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elastography in an independent population of 35
healthy individuals and 48 patients with varying
degrees of chronic liver disease showed a sensi-
tivity of 86% and specificity of 85% for the detec-
tion of stages 2 to 4 fibrosis compared with liver
histology from biopsy. A high negative predictive
value (97%) for excluding the presence of fibrosis
was also noted, suggesting that MR elastography
might have a role in improving the ability to risk-
stratify patients for liver biopsy to exclude occult
advanced fibrosis.®® MR elastography therefore
appears to shows promise for the noninvasive
staging of liver fibrosis, particularly in patients
with advanced fibrosis.

Diffusion-weighted magnetic resonance im-
aging is a technique that assesses the freedom
of diffusion of water protons within tissue by
applying motion-sensitizing gradients that cause
diffusing protons to lose signal. Recent advances

in MR imaging technology have facilitated the
performance of diffusion-weighted MR imaging
of the liver, and it has also been used to detect liver
fibrosis. Prior studies have reported that apparent
diffusion coefficient (ADC) values acquired from
b values of 500 (seconds/mm?) and greater corre-
lated significantly with liver fibrosis stage, and that
ADC values with a combination of b value of 0 and
1000 {seconds/mm?) showed the highest correla-
tion (r = —0.654, P<.001).4° On the other hand,
several studies noted that there was no significant
carrelation between fibrosis stage and the ADC
value using low b values (b values, 50 to 400
seconds/mm?), because diffusion-weighted imaging
with a low b value was influenced by perfusion
contamination.*®4! Luciani and colleagues,* re-
ported that ADC calculated from low b values
was significantly reduced in cirrhosis. Thus, the
fast component diffusion-weighted MR imaging

Fig. 16. Photomicrographs (Azan-Mallory stain, original magnification x20 and x100) in a patient with HCV
shows low-grade dysplastic nodule (asterisk) (A, B) and high-grade dysplastic nodule (asterisk) (C, D). (Courtesy
of Osamu Nakashima, MD, Department of Pathology, Kurume University School of Medicine, Japan.)
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obtained with low b values may provide informa-
tion related to microperfusion changes in diffuse
liver disease whereas the slow component
diffusion-weighted MR imaging obtained with
high b values has been suggested to reflect
a decrease in water proton diffusion.*® The princi-
ples of diffusion-weighted MR imaging is dis-
cussed further in this presentation on functional
MR imaging techniques.

In vivo MR spectroscopy (MRS) is most
commonly used to assess signals from hydrogen
('H) and phosphorus (®'P). Although 'H-based
MRS allows for the quantification of certain metab-
olites and lipids, 3'P-based MRS provides insights
on processes, including cell turnover and energy
state, based on the substantial *'P concentrations
within hepatocytes.** Previous studies have sug-
gested MRS may be useful in detecting hepatic
fibrosis.*548 An increased levels of hepatic phos-
phomonoesters (PME) have been reported in
patients with established cirrhosis,***® and an
increasing PME to phosphodiester (PDE) ratio
has been reported to correlate with worsening

Chronic Hepatitis and Cirrhosis on MRI

necroinflammatory and fibrosis scores on liver
histology.#” It has also been suggested that
a PME and PDE ratio 0.2 or less is correlated
with mild hepatitis and 0.3 or greater is correlated
with cirrhosis in a study involving patients with
chronic hepatitis C.“® Despite some preliminary
promising data, 3'P-based MRS is not widely
used due to specific technical requirements. The
role of MRS in the detection of liver inflammation
and fibrosis requires further investigation.

CIRRHOSIS-ASSOCIATED HEPATOCELLULAR
NODULES
Regenerative Nodules

Regenerative nodules form in response to
necrosis, altered circulation, or other stimuli,*®
and may progress along a well-described carcino-
genetic pathway to become dysplastic nodules or
hepatocellular carcinomas.®® These nodules are
present in all cirrhotic livers and are surrounded
by fibrous septa (see Fig. 10)."® The nodules may
be monoacinar or multiacinar, depending on

Fig. 17. Low-grade (4, B) and high-grade dysplastic nodules (C, D). All nodules were hyperintense on T1-
weighted fat-saturated 3D GRE images (TR/TE = 3.6/1.7 ms, flip angle = 15°) (4, O (arrows). In T2-weighted
fat-saturated TSE images, in contrast, a low-grade dysplastic nodule is observed as hypointense (8) (arrow),
whereas a high-grade nodule is observed as slightly hyperintense (D) (arrow).
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Fig. 18. Dynamic enhancement patterns of a high-grade dysplastic nodule in axial T1-weighted fat-saturated 3D
GRE images (TR/TE = 3.6/1.7 ms, flip angle = 15°), presenting before (A) and in the arterial phase (30 s) (B), portal
phase (30 s), and (C) equilibrium phase (4 min), and (D) after intravenous injection of Gd-EOB-DTPA. Portal and
equilibrium phases (arrow) show increased enhancement of high-grade dysplastic nodule.

