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Heart failure with preserved left ventricular ejection fraction
in non-obstructive coronary artery disease: clinical utility
of heart rate variability
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ABSTRACT

Aim. To evaluate the role of heart rate variability in the pathogenesis of chronic heart failure with preserved
ejection fraction (HFpEF) in patients with non-obstructive coronary artery disease (CAD).

Materials and methods. The cross-sectional study included 65 patients (55.4% were males) with non-obstructive
CAD. Non-obstructive CAD (stenosis < 50%) was confirmed by coronary computed tomography angiography.
Heart rate variability (HRV) was evaluated by 24-hour Holter monitoring; parameters of time series and spectral
analysis were analyzed.

Results. Depending on the presence of HFpEF, the patients were divided into 2 groups: group 1 (rn = 48) included
patients with HFpEF, and group 2 (n = 17) encompassed patients without it. In patients with HFpEF, a statistically
significant decrease in the total HRV and parasympathetic effects on the heart rate, mainly at night, as well as
increased activity of cerebral ergotropic systems were revealed. In group 1, the values of the time series analysis
of HRV and QT dispersion based on the study of RR interval duration (SDANN and SDNNidx) had a significant
direct relationship with the level of myocardial stress in diastole, the value of vascular resistance, and the E / e’
ratio. The cut-off values of SDNNidx and pNNS50 were identified, that may be used as markers for early diagnosis
of HFpEF.

Conclusion. In patients with non-obstructive CAD and HFpEF, it is advisable to perform 24-hour Holter monitoring
and assess HRV parameters by the time series analysis, which, compared with the spectral analysis, has a closer
relationship with the characteristics of left ventricular diastolic function and afterload.

Keywords: heart failure, preserved ejection fraction, non-obstructive coronary artery disease, heart rate variability,
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CepaeyHas HeJOCTAaTOYHOCTb C COXPaHeHHOo ¢ppaKumen BbiGpoca neBoro
XKenyaouka npy HEOKKIO3MPYIOLWEM KOPOHapPHOM aTepocKepose:
KNMHNYeCKas NoJyie3HOCTb OLeHKUN BapnabenbHOCTN cepieyHoro putma
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PE3IOME

Ienp — OLEHUTD POJIb BEreTaTUBHOI JUCPETyJIALIK PUTMA Cep/ilia B IIATOreHe3e XPOHUUECKOW CepaeIHON Hel0-
cratouHoctu (XCH) ¢ coxpanennoii ppaxuueii Beiopoca (CHc®B) y 601bHBIX ¢ HEOOCTPYKTHBHBIM HOPAKEHUEM
KopoHapHbIX aprepuil (KA).

Marepuaibl 1 MeTOAbL. B 0THOMOMEHTHOE HCCIIeIOBAHUE BKIIFOYCHO 65 marueHToB (55,4% MyKCKOTo 1Mmoa) ¢
BIIEPBhIC THATHOCTUPOBAHHBIM HEOOCTPYKTHBHBIM mopaxkeHneM KA. HeoGctpykruBHoe nopaxenne KA (cteHo3
MeHee 50%) MoNTBEepIKICHO TaHHBIMUA KOMITBIOTEPHON KOpOHApHOH aHTHOrpaduu. BapnabenmsHOCTE cepieaHOro
pUTMa HCCIIEIOBATH TOCPEJCTBOM CyTOYHOTO MOHUTOPUpPOBaHUs AnekTpokapauorpammel (OKI), paccmarpuBas
[0Ka3aTeJId BPEMEHHOTO U CIIEKTPAIBHOTO aHaJIH3a.

