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Abstract

Magnetic resonance imaging (MRI) of the liver is slowly
transitioning from a problem solving imaging modality
to a first line imaging modality for many diseases of the
liver. The well established advantages of MRI over other
cross sectional imaging modalities may be the basis
for this transition. Technological advancements in MRI
that focus on producing high quality images and fast
imaging, increasing diagnostic accuracy and developing
newer function-specific contrast agents are essential
in ensuring that MRI succeeds as a first line imaging
modality. Newer imaging techniques, such as parallel
imaging, are widely utilized to shorten scanning time.
Diffusion weighted echo planar imaging, an adaptation
from neuroimaging, is fast becoming a routine part of
the MRI liver protocol to improve lesion detection and
characterization of focal liver lesions. Contrast enhanced
dynamic T1 weighted imaging is crucial in complete
evaluation of diseases and the merit of this dynamic
imaging relies heavily on the appropriate timing of the
contrast injection. Newer techniques that include fluoro-
triggered contrast enhanced MRI, an adaptation from
3D MRA imaging, are utilized to achieve good bolus tim-
ing that will allow for optimum scanning. For accurate
interpretation of liver diseases, good understanding of
the newer imaging techniques and familiarity with typi-
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cal imaging features of liver diseases are essential. In
this review, MR sequences for a time efficient liver MRI
protocol utilizing newer imaging techniques are dis-
cussed and an overview of imaging features of selected
common focal and diffuse liver diseases are presented.
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INTRODUCTION

Magnetic resonance imaging (MRI) of the abdomen has
been routinely performed to further characterize indeter-
minate lesions seen on other cross sectional imaging, such
as ultrasound (US) and computed tomography (CT). How-
ever, MRI is increasingly used as the principal diagnostic
modality, especially for staging and restaging of oncologic
patients. With advancement of technology and develop-
ment of newer imaging techniques, MRI of the abdomen
allows for near optimal evaluation of, not only the liver,
but also most of the other organs in the abdomen, retro-
peritoneal structures and even the peritoneum!”.

One of the obstacles to optimal MRI of the abdomen
is periodic motion associated with respiratory movement
and the historic long examinations. To overcome this
limitation, novel imaging techniques, such as parallel imag-
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ing (PI), have allowed for shorter breath hold sequences
without significant loss in the signal to noise ratio (SNR)*,
Although to a lesser degree than on CT or US, a limitation
of liver MRI has been the overlap of imaging features of
various disease processes that render them as indetermi-
nate findings. Incorporation of newer imaging techniques
(such as PI) and new contrast agents (such as hepatocyte
agents) have improved the diagnostic accuracy of MRI,
for example, the utilization of diffusion weighted echo
planar imaging (EPI), which had been standard practice
in neuroimaging. The enhancement pattern at different
phases after contrast administration can be crucial for the
detection and characterization of liver pathology. The ad-
dition of the hepatocyte phase after contrast administra-
tion has permitted increased discrimination between liver
and non-hepatocyte containing lesions. In this review, we
discuss the design of a time-efficient MR protocol and the
justification for various sequences and techniques for op-
timum liver imaging. We present the specific imaging fea-
tures of selected common focal and diffuse liver diseases
utilizing this model MR protocol technique!’.

MRI TECHNIQUES

Axial T1 weighted spoiled gradient echo in-phase and
opposed-phase

Historically, T1 weighted imaging (T1WI) of the liver have
been obtained with a spin-echo technique. Although this
technique provided exquisite SNR and minimum artifacts,
the scan time could be considered as prohibitive. Cur-
rently, routine T1WI evaluation is obtained with spoiled
gradient echo (SPGR) techniques (GE Medical Systems,
Milwaukee, WI; fast low-angle shot sequences, Siemens
Medical Systems, Erlangen, Germany). The imaging pa-
rameters for this sequence with a 1.5T magnet were TE
= 4.2 ms and 2.1 ms with TR = 100 ms. For the 3T mag-
nets, a TE of 2.1 ms and 4.2 ms correspond to in-phase
(IP) and out-of-phase (OP) imaging, respectively. The slice
thickness was 5 mm/0 mm gap. Utilizing a double echo
technique, IP and OP images were obtained in one TR. At
1.5T, an echo time of 4.2 ms resulted in a predominantly
IP image (water and fat signal are added), with a 2.1 ms
echo time, water and fat signal cancel each other resulting
in out of phase image. The addition of PI (see discussion
on PI below) to the image acquisition parameters resulted
in a scan time of 14-18 s, which was short enough for a
breath hold in most patients, to cover the entire abdo-
men®,

The normal signal of the liver on T1WI is slightly hy-
perintense to muscle and kidneys. The signal was variable
depending on the fat and iron content of the liver. In a
fatty liver, the signal of the liver in the IP T1WI is slightly
hyperintense. In a liver with high iron content, the signal
on the IP T1WI is slightly hypointense.

Axial T2 weighted imaging
The use of fast spin echo (FSE) techniques with a mul-

. . . . 6
tiple echo train has significantly shortened scan times'”.
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However, scan time reduction comes at the expense of
the contrast to noise ratio (CNR) and SNR!. To minimize
mis-registration, a respiratory triggered FSE (RT-FSE) T2
weighted imaging (T2WI) sequence is preferredm. A respi-
ratory triggered technique with an echo train length (ETL)
of 16-20 provides excellent T2WI. Longer ETL (> 20)
may result in loss of CNR between the lesion and liver.
A TE of 80-90 ms results in high quality images with an
optimal combination of high SNR and CNR". Modifica-
tion of the echo time to longer TE (150-250 ms) has been
used to discriminate between cysts (long T2 relaxation
masses) and solid lesions (telatively shorter T2 relaxation

[9,10]
masses .

