
Introduction

Magnetic resonance signal intensity of focal liver lesions
depends on both histologic and cytologic features [1, 2,
3]. Among histologic characteristics, hypercellularity
and hypervascular supply are usually associated with
low signal intensity on T1-weighted images and high
signal intensity on T2-weighted images. The stromal
(fibrous) component, in contrast, reduces signal inten-
sity on T2-weighted images. Necrotic areas may exhibit
different features, depending on the type of the necrosis
itself: Whereas liquefactive necrosis is highly hypoin-
tense on T1-weighted images and highly hyperintense
on T2-weighted images by virtue of the increased water
content, coagulative (dehydrated) necrosis shows the
opposite behavior, being characterized by low signal in-
tensity on T2-weighted images. Hemorrhagic areas may
show different patterns, depending on the timing of the
bleeding: The most common appearance is that of hy-
perintensity on T1-weighted images, caused by extra-
cellular metahemoglobine (Fig. 1).

Intracytoplasmatic accumulation of glycogen or fat
may shorten T1 relaxation time of lesions increasing

signal intensity on T1-weighted images (Fig. 2) [4].
Melanin also has paramagnetic properties which in-
crease the signal intensity on T1-weighted images.
While intratumoral content of copper usually has limit-
ed influence on MR signal intensity of liver lesions, iron
deposits may greatly reduce signal intensity, especially
on T2-weighted images (Fig. 3) [5]. In hepatocellular
lesions, the presence of Kupffer's cells and the degree of
hepatocyte-like function influence MR signal intensity
in images obtained after administration of tissue-specif-
ic MR contrast agents, such as reticuloendothelial-sys-
tem-targeted agents and hepatobiliary agents [6, 7].

The signal intensity of a focal lesion on MR images is
the outcome of its different histologic and cytologic
features. Careful analysis of lesion signal intensity on
MR images, therefore, is crucial for proper character-
ization of focal lesions [1, 2, 3]. In this article we review
the MR imaging features of the most common benign
and malignant liver lesions, highlighting imaging±pa-
thology correlations.
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Abstract Magnetic resonance sig-
nal intensity of focal liver lesions is
affected by numerous pathologic
factors. Lesion histologic features,
such as cellularity, vascularity, stro-
mal component, and intratumoral
necrosis or hemorrhage, strongly af-
fect T1 and T2 relaxation times.
Additionally, intracellular content
of certain substances, such as glyco-
gen, fat, melanin, iron, and copper,
may also have a substantial role in
determining MR signal behavior. In
this review we discuss the correla-

tions between MR imaging features
and pathologic findings in benign
and malignant focal liver lesions.
Knowledge of imaging±pathology
correlations greatly assist in charac-
terizing focal lesions. Moreover, in
certain tumor histotypes, such as
hepatocellular carcinoma, careful
analysis of lesion signal intensity
may help predict the degree of tu-
mor differentiation.
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Benign liver lesions

Hemangioma

Hemangioma is the most common benign liver tumor,
with a prevalence of up to 7±20 % in autopsy series. It is
usually asymptomatic and incidentally detected. Hem-
angiomas are well-circumscribed, blood-filled masses of
variable size. On cut sections, areas of fibrosis, hemor-
rhage, or thrombosis may be seen, especially in large
hemangiomas. The blood-filled spaces or vascular
channels that comprise hemangiomas are lined by a
single layer of endothelial cells. The channels them-
selves are separated by thin, fibrous septa, which may
form finger-like projections into the channels.

Owing to the high blood (water) content, hemangi-
omas appear as hypointense lesions on T1-weighted
images and as markedly hyperintense lesions on T2-
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Fig.1 Subacute intratumoral bleeding, associated with extracellu-
lar metahemoglobine, gives a markedly high signal intensity both
on a T1- and b T2-weighted MR images
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Fig.2 a Glycogen accumulation within macroregenerative nod-
ules in cirrhosis give a markedly high signal intensity on T1-
weighted MR images. b The lesions are isointense to liver on T2-
weighted image

a

b
Fig.3a, b Iron deposits within macroregenerative nodules involv-
ing the whole liver parenchyma give a markedly low signal inten-
sity on T2-weighted MR images



weighted images. Imaging with heavily T2-weighted se-
quences, in fact, enhances the ability to differentiate
hemangiomas from malignant tumors [8]. Low-intensity
areas on T2-weighted images may sometimes be seen in
the central portion of large hemangiomas, being usually
associated with fibrosis (Fig. 4).

