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Abstract The purpose was to com-
pare the diagnostic accuracy of 
ferumoxides-enhanced MR imaging
and gadolinium-enhanced dynamic
MR imaging using three-dimension-
al (3D) volume interpolated breath-
hold examination (VIBE) for the de-
tection of hepatocellular carcinoma
(HCC). Forty-nine patients with 61
HCCs, who underwent ferumoxides-
enhanced and gadolinium-enhanced
dynamic MR imaging, were included
prospectively in this study. Ferumox-
ides-enhanced MR imaging was per-
formed 24 h after completion of 
the dynamic study using 3D-VIBE.
Three radiologists independently in-
terpreted the images. The diagnostic
accuracy was evaluated using the 
receiver-operating characteristic
method, and the sensitivity of each
imaging technique was compared 
using McNemar’s test. The mean 
diagnostic accuracy of dynamic MR

imaging (Az=0.95) was higher 
than that of ferumoxides-enhanced
MR imaging (Az=0.90), but failed 
to reach a statistical significance
(P=0.057). The mean sensitivity 
of dynamic MR imaging (90.7%)
was significantly superior to that of
ferumoxides-enhanced MR imaging
(80.9%, P=0.03). Furthermore, for
lesions smaller than 15 mm, the
mean sensitivity of dynamic MR im-
aging was significantly higher than
that of ferumoxides-enhanced MR
imaging (85.2% vs. 69.2%, P<0.05).
Dynamic MR imaging showed a
trend toward better diagnostic accu-
racy for than ferumoxides-enhanced
MR imaging for the detection of
HCCs.
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Introduction

Ferumoxides-enhanced liver magnetic resonance (MR)
imaging has been reported to be a very sensitive tech-
nique for the detection of focal liver malignancies, in-
cluding hepatocellular carcinoma (HCC) and hepatic me-
tastases [1–8]. Intravenously administered ferumoxides
particles are ingested by macrophages of the reticulo-
endothelial system, including Kupffer’s cells in the liver,
and predominantly increase T2 relaxation of the liver pa-
renchyma [9]. As most malignant hepatic tumors are de-
void of Kupffer’s cells, except some well-differentiated
HCCs, the contrast between the lesions and normal liver

tissue is remarkably improved on ferumoxides-enhanced
T2-weighted MR imaging.

Because of the rapid development of MR technology,
three-dimensional (3D) Fourier transformation gradient-
echo (GRE) MR techniques are successfully used at
many research facilities for dynamic liver MR imaging
[10–12]. Recently, the volumetric interpolated breath-
hold examination (VIBE), a fat-saturated 3D gradient-
echo sequence with nearly isotropic resolution, has be-
come available [13]. Using the VIBE technique, it is
possible to acquire thinner sections than those previously
used in the 2D GRE technique for body MR and there-
fore the evaluation of very small masses is feasible.
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weighted turbo spin-echo sequence, a breath-hold T2*-weighted
fast imaging with steady-state precession (FISP) sequence and a
breath-hold T1-weighted fast low-angle shot (FLASH) sequence.
Respiratory-triggered T2-weighted turbo spin-echo imaging was
obtained using the following parameters: a TR/TE of 3,300–
5,500/85, echo train length of 5, matrix of 120×256 and a signal
average of two. Breath-hold T2*-weighted FISP imaging was ob-
tained using the following parameters: a TR/TE of 180/12, 30° flip
angle, matrix of 96×256 and a signal average of one [15, 16].
Breath-hold T1-weighted fast low-angle shot imaging was ob-
tained using the following parameters: a TR/TE of 120/4, 70° flip
angle, matrix of 120×256 and a signal average of one. For all se-
quences, a 6-mm slice thickness was used with a 10% intersection
gap and a field of view of 35–40 cm, depending on the size of the
liver.

