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Abstract. Background. Assessment of heart rate variability allows us to get an idea about the functional
state of the autonomic nervous system and to identify changes in aufonomic homeostasis in children. The
purpose was fo study the features of vegetative regulation in children with chronic pyelonephritis at the ini-
tial stages of chronic kidney disease by analyzing heart rate variability. Materials and methods. There were
surveyed 94 children aged 6-17 years without exacerbation of chronic pyelonephiritis with CKD stage I-lI.
There was conducted daily monitoring of ECG, followed by mathematical processing. Results. Analysis of
the statistical characteristics of the Z-scores of the time analysis indicators revealed a significant decrease
in the standard (root-mean-square) deviations of the RR interval in patients of all groups with a significant
decrease in this indicator in children with CKD stage Ill. A significant decrease in RMSSD values was demon-
strated in patients with CKD stage lll, and patients with CKD stages | fo lll demonstrated pNN50 decline. In
a spectral analysis, patients showed a significant increase in the total power of the spectrum of heart rate
variability of TP and its domains (VLF, LF), sympathetic-parasympathetic ratio of LF to HF and decrease of
HF. Conclusions. 76.6 % of children with chronic pyelonephritis and CKD stage I-lll presented with the ve-
getative imbalance. With the progression of CKD, the autonomic imbalance exacerbated, as evidenced
by the presence of correlations between the glomerular filfration rate and findings of time (SDNN, pNN50)
and spectral (TP, LF, HF) analysis of heart rate variability. The revealed changes suggest the expected de-
velopment of cardiovascular disorders even before the appearance of significant changes in the central
hemodynamics.
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Introduction development of a number of biochemical and immune

Cardiovascular pathology leads to the death in the ma-
jority cases both in adults and children with chronic kidney
disease (CKD) [1, 2]. However, in children and adolescents
with CKD, cardiovascular complications usually have
subclinical course, starting developing already at the early
stages [3, 4]. With the progression of CKD, the importance
of the sympathetic nervous system increases, which activity
is accompanied by the increase of cardiovascular risks [5].
Damage and disorder of the structures of the autonomic
nervous system leads to morphological rearrangements of
the cardiovascular system associated with the release of me-
diators, hormones, biologically active substances, which, in
turn, enhance the autonomic imbalance and provoke the

shifts in the body [6]. At present, the most informative
non-invasive method for quantitative assessment of the au-
tonomic regulation of heart rate is the study of heart rate
variability (HRV), which gives an opportunity to get an idea
of the functional state of the CNS and to identify changes
in vegetative homeostasis in children. In scientific publica-
tions, information on the results of HRV study in adult pa-
tients with terminal stage of chronic renal failure [7—9], as
well as the effect of hemodialysis on the parameters of the
CNS in this cohort of patients [10, 11] were highlighted.
There are no enough data on the state of functional reserves
of autonomic regulation, neurohumoral regulation of the
heart, the ratio between sympathetic and parasympathe-
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tic parts of the autonomic nervous system in children with
CKD [12, 13].

Purpose: to study the peculiarities of autonomic regu-
lation in children with chronic pyelonephritis at the initial
stages of CKD by analyzing the heart rate variability.

Materials and methods

There were examined 94 children aged from 6 to 17 years
(41 boys and 53 girls) with chronic pyelonephritis with CKD
stage I—III. The control group consisted of 78 virtually
healthy children of the corresponding age. The patients were
divided into groups depending on the stage of chronic kid-
ney disease: the first group included 47 children with CKD
stage I (GFR > 90 ml/min), the second group — 30 patients
with CKD stage II (GFR from 60 to 90 ml/min), the third
group — 17 patients with CKD stage III (GFR from 30 to
59 ml/min).

The planned clinical trial was approved by the Bioethics
Committee of Dnipropetrovsk Medical Academy of the
Ministry of Health of Ukraine and conducted in accordance
with the guidelines of the Helsinki Declaration (1975). All
participants and/or their parents were fully informed about
the methods and scope of the study and provided written in-
formed consent to participate.

The criteria for inclusion of patients in the study were
following: the presence of the voluntary informed consent
of a child and his/her parents to participate in the clinical
study; age of patients from 6 years to 17 years 11 months 29
days; presence of verified diagnosis of chronic pyelonephri-
tis; the absence of clinical and laboratory signs of exacerba-
tion of chronic pyelonephritis. The criteria for exclusion of
patients from the study were: refusal of a child or his/her
parents to participate in a clinical trial; the presence of con-
genital heart disease or other primary cardiac diseases, acute
infections.

All patients and children of the control group under-
went daily ECG monitoring using the software-hardware
complex Cardiotechnika-04-AD-1 (Inkart, St. Petersburg,
Russia). The dynamic series of cardiac intervals detected
during cardiointervalographic study were processed using
the mathematical analysis of HRV. The HRV assessment
was conducted in time and spectral analysis regimes in ac-
cordance with the International Standards of Measurement,
Physiological Interpretation and Clinical Use developed by
the European Society of Cardiology and North American
Society of Pacing and Electrophysiology.

