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Fig. 1.
A: Schema showing the relation between vascular endothelial growth factor (VEGF) expression and vascular per-
meability in malignant tumors. T1- and T2-relaxation times are prolonged due to increased free water permeated
from tumor vessels to surrounding matrices in malignant tissue. VEGF promotes the vascular permeability, lead-
ing to an increase of free water in tumor matrices.

B: Schema showing the relation between cellularity, extracellular space water, and amount of protein. As the cel-
lularity increases in hepatocellular nodules such as dysplastic nodule or well-differentiated hepatocellular carcino-
ma, the amount of free water in extracellular spaces is relatively decreased, leading to shortening of T1- and T2-
relaxation times. The amounts of protein and free water in a unit volume are intrinsically linked to each other.
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ShRAT LIRS TR, Tl MEGE
FaRT D BIER Y B DERD IR,
Heavily T:3&31&

I a—FH%EKD (>120~150 ms £E)
12 &% Tl % heavily T @R &L,
TR D R WA AR L Tl 350
CHWThHL. TOV—r v/ Ak VIR
RIFZED T REFRFE O R 5 % B 5 FE e 5
% C EMRBET, AT L IFMEE, i

%, MENE, TREOENNITETH S LD
%\~ (Fig. 2). Half-Fourier single-shot 7 %
HAWa%E, muaig2EEm (MTC) #hRIC K
D, 90 ms BED T T —BFHT L1+ T 42
R ORE R 7B EEBE O, N
FGUNA A=V 7R L 2REE W5
YA, £ TE L0 EWEFE (>200~500
ms BE) TOTIa—Y VT I VI HRELT5
7o®, FERHT a—Wk% 150 ms BEICEHE L

Fig. 2. Differential diagnosis between liver metastasis, cavernous hemangioma, and hepatic cyst with heavily Te-
weighted MR imaging. All lesions (arrows on top-row images) on T2-weighted fast spin-echo images (echo time
of 80 ms) are shown as hyperintense to the same degree. However, lesions (arrows on bottom-row images) on
heavily T2-weighted single-shot fast spin-echo images (echo time of 90-150 ms) are shown with different degree
of hyperintensity. Note that the cyst glares much but the metastasis does not, and the hemangioma is intermedi-
ately hyperintense.
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Fig. 3.

A: Local tumor recurrence in hepatocellular carcinoma status post transcatheter arterial
chemoembolization and radiofrequency ablation therapies combined. An 8-mm early enhance-
ment in the hepatic arterial-dominant phase is noted (arrow). This lesion did not show discrete
washout in the portal venous or equilibrium phase, and differentiation from vascular pseudole-

sion came to an issue.

B: Diffusion-weighted echo-planar image with a b factor of 400 s/mm? clearly exhibited this
small lesion as an area of suppressed molecular diffusion, and the lesion was diagnosed as tumor

recurrence.
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Fig. 4.

A: Prospective adaptive correction using a navigator. A cylindrical navigator is placed in the lung-liver interface
over the right hemidiaphragm. The navigator monitors the level of the diaphragm every 200 ms, modifies the fre-
quency of excitation pulse, and tracks the moving liver during imperfect breath holding.

B: Gadolinium-enhanced double hepatic arterial-phase three-dimensional gradient-echo MR imaging of the liver
with the use of navigator correction (echo time of 1.1 ms, 15° flip angle, interpolated 3-mm slice thickness, 0-mm
intersectional gap, acquisition time of 12 s/60 slices). An 8-mm hypervascular hepatocellular carcinoma is shown
in the same level slices, leading to an efficient hemodynamics observation by cine display. Note that the hepatocel-
lular carcinoma shows entire enhancement in the early hepatic arterial phase (HAP), coronal enhancement from
the late hepatic arterial to portal venous phases (PVP), and clear washout in the equilibrium phase (EP).
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Fig. 5.
A: Suspected hepatocellular carcinoma recurrence 3 months post radiofrequency ablation therapy. The very cen-
ter of the ablation area exhibits hypointensity on T1-weighted image due to gas production. The central area caus-
ing coagulative necrosis exhibits hyperintensity on T1-weighted and hypointensity in T2-weighted images. The
peripheral area causing inflammation, edema, and fibrosis exhibits hypointensity on T1-weighted and hyperinten-
sity on T2-weighted images.

B: Gadolinium-enhanced image shows the small tumor recurrence in the ventral side of the ablation portion as an
area of early enhancement in the hepatic arterial phase and washout in the equilibrium phase. The dorsal area does
not show any enhancement or washout and was revealed as an area of inflammatory change.
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VEGEF expression index: 1.22 3.01 9.27
Fig. 6.

A: Relations of hepatocellular carcinoma vascularity and vascular endothelial growth factor (VEGF) expression.
VEGF expression was more intense in lesions with scarce arterial vascularity and was weaker in lesions with rich
arterial vascularity. This inverse correlation is explained by the upregulation theory of VEGF, that is, hypovascu-
lar tumor exposed in hypoxic status produces hypoxia inducible factor (HIF-1a) that synthesize VEGF proteins
via mRNA induction. Thereafter, the original hypoxic lesion acquires oxygen via new tumor vessels generated by
VEGF. Once a hyperoxic status is brought about in the lesion, VEGF expression is weakened by the suppression
of upregulation cycle, which is referred to as downregulation. HAP = hepatic arterial phase
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Fig. 7. Time-signal intensity curves are obtained in the abdominal aorta, portal trunk, and hepatic parenchyma.
These curves are processed by using dual-input one-compartment model to calculate the total blood volume,
hepatic arterial and portal venous fractions, and mean transit time.
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MR Imaging of the Liver: Focusing on Unenhanced and
Contrast-enhanced Studies

Masayuki KANEMATSU
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This review article summarizes the presentation on MR imaging of the liver given at the 33rd an-

nual meeting of the JSMRM. For unenhanced imaging, discussion included Ti- and Ts-weighted im-

aging, phase-shift imaging, susceptibility-weighted imaging, diffusion-weighted imaging, steady-

state coherent imaging, MR spectroscopy, and MR elastography. For contrast-enhanced study, dis-

cussion included MR imaging with gadolinium-DTPA, superparamagnetic iron oxide (SPIO),
gadolinium-EOB-DTPA, gadolinium-BOPTA, and manganese-DPDP. The effects of vascular en-
dothelial growth factor (VEGF) on MR imaging findings in hepatocellular carcinomas and the basic

concept of MR perfusion study were also described.
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