Dynamic imaging was performed following administration of
gadopentetate dimeglumine (Magnevist; Schering, Berlin, Ger-
many). A dose of 0.1 mmol/kg gadopentetate dimeglumine was
injected using an automated injector (Spectris MR; Medrad, Ger-
many) at a flow rate of 3 ml/s followed by injection of 20 ml of
normal saline at the same flow rate. The determination of scan de-
lay for image acquisition timing was achieved using the test bolus
technique in which 1 ml of gadopentetate dimeglumine was in-
jected along with 20 ml saline flushing; the vessel of interest (ab-
dominal aorta at the level of the celiac axis) was scanned approxi-
mately once per second. The time to peak aortic enhancement was
estimated from curves for signal intensity that were generated by
means of vendor-provided software (Siemens) and the optimal im-
aging delay (OID) to arterial phase MR imaging (i.e., the delay
time from the beginning of injection to the beginning of MR imag-
ing) was calculated for a centric k-space-encoded sequence by
means of the following formula [17]: OID=Dpae + (tinj/2), where
Dpae is the delay to peak aortic enhancement and tinj is the time for
contrast material injection. The time for the contrast material in-
jection was calculated by dividing the volume of contrast material
by the rate of injection. The breath-hold T1-weighted FLASH im-
aging sequence for arterial phase (20–30 s), portal phase (45–60 s)
and equilibrium phase (180 s) imaging was obtained using 3D
Fourier transform gradient echo imaging (VIBE; Siemens, Erlan-
gen, Germany) using the following parameters: TR/TE of 3.4–3.8/
1.4–1.8, a flip angle of 12°, bandwidth 490 Hz/Px, a matrix of 256
(read)×120 (phase)×64–72 (partition), an effective slice thickness
of 2.3 mm and a field of view of 32–35 cm [14]. All images were
acquired during breath-hold, and sampling was done by 70% in
the Z-direction and by 70% in the phase direction using volumet-
ric interpolation. Image reconstruction with a 6-mm thickness was
performed with source images at an MR workstation.

After completion of the dynamic MR examination, ferumox-
ides-enhanced MR imaging was performed with an interval of
24 h. A ferumoxides solution (Feridex IV; Advanced Magnetics,
Cambridge, MA) at 10 µmol/kg diluted in 100 ml of 5% glucose
solution was infused for 30 min through a 5-µm filter. During the
first 10 min, infusion was performed at a slow rate (2 ml/min). If
no adverse reaction occurred, infusion was accelerated to 4 ml/min
during the remaining 20 min. MR imaging was performed from
40 min to 1 h after the infusion was completed. Ferumoxides-
enhanced imaging was comprised of a respiratory-triggered T2-
weighted turbo spin-echo sequence, a breath-hold T2*-weighted
FISP sequence and a breath-hold T1-weighted FLASH sequence,
with the same parameters as those used in baseline MRI.

Imaging analysis

Before performing the analysis, two experienced abdominal radi-
ologists who served as the study coordinators in the alternative-
free response operative characteristic (AFROC) analysis defined
the gold standard for the presence of a lesion to be analyzed with
consensus decision-making. For this purpose they were given the
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To our knowledge, a study comparing ferumoxides-
enhanced MR imaging and gadolinium-enhanced dy-
namic 3D-VIBE MR imaging for the detection of HCC
has not been performed yet. The purpose of our study is
to compare the diagnostic accuracy of these two types of
MR imaging for the detection of HCC.

Materials and methods

Patients

Between June 2002 and October 2003, 53 consecutive patients
with suspected HCC on the basis of the results of previous helical
CT (n=31) or helical CT and sonography (n=22) underwent feru-
moxides-enhanced MR imaging and gadolinium-enhanced 3D-
VIBE MR imaging in order to determine the ultimate therapeutic
method. Four patients who underwent transcatheter arterial
chemoembolization (TACE) were excluded from this study be-
cause the 6-month follow-up examinations were not performed.
The remaining 49 patients were included in the study (men, 39;
women, 10; age range, 47–69 years; mean age, 57 years). The in-
stitutional review board of our hospital approved this study, and
written informed consent was obtained from all patients. The
severity of the patients’ liver cirrhosis was evaluated according to
the Child-Pugh classification [14]. Thirty patients were classified
with a Child score A (mild liver cirrhosis), ten patients with a
Child score B (moderate liver cirrhosis) and nine patients with a
Child score C (severe liver cirrhosis). Also, the hepatitis B surface
antigen was positive in all patients.