For time analysis of HRYV, the following parameters were
used: SDNN (ms) — standard (square root) RR deviation,
SDNN index (ms) — average 5 minute standard deviation
throughout the recording, SDANN (ms) — RMS deviation
calculated on the basis of RR intervals, which were averaged
over every 5 minutes of the recording, RMSSD (ms) —
mean square deviation of inter-interval differences (acti-
vity of parasympathetic influences), pNN50 (%) — share
of adjacent RR intervals, inter-interval differences between
which exceed 50 ms of spectral power (ms?). The decrease
in the values of time parameters of heart rate variability was
interpreted as an enhancement of sympathetic effects, the
increase — as the activation of parasympathetic ones.

Spectral analysis was carried out by means of a fast Fou-
rier transform with the calculation of the total power of the
spectrum — TP (ms?) and its three components in the fol-
lowing frequency band: very low frequencies (VLF) (0.003—
0.04 Hz), which characterizes the degree of connection of
autonomous segmentary levels of blood circulation regula-
tion with suprasegmentary; the power of the low frequency
(LF) spectrum (0.04—0.15 Hz), which mainly reflects the
activity of the sympathetic part of the autonomic nervous
system; the power of the high frequency (HF) spectrum
(0.15—0.4 Hz), which characterizes the influence of the
parasympathetic part; as well as the sympatho-parasympa-
thetic index of the LF/HF — the index reflecting the ba-
lance of the sympathetic and parasympathetic parts.

The results were statistically processed using the Statis-
tica 8.0 program. The verification of the distribution accor-
ding to the Gauss’s law was carried out using the Shapiro-
Wilk test. Given that most of the samples did not conform to
the Gauss’s law, the results were presented as median (Me)
and interquartile range (Q25; Q75). Due to the age and gen-
der dependence of heart rate variability in children, Z-esti-
mates were used in order to compare with the corresponding
normative parameters. The Z-estimate was the degree of de-
viation from the arithmetic mean of the statutory indicator
for this age group expressed in terms of the standard devia-
tion of the same series, or by the formula: Z = (X — Xn) /
Sx, where X — the value of the obtained indicator in the exa-
mined child, Xn — the arithmetic mean of the normative
indicator in this age group, .5 — the standard deviation of the
arithmetic mean of the statutory indicator. Mann-Whitney
criterion was used to compare the groups. A correlation and
one-factor dispersion analysis was performed to determine
the relationship between the indicators. The difference be-
tween values was considered statistically verisimilar at the
level of significance criterion — p < 0.05.

Results

In children with chronic pyelonephritis and CKD stage
[—III, when compared with statutory indicators, the uni-
directional nature of changes in the time indices (SDNN,
RMSSD, pNN50) (Table 1) and spectral analysis (TP, LE,
HE LF/HF) of HRV was recorded (Table 2).

Analysis of the statistical characteristics of Z-estimates
of time analysis indicators revealed a probable decrease in
SDNN levels in patients in all groups with the most signifi-
cant decrease in this indicator in children with CKD stage
I1I. A sharp decline in SDNN (greater than 3 S) was ob-
served in 4.26 % of patients with CKD stage I, 13.3 % of
patients with CKD stage II and in 35.3 % of patients with
CKD stage III. The levels of RMSSD and pNN50, which
are indicators of activity of the parasympathetic chain of
vegetative regulation, also tended to decrease. However, the
probable decrease in comparison with the control group was
demonstrated for RMSSD in patients with CKD stage III,
and for pPNN50 — in patients with CKD stage I and III.

Describing the general tendencies of changes in the pa-
rameters of the spectral analysis of HRYV, it can be noted that
for patients with CKD stages I—I1I as compared with the
control group, there is a verisimilar gradual increase in the
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total power of HRV spectrum and its domain LF. At the same
time, with the progression of CKD, a probable decrease in
the power of the high-frequency spectrum was recorded.
The degree of changes in the power of HRV spectrum had
probable group differences both for the low-frequency com-
ponent (H = 23.22; p = 0.0001) and for high-frequency
component (H = 14.45; p =0.0023).

A significant decrease in the power of the high-frequen-
cy component against the background of low-frequency le-
vels has led to a statistically significant increase in the ratio
of LF/HF in patients with CKD stages I-III, as compared
to healthy subjects, without any intergroup differences
(H=1.67; p=0.8725).

Additionally, Spearman correlation analysis revealed
likely correlations between the levels of glomerular filtra-
tion rate and HRV indices, namely, GFR and SDNN
(r = +0.564; p = 0.023), GFR and pNNS50 (r = +0.492;
p = 0.037), GFR and TP, LE, HF (r = —0.591, p = 0.030;
r=-0.662,p=0.012; r=+0.627, p = 0.018, respectively).

Discussion

In our study in children with chronic pyelonephritis and
CKD stages 1111, reliable shifts in both total HRV and
domains were determined, which according to the present
data is a complication of CKD, and not the initial state [14].

