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The purpose of study was to evaluate SNR and CNR with different contrast agent contents (1.0 mmol/mL
gadobutrol and 0.5 mmol/mL gadoterate meglumine) for spin echo (SE) and 3-dimension contrast-enhanced
fast field echo (3D CE-FFE) pulse sequences. In this study, we compared the SNR and the CNR between 0.5
mmol/mL gadoterate meglumine and 1.0 mmol/mL gadobutrol according to the concentration of contrast agent
in brain MRI. When we compared between SE and 3D CE-FFE pulse sequences, the higher SNR and CNR
using 3D CE-FFE pulse sequence can be acquire regardless of contrast agent contents. Also, a statistically
significant difference was found for SNR and CNR between all protocols. In conclusion, our results
demonstrated that the SNR and CNR have not risen proportionately with contrast agent contents. We hope
that these results presented in this paper will contribute to decide contrast agent contents for brain MRI.
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1. Introduction

The occurrence of the brain metastases, which are the
most common type of brain cancer, increase in the
following order from lung cancer (18-64%), via breast
cancer (2-21%) and melanoma (4-16%), to colon cancer
(2-11%). Thus, the importance of early diagnosis for
brain cancer is growing bigger [1-3].

Imaging devices for brain cancer consisted of conven-
tional X-ray, computed tomography (CT), positron emission
tomography (PET), and magnetic resonance imaging
(MRI). Among these imaging devices, MRI is most com-
monly used in the field of the medical imaging because
there is no radiation exposure and excellent tissue contrast
resolution can be acquired [4, 5]. The accuracy of T,-
weighted imaging (T,WI) is better than that of the dual
energy CT (DECT), which has been used to distinguish
between bone and tissue in the head, for the brain cancer
imaging [6]. Also, T,WI can be improved contrast-to-
noise ratio (CNR) by using water (or cerebral spinal fluid)
suppression technique [7, 8].

The contrast agent for MRI is a very important para-

©The Korean Magnetics Society. All rights reserved.
*Corresponding author: Tel: +82-31-740-7462
Fax: +82-31-740-7351, e-mail: handk@eulji.ac.kr

meter for the definite distinction between normal and
lesion tissue. The contrast agent is expected to help in the
early detection of diseases because the signal-to-noise
ratio (SNR) between normal and lesion tissue can be
improved [9]. In brain MRI, the contrast of brain paren-
chyma using contrast agent is dependent on T, relaxation
effect by gadolinium (Gd) contents. There are many
methods to improve T, relaxation effect such as increasing
main magnetic field, coil sensitivity, and amount of con-
trast agent per unit area. However, these methods may
increase total scan time and the risk of nephrogenic
systemic fibrosis (NSF). Recently, many studies have
been conducted the effectness of contrast agent between
1.0 mmol/mL gadobutrol and 0.5 mmol/mL gadoterate
meglumine. According to the previous studies, 1.0 mmol/
mL gadobutrol has high SNR and more useful detection
of diseases than 0.5 mmol/mL gadoterate meglumine in
spite of interruption by blood brain barrier (BBB) [10].
In this study, we compared signal intensity (Si) and
contrast between 0.5 mmol/mL gadoterate meglumine
and 1.0 mmol/mL gadobutrol according to the concent-
ration of contrast agent in brain. In addition, we compared
between spin echo (SE), which is the most commonly
used in the MRI imaging based on the detection of spin
with 90 and 180 degree radiofrequency pulse, and 3-
dimension contrast-enhanced fast field echo (3D CE-FFE)
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pulse sequences.

2. Materials and Methods

2.1. Subjects and methods of study

Lung cancer is one of the most major cancers in the
field of medicine. We acquired MRI imaging for lung
cancer patients starting from March to July. Total patients
were 35 numbers (man: 26, woman: 9) and mean age of
the patients was 68 years. Table 1 shows the list of the
lung cancer patient characteristics.

We compared contrast difference according to the Gd
contents using 0.5 mmol/mL gadoterate meglumine and
1.0 mmol/mL gadobutrol. Each contrast agent is applied
to SE and 3D CE-FFE pulse sequences. To evaluate
image performance, we measured the SNR and CNR with
different contrast agent contents. Before the experiments,
we have assumed that contrast agent with high contents is
useful than low contents. Contrast agents may be admini-
stered by injection into the orally or blood stream, depend-
ing on the subject condition. A major factor influencing
the enhancement of lesion is its vascularity relative to that
of brain parenchyma. In this study, we injected contrast
agent in the brain parenchyma using 10-20 mL of mixture
with normal saline and each contrast agent based on the
patient pain. We used 0.2 cc/kg and 0.1 cc/kg using 0.5
mmol/mL gadoterate meglumine and 1.0 mmol/mL gado-
butrol, respectively.

