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Abstract

Background: Hepatocellular carcinoma (HCC) is unique
among malignancies, and its characteristics on contrastimag-
ing modalities allow for a highly accurate diagnosis. The radio-
logical differentiation of focal liver lesions is playing an in-
creasingly important role, and the Liver Imaging Reporting
and Data System adopts a combination of major features in-
cluding arterial phase hyper-enhancement (APHE) and the
washout pattern. Summary: Specific HCCs such as well or
poorly differentiated type, subtypes including fibrolamellar
or sarcomatoid and combined hepatocellular-cholangiocar-
cinoma do not often demonstrate APHE and washout appear-
ance. Meanwhile, hypervascular liver metastases and hyper-
vascular intrahepatic cholangiocarcinoma can demonstrate
APHE and washout. There are still other hypervascular malig-
nant liver tumors (i.e., angiosarcoma, epithelioid hemangio-
endothelioma) and hypervascular benign liver lesions (i.e.,
adenoma, focal nodular hyperplasia, angiomyolipoma, flash

filling hemangioma, reactive lymphoid hyperplasia, inflam-
matory lesion, arterioportal shunt), which need to be distin-
guished from HCC. When a patient has chronic liver disease,
differential diagnosis of hypervascular liver lesions can be
even more complicated. Meanwhile, artificial intelligence (Al)
in medicine has been widely explored, and recent advance-
ment in the field of deep learning has provided promising
performance for the analysis of medical images, especially ra-
diological imaging data contain diagnostic, prognostic, and
predictive information which Al can extract. The Al research
studies have demonstrated high accuracy (over 90% accura-
cy) for classifying lesions with typical imaging features from
some hepatic lesions. The Al system has a potential to be im-
plemented in clinical routine as decision support tools. How-
ever, for the differential diagnosis of many types of hypervas-
cular liver lesions, further large-scale clinical validation is still
required. Key Messages: Clinicians should be aware of the his-
topathological features, imaging characteristics, and differen-
tial diagnoses of hypervascular liver lesions to a precise diag-
nosis and more valuable treatment plan. We need to be famil-
iar with such atypical cases to prevent a diagnostic delay, but
Al-based tools also need to learn a large number of typical

and atypical cases. ©2022 The Author(s).
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Introduction

Recent advances in imaging have contributed to sig-
nificant improvements in early diagnosis and optimized
patient management. Hepatocellular carcinoma (HCC) is
unique among malignancies due to its characteristics on
contrast imaging modalities, such as computed tomogra-
phy (CT), magnetic resonance imaging (MRI), and ultra-
sonography, which allow for a highly accurate diagnosis
[1-3]. Several guidelines for HCC have been developed
by the use of imaging tests for diagnosis, and the Ameri-
can Association for the Study of Liver Diseases (AASLD)
accepted the Liver Imaging Reporting and Data System
(LI-RADS) criteria in 2018. The LI-RADS assigns a risk
category for HCC to imaging observations in at-risk pa-
tients, and the CT/MRI LI-RADS adopts a combination
of major features (size, nonrim arterial phase hyper-en-
hancement [APHE], nonperipheral washout, enhancing
capsule, and threshold growth) [4]. In the USA, high
specificity is required because patients with HCCs funda-
mentally receive treatment, including liver transplant,
without biopsy for confirmation, and the LR-5 criteria
could succeed to reach near 100% specificity for HCC [5].
APHE and the washout pattern have strong independent
associations with HCC using LI-RADS [6]. Classic HCC
is usually diagnosed by “arterial enhancement with de-
layed washout,” and multiphase contrast-enhanced im-
aging is sufficiently accurate to diagnose HCC based on
typical features on CT/MRI. However, there are many
types of hypervascular liver lesions that need to be differ-
entiated from typical HCC. Then, we sometimes encoun-
ter difficulties in seeing a delicate difference of tumor en-
hancement patterns between HCC and other hypervascu-
lar liver lesions.

