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Fig.1. MR images of a 60-year-old man after proton radiotherapy with a hepatocellular
carcinoma recurred. Radiation-induced liver injury appears as a bandlike, slightly hyper-
intensity area (arrowheads) on (a) T,-weighted, (b) proton-density-weighted SE images.
(c) Unenhanced T,-weighted SE image shows hypointensity areas. On (e) unenhanced GRE

and (f) MTC-GRE images, no difference is seen between the irradiated portion and the surrounding liver. After
injection of Gd-DTPA, the irradiated portion shows an enhancement and becomes hyperintensity on (d)
enhanced T,-weighted SE, (g) enhanced GRE and (h) MTC-GRE images. A precise demarcation corresponding
to the irradiated portion is seen on (h). Note a HCC recurs as a hyperintense nodule (arrow) adjacent to the
irradiated portion on (a) and becomes hypointense on gadolinium-enhanced images (d, g, h).

trast 1Z{EME 0.08 ZRL, BI3EHF LV ERIK
{&r- 7z (p<0.05)., Noise IZDWTiE, GRE
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Fig.2. MR images of a 64-year-old man with a hepatocellular carcinoma treated by
proton radiotherapy. Hepatic radiation injury appears as a wedge-shaped area of
slightly hyperintensity on (a) T,-weighted and (b) proton-density-weighted SE
images, and hypointensity on (c) unenhanced T,-weighted SE image. After injection
of GAd-DTPA, the irradiated portion is enhanced on (d) T,-weighted SE, (e) GRE and
(f) MTC-GRE images. The irradiated portion (arrowheads) is more clearly seen on

(f) than (d) and (e).
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Table 1. Ms/Mo Values on GRE Images (z=9)

. Ms/Mo
Tissue
unenhanced enhanced
liver parenchyma 0.75+0.01 0.75+0.02
]* ;
irradiated area 0.74+0.01 0.814+0.02
L |
%

Note.—All values are mean + SE. *p <0.05, **» <0.01

Table 2. Qualitative Results of Comparison between Sequences (z=9)

sequences contrast noise C/N
T,-weighted SE 0.21+0.05 4.3+0.36** 7.0+1.4*
PD-weighted SE 0.08+0.02* 7.14+0.57** 5.3+0.87*
T,-weighted SE 0.1740.02 8.2+0.66** 6.2+0.81*
Gd T,-weighted SE 0.10+0.03* 10.14+0.98** 4.4+1.1*
GRE 0.11+0.05* 3.1+0.20 6.1+2.4*
MTC-GRE 0.09+0.05* 3.1+0.20 3.84+1.9%*
Gd GRE 0.1540.04** 3.1+0.14 12.0+2.8
Gd MTC-GRE 0.19+0.05 3.0+0.14 12.5+2.4

Note.—SE=spin-echo, PD=proton-density, GRE=gradient-echo, MTC-GRE=
GRE with MTC pulse, Gd=Gd-DTPA enhanced.
*p <0.05, **»<0.01 compared with Gd-DTPA enhanced MTC-GRE image.
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Magnetization Transfer Contrast MR Imaging with Gadolinium Enhancement :
Evaluation of Hepatic Radiation Injury after Proton Beam Therapy
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The purpose of this study was to define the usefulness of magnetization transfer contrast
(MTC) magnetic resonance (MR) imaging combined with paramagnetic agent in the evaluation
of the radiation-induced liver injury. Thirteen patients with hepatic tumors (nine hepatocellular
carcinomas [HCC] and two metastases), who had received the proton beam radiotherapy,
underwent MR imaging at 1.5T with T,-weighted, proton-density-weighted, and T,-weighted
spin echo (SE) and gadolinium-enhanced T,-weighted SE images. Gradient-recalled-echo
(GRE) images were obtained with and without MTC pulse, before and after injection of
gadolinium. The contrast and contrast-to-noise ratios (C/N) between the irradiated area and
surrounding liver were calculated for each image with nine patients showing signal intensity
difference corresponded to the irradiated portion. Enhanced MTC-GRE images showed a precise
demarcation of the irradiation port and made it possible to differentiate from HCC. Encanced
MTC-GRE images had the highest C/N values of all images. Although T,-weighted SE imaging
had the highest contrast values, no significant difference in contrast was found between enhan-
ced MTC-GRE imaging and T,-weighted SE imaging. Thus, Gadolinium-enhanced MTC-GRE
images are effective for evaluating hepatic radiation injury after proton beam therapy.
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