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ABSTRACT

Purpose: To assess the treatment response of hepatocellular carcinoma (HCC) after transarterial chemoembolization with diffusion-
weighted imaging and dynamic contrast-enhanced magnetic resonance (MR) imaging with a 3-T system.

Materials and Methods: Between February 2010 and November 2010, 74 patients were treated with chemoembolization in our
interventional radiology unit. Twenty-two patients (29%) who had liver MR imaging including diffusion and dynamic contrast-
enhanced MR imaging on a 3-T system before and after transarterial chemoembolization were evaluated retrospectively. Tumor size,
arterial enhancement, venous washout, and apparent diffusion coefficient (ADC) values of lesions, peritumoral parenchyma, normal
liver parenchyma, and spleen were recorded before and after treatment. The significance of differences between ADC values of
responding and nonresponding lesions was calculated.

Results: The study included 77 HCC lesions (mean diameter, 31.4 mm) in 20 patients. There was no significant reduction in mean
tumor diameter after treatment. Reduction in tumor enhancement in the arterial phase was statistically significant (P � .01). Tumor
ADC value increased from 1.10 � 10�3 mm2/s to 1.27 � 10�3 mm2/s after treatment (P � .01), whereas the ADC values for liver
and spleen remained unchanged. ADC values from cellular parts of the tumor and necrotic areas also increased after treatment.
However, pretreatment ADC values were not reliable to identify responding lesions according to the results of receiver operating
characteristic analysis.

Conclusions: After transarterial chemoembolization, responding HCC lesions exhibited decreases in arterial enhancement and
increases in ADC values in cellular and necrotic areas. Pretreatment ADC values were not predictive of response to
chemoembolization.

ABBREVIATIONS

ADC � apparent diffusion coefficient, AFP � �-fetoprotein, DWI � diffusion-weighted imaging, HCC � hepatocellular
carcinoma, PD � progressive disease, PR � partial response, RECIST � Response Evaluation Criteria In Solid Tumors,

ROC � receiver operating characteristic, ROI � region of interest, TE � echo time, TR � repetition time
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Tumor response after image-guided transcatheter therapy in
hepatocellular carcinoma (HCC) is monitored by tumor
markers, radiologic imaging, or histologic analysis. Dopp-
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er ultrasonography, computed tomography (CT), and mag-
etic resonance (MR) imaging have been used to evaluate
reatment response radiologically (1). In oncology, Re-
ponse Evaluation Criteria In Solid Tumors (RECIST) have
een used to measure therapeutic response; these criteria
ely on changes in the size of lesions. However, new
ocoregional therapies in HCC aim to achieve tumor necro-
is rather than tumor disappearance (2). With the realization
hat anatomy may not change after locoregional therapies,
ew evaluation methods based on cellular or molecular
hanges have been devised. These methods, such as perfu-
ion MR imaging, diffusion-weighted imaging (DWI), and

R spectroscopy, focus on assessment of tumor vascular
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and cellular integrity, motion of water molecules, and bio-
chemical concentrations (1).

In daily practice, CT and MR imaging are valuable in
the evaluation of tumor response after locoregional thera-
pies in HCC. New updated guidelines of the American
Association for the Study of Liver Disease recommend
contrast-enhanced CT or MR imaging to monitor treatment
response (3). However, it is sometimes difficult to deter-
mine enhancing residual tumor tissue because of hyperat-
tenuating iodized oil on CT studies. Areas of enhanced
contrast in the arterial phase indicate viable tumor tissue,
but differentiation of granulation tissue from viable tumor
tissue is not always easy on MR imaging studies (1).

