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KEY POINTS

e A combination of MRI features — including contrast on T1/T2WI, homogeneity, dynamic enhance-
ment profile, lack of capsule, presence of a typical central stellate area - is required for the diag-
nosis of focal nodular hyperplasia. These features remain specific even in male patients or in
FNH lesions containing fat. However, isolated central stellate areas or hyperintensity on hepatobili-
ary phase acquisitions can be observed in other lesions, including malignant lesions.

o Different subtypes of hepatocellular adenomas — including inflammatory HCA, HNF1a-inactivated
HCA, and B catenin-mutated HCA - are associated with specific MRI features including native
T1IP/OP, T2, dynamic enhancement profile, and various uptake patterns on hepatobiliary phase af-
ter liver-specific contrast agent injection. Nevertheless, some other features can be misleading,
mimicking focal nodular hyperplasia or malignant lesions.

e Hepatic cysts and liver hemangiomas are common incidental findings in liver MRI. However, some
features, such as septations or internal heterogeneous content within a cyst, should be analyzed
carefully. Moreover, some atypical hemangioma presentations can be misleading, and sometimes
formal diagnosis by pathology is warranted to exclude malignant lesions.

e The specific features associated with benign liver lesions can only be assessed provided that
chronic liver disease or underlying primary malignant lesions have been excluded, using clinical,
biological and radiological data.

INTRODUCTION hyperplasia (FNH), hepatocellular adenoma
(HCA), hepatic cysts, hemangioma, angiomyoli-
poma, and pseudotumors, such as inflammatory
pseudotumors or hepatic granulomas. However,
beyond the specific and classical MRI features,
some lesions may present atypical patterns. More-
over, arterial phase hyperenhancement, often pre-
sent in benign liver lesions, can be seen in
malignant lesions such as hepatocellular carci-
noma. Hence, accurate analysis of clinical and
biological contexts is mandatory to optimize our
diagnostic performance. The objective of this
investigation was, therefore, to review the specific

Focal hepatic lesions are frequently discovered
incidentally on cross-sectional imaging or abdom-
inal ultrasound,’? and in the general population, a
vast majority of those incidental findings are
benign entities.” However, the formal diagnosis
of benign liver lesions is not always straightforward
and may require advanced imaging modalities,
such as MRI with hepatobiliary contrast agent or
contrast-enhanced ultrasound (CEUS).® This re-
view presents the typical features of the main
benign liver lesions, including focal nodular
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Fig. 1. Typical sonographic features of focal nodular hyperplasia. Color Doppler examination reveals the presence
of a penetrating arterial vessel (A), and shear wave elastography shows high stiffness values (B). On contrast-
enhanced ultrasound, after the injection of 2.4 mL of sulfur hexafluoride SonoVue, the lesion was enhanced
in the arterial phase, demonstrating a typical spoke-wheel aspect with centrifugal distribution (C).

presentations of benign liver tumors and to illus-
trate their diagnostic pitfalls.

HEPATOCELLULAR LESION
Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) is the most
frequent benign hepatocellular lesion,? even if ac-
cording to the WHO classification, FNH is not a
true neoplasm but rather a mass-forming hyper-
plastic response of hepatocytes related to local-
ized vascular abnormalities.* In 80% to 90% of
cases, FNH is discovered in young women and
rarely in men.* The background liver is usually
normal, but FNH can occur in association with
vascular diseases.®>® Usually, the lesions are inci-
dentally found on ultrasound, where FNH shows
variable nonspecific patterns of appearance on
grayscale US and may sometimes only be
detected because of the displacement of the sur-
rounding vessels.” Typically, color Doppler exam-
ination reveals the presence of penetrating arterial
vessel branching from the hepatic arterial tree
directed toward the lesion. The presence of a sin-
gle central artery is seen in up to 77% of FNHs,
and it is not correlated with the size of the lesion.®
Few studies have focused on shear wave elastog-
raphy values for the characterization of focal liver
lesions, describing high stiffness values when
compared with the surrounding liver and signifi-
cantly higher values than other benign lesions.®
However, they have failed to differentiate these
focal liver lesions from hepatocellular adenoma
(HCA).™°

Hence, a second imaging examination is often
required to provide a formal noninvasive diag-
nosis. This can be achieved with contrast-

enhanced ultrasound (CEUS) or MR imaging, as
specific features have been associated with both
techniques.”

With CEUS, FNH enhances at the early arterial
phase (ie, 10-15 s after injection) and becomes ho-
mogeneously isoechoic after 30 s in most cases. It
has been associated with two specific features:

e A spoke-wheel aspect, encountered in 20%
to 25% of lesions;

e A centrifugal filling, more frequent in lesions
smaller than 3 cm.2

A summary of typical sonographic features of
FNH is presented in Fig. 1.

