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ABSTRACT

An algorithm for extracting tachograms for Heart Rate Variability (HRV) analysis on
the basis of Photoplethysmographic (PPG) signals (instead of electro cardiograms)
has been proposed. The main feature of this proposal is to detect peaks from
correlograms between a pattern waveform and a sliding time window in the PPG
signal. Analysis was carried out with a set of two groups of patients (young and
elderly).HRV variables were estimated using the publicly available Kubios HRV
package. Results showed that both the sympathetic component of the autonomous
nervous system (assessed by LF/HF) and the cardiovascular complexity (assessed
by correlation dimension) are reduced with age. These results are supported by
literature and may be taken as a support for the validity of the proposed algorithm.
Since oximeters for getting PPG signals are affordable even in poor settings, this
allows extending autonomic nervous system studies into remote areas of
developing countries.

Key Words: heart rate variability, PPG signal, correlogram, autonomic nervous
system, complexity.

113
http://scielo.sld.cu


mailto:syed.emmanuel@gmail.com
mailto:cacerjlh@yahoo.com
mailto:cacerjlh@infomed.sld.cu

Revista Cubana de Informatica Médica 2015:7(2)113-121

RESUMEN

Se propone un algoritmo para obtener tacogramas con la finalidad de realizar
estudios de variabilidad de la frecuencia cardiaca, partiendo de registros de sefiales
fotopletismograficas (PPG). La principal peculiaridad de esta propuesta lo es la
deteccién de los picos en las ondas de la senal PPG a partir de un correlograma
obtenido como una secuencia de correlaciones entre una onda patrén y una
ventana deslizante de la sefial PPG. Se realizé un analisis de variabilidad de
frecuencia cardiaca sobre dos grupos de pacientes (jovenes y de avanzada edad).
Las variables de variabilidad de frecuencia cardiaca seleccionadas se obtuvieron a
partir del programa "Kubios HRV", de acceso publico y gratuito. Los resultados
mostraron que tanto el componente simpatico del Sistema Nervioso Auténomo
(evaluado a través de la variable LF/HF) como la complejidad cardiovascular
(evaluada a través de la dimensién de correlacidon) disminuyeron con la edad. Estos
resultados encuentran apoyo en datos de la literatura que apoyan asi la validez del
algoritmo propuesto. Por cuanto el oximetro utilizado para obtener las sefales PPG
estd al alcance de instituciones primarias de salud se hace posible de esta manera
extender estudios del sistema nervioso auténomo hacia dreas remotas de paises en
desarrollo.

Palabras clave: variabilidad de la frecuencia cardiaca, sefial PPG, correlograma,
sistema nervioso auténomo, complejidad.

INTRODUCTION

Autonomic Nervous System (ANS) function impairments are associated to many
diverse pathological conditions. Assessing ANS function is not as simple as
assessing heart function (by ECG) or overall brain function (via EEG). The network
of ANS nodes are scattered, and relatively small ganglia are difficult to be
electrically recorded in vivo; the special ANS tests available can be carried out only
by specialized and skilled personnel.

Since 1980's with the wide spread application of Heart Rate Variability (HRV)
studies, ANS assessments found new avenues.! First report about heart rate
variability corresponds to 1973.°

The basic recording for HRV analysis is the so called tachogram, a sequence of
heart beat durations plotted against heart beat numbers.

Different indices estimated from a tachogram have been associated with either
sympathetic or parasympathetic function.? At the same time it has been supposed
that some HRV indices are associated to the global complexity of cardiovascular
system, not merely to ANS function.*

HRV analysis is relatively inexpensive since an ECG machine, a data cable and a
computer are enough to get the analysis, especially when reliable packages for HRV
analysis are readily available.” Unfortunately in some settings even these
requirements are not met, thus seeing plausible to explore other attractive ways for
sustainable HRV analysis in developing countries.
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Pulse Oximetry has been neglected for many years by some, regarding that it
provides no relevant information about individuals' health.® In the 2000's, however,

researchers have been engaged in the analysis of the photoplethysmographic (PPG)
signal, one of the main constituents required for oximetry analysis.” In particular,
it has been suggested that HRV can be assessed from a PPG signal.!® Most of the
proposed solutions, however, are either based on mobile platforms or lack the
flexibility and the affordability required in primary health settings.!!

