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DINAMICS OF BLOOD PRESSURE AND HEART RATE
VARIABILITY PARAMETERS DURING BIOFEEDBACK IN LOOP
OF HEART RATE VARIABILITY AND PACED BREATHING IN
PATIENTS WITH DIFFICULT-TO-CONTROL ARTERIAL
HYPERTENSION ON THE BACKGROUND OF DRUG

Tymoshenko O. S., Yabluchansky M. 1.
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

60 patients with difficult-to-control arterial hypertension (DTCAH) were examined (average age is 59.0 +
9.4 years). The changes in blood pressure (BP) and parameters of heart rate variability (HRV) during
biofeedback sessions (BFB) in loop of paced breathing (PB) in patients with DTCAH on the background of
standard drug therapy were assessed. It has been established that the systematic sessions of BFB in loop of PB
in patients with DTCAH allow to increase the total power of the HRV spectrum, VLF and HF, and also
improve control of BP. BFB in loop of PB can be recommended as an adjunctive method to the standard drug
therapy for patients with DTCAH.
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JUHAMIKA APTEPIAJIBHOI'O TUCKY TA ITAPAMETPIB BAPIABEJIBHOCTI
CEPLEBOI'O PUTMY IIPU ITPOBEJAEHHI CEAHCIB BIOJIOTTYHOT' O
3BOPOTHBOI'O 3B'AA3KY 3 KOHTYPOM METPOHOMI3IPOBAHHOI'O
JUXAHHSA Y XBOPUX HA BAJKKOKOHTPOJIbOBAHY APTEPIAJIBHY

TIIEPTEH3IIO HA TJI MEIUKAMEHTO3HOI TEPATIII

Tumowenko O. C., Aonyuancokuir M. 1.
XapkiBChKUH HamioHAMEHUH yHiIBepcuTeT iMeHi B. H. Kapasina, M. Xapkis, Ykpaina

Ob6crexxeHo 60 mamieHTIB 3 BaXKKOKOHTPOIHOBAHOIO apTepianbHOI0 TimepreHsiero (BAI) (cepemHiit Bik
59,0 £ 9,4 pokiB). bynu onineni 3miau aptepianbsHoro THCKY (AT) 1 mapameTpiB BapiaOeIbHOCTI CEpIIEBOTO
putmy (BCP) mnpm mpoBenmeHni ceanciB OiomorigHoro 3BopotHoro 3B's3ky (B33) 3  koHTypom
MeTpoHoMi3ipoBaHHOTO nuxaHHA (M) y marmientiB 3 BAI' Ha T ctammapTHOI MEIUKaMEHTO3HOI Teparii.
Bcranosneno, mo cucrematnyHe npoBeneHHs ceaHciB b33 B xonTypi M/l y mamientiB 3 BAI' no3Bomse
30UTBIIATH 3arajbHy MOTYXHICTh cnekTpa BCP, mokasnukiBe VLF i HF, a Takox mokparniye koHTposib AT.
Ceancn b33 B xonTypi MJ] MOXYyTh OYyTH pEKOMEHIOBAaHI B SKOCTI JOTOBHEHHS [0 CTaHIApTHOT
MEIMKaMEHTO3HO1 Tepartii mariearam 3 BAT.

K/IIOYOBI CJIOBA: O6ionoriyHwid 3BOPOTHHI  3B'S30K, BapiaOENbHICTE CEPIIEBOTO  PHUTMY,
Ba)XKKOKOHTPOJIbOBAHA apTepiajibHa TiMepPTeH3is

JUHAMUKA APTEPUAJIBHOI'O JABJIEHUA U TAPAMETPOB BAPUABEJIBHOCTH
CEPJIEYHOI'O PUTMA IIPU ITPOBEJIEHUHA CEAHCOB BUOJOT'MYECKOM
OBPATHOM CBSI3U C KOHTYPOM METPOHOMM3HUPOBAHHOI'O JILIXAHUS
Y HAIIMEHTOB C TPYJTHOKOHTPOJIMPYEMOM APTEPHAJIBHOM
TANEPTEH3UENA HA ®OHE MEJIMKAMEHTO3HOM TEPATIUM

Tumowenko E. C., Aonyuanckuii H. H.
XapbKOBCKUH HallMOHANBHBINA yHUBepcuTeT uMeHu B. H. Kapasuna, r. XapskoB, Ykpanna

