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Fig.1. Schematic explantion of the multiphasic tagging (MPT) pluse sequence.

This MPT pluse sequence was composed of continuous many (9-16) frame units for each R-R
interval, and this each frame unit consisted of an initial presatulation 180°RF pulse followed by
one unit of conventional field echo pulse sequence (TR=50ms, TE=22ms, FA=30°)
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Fig.2. Flow phantom experiment.

The conventional single phasic tagging (SPT) cine MRI was shown on upper panel (A) and
the multiphasic tagging (MPT) cine MRI was shown on bottom panel (B). The flow velocity
was 39.2cm/s on this figure. The fresh tags by MTP kept a sharpness on any frame for one
(cardiac) cycle. On the other hand, the tag by SPT became unclear due to proton spin
relaxation and diffusion, and it had gone outside of imaging field after the fourth frame.
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Fig.3. Comparison between the sharpness index of
tag by the multiphasic tagging (MPT) method and
by conventional single phasic tagging (SPT) method.
The sharpness index of tag was defined as inten-
sity/FWHM ratio. The sharpness index of tag by the
SPT was same as MPT on the first frame, but its
value rapidly decreased after first frame. The sharp-
ness index of tag by MPT was kept high value on any
frame.
FWHM =full width at half maximum
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Fig.4. Relationship between flow velocity manually
measured by measuring cylinder and by the multi-
phasic tagging (MPT) cine MRI in flow phantom
experiment.

The flow velocity by MPT was significantly (P<
0.001) correlated (r=0.99) with that by a cylinder.
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Fig.6. Velocity curve of descending aorta in normal
volunteers.

The maximum velocity was 70.2+11.7cm/s, and
the maximum acceleration was 939.04+150.0cm/s?.
Mild early diastolic backward flow was observed in
all normal volunteers.
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Fig.5. The multiphasic tagging (MPT) cine MR images of the descending aorta in a normal volunteer.
The fresh tags were clear on any frame. Mild early diastolic backward flow was shown on the eighth
and ninth frames.

Fig.7. Velocity curve of descending aorta in
patients with aortic regurgitation. The maximum
velocity was 42.5+6.3cm/s, and the maximum
acceleration was 573.8+157.7cm/s?. Severe early
diastolic backward flow was observed in a patient
with severe aortic regurgitation.
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Fig.9. Velocity curve of descending aorta in patients
with aortic stenosis.

The mean value of the maximum velocioy was
28.8cm/s.
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Fig.8. The multiphasic tagging (MPT)
cine MR images of the descending aorta
in a patient with severe aortic regurgita-
tion. Severe backward shift of tag was
observed in early diastolic phase (No.3
and 4).

No.l=early systolic phase, No.2=mid-
systolic phase, No.3 and 4=early dias-
tolic phase.
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Fig.10. Velocity curve of descending aorta in
patients with mitral regurgitation.

Rising phase of velocity curve was later than
normal volunteers.
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Fig.11. Velocity curve of descending aorta in
patients with hypertrophic obstractive car-
diomyopathy (HOCM).

The mean value of the maximum velocity was 40.0
cmy/s.
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Fig.12. Relationship between the left ventricular
stroke volume and descending aortic flow volume.

The descending aortic flow volume by the multi-
phasic tagging (MPT) significatly (p<0.01) correlat-
ed (r=0.86) with LV stroke volume, except for two
patients with severe mitral regurgitation.
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Development of Multiphasic Tagging Method and Its Application
for Visualization and Quantification of Descending Aortic Flow
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Conventional single phasic tagging (SPT) method is neither available for the evaluation of
high speed blood flow nor for long time investigation such as a whole cardiac cycle, because the
tag becomes unclear due to proton spin relaxation and diffusion in those situation. To overcome
those difficulties, we developed the multiphasic tagging (MPT) method, and estimated the
utility of this method in flow phatom and in clinical patients (pts).

Cine MR imaging was performed with a 0.5 T MRT-50A (TOSHIBA). The MPT pulse
sequence was composed of continuous many (9-16) frame units for each R-R interval, and this
each frame unit consisted with an initial presatulation 180° RF pulse followed by one unit of
conventional field echo pulse sequence (TR=50ms, TE=22ms, FA=30°).

The flow phantom was composed of vinyl chloride tube, electric motor and pulse generator.
The SPT and MPT cine MR imagings were performed with the flow phantom. The fresh tags
by MTP kept a sharpness for one (cardiac) cycle, but the tag by SPT became unclear. The
velocity calculated by measuring the distance of tag from baseline on MPT cine MR image was
significantly correlated with that measured by a cylinder.

The MPT cine MR imaging of descending aorta was performed in five healthy volunteers and
12 pts with various heart diseases.

The tag on blood intra descending aorta by the MPT was also sharply imaged for one cardiac
cycle in human. Severe backward shift of tag was observed in early diastolic phase in a pt of
severe aortcic regurgitation. The descending aortic flow volume by MPT significatly (P <0.01)
correlated (r=0.86) with L'V stroke volume, except for two pts with severe mitral regurgitation.

The MPT is useful for visualization and quantification of the descending aortic flow.
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