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KEY POINTS

� Magnetic resonance (MR) imaging is helpful for definitive characterization of various solid and
cystic hepatic lesions.

� MR imaging also provides important information about the background liver parenchyma, biliary
tree, and hepatic vasculature.

� Diffusion-weighted imaging in the liver can be particularly helpful for detection of otherwise subtle
lesions and for the diagnosis of pyogenic abscesses.

� Diffusion-weighted imaging alone cannot differentiate between solid benign hepatocellular lesions
and malignant lesions, as both can exhibit restricted diffusion with overlap between their respective
apparent diffusion coefficient values.

� Hepatocyte-specific contrast agents are helpful for the differentiation of focal nodular hyperplasia
and hepatocellular adenoma, two lesions with overlapping imaging features and patient popula-
tions, but with potential management implications depending on the diagnosis.
INTRODUCTION

Focal liver lesions are increasingly encountered
during routine imaging studies because of ad-
vances in technology and more widespread use
of imaging. The great majority of lesions are benign
in patients with noncirrhotic livers; however, many
are indeterminate at the time of initial discovery.
Definitive characterization by magnetic resonance
(MR) imaging may alleviate patient anxiety, drasti-
cally alter management in someone undergoing
staging for malignancy, and help avoid unneces-
sary biopsy or costly follow-up imaging.

MR imaging offers important advantages over
computed tomography (CT), such as the lack of
ionizing radiation and improved soft tissue
contrast. The American College of Radiology
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Appropriateness Criteria1 assigns the highest rat-
ing to MR imaging without and with contrast for
characterization of indeterminate liver lesions,
regardless of whether the patient is otherwise
healthy, has liver disease, or has a known extrahe-
patic malignancy. This review presents a stan-
dardized approach to liver MR imaging while
detailing common and less common benign focal
liver lesions and their imaging characteristics.

MR IMAGING TECHNIQUE
Protocol

The goal of a dedicated liver MR imaging is to fully
assess any focal lesions and provide valuable in-
formation about the background liver paren-
chyma, biliary system, and vasculature. This is
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accomplished by using a wide range of fluid-
sensitive and anatomic pulse sequences,
including dynamic contrast-enhanced images
that allow for improved lesion detection and char-
acterization (Table 1). Enhancement depends on
both the nature of the lesion and timing of imaging
with respect to the contrast bolus.2 Images are
routinely obtained during hepatic arterial, portal
venous, and equilibrium (equal distribution of
contrast among the intravascular and extrav-
ascular extracellular compartments) phases.
Magnetic resonance cholangiopancreatography
(MRCP) images can be obtained to better evaluate
the biliary tree. Patient cooperation with breath-
holding instructions is required to achieve high-
quality images.

Contrast Agents

Gadolinium contrast agents have strong paramag-
netic effects that shorten predominately the T1
relaxation times of tissues, leading to increased
signal intensity (enhancement) on T1-weighted im-
ages.3 The 2 main categories of contrast agents
used for liver MR imaging are (1) extracellular
and (2) hepatocyte-specific. Extracellular contrast
agents are more widely used, providing informa-
tion on the pattern and degree of enhancement
analogous to iodinated contrast agents for CT.
After intravenous injection, they circulate the
vascular system and are distributed into extracel-
lular spaces before undergoing renal excretion.
Hepatocyte-specific contrast agents provide this
extracellular dynamic information plus unique
additional delayed phase information. On delayed
Table 1
Example of comprehensive liver MR imaging
protocol

Protocol
Step Sequence

Precontrast
images

T2-weighted single-shot fast SE
T1-weighted in and opposed

phase GRE
Diffusion-weighted imaging
T2-weighted FS fast SE
3D T1-weighted FS spoiled GRE
T2-weighted MRCP (optional)

Postcontrast
images

Dynamic 3D T1-weighted FS
spoiled GRE (in hepatic
arterial, portal venous, and
equilibrium phases)

Delayed hepatocyte phase
(if applicable)

Abbreviations: FS, fat-suppressed; GRE, gradient echo;
MRCP, MR cholangiopancreatography; SE, spin echo; 3D,
three-dimensional.
images, tumors of hepatocellular origin with func-
tioning hepatocytes and biliary excretion take up
and retain hepatocyte-specific contrast to some
degree, whereas other lesions generally do not.
This allows for better characterization of focal liver
lesions and potentially increases the detection of
small lesions that would otherwise be missed.2

Hepatocyte-specific contrast agents currently
approved for clinical use by the Food and Drug
Administration are gadobenate dimeglumine (Mul-
tiHance; Bracco Diagnostics Inc, Princeton, NJ)
and gadoxetate disodium (Eovist; Bayer Health-
Care, Wayne, NJ; marketed as Primovist in Eu-
rope). In a patient with normal liver and renal
function, gadoxetate disodium has a much greater
percentage of biliary excretion (50%) than ga-
dobenate dimeglumine (3%–5%).4 Therefore,
more intense liver enhancement and earlier
hepatocyte-phase imaging is achieved with ga-
doxetate disodium (usually within 20 minutes)
than gadobenate dimeglumine (usually performed
after 60–90-minute delay).2,3 T2-weighted and
diffusion-weighted images can be obtained after
injection of gadoxetate disodium to improve time
efficiency.
The FDA-approved, manufacturer-recommen-

ded dose of gadoxetate disodium (0.025 mmol/kg)
is only one-fourth that of gadobenate dimeglumine
and extracellular contrast agents (0.1 mmol/kg), re-
sulting in a relatively weaker T1 shortening effect.2 A
smaller volume of contrast (prefilled 10-mL syringe)
is typically administered. If injected at a rate of
2 mL/s, it may take less time to deliver the contrast
bolus than it does to complete a single high-quality
data acquisition.4 Consequently, it can be chal-
lenging to capture peak arterial phase enhance-
ment. Shortened scanning times or reduced
injection rates of 1 mL/s have been proposed to
overcome this temporal mismatch.4 Additional
methods to avoid missing peak arterial phase
include using a bolus timing technique, such as
automated bolus detection algorithm or fluoro-
scopic triggering, or obtaining multiple consecutive
arterial phase data sets with higher temporal but
lower spatial resolution.4,5
Diffusion-Weighted Imaging

