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Summary

To quantify left ventricular (LV) regional wall motion using two-dimensional echocardiography,
reference points such as the center of left ventricular gravity or an intersecting point of radial grids were
conventionally used, assuming that they were near or at the center of L'V contractile motion. However,
since the L'V does not contract homogenously, their positions might be quite different. Endocardial high
density spots in two-dimensional echocardiograms were used as markers for LV regional wall motion,
and we determined the center of LV contractile motion (C) at papillary muscle level in the parasternal
short-axis view for 10 normal subjects (control group) and eight patients with aortic regurgitation (left
ventricular volume overload; LVVO group).

In one subject, each of six endocardial high density spots extracted from different L'V regions, and
were traced frame by frame throughout one cardiac cycle using a video motion analyzer, and their
systolic movements were shown by six vectors. Using the method of least squares, the point of con-
vergence of vectors (C) was determined from the point toward which the six vectors were directed. The
LYV centers of gravity at end-diastole (Ged) and at end-systole (Ges) were also determined by tracing
the endocardial surface on video frames. The distributions of C, Ges, and Ged were compared.

In the control group, point C was at the point 35%, distant from Ged toward the middle of the
interventricular septum (IVS). Ges deviated from Ged in the same direction as point C, but the distance
was one third of C (119,). In the LVVO group, the distribution of Ges referred to Ged was similar to
that of the control group, however, point C was closer to Ged, since its deviation was 169, of the radius.

These results suggest that point C, which is determined by the directions of regional wall motion,
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reflects the contractile pattern of the whole LV. This might be termed the center of LV contraction. Using
it as a reference, we were able to obtain more accurate quantitative data about LV regional wall motion.
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Fig. 1. An example of echocardiographic image played back by video motion analyzer.

The arrows show endocardial high density spot which can be identified throughout one cardiac
cycle. We considered it a marker of regional wall motion of the left ventricle. From end-diastole to
end-systole, its position was traced on every video frame. The systolic motion of these markers presents
a vector, as shown in Fig. 3.
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Fig. 2. Regional segmentation of the left
ventricle.
The left ventricular wall in the parasternal short-
axis view is divided into three segmental regions.
Ged =center of gravity at end-diastole.

—————
- s~q
~

Fig. 3. Left ventricular regional wall motion
represented by six vectors.

Each vector shows the regional wall motion during
systole. To assess total systolic motion of the left
ventricle by these vectors, the point of convergence of
the vectors (C), toward which the six vectors direct
with the least error, is determined using the method
of least squares.

...: endocardium at end-diastole; —: endocardium
at end-systole; S=septal; AL =anterolateral; IP=
inferoposterior.

Ymm

<
<

Xmm

Fig. 4. Definition of X-Y rectangular and
R-0 polar coordinate systems.

For calculation and presentation, the left ventri-
cular center of gravity at end-diastole (Ged) is defined
as the reference of both systems. Y-axis and a base
line of 0 direct toward the probe on the chest wall.
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Table 1. Left ventricular dimensions of the two groups

Group glo;xtlr(c)))l
Age (y.o.) 33.8+21.7
Sex (male/female) 3/7
End-diastolic diameter (mm) 44.3+5.8
End-systolic diameter (mm) 26.2+5.4
End-diastolic volume (ml) 91.1+28.1
End-systolic volume (ml) 26.7+14.3
LV ejection fraction (%) 72.1+6.3

LV volume overload

(n=8)
52.5+19.7 N.S.
8/0
63.0+3.3 p<0.001
39.946.6 p<0.001
201.8+23.8 p<0.001
71.4+24.5 p<0.001
65.1+9.9 N.S.

N.S. =not significant.
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Table 2. Vector length and error angle in the three left ventricular segmental regions

Control

Segmental region n  Vector length (mm)

Error angle (°)

LV volume overload

n Vector length (mm) Error angle (°)

Septal

11.748.9—— 16

20 6.9+1.2=——— 9.342.0—— 7.9+44=——
p<0.001 N.S. N.S. N.S.
Anterolateral 20 8.6+2.0— p<0.01 9.6+54=— N.S. 16 10.6+21— N.S. 7.6+59= N.S
N.S. N.S. N.S. N.S.
Inferoposterior 20 8.1+1.9— 9.6+6.7— 16 10.4+2.1—"| 5.8+4.7— |
Total 60 7.84+19 7.1+£50

10.3+7.1

An error angle is defined as an angle between the direction of a vector and the direction from its starting (end-

48 10.1+2.1

diastolic) point to point C. In the control group, vector lengths of the septal region are shorter than those of the other
regions. In contrast, vector lengths in the LVVO group are the same in all regions. As to error angles, there are
no significant differences in all the three regions of the two groups.

R Y110
* 15mm
-10 -5 Ged 5mm
-5 o :pointC
o : point Ges

Fig. 5. Distribution of point C and Ges to Ged
in the control group.

Point C is defined as in Fig. 3. The left ventricular
centers of gravity at end-diastole (Ged) and at end-
systole (Ges) are determined by tracing endocardial
margins. C is shown by a closed circle, and Ges by an
open circle. When Ged is chosen as a reference point,
both C and Ges are similarly deviated toward the
interventricular septum, however, the distance from
Ged to C is approximately three times longer than
that to Ges.

Y. [‘10
5mm
. . , X
-10 -5 Ged Smm
+-5 a :point C
2 : point Ges

Fig. 6. Distribution of point C and Ges to Ged
in the group of left ventricular volume over-
load.

C is shown by a closed triangle, and Ges by an open
triangle. The distribution of C to the reference point
Ged is not so uniformly deviated in the direction of
the interventricular septum in contrast to that of Ges.
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Fig. 7. Distribution of Ges to Ged in the two
groups.

Comparing the distributions of point C, Ges and
Ged in the two groups, the distances from Ged to C
and Ges are normalized for the end-diastolic radius
of the left ventricle. In spite of the difference in left
ventricular size in the two groups, the distributions
of Ges to Ged of these groups are same. The
symbols are the same as in Figs. 5 and 6.
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Fig. 8. Distribution of point C to Ged in the
two groups.

The deviation of C to the reference point Ged is
much smaller in the group of left ventricular volume
overload than in the control group. The symbols are
the same as in Figs. 5 and 6.
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