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Fat accumulation is one of the most common abnormalities of the liver
depicted on cross-sectional images. Common patterns include diffuse
fat accumulation, diffuse fat accumulation with focal sparing, and focal
fat accumulation in an otherwise normal liver. Unusual patterns that
may cause diagnostic confusion by mimicking neoplastic, inflamma-
tory, or vascular conditions include multinodular and perivascular ac-
cumulation. All of these patterns involve the heterogeneous or nonuni-
form distribution of fat. To help prevent diagnostic errors and guide
appropriate work-up and management, radiologists should be aware of
the different patterns of fat accumulation in the liver, especially as they
are depicted at ultrasonography, computed tomography, and magnetic
resonance imaging. In addition, knowledge of the risk factors and the
pathophysiologic, histologic, and epidemiologic features of fat accumu-
lation may be useful for avoiding diagnostic pitfalls and planning an
appropriate work-up in difficult cases.
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Conditions Associated with Fatty Liver

Most Common Common

Rare Congenital

Viral infection
Hepatitis C

Alcohol overuse
Insulin resistance

Valproic acid

Nutritional or dietary abnormality
Total parenteral nutrition

Obesity Hepatitis B Rapid weight loss Fatty oxidation defect
Hyperlipidemia Drug use Starvation Organic aciduria
Steroids Surgery (eg, jejuno-ileal Aminoacidopathy
Chemotherapeutic bypass) Storage disorders
agents Tatrogenic injury Glycogen storage disorder
Amiodarone Radiation therapy a-Antitrypsin deficiency

Monogenic disorders
Metabolic disorders

Wilson disease
Hemochromatosis
Other
Cystic fibrosis
Dysmorphic syndromes asso-
ciated with obesity
Bardet-Bridel
Prader-Willy

Introduction
Fatty liver is a common abnormality among pa-
tients undergoing cross-sectional imaging of the
abdomen. The image-based diagnosis of fatty
liver usually is straightforward, but fat accumula-
tion may be manifested with unusual structural
patterns that mimic neoplastic, inflammatory, or
vascular conditions. On these occasions, the im-
aging appearance of the liver may cause diagnos-
tic confusion and lead to unnecessary diagnostic
tests and invasive procedures. To avoid such mis-
takes, radiologists should be aware of the many
imaging manifestations of fatty liver. This arti-
cle provides a review of the risk factors and the
pathophysiologic, histologic, epidemiologic, and
imaging appearances of fat accumulation in the
liver. The authors describe the different structural
patterns of fat accumulation that may be seen at
ultrasonography (US), computed tomography
(CT), and magnetic resonance (MR) imaging.
They also discuss diagnostic pitfalls and explain
how to distinguish between fat deposition and
more ominous conditions of the liver.

Risk Factors and
Pathophysiologic Features
Fartry liver is a term applied to a wide spectrum of
conditions characterized histologically by triglyc-
eride accumulation within the cytoplasm of hepa-
tocytes. The two most common conditions asso-
ciated with fatty liver are alcoholic liver disease

and nonalcoholic fatty liver disease. Alcoholic
liver disease is caused by excess alcohol consump-
tion, whereas the nonalcoholic variant is related
to insulin resistance and the metabolic syndrome.
Other relatively common conditions associated
with fat accumulation in the liver include viral
hepatitis and the use or overuse of certain drugs.
Rarer associated conditions include dietary and
nutritional abnormalities and congenital disorders
(Table).

These conditions all cause a triglyceride accu-
mulation (steatosis) within hepatocytes by alter-
ing the hepatocellular lipid metabolism, in par-
ticular, by causing defects in free fatty acid meta-
bolic pathways (1-6). Hepatocytes in the center
of the lobule (near the central vein) are particu-
larly vulnerable to metabolic stress and tend to
accumulate lipid earlier than those in the periph-
ery (1,7). Consequently, in many of these condi-
tions, steatosis tends to be most pronounced his-
tologically in the zone around the central veins
and less pronounced in zones around the portal
triads. In advanced cases, there is diffuse, rela-
tively homogeneous involvement of the entire lob-
ule (7).

