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Abstract

Non-alcoholic fatty liver disease is the most common
cause of chronic liver disease and affects nearly one-third
of US population. With the increasing trend of obesity in
the population, associated fatty change in the liver will be
a common feature observed in imaging studies. Fatty
liver causes changes in liver parenchyma appearance on
imaging modalities including ultrasound, computed
tomography (CT), and magnetic resonance imaging
(MRI) and may affect the imaging characteristics of focal
liver lesions (FLLs). The imaging characteristics of FLLs
were classically described in a non-fatty liver. In addi-
tion, focal fatty change and focal fat sparing may also
simulate FLLs. Knowledge of characteristic patterns of
fatty change in the liver (diffuse, geographical, focal,
subcapsular, and perivascular) and their impact on the
detection and characterization of FLL 1is therefore
important. In general, fatty change may improve detec-
tion of FLLs on MRI using fat suppression sequences,
but may reduce sensitivity on a single-phase (portal ve-
nous) CT and conventional ultrasound. In patients with
fatty liver, MRI is generally superior to ultrasound and
CT for detection and characterization of FLL. In this
pictorial essay, we describe the imaging patterns of fatty
change in the liver and its effect on detection and char-
acterization of FLLs on ultrasound, CT, MRI, and PET.
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Non-alcoholic fatty liver disease (NAFLD) is a world-
wide health concern with prevalence estimates ranging
from 6% to 35% and a median of 20% of adult popula-
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tion [1, 2] which reaches more than 90% in patients with
morbid obesity and metabolic syndromes [3]. NAFLD is
the most common chronic liver disease in the United
States affecting about 30% of the adult population [4, 5],
and the incidence of chronic liver disease due to NAFLD
is increasing [6]. Moreover, metabolic syndrome is
increasingly being recognized as a potential cause of
NAFLD and a factor that makes regression less likely
[71.

Fatty liver is also associated with a variety of meta-
bolic disorders including alcoholism, diabetes mellitus,
obesity, malnutrition, protein malabsorption, drug use,
chemotherapy, hyperalimentation, cystic fibrosis, jeju-
noileal bypass, and inherited metabolic disorders such as
acquired porphyria cutanea tarda and storage disorders
such as hemochromatosis and Wilson disease [7-10].

Fatty liver is defined as the intracellular-macrovesicu-
lar accumulation of fat (triglycerides) in more than 5% of
hepatocytes [11]. It is important to recognize that fatty
liver is due to intracellular accumulation of fat within
hepatocytes and not outside the hepatocytes like deposi-
tion and infiltrative disorders such as amyloidosis,
hemosiderosis, and fibrosis. Fatty liver therefore should be
ideally referred to as fatty change and not fatty infiltration.
Distribution of fatty change in liver can be diffuse, focal,
multifocal, perivascular, and subcapsular [§]. Diffuse fatty
change in the liver is easily diagnosed on the imaging
techniques—ultrasound (US), computed tomography
(CT), and magnetic resonance imaging (MRI); however,
atypical and focal fatty change can pose problems in dis-
tinguishing from other focal lesions of the liver.

Liver is a common site for both benign and malignant
focal lesions. Focal liver lesions (FLLs) are detected by
the relative differences in appearance from juxtaposed
liver parenchyma and seen as different echogenicity on
US, different density (attenuation) on CT, and different
signal intensity on MRI. Typically, FLLs are character-
ized based on their appearance relative to normal or non-
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Table 1. Key points

. Nodular fatty change can mimic metastatic disease
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and gall bladder fossa regions

N

. Fatty change in liver is common and easily detected on ultrasound, CT, and MRI
. Diffuse fatty change is the most common presentation but heterogeneous and variable distribution can occur
. Focal fatty change occurs in typical locations—adjacent to ligamentum teres and periportal region

. Focal fat sparing is an area of liver parenchyma unaffected by fatty change in rest of liver parenchyma and occurs in typical locations—periportal

. Sonographic evaluation of focal lesions is limited in diffuse hepatic steatosis secondary to ultrasound beam attenuation
. CT, particularly single portal venous phase has reduced sensitivity for detection of focal liver lesion (FLL) in fatty liver, especially small metastases

following chemotherapy as FLLs can be similar in density to fatty liver parenchyma.

O oo

. In patients with fatty liver, MRI is generally superior to ultrasound and CT for detection and characterization of FLL
. Imaging appearance of FLL in fatty liver can be significantly different, and key features for characterization may not be demonstrated. For

example, Presence of washout in the case of hepatocellular carcinoma and isodensity/isointensity of focal nodular hyperplasia in portal venous and

delayed phases

10. Fatty livers on PET-CT show variable metabolic activity, and both focal fatty sparing (FFS) and focal fatty change (FFC) can show increased

focal FDG uptake and mimic neoplastic lesions

fatty liver on both non-enhanced and post-contrast-en-
hanced images. The presence of fatty change alters the
liver parenchyma appearance on all conventional imaging
modalities and therefore, detection and characterization
of FLL may pose unique challenges as current methods
are optimized for the non-fatty liver. In this pictorial re-
view, we will describe the different imaging patterns of
fatty change and the effect of fatty liver on both detection
and characterization of FLL on US, CT, MRI and PET.
The key points of the review are summarized in Table 1.

