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State-of-the-Art Imaging in 
hepatocellular Carcinoma
Unlike most cancers, where imag-
ing findings need to be confirmed 
by tissue sampling for diagnosis 
and treatment, multiphasic CT and 
MR imaging is sufficient in most 
cases for the diagnosis and stag-
ing of hepatocellular Carcinoma 
(HCC). Imaging alone may be used 
to make treatment decisions in 
HCC, including major surgical 
options such as hepatic resection 
and liver transplantation, as well 
as chemotherapy (Sorafenib) with-
out confirmatory biopsy [1]. 

ROlE Of ulTRAsOuNd (us)
The American Association for the Study of Liver 

Diseases (AASLD) practice guidelines recommend 
surveillance of HCC by US examination every 6 
months [2]. If a liver nodule of less than 1cm is 
detected, a follow-up US is recommended; whereas, 
all nodules equal to or more than 1cm need to be fur-
ther evaluated with a multiphasic CT or MR imaging.

MulTIphAsIC CT ANd MR IMAGING
The hallmark diagnostic features of HCC at multipha-

sic CT or MR imaging are “arterial phase hyper-enhance-
ment” followed by portal venous or delayed phase “wash-
out” appearance [3]. The AASLD, EASL (European Asso-
ciation for the Study of the Liver), OPTN (Organ Pro-
curement and Transplantation Network), Asian Pacific 
Association for the Study of the Liver, JSH (Japan Society 
of Hepatology), National Comprehensive Cancer Net-
work, and other organizations specify the criteria of  
“arterial phase hyper-enhancement” and “washout”. 

CT and MR Imaging with Extracellular Contrast 
Agents: 
Arterial hyperenhancement 

The hepatic artery is the primary supply to the 
HCC, unlike the rest of the normal hepatic paren-
chyma, which has predominant portal venous per-
fusion. The late hepatic arterial phase is character-
ized by full enhancement of the hepatic artery and 
its branches as well as enhancement of the portal 
vein; the hepatic veins do not enhance in this phase. 
This phase coincides with peak arterial perfusion 
and enhancement of liver tumors, and it is critical 
for detection and characterization of hypervascular 
HCC. The early hepatic arterial phase, in which the 
hepatic artery is enhanced but the portal vein is not, is 
less effective, as tumor hypervascularity may be subtle 
or missed altogether 

The timing of contrast injection is critical to make 
a confident and accurate radiological diagnosis of 
HCC. This can be done by bolus tracking technique 
and a four phase post-contrast acquisition [4] . These 
increase the sensitivity for detecting smaller lesions 
with profound neovascularization. Acquisition of the 
late arterial phase in low keV setting on dual energy/
dual source CT scanner allows better delineation 
of the enhancing nodules. Subtraction imaging is 
an innovative technique of digitally subtracting the 
post-contrast image from the precontrast image. This 
method is especially useful in MRI for nodules that 
are T1 hyperintense [Figure1] . Some large HCC may 
be hypovascular on arterial phase and may show a 
heterogenous delayed enhancement. 

The ‘washout’ 
The term rapid washout is presence of hypodensity 

or hypointensity of the lesion as compared to rest of 
the liver on portal venous or delayed phases, and has a 
specificity of 95– 96% for diagnosis of HCC [4,5]. The 
portal venous phase coincides with peak parenchy-
mal enhancement; characterised by enhancement of 
hepatic veins as well as portal veins, and is acquired at 
around 60–80 seconds after the start of contrast agent 
injection [Figure 2]. The delayed phase is acquired at 
3–5 minutes. 

  The absence of washout does not exclude HCC, 
as some appear hyper/isointense during portovenous 
phase [6]

In patients with cirrhosis or other risk factors for 
HCC, this combined temporal enhancement pat-
tern has approximately 100% specificity for HCC, 
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of 2 cm or larger and approximately 
90% specificity for lesions measuring 
1-1.9cm. The combination of arte-
rial phase enhancement and washout 
appearance is very rarely observed 
in cholangiocarcinoma as well. How-
ever, the sensitivity of this combi-
nation is low, as most small (<1cm) 
HCC, and many infiltrative HCC do 
not exhibit this combination of imag-
ing findings. 

