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ABSTRACT

Purpose: To investigate the utility of computed 3T diffusion-weighted imaging (c-DWI) for the diagnosis
of non-complicated hepatic cysts with a focus on the T2 shine-through effect.

Materials and methods: In 50 patients with non-complicated hepatic cysts we acquired one set of DWIs
(b-value 0 and 1000 s/mm?) at 1.5T, and two sets at 3T (b-value 0 and 1000 s/mm?, TE 70 ms; b-value 0
and 600 s/mm?, TE 60 ms). We defined the original DWIs acquired with b=1000s/mm? at 1.5T and 3T
as “0-1.5T-1000” and “0-3T-1000". c-DWIs were calculated with 3T DWI at b-values of 0 and 600 s/mm?.
c-DWI with b=1000 and 1500 s/mm? were defined as “c-1000” and “c-1500". Radiologists evaluated the
signal intensity (SI) of the cysts using a 3-point score where 1 = not visible, 2 =discernible, and 3 = clearly
visible. They calculated the contrast ratio (CR) between the cysts and the surrounding liver parenchyma
on each DWIs and recorded the apparent diffusion coefficient (ADC) with a b-value =0 and 1000 s/mm?

@ CrossMark

on 1.5T- and 3T DWIs.
Results: Compared with 0-1.5T-1000 DWI, the visual scores of all but the c-1500 DWIs were higher
(p=0.07 for c-1500- and p <0.01 for the other DWIs). The CR at b= 1000 s/mm? was higher on 0-3T-1000-
than on 0-1.5T-1000- (p < 0.01) but not higher than on c-1500 DWIs (p =0.96). The CR at b=0s/mm? on
3T images with TE 70 ms was higher than on 1.5T images (p<0.01). The ADC value was higher for 3T-
than 1.5T images (p<0.01).
Conclusions: Non-complicated hepatic cysts showed higher SI on 0-3T-1000- than 0-1.5T-1000 DWIs due
to the T2-shine through effect. This high SI was suppressed on c-1500 DWIs.

© 2016 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Diffusion-weighted imaging (DWI) is widely used for magnetic
resonance imaging (MRI) of the liver. Malignant lesions tend to be
more cellular and typically demonstrate impeded diffusion. Conse-
quently, on images obtained with high b-values the residual signal
intensity (SI) of malignant lesions is higher than of the background
liver parenchyma. Hepatic DWI has been reported to be useful for
the differentiation between metastatic and benign solid hepatic
lesions and for estimating the malignancy grade of hepatocellu-
lar carcinoma (HCC) [1-4]. While simple, non-complicated hepatic
cysts usually show a low to isointense signal on high b-value DWI
performed on 1.5T MR scanners [5,6], when 3T scanners are used
their SI may be high, rendering the diagnosis of hepatic lesions dif-
ficult. The SI difference on images acquired at different magnetic
field strengths may be attributable to the contribution of T2 hyper-
intensity to the overall SI on DWI scans. This phenomenon, known
as the T2 shine-through effect [ 7], is effectively controlled on higher
b-value images or images acquired with a shorter TE [8,9]. How-
ever, DWI performed with high b-values results in an inherently
low signal-to-noise ratio (SNR) and is prone to severe distortions of
the eddy current by the large diffusion-sensitizing gradients used.
It is also difficult to shorten the TE for high b-value images. The
image quality of abdominal DWI scans was worse at 3T than 1.5T
[10] and the acquisition of diagnostic scans at abdominal 3T DWI
with a shorter TE or higher b-value remains difficult.

Computed DWI (c-DWI) is a mathematical computation tech-
nique that evaluates DWIs acquired with any b-value. It uses at
least two DWI scans obtained with different b-values [11]. By c-
DWI higher DWI can be simulated from lower b-value images with
a shorter TE without image quality degradation because c-DWI
can suppress the background noise while maintaining the origi-
nal lesion signal [11]. Its utility for the detection of prostate cancer
has been reported [12,13]. Thus, c-DWI may help to suppress the
T2 shine-through effect on 3T images of non-complicated hepatic
cysts if higher b-value images can be simulated from lower b-value
images with shorter TE.

