Focal lesions in the cirrhotic liver
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he cirrhotic liver provides a
Tchallenging background for the

detection of hepatocellular car-
cinoma (HCC)."? Although MRI is
the most accurate imaging method for
the detection and characterization of
HCC, all imaging techniques may fail
to detect small HCCs.? There is now
broad agreement that in cirrhosis, there
is a stepwise progression from regen-
erative nodules (RN) to HCCs along
the following pathway: RN, low-grade
dysplastic nodule (DN), high-grade
dysplastic nodule (DN), and HCC.*?
An important caveat in this pathway is
that most RNs do not progress to DNs
and, although DN are considered pre-
malignant lesions, they may remain
stable or even regress without evolving
into HCCs.

Along this pathway, functional
changes occur within the lesion that af-
fect its imaging characteristics:

1. Progressive loss of hepatocellular
function, leading to the lesion’s in-
ability to metabolize and accumu-
late hepatospecific contrast agents;

2. Loss of the normal Kupffer cells
population, leading to the lesion’s
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inability to take up ferromagnetic
contrast agents;

3. Progressive change in the lesion’s
blood supply, with a correspond-
ing increase in its arterial supply
relative to its portal supply. This
arterial neovascularization un-
derlies the early arterial phase en-
hancement and portal venous phase
washout pattern characteristic
of HCC.

In addition, benign lesions may be

present, confounding imaging inter-
pretation.

Ultrasound

Current guidelines recommend that
cirrhotic patients undergo ultrasound
screening every 6 months.®” Small
HCCs have a wide range of appearances
on ultrasound and can demonstrate
increased or decreased echogenicity
in relation to the adjacent liver paren-
chyma (Figures 1 and 2). Large HCCs
may show internal heterogeneity due
to hemorrhage, necrosis, or fat. Ultra-
sound usually cannot confidently estab-
lish the diagnosis of HCC. Thus, new
hepatic nodules detected during ultra-
sound screening warrant further evalua-
tion, which is based on the lesion’s size:

Nodules < 1 cm may be followed-up
by ultrasound every 3 to 4 months, for 2
years. 510

Nodules ranging from 1 to 2 cm
should be further characterized at time

of detection using contrast-enhanced
CT or MRI, or biopsy 510

Liver biopsies (and some ablation
procedures) are preferably performed
under ultrasound guidance. For this
reason, it is essential to determine if the
nodule is detectable at ultrasound.!!

CTand MRI
Technique

Noncontrast imaging is valuable
for assessing diffuse hepatic changes,
such as fat infiltration and iron deposi-
tion, and focal changes such as subtle
calcification and hemorrhage.® How-
ever, CT and MRI allow multiphasic
postintravenous (IV) contrast imaging,
which facilitates detection and charac-
terization of focal liver lesions and is
widely used for this purpose. Multiple
phases may be obtained during con-
trast enhancement; these may include
early and late arterial phases, as well as
portal and equilibrium phases. Proto-
col optimization and optimal timing of
the post contrast phases maximizes the
lesion-to-liver contrast. The minimum
requirement for liver imaging is an ar-
terial phase (20—40 sec postcontrast
injection) and a portal venous phase
(60-80 sec postcontrast injection).!->!2
Many systems allow direct triggering
of the acquisition by observing con-
trast medium arrival in the aorta; this
approach provides more consistent
results.
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FIGURE 1. Screening ultrasound demonstrating a hypoechoic HCC (arrow)

FIGURE 2. Screening ultrasound demonstrating a hyperechoic

in a patient with hepatitis C-related cirrhosis. This lesion was subsequently HCC (arrow) in a patient with hepatitis C-related cirrhosis. This
lesion was subsequently confirmed to represent HCC at biopsy.

confirmed to represent HCC at biopsy.

FIGURE 3. Cirrhotic liver with innumerable regenerative nodules throughout the liver parenchyma identified on T1WI (A) and T2WI (B). These
nodules all are iso-intense on postcontrast image (C).

