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Objectives: To compare the diagnostic performance of gadoxetic acid-enhanced MRI
using 3.0 T with that of multiphasic 64-multirow detector CT (MDCT) for the detection
of small (#2 cm) hepatocellular carcinoma (HCC) in patients with chronic liver disease.
Methods: A total of 54 patients (44 men, 10 women; age range, 33–81 years) with 59
HCCs (#2 cm in diameter) who underwent both multiphasic (arterial, portal venous,
equilibrium) 64-MDCT and gadoxetic acid-enhanced 3.0 T MRI were enrolled in this
study. Two observers independently and randomly reviewed the MR and CT images on
a lesion-by-lesion basis. The diagnostic performance of these techniques for the
detection of HCC was assessed by alternative free-response receiver operating
characteristic (ROC) analysis, in addition to evaluating the sensitivity and positive
predictive value.
Results: For each observer, the areas under the ROC curve were 0.874 and 0.863 for
MRI, respectively, as opposed to 0.660 and 0.687 for CT, respectively. The differences
between the two techniques were statistically significant for each observer (p,0.001).
The sensitivities (89.8% and 86.4%) of MRI for both observers were significantly higher
than those (57.6% and 61.0% for each observer, respectively) of MDCT. No significant
difference was seen between the positive predictive values for the two techniques
(p.0.05).
Conclusion: Gadoxetic acid-enhanced 3.0 T MRI shows a better diagnostic
performance than that of 64-MDCT for the detection of small (#2 cm) HCCs in patients
with chronic liver disease.
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Hepatocellular carcinoma (HCC) is associated with
underlying chronic liver disease in more than 90% of
cases, and constitutes the leading cause of death in
patients with chronic liver disease [1, 2]. Therefore, early
detection and accurate assessment of small HCC are of
great importance when planning the most appropriate
therapeutic approach. The efficacy of various treatments
and the survival of patients with small HCC are much
more successful than those for patients with larger tu-
mours. The typical imaging feature of HCC on one or
two dynamic studies, including either CT scanning,
contrast-enhanced ultrasound or MRI, has been used to
establish the diagnosis of HCC according to the size
of the lesion (1–2 cm or .2 cm in diameter) in patients
with chronic liver disease [3, 4]. With a state-of-the-art
imaging technique, the detection of smaller lesions in the
liver may be possible. However, there is still great dif-
ficulty in the characterisation of hypervascular nodules
,2 cm in diameter, which often have non-specific
imaging characteristics [5].

The use of multirow detector CT (MDCT), which has
advantages that include greater speed, thinner slices
and multiphasic scanning, has improved the chance of
detecting HCC [6, 7]. The diagnostic performance of liver
MRI for detecting and characterising focal hepatic lesions
has also been improved with the development of MRI
technologies and MR contrast media [8, 9]. Recently, a
widely used liver-specific contrast agent, gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid (gado-
xetic acid disodium; Primovist, Bayer Schering Pharma,
Berlin, Germany) has produced both dynamic and liver-
specific hepatobiliary MR images. This contrast agent
is highly liver specific with approximately 50% of the
injected dose taken up by functioning hepatocytes and
excreted in bile, which enables hepatobiliary phase
imaging to start at 10–20 min post injection, and hence
makes it more suitable for use in clinical practice
[10–12]. On the other hand, another gadolinium-based hepa-
tobiliary agent, gadobenate dimeglumine (Gd-BOPTA/
Dimeg; Multihance, Bracco, Milan, Italy), has approxi-
mately 3–5% of the injected dose taken up by functioning
hepatocytes and excreted in bile, and enables hepato-
biliary phase imaging to start at more than 60 min.
However, a previous study [13] demonstrated that
the diagnostic performance of gadoxetic acid-enhanced
MRI and gadobenate dimeglumine-enhanced MRI for
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pre-operatively detecting HCC is quite similar. In addi-
tion to liver-specific contrast agent, high-field-strength
(3.0 T) MRI may possibly be better than 1.5 T due to the
advantages of greater signal-to-noise ratio (SNR) and
image quality than 1.5 T MRI, thus improving lesion
detection (although there are substantial challenges with
3 T in abdominal imaging). The purpose of this study was
to compare the diagnostic performance of gadoxetic acid-
enhanced MRI using 3.0 T with that of triple-phase
64-MDCT for the detection of small (#2 cm in diameter)
HCC in patients with chronic liver disease.

