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Background. In the setting of cirrhotic liver, the diagnosis of hepatocellular carcinoma (HCC) is straightforward when 
typical imaging findings consisting of arterial hypervascularity followed by portal-venous washout are present in nod-
ules larger than 1 cm. However, due to the complexity of hepatocarcinogenesis, not all HCCs present with typical 
vascular behaviour. Atypical forms such as hypervascular HCC without washout, isovascular or even hypovascular 
HCC can pose diagnostic dilemmas. In such cases, it is important to consider also the appearance of the nodules on 
diffusion-weighted imaging and hepatobiliary phase. In this regard, diffusion restriction and hypointensity on hepa-
tobiliary phase are suggestive of malignancy. If both findings are present in hypervascular lesion without washout, 
or even in iso- or hypovascular lesion in cirrhotic liver, HCC should be considered. Moreover, other ancillary imaging 
findings such as the presence of the capsule, fat content, signal intensity on T2-weighted image favour the diagnosis 
of HCC. Another form of atypical HCCs are lesions which show hyperintensity on hepatobiliary phase. Therefore, the 
aim of the present study was to provide an overview of HCCs with atypical enhancement pattern, and focus on their 
magnetic resonance imaging (MRI) features.
Conclusions. In order to correctly characterize atypical HCC lesions in cirrhotic liver it is important to consider not 
only vascular behaviour of the nodule, but also ancillary MRI features, such as diffusion restriction, hepatobiliary phase 
hypointensity, and T2-weighted hyperintensity. Fat content, corona enhancement, mosaic architecture are other MRI 
feautures which favour the diagnosis of HCC even in the absence of typical vascular profile. 
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Introduction

Hepatocellular carcinoma (HCC) is the most com-
mon primary hepatic malignancy, and the fifth 

cause of cancer mortality worldwide.1,2 In more 
than 90% of cases, HCC occurrs in a cirrhotic liv-
er.3,4 The diagnosis of HCC at an early stage is of 
great clinical importance since curative treatments 
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such as resection, transplantation, or local ablation 
therapy are possible.5,6 In order to achieve this goal 
American Association for the Study of Liver Disease 
(AASLD) recommends ultrasound follow-up every 
six months for high risk patients.7,8 In case nodule 
larger than 1cm is detected, the patient should un-
dergo further examination with computed tomog-
raphy (CT) or magnetic resonance imaging (MRI). 
The presence of arterial hyperenhancement, fol-
lowed by washout in the portal-venous or delayed 
phase, is sufficient for the diagnosis of HCC in the 
setting of cirrhotic liver without the need for tissue 
biopsy.7,9 In addition to CT and MRI, contrast-en-
hanced ultrasound (CEUS) is relatively new imag-
ing modality, which allows real-time depiction of 
the typical vascular profile of HCC.10 CEUS is used 
in several indications in cirrhotic liver: to charac-
terize nodules detected on surveillance US allow-
ing prompt evaluation, and thus avoiding unnec-
essary further imaging in case of benign lesions; to 
add additional information to CT and MRI in case 
of suspected arterioportal shunts; and to provide 
more information for indeterminate nodules on 
CT and MRI prior to considration of liver biopsy.11 
Nevertheless CEUS has some limitations including 
inability for HCC staging. Thus, once malignancy 
is detected CT or MRI is necessary for staging dis-
ease.12

If nodules detected in cirrhotic liver are smaller 
than 1cm, an ultrasound follow-up at 3-months in-
tervals is adviced, in order to detect lesion growth.8 
Although typical enhancement pattern is highly 
specific (97-99%), it has low sensitivity, as 30% of 
HCCs have an atypical enhancement due to imma-
ture neovascularization.13 According to previous 
publications, the incidence of atypical enhance-
ment pattern was most frequent among small and 
well-differentiated HCCs.9,13 Thus, some HCCs 
are misdiagnosed, since they do not exhibit these 
specific imaging criteria, presenting as either iso/
hypovascular lesions, rim-enhancing lesions, or 
hypervascular lesions without washout.14 

Therefore, we sought herein to provide an over-
view of atypical manifestations of HCC in term of 
vascular behaviour, and focus on their MRI fea-
tures that might be used for establishing an accu-
rate diagnosis.

Hepatocarcinogenesis

Cirrhosis may be caused by chronic viral hepatitis, 
chronic alcohol abuse, different inherited and ac-
quired metabolic diseases with nonalcoholic fatty 

liver disease (NAFLD) arising as a new epidemic 
liver disease in modern world.15 Among all etiolo-
gies, the risk for HCC development is highest in 
patients with chronic viral hepatitis.16 Many recent 
studies have shown that the risk of HCC is reduced 
among patients with hepatitis C viral infection who 
achieve sustained virological response (SVR) with 
interferon-based antiviral therapy.17 However con-
tradictory data exist on the risk of HCC in patients 
receiving new direct-acting antivirals (DAA).18 
Namely in contrast to interferon, these drugs can 
also be used in patients with advanced liver dis-
ease in whom cirrhosis has already developed.19 
Additionally, DAA lead to distortion of immune 
system which not only cause rapid decrease in vi-
ral overload but also alters inflammatory profile 
which can accelerate the growth of already existing 
preclinical cancer.20 The role of imaging in these 
subset of patients is early detection of HCC as the 
most important complication of longstanding cir-
rhosis.

