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Abstract. Heart rate variability (HRV) is defined by the fluctuating time between normal sinus
beats (RR intervals) and indicates modulation of the heart rate by the autonomic nervous system.
Decreased variability parameters have been studied as markers of increased pathology and a predictor
of morbidity and mortality in multiple medical disciplines. The aim of the study was to assess HRV
by nonlinear dynamics parameters (Poincaré plot and entropy constants) in patients with recent
myocardial infarction (MI). We analyzed two groups of patients: a test group of 12 patients with
recent myocardial infarction and a control group of 12 healthy subjects. For each patient, a 7 minutes
ECG signal was recorded and the nonlinear dynamics parameters were calculated. Strong visual
differences were found between Poincaré plots of healthy subjects and MI patients. Also, most
calculated nonlinear dynamics parameters were significantly lower in MI patients. In conclusion, MI
affects nonlinear dynamics parameters, revealing a statistically significant decrease in HRV. Also,
visual modifications of the Poincaré plot were found.
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INTRODUCTION

Heart rate variability (HRV) is a temporal variation between sequences of
consecutive heart beats. On a standard electrocardiogram (ECG), the maximum
upwards deflection of a normal QRS complex is at the peak of the R-wave, and the
duration between two adjacent R-wave peaks is termed as the R-R interval. The
signal requires editing before HRV analysis can be performed. The signal needs
filtering (artifacts can be present) and removal of all non sinus-node originating
beats. The period between adjacent QRS complexes resulting from sinus node
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depolarizations is termed the N-N (normal-normal) interval. HRV is the
measurement of the variability of the N-N interval [4].

In recent years special attention has been given to the analysis of HRV and its
relation to pathology. Methods for quantifying HRV are categorized as: time-
domain, spectral or frequency domain and nonlinear dynamics methods:

1. In time domain analysis, the intervals between adjacent R waves are
measured over a period of recordings and a variety of statistical parameters can be
calculated from these intervals. The visual result is a tachogram, which plots the
heart rate frequency over time [11];

2. The heart rate spectrum analysis is used to evaluate the contribution of the
autonomic nervous system to HRV; it is a sensitive and not invasive method for
evaluating the cardiovascular control system [2];

3. Nonlinear methods are based on the chaos theory and fractals. Chaos
describes natural systems in a different way because it can account for nature’s
randomness and nonperiodicity. Recent data suggest that fractal analysis in
comparison to standard HRV measurements seems to detect abnormal patterns of
RR fluctuations efficiently [10].

The Poincaré plot is a scattergram, which is constructed by plotting each RR
interval against the previous one. The Poincaré plot may be analyzed quantitatively
by fitting an ellipse to the plotted shape. The center of the ellipse is determined by
the average RR interval [5]. SDI means the standard deviation of Poincaré plot
perpendicular to the line-of-identity, while SD2 represents the standard deviation of
the Poincaré plot along the line-of-identity (Fig. 1).
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Fig. 1. The Poincaré plot. SDI and SD2 — standard deviations of the scattergram.
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HEART RATE CONTROL AND THE ORIGIN OF HEART RATE VARIABILITY

The normal rhythm of the heart is controlled by the membrane processes of
the cardiac sinoatrial (SA) node, which are modulated by innervation from both the
sympathetic and parasympathetic divisions of the autonomic nervous system.
Acetylcholine, released by postganglionic parasympathetic terminals on the SA
node, slows the rate of depolarization and discharge by binding to muscarinic
cholinergic receptors. Thus, heart rate decreases consecutive to parasympathetic
impulses. In contrast, norepinephrine is released by sympathetic terminals on the
SA node and accelerates the cardiac rhythm. In addition to these classic
neurotransmitter actions, the chronotropic state of the heart can be modulated by a
variety of neuropeptides, such as neuropeptide Y, that appear to be colocalized
with conventional neurotransmitters in autonomic terminals [1].

CLINICAL USES OF HRV

Heart rate variability has been used in different clinical settings, including
diabetes [8], coronary artery disease [6], sudden cardiac death [3], chronic renal
failure [7] and for the screening of patients with obstructive sleep apnea [9].
Modern Holter devices incorporate HRV analysis software, but it is scarcely used
in clinical practice.

Many studies have been performed on the HRV parameters in cardiac
diseases. The novelty of this study consists in the analysis of the entropy
parameters, as part of the nonlinear methods of assessing HRV.

PURPOSE

The purposes of the study were:

1. to reveal a geometric pattern of HRV in patients with recent MI;

2. to compare the HRV nonlinear dynamics parameters of patients with
recent MI, with the parameters of healthy, control subjects.

MATERIALS AND METHODS

PATIENTS

The study was performed on 12 patients who suffered a MI with at most 24
hours before examination (age 61+9 years, 7 males and 5 females). All patients
were treated by percutaneous transluminal coronary angioplasty (PTCA), with one
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or more stents mounted in the affected arteries. Each patient signed an inform
consent form and approval was obtained from the ethical committee of the “Babes-
Bolyai” University. Classical 12-lead ECG was performed, to eliminate arrhythmia
or ectopic beats suspicion.

