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INFLUENCE OF THE TOTAL POWER OF THE HEART RATE
VARIABILITY SPECTRUM ON THE SPECTRAL PARAMETERS
DISTRIBUTION IN PATIENTS WITH ARTERIAL HYPERTENSION
IN A PACED BREATHING TEST

Golubkina E. O., Yabluchansky M. 1.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

To determine the effect of the total power (TP) of the heart rate variability (HRV) spectrum on the
distribution of high, low and very low frequency waves, 40 patients with arterial hypertension (AH) at the age
of 58 + 9 years were divided into 5 groups according to the degree of TP decrease in the initial stage of the
test: 1% — more than 3000 ms?; 2nd — 3000-2000 ms 3rd — 2000-1000 ms?; 4th — 1000-500 ms?; 5th — less
than 500 ms®. To assess HRV parameters in each group, 3 stages of the paced breathing test with a double
(light and sound) metronome were evaluated; the hardware and software complex «Cardiolaby» («HAI-
Medica») was used. The distribution of the parameters was estimated taking into account the median, 25 and
75 quartiles. To estimate the differences between the statistical samples, the nonparametric Mann-Whitney
U-test was used, as well as the Craskell-Wallis criterion. Statistically significant differences were considered
between the data at a value of p < 0.05. It was found that the greater is the degree of TP reduction, the more
significant is the autonomic imbalance, as well as the decrease in the influence of paced breathing on the
regulation of the heart rhythm; at TP values below 1000 ms® not only the parasympathetic component
decrease is observed, but also the transition from sympathicotonia to the neurohumoral factors prevalence.
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BILJIMB 3AT' AJIbHOI MMOTYKHOCTI CIEKTPY BAPIABEJIbHOCTI CEPIIEBOI'O PUTMY
HA PO3IOJLJI CIIEKTPAJIBHUX ITOKA3HHUKIB Y ITAINIEHTIB 3 APTEPIAJIBHOIO
I'IITEPTEH3I€IO B ITPOBI 3 METPOHOMI3OBAHUM JIUXAHHSAM

T'onyokina €. O., Aonyuancoekuii M. 1.
XapkiBchKuii HanioHanpHUH yHiBepcuTeT iMeHi B. H. Kapasina, m. XapkiB, Ykpaina

Jnis BU3HAa4YeHHs BIUIMBY 3araibHoi noTyxHocti (TP) cnekTpa BapiabenbHOCTi cepiieBoro putmy (BCP)
Ha PO3MOJINI XBHJIb BHCOKOI, HU3bKOI 1 Jy)k€ HU3bKOI 4acToTu 40 MaIlieHTIB 3 apTepialibHOI0 TiMepTEH3IE0
(AD') y Bimi 58 £ 9 pokiB Oynu po3aiiieHi Ha 5 Tpyn 3a cryneHsMu 3HkeHHs: TP Ha ¢oHOBOMY ertami npodu:
1a — Ginbie 3000 mc?; 2a — 3000-2000 mc’; 3151 — 2000-1000 MC’; 4a — 1000-500 mc?; 5a — mene 500 mc?
st oninku noka3HukiB BCP B koxkHi# rpymi oliHIOBanucs 3 eranu IpoOu 3 METPOHOMI30BaHUM JTUXAHHSM 3
NOABIHUM (CBITJIOBHM 1 3BYKOBHM) METPOHOMOM; BHKOPHUCTOBYBAaBCS IIPOrPAaMHO-allapaTHUH KOMIUIEKC
«Kapnionab» («XAl-Menuka»). Po3nopin MOKa3HUKIB OI[IHIOBAaBCSA 3 ypaxyBaHHAM Memianu, 25 1 75
kBapTiiei. [ omiHky BiAMIHHOCTEH MiXK BUOIpKaMH BHKOPHCTOBYBAIIUCS HemapaMeTpudeckuii U-kpurepiit
Manna-Yithi, a Takox kpurepii Kpackemna-Yonecca. CTaTHCTHYHO 3HAYYIIMMU BBaXKAJUCS BiIMIHHOCTI
MiX JaHuMu Tipu 3Ha4deHHi P < 0,05. Bymo BcraHOBNIEHO, M0 YMM OibIle CTYMiHD 3HIDKEHHS TP, TrM Oinbin
3HAYYIIUM € aBTOHOMHHUH IUCOAJIaHC, a TaKOK 3HIDKEHHS BIUIMBY METPOHOMI3allii IUXaHHS Ha PEryJrLito
CepIeBOro puTMy; mpH 3HadeHHsx TP mmwkde 1000 mc? crocrepiraeTbes He TiTBKM MAZiHHS MOTYKHOCTI
MapacUMIATUIHOL JIAaHKH, a i Tepexif] BiJ CHMIIATUKOTOHII IO IepeBaskaHHs HEHporyMopaibHUX (paKkTopiB.