Diffusion-weighted imaging (DWI), a technique
that derives image contrast from differences in
random motion of water molecules, has become
a standard part of abdominal MR imaging proto-
cols in recent years. The underlying principle is
that different biologic tissues exhibit varying levels
of restricted water diffusion, dependent on such
factors as tissue cellularity and cell membrane
integrity.6 The ability to depict areas of high
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cellularity can be helpful in hepatic lesion detection
and characterization in a noninvasive manner. DWI
does not rely on intravenous gadolinium; therefore,
its use is particularly attractive in patients with
poor renal function who cannot receive contrast
because of the potential risk of nephrogenic sys-
temic fibrosis.7

In general, DWI uses a fast single-shot echo-
planar imaging-based sequence. Images at our
institution are obtained at 3 different b-values
(ranging from low to high) to calculate an apparent
diffusion coefficient (ADC) map. Low b-value (ie,
50 s/mm2) or “black blood” diffusion images result
in improved lesion detection owing to suppression
of bright signal from vessels or periportal tissue
and lack of motion blurring compared with stan-
dard T2-weighted turbo spin-echo (TSE) and
single-shot TSE images.8–10 In our experience,
subtle or small additional lesions easily overlooked
on conventional MR images may be much more
conspicuous on low b-value diffusion images.
Higher b-value (ie, 500 and 800 s/mm2) images
provide more diffusion information and help with
lesion characterization. Common benign liver
lesions generally have higher ADC values than
malignant lesions. This may allow for quick differ-
entiation of a hepatic cyst or hemangioma from a
solid hepatocellular mass or metastasis. However,
overlap exists between ADC values of solid benign
hepatocellular lesions, such as focal nodular
hyperplasia (FNH) or hepatocellular adenoma
(HCA), and those of malignant lesions.7,10–15

Thus, information provided by DWI needs to be in-
terpreted in conjunction with lesion morphology
and signal characteristics on other sequences.
FOCAL LIVER LESIONS
Hemangioma

Hemangioma is the most common benign liver tu-
mor, with a reported prevalence as high as
20%.16–18 Most hemangiomas (60%–80%) are
diagnosed in adults between 30 and 50 years of
age.19 There is a clear female predominance (2:1
to 5:1 ratio).20 In most cases, hemangiomas are
discovered incidentally and are of no clinical
consequence. Accurate diagnosis is critical to
avoid unnecessary further workup, including
biopsy.

The gross and histologic features of hemangi-
omas lend to their characteristic appearance at
MR imaging. Hemangiomas consist of numerous
vascular channels, each lined with a single layer
of epithelial cells and separated by fibrous sep-
tae.21 They are usually well defined, often round
or mildly lobulated. Due to the long T2 relaxation
time of their blood-filled spaces, hemangiomas
demonstrate T2 hyperintense signal classically
described as “light bulb bright” or isointense to ce-
rebral spinal fluid (CSF).16 They are often slightly
less T2 hyperintense than simple cysts or CSF
on single-shot TSE images. Nevertheless, this T2
hyperintense signal is one of the most reliable find-
ings in diagnosing hemangiomas.22 They appear
hypointense to adjacent liver on T1-weighted im-
ages. Following contrast, a pattern of discontin-
uous peripheral nodular enhancement with
progressive, centripetal filling on more delayed im-
ages is characteristic (Fig. 1).23

Incomplete filling by contrast is common in hem-
angiomas larger than 3 cm due to central scarring.
This is especially true for “giant” hemangiomas, a
term generally reserved for lesions larger than
5 cm, which may also enhance asymmetrically
because of regions of thrombosis.24 In giant hem-
angiomas, irregular or “flame-shaped” discontin-
uous peripheral enhancement may dominate or
coexist with the typical nodular enhancement
pattern seen in smaller hemangiomas.21 They
also may look more complex on T2-weighted im-
ages, sometimes with a multiloculated appear-
ance resulting from a network of hypointense
septae or with a central T2 hyperintense cleft,
which may be from cystic degeneration or lique-
faction (Fig. 2).20,21

Conversely, some small (<2 cm) hemangiomas
show rapid complete filling on the arterial-phase
images. They are typically high signal intensity on
T2-weighted images. These small lesions, referred
to as “flash-filling” hemangiomas, are often asso-
ciated with adjacent arterioportal shunting, most
commonly seen as a wedge-shaped subcapsular
area of transient hyperenhancement during the
arterial phase (Fig. 3).22,23 Segmental or lobar per-
fusional variants also can be seen in association
with larger hemangiomas.

Most hemangiomas remain stable in size on
follow-up imaging.17 Larger lesions can some-
times be associated with symptoms related to
mass-effect on adjacent structures. Other compli-
cations have occasionally been reported, most
often with giant hemangiomas. These include in-
tratumoral hemorrhage, inflammatory changes,
or consumptive coagulopathy (Kasabach-Merritt
syndrome).24 Such complicated lesions may
require aggressive management, such as arterial
embolization or resection.

Rarely, hemangiomatous lesions can diffusely
replace the liver parenchyma. In contrast to the
sharp borders of classic hemangiomas, bound-
aries of so-called “hemangiomatosis” are ill
defined. This pattern has been observed adja-
cent to giant hemangiomas (see Fig. 2B), and
in some cases, can be a manifestation of



Fig. 1. Typical hemangioma. (A, B) A well-circumscribed mass demonstrates uniform T2 hyperintense and T1 hy-
pointense signal. (C) Characteristic discontinuous peripheral nodular enhancement is seen during arterial phase
(arrows). (D) Subsequent postcontrast images show progressive centripetal filling of the hemangioma.
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systemic diseases, such as hereditary hemor-
rhagic telangiectasia.25