PesyabTatsl. B 3aBucumoctu ot Hanmnunst CHc®B nanueHTs! ObUTH pa3iesieHbl Ha IBE TPYIIIBL: B IEpBYIO (11 = 48)
oty 6onpHEIe ¢ CHe®B, Bo BTOpy!O (7 = 17) — marmenTts 6e3 XCH. ¥V nannentos ¢ CHc®B na pone HeoKKITIO-
3UPYIOLIETo aTePOCKIEPO3a KOPOHAPHOI'O pyciia 0OHAPYKEHO CTATUCTHYECKU 3HAUYHMMOE CHI)KEHHE 001IeH Bapu-
a0ebHOCTH CepCYHOTr0 PUTMA U ITAPACHMIIATHYECKUX BIMSHUH Ha Cep/le MPEeHMYILECTBCHHO B HOYHOE BpeMs,
a TaKkXKe MOBBIIICHHAs aKTHBHOCTb LIepeOpaabHbIX SPTOTPOIHBIX CHCTEM. Y CTAHOBIICHO, YTO y MALIUEHTOB IEPBOil
TPYIIIBI 3HAUCHUS [TOKa3aTeNei BPEeMEHHOTO aHAIIM3a AUCIIEPCHH PUTMA Cep/lia, OCHOBAaHHBIX Ha UCCIICIOBAHUH
npopomkutenbHocTd uHTEpBaoB R-R DKI' (SDANN u SDNNidx), nMenu npsamyro CTaTUCTHYESCKU 3HAYNMYIO
CBSI3b C YPOBHEM MHOKAp/MabHOTO CTPEcca B AUACTONY, BEIMYMHON CEPACUYHO-COCYUCTOr0 CONPOTUBICHHUS, a
TaK)Ke COOTHOILICHHEM CKOPOCTH TPAHCMHTPAIbHOTO KPOBOTOKA B PAHHIOK (ha3y AMACTOJBI U CKOPOCTH PAHHEro
JIUACTOIMYECKOTO CMEIIEHNsI OOKOBO YacTh (PUOPO3HOTO KOJIbI[Aa MUTPAIBHOTO KiamaHa. OmpeaenaeHsl oporo-
Bble 3HaueHnsa SDNNidx u pNN50, koTopble y TaKuX HallMeHTOB MOTYT HCTIOB30BAaThCS B KAYECTBE MapKepa s
panneii nuaraoctuku CHc®B.

3akia04yenne. Y nanyueHToB ¢ HeoOCTPpYKTUBHBIM HopakenneM KA 1 CHc®B npu BbINOTHEHHH CYyTOYHOTO MOHU-
topupoBanus OKI' nienecoobpasHa oleHKa TApaMeTPOB AUCIEPCHU PUTMA CEP/ILIa, aHATTM3UPYEMBIX BPEMEHHBIMU
METO/IaMH, KOTOPBIE 110 CPABHEHHMIO C ITOKA3aTENIIMHU CIIEKTPAIbHOTO aHAJIN3a UMEIOT O0JIee TECHYIO CBSI3b C Xapak-
TEPUCTUKAMM TUACTOJIMHYECKOH (YHKIIMHU ¥ OCTHATPY3KH JIEBOTO JKEITyJOUKa.

KiroueBble ci10Ba: cepjieuHasi HEJOCTATOYHOCTh, COXpaHEHHAst (PpaKius BbIOpOCa, HEOKKIIIO3UPYIOIIHUH KOpPO-
HApHBIH aTepocKiIepo3, BapuabeabHOCTh PUTMA cep/ilia, OHoOMapKephbl

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U MNOTCHIUAJIBHBIX KOHq)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C r[y6nm<aunel71 HaCTOS{H.[efI CTaTbHu.

Hcrounnk ¢punancupoBanus. VccinenoBanne BEIIOIHEHO 3a cyeT rpaHTa Poccuiickoro Hayunoro ¢onma Ne 22-
25-20019 «M3y4enue ponu ryMOpaIbHBIX MAPKEPOB U BEr€TATUBHOHN PETyIISIUN CEPACYHOMN NEATEIBHOCTH B I1a-
TOTEHE3€ CeplIeUYHOl HEIOCTaTOYHOCTH C COXPaHCHHOW (pakiueil BeIOpoca jeBoro xerynoukay (https://rscf.ru/
project/22-25-20019/) u cpencts AnmuHucTpanuu ToMcKoi obmacTy.
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INTRODUCTION

In the last decade, a lot of data have been obtained
pointing to a wide variety of etiological factors and
describing the features of their effect on the pathogen-
esis of heart failure with preserved ejection fraction
(HFpEF). In the same patient, several mechanisms
often coexist, initiating symptomatic chronic heart
failure (CHF), but the degree of activation of each of
them in patients with HFpEF can vary greatly [1, 2].

It is known that an imbalance of the autonomic
nervous system is one of the possible mechanisms
for the development of CHF and its decompensation
[3-5]. In particular, the results of the Women’s Health
Initiative cohort study that included 28,603 postmeno-
pausal women (mean age 62.6 years) without coro-
nary artery disease (CAD) and CHF demonstrated that
low total heart rate variability (HRV) was associated
with an increased risk of hospitalization for HFpEF
(odds ratio (OR) 1.22; 95% confidence interval (CI)
1.02-1.47) [5].

