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Despite various sophisticated imaging techniques, there
are numerous pitfalls in liver imaging. This review for res-
idents discusses the major traps in image interpretation
and gives some diagnostic clues to confidently interpret
computed tomographic or magnetic resonance imaging
studies.
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he liver is a tricky organ for ra-

diologists. The external structure

(lobes separated by the falciform
ligament) does not reflect the inter-
nal structure, which has been clearly
described by the anatomist Charles
Couinaud. Besides the complex anat-
omy and the anatomic variants, which
will not be considered in this review,
there are several pitfalls to be avoided
during liver imaging. Cirrhosis is the
most common chronic liver disease but
certain other liver diseases may have a
pseudocirrhotic appearance at imaging
and require different management. The
differentiation of true liver tumors from
pseudotumors can be challenging.

The goal of this review is to famil-
iarize radiology residents and other
practitioners with the most common
pitfalls of liver imaging and to provide
some diagnostic clues to confidently
interpret computed tomographic (CT)
or magnetic resonance (MR) imaging
results. Three major topics will be dis-
cussed throughout the article. Morpho-
logic changes of the liver are important
imaging features for the diagnosis of
cirrhosis. However, some other condi-
tions can mimic cirrhosis, and this re-
view highlights the most common dif-
ferential diagnoses with imaging clues.
The diagnosis of a tumor is based on
clinical background, imaging character-
istics, and the organ in which the tumor
arises. As the origin of large abdominal
tumors can be difficult to assess, we
have thought it could be important to
describe the imaging features that are
most useful in making this determina-

B The majority of the noncirrhotic
liver diseases, which mimic cir-
rhosis, are of vascular or biliary
origin.

® Careful analysis of the large
intra- and extrahepatic vessels is
helpful to assess whether a large
tumor originates from within the
liver or outside it.

B The most common pseudolesions
in liver segment 4 are related to
focal fatty sparing or focal
steatosis.

tion. Last, liver lesions might be true
tumors with proliferative activity, or
they might be pseudotumors or pseu-
dolesions, which are often treated con-
servatively. This review details impor-
tant differential diagnoses of true liver
tumors, the most common being focal
fat deposition or focal sparing and per-
fusion disorders.

The Mimics of Cirrhosis

Cirrhosis is pathologically defined as
multiple regenerative nodules surround-
ed by fibrous tissue. It is the end-stage
disease of liver fibrosis, which may be
the consequence of several chronic liver
diseases. Although noninvasive imaging
tests have been developed to diagnose
and stage liver fibrosis, many patients
are only diagnosed at a late stage, when
they already have cirrhosis.

There are various imaging criteria
for the diagnosis of cirrhosis, includ-
ing a nodular liver surface, morpho-
logic changes in the liver, and signs of
portal hypertension. The morphologic
changes associated with liver cirrhosis
include atrophy of the right liver and
segment 4, hypertrophy of the left liver
lobe and the caudate lobe, increased fat
in the porta hepatis, and expansion of
the gallbladder fossa (1).

However, other noncirrhotic liver
conditions can lead to morphologic
changes in the liver that mimic cirrho-
sis. These changes may be due to ob-
struction of the major portal or hepatic
veins, biliary obstruction, or more dif-
fuse noncirrhotic chronic liver diseases.

Venous or Biliary Obstruction

The association between hepatic lobar
atrophy and ipsilateral portal vein ob-
struction is well known and has been
described in patients with isolated por-
tal vein obstruction (Fig 1) or those
with cholangiocarcinoma, resulting in
both portal vein and biliary obstruc-
tion (2). Further details are shown in
Figure E1 (online). In the latter, por-
tal vein obstruction seems to be the
dominant factor in the development
of lobar atrophy. Atrophy of the area
involved is associated with compensa-
tory hypertrophy and/or hyperplasia

of the nonaffected liver (atrophy-hy-
pertrophy complex) (3). Interestingly,
an experimental model has shown that
the contralateral liver begins regener-
ation before the blood flow-deprived
liver atrophies (4). Early changes are
explained by the activation of multiple
factors including proto-oncogenes (4).
Biliary obstruction may also induce ip-
silateral liver atrophy, especially if it
is chronic, but this is usually less pro-
nounced than the combination of por-
tal vein and biliary obstruction. Unlike
portal vein obstruction, isolated biliary
obstruction does not seem to cause
contralateral hypertrophy. Finally, he-
patic venous obstruction is associated
with ipsilateral liver atrophy (5). During
obstruction of the major portal branch,
hepatic vein, or intrahepatic bile ducts,
besides ipsilateral atrophy imaging find-
ings may show direct signs of vascular
or biliary obstruction which are often
associated with perfusion disorders. In
particular, increased enhancement of
the obstructed liver on arterial-phase
contrast material-enhanced images is
highly suggestive of portal venous ob-
struction. Both direct and indirect signs
of obstruction (liver atrophy and per-
fusion disorders) make the diagnosis
easy. The Table summarizes the most
common imaging findings associated
with portal vein, bile duct, or hepatic
venous obstruction.

Diffuse Noncirrhotic Chronic Liver
Diseases
Morphologic changes of the liver mim-
icking cirrhosis are present in several
noncirrhotic liver diseases, most of
them of vascular or biliary origin.
Cavernous transformation of the
portal vein occurs as a result of com-
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GRE = gradient echo

IVC = inferior vena cava

MIP = maximum intensity projection
SE = spin echo
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Figure 1

a.
Figure 1:

b.

