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Consensus guidelines for radiological diagnosis of hepatocellular carcinoma (HCC) have been drafted by several large international
working groups. This article reviews the similarities and differences between the most recent guidelines proposed by the American
Association for Study of Liver Diseases and the Asian Pacific Association for the Study of the Liver. Current evidence for the various
imaging modalities for diagnosis of HCC and their relevance to the consensus guidelines are reviewed.

1. Introduction

Consensus guidelines have been drafted by several large
international working groups on different occasions in
an attempt to standardise the surveillance, diagnosis, and
management of HCC. Of the major working groups, the
European Association for the Study of the Liver was the first
to establish consensus guidelines on the clinical management
of HCC following the Barcelona European Association for
the Study of the Liver (EASL) Conference in 2000 [1]. The
American Association for Study of Liver Diseases (AASLD)
adapted these recommendations to issue a set of consensus
recommendations in 2005 [2]. This was more recently
updated in 2010 [3]. The Asian Pacific Association for the
Study of the Liver (APASL) itself also developed a set of
consensus recommendations in December 2008 [4].

The rationale for a set of guidelines on management
of the growing problem of HCC is several fold. Firstly,
it aims to maximise healthcare resources when targeting
large populations at risk, based on current evidence-based
practice. Secondly, it allows for a standardised method
of diagnosis in the era of computed tomography (CT)
and magnetic resonance imaging (MRI). Lastly, it provides
clinicians with a guide to the treatment of HCC.

Establishing universal guidelines for imaging diagnosis of
HCC can be challenging, particularly in the lesions that do

not display classical imaging features. Nevertheless, imaging
diagnosis of HCC is important because it is noninvasive,
given that the incidence of needle tract tumour seeding
following biopsy of HCC is small but not negligible (overall
2.7%, or 0.9% per year) [5], while the risk of significant
haemorrhage-related complications following image guided
liver biopsy is 0.5% (based on a retrospective review of 3636
percutaneous core biopsies performed at a single institution)
[6]. Furthermore, it allows for proper delineation of extent
of disease, which impacts on the type of treatment, including
local ablative therapy, such as radiofrequency ablation,
transhepatic arterial chemo-embolisation (TACE), surgery
or transplant. It can allow for accurate localisation of tumour
foci, making it possible for local ablative therapies and proper
surgical planning.

The purpose of this paper is to review the similarities
and differences between the more recent guidelines on
radiological diagnosis of HCC as proposed by the APASL and
the AASLD.

2. Radiological Diagnosis of HCC

The use of imaging in HCC diagnosis can be best divided
into two main categories. The first is in the surveillance
of patients at high-risk for developing HCC. The second is
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in the diagnosis of HCC based on an abnormal screening
test.

3. Surveillance

Prospective screening of patients at high-risk of developing
HCC increases the proportion diagnosed with potentially
curable disease. A screening strategy should focus on those
patients with chronic HBV or HCV virus infection that has
progressed to cirrhosis since more than 40% of these patients
will develop HCC [7].

As for the time interval between surveillance tests, both
the AASLD and APASL recommend measurement of serum
alpha-fetoprotein (AFP) levels combined with grey-scale
ultrasound (US) of the liver for surveillance of HCC [3, 4]
at 6-monthly intervals for HBV carriers and patients with
chronic hepatitis, since it has been shown on metaregression
analysis to demonstrate a significantly higher sensitivity
for early HCC with US every 6 months than with annual
surveillance [8, 9]. Although detailed discussion regarding
the serological markers for HCC are beyond the scope of this
paper, brief mention needs to be made with regards to AFP
since it is the single most commonly used serologic marker
for HCC.

As with all diagnostic tests, the sensitivity profile of AFP
is reduced when a higher threshold is applied in order to
improve specificity. On its own, AFP is not sufficient as a
screening test for HCC [10]. Taking the most commonly
report cut-off of 20 ng/mL, AFP carries a sensitivity of 41–
65% and a specificity of 80–94% [11]. Particularly in high-
risk patients, it has a low positive predictive value of around
25% [12].

US screening is superior to alpha-fetoprotein assay for
detection of HCC [13]. Combined AFP and US further
increases detection rate [14]. As such, combined use of
AFP monitoring and US is recommended, in patients with
chronic HCV [15, 16] as well as HBV, where it has been found
to reduce mortality (37–41%) [17, 18]. Despite the higher
sensitivity and specificity of CT and MRI for detection of
HCC [19], these have not been validated for and are therefore
not currently recommended for screening.

4. Imaging Diagnosis

A feature common to the APASL and AASLD guidelines is
that the recommendations for imaging diagnosis of HCC
are to be interpreted in the context of patients at high-
risk for HCC [3, 4]. This would include patients with liver
cirrhosis and those with chronic HBV infection without
definite cirrhosis. It is important to make this distinction,
since the guidelines may not necessarily apply to the general
population.

4.1. Classical Imaging Features. There is little disagreement
between the consensus guidelines of the APASL and the
AASLD on the definition of imaging features of classical
HCC. The presence of arterial hypervascularity and washout
are generally considered to be highly specific for the diagnosis

of HCC, and shall henceforth be referred to as “classical
imaging features” [20]. In particular, this enables dif-
ferentiation from intrahepatic cholangiocarcinoma, which
shows delayed enhancement [21]. At the time of the EASL
guidelines in 2001, the importance of “washout” was not
fully appreciated, hence not included. However, this is now
specifically emphasized as a crucial feature in the APASL and
AASLD guidelines.

Arterial hypervascularity is defined as increased enhance-
ment of the lesion in the hepatic arterial phase of imaging
relative to the background liver. This is based on the fact that
HCC receives predominant vascular supply via the hepatic
artery. A precontrast and a dynamic postcontrast scan of the
liver is necessary to demonstrate this on imaging.

“Washout” of the lesion is based on the fact that HCC
contains predominantly arterial blood and so, by the time
portal venous and delayed images are acquired, the lesion is
observed to be hypoattenuating on CT (or in the case of US,
“hypoechoeic” and in the case of MRI, “hypointense”) to the
surrounding liver at the portal venous or equilibrium phase.
Washout can be explained in terms of tracer kinetic modeling
of a lesion with high proportion of intravascular space [22]
For demonstration of washout, the delayed phase has been
shown to be superior to the portal venous phase, both for CT
and MRI; this is estimated at 2-3 minutes following injection
of intravenous contrast agents [23, 24]. The timing of the
scans are important, and this has led to the recommendation
that imaging be performed in specialised centers [25].

The presence of elevated AFP greater than 200 ng/mL
is no longer required under the revised AASLD guidelines,
as it is recognised that there are inherent false-positives
(in cirrhotic patients) and false negatives [3, 25]. Detailed
discussion on the role of AFP is beyond the scope of this
paper, although the limitations of AFP as a serologic marker
for HCC has previously been alluded to.

Despite the abundant use of multidetector row technol-
ogy, CT may underestimate the extent of disease in around
50% of cases [26]. Although it has been established in
that MRI is superior in the detection of HCCs, particularly
the lesions smaller than 2 cm in size [27, 28], neither the
APASL nor the AASLD recommends the use of MRI over
CT for staging of disease. In the study by Pitton et al. where
direct comparison between MRI and 64-row CT, MRI was
significantly more sensitive in detecting tumour nodules
[29]. However, the decision to use MRI over CT can be
limited by its relatively high cost and technical demand.

