
pISSN 2287-2728      
eISSN 2287-285X

http://dx.doi.org/10.3350/cmh.2015.21.4.326
Clinical and Molecular Hepatology 2015;21:326-343Review

Corresponding author : Tae Kyoung Kim
Department of Medical Imaging, Toronto General Hospital, University of 
Toronto, M5G 2N2 585 University Avenue, Toronto, ON, Canada 
Tel: +1-416-340-3372,  Fax: +1-416-593-0502
E-mail: taekyoung.kim@uhn.ca

Abbreviations: 
AML, angiomyolipoma; CC, cholangiocarcinoma; CEUS, contrast-
enhanced ultrasound; FNH, focal nodular hyperplasia; HCC, 
hepatocellular carcinoma; HHT, hereditary hemorrhagic telangiectasia; 
OATP8, organic anion-transporting polypeptides 8

Received : Aug. 13, 2015 /  Accepted : Aug. 15, 2015

INTRODUCTION 

Recent advances of radiological imaging techniques enable us 

to diagnose small hepatocellular carcinoma (HCC) lesions that are 

amenable to various options of potentially curative treatment. On 

the other hand, increased sensitivity of the imaging to detect 

small HCC inevitably results in a substantial number of false-posi-

tive lesions that are often misdiagnosed as HCC. The false-posi-

tive HCC diagnosis potentially has a substantial negative impact 

on patient’s management by unnecessary invasive procedures or 

preventing the patients from appropriate treatments.

There are number of focal benign liver lesions that often mimic 

the imaging appearance of HCC. These include nontumorous ar-

terioportal shunts, fast-filling hemangiomas, focal fat sparing/de-

posit, inflammatory lesions, confluent fibrosis, angiomyolipoma 

(AML), focal nodular hyperplasia (FNH) -like nodules, and heredi-

tary hemorrhagic telangiectasia (HHT). False positive HCC diagno-

sis can be avoided by applying strict imaging diagnostic criteria 

for HCC. A multi-modality imaging approach is useful to reach the 

correct diagnosis if one imaging modality is not conclusive. Chol-

angiocarcinoma (CC) is infrequently detected during HCC surveil-

lance and has been a potential cause for false positive diagnosis 
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of HCC. Understanding of suggestive imaging findings of CC can 

minimize the false positive diagnosis of HCC.

This review presents typical imaging findings of the common 

mimickers of HCC in cirrhotic liver and appropriate diagnostic 

work-up for these lesions.

Nontumorous arterioportal shunts

About 70% of hypervascular focal lesions in cirrhotic liver are 

benign rather than malignancy1 and nontumorous arterioportal 

shunts occupy the majority of hypervascular pseudolesions. Non-

tumorous arterioportal shunts imply locally disordered perfusion 

but the exact mechanism of development is not clearly identified. 

Nontumorous arterioportal shunts have typical imaging features 

including small, wedge-shaped, homogenous hypervascular lesion 

in the arterial phase, subcapsular or peripheral location, enhanc-

ing branching structure within the lesion representing early opaci-

fication of portal veins, and isointense to the liver without show-

ing washout during the portal and delayed phases (Fig. 1) on CT 

or MR imaging.2,3

On contrast enhanced MR images using gadoxetic acid, hyper-

vascular pseudolesions usually show isointensity compared to sur-

rounding liver in the hepatobiliary phase4 whereas HCCs usually 

show hypointensity.5,6 Therefore the hepatobiliary phase of gadox-

etic acid enhanced MR imaging can be helpful to differentiate be-

tween arterioportal shunts and HCCs. 

Usually, nontumorous arterioportal shunts are not perceivable 

on unenhanced CT/MR or grayscale US imaging. On contrast-en-

hanced US (CEUS), a nontumorous arterioportal shunt is seldom 

visualized as a wedge-shaped enhancing area as it is transiently 

seen in the arterial phase and isoechoic to the liver in the portal 

vein and delayed phase.

Imaging findings are nearly diagnostic if all the typical imaging 

features of arterioportal shunt are shown. Follow-up imaging is 

often needed when the imaging findings are not entirely typical. 

Sometimes, small HCCs with associated transtumoral arterioportal 

shunt may show a similar appearance, but they are not common. 