The purpose of this study was to clarify the Sl difference of DWIs
of non-complicated hepatic cysts performed with different mag-
netic field strengths and to investigate the utility of c-DWI for the
diagnosis of non-complicated hepatic cysts scanned at 3T with a
focus on the T2 shine-through effect.

2. Materials and methods

This retrospective study was approved by our institutional
review board; prior informed patient consent was waived because
this study was retrospective observation study. Patient records and
information were anonymized and de-identified prior to analyses.

2.1. Study population

All patients underwent 3T MRI studies between January 2013
and March 2015.

Our inclusion criteria were the availability of hepatic MRI scans
acquired at both 1.5T and 3T and an imaging diagnosis of non-
complicated, non-infectious hepatic cysts larger than 10 mm in
diameter. The mean interval between the acquisition of 1.5T and 3T
MRI scans was 23.1 months (range 9-68 months). We only evalu-
ated non-complicated hepatic cysts larger than 10 mm in diameter
to avoid the partial volume effect because the section thickness
and gap of our 1.5T DWI protocol were 8 mm and 2 mm, respec-
tively (see 2.3 Imaging techniques). Of our 50 patients 35 were male
and 15 were female; their age ranged from 48 to 89 years (mean
69.9 years). They underwent hepatic MRI studies to screen for HCC

due to chronic hepatitis (n=13), at follow-up after HCC treatment
(n=29), and at follow-up for focal hepatic lesions such as early HCC
(n=38).

2.2. Reference standards

It is difficult to establish histopathologic findings as the refer-
ence standard for non-complicated hepatic cysts because they are
benign. Therefore, our diagnosis of uncomplicated non-infectious
hepatic cysts was based on imaging studies. An uncomplicated
non-infectious hepatic cyst was diagnosed if all of the follow-
ing criteria were met: (a) a homogenous hypo-attenuated lesion
on unenhanced CT scans, (b) with no enhancement of the cyst
wall and the cystic content on enhanced CT scans, (c) homoge-
nous very low SI on T1-weighted MRI (T1-WI), (d) homogenous
very high SI on T2-weighted MRI (T2-WI) [14,15], (e) the absence
of enhancement of the cyst wall or cystic content on dynamic
gadoxetate disodium (EOB-Primovist, Bayer Yakuhin Ltd., Osaka,
Japan)-enhanced MRI scans including the hepatobiliary phase, and
(f) the lesion remained unchanged for more than 6 months to avoid
the inclusion of patients with infectious or malignant hepatic cystic
lesions [16,17].

2.3. Imaging techniques

2.3.1. MRI

We used a 1.5T scanner and an 8-channel body phased array
coil (Signa EXCITE HD, GE Healthcare, Milwaukee, WI, USA) and
a 3T scanner and an 8-channel body coil plus a 4-channel flex
coil (Vantage Titan 3T, Toshiba Medical Systems, Ohtawara, Japan).
We acquired one set of 1.5T DWIs (b-value 0 and 1000 s/mm?)
and two sets of 3T DWIs (b-value 0 and 1000 s/mm?, TE 70 ms;
b-value 0 and 600 s/mm?, TE 60 ms). For 3T scanning we selected
a b-value of 1000 s/mm?, the same b-value applied for 1.5T scans,
and 600 s/mm? as the highest b-value with TE 60 ms on our scanner.
For the creation of c-DWIs we used DWIs acquired with a b-value
of 0 and 600 s/mm? at 3T.

