Journal of V. N. Karazin" KhNU. 2016

UDC 612.172.2: 612.216: 616-07

ASSESSMENT OF CHANGES IN THE DISTRIBUTION RATIOS OF
ULTRA-LOW-FREQUENCY, LOW-FREQUENCY AND HIGH-
FREQUENCY COMPONENTS OF HEART RATE VARIABILITY
DURING THE PACED BREATHING TEST IN PATIENTS WITH
ARTERIAL HYPERTENSION
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Were studied the distribution ratios of ultra-low-frequency, low-frequency and high-frequency
components of the heart rate variability (HRV) as an indicator of the state of humoral and autonomic
sympathetic and parasympathetic elements in regulation of heart rate in 35 patients with arterial hypertension
(AH) aged 59 + 5 years in the paced breathing test. Evaluation of spectral parameters of HRV was performed
with the help of hardware and software «Kardiolab» («HAI-Medica»). Patients were divided into 3 groups
according to the degree of power reduction of low-frequency and high-frequency waves of HRV during the
transition from spontaneous breathing to paced one: 1* group- less than 5 times; 2" group — 5-20 times; 3™
group — more than 20 times. Statistical analysis was performed by means of parametric and nonparametric
methods using Microsoft Excel 7.0. It was found that in patients with hypertension was observed prevalence
of humoral effects in comparison with the sympathetic and parasympathetic parameters. The greater was the
contribution of humoral component to the HRV spectrum, the lower was the response of HRV to the
respiratory modulation.
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ONLIHKA 3MIHH PO3ITIOALTY CHIBBIJHOIEHD YJIbTPAHU3BKOYACTOTHHX,
HU3BbKOYACTOTHHUX I BUCOKOYACTOTHUX KOMIIOHEHTIB BAPIABEJIBHOCTI
CEPIIEBOI'O PUTMY Y HAIIIEHTIB 3 APTEPIAJIBHOIO I'llIEPTEH3ICIO B ITPOBI 3

METPOHOMI3OBAHHUM JUXAHHAM

Tonyékina €. 0.", Tonyékina 0. 0.
! XapkiBchknii HanionanpHuil yHiBepentet imeni B. H. Kapasina, m. Xapkis, Ykpaina
? HarioHanbHuil TeXHIYHUH YHIBepCHTET «XapKiBChKHIA TOMITEXHIYHII iHCTHTYTY», M. XapkiB, Ykpaina

Byno BUBYEHO PO3MOALT CHIBBIIHOIIECHD YJIBTPAHU3bKOYACTOTHUX, HU3bKOYACTOTHUX 1 BUCOKOYACTOTHHUX
KOMITOHEeHTIB BapiabenbHocTi (BCP) sk moOka3HHMKIB CTaHy T'yMOpaJbHOI I BEreTaTMBHOI CHUMIIATUYHUX 1
HapacuMIaTHYHMX JIAHOK peryJsisiuii cepueBoro purMy y 35 nauieHTiB 3 aprepiaibHoIo rineprensieto (AlN) y
Bili 59+5 pokiB y mpobi 3 MeTrpoHOMi3oBaHHMM [uxaHHsAM. OIHKa cHekTpaibHuUX mnapamerpis BCP
MPOBO/IMIIACS 32 JIOTIOMOTOI0 IIpOorpaMHo-anaparHoro komiuiekcy «Kapuionad» ( «XAl-Menunkay). [Tanientn
Oynu po3misieHi Ha 3 Ipynmu 3a CTYNEHSMH 3HIDKCHHS BiJHOIICHH IIOTY)KHOCTEH HHU3BKOYACTOTHUX 1
BUCOKOYAacTOTHUX XBWIb BCP mnpu mepexoni 31 CHOHTaHHOTO Ha METPOHOMI30BaHHE JAWMXaHHA: | Trpyma —
MEHII HiX B 5 pa3i; 2 rpyna — B 5-20 pasi; 3 rpyna — 6inbin HixX B 20 paziB. CratuctuuHa 00poOKa TaHuX
MPOBO/IMIIACS MApaMETPUYHUMHU 1 HeapaMeTpUYHUX METoJaMu 3 BUKopucTaHHsAM Microsoft Excel 7.0. Byno
BCTaHOBJEHO, 10 Yy mnamieHTiB 3 Al croocrepiraerbcs IepeBakaHHS TIyMOPaJIbHUX BIUIMBIB Haj
CHUMIIATUYHUMHU 1 TapacuMnaTHYHuMH. Yum Oinbuie BupakeHHd BHecok y BCP rymopainbHoi ckianoBoi
CIIEKTPY, TUM HIKYE peakiis mokasHukiB BCP Ha Monysswito 1uxaHHs.

