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Abstract

With the widespread of cross-sectional imaging, a growth
of incidentally detected focal liver lesions (FLL) has
been observed. A reliable detection and characterization
of FLL is critical for optimal patient management.
Maximizing accuracy of imaging in the context of
FLL is paramount in avoiding unnecessary biopsies,
which may result in post-procedural complications. A
tremendous development of new imaging techniques
has taken place during these last years. Nowadays,
Magnetic resonance imaging (MRI) plays a key role
in management of liver lesions, using a radiation-free
technique and a safe contrast agent profile. MRI plays
a key role in the non-invasive correct characterization
of FLL. MRI is capable of providing comprehensive
and highly accurate diagnostic information, with
the additional advantage of lack of harmful ionizing
radiation. These properties make MRI the mainstay for
the noninvasive evaluation of focal liver lesions. In this
paper we review the state-of-the-art MRI liver protocol,
briefly discussing different sequence types, the unique
characteristics of imaging non-cooperative patients and
discuss the role of hepatocyte-specific contrast agents.
A review of the imaging features of the most common
benign and malignant FLL is presented, supplemented
by a schematic representation of a simplistic practical
approach on MRI.

Key words: Malignant; Benign; Magnetic resonance
imaging; Focal liver lesions; Hepatobiliary contrast
agents
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Core tip: With the widespread of cross-sectional
imaging, a growth of incidentally detected focal liver
lesions (FLL) has been observed. A reliable detection
and characterization of FLL is critical for optimal
patient management. Magnetic resonance imaging
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(MRI) plays a key role in non-invasive characterization
of FLL. The multiparametric ability of pre- and post-
contrast sequences is an intrinsic advantage of MRI to
reach an accurate diagnosis. New techniques such as
diffusion-weighted sequences and hepatocyte-specific
contrast agents are being currently used in clinical
practice, which might further improve the detection
and characterization of FLL.
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INTRODUCTION

With the widespread of cross-sectional imaging, a
growth in rate of incidentally detected focal liver lesions
(FLL) has been observed. A reliable detection and
characterization of FLL is critical for optimal patient
management. The majority of FLL arising in noncirrhotic
liver are benign'!!, even in patients with known extra-
hepatic malignancy. Cysts, hemangiomas, focal nodular
hyperplasias (FNH), and hepatocellular adenomas (HCA)
are the most commonly encountered benign lesions!*™.
The most commonly encountered malignant lesions
in noncirrhotic liver are metastases®®. Hepatocellular
carcinomas (HCC), and to a lesser extent intrahepatic
cholangiocarcinomas (IHC), occur mainly in the setting
of chronic liver disease, and represent the most
common primary liver malignancies” >,

A tremendous development of new imaging techni-
ques has taken place during these last years. Maximizing
accuracy of imaging in the context of FLL is paramount in
avoiding unnecessary biopsies, which may result in post-
procedural complications up to 6.4%, and mortality up to
0.1%"*"”), Nowadays, magnetic resonance plays a key
role in management of liver lesions, using a radiation-
free technique and a safe contrast agent profile™®'”,

The heightened soft-tissue resolution and sensitivity
to intravenous contrast agents provided by magnetic
resonance imaging (MRI) makes it an invaluable
problem-solving tool for fully characterizing FLLP**",
Previous studies estimated the sensitivity and specificity
of MRI for the diagnosis of FLL of 94% and 82%-89%,
respectively®?.,

This review focuses on the diagnostic performance
of MRI in evaluating the most common benign and
malignant FLL. As a summary, a practical educational
approach to FLL on MRI is also presented.

MRI PROTOCOL

With the current state of the art technology, magnets
of 1.5 Tesla (T) and 3T field strength are considered
the standard of reference in providing high-quality and
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consistent MR images. Giant advances in MRI have
been achieved in the last decade in regards to each of
the following: hardware (high-performance gradient
coils and phased-array surface coils), software (new
sequence design and new parallel imaging technology
and acceleration techniques), and contrast agents
(hepatocyte-specific agents) have made a major impact
on imaging of the liver.

In our perspective, an adequate imaging protocol
has to be short, comprehensive, and standardized to
allow reproducibility and consistency of image quality
and diagnostic performance. A comprehensive protocol
allows the evaluation of the parenchyma, vasculature,
and biliary system; by using either breathing-inde-
pendent sequences or breath-hold sequences that
minimize motion artifact and spatial misregistration.
Gradient-echo (GRE) sequences generally are used in
T1-weighted sequences and fast spinecho sequences
are used in T2-weighted sequences®®**,

The state of the art MRI protocols rely on a com-
bination of fat-suppressed and non-fat-suppressed
T2-weighted images (T2-WI), in- and opposed-phase
(IP/OP) T1-WI and dynamic pre- and post-contrast fat-
suppressed T1-WI"*2,

The predominant information provided by T2-WI
is about fluid content, fibrotic tissue and iron content
(reflected by high, low, and very low signal intensity,
respectively). Fat suppression is generally applied for
at least one set of images in order to increase lesions
conspicuity.

Pre-contrast T1-WIs are extremely important in
lesion characterization. Most FLL are mildly or mode-
rately low in signal intensity. Lesions with high-fluid or
fibrous tissue content are moderately or substantially
low in signal intensity. Hemorrhagic lesions, and those
with high protein or fat content, are high in signal
intensity on T1-WI. Fat suppression technique facilitates
reliable characterization of fatty lesions. GRE sequences
provide T1-WI in a short amount of time and allow
chemical shift imaging in a single breath-hold (dual echo
acquisition). The two echo times are chosen so that fat
and water peaks are IP and OP, respectively. OP images
are useful to detect small amounts of intracellular fat in
liver lesions and in hepatic parenchyma. If fat and water
are in the same voxel, the signal intensity decreases on
the OP images, with maximal signal loss occurring when
fat and water are in equal proportion.

