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Abstract

While focal fat deposition in the liver mostly occurs in
typical locations related to non-portal venous supply,
unusual patterns of focal fat deposition, including multi-
nodular, mass-like, and perivascular patterns, mimic
malignancies and cause diagnostic challenges. Patients
with unusual focal fat deposition often have potential
underlying etiologies such as diabetes, alcohol abuse,
metabolic disease, or various medications/chemotherapy.
Some cases can be explained by non-portal venous supply
or ischemia. Chemical-shift MRI or contrast-enhanced
ultrasound (CEUS) is useful for non-invasive diagnosis of
focal fat deposition. We illustrate a series of US, CT, and
MR imaging features of focal fatty deposition in the liver
mimicking other conditions and seek possible causes.
Understanding of imaging patterns of focal fat deposition
and its potential causes can help a non-invasive diagnosis
by performing confirmatory imaging tests and prevent
unnecessary invasive procedures.
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Fatty liver refers to a wide spectrum of conditions
characterized by triglyceride accumulation within the
cytoplasm of the hepatocytes. Fatty liver can be divided
into macrovesicular and microvesicular steatosis.
Macrovesicular steatosis, which contains large fat vac-
uoles and displaced nuclei in the hepatocytes, is typically
associated with excessive alcohol intake, non-alcoholic
fatty liver disease (NAFLD), and type II diabetes.
Microvesicular steatosis, which is characterized by small
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intracytoplasmic fatty inclusions without the displace-
ment of the nuclei, usually occurs with severe impairment
of mitochondrial fatty acid beta-oxidation, as either a
primary disorder or secondary to drug toxicity [1].

While most fatty liver diffusely involves the whole liver,
focal or multi-focal fat deposition in the liver is occa-
sionally encountered and causes a diagnostic challenge.
Some regions of the liver are well known as common sites
offocal fat deposition related to non-portal venous supply.
These regions include the medial segment of the left lobe of
the liver adjacent to the falciform ligament, the gallbladder
bed, the anterior portion of segment I, and the posterior
portion of segment IV [2-4]. Focal fatty sparing in the
diffuse fatty also frequently occurs in the similar locations
because of non-portal venous supply. However, unusual
focal or multi-focal fat deposition involving atypical re-
gions in the liver can lead to a misdiagnosis as infiltrative
or multi-nodular hepatic malignancies such as metastases
[5, 6]. Therefore, it is important to be familiar with the
atypical imaging patterns of focal fat deposition and
associated risk factors. Hence, an appropriate next diag-
nostic step can be suggested and unnecessary invasive
procedures can be prevented.

Key imaging findings of focal fat
deposition

Macroscopic focal fat deposition usually appears as a
highly echoic non-spherical mass with slight posterior
sound attenuation on US. Sonic attenuation is attributed
to the fact that fatty tissue attenuates sound more than
unaffected liver parenchyma [7]. However, accurate
characterization of a hyperechoic lesion is not easy in
some patients because other factors, such as concomitant
liver fibrosis and poor sonic window may hinder the
presence of fat. US has a limited diagnostic performance
with low sensitivity and specificity for detecting
microvesicular fat compared with macrovesicular fat [8].
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Contrast-enhanced US is very helpful to diagnose
focal fat deposition by demonstrating iso-enhancement
relative to the liver during the arterial, portal, and late
phases. CT usually shows a variable degree of hypoat-
tenuation depending on the amount of fat within the
lesion instead of typical fat density. However, there are
several useful CT imaging features of focal fat deposition
compared to hepatic malignancies, including non-spher-
ical or geographic border, absence of mass effect,
hypoattenuating lesions corresponding to hyperechoic
lesions on US, and undisturbed extension of hepatic
vessels within the lesion. On US and CT, recognizing
specific hyperechogenicity or hypoattenuation of focal
fat deposition in the liver may be unreliable in the pres-
ence of a liver fat content of less than 30%.

