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Focal Liver Lesions

Wolfgang Schima and Dow-Mu Koh

Learning Objectives

e To learn about the imaging protocol in MDCT and
MRI for detection and characterization of focal
liver lesions.

e To learn the typical and atypical imaging features of
benign and malignant focal lesions.

e To understand the importance of knowledge about
chronic liver disease because the presence of
chronic liver disease alters the differential diagnosis
and the diagnostic approach.

Contrast-enhanced MDCT remains the modality of choice
for routine liver imaging. MR imaging is still used largely as
a problem-solving tool, when MDCT or US are equivocal or
if there is concern for malignancy in high-risk populations.

In this chapter, we will highlight imaging of focal liver
lesions, focusing on the use of MDCT and MR imaging for
disease detection and characterization. The reader should
learn how to optimize CT and MR imaging in his/her own
practice, understand how to apply and interpret CT and MR
imaging for the management of focal liver lesions and appre-
ciate the expanding role of liver-specific MR contrast agents
for lesion characterization.

7.1  Introduction

Multidetector computed tomography (MDCT) and magnetic
resonance (MR) imaging provide non-invasive insights into
liver anatomy and the pathophysiology of liver diseases,
which allows for better diagnosis of focal liver lesions, moni-
toring of disease evolution and treatment response, as well as
for guiding treatment decisions. Understanding the applica-
tion of different imaging techniques is critical for the man-
agement of focal liver lesions. In the current climate of
challenging health economics, the most appropriate and
cost-effective modality should be utilized. For liver imaging,
ultrasonography (US) is widely available, non-invasive, and
is often used in the community for disease screening but has
unfortunately limited diagnostic sensitivity and specificity.
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7.2  MDCT Imaging Techniques

Advantages of MDCT imaging in clinical practice are very
rapid scan acquisition, which avoids motion artifacts, and the
capability of multi-planar imaging. Using a state-of-the-art
MDCT system, the entire liver can be scanned within 1-3 s
using a sub-millimeter detector configuration allowing for
high-quality 3D-reconstructions [1]. When viewed axially,
reconstructed sections of 2.5-3 mm thickness with an over-
lap of 0.5—-1 mm are usually used in clinical practice. Thinner
slices do not improve lesion conspicuity because of increased
image noise [2, 3] that can decrease diagnostic specificity
[3]. The amount of contrast material administered should be
adapted according to the patient’s weight, with 0.5 g iodine/
kg b.w. being a typical dosage (i.e., 1.7 mL/kg b.w. at 300 mg
iodine/mL). The total amount of iodine administered deter-
mines the quality of the portal venous imaging phase, with
the aim of increasing the liver attenuation by 50 HU after
contrast injection [4]. To achieve good arterial-phase imag-
ing, a relatively high contrast medium injection rate of
4-5 mL/s is recommended [5]. However, the weight-based
adaptation of contrast media dosage should also go hand in
hand with an adaptation of the contrast media injection rate.
Accordingly, studies using a fixed injection duration of 30 s
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(meaning that the injection rate will differ according to
patient’s weight) have shown that this approach provides
consistent image quality.

The timing of the image acquisition in relation to contrast
media administration depends on whether imaging is
required during early arterial phase (for arterial anatomy
only), late arterial phase (for hypervascular tumor detection
and characterization), or venous phase (for follow-up imag-
ing and hypovascular tumor detection). For the detection and
characterization of focal liver lesions, late arterial-phase
imaging (scan delay of aortic transit time plus 15-18 s) [6,
71, and a venous phase scan (20-30 s interscan delay or with
fixed delay of app. 60-70 s) are performed. In patients with
chronic liver disease, a delayed phase (at app. 3 min post
contrast) for better lesion characterization is recommended.

Automated methods of measuring arterial enhancement
(aortic transit time) on CT, often termed bolus tracking, has
largely replaced the use of fixed scan-delay times because it
provides better coincidence of scanning with peak enhance-
ment of liver tumors (in the late arterial phase) and the liver
parenchyma (in the venous phase).

Different techniques for dose reduction and optimization
of image quality are now widely in use: automatic exposure
control by tube current (mA) modulation, selection of lower
tube potential (kVp), and adaptive dose shielding to mini-
mize overscanning in the z-axis, to name a few. Conventional
filtered back projection (FBP), the standard CT image recon-
struction technique for many years, has given way to itera-
tive reconstruction (IR) techniques. IR allows for dose
reduction by reconstruction low-noise image data from
intrinsically noisy reduced-dose CT acquisitions, preserving
imaging quality [8]. IR techniques can be either hybrid or
model-based, with the latter being more advance, allowing
for stronger dose reduction at the cost of slower images
reconstruction. All major manufacturers now provide itera-
tive reconstruction techniques (SAFIRE (hybrid], ADMIRE
[model-based], Siemens; iDose [hybrid], IMR [model-
based], Philips; ASIR [hybrid], MBIR [model-based], GE
Healthcare; AIDR 3D [hybrid], FIRST [model-based],

Canon [8]. Stepwise IR reduces CT noise levels. However,
(too) high levels of IR may produce an unfamiliar image tex-
ture that may render image quality unacceptable [9]. A sub-
stantial dose reduction of 38-55% is possible with IR without
compromising image quality [10-12]. In recent years, dual
energy and spectral CT technique has emerged, where differ-
ent vendors use different concepts. Utilization of dual source
or a split-beam (Siemens), kV-switching during scanning
(GE healthcare, Canon) and the use of dual-layer CT detec-
tors (Philips) provide the differential attenuation of X-ray
beams of different kV when scanning different tissues. In
clinical practice, spectral CT has found several applications
in oncologic imaging: in the liver, it improves the detection
of hypervascular hepatocellular carcinomas [13] or allows
quantification of hepatic iron content [ 14]. More recently, the
advent of photon-counting CT promises even further
improvement in the spatial and contrast resolution of CT
images. Photo-counting CT detectors can directly convert
detected X-rays into electrical signal for image reconstruc-
tion, making it possible to use smaller detectors to improve
spatial resolution and producing images at different keVs to
improve contrast resolution (Fig. 7.1).

Key Points

* For detection and characterization of focal lesions
at least a bi-phasic contrast-enhanced protocol is
necessary, in patients with chronic liver disease
(cirrhosis, chronic hepatitis B infection) a triple-
phasic enhanced protocol is recommended.

e Iterative reconstruction techniques are standard to
reduce image noise and, thus, to reduce radiation
dose.

e Spectral CT is achieved by various technologies
(dual source, rapid kV switching, dual layer detec-
tor) by different vendors. It may be particularly of
help in oncologic imaging.
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Fig. 7.1 A woman with pancreatic carcinoma evaluated using photon-
counting CT in the upper abdomen. Images reconstructed at tube volt-
ages of (a) 60 keV and (b) 40 keV. Both the primary tumor (arrowhead)
and the liver metastasis (arrow) appear more conspicuous on the lower

7.3  MRImaging Technique

MR imaging of the liver can be performed at both 1.5 T and
3.0 T, the latter providing improved image quality due to
increased signal-to-noise ratio. MR examination of the liver
should include unenhanced T1-weighted and T2-weighted
sequences, diffusion-weighted imaging as well as contrast-
enhanced sequences. Specific acquisition sequences vary by
manufacturer, patient compliance, and the clinical question
being addressed.

T1-weighted MRI should be performed using a 3D
DIXON technique, which can generate in-phase, opposed-
phase (syn.: out-of-phase), water-only and fat-only images
of the whole liver volume in a single breath-hold acquisition.
In- and opposed-phase T1-weighted imaging is used for
characterization of fat-containing tumors (e.g., adenoma,
HCC) and the presence of steatosis. The resultant water-only
images have been shown to improve the uniformity of fat-
suppression at 3 T, compared with conventional spectral fat-
suppression technique [15]. The use of the DIXON images
for dynamic contrast-enhanced acquisition has also been
shown to improve the detection of HCC compared with stan-
dard fat-suppressed sequences.