“Sclerosed” hemangiomas have predominately
fibrosed and obliterated vascular spaces and may
represent the end stage of hemangioma involu-
tion.20 The typical imaging features of a hemangi-
oma are altered or lost, making a prospective
diagnosis challenging (Fig. 4). Hemangiomas
can be especially difficult to diagnose in the
setting of cirrhosis, where they are less common
than in the general population and may sclerose.
Doyle and colleagues17 described features sug-
gestive of sclerosed hemangiomas in a series
of 10 lesions: geographic margins, volume loss
with capsular retraction, adjacent wedge-shaped
perfusional variant, nodular regions of internal
enhancement (not necessarily in the periphery of
the lesion), and presence of other more typical
hemangiomas within the liver. All sclerosed hem-
angiomas in this series were T2 hyperintense to
a variable degree; however, certain malignant
lesions can also be T2 hyperintense. These
include hypervascular metastases from a primary
neuroendocrine tumor (pancreatic islet cell, carci-
noid, or pheochromocytoma), breast cancer,
renal cell carcinoma, thyroid cancer, melanoma,
or sarcoma, in addition to cystic-appearing me-
tastases from mucinous gastrointestinal malig-
nancies.22,26 Capsular retraction is not specific
for “sclerosed” hemangioma; it also can be a
feature of peripheral cholangiocarcinoma, epithe-
lioid hemangioendothelioma, and liver metas-
tasis.20 Prior imaging should be evaluated to
determine if the lesion had a more typical appear-
ance of hemangioma previously.
Some hypervascular tumors or treated metasta-

ses can mimic peripheral nodular enhancement or
show prolonged contrast enhancement (Fig. 5).
The presence of an early complete (rather than
discontinuous) rim of peripheral enhancement or
“washout” of contrast on delayed images can
help differentiate these metastatic lesions from
hemangiomas.22,26

As gadoxetate disodium–enhanced MR imaging
is increasingly used, it is important to recognize
certain pitfalls that may arise with hemangiomas.



Fig. 2. Giant hemangioma. (A) Large T2 hyperintense mass with a central T2 hyperintense cleft (asterisk) from
cystic degeneration or liquefaction. (B) Note the more ill-defined “hemangiomatosis” adjacent to its posterior
border (arrowheads), a pattern that can be seen adjacent to giant hemangiomas. (C, D) Postcontrast images
demonstrate characteristic peripheral discontinuous “flame-shaped” pattern of enhancement with progressive
but incomplete centripetal filling on delayed images.
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On 20-minute delayed hepatocyte-phase images,
hemangiomas appear hypointense relative to the
liver because they lack hepatocytes. However,
the gradual process of contrast uptake by hepato-
cytes and removal from vascular spaces begins
even earlier. Hemangiomas may appear hypoin-
tense relative to the increasingly bright back-
ground liver parenchyma as early as the
equilibrium phase. With flash-filling hemangiomas,
a resulting “pseudowashout” appearance can
mimic hypervascular metastases (Fig. 6).27

Furthermore, some small hemangiomas lack the
typical enhancement pattern and can be firmly
diagnosed only on delayed images when they
appear isointense to blood pool. With gadoxetate
disodium, delayed fill-in of these small atypical
hemangiomas could be masked, making the diag-
nosis more difficult.28 The typical high signal on
T2-weighted images may be helpful in these
cases. We try to use conventional gadolinium
agents instead of gadoxetate disodium-
enhanced MR imaging for the characterization of
hemangiomas.

Focal Nodular Hyperplasia

FNH is the second most common benign liver tu-
mor, with an estimated prevalence of 3% to
8%.29 Most often found in young and middle-
aged women, FNH can be seen across all age
groups and also occurs in men.30 A clear female
predominance (8:1 ratio) suggests a role for
endogenous or exogenous estrogens in its patho-
genesis. Some investigators suggest a link be-
tween oral contraceptives and FNH because of
reports of size regression following their with-
drawal29,31,32; however, their potential influence
is controversial. In one study of 216 women with
FNH, Mathieu and colleagues33 suggested that
(1) neither size nor number of FNHs were influ-
enced by oral contraceptives and (2) size changes
during follow-up were rare and did not seem to
depend on their use.



Fig. 3. Flash-filling hemangioma with associated perfusional variant. (A) A small well-defined T2 hyperintense
liver lesion is present (arrow). (B) During arterial phase, this shows rapid complete filling by contrast (arrow).
Note the adjacent wedge-shaped subcapsular region of transient hyperenhancement (asterisk). (C) The heman-
gioma (arrow) retains contrast on more delayed images, its signal intensity following that of blood pool.

Cogley & Miller6
FNH is usually a well-circumscribed, nonen-
capsulated mass less than 5 cm in diameter
found in an otherwise healthy liver. The pathogen-
esis is not fully understood, but it is generally
considered a hyperplastic response to a congen-
ital or acquired vascular anomaly. Histologically,
multiple small nodules composed of normal he-
patocytes are clustered about a central scar of
fibrous connective tissue. Characteristic patho-
logic findings include an enlarged feeding artery,
numerous capillaries, and malformed biliary duct-
ules. Generally, these lesions do not contain por-
tal veins.29

FNH has been called a “stealth lesion” for being
invisible on noncontrast CT; it is also isointense or
nearly isointense to adjacent liver parenchyma on
many MR imaging sequences (Fig. 7). FNH is typi-
cally homogeneous in signal intensity and appears
isointense to slightly hypointense on T1-weighted
images and isointense to slightly hyperintense
on T2-weighted images.30 A stellate central scar
of T2 hyperintense signal (related to vascular
channels, bile ductules, or edema) may be pre-
sent, especially in lesions larger than 3 cm
(Fig. 8).29,30,34 Because its vascular supply is pre-
dominately arterial, FNH typically shows intense
uniform enhancement during arterial phase.34

The lesion usually fades to become isointense or
slightly hyperintense to the liver on portal venous
and equilibrium phases; if present, the central
scar shows delayed enhancement. These typical
features allow for a confident diagnosis based on
imaging alone.
Because there is no evidence to support malig-

nant potential of FNHs, and their associated
complication rate is extremely low, management
is conservative.29 Only a minority of lesions require
biopsy. Atypical findings that can be misleading
include (1) heterogeneous T1 and T2 signal in-
tensity, (2) hyperintense signal on precontrast
T1-weighted images, and (3) hypointense signal
relative to the liver during hepatic venous and
equilibrium phases suggesting “washout.”29 Oc-
casionally, FNH may exhibit a pseudocapsule



Fig. 4. Sclerosing hemangioma (A) Heterogeneous, mildly T2 hyperintense mass with overlying capsular retrac-
tion (arrowhead). (B) Portal venous phase image demonstrates a continuous rim of enhancement with some in-
ternal nodular foci of enhancement (arrowhead). (C) Equilibrium phase image shows progressively thick rim of
peripheral enhancement (arrow). Biopsy performed at this time was consistent with a hemangioma. (D) Noncon-
trast CT image from an outside institution 2 years prior shows that the mass was previously larger. (E) One year
later, it continued to decrease in size with progressive capsular retraction (arrowhead).
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related to compression of adjacent liver paren-
chyma, perilesional vessels, or an inflammatory
reaction.29,35 Rare instances of fat accumulation
within FNH have been reported in the literature,
a finding usually suggestive of HCA or
hepatocellular carcinoma (HCC).30,36 Fat within
FNHmay be more commonly seen with diffuse he-
patic steatosis but the lesion will often have other
features typical of FNH. FNH is most commonly
solitary; these atypical features have been more