A number of researchers have found a relationship
between HRV and expression of inflammation and
coagulation markers in patients with a high risk of de-
veloping cardiovascular complications, including pa-
tients with CHF and acute coronary syndrome [6-9].
In particular, it was found that activation of the cho-
linergic anti-inflammatory pathway, in which efferent
inhibition of proinflammatory cytokines by the vagus
nerve occurs, leads to a decrease in the content of
systemic inflammation-associated proteins [10], and
non-invasive stimulation of the vagus nerve through
activation of the a7 nicotinic acetylcholine receptor
can provide anti-inflammatory, antioxidant, and an-
ti-apoptotic effects [11].

There are a few studies that reveal the relation-
ship between changes in HRV and the development
of CAD and CHF, as well as an increase in all-cause
mortality [3, 9, 12]. The analysis of HRV in patients
with CAD has shown that autonomic dysregulation is

associated with multivessel coronary artery disease
and the presence of coronary artery occlusions and le-
sions of the left coronary artery and plays an important
role as a screening tool for high-risk groups [13]. It
has been established that reduced HRV in CAD pa-
tients is associated with age, late postinfarction heart
remodeling, development of left ventricular systolic
and diastolic dysfunction, and the clinical severity of
heart failure [14] and is involved in the development
of electrical instability of the heart [15]. At the same
time, we have not been able to find works on the as-
sessment of HRV in patients with HFpEF and non-ob-
structive CAD in the available scientific literature.

The aim of the study was to evaluate the role of
HRYV in the pathogenesis of HFpEF in patients with
non-obstructive CAD.

MATERIALS AND METHODS

The study was conducted in accordance with the
provisions of the Declaration of Helsinki and approved
by the local Ethics Committee at Cardiology Research
Institute, Tomsk National Research Medical Center of
the Russian Academy of Sciences (Protocol No. 177
of 30.10.2018). All patients signed an informed con-
sent to participate in the study.

The study included 48 patients (60.4% were men)
aged 61.5 (55; 60) years with new-onset HFpEF and
non-obstructive CAD (group 1). The control group
consisted of patients without symptoms and signs of
CHF of comparable age (group 2). Inclusion criteria:
non-obstructive (< 50%) CAD; left ventricular dia-
stolic dysfunction / increased left ventricular (LV) fill-
ing pressure and preserved LV ejection fraction (EF);
N-terminal pro-brain natriuretic peptide (NT-proB-
NP) > 125 pg / ml; a signed informed consent to par-
ticipate in the study. Exclusion criteria: prior myocar-
dial infarction; elective coronary revascularization or
prior revascularization; elevated systolic or diastolic
blood pressure (> 180 or > 110 mm Hg, respectively);
systolic hypotension < 80 mm Hg; second / third-de-
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gree atrioventricular block, sick sinus syndrome;
high ectopic activity of the atria and / or ventricles
(> 10 extrasystoles per hour); hypertrophic and dilat-
ed cardiomyopathy; valvular defect (mitral, tricuspid
or aortic valve insufficiency or stenosis > 2 degree);
prior pulmonary embolism with pulmonary hyper-
tension (systolic pressure in the pulmonary artery
> 45 mm Hg); chronic atrial fibrillation; severe course
of bronchial asthma and chronic obstructive pulmo-
nary disease; pathology of the thyroid gland, severe
renal (glomerular filtration rate according to the
CKD-EPI equation < 30 ml / min / m?) and liver fail-
ure; inflammatory diseases of the myocardium and
pericardium; hemoglobin level < 100 g/ 1.

At the time of enrollment, the patients were not
receiving optimal drug therapy, given the fact that
CHF was newly diagnosed. The frequency of pre-
scribing B-blockers ranged from 17.6 to 19.4%, an-
giotensin-converting enzyme (ACE) inhibitors —
11.8-19.4%, angiotensin II AT: receptor blockers —
17.6-29.4%, statins — 35.3-41.2%, and diuretics —
5.9-29.4%. The patients who received B-blockers dis-
continued to take them the day before 24-hour Holter
monitoring.

The content of the soluble form of ST2 protein
(sST2) and NT-proBNP in the blood serum in vitro
was determined by enzyme-linked immunosorbent as-
say (ELISA). Photometric detection of immunochem-
ical reaction passage was performed on the Infinite
F50 microplate reader (Tecan, Australia). Fasting
blood was sampled from the ulnar vein in the morning
after 16-hour fasting into vacutainers. We used kits
from Critical Diagnostics Presage® ST2 Assay (USA)
and Biomedica (Canada).