DWI is a recently studied technique in tumor response
evaluation that determines motion of water molecules in
tissue. In the past, it was used only in cranial examinations,
but with investigation of ultrafast single-shot echoplanar
imaging, it has been widely used in abdominal studies (1).
In addition to many studies about the role of DWI in
differential diagnosis of liver lesions, this technique has
also recently become popular in tumor response evaluation.
Geschwind et al (4) studied diffusion MR imaging in rabbit
tumor models after chemoembolization in 2000. They dem-
onstrated that areas with high signal intensity on DWI and
low apparent diffusion coefficient (ADC) values corre-
sponded to residual viable tumor tissue. Later studies in
humans demonstrated that ADC values before and after
transcatheter therapy can distinguish necrotic tissue from
viable tumor (5,6). There have been few studies of ADC
increases after transarterial chemoembolization procedure
on high-field MR imaging (4,7,8). Chen et al (7) suggested
that hepatic choline levels and ADC may allow monitoring
of responses of large HCC to transarterial chemoemboliza-
tion in the early period (2–3 d) after chemoembolization. Lu
et al (8) studied intraobserver and interobserver variability
in treated malignant lesions on a 3.0-T MR system. The
present study was performed to assess the treatment re-
sponse of HCC 1 month after image-guided transcatheter
therapy with DWI and dynamic contrast-enhanced MR
imaging on a 3.0-T system in a relatively large group of
HCCs and to compare the two imaging techniques.

MATERIALS AND METHODS

Patient Selection
Patients who underwent a transarterial chemoembolization
procedure between February 2010 and October 2010 in a
single interventional radiology department were retrospec-
tively evaluated. Institutional review board approval was
obtained. Inclusion required (i) a diagnosis of HCC and (ii)
contrast-enhanced dynamic MR imaging and DWI studies
within 10 days before chemoembolization and 21–50 days
afterward on a 3.0-T MR imaging unit.

In a period of 8 months, image-guided transcatheter
tumor therapy was administered to 74 patients. Among 74

patients, only 22 had MR studies in the 3.0-T unit before s
nd after treatment. The other 52 patients were excluded
ecause they had CT studies or MR imaging studies in a
.5-T system before or after treatment. After excluding one
atient with diagnosis of liver hemangioma and one patient
ith colon cancer liver metastasis, 20 patients (12 men,

ight women; age range, 41–75 y; mean age, 61 y) were
ncluded in the study. Barcelona Clinic Liver Cancer guide-
ines were used for diagnosis of HCC (9). Patients had
ynamic abdominal CT during the 3 months before chemo-
mbolization, and diagnosis was confirmed by CT and
retreatment MR imaging. Biopsy was not performed if the
nhancement pattern was typical for HCC on both imaging
odalities and there was an elevated �-fetoprotein (AFP)

evel. In two atypical lesions, diagnosis was proven by
iopsy. To differentiate HCC from dysplastic or regenera-
ive nodules, MR signals and typical arterial enhancement
n previous CT or MR images were analyzed. When dif-
erentiation was difficult in small lesions, hepatocellular
ontrast agent (gadolinium ethoxybenzyl diethylenetri-
minepentaacetic acid) was used for the diagnosis of HCC.
n all patients, response to one image-guided transcath-
ter therapy procedure was evaluated (first procedure in
ight patients; second, third, and fourth in three each;
fth in two; and sixth in one). Medical data including

iver function test results (aspartate and alanine amino-
ransferases, alkaline phosphatase �-glutamyltranspepti-
ase, albumin, and total and direct bilirubin) and AFP
evels before and after treatment were also recorded.

iver MR Imaging Technique
ll patients included in the study had dynamic liver MR

maging and DWI in a high-gradient (maximum gradient,
0 mT/m; maximum slew rate, 200 mT/m/s) 3.0-T unit
Verio; Siemens, Erlangen, Germany). An eight-channel
hased-array coil was used anteriorly and two groups of
our-channel fixed spine coils were used posteriorly. By the
se of total imaging matrix technology, studies was per-
ormed by using 12 or 16 channels (according to the length
f examination area) in total.

