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Diffusion-weighted MR imaging of liver

on 3.0-Tesla system: effect of intravenous

administration of gadoxetic acid disodium

Abstract Objective: To determine
whether intravenous administration of
gadoxetic acid disodium (Gd-EOB-
DTPA) affects lesion conspicuity and
apparent diffusion coefficient (ADCs)
in diffusion-weighted imaging (DWI)
for hepatic magnetic resonance im-
aging (MRI) at 3.0 T. Methods:
Thirty-four patients with 50 focal
hepatic lesions (18 hepatocellular
carcinomas, 12 metastases, 1 cholan-
giocarcinoma, 7 haemangiomas, 12
cysts) underwent DWI at 3.0 T before
and after administration of Gd-EOB-
DTPA. Non-breath-hold DWI was
performed with b values of 0, 200,
400 and 800 s/mm2. Signal-to-noise
ratio (SNR) and contrast-to-noise
ratio (CNR) of each lesion, and ADCs
of the liver and lesion were calculated
for unenhanced and enhanced images.
Statistical differences between unen-
hanced and enhanced data were
assessed. Results: SNRs and ADCs

of the liver on enhanced images were
significantly lower than on unen-
hanced images. On DW images at b =
200 s/mm2, CNRs of malignant and
overall lesions were significantly
higher on enhanced than on unen-
hanced images. CNRs of focal lesions
tended to be higher, especially in
malignant lesions, on DW images at
b = 0 and 400 s/mm2, but without
reaching statistical significance.
ADCs of focal hepatic lesions were
not significantly different before and
after administration of contrast agent.
Conclusion: DWI after Gd-EOB-
DTPA administration can be used as a
substitute for unenhanced DWI at 3.0
T without compromising CNR and
ADC of focal hepatic lesions.
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Introduction

Diffusion, or Brownian motion, is thermally induced
motion of water molecules in the body [1, 2]. The
motion of water molecules is restricted in tissues with
increased cellularity and numerous intact cell mem-
branes [3, 4]. Diffusion-weighted imaging (DWI) using
diffusion-sensitising gradient pulses can be used to
detect and quantify the molecular diffusion in the body
by means of apparent diffusion coefficient (ADC) measure-
ment [1, 2].

With the advent of echo-planar imaging, diffusion-
weighted imaging (DWI) is increasingly being used for

the evaluation of focal hepatic lesions [5–8]. DWI can
be applied to tumour detection by depicting subtle
signal attenuation on images obtained at different b
values [9, 10]. DWI can also be used as a quantitative
tool for lesion characterisation via ADC measurements
[6, 9, 11].

In liver magnetic resonance imaging (MRI), DWI may be
added to existing protocols and is usually performed before
administration of intravenous contrast agents. However,
under certain circumstances, DWI after administration of
contrast materialmay be desirable if it can achieve equivalent
results. For example, when liver MRI is performed using
gadoxetic acid disodium (Gd-EOB-DTPA; gadolinium-
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ethoxybenzyl-diethylene-triamine-pentaacetic-acid), a para-
magnetic contrast agent with properties of both extracellular
and hepatobiliary agents, acquisition of hepatobiliary phase
images at 10–20 min after injection may improve diagnostic
accuracy in the detection and characterisation of focal liver
lesions in addition to the dynamic imaging [12–14]. Thus, it
can save time to perform DWI during the interval between
early dynamic and hepatobiliary imaging.

Although a previous study demonstrated the feasibility of
enhanced DWI in liver MRI using gadopentetate dimeglu-
mine (Gd-DTPA) [15], the effects of Gd-EOB-DTPA on
DWI or the measured ADC have not been examined. Unlike
extracellular contrast agents such as Gd-DTPA, approxi-
mately 50% of the injected dose of Gd-EOB-DTPA is
specifically taken up into hepatocytes [12, 14, 16].Moreover,
Gd-EOB-DTPA shows almost two-fold higher T1 and T2
relaxivities comparedwith conventional gadolinium chelates
on both 1.5-T and 3.0-T MR systems [17]. Therefore, Gd-
EOB-DTPA has a higher potential to alter the ADCs and
signal intensities of DW images by further increasing
magnetic susceptibility and T2 shortening, compared with
Gd-DTPA.