2.2. System and image parameters

To acquire images, we used 3.0 T MRI system (Achieva,
Philips, Netherlands) and 6 cannel head coil (SENSE,
Philips, Netherlands) (Fig. 1). Table 2 shows the used
parameters using SE and 3D CE-FFE pulse sequences.

2.3. Evaluation of image performance
The data were measured on the white matter of brain

Table 1. Patient characteristics according to the gender and
age.

Division Number Percent (%)
Man 26 742
Gender Woman 9 25.8
Total 35 100
Under 50 1 2.8
50-59 5 143
60-69 13 372
Age 70-79 14 40
Over 80 2 5.7
Total 35 100
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Fig. 1. The photo of 6 channel SENSE head coil.

Table 2. Parameters according to the imaging method.

SE 3D CE-FFE
Scan time 3 min 41 sec 5 min 56 sec
Matrix size 256 x 256 224 x 224
Field of view (FOV) 230 x 230 mm?> 224 x 224 mm’®
Slice thickness 5 mm :
Slice gap 2 mm
Slice number 20
Voxel size 1x1x1mm’
TR/TE 427 msec/10 msec 9.9 msec/4.6 msec
NEX 1 1
Flip angle : 8
TFE factor : 224

parenchyma, gray matter, and basal ganglion using ROIs
of 35.7 mm diameter. The background was measured
using four ROIs of 175.1 mm. Figs. 2 and 3 show the
ROI setting using SE and 3D CE-FFE pulse sequence,
respectively. The evaluated SNR and CNR were calculated
as follows:

S.
SNR = —>— x 100, (1)
Gbackgmund
S-S
CNR = —/——x 100, )
o-background

Fig. 2. ROI measurement setting of SE pulse sequence using
(a) 0.5 mmol/mL gadoterate meglumine and (b) 1.0 mmol/mL
gadobutrol.
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Fig. 3. ROI measurement setting of 3D CE-FFE pulse
sequence (a) 0.5 mmol/mL gadoterate meglumine and (b) 1.0
mmol/mL gadobutrol.

where Opackeround 18 the standard deviation and S; is the
signal intensity of surrounding tissue [11].

We compared SNR and CNR for each contrast agent
content and pulse sequence using independent samples T-
test. P-value less than 0.05 was considered to indicate
statistical significance.

3. Results and Discussion

The brain MRI images of high SNR and CNR have
excellent accuracy for clinical imaging. For this reason,
the use of contrast agent has facilitated the realization of
high quality MRI systems. However, few side effects had
been reported with Gd contrast agent, which is most
commonly used in the field of MRI imaging. A disease
called NSF, which was first recognized in 1997, was
reported to have developed in patients with impaired renal
function who had received one of the MRI contrast agents
in common use [12]. Thus, the contrast agent should be
used with caution because of the side effects in MRI. In
previous, many studies have been conducted as improve-
ment methods for SNR and CNR in brain parenchyma.
The SNR and CNR with a 3.0 T MRI system were higher
than that with a 1.5 T MRI system [13, 14]. In this study,
two contrast agents (0.5 mmol/mL gadoterate meglumine
and 1.0 mmol/mL gadobutrol) were considered as MRI
system, and the SNR and CNR of each pulse sequence
were compared.

Fig. 4 shows the measured SNR of white matter, gray
matter, and basal ganglion with respect to the pulse
sequences and contrast agent contents. Fig. 5 shows the
measured CNR between gray matter and basal ganglion
and between white matter and basal ganglion with respect
to the pulse sequences and contrast agent contents.

In SE pulse sequence, the measured SNR using 0.5
mmol/mL gadoterate meglumine of white matter, gray
matter, and basal ganglion was 115.8 +49.4, 135.3 £ 544,
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Fig. 4. The results for the measured SNR according to pulse
sequences and contrast agent contents in (a) gray matter, (b)
white matter, and (c) basal ganglion.

and 150.5 £ 62.4, respectively. The measured CNR using
0.5 mmol/mL gadoterate meglumine between white matter
and basal ganglion was 152+ 12.7 and the measured
CNR between gray matter and basal ganglion was 34.7
+ 17.4. Also, the measured SNR using 1.0 mmol/mL gado-
butrol of white matter, gray matter, and basal ganglion
was 98.1 £66.1, 118.9+83.6, and 132.7 £ 95.1, respec-
tively. The measured CNR using 1.0 mmol/mL gadobutrol
between white matter and basal ganglion was 13.7 + 14.2
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Fig. 5. The results for the measured CNR according to pulse
sequences and contrast agent contents in (a) between gray
matter and basal ganglion and (b) between white matter and
basal ganglion.