Axial contrast-enhanced CT images in a 49-year-old man with marked atrophy of the right liver due to complete obstruction of the right portal vein. (a, b)
Portal venous phase images obtained at different levels show right atrophy with displacement of the gallbladder.

The Most Common Imaging Findings Associated with Biliary, Portal Venous, or Hepatic Venous Obstruction

Finding

Biliary Obstruction

Portal Venous Obstruction

Hepatic Venous Obstruction

Ipsilateral atrophy
Contralateral hypertrophy

Biliary dilatation

Liver enhancement at contrast-enhanced
arterial phase imaging

Liver enhancement at contrast-enhanced
portal venous phase imaging

Same as contralateral lobe

Marked if biliary obstruction is Marked
complete and chronic

Present especially when associated Present
with portal venous obstruction

Major Absent

Slightly increased in marked bile Increased

ducts dilatation

Same as contralateral lobe

Marked and related to hepatic
venous anatomy

Present Hypertrophy of the caudate
lobe can be seen

Absent

Same as contralateral lobe

Reticular or mosaic pattern can be seen

plete extrahepatic portal vein obstruc-
tion and is seen as multiple collateral
veins in the porta hepatis. Atrophy of
the right liver, hypertrophy of the cau-
date lobe, and signs of portal hyper-
tension are confusing and can mimic
cirrhosis. However the atrophy-hyper-
trophy complex is different from cirrho-
sis because hypertrophy is central (seg-
ment 4 and the caudate lobe) (Fig 2) as
a result of maintained portal inflow and
peripheral atrophy (right liver and left
liver lobe) (6). Moreover, nodularity of
the hepatic contour is usually not pre-
sent (6). Imaging features also include
direct signs of complete portal vein ob-

struction with lack of enhancement of
the main portal vein and venous collat-
erals in the porta hepatis on contrast-
enhanced CT and MR images.
Budd-Chiari syndrome is charac-
terized by hepatic venous outflow ob-
struction in the absence of right-sided
heart failure or constrictive pericardi-
tis, which occurs in the small or large
hepatic veins or the suprahepatic por-
tion of the inferior vena cava (IVC).
Approximately one-half of primary
Budd-Chiari syndrome patients have
myeloproliferative disorders. Other ac-
quired and inherited conditions may be
present and there is often a combina-

tion of causes in the same patient (7).
Simultaneous venous involvement in all
hepatic veins is rare, and a key finding
is the morphologic changes of the liver
with the atrophy-hypertrophy complex.
As mentioned above, hepatic venous
obstruction can result in ipsilateral
atrophy. On the other hand, adaptive
mechanisms include the development of
a collateral hepatic venovenous circula-
tion to divert the outflow circulation by
bypassing the obstruction and connect-
ing blocked territories to contiguous,
well-drained territories. Thus, atrophy
will appear in the obstructed liver seg-
ments and hypertrophy will be seen in
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Figure 2

b.

Figure 2: MR images in a 27-year-old woman with morphologic changes of the liver secondary to cavernous transformation of the portal vein. (a) Fat-suppressed
fast spin-echo (SE) T2-weighted image (repetition time msec/echo time msec, 2500-8000/90; flip angle, 90°; section thickness, 4 mm) shows central liver hypertro-
phy (segment 4 and caudate lobe), peripheral atrophy, and signs of portal hypertension (splenomegaly and portocaval collaterals [arrow]). (b) Contrast-enhanced
gradient-echo (GRE) T1-weighted image (4.5/2.2; flip angle, 10°; section thickness, 4 mm) at the portal venous phase demonstrates portal cavernoma around the

common bile duct (arrow).

liver segments where hepatic venous
outflow is not altered. In most cases
the caudate lobe is preserved and hy-
pertrophic because most of the outflow
of the caudate lobe is independent of
the major hepatic veins and composed
of many small veins that drain directly
into the IVC (Fig 3). Hypertrophy of the
caudate lobe is not specific for Budd-
Chiari syndrome and may be seen in
cirrhosis and other chronic liver dis-
eases in association with splenomegaly
and signs of portal hypertension. The
diagnosis of Budd-Chiari syndrome is
further supported by visualization of
direct anomalies of the hepatic veins
and the collateral circulation. Liver en-
hancement is often heterogeneous with
a mottled appearance, and delayed
enhancement in the periphery of the
liver and around the hepatic veins is a
typical feature. Nevertheless, chronic
Budd-Chiari syndrome may be difficult
to differentiate from cirrhosis (8).
Congenital hepatic fibrosis is a
developmental malformation that be-
longs to the family of hepatic ductal
plate malformations, resulting in a
persistent additional embryonic bile
duct structure in the portal tracts.
Congenital hepatic fibrosis is usually

