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Background: To determine the usefulness of the enhanced rate of gadolinium ethoxybenzyl

diethylenetriamine pentaacetic acid–enhanced magnetic resonance imaging (EOB-MRI)

during the hepatobiliary phase as a new parameter for hepatic functional reserve.

Aim: We retrospectively analyzed 153 patients who underwent EOB-MRI before

radiofrequency ablation or hepatic resection between January 2008 and December 2012.

The enhanced rate during the hepatobiliary phase was estimated using the ratio of regions

of interest in the liver parenchyma to that in the paraspinal muscles. The enhanced rate was

examined along with liver function tests and fibrosis levels for any correlations.

Results: A high correlation was found between the enhanced rate and indocyanine green

retention rate at 15 minutes (r¼�0.66, P , 0.0001). Additionally, a moderate correlation was

discovered between the enhanced rate and serum albumin (r ¼ 0.57, P , 0.0001), and

fibrosis level (r¼�0.48, P , 0.0001). The enhanced rate also weakly correlated with platelet

count (r¼ 0.28, P¼ 0.0005), aspartate aminotransferase (r¼�0.37, P , 0.0001), total bilirubin

(r ¼�0.26, P ¼ 0.0014), and prothrombin activity (r ¼ 0.27, P ¼ 0.0014).

Conclusions: The EOB-MRI–enhanced rate during the hepatobiliary phase strongly

correlates with hepatic functional reserve.
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Gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid–enhanced magnetic reso-

nance imaging (EOB-MRI) allows the detection of
small and hypovascular hepatocellular carcinomas
(HCCs) during the hepatobiliary phase by identify-
ing low-intensity areas, which conventional en-
hanced computed tomography (CT) cannot detect.
While the usefulness of EOB-MRI as a new diag-
nostic modality for HCC has been reported,1,2

several reports have suggested that gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid
(Gd-EOB-DTPA) uptake by hepatocytes may de-
crease in patients with chronic liver dysfunction.3

EOB is a structure in which an ethoxybenzyl
group, a fat-soluble side chain, is introduced into
gadopentetic acid, a contrast agent distributed in
the extracellular fluid. In the T1-weighted image, a
signal-enhancement effect of gadolinium ion was
observed. After intravenous administration, the
EOB is shared in the intravascular and cell gaps
and is taken into hepatocytes by ethoxybenzyl
groups. EOB taken into hepatocytes was excreted
into the bile and feces. If the EOB 0.1 mL/kg was
intravenously administered to healthy adults,
approximately 60% of the dose was excreted in
the urine, approximately 40% was excreted in the
feces. Meanwhile, if mild to moderate liver damage
(Child–Pugh grades A and B) patients were
administered EOB, its excretion in the feces was
21% and was lower than in healthy adults. In
patients with severe liver damage (Child–Pugh
grade C), excretion of EOB reduced to 6%.
Furthermore, in patients with a serum bilirubin
value of 3 mg/dL or more, it fell to less than 0.5%.
In these patients with severe liver damage, signif-
icant loss of signal-enhancement effects of liver
parenchyma was observed.

EOB, which is moved from the hepatic sinusoid
to the space of Disse, is actively transported into
hepatocytes through a transporter expressed in the
hepatocellular membrane. As a transporter involved
in EOB to be taken into the hepatocyte, OATP1B1,
and OATP1B3, which are subfamilies of organic
anion transporting polypeptide (OATP), and Naþ-
dependent taurocholate cotransporting peptide
(NTCP) has been identified.4,5 Alternatively,
OATP1B1 is mostly involved in the transport of
bilirubin, which is widely used as an indicator of
hepatic functional reserve; OATP1B3 and NTCP are
primarily involved in the transport of indocyanine
green, which is also widely used as an indicator of
hepatic functional reserve.6,7

From the above studies, EOB-MRI–enhanced rate
during the hepatobiliary phase may be correlated
with hepatic functional reserve.

This study aimed to determine the usefulness of
EOB-MRI–enhanced rate during the hepatobiliary
phase as a new parameter of hepatic functional
reserve.

