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Learning Objectives

e To know MR techniques useful to quantify liver ste-
atosis and fibrosis

e To recognize the characteristic and atypical
contrast-enhancement pattern of hepatocellular
carcinoma

e To discuss the MR imaging appearance of focal
lesions in the cirrhotic liver and the use of the stan-
dardized reporting system LI-RADS

* To learn about HCC mimics and diffuse vascular
liver disease causing liver parenchyma alteration

21.1 Cirrhosis

21.1.1 Imaging of Pre-stages of Cirrhosis

With the growing epidemics of diabetes, obesity, and meta-
bolic syndrome, the prevalence of nonalcoholic fatty liver
disease (NAFLD) is rising worldwide. NAFLD has become
one of the most common causes of chronic liver disease. It is
commonly classified into two phenotypes, nonalcoholic fatty
liver (NAFL) and nonalcoholic steatohepatitis (NASH). The
need for noninvasive screening and monitoring protocols
with imaging as an alternative to liver biopsy to define thera-
peutic targets and treatment end points in NASH is emerging
with growing burden of NAFLD. Significant advances in
magnetic resonance imaging (MRI) allow quantification of
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hepatic steatosis by measuring the proton-density fat fraction
(PDFF) of MRI-visible protons bound to fat divided by all
protons in the liver (bound to fat and water) with chemical
shift imaging. The technique acquires multiple images at
echo times optimally spaced for fat and water separation and
T2* signal decay correction. Several studies proved that
MRI-PDFF is a robust, quantitative, accurate, and reproduc-
ible noninvasive biomarker for the assessment of NAFLD
[1-4].

The next step in the cascade of diffuse liver disease is the
development of liver fibrosis commonly on the basis of ste-
atohepatitis or hepatitis B or C. Quantification of hepatic
fibrosis is either possible with ultrasound (US)-based or MR
elastography (MRE). MRE can be accomplished with most
MR scanners by adding hardware to generate mechanical
waves. Increased rigidity caused by collagen deposition can
be visualized by modified phase-contrast pulse sequences.
The stiffness generated from the wave propagation informa-
tion can be depicted on cross-sectional elastogram images.
Several studies have demonstrated a high diagnostic accu-
racy of MRE (AUC 0.90-0.98, 95% CI 0.84-0.94) for iden-
tifying clinically significant fibrosis (stage 2 or higher)
(Fig. 21.1) with advantages of MRE over US-based elastog-
raphy [5-9].

21.1.2 Imaging of Cirrhosis

Cirrhosis as a common endpoint of chronic liver disease is
characterized by progressive fibrosis of the liver parenchyma
with ongoing regeneration. Cirrhosis is most commonly the
result of hepatitis B and C or chronic alcoholism; other
causes are metabolic, biliary, and cryptogenic diseases. At an
early stage of cirrhosis, the liver may appear normal. With
disease progression, heterogeneity and surface nodularity
are observed. Because of the unique ability of the liver to
regenerate in cirrhosis, the liver harbors a spectrum of hepa-
tocellular nodules, most of which are regenerative. Due to
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Fig. 21.1 Imaging pre-stages of cirrhosis. 53-year-old male patient
with chronic hepatitis C, genotype C. Histology proved moderate
inflammatory activity (METAVIR A2) and portal fibrosis (METAVIR
F3, Ishak 4). (a) Axial T1-weighted post-contrast magnetic resonance
(MR) image in the portal venous phase does not show features of liver
cirrhosis. No signal drop of the liver parenchyma is observed from the
in-phase (b) to the out-of-phase gradient-dual-echo sequence (c).

the ongoing distortion of the liver parenchyma, the liver sur-
face appears smooth, nodular, or lobular in most of the cases.
Caudate lobe hypertrophy is the most characteristic morpho-
logic feature of liver cirrhosis [10]. Alteration of blood flow
results in typical morphologic abnormalities such as seg-
mental hypertrophy involving the lateral segments of the left
lobe (segment 2, 3) and segmental atrophy affecting the right
lobe (segment 6, 7) and medial segment of the left lobe (seg-
ment 4). Other typical findings include enlargement of hilar
periportal space, the right posterior notch sign, and general-
ized widening of the interlobar fissures. Less typical distri-
bution of segmental atrophy and hypertrophy is seen in
primary sclerosing cholangitis, where the distribution fol-
lows in part the distribution of the bile duct involvement,
and, for example, atrophy of segments 2 and 3 or 5 and 7
may be seen. In 25% of cirrhosis, the liver shape and contour
appears normal on CT or MR

