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Focal liver lesions evaluated by MR imaging
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ABSTRACT

Magnetic resonance signal intensity of focal liver le-
sions is the result of their histological and cytological
features. Therefore, analysis of lesion signal intensity
and enhancement patterns obtained with magnetic
resonance imaging is essential for the differential di-
agnosis of focal liver lesions. In this article, we review
the magnetic resonance imaging features of the most
common focal liver lesions.
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depend on their histological and cytological features. Careful

assessment of the enhancement properties of dynamic images
obtained before and after administration of intravenous contrast mate-
rial (IVCM) is valuable in the characterization of the mass (1).

M agnetic resonance (MR) imaging findings of focal liver lesions

Cyst

Cysts are most often detected incidentally and are grouped as acquired
or congenital (2). Acquired cysts are thought to be retention cysts sec-
ondary to biliary tract derivatives (3). It is typical for simple cysts to
appear as hypointense on T1-weighted (T1W) images, hypointense on
T2-weighted (T1W) images, and enhanced, even in the late stages after
IVCM administration (Figure 1 a-c).

Ciliated hepatic foregut cyst

Ciliated hepatic foregut cysts are usually seen in anterosuperior locali-
zation in the intersegmental area (4). Although they typically appear as
hypointense in T1W images and hypointense in T2W images, high sig-
nal intensity in TIW images suggests high protein content. Ovarian can-
cer metastases should be included in the differential diagnosis since they
may appear as lesions causing lobulation in the liver contours, though
they show wall enhancement (Figure 2).

Angiomyolipoma

Angiomyolipoma is a rare mesenchymal tumor that is generally seen
as solitary, which contains lipid, smooth muscle, and vessels (1, 5). Be-
cause of the lipid content it is hyperintense in TIW images, and signal
loss in out-of-phase images has an importance in the diagnosis. How-
ever, it is also reported that 1/3 of angiomyolipomas were found to have
less than 10% lipid content (6). Because of the lipid content, in the dif-
ferential diagnosis, adenoma or hepatocellular carcinoma (HCC) with
fatty metamorphosis should be included (Figure 3).

Biliary hamartoma

Biliary hamartomas are frequently seen as multiple lesions 0.5-1.5 cm
in diameter located in the subcapsular region (7, 8). They appear as hy-
pointense in T1W images, hyperintense in T2W images, and show pe-
ripheral, thin, ring-like enhancement after IVCM administration in the
arterial and venous phases. A suppressed liver and inflammation around
the lesion are thought to be responsible for the perilesional enhance-
ment. The features of hamartomas (generally smaller than 1 cm, thin,
ring-like enhancement, lack of enhancement close to the center, and
high fluid content) should be considered in the differential diagnosis of
metastases (Figure 4).
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Figure 1. a-c. Transverse fat-suppressed T2W image (a) shows a well-
defined homogenous and hyperintense mass in the right lobe posterior
segment. After IV contrast administration, in the arterial (b) and venous
(c) phases, in spoiled echo gradient images, a non-enhancing simple cyst
is observed.

Figure 2. a-d. Transverse fat-suppressed T2W image (a) shows hyperintense lesion with high protein content levels in the intersegmental
region. The lesion appears to be hypointense on transverse TTW image (b) and after IV contrast administration, in the arterial (c) and venous
(d) phases, a ciliated hepatic foregut cyst that does not show significant enhancement in the wall and cyst content is observed (with the
permission of Dr. Semelka).
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Figure 3. a, b. Transverse fat-saturated T2W image (a) shows an angioma with low vessel content that did not show significant signal loss and
after IV contrast administration (b), wash-out in the 90" second is seen (with the permission of Dr. Semelka).

Figure 4. a, b. Coronal T2W image (a) shows a solitary subcapsular hyperintense hamartoma (arrow). Following IV contrast administration,
hypointense, peripheral, ring-like enhancement on T1W transverse image in the arterial phase (b) is observed (arrow).