Methods and materials

Patient selection

This study was conducted with the approval of our
institutional review board and informed consent was
waived for this retrospective study.

Between April 2008 and October 2008, among a total of
302 consecutive patients with chronic liver disease and
suspected HCC on the basis of their imaging findings
and/or elevated serum a-fetoprotein level, one study
coordinator with 10 years of experience in abdominal
imaging retrospectively collected patients with the fol-
lowing criteria: (1) chronic liver disease with focal hepatic
lesions with diameters 2 cm or smaller and with a confir-
mative diagnosis; (2) the patient had undergone both
a multiphasic 64-MDCT and a gadoxetic acid-enhanced
MRI using 3.0 T within 1 month because of a suspicion of
new HCC based on previous imaging and/or clinical
findings, including increased serum a-fetoprotein level;
and (3) the patient had undergone a follow-up CT
and/or MRI after 1 year or longer. A total of 54 patients
(44 males, 10 females; age range, 33–81 years) with 59
HCCs (mean, 1.2 cm; range, 0.5–2.0 cm; diameter #1 cm,
28 HCCs; 1 cm ,diameter #2 cm, 31 HCCs) fitted these
criteria and were included in this study. 24 of the 54
patients had 1 HCC, 6 patients had 2 HCCs, 6 patients had
3 HCCs and 1 patient had 5 HCCs. The other 17 patients
had no HCC, but had nodules with iodised-oil accumula-
tion, dysplastic nodules and nodular arterial enhancing
pseudolesions such as arterioportal shunt. Among them, 4
patients had a previous history of surgery for HCC and 19
patients had previous locoregional therapy such as TACE
(transcatheter arterial chemoembolisation) or RFA (radio-
frequency ablation) for HCC. The diagnosis of HCC was
made by histopathological confirmation following surgi-
cal resection (n56) or by percutaneous biopsy (n52). The
diagnosis of 51 HCC was made according to (1) new
hypervascular focal liver lesion compared with previous
triple-phase MDCT or gadoxetic acid-enhanced MRI
performed for the surveillance of HCC in patients with
chronic liver disease and characteristic angiographic
findings of HCC, followed by sustained iodised oil
accumulations in the nodule on follow-up CT after
TACE [3, 14, 15] (n549); and (2) the combination of a
characteristic enhancement pattern of HCC (hypervascu-
lar at arterial phase and washout at portal or equilibrium
phase) on multiphasic MDCT and gadoxetic acid-
enhanced MRI and the increase in lesion size on follow-
up imaging (n52). In all patients, the diagnosis of liver
cirrhosis was made according to the pathology findings

(n59) or a combination of the radiological and clinical
findings as well as the results of laboratory examinations,
including blood chemistry tests (n545). Underlying liver
cirrhosis was associated with viral hepatitis B in 38
patients, viral hepatitis C in 10 patients, alcoholic cirrhosis
in 1 patient, Wilson disease in 1 patient and unknown
cause in 4 patients.

Imaging methods

Multiphasic (contrast-enhanced hepatic arterial, portal
venous and equilibrium phases) CT was conducted with
a 64-MDCT scanner (Aquilion 64, Toshiba Medical,
Ottawara, Japan; and Lightspeed VCT 64, GE Health-
care, Little Chalfont, UK). The scanning parameters were
as follows: 120 kVp, 189–200 mAs, 5 mm slice thickness
with an increment (overlap) of 2.5 mm, table speed
of 26.5–39.37 mm rotation–1 (pitch, 0.828–1.07), and a
single-breath-hold helical acquisition time of 4–6 s,
depending on liver size. Images were obtained in the
craniocaudal direction. Hepatic arterial phase scanning
began 30–40 s after the injection of 120 ml of a non-ionic
iodinated contrast agent (iopamidol; Iopamiro 300,
Bracco) at a rate of 3–4 ml s–1 via a bolus-triggered
technique (120 kVp; 40–60 mA; monitoring frequency
from 12 s after the contrast injection, 1 s; trigger thresh-
old, 100 HU in the descending aorta; delay from trigger
to initiation of scan, 18 s). The contrast agent was
administered through the antecubital vein with a power
injector. The portal and equilibrium phases of scanning
began 70 and 180 s after the injection of the contrast
agent, respectively.