The T2WI can also be obtained with breath hold tech-
niques. The fast recovery FSE techniques (FRFSE, GE
Medical Systems) can provide good breath hold T2WI
contrast with improved scan times". This pulse sequence
includes recovery of the compulsory longitudinal mag-
netization. The T2WI (RT-FSE or FRFSE) are obtained
with fat-saturation. The fat suppression is achieved with
frequency selective techniques.

The imaging parameters for T2 weighted RT-FSE
comprise TR = 4000-6000 ms and TE = 85 ms. The
number of excitations is 3-4. The slice thickness/gap is
6 mm/0 mm. The imaging parameters for FRFSE were
comprised of TE = 85 ms and TR = 2000 ms.

The normal signal of the liver on T2WI is hypointense
to the spleen, kidneys, and pancreas. In contrast, most of
the liver pathology is hyperintense to the liver parenchyma.
This has been very useful since the early days of liver MR.

Diffusion weighted imaging

Neuroimaging has used diffusion weighted imaging (DWI)
in the detection and charactetrization of brain lesions. This
has been successfully applied to the evaluation of the liver.
The principle is to apply two identical diffusion-sensitizing
gradient pulses separated by a 180° refocusing pulse to a
T2 weighted sequence. Stationary protons are unaffected
by the gradient pulses because the phase shift acquired on
the first pulse is reversed by the second pulse with an end
result of no phase shift, which means no signal is lost.
On the contrary, moving protons acquire a phase shift
from the first gradient, which is not completely reversed
by the second gradient pulse, which results in signal loss.
Diffusion of protons thus is visually perceived as signal
attenuation on the diffusion weighted images. EPI is used
to obtain the T2WI for DWI. The EPI can be obtained
with a breath hold, free-breathing, or respiratory triggered
techniques. The respiratory triggered EPI is preferred
over breath-hold EPI for SNR reasons. The diffusion
gradients are best obtained in three orthogonal planes but,
in the liver, adequate images can be obtained with only
one axis (z-axis) gradient. DWI of at least two b-values
are performed (b = 0 or 500 s/mm®). The higher b-value
image will result in the reduction of signal from moving
protons in the bile ducts, cysts, vessels, and fluid in the
bowel. This will result in an increased contrast between
the lesion and liver. Visual assessment is of value to distin-
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guish cystic from solid lesions, however, to distinguish be-
nign and malignant solid lesions is often difficult. Another
confounding factor in visual tumor assessment is that the
signal intensity of a lesion is dependent on both water
proton diffusion and the T2-relaxation time. Thus a le-
sion may have a high signal on DWI, suggesting diffusion
restriction, when in fact it is due to the tissue’s intrinsic
long T2 relaxation time; a phenomenon called T2 shine-
through effect. Since DWI is originally a T2 weighted
sequence, the DWI imaging should be interpreted, along
with other standard sequences and especially the standard
T2 weighted sequences, to avoid this potential error! ",
DWT at low b-value (50 s/mm? (yes) results in black
blood images of the liver that facilitates identification of
small focal liver lesions (< 10 mm) from the dark intrahe-
patic vessels"".

The imaging parameters for the DWI EPI using a
breath hold technique and PI with multi-channel phased
array coil are: TR/TE (1200-1800 s/50-60 s); FOV (38-
44 cm); matrix (200 X 160); number of excitations (NEX-06);
slice thickness (7 mm/0 mm); two acquisitions obtained for
b-values of 0 and 500 s/mm’ with a scan time of 21 s.

The normal signal of the liver on DWI is the same as
on other T2WI. The liver is hypointense to the kidneys
and pancreas.

Parallel imaging

PI is an accelerated imaging technique that combines
available MRI methods and newly developed multi-
channel phased array coils to significantly reduce scanning
time. In PI techniques, under sampled k-space, data in the
phase encoding direction are acquired to shorten scan-
ning time. These incomplete data are supplemented by the
spatial information encoded by the multi-channeled phase
array surface coils to complete the MRI. Theoretically, the
maximum acceleration factor is limited by the number of
coil elements. Practically, the acceleration factor is cur-
rently limited by a factor of 2 to 4, which results in high
quality imagesm.

Different parallel reconstruction algorithms, such as
ASSET (GEMS), SENSE (Phillips), and SMASH (Siemens),
are used to generate unaliased final imagesﬁ’ﬁ]. The PI tech-
nique improves breath hold imaging by eliminating petriodic
respiratory motion artifacts due to fast imaging with subse-
quent increased spatial resolution. Acceleration factors of 2
to 3 are commonly used. The important limiting factor of
Pl s loss of SNR with improving resolution'”

Dynamic axial T1 weighted FSPGR LAVA contrast
enhanced imaging
Dynamic contrast enhanced (DCE)-MRI of the liver is a
vital part of the liver imaging protocol due to its greater
diagnostic accuracy. Given the distinctive liver physiology
and its dual blood supply, dynamic enhancement patterns
for a particular disease on the different phases of liver en-
hancement can narrow the differential diagnosis.