MRI has a wider range of contrast
mechanisms than CT. A broad range
of liver MRI protocols is possible due
to the numerous combinations of field
strength, pulse sequence implementa-
tion, and interdependent sequence pa-
rameters available.'*!7 Comprehensive
liver imaging using MRI now includes
T2- and in- and opposed-phase T1-
weighted imaging, in addition to dy-
namic post-contrast imaging.

Regenerative nodules

Regenerative nodules (RN) are pres-
ent throughout the background liver pa-
renchyma of cirrhotic livers (Figure 3).

In RNs, all the normal cellular compo-
nents of liver parenchyma are present:
hepatocytes, Kupffer cells, and biliary
ducts.*> Most RN are indistinguish-
able from liver parenchyma on imag-
ing, although some demonstrate iron,
glycogen, and copper accumulation,
which may allow for their detection
on imaging.*'® At CT, these may ap-
pear slightly hypo- or hyperdense com-
pared to the surrounding parenchyma.
On T2W images, the accumulation of
iron in RN typically appears as low
SI compared to the surrounding liver
parenchyma. In addition, fibrous septa
surrounding RNs often have increased

SI on T2W images. On T1W images,
RNs vary in appearance and can dem-
onstrate hypo-, iso-, or hyper-inten-
sity relative to the surrounding liver.
Hepatic artery and portal vein blood
supply, as well as hepatic venous
drainage, are not altered in RNs. Thus,
following contrast administration RNs
show enhancement similar to the nor-
mal liver parenchyma on all phases.*
Finally, RNs are usually smaller than
2 cm.34

Dysplastic nodules
DN may appear identical to RNs
and HCCs on MRI and CT imaging

18 W  APPLIED RADIOLOGY

www.appliedradiology.com

October 2013



FOCAL LESIONS IN THE CIRRHOTIC LIVER

FIGURE 4. Dysplastic nodule. (A) Small T2-hypointense nodule and (B) with washout
(arrows). Nodule did not show arterial enhancement (not included). Nodule was stable in size
on follow-up MRI approximately 2 years later and was thus presumed to represent dysplastic
nodule rather than a malignant nodule.

FIGURE 6. Typical HCC on MRI demon-
strating: Arterial enhancement (A), washout
with capsule (B), and mild T2 hyperintensity
(C) (arrows).

(Figure 4). In DN, all of the usual cel-
lular components of normal liver paren-
chyma (hepatocytes, Kupffer cells, and
biliary ducts) are still found.* DNs may
be divided into low-, moderate-, and
high-grade DNs.* A feature that distin-
guishes them from RN is early arterial

o . ) neovascularization, most prominent in
FIGURE 5. Fat-containing HCC. Nodule shows signal loss on in- (A) and opposed- phase . .
(B) T1WI, consistent with a fat-containing lesion (arrows). Subtracted post- contrast images the high-grade nf)dllleS' Alth.ough DNs
(C) show arterial enhancement and washout (D) within lesion, consistent with HCC (arrows). may have any signal intensity on T1-
Lesion exhibited progressive increase in size on follow-up imaging (not shown). weighted images, fat accumulation can
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FIGURE 7. Typical HCC on CT demonstrating: Arterial enhancement (A) and washout in the

delayed phase (B) (arrows).

FIGURE 8. Small HCC proven on explant demonstrating: Subtle arterial enhancement (A),
washout (B), and mild T2 hyperintensity (C) (arrows). The HCC is most conspicuous on DWI
(D) (arrow) in comparison with the conventional sequences.

be present and can be detected using
in- and opposed-phase T1-weighted
images.'>?° On T2W images, DNs are
usually iso- or hypointense compared to
the liver parenchyma. Because of some
degree of neovascularization, DNs may

show early homogeneous arterial en-
hancement similar to HCC following
IV contrast administration, although
they generally do not show washout in
the delayed phases.'>?° Like RNs, DNs
are usually smaller than 2 cm.