Another useful recent implementation is non-cartesian
radial T1l-weighted imaging, which allows 3D volume
T1-weighted imaging of the liver to be performed in free

40 keV image. The use of photon-counting CT can improve image spa-
tial and contrast resolution of disease. [Images courtesy of Dr. Nikolaos
Kartalis, Karolinska Institute, Sweden]

Fig.7.2 Radial acquisition technique. Portal venous phase T'1-weighted
MRI in a child presenting with a liver metastasis from a rhabdomyosar-
coma. In children and adults who are unable to breath-hold, the radial
acquisition technique performed in free-breathing can overcome the
effects of respiratory motion

breathing. This allows good quality T1-weighted GRE of the
liver to be obtained in patients with poor breath holding (e.g.,
elderly patients in poor general condition or young children)
(Fig. 7.2), especially during dynamic contrast-enhanced
acquisitions [16]. T2-weighted pulse sequences with fat-
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suppression provide better lesion contrast than non-fat-
suppressed sequences and are also widely used.

Diffusion-weighted imaging (DWI) is standard in liver
imaging, and it is now available on all scanners. In general,
DWI depends upon the microscopic mobility of water,
called Brownian motion, in tissue. Water-molecule diffusion
(and thus the measured signal intensity) depends on tissue
cellularity, tissue organization, integrity of cellular mem-
branes, and extracellular space tortuosity. Usually, lower
water diffusion is found in most solid tumors, which is
attributed to their high cellularity [17]. Thus, DWI is helpful
for detecting liver solid focal liver lesions [18-20]. By per-
forming diffusion-weighted imaging using two or more
b-values, we can quantify the apparent diffusion coefficient
(ADC) of liver tissues. Benign focal liver lesions have been
shown to have higher ADC value than malignant liver
lesions although there is significant overlap [20].
Nonetheless, quantitative ADC values may be useful to sup-
port lesion characterization and for identifying early tumor
response to treatment.

Imaging after the administration of intravenous contrast
agents remain the cornerstone for liver MR imaging. Of
these, nonspecific extracellular gadolinium contrast medium
is still most widely used. Following the intravenous (IV)
bolus injection of an extracellular gadolinium-based contrast
agents, dynamic imaging (using volumetric T1-weighted
GRE) is performed for lesion characterization, lesion detec-
tion, evaluating tumor response to systemic therapy and
detecting recurrence after locoregional therapy.

Liver-specific (or hepatobiliary) MR contrast agents are
available and have specific roles in the management of focal
liver lesions. These include gadobenate dimeglumine
(MultiHance®, Bracco) and gadoxetic acid (Primovist® or
Eovist®, Bayer Healthcare). Liver-specific MR contrast agents
are also usually administered IV as a bolus, as with nonspe-
cific gadolinium chelates for dynamic imaging. However,
imaging is also performed at a delayed liver-specific or hepa-
tobiliary phase, the timing of this differs according to the con-
trast agent. These liver-specific agents are taken up into
hepatocytes to varying extent (gadobenate dimeglumine
4-5%; gadoxetic acid ~50%), resulting in avid T1 enhance-
ment of the liver parenchyma in the hepatobiliary phase, which
is performed at 20 min for gadoxetic acid and about 1-2 h for
gadobenate dimeglumine after contrast administration. Liver-
specific contrast agents have been shown to improve the detec-
tion of liver metastases [21-24], especially when used in
combination with diffusion-weighted MR imaging.

Key Points

e Standard MRI protocol should include at least
T1-weighted GRE DIXON, T2-weighted TSE (with
or without fatsat), DWI, and dynamic post-contrast
T1-weighted sequences.

» Liver-specific contrast agents are recommended for
detection of potentially resectable colorectal cancer
liver metastases.

» Liver-specific contrast agents are helpful for char-
acterization of hepatocellular lesions.

7.4 Benign Hepatic Lesions

7.4.1 Cysts

Simple hepatic cysts are common, occurring in 5-14% of
the general population. As they are usually asymptomatic,
they are detected incidentally on US, CT, or MR imaging.
On CT, hepatic cysts are well circumscribed and typically
show attenuation values similar to water (0—15HU) although
smaller cysts may show higher attenuation values due to
partial volume effects. Cysts should not show mural thick-
ening, nodularity, or contrast enhancement. Small cysts
(<3 mm in size) may pose a diagnostic challenge in the can-
cer patient on CT as they are too small to be fully character-
ized and stability on follow-up imaging is important to
reassure. Nonetheless, the vast majority (>90%) of small
hypodense liver lesions even in the oncology patient are
benign. On MR imaging examinations, cysts are well-
defined, homogeneous lesions that appear hypointense on
T1-weighted images (unless hemorrhagic) and markedly
hyperintense on T2-weighted images. Their marked hyper-
intensity on T2-weighted imaging (in comparison to solid
lesions) provides greater confidence towards the diagnosis
of small cysts on MRI.

7.4.2 Hemangioma

Hemangioma is the most common benign liver tumor. On
US, liver hemangioma appears circumscribed, well-defined,
and hyperechoic. Small hemangiomas usually appear homo-
geneous but larger hemangiomas (>4 cm) can show a hetero-
geneous appearance.
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On CT, hemangiomas are well-defined hypodense masses.
They are hypointense on T1-weighted and markedly hyper-
intense on T2-weighted imaging, sometimes with a lobular
contour. Hyperintensity on T2-weighted MRI (especially on
single-shot T2 TSE) helps to differentiate hemangiomas
from other solid neoplasms [25, 26]. At a relatively long T2
echo time (140 ms or longer), a homogeneously bright lesion
is characteristic of a benign lesion, such as a cyst or heman-
gioma. Exceptions (that can be quite bright on heavily
T2-weighted sequences) include cystic or mucinous metasta-

ses, gastrointestinal stromal tumor (GIST), and neuroendo-
crine tumor metastases.

Hemangiomas show three distinctive patterns of enhance-
ment at CT/MRI (Type I to III) [27]. Characteristically, there
is enhancement that closely follows the enhancement of
blood pool elsewhere [28]. Small lesions (up to ~2 cm) may
show immediate and complete enhancement in the arterial
phase, with sustained enhancement in the venous and delayed
phases (type I, “flash filling” hemangioma) [29] (Fig. 7.3).
On delayed imaging, the enhancement usually fades to a

Fig. 7.3 Hemangioma type 1 with liver-specific MR contrast agent. A
45-year-old woman with incident lesion (arrows) in right lobe of liver.
This appears (a) as high signal intensity on T2-weighted imaging, (b) as
low signal intensity on T1-weighted imaging and (c—e) shows uniform

enhancement on dynamic TI1-weighted contrast-enhanced imaging,
isointense to the arterial signal at all phases. The lesion appears (f)
hypointense in the hepatobiliary phase of gadoxetic acid-enhanced
MRI
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Fig.7.3 (continued)

similar extent as the blood pool. The most common enhance-
ment pattern is peripheral nodular discontinuous enhance-
ment, with progressive fill-in over time (type II). Larger
lesions (>5 cm) or lesions with central thrombosis/fibrosis
may lack central fill-in (type III) (Fig. 7.4). Dynamic extra-
cellular gadolinium chelate-enhanced MRI is superior to
contrast-enhanced CT for characterization of small and
slow-flow hemangioma, which start to show typical enhance-
ment only in the delayed phase. When evaluated using liver-
specific contrast agents, the appearance of hemangiomas in
the dynamic arterial and venous phases is similar to that with
extracellular gadolinium chelates. However, in the delayed
phase (at 3 min post contrast), there may be “pseudowash-
out” (hypointensity) due to early hepatocellular enhance-
ment of liver parenchyma (Fig. 7.5). In the hepatobiliary
phase, hemangiomas may appear hypointense to the paren-
chyma, thus mimicking liver metastases. In this instance,
DWI may help to differentiate between hemangioma and
other solid lesions, as the apparent diffusion coefficient
(ADC) of uncomplicated hemangiomas is significantly
higher (typically >1.70 x 10~ s/mm?) than in malignant solid
lesions [30, 31].