In many conditions associated with fatty liver,
steatosis may progress to steatohepatitis (with
inflammation, cell injury, or fibrosis accompany-
ing steatosis) and then cirrhosis (7-10). However,
because progression to steatohepatitis is uncom-
mon, a “two-hit” model has been proposed. The
“first hit” is the cytoplasmic deposition of triglyc-
erides in hepatocytes, which may make the hepa-
tocytes more vulnerable to a “second hit” but
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The image-based diagnosis of fatty liver usually is straightforward, but fat accumulation may be manifested with unusual structural patterns that mimic neoplastic, inflammatory, or vascular conditions.
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Figure 1. Normal appearance of the liver at US. The
echogenicity of the liver is equal to or slightly greater
than that of the renal cortex (7).

which, in the absence of the second hit, does not
lead to progressive disease. The second hit has
not yet been identified but is thought to represent
a constellation of superimposed cellular events
that promote inflammation and cell injury and
incite progression to fibrosis and cirrhosis. In sup-
port of the two-hit model, there are data that sug-
gest that the coexistence of steatosis with other
liver diseases, such as viral hepatitis, increases the
risk of disease progression (4).

In the radiology literature, the term fatzry infil-
tration of the liver is often used to describe fat
deposition. Despite its common use, the term is
misleading because fat deposition is characterized
histologically by the accumulation of discrete tri-
glyceride droplets in hepatocytes and, rarely, in
other cell types. Infiltration of fat into the paren-
chyma does not occur. The term farry Liver is
more accurate and therefore is used in this article.

To grade steatosis, pathologists visually esti-
mate the fraction of hepatocytes that contain
fat droplets. Typically, a five-point ordinal scale
is used (0%, 1%—-5%, 6%—33%, 34%—66%,
=67%). The size of fat droplets is not consid-
ered (7).

Prevalence of Fatty Liver

The prevalence of fatty liver in the general popu-
lation is about 15%, but it is higher among those
who consume large quantities (>60 g per day) of
alcohol (45%), those with hyperlipidemia (50%)
or obesity (body mass index, >30 kg/m?) (75%),
and those with both obesity and high alcohol con-
sumption (95%) (4,11-16).

Hamer etal 1639

Figure 2. Normal appearance of the liver at unen-
hanced CT. The attenuation of the liver (66 HU) is
slightly higher than that of the spleen (56 HU), and
intrahepatic vessels (o) appear hypoattenuated in com-
parison with the liver.

Imaging-based
Diagnosis of Fatty Liver
Liver biopsy and histologic analysis is considered
the diagnostic reference standard for the assess-
ment of fatty liver. However, fatty liver also can
be diagnosed with the use of cross-sectional imag-
ing.

Diagnosis at US

The echogenicity of the normal liver equals or
minimally exceeds that of the renal cortex or
spleen. Intrahepatic vessels are sharply demar-
cated, and posterior aspects of the liver are well
depicted (Fig 1). Fatty liver may be diagnosed if
liver echogenicity exceeds that of renal cortex and
spleen and there is attenuation of the ultrasound
wave, loss of definition of the diaphragm, and
poor delineation of the intrahepatic architecture
(17-21). To avoid false-positive interpretations,
fatty liver should not be considered present if only
one or two of these criteria are fulfilled.