4.2. Atypical Imaging Features—AASLD Guidelines. Most of
the differences between the AASLD and APASL guidelines
for the radiological diagnosis of HCC lie in the approach
to lesions that do not demonstrate the classical imaging
features of HCC. The AASLD essentially does not recognise
use of nonvascular imaging criteria, and in the absence of
the classical arterial hypervascularity and venous washout
pattern of HCC, further evaluation is necessary. While this
makes the AASLD guidelines more applicable to transplant
guidelines (Milan and UCSF criteria), where diagnoses were
based on vascular enhancement pattern of HCCs [30, 31], it
may also lead to understaging of disease [3].
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Often, the lesions that do not conform to the classical
imaging features are better differentiated and smaller than
2 cm in size. These “early” HCCs have been shown to
contain not only fewer portal tracts but also fewer arterioles
[32]. This is reflected by their atypical imaging appearances,
where 87% of well-differentiated lesions and 41–62% of
lesions smaller than 2 cm showed either absence of arterial
hypervascularity, venous washout, or both (Figure 1) [33,
34]. Importantly, these are the lesions that should be the
target of surveillance and diagnoses, since they can be ablated
with high likelihood of cure [25].

Conversely, for the larger lesions, even in the absence
of the classical imaging features, size alone is a risk factor
[34]. In the series by Yu et al. in patients with known HBV-
induced cirrhosis, lesions with a spherical contour greater
than 2 cm were found to have high malignant potential,
despite lack of arterial hypervascularity [35]. Indeed, the
classical enhancement features for HCC in large lesions may
be confounded by the presence of central necrosis and lesion
heterogeneity (“nodule-in-nodule” appearance) [36].

In the revised AASLD guidelines, lesion size continues to
predominate, though less so compared to the earlier edition.
In the earlier AASLD guidelines, any lesion greater than
2 cm in size and demonstrates classical imaging features can
be treated without biopsy. For lesions that were between 1
to 2 cm in size, two imaging modalities, rather than one,
with classical features were needed to confirm the presence
of HCC and avoid biopsy. This has been recently revised
such that any lesion larger than 1 cm that demonstrate the
classical pattern of HCC can be deemed as such and treated
accordingly without biopsy. This is because as with the larger
lesions, the approach of using a single imaging technique for
lesions that are between 1 to 2 cm yields acceptable results
[37–39].

In the presence of atypical findings from a single imaging
test (CT or MRI), the AASLD recommends a different
imaging modality (CT or MRI) for further assessment.
This has been validated by Khalili et al. in which single
imaging scans were found to have similar specificity (91–
99%) to two coincidental positive scans (91–100%) with
much less resource utilization and higher sensitivity (74–
89% versus 53–62%) [38]. However, if atypical findings are
again demonstrated, biopsy is recommended. Biopsy restores
the specificity of imaging to 100% where any of the findings
are atypical [40]. Note that contrast-enhanced ultrasound
(CEUS) is not considered to be specific enough (besides the
fact that the CEUS agents are not commercially available in
the United States) and is excluded from the revised AASLD
guidelines [3].

Even though the majority of cirrhotic nodules smaller
than 1 cm are benign [3], Kim et al. found that in patients
with mild cirrhosis related to HBV, HCCs were present in
two-thirds of hypervascular lesions smaller than 1 cm [41].
As such, in lesions smaller than 1 cm, the specificity of
imaging for HCC is limited [42], and based on AASLD
guidelines, these cannot be regarded as HCC, regardless
of the enhancement pattern. A foreseeable problem with
imposing this size criteria is that it can pose dilemma
in clinical practice, since it has been shown that subcen-

timetre lesions can be diagnosed, particularly with MRI
[43].

Instead of aggressively chasing the diagnosis through
biopsy for lesions smaller than 1 cm (which in itself can be
technically challenging due to size), close interval followup
in 3 months using the modality that best depicts the lesion
is recommended. Here, the guidelines may be debated. It
has been suggested that for among hypervascular nodules
smaller than 1 cm, those smaller than 5 mm, are subcapsular
in location, wedge shaped, or ill defined (more likely to
represent vascular shunts) a 6-month followup is sufficient,
but when the nodule is round, oval, intraparenchymal, or in
a dominant mass (more suspcious for HCC), closer imaging
followup at 3-monthly intervals should be performed [44].
This may reduce unnecessary imaging but requires further
validation. Typically, nodules are declared benign only if they
regress or remain stable for two years, since HCC nodules can
grow very slowly [2].

4.3. Atypical Imaging Features—APASL Guidelines. The
APASL guidelines approach the atypical lesions in different
manners. Essentially, these focus on Kupffer cell density as a
marker of benignity. It has been shown that Kupffer cell den-
sity decreases with dedifferentiation of the cirrhotic nodule
[45, 46] and is reflected by two different classes of imaging
contrast agents. The first is a second generation CEUS agent
containing perfluorobutane microbubbles (Sonazoid, GE
Healthcare); its use is currently limited as it is not available
outside of Japan. The other is superparamagnetic iron oxide
(SPIO) MR contrast agents, namely ferucarbotran (Resovist,
Bayer) and ferumoxide (Feridex, AMAG pharmaceuticals).
Since normal liver tissue contains Kupffer cells, which are
in turn part of the reticuloendothelial system, malignant
lesions can be reliably differentiated from nontumourous
liver based on the fact that they do not contain Kupffer
cells.

The APASL guidelines basically divides the atypical
lesions into those that are hypervascular (and do not
demonstrate washout) and those that are hypovascular (and
do not show arterial hypervascularity). For hypervascular
lesions that do not demonstrate washout, early HCCs can
be reliably differentiated from focal nodular hyperplasia and
arterioportal shunts based on differential uptake of Kupffer-
specific contrast agents. On the parenchymal phase of
imaging, HCCs should appear as unenhanced areas on CEUS
and as T2∗-hyperintense lesions on SPIO-enhanced MRI.
However, a foreseeable limitation is in the characterisation
of other hypervascular malignancies, such as neuroendocrine
carcinoma metastases.

The approach to the hypovascular lesion is a little more
complex, while at the same time, the differential list for this
includes a larger group of hepatic malignancies, including
intrahepatic cholangiocarcinoma and metastases. Basically, if
the lesion is initially shown to be hypovascular on CT and
MRI, CEUS may be attempted to demonstrate enhancement
in the hepatic arterial phase. If this is shown to be true,
the lesion may be deemed HCC. Alternatively, if Kupffer-
specific imaging demonstrates a relative lack of uptake, the
lesion can be regarded as HCC. Again, the limitation of
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(a) Axial fat-saturated respiratory triggered T2-
weighted fast spin echo image (TE 80 msec)
shows a mildly hyperintense 1.2 cm lesion
(arrow) in segment 4

(b) Axial contrast-enhanced fat-suppressed T1-
weighted spoiled gradient recalled echo (LAVA)
image of the liver at the same level, taken at 20
seconds following injection of standard dose of
intravenous contrast (Dotarem, Guerbet) shows
no appreciable enhancement in the expected site
of the lesion (arrow)

(c) Axial LAVA image in the delayed phase (180
seconds postinjection) shows the lesion (arrow)
as hypointense to the surrounding liver, consis-
tent with washout

(d) On the axial DW image (b = 500 s/mm2),
the lesion (arrow) is hyperintense. This was
correspondingly hypointense on the ADC map
(not shown), consistent with restricted diffusion

Figure 1: HIV positive patient with chronic HBV infection without known liver cirrhosis. By the AASLD and APASL guidelines, this lesion
would require further evaluation. CT done prior to the MRI also failed to demonstrate arterial hypervascularity. Note, however, that the
lesion showed suspicious features on T2-weighted and DW imaging. The lesion was biopsied percutaneously under ultrasound guidance
and showed to represent a well-differentiated HCC.

such an approach is that the other concomitant hypovascular
lesions such as adenocarcinoma metastases are not definitely
excluded.

