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The SARS-COV-2 virus (COVID-19), 
which has caused the pandemic coro-
navirus infection, has several features 
that lead to the development of a multi-
systemic inflammatory syndrome [1]. Ac-
cording to various authors, the condition 
does not exclude the paediatric popula-
tion [6]. According to foreign studies, au-
tonomic dysfunction syndrome should be 
excluded in children with abdominal pain, 
signs of gastrointestinal disturbances, 

respiratory or neurological symptoms of 
unclear etiology [19].

According to some authors [18, 
19, 20, 21], the over-infected patients 
(COVID-19) have multiple organ involve-
ment, myocardial dysfunction, coagulop-
athies, and increased inflammatory mark-
ers [4]. Often, serious cardiovascular ab-
normalities in children are asymptomatic 
and are not recognised in time (6).

Therefore, the study of the effect of 
coronavirus infection on the health and 
functional outcomes of children is highly 
relevant.

Purpose of the study: to identify 
functional changes in the cardiovascu-
lar system in children with coronavirus 
infection.

Material and methods of investi-
gation. Children aged 8-12 years who 
had had coronavirus infection during 
the last 3 months and a control group 
were investigated. The children in the 
study group had a mild to moderate 
coronavirus infection. The disease was 
diagnosed by an outpatient clinic doc-
tor according to the diagnostic criteria of 
COVID-19 (main clinical manifestations: 
nasal congestion, sneezing, headache, 
weakness, fever) and was confirmed by 
laboratory PCR test of the mouth and na-
sopharynx. Children with severe forms of 
the disease, with clinical manifestations 
of multinflammatory syndrome, with 
myocardial infections, and carriers of 

infection were not included in the study 
group. Children in the control group 
were matched by the copy-pair meth-
od and had no documented contacts 
with COVID-19 patients during the last 
3 months before the examination. Car-
riage in children in the control group was 
excluded by the results of rapid tests ad-
ministered at school to all students in the 
follow-up group (8-12 years old) during 
the period from the beginning of the pan-
demic to the end of the study. No blood 
was drawn for antibodies in the obser-
vation group. Copies were matched for 
age and sex. The age group 8-12 years 
old was investigated, taking into account 
the grouping of the functional indicators 
of the techniques that were used, i.e. the 
age norms of these indicators in children 
8-12 years old fell within one age range 
of the age norm. All children attending 
the Irkutsk Education Center No. 47. All 
children of the control and studied groups 
had no somatic (and other) pathology, in-
cluding vegetative dysfunction and were 
in the 1st health group. A total of 64 chil-
dren were investigated, 32 children who 
had had a coronavirus infection within 
the next 3-6 months, and 32 children in 
the control group (who had not been ill 
themselves and had no family history of 
coronavirus infection in their relatives 
since the beginning of the pandemic). 
Children who became ill with COVID-19 
were not allowed to attend classes im-
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mediately after the first signs of illness. 
Each group consisted of 16 girls and 16 
boys, distributed in copy-pairs.

Electrocardiography (ECG) [11] and 
the Martinet-Kushelevsky functional test 
[9] were used to study the functional pa-
rameters of the cardiovascular system.

Electrocardiogram was recorded 
using 12-channel electrocardiograph 
POLI-SEKTR-8/EX (Neurosoft Ltd.) 
equipped with modules for heart rate 
variability (HRV), stress-ECG, pulse 
wave velocity (PWV), Q-T dispersion, de-
tection of late ventricular potential (LEP) 
[5, 6]. ECG was assessed using heart 
rate variability (HRV) analysis method 
according to R.M. Baevsky [11], using 
software included into the module. The 
system is included in the standard of 
equipment of functional diagnostics de-
partments according to the orders of the 
Ministry of Health of the Russian Feder-
ation No. 92n dated March 7, 2018 "On 
approval of the Regulations on organiza-
tion of primary health care for children" 
and No. 997n dated December 26, 2016 
"On approval of the Rules for functional 
studies". Six standard leads (according to 
W. Einthoven and E. Goldberger) [5, 7, 
12] were recorded first at rest and then in 
orthopposition.

The Martinet-Kushelevsky test was 
performed in a standardised manner with 
a dosed load of 20 squats for 30 sec-
onds, followed by measurements during 
recovery. 