Diagnosis at CT

At unenhanced CT, the normal liver has slightly
greater attenuation than the spleen and blood,
and intrahepatic vessels are visible as relatively
hypoattenuated structures (Fig 2). Fatty liver can
be diagnosed if the attenuation of the liver is at
least 10 HU less than that of the spleen (17,22,23)
or if the attenuation of the liver is less than 40 HU
(24-26). In severe cases of fatty liver, intrahepatic
vessels may appear hyperattenuated relative to the
fat-containing liver tissue (17). Other CT criteria
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Teaching Point
Fatty liver may be diagnosed if liver echogenicity exceeds that of renal cortex and spleen and there is attenuation of the ultrasound wave, loss of definition of the diaphragm, and poor delineation of the intrahepatic architecture.
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Fatty liver can be diagnosed if the attenuation of the liver is at least 10 HU less than that of the spleen or if the attenuation of the liver is less than 40 HU.
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Normal appearance of the liver at MR imaging. Axial opposed-phase (a) and axial in-phase (b) T1-

weighted GRE images show similar signal intensity of the liver parenchyma.

have been advocated. Ricci et al, for example,
measured the liver-to-spleen attenuation ratio and
interpreted a ratio of less than 1 as indicative of
fatty liver (27). This group also quantified liver fat
by performing unenhanced CT in conjunction
with dedicated fat calibration phantoms.

At contrast material-enhanced CT, the com-
parison of liver and spleen attenuation values is
not as reliable for the diagnosis of fatty liver, be-
cause differences between the appearance of the
liver and that of the spleen depend on timing
and technique and because there is overlap be-
tween normal and abnormal attenuation value
ranges (28,29). Fatty liver can be diagnosed at
contrast-enhanced CT if absolute attenuation is
less than 40 HU, but this threshold has limited
sensitivity.

Diagnosis at MR Imaging

Chemical shift gradient-echo (GRE) imaging
with in-phase and opposed-phase acquisitions is
the most widely used MR imaging technique for
the assessment of fatty liver. The signal intensity
of the normal liver parenchyma is similar on in-
phase and opposed-phase images (Fig 3). Fatty
liver may be present if there is a signal intensity
loss on opposed-phase images in comparison with
in-phase images (30-33), and the amount of he-
patic fat present can be quantified by assessing
the degree of signal intensity loss (34).

Fat deposition also can be diagnosed by ob-
serving the signal intensity loss of liver on MR
images after the application of chemical fat satu-
ration sequences, but this method is less sensitive
than is chemical shift GRE imaging for the detec-
tion of fatty liver.

On in-phase GRE images or T'1- or T2-
weighted echo-train spin-echo images, higher
than normal liver signal intensity is suggestive of
fat deposition, but this finding is neither sensitive
nor specific (30-32,35,36) unless the measure-
ment technique is correctly calibrated.

Proton MR spectroscopy is the most accurate
noninvasive method for the assessment of fatty
liver (37-39). However, this method does not
generate anatomic images, and a discussion of it
is therefore beyond the scope of this article.

Accuracy for Detection

and Grading of Fat Deposition

Reported sensitivities and specificities for detec-
tion of fatty liver deposition are 60%—100% and
77%-95% for US (4,17,19), 43%-95% and 90%
for unenhanced CT (40), and 81% and 100% for
chemical shift GRE MR imaging (31). A US-,
CT-, and MR imaging—based diagnosis of fatty
liver may be unreliable in the presence of a liver
fat content of less than 30% in wet weight (19,
23), although MR techniques that are currently in
developmental stages are likely to be reliable even
in the presence of a low liver fat content.

A few research groups have developed CT
and MR techniques that show promise for use
in the quantitative grading of liver fat content
(27,31,34,37).

Patterns of Fat Deposition

Diffuse Deposition

Diffuse fat deposition in the liver is the most fre-
quently encountered pattern. Liver involvement

usually is homogeneous, and the image interpre-
tation is straightforward if the rules specified ear-
lier are applied (Figs 4—06).


Teaching Point
Fatty liver may be present if there is a signal intensity loss on opposed-phase images in comparison with in-phase images, and the amount of hepatic fat present can be quantified by assessing the degree of signal intensity loss.
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Figure 4. Diffuse fat accumulation in the liver at US.
The echogenicity of the liver is greater than that of the
renal cortex (7c¢). Intrahepatic vessels are not well de-
picted. The ultrasound beam is attenuated posteriorly,
and the diaphragm is poorly delineated.

