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ABSTRACT
The purpose of this study was to evaluate the diagnostic capability of gadoxetate disodium (Gd-

EOB)-MRI for the detection of hepatocellular carcinoma (HCC) compared with multidetector CT 
(MDCT). Fifty patients with 57 surgically proven HCCs who underwent Gd-EOB-MRI and MDCT 
from March 2008 to June 2011 were evaluated. Two observers evaluated MR and CT on a lesion-
by-lesion basis. We analyzed sensitivity by grading on a 5-point scale, the degree of arterial 
enhancement and the differences in histological grades in the diffusion-weighted images (DWI). 
The results showed that the sensitivity of Gd-EOB-MRI was higher than that of MDCT especially 
for HCCs that were 1 cm in diameter or smaller. The hepatobiliary phase was useful for the 
detecting of small HCC. We had few cases in which it was difficult to judge HCC in the arterial 
enhancement between MRI and MDCT. In the diffusion-weighted image, well differentiated HCC 
tended to show a low signal intensity, and poorly differentiated HCC tended to show a high signal 
intensity. In moderately differentiated HCC’s, the mean diameter of the high signal intensity 
group was larger than that of the low signal intensity group (24.5 mm vs. 15.8 mm). In conclusion, 
Gd-EOB-MRI tended to show higher sensitivity compared to MDCT in the detection of HCC.
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Gadoxetate disodium (EOB-Primovist®, Bayer 
Yakuhin Ltd., Osaka, Japan; [Gd-EOB] is a recently 
introduced hepatocyte-specific contrast agent used 
for the diagnosis of hepatic tumors by magnetic 
resonance imaging (MRI). Gd-EOB-enhanced MRI 
(Gd-EOB-MRI) offers advantages over MRI enhanced 
with conventional Gd agents because it yields infor-
mation on hepatocyte function in the hepatobiliary 
phase (HBP) and on the hepatic blood flow in the 
vascular phase including the arterial, portal and 
transitional phase2,7,10,12,23).

Metastatic liver tumors are low-intense in the 
HBP and the sensitivity for the detection of meta-
static liver tumors of Gd-EOB-MRI is superior to 
multidetector CT9,19,22,23). The sensitivity of Gd-EOB-
MRI for the detection of hepatocellular carcinoma 

(HCCs) is reported to be higher than of helical 
computed tomography (CT)2,7,9,19,22,23,31). However, 
the identification of HCC on Gd-EOB-MRI scans 
is more complex than of metastatic tumors. During 
the arterial phase (AP), some HCC nodules are 
enhanced while others are not; in HBP, some are 
hypo- and others are hyper-intense17,24,28). Moreover, 
evaluation of lesion vascularity (i.e. hypervascular 
or hypovascular) as well as detection of the focal 
lesion are essential elements of diagnosis of HCC 
through imaging because a hepatic mass larger 
than 1 cm in diameter in a cirrhotic liver that 
demonstrates a typical vascular pattern (arterial 
hypervascularity and ‘wash out’ in the equilibrium 
phase) on CT or MR imaging can be diagnosed as 
HCC without biopsy4,5). Some concern exists that 
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and interval 0 mm, TR/TE 4.2 msec/shortest 2.0 
msec, FA10°, field-of-view (FOV) 37.5 cm, matrix 
188 × 148, parallel imaging factor 2, acquisition 
time 16.3 sec. All images were obtained in the trans-
verse plane.

After pre-enhanced scanning, Gd-EOB was in-
jected intravenously at a dose of 25 μmol/kg as a 
bolus at a rate of 2.0 mL/s and flushed with 20-mL 
saline using a power injector (Sonic Shot 50; 
Nemoto Kyorindo, Tokyo, Japan), and 4-phase Gd-
EOB-enhanced scans of the liver were acquired 
during the arterial (AP), portal venous (1 min later), 
transitional (3 min later), and hepatobiliary phases 
(HBP) (20 min later). Scanning delays from abdom-
inal aortic contrast arrival to the central k-space 
acquisition for the arterial phase was 14 sec and 
we defined the transitional phase as the 180 sec 
after the start of Gd-EOB injection23).