It is widely accepted that in cirrhotic liver HCC 
develops through multistep process of hepatocar-
cinogenesis starting from low grade dysplastic 
nodules (DN), followed by high grade DN, early 
HCC, and finally progressed HCC.21,22 Low grade 
DNs are vaguely or distinctly nodular lesions with 
mild increase in cell density, no cytologic atypia, 
and morphologically indistinguishable from sur-
rounding regenerative nodules.23 However, this 
distinction is clinically not so important as low 
grade DN have only slightly elevated risk of fur-
ther dedifferentiation.23 In contrast, high grade 
DNs are premalignant lesions with cellular and 
architectural atypia. Rare unpaired arteries are 
also found in most of high grade DNs. Early HCC 
is defined as well-differentiated lesion, lacking fi-
brous pseudocapsule, characterized by five major 
histological features: (1) increased cell density; (2) 
various number of portal tracts within the nod-
ule; (3) frequent acinar and/or pseudoglandular 
pattern; (4) common diffuse fatty change; and (5) 
varying number of unpaired arteries.24 Diffuse 
fatty change is seen in 40% of tumors less than 2 
cm in diameter.15 Nevertheless, all these features 
may also be present in high grade DNs, thereby an 
accurate differentiation among these lesions and 
early HCC is very difficult, even on pathological 
examination.25 To date, the presence of stromal in-
vasion is regarded to be the most important patho-
logical finding for distinction of early HCC from 
dysplastic nodule.25 Progressed HCC are distinctly 
nodular lesions, which in contrast to early HCC, 
have a propensity for microvascular invasion and 
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metastasis.23 Although pathologists have reached 
the consensus on histological characteristics of 
cirrhotic nodules, precise radiological criteria for 
identification of early atypically enhancing HCC 
are still missing.26

The hallmark of hepatocarcinogenesis are 
changes in nodule vascularization. At the begin-
ning of hepatocarcinogenesis the nodules show 
arterial hypovascularity with portal perfusion still 
present.27 Subsequently, both arterial and portal 
blood perfusion decrease.27,28 This step is followed 
by an increase of arterial vascularity to an isovascu-
lar pattern, and at the end to a hypervascular pat-
tern.29 Hypervascularity is a result of formation of 
numerous unpaired arteries.22 Nodule-in-nodule 
type is specific hemodynamic pattern, character-
ized by development of spots of arterial hypervas-
cularity in a hypovascular background.30 Due to 
insufficient number of unpaired arteries, typical 
vascular enhancement including arterial hypervas-
cularity, and portal-venous washout is frequently 
absent in early HCCs.31 Therefore, the detection of 
these nodules on conventional MRI remains very 
difficult. Previous studies have shown that early 
HCCs are biologically less aggressive lesions, with 
much lower incidence of microvascular invasion 
compared to small hypervascular HCCs.32 Since 
early HCC has a great chance for surgical cure and 
low risk of recurrence, it is of great clinical impor-
tance to detect these lesions, and correctly charac-
terize them.33-35 

Imaging diagnosis of 
hepatocellular carcinoma

Current guidelines for HCC diagnosis

According to international guidelines published by 
AASLD and European Association for the Study of 
Liver (EASL), non-invasive diagnosis of HCC in 
cirrhotic patients is based on the detection of ar-
terial hyperenhancement followed by washout in 
portal-venous phase.36 Although this vascular be-
havior is recognized as radiological hallmark for 
HCC diagnosis, it has low sensitivity, as 30% of 
HCCs have an atypical enhancement due to imma-
ture neovascularization.37,38 Atypical enhancement 
pattern is usually present in small and well-differ-
entiated HCCs.39,40 These results indicate that cur-
rent guidelines for noninvasive diagnosis of HCC 
may have limited value for early HCC, and may 
lead to many false negative findings.41 Therefore, 
there is an obvious need for new imaging criteria 

in the diagnosis of early HCC, since liver biopsy 
recommended for all atypical nodules has many 
drawbacks, such as bleeding, infection, and inade-
quate sampling.42 In this regard recent studies have 
stressed the utility of ancillary features such as T2-
weighted hyperintensity, increased fat content, 
hypointensity in hepatobiliary phase (HBP), and 
diffusion weighted imaging (DWI) hyperintensity 
for the detection of early HCCs.43-45 The presence 
of three or more positive findings among above 
mentioned ancillary MRI features in nodules with 
diameter of 1-2 cm without typical vascular pro-
file, has shown to significantly improve sensitivity 
(77%) without reduction of specificity (95%).46 

