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Abstract

This chapter analyses the different benign
liver lesions and pseudolesions occurring in
cirrhotic livers, such as regenerative nodules
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(RNs), siderotic nodules (SNs), nodular regen-
erative hyperplasia (NRH), large regenerative
nodules (LRNs), perfusion defects and tran-
sient hepatic attenuation difference (THAD)/
transient hepatic intensity difference (THID),
hemangiomas in a cirrhotic liver, pseudomass
in chronic portal vein thrombosis (PVT), con-
fluent fibrosis and focal fatty changes, such as
focal steatosis and fat sparing, focusing on
imaging features helpful in achieving a correct
diagnosis.
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1 Introduction

Cirrhosis is end-stage chronic liver disease and is
characterized pathologically by innumerable
regenerative nodules separated by fibrous septa
(Vilgrain et al. 2016). Cirrhosis is considered to
be one of the leading causes of death having a
1-year mortality rate of up to 57% in cases of
decompensated cirrhosis (D’ Amico et al. 2006).
Chronic hepatitis B or C virus infection, alcohol-
ism and non-alcoholic fatty liver disease
(NAFLD) are the most common causes of cirrho-
sis (Brancatelli et al. 2007).

Hepatocellular carcinoma (HCC) is the most
common primary tumour in cirrhotic livers, the
second leading cause of cancer-related mortality
worldwide and the third most common cause of
death in patients with cirrhosis (D’Amico et al.
2006; Mittal and El-Serag 2013). Unfortunately,
HCC is not rare in cirrhotic patients, with a fairly
constant rate of approximately 3% per year,
regardless of the cirrhotic stage (D’Amico et al.
2006).

Nevertheless, several other benign and malig-
nant lesions can occur in cirrhotic patients, they
should be differentiated from HCC (Brancatelli
et al. 2003) in order to minimize both false-
negative and false-positive findings, to carry out
the proper treatment and, therefore, to improve
patient outcome (Galia et al. 2014). The
treatment could be erroneously delayed in
cases of undetected or misdiagnosed
HCC. Misinterpretation of pseudolesions or
benign liver lesions, such as HCC, may incor-
rectly increase the total tumour burden or even
lead to the ineligibility of a patient for poten-
tially curative treatment or the inappropriate
assignment of increased priority scores for
patients on the waiting list for liver transplanta-
tion (Galia et al. 2014).

In recent years, magnetic resonance imaging
(MRI) has been confirmed to be the most accu-
rate imaging method for the study of the liver.
The introduction of hepatocyte-specific contrast
agents in MRI, such as gadoxetic acid (Gd-EOB-
DTPA, Primovist, Bayer-Schering Pharma,
Berlin, Germany) and gadobenate dimeglumine
(Gd-BOPTA, Multihance, Bracco Imaging,

Milan, Italy), has added new diagnostic func-
tional parameters to those obtained in the
dynamic vascular phases by also evaluating the
hepatobiliary (HB) phase of MRI and, therefore,
the hepatocyte presence and activity. Moreover,
the addition of diffusion-weighted imaging
(DWI) sequences can additionally confirm or
exclude malignancy in the majority of lesions.

Despite these recent technical innovations in
liver imaging, there are still many challenges for
radiologists in differentiating HCC from other
hepatic lesions, particularly from benign ones
and pseudolesions.

2 Technical Pitfalls

Hypervascular tumours, such as HCC, require
adequate delivery of contrast media to create a
satisfactory contrast between the tumour and the
background liver parenchyma. The rate of con-
trast injection can affect the tumour-to-
background contrast ratio; therefore, the use of
an adequately high injection rate is important in
order to avoid missing lesions. Moreover, correct
acquisition during the late arterial phase is par-
ticularly important since this is a unique non-
repeatable phase. The American College of
Gastroenterology guidelines recommend a mini-
mum flow rate of 4-6 cm?®s to obtain a correct
examination (Marrero et al. 2014). A slower rate
of infusion of 2.5 cm?/s may result in suboptimal
enhancement, not useful in differentiating lesions
from the surrounding hepatic parenchyma.

3 Regenerative Nodules
and Siderotic Nodules

Liver cirrhosis is characterized by irreversible
remodeling of the hepatic architecture with
bridging fibrosis and a spectrum of hepatocellu-
lar nodules. Cirrhosis-associated hepatocellular
nodules result from the localized proliferation of
hepatocytes and their supporting stroma in
response to liver injury (International Working
Party 1995). The majority of hepatocellular nod-
ules are benign regenerative nodules; however,



Pseudolesions in the Cirrhotic Liver

231

regenerative nodules may progress along a well-
described carcinogenic pathway to become low-
grade and high-grade dysplastic nodules evolving
into hepatocellular carcinoma (HCC) (Hanna
et al. 2008).

Regenerative nodules (RNs) are classified,
according to their size, as micronodules (<3 mm)
and macronodules (>3 mm) (International
Working Party 1995; Hanna et al. 2008). On
computed tomography (CT) and MRI, RN typi-
cally appear isodense/isointense to the surround-
ing liver parenchyma without arterial phase
enhancement or washout appearance and, there-
fore, they are identifiable due to the peripheral
fibrosis which appears hypodense in the portal
phase. On MRI, RNs can appear hypointense on
T2-weighted images unlike HCC which classi-
cally appears moderately hyperintense on
T2-weighted images (Elsayes and Shaaban 2015;
Hussain et al. 2002).

Some RNs could demonstrate hyperintensity
on T1-weighted images and iso- or hypointensity
on T2-weighted images (Fig. 1) (Hanna et al.
2008; Martin et al. 2002). Although the reason
for these signal intensity (SI) findings is not well
understood, the presence of paramagnetic materi-
als or glycogen in the nodule may contribute to
T1 hyperintensity (Mathieu et al. 1997).
Regenerative nodules may also contain some
degree of lipid accumulation in the hepatocytes.
Lipid-containing RNs display signal loss on out-
of-phase T1-weighted images in comparison
with in-phase images (Fig. 2). Steatotic RNs are
usually multiple; a single fatty nodule is sugges-
tive of a dysplastic or malignant process (Hanna
et al. 2008).

Siderotic nodules (SNs) are iron-containing
nodules which develop in a cirrhotic liver
(Mitchell et al. 1991).

Even in the absence of systemic iron storage
diseases such as hemochromatosis, iron can
accumulate within regenerative or dysplastic
nodules (DNs) in a cirrhotic liver (Zhang and
Krinsky 2004). In systemic iron storage diseases,
the mechanism of iron deposition (siderosis)
within reticuloendothelial cells, mobilizing iron
from damaged hepatocytes, has been identified;
however, in a cirrhotic liver, the process of SN

formation remains uncertain. Active viral replica-
tion and transferrin receptor abnormalities prob-
ably play a role. Although a small percentage of
SNs are dysplastic, approximately 25% of all
DNs are also SNs (Elsayes and Shaaban 2015;
Terada and Nakanuma 1989). Moreover, dysplas-
tic SNs are premalignant lesions while regenera-
tive SNs are markers for severe viral or alcoholic
cirrhosis. Therefore, the diagnosis of iron content
is clinically important. The relationships between
hepatic iron deposition and hepatic fibrosis, cir-
rhosis and neoplasia are also not fully understood
(Krinsky et al. 2001; Breitkopf et al. 2009).