Figure 6.
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Figure 5. Diffuse fat accumulation in the liver at un-
enhanced CT. The attenuation of the liver (15 HU) is
markedly lower than that of the spleen (40 HU). Intra-
hepatic vessels (o) also appear hyperattenuated in com-
parison with the liver.

Diffuse fat accumulation in the liver at MR imaging. Axial T'1-weighted GRE images show a marked

decrease in the signal intensity of the liver on the opposed-phase image (a), compared with that on the in-phase im-

age (b).

Focal Deposition and Focal Sparing
Slightly less common patterns are focal fat depo-
sition and diffuse fat deposition with focal spar-
ing. In these patterns, focal fat deposition or focal
fat sparing characteristically occurs in specific
areas (eg, adjacent to the falciform ligament or
ligamentum venosum, in the porta hepatis, and in
the gallbladder fossa) (41—46); this distribution is
not yet fully understood but has been attributed
to variant venous circulation, such as anomalous
gastric venous drainage (41,44). Focal fat deposi-
tion adjacent to insulinoma metastases also has
been reported and is thought to be due to local
insulin effects on hepatocyte triglyceride synthesis
and accumulation (47—49).

The diagnosis of focal fat deposition and focal
sparing is more difficult than that of homoge-
neously diffuse fat deposition because imaging
findings may resemble mass lesions. Imaging
findings suggestive of fatty pseudolesions rather
than true masses include the following: fat con-
tent, location in areas characteristic of fat deposi-
tion or sparing, absence of a mass effect on vessels
and other liver structures, a geographic configura-
tion rather than a round or oval shape, poorly de-
lineated margins, and contrast enhancement that
is similar to or less than that of the normal liver
parenchyma.

Teaching
Point
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Imaging findings suggestive of fatty pseudolesions rather than true masses include the following: fat content, location in areas characteristic of fat deposition or sparing, absence of a mass effect on vessels and other liver structures, a geographic configuration rather than a round or oval shape, poorly delineated margins, and contrast enhancement that is similar to or less than that of the normal liver parenchyma.
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Figure 7. Focal fat accumulation in the liver at US.
Transverse image shows, adjacent to the left portal
vein, a geographically shaped area of high echogenic-
ity that represents accumulation of fat (¥) in the falci-
form ligament, with posterior acoustic attenuation
(arrows).

RG H Volume 26 + Number 6

Figure 8. Focal fat accumulation in the liver at CT.
Axial contrast-enhanced image obtained during the
portal venous phase shows hypoattenuated regions of
focal fat accumulation adjacent to the falciform and
venous ligaments and in the porta hepatis, with no evi-
dence of a mass effect.

Figure 9. Diffuse fat accumulation with focal sparing at US and CT. Transverse US image (a) and axial un-
enhanced CT image (b) obtained at comparable levels show high echogenicity and hypoattenuation, respec-
tively, features indicative of a diffuse accumulation of fat in the liver. Focal sparing (fs) is manifested as a geo-
graphically shaped area with relative hypoechogenicity in a and hyperattenuation in b. The focal fatty pseudole-
sion exerts no mass effect on the adjacent vessel (v in b).

Involved areas usually are relatively
small, but occasionally there may be confluent
heterogeneous regions of focal deposition and
sparing that span large areas of the liver (Figs
7-9).

Multifocal Deposition

An uncommon pattern is multifocal fat deposi-
tion. In this pattern, multiple fat foci are scattered
in atypical locations throughout the liver (Fig 10)
(50-52). The foci may be round or oval and
closely mimic true nodules. Correct diagnosis is
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Figure 10. Multifocal fat accumulation in the liver at CT and MR imaging in a 48-year-old woman with breast
cancer. (a) Unenhanced CT image shows multiple hypoattenuated 1-cm nodules (arrows). (b, ¢) T1-weighted GRE
MR images show nodules (arrows) with a signal intensity slightly higher than that of the normal liver parenchyma on
the in-phase image (b) but with a signal intensity loss on the opposed-phase image (c). The nodules were mistaken
for metastases at CT but were correctly diagnosed as multifocal fat accumulation in the liver on the basis of MR find-
ings.