Fatty liver: imaging appearance

The appearance of fatty liver is highly variable on US.
Fatty change in the liver leads to increased parenchymal
echogenicity (Fig. 1) with posterior shadowing as the fatty
tissue attenuates the US beam more than normal liver.
Other features include poor delineation of intrahepatic
structures such as vessels and loss of definition of dia-
phragm [12]. However, increased echogenicity may also be
seen in liver fibrosis and is difficult to differentiate from
fatty change. Fatty liver is hypodense on non-enhanced
CT and hypointense on opposed-phase T1-weighted MRI
(Fig. 1) and on fat-suppressed MRI sequences. Uptake of
gadoxetate sodium (Gd-EOB-DTPA) by hepatocytes is
probably not affected by the fatty change; however, the
signal intensity of the fatty liver on hepatobiliary phase fat-
suppressed Tl-weighted images would be significantly
lower compared to that in normal non-fatty livers [13].

Quantification of fatty change

Diagnosis of fatty change with US, CT, and MRI is
possible with demonstration of features described above;
however, due to increasing prevalence of NAFLD,
quantification of the hepatic fatty change is needed to
assess the severity of fatty change, and to evaluate re-
sponse to interventions to revert fatty change. Although
US is a simple technique to detect fatty change, quan-
tification on US is limited by the confounding factors of
fibrosis, poor detection, and discrimination of mild fatty

change and interobserver variability [14—17]. Controlled
attenuation parameter (CAP) which is obtained simul-
taneously with stiffness measurement using transient
elastography has been shown to detect mild steatosis
>10% with good accuracy [18]; however, this is a rela-
tively new technique and results from larger studies are
awaited. CT can detect moderate to severe steatosis
(>33% fatty change) with sensitivity of 73%—100% and
specificity of 95%—100% using thresholds of <40HU
attenuation of liver or a difference in attenuation be-
tween liver and spleen more than —10HU on unenhanced
CT [19-22]. However, the attenuation of liver is affected
by presence of other substances in the liver [22], and
unfortunately there is variation in the attenuation
parameter among different machines. MRI is the most
accurate imaging method for quantification of fatty
change. Several methods are available. Chemical shift-
based In/opposed-phase imaging can be used for fat
quantification [23]; however, this is limited by quantifi-
cation possible only up to 50% fat signal fraction. MR
spectroscopy (MRS) is considered the gold standard for
fat quantification. Use of MRS needs interpretation
expertise of a radiologist, and technical support of a MR
physicist is required for advanced post-processing. MRS
has the disadvantage of sampling error [8]. Proton den-
sity fat fraction (PDFF) estimation using chemical shift-
encoded multi-echo method (IDEAL-iterative decom-
position of water and fat with echo asymmetry and least
squares estimation) [24] provides robust quantification of
intrahepatic fat fraction. This allows for fat quantifica-
tion even in the presence of moderate inhomogeneities,
and quantification up to 100% is possible. Several other
methods for fat quantification with MRI are described
but are beyond the scope of this pictorial review, and
readers are referred to detailed review articles [25-28].

Fatty change patterns

Fatty change in liver can manifest in different patterns:
diffuse; geographic; focal; subcapsular; multifocal; and
perivascular [8, 29, 30]. Diffuse and geographic patterns
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Fig. 1. Diffuse fatty change in the liver illustrated from dif-
ferent patients with fatty livers. Ultrasound images (A,
B) of the right lobe of liver in two different subjects
showing diffusely increased and coarse echogenicity of the
liver parenchyma more than renal cortex and blurring of
diaphragm outline (arrow B). Non-contrast-enhanced
(C) and post-contrast CT (D) images showing diffusely

are easy to detect; however, atypical patterns of fat
deposition can pose a diagnostic challenge [29, 30]. Dif-
fuse fatty liver results in uniform hyperechoic appearance
on US and posterior shadowing if the deposition of fat is
severe. On CT, diffusely fatty liver is hypodense (Figs. 1,
2) and the portal veins and hepatic veins may appear
hyperdense relative to the liver parenchyma on unen-
hanced CT. Diffuse fatty change can be easily diagnosed
on opposed-phase T1-weighted or fat-suppressed T1 and
T2 sequences, which demonstrate reduced signal within
the fatty liver.

Less common patterns of non-diffuse fatty change
may be easily recognized once their distribution is
understood. Geographic fatty change (Fig. 2) is seen as
large regions of liver parenchyma with signal character-
istics similar to fatty liver but being polygonal or multi-
segmental in distribution, or occupying more than one
lobe. Geographic fatty change occurs without mass ef-
fect, possesses ill-defined borders, frequently extends to
the capsule of the liver, and normal vessels course
through it. Lobar and segmental fatty changes are simi-
lar to geographic fatty change but confined to lobes and
segments, respectively. Subcapsular fatty change may
occur in patients who receive peritoneal administration
of insulin, and the clinical history of route of insulin
administration should be a clue for this diagnosis [31,
32]. Perivascular fatty change is rare [30] and is due to

hypodense liver due to fatty change. Note the vessels are
visualized clearly on non-contrast-enhanced phase (arrows
C). Liver has lower density than spleen (s). In-phase
(E) and opposed-phase (F) T1-weighted gradient recalled
echo MR images showing diffuse loss of signal intensity of
liver parenchyma in the opposed phase consistent with
diffuse fatty change.

fatty change around the portal vein and hepatic veins (or
both) and demonstrates a characteristic tram-track like
or tubular configuration about the vessels. MRI
demonstration of fat in a perivascular location without
mass effect is suggestive of this unusual pattern of fat
deposition. Patterns of fat deposition that can cause
diagnostic dilemmas include focal fatty change, focal
fatty sparing, and multifocal nodular fatty change which
are explained further below.

