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Abstract
Aim. Practical cardiology is in constant search for non-invasive vascular risk markers. Heart rhythm reflects the body’s 

response to various stimuli of the external and internal environment. Heart rate variability (HRV) has a prognostic and diagnostic 
value and allows timely identification of conditions that threaten life. The results of an instrumental examination of heart rhythm 
fluctuations in patients suffering from chronic cerebral ischemia against the background of angina pectoris of different functional 
classes allows to evaluate the prognosis of the disease and select the appropriate treatment.

Materials and methods. An assessment of the state of the mechanisms of regulation of physiological functions in patients 
suffering from chronic cerebral ischemia against the background of angina pectoris of different functional classes was obtained ac-
cording to spectral and temporal analysis of heart rate variability using electrocardiographic monitoring. The spectral characteristics 
of the heart rate variability were studied: HF (high frequency), LF (low frequency), VLF (very low frequency).

Results. Heart rhythm regulation in patients with chronic cerebral ischemia occurred under the influence of neurohumoral 
mechanisms. The imbalance of functional systems was caused by changes in the autonomic nervous system, which disrupted the 
normal functioning of the sympathetic and parasympathetic parts. We marked decrease in the activity of the parasympathetic au-
tonomic nervous system, which changed the indices of spectral analysis, while the high-frequency component of the spectrum was 
characterized by a decrease, while the low-frequency component was characterized by an increase. The progression of stable angina 
of tension (SAT) in patients with chronic cerebral ischemia (CCI) occurred with disruption of the autonomic nervous system (ANS) 
and was associated with a shift in the physiological response towards sympathetic activity. This was particularly pronounced in pa-
tients in group 2 with CCI on the background of SAT III FC, as the regulatory mechanisms were in a critical state of tension against 
the background of long-term chronic ischemia, they showed a high level of humoral modulation of regulatory mechanisms, which 
was manifested by excessive VLF and high-frequency oscillations. 

Conclusions. A connection was established between the autonomic nervous system and chronic cerebral ischemia, which 
was expressed in the imbalance of the ANS, associated with reliable signs of the dominant sympathetic system, which was associated 
with the progression of stable angina of tension.
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1. Introduction
Cardiovascular diseases (CVD) are the leading cause of morbidity and mortality world-

wide [1].
Scientific evidence indicates a decline in mortality from CVD in recent years in high-in-

come countries due to preventive measures, however, an average of 17 million deaths are recorded 
annually in developing countries [2].

Identification of risk factors for cardiovascular pathology is an important issue in cardiol-
ogy, and the search for non-invasive markers of vascular risk remains one of the most important 
goals for the scientific community [3].

Scientific interest in the study of HRV as a marker for the risk of sudden cardiac death has 
grown significantly in recent years [4].

HRV is a change in heart rate (duration of RR intervals) over time.
The study of the neurohumoral mechanisms of heart rhythm regulation in patients with 

chronic brain ischemia is currently one of the most promising areas in medicine [5]. Registration 
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and analysis of HRV allow us to explore the fundamental relationships in the functioning of the 
cardiovascular system [6].

Determining the degree of tension of regulatory systems is important for assessing the re-
serve capacity of the organism [7].

HRV allows for a comprehensive study of the functional state of the body with an objective 
assessment of important life support systems, including cardiac activity, external respiration, the 
vascular system, the vegetative system, and the mechanisms of humoral regulation. Heart rate vari-
ability determines the prognostic value of cardiovascular risk [8].

In the regulation of body functions a large role belongs to the ANS [9].
Numerous experimental studies of domestic and foreign scientists obtained reliable facts 

about the existence of a link between the tendency to cardiac pathology and imbalance in the 
ANS [10].

The mechanisms of vegetative regulation provide adaptation to changing conditions at opti-
mal tension of regulatory systems. The work of regulatory systems in an elevated mode leads to an 
imbalance of vegetative functions and reduces the adaptation and reserve capabilities of the body. 
It is very important to control how much the vegetative imbalance is disturbed and stable.

ANS maintains homeostasis and ensures the normal functioning of the mental and physical 
status [11].

According to scientists, the disruption of the vegetative system manifests itself before the 
morphological imbalance is manifested, while the adaptive function significantly deviates from the 
norm [12].