In fact, arterioportal shunt associated with tumor is more fre-

Figure 1. Arterioportal shunt in 70-year-
old man with hepatitis B. (A) There is a 
wedge shaped subcapsular hyperatten-
uating lesion in the liver. There is a tubu-
lar hyperattenuating structure (arrow) 
representing early opacification of the 
branching portal vein due to arteriopor-
tal shunt. (B) In the portal venous phase, 
the lesion is not visible due to isoattenu-
ation. 

Figure 2. Fast filling and fading heman-
gioma with ar teriopor tal shunt in 
75-year-old woman. (A) CT scan in the 
arterial phase shows a homogenously 
enhancing nodule (arrow) associated 
with a wedge shaped hyperenhance-
ment representing a hemangioma with 
arterioportal shunt. (B) In the portal ve-
nous phase, the hemangioma (arrow) is 
homogenously enhancing but with a 
lesser degree than portal vein. The arte-
rioportal shunt which was shown in the 
arterial phase is not seen due to isoat-
tenuation. 
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quently accompanied by small hemangiomas (Fig. 2) than small 

HCCs.7,8 

Hemangiomas

Hemangiomas are detected frequently during HCC surveillance9 

and potentially mimic HCC especially when the lesion is small. On 

gray-scale US, hemangiomas are usually hyperechoic. But heman-

giomas are occasionally hypoechoic, especially when the liver is 

fatty (Fig. 3), or shows mixed echogenicity. Most hemangiomas 

are accurately diagnosed on dynamic contrast-enhanced imaging 

by demonstrating peripheral nodular enhancement with gradual 

central fill-in and sustained enhancement.10-12

Fast-filling hemangiomas often show complete homogeneous 

enhancement in the arterial phase without central fill-in pattern 

on CT and MR imaging and the diagnosis of hemangioma can be 

uncertain (Fig. 2).13 CEUS with real-time evaluation of the arterial-

phase filling pattern is useful to confidently diagnose fast-filling 

hemangiomas with demonstration of a very early peripheral nodu-

lar enhancement with rapid central fill-in (Fig. 3).14-17 Disruption-re-

plenishment technique is particularly helpful to show characteristic 

arterial phase enhancement pattern of rapid-filling hemangioma 

(Fig. 3).17,18 Although washout feature in the delayed phase is highly 

suggestive of malignancy, hemangiomas infrequently show slight 

washout in the delayed phase on CEUS due to microbubble de-

struction by continuous ultrasound scanning which preferentially 

destroy microbubbles in hemangioma with extremely slow flow.19

The degree of enhancement of hemangiomas are usually equiv-

alent to that of aorta in the arterial phase and that of blood pool 

in the portal venous phase or later phase on multiphasic contrast-

enhanced CT (Fig. 3) and MRI using gadoxetic acid (Fig. 4).20,21 

However, hemangiomas occasionally show an attenuation lower 

than the portal vein in the portal venous phase (Fig. 2).22 This fad-

ing feature is more commonly seen in fast-filling hemangiomas 

Figure 3. Hemangioma in 45-year-old woman with hepatitis B. (A) CT in the arterial phase shows hypervascular mass (arrow) with heterogeneous en-
hancement. (B) CT in the delayed phase shows homogenous hypervascular mass (arrow) in the liver. (C) On gray scale US, the mass shows hypoecho-
genicity (arrow).  The mass shows peripheral nodular enhancement with rapid central filling in two consecutive images (D, E; arrows) of CEUS after mi-
crobubble disruption using high mechanical-index frames. The mass shows strong homogenous enhancement in the late phase (F; arrows), which is 
diagnostic of hemangioma. 
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and may cause a challenge in differentiating fast-filling hemangio-

mas from HCCs. MR imaging is helpful for the differentiation by 

demonstrating bright hyperintensity on T2-weighted images in 

hemangiomas.   

On dynamic contrast-enhanced MR images using gadoxetic 

acid, most hemangiomas show hyperintensity in the arterial 

phase, and hypointensity in the equilibrium phase (typically at 5 

minutes) and the hepatobiliary phase (typically at 20 minutes) 