Functional indices were studied ac-
cording to age groups [5, 7, 12]. The fol-
lowing parameters were studied: systolic 
and diastolic blood pressure (SBP and 
BP), pulse pressure (PPP) were studied 
by Korotkoff method; ECG analysis by 
pulsometry according to R.M. Baevsky 
assessed the heart pump function (by 
estimating the stroke volume (SBV) and 
minute blood volume (MOB)), functional 
change index (FDI), tension index (TI), 
total power spectrum (TP), adaptive po-
tential (AP), response quality index (RQI), 
Kerdo vegetative index (CI), coefficient of 
variation (CV) [5, 12]. All studied indices 
were validated in Russia [5,7,12].

Shock volume was calculated:
YO=80+0.5×PD - 0.6×(DAD - C),

where AP is pulse blood pressure 
(mmHg), DAP - diastolic blood pressure 
(mmHg), B - age (years).

Minute blood volume according to the 
formula:

MOC = YO × HSF [5, 6],
Index of functional changes by the for-

mula:
IFI = 0.011HSS + 0.014SAD + 

+0.008DAD + 0.014V + 0.009MT - 
-0.009R - 0.27 [7, 12],

where HR - heart rate, bpm, SAD - systol-
ic blood pressure, mmHg, DAP - diastolic 
blood pressure, mm Hg, B - age, years, 
MT - body weight, kg, P - body length, 
cm, 0.27- independent coefficient.

The regulatory tension index, which 
reflects the degree of centralisation of 
heart rhythm control, was determined ac-
cording to the formula:

IN=AMo/(2ВР×Мо)) [7,12],
Adaptation potential was determined 

according to the formula: 
AP = 0.011HP + 0.014SAD + 

+0.008DAD + 0.014V + 0.009MT - 
-(0.009P + 0.27) [7,12],

where B - age, years, MT - body weight, 
kg, R - height, cm, SBP - systolic blood 
pressure, mmHg, DAP - diastolic blood 
pressure, mm Hg, HR - pulse rate per 1 
min.

The response quality index in the Mar-
tin-Kushelewski test:
PCR = (RD2 - RD1)/(P2 - P1 ) [7,9,12],

where P1 is resting pulse, РD1 - pulse 
pressure at rest, Р2 - heart rate after ex-
ercise, РD2 - pulse pressure after exer-
cise). 

The good functional state of the car-
diovascular system was taken at PKR = 
0.5 to 1.0.

The Kerdo index is calculated accord-
ing to the formula: 

IC = (1-DAD / HSF)×100[7,12],
where DAP is diastolic pressure, HR is 
heart rate [5].

The basic orientation of the autonomic 
nervous system (ANS) tone was classi-
fied into 5 types according to IR [5, 11]: 

1. IR > -31: predominance of para-
sympathetic tone - marked parasym-
pathicotonia.

2. IR between -16 and -30: intermedi-
ate state between normal and parasym-
pathic tone - parasympathicotonia.

3. IR between -15 and +15: sympa-
thetic and parasympathetic balance - 
normotonia.

4. IR between +16 and +30: interme-
diate state between normal and sympa-
thetic tone - sympathicotonia.

5. AC > +31: predominance of sympa-
thetic tone - marked sympathicotonia.

In addition, we used clinical pediatric 
examination to define cardiac boundaries 
and auscultation.

Statistical processing was performed 
using Statistica Base 10 for Windows. 
Statistical processing included arithme-
tic mean (M), standard deviation (s), 
and error in arithmetic mean (m). Prior 
to statistical analysis we assessed the 
distribution of the signs for normality us-
ing the Harker-Bera test. Statistical sig-
nificance of differences in quantitative 
characteristics having normal distribu-
tion was analysed by Student's t-test in 
the confidence interval > 95%. In case 
of non-normal distribution of the varia-
tion series, the statistical significance 
of the differences was analysed using 
Mann-Whitney test. The statistical signif-
icance of differences in qualitative vari-
ables was analysed using the χ2 test. 
Dependence between two variables was 
assessed using Spearman's correlation 
coefficient. The critical level of signifi-
cance for statistical hypothesis testing 
was 0.05.

Results of the study. It was found 
that the main blood pressure parameters 
such as systolic and diastolic pressure, 
pulse pressure and heart rate tended to 
increase in the COVID-19-treated chil-
dren, but no statistically significant dif-
ferences could be found (Figure 1 and 
Figure 2). This was evident when the val-
ues were measured both at rest and after 
exercise.