Gadolinium-enhanced images are performed
routinely in a multiphasic dynamic fashion, using three-
dimensional (3D) fat-suppressed GRE breath-hold T1-
WI. The acquired phases include late arterial, portal
venous, interstitial, and delayed phases; which allow the
assessment of enhancement kinetics (a reflection of both
vascularity and permeability). However, most diagnostic
information can be derived from the late hepatic arterial
phase, also called hepatic-arterial dominant phase,
with the correct timing characterized by observing
contrast enhancement in the portal vein branches and
no enhancement in the hepatic veins**, Suggested
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Table 1 Comparison between extracellular and hepatocyte-specific agents (Multihance® and Eovist®)

Extracellular contrast agents

Hepatocyte-specific agents

Multihance® Eovist®
Advantages Robust arterial and portal venous phase Robust arterial and portal venous phase Hepatobiliary imaging
imaging imaging
Price and availability Hepatobiliary imaging Short delay for hepatobiliary phase (20 min)
Smaller dose administration Smaller dose administration
Safer for renal impaired patients Safer for renal impaired patients
Price

Disadvantages No hepatobiliary phase Availability (not available in all countries) Less robust arterial and portal venous phase

NSEF cases reported with less stable agents

Longer delay for hepatobiliary phase

imaging
Pitfalls for inexperienced readers
(90-180 min)
Price

methods for ensuring an optimal arterial phase liver MRI
have varied between empiric fixed delay or individually-
tailored timing. The latter method is recognizable to
be more accurate and with improved reproducibility,
and involves either pre-scanning with a test bolus, or
tracking bolus arrival in the descending aorta®. In
our practice, a bolus-tracking technique (CARE bolus
software) is employed to capture the late hepatic arterial
phase. This is performed by the technologist, who,
when visualizing maximum aortic enhancement at the
level of celiac trunk, will provide an 8 s breath-holding
instructions prior to initiating the scan.

Adequate delay between initiation of contrast
injection and initiation of the sequence is crucial to aid
in optimizing the detection of hypervascular lesions.
The precision in timing the portal venous phase is more
flexible and less critical (45-75 s), characterized by
enhancement of the entire hepatic vascular system.
The portal venous phase maximizes contrast between
hypovascular lesions and the background liver, and can
be used to evaluate the contrast washout pattern, which
is a useful discriminating feature. Images acquired 1.5
to 10 min after contrast injection are in the interstitial/
delayed phase of enhancement, which aid in evaluating
persistent enhancement in hemangiomas, washout
in HCC, or delayed enhancement of fibrotic tissue or
tumors, such as in cases like cholangiocarcinoma.

Intravenous MR contrast agents can be divided
into extracellular (ECA) and hepatocyte-specific agents
(HSA). ECA equilibrate with the extracellular fluid
space after intravenous injection and are excreted by
glomerular filtration, similar to computed tomography
(CT) agents. This permits multi-phase dynamic post-
contrast imaging as described earlier.

Like ECA, HSA allow the multi-phase dynamic
post-contrast imaging. Moreover, they show some
degree of biliary excretion, allowing a late hepatobiliary
phase acquisition. Due to the action of known cellular
membrane transporters, only normal functioning
hepatocytes take up HSA and excrete them to the
biliary tree®. Hepatobiliary phase images are easy to
recognize because both the liver and the bile ducts are
markedly enhanced. The blood vessels as well as all
non-hepatocellular lesions and lesions with impaired
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hepatocytes all appear hypointense.

The two HSA available are Eovist® (gadoxetic acid,
Bayer Health-Care Pharmaceuticals, marketed as
Primovist® outside the United States) and MultiHance®
(gadobenate dimeglumine, Bracco). With Eovist®, 50%
of the dose is taken up by hepatocytes and eliminated by
biliary excretion, compared to 3%-5% with MultiHance®.
Hepatobiliary phase images are acquired 20-40 min after
Eovist® injection, compared to 1.5-3 h after MultiHance®
injection. Advantages and disadvantages of these agents
and extracellular contrast agents are shown in Table 1.

The substantial difference on the biliary elimination
of Eovist® compared to the other contrast agents affects
the classical MR technique, lesion appearance, and thus
image interpretation®”. These differences provide not
only advantages on detection and lesion characterization,
but also new pitfalls in imaging interpretation™’, The
advantages in the evaluation of FLLs are appreciated
in the distinction between FNH and HCA, and in the
diagnosis of HCC and metastasis; while the pitfalls are
related to the less favorable behavior as an extracellular
agent and the “pseudowashout” of benign lesions®”’.
Washout is historically linked to malignant lesions,
particularly to hypervascular metastases and HCC.
While using Eovist®, the “pseudowashout” may pose a
risk in the diagnosis of benign lesions. As an example,
hemangiomas are classically described as hypervascular
lesions with centripetal fill-in, sustained in late dynamic
postcontrast phases. With Eovist®, the accumulation
of contrast can be masked by the intense hepatic
parenchymal enhancement, giving the “illusion” of
washout of the hemangioma®™”.

At our center, we use MultiHance® as the standard
contrast agent since it shows better enhancement
on dynamic evaluation®®*®, and reserve Eovist® for
selected cases on a problem-solving basis.

Recently, diffusion-weighted imaging (DWI) sequ-
ences have been shown to be an emerging contributor
for liver MRI**?** and are being incorporated in most
abdominal MR protocols. Diffusion is a physical process
of random movement of water molecules. This move-
ment of intracellular water molecules is restricted by the
presence of cell membranes. In highly cellular tissues,
such as neoplasms, diffusion is restricted due to the
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relative larger intracellular volume and high density of
cellular membranes. DWI exploits this phenomenon and
its image contrast is based on differences in the mobility
of water protons (as a measure of cellularity), between
different tissues™". This MR technique should be used
in combination with conventional unenhanced and
contrast-enhanced MRI. It is especially useful in patients
with contraindication to gadolinium contrast agents™?.

