The optimal scanning method for three-di-
mensional Ti-weighted black-blood turbo
spin-echo MRI in the aortic arch
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[Abstract]

Aortic arch plaques visualized using transesophageal echocardiography (TEE) are at risk for brain embolism. However,
TEE is not suitable for all patients. Therefore, we focused on scan of MRI with Ti-weighted (Tiw) black blood turbo spin-
echo (TSE) imaging. This study aimed to clarify the optimal scanning method for 3D Tiw black-blood TSE imaging in
the aortic arch. Five healthy volunteers (mean age, 33.8 years; range, 25.0 to 57.0 years) participated in this study. We
obtained Institutional Review Board approval and the informed consent of all subjects. All experiments were acquired
by volume isotropic TSE acquisition (VISTA) with anti-DRIVE using a 1.5-T magnetic resonance scanner. The study
protocol was divided on the basis of two aims: 1) To evaluate the combinations of six patterns of phase direction with
and without electrocardiography (ECG) and navigator echo, and 2) to compare the ECG during systole and diastole
to determine the optimal trigger timing. We determined that the combination of phase direction foot-head (FH), ECG,
and navigator echo was the best scanning method. Furthermore, the optimal trigger timing was during diastole, which
showed lesser movement of the vessel wall than during systole. Our results suggest that 3D TiW BB-TSE with anti-DRIVE
using the diastolic trigger timing by ECG-gating and navigator echo respiratory gating in the aortic arch can provide
beneficial information for clinical practice.
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However, in the examination of carotid

1. Introduction

plaques, magnetic resonance imaging (MRID)

Complex atherosclerotic plaques include ir-
regular surface plaques, ulcerated plaques, and
mobile plaques " ?. Complex plaques that are
observed in the aortic arch on transesophageal
echocardiography (TEE) are at high risk for
aortogenic brain embolism *. However, TEE,
which is associated with a number of compli-
cations and contraindications, is not suitable
for all patients ”.
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can be used for the diagnosis of plaque com-
ponents based on MR contrast """ ', Unstable
carotid plaques are characterized by a fibrous
cap, atheroma, and intraplaque hemorrhage.
In addition, high-intensity plaques on Ti-
weighted black blood (T'W BB) MRI are con-
sidered a useful finding in assessing unstable
plaques 120-14)

Therefore, we focused on the black blood
image of MRI as an adjunct diagnostic modality
for complex plaques of the aortic arch that are
difficult to observe owing to multiple artifacts.
To address these problems, we devised a scan-
ning methodology using three-dimensional
Ti-weighted black-blood turbo spin-echo (3D
T:W BB-TSE) MRI in the aortic arch. The aim of
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this study was to clarify the optimal scanning
method for 3D TiW BB-TSE.

2. Materials and Methods

2.1 Patients

Five healthy volunteers (mean age, 33.8

years; range, 25.0 to 57.0) participated in this
study. We obtained Institutional Review Board
approval and informed consent from all partic-

ipants.

2.2 MR imaging protocol

All scans were performed on a 1.5-Tesla MR
scanner (Ingenia R5-2; Philips Healthcare, Best,
The Netherlands) using a 15-channel ds Tor-
so coil as the receiver. All experiments were
acquired by volume isotropic TSE acquisition
(VISTA) with anti-driven-equilibrium post-
pulse (anti-DRIVE) ' ', The parameters for
VISTA with anti-DRIVE were as follows: rep-
etition time (TR), 1 beat; echo time (TE), 24
ms; field of view (FOV), 260%260*70 mm; ac-
quisition matrix, 1.1*1.1*4 mm,; reconstruction
matrix, 0.55*0.55*2 mm; refocusing flip angle,
30°; TSE factor, 25; start up echo, 4; number of
signals averaged (NSA), 1. The fat saturation
pulse used spectral attenuated inversion recov-
ery (SPAIR).
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2.3 Study protocol and analysis

We obtained 3D TiW BB-TSE images in vol-
unteers who were asked to maintain a natural
breathing style while undergoing oblique sagit-
tal scans of the aortic arch. The study protocol
consisted of two processes: first, to evaluate
the combination of six patterns for phase di-
rection anterior-posterior or foot-head (AP
or FH), with and without electrocardiogram-
gating (ECG-gating) and navigator echo; and
then, to compare ECG-gating during systole
and diastole to determine the optimal trigger
timing.

Two radiological technologists had experi-
ence, more than 5 years in MRI division, and
were involved in visually ranking of motion
artifacts for six image patterns of phase direc-
tion. The results of the visual evaluation were
converted into normal scores, and analysis by
the least significant difference (LSD) method
was performed on this result, and significant
differences in ranking were examined '”. The
P-value for significant difference was defined
as P<0.05.