O0cinietoBano 60 ManMeHTOB € TPYJHOKOHTpOJMpyeMol aprepuanbHoil runeprensueil (TAD) (cpenuuit
Bo3pacT 59,0+ 9,4 mner). Beuim olLeHEHB U3MEHEHHs apTepuanbHOro naBieHus (AJ]) u mapamerpoB
BapuabenbHOCTH cepaeuHoro putma (BCP) mpu mpoBeneHuu ceaHcoB OMOJIOTHUECKOM 0OpaTHOM CBA3M
(BOC) ¢ xonTypom MerpoHOMHU3UpoBaHHOro nbixanus (M]l) y manuentoB ¢ TAI Ha doHe cranmapTHOU
MEJMKaMEHTO3HOU Tepanuu. YCTaHOBJIEHO, UTO cUcTeMaTudeckoe nposegeHue ceancoB bOC B konType MJ|
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y nanuentoB ¢ TAI' mo3Bosnsier yBenuuuTh 00uryto MomHocTs crekrpa BCP, mokaszareneit VLF n HF, a
tatoke yimydmaer kKoHTposb AJl. Ceancet BOC B konType MJ] MOryr ObITH peKOMEHIOBaHBI B KauecTBE
JIOTIOJIHEHHUS K CTaHAAPTHOM MEIMKAaMEHTO3HOU Tepanuu nauuentam ¢ TATL.

K/IFOYEBBIE CJ/IOBA:
TPYHOKOHTPOJIMpYeMasi apTepralibHast THIIEPTCH3HS

INTRODUCTION

The inability to achieve the target level of
blood pressure (BP) using three- and more-
component drug therapy characterizes the
difficult-to-control arterial hypertension
(DTCAH). The prevalence of DTCAH in the
population of people with arterial hypertension
(AH) is from 15 to 30 % [1]. And the incidence
of true refractory hypertension reaches 30 % of
the total number of patients with DTCAH [2].
An insufficient effect of drug therapy is a
prerequisite  for finding additional, non-
pharmacological methods of treatment. One of
such methods is biofeedback (BFB) in loop of
heart rate variability and paced breathing (PB).

Data from clinical trials demonstrate the
efficacy of BFB in loop of heart rate variability
(HRV) and PB for the treatment of patients
with AH [3]. Systematic sessions of BFB in
loop of HRV and PB affect the balance of the
sympathetic and parasympathetic components
of the autonomic nervous system [4].
Accordingly, the method influences BP and
helps in achieving its control. However, in
patients with DTCAH, the effectiveness of the
method was not studied. It seems interesting to
assess the response of BP and HRV parameters
in patients with DTCAH on the background of
drug support.

OBJECTIVE

Assessment of changes in BP and
parameters of HRV during sessions of BFB in
loop of HRV and PB in patients with DTCAH
on the background of standard drug therapy.

MATERIALS AND METHODS

On the clinical base of the Kharkov city
outpatient clinic Ne 24 and the State Institution
«Kharkov Clinical Hospital for Railway
Transport Ne 1» 60 patients with DTCAH were
examined. The study involved 32 men and 28
women. Average age 59+94 vyears. All
patients participating in the study were
randomly divided into two subgroups: BFB
group with PB (33 patients) — main subgroup,
comparison subgroup (27 patients).
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The criterion of DTCAH was the presence
of a persistent increase in BP above the target
level, despite the simultaneous use of three or
more antihypertensive drugs of various classes
in adequate therapeutic doses, including a
diuretic.

Exclusion criteria were heart failure
functional class IV, acute coronary syndrome,
rhythm and conduction disorders, diabetes
mellitus, chronic respiratory insufficiency,
bronchial asthma, chronic obstructive
pulmonary diseases, peptic ulcer and duodenal
ulcer at the stage of exacerbation, systemic
diseases of connective tissue, tumors.

BP was measured by the Korotkov method
with the tonometer Little doctor LD-91 in the
sitting position after 15-minute rest.

The BFB was held in a sitting position after
a 15-minute rest using a computer system
CardioLab 2009 («kHAI-Medica», Ukraine) with
the «Biofeedback» module. The calculation of
HRV parameters was carried out in real time
within the 7-minute session.

The following parameters of HRV were
determined in all subjects in 5-minute intervals
to assess the state of regulatory systems [5]:

e TP — total power of the spectrum, a
measure of the power of the effects of
neurohumoral reactions (ms2);

e VLF - the power of the very low-
frequency spectrum is associated  with
thermoregulation, renin-angiotensin system and
sympathetic nervous system (ms2);

e LF — the power of the low-frequency
spectrum is associated mainly with the
sympathetic and partially parasympathetic links
of regulation (ms2);

HF — the power of the high-frequency
domain of the spectrum is associated mainly
with the parasympathetic regulating unit (ms2).

Accordingly with the purpose of the study,
all patients were divided into two subgroups:
basic (with BFB and PB) and a subgroup of
comparison. For patients in the main subgroup,
the breathing rate was set by the Biofeedback
program module under the control of HRV
parameters using the algorithm for finding the
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optimal frequency of PB at the start with free
breathing, while for patients of the comparison
subgroup BFB sessions were simulated with
respiratory rate equal to the free breathing
frequency.

All patients received the same therapy in
accordance with the recommendations on the
prevention and treatment of AH of the
Ukrainian and European associations of
cardiologists [6]. Given the severity of
hypertension, the presence of target organ
damage and concomitant pathology, the
following combinations of antihypertensive
drugs were prescribed:

— Angiotensin-converting enzyme (ACE)
inhibitor / renin-angiotensin-aldosterone ~ blo-
cker (RAAB) + calcium channel blocker (CCB)
+ diuretic.