Artificial intelligence (AI) in diagnosing diseases is a
hot topic in the medical imaging and is an approach that
analyzes data samples to make diagnoses using mathe-
matical and statistical approaches, allowing machines to
learn without programming. It is expected that a syner-
gistic workflow that combines the experience of radiolo-
gists and the computational power of Al systems may
substantially improve the efficiency and quality of clinical
care. However, when the training datasets was not enough
and the inputs were low in quality, even AI systems can
be unreliable.

We need to be familiar with such atypical cases to pre-
vent a diagnostic delay, but Al needs to learn a large num-
ber of typical and atypical cases as well. The main aim of
this review was to present the typical and atypical imag-
ing characteristics of HCC and other hypervascular liver
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lesions. Furthermore, the motivation behinds our review
was to cover the basic principles of Al systems in diagnos-
tic medical imaging and of their limitations.

Dynamics of Contrast Enhancement

Precontrast, arterial phase, portal venous phase, and
delayed phase are all obtained for CT/MRI with extra-
cellular agents. For MRI with hepatobiliary agents, a de-
lay of 15-20 min for gadoxetic acid and a delay of 1 h for
gadobenate dimeglumine consistently provide high-
quality hepatobiliary phase (HBP) imaging. Delayed
phase is acquired with extracellular agents or gadoben-
ate after the portal venous phase [6]. Transitional phase
is acquired with gadoxetic acid after the extracellular
phase, before the HBP, but typically not obtained with
gadobenate dimeglumine [6]. APHE is defined as en-
hancement in the arterial phase that unequivocally is
greater than that of the surrounding liver [7]. Washout
appearance is defined as a visually assessed temporal re-
duction in enhancement relative to the surrounding liv-
er during the portal venous or delayed phase [7]. The
term “washout appearance” is used as a typical feature
of HCC.

LI-RADS attempts to standardize the interpretation
of potentially complex CT and MRI findings for the di-
agnosis of HCC. Although CT and MRI produce images
in different ways, contrast media for CT and MRI enters
the liver through the hepatic artery and portal vein and
is freely redistributed into the interstitial space [7, 8].
The pharmacokinetics of gadolinium chelates as MRI
contrast agents mimic that of iodinated contrast agents
for CT. Multiphasic CT, extracellular contrast-enhanced
MRI, or gadolinium ethoxybenzyl diethylenetriamine
penta-acetic acid (Gd-EOB-DTPA)-enhanced MRI is
preferred for the diagnosis of HCC [1]. However, the
amount of gadoxetate disodium in Gd-EOB-DTPA is
only approximately 40% that of a conventional Gd-
based agent. Therefore, vascular enhancement may be
weakened on Gd-EOB-DTPA-enhanced MRI. More-
over, APHE can be missed if the arterial-dominant
phase images are acquired too early.

Corona enhancement is observed as a rim of en-
hancement around hypervascular HCC in the late arte-
rial phase and appears to reflect direct drainage into the
surrounding liver tissue [9, 10]. During hepatocarcino-
genesis, intratumor blood drains into the surrounding
liver parenchyma through preserved portal veins within
the capsule; therefore, HCC often shows thick corona
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enhancement (>2 mm). The frequency of thick corona
enhancement was 84.3% in hypervascular HCCand 11%
in focal nodular hyperplasia (FNH) [11]. Thick corona
enhancement is one of the imaging features of hypervas-
cular HCC; however, corona enhancement is not specific
to HCC because thin corona-like enhancement may be
present in hypervascular metastases. Therefore, corona
enhancement is included in the LI-RADS ancillary fea-
tures for favoring malignancy in general, not HCC in par-
ticular [12].

Meanwhile, enhancing capsule is one of the major di-
agnostic features in the CT/MRI LI-RADS. Capsule ap-
pearance is observed as a rim of enhancement around hy-
pervascular HCC in the delayed phase, owing to contrast
material retention within fibrous capsule. However, Gd-
EOB-DTPA starts to accumulate in normally functioning
hepatocytes after administration. The detection of cap-
sule enhancement can be limited due to hepatic paren-
chymal enhancement on MRI [13, 14]. Sensitivity and ac-
curacy for the histologic capsule in the delayed phase on
CT was highest among any phases of contrast enhanced
CT or Gd-EOB-DTPA enhanced MRI. Thus, the capsule
appearance can be noticed in the delayed phase on CT
with high diagnostic performance.