Images are acquired in three phases following contrast
administration: a predominant arterial (or late arterial) phase,
portal phase, and a delayed (equilibrium) phase. The first
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phase is the most time sensitive phase. The timing for the
portal venous and delayed phases is less critical. To opti-
mize the capture of this first phase of enhancement, novel
techniques have been developed.

For example, a less preferred method uses a standard
delay of 20 s following the administration of contrast. This
method does not compensate for cardiac output or other
physiologic delays. A second method is to do a timing bo-
lus. This is performed with a small amount (1-2 mL) that is
injected while a single slice of the abdomen is monitored
during the entire injection to determine the appropri-
ate delay time for the contrast to artive to the liver. The
main limitations are longer scans and the introduction of
contrast prior to the complete exam. A third method is to
obtain two consecutive arterial phases following contrast
administration after a preset short delay”. This requires a
decrease in spatial resolution to shorten the scan time".
Finally, fluoro-triggered images provide an alternative
method to visualize the contrast injection and set a short
delay after the visualization of contrast in the aorta or pul-
monary arteries.

To calculate the optimum delay in these methods, it
is important to have knowledge of the k-space filling
method of the MR software. A platform with the first
echo at the center of k-space will be at a different stage of
enhancement compared to a method where the center of
k-space is obtained in the middle of the acquisition“s’w]
The image contrast relies mainly on data acquired near
the center of the k-space, while the image edge sharpness
depends on data from the petiphery of the k-space. The
development of a new method of imaging, such as the
key-hole method, allows for merging of high frequency
k-space data from a reference image acquired with a re-
duced matrix. This data merging method combines the
spatial resolution of full matrix images and the temporal
resolution of a set of rapidly acquired, reduced matrix im-
ages. The key-hole method thus yields images with high
temporal resolution without significantly compromised
spatial resolution™ .

DCE-MRI of the liver is performed using a 3D axial
T1 weighted fast SPGR LAVA (GEMS) sequence with the
following parameters: TE > 1.5 ms; FOV (34-44 cm), ma-
trix [320 X (160-192)], slice thickness (4-5 mm), Zerofill
interpolation processing 2 breath-hold technique with PI
used during triphasic acquisition of the entire abdomen
after contrast infusion at late arterial, portal venous, and
delayed phase of contrast administration.

Hepatocyte specific gadolinium based contrast agent
(Gd-EOB-DTPA)

Gd-EOB-DTPA (known as Eovist, Primovist and EOB-
Primovist, Bayer Pharmaceuticals) is a paramagnetic, highly
water soluble, hydrophilic compound that has a lipophilic
moiety, called an ethoxybenzyl group, covalently linked
to the Gd-DTPA to form Gd-EOB-DTPA. Gd-EOB-
DTPA is selectively taken up by hepatocytes 2z an anionic
transporter protein, which makes it the first tissue specific
gadolinium based contrast agent (GBCA). It is eliminated
unchanged ziaz two routes in equal quantities: one route
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is via biliary excretion of contrast selectively taken up by
hepatocytes and the other route is »iz utinary excretion of
contrast after glomerular filtration in the kidney™. The
recommended dose of Gd-EOB-DTPA is 0.025 mmol/kg
of body weight, which is about one quarter of the stan-
dard dose of nonspecific GBCA. The relaxivity of Gd-
EOB-DTPA is comparable to most nonspecific GBCA
due to non covalent weak transient binding with serum
albumin®**),

Gd-EOB-DTPA combines both features of extracel-
lular contrast agent and hepatocyte specific contrast, which
allows for DCE imaging due to its extracellular function
and delayed static hepatobiliary imaging due to its hepato-
cyte specific function™. Therefore, in addition to tumor
characterization based on perfusion in the dynamic phase,
Gd-EOB-DTPA offers concurrent assessment during the
hepatocyte phase for the presence of intralesional func-
tioning hepatocyteswq. The selective uptake by hepatocytes
increases lesion to liver contrast particularly in the hepato-
cyte phase, which is not attainable with nonspecific GBCA.
The peak liver enhancement using Gd-EOB-DTPA is best
observed after 20 min®”. A time delay of 20 min for the
hepatocyte phase is a widely accepted duration and has
been part of liver imaging protocols using Gd-EOB-DT-
PA. To shorten the overall examination time, a new sugges-
tion of a shorter delay of 10 min for the hepatocyte phase
with sufficient liver enhancement has been made in patients
with normal liver function™. In patients with chronic liver
disease, where suppressed and delayed liver enhancement
in the hepatocyte phase is routinely observed, a 20 min
delay for hepatocyte imaging is compulsory™*!. Another
recommendation to reduce the total examination time is to
acquire T2 weighted sequences (FSE, FRESE, and DWI)
after contrast administration™,