Additional sequences may be added to the protocol
on specific clinical settings. For diffuse deposition
diseases, fat-quantification or T2 star (T2*) sequences
can be added.

Despite all development in MRI, its diagnostic
performance is still affected by motion artifacts, which
may result in inconsistent image quality. Motion artifacts,
especially those produced by physiological motion caused
by patient respiration, may distinctly degrade the quality
of MR images. In patients who are unable to cooperate
with breath-hold instructions, the sequences that are
more affected are the T1-weighted GRE sequences. In
order to minimize these artifacts, new motion-robust
sequences have been implemented. The magnetization-
prepared rapid gradient-echo (MP-RAGE) sequence is a
2D, single-section acquisition technique that can be used
to obtain motion-free and moderate quality images.
The acquisition times per-section are as short as 1 s,
These sequences can be used pre- and post-contrast.
Additionally, a recently described new application of
MP-RAGE IP/OP images is able to replace standard
dual-echo chemical shift imaging with moderate to
good image quality®". Recent developments in MR
data sampling and k-space filling have been used to
acquire 3D-GRE T1-WI. Radial data sampling 3D GRE
can be used as a free-breathing sequence, providing
high-quality pre- and post-contrast images>****!, The
major drawback of radial 3D-GRE is the long acquisition
time and therefore low temporal resolution of this tech-
nique. Until now, conventional radial 3D-GRE sequence
is unable to provide, in a consistently fashion, critical
scanning phases, i.e., the late hepatic arterial phase.
New sequences are being developed in order to provide
a compromise between spatial and temporal high-
resolution images, with reduced acquisition time and
increased motion resistance.

BENIGN LESION

Hemangiomas
Hemangiomas are tumors of mesenchymal origin and
are the most common benign liver solid lesions. The
prevalence of these lesions ranges from 1%-20%,
more frequently between fourth and fifth decade of
life, showing a female predilection (ratio of 2-5:1)5%38,
The size of hemangiomas usually remains stable and
can vary from a few millimeters to more than 20 cm®®..
Complications are rare, and large lesions may become
symptomatic due to compression of adjacent structures,
rupture, or spontaneous hemorrhage!.

On MRI, the majority of hepatic hemangiomas
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display pathognomonic pre- and post-contrast imaging
features (Figure 1) enabling a correct diagnosis with
high accuracy™“’. Frequently, hemangiomas show
moderately high signal intensity on T2-WI, usually less
bright than simple cysts or cerebrospinal fluid, and low
signal intensity on T1-WI™*!, On post-contrast images,
a nodular or “flame-shaped”, discontinuous, peripheral
enhancement is observed, as well as late, progressive,
centripetal filling, and persistent delayed enhancement,
similar to that of hepatic vessels. Larger hemangiomas
may show incomplete filing along the dynamic imaging
due to central scarring. Conversely, small (< 2 cm)
hemangiomas may show rapid complete filling on the
late arterial phase images. Subcentimeter hemangiomas
may fade to isointensity to the background liver
parenchyma in interstitial phase images; however,
they never washout. On the arterial phase, especially
the small rapidly enhancing subcapsular hemangiomas
may show a perilesional enhancement™®, and this
finding should not be regarded as an atypical or sus-
picious feature. Nevertheless, hemangiomas may
uncommonly show atypical morphologic characteristics.
The possible atypical findings are scarring, septations,
capsular retraction, calcifications, cystic transformation
and fluid-fluid level. Extremely rare is the interval
growth, imposing the exclusion of other diagnostic
possibilities, namely malignancy™****!, The end stage
of a hemangioma involution results in appearance of
hyalinized or sclerosed hemangiomas. At this point these
lesions lose the homogeneous high signal intensity on
T2-WI and the typical globular enhancement may not be
seen™**!, As stated above, it should be emphasized that,
when using Eovist®, small rapid filling hemangiomas will
not show the typical features described earlier during the
late interstitial phase due to the rapid uptake of contrast
by the background liver parenchyma, giving the illusion
of washout. Furthermore, hemangiomas will not show
any uptake on the hepatobiliary phase, and will show
the same appearance as non-hepatocytes containing
lesions, e.g., cysts, metastasis, and to a lesser extent
HCA[28'38].

Focal nodular hyperplasia
FNH consists of a non-encapsulated lesion composed
by non-neoplastic hepatocytes in a disorganized array,
surrounding a central fibrous scar with a dystrophic
arterial vessel®’*?, There is some histopathologic
heterogeneity of FNHs, with uncommon “non-classical”
histologic subtypes described in the literature!***, FNH
is the second most common solid benign FLL. Most
often found in young and middle-aged patients, FNH
has a clear female predominance (8-12:1 ratio)™**.
MRI is considered the best imaging tool for FNH
diagnosis, with a sensitivity of 70% and a specificity of
98%"*, For some authors, contrast-enhanced MRI is
considered the gold standard™. As FNH are composed
of hepatocytes, they are barely discernable from normal
parenchyma on precontrast images, appearing iso- or
hypointense on T1-WI, and iso- or slightly hyperintense
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Figure 1 Hemangioma. In (A) and opposed-phase (B) GRE T1-WI|, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®) fat-
suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a lobulated lesion on the right hepatic lobe
(arrows), showing marked low signal intensity on T1-WI (A, B and D) and marked high signal intensity on T2-WI (C). The lesion demonstrates peripheral and
discontinuous nodular enhancement (E), which become larger and coalescent on delayed postcontrast images (F and G), showing a progressive centripetal filling.
Due to the absence of hepatocytes, hemangiomas show low signal intensity on the hepatobiliary phase (H), acquired 20 min after the administration of the hepatocyte-
specific contrast agent. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