Materials and Methods

Patients

We retrospectively analyzed 153 patients who had
undergone EOB-MRI before radiofrequency ablation
(RFA) or hepatic resection between January 2008 and
December 2012. The inclusion criteria include patients
aged 20 years or older and patients who obtained
informed consent. The exclusion criteria included
patients with a history of liver treatment as the signal
intensity of EOB-MRI may have been modified by the
treatment.

MRI

All patients underwent MRI using a superconducting
magnet operating at 1.5 T (Intera 1.5 T, Philips Medical
Systems Nederland B.V., Best, The Netherlands) and a
32-channel phased-array coil. After precontrast, T1-
weighted fast-spoiled gradient-echo imaging, T2-
weighted fast spin-echo images, and diffusion-weight-
ed single-shot spin-echo echo-planar images were
obtained. Dynamic images using fat-suppressed T1-
weighted gradient-echo images with a 3-dimensional
acquisition sequence were obtained before contrast. At
20 seconds, 60 seconds, 3 minutes, and 20 minutes
after intravenous injection of Gd-EOB-DTPA using a
power injector (Sonic Shot GX, Nemoto Kyorindo Co,
Ltd, Tokyo, Japan). Hepatobiliary phase imaging was
obtained 20 minutes after injecting 0.1 mL/kg Gd-
EOB-DTPA in the patients. The images acquired were
in the transverse plane and had a section thickness of 3
mm and 1.5-mm overlap. The repetition time/echo
time was 5.4/2.6 ms; flip angle, 128; number of signals
acquired, 1; field of view, 38330 cm; matrix, 2563256;
and acquisition time, 17 seconds.

Quantification of EOB-MRI�enhanced rate

The signal intensities of the liver were measured in
the hepatobiliary phase. The EOB-MRI– enhanced
rate was estimated as the ratio of the mean value of
the regions of interest (ROIs) randomly selected
from 8 individual subsegments in the liver paren-
chyma to the mean value of the ROIs in paraspinal
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muscles. The equation used for this calculation is as
follows (Fig. 1): EOB-MRI–enhanced rate ¼ (signal
intensity of the liver parenchyma [SILP] in segment
1 [S1]/signal intensity of the paraspinal muscle
[SIPM] in the same axial imageþSILP in S2/SIPM in
the same axial imageþ SILP in S3/SIPM in the same
axial image þ SILP in S4/SIPM in the same axial
imageþ SILP in S5/SIPM in the same axial imageþ
SILP in S6/SIPM in the same axial image þ SILP in
S7/SIPM in the same axial imageþSILP in S8/SIPM
in the same axial image)/8. Each ROI with a
diameter of 10 to 15 mm depending on the organ
size was figured, but the Glisson’s capsule and the
hepatic vein were excluded in the ROI (Fig. 1).

Biochemical tests and pathologic results

The indocyanine green retention rate at 15 minutes
(ICGR 15), platelet counts, prothrombin activity,
alanine aminotransferase (ALT), aspartate amino-
transferase (AST), total bilirubin, and serum albu-
min were investigated in less than a week before
MRI.

Histologic findings of liver fibrosis levels were
measured according to the METAVIR classification8

using resected specimens from patients who under-
went hepatic resection or biopsy specimens from
patients who underwent RFA (F0, no fibrosis; F1,
fibrous portal expansion; F2, rare bridges or septae;
F3, numerous bridges or septae; F4, cirrhosis).

Statistical analysis

Continuous variables were expressed as mean 6

SD. Spearman rank correlation coefficient test was
used to determine the correlation between EOB-
MRI�enhanced rate and ICGR 15, platelet count,
prothrombin activity, ALT, AST, total bilirubin, and
serum albumin, and fibrosis levels. A correlation
coefficient value of up to 0.20 exhibited virtually no
correlation; 0.21 to 0.40, weak correlation; 0.41 to
0.60, moderate correlation; 0.61 to 0.80, high
correlation; and 0.81 or greater, very high correla-
tion. All analyses were conducted using statistical
software JMP 9.0.2 (SAS Institute, Tokyo, Japan).