COMMON FOCAL LIVER LESIONS

Simple liver cysts

Simple liver cysts are common benign livers lesions that are
developmental in origin. They are usually incidental find-
ings that do not require further workup!"’. At MR imaging,
liver cysts are hypointense on T1WI and hyperintense on
T2WI. They do not show enhancement at dynamic imag-
ing or uptake of contrast in the hepatocyte phase. Most
liver cysts, including sub centimeter cysts, usually can be
diagnosed based on typical MRI features (Figure 1). How-
ever, when contraindicated, further characterization with
non-contrast MR1 is still possible. On T2WI, cysts tend to
remain hyperintense or become more hyperintense than
surrounding liver parenchyma at longer TE > 250 ms'"”,
At DWI, cysts usually have high signal at b = 0 with signal
attenuation at higher b-values. Unfortunately, due to the
T2 shine through effect, cysts can remain hyperintense at
higher b-values™. In this setting, an apparent diffusion
coefficient (ADC) map will be very useful. For a simple
cyst, an ADC of 2.61 X 1073/ mm’ per second will suggest
a cyst o5 2 mean ADC of 1.31 X 10°/mm’ per second for
hepatomas“z’zﬂ. Even though the use of ADC values has
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Figure 1 A 51-year-old male with colorectal cancer and liver cysts. A, B: The
short (A, TE = 85 ms) and long (B, TE = 160 ms) respiratory triggered fast spin
echo T2 weighted imaging demonstrates a stable contrast to noise ratio of lesion
to liver; C: The post-gadolinium image shows no enhancement.

been proven to be useful, there still is significant overlap
between different types of focal liver lesions.

Hemangiomas

Hemangiomas are the most common solid benign liver
lesions and are typically asymptomatic. At MR imaging,
hemangiomas are classically hypointense on TIWI and
hyperintense on T2WI. On T2WI with a longer echo time
(TE = 140 ms), hemangiomas, like cysts, will remain hy-
perintense relative to the liver””. The CNR will not suffer
as much with cysts and hemangiomas compated to other
masses (Figure 2). On DWI, similar to cysts, hemangio-
mas will have high signal at b = 0 with a lesser degree of
signal attenuation at higher b-values in the absence of the
T2 shine through effect””. For hemangiomas, the mean
ADC of 1.84 X 10”°/mm” pet second is between that of
cysts and the ADC for hepatomas"**’. There is some
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Figure 2 A 21-year-old female with right upper quadrant pain with a hemangioma. A, B: The short (A, TE = 85 ms) and long (B, TE = 160 ms) respiratory trig-
gered fast spin echo T2 weighted imaging demonstrates a stable contrast to noise ratio of lesion to liver; C, D: The diffusion weighted imaging (C, b =0, and D, b =
500) demonstrates high signal intensity of the hemangioma; E-G: The multiphasic post-Gd images demonstrate peripheral interrupted nodular enhancement with
delayed fill-in, in the late arterial (E), portal venous (F), and excretory phase (G) of post-Gd images.

ovetlap between the ADC value of malignant lesions and
hemangiomas' ",

Post-Gd imaging features of hemangiomas on DCE-
MRI depend on their size. Three distinct dynamic en-
hancement patterns have been described. Pattern 1 is seen
in small capillary hemangiomas < 1.5 cm and is typified by
homogenous enhancement in early arterial enhancement
with persistent enhancement on subsequent phases. Pat-
tern 2 is seen in hemangiomas > 1.5 cm and is typified by
classic peripheral nodular discontinuous enhancement in
the arterial and portal phases with persistent enhancement
peripherally with possible complete fill in on the delayed
images (Figure 2). The second pattern is the most com-
mon and classic enhancement pattern of hemangiomas.
Pattern 3 is seen in giant hemangiomas > 6 cm and is typi-
fied by peripheral nodular interrupted enhancement with
gradual partial filling in on the arterial and portal phases
but with a persistent hypointense center on delayed im-
ages. At the hepatocyte phase, no contrast is taken up by
hemangiomasm. This can be challenging in the setting of
hemangiomas and liver metastases, where both lesions will
appear hypointense on the hepatocyte phase of contrast
administration.
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Focal nodular hyperplasia

Focal nodular hyperplasia (FINH) is the second most com-
mon benign liver lesion after hemangioma. They are
thought to be a hyperplastic reaction to a congenital or
acquired vascular malformation. On histopathology, they
contain normal hepatocytes with malformed biliary tracts.
They tend to be hypervascular lesions that often are inci-
dental findings and are asymptomatic. FINH are grouped
into two subtypes based on histology-classic (80%) and
nonclassic (20%). At MR imaging, the classic imaging fea-
tures on standard sequences are isointense on T1WI and
T2WI with well formed central scars that are hyperintense
on T2WI and are hypointense TIWI*, At DWI, they
have variable signal intensity™. At DCE-MRI, they show
intense enhancement in the arterial phase that returns to
1sointense to surrounding liver parenchyma in subsequent
phases. The central scar has characteristic enhancement
on the delayed images (Figure 3). The nonclassic type
tends to lack the central scar, therefore, these FNH are
1sointense on TTWI and T2WI and show intense arterial
enhancement on DCE-MRI that become isointense to
background liver on subsequent phases[s’zs]. One of the
most common indications of liver MRI is to characterize
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Figure 3 A 22-year-old female with an focal nodular hyperplasia in the liver. A: Respiratory triggered fast spin echo T2 weighted imaging at TE = 85 ms. This
demonstrates a high signal in the center of the lesion; B: The late arterial phase of contrast administration shows hyperintense enhancement; C: The hepatocyte

phase of contrast administration shows hepatocyte contrast uptake.