K/IFIO90BI CJIOBA: aprepianbHa rinepreHsis, BapiaOelbHICTh CEPLEBOrO PHUTMY, METPOHOMI30BaHE
JMXaHHS
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OIIEHKA U3MEHEHW S PACHIPEJIEJIEHAS COOTHOIEHUI
YJIBTPAHNU3KOYACTOTHBIX, HU3KOYACTOTHBIX U BBICOKOYACTOTHBIX
KOMIIOHEHTOB BAPUABEJIBHOCTHU CEPJAEYHOTI'O PUTMA Y TAIMEHTOB C
APTEPHUAJILHOM T'MIIEPTEH3UEN B TIPOBE C METPOHOMMU3WUPOBAHHBIM JTBIXAHUEM

Tonyoxuna E. A.", Tony6xuna 0. A.°

! XapbKkoBckuii HAMOHANBHBIN yHEBepcuTeT uMenn B. H. Kapasuna, r. Xapbkos, YkpauHa

? HarpoHambHbIH TeXHHYECKHUit YHHUBEPCUTET «XapbKOBCKUN MOJUTEXHUYECKUH UHCTUTYT», T. XapbKOB,
Ykpauna

N3ydeHo pacnpeneneHue COOTHOUIEHUH yIbTPAaHU3KOYACTOTHBIX, HU3KOYACTOTHBIX U BBICOKOYACTOTHBIX
KOMIIOHEHTOB BapuabenbHocTH cepiaeyHoro purma (BCP) kak moxasarenieil COCTOSHUSI TyMOPaJbHOTO H
BEreTaTUBHBIX CHUMIATUYECKOTO U MApacUMIIaTUUYECKOrO0 3BEHBEB PETYISILIUU CEpACUHOrO0 pUTMA Yy
35 manmeHToB ¢ apTepuanbHOi runeprensueit (Al) B Bo3pacte 59 £ 5 yiet B ipobe ¢ METPOHOMU3UPOBAHHBIM
JaeixanueM. OneHka cnekTpanbHbIX napameTpoB BCP mpoBoaunachk ¢ IOMOLIbIO NPOrpaMMHO-ANIapaTHOIO
komiutekca «Kapmmonad» («XAU-Menukay). [laumentsl ObUM pasfeneHbl Ha 3 IPyHNBl MO CTENEHSIM
CHIDKEHMS OTHOILICHMS MOIIHOCTEH HH3KOUaCTOTHBIX M BBICOKOYAcTOTHbIX BoMH BCP mpu mepexone co
CIIOHTAaHHOTO Ha METPOHOMU3UPOBAHHOE [bIXaHUe: 1 rpymma — MeHee ueM B 5 pa3; 2 rpynmna — B 5-20 pas;
3 rpynna — 6onee yem B 20 pa3. Cratuctuyeckass o0pab0OTKa JaHHBIX MPOBOAMIACH IAPAMETPHUECKUMH H
HerapaMeTpUYeCKUMH MeToiaMu ¢ ucnonb3oBanueM Microsoft Excel 7.0. YcTaHOBiIE€HO, YTO Y NMAlMEHTOB C
ATl naGmonaercs mnpeoOnagaHue 'yMOPAJIbHBIX BIMSHUN HaJl CUMIATHYECKMMH M IapacHMIIATHYECKUMU.
Yewm Oonbuie BelpaskeH BkiIag B BCP rymopaibHON cOCTaBIISIONIEH CIIEKTpa, TEM HIDKE peakius mokasareseit
BCP na MOy SILIUIO ABIXAHUSL.