However, CEUS shows reduced sensitivity in
diagnosing FNH lesions larger than 35 mm,%14
and MRl is usually required in that setting.

On MR, the diagnosis of FNH is based on a
combination of features, using seven major criteria
to assess a proper diagnosis,® %1% summarized in
Box 1 and illustrated in Fig. 2.

However, it is crucial to remember that an iso-
lated feature is not sufficient for a confident diag-
nosis of FNH. For instance, an isolated central
stellate area can be present in a wide range of liver
tumors, including malignant lesions, as illustrated
in Fig. 3.

In contrast to specificity, the sensitivity of MRI
for an FNH diagnosis lags below 100%,'"~'°
mainly because of the lack of a central element
for lesions measuring less than 3 cm.2° As CEUS
can be misleading for lesions greater than
3.5 cm,?° use of MRI with hepatobiliary contrast
agents—i.e., gadobenate dimeglumine (Gd-
BOPTA, Multihance, Bracco, Milan, Italy) or
gadoxetate disodium (Gd-EOB-DTPA, Eovist or
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Box 1
Major criteria on MRI for the diagnosis of focal
nodular hyperplasia

e Native contrast close to that of the liver: Not
different from the liver before contrast injec-
tion, that is, iso- or hypointense on T1-
weighted images and iso- or slightly hyperin-
tense on T2-weighted images

e Homogeneity apart from the central scar

e Central stellate area: Presence of a central hy-
pointense area on T1-weighted images and
strongly hyperintense on T2-weighted
images

e Dynamic enhancement profile: Intense and
transient enhancement in the arterial phase
without washout

e No capsule
e Lobulated aspect

e Absence of underlying chronic liver disease or
clinical history of cancer

Primovist, Bayer Healthcare Pharmaceuticals,
Whippany, NJ, USA)—can increase the sensitivity
or the diagnosis of FNH.?" In accordance with the
molecular background where FNH demonstrates
increased expression of OATP,?2724 FNH appears
iso- or hyperintense on hepatobiliary-phase MRI
in 94%-97% of cases,?! with four main patterns:
homogeneously hyperintense, inhomogeneously
hyperintense, isointense and hypointense-with-
ring.2®

Focal Benign Liver Lesions

Several atypical presentations of FNH have
been reported, often leading to targeted liver bi-
opsy for final diagnosis. One common pitfall in
FNH imaging is the presence of internal steatosis.
Even if the presence of fat within the hepatocytes
in FNH is not rare—as prior studies have found
that up to 50% of FNHs contain fat on pathologic
analysis®®?” —it is less commonly seen on MRI,
as only 10% of all FNHs demonstrate signal
drop-out on out-of-phase imaging.?® Although fat
content can be misleading in some MRI se-
quences; however, it should not reduce the diag-
nostic confidence if all the major criteria are
present,?® as illustrated in Fig. 4.

More rarely, FNH can appear atypical in almost
all sequences, with particularly high signal inten-
sity on T2WI sequences and persistent enhance-
ment in the enhanced delayed phase, suggestive
of inflammatory changes, as illustrated in Fig. 5.
Such atypical presentation is usually related to
an unusually marked sinusoidal dilatation within
FNH lesions.?® This presentation should not be
mistaken for inflammatory hepatocellular ade-
noma, and targeted liver biopsy can often be pro-
posed in this setting if hepatobiliary phase (HBP)
MRI and/or CEUS appear nonconclusive.

Finally, although FNHs are rare in men, this situ-
ation can occur, and similar to the presence of in-
ternal fat, a typical appearance on MRI should not
lead to questioning the diagnosis even if particular
attention to all atypical features is mandatory in
that setting.®°

Fig. 2. Typical MRI features of FNH. Lobulated lesion, slightly hyperintense on T2-weighted fat-saturated image

(A) and isointense on T1-weighted fat-saturated image (B). After injection of gadobenate dimeglumine (0.1 mL/
kg), the lesion shows homogeneous arterial phase hyperenhancement (C) without washout in the portal venous

phase (D) or delayed phase (E). There is a central element (arrowhead) that is hyperintense on T2-weighted fat-
saturated image and hypointense on T2-weighted fat-saturated image with delayed hyperenhancement. In the
hepatobiliary phase (F), the lesion demonstrates homogeneous hyperintensity consistent with increased uptake
of the contrast agent, promoted by increased OATP expression on a molecular basis.
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Fig. 3. Pitfall of a lesion with central element. Pedunculated lesion, hypointense on T1-weighted fat-saturated
image (A), slightly hyperintense on T2-weighted fat-saturated image (B), demonstrating arterial phase hyperen-
hancement after injection of gadobenate dimeglumine (0.1 mL/kg) (C) with washout in the delayed phase (D),
apart from delayed hyperenhancement of a central element. In the hepatobiliary phase (E), the lesion was hypo-
intense with only central accumulation of gadobenate dimeglumine. The final diagnosis determined by pathol-

ogy was mixed hepatocholangiocarcinoma.

