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Abstract Diagnostic confirmation and assessment of
disease extent are crucial for proper management of patients
with hepatocellular carcinoma (HCC). Imaging studies play
a crucial role in the diagnosis and staging of HCC. The
imaging techniques commonly used for the diagnosis
of HCC include ultrasound, computed tomography, and
magnetic resonance imaging. Currently, improvements in
imaging technology make a noninvasive and reliable diag-
nostic assessment of hepatocellular nodules possible in the
cirthotic liver. Biopsy is infrequently required prior to
treatment, and the diagnosis of HCC is strongly dependent
on hemodynamic features (arterial hypervascularity and
washout in the venous phase) on dynamic imaging. Accu-
rate staging of HCC is important in determining prognosis
and in deciding optimal treatment for each patient. In
addition, although there is a strong demand for an accurate
diagnostic tool to detect smaller tumors, until now, the
major challenge for radiologists in imaging cirrhosis is the
characterization of small hepatocellular nodules in the cir-
rhotic liver. Further improvement of imaging technologies
including functional imaging such as elastography, perfu-
sion imaging and diffusion imaging, and development of
new contrast media will undoubtedly improve the detection
and characterization of small tumors. In this article, we
present a summary of the most recent information on the
diagnosis and staging of HCC.
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Introduction

Hepatocellular carcinoma (HCC) usually develops in the
setting of chronic liver disease, particularly viral hepatitis.
Detecting HCC at an early staging is frequently associated
with having better treatment options for patients with
small, asymptomatic tumors [1]. As cirrhosis is the
strongest and most common known risk factor for HCC,
HCC screening using o-fetoprotein testing and ultrasound
(US), is strongly recommended in high-risk patients [2, 3].
The diagnosis of HCC has significantly changed over past
decade from the use of invasive procedures such as
angiography or biopsy to noninvasive imaging including
contrast-enhanced US, multidetector row CT (MDCT),
and magnetic resonance imaging (MRI). The hallmark of
HCC during CT scan or MRI is the presence of arterial
enhancement followed by washout [3]. The most recent
guideline issued by the American Association for the
Study of Liver Diseases (AASLD) states that a noninva-
sive diagnosis of HCC can be made if a lesion greater
than 2 cm shows typical vascular enhancement pattern on
a single dynamic imaging study or if a lesion measuring
1-2 cm shows these features at two dynamic imaging
studies [1]. These changes in diagnostic criteria have
brought imaging to the forefront as well as under greater
scrutiny [4]. Recent progression of noninvasive imaging
technology, including contrast enhanced US, 320 channel
MDCT, and rapid high-quality MR technique with
new cell-specific contrast agents, may induce further
improvement of the detection and characterization of
small nodules in the cirrhotic liver [5]. In this review, we
focus on imaging features of HCC on US, CT and MRI in
the cirrhotic liver, recent development in imaging tech-
niques for detecting and diagnosing HCC, and staging will
be described.
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Imaging diagnosis of HCC
Ultrasound (US)

US has a dual role in the diagnostic algorithm for HCC. In
addition to being a primary screening modality in patients
at risk, contrast enhanced US offers the potential for
definitive diagnosis [6]. Although the most common US
appearance of small HCC (<3 cm) is a well-defined
hypoechoic mass, there is considerable variability in the
appearance of HCC, and any nodule or mass detected in the
cirrhotic liver should be regarded with suspicion [6].
A systemic review [7] evaluating the accuracy of US for
deterring HCC, demonstrated that the sensitivity was 60%
and specificity was 97%. Color Doppler imaging reveals
the arterial pulsating flows such as a basket pattern flow
and a ‘spot’ pattern flow for hepatic tumor differentiation
[8]. However, they have some limitations including a low
sensitivity of detecting the microflow in the nodules.
Contrast-enhanced US using microbubbles provides mi-
croflow imaging of nodules and demonstrates detailed
vascular features of HCC [9]. HCC typically shows strong
intratumoral enhancement in the arterial phase (AP) fol-
lowed by rapid washout with an isoechoic or hypoechoic
appearance in the portal venous phase (PVP) or delayed
phases (DP). Sonazoid, which is a new second generation
US contrast agent, provides detailed perfusion features of
the tumor during the vascular phase, as well as Kupffer
imaging in the post-vascular phase [10]. Recent studies [9,
10] demonstrated that contrast-enhanced US has sensitivi-
ties, specificities and positive predictive values of greater
than 90% in diagnosing HCC. More recently, US elastog-
raphy has introduced and is a new technique for evaluating
the elastic property (stiffness) of tissue and showed
promise in discriminating malignant from benign lesions
and improving conspicuity of malignant nodules [11].