3. Results

Figure 1 shows the results of a visual evalu-
ation performed using the normalized-rank

method and the images obtained using six
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Fig.1 The anterior-posterior: AP (top row) and foot-head: FH (bottom row) phase direction. A comparison of three-dimen-
sional Ti-weighted black-blood turbo spin-echo images obtained from the electrocardiography (ECG)- navigator-,
ECG+ navigator-, and ECG+ navigator+ scans, respectively, are shown. Also shown are the results of the visual
evaluation evaluated using the normalized-rank method.
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patterns of phase direction (AP or FH), with
and without ECG-gating and navigator echo. A
significant difference between ECG+navigator-
FH and ECG+navigator-AP suggested that FH
improved the motion artifacts (LSD, P<0.05).
Moreover, differences of image qualities be-
tween ECG+navigator+FH and ECG+navigator-
FH, or ECG+navigator+AP and ECG+navigator-
AP indicated usefulness of navigator echo.
Furthermore, ECG-gating also improved the
motion artifacts between ECG+navigator-FH
and ECG-navigator-FH.

Further, Figure 2 shows the images obtained
using ECG-gating on systole and diastole with
navigator echo. ECG-gating on systole had a
profound effect on both BB and motion arti-
facts of the ascending aorta. In contrast, low
extent of flow-related signal loss was observed
on ECG-gating at diastole, but motion artifacts
of the vessel walls were decreased. The images
from the four remaining healthy volunteers

demonstrated the same results.

4. Discussion

4.1 The effect of respiration

In this study, the use of navigator echo im-
proved the image quality by reducing the mo-
tion artifacts associated with respiration (Figure
1). Navigator echo measured the diaphragm
position during free breathing, and this infor-
mation allowed for triggering on the defined
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Fig.2 Comparison of the systolic images and the diastolic images obtained
using navigator echo. The open arrow shows the movement of the
vessel wall, and the closed arrow shows the black blood effect.

!

window within the respiratory cycle. Ample
studies have demonstrated the utility of naviga-
tor echo ', However, it is necessary to set stan-
dards high to reduce the effect of respiration,
thereby scan time is extended. In addition,
oblique sagittal scanning could be problematic
in image qualities because of motion artifact
in the liver and the thorax. The AP and FH
phase directions would reduce the motion ar-
tifact by the liver and the thorax, respectively.
This study demonstrated that the FH phase
direction resulted in improvement of the im-
age quality. Setting the navigator echo around
the diaphragm also improved the precision of
the image of the liver without motion artifact
of the liver. However, we assume that the ac-
curacy of movement correction of the thorax
was reduced due to the navigator echo directly
collection at a site distant from the thorax. In
other words, modifications to the setup the
navigator echo would be required to decrease
motion artifact of the thorax on imaging of the

aortic arch.

4.2 The effect of ECG-gating

In this study, we were able to obtain good
image qualities by reducing the motion ar-
tifacts associated with pulsations with ECG-
gating. Furthermore, significant results were
obtained for visual evaluation performed using
the normalized-rank method as in Figure 1.
The aortic arch generally shows severe arti-
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facts owing to pulsations of the aortic arch .
However, the present results indicated that
ECG-gating reduced the motion artifact of the
pulsations because of synchronization with the
cardiac phase. We compared the effect of set-
ting the cardiac trigger timing to either systole
or diastole. Figure 2 shows the relationship
between the BB effect and the motion artifact
of the ascending aorta. For the patients with
reduced blood flow, the timing of ECG-gating
at systole was better than diastole because of
the flow void effect. In other words, regard-
ing the BB effect, the systole is more advanta-
geous. However, several studies have reported
that mobile or ulcerated plaques and large
atheromatous aortic plaques of over 4 mm in
thickness on TEE can cause aortgenic brain
embolism ¥ . Therefore, to diagnose complex
plaques in the aortic arch, a reliable method for
measuring the thickness of the aortic plaques
was important. Thus, the reduction of motion
artifacts should be given priority over the BB
effect in diagnosis of complex plaques in the
aortic arch. The images in Figure 2 suggest that

ECG-gating during diastole was more accurate.

4.3 Clinical images and Limitations

Figure 3 shows the clinical images of the
aortic arch. We were able to obtain the high
intensity plaques of the aortic arch. Further-
more, 3D T1'W BB-TSE with anti-DRIVE shows
more clearly existences of multiple vulnerable
plaques on the vessel wall comparing with
contrast-enhanced computed tomography.
However, for the patient with cardiac hypo-
function or a reduced blood flow, the diastolic
image might decrease the contrast of complex
plaques and the BB effect, increasing pos-
sibility of incorrect diagnosis. In addition, the
measurement of thickness of vessel wall in
the patient with arrhythmia using this method
would not shows high accuracy of images.
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Fig.3 Clinical images of 3D T1W black blood-TSE with
anti-driven-equilibrium post-pulse (3D TiW BB-
TSE with anti-DRIVE) in the aortic arch when
using the diastolic trigger timing with ECG-gating
and navigator echo respiratory gating. On 3D
T:W BB-TSE with anti-DRIVE (a), the high inten-
sity plaque of brachiocephalic artery is seen. A
comparison between 3D T:W BB-TSE with anti-
DRIVE and contrast-enhanced computed to-
mography (CECT) (b), 3D T:W BB-TSE with anti-
DRIVE shows multiple vulnerable plaques on the
vessel wall more clearly than CECT.

5. Conclusion

Our results suggest that 3D TiW BB-TSE with
anti-driven-equilibrium post-pulse in the aortic
arch could provide beneficial information for
clinical practice when using the diastolic trig-
ger timing with ECG-gating and navigator echo

respiratory gating.
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