compared with surrounding liver parenchyma (Fig. 4).23 This dy-

namic enhancement feature is identical to that of hypervascular 

malignancy and can result in difficulty in differentiating hemangi-

omas from HCCs. Bright hyperintensity  on  T2-weighted images 

is helpful for confident diagnosis of hemangiomas.20,24

Hemangiomas that undergo degeneration and fibrous replace-

ment are called sclerosed hemangiomas.25 The imaging findings 

of sclerosed hemangiomas are nonspecific, so it may not be pos-

sible to prospectively differentiate sclerosed hemangiomas from 

malignant tumors26 and they are mostly diagnosed only after bi-

opsy. Previous studies reported several frequent findings of scle-

rosed hemangioma cases; lack of early enhancement, gradual and 

persistent mild peripheral enhancement,25-28 and mild hyperinten-

sity much lower than typical hemangiomas on T2-weighted imag-

es (Fig. 5).25 Other helpful imaging features include a geographic 

margin (Fig. 5), capsular retraction, decrease in size over time, 

presence of transient hepatic attenuation difference, and loss of 

previously seen regions of enhancement at follow up.29 

Focal fat sparing and deposit

When the liver is affected by diffuse fatty infiltration, the de-

gree of fatty infiltration may differ from site to site causing focal 

fat sparing areas. Focal fat sparing typically occurs around the 

gallbladder and the hepatic hilum. These areas are related to di-

rect splanchnic venous supply to the liver other than the portal 

vein, resulting in localized reduction of the lipid-rich portal venous 

flow. For example, focal fat sparing at the posterior edge of seg-

ment 4 is related to aberrant gastric venous drainage to the re-

gion.30 On US, focal fat sparing is seen as a wedge or geographic 

Figure 4. Hemangioma in 40-year-old 
woman with hepatitis B. (A) Arterial 
phase of T1-weighed postcontrast im-
age with gadoxetic acid shows hetero-
geneous hypervascular nodule (arrow) 
in the liver. (B) In portal venous phase 
the nodule (arrow) shows hyperen-
hancement. (C) In hepatobiliary phase, 
the nodule (arrow) shows marked hy-
pointensity. (D) On T2-weighted image, 
the nodule (arrow) is markedly hyperin-
tense.  
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shaped homogeneous hypoechoic lesion (Fig. 6). Color Doppler 

US may demonstrate an aberrant splanchnic venous drainage 

showing hepatopetal flow within the lesion. On CEUS, focal fat 

sparing shows normal arterial and portal perfusion compared to 

normal liver, confirming the benign nature of the lesion.31 

Splanchnic venous supply might be demonstrated as early opacifi-

cation of small venous branches within the lesion in the arterial 

phase.

The location of focal fat deposit can vary widely. The most com-

mon sites are the anteromedial side of the segment 4 and pos-

teromedial side of segment 4.30,32 The etiologies of focal fat de-

posit have not been clearly understood although focal fat deposit 

Figure 5. Sclerosed hemangioma in 
69-year-old woman. (A) Unenhanced T1-
weighted MR image shows a hypoin-
tense mass (arrow) in the liver. There is 
mild peripheral enhancement of the 
mass (arrow) in the arterial phase (B) 
which progresses in the late phase (C, 
arrow). However, there is no typical en-
hancement pattern for hemangioma. (D) 
On T2-weighted image, the mass (arrow) 
is mildly hyperintense. 
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Figure 6. Focal fat sparing in 69-year-
old man with nonalcoholic steatohepati-
tis. (A) Oblique ultrasound scan shows a 
hypoechoic mass like lesion (arrows) in 
the liver. (B) CT scan in the portal venous 
phase shows an aberrant drainage of 
the right gastric vein (arrows) into the 
segment 4b of the liver, which shows 
slight hyperattenuation.
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is also closely related to aberrant portal venous supply. These le-

sions are homogeneously hyperechoic on US and show normal ar-

terial and portal perfusion on CEUS. 

When focal fat deposit or sparing involves atypical sites of liver 

parenchyma and shows a nodular appearance, it can mimic the 

appearance of hepatic tumor (Fig. 7). Suggestive imaging findings 

Figure 7. Focal fat sparing in 59-year-old woman with nonalcoholic steatohepatitis. (A) US scan shows a hypoechoic nodule (arrow) in the fatty liver. 
(B) Noncontrast CT shows fatty infiltration more severely involving the right lobe of the liver with a small hyperattenuating nodule (arrows). (C) In the 
arterial phase, the nodule (arrows) is slightly hyperattenuating compared to the surrounding liver with fatty infiltration. In phase (D) and out of phase 
(E) T1-weighted MR images show a diffuse reduction of liver signal intensity in the out of phase representing diffuse fatty liver, more severely involving 
the right liver. There is a hyperintense nodule (arrow) only visualized in the out of phase (E) representing nodular focal fat sparing. 