The scanning parameters for 1.5T imaging were TR/TE
6000 ms/74 ms, echo train length 192, slice thickness 8 mm, gaps
2 mm, matrix size 128 x 192, parallel imaging factor 2, receiver
bandwidth 1953.12 Hz per pixel, number of excitations 6, b-value 0
and 1000 s/mm?. For 3T scanning they were TR/TE 6666 ms/70 ms,
echo train length 48, slice thickness and gap 8/2 mm, matrix size
128 x 192, parallel imaging factor 3, receiver bandwidth 1953 Hz
per pixel, number of excitations 3, b-value 0 and 1000 s/mm?, and
TR/TE 6666 ms/60 ms, echo train length 48, slice thickness and gap
8/2 mm, matrix size 128 x 192, parallel imaging factor 3, receiver
bandwidth 1953 Hz per pixel, number of excitations 3, b-value 0
and 600 s/mm?2.

T1- and T2-weighted- and dynamic MRI scans using gadoxetate
disodium were evaluated only to confirm that the hepatic lesions
fulfilled the criteria of uncomplicated non-infectious hepatic cysts
(see 2.2. Reference standards).

2.3.2. ¢-DWI

For c-DWI processing we used only 3T images with a b-value of
0 and 600s/mm?2 and TE 60 ms. All c-DWI were generated using
a software program (computed DWI; Toshiba Medical Systems,
Ohtawara, Japan) [11,12]. Briefly, first the apparent diffusion coef-
ficient (ADC) was calculated with ADC=in|[—Sg00/So]/(bsoo — bo),
using two measured DWI signals; Sgog is the SI at a b-value of
600s/mm? and Sy is the b-value of 0s/mm?2, based on a mono-
exponential model. ADC maps were constructed using this equation
and a voxel-wise calculation. Then the c-DWI signal at b=b. was
obtained with the equation Sc=Sy x exp[—(bc — bg)ADC] (Fig. 1)
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Fig. 1. Schema of the c-DWI procedure.

[11]. c-DWI with b-values of 1000 and 1500 s/mm? were generated.
The time for generating c-DWI was less than one minute.

2.4. Image analysis

2.4.1. Qualitative analysis

Two board-certified radiologists with 11 and 22 years of expe-
rience with abdominal MRI independently evaluated the SI of
the hepatic cysts. Disagreements were resolved by consensus. In
patients with multiple lesions we evaluated the largest lesion to
avoid statistical clustering effects [18]. We defined the original
DWIs acquired with b=1000s/mm? at 1.5T and 3T as “0-1.5T-
1000” and “0-3T-1000", respectively, and the c-DWIs at b=1000
and b=1500s/mm 2 as “c-1000", and “c-1500", respectively.

The two radiologists visually evaluated the Sl of the hepatic cysts
onallimages using a 3-point score where 1 = not visible, 2 = cyst dis-
cernible (high SI compared to the surrounding liver parenchyma),
and 3 =cyst clearly visible.

2.4.2. Quantitative analysis

The radiologist with 11 years of experience eval-

uated the size of the hepatic cyst and the contrast
ratio (CR) between the cyst and the surrounding liver
parenchyma on each DWI wusing the equation: CR=

SI of the hepatic cyst/SI ofthe surrounding liverparenchyma[6].

The radiologist also calculated the CR between the cyst and the
surrounding liver parenchyma on DWIs acquired with b=0s/mm?
at 1.5T, and at 3T with TE 70- and TE 60 ms because we suspected
cysts to show high SI on 3T DWI due to the T2 shine-through effect
[7]. The ADC values of the hepatic cysts were also calculated with
a mono-exponential model using b values of 0 and 1000 s/mm? for
1.5T DWI and 3T DWI with TE 70 ms.

2.5. Statistical analysis

We only evaluated hepatic cysts larger than 10 mm in diameter
to avoid the partial volume effect. However, partial volume effect
cannot be excluded completely especially for the lesion smaller
than twice the slice thickness. Thus, we also performed subset
analysis based on the size of cyst using 20 mm thresholds.

