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THE INFLUENCE OF BIOFEEDBACK SESSIONS IN CLOSED
LOOP OF HEART RATE VARIABILITY AND PACED BREATHING
ON SYSTOLIC BLOOD PRESSURE CONTROL DURING STANDARD
DRUG THERAPY IN PATIENTS WITH ARTERIAL HYPERTENSION
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Changes of systolic blood pressure (SBP) in biofeedback (BFB) sessions with closed loop of paced
breathing (PB) and heart rate variability (HRV) during standard drug therapy of arterial hypertension (AH)
was studied. 275 patients with 1-3 degree of AH (143 men and 132 women, mean age 58,55 + 7,99 years) was
divided into two comparable groups: 1 - BFB (139 patients) in investigated PB loop, 2 - control group (136
patients) with BFB without PB. In both groups was performed 10 sessions of BFB. Changes of SBP
depending on the stage and degree of AH, gender and age was assessed. BP was measured by the method of
Korotkov’s with monometer Microlife BP AG1-20 in same conditions. Data were processed by parametric
and nonparametric statistics. It is proved that the use of biofeedback in the loop of PB and HRV significantly
(p <0.01) exceeds in efficiency an isolated drug therapy in control of SBP at any stage and degree of AH in
patients of both sexes in all age groups. Extent of the effect increases with the stage and degree of the disease
and not related to the sex and age of the patient. Findings allow to recommend this technique in clinical
practice.

KEY WORDS: arterial hypertension, biofeedback, heart rate variability, paced breathing, systolic blood
pressure

BIIJINB CEAHCIB BIOJIOTTYHOT' O 3BOPOTHOI'O 3B'A3KY I3 3AMKHYTHUM
KOHTYPOM BAPIABEJIBHOCTI CEPIHEBOI'O PUTMY I METPOHOMI30OBAHOI'O
JAUXAHHSA HA KOHTPOJIb CUCTOJIIYHOT'O APTEPIAJIBHOI'O TUCKY HA TJII
CTAHJIAPTHOI MEJJUKAMEHTO3HOI TEPAIIIT Y MAIIEHTIB 3 APTEPIAJILHOIO
I'MEPTEH3IE€IO

benan C. A. C.', Booanuuwvka H. A.z, Aonyuancokui M. L'
! XapkiBcbkuil HatlioHanbpHUH yHiBepeuteT iMeHi B. H. Kapasina, M. XapkiB, Ykpaina
2 JUUIII3 enrtpanbHa KiIiHIUHA JTiKapHS «YKp3ali3HUIi», M. XapKiB, YKpaiHa

BuBueno 3minu cucromivnoro aprepiansHoro THCKy (CAT) B ceancax 0i10J10Ti9HOTO 3BOPOTHOTO 3B'SI3KY
(b33) i3 3aMKHYTHM KOHTYpOoM MeTpoHoMizoBaHoro muxaHus (MJI) i BapiaOembHOCTI CEpIIEBOTO PUTMY
(BCP) Ha eramax craHIapTHOI MeIMKaMEHTO3HOI Tepamii aprepiaibHoi rineprensii (Al'). 275 nauienris 3 1-3
crynenem Al (143 donosiku Ta 132 xiHkM, cepeaHiid Bik 58,55 + 7,99 pokiB) po3mineHi Ha /Bi 3iCTaBHi
rpynu: 1 - B33 (139 nauienTi) y BuBueHoMY KoHTYpi MJ] i 2 - rpyna nopiBasiHHA (136 nanienri) 3 b33 6e3
M/I. B 060x rpymnax Bukonano mo 10 ceancie B33. OrmintoBanu 3minn CAT 3amexHo Bif cTamii Ta CTyHneHs
AT, crati Ta Biky namienTiB. AJl BuMiproBaiocs 3a MetojioM KoporkoBa monomerpom Microlife BP AG1-20
B OJHAaKOBMX yMoBax. JlaHi oOpoOmsuiMcs MeToJaMu MapamMeTpUYHOI Ta HemnapaMeTPHYHOI CTaTUCTHKH.
JoBeneno, mo Bukopucranusi b33 B kontypi M/l ta BCP nocroBipno (p < 0,01) mepeBepurye 1o
€(EeKTUBHOCTI i30JIbOBaHY MeIMKaMEHTO3HY Teparito B KoHTpoii CAJ] npu Oyab-sKuX CTamisx i CTyMeHsX
AT y marieHTiB 000X crateil y BCiX BikoBHX rpynax. CTyiHb BUPaKEHOCTI eeKTy 3pocTae 31 301IbIIeHHIM
cTajii i CTyleHs 3aXBOPIOBAHHS 1 He TOB's3aHa 31 CTAaTTIO i BiKOM marieHTta. OTpuMaHi JlaHi J03BOJISIOTH
PEKOMEHIYBaTH METOAUKY B KIIHIYHY PAKTHKY.