Magnetic resonance imaging is currently
unable to differentiate siderotic RNs from sider-
otic DNs (Krinsky et al. 2000), and the associa-
tion of SNs and malignancy remains controversial.
According to some published series, patients
with SNs do not show an increased risk of devel-
oping DNs or HCC (Zhang and Krinsky 2004;
Krinsky et al. 2002), but other authors have
reported that SN can be precursors of HCC in
patients with chronic liver diseases (Terada et al.
1990; Siegelman et al. 1996; Ito et al. 1999) and
that the incidence of HCC is higher in patients
with iron-containing nodules than in those with-
out (Krinsky et al. 2000). Whenever iron-free
foci are found within an SN in liver cirrhosis,
these foci should be considered as early HCCs or
borderline lesions showing an expansive growth
pattern (Zhang and Krinsky 2004); the finding of
the displacement of iron within a nodule by focal
tumour growth is a sentinel of HCC (Elsayes and
Shaaban 2015; Krinsky et al. 2001; Sadek et al.
1995). Therefore, the diagnosis of SNs and iron-
free nodules in the cirrhotic liver is clinically rel-
evant for the early detection of HCC.

On CT, SNs occasionally show high attenua-
tion on unenhanced images which can be misin-
terpreted on the arterial phase as lesion
hyperenhancement. In these nodules, both arte-
rial hyperenhancement and washout are absent.
Therefore, only the combined evaluation of unen-
hanced images and post-contrast behaviour
allows the proper characterization of SNs.

On MRI, SNs usually appear hypointense
on Tl-weighted images, depending on the
degree of iron accumulation and the exact
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imaging parameters (Fig. 3) (Siegelman and
Chauhan 2014). Furthermore, SNs have
decreased SI in long-echo chemical-shift gra-
dient-echo sequences. A pitfall of MRI is mis-
interpreting susceptibility from iron content

within SNs as areas of washout appearance
(Brancatelli et al. 2007): therefore, it is impor-
tant to evaluate the unenhanced T1- and T2%*-
weighted images in which SNs appear
hypointense.  T2*-weighted imaging is

Fig. 1 Regenerative nodule with glycogen content on
MRI. T2-weighted image (a) demonstrating the absence
of focal lesions. T1-weighted “in-phase” (b) and “out-of-
phase” (¢) images showing a hyperintense nodule in liver

segment VIII (arrows), as a result of the glycogen content,
with no changes during arterial (d), portal (e), delayed (f)
and hepatobiliary (g) phases. Diffusion-weighted image
(h) revealing no diffusion restriction of the nodule
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Fig. 1 (continued)

Fig. 2 Regenerative nodule with fat content on
MRI. T2-weighted image (a) demonstrating a round
isointense focal lesion in segment II. T1-weighted “in-
phase” (b) and “out-of-phase” (¢) images revealing a

currently the most sensitive MRI technique for
detecting SN in the liver having a reported
80% sensitivity and 95% specificity. MRI is
therefore helpful in the follow-up in monitor-

hyperintense nodule (arrows) at segment II with dropout
in signal intensity in “out-of-phase” images, due to con-
spicuous fat content

ing the distribution and the amount of iron con-
tent over time: this could allow the detection of
early HCC developing within a DN (Kudo
2009; Park and Kim 2011; Chen et al. 2012).
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Severe long-standing portal deprivation with
portal obliterative changes, as observed in chronic
PVT, or in cases of venous outflow obstruction,
such as in Budd—Chiari Syndrome, produce a pro-
gressive and reactive compensatory increase in

hepatic arterial perfusion (“arterial buffer
response”), causing the secondary onset of nodu-
lar regenerative hyperplasia (NRH) of the liver tis-
sue (Cazals-Hatem et al. 2003) and large
regenerative nodules (LRNs, also called focal

Fig. 3 Multiple siderotic nodules on MRI. T2-weighted
image (a): no evidence of focal lesions. T1-weighted “in-
phase” image (b) showing multiple tiny hypointense nod-
ules (arrows) due to their siderotic content, appearing
isointense on the T1-weighted “out-of-phase” image (c),

with no changes during the arterial (d), portal (e), delayed
(f) and hepatobiliary (g) phases. Diffusion-weighted
image (h) revealing the absence of diffusion restriction of
the nodules
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Fig. 3 (continued)

nodular hyperplasia (FNH)-like lesions (Kondo
2001; Brancatelli et al. 2002a, b). In the same liver,
a continuous spectrum of nodular regenerative
lesions, such as NRH and LRNs (Park and Kim
2011; De Sousa et al. 1991), always coexists. Their
pathogenesis is similar to FNH development as
proposed by Wanless et al. (1985) in livers with
syndromic vascular malformations, leading to por-
tal deprivation and subsequent enlargement of the
hepatic artery. In support of the vascular pathoge-
netic hypothesis, Steiner et al. also noted that NRH
is frequently associated with severe congestive
heart failure, hypothesizing that patients with car-
diovascular disease, especially right heart failure,
could develop liver NRH as a consequence of
venous outflow impairment, sinusoidal-portal
flow reduction and compensatory increase in the
hepatic arterial flow (Steiner 1959).

According to the International Working Party
classification (International Working Party 1995),
NRH is defined as monoacinar nodules, undetect-
able at imaging, unlike multiacinar nodules, such
as LRNs, clearly identified on both CT and MRI.

Nodular regenerative hyperplasia is a benign
liver disease, macroscopically characterized by
multiple small regenerative nodules of variable
dimensions, ranging from 1 to 15 mm. The main
cause of NRH is a normal liver with blood flow
disturbance (also due to myeloproliferative and
rheumatologic disease, organ transplantation and
classes of drugs). In patients with NRH, unlike
LRNSs, no enhancing liver lesions can be detected
on imaging (Ames et al. 2009).

Large regenerative nodules are benign multi-
acinar regenerative nodules, usually multiple,
containing more than one portal tract, located in
a liver which is otherwise abnormal, either with
cirrhosis or with severe portal vein disease,
hepatic veins or sinusoids. Large regenerative
nodules are distinctly larger than the majority of
cirrhotic nodules in the same liver, at least 5 mm
in diameter (International Working Party 1995).
They are also associated with some systemic
disease, such as chronic vascular disease (poly-
arteritis nodosa), rheumatologic disease (Felty
syndrome, rheumatoid arthritis, scleroderma,
telangiectasia), systemic lupus erythematosus,
lymphoproliferative disorder (Hodgkin lym-
phoma and non-Hodgkin lymphoma, chronic
lymphocytic leukemia), myeloproliferative dis-
order (polycythemia vera, chronic myeloid leu-
kemia, myeloid metaplasia), hepatic vascular
disease (Budd Chiari syndrome, sinusoidal
obstruction syndrome) and drugs (steroids, che-
motherapy, immunosuppressors and contracep-
tives) (Wanless 1990; Stromeyer and Ishak
1981). In contrast to NRH, LRNs are clearly
depicted at imaging since, on MRI, they appear
hyperintense to the liver in T1-weighted images
due to the presence of copper within the nod-
ules, and isointense or hypointense on
T2-weighted images (Wanless et al. 1990). On
post-contrast CT and MRI, LRNs typically
enhance in the arterial phase and might poten-
tially be misdiagnosed as HCCs; the differential
diagnosis relies on the persistent enhancement
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in the portal and delayed phases with absent
washout in LRN unlike HCC (Vilgrain et al.
1999; Takayasu et al. 1994). However, there is
little evidence to suggest that LRNs are prema-
lignant or evolve into HCC (Stromeyer and
Ishak 1981). In the HB phase of MRI, hyper-

plastic hepatocytes, such as those in LRNs
which often contain ductular proliferation
(Tanaka and Wanless 1998), appear isointense
or more often hyperintense as compared to the
normal parenchyma, unlike HCC (Fig. 4)
(Renzulli et al. 2011).