There was a trend towards increased 
stroke and minute blood volume in chil-
dren with COVID-19 (Table).

Studying the degree of adaptability, 
functional reserves of organism and pre-
dicting negative changes of health by 
studying the index of functional changes 
(IFI) in the investigated group was higher 
than 2,1 conventional units, which shows 
the presence of functional tension of 
regulatory systems (p < 0,05). Such in-
dexes of RSI require elimination of risk 
factors and rehabilitation of children. In 
the control group, the index was 1.9±0.3 
standard units, which corresponds to the 
norm (p > 0.05) [5].

The study of cardiac rhythm spectrum 
power index in children, which charac-
terizes the total absolute level of regu-
latory systems, showed that the index 
(TP) at rest in the control group was 1.5 
lower than in the study group (p < 0.05). 

Indicators of shock and minute blood volume in children 

Indicator Study group
n=32

Control group
n=32 Value of p

Shock volume (SV). beats per minute 65.4±8.4 64.8±6.4 р > 0.05
Minute blood volume (MBV).

millilitres per minute 5967.5±1020.8* 5495.3±883.9 р < 0.05

*(р < 0.05).
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This indicated the absence of tension of 
regulatory systems in children without 
COVID-2019 and insignificant tension at 
rest in the studied group. During ortho-
static test the power of the spectrum in-
creased significantly in the control group 
(16.5 times) (p < 0.05), which indicated 
effective mobilization of regulatory sys-
tems in response to the load. While in the 
studied TP increased only 3.3 times (p < 
0.05), i.e. the mobilization of regulatory 
systems was 5 times lower compared to 
the control group[5].

The stress index of regulatory sys-
tems, which characterizes the activity 
of sympathetic regulation mechanisms, 
the state of the central circuit and is cal-
culated on the basis of analysis of the 
diagram of cardiointervals distribution 
demonstrated that in the studied group 
the low activity of the central circuit of 
sympathetic regulation was registered 
in most children. The AN level increases 
with increasing endurance of the organ-
ism, the indices of AN level (see Fig. 4) 
characterized the decrease of endurance 
and the decreased role of the central cir-
cuit regulation in the group of children 
who underwent COVID-19. In our study, 
IN values were divided in the groups into 
low, medium and high. The high IN val-
ues were similar in both groups, but the 
low IN values predominated in the study 
group, whereas the medium IN values 
predominated in the study group (p < 
0.05) [5].

The index of reaction quality in the 
Martine-Kushelevsky test revealed an 
unsatisfactory functional state in children 
in the studied group and was 0.4±1.4 
conventional units, while in the control 
group this index corresponded to a good 
functional state (0.5±1.4 conventional 
units) [11].

Adaptation potential is an index of vi-
tal functions, the formation of which lev-
el depends on a complex of changes in 
physiological systems of a human organ-
ism (state of nervous, pituitary and adre-
nal hormones, cardiovascular, respirato-
ry and other systems) as well as under 
the influence of stress factors (physical 
and mental load, atmospheric pressure, 
temperature changes, etc.) [11].

In our study, the level of adaptive 
potential was 3.6±0.8 in the COVID-19 
group and 3.2±0.7 in the control group, 
which corresponds to a more pro-
nounced stress of adaptation mecha-
nisms (p<0.05).

After Kerdo index calculation, the 
autonomic nervous system (ANS) state 
types were determined, which were clas-
sified into 5 tone types

1. IR > -31: predominance of para-

Fig. 1. Indicators of systolic and diastolic pressure in children

Fig. 2. Indicators of pulse pressure and pulse in children

Fig. 3. Spectrum power indicators in children (р < 0,05)

Fig. 4. Tension Index Levels in Children
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sympathetic tone - pronounced parasym-
pathicotonia.

2. IR between -16 and -30: intermedi-
ate state between normal and parasym-
pathic tone - parasympathicotonia.

3. IR between -15 and +15: sympa-
thetic and parasympathetic balance - nor-
motonia.

4. IR between +16 and +30: intermedi-
ate state between normal and sympathet-
ic tone - sympathicotonia.

5. IR > +31: predominance of sympa-
thetic tone - expressed sympathicotonia.

In this case the IR values were distrib-
uted as follows (see Fig. 5) [5].

Fig. 5 shows that sympathicotonic 
responses were less pronounced in chil-
dren in the study group than in the control 
group (p < 0.05).