The specificity of the regulation of cardiac activity on the part of the central nervous sys-
tem (CNS) provides the possibility of obtaining prognostic information, both on the activity of the 
heart, and on changes in the state of the whole organism, since the nervous and humoral regulation 
of the blood circulation changes before energy, metabolic and hemodynamic violations [13].

Spectral analysis of HRV with the release of the power of the main periods of oscillations 
(high-frequency, low-frequency, very low-frequency) allows to study the activity of the compo-
nents of the autonomic nervous system (parasympathetic and sympathetic links) and the effect of 
brain structures on ANS activity [14].

Although heart rate studies currently occupy an important part in science, in most cases 
HRV serves as a marker of imbalance in the ANS, than the severity of the disease [15].

The imbalance of the neurohumoral system is manifested by increased activity of the sym-
pathoadrenal and angiotensin-adrenal components [16].

The question of clarifying the prognostic relationship between the autonomous system and 
the formation of pathological risks, in particular in patients with CCI against the background of 
SAT [17], remains a questionable question. 

2. Aim of the research
To determine changes in heart rate variability in patients with chronic cerebral ischemia 

against the background of angina pectoris of different functional classes.

3. Materials and methods
The study was conducted in the period from 2014 to 2018. The study of HRV was conducted 

with the participation of patients diagnosed with CCI. Patients were examined at the bases of the 
Department of Neurology and Reflex Therapy in the structural units of the Shupyk National Med-
ical Academy of Postgraduate Education: KU KOS Kiev Regional Clinical Hospital (neurological 
department), Amosov National Institute of cardiovascular surgery (Department of surgery for cor-
onary heart disease, Department of surgical methods of diagnosis and treatment of diseases of the 
heart and blood vessels).

The groups were comparable in age and sex. The age of the examined varied from 45 to  
74 years (mean age 58.85±7.01). All examined were divided into groups: 1 group – 45 patients (29 men 
and 16 women) with CCI and SAT II FC, group 2–45 patients (32 men and 13 women) with CCI 
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against the background of SAT III FC. The comparison group consisted of 30 people (10 men and 
20 women) with CCI (Table 1).

Table 1
Clinical characteristics of the examined groups

Characteristics Group 1 Group 2 Comparison group

Number 45 45 30

Sex
Men 29 (64.4 %) 32 (71.11 %) 10 (33,33 %)

Women 16 (35.6 %) 13 (28.89 %) 20 (66,67 %)

Age, years 59.82±7.74 61.46±7.82 55.27±5.47

Weight, kg 84.15±12.44 86.98±16.27 76.1±8.16

Growth, cm 170.71±7.96 169.17±8.82 169.37±7.86

BMI 29.12±4.00 30.66±5.08 26.59±2.17

4. Results of the research
The results of the study of the spectral characteristics of HRV showed that in all three 

groups an increased VLF was observed, which is responsible for the level of humoral modulation 
of regulatory mechanisms. A significantly elevated level of this indicator, which was in the range 
of 4000-6000 ms, was found in groups 1 and in the comparison group, which was interpreted in 
patients as a state of overreaction – hyperaemia, which requires restoring the energy expenditure 
balance; while in patients of group 1 VLF was closer to the maximum of the limits, and in the com-
parison group – to the minimum.

In group 2, the VLF index was 7298.44±96.86 ms2 (~6000 ms2), which we considered as 
a significant imbalance in the expenditure of vitality and the presence of autonomic dysfunction 
(Table 2).

Table 2
Parameters of temporal and spectral characteristics of HRV

Parameters Group 1 Group 2 Comparison group

Spectral characteristics

VLF, ms2 5678.33±88.96 7298.44±96.86 4318.79±65.72

LF (1170416± ms2) 1408.2±40.93 1870.94±19.23* 1286.33±35.87

HF (975203± ms2) 386.86±17.46* 541.29±17.9* 489.52±22.13*

LF/HF (1.5–2.0) 3.64±1.24* 3.46±1.11* 2.63±1.73*

LFn, 54±4 n. u. 68.31±2.97 71.22±2.71 69.1±8.31

HFn, 29±3 n. u. 29.22±3.13 29.58±3.63 28.93±5.34

Temporal characteristics

SDNN (141±39 ms) 144.95±6.31 161.42±58.52 156.04±12.49

pNN50, % 8.36±2.92 9.31±3.4 13.8±3.71

RMSSD, (30–50 ms) 40.91±5.15 44.24±5.53 75.77±8.7

Note: * – significance of differences to the norm (p<0.05)
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In patients of group 2, a statistically confirmed dominance of the activity of oscillations 
of a low frequency of LF was found (37.46 % above the norm), which indicated the advantage 
of the influence of the work of the sympathetic system in SAT III FC. In groups 1 and in the 
comparison group, this indicator was also increased, respectively by 16.9 and 9.04 %, but there 
were no statistically significant differences with the norm. High frequency fluctuations of HF 
were low in all patients, while in group 1 this indicator was lower by 60.32 % of the norm, in 
group 2 – by 44.48 %, and in comparison group – by 49.79 %. All indicators were statistically 
significant.