Fig. 5. Potential pitfall: solitary sarcoma metastasis mimicking hepatic hemangioma. (A) Slightly lobulated T2
hyperintense mass in segment 4a has circumscribed margins (arrow). (B) It is uniformly T1 hypointense. (C) Irreg-
ular peripheral nodular enhancement is seen during arterial phase. (D) Equilibrium phase shows no progressive
filling; however, note the thin continuous rim of enhancement along its posterior wall (arrows). This mass
grew on short-term follow-up imaging. Biopsy confirmed a metastasis in this patient with a history of
rhabdomyosarcoma.
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commonly reported in the setting of multiple FNH
lesions.35

Small FNH lesions often lack a visible central
scar and this should not be misconstrued as an
atypical feature. In one study, 42 (80%) of 49
FNH lesions 3 cm in size or smaller lacked a cen-
tral scar.37 Conversely, central scars may be
seen in other lesions, including fibrolamellar carci-
noma and HCC.38 One must always relate the
imaging findings with the clinical context. By defi-
nition, a diagnosis of FNH should not be made in a
cirrhotic liver.39 Because fibrolamellar carcinoma
also occurs in young adults without underlying
liver disease, other features must be used to
distinguish it from FNH. The central scar of fibrola-
mellar carcinoma is usually hypointense on all se-
quences and does not enhance, owing to collagen
and/or coarse calcification.40 Rarely, it appears T2
hyperintense with delayed enhancement due to
increased vascularity, mimicking the central scar
of FNH.40,41 Confounding the issue, the central
scar in FNH can show atypical features, such as
low T2 signal intensity or only mild enhancement
during the equilibrium phase.29,35 Clues useful for
distinguishing fibrolamellar carcinoma from FNH
include large size (>10 cm), tumor heterogeneity,
large scar (width >2 cm), calcification, invasion of
adjacent vessels, lymphadenopathy, and extrahe-
patic metastases.38 In addition, fibrolamellar carci-
noma is relatively rare compared with FNH.
Due to overlapping patient populations and im-

aging features, a common diagnostic challenge
is to distinguish atypical FNH from HCA, an impor-
tant distinction that may alter patient manage-
ment. The hepatocyte-specific contrast agent
gadoxetate disodium can be useful in such cases.
FNH contains densely packed functioning hepato-
cytes and abnormal blind-ending bile ductules, re-
sulting in contrast retention and delayed biliary
excretion. FNH often shows vivid enhancement



Fig. 6. Potential pitfall: pseudowashout of a flash-filling hemangioma with gadoxetate disodium-enhanced MR
imaging. (A) T2-weighted fat-suppressed image shows a small circumscribed T2 hyperintense lesion (arrow). (B)
Gadoxetate disodium–enhanced MR imaging reveals uniform arterial hyperenhancement (arrow). (C) The lesion
becomes hypointense relative to the increasingly bright liver parenchyma during equilibrium phase, simulating
washout (arrow). (D) It is uniformly hypointense to liver on hepatocyte phase (arrow), as expected for a heman-
gioma. (E) Same patient examined with an extracellular contrast agent displays the more familiar appearance of
hemangioma retaining contrast on delayed images (arrow).
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on delayed hepatocyte-phase images, although
the degree can vary.2,4 In a study by van Kessel
and colleagues,42 19 (73%) of 26 cases of FNH
were hyperintense or at least isointense to liver
on delayed images, 23% were predominately hy-
pointense with a hyperintense rim, and only 1
case was hypointense without an enhancing rim.
The central scar does not typically retain contrast



Fig. 7. FNH as “stealth” lesion. (A) There is a slight contour bulge of the lateral left hepatic lobe due to an un-
derlying T2 isointense mass (asterisk). (B) The mass is isointense to liver on opposed-phase T1-weighted imaging
(asterisk), unlike a fat-containing lesion. (C) It demonstrates uniform arterial hyperenhancement (arrows). (D) It
then fades to become nearly isointense to liver during portal venous phase (asterisk).
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on delayed images using gadoxetate disodium,
and together with radiating fibrous septae, it may
result in a characteristic spoke-wheel appear-
ance.4,43 Conversely, HCAs are usually hypoin-
tense to liver on hepatocyte phase images
because, although they have functioning hepato-
cytes, they lack bile ductules.37 However, HCAs
can occasionally appear isointense or even hyper-
intense to liver with the underlying mechanism of
transport poorly understood.4

Hepatocellular Adenoma

HCA is a less common benign primary neoplasm
of the liver. Though most often encountered in
women of childbearing age taking oral contracep-
tives, it can occur in other women as well as men.
In recent years, HCA has been categorized into 3
distinct subtypes based on genetic and patho-
logic features: (1) inflammatory, (2) hepatocyte nu-
clear factor 1-alpha (HNF-1a) inactivated, and (3)
b-catenin-activated lesions. Some exhibit both
b-catenin-activation and inflammatory features.44
Unclassified HCAs are a small group that lack
specific morphologic or immunophenotypical
features.45

Inflammatory HCA is the most common subtype
(40%–50%) and includes lesions formerly known
as “telangiectatic” FNH or HCA. It occurs most
frequently in young women on oral contraceptives
and in obese patients. Histopathology reveals
intense polymorphous inflammatory infiltrates,
marked sinusoidal dilatation, and abnormal thick-
walled arteries.46 HNF-1a–inactivated HCA is the
second most common subtype (30%–35%), re-
sulting from biallelic inactivation of the HNF-1a tu-
mor suppressor gene. This also inactivates liver
fatty acid–binding protein, leading to intralesional
fat deposition. This subtype occurs exclusively in
women, most of whom (>90%) take oral con-
traceptives; some are also associated with
maturity-onset diabetes of the young (MODY)
type 3 and familial hepatic adenomatosis.46 The
b-catenin mutated HCA subtype (10%–15%) oc-
curs with sustained activation of the b-catenin