All patients underwent single-breath hold, fat-
suppressed T2-weighted- and diffusion-weighted 
imaging (T2-WI, DWI). The parameters for DWI 
were TR/TE 1200 msec/70 msec, echo train length 
192, slice thickness and gap 6/1 mm, matrix size 
112 × 90, parallel imaging factor 2, number of 
excitations 4, b-value 800 s/mm2.

Contrast-enhanced MDCT
All patients were scanned using a 64-detector 

(Aquillion 64; Toshiba Medical Systems, Tochigi, 
Japan) or a 128-detector CT instrument (Somatom 
Definition AS 128, Siemens Healthcare, Erlangen, 
Germany) at the following settings: rotation time, 
0.5 sec for Aquillion 64 and 0.6 sec for SOMATOM; 
beam collimation, 64 × 0.5 mm; section thickness 
and intervals, 5.0 mm; helical pitch (beam pitch), 
0.703; table movement, 45 mm/s, scanning FOV, 
35 cm; voltage, 120 kV; and auto mA (noise index 
8).

Three-phase contrast-enhanced CT images of 
the liver were obtained during the hepatic arterial 
phase (HAP) and equilibrium phase (EP). An 
automatic bolus-tracking program was used to time 
the start of scanning for each phase after contrast 
injection. The trigger threshold level was set at 
200 Hounsfield units in the abdominal aorta at 
the L1 vertebral body level. HAP and EP scanning 
was started at 15 and 145 sec.

The contrast dose for all patients was 600 mgI/
kg of their body weight. The contrast material was 
administered using a power injector (Dual Shot, 
Nemoto Kyorindo, Tokyo, Japan) and a 20-gauge 
iv catheter inserted into an antecubital vein. The 
injection duration was 30 sec in all patients.

Image Analysis
Two board-certified radiologists with 23 and 18 

years of experience with abdominal imaging, 
respectively, evaluated the MRI and CT images. 
They knew the patients’ risk of HCC but knew 
nothing about other clinical information.

Gd-EOB may show weaker enhancement because 
the volume of Gd-EOB injected is smaller (eg, 6.0 
mL/60 kg of body weight for a dose of 25 μmol/kg) 
than that of extracellular gadolinium chelated 
(12.0 mL/60 kg of body weight for a dose of 100 
μmol/kg)1).

The purpose of this study is to clarify retrospec-
tively the diagnostic capability of Gd-EOB-MRI 
for the detection and characterization of HCCs 
compared with multi-detector CT (MDCT).

MATERIALS AND METHODS

Institutional review board approval was obtained 
for this retrospective study and informed consent 
was waived.

Study Population
We retrospectively reviewed fifty patients with 

HCC who underwent hepatic dynamic MRI with 
Gd-EOB and MDCT from March 2008 to June 2011. 
There were 32 men and 18 women (age range: 50-
89 years; mean age: 68.8 years). All 50 patients 
had undergone hepatic surgery and their diagnoses 
of 57 HCCs were based on histopathologic evidence. 
There was an average interval between MR imaging 
and MDCT imaging of 24 days (range, 3-74 days); 
in 38 patients MDCT was performed prior to Gd-
EOB-MRI (average interval 23 days).

All patients had a clinical history of chronic liver 
disease, and the underlying etiology of chronic liver 
disease was hepatitis C (n = 26), hepatitis B (n = 
18), NASH (non-alcoholic steatohepatitis) (n = 2), 
alcoholic hepatitis (n = 1), and cryptogenic hepatitis 
or cirrhosis (n = 3). The hepatic function was clas-
sified as Child-Pugh A or B in 49 and 1 patient(s), 
respectively: Hepatic function was also classified 
as Liver damage A or B in 40 and 10 patients, re-
spectively.