Although CT arterial portography and CT hepatic arte-
riography (CTPA and CTHA) are considered to be signifi-
cantly more sensitive for demonstrating the early vascular
changes in small HCCs [47], these are invasive and the
expertise for these procedures is not readily available in many
centres around the world.

The ensuing sections will briefly review various imaging
modalities used in diagnosis and assessment of HCC; some
of these are included in the current APASL guidelines, the
rest are meant to inform the reader of recent advances in
imaging of HCC that may potentially be integrated into
future diagnostic imaging algorithms.

4.4. Kupffer Specific Imaging: Sonazoid CEUS and SPIO
Agents. Given that the APASL recommends the use of
Kupffer-specific agents (Sonazoid and SPIO agents) for
lesion characterisation, a more detailed discussion on the
utility of these contrast agents needs to be made. However,
in part because neither Sonazoid nor currently commercially
available SPIO agents are approved by the United States Food
and Drug Administration (FDA) for clinical use, these are
not included under the diagnostic algorithm by the AASLD.
CEUS on its own is an accepted imaging modality for HCC
diagnosis under the APASL guidelines and this has been
validated even for lesions smaller than 2 cm [37]. Jang et al.
showed that the sensitivity, specificity, and accuracy of CEUS
for diagnosing HCC was 87%, 100%, and 93%, respectively,
[48].
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Inherently, the enhancement patterns of lesions on CEUS
reflect tumour microvascular morphology, making it a valu-
able method for predicting the histological grade [49] while
providing valuable information for antiangiogenic therapy
[50]. The keys limitations of CEUS are that it is operator
dependent and has decreased sensitivity in obese patients
and lesions far from the skin surface [51]. Furthermore,
the phenomenon of “washout” on CEUS is less specific
for HCC than it is with CT or MRI, due to significant
overlap between nearly all malignant and some benign
lesions. Washout in CT or MRI is determined by contrast
dynamics in both the intravascular space and the interstitium
whereas CEUS washout is predominantly related to contrast
dynamics in the intravascular space (Figure 2). Moderately
differentiated HCC generally shows classic enhancement
features, while well-differentiated and poorly differentiated
tumours account for most atypical variations [52].

Adding Kupffer-specific phase imaging to CEUS proto-
cols may yield additional information that can be used to
further assess histologic grades of tumour and enable bet-
ter characterisation among dysplastic nodules, moderately-
differentiated and poorly differentiated HCCs [45]. As with
SPIO imaging, Kupffer-specific imaging enables detection
of all moderately and poorly differentiated HCCs [46]. The
reader should however bear in mind that these findings are
read in the context of patients at high-risk for HCC devel-
opment. Kupffer phase imaging itself remains nonspecific,
since even benign lesions, such as haemangiomas, that do not
contain Kupffer cells, will appear as hypoechoeic on Kupffer-
specific phase of CEUS.

Similarly, use of SPIO has been shown in multiple studies
to improve accuracy of MRI for detection of HCCs. However,
detailed discussion of the SPIO agents will be avoided since
these are currently out of production, except to say that
experience with SPIO agents thus far had been promising
and that it potentially improves imaging detection of HCCs
[40, 53, 54]. Combined gadolinium chelate and SPIO
MRI, termed “double contrast” MRI, is technically more
cumbersome, even though it appears to increase the tumour
to liver contrast to noise ratio, and therefore sensitivity, over
multiphasic CT [55, 56] routine Gd-enhanced MRI [57], or
SPIO-enhanced MRI [58, 59].

4.5. Imaging of Tumour Thrombosis in HCC: Worth a Look?

Although important for staging and treatment decision
making, assessment of portal vein thrombosis for tumour
involvement is currently not considered in both the APASL
or AASLD guideline recommendations. Image guided percu-
taneous biopsy of suspected portal vein tumour thrombosis
is feasible but invasive [60]. It may be possible to apply
the same (AASLD or APASL) criteria used in diagnosis
of HCC nodules to the vessel of interest to determine
tumour involvement, but this does not appear to have been
well studied. Separate guideline recommendations may be
necessary.

Various noninvasive techniques have been investigated,
and among them, CEUS appears to show fairly good success
[61], superior to that of CT [62]. CEUS itself carries

a sensitivity of 88% for diagnosing malignant portal vein
thrombosis [63]. Combining CEUS and CT, Sorrentino and
colleagues found 100% positive predictive value if both
imaging modalities demonstrated arterial hypervascularity
within the thrombi. In that study, the overall sensitivity of
imaging for malignant thrombosis was 75% [64]. In the
small series by Sun et al. 18-FDG PET may discriminate
between benign and malignant portal vein thrombi but
larger numbers are necessary [65]. Based on the absolute
ADC values, diffusion-weighted (DW) MRI shows promise
for discriminating between bland and tumour portal vein
thrombi [66], but has not been fully validated.

4.6. Hepatocyte-Specific MRI Agents, DW MRI and Positron

Emission Tomography (PET): On the Horizon?

Functional imaging of HCC is fast becoming a reality and
a brief mention of some of these techniques shall be made.
Hepatocyte-specific gadolinium chelate agents are relatively
new and are not currently included in the guideline rec-
ommendations. Gadoxetic acid (Gd-EOB-DTPA, Primovist,
Bayer) and gadopentetate dimeglumine (Gd-BOPTA, Multi-
hance, Bracco) are two such contrast agents that have been
shown to improve diagnosis of HCC, showing diagnostic
performance similar to or better than SPIO [67, 68] and
comparable to double contrast MRI [69].

Hepatocyte-specific gadolinium chelate agents allow for
multiphasic dynamic contrast-enhanced MR imaging to be
combined with the hepatocyte-specific phase. These require
delayed scanning of approximately 20 minutes in the case
of Gd-EOB-DTPA and 60–120 mins in the case of Gd-
BOPTA to provide maximal lesion to liver contrast [70].
Specifically, they may be used to differentiate HCCs from the
arterial enhancing pseudolesions and are recommended for
diagnosis of focal nodular hyperplasia [71, 72]. Like SPIO
agents, they may allow for characterisation of the degree of
tumour differentiation [73].

Gd-BOPTA-enhanced MRI with hepatocyte-specific
phase imaging improves diagnosis over routine multiphasic
CT or MRI [74], with quoted sensitivity and specificity rates
of 97% and 88%, respectively, [75, 76] (Figure 3). Gd-EOB-
DTPA-enhanced MRI is also superior to CT, with reported
accuracy of 0.88, compared to 0.74 in CT [77–79]. Between
the two agents, Gd-EOB-DTPA was more sensitive than Gd-
BOPTA for HCC detection (86% compared to 64%) [80],
perhaps related to the fact that the extent of hepatobiliary
uptake is considerably less with Gd-BOPTA (5% versus
50%).

Combining Gd-EOB-DTPA-enhanced MRI and Son-
azoid CEUS detected 73% of the nodules not detectable by
multiphasic CT [81]. It may also be combined with diffusion-
weighted (DW) MRI to improve diagnosis [82]. However,
assessment for lesions smaller than 1 cm can be still poor
(sensitivity of 29–43%) [83], and hence further experience
is necessary with these hepatocyte-specific agents before they
are included in imaging guidelines.