K/IIIOYEBBIE C/HIOBA: aprepuanbHas TUNEPTEH3Us, BapuaOeNbHOCTh  CEpICYHOTO  PHUTMAa,
METPOHOMM3HPOBAHHOE JbIXaHHE

reflect the sympathetic, parasympathetic and
suprasegmentally influences in the regulation

One of the important pathogenetic links of  of heart rate. HF is characteristic for vagal
hypertension is a violation of the autonomic control of autonomic modulation of heart rate,
balance with a predominance of sympathetic LF — to sympathetic and, to a certain extent,
and humoral effects, reduced activity of  the parasympathetic components of HRV, VLF
parasympathetic components of autonomous contributes to humoral component of HRV
nervous system [1-2]. These changes are spectrum [8].
making a tangible contribution to the severity A paced breathing test allows determine the
of the disease and may complicate the selection  state of autonomous regulation and first of all
of antihypertensive therapy that frequently is the level of vagal response at controlled
empirical. The use of heart rate variability  respiration [9], and the level of return to its
techniques (HRV) is a valuable addition to the initial state in the final stage of test [10].
standard set of diagnostic procedures in  Therefore, researches in this field are not only
modern medicine that makes possible not only of theoretical but also of practical interest and
to assess the severity of pathological changes  allow determine the pathogenetic links of
in the autonomic regulation [3-5], and take  hypertension in each individual patient, and
them into account in the prescription of  thus provide opportunities for more effective
antihypertensive drugs, as well as dynamically  and targeted therapy in these patients.
cont.rol the functlona.l sta‘Fe of the OBJECTIVE
cardiovascular system during patient treatment
[6-7]. The purpose of this article is to determine

Spectral analysis of HRV allows evaluate the changes in the ratios of distribution of
the frequency characteristics of the  ultra-low-frequency, low-frequency and high-
components of the spectrum and their frequency components in patients with
distribution in influencing the modulation of  essential arterial hypertension in the paced
heart rate, which is particularly important when  breathing test.
examining patients with arterial hypertension.

Spectral indices of heart rate HF, LF, VLF MATERIALS AND METHODS
are defined as high, low and ultra-low- A total of 35 hypertensive patients aged 40
frequency components of HRV spectrum, and to 70 years (mean age — 59 £ 5 years).

INTRODUCTION
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Inclusion criteria were: hypertension I-III
degree, stage I-III with stable angina of FC I-
M1, chronic heart failure FC I-111 I-TIA stage.

Exclusion criteria were: acute myocardial
infarction, unstable angina, chronic heart
failure IV FC, valvular heart disease, implanted
pacemakers, endocrinological discases
(diabetes, thyroid disease, etc.), exacerbation
of systemic diseases.

Clinical diagnosis of essential arterial
hypertension was determined in accordance
with the recommendations of the Ukrainian
Association of Cardiology [11].

Blood pressure measurement was carried
out by the method of Korotkov using the
tonometer Microlife BP AG1-20.

The study of HRV was performed using the
«CardioLab»  («HAI-Medica»)  computer
software containing the algorithm for
determining the HRV parameters.

The test with the modulated (paced)
breathing with double (visual and sound)
metronome was performed in the supine
position of patients, at the same time and
consisted of 3 stages. In the first initial resting
stage the patients were maintained at rest
breathing freely in familiar to them rhythm and
depth of breathing for 5 minutes to ensure that
a true resting HRV values were obtained; in the
second stage of paced breathing patients were
instructed to perform breathing in breathing
rate of 6 times per minute with additional
control of visual and sound metronome for
5 minutes; in the third final resting stage the
patients were breathing in a free manner for
5 minutes.