For qualitative analysis we used the two-sided Wilcoxon signed
rank test. For quantitative analysis we recorded the statistical
differences in the CR of all DWIs using Dunnett’s multiple compar-
isons. Differences in the CR on b=0s/mm?2 DWIs were submitted
to the Tukey test. Differences in the ADC of the hepatic cysts were

tested with the two-sided paired t-test. All statistical analyses were
performed using free statistical software (R version 2.15.0).

Differences of p <0.05 and of p <0.013 for multiple comparisons
of non-parametric data using the Bonferroni correction were con-
sidered significant.

3. Results

The mean diameter of the hepatic cysts was 16.1 mm (range
10-62 mm); 28 were in the right- and 22 were in the left lobe. The
visual score for cysts on the different images is shown in Table 1;
it was 1.00, 1.64, 1.44, and 1.08, respectively, for 0-1.5T-1000-, o-
3T-1000-, c-1000-, and c-1500 DWIs. Only the difference between
0-1.5T-1000 and c-1500 DWIs was not significant (p = 0.07); the dif-
ference between 0-1.5T-1000- and the other images was significant
(p<0.01) (Fig. 2).

The results of our subset quantitative analysis based on the size
of cysts are shown in Table 2 and 3. The visual score for cysts
smaller than 20 mm on the different images is shown in Table 2;
it was 1.00, 1.57, 1.43, and 1.08, respectively, for 0-1.5T-1000-, o-
3T-1000-, c-1000-, and c-1500 DWIs. Only the difference between
0-1.5T-1000 and c-1500 DWIs was not significant (p=0.11); the
difference between 0-1.5T-1000- and the other images was signif-
icant (p<0.01). The visual score for cysts larger than 20 mm on the
different images is shown in Table 3; it was 1.00, 1.85, 1.46, and
1.08, respectively, for 0-1.5T-1000-, 0-3T-1000-, c-1000-, and c-
1500 DWIs. The difference between 0-1.5T-1000 and c-1500 DWIs
was not significant (p=0.32). Visual scores for cysts on c-1000-
tended to be higher compared to those on 0-1.5T-1000 DWIs, but
not significant (p = 0.04); the difference between 0-1.5T-1000- and
0-3T-1000 DWIs was significant (p<0.01).

The mean CR value on 0-1.5T-1000-, 0-3T-1000-, c-1000-,
and c-1500 DWIs was 0.98 +£0.25, 1.45+1.04, 1.31+0.89, and
0.83 £ 0.96, respectively; it was significantly higher on 0-3T-1000-
than 0-1.5T-1000 DWIs (p<0.01). No significant difference was

Table 1
Visual scores of non-complicated hepatic cysts on 0-1.5T-1000-, 0-3T-1000-, c-
1000-, and c-1500 DWIs.

Visual score 0-1.5T-1000 0-3T-1000 c-1000 c-1500

3 0 4 5 0

2 0 24 12 4

1 50 22 33 46

Mean (SD) 1.00 (0.00) 1.64(1.63) 1.44(0.67) 1.08 (0.27)

SD: standard deviation.

Table 2
Visual scores of non-complicated hepatic cysts smaller than 20 mm on 0-1.5T-1000-,
0-3T-1000-, c-1000-, and c-1500 DWIs.

Visual score 0-1.5T-1000 0-3T-1000 c-1000 c-1500

3 0 2 4 0

2 0 17 8 3

1 37 18 25 34

Mean (SD) 1.00 (0.00) 1.57 (0.60) 1.43(0.69) 1.08 (0.28)

SD: standard deviation.

Table 3
Visual scores of non-complicated hepatic cysts larger than 20 mm on 0-1.5T-1000-,
0-3T-1000-, c-1000-, and c-1500 DWIs.