K/TIO490BI CIIOBA: aptepianbHa TimepTeH3is, BapiaOeNbHICTh CEpPIEBOIO PUTMY, METPOHOMIi30BaHE
JIMXaHHSA

© Golubkina E. O., Yabluchansky M. 1., 2018 18



Series «Mediciney. Issue 35

BJIMSIHUE OBIIEA MOIITHOCTHU CIIEKTPA BAPUABEJILHOCTH
CEPJIEYHOI'O PUTMA HA PACIIPEJEJIEHUE CIEKTPAJIbHBIX IIOKA3ATEJIENA
Y HAIIUEHTOB C APTEPUAJIbHOI T'MIEPTEH3UEN B IIPOBE
C METPOHOMMU3UPOBAHHBIM JbIXAHUEM

T'onyoxkuna E. A., Aonyuanckuir H. U.
XapbKOBCKUI HalmoHanbHbIN yHUBepcuTeT uMenu B. H. Kapasuna, r. XaprekoB, YkpanHa

Jns onpenenenust BiusiHust obuield MomHoctr crnektpa BCP (TP) Ha pacnpeneneHne BOJH BBICOKOM,
HU3KOM U OueHb HU3KOH "acToThl 40 MaIMEeHTOB ¢ apTepuanbHOi runeptensucii (Al') B Bo3pacte 58 + 9 jer
OBUTH pa3JIeNieHbl Ha 5 TPYII 0 cTeneHsM cHibkeHus TP Ha ¢oHOBOM 3Tane mpoOkr: 1 — 6omee 3000 Mc?; 25
—3000-2000 mc?; 35 — 2000-1000 mc?; 45 — 1000-500 mc?; 551 — menee 500 mc?. JIs1 oIleHKH moKka3aTenei
BCP B kaxIoil rpymie OICHHUBAIKNCH 3 3Tama MpoObl ¢ METPOHOMH3UPOBAHHBIM JIBIXaHHEM C JIBOHHBIM
(CBETOBBIM M 3BYKOBBIM) METPOHOMOM; HCIIOJIb30BAJICS MPOTrPaMMHO-aIIapaTHIH KoMIuieke «Kapanonaby
(«XAU-Menukay»). Pacnpenenenne nokasaTeneil OLlEHUBAIOCH C YUETOM MeauaHbl, 25 u 75 kBapTmie. s
OLICHKH Pa3JIM4Ui MEKIY BBIOOPKAMH HCIIOIb30BAUCH Hemapamerpuueckuii U-kputepuit ManHa-YuTHH, a
Takke kpurepuii Kpackemna-Yomecca. CTaTUCTUYECKH 3HAYUMBIMU CUMTAIHACh PA3IUYMs MEKIY NaHHBIMU
nipu 3HaueHun P < 0,05. Bputo ycraHOBIIEHO, YTO YeM OOJIbIIIE CTEICHb CHKEHU TP, TeM Oonee 3HAYMMBIM
SIBIIICTCS. aBTOHOMHBIN JTHCOATaHC, a TAaKXKE CHIDKCHUE BIUSHHS METPOHOMU3AIMU JBIXaHUS HA PETYJISIIIHIO
CepJIeYHOro putMma; npu 3HadeHusx TP wHmwke 1000 Mc® HAGIIIOAeTCs He TONBKO IMAJEHHE MOIIHOCTH
[apacuMIIaTHYECKOrO 3BEHa, HO M Iepexoi OT CHMIATHKOTOHHMU K INPEBAIMPOBAHUIO HEHPOryMOpPaIbHBIX
(bakTopoB.