Fig. 8. FNH with central scar; gadoxetate disodium–enhanced MR imaging. (A) Slightly T2 hyperintense mass has
a focal T2 bright central scar (arrow). (B) The mass demonstrates uniform arterial hyperenhancement. (C) There is
delayed enhancement of the central scar during equilibrium phase (arrow). (D) On 20-minute delayed hepatocyte
phase images, the mass retains contrast while its central scar does not (arrow).
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gene, resulting in uncontrolled hepatocyte forma-
tion; it occurs more frequently in men and is asso-
ciated with anabolic steroid use, glycogen storage
disease, and familial adenomatosis polyposis.46

HCAs are reported to be solitary in most cases
(70%–80%), but it is not uncommon for a patient
to have 2 or 3 lesions at imaging.47 Some have
found that HCAs are more often multiple in
the setting of hepatic steatosis.48 Presence of
more than 10 lesions is rare, originally defined
as “liver adenomatosis” by Flejou and col-
leagues49 in 1985 as a distinct entity occurring
in men and women without risk factors for
HCA. It had been suggested that the lesions in
adenomatosis are not steroid dependent and
are more likely to lead to impaired liver function,
hemorrhage, and possibly malignant degenera-
tion.50 However, more recent evidence suggests
adenomatosis is not a specific entity, as once
thought, and that lesion size and subtype, not
overall number, are important to consider for
possible complications.51
HCAs are usually well defined, sometimes with a
capsule (17%–30%), and can range in size from
smaller than 1 cm to larger than 15 cm.47,52,53

Most patients are asymptomatic at the time of dis-
covery, but some present with abdominal pain,
hemorrhage, abnormal liver function tests, or
seldom with a palpable mass.51 The overall rate
of hemorrhage is 20% to 25%; larger size
(>5 cm) and subcapsular location are risk factors
for rupture and bleeding.46,54 Of the different sub-
types, inflammatory HCAs may be more prone to
bleed owing to sinusoidal dilatation, peliotic areas,
and abnormal arteries.46

According to a meta-analysis by Stoot and col-
leagues,55 the rate of malignant transformation of
HCA to HCC is 4.2%; this occurs more commonly
in lesions larger than 5 cm and in men.53,54 The
b-catenin-activated subtype carries the highest
risk of malignant transformation; however, some
inflammatory HCAs regardless of b-catenin status
may also develop HCC.45 HNF-1a–inactivated
HCAs carry the lowest risk of malignant
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transformation.45 Thus, recognition of subtype
may be relevant with regard to how patients are
managed.
As a group, HCA has a variable appearance at

imaging; yet, investigators have shown that spe-
cific MR imaging patterns may allow for pathologic
subtype characterization. Diffuse intralesional fat
deposition on chemical shift imaging is character-
istic of HNF-1a–inactivated HCA; this finding alone
is 86.7% sensitive and 100% specific for HCA
subtype characterization (Fig. 9).44 Intralesional
fat is seen much less often with inflammatory
HCAs, but when it does occur it is usually focal
or patchy and heterogeneous rather than uniformly
diffuse.44,45,56 Owing to typical findings of sinusoi-
dal dilatation at histopathology, distinguishing fea-
tures of inflammatory HCAs include (1) marked T2
hyperintensity, especially in the periphery of the
lesion, and (2) strong arterial phase enhancement
that persists on more delayed images. Together,
these 2 findings are 85.2% sensitive and 87.5%
specific for diagnosis (Fig. 10).44 van Aalten and
colleagues56 observed a characteristic “atoll
sign” in nearly half (43%) of inflammatory HCAs
in their series but not with other subtypes. This re-
fers to a lesion with a peripheral ringlike band of T2
hyperintense signal and a central portion that is
isointense to the liver, thus resembling a coral atoll
(Fig. 11). van Aalten and colleagues56 suggested
that findings of vaguely defined scars or poorly
defined T2 hyperintense areas within a lesion
might be related to b-catenin-activation (Fig. 12),
but larger sample sizes are needed to confirm
this association. For now, biopsy remains the
best option for diagnosing this subtype at greatest
risk for malignant transformation.
Imaging features of HCAmay overlap with other

lesions. In young, otherwise healthy patients, the
differential diagnosis commonly includes FNH.
Lesion heterogeneity in this population is more
suggestive of HCA, particularly if there is variable
T1 signal intensity related to hemorrhage or fat
content.52,57 Central scars characteristic of FNH
are rarely seen in HCA.53 Intralesional fat is
much more commonly seen in HCA. Nonetheless,
it may be difficult to distinguish some HCAs from
atypical FNHs, and gadoxetate disodium–
enhanced MR imaging may prove helpful in this
setting. Distinguishing HCA from HCC is of even
greater importance. Both may contain intrale-
sional fat (up to 40% of HCC).52 Both typically
show arterial hyperenhancement. Occasionally,
HCA will demonstrate washout or presence of a
capsule, other shared features with HCC. Clinical
history, including patient demographics and any
risk factors for HCC, as well as the background
appearance of the liver, including cirrhotic
morphology, should provide clues to the correct
diagnosis.
Proposed management strategies for HCA rely

on cross-sectional imaging for diagnosis and
subtype characterization, as well as clinical his-
tory and lesion size to determine the need for bi-
opsy or surgical resection. For simplification,
HCAs can be initially characterized at MR imaging
as (1) diffusely steatotic or (2) either heteroge-
neous or nonsteatotic. If the patient is taking
oral contraceptives or steroids, repeat imaging
is recommended 3 to 6 months after discontinua-
tion.46 Stable and regressing HCAs may be moni-
tored with continued follow-up. Growing lesions
warrant further evaluation based on patient sex
and lesion size. Surgical resection is advocated
for large HCAs (>5 cm) and any HCAs found in
men or patients with glycogen storage disease
due to an association with b-catenin-activated
subtype and increased HCC risk.46 Females
with small (<5 cm) heterogeneous HCAsmay war-
rant percutaneous biopsy to search for b-catenin
mutation.46 Females with small (<5 cm) diffusely
steatotic HCAs are at low risk for malignancy,
but may benefit from genetic counseling
regarding family history of HCA, adenomatosis,
and/or MODY type 3.46,51
PYOGENIC LIVER ABSCESS