T1-wighted gradient-echo (GRE) MRI with hepato-
cyte-specific contrast agent such as gadoxetic acid (Gd-
EOB-DTPA) and gadobenate dimeglumine (Gd-BOP-
TA) showed no significant differences in signal
enhancement ratio between focal fat deposition and
normal liver during all dynamic contrast-enhanced pha-
ses including hepatobiliary phase (HBP) [9, 10]. Al-
though most focal fat deposition showed hypointense on
both pre-enhanced image and HBP phase, enhancement
patterns of focal fat deposition varied.

Hence, several MRI techniques have been used to
qualify and quantify liver fat including chemical-shift
imaging, fat saturation, and fat-selective excitation
methods [11].

MRI using chemical-shift gradient-echo imaging
(CSI) technique with in-phase and opposed-phase
acquisitions is the most commonly used method, easily
applicable and confirmative imaging test to diagnose
focal fat deposition. Focal fat deposition can be confi-
dently diagnosed when there is a signal intensity drop on
opposed-phase images in comparison with in-phase
images, whereas signal intensity of the normal liver
parenchyma is similar between two phases [12, 13].
Multiple-echo chemical shift with T2*-correction may be
needed when substantial iron deposition is present to
prevent underestimate focal fat detection [14]. Subtrac-
tion from out-of-phase image dataset from the in-phase
image dataset with Dixon technique is also a simple and
convenient method to detect focal fat deposition (Fig. 3).
Fat saturation technique is also useful especially when
the lesion is composed exclusively of fat because no sig-
nal drop can be detected on opposed phase in CSI. Al-
though magnetic resonance spectroscopy (MRS) detects
focal fat quantification more accurately than CSI, the
acquisition and analysis of MRS data is complicated and
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<« Fig. 1. Small multi-nodular fat deposition in a 47-year-old
man who received chemotherapy for lymphoma and malig-
nant thymoma. A Transverse gray-scale ultrasound shows
multiple small homogeneous hyperechoic nodules without
hypoechoic halo in the liver. Individual nodules have non-
spherical margins. B and C In- and opposed-phase axial T1-
weighted MR images show multiple nodular lesions with
dropped signal intensity (arrows) on opposed-phase image
(C) compared with in-phase image (B).
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Fig. 2. Small multi-nodular fat deposition in a 25-year-old
woman. A and B Dual imaging display of contrast-enhanced
ultrasound scans shows contrast only imaging on the left and
gray-scale imaging on the right. There are multiple brightly
echogenic nodules on gray-scale ultrasound images. The
nodules show iso-enhancement relative to the liver in the
arterial A and portal venous B phases.

time-consuming. Further MRS using single-voxel repre-
sents small portion of the liver instead of the entire liver.
In contrast, MRI such as CSI is widely available, easy to
analyze data, and able to determine the whole liver [15].
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Additional imaging characteristics for focal fat
deposition include geographic border, enhancement
similar to the surrounding liver parenchyma on MR
images with liver-specific contrast agent such as
gadobenate dimeglumine or gadoxetic acid, absence of
mass effect, stability in size over time, and undisturbed
extension of hepatic vessels within the lesion. These
characteristics are helpful to differentiate focal fat
deposition from fat-containing tumors such as hepatic
adenomas, hepatocellular carcinomas, or angiomy-
olipoma.

Morphological patterns of focal fat
deposition

Small multi-nodular deposition

It is challenging to suggest the diagnosis of focal fat
deposition when it manifests as multiple small nodular
lesions throughout the liver. Differential diagnoses on
imaging often include metastases, lymphoma, sarcoido-
sis, abscesses, candidiasis, and hemangiomas. The etiol-
ogy of this unusual pattern is not well understood. In our
experience, many of these patients have potential
underlying causes of fatty liver including a history of
chemotherapy due to malignancy, metabolic disease, or
alcohol abuse. A suggestion of the diagnosis of focal fat
deposition is even more difficult when the patient has a
history of malignancy.

