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Diffuse Liver Disease

David Bowden and Cécilia S. Reiner

Learning Objectives

* To know MR techniques useful to quantify liver ste-
atosis, iron overload, and fibrosis.

* To learn about less common liver storage diseases.

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

e Learn about diffuse vascular liver disease causing
liver parenchyma alteration.

6.1 Metabolic and Storage Diseases

6.1.1 Steatosis

Non-alcoholic fatty liver disease (NAFLD) represents a
global epidemic which is now estimated to affect up to 25%
of the world’s adult population. Approximately 1 in 5
patients with NAFLD will develop non-alcoholic steato-
hepatitis (NASH), soon expected to overtake viral hepatitis
as the leading cause of cirrhosis worldwide [1]. Non-
invasive assessment of NAFLD is therefore of increasing
importance given the limitations and risks associated with
liver biopsy, in order to enable the diagnosis and monitor-
ing of affected individuals. Although unenhanced com-
puted tomography (CT) may allow the identification of
individuals with moderate to severe steatosis, a threshold of
48 Hounsfield Units (HU) being highly specific for its
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detection, given the associated radiation burden it is an
impractical modality for large-scale monitoring and may be
confounded by the co-existence of other materials such as
iron [2] (Fig. 6.1). However, advances in magnetic reso-
nance imaging (MRI) have enabled a more comprehensive
assessment of steatosis. The most widely utilized technique
is that of dual gradient-echo imaging, in which images are
acquired with fat and water proton signals being either “in-
phase” or “out-of-phase,” the latter usually being acquired
first. Voxels containing both fat and water appear relatively
hypointense in the “out-of-phase” images due to signal
cancellation, a result of the differing precession frequen-
cies of fat and water protons, thereby enabling the identifi-
cation of either diffuse or geographic steatosis within the
parenchyma (Fig. 6.2).

However, while this may be a useful technique for the
subjective assessment of steatosis, multiple confounding
factors—including T2* decay, of particular importance if
iron overload is present—Ilimit its use for the reliable quanti-

Fig. 6.1 Unenhanced CT image of severe steatosis demonstrating
hepatic attenuation more than 10HU less than the spleen, and far below
the proposed threshold of 48HU for moderate-severe steatosis
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Fig.6.2 Dual gradient-echo T1-weighted images of severe steatosis. (a) Out-of-phase image demonstrating marked liver parenchymal signal drop

when compared with the in-phase image (b)

fication of fat and have led to the development of more com-
plex sequences which account for these factors. Each major
MR vendor has developed variations of a rapid breath-hold
multi-echo technique which enables the measurement of
the proton density fat fraction (PDFF)—defined as the frac-
tion of mobile triglyceride protons relative to those of water
(IDEAL IQ/GE, mbDixon-Quant/Philips, and Multiecho
VIBE Dixon/Siemens). Using a derived map, measurement
of PDFF values is as simple as drawing an ROI within the
parenchyma, allowing for variations in fat distribution, with
proposed intervals for histological steatosis grading being
grade 0 (normal, 0-6.4%), grade 1 (mild, 6.5-17.4%), grade
2 (moderate, 17.5-22.1%), and grade 3 (severe, 22.2% or
greater)—Fig. 6.3. PDFF values using this technique have
been well validated as a biomarker of steatosis, including
when compared with histopathological and MR spectros-
copy results [3].

6.1.2 Iron Overload

Due to the formation of free radicals, excess iron accumula-
tion within body tissues is toxic and may result in organ
damage—in particular to the liver, heart, and pancreas. It
arises most commonly from either excessive intestinal
absorption (e.g., hereditary hemochromatosis, iron supple-
mentation) or chronic blood transfusions (e.g., patients with
hemoglobinopathies or other red cell disorders). In the case
of the latter, a form of hemosiderosis, iron accumulates pre-
dominantly within the reticuloendothelial system of the liver
and other organs and while its measurement is required as
part of the monitoring of therapy, is less damaging to the
liver than to other organs such as the heart. As a result of
abnormal metabolism, the presence of chronic liver disease
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Fig. 6.3 Severe steatosis. Proton density fat fraction (PDFF) map
derived using the multi-echo IDEAL IQ (GE) technique. ROI place-
ment avoiding major vessels provides a simple percentage of fat within
the parenchyma, in this case 34%

LN

in itself, arising from NAFLD, alcohol-related liver disease
or other causes, may also lead to iron accumulation which
can further accelerate disease progression [4]. Evaluation of
hepatic iron is therefore of importance in both the diagnosis
and monitoring of patients at risk of iron overload.