HCCs

Hepatocellular carcinomas may ex-
hibit a spectrum of CT and MR imaging
characteristics, in part related to their
variable degree of differentiation. Well-
differentiated HCCs still exhibit some
cellular similarity to hepatocytes, and
thus retain some degree of hepatocel-
lular function, whereas in poorly differ-
entiated HCC, hepatocellular function is
lost. 1591921 I addition, areas of hemor-
rhage or focal fat can be present within
HCCs, leading to variable imaging
features (Figure 5). At noncontrast CT
imaging, HCCs can be hypo-, iso- or hy-
perdense compared to liver parenchyma.
HCCs are usually hypointense on TIW
images, but they can be iso- or hyperin-
tense. Fat is rarely present in HCCs, but
like fat-containing benign lesions, it can
be demonstrated using in- and opposed-
phase T1W images. HCCs typically
show mild increased SI on T2W images
because of inflammation, edema and ne-
crosis within the lesion (Figure 6). De-
spite this hyperintensity, differentiation
from the surrounding liver parenchyma
on T2W imaging can still be difficult,
given the possibility of motion and other
artifacts, as well as possibly altered T2
signal within the liver parenchyma itself.
Furthermore, HCCs with low signal on
T2W imaging have been described.

Given the variable imaging fea-
tures of HCC on noncontrast CT and
MRI, postcontrast imaging is criti-
cal to accurately detecting HCC with
these modalities. Typically, following
IV contrast medium administration,
HCCs show heterogeneous early arte-
rial enhancement and washout in the
delayed phase, reflecting the predomi-
nant blood supply from arterial neovas-
cularization (Figure 7). However, in
small HCCs, the enhancement pattern
can be homogeneous, and the wash-
out may be minimal.!">192! Further-
more, in well-differentiated HCCs, the
hepatic artery and portal venous blood
supply may still be present in a propor-
tion that makes these lesions difficult
to characterize even after contrast ad-
ministration. At MR imaging, subtrac-
tion imaging can help detect both the
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FIGURE 9. Nodule-in-nodule sign. Larger nodule (solid arrow) containing internal smaller nodule on precontrast T1WI (A) (arrow). The smaller
nodule (dashed arrow) demonstrates arterial enhancement (B) and washout (C).

FIGURE 10. Arterioportal shunt on MRl demonstrating a peripheral small area of arterial enhancement (A) (arrow) with no washout in the

delayed phase (B) or T2 hyperintensity (C).

FIGURE 11. Arterioportal shunt on CT demonstrating a peripheral small area of arterial
enhancement (A) (arrow) with no washout in the delayed phase (B).

arterial enhancement and the washout,
especially in HCCs that have high SI
on pre-contrast, T1W images. A pseu-
docapsule, presenting as an enhancing
peripheral rim, may also be present in
the delayed postcontrast phases, both

October 2013

at CT and MRI,!5%1921 and can be an
additional helpful diagnostic feature.
Hepatocyte-specific, gadolinium-based
MR contrast agents and ferromagnetic
MRI contrast agents have also been
used to characterize HCC based on the

www.appliedradiology.com

lack of normal biliary metabolism and
Kupfter cells within HCC, respectively;
however, diagnosis can remain difficult
even using these agents, given that well-
differentiated HCC tumor cells may still
be able to metabolize and accumulate
hepatocyte-specific gadolinium-based
contrast agents or retain Kupffer cells,
thus showing uptake using ferromag-
netic contrast agents.!-1921

Clearly, detecting and characterizing
alesion as HCC can be challenging, par-
ticularly in the cirrhotic patient, where
artifacts due to ascites and difficulties
in breath holding are common. Com-
parison and correlation with previous
imaging is essential; in a complex case,
changes in size on serial examinations
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FIGURE 12. Chemo-embolized HCC. HCC is bright on precontrast T1WI (arrows) and therefore arterial phase image is difficult to assess. Sub-
tracted image shows complete nonenhancement of the lesion, consistent with a successful complete response to treatment (arrow).