Dynamic MRI with extracellular contrast agent ad-
ministration may display the slow perfusion pattern of
hemangioma, showing peripheral nodular enhancement
in the early phase, progressing centripetally to uniform
(or almost uniform) enhancement in the delayed phase.
Persistent hypointensity, in fact, is frequently seen in the
central portion of large hemangiomas owing to fibrotic
or thrombotic phenomena. Small (< 1.5-cm) hemangi-
omas, however, may show uniform enhancement in the
arterial phase, which tend to persist in the delayed phase
(Fig. 5) [9, 10, 11]. Hemangiomas may show increased
signal intensity on T1-weighted images even after ad-
ministration of superparamagnetic contrast agents, due
to the T1 effect of the agent trapped within the vascular
lacunae of the lesion [12].

Focal nodular hyperplasia

Focal nodular hyperplasia (FNH) accounts for approxi-
mately 8 % of all primary hepatic tumors and represents

the second most common benign liver tumor after he-
mangioma. Most FNHs are seen in women in the third
to fifth decades of life. Focal nodular hyperplasia arises
as a localized hepatocyte hyperplastic response to an
underlying congenital vascular malformation. Focal
nodular hyperplasia may be associated with hemangi-
omas. The use of oral contraceptives is associated with
FNH; however, it only promotes the growth of the lesion
and does not induce its formation.

Focal nodular hyperplasia is a well-circumscribed
mass, lacking a true capsule, and is characterized by a
central scar of vascular connective tissue with promi-
nent arterial vessels that extend outward, through fi-
brous septa, to the periphery of the tumor. These septa
circumscribe nodules of hepatocytes and small bile
ducts. Kupffer's cells are also present. The lesion does
not show internal hemorrhage or necrosis: The growth
of FNH, in fact, remains proportional to its blood sup-
ply. Of interest, FNH has an exclusive arterial blood
supply, with no portal vein branches [13, 14].

Focal nodular hyperplasia is essentially a hyperplas-
tic process, in which all the components of normal liver
are present although abnormally organized. These
pathologic features explain the typical MR appearance
of this lesion. Focal nodular hyperplasia, in fact, is usu-
ally isointense or nearly isointense with respect to nor-
mal liver parenchyma both on T1- and T2-weighted im-
ages. The central scar, made by water-rich vascular con-
nective tissue, appears hypointense on T1-weighted im-
ages and hyperintense on T2-weighted images [10, 15,
16, 17, 18].

After administration of an extracellular contrast
agent, FNH demonstrates a peculiar behavior: In the
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Fig.4a, b Giant hemangioma. a On T1-weighted images the le-
sions appear definitely hypointense, whereas it is markedly bright
on b T2-weighted images. Internal areas of fibrosis are detected as
low-intensity bands both on T1- and T2-weighted images



arterial phase, the lesion shows clear-cut enhancement,
with the central scar being unenhanced (Fig. 6). In the
portal phase, the lesion undergoes rapid washout of
contrast, becoming isointense to liver. The central scar
may show delayed enhancement, particularly in medi-
um-to-large-sized lesions [10, 19, 20].

After administration of reticuloendothelial-system-
targeted agents, FNH, owing to the presence of Kupffer
cells, shows signal intensity loss on T2-weighted images,
similar to that of normal hepatic parenchyma, sparing
the central scar [12]. Contrast uptake is also seen after
injection of hepatobiliary agents, with variable signal
intensity increase on T1-weighted images [6, 21, 22].

Hepatocellular adenoma

Hepatocellular adenoma (HCA) is an uncommon pri-
mary benign tumor. The incidence of HCA increased
following the introduction of oral contraceptives, and
oral contraceptives and androgen steroids therapy have
been identified as definitive causative agents. Hepato-
cellular adenoma can also occur spontaneously or be
associated with underlying metabolic disease. The diag-
nosis of this entity is clinically important because it can
bleed, causing life-threatening hemorrhage, and be-
cause it has a potential, although very rare, for malig-
nant transformation.