MRI was conducted using a 3.0 T whole-body
MRI system (Intera Achieva 3.0 T; Philips Healthcare,
Best, the Netherlands) with a 16-channel phased-array
coil as the receiver coil. The liver was imaged in the axial
plane in all patients, both prior to and after the
administration of gadoxetic acid at a dose of 0.1 ml kg–1

(0.25 mmol ml–1). The contrast agent was administered
through the antecubital vein with a power injector at a
rate of 2 ml s–1, followed by a 20 ml saline flush.

The MRI protocol included a respiration-triggered T1

weighted turbo field-echo in-phase sequence (repetition
time/echo time, 10/2.3; flip angle, 15u; matrix size,
2886230; bandwidth, 434.3 Hz pixel–1) and an out-of-
phase sequence (10/3.45; flip angle, 15u; matrix size,
2886230; bandwidth, 434.3 Hz pixel–1), a respiration-
triggered single-shot T2 weighted sequence with a
reduction factor of 2 or 4 (1342/80; flip angle, 90u; matrix
size, 3206256; bandwidth, 506.4 Hz pixel–1), a breath-hold
multishot T2 weighted sequence with a reduction factor of
2 or 4 (2161/70; flip angle, 90u; matrix size, 4006280;
bandwidth, 235.2 Hz pixel–1), a respiration-triggered sin-
gle-shot heavily T2 weighted sequence with a reduction
factor of 2 or 4 (1573/160; flip angle, 90u; matrix size,
3206256; bandwidth, 317.9 Hz pixel–1) with a section
thickness of 5–7 mm, an intersection gap of 1–2 mm and
a field of view of 32–38 cm. For gadoxetic acid-enhanced
MRI, unenhanced, arterial phase (20–35 s; via a bolus-
triggered technique under fluoroscopic guidance), portal
phase (60 s), late phase (3 min), and 20-min delayed
hepatobiliary phase images were obtained with a T1

weighted three-dimensional turbo-field-echo sequence
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(T1 high-resolution isotropic volume examination; THRIVE,
Philips Healthcare; 3.4/1.8; flip angle, 10u; matrix size,
3366206; bandwidth, 995.7 Hz pixel–1) with a section
thickness of 2 mm and a field of view of 32–38 cm.

Image analysis

Two blinded gastrointestinal radiologists with at least
5 years of experience in the interpretation of CT/MR
images of the liver independently and randomly re-
viewed the CT and MR images. The observers knew that
the patients were at risk of HCC, but did not know
the patient history, laboratory results, findings of other
imaging modalities or the final diagnosis. The interval
between reviews of the CT and MR images was at least
1 month. All images were evaluated with a 200062000
PACS (GE Healthcare) monitor with adjustment of the
optimal window setting in each case. Each observer inde-
pendently recorded the presence and segmental location
of the lesions using a 4-point confidence scale to assign a
confidence level to each lesion. The confidence level was
defined as follows: 1, probably not an HCC; 2, a possible
HCC; 3, a probable HCC; 4, a definite HCC. Upon review
of the image, the observers were aware that sensitivity
was calculated with the number of lesions assigned a
confidence level of 3 or 4. In clinical practice at our
institution, nodules that became enhanced in the arterial
phase and had a washout pattern in the portal or equili-
brium phase with or without capsular enhancement at
triple-phase MDCT were considered HCC [4, 16–19]. The
criteria for HCC on gadoxetic acid-enhanced MR images
were similar to the criteria for the triple-phase dynamic
CT pattern: enhancement in the arterial phase and a
washout pattern in the portal or 3-min late phase that
revealed the mixed enhancing features of both equili-
brium phase and hepatobiliary phase images as hepato-
cyte-related enhancement starts approximately 1 min
after intravenous injection of gadoxetate disodium [20].
In addition to the foregoing features, a hypointense
nodule seen on the gadoxetic acid-enhanced 20-min
delayed hepatobiliary phase MR images was considered
HCC on the basis of previous findings [11]. A hypervas-
cular nodule seen on gadoxetic acid-enhanced arterial
phase MR images with a washout pattern was consid-
ered HCC even though the nodule appeared isointense
or hyperintense on hepatobiliary phase images [11].
We also made reference to unenhanced images (T1,
T2 weighted image), in addition to the criteria. To avoid
a mismatch between the findings on the scored lesions
and the findings with the standard of reference for
determining the total number of lesions, each observer
recorded the individual image number, the segmental