Fig. 4 Large regenerative nodule on MRI. T2-weighted
image (a) demonstrating no hyperintense focal lesions.
T1-weighted “in-phase” (b) and “out-of-phase” (c)
images revealing a hyperintense nodule at segment VII

(arrows). Arterial phase (d) showing nodule hyperen-
hancement, persistent (arrows) during the portal phase
(e), additionally increasing in the hepatobiliary phase
(arrow) (f)
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Fig.4 (continued)

4 Perfusion Defects
Due to Third Inflow

The third inflow is a non-portal blood venous sys-
tem with hepatopetal flow. This system vascular-
izes some parenchymal regions of the liver and
deprives these districts of the nutritional contents
deriving from the absorption of the small intestine
which characterizes the portal blood. The third
inflow represents approximately 1-5% of the total
liver inflow and includes the following veins
(Fig. 5) (Itai and Matsui 1999; Couinaud 1988;
Yoshimitzu et al. 2001; Kobayashi et al. 2010):

(a) Cholecystic vein branches which penetrate
the hepatic parenchyma in segments IV and
V and flow into the parabiliary system at the
porta hepatis. They drain the gallbladder and
extrahepatic bile ducts.

Parabiliary venous system (Couinaud sys-
tem) is a network of venules which goes up to
the hepatic hilum, near the hepatoduodenal
ligament and the main portal trunk, together
with the biliary ducts and arterial branches. It
originates from the pyloric—pancreatic—duo-
denal veins and penetrates the hepatic paren-
chyma of segments I and IV. It drains the
gastric antrum, duodenum and pancreas.

(b)

(c) Sappey’s aberrant right gastric vein which
originates from the gastric antrum, runs
within the hepatogastric ligament and enters
the hepatic parenchyma at the hilum, anasto-
mosing with the left portal branch, perfusing
segments II, IIT and I'V. It drains the stomach
and the gastric antrum. In portal hyperten-
sion, the reduced portal inflow can cause the
compensatory enlargement of this right gas-
tric vein, with reversed flow.

(d) Paraumbilical veins, which originate in the
abdominal wall around the umbilical region,
run near the round ligament to drain into the
left portal branch. In patients with portal
hypertension (PH), these collaterals fre-
quently dilate and become an efferent system
with hepatofugal flow.

The blood coming from the third inflow enters
the hepatic sinusoids at a different rate as com-
pared to the portal blood flow, thus diluting the
portal blood flow after contrast media adminis-
tration, leading to potential hypovascular or
hypervascular  pseudolesions.  Hypovascular
pseudolesions are created by delayed, diluted or
missed perfusion. Hypervascular pseudolesions
are visible during the arterial phase as hyper-
dense/hyperintense on CT/MRI and as perfusion
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Fig. 5 Non-portal venous system: Third inflow (a) and
liver portions involved in the corresponding perfusion
defects (b; view from below). Drawing showing the
hepatic segments drained by the cholecystic veins (c), the

4 5 67

parabiliary venous system (Couinaud system) (d), the
Sappey’s aberrant right gastric vein (e) and the paraum-
bilical veins (f). Modified from Itai and Matsui 1999;
Yoshimitzu et al. 2001; Kobayashi et al. 2010
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Fig. 6 THID due to third inflow venous system. Arterial
phase image (a) shows a triangular area of enhancement
involving the dorsal portion of segment III (arrow) due to

defects during the portal phase (because the
drainage of the third inflow is faster than that of
the portal flow) (Fig. 6).

Liver segments I and IV have a higher fre-
quency of portal branch anomalies; during
embryogenesis, these two segments have a later
portal vein development (32-34th day of preg-
nancy) than the other segments (26-28th day of
pregnancy).

Three main types of hepatic pseudolesions are
directly correlated with the non-portal venous
system (third inflow): THAD/THID, focal steato-
sis and focal fat sparing. Each of these hepatic
pseudolesions is systematically analysed in the
corresponding paragraph.

the faster drainage of the Sappey’s aberrant right gastric
vein. The same area appears isointense in portal (b) and
delayed (c) phase images

5 Transient Hepatic
Attenuation Difference
(THAD) and Transient
Hepatic Intensity Difference
(THID)

Transient hepatic  attenuation  differences
(THAD:s) are areas of liver parenchymal enhance-
ment during the arterial phase of multiphasic CT
of the liver. It is a physiological phenomenon due
to the dual supply of the liver, with a localized
disparity in hepatic arterial (relatively increased)
versus portal venous blood supply (decreased),
thus giving a higher attenuation to the affected
region. Transient hepatic intensity differences
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(THIDs) are the corresponding findings during
the arterial phase of dynamic MRI. Therefore,
THADs/THIDs derive from regional variations
in the portal and arterial supply, due to local
inflow and outflow disorders.

5.1 Hepatic Inflow Disorders
These can be due to: (a) a reduction in portal
blood inflow; (b) spontaneous or iatrogenic arte-
rioportal shunts (APSs); (¢) an increase in hepatic
artery inflow and (d) outflow reduction.

5.1.1 Reduction of Portal Inflow
THIDs/THADs are due to intrinsic portal vein
(PV) obstruction from extrinsic hepatic paren-
chymal compression and/or biliary obstruction.

Portal vein obstruction can be due to throm-
bosis from several causes, such as pylephlebitis,
invasion/compression of the portal vein by
tumours (HCC or cholangiocarcinoma), infection
or surgical ligation. Portal vein obstruction is
responsible for a physiological mechanism char-
acterized by a compensatory increase in arterial
flow (“arterial buffer response”) (Fig. 7). After a
reduction in PV inflow, hepatocytes secrete ade-
nosine and vasopressin mediators which activate
the local autonomic nervous system, with conse-
quent vasodilation of the hepatic artery and
increased arterial perfusion into the correspond-
ing parenchyma. A 19% reduction in portal
inflow induces a vasopressin-mediated increase
in arterial flow of about 83%.

Liver parenchymal compression, by the ribs,
diaphragm, expansive lesions, perihepatic

Fig. 7 Large triangular THID involving the entire seg-
ment VII (arrows) due to bland PVT. Arterial phase image
(a) showing a large hyperintense wedge-shaped area with
persistent enhancement (arrows) during the delayed arte-
rial phase (b) and the portal phase (¢) images (arrows).

Delayed phase image (d) demonstrates the recovery of
isointensity in the same area as compared to the adjacent
parenchyma. Right portal branch thrombosis is evident in
the portal phase image (c)
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peritoneal collections or pseudomyxoma peritonei,
can lead to a regional decrease in portal blood
inflow since the portal system is a low-pressure
system and is therefore susceptible to extrinsic
compression and to local THAD and THID forma-
tion. In these cases, THADs/THIDs are reversible
and disappear after the resolution of the compres-
sive causes (Yoshimitsu et al. 1999).

Biliary obstruction may also result in
decreased portal venous flow by means of
obstruction of the peribiliary plexus and can
cause THADs or THIDs (Itai and Matsui 1997).