Hemangioma

Hemangiomas are the most com-
mon benign tumor of the liver and
are mostly of the cavernous type. The
prevalence of hemangiomas is 7-20%
in autopsy series (1, 5). Hemangiomas
may increase in size during pregnancy,
secondary to estrogens; however, an
increase in size should raise suspicion
since they are known as stable lesions.
Secondary to a high fluid content, they
are observed as hypointense in TIW
images and hyperintense in T2W im-
ages. Three types of contrast enhance-
ment patterns are present in dynamic
examinations: early homogenous en-
hancement and persistence of enhance-
ment in the late phase (type 1); periph-
eral nodular enhancement, centripedal
dynamic uniform enhancement (type
2); peripheral nodular enhancement,
centripedal dynamic enhancement,
and non-enhancing central scar tis-
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sue in the late phase (type 3). Follow-
ing IVCM administration, peripheral,
ring-like enhancing nodules, which do
not persist in the arterial phase, centri-
pedal enhancement that is maximal in
90™ minute, an internal ring, which is
prominent only in this phase, ondu-
lating nodular contour in the internal
part of the ring, and heterogeneous or
persistent enhancement without wash-
out are important in the diagnosis of
hemangiomas (8, 9) (Figure 5, 6).

Ring-like enhancement that is more
evident 1 minute after IVCM is admin-
istered, wash-out of the contrast mate-
rial, which causes a heterogeneous ap-
pearance, and observation of a uniform,
thick ring are valuable in the differential
diagnosis with hypervascular metastases
(9). In addition, while small hemangi-
omas are hyperintense in T2W images,
half of the metastases are hyperintense
and the other half are isointense.

Focal nodular hyperplasia (FNH)

In 1995, an international study
group classified FNH as a regenerative
lesion in contrast to adenomas, which
are classified as neoplastic lesions. They
are a hyperplastic response secondary
to preexisting vascular malformation
(10, 11).

FNH is the second most common tu-
mor, which accounts for 8% of primary
hepatic tumors (12). They are hypo- or
isointense on T1W images (94-100%)
and mildly hyper- or isointense on
T2W images (94-100%) (12). Cen-
tral scar tissue in FNH (hyperintense
in T2W images, hypointense in T1W
images, and enhancement in the late
phase after IVCM administration) is re-
ported in 10-49% of cases. After IVCM
is administered, rapid enhancement in
the early arterial phase and washout in
the late phase is observed, and central
scar tissue shows late enhancement
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Figure 5. a-d. Transverse fat-suppressed T2W image (a) shows hyperintense hemangioma. On transverse TIW image (b) hypointensity is
noted, and after IV contrast administration, in the arterial phase, spoiled echo gradient images reveal progressively and peripherally nodular
enhancement pattern in arterial (c) and venous (d) phase.

“ Figure 6. a-c. Coronal T2W image (a) shows hyperintense hemangioma
in the left lobe of the liver. On transverse TTW image (b), it appears
hypointense and after IV contrast administration, peripheral nodular
enhancement is seen (c) (with the permission of Dr. Semelka).
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Figure 7. a, b. Transverse T1W image (a) shows two focal nodular hyperplasias, which are
minimally hypointense. After IV contrast administration, in the arterial phase (b), they show
significant enhancement but no enhancement is observed in the central scar tissue.

e

Figure 8. a-c. Transverse T1W image (a) shows adenoma as isointense to the surrounding
parenchyma. It shows signal loss in out-of-phase images (b) and intensely enhances in the
spoiled echo gradient images (c) after IV contrast administration.
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(Figure 7). Central scar tissue, which
is observed in giant hemangiomas, is
larger and more intense. It is more ho-
mogenous in T2W images and shows
peripheral nodular enhancement. Scar
tissue observed in HCC, secondary to
necrosis and calcification, shows low
signal intensity in TIW and T2W im-
ages and does not show significant
enhancement after IVCM administra-
tion.