HCC

HCC generally occurs in patients with cirrhosis or
chronic liver disease. Approximately 80% of patients with
newly diagnosed HCC have preexisting cirrhosis or
chronic liver disease. However, HCC may develop in
non-cirrhotic livers and shows similar patterns of en-
hancement to the more common HCC that occurs in cir-
rhotic livers.

Alterations in the hemodynamics of tumors occur dur-
ing multistep hepatocarcinogenesis from a low-grade dys-
plastic nodule to moderately differentiated HCC. Arterial
blood supply in nodules increases during hepatocarcino-
genesis. Vascular collapse due to tumor growth may in-
duce intertumoral hypoxia. In some cases of poorly dif-
ferentiated HCC (p-HCC), tumor cells acquire a meta-
bolic profile of increased glycolysis, which enables them
to proliferate more rapidly under hypoxic conditions [15].
Asaresult, the arterial blood supply decreases when mod-
erately differentiated HCC progresses to p-HCC. There-
fore, most cases of early HCC and p-HCC include hypo-
enhancing areas in the arterial phase (Table 1 and Fig. 1).
Furthermore, p-HCC shows a shorter washout time than
that of moderately differentiated HCC [16].

The enhancement pattern in the HBP on Gd-EOB-
DTPA enhanced MRI has been explained by the expres-

Differential Imaging Diagnosis of
Hypervascular Hepatic Lesions and AI

sion of organic anion-transporting polypeptides and/or
multidrug resistance-associated proteins (MRPs). Most
cases of HCC are hypo-intense in the HBP because of the
low expression of OATP1B3 and high expression of
MRP2. However, 5-10% of HCC are iso- or hyper-in-
tense relative to the liver in the HBP when MRP2 trans-
porters excreting Gd-EOB-DTPA into the bile canalicu-
lus decreased (Fig. 2) [17].

According to the 2019 WHO classification, eight sub-
types defined by molecular characteristics such as steato-
hepatitic, clear cell, macrotrabecular-massive, scirrhous,
chromophobe, fibrolamellar, neutrophil-rich, and lym-
phocyte-rich HCCs were identified [18]. Due to their
unique cellular features, these subtypes may not demon-
strate APHE and washout appearance, creating challeng-
es in imaging diagnosis of HCC [19, 20]. By contrast, sar-
comatoid HCC is now classified under the category of
undifferentiated primary liver cancer. Sarcomatoid HCC
is defined by extremely poor prognosis with a high risk of
recurrence and metastasis. The imaging diagnosis of sar-
comatoid HCC is also challenging because of its atypical
image patterns such as hypodense or heterogeneous en-
hancement with a ring enhancing in the arterial phase
and prolonged peripheral enhancement in the delayed
phase [21, 22]. In addition, combined hepatocellular-
cholangiocarcinoma (cHCC-CC) is also a rare hepatic
malignancy that accounts for <1% of primary liver can-
cers [23]. cHCC-CC has heterogeneous imaging features
because it is a tumor in which both HCC and ICC com-
ponents coexist with various ratios and patterns. A diag-
nosis of cHCC-CC based on mixed patterns on images
(progressive enhancement, arterial enhancement with
washout, and an atypical pattern of arterial enhancement
without washout and/or hypovascular lesions) was previ-
ously shown to have a sensitivity of 48% and specificity of
81% [24].

Other Hypervascular Liver Lesions

Multiphasic CT or dynamic contrast-enhanced MRI is
recommended to be used first because of their higher sen-
sitivity and the analysis of the whole liver by the interna-
tional guidelines on the management of HCC [1-4]. Con-
trast-enhanced ultrasound is a second- or third-line diag-
nosis when CT and MRI are contraindicated or
inconclusive [1-3].