on T2-WI. In approximately 50%-84% of cases, the pattern: early arterial homogeneous enhancement,
central scar can be seen with low signal intensity on which becomes isointense to the background liver on
T1-WI and moderate high signal on T2-WI****, On portal venous phase, and late enhancement of the
postcontrast images, FNHs show typical enhancement central scar (Figure 2). No washout is seen with FNH*4,
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Figure 2 Focal nodular hyperplasia. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent
(Eovist*) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a lesion on the left hepatic lobe (white
arrow, A-H), showing isointense signal comparing to the surrounding liver on non-contrast T1-WI (A, B and D) and on T2-WI (C). The lesion also shows a central scar
(black arrow, A-H), which is hypointense on T1-WI (A, B and D) and hyperintense on T2-WI (C). The lesion demonstrates homogeneous enhancement on early post-
contrast images (E), becoming isointense to the underlying liver parenchyma (F and G). The progressive enhancement of the central scar is depicted on the delayed
post-contrast images (G). On the hepatobiliary phase, 20 min after the administration the hepatocyte-specific contrast agent, the lesion shows uptake of the contrast
agent, becoming minimally hyperintense comparing to the surrounding liver parenchyma. Since the central scar has no hepatocytes, there is no uptake of the contrast
agent, becoming hypointense comparing to the liver and to the rest of the lesion. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

The prevalence of typical features of FNH in literature study designs and histopathologic heterogeneity of
ranges from 22%-70%"*, mainly related to different  these lesions!*?. Using HSAs, the presence of normal
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functioning hepatocytes can be demonstrated. Unlike
the majority of HCA, FNHs show, on the vast majority of
cases, iso- or hyper-enhancement on the hepatobiliary
phase!’**),

HCA

HCA is an uncommon benign primary FLL, and most
often encountered in women of childbearing age
taking oral contraceptives. Unlike FNH, HCAs are true
neoplasms, defined as the monoclonal proliferation of
well-differentiated hepatocytes arranged in sheets and
cords. They lack portal triads and interlobular bile ducts.
Nowadays, according to their genotypic and phenotypic
characteristics HCAs are classified into 3 major molecular
subtypes®*®: (1) inflammatory (formerly known as
telangiectatic FNHs); (2) hepatocyte nuclear factor
1-alpha (HNF-1a) inactivated; and (3) Beta (B)-catenin-
activated lesions. A fourth group can be considered
including those HCAs that are unclassified in the previous
subtypes. As different groups have distinct probability for
HCC transformation, a pre-operative diagnosis is ideal
for an appropriate patient management.

Generally, on MRI HCAs show mild to moderate high
signal intensity on T2-WI and enhancement on the late
arterial phase on post-contrast sequences (Figure 3).
HCA do not show uptake on hepatobiliary phase with
HSA. Although further validation is required, specific MRI
features can be used to identify HCA subgroups’ .
Inflammatory HCAs (50%) tend to show peripheral
marked high signal on T2-WI and maintained enha-
ncement on more delayed images!***!, HNF-1q-
inactivated HCAs (35%-45%) show diffuse intralesional
fat deposition, responsible for higher signal intensity
on non-fat-suppressed T1-WI and drop of signal on
OP images. p-catenin-activated HCAs (10%-15%)
findings are less defined, showing vaguely defined scars
or poorly defined areas of high signal on T2-WI. For
the first two subgroups (majority of adenomas), MRI
have specificities ranging from 88%-100%"*", These
HCAs have null or extremely low probability of HCC
transformation. B-catenin-activated HCAs have a high
probability of malignancy transformation!>*®,

Sometimes MRI features of HCAs can overlap with
FNHs. Distinctive features should be stressed. HCAs
rarely show a central scar and much more frequently
depict intralesional fat™**. Homogeneity strongly suggests
FNH over HCA™, The utilization of HSA is recommended
to help in the distinction between FNH and HCA. The
former showing increased uptake on hepatobiliary
phase, while HCAs, usually, show no enhancement***>%,

Benign cystic lesions

Cystic benign liver lesions are common and may
represent a broad spectrum of entities ranging from
developmental cysts to neoplastic lesions. It is important
to distinguish them from malignant lesions that can show
cystic transformation (as metastases or hepatocellular
carcinoma). Fluid-containing benign liver lesions can be
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grouped broadly into simple or complex cysts®®".,

The differential diagnosis of simple cysts includes
benign developmental hepatic cysts, biliary hamartomas,
foregut cysts, Caroli disease, and adult polycystic liver
disease™". The benign developmental hepatic cyst shows
homogeneously low signal on T1-WI and homogeneously
strong high fluid signal on T2-WI (Figure 4). The margins
are well defined and no enhancement is shown on
postcontrast sequences. Biliary hamartomas are usually
small (< 1.5 cm), round or irregular, and may show very
thin and uniform peripheral enhancement (Figure 5),
due to compressed liver parenchyma® >, They have
no connection to the biliary tree. Conversely, in Caroli
disease the varying size cysts communicate with the
biliary tree. Communication with the biliary system can
be further confirmed using dedicated cholangiographic
sequences or HSAs. The cysts depicted on adult
polycystic liver disease appear as benign developmental
hepatic cysts. MRI is the best modality for identifying
cysts complicated by hemorrhage or infection™?.

Benign complex cysts are traumatic, inflammatory,
or neoplastic in nature. Traumatic cystic lesion may
occur after blunt or penetrating trauma, or iatrogenic
injury, such as after cholecystectomy or liver surgery.
On MRI, bilomas and seromas may resemble simple
cysts, while hematomas show different intensity based
on the age of the blood products®.