7.4.3 Focal Nodular Hyperplasia (FNH)

FNH is the second most common benign tumor, usually
found in young women. It is a non-neoplastic lesion that can
cause confusion when it is incidentally detected during
imaging. At US the lesion is usually isoechoic or slightly
hypoechoic [32] to liver, but it may appear hypoechoic in
patients with diffuse hepatic steatosis. Typically, FNH dem-

onstrates a lobular contour, which is quite uncommon in
malignant lesions. A central scar is present in about 67% of
larger lesions, and about 33% of smaller lesions [33]. The
central scar in FNH is usually hyperintense on T2-weighted
images, with a comma-shaped or spoke-wheel appearance.
This scar can be differentiated from fibrolamellar HCC,
where a central scar is predominantly of low signal intensity
on T2-weighted MRI due to fibrosis. Color/power Doppler
US may show blood flow within the scar [34].

FNH is isodense or minimally hypodense on unenhanced
and equilibrium-phase post-contrast CT and may be only
suspected because of the presence of mass effect on adjacent
vessels. On unenhanced T1- and T2-weighted MR images,
FNH return signal intensity similar to hepatic parenchyma,
but is usually slightly different on either T1-weighted or
T2-weighted images. Due to the prominent arterial vascular
supply, FNH demonstrates marked homogenous enhance-
ment during the arterial phase of contrast-enhanced CT/MR
imaging, which becomes rapidly isodense/isointense to liver
parenchyma in the portal venous phase [33]. The comma-
shaped or spoke-wheel central scar often showed delayed
enhancement (Fig. 7.6) because of its vascular component
[32]. Another key feature is that the scar in FNH is usually
T2-weighted hyperintense in appearance compared with the
heterogenous, low SI appearance encountered in fibrolamel-
lar HCC.

Using liver-specific MR contrast agents, FNH frequently
shows enhancement on delayed images after administration
of hepatobiliary contrast agents (gadoxetic acid or gadoben-
ate dimeglumine) because of the presence of normal biliary
ductules within the lesion and the expression of OATP recep-
tors (Fig. 7.6). However, the uptake of hepatobiliary contrast
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Fig. 7.4 Liver hemangioma with type 3 enhancement using extracel-
lular gadolinium chelate. (a) Fat-suppressed T2-weighted image shows
a high signal intensity lesion in the posterior right lobe typical for a
hemangioma (arrow). Fat-suppressed contrast-enhanced T1-weighted

agents within FNH may be rarely heterogenous or absent
[35]. The central scar is spared in the hepatobiliary phase,
and a more ring-like enhancement in the hepatobiliary phase
due to a very prominent non-enhancing scar can be seen
(Fig. 7.6) [36]. Nonetheless, a recent meta-analysis showed
that lesion T1 isointensity or hyperintensity at delayed hepa-
tobiliary phase MRI has a high sensitivity (91-100%) and
specificity (87-100%) for diagnosing FNH [35]. This feature
can be helpful for differentiating FNH from hypervascular
metastases or hepatic adenomas (HCA) and hepatocellular
carcinomas (HCC) (which rarely take up liver-specific
agents) [29, 37]. However, it should be noted that some
HCAs (particularly inflammatory HCA) and HCC can

image in the (b) arterial and (c¢) delayed phases of contrast enhance-
ment, show initial nodular peripheral enhancement with progressive
centripetal filling (arrows)

appear isointense or hyperintense at delayed imaging after
hepatobiliary contrast media administration. While differen-
tiating FNH from variants of HCA remains challenging,
characterization should never be based on the hepatobiliary
phase appearance alone. Regarding HCC, the presence of
contrast washout (i.e., lesion hypointensity compared to liver
parenchyma) in the portal venous or transitional phase of
dynamic contrast enhancement can be used to distinguish
between HCC (that shows contrast uptake in the hepatobili-
ary phase) and FHN nodules. The majority of FNH tend to
remain static in size although FNH may increase in size on
follow-up oral contraceptives do not appear to stimulate
FNH growth [38, 39].
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Fig. 7.5 Hemangioma type 3: liver-specific MR contrast agent. (a)
T2-weighted TSE shows a large lobulated lesion of very high signal
intensity. (b-d) Dynamic gadoxetic acid-enhanced imaging shows
peripheral nodular enhancement in the arterial (b) and venous phases

Key Points

e FNH are usually (near) isointense on T1-weighted
and T2-weighted images, with homogenous
arterial-phase hyperenhancement.

e The central scar (seen in most FNH >3 cm) is
hypoattenuating/hypointense in the early contrast
phases, with delayed-phase enhancement.

o After liver-specific CM, FNH is almost always
homogenously isointense/hyperintense in the hepa-
tobiliary phase, with an hypointense central scar.

7.4.4 Hepatocellular Adenoma

Hepatocellular adenomas (HCA) are uncommon liver
tumors, which occur more often in women of reproductive

(c). In the hepatobiliary phase (d) there is hypointensity of the lesion due
to lack of hepatocellular uptake in the lesion and marked enhancement
of surrounding liver parenchyma. Please note there is some enhance-
ment of the lesion because of vascular/extracellular pooling of contrast

age. There is an association with oral contraceptives. Other
risk factors include anabolic steroid usage, glycogen storage
disease type, and obesity. Histologically, HCA is composed
of cells resembling normal hepatocytes but lacking bile
ducts, which distinguishes them from FNH [39].

In the last two decades, considerable progress has been
made in the diagnosis of HCA, by establishment of molecu-
lar and immunohistological classification of HCA subtypes
[40]. The molecular classification categorizes HCA into the
following six sub-groups: HNFIA inactivated HCA
(H-HCA), inflammatory HCA (I-HCA), beta-catenin acti-
vated HCA (b-HCA), sonic hedgehog HCA (shHCA), and
unclassified HCA (UHCA) [41, 42]. The most common
complications of HCA are bleeding and malignant
transformation.

The imaging features of HCA are heterogeneous and var-
ied and depend on the subtype. HCA are often hypervascular
and may appear heterogenous due to the presence of fat,
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Fig. 7.6 FNH found incidentally (arrows). (a) Pre-contrast
T1-weighted image shows an isointense lesion with a central hypoin-
tense scar, which shows minimal mass effect upon adjacent vasculature.
(b) Arterial-phase T1-weighted contrast-enhanced image shows hyper-
vascularity of the lesion. (¢) T1-weighted delayed phase imaging after
contrast shows that the lesion is now predominantly isointense to the

liver, but with late enhancement of the (vascular) central scar. The
enhancement pattern is typical for FNH. (d, e) Hepatobiliary phase
imaging of FNH in 2 other patients: (d) homogenous uptake of the
liver-specific MR contrast agent, the spoke-wheel central scar is typi-
cally not enhanced. (e) Ring-like contrast uptake by the lesion in the left
lobe with large hypointensity due to a large central scar
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necrosis, or hemorrhage [39, 43]. T1-weighted chemical
shift or DIXON imaging is useful for detecting intratumoral
fat, while the presence of high T1-signal before contrast
administration will raise the suspicion of spontaneous hem-
orrhage. The reader should be familiar with the differential
diagnoses of fat containing focal liver lesions on MRI, which
include focal fat infiltration, HCA (particularly the HNF1A
inactivating subtype), hepatocellular carcinoma (usually
well-differentiated), angiomyolipoma, lipoma, teratoma and
liver metastases from fat containing malignancies (e.g. lipo-
sarcomas). The presence of intratumoral fat helps to narrow
the differential diagnosis of a hypervascular lesion, as hem-
angioma can be excluded and metastases and FNH rarely
contain fat.