whether they contain one or more terminal portal
tracts, and can also be classified by size as of
the micronodular (<3 mm) (Fig. 14), macronodular
(>3 mm) (see Fig. 14), or mixed type (features of
both micro- and macronodular types).5!

MR imaging demonstrates regenerative nodules
with greater sensitivity than any other imaging
modality. These nodules usually appear isointense
to hypointense (Fig. 15) on T2-weighted images
relative to the surrounding inflammatory fibrous
septa, and isointense to hyperintense (see
Fig. 15) relative to background liver parenchyma
on T1-weighted images.®® The accumulation of
iron within regenerative nodules (siderotic
nodules) may cause hypointensity on both T1-
and T2-weighted images (see Fig. 15) owing to
susceptibility effects.>® With regard to blood
supply on dynamic imaging, regenerative nodules
are usually enhanced to the same or greater
degree than the background liver in the portal
venous phase,®* owing to the large contribution
from the portal vein, with minimal contribution
from the hepatic artery (Table 4).55
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Fig. 19. T2-weighted TSE image shows an iso- to
slightly high-signal—intensity nodule (arrowheads)
with a focus of higher signal intensity (arrow) within
the nodule. This higher signal intensity focus within
the nodule shows the presence of HCC,



Dysplastic Nodules

Dysplastic nodules are considered an interme-
diate, premalignant step along the hepatocarcino-
genesis process, and can also be classified by the
degree of dysplasia as low- or high-grade.>®
Low-grade dysplastic nodules are sometimes
vaguely nodular but are often distinct from the
surrounding cirrhotic liver because of the presence
of peripheral fibrous scar.5® This nodule is not
a true capsule, but rather condensation of scarring
as is seen around all cirrhotic nodules. Low-grade
dysplastic nodules show mild increase in cell
density with a uniform pattern, and without cyto-
logic atypia.®® Architectural changes beyond
clearly regenerative features are not present; these

Fig., 20. T2-weighted GRE images (TE, 9.5 m

Chronic Hepatitis and Cirrhosis on MRI

lesions do not contain pseudoglands or markedly
thickened trabeculae (Fig. 16).5° High-grade
dysplastic nodules may also be distinctly or
vaguely nodular in the background of cirrhosis,
although they also lack a true capsule, similar to
low-grade dysplastic nodules; however, they are
more likely to show a vaguely nodular pattern
than low-grade dysplastic nodules.>® A high-
grade dysplastic nodule is defined as having archi-
tectural and/or cytologic atypia, but the atypia is
insufficient for a diagnosis of HCG.58 These lesions
most often show increased cell density, some-
times more than 2 times higher than the
surrounding nontumoral liver, often with an irreg-
ular trabecular pattern (see Fig. 16).56 On MR
imaging, dysplastic nodules have variable

s) after administration of SPIO in well-differentiated hepatocellular

carcinoma (HCC) shows various signal intensities depending on Kupffer cell function within the nodule (4—D)
(arrow). A dysplastic nodule with a central focus of HCC is observed as "a nodule within a nodule” (D)

(arrowhead).
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appearances, and their signal intensity character-
istics overlap with those of regenerative nodules
and well-differentiated HCC. On T2-weighted
images, most dysplastic nodules are usually hypo-
intense, and only rarely hyperintense (Fig. 17) It
has been suggested that high-grade dysplastic
nodules tend to have slightly higher signal intensity
on T2-weighted images (see Fig. 17)%7; however,
the distinction from HCGC and a high-grade
dysplastic nodule may be difficult even on
pathology. On T1-weighted images dysplastic
nodules characteristically demonstrate high signal
intensity, which may be related to deposition of
copper, Fe3*, or glycogen, or a high protein or lipid
content (see Fig. 17).%%° However, the appear-
ance on T1-weighted images cannot be used to
distinguish low- and high-grade dysplastic
nodules because both display variable (low, iso-,
or high) signal intensity.5”