associated with autosomal recessive
polycystic kidney diseases, which to-
gether represent the most common
hepatorenal fibrocystic diseases. Al-
though they are usually diagnosed dur-
ing childhood, it is not uncommon to
first diagnose them in adult patients.
The causative gene, PKHDI1, encodes
fibrocystin (polyductin) that localizes
to the primary cilium, explaining why
they are now called ciliopathies. The
most common complication of con-
genital hepatic fibrosis is portal hyper-
tension. Morphologic abnormalities of
the liver (segmental hypertrophy or
atrophy) are found in most patients,
most frequently atrophy of the right
liver and hypertrophy of the left liver
lobe and the caudate lobe mimicking
cirrhosis. Interestingly, segment 4 is
normal sized or enlarged (9). Besides
the morphologic changes of the liver,
other abnormalities such as renal and
biliary disorders that are not found in
patients with cirrhosis are highly sug-
gestive of this diagnosis. Biliary abnor-
malities include isolated common bile
duct dilatation, Caroli syndrome, and
dilatation of peripheral intrahepatic
bile ducts, which usually can only be
detected with MR cholangiopancrea-

tography (Fig 4) (10). Further details
are shown in Figure E2 (online).
Obliterative portal venopathy, also
known as idiopathic portal hyperten-
sion and hepatoportal sclerosis, is one
of the diseases that most closely mimics
cirrhosis because portal hypertension
is a key finding and in advanced cases,
the imaging findings of liver nodularity
and atrophy are indistinguishable from
those of cirrhosis (11). This explains
the series of patients who were consid-
ered to have cirrhosis and were diag-
nosed with obliterative portal venopa-
thy at the pathologic assessment of liver
explants (12). Obliterative portal ve-
nopathy is characterized by portal tract
abnormalities showing thrombosis, fi-
brosis, and sclerosis. This disease also
includes a spectrum of entities, such as
nodular regenerative hyperplasia. Most
patients manifest morphologic changes
in the liver and in 25% of the cases they
are similar to those observed in cirrho-
sis (atrophy of segment 4 and hyper-
trophy of caudate lobe). Fortunately,
certain findings help differentiate be-
tween obliterative portal venopathy and
cirrhosis: intra- or extrahepatic portal
vein anomalies (acute or chronic, com-
plete or partial obstruction, stenosis
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Figure 3

C.

or lack of visibility and mural calcifica-
tions) (Fig 5) are mainly observed in
patients with obliterative portal venop-
athy, whereas a nodular liver surface is
rarely found (13). Further details are
shown in Figure E3 (online).

Diffuse morphologic changes of the
liver may also be found in patients with
liver metastases (14). This condition
is called “hepar lobatum” or more re-
cently pseudocirrhosis. Although this
entity can develop in the absence of
chemotherapy, it clearly seems to be

tled enhancement.

commonly associated with chemother-
apy. The mechanism has not yet been
elucidated. It could be due to tumor
shrinkage and subsequent severe des-
moplastic fibrosis around the liver
metastases or nodular regenerative
hyperplasia in response to chemother-
apy. Interestingly, it is often observed
in patients with a major morphologic
response to chemotherapy (15). While
it was initially described almost exclu-
sively in patients with liver metastases
from breast cancer, pseudocirrhosis

Figure 3: MR images in a 39-year-old woman with morphologic changes
of the liver secondary to Budd-Chiari syndrome. (a, b) Fat-suppressed fast SE
T2-weighted MR images at different levels (2500-8000/90; flip angle, 90°;
section thickness, 4 mm) show atrophy of the right and left liver lobe and
hypertrophy of the caudate lobe. Hepatic veins are not patent and large hepatic
venous collaterals (arrow) drain into the IVC. Splenomegaly and ascites are
seen. (c) Contrast-enhanced GRE T1-weighted MR image (4.5/2.2; flip angle,
10°; section thickness, 4mm) at the portal venous phase demonstrates mot-

has now been observed in patients with
esophageal cancer, pancreatic cancer,
thyroid cancer, and colorectal cancer
(15,16). Imaging findings include seg-
mental atrophy with frequent enlarge-
ment of the caudate lobe and nodular
liver surface related to multifocal capsu-
lar retraction (Fig 6). The most severe
presentations can lead to symptomatic
portal hypertension and hepatic failure.
The key to the diagnosis is a clinical his-
tory and normal liver imaging results at
prior examinations. In a series of pa-
tients with breast cancer liver metasta-
ses who received chemotherapy, 75%
had various degrees of liver contour ab-
normalities, from limited retraction to
diffuse nodularity (17). Moreover, 9%
of these patients developed portal hy-
pertension. These changes may develop
rapidly after a median follow-up of 15
months. Radiologists should be aware
of this entity because in these patients
anticancer therapy should be modified
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Figure 4

C.

and sometimes interrupted (16). The
imaging findings in pseudocirrhosis
have been shown to completely resolve
in some patients (16).

Acute liver failure, a very severe
disease with a high risk of spontane-
ous mortality, is characterized by the
onset of hepatic encephalopathy from
severe acute liver injury in the absence
of pre-existing liver disease. The prog-
nosis has dramatically changed with
orthotopic liver transplantation, so it is
crucial to assess the absence of chronic
liver disease in these patients. Biopsy
is often contraindicated as the patients
commonly have abnormal blood liver

Figure 4:

(arrowheads).

tests and low platelet and coagulation
factors. Unfortunately imaging findings
can mimic cirrhosis. Portal hyperten-
sion is seen in most patients with acute
liver injury, and ascites is the most
common finding. Even more confusing,
liver atrophy and liver surface nodular-
ity (up to 43%) can be seen in these pa-
tients especially in those who have been
ill for more than 7 days (18,19). This is
thought to be due to confluent regen-
erative nodules and massive necrosis.
Indeed, both radiologists and hepa-
tologists should be aware of this and
be careful not to misdiagnose cirrhosis
because patients with acute liver failure