location of all lesions and the size of each lesion. For
patients with two or more lesions in one segment,
detailed descriptions of the location of the lesion in each
segment were added in order to avoid confusion in the
data analysis. After the two observers had completed
the review, the study coordinator and two observers
compared the scoring results of each observer with the
reference standard, and devised a possible explanation
for the causes of false positive and false negative findings
with the consensus.

Statistical analysis

On the basis of the two observers’ reviews, an
alternative free-response receiver operating characteris-
tic (ROC) analysis was generated on a lesion-by-lesion
basis. The diagnostic performance of each technique for
each observer was assessed by measuring the area under
the ROC curve (Az), in accordance with the methods
published by Hanley and McNeil [21]. The sensitivity of
each observer and technique used for the detection of
HCC was calculated. The true-positive lesions were
identified as having assigned confidence levels of 3 or 4
by the observers and proven to be HCC. False-positive
lesions were those assigned confidence levels of 3 or 4
that were confirmed to be benign lesions, and false-
negative lesions were those assigned confidence levels of
1 or 2 that were confirmed to be HCC. The difference in
the sensitivity was statistically analysed via McNemar’s
test. The statistical analysis of differences in the cal-
culated positive predictive values for each observer and
technique were based on a previous report [22]. A value
of p,0.05 was considered statistically significant. An
analysis of all false-positive and false-negative observa-
tions was also undertaken. Kappa statistics were used
to evaluate the degree of agreement between the two
observers with each technique and was categorised as
follows: k-values of 0.00–0.20 were considered indi-
cative of poor agreement; 0.21–0.40, fair agreement; 0.41–
0.60, moderate agreement; 0.61–0.80, good agreement;
and 0.81–1.00, excellent agreement [23].

Results

Table 1 shows the Az values for each observer and for
each technique. For both observers, MRI achieved sig-
nificantly higher Az values than those of CT (p,0.001).
The MR sensitivities of all observers for the detection of
HCCs were significantly higher than the CT sensitivities
(p,0.001; Table 2; Figure 1). The differences in the
positive predictive values between MRI and CT for the

Table 1. Area under the receiver operating characteristics curve (Az) for gadoxetic acid-enhanced MRI and multiphasic
multirow detector CT (MDCT) for the detection of small (#2 cm) hepatocellular carcinomas in patients with chronic liver disease

Technique Observer 1 Observer 2

Gadoxetic acid-enhanced MRI 0.874¡0.032 (0.807, 0.925) 0.863¡0.033 (0.794, 0.916)
MDCT 0.660¡0.047 (0.575, 0.739) 0.687¡0.046 (0.602, 0.764)
Difference in Az 0.214¡0.053 0.176¡0.049

Values are Az ¡ one standard error. The differences in Az of the two techniques for each observer are statistically significant
(p,0.001). Data in parentheses are 95% confidence intervals.
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two observers were not significantly different (p.0.05).
In the detection of HCC #1 cm in diameter, all observers
had significantly higher sensitivities with MRI than with
CT (p,0.05; Table 3; Figure 2). For the detection of HCC

.1 cm, the sensitivities between the two techniques for
all observers were not significantly different (p.0.05).

