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Abstract

Purpose To evaluate the difference in the time-intensity
curves (TICs) of the abdominal aorta on dynamic contrast-
enhanced MRI (DCE-MRI) between Gd-DTPA and Gd-
EOB-DTPA.

Materials and methods Ten healthy volunteers underwent
DCE-MRI three times with the following protocol: group
A, Gd-DTPA at an injection rate of 3 ml/s; group B, Gd-
EOB-DTPA, 3 ml/s; group C, Gd-EOB-DTPA, 1.5 ml/s.
Signal intensities (SIs) of the abdominal aorta were mea-
sured, and the contrast enhancement ratio (CER) was cal-
culated. Time-to-CER curves were compared among the
three groups. The differences in maximum CER (CER,,,x)
and time-to-peak of CER were analyzed.

Results The time-to-CER curve showed a double peak
pattern in group A and single-peak pattern in groups B and
C. The mean time between the first and the second peak
was 6.2 s. The mean CER,,,, of each group was 4.50, 4.52
and 4.27, respectively. In group A, B and C, the mean time-
to-peak was 14.6, 10.6 and 12.6 s, respectively. There was
a significant difference between group A and B (P < 0.01).
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Conclusion To set up the optimal protocol for abdominal
DCE-MRI, it should be noted that TIC in the Gd-DTPA
and Gd-EOB-DTPA group showed different patterns, and a
slower injection rate showed a less abrupt SI change in the
Gd-EOB-DTPA group than in the Gd-DTPA group.

Keywords Magnetic resonance imaging - Time-intensity
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Introduction

Gadolinium ethoxybenzydiethylenetriamine pentaacetic
acid (gadoxetic acid, Gd-EOB-DTPA; Primovist, Bayer
Schering Pharma, Berlin, Germany) is a hepatocyte-spe-
cific contrast agent [1, 2] that has been used worldwide for
abdominal contrast-enhanced MRI. The hepatobiliary
phase of Gd-EOB-DTPA-enhanced MRI shows improved
lesion detectability [3-7]. In addition, lesion vascularity
can be assessed by dynamic contrast-enhanced MRI (DCE-
MRI) using Gd-EOB-DTPA as well as an extracellular
contrast agent because Gd-EOB-DTPA distributes into the
extracellular fluid space just after injection and shows a T1-
shortening effect.

There is controversy about the contrast effect of DCE-
MRI using Gd-EOB-DTPA because its recommended
amount and molar concentration are a half and a quarter of
the extracellular contrast agent, respectively. Some authors
compared the enhancement effect between Gd-EOB-DTPA
and an extracellular agent, e.g., gadolinium diethylenetri-
amine pentaacetic acid (Gd-DTPA; Magnevist, Bayer
Schering Pharma), and two groups reported that the con-
trast effect during arterial enhancement between the two
was comparable [8, 9], while another group reported that
the contrast effect with Gd-EOB-DTPA was lower than
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that with Gd-DTPA [10]. To compare the contrast effect of
these contrast agents, it is important to clarify the differ-
ence of their time-intensity curves (TICs).

On the other hand, Svensson et al. [11] reported that a
small variation in bolus timing could yield large variations
in the appearance of the vessel if the center of the k-space
is sampled during a rapid contrast-medium concentration
variation. The ringing artifact was attributed to abrupt
signal change in the abdominal aorta and was sometimes
seen on DCE-MRI using Gd-EOB-DTPA [12]. Motosugi
et al. [13] reported that the dilution method of Gd-EOB-
DTPA-enhanced dynamic MRI provided better image
quality in comparison with non-dilution methods. It is
important to validate TIC to set up optimal sequence
parameter, such as the scan time and center of k-space. But
we cannot evaluate the TIC with the dilution method
because of off-label use of Gd-EOB-DTPA. Tamada et al.
[14] reported that the image quality of DCE-MRI using
Gd-EOB-DTPA at the injection rate of 1 ml/s was better
than that using the dilution method. Therefore, we con-
sidered that we should know the TIC of DCE-MRI also
with low injection speed instead of the dilution method.

Time-resolved angiography with interleaved stochastic
trajectory (TWIST) sequences is one of the view-sharing
3D sequences and provides good MR images with excellent
temporal resolution and high image quality without pro-
longation of the acquisition time. Its sequence is available
for not only MR angiography, but also perfusion analysis
[15]. In addition, TIC in the abdominal aorta of small
animals at DCE-MRI was analyzed by this sequence [16].
Hence, the TWIST sequence has the potential to provide
excellent TIC in the abdominal aorta of humans.