Images in a 30-year-old man with morphologic changes of the liver
secondary to congenital hepatic fibrosis. (a, b) Axial contrast-enhanced CT im-
ages at the portal venous phase show right atrophy with hypertrophy of segment
4 and the caudate lobe. Signs of portal hypertension are seen (splenomegaly and
portocaval collaterals). (c) Image obtained at MR cholangiopancreatography
(repetition time not applicable; echo time 909 msec; flip angle, 90°; section
thickness, 20 mm) demonstrates slight dilatation of peripheral bile ducts

can receive higher priority on trans-
plantation waiting lists. On the other
hand, incorrect prioritization (listing
a patient as having fulminant hepatic
failure whose explant is shown to have
underlying cirrhosis) can have serious
consequences for an institution, which
can lose its UNOS (United Network for
Organ Sharing) accreditation (19). The
clinical background, a negative hepati-
tis B or C virus serology, or no history
of alcohol abuse favors a diagnosis of
acute liver failure.

Posttherapeutic Morphologic Changes in
the Liver

Morphologic changes may also be in-
duced in the liver by the treatment of
liver tumors. Indeed, hypertrophy of
the remnant liver segments is seen af-
ter major liver resection (resection of at
least three liver segments). Nonsurgical
liver-directed therapy can also cause
morphologic changes. In particular, se-
lective intraarterial radiation therapy
(or radioembolization) can result in sig-
nificant changes with marked atrophy
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of the treated liver and hypertrophy of
the contralateral liver (Fig 7). Selective
intraarterial radiation therapy delivers
radiolabeled microspheres to malignant
liver tumors via the hepatic arteries.
This technique is used for the treat-
ment of hepatocellular carcinoma, liver
metastases, and cholangiocarcinoma.
The increase in size in the nontreated

Figure 5

liver regions is similar but slower to that
observed with portal vein embolization
(20,21). These changes may increase
resectability as future liver remnant
liver volume is increased, and selective
intraarterial radiation therapy can be
used as a bridge to major resection,
stimulating hypertrophy in the contra-
lateral lobe. Signs of portal hyperten-

Figure 5:  Axial contrast-enhanced CT image in a 69-year-old man with mor-
phologic changes of the liver secondary to obliterative portal venopathy. Portal
venous phase image shows right atrophy of the liver. The left portal branch is
obstructed (arrow). Note the mural calcifications (black arrowhead), which are
suggestive of the diagnosis. Signs of portal hypertension are seen (spleno-
megaly and portocaval collaterals [white arrowhead)]).

Figure 6

a.
Figure 6:

b.

sion with splenomegaly are found in
some patients. It is easy for radiologists
and clinicians to recognize this entity
based on the patient’s history.

Is the Tumor Intrahepatic or
Extrahepatic?

Extrahepatic tumors can mimic intra-
hepatic ones. The larger the tumor the
more difficult it is to determine its ori-
gin. This is true in many different parts
of the body including extrahepatic and
intrahepatic tumors. Intrahepatic tu-
mors are easy to identify when they are
completely surrounded by the liver pa-
renchyma, but this distinction is much
more difficult in tumors adjacent to the
liver capsule: Are they intra- or extra-
hepatic? As a general rule, when the
liver parenchyma is not interrupted and
when a spur of liver parenchyma is lo-
cated outside the tumor, it is definitely
intrahepatic (Fig 8). Further details are
shown in Figure E4 (online). On the
contrary, when the liver parenchyma
is compressed and displaced with a
fat plane between the tumor and the
liver parenchyma, the tumor is clearly
extrahepatic. These signs have been de-
scribed in the literature as a “positive
embedded organ” (if an organ is embed-
ded in the periphery of a larger mass,
the mass probably originates from

Images in a 65-year-old woman with breast cancer and liver metastases. (a) Axial contrast-enhanced CT image at the portal venous phase shows one

liver metastasis in the right liver (arrow). (b) Several years later after multiple cycles of systemic chemotherapy and targeted therapy, contrast-enhanced CT image at
the portal venous phase shows nodular liver surface known as pseudocirrhosis.
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Figure 7

-

a. b.

Figure 7:  Axial contrast-enhanced CT images in a 39-year-old man with intrahepatic cholangiocarcinoma treated with selective intrahepatic radiation therapy (also
called radioembolization). (a) Portal venous phase image shows the tumor in the right liver, which enhances over time. (b) Portal venous phase image obtained 18
months later shows tumor shrinkage (arrow) and right atrophy of the liver. Note the compensatory contralateral hypertrophy.

Figure 8

a. b.

Figure 8: CT images in a 59-year-old man with large hepatocellular carcinoma in the right liver. (a) Axial contrast-enhanced image in the portal venous phase
shows hypoattenuation on the portal venous phase. On arterial phase images (not shown), the tumor was slightly hypervascular. Liver parenchyma is embedded in the
periphery of the tumor (arrowheads). (b) Coronal contrast-enhanced image at the portal venous phase shows the intrahepatic location. Note absence of displacement
of the right kidney.

that organ) and a “negative embedded (22). However these findings may be mor is probably extrahepatic and vice
organ” (if an organ is compressed to lacking and in this situation it is help- versa. The arterial supply of the tumor
the periphery of a solid mass, the mass ful to identify the location of the tumor is also an important source of informa-
does not originate from that organ) center: If it is outside the liver, the tu- tion. Indeed it is much easier in hyper-
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Figure 9

a.

b.