Hepatocellular adenoma

The prevalence of hepatocellular ad-
enomas, which are a rare liver tumor
(3-4/100, 000) has increased, secondary
to underlying metabolic disorders, and
administration of both oral contracep-
tives and androgen steroids (13, 14).
Necrosis and hemorrhage are common
causes of pain. Diagnosis is important
because of the risk of hemorrhage, and
although rare, the possibility of ma-
lignant transformation. High signal
intensity observed in T1W images is
secondary to the high lipid and gly-
cogen content (1, 5). Following IVCM
administration, intense enhancement
in the early arterial phase and fading
in the late phase is typical. However,
in cases of hepatic adenomatosis there
may be heterogeneous enhancement
(15). Differential diagnosis of adenoma
and FNH is important to the choice
treatment approaches. Adenoma is a
true neoplasm consisting of normal or
atypical hepatocytes, without Kupp-
fer’s cells or biliary ducts. There is no
central scar and it enhances in a lesser
intensity compared to FNH (16) (Figure
8).

Hepatocellular carcinoma (HCC)

The most common abdominal ma-
lignancy in the world is hepatocellular
carcinoma (17 -19). Although HCC is
frequently observed as hypointense in
T1W images it may appear as hyper- or
isointense because of hemorrhage and
copper, glycogen, and high protein
content (20). HCC is frequently ob-
served as hyperintense in T2W images.
However, well-differentiated HCCs are
reported to be hypo- or isointense in
T2W images. The intensity in T2W
images is reported to be related to the
grading of malignancy, and high-grade
HCC:s are reported to be more hyperin-
tense (21).

After IVCM is administered, promi-
nent enhancement in the arterial
phase and heterogeneous washout in
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Figure 9. a-e. Transverse fat-suppressed T2W image (a) shows minimally hyperintense
subcapsular hepatocellular carcinoma. Transverse TTW image (b) reveals the hypointense
nature of the lesion. It intensely enhances after IV contrast administration in the arterial
phase spoiled echo gradient image (c) and in the portal (d) and late venous phase (e)
images, progressive capsular enhancement and central wash-out are seen (with the

permission of Dr. Semelka).

the portal phase has a significant role
in the diagnosis of HCC. For a diagno-
sis of HCC, the following are impor-
tant: the lesion must be larger than 3
cm; hyperintense appearance in T2W
images; intense enhancement in the
arterial dominant phase; late washout;
presence of capsule; the tendency to
invade the portal and hepatic veins;
rapid growth (22) (Figure 9).

Metastasis

The liver is the organ most frequent-
ly affected by metastasis following the
lymph nodes (most frequently affected
organ) because of dual blood flow, hu-
moral factors maintaining cell growth,
and the discontinuous structure of the
hepatic sinusoids, which are related to
the extracellular space of Disse. The he-
patic arterial phase has an important
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role since many metastases are nour-
ished by the hepatic artery (23). Since
maximal liver enhancement occurs in
the portal phase, imaging of the hy-
povascular metastases in this phase is
important.

Colon, lung, prostate, and transi-
tional cell carcinomas are the most
common causes of hypovascular liver
metastases, and they appear as hypoin-
tense in TIW image and isointense in
T2W images (24). They become more
prominent in the portal phase when
maximal liver enhancement occurs.
Because of their sensitivity to gadolin-
ium-based contrast materials, it should
be taken into consideration that pe-
ripheral enhancement may also be
detected in hypovascular metastases.
Rarely, hypovascular metastases have
high fluid content and may mimic
hepatic cysts. While in late post-con-
trast images the borders of metastases
lose their clarity and become smaller
because of peripheral enhancement,
these changes are not observed in the
cysts (24).

Hypervascular metastases like islet
cell tumors, breast carcinoma, carci-
noid and melanoma, thyroid cancer,
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Figure 10. a, b. Transverse fat-supressed T2W image (a) shows hyperintense metastatic mass due to renal cell carcinoma. Following IV contrast,
lesion demonstrates intense enhancement at the periphery (b).

and renal cell carcinoma enhance in
the hepatic arterial phase (24) (Figure
10).
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