Figure 11. Confluent foci of fat accumulation in the liver at MR imaging. Axial T1-weighted MR images show a
large irregular region with a loss of signal intensity on the opposed-phase image (contour outline in b), compared
with the signal intensity on the in-phase image (a). Note the absence of a mass effect.

difficult, especially in patients with a known ma- size over time, and contrast enhancement similar
lignancy, and requires the detection of micro- to or less than that in the surrounding liver paren-
scopic fat within the lesion. For this purpose, chyma. In some cases, the foci of fat deposition
chemical shift GRE imaging is more reliable than have a confluent pattern (Fig 11). Multifocal fat

CT or US. Other clues indicative of multifocal fat
deposition are lack of a mass effect, stability in
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Figure 12. Perivenous fat accumulation in the liver at CT and MR imaging. (a, b) Axial unenhanced CT im-

age (a) and axial contrast-enhanced equilibrium phase CT image (b) show halos of hypoattenuation (<40 HU) that
closely surround the hepatic veins (arrows) and that are more visible on b than on a. The rest of the liver has normal
attenuation (63 HU at unenhanced CT). (¢, d) Coronal T1-weighted GRE MR images. Opposed-phase image (c)
shows an unequivocal signal intensity loss in the regions that surround the hepatic veins (arrows), which appear
slightly hyperintense on the in-phase image (arrows in d). This feature helps confirm the presence of fat accumula-
tion. The signal intensity of the normal liver parenchyma (*) in ¢ differs from that in d because of different window
width and level settings.

deposition may be observed within regenerative fat-containing regenerative nodules. Except for
nodules in some cirrhotic patients; in these cases, fat deposition in regenerative cirrhotic nodules,
the foci of fat accumulation correspond to the the pathogenesis of multifocal fat deposition in

the liver is unknown.



RadieGraphics

RG H Volume 26 « Number 6

Hamer etal 1645

Figure 13. Periportal fat accumulation in a patient with a chronic hepatitis B infection. Axial unenhanced (a) and
contrast-enhanced (b) CT images from the late portal venous phase show no morphologic evidence of cirrhosis. Par-
tially confluent halos with hypoattenuation (<40 HU at unenhanced CT) indicative of fat deposition closely sur-
round the portal venous segments (arrows in b), with regions of less marked fat deposition bordering the periportal

halos and in the periphery of the liver.

Perivascular Deposition

A perivascular pattern of fat deposition in the
liver has been described previously (24). This pat-
tern is characterized by halos of fat that surround
the hepatic veins, the portal veins, or both hepatic
and portal veins (Figs 12, 13). The configuration
is tramlike or tubular for vessels with a course in
the imaging plane and ringlike or round for ves-
sels with a course perpendicular to the imaging
plane. An unequivocal signal intensity loss on op-
posed-phase images in comparison with that on
in-phase images and the lack of a mass effect on
the surrounded vessels are indicative of the diag-
nosis. The pathogenesis of perivascular fat depo-
sition in the liver is unknown.

Subcapsular Deposition

In patients with renal failure and insulin-depen-
dent diabetes, insulin may be added to the perito-
neal dialysate during kidney dialysis. This route of

insulin administration exposes subcapsular hepa-
tocytes to a higher concentration of insulin than
that to which the remainder of the liver is ex-
posed. Since insulin promotes the esterification of
free fatty acids into triglycerides, the peritoneal
administration of insulin results in a subcapsular
pattern of fat deposition, which may be mani-
fested as discrete fat nodules or a confluent pe-
ripheral region of fat (49,53). A review of the pa-
tient’s clinical history in conjunction with the im-
aging findings should facilitate correct diagnosis.

