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Abstract: Pattern entropy is a new simple complexity
measure of nonlinear analysis. Statistical properties of
pattern entropy of large sets of nonstationary data like
RR intervals provide a good tool to examine both local
and global time properties of such data.
INTRODUCTION

We can extinguish trvo main groups methods used
previously to examine HRV. Frequency-domain methods
are based on the Fourier Transform while in time-domain
analysis statistical properties like the standard deviation of
RR intervals or PNN50 are used. Both groups put stress on
global properties of HRV or treat the data as a series of
stationary windows. Local events such as arrythmiae make
methods based on Fourier transform not entirely suitable

for HRV analysis. Nonstationarity of the RR signal is

a

fact. Recently an attempt has been made to examine HRV

with a new tool capable of describing the local dynamical
properties of HRV: pattern entropy PE [1,2]. Records of
ea. 100,000 RR intervals, extracted from 24-hour ECG
tapes, processed by commercial software were used as
data. Records of 200 patients were used, including 40 normals and 57 sudden cardiac death cases. 15 of sudden
death cases had their age, sex and disease matched
pairs. The data characteristics is fully described in IU.

group of patients that had undergone cardiac arrest (CA)

and their control pairs t2). Also the average of CPE
exhibits also strong correlation with the tonus of the
sympathetic nervous system, estimated for the patients
with dilated cardiomyopathy by measuring the level of
norepinephrine [3]. Some of the histograms for CA cases
had a typical p€ak at about 4000 entropy value, the
presence of which was found to be correlated with poor
prognosis for such individuals [a]. The influence of the
change of the window length on the histogram shape was
also studied [5].

The aim of this paper is to discuss statistical properties
PE of 24-hour RR intervals sequences.
This represents some details of a larger research program
of HRV analysis, outlined in IU.

of

RESULTS

The probability density plots for time series of PE for a
majority of cases, has the form of Poisson-like distribution, with some fine structure superimposed.
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METHOD
PE is computed [2] as a modified Shannon information
entropy with the use of a joint probability, found from a
three-dimensional Takens reconstruction of the RR
interval trajectory. This joint probability is a measure of
the similarity of three histogrames, shifted in time by r:2,
due to theTakens method. Thus PE measures ordering of
the signal. Because of the use of such a ioint probability,
PE is higher for highly ordered signals. Examining RR
intervals from 24-hour ECG recordings, we obtain a long
time series of PE, that can be analysed statistically. PE
was computed in two versions: Window Pattern Entropy
WPE - in the moving time window of fixed number of
beats and Cumulative Pattern Entropy CPE - with time
window beginning at zero and ending at the current data
point. CPE is sensitive to self-similiarity effects in the
signal studied. Window lengths from l0 to 400 were used
for WPE; 400 heart beats equals 3-8 minutes of real time.
Changing the window length for WPE permits us to
observe local time properties in different time scales. With
the use of minimum, maximum and arithmetic mean of PE
it was possible to differentiate well between

time series,
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Figure 1 .WPE histogram for the CA case BHL.

A few other shapes were also observed: multiple Poissonlike distributions centered at different points, or
distributions of a comb-like structure with the maximum
shifted far to the right. All the,non-Poisson distributions
belong to CA cases with a very poor prognosis, but in
general it is not yet determined what is the physiological

interpretation of the shape of the histograms. The
maximum value of PE, which is a good quantity for
determining the prognosis for CA patients [2], for most
cas€s is at the end of a long, low probability density tail.
Thus, the probability of the appearance of the maximal
value s€ems to be less imporcant than the fact, that the
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heart was capable of having such an high ordered epoch a negative symptom.
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The position of the peak of the histogram, the most
probable value of entropy, is generally not equal to the
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Figure 4.Example of the rythm pathology LAS manifested
in WPE histogram.
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re 2. WPE histogram for an healthy individual CHM
control to BHL. Note Poisson-like shape.

-

Replacing the mean value with the peak position
improved differentiation at window length 400: the
significance level in t-Student test was lowered from 0.054
to 0.049 for WPE and from 0.07 to 0.02 for CPE: thus the
peak position became another good differentiating quantity
for CPE. In general, the differentiation of cases seems to
be better with use of CPE.
Window size 50
1200

CONCLUSION

In conclusion, histograms of PE seem to be helpful in
determining the state of the patient and in examining long
ECG records. Thus they provide a useful tool in medical
diagnosis.
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The influence of the window size on WPE was also
analysed. Window length 400 occured to be better in
differentiating

[2], while window length 50 allows

to

analyse the shape of the histograms [4].
WPE histograms seem to be very sensitive to events that
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impact

of a cardiac pacemaker on heart rythm can be

observed as a series of high peaks in the high-entropy part
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are

manifested by a change of shape of the histograms, WPE

histograms

let us quickly

determine the presence of

scattered episodes of highly ordered rythm, which signal
some pathology. (Figure 4)
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Entropy and Related Methods for the
Analysis of RR Interval Data from 24 Hour Holter ECG,"

attem Entropy of physiological heart activity
is typically situated here. See low, Poisson
distribution alike peak
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