Hypervascular Liver Metastases

Hypervascular metastases typically arise from primary
neuroendocrine tumors, renal cell carcinoma, thyroid car-
cinoma, choriocarcinoma, or melanoma, and the enhance-
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Hypervascular liver tumors/lesions

- Hypervascular
ICC

- AML

- RLH

Arterial phase .

enhancement Hyper | Iso | | Rim | Heterogeneous Wedge

Portal phase | | | |

enhancement | Iso | | Hyper | | Hypo | | Hypo | | Hypo | | Hyper | |Heterogeneous| | Iso/hypo |

HBP enhancement
in MRI | Hypo | | Iso/hyper| | Hypo || Hyper | | Hypo | | Hypo | | Hypo | | Hypo | | Hypo | | Heterogeneous | | Iso/hypo |
- HCC b-HCA H-HCA FNH i-HCA Early - Liver p-HCC - FFH Inflammatory AP shunt
- Hypervascular HCC metastasis - Angio- lesion
liver metastasis -Icc sarcoma

- EHE

Fig. 1. Diagnostic flowchart for HCC and its hypervascular mim-
ics. The procedure is based on the intensity and heterogeneity of
enhancement in the arterial and portal phases on CT/MRI and
HBP on MRI. AML, angiomyolipoma; AP shunt, arterioportal
shunt; EHE, epithelioid hemangioendothelioma; FFH, flash filling

ment pattern such as APHE with washout is similar to or
indistinguishable from that of classic HCC (Table 1 and
Fig. 1). Liver metastases from colon, lung, breast, or gastric
carcinomas generally show enhancement at the peripheral
or perilesional regions in the arterial phase and washout in
the portal venous and/or delayed phase. However, homo-
geneous arterial hypervascularity can be depicted in breast
adenocarcinoma liver metastases though in rare cases [25].

Hypervascular Intrahepatic Cholangiocarcinoma

The predominant radiological image of intrahepatic
cholangiocarcinoma (ICC) is a hypovascular mass with
peripheral enhancement and gradual centripetal contrast
enhancement on dynamic studies because its main path-
ological feature is adenocarcinoma with a fibrotic and hy-
povascular stroma [8]. However, small ICC (<3 cm in di-
ameter) may show atypical enhancement patterns (arte-
rial enhancement and/or washout in the portal venous
phase) typically of a small-duct origin [18] (Fig. 3). This
enhancing behavior can be interpreted by less intratu-
moral fibrosis and abundant vascular stroma. An impor-
tant consideration is the finding of hypervascularity and
arterial phase enhancement on images in approximately
10% of ICC cases [26]. Since hypervascular ICCs are often
seen in cirrhotic livers, the differential diagnosis with

Differential Imaging Diagnosis of
Hypervascular Hepatic Lesions and AI

hemangioma; FNH, focal nodular hyperplasia; HBP, hepatobiliary
phase; HCA, hepatocellular adenoma; b-HCA, B-catenin-activated
HCA; H-HCA, HNF-1la-inactivated HCA; i-HCA, inflammatory
HCA; HCC, hepatocellular carcinoma; p-HCC, poorly differenti-
ated HCG; ICC, intrahepatic cholangiocarcinoma.

HCC can be difficult. However, the combination of APHE
and washout appearance is rarely observed in ICC [27]
(Table 1 and Fig. 1).

Hepatocellular Adenoma

Hepatocellular adenoma (HCA) is a benign tumor that
essentially develops in young women taking oral contracep-
tives. The incidence of HCA is approximately 1-3 million
cases per year in Europe and North America but is lower in
Asia. Four subtypes of HCA are recognized: hepatocyte nu-
clear factor la (HNF-la)-inactivated type, [-catenin-
activated type, inflammatory type, and unclassified type [28,
29]. Additionally, HCAs with (-catenin mutations fre-
quently undergo malignant change and inflammatory
HCAs (i-HCA) commonly bleed. HNF-1la-inactivated
HCAs (H-HCAs) approximately count for 35-40% of all
HCAs. In patients with germline H-HCAs, familial HCA
occurred equally in male and female [30]. These demon-
strate hyper-enhancement in the arterial phase and iso-en-
hancement in the portal venous and delayed phases. i-HCAs
count for 30-35% of all HCAs. These usually show arterial
hyper-enhancement and persistent enhancement in the
portal venous and delayed phases. i-HCAs may show het-
erogeneity or ring enhancement in the HBP images.
B-Catenin activated HCAs count for 20% of all HCAs, occur
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Fig. 2. High signal intensity of HCC in the HBP. A tumor (arrow) presents with low intensity on T1WI (a),
slight hyper-intensity on T2WTI (b), hyper-enhancement in the arterial phase (c), iso-intensity in the portal
phase (d), and hyper-intensity in the HBP (e). A pathological diagnosis of moderately differentiated HCC
was established (f).