HCA

Hepatocellular adenomas (HCAs) are rare benign
hepatocellular tumors that mainly develop in
young women.®'=32 The main risk factors are oral
contraceptive use in reproductive-age women
and obesity and androgen exposure in men.34-36
The two main complications are tumor hemor-
rhage and malignant transformation, which can
both justify liver resection in high-risk patients.®”

A few years ago, the European Association for
the Study of the Liver (EASL) issued recommenda-
tions for the management of HCA,%” acknowl-
edging that the risk of complications is mostly
influenced by tumor size and patient sex.®®:°
Moreover, the subtyping of HCA should also be
considered as different subtypes are associated
with different outcomes.?#4%4! In 2017, a new
classification identified five main subgroups®*42:

Fig. 4. Example of steatotic focal nodular hyperplasia. Lobulated lesion with homogeneous dropout of signal on
the T1-opposed-phase-weighted image (A+ B), with otherwise typical features of focal nodular hyperplasia on
T2-HASTE (C), T2-weighted fat-saturated image (D), arterial phase (E), and delayed phase (F).
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Fig. 5. lllustration of atypical FNH with sinusoidal distension. Heterogeneous lesion with irregular margins, con-
taining area hyperintense on T2-HASTE fat-saturated image (A) and hypointense on T1-weighted fat-saturated
image (B) corresponding to sinusoidal distension. The lesion showed arterial phase hyperenhancement after in-
jection of gadobenate dimeglumine (0.1 mL/kg) (C), without washout in the portal venous phase (D) and delayed
phase (E). The lesion exhibited peripheral uptake in the hepatobiliary phase (F), consistent with the final patho-
logic diagnosis of focal nodular hyperplasia.

e HNF1«-inactivated HCA (HHCA) accounts for hyperintensity on T2-weighted images and

35%-40% of HCA and is characterized by
biallelic inactivation of hepatocyte nuclear fac-
tor 1 alpha, thus explaining its association with
maturity-onset diabetes of the young (MODY).
HHCAs are usually multiple and, importantly,
associated with a low risk of malignant trans-
formation or bleeding. In pathologic analysis,
HHCAs are characterized by marked steato-
sis, and their diagnosis is based on immuno-
histochemistry  (IHC) to  detect a
downregulation of the expression of liver fatty
acid-binding protein (LFABP). On MRI, a
diffuse and homogeneous drop in signal in-
tensity on out-of-phase T1-weighted MR im-
ages has a sensitivity between 87% and
91% and a specificity between 89% and
100% for the diagnosis of HHCA.*344 Typical
HHCAs are also usually iso- or hypointense on
T2-weighted images with fat suppression se-
quences and demonstrate faint arterial
hyperenhancement.*®

Inflammatory HCA (IHCA) accounts for 35%-—
45% of all HCAs. IHCA is defined by activation
of the IL-6/JAK/STAT pathway, leading to an
inflammatory reaction. The main risk factors
are estrogen exposure, obesity, alcohol use,
and glycogen storage diseases. This subtype
is associated with a high risk of bleeding. On
IHC, there is specific overexpression of
C-reactive protein (CRP) and serum amyloid
A (SAA). On MRI, the combination of marked

persistent enhancement in the delayed phase
has a sensitivity between 85% and 88% and a
specificity between 88% and 100% for the
diagnosis of IHCA.*>%* In addition, IHCA
tended to appear hyperintense on T1 FS-
weighted imaging (WI) precontrast, particu-
larly when associated with underlying hepatic
steatosis. Moreover, given its association with
obesity, internal fat is not rare in IHCA, as illus-
trated in Fig. 6, and careful analysis of the
other sequences, in particular signal intensity
on T2 FS WI, is crucial to avoid mistaking
IHCA for HHCA.