Liver Imaging Reporting and Data System (LI-
RADS) was developed by American College of 
Radiology in order to standardize diagnosis and 
reporting of lesions and pseudolesions identified 
in patients who are at risk for hepatocellular car-
cinoma.47,48 Moreover, imaging criteria for various 
benign and malignant hepatic tumors, including 
non-HCC malignancies like cholangiocarcinoma 
are discussed. LI-RADS categorizes hepatic le-
sions from LR-1 to LR-5 depending on their imag-
ing features, reflecting probability of being HCC. 
Categories LR-1 and LR-2 include definitely (LR-1) 
or probably benign lesions (LR-2). LR-3 are lesions 
with intermediate risk of being HCC, LR-4 include 
observations that are probably HCC, while LR-5 
are considered definitely HCC.49 LI-RADS algo-
rithm can be applied to both CT and MRI exami-
nations in patients with cirrhosis, chronic hepati-
tis B infection, and in patients with prior HCC.49,50 
The categorization of the lesions using LI-RADS is 
based on major imaging criteria with arterial phase 
hyperenhancement and washout appearance, be-
ing the most important.47-50 However, there are a 
few others major features which favor the diagno-
sis of HCC. In this regard, enhancing capsule has 
a strong predictive value for HCC. Histologically, 
it correlates to either a true capsule or pseudocap-
sule.51 It is seen as peripheral rim of smooth hyper-
enhancement on portal-venous, delayed or transi-
tional phase. In addition, threshold growth defined 
as increase of ≥50% in diameter over ≤6 months, or 
≥100% of diameter increase over >6 months, with 
minimal increase of at least 5 mm, is a strong in-
dicator of malignancy.52 Moreover, the use of an-
cillary features to further define final category is 
highly recommended.48 

The current European Association for the study 
of the Liver favours the use of Barcelona-Clinic 
Liver Cancer (BCLC) staging system for clinical 
classification of HCC.53,54 In this system prognosis 



Radiol Oncol 2021; 55(2): 130-143.

Djokic Kovac J et al. / Hepatocellular carcinoma with atypical vascular pattern 133

prediction is defined by variables related to tumor 
status, liver function and health status.54,55 The role 
of imaging in this classification system is to accu-
rately assess the number of tumor nodules, their 
size, the presence of portal vein invasion and extra-
hepatic spread of disease. In cases of single HCC 
nodules less than 2 cm, or 2-3 HCC nodules up to 
3 cm, the radical treatment such as resection, ab-
lation and transplantation are possible in cases of 
preserved liver function.56 In contrast, for advanced 
cases chemoembolization or systemic therapy are 
methods of choice.56 

One of the preconditions associated with a 
higher rate of complications in patients with cir-
rhosis and HCC is sarcopenia, defined as the loss 
of skeletal muscle mass, quality and function.57 In 
this regard, many studies have been published try-
ing to assess the real clinical impact of sarcopenia 
on the outcome of HCC patients undergoing treat-
ment.58,59 However, to date there is no standardi-
zation of methodology for sarcopenia evaluation. 
There are many different CT approaches for assess-
ment of sarcopenia such as measurement of total 
bilateral psoas muscle area at the middle of the 
third lumbar vertebra, or measurement of psoas 
mass thickness at the level of umbilicus, and many 
others.60,61 The lack of standardization and unified 
cut-off values indicate the need of further studies 
to clarify the impact of sarcopenia on therapeutic 
outcome in cirrhotic patients with HCC.

Ancillary MRI features for the diagnosis 
of HCC

Hepatocarcinogenesis is a complex process that 
includes not only changes in vascularity, but also 
changes in architecture, cellular density, hepato-
cyte function, and Kupffer cell number or func-
tion.62 Therefore, development of hepatoselective 
contrast agents, such as gadoxetic acid, or gado-
benate-dimeglumine, and introduction of DWI 
into abdominal MRI protocols, allowed evaluation 
not only of neovascularization, but also of other 
processes occurring during hepatocarcinogen-
esis.45,63,64

The hepatocyte-specific contrast agent gadolin-
ium-ethoxybenzyl-diethylenetriamine pentaacetic 
acid  (Gd-EOB-DTPA) is a dual contrast agent, 
which combines the properties of conventional 
extracellular contrast agents with hepatobiliary 
phase.65 It is transported into hepatocytes using 
organic anion-transporting polypeptide OATP1B1 
(synonymous with  OATP8) and OATP1B3 recep-
tors.66 Multiple resistance-associated Protein 2 