KIIFOYEBBIE CJIOBA: aprepuanbHas THUNEPTEH3Ms, BapuaOelbHOCTh  CEPIEYHOr0  pPUTMA,
METPOHOMU3UPOBAHHOE JIbIXaHHE

the redistribution of HRV components with an
INTRODUCTION increase in sympathetic and neurohumoral
Frequency analysis of heart rate variability  influences, mainly due to a decrease in the
(HRV) in patients with arterial hypertension  parasympathetic component of the HRV
(AH) provides ample opportunities to study the  spectrum. However, studies aimed at studying
functional features of cardiac activity the effect of reducing the total power of the
regulation, the determination of sympathovagal HRV spectrum on the distribution of spectral
relationship, and the influence of neurohumoral ~ components and the degree of aggravation of
factors on the pathological links of arterial  cardiac regulation imbalance in hypertension
hypertension [1-2]. The paced breathing test  have not been performed.
allows study the functional state of the The aim of this article is to determine the
cardiovascular system dynamically, which is  severity of sympathovagal imbalance, as well as
especially important for diagnostics and changes in the ratio of frequency HRV
monitoring of patients with AH [3-4]. parameters depending on the degree of decrease
One of the most important components of in TP in patients with essential arterial
HRV is the total power of its spectrum (TP), hypertension in a paced breathing test.
which includes the full spectrum of heart rate
variability frequencies, reflecting the total MATERIALS AND METHODS
vegetative  (autonomous) effect on the 40 patients (18 men, 22 women) with
regulation of cardiac activity. According to the  essential hypertension aged 58 + 9 years were
clinical protocols of the European Cardiology  examined including: patients with AH 1 degree
Society [5], the frequency range for TP isupto  — 14 (35 %), AH 2 degrees — 21 (52.5 %) and
0.4 Hz, and the normal values are defined as AH 3 degrees — 5 (1.25%) respectively;
3466 + 1018 ms®. The fluctuations of this  patients with stage | — 7 (17.5 %), stage Il — 33
parameter reflect the general functional state  (82.5%); the average duration of arterial
and adaptive capabilities of the organism, being  hypetension — 6 & 5 years. The newly diagnosed
an indicator of pathological changes and  AH was detected in 1 patient (2.5 %).

regulatory failures. Inclusion criteria: grade 1-3 arterial hyper-
According to the studies [5-8] in patients tension, stage I-1I with stable angina pectoris I-
with arterial hypertension, [the total power of  1ll FC, chronic heart failure 1-11 stage | FC.

the spectrum] TP is usually reduced, as well as
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Exclusion criteria: acute  myocardial
infarction, unstable angina, chronic heart failure
IV FC, implanted pacemakers, acquired heart
valve defects, rhythm disturbances, endocrine
diseases  (diabetes, thyrotoxicosis, etc.),
exacerbation of somatic diseases, stroke, acute
hypertensive encephalopathy, vascular
dementia.

The blood pressure was measured with a
Microlife BP AG1-20 tonometer according to
Korotkov's method. Clinical diagnosis of
hypertension was made in accordance with the
recommendations of the Ukrainian Association
of Cardiology [9]. Calculation of HRV
parameters was made using the software
«Cardiolaby («HAI-Medicay).

Methods of HRV study: a test with paced
(metronomized) breathing with a double (light
and sound) metronome. Test conditions: test
was performed in the morning hours (from 9.00
to 12.00 in a separate room with a room
temperature of 20-22°C); before the test,
patients abstained from smoking, drinking
coffee and alcoholic beverages.

Protocol for paced breathing test:

1. Initial stage at rest — 5 minutes;

2. Deep controlled breathing with a
frequency of 6 times / min — 5 minutes;

3. Recording after breathing (recovery) —
5 minutes.

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.

The results of the test were interpreted on
the basis of international standards (protocols of
the European Cardiological Society) [10]. The
values of TP (total power of the HRV
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spectrum), low frequency wave LF (0.04—
0.15Hz), very low frequency wave VLF
(<0.04 Hz), high frequency wave HF (0.15—
0.4 Hz), and LF / HF index the power of low-
frequency waves to the power of high-
frequency waves). These parameters were
estimated in absolute and normalized units.

Depending on the degree of decrease in the
TP at the initial stage of the test, the patients
were divided into 5 groups: 1 — more than
3000 ms® was detected in 3 patients (7.5 %); 2 —
3000-2000 ms® in 3 patients (7.5 %); 3rd —
2000-1000 ms® in 12 patients (30 %); 4th —
1000-500 ms® in 13 patients (32.5 %); 5th —
less than 500 ms? in 10 patients (25 %). In each
group, all 3 stages of the test were evaluated.