The most frequent inflammatory cystic lesions are
abscesses and hydatid cysts. With the advent of effective
antimicrobial therapy, currently biliary tract pathologies
have surpassed portal seeding from appendicitis and
diverticulitis, as the most common source of pyogenic
liver abscesses™. Abscesses are thick-walled lesions
with low signal intensity on T1-WI and high signal
intensity on T2-WI, with progressive enhancement of
the wall™, Adjacent parenchyma shows high signal on
T2-WI (edema) and enhancement on the arterial phase,
due to inflammatory reaction!**** (Figure 6). Hydatid
cysts are due to Echinococcus infestation. On MRI,
daughter cysts and internal septa are readily visualized
on T2-WI. Most echinococcal cysts show variable low to
high signal intensity on T1-WI, depending on the amount
of proteinaceous debris, and markedly high signal on
T2-WI. The fibrotic component and the presence of
calcifications appear as a hypointense pericystic rim,
on both T1- and T2-WI. Cyst walls and internal septa
enhance on post-contrast images®™.

Although rare, biliary cystadenoma (BCA) is the most
frequent benign cystic neoplasm. It has biliary origin,
with most of them (85%) arising from the intrahepatic
bile ducts™**, BCA usually appear as large (mean 12
cm; range 3-40 cm), well-defined and multi-loculated
intrahepatic cyst. On MRI, BCAs typically show high
signal on T2-WI and show variable T1 signal intensity
due to proteinaceous content or blood products. Septal
or mural calcifications (depicted as signal voids on all
sequences) and fluid-fluid levels are occasionally seen.
Post-contrast sequences may demonstrate enhancement
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Figure 3 Hepatocellular adenomas. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast
agent (Eovist®) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. Two focal liver lesions are noted on
the left and caudate lobes (arrows, A-G) of a noncirrhotic liver, showing slight drop of signal intensity on opposed-phase (B) comparing with the in-phase (A) T1-WI,
which is related to minimally fat content. Note that the liver parenchyma also shows minimal steatosis. The lesions demonstrate mild high signal intensity on T2-WI
(C), heterogeneous enhancement on the postcontrast arterial phase image (E) and subsequent washout on later postcontrast images (F and G). On the hepatobiliary
phase, acquired 20 min after the hepatocyte-specific contrast agent, the lesions show no contrast uptake, excluding the diagnosis of FNHs. GRE: Gradient-echo; FSE:
Fast spinecho; T1-WI: T1-weighted images; FNH: Focal nodular hyperplasias.

of the capsule, septa, and any mural nodules! !, cystadenocarcinoma preoperatively, but this is usually
Biliary cystadenocarcinoma can develop from a BCA. unnecessary on short-term, as both require complete
It can be difficult to differentiate BCA and biliary surgical excision™>?,
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Figure 4 Cyst. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®) fat-
suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There is a well-defined lesion on the right hepatic lobe
(arrow, A-H) showing marked homogeneous low signal intensity on T1-WI (A, B and D), homogeneous very high signal intensity on T2-WI (C) and no enhancement
after gadolinium administration (E-H), consistent with simple liver cyst. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

chronic liver disease (CLD) and liver cirrhosis™®. HCC
MALIGNANT LESIONS has been proved to develop by multistep carcinogenesis
HCC from a low grade dysplastic nodules to an overt HCC,
HCC is a malignant neoplasm with hepatocellular origin. in a progressive dedifferentiation and neoangiogenesis
It is the most common primary malignancy of the phenomena[ss'sgl.
liver and it occurs almost exclusively in the context of MRI plays a pivotal role in the detection and char-
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Figure 5 Multiple biliary hamartomas (also known as von Meyenburg complex). In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre
(D) and postcontrast fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. There are multiple well-defined lesions scattered
throughout the liver, smaller than 1.5 cm each. The lesions show low signal intensity on T1-WI (A, B and D), high signal intensity on T2-WI (C) and no enhancement
after gadolinium administration (E-G). A thin peripheral enhancement is often present due to compressed liver parenchyma. GRE: Gradient-echo; FSE: Fast spinecho;

T1-WI: T1-weighted images.

acterization of HCC, with estimated sensitivity and
specificity of 97.4% and 100%, respectively™*’, Even
for HCC with a size < 2 cm, MRI have a good sensitivity,
estimated to 82.6%'". This is particularly important
since successful treatment of HCC is dependent on early
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detection and diagnosis®®®4,

In the context of CLD, classic MRI findings of HCC
include slightly low signal intensity on T1-WI, slightly
high signal intensity on T2-WI, increased heterogeneous
arterial enhancement, and washout with fibrous tumor
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Figure 6 Abscess. GRE T1-WI (A), fat-suppressed FSE T2-WI (B), and postcontrast fat-suppressed 3D-GRE T1-WI at the arterial (C) and portal venous (D) phases.
A thick-walled oval shaped lesion is present on the right hepatic lobe (white arrow, A-D), showing an air/fluid level content (black arrow, A-D). There is an associated
halo of edema surrounding the lesion, showing low signal intensity on T1-WI (A), high signal intensity on T2-WI (B) and marked enhancement after gadolinium
administration (C and D), which is consistent with active inflammation. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

capsule enhancement on the delayed phase'®® (Figure
7).