DW MRI studies the random motion of water molecules
and shows promise for detection and characterisation as well
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(a) Axial LAVA image in the arterial phase shows
a hypervascular lesion (arrow) in segment 5/6

(b) Axial LAVA image at 3 minute delay shows
no significant washout in the expected location
(arrow) of the lesion. This would be deemed
atypical based on consensus criteria

(c) CEUS (SonoVue, Bracco) demonstrates avid
arterial enhancement within the lesion (arrow) at
18 seconds

(d) The lesion showed rapid washout, become
mildly hypoechoeic (arrow) to the surrounding
liver at 35 seconds, consistent with HCC. CEUS is
not considered in the revised AASLD guidelines;
by APASL criteria, this satisfies criteria for HCC.
Histology confirmed moderately differentiated
HCC

Figure 2: Patient with chronic HCV infection found to have a 2 cm hypoechoeic nodule on surveillence ultrasound scan. Both CEUS and
multiphasic contrast-enhanced MRI were performed.

as posttreatment assessment of tumours [84]. It improves
MR detection of HCCs, particularly in lesions smaller than
2 cm [85], with sensitivities of 84–98% compared to 76–85%
for multiphasic MRI alone [86–88]. Potentially, objective
measurement of the apparent diffusion coefficient (ADC)
may allow for distinction between the different tumour
grades [89, 90]. It can be combined with SPIO-enhanced
MRI, raising sensitivity from 66% to 70%, while maintaining
high specificity of 98% [91]. DW MRI also shows potential
for assessment of treatment response to local ablative thera-
pies [88, 92]. Its role in the diagnostic algorithm is not certain
at this point, although, given the promising results and its
ease of implementation in routine clinical practice (due to
fast acquisition times, no needs for additional hardware and
ease of interpretation), incorporation into future guidelines
is anticipated.

18Fluorodeoxyglucose (FDG) PET is generally accepted
to have low sensitivity (50–68%) for intrahepatic HCC
[93–95] and is therefore not considered to be useful for
diagnosis of HCC, except perhaps in cases of poorly differ-
entiated HCC where it may show better results [96]. Dual
tracer imaging with the addition of 11C-acetate improves
sensitivity for intrahepatic disease from 37–49% for 18-
FDG and 11-C alone to 90% when combined [97]. The
role of 18-FDG is limited to evaluation of extrahepatic
disease [98], with sensitivity of 13–84%, depending on
the size of the lesions [99]. Newer tracers such as 18F-
choline [100] and18F-thymidine [101] have shown slightly
better results, but further experience is needed. At present,
PET plays a small role in imaging assessment of HCC,
but tumour-specific tracers may be the key to its use in
future.
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(a) Axial fat-saturated respiratory triggered T2-
weighted fast spin echo image (TE 80 msec) does
not reveal abnormal signal focus in the left lobe,
even on retrospective review

(b) Axial LAVA image in the portal venous phase
shows a questionable focus of mixed intensity
(arrow) in segment 3. This was mainly due
to pulsation artefact from the abdominal aorta.
No enhancement was seen in the corresponding
section on hepatic arterial phase imaging (not
shown)

(c) Axial LAVA hepatocyte-specific phase image
at 20 min post injection confirms the presence
of a 2.2 cm lesion (arrow) in the subcapsular
region of segment 3. Given the size, HCC is highly
suspected, even in the absence of classical imaging
features. Note partially treated lesion in the right
lobe (arrowhead)

Figure 3: Chronic HBV patient with known multifocal HCC presumed to be confined to the right lobe, completed one session of TACE.
US suggested possible nodule in the left hepatic lobe, but this was occult on multiphasic CT. MRI with standard dose of Gd-EOB-DTPA was
performed.

5. Summary

Our understanding of the pathophysiology of HCC has
improved tremendously over the past decade. This has been
paralleled by advancements in US, CT and MRI technology,
along with development of various Kupffer- and hepatocyte-
specific imaging contrast agents. As the treatment of HCC
becomes more sophisticated, a greater need for highly accu-
rate diagnosis is necessary. The consensus recommendations
by the AASLD and APASL on the radiological diagnosis of
HCC underscore the push for noninvasive diagnosis of HCC
in avoidance of biopsy.

While there is general consensus with regards to the
surveillance for HCCs in high-risk patients, pertinent dif-
ferences in the recommendations for imaging diagnosis of
HCC exist. These reflect the differences in the availability
of diagnostic imaging resources in different regions. For
example, Sonazoid is not available for use outside of Japan
and is therefore unique to the APASL guidelines. In a way,
they also point to differences in practice patterns and the
controversies in our understanding of “early” HCC. The
AASLD guidelines demand that the classical enhancement
features of HCC are demonstrated, accepting that this
may limit sensitivity; biopsy is regarded as a means to
restore sensitivity. On the other hand, the APASL guidelines
emphasizes the use of Kuppfer specific imaging techniques to
improve diagnostic performance.

With rapid and continual improvement in diagnostic
imaging modalities and validation of these guidelines,
further refinements to the diagnostic algorithm can be
expected in the near future. At present few of the established
techniques have fallen out of favour; SPIO agents are on the
decline due to decreased clinical usage, while double contrast

MRI, CTHA and CTAP are cumbersome to perform and not
compatible with routine clinical practice.

Hepatocyte-specific MRI contrast agents are increasingly
used in the United States, Europe and parts of Asia, as well as
DW imaging, which is now already widely applied in routine
clinical practice, demonstrate great promise to improve
current methods of imaging diagnosis. However, before these
can be incorporated into the imaging algorithms, validation
of their utility is necessary. Similarly, the utility of imaging
for other important aspects of HCC management, such as
for noninvasive diagnosis of portal vein tumour thrombosis,
may also need to be addressed in time to come.

Conflict of Interests

The authors have no conflict of interests to declare.

References

[1] J. Bruix, M. Sherman, J. M. Llovet et al., “Clinical man-
agement of hepatocellular carcinoma. Conclusions of the
barcelona-2000 EASL conference,” Journal of Hepatology, vol.
35, no. 3, pp. 421–430, 2001.

[2] J. Bruix and M. Sherman, “Practice Guidelines Committee
of the AASLD. Management of hepatocellular carcinoma,”
Hepatology, vol. 42, pp. 1208–1236, 2005.

[3] J. Bruix and M. Sherman, “Management of hepatocellular
carcinoma: an update,” Hepatology, vol. 53, no. 3, pp. 1020–
1022, 2011.

[4] M. Omata, L. A. Lesmana, R. Tateishi et al., “Asian
Pacific Association for the Study of the Liver consensus
recommendations on hepatocellular carcinoma,” Hepatology
International, vol. 4, pp. 439–474, 2010.



8 International Journal of Hepatology

[5] M. A. Silva, B. Hegab, C. Hyde, B. Guo, J. A. C. Buckels, and
D. F. Mirza, “Needle track seeding following biopsy of liver
lesions in the diagnosis of hepatocellular cancer: a systematic
review and meta-analysis,” Gut, vol. 57, no. 11, pp. 1592–
1596, 2008.

[6] T. D. Atwell, R. L. Smith, G. K. Hesley et al., “Incidence of
bleeding after 15,181 percutaneous biopsies and the role of
aspirin,” American Journal of Roentgenology, vol. 194, no. 3,
pp. 784–789, 2010.

[7] C. J. Gannon, F. Izzo, T. A. Aloia et al., “Can hepatocellular
cancer screening increase the proportion of long-term sur-
vivors?” Hepatogastroenterology, vol. 56, no. 93, pp. 1152–
1156, 2009.

[8] A. Singal, M. L. Volk, A. Waljee et al., “Meta-analysis:
surveillance with ultrasound for early-stage hepatocellular
carcinoma in patients with cirrhosis,” Alimentary Pharmacol-
ogy and Therapeutics, vol. 30, no. 1, pp. 37–47, 2009.