Focal fatty change (FFC)

Well-defined focal fatty change (FFC) can be recognized
based on the typical location within the liver. FFCs are
usually adjacent to falciform ligament or periportal
location (Fig. 3) and are related to venous supply or
venous anomalies in these regions. The abnormal accu-
mulation of fat may be caused by relative ischemia due to
decreased portal venous blood flow or decreased delivery
of unknown substances from the gastrointestinal tract
via the portal vein [33]. FFCs typically appear to enhance
lesser than the surrounding normal liver parenchyma in
hepatobiliary phase due to their fat content (Fig. 3).
When FFC has nodular configuration, it may be difficult
to differentiate it from a FLL (Fig. 4). This form of FFC
can be challenging to differentiate from other focal le-
sions even with hepatocyte-specific contrast agents [34].
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Fig. 2. Patterns of fatty change in the liver illustrated from
different patients with fatty livers. Non-contrast enhanced
(A) and portal venous phase (B) CT images showing geo-
graphic fatty change with sparing in peripheral right lobe (ar-
rows). Opposed phase T1-weighted MR image (C) and
ultrasound image (D) showing geographic fatty change (ar-
rows) affecting several segments of liver. Opposed phase T1
images (E, F) showing sub segmental fatty change affecting

Focal fatty change can occur as a ring of steatosis
surrounding liver metastases from insulinoma (Fig. 5).
This is attributed to insulin secreted by the insulinoma
metastasis and resulting in high concentration of local
insulin and affecting the surrounding hepatocytes [31].
Patchy and segmental deposition of fat may also be seen
in islet cell transplantation mirroring the distribution of
harvested islet cells following injection into the portal
vein.

FFCs are often termed as pseudolesions and should
be differentiated from true FLLs (Fig. 6). Characteristic
location, wedge or pyramidal shape, and lack of mass

segment IV (E, arrow) and diffuse fatty change in liver with
focal fat sparing around falciform ligament (F, arrow) . Non
contrast enhanced CT (G) showing irregular regions of fatty
change in several segments (arrows). Contrast enhanced
CT (H) showing multiple nodular regions fatty change (ar-
rowheads). Opposed phase T1-weighted image (I) showing
fatty change in perivascular region (arrowheads) and diffuse
mild fatty change.

effect are useful features to distinguish them. FFCs tend
to show variable enhancement during dynamic phase and
may appear as well-defined or ill-defined hypointense
lesions on hepatobiliary phase MRI with hepatocyte-
specific contrast agents such as gadobenate dimeglumine
(Gd-BOPTA) and gadoxetic acid (Gd-EOB-DTPA)
(Fig. 3) [35].

Focal fatty sparing (FFS)

Focal fatty sparing (FFS) are regions of liver that do not
show fatty change, whereas rest of the liver parenchyma
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Fig. 3. Focal fatty change in the liver in different patients.
Contrast-enhanced CT (A) and opposed-phase T1-MRI im-
age (B) in a 39-year-old man showing focal fatty change
adjacent to ligamentum teres (arrows). In-phase (C) and op-
posed-phase (D) MRI images in a 48-year-old woman

Fig. 4. Nodular focal fatty change. Top row A A 49-year-old
diabetic male with incidentally detected focal hyperechoic le-
sions (arrows) in the liver on ultrasound (A). Note mild diffuse
increase in echogenicity of liver parenchyma with nodular
hyperechoic regions. Non-contrast-enhanced (B) and en-
hanced CT (C) showing subtle hypodensities (arrows) corre-

demonstrating focal fatty change in periportal region (arrow
D). Opposed-phase T1 image (E) and Gd-EOB-DTPA-en-
hanced hepatobiliary phase T1-image (F) in a 62-year-old
woman showing focal fatty change (arrows). Note mild
hypointensity of the focal fatty change in hepatobiliary phase.

sponding to the nodules seen on ultrasound. Histology
confirmed fatty liver parenchyma from core biopsy of two of
these nodules. Bottom row A 50-year-old male with nodular
fatty change: In-phase (D), opposed-phase (E), and contrast-
enhanced (F) MRI images showing multiple nodules of focal
fatty change (arrows).
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Fig. 5. Focal fatty change around lesions. A 31-year-old that are irregular in outline, T1 hypointense with a variable thin
male with pancreatic tail insulinoma and biopsy-proven liver rim of fatty change seen as signal loss in the opposed-phase
metastases. T2-w (A), in-phase (B), opposed-phase (C), and  images (arrows C) and intense arterial phase hyperen-
post-gadolinium-enhanced arterial phase (D) sequences hancement characteristic of these metastases. Primary tumor
showing multiple T2 hyperintense (A) lesions in the right lobe is not shown.