The 2011 recommendations by the Association for
the Study of Liver Diseases state that a diagnosis of
HCC is made if a nodule larger than 1 cm is depicted on
MRI (or multi-detector computed tomography), showing
arterial enhancement and subsequent “washout”
during portal venous or equilibrium phases®®. These
guidelines criteria show a lower sensitivity and specificity
for small HCCs (< 2 cm)®®%, In order to improve
the accuracy of MRI on small HCC, other parameters
may be used in conjunction with the dynamic post-
contrast sequences, namely high signal on DWI or T2-
WI*1 with HSA, most HCC lesions show prominent
hypointensity compared to the hyperintense background
liver parenchyma because of the absence of normal
functional hepatocytes®®”. Although, uncommonly, well-
differentiated HCCs may show some enhancement
on the hepatobiliary phase>®®, The combination of
routine dynamic and hepatobiliary imaging has been
reported to be both sensitive and specific for HCC
(sensitivity 67%-97%, specificity 83%-98% )77, Two
recent meta-analyses found a pooled sensitivity of 91%
and specificity of 93%"%7,

In the context of CLD and cirrhosis, the distinction
between benign and precursor lesions (regenerative
and dysplastic nodules, respectively) and HCCs is of the
utmost importance™. Although they can present with
higher T1 signal intensity compared to background liver
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tissue, regenerative nodules are often indistinct on T1-
and T2-WI. The dynamic post-contrast imaging show the
same signal as the background parenchyma throughout
all phases™'*, Dysplastic nodules show histological
characteristics of abnormal growth caused by genetic
alteration and are classified accordingly to the level of
dysplasia, on low- and high-grade dysplastic nodules™*.
On MRI, low-grade dysplastic nodules are often in-
distinctive from regenerative nodules, and radiologists
reserve that terminology for lesions larger than 2 cm
in size!**®), High-grade dysplastic nodules show iso
to high signal on T1-WI and iso signal intensity on T2-
WI. They may show intense early enhancement and
fade to isointensity, but do not show washout!**®!, As
opposed to HCC, regenerative and low-grade dysplastic
nodules show iso-enhancement to the surrounding liver
parenchyma. Patients with the diagnosis of high-grade
dysplastic nodules are at higher risk of developing HCC
and should have closer follow-up MRI.

IHC

IHC is the second most common primary hepatic
malignancy, accounting for 10%-20% of all primary liver
malignancies’® ¥, Background of CLD such as cholangitis,
viral hepatitis (especially hepatitis C) and liver cirrhosis,
are known specific risk factors'®™, Primary sclerosing
cholangitis is the most well known of these conditions.
In terms of growth characteristics, cholangiocarcinomas
may be mass-forming, periductal-infiltrating, or
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Figure 7 Hepatocellular carcinoma. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed 3D-GRE
T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. There is a small peripheral lesion on the right lobe of a cirrhotic liver (arrow, A-G), showing drop
of signal intensity on opposed-phase (B) comparing with the in-phase (A) images, which is suggestive of fat content. The lesion demonstrates mild high signal intensity
on T2-WI (C), low signal intensity on pre-contrast T1-WI (C), heterogeneous enhancement on early post-contrast (E) and subsequent washout with associated
pseudocapsule on delayed post-contrast images (F and G), in keeping with a small fat-containing hepatocellular carcinoma. GRE: Gradient-echo; FSE: Fast spinecho;
T1-WI: T1-weighted images.

intraductal. Mass-forming cholangiocarcinoma is the parenchyma®®,
most common IHC, accounting for the majority of IHC, MRI allows the distinction between IHC and HCC
and are defined as a rounded mass located in the liver with high degree of confidence. At present, MRI with
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MR cholangiopancreatography has become the imaging
modality of choice for diagnosis and staging of cholan-
giocarcinoma, with the similar accuracy of computed
tomography combined with direct cholangiography™.
The MR appearance of IHC depends on the proportion
of fibrosis, necrosis and mucin. Typically they show low
to iso-signal intensity on T1-WI, and variably high signal
intensity on T2-WI®*®!, Capsular retraction is sometimes
described, reflecting the desmoplastic nature of the
tumor. In some cases vascular encasement and dilated
bile ducts peripheral to the mass may be seen. Early
continuous rim enhancement followed by progressive
heterogeneous enhancement of the remainder of the
lesion is often seen (Figure 8). The late enhancement is
due to the fibrotic nature of cholangiocarcinoma. Near
one third of cholangiocarcinomas are hypervascular.
Nanashima et al®®, Kim et a®" and Al Ansari et af*¥
reported that 46%, 29%, and 28%, respectively, of
the intra-hepatic cholangiocarcinomas in their studies
showed hypervascular enhancement pattern. This
appearance is well recognized and might carry a
better prognosis with longer disease-free survival®®*®,
Conversely, IHC in patients with chronic viral hepatitis or
cirrhosis tend to be very hypervascular®®”, Xu et af*”
showed that the density of arteries and micro-vessels
of IHC in a cirrhotic liver was higher than that in IHC
without underlying cirrhosis and comparable to that in
cholangiocarcinoma component of combined HCC-IHC.
This vascular difference in IHC may be responsible for
the hypervascular enhancement of IHC in the context of
cirrhosis™.

When using HSA, mass-forming IHC may have
a pseudowashout pattern with Eovist®-enhanced
MR images because of progressive background liver
enhancement and no enhancement of the IHC®".
Hepatobiliary imaging with Eovist®, showed increased
lesion conspicuity and better delineation of secondary
nodules and intrahepatic metastasis, which may aid the
evaluation of IHC'®?, Further, it has been suggested that
it can be helpful for therapy planning due to the exact
depiction of the tumor borders™”.

Satellite lesions are markedly more conspicuous
on hepatobiliary phase of Eovist®-enhanced MRI,
proposing a potential role for hepatobiliary MR agents in
evaluation of the tumor resectability. In a study by Kim
et al’®”, 93% of mass-forming intra-hepatic cholangio-
carcinoma exhibited a special pattern of enhancement
in hepatobiliary phase of Eovist®-enhanced MRI,
described as cloud-like hyperintensity in the central
portion of the tumors, surrounded with a low signal
intensity rim, which appears as a defect in the vicinity of
the hyperintense normal liver parenchyma.

Metastasis

Metastasis is the most common liver malignancy,
outnumbering primary liver malignant neoplasms with
a ratio of 40:1. Moreover, it has been shown that 40%
of patients with extrahepatic malignancy show liver
metastasis at the autopsy. Accurate detection and
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characterization of liver metastasis is critical in patient
management, namely in determining treatment and
prognosis™®. MR is rapidly evolving as the primary
imaging modality for the detection and characterization
of liver lesions including metastases in many centers.

