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Abstract. Cardiovascular diseases are the leading cause of death in the world. The paper
focuses on the capability of a nanosensor-based hardware and software complex (HSC)
developed at Tomsk Polytechnic University to measure the activity of myocardial cells from
the surface of the human body. A comparative study of nanosensors used in the HSC and
conventional AgCl electrodes by FIAB Spa (Florence, Italy) was carried out. It is shown that
the value of electromagnetic interference in conventional electrodes is several times higher
compared to nanosensors. ECG was recorded using the developed HSC in order to show the
possibility to control the activity of myocardial cells.

1. Introduction

One of the most common pathologies encountered in medicine is the heart pathology leading to death.
Out of the total deaths worldwide, diseases of cardiovascular system occupy leading positions [1].
World Health Organization statistics 2015 showed that 17,866,560 people died from diseases of the
cardiovascular system. Among all the causes of death from cardiovascular diseases, the phenomenon
of sudden cardiac death (SCD) is prevailing. SCD is an unexpected death due to cardiac causes. The
phenomenon occurs within a short period of time and manifests itself in immediate and severe
symptoms that hinder effective treatment and prophylaxis [2]. In this regard, the study of spontaneous
activity of myocardial cells is an important area of research. The analysis of the sources shows that the
methods of SCD prevention has not changed considerably over the last 35 years [3—6].

Given the importance of this problem, a lot of attention has recently been paid to finding risk
markers for SCD. These risk markers include demographic indicators, low left ventricular ejection
fraction, decreased heart rate variability, ventricular rhythm disturbances: stable ventricular
tachycardia, frequent ventricular extrasystole (> 10 per hour), short paroxysms of ventricular
tachycardia, late ventricular potentials [6], microvolt T-wave alternans, high-resolution
electrocardiography indicators such as the filtered QRS interval (fQRS) and late ventricular potentials,
variance and daily dynamics of the QT interval, variability, heart rate turbulence, and baroreflex
sensitivity [3]. At the same time, different literature sources give different data on the prognostic
significance of these markers. The significance of some markers is disputable [7].
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Due to the fact that the positive predictive value of each risk marker for SCD is not high, a
combination of features is proposed to be used [6]. Unfortunately, at the moment there is no generally
accepted algorithm for examining patients, which makes it possible to assess the risk of SCD.

This suggests that it is necessary to look for new features and criteria that will allow us to identify
high-risk groups of SCD.

2. Methods and Materials

Currently, efforts of many scientists and specialists are aimed at solving problems of automatic
analysis and recognition of cardiovascular pathologies. For this, various methods and algorithms for
processing and analyzing ECG are used. This is evident from a large number of publications and
scientific papers devoted to this problem [8—11]. A number of methods have been developed. The
most common methods for identifying R-peaks are based on the analysis of the first derivative of ECG
[9]. The methods are aimed to provide the user with the most accurate data of measurements taken
after their processing. This is extremely important in view of the fact that any transformation of a
measuring signal implies its distortion depending on the method chosen. Filtering significantly distorts
the signal [12].

Tomsk Polytechnic University in collaboration with Tomsk Cardiology Research Institute (TCRI)
have developed a high-resolution nanosensor-based hardware and software complex (HSC) for real-
time recording of micropotentials of the heart without filtering and averaging. HSC comprises
nanosensors developed at Tomsk Polytechnic University [13]. Nanosensors are of high stability, low
noise and noise immunity of unpolarized electrodes. Using these nanosensors, ECG can be recorded
without the use of filtering units in the frequency range from 0 to 10,000 Hz. In addition to standard
metrological measures, a series of experiments was conducted to confirm a high quality of recording
of physiological signals from the body surface performed using nanosensors. For this purpose, AgCl
electrodes by "FIAB Spa (Florence, Italy)" were used as a reference for comparison. The
measurements were carried out under similar environmental conditions. The same patient was taken
for measuring, and the study method was also unchanged.

The preliminary studies to verify the quality of HCS were carried out in volunteers and patients of
TCRI. Each volunteer signed the informed consent form for clinical trials (clinical trials were
approved by the local ethical committee for biomedical ethics, TCRI, protocol No. 147 dated June 28,
2016). The volunteers were provided with sufficient information on the procedures of examination and
treatment, according to the internal regulations on the procedure for hospitalization in TCRI. The
results of the study maintain confidentiality of the patients and volunteers surveyed.

3. Results and considerations

The results of comparison of nanosensors and conventional AgCl electrodes by FIAB Spa (Florence,
Italy) is presented in Figure 1. These results show that AgCl electrodes exhibit significant interference
of 50 Hz and its harmonics under the same measurement conditions. Conventional electrodes can only
be used with filters (including power-line filters). The interference is usually random, both in terms of
the level and the width of the spectrum in a 50 Hz region. A power-line filter may significantly distort
micropotentials of the heart [12], and dynamic observation will not provide reliable results.
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Figure 1. Comparison of electromagnetic pickups of («) the nanosensor (sensitivity 200 pV/div)
and (b) the conventional AgCl electrodes by FIAB Spa (Florence, Italy) (sensitivity 200 uV/ div).

Figure 2a-c presents patient electrocardiogram # 178 records in the frequency range from 0 to
10,000 Hz. Registration was carried out in the medical ward away from sources of electromagnetic
interference (including medical equipment).
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Figure 2. High-resolution ECG recording of patient # 178, frequency range from 0 to 10,000 Hz.

(a) - 1 lead; () - 2 lead; (¢) - 3 lead.
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4. Conclusion

Figure 1 shows that nanosensors have a higher sensitivity and improved signal-to-noise ratio. Noise in
the ECG recorded using nanosensors is less significant than that recorded by conventional electrodes.

ECG recorded far from the sources of interference does not contain electromagnetic interference in the
range from 0 to 10,000 Hz. As can be seen from Figure 2, ECG recording performed by the HSC

(including spontaneous activity of myocardial cells) does not require any filtering and averaging.
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