Lesion confirmation

A total of 49 patients with 61 HCCs (5–40 mm, mean 16.2 mm)
were enrolled in the study. Four patients had two HCCs, 4 patients
had three lesions and one nodule was confirmed in each of the re-
maining 41 patients. Twenty-one patients with 24 lesions under-
went hepatic resection and intraoperative sonography. In the 11
patients with 11 lesions, subsequent percutaneous biopsy from
representative lesions confirmed the diagnosis of HCC. For the
other 17 patients with 26 lesions, the presence of each malignant
lesion was confirmed based on a combination of the clinical and
radiological criteria, including liver cirrhosis and viral hepatitis B,
characteristic angiographic findings of HCC, elevated serum alpha-
fetoprotein level (over 400 ng/ml), a response to TACE and focal
retention of angiographically administered iodized oil on CT scan-
ning.

Follow-up radiological examinations, such as triphasic-helical
CT (n=34), CT during arterial portography and CT during hepatic
arteriography (n=17) and contrast-enhanced MR imaging (n=20),
were performed in all patients at least 6 months after both the fer-
umoxides-enhanced and the gadolinium-enhanced MR imaging.
Proof of the absence of HCC nodules in hepatic segments was
provided by negative findings on intraoperative sonography or by
a combination of no nodular iodized oil uptake and no evidence of
further nodular growth on follow-up triphasic helical CT, angio-
graphically assisted CT and/or MR imaging.

MR imaging examination

All MR imaging was performed on a 1.5-T super-conducting scan-
ner (Magnetom Symphony; Siemens, Erlangen, Germany) with
phased array multicoils for signal reception.

The liver was imaged in axial planes in all of the following 
sequences: baseline MRIs including a respiratory-triggered T2-
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images from all the imaging modalities, including intraoperative
sonography, angiography, angiographically assisted CT, contrast-
enhanced MR images and iodinated-oil CT, as well as the opera-
tive and histologic findings. Also, after their analysis, the two ab-
dominal radiologists defined possible causes of the false-negative
and false-positive findings.

All MR images were evaluated independently by three other
abdominal radiologists experienced in interpreting MRI of the 
liver in their daily clinical practice for at least 5 years. They knew
that the patients had liver cirrhosis and were at risk for HCC, but
were blinded to the results of all the other imaging findings and the
readings of the other observers as well to as the final diagnoses.

Each observer analyzed two sets of images, i.e., 3D gadopente-
tate dimeglumine-enhanced dynamic MR images (arterial, portal
and equilibrium phases) and ferumoxides-enhanced MR images
(T2*-weighted and respiratory-triggered T2-weighted turbo spin-
echo images). To minimize any learning bias, there was a 2-week
interval between the two readings. Each observer recorded the size
and location of one or more lesions, assigning to each a confidence
level on a four-point scale (1 = probably not a lesion, 2 = possibly a
lesion, 3 = probably a lesion and 4 = definite lesion).

Based on the reviews of the three observers, an AFROC curve
analysis was performed on a tumor-by-tumor basis [18]. For each
imaging set, an AFROC curve was fitted to each observer’s confi-
dence rating data using a maximum likelihood estimation pro-
gram. The diagnostic accuracy of each imaging modality was de-
termined by calculating the area (A index, Az) under the AFROC
curve when it was plotted in the designated square. Differences
between imaging modalities in terms of the mean Az values were
analyzed statistically by means of the two-tailed Student’s t test
for paired data. A two-tailed P value of less than 0.05 was consid-
ered significant.

The sensitivity for each observer and each modality was deter-
mined using only those lesions allocated a confidence rating of 3
or 4. The sensitivity derived from the mean of the results obtained
from all the observers was also calculated. We compared the sen-
sitivities of each imaging modality of each observer using the Mc-
Nemar’s test. Differences between imaging modalities in terms of
the mean sensitivity were analyzed statistically by means of the
two-tailed Student’s t test for paired data. A two-tailed P value of
less than 0.05 was considered significant. Analysis of all false-
negative and false-positive (confidence levels of 3 or 4) observa-
tions was also undertaken.