Echocardiography (EchoCG) was performed for
all patients according to a standard protocol using
the EPIQ system (Philips Ultrasound Inc., USA). The
structures of the heart were visualized using B- and
M-scans according to the standard technique. An
obligatory criterion for diagnosing HFpEF was the
value of LVEF > 50%. All studies were conducted by
one highly qualified specialist. The assessment of LV
diastolic function was based on four parameters: early
diastolic velocity at the lateral mitral annulus (later-
al ¢”), the ratio of peak early diastolic velocity of the
transmitral flow to the mean early diastolic velocity
at the mitral annulus (E/e’), left atrial volume index,
and peak tricuspid regurgitation velocity. LV diastol-
ic dysfunction was diagnosed if at least three of the
four parameters discussed were outside the reference
range. LV global longitudinal strain (GLS) was as-

sessed using 2D speckle tracking. Some of the param-
eters were calculated using the formulas:

— left ventricular end-systolic elastance (Es) = ESP
/ ESV; where ESP is LV end-systolic pressure, ESV is
LV end-systolic volume.

— arterial elastance (Ea) = ESP / SV; where SV is
stroke volume.

— LV myocardial stress (MS) in systole = SBP x
ESP / LV PWT in systole x (1 + (LV PWT / ESD));
where SBP is systolic blood pressure, ESD is LV
end-systolic dimension, and PWT is posterior wall
thickness.

— LV myocardial stress (MS) in diastole = DBP x
EDP / LV PWT in diastole x (1 + (LV PWT / EDD));
where DBP is diastolic blood pressure, EDD is LV
end-diastolic dimension, and PWT is posterior wall
thickness.

LV MS is a parameter that characterizes the force
of myocardial fibers per unit cross-section of the LV
wall and quantitatively reflects the values of LV pre-
and afterload. At the end of diastole, it expresses pre-
load, and at the end of systole, it expresses afterload
(dynes / cm?).

HRYV was assessed by 24-hour Holter monitoring.
Atleast 12 hours before and during 24-hour ECG mon-
itoring, the patients were forbidden to drink coffee,
tea, and cola and to smoke. During the ECG recording,
routine daily activities were allowed. The parameters
of HRV quantification were analyzed: SDNN — stan-
dard deviation of all normal RR (NN) intervals of the
sinus rhythm; SDANN — standard deviation of the av-
erage NN-intervals for each of the 5-minute segments
during a 24-hour recording; SDNNidx — mean of the
standard deviations of NN intervals in all 5-minute
segments of a 24-hour recording; RMSSD — square
root of the mean of the squares of differences between
adjacent NN intervals; NN50 (100, 200) is the number
of pairs of adjacent NN intervals that differ by more
than 50 (100, 200) ms; pNNS50 (100, 200)% is the val-
ue of NN50 (100, 200) divided by the total number of
NN intervals in the analyzed recording period.

At the same time, the parameters of the HRV time
series analysis were interpreted as follows: the pa-
rameters obtained by processing direct measurements
of RR intervals (in particular, SDNN, SDANN, SD-
NNidx) generally reflect the degree of efferent sym-
pathetic influences on the heart (with an increase in
sympathetic efferentation, the values of the param-
eters decrease), whereas the parameters calculated
on the basis of the difference between the RR inter-
vals (RMSSD, NN50, pNN50) reflect tension in the
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parasympathetic nervous system (with an increase in
the efferent activity of the vagus nerve, the values of
the parameters rise). Using the spectral analysis, the
power of the spectrum was estimated in the range of
very low (< 0.04 Hz) frequencies (VLF is a param-
eter which is associated with the activity of cerebral
ergotropic systems and the renin — angiotensin sys-
tem), low (0.04—0.15 Hz) frequencies (LF is a marker
of sympathetic modulation), and high (0.15-0.4 Hz)
frequencies (HF is a marker of the parasympathetic
nervous system activity), and the LF / HF ratio (the
so-called sympatho-vagal balance) was determined.

All patients underwent coronary computed tomog-
raphy angiography. For contrast-enhanced scanning,
70-90 ml of a nonionic contrast agent (370 mg lo-
pamidol, Bracco Diagnostics, Italy) was injected in-
travenously through an 18G catheter at a flow rate of
5-5.5ml/s.