(MRP2) located in the canalicular membrane of 
hepatocytes or tumour cells is responsible for ex-
cretion of hepatobiliary agents into bile ducts.65 
OATP transporters are typically inhibited, while 
MRP2 are overexpressed in malignant liver lesions 
such as HCC, which therefore show hypointensity 
on hepatobiliary phase.67 The importance of OATP 
receptors not only for detection of HCC, but also 
for prediction of recurrence rate and overall prog-
nosis has been recently shown.66 In this context, it 
was demonstrated that progressive loss in OATP 
immunoreactivity correlates well with the gain 
of biliary phenotype by neoplastic hepatocytes, 
which indicates high risk for faster recurrence and 
overall worse prognosis in patients with HCC.66,68 
The importance of assessment of correlation be-
tween MRI features of HCC on hepatobiliary phase 
and different morphovascular patterns of HCC de-
fined on histology was also outlined in the recent 
study by Vasuri et al.69 The results of this study and 
similar future studies could allow more accurate 
preoperative sub classification of HCC in order to 
discriminate patients with good and poor prognos-
tic outcome. 

Many previous studies have shown that reduc-
tion of OATP1B/B3 expression occurs early in the 
course of hepatocarcinogenesis, even before de-
velopment of neovascularization.63,70 On the other 
hand, regenerative nodules, or low grade dysplas-
tic nodules retain normal expression of uptake 
OATP1B/B3 transporter and excretory transporter 
MRP2.67 Therefore, the first sign of malignancy in 
cirrhotic nodules could be hypointensity in HBP, 
which is later followed by development of arterial 
hypervascularity. The utility of Gd-EOB-DTPA in 
the detection and characterization of atypically 
enhancing HCCs has been demonstrated in many 
recent reports.45,46,71-74 In this regard, Golfieri et al. 
tested 111 atypical cirrhotic nodules and shown 
that HBP hypointensity was the strongest marker 
of malignancy with 88% of sensitivity, 91% nega-
tive predictive value and 93% diagnostic accuracy.75 
The same group of authors have shown that after 
addition of HBP phase in MRI protocol, sensitiv-
ity and specificity for the detection of small HCCs 
significantly increased, from 88.4% up to 99.4%, 
and from 88% to 95%, respectively.73 The high inci-
dence of atypical nodules particularly among small 
lesions, and their frequent malignancy indicate the 
need to incorporate Gd-EOB-DTPA in standard 
MRI protocols for evaluation of cirrhotic liver.74 
Nevertheless, it should be kept in mind that he-
patic dysfunction or hyperbilirubinemia can result 
in diminished uptake of hepatospecific contrast 
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agent, leading to reduced conspicuity of HCC le-
sions on HBP.76

The value of DWI in the characterization of cir-
rhotic nodules could be explained by progressive 
cellular changes occurring during hepatocarcino-
genesis.77 It is well known that DWI signal inten-
sity is influenced by cellular density, architectural 
changes, as well as vascular changes during malig-
nant transformation of cirrhotic nodules. As one of 
the major differences between dysplastic nodules 
and early HCCs is the degree of cellular density, 
DWI might provide a good insight into histologi-
cal changes of hepatocellular nodules irrespective 
of vascularity.78 Notably, since RN and low grade 
DN are usually histologically identical to the sur-
rounding hepatic tissue, they are isointense on 
DWI.79,80 On the other hand, HCC and high grade 
DN, show a progressive increase in cellular den-
sity, thickening of cellular plates, leading to pro-
gressive restriction of water mobility, which results 
in increased signal intensity on DWI.80 Since at an 
earlier stage, the degree of neovascularization may 
be insufficient for depiction on contrast-enhanced 
images, small lesions could sometimes be detected 
only on DWI.81 Opposite to the signal intensity on 
DWI, the calculation of apparent diffusion coeffi-
cient (ADC) values was not shown to be usefull for 
differentiation of benign from malignant cirrhotic 
nodules.44,82 The subtle cellular changes, and vari-
able presence of fat, necrosis, and vascular changes 
result in strong overlap of ADC values between 
malignant and benign nodules. In addition, DWI 
hyperintensity could be also found in high grade 
DN, and even in a few low grade DN.83 These re-
sults could be explained by heterogeneity of cir-
rhotic liver which also shows diffusion restriction, 
thus making it difficult to identify hepatocellular 
nodules with increased signal intensity on DWI.84 
In addition, HCCs are less cellular than metasta-
ses, and sometimes difficult to detect on DWI.64 
Furthermore, DWI also has other limitations, in-
cluding limited spatial resolution, susceptibility 
to motion artifacts, especially for lesions located in 
the left lateral segment, and close to the diaphragm 
because of cardiac motion.77 Thus, in general DWI 
is not used alone in clinical scenarios, but only as a 
part of MRI protocol.85