Here, we are proposing an algorithm for obtaining tachograms from PPG data. By
using a freely available package for HRV analysis, we can perform high quality HRV
analysis at the lowest cost possible. The reliability of results obtained while
comparing young and elderly subjects supports the plausibility of our approach.

METHODS

Subjects: Two groups of apparently healthy individuals with no history of cardio-
vascular complications were included in the present study, one group included 13
young subjects (ages 16-28) and another group of 8 elderly persons (ages 67-80)

Data for PPG recording data were acquired through a Berry Pulse Oximeter
(Shanghai Berry Electronic Tech Co., Ltd, Shanghai, China) and transferred through
Bluetooth protocol into a desktop computer (Intel Pentium 4, 1 GB RAM memory).
Sampling rate was 100 Hz. Recordings were taken after 5 minutes of relaxing,
subjects were in a sitting position and recording lasted 5 minutes.

Peak Detection: the algorithm for peak detection was developed in Scilab. For that
a typical PPG wave corresponding to a full heart cycle was picked from the subjects'
individual signal and taken as pattern for comparison. Let L be the length of the
pattern vector. By sliding the pattern along the original recording correlation was
estimated between the pattern and each consecutive L-sized overlapping window of
the original signal as a result a correlogram is obtained by defining a threshold (
e.g.; r = 0.6). Peaks were found as maximum values of the correlogram above the
threshold value. From the difference of the least of peak positions the tachogram is
acquired. A schematic description of the algorithm is represented in figure 1 below.
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Fig. 1. Schematic representation of the algorithm used for the tachogram extraction.

a) Original PPG signal;
b) Pattern wave frame picked for comparison;

c) Sliding correlation between the pattem and the on-going PPG signal
d) Correlations values obtained from (c), with a threshold of r=0.6, maximum values

positive corresponding to computer;
e) Peak position from (d) and corresponding R-R intervals;
f) Tachogram.
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HRV Analysis; the Kubios HRV (Version 2.2, University of Eastern Finland, Kuopio,
Finland) was used. The following two variables were estimated:

- LF/HF. Frequency domain measure reflecting the level of the sympatho-vagal

balance.

12-13

- d2. It measures the correlation dimension, an index for complexity of the whole

cardiovascular system.

14-15

Statistical Analysis. The non-parametric Mann-Whitney U Test was used for group
comparison (p< 0.05) was set as significance level.

R

In

ESULTS

Figure 2, a typical PPG recording is represented.

Fig. 2. Typical PPG.

As it can be noticed the first wave in the trace is much lower than the others. These
can create some difficulty if a typical detection algorithm is use. Since correlation is
size independent the algorithm introduced by us can avoid this shortcoming. Typical
pattern vectors are shown in figures 3 and 4.

Fig. 3. Pattern waveform extracted from a 17-years-old subject. Note the presence of a

hump in the second part of the waveform.
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Fig. 4. Pattern waveform extracted from a 73-years-old subject. Note the absence of
any hump in the smooth exponentially decaying phase of the waveform.

As is seen, age seems to heavily influence into the recordings' shape, however this
topic is beyond the scope of the present study.

HRV Analysis

Table I resumes the values of the studied variables for all the subjects included into
this research. As it can be observed both LF/HF and d2 are decreasing with age.
This has been confirmed with non-parametric Mann-Whitney U Test (p= 0.003 for
LF/HF, p= 0.017 for d2)
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Table 1. LF/HF and d2 values for young {1-13) and elderly {14-21) subjects

Subject
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analysis. According to result presented in Table I the vagal component of the ANS

tend to prevail with age. This is compatible with known facts as the reduction of

Heart Rate with age.' On the other hand the reduction in cardiovascular complexity
with age is well documented.!® We interpret our result as a support for the validity
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for the algorithm of the tachogram construction based on PPG presented in this
research.

CONCLUSION

An algorithm for tachogram estimation has been developed based on correlogram
with respect to a wave pattern. Results obtained (reduction of LF/HF and d2 with
age) point to the plausibility of the proposed approach.
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