There are no articles comparing detailed TICs of DCE-MRI
using Gd-EOB-DTPA and extracellular agents in humans. The
purpose of this study was to evaluate the difference in the TIC
and contrast-enhanced effect in the abdominal aorta between
Gd-EOB-DTPA-enhanced dynamic MRI and extracellular-
agent-enhanced dynamic MRI, and between Gd-EOB-DTPA-
enhanced dynamic MRI with conventional injection speed and
low injection speed, and to obtain useful information for setting
up optimal Gd-EOB-DTPA-enhanced DCE-MRI using the
TWIST sequence.

Materials and methods
Volunteers

Ten healthy volunteers were evaluated with DCE-MRI.
The volunteers, who had no history of digestive, circula-
tory or urologic disease, were recruited in our hospital and
consisted of nine men and one woman who ranged in age
from 23 to 54 years (mean age 33.7 years).

This study was approved by the institutional review
board of our institution, and each volunteer gave written
informed consent to participate.

MR imaging

All MR images were obtained with a 3-T MR unit (Magnetom
Trio, Siemens Medical Systems, Erlangen, Germany) using a
standard body array coil provided by the manufacturer. DCE-
MRI was performed using the TWIST sequence. Imaging
parameters were as follows: TR, 3.56 ms; TE, 1.04 ms; flip
angle, 10°; bandwidth, 1,030 Hz/pixel; field of view (FOV),
450 x 450 mm; matrix, 512 x 512; number of partitions,
40; temporal resolution, 2 s. In all sequences, we used a 1-2-1
binominal radiofrequency (RF) excitation pulse to avoid
paradoxical negative enhancement and generalized autocal-
ibrating partially parallel acquisition (GRAPPA) [17] with an
acceleration factor of 2 to optimize sequences.

The TWIST sequence uses two regions [inner (A) and
outer (B)] of k-space (Fig. 1). First, full sampling of A and
B was performed, followed by consecutive sampling of
each region. The TWIST sequence is based on undersam-
pling of both regions, and the density of each area can be
set at any level. In addition, the percentage of A and B can
be selected. MR images were reconstructed from adjacent
data sets (Fig. 2). We used the value of A:B = 1:1 (i.e,,
each region was 50 % of the total k-space) and density of
A =25% and B = 10 %.

Eighteen coronal image sets were acquired by Dynamic
MRI with 39 s breath-hold (time resolution of the first scan
was 6 s and that of following 17 scans was 2) in one
examination.

———————r -
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Fig. 1 The property of k-space. The TWIST sequence uses A and B
with two different sampling properties
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Fig. 2 Reconstruction of MR
images. The TWIST sequence
uses adjacent data sets to
reconstruct the MR images

Contrast dose and injection rate

Two contrast agents, Gd-EOB-DTPA and an extracellular
agent, such as gadolinium diethylenetriamine pentaacetic
acid (Gd-DTPA; Magnevist, Bayer Schering Pharma),
were used at standard doses (Gd-EOB-DTPA, 0.025 mmol/
kg body weight; Gd-DTPA, 0.1 mmol/kg body weight).
Contrast agent was injected through a 21-gauge catheter
placed in the cubital vein followed by 40 ml of 0.9 %
saline injection at the same rate as the contrast agent.
Injection of contrast agent and saline was performed with
an MRI-compatible injector. In this study, we prepared
three types of agent injection methods and classified them
into three groups as follows: group A, injection of Gd-
DTPA at a flow rate of 3 ml/s; group B, injection of Gd-
EOB-DTPA at a flow rate of 3 ml/s; group C, injection of
Gd-EOB-DTPA at a flow rate of 1.5 ml/s.

Dynamic MRI

All volunteers underwent dynamic MRI three times using
each of the injection types, i.e., three post-contrast data sets
were acquired in each patient. DCE-MRI of group B and C
was performed about 1 week after that of group A and B,
respectively.

Contrast agent injection was started few seconds after
commencing the MR scanning because we had to obtain both
precontrast images and postcontrast images to analyze the
TIC.

MR imaging analysis

MR images were analyzed using regions of interest (ROIs)
with a commercial software package, EV Insite (PSP Corp.,
Tokyo, Japan). Oval ROIs (121.4-175.9 mm?; mean
150.8 mmz) were set in the abdominal aorta at the level of the
celiac artery by one abdominal radiologist (YF with 17 years
of experience), and the signal intensity (SI) of the ROIs was
measured in each image. This procedure was performed again
1 month after first measurement by the same radiologist. We
calculated the mean of the SI in each image.

