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Disturbances in the autonomic regulation of the heart are the earliest predictors of complications such as arrhythmia and
sudden cardiac death against the background of high normal blood pressure. With the purpose to study the signs of myocardial
electrical instability, we registered indicators of high-resolution electrocardiography. According to our results, a statistically
significant difference was observed in group with high normal blood pressure for RMS40 and for the TotQRSf/RMS40 index as
p<0.001 compared with healthy individuals. Between individuals with high normal blood pressure and patients from group with
arterial hypertension there were significant difference for TotQRSf, RMS40 and TotQRS{/RMS40 (p<0.001) and for LAS40
(p<0.05) and statistically significant difference between patients with high normal blood pressure and arterial hypertension for
TotQRSf and TotQRSf{/RMS40 (p<0.001). Thus, in individuals with high normal blood pressure, electrophysiological
heterogeneity is formed in the myocardium due to disturbances in the autonomic regulation of cardiac activity.
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BUABJIEHHS HI3HIX TIOTEHIIAJIIB IIVTYHOYKIB
Y OCIb 3 BUCOKHUM HOPMAJIBHUM APTEPIAJIBHUM TUCKOM

ITopy1eHHs BEreTaTUBHOI peryJisuii cepls € paHHIMH IPEJUKTOPAMM TaKHUX yCKJIAIHEHb, SIK apUTMIl i panToBa cepleBa
CMepTh Ha TJli BUCOKOTO HOPMAJIBHOTO apTepiajbHOIrO THUCKY. 3 METOI0 BHBUCHHS O3HAK EICKTPHYHOI HECTaOUIbHOCTI Miokapaa
peecTpyBaInCs MOKa3HUKHU eleKTpokapaiorpadii BHCOKOI pO3AIIBHOI 3MaTHOCTI. 3TiHO 3 OTPUMAHUMH HaMH Pe3ylbTaTaMu, Y
Tpymi 3 BUCOKAM HOPMAaJbHUM apTepialibHAM THCKOM CIIOCTEpirajacs CTaTHCTHYHO 3Hadymua pisHuIs 3a RMS40 ta inmexkcom
TotQRS{/RMS40 npu p<0,001 mopiBHsHO 31 310poBUMH 0cobamu. Mixk ocobamu 3 BUCOKUM HOPMAaJIbHIM apTepialbHAM THCKOM
1 manieHTaMy 3 TPYIH 3 apTepiaibHOIO TNEPTEH3IEI0 CIIoCTepirayics CTaTUCTUYHO 3Hadymi BiqMiHHOCTI o TotQRSE, RMS40 i
TotQRS{/RMS40 (p<0,001) i mo LAS40 (p<0,05) i cTaTUCTUYHO 3HAYYIIi BiAMIHHOCTI MK mamieHTaMu 3 BUCOKUM/RMS40 (p
<0,001). Takum 4MHOM, Y 0Ci0 3 BUCOKMM HOPMaJbHUM apTepialbHUM THCKOM Y Miokapii (opmyeTbes enekrpodisionoriyna
HEOJHOPITHICTb, 1110 3yMOBJIEHA IOPYIIICHHSIM BEreTaTUBHOI PEryIsiLii cepreBol IisiIbHOCTI.

KurouoBi ci1oBa: BHCOKHIT HOPMalIbHUI apTepiaibHUIl TUCK, TOPYIICHHS BEreTaTUBHOI PEryIsilii cepiis, eIeKTpUIHa
HEeCTaOUIbHICTh MiOKapAa, Mi3Hi MOTEHIIadl IUTYHOYKIB, PU3UK CMEPTI.

Studies using cardiovascular risk scores, either individually or in combination, have shown that an
increase in systolic BP (BPs) to 130-139 or diastolic BP (BPd) to 85-89 mm Hg is associated with
increased cardiovascular risk [6, 10]. The use of high normal blood pressure (HNBP) as an intermediate
blood pressure is important because it is associated with a comparable increase in the risk of cardiovascular
complications (CVCs) and mortality [12, 13].

Persistent HNBP develops within 5 years into arterial hypertension (AH), which can significantly
increase the risk of complications and death. In combination with cardiovascular risk factors (CRF), HNBP
is more likely to cause CVCs. In this regard, HNBP is being actively studied by researchers as an
independent CRF [3].