5.1.2 Hepatic Arterioportal Shunt
(APS) or latrogenic Fistula

Hepatic arterioportal shunt (APS) or iatrogenic
fistula is the communication between a hepatic
arterial branch and the portal venous system
resulting in a redistribution of arterial flow in a
parenchymal area usually perfused by portal
blood flow. Arterioportal shunts can have an iat-
rogenic origin, occurring after liver biopsies
(Fig. 8) or locoregional treatments (percutaneous
ethanol injection, thermal ablation and intra-
arterial treatments) (Fig. 9) and can also develop

as a consequence of tumours (especially HCC),
cirrhosis or trauma.

Arterioportal shunts are usually undetected on
grey scale ultrasound (US) but can be diagnosed
at Doppler US as a reverse, hepatofugal flow in
the portal branch involved parallel to the feeding
artery.

Arterioportal shunts can occur through a mac-
roscopic fistula between a large hepatic arterial
branch and a large portal branch; they can be
detected at contrast-enhanced CT/MRI imaging
as the simultaneous opacification of arteries and
portal branches during the arterial phase (Itai and
Matsui 1997) (Fig. 8).

On dynamic CT/MRI, APSs are typically
responsible for areas of parenchymal misperfu-
sions appearing as homogeneously hyperdense/
hyperintense during the arterial phase and
isodense/isointense during the portal and delayed
phases. These areas usually have sharp margins
and have no mass effect on the hepatic structures
(bile ducts or blood vessels); they are usually
stable at imaging follow-up (Galia et al. 2014).

Low flow APSs can show a “dot-like” vascu-
lar structure consisting of a portal branch strongly

Fig. 8 Large iatrogenic fistula after liver biopsy and
THADs. Arterial phase images (a—c) in different axial
planes showing a large hyperenhancing triangular area
involving segment V (arrows) with early enhancement of

the corresponding portal branch. This area includes early
retrograde enhancement of a large portal branch during
the arterial phase of multiphasic CT. Note the hypodense
line anterior to the THAD due to the biopsy (arrowhead)
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Fig. 9 THAD following trans-arterial chemoemboliza-
tion (TACE). Unenhanced-CT image (a) demonstrating
round, well-defined lipiodol accumulation in segment VI
(arrows) as a result of previous TACE treatment. Arterial
phase CT image (b) showing a hypervascular triangular

enhancing during the arterial and venous phase in
the middle of a parenchymal triangular-shaped
hypervascular pseudolesion (Fig. 10) (Yu et al.
1997). Differentiation from a true malignant liver
lesion, such as HCC, relies on the findings of the
triangular appearance of the hypervascular area,
the “sharp margin sign” and the absence of mass
effect.

Depending on the size of an arterioportal fis-
tula, the capacity of the draining portal vein can
be worsened by the high-pressure hepatic artery
inflow. In small arterioportal shunts, shunted
hepatic artery blood joins the adjacent portal
vein bloodstream without disturbing flow in the

area (arrowhead) downstream of the lipiodol accumula-
tion, without mass effect and with persistent enhancement
(arrowhead) during the portal phase image (c), recovering
isodensity on the delayed phase (d)

more proximal portal vein branches (Fig. 11).
Conversely, inflow from a large arterioportal fis-
tula can overload the capacity of the intrahe-
patic portal venous system and precipitate
hepatofugal flow in the main portal vein. In the
latter case, shunted hepatic artery blood is
divided between two routes: (a) the sinusoids,
exiting via hepatic veins and (b) the portal vein
with reversed flow, reaching the systemic circu-
lation via portosystemic collateral vessels so
that the liver is only perfused by arterial blood,
and a condition of secondary portal hyperten-
sion (PH) can be created (Wachsberg et al.
2002; Bookstein et al. 1982).
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Fig. 10 Large THAD with the «dot sign».
Unenhanced-CT (a) reveals a hypodense trapezoidal area
in segment VIII with sharp margins (arrow). The arterial
phase (b) shows a hyperattenuation of this area (arrow)

In the presence of a liver tumour, the morphol-
ogy of the fistula depends on the site of the
tumour in relation to the portal system (Itai and
Matsui 1997). When the tumour is located in the
apex of the THADs/THIDs, the reduction of the
portal flow is caused by portal compression and
the THADs/THIDs have a trapezoidal or a fan
shape (Fig. 12). When the tumour causes throm-
bosis of a proximal portal vein, THADs/THIDs
are wedge-shaped, and the tumour is located
within the perfusion defect (“Shaded area”), and
is therefore partially hidden within the perfusion
defect in the arterial phase of CT/MRI studies
(Fig. 13). Therefore, THADs/THIDs can always
be considered as possible sentinel signs of an
underlying HCC (Itai and Matsui 1997; Chen
et al. 1999a).

with an internal round, well-defined more hypervascular
spot (dot sign) (arrowhead), referring to the early enhance-
ment of a peripheral portal vein. Portal (¢) and delayed (d)
phases reveal the restored parenchymal attenuation

An APS can also occur through a trans-vessel
shunt from neoplastic thrombus, due to the intra-
tumoural neo-angiogenesis of the vasa vasorum,
which is responsible for the typical aspect of the
“thread and streaks sign” during the arterial phase
on contrast-enhanced imaging (Itai and Matsui
1997).

The morphology of THADs/THIDs differs
according to the modality of CT/MR recon-
structions since, in the axial acquisitions, they
can appear as round or oval lesions; therefore,
the combined evaluation of 2D and 3D is man-
datory (Fig. 14) (Itai and Matsui 1997). The dif-
ferentiation of a round-shaped enhancing
pseudolesion due to THADs/THIDs from
hypervascular lesions, such as HCC, in a cir-
rhotic liver is mandatory. In fact, in cirrhotic
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Fig. 11 Spontaneous arterioportal shunt (APS) in cirrho-
sis. CT shows a small hyperenhancing area in segment
VIII (arrow) during the arterial phase (a), isodense to the
adjacent parenchyma in the portal phase (b). The follow-

patients, a focal hypervascular finding has a
70% probability of being benign and the major-
ity of these are THADs/THIDs due to APSs
(Wachsberg et al. 2002; Yu et al. 2000; Shimizu
et al. 2003; O’Malley et al. 2005; Kim et al.
2015). The clue to differentiating round-shaped
enhancing pseudolesions due to THADs/THIDs
from HCC is the absence of wash-out during the
portal and delayed phases, without capsule
appearance or mass effect on the liver struc-

),

/

ing angiography confirms the early enhancement of a
peripheral portal branch (arrow) during the arterial phase
(¢) having a pseudonodular shape (arrow) in the parenchy-
mal phase of the study (d), pathognomonic for APS

tures. On MRI, HCC, unlike APSs, is usually
slightly hypointense on T1-weighted images
and mildly hyperintense on T2-weighted
images, round-shaped and it has an evident
mass effect on the adjacent liver structures
(Vilgrain et al. 2016). Moreover, on MRI per-
formed with HB contrast agents, THADs/
THIDs due to APSs appear isointense to the
liver parenchyma in the HB phase images,
whereas HCC is markedly hypointense (Ronot
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Fig. 12 Relationship between the morphology of the fis-
tulae caused by a tumour and the site of the tumour in
relation to the portal system. Drawing showing a trapezoi-
dal- or fan-shaped THAD/THID when the tumour is

etal. 2017). In very few cases (5—-15%), THADs/
THIDs due to APSs appear slightly hypointense
on the HB phase of MRI, but the level of SI is
always higher than in HCCs (Sun et al. 2010;
Motosugi et al. 2010).