Fig. 6. Metastases occurring at typical location of focal fatty lar lesion adjacent to ligamentum teres (arrow A) in similar
change. Patient with pancreatic carcinoma with multiple liver location as focal fatty change (see Fig. 3). Another metas-
metastases (arrows). Heterogeneously enhancing and nodu- tases (arrow B) in the inferior right lobe.
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shows fatty change. Common locations of FFS are
subcapsular location in segment IV and V, adjacent to
the left portal vein or falciform ligament, near gall
bladder fossa and around porta hepatis. FFS in these
locations are thought to be due to decreased blood flow
from main portal vein and/or associated anomalous ve-
nous drainage resulting in decreased uptake of triglyc-
erides [36].

FFS appear hypoechoic on US, hyperdense on CT,
and hyperintense on fat-suppressed MRI sequences
(Fig. 7). Nodular focal sparing can mimic lesions such as
adenoma or focal nodular hyperplasia [37]. FFS can also
be found around or distal to a tumor (Fig. 8), potentially
due to decreased portal flow, arterioportal shunting,
compression of hepatic venules surrounding the tumor,
and/or direct drainage of arterial blood from the tumor
into the adjacent parenchyma [38, 39]. FFS occurring
with liver lesions can be peripheral or distal to the lesion,
segmental or lobar depending on the relationship be-
tween the focal lesion and major portal vessels [39]. Ring-
shaped FFS can be seen around hemangiomas and
malignant lesions such as hepatocellular carcinoma and
metastases (Fig. 8) [38, 40—42]. The occurence of FFS

Fig. 7. Focal sparing in fatty liver demonstrated in different
subjects: Focal fat sparing is seen as a hypoechoic region
adjacent to the gall bladder fossa (arrow A) on ultrasound,
hyperdense region in the periportal location (arrow B) on non-
contrast-enhanced CT, and as a hyperintense region in the
gall bladder fossa (arrow C) and periportal region (arrow D) on

around lesions is more frequently seen in metastases than
in primary FLLs [42]. When a wedge-shaped FFS is
found, a lesion at the apex of the segment and/or near the
hilum should be ruled out [38].

Detection of FLLs in fatty liver

The incidence of FLLs in fatty liver is probably similar to
normal liver; however, there are emerging reports and
evidence suggesting increased incidence of HCC in
NAFLD patients and particularly in those with steato-
hepatitis and occur independent of cirrhosis [43—45].
FLLs have variable appearance on US and can appear
hypoechoic, isoechoic, or hyperechoic to normal liver
parenchyma. The increased echogenicity of fatty liver on
US often accentuates the echogenic differences with
hypoechoic and isoechoic FLLs and may thereby im-
prove the sensitivity of detection of FLLs. However,
severe fatty change attenuates the US beam (Fig. 9) and
smaller posterior lesions may not be detectable especially
if located deep in the fatty liver. Some FLLs like
hemangiomas are typically echogenic and may miss
detection in a fatty liver when they are of similar

opposed-phase MRI images. Opposed-phase T1 image
(E) and hepatobiliary phase image (F) in a 57-year-old male
showing diffuse fatty change in the liver with nodular regions
of fat sparing in the left lobe (arrows). Note the uptake of
Gadoxetate like normal liver. The focal fatty sparing was
stable on follow-up imaging.
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Fig. 8. Focal sparing of fatty change around and in seg-
ments peripheral to metastases. Top row A 55-year-old male
with colon carcinoma metastases in liver. DWI image (A) and
opposed-phase image (B) showing multiple lesions with dif-
fuse fatty change and sparing around the metastases (ar-

Fig. 9. Detection of focal lesion in fatty liver. Ultrasound (A) of
a fatty liver in a 55-year-old woman with hemangioma (arrow)
seen as a hypoechoic lesion. Note the shadowing in the pos-
terior aspect of the liver (small arrows) which may obscure

rows) and segmental regions distal to the metastases
(arrowhead). Bottom row A 62-year-old male with neuroen-
docrine carcinoma metastases to the liver. In-phase (C) and
opposed-phase (D) images showing two lesions (arrows) with
a rim of fat sparing (arrow head) and peripheral liver.

small hypoechoic lesions. Non-contrast-enhanced CT
(B) showing the hemangioma (arrow) in the right lobe of liver
and the characteristic filling in the post-contrast-enhanced de-
layed CT (C). The lesion was stable on follow-up for 2 years.
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Fig. 10. Detection of focal lesion in fatty liver on CT.
Baseline contrast-enhanced CT (A) and 18 months post-
treatment (B) in a 52-year-old man with Hodgkin’s lymphoma
with liver involvement. A hypodense lesion (arrow) repre-