Computed tomography (CT)

Computed tomography is the most commonly used imag-
ing modality in diagnosing HCC due to its widespread
availability and short examination time. MDCT technology
has remarkably enhanced the performance of CT in liver
imaging. As the ideal imaging temporal widow for
detecting HCC using an extracellular fluid agent is very
short (~ 10 s), dynamic liver imaging requires high tem-
poral and spatial resolution [12]. MDCT provides sub-
stantial improvement in temporal resolution (from 25 s for
single spiral CT technology to <3-10 s for MDCT) and
also in spatial resolution (isotropic or near-isotropic voxel
dimensions) [13]. A triphasic examination of the liver with
AP, PVP and DP scan can be regarded as standard today.
HCC typically presents as a hyperattenuated lesion in AP
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with a following washout to iso- or mostly hypoattenuation
in the PVP or DP. The added value of DP scans for
improving detection of HCC by showing washout has been
demonstrated in the literature [14]. Although other mor-
phologic features of HCC such as a peripheral enhancing
rim on DP images suggesting fibrous capsule, internal
mosaic architecture, invasion of portal vein branches may
support the diagnosis of HCC, the depiction of typical
enhancement patterns of HCC is crucial since this is the
most reliable criteria to characterize HCC. A systemic
review [7] estimated that sensitivity was 68% and speci-
ficity was 93% compared with pathologic examination.
According to a previous systemic review [15] which
demonstrated that MDCT (65-79%) showed better sensi-
tivity than spiral CT for detecting HCC (37-54%) when CT
was correlated with whole-liver explants. However, despite
substantial technological advances, CT remains relatively
insensitive for the detection of subcentimeter HCC
(33-45%) [15]. A number of benign lesions, including
hemangiomas, focal confluent fibrosis, peliosis, benign
regenerative nodules, and transient hepatic attenuation
difference can simulate small HCC lesions on CT [16], and
the positive predictive value of CT findings ranges from 59
to 88% [13, 17]. The latest development in CT applications
for liver imaging is volume perfusion imaging. Perfusion
CT provides quantitative data regarding perfusion param-
eters, might differentiate diverse tumor tissue based on
perfusion behavior and, therefore, can enhance the ability
to monitor therapy and grade tumors. HCCs have been
reported to show high perfusion values (high blood flow,
blood volume, and permeability and low mean transit time)
compared to the normal tissue [18]. In addition, perfusion
CT reveals that HCC has reduced blood flow, blood vol-
ume, and permeability after antiangiogenic treatment or
chemoembolization [19], but the current problem is high
radiation dosage.

Magnetic resonance imaging

Magnetic resonance imaging provides higher lesion-to-
liver contrast than CT, which is a significant advantage
over CT [16]. Recent technical advances of liver MRI
include parallel acquisition imaging and a powerful gra-
dient system with increased speed, a new three-dimen-
sional gradient-echo (3D GRE) sequence with increased
resolution and volumetric imaging, and 3T MRI with
increased SNR [5]. In addition, new contrast agents and
diffusion-weighted imaging (DWI) are now being devel-
oped to increase efficacy of the detection and character-
ization of tumors [12]. The standard examination protocol
for the evaluation of HCC includes a T1-weighted GRE
in- and opposed-phase, a T2-weighted single-shot fast
spin-echo and/or multi-shot fast spin-echo with fat
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Fig. 1 Hepatocellular
Carcinoma. a Transverse
T2-weighted image shows a
hyperintense lesion (arrow) in
left lobe of the liver. b On
transverse T1-weighted image,
the lesion (arrow) shows slight
hypointensity. Transverse
images obtained at ¢ the arterial,
d delayed and e hepatobiliary
phases show a HCC in left lobe
of the liver (arrow) with arterial
hyperenhancement, washout
and decreased biliary uptake.
Note the peripheral enhancing
rim on the delayed phase

d suggesting a pseudocapsule

saturation, DWI and dynamic images using T1-weighted
3D-GRE sequences with fat saturation [16]. HCC shows a
variety of MR imaging features that reflect the variable
characteristics of this malignancy in tumor architecture,
grading and stromal components as well as intracellular
content of certain substances, such as fat, glycogen, or
metal ions [13]. HCC has variable signal intensity on T1-
and T2-weighted images [4]. Dynamic MRI well demon-
strates the typical vascular features of HCC, that is, arte-
rial hyperenhancement and washout during PVP or DP.
The presence of arterial enhancement followed by washout
has a sensitivity and specificity of 90 and 95%, respec-
tively [20]. Several studies that have compared the accu-
racy of CT and MRI for HCC diagnosis, using the
explanted liver as the gold standard, show that MRI is
slightly better in the diagnosis of HCC when compared
with CT [4]. This is due to improved detection of small
lesions 1-2 cm [21]. However, MRI remains relatively
insensitive for the detection of small HCC nodules: in
tumors larger than 2 cm, MRI is reported to have accuracy
>90%, however, in tumors <2 cm, this level is reduced to
33% [22].