While liver biopsy has historically represented the gold
standard for its assessment, non-invasive methods such as
MRI which are also less prone to sampling error are desir-
able. In addition, iron may not be distributed evenly through-
out the liver parenchyma and pathological methods used in
its precise quantification result in the destruction of speci-
mens, precluding histological analysis. The presence of iron
particles within tissues results in tiny inhomogeneities
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within the magnetic field, leading to rapid dephasing of pro-
tons, shortening of T1, T2, and T2* relaxation times and
therefore an increase in R2*, the rate of T2* relaxation.
During the acquisition of dual gradient-echo images as pre-
viously described, signal loss is therefore visible in the sec-
ond, in-phase acquisition and a qualitative assessment of
iron overload is possible (Fig. 6.4). The presence of con-
comitant steatosis, which results in signal loss in the first
(out-of-phase) image, will however confound the appear-
ance and more sophisticated techniques are required for for-
mal quantification. While a full review is beyond the scope
of this chapter, techniques such as those already described
for steatosis quantification also allow the calculation of iron
content. Multipoint Dixon techniques such as IDEAL-IQ
(GE) not only provide a PDFF map in a single breath hold,

but also a simultaneous R2* map upon which ROIs can be
placed to calculate mean R2* values for the liver paren-
chyma (Fig. 6.4). These values are then converted to a Liver
Iron Concentration (LIC) value using a simple calibration
formula. While it is unconfirmed which of several calibra-
tion formulae is most appropriate, evidence suggests differ-
ences between the results are small and for practical
purposes any may be used [5]. Alternatively, spin echo tech-
niques such as R2 relaxometry (e.g., Ferriscan®, Resonance
Health) are also available and show excellent correlation
with LIC values, but have the disadvantages of additional
cost, long (up to 20 min) acquisition times that limit its use
in difficult patients, off-site centralized analysis, and the
lack of radiologist input to scrutinize images for significant
findings such as HCC.

. >~
#2001
" Min/Max: 265.00 /485.00

Mean/SD: 341.45 /31.88
“Area: 9.24 cm2

Fig.6.4 Hepatic and splenic iron overload. Dual gradient-echo images
of iron deposition in a patient who has received multiple blood transfu-
sions. (a) Out-of-phase, (b) in-phase images. Due to dephasing of pro-
tons as a result of magnetic field inhomogeneity in the presence of iron,
signal drop occurs within the liver parenchyma between the first (out-
of-phase) and second (in-phase) echoes. Similar change is seen within
the spleen as a result of iron deposition within the reticuloendothelial

system following chronic transfusions. (¢) Formal measurement of liver
iron concentration. ROI placement on the R2* map derived using the
multi-echo IDEAL 1Q (GE) technique allows for liver iron concentra-
tion measurement, following conversion using a calibration formula. In
this case, the R2* value = 341 s~! (Normal <67 s~ at 1.5 T), equivalent
to 8.9 mg Fe/g dry liver (normal <1.8 mg Fe/g)—equivalent to severe
overload
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Key Points

For both iron and fat quantification, MR techniques
have proven the most robust and include multi-echo
single breath-hold acquisitions, available via each MR
vendor, which unlike CT and MR are able to account
for confounding variables. Given the rising epidemic
of NAFLD, their inclusion as standard in liver imaging
protocols is to be encouraged.

6.1.3 Wilson’s Disease

Wilson’s disease, or progressive hepatolenticular degenera-
tion, is a rare autosomal recessive disorder of metabolism in
which copper accumulates in multiple organs, in particular
within the liver but also within the brain, kidney, and cornea.
As a result, a spectrum of pathophysiologic changes occurs
including steatosis, chronic active hepatitis and ultimately,
cirrhosis. Imaging findings are somewhat non-specific and
overlap significantly with chronic liver disease of other eti-
ologies. These include an irregular capsular contour, T2
hypo/T1 hyperintense nodules and parenchymal heterogene-
ity with increased echogenicity at ultrasound. It has however
been suggested that a relative lack of caudate lobe hypertro-
phy may be a more specific feature [6].