Among the 59 HCCs, an HCC of 0.6 cm diameter was
not identified by all observers on both CT and MRI,

Table 2. Diagnostic predictive values of gadoxetic acid-enhanced MRI and multiphasic multirow detector CT (MDCT) in the
detection of small (#2 cm) hepatocellular carcinomas in patients with chronic liver disease

Technique Observer 1 Observer 2

Sensitivity per lesion (%)
Gadoxetic acid-enhanced MRI 89.8 (53) 86.4 (51)
MDCT 57.6 (34) 61.0 (36)

Positive predictive value (%)
Gadoxetic acid-enhanced MRI 88.3 [53/60] (7) 94.4 [51/54] (3)
MDCT 91.9 [34/37] (3) 94.7 [36/38] (2)

Numbers in parentheses in sensitivity and positive predictive values are the numbers of true-positive and false-positive lesions,
respectively. For positive predictive value, numbers in brackets are the number of true-positive lesions divided by the total
number of lesions assigned confidence levels of 3 or 4.

The sensitivities of the two techniques for each observer were significantly different (p,0.001). The positive predictive values of
the two techniques for each observer were not significantly different (p.0.05).

(a) (b) (c)

(d) (e) (f) (g)

Figure 1. A 68-year-old female with three (1.1, 2.3 and 2.5 cm in diameter) hepatocellular carcinomas (HCCs). (a) Contrast-
enhanced CT scan obtained on arterial phase shows a faint enhancing nodule of 1.1 cm diameter with poor conspicuity in
segment VI (arrow). The nodule showed no washout pattern on equilibrium phase (not shown). All observers interpreted the
nodule as arterioportal shunt. (b) T2 weighted MR image shows a hyperintense nodule in segment VI (arrow). (c) Gadoxetic acid-
enhanced arterial phase MR image shows a hypervascular nodule in segment VI (arrow). (d) Gadoxetic acid-enhanced 3-min late
phase MR image shows the nodule with a washout pattern in segment VI (arrow). (e) Gadoxetic acid-enhanced hepatobiliary
phase MR image shows a hypointense nodule in segment VI (arrow). All observers interpreted the nodule as HCC. (f) Right
hepatic angiography shows a hypervascular tumour staining in segment VI (arrow). Other hypervascular tumour staining is also
observed (arrowhead). (g) Unenhanced CT scan obtained after transcatheter arterial chemoembolisation shows iodised-oil
accumulation at the corresponding HCC (arrow).
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which was attributed to faint enhancement with no wash-
out on CT, and a small size despite the typical enhance-
ment pattern of HCC on MR images in a retrospective
review. 16 HCCs (mean tumour size, 0.8 cm; range 0.5–
1.2 cm) were not detected by any observer on CT but were
detected on MR images by all observers. In a retrospec-
tive analysis, five HCCs were not seen on any phase of
CT. Furthermore, six HCCs were poorly defined on CT,
although they showed typical enhancement pattern of
HCC, and the other five HCCs were clearly hypervascular
on arterial phase images but showed no washout pattern.

All observers recorded 10 false-positive MRI and
5 false-positive CT results. False-positive MRI findings
were attributed to three arterioportal shunts, two nodules
with compact iodised oil accumulation, three dysplastic
nodules (Figure 3) and two hypervascular nodules with
hypointensity on hepatobiliary phase images that dis-
appeared on follow-up imaging. Three and two false-
positive CT findings were attributed to arterioportal shunts
and dysplastic nodules, respectively.

All observers recorded 4 false-negative MRI and 17
false-negative CT results. In a retrospective analysis,
false-negative MRI findings were attributed to two
hypervascular HCCs with isointensity on hepatobiliary
phase images and two HCCs ,1 cm. False-negative CT
findings were attributed to 14 hypervascular HCCs with
no washout and 3 HCCs with poor conspicuity despite
typical enhancement pattern of HCC.

