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Figurel Finger plethysmogram (a) and its attractor embedded into a three-dimensional state-space (b). X(n)
indicates the n-th observation. Lag time is 150ms (=30 data points).
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Figure2 Three different types of plethysmogram
analyzed.

(a) the sclerotic wave, observed typically in atheroscle-
rosis, (b) the contracted wave (upper), observed typi-
cally in sympathicotonic status and akin to the scle-
rotic wave, but returned to normal waveform (lower)
by pressure plethysmography, (c) the normal wave.
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Figure 3 Calculation of correlation dimension.

(a) log C(r)-log r plots in each embedding dimension (m=1
to 10), (b) when the slope of linear potion of each plot con-
verges into a constant as the m increases, the value of the
constant is correlation dimension.
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Correlation Dimension
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Figure4 Correlation dimension (a) and Lyapunov exponent (b) in each plethysmogram. Means were compared by

the Kruskal-Wallis test with Bonferroni correction.
*:P<0.01, 1 ,%,8 :P<0.05.
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Figure5 Relationship between correlation dimension and
Lyapunov exponent in each individual. Each ellipse indicates
a 95 percentile area.

N: normal wave, S: sclerotic wave, C: contracted wave.
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Clinical Significance of Non-linear Analysis of Finger Plethysmogram Using
the Correlation Dimension and Lyapunov Exponent

Kenichiro Shimizu™**, Nobuyoshi Hirose™
* Health Care Center, Shokochukin Bank, Tokyo, Japan.
** Division of Geriatric Medicine, Department of Internal Medicine,
Keio University School of Medicine, Tokyo, Japan.

Key wor ds: Finger plethysmogram, Non-linear analysis, Correlation dimension, Lyapunov exponent

We investigated the clinical significance of non-linear analysis of finger plethysmogram using the correlation di-
mension and Lyapunov exponent. Three different types of pulse wave data were analyzed; (1) the sclerotic wave which
is observed in atherosclerosis, (2) the contracted wave which is akin to the sclerotic wave and observed typically in
sympathicotonic healthy subjects, but is reversible due to functional vaso-constriction, and (3) the normal wave. The
correlation dimension for the sclerotic wave and contracted wave was significantly lower than that for the normal wave
while the Lyapunov exponent for the sclerotic wave was significantly lower compared with other two waves. Consider-
ing that the sclerotic wave reflects organic changes of arterial wall and the contracted wave represents functional changes,

the combination of correlation dimension and Lyapunov exponent may be useful for evaluation of vascular nature.
(J. Jpn. Coll. Angiol., 2003, 43: 609-614)
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