echogenicity to the surrounding fatty liver. Macroscopic
fat-containing FLLs like angiomyolipoma and lipoma
may be difficult to detect in a fatty liver with US for
similar reasons. On CT, detection of hypodense lesions
such as metastases in a fatty liver can be difficult on a
single-phase contrast-enhanced CT [46-48] (Fig. 10).
Often in patients with metastatic disease, livers undergo
fatty change secondary to chemotherapy. Hypodense
metastatic lesions when of similar density as surrounding
fatty change can be potentially missed, particularly when
small [46, 49]. In this setting, inclusion of unenhanced
imaging, multiplanar reconstructions, or multiphasic
imaging after intravenous contrast may be useful for
improving lesion conspicuity and detection. MRI may
provide superior sensitivity compared to CT and US as
sequences with and without fat suppression can be per-
formed that may help to detect the lesions (Fig. 11).
FDG-PET may also be useful in these situations as
FDG-avid lesions can be easily detected with PET-CT
(Fig. 11). In patients with fatty liver, MRI is generally
superior to US and CT for the detection and character-
ization of FLL particularly for the assessment of
metastases (Fig. 12). Kulemann et al. showed that MRI
is superior to CT for the detection of colorectal liver
metastases after neoadjuvant chemotherapy and con-
secutive diffuse fatty change particularly for small lesions
<1 cm [48].

Characterization of FLLs in fatty liver

The characteristic imaging features of different FLLs are
described in relation to the non-fatty liver. Fatty change

senting liver deposit was clearly demonstrable in the initial
CT but diffuse fatty change in the follow-up scan makes it
difficult to detect and assess the response of the lesion after
treatment.

in the liver results in changes in echogenicity, attenua-
tion, signal intensity, enhancement of the liver par-
enchyma, and thereby results in different appearances of
FLLs from that classically described. Most common
FLLs occuring in fatty liver are described in the fol-
lowing sections.

Hemangioma

Classically, hemangiomas are described as hyperechoic
to isoechoic to the normal liver on US. When fatty
change is mild to moderate and echogenicity similar to
the hemangiomas, it may be difficult to detect them on
ultrasound. A severely fatty liver with increased
echogenicity, however, may provide better contrast for
the detection of relatively hypoechoic hemangiomas. On
CT, fatty change may improve conspicuity of heman-
giomas by increasing the attenuation differences and in
post-contrast scans, the peripheral nodular enhancement
or delayed fill-in compared to the adjacent hypoattenu-
ating liver parenchyma (Fig. 13). Similarly on MRI,
hemangiomas may be rendered conspicuous with fat-
suppressed sequences, and differences from surrounding
liver may be enhanced for non-contrast-enhanced and
post-contrast-enhanced sequences. Atypical appearance
of hemangiomas is well known including flash-enhancing
hemangiomas; hemangiomas with peripheral dot-like
enhancement; and sclerosed hemangiomas which may
not show complete fill-in especially in the center even in
delayed phase. These atypical variants of hemangiomas
occurring in fatty livers may pose difficulty in differen-
tiation from metastases and primary lesions.
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Fig. 11. Neuroendocrine metastases in fatty liver in a
64-year-old man. Arterial phase (A) and portal venous phase
(B) CT showing a subtle enhancing lesion in the right lobe of
liver (arrow) but difficult to detect on portal venous phase. T1-

Fig. 12. Detection of focal lesions in liver on CT and MRI. A
64-year-old man with ocular melanoma with multiple metas-
tases in a diffusely fatty liver. Corresponding CT and In-
(B) and opposed phase (C) MRI sections performed 2 weeks

Focal nodular hyperplasia (FNH)

FNHs are composed of normal functioning hepatocytes
and often have characteristic central scar. On US, FNHs
are usually isoechoic or slightly hypoechoic to the nor-
mal liver and are often missed (stealth lesions) unless
they are large and cause displacement of normal land-
marks or vessels. The echogenic fatty liver may provide a
good contrast for the detection of the relatively hypoe-
choic FNH and become conspicuous in a fatty liver.
Definite diagnosis of FNH is usually made on contrast-

weighted MRI image (C) clearly shows hypointense lesion
that demonstrates enhancement in both arterial (D) and portal
venous (E) phases. FDG-PET (F) showing increased uptake
in the lesion (arrow).

apart. Only two lesions (arrows) are identified on this section
in portal venous phase CT (A). Multiple smaller hyperintense
lesions (small arrows, C) in the liver not identifiable on CT are
demonstrated on the MRI images.

enhanced CT and MRI. FNHs are classically isodense on
CT in all phases except the arterial phase (Fig. 14) when
they show intense hyperenhancement. However, in a
fatty liver, FNH can be hyperdense in all phases and
hence may not fit the classical description (Fig. 14). On
MRI, FNH occurring in normal liver is most conspicu-
ous in the arterial phase and may be difficult to identify
in other phases and pulse sequences. However, in a fatty
liver, FNH on MRI is well demonstrated with the use of
fat-suppressed sequences, and they may appear hyper-