The k-values for the two observers with MRI and CT
were 0.880 and 0.835, respectively, which indicates
excellent interobserver agreement (Table 4).

Discussion

Our study achieved significantly higher diagnostic
accuracy and sensitivity with gadoxetic acid-enhanced
3.0 T MRI than with multiphasic 64-MDCT for the detec-
tion of small (#2 cm) HCCs in patients with chronic liver
disease. One study [24] reported a higher sensitivity
with gadoxetic acid-enhanced MRI using 3.0 T than by
multiphasic 16- to 64-MDCT for the detection of HCCs
#1 cm. However, the result may be inconclusive because
of the small number of HCCs ,1 cm. In our study, both
observers found a significantly higher sensitivity with
gadoxetic acid-enhanced 3.0 T MRI than with multi-
phasic 64-MDCT for the detection of HCCs #1 cm. Our
study are comparable to a previous study [25] that
demonstrated gadoxetic acid-enhanced MRI using 1.5 T
improved the detection and characterisation of focal
hepatic lesions compared with spiral CT, especially for
the detection of smaller lesions or HCC underlying

cirrhotic liver. We believe that the use of a liver-specific
MR contrast agent may have resulted in these results.
Furthermore, we think that the improved image quality
of 3.0 T MRI also possibly contributed to our result. The
main advantage of 3.0 T MRI compared with 1.5 T is the
increase in SNR, which can be translated into higher
spatial resolution and/or temporal resolution, particu-
larly with the use of parallel imaging techniques [26, 27].
The increased effect of gadolinium at 3.0 T also con-
tributes to increased SNR and contrast-to-noise ratio
(CNR) [26, 27]. Post-gadolinium three-dimensional gra-
dient-echo sequence at 3.0 T enables the acquisition of
very high quality and thin section images, and is relatively
resistant to the drawbacks of 3.0 T MRI, including specific
absorption rate constraints, prolonged T1 relaxation times
and the increase in imaging artefacts [28, 29]. But there are
still disadvantages with 3 T in abdominal imaging due to
substantial increases in power deposition, radiofrequency
field inhomogeneity, magnetic susceptibility, chemical
shift artefacts and concerns regarding MR device compat-
ibility [30]. With technical development and implementa-
tion, new applications will emerge that will improve the
diagnostic capability of abdominal MRI at 3.0 T. Based on
our result, the early diagnosis of HCCs ,1 cm using
gadoxetic acid-enhanced 3.0 T can lead to an early
curative treatment by a non-surgical locoregional method
such as radiofrequency ablation [4, 31, 32], with preserva-
tion of functioning liver parenchyma.

In our study, among the 59 HCCs, 16 HCCs ,1.2 cm
were not detected by any observer on CT. Conversely, the
HCCs were detected on gadoxetic acid-enhanced MR
images by all observers. We believe that although multi-
phasic 64-MDCT has high spatial and temporal resolution,
this technique is inherently limited in the detection of small
HCCs because these lesions usually have a greater chance of
exhibiting poor conspicuity and atypical enhancement with
no washout pattern, as in our cases.

Several investigators [10–12, 33, 34] have reported that
gadoxetic acid-enhanced MRI facilitates the accurate
detection and characterisation of focal liver lesions. In
clinical practice, although HCCs .2 cm usually show
the typical enhancement pattern (i.e. hypervascular at
arterial phase and washout at portal or equilibrium
phase) of HCC on dynamic CT or MRI, this is not always
the case for HCCs ,2 cm, based on previous reports [5,
35–38] and our study. Furthermore, small nodular
arterial enhancing pseudolesions such as arterioportal
shunt are frequently encountered in cirrhotic liver, which
is a major mimicker of small HCCs. Therefore, it is
important to choose the accurate imaging modality for
the early diagnosis of HCCs of #2 cm and differentiation
of small HCCs from hypervascular pseudolesions in

Table 3. Sensitivity of gadoxetic acid-enhanced MRI and multiphasic multidetector row CT for the detection of hepatocellular
carcinomas (HCCs) according to tumour size