To calibrate the TIC, we considered that the phase was
0 s when the contrast agent arrived at the pulmonary artery
(Fig. 3). At this time, the contrast agent had not yet arrived
at the abdominal aorta. Because our protocol included the
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parallel imaging method and it was ineligible to analyze
the signal-to-noise ratio, we calculated the contrast-
enhancement ratio (CER) using the following equation:
CER = (SI — SI)/SIj (SIy, SI at O s).

CER was used for analysis of the time-to-CER curve as
a TIC, maximum CER (CER,,,,) and time-to-peak.

Statistical analysis

Kruskal-Wallis test was used to compare the differences in
time-to-peak and CER,.. among each injection type.
Mann-Whitney U test was also used to compare two data
sets in one group. All statistical tests were two tailed, and
differences with P < 0.05 were regarded as statistically
significant. The statistical tests were performed using
software (Prism, version 5; GraphPad Software, San Diego,
CA, USA).

Results

The time-to-CER curve was different for each injection type
(Fig. 4). Regarding group A, the time-to-CER curve showed
a double-peak pattern in all volunteers, with the CER of the
first peak lower than that of the second peak in 8 of 10. CER of
the first peak (4.46 £ 1.04) was not significantly different
from that of the second peak (4.519 £ 1.11) according to the
Mann-Whitney U test (P = 0.733). The mean time between
the first and the second peak was 6.2 £ 1.99 s. There was no
volunteer whose time-to-CER curve showed the double-peak
pattern in group B or C.

The mean CER,,,x and standard deviation of each group
were 4.50 £+ 1.06, 4.52 £+ 0.93 and 4.27 + 0.59, respec-
tively (Fig. 5). There was no significant difference between
any of the groups (P = 0.598).

The mean time-to-peak and standard deviation of group
A, B and C were 14.6 £2.12, 10.6 190 and
12.6 & 1.65 s, respectively (Fig. 6). There was a signifi-
cant difference between group A and B (P < 0.01).

Discussion

Zech et al. [8] performed Gd-EOB-DTPA- and Gd-DTPA-
enhanced MRI with two kinds of injection rate (1 and 2 ml/s)
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Fig. 3 Calibration of the time-
intensity curve. Sequential MR
images show the contrast agent
arriving at the pulmonary artery
on image 8 (white arrows). We
consider this image as time
zero. The contrast agent arrives
at the abdominal aorta on
image 11 (white open arrow),
i.e., at 6 s, because the time
resolution of each image was
2s

- Group A
- Group B
- Group C

CER

20 30 40
Time (sec)

Fig. 4 Time-to-CER curve. Double-peak pattern is seen in group A,
and there is a more abrupt change of the time-to-CER curve in group
B than in group C. CER contrast enhancement ratio

and two kinds of Gd-EOB-DTPA dose (standard dose and
double dose) in an animal model (pigs). In this article,
double-dose Gd-EOB-DTPA at a lower-flow rate of 1 ml/s
showed the highest signal-to-noise ratio (SNR) and stan-
dard dose Gd-EOB-DTPA at the rate of 2 ml/s showed the
lowest SNR in the abdominal aorta. These results were
different from ours. There was a critical problem in their
study because the time resolution was 5 s although the TIC
around the peak was very steep. In addition, the blood
circulation in pigs is not the same as that in humans.

In this study, we analyzed TICs focusing on the aorta
with excellent time resolution of 2 s and found that the TIC
of an extracellular agent shows a double-peak pattern in the
abdominal aorta. We did not measure other vessels (portal
vein and hepatic vein) and liver parenchyma because the

CER
IS

Group A Group B Group C

Fig. 5 Maximum contrast-enhancement ratio (CER,,,,) of the three
groups. Box-and-whisker plots show median (middle line of box),
quartiles (fop and bottom linesof box), upper extreme value (upper
whisker) and lower extreme value (lower whisker) for CER,,.x. There
was no significant difference between any of the groups by Kruskal-
Wallis test (P = 0.598)

TIC in the aorta is most important for establishing an
optimal DCE-MRI method. We considered that in group A
the second peak, which was higher than the first peak in
most subjects and appeared to be about 6 s after the first
peak, did not correspond to the second-pass peak, because
the second-pass peak was generally lower than the first-
pass peak and was observed about 20 s after the first-pass
peak [18-20]. Although the density of Gd-DTPA was
proportional to its concentration on CT, the signal intensity
of Gd-DTPA was not proportional to its concentration on
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Group A Group B Group C

Fig. 6 Time-to-peak of the three groups. Box-and-whisker plots
show median (middle line of box), quartiles (top and bottom lines of
box), upper extreme value (upper whisker) and lower extreme value
(lower whisker) for time to peak. Median and lower quartiles overlap
in group A and C. There was a significant difference between group A
and B by Kruskal-Wallis test. **P < 0.01