Statistical processing was performed using the
STATISTICA 10.0 software (StatSoft Inc., USA).
The normality of distribution of the variables was as-
sessed using the Shapiro — Wilk test. The homogene-
ity of variance was assessed using the Levene’s test.
Quantitative data were presented as the median and

the interquartile range Me (Q,,; Q,,). The Mann —
Whitney U-test was used to test statistical hypotheses
when comparing two independent samples. To search
for relationships between variables, a correlation anal-
ysis was used with the calculation of the Spearman’s
rank correlation coefficient. For qualitative features,
contingency tables were analyzed using the Pearson’s
¥’ test or Fisher’s exact test, when the expected value
in any of the cells in the table with given boundaries
was below 10. To assess the sensitivity and specificity
of the models and select the cut-off values, the ROC
analysis was used with the construction of curves and
the calculation of the area under the curve (AUC).
AUC value > 0.70 was considered significant. The
marginal significance level of p for all statistical anal-
ysis procedures used was 0.05.

RESULTS

At the time of inclusion in the study, the groups
were comparable in most clinical and demographic
characteristics (Table 1). Patients of group 1 smoked
more often and had impaired carbohydrate metabo-
lism, while there were no statistically significant dif-
ferences in the level of glycated hemoglobin.

Table 1
Baseline clinical and demographic characteristics
Parameter Group 1, n =48, (+) HFpEF Group 2, n =17, (-) HFpEF p
Age, years, Me (Q,;; O, 61.5 (55; 66) 62 (58; 63) 0.124
Men, n (%) 29 (60.4) 7(41.2) 0.059
BML kg / m?, Me (Q,;; O,,) 29.7 (27.6; 32.0) 30.8 (28.35; 33.95) 0.254
Hypertension, n (%) 39 (81.2) 13 (76.5) 0.161
Type 2 DM, n (%) 11 (22.9) 2 (11.8) 0.013
HbAlc, %, Me (Q,,; O,,) 6.3 (5.8;7.5) 6.1 (6.0; 7.6) 0.068
COPD, n (%) 5(10.4) 1(5.9) 0.718
Smoking, n (%) 15 (31.25) 3 (17.6) 0.011
GFR, ml/ min/ 1.73 m? 82.8 (67.3; 82.7) 85 (71; 89) 0.476
Total cholesterol, mmol / 1, Me (Q,;; O, 4.98 (3.67; 5.25) 5.09 (3.76; 6.5) 0.532
LDL-C, mmol /1, Me (Q,;; O, 3.13 (2.15; 3.51) 2.33(1.24;3.37) 0.856
HDL-C, mmol /1, Me (Q,;; O,,) 1.07 (0.85; 1.31) 1.52(1.25; 1.79) 0.889
Triacylglycerols, mmol / 1, Me (Q,;; O, 1.78 (1.23; 1.97) 1.26 (1.17; 1.36) 0.870
Hemoglobin, g /1, Me (Q,;; O,,) 134 (121; 143) 145 (140; 157) 0.464
Potassium, mmol / 1, Me (Q,,; O,,) 4.67 (4.12; 5.01) 4.47 (4.43;5.01) 0.517
Fibrinogen, g /1, Me (Q,,: O,,) 3.27(3.14; 3.14) 3.16 (2.86; 3.36) 0.767
NT-proBNP, pg / ml, Me (Q,;; O,)) 404.2 (249.5; 1,533.4) 58 (43.65; 74.35) 0.004
sST2, ng / ml, Me (Q,,; O,,) 29.18 (23.17; 31.09) 19.42 (18.24; 22.29) 0.012

Note: BMI — body mass index; DM — diabetes mellitus; GFR — glomerular filtration rate; COPD — chronic obstructive pulmonary disease; LDL-C
— low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; HbAlc — glycated hemoglobin; NT-proBNP — N-terminal

pro-brain natriuretic peptide; sST2 — soluble form of the ST2 protein.
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In patients with non-obstructive CAD and HFpEF,
compared to patients of the control group, we noted
early signs of depressed LV contractility associated
with changes in the characteristics of pre- and after-
load (Table 2), in particular, impaired mechanics of
the LV (decrease in LV global longitudinal strain:
-14.4% [-13.1; —-17.6] vs —18.9% [-14.4; —21.4],
p = 0.003), increased myocardial stress in diastole,
reflecting true hemodynamic load on the heart mus-
cle (157.48 [142.06; 164.70] dynes / cm? vs 142.15
[133.31; 149.97] dynes / cm?, p = 0.028) and arterial
elastance (0.60 [0.55; 0.92] mm Hg / ml vs 0.56 [0.53;
0.61] mm Hg / ml, p = 0.021) against the background
of a decrease in end-systolic elastance (2.30 [1.64;
3.0] mm Hg / ml vs 0.56 [2.75; 3.16] mm Hg / ml,
p =0.018).