Probable changes in the SDNN, TP, LF and HF indices in
the examined patients during the day reflect the decrease
in the total effect of autonomous blood circulation regula-
tion, associated with the increase of sympathetic regulation,
which inhibits the activity of the autonomous circuit. The
indicated signs of autonomous dysregulation are intensi-
fied by the presence of a possible decrease in the parameters
characterizing the activity of the parasympathetic chain
of vegetative regulation, namely: RMSSD in patients with
GFR below 60 ml/min and pNN50 in all groups of patients
with CKD. Reduced power of the high frequency compo-
nent resulted in a statistically significant increase in LF/HF
ratio in children with CKD in all groups as compared with
healthy subjects without group differences. The increase
in this indicator is also a reflection of vegetative imbalance
toward hypersympathicotonia. The indicated shifts in the
regulation of the autonomous circuit have been confirmed
by the studies performed both among the adult contingent
[15] and in the pediatric population [12, 16].

The power of the very low-frequency component of
HRYV spectrum of VLF characterizes the activity of the
sympathetic part of the autonomic nervous system [17,
18]. However, in this case we are talking about more com-
plex influences of the supra-segmentary level of regulation,
since the amplitude of this domain is closely related to the

Table 1. Z-estimate of time characteristics of heart rate variability in children with chronic pyelonephritis
and chronic kidney disease, Me (Lq; Uq)

Groups of examined patients

Indicators
15t (n = 47)

27 (n = 30)

39 (n=17) P

24 hours -1.37* (-2.08; —0.68)

—1.42* (-2.36; —0.94)

P, , = 0.4121
p, = 0.0232
P, = 0.062

—2.68* (-3.24; —1.62)

SDNN, ms | Day -1.43* (-2.15; -0.77)

—1.45* (—2.43; -0.97)

p,,=0.4651
p, ,=0.0273
p, , = 0.057

—2.78" (-3.24; -1.62)

Night —1.22 (-1.78; -0.62)

—1.39* (-2.29; -0.92)

p,_, = 0.5465
p,, = 0.0329
p, ;= 0.075

—2.44* (-2.86; —1.43)

24 hours | —0.97 (-1.54; —0.65)

-0.49 (-1.07; -0.48)

p,_, = 0.0355
p,_, = 0.3791
p, , = 0.0371

—1.40* (-1.76; -0.95)

RMSDD,

ms Day

~0.69 (-1.27; -0.49)

-0.42 (~0.92; -0.37)

P, , = 0.0365
b, , = 0.4564
P, , = 0.0291

—1.22* (-1.56; -0.88)

Night -1.09 (-1.69; -0.77)

~0.57 (~1.23; -0.55)

p,,=0.0321
P, = 0.4427
P, , = 0.0251

-1.49* (=1.77; -0.98)

24 hours —2.80* (-3.66; —1.14)

~0.99 (-3.54; 0.11)

p, , = 0.0730
b, ,=0.4123
p, = 0.0348

—3.50* (~3.72; —2.63)

pNN50, % | Day —2.78* (-3.56; —1.11)

—0.69 (-3.44; 0.56)

P, , = 0.0643
p, = 0.2734
P, , = 0.0345

—3.45* (~3.65; —2.68)

Night —2.84* (-3.73; -1.17)

—1.63* (~3.62; —0.41)

p, , = 0.0881
b, , = 0.4536
b, . = 0.0443

—3.54* (=3.76; —2.59)

Note: * — statistically significant difference with the indicators of the control group.
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psycho-emotional stress and functional state of the cerebral
cortex, and the power of VLF fluctuations is a sensitive in-
dicator of metabolic process control. That is, VLF reflects
the effect of higher autonomic centers on the cardiovascular
subcortical center, the state of neurohumoral and metabolic
regulation levels and can be used as a marker for the rela-
tionship between the segmentary levels of blood flow regula-
tion with supra-segmentary ones [19—21]. The increase in

the level of VLE, which indicates high power compensatory
mechanisms and can lead to disruption of the adaptive re-
serves of the organism was recorded in 21.3 % of patients
with CKD stage I, in 20.0 % of children with CKD stage 11
and in 11.8 % of patients with CKD stage III. Reduction in
the power of the VLF spectrum, which confirms the deple-
tion of the energy reserves of the body, was recorded at night
and was typical for 61.7 % of patients with CKD stage I,

Table 2. Z-estimate of spectral characteristics of heart rate variability in children with chronic pyelonephritis
and chronic kidney disease, Me (Lq; Uq)

Groups of examined patients

Indicators
1st (n = 47)

2n (n = 30)

34 (n=17) s

24 hours | 0.89 (~0.67; 1.47)

1.45 (0.22; 1.65)

p, , = 0.3426
b, ,=0.0478
b, , = 0.0345

3.46* (1.53; 5.07)

TP, ms®> |Day 0.92 (-0.19; 1.65)

1.42 (=0.14; 2.09)

p,,=0.5126
p, = 0.0212
p,,=0.0127

4.87* (2.72; 6.03)

Night -0.11 (-0.31; 1.45)

1.22 (-0.25; 2.31)

p, ,=0.3159
P, , = 0.0006
p,., = 0.0031

7.56™ (2.25; 11.29)

24 hours |  3.34* (2.37; 3.72)

2.77* (0.47; 4.27)

p,_, = 0.0886
p, ,=0.0743
p, , = 0.0498

4.14* (2.61; 4.99)