more frequently in men (up to 38% of lesions are found in
males), and are only rarely multiple [31]. These can demon-
strate strong arterial enhancement with portal venous wash-
out. Especially, pooled proportion of iso- or hyper-intensity
in the HBP on MRI was 14% among all HCAs, 0% among
H-HCAs, 11% among unclassified HCAs, 14% among i-
HCAs, and 59% among B-catenin-activated HCAs [29].

FNH/FNH-Like Lesion

FNH is not a true neoplasm. It is a benign hepatic le-
sion with a central scar and radiating fibrous cords. It may
be caused by a regenerative response to local vascular

108 Liver Cancer 2023;12:103-115
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anomalies and is seen in patients without chronic liver dis-
ease. The strong homogeneous enhancement of well-de-
lineated, lobular-shaped FNH is observed in the arterial
phase with a hypodense central scar on dynamic contrast-
enhanced CT and MRI [8]. FNH appears isodense in the
portal venous and delayed phases on dynamic contrast-
enhanced CT. The central scar and septations typically
show late enhancement due to the diffusion of contrast ma-
terial into the stroma of the lesion. On dynamic contrast
MR, the lesion is slightly hyper-intense with a hypo-in-
tense central scar in the portal venous phase [8]. In addi-
tion, FNH is typically hyper- or iso-intense in the HBP on
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Gd-EOB-DTPA-enhanced MRI because it comprises
functioning hepatocytes and bile ducts. Overall, 96.9% of
FNH are either iso- or hyper-intense relative to the liver
parenchyma, while 3.1% are hypo-intense in the HBP [32].
Moreover, HBP enhancement was homogeneous in 68% of
FNH lesions, heterogeneous in 18%, and peripheral in 14%
[32] as FNH can have various patterns of imaging features.

FNH-like lesions often occur in patients with alcoholic
liver cirrhosis or liver vessel abnormalities. FNH-like lesions
are multiple, and they can show APHE and hypo-intensity
in the HBP [8]. Then, a case of FNH-like nodule in liver cir-
rhosis might be misdiagnosed as HCC. Some of these nod-
ules are considered as the same entity as i-HCA [33].

Angiomyolipoma

Angiomyolipoma (AML) is a mesenchymal tumor
made up of abnormal blood vessels, spindle cells, and
mature adipocytes, believed to be derived from perivascular
epithelioid cells (PECs), and PEComa is a family of mes-
enchymal tumors arising from PECs including AML.
Hepatic AML is a relatively rare benign mesenchymal

Differential Imaging Diagnosis of
Hypervascular Hepatic Lesions and AI

Fig. 3. Hypervascular ICC. On dynamic contrast-enhanced MRI, a tumor (arrow) shows
heterogeneous enhancement in the arterial phase (a), heterogeneous iso- and hypo-en-
hancement in the portal phase (b), and marked hypo-intensity in the HBP (c). A patho-
logical examination revealed moderately differentiated ICC after hepatic resection (d).

tumor that comprises the three histological components
of blood vessels, smooth muscle, and adipose tissue. The
main characteristics of AML are the presence of both fat
and prominent vascularity in tumor lesions. On plain
CT, AML presents as a well-defined solid heterogeneous
mass containing a markedly hypodense area due to the
fatty component. This fatty component shows hyper-
intensity on both T1- and T2-weighted MRI, which is
suppressed by various fat suppression techniques. In
cases with fat-poor AML, chemical shift imaging (i.e.,
in-phase/out-of-phase) is useful for detecting a small fat
content. Marked enhancement in the arterial phase may
be observed on dynamic CT and/or MRI because of the
vascular component (Table 1 and Fig. 1) (Fig. 4). Although
the frequency of washout on portal phase images was
previously shown to be lower for AML than for HCC,
61.1% of AML were still hypo-intense in the portal
phase [34].