To assess the interobserver variability in interpreting the images,
kappa statistics were used to measure the degree of agreement
among the observers. Kappa values greater than zero were consid-
ered to indicate a positive correlation. Values up to 0.4 were con-
sidered to indicate poor correlation, values of 0.41–0.75 good cor-
relation and values greater than 0.75 excellent correlation.

Results

AFROC analysis

The Az values for each observer and the mean Az 
values of the two pairs of imaging modalities are shown 
in Table 1. For lesion detection, all three observers
achieved higher diagnostic performance with gado-
linium-enhanced dynamic 3D-VIBE MR images than 
with ferumoxides-enhanced MR images. The mean Az
value for gadolinium-enhanced 3D-VIBE MR images
(Az=0.95) was greater than that for ferumoxides-
enhanced MR images (Az=0.90), but failed to reach a
statistical significance (P=0.057) [(Fig. 1)].

Sensitivity

The sensitivities were calculated for each observer and
were also determined for each modality (Table 2). 
The mean sensitivity of gadolinium-enhanced dynamic
3D-VIBE MR images (90.7%) was significantly superior
to that of ferumoxides-enhanced MR images (80.9%,

Fig. 1 A 54-year-old man with a hepatocellular carcinoma nodule
10 mm in diameter. a Ferumoxides-enhanced breath-hold T2*-
weighted fast image obtained with steady-state procession shows
ill-defined high-signal intensity (arrow) [(assigned a confidence
level of 2 or 3)]. Note partial obscuring by adjacent liver tissue. 
b Gadolinium-enhanced 3D-VIBE image obtained during the arte-
rial phase shows early enhancement of the small lesion (arrow)
[(assigned confidence level of 5)]. c Equilibrium-phase MR image
obtained 3 min after contrast injection demonstrates that lesions
show isosignal intensity relative to surrounding liver parenchyma
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P=0.03). The detection sensitivities for HCCs of two
size categories (≤15 mm or >1.5 mm) for each of the
three observers are shown in Table 3. The mean sensitiv-
ity of the gadolinium-enhanced dynamic 3D-VIBE MR
images (85.2%) was significantly higher than that of the
ferumoxides-enhanced MR images (69.4%) in lesions
smaller than 15 mm (P<0.05) [(Fig. 2)]. The differences
in the sensitivities between the two imaging modalities
were not significant for any of the observers in lesions
larger than 15 mm.

False-negative lesions

HCCs that were missed on ferumoxides-enhanced MR
imaging were detected on gadolinium-enhanced dynamic
3D-VIBE MR imaging by three observers as follows:
observer 1, nine tumors in eight patients; observer 2, 
ten tumors in nine patients; observer 3, nine tumors in
eight patients. Four tumors missed by all observers on
ferumoxides-enhanced MR imaging were detected on
gadolinium-enhanced dynamic 3D-VIBE MR imaging

Table 1 Az and P values for
ferumoxides-enhanced MR 
imaging and gadolinium-
enhanced dynamic MR imag-
ing for the detection of hepato-
cellular carcinomas by three
observers

Value Observer 1 Observer 2 Observer 3 Mean

Az value
Ferumoxides-enhanced MR imaging 0.88 0.90 0.91 0.90
Dynamic 3D-VIBE MR imaging 0.96 0.94 0.95 0.95
P value 0.01 0.24 0.12 0.057

VIBE volumetric interpolated breath-hold examination.

Table 2 Individual and mean
observer sensitivities for detec-
tion of hepatocellular carcino-
mas on ferumoxides-enhanced
MR imaging and gadolinium-
enhanced dynamic MR imag-
ing by three observers

Value and imaging techniques Number (%)

Observer 1 Observer 2 Observer 3

Sensitivity of 61 hepatocellular carcinomas
Ferumoxides-enhanced MR imaging 48 (78.7) 50 (82.0) 50 (82.0)
Dynamic 3D-VIBE MR imaging 56 (91.8)a 54 (88.5) 55 (91.8)

Data represent the numbers of 61 hepatocellular carcinomas assigned a score of 3 or 4 for sensitivity.
a Sensitivity was significantly greater than that for ferumoxides-enhanced MR imaging (P<0.05).