MR imaging protocol included a coronal half-Fourier
cquisition single-shot turbo spin-echo sequence for plan-
ing, spin-echo T2-weighted BLADE sequence (BLADE is
he Siemens Medical Solutions implementation of periodi-
ally rotated overlapping parallel lines with enhenced re-
onstruction sequence) (repetition time [TR]/echo time
TE], 2,500 ms/89 ms; flip angle, 140°; matrix, 256 � 320;
lice thickness, 6 mm; slice gap, 0 mm; one excitation; field
f view, 35–40 cm), and dynamic three-dimensional gra-
ient-echo volumetric interpolated breath-hold examination
equence (TR/TE, 3.92 ms/1.39 ms; flip angle, 9°; matrix,
24 � 320; slice thickness, 3 mm; slice gap, 0 mm; one
xcitation; 64 slices) with parallel imaging algorithm (gen-
ralized autocalibrating partially parallel acquisitions factor
f 2) and an 18-second breath-hold period in early, late
rterial, and portal phases.

DWI was applied before dynamic study with single-

hot echoplanar imaging and respiratory triggering tech-
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nique in axial plane. b-Values were 50, 400, and 800
s/mm2. Other parameters were as follows: TR/TE, 6,200
ms/72 ms; matrix, 102 � 128; slice thickness, 6 mm; slice
gap, 0 mm; six excitations; field of view, 38 cm; and slice
number, 90 (30 slices for each b-value; bandwidth, 2,442
kHz). Spectral fat-saturation technique (ie, spectral attenu-
ated inversion recovery) and a parallel imaging algorithm
(generalized autocalibrating partially parallel acquisitions
factor of 2) were used. A mean ADC map was constituted
with isotropic images automatically.

Chemoembolization Technique
Fluoroscopy-guided transcatheter tumor therapy was per-
formed by three interventional radiologists with 3, 5, and 10
years of clinical experience in chemoembolization. An
emulsion of doxorubicin (1 mg/kg; Teva, Irvine, California)
was dissolved in 5 mL of nonionic contrast material (Om-
nipaque 350/100; Amersham, Piscataway, New Jersey) and
10 mL of iodized oil (Lipiodol Ultra Fluid; Laboratoire
Andre Guerbet, Aulnay-sous-Bois, France), which was ad-
ministered slowly under fluoroscopic guidance to avoid
reflux.

In two patients, drug-eluting beads (DC Bead; Bio-
compatibles, Farnham, United Kingdom) were used for
chemoembolization. In one patient, 150 –250-�m poly-

inyl alcohol particle infusion was applied before and
fter chemoembolization as a result of the presence of an
rterioportal fistula.

Image Analysis
MR studies of 77 HCC lesions larger than 1 cm in 20
patients were evaluated retrospectively from an electronic
archive system. Dimension, internal structure (ie, homoge-
nous or heterogenous appearance, presence of hemorrhage,
fatty metamorphosis, fibrosis), T1 and T2 signal intensity,
enhancement in the arterial phase, and washout of each
lesion were evaluated before and after chemoembolization.
Tumor response was evaluated by two radiologists (H.S.
and M.H.) with consensus based on initial contrast-en-
hanced MR imaging (1 mo after chemoembolization), and
results was confirmed by subsequent follow-up MR images,
which were repeated every 2–3 months. Response was
defined according to modified RECIST and classified
into four grades as follows: complete response indicated
disappearance of any intratumoral enhancement in all
target lesions; partial response (PR) indicated a decrease
of at least 30% in the sum of greatest dimension of viable
(ie, enhancing) target lesions; progressive disease (PD)
indicated an increase of at least 20% in the sum of the
greatest dimension of viable (ie, enhancing) target le-
sions, and stable disease indicated tumor response be-
tween PR and PD (10). Then, lesions were grouped as
“responding,” including complete response and PR, or
“nonresponding,” including PD and stable disease.