Figure 9: CT image in a 58-year-old woman with pedunculated focal nodular hyperplasia. (a) Axial contrast-enhanced image at the arterial phase shows a hyper-
vascular lesion lying anteriorly to the pancreas (arrow). No connection is seen with the liver. (b) Coronal oblique reconstructed contrast-enhanced image at the arterial
phase shows that the lesion is supplied by hepatic arteries (arrow) confirming the hepatic origin.

Figure 10

a.

Figure 10:

phase images show a hypervascular lesion that mimics intrahepatic tumor.

vascular tumors than in hypovascular
ones. An arterial supply that originates
from the hepatic arteries suggests that
the tumor originates in the liver, and
this finding is very helpful in peduncu-
lated tumors (Fig 9). Further details
are shown in Figure ES (online).

Large tumors can displace vessels,
and vascular distortion can be a helpful
diagnostic clue. A large tumor arising
from the right liver can increase the
distance between the right anterior

and the right posterior portal branch-
es, while large extrahepatic tumors
displace differently. Three
main landmarks should be carefully
analyzed in large tumors of the right
upper quadrant: the IVC, the right
portal bifurcation, and the right kid-
ney. In large tumors arising from the
IVC (mostly leiomyosarcoma), the lu-
men of the retrohepatic portion of [VC
becomes imperceptible while upstream
the IVC is dilated, the tumor is cen-

vessels

(a, b) Axial contrast-enhanced CT images obtained at different levels images in a 58-year-old woman with leiomyosarcoma of the IVC. The arterial

tered on the IVC (Fig 10), and venous
collaterals may be depicted subcutane-
ously and in vertebral pathways (23).
Further details are shown in Figure E6
(online). Leiomyosarcomas are slow-
growing, well-defined, encapsulated
tumors and initially compress the liver
parenchyma, but true hepatic invasion
may be seen in advanced tumors (24).
Large tumors arising from the retro-
peritoneal space, such as tumors from
the adrenal gland, displace the right
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Figure 11

liver anteriorly as well as the IVC (Fig
11). Further details are shown in Fig-
ure E7 (online). The main portal bifur-
cation (right and left portal branches)
rotates clockwise. Finally the right kid-
ney moves caudally. Indeed, multipla-
nar reconstructed CT and MR imaging
are crucial in this setting.

Besides the large tumors, another
challenge is distinguishing capsular
implants from true intrahepatic metas-
tases. In a hospital with a large gyne-
cologic-oncology practice, this problem
arises regularly because the perito-
neum is the most common metastatic
site of ovarian cancer. Peritoneal car-
cinomatosis appears as soft-attenuating
plaques or masses. Imaging features

Figure 11:

neal origin.

that suggest peritoneal origin are the
preservation of well-defined lesion-liver
interface, the presence of a fatty layer,
ascites, and presence of peritoneal im-
plants in other locations. Peritoneal im-
plants are usually hyperintense on both
T2-weighted and diffusion-weighted im-
ages with low apparent diffusion coeffi-
cient values (23).

The Mimics of Intrahepatic Tumors

Focal liver lesions are not necessar-
ily tumors and may be lesions with a
pseudotumoral appearance. They will
be presented according to their main
imaging features: location and imaging
characteristics.

Contrast-enhanced CT images in a 48-year-old woman with
cystic pheochromocytoma. (a, b) Axial portal venous phase images show a
large cystic tumor with peripheral enhancement. IVC is displaced anteriorly
(arrow). The main portal bifurcation (right and left portal branches) has rotated
clockwise (arrowheads) (better seen on maximum intensity projection [MIP]
image [b]). (c) Coronal reconstructed image at the portal venous phase
shows that the right kidney has moved caudally, suggesting the retroperito-

Pseudotumors in Specific Locations

Pseudolesions around the falciform
ligament.—Pseudolesions around the
falciform ligament have been described
at CT, CT arterial portography, and
MR imaging for years. They are seen
in up to 20% at CT or MR imaging liver
examinations (26,27). Visualization is
best on contrast-enhanced portal ve-
nous phase images (Fig 12). They ap-
pear as a focal low attenuation or signal
intensity on CT or MR images and can
also be identified at the arterial phase.
These lesions are more rarely seen
during the equilibrium phase (28). The
mean size is 9 mm and they are more
often observed in segment 4 than in
the left liver lobe. Although the low at-
tenuation on CT images or low signal
intensity on contrast-enhanced MR im-
ages adjacent to the falciform ligament
was initially thought to be due to focal
fat, it is probably related to anomalous
venous drainage, because most pa-
tients have no signal intensity loss on
opposed-phase MR images (27). More-
over, an inferior vein of Sappey (which
drains venous blood flow from the an-
terior part of the abdominal wall into
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Figure 12

Figure 12:

Image in a 34-year-old man with pseudolesion around falciform

ligament. Axial contrast-enhanced CT at the arterial phase (not shown) and
portal venous phase showed a low attenuation area (arrow) on both phases.

the liver) is often encountered in these
pseudolesions (26).