Tatrogenic intrahepatic arterial—portal fistula is
not a rare complication of liver puncture and tran-
shepatic manipulative procedures, or also after
percutaneous ablations or intra-arterial treat-
ments (chemoembolization or radioemboliza-
tion) of liver tumours (Figs. 8 and 9). It has been
reported as a sequela of liver biopsy in about 5%
of cases and after transhepatic cholangiography
and biliary catheterization in up to 26% of cases
(Okuda et al. 1978). However, APSs after biopsy
tend to resolve spontaneously. Hellekant et al.
reported that the frequency of finding APSs
depends on the interval between biopsy and
imaging detection; the incidence was as high as
50% in <1 week, dropping to 10% after 1 week
(Hellekant 1976). Iatrogenic causes (e.g. percuta-
neous liver biopsy) represent more than 50% of
published cases of APSs (Fig. 8). Similarly, after
successful intra-arterial treatment, the necrotic
tumoural area can induce direct communication
between the arterial and the portal radicles at the

O : Tumor

@ :Thrombus

* : Compression

B : Perfusion defect

located in the apex (a) or a wedge-shaped THAD/THID
when the tumour causes proximal portal thrombosis and is
located within the perfusion defect (“shaded area”) (b).
Modified from Itai Y, Radiology 1997

periphery of the treated area, creating an APS
(Fig. 9). The majority of APSs resolve spontane-
ously within a few months as they are small and
peripherally located. In rare instances, when
APSs are centrally located, clinical symptoms
develop (Lee et al. 1997). There have been 30
reported cases of symptomatic intrahepatic APSs
following percutaneous liver biopsy. Hepatic
arterioportal fistulae can result in portal hyper-
tension secondary to arterial blood flowing
directly into the portal vein, bypassing the hepatic
sinusoids.

Iatrogenic APS is evident in contrast-enhanced
imaging as a peripheral fan-shaped, sharply mar-
gined THAD/THID as previously described.
5.1.3 Increase in Hepatic Arterial
Blood Flow
Increase in hepatic arterial blood flow can be
caused by tumour or inflammation. Almost all
hepatic tumours, including benign lesions such
as hemangiomas, are vascularized by the hepatic
artery (both hypervascular and hypovascular
tumours). The increase in hepatic arterial flow to
the tumour can also lead to an increase in
arterial flow to the adjacent parenchyma (“steal
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phenomenon”), responsible for THAD/THID
appearances (Gryspeerdt et al. 1997; Itai et al.
1995; Chen et al. 1999b). The most frequent

Fig. 13 THID and “shaded area” on MRI. T2-weighted
(a) and T1-weighted “in-phase” (b) and “out-phase” (c)
images demonstrating no definite focal lesions. The arte-
rial phase image (d) shows a hyperenhancing wedge-
shaped area (arrow), fully involving segment II. Within
this area is included a nodular HCC (arrowhead) which is

inflammatory causes of increase in the hepatic
arterial blood flow are cholecystitis or hepatic
abscess.

more evident only due to the washout on the portal and
delayed phases (e—f) and due to hypointensity on the hep-
atobiliary phase image (arrowhead) (g). Diffusion-
weighted image (h) reveals restriction (arrowhead) of the
nodule
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Fig. 13 (continued)

Fig. 14 Relationship
between the appearance
of a THAD/THID on
CT/MRI and the
modality of
reconstructions: 2D or
3D. Modified from Itai
Y, Radiology 1997
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5.2 Hepatic Outflow Disorders flow reduction which becomes hepatofugal, and

inversion of the pressure gradient between sinu-

Outflow disorders inducing a reduction in soids and the portal vein system; sinusoidal
hepatic vein flow can also be responsible for stasis stimulates adenosine secretion from hepa-
THIDs/THADs. The increase in sinusoidal pres-  tocytes with subsequent arterial vasodilatation
sure due to outflow blockade produces a portal and an increase in the arterial flow (Murata et al.
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1995). The main causes of outflow impairment
can be functional, such as right heart failure,
pulmonary hypertension, pericardial disease and
mediastinal fibrosis, or organic, such as
Budd—Chiari syndrome and sinusoidal obstruc-
tion syndrome (SOS). Complications of Budd-
Chiari syndrome and SOS are hepatomegaly,
portal hypertension, ascites, jaundice and then
cirrhosis (DeLeve et al. 2002).

A pathognomonic CT/MRI pattern of the out-
flow disorders is heterogeneous enhancement
after contrast media administration, with the typi-
cal “patchy pattern”, due to hyperdense/hyperin-
tense blood not diluted in the lobules and
hypodensity/hypointensity surrounding the por-
tal triad.

Patients with these hemodynamic changes can
frequently develop benign LRNs over time
(Vilgrain et al. 1999).

6 Hemangioma in Cirrhosis

Liver hemangiomas are the most common pri-
mary benign liver lesions; they are usually small
and are encountered in patients with a normal
liver, having an incidence as high as 20%
(Karhunen 1986). Hemangiomas are less fre-
quently seen in a cirrhotic background due to the
distorted architecture of a fibrotic liver
(Brancatelli et al. 2007, 2001; Duran et al. 2015).
Some authors have also demonstrated that hem-
angiomas can become smaller in a liver which is
developing cirrthosis (Duran et al. 2015;
Mastropasqua et al. 2004). The hallmark of a
hemangioma is excessive angiogenesis followed
by the regression and inhibition of new blood
vessel formation (Makhlouf and Ishak 2002).
The diagnosis of a cavernous hemangioma can be
obtained on MRI, identifying a very high SI on
T2-weighted images (equal to that of gallbladder
bile content or cerebrospinal fluid) combined
with the typical vascular pattern at dynamic CT/
MRI of discontinuous, peripheral, globular
enhancement at initial imaging in the arterial
phase, with progressive centripetal enhancement

in the portal and delayed phases (Fig. 15)
(Brancatelli et al. 2007). In cirrhosis, larger hem-
angiomas maintain the typical peripheral, discon-
tinuous nodular enhancement pattern and can be
diagnosed confidently (Itai et al. 1995). In fact,
Mastropasqua et al. (2004) have demonstrated
that the hallmarks of hemangiomas did not differ
in normal livers as compared to patients with
chronic liver disease or cirrhosis. Therefore, the
differentiation between hemangiomas and HCC,
even in cirrhotic livers is relatively easy since
dynamic contrast-enhanced imaging can show
the peripheral nodular enhancement, with subse-
quent central fill-in and sustained enhancement
of the delayed phases (Brannigan et al. 2004).

During the follow-up, in cirrhotic livers, hem-
angiomas can develop scarring, becoming more
fibrotic; they usually decrease in size and can be
difficult to correctly diagnose at imaging
(Brancatelli et al. 2007; Itai et al. 1995).

Therefore, the characterization of a lesion in a
cirrhotic liver, such as hemangiomas, should be
made with caution and only when classic imag-
ing features are detectable.

6.1 Fast-Filling Hemangiomas

An infrequent type of hemangioma is the “fast-
filling hemangioma”, also called ‘“capillary” or
“flash-filling” hemangioma. On imaging, unlike
the cavernous type, it shows complete and homo-
geneous enhancement during the arterial phase
without globular enhancement and without a cen-
tral fill-in pattern. In these cases, the diagnosis
can be uncertain and differentiating them from
HCC can be challenging (Jang et al. 2003).