The presence of traditional cardiovascular risk factors and the development of hypertension against
the background of asymptomatic HNBP are considered predictors of an unfavorable outcome. It has been
shown in a number of studies that intermediate pressure leads to subclinical atherosclerosis, target organ
damage and increases cardiovascular disease mortality by 66 % compared to normal BP [8, 14]. However,
the impact of risk factors (RF) on the formation of organ damage associated with HNBP has not been
studied. Functional disorders in the regulation of cardiac activity by the autonomic nervous system (ANS)
are the earliest predictive signs of the development of complications. It has been proven that functional and
structural changes occur in parallel in patients with HNBP. In many cases, biopotentials occurring in the
myocardium precede structural manifestations, and disturbances in depolarization and repolarization
processes are observed in various areas of the myocardium. These changes, without clinical manifestations,
act as serious RA of inattentive ventricular tachyarrhythmias and in the early stages are characterized only
by delayed electrical activity. Heart rate variability and myocardial electrical instability (MEI) act as
indicators of these changes. MEI creates the basis for the development of arrhythmogenic mechanisms and
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is manifested by the detection of ventricular late potentials (VLP), one of its markers. These are low-voltage
(1-20 mV), high-frequency (40-250 Hz) potentials of fragmented electrical activity recorded at the end of
the QRS complex or at the beginning of the ST segment. These potentials, called “late depolarization
potentials of the myocardium” and creating arrhythmogenic zones, arise in areas of delayed myocardial
conduction [9, 11].

Along with various inflammatory, ischemic and sclerotic processes, ventricular late potentials,
which occurs as a result of activation of the sympathetic nervous system and the microre-entry mechanism
entering the circulation, is recorded using high-resolution electrocardiography (HR-ECG) [4, 7].

Early diagnosis, correction, and secondary prevention of MEI is possible only by accumulating a
large amount of evidence about the electrical processes occurring in the myocardium, but there is no
information in the available literature about the role of MEI, especially VLP, in individuals with HNBP,
therefore, scientific research in this area can be considered relevant.

The purpose of the study was to assess the indicators of high-resolution electrocardiography in
individuals with high normal blood pressure.

Materials and methods. The study collected data from 90 people aged 19-59 years. The
participants were divided into the following 3 groups:

1) main group — individuals with HNBP (n=30);

2) comparison group — individuals with grade I AH (n=30);

3) control group — individuals with normal BP (n=30).

Inclusion criteria: normal BPs 120-129 mmHg and/or BPd 80-84 mmHg, HNBP: BPs 130-139
mmHg and/or BPd 85-89 mmHg, AH grade I: BPs 140-159 mmHg and/or BPd 90-99 mmHg. It should
be noted that the comparison group was purposefully selected and included individuals with AH grade I
who had no complaints from the cardiovascular system before our study, were randomly detected and did
not receive any treatment.

Exclusion criteria: any complaints related to cardiovascular system; history of syncope; treated
grade I AH; grade II-1II AH and its complications; sinus bradycardia, sinus tachycardia; heart block and
arrhythmias, cardiac conduction system disorders; disorders of electrolyte metabolism; congenital and
acquired heart defects; cardiomyopathies; short PQ interval; ischemic heart disease; history of stroke;
oncological diseases; severe anemia; diabetes mellitus; metabolic syndrome; thyroid pathology; peripheral
arterial disease; chronic kidney disease.

In a prospective study, the following examinations were performed in an outpatient setting:

— clinical examination and RF assessment;

— ECG recording in 12 standard leads;

— high-resolution ECG (HR-ECG).

In these groups, following international recommendations on AH, various risk factors were
assessed using a standardized questionnaire, and anamnesis was also collected. Psychosocial (low
socioeconomic status, family/work stress, anxiety, depression, social isolation), behavioral (tobacco use,
alcohol intake, unhealthy diet, hypodynamia), demographic (gender, age, occupation) RF were evaluated,
and the presence of hereditary predisposition to cardiovascular diseases was determined.

During the physical examination, anthropometric parameters (height, weight, waist circumference
(WCQ)) were determined, and body mass index (BMI) was calculated using the Quetelet's equation. Blood
pressure was measured twice in all individuals with an interval of 1-4 weeks in accordance with
international guidelines on AH. After a 5—minute rest in a sitting position, it was measured first in both
arms using an automatic tonometer Omron M3 Comfort (OMRON, Japan), then in the arm with the higher
data, it was measured 3 times with an interval of 1 minute between them, and the average values of the last
2 measurements of BPs and BPd were used [10, 13].