Hepatocellular adenoma presents as a solitary lesion
in most cases and is typically a well-circumscribed tu-
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Fig.5a±d Hepatic hemangi-
omas. a On the T2-weighted
image, two hemangiomas are
detected as markedly hyperin-
tense lesions. During the dy-
namic, gadolinium-enhanced
study (b arterial phase; c portal
venous phase; d delayed
phase), the largest lesion shows
peripheral nodular enhance-
ment in the early phase pro-
gressing centripetally to uni-
form enhancement in the de-
layed phase. The smaller lesion,
in contrast, demonstrates uni-
form enhancement in the arte-
rial phase, which persists in the
portal and the delayed phases



mor. The presence of large subcapsular arterial vessels
accounts for its typical hypervascular nature. Hepato-
cellular adenoma has a propensity to outgrow its vascu-
lar supply, resulting in hemorrhage and occasionally
rupture. Histologically, HCA is composed of cords of
hepatocytes. Although the hepatocytes can produce
bile, there are no bile ducts present to enable biliary
excretion. The hepatocytes contain increased amounts
of glycogen and sometimes fat [14].

The rich intracellular content of glycogen is the main
element responsible for the increased signal intensity of
HCA on T1-weighted images with respect to surround-
ing liver parenchyma. Areas of internal hemorrhage are
typically depicted as markedly hyperintense areas on
T1-weighted images, owing to the presence of extracel-
lular metahemoglobine.

In dynamic contrast-enhanced MR studies, HCA
shows early enhancement during the arterial phase, re-
flecting its hypervascularity, with rapid washout [23, 24].
Hepatocellular adenoma may also take up hepatobiliary
agents and appear hyperintense with respect to the liver
parenchyma on T1-weighted images [6, 21, 22].

Angiomyolipoma

Angiomyolipomas are rarely encountered in the liver,
and can occur as solitary mass or as multiple lesions in
association with tuberous sclerosis. They are composed
of variable amounts of fat, smooth muscle cells, and
vessels [25, 26]. The fatty nature of the tumor results in
an hyperintense appearance on T1-weighted images
[27]. The use of fat-suppressed or out-of-phase MR im-
ages can help in characterizing angiomyolipomas,
showing signal intensity loss (Fig. 7) [28].

Macroregenerative and dysplastic nodules

Macroregenerative and dysplastic nodules typically
arise in livers with chronic disease. They consist of hy-
perplastic or dysplastic hepatocytes, and may have ma-
lignant potential [29, 30, 31, 32, 33, 34]. They appear as
small (< 2 cm) nodular lesions that are hyperintense or
isointense on T1-weighted images and hypointense or
isointense on T2-weighted images relative to the sur-
rounding liver (Fig. 8). The increased signal intensity on
T1-weighted images may be due to the increased intra-
cellular content of glycogen, and resembles the appear-
ance of well-differentiated hepatocellular tumors [9,
35]. Nodules with a malignant focus may show a nodule-
within-a-nodule appearance.

Malignant liver lesions

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) is a common malig-
nancy throughout the world, with an estimated inci-
dence of up to 1,000,000 new cases per year. The highest
incidence rates are found in sub-Saharan Africa and the
Far East. Areas of low incidence include North America
and Northern Europe, whereas Mediterranean coun-
tries have an intermediate-to-high incidence. The geo-
graphic distribution of HCC is related to the etiology of
the disease: In Western countries and in the Far East,
most cases occur in patients with liver cirrhosis, follow-
ing hepatitis B or C infection [1].

On gross pathology, most HCCs fall into one of two
categories. The nodular form, which is characterized by
the presence of one or more encapsulated or non-en-
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Fig.6a, b Focal nodular hyper-
plasia. a The lesion is nearly
isointense to liver in the proton
density-weighted MR image,
with inhomogenously hyperin-
tense central scar. b On the
contrast-enhanced T1-weighted
image acquired in the arterial
phase, the lesion demonstrates
clear-cut enhancement, sparing
the central scar



capsulated nodules, is seen predominantly in cirrhotic
livers. The massive form, which consists in a large soli-
tary and infiltrating tumor, is more frequent in develop-
ing countries, and, in most cases, there is no underlying
cirrhosis. There is also a third so-called diffuse form,
which is much less common than either of the former
forms and is characterized by miliary infiltration of liver
parenchyma. Four histologic patterns are distinguished:
trabecular; pseudo-glandular; solid; and scirrhous (or
sclerosing). Depending on the cellular characteristics,
these tumors are also described as well-differentiated,
moderately differentiated, poorly differentiated, or un-
differentiated (anaplastic) [36].