On dynamic contrast-enhanced CT or MR, adenomas
usually show marked arterial-phase enhancement, with rapid
transition to either iso- or hypoattenuating/intense to hepatic
parenchyma on portal venous phase imaging. Our under-
standing of the molecular aberrations associated with HCA
has improved our understanding of HCA subtypes, which is
linked to risk factors, histological features, clinical presenta-
tion, and imaging appearances [44, 45].

What is important for radiologists [46]? Inactivating
mutations of hepatocyte nuclear factor 1 alpha (HNF1A) are
observed in approximately 30% of HCA. HNF1A-inactivated
HCA usually contains fat as evidenced by diffuse and
homogenous signal loss on chemical shift T1-weighted
imaging (Fig. 7.7). They return variable T2 signal. At
contrast-enhanced T1-weighted MRI, they are hypervascu-
lar, often with contrast washout in the portal venous or
delayed phase. They are typically hypointense on
hepatobiliary-phase MRI using liver-specific contrast
medium. HNF1A-inactivated HCAs have a very low risk of
malignant transformation.

Inflammatory HCA accounts for 40-50% of HCA cases.
Obesity and a history of oral contraceptives intake are risk
factors for their development. Inflammatory HCA appear
strongly hyperintense on T2-weighted MRI, which may be
diffuse or rim-like in the periphery of the lesion (atoll sign).
Intralesional fat is uncommon, when present is often patchy
or heterogeneous. On contrast-enhanced imaging, there is
usually intense arterial enhancement, with persistent
enhancement on delayed-phase imaging (Figs. 7.8 and 7.9).
Although the majority of inflammatory HCA are hypoin-
tense on hepatobiliary phase using liver-specific contrast
media, about 30% may appear iso- or hyperintense.
Inflammatory HCA may also harbor activating mutations of
b-catenin in exon 3 and are therefore at risk of malignant
transformation.

Mutations of catenin bl (CTNNB1) are seen in 10-15%
of HCA. These are associated with a higher risk of malignant
transformation. These variants of HCA do not have typical
imaging features and may be difficult to differentiate from
HCC or FNH. HCA with mutations of catenin b1 (b-catenin-
HCA) may show gadoxetic acid uptake in the hepatobiliary
phase of MRI in up to 80% of patients [47].

Activation of sonic hedgehog pathway occurs in approx-
imately 5% of HCA. As these are relatively uncommon, the
spectrum of imaging features associated with these is yet to
be fully described. Nonetheless, these lesions have a higher
propensity to undergo spontaneous hemorrhage. About 7%
of HCA remains unclassified. These do not have typical
clinical or imaging appearances. Overall, the imaging fea-
tures at MRI, including their appearances are helpful in dis-
tinguishing between FNH and HCA. Early studies also
reported on the high value of liver-specific MR contrast
agent for differentiation between FNH and adenoma (with
FNH being predominantly iso-hyperintense in the hepato-
biliary phase and HCA most often hypointense). [48, 42]. A
recent meta-analysis on the value of hepatobiliary phase
gadoxetic acid-enhanced MRI showed that HA subtypes
other than H-HCA demonstrated proportions of iso- to
hyperintensity on hepatobiliary phases images ranging
from 11% to 59% [49]. Radiologists should thus recognize
the low specificity hepatobiliary phase iso-hyperintensity
for differentiating FNH from HCA subtypes other than
H-HCA [49]. Of note is that diffusion-weighted MRI has
little value in helping to distinguish between HCA and
FNH or HCC because of the substantial overlap in the ADC
values.

Key Points

* Adenomas are uncommon benign tumors, most
often in women. Risk factors include oral contra-
ceptives, anabolic steroid usage, glycogen storage
disease type, and obesity.

e Several subtypes, with distinctive molecular and
immunohistological features have been identified
(e.g., HNFIlA-inactivated HCA, inflammatory
HCA, beta-catenin activated HCA, sonic hedgehog
HCA, and unclassified HCA), with distinctive risk
profiles (bleeding and malignant degeneration).

* Imaging features are heterogenous vary depending
on subtype, but arterial-phase hypervascularity is
common.
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Fig. 7.7 Adenoma (HNFIA subtype). (a) T1-weighted in-phase GRE
image demonstrates a very large mass in a young woman. The mass is
inhomogenous and shows bright spots. (b) There is typical signal inten-
sity drop on the opposed-phase image indicative of intratumoral fat. (¢)

7.4.5 Biliary Hamartomas (von Meyenburg
Complex)

Bile duct hamartomas are congenital malformations of the
ductal plate without connections to the bile ducts. They are
usually incidentally discovered at abdominal imaging.

T2-weighted TSE image shows moderate hyperintensity. (d) On gadox-
etic acid-enhanced image (hepatobiliary phase), there is little to no
enhancement

Although of no clinical significance, they can mimic dis-
seminated small liver metastases in the patient with cancer.
Biliary hamartomas are typically small (5-10 mm in size)
and diffusely spread in both lobes of the liver. On ultrasound,
they appear as small hyperechoic or hypoechoic lesions and
can demonstrate ringing artifacts (comet tail appearance).
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Fig. 7.8 Adenoma: inflammatory type. (a) T2-weighted TSE shows a
large circumscribed mildly hyperintense mass in the left hepatic lobe
(arrow) with an incidental right adrenal adenoma (*). (b) On opposed-
phase T1-weighted GE image, the mass (arrow) is mildly hypointense.

On CT, they appear as small cystic lesions of round, oval, or
irregular shape without contrast enhancement although thin
rim enhancement may sometimes be present, thus mimick-
ing hypovascular liver metastases [43]. When enhancement
is present, it is usually very thin (<2 mm) and observed only
on equilibrium-phase images, related to the fibrous compo-
nent of the lesions [50]. On MRI, biliary hamartomas appear
as low signal intensity on T1-weighted imaging, and high
signal intensity on T2-weighted imaging (Fig. 7.10). They
are best observed on maximum intensity projections MRCP
sequences as high signal intensity foci without connection to
or associated abnormalities of the intra-hepatic ducts.
Occasionally, bile duct hamartomas can be very large, up to
20 cm, and be symptomatic from internal hemorrhage or
pressure on adjacent structures [51]. Differential diagnosis
of biliary hamartomas includes peribiliary cysts (predomi-
nantly perihilar distribution in patients with liver parenchy-
mal disease), polycystic disease, and Caroli’s disease (cysts
communicate with bile ducts and are associated with bile
duct abnormalities).