Lymph adenopathy can appear in the liver hilum and peri-
pancreatic region, which may mimic neoplastic lymph
nodes, if the lymph nodes are large. Portal hypertension due
to increased vascular resistance at the level of the hepatic
sinusoids causes complications such as ascites and develop-

(d) Axial proton-density fat fraction map from a gradient multi-echo
sequence with automated liver segmentation showed normal liver fat
content (mean + SD: 5.0 + 0.8%). (e) Diffusion-weighted axial image
with a b-value of 800 s/mm? shows increased signal of the liver paren-
chyma. (f) Stiffness map from MR elastography demonstrated increased
stiffness of 4.9 + 0.6 kPa corresponding to advanced fibrosis

ment of portosystemic shunts at the lower end of the esopha-
gus and at the gastric fundus, via periumbilical veins and left
gastric vein. Other shunts include splenorenal collaterals,
hemorrhoidal veins, and abdominal wall and retroperitoneal
collaterals [10]. These collateral veins are seen as enhancing
tortuous vessels. The typical nodular liver contour and liver
shape of cirrhosis as well as its vascular complications can
be seen on ultrasound, CT, or MRI. MRI very well depicts
fibrotic bands between regenerative nodules as T2 hyperin-
tense and progressively or delayed enhancing structures.

21.2 Focal Lesions in Cirrhotic Liver
21.2.1 Regenerative Nodules

Regenerative nodules are present in a cirrhotic hepatic envi-
ronment surrounded by fibrous septa and result from con-
tinuous injury to the liver parenchyma resulting usually in
cirrhosis. They play a role in the stepwise carcinogenesis of
HCC, most frequently through dedifferentiation, which
occurs in the following order: regenerative nodule, low-
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grade dysplastic nodule, high-grade dysplastic nodule, and
HCC. Most regenerative nodules do not progress in the
dedifferentiation process. They are macronodular (>9 mm)
or micronodular (3-9 mm). MR imaging demonstrates
regenerative nodules with greater sensitivity than other
imaging modalities; these nodules are visualized in only
25% of unenhanced CT scans and approximately in 50% of
MR images [11]. Regenerative nodules are usually iso- to
hypointense on T2-weighted images. Variable signal inten-
sity on T1-weighted images is due to lipid, protein, or copper
content leading to a T1-weighted hyperintense appearance or
iron deposition in the so-called siderotic nodules leading to a
hypointense appearance on T1-weighted images. The most
usual appearance on T1-weighted images is isointense.
Using extracellular gadolinium-containing contrast agent,
regenerative nodules appear hypointense in the arterial and
portal venous phase and isointense during equilibrium and
delayed phases. After administration of hepatobiliary-
specific contrast material, regenerative nodules enhance to
the same degree as adjacent liver because they have normal
hepatocellular and phagocytic functions [12].