B-catenin-activated HCA (BHCA) accounts for
15%-20% of HCAs. The main risk factors are
androgen exposure, liver vascular disease,
and glycogen storage diseases, which ex-
plains why it is more common in men. Approx-
imately 50% of this subtype is associated with
inflammatory changes. This subtype includes
different subgroups according to the type of
deletion in CTNNB1. Hence, exon 3 involve-
ment is associated with high activation of the
B-catenin pathway although exon 7 and 8
involvement is linked to low activation of the
B-catenin pathway. Importantly, only high
activation of the B-catenin pathway is associ-
ated with a high risk of malignant transforma-
tion.3* In IHCA, pathologic diagnosis is based
on the strong homogeneous cytoplasmic
expression of glutamine synthetase with
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Fig. 6. IHCA-containing fat. Fat-containing lesion, with nondiffuse dropout of signal in the opposed phase (A, B),
mildly hyperintense on T2-weighted fat-saturated image (C), isointense on T1-weighted fat-saturated image (D)
with arterial phase hyperenhancement (E), and persistent enhancement in the delayed phase (F) consistent with

the diagnosis of inflammatory adenoma.

nuclear positivity for B-catenin. However,
those features are missing when the activation
of B-catenin is lower (ie, involving exons 7 and
8), and screening for B-catenin mutations by
molecular analysis is usually needed. Unfortu-
nately, there are no validated imaging features
for B-catenin-activated HCA to date, even
though prior reports have shown that BHCA
can demonstrate arterial phase hyperen-
hancement and wash out in the delayed
phase, thus mimicking hepatocellular
carcinoma.*3

e Sonic Hedgehog HCA (shHCA). This recently
described subtype remains rare, accounting
for less than 5% of HCA. There is an important
association with obesity, and there is a high
risk of bleeding. Unfortunately, to date, the
diagnosis of shHCA on imaging remains un-
clear.#946:47 As with BHCA, there are no spe-
cific MRI features, but a prior case report
showed that shHCA could present peculiar in-
tratumoral fluid cavities.*®

e Finally, less than 5% of HCAs are still unclas-
sified with no recognized molecular abnormal-
ity or IHC markers.

A summary of the main subtypes of HCA is pro-
vided in Table 1

Hence, using extracellular contrast agent, only
the two main subtypes can be characterized with
confidence on MRI, and a prior report showed
that CEUS cannot be used in that setting.*®

In the hepatobiliary phase on MRI, HCA typically
appears hypointense, which can be useful for dif-
ferentiation from FNH.5%5" However, several

recent studies have reported HCAs showing iso-
or hyperintensity on HBP in up to 26% to 67% of
cases,’?%* especially following the injection of
Gd-BOPTA. In most series, such iso- or hyperin-
tensity was depicted in IHCA.52-°¢ However, this
is in contradiction to the molecular background
of IHCA, as OATP expression has been shown to
be lower than that of the adjacent liver.?45” Hence,
HCA showing iso- or hyperintensity on the hepato-
biliary phase could correspond to two different
situations®®:

e In lesions showing reduced contrast uptake
on HBP, mainly IHCA, signal hyperintensity
on HBP is not due to contrast uptake but to
pre-existing signal hyperintensity on precon-
trast images and underlying hepatic steatosis,
illustrated in Fig. 7.

e In lesions with true contrast uptake, specif-
ically associated with marked activation of
the B-catenin pathway,>® which is consistent
with the molecular background, prior studies
have shown that OATP expression is persis-
tent in BHCA,?4%0 as illustrated in Fig. 8.

Hence, HBP uptake does not always corre-
spond to FNH but could also correspond to
BHCA. Moreover, diagnosis can be challenging,
as both usually develop in young patients, and
both can demonstrate a central element on
MRI,®" as illustrated in Fig. 9.

Moreover, in addition to benign hepatocellular
lesions, HBP uptake should always be analyzed
carefully, and differentiated hepatocellular carci-
noma or nonhepatocellular lesions with fibrotic
stoma can demonstrate hyperintensity on HBP.6?
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Table 1