Variations have been reported in the imaging charac-
teristics of hepatic AML that appear to be dependent on
the proportions of its different components. Difficulties
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are still associated with accurately diagnosing AML; how-
ever, drainage via the hepatic veins may be a key feature
for differentiating it from fat-containing HCC that main-
ly drains into the portal vein. Dynamic CT may achieve
detection frequencies of 80-83.3% for early draining
veins in patients with AML [35].

Primary Hepatic Malignant Vascular Tumors

Primary hepatic malignant vascular tumors are a rare
type of tumor that comprises different vascular compo-
nents and may be characterized by its malignant potential
(epithelioid hemangioendothelioma, PEC tumor, and
solitary fibrous tumor) and malignancy (angiosarcoma)
[35]. On CT and MRI, most primary hepatic malignant
vascular tumors are ill-defined, heterogeneous, hypervas-
cular masses with centripetal progressive enhancement
and possibly calcification. Solid components are signifi-
cantly enhanced in the arterial phase (Table 1). Epitheli-
oid hemangioendothelioma and solitary fibrous tumors,
including hemangiopericytoma, may present with arte-
rial enhancing rim and hypo-enhancement in the portal
venous phase, while hepatic angiosarcoma shows rim or
irregular nodular enhancement in the arterial phase and

110 Liver Cancer 2023;12:103-115
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Fig. 4. Hepatic AML. A tumor (arrow) shows strong arterial enhancement (a), washout
in the portal phase (b), and marked hypo-intensity in the HBP of MRI (c). Tumor cells
stained positive for HMB-45 (monoclonal antibody specific for human melanosomes),
which is a marker of AML (d).

centripetal enhancement in the portal venous phase
(Fig. 5) [36, 37]. In the HBP of Gd-EOB-DTPA-enhanced
MRI, primary hepatic malignant vascular tumors have
predominantly low signal intensity [36, 37].

Flash Filling Hemangioma

The majority of hepatic hemangioma typically shows
peripheral nodular enhancement with gradual central fill-
in and sustained enhancement [8]. However, flash filling
hemangioma (FFH) is a subtype of hepatic hemangioma
and is also known as high flow hemangioma or capillary
hemangioma. This subtype composes of 16% of all hepatic
hemangiomas. FFH is generally smaller in size (<2 cm) and
often shows complete homogeneous enhancement in the
arterial phase without a central fill-in pattern on CT and
MRI (Table 1 and Fig. 1). The washout of FFH (lower at-
tenuation than in the parenchyma) is not common. How-
ever, approximately 50% of FFH shows iso-enhancement
in the transitional or delayed phase (Fig. 6) [38].

Reactive Lymphoid Hyperplasia or Pseudolymphoma
Reactive lymphoid hyperplasia of the liver, also
known as hepatic pseudolymphoma, is a rare hepatic
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Fig. 5. Hepatic angiosarcoma. On contrast administration, early arterial peripheral vascularity in segment V (a),
a tumor was seen with centripetal enhancement in the portal (b) and equilibrium phases (c). The tumor cells are
spindle-shaped, with ill-defined borders, a slightly eosinophilic cytoplasm, hyperchromatic elongated nuclei; mi-
totic figures are frequently seen on a hematoxylin eosin staining image (d), and CD34 immunostaining highlights
the tumor cells along with blood vessels (e).

nodular lesion that forms a liver mass that typically
shows polyclonal lymphocytic cell proliferation with-
out prominent nuclear atypia, with the formation of
follicles and germinal centers. The prognosis of hepat-
ic reactive lymphoid hyperplasia is favorable because of
the low risk of recurrence or progression to lymphoma.
A low-density lesion on plain CT, mild to moderate en-
hancement in the arterial phase, and hypodense areas
in the portal phase may be observed (Table 1 and
Fig. 1). MRI generally shows hypo-intensity on T1-
weighted images, hyper-intensity on T2-weighted im-
ages, hypervascularity in the arterial phase, hypodense

Differential Imaging Diagnosis of
Hypervascular Hepatic Lesions and Al

areas in the portal phase, and is unclear in the delayed
phase [39]. Furthermore, hyper-intensity on diffusion-
weighted imaging and hypo-intensity in the HBP have
been reported [40].