As a result of the test next indices were
evaluated: TP (total power of the spectrum),

LF (low-frequency waves), VLF (very-low-
frequency waves), HF (high-frequency waves),
LF/HF (ratio of the low-frequency waves to
high-frequency waves).

The test results were interpreted on the
basis of international standards (protocols of
the European Society of Cardiology) [8].

Depending on the changes of LF/HF ratio
between paced breathing stage and the initial
stage, reflecting the level of regulatory
capacity of the autonomic nervous system,
patients were divided into 3 groups: the first
group — LF/HF decrease of less than 5 times,
second group — reducing the LF/HF in 5-
20 times, group 3 — LF/HF decrease of more

than 20times in paced breathing stage
compared to the initial one.
In each group clinical and spectral

parameters of HRV were compared and
evaluated in all 3 stages of the paced breathing
test.

The Microsoft Excel 7.0 software was used
in statistical processing of obtained data.
Parametric  statistical data were used.
Authenticities of differences between groups
were evaluated with non-parametric Mann-
Whitney U test. To establish the relationship
between quantities parametric variables was
used Spearman's correlation analysis. The level
of significance was set at p < 0.05.

RESULTS AND DISCUSSION

The results of the comparison of the
distribution ratio of ultra-low-frequency, low-
frequency and high-frequency components in
hypertensive patients are shown in fig. 1 and
tab. 1.

LF/HF<5

M HF, % initial resting stage
B HF, % paced breathing

LF/HF 5-20

78

62

12

LF/HF >20

Fig. 1. The extent of HF index growth in the paced breathing stage
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Table 1

Spectral HRV parameters depending on the reduction LF/HF in the paced breathing test

The degree of reduction of LF/HF in the paced Accuracy of differences
Spectral HRV breathing test between the samples, p
parameters less than 5 In 5-20 times More than 20
times (group 1) (group 2) times (group 3)

Initial resting P12>0,05

values 1357 + 2143 787 + 554 2157 £ 2373 P,;<0.01

P,;>0,05

o Paced P,,>0,05

Eh breathing 1376 + 1411 2421 £ 3156 4502 + 3988 P,3<0.05

[ values P,;<0.05

Final resting P12>0,05

858 £ 612 825 £ 391 2201 £ 2291 P,3<0.05

values P> 0.05

.. . P,,<0,01
Initial resting | 5, 3 30+8 36+ 16 Py 0,1

values P, <005

S Paced P,,>0,05

o | breathing 13+£8 12+4 7+3 P,;<0.01

— values P,5<0.05

Final resting P12>005

27+7 30+ 13 31+17 P,3>0,05

values Ppy>0.05

Initial resting P12 <0.05

67 +£18 53+15 52+15 P,5>0,05

values PLy> 005

N Paced P;,<0.05

= | breathing |42+ 16 27 + 14 15+12 P,;<0.01

> values P,3<0.01

Final resting P12>005

59+11 55+17 59+21 P,5>0,05

values P> 005

.. . P,,>0,05

Initial resting |, | ¢ 17+ 11 1227 P,y > 0,05

values P> 005

° Paced P,»,>0,05

o breathing |45+ 20 62+16 78 £ 14 P,;<0.01

T values P3<0.01

. . Py, >0,05

Final resting | 1, , s 15+ 11 106 Py~ 0.05

values PLy> 005

.. . Py, >0,05

Initial resting |  , 2,6+18 44+4 Pyy<0.1

values P, <0.05

3 Paced P,,>0,05

E breathing 0,4 +0,4 0,4+0,8 0,1 +0,07 P,;<0.01

— values P,3<0.01

Final resting P12>0,05

values 2,0+0,5 2,8+2 38+1,5 P,5<0.05

P,5<0,05

At the initial resting stage an autonomic
imbalance with predominance of VLF waves
was observed in all 3 groups, indicating the
presence of enhanced humoral component of
HRV  spectrum. The most pronounced
prevalence of waves of very low frequency was