Pseudolesion in the posterior part
of segment 4.—A focal liver lesion lo-
cated in the posterior part of segment
4 initially suggests focal fatty sparing
or focal steatosis. Liver steatosis is
common and takes on many forms at
imaging. It may be diffuse and is easy to
recognize. More difficult cases include
diffuse steatosis with focal areas of
sparing or focal areas of fatty deposits
in an otherwise normal liver. Interest-
ingly, the posterior part of segment 4 is
the most common location of pseudole-
sions related to steatosis. Abnormal

venous drainage was suspected years

ago as the cause for this finding based
on CT arterial portography, which of-
ten showed lack of enhancement of the
posterior part of segment 4, suggesting

that the venous supply to this territory

did not come directly from the portal
vein, but perhaps from the gastric vein
or duodenopancreatic venous arcade
(29-31). Later, the “venous theory” was
modified by the “insulin theory,” which
has similarly been described in patients
with hepatic steatosis who are receiving
intraperitoneal insulin (32,33). In these
patients, concentrations of insulin,
which stimulates the conversion of glu-
cose to fatty acids, vary considerably in

the portal vein tributaries. This explains
why aberrant right gastric veins (with
low insulin concentrations) that drain
directly into segment 4 result in focal
fatty sparing in that segment (Fig 13).
Conversely, aberrant duodenopancre-
atic arcades (with high insulin con-
centrations), which drain directly into
segment 4, result in focal fatty steatosis
(Fig 14).

Pseudolesions around the gall-
bladder.—In patients with steatosis,
focal fatty sparing may be seen around
the gallbladder fossa in segments 4 and
5. Interestingly, these pseudolesions are
much more frequent in patients with an
intact gallbladder than in those who
have undergone cholecystectomy (78%
versus 33%) (34). Focal fatty sparing
around the gallbladder is also probably
related to venous drainage because
there are almost always small cystic
veins (with low insulin concentrations)
that drain directly into the liver and are
interrupted by cholecystectomy.

Arterially Enhanced Pseudotumors

Most hyperenhancing tumors on arte-
rial-phase contrast-enhanced images
are either malignant (hepatocellular
carcinoma) or benign hepatocellular le-
sions such as focal nodular hyperplasia,
hepatocellular adenoma, and less fre-

quently nodular regenerative hyperpla-
sia. Very few hypervascular tumors are
metastatic; the most common of these
are neuroendocrine liver metastases.
Nevertheless there are hypervascular
pseudotumors of the liver that are often
misdiagnosed as true tumors.

Hepatic  arterioportal  shunts.—
Multiphasic CT and MR imaging have
been shown to be very useful for the
detection and characterization of liver
tumors. On the other hand, they often
reveal nontumoral anomalies such as
hepatic arterioportal shunts. Hepatic
arterioportal shunts are communica-
tions between the hepatic artery and
the portal venous system at different
levels: transinusoidal, transvasal, or
transtumoral and may be due to var-
ious causes, most commonly cirrhosis,
tumors, inflammation, and trauma
(35). Occlusion of the small hepatic
venules and retrograde filling of por-
tal flow by arterioportal anastomosis
is the suggested mechanism of hepatic
arterioportal shunts in cirrhosis. Ar-
terioportal shunts are seen as a tran-
sient increase in enhancement of the
parenchyma during the arterial phase
on contrast-enhanced CT or MR images
with early enhancement of the corre-
sponding portal vein branch (Fig 15).
Further details are shown in Figure E8
(online). Indeed, these hypervascular
lesions which develop on cirrhosis can
mimic hepatocellular carcinoma. Cer-
tain imaging features are highly sug-
gestive of hepatic arterioportal shunts.
First, increased hepatic parenchymal
enhancement predominates on the pe-
riphery of the liver and is usually small
and wedge-shaped with a straight mar-
gin corresponding to lobar, segmental,
or subsegmental landmarks. Second,
the altered parenchyma returns to nor-
mal or nearly normal during the portal
venous and delayed phases, which is dif-
ferent from typical hepatocellular carci-
noma. Third, there is usually no focal
abnormal signal intensity in the region
of hyperenhancement on unenhanced
T1- and T2-weighted MR images. Rec-
ognition of wedge-shaped enhancement
is not always easy on axial CT or MR
images and multiplanar reconstruction
images are helpful. However, hepatic
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Figure 13
e

Figure 13:

MR images in a 45-year-old man with focal fatty sparing in segment 4. (a) In- and (b) op-

posed-phase GRE T1-weighted images (236/2.2 and 4.4; flip angle, 80°; section thickness, 4 mm)
show drop of signal intensity in the liver on opposed-phase image related to steatosis. Focal fatty sparing
is seen in the posterior part of the segment 4 (arrowhead). (c) On contrast-enhanced GRE T1-weighted
image (4.5/2.2; flip angle, 10°; section thickness, 4 mm) obtained at the portal phase, a right gastric

vein enters directly in segment 4 (arrow).

arterioportal shunts may also be atyp-
ical with nodular enhancement and
slightly hyperintense T2-weighted im-
ages (36,37). In difficult cases, gadoxetic
acid-enhanced hepatocyte-phase MR
imaging can help confirm the diagnosis
of hepatic arterioportal shunts. Very few
(5%-15%) are hypointense during the
hepatocyte phase, and in these cases,
the level of signal intensity is not as low
as hepatocellular carcinoma (38,39).