K/TIO4YO0BI CJIOBA: aprepianbHa TinepTeH3is, OIOJOTIYHUN 3BOPOTHUH 3B'S30K, BapiaOEIbHICTH
CEpIICBOI'0 PUTMY, METPOHOMI30BaHE TUXAHHI, CUCTOJIYHUN apTepiabHUI THCK
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BJIMSIHUE CEAHCOB BUOJIOTHYECKOMN OBPATHOM CBSI3U C 3AMKHY ThIM
KOHTYPOM BAPUABEJIBHOCTHU CEPJIEYHOI'O PUTMA U METPOHOMU3UPOBAHHOI'O
JBIXAHUSI HA KOHTPOJIb CUCTOJIMYECKOI'O APTEPHAJIBHOI'O JIABJIEHUS HA ®OHE
CTAHJIAPTHOM MEJUKAMEHTO3HOM TEPAIIUMU Y MALIMEHTOB C APTEPUAJILHOM
TUNEPTEH3UEN

benan C. A. C.', Booanuuxan H. A.z, Abonyuanckun H. n'
! XappkoBckuii HallMoHaIbHBIN yHUBepcuTeT uMeHH B. H. Kapasuna, r. XapbkoB, Ykpanuna
*TJIY LlenTpanbHas KIHHUYECKas OOMbHUIA «Y Kp3ami3HHLL», T. XapbKoB, YKpanHa

W3ydyensl m3MeHeHUs: cucroimdeckoro aprepuanbHoro nasienus (CAJ]) B ceaHcax OHOIOrHYECKOM
obpatHoii cBsi3u (BOC) ¢ 3aMKHYTHIM KOHTYPOM METPOHOMU3UpOBaHHOIO Abixanus (M/J]) u BapruadenbHOCTH
cepaeanoro purMa (BCP) Ha stamax craHmapTHOM MeIMKaMEHTO3HOM Tepanuy apTepUalibHOM THIepTeH3UH
(ADN). 275 nanuentoB ¢ 1-3 crenenpto AI' (143 myxuunsl U 132 skeHIIMHBI, cpeHUi Bo3pact 58,55 + 7,99
JIET) pasfelieHbl Ha JBe coroctaBuMble rpymmsl: 1 — BOC (139 manueHToB) B u3ydeHHOM KoHTYpe M1 u 2
— rpymma cpaBaeHus (136 manumenros) ¢ BOC 6e3 M/I. B obenx rpynnax BoimonHeno mo 10 ceancos bOC.
OnennBanu n3MeHunBocTh CAJl B 3aBUCUMOCTH OT cTaguu U creneHu Al', mona u Bo3pacta manueHToB. Al
u3Mepsutock mo Meroxay KoporkoBa moHomerpoM Microlife BP AG1-20 B oguHaKoBBIX yCIIOBHsX. JlaHHBIC
00pabaThIBAIMCh METOAaMHU MapaMeTPUYecKOH W HemapaMeTpUUYecKOd CTaTHCTHKU. Jloka3aHo, 4TO
ucnons3oBanne bOC B xonutype MJ] u BCP nmocroBepno (p < 0,01) mpeBocxoauT mo 3¢¢heKTHBHOCTH
M30JIUPOBAHHYIO MEIUKaMEHTO3HYI0 Tepamuio B kouTpoie CAJl mpu mro0oit cramum m crenenu Al y
MAIMeHTOB 00OMX IOJOB BO BCEX BO3PACTHBIX rpynmax. CTerneHb BBIPAXEHHOCTH 3(QeKTa BO3pacTaer C
YBEIMYCHUEM CTa/IMM U CTENEeHH 3a00JIeBaHUS U HE CBS3aHA C IOJIOM M BO3pPAcToM marueHTa. [lonydyeHHbIe
JTaHHBIE [TO3BOJIIOT PEKOMEHI0BaTh METOJUKY B KIIMHUUECKYIO MIPAKTUKY.

