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Abstract

Metastases are the most common malignant liver lesions and the most common indication for hepatic imaging.
Specific characterization of liver metastases in patients with primary non-hepatic tumors is crucial to avoid
unnecessary diagnostic work-up for incidental benign liver lesions. Magnetic resonance (MR) is rapidly emerging as
the imaging modality of choice for detection and characterization of liver lesions due to the high specificity resulting
from optimal lesion-to-liver contrast and no radiation exposure. Improvements in breath-hold T1-weighted fast
spoiled gradient echo and rapid T2-weighted single shot echo-train acquisition enable imaging of the liver in a single
breath-hold with high spatial resolution. Most metastases are hypo- to isointense on T1 and iso- to hyperintense on
T2-weighted images. MR contrast agents provide critical tumor characterization and can be safely used in patients
with iodine contrast allergy and renal failure. Other agents, including newly developing gadolinium-chelates or iron
oxide agents may provide additional benefits in selected applications. The degree and nature of tumor vascularity form
the basis for liver lesion characterization based on enhancement properties. Liver metastases may be hypovascular
or hypervascular. Colon, lung, breast and gastric carcinomas are the most common tumors causing hypovascular
liver metastases, and typically show perilesional enhancement. Neuroendocrine tumors including carcinoid and
islet cell tumors, renal cell carcinoma, breast, melanoma, and thyroid carcinoma are tumors most commonly causing
hypervascular hepatic metastases, which may develop early enhancement with variable degrees of washout and
peripheral rim enhancement.
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Introduction

Evaluation of liver metastases is one of the most common
indications for magnetic resonance (MR) imaging of the
liver. Metastases are the most common malignant liver
lesions and are about 18�40 times more common that
primary liver tumors[1]. It has been established that
complete surgical resection of liver metastases prolongs
survival in eligible surgical candidates. Hence, detection,
absolute quantification and localization of liver metas-
tases are crucial as the findings alter the clinical outcome
of the disease and patient management[2]. Furthermore,
the rising cost of health care also makes a compelling
case for a single comprehensive imaging test for

evaluation of liver metastases to aid the clinician in
making patient treatment decisions.
Although, intraoperative ultrasound can accurately

detect liver lesions, it increases the total duration of

surgery and it has limited ability to distinguish benign
lesions from malignant lesions[3]. Computed tomo-

graphic arterial portography (CTAP) is thought to be a

highly sensitive technique for detection of liver lesions.

However, CTAP is an invasive test with limited ability to
characterize lesions and has high false positive rates[3].

Prior reports indicate that the sensitivity of unenhanced

and gadolinium-chelate-enhanced MR imaging is
superior to contrast-enhanced computed tomography
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(CT) scanning, although it is comparable or slightly
inferior to CTAP for detection of liver metastases[4�6].
With the recent advances in MR contrast agents,
MR may replace CTAP. MR imaging has several
advantages over CT such as no risks from radiation
exposure and no adverse reactions to iodinated contrast
agents. Indeed, MR is rapidly evolving as the primary
imaging modality for the detection and characterization
of liver lesions including metastases in many centers[2].
In this review, the MR imaging features of the common
metastatic liver lesions are discussed after a brief review
of current MR imaging techniques.

MR imaging techniques

MR imaging of the liver initially relied upon standard
spin-echo (SE) T1-weighted (T1W) and T2-weighted
(T2W) methods, representing sequences that acquire
data over a long time window relative to respiratory
movement[7]. State-of-the-art MR techniques allow
shorter acquisition time sequences that can be completed
within a single breath-hold, including T1W fast spoiled
gradient echo (SGE) and breath-hold half-Fourier trans-
form single shot spin echo (HASTE or SSFSE) methods.
The single shot spin echo sequences are slice selective,
performing all of the preparation and acquisition for an
individual slice in approximately one second, with the
central k-space data acquired over a fraction of that time.
As the image contrast is derived from central k-space,
single shot techniques are remarkably motion insensitive,
and have breathing-independent characteristics that
are useful in non-compliant patients. T1W gradient
echo, either two-dimensional (2D) or three-dimensional
(3D) sequences, tend to be motion sensitive as these
techniques use interleaved phase lines. The phase lines
are collected from each image slice one phase line at
a time moving from slice to slice. This leads to the
observation that even transient motion occurring
during only a fraction of the acquisition will affect
all the slices.
T1W techniques with motion insensitive properties are