21.2.2 Dysplastic Nodules

Dysplastic nodules are regenerative nodules that contain
atypical hepatocytes, measuring at least 1 mm, not meeting
histologic criteria for malignancy. They are classified as low-
or high-grade dysplastic nodules. High-grade dysplastic
nodules are considered premalignant and are characterized
by moderate cytologic and architectural atypia to a degree
insufficient to render a diagnosis of HCC. The differentiation
between a regenerative nodule and a low-grade dysplastic
nodule is difficult due to similar appearance on MRI with
iso- to hypointense appearance on T2-weighted images and
iso- or hyperintense appearance on T1-weighted images.
Dysplastic nodules are rarely detected on CT. Dysplastic
nodules usually are hypovascular and do not show hyperen-
hancement with extracellular contrast agents. In high-grade
dysplastic nodules, arterial vascularization can increase lead-
ing to arterial hyperenhancement on imaging. Using
hepatocyte-specific MR contrast agents, dysplastic nodules
show variable signal intensity in the hepatocyte-specific
phase. With progressing dedifferentiation, the nodules lose
their ability to take up the hepatocyte-specific contrast agent
(Gd-EOB-DTPA) and appear hypointense in the hepatobili-
ary phase. These hepatobiliary hypointense dysplastic nod-
ules may be mistaken for HCC. Dysplastic nodules may also
instead lose the ability to excrete the hepatocyte-specific
contrast agent and appear iso- or hyperintense on hepatobili-
ary phase images. Hypovascular cirrhotic nodules with
hypointense appearance in the hepatobiliary phase carry a
significant risk of transforming into hypervascular HCC with

a pooled overall rate of 28% (95% Cl, 22.7-33.6%). The size
of the hypovascular nodule is a second risk factor for hyper-
vascular transformation with nodules >9 mm in size show-
ing a higher risk [13].

The earliest definitive sign of dysplastic nodule dediffer-
entiation is the “nodule within a nodule” appearance which
is a dysplastic nodule harboring a focus of HCC, occurring in
approximately 6% of patients with dysplastic nodules.
However, it is believed that the majority of dysplastic nod-
ules do not progresses to an HCC.

21.2.3 Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is the fifth most common
cancer worldwide, and its incidence is rising occurring most
frequently in patients with cirrhosis or chronic viral hepati-
tis. HCC occurs as a solitary lesion (in half of the cases) and
as multiple lesions or diffuse. It differs from most malignan-
cies because it is commonly diagnosed on the basis of imag-
ing features alone without histological confirmation in the
setting of cirrhosis. A multiphasic contrast material-enhanced
study is used (either CT or MR imaging) to set the radiologic
diagnosis of HCC. The nodules that are suspicious for HCC
during surveillance are new nodules that measure more than
1 cm or nodules that enlarge over a time interval. Following
hepatocarcinogenesis, regenerative nodule dedifferentiates
to dysplastic nodules and then to hepatocellular carcinoma.
The vascular supply of HCC is mainly arterial though neoan-
giogenesis supplied by abnormal, unpaired hepatic arteries.
Characteristically, HCC enhances during the arterial phase
because of its blood supply. In the portal venous and equilib-
rium phase, the surrounding liver parenchyma becomes rela-
tively hyperattenuated, and the lesion is perceived to be
hypoattenuated because of its lack of portal venous supply
corresponding to the so-called washout effect (Fig. 21.2).
The third characteristic feature is pseudocapsule enhance-
ment in the equilibrium phase. The diagnosis of HCC can be
made from a single imaging study when this characteristic
enhancement patterns—that is, arterial phase hyperenhance-
ment and venous or delayed phase washout—are present.
These noninvasive criteria can only be applied to cirrhotic
patients [14]. About 70% of HCCs show these characteristic
enhancement features of hypervascular HCCs, while the
other 30% either do not show washout appearance or are
hypovascular HCCs. When looking at HCCs 1 cm in size or
less, only about 47% show typical enhancement features.
When using Gd-EOB-DTPA, about 90% demonstrate
hypointensity on hepatobiliary phase images and 10% dem-
onstrate iso- or hyperintensity. Especially in hypovascular
HCCs, which are difficult to diagnose with extracellular con-
trast agents, the hepatocyte-specific contrast agent
(Gd-EOB-DTPA) is useful. Among the hypovascular HCCs,
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Fig. 21.2 Multifocal HCC. 69-year-old patient with biopsy-proven
metabolic toxic liver cirrhosis. (a) Axial T2-weighted magnetic reso-
nance image demonstrates an iso- to slightly hyperintense lesion in the
caudate lobe and multiple confluent lesions in the left liver lobe (white

arrow) with early enhancement in the arterial phase (b) and washout
with peripheral enhancement (pseudocapsule appearance) in the equi-
librium phase (c). With the typical appearance, the lesions can be cate-
gorized as LI-RADS 5 lesions

