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Summary

Magnetic resonance imaging of the cardiovascular system has been beset with difficulties in ob-
taining clear images due to prominent artifacts which course in the direction of the phase encoding
axis. These artifacts are commonly believed to derive from blood flow. However, in the ECG-gated
spin-echo (SE) sequence using two-dimensional Fourier transform reconstruction, variation in effective
repetition time due to physiological changes in the R-R interval of ECG may also result in prominent
artifacts.

To eliminate these artifacts, we developed a new method, the modified spin-echo (MSE) sequence,
by adding a nonselective 90 degree radio-frequency pulse and an optional delay time (Td) prior to the
conventional SE sequence. In the MSE sequence, artifacts derived from the cardiovascular system
were markedly suppresed.

Using the MSE sequence, we attempted direct imaging of the coronary vessels, and obtained very
clear images of the coronary arteries and veins. Organic lesions in the coronary arteries were also clearly
imaged, including coronary stenosis, dilatation, coronary fistulae, and abnormality of the origin of
the right coronary artery. The MSE sequence may offer a clinical advantage in obtaining coronary
artery images, and may be used to evaluate coronary artery disease.
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Fig. 1. Artifacts derived from the cardiovascu-
lar system.
The prominent artifacts are observed which course in

the direction of the phase encoding axis and obscure
the anotamical details.
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Fig. 2. The conventional spin-echo sequence.
Each effective repetition time is determined by the
preceding R-R intervals on electrocardiogram.
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Fig. 3. The modified spin-echo sequence.

The nonselective 90-degree radio-frequency pulse
has a presaturation effect, therefore, the effective
repetition time corresponds to “delay 2” which is
determined independently of R-R intervals.
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Fig. 4. Phantom images obtained by conventional SE sequence (left) and MSE sequence

(right).

The round image at the center is the phantom itself, and artifacts are observed along the phase
encoding axis (left). Compared with conventional SE sequence, MSE markedly reduces the

artifacts.
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Fig. 5. MR image of normal left coronary ar-
tery.

The left main coronary artery, proximal portions of
the left anterior descending artery (LAD) and cir-
cumflex artery (LCx) with some branches, and the
great cardiac vein are clearly imaged with few artifacts.

CV =coronary vein.

Fig. 6. MR image of normal right coronary ar-

tery.
The proximal horizontal portion of the right coro-
nary artery is observed.

MRI |z &
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Fig. 7. MR image of myocardial infarction (60-
year-old man).

The MR image shows high signal intensity (steno-
sis) in the left anterior descending artery (LAD) where
999%, stenosis was observed by coronary angiography.
Note the high signal intensity also observed in a distal
portion of the LAD, where contrast medium presented
markedly delayed filling on coronary angiogram.

AO=aorta; LMT =left main coronary artery; Dx=
diagonal branch.

For other abbreviations : see Fig. 5.
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Fig. 8. MR image of an aneurysm of the left Fig. 10. MR image of a coronary-pulmonary
anterior descending artery (52-year-old man). artery fistula (55-year-old man).
A clear image of the aneurysm is detected in the A small abnormal vessel (fistula) is observed
LAD (arrow). coursing away from the left anterior descending
Abbreviation : see Fig. 5. artery.

Fig. 11. MR image of an abnormal origin of the
right coronary artery (45-year-old man).

Fig. 9. MR image of the coronary artery in a A small right coronary artery (RCA) originates
patient of Kawasaki disease (10-year-old girl). from the orifice of the left main coronary artery

A large aneurysm (ANEURYSM) of the left main (LMT), and courses between the ascending aorta and
coronary artery (LM'T) is observed. the pulmonary artery.
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Table 1. Characteristics of the modified spin-
echo sequence

1. Strong artifacts derived from changes in the
effective repetition time can be significantly
reduced

2. Flow artifacts are reduced due to the presa-
turation effect by nonselective 90 degree radio-
frequency

3. T,-weighted images can be obtained easily

4. The repetition time can be maintained constant
in a follow-up study
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