A Nuclear Study on the Quantitative Assessment
of the Left Ventricular Wall Motion by the Use of
New Three-Dimensional Contraction Paramenters
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Fig.1. Three-dimensional representation of the
left ventricular image. LV, left ventricle; Ao,
Aortic arch.
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Fig.2. The three-dimensional distance between
the edge point (P) and the LV centroid (G) is
obtained using the equation (1) in the text.
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Fig.3. The co-ordinates pair (I]’) of the edge
point (P’) in each frame is obtained using the
equation (3) and (4) in the text to have the same
solid angle with the edge point (P) in end-dias-
tolic frame.
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Fig.4. Segmentation of left ventricle by 30 degree
to 12 fan-shaped regions. Segment 1 include the
mid-point of the aortic valve plane and the
segment number is increased from 1 to 12,
clockwisely.
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Fig,5. 360 degree circumferential profile histo-
gram of phase image in the patient with inferior
myocardial infarction. Normal ranges (mean=+
S.D) in each segment are indicated by white
column and patient data (mean+S.D.) are indi-
cated by striped column. Abscissa, segment
number ; Ordinate, phase value in degree.
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Fig.6. Block diagram of the orginal cardiac
dynamic phantom controlled by a microcomputer
(HP9836).
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Time course of one contraction cycle

Fig.7. Observed volume curves of the cardiac
dynamic phantom in various ejection fraction
values. A EF=20%; BEF=40% ; C.EF=60%.
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Fig.8. Theoretical representation of a ball image.
In an ideal image, the slice count curve corres-

ponds to ball vertical diameters. A,Ball; B,
Ideal slice count curve,
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Table 1. Classification of cases

Group Case
Dyskinesis 11
Akinesis 16
Hypokinesis 16
Normokinesis 45

Total 92

Male, 61; Female, 31; Age, 28-70 (Mean, 55. 2).
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Slice count curve

Fig.9. Observed slice count curve and ideal curve
of a ball filled with *"Tc solution. Largest cell
count of the ball image is 300. Observed slice
count curve is indicated by a broken line. Ideal
curve is indicated by a solid line.
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Fig.10. Corrected mean square error (CMSE) of a
ball image in various largest cell count. CMSE
is obtained by the following equation, CMSE=
(EE(M;—my;)?)/(Total count)?, where M, is cell
count of the ball image and my; is cell count of the
ideal image.
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Fig.11. Comparison of the volume curve derived

from image data and the true volume curve (EF=

609%). Observed curve is indicated by a solid

line. True curve is indicated by broken line.

Correlation coefficient between the volumes of

two curves is 0.9829,
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Fig.17. Comparison of ROC curves of each functional image between new three-dimensional and
conventional method. Abscissa, false positive rate (%) of each functional image ; Ordinate, true positive

rate (%) of each functional image.
solid lines.

The curves of three-dimensional parameter images are indicated by
The curves of ordinary parameter images are indicated by broken lines.

A Regional ejection

fraction (EF) and shotening fraction (SF) image ; B,Phase image ; C,Regional third EF and third SF image
D, Regional third filling fraction and third extension fraction image.
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The curves of the dyskinetic group are

A Regional ejection fraction (EF) and shortening fraction (SF) image ; B,Phase

image ; C,Regional third EF and third SF image ; D.Regional third filling fraction and third extension

fraction image.
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Abstract

The purpose of this study is to improve the diagnostic reliability of radionuclide angiocardio-
graphy (RNA) for analysis of the left ventricular wall motion by the use of a new computer
image processing technique, three-dimensional image conversion method. RNA has been used as
a noninvasive assessment of cardiac contraction in ischemic heart disease. Functional image is
composed of functional parameters in pixel-by-pixel basis, which are calculated from pixel
time-activity curves throughout the cardiac cycle. However, because of its poor image quality,
the method is not so reliable as compared with contrast ventriculography. This is due to the
facts that the relationship between the moving regional wall and the fixed matrix of nuclear
image is variable throughout the cardiac cycle and functional parameters of each matrix are not
quantitative to assess regional contraction. The author took note of the fact that the nuclear
image had three-dimensional information, and developed a new method to assess the change of
three-dimensional distance between the regional wall and the left ventricle throughout the
cardiac cycle. A multicrystal gamma camera was used to obtain good quality images of the left
ventricle in a long-axis view. The ability of this camera to regenerate cardiac wall motion on
three-dimensional image space was examined using a ball phantom and a cardiac dynamic phan-
tom controlled with a microcomputer. Error of cardiac image of this method was about 3%
and a high correlation coefficient of 0.9829 was obtained between the observed volume curve
and the true volume curve. The accuracy of the three-dimensional image conversion method was
examined by the computer simulation technique. In computer model, the three-dimensional
functional parmameters in each matrix over the left ventricle were almost equal to theoretical
values. In 92 cases with possible ischemic heart disease which underwent RNA and contrast
ventriculography, functional images of new three-dimensional parameters were generated and
estimated their clinical reliability using receiver operating characteristic analysis of 360 degree

circumferential profile -histogram. The sensitivity and specificity of the regional shortening
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fraction (SF)image were 87.2% and 86.7%, those of the phase image were 78.7% and 88.8%, and
those of the third extension fraction (EXF)image were 83.9% and 71.1% respectively. Diagnostic
accuracy became higher as severity of wall motion abnormality increased. Thus, in comparison
with ordinary functional images, diagnostic reliability of RNA was greatly improved by the new
functional images about magnitude of regional contraction including regional SF image, regional
third SF image and regional third EXF image.