Summary of the main subtypes of HCA

Subtypes

HNF1a-Inactivated
HCA

Inflammatory HCA

B-Catenin-activated HCA

Sonic Hedgehog HCA

Unclassified

Frequency
Risk factors

Specific staining
on IHC

Main
complications

Specific MRI
features

35%-40%
HNF1a germline

LFABP-

Diffuse and
homogeneous
drop of signal on
opposed phase

35%-45%

Obesity

Alcohol use

Glycogen storage
disease

CRP++
SAA++

Hemorrhage

Marked hyperintensity
on T2 and persistent
enhancement on
delayed phase

15%-20%
Androgen

Liver vascular disease

glycogen storage
disease

GS +++

B-catenin +

High risk of
malignant
transformation

No specific imaging
feature associated
with an uptake on
the hepatobiliary
phase

GS+

No specific
imaging
feature

5%
Obesity

PTGDS +
ASS1+

Hemorrhage

No specific imaging
feature

<5%
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Fig. 7. Illustration of inflammatory adenoma hyperintensity in the hepatobiliary phase. Marked hepatic steatosis
with homogeneous dropout of signal on the opposed-phase-weighted image (4, B), with hyperintense lesion on
T2-weighted fat-saturated image (C), hyperintense on T1-weighted fat-saturated image (D), with marked arterial
hyperenhancement after injection of gadobenate dimeglumine (0.1 mL/kg) (E) and persistent enhancement on
the portal venous phase (F) and delayed phase (G). The hyperintensity on the hepatobiliary phase (H) seen
here was related to pseudouptake in the lesion that was intrinsically hyperintense compared with the surround-
ing liver parenchyma due to diffuse hepatic steatosis.

There is no clear added value of metabolic imag- NONHEPATOCELLULAR LESIONS

ing in HCA evaluation; however, an important
pitfall is the usual avidity of HHCA on 18F-FDG
PET/CT, as shown in Fig. 10, more so than the
other HCA subtypes,®® which mimics metastasis®

Hepatic Cysts

Hepatic cysts are the most prevalent liver lesions
in the general population and can be found in
5%-18% of the general population.®®%” On US,

on metabolic imaging, in particular given that this
subtype is commonly associated with
adenomatosis.®

the characteristic imaging features are a round
and completely anechoic structure, with

Fig. 8. B-Catenin-activated adenoma hyperintensity in the hepatobiliary phase. Large lesion hypointense on fat-
saturated T2-weighted fat saturated image (A), without diffusion restriction (B), isointense on T1-weighted fat-
saturated image (C), with arterial hyperenhancement after injection of gadobenate dimeglumine (0.1 mL/kg) (D)
and no washout in the delayed phase (E). In the hepatobiliary phase (F), the lesion demonstrated hyperintensity
consistent with a true increased uptake of gadobenate dimeglumine (0.1 mL/kg).
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Fig. 9. Pitfall of lesion with central element hyperintensity in the hepatobiliary phase. Focal lesion slightly hyper-
intense on T2-weighted fat-saturated image (A), Isointense on T1-weighted fat-saturated image (B), demon-
strating arterial hyperenhancement after injection of gadobenate dimeglumine (0.1 mU/kg) (C) without
washout in the portal venous (D) or delayed phase (E) with homogeneous uptake in the hepatobiliary phase
(F). T2 hyperintensity and minimally heterogeneous enhancement in the arterial phase were not typical for focal
nodular hyperplasia. The final diagnosis made through pathology was an inflammatory B-catenin-mutated
adenoma.

circumscribed margins, posterior acoustic
enhancement, and no internal nodularity on color

lesions, usually multiple and measuring less than
15 mm in diameter.%®

Doppler interrogation. On CT, cysts are homoge-
neous fluid attenuation structures, with sharp mar-
gins and no internal or mural enhancement. On
MRI, they are homogenously markedly hyperin-
tense on T2-weighted sequences, like urine, bile,
and cerebrospinal fluid, with low signal on T1-
weighted imaging and without any enhancement
or restricted diffusion. Differential diagnosis mainly
includes biliary hamartomas or von Meyenburg
complexes, which are benign developmental

Rarely, hepatic cysts can demonstrate compli-
cations such as hemorrhage.®® In those situations,
differential diagnosis between a hepatic cyst and a
ciliated hepatic foregut cyst (CHFC) can be trou-
blesome.”® CHFC is a rare solitary benign hepatic
cyst appearing histologically similar to broncho-
genic and esophageal duplication cysts. The ma-
jority of CHFCs are incidentally found either on
imaging or intraoperatively.”" Typically, a CHFC
is a solitary lesion measuring less than 3 cm and

Fig. 10. HNF1a-inactivated HCA with hypermetabolism on 18F-FDG PET/CT. Typical HNF1a-inactivated HCA,
slightly hyperintense on T2 HASTE (A) but hypointense on T2-weighted fat-saturated image (B), related to the
diffuse and homogeneous fat content on the lesion as demonstrated by signal dropout in the T1-opposed-
phase-weighted image (C, D). On postcontrast sequences after injection of gadobenate dimeglumine (0.1 mL/
kg), the lesion demonstrated faint arterial hyperenhancement (E), with hypointensity in the delayed phase (F)
and in the hepatobiliary phase (G). This lesion demonstrated marked hypermetabolism on 18F-FDG PET/CT (H).
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is most commonly located in the subcapsular
aspect of segment IV.”" Diagnosis may be difficult
on CT, as the fluid may be of greater density than
simple fluid.”>"® On MRI, signal intensity on T1-
weighted images is also variable, ranging from
hypointense to hyperintense,”*~"¢ and rarely, they
may be associated with a fluid—fluid level.”” Even
if preoperative diagnosis may be difficult, CHFC
recognition is crucial given that surgical manage-
ment should be considered for all CHFCs.”"