Figure 4 A 58-year-old female with a hepatic adenoma. A, B: In phase (A) and out-of-phase (B) T1 weighted imaging shows a signal drop in the adenoma on the
out-of-phase image; C, D: Late arterial and delayed phase imaging demonstrates early enhancement (C) and delayed washout (D); E: The hepatocyte phase of con-

trast administration does not show uptake.

hypervascular lesions on CT or MRI that may represent
an FNH. Hepatocyte agents are useful in this application
of liver imaging. Given its hepatocellular origin, most
FNH will appear isointense to hyperintense relative to
surrounding liver at the hepatocyte phase (Figure 3). This
is due to retention of contrast in dysfunctional bile ducts
with poor drainage within the FNH'",

Adenoma

Adenomas are rare benign liver neoplasms that occur com-
monly in women who are on oral contraceptives and with
increased incidence in glycogen storage disease and with
anabolic steroid use. Adenomas are usually symptomatic,
however, they can be complicated by intralesional hemor-
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thage, rupture and rarely malignant transformation. Histo-
pathologically, adenoma consists of hepatocytes arranged
in plates that are sepatated by dilated sinusoids. A fibrous
capsule or pseudocapsule consisting of compressed liver
parenchyma is usually present. Portal triad and bile ducts
are absent with minimal to complete absence of Kupffer
cells. They contain variable amounts of glycogen and
lipids“”. At MR imaging, adenomas demonstrate variable
signal intensity depending on lipid content and presence
of hemorrhage. At T1WI, adenomas can be isointense to
hyperintense due to lipid content or hemorrhage. High
signals from lipid content drop out at T1WI OP imaging
(Figure 4), while high signals from hemorrhage persist.
They have variable signal intensity at T2WI and DWI. At
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Figure 5 A 65-year-old male with hepatocellular carcinoma. A: T1 weighted imaging in phase image shows a hypointense mass in the right lobe of the liver; B: T2
weighted imaging (TE = 85 ms) shows a hyperintense mass in the right lobe of the liver; C, D: Late arterial (C) and excretory phase (D) shows a hypervascular mass

in the liver that demonstrates an enhancing capsule on the delayed images.

DCE-MRI, they can have heterogeneous early enhance-
ment during the arterial phase with variable degrees of
washout on the venous and delayed phases (Figure 4). A
peripheral delayed enhancement of the pseudocapsule
can be seen. At the hepatocyte phase, even though an ad-
enoma takes up minimal to moderate amounts of contrast
relative to the surrounding liver, the adenoma will com-
monly appear hypointense due to the absence of biliary
ducts resulting in no contrast being excreted or accumu-
lated prior to drainage!”.

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is the most common
primary liver malignancy. HCC most commonly develops
in the background of chronic liver disease, ending in cir-
rhosis due to various etiologies including viral hepatitis,
alcohol, hematochromatosis and Wilson’s disease. HCC
typically develops in a stepwise manner that begins with re-
generative nodules (RN) (non-premalignant), to dysplastic
nodules (DN, pre-malignant), to DN with HCC, to HCC.
HCCs can be solitary (50%), multifocal (40%) or diffuse
(less than 10%)", MRI plays an important role in differen-
tiating these non malignant nodules from HCCP™, At MR
imaging, HCCs have variable appearances but usually they
are hypointense on TTWI and mild to moderately hyper-
intense on T2WI. Smaller HCCs (< 2.0 cm) are frequently
isointense on both TIWI and T2WI""*. At DCE-MRI,
HCCs demonstrate classic intense early arterial enhance-

ment that washes out in the equilibrium phase (Figure 5).
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The majority of HCCs have a capsule consisting of com-
pressed liver parenchyma that usually enhances on the
delayed images. Some DN can mimic HCCs with intense
carly arterial enhancement, however, they do not show
the typical washout in the equilibrium phase or increased
signal on T2WI. The hepatocyte phase has been evaluated
in the setting of HCC. Most hepatomas are hypointense
to liver in this phase of contrast administration. This is a
function of organic anion transport function rather than

stage of tumor differentiation™**,

Intrahepatic cholangiocarcinoma

Intrahepatic cholangiocarcinoma (IHCC) is the second
most common primary liver malignancy, after HCC. IHCCs
are part of a spectrum of cholangiocarcinoma tumors of
the biliary epithelium. Cholangiocarcinoma tumors are clas-
sified based on the site of origin: intrahepatic, gallbladder,
or extrahepatic biliary cancers. At MR imaging, IHCC is
iso- to hypointense on T1WI and mild to marked hyperin-
tense on T2WI (Figure 6). Appearance on T2WI and DWI
can vary depending on its content: amount of fibrous con-
tent (predominant central hypointensity) and mucin content
(hyperintense). On the DWI, IHCC that exhibits restric-
tive diffusion will have no signal drop on high b-value
imaging. At DCE-MRI, IHCC demonstrates incomplete
arterial enhancement (Figure 6). On delayed images, mild
progressive enhancement is usually observed™. During
the hepatocyte phase of contrast administration, IHCCs
are hypointense to liver (Figure 7).
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Figure 6 A 62-year-old male with intrahepatic cholangiocarcinoma. A: Short TE (85 ms) T2 weighted imaging shows a hyperintense mass in the right lobe of the
liver; B-D: Pre-contrast (B) late arterial (C), and 5 min delayed images (D) of the abdomen shows delayed enhancement.

Figure 7 A 54-year-old female with intrahepatic cholangiocarcinoma. The
hepatocyte phase of contrast administration shows no uptake of contrast.