The value of signal intensity on T2-weighted 
images in the identification of HCC lesions was 
stressed in many previous reports.41 Namely, 
T2-weighted hyperintensity is considered to be 
strong predictor of malignancy, and subsequent 
hypervascularization in hypovascular nodules.40,43 
Higher signal intensity on T2-weighted images 

could partly be explained by peliotic changes in 
the intratumoral sinusoids of HCC.86 In this regard, 
Channual et al. have shown that relative signal in-
tensity on T2-weighted images is significantly dif-
ferent between low grade DN on one side, and high 
grade DN with HCC on the other side.87 Moreover, 
when T2-weighted hyperintensity was combined 
with arterial hypervascularity, differentiation 
could be possible with the sensitivity of 88.6%, and 
positive predictive value of 99.2%.87 The value of 
T2-weighted hyperintensity was also shown in the 
study by Hwang et al., who reported that this fea-
ture was present in 76% of hypovascular HCC, and 
in only 12.9% of dysplastic nodules.88 Although T2-
weighted hyperintensity can also occur in dysplas-
tic nodules, probably due to infarction, the signal 
intensity is usually lower than in HCCs.89 

Besides above mentioned imaging characteris-
tics, there are also other ancillary features which 
could help in characterization of the lesions in 
cirrhotic liver. One of them is corona enhance-
ment which refers to an ill-defined perilesional en-
hancement in late arterial phase.48 It develops as a 
consequence of an early drainage of blood from a 
tumor into the surrounding hepatic sinusoids and 
portal venules.90 This occurs due to the obstruction 
of intranodular hepatic veins by neoplastic cells.90 
While capsular appearance is obvious on portal-
venous phase, corona enhancement is present 
in late arterial phase.91 If iron sparing solid mass 
is seen in the setting of cirrhotic liver with multi-
ple siderotic nodules, this finding should indicate 
the presence of malignancy.48 It is well known 
that during hepatocarcinogenesis neoplastic cells 
loose their capability of iron accumulation.48 Non-
enhancing capsule has recently been introduced as 
another ancillary feature that in particular favors 
HCC.48 It refers to uniformly thin, sharply demar-
cated, non-enhancing rim surrounding the lesion.48 
Furthermore, mosaic architecture and “nodule-in-
nodule” appearance are very well known ancillary 
features of HCC.30,92 While mosaic architecture is 
usually seen in large lesions, nodule-in-nodule of-
ten represents development of early HCC in high 
grade dysplastic nodule. The presence of fat in-
side the cirrhotic nodule is also considered to be 
ancillary feature of HCC.93 Although the exact un-
derlying mechanism of intralesional fat accumula-
tion is not known, hypoxia which occurs during 
hepatocarcinogenesis is considered to be the most 
probable reason.93 Intralesional fat is usually seen 
in small HCCs (less than 1.5 cm) with decreasing 
frequency in larger lesions.48 Nevertheless, this 
finding should not be confused with fat accumula-
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tion seen in steatotic HCC which represents spe-
cific hystological variant of HCC.39 Some other 
features, such as subtreshold growth, fat sparing 
in solid mass, blood products in mass, and transi-
tional phase hypointensity have also been included 
as ancillary features for HCC diagnosis in latest LI-
RADS algorithm.48,49

Since early HCC detection is crucial for appro-
priate clinical management of patients, the estab-
lishemnet of predictive markers for primary HCC 
occurance in the setting of compensated advanced 
chronic liver disease is in focus of many recent 
studies.94 Among different non-invasive tests for 
the prediction of primary HCC, Marasco et al. have 
found that the liver stiffness measurement is the 
most reliable, allowing evaluation of liver fibrosis 
degree, inflammation and portal hypertension.95 

However further studies are needed to determine 
specific optimal cut-off values able to assess the 
risk for HCC development in different etiologies.

Atypically enhanced 
hepatocellular carcinoma

Iso- or hypovascular HCC

Iso- or hypovascular HCCs are defined as lesions 
without arterial phase hypervascularity. As the 

reduction of portal vascularization precedes de-
velopment of new unpaired arteries, iso- or hypo-
vascularity in arterial phase, with hypointensity in 
portal-venous phase could be the first sign of early 
HCC (Figure 1,2).27 The prevalence of hypovascu-
lar HCC varies among different studies, ranging 
from 14% in the study by Leoni et al. 96, to 19.5% 
by Choi et al.97 If this vascular pattern is identified 
at dynamic CT, further examination with MRI us-
ing hepatospecific contrast agents is necessary. 
Hypointensity on HBP in nodules hypovascular 
in arterial phase, indicates that loss of metabolic 
hepatocyte function occurs before development 
of neovascularization.65,70 There are many recent 
studies which pointed out that hypointensity on 
HBP is one of the imaging findings with highest di-
agnostic accuracy for detection of early HCC.45,46,71-