Differential Diagnosis
The diagnosis of diffuse fat deposition in the liver
tends to be straightforward. The differential diag-
nosis of other patterns of fat deposition is dis-
cussed below.
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Figure 14. Differentiation of adenoma from fatty deposition in the liver in a woman with a long history of oral con-
traceptive use. (a, b) Axial opposed-phase (a) and in-phase (b) T1-weighted GRE images show diffuse fat deposi-
tion in the liver, indicated by areas with a signal intensity loss on a in comparison with b. Two round masses in the
left lobe of the liver (arrows in a) resemble nodular areas of sparing. (¢, d) Three-dimensional T'1-weighted GRE
images obtained before (¢) and during (d) the hepatic arterial phase show enhancement of the masses (arrows in ¢
and d) after the administration of a gadolinium-based contrast agent. The rounded shape of the lesions, as well as
their location, which is atypical for regions of fatty liver sparing, are important clues suggestive of tumors. The two
masses remained stable in size for several years and most likely are adenomas.

Primary Lesions and hypervascular metastases in the liver is not prob-
Hypervascular Metastases lematic because these lesions exert a mass effect,
In general, the differentiation of focal or multifo- tend to show vivid or heterogeneous enhance-
cal fat accumulations from primary hepatic le- ment after contrast agent administration, and
sions (eg, hepatocellular carcinoma, hepatic ad- may contain areas of necrosis or hemorrhage
enoma, and focal nodular hyperplasia) or from (Figs 14-16). Infiltrative hepatocellular carci-

noma is a notable exception; on CT images, this
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Figure 15. Differentiation of hepatocellular carcinoma from fatty deposition in the liver. Axial unenhanced (a) and
axial contrast-enhanced (b) CT images obtained during the portal venous phase show a nodular liver contour sugges-
tive of cirrhosis, as well as large gastric varices (arrowheads in b). In b, the right lobe of the liver appears hypoattenu-
ated in comparison with the left lobe, a finding that could be misinterpreted as evidence of regional fatty liver depo-
sition; however, the mass effect with bulging of the anterolateral border of the right liver lobe (arrow), the mosaic
enhancement pattern, and the thrombus (%) in the left main portal vein are strongly suggestive of an infiltrative ma-
lignancy. This is a case of infiltrative hepatocellular carcinoma.

Figure 16. Differentiation of metastases from fatty liver deposition in a woman undergoing chemotherapy for
breast cancer. Axial unenhanced (a, c¢) and contrast-enhanced (b, d) CT images (¢ and d at a higher level than a and
b) show diffuse fatty deposition in the liver and a geographic pseudolesion at the porta hepatis (arrows in a and b), a
finding that represents focal sparing. Multiple round lesions (arrows in ¢ and d), which are more vividly enhanced
than the liver parenchyma, represent metastases. If unenhanced CT had not been performed, the region of focal spar-
ing on the contrast-enhanced images may have been mistaken for an enhanced hypervascular tumor.
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Figure 17. Differentiation of superior vena cava syndrome from fatty liver deposition. Axial contrast-enhanced CT
images obtained during the arterial phase at the level of the liver (a) and the upper mediastinum (b) show a hyperat-
tenuated geographic pseudolesion (white arrow in a) in segment IV, at the anterior border of the liver, and obstruc-
tion of the superior vena cava by a thoracic mass (arrow in b). With regard to morphologic features, the pseudolesion
resembles a focal area of fatty liver deposition or sparing, but its marked enhancement on early phase images helps
confirm that the lesion represents a perfusion abnormality—in this case, one associated with superior vena cava syn-
drome. Note the large systemic collateral veins (arrowheads in a and b) and the collateral draining vessel in segment
IV (black arrow in a).

tumor may exert a minimal mass effect, show
little evidence of necrosis, show the same degree
of enhancement as the normal liver parenchyma,
and closely resemble heterogeneous fat deposi-
tion. In our experience, correct diagnosis is usu-
ally possible with MR imaging, but the correla-
tion of imaging findings with serum biomarkers
may be helpful.