Imaging Technique
MR imaging
All examinations were performed with a 1.5-Tesla 

MR scanner (Intera Achieva Pulsar, Philips Medical 
Systems, Best, Netherlands) with a Sense body 
coil 4ch in 35 cases, and a 1.5-Tesla MR scanner 
(A-series single gradient, Philips Medical Systems, 
Best, Netherlands) with a Sense XL torso coil 
16ch in 15 cases.

For all patients, before injection of Gd-EOB, T1-
weighted two-dimensional dual gradient-recalled 
echo (GRE) MR imaging (repetition time (TR)/
echo time (TE) 218 ms/2-4 msec, flip angle 80°, 
field of view 35-40 cm, matrix 256 × 192, slice 
thickness 6 mm, bandwidth 488.3 Hz/pixel and 
acquisition time 16.3 sec) was performed.

Dynamic MRI was with fat-suppressed T1-weight-
ed gradient-echo imaging with liver acquisition 
with volume acceleration [THRIVE]. The parameters 
for image acquisition were section thickness 2 mm 
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considered significant.

RESULTS

50 patients harbored one HCC and seven patients 
had two HCCs. The tumor ranged from 6 to 87 
mm in diameter (mean diameter, 22.4 mm). Of 57 
HCCs, 7 HCCs were 10 mm or less in diameter, 27 
were ranged from 11 to 20 mm in diameter, 13 
HCCs were ranged from 21 to 30 mm in diameter, 
and the remaining 10 HCCs were over 31 mm in 
diameter. Fifty-seven HCCs were further classified 
as poorly differentiated (n = 12), moderately 
differentiated (n = 37), or well differentiated (n = 
8). The tumor grades of HCC were determined on 
the basis of the predominating component in the 
HCC.

Sensitivity for each imaging technique is shown 
in Table 1. Gd-EOB-MRI showed higher sensitivity 
in detecting lesions compared to MDCT, with 
significant difference between the two imaging 
techniques (p = 0.043 for observer 1 and 0.005 for 
observer 2).

In the detection of HCC that were 1 cm in diam-
eter or smaller (n = 7), the sensitivity of MRI was 
much higher than that of MDCT and there was 
significant difference only for observer 2 (p = 0.068 
for observer 1 and 0.043 for observer 2) (Table 1) 
(Fig. 1). For the detection of HCC larger than 1 
cm, the sensitivity of MRI was similar to that of 
MDCT and there was significant difference only 
for observer 2 (p = 0.32 for observer 1 and 0.043 
for observer 2). Of 7 HCCs smaller than 1 cm, 3 
well differentiated HCCs were only detected with 
Gd-EOB-MRI as hypo-intense during HBP without 
arterial enhancement.

In the detection of HCC according to histological 
grades (Table 2), the sensitivity of MRI was higher 
than MDCT in well- and moderately differentiated 
HCC; but there was only significant difference for 
moderately differentiated HCC by observer 2 (p 
value of well, moderately and poorly differentiated 
HCCs for observer 1 was 0.32, 0.18, and 1.0, re-
spectively, and for observer 2, 0.11, 0.043, and 
0.32, respectively). On DWI by each histological 
grade (Table 3), most of the well differentiated 
HCCs were non-visible (62.5%). On the other hand, 

Criteria of HCC on MDCT
HCC was diagnosed if two criteria were met: (a) 

the lesion was seen to be enhanced clearly during 
HAP and (b) the lesion was hypo-attenuated with 
respect to the surrounding liver during the equi-
librium phase4,7). Because these criteria are highly 
specific but not very sensitive8), if the lesion was 
hypo-attenuated with respect to the surrounding 
liver during the equilibrium phase3,6,30), it was 
considered to indicate HCC.