also available. These use the same basic concept of
acquiring 2D data with rapid filling of central k-space by
preparing and analyzing one slice at a time, but based
upon SGE sequences using an inversion or saturation
pre-pulse to generate the T1 contrast. These sequences
have been referred to as turbo fast low angle shot
(tFLASH) and fast inversion recovery motion insensitive
(FIRM). Another development has been the application
of 3D gradient echo sequences such as volumetric
interpolated breath-hold examination (VIBE). This
approach facilitates generation of high-resolution
images of the liver, particularly out-of-plane resolution,
with the ability to generate near isotropic voxel sizes in
the order of 2.0�2.5mm. Such an approach allows better
evaluation of hepatic vascular anatomy, and generates
volumetric data sets that can be used for multiplanar

reconstruction. Currently, one of the limitations of high
spatial resolution 3D techniques may be related to
reduced soft-tissue contrast relative to 2D gradient echo
sequences acquired with thicker sections.

Intravenous contrast material

Gadolinium chelate is an extracellular agent causing
T1-shortening resulting in marked elevation of the signal
on T1W images. The liver is unique in having a dual
blood supply, receiving 70�80% of afferent blood flow
from the portal vein, and the remainder from the hepatic
artery. Hepatic metastases develop varying degrees of
hepatic arterial blood supply depending on the char-
acteristics of the primary tumor. Thus, liver metastases
may be classified as hypervascular and hypovascular.
Liver metastases that have predominantly hepatic arterial
blood supply (hypervascular) are conspicuous in the
hepatic arterial dominant phase of liver enhancement.
Hypovascular liver metastases are predominantly sup-
plied by portal venous branches, and demonstrate
slower and less intense enhancement making them
more conspicuous in portal venous phase images.
Hence, MR imaging for liver metastases should include
dynamic multiphase post-gadolinium SGE imaging.
The timing delay between initiation of contrast

administration and initiation of the SGE scan for optimal
hepatic arterial dominant phase SGE images is critical,
with a narrow time window of between 20 and
30 seconds (s) noted for most patients. This is variable
and would depend on the cardiac output of the patient.
Visually, optimal arterial phase enhancement may be
verified on the resulting images with ideal results showing
contrast enhancement of the central portal veins, while
the hepatic veins remain completely unenhanced[8,9]. The
optimal time for the portal venous dominant phase is
less critical, and generally the scanning delay is 55�70 s,
with ideal images showing recent filling of the hepatic
veins. Scanning for delayed phase may be performed
anytime between 2 and 4minutes (min).
Tissue specific MR contrast agents are also available

such as mangafodipir (Mn-DPDP), a hepatocyte-specific
positive agent, and iron oxide particles such as ferum-
oxides, reticuloendothelial system-negative agents[10,11].
Mn-DPDP, a T1-shortening agent, is taken up by normal
hepatocytes, through the same transport mechanism
used by circulating bile salts, and secreted into the bile
duct canaliculi without being metabolized. After intra-
venous administration, an enhancement plateau in the
liver is reached within 10min which may persist for
several hours and result in an elevated signal on T1W
SGE images in normal liver and bile ducts, rendering
liver metastases, which lack functional hepatocytes, as
relatively lower signal foci. The presumed mechanism
of enhancement of normal liver is due to uptake
of manganese ions within the mitochondria of the
hepatocytes[1]. However, Mn-DPDP lacks critical
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dynamic enhancement characteristics. Mn-DPDP is
taken up by the functioning hepatocytes in focal nodular
hyperplasia and regenerative nodules, so that they appear
iso-intense to normal liver parenchyma. However,
metastases lack the ability to take up Mn-DPDP and
will appear hypo-intense compared with enhancing liver
parenchyma on T1W images. Currently, the Food and
Drug Administration has not approved Mn-DPDP for
diagnostic clinical imaging in the United States.
Several other contrast agents are being formulated in