The aim of this study was to assess whether adminis-
tration of Gd-EOB-DTPA significantly affects lesion
conspicuity and ADC values on DWI for hepatic MRI on
a 3.0-T system.

Materials and methods

Patient sample

From April to June 2008, 34 patients (28 men and 6
women; age range 37–78 years, mean 62.5 years) under-
went Gd-EOB-DTPA-enhanced MRI with DWI before and
after injection of contrast agent at Yonsei University
Severance Hospital. The MRI examinations were per-
formed because these patients had focal hepatic lesions that
were inconclusive on previous sonography or computed
tomography (CT). This study was approved by the
institutional review board at the hospital, and informed
consent was waived.

A total of 50 focal hepatic lesions in 34 patients were
assessed by DWI. There were 18 hepatocellular carcinomas
(HCC) in 11 patients, 12 metastases in 11 patients, 1
cholangiocarcinoma in 1 patient, 7 haemangiomas in 7
patients, and 12 cysts in 5 patients. Among the nine
patients with multiple lesions, only one patient had more
than one type of lesion (one HCC and one haemangioma).
Liver metastases arose from the following primary
tumours: colorectal carcinoma (10 lesions in nine patients)
and gastric carcinoma (2 lesions in two patients). The
diameters of the lesions ranged from 1 to 8.1 cm (mean
2.6 cm). Specifically, the diameters of the HCCs ranged
from 1 to 4.3 cm (mean 2.6 cm), diameters of the
metastases ranged from 1 to 8.1 cm (mean 3.3 cm), the

diameter of the cholangiocarcinoma was 2.8 cm, diameters
of the haemangiomas ranged from 1 to 3.8 cm (mean
2.1 cm), and diameters of the cysts ranged from 1 to 4.4 cm
(mean 2.1 cm).

Diagnoses were confirmed using the following
parameters. The imaging parameters included only
typical findings of contrast-enhanced MRI or CT, or
unenhanced sonography in this study. A diagnosis of
HCC was based on typical MRI findings described in
previous literature [18–21] including intense enhance-
ment in the arterial phase and contrast medium washout
in the delay phase during gadolinium-enhanced imag-
ing, mosaic pattern, tumour capsule and extracapsular
extension with satellite nodules in combination with the
progression of the disease presented on follow-up CT or
MR images, and confirmed by surgery (5 lesions in
three patients) or the elevation of serum α-fetoprotein
levels in patients (13 lesions in eight patients). Liver
metastasis was diagnosed on the basis of the histolog-
ical findings of the primary tumour and rapid progres-
sion as depicted on serial follow-up images (five lesions
in four patients) or by surgery (seven lesions in seven
patients). A cholangiocarcinoma was diagnosed by
surgery. In cases of haemangioma, diagnosis was
based on the typical findings on MRI including nodular
or globular enhancement with a gradual filling-in
pattern on dynamic MRI, very high signal intensity on
both moderate and heavily T2-weighted images, and the
lack of growth on CT or MR images during a follow-up
period of at least 6 months (six lesions in six patients)
or on biopsy (one lesion in one patient). Cysts were
diagnosed on the basis of their typical appearance on
non-enhanced T1- and T2-weighted MRIs (markedly
low signal intensity on T1-weighted images and very
high signal intensity on both moderate and heavily T2-
weighted images and the absence of contrast enhance-
ment), and the findings were correlated with either
ultrasound or CT findings.

MRI

All patients were examined with a 3.0-T MR system
(MAGNETOM Trio a Tim; Syngo MR B15; Siemens
Medical Solutions, Erlangen, Germany). All images were
obtained in the transverse plane using a single dedicated
body phased array coil anterior and spine array coils
posterior (Fig. 1).