The results of the HRV assessment revealed that
patients with HFpEF, compared to persons without
CHF, had chronotropic incompetence throughout the
entire monitoring period, manifested by a decrease

(» <0.01) in the values of time series parameters: SD-
NNidx (night) by 29.9% (47 [44; 65] ms and 67 [52;
208] ms, respectively) and SDNNidx (day) by 14.3%
(56 [52; 71] ms and 64 [55; 183] ms, respectively), as
well as a decrease in the values of most parameters
characterizing the parasympathetic nervous system
activity (p <0.01) mainly at night — RMSSD by 73.9%
(23 [12; 31] ms and 40 [32; 328] ms, respectively),
NNS50, NN100, NN200 — by 5-8 times, pNN50(100,
200)% — by 2.5—6 times.

In patients with HFpEF, compared to patients with-
out CHF, a significant change in the HRV frequency
characteristics was revealed, indicating an increase in
the influence of cerebral ergotropic structures with si-
multaneous inhibition of the parasympathetic nervous
system activity: an increase in VLF (p = 0.004) and a
decrease in CHF (p = 0.016). Table 3 shows the pa-
rameters of HRV, for which statistically significant
differences were found. Other parameters did not dif-
fer between the groups.

Table 2
Echocardiography findings in patients of groups 1 and 2, Me (Q,;; Q..
Parameter Group 1, n =48, (+) HFpEF Group 2, n =17, (-) HFpEF p
LVEF, % 62 (58.5; 65) 65 (64; 66) 0.392
LA, mm 42 (39; 46) 40 (38; 43) 0.734
LV EDV, ml 111 (1005 125) 108 (97.5; 116) 0.306
LV ESV, ml 37.5(32; 43) 34.5(33.5; 39.5) 0.205
IVS, mm 10.5 (10.5; 11.1) 9.75 (9.0; 10) 0.065
LVPW, mm 10 (9; 10) 9.5(9.0; 10.0) 0.329
Peak E, cm / sec 77 (69; 94) 63 (56; 72) 0.032
Peak A, cm / sec 65 (63; 88) 69 (66; 76.5) 0.053
E/A 1.29 (1; 1.36) 0.9 (0.74; 1.0) 0.024
E/e’ 13.5 (13; 13.6) 12 (11; 13) 0.019
LAVI, ml / m? 2.8 (2.78; 2.87) 2.6 (2.3;2.76) 0.021
LV MMind, g/ m? 87 (80; 97) 82 (75.5; 86.5) 0.283
MS in diastole, dyne / cm? 157.48 (142.06; 164.70) 142.15 (133.31; 149.97) 0.028
Ea, mm Hg / ml 0.60 (0.55; 0.92) 0.56 (0.53; 0.61) 0.021
Es, mm Hg / ml 2.30 (1.64; 3.0) 2.75(2.55; 3.16) 0.018

Note: LAVI — left atrial volume index; LV — left ventricle; PW — posterior wall, MMind — myocardial mass index;
EDV - end-diastolic volume; ESV — end-systolic volume; LA — left atrium; IVS — interventricular septum; Peak
E — the peak velocity of early diastolic flow; Peak A — the peak flow velocity due to atrial systole; E/A - ratio of the
peak early diastolic flow velocity (E) to the flow at atrial systole (A); E/e’ - the ratio of peak early diastolic velocity of
the transmitral flow to the mean early diastolic velocity at the mitral annulus; Ea — atrial elastance; Es — end-systolic

elastance of the left ventricle.

Table 3
HRYV parameters in patients of groups 1 and 2, Me (Q,;; 0,)
Parameter Group 1, n =48, (+) HFpEF Group 2, n =17, (-) HFpEF p
Mean NN during the day, ms 978 (897; 993) 835 (732; 959) 0.003
SDNNidx at night, ms 47 (44; 65) 67 (52; 208) 0.003
SDNNidx all day, ms 56 (52;71) 64 (55; 183) 0.039
RMSSD at night, ms 23 (12; 31) 40 (32; 328) 0.001
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Table 3 (continued)