Note signal loss in the adrenal adenoma indicating intratumoral fat. (c)
Pre-contrast and (d) portal venous phase post-contrast T1-weighted
GRE show mild internal enhancement of the lesion (arrows)

7.4.6 Hepatic Abscess and Echinococcus

The appearances of hepatic abscesses on imaging depend
on etiology (cholangitic abscesses tend to be small and
scattered adjacent to the biliary tree; hematogenous distri-
bution via the hepatic artery or via the portal vein in appen-
dicitis or diverticulitis tends to lead to larger lesions
diffusely spread in the liver). US reveals a cystic lesion
with internal echoes. On CT, hepatic abscesses are
hypodense lesions with capsules that may show enhance-
ment (Fig. 7.11); clustering may be noted when multiple
abscesses are present [52]. CT appearance of hepatic
abscess is nonspecific and can be mimicked by cystic or
necrotic metastases. Hence, appropriate clinical and labo-
ratory corroboration is vital towards making the right radio-
logical diagnosis. However, the distribution of abscesses in
the liver may hint at the etiology (Fig. 7.11). Though pres-
ent in only a small minority of cases, central gas is highly
specific for abscess. On MR imaging, hepatic abscesses are
hypointense relative to liver parenchyma on T1-weighted
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Fig. 7.9 Adenoma: inflammatory type. (a—c) Arterial (a) venous (b) phase CT show strong and progressive contrast enhancement of the lesion,
which retains enhancement in the delayed phase (¢), typical for peliotic changes in inflammatory adenoma

Fig. 7.10 Biliary hamartomas (von Meyenburg complexes). A middle-
aged man was referred to MRI following an equivocal ultrasound examina-
tion. There are multiple foci of high T2-weighted signal (of variable size
and shape) spread throughout the liver, suggestive of biliary hamartomas

images and markedly hyperintense on T2-weighted images,
often surrounded by an area of slight T2 hyperintensity rep-
resenting perilesional edema, which may also show
increased enhancement after contrast administration. On
DWI, there is marked diffusion restriction, best seen as
hypointensity on the ADC map.

Amebic liver abscess is nonspecific. It usually appears as
a solitary, hypodense lesion, with an enhancing wall that
may be smooth or nodular and is often associated with an
incomplete rim of edema. Like any bacterial abscess, lesions
are hypointense on T1-weighted images and heterogeneously
hyperintense on T2-weighted images [53].

On CT scan, involvement of liver by echinococcus granu-
losus (hydatid cyst) can manifest as unilocular or multilocu-
lar cysts with thin or thick walls and calcifications, usually
with smaller daughter cysts with/without septations at the
margin of or inside the mother cyst (i.e., this appearance is
quite different from a “usual” multi-cystic tumor). On MR
imaging, diagnostic features are the presence of a hypoin-
tense (i.e., densely fibrotic or even calcified) rim on
T1-weighted and T2-weighted images and a multiloculated
appearance.
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Fig. 7.11 Abscesses. (a) Typical large subcapsular (postoperative)
abscess with an air-fluid level and a reactive pleural effusion. (b, ¢)
Hematogenous abscesses in another patient with fever and right upper
quadrant pain. T1-weighted contrast-enhanced images in the (b) arterial
and (c) portal venous phase demonstrate multiple ring-enhancing
lesions in both lobes of the liver. In the arterial phase, there is also asso-
ciated increased parenchyma enhancement surrounding many of the

lesions. The appearance is consistent with multiple septic abscesses. (d)
Cholangitis abscess: T2-weighted MRI shows a solitary heterogeneous
high signal lesion in the right hepatic lobe with (e) impeded diffusion at
DWI (b750) with higher signal centrally. (f) T1-weighted contrast-
enhanced image shows a serpiginous and thick rim enhancement pat-
tern in keeping with a hepatic abscess
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Fig.7.11 (continued)

7.5  Malignant Primary Tumors

7.5.1 Hepatocellular Carcinoma

HCC is the most common primary liver cancer, with the
highest incidence in Asia and the Mediterranean. In European
countries, HCC is found mostly in patients with chronic liver
disease (e.g., liver cirrhosis due to HBV or HCV, alcohol
abuse, metabolic syndrome or hemochromatosis, or due to
chronic hepatitis B infection). At histopathology, HCC is
characterized by abnormal hepatocytes arranged in trabecu-
lar and sinusoidal patterns. Lesions may be solitary, multifo-
cal, or diffusely infiltrating.

There are wide varying appearances of HCC on imaging.
An early HCC within at-risk population is typically small
(<3 cm) and has a homogenous appearance. By contrast, late
presentation disease (including tumor in non-cirrhotic
patients) is characterized by more advanced disease, present-
ing as a larger heterogeneous lesion. US is frequently used
for disease screening and surveillance of cirrhosis patients.
The appearance of HCC on US is variable, with iso-, hypo-,
or hyper-echogenicity (increased echogenicity is often due to
intratumoral fat). Smaller lesions are typically homogeneous
and larger lesions heterogeneous. A surrounding fibrous cap-
sule is often present and characteristic for HCC, appearing as
a hypoechoic rim surrounding the lesion.

On unenhanced CT images, most HCCs are hypo- or
isodense (the latter particularly if small). The presence of
intratumoral fat can lower CT attenuation and is suggestive
of primary hepatocellular tumors in the appropriate clinical
settings. Due to their altered and predominant arterial supply,

HCCs enhance avidly in the arterial phase of contrast
enhancement, becoming iso- or hypodense with the liver
parenchyma in the portal venous phase of enhancement.
Delayed-phase images show most HCC lesions as hypodense
compared with surrounding liver. The washout of contrast in
these tumors is a diagnostic characteristic of HCC (Fig. 7.12).
Small HCCs may have a nodule-in-nodule appearance on CT
and MR images, especially when the disease develops within
aregenerative or dysplastic nodule (Fig. 7.13). At MR imag-
ing, such a nodule can exhibit higher signal intensity on
T2-weighted images and display hypervascularity on
arterial-phase images.

Multi-phase imaging after contrast administration on CT
helps to optimize the detection and characterization of
HCC. Late arterial-phase imaging is the most sensitive for
detecting small lesions [6, 54, 55]. A venous phase is always
necessary for tumor detection/characterization and assess-
ment of venous structures (Fig. 7.12), as well as other
abdominal organs. The delayed-phase imaging (e.g., at
2-3 min) can occasionally help to detect a lesion that may be
missed [56]. Much more important it can help to make a firm
diagnosis of HCC by showing typical lesion contrast wash-
out, if it had not been present in the portal venous phase [57].
Unenhanced images are important for identifying hyper-
dense siderotic nodules and for detecting hypodense intratu-
moral fat. Unenhanced images are also useful for tumor
follow-up after chemoembolization or after tumor ablation.
For these reasons, a three- to four-phasic MDCT protocol is
utilized at most centers to evaluate HCC.

The reliance on focal hypervascularity in the arterial
phase can lead to false-positive diagnosis of HCC [58].
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Fig. 7.12 HCC: Quadruple-phasic CT for detection and characteriza-
tion. (a) Non-contrast CT shows liver cirrhosis and splenomegaly. In
segment 4 a lesion is only faintly seen. (b) In the late arterial phase, a
hypervascular HCC is depicted in segment 4 (arrow). (¢) In the portal

Transient focal enhancement of liver parenchyma during
arterial phase, also termed transient hepatic attenuation dif-
ferences (THAD), can lead to a false diagnosis of HCC. In
cirrhotic patients, transient focal enhancement is often
related to arterial-portal shunting, resulting in early focal
areas of portal venous distribution enhancement in the liver.
THAD are usually peripherally located in the liver, appear
wedge shaped and may be poorly circumscribed. Subcapsular
lesions that do not exhibit mass effect or a round nature
should be carefully evaluated before suggesting the diagno-
sis of HCC. THAD are not associated with lesion hypoden-
sity in the portal venous or delayed phases of contrast
enhancement. The combination of hyperdensity on arterial-
phase images combined with washout to hypodensity on
venous- or delayed-phase images, although not sensitive
(33%), is highly specific (100%) for the diagnosis of HCC

venous phase, the lesion is not visible. (d) Delayed phase scan reveals
wash-out of the lesion, which is now hypoattenuating (arrow). The
combination of arterial hypervascularity and wash-out is specific for
HCC in the context of liver cirrhosis or chronic hepatitis B infection

[59] (Fig. 7.12). However, a small proportion of HCC is iso-
attenuating or hypoattenuating compared with the liver,
which can be difficult to diagnose.