Diffusion-weighted MR images were reviewed on a

postprocessing workstation (Leonardo; Siemens), and a c
egion of interest (ROI) was placed over the entire area
f the treated mass as seen on an axial image with
aximum size. In heterogenous lesions, a standard ROI
ith minimum size (0.44 cm2) was also placed on mostly
iffusion-restricted areas with low signal (corresponding to
ellular areas) and increased-diffusion areas with high sig-
al (corresponding to necrotic areas) in the ADC map.
ean ADC values were calculated after three measure-
ents for each area. In addition, ADC measurements from

hree different places around each tumoral lesion were
stablished. For the evaluation of normal-appearing liver
arenchyma and spleen, standard ROIs were randomly
rawn from five different slices. Mean ADCs of normal
iver and spleen before and after chemoembolization were
ompared. Artifacts caused by physical limitations related
o higher field strength or image protocols were also noted.

tatistical Analysis
tatistical analysis was performed with SPSS software (ver-
ion 15.0; IBM, Armonk, New York). Pretreatment and
osttreatment mean, minimum, and maximum ADC values
f the lesions and ADC values around the tumors were
valuated by Wilcoxon signed-rank test. Correlation be-
ween treatment response and differences in ADC values
as evaluated by Mann–Whitney U test. Receiver operat-

ng characteristic (ROC) analysis was performed to deter-
ine a threshold ADC to differentiate responding lesions

rom nonresponding lesions. Mean ADC values of the liver
arenchyma and spleen, liver function test results, and AFP
evels before and after treatment were also compared by

ilcoxon signed-rank test. Differences were considered
ignificant when P values were less than .05.

ESULTS

wenty patients who met the inclusion criteria were evaluated
etrospectively. Transarterial chemoembolization procedures
ere selective in 18 patients (16 right hepatic artery segmen-

al/subsegmental branch, one left hepatic artery segmental
ranch, one left phrenic artery) and nonselective in two pa-
ients (from proper hepatic artery) in view of multiplicity of
esions in both lobes and inappropriate vascular access to
esions. The mean duration between pretreatment MR imaging
nd transcatheter tumor therapy was 1 day (range, 0–9 d), and
ean duration between therapy and posttreatment MR imag-

ng was 33 days (range, 24–49 d).
Mean tumor size was 31.4 mm (range, 10–155 mm)

efore treatment and was 31.5 mm (range, 9–156 mm) after
reatment. Differences in mean tumor size were not signif-
cant (P � .704). A total of 63 lesions (81.8%) were
omogenous in internal structure, and 14 (18.2%) were
eterogenous. There was no remarkable hemorrhage, fatty
etamorphosis, or fibrosis in any of the lesions. A total of

7 lesions (87%) had contrast enhancement in the arterial
hase, and 73 (94.8%) had venous washout (by 60 s after

ontrast agent administration) before treatment. Arterial
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enhancement disappeared in nine lesions after treatment,
which was statistically significant (P � .05), but changes in
enous washout were not significant (P � 1.00). After
valuation of posttreatment initial contrast-enhanced and
ollow-up MR imaging studies, 40 lesions (51.9%) were
ccepted as responding to transcatheter therapy.

Mean tumor total ADC value was 1.10 � 10�3 mm2/s �
.21 on MR imaging before chemoembolization (Table). Af-
er treatment, this value increased to 1.27 � 10�3 mm2/s �
.25. ADC values increased in 62 lesions, decreased in 13, and
tayed stable in two (Fig 1). The increase in mean ADC
alue was calculated as 15.4%. Changes in mean tumor
DC values were significant according to Wilcoxon

igned-rank test (P � .01), whereas the mean ADC values
or liver and spleen remained unchanged (liver, 1.16 �
0�3 mm2/s � 0.10 vs 1.13 � 10�3 mm2/s � 0.15; spleen,

0.93 � 10�3 mm2/s � 0.17 vs 0.94 � 10�3 mm2/s � 0.16
efore and after treatment, respectively). When AFP and
iver function test results before and after image-guided
ranscatheter tumor therapy were compared, there were no
ignificant differences either.