MRI [21], because extracellularly distributed Gd-DTPA on
MRI showed T2* effects [19]. Therefore, we considered
that the signal intensity was reduced at the peak Gd-DTPA
concentration because of increased T2* effects, and a
double-peak pattern was formed. In addition, the T2* effect
on 3D-gradient echo (GRE) images was stronger than that
on 2D-GRE images [22]. It might be one of the factors of
the double peak formation because we used the TWIST
sequence, which was one of the 3D-GRE sequences. On the
other hand, the TIC of Gd-EOB-DTPA showed a single-
peak pattern with each injection speed. This phenomenon
means that the T2* effects of Gd-EOB-DTPA at the peak
concentration were less than those of Gd-DTPA.

There was no significant difference in the mean CER .«
between any of the groups. We could explain that CER .«
peaked at about 4.5 because of increased T2* effects.
When DCE-MRI was performed using Gd-DTPA with an
injection rate of 3 ml/s, the maximum concentration of the
aorta was 4.9-5 mM [19, 23]. When the concentration of
the Gd-DTPA was over 4 mM, the relation between the
MR signal and Gd-DTPA concentration did not show a
linear relation, and the real signal intensity was lower than
the theoretical one [21]. The mean CER,,, in group C was
slightly lower than that in group A and B because the peak
Gd-DTPA concentration at the injection rate of 3 ml/s was
higher than that at the injection rate of 1.5 ml/s, and the
signal intensity showed a concentration-dependent increase
until saturation was reached [22, 23].

In group A, CER at the second peak might be nearer
than that at the first peak because of the following factors:
(1) time resolution was 2 s in this study, (2) CER was
rapidly increased until the time of the first peak and
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gradually decreased after the second peak, (3) the T2*
effect appeared suddenly and strongly after the first peak
and disappeared gradually at the second peak. In the pre-
vious report, signal changes in the aorta also showed a
double-peak pattern, and the signal intensity of the first
peak was lower than that of the second peak [19].

Truncation or Gibbs artifact, the so-called as ringing
artifact, consists of bright or dark lines that are seen par-
allel to edges of abrupt intensity change [11, 24]. It is
sometimes seen on DCE-MRI because the abrupt flow of
the contrast agent breaks the k-space homogeneity [11, 13].
Tanimoto et al. reported that the ringing artifact could be
reduced by selecting a shorter scanning time because the
signal intensity change during a shorter acquisition time
was smaller than that during a longer one [25]. The trade-
off for the shorter scanning time is decreasing image
quality. On the other hand, the signal change between the
double peaks in group A was gradual. It is an advantage for
reducing the ringing artifact of MR images at the arterial
phase. In addition, it may allow longer scanning times for
obtaining high-quality images because gradual signal
change between two peaks lasted for over 6 s.

As for the comparison between group B and C, i.e., in
the Gd-EOB-DTPA group, the time-to-peak of group B
was shorter and the time-to-CER curve was steeper than
that of group C. This fact suggests that MR images with an
injection rate of 3 ml/s might be more affected by ringing
artifacts caused by the abrupt intensity change than that
with 1.5 ml/s. On the other hand, there was no significant
CER,, . difference between them. Therefore, DCI-MRI
with a slow injection rate may have an advantage for a
good-quality image because of having an equal contrast
enhancement effect and a minor effect of ringing artifacts
in comparison to that with a rapid injection rate.

This study has some limitations. First, only a small
number of volunteers were used. We considered that it
would be difficult to analyze many clinical patients because
the MRI protocol in this study was ineligible for clinical
diagnosis, and it would be unethical to enroll many vol-
unteers. To reduce the effect of this small number, we
performed DCE-MRI three times in each volunteer. Sec-
ond, the age, gender, weight and height of the volunteers
were variable, and there was some selection bias. But this
problem was unavoidable in this study design. Third, the
size of the ROIs set on the aorta was variable. Mendi-
chovszky et al. [20] reported that the size of the ROI sig-
nificantly affected the signal intensity. In this study, this
problem was minor because the square of ROI in each
group was not significantly different (P = 0.355).

In conclusion, the TIC in group A (Gd-DTPA, 3 ml/s),
which was shown as a double-peak pattern, was different
from that of group B (Gd-EOB-DTPA, 3 ml/s) and group C
(Gd-EOB-DTPA, 1.5 ml/s), which was shown as a single-
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peak pattern. In the Gd-DTPA group, the slower injection
rate showed a less abrupt change. In consideration of the
theory of truncation artifacts, the differences in the TIC
potentially influence the degree of the ringing artifact.
Radiologists should know the TIC differences in each
group to set up an optimal scan protocol.
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