Hypovascular

Metastases and Lymphoma

The differentiation of focal or multifocal fat depo-
sition from hypovascular metastases and lym-
phoma in the liver may be difficult. However, the
clinical manifestations and imaging features such
as lesion morphology, location, and microscopic
fat content usually permit a correct diagnosis.
Chemical shift GRE imaging may be necessary to
assess the amount of intralesional fat.

Figure 18. Differentiation of hepatic venous conges-
tion (nutmeg liver) from fatty liver deposition. Axial
contrast-enhanced CT image obtained at the level of
the liver during the hepatic arterial phase shows irregu-
lar areas with low attenuation in the nutmeg pattern,
Perfusion Anomalies features that could be mistaken for multifocal or geo-

Perfusion anomalies may resemble fat deposition graphic fatty liver deposition. However, this pattern
morphologically but are visible only during the was visible only on arterial phase images and early por-

. tal venous phase images and not on unenhanced im-
arterial and portal venous phases after contrast . . . . .
ages or images obtained in later phases. A pericardial

effusion also was present. Nutmeg liver is a perfusion
abnormality that is related to hepatic venous conges-
tion from cardiac disease or other causes.
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agent administration. They are not detectable on
unenhanced images or equilibrium phase images
(Figs 17-19).

Periportal Abnormalities

The US- and CT-based differential diagnosis of
periportal fat deposition is broad and includes
edema, inflammation, hemorrhage, and lym-
phatic dilatation (54,55). Edema, inflammation,
and lymphatic dilatation tend to affect the portal

Hamer etal 1649

Figure 19. Differentiation of transient hepatic attenu-
ation difference from fatty liver deposition. Axial unen-
hanced CT image (a) and axial contrast-enhanced late
arterial phase (b) and portal venous phase (¢) CT im-
ages obtained at the same level in the liver. A wedge-
shaped peripheral hyperattenuated pseudolesion (white
arrows in b) with straight borders appears on the arterial
phase image but not in a or ¢. The wedgelike shape,
straight borders, peripheral location, and transient en-
hancement of the lesion are suggestive of a transient dif-
ference in hepatic attenuation rather than a mass or a fat
deposition abnormality. Note the arterialized flow in a
feeding branch of the portal vein (black arrow in b), a
finding that represents an iatrogenic postbiopsy arterio-
venous fistula.

triads symmetrically. Hemorrhage characteristi-
cally involves the portal triads asymmetrically and
may be associated with laceration or other signs of
injury. None of these entities are associated with
microscopic fat. Thus, if chemical shift imaging is
performed, a signal intensity loss of perivascular
tissue on opposed-phase images permits the cor-
rect diagnosis of fat deposition (Fig 20).
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Figure 20. Differentiation of periportal inflammation from fatty liver deposition. Axial contrast-enhanced CT im-
ages obtained during the portal venous phase (a) and the equilibrium phase (b). The hypoattenuated halos (arrows)
that surround the portal venous tracts in a could be misinterpreted as perivascular fat accumulation, but they retain

contrast material and appear hyperattenuated in b. Retention of contrast material on delayed images is suggestive of
periportal inflammation with transcapillary leakage of the contrast agent into inflamed periportal tissue; perivascular
fat deposition would not be expected to retain contrast material. The attenuation of periportal halos should be mea-

sured on unenhanced or delayed phase images, if available, to help differentiate periportal fat deposition from edema

or inflammation.

Pitfalls

Fat-containing Primary Tumors

Hepatic adenomas, hepatocellular carcinomas,
and, rarely, focal nodular hyperplasias may have
microscopic fat content (56,57). Hence, a finding
of intralesional fat does not help exclude these
entities, and clinical findings as well as imaging
features such as morphologic structure, mass ef-
fect, and enhancement characteristics must be
considered (Fig 21).

Low-Attenuation Lesions

A threshold attenuation value of less than 40 HU
in the liver at CT is not specific for a finding of fat
deposition. For example, ischemic or mucinous
metastases or abscesses may manifest low attenu-
ation values (58,59). However, a review of the
clinical manifestations and laboratory findings in
conjunction with other CT features should lead
to the correct diagnosis. If necessary, chemical
shift GRE imaging can be performed (Fig 22).