an attempt to combine the benefits of the dynamic
enhancing properties of extracellular agents with tissue
characterization capability based on hepatocyte uptake
of hepatocyte-specific agents. Gadoxetate disodium
(Gd-EOB) and gadobenate dimeglumine (Gd- BOPTA)
offer optimal enhancement of the liver in dynamic
early phase images as well as in delayed hepatobiliary
phase images followed by excretion into the bile
ducts[1]. Thus, these agents enable focal liver lesion
detection and characterization based on hepatocyte
specific uptake.
Iron oxide particles such as ferumoxides are taken up

by functioning Kupffer’s cells, concentrating within the
intracellular space over time. When ferumoxides are
placed in a magnetic field, they create strong local field
inhomogeneities with shortening of both T2 and T2-star
relaxation[1,12]. A plateau of decreased signal intensity
can be observed from 30min lasting for up to 6 h[12].
As metastases do not contain Kupffer’s cells, they lack
the capacity to phagocytose the iron oxide particles.
Hence, the MR signal of liver metastases remains
unchanged on T2W and T2-star images after intravenous
injection of ferumoxides, whereas the normal liver shows
marked signal loss. Thus, ferumoxides could substantially
increase the lesion-to-liver contrast for liver metastases
and improve detection[13].

MR imaging appearance

Unenhanced MR imaging

Liver metastases are variable in their T1 and T2 signal
intensities but are usually prolonged resulting in hypo- to
iso-intensity on T1W images and iso- to hyper-intensity
on T2W images[7]. Liver metastases tend to lose signal in
heavily T2W (TE > 160) images unlike hemangioma and
cysts. However, liver metastases with liquefactive necro-
sis resulting in cystic appearance, neuroendocrine
tumors, sarcoma and melanoma may be hyper-intense
on long TE T2W images[1]. About 25% of liver
metastases and in particular colorectal cancer metastases
may show a hyper-intense halo of viable tumor
surrounding central hypo-intensity due to necrosis[14].
Metastases are also described to show the doughnut sign
on T1W images and the target sign on T2W images[15].
The doughnut sign shows a hypo-intense rim surrounding
an irregular or ovoid center of even lower signal intensity.

The target sign consists of a hyper-intense center due to
necrosis surrounded by a relatively less intense rim of
viable tumor.
A hyper-intense appearance on T1W images has been

described for various liver metastases due to internal
content of paramagnetic substance[14]. A high T1
signal has been reported for liver metastases from
melanoma (Fig. 1) due to melanin and extracellular
methemoglobin, colonic adenocarcinoma due to
hemorrhage, ovarian adenocarcinoma due to protein
content, myeloma and pancreatic mucinous
cystadenocarcinoma[16].

Contrast-enhanced MR imaging

The pattern of tumor vascularity is exploited for detection
of liver metastases in gadolinium chelate-enhanced MR
imaging. Hyper-vascular liver metastases are usually
from primary tumors such as neuroendocrine tumors
including carcinoid, islet cell tumors, renal cell
carcinoma, melanoma and thyroid carcinoma (Fig. 2).
These hypervascular metastases show peak enhancement
in hepatic arterial phase images. Hypo-vascular liver
metastases are generally from lung, breast, stomach
and colorectal carcinoma. Although, breast carcinoma
metastases are generally hypo-vascular, occasionally they
can be hyper-vascular (Fig. 3). Hypo-vascular liver
metastases are conspicuous in the portal venous phase
as they appear hypo-intense when compared to the
enhancing normal liver parenchyma (Figs. 4 and 5).
Cystic liver metastases with no enhancement may be seen
with papillary cystic ovarian tumors (Fig. 6).
Semelka et al. reported nearly equivalent detection

of 62 liver metastases in 20 surgically staged patients
using gadolinium chelate-enhanced MR imaging, when
compared to spiral CTAP[4]. Liver metastases can