VLF, ms? | Day 3.98* (2.59; 4.56)

2.93* (0.88; 3.87)

p, ,=0.0182
b, , = 0.0053
b, , = 0.0533

4.54* (2.55; 4.86)

Night 0.59 (0.26; 1.27)

2.61* (0.30; 3.54)

p,,=0.0617
P, , = 0.5927
P, , = 0.0087

3.89* (2.02; 4.56)

24 hours 2.55" (1.79; 2.79)

1.91* (1.33; 3.51)

p,,=0.0794
P, ;=0.0019
P, , = 0.0000

5.11* (3.67; 7.94)

LF, ms? Day 1.88* (1.76; 2.41)

1.69* (1.43; 2.47)

b, ,=0.3311
p, , = 0.0012
p, , = 0.0000

6.46* (3.32; 7.29)

Night 1.46 (-0.65; 1.59)

2.86* (1.77; 3.35)

p, ,=0.0145
b, , = 0.0009
P, , = 0.0002

4.21* (3.23; 6.17)

24 hours | —0.60 (-1.21; —0.46)

-3.20* (-9.61; 0.68)

p, , = 0.0365
P, , = 0.0241
P, , = 0.0025

-12.72* (-14.41; -9.05)

HF, ms? | Day ~9.64* (-10.98; —6.12)

-6.36* (-9.46; 0.47)

p,,=0.0312
P, , = 0.0160
b, =0.0015

-12.69* (-13.79; -9.12)

Night 1.23 (-1.21; 1.25)

-6.12* (-9.61; 0.55)

b, ,=0.0312
p, , = 0.0160
b, =0.0015

—12.81* (-14.56; -9.18)

24 hours 1.34 (-0.7; 3.53)

1.80* (-0.47; 5.12)

b, , = 0.3625
b, , = 0.0042
P, , = 0.0635

2.62* (0.7; 10.10)

LF/HF Day 3.37* (2.01; 5.47)

1.86* (~0.45; 4.92)

p, ,=0.4133
b, , = 0.8332
b, = 0.2345

2.66" (0.88; 10.16)

Night 1.21 (0.85; 2.76)

1.69* (-0.50; 5.23)

p,,=0.3112
b, , = 0.0720
b, = 0.3052

2.60* (0.66; 9.97)

Note: * — statistically significant difference with the indicators of the control group.
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70.0 % of patients with CKD stage 11, and 76.5 % of chil-
dren with CKD stage I11.

The results of our study suggest that in children with
chronic pyelonephritis changes in total HRV occur gradu-
ally during CKD progression, rather in the decrease of renal
function, which is confirmed by the presence of probable
correlations between GFR and the main indicators of HRV.
This assumption is also evidenced in studies conducted
among adult patients with CKD of IV—V stages [ 15, 22], and
in a cohort of pediatric patients [12, 16]. At the same time, it
was found that by the levels of most indicators of both time
and spectral analysis of HRYV, there is no probable difference
between patients with CKD stage I and II. This is likely to
be due to the fact that the overwhelming majority of patients
with GFR below 90 ml/min received angiotensin conver-
ting enzyme inhibitors as a component of renonoprotective
therapy for a long time, which, according to modern ideas,
contribute to the normalization of total HRV [23—-25].

Conclusions

1. In 76.6 % of children with chronic pyelonephritis
and CKD of I-III stages, vegetative imbalance is detected,
which manifests in HRV (growth of TP, LE, LF/HF and
reduced SDNN, RMSSD, pNN50, HF). These changes
reflect the shift of vago-sympathetic balance toward weake-
ning of the parasympathetic and domination of the tone of
the sympathetic part of the nervous system.

2. Gradual loss of renal functions, which occurs du-
ring CKD progression, exacerbates autonomic imbalance,
which is confirmed by the presence of probable correla-
tions between the integral index of renal function (GFR)
and findings of time (SDNN, pNN50) and spectral (TP, LE
HF) analysis of HRV.

3. The autonomic imbalance with the weakening of the
parasympathetic and domination of the sympathetic tone
of the nervous system obviously leads to the weakening of
the overall adaptive capacities of the organism and demon-
strates expected development of cardiovascular disorders
even before the appearance of significant changes of central
hemodynamics.

Conflicts of interests. Author declares the absence of
any conflicts of interests that might be construed to influ-
ence the results or interpretation of their manuscript.

References
1. Weaver DJ Jr, Somers MJG, Martz K, Mitsnefes MM.

Clinical outcomes and survival in pediatric patients initiat-
ing chronic dialysis: a report of the NAPRTCS registry. Pediatr
Nephrol. 2017 Dec;32(12):2319-2330. doi: 10.1007/s00467-017-
3759-4.

2. Mahmoodi BK, Matsushita K, Woodward M, et al. As-
sociations of kidney disease measures with mortality and end-
stage renal disease in individuals with and without hypertension:
a meta-analysis. Chronic Kidney Disease Prognosis Consortium.
Lancet. 2012 Nov 10;380(9854):1649-61. doi: 10.1016/S0140-
6736(12)61272-0.