Figure 8. Multifocal fat deposit in 40-year-old woman with hepatitis B cirrhosis. (A) CT in venous shows multifocal ill-defined hypoattenuating lesions 
throughout the liver. In phase (B) T1-weighted MR image shows multifocal hepatic lesions which show signal-drop in the out of phase (C), confirming 
multifocal fat deposit.
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of fatty pseudolesions rather than true masses include fat content, 

typical locations, absence of a mass effect on vessels and other 

liver structures, a geographic configuration rather than a round or 

oval shape, and contrast enhancement that is similar to that of the 

normal liver. T1-weighted chemical shift gradient-echo MR images 

are accurate to diagnose focal fat deposit by demonstrating a 

marked decrease in the signal intensity of the lesion on the op-

posed-phase images compared with the in-phase images (Fig. 8).33 

Focal fat sparing is isointense on in-phase images and is hyperin-

tense to the fatty liver which loses signal on the opposed-phase 

images (Fig. 7). Involved areas are usually small, but are occasion-

ally large with confluent heterogeneous regions of focal fat de-

posit (Fig. 9) or sparing.33

A perivascular pattern of fat deposit in the liver is seen as fatty 

halos that surround the hepatic veins, the portal veins, or both 

hepatic and portal veins (Fig. 8). It is shown as tram-like or ring-

like fatty lesions surrounding the vessels depending on the imag-

ing plain,33,34 potentially mimicking metastases or HCCs. The ab-

sence of mass effect, the presence of multiple similar lesions 

surrounding vessels, and the tubular appearance on multiplanar im-

ages can be clues for accurate diagnosis.34 Like other fat deposit le-

sions, signal intensity drop on opposed-phase images compared to 

in-phase images MR is confirmatory for the diagnosis.

Inflammatory lesions

Inflammatory masses such as pyogenic liver abscesses and in-

flammatory pseudotumors are also one of the most common 

causes of false-positive diagnosis for malignancy on imaging.

Pyogenic abscesses demonstrate variable imaging manifesta-

tions on ultrasound depending on the stage of the disease, rang-

ing from hypoechoic solid-looking lesions in the initial stage to 

anechoic change of internal liquefied central portion in organized, 

mature stage. Mature abscesses show an ill-defined, round- or 

Figure 9. Perivascular fat deposition in 63-year-old woman with alcoholic liver cirrhosis. (A) On noncontrast image, there is marked hypoattenuating 
subcapuslar lesion (arrows) in the left lobe. The lesion (arrows) shows heterogeneous enhancement in the arterial phase (B) and shows marked hy-
poenhancement in the delayed phase (C).

A B C

Figure 10. Abscess with portal vein 
thrombosis in 54-year-old woman in 
hepatitis C cirrhosis. On CT scan in the 
portal vein phase (A, B), there is throm-
bosis (arrow) within the portal vein. 
There is an exophytic heterogeneous 
hypoattenuating mass (B, short arrow) in 
the left lobe of the liver. Biopsy revealed 
a pyogenic abscess
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oval-shaped, thick-walled hypoechoic mass with posterior acous-

tic enhancement and often contain septae, debris, or bright punc-

tate echoes representing air. On CEUS, they typically show hetero-

geneous or rim enhancement in the arterial phase followed by 

rapid washout.35 Frequently there are internal non-enhancing liq-

uefied areas that can be a distinctive feature from HCC.14,36 Other 

typical features include a coalescent appearance and a sharp 

boundary of the necrotic cavity, which is similar to the “cluster” 

Figure 11.  Inf lammator y mass in 
66-year-old man with hepatitis C cirrho-
sis. (A) CT in the arterial phase show a 
heterogeneous hypoattenuating mass 
(arrow) in the right lobe of the liver. (B) 
Oblique gray scale ultrasound shows a 
heterogeneous hypoechoic mass (ar-
row) in the liver. CEUS in the arterial (C) 
and venous (D) phase shows no en-
hancement in the lesion, confirming the 
diagnosis of avascular non-tumorous le-
sion (arrow). 
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Figure 12. Inflammatory pseudotumor in 39-year-old man. (A) T2-weighted MR image shows a mildly hyperintense mass (arrow) in the liver. (B) Gado-
linium-enhanced T1-weighted image in the arterial phase shows ill-defined rim-like enhancement (arrow). (C) Delayed-phase gadolinium-enhanced 
T1-weighted MR image demonstrates retention of contrast agent within the mass (arrow) reflecting internal fibrosis. Biopsy revealed an inflammatory 
pseudotumor.
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sign at CT scan. It is a highly suggestive feature of an abscess 