Figure 1 Melanoma metastasis in liver. Lesion demon-
strates heterogenous areas of elevated signal (arrow) on
the T1W gradient echo image, characteristic of melanin-
containing tumors such as melanoma.
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show transient peripheral continuous rim enhancement
in arterial phase. This is due to abundant viable cells in
the periphery and fibrosis or necrosis in the center of the
metastases[17]. However, recent sophisticated histologic
investigations reveal that the peripheral rim enhancement
is mainly at the extralesional area due to desmoplastic
reaction, inflammation and vascular proliferation[18].
Peripheral continuous rim enhancement is thought
to be a reliable feature to differentiate liver metastases
from hemangioma, which shows discontinuous or
nodular peripheral rim enhancement, similar in intensity
to aorta. Soyer et al. demonstrated that hemangiomas
can be differentiated from neuroendocrine tumor
metastases with a specificity of 98% using both
unenhanced T2W and gadolinium chelate-enhanced
MR images[19].

Hepatobiliary MR contrast agents have a long
temporal imaging window, with satisfactory images
obtained for several hours after injection of
contrast material. Generally, post-contrast GRE T1W
images are acquired 20�60min after injection of
hepatobiliary agents. The sensitivity of MR imaging
enhanced with hepatobiliary agents (Mn-DPDP,
Gd-BOPTA and Gd-DOB-DTPA) is greater than that
of unenhanced MR imaging for non-hepatocellular
tumors[1]. Torres et al. reported that the sensitivity
of Mn-DPDP-enhanced MR imaging was superior
to unenhanced MR imaging for liver metastases in
189 patients[20]. Hamm et al. reported that additional
liver lesions were detected with Mn-DPDP-enhanced
MR imaging when compared to unenhanced MR
imaging[21].

(a) (b)

(c) (d)

Figure 2 Islet cell tumor metastases. (a) T2W image demonstrates a well-circumscribed large mass replacing the right
lobe of the liver. The central (arrow) hyperintense area represents necrosis as the metastases has rapidly outgrown its
blood supply. Post-contrast T1W images reveal heterogenous enhancement of the peripheral viable portion of the
metastases in arterial phase (arrow in (b)). In portal venous (c) and delayed phase (d), the lesion is iso- to hypo-intense to
the liver, with the central necrotic portion (arrow) remaining unenhanced. Another small metastatic lesion (arrowhead)
is seen in the left lobe of the liver.
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(a) (b)

(c) (d)

Figure 3 Hypervascular liver metastasis from breast carcinoma: (a) The lesion (arrow) is hypointense on the T1W
image and (b) iso- to hyperintense (arrow) on the T2W image. (c) Arterial phase gadolinium-enhanced T1W gradient
echo image shows enhancement of the lesion (arrow). The lesion becomes iso-intense to the liver in the portal venous
phase (d).

(a) (b)

Figure 4 Colon carcinoma metastasis. (a) T1W image shows a well-circumscribed hypo-intense mass (arrow) in the
right lobe of the liver. (b) In post-contrast arterial phase T1W image, the mass remains hypo-intense with a subtle
continuous rim of perilesional enhancement (arrow). (c) Portal venous phase images show heterogenous peripheral
enhancement (arrow) with no enhancement of the center due to necrosis.
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Baron et al. reported that Gd-BOPTA-enhanced MR
images and CTAP had equal sensitivity for malignant
lesions in 15 patients[22]. Caudana et al. reported that
the contrast-to-noise ratio was significantly increased
and a significantly greater number of small metastases
were detected with post-contrast Gd-BOPTA images that

unenhanced MR images[23]. Reimer et al. evaluated the
dynamic enhancement patterns of various liver lesions
with Gd-EOB-DTPA-enhanced MR imaging[24]. They
reported that metastases demonstrated heterogenous
uptake during the early phase, washout on delayed
phase (>3min) and the highest lesion-to-liver contrast
at 20�45min. Vogl et al. reported that in patients with
liver metastases 56% more lesions can be seen with
Gd-EOB-DTPA-enhanced MR imaging than with unen-
hanced MR imaging[25]. In addition, they found that the
detection of additional metastatic lesions in Gd-DOB-
DTPA-enhanced MR imaging was independent of the
dose of contrast agent used.
Superparamagnetic iron oxides (SPIO) enable