Liver metastases

Metastases are the most common malignant liver lesions,
with colorectal cancer as the most common primary ma-
lignancy. All metastatic liver lesions, with the exception
of highly cystic or necrotic lesions, have variable degrees
of vascularity and can be classified into hypovascular and
hypervascular metastases. This refers to the vascularity of
the lesions relative to the vascularity of surrounding liver

parenchyma®?,

Hypervascular liver metastases

Metastases that are considered hypervascular typically arise
from thyroid carcinoma, carcinoid tumor, neuroendocrine
tumor, renal cell carcinoma, choriocarcinoma, melanoma
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and sarcomas. At MR imaging, these metastases generally
have variable appearances on both T1WI and T2WI. On
T1WI, metastases are usually mildly to moderately hypoin-
tense relative to liver parenchyma. Some intralesional sub-
stances such as hemorrhage, melanin, fat and protein can
cause shortening of T1 relaxation times resulting in hyper-
intense metastatic lesions on TTWI. On T2WI, liver me-
tastases are hyperintense relative to liver but generally less
hyperintense than cysts and hemangioma. The difference
in CNR between the metastases and these benign lesions
can be highlighted on longer TE where signal attenuation
is observed with metastases and hyperintensity accentua-
tion is observed with cysts and hemangioma. However, a
subset of metastases that include neuroendocrine tumots,
sarcomas and melanoma can appear cystic and markedly
hyperintense on T2WI without signal attenuation at longer
TE, thus mimicking simple cysts and hemangioma”". At
DWI, these cystic metastases are usually hyperintense on
low b-values with variable degrees of signal attenuation
at high b-values. On the contrary, solid metastatic lesions
will remain hyperintense at high b-values due to restrictive
diffusion (Figure 8)"”. Dynamic enhancement patterns
also play a critical role in distinguishing these lesions.
Variable eatly arterial enhancement at the DCE-MRI
has been observed that includes peripheral ring and ho-
mogenous and heterogeneous enhancement. The periph-
eral ring pattern is the most commonly described enhance-
ment pattern. Homogenous arterial enhancement is usually
seen in smaller hypervascular metastases (< 1.5 cm). Het-
erogencous enhancement can be seen in lesions larger than
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Figure 8 A 51-year-old female with metastatic liver lesions from a pancreatic primary. A: The diffusion weighted imaging at b = 500 shows two hyperintense
nodules in the liver, in keeping with solid lesions; B, C: The late arterial phase (B) shows hypervascular masses that washout on the excretory phase (C) of contrast
administration; D: The hepatocyte phase shows low signal lesions in the right lobe of the liver, corresponding to liver metastases.

3 cm that are complicated by intralesional hemorrhage, ne-
crosis and fibrotic tissue formation. On the delayed images,
most hypervascular metastases demonstrate incomplete en-
hancement due to poor central vascularity with simultane-
ous peripheral washout. The peripheral washout observed
on the delayed images is considered specific for liver
malignancies that include metastases and HCC (Figure 8).
Hepatocyte contrast agent provides increased conspicu-
ity on the 20 min hepatocyte phase images, while liver
metastases do not take up contrast (Figure 8)". In some
seties, there are reports of increased lesion detection that
affected decision making and the clinical approach to the
patient.

Hypovascular liver metastases

Metastases that are considered hypovascular are most com-
monly from colon carcinoma. Other less common primary
lesions include: bladder carcinoma, prostate carcinoma,
and pulmonary carcinoma™”. At MR imaging, hypovascu-
lar metastases have variable appearances on both T1WI
and T2WI, which are commonly mild to moderately
hypointense on T1WI and hyperintense on T2WI, with
variability in signal intensity due to the presence of intrale-
sional substances. At DCE MRI, hypovascular metastases
generally demonstrate variable enhancement in the arterial
phase with the most common pattern being peripheral
complete ring enhancement (Figure 9). Hypovascular me-
tastases generally demonstrate a lesser degree of enhance-
ment relative to the surrounding liver parenchyma. Oc-
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casionally, transient perilesional circumferential or wedge-
shaped enhancements are seen in the arterial phase, most
commonly with colorectal metastases”™ ™", Hypovascular
metastases are conspicuous on the portal venous phase as
hypointense lesions relative to the liver””. On the excre-
tory phase, peripheral washout is commonly observed
(Figure 9. The hepatocyte agents provide high CNR
and sensitivity for liver metastasis at 20 min™’, In this

phase, these masses will appear hypointense to liver.

Arterially enhancing nodules
Liver lesions ate typically classified as hypervascular and
hypovascular based on their enhancement pattern on the
arterial phase of DCE-MRI. The arterial phase is highly
sensitive in detecting hypervascular lesions but may have
a low specificity in lesion characterization. The arterial en-
hancing nodule (AEN) can be true masses with mass effect
and rounded/lobulated shapes. These are seen only during
the arterial phase of contrast administration. AEN can also
be pseudolesions that mimic masses without a mass effect.
To confidently distinguish between benign and malignant
processes and possibly arrive at a correct diagnosis, the
AEN enhancement characteristics should be evaluated in
conjunction with other MRI imaging features'",
Differential diagnoses of benign AEN include he-
patocellular adenoma, FNH, hemangiomas, transient
hepatic intensity differences, and arteriovenous shunts/
perfusion anomalies. The differential diagnosis includes
malignant processes such as HCC and hypervascular me-

August 28,2010 | Volume 2 | Issue 8 |



Maniam S et a/. Review of Liver MRI

Figure 9 A 64-year-old with liver metastases from a primary sarcoma. A: The diffusion weighted imaging at b = 500 shows two solid lesions in the right lobe of the
liver; B-D: The pre-contrast (B), late arterial (C), and delayed phase (D) show late enhancement. The enhancement pattern is similar to intrahepatic cholangiocarcinoma.