In addition to infectious lesions, one major dif-
ferential diagnosis of liver cysts is mucinous
cystic neoplasms, accounting for approximately
5% of all hepatic cystic lesions.”® The previous
terms “biliary cystadenoma” and “cystadenocar-
cinoma” should no longer be used, and according
to the WHO classification, those tumors should
be classified either as biliary mucinous cystic
neoplasms (MCNSs) of the liver and bile ducts
(noninvasive for biliary cystadenoma and invasive
for biliary cystadenocarcinoma) when ovarian-
type stroma is present or as intraductal papillary
neoplasms of the liver and bile duct (IPNB)
when there is communication with bile ducts.*
MCNs occur most commonly in Caucasian,
middle-aged women.”® A prior study found that
the presence of upstream bile duct dilatation, per-
ilesional perfusional changes, location in the left
lobe, and the coexistence of fewer than three
other cysts can help differentiate biliary cystic
neoplasms from simple hepatic cysts.2® In addi-
tion, a recent study found that the features most
predictive of MCNs rather than simple cysts
were thick septations, internal nodularity, or solid
enhancing components, with advantages of MRI
over CT for the detection of upstream biliary dila-
tation, thin septation, and internal hemorrhage or
debris.”

Hemangioma

Hepatic hemangiomas are the most common solid
benign tumors of the liver, with a prevalence be-
tween 1% and 20%.8"%2 They are frequently
discovered incidentally, as most patients with
hemangioma are asymptomatic and require no
treatment.®? There is a female predilection (ratio
of 5:1),%2 and multiple hemangiomas may be pre-
sent in 9%-22% of patients.

On ultrasound, the most common appearance
consists of a homogeneous hyperechoic nodule,
with discrete posterior acoustic enhancement,
and without signal on Doppler evaluation.®® On
CEUS, there is peripheral discontinuous globular
enhancement in the arterial phase with centripetal
filling in the portal and late phases.?* Hence, acom-
bination of peripheral nodular arterial enhancement

and complete portal venous fill-in may have 98%
sensitivity for the diagnosis of hemangioma.®®

CT features usually include a hypodense well-
defined lesion, with an internal density similar to
that of the vessels. After injection, slow nodular
discontinuous peripheral and centripetal enhance-
ment is observed, with typically persistent filling in
the delayed phase. However, delayed complete
contrast filling should not always be expected,
especially for large tumors. MRI has been shown
to be the best imaging modality for diagnosing he-
patic hemangiomas with high sensitivity and spec-
ificity.®® In addition to similar enhancement as
described above, typical hemangiomas are hypo-
intense on T1-weighted MR images and markedly
hyperintense on T2-weighted images. On diffu-
sion, hepatic hemangiomas typically show sup-
pression of high signal intensity at high b values;
however, a significant rate of otherwise typical
hemangiomas may demonstrate residual high
signal intensity on high b-value images related to
the T2 shine-through effect.?®

There are several forms of atypical hemangi-
omas,®"87-88 some of which are well known and
usually have a straightforward diagnosis, such as
rapidly filling hemangioma, characterized by im-
mediate homogenous enhancement in the arterial
phase of contrast administration with persistent
enhancement in later phases of contrast adminis-
tration on CT and MR. Perilesional hepatic paren-
chymal transient hyperenhancement in the arterial
phase is commonly associated with these heman-
giomas,®® as illustrated in Fig. 11.

Another classic form of atypical hemangioma is
a large hemangioma, defined as giant hemangio-
ma when the size exceeds 4 cm,®” even if some
suggest reserving the term “giant” for hemangi-
omas larger than 10 cm.®° They are characterized
by heterogeneous but high hyperintensity on T2,
associated with areas of different T2 intensities
with internal septation.?’-87-8¢ The enhancement
kinetics are slow but identical to those of typical
hemangiomas, apart from incomplete filling of
the delayed phase. An example of a giant heman-
gioma is shown in Fig. 12.