detection of liver lesions as small as 3mm on MR
imaging[1]. Liver metastases generally do not take
up iron oxides due to lack of normal Kupffer’s
cells and hence, appear hyper-intense in the background
of dark normal liver on T2 and T2-star images.
Several studies have compared ferumoxide-enhanced
MR imaging with CTAP for detection of liver
metastases[1]. Seneterre et al. reported that ferumoxide

(c)

Figure 4 Continued

(a) (b)

(c) (d)

Figure 5 Hypovascular liver metastases from pancreatic adenocarcinoma. (a) T1W image shows hypo-intense lesion
(arrow) in segment VII of the liver, which is hyper-intense (arrow) on the T2W image (b). (c) Lesion demonstrates subtle
concentric perilesional enhancement (arrow) on post-contrast arterial phase image. (d) On portal venous phase image
perilesional enhancement becomes iso-intense to background liver and the center of the lesion (arrow) does not enhance
due to necrosis.
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MR imaging is comparable in sensitivity to CTAP for
detection of liver metastases[26]. In this study only a few
small metastases were included. Only five patients had
metastatic lesions less than 10mm in size. Limited
literature is available for evaluation of small metastatic
lesions using ferumoxide-enhanced MR imaging.
Oudkerk et al. reported that the sensitivity of
ferumoxide-enhanced MR imaging was poor for detec-
tion of small liver metastases less than 10mm in size[27].
Hagspiel et al. reported that the sensitivity of
ferumoxide-enhanced MR imaging was inferior to
intra-operative ultrasound (56% vs. 80%) in their study
of 14 patients with surgical correlation[28]. Recently,
Kim et al. reported that the diagnostic performance
of Gd-BOPTA-enhanced MR imaging was comparable
to SPIO-enhanced MR imaging for detection of liver
metastases in their study of 23 patients[29].

Recent advances

Investigators are now evaluating the role of diffusion
weighted MR imaging (DWI) for detection of

liver metastases. Koh et al. evaluated 40 patients with
colorectal hepatic metastases with DWI. They found
that liver metastases had greater apparent diffusion
coefficients (ADC) when compared to that of back-
ground liver[30]. Nasu et al. compared the diagnostic
performance of DWI with SPIO-enhanced MR images
for detection of liver metastases[31]. They found
that DWI when evaluated in conjunction with T1W
and T2W MR images were superior to SPIO-enhanced
MR imaging for detection of liver metastases in their
study of 24 patients.

Conclusions

Optimal detection of liver metastases can alter patient
management and result in significant cost savings by
reducing the number of unnecessary laparotomies for
unresectable disease. MR imaging with gadolinium
chelates offers an accurate non-radiation based imaging
test for detection of liver metastases. Liver specific MR
contrast agents (hepatobiliary and reticuloendothelial
agents) offer greater lesion-to-liver contrast than the

(a) (b)

(c) (d)

Figure 6 Cystic liver metastasis from papillary cystic ovarian tumor. (a) Post-contrast T1W image in portal venous
phase shows a hypo-intense non-enhancing lesion in segment VI of the liver, which is homogenously hyper-intense on
T2W image (b). (c) Post-contrast T1W image of the pelvis shows a lobulated multi-septate cystic mass (arrow) with thin
peripheral rim enhancement (double arrows). This cystic mass is hyper-intense (arrow) on the T2W image (d).

8 S Namasivayam et al.



conventional extracellular agents (gadolinium chelates).
Liver specific MR contrast agents may be used in
selected clinical situations when the goal is to achieve
the highest detection rate for liver focal lesions, for
example, when a patient is being evaluated for curative
liver resection. Although, ferumoxide-enhanced MR
imaging is comparable to CTAP for detection of liver
metastases, it has limited specificity. Hence, the meta-
static lesions should be confirmed on intra-operative
ultrasound.
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