Inflammatory Lesion

Inflammatory lesions of the liver include liver abscess,
inflammatory pseudotumor, and granulomatous inflam-
mation. Although imaging features vary according to the
inflammatory stage, multiphasic CT depicted peripheral/
rim enhancement during the arterial phase in 82.5% and
heterogeneous contrast enhancement with hypodense ar-
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eas during the delayed phase in 77.0% [41]. Gd-EOB-DT-
PA-enhanced MRI showed peripheral rim-like enhance-
ment in 77.8% [41]. In these cases, the major issue is to
distinguish inflammatory lesions of the liver from atypi-
cal HCC, ICC, metastatic tumor.

Arterioportal Shunt

Hepatic arterioportal (AP) shunt is a type of hemo-
dynamic abnormality such as a macroscopic AP fistula
or transtumoral shunt. It sometimes demonstrates a
peripheral, wedge, or cone-shaped hyper-enhancing
area with a straight margin and/or contains normal
vessels. In addition, imaging findings such as the grad-
ual decrease of hyper-enhancement and no corona en-
hancement may be helpful for differential diagnosis.
AP shunt usually shows iso-enhancement in the HBP
on Gd-EOB-DTPA-enhanced MRI. However, it should
be noted that AP shunt may show slightly hypo-en-
hancement in the HBP due to locally impaired hepato-
cytic function [8]. When AP shunt showed a round

112 Liver Cancer 2023;12:103-115
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Fig. 6. FFH. FFH (arrow) shows iso-intensity on T1WTI (a) and
very high-intensity on T2WI (b). Gadoxetate disodium-en-
hanced MRI depicts arterial vascularity (c), slightly hyper-en-
hancement in the portal phase (d), iso-enhancement in the tran-
sitional phase (e), and a clear defect on HBP image (f).

shape, this may complicate the differential diagnosis.
Moreover, considerable overlap between AP shunt and
HCC is observed.

Al in Diagnostic Medical Imaging

Basics and Background

Al refers to the ability of a machine to simulate human
intelligence [42]. Deep learning which is a sub-discipline
of Al is designed using numerous layers of convolutional
neural networks (CNNs). Each of neural networks pro-
vides a different interpretation of the data that has been
fed to them, and deep learning can allow analysis of un-
structured data and automated identification of features.
Training data are the key input for learning, and having
the right quality and quantity of data sets is very impor-
tant to get accurate results. Insufficient data will impair a
model prediction accuracy, while more than enough data
can give the best results.

Minami/Nishida/Kudo



Supervised learning, unsupervised learning, and rein-
forcement learning are the three major paradigms for
deep learning [42]. Supervised learning requires paired
data samples for the inputs and the correct outputs. The
algorithm measures its accuracy through the loss func-
tion, adjusting until the error has been sufficiently mini-
mized. Unsupervised learning models work on their own
to discover the inherent structure of unlabeled data. How-
ever, unsupervised learning models are computationally
complex because they need a large training set to produce
intended outcomes, and powerful tools are needed for
working with large amounts of unclassified data. Rein-
forcement learning determines the optimal behavior in an
environment to obtain maximum reward over time. Al-
though no straightforward loss function is available in the
reinforcement learning technique, the main drawback of
reinforcement learning is that parameters may influence
the speed of learning. Two categories of Al in liver imag-
ing are radiomics (relying on classical machine learning)
and deep learning systems (relying on CNNs). They are
considered supervised learning approaches because both
approaches aim to predict a pre-defined ground truth.