Pyogenic liver abscesses (PLAs) are localized col-
lections of pus resulting from bacterial infection
with destruction of the liver parenchyma and
stroma.58,59 PLAs account for 80% of liver ab-
scesses of all varieties in the United States and
Western countries.60 They may develop as a result
of ascending cholangitis (due to benign or malig-
nant biliary obstruction or complication of biliary
procedures), hematogenous spread of gastroin-
testinal infection via the portal vein, diffuse septi-
cemia via the hepatic artery, intrahepatic rupture
of cholecystitis, or superinfection of necrotic
tissue.58,61

With advances in antimicrobial therapy and sur-
gical and/or medical management, biliary tract pa-
thology has surpassed portal seeding from
appendicitis and diverticulitis as the most common
source of PLA.62,63 Meddings and colleagues64

observed the incidence of PLA (3.6 per 100,000)
in the United States to be rising and attributed
this to an aging population and growing prevalence
of hepatobiliary disease, biliary intervention, dia-
betes, and liver transplantation, all known risk fac-
tors for PLA. Diabetes is also implicated in many of
the so-called cryptogenic cases of PLAs.65

PLAs resulting from hematogenous spread
of infection usually manifest as one or a few



Fig. 9. HCA (HNF-1a–inactivated or steatotic subtype); gadoxetate disodium–enhanced MR imaging. (A) T2-
weighted fat-suppressed image demonstrates a uniformly isointense hepatic mass (arrow). (B) The mass is
isointense to liver on in-phase T1-weighted imaging (arrow). (C) Diffuse signal dropout of the mass on
opposed-phase T1-weighted imaging indicates intracellular fat (arrow). (D) The mass uniformly enhances to
a slightly greater degree than adjacent liver during arterial phase (arrow). (E) The mass becomes hypointense
relative to liver during portal venous phase (“washout”) (arrow); subtle small adjacent lesions also become
apparent (arrowheads). (F) The dominant mass (arrow) and small adjacent lesions (arrowheads) all remain hy-
pointense to liver during hepatocyte phase, with the small lesions best seen on this series. Multiple HCAs were
confirmed at resection.
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Fig. 10. HCA complicated by hemorrhage (inflammatory subtype). (A) Slightly T2 hyperintense mass (arrowheads)
in the posterior right lobe contains a central ovoid region of bright signal surrounded by a thin T2 hypointense
rim (asterisk). (B) The mass itself is isointense to liver on T1-weighted fat-suppressed images (arrowheads),
whereas the central region is partially T1 hyperintense compatible with blood products (asterisk). (C, D) Postcon-
trast images demonstrate strong arterial hyperenhancement of the mass (arrowheads) that persists on delayed
images without washout. The central region does not enhance, in keeping with hemorrhage (asterisk). Surgical
pathology revealed inflammatory HCA, which is suggested by its T2 signal intensity and enhancement pattern;
inflammatory HCA is the subtype most prone to hemorrhage.
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large lesions, with preference for the right lobe due
to its size and propensity to receive most of the
portal blood flow.58,66 PLAs of biliary origin tend
to be greater in number and smaller in size58; those
smaller than 2 cm may be classified as microab-
scesses.61 Solitary abscesses are more likely
than multiple abscesses to be polymicrobial.63

Common causative organisms are Streptococcus
species, Escherichia coli, and Klebsiella, with
Klebsiella accounting for the highest per-
centage of cases in large recent Asian case
studies.60,63,64,67,68

Most patients have fevers at the time of presen-
tation, as many as 99% in one case series by
Wong and colleagues.67 Patients also commonly
experience chills and right upper quadrant
pain.60,65 However, the presenting symptoms of
PLA can be highly variable. Clinically occult or
“cold” abscesses manifest with nonspecific symp-
toms, such as weight loss or vague abdominal
pain.61

PLAs can have a variable appearance at MR im-
aging, but are generally sharply marginated and T2
hyperintense and T1 hypointense. Microab-
scesses are more difficult to appreciate on pre-
contrast T1-weighted images but become more
conspicuous after contrast due to central nonen-
hancement.58 Intense early wall enhancement is
characteristic, usually between 2 and 5 mm in
thickness and relatively uniform (Fig. 13).69 This
wall enhancement persists on delayed images,
with little to no perceptible change in thickness.69

Internal septations are occasionally seen (Fig. 14).
A focal cluster of microabscesses separated by
enhancing septae suggests the early stage of coa-
lescence into a larger abscess cavity.58 This



Fig. 11. HCA (inflammatory subtype): “atoll sign.” (A) Large right hepatic mass exhibits a peripheral ringlike band
of T2 hyperintense signal (arrows) and less pronouncedmildly T2 hyperintense signal centrally, with overall appear-
ance likened to a coral atoll. (B) The mass is nearly isointense to liver on in-phase T1-weighted imaging. (C) There is
subtle signal loss on opposed-phase T1-weighted imaging suggesting intracellular fat (arrowhead), although not
as pronounced or diffuse as described with HNF-1a–inactivated subtype. (D, E) Postcontrast images demonstrate
arterial hyperenhancement that persists on delayed imaging (arrows). Inflammatory HCA was found at resection.
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so-called “cluster sign” favors a diagnosis of PLA
over other types of liver abscesses.70

Perilesional edema manifested by mild
increased T2 signal and/or perilesional enhance-
ment differences is not uncommon, especially
with larger abscesses. Patterns include (1) adja-
cent wedge-shaped transient arterial hyperen-
hancement alone or (2) adjacent wedge-shaped
or circumferential surrounding edema with associ-
ated hyperenhancement during arterial and



Fig. 12. HCA (b-catenin-activated subtype) in a 31-year-old male. (A) Heterogeneous, mildly T2 hyperintense mass
in the posterior right lobe has a peripheral band of mildly T2 hyperintense signal (arrowheads). (B) Precontrast
fat-suppressed T1-weighted image demonstrates an eccentric poorly defined T1 hypointense scar (arrow). (C)
The mass exhibits heterogeneous arterial hyperenhancement and slightly more uniform enhancement during
portal venous phase (D) with exception of the nonenhancing eccentric scar (arrows). HCA with b-catenin muta-
tion was found at resection. This subtype occurs more frequently in men. It has been suggested that vaguely
defined scars or poorly defined T2 hyperintense areas within a lesion might relate to b-catenin activation, but
this is not definitive and biopsy remains the best option for diagnosing this subtype.
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delayed phases.69 Perilesional edema also has
been described as highly suggestive of abscess
formation at CT.71 Proposed etiologies include
adjacent sinusoidal dilatation or inflammatory
response.58