Results

Patients’ characteristics

Patients’ characteristics are reported in Table 1. The
mean age was 69 6 8 years. There were 32 and 84
patients who had hepatitis B and C, respectively; 37
patients had neither hepatitis B nor C. The details of
patients who had neither hepatitis B nor C included
24 cases of alcohol abuse, 9 cases of nonalcoholic
steatohepatitis, 1 case of autoimmune hepatitis, and
3 cases of unknown etiology. RFA was conducted in
61 patients, and 92 patients underwent hepatic
resections. The mean albumin level was 3.9 6 0.4
g/dL; prothrombin activity, 82% 6 13%; total
bilirubin level, 0.8 6 0.3 mg/dL; AST level, 47 6

29 IU/L; ALT level, 41 6 28 IU/L; platelet count, 13

Fig. 1 Quantification of EOB-MRI–

enhanced rate. The mean values of the

ROIs of all 8 subsegments were divided

using mean values of ROIs in paraspinal

muscles in the same axial image. We

defined the average value of the 8

subsegments as EOB-MRI–enhanced

rate.
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6 8 3 104/lL; and ICGR 15, 19% 6 12%. The
fibrosis levels were classified as F1, F2, F3, and F4 in
20, 32, 28, and 73 patients, respectively (Table 1).

Correlation with the parameters of hepatic functional
reserve

The mean duration between EOB-MRI and RFA or
hepatic resection was 26 days. No other medical
intervention was conducted between EOB-MRI and
RFA or hepatic resection.

A high correlation was found between EOB-
MRI�enhanced rate and ICGR 15 (r ¼ �0.66, P ,

0.0001). Additionally, a moderate correlation was
discovered between EOB-MRI–enhanced rate and
serum albumin level (r ¼ 0.57, P , 0.0001), and
fibrosis level (r¼�0.48, P , 0.0001). The EOB-MRI–
enhanced rate also weakly correlated with platelet
count (r¼ 0.28, P¼ 0.0005), AST level (r¼�0.37, P ,

0.0001), total bilirubin level (r ¼�0.26, P ¼ 0.0014),
and prothrombin activity (r¼ 0.27, P¼ 0.0014) (Table
2, Fig. 2).

Fig. 3 exhibits the receiver operating characteris-
tic curve for predicting liver cirrhosis (F4). The
cutoff value of EOB-MRI–enhanced rate was 2.270
with a sensitivity of 0.766 and specificity of 0.678
(Fig. 3).

Discussion

EOB-MRI is useful in detecting early and small
HCCs that cannot be detected with enhanced CT or

enhanced ultrasound.9,10 Additionally, one study
reported that EOB-MRI could be used for tumor
differentiation.11 The hepatobiliary phase of EOB-
MRI correlated with hepatic functional reserve, as
reported in some studies. Most studies that showed
a correlation between EOB-MRI and hepatic func-
tional reserve reported that the ratio of precontrast
signal intensity to hepatobiliary-phase signal inten-
sity in the liver parenchyma correlated with the
hepatic functional reserve.12–15 The degree of irreg-
ularity of the liver parenchyma in the hepatobiliary
phase correlated with hepatic functional reserve as
reported in other studies.16,17 In addition, many
other studies have reported that the quantity of
blood flow,18 the degree of hepatorenal contrast,19

the ratio of the spinal cord to the liver parenchyma
signal intensity,20 the ratio of the bile duct to liver
parenchyma signal intensity,21 and the ratio of the
spleen to liver parenchyma signal intensity22,23

correlated with hepatic functional reserve. This
study showed that the ratio of paraspinal muscle
to the liver parenchyma signal intensity correlated
with hepatic functional reserve. One study reported
that the ratio of the spleen to the liver parenchyma
signal intensity correlated better with hepatic
functional reserve than the ratio of the psoas muscle
to the liver parenchyma signal intensity.23 However,
the value of the correlation coefficient between the
EOB-MRI–enhanced rate and ICGR 15 found in our
study (r ¼�0.66, P , 0.0001) was stronger than the
correlation between the ratio of the spleen to the
liver parenchyma signal intensity and the parame-
ters of technetium-99m galactosyl serum albumin
(99mTc-GSA) scintigraphy (r ¼ 0.593, P , 0.001).23

Of interest, some studies reported that the
hepatobiliary phase of EOB-MRI could evaluate
regional hepatic function reserve.24,25 We also
evaluated regional hepatic function reserve by using