Routine liver MRIs were acquired using the following
sequences: two breath-hold T1-weighted spoiled GRE in-
phase sequence [repetition time (TR)/effective echo time
(TE), 140/1.22 ms] and out-of-phase (150/2.5) with a flip
angle of 65°, one signal acquired, a matrix of 256×192,
7 mm slice thickness and a 0.7 mm gap; a navigator-
triggered T2-weighted turbo spin-echo (TSE) sequence
with TR range of 3,300–4,900 and TE 73 ms, echo train

1053



length of 14, one signal acquired, a matrix of 320×179,
superior and inferior spatial presaturation and chemical fat
saturation, 4 mm slice thickness and a 1 mm gap; a breath-
hold, heavily T2-weighted half-Fourier acquisition turbo
spin echo (HASTE) with TE of 150 ms, a matrix of 320×
179, 4 mm slice thickness and a 1 mm gap.

For dynamic MRI, Gd-EOB-DTPA (Primovist, Bayer
Schering; 0.025 mmol/kg) was injected as a rapid bolus
and immediately followed by a 30 ml saline flush
through a power injector at a rate of 2 ml/s. A three-
dimensional (3D) spoiled GRE sequence with chemical
selective fat suppression was performed before injection
of intravenous contrast agent. Contrast-enhanced images
were obtained at 30–35 s, 65–70 s, and 5 min after the
injection. Hepatobiliary phase images were obtained
20 min after contrast injection [12–14]. The MR
parameters included TR/TE 3.3/1.16, a flip angle of
13°, a 256×192 matrix, one signal acquired, and 2.5 mm
slice thickness with a zero intersection gap.

Diffusion-weighted MRI

Two navigator-triggered DWI sequences were performed
with the single-shot echo planar imaging with motion-
probing gradients in three directions, before and after
contrast agent injection. For monitoring respiration, the
prospective acquisition correction (PACE) technique, in
which the diaphragmatic position is assessed periodically
by navigator echoes, was implemented. Enhanced DWI
was performed at approximately 7 min after injection of the
contrast agent. Unenhanced and enhanced DWI were

acquired using the same parameters as follows: b values of
0, 200, 400, and 800 s/mm2, TR/TE 1,400/74, two signals
acquired, a matrix of 192×153, 8 mm slice thickness, and
an acquisition time of 2 min. The ADCs for each DWI were
automatically calculated by the MR system and displayed
as corresponding ADC maps.

Image analysis

Two abdominal radiologists (M.J.K and J.Y.C) with 17 and
8 years of experience, who were blinded to the clinical
details, evaluated all MR images in consensus. The focal
hepatic lesions were identified on the T1- and T2-weighted
and dynamic images. The signal intensities (SI), size,
number and location of lesions, as well as the enhancement
pattern, were assessed in each case on the MR images.
Because of the limited resolution of DWI, only lesions
more than 1 cm in diameter were included for the
quantitative analysis of this study.

Quantitative analysis was performed by a fourth-year
radiology resident (C.J.S). Regions of interest (ROIs) were
drawn in the focal lesion, hepatic parenchyma, and
background noise at a workstation (Centricity 2.0, GE
Healthcare, U.S.A.) to measure SI on DW images at b
values of 0 s/mm2. The area of the ROI in the focal lesion
was set to measure the homogeneous area of the lesion
while avoiding areas of necrosis, haemorrhage or fibrosis
and to maintain an area of at least 20 mm2. The ROI of the
liver was placed in the posterior right hepatic lobe,
specifically at the level of the main portal vein and its
right branches, while excluding vessels and artefacts. The
SI of the background noise was measured in the ROI that
was just ventral to the liver and outside the body along the
phase encoding direction. The areas of the ROI in the liver
and background were maintained at larger than 100 and
500 mm2, respectively. To ensure identical placement of
the ROIs on the DW images at b values of 0, 200, 400 and
800 s/mm2, ROIs were manually and carefully positioned
to be in the same region of DW images at different b values.
The lesion-to-liver contrast-to-noise ratio (CNR) was
calculated using the following equation:

CNR ¼ SIlesion � SIliverð Þ�SDnoise

where SIlesion is the SI of the lesion, SIliver is the SI of the
liver, and SDnoise is the standard deviation of the
background noise. The signal-to-noise ratio (SNR) was
calculated from the following equation:

SNR ¼ SIliver or lesion=SDnoise

The mean SNR and CNR for unenhanced and enhanced
DWI were also calculated.