Obstruction of the superior vena
cava.—During chronic obstruction of
the superior vena cava, collateral
pathways develop to maintain venous
drainage. In particular, the cavoportal
collateral pathway diverts the flow from
the superior vena cava to the portal vein
on two different tracks: caval-superficial-
umbilical-portal and caval-mammary-
phrenic-hepatic capsule—portal (40).
These collaterals are clearly visualized

on contrast-enhanced CT and MR images
and may be associated with increased
enhancement in the liver (Fig 16)
(a so-called “hot spot” on nuclear med-
icine images) mimicking hypervascular
tumors. This increased enhancement
of the liver can be seen in up to 29%
of the patients with obstruction of the
superior vena cava (41). Besides visual-
ization of the venous collaterals, the lo-
cation of increased enhancement helps
identify it as a vascular abnormality be-
cause it is mainly found in the anterior
part of segment 4 but can also be seen
in the subdiaphragmatic portion of the
liver (42).

Intrahepatic splenosis.—Intrahe-
patic splenosis is autotransplantation of
splenic tissue in the liver, which usually
develops after splenic injury (trauma or
surgery). The disrupted splenic frag-
ments acquire a vascular supply and
may regrow. Most of the literature has
reported misdiagnosis of this entity as
hepatocellular carcinoma, neuroendo-
crine liver metastases, or hepatocellular
adenoma because intrahepatic splenosis
shows increased enhancement on CT or
MR images during the arterial phase (Fig
17) (43-45). Further details are shown
in Figure E9 (online). Unfortunately,
performing gadoxetic acid-enhanced
hepatocyte-phase MR imaging does not
solve the problem because intrahepatic
splenosis is hypointense during the hep-
atospecific phase. The keys to diagnose
intrahepatic splenosis are knowledge of
splenic injury, the subcapsular location
of the lesion (mostly in the left liver
lobe), and the association with other
hypervascular intraperitoneal lesions.
If intrahepatic splenosis is suspected,
technetium-99m-labeled red blood cell
scintigraphy should be performed to
confirm the diagnosis.

Fibrous Pseudotumors

Fibrous pseudotumors are predomi-
nantly fibrous and enhance during the
equilibrium phase or later at contrast-
enhanced CT imaging, and during
delayed-phase MR imaging using non-
hepatospecific contrast agents. Fibrous
pseudotumors do not enhance on hepa-
tocyte-phase MR images using hepato-
specific contrast agents because of the
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Figure 14

PV

C.

lack of functioning hepatocytes in these
lesions.

Focal  confluent  fibrosis.—Focal
confluent fibrosis is usually found in
patients with cirrhosis (mostly alco-
holic) and less often in patients with
primary sclerosing cholangitis or au-
toimmune chronic hepatitis. The he-
patic parenchyma is replaced by focal
fibrosis. Typical imaging findings differ
from hepatocellular carcinoma because
focal fibrosis usually does not enhance
during the arterial phase but does en-
hance during delayed phase CT or MR
imaging with nonhepatospecific con-

Figure 14:

trast agents (Fig 18). Focal confluent
fibrosis is moderately hyperintense on
T2-weighted MR images (46). More-
over, certain findings strongly suggest
this entity: (a) specific location, be-
cause most cases are found in segments
4, 7, or 8, (b) capsular retraction or
focal flattening of the capsule (observed
in 75% of cases), (c) wedge shape, and
(d) trapped vessels (15%) (47). Never-
theless, focal confluent fibrosis lesions
may not be retracted during initial im-
aging and may even enhance during the
arterial phase possibly related to asso-
ciated inflammation, mimicking hepato-

Images in a 39-year-old woman with focal steatosis in segment
4. () In- and (b) opposed-phase GRE T1-weighted MR images (236/2.2 and

4.4; flip angle, 80°; section thickness, 4 mm) show drop of signal intensity in
the posterior part of the segment 4 on opposed-phase image related to focal

steatosis. (c) On axial contrast-enhanced MIP CT image obtained at the portal
phase, a duodenopancreatic vein (arrow) enters directly in segment 4.

cellular carcinoma (48). In these cases,
image-guided biopsy is indicated.
Inflammatory pseudotumor.—In-
flammatory pseudotumors of the liver,
which are also known as inflamma-
tory myofibroblastic tumors, are a rare
disease characterized by chronic infil-
tration of inflammatory cells and areas
of fibrosis. Its origin is still a matter of
debate, and infection, an autoimmune
phenomenon, or a systemic inflamma-
tory response syndrome has been con-
sidered. Inflammatory pseudotumors of
the liver are often misdiagnosed as in-
trahepatic cholangiocarcinoma, atypical
hepatocellular carcinoma, or hepatic
metastasis. Because this is a benign le-
sion it can be managed conservatively, so
it is important to recognize the features
of this entity on imaging studies. Inflam-
matory pseudotumors of the liver com-
monly manifest as large, solitary masses
and mainly occur in the right lobe. They
are usually ill defined and hypoattenuat-
ing on unenhanced CT images and show
peripheral enhancement during the
arterial phase followed by central and
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a.
Figure 15:

b.