74 Accordingly, in the study by Sano et al.41 the 
sensitivity of HBP hypointensity for the detection 
of early HCC was 97%, while specificity reached 
100%. Although several other imaging features, 
such as nodule-in-nodule appearance, washout in 
portal-venous phase, and fat content also had spec-
ificity of 100%, none of these findings had suffi-
cient sensitivity for HCC detection. Similar results 
were published by Choi et al. who have shown that 
96.6% of hypovascular HCCs were hypointense on 
HBP, indicating that HBP hypointensity must be 
considered as imaging biomarker of malignancy.97 

A B C D

E F G H

FIGURE 1. Hypovascular hepatocellular carcinoma (HCC) in 58-year old woman with cirrhosis. On axial T2-weighted image (A), diffusion-weighted 
image (B) and on in-phase image (C) tumor is isointense with surrounding liver parenchyma. On opposed-phase image there is a partial drop of 
signal intensity in the lesion (arrow) corresponding to the fatty component (D). The lesion (arrow) is slightly hypointense on arterial phase (E), while it is 
clearly hypovascular on portal-venous phase (F). On hepatobiliary phase after administration of gadoxetic acid the lesion (arrow) is hypointense (G). 
Hematoxylin and eosin (H&E) staining showed well-differentiated HCC with fat deposition; original magnification x 200 (H).
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On the basis of these results, it could be concluded 
that double hypointensity, including hypointen-
sity in the portal-venous phase, and hypointensity 
in hepatobiliary phase is highly suggestive of hy-
povascular HCC.72 On the other hand, Bartolozzi 
et al. reported that 70% of high grades DNs were 
also hypointense on HBP, indicating that using on-
ly this sign, precise distinction among high grade 
DN and HCC is not possible.63 However, differen-
tiation among high grade DNs and early HCC is 
not crucial from clinical point of view. Namely, in 
many institutions high grade DN are considered 
to be early HCCs.72 Taking into account that high 
grade DN are premalignant lesions, it is question-
able whether exact radiological distinction among 
these two pathological entities is indeed neces-
sary. If not treated immediately, HBP hypointense 
nodules should be rigorously monitored as was 
stressed by many previous studies.98-101 The cumu-
lative risk of hypervascularization in these lesions 
varies from 31-35% in the study by Kim et al.98, and 
Hyodo et al.99, up to 77% in the study by Kumada 
et al.100. Similar results were also reported in other 
studies.98-102 Considering that a significant per-
cent of non-hypervascular HBP hypointense cir-

rhotic nodules are already HCCs, or will develop 
typical radiological features of HCC in follow-up, 
they must be characterized as high risk nodules, 
and if possible should be subject to liver biopsy. 
However, care should be taken when interpret-
ing HBP phase imaging findings in cirrhotic liver. 
Namely, in patients with worse Child Pugh class, 
the uptake of Gd-EOB-DTPA can be very reduced 
and delayed, affecting relative signal intensity of 
HCCs.65 In this regard, the diagnosis of HCC with 
atypical enhancement pattern may be very chal-
lenging in cirrhotic liver, indicating the importance 
of multiparametric assessment.

Besides hepatospecific contrast agents, further 
characterization of iso-, or hypovascular nodules 
could be done with DWI. In this context, Hwang 
et al. reported high diagnostic accuracy of DWI in 
differentiation between hypovascular HCC and 
dysplastic nodules, as hyperintensity on DWI was 
observed in 92% of HCC, in contrast to 16.1% of 
dysplastic nodules.88 In the study by Kim et al. DWI 
restriction was present in 56% of 139 hypovascu-
lar, HBP hypointense nodules which subsequently 
progressed to hypervascular HCC, indicating that 
DWI hyperintensity is a strong predictor of devel-

FIGURE 2. Isovascular hepatocellular carcinoma (HCC) in 55-year old woman with cirrhosis. On T2-weighted image slightly 
hyperintense nodule (arrow) is seen in liver segment VII (A). No lesion is seen on arterial (B) and portal venous phase (C). On 
hepatobiliary phase after administration of gadoxetic acid the lesion (arrow) is hypointense (D). Diffusion-weighted image 
shows diffusion restriction of the lesion (arrow) (E). Hematoxylin and eosin (H&E) staining showed well-differentiated HCC; original 
magnification x 200 (F). 

