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Fig. 1 ROI histogram obtained from a phantome experiment: a) six ROIs set on the
phantom image, b) six histograms corresponding to respective ROIs.
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Subtraction radioisotopic angiography ¢ JLRsf I O BRI IR 3

Fig. 2 Changes in the distribution of radioactivity on the isodensity curve image taken
by means of addition processing of the original sequential images on a phantom
experiment: a) three images obtained by adding five sequential frames in different
phases; (1) 4.0-5.0 sec., (2) 5.0-6.0 sec., and (3) 7.0-8.0 sec. after injection, b) three
images obtained by adding different numbers of the sequential frames from the
same frame; (1) 10, (2) 15, and (3) 25 frames.
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Fig. 3 Preliminary attempt at subtraction processing of the flow images: a) fundamental
subtraction of the upper stream in the flow image; (1) minuend image processed,
(2) image obtained by subtacting a subtrahend image which revealed the preceding
phase of the minuend image and (3) profile display of the subtraction image showing
the regional lower stream of the minuend image, b) subtraction of the lower
stream end; (1) image obtained by subtracting the above-mentioned minuend
image from a minuend image which revealed the following phase of the minuend
image, (2) image obtained by subtracting the former image from the above-
mentioned subtraction image, and (3) profile display of the subtraction image
showing the apparent regional stream.
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Fig. 4 Theoretical illustration of the appearance of artifact image in respect of different
distribution of radioactivity between minuend and subtrahend images: a) in
case subtrahend image was not processed with any correction factor, b) in case
processed with a correcting factor which was calculated by counts in the same

region of interest.

Dm, Ds, Dr, and Dn: distribution of radioactivity in minuend, subtrahend,
subtraction, and artifact image, respectively. Sr and Sn: residual (positive) and
negative radioactivity density in flow phase of subtraction and artifact image,
respectively. Cm and Cs: counts in the same region of interest on minuend and

subtrahend image, respectively.
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Fig. 5 Comparison of blood flow images between the sequential and subtraction images in anterior view: a) blood
flow images of the central circulation in a case of pulmonary stenosis; (1) sequential images, (2) subtrac-
tion image of the right heart and pulmonary arteries, (3) the pulmonary perfusion, (4) the left atrium, and
(4) the left ventricle and aorta, b) blood flow images of the abdomen in a case of small aneurysm of the
abdominal aorta; (1) sequential images, and (2) subtraction image of the kidneys and (3) the liver.
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Fig. 6 Subtraction image of dissecting aneurysm of the ascending and thoracic aorta:
a) minuend image, b) subtaction image.
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Fig. 7 Subtraction image of left renal cancer: a) minuend image, b) subtaction image.
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Fig. 8 Subtraction image of hepatoma in a case of liver cirrhosis: a) liver scintigram
using 99 Tc-phytate, b) subtraction image in early phase of hepatic perfusion,
and ¢) subtraction image in late phase of hepatic perfusion.
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Fig. 9 Subtraction image of hepatoma in posterior view: a) in early phase of hepatic
arterial perfusion, b) in late phase of hepatic arterial perfusion, and c) in further

late phase of hepatic perfusion.
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Fig. 10 Subtraction image of intracardiac shunt: a) in a case of interatrial septal defect;
(1) minuend image, (2) subraction image, b) in a case of tricuspid atresia; (1)
minuend image, (2) subtraction image.
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Summary

Fundamental and Clinical Evaluation of Subtraction
Radioisotopic Angiography

Kouhei SENDA, Tsuneo SASAKI, Atsushi MiSHIMA, Ken OHARA,
Kazuhito MATSUBARA, Hidetoshi KoBAYASHI, Osamu KA1, Tsuneo ISHIGUCHI,
Shinichi MASHITA, Satoru OHSHIKA, Yukihiro KopamMA and Shunji OKAE

Department of Radiology, School of Medicine, Nagoya University

Subtraction  processing of  radioisotopic
angiography with a medical minicomputer was
studied in order to improve the clinical usefulness
by demonstrating the regional blood flow com-
ponents selectively in the circulation system.
Methods for the processing were evaluated in
considering the changes in distribution of radio-
activity on original sequential images obtained
from a phantom experiment and clinical examina-
tions. Minuend and subtahend images, which
demonstrated different distribution in radio-
activity with sufficient counts, were prepared by
addition processing of original sequential images
in suitable phases before subtraction processing.
Image quality of the subtraction image obtained
was recognized to be affected by area of the
region imaged selectively, counts in each element
of the image and appearance of artifact. Several

procedures were devised to make the image quality
improve in practice. Artifact image was reduced
by processing subtrahend image with correction
factor which was calculated by a ratio of counts
in the same region of interest on both the minuend
and subtrahend image. In the clinical application,
the processing was able to show each ragional
component of the heart and great vessels and blood
flow image of the liver and kidneys so definetely
that lesions with abnormal blood flow in the
organs were disclosed more clearly than those
detected on the original images. It was especially
significant that a regional blood flow component
in the organ such as shunt in the heart or different
blood flow phase in the liver was clearly visualized.

Key words: Radioisotopic  angiography,
Subtraction processing.
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