During the statistical processing of data
Microsoft Excel 7.0 software was used. In each
group, the median, 25 and 75 quartiles were
determined to evaluate the distribution of the
parameters. To estimate the differences between
the test samples, the nonparametric Mann-
Whitney U test was used, as well as the
Craskell-Wallis criterion. Statistically signify-
cant differences were considered between the
data at a value of p < 0.05.

RESULTS AND DISCUSSION

The results of the distribution of spectral
HRV parameters at different levels of TP
reduction in patients with arterial hypertension
are presented in table 1.

In the first group of patients, low-frequency
influences prevailed in the initial stage of the
test (p < 0.01), and LF / HF values indicated a
pronounced sympathicotonia (LF/HF-6.18
[3.6, 6.9]). At the same time, the contribution of
low-frequency influences at this stage in groups
2, 3, 4 and 5 was less pronounced mainly due to
the prevalence of waves of very low frequency
(see Fig. 1). The HF parameter at the initial
stage was characterized by decreased values in
all study groups, which indicates the limitation
of the parasympathetic component in the
regulation of the heart rhythm (p < 0.01).
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Table 1

Spectral HRV parameters depending on the TP decrease in the paced breathing test

Spectral HRV

parameters Initial stage Paced breathing stage Resting stage
Group 1. TP >3000
LF, ms 2075 [1754, 2528]* 372 [303; 415.5] 1587 [1108; 2639]
VLF, ms 1479 [1383; 2416] 1000 [634; 1075] 2073 [1171, 2385]
HF, ms 272 [252; 1557] 3476 [2922;8200] 277 [193; 1272]
LF/HF 6.18 [3.6; 6.9] 0.110.07; 0.105] 5.73[3.68; 5.7]
Group 2. TP 3000-2000
LF, ms 731 [622.5; 829.3] 153 [95.3; 483] 574 [331.5; 793]
VLF, ms 992 [930.3; 1151] 376 [150; 631.5] 686 [549.5; 1012]
HF, ms 415 [349.5; 438.3] 1567 [875; 4301] 184 [143.2; 344]
LF/HF 2.01[1.76; 2.6] 0.11[0.105; 0.11] 2.3[1.6; 3.33]
Group 3. TP 2000-1000
LF, ms 312 [256.8; 435]* 220 [156.3; 412.31* 296 [211.3; 600]**
VLF, ms 614 [538.8; 912]* 508 [328.3; 598.5] 614 [539; 1053]*
HF, ms 203 [122.3; 246.8]* 2514 [1193; 4403]* 203 [108; 237.3]
LF/HF 2.8[1.14; 3.12] 0.13[0.08; 0.2] 2.7[1.09; 3.1]
Group 4. TP 1000-500
LF, ms 136 [109; 195]* 112 [76; 144]* 163 [122; 361]**
VLF, ms 331 [232; 404]* 346 [136; 534] 440 [280; 525]*
HF, ms 99 [37; 113]* 553 [325; 1352]* 93 [44; 160]
LF/HF 1.97[0.88; 2.97] 0.16 [0.13; 0.26] 1.95[1.39; 3.39]
Group 5. TP <500
LF, ms 86.5 [61.75; 105.8]* 74.5 [37.3; 150]* 156 [96; 241.3]**
VLF, ms 154.5 [123.8; 201]* 263 [160; 477.5] 360.5 [290; 484.8]*
HF, ms 59.5[22.5; 112.3]* 479 [335.8; 890]* 45 [29.5; 158.3]
LF/HF 1.63[0.97; 3] 0.15[0.09; 0.22] 2.38[1.8; 2.9]

Note. * p < 0.01, ** p < 0.05.

ELF EHF

The distribution of spectral indices at the initial stage,
depending on the decrease in the TP, %

VLF

51,5 53,75
45
33,25
28,08 26,15 26,5
20,2
18,25 ’
15,33 15,2 17,5
Group 1 Group 2 Group 3 Group 4 Group 5

Fig. 1. Distribution of spectral parameters at the initial stage of the paced breathing test,
depending on the decrease in TP, %
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At the stage of metronomized breathing,
high frequency waves dominated in all groups,
however the intensity of the parasympathetic
response to the paced breathing was not the
same depending on the degree of TP decrease:
thus, the maximum HF values were observed in
group 1, while the lowest values were recorded
in group4 and group 5 (p<0.01). As a

percentage, HF in the paced breathing stage was
81.33% in the first group, progressively
decreasing in groups 2, 3, and 4; in group 5, the
share of high-frequency influences was the
smallest and was determined as 55.9 %; Thus,
the difference between the fraction of high-
frequency waves in the first and fifth group was
25.4 % (Fig. 2).

