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Computer-aided system
analyzing left ventricu-

#r lar volume by real time
cross-sectional echocar-
diograms
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Summary

A computer-aided system was developed, which calculates left ventricular volume, major axis and
minor axis, non-invasively from real time cross-sectional (two-dimensional) echocardiograms. Linear
scan and sector scan cross-sectional echocardiograms were recorded on 35 mm cine-film at 19 frames/
sec and 22 frames/sec, respectively. Each cine-frame is digitized with sonic pen system, and left ven-
tricular volumes and axes were calculated according to the area-length method. Results were stored in
the moving head disc, listed on the printer and plotted on the X-Y plotter.

Eight cases were studies by this system and the results were compared with those analyzed by
cine-angiocardiograms. The former were smaller than the latter, but their correlations were good.

Problems of this system were discussed. First, the improvement of the echo-system to record cross-
sectional echocardiograms of better quality is considered to be the most necessary to obtain more ac-
curate results. Second, the two-dimensional echocardiogram is a cross sectional view of the left ventricle
and angiocardiogram is a projectional one. This methodological difference is the prime reason why
the volumes obtained from cross-sectional echocardiograms are smaller than those obtained from angio-
cardiograms. Third, from our experience, sector scan is better for the volume study than linear scan
cross-sectional echocardiograms.
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Fig.1. Hardware of the system.
Real time corss-sectional echocardiograms are recorded on 35 mm cine-films, which are analyzed
with the computer-aided system.
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Fig. 2. Sector scan echocardiogram recorded on 35 mm cine-film at 15 frames/sec.
This frame shows early diastole. Ao: aorta, LA: left atrium, LV: left ventricle.
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Fig.3. Linear-scan echocardiogram recorded on 35 mm cine-film at 19 frames/sec.
This frame shows diastole. Ao: aorta, LA: left atrium, LV: left ventricle.
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Fig. 4. Software of the system.

Left ventricular volumes and axes are calculated by
either M-mode or cross-sectional echocardiograms.
After calibrating the magnification, left ventricular
volumes and axes are calculated and stored in the mov-
ing head disc. Results are listed on the printer and
plotted on the X-Y plotter.
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Fig.5. Comparison of the results calculated from cross-sectional echocardiograms with

cine-angiocardiograms.

ED: end-diastole, ES: end-systole, r: correlation coefficient.
a) Left ventricular volume. Solid line indicates the regression equation at end-diastole and dotted

line that at end-systole.
b) Minor axis. c) Major axis.
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Fig.6. Comparison of the results calculated
from M-mode echocardiograms with those cal-
culated from cine-angiocardiograms.

Solid line shows regression equation and dotted one
the median line. Volume (a, b), major axis (c, d) and
minor axis (e, f) are compared at end-diastole (a, c,
e) and end-systoler (b, d, f).
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Table 1. Problem list

1. Real time cross-sectional echocardiogram
1) Quality of the echocardiogram
a) The limitation of the beam width, focus and resolution
b) The detection of endcardium and apical region
2) The distortion of the picture
3) Time required to make one picture of the tomogram
4) The position and the direction of the echo beam

a) The detection of the left ventricular axes and apex

b) The movement of the heart during a cardiac cycle

2. Cine-system
1) Film rate

2) Quality of the picture of a frame

3) Noise from the cine-camera

4) Distortion

3. Digitizing the echocardiogram

1) Resolution capacity of the digitizer

2) Problems of tracing

a) Mitral valve and papillary muscle

b) Endcardium and apical region

4. Volume calculation

Mathematical assumptions included in the area-length method

5. Comparison of the results with those obtained from angiocardiography

6. Age

The problems of the system are listed along the course of volume analysis
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