[9] V. Santi, F. Trevisani, A. Gramenzi et al., “Semiannual surveil-
lance is superior to annual surveillance for the detection of
early hepatocellular carcinoma and patient survival,” Journal
of Hepatology, vol. 53, pp. 291–297, 2010.

[10] A. Forner, M. Reig, and J. Bruix, “α-fetoprotein for hepato-
cellular carcinoma diagnosis: the demise of a brilliant star,”
Gastroenterology, vol. 137, no. 1, pp. 26–29, 2009.

[11] S. Gupta, S. Bent, and J. Kohlwes, “Test characteristics
of α-fetoprotein for detecting hepatocellular carcinoma in
patients with hepatitis C: a systematic review and critical
analysis,” Annals of Internal Medicine, vol. 139, no. 1, pp. 46–
50, 2003.

[12] F. Trevisani, P. E. D’Intino, A. M. Morselli-Labate et al.,
“Serum α-fetoprotein for diagnosis of hepatocellular car-
cinoma in patients with chronic liver disease: influence of
HBsAg and anti-HCV status,” Journal of Hepatology, vol. 34,
no. 4, pp. 570–575, 2001.

[13] G. Larcos, H. Sorokopud, G. Berry, and G. C. Farrell,
“Sonographic screening for hepatocellular carcinoma in
patients with chronic hepatitis or cirrhosis: an evaluation,”
American Journal of Roentgenology, vol. 171, no. 2, pp. 433–
435, 1998.

[14] B. Zhang and B. Yang, “Combined α fetoprotein testing and
ultrasonography as a screening test for primary liver cancer,”
Journal of Medical Screening, vol. 6, no. 2, pp. 108–110, 1999.

[15] K. A. Gebo, G. Chander, M. W. Jenckes et al., “Screening
tests for hepatocellular carcinoma in patients with chronic
hepatitis C: a systematic review,” Hepatology, vol. 36, no. 5 I,
pp. S84–S92, 2002.

[16] L. Bolondi, S. Sofia, S. Siringo et al., “Surveillance pro-
gramme of cirrhotic patients for early diagnosis and treat-
ment of hepatocellular carcinoma: a cost effectiveness analy-
sis,” Gut, vol. 48, no. 2, pp. 251–259, 2001.

[17] T. H. H. Chen, C. J. Chen, M. F. Yen et al., “Ultrasound
screening and risk factors for death from hepatocellular
carcinoma in a high risk group in Taiwan,” International
Journal of Cancer, vol. 98, no. 2, pp. 257–261, 2002.

[18] B. H. Zhang, B. H. Yang, and Z. Y. Tang, “Randomized
controlled trial of screening for hepatocellular carcinoma,”
Journal of Cancer Research and Clinical Oncology, vol. 130,
no. 7, pp. 417–422, 2004.

[19] A. Colli, M. Fraquelli, G. Casazza et al., “Accuracy of
ultrasonography, spiral CT, magnetic resonance, and Alpha-
fetoprotein in diagnosing hepatocellular carcinoma: a sys-
tematic review: CME,” American Journal of Gastroenterology,
vol. 101, no. 3, pp. 513–523, 2006.

[20] J. A. Marrero, H. K. Hussain, H. V. Nghiem, R. Umar,
R. J. Fonatana, and A. S. Lok, “Improving the prediction
of hepatocellular carcinoma in cirrhotic patients with an
arterially-enhancing liver mass,” Liver Transplantation, vol.
11, no. 3, pp. 281–289, 2005.

[21] J. Rimola, A. Forner, M. Reig et al., “Cholangiocarcinoma
in cirrhosis: absence of contrast washout in delayed phases
by magnetic resonance imaging avoids misdiagnosis of
hepatocellular carcinoma,” Hepatology, vol. 50, no. 3, pp.
791–798, 2009.

[22] C. H. Thng, T. S. Koh, D. J. Collins, and D. M. Koh,
“Perfusion magnetic resonance imaging of the liver,” World
Journal of Gastroenterology, vol. 16, no. 13, pp. 1598–1609,
2010.

[23] A. Furlan, D. Marin, A. Vanzulli et al., “Hepatocellular
carcinoma in cirrhoticpatients at MDCT: hepatic venous
phase versus delayed phase for the detection of tumour
washout,” The British Journal of Radiology. In press.

[24] L. Cereser, A. Furlan, D. Bagatto et al., “Comparison of
portal venous and delayed phases of gadolinium-enhanced
magnetic resonance imaging study of cirrhotic liver for the
detection of contrast washout of hypervascular hepatocellu-
lar carcinoma,” Journal of Computer Assisted Tomography, vol.
34, no. 5, pp. 706–711, 2010.

[25] M. Sherman, “The radiological diagnosis of hepatocellular
carcinoma,” American Journal of Gastroenterology, vol. 105,
no. 3, pp. 610–612, 2010.

[26] A. Luca, S. Caruso, M. Milazzo et al., “Multidetector-
row computed tomography (MDCT) for the diagnosis of
hepatocellular carcinoma in cirrhotic candidates for liver
transplantation: prevalence of radiological vascular patterns
and histological correlation with liver explants,” European
Radiology, vol. 20, no. 4, pp. 898–907, 2010.

[27] N. C. Yu, V. Chaudhari, S. S. Raman et al., “Computed
tomography and magnetic resonance imaging improve
detection of hepatocellular carcinoma, compared with ultra-
sound alone, in patients with cirrhosis,” Clinical Gastroen-
terology and Hepatology, vol. 9, no. 2, pp. 161–167, 2011.

[28] Y. K. Kim, C. S. Kim, Y. M. Han et al., “Detection
of hepatocellular carcinoma: gadoxetic acid-enhanced 3-
dimensional magnetic resonance imaging versus multi-
detector row computed tomography,” Journal of Computer
Assisted Tomography, vol. 33, no. 6, pp. 844–850, 2009.

[29] M. B. Pitton, R. Kloeckner, S. Herber, G. Otto, K. F. Kreitner,
and C. Dueber, “MRI versus 64-row MDCT for diagnosis of
hepatocellular carcinoma,” World Journal of Gastroenterology,
vol. 15, no. 48, pp. 6044–6051, 2009.

[30] V. Mazzaferro, E. Regalia, R. Doci et al., “Liver transplan-
tation for the treatment of small hepatocellular carcinomas
in patients with cirrhosis,” New England Journal of Medicine,
vol. 334, no. 11, pp. 693–699, 1996.

[31] F. Y. Yao, L. Ferrell, N. M. Bass, P. Bacchetti, N. L. Ascher,
and J. P. Roberts, “Liver transplantation for hepatocellular
carcinoma: comparison of the proposed UCSF criteria
with the Milan criteria and the Pittsburgh modified TNM
criteria,” Liver Transplantation, vol. 8, no. 9, pp. 765–774,
2002.

[32] Y. Nakashima, O. Nakashima, C. C. Hsia, M. Kojiro, and E.
Tabor, “Vascularization of small hepatocellular carcinomas:
correlation with differentiation,” Liver, vol. 19, no. 1, pp. 12–
18, 1999.

[33] S. H. Yoon, J. M. Lee, Y. H. So et al., “Multiphasic
MDCT enhancement pattern of hepatocellular carcinoma



International Journal of Hepatology 9

smaller than 3 cm in diameter: tumor size and cellular
differentiation,” American Journal of Roentgenology, vol. 193,
no. 6, pp. W482–W489, 2009.