A B C
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opment of hypervascularity.98 Moreover, on the ba-
sis of these results, it could be concluded that iso- 
or hypovascular nodules, which show hypointeny-
ity on HBP and high signal intensity on DWI, could 
already be considered as early HCC. Additionally, 
according to some authors hypovascular nodules, 
hypointense in the HBP, not hyperintense on DWI, 
should be further investigated by contrast en-
hanced ultrasound (CEUS), as this method allows 
depiction of early arterial phase enhancement, 
which could be missed on dynamic CT and MRI.74

 

Hypervascular HCC without washout in 
portal-venous phase

Many small HCCs are depicted only during arte-
rial phase imaging as hypervascular lesions, lack-
ing washout on portal-venous and delayed phase 
(Figure 3).103 Actually, in HCCs ≤ 1 cm, arterial en-
hancement is the most frequent MRI finding (79%) 
in comparison to other features, such as wash-out 
in the portal-venous or delayed phase (50%).104 
This can raise a diagnostic dilemma, as it is often 
difficult to differentiate these lesions from non-

neoplastic hypervascular pseudolesions, such as 
small arterioportal shunts, or atypical cirrhosis re-
lated nodules.105,106 Moreover, the majority of these 
small hypervascular nodules detected in cirrhotic 
liver are benign lesions.105,106 Differential diagnosis 
is usually made using T2-weighted images, DWI, 
and signal intensity on HBP. Concerning the value 
of T2-weighted signal intensity there are discrep-
ant results in the previous literature.87,88,107 Thus, 
Hussain et al. concluded that T2-weighted hyperin-
tesity has no additional value in the identification 
of small HCC, due to very heterogeneous signal 
intensity of surrounding liver parenchyma.107 In 
contrast, many other investigators reported that 
addition of T2-weighted images to dynamic con-
trast enhanced images significantly improves de-
tection of HCC.87,88 In this regard, HCCs are seen 
as slightly hyperintense lesions, while arterioportal 
shunts are isointense with surrounding liver tis-
sue.43 Additionally, the majority of these atypical 
HCCs are hypointense on HBP phase indicating 
the lack of functional hepatocytes. Very rarely this 
atypical vascular profile can occur in large HCCs 
(Figure 4). In such cases hypointensity on HBP is 

FIGURE 3. Hypervascular hepatocellular carcinoma (HCC) without washout in 64-year old man with cirrhosis. Axial T2-weighted fat-
suppressed image shows hyperintense nodule (arrow) in liver segment VIII (A). On arterial phase the nodule (arrow) is hypervascular 
(B) without washout on portal-venous phase (C). On hepatobiliary phase the nodule (arrow) is hypointense (D) and on diffusion-
weighted image it is hyperintense (E). Hematoxylin and eosin (H&E) staining showed moderately-differentiated HCC; original 
magnification x 200 (F).
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the most useful sequence for distinction from other 
hypervascular benign lesions, such as focal nodu-
lar hyperplasia. Since arterial enhancement and 
HBP hypointensity are two strongest markers of 
malignancy in cirrhotic patients, a nodule with ar-
terial hypervascularity, even without wash-out in 
portal-venous or delayed phase, but hypointense 
in the HBP, should be highly suspicious of HCC. 
Another diagnostic problem could be the distinc-
tion between these atypically enhancing HCCs, and 
small hemangiomas in liver cirrhosis.108 Namely, 
in cirrhotic parenchyma small hemangiomas can 
shrink, and become fibrotic and hyalinized, which 
influences their signal intensity on T2-weighted 
images. Moreover, similar to HCCs, hemangiomas 
are hypointense in HBP. In this context Semelka 
et al. reported that accurate differential diagnosis 
among small HCCs and hepatic hemangioma less 
than 15 mm can not be made on the basis of imag-
ing criteria.109 

HBP hyperintense hepatocellular 
carcinoma

According to molecular changes during hepato-
carcinogenesis, HCCs should typically show hy-
pointensity on HBP. The signal intensity of HCC 
on HBP is strongly correlated to the expression of 
uptake transporter OATP8.110 It is well known that 

during hepatocarcinogenesis the progressive de-
crease in OATP8 expression occurs, thus influenc-
ing the enhancement ratio of cirrhotic nodules in 
the HBP.70,111 Nevertheless, in 10% of HCCs para-
doxical uptake of hepatospecific contrast agent 
may occur.70 This can partly be explained by re-
sidual functional hepatocytes expressing OATP8 
receptors in well-differentiated lesions.70 However, 
in the study by Asayama et al. Gd-EOB-DTPA up-
take did not correlate with tumor differentiation.112 