The control group consisted of 10 healthy volunteers (age 33+£16 years, 4
males and 6 females), with no history of chronic heart disease, diabetes or other
neuropathic disorders. Brief heart examination (ECG and auscultatory) was
performed for each subject.

ECG RECORDINGS AND SIGNAL PROCESSING

For each patient, a three lead ECG signal was recorded (in D1 derivation), for
a duration of 7 minutes (of personal manufacturing). The analog signal was filtered
for artifacts and electrical noise and stored on a hard disk database, along with the
patients’ personal and pathological data.

The ECG recording device was conceived around an operational amplifier
integrated circuit, with specific calculated gain and filter properties. For digital
conversion, the sound card of a computer was used. The software used for ECG
recording and beat identification was written in Python programming language.
The graphical interface of the script allows visual verification of the signal and
identification of the ectopic beats (Fig. 2). HRV parameters were calculated using
the free software Kubios HRV Analysis.
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Fig. 2. ECG recorded with the device: left — normal ECG; right — patient with ectopic beats.
The dot above each R wave signifies automatic identification of a beat.

The intervals between successive R waves (beat-to-beat intervals) are stored
in a text file, which is used as input data for Kubios HRV analysis. The software
generates the mathematical values of the nonlinear HRV parameters and the
corresponding plots (Table 1).
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Table 1

Heart rate variability parameters

Generic heart rate parameters

Average heart rate General information on heart rate
Standard deviation of heart rate A basic descriptor of HRV
Poincaré plot parameters

Standard deviation 1 (SD1) Short term variability

Standard deviation 2 (SD2) Long term variability

Entropy parameters
Approximate entropy

Denote i larity of the signal
Sample entropy enote irregularity of the signa

Detrended fluctuations alpha 1 (al)

- M h lati ithin the signal
Detrended fluctuations alpha 2 (a2) easure the correlation within the signa

Correlation dimension (CD) Measures the complexity or strangeness of the
signal

Statistical processing was accomplished using Microsoft Excel and GraphPad.
Student t-test was applied for comparing the two sets of parameters (p value lower
than 0.05 was considered statistically significant, with a confidence interval of 95%).

RESULTS

GENERAL HEART RATE PARAMETERS

Patients with MI displayed a lower average heart rate than healthy subjects
(p < 0.005). This might be due to the beta-blocker therapy each patient had in his
therapeutic plan. Also, a decreased standard deviation of the heart rate was found
in MI patients. This exhibits a lower capacity of the heart to respond to vegetative
stimuli, consecutive to the disease and/or beta-blocker therapy (Fig. 3).
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Fig. 3. The tachogram of the RR intervals, along 5 minutes of recording
(up — healthy subject; down — MI patient).
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POINCARE PLOT ANALYSIS

Typical Poincaré scatter plots of healthy controls exhibit a greater dispersion
than that of the MI patients. The fitting ellipses have larger areas in healthy
subjects, but statistically significant differences have been found only in the long
term variability — SD2 (p < 0.05). The lower heart rate in patients with MI can be
also observed from the up shifting of the center of the adjusted ellipse (Fig. 4.b).
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Fig. 4. Poincar¢ plots of normal (left) and MI (right) subjects.

Parameters of general heart rate analysis and Poincaré¢ plot are summarized in
Table 2.

Table 2

General heart rate and Poincaré plot parameters

HRY parameter Control MI* P
Average heart rate (per minute) 8347 70+8 0,002
Standard deviation of heart rate (per min) 5£1.5 2,2542.9 0,001
SDI (ms) 19+4 15+7 0,2
SD2 (ms) 64+14 44+13 0,009

*MI — Myocardial infarction patients

ENTROPY PARAMETERS ANALYSIS

From the entropy parameters, only the al and CD exhibited significant
differences in MI patients, compared to the ones obtained from normal subjects
(Table 3). 02 was greater in patients with MI. Further studies will be conducted in
order to find out if these values are specific for MI.
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Table 3
Entropy parameters values (non-dimensional values)

HRY parameter Control MI* P
Approximate entropy 1.11£0.14 1.06+0.31 0.71
Sample entropy 1.26+0.27 1.5+0.39 0.16
al 1.31£0.16 1.22+0.14 0.25
a2 0.82+0.13 1.07+0.16 0.003
Correlation dimension 2.56+1.05 0.91+0.58 0.001

*MI — Myocardial infarction patients

CONCLUSIONS

The analysis of the indices provided by both geometrical and mathematical
methods showed that HRV was generally decreased in patients with MI. Apart
from the acute heart condition, this decrease could also be attributed to the beta
blocker therapy. As a visual method, the Poincaré plot proved to be a simple and
sensitive instrument of HRV evaluation of patients with MI, compared to healthy
subjects. Mathematical parameters of the Poincaré plot also describe a lower
dispersion in MI patients.

Despite expectations, one of the entropy parameters (the alpha 2 — detrended
fluctuations) was significantly increased in MI patients, compared to the normal
subjects. Further studies will be conducted in order to see if this increase is specific
for MI or is generally met in acute heart conditions.

This pilot-study shows how HRV analysis can be added to the cardiological
examination of patients with MI, using simple instruments like an ECG amplifier,
an analog-to-digital converter (the soundcard of the computer) and freely available
internet software.
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