and the measured CNR between gray matter and basal
ganglion was 34.5 +31.7. According to the results, the
measured SNR using 1.0 mmol/mL gadobutrol of white
matter, gray matter, and basal ganglion was 12.1, 11.9,
and 15.3% lower than that of 0.5 mmol/mL gadoterate
meglumine, respectively. Also, the measured CNR using
1.0 mmol/mL gadobutrol of white matter and gray matter
was 0.6 and 9.8% lower than that of 0.5 mmol/mL gado-
terate meglumine, respectively.

Table 3 shows the results of independent samples of T-
test with SE pulse sequence. According to the results, the
measured SNR using 1.0 mmol/mL gadobutrol of white
matter, gray matter, and basal ganglion was 17.8, 16.4,
and 17.6 lower than that of 0.5 mmol/mL gadoterate
meglumine, respectively. Also, the statistical significance
of SNR is not have much practical significance (P >
0.05). The measured CNR using 1.0 mmol/mL gadobutrol
of white matter and gray matter was 1.4 and 0.2 lower
than that of 0.5 mmol/mL gadoterate meglumine, respec-
tively. Also, the statistical significance of CNR is not has
much practical significance (P > 0.05).
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Table 3. Independent samples T-test according to the amount
of contrast agent in SE pulse sequence.

Mean Error

P-val
difference  difference vale
White matter 17.8 -29.1 0.325
SNR Gray matter 16.4 -16.6 0.204
Basal ganglion 17.6 -32.4 0.347
CNR White matter 1.4 -1.5 0.654
Gray matter 0.2 -143 0.974

Table 4. Independent samples T-test according to the amount
of contrast agent in 3D CE-FFE pulse sequence.

Mean Error P-value
difference  difference vai
White matter 251.8 -355.1 0.018
SNR Gray matter 248.6 -2479 0.022
Basal ganglion 168.6 -357.3 0.019
White matter 32 -11.5 0.527
CNR
Gray matter 79.6 -116.3 0.025

In 3D CE-FFE pulse sequence, the measured SNR using
0.5 mmol/mL gadoterate meglumine of white matter, gray
matter, and basal ganglion was 428.5+376.4, 599.4 +
542.6, and 592.5+£542.6, respectively. The measured
CNR using 0.5 mmol/mL gadoterate meglumine between
white matter and basal ganglion was 6.8 +25.1 and the
measured CNR between gray matter and basal ganglion
was 164.1 £181.2. Also, the measured SNR using 1.0
mmol/mL gadobutrol of white matter, gray matter, and
basal ganglion was 259.8 + 128.4, 347.5 + 187.5, and 343.9
+ 185.2, respectively. The measured CNR using 1.0 mmol/
mL gadobutrol between white matter and basal ganglion
was 3.6+ 13.6 and the measured CNR between gray
matter and basal ganglion was 84.3 + 64.8. According to
the results, the measured SNR using 1.0 mmol/mL gado-
butrol of white matter, gray matter, and basal ganglion
was 39.4, 41.9, and 39.4% lower than that of 0.5 mmol/
mL gadoterate meglumine, respectively. Also, the measured
CNR using 1.0 mmol/mL gadobutrol of white matter and
gray matter was 48.6 and 47.1% lower than that of 0.5
mmol/mL gadoterate meglumine, respectively.

Table 4 shows the results of independent samples T-test
with 3D CE-FFE pulse sequence. According to the results,
the measured SNR using 1.0 mmol/mL gadobutrol of
white matter, gray matter, and basal ganglion was 248.6,
251.8, and 168.6 lower than that of 0.5 mmol/mL gado-
terate meglumine, respectively. The statistical significance
of SNR has much practical significance (P < 0.05). Also,
the statistical significance of CNR between gray matter
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and basal ganglion has much practical significance (P <
0.05).

4. Conclusion

We have presented comparison results for SNR and
CNR with different contrast agents for each pulse
sequence. Our results showed that the SNR and CNR
result of 0.5 mmol/mL gadoterate meglumine and 3D CE-
FFE pulse sequence was higher than that of 1.0 mmol/mL
gadobutrol and SE pulse sequence in brain MRI, respec-
tively. We demonstrated that the signal intensity is unlike-
ly to be proportionate according to the contrast agent
contents because of signal loss due to non-uniformity of
magnetic field.
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