Criteria of HCC on Gd-EOB-MRI
At Gd-EOB-MRI during AP some HCC nodules 

are and others are not enhanced; in HPB some are 
hypo- and others are hyper-intense17,24,28). HCC was 
diagnosed if two criteria were met: (a) the lesion 
was seen to become clearly enhanced during AP 
and (b) the lesion was hypo-intense during the 
hepatobiliary phase11,17). Because these criteria 
are highly specific but not very sensitive, if the  
lesion was hypo-intense with respect to the sur-
rounding liver during the hepatobiliary phase it 
was considered to be suggestive of HCC27). The  
radiologists also evaluated the signal intensity (SI) 
of the hepatic tumors on DWI because in these  
sequences, even a mild increase in the SI of hepatic 
tumors may be suggestive of HCC23) and a combi-
nation of Gd-EOB-MR imaging and DW imaging 
was reported to yield better diagnostic accuracy 
and sensitivity in the detection of HCCs than any 
MR imaging technique alone14,16,18,25).

Comparisons of the degree of enhancement of 
HCC in the arterial phase between MR and MDCT 
were also performed. We defined the degree of 
enhancement using the following 4-point scale: 1, 
invisible or hypovascular lesions; 2, isointense/
dense during the arterial phase and low intense/
dense on precontrast MRI/CT, suggesting possible 
hypervascularity; 3, slightly hyperintense/dense 
during the arterial phase and necessary to see the 
precontrast MRI/CT to identify hypervascular 
lesions; and 4, hypervascularity detected with 
confidence without seeing the precontrast MRI/CT1).

Each observer recorded the presence and the 
location of lesions using a 5-point confidence score 
for suggestive of HCC: 1, no HCC present; 2, 
probably no HCC present; 3, equivocal; 4, HCC 
probably present; 5, definite presence of HCC; 
with confidence scores of 4 and 5 representing a 
positive diagnosis of HCC.

Statistical Analysis
We calculated the sensitivity of Gd-EOB-MRI 

and MDCT based on a tumor-by-tumor analysis of 
pathologically-confirmed tumors. We also performed 
subset analysis of sensitivity based on the tumor 
size using 10-, 20- and 30-mm thresholds. The 
statistical analysis for differences was performed 
with the Wilcoxon’s signed rank test for the 
sensitivities. Differences of p value <0.05 were 

Table 1. Sensitivity of EOB-MRI and MDCT in the 
detection of HCC

Tumor diameter (cm) MRI MDCT

≦1 7 85.7 (  6) 28.6 (  2)
>1-2 27 96.3 (26) 92.6 (25)
>2-3 13 92.3 (12) 92.3 (12)
>3 10   100 (10)   100 (10)

total 57 96.5 (55) 91.2 (52)

Numbers are percentages. Numbers in parentheses are the 
number of HCCs.
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inent than that of MRI in 13 HCCs (26.5%), the 
degree of MDCT is equal to that of MRI in 29 
HCCs (59.2%), and the degree of enhancement of 
MRI was more prominent than that of MDCT in 7 
HCCs (14.3%).

Concerning sensitivity of HCC according the liver 
damage classification, there was no significant 
difference either at Gd-EOB-MRI or at MDCT.

DISCUSSION

Our study revealed that Gd-EOB-MRI showed 
higher sensitivity for HCC compared to MDCT, 
with a significant difference. Di Martino et al7)  
reported that Gd-EOB-MRI yields significantly 
higher diagnostic accuracy and sensitivity in the 
detection of HCC in patients with cirrhosis com-
pared with 64-MDCT. Our results are compatible 
with those previous reports.

For lesions 1 cm or smaller, the sensitivity of 
Gd-EOB-MRI was higher than that of MDCT and 
there was a significant difference only for observer 
2. This was possibly because the number of HCCs 
smaller than 1 cm was small. Moreover, 3 well 
differentiated HCCs smaller than 1 cm were only 
detected with Gd-EOB-MRI as hypo-intense during 
HBP without arterial enhancement. There are 
several reports of the superiority of Gd-EOB-MRI 
compared to MDCT for the detection of small 
HCCs9,12,27).

Hammerstingl et al9) reported that the highest 
rate of correctly detected lesions including HCC 
and metastases with a diameter below 1 cm was 

most of the poorly differentiated HCC group showed 
high-signal intensity (91.7%) on DWI. In moder-
ately differentiated HCCs, the mean diameter of 
the high signal intensity group was larger than 
that of the low signal intensity group (24.5 mm vs. 
15.8 mm).