since this feature is infrequently seen in liver tumors.36 On CT 

scan, abscesses most commonly show a rim-like enhancement 

with central non-enhancing areas. Some lesions can be heteroge-

neous with no internal non-enhancing areas, mimicking solid tu-

mors. These lesions occasionally show transient perilesional hy-

peremia on the arterial phase imaging or less commonly a 

regional hypoattenuation secondary to a small hepatic or portal 

venous thrombosis (Fig. 10).37 Clinical signs and laboratory find-

ings of infection are critical to lead a correct diagnosis. Chronic 

inflammatory mass can show no enhancement which is a differ-

entiating feature from malignancy (Fig. 11).

Inflammatory pseudotumor is a rare benign mass of fibroblastic 

proliferation and chronic inflammation, which is frequently misdi-

agnosed as aggressive malignancy.38 As it can regress spontane-

ously and can be managed conservatively, the recognition of the 

suggestive imaging findings is critical to avoid invasive sur-

gery.39,40 Inflammatory pseudotumor usually presents as an ill-de-

fined hypoechoic mass with internal heterogeneity on US. CEUS 

can show arterial-phase hypervascularity and subsequent wash-

out, mimicking the appearance of malignant tumor. On CT or MR, 

inflammatory pseudotumors often show heterogeneous arterial 

phase enhancement and sustained enhancement on the portal 

venous phase which would reflect internal fibrotic components 

(Fig. 12, 13). Some of inflammatory pseudotumors regress on fol-

low up imaging related to dynamic inflammatory changes. Ulti-

mately it needs to be confirmed by biopsy. Previous literature also 

reported frequent development of inflammatory pseudotumors in 

patients with recurrent pyogenic cholangitis.40

Pseudomass in chronic portal vein thrombosis 

When the main portal vein is obstructed by thrombosis, many 

collaterals gradually develop as cavernous transformation.41 Under 

Figure 13. Inflammatory pseudotumor 
in 50-year-old woman. (A) Arterial phase 
CT scan shows a large mass (arrow) with 
heterogeneous enhancement and irreg-
ular intralesional arteries. (B) In the de-
layed phase, the mass (arrow) is hetero-
geneously hypoattenuating. Surgery 
revealed an inflammatory pseudotumor.

A B

Figure 14. Portal vein thrombosis zones in 46-year-old woman with hepatitis B cirrhosis. (A) In the arterial phase, there is a large hypoattenuating 
mass like lesion surrounding the hepatic vessels. (B) In the portal venous phase scan shows extensive chronic portal vein thrombosis. The perivascular 
lesion remains hypoattenuating. (C)  In the delayed phase, the lesion shows isoenhancement to the liver. 
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Figure 15. Confluent fibrosis in 63-year-old 
man with hepatitis B cirrhosis. (A) On T2-
weighted image, there is an irregular hyperin-
tense lesion (arrows) in the right lobe of the 
liver. (B) The lesion is slightly hypervascular in 
the arterial phase (arrows). There is slight cap-
sular retraction of the liver (short arrow). (C) In 
3 minutes delay, the lesion (arrows) is slightly 
hypointense. (D) In the hepatobiliary phase, 
the lesion (arrows) in markedly hypointense.

Figure 16. Confluent fibrosis in 46-year-old 
woman with alcoholic liver cirrhosis. (A) On T1-
weighted MR image, the liver shows hetero-
geneous signal intensity. (B) In the arterial 
phase, there is a heterogeneous hypervascular 
lesion in the subcapsular portion (arrows) with 
mild capsular retraction. (C) In delayed phase, 
the lesion (arrows) shows mild hyperenhance-
ment relative to the liver. (D) On diffusion-
weighted image, the lesion is hyperintense. 
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this circumference, the central zone of the liver parenchyma close 

to the hepatic hilum preferentially receives portal venous flow by 

collaterals more than the peripheral zone of the liver which is dis-

tant from the hepatic hilum,42 thus relatively ischemic peripheral 

zone has compensatory hyperenhancement in the arterial phase. 