HR-ECG registration was performed using a 12—channel “ECGlab” device in X, Y, Z bipolar
orthogonal leads according to the Simpson method analogous to the standard ECG V1-V6 unipolar chest
leads. According to the instructions, during the examination, in X lead (chest electrodes V5, V6), the
electrodes were placed symmetrically in the right and left I'V intercostal space along the lin. axillaris media.
In Y lead (chest electrodes V3, V4), the V3 electrode was placed under the clavicle along the lin.
medioclavicularis sin., and the V4 electrode was placed in the V intercostal space along the lin.
medioclavicularis sin. In Z lead (chest electrodes V1, V2), the electrode V2 was in its place as in the
standard 12—channel ECG, and the V1 electrode was placed opposite the V3 electrode on the left edge of
the spine from behind.

The following parameters of the HR-ECG are determined:

— TotQRSf, ms — duration of the filtered QRS complex;
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— LAS40, ms (Under 40 uV) — duration of the last part of the filtered QRS complex with amplitude
less than 40 pV;

— RMS40, uV — root mean square voltage of the last 40 ms of the filtered QRS complex.

The values of the analyzed indicators were calculated by an automatic algorithm. The following
values were considered criteria for the presence of high normal blood pressure VLP: TotQRSf >114ms;
RMS40<20 uV; LAS40>38 ms. If the values of two or three of these indicators differ from the norm, the
presence of VLP is confirmed.

In order to characterize the group of units according to the purpose of the research, their mean
value (M), its standard error (m) and the variation interval (min-max) were determined. The absolute
numbers and its share (%) of the occurrence of quality signs were calculated. To assess the statistical
significance of the difference between the indicators, the Mann-Whitney U—test (non-parametric method)
was used for groups independent of each other. The statistical significance of the difference between the
occurrence of quality signs was determined using non-parametric methods — Pearson's 2 criterion or
Fisher's exact test. The difference between the indicators was considered statistically significant if p<0.05.
Statistical processing of the data was performed in the Microsoft Office Excel spreadsheet using the
MedCalc 22.009 statistical software package.

Results of the study and their discussion. The data obtained during the study demonstrated some
features of the HR-ECG indicators in the examined patients. Table 1 presents the HR-ECG parameters
analyzed in all three groups of subjects under observation in a comparative manner.

Values of HR-ECG indicators in individuals with various levels of BP fevle
Main group Comparison group Control group
e e
RMS40, iV 0730 3006001 @01990
LASH0, ms (110-620) 250610 260.600)
e R G

Note: * p<0.05, compared to healthy individuals, ** p< 0.001, compared to healthy individuals, ~p<0.001, compared to AH
group.

Thus, in the group with HNBP, the value of the TotORSf indicator increased by 8.4 %, the LAS40
value increased by an average of 11.0 %, and the RMS40 indicator decreased by 32.3 % compared to the
control group. TotQRSf/RMS40 increased by 63.0 % compared to healthy people. A statistically
significant difference was observed between the respective groups for RMS40 and for the TotQRS{/RMS40
index as p<0.001.

In patients with grade I AH, the value of the TotQRSf index tended to increase by 28.0 %, the
LAS40 value by an average of 21.4 %, and the RMS40 index tended to decrease by 40.2 % compared to
the control group. TotQRS{/RMS40 increased by 119.3 % compared to healthy subjects. A statistically
significant difference was observed between the groups for TotQRSf, RMS40 and TotQRS{/RMS40
(p<0.001) and for LAS40 (p<0.05).

In the HNBP group, the value of the TotQRSf index was 15.3 % lower, LAS40 was 9.0 % lower
on average, TotQRSf/RMS40 was 25.6 % lower, and RMS40 was 13.2 % higher compared to the AH
group. A statistically significant difference was observed between these two groups for TotQRSf and
TotQRSf/RMS40 (p<0.001).

Patients with high normal blood pressure are vulnerable group that requires special attention due
to latent pathological processes which remain clinically undetected for a long time. In recent years, the
authors have studied various indicators of cardiac activity that can help in the early diagnosis of
complications in people with high normal blood pressure [8, 10].

So, Chen X et al., studying relationship between various categories of blood pressure, subtypes of
hypertension, and development of cardiovascular disease, concluded that participants with high-normal BP
showed greater wall thickness and left ventricular mass index, larger left ventricle size and larger left atrial
size when compared with the optimal-normal BP group. The authors also noted that individuals with high-
normal BP had a higher risk of cardiovascular diseases than those with optimal-normal BP [3].