In addition, these authors have shown that uptake 
of Gd-EOB-DTPA was significantly correlated with 
the maintenance of bile production. Similar results 
were published by Choi et al. who have shown that 
among 28 tumors showing iso- or hyperintensity 
on HBP, only 10 were well-differentiated HCCs 
(35.7%), while 16 were moderately (57.1%), and 
two were poorly differentiated lesions (7.1%).97 
A few recent studies have shown that gadoxetic 
acid uptake in HCCs can be the result of genetic 
mutations and reversion to their original hepato-
cyte nature during neoplastic transformation.113,114 
Namely, in some moderately or even poorly dif-
ferentiated lesions OATP8 receptor expression 
can increase due to genetic alterations, followed 
by decrease in MRP expression.115-117 In contrast 
to normal hepatocytes where excretion of gadox-
etic acid occurs via MRP2 transporters localized on 
canalicular side, in hepatobiliary phase iso- orhy-
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FIGURE 4. Hypervascular hepatocellular carcinoma (HCC) without washout in 44-year old man with non alcoholic fatty liver disease. Axial T2-weighted 
fat-suppressed image shows moderately hyperintense lesion (arrow) in segment VI (A). Dual-echo images show that tumor (arrows) is isointense on in-
phase image (B) without signal drop on opposed-phase image, while background liver parenchyma shows diffuse signal drop as a consequence of 
fatty liver disease (C). The lesion (arrows) is hyperintense on diffusion-weighted image (D), hypevascular on arterial phase (E) without washout on portal-
venous phase (F). On hepatobiliary phase the tumor (arrow) is hypointense (G). Hematoxylin and eosin (H&E) staining showed moderately-differentiated 
HCC with very dilatated sinusoidal network; original magnification x 200 (H).
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perintense HCCs the main pathway of excretion 
is through MRP3 on sinusoidal side.116 Therefore, 
HBP iso- or hyperintensity in HCCs does not indi-
cate well-differentiated lesion, but rather suggest 
different genetic subtype of HCC.66,69 Although 
differentiation of the tumor cannot be predicted 
by signal intensity on hepatobiliary phase, Choi 
et al. have demonstrated that HBP hyperintense 
HCCs showed significantly higher differentiation 
grades, less frequent portal vein invasion, and 
lower recurrence rate.97 Moreover, patients with 
hyperintense HCCs showed longer survival than 
those with hypointense HCCs.97 All these findings 
suggest that HBP hyperintense HCCs are probably 
a particular form of HCC with biologically less ag-
gressive features in comparison to HBP hypoin-
tense HCCs.118,119 Interestingly, the AFP levels were 
shown to be significantly higher in hypointense 
HCCs than in hyperintense HCCs.110,116

          However, there are no data in the previous 
literature about behaviour of HBP hyperintense 
HCCs in portal venous phase, whether they dem-
onstrate washout or not. Although most reported 
cases show typical vascular profile, rarely HCCs 
hyperintense in HBP lack portal-venous or delayed 
phase washout (Figure 5).74 The incidence of such 
nodules is very low, less than 3%.74 In such cases 

differential diagnosis towards benign lesions, such 
as large regenerative nodules (LRNs), and focal 
nodular hyperplasia is very challenging.120 LRNs 
are hyperplastic lesions, 5 mm to 5 cm in diameter, 
associated with cirrhosis, Budd–Chiari syndrome, 
certain forms of congenital heart disease, and other 
conditions.121,122 LRNs are typically hypervascu-
lar in arterial phase, without washout in portal-
venous or delayed phase, iso- or hyperintense in 
HBP.121 The distinction between LRNs and atypi-
cally enhancing HCCs showing hyperintensity on 
HBP, requires detailed analysis of other MRI fea-
tures, such as T2-weighted, T1-weighted, and DWI 
signal intensity.122 While HCCs are usually slightly 
hyperintense on T2-weighted images, hypointense 
on T1-weighted images with restricted diffusion, 
LRN and FNH are isointense on both T2- and 
T1-weighted images, without DWI hyperinten-
sity.120,121 If there is any doubt, rigorous follow-up 
is required, and if nodule grows a biopsy is recom-
mended.

Conclusions

The diagnosis of HCC is straightforward when 
typical imaging features are present. Nonetheless, 

FIGURE 5. Hepatocellular carcinoma (HCC) in 73-year old man with alcoholic cirrhosis. Axial T2-weighted fat-suppressed image 
shows slightly hyperintense well-defined nodular lesion (arrow) in segment VII (A). The lesion (arrows) is hypervascular on arterial 
phase (B) without washout on portal-venous phase (C). On hepatobiliary phase the tumor (arrow) is strongly hyperintense (D) with 
hyperintensity on diffusion-weighted image (E). Hematoxylin and eosin (H&E) staining showed well-differentiated HCC; original 
magnification x 200 (F).
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due to complexity of hepatocarcinogenesis, HCC 
can present with atypical vascular profile, espe-
cially in small lesions, including iso- or hypovascu-
lar nodules without arterial hypervascularity, and 
hypervascular lesions without washout in portal-
venous phase. Additionally, there are HCCs with 
high signal intensity in HBP. In order to correctly 
characterize these lesions ancillary features such as 
T2-weighted hyperintensity, diffusion restriction, 
hepatobiliary phase hypointensity together with 
other MRI characteristics should be carefully ex-
amined. Even though these atypical presentations 
are rare, it is important to recognize them in order 
to provide the patients optimal and timely treat-
ment. 
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