3. Schaefer F, Doyon A, Azukaitis K, et al. Cardiovascular
Phenotypes in Children with CKD: The 4C Study. Clin J Am Soc
Nephrol. 2017 Jan 6;12(1):19-28. doi: 10.2215/CJN.01090216.

4. Park M, Hsu CY, Li Y, et al; Chronic Renal Insufficiency
Cohort (CRIC) Study Group. Associations between kidney func-
tion and subclinical cardiac abnormalities in CKD. J Am Soc
Nephrol. 2012 Oct;23(10):1725-34. doi: 10.1681/ASN.2012020145.

5. Ivanov DD. Next step in chronic disease therapy. Kid-
neys. 2016,(16):10-13. doi: 10.22141/2307-1257.2.16.2016.72205.

6. Charkoudian N, Rabbitts JA. Sympathetic neural mech-
anisms in human cardiovascular health and disease. Mayo Clin
Proc. 2009 Sep;84(9):822-30. doi: 10.1016/S0025-6196(11)60492-
8.

7. Christensen JH. Cardiac autonomic dysfunction in he-
modialysis patients assessed by heart rate variability. Minerva
Urol Nefrol. 2012 Sep;64(3):191-8.

8. Lal C, Kaur M, Jaryal AK, Deepak KK, Bhowmik
D, Agarwal SK. Reduced baroreflex sensitivity, decreased heart
rate variability with sncreased arterial stiffness in predialysis.
Indian J Nephrol. 2017 Nov-Dec;27(6):446-451. doi: 10.4103/ijn.
IJN 63 17,

9. Zhang J, Yu X, Sun B,
and heart rate variability in patients with stage 5 CKD. Clin J Am
Soc Nephrol. 2013 Aug;8(8):1378-87. doi: 10.2215/CJN.10381012.

10. Chen SC, Huang JC, Tsai YC, et al. Heart Rate Vari-
ability Change Before and After Hemodialysis is Associated with

et al. Parathyroidectomy

Overall and Cardiovascular Mortality in Hemodialysis. Sci Rep.
2016 Feb 8;6:20597. doi: 10.1038/srep20597.

11. Niu SW, Huang JC, Chen SC, et al. Association between
Age and Changes in Heart Rate Variability after Hemodialysis in
Patients with Diabetes. Front Aging Neurosci. 2018 Feb 20,;10:43.
doi: 10.3389/fnagi.2018.00043.

12. Barletta GM, Flynn J, Mitsnefes M, et al. Heart
rate and blood pressure variability in children with chronic kid-
ney disease: a report from the CKiD study. Pediatr Nephrol. 2014
Jun;29(6):1059-65. doi: 10.1007/s00467-013-2737-8.

13. Shroff R, Dégi A, Kerti A, et al. Cardiovascular risk
assessment in children with chronic kidney disease. Pediatr
Nephrol. 2013 Jun;28(6):875-84. doi: 10.1007/s00467-012-2325-3.

14. Thio CHL, van Roon AM, Lefrandt JD, Gan-
sevoort RT, Snieder H. Heart Rate Variability and Its Rela-
tion to Chronic Kidney Disease: Results From the PREVEND
Study. Psychosom Med. 2018 Apr;80(3):307-316. doi: 10.1097/
PSY.0000000000000556.

15.  de Oliveira CA, de Brito Junior HL, Bastos MG, et
al. Depressed cardiac autonomic modulation in patients with
chronic kidney disease. J Bras Nefrol. 2014 Apr-Jun;36(2):155-62.
doi:10.5935/0101-2800.20140025.

16. Parisotto V, Lima EM, Silva JM, de Sousa MR, Ribeiro
AL. Cardiac sympathetic dysautonomia in children with chronic
kidney disease. J Nucl Cardiol. 2008 Mar-Apr;15(2):246-54. doi:
10.1016/j.nuclcard.2008.01.003.

17. Shaffer F, McCraty R, Zerr CL. A healthy heart is
not a metronome: an integrative review of the heart's anatomy
and heart rate variability. Front Psychol. 2014 Sep 30;5:1040. doi:
10.3389/fpsyg.2014.01040.

18. Thomas BL, Claassen N, Becker P, Viljoen M. Validity
of Commonly Used Heart Rate Variability Markers of Autonomic

Q2 Pocki, 1SSN 2307-1257 (print), ISSN 2307-1265 (online)