6.1.4 Amyloidosis

Amyloidosis refers to a spectrum of diseases in which extra-
cellular accumulation of the fibrillar protein amyloid occurs,
which may be either focal or diffuse and may involve several
organs or be limited to one. Its most common forms are the
AL type (amyloid light chain, formerly known as primary
amyloidosis), associated with plasma cell dyscrasias, or AA
type (amyloid A, formerly secondary amyloidosis) arising
from systemic inflammation. Infiltration within the liver
occurs predominantly along the sinusoids and results in the
non-specific signs of hepatomegaly, increased echogenicity

at US with hypoattenuation at CT mimicking steatosis and
heterogeneous enhancement following contrast medium
administration. Elastography demonstrates increased hepatic
stiffness which may be heterogeneous, diffuse or more focal
and may therefore have a role in assessment of affected
patients for liver involvement [7].

Key Points

Wilson’s disease and amyloidosis have non-specific
imaging findings which overlap significantly with
other etiologies of liver disease although in the correct
clinical context MR Elastography may show promise
in the identification of liver involvement with
amyloidosis.

6.1.5 Gaucher Disease

Gaucher disease is a rare lysosomal storage disorder in
which a cell membrane glycosphingolipid accumulates
within reticuloendothelial macrophages (“Gaucher cells™)
due to a hereditary deficiency in the GBA1 enzyme. Of the
three types, type 1 is the most common in which Gaucher
cells accumulate within the liver, spleen, and bone marrow
and result in several clinical manifestations such as anemia,
hepatosplenomegaly, and avascular necrosis of bone. Since
the advent of enzyme replacement therapy, MRI has played
a key role in the monitoring of response to treatment, both
via the volumetric analysis of the liver and spleen as well as
evaluation for malignancy. Gaucher disease may result in
cirrhosis and is associated with an increased risk of solid
organ malignancy, including HCC, in the context of both
cirrhotic and non-cirrhotic livers [8]. Differentiation of
HCC from benign entities such as focal nodular hyperpla-
sia may be very challenging given the overlap in imaging
features. In addition, focal accumulation of Gaucher cells
within the liver and spleen may result in the so-called
Gaucheromas, nodules which have highly variable imaging
appearances, and which are a diagnosis of exclusion
(Fig. 6.5).



6 Diffuse Liver Disease

79

Fig.6.5 (a, b) Gaucheromas within the spleen. (a) Axial T2-weighted image demonstrates multiple well-defined T2 hyperintense lesions (arrow),

which appear relatively hypoenhancing in portal venous phase CT (b)

6.2 Cirrhosis

6.2.1 Imaging of Pre-stages of Cirrhosis

Regardless of etiology, chronic liver injury leads to inflam-
mation and hepatocellular damage with resultant fibrosis and
regeneration of hepatocytes. Stage 4 fibrosis, or cirrhosis,
represents the end stage of this process and as described pre-
viously, Hepatitis B, C and alcohol-related liver disease are
likely to be soon overtaken by NAFLD as its leading cause.
Early detection and monitoring of fibrosis is therefore of
critical importance. Although previously liver biopsy has
been regarded as the gold standard for its evaluation, non-
invasive techniques are desirable given the risks associated
with biopsy and sampling error, fibrosis frequently having a
heterogeneous distribution. While ultrasound techniques
such as transient elastography (Fibroscan®) or 2D shear wave
elastography are readily available, performance is poor in the
presence of ascites or obesity and such techniques are also
limited by small sample size and operator factors.

MR elastography has emerged as the most accurate tech-
nique for the non-invasive detection and staging of fibrosis,
enables sampling of the entire liver, including in the presence
of obesity and ascites, and is able to provide additional infor-
mation on the geographic distribution of fibrosis [9]. Low
frequency acoustic waves are transmitted through the