Fig. 2 A 45-year-old man with
a hepatocellular carcinoma
8 mm in diameter in the hepatic
dome. a Gadolinium-enhanced
3D-VIBE image obtained 
during the arterial phase shows
bright nodular enhancement
(arrow). b The dynamic portal
phase shows the isosignal 
intensity of nodular enhance-
ment on the arterial phase. 
c Ferumoxides-enhanced
breath-hold T2*-weighted fat
image obtained with steady-
state procession shows no 
visible mass lesion. d Photo-
graph of the surgical specimen
shows tumor tissue with a 
trabecular pattern (H&E, ×40)
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(Fig. 2). Retrospective analysis by all observers of the
missed lesions on ferumoxides-enhanced MR imaging
showed that three of the four missed lesions were isoin-
tense relative to the surrounding liver parenchyma and
was confirmed as well-differentiated HCC at surgery or
on percutaneous biopsy; the other lesion was misdiag-
nosed as a heterogeneous fibrotic area (Fig. 1). HCCs
missed on the gadolinium-enhanced dynamic 3D-VIBE
MR imaging were detected by the three observers on fer-
umoxides-enhanced MR imaging as follows: observer 1,
one tumor in one patient; observer 2, six tumors in six
patients; observer 3, four tumors in four patients. One tu-
mor missed by all observers on gadolinium-enhanced
dynamic 3D-VIBE MR imaging was detected on feru-
moxides-enhanced MR imaging. This lesion showed
isosignal intensity to the surrounding liver parenchyma,
but was confirmed as HCC on percutaneous biopsy. In
addition, tumors not detected by the two imaging modal-
ities were as follows according to the three observers:
observer 1, four tumors in four patients; observer 2, one
tumor in one patient; observer 3, two tumors in two pa-
tients. For one tumor, no observer could detect the lesion
on either MR examination. This lesion could not be seen
on retrospective reviewing, but was demonstrated to be
5 mm in diameter on intraoperative sonography and was
confirmed as HCC on surgical resection.

Table 3 Sensitivity for detec-
tion of hepatocellular carcinoma
by lesion size

Imaging type and observers ≤15 mm (n=36) >15 mm (n=25) Overall (n=61)

Ferumoxides-enhanced MR Imaging
Observer 1 24 (66.7) 24 (96.0) 48 (78.7)
Observer 2 25 (69.4) 25 (100.0) 50 (82.0)
Observer 3 26 (72.2) 24 (96.0) 50 (82.0)

Dynamic 3D-VIBE MR imaging
Observer 1 32 (88.9)a 24 (96.0) 56 (91.8)
Observer 2 30 (83.3) 24 (96.0) 54 (88.5)
Observer 3 30 (83.3) 25 (100.0) 55 (90.2)

Data represent the numbers of
61 hepatocellular carcinomas
assigned a score of 3 or 4 for
sensitivity.
a Sensitivity was significantly
greater than that for ferumox-
ides-enhanced MR imaging
(P<0.05).

Positive predictive values

The number of true-positive observations at confidence
levels of 3 or 4, the number of false-positives and the
false-positive rate (false-positive/true-positives) between
the two imaging modalities are shown in Table 4. On 
ferumoxides-enhanced MR imaging, the observers de-
tected 25 false-positive lesions. Of these false-positive
lesions, 20 (80%) were attributed to the vessels and the
remainder (20%) were due to inhomogeneous signal de-
crease in cirrhosis-related fibrotic area (Fig. 3). On gado-
linium-enhanced dynamic 3D-VIBE MR imaging, the
observers detected 23 false-positive lesions. Of these le-
sions, 21 (91.3%) were attributed to misdiagnosis of the
shunts as tumor nodules, and the remaining two lesions
were due to either heterogeneous enhancement or to ac-
tually being a dysplastic nodule.

Interobserver agreement

For two imaging modalities, kappa values for the three
observers were between 0.578 and 0.762, respectively,
thereby indicating good interobserver agreement (Ta-
ble 5).