\Vol. 8, No. 2, 2019


https://www.ncbi.nlm.nih.gov/pubmed/28762101
https://www.ncbi.nlm.nih.gov/pubmed/28762101
https://www.ncbi.nlm.nih.gov/pubmed/28762101
https://www.ncbi.nlm.nih.gov/pubmed/28762101
https://www.ncbi.nlm.nih.gov/pubmed/28762101
https://www.ncbi.nlm.nih.gov/pubmed/23013600
https://www.ncbi.nlm.nih.gov/pubmed/23013600
https://www.ncbi.nlm.nih.gov/pubmed/23013600
https://www.ncbi.nlm.nih.gov/pubmed/23013600
https://www.ncbi.nlm.nih.gov/pubmed/23013600
https://www.ncbi.nlm.nih.gov/pubmed/23013600
https://www.ncbi.nlm.nih.gov/pubmed/27827310
https://www.ncbi.nlm.nih.gov/pubmed/27827310
https://www.ncbi.nlm.nih.gov/pubmed/27827310
https://www.ncbi.nlm.nih.gov/pubmed/22935481
https://www.ncbi.nlm.nih.gov/pubmed/22935481
https://www.ncbi.nlm.nih.gov/pubmed/22935481
https://www.ncbi.nlm.nih.gov/pubmed/22935481
http://kidneys.zaslavsky.com.ua/article/view/72205
http://kidneys.zaslavsky.com.ua/article/view/72205
https://www.ncbi.nlm.nih.gov/pubmed/19720780
https://www.ncbi.nlm.nih.gov/pubmed/19720780
https://www.ncbi.nlm.nih.gov/pubmed/19720780
https://www.ncbi.nlm.nih.gov/pubmed/19720780
https://www.ncbi.nlm.nih.gov/pubmed/22971684
https://www.ncbi.nlm.nih.gov/pubmed/22971684
https://www.ncbi.nlm.nih.gov/pubmed/22971684
https://www.ncbi.nlm.nih.gov/pubmed/29217881
https://www.ncbi.nlm.nih.gov/pubmed/29217881
https://www.ncbi.nlm.nih.gov/pubmed/29217881
https://www.ncbi.nlm.nih.gov/pubmed/29217881
https://www.ncbi.nlm.nih.gov/pubmed/29217881
https://www.ncbi.nlm.nih.gov/pubmed/23660181
https://www.ncbi.nlm.nih.gov/pubmed/23660181
https://www.ncbi.nlm.nih.gov/pubmed/23660181
https://www.ncbi.nlm.nih.gov/pubmed/26854202
https://www.ncbi.nlm.nih.gov/pubmed/26854202
https://www.ncbi.nlm.nih.gov/pubmed/26854202
https://www.ncbi.nlm.nih.gov/pubmed/26854202
https://www.ncbi.nlm.nih.gov/pubmed/29515436
https://www.ncbi.nlm.nih.gov/pubmed/29515436
https://www.ncbi.nlm.nih.gov/pubmed/29515436
https://www.ncbi.nlm.nih.gov/pubmed/29515436
https://www.ncbi.nlm.nih.gov/pubmed/24488505
https://www.ncbi.nlm.nih.gov/pubmed/24488505
https://www.ncbi.nlm.nih.gov/pubmed/24488505
https://www.ncbi.nlm.nih.gov/pubmed/24488505
https://www.ncbi.nlm.nih.gov/pubmed/23070276
https://www.ncbi.nlm.nih.gov/pubmed/23070276
https://www.ncbi.nlm.nih.gov/pubmed/23070276
https://www.ncbi.nlm.nih.gov/pubmed/29298214
https://www.ncbi.nlm.nih.gov/pubmed/29298214
https://www.ncbi.nlm.nih.gov/pubmed/29298214
https://www.ncbi.nlm.nih.gov/pubmed/29298214
https://www.ncbi.nlm.nih.gov/pubmed/29298214
https://www.ncbi.nlm.nih.gov/pubmed/25055355
https://www.ncbi.nlm.nih.gov/pubmed/25055355
https://www.ncbi.nlm.nih.gov/pubmed/25055355
https://www.ncbi.nlm.nih.gov/pubmed/25055355
https://www.ncbi.nlm.nih.gov/pubmed/18371597
https://www.ncbi.nlm.nih.gov/pubmed/18371597
https://www.ncbi.nlm.nih.gov/pubmed/18371597
https://www.ncbi.nlm.nih.gov/pubmed/18371597
https://www.ncbi.nlm.nih.gov/pubmed/25324790
https://www.ncbi.nlm.nih.gov/pubmed/25324790
https://www.ncbi.nlm.nih.gov/pubmed/25324790
https://www.ncbi.nlm.nih.gov/pubmed/25324790
https://www.ncbi.nlm.nih.gov/pubmed/30721903
https://www.ncbi.nlm.nih.gov/pubmed/30721903

OpwuriHaabHi ctarti / Original Articles

Nervous System Function. Neuropsychobiology. 2019 Feb 5:1-13.
doi: 10.1159/000495519.

19. Usui H, Nishida
of heart rate variability represents the slow recovery component
after a mental stress task. PLoS One. 2017 Aug 14;12(8):e0182611.
doi: 10.1371/journal.pone.0182611.

20. Jerling M, Cygankiewicz I, Al-Tawil N, Darpo B, Ljung-

Y. The very low-frequency band

strom A, Zareba W. Effects of intranasal kinetic oscillation stimu-
lation on heart rate variability. Ann Noninvasive Electrocardiol.
2018 Jan;23(1). doi: 10.1111/anec.12474.

21. Usui H, Yuusuke N. Relationship between physical ac-
tivity and the very low-frequency component of heart rate vari-
ability after stroke J Stroke Cerebrovasc Dis. 2015 Apr;24(4):840-
3. doi: 10.1016/j.jstrokecerebrovasdis.2014.11.026.