It is known that normal blood vessel structure and function are critical for normal cardiovascular
physiology. However, intermediate pressure may negatively affect vascular structure and function. For
example, decreased coronary flow reserve and increased aortic stiffness are observed more often in patients
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with intermediate pressure compared with those with optimal BP. Coronary atherosclerosis is also more
pronounced in these patients, and their coronary flow reserve is impaired. In addition, uncorrected
prehypertension is associated with accelerated structural stiffening of large and medium-sized arteries and
progressive vascular injury, which may be more pronounced in middle-aged and elderly individuals. We
did not study arterial stiffness, but this may be a topic for further researches [14].

Modern advances in neuroscience recognize heart rate variability (HRV) as a reliable indicator for
objectively assessing stress, physical and mental health. HRV is considered to have a complex structure
consisting of oscillations of several overlapping frequencies that are interrelated in a nonlinear manner.
The oscillations are associated with the activity of homeostatic reflexes that help maintain allostatic balance
and adapt to environmental demands [2].

There is a large array of scientific data on the proportional increase in sympathetic activity and
vagal inhibition during intermediate AH. Prolonged sympathicotonia causes MEI, which, in turn, leads to
impaired depolarization and the subsequent formation of VLP [5].

It has been established that sympathetic effects are more activated in men than in women [2]. Since
the main group was dominated by men, the high values of the indicators characterizing sympathetic activity
on the ECG can be explained by this. According to a number of researchers, excess body weight is an
independent predictor of the increase in these values. There is scientific evidence of disturbances in the
autonomic regulation of cardiac activity in individuals with high BMI [12, 13]. In the comparison group
with hypertension, which participated in our study, the BMI was higher than in the others, and the values
of the indicators under consideration were significantly higher in this regard.

Jeong J et al., in their study assessed the clinical utility of high-resolution electrocardiography
(signal-averaged electrocardiography, SA—ECG) as a method for risk stratification of fatal arrhythmic
event in patients at risk of SCD without specific structural heart disease. According to their results, out of
581 patients, 145 patients with positive SA—ECG showed a higher frequency of major arrhythmic event
compared with patients with negative SA-ECG (21.4 % vs. 6.7 %, OR 3.816 [95 % CI 2.208-6.597],
p<0.001). Moreover, patients with hereditary arrhythmia had a higher frequency of late potential compared
with patients with non-hereditary arrhythmia (51.0 % vs. 19.3 %, p<0.001). The obtained results confirm
the usefulness and informativeness of high-resolution electrocardiography, as well as its choice for our
study [7].

In our study a positive correlation was observed between the values of the HR-ECG indicators and
high anthropometric measurements, unhealthy habits, hypodynamia, and a presence of a relevant family
history.

Kaya Y et al., revealed that significant improvement in blood pressure, insulin, insulin resistance
were found with DASH (Dietary Approaches to Stop Hypertension) diet and exrecise in persons with
prehypertention [8]. This provides further evidence of the importance of correcting all risk factors,
including unhealthy diet and lifestyle, to prevent the development of serious cardiovascular complications
in individuals with HNBP and grade I AH.

According to the 2015 European Society of Cardiology guidelines, a HR-ECG is included in the
minimum screening of relatives of victims of sudden cardiac death [1]. The hereditary predisposition to
cardiovascular diseases, especially the occurrence of premature death in the family, was found to be high
(>60 %) in all three groups. This, in turn, influenced the results.

As can be seen, in our study, the presence of different RF in the participants of the HNBP and AH
groups led to the development of MEI in them, and as a manifestation of this, changes in the values of the
HR-ECG indicators were determined compared to the control group.

Conclusions

1. A statistically significant difference was observed in group with HNBP for RMS40 and for the
TotQRS{/RMS40 index as p<0.001 compared with healthy individuals.

2. Between individuals with HNBP and patients from group with AH there was significant
difference for TotQRSf, RMS40 and TotQRSf/RMS40 (p<0.001) and for LAS40 (p<0.05).

3. There are statistically significant difference between patients with HNBP and AH for TotQRSf
and TotQRS{/RMS40 (p<0.001).

Thus, in individuals with HNBP, electrophysiological heterogeneity and zones of delayed
depolarization are formed in the myocardium due to disturbances in the autonomic regulation of cardiac
activity. This, in turn, creates the basis for the occurrence of ventricular tachyarrhythmias against the
background of a persistent and long-term increase in the indicators of sympathetic activity of the HR-ECG.
The detection of a tendency to the formation of VLP in individuals with HNBP in our study indicates that
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the use of HR-ECG in the diagnosis and prediction of fatal arrhythmias is simple, non-invasive and
accessible.
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