abdominal wall overlying the liver using an acoustic driver,
resulting in shear wave propagation through the parenchyma.
Using a 2D gradient-echo sequence, 60 Hz motion-encoding
gradients are synchronized to the driver motion in order to
acquire images of propagating waves; magnitude and phase
images are then used to derive a stiffness map at four adja-
cent slice locations, each in a single breath hold (Fig. 6.6).
During post-processing, a confidence map is overlaid on the
map to exclude unreliable data. The reader then draws an
ROI on the confidence map, excluding large vessels, the liver
edge, perihepatic tissues/fissures, and artifacts. A weighted
mean of values derived from the four slices is then calculated
to provide overall liver stiffness. While stiffness values have
a relatively narrow range for each stage of fibrosis, its accu-
racy for both “ruling in” the presence of significant fibrosis
and “ruling out” cirrhosis is excellent [10]. Drawbacks
include the need for meticulous technique—in particular
driver placement and slice location—and the presence of
iron, which results in signal loss. While spin echo techniques
may mitigate the latter if mild, commercial availability is
limited and more severe cases of iron overload will still
result in failure (Fig. 6.7). Further pitfalls include the
presence of biliary obstruction, inflammation, or congestion
due to right-sided heart failure, all of which may increase
hepatic stiffness. Results therefore always require interpreta-
tion in the overall clinical context.
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Fig. 6.6 MR Elastography of cirrhosis in a patient with normal liver
morphology. (a) Portal venous phase CT image demonstrates a rela-
tively normal morphology, with a lack of capsular irregularity, lobar
atrophy/hypertrophy, or splenomegaly. (b) MRE wave image, required
to inspect data quality. (¢) Grey-scale elastogram: ROI placement

6.2.2 Imaging of Cirrhosis

Cirrhosis is the result of chronic damage to the liver, charac-
terized by progressive fibrosis of the liver parenchyma with
ongoing regeneration. Beside the etiologies of cirrhosis
described above other causes are hemochromatosis or biliary
and cryptogenic diseases. On imaging, the liver may appear
normal at an early stage of cirrhosis. With disease progres-
sion, heterogeneity and surface nodularity are observed.
Because of the unique ability of the liver to regenerate in

78000.00

avoiding the liver edge and major vessels allows measurement of
hepatic stiffness in pascals, in this case 5.9 kPa (>5.0 kPa = stage 4
fibrosis/cirrhosis). (d) Color elastogram, used to analyze the distribu-
tion of hepatic stiffness which in some cases may provide additional
information regarding etiology. Scale is in Pascals

cirrhosis, the liver harbors a spectrum of hepatocellular nod-
ules, most of which are regenerative. Due to the ongoing dis-
tortion of the liver parenchyma, the liver surface appears
nodular, or lobular in most of the cases. Caudate lobe hyper-
trophy is the most characteristic morphologic feature of liver
cirrhosis [11]. Alteration of blood flow results in typical mor-
phologic abnormalities: segmental hypertrophy involving
the lateral segments of the left lobe (segment 2, 3), and seg-
mental atrophy affecting the right lobe (segment 6, 7) and
medial segment of the left lobe (segment 4). Other typical
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Fig. 6.7 Failure of MRE in a patient with iron overload. (a) R2* map
derived from IDEAL IQ (GE) acquisition demonstrates an R2* value of
177 s7', equating to a liver iron concentration of = 4.7 mg Fe/g dry

findings include enlargement of hilar periportal space, the
right posterior notch-sign and generalized widening of the
interlobar fissures. Less typical distribution of segmental
atrophy and hypertrophy is seen in primary sclerosing chol-
angitis, where the distribution follows in part the distribution
of the bile duct involvement, for example, atrophy of seg-
ments 2 and 3 or 5 and 7 may be seen. The segmental com-
pensatory hypertrophy associated with atrophy of other liver
parts may appear as pseudotumoral enlargement. In 25% of
cirrhosis, the liver shape and contour appear normal on CT or
MRI.

Lymphadenopathy can appear in the liver hilum and peri-
pancreatic region, which may mimic neoplastic lymph

weight (DW), moderate iron overload (normal <1.8 mg/g DW). (b)
Phase image shows diffuse signal loss within the liver parenchyma, vis-
ible in the color elastogram (c) as a signal void

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, development
of portosystemic shunts at the distal esophagus and the gas-
tric fundus, via periumbilical veins and left gastric vein.
Other shunts include splenorenal collaterals, hemorrhoidal
veins, abdominal wall, and retroperitoneal collaterals [11].
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 ultra-
sound, CT, or MRI. MRI very well depicts fibrotic bands
between regenerative nodules as T2 hyperintense and pro-
gressively or delayed enhancing structures.
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Key Points

MR elastography has emerged as the most accurate
technique for the detection and staging of hepatic
fibrosis and cirrhosis.