Visual score 0-1.5T-1000 0-3T-1000 c-1000 c-1500

3 0 2 1 0

2 0 17 4 1

1 13 4 8 12

Mean (SD) 1.00 (0.00) 1.85 (0.69) 1.46 (0.66) 1.08 (0.28)

SD: standard deviation.
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Fig. 2. Hepatic cyst in an 80-year-old man. (A) 0-1.5T-1000-, (B) 0-3T-1000-, (C) c-1000-, (D) c-1500 DWIs. The cyst (arrow) was isointense on 01.5T-1000-, showed mild

high signal intensity on 0-3T-1000- and c-1000-, and was isointense on c-1500 DWI.
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Fig. 3. Contrast ratio (CR) of non-complicated hepatic cysts on 0-1.5T-1000-, 0-3T-
1000-, c-1000-, and c-1500 DWIs. The solid line indicates the mean CR value in
each group. The CR was higher on 0-3T-1000- than on 0-1.5T-1000 DWI (p<0.01).
No significant difference was found between 0-1.5T-1000- and c-1000 images
(p=0.07). There was no significant difference between 0-1.5T-1000- and c-1500
DWIs (p=0.96).

found between 0-1.5T-1000- and c-1000 images (p=0.07). The
difference between 0-1.5T-1000- and c-1500 images was not sig-
nificant (p=0.96) (Fig. 3).

The results of our subset quantitative analysis based on the
size of cysts are shown in Figs. 4 and 5. For cysts smaller than
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Fig. 4. Contrast ratio (CR) of non-complicated hepatic cysts smaller than 20 mm on
0-1.5T-1000-, 0-3T-1000-, c-1000-, and c-1500 DWIs. The solid line indicates the
mean CR value in each group. The CR was higher on 0-3T-1000- than on 0-1.5T-
1000 DWI (p=0.03). No significant difference was found between 0-1.5T-1000- and
c-1000 images (p =0.22). The difference between 0-1.5T-1000- and c-1500 images
was not significant (p=0.86).

20 mm the mean CR value on 0-1.5T-1000-, 0-3T-1000-, c-1000-
, and c-1500 DWIs was 0.98+0.24, 1.48 +£1.19, 1.26+0.95, and
0.89 £ 1.09, respectively; it was significantly higher on 0-3T-1000-
than 0-1.5T-1000 DWIs (p=0.03). No significant difference was
found between 0-1.5T-1000- and c-1000 images (p=0.22). The
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Fig. 5. Contrast ratio (CR) of non-complicated hepatic cysts larger than 20 mm on o-
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on 0-1.5T-1000 DWIs, but not significant (p =0.08). The CR was significantly higher
on ¢-1000- than 0-1.5T-1000 DWIs (p = 0.04). The difference between 0-1.5T-1000-
and c-1500 images was not significant (p=1.00).

difference between 0-1.5T-1000- and c-1500 images was not sig-
nificant (p=0.86) (Fig. 4). For cysts larger than 20 mm the mean CR
value on 0-1.5T-1000-, 0-3T-1000-, c-1000-, and c-1500 DWIs was
1.014+0.29, 1.37 £ 0.46, 1.44 +0.73, and 0.64 4+ 0.42, respectively;
the CR on 0-3T-1000- tended to be higher compared to that on
0-1.5T-1000 DWIs, but not significant (p=0.08). The CR was sig-
nificantly higher on c-1000- than 0-1.5T-1000 DWIs (p =0.04). The
difference between 0-1.5T-1000- and c-1500 images was not sig-
nificant (p=1.00) (Fig. 5).

The mean CR value of non-complicated hepatic cysts on
b=0s/mm?2 images acquired at 1.5T and 3T images with TE 60
and 70 mswas 3.41+1.72,6.39 + 4.00 and 8.57 + 5.44, respectively.
The CR value at 3T with TE 60 and 70 ms was higher than at 1.5T
(p<0.01); at 3T with TE 60 ms it was significantly lower than at 3T
withTE 70 ms (p=0.04) (Fig. 6). The ADC value of images acquired at
1.5T and 3T with a b-value of 0 and 1000 s/mm? was 2.47 + 0.52 and
2.76 +0.57 x 1073 mm?/s, respectively. It was significantly higher
at 3T than at 1.5T (p<0.01).