Central zone, including the caudate lobe and hepatic parenchyma 

near the hilum, gradually becomes relatively hypertrophic and 

may be seen as a mass-like lesion. These hemodynamic and mor-

phologic changes in chronic portal vein thrombosis are reflected to 

imaging features on contrast-enhanced CT. In the arterial phase, 

the peripheral region with relative atrophy shows arterial-phase hy-

perenhancement whereas the enlarged central zone shows hypoen-

hancement mimicking a large mass. In the delayed phase, the cen-

tral zone shows isoenhancement to the liver (Fig. 14).41,43

Confluent fibrosis

Confluent fibrosis is a focal fibrotic mass as a result of hepatic 

parenchymal destruction in advanced cirrhosis44 and may mimic 

the appearance of HCC.44-46 In most advanced cirrhotic patients 

who need liver transplantation, the differential diagnosis between 

confluent fibrosis and HCC is crucial to properly assign  the eligi-

bility and priority for a transplant.47

Confluent fibrosis is usually seen as a focal, irregular, often 

wedge-shaped mass radiating from the porta hepatis with seg-

mental or lobar distribution and associated capsular retraction on 

imaging.44,46,48 The most commonly involved areas are the anterior 

segment of right lobe and medial segment of left lobe, and  less 

frequently the posterior segment of right lobe.47 Capsular retrac-

tion is the most useful finding to suggest confluent fibrosis and 

may progress as cirrhosis progresses (Fig. 15).47,48 On dynamic 

contrast-enhanced CT or MR imaging, confluent fibrosis mostly 

shows hypo- or isoenhancement relative to the liver in the arterial 

phase, but may show hyperenhancement (Fig. 16). Hyperenhance-

ment in the delayed phase (> 5 minutes) due to fibrosis (Fig. 16) 

is an important differentiating feature from HCC which mostly 

shows hypoenhancement in the delayed phase.44,49 Confluent fi-

brosis is hypointense on T1-weighted image, mildly hyperintense 

Figure 17. Large regenerative nodules 
and confluent fibrosis in 41-year-old 
woman with Budd-Chiari syndrome. (A) 
On T2-weighted image, there are multi-
ple hypointense nodules (arrows). There 
are irregular hyperintense lesions (short 
arrows) representing confluent fibrosis 
associated with Budd-Chiari syndrome. 
(B) In the arterial phase of gadoxetic acid 
enhanced T1-weighted imaging, the 
nodules (arrows) are homogenously hy-
pervascular. (C) The nodules (arrows) re-
main hyperenhancing at 3 minutes de-
lay. (D) The nodules (arrows) are strongly 
hyperintense in the hepatobiliary phase. 
There are irregular hypoenhancing le-
sions representing confluent fibrosis 
(short arrows). 
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on T2-weighted image, and hypointense in the hepatobiliary 

phase of gadoxetic acid enhanced MRI (Fig. 15, 17). Diffusion-

weighted MR imaging might be helpful in differentiating confluent 

fibrosis from HCC by demonstrating relatively higher apparent dif-

fusion coefficient.50

Cholangiocarcinoma

Liver cirrhosis and chronic viral hepatitis is a well-known risk 

factor for development of CC. For this reason, intrahepatic mass-

forming CC is occasionally detected during HCC surveillance al-

though the incidence of CC is much lower than HCC. Large intra-

hepatic CC have distinctive imaging features from HCC, including 

large hypoattenuating mass with peripheral enhancement, pro-

gressive enhancement in dynamic contrast imaging, capsular re-

traction, and frequent biliary dilatation.51,52 However, small intra-

hepatic CC can mimic the appearance of HCC. Because HCCs and 

CCs have different biological features and prognoses, accurate 

differentiation between them is crucial for treatment planning.53

CCs are mostly hypovascular, but small CCs are often hypervas-

cular (Fig. 18).  Peripheral rim-like enhancement and the absence 

of washout are important differentiating features from HCC on CT 

or MRI (Fig. 18). Capsular retraction, if it is seen, is a highly sug-

gestive finding for CC as it is rarely seen in HCC. On CEUS, most 

CCs are hypervascular. Arterial-phase enhancement features and 

the timing of washout are important differentiating features be-

tween CCs and HCCs on CEUS. Peripheral rim-like enhancement 

in the arterial phase is common in CC (Fig. 19), but is rare in HCC. 