Fig. 21.3 Hypovascular HCC. 60-year-old male patient with chronic
hepatitis B and Child C cirrhosis. Initial imaging study (a—c) showed a
focal hypovascular lesion (arrow) in liver segment 5 and 8 without con-
trast enhancement (Gd-EOB-DTPA) in the arterial (a), portal venous

97% demonstrate hypointensity on hepatobiliary phase
images (Fig. 21.3) [15]. In dynamic phases the contrast
enhancement of typical, hypervascular HCCs with
hepatocyte-specific contrast agent is comparable to extracel-
lular contrast agents. In delayed phase (2—4 min after con-
trast administration), the washout may appear more
pronounced because the surrounding liver parenchyma pro-
gressively takes up the contrast agent. The pseudocapsule
appearance may be less visible due to background liver
enhancement.

(b), and hepatocyte-specific phase (¢) consistent with an atypical hypo-
vascular HCC. No treatment was performed, and the follow-up study
3 months later (d—f) shows progression of the tumor (arrow) with inva-
sion into the portal vein

21.2.4 Cholangiocellular Carcinoma

Intrahepatic cholangiocellular carcinoma (ICC) is the second
most common primary hepatic tumor and accounts for
10-20% of all primary hepatic tumors. Recently, cirrhosis
and viral hepatitis C and B have been recognized as risk fac-
tors for cholangiocarcinoma, especially for the intrahepatic
type [16]. Radiologic features of cholangiocarcinoma such
as progressive contrast enhancement from arterial to venous
and late phase and arterial or both arterial and venous rim
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enhancement can help differentiate ICC from HCC in the
cirrhotic liver [17] (Fig. 21.4). Mixed hepatocellular cholan-
giocarcinoma has emerged as a distinct subtype of primary
liver cancer [16, 18]. A strong enhancing rim and irregular
shape on gadoxetic acid-enhanced MRI favors mixed
hepatocellular-cholangiocellular carcinoma, and lobulated
shape, weak rim and targeted appearance favors a mass-
forming intrahepatic cholangiocarcinoma [16, 19].

21.2.5 Standardized Reporting Approach

Given the spectrum of focal liver lesions in stepwise hepato-
carcinogenesis ranging from regenerative nodules to poorly
differentiated HCC and the overlap in imaging features
between the different steps, a definite diagnosis of a benign
or malignant lesion in the cirrhotic liver is often not possible.
Furthermore, a great variety in nomenclature of imaging fea-
tures of cirrhotic nodules is used. To overcome these difficul-
ties, the Liver Imaging Reporting and Data System
(LI-RADS) has recently been developed, which is a compre-
hensive system for standardized interpretation and reporting
of computed tomography (CT) and magnetic resonance
(MR) examinations performed in patients at risk for HCC. It
uses a standardized nomenclature and provides a diagnostic
algorithm that uses imaging features to categorize the obser-
vations seen in patients at risk for HCC along a spectrum

from benign to malignant. Liver lesions in these patients are
rated for their risk of being an HCC. LI-RADS 1 category
observations are those that demonstrate imaging features
diagnostic of a benign entity, e.g., cyst and hemangioma.
LI-RADS 2 category observations are those that are proba-
bly benign, such as a hemangioma with an atypical enhance-
ment pattern or a probably benign cirrhotic nodule. Major
features including arterial-phase enhancement, lesion diam-
eter, washout appearance, capsule appearance, and threshold
growth are imaging features used to categorize LI-RADS 3
(indeterminate probability of HCC), LI-RADS 4 (probably
HCC), and LI-RADS 5 (definitely HCC) lesions. LI-RADS
5 lesions have typical imaging features diagnostic for HCC
(Fig. 21.2) [20].