[34] L. Bolondi, S. Gaiani, N. Celli et al., “Characterization of
small nodules in cirrhosis by assessment of vascularity:
the problem of hypovascular hepatocellular carcinoma,”
Hepatology, vol. 42, no. 1, pp. 27–34, 2005.

[35] J. S. Yu, J. J. Chung, J. H. Kim, and K. W. Kim, “Large (>
or = 2) non-hypervascular nodules depicted on MRI in the
cirrhotic liver: fate and implications,” Clinical Radiology, vol.
63, no. 10, pp. 1121–1130, 2008.

[36] A. S. Khan, H. K. Hussain, T. D. Johnson, W. J. Weadock, S. J.
Pelletier, and J. A. Marrero, “Value of delayed hypointensity
and delayed enhancing rim in magnetic resonance imaging
diagnosis of small hepatocellular carcinoma in the cirrhotic
liver,” Journal of Magnetic Resonance Imaging, vol. 32, no. 2,
pp. 360–366, 2010.

[37] A. Forner, R. Vilana, C. Ayuso et al., “Diagnosis of hepatic
nodules 20 mm or smaller in cirrhosis: prospective validation
of the noninvasive diagnostic criteria for hepatocellular
carcinoma,” Hepatology, vol. 47, no. 1, pp. 97–104, 2008.

[38] K. Khalili, T. K. Kim, H.-J. Jang et al., “Optimization of
imaging diagnosis of 1-2 cm hepatocellular carcinoma: an
analysis of diagnostic performance and resource utilization,”
Journal of Hepatology, vol. 54, no. 4, pp. 723–728, 2010.

[39] A. Sangiovanni, M. A. Manini, M. Iavarone et al., “The
diagnostic and economic impact of contrast imaging tech-
niques in the diagnosis of small hepatocellular carcinoma in
cirrhosis,” Gut, vol. 59, no. 5, pp. 638–644, 2010.

[40] S. Leoni, F. Piscaglia, R. Golfieri et al., “The impact of vas-
cular and nonvascular findings on the noninvasive diagnosis
of small hepatocellular carcinoma based on the EASL and
AASLD criteria,” American Journal of Gastroenterology, vol.
105, no. 3, pp. 599–609, 2010.

[41] Y. K. Kim, Y. H. Lee, H. S. Kwak, C. S. Kim, and Y. M. Han,
“Clinical implication of small (< 20 mm) enhancing hepatic
nodules observed only during three-dimensional gadobenate
dimeglumine-enhanced hepatic arterial-phase MRI of the
hepatitis B virus-induced mild cirrhosis,” Clinical Imaging,
vol. 32, no. 6, pp. 453–459, 2008.

[42] B. Bhartia, J. Ward, J. A. Guthrie, and P. J. Robinson, “Hepa-
tocellular carcinoma in cirrhotic livers: double-contrast thin-
section MR imaging with pathologic correlation of explanted
tissue,” American Journal of Roentgenology, vol. 180, no. 3, pp.
577–584, 2003.

[43] J. S. Yu, J. J. Chung, J. H. Kim, and KI. W. Kim, “Small
hypervascular hepatocellular carcinomas: value of “washout”
on gadolinium-enhanced dynamic MR imaging compared to
superparamagnetic iron oxide-enhanced imaging,” European
Radiology, vol. 19, no. 11, pp. 2614–2622, 2009.

[44] J. M. Willatt, H. K. Hussain, S. Adusumilli, and J. A. Marrero,
“MR imaging of hepatocellular carcinoma in the cirrhotic
liver: challenges and controversies,” Radiology, vol. 247, no.
2, pp. 311–330, 2008.

[45] T. Inoue, M. Kudo, O. Maenishi et al., “Value of liver
parenchymal phase contrast-enhanced sonography to diag-
nose premalignant and borderline lesions and overt hepato-
cellular carcinoma,” American Journal of Roentgenology, vol.
192, no. 3, pp. 698–705, 2009.

[46] K. Korenaga, M. Korenaga, M. Furukawa, T. Yamasaki, and
I. Sakaida, “Usefulness of Sonazoid contrast-enhanced ultra-
sonography for hepatocellular carcinoma: comparison with
pathological diagnosis and superparamagnetic iron oxide

magnetic resonance images,” Journal of Gastroenterology, vol.
44, no. 7, pp. 733–741, 2009.

[47] O. Pugacheva, O. Matsui, K. Kozaka et al., “Detection
of small hypervascular hepatocellular carcinomas by EASL
criteria: comparison with double-phase CT during hepatic
arteriography,” European Journal of Radiology. In press.

[48] H. J. Jang, T. K. Kim, and S. R. Wilson, “Small nodules
(1-2 cm) in liver cirrhosis: characterization with contrast-
enhanced ultrasound,” European Journal of Radiology, vol. 72,
no. 3, pp. 418–424, 2009.

[49] T. Inoue, M. Kudo, R. Watai et al., “Differential diagno-
sis of nodular lesions in cirrhotic liver by post-vascular
phase contrast-enhanced US with Levovist: comparison with
superparamagnetic iron oxide magnetic resonance images,”
Journal of Gastroenterology, vol. 40, no. 12, pp. 1139–1147,
2005.

[50] J.-D. Xiao, W.-H. Zhu, and S.-R. Shen, “Evaluation of
hepatocellular carcinoma using contrast-enhanced ultra-
sonography: correlation with microvessel morphology,” Hep-
atobiliary and Pancreatic Diseases International, vol. 9, no. 6,
pp. 605–610, 2010.

[51] H. X. Xu, X. Y. Xie, M. D. Lu et al., “Contrast-enhanced
sonography in the diagnosis of small hepatocellular carci-
noma < or = 2 cm,” Journal of Clinical Ultrasound, vol. 36,
no. 5, pp. 257–266, 2008.

[52] H. J. Jang, T. K. Kim, P. N. Burns, and S. R. Wilson, “Enhance-
ment patterns of hepatocellular carcinoma at contrast-
enhanced US: comparison with histologic differentiation,”
Radiology, vol. 244, no. 3, pp. 898–906, 2007.

[53] Y. Imai, T. Murakami, M. Hori et al., “Hypervascular
hepatocellular carcinoma: combined dynamic MDCT and
SPIO-enhanced MRI versus combined CTHA and CTAP,”
Hepatology Research, vol. 38, no. 2, pp. 147–158, 2008.

[54] H. J. Yoo, J. M. Lee, J. Y. Lee et al., “Additional value of spio-
enhanced mr imaging for the noninvasive imaging diagnosis
of hepatocellular carcinoma in cirrhotic liver,” Investigative
Radiology, vol. 44, no. 12, pp. 800–807, 2009.

[55] R. Golfieri, E. Marini, A. Bazzocchi et al., “Small (< or = 3
cm) hepatocellular carcinoma in cirrhosis: the role of double
contrast agents in MR imaging vs. multidetector-row CT,”
Radiologia Medica, vol. 114, no. 8, pp. 1239–1266, 2009.

[56] B. Guiu, R. Loffroy, D. Ben Salem et al., “Combined
SPIO-gadolinium magnetic resonance imaging in cirrhotic
patients: negative predictive value and role in screening for
hepatocellular carcinoma,” Abdominal Imaging, vol. 33, no.
5, pp. 520–528, 2008.

[57] Y. K. Kim, C. S. Kim, and Y. M. Han, “Detection of
small hepatocellular carcinoma: comparison of conventional
gadolinium-enhanced MRI with gadoliniumenhanced MRI
after the administration of ferucarbotran,” British Journal of
Radiology, vol. 82, no. 978, pp. 468–484, 2009.