6.3 Focal Lesions in Cirrhotic Liver

6.3.1 Regenerative Nodules

Regenerative nodules in a cirrhotic liver play a role in the
stepwise carcinogenesis of HCC, most frequently through
dedifferentiation from regenerative nodule, low-grade dys-
plastic nodule, high-grade dysplastic nodule to HCC. Most
regenerative nodules do not progress in the dedifferentiation
process. They are macronodular (=9 mm) or micronodular
(3—9 mm). Most regenerative nodules are not seen as distinct
nodules on CT or MRI, but rather as nodular appearance of
the liver parenchyma. MRI detects regenerative nodules with
a higher sensitivity than US or CT. Regenerative nodules are
usually iso- to hypointense on T2-weighted images and
isointense on T1-weighted images. Variable signal intensity
on T1l-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 with a
hypointense appearance on TI1-weighted and T2-weighted
images. Using extracellular gadolinium-containing contrast
agent, regenerative nodules show the same contrast behavior
as the background liver. After administration of hepatocyte-
specific contrast material regenerative nodules usually
enhance to the same degree as adjacent liver [12]. Some
regenerative nodules—the so-called focal nodular hyperpla-
sia like nodules—may also show arterial enhancement and
increased uptake of hepatocyte-specific contrast agent com-
pared to the surrounding liver, which may make them diffi-
cult to differentiate from hepatocellular carcinoma [13].

6.3.2 Dysplastic Nodules

Dysplastic nodules are regenerative nodules that contain
atypical hepatocytes, measuring at least | mm, not meeting
histologic criteria for malignancy. They are classified as low-
or high-grade dysplastic nodules. High-grade dysplastic nod-
ules are considered premalignant. The differentiation between
a regenerative nodule and a low-grade dysplastic nodule is
difficult due to similar appearance on MRI. Dysplastic nod-
ules are rarely detected on CT. Dysplastic nodules usually are

hypovascular. In high-grade dysplastic nodules, arterial vas-
cularization can increase leading to arterial hyperenhance-
ment on imaging. Using hepatocyte-specific MR contrast
agents, dysplastic nodules show variable signal intensity in
the hepatocyte-specific phase. With progressing dedifferenti-
ation, the nodules lose their ability to take up the hepatocyte-
specific contrast agent and appear hypointense in the
hepatobiliary phase. These hepatobiliary hypointense dys-
plastic nodules may be mistaken for HCC. Dysplastic nod-
ules may also instead lose the ability to excrete the
hepatocyte-specific contrast agent and appear iso- or hyperin-
tense on hepatobiliary phase images. Hypovascular cirrhotic
nodules with hypointense appearance in the hepatobiliary
phase carry a significant risk of transforming into hypervas-
cular HCC with a pooled overall rate of 28% (95% CI, 22.7-
33.6%). The size of the hypovascular nodule is a second risk
factor for hypervascular transformation with nodules >9 mm
in size showing a higher risk [14].

6.3.3 Malignant Lesions

Hepatocellular carcinoma (HCC) occurs as a solitary lesion
(in half of the cases), as multiple lesions or diffuse. The vast
majority of HCCs (90%) occur in cirrhotic livers. In this set-
ting, HCCs can be commonly diagnosed based on imaging
features alone without histological confirmation [15]. The
second most common primary hepatic tumor is intrahepatic
cholangiocarcinoma (ICC), which accounts for 10-20% of
all primary hepatic tumors. Recently, cirrhosis and viral hep-
atitis C and B have been recognized as risk factors for chol-
angiocarcinoma, especially for the intrahepatic type [16].
Radiologic features of cholangiocarcinoma such as progres-
sive contrast enhancement from arterial to venous and late
phase, arterial rim enhancement, and peripheral washout can
help differentiate ICC from HCC in the cirrhotic liver [17].
The imaging characteristics of focal HCC and ICC are dis-
cussed in the chapter on “Focal liver lesions.”

A challenging diagnosis is the diagnosis of diffuse HCC,
or also known as infiltrative HCC in a cirrhotic liver, which
accounts for 7-20% of HCC cases. Diffuse HCC usually
spreads over multiple liver segments and is frequently asso-
ciated with portal vein tumor thrombosis. The tumor is often
difficult to distinguish from background changes in cirrhosis
at imaging and portal vein thrombosis may be the only obvi-
ous finding. The tumor often shows only minimal arterial
enhancement and heterogeneous washout on contrast-
enhanced CT or MRI. Diffusion-weighted MRI can be help-
ful as the tumor appears hyperintense compared to the
cirrhotic liver [18].
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6.3.4 Confluent Focal Fibrosis

In advanced stages of cirrhosis additional focal fibrosis can
appear as wedge-shaped area from the porta hepatis to the
liver surface. This so-called confluent focal fibrosis is typi-
cally located in segments 4, 7, or 8, leads to capsular retrac-
tion, and appears as hypointense area on TI1-weighted
MRI. It is slightly hyperintense on T2, shows late enhance-
ment with extracellular contrast agents due to contrast accu-
mulation in fibrotic tissue and hepatobiliary phase
hypointensity (Fig. 6.8) [19].