DWI is very helpful in making the diagnosis of
PLA. Due to the high viscosity and cellularity of
pus, abscess cavities demonstrate restricted
diffusion (see Figs. 13 and 14).59 This allows for
quick differentiation of PLAs from benign cysts
that lack restricted diffusion. Some investigators
also have suggested that DWI can potentially
help differentiate PLAs from certain cystic or
necrotic primary or metastatic liver neoplasms,
as abscess cavities may demonstrate overall
greater restricted diffusion (lower ADC values).7,59

Prompt diagnosis and treatment of PLA is
necessary for a good outcome. Identifying a
potential source, such as diverticulitis, biliary dis-
ease, or appendicitis, is critical and may require
additional imaging. Broad-spectrum antibiotics
should be initiated and subsequently modified
once sensitivities become available. Antibiotics
alone can be effective for some patients with small
(<3 cm) abscesses62; however, most PLAs require
drainage and/or treatment of underlying biliary
obstruction if present.58 Image-guided percuta-
neous catheter drainage has replaced surgical
intervention as the most common approach.62,72
HEPATIC CYSTS

Simple hepatic cysts are common benign liver le-
sions that are typically incidentally discovered.
They are usually round or ovoid with smooth mar-
gins and range in size from a few millimeters to



Fig. 13. Pyogenic liver abscess. (A) Large rounded predominately T2 hyperintense mass in the posterior right lobe
has a rim of mild increased T2 signal that may in part relate to surrounding edema (arrowheads). (B) Postcontrast
images show relatively uniform wall enhancement (arrowheads). (C) Contents are markedly hyperintense on the
high b-value (800 s/mm2) diffusion-weighted image. (D) Pronounced low signal on the corresponding ADC map
indicates restricted diffusion, typical of abscess.
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several centimeters. On MR imaging, simple cysts
are markedly T2 hyperintense and T1 hypointense
(isointense to fluid), have very thin or imperceptible
walls, and do not enhance following contrast.73,74
CILIATED HEPATIC FOREGUT CYST

Ciliated hepatic foregut cyst (CHFC), a term first
used by Wheeler and Edmondson in 1984,75 is
an uncommon solitary benign hepatic cyst that ap-
pears histologically similar to bronchogenic and
esophageal duplication cysts. It is thought to arise
due to abnormal budding of the embryologic
foregut. Characteristically, it is lined by a pseu-
dostratified, ciliated, mucin-secreting, columnar
epithelium, with bands of smooth muscle in the
cyst wall and an outer fibrous capsule.75

CHFCs are likely underdiagnosed but important
to not confuse with malignancy. Most often, a
CHFC is found within or in close proximity to
the medial left hepatic lobe (segment 4).76
Subcapsular location is also characteristic77; in
some cases, the cyst wall extends slightly beyond
the contour of the liver.78 It is typically unilocular
with an average size of 3.6 cm (range of 1.1–
13.0 cm).76 Most cases are diagnosed in the fifth
or sixth decade, with a slight male predominance
(1.1:1.0 ratio).76,79

The true prevalence of CHFC is difficult to estab-
lish, as most are asymptomatic and discovered
incidentally.80 Some believe they do not cause
symptoms unless they become infected or large
enough to compress adjacent organs.78 Rare
cases of very large CHFCs resulting in obstructive
jaundice80,81 and portal hypertension82 due to
mass-effect on the biliary tree and portal vein,
respectively, have been reported. Malignant trans-
formation is another rare complication; at least 4
cases of squamous cell carcinoma arising in
CHFC have been reported in the literature.83–86

The diagnosis may be difficult at CT, as the fluid
may be complicated and of greater density than



Fig. 14. Large pyogenic liver abscess due to intrahepatic rupture of cholecystitis. (A) Coronal T2-weighted image
shows a large multiloculated T2 hyperintense hepatic mass containing several tiny spilled gallstones (arrow). Gall-
stones are also seen in the adjacent gallbladder (arrowheads). (B) Postcontrast image during equilibrium phase
shows diffuse enhancement of its outer wall and several internal septae. (C) The mass exhibits restricted diffusion,
with bright signal on the high b-value (800 s/mm2) diffusion-weighted image and low signal on the correspond-
ing ADC map (D).
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simple fluid, potentially mimicking a solid and/or
hypovascular or necrotic mass.77,87 MR imaging
better demonstrates their cystic nature and pro-
teinaceous fluid content (Fig. 15). They are well-
defined, T2 hyperintense, and mostly unilocular
lesions. Variable signal intensity on T1-weighted
images, ranging from hypointense to hyperintense
signal, reflects differences in protein concentra-
tion.78 Rarely, they may be associated with a
fluid-fluid level.79 Contrast-enhanced images
easily confirm their cystic nature by demonstrating
only thin wall enhancement.78 Primary differential
considerations include simple or complicated (in-
fected or hemorrhagic) cysts and biliary cystade-
nomas. CHFCs should be diagnosed based on
their classic subcapsular location in the medial
segment of the left hepatic lobe.
CHFCs generally have a benign course. Surgi-

cal excision is recommended for symptomatic
and/or large lesions producing mass-effect.82,84
Because case reports of malignant transformation
with poor outcomes have been described, some
have recommended surgical excision or enucle-
ation of CHFCs regardless of size.76 Current
data may be limited by small sample sizes.
Regardless, careful attention can be made at im-
aging for any irregular wall thickness or solid
component that might suggest the rare develop-
ment of carcinoma.
BILE DUCT HAMARTOMAS

Bile duct hamartomas (BDH), also known as biliary
hamartomas and von Meyenburg complexes, are
benign liver lesions that result from ductal plate
malformations involving the small interlobular bile
ducts.88 They consist of focally disordered collec-
tions of bile ducts surrounded by abundant fibrous
stroma89 and are considered part of a spectrum of
fibropolycystic liver disease that also includes



Fig. 15. Ciliated hepatic foregut cyst. (A) Typical subcapsular T2 hyperintense cystic lesion in segment 4 extends
slightly beyond the contour of the liver. (B) On precontrast fat-suppressed T1-weighted imaging, this appears iso-
intense to liver due to proteinaceous fluid content (arrow). (C) The lesion remains nearly isointense to adjacent
liver parenchyma during arterial phase (arrow). (D) It becomes hypointense to liver during the portal venous
phase but should not be mistaken for a solid enhancing lesion with “washout.”
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congenital hepatic fibrosis, autosomal dominant
polycystic liver disease, and Caroli disease.90