Fig. 1 Scanning protocols of routine MRI, unenhanced and
enhanced diffusion-weighted imaging (DWI)
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ADCmeasurements were performed by placing ROIs on
focal hepatic lesions and hepatic parenchyma on ADC
maps. For identical placement of ROI on DW images and
ADC maps, where the ADC values were simultaneously
displayed on the workstation, ROIs were carefully
positioned in the same region on corresponding ADC
maps. The mean ADCs of liver and focal lesions were
calculated from unenhanced and enhanced DWI.

Statistical analysis

The paired t-test was used for comparison of the SNR,
CNR and ADC values between unenhanced and
enhanced DWI. The Kruskal-Wallis test was performed
in order to assess statistically significant differences
among the mean ADC values of the different types of
focal hepatic lesions, and the Mann-Whitney test was

Table 1 Signal-to-noise ratios (SNRs) of the liver and focal hepatic lesions on DWI

Number of patients Number of lesions Unenhanced Enhanced p Value

b = 0 s/mm2

Liver 34 21.13±8.05 18.45±7.07 <0.001*
HCC 11 18 47.56±23.40 46.13±19.30 0.578
Metastatic disease 11 12 85.53±36.64 87.66±42.96 0.591
Haemangiomas 7 7 111.47±38.82 104.94±37.05 0.449
Cysts 5 12 112.02±56.96 114.19±56.43 0.799
Cholangiocarcinoma 1 1 174.94 205.17 None
Malignant lesions 23 31 66.37±39.43 67.33±44.23 0.677
Benign lesions 12 19 111.82±49.85 110.78±49.24 0.864
All focal lesions 34 50 83.64±48.59 83.84±50.42 0.939
b = 200 s/mm2

Liver 34 23.67±12.04 19.62±9.63 <0.001*
HCC 11 18 53.26±22.94 55.75±33.25 0.482
Metastatic disease 11 12 104.74 ±58.44 116.23±64.03 0.170
Haemangiomas 7 7 103.48±49.41 100.95±42.78 0.879
Cysts 5 12 100.51 ± 40.42 101.50±49.81 0.926
Cholangiocarcinoma 1 1 95.44 122.27 None
Malignant lesions 23 31 74.55±46.92 81.31±55.36 0.104
Benign lesions 12 19 99.22±42.31 101.53±47.57 0.789
All focal lesions 34 50 83.92±46.39 88.99±52.97 0.204
b = 400 s/mm2

Liver 34 17.50±7.00 14.79±6.64 <0.001*
HCC 11 18 40.42±18.49 41.76±29.33 0.716
Metastatic disease 11 12 84.90±44.31 90.03±48.67 0.483
Haemangiomas 7 7 70.83±46.11 64.18±28.24 0.483
Cysts 5 12 72.71±45.08 77.07±53.17 0.304
Cholangiocarcinoma 1 1 81.69 98.84 None
Malignant lesions 23 31 58.97±37.50 62.29±44.29 0.340
Benign lesions 12 19 72.02±44.18 72.33±45.11 0.956
All focal lesions 34 50 63.93±40.23 66.10±44.41 0.464
b = 800 s/mm2

Liver 34 13.20±4.78 10.95±3.62 0.001*
HCC 11 18 35.90±15.13 30.29±19.78 0.083
Metastatic disease 11 12 60.58±39.56 60.12±25.36 0.944
Haemangiomas 7 7 45.81±26.34 32.57±18.00 0.043*
Cysts 5 12 22.70±12.69 23.43±16.55 0.798
Cholangiocarcinoma 1 1 57.09 70.18 None
Malignant lesions 23 31 46.14±29.22 43.12±26.38 0.338
Benign lesions 12 19 31.21±21.46 26.80±17.20 0.154
All focal lesions 34 50 40.47±27.30 36.92±24.47 0.115

*p Value <0.05
Data represent means ± SD
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used to compare the mean ADC values of each type of
lesion and two groups of lesions on the two DWI
sequences. All focal hepatic lesions were classified into
a malignant group (18 HCCs, 12 metastases and 1
cholangiocarcinoma) and a benign group (7 haemangio-
mas and 12 cysts).