CCs show rapid washout mostly begins earlier than 60 seconds 

(Fig. 19), while washout in HCC tends to be later, often beginning 

later than 90 seconds after contrast injection.19 The reason for the 

difference of washout features in CC between CT/MRI and CEUS 

is the different property of the contrast agent: purely intravascular 

contrast in CEUS and nonspecific contrast agent in CT/MRI.54 

Mixed HCC and CC is an uncommon variant of malignancy in cir-

rhotic liver. The imaging findings are determined by the dominant tu-

mor component and imaging diagnosis is often challenging (Fig. 20).55 

Mixed HCC/CC most commonly has an imaging appearance similar to 

Figure 18. Intrahepatic mass-forming CC in 56-year-old woman with hepatitis B. (A) CT scan in the arterial phase shows mass (arrow) with heterogeneous 
hypervascularity.  (B) The mass (arrow) shows persistent hyperattenuation in the delayed phase. (C) The mass (arrow) is hyperintense on T2-weighted MR 
image. (D) On T1-weighted image, the mass (arrow) is hypointense. The mass (arrow) is hyperintense in the arterial phase (E) and delayed phase (F).
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CC and the diagnosis requires biopsy. 

Recent practice guidelines allow that the diagnosis of HCC is mostly 

made by typical imaging findings without biopsy. Therefore, high 

specificity of the diagnostic imaging test for HCC diagnosis is critical. 

Biopsy is needed when there are any suggestive features of CCs. 

Figure 19. Intrahepatic mass-forming cholangiocarcinoma in 56-year-old woman with hepatitis B cirrhosis.  (A) CT in the arterial phase show subcapsular 
hypoattenuating mass (arrow) with peripheral enhancement. (B) In the portal venous phase, the mass (arrow) is hypoattenuating. (C) Contrast enhanced ul-
trasound at 14 seconds show a mass (arrow) with mild peripheral hypervascularity. (D) At 15 seconds the tumor (arrow) shows diffuse heterogeneous hyper-
vascularity. (E) At 28 seconds, tumor shows rapid wash-out. (F) At 108 seconds, the mass (arrow) shows marked wash out and is seen as punched out lesion.
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Figure 20. Mixed hepatocellular carcinoma/cholangiocarcinoma in 61-year-old woman. (A) In the arterial phase, there is hypoattenuating mass (arrow) 
with peripheral enhancement. There is a hypervascular mass (short arrow) in the left lobe, representing focal nodular hyperplasia. The mass (arrow) is 
hypoattenuating in portal venous phase (B) and delayed phase (C). There is central hyperenhancing area in the delayed phase (C).
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Angiomyolipoma

AML is a benign mesenchymal tumor composed of blood ves-

sels, smooth muscle cells, and a varying amount of fat. AML with 

a high amount of fat can be easily diagnosed on imaging; howev-

er, the imaging diagnosis is challenging in AML with relatively 

smaller amount of fat. AML is often hypervascular in the arterial 

phase (Fig. 21) and shows washout, mimicking HCC.56 AML shows 

marked hypointensity in the hepatobiliary phase on gadoxetic ac-

id-enhanced MRI as the lesion does not contain normal hepato-

cytes. Marked homogeneous hypointensity in the hepatobiliary 

phase might be a differentiating finding from HCC which usually 

shows mild hypointensity in the hepatobiliary phase.57 The pres-

ence of early draining vein and the absence of tumor capsule are 

other useful imaging findings for differentiating AML from HCC.58

Focal nodular hyperplasia-like nodules

Large regenerative nodules are associated with abnormal perfu-

sion of the liver and commonly seen in cirrhotic livers related to 

Budd-Chiari syndrome.59 Because many of such nodules have fi-

brous scars at the center of the nodules resembling the typical 

stellate scars of FNH, these nodules are called FNH-like nodules.