Parameter Group 1, n =48, (+) HFpEF Group 2, n =17, (-) HFpEF p
NNS50 at night, n (%) 494 (352; 1,671) 2,681 (627; 18,518) 0.002
pNNS50 at night, % 2.8 (1.2;9.50) 13.9 (5.1; 61.5) 0.002
NN100 at night, 7 (%) 47 (24; 164) 368 (135; 8,485) 0.001
pNN100 at night, % 0.2 (0; 0.9) 1.4 (0.5; 33.5) 0.001
NN200 at night, n (%) 28 (9; 34) 191 (31; 2,037) 0.003
NN200 all day, n (%) 289 (43; 534) 400 (141; 12,571) 0.029
pNN200 during the day , % 0.4 (0; 0.9) 1(0.2;16.1) 0.010
pNN200 at night, % 0.1 (0; 0.1) 0,6 (0.2;31.4) 0.001
pNN200 all day, % 0.3(0.1;0.9) 0.9 (0.2;21.3) 0.016
VLF, ms? 2,570 (1,992; 3,016) 2,341 (1,634; 2,731) 0.004
HF, ms? 347 (214; 509) 514 (371; 627) 0.016

Note: Mean NN — the average value of the duration of all RR (NN) intervals of sinus rhythm; SDNNidx — mean of the
standard deviations of NN intervals in all 5-minute segments of a 24-hour recording; RMSSD — square root of the mean of
the squares of differences between adjacent NN intervals; NN50(100, 200) — the number of pairs of adjacent NN intervals
that differ by more than 50 (100, 200) ms; pNN50(100, 200)% — the value of NN50 (100, 200) divided by the total number
of NN intervals in the analyzed recording period; VLF — spectrum power in the range of very low (< 0.04 Hz) frequencies;
HF — spectrum power in the range of high (0.15-0.4 Hz) frequencies.
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Figure. Cut-off values for SDNNidx (day) and pNNS50 (night) for the optimal binary classification of patients with non-obstructive

CAD depending on the presence or absence of HFpEF (ROC analysis): y-axis — sensitivity (%), x-axis — 100 minus specificity (%).

The boxes represent the sensitivity and specificity scores for the respective decision rule threshold (criterion), as well as the AUC
values and the significance level p.

Based on the ROC analysis, the values of SDN-
Nidx <49 ms (AUC = 0.768; p = 0.012) and pNNS50
<5 ms (AUC = 0.777; p = 0.007) were determined
as cut-off values, which are associated with the pres-
ence of HFpEF in patients with non-obstructive CAD
(Figure).

The results of the correlation analysis demon-
strated the relationship between HRV studied by the
time series parameters (in particular, SDANN) and
the level of sST2 in the blood serum (» = 0.354; p =
0.018), but not the “classical” CHF biomarker — NT-
proBNP. It was also established for the first time that
the SDANN value was correlated with MS in diastole

(r = 0.35; p = 0.006), and SDNNidx was correlated
with arterial elastance (# = 0.301; » = 0.045).

DISCUSSION

It is known that autonomic dysregulation is one of
the mechanisms for the development of CHF with re-
duced LVEF and is characterized by a steady increase
in sympathetic excitation and a decrease in parasym-
pathetic activity [4, 16]. The results of the analysis of
turbulence and QT dispersion (in particular, SDNN)
of the heart rate make it possible to identify individ-
uals at the highest risk of adverse outcomes among
patients with HFpEF [17]. HRV is also impaired in
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symptomatic CAD, especially after myocardial in-
farction, and is inversely associated with the progres-
sion of CAD [12, 18, 19]. In particular, in patients
with cardiovascular diseases without signs of myocar-
dial ischemia, an inverse correlation (p < 0.05) was
established between the presence of non-obstructive
(< 50%) stenosis of one or more coronary arteries, on
the one hand, and the value of pNN50 (for the anteri-
or interventricular branch and right coronary artery —
r =-0.387 and r = —0.365, respectively, and for the
anterior interventricular branch with RMSSD -
r=-0.404), as well as the power of the spectrum in the
HF range (r =-0.393, p <0.05 ), on the other.

This allowed the authors to conclude that the se-
verity and degree of CAD are associated with a shift in
the autonomic regulation of the heart toward sympa-
thetic predominance [18]. Other data have been pub-
lished showing that HRV parameters are associated
with the severity of occlusion, multivessel CAD, and
lesions of the left coronary artery [19]. At the same
time, according to other authors [20], after adjusting
for age, sex, body mass index, and heart rate, statis-
tically significant differences between patients with
CAD and those with unchanged coronary arteries in
a number of logarithmic HRV parameters (pNN10%,
pPNN20%, LF, and HF) disappeared.