For all tests, a p value less than 0.05 was considered to
indicate a statistically significant difference. Statistical
analyses were performed with version 9 of Medcalc
(Medcalc Software, Belgium).

Results

The SNRs of the liver and focal hepatic lesions on DW
images are shown in Table 1. Liver SNRs were
significantly higher on unenhanced than on enhanced
DWI at all b values. There was an approximately 16%
decrease in mean SNR on enhanced DW images. The mean
liver SNR was highest on DW images with a b value of
200 s/mm2 on both unenhanced and enhanced DWI. The
SNRs of overall lesions and of each type of lesion were not
significantly different on the unenhanced and enhanced
DWI. There was a tendency for SNRs of focal hepatic

Table 2 Contrast-to-noise ratios (CNRs) of the focal hepatic lesions on DWI

Number of patients Number of lesions Unenhanced Enhanced p Value

b = 0 s/mm2

HCC 11 18 28.69±21.76 30.71±17.70 0.376
Metastatic disease 11 12 66.68±33.62 71.26±39.70 0.245
Haemangiomas 7 7 85.40±38.36 86.51±41.61 0.659
Cysts 5 12 96.60±56.00 100.59±55.72 0.639
Cholangiocarcinoma 1 1 146.17 184.30 None
Malignant lesions 23 31 47.19±36.97 51.36±41.93 0.070
Benign lesions 12 19 92.47±49.38 93.59±48.94 0.853
All focal lesions 34 50 64.39±47.17 67.41±48.84 0.255
b = 200 s/mm2

HCC 11 18 33.21±23.22 38.70±27.51 0.008*
Metastatic disease 11 12 84.50±55.82 98.18±61.74 0.112
Haemangiomas 7 7 72.72±42.79 75.40±37.97 0.864
Cysts 5 12 84.87±40.47 87.78±49.66 0.781
Cholangiocarcinoma 1 1 77.65 106.62 None
Malignant lesions 23 31 54.50±45.83 63.92±52.33 0.008*
Benign lesions 12 19 78.05±40.01 83.46±46.51 0.520
All focal lesions 34 50 63.45±44.80 71.35±50.65 0.038*
b = 400 s/mm2

HCC 11 18 25.53±17.65 29.77±27.62 0.187
Metastatic disease 11 12 67.79±41.87 75.51±46.85 0.187
Haemangiomas 7 7 50.19±46.34 46.15±25.31 0.774
Cysts 5 12 56.73±42.42 61.23±49.91 0.257
Cholangiocarcinoma 1 1 67.66 87.97 None
Malignant lesions 23 31 43.25±35.61 49.36±42.32 0.060
Benign lesions 12 19 54.32±42.73 55.67±42.33 0.803
All focal lesions 34 50 47.45±38.43 51.76±42.00 0.130
b = 800 s/mm2

HCC 11 18 21.50±16.35 20.72±19.11 0.771
Metastatic disease 11 12 48.40±39.55 49.14±25.39 0.908
Haemangiomas 7 7 31.77±28.21 22.01±16.89 0.093
Cysts 5 12 11.33±11.87 12.89±14.35 0.559
Cholangiocarcinoma 1 1 43.87 59.87 None
Malignant lesions 23 31 32.63±30.05 32.98±25.73 0.902
Benign lesions 12 19 18.86±21.30 16.25±15.53 0.343
All focal lesions 34 50 27.40±27.66 26.63±23.69 0.704

*p Value <0.05
Data represent means ± SD
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lesions to decrease with increasing b values on both
unenhanced and enhanced DWI. The SNRs of malignant
lesions, however, were highest on DW images at a b value
of 200 s/mm2 on both unenhanced and enhanced DWI.
There was also a tendency for SNRs of malignant lesions to
be increased on enhanced DWI at b values of 200 and
400 s/mm2, but this difference did not reach statistical
significance.