We compared the arterial enhancement between 
Gd-EOB-MRI and MDCT for 50 HCCs. The degree 
of arterial enhancement of MDCT was more prom-

a b

c d

Fig. 1. A 66-year-old man with a 10-mm-diameter well differentiated HCC in segment 4.

(a: AP at MDCT, b: EP at MDCT, c: AP at Gd-EOB-MRI, d: HBP at Gd-EOB-MRI).
Abbreviations: AP, arterial phase; EP, equilibrium phase; HBP, hepatobiliary phase
A: The tumor (arrow) showed arterial enhancement.
B: �The tumor showed ambiguous washout pattern of HCC (arrow). This tumor was classified as category 3 at MDCT.
C: The tumor (arrow) showed arterial enhancement at Gd-EOB-MRI.
D: �The tumor showed hypointense (arrow) at HBP. The tumor was classified as category 5 at Gd-EOB-MRI.

Table 2. Sensitivity of EOB-MRI and MDCT in the 
detection of HCC

Histology Total MRI MDCT

well diff.   8 100 (  8) 87.5 (  7)
moderate diff. 37 97.3 (36) 91.9 (34)

poorly diff. 12 91.7 (11) 91.7 (11)

Numbers are percentages. Numbers in parentheses are the 
number of HCCs.

Table 3. HCC Detection Rate in Diffusion-Weighted 
Image by each Histology

Histology grade 3 grade 2 or 3

well diff. 12.5 % (  1/  8) 37.5 % (  3/  8)
moderately diff. 51.4 % (19/37) 64.9 % (24/37)

poorly diff. 75.0 % (  9/12) 91.7 % (11/12)

Numbers are percentages. Numbers in parentheses are the 
number of HCCs.
grade 1: nonvisible
grade 2: visible by referring with the other sequences
grade 3: high-intensity (easy to detect)
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there was no statistically significant differences in 
the sensitivity of HCC among the liver damage 
classifications. We thought that the hepatobiliary 
phase was not affected due to mild liver damage, 
because we had no class C patients.

A small number of HCC show hyperintense in 
HBP. This is caused by overexpression of OATP 
1B3, the sodium-independent organic anion trans-
porter of hepatocytes17,24,28). Although we had only 
two hyperintense HCCs (one well- and one moder-
ately differentiated HCC), it was not proved that 
they overexpressed OATP1B3. We have to keep in 
mind hyperintense HCC in HBP in reading Gd-
EOB-MRI.

Our study had several limitations. First, our study 
population was relatively small. For an accurate 
evaluation of tumor extension on both MR images 
and surgical specimens we selected tumors that 
were histopathologically confirmed as HCCs. In this 
sense our findings must be considered preliminary. 
Second, we used only resected liver specimens as the 
standard of reference. To determine the diagnostic 
sensitivity of Gd-EOB-MRI histopathologic study of 
the whole liver is necessary and pathologic- and 
MRI findings must be correlated tumor-by-tumor 
in livers extracted at transplantation or obtained 
at autopsy. Third, the most important risk factor for 
HCC is chronic liver disease and liver dysfunction 
may be severe in some HCC patients, for example, 
Child-Pugh class C and we had no patients with 
Child-Pugh C. However, patients with Child-Pugh 
class C have less opportunity to undergo therapy 
for HCC especially hepatic resection; therefore, 
our study population may be applicable in the 
clinical setting.

In conclusion, overall diagnostic performance of 
Gd-EOB-MRI is similar to that of MDCT in the 
preoperative detection of HCC. Moreover, Gd-
EOB-MRI yields higher sensitivity than MDCT in 
the detection of HCCs smaller than 1 cm in 
diameter and low grade HCCs. Gd-EOB-MRI plays 
a central role in detecting HCC in preoperative 
imaging technique.
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