21.3 Diffuse Vascular Liver Disease
21.3.1 Arteriovenous Shunts

Intrahepatic arterioportal shunts are communications
between the hepatic arterial system and a portal vein or
between hepatic arteries and hepatic veins which can be
either at the level of the trunk, sinusoids, or peribiliary
venules. In a cirrhotic liver, they can occur spontaneously,
represent pseudolesions, and subsequently resolve.
Secondary shunts may be posttraumatic, postbiopsy, or

Fig.21.4 Cholangiocellular carcinoma in cirrhosis. 63-year-old male
patient with chronic hepatitis C and Child A cirrhosis. (a) Axial
T2-weighted magnetic resonance (MR) image shows features of cir-
rhosis with a focal hyperintense mass in the liver segment 2/4a with
inhomogeneous signal intensity. (b—e) Corresponding axial gradient-
echo T1-weighted images acquired before and after administration of
hepatocyte-specific contrast agent (Gd-EOB-DTPA): (b) on pre-

contrast image, the lesion is hypointense; (¢) in the arterial phase, the
lesions shows rim enhancement, which persists in the portal venous
phase (d); (e) in hepatocyte-specific phase, the lesion is hypointense. (f)
Axial-fused image of fluoro-18-deoxyglucose (FDG) positron-emission
tomography and computed tomography shows peripheral FDG uptake
favoring cholangiocellular carcinoma over hepatocellular carcinoma,
which was histologically confirmed
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instrumentation. On imaging they appear as small, periph-
eral, nonspherical enhancing foci, which become isoattenu-
ating to the liver in the portal venous phase. It may be
difficult to distinguish an arterioportal shunt from a small
hepatocellular carcinoma. Repeating imaging after 6 months
usually helps distinguishing these entities and demonstrates
resolution or stability of an arterioportal shunt or growth of
an HCC.

21.3.2 Portal Venous Thrombosis

A thrombus in the portal vein can be either bland or through
venous invasion from adjacent malignancies. Several causes
lead to thrombosis of the portal vein system such as cirrho-
sis, hypercoagulable states, trauma, or abdominal tumors
[21]. Disruption of the portal venous endothelium can occur
in intra-abdominal inflammatory processes such as chronic
inflammatory bowel disease, schistosomiasis, and pylephle-
bitis leading to portal venous thrombosis [11]. After acute
occlusion numerous periportal collaterals can develop
within 6-20 days even if partial recanalization of the throm-
bus develops, representing cavernous transformation of the
portal vein [22] (Fig. 21.5), also known as portal cavernoma
(PC). At ultrasound it appears as a mass of veins in the porta
hepatis with hepatopetal flow that lacks the normal respira-
tory variation of the portal vein [21, 22]. PC represents a
portoportal collateral pathway that substitutes for a throm-
bosed portal vein. The veins are usually insufficient to
bypass the entire splenomesenteric inflow, and signs of por-
tal hypertension such as splenomegaly frequently coexist
[23]. On contrast-enhanced CT or MR scans, inhomoge-

neous, peripheral, patchy areas of high attenuation can be
seen during the hepatic arterial phase. This pattern of perfu-
sion occurs because the central regions of the liver are better
supplied by the cavernous portal vein than are the peripheral
regions; therefore, a peripheral increase in arterial inflow
develops [23]. Portal biliopathy (PB) is defined as the pres-
ence of biliary abnormalities in patients with non-cirrhotic/
nonneoplastic extrahepatic portal vein obstruction (EHPVO)
and PC (Fig. 21.5). The pathogenesis of PB is due to the
compression of bile ducts by PC and/or to ischemic damage
secondary to an altered biliary vascularization in EHPVO
and PC [24].

21.3.3 Budd-Chiari Syndrome

Budd-Chiari syndrome is defined as lobar or segmental
hepatic venous outflow obstruction at the level of the inferior
vena cava (IVC, type 1) or at the level of the hepatic veins
(type 2) or occlusion of small centrilobular veins (type 3).
Primary causes include congenital causes such as webs and
diaphragms, outflow obstruction at the level of the right
atrium, injury, and infection. Rarely the outflow obstruction
may be due to mass effects from hepatic mass-forming malig-
nancies. Secondary causes most commonly are thrombotic
including obstruction after chemotherapy or radiation and
hypercoagulability state due to oral contraceptive use, preg-
nancy, or polycythemia. The imaging findings are variable
and depend on the disease state. Characteristic findings
include hepatic venous outflow obstruction. In the acute state,
the IVC and/or hepatic veins may appear hyperattenuating on
unenhanced CT images because of the increased attenuation