The typical MR imaging features of larger HCC include a
fibrous capsule, intratumoral septa, daughter nodules, and
tumor thrombus (Fig. 7.14) [60]. These lesions are often het-
erogeneous in appearances (mosaic architecture) on both CT
and MR [61]. Whereas most large HCC are hyperintense on
T2-weighted images, smaller lesions, but some even measur-
ing 3—4 cm, can appear isointense or hypointense. On
T1-weighted images, HCC shows variable signal intensity
relative to hepatic parenchyma. A tumor capsule may be seen
on Tl-weighted and less commonly, as hypointensity on
T2-weighted imaging.

Dynamic extracellular gadolinium-enhanced imaging in
HCC parallels the features described for CT, with character-
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Fig. 7.13 HCC with nodule-in-nodule appearance. (a) Unenhanced
CT show a siderotic (hyperattenuating) large nodule, which contains a
low-density (non-siderotic) focus (arrow). (b) On T1-weighted GRE
opposed-phase image, the marginal nodule shows low signal intensity

istic early peak contrast enhancement and delayed-phase
tumor contrast washout of the nodular solid components; as
well as T1 enhancement of the capsule. Liver-specific MR
contrast agents (gadoxetic acid; Primovist, Bayer Healthcare
or gadobenate dimeglumine, MultiHance, Bracco) can be
administered to provide arterial, portal venous, and
equilibrium-phase imaging, but has the added advantage of
revealing additional characteristics at the delayed hepatobili-
ary phase of contrast enhancement. HCC typically do not
show uptake of liver-specific contrast medium in the hepato-
biliary phase, which can add confidence towards the detection
and characterization of HCC (Fig. 7.15) [62]. It has been
shown that using gadoxetic acid-enhanced MRI can improve
the detection of small or early HCCs, as it is superior for
detecting HCC measuring up to 2 cm in size compared with

(arrow). (c¢) The large nodule shows siderosis on T2-weighted TSE
images, but the marginal focus displays higher SI. (d) Dynamic
gadolinium-enhanced T1-weighted GRE images show (d) arterial
hypervascularity of the malignant focus (arrow)

CT [63]. In addition, sub-centimeter lesions detected by
gadoxetic acid-enhanced MRI are likely to be or can trans-
form to become HCC within a short interval [64]. Hence,
several evolving guidelines for the imaging evaluation of
HCC are incorporating the role of liver-specific contrast
media for the diagnosis of sub-centimeter HCC. However,
there is currently a lack of standardization across HCC
guidelines on the target populations for surveillance, diagno-
sis, staging, or monitoring; the imaging modalities and imag-
ing criteria to be applied; or recommended treatment [65].

It is important to recognize the pitfalls of using liver-
specific contrast media for HCC evaluation. Benign regener-
ating nodules may appear hypointense at the hepatobiliary
phase of contrast enhancement although the majority appears
isointense of the liver [66]. In addition, some well-
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Fig.7.14 HCC in the right lobe with tumor thrombus. (a) Late arterial
and (b) portal venous phase T1-weighted GRE show inhomogenous
enhancement and expansion of the portal vein. There is inhomogenous
enhancement of the right lobe, but no definite tumor is seen. (¢) DWI

differentiated or moderately differentiated HCC may appear
isointense or hyperintense due to higher levels of OATP1B3
and MRP3 receptor expression. For this reason, the use of
ancillary imaging features at MRI can improve the confi-
dence of HCC diagnosis. These include mild to high T2 sig-
nal intensity and impeded diffusion on high b-value
DWI. The use of liver-specific contrast agents may also help
towards the identification of isoenhancing or hypoenhancing
HCC that do not show typical arterial-phase hyperenhance-
ment. With regard to the use of diffusion-weighted MRI for
HCC evaluation, a higher b-value (e.g., 800 s/mm?) DWI
may help in the identification of disease, particularly if the

shows a solid mass in the entire intrahepatic portal vein and part of the
tumor in the right lobe. (d) In another patient with a large HCC in the
right lobe, tumor extension into the right hepatic vein (arrow) and the
inferior vena cava are seen

suspected nodule also demonstrates typical vascularity pat-
tern at contrast-enhanced MRI. Higher grade/poorly differ-
entiated HCC are more likely to show impeded diffusion and
lower ADC values compared with well-differentiated HCC.

To summarize, many MR characteristics are often as
associated with HCC (arterial-phase hyperenhancement,
portal venous or delayed-phase washout, lack of liver-
specific MR contrast agent uptake on hepatobiliary phase
images, moderate T2 hyperintensity, and restricted diffusion
on high-b-value DWI). However, for each of these findings,
there is only ~60-80% sensitivity, and benign lesions can
also show these findings, depending on finding, contrast
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Fig. 7.15 HCC: MRI with liver-specific contrast agent (gadoxetic
acid). (a) Axial T1-weighted GRE shows an encapsulated slightly
hyperintense mass in the dome of the liver. (b) Gadoxetic acid-enhanced

agent used, and series reported [66, 67]. Furthermore,
depending on the guidelines (EASL, AASLD, APASL, JSH,
or KLCA-NCC) applied, this can lead to different diagnostic
accuracies for the diagnoses of HCC [66]. To overcome the
problems with inconsistent terminology and different imag-
ing criteria, the American College of Radiology developed

image shows strong enhancement in the arterial phase. (¢) In the hepa-
tobiliary phase the lesion shows hypointensity due to lack of hepatocel-
lular uptake

the Liver Imaging Reporting and Data System (LI-RADS®),
with a standardized lexicon of terminology. The LIRADS
CT/MRI guideline has been revised several times (now in its
v2018) [68]. This guideline is applicable in adult patients
(>18 years) with liver cirrhosis or chronic hepatitis B. In
general, focal liver lesions (called “observations” are catego-
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rized as LR-1 through LR-5, depending on the probability of
HCC. For probably or definitely malignant lesions not neces-
sarily HCC, the category of LR-M is appropriate, and
LR-TIV for malignant tumors extending into the veins
(Fig. 7.14). LI-RADS® uses major and ancillary imaging fea-
tures to categorize observations. The validity of these imag-
ing features has been proven in several study.

Key Points

¢ Risk factors for HCC include liver cirrhosis (of var-
ious etiologies) and chronic hepatitis B infection.

e The key imaging features at contrast-enhanced
MDCT and MRI are arterial-phase hyperenhance-
ment and washout (to hypoattenuation/hypointen-
sity) in the portal venous phase and/or the 3-min
delayed phase.

e The CT/MRI LI-RADS® v2018 Guideline by the
American College of Radiology is an excellent tool,
which provides standard terminology, an imaging
feature lexicon, and a diagnostic algorithm to clas-
sify focal lesions (“observations”) in patients at risk
for HCC.

7.5.2 Fibrolamellar HCC

Fibrolamellar HCC (FL-HCC) typically affects young
patients without chronic liver disease On CT, FL-HCC
appears as a large, hypervascular mass with a central scar
and calcifications in up to 70% of cases [69, 70]. It often
shows aggressive features: vascular invasion, biliary obstruc-
tion, satellite lesions, and lymph node metastases [71]. On
MR imaging, FL-HCC are typically hypointense on

T1-weighted and hyperintense on T2-weighted images, with
T1-weighted and T2-weighted hypointense central scar
(Fig. 7.16). This is in contrast to the scar of FNH, which is
most often hyperintense on T2-weighted images. The fibrous
central zone FL-HCC may show delayed retention of CT and
extracellular gadolinium MR contrast agents. In contrast to
FNH, the contrast enhancement in FL-HCC is usually het-
erogeneous compared with the homogenous enhancement
pattern of FNH.