tastasis'"”. Even in the setting of a cirrhotic liver, these
lesions are more likely to be benign in nature*"™*. Tm-
aging features that suggest a malignant process include
hyperintense signal on the T2WI and washout on the de-
layed phase of contrast administration. A smaller lesion
(< 5 mm) should be monitored at least at 6 mo intervals,
whereas a larger lesion (> 1 cm) should be monitored ev-
ery 3 mo for interval size change or signal changes on the

T2WL

DIFFUSE LIVER DISEASE

Fatty liver disease

In the United States, fatty liver disease (FLD) is the lead-
ing cause of chronic liver disease in the adult and pediat-
ric populations™. Two conditions commonly associated
with FLD are alcoholic abuse and non alcoholic FLD
(NAFLD)", NAFLD is expected to surpass chronic hep-
atitis C as the number one indication for liver transplanta-
tion™, NAFLD is closely linked to metabolic syndromes
that encompass constellations of metabolic abnormalities
that include type II diabetes mellitus, obesity, hyper-
lipidemia, and insulin resistance!®*. Other conditions
that can result in NAFLD include drug toxicity (such as
amiodarone, tamoxifen and antiretrovirals), viral hepatitis,
radiation therapy, and storage disease such as glycogen
storage disorder. Patterns of fatty deposition in FLD is
commonly diffuse deposition, and less commonly focal
fat deposition in normal liver and diffuse fat deposition
with focal sparing. NAFLD comprises a spectrum of liver
pathologies that range from simple steatosis to nonalco-
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holic steatohepatitis that may further progress to fibrosis
and cirrhosis with resultant increased risk for HCC devel-
opment and liver failure™*". Histopathologic hallmarks
of simple steatosis that represents 80%-90% of NAFLD
cases is fat accumulation within the liver cells. The current
standard of reference for detection and disease severity of
FLD assessment is liver biopsy, which is invasive, costly
and is associated with complications and high sampling er-
ror due to heterogeneous fat distribution that can be seen
with FLD. Noninvasive repeat evaluation of fatty liver for
monitoring of treatment response is often desired.

At MR imaging, areas of fat deposition in the liver
appear isointense or hyperintense to the liver on the IP
T1WI. On the opposed-phase T1WI, these areas dem-
onstrate signal loss (Figure 10). Diffuse liver steatosis will
demonstrate diffuse heterogeneous, or more commonly
homogenous signal loss, on the opposed phase. Wedged
shaped, geographic or nodular morphology of focal FLLD
allows for distinction from fat containing tumors, such
as HCC, adenoma, angiomyolipoma or lipoma. At DCE
MRI, focal FLLD will not demonstrate a mass effect on ad-
jacent vessels or biliary tract, or changes in CNR relative
to liver™. Patchy enhancement of the liver parenchyma,
sometimes seen on the arterial phase, that becomes isoin-
tense to surrounding liver parenchyma at delayed imaging
are considered indicators of areas with necro-inflammato-
ry activity™. Tt is important to note that accumulation of
iron (patients with hemochromatosis) or glycogen (patients
with glycogen storage disease) in the liver cells can alter
signal intensity or signal loss of fatty liver in patients with
concomitant FLD™,
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Figure 10 A 57-year-old female with breast cancer with focal fat deposition in the liver. The in-phase (A) and out-of-phase (B) images show a signal drop of the

area in segment V of the liver.

Figure 11 A 57-year-old female with hepatocellular carcinoma and liver
cirrhosis. The T2 weighted imaging shows enlargement of the lateral segment
of the left lobe of the liver and caudate lobe. There is a nodular contour of the
liver. All these findings are in keeping with cirrhosis. The spleen is enlarged in
keeping with portal hypertension.

Cirrhosis

Hepatic fibrosis is a dynamic process that is usually in-
duced by a nonspecific inflammatory response of hepato-
cytes to hepatocellular injury (hepatitis) due to numerous
etiologies such as hepatitis viruses (B and C), alcohol
abuse, autoimmune disease, drug toxicity, radiation therapy
and metabolic disorders such as NAFLD and hemochro-
matosis'™* . Cirrthosis progresses from chronic hepatitis
to eatly cirrhosis to advanced cirrhosis, which are initially
compensated, and later progresses to decompensated cit-
rhosis to finally end-stage cirrhosis.

The morphological changes seen on imaging in a patient
with cirrhosis include a nodular liver and enlargement of
the left lobe and caudate lobe (Figure 11). A right hepatic
notch and enlarged gallbladder fossa have been described
in patients with cirrhosis' "%,

Extrahepatic findings associated with decompensated
cirrhosis are mainly features associated with portal hy-
pertension that include splenomegaly (Figure 11), ascites,
portosystemic collateral vessels and nonspecific petiportal
and portocaval lymphadenopathy (greater than 1 cm in the
short axis). Findings related to hepatocellular dysfunction
with resultant metabolic abnormality, causing small bowel
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edema and gallbladder wall thickening, are also observed.
Spleen size greater than 13 cm in cephalocaudal indicates
splenomegaly. The presences of 3-8 mm hemosiderin con-
taining nodules called Gamna-Gandy are indirect signs of
portal hypertension. These nodules result from hyperten-
sive bleeding in the splenic follicles"**.