On grey scale US, hemangiomas are hyper-
echoic but, in rare cases, especially in patients
with a fatty liver, they can appear isoechoic,
hypoechoic or even with a mixed echogenicity
(Yu et al. 2000).

The arterial phase of contrast-enhanced US
(CEUS) can be useful in showing the real-time
globular enhancement of fast-filling hemangio-
mas with very rapid central fill-in (Kim et al.
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Fig. 15 Cavernous hemangioma on MRI. T2-weighted
image (a) depicts a round strong hyperintense lesion at
segment VII (arrow), hypointense on T1-weighted images
(arrows) (b, ¢). Dynamic study after contrast administra-
tion shows the typical peripheral and globular enhance-

ment (arrows) (d, e) followed by a central enhancement
on the delayed phase (arrow) (f), with hypointensity dur-
ing the hepatobiliary phase (arrow) (g). Diffusion-
weighted image reveals evident diffusion restriction of the
lesion (arrow)
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2006; Jang et al. 2009a, b; Wilson et al. 2008).
However, an important limitation of this tech-
nique is that sometimes these pseudolesions can
show a mild washout during the portal or delayed
phases, caused by microbubble destruction due to
continuous ultrasound scanning (Bhayana et al.
2010).

On contrast-enhanced CT/MRI, both fast-
filling hemangiomas and small HCCs show
hypervascularity in the hepatic arterial phase.
However, hemangiomas demonstrate a strong
homogeneous enhancement analogous to that of
the aorta or other arterial vessels in the arterial
phase and similar to the portal vein during the
portal phase. Conversely, HCC usually exhibits a
milder enhancement during the arterial phase
coupled with the typical wash out of contrast
media during the portal and delayed phase images
(Galia et al. 2014).

On MRI, a typical pattern of all hemangiomas
is a strong hyperintensity on T2-weighted images
(the “light bulb sign”) useful in the differentia-
tion with HCC, which usually shows only a mild
hyperintensity (Tamada et al. 2011).

Therefore, the MRI key findings for the diag-
nosis of fast-filling hemangiomas are strong
hyperintensity on T2-weighted images and
enhancement parallel to that of the aorta in the
arterial phase, with persistent enhancement in the
delayed phase (Fig. 16) (Ronot et al. 2017). Other
imaging features can include the presence of
hepatic THIDs/THAD:s at its periphery due to the
sump effect (Fig. 17).

Smaller, fast-filling hemangiomas can be dif-
ficult to differentiate from small HCC in the HB
phase of MRI. (Doo et al. 2009; Goodwin et al.
2011; Francisco et al. 2014; Kim et al. 2016;
Dioguardi Burgio et al. 2016) since hemangio-
mas can exhibit a “pseudo-washout” in the transi-
tional and HB phases (20 min), with the lesion
appearing hypointense relative to the surround-
ing parenchyma due to the rapid uptake of
Gd-EOB-DTPA by the background parenchyma
(Doo et al. 2009). Radiologists should be aware
of this possibility while evaluating patients with

cirrhosis. However, the “pseudo-washout” phe-
nomenon of a hemangioma is more gradual than
the true washout in malignant tumours, and atten-
uation on CT images and SI on MRI typically
parallels the enhancement of the blood pool in all
phases of contrast enhancement, thus helping in
differentiating between hemangiomas and HCC
(Kim et al. 2016). The DWI sequences are also of
great help; the majority of hemangiomas have the
“T2 shine-through effect”, which refers to a high
signal on DWI which is not due to restricted dif-
fusion, but rather to a high T2 signal which
“shines through” to the DWI. The “T2 shine-
through effect” occurs because of the long T2
decay time in some normal tissue. However,
Duran et al. have shown that a T2 shine-through
effect is less common in flash-filling hemangio-
mas than in other hemangiomas (Duran et al.
2014).

6.2 Sclerosed Hemangiomas
Hemangiomas undergoing degeneration and
fibrous replacement are called sclerosed heman-
giomas (Brancatelli et al. 2009). Several imaging
findings of sclerosed hemangiomas have been
described in different series, such as the lack of
early enhancement, gradual and persistent mild
peripheral enhancement (Doo et al. 2009; Kim
et al. 2016; Brancatelli et al. 2009; Itai and Saida
2002) and mild hyperintensity on T2-weighted
images, much lower than typical hemangiomas
(Brancatelli et al. 2009). Other imaging features
include geographic margins, capsular retraction,
decrease in size over time, presence of hepatic
THIDs/THAD:s at their periphery and loss of pre-
viously seen regions of enhancement at follow-
up (Goodwin et al. 2011). However, these
imaging findings are non-specific and, therefore,
correct differentiation from malignant tumours is
difficult (Itai and Saida 2002); in the majority of
cases, sclerosed hemangiomas are diagnosed
only by pathologists after biopsy or surgical
excision.
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Fig. 16 Fast-filling hemangioma on MRI. T2-weighted
image (a) depicts a small strong hyperintense lesion at
segment VI (arrow), hypointense on T1-weighted images
(arrows) (b, ¢). Dynamic study after contrast administra-
tion shows complete and rapid filling-in (arrow) during

the arterial phase (d), persisting during the portal and
delayed phases (arrows in e, f) and hypointensity on the
hepatobiliary phase (arrow) (g). Diffusion-weighted
image (h) confirms evident diffusion restriction of the
lesion (arrow)
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Fig. 16 (continued)

Fig. 17 Fast-filling (or capillary) hemangioma with
peripheral THID and focal fat sparing area on
MRI. T2-weighted image (a) shows a small strong hyper-
intense lesion in segment VIII (arrow), hypointense on
T1-weighted images (arrows) (b, ¢), on the apex of a
wedge-shaped area (arrowhead) hyperintense on the
T1-weighted “out-of-phase” image (c¢) as compared to
adjacent hypointense steatotic parenchyma, appearing
isointense on the T1-weighted “in phase” image (b), char-
acteristic of a hemangioma with a peripheral focal fat-

sparing area. The dynamic study after contrast
administration shows complete and rapid filling-in of the
hemangioma (arrows) and hyperintensity of the peripheral
THID (arrowhead) during the arterial phase (d), persisting
during the portal and delayed phases (arrowheads) (e, f)
with hypointensity of the hemangioma (arrow) on the
hepatobiliary phase (g). Diffusion-weighted image (h)
reveals strong diffusion restriction of the hemangioma
(arrow)
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Fig. 17 (continued)

7 Pseudomass in Cirrhosis
and Chronic Portal Vein
Thrombosis (PVT)

When the main portal vein is obstructed by
thrombosis, many collaterals are gradually hyper-
trophied in order to provide a compensatory liver
inflow, forming the “cavernous transformation of
the portal vein”, also called “portal cavernoma”
(Chen et al. 2017). In the case of PVT, the “cen-
tral zone” of the liver parenchyma, close to the
hepatic hilum, preferentially receives the residual
portal venous flow by collaterals (via the para-
biliary venous system, peribiliary plexus and
proximal accessory branches of the main portal
vein) as compared to the peripheral liver which is
perfused to a lesser degree from a predominantly
arterial supply, which is thought to occur via
trans-sinusoidal arterioportal shunts (“zonal per-
fusion” theory). The central zone, including the

caudate lobe and perihilar hepatic parenchyma
gradually becomes relatively hypertrophic and
may simulate a mass-like lesion. Conversely, the
peripheral zone of the liver gradually becomes
atrophic, despite the arterial compensation. The
concept of “central” and “peripheral” zones may
also be of value in explaining the deformity of a
cirrhotic liver with portal hypertension since PH
may induce hemodynamic changes of portal flow
similar to those seen in portal cavernomas (Itai
et al. 1994).