Table 1 Patients’ characteristicsa

Variables n ¼ 153

Age (years) 69 6 8
Sex (men:women) 107:46
Background liver disease (HCV:HBV:NBNC) 84:32:37
Treatment method (hepatic resection: RFA) 92:61
Albumin level (g/dL) 3.9 6 0.4
Prothrombin activity (%) 82 6 13
Total bilirubin level (m/dL) 0.8 6 0.3
AST (IU/L) 47 6 29
ALT (IU/L) 41 6 28
Platelet count (3104/lL) 13 6 8
ICGR 15 (%) 19 6 12
Liver fibrosis levelb (F1:F2:F3:F4) 20:32:28:73

HCV, positive for hepatitis C antibody; HBV, positive for
hepatitis B antigen; NBNC, negative for hepatitis C antibody and
hepatitis B antigen.

aData are expressed as mean 6 SD in continuous variables.
bLiver fibrosis levels were categorized according to METAVIR

classification.

Table 2 Correlation coefficients between liver function tests and the

EOB-MRI–enhanced rate

Variables Correlation coefficient (r) P value

Albumin level (g/dL) 0.57 ,0.0001
Prothrombin activity (%) 0.27 0.0014
Total bilirubin level (m/dL) �0.26 0.0014
AST level (IU/L) �0.37 ,0.0001
ALT level (IU/L) �0.18 0.03
Platelet count (3104/lL) 0.28 0.0005
ICGR 15 (%) �0.66 ,0.0001
Liver fibrosis levela �0.48 ,0.0001

aLiver fibrosis levels were categorized according to METAVIR
classification.
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percutaneous transhepatic portal vein embolization
cases. The ratio of the signal intensity of the
hepatobiliary phase of EOB-MRI in the right lobe
to that of the left lobe was similar to the ratio of
uptake of 99mTc-GSA scintigraphy in the right lobe
to that of the left lobe (data not shown).

To date, 99mTc-GSA scintigraphy using X-ray
images is the only modality that can evaluate
hepatic functional reserve. However, this modality
cannot detect tumors and determine tumor size,
number, and location. This study showed that the
hepatic functional reserve could be evaluated in
the hepatobiliary phase of EOB-MRI. This finding
suggests that tumor location, tumor number, and
hepatic functional reserve can be analyzed using
EOB-MRI. This is useful for decreasing the
number of examinations in patients and medical
expenses.

Other methods for analyzing hepatic functional
reserve include liver biopsy and elastography.26

However, a liver biopsy is invasive and usually
requires hospitalization. Alternatively, percutane-
ous elastography is noninvasive, but its accuracy
depends on the thickness of the subcutaneous fat
and the amount of visceral fat. The evaluation of
hepatic functional reserve using EOB-MRI is
noninvasive and is not affected by subcutaneous

Fig. 2 Correlation between EOB-MRI–enhanced rate and parameters of hepatic functional reserve. A high correlation was found

between EOB-MRI–enhanced rate and ICGR 15. A moderate correlation was discovered between EOB-MRI–enhanced rate and serum

albumin level and fibrosis level. A weak correlation was found between EOB-MRI–enhanced rate and platelet count, AST level, total

bilirubin level, and prothrombin activity.

Fig. 3 Receiver operating characteristic curve for predicting liver

cirrhosis (F4). The area under the curve was 0.758, and the 95%

confidence interval was 0.682 to 0.835. Thus, the cutoff value of

the EOB-MRI–enhanced rate was 2.270 with a sensitivity of 0.766

and specificity of 0.678.
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fat or visceral fat. Also, as there is no radiation
exposure, future promotion of the research devel-
opment is expected.

The limitation of this study is that it is a
retrospective, single-center study. Therefore, these
findings need to be confirmed using multicenter
prospective studies. Among the various published
studies on evaluating hepatic functional reserve
using EOB-MRI, this paper is the first to use the
ratio of the SIPM and the liver parenchyma.
Subsequently, it will be necessary to compare the
accuracy of our procedure with that of other
procedures for evaluating hepatic functional reserve
using EOB-MRI. In addition, it is crucial to assess
the correlations between EOB-MRI and clinical
significance, such as postoperative liver failure.

In conclusion, the EOB-MRI–enhanced rate dur-
ing the hepatobiliary phase strongly correlates with
hepatic functional reserve, suggesting its feasibility
as a new supporting parameter for evaluating
hepatic functional reserve.
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