Table 2 shows CNRs of focal hepatic lesions on
unenhanced and enhanced DW images. On DW images
at a b value of 200 s/mm2, the CNRs of malignant and
overall lesions were significantly higher on enhanced
than on unenhanced images. Also, there was a trend
towards increasing CNRs of focal lesions on DW
images at b values of 0 and 400 s/mm2 without reaching
statistical significance, especially in malignant lesions.
Additionally, there was no significant difference in the
CNRs between unenhanced and enhanced DWI at a b
value of 800 s/mm2.

The unenhanced and enhanced ADC values of the
liver and focal hepatic lesions are shown in Table 3. The
ADC values of liver were significantly lower on
enhanced than on unenhanced DW images. Liver showed
an approximately 5% decrease in mean ADC on
enhanced images. However, there was no significant
difference in the ADC values between unenhanced and
enhanced DWI sequences for overall lesions or for each
type of lesion (Fig. 2). Box plots of the ADC values of
each type of lesion on unenhanced and enhanced DWI
(Fig. 3) show that ADC values of metastases overlapped
with ADC values of HCCs and the cholangiocarcinoma
on both unenhanced and enhanced DWI sequences. ADC
values of haemangiomas were lower than those of cysts,
but higher than those of the malignant group (HCCs,
metastases and cholangiocarcinoma) on the two se-
quences. The ADC values of the malignant group were
significantly lower than those of the benign group
(Fig. 4) on both unenhanced and enhanced DWI
sequences.

Discussion

This study showed that the SNR and ADC of liver were
significantly lower on enhanced than on unenhanced DW
images, although a previous study using Gd-DTPA did not
show significant decreases in SNR and ADC of liver after
administration of the contrast agent [15]. These results may
be explained in two ways. First, as Gd-EOB-DTPA has
both hepatobiliary and extracellular properties, it can be
taken up selectively by functioning hepatocytes and
excreted through the biliary tract as early as 5–10 min
after injection [12–14, 22]. Because enhanced DWI in the
current study was acquired between 7 and 10 min after
administration of the contrast agent, Gd-EOB-DTPAwould
have already been taken up into the hepatocytes of the liver
at the time of acquisition of this sequence. Consequently,
the decrease in liver SNR on enhanced DWI may be caused
by T2 shortening of highly concentrated Gd-EOB-DTPA in
the liver. Second, the higher T2 relaxivity of Gd-EOB-
DTPA may also cause decreased values of ADC in the
liver. Compared with Gd-DTPA, the T2 relaxivity of Gd-
EOB-DTPA has been reported to be two-fold higher and
can be even higher with the use of 3.0-T systems than with
1.5-T systems [17].

The SNRs and ADC values of focal hepatic lesions were
comparable on unenhanced and enhanced images at all b
values. This result indicates that the administration of Gd-
EOB-DTPA does not affect the signal intensity or ADC
values of focal liver lesions that are usually devoid of the
contrast agent. Although the SNRs of liver were sig-
nificantly lower on enhanced images at all four b values
while the SNRs of focal liver lesions showed no significant
differences, the CNRs of focal liver lesions were compar-
able on unenhanced and enhanced images, except at a b
value of 200 s/mm2, at which the CNRs of malignant
lesions, mostly HCC, were significantly higher compared
with unenhanced images. This result can be explained by
the considerably lower values of SI in liver than in focal
liver lesions on both unenhanced and enhanced DW images