The histologic pattern, the degree of tumor differen-
tiation, the amount of fibrosis, the presence of internal

necrosis or hemorrhage, as well as the intracellular
content of glycogen, fat, or metal ions greatly affect the
MR appearance of the lesion [5, 37, 38, 39]. Nodular-
type HCC is often well defined, possibly encapsulated.
In contrast, the diffuse form of HCC is poorly margin-
ated and shows an infiltrative pattern, with a high ten-
dency to invade the portal vein branches. The signal in-
tensity of HCC may be inhomogeneous and vary great-
ly, especially in the nodular form. The appearance may
range from hypointense to iso- or hyperintense on T1-
weighted images and from isointense to hyperintense on
T2-weighted images. Usually, hyperintensity on T1-
weighted images and isointensity on T2-weighted im-
ages are associated with well-differentiated tumors
(Fig. 9) [40, 41, 42, 32]. High signal intensity on T1 may
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Fig.7a±d Angiomyolipoma.
The lesion appears as a hyper-
intense nodule both on a T1-
and b T2-weighted MR images,
with a small central hypoin-
tense area. c Out-of-phase gra-
dient-echo MR image shows
definite signal intensity loss.
d The fatty nature of the lesion
is confirmed by its hypodensity,
with negative attenuation val-
ues, on unenhanced CT



be due to the rich intracellular content of glycogen or
fat, probably reflecting a defective release of these
components by partially functioning hepatocytes [4, 43,
44].

Numerous additional findings may be visualized with
MRI [42]. Tumor capsule is depicted as a thin rim with
hypointense signal intensity on T1-weighted images due
to its fibrotic composition. T2-weighted images delineate
a single ring with hypointense signal intensity or a double
ring with inner hypointensity and outer hyperintensity.
Histopathology reveals two-layered capsules with a thin
fibrous inner zone and an outer zone that consists of
compressed small vessels and bile ducts. A mosaic pat-
tern is a common MRI finding in HCC [45]. Intratumor-

al, linear-like hypointense areas are detected on T1-
weighted images and a nonuniform signal on T2-weight-
ed images. Histopathologic correlation reveals intratu-
moral septa and a variety of histopathologic findings
within the tumorous tissue. Central necrosis presents
usually with hypointensity on T1-weighted images, with
marked hyperintensity on T2-weighted images in the
case of liquification. Hyperintense foci inside the nod-
ules on T2-weighed images are likely to represent intra-
tumoral sinusoidal dilation due to peliotic change.

Hepatocellular carcinoma is typically nourished by
the hepatic artery and this elective vascularization can
be demonstrated by dynamic contrast-enhanced MRI
[46, 47, 48, 49]. Hepatocellular carcinoma typically
shows peak of contrast uptake in the arterial phase of
the dynamic MR study, corresponding to the arterio-
graphic finding of neovascularity or staining (Fig. 10)
[50, 51, 52, 53, 54, 55, 56]. Well-differentiated tumors,
however, may not exhibit the typical hypervascularity of
overt HCC and show slight progressive enhancement
with no peak in the arterial phase [36, 37, 57]. Sclerosing
HCC can show some delayed enhancement due to the
abundant fibrous component [49, 58].

The contrast behavior of HCC after administration
of hepatobiliary agents is dependent on the degree of
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Fig.8a, b Macroregenerative nodules in Budd-Chiari syndrome.
a T1-weighted image shows multiple, small, hyperintense nodular
lesions within the diseased liver. b On the T2-weighted image, the
lesions appear markedly hypointense
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Fig.9a, b Multinodular hepatocellular carcinoma. a The T1-
weighted MR image shows two lesions with different signal inten-
sity: The larger tumor is hypointense to liver, whereas the smaller
one is hyperintense. b On the T2-weighted image, the larger nod-
ule is hyperintense, whereas the smaller one is isointense com-
pared with surrounding liver parenchyma. Histology showed
moderately differentiated hepatocellular carcinoma in the larger
lesion and well-differentiated hepatocellular carcinoma in the
smaller lesion



differentiation of tumor cells: Whereas moderately or
poorly differentiated lesions fail to take up hepatobil-
iary agents and appear hypointense to liver on enhanced
images, well-differentiated tumor may show the oppo-
site behavior, appearing hyperintense with respect to
liver parenchyma as a result of the uptake and trapping
of the agent within the tumor [6, 7, 59, 60].
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Fig.10a±d Hepatocellular carcinoma with satellite lesions. a The
T1-weighted MR image shows a nodular lesion which is slightly
hyperintense with a hypointense peripheral rim. During the dy-
namic, gadolinium-enhanced study (b arterial phase; c portal ve-
nous phase; d delayed phase), the tumor shows clear-cut enhance-
ment in the early phase with rapid washout. Small satellite nodules
become visible around the tumor, and show the same enhancement
pattern as the main lesion



