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Abstract

To analyze the entire left ventricular wall motion, not the decomposed motion, nonlinear mathematical
techniques were used to describe graphically time series data for the left ventricular contraction. Time
series data of the left ventricular wall motion were recorded by M-mode echocardiography, and embedded
into three-dimensional phase space. The largest Lyapunov exponents, a measure of the rate of divergence
in phase space, were calculated to detect the sensitive dependence on initial conditions. The reconstructed
attractor of the left ventricular contraction showed a lower dimensional strange attractor, and calculation
of the Lyapunov exponents indicated sensitivity to initial conditions. These results suggest that time series
data of the left ventricular contraction show the characteristics of deterministic chaos. The chaotic system
can provide an intelligent and flexible control system. Our results suggest that the circulatory control
system, which mediates the cardiac contractility, may be a flexible dynamic compatible with deterministic

chaos.
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Fig. 1 Time series data for the left ventricular wall motion
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Fig. 2 Schematic illustration of the reconstruction technique in phase
space
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Fig.3 Autocorrelation function of the time series data of the left ven-
tricular wall motion
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Fig. 4 Return map of the left ventricular wall motion in a normal sub-
ject

Fig. 5 Reconstructed attractor of the left ventricular wall motion em-
bedded into the three-dimensional phase space
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Fig. 6 Lyapunov exponents calculated from the left ventricular wall
motion
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