The current standard of reference for the diagnosis of
cirrhosis is liver biopsy, which has its inherent limitations
due to sampling error and post procedural complications.
MRI has emerged as a relatively safer, inexpensive and
comprehensive alternative method for the detection and
evaluation of cirrhosis”™. At MRI, liver fibrosis demon-
strates imaging patterns that range from an absent distinct
pattern, reticular, confluent or both reticular and conflu-
ent patterns' . The fibrous septa and bridges in cirrhosis
appear as hypointense on T1WI and hyperintense on
T2W1. These signal characteristics are due to inflammato-
ty changes, vascular dilation and and/or development of
pseudobile ducts. The RN typically appear intermediate to
hyperintense on T1WI and intermediate to hypointense
on T2WI. Some of these RNs accumulate iron (called sid-
erotic nodules) and will appear strikingly hypointense on
T2- and T2WI. There also RNs that accumulate fat (called
steatotic nodules) and tend to show signal loss on the OP
images. It is worth noting that the fibrous septa and bridg-
es lack iron or fat in either the patients with iron or fat
deposition because both diseases are an intracellular depo-
sition phenomenon™**, At DCE-MRI with nonspecific
GBCA, liver fibrosis demonstrates no significant enhance-
ment in the arterial and eatly venous phases. Delayed pro-
gressive enhancement with peaks in the late venous and
equilibrium phases is typically observed. This delayed en-
hancement pattern can be explained by the characteristic
accumulation of nonspecific GDBA in the extracellular
spaces that are abundant in the fibrous tissues. In contrast
to reticular fibrosis that is linear reticulations surround-
ing RN, confluent fibrosis is thicker fibrotic scars up to
several centimeters thick with masslike configurations.
Confluent fibrosis has signal intensity and an enhance-
ment pattern similar to reticular type liver fibrosis. Occa-
sionally, arterial enhancement is seen with confluent and
reticular type fibrosis that can be differentiated from other
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Figure 12 A 64-year-old male with a pancreatic mass and iron deposition
in the liver. A: Respiratory triggered fast spin echo T2 weighted imaging image
of the liver shows a darker liver relative to the muscles; B, C: In phase (B) and
out-of-phase (C) T1 weighted imaging shows a signal drop on the former in
keeping with iron deposition.

focal liver tumors based on the characteristic morphology
and persistent enhancement on subsequent phases. At the
hepatocyte phase, liver fibrosis has no contrast uptake and
therefore will appear hypointense™*”.

Hemochromatosis

Hemochromatosis can be categorized into primary or sec-
ondary disorders based on the causes. This disease results
in increased intestinal iron absorption with normal dietary
iron intake. The excess iron in primary hemochromatosis
is deposited in parenchymal cells in organs such as liver,
pancreas, heart, pituitary gland, thyroid and synovium”
Non genetic causes classified as secondary hemochro-
matosis include ineffective erythropoiesis disorders such
as thalassemia, myelodysplastic syndrome, anemia due
to chronic disease, cirrhosis related iron deposition and
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exogenous increase by multiple transfusions. In the liver,
excessive iron deposition results in cellular damage that
can lead to cirrhosis and its complication, such as portal
hypertension and the development of HCC. In secondary
hemochromatosis, excess iron is deposited in the reticulo-
endothelial system, such as spleen, bone marrow, and liver
with minimal cellular damage. Hence, hemochromatosis
can also be categorized into parenchymal and reticulo-
endothelial forms based of the distribution of the iron
deposition. In general, hemochromatosis is a clinically
silent disease. The laboratory values used to diagnosis this
disease have low sensitivity and specificity. Liver biopsy is
the standard of reference for diagnosis that comes with its
inherent sampling error and complications. MRI is a good
noninvasive alternative method for the detection, diagno-
sis and monitoring of treatment response’”

Utilizing a core MR-protocol with the axial T1 weight-
ed SPGR IP and OP imaging, liver parenchyma with
excess intracellular iron deposition shows signal loss on
the IP images with longer echo times. This signal loss due
to susceptibility effects of iron ate more pronounced at
longer echo times (Figure 12). A caveat of this technique
is that, in patients with both diffuse steatosis and hemo-
chromatosis diseases, theoretically no signal loss will be
detected on the IP and OP irnageslss]. The distribution of
iron deposition based on signal loss observed on the IP
images can help distinguish primary and secondary hemo-
chromatosis. In primary hemochromatosis, both the liver
and pancreas will show signal loss, while signal intensity in
the spleen and bone marrow will be unchanged. In second-
ary hemochromatosis, signal loss will be seen in the liver,
spleen and bone marrow, while the signal intensity of the
pancreas will preserved””. If there is a clinical suspicion of
hemochromatosis, multiple TEs can be obtained on GRE
sequences and the degree of iron ovetload can be calcu-
lated from the rate of signal loss as a function of TE"".

CONCLUSION

Liver MRI is rapidly becoming the first image modality of
choice for the clinician in the evaluation of liver masses
and diffused liver disease. We have presented a core imag-
ing protocol with a combination of T1, including in-and
out-of phase imaging, T2, DWI EPI and dynamic post-
Gd images with and without hepatocyte agents to evaluate
the liver. Utilizing this basic protocol, most of the benign
and malignant liver lesions can be characterized and, in
addition, underlying liver disease can be identified. In
the coming months, new innovative techniques will used
more expansively, such as elastography, and will improve
the role of MRI in liver imaging,
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