Cholangiocellular carcinoma

Cholangiocellular carcinoma is a primary malignancy
arising from the bile duct epithelium. The incidence of
cholangiocellular carcinoma among primary liver can-
cer usually does not exceed 10 % of cases. It is a disease
of older individuals and occurs slightly more frequently
in males than females. According to the site of origin,
cholangiocellular carcinoma is classified into two types:
intrahepatic and extrahepatic. The term cholangiocar-
cinoma should be used for intrahepatic lesions, whereas
bile duct carcinoma should be preferred for extrahe-
patic neoplasms [61].

The intrahepatic or peripheral cholangiocarcinoma
represents 10% of all cholangiocarcinomas. It arises
from the internal wall of the small bile ducts, peripheral
to the right or left hepatic ducts, and grows into the liver
as a focal mass. The gross appearance of cholangiocarci-
noma is that of grayish white, firm, solid, and fibrous
mass. Characteristically, this malignancy has a large cen-
tral core of fibrotic tissue, due to the desmoplastic reac-
tion provoked by the neoplastic cells. Microscopically,
cholangiocarcinoma represent an adenocarcinoma with
glandular appearance. Mucus secretion and calcification
are sometimes found, but there is no bile production [61].

The MR appearance of cholangiocarcinoma is that of
a non-capsulated tumor, hypointense on T1-weighted
images and hyperintense on T2-weighted images. Dila-
tation of the peripheral portion of the intrahepatic bili-
ary ducts may be seen. The signal intensity of the tumor
is variable according to the amount of fibrosis, necrosis,
and mucinous material within the tumor. Central hypo-
intensity may be seen on T2-weighted images, corre-
sponding to central areas of fibrosis [62, 63, 64]. On dy-
namic contrast-enhanced MR studies, minimal to mod-
erate peripheral enhancement is evident followed by
progressive filling. Pooling of contrast within the tumor,
reflecting the large amount of fibrous tissue, is typically
seen on delayed MR images (Fig. 11) [65, 66, 67].

Fibrolamellar carcinoma

Fibrolamellar carcinoma is a rare neoplasm of hepato-
cellular origin that was considered in the past a variant
of HCC, whereas it is now seen as an independent entity.
In contrast to HCC, fibrolamellar carcinoma is seen in
young patients without cirrhosis. Pathologically, this tu-
mor usually presents as a large solitary mass with a lob-
ulated contour and a central fibrous scar that may be
calcified. Calcification is central, stellate, or nodular,
and the amount of calcification is usually small relative
to the large size. Satellite nodules may also be present.
Abundance of fibrosis distributed in bands or laminae
(hence fibrolamellar) is a hallmark of this neoplasm [68,
69, 70, 71, 72].

Magnetic resonance imaging reveals the tumor with a
partial or complete capsule. In general, tumors are iso-
or hypointense to the liver on T1-weighted images and
iso- to hyperintense on T2-weighted images. The scar
may have low signal intensity on both T1- and T2-
weighted images, although cases of hyperintense scars
on T2-weighted images have been reported [73, 74]. The
tumor is not as vascularized as HCC.

Epithelioid hemangioendothelioma

Epithelioid hemangioendothelioma (EHE) is a rare
malignant hepatic neoplasm of vascular origin that de-
velops in adults. It should not be confused with infantile
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Fig.11a, b Intrahepatic cholangiocellular carcinoma. a The tumor
is hypointense to liver on the T1-weighted image. b Pooling of
contrast within the tumor, reflecting the large amount of fibrous
tissue, is seen on the delayed, gadolinium-enhanced image



hemangioendothelioma. Only recently has EHE been
recognized as a distinct entity. It is a solid tumor com-
posed primarily of epithelioid-appearing endothelial
cells. The tumor has a variable clinical course between
that of benign endothelial tumors (hemangiomas) and
malignant angiosarcomas. Unlike most primary malig-
nant hepatic tumors, two-thirds of patients affected are
women, in the third of fourth decades of life. No risk
factors of specific causes of hepatic EHE are known [75,
76].