22. Clyne N, Hellberg M, Kouidi E, Deligiannis A, Hoglund

P. Relationship between declining glomerular filtration rate and

BakyaeHko A.l.

measures of cardiac and vascular autonomic neuropathy. Nephrol-
ogy (Carlton). 2016 Dec;21(12):1047-1055. doi: 10.1111/nep.12706.

23. Milovanovic B, Trifunovic D, Djuric D. Autonomic ner-
vous system adjustment (ANSA) in patients with hypertension
treated with enalapril. Acta Physiol Hung. 2011 Mar;98(1):71-84.
doi: 10.1556/APhysiol.98.2011.1.9.

24. Miller AJ, Arnold AC. The renin-angiotensin system in
cardiovascular autonomic control: recent developments and clin-
ical implications. Clin Auton Res. 2019 Apr;29(2):231-243. doi:
10.1007/s10286-018-0572-5.

25. Zhang J, Wang N. Prognostic significance and thera-
peutic option of heart rate variability in chronic kidney disease.
Int Urol Nephrol. 2014 Jan;46(1):19-25. doi: 10.1007/s11255-013-
0421-3.

Received 18.04.2019,
Accepted for printing 22.04.2019 M

A3 «AHinponetposcbka meanydHa akaaemis MO3 YkpaiHn», M. AHINpo, YkpaiHa

Bapiab6eAbHICTb CepLEeBOro pUtMy B AiTen i3 XPOHIYHUM NiIEAOHEDPUTOM i XPOHIYHOKO XBOPOO6OIO HUPOK |-l cTaAi

Pesiome. Akryambmicts. OuiHka BapiaGelbHOCTI CepLEBOTO
PUTMY JTA€ MOXKJIMBICTb OTPUMATH YSIBJICHHS 111010 (DYHKIIIOHAIb-
HOTO CTaHy BereTaTMBHOI HEPBOBOI CUCTEMU Ta ileHTUdIKyBaTH
3MiHM BEreTaTMBHOIO romeocrasy B jiteil. Mera podOTH: Bu-
BUUTU OCOOJMBOCTI BEreTaTUBHOI PeryJisiii B IiTeii i3 XpOHIUHUM
mieaoHePUTOM Ha ITOYATKOBHUX CTAIisSIX XPOHIYHOI XBOPOOU HU-
pok (XXH) muissxom aHamizy BapiaOelbHOCTI CEpLIEBOIO PUTMY.
Marepianu Ta MeToau. O6¢cTexkeHO 94 TUTHHU BiKOM Bim 6 10
17 pokiB 1Mo3a 3arocTpeHHsIM XpoHiuHoro miesoHedputy 3 XXH
[—III cranii. [TpoBomMIOCH HOOOBE MOHITOPYBAHHS €JICKTPOKAp-
JiorpaMu 3 OAAJbIIOK MaTeMaTHYHOI 00poOKoio. PesyabraTh.
AHaJli3 CTaTUCTUYHUX XapaKTePUCTUK Z-OLiHOK MOKa3HUKIB Ya-
COBOTO aHasi3y BUSIBUB BipOTiJIHE 3HMXXEHHS 3HAUEHb CTaHIAPT-
HOTO (CepemHbOKBAAPATUYHOIO) BimxuiaeHHs iHTepBary RR y
XBOPUX YCiX TPYIT i3 CYTTEBUM 3MEHIIEHHSIM 1IbOTO MTOKA3HUKA B
niteit i3 XXH III cranmii. BiporinHe 3MeHIIEHHS MTOKa3HMKA aK-
TUBHOCTI TlapacuMmnaTuYHuX BIUMBiB RMSSD mpomxemoHcTpy-

BakyaeHko AU

Bayu xBopi 3 XXH III cranii, a mokasHuka pNN50 — maiieHTn
3 I ta III cramiero XXH. [Ipu crieKTpaabHOMY aHaJi3i y XBOPUX
BUSIBJICHO BiporimHe 30iJbIIeHHS 3arajJbHOI IMOTYKHOCTI CIIeK-
Tpa BapiabenbHOCTI cepiieBoro putMy (TP) i itoro nomeniB (VLEF,
LF), cumnaro-napacumnaruuHoro crisbigHowmeHHss LF/HF Tta
3HUKEHHST TIOTYXKHOCTI BHcOKodacToTHOro criektpa (HF). Bu-
CHOBKH. Y 76,6 % niteii i3 xpoHiuHUM mienoHedbputom ta XXH
I—III cTanii Bin3HaYa€eTbCSI MOPYIIEHHSI BEreTaTUBHOIO OajlaHCY.
I3 mporpecyBannsim XXH BereraTuBHUIT n1ucbanaHc noriuodo-
€ThCS, IO TiATBEPIKYETHCS HASIBHICTIO BIpOTiTHMX KOPEJISILIiit
MiX IIBUAKICTIO KJIyOOYKOBOI (hibTpallii Ta MOKa3HUKaMU Ya-
coBoro (SDNN, pNN50) i cniekrpansroro (TP, LE, HF) ananizy
BapiabebHOCTI ceplieBOro putMy. BusiBiieHi 3MiHM cBimyaTh mpo
ouikyBaHe (opMyBaHHsI KapIioBaCKYyJSIPHUX TOPYIIEHb IIE 10
MOSIBY 3HAUYIIMX 3MiH LEHTPaJbHOI FTeMOAMHAMIKU.