[58] D. H. Lee, S. H. Kim, J. M. Lee et al., “Diagnostic
performance of multidetector row computed tomography,
superparamagnetic iron oxide-enhanced magnetic resonance
imaging, and dual-contrast magnetic resonance imaging
in predicting the appropriateness of a transplant recipient
based on mkilan criteria: correlation with histopathological
findings,” Investigative Radiology, vol. 44, no. 6, pp. 311–321,
2009.

[59] J. Ward, J. A. Guthrie, D. J. Scott et al., “Hepatocellular
carcinoma in the cirrhotic liver: double-contrast MR imaging
for diagnosis,” Radiology, vol. 216, no. 1, pp. 154–162, 2000.

[60] G. D. Dodd and B. I. Carr, “Percutaneous biopsy of portal
vein thrombus: a new staging technique for hepatocellular



10 International Journal of Hepatology

carcinoma,” American Journal of Roentgenology, vol. 161, no.
2, pp. 229–233, 1993.

[61] P. Sorrentino, S. D’Angelo, L. Tarantino, U. Ferbo, A.
Bracigliano, and R. Vecchione, “Contrast-enhanced sonogra-
phy versus biopsy for the differential diagnosis of thrombosis
in hepatocellular carcinoma patients,” World Journal of
Gastroenterology, vol. 15, no. 18, pp. 2245–2251, 2009.

[62] S. Rossi, G. Ghittoni, V. Ravetta et al., “Contrast-enhanced
ultrasonography and spiral computed tomography in the
detection and characterization of portal vein thrombosis
complicating hepatocellular carcinoma,” European Radiol-
ogy, vol. 18, no. 8, pp. 1749–1756, 2008.

[63] L. Tarantino, G. Francica, I. Sordelli et al., “Diagnosis of
benign and malignant portal vein thrombosis in cirrhotic
patients with hepatocellular carcinoma: color Doppler US,
contrast-enhanced US, and fine-needle biopsy,” Abdominal
Imaging, vol. 31, no. 5, pp. 537–544, 2006.

[64] P Sorrentino, L. Tarantino, S. D’Angelo et al., “Validation of
an extension of the International non-invasive criteria for the
diagnosis of hepatocellular carcinoma to the characterisation
of macroscopic portal vein thrombosis,” Journal of Gastroen-
terology and Hepatology, vol. 26, no. 4, pp. 669–677, 2011.

[65] L. Sun, Y. S. Guan, W. M. Pan et al., “Highly metabolic
thrombus of the portal vein: 18F fluorodeoxyglucose
positron emission tomography/computer tomography
demonstration and clinical significance in hepatocellular
carcinoma,” World Journal of Gastroenterology, vol. 14, no. 8,
pp. 1212–1217, 2008.

[66] O. A. Catalano, G. Choy, A. Zhu, P. F. Hahn, and D. V.
Sahani, “Differentiation of malignant thrombus from bland
thrombus of the portal vein in patients with hepatocellular
carcinoma: application of diffusion-weighted MR imaging,”
Radiology, vol. 254, no. 1, pp. 154–162, 2010.

[67] J. Y. Lee, S. H. Kim, Y. H. Jeon et al., “Ferucarbotran-
enhanced magnetic resonance imaging versus gadoxetic acid-
enhanced magnetic resonance imaging for the preoperative
detection of hepatocellular carcinoma: initial experience,”
Journal of Computer Assisted Tomography, vol. 34, no. 1, pp.
127–134, 2010.

[68] Y. K. Kim, C. S. Kim, Y. M. Han, G. Park, S. B. Hwang,
and H. C. Yu, “Comparison of gadoxetic acid-enhanced MRI
and superparamagnetic iron oxide-enhanced MRI for the
detection of hepatocellular carcinoma,” Clinical Radiology,
vol. 65, no. 5, pp. 358–365, 2010.

[69] Y. K. Kim, C. S. Kim, Y. M. Han, and G. Park, “Detection of
small hepatocellular carcinoma: can gadoxetic acid-enhanced
magnetic resonance imaging replace combining gadopen-
tetate dimeglumine-enhanced and superparamagnetic iron
oxide-enhanced magnetic resonance imaging?” Investigative
Radiology, vol. 45, no. 11, pp. 740–746, 2010.

[70] B. B. Frericks, C. Loddenkemper, A. Huppertz et al.,
“Qualitative and quantitative evaluation of hepatocellular
carcinoma and cirrhotic liver enhancement using Gd-EOB-
DTPA,” American Journal of Roentgenology, vol. 193, no. 4,
pp. 1053–1060, 2009.

[71] S. S. Ahn, M. J. Kim, S. L. Joon, H. S. Hong, E. C.
Yong, and J. Y. Choi, “Added value of gadoxetic acid-
enhanced hepatobiliary phase MR imaging in the diagnosis
of hepatocellular carcinoma,” Radiology, vol. 255, no. 2, pp.
459–466, 2010.

[72] H. Y. Sun, J. M. Lee, C. I. Shin et al., “Gadoxetic acid-
enhanced magnetic resonance imaging for differentiating
small hepatocellular carcinomas (< or = 2 cm in diameter)
from arterial enhancing pseudolesions: special emphasis on

hepatobiliary phase imaging,” Investigative Radiology, vol. 45,
no. 2, pp. 96–103, 2010.

[73] M. Okada, Y. Imai, T. Kim et al., “Comparison of enhance-
ment patterns of histologically confirmed hepatocellular
carcinoma between gadoxetate- and ferucarbotran-enhanced
magnetic resonance imaging,” Journal of Magnetic Resonance
Imaging, vol. 32, no. 4, pp. 903–913, 2010.

[74] D. Marin, M. Di Martino, A. Guerrisi et al., “Hepatocellular
carcinoma in patients with cirrhosis: qualitative comparison
of gadobenate dimeglumine-enhanced MR imaging and
multiphasic 64-section CT,” Radiology, vol. 251, no. 1, pp.
85–95, 2009.

[75] G. Morana, L. Grazioli, M. A. Kirchin et al., “Solid
hypervascular liver lesions: accurate identification of true
benign lesions on enhanced dynamic and hepatobiliary phase
magnetic resonance imaging after gadobenate dimeglumine
administration,” Investigative Radiology, vol. 46, no. 4, pp.
225–239, 2011.

[76] Y. Park, S. H. Kim, S. H. Kim et al., “Gadoxetic acid (Gd-
EOB-DTPA)-enhanced mri versus gadobenate dimeglumine
(Gd-BOPTA)-enhanced MRI for preoperatively detecting
hepatocellular carcinoma: an initial experience,” Korean
Journal of Radiology, vol. 11, no. 4, pp. 433–440, 2010.

[77] M. Di Martino, D. Marin, A. Guerrisi et al., “Intraindividual
comparison of gadoxetate disodium—enhanced MR imaging
and 64-section multidetector CT in the detection of hepato-
cellular carcinoma in patients with cirrhosis,” Radiology, vol.
256, no. 3, pp. 806–816, 2010.

[78] H. Akai, S. Kiryu, I. Matsuda et al., “Detection of hepato-
cellular carcinoma by Gd-EOB-DTPA-enhanced liver MRI:
comparison with triple phase 64 detector row helical CT,”
European Journal of Radiology. In press.

[79] H. K. Seong, S. H. Kim, J. Lee et al., “Gadoxetic acid-
enhanced MRI versus triple-phase MDCT for the preopera-
tive detection of hepatocellular carcinoma,” American Journal
of Roentgenology, vol. 192, no. 6, pp. 1675–1681, 2009.