81,33 77,75

The distribution of spectral indices at the paced
breathing stage, depending on the decrease in the
TP, %

mLF BHF EAVLF

70,5

57,69 55,9

6,3 8,5 9,7 8,5
- o | H o
Group 1 Group 2 Group 3 Group 4 Group 5

Fig. 2. Distribution of spectral indices at the stage of paced breathing,
depending on the degree of decrease in TP, %

Also at this stage, along with the
weakening of the parasympathetic response,
there was a shift towards increasing
neurohumoral influences in groups with
lower TP values.

At the resting stage in groupl low
frequency waves prevailed, however sympa-
thicotonia was less pronounced (LF / HF —
5.73 [3.68, 5.7]), mainly due to the ampli-
fication of VLF waves. The distribution of
spectral indices in the remaining groups was
characterized by the neurohumoral level of
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regulation of the heart rhythm: the proportion
of very low frequency waves in these groups
exceeded 50 %, while the low frequency
indices were slightly lower compared to the
initial stage. The HF values showed no gain
at the resting stage in all study groups, a
slight increase was observed in the second
and fourth groups, and in group 5, charac-
terized by the most pronounced neurohumoral
effects (VLF — 59, 3 %), a decrease in the
proportion of HF waves (Fig. 3).
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The distribution of spectral indices at the resting
stage, depending on the decrease in the TP, %

39,33

HLF EIHF EVLF

57,33

59,3
52,4 N

26,5

Group 1 Group 2

Group 3

Group 4 Group 5

Fig. 3. Distribution of spectral parameters at the resting stage of paced breathing test,
depending on the decrease in TP, %

The obtained data indicate that in patients
with arterial hypertension, low and very low
frequency waves play a leading role in the
regulation of the heart rhythm, which is also
confirmed by studies [3, 5-8]. At the same
time [6-8, 11] there is a limitation of
parasympathetic influences on management
of cardiac activity in patients with arterial
hypertension. The results of our studies
confirm these data. In addition, it was found
that the more the level of total power of the
spectrum decreases, the less pronounced is
the parasympathetic response to the paced
breathing. For example, at TP values of
2000-3000 ms? or more, the contribution of
high-frequency waves was significant (77—
81 %), while at values of the total power less
than 1000 ms?, the effect of metronomized
breathing on the regulation of the heart rate
decreased significantly with the values of HF
reflecting that (55-57 %). Simultaneously
with limiting the proportion of high-
frequency waves in the HRV spectrum, with
a decrease in total power, there was a
transition from the prevalence of sympathetic
HRV  components to  neurchumoral
mechanisms of heart rhythm regulation.
Consequently, the degree of reduction in TP
is an important factor associated with
aggravation of autonomous imbalance and
redistribution of spectral HRV parameters,
which affects the prognosis and course of
arterial hypertension.
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Thus, research in this field is a valuable
addition to the diagnostics and dynamic
monitoring of patients with hypertension and
is of interest for further study.

CONCLUSION

In patients with arterial hypertension,
there is a tendency of decrease in the total
power of the HRV spectrum, thus reflecting
the decreased functional capacity of heart
rhythm regulation.

The lower the degree of TP, the more
significant is the disturbance of HRV
regulation with a decrease in the
parasympathetic component of the heart rate
variability spectrum and the dominant
influence of sympathetic and neurohumoral
factors.

The influence of the paced breathing on
the heart rhythm regulation falls depending
on the decrease in the total power of the HRV
spectrum: at TP values below 1000 ms® not
only the parasympathetic component decrease
is observed, but also the transition from
sympathotonia to the neurohumoral factors
prevalence.

Decrease in TP can be considered as an
indicator of aggravation of autonomic and
neurohumoral regulation.

The paced breathing test allows determine
the basic level of cardiac activity regulation
and dynamic disruptions in the distribution of
HRV components in the metronomized
breathing, as well as the possibilities for
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restoring the regulatory balance of heart rate PROSPECTS FOR FUTURE STUDIES

variability, which is especially important in
the examination of patients with arterial
hypertension.

In the future, the study of neurohumoral
factors of HRV is promising, as well as the
distribution of spectral indices of cardiac
rhythm variability at the stages of AH
therapy.
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