S. K. Venkatesh et al.: Imaging patterns and focal lesions in fatty liver

Fig. 13. Hemangioma in fatty liver (fop row) and non-fatty
liver (bottom row). Non-contrast (A, E), arterial phase (B, F),
portal venous phase (C, G), and delayed phase (D, H) CT
scans. The hemangioma in fatty liver is hyperdense (A arrow),

intense in all contrast-enhanced phases (Fig. 14). Con-
trast-enhanced images should be reviewed with unen-
hanced images to understand the enhanced appearance for
a correct diagnosis of FNH in fatty liver. Demonstration
of central scar would increase confidence. Another helpful
feature may be the demonstration of hyperintense perile-
sional ring during equilibrium phase and low-signal
intensity rim-like appearance in the hepatocyte phase re-
ferred to as pseudocapsule, and this is attributed to com-
pressed hepatic parenchyma [50, 51].Uncommonly, FNH
may also have fat content when occurring in a fatty liver
[52]. The appearance on imaging would then depend on the
differences in fat content with hepatic parenchyma.
Gadoxetate sodium (Gd-EOB-DTPA, Eovist) or Gd-
BOPTA (MultiHance)-enhanced hepatobiliary phase
shows characteristic uptake of contrast by focal nodular
hyperplasia and is diagnostic. This would be useful for the
confirmation of FNH. However, inflammatory adenomas
can show the uptake of Gadoxetate and mimic FNH.
Histological confirmation may occasionally be required to
establish diagnosis and differentiate from adenoma.

Hepatocellular adenoma (HCA)

HCAs often contain fat, hemorrhage, necrosis, or calci-
fication. The histological variants of HCAs have recently
undergone revision, and currently four different types of
HCAs are recognized. The four subtypes are as follows:
(1) inflammatory HCAs are the most common type
accounting for nearly half of HCAs and tend to be
hypervascular with a tendency to bleed. They are asso-
ciated with obesity, hepatic steatosis, and alcohol. On

whereas the hemangioma in non-fatty liver is hypodense
(E arrow). Both hemangiomas show typical peripheral nodular
enhancement in arterial phase, gradual fill-in during portal
venous and nearly completely fill-in in the delayed phases.

imaging, they show characteristic atoll sign and variable
uptake of Gd-EOB-DTPA. This type is also associated
with malignant transformation into HCCs; (2) HCAs
with HNF-1-o mutation are typically fatty HCAs and
associated with adenomatosis; (3) HCAs with f-catenin
mutation are associated with high risk of transformation
into HCC and are frequently seen in glycogen storage
disorders and male hormone excess; and (4) an unclas-
sified type which does not fit any of the above three
groups [53]. HCA appearance therefore is variable and
steatotic HCAs may blend in with fatty livers especially if
they do not cause any mass effect. HCA with fat or re-
cent hemorrhage may be hyperechoic or isoechoic to
non-fatty liver on US. The echogenic fatty liver can again
provide a better lesion-to-liver contrast for detection of a
relatively hypoechoic HCA. Conversely, a fat-containing
HCA may be difficult to detect in a fatty liver. On MRI,
however, detection of smaller lesions may be improved
with fat-suppressed sequences and the lesion may appear
hyperenhanced in all dynamic phases (Fig. 15). Fat-
containing HCA may pose problems, especially when
similar to rest of the liver and sometimes may not be
distinguishable from other fat-containing FLLs such as
HCCs, angiomyolipoma, or lipoma. Correlation with the
use of anabolic steroids or oral contraceptives, along
with follow-up imaging to show stability and rarely
biopsy may be required to establish diagnosis.

Hepatocellular carcinoma (HCC)

HCC is the most common primary malignant tumor of
the liver. Emerging evidence suggests that there is in-
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Fig. 14. Focal nodular hyperplasia. CT images (top row) and
MRI images (second row) in a 41-year-old woman with fatty
liver and FNH. The FNH (A arrow) shows intense hyperen-
hancement in arterial phase (A) and remains hyperintense to
background liver in portal venous (B) and delayed (C) phases.
The central non-enhancing region (arrow head A) corre-
sponds to scar on T2-weighted MR image (arrow head D). In-
phase (E) and opposed (F)-phase images show diffuse fatty

change in the liver and some fatty change in the FNH also.
Compare this with FNH occurring in normal liver in a 43-year-
old man. Contrast-enhanced arterial phase CT image
(G) shows hyperenhancing FNH (arrow) that becomes iso-
dense to liver on portal venous (H) and delayed (l) phases.
Note the lesion is isointense to liver parenchyma on T2-
weighted image (J), in-phase (K), and opposed-phase
(L) images. No fatty change in liver parenchyma.
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Fig. 15. Hepatocellular adenomas. A 35-year-old woman
with multiple inflammatory adenomas. Axial fat-suppressed
T2-weighted image (A) showing two mildly hyperintense le-
sions in the right lobe. In (B) and opposed-phase (C) images
showing diffuse fatty change in the liver and a small third
lesion. The lesions show arterial phase (D) hyperenhance-
ment and remain hyperintense in portal venous (E) and de-

creased incidence of HCC in NAFLD and even in the
absence of cirrhosis [54]. An association between HCA
transformation into HCC and metabolic syndrome is

layed phase (F) images. In contrast to this is a beta catenin-
negative adenoma in a 49-year-old woman. The adenoma is
hyperintense on fat-suppressed T2-weighted image (arrow
G) with no signal loss in in- (H) and opposed (l)-phase images
demonstrating hyperenhancement in arterial phase (J) and
becomes isointense in portal venous phase (K) with some
washout in delayed phase (L).