— ACE inhibitor / blocker RAAB + CCB +
diuretic + mineralocorticoid antagonist.

— Beta-adrenoblockers + ACE inhibitor /
blocker RAAB + CCB + diuretic.

— ACE inhibitor / blocker RAAB + CCB +
diuretic + antihypertensive drug with central
action.

Statistical analysis was performed by using
Microsoft Excel. In the table were recorded
average values (M) and standard deviations (sd)
of TP, VLF, LF, HF in patients with BFB in
loop of heart rate variability and PB and in
patients of comparison subgroup. The
significance of differences of each of the
indexes was determined by using the Student's
t-test for unrelated samples.

RESULTS AND DISCUSSION

Changes in BP in patients with DTCAH in
the subgroup with BFB in loop of PB and in

the comparison subgroup are presented in
Table 1.

Table 1
Changes in blood pressure in subgroups of patients with DTCAH
during treatment (M + sd, mm Hg)
Subgroups of patients
BP Main subgroup Comparison subgroup
indexes Phases of research
Before 3 month | 6 month 1 year Before 3 month 6 month 1 year
treatment treatment
SEPOMN igie | aes | asse a0 || 179 168+ | 157+
’ 20,8* 15,7* 10,7 6,2 ’ 21,5%* 17,2%* 7,9
mm Hg)
DBP (M
+sd, 101 = BE N rieon| BF | 1022132 | 9682 | 9474 |95+49
12,2 8,5# 3,1
mm Hg)

Note: * — P < 0.05 in the series against the initial values, ** — P < (.05 between series at the current stage;

#— P < 0.05 in the series against the previous stage.

Antihypertensive therapy in combination
with BFB in loop of PB showed more
significant decrease in BP in patients with
DTCAH than in patients with BFB without PB.
After a three-month treatment in patients of
subgroups with BFB in loop of PB SBP
decreased by 1.02 times, DBP - by 1.06 times.
At the stage of half-yearly treatment the
dynamics of BP was looked as follows: SBP
decreased by 1.2 times, DBP — by 1.1 times.
The results of one-year follow-up showed that
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SBP decreased by 1.2 times, DBP — by 1.14
times.

After a three-month stage of therapy the
SBP in the comparison group decreased by
1.005 times, DBP — by 1.06 times. After half a
year the SBP decreased by 1.07 times, DBP -
by 1.08 times. At the annual stage SBP
decreased by 1.1 times, DBP — by 1.07 times.

Table 2 shows the parameters of HRV in the
subgroup of patients with BFB in loop of PB
and in the comparison subgroup.
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Table 2
Change in HRV parameters in subgroups of patients with BFB in loop of PB
and in the comparison subgroup (M =+ sd, ms2)
Subgroups of patients
HRV Main subgroup | Comparison subgroup
indexes Phases of research
Before 3 month | 6 month 1 year Before 3 month 6 month 1 year
treatment treatment
TP 1632 + 1853 + 1945 + 1973 £ 1535+ 1503 £ 1426 + 1497 +
1589 1736 1583 1496 1383 1175%** 1327%%% | 1425%**
630 + 783 + 963 + 836 + 572 + 583 + 595+
VLE 838 954xx | gosxr | 793 sp1 | OBEINTEL 3y 427
LF 637 + 698 + 665 + 648 + 560 + 538 + 603 + 627 +
757 730 835 698 867} 624} 674 526
HF 335+ 472 + 438 + 416 + 357 + 372 + 324 + 363 +
446* 528%* 516 549 375 493 295 305

Note: * — P < 0.01 in the series against the initial values;} — P < 0.01 between series at the current stage;
**_ P <0.05 in the series against the initial values; *** — P < 0.05 between series at the current stage; # — P

< 0.05 in the series against the previous stage.

The baseline values of TP and VLF in the
subgroup of patients with BFB and patients
from comparison subgroup were almost
identical (P < 0.05). Starting from the three-
month stage BFB in loop of PB showed a
positive effect on the HRV parameters, their
more significant increase was observed with
further preservation of the trend, while in the
comparison subgroup they did not change
during the entire monitoring period.

The initial level of HF in the compare
subgroups was comparable (P < 0.05). BFB in
loop of PB provided an increase in the indicator
during monitoring period, whereas in the
comparison subgroup it did not change
significantly. The LF value remained almost the
same in both subgroups (P < 0.05).

Comparison of BP and HRV parameters in
patients with DTCAH in the main subgroup
showed their synchronous positive dynamics,
whereas in the comparison subgroup there were
no significant changes.

The obtained results indicate that addition of
drug therapy with BFB in loop of HRV and PB
allows achieving better BP control in patients
with DTCAH, which corresponds to the data in
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