish a definitive noninvasive diagnosis of
ICC, not even of malignancy. Conversely, the malignant
nature is clearly detected as early/intense washout on
CEUS. The combination of such discrepant patterns
between CT and CEUS may be the object of future studies.

The use of MRI is gaining widespread consensus for
the differential diagnosis between HCC and ICC in
cirrhosis.

Frequent MRI imaging findings of ICCs are irregular
margins, high intensity on T2-weighted images and low
intensity on T1-weighted images (Fig. 5, panel a, b) [64].
On dynamic imaging, they may show peripheral enhance-
ment in the arterial phase followed by centripetal
enhancement in portal/delayed phases (Fig. 5, panel c, d).
Both peripheral and centripetal enhancement is reported to
be more prominent on MRI than on CT [65].

On MRI, Rimola et al. [56] observed a pattern of pro-
gressive contrast uptake in the absence of a washout pattern
in 80.6 % of ICCs in cirrhotic livers. A progressive
enhancement pattern over the subsequent vascular phases
was mostly found in larger nodules (>2 cm) with a stable
enhancement pattern in smaller lesions. The authors sug-
gested that if MRI fails to register washout in a nodule in
cirrhosis, biopsy should be performed.

The presence of washout in portal and delayed phases
varied among studies on MRI, while the introduction of
Gd-EOB-DTPA has been reported to increase the diag-
nostic accuracy of dynamic MRI. Kim et al. [66¢] described
70 % of ICCs showing a typical pattern of arterial
peripheral enhancement and progressive centripetal
enhancement during portal/delayed phases. The remaining
30 % of ICCs showed an atypical pattern of complete/
partial enhancement during the arterial phase, with com-
plete/partial washout in portal/late phases. They corre-
sponded to an atypical histopathological appearance of
ICC, with less fibrotic tissue in the center. On EOB
imaging in the hepatobiliary phase, the authors observed a
“cloud” sign in 93 % of typical ICCs, namely a persistent
enhancement with cloud-like intensity in the center with a
peripheral rim defect correlated with central fibrosis
(Fig. 5, panel e). Only 33 % of atypical ICCs showed a
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“cloud”-like sign. Thus, atypical, hypervascular ICCs are
hardly distinguishable from other malignant and nonma-
lignant nodules by dynamic vascular behavior alone on CT/
MRI, making biopsy needed again [23].

Interestingly, Xu et al. [67¢] showed that the majority of
ICCs in cirrhosis displayed strong hypervascular enhance-
ment compared to those in noncirrhotic livers, related to
higher arterial and microvessel density.

Findings such as tumor markers, an EOB-cloud appear-
ance, multiplicity and capsule retraction may be helpful
anyway, although at present a noninvasive diagnosis of ICC
in cirrhosis is still not accepted.

Other FLLs in Cirrhosis

The prevalence of hepatic metastases from extrahepatic
tumors in liver cirrhosis is far lower than that observed in
patients without chronic liver disease [68]. These data were
confirmed by the DEGUM trial (only 4.3 % of FLLs in
cirrhosis were metastases) [4¢, 69]. Proposed explanations
are liver fibrosis and capillarization, which could create a
barrier to tumor cell invasion into the liver parenchyma.
This unconsidered, imaging appearance is the same as in
healthy livers, with early and marked portal phase washout
of the contrast medium irrespective of the arterial
enhancement pattern. Clinical background as well as tumor
markers play a great supporting diagnostic role.

Primary hepatic lymphoma is more common in HCV-
HBV-related cirrhosis than in healthy livers and represents
up to 1 % of newly developed lesions in cirrhosis [70]. The
CEUS appearance has been reported similar to that of a
typical HCC, with inhomogeneous arterial hyperenhance-
ment followed by a hypoechoic pattern in the portal/late
phase; thus, it should be considered in the differential
diagnosis with HCC [71]. However, given its rarity, its
impact has been neglected in the guidelines for the man-
agement of HCC so far.

Conclusions

In conclusion, imaging techniques have become the
accepted mainstay for the assessment of liver lesions in
cirrhosis, and thanks to the improvement of their diagnostic
capabilities in recent years, summarized in the present
article, have further limited the need to resort to bioptic
sampling.
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