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Summary

Digital subtraction angiography (DSA) has been adopted to detect ischemic myocardial areas and
to quantitatively evaluate the degrees of myocardial perfusion abnormalities. Subtraction for selective
coronary arteriography was performed sequentially between mask and enhanced images in the same
cardiac phases by means of ECG signals. We obtained three distinct perfusion phases which we termed
the arterial, capillary, and venous phases. Densitometry of the circumferential cardiac wall was per-
formed on these sequential images. The results were compared with 20!'T] myocardial scintigrams and
cine angiograms.

In the arterial phase, the abnormalities of the coronary artery, such as stenosis, obstruction and col-
laterals were represented. In the capillary phase, contrast materials served as markers of myocardial
perfusion and delineated infarctions as areas of low contrast enhancement compared to the normally
perfused myocardium. In the venous phase, the infarcted areas were represented as areas with greater
relative contrast enhancement than that of the normal myocardium. Circumferential analysis of per-
fusion could provide more detailed information about myocardial ischemic areas and the degrees of
ischemia.

Although we used invasive selective coronary arteriography, DSA techniques have numerous
merits such as excellent temporal resolution, spatial resolution, and good contrast resolution, over
conventional methods. Quantitative DSA methodology which we developed provided not only ana-
tomical information about the main coronary arteries but new information about abnormalities of peri-
pheral myocardial perfusion.
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—Ultrasound echocardiogram —
(BM/B+M1+M2)

Clinical lab.

(I leaspund Hisde) —Pulsed Doppler velocity —

signals (4 ch) Data recorder

(U-matic video tape Image display &

—Line address — — : i — processing terminal
‘ g%“z"sr)der' Sony N- (Graphica 1 5048)
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—X-ray video images tor, scan converter, ~ (YHP 1000 F)
etc.)

Fig. 1. Data flow of the system.

C) 10 Pixel D) 15 Pixel
Fig. 2. Determination of window positions and areas for densitometry.
Margins of the myocardial wall are delineated using track ball. Optimal densitometric area is
tested by changing the window size as 55 (B), 10 x10 (C), and 15 x 15 (D) pixel. The optimal size is
15 %15 pixel.
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Capillary phase

Fig. 3. Sequential contrast enhanced images.

Venous phase

Time delay images are represented sequentially as the arterial, capillary and venous phases.
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Fig. 4. Arterial phase.
Stenosis of the coronary artery is shown both in the conventional cine angiogram (left) and a DSA

image (right). Figures indicate the degree of stenosis (%).

Fig. 5. Capillary phase.
The low perfusion area in the apex is shown in the **'T1 myocardial scintigram (right). Decreased
contrast enhancement in the anterior wall to the apex is demonstrated in DSA (left).
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Fig. 6. Venous phase.
Pooling of the contrast material in the infarcted area
is shown.
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Fig. 7. Electrocardiogram of the case presented
in Fig. 3.
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Fig. 8. Circumferential analysis of perfusion
images in a normal case.

The relative changes of contrast enhancement cor-
responding to myocardial perfusion (capillary phase,
9 beats after contrast material injection) and wash-out
(venous phase, 14 beats after contrast material injec-
tion) are shown.

Low perfusion area in the inferior wall might be due
to the blood supply from the right coronary artery to
this area.
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Fig. 9. Circumferential analysis of perfusion
images in the case of Fig. 3.

Low perfusion area in the capillary phase (7 beats
after contrast material injection) is shown in the
anterior wall to the apex. Pooling of contrast material
in the venous phase (14 beats after contrast material
injection) is demonstrated in the same area.
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Fig. 10. The perspective image of circumfer-
ential curve in the case of Fig. 3.

Circumferential densitometric curves are displayed
sequentially. Relative density is represented by the
inversed pattern in this image.
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