On MRI, hepatic metastases have variable app-
earances depending on the primary tumor. Generally,
metastases show mild to moderate high signal intensity
on T2-WI and low signal intensity on precontrast T1-
WI. Cystic metastases and those with necrosis show
increased T2 signal (more common in neuroendocrine
tumors, sarcomas, and melanoma metastases). A subset
of liver metastases shows T1 hyperintensity for a variety
of reasons. One subset is the fat-containing metastases,
which are easily characterized by the drop of signal on
OP and/or fat-suppressed sequences. Other subset is
metastases that contain paramagnetic substances such
as melanin, extracellular methemoglobin and protein.
A good example is melanoma metastases, which are
often T1 hyperintense because of their melanocytic
content and/or occasional hemorrhage. On dynamic
post-contrast imaging, metastases are characterized as
hypervascular, iso-vascular, or hypovascular, when they
show more, similar, or less enhancement compared to
the background liver parenchyma, respectively, at the
late arterial hepatic dominant phase (Figure 9).

Most of liver metastases are from extra-hepatic
adenocarcinomas and generally they tend to be hypova-
scular®, Hypervascular metastases are usually seen in
neuroendocrine tumors, renal cell, thyroid and breast
carcinoma, melanoma, and sarcoma.

HSAs and DWI are useful for detection of small
hepatic metastases, demonstrating improved sen-
sitivity over conventional T2-WI MR techniques and,
significantly increased sensitivity compared to CT
imaging™’?**®!. As metastatic tumors do not contain
functioning hepatocytes, they appear hypointense during
the hepatocellular phase, resulting in a high contrast
between enhancing liver tissue and metastases'®,
Metastases show high signal on DWI and may increase
the confidence of the diagnosis®®*®*!, The combination
of HSAs and DWI yield better diagnostic accuracy and
sensitivity in the detection of small liver metastasis than
each magnetic resonance scan sequence alone. In one
study, the combined set showed significantly improved
sensitivity (mean values, 97.5%/95.0% on per-lesion/
per-patient basis) than each imaging set alone (mean,
90.7%/83.7% for Eovist® set, and 91.6%/83.0% for
DWI set) on both per-lesion basis and per-patient
basis"”.

While the use of MRI on detection and charac-
terization of liver metastatic disease is well established,
the role on the assessment of treatment response is less
defined™ . It has been suggested the benefits of MRI
over CT, This is evident in the setting of pseudo-
progression diagnosed on CT due to high density of
hemorrhagic treated lesions and bevacizumab-containing
chemotherapy regimens on metastatic colorectal
cancer™*™, However, more studies are needed in order
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Figure 8 Intrahepatic cholangiocarcinoma. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed
3D-GRE T1-WI at the arterial (E), portal venous (F) and interstitial (G) phases. The tumor shows low signal intensity on T1-WI (A, B and D), high signal intensity on
T2-WI (C), and heterogeneous peripheral continuous and progressive enhancement on postgadolinium images (E-G). Associated capsular retraction is also noted (white
arrow, A-G). GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

to fully comprehend the role of MRI on the assessment the characterization of FLL. Although many hepatic

of treatment response of metastatic liver lesions. lesions have characteristic imaging features, the
interpretation should rely on a combination of lesion
Simplified practical approach assessment, background liver assessment, and clinical

MRI is a highly sensitive and accurate modality for parameters. For liver lesion characterization, HSA are
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Figure 9 Metastases. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and postcontrast fat-suppressed 3D-GRE T1-WI at the
arterial (E), portal venous (F) and interstitial (G) phases. Multiple metastases are present throughout the liver, showing low signal intensity on T1-WI (A, B and D) and
high signal intensity on T2-WI. Most of these lesions show hypervascular characteristics, while one in segment VIl (arrow, E) shows ring enhancement. Late washout
is perceived, a feature that is characteristic of carcinoid metastases (G). GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

used to assess the presence of intralesional functional FLL. A simplified schematic representation of the typical
hepatocytes. DWI is also useful in differentiating benign imaging features of the most common benign and
from malignant lesions. Although clinical utility has malignant hepatic lesions is provided in Figures 10 and
been proven, further investigation is needed to better 11.

delineate the role of HSA and DWI in characterizing The hepatocellular nature of a lesion can usually
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Hemangioma FNH Abscess
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Figure 10 Stereotypical simplified schema, showing magnetic resonance imaging features of benign focal liver lesions. FNH: Focal nodular hyperplasia;
HCA: Hepatocellular adenoma; FS T2-WI: Fat-suppressed T2-weighted image; T1-WI IP: T1-weighted in-phase image; T1-WI OP: T1-weighted out-of-phase image;
T1-WI AP: Post-contrast fat-suppressed T1-weighted image at the late arterial phase; T1-WI PVP: Post-contrast fat-suppressed T1-weighted image at the portal-
venous phase; T1-WI Inter P: Post-contrast fat-suppressed T1-weighted image at the interstitial phase; T1-WI HBP: Post-contrast fat-suppressed T1-weighted image
at the hepatobiliary phase (with hepatocyte-specific contrast agent).