13

observed in the first group of patients
(VLF=67+18; P;,<0.05), whereas in the
second and third groups, these values were
53+ 15 and 52 £ 15, respectively. LF/HF ratio
showed fluctuations with increased
involvement of low-frequency parameters of
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HRYV, which was especially pronounced in the
third group (LF/HF =4.4+4, P,;< 0.1, P13 <
0.05). In the 1st group, on the other hand, the
share of the low-frequency component of the
LF spectrum was less pronounced compared to
the 2nd and 3rd groups (P1., < 0,01, P1.5< 0.05)
and was 15+ 3. High-frequency indices were
approximately at the same level in all groups
with no meaningful significant differences
between the groups — 16+19, 17+ 11 and
12+ 7, respectively in the 1%, 2™ and 3"
groups.

At the stage of paced breathing in third
group of patients was noted the most significant
involvement of parasympathetic components of
HRYV spectrum in response to the controlled
breathing, high-frequency parameter in this
group was observed at the level of — 78 £ 14
(P23<0.01, P;53<0.01). In the same group were
observed minimal values of LF compared to the
other groups — 7+ 3 (P,3 < 0.01, P13 < 0.05).
LF/HF has demonstrated also the same

distributions, reflecting vagotonia prevalence in
the third group — 0,1 £0,07 (P,.3 < 0.01, P15 <
0.01). The extent of growth in the low-
frequency waves of HRV spectrum was
different in all 3 groups, and was as follows: in
the first group — 28, in the second group — 45 %
in the third group — 66 %, thus demonstrating
the unequal levels of autonomous regulatory
capacity in the examined groups.

Fluctuations of VLF waves also showed
different degrees of decline in
suprasegmentally  influences at  paced
breathing: in the third group of patients such
changes were less pronounced - very low
frequency level value decreased by 37 %
compared to the initial resting stage and was
recorded at 15 £ 12; while in the 1st and 2nd
groups, this value fell by only 23 % and 26 %,
respectively, and appeared to be 42 = 16 and
27 + 14, with significant difference between
the groups P, < 0.05, P53 < 0.01, P;5 < 0.01
(fig. 2).

LF/HF<5

LF/HF 5-20

B VLF, % initial resting stage MVLF, % paced breathing

52

15

LF/HF >20

Figure 2. The degree of reduction VLF index in paced breathing stage

Correlations  between  changes  of
distribution of VLF and HF waves in paced

breathing stage compared with the initial
resting stage are shown in tab. 2.

Table 2

Correlations between changes of distribution of VLF and HF waves
in paced breathing stage compared with the initial resting stage

Initial stage-paced

Initial stage-paced

Initial stage-paced

breathing Group 1 breathing Group 2 | breathing Group 3
Correlations between increase of HF, r,=-1; r,=-0.074; r,=10.297;
ms” and decrease of VLF, ms’ p <0.001; p > 0.05; p > 0.05;

where ry — Spearman's rank correlation coefficient, p — p-value
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In the final resting stage there were
detected slight decrease in the proportion of
high-frequency waves of HF in all groups of
patients(13 = 5 —in the 1st group, 15+ 11 —
in the 2nd, 10+ 6 in the third group of
patients); At the same time, the humoral
involvement was enhanced, demonstrating
increase in VLF waves from 2 % to 7 %,
compared with the initial resting stage and
was recorded at level of 60+ 12, 55+17,
59421 in the 1st, 2nd and 3rd groups
respectively. Low-frequency parameter of
HRYV in the third group in the final resting
stage of the breathing test has decreased in
comparison with the initial resting stage by
5% to 31 £17; in the 2nd group LF values
showed no differences from the same values

Series «Mediciney. Issue 31

in initial resting stage (30 £+ 13), while in the
Ist group, the low-frequency component of
HRV spectrum has increased by 11 % to
27 + 8.