Present and Future Perspectives

Potential applications of Al for diagnosis of focal liver
lesions (FLLs) include lesion detection, lesion tracking
over serial examinations, imaging feature characterization,
and LI-RADS categorization. Das et al. [43] introduced a
new methodology for the automatic detection of liver tu-
mors in CT images. A total of 225 images were used in this
work to develop the proposed model. After tumor seg-
mentation, three types of FLLs such as HCC, liver metas-
tasis, and hemangioma were automatically classified.
Thus, 99.38% accuracy for classification could beachieved.
From multiple sequences of Gd-EOB-DTPA-enhanced
MRI, Al-based application achieved an area under the
curve (AUC) of 0.98 for accurate differentiation of FLLs
including HCC, liver metastasis, and FNH [44]. Moreover,
a 92% accuracy, a 92% sensitivity, and a 98% specificity
could be demonstrated for classifying lesions with typical
imaging features from six FLLs including HCC, ICC,
colorectal cancer metastasis, hemangioma, FNH, and sim-
ple cyst [45].

Yamashita R et al. [46] developed a CNN model for
assigning LI-RADS categories to liver observations on
multiphase CT and MRI using a relatively small dataset
through transfer learning and data augmentation tech-
niques. For model development, a dataset comprising
axial multiphase contrast-enhanced images in the Joint
Photograph Experts Group (JPEG) format was used,

Differential Imaging Diagnosis of
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and images were annotated with corresponding obser-
vation diameters. In total, the LR-Atlas dataset included
314 observations: LR-1/2 (n = 89), LR-3 (n = 62), LR-4
(n = 65), and LR-5 (n = 98). Two distinct models were
developed using two CNN architectures, and the trans-
fer learning model outperformed the custom-made
model: overall accuracy of 60.4% and AUCs of 0.85,
0.90, 0.63, 0.82 for LR-1/2, LR-3, LR-4, LR-5, respec-
tively. However, the transfer learning CNN had an infe-
rior performance on external CT and MRI datasets than
on the internal held-out test set because the inputs were
not high in quality as a result. The transfer learning
model interpreted geographic fat deposition, confluent
fibrosis, hypertrophic pseudomass, nodule-like APHE,
and distinctive LR-1/2 observations as malignant hepat-
ic nodules. Recently, the systematic review report stated
that radiomics or deep learning systems have high per-
formances in liver nodules classification, sometimes
similar or better than human evaluation [47]. The best
performance of deep learning was an AUC of 0.95 on
MRI, and the best performance of radiomics was AUC
0f0.98 either on CT and MRI, while the lower ones were,
respectively, AUC of 0.63 either on CT and MR for DL
and AUC of 0.70 on CT for radiomics.

Although the results showed their potential reliabil-
ity as a powerful tool that can improve clinicians’ per-
formances, Al-based tools have not yet reached full di-
agnostic potential. Despite the latest innovations in
machine learning technology, AI systems still do not
provide information about the factors used in deci-
sion-making in a manner that can be understood by
radiologists and physicians, which prevents them from
incorporating their results into an informed decision-
making process [48-50]. AI systems showing high ac-
curacy in a more transparent manner are more likely
to gain clinical acceptance. However, the medical pro-
fession will never be replaced by Al in the future. We
should not accept the predictions of Al models without
questioning and be aware of the limitations for accep-
tance and utilization of AI-based tools as much as their
abilities.

Conclusion

This review comprehensively describes atypical HCC
enhancement patterns for different histological grades as
well as the key points for an imaging diagnosis of a benign
and malignant hypervascular liver tumor that needs to be
differentiated from HCC. When a patient has chronic liv-
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er disease, differential diagnosis of hypervascular liver le-
sions can be even more complicated. Therefore, familiar-
ity with these mechanisms, causes, types, degrees, imag-
ing features, and differential diagnoses of hypervascular
liver lesions will allow the clinicians to make a precise
diagnosis and provide the more valuable treatment plan
for patients.

The use of Al is growing rapidly in the medical field,
especially in diagnostics. The Al system has a potential to
be implemented in clinical routine as decision support
tools. However, for the diagnosis of various types of hy-
pervascular liver lesions, this still requires further large-
scale clinical validation.
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