Mean ADC measurement from lowest signal intensity
reas (ie, cellular parts) of 14 heterogenous lesions also
ncreased after treatment (Table). In 12 of the 14 lesions
85%), ADC values of the most cellular areas increased
fter treatment, whereas they decreased in two lesions
15%). Differences of ADC values of cellular parts of the
umor were statistically significant before versus after treat-
ent (P � .02). In heterogenous lesions, high signal areas

n ADC maps were assessed as necrosis in correlation with
2-weighted images. ADC measurements from those areas
lso significantly increased according to Wilcoxon signed-
ank test (P � .01; Table). Similarly, the mean ADC value
f the peritumoral liver parenchyma increased after treat-
ent according to Wilcoxon signed-rank test, indicating

hemoembolization-induced histopathologic changes (eg,
nflammation, granulation tissue, congested sinusoids; P �
01; Table). However, those changes were not proven
athologically, as patients were not candidates for lesion
esection or liver transplantation.

Table. ADC Measurements before and after
Chemoembolization

Parameter

ADC Value (�10�3mm2/s)

Before

Chemoembolization

After

Chemoembolization

Range Mean Range Mean

Tumor (total) 0.73–1.81 1.10 0.81–1.98 1.27

Viable tumor 0.64–1.04 0.84 0.63–1.19 0.98

Necrosis 1.21–1.93 1.53 1.51–3.20 1.92

Around tumor 0.83–1.59 1.15 0.77–1.92 1.23

Note.—ADC � apparent diffusion coefficient.
There was a strong relation between differences in (
umor ADC values and treatment response according to
ann–Whitney U test (P � .01). ADC values increased in

esponding lesions whereas they did not change in nonre-
ponding lesions (Fig 2). In addition, results of ROC anal-
sis for nonresponding versus responding lesions and pre-
reatment ADC values were not significant (P � .81; Fig 3).
he area under the curve was 0.48.

When differences in size and ADC values of the le-
ions were compared, significant negative correlation was
ound between them (P � .01). There was also a negative
orrelation between those parameters in the responding
esion group (P � .01), but the relation was not significant
or the nonresponding lesion group (P � .18).

ISCUSSION

esponse assessment is crucial in directing cancer therapy,
s it is an important factor effecting survival rate. To inform
he decision to continue, interrupt, or finish transcatheter
umor therapy, treatment response should be evaluated re-
iably. In time, it has become evident that RECIST stan-
ards are not enough for response evaluation in HCC be-
ause they do not take into account changes in tumor
iability that may be associated with tumor response (11).
owever, in HCC, the goal of local treatment is tumor
ecrosis rather than tumor shrinkage. Tumor size may not
arallel the ratio of necrosis even if a large degree of
ecrosis occurs in the tumor. In the present study, differ-
nces in tumor size were not significant, as we expected. In
000, the European Association for the Study of the Liver
12) proposed that the optimal method to evaluate response
o local treatment is to assess the decrease in viable tumor
olume, which is seen as a decrease in enhancing areas on
ontrast-enhanced images. Homogenous, thin rim enhance-
ent around tumor on delayed gadolinium-enhanced im-

ges represents chemoembolization-induced vasculitis, in-
ammation, and granulation tissue after local treatment
13). Contrast enhancement in granulation tissue is believed to
e caused by increased capillary permeability and increased
istribution of gadolinium (14). On the contrary, the presence
f nodular ring enhancement should cast doubt on local pro-
ression. In those situations, DWI may have a promising role
n the differentiation of necrosis and viable tumor, as ADC
alues increase in the presence of necrosis (15).

Response assessment is a newly developing scope of
WI that does not require the use of contrast media. The
rst studies of this issue were done in rabbit VX2 tumor
odels (4,16). According to those studies, necrotic areas

ave higher ADC values than viable tumor areas, and ADC
f normal liver parenchyma and VX2 tumor are influenced
y intracellular edema, tissue cellular death, and microcir-
ulation disturbance after chemoembolization. Kamel et al
5) demonstrated increase in ADC values with increasing
umor necrosis in eight patients with HCC, with pathologic
orrelation. After 3 years, another study of the same authors