described [55]. Inflammatory type HCA is particularly
associated with increased transformation into HCC and
occurs more frequently in obesity [56]. HCCs occurring
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in NAFLD tend to be larger, moderately or well-differ-
entiated, and pseudocapsule is less often present [57].
HCC generally appears hypoechoic to non-fatty liver
similar to other common FLLs. Detection and charac-
terization of small HCC in a nodular liver can be chal-
lenging; however, diffuse fatty change often provides a
better contrast on US and it may be easier to detect
smaller HCCs. On CT and MRI, HCCs are characterized
by arterial phase hyperenhancement and washout in
portal venous or delayed phases according to published
guidelines and criteria [58, 59]. However, in a fatty liver,
although arterial phase enhancement is seen well against
a hypodense fatty liver, washout may be difficult to
appreciate (Fig. 16) as HCC may remain hyperdense or
isodense in portal venous and delayed phases. Therefore,
standard guidelines [58—61] for diagnosis of HCC may
not be applicable in a fatty liver. Similar difficulty can
occur on MRI using fat suppression post-contrast-en-
hanced sequences (Fig. 17). However, fat-suppressed T1-
weighted sequences are part of standard liver MRI pro-
tocols in nearly all institutions. Recognition of fatty
change in liver in pre-contrast sequences is therefore
important. Subtracted dynamic phase images may be
useful in some cases. Features of chronic liver disease,
ancillary findings of portal hypertension, and elevated
serum alpha fetoprotein levels are useful for diagnosis of
HCC in such situations. In view of the global prevalence
of NAFLD and increased incidence of HCCs in non-
cirrhotic fatty liver, a separate diagnostic criteria for
HCC in fatty liver may very soon be required.

Cholangiocarcinoma (CCA)

CCAs often have fibrosis component in the center of the
tumor. On CT, CCAs typically are hypodense and show
early peripheral enhancement with delayed central
enhancement. They may be difficult to detect in hypo-
dense fatty liver on non-contrast-enhanced CT (Fig. 18).
Also, contrast filling in of the lesion in delayed phases in
small CCA may be indistinguishable from a heman-
gioma. On MRI, CCA may be T2 hyperintense or hy-
pointense lesions. The lesion may be well demonstrated
on fat-suppressed post-contrast-enhanced MRI se-
quences in a fatty liver (Fig. 18). The typical enhance-
ment pattern may be well seen on post-contrast images;
however, the features may overlap with hemangiomas.
Presence of other features such as biliary strictures and
retraction of liver capsule may be useful for diagnosis of
CCA in fatty livers.

Metastases

Perhaps the greatest impact of fatty change in liver is in
the detection of metastases. Hepatic metastases have
variable appearances depending on the primary. On US,
lesions are generally better seen against a hyperechoic
fatty liver (Fig. 19). However, if fatty change is severe,

visualization of the deeper regions of the liver may be
hampered (Fig. 9) and small metastases may not be de-
tectable [62, 63]. On CT, hypervascular metastases can be
better detected against a hypodense fatty liver, whereas
hypodense/hypovascular metastases such as those from
breast and colorectal carcinoma can appear isodense or
hypodense in a fatty liver particularly on portal venous
phase when both fatty liver and metastases may have
similar densities [47, 48]. MRI with the use of fat-sup-
pressed sequences (Fig. 19) is particularly helpful in the
detection and assessment of metastases (Fig. 8). How-
ever on fat-suppressed images, hypointense metastases
may not be detectable against fatty liver. In-phase
imaging and/or non-fat-suppressed images may be nee-
ded to detect these lesions. FFCs and FFS may mimic
multiple metastases on US and CT (Figs. 4, 7), and the
nature of these lesions can be easily confirmed with MRI
using fat-suppressed sequences, and the location of le-
sions is characteristic. Livers often undergo fatty change
following chemotherapy either as a side effect of drugs or
due to chemotherapy-associated steatohepatitis (CASH).
Metastases initially hypodense/hypointense may be dif-
ficult to identify on a follow-up scan due to fatty change.
Use of fat-suppressed sequences on MRI or multiphase
imaging on CT may be useful. In the setting of fatty
change, MRI is a better modality for evaluation of
metastases, particularly useful for smaller metastatic le-
sions. Studies have shown superior performance of MRI
in small (<1 cm) colorectal metastases [48] and with the
use of Gd-EOB-DTPA [47].

Fat-containing FLLs

Fat within a lesion can be characteristic. Rare tumors
like lipoma (Fig. 20) and angiomyolipoma (Fig. 21)
contain large proportion of fat. These lesions tend to be
incidentally detected and may be difficult to distinguish
from more common HCA and HCCs and diagnosis is
usually established by biopsy. Presence of fat within
metastases is extremely rare. Metastatic ovarian ter-
atomas, teratomas, liposarcoma, Wilms tumor, and renal
cell carcinoma can give rise to fat-containing metastases
[64, 65]. Knowledge of primary tumor is useful in
arriving at diagnosis and may require biopsy.