Homogeneous hyperechogenicity, absence of hypoe-
choic halo, and non-spherical margin of individual le-
sions are helpful suggestive findings of focal fat
deposition on ultrasound (Fig. 1). The combination of
bright hyperechogenicity and marked hypoattenuation
on CT can raise a possibility of fat-containing lesions.
The lesions are iso-enhancing compared to the liver on
contrast-enhanced ultrasound in all phases (Fig. 2). CSI
can confirm the diagnosis. Subtraction of opposed-phase
images from in-phase images with Dixon technique is a
simple and comprehensive imaging technique to detect
fat within liver lesions (Fig. 3).

Solitary mass-like deposition

Focal fat deposition may involve a focal area of the liver,
forming a mass-like lesion on imaging. It shows a well-
defined margin with lobulated or geographic border
without mass effect. It is homogeneously hyperechoic on
ultrasound mimicking a hepatic hemangioma, but it is
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Fig. 3. Small multi-nodular fat deposition in a 58-year-old
woman with  pancreatic neuroendocrine tumor on
chemotherapy. A Axial contrast-enhanced CT scan shows
small multiple hypoattenuating nodules (arrows) in the liver.
B and C In- and opposed-phase axial T1-weighted MR ima-

usually more echogenic than typical hemangiomas and
shows a mild posterior sonic attenuation instead of sonic
enhancement which is often seen in hemangiomas. CT
shows a variable degree of hypoattenuation depending

ges show small nodular lesions with dropped signal intensity
(arrows) on opposed-phase image (C). D Subtracted image of
opposed-phase from the in-phase dataset clearly shows small
fat-containing nodules that are hyperintense (arrows).

on the amount of fat within the lesion. The presence of
undisturbed portal or hepatic veins within the lesion can
be a helpful clue to the diagnosis. CSI is necessary to
confirm the diagnosis.
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Fig. 4. Solitary mass-like fat deposition in a 57-year-old man
who underwent distal pancreatectomy and right hepatectomy
for pancreatic neuroendocrine tumor and hepatic metastasis.
A and B Two axial contrast-enhanced CT scans show a
hypoattenuating mass in segment |V of the liver. An aberrant
pancreatic venous supply (arrows) to the mass is visualized
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on axial (B) and coronal (C) CT scans. D and E In- and op-
posed-phase axial T1-weighted MR images show dropped
signal intensity in the mass (arrow) on opposed-phase image
(E) compared with in-phase image (D), confirming the diag-
nosis of focal fat deposition related to non-portal venous
supply.
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Non-portal venous supply as a potential cause for
mass-like focal fat deposition is occasionally identified
on arterial-phase CT or MRI. Aberrant pancreatic ve-
nous supply (Fig. 4) has been suggested for one of the
etiologies for focal fat deposition as the pancreatic vein
has higher concentration of insulin than the rest of the
portal vein. Focal ischemic change due to a procedure or
an obstructing mass can be a potential cause for focal fat
deposition (Fig. 5).

Multiple large confluent masses

Focal fat deposition with the appearance of multiple
large confluent masses is uncommon and the diagnosis is
challenging. Bright hyperechogenicity on US, marked
hypoattenuation on CT, absence of mass effect, geo-
graphic margin, and undisturbed intralesional veins are
important clues to suggest the diagnosis (Fig. 6). MRI
with in- and opposed-phase T1-weighted sequences can
confirm the diagnosis.

Atrophy of the involved hepatic parenchyma in
some cases may suggest the ischemic liver injury as a
potential cause of the findings. This pattern of focal fat
deposition is also seen in primary sclerosing cholangitis
suggesting the underlying biliary strictures or cholan-
gitis as a potential cause for focal fat deposition
(Fig. 7).