Characteristic level of sympathetic-vagal balance – the index of vagosympathetic inter-
action LF/HF, revealed a statistically significant predominance of sympathetic reaction over the 
parasympathetic, which was characterized by an increase in the index of vegetative balance from 
the maximum norm level in group 1 by 54.95 %, in group 2 – by 64.5 %, and in the comparison 
group – by 31.5 %.

The centralization index IC ((HF+LF)/VLF) was distributed in the groups as follows: group 
1 – 0.25, group 2 – 0.33, comparison group – 0.41. In all groups, the IC index was significantly 
reduced, which indicated that the regulation of physiological functions took place with the advan-
tage of central influences, reflecting the voltage of the functioning of the system. LFn was raised in 
groups as follows: by 26.5 % in group 1, by 31.89 % in group 2, and by 27.96 % in the comparison 
group. HFn was within the normal range of all groups.

The spectral indices of HRV in patients showed an advantage of sympathetic effects on the 
heart muscle.

Analysis of the obtained temporal characteristics of HRV showed that RMSSD was within 
the normal range in groups 1 and 2 and increased in the group compared to 47.93 %.

SDNN had an elevated level in group 2 by 14.5 % of the norm, in the comparison group it 
was 10.6 % and in group 1 it was increased slightly.

5. Discussion of the results
Examination of patients showed that changes in the autonomic nervous system were 

associated with functional imbalances, leading to impaired sympathetic and parasympathetic 
regulatory influences. The obtained data is confirmed by the information [18] of the increase 
in the temporal analysis of HRV associated with increased parasympathetic influences, and the 
decrease with the activation of the sympathetic tone. Since the heart rate is largely controlled 
by the ANS, the change in the cardiovascular system and heart rate is the most striking indica-
tor of deviations arising in regulatory systems. They precede hemodynamic, metabolic, energy 
disorders and may reflect early prognostic signs of imbalance in patients, in accordance with 
[19]. Similar information was obtained in our studies. The activation of the sympatho-adrenal 
system and the decrease in the activity of the parasympathetic division of the autonomic ner-
vous system deserve special attention, associated with the restructuring of the cardiovascular 
system (CVS), which is reflected in the deterioration of the characteristics of the spectral 
analysis with a decrease in high hourly total and increased low-frequency components of the 
spectrum.

The results we obtained of modern methods for estimating diurnal HRV, temporal and 
spectral, showed that the progression of stable SAT in patients with CCI was associated with 
ANS imbalance, which was due to the predominant shift of the physiological response towards 
sympathetic activity in patients in group 1 with CCI against SAT II FC, which confirms studies 
[20] that ischemic stroke is associated with changes in autonomic cardiac dynamics, cardiac 
arrhythmias, and acute myocardial damage by changing the balance of sympathetic and para-
sympathetic tone.

In group 2, in the examined patients with SAT III FC, the regulatory mechanisms were in 
a critical state of tension, they showed a high level of humoral modulation of the regulatory mech-
anisms, which was manifested by an excessive level of VLF, the dominance of high-frequency 
oscillations. 
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6. Conclusions
1. An imbalance of ANS was found in patients with CCI against the background of ANS, 

which was characterized by a decrease in parasympathetic and increase in sympathetic effects on 
the cardiovascular system.

2. The degree of overvoltage of the sympathetic division of the ANS in determining auto-
nomic reactivity was most pronounced in patients of group 2 (CCI with SAT III FC), which mobi-
lized protective mechanisms and increased the activity of sympathetic regulation while preserving 
the body’s adaptation reserves.

3. The state of depletion of regulatory systems caused the activity of the sympathetic di-
vision of the SNS with a decrease in protective parasympathetic influences, which reflected the 
influence of the suprasegmental level of regulation, leading to energy-deficient states.
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