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Abstract: New methods

of non'linear

dynamics

(NLD) were compared with traditional methods of heart

rate variability (HRV) in order to improve

the

reliability of cardiac patient classification. Long term
ECG's were recorded from a high risk group after
myocardial infarction (MI) and from patients with
Dilated Cardiomyopathy (DCM). Applying discriminant
function techniques on HRV analysis the parameters of
non-linear dynamics (symbolic dynamics and
renormalized entropy) differentiate between healthy
persons and high risk patients in 96Vo respectively.
l00%o while time domain and frequency domain
parameters only in less than 90Vo. The combination of

parameters

from all domains and a

stepwise

'LF', 'HF' in absolute and normalized units as well as the
ratios 'LF/HF', 'LF/P' ('LF' divided by the total power),
(ULF+VLF+LF)/P' and '(ULF+VLF)/P' were calculated [1,
31. The spectra were estimated by use of the Fast Fourier
Transform. To avoid the 'leakage' effect a Blackman Harris
window function was applied.
Non-linear dynamics

Symbolic dynamics, as an approach

calculated from the distributions

(l00Vo).

measures

Several time-domain measures of HRV have been
applied for clinical and limited research purposes. These
measures take little time to calculate but they provide only
an overall HRV measure. Spectral analysis of the RR time
series, which expresses HRV as a function of frequency, is a
better representation of the different physiological sources
of the heart beat generation. However, a precondition for
applying spectral analysis is a strong periodicity of the
numerous superimposed short and long-term physiological
oscillations. Neither the traditional techniques of data
analysis in time and frequency domain, nor the most
popular statistics in chaos theory, the fractal dimension, are
suitable to characterize the dynamics of the heart beat
generation. Therefore we conducted this study to investigate
the hypothesis that methods of non-linear dynamics could
improve the accuracy of HRV analysis and lead to
classification of cardiac diseases.

METHODS

investigate

given alphabet. The Shannon and Renyi

discriminant function separate these groups completely
INTRODUCTION

to

complex systems facilitates the analysis of dynamic aspects
of the HRV. The concept of symbolic dynamics is based on
a coarse-graining of the dynamics [2,3].The time series are
transformed into symbol sequences with symbols from a

of

entropies

words are suitable

for the complexity in the time series. A high
percentage of words consisting only of the symbols '0' and
'2' is a measure for decreased HRV, conversely a measure of
increased HRV would consist of a high percentage of all
words which contain the symbols '1' and '3'.

A

further

measure of symbolic dynamics is the parameter 'wsdvar'. It
measures the variability of the time series depending on a
word sequence. Last, we counted the 'forbidden words' in

the distribution

of words with length 3 (the

number of

words which seldom or never occur).

The renormalized entropy

is a

relative complexity

measure, in which one can only measure the complexity of
any state in relation to a reference state. Two 30 minutes
tachograms were compared, one of the two tachograms is

set to be the reference state (renormalization),
corresponding to the most disordered frequency distribution
of a healthy person's tachogram [3]. The difference of both
Shannon entropies is a measure of complexity.
Statistics

We applied advanced statistics based on discrimination
functions to assess the reliability of HRV analysis methods.
Hierarchical cluster analysis as well as the stepwise method
were executed with SPSS.

Patients

Simultaneous 30 minutes high resolution ECG's and
long term ECG's were recorded from 26 catdiac patients
after myocardial infarction (MI). They were devided into
two groups depending upon the electrical risk, a low risk
group and a high risk group. The control group consisted of
35 healthy persons (group 1). Further on a group of 18
patients with DCM wuts compared with a subgroup of the

RESULTS AND DISCUSSION

Applying stepwise methods of discrimination function
calculation a subset of 19 parameters wits created which
separated healthy persons from high risk patients and from
DCM patients. The composition of this subset wils as
follows: 6 time domain measures, 7 frequency domain

controls.

measures and 6 NLD measures. Separate analysis of time
domain and frequency domain parameters proved that none

Time and frequency domain

of them could lead to a complete discrimination of the
different patient goups. Figures l-3 show the results of the
time domain, frequency domain or NLD parameters in
DCM classification. While the time domain and the

From the time domain usual applied parameters [1] and
the Shannon and Renyi entropies of the histogram (density
distribution of the NN-intervals) have been calculated[2J. In
the frequency domain the frequency bands 'LILF', 'VLF',

frequency domain parameters lead to a misclassification of
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more than lOVo, the measures of NLD could just separate all
patients.
Further on it can be shown that the HRV analysis based
on a combination of the time domain, the frequency domain,
and NLD optimizes the discrimination between the control
group and the DCM patients (Figure 4) as well as between
high risk patients and controls (Figure 5).
The method of symbolic dynamics is a useful approach
for classifying the dynamics of HRV. By means of this

method, the inner motions

which clearly go well beyond the findings of Holter's
classical anhythmia analysis.
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of the time series can be

I

investigated. Parameters of the time and the frequency
domain often leave these dynamics out of consideration.
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Figure 4: Results of differentiation between DCM patients
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and controls (detection
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pathological abnormalities)

applying methods of HRV all domain analysis on the basis
of discriminant function technique.
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l: Results of differentiation between DCM patients
and controls (detection of pathological abnormalities)
applying methods of HRV time domain (td) analysis the
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basis of discriminant function technique.
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Figure 5: Results of risk stratification (detection of
pathological abnormalities) applying methods of HRV all
domain parameters analysis on the basis of discriminant
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function technique.
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The classical methods of the time domain HRV analysis
in classification of complex rhythm
changes. However, the frequency domain measures and
especially the introduced methods from NLD are highly
accurate for classifying different pathological states.
The primary results of this study show the effectiveness
of NLD methods in the analysis of heart rate variability. It
also shows the advantage of combination with other HRV

are less accurate
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Figure 2: Results of differentiation between DCM patients
and controls (detection of pathological abnormalities)
applying methods of HRV frequency domain (fd) analysis
on the basis of discriminant function technique.

methods from the time and the frequency domains to
improve the precision of cardiac disease classification.
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Figure 3: Results of differentiation between DCM patients
and controls (detection of pathological abnormalities)
applying methods of HRV NLD parameters (nld) analysis
on the basis of discriminant function technique.
The HRV analysis provides, as a non-invasive

diagnostic tool, important prognostic information on the
individual risk following the survival of an acute infarction,
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