Perivascular deposition

Perivascular fat deposition is rare [16] and is character-
ized by halos of fat surrounding the hepatic veins, the
portal veins, or both hepatic and portal veins without a
mass effect on the involved vessels. The imaging
appearance can be tram-like or tubular when the vessels
are running parallel to the imaging plane or ring-like or
round when the vessels are running perpendicular to the
imaging plane (Fig. 8). It may be difficult to differentiate
from periportal edema and hepatic congestion caused by
various etiologies. It can mimic tumorous condition such
as lymphoma, neurofibromatosis, Langerhans’ cell his-
tiocytosis on CT and ultrasound if perivascular low
attenuation is located in lobar and segmental periportal
area [17]. The pathophysiology of perivascular fat
deposition in the liver is not well known, but perivascular
deposition in the centrilobular region surrounding the
hepatic veins in alcohol abuse suggests a preferential liver
injury by higher concentration of hepatotoxic material
[18].
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Plausible causes of focal fat
deposition

Alcohol abuse

The effect of alcohol abuse on the liver has been known
for centuries. Hepatotoxicity of alcohol is related to its
metabolism by means of the alcohol dehydrogenase and
cytochrome P450 2E1 (CYP2E1l) pathways. Alcohol
dehydrogenase promotes fat deposition into the liver by
stimulating the synthesis of fatty acids and opposing
their oxidation [18]. Histologic pattern of fat deposition
is usually macrovesicular or mixed microvesicular and
macrovesicular. Fatty deposition due to alcoholic liver
disease usually involves the entire liver, but occasionally
uneven or focal distribution can occur. It begins in the
centrilobular zone 3 and progresses towards the peri-
portal zone 1, which explains perivascular fat deposition
around hepatic veins in some cases. It may cause con-
tinuous fat deposition and lead to rupture of fat vac-
uoles, resulting in histiocytic reaction or lipogranulomas
in the liver [19] which can mimic malignancy.

Insulin and diabetes

Insulin has been known to be a causative factor of hep-
atic steatosis. When serum insulin levels are low (i.e.,
fasting state), free fatty acids in the liver are oxidated to
ketone bodies. Persistent high insulin levels inhibit oxi-
dation of free fatty acids and result in more esterification
of free fatty acids into triglycerides, causing abnormal
accumulation of triglycerides in hepatocytes. High levels
of insulin have also been related to other atypical forms
of focal fat deposition [20]. The presence of an aberrant
pancreaticoduodenal vein draining in a focal region of
the liver supplies insulin-rich blood from the pancreas
leading to focal fat deposition (Fig. 4). A peripheral fat
deposition surrounding liver metastases from insulinoma
represents a localized insulin effect of focal fat deposition
due to insulin [21]. Subcapsular fat deposition caused by
insulin added to the peritoneal dialysate in patients with
renal failure and insulin-dependent diabetes also sup-
ports the explanation of focal fat deposition related to
localized higher concentration of insulin (Fig. 9) [22].
Patients with type 2 diabetes have an increased chance of
developing NAFLD and subsequent liver fibrosis and
cirrhosis. The relationship between type 2 diabetes, in-
sulin resistance, and NAFLD has been suggested and can
be explained by increased delivery of fatty acid to the
liver and accumulation as triglyceride driven by insulin
resistance [23].
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Fig. 5. Solitary mass-like fat deposition in a 55-year-old
woman with endoscopic retrograde biliary drainage due to
hilar cholangiocarcinoma. A Axial contrast-enhanced CT scan
shows a mass-like hypoattenuating lesion in segment VIII with
geographic margin and patient portal veins within the lesion. A
biliary stent is seen in the central portion of the segment 8 bile
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duct (arrow). B and C In- and opposed-phase axial T1-
weighted MR images show markedly dropped signal intensity
in the mass-like lesion (arrow) on opposed-phase image
(C) compared with in-phase image (B). D The lesion is hy-
pointense relative to the liver on fat-suppressed T2-weighted
MR image due to high fat content within the lesion.
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Fig. 6. Multiple large confluent mass-like fat deposition in a
69-year-old woman. A Axial contrast-enhanced CT scan
shows multiple large, confluent hypoattenuating mass-like
lesions with geographic margin. There are peripheral rim-like
markedly hypoattenuating areas representing areas with

Diminished perfusion

Diminished liver perfusion and tissue hypoxia have been
suggested as the cause for larger areas of focal fatty
infiltration at the periphery of the liver where portal
venous and arterial circulation is relatively low [24].

more severe steatosis. Patent, undisturbed hepatic veins
(arrows) are seen within the lesion. B and C In- and opposed-
phase axial T1-weighted MR images show markedly dropped
signal intensity in the mass-like lesions on opposed-phase
image (C) compared with in-phase image (B).