Recently, a variety of liver-specific contrast agents
including hepatocyte-specific agents and reticuloendothe-
lial system-specific agents have been tried in order to
increase sensitivity and specificity of liver MRI in the
cirrhotic liver. Despite promising results of cell-specific
MR contrast agents for diagnosing HCC from earlier
studies, several studies revealed that superparamagnetic
iron oxide (SPIO)-enhanced MRI or manganese dipyrid-
oxal diphosphate-enhanced MRI is less efficient than Gd-
enhanced dynamic MRI in the detection and character-
ization of HCC [23, 24]. This can be explained by their
inability to evaluate pathological vascularity of the nod-
ules. Recently, double contrast-enhanced MRI using both
SPIO and gadolinium contrast agents in one MR exami-
nation is considered as very useful for detecting HCC

[25]. However, double-contrast MRI is off-label use and it
is a time-consuming examination with need of two con-
trast agent injections [12]. More recently, two hepatobil-
iary agents with also extracellular properties, Gd-BOPTA
and Gd-EOB-DTPA, were introduced. They can deliver
both dynamic imaging and hepatobiliary phase (Fig. 1).
Kim et al. [26] demonstrated that missing hepatobiliary
uptake of Gd-BOPTA is an additional criterion for HCC,
especially in contrast to benign hepatocellular nodules. A
recent study with Gd-BOPTA showed superior results to
MDCT for the detection of HCC up to values of 72%
sensitivity [27]. Similarly, it has been reported that gad-
oxetic acid-enhanced MRI facilitates accurate detection
and characterization of focal liver lesions and HCC
(Fig. 1) [28]. Until now, no exact timing when the
impaired biliary uptake occurs during hepatocarcinogen-
esis has been known; these hepatobiliary agents have a
potential value of showing impaired biliary uptake for the
nodules in the cirrhotic liver [29]. Another new MR
technique seemingly promising for the diagnosis of HCC
is DWI, which is based on intravoxel incoherent motion
and provides insight into the molecular water composition
and the degree of tumor viability at the cellular level [12].
DWI can help to differentiate malignant nodule from
benign liver lesions, to monitor the treatment response
after chemoembolization and showed added value
increasing detection rate for HCC with gadolinium-
enhanced MR in the cirrhotic patient [12, 30]. However,
up to now there is no evidence in the literature in how far
DWI might be a feasible approach to differentiate
between regenerative nodules, dysplastic nodules and
HCC.

Staging of HCC

After establishing the diagnosis of HCC, the next step is
staging. The goal of cancer staging is to provide a guide to
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assess prognosis and to help choice of therapy. Unlike
with most other cancers, outcome of HCC is not pre-
dominantly based on biology of the tumors, but also
depends on underlying liver function and the patient’s
general physical status [6]. For this reason the staging
process is complicated and several staging systems have
been proposed to predict the prognosis of HCC. These
include the modified TNM [30], Barcelona Clinic Liver
Cancer (BCLC) [1], Okuda [31], Cancer of the Liver
Italian Program [32] and other classifications [33]. They
use different permutations of variables related to the
severity of liver disease, number and size of tumor nodules
and cancer spread [4]. The modified TNM classification
putting additional emphasis on vascular invasion, corre-
sponds to Milan criteria for HCC [34]. Although there is
no consensus as to which staging system is best in pre-
dicting the survivals of patients with HCC, many have
adopted the BCLC group’s proposal of 5 stages, providing
a link to a treatment algorithm [1]. The role of imaging in
the staging of HCC is thus: (a) to definitively diagnose
HCC without the need for biopsy; (b) to evaluate tumor
burden by determining the size, number and location of
hepatic lesions, the presence of major vascular invasion,
nodal disease, and distant metastases; (c) to evaluate the
extent of chronic liver disease and portal hypertension [6].
Typically, patients with the firm diagnosis of HCC should
undergo staging with a contrast-enhanced CT of the chest,
abdomen and pelvis. An MRI may alternatively be used to
stage the abdominal cavity. Adjunctive studies such as
bone scan or positron-emission tomography imaging
should be used more selectively [6].

Summary

Over the past few years, cross sectional imaging of the
liver has progressed substantially. Technical advances in
hardware and software in US, CT and MRI have facilitated
rapid acquisition of images with excellent anatomic detail.
Both MDCT and MRI have reached a high standard for the
detection of HCC with the possibility of multiphasic
examinations, high-resolution imaging and functional
capabilities. Therefore, they should be regarded as valuable
non-invasive imaging modalities for detection and char-
acterization of nodules in patients with liver cirrhosis.
However, it should be recognized that there is a diagnostic
dilemma of small (<1 cm) arterial enhancing lesions with
all imaging modalities. Although hemodynamic features of
nodules in the cirrhotic liver remains as the main diagnostic
criterion, newly developed cell specific MR contrast agents
have shown a high possibility of improvement in detection
and characterization of HCC, and might overcome the
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diagnostic dilemma for small lesions or borderline hepa-
tocellular lesions.
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