7.5.3 Cholangiocellular Carcinoma

Cholangiocellular carcinoma (CCC) is the second most com-
mon primary malignancy of the liver. Intrahepatic CCC orig-
inates from the intralobular bile ducts (in contrast to hilar
CCC, which arises from a main hepatic duct or from the
bifurcation) (Fig. 7.17). Intrahepatic CCC often presents late
as a large mass [72]. According to the growth characteristics,
CCC is classified as mass forming, periductal infiltrating, or
intraductal growing, with the mass-forming type being most
common in intrahepatic CCC [72]. At CT and MR imaging,
lesions tend to be hypodense at unenhanced CT and hypoin-
tense on T1-weighted images, with peripheral enhancement
at dynamic contrast-enhanced studies [73]. Delayed-phase
CT/MR imaging (after 5-15 min) may show enhancement
homogeneously or in the center of the lesion due to its rich
fibrous stroma, which is suggestive of the diagnosis of CCC
(Fig. 7.18) [74]. CCC shows a target appearance on DWI,
with the central fibrotic stroma often shows signal suppres-
sion on diffusion-weighted MRI compared with the cellular
rim and return relatively high ADC value. More recently, the
intrahepatic CCC can also be classified into the “large duct
type” or the “small duct type” depending on the cell of ori-
gin, which are associated with different imaging appear-

Fig.7.16 Fibrolamellar HCC. (a) Arterial-phase MDCT shows heter-
ogeneously enhancing mass in left lobe (arrows) with low attenuation
central fibrous scar with calcifications (arrowheads). (b) T2-weighted

MRI shows large left lobe mass (arrows) with heterogeneous appear-
ance and mild to moderately increased signal intensity. Fibrous central
scar is of very low signal intensity (arrowheads)
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Fig. 7.17 Hilar cholangiocarcinoma in a man with jaundice. (a) MRCP
(maximum intensity projection) shows dilated right and left intrahepatic
ducts, which can be traced to their confluence (arrow). The common bile

duct and pancreatic duct are not dilated. (b) Delayed post-contrast coro-
nal CT reformation shows enhancing soft tissue at the confluence of the
right and left hepatic ducts typical of perihilar cholangiocarcinoma

Fig.7.18 Peripheral cholangiocarcinoma: contrast enhancement char-
acteristics in 2 patients. (a) Contrast-enhanced CT in the arterial, portal
venous, and delayed phases demonstrate thick irregular rim enhance-
ment (arrows) with delayed central enhancement due to the fibrotic
matrix (small arrow). (b) Gadoxetic-acid-enhanced MRI in the arterial,
portal venous, and hepatobiliary phases show a mass with satellite nod-

ules and thick irregular rim enhancement (arrows), progressing over
time. In the hepatobiliary phase there is central retention of contrast
material (asterisk) due to fibrous matrix, which should not be confused
with hepatocellular uptake of a hepatocellular lesion. In CCC, quite
often peripheral wash-out of contrast is seen in late phases (small
arrow)
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ances. Large duct type tumor has a worse prognosis and are
found to be more likely to show infiltrative contours, diffuse
biliary dilatation, vascular invasion, and absence of arterial
enhancement [75]. Periductal infiltrative CCC causes early
segmental dilatation of bile ducts in a stage when the tumor
itself may be difficult to discern [73]. In addition, there are
morphologic features that can suggest the diagnosis of
CCC. Peripheral lesions often demonstrate overlying capsu-
lar retraction due to their scirrhous, fibrous matrix. Dilated
intrahepatic bile ducts proximal to an intrahepatic CCC can
also provide clues to the diagnosis, as biliary obstruction is
unusual with intrahepatic metastases (with the exception of
colorectal cancer [76].

7.6  RarePrimary Liver Tumors

7.6.1 Biliary Cystadenoma/
Cystadenocarcinomas

These tumors present a similar appearance and morphology
as their mucinous counterparts in the pancreas and occur
usually in women. Even when benign, these tumors have a
propensity for malignant degeneration, and any such tumor
should be considered potentially malignant. They appear as
unilocular or septated cystic masses, with the typical
anechoic and hypoechoic US appearance and near water-like
attenuation contents on CT. For differentiation between sim-
ple cyst and cystadenoma, the assessment of septations is
helpful: in cystadenoma, the septa usually arise from a
smooth cyst wall, whereas in simple cysts the septa there are
indentations of the cyst wall at the origin of the septa [77].
The presence of papillary excrescences, soft-tissue nodular-
ity or septations are associated with a higher risk of malig-
nancy in cystadenoma [78]. The cystic areas show variable
signal intensity at T1-weighted MRI, including being hyper-
intense to liver related to its proteinaceous content. Coarse
calcifications may be observed at US and CT in both cystad-
enoma and cystadenocarcinoma and is not a sign of
benignity.

7.6.2 Hepatic Angiosarcoma
Hepatic angiosarcoma is a rare tumor. There is a strong asso-

ciation with prior exposure to carcinogens such as vinyl
chloride and Thorotrast, as well as in patients with hemo-

chromatosis. However, in the majority, the tumor is
idiopathic. Pathologically, angiosarcoma presents as large,
solitary masses or with multiple tumor nodules with blurred
lesion margins [79]. The imaging appearance of angiosar-
coma is often nonspecific, appearing hypodense on unen-
hanced CT, hypointense on T1-weighted MR imaging, and
mildly hyperintense on T2-weighted imaging (although if
prominent sinusoidal vascular spaces are present, these can
appear of homogeneous and very high T2-weighted signal
intensity). Following iodine or gadolinium-based contrast
administration, most lesions show nonspecific heteroge-
neous enhancement or even centripetal enhancement.
Potentially problematic are those tumors with prominent
sinusoidal vascular spaces, because they can mimic the
appearance of benign hemangioma on CT and MRI. The
high T2-weighted MR signal in such lesions further com-
pounds this problem. In most such cases, however, careful
evaluation will show that the tumoral enhancement does not
follow characteristics of blood pool at all phases, or that
there are other features, such as multiple lesions, that makes
the diagnosis of hemangioma unlikely [80, 81].

7.6.3 Epithelioid Hemangioendothelioma

Epithelioid hemangioendothelioma (EHE) is a rare tumor of
vascular origin, not to be confused with infantile hemangio-
endothelioma, which is a very different tumor. These hepatic
tumors are characterized by multiple, peripherally located
lesions that progressively become confluent masses
(Fig. 7.19). In addition to the unusual peripheral liver distri-
bution, a key characteristic feature is the presence of overly-
ing capsular retraction, due to the presence of fibrosis and
scarring [82]. The CT attenuation or MR signal intensity
characteristics are nonspecific, although occasional tumoral
calcifications may be seen. Contrast enhancement with CT
or MR gadolinium chelates often shows a central zone of
decreased enhancement with marked rim enhancement
(Fig. 7.19) [79]: The reverse pattern has also been observed
with a central area of increased enhancement and peripheral
decreased enhancement. Concentric zones of marked
enhancement have also been reported. A visible branch of
the portal or hepatic vein terminating at the periphery of
these lesions (lollipop sign) has also been described, although
this is not pathognomonic of the disease [83]. Lesions often
become confluent and may grow large enough to replace
nearly the entire liver parenchyma.
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Fig. 7.19 Epithelioid hemangioendothelioma. (a) Fat-suppressed
T2-weighted TSE shows multiple subcapsular hyperintense lesions,
some showing biphasic pattern with central higher T2 signal core com-
pared with the periphery. (b) Portal venous phase fat-suppressed