6.3.5 Standardized Reporting with LI-RADS

Due to a great overlap in imaging features across the spec-
trum of cirrhotic nodules from regenerative nodules to poorly
differentiated HCC, a definite diagnosis of a benign or malig-
nant lesion is often not possible. Furthermore, a great variety

.

Fig. 6.8 Confluent focal fibrosis. A 62-year-old man with cirrhosis. (a)
Axial T2-weighted fat saturated image with capsular retraction in liver
segment VIII and adjacent focal hyperintense area. The liver paren-
chyma shows signal drop from in-phase (b) to opposed-phase (c)

in nomenclature of imaging features of cirrhotic nodules is
used. To overcome these difficulties, the Liver Imaging-
Reporting and Data System (LI-RADS) has been developed,
which is a comprehensive system for standardized interpre-
tation and reporting of computed tomography (CT) and mag-
netic resonance (MR) examinations performed in patients at
risk for HCC. It uses a standardized nomenclature and pro-
vides 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. Liver lesions in
these patients are rated for their risk of being an
HCC. LI-RADS 1 category observations demonstrate imag-
ing features diagnostic of a benign entity, for example, cyst
and hemangioma. LI-RADS 2 observations are probably
benign, such as a hemangioma with an atypical enhancement
pattern or a probably benign cirrhotic nodule. Major features
including arterial-phase enhancement, lesion diameter,
washout appearance, capsule appearance, and threshold
growth are imaging features used to categorize LI-RADS 3

images corresponding to diffuse fat deposition with exception of the
area in segment VIII. The area of focal fibrosis in segment VIII shows
slight arterial (d) and portal venous (e) enhancement and subtle hypoin-
tensity in hepatobiliary phase (f)



84

D.Bowden and C. S. Reiner

(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. To further refine and adjust LI-RADS categories ancil-
lary imaging features favoring benignity or malignancy can
be used [20].

Key Points

Regenerative and dysplastic nodules share overlapping
imaging features and may be difficult to distinguish.
LI-RADS helps in rating the risk of such a focal lesion
in cirrhosis of being an HCC.

6.4  Diffuse Vascular Liver Disease
6.4.1 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, post biopsy, or instrumenta-
tion. On imaging, they appear as small, peripheral, nonspher-
ical enhancing foci, which become isoattenuating 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 distinguish-
ing, these entities and demonstrates resolution or stability of
an arterioportal shunt, or growth of an HCC.

6.4.2 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), at the level of the hepatic veins (type
2) or occlusion of small centrilobular veins (type 3). The most
common cause of hepatic vein obstruction is thrombosis,
most commonly due to hypercoagulability (oral contraceptive
use, pregnancy, polycythemia) or less common due to obstruc-
tion after chemotherapy or radiation. Other primary causes
are webs and membranes in the hepatic veins or IVC either of
congenital origin or after thrombosis. The outflow obstruction
may also be due to extrinsic compression of the hepatic out-
flow by hepatic masses (malignant or non-malignant). The
imaging findings in the acute phase differ from the chronic

phase. In the acute state, the inferior vena cava (IVC) and/or
hepatic veins may appear hyperattenuating on unenhanced
CT images because of the increased attenuation of a throm-
bus. On contrast-enhanced CT or MRI a vascular filling
defect 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, hepatomegaly with diminished enhancement of
the liver periphery and accentuated enhancement of central
liver parts and caudate lobe is seen. Later on, peripheral liver
enhancement becomes heterogeneous as disorganized,
comma-shaped intrahepatic collateral veins, and systemic
collateral veins develop. In chronic Budd-Chiari syndrome,
fibrotic changes appear in the liver. Large regenerative nod-
ules in a dysmorphic liver are frequent findings in longer
standing venous outflow obstruction. These regenerative nod-
ules appear hyperintense on hepatobiliary phase images after
administration of a hepatocyte-specific contrast agent.
Hypertrophy of the caudate lobe with variation in attenuation
due to separate venous drainage should not be interpreted as
a tumor [21]. In chronic Budd-Chiari syndrome not only
benign regenerative nodules, but also HCC can develop,
which may be difficult to differentiate since both can appear
markedly hyperenhanced on arterial phase.