These hemodynamic and morphologic
changes in chronic PVT determine the following
typical appearances on contrast-enhanced
CT-MRI imaging; the atrophic peripheral region
of the liver shows hyperenhancement in the arte-
rial phase, whereas the enlarged central zone dis-
plays hypoenhancement, mimicking a large
mass. In the delayed phase, the central zone
shows isoenhancement to the liver (Chen et al.
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2017) helping in the differential diagnosis with
true lesions. Magnetic resonance imaging with
hepatospecific contrast media can help in the dif-
ferential diagnosis of pseudomass in chronic
PVT which is isointense to the surrounding liver
in the HB phase as compared to true lesions, usu-
ally hypointense (Fig. 18).

8 Confluent Fibrosis

In cirrhotic livers, fibrosis can be diffusely or het-
erogeneously distributed (Galia et al. 2014). In
some cases, fibrosis can become focal and con-
fluent due to the coalescence of fibrous tissue,
with consequent development of large fibrous
scars (Ohtomo et al. 1993a, b). Confluent fibrosis
is more frequent in alcoholic cirrhosis and less
frequent in other etiologies, such as primary scle-
rosing cholangitis or autoimmune chronic hepati-
tis (Vilgrain et al. 2016).

Focal fibrosis is typically wedge-shaped,
with the base on the subcapsular region, radiat-
ing from the porta hepatis, frequently involv-
ing segments IV, VII or VIII, and associated
with capsular retraction or focal flattening
(retraction) of the hepatic capsule (Ohtomo
et al. 1993a, b) (Fig. 19). In approximately
15% of cases, the hepatic vessels can become
part of (“trapped”) the focal fibrosis, appearing
irregular but patent (Brancatelli et al. 2009).
The typical peripheral location of fibrosis can
be explained by the zonal perfusion changes
occurring in cirrhosis, as previously described
(Breen et al. 2004).

Ultrasound is widely used as a first-line imag-
ing modality in the evaluation of patients with
cirrhosis. However, measurements of liver echo-
genicity have shown poor accuracy in diagnosing
fibrosis (Mathiesen et al. 2002).

On CT, fibrosis appears as a wedge-shaped
region of hypoattenuation on unenhanced images,
persisting on the arterial and portal venous phases
which may gradually enhance in the delayed
phase. This feature is explained by the slow con-
trast accumulation in the extracellular compart-
ment characteristic of the fibrous tissue (Décarie
etal. 2011).

On MRI, fibrotic septa in cirrhotic livers
include reticulations surrounding regenerative
nodules leading to the typical “lace-lake pattern”.
These fibrous septa are hypointense on
T1-weighted images and hyperintense on
T2-weighted images and enhance at the equilib-
rium phase after gadolinium administration.
Usually, on contrast-enhanced MRI with extra-
cellular agents, unlike HCC, focal fibrosis does
not enhance during the arterial phase but can
slightly enhance during the portal phase and
highly enhance during the delayed phase (Fig. 19)
(Vilgrain et al. 2016).

In rare cases, focal confluent fibrosis can
mimic the appearance of an infiltrative HCC
(Ohtomo et al. 1993a, b) when it shows irregular
margins and mild enhancement on the arterial
phase of contrast-enhanced imaging.
Enhancement during the arterial phase could be
explained by the associated inflammation
(Goodwin et al. 2011), especially in the early
phase of its development in which confluent
fibrosis might not be associated with capsular
retraction (Fig. 20) (Galia et al. 2014; Francisco
et al. 2014). However, progressive enhancement
from the arterial to the delayed phases helps in
differentiating focal confluent fibrosis from infil-
trative HCC, which shows the typical washout
pattern (Ohtomo et al. 1993a, b). Magnetic reso-
nance imaging with HB agents is less useful than
MRI with extracellular contrast media in the dif-
ferential diagnosis of focal confluent fibrosis and
infiltrative HCC since, during the transitional (at
about 5 min from contrast media injection) and
the HB (at about 20 min) phases, both focal con-
fluent fibrosis and HCC are typically hypoin-
tense, the first due to the lack of hepatocytes and
the second due to degenerated hepatocytes. Other
MRI features could be helpful in differentiating
confluent fibrosis from HCC: mild hyperintensity
on T2-weighted images, although some HCCs
can show the same feature (Ohtomo et al. 1993a,
b), and a diffusion restriction in DWI, but with an
apparent diffusion coefficient (ADC) slightly
higher than that of HCC (Park et al. 2013).

Other imaging characteristics pointing
towards infiltrating HCC are contour bulging,
satellite nodules and neoplastic PVT (Dioguardi
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Fig. 18 Liver pseudomass in the presence of portal cav-
ernoma on MRI. T2- and T1-weighted images demon-
strating a pseudomass at the hepatic hilum (arrows),
hyperintense on the T2-weighted image (a) and hypoin-
tense on T1-weighted images (b, ¢) with hypertrophy of
segment I (arrowheads). The arterial (d), portal (e) and

delayed (f) phases confirm the presence of multiple
dilated vessels at the hepatic hilum (cavernous transfor-
mation of the portal vein (arrows). Hepatobiliary phase
(g) revealing hypointensity of the pseudomass at the
hepatic hilum (arrow) with no restriction on the diffusion-
weighted image (h)
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Fig. 19 Confluent fibrosis on MRI. T2-weighted image
(a) shows an irregular peripheral hyperintense area
(arrow) involving segments V and VI, hypointense on
T1-weighted images (b, ¢, arrows). Arterial phase (d)
showing no significant enhancement of this area, distorted

vessels at its periphery, and late enhancement (arrows) in
the portal-venous (e) and delayed (f) phases coupled with
hypointensity (arrow) on the hepatobiliary phase (g). A
typical mild restriction (arrow) of the entire area is shown
in the diffusion-weighted image (h)
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Fig. 20 Confluent fibrosis on MRI. T2-weighted images
(a) demonstrating an irregular strongly hyperintense area
largely involving segment VII (arrows), hypointense on
T1-weighted images (b, ¢, arrows). The dynamic study
shows hyperintensity of this area (arrows) during the arte-

rial (d) and portal (e) phases, with isointensity (arrow) in
the delayed (f) phase and hypointensity (arrow) during the
hepatobiliary (g) phase. Diffusion-weighted image (h)
reveals a strong diffusion restriction (arrow)
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Burgio et al. 2016; Park et al. 2013), all absent in
focal confluent fibrosis.

In the absence of these key features for dif-
ferentiating confluent fibrosis from HCC and
when the differential diagnosis remains uncer-
tain, image-guided biopsy is mandatory (Vilgrain
et al. 2016).

9 Focal Fatty Changes

Fatty liver disease is a pathological condition in
which triglycerides accumulate within the
cytoplasm of hepatocytes, due to an altered hepa-
tocellular lipid metabolism and a defect in free
fatty acid metabolic pathways (Brunt and
Tiniakos 2002; Angulo 2002). Fatty liver disease
usually does not get worse but, in the final evolu-
tion, it can cause scarring of the liver, which leads
to cirrhosis.

Two main conditions are responsible for this
aberrant fat accumulation: alcoholic liver disease
and non-alcoholic fatty liver disease (NAFLD)
related to insulin resistance and metabolic syn-
drome. Other less common causes of fat accumu-
lation are viral hepatitis, drug overuse, dietary
and nutritional abnormalities and congenital
disorders.