 Capsule appearance
This refers to a peripheral rim of 

smooth hyperenhancement in the 
portal venous or delayed phase with 
the degree of enhancement usually 
increases from early to later phases. 
Retrospective studies of resected 
HCC have shown that capsule 
appearance correlates with the pres-
ence of a tumor capsule on patho-
logic examination; a tumor capsule 
is a frequent pathologic feature of 
progressed HCC but not of early 
HCC, dysplastic nodules, or cirrhotic 

nodules. The progressive enhance-
ment has been attributed to slow flow 
within intracapsular vessels as well as 
to contrast agent retention within the 
extravascular connective tissue of the 
capsule [7].

Threshold Growth 
Threshold growth is defined by 

a diameter increase of a mass by a 
minimum of 5mm as well as propor-
tionate increase as shown in Table 1.  

A new ≥10mm mass also repre-
sents threshold growth, regardless of 
the time interval. A new mass  of 
<10mm does not represent threshold 
growth. 

MR IMAGING wITh hEpATOBIlIARy 
AGENTs/ Gd-EOB-dTpA-ENhANCEd MRI 

Organic anionic transporting 
polypeptides (OATP) are a fam-
ily of proteins expressed in hepa-
tocytes along the sinusoidal mem-
brane and involved in transport of 

bile salts. One of these transporters, 
OATP 8 (also known as OATP1B1/3), 
is considered to be responsible for 
uptake by human liver cells of two 
gadolinium-based contrast agents, 
gadoxetate disodium and gadoben-
ate dimeglumine. Nodules with low 
or no OATP expression do not take 
up hepatobiliary agents and appear 
hypointense in the hepatobiliary 
phase, while nodules with pre-served 
or elevated OATP expression uptake 
the agents and tend to be isointense 
or hyperintense. The advantage of 
imaging the hepatobiliary phase is 
its ability to identify early HCC; as 
these have incomplete neoarterializa-
tion, frequently  isoenhance in the 
vascular phases, and hence, cannot 
be reliably detected with extra-cellu-
lar agents. Since, the level of OATP8 
expression decreases during hepa-
tocarcinogenesis prior to complete 
neo- arterialization and to elevation 
of arterial flow, such HCC may be 
visible in the hepatobiliary phase as 
hypointense nodules.

AncIllAry FEATUrES OF hcc: 
Ancillary imaging features are 

additional imaging characteristics 
of HCC that favour the diagnosis of 
HCC but are not specific for HCC. 

T2 hyperintensity
Mild-moderate T2 hyperinten-

sity refers to signal intensity on 
T2-weighted images that is unequivo-
cally greater than that of background 
liver but less than that of bile ducts or 
other simple fluid-filled structures. 
T2 hyperintensity is seen in 77% of 
HCC larger than 3 cm. On the other 
hand, cirrhotic nodules and dys-
plastic nodules characteristically are 
isointense or hypointense on T2-w 
images and rarely show mild-moder-
ate T2 hyperintensity.

Restricted diffusion
This refers to the presence of sig-

nal intensity higher than background 
liver, not attributable solely to T2 
shine-through, on diffusion-weighted 

FigUre 1. Arterial hyper-enhancement in HCC: Pre-contrast axial T1w image (a) shows a T1 hyperintense sub-
capsular liver nodule (arrow).
On post-contrast arterial phase image (b) it is difficult to delineate the arterial enhancement, which is well appreci-
ated on subtraction imaging (c).

