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Summary

To quantify regional wall motion of the left ventricle with two-dimensional echocardiography,
the motion of an endocardial surface point in echocardiograms was analyzed throughout systole on
frame by frame using video motion analyzer. With a fixed external reference system and in the
“ 69% point (C) ”’ by Ingels et al, the motion vector (M) of a point was expressed in two components;
the contracting component (_?) directed toward the point C, and the component vertical to it, the shearing
component ()?)

In the control group, the magnitude of M and its contracting component were widely varied with
the location along the endocardial surface (5.6+1.6, 5.0+1.5 mm in the apex, 10.9+2.2, 10.44-2.0
mm in the inferior base, p<0.001 and p<0.001, respectively). The shearing component and the angle 6
at which M and ?meet, showed narrow normal ranges (1.9+1.4 mm, 15.14+11.2°), and were independent
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of their locations.

In the ischemic group, however, the points of non-ischemic regions showed low values of ¢ (14.9
+8.9°), which were not significantly different from those of the control group, while the points of
ischemic regions showed high values of § (over 2SD of the control group). The distribution of these
points with abnormal § values was well correlated to that of the segments with asynergic motion
evaluated by both real-time two-dimensional echocardiography and left ventriculography (p<0.001 and
p<0.001, respectively). '

These results suggest that this new approach with quantitative echocardiography is sensitive and
specific for the assessment of regional wall motion of the left ventricle and may provide accurate clinical

information for the evaluation of ischemic heart disease.
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Fig. 1. An example of analized points in two-dimensional echocardiograms.

The photographs show apical long-axis view of the left ventricle in two-dimensional echocardio-
grams at end-diastole (left panel) and at end-systole (right panel). The arrows show analysed points
on the endocardial surface of the left ventricle, which could be identified throughout a systole and

is considered as a marker of regional wall motion.
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Fig. 2. Vector system to show the systolic motion of a endocardial target point.
A) During systole, a target point on the endocardium moves from the point at end-diastole, PED,

Y
to the point at end-systole, PEs, in the fixed external reference system. A vector M, defined as the

i
motion of the target point during systole, is expressed in two components; a vector Y, which is directed

toward point C, and a vector i, which is vertical to a vector_Y:. A vector M and a vector?meet at an
angle, 0§ (degree). Scalars of the vectors 1\7f, )_(: and ? are presented as L, }_(: and ?, respectively.

B) Point C is defincd as the point 69% of the distance from the anterior edge of the aortic valve
to the left ventricular apex at end-systole (Ingels et al'¥).
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Fig. 3. Regional segmentation of left ventricle.

The left ventricular wall is divided into 5 segmental
regions in apical long-axis view of two-dimensional
echocardiogram.
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Table 1. Regional segmentation of two-
dimensional echocardiogram com-

pared with left ventriculogram

Two-dimensional Left
echocardiogram ventriculogram
Anterior base Segment 1
Anterior middle ” 2
Apex ” 3
Inferior middle ” 4
Inferior base ” 5

The left ventricle of apical long-axis view in echo-
cardiograms is divided into 5 segmental regions as
shown in Fig. 3, which are matched to those of left
ventriculograms in RAO 30° by AHA classification.
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Fig. 4. Examples of the vector analysis.
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A case in the control group is shown on the left panel. The schema of apical long-axis view
indicates that all 8 endocardial target points move toward the inside of the ventricular cavity during
systole. The vectors are directed toward the Y axis, being convergent around the point C.

A case of old anteroseptal myocardial infarction is illustrated on the right panel. The vectors
of the apical and anterior segment do not direct toward the center of the cavity, without conver-
gence to point C. Note that the values of ¢ are high.
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Table 2. Summary of parameters in the control group

Segmental Anterior Anterior Apex Inferior Inferior Total
region base middle middle base
\~,
Parameter n=13 n=20 n=20 n=23 n=12 n=88
|X] (mm) 1.6+1.2 1.6+1.0 2.3+1.1 2.0+1.2 2.0+2.7 1.9+1.4
*% *kk
**k \ I K%k .
Y (mm) 9.4+1.4  7.3+1.7 5.0+1.5 8.141.7  10.4+2.0 7.7+2.4
[} |
|
*
18] (degree) 9.5+7.3 13.2+8.6 25.8+11.1 14.0+9.5 10.1+12.8 15.1+11.2
o *% *kk
* %k
I ] I |
L (mm) 9.6+14 7.6+1.6 5.6+1.6 8.44+1.6 8.0+2.5

10.9+2.2
|

*%k

*%k

* p<0.05, ** p<0.01, *** p<0.001.

Table 3. Number of abnormal points in the
ischemic group

. Abnormal points (n)
Examined (]0] >mean+2SD
of the control group)

Case points (n)

15
10
11
12
13
11
10
12
11
10

O 00NN W=
=)}

T T N N N S -

—
(=

Total 115

»
«

The abnormal point is defined as the point with
value of @ over 2 standard deviations of the control

group.
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Fig. 5. Distribution of the parameter 6 in the control and ischemic groups.

In the control group, the values of # were distributed in a narrow range at low end, and only 3
points showed 6 over 2 standard deviations. In the ischemic group, however, the distribution
of @ was wide and 439% of the points had values over 2 standard deviations of the control group. Other
points showed the similar distribution as the control group.
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. Asynergic myocardial segment by UCG
* . Abnormal point by vector analysis.
( 181> mean +2SD of control group )
Fig. 6. Correlation of distribution of abnormal points evaluated by the motion vector
analysis and that of asynergic regions evaluated by real-time two-dimensional echocardio-
gram in the ischemic group.

The abnormal point by the vector analysis is defined as the point with # over 2 standard deviations
of the control group. Note that the correlation is fairly good.
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Fig. 7. Correlation of distribution of abnormal points by the motion vector analysis and
that of asynergic segmental regions evaluated by left ventriculogram in the ischemic

group.
The abnormal point is the same as Fig. 6.
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