Typically, lipid accumulation affects the cen-
tre of the hepatic lobule, near the central vein,
and subsequently involves the peripheral zone,
near the portal triads (Brunt and Tiniakos 2002)
whereas, in advanced steatosis, the lipid accumu-
lation involves the entire hepatic parenchyma
(Scheuer and Lefkowitch 2000), frequently with
inhomogeneous distribution, resulting in the for-
mation of fat sparing areas (i.e. around the gall-
bladder, hepatic hilum, posterior edge of segment
IV) (Matsui et al. 1995).

Fat-sparing areas in diffuse steatosis involve
the same regions affected by focal fat accumula-
tion: most frequently the perivascular and sub-
capsular regions, hepatic hilum and along the
insertion of the falciform ligament (Hamer et al.
2006; Mathieu et al. 2001). This is explained by
the different blood supply of these regions where
portal flow is replaced by the third inflow (see
corresponding paragraph) (Itai and Matsui 1999).

The third inflow causes local hemodynamic
anomalies which produce focal tissue hypoxia;
the high insulin content in the parabiliary venous
system and right gastric vein predispose to the
accumulation of fat into hepatocytes in the terri-
tories perfused by these aberrant veins (Fig. 21).

Focal fatty deposition is often a simple diag-
nosis, due to some key imaging features, such as
fat content in characteristic areas, absence of
mass effect on adjacent structures of the liver,
contrast enhancement similar to those of the
hepatic parenchyma, irregular margins and geo-
graphic rather than a round-shaped configuration.
Fat sparing or local fat depositions are small
areas which are rarely confluent (Angulo 2002).

On US, fat-sparing areas are usually homoge-
nous hypoechoic zones within a bright liver
background and colour Doppler can reveal a hep-
atopetal flow in the lesion. Contrast-enhanced
ultrasound is helpful in confirming the benignity
of these findings, showing normal arterial and
portal perfusion in the surrounding parenchyma
(Nicolau and Brd 2004) and an early opacifica-
tion of small venous branches within the lesion,
during the arterial phase, caused by aberrant
splanchnic venous drainage. However, focal fat
depositions are homogeneously hyperechoic on
US, with normal arterial and portal perfusion as
compared to the adjacent liver parenchyma on
CEUS, as in fat-sparing areas.

On unenhanced CT, the diagnosis of a fatty
liver is based on a liver density lower than 40
hounsfield units (HU) (Boyce et al. 2010) or an
attenuation difference higher than 10 HU between
the spleen and the liver (Alpern et al. 1986). Liver
parenchyma hypoattenuation relative to the liver
vasculature establishes the presence of moderate
to severe fatty liver disease (Hamer et al. 2006).
On portal phase contrast-enhanced CT, an attenu-
ation difference greater than 25 HU between the
spleen and the liver suggests fatty liver deposi-
tion (Fig. 22) (Alpern et al. 1986). However,
focal fat sparing appears as a hyperdense area in
a steatotic background, but with normal HU and
with absent mass-effect on the adjacent vessels.

On MRI, focal fat sparing areas appear isoin-
tense to the liver parenchyma on “in-phase”
T1-weighted images and hyperintense on
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Fig.21 Focal fat-sparing area on MRI. T1-weighted “in-
phase” (a—¢) and “out-phase” (d-f) images in different
planes. In T1-weighted “out-of-phase” images (d—f), a
hepatic dropout of signal intensity of the entire liver with

“out-phase” TI-weighted images (Fig. 23).
Nevertheless, focal fat depositions on
T1-weighted images show a significant loss of SI

a focal hyperintense area (arrows) in segments VIII, V and
1V, characteristic of a focal fat sparing area adjacent to the
gallbladder

on “out-phase” as compared to “in-phase”
images, due to chemical shift artefacts (Hamer
et al. 2006). Moreover, focal fat accumulation is
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Fig. 22 Geographic steatosis on CT. Unenhanced CT (a)
revealing geographic hypodense areas involving segments
V, IV and III (arrow), with persistent mild hypodensity

not hyperintense on DWI, thus confirming its
benignity (Fig. 24).

A rare pattern of fatty deposition is that, in the
perivascular areas, surrounding vessels, such as
portal vein branches or central hepatic venules,
appear as tram-like or ring-like fatty lesions,
depending on imaging plans. Ring-like fatty
deposition can mimic metastases or HCC (Hamer
et al. 2006). A diagnosis regarding the evaluation
of Tl-weighted “in-phase” and ‘“out-phase”
images can easily be achieved.

Another pattern is the subcapsular fat deposi-
tion which may appear as a confluent fat area
confined in the peripheral zone or sometimes
appearing as small fatty nodules (Hamer et al.
2006). The subcapsular pattern may be idiopathic
or may be related to the use of insulin added to
the peritoneal dialysate in patients with insulin-

(arrows) during the portal (b) and delayed (c) phases,
characteristic of geographic steatosis

dependent diabetes and renal failure (Sohn et al.
2001; Khalili et al. 2003). In these patients, insu-
lin promotes the esterification of free fatty acids
into triglycerides, especially in subcapsular hepa-
tocytes, because they are exposed to a higher
insulin concentration. A patient’s clinical history
should be helpful in achieving a correct
diagnosis.

The last rare pattern of fat deposition is multi-
focal fat infiltration, also known as “multinodular
hepatic steatosis” (Prasad et al. 2005). Round
foci of fat deposition are disseminated within the
liver, also in atypical regions, mimicking true
hepatic nodules (Kroncke et al. 2000; Kemper
et al. 2002). A differential diagnosis can be chal-
lenging in cases of a patient with a known history
of malignancy. Moreover, in addition to liver
metastases, other differential diagnoses on US
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Fig. 23 Focal fat-sparing area on MRI. T2-weighted (a)
and T1-weighted “in phase” (b) images demonstrating no
focal lesions. T1-weighted “out-of-phase” (c¢) image
shows a focal hyperintense area at the typical location in
segment IV (arrow) on the background of a diffuse liver

dropout of the signal. Dynamic study after contrast
administration showing no alteration during the arterial
(d), portal (e), delayed (f) and hepatobiliary (g) phases.
Diffusion-weighted image (h) revealing no signal
restrictions
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Fig. 24 Focal steatosis on MRI. T2-weighted image (a)
depicts a focal hyperintense area in segment IV (arrow).
T1-weighted images showing isointensity to the adjacent
parenchyma on the “in-phase” image (b) and hypointen-
sity of the focal area (arrow) on the “out-of-phase” image
(¢). Dynamic study after contrast administration does not

show signal alteration during the arterial (d), portal (e)
and delayed (f) phases, and isointensity to the adjacent
parenchyma during the hepatobiliary phase (g). Diffusion-
weighted image (h) confirms the absence of diffusion
restriction in the area of the focal steatosis
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and CT include lymphoma, sarcoidosis,
abscesses, candidiasis, hemangiomatosis and
biliary hamartomas. Magnetic resonance imag-
ing is valuable for the correct differential diagno-
sis of fat deposition in oncological patients, due
to the possibility of identifying microscopic fat
within the lesions using T1-weighted images
exploiting chemical shift artifacts. Moreover, the
stability in size of these pseudolesions in the fol-
low-up could indicate the exact diagnosis. In cir-
rhotic patients, multifocal fat deposition often
corresponds to the fat degeneration within multi-
ple RNs.
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