With regard to blood supply, dysplastic nodules
are typically hypovascular lesions with predomi-
nantly portal venous blood supply, although
increased arterial flow is seen in a small minority
of cases (Fig. 18) (see Table 4).° The signal inten-
sity characteristics of some high-grade dysplastic
nodules that receive increasing supply from the
hepatic artery may overlap with those of HCC

nodules during the process of hepatocarcinogen-
esis.5! The hepatocarcinogenesis theory has
been supported by the description of a dysplastic
nodule with a central focus of HCC on T2-
weighted images as “a nodule within a nodule.”®2
The classic MR appearance is a focus of high
signal intensity within a low-signal—intensity
nodule on T2-weighted images (Fig. 19). This
focus of HGC may also be enhanced in the arterial
phase.®3 Despite the possibility of HCC devel-
oping within dysplastic nodules, the development
of this tumor may not be a linear process because
HCC is recognized to occur in patients with
chronic HBV but without cirrhosis.

Liver-Specific MR Contrast Agents (SPIO,
Gd-EOB-DTPA) for Liver Nodules

Because the density of Kupffer cells within regen-
erative nodules is similar to that in the surrounding
nonneoplastic hepatic parenchyma, these nodules
take up SPIO through Kupffer cell phagocytosis.
On T2-weighted GRE and T2-weighted spin-
echo sequences after administration of SPIO,
regenerative nodules show the same signal inten-
sity as that of surrounding hepatic parenchyma. In
contrast, because Kupffer cell density within

Fig. 21. Dynamic enhancement patterns of well-differentiated HCC in axial 3D fat-saturated T1-weighted GRE
images (TR/TE = 3.6/1.7 ms, flip angle = 15°), presenting before (A) and in the arterial phase (B), portal phase
(O, equilibrium phase (D), and hepatocyte-selective phase (E) after intravenous injection of Gd-EOB-DTPA.
Well-differentiated HCC is commonly observed as hypointense in the hepatocyte-selective phase (arrow).
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dysplastic nodules and well-differentiated HCC is
variable, the signal intensity of these nodules
may also vary after administration of SPI0.57:64 it
has been suggested that the extent of SPIO
uptake may reflect the degree of Kupffer cell func-
tion (Fig. 20).5% Signal intensity characteristics of
dysplastic nodules after administration of SPIO
also overlap with those of regenerative nodules
and well-differentiated HCC, and uptake of SPIO
into these nodules may cause a decrease in
detection.

Regenerative nodules generally have normal
hepatocellular function and therefore demonstrate
uptake of hepatocellular contrast agents such as
Gd-EOB-DTPA. As dedifferentiation proceeds,
the number of expressed organic anion trans-
porters decreases, with a resulting progressive
decrease in the uptake of hepatocellular agents.®®
[t is considered that the appearance of HCC at
hepatocyte-selective phases with hepatocellular
agents is dependent on the degree of tumor

Chronic Hepatitis and Cirrhosis on MRI

differentiation. However, hepatocytes in well-
differentiated HCC may retain enough hepatocel-
lular function to take up hepatocellular agents,
and hence may be overlooked at this phase of
imaging, or appear similar to a regenerative or
dysplastic nodule (see Table 4).

In the authors’ experience, most well-
differentiated HCCs diagnosed by needle biopsy
are clearly observed as hypointense to liver at
hepatocyte-selective phases on Gd-EOB-DTPA—
enhanced MR imaging (Fig. 21). Nevertheless,
some well-differentiated HCCs are observed
as isointense or hyperintense. Conclusive differ-
entiation of dysplastic nodules from well-
differentiated HCCs appears difficult (Fig. 22).
Moreover, the diagnostic differentiation of dysplastic
nodules from other cirrhosis-associated hepato-
cellular nodules may be difficult even on histo-
pathologic analysis, and the use of molecular
genetics-based techniques may be necessary in
future.®

Fig. 22. Dynamic enhancement patterns of a low-grade dysplastic nodule (4), high-grade dysplastic nodule (8), and
well-differentiated HCCs (C) in axial T1-weighted fat-saturated 3D GRE images (TR/TE = 3.6/1.7 ms, flip angle = 15°),
presenting before and in the arterial phase, portal phase, equilibrium phase, and hepatocyte-selective phase after
intravenous injection of Gd-EOB-DTPA. In the hepatocyte-selective phase, each nodule is observed as isointense or
hyperintense owing to the uptake of hepatocellular agents (arrows). In series (C), both nodules were well-
differentiated HCGs. In the hepatocyteselective phase, both HCCs are observed as isointense and hyperintense,
respectively. All these HCCs were diagnosed by needle biopsy.
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