6.4.3 Sinusoidal Obstruction Syndrome

Hepatic sinusoidal obstruction syndrome (SOS) formerly
known as ‘“veno-occlusive disease” is characterized by a
hepatic venous outflow obstruction in the intrahepatic sinu-
soidal venules. An injury to the hepatic venous endothelium
leads to necrosis and obstruction of sinusoidal venules. SOS
can present with severe complications, such as congestive
hepatopathy, portal hypertension, impaired liver function,
and acute liver failure, but can also remain asymptomatic.
SOS can occur in the setting of hematopoietic stem cell
transplantation and with different chemotherapeutic agents
(mainly oxaliplatin-containing chemotherapies). An associa-
tion of SOS with herbal remedies containing pyrrolizidine
and nonpyrrolizidine alkaloids, consumption of bush tea, and
oral contraceptives in women with antiphospholipid syn-
drome has been described. On CT and MR imaging hetero-
geneous, mosaic-like enhancement of the liver parenchyma
usually located in the periphery of the right lobe is seen. On
hepatobiliary phase MR images, liver parenchyma shows
varying degrees of reticular hypointensities (Fig. 6.9), which
is highly specific for SOS [22]. Indirect signs of severe SOS
related to reduced liver outflow and portal hypertension
include hepatomegaly, gallbladder wall thickening, peripor-
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Fig. 6.9 Sinusoidal obstruction syndrome. A 62-year-old man with
colorectal liver metastases. (a) Prior to chemotherapy axial hepatobili-
ary phase image shows a liver metastasis in segment VIII and homoge-
neous enhancement of the liver parenchyma. (b) After four cycles of

tal edema, splenomegaly, esophageal varices, umbilical vein
patency, and ascites [23].

6.4.4 Passive Hepatic Congestion
and Fontan-Associated Liver Disease

Passive hepatic congestion is due to chronic right-sided
heart failure, which leads to stasis of blood within the liver
parenchyma. 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 pat-
tern of enhancement is present in the parenchymal phase,
a condition also known as “nutmeg” liver. In long standing
disease, progressive cellular necrosis results in a small cir-
rhotic liver. Early changes of hepatic congestion are visible
on MR Elastography, with a pattern of peripheral T2 hyper-
intensity (oedema) associated with matching raised paren-
chymal stiffness. An important patient group in whom this
may be seen is those with the so-called Fontan circulation
following correction of pediatric congenital heart disease in
those born with a single ventricle physiology. As life expec-
tancy has improved, an increasing number of adult patients
are now seen in whom chronic hepatic congestion results in
the early onset of fibrosis and cirrhosis—Fontan-Associated
Liver Disease (FALD). While differentiation of fibrosis and
congestion may be difficult or impossible in many cases, and
often co-exist, typical patterns of elevated stiffness may pro-
vide a clue to the predominant etiology and facilitate appro-
priate treatment (Fig. 6.10) [24].

capecitabine and oxaliplatin, the liver metastasis decreased in size. The
liver parenchyma shows a reticular hypointense pattern on hepatobili-
ary phase corresponding to parenchymal changes due to sinusoidal
obstruction syndrome

6.4.5 Hereditary Hemorrhagic Telangiectasia
(HHT)

HHT is an autosomal dominant disorder characterized by vas-
cular malformations (VM) in multiple organs, including the
hepatobiliary and gastrointestinal tract. VMSs occur in up to 74%
of patients with HHT, increase in frequency with age and range
from small telangiectasias (dilatation of postcapillary venules
that communicate directly with arterioles) to larger shunts
between arteries and hepatic or portal veins, as well as between
portal and hepatic venous branches [25]. In severe cases, these
may lead to significant shunting, portal hypertension, biliary
ischemia, high output cardiac failure or hepatic encephalopathy.
Dilatation of the common hepatic artery of more than 7 mm is
frequently seen, as well as an increased incidence of visceral
aneurysms (Fig. 6.11). The so-called confluent vascular masses
may arise within the liver parenchyma from the fusion of mul-
tiple smaller telangiectasias, in addition to large regenerative
nodules and focal nodular hyperplasia (FNH), the latter demon-
strating typical arterial hyperenhancement with retention of
hepatobiliary contrast agents in the delayed phase.