Tumour diameter, D (cm) Total

Observer 1 Observer 2

MRI CT MRI CT

D#1 28 25 (89) 6 (21) 22 (79) 9 (32)
1,D#2 31 28 (90) 28 (90) 29 (94) 27 (87)

Numbers are the numbers of HCCs. Numbers in parentheses are the percentages. For the detection of HCCs #1 cm in diameter,
all observers had higher sensitivity with MRI than with CT (p,0.05). For the detection of HCCs .1 cm, the sensitivities between
two techniques for all observers were not significantly different (p.0.05).
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clinical practice. In our study, 30% of false-positive
MRI findings and 60% of false-positive CT findings are
primarily attributed to an arterioportal shunt. However,
none of the arterioportal shunts were hypointense on
gadoxetic acid-enhanced hepatobiliary phase images in
retrospective review. Previous studies [20, 39] have
also shown that small (#2 cm in diameter) HCC and

hypervascular pseudolesions show different enhancing
features on the hepatobiliary phase of gadoxetate acid-
enhanced MRI. We believe that this finding may be
helpful in differentiating the hypervascular pseudole-
sions, including arterioportal shunt, from small HCC. In
our study, 30% of the false-positive MRI findings and 40%
of the false-positive CT findings were attributed to

(a) (b) (c)

(d) (e) (f)

Figure 2. A 43-year-old male with a history of transcatheter arterial chemoembolisation (TACE) for hepatocellular carcinomas
(HCCs) and two (1.4 and 0.6 cm in diameter) recurrent HCCs. (a) Contrast-enhanced CT scan obtained on arterial phase shows a
hypervascular nodule of 1.4 cm diameter in the border of segments IV and VIII (arrowhead) and a hypervascular nodule of 0.6 cm
diameter in segment IV (arrow). On contrast-enhanced CT scan obtained on equilibrium phase at same level as (a), the nodule in
the border of segments IV and VIII showed a washout pattern, while the nodule in segment IV showed no washout pattern (not
shown). All observers interpreted the nodule in border of segment IV and VIII as a HCC and the nodule in segment IV as
arterioportal shunt. (b) T2 weighted MR image shows two hyperintense nodules in the border of segments IV and VIII (arrowhead)
as well as in segment IV (arrow). (c) Gadoxetic acid-enhanced arterial phase MR image shows two hypervascular nodules in the
border of segments IV and VIII (arrowhead) and segment VI (arrow). On gadoxetic acid-enhanced 3-min late phase MR image at
the same level as (c), the nodules in the border of segments IV and VIII and in segment IV showed a washout pattern (not shown).
(d) Gadoxetic acid-enhanced hepatobiliary phase MR image shows two hypointense nodules in the border of segments IV and VIII
(not shown) and in segment IV (arrow). All observers interpreted the two nodules as HCCs. (e) Right inferior phrenic angiography
shows hypervascular tumour staining (arrow) in segment IV. The nodule in the border of segments IV and VIII also revealed
hypervascular tumour staining on hepatic arteriography (not shown). (f) Unenhanced CT scan obtained after TACE shows iodised-
oil accumulation at the corresponding nodules in the border of segments IV and VIII (arrowhead) and in segment IV (arrow).
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dysplastic nodules. Dysplastic nodules may exhibit
predominant hypoattenuation on the contrast-enhanced
portal or delayed phase CT images [19, 24], and might not

be differentiated from hypovascular HCCs. A previous
study [40] demonstrated that there was a statistically
significant difference in the hypointensity on hepato-
biliary phase between HCC and dysplastic nodule.
Therefore, gadoxetic acid-enhanced MRI allows improved
characterisation of HCC in cirrhotic liver. However, dys-
plastic nodules may exhibit hypervascularity in arterial
phase and hypointensity in hepatobiliary phase, which
might be difficult to differentiate from HCC, as in our case.
In such a case, follow-up imaging is important in dif-
ferentiating between the two.

