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Summary

Short-axis cross-sectional images of the left ventricle at the levels of the mitral valve, papillary
muscles and apex were recorded on video tape by using a phased-array sector scanner. Endocardial
and epicardial outlines of the cross-sectional left ventricular wall were determined automatically by
a computer tracing process including digital image processing system.

Short axis cross-sectional left ventricular walls of upper-, middle- and lower parts of the left ven-
tricle were divided into eight segments, the center of gravity of end-diastolic left ventricular cavity
being used as the reference point. Various parameters such as segmental radius, segmental wall
thickness, cross-sectional area, left ventricular circumference and those changes during the cardiac
cycle were determined in eight segments at three levels of the left ventricle.

Regional contractility of the left ventricular wall was evaluated by systolic shortening of segmental
radius and systolic thickening of segmental wall thickness. Contractility and pumping function of
the overall left ventricle was assessed by shortening velocity of left ventricular circumference and
fractional changes of cross-sectional area at three levels of the left ventricle. These were significantly
and diffusely reduced in a patient with congestive cardiomyopathy (CCM), contrasting with a normal
subject. Systolic changes in segmental radius and segmental wall thickness were significantly reduced
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in infarcted myocardium.

Digital image processing system and segmental analysis of the left ventricular short-axis two-
dimensional echocardiogram are very useful to evaluate the regional contractility of the left ventricle,
quantitatively and automatically, especially in patients with myocardial disease including CCM and
myocardial infarction with left ventricular asynergy.
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Extraction of candidates for points on outlines

Extraction of points making up convex figures

Approximation of outlines by spline curve

Calculation of parameters

Fig. 1. Block diagram of the computer image processing of the two-dimensional echo-

cardiogram.
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Fig. 2. Digitization of video signal and its dis-
play on CRT.

Fig. 3. Edges determined by computer trac-
ing of echo-signals, superimposed on the origi-

nal two-dimensional echocardiogram.
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Fig. 4. Edges determined by logical product
of dynamic thresholding and computer edge
detection.

Fig. 5. Edges determined by computer trac-
ing after region growing and filling small holes.
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Fig. 6. Extraction of candidates for points on
outlines of the cross-sectional left ventricular
wall, automatically by a computer.

Fig. 7. Approximation of outlines by Spline
curve, after extraction of points making up
convex figures.

+ : the pivot of sector beam and the center of grav-
ity of the left ventricular end-diastolic cavity.
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Fig. 8. Schema of measurement.

(1): inner radius (dimension from G to endocardial
echo); (2): outer radius (dimension from G to epi-
cardial echo); (3): wall thickness; P=the pivot of
sector beam; G=the center of gravity of the LV end-
diastolic cavity; S1-S8=eight myocardial segments.
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Table 1. Calculations of parameters automati-
cally by a computer

Changes

Fractional changes )in segmental radius
Velocity of changes

Changes

Fractional changes )in segmental wall thickness
Velocity of changes

Changes
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Fractional changes )in LV circumference
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Fig. 9. Changes in the radius to one segment
(S6) of the LV posterior wall at the mid-LV level
plotted every 33 msec automatically in a normal
subject. Time 0.00 is end-diastole.

O: inner radius (1) as shown in Fig. 8; A: outer
radius (2) as shown in Fig. 8.
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Fig. 10. Changes in a segmental wall thick-
ness of the LV posterior wall (S6) plotted every
33 msec in a normal subject.
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Fig. 11. Changes in LV cross-sectional area of
the middle part of the left ventricle plotted
every 33 msec in a normal subject.

QO: cross-sectional endocardial area of the left ven-
tricle; A: cross-sectional epicardial area of the left
ventricle.
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Fig. 12, Changes in LV circumference of mid-
dle part of the left ventricle plotted every 33 msec
in a normal subject.

O: endocardial circumference of the left ventricle;
A: epicardial circumference of the left ventricle.
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Fig. 13. Changes in the radius to one segment
(S6) at mid-LV level plotted every 33 msec auto-
matically in a patient with CCM and LV wall
thickening.

These changes are significantly reduced in contrast
with a normal subject.

O: inner radius (1); A: outer radius (2).
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Fig. 14. Changes in a segmental wall thick-
ness (S6) in a patient with CCM and LV wall
thickening, which shows a significantly reduced
in contrast with a normal subject
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Fig. 15. Changes in LV cross-sectional area of
middle part of the left ventricle plotted every
33 msec in a patient with congestive cardio-
myopathy (CCM).

Q: cross-sectional endocardial area of the left ven-
tricle; A: cross-sectional epicardial area of the left
ventricle.

These changes are significantly reduced in contrast
with a normal subject.
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Fig. 16. Changes in LV circumference of mid-
dle part of the left ventricle plotted every 33
msec in a patient with CCM.
O: Endocardial circumference of the left ventri-
cle; A: Epicardial circumference of the left ventricle.
These changes are significantly reduced in contrast
with a normal subject.
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Fig. 17. Changes in two segmental radii, one of which shows the largest systolic short-
ening and the other shows the smallest one, in each of a normal subject, a patient with
CCM and a patient with posterior myocardial infarction.

Normal subject: The segmental radius of S4 shows the largest shortening and that of S8 shows

the smallest one.

Case 1 with CCM: The segmental radius of S3 shows the largest shortening and that of S1 shows
the smallest one, both of which are significantly reduced in contrast with a normal subject.

Case 2 with posterior myocardial infarction: The segmental radius of S6 (infarcted myocardium)
shows no changes or systolic increase in contrast with that of S3 (normal myocardium) which shows

systolic shortening.
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