Key Points

Vascular disorders of the liver may be either congenital
(e.g., HHT) or acquired, arising from prior interven-
tion (e.g., adult congenital heart disease), drug-related
toxicities (e.g., SOS) or from idiopathic thrombotic
events (Budd-Chiari syndrome). In some cases, these
may result in the formation of benign lesions which
can be challenging to differentiate from malignancy.
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Fig. 6.10 Fontan-associated liver disease in a young adult patient demonstrates elevated stiffness within the periphery, supportive of con-
20 years following corrective surgery. (a) Axial T2-weighted image  gestion as the predominant pathology. Ultimately, there will be progres-
shows diffuse peripheral T2 hyperintensity (arrow), with dilated hepatic ~ sion to fibrosis and cirrhosis in the absence of effective treatment

veins (b) in keeping with hepatic congestion. (¢) Color MR elastogram
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Fig. 6.11 Vascular findings in a patient with hereditary hemorrhagic
telangiectasia. (a) Axial arterial phase CT image demonstrating dilata-
tion of the common hepatic artery (9 mm), a large confluent vascular
mass (white arrow) and multiple tiny telangiectasias (open arrow). (b)
Axial portal venous phase CT image showing large portal to hepatic

6.5 Diffuse Metastatic Disease

Hepatic metastases may show an infiltrative growth pattern
with intrasinusoidal spread of tumor cells, which has been
reported in breast cancer, gastric cancer, urothelial, small cell
lung cancer, and melanoma. The intrasinusoidal spread
induces hepatic ischemia, necrosis, and tumoral portal vein
thrombosis leading to acute liver failure. Imaging diagnosis
is difficult as no typically focal liver metastases can be seen.

venous shunts, with resultant dilatation of the right hepatic vein. (c)
Volume-rendered image of the same patient, demonstrating aneurysmal
dilatation of the celiac axis (white arrow), a large caliber common
hepatic artery and multiple tiny hepatic telangiectasias (open arrow)

The diffusely infiltrated liver parenchyma can appear hetero-
geneous compared to normal parenchyma. MRI is helpful to
identify diffuse metastatic spread showing marked hyperin-
tensity on diffusion-weighted images and hypointensity on
hepatobiliary phase images. The degree of enhancement is
variable also depending on the underlying primary tumor.
Definite diagnosis can only be made by biopsy.

Another rare type of diffuse liver parenchyma changes is
the so-called pseudocirrhosis, which can appear with hepatic
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breast cancer metastases and less common in cancer of the
gastrointestinal tract, ovarian, or thyroid cancer [26]. The
liver shows a nodular contour, capsular retraction, and
shrinkage. Even signs of portal hypertension can develop
over time. The etiology of the pseudocirrhosis is not very
clear; it can be seen after chemotherapy with capsular retrac-
tions at the site of the liver metastases as response to chemo-
therapy, but it can also result from desmoplastic reaction
surrounding the liver metastases.

6.6 Concluding Remarks

Chronic liver disease, in particular cirrhosis, is an increasing
global epidemic which has already resulted in a major bur-
den on healthcare systems with an ever-increasing incidence
of primary liver malignancies and hepatic decompensation.
Early identification of those at risk using quantitative imag-
ing techniques, in particular elastography, fat fraction assess-
ment and iron quantification is therefore essential in order to
reduce its impact. MR elastography has proven a robust and
accurate methodology for the assessment of those in whom
rapid clinic-based techniques are unreliable. While outside
the scope of this review, future developments of this technol-
ogy (e.g., 3D MRE) may provide additional valuable infor-
mation that could, for example, enable the differentiation of
fibrosis from congestion in patients with vascular disorders
such as congestive heart failure. When assessing those with
cirrhosis, a methodical and consistent approach is required in
order to identify malignancies, and in particular HCC, at a
sufficiently early stage to enable effective treatment.

Take Home Messages

* Metabolic disease and cirrhosis are frequently
under-recognized.

» Familiarity with the morphologic features of diffuse
liver disease and current/emerging quantitative
imaging techniques is key to its early
identification.

* A consistent, rigorous approach to the assessment
of associated lesions (e.g., using the LiRADS sys-
tem) is essential and aids communication between
clinicians as well as improving consistency in
reporting.

e Vascular liver disease may lead to chronic liver
damage and development of regenerative nodules,
which need to be differentiated from HCC.
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