7.7 Hepatic Metastases

At US, liver metastases can appear hypoechoic, isoechoic,
or hyperechoic. On dynamic contrast-enhanced CT, most
metastases appear hypovascular and hypodense relative to
liver parenchyma on the portal venous phase (Fig. 7.20).
Hypervascular metastases are most commonly seen in renal
cell carcinoma, neuroendocrine tumors, sarcomas, and
breast tumor patients (Fig. 7.20). These tumors are best
seen in the arterial phase and may become isodense and
difficult to detect at the later phases of contrast enhance-
ment. At MR, metastases are usually hypointense on
T1-weighted and moderately hyperintense on T2-weighted

T1-weighted MRI shows mild enhancement in the periphery of these
overall hypointense lesions. (¢, d) Contrast-enhanced MDCT in the
arterial and portal venous phases typically shows multiple subcapsular
lesions in both lobes

images [84]. Peritumoral edema makes lesions appear
larger on T2-weighted images and is highly suggestive of a
malignant mass [85]. High signal intensity on T1-weighted
sequences is typical for melanoma metastases due to the
paramagnetic nature of melanin. It can also be seen in and
around metastases after tumor ablation due to coagulation
necrosis. Some lesions may have a central area of hyperin-
tensity (target sign) on T2-weighted images, which corre-
sponds to central necrosis. DWI with high b-values (e.g.,
600-800) is very helpful for detecting small liver metasta-
ses, which may otherwise escape detection (Fig. 7.21). On
dynamic contrast-enhanced MR imaging, metastases dem-
onstrate enhancement characteristics similar to those



114 W. Schima and D.-M. Koh

Fig. 7.20 Metastases. (a) Contrast-enhanced MDCT in the arterial phase demonstrates several predominantly hypervascular liver metastases of
neuroendocrine cancer of the pancreas. (b) Contrast-enhanced MDCT in the venous phase shows typical hypovascular colorectal metastases

Fig. 7.21 Value of diffusion-weighted MRI for detection of small ~ within the liver. (¢) DWI (b750 image) clearly shows a small metastasis
metastases. (a) T2-weighted MRI and (b) Gadoxetic acid-enhanced  in the left hepatic lobe (arrow). The lesion was also not visualized on a
T1-weighted MRI (hepatobiliary phase) shows no apparent lesions contemporaneous FDG PET/CT examination
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Fig.7.22 Colorectal liver metastases at gadoxetic acid-enhanced MRI.
(a) Unenhanced T1-weighted MRI shows two hypointense lesions in
segments 6/7 and 4. (b) T2-weighted TSE image shows the lesions to be
moderately hyperintense. (¢) Gadoxetic acid-enhanced MRI in the hep-

described for CT. Metastases may demonstrate a hypoin-
tense rim compared with the center of the lesion on delayed
images (peripheral washout sign), which is highly specific
for malignancy. It has been shown in colorectal cancer, that
the combination of using DWI, together with liver-specific
contrast media-enhanced MRI results in the highest dia-
gnostic accuracy for the detection of liver metastases
(Fig. 7.22) [86]. The role of liver-specific MR contrast
agents in patients with suspected liver metastases is still
under discussion. However, liver-specific MR contrast
agents are undoubtedly the preferred imaging method for
pre-surgical or pre-interventional planning for liver metas-
tases [65].

atobiliary phase shows two additional small subcapsular metastases
(arrows) not seen on unenhanced MRI or MDCT (not shown)

Key Points

e Liver metastases of extrahepatic primaries are much
more common than primary cancers of the liver.

* Most metastases (of adenocarcinoma or squamous
cell cancer origin) are hypovascular.

e Renal cell cancer, neuroendocrine tumors, sarco-
mas, melanoma, and occasionally breast cancer
may seed hypervascular metastases.

e At MRI the combination of DWI and liver-specific
MR contrast agents yields the best results regarding
detection of metastases.
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7.8 Differential Diagnosis of Focal Liver

Lesions

The approach to characterizing a focal liver lesion seen on
MDCT begins with determining its density. If the lesion
shows near water attenuation, is homogenous in character,
and has sharp margins, then a cyst should be considered and
can be confirmed with US in almost all cases. However, the
radiologist should be familiar with the imaging features of
other cystic lesions that can mimic simple cysts. When eval-
uating solid focal liver lesions, disease characterization is
largely reliant on observing the rate and pattern of contrast
enhancement. If a lesion shows peripheral and nodular
enhancement, with the density of enhancing portions show-
ing the same general levels of blood vessels in the arterial,
venous, and delayed phases, a hemangioma can be confi-
dently diagnosed. Arterially hypervascular enhancing
lesions include FNH, HCA, HCC, and metastases from neu-
roendocrine tumors, melanoma, renal cell carcinoma, and
breast cancer. In general, HCC is considered in a setting of
cirrhosis or chronic liver disease. The CT/MRI LI-RADS®
guideline of the American College of Radiology has under-
gone several revisions since its release in 2011 [87-89]. It
provides standard terminology, an imaging feature lexicon,
and a validated classification system for focal lesions found
in patients at risk for HCC (adults with cirrhosis or chronic
hepatitis B). LI-RADS terminology should be implemented
in clinical practice to improve communication between
radiologists and referring hepatologists, oncologists, and
surgeons.

FNH is most likely in young women with a non-cirrhotic
liver and if the lesion is homogeneous and near isodense/
isointense on unenhanced CT/MR imaging with a central
T2-weighted hyperintense scar. By comparison, thick,
irregular, heterogeneous enhancement or the presence of
peripheral washout at the delayed phase suggests a malig-
nant mass, such as metastases, CCC, or even HCC. In par-
ticular, delayed enhancement is a feature of CC due to is
fibrotic stroma.

Liver-specific MR contrast has been shown to improve
the characterization of FNH and HCA. They are recom-
mended in the preoperative assessment of patients with
potentially resectable liver metastases (from colorectal can-
cer). DWI is also now routinely performed in liver imaging.
Its main clinical benefit is the detection of focal liver lesions,
which may be missed on conventional and contrast-enhanced
imaging sequences. Quantitative ADC measurements can
support the characterization of focal liver lesions, with higher
ADC values favoring benign lesions. However, the use of
ADC value should be made considering all other imaging
findings because of the significant overlap of ADC values
between benign and malignant lesions.

7.9  Concluding Remarks

Contrast-enhanced liver MDCT for detection and character-
ization of focal masses should be at least bi-phasic. A triple-
phasic contrast-enhanced protocol is recommended in the
LI-RADS® guideline for HCC detection and characterization
in high-risk patients. The MRI protocol should routinely
include T1-weighted GRE DIXON, T2-weighted TSE (with
or without fatsat), DWI, and dynamic-contrast-enhanced
pulse sequences. Liver-specific MR contrast agents are rec-
ommended for evaluation of patients with potentially resect-
able colorectal liver metastases. Liver-specific MR contrast
agents are also helpful for characterization of hepatocellular
lesions (especially FNH vs. adenoma).

Take-Home Messages

* Contrast-enhanced liver MDCT for detection and
characterization of focal masses should be at least
bi-phasic. A triple-phasic contrast-enhanced proto-
col is recommended in the LI-RADS® guideline for
HCC detection and characterization in high-risk
patients.

e MRI protocol should routinely include T1-weighted
GRE DIXON, T2-weighted TSE (with or without
fatsat), DWI, and dynamic-contrast-enhanced pulse
sequences.

* Liver-specific MR contrast agents are recom-
mended for evaluation of patients with potentially
resectable colorectal liver metastases.

* Liver-specific MR contrast agents are helpful for
characterization of FNH and adenoma.
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