Fig.21.5 Chronic portal venous thrombosis with cavernous transfor-
mation. 16-year-old male patient with Faktor-V-Leiden mutation and
history of omphalitis with portal vein thrombosis since infancy. Coronal
(a) and axial (b) T1-weighted contrast-enhanced magnetic resonance
(MR) images in the portal venous phase demonstrate cavernous trans-

formation of the portal vein with serpentine-like vessels in the porta
hepatis and splenomegaly. In addition, dilated intra- and extrahepatic
bile ducts (arrows) are noted caused by stenosis of the distal hepatocho-
ledochal duct probably due to the varices in the porta hepatis (the so-
called portal biliopathy)
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Fig. 21.6 Budd-Chiari syndrome. 48-year-old female patient with
chronic primary immunothrombocytopenia. (a) Axial Tl-weighted
magnetic resonance image in portal venous phase and (b) axial CT
image in portal venous phase show a filling defect in the thrombosed

of a thrombus. On contrast-enhanced CT or MRI, a vascular
filling defects due to thrombotic material, reduction of hepatic
vein caliber, missing connection between hepatic veins, and
IVC can be present, or hepatic veins may not be visible at all.
In the acute phase, diminished enhancement of the liver
periphery and accentuated enhancement of central liver parts
and caudate lobe are seen. Later on peripheral liver enhance-
ment becomes heterogeneous as disorganized, comma-
shaped intrahepatic collateral veins and systemic collateral
veins develop. Large regenerative nodules in a dysmorphic
liver are frequent findings in longer-standing venous outflow
obstruction. These regenerative nodules appear hyperintense
on hepatobiliary phase images after administration of a hepa-
tocyte-specific contrast agent. Hypertrophy of the caudate
lobe with variation in attenuation due to separate venous
drainage should not be interpreted as a tumor [25]. Figure 21.6
shows an example of acute Budd-Chiari syndrome.

21.3.4 Passive Hepatic Congestion

Passive hepatic congestion is due to chronic right-sided heart
failure which leads to stasis of blood within the liver paren-
chyma. An enlarged, heterogeneous liver may be seen as a
manifestation of acute or early cardiac disease. Early arterial
enhancement of the dilated IVC and central hepatic veins is
caused by reflux of contrast material from the right atrium
into the IVC. A heterogeneous, mottled mosaic pattern of
enhancement is present in the parenchymal phase, a condi-
tion also known as “nutmeg” liver. In long-standing disease,
progressive cellular necrosis results in a small cirrhotic liver.

middle and right hepatic vein (arrow) and normal left hepatic vein
(arrow head). (a, b) Diminished peripheral contrast enhancement is
seen in the right liver lobe due to acute venous occlusion

Key Points

e MR elastography can accurately diagnose clinically
significant hepatic fibrosis.

* Hypovascular cirrhotic nodules with hypointense
appearance on hepatobiliary phase images carry a
significant risk of transformation into a hypervascu-
lar HCC.

e The diagnosis of HCC in cirrhotic patients can be
made from a single imaging study when character-
istic enhancement patterns—that is, arterial phase
hyperenhancement and venous or delayed phase
washout—are present.

* The presence of arterial or both arterial and venous
rim enhancement can help differentiate intrahepatic
cholangiocarcinoma from HCC in the cirrhotic
liver.

e LI-RADS provides a diagnostic algorithm that uses
imaging features to categorize the observations
seen in patients at risk for HCC along a spectrum
from benign to malignant.

e It may be difficult to distinguish an arterioportal
shunt from a small hepatocellular carcinoma.
Repeating imaging after 6 months usually helps dis-
tinguishing these entities.

e Budd-Chiari syndrome is a heterogeneous group
of disorders characterized by hepatic venous out-
flow obstruction at the level of the hepatic veins,
the inferior vena cava (IVC), or the right
atrium [26].
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