Macroscopically, multifocal nodules varying in size
from a few millimeters to several centimeters are seen.
These nodules tend to coalesce, as they grow, to form
large confluent masses, usually in the periphery of the
liver, owing to the extension of the tumor through the
tributaries of the portal and hepatic veins. These solid
tumors characteristically have a dense fibrotic hypovas-
cular central core and a peripheral hyperemic rim. The
hepatic capsule overlying an EHE is frequently retract-
ed inward, which is thought to be due to fibrosis induced
by the tumor. This capsular retraction is an unusual
feature in malignant lesions of the liver, and is sugges-
tive of EHE [77].

Microscopically, the tumors are composed of den-
dritic spindle cells and epithelioid round cells within
abundant matrix of myxoid and fibrous stroma. Neo-
plastic cells invade and eventually obliterate sinusoids,
terminal hepatic veins, and portal veins. Approximately
30% of patients may demonstrate progressive sclerosis
and eventual calcification [76, 77].

Concentric alteration in signal intensity, correspond-
ing to the regions of different histology, are seen both on
T1- and T2-weighted images. The MR images demon-
strate subcapsular nodules of increased signal intensity
on T2-weighted images similar to that of most malig-
nancies, but not as intense as the characterizing high
signal intensity of hepatic hemangiomas. Peripheral,
rim-like enhancement is seen after administration of
extracellular contrast agents (Fig. 12) [76, 78].

Angiosarcoma

Angiosarcomas are malignant neoplasms derived from
endothelial cells that occurs primarily in adults with ex-
posure to a variety of chemical agents and radiation.
Although primary angiosarcoma accounts for less than
2 % of all primary liver neoplasms, it is the most com-
mon sarcoma of the liver.

Primary hepatic angiosarcomas are highly aggressive
and have an extremely poor prognosis. It occurs four
times more frequently in males [79]. Macroscopically,
there are two patterns of growth: multifocal nodules and
large solitary mass. The tumor nodules varies in size from
pinpoint foci to large nodules measuring several centi-
meters in diameter. The nodules may have a dark, red-
brown appearance due to the presence of areas of inter-
nal hemorrhage. When angiosarcoma appears as a soli-
tary, large mass, it does not have a capsule and frequently
contains large cystic areas filled with blood debris.

Microscopically, hepatic angiosarcomas are com-
posed of malignant vascular cells that may form poorly
organized vessels, variable in size from cavernous to
capillary, trying to form sinusoids. These vessels are
lined with malignant endothelial cells. Tumor cells tend
to grow along preformed vascular channels, particularly
the sinusoid, and may form solid nodules or cavitary
spaces [79].
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Fig.12a±c Epithelioid hemangioendothelioma. a On the T1-
weighted image, two hypointense nodules are detected. b The le-
sions appear hyperintense on the T2-weigted image. c Delayed
contrast-enhanced T1-weighted image shows peripheral, rim-like
enhancement in the larger lesion, and homogeneous enhancement
in the smaller lesion



With MR imaging, the signal intensity features of
angiosarcoma are similar to those sometimes seen in
hemangioma. Both tumors contain abundant blood-fil-
led vascular spaces, which may exhibit high signal in-
tensity on T2-weighted MR images. Peripheral en-
hancement after extracellular contrast agent adminis-
tration may be seen, but it is not of the dense, discon-
tinuous, and globular pattern that is typically seen in
cases of hemangioma (Fig. 13) [80].

Lymphoma

Primary hepatic lymphoma is a rare disease. Lymphoma
is considered to be a primary neoplasm of the liver when

the tumor is limited to hepatic parenchyma. Grossly,
nodular and diffuse forms of hepatic lymphoma are
seen. Hodgkin's disease occurs more often as miliary
lesions than masses: Early in the disease liver paren-
chyma involvement is microscopic, but with time, small
nodules from a few millimeters to several centimeters in
size develop. In non-Hodgkin's lymphoma, the lym-
phocytic form tends to be miliary, whereas the large
cells or histiocytic varieties are nodular masses [81, 82].