Images in a 69-year-old man with arteriovenous shunt diagnosed during the follow-up of alcoholic cirrhosis. MIP (@) axial and (b) coronal contrast-

enhanced CT images at the arterial phase show a peripheral increased enhancement of the liver with a wedge-shaped appearance.

Figure 16

a.
Figure 16:

b.

Images in a 42-year-old man with complete obstruction of the superior vena cava causing pseudolesion in segment 4. (a) Axial contrast-enhanced CT

image at the arterial phase shows increased enhancement in the anterior part of segment 4. (b) Coronal MIP CT image nicely demonstrates the caval-mammary-

phrenic—hepatic capsule—portal collaterals.

heterogeneous enhancement during the
portal venous and equilibrium phases
(49). Inflammatory pseudotumors of the
liver are hypointense on T1- and moder-
ately hyperintense on T2-weighted MR
images. Further details are shown in

Figure E10 (online). Portal vein oblitera-
tion is an interesting associated finding,
which is common at pathologic exami-
nation but rarer at imaging. Indeed,
imaging findings are not specific but are
an indication for liver biopsy, which typi-

cally shows chronic infiltration of various
inflammatory cells (plasma cells, lym-
phocytes, neutrophils, and eosinophils)
and fibrous stroma. A very uncommon
pattern is a perihilar inflammatory pseu-
dotumor. In these cases, patients mani-
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Figure 17

a.
Figure 17:

b.

Intrahepatic splenosis misdiagnosed as hepatocellular carcinoma in a 51-year-old man with chronic viral hepatitis. This patient had a history of splenec-

tomy. On fat-suppressed fast SE T2-weighted MR image (not shown), the peripheral lesion of the left liver lobe is moderately hyperintense. (a, b) On T1-weighted
images (4.5/2.2; flip angle, 10°; section thickness, 4 mm), the lesion is hypointense on unenhanced images (not shown), (a) enhances (arrow) on the arterial phase
image, and (b) is isointense on the delayed phase image. A hyperenhancing rim (arrow) is seen on the delayed phase image.

Figure 18

a.
Figure 18:

b.

Focal confluent fibrosis in a 38-year-old woman with autoimmune cirrhosis. (a) Fat-suppressed fast SE T2-weighted MR image (2500-8000/90; flip

angle, 90°; section thickness, 4 mm) shows a strongly hyperintense area in the right liver (arrowheads). At T1-weighted imaging (4.5/2.2; flip angle, 10°; section
thickness, 4 mm), the lesion is strongly hypointense on unenhanced images, is isointense on arterial phase images (not shown), and (b) is strongly hyperintense on
delayed phase image using non-hepatospecific MR contrast agent. Such enhancement corresponds to extensive fibrosis. Note also the atrophy of the right liver.

fest jaundice and cholangitis mimicking
hilar cholangiocarcinoma (50).

Multiple Pseudotumors Simulating Liver
Metastases

Pseudotumoral nodular steato-
sis.—In rare instances, liver steatosis

appears as multiple lesions distrib-
uted throughout the liver parenchyma
mimicking liver tumors and especially
liver metastases. The lesions are hy-
perechoic and homogeneous at ultra-
sonography, hypoattenuating during all
CT phases, with enhancement that is

theoretically parallel to that of the liver.
Drops in signal intensity on opposed-
phase T1-weighted MR images confirm
the presence of fat in lesions. Findings
suggesting pseudotumoral nodular ste-
atosis are the presence of multiple,
small (less than 2 cm) lesions and the
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Figure 19

a.
Figure 19:

b.

Images in a 66-year-old woman with pseudotumoral steatosis. (a) In- and (b) opposed-phase GRE T1-weighted MR images (236/2.2 and 4.4; flip

angle, 80°; section thickness, 4 mm) show multiple small-sized lesions that drop in signal intensity on the opposed-phase image related to pseudotumoral steatosis
(arrowheads). The presence of a more fatty border on the periphery of the lesions is highly suggestive of pseudotumoral steatosis.

Figure 20

a.
Figure 20:

b.

Images in a 70-year-old woman with pseudotumoral sarcoidosis. (a) The liver is unremarkable at arterial-phase contrast-enhanced CT (not shown)

while multiple ill-defined low-attenuation lesions are seen at portal venous phase CT. (b) Fat-suppressed fast SE T2-weighted MR image (2500—-8000/90; flip angle,
90°; section thickness, 4 mm) shows multiple moderately hyperintense liver lesions.

inconsistent but highly pathognomonic
presence of a more fatty border on
the periphery of the lesions (Fig 19)
(32,51). Further details are shown in
Figure E11 (online).

Pseudotumoral  granulomatosis.—
Liver granulomatosis is common at path-
ologic examination but is rarely visible at

imaging because granulomas are usually

microscopic. However pseudotumoral
features have been reported with var-
ious granulomatous liver diseases, most
commonly tuberculosis, sarcoidosis, and
brucellosis. There are three different
patterns to liver granulomatosis at im-
aging: miliary, nodular, and multinodu-
lar (Fig 20) (52,53). Further details are
shown in Figure E12 (online).

Contrast enhancement of lesions is
usually absent or weak. Calcifications may
be present. There is uptake on fluorode-
oxyglucose positron emission tomography
images with certain lesions, mimicking
malignant tumors. The diagnosis can be
extremely difficult in patients with no ex-
trahepatic involvement, and guided biopsy
should be proposed in doubtful cases.
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