Table 4 Analysis of false-
positive findings Imaging technique Ferumoxides-enhanced Dynamic 3D-VIBE 

MR Imaging MR Imaging

True-positive observations 148 175
False-positive observations 25 23
False-positive rate 16.9% 13.1%

Table 5 Agreement among observers regarding the presence of HCC

Imaging techniques Observer 1 vs. observer 2 Observer 2 vs. observer 3 Observer 1 vs. observer 3

Ferumoxides-enhanced MR imaging 0.580 0.762 0.627
Dynamic 3D-VIBE MR imaging 0.578 0.701 0.610

Data are k values indicating the agreement between pairs of observers regarding the presence or absence of HCC.
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Several studies have been reported regarding the efficacy
of ferumoxides-enhanced hepatic MR imaging for the
detection of focal liver lesions, including HCC and he-
patic metastases [1–8]. Yamamoto et al. [19] reported the
improved detectability of small HCC lesions after en-
hancement with ferumoxides. In addition, Choi et al. [6]
reported that ferumoxides-enhanced MR imaging had the
potential to replace CT during both arterial portography
and hepatic arteriography, and is the best imaging mo-
dality for the detection of HCC. However, there are some
possible limitations to using ferumoxides-enhanced MR
imaging for the detection of HCC in patients with liver
cirrhosis [20–22]. One major limitation is related to the
signal decrease of the liver parenchyma after ferumox-
ides administration possibly being less in chronically in-
jured liver tissue than in healthy liver tissue because 
of the decreased functioning of the Kupffer cells [23].
Given that most HCCs occur in chronically injury liver
tissue and the effect of decreasing signal intensity of the
ferumoxides particles taken up by the Kupffer cells
could be suboptimal in cirrhotic liver, the increasing 
effect of lesion-to-liver CNR by ferumoxides particles
on T2-weighted images, could be suboptimal. Further-
more, there is only limited use of ferumoxides-enhanced
MR imaging for lesion characterization because of the
impracticality of dynamic phase imaging.

There is a clinical need to determine the optimal con-
trast material for liver MR imaging in order to detect 
hypervascular HCC. Despite several reports regarding
this issue, it is controversial whether ferumoxides-en-
hanced or gadolinium-enhanced MR imaging is optimal
for the detection of HCC in patients with liver cirrhosis.
Vogl et al. [24] detected more HCC nodules with feru-
moxides-enhanced MR imaging than with dynamic ga-
dolinium-enhanced MR imaging. In contrast, Tang et al.
[20] reported gadolinium-enhanced MR imaging to be
more variable than ferumoxides-enhanced MR imaging
for the detection of HCCs. In addition, Pauleit et al. [25]
detected more small HCC nodules (<1.5 cm) with dy-
namic gadolinium-enhanced MR imaging than with 
ferumoxides-enhanced MR imaging. Furthermore, sev-
eral authors have reported that by using combined con-
trast MR methods, i.e., combined gadolinium-enhanced
and ferumoxides-enhanced MR imaging, compared with
single contrast-enhanced imaging, the diagnosis of HCC
could be improved [26–28].

For the detection of HCCs on gadolinium-enhanced
MR imaging, it is crucial to acquire good quality arterial-
phase imaging in terms of temporal and special resolu-
tion because of the increased arterial blood supply of an
HCC compared to that of liver parenchyma. Given that
gadolinium-based contrasts are diffused into the extra-
cellular space within a few minutes after the intravenous
injection, the use of imaging techniques with high tem-
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Fig. 3 A 63-year-old man with severe liver cirrhosis and hepato-
cellular carcinoma in segment 5 of the liver (not shown). a Feru-
moxides-enhanced breath-hold T2*-weighted fat image obtained
with steady-state procession shows a discrete round high-signal-
intensity lesion (arrow). All observers interpreted this lesion to be
a small hepatocellular carcinoma. b, c Small lesion corresponding
to hepatocellular carcinoma seen on a is not shown on the gadolin-
ium-enhanced 3D-VIBE image obtained during b the arterial
phase and c equilibrium phase. There was no evidence of the pres-
ence of hepatic lesions in that area on the 6-month follow-up im-
ages (not shown). The false-positive lesions on MR imaging were
attributed to reticular fibrosis due to severe cirrhotic parenchyma.
All observers interpreted this lesion as a small hepatocellular car-
cinoma
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poral resolution is warranted. Based on recent studies re-
garding 3D-GRE techniques [10, 11], 3D-GRE tech-
niques have been proven to have several advantages over
2D-GRE techniques. For example, contiguous and thin-
ner slice images can be obtained during the breath-hold,
thereby decreasing problems with the partial volume ef-
fect [10, 11]. In this study, we used a modified 3D-GRE
sequence, VIBE, for dynamic MR imaging as it is opti-
mized for short acquisition times and achieves high-
spatial-resolution imaging with excellent anatomic detail
through the use of asymmetric k-space sampling and 
interpolation [13].