Coefficient of variation (CV) in its phys-
iological sense is an index normalised to 
heart rate and reflects a less artifact-de-
pendent and ectopic heart rate variability 
(Figure 6) [5].

Figure 6. Coefficient of variation of 
heart rate (CV) (p < 0.05).

It was shown that there were practi-
cally no changes of heart rate variability 
at rest and during exercise in children in 
the studied group. In the control group, 
rhythm variation was well expressed in 
relation to the load received (p < 0.05) [5].

Clinical paediatric examination, aus-
cultation and measurement of the bound-
aries of absolute and relative cardiac dull-
ness showed no abnormalities.

Discussion of results. The study 
showed that in children who had received 
COVID-19 there was an increase in the 
main haemodynamic indices (BP, BP, 
BP, HR, OI, IOC), indicating hypertensive 
changes in the cardiovascular system. 
However, this increase has no statisti-
cally significant differences between the 
study and control groups. A tendency to-
wards hypertension has also been shown 
by many authors in COVID-19 sufferers 
[15,17].

The absence of clinical manifesta-
tions, changes of cardiac boundaries and 
auscultatory abnormalities of the cardio-
vascular system showed that the chang-
es were of a functional nature. This was 
evidenced by an increase in the index 
of functional changes (IFI), which deter-
mined the presence of functional stress 
of the regulatory systems in children who 
had had COVID-19, which is consistent 
with the findings of other authors [14].

Reaction quality index in the Mar-
tine-Kushelevsky test revealed a poor 
functional state in children in the study 
group compared to the control group (p 
< 0.05).

Changes in the level of adaptive po-

tential in the COVID-19 group of children 
also indicated a marked strain on adapta-
tion mechanisms.

Functional changes in the study group 
were associated with an initial increase 
in total spectrum power, which increased 
5-fold less in response to exercise than in 
the control group (p < 0.05). Such values 
of total spectrum power may be associ-
ated with depletion of mechanisms (or 
structures) responsible for an adequate 
response to load.

At the same time, the stress index of 
regulatory systems related to the activity 
of sympathetic regulation mechanisms 
and the state of central regulation cir-
cuit in the studied group showed lower 
values in comparison with the control 
group, which can be connected with the 
contribution of a greater part of regulatory 
mechanisms by the peripheral regulation 
circuit, and thus related to the state of the 
vascular system [14].

This phenomenon was also indicat-
ed by less pronounced sympathicotonic 
responses in the children in the study 
group, where the Kerdo index showed a 
flatter curve when allocating the children 
to groups according to the type of auto-
nomic tone (see Fig. 5). The absence of 
variation in heart rate variability at rest 
and during exercise in children in the 

study group indirectly confirmed the de-
pletion of central regulatory mechanisms 
and the predominance of adverse periph-
eral influences [3].

In this regard, it can be assumed that 
the main impairments of functional pa-
rameters on the part of the cardiovas-
cular system in children who have un-
dergone COVID-19 are associated with 
changes in the nervous system (general 
toxic lesion, cerebrovascular disorders, 
hypoxia) [16], the heart muscle (adenos-
ine-converting enzyme-2 mediated car-
diac lesion, hypoxia, cardiovascular dis-
orders, systemic inflammatory response 
syndrome) [14] and the vascular bed 
(endothelial dysfunction syndrome, in-
creased blood coagulation) [2, 3, 20, 21].

If we assume that the main mecha-
nism of functional disorders of the car-
diovascular system in our study is toxic 
action or hypoxia, then hypotensive reac-
tions would be observed. If systemic in-
flammatory response syndrome was the 
main mechanism in this process, then 
indirect signs of inflammation of the heart 
muscle (changes in heart boundaries, 
cardiac murmurs) could have been ob-
served. However, this was not observed 
in our study, due to the fact that it was 
conducted between 3 and 6 months after 
the disease. 

Fig. 5. Vegetative Kerdo index

Fig. 6. Coefficient of heart rate variation (CV)
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Our study has shown the importance 
of investigating the functional state, phys-
ical and neuro-psychological develop-
ment of children who have had coronavi-
rus infection. This problem is of particular 
importance in the context of school inten-
sification [8,16].

Conclusion. Our study revealed 
functional dysfunction in children with 
COVID-19. This is indicated by the pat-
tern of changes in the functional param-
eters of the cardiovascular system in 
children between 3 and 6 months after 
COVID-19. The findings will help to sug-
gest effective treatments for functional 
impairment in children.
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