may be the most helpful observation for
lesion characterization.!31%-2! In ad-
dition, when encountering an indeter-
minate liver lesion, correlation with an
elevated serum alpha-fetoprotein level
may be helpful. However, this labora-
tory test has a limited negative predictive
value, especially in the setting of hepa-
titis C-related cirrhosis, and a normal
level does not exclude HCC.?? Finally,
diffusion weighted imaging (DWI) is a
functional MRI technique that recently
has been introduced in liver MR imag-
ing protocol. While this sequence may
help detect small lesions within the liver
parenchyma (Figure 8), DWI does not
currently allow for definitive lesion char-
acterization in the cirrhotic liver. 2320

Nodule-in-nodule

The term nodule-in-nodule is used to
describe the appearance of a small HCC
arising within a DN (Figure 9). In this
case, the lesion will exhibit the previ-
ously described imaging characteristics
of HCC, while being located within a
larger nodule having the characteristics
of aDN.43

Unidentified bright objects (UBO)
Unidentified bright objects (UBO)
describe those lesions that show arte-
rial phase enhancement on CT or MR
imaging following IV contrast medium
administration but do not fulfill the crite-
ria to be characterized as HCC.?” These

lesions measure under 20 mm in size, and
are often irregularly shaped and periph-
erally located. On MRI, UBOs show no
signal changes on T1- or T2-weighted
images. UBOs are too small to be charac-
terized by a single imaging study or to un-
dergo targeted biopsy. These lesions are
common and probably represent variants
of regenerative nodules or arteriovenous
shunts (Figures 10 and 11). They may re-
solve spontaneously and usually require
serial imaging to monitor for potential
progression.'®?’

Treated HCC

Liver resection and transplantation
represent the only curative treatments
for HCC. Forms of ablative treatments,
which are not curative, include trans-
arterial chemo-embolization (TACE),
trans-arterial embolization (TAE),
radiofrequency ablation (RFA), cryo-
ablation, and Yttrium-90 radio-em-
bolization. These ablative techniques
induce tumor necrosis. 282° CT and
MRI may be used to assess therapy
success by discerning between viable
and necrotic HCC. Because the treat-
ment targets HCC vascularization, a
successfully treated necrotic HCC will
not enhance following IV contrast ad-
ministration.282° At MRI, to assess the
presence of post-contrast enhancement,
subtraction images can be useful, given
the possibility of increased signal in the
lesion on precontrast TIW sequences

related to the therapy (Figure 12). In
addition, apparent diffusion coefficient
(ADC) maps calculated from DWI, can
be useful to quantify changes in HCCs
following treatment.?'*° For instance,
in one study, HCC that responded to
chemo-embolization demonstrated an
increase in ADC values following treat-
ment.?!' It is important to be aware of
factors that can confound assessment
for treatment response. Following abla-
tion, especially within the first 30 days,
an enhancing rim consisting of granula-
tion tissue can surround an HCC that is
in fact completely necrotic.?®? In addi-
tion, benign reactive areas of abnormal
arterial enhancement can be present in
the treated lobe following treatment;
such regions may be recognized by the
lack of washout in the delayed phase.
CT has also occupied a particular role
following selective hepatic arterial in-
jection using Lipiodol; this agent is
usually cleared from normal liver pa-
renchyma within 7 to 10 days, upon
which CT may be performed to as-
sess for any lesions retaining the agent,
which would indicate areas of tumor.
Finally, follow-up of HCC treated using
pharmacological therapy with sorafenib
is performed via size criteria.

Conclusion

MR, CT, and ultrasound imaging
represent an essential tool in the de-
tection and characterization of liver
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lesions in cirrhotic patients. Despite the
different imaging modalities and novel
contrast media making it possible to do
a multiparametric evaluation of liver le-
sions, a confident characterization may
still represent a challenge even for an
expert liver imager and, in some cases,
a biopsy is still required to reach a final
diagnosis. Hybrid imaging with PET/
CT and PET/MR may lead to new an-
swers with the potential to determine
liver lesion choline and glucose metab-
olism; but whether this will have a clini-
cal impact on patient management is yet
to be determined.
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