On noncontrast CT, large regenerative nodules are hardly per-

ceivable due to isoattenuation compared to the adjacent liver pa-

renchyma. On contrast-enhanced CT and MR, large regenerative 

nodules are usually multiple, homogenous hyperenhancement in 

the arterial and portal venous phase,59 and isoenhancement in the 

delayed phase (Fig. 17, 22).60 Hypointense ring surrounding the 

hypervascular nodule is occasionally seen in the arterial phase 

and may be explained by atrophic tissue in the periphery.60 They 

are typically hyperintense on precontrast T1-weighted images and 

iso- or hypointense on T2-weighted images.61 MRI using gadoxetic 

acid is very useful for differentiating FNH-like nodules from HCC 

as FNH-like nodules show iso- or hyperintensity, due to their 

equal or stronger expression of organic anion-transporting poly-

peptides 8 (OATP8) (Fig. 17).62

On CEUS, FNH-like nodules show strong arterial enhancement 

Figure 21. Fat-deficit angiomyolipoma 
in 43-year-old woman. (A) T1-weighted 
image shows mass (arrow) with multiple 
hyperintense foci representing hemor-
rhagic necrosis in the left lobe.  There 
are two typical hemangiomas (short ar-
rows). Arterial (B) and venous (C) phase 
postcontrast T1-weighted images show 
heterogeneous enhancement with ar-
eas of nonenhancing necrosis. (D) On 
T2-weighted image, the mass shows hy-
perintensity with small areas of hemor-
rhagic necrosis showing fluid-fluid levels. 
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which starts from the center of the lesions and then propagates 

to the peripheral area suggesting centrifugal enhancement pat-

tern (Fig. 22).61 In the portal venous and the delayed liver phase, 

FNH-like nodules become isoenhancement compared to the sur-

rounding liver parenchyma. FNH-like nodules are often small and 

multiple. Multiplicity might be a  differentiating imaging feature 

Figure 22. Regenerative nodule in 53-year-old woman with Budd-Chiari syndrome. (A) CT in the arterial phase shows heterogeneous enhancement of the 
liver, central hypertrophy with hyperenhancement which is characteristic findings of Budd-Chiari syndrome. There is a subcapsular hypervascular nodule 
(arrow). The nodule (arrow) remains hyperattenuating at 3 minutes delay (B). Three consecutive CEUS in the arterial phase (C, D, and E) show hypervascularity 
with centrifugal enhancement of the nodule (arrow). (F) At 3 minutes delay, the nodule (arrow) shows sustained hyperenhancement.
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Figure 23. Hereditary hemorrhagic telangiectasia in 65-year-old woman. Three CT images in the arterial phase (A, B, and C) show early opacification 
of the hepatic vein due to arteriovenous shunt (A) and marked heterogeneous enhancement with ill-defined hypervascular focal abnormalities 
throughout the liver. Common hepatic artery (arrow) is markedly enlarged (C). 
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from HCC.60

Hereditary hemorrhagic telangiectasia

Large confluent vascular masses in HHT are often misdiagnosed 

as diffuse disseminated HCCs. They are defined as large enhanc-

ing areas more than 10 mm of visible conglomerated multiple tel-

angiectasia or large shunts.63 These lesions show hyperenhance-

ment in the arterial phase (Fig. 23) and, unlike HCCs, show 

persistent enhancement in the delayed phase.  

Hepatic perfusion abnormalities in HHT are shown as inhomo-

geneous attenuation of hepatic parenchyma and best seen in the 

arterial phase, but almost always become  isoattenuating in the 

portal venous or delayed phase.64 In contrast to the focal, periph-

erally located, and homogenous feature of the perfusion abnor-

malities in liver cirrhosis,65 the perfusion abnormalities of HHT are 

usually more diffuse and inhomogeneous.2,66 

Focal hepatic lesions in HHT are often associated with arterio-

venous, arterioportal, or portovenous shunts. Arteriovenous 

shunts are most common and are seen as early opacification of 

the hepatic veins in the arterial phase63 and enlargement of both 

hepatic arteries and hepatic veins (Fig. 23). Markedly enlarged 

hepatic arteries are an important clue to the diagnosis of HHT. 

Arterioportal shunts related to HHT show wedge-shaped hyperat-

tenuating areas in the arterial phase, like arterioportal shunts in 

other condition. In addition, there are other typical imaging fea-

tures including early opacification of the portal vein and visualiza-

tion of the enlarged portal vein branches and paired hepatic ar-

tery in the  arterial phase.64,67 Portovenous shunts are rarely seen 

on imaging.63

 

CONCLUSION
 

It is important to be aware of various conditions in the liver that 

can mimic the imaging appearance of HCC. The recognition of the 

potential HCC mimickers and their typical or suggestive findings is 

crucial to avoid false-positive diagnosis of HCC and subsequent 

invasive managements. A multimodality imaging approach along 

with a careful review of clinical and laboratory findings can be 

helpful when in doubt for these potential tumor mimicking le-

sions.
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