17) demonstrated that mean ADC values of 38 lesions
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increased from 1.5 � 10�3 mm2/s to 1.8 � 10�3 mm2/s
even though the change in percentage of tumor size did not
fulfill RECIST for complete or partial response. According
to the present results, change in tumor size was not a
prognostic factor in determining response. In addition,
mean tumor ADC value increased from 1.10 � 10�3 mm2/s
o 1.27 � 10�3 mm2/s in the present study. ADC values

obtained were lower than the ADC values of the lesions in
the studies of Kamel et al (5,17), and this may be a conse-
quence of differences in parameters of DWI and magnetic
strength in our opinion. Also of note is the difference in
percentage of ADC increase. In their study (17), increase in
ADC was 20%, whereas, in the present study, it was 15.4%.
We conclude that this difference occurred because most
lesions in the present study were treated with one or more
image-guided transcatheter tumor therapy procedures pre-
viously and already had necrotic areas.

Yuan et al (14) proposed that high pretreatment mean
ADC values of HCC were predictive of poor response to
chemoembolization. In their study of 25 responding and
nine nonresponding lesions, the threshold ADC value of
1.618 � 10�3 mm2/s had 96.0% sensitivity and 77.8%

in the center of the tumor representing necrosis. (h) T2-weig
posteriorly circumscribed with a hypointense rim in the more cr
the area apart from necrosis. (j) ADC map demonstrates water
tumor.
pecificity for identification of nonresponding lesions ac- h
ording to ROC analysis. Conversely, this analysis to find a
hreshold ADC value was not significant in the present
tudy (P � .81). This may be a result of multiple previous
essions of image-guided transcatheter tumor therapy in
5% of lesions, which caused relatively higher ADC val-
es. Nonetheless, there were more lesions treated in the
resent study, and the numbers of lesions in the two groups
ere similar (40 responding lesions and 37 nonresponding

esions). Therefore, our results, based on which we propose
hat pretreatment ADC values cannot predict response to
hemoembolization, may be more meaningful. However,
urther studies on this issue with larger numbers of patients
re needed to reach a firmer conclusion.

There have been few studies of increases in ADC
alues after transarterial chemoembolization on 3.0-T MR
maging (4,7,8). However, each of these studies had a
elatively small sample size, and they used somewhat di-
ergent imaging protocols (eg, different sequences, b-val-
es, and tumor cell lines). In 2000, Geschwind et al (4)
ssessed the efficacy of image-guided transcatheter tumor
herapy in rabbits with VX2 liver tumors and in untreated
ontrol rabbits at a high magnetic field. They demonstrated

ure 1. (a) T2-weighted image reveals a large hyperintense
oral mass extending from the left lobe of liver. (b) Inverted

value, 800 s/mm2) DWI reveals that tumor has low signal inten-
. (c) ADC map demonstrates low signal areas in the tumor
responding water restriction. (d) Angiogram after left phrenic
ery chemoembolization demonstrates high Lipiodol uptake in
center of the tumor. (e) After chemoembolization, T2-weighted

age reveals increase in the signal intensity of the tumor and
ompanying ascites. (f) Inverted (b-value, 800 s/mm2) DWI re-
ls that signal intensity of the tumor increased consistent with

od response. (g) ADC map demonstrates increase in diffusion
age shows that the tumoral mass has a hyperintense area

art. (i) Inverted (b-value, 800 s/mm2) DWI reveals low signal in
ction at the posterior part of the tumor consistent with viable
Fig

tum
(b-
sity
cor
art
the
im
acc
vea
go

hted im
anial p
restri
igher ADCs in areas of necrosis than in viable tumor, with
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histopathologic conformation on images acquired shortly
after the animals’ death. However, they were not able to
differentiate necrotic and viable tissue clearly with the use

Figure 2. Bar chart demonstrates mean ADC values of the r
(Available in color online at www.jvir.org.)