K/IFOYEBBIE CJIOBA: aprepuanbHas TUIIEpTEH3Us1, OMoIoruueckast oopaTHasl CBsi3b, BapuadelbHOCTh
CEpIEYHOr0 PUTMA, METPOHOMHU3HPOBAHHOE BIXaHUE, CHCTOINYECKOE APTEPUANIBHOE JABJICHUE

INTRODUCTION MATERIALS AND METHODS

Arterial hypertension (AH) is the most 275 patients with AH (143 men and 132
common chronic disease of the cardiovascular ~ women, mean age 58,55 £ 7,99 years) were
system in the adult population [1]. The greatest observed. Inclusion criteria were systolic and
difficulty is the control of systolic blood systolic-diastolic AH in any stage and degree
pressure (SBP), which plays the leading role in ~ with the absence of systematic reception of any

the development of cardiovascular ~ vasoactive medications in the past three
complications and significantly increases months. Patients were excluded from the study
mortality [2]. in the case of isolated diastolic AH, acute

One of the promising methods to increase ~ myocardial infarction, unstable angina, stable
the manageability of SBP can become angina with IV functional class, III stage of
biofeedback (BFB) in the closed loop of heart chronic heart failure, complex disorders of
rate variability (HRV) and paced breathing rhythm and conduction, comorbidities in others
(PB) [3]. organs and systems.

Absence of data about the effectiveness of In all patients blood pressure was measured
BFB in the loop of HRV and PB in the control by the Korotkov's method with monometer
of SBP in patients with arterial hypertension = Microlife BP AG1-20 in the morning in a
prompted us to perform this study. quiet, bright room in the sitting position after

The study was performed as part of research 15-minute rest. The accuracy of BP
V. N. Karazin KhNU «Development and  measurement is 0.5 mm Hg.

research of automatic system in heart rate All patients were randomly assigned to two
variability controly, Ne registration  clinically comparable groups (table.): BFB
0109U000622. group (139 patients) with the loop of PB and
OBJECTIVE ;/c[)]r;trol group (136 patients) with BFB without

The purpose of the study is to evaluate the
changes of SBP in BFB sessions with the loop
of HRV and PB in patients with AH.
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Table
Clinical characteristics of patients with AH of comparable groups
. Group
Indices Biofeedback (139) Comparison (136)
males 70 73
Sex, () females 69 63
mean, (M +s d) 58,23 + 8,31 58,86 + 7,67
A mature, (n, M + sd) 66 (51,8 +4,87) 68 (53,6 + 3,56)
£¢ elderly, (n, M = sd) 65 (62,5 + 4,69) 59 (61,85 + 3,69)
old, (n, M + sd) 8 (76,5 + 1,85) 9(79,4+2,01)
I 2 4
AH stage, (n) 11 115 110
111 22 22
Mild 14 15
AH severity grade, (n) | Moderate 51 62
Severe 74 59
without 91 97
IHD SA 33 24
PC 22 22
without 106 113
I 11 4
SAFC 11 10 9
111 12 10
without 10 19
1 59 55
CHF stage A 57 55
2B 13 7
without 10 19
I 68 57
CHFFC 11 43 42
111 18 18

Note: IHD — ischemic heart disease; SAP - stable angina; PC - postinfarction cardiosclerosis; CHF —
chronic heart failure; FC — functional class; without — patients without this indices.

BFB sessions were conducted on computer
diagnostic complex «CardioLab 2009» («HAI-
Medika») with built-in module «Biofeedback,
which is the program-related audio-visual
breathing metronome and algorithm for
dynamically determining the current values of
HRV parameters [4]. In both groups were
performed 10 BFB sessions.

All patients were treated by the same
therapy with antiplatelets, anticoagulants, beta-
blockers, angiotensin converting enzyme
inhibitors, calcium channel blockers, sartans,
aldosterone antagonists, diuretics and statins in
accordance with the recommendations for the
prevention and treatment of AH from
Ukrainian and European Societies of
Cardiology [1, 5].

Groups of BFB and comparison were
classified into subgroups depending on the
stage and degree of AH, gender (women, men)
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and age (adult, elderly, old in classification [6])
of the patients.

In the groups and subgroups of patients the
mean (M) and standard deviation (sd) of the
SBP was evaluated after entering data into the
Microsoft Excel table. The significance of
differences between values of SBP in groups
and subgroups at stages of the study was
determined by using the U-Mann-Whitney-test
[7] and inside groups at current stages against
the values before the treatment - by using T-
Wilcoxon test [8].

RESULTS AND DISCUSSION

Changes of SBP mean values in groups of
BFB and comparison in stages of the study are
shown in Fig. 1. At the same medication in
groups  systematic BFB  sessions  has
contributed to significantly (p < 0.01) lower
values of SBP in 9 day of the treatment.
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Fig. 1. Changes of SBP mean values for all patients in groups
of BFB and comparison at stages of observation
Note: - BFB group; == == - comparison group; * - P < 0,01 in the series against the baseline
values; 1 - P < 0,01 between series on the current session.