Our study results demonstrate that in AFROC analy-
sis, all three observers achieved higher diagnostic perfor-
mance with gadolinium-enhanced 3D VIBE dynamic
MR imaging than with ferumoxides-enhanced MR imag-
ing (mean Az on gadolinium-enhanced dynamic 3D-
VIBE MR imaging, 0.95; mean Az on ferumoxides-
enhanced MR imaging, 0.90; P=0.057). In addition, in
terms of mean sensitivity, gadolinium-enhanced dynamic
3D-VIBE MR imaging performed better than ferumox-
ides-enhanced MR imaging (90.7 vs. 80.9%; P=0.03). In
this respect, our results agreed with those of Tang et al.
[20]. Furthermore, the mean sensitivity of the gadolini-
um-enhanced dynamic 3D-VIBE MR images (85.2%)
was significantly higher than that of the ferumoxides-
enhanced MR images (69.4%) in lesions smaller than
15 mm in diameter (P<0.05).

The following factors may have contributed to our 
results of substantially superior accuracy and sensitivity
with gadolinium-enhanced dynamic 3D-VIBE MR imag-
ing of HCCs. First, we obtained the gadolinium-
enhanced dynamic MR imaging using a modified 3D-
gradient technique, i.e., VIBE [13]. Given that VIBE
achieves high temporal and spatial resolution imaging
through the use of asymmetric k-space sampling and 
interpolation and permits thinner images (2.5 mm slice
thickness) than the 2D-gradient technique, this VIBE
technique is more suitable for the detection of small le-
sions than T2-weighted or T2*-weighted images, which
have thicker slices. Secondly, after intravenous adminis-
tration of ferumoxides particles, reticular fibrosis of cir-
rhotic liver parenchyma shows high-signal intensity,

which can obscure small HCCs [20]. Third, in our study
there were nine patients with severe cirrhosis (Child
score C). Since severely cirrhotic livers show poor 
liver enhancement because of the decreased activity of
Kupffer’s cells to phagocytes ferumoxides particles [29,
30], the effect of SPIO to increase lesion-to-liver CNR
may not be strong in this clinical scenario.

Our study has some limitations. First, not all lesions
were histologically confirmed. However, surgical proof
of the presence of HCC is becoming difficult to obtain
because in many circumstances small HCCs are treated
using interventional procedures such as TACE and/or
percutaneous radiofrequency ablation because of the lim-
ited hepatic functional reserve. However, all of the le-
sions we detected were subjected to several confirming
studies, such as CT hepatic arteriography, CT during 
arterial portography or CT after arterial infusion of
iodized oil [31, 32] and at least 6-month follow-up stud-
ies, all of which should support the present study results.
Second, we did not include T1-weighted images when
we evaluated the diagnostic accuracy of ferumoxides-
enhanced MR images because T2-weighted and T2*-
weighted images have been regarded as the two best se-
quences for revealing SPIO-induced signal decrease [15,
16]. However, considering that ferumoxides-enhanced
T1-weighted images could be helpful to avoid false posi-
tive diagnosis, interpretation of ferumoxides-enhanced
T2-weighted and T2*-weighted images may result in 
underestimation of diagnostic accuracy of ferumoxides-
enhanced MRI for detection of HCC.

In conclusion, our study results confirm that the mean
sensitivity of the gadolinium-enhanced dynamic 3D-
VIBE MR imaging was superior to that of our ferumox-
ides-enhanced MR imaging. In addition, there was a
trend toward better diagnostic accuracy for dynamic 
MR imaging than ferumoxides-enhanced MR imaging.
Therefore, we suggest that gadolinium-enhanced MR
imaging using a 3D-VIBE sequence should be preferable
to ferumoxides-enhanced MR imaging for the detection
of HCC.
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