4. Discussion

We found that the visual score of hepatic cysts was significantly
higher on 0-3T-1000- than 0-1.5T-1000 DWIs regardless of the size
of cysts. Quantitative analysis showed that the CR was significantly
larger on 0-3T-1000- than 0-1.5T-1000 DWIs. Based on the results
of subset analysis the CR for cysts smaller than 20 mm was also
larger on 0-3T-1000- than 0-1.5T-1000 DWIs with significant dif-
ference while the CR for cysts larger than 20 mm 0-3T-1000- tended
to be higher than that on 0-1.5T-1000 DWIs but did not reach sig-
nificant difference. The CR of cysts at b=0s/mm? was significantly
larger on 3T images with TE 70 ms than on 1.5T images and the ADC
values on 3T images acquired at b=0 and 1000 s/mm?2 were signifi-
cantly higher than on 1.5T images. Therefore we concluded that the
high SI of non-complicated hepatic cysts on 3T DWI is attributable
to a larger T2 shine-through effect.

To control the T2 shine-through effect at 3T DWI we cre-
ated cDWIs using images with a shorter TE (60 ms) and b=0 and
600 s/mm?. The visual score assigned to 0-1.5-1000- and c-1000
DWIs was different, however, no significant difference was found
in their CR although the CR was significantly larger on 0-3T-1000-
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Fig. 6. Contrast ratio of non-complicated hepatic cysts on images obtained with
b=0s/mm? at 1.5T and 3T (TE=60 and 70 ms). The solid line indicates the mean CR
value in each group. The CR was higher on 3T images with TE 70 ms and 60 ms than
on 1.5T DWIs (p<0.01) and significantly lower on 3T scans with TE 60 ms than TE
70ms (p=0.04).

than 0-1.5T-1000 DWIs. Based on the results of subset analysis
the visual score on ¢c-1000- was higher than that to on 0-1.5-1000
DWIs for cysts smaller than 20 mm and also tended to be higher
for cysts larger than 20 mm. For the difference in CR between o-
1.5-1000- and c-1000 DWIs no significant difference was found for
cysts smaller than 20 mm while the CR for cysts larger than 20 mm
c-1000- was higher than that on 0-1.5T-1000 DWIs with significant
difference. The CR on 3T images acquired at b=0s/mm? was lower
at TE 60 ms than TE 70 ms, resulting in a decrease in the T2 shine-
through effect. Thus, our findings suggest that the CR on c-1000
DWI may be decreased due to lower T2 shine-through effects, even
when the b-value is the same as on 0-3T-1000 DWI.

The visual scores assigned to c-1500 and 0-1.5T-1000 DWIs were
similar regardless of the size of cysts. Quantitative analysis showed
that there was no significant difference in the CR on 0-1.5T-1000-
and c-1500 DWIs. The qualitatively and quantitatively greater SI
suppression observed on c-1500 DWIs may be due to their higher b-
value than on c-1000 DWIs. At 1.5T, non-complicated simple cysts
show a low- to isointense signal on DWI [5,6]. For a correct clini-
cal diagnosis, these cysts should be low- to isointense even on 3T
DWI. We suggest that for the evaluation of non-complicated hepatic
cysts on 3T scans, c-1500- is more appropriate than 0-3T-1000 DWI
because, due to control of the T2-shine-through effect, the SI was
qualitatively and quantitatively similar on c-1500- and 0-1.5T-1000
DWIs.

There are two problems with c-DWI in our study. First we did not
to take into account the effect of perfusion-related diffusion; our
c-DWI results were based on a mono- rather than a bi-exponential
model and the former does not consider the effect of perfusion, indi-
cating that our c-DWI results may have affected not only the true
molecular- but also the perfusion-related diffusion [11,12,19,20].