(a) (b)

(c) (d) (e)

Figure 3. A 64-year-old female with a dysplastic nodule in segment VIII and a hepatocellular carcinoma (HCC) in segment IV. The
lesions were confirmed by a total hepatectomy with liver transplantation. (a) Contrast-enhanced CT scan obtained on arterial
phase shows a hypervascular nodule of 0.9 cm diameter (arrow) in segment VIII and a hypervascular nodule of 1.8 cm diameter in
segment IV (arrowhead). On contrast-enhanced CT scan obtained on equilibrium phase at the same level as (a), the nodule in
segment VIII showed no washout pattern, as opposed to the nodule in segment IV, which did show a washout pattern (not
shown). All observers interpreted the nodule in segment VIII as an arterioportal shunt, and the nodule in segment IV as HCC. (b)
On T2 weighted MR image, two nodules in segments VIII (arrow) and IV (arrowhead) show hyperintensity. (c) Gadoxetic acid-
enhanced arterial phase MR image shows two hypervascular nodules in segments VIII (arrow) and IV (arrowhead). (d) Gadoxetic
acid-enhanced 3-min late phase MR image shows two nodules with a washout pattern in segments VIII (arrow) and IV (not
shown). (e) Gadoxetic acid-enhanced hepatobiliary phase MR image shows two hypointense nodules in segments VIII (arrow)
and IV (not shown). All observers interpreted two nodules as HCCs.

Table 4. Interobserver agreement for presence of hepatocel-
lular carcinoma

Technique Observer 1 vs Observer 2

Gadoxetic acid-enhanced MRI 0.880
Multirow detector CT 0.835

Numbers are k-values.
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In our study, all of eight pathologically proven HCCs
showed hypointense in the hepatocellular phase of
gadoxetic acid-enhanced MRI. However, some HCCs
exhibited isointensity by uptake of gadoxetic acid
compared with the surrounding liver parenchyma on
gadoxetic acid-enhanced hepatobiliary phase images, as
in previous reports [24, 41], and may have led to false-
negative results. Tsuboyama et al [42] suggested that the
accumulation of gadoxetic acid in the cytoplasm of
tumour cells or in the lumina of pseudoglands were
induced by the expression of organic anion-transporting
polypeptides 1B1 and/or -1B3 [43], which mediate the
uptake of gadoxetic acid in tumour cells, as well as by
either the decreased expression of multidrug resistance-
associated protein 2 that mediates the secretion in tu-
mour cells or the increased expression of MRP2 [44] at
the luminal membrane of pseudoglands, which may
have resulted in accumulation of gadoxetic acid in the
cytoplasm of tumour cells or in the lumina of pseudog-
lands, regardless of the differentiation of HCCs. There-
fore, based on previous studies [24, 41, 42] and our
results, an isointense or hyperintense nodule with uptake
of gadoxetic acid in patients with a risk of HCC on
gadoxetic acid-enhanced hepatobiliary phase images
may not be a benign nodule.

This study had several limitations. First, the retro-
spective nature of this study introduces a selection bias,
although we did attempt to avoid this by only recruiting
consecutive patients who met the inclusion criteria.
Consequently, hypovascular HCCs, which are difficult
to find in CT/MRI, were not included in our study. We
consider more study to be needed with liver transplanta-
tion groups in the evaluation of atypical HCC.

Second, not all lesions were pathologically confirmed.
However, acquiring pathology confirmation of all focal
hepatic lesions measuring ,2 cm in a cirrhotic liver
would not be practical in a clinical setting. Moreover,
including only those lesions that were confirmed by
histopathology would have led to a verification bias,
which may result in the overestimation of diagnostic
predictive values. Third, in order to exclude the pos-
sibility of false-positive or false-negative results, all of the
enrolled patients were followed up for more than 1 year.
Nevertheless, the follow-up period may have been
insufficient for the confirmative diagnosis.

In conclusion, gadoxetic acid-enhanced 3.0 T MRI showed
a better diagnostic performance than the multiphasic
64-MDCT for the detection of small (#2 cm) HCCs in
patients with chronic liver disease.
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