Fig. 2 shows changes of SBP mean values greater in 7 treatment day at I (Fig. 2a) and in 9
at I - III stages of AH. In BFB group degree of  day - at II (Fig. 2b) and III (Fig. 2¢) stages of
SBP reduction were significantly (p < 0.01) AH against the comparison group.
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Fig. 2. Changes of SBP mean values in patients with I (Fig. 2a), II (Fig. 2b) and III (Fig. 2¢)
stage of AH in groups of BFB and comparison at stages of observation

Note:

- BFB group; === == - comparison group; * - P < 0,01 in the series against the baseline

values; T - P < 0,01 between series on the current session.

Variability of SBP in groups of BFB and
comparison depending on the degree of AH is
shown in Fig. 3. Conducting of biofeedback
sessions contributed to significantly (p < 0.01)

lower values of SBP at 7 session with 1 (Fig.
3a) and at 6 - with 2 (Fig. 3b) and 3 (Fig. 3c)
degrees of AH against SBP values in the
comparison.
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Fig. 3. Changes of SBP mean values in patients with 1 (Fig. 3a), 2 (Fig. 3b) and 3 (Fig. 3¢)
degree of AH in groups of BFB and comparison at stages of observation
Note: e - BFB group; s == - comparison group; * - P < 0,01 in the series against the baseline
values; T - P < 0,01 between series on the current session.

Changes in the level of SBP in male and
female patients with AH on the stages of
observation are shown in Figure 4. The
biofeedback sessions have led to significantly

(p < 0.01) lower values of SBP in female
patients at 9 (Fig. 4a) and in male patients at 7
(Fig. 4b) treatment day.
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Fig. 4. Changes of SBP mean values in female (Fig. 4a) and male (Fig. 4b) patients
in groups of BFB and comparison at stages of observation

Note:

- BFB group; === == - comparison group; * - P < 0,01 in the series against the baseline

values; T - P < 0,01 between series on the current session.

Changes of SBP in patients with AH in
stages of the study in groups of BFB and
comparison in different age groups are
presented in Figure 5. Implementation of
biofeedback sessions in the background of

standard medical therapy provides significantly
(p < 0.01) better control of SBP in patients of
mature age from 6 (Fig. 5a), elderly - from 8
(Fig. 5b) and old - from 9 (Fig. 5c) session as
compared with that in the control group.
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Fig. 5. Changes of SBP mean values in patients of mature (Fig. 5a), elderly (Fig. 5b)
and old (Fig. 5c) age in groups of BFB and comparison at stages of observation
Note: e - BFB group; === == - comparison group; * - P < 0,01 in the series against the baseline
values; T - P < 0,01 between series on the current session.

Low in some patients manageability of SBP  the key link of the pathological condition -
on the background of drug therapy [9] requires  sympathovagal regulation [10].
a search of new control methods including In general population standard medical
drug-free. BFB in the loop of PB and HRV is  therapy allowed to reduce SBP by 26.6 %,
promising treatment for AH due to exposure to
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additional BFB sessions improved this index to
32.3 %.

The degree of SBP reduction in control
group was 14 % for I, 26,6 % in II and 28.8 %
for III stage of AH, and in the BFB group -
23.7 %, 32 % and 33.4 %, respectively.
Probably, rising with AH stage increasing
sympathovagal imbalance increases the
sensitivity of regulatory systems to BFB [11],
which was manifested in further decrease of
SBP.

As for degrees of AH in patients of
comparison group SBP decreased by 13.4 %,
23.5 % and 22.2 % with 1, 2 and 3 degrees, and
in the BFB group — 21 %, 28.3 % and 36 3 %,
respectively.

Standard medical therapy in the degree of
SBP lowering was equally effective in male and
female, but more significant in the BFB group,
where it fell by 33.7 % and 30.8 % against
27 % and 26.8 %.

In patients of mature, middle and old age
against the background of pharmacotherapy
was noted almost same reduction of SBP (27 %,
25.7 % and 28.9 %, respectively). In the BFB
sessions the reaction was much better - 32.6 %,
31.8 % and 35.1 %, respectively.

Our study confirmed [12] that the inclusion
of BFB with the loop of PB and HRV to the
therapy of patients with AH significantly
increases its effectiveness against the isolated
drug therapy regardless of the stage and degree
of the disease, gender and age. The
effectiveness of additional BFB sessions in the
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loop of PB increases with the stage and degree
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