On MR images these tumors are hypointense on T1-
weighted images and hyperintense on T2-weighted im-
ages due to the rich cellularity [16, 83, 84]. After ad-
ministration of extracellular contrast agents, these tu-
mors remain hypointense during all the dynamic study,
due to their poor vascularity (Fig. 14) [1].

Liver metastases

Metastatic disease involving the liver represents one of
the most common problems in oncology. The liver pro-
vides a fertile soil for metastases, not only due to its dual
blood supply from both systemic and splanchnic system,
but also because of the presence of humoral factors
promoting cell growth and the discontinuous nature of
endothelial lining of the hepatic sinusoid allowing open
communication with the extracellular space of Disse.
The liver is second only to regional lymph nodes as a site
of metastatic disease. The true prevalence of metastatic
disease is unknown, because most figures are based on
autopsy series that reflect the end stage of a disease
process, but between 30 and 70% (depending on the
primary tumor) of patients who die of cancer have liver
metastases at autopsy [85].

Liver metastases generally present the histotype of
the primary neoplasm. The range of gross morphology
of liver metastases, their localization, as well as their
number is very wide. The shape of the lesion is usually
roundish; nevertheless, the metastases from colorectal
adenocarcinoma larger than 3 cm commonly have cau-
liflower aspect [86]. The majority of metastatic lesions
have ill-defined margins; however, metastases from
squamous cell carcinoma and those from endocrine tu-
mor, often roundish, present sharp margins. The site of
the metastases is usually intrahepatic, prevailing within
the right lobe; exceptionally the metastases may be lo-
calized on the liver capsule, owing to the intraperitoneal
spread (ovarian and colonic adenocarcinomas). The
metastases from poorly differentiated adenocarcinomas
and from endocrine tumors are usually numerous,
smaller than 2 cm, and disseminated to the whole liver
[87].

The signal intensity of the metastases differs from
that of the liver since their T1 and T2 relaxation times
are longer, owing to the higher content of free water
molecules; therefore, on T1-weighted images the signal
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Fig.13a, b Angiosarcoma. a The tumor is hypointense to liver on
the T1-weighted image. b Inhomogeneous peripheral enhance-
ment, without nodular pattern, is seen on the gadolinium-en-
hanced image



intensity of the metastases is lower than that of the he-
patic tissue, whereas it is higher on T2-weighted images
(Fig. 15). Some peculiar pathologic conditions, howev-
er, can modify the signal intensity of the metastases.
Whenever liquefactive necrosis or infectious edema is
present within the metastasis, the signal intensity fur-
ther increases on T2-weighted images. On the other
hand, if coagulative necrosis, fibrous matrix, or calcifi-
cations are present within the metastasis, the elevated
signal intensity on T2-weighted images is decreased. Fi-
nally, whenever subacute intralesional hemorrhage or
particular substances, such as melanin (seen in me-
tastases from melanoma) or mucin (produced by me-
tastases from mucinous carcinoma of the pancreas or

the ovarium), are present within the metastatic tissue,
the signal intensity of T1-weighted images is increased
[88, 89].

After administration of extracellular contrast agents,
enhancement of the liver is stronger than that of most
metastatic lesions during both the arterial and the portal
phases. Hypervascular metastases, however, show
strong enhancement in the arterial phase, appearing
definitely hyperintense with respect to liver parenchy-
ma [88, 90]. Large hypervascular metastases receive ar-
terial blood mainly in the periphery of the lesion than in
the worse perfused center; thus, during the arterial
phase, these metastases show an intense peripheral ring
of enhancement, whereas during the following phases
they show a progressive enhancement into the center
which is gradually separated from that of the hepatic
tissue [36, 88, 91, 92, 93]. Because metastases do not
contain Kupffer's cells or normal hepatocytes, no up-
take of reticuloendothelial-system-target agents or
hepatobiliary agents is usually seen [22, 94, 95, 96].
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Fig.14a±c Lymphoma. a On the T1-weighted image, the tumor
appears as a large, homogeneously hypointense mass. b The lesion
is hyperintense on the T2-weigted image. c In the delayed, con-
trast-enhanced image, the tumor remains hypointense to liver

aa bb

Fig.15a, b Carcinoid me-
tastases. a T1-weighted image
shows small, hypointense le-
sions in the right hepatic lobe.
b The lesions appear definitely
hyperintense on the T2-weight-
ed image
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