Positron emission tomography (PET)
in fatty liver

Several studies have reported variable uptake of '®F-
FDG-PET tracer in fatty livers [66-70]. Keramida et al.
[69] proposed that FDG uptake increase in hepatic
steatosis probably results from irreversible uptake in
inflammatory cells secondary to steatohepatitis. Another
study has shown that increased hepatic FDG uptake is
associated with risk of cardiovascular events in patients
with NAFLD [71]. These studies suggest a possible role
of PET in differentiating steatohepatitis from simple
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Fig. 16. CT appearances of histologically confirmed hepa-
tocellular carcinomas (HCCs) in fatty liver (top rows) and non-
fatty liver (bottom row). Non-contrast (A, E), arterial (B, F),
portal venous (C, G), and delayed (D, H) phase CT scans.
HCCs appear iso-hyperdense in fatty liver (arrows in A) and
iso- to hypodense in non-fatty liver (arrow E). Note small fat

Fig. 17. MRI of HCC in fatty (top row) and non-fatty liver
(bottom row). Axial opposed-phase T1 (A, F), pre-contrast T1
(B, G), late arterial phase (C, H), portal venous phase (D, I),
and delayed phase (E, J) images. Note HCC in fatty liver
appears isointense on opposed-phase image (A arrow) and
hypointense in pre-contrast image (B) and hyperintense in all

component within the HCC (arrowhead E). Both HCCs show
arterial phase hyperenhancement. HCC in fatty liver remains
hyperdense to liver in portal venous and delayed phases,
whereas HCC in non-fatty liver shows typical portal venous
and delayed phase washout and pseudocapsule (arrowhead
H).

three post-contrast phases in contrast to typical HCC in non-
fatty liver that is hypointense in pre-contrast images, hyper-
intense in arterial phase, washes out in portal venous and
delayed phases, and with a pseudocapsule in delayed phase
(arrowhead J). Pseudocapsule is also seen in HCC in fatty
liver (arrow head E).
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Fig. 18. Cholangiocarcinoma in fatty livers on CT (top row)
and MRI (bottom row). Unenhanced (A, E), post-contrast
arterial phase (B, F), portal venous phase (C, G), and delayed
phase (D, H) showing peripheral rim-like enhancement in

Fig. 19. Neuroendocrine metastases in a fatty liver. The
metastases are hypoechoic to fatty liver parenchyma on
ultrasound  (arrows A). Non-contrast-enhanced CT
(B) shows several nodules (arrow heads), and additional
metastases are identified (arrow) in arterial phase (C).
However, in the portal venous phase (D) only the larger

hepatic steatosis but it remains to be confirmed in a
prospective and larger clinical study. Both FFC and FFS
have been shown to be associated with high FDG uptake
and mimickers of malignancy on PET/CT [72-76] posing
diagnostic challenge especially in the work-up of patients
with known primary malignancy elsewhere. Utility of
MRI with demonstration of focal changes on fat sup-
pression sequences and demonstration of uptake of Gd-
EOB-DTPA may be useful to confirm that these lesions

arterial phase and delayed central heterogeneous enhance-
ment. Note segmental hyper perfusion (F arrow head) distal to
tumor in arterial phase (F arrow).

lesion in the left lobe (arrow head) is discretely visualized.
In-phase (E) and opposed-phase (F) MRI images showing
several nodules, and post-contrast fat-suppressed T1-
weighted coronal image (G) showing several enhancing
nodules. PET scan (H) confirmed multiple metastatic lesions
in the liver.

are either normal liver parenchyma or regions of fatty
change. In general, PET/CT is useful in evaluation of
metastatic lesions; however, reduced sensitivity of PET in
the evaluation of colorectal liver metastases following
neoadjuvant chemotherapy has been reported [46, 77]
and this is likely due to chemotherapy-associated
steatohepatitis and/or sinusoidal obstruction syndrome.
More studies in patients who develop chemotherapy-as-
sociated steatosis and steatohepatitis are needed to con-
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Fig. 20. Lipoma of liver. Axial non-contrast-enhanced (A) and contrast-enhanced CT (B) showing a lipoma (arrow). Biopsy was
consistent with lipoma with elements of extramedullary hemopoiesis.

Fig. 21. Angiomyolipoma of liver. T1-weighted In-phase
(A) and opposed-phase (B) MRI images demonstrating
heterogeneous signal intensity mass in the caudate lobe of

firm this limitation. A multi-modality approach like
PET-MRI may be useful in patients with malignant
disease and fatty livers.

Conclusion

Fatty change in the liver influences both detection and
characterization of FLL. Knowledge of characteristic

liver (arrow) with areas of loss of signal in opposed phase
consistent with fat content in a histologically confirmed
angiomyolipoma.

features and typical distribution sites of FFC and FFS
are important to differentiate these processes from true
hepatic lesions. In the setting of focal and diffuse fatty
liver, sensitivity for FLL detection is generally superior
using MRI rather than a single-portal venous phase CT.
Because the sensitivity of single-phase (portal venous)
CT is compromised for the detection of FLL in the set-
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ting of fatty change, unenhanced CT and/or multiphasic
imaging may be useful.

Imaging appearances of FLLs may be different when
occurring in a fatty liver as opposed to normal liver, such
that imaging findings no longer correspond to fit the
typical description. Post-contrast relative enhancement
features may be significantly altered by fatty change, and
standard guidelines for characterization may not be
applicable. The features should be interpreted taking into
account the fatty change in the liver. Guidelines for
imaging criteria for important lesions like HCC perhaps
should be modified to incorporate lesions occurring in
fatty liver.
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