Figure 3. ROC analysis for differentiation of responding and
nonresponding lesions with pretreatment ADC values shows no
significant difference between groups. (Available in color online
at www.jvir.org.)
of conventional sequences. Although histopathologic cor- a
elation was not performed in the present study, necrosis
nd enhancing viable tumor could be clearly distinguished.
his may be the result of improvement in sequence tech-
iques and optimization of protocols in the 10 years since
he study of Geschwind et al (4). Chen et al (7) further
emonstrated an increase in ADC values (from 1.56 �
0�3 mm2/s to 2.09 � 10�3 mm2/s) as early as 2–3 days
fter therapy in 20 patients. However, those ADC values,
ven before treatment, were higher than the mean tumor
DC values in the present study, even though the magnetic
elds were similar. We think this difference may be the
esult of differences in b-values, which were 0 and 500 in
he study of Chen et al (7) and 50, 400, and 800 in the
resent study. Choice of b-values may have influence on
alculated ADC value, which is affected by tissue perfusion
t low b-values. This may confound measurement of tissue
iffusivity and cause higher ADCs by using lower b-values
18). A recent study by Lu et al (8) compared interobserver
nd intraobserver variability of ADC in treated malignant
epatic lesions on 3.0-T imaging. Although they did not eval-
ate response, they made ADC measurements from the whole
esions and from the most restricted diffusion area on post-
reatment DWI studies and found that a limited variability in
DC measurements does exist. In the present study, ADC
easurements were performed by two radiologists in consen-

us to eliminate interobserver variability–associated bias.
We did not make a comparative study between 1.5-T

ding and nonresponding lesions before and after treatment.
espon
nd 3.0-T imaging, but we noticed that the high resolution

http://www.jvir.org
http://www.jvir.org
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that results from high magnetic strength and dedicated
receiver coils was achieved in dynamic MR imaging and
DWI, as reported in the literature (19–21). This enabled us
to evaluate small lesions located even in the dome. Also
with increased signal-to-noise ratio at 3.0 T, sensitivity to
areas of restricted diffusion was improved and resolution
problems were not remarkable at high b-values. Image
distortion from increased magnetic susceptibility often con-
tributes to a loss of image quality at 3.0 T (22–24). Chen et
al (7) determined that image distortions were markedly
diminished and that “ghost” or aliasing artifacts were not
discernible with the use of sensitivity-encoding technique
with echoplanar imaging. However, chemical-shift artifacts
and eddy current–induced image warping were still present
as a limitation in their study (7). In the present study,
geometric distortions related to B0 inhomogeneity were not
marked, and differentiation between necrotic and viable
areas was not difficult in most lesions. However, in two
patients with ascites, partial loss in spatial resolution caused
by dielectric effects limited evaluation. Another limitation
was that, although respiratory triggering technique in-
creased signal-to-noise ratio on DWI, it caused image dis-
tortions and increased examination time in six patients with
irregular breathing problems.

Besides the technical limitations, the present study
itself has several limitations. The most important one is that
we could not perform pathologic correlation because pa-
tients were not suitable for lesion resection or liver transplan-
tation. In addition, most patients had image-guided transcath-
eter tumor therapy sessions before the study, and some lesions
had preexisting necrosis, which increased ADC values. There-
fore, a specific interpretation of DWI is still not easy. In the
present study, although we placed the smallest ROI possible in
the necrotic and viable parts of the lesions on the ADC map
and made three repeated measurements to minimize possible
errors, partial volume effects and uncontrollable image noise
caused unavoidable errors, especially in small or irregular
lesions. Because we had a high number of lesions in the study
with a mean diameter greater than 3 cm, we believe this does
not severely limit the study findings.

In conclusion, DWI is a promising technique in the re-
sponse evaluation of HCC after image-guided transcatheter
tumor therapy, depending on the capability on microscopic
tissue characterization and water restriction. It facilitates dis-
tinction between viable and necrotic tumor areas and helps
he diagnosis of residual or recurrent tumor. However,
retreatment ADC values could not predict response to
herapy according to the present results. Future studies
ith high magnetic gradient systems with new technical
evelopments are needed to improve the image quality
nd sensitivity of DWI.
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