Ki104oBi cj10Ba: BapiaGenbHiCTh CepLEBOro pUTMY; JiTH; Xpo-
HiYHU MieoHepUT; XpOHiUHA XBOPOOA HUPOK

'Y «AHenponeTpPoBCKAS MEAMLMHCKAST akaaemms M3 YkpauHbi», r. AHernp, YKpauHa

BapnabGeAbHOCTb CePAEYHOrO PUTMA Y AETEN C XPOHUYECKUM NMeAOHEePPUTOM
N XPOHUYEeCKomn 60Ae3Hblo noyvek I-lll ctapaun

Pe3iome. AkryanbHocTh. Ouenka BapnaGebHOCTH CEPAEYHOTO
pUTMa 1aeT BO3MOXKHOCTD TMOJYYUTh MPeACTaBIeHre 0 (HYHKIINO-
HaJIbHOM COCTOSIHMM BEereTaTMBHOM HEPBHOW CUCTEMbI M MICH-
TUGUUMPOBAThL U3MEHEHUST BEreTaTUBHOIO TOMeOcTas3a y AeTeil.
Ilens padoOTHI: M3yINUTh OCOOEHHOCTH BET€TaTHUBHOW PETyJIsIun
y JIeTei ¢ XpPOHUYECKUM TTHEeTOHeDPUTOM Ha HAYaIbHBIX CTAAMSIX
XpoHuueckoi 6ose3nu nouek (XBIT) myrem aHanu3a Bapuadeib-
HOCTH cepieqHoro putMma. Marepuasisl U MeTobl. OGClie0BaHO
94 pebeHka B Bozpacte ot 6 10 17 JeT BHe 000CTPEeHUsT XpOHUYE-
ckoro rmenoHedputa ¢ XbIT I-111 craguu. [TpoBomuiIoch CyTou-
HO€ MOHMTOPHMPOBAHUE AIEKTPOKAPAMOTPAMMBI C MOC/EIYIOIICH
MaTeMaTU4eckoil 06paboTkoii. Pe3yabTaTel. AHaMM3 cTaTUCTH-
YECKMX XapaKTepUCTUK Z-OLEHOK IloKa3aresieil BPEeMEHHOro
aHaJIu3a BBISIBWI JOCTOBEPHOE CHWXXEHME 3HAYeHWI CTaHIapT-
HOTO (CpeaHeKBaIpaTUYeCcKoro) OTKJIOHeHUsi umHTepBaia RR y
OOJIbHBIX BCEX TPYIII C CYIIECTBEHHBIM YMEHBILIEHUEM 3TOTO I10-
kazatens y aereit ¢ XBIT I cranuu. JloctoBepHOE YMEHbBIIEHNE
noka3zareiast RMSSD nponemonctpupoBanu 6oiabHbie ¢ XBIT 111

cranuu, a mokaszatesss pNN50 — mamumentsr ¢ [ u I cragueit
XBII. I1pu cieKTpabHOM aHaIN3€e y OOJIbHBIX BBISIBIEHO JOCTO-
BEpHOE yBeJIMYEHUE 0011Ieii MOIITHOCTHU CIIEKTpa BaprabeIbHOCTU
cepraeuHoro putMma (TP) u ero nomenos (VLE, LF), cumnaro-na-
pacummnartnyeckoro cootHomeHus LF/HF u cHukeHne moiHo-
¢ty BeicokouacToTHoro criekrpa (HF). BoiBoapl. Y 76,6 % nereit
¢ xpoHuueckum nuenoHedputom u XBIT I-III cragun oTMeua-
eTcsl HapylIeHue BereTaTuBHOro 6aaHca. C nporpeccupoBaHueM
XBIT BereratuBHbI AUcOaNaHC yCyTyOJsieTcsl, 4TO TOATBEPKIa-
eTCsl HaJIMuueM KOpPEeJsSIUii MEXIY CKOPOCTbIO KIYyOOUKOBOM
¢unpTpaiu U nokaszareiasimu BpemeHHoro (SDNN, pNN50)
u cnekrpaibHoro (TP, LF, HF) ananu3a BapmaGeabHOCTH cep-
NIEYHOTO pUTMa. BBISIBICEHHBIE M3MEHEHUs CBUAETEILCTBYIOT 00
oXuaaeMoM (HOPMUPOBAHUYN KapAMOBACKYJISIPHBIX HapyLIeHUM
elie 10 IMOSIBJICHUS] 3HAYMMBbIX U3MEHEHUN LIEHTPAJIbHOW IeMO-
JIMHAMUKMU.

KioueBbie cjioBa: BapuabeIbHOCTh CEpACYHOTO PUTMA; JCTH,
XPOHUUECKUIA TTHeToHedPUT; XPOHUUYECKast 00JIe3Hb TTOYeK
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