In contrast, features of sclerosed hemangioma
can be misleading. On pathology, there is a differ-
ence between true sclerosed hemangiomas, char-
acterized by extensive fibrosis with marked
narrowing or obliteration of the vascular spaces,
and sclerosing cavernous hemangiomas, charac-
terized by variably sized cavernous spaces lined
with flattened endothelial cells with varying de-
grees of stromal sclerosis.®’ However, both forms
usually demonstrate atypical features, in particular
slight hyperintensity on T2WI with capsular retrac-
tion and calcification.®? After injection, most
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Fig. 11. Rapidly filling hemangioma. As a typical hemangioma, the lesion demonstrated marked hyperintensity
on T2-weighted fat-saturated images (A), with slight hyperintensity on diffusion (B) without restriction (C). On
the postcontrast sequences, enhancement was similar to that of the aorta in the arterial (D), portal venous (E),
and delayed (F) phases, with perilesional transient hyperenhancement in the arterial phase.

sclerosing cavernous hemangiomas tend to
demonstrate centripetal enhancement character-
istics, in contrast to sclerosed hemangiomas,
which usually exhibit little or no enhancement dur-
ing the arterial phase and only marginal enhance-
ment during the delayed phase.®?> Most of the
time, sclerosed hemangiomas do not demonstrate
diffusion restriction, which can help to differentiate
them from malignant lesions,®® as illustrated in
Fig. 13.

Calcifications may occur in 20% of hemangi-
omas and are usually large and coarse and located

centrally.®* Rarely, calcifications may occur in
almost all the lesions, as illustrated in Fig. 14.

Rare Tumors and Pseudotumors

Hepatic angiomyolipoma (HAML) is a rare mesen-
chymal tumor with marked female predominance
and peak incidence in middle-aged adults.*%5-°7
Most of them are sporadic, and 5% to 10% of pa-
tients have tuberous sclerosis.®®

In general, HAML is suggested when its fatty
component is identified on imaging®®; however,
in addition to hepatocellular tumors that can also

Fig. 12. Giant hemangioma. Large liver lesion with heterogeneous hyperintensity on T2-weighted fat-saturated
image (A), hyperintensity on diffusion (B) without restriction (C). The lesion was hypointense on T1-weighted fat-
saturated image (D) with almost no enhancement in the arterial phase | and incomplete filling in the delayed

phase (F).
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Fig. 13. Pitfalls of sclerosed hemangioma. Lesion with faint hyperintensity on fat-saturated T2-weighted image
(A), hyperintensity on diffusion (B) without restriction (C), hypointensity on fat-saturated T1-weighted image
(D) with faint peripheral hyperenhancement in the arterial phal(E) and heterogeneous rim hyperenhancement
in the delayed phase (F). Despite the reassuring lack of diffusion restriction, a biopsy was performed to exclude
fibrotic malignant lesions, and the diagnosis of sclerosed hemangioma was confirmed.

have a fat component, as seen previously, the fat
content of HAML can also vary, or events some-
times cannot be recognized on MRIL®" After
contrast media injection, HAMLs demonstrate
arterial hyperenhancement with typical washout
on portal venous and delayed imaging,'0°%19
thus mimicking hepatocellular carcinoma. In those

situations, CEUS could be useful, as HAML may
demonstrate specific findings such as a centripe-
tal filling pattern or a prolonged enhancement
pattern with a higher peak intensity.'%> A formal
diagnosis is provided by pathology. An example
of HAML is provided in Fig. 15.

Fig. 14. Calcified hemangioma. The enhanced CT scan (A) showed an almost completely calcified lesion. Given the
calcification, the lesion showed a heterogeneous signal intensity on fat-saturated T2-weighted imaging (B) and
fat-saturated T1-weighted imaging (C). After injection of contrast, the single nodular peripheral discontinuous
hyperenhancement (D-F) was consistent with the diagnosis of calcified hemangioma.
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Fig. 15. Example of hepatic angiomyolipoma. Rounded lesion demonstrating faint hyperintensity on fat-
suppressed T2-weighted image (A), with dropout of signal in the opposed phase (B, C) in keeping with the inter-
nal fat. The lesion was hypointense on fat-suppressed T1-weighted imaging (D), with marked arterial hyperen-
hancement after injection of gadobenate dimeglumine (0.1 mlg) (E) and no washout in the delayed phase (F).
The diagnosis of hepatic angiomyolipoma was confirmed through biopsy.