Changes in the total power of the
spectrum are shown in fig. 3 demonstrating a
lack of growth in TP in response to the paced
breathing in the Ist group, while in the
second and third groups of patients this
parameter had a positive growth during the
phase of controlled breathing. In the final
resting stage, a decrease of the total power of
the spectrum compared to initial values in
the 1st group was established; in the 2nd and
3rd groups the value of TP returned back to
the initial level.

5000
4500 —|m LF/HF<5 |
4000 |-
3500 || LF/HF 5-20 I
N
%] 3000 ~|m LF/HF >20 |
= 2500 |- |
1000 | | |—
0
Initial resting Paced Final resting
stage breathing stage

Fig. 3. Changes in the value of total power TP during all stages
of the paced breathing test in three groups of patients

Data, according to which in the initial
resting stage in all groups of patients a
significant rise and even prevalence of
humoral effects were shown, while the ratio
of LF/HF demonstrated shift towards
sympathicotonia, confirms [1, 3, 12-14].

Dysregulation of the autonomous nervous
system has been less pronounced in patients
with higher levels of vegetative regulation, in
which the HRV response to paced breathing
with a predominance of vagal component
was more significant; also there was the
significant increase in the total power TP and
a marked reduction in humoral influences. In
turn, in patients where the regulatory
possibilities of the autonomous nervous
system were reduced was observed
sufficiently  high  level of HRV
suprasegmentally spectral components not
only in the resting (initial) state, but in the

15

stage of paced breathing; the extent of HF
wave growth in this group with controlled
breathing was very small, also there was
found a negative correlation between the
degree of increase of HF waves and reduce
the level of VLF waves at this stage of the
test.

At the final resting stage in patients of all
groups remained disturbed state of relations
between the components of HRV spectrum,
more pronounced in patients with a lower
level of autonomous regulation. The degree
of inhibition of vegetative response to the
groups correlated with excessive activation
of humoral mechanisms of heart rate
regulation.

Increased humoral effects along with the
weakening of autonomous control of heart
rate may exacerbate hypertension, thereby
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adversely affecting the prognosis of the
disease, as evidenced by the study [1, 7, 14].

In accordance with these data defined
violations in the relations between the
spectral parameters of HRV can be a useful
tool for the detection of pathogenetic
components of arterial hypertension, which
can be used for more accurate and careful
selection of antihypertensive drugs [6], and
also to stratify the risk of complications in
hypertensive patients.

CONCLUSIONS

In patients with arterial hypertension
there is a decrease of the total power of the
HRV spectrum with a predominance of
humoral effects in comparison with
sympathetic and parasympathetic influences.
Intensity of these changes depends on the
autonomous control of heart rate regulation:
in patients with reduced regulatory capacity
of the autonomous nervous system there is a
significant prevalence of suprasegmentally
regulatory mechanisms that is characterized

not only by disrupted static, but also dynamic
balance of HRV.

Reduced possibility of regulation of heart
rate can also negatively affect the change in
the total power of HRV spectrum in all
stages of the paced breathing test; in patients
with a decreased level of autonomous
regulation there is a lack of TP growth in
response to controlled breathing, as well as
paradoxical decrease in total power
parameter during the final resting stage of
the test. These changes contribute negatively
in a course of arterial hypertension and are
the poor prognostic factor for its outcome.

PROSPECTS FOR FUTURE STUDIES

Considering the fact that the vagal
imbalance especially along with the
excessive humoral involvement has a
significant share in the pathogenesis and
clinical picture of arterial hypertension thus
influencing on the outcomes of the disease
the further investigation of this topic has not
only theoretical but also practical value.
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