BDHs can vary in number from as few as 1 or 2
small (�10 mm) cystic liver lesions to numerous
scattered small lesions of near uniform or varying
size (Fig. 16).89 Initial case reports warned of
Fig. 16. Multiple bile duct hamartomas. (A) Numerous su
throughout the liver. (B) The lesions appear hypointense
mistaken for hypoenhancing solid lesions or metastases.
potential confusion with metastases, especially in
patients with known extrahepatic malignancy91,92;
however, MR imaging readily distinguishes BDHs
from solid lesions.90 They are well-defined T2
hyperintense cystic lesions that lack communica-
tion with the biliary tree and may exhibit lobulated
bcentimeter T2 hyperintense cystic foci are scattered
to liver on postcontrast images and should not to be
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margins, thin septations, and a characteristic thin
rim of enhancement related to adjacent com-
pressed liver parenchyma and inflammation
(Fig. 17).90,92 Identification of a 1-mm to 2-mm
“mural nodule” owing to conjunctive septae within
at least one lesion has been proposed to increase
diagnostic specificity of BDH.88 Overall, these cyst
wall features may help in the differentiation from
simple cysts, although this distinction is usually
not needed, as most BDHs are of no clinical signif-
icance.90 Lack of restricted diffusion helps distin-
guish them from microabscesses.
More recently, Martin and colleagues90 de-

scribed less common large cystic and compli-
cated variants they collectively named “giant
BDH.” This term applies to lesions larger than
2 cm, although they can be much larger (>10 cm)
and develop complications, such as hemorrhage
and right upper quadrant pain.90 A clue to diag-
nosis is that they coexist with smaller typical
BDHs and have less internal complexity than
biliary cystadenomas (BCAs).
Fig. 17. Bile duct hamartoma. (A) Small well-defined T2 hy
suggestion of a few thin internal septations. (B) Coronal T
owing to conjunctive septae (arrowhead), a finding propo
contrast image shows a characteristic thin rim of enhance
BILIARY CYSTADENOMA

BCA is a rare cystic neoplasm that is generally
found in middle-aged women but can occur at
any age and occasionally in men. It is histologically
similar to mucinous cystic neoplasm of the
pancreas.93,94 Many believe that all BCAs are pre-
malignant. Lesions are subdivided at pathology
based on the presence or absence of ovarian
stroma, found only in women and considered a
favorable prognostic indicator.93 Typical gross
pathology features include a characteristic multi-
locular appearance95 and presence of a fibrous
capsule.93

Most BCAs are intrahepatic (85%), but they
also may arise from the common duct or rarely
the gallbladder.93 They are usually large lesions,
with a mean size of 12 cm in one larger series
(ranging from 3 to 40 cm).93 Often slow growing,
they may present with nonspecific symptoms,
such as abdominal pain.93,95,96 Some patients
present with jaundice from associated biliary
perintense lesion (arrow) with lobulated margins has a
2-weighted image demonstrates a tiny mural nodule
sed to increase diagnostic specificity of BDH. (C) Post-
ment (arrow).
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obstruction.96,97 Occasionally, they are asymp-
tomatic and discovered incidentally.

On imaging studies, BCAs usually appear as
large, well-defined multilobulated intrahepatic
cystic masses with internal septae (Fig. 18). Infre-
quently, they appear unilocular at imaging. BCAs
are typically T2 hyperintense and show variable
T1 signal intensity due to proteinaceous content
or blood products (Fig. 19).93,98 Fluid-fluid levels
occasionally result.97,98 Frahm and colleagues99

reported a more unusual case of BCA with multiple
intracystic masses on T2-weighted images repre-
senting large blood clots floating in hemorrhagic
cystic fluid. Compared with CT, MR imaging can
better evaluate the relationship of the mass to
the bile ducts and also can help detect the unusual
case of intraductal tumoral extension.97 MR imag-
ing also can better demonstrate enhancement of
the capsule, septae, and any mural nodules.100

Mural or septal nodularity increases the likelihood
of malignancy.93,95,101
Fig. 18. Biliary cystadenoma. (A) Large T2 hyperintense c
multilocular appearance. (B) Small peripheral foci of T1 h
orrhage or proteinaceous material (arrowheads). (C) Po
septae (arrows) and outer capsule. Multiloculated biliary
It can be difficult to differentiate BCA and its ma-
lignant counterpart biliary cystadenocarcinoma
(BCAC) preoperatively, but this is usually unneces-
sary because both require complete surgical exci-
sion. Subtotal excision or treatments reserved for
simple cysts (ie, aspiration, drainage, or marsupi-
alization) result in near universal recurrence and
occasional malignant transformation.96 The differ-
ential diagnosis includes other lesions that appear
septated or multilobulated. Liver abscesses usu-
ally have thicker walls at MR imaging98 and are
associated with clinical and/or laboratory signs of
infection. Hydatid cysts occur in endemic regions
and are characterized by the development of
daughter cysts in their periphery.61 A cystic metas-
tasis or rare cystic HCC may appear similar, but
underlying primary malignancy or cirrhosis are
usually known. Embryonal sarcoma of the liver is
an unusual tumor that predominately affects chil-
dren but can affect adults as well; it can mimic a
complicated cystic lesion such as BCA owing to
ystic mass has multiple thick septations resulting in a
yperintense signal on precontrast images reflect hem-
stcontrast images demonstrate enhancement of the
cystadenoma was confirmed at resection.



Fig. 19. Mucinous biliary cystadenoma. (A) T2 hyperintense cystic lesion contains a smaller eccentric internal cystic
component or daughter cyst. (B) The larger component is of slightly greater T1 signal intensity reflecting protein-
aceous material (asterisk). (C) Postcontrast imaging demonstrates no enhancing components. Mucinous biliary
cystadenoma was found at surgery.
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its misleading T2-hyperintense signal created by
abundant myxoid stroma.102,103

SUMMARY

Focal liver lesions are commonly encountered dur-
ing routine imaging studies. MR imaging plays an
important role in the workup of the otherwise inde-
terminate lesion, and often can be definitive in
characterization. It is important to consider the
characteristic MR imaging features of benign focal
hepatic lesions so as to avoid biopsy, surgery, and
extensive workups. Advances in MR imaging tech-
nology and in some cases, a better understanding
of the lesion itself, have allowed for improved
lesion diagnosis.
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