Table 3 ADC values (× 10−3) of the liver and focal hepatic lesions

Number of patients Number of lesions Unenhanced Enhanced p Value

Liver 34 1.26±0.15 1.20±0.17 0.010*
HCC 11 18 1.08±0.30 1.16±0.32 0.172
Metastatic disease 11 12 1.22±0.42 1.21±0.37 0.864
Haemangiomas 7 7 1.74±0.51 1.71±0.31 0.771
Cysts 5 12 3.15±0.26 3.14±0.28 0.897
Cholangiocarcinoma 1 1 1.028 0.956 None
Malignant lesions 23 31 1.13±0.35 1.17±0.33 0.299
Benign lesions 12 19 2.63±0.78 2.61±0.76 0.782
All focal lesions 34 50 1.70±0.92 1.72±0.88 0.567

*p Value <0.05
Data represent means ± SD
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at all b values. The relatively small difference in SNR of
liver did not significantly affect CNR in this study,
especially at higher b values (400 and 800 s/mm2). On
DW images at a b value of 200 s/mm2, however, the

contributions of liver SI to CNR were relatively greater
compared with DW images at higher b values. Hence, the
CNR of focal hepatic lesions was significantly higher on
enhanced images at b values of 200 s/mm2. Although the

Fig. 2 A 47-year-old man with a hepatocellular carcinoma (HCC)
and chronic hepatitis B virus. Transverse diffusion-weighted images
(DWI) and apparent diffusion coefficient (ADC) maps of un-
enhanced (a and b respectively) and enhanced (c and d respectively)
DWI sequences. The HCC shows hyperintensity on DWI and a low

ADC value. The liver signal is slightly lower on the enhanced than
on the unenhanced images. However, the overall appearance of the
liver, HCC and lesion conspicuity are not significantly different on
the unenhanced and enhanced images

Fig. 3 Box plots of the ADC values (× 10−3) of each type of lesion.
ADC values and their scatter are similar on unenhanced and
enhanced DWI sequences. CCC Cholangiocarcinoma, HCCs hepa-
tocellular carcinomas

Fig. 4 Box plots of the ADC values (× 10−3) of malignant and
benign lesions. ADC values and their scatter are not significantly
different on the two sequences. Malignant includes hepatocellular
carcinomas, metastases and cholangiocarcinoma; benign includes
cysts and haemangiomas
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CNRs were not significantly increased at higher b values,
relative decreases in the SNR of liver on enhanced DWI
may be helpful for improving lesion conspicuity.

For the evaluation of the Gd-EOB-DTPA effect on lesion
characterisation, we compared ADC values of each type of
lesion and two groups of lesions (malignant vs. benign) on
unenhanced and enhanced DWI. The ADC values of each
type of lesion were comparable on unenhanced and
enhanced DWI sequences. Lesions of the malignant
group showed significantly lower ADC values than those
of the benign group on both unenhanced and enhanced
DWI. These findings indicate that DWI obtained after
dynamic imaging using Gd-EOB-DTPA can yield compar-
able results for lesion characterisation compared with
unenhanced images.

A limitation of this study is that the slice locations of
paired DWI sequences may not have been perfectly
matched. Although we carefully excluded focal lesions
with a possibility of misregistration between unenhanced
and enhanced DWI, this condition may not have been
completely avoided. Another limitation of the study is that
the patient sample was heterogeneous, and the sample size

was relatively small. However, we believe that the intra-
individual comparisons performed in our study should
overcome these drawbacks. Finally, we have not compared
these combined dynamic MRI and DWI with dynamic
MRI without DWI for the ability to detect and characterise
liver lesions because the purpose of this study was only to
evaluate whether Gd-EOB-DTPA affects lesion conspi-
cuity and ADC values in DWI for liver MRI. Therefore,
further studies about the cost-benefit effects of this
combined dynamic MRI and DWI for liver MRI using
Gd-EOB-DTPA may be needed.

In conclusion, our results suggest that acquisition of
DWI during the interval between dynamic MRI and
hepatobiliary imaging can be effective and time-saving
without compromising CNR and ADC values of focal
hepatic lesions. Instead, low signal intensity of the liver on
enhanced DWI may be useful for improving lesion
conspicuity by increasing the CNR of focal hepatic lesions
on the images taken at lower b values. The ADC values of
the liver and focal liver lesions measured on enhanced DW
images were comparable to those obtained on unenhanced
images with regard to lesion characterisation.
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