Focal Sparing that

Mimics an Enhanced Tumor

If unenhanced images are not obtained, focal
sparing in a liver with diffuse fat deposition may

mimic an enhanced hypervascular tumor at con-
trast-enhanced CT. The shape and location of the
lesion may permit a correct image-based diagno-
sis. MR chemical shift imaging can be performed
in equivocal cases (Fig 16).

Summary
Fatty liver is a common imaging finding, with a
prevalence of 15%-95%, depending on the popu-
lation. The diagnostic standard of reference is
biopsy with histologic analysis, but fat deposition
in the liver may be diagnosed noninvasively with
US, CT, or MR imaging if established criteria are
applied. The most common imaging pattern is
diffuse and relatively homogeneous fat deposi-
tion. Less common patterns include focal deposi-
tion, diffuse deposition with focal sparing, multi-
focal deposition, perivascular deposition, and
subcapsular deposition. These patterns may
mimic neoplastic, inflammatory, or vascular con-
ditions, leading to confusion and to unnecessary
diagnostic tests and invasive procedures. Assess-
ment of the lesion fat content, location, morpho-
logic features, contrast enhancement, and mass
effect usually permits a correct diagnosis. Chemi-
cal shift GRE imaging is more reliable than US or
CT for assessing intralesional fat and may be nec-
essary when findings are equivocal.
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Figure 21. Differentiation of a fat-containing tumor from fat deposition in the liver. Coronal T1-
weighted GRE MR images show a large mass (arrows) with lower signal intensity on the opposed-phase
image (a) than on the in-phase image (b), a feature indicative of fat. Vivid arterial enhancement (not
shown), the round rather than geographic shape of the lesion, and the mass effect are indicative of a
space-occupying lesion rather than fat deposition. The lesion was an exophytic hepatic adenoma.

Figure 22. Differentiation of metastases from fat deposition in the liver. Axial portal venous phase contrast-en-
hanced CT images at the level of the right hepatic vein (722) (a) and the pancreatic head (b) show innumerable hy-
poattenuated lesions throughout the liver. Most of the lesions are round or oval, but the largest (7 in b) has a geo-
graphic configuration. Because of their low attenuation (<40 HU), the lesions might be mistaken for multifocal fat
deposition; however, the mass effect of the lesions, which produces bulging of the liver surface (arrow) and compres-
sion of the right hepatic vein, as well as the multiplicity of lesions, their predominant round or oval shape, the throm-
bus (z in b) in the superior mesenteric vein, and numerous heterogeneous lymph nodes (nz in b), are suggestive of ma-
lignancy. The lesions were identified as hematogenous metastases from pancreatic adenocarcinoma.
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The image-based diagnosis of fatty liver usually is straightforward, but fat accumulation may be
manifested with unusual structural patterns that mimic neoplastic, inflammatory, or vascular
conditions.
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Fatty liver may be diagnosed if liver echogenicity exceeds that of renal cortex and spleen and there is
attenuation of the ultrasound wave, loss of definition of the diaphragm, and poor delineation of the
intrahepatic architecture.
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Fatty liver can be diagnosed if the attenuation of the liver is at least 10 HU less than that of the spleen
or if the attenuation of the liver is less than 40 HU.
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Fatty liver may be present if there is a signal intensity loss on opposed-phase images in comparison
with in-phase images, and the amount of hepatic fat present can be quantified by assessing the degree
of signal intensity loss.

Page 1641

Imaging findings suggestive of fatty pseudolesions rather than true masses include the following: fat
content, location in areas characteristic of fat deposition or sparing, absence of a mass effect on
vessels and other liver structures, a geographic configuration rather than a round or oval shape, poorly
delineated margins, and contrast enhancement that is similar to or less than that of the normal liver
parenchyma.