Granulomatous hepatitis, defined as an inflam-
matory liver disease with the formation of granu-
lomas in the liver, is associated with a large
variety of conditions, most commonly with
sarcoidosis, tuberculosis, and histoplasmo-
sis. 193194 According to prior reports, hepatic gran-
ulomas are present in 2.4%-10% of liver tissue
specimens examined.'%%1% There is no specific
imaging pattern for hepatic granulomas; however,
they are often associated with diffusion
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restriction’®” and can mimic liver metastases,'°®

as shown in Fig. 16.

Inflammatory pseudotumor (IPT) of the liver is a
rare benign neoplasm that was first described in
1953'%° and is histologically characterized by
fibroblastic and myofibroblastic proliferation with
inflammatory infiltrate.”'® IPTs are now classified
into two types based on IgG4 staining: 1gG4-
related and non-lgG4-related.”'" Usually, IPT will
regress spontaneously or with conservative

a4

Fig. 16. Hepatic granuloma mimicking metastasis. Tiny lesion, hyperintense on T2 HASTE (A), better appreciated
on fat-saturated T2-weighted images (B), hyperintense on diffusion (C) with restriction (D), hypointense on fat-
saturated T1-weightelmages (E), with rim hyperenhancement in the arterial phase (F), progressive peripheral
filling in the delayed phase (G) and no uptake in the hepatobiliary phase (H). Given that the patient had several
similar lesions within the liver, it was mistaken for metastasis, with a final diagnosis of hepatic granuloma based
on the pathologic findings.
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Fig. 17. Illustration of an inflammatory pseudotumor. Large lesion developed on a cirrhotic liver, hyperintense on
T2 HASTE (A), hyperintense on diffusion (B), hypointense on T1 fat-suppressed WI (C) with arterial hyperenhance-
ment (D) and no washout in the deled phase (E). The pathologic result was in favor of an inflammatory pseudo-
tumor. Follow-up 3 months later showed complete resolution of the tumor on T2-weighted images (F), diffusion

(G), T1 (H), arterial (/), and delayed phases (J).

treatment.''2 Rarely, IPT can also cause compli-
cations such as portal thrombophlebitis, portal hy-
pertension, and biliary obstruction.”™>114 On
ultrasound images, these lesions usually appear
as hypoechoic masses but may also show hyper-
echogenicity or complex echogenicity.''11% On
CEUS, IPTs may also display various enhance-
ment patterns.’® On MRI, imaging features are
usually nonspecific, mostly T1 hypointense and
moderately T2 hyperintense with a highly variable
enhancement pattern,””” which was the case for
the example provided in Fig. 17. A recent study
showed that IPTs may demonstrate central hypo-
intensity with a relatively hyperintense periphery
on HBP, which could be helpful to differentiate
IPT from malignant lesions such as metastases.’ '8

One rare differential of IPT is the inflammatory
myofibroblastic tumor, a rare benign tumor,
possibly representing the neoplastic counterpart
of IPT,""° characterized by fibroblastic or myofi-
broblastic spindle cells, admixed with lympho-
cytes and plasma cells, and ALK gene
translocation, resulting in aberrant expression of
ALK protein in the myofibroblast.’'® IMTs usually
occur in children and young adults. On MRI,
IMTs may show early target appearance on unen-
hanced T1WI, characterized by a central isointen-
sity and a peripheral hypointense rim on
unenhanced T1WI, and on early dynamic phases
of gadoxetic acid-enhanced MRI, characterized
by central enhancement and a peripheral hypoin-
tense rim in the arterial and portal venous
phases.'®

SUMMARY

Benign focal liver lesions include numerous tumors
ranging from common incidental findings with no
specific management to rare tumors with potential

malignant transformation. Moreover, benign le-
sions can be mistaken for malignant lesions.
Hence, optimal instrumentation using MRI, often
performed using a hepatobiliary contrast agent,
and contrast-enhanced ultrasound is the corner-
stone for optimized diagnostic pathways. Multidis-
ciplinary tumor boards, bringing together
hepatologists, pathologists, radiologists, and sur-
geons, should address difficult cases of benign
liver tumors to allow improved patient
management.

CLINICS CARE POINTS

e Optimal instrumentation using MRI, often
performed using a hepatobiliary contrast
agent, and contrast-enhanced ultrasound
are the cornerstone for optimized diagnosis
in benign liver lesions.

e Typical Focal Nodular Hyperplasia and main
Hepatocellular Adenoma subtypes can be
characterized on MRI, however carefull anal-
ysis of MRI features is mandatory to avoid po-
tential pitfalls.

e Hepatic cysts and liver hemangiomas are com-
mon incidental findings in liver MRI. Howev-
er, some features, such as septations or
internal heterogeneous content within a
cyst, should be analyzed carefully.
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