Metastasis

FS
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T1-WI
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Figure 11 Stereotypical simplified schema, showing magnetic resonance imaging features of malignant focal liver lesions. The represented metastasis
exemplifies the typical appearance of a hypovascular metastasis (the most common type). FS T2-WI: Fat-suppressed T2-weighted image; T1-WI IP: T1-weighted in-
phase image; T1-WI OP: T1-weighted out-of-phase image; T1-WI AP: Post-contrast fat-suppressed T1-weighted image at the late arterial phase; T1-WI PVP: Post-
contrast fat-suppressed T1-weighted image at the portal-venous phase; T1-WI Inter P: Post-contrast fat-suppressed T1-weighted image at the interstitial phase; T1-
WI HBP: Post-contrast fat-suppressed T1-weighted image at the hepatobiliary phase (with hepatocyte-specific contrast agent); HCC: Hepatocellular carcinomas; IHC:
Intrahepatic cholangiocarcinomas.
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Figure 12 Multiple focal nodular hyperplasias. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific
contrast agent (Eovist®) fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There are two focal nodular
hyperplasias on the left lobe (white arrows) and one small FNH on the right lobe (black arrow). The liver parenchyma shows drop of signal in the opposed-phase
(B) comparing to the in-phase images (A), indicating moderate parenchymal fat deposition. Note that the lesions do not show drop in signal in the opposed-phase
(B). All lesions are isointense comparing to the surrounding liver on T2-WI (C), showing uniform blush on the early post-contrast images (E). In this case the lesions
enhancement do not fade to isointensity on the delayed post-contrast images (F and G) due to the presence of moderate fat deposition in the liver parenchyma. On
the hepatobiliary phase, 20 min after the administration the hepatocyte-specific contrast agent, the lesions show uptake of the contrast agent. GRE: Gradient-echo;
FSE: Fast spinecho; T1-WI: T1-weighted images.

be assessed by the unenhanced sequences. The imaging further helps in characterization, while HSA may
signal intensity of these lesions is similar to the liver differentiate between normal or abnormal hepatocyte
parenchyma. The multi-phasic dynamic post-contrast function.
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Figure 13 Adenomatosis. In- (A) and opposed-phase (B) GRE T1-WI, fat-suppressed FSE T2-WI (C), pre (D) and post hepatocyte-specific contrast agent (Eovist®)
fat-suppressed 3D-GRE T1-WI at the arterial (E), portal venous (F), interstitial (G) and hepatobiliary (H) phases. There are multiple lesions (> 10 in number) scattered
throughout the hepatic parenchyma, barely visible on unenhanced T1-WI (A, B and D) and hyperintense on T2-WI (C). The lesions show arterial enhancement (E),
which fades to almost isointensity on the delayed post-contrast images (F and G). On the hepatobiliary phase, acquired 20 min after the hepatocyte-specific contrast
agent, all lesions appear with low signal intensity comparing to the surrounding liver. GRE: Gradient-echo; FSE: Fast spinecho; T1-WI: T1-weighted images.

Although prone to restraint, an exercise of a sim- signal to the remaining parenchyma on unenhanced MR
plistic approach taking into consideration the clinical (suggesting hepatocellular origin), and showing strong
information and the MR findings can be performed. In enhancement on the late arterial phase, the diagnosis
young women, a nodular liver lesion that looks similar in of FNH, or less likely, HCA should be considered. MRI
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with HSA usually allows the distinction between these
two lesions.

Hemangiomas usually display pathognomonic
imaging features, namely the moderately high signal
intensity on T2-WI and the peripheral globular discon-
tinuous enhancement and retention of contrast on
delayed images. Furthermore, in a patient without
underlying liver disease or history of extra-hepatic
cancer, a lesion with moderately high signal intensity on
T2-WI that strongly enhances at the arterial phase and
remains high in signal intensity on subsequent phases is
also typical of capillary liver hemangioma. As mentioned
above, while using Eovist®, one should remind that
hemangiomas can show “pseudowashout”, simulating
malignant lesions.

In patients with multiple liver tumors, different types
of lesions frequently occur in particular combinations.
The most frequent combination is hemangioma and
FNH, which occurs in near 25% of patients. Less
frequently, FNH and hepatocellular adenoma may
present as multiple lesions and typically show similar
characteristics of singular lesions (Figure 12). Liver
adenomatosis (> 10 adenomas), is an uncommon
entity that occurs most often in young women and
has three MRI patterns that are associated with three
pathologic forms as described above!®" (Figure 13).

In patients with underlying liver disease regenerative
hepatocellular nodules, dysplastic nodules, and HCCs
are by far the most common lesions. In this setting,
a nodular liver lesion that looks similar in signal to the
liver parenchyma on unenhanced MR (hepatocellular
origin), and shows enhancement similar to the back-
ground liver parenchyma throughout all phases are
regenerative or low-grade dysplastic nodules; if they
show hyper-enhancement but no washout, they are
regarded as high-grade dysplastic nodules; and if they
show hyper-enhancement and delayed washout, then
the diagnosis of HCC is established. Ancillary findings of
mildly high T2 signal intensity or restriction on diffusion
in case of hypervascular nodules, despite the presence
of washout, is also very suspicious for HCC.

Although the prevalence of benign lesions in patients
with cancer remains high, one should always consider
the possibility of liver metastases, especially when liver
lesions are small and cannot be fully characterized by
other imaging methods such as CT. Multiple solid liver
lesions that do not show pathognomonic appearance of
any of the common benign liver lesion in a patient with
a known history of extra-hepatic malignancy are very
suspicious for liver metastases.

CONCLUSION

Different imaging sets can be obtained in a single MRI
examination, reflecting a greater range of chemical and
physical properties of both normal and abnormal tissue.
MRI is capable of providing comprehensive and highly
accurate diagnostic information, with the additional
advantage of lack of harmful ionizing radiation. These
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properties make MRI the mainstay for the noninvasive
evaluation of focal liver lesions. Like with other radiologic
exams, the interpretation of a liver MR should be done
in a by-patient fashion. The expertise of an experienced
subspecialized abdominal MR radiologist is paramount to
establish and maintain high-quality liver MR protocols,
determine the appropriate indications for the utilization
of hepatocyte vs extracellular contrast agents, and
interpret MR studies; therefore, consistently yielding a
correct diagnosis and ultimately setting the right path
and pace for patients’ management.
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