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Summary

Blood flow images by magnetic resonance imaging (MRI) using a 0.25 T unit were evaluated for
nine normal volunteers and 108 subjects with a variety of cardiovascular abnormalities.

Using the non-gated short-spin echo (SE) technique, blood flow in the cardiovascular systems
was not imaged in the normal volunteers. Using end-systolic and end-diastolic SE techniques for the
normal subjects, blood flow in the cardiac chambers was not clearly imaged. Blood flow in the ascending
aorta and aotric arch often did not appear in the gated SE images of the normal subjects. However, blood
flow in the descending aorta was often observed in the gated SE images. Blood flow imaging was dem-
onstrated by both non-gated and gated SE techniques in regions where blood flow was relatively slow;
for example, in the left atrium of mitral stenosis, in an aortic aneurysm, in a false lumen of an aortic
dissection, and in the left ventricle having old myocardial infarction.

Using the non-gated inversion recovery (IR) technique, no blood flow was imaged in the cardio-
vascular system except in the left atrium of one case with mitral stenosis. Using the non-gated short SE
technique, there was good correlation between the thrombus formation and the presence of blood flow
images in the left atria of 17 patients with mitral stenosis, and in the aneurysmal portions of the aorta
or in the false lumens of aortic dissection of 18 patients. It was suggested that mural thrombi in such
diseases were related to the relatively slow blood flow. Blood flow imaging easily distinguished stagnant
blood flow from mural thrombi using non-gated short SE, end-systolic SE, and IR techniques.
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Thus, blood flow imaging using MRI should become an important means of evaluating the cardio-

vascular system.
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Table 1. Specifications of the imaging system
(Picker International)

Magnet 0.25 Tesla, superconducting

Mode of image Spin echo method

Spin echo imaging

Inversion recovery imaging
T, imaging, T, imaging
Coronal, sagittal, transverse
Image reconstruction 2-dimensional Fourier trans-

form
Pixels 128 x 128, 256 x 256
Slice Single, multiple (4, 8, 16)
Slice thickness 10 mm
Spatial resolution 1-2 mm
Cardiac gating ECG
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Fig. 1. ECG-gating method and pulse sequence.
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Fig. 2. Non-gated short SE images of normal subjects.
No blood flow is imaged in the cardiovascular system of these 2 normal subjects.

a (top left): coronal image through midthorax.

b (top right): transverse image of the left atrium.

¢ (bottom left): sagittal image of the descending aorta.
d (bottom right): coronal image of the descending aorta.
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Fig. 3. Gated SE images.
Blood flow is not imaged in all four chambers both in end-systolic (left: ES) and end-diastolic
(right: ED) phases. However, blood flow is imaged in the descending aorta in the end-diastolic phase.
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Fig. 4. Gated SE coronal images through the midthorax in a case with old myocardial in-
farction.

Each image represents one of many sequential phases in the cardiac cycle. The intervals between
the images are 90 msec. Note the variable signal intensity pattern in the left ventricle.
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Fig. 5. Non-gated coronal (left) and sagittal (right) SE images in a case with constrictive

pericarditis.

Note blood flow images in the dilated right atrium (RA), left atrium (LA), and superior vena

cava (SVC).
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Fig. 6. Non-gated SE images of a case with dissecting aortic aneurysm.

Blood flow is not imaged in the true lumen (T), but is imaged in the false lumen (F) of the ascend-
ing and descending aorta. Note that signal intensity of mural thrombi (th) in the false lumen in each
image is stronger than that of the blood flow signal of the false lumen (F).

a (top left): transverse image; b (bottom left): coronal image; ¢ (right): sagittal image.
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Fig. 7. Gated SE transverse images in a case with old myocardial infarction.
The number of each image represents time delays in msec in the cardiac cycle. Note the variation
in signal intensity pattern in the left ventricle.
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Fig. 8. Sagittal images of the left atrium in a case with mitral stenosis.
In the non-gated short SE image (a: left), signal intensity of blood flow in the enlarged left atrium
is weaker than that of a mural thrombus (Br=bronchus; PA =pulmonary artery). In the non-gated long

SE image (b: middle), the signal intensity of blood flow is nearly the same as that of the thrombus.
In the non-gated IR image (c: right), no blood flow is imaged, though the thrombus is clearly shown.
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Fig. 9. Sagittal images of a case with dissecting aortic aneurysm through the center of

the descending aorta.

In the non-gated short SE image (a: left), signal intensity of a mural thrombus (Th) is stronger
than that of blood flow in the false lumen of the descending aorta, and no blood flow images in the
true lumen are seen. In the gated SE image (b: middle), however, signal intensity of blood flow in the
false lumen is stronger than that of the thrombus. In the true lumen, there is no such image. In the
non-gated IR image (c: right), the signal intensity of the thrombus is greater, but the blood flow
cannot be imaged in the false lumen. The true lumen is not shown in this image.
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Fig. 10. Transverse images of a case with dissecting aortic aneurysm through the center
of the left ventricle.

The false and true lumina of the descending aorta are not distinguished by the end-diastolic SE
image (c: bottom left), but are easily distinguished by the non-gated short SE (a: top left) and the
end-systolic SE image (d: bottom right). The blood flow image and thrombus formation in the false
lumen may be distinguished by the nongated IR image (b: top right).
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Table 2. Left atrial blood flow and thrombi
imaged in non-gated short SE image
in 17 patients with mitral stenosis (top)
and blood flow in the thoracic and
abdominal aorta in 18 patients with
aortic aneurysm or dissecting aneu-
rysm (bottom)

1) Mitral stenosis (17 cases)

Thrombi + -
Flow
imaging ®) 12)
+ (8) 5 3
- 9) 0 9

2) Aortic aneurysm and dissecting aortic aneurysm

(18 cases)
‘ Thrombi + _
;é;;:\\\\\\ (13) ®)
+ © 9 0
- 9 4 5

There is good correlation between thrombus for-
mation and the presence of blood flow imaging.
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