FigUre 2. Washout appearance and tumour thrombus in HCC: Late arterial (a) and venous phase (b) T1w axial 
images reveal an arterially enhancing liver nodule, which washes out on venous phase in segment 3 of liver with 
a tumour thrombus in right portal vein showing similar enhancement characteristics.
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(DWI) images acquired with at least 
moderate diffusion weighting (b 
value > 400 sec/mm2). The apparent 
diffusion coefficient (ADC) of the 
lesion should be similar to or lower 
than that of the liver by visual esti-
mation. For masses that cannot be 
categorised as definite HCC based on 
other features, the presence of diffu-
sion restriction favours the diagnosis 
of malignancy and helps differentiate 
HCC from dysplastic nodule. 

Corona enhancement
This is a feature of hyper vascu-

lar and progressed HCC; referring to 
enhancement of the venous drainage 
area in the peritumoural parenchyma 
The sinusoids and portal venules 
draining progressed HCC commu-
nicate with the sinusoids in the peri-
nodular hepatic parenchyma, carry-
ing contrast material from the tumor 
into the surrounding sinusoids, 
resulting in corona-shaped perinodu-
lar enhancement a few seconds after 
the tumor itself begins to enhance. 
This appears as transient zone or rim 
(“corona”) of enhancement around 
a progressed hypervascular HCC in 
the late arterial phase or early portal 
venous phase, with fading to isoen-
hancement at subsequent phases 

Nodule-in-nodule architecture
This refers to the presence of a 

nodule within a larger nodule or 
mass and corresponds to the nodule-
in-nodule growth pattern observed 
at histologic evaluation and suggests 
the emergence of a progressed HCC 
within a dysplastic nodule or early 
HCC [8]. The subnodule, correspond-
ing to the progressed HCC, typically 
shows arterial phase hyperenhance-
ment as well as hyperintensity on 
T2-weighted images and  hypointen-
sity in the hepatobiliary phase with 
hepatobiliary agents.

Mosaic architecture
This  refers to the presence within 

a mass of randomly distributed inter-
nal nodules or compartments differ-
ing in enhancement (in the dynamic 
vascular phases or, if a hepatobiliary 
agent is administered, in the hepato-
biliary phase), attenuation, intensity, 
shape, and size.

Lesional iron sparing
This refers to a relative paucity of 

iron in a solid mass compared with 
that of background iron-overloaded 
liver. This feature can be detected on 
T2- or T2*-weighted MR images by 
observing hyperintensity in a solid 
mass relative to hypointense, siderotic 
hepatic parenchyma. Lesional iron 
sparing raises concern because high-
grade dysplastic nodules and HCC 
characteristically are iron “resistant.” 
Thus, any iron-free solid nodule in 
an otherwise iron-overloaded liver 
should be regarded as suspicious for 
high-grade dysplastic nodule or HCC  
[9].

Intralesional fat 
This is characteristic of, but not 

specific  for,  early HCC.
 Incremental value of intralesional 

fat for diagnosis of HCC is limited 
since this feature often coincides with 
other more discriminatory imaging 
features [9].

lI-RAds (lIVER IMAGING 
REpORTING ANd dATA sysTEM) 

LI-RADS is a system of standard-
ized terminology and criteria to 
interpret and report imaging exami-

nations of the liver in at-risk patients. 
LI-RADS is supported and endorsed 
by the American College of Radiol-
ogy (ACR). It involves categorizing 
each hepatic observation (something 
that is visible on an image) regarding 
its likelihood of benignity, HCC, or 
other malignancy, as shown in the 
LI-RADS diagnostic algorithm [10], 
[Figure 3].

Definitely or probably benign 
observations are categorized as LR-1 
and LR-2, respectively. If the char-
acteristics of the mass suggest that 
it might be a malignancy other than 
HCC (e.g., cholangiocarcinoma), it is 
categorized LR-M (probable malig-
nancy, not specific for HCC). In such 
cases, a confident diagnosis usually 
requires biopsy. If there is definite 
tumou in a vein, whether or not a 
primary mass is clearly visible, the 
observation is categorized as LR-5V. 
If a mass has been treated, it is cate-
gorized as LI-RADS (LR) treated [9]. 