Another problem we encountered with c-DWI was mis-
registration. Imaging with two or more b-values makes it possible
to calculate the ADC of tissues on a voxel-by-voxel basis. However,
it is not possible to acquire DWI scans using different b-values
for identical slices because the hepatic parenchyma rotates with
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respiratory motion [21,22]. Consequently, the ADC at different b-
values may not accurately reflect the true value and this may lead
to inaccurate c-DWI findings. We are in the process of developing
aregistration technique to compensate for differences at different
b-values.

Our study has some limitations. As our study population was
relatively small and the study was retrospective and carried out at
a single institution, our findings are preliminary. Second, for the
diagnosis of non-complicated hepatic cysts, enhanced CT-, T1-WI-
, T2-WI-, and enhanced MRI findings are useful [14,15] although
using these imaging techniques, infectious or malignant lesions
may show up as cystic lesions [16,17]. On this point, DWI has been
reported to be helpful for the diagnosis of infectious or malig-
nant cystic lesions [6,17,23] and DWI studies may be needed for
their assessment. Third, ADC maps may be more useful than c-DWI
to evaluate the T2 shine-through effect. However, c-DWI allows
imaging with higher b-values and can yield more information than
simple ADC maps. Moreover, image contrast and thus the lesion
conspicuity is markedly lower on ADC maps than on DWIs. There-
fore, it may be helpful to add c-DWI to original DWI or ADC maps in
the clinical setting. Fourth, voxel-wise c-DWI reported by Gatidis
et al. [24] may be a promising approach for the reduction of T2
shine-through effects. However, voxel-wise c-DWI is a complex
method that may not find wide application. Fifth, we created c-
DWI with only b-values of 1000 and 1500 s/mm? although much
higher b-values may yield better results. However, higher b-value
images result in a poor SNR and more studies are needed to identify
the optimal b-value for the diagnosis of non-complicated hepatic
cysts on 3T images. Sixth, we used a different TE (60 ms) on 3T DWIs
acquired with a b-value 0 and 600 s/mm? to reduce the T2 shine-
through effect. The relative signal changes in the surrounding liver
parenchyma and in the cysts at different TE, b-values, and field
strengths are complex and a single relative measurement like the
CR may not separate these effects accurately. Moreover, it may be
difficult to suppose which, shortening TE or increment of b-value,
could control T2-shine through effect effectively. Seventh, we per-
formed DWI scanning after the delivery of gadoxetate disodium and
its uptake may affect the Sl on DWIs. However, we think that uptake
in the liver parenchyma had a negligible effect on the diffusion SI
because the values of parameters related to diffusion weighting
showed no significant difference before and after gadoxetate dis-
odium administration [25]. Eighth, respiration triggered approach
for DWI scanning synchronizes the image acquisition with the
patient’s breathing cycle and acquires the imaging data during the
end expiratory phase to avoid motion artifacts [5]. Indeed, our DWI
scanning was performed using this respiration triggered approach.
However, technical advances such as navigator based triggering
have been recently implemented to improve image quality and to
reduce acquisition time [26-28]. Thus, comparison of the image
quality of each c-DWI created from DWIs with different respira-
tion triggered approaches might be an interesting next project.
Ninth, we only evaluated non-complicated hepatic cysts larger than
10mm in diameter to avoid the partial volume effect. However,
respiratory-triggered DWI has been reported to be helpful to char-
acterize focal liver lesions, even when the diameter of lesions is
10mm or less [29]. Further investigation may be needed for non-
complicated hepatic cysts smaller than 10 mm using the protocol
with thinner section thickness and gap. Finally, our c-DWI setting
was adapted only for non-complicated hepatic cysts. Other optimal
c-DWI settings must be established for the 3T scanning of other
hepatic tumors.

In conclusion, our preliminary findings suggest that non-
complicated hepatic cysts showed high SI on 0-3T-1000 DWI
because of the T2 shine-through effect. Such high SI is effectively
suppressed on ¢c-1500 DWIs, indicating that ¢c-DWI is useful for
control of the T2 shine-through effect.
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