Focal fat deposition due to ischemia can also occur by
tumoral compression of adjacent liver [25]. Typical focal
fat deposition in the anteromedial part of segment IV
near the falciform ligament has been explained by non-
portal venous supply from the systemic vein and relative
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Fig. 7. Multiple large confluent mass-like fat deposition in a
53-year-old man with primary sclerosing cholangitis and
ulcerative colitis. A Gray-scale ultrasound scan shows multi-
ple large confluent homogeneous hyperechoic masses with

lack of portal venous supply, causing an ischemic injury
[26].

Drug induced liver injury and comorbidity

A relatively uncommon but distinctive type of liver
injury is due to the usage of drugs which include as-
pirin, tetracycline, amiodarone, valproic acid, and
several antiviral nucleoside analogues such as fialuri-

non-spherical margin in the right liver. B and C In- and op-
posed-phase axial T1-weighted MR images show markedly
dropped signal intensity in the mass-like lesions on opposed-
phase image (C) compared with in-phase image (B).

dine. These drugs lead to accumulation of microvesic-
ular fat in hepatocytes and damage the mitochondria.
This can further evolve into macrovesicular fatty liver
[28]. Chemotherapy results in oxidative stress not only
to cancer cells but also to normal hepatocyte leading to
hepatic steatosis which can be diffuse or focal. Patients
with colorectal cancer with metastases undergoing
chemotherapy with 5-FU, platinum derivatives, tax-
anes, irinotecan, oxaliplatin, or cetuximab are suscep-
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Fig. 8. Perivascular fat deposition in a 71-year-old man.
A Gray-scale ultrasound scan shows irregular homogeneous
hyperechoic mass-like lesions surrounding portal vein bran-
ches (arrows) with geographic margin. B and C In- and op-
posed-phase axial T1-weighted MR images show dropped

tible to fatty deposition [29]. Fatty liver has also been
reported with other chemotherapy agents including
L-asparaginase, dactinomycin, mitomycin C, bleomycin
sulfate, and methotrexate. Fatty liver in inflammatory
bowel disease (Fig. 7) might be associated with several
factors such as severe illness, with combined malnu-
trition, hypoproteinemia, and usage of corticosteroids
[27].
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signal intensity in the mass-like lesions on opposed-phase
image (C) compared with in-phase image (B). There are thin,
peripheral, rim-like areas of more severe steatosis at the
margin of the lesions.

Conclusions

Unusual patterns of focal fat deposition, including multi-
nodular, mass-like, and perivascular patterns occasion-
ally mimic malignancies and cause diagnostic challenges.
It is important to be aware of their imaging patterns and
to have complete relevant clinical history (i.e., plausible
causative factors such as diabetes, alcohol abuse, usage
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Fig. 9. Subcapsular fat deposition in a 61-year-old man with
renal failure caused by type 2 diabetes. The patient was on
peritoneal dialysis with insulin added to the peritoneal dialy-
sate. A Gray-scale ultrasound scan in the transverse scan
shows an elongated subcapsular echogenic mass (arrows).
B The subcapsular lesion (arrows) is markedly hypoattenu-
ating on axial contrast-enhanced CT scan.

of medications/chemotherapy and comorbidity). Recog-
nition of the suggestive findings of focal fat deposition
and subsequent confirmatory chemical-shift MR imaging
(CSI) can lead to a non-invasive diagnosis of focal fat
deposition.
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