IMAGING fEATuREs Of VARIANT/
ATypICAl hCC

Hypervascular Nodules Without 
Washout 

Depending upon the nature of 
contrast uptake in the arterial phase, 
the liver lesions can be hypovascular 
and hypervascular in relation to the 
normal hepatic parenchyma. Some-
times, there is a delayed contrast 
enhancement, without any washout. 
Such lesions may be focal nodular 
hyperplasia, hemangiomas, hepatic 

Time interval between 
2 imaging

Diameter increase 

≤ 6 months ≥ 50%

> 6 months ≥ 100%

TaBle 1.

FigUre 3. LI-RADS categories.
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adenoma, hypervascular metastases 
are of transient hepatic enhancement 
difference. Some HCC may not show 
washout with conventional imaging 
and would either need newer imaging 
modalities such as  Gd-EOB-DTPA 
MRI and/or biopsy for confirmation 
of diagnosis [11]. 

Hypovascular Nodules 
Hypovascular liver lesions are fre-

quently identified and most likely 
metastases. About 10% of HCC are 
hypovascular. Delayed enhancement 
is found in malignant tumours like 
cholangiocarcinoma. 

Diffuse Hepatocellular Carcinoma 
Poorly demarcated, heteroge-

neously diffuse, infiltrating lesions 
representing HCC are not uncom-
mon. On MRI such lesions have a 
variable but homogeneous T1-T2W 
appearances (T1 hypointensity 
and T2 hyperintensity) [12]. Dif-
fuse infiltrating HCC demonstrate 
hypoenhancement or nodular patchy 
enhancement on arterial and heter-
ogenous reticular enhancement on 
delayed contrast phases. Portal vein 
thrombosis is common in such dif-
fuse infiltrating HCC (5–44%). 

Hepatocellular Carcinoma in Non-
cirrhotic Liver 

The overall reported prevalence 
is upto 54% of all HCC especially 
in oriental countries. Fibrolamellar 
HCC are major differentials. HCC in 
non-cirrhotic livers are larger, well- 
demarcated, solitary lesions with 
large areas of necrosis and are usually 
diagnosed at a later stage. Such HCC 
uncommonly may show calcification, 
fibrosis and central scar. 

CONClusION
HCC is largely and accurately diag-

nosed based on characteristic radio-
logical findings on CT scan and/or 
MRI. US is the preferred modality 
for surveillance. The classical find-
ing of arterial hyperenhancement fol-
lowed by washout is very specific for 
HCC but has low sensitivity. Increas-
ing use of hepatobiliary agents like 
Gd-BOPTA will increase the sensitiv-
ity of HCC detection. Atypical HCC 
presents a challenge to radiologists 

and may need a biopsy for confirma-
tory diagnosis.
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Liver Imaging: MRI with CT Correlation
Editted  by E Altun, M El-Azzazi,  RC. Semelka 
Pub by, Wiley-Blackwell, 201, 328 pages, €135.70

Book review

This is the first single source work to deal with the 
two primary radiologic modalities in diagnosing and 
treating benign and malignant diseases of the liver, 
presented with clearly laid out MRI and CT correla-
tions. Developed by an editorial  team led by one of 
the world’s leading authorities in abdominal imaging, 
Richard C. Semelka MD.

 The book employs  a user-friendly, atlas-style 
presentation, with over 1500 MRI and CT images in 
over 320 figures featuring state-of-the-art MR and 
CT imaging sequences, multidetector row CT images, 
3D reformatted images, breath-hold MRI sequences, 

and cutting-edge MR 3T images
 It is a highly practical approach for imaging of focal and diffuse liver lesions, 

complete relevant and systematic (differential) diagnostic information, the latest 
references to primary literature and clinical evidence, and patient management 
possibilities
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