[80] G. Park, Y. K. Kim, C. S. Kim, H. C. Yu, and S. B. Hwang,
“Diagnostic efficacy of gadoxetic acid-enhanced MRI in the
detection of hepatocellular carcinomas: comparison with
gadopentetate dimeglumine,” British Journal of Radiology,
vol. 83, no. 996, pp. 1010–1016, 2010.

[81] N. Kawada, K. Ohkawa, S. Tanaka et al., “Improved diag-
nosis of well-differentiated hepatocellular carcinoma with
gadolinium ethoxybenzyl diethylene triamine pentaacetic
acid-enhanced magnetic resonance imaging and Sonazoid
contrast-enhanced ultrasonography,” Hepatology Research,
vol. 40, no. 9, pp. 930–936, 2010.

[82] U. Motosugi, T. Ichikawa, H. Sou et al., “Distinguishing
hypervascular pseudolesions of the liver from hypervascular
hepatocellular carcinomas with gadoxetic acid-enhanced MR
imaging,” Radiology, vol. 256, no. 1, pp. 151–158, 2010.

[83] H. C. Seung, J. M. Lee, N. C. Yu et al., “Hepatocellular
carcinoma in liver transplantation candidates: detection with
gadobenate dimeglumine-enhanced MRI,” American Journal
of Roentgenology, vol. 191, no. 2, pp. 529–536, 2008.

[84] A. R. Padhani, G. Liu, D. Mu-Koh et al., “Diffusion-
weighted magnetic resonance imaging as a cancer biomarker:
consensus and recommendations,” Neoplasia, vol. 11, no. 2,
pp. 102–125, 2009.

[85] V. Vandecaveye, F. De Keyzer, C. Verslype et al., “Diffusion-
weighted MRI provides additional value to conventional
dynamic contrast-enhanced MRI for detection of hepatocel-
lular carcinoma,” European Radiology, vol. 19, no. 10, pp.
2456–2466, 2009.



International Journal of Hepatology 11

[86] P. J. Xu, FU. H. Yan, J. H. Wang, J. Lin, and Y. Ji, “Added value
of breathhold diffusion-weighted MRI in detection of small
hepatocellular carcinoma lesions compared with dynamic
contrast-enhanced MRI alone using receiver operating char-
acteristic curve analysis,” Journal of Magnetic Resonance
Imaging, vol. 29, no. 2, pp. 341–349, 2009.

[87] G. Piana, L. Trinquart, N. Meskine, V. Barrau, B. V. Beers,
and V. Vilgrain, “New MR imaging criteria with a diffusion-
weighted sequence for the diagnosis of hepatocellular car-
cinoma in chronic liver diseases,” Journal of Hepatology. In
press.

[88] J. S. Yu, J. H. Kim, J. J. Chung, and K. W. Kim, “Added
value of diffusion-weighted imaging in the MRI assessment
of perilesional tumor recurrence after chemoembolization
of hepatocellular carcinomas,” Journal of Magnetic Resonance
Imaging, vol. 30, no. 1, pp. 153–160, 2009.

[89] A. Muhi, T. Ichikawa, U. Motosugi et al., “High-b-value
diffusion-weighted MR imaging of hepatocellular lesions:
estimation of grade of malignancy of hepatocellular carci-
noma,” Journal of Magnetic Resonance Imaging, vol. 30, no.
5, pp. 1005–1011, 2009.

[90] A. Nishie, T. Tajima, Y. Asayama et al., “Diagnostic per-
formance of apparent diffusion coefficient for predicting
histological grade of hepatocellular carcinoma,” European
Journal of Radiology, 2010.

[91] A. Nishie, T. Tajima, K. Ishigami et al., “Detection of
hepatocellular carcinoma (HCC) using super paramagnetic
iron oxide (SPIO)-enhanced mri: added value of diffusion-
weighted imaging (DWI),” Journal of Magnetic Resonance
Imaging, vol. 31, no. 2, pp. 373–382, 2010.

[92] L. Mannelli, S. Kim, C. H. Hajdu, J. S. Babb, T. W. I. Clark,
and B. Taouli, “Assessment of tumor necrosis of hepatocellu-
lar carcinoma after chemoembolization: diffusion-weighted
and contrast-enhanced MRI with histopathologic correlation
of the explanted liver,” American Journal of Roentgenology,
vol. 193, no. 4, pp. 1044–1052, 2009.

[93] J. N. Talbot, F. Gutman, L. Fartoux et al., “PET/CT in patients
with hepatocellular carcinoma using [18F]fluorocholine:
preliminary comparison with [18F]FDG PET/CT,” European
Journal of Nuclear Medicine and Molecular Imaging, vol. 33,
no. 11, pp. 1285–1289, 2006.

[94] J. W. Park, H. K. Ji, KI. K. Seok et al., “A prospective evalu-
ation of18F-FDG and 11C-acetate PET/CT for detection of
primary and metastatic hepatocellular carcinoma,” Journal of
Nuclear Medicine, vol. 49, no. 12, pp. 1912–1921, 2008.

[95] J. Trojan, O. Schroeder, J. Raedle et al., “Fluorine-18 FDG
positron emission tomography for imaging of hepatocellular
carcinoma,” American Journal of Gastroenterology, vol. 94, no.
11, pp. 3314–3319, 1999.

[96] Y. Yamamoto, Y. Nishiyama, R. Kameyama et al., “Detection
of hepatocellular carcinoma using 11C-choline PET: compar-
ison with 18F-FDG PET,” Journal of Nuclear Medicine, vol. 49,
no. 8, pp. 1245–1248, 2008.

[97] C. L. Ho, S. Chen, D. W. C. Yeung, and T. K. C. Cheng,
“Dual-tracer PET/CT imaging in evaluation of metastatic
hepatocellular carcinoma,” Journal of Nuclear Medicine, vol.
48, no. 6, pp. 902–909, 2007.

[98] K. T. Yoon, J. K. Kim, D. Y. Kim et al., “Role of
18F-fluorodeoxyglucose positron emission tomography in
detecting extrahepatic metastasis in pretreatment staging of
hepatocellular carcinoma,” Oncology, vol. 72, no. 1, pp. 104–
110, 2007.

[99] M. Sugiyama, H. Sakahara, T. Torizuka et al., “18F-FDG PET
in the detection of extrahepatic metastases from hepatocel-
lular carcinoma,” Journal of Gastroenterology, vol. 39, no. 10,
pp. 961–968, 2004.

[100] J. N. Talbot, L. Fartoux, S. Balogova et al., “Detection
of hepatocellular carcinoma with PET/CT: a prospective
comparison of 18F-fluorocholine and 18F-FDG in patients
with cirrhosis or chronic liver disease,” Journal of Nuclear
Medicine, vol. 51, pp. 1699–1706, 2009.

[101] F. Eckel, K. Herrmann, S. Schmidt et al., “Imaging of
proliferation in hepatocellular carcinoma with the in vivo
markerF-fluorothymidine,” Journal of Nuclear Medicine, vol.
50, no. 9, pp. 1441–1447, 2009.


	Introduction
	Radiological Diagnosis of HCC
	Surveillance
	Imaging Diagnosis
	Classical Imaging Features
	Atypical Imaging Features---AASLD Guidelines
	Atypical Imaging Features---APASL Guidelines
	Kupffer Specific Imaging: Sonazoid CEUS and SPIO Agents
	Imaging of Tumour Thrombosis in HCC: Worth a Look? 
	Hepatocyte-Specific MRI Agents, DW MRI and Positron Emission Tomography (PET): On the Horizon? 

	Summary
	Conflict of Interests 
	References