In our study, it was found that in patients with HF-
pEF and non-obstructive CAD, the activity of most
parasympathetic nervous system parameters was sup-
pressed (p < 0.01) mainly at night. We also noted a
significant change in the frequency characteristics of
HRV during 24-hour Holter monitoring, indicating
the primacy of sympathetic influences on the heart
over parasympathetic ones, which is confirmed by the
data of other researchers [12, 16, 17]. Primary sup-
pression of parasympathetic activity in the mechanism
of HRV reduction in cardiovascular diseases and the
subsequent predominance of the sympathetic nervous
system are confirmed by the results of a meta-analysis
by S.C. Fang et al. [12].

The pathophysiology of the sympatho-vagal im-
balance in cardiovascular diseases may be associated
with the influence of risk factors, including obesity,
diabetes mellitus and CAD [4, 12, 21, 22]. In our
study, patients in group 1 were more often diagnosed
with diabetes mellitus, which, according to a number
of researchers [4, 12, 22], could also make a certain
contribution to the development and progression of
autonomic dysfunction. However, given a short dura-
tion of the disease, the absence of significant differ-
ences in the level of glycemic control according to the

HbAlc assessment, and a small sample size, the con-
tribution of this risk factor to the development mech-
anism and prognosis of HFpEF will be the subject of
further research.

The principal mechanism of CAD leading to au-
tonomic dysregulation is still unknown. Most re-
searchers tend to believe that the balance between
short-term and long-term HRV components, even in
asymptomatic individuals without signs of myocardial
ischemia with progression of CAD shifts toward para-
sympathetic withdrawal with the primacy of sympa-
thetic regulation [4, 9, 12, 17, 18, 23]. This confirms
the hypothesis that CAD is one of the determinants of
HRYV [20]. It is hypothesized that the cause of these
changes in patients with typical cardialgia and the ab-
sence of atherosclerotic lesions in the coronary bed
may also be coronary microvascular dysfunction [20,
22], which, in turn, has a trigger potential for changes
in myocardial metabolism, activation of the neurohu-
moral system, and development of HFpEF [24]. At the
same time, regulation of the microvasculature func-
tion varies significantly in different tissues depending
on their function and nutritional needs. In particular,
it has been proven that, for example, retinal microves-
sels do not have sympathetic innervation, and variabil-
ity in the filling of the myocardial microvasculature is
functionally directly related to HRV [25].

In non-obstructive CAD, HFpEF is triggered ac-
tually due to progressive impairment of the endothe-
lial function, which affects a decrease in coronary and
myocardial reserves, initiation of diastolic dysfunc-
tion, and overproduction of humoral factors leading
to perivascular fibrosis and apoptosis of cardiomyo-
cytes [26]. On the other hand, according to D. Aron-
son et al. [6], neurohormonal activation, manifested
by overexpression of proinflammatory cytokines (in-
terleukin (IL)-6, tumor necrosis factor (TNF)-a, and
C-reactive protein (CRP)) [1, 8, 27], dysregulation
of vascular tone in the context of a decrease in nitric
oxide production, and excessive activity of biomark-
ers (renin, aldosterone, norepinephrine) leads to HRV
depression. The authors showed that some HRV pa-
rameters in the time domain were inversely correlated
with the level of endothelin 1 (SDNN, »=-0.38, p =
0.002; SDANNS, r =-0.48, p < 0.0001), while over-
expression of endothelin 1 was also associated with
some frequency parameters of HRV — with full power
(r =-0.32, p = 0.01) and ultra-low frequency power
(r =-0.43, p = 0.0004), but not with indices of para-
sympathetic (HF) or sympatho-vagal (LF) modula-
tion. According to the correlation analysis of the data
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obtained in our study, associations were found not
only between the parameters of total HRV and the
level of sST2 (r = 0.354; p = 0.018), but also with
the traditional CHF biomarker NT-proBNP. In the
CATSTAT-HF study, regardless of the NT-proBNP
level, sST2 was an accurate predictor of in-hospital
death and heart failure decompensation in 90 patients
with ischemic and non-ischemic CHF (LVEF 43.4 +
16.4%) [9].

Previously, we showed that in patients with HFpEF
corresponding to NYHA functional classes I-1I and
111, the level of sST2 was 28.8 and 46.3%, respective-
ly, which was higher than in the control group [26].
Given the fact that no clear differences in the angiog-
raphy characteristics were obtained, it is logical to as-
sume that expression of one of the biomarkers studied
at this stage, approaching the upper limit of the normal
range, is pathogenetically associated with initiation of
endothelial dysfunction and, possibly, development of
perivascular fibrosis, which was confirmed in single
studies of other scientists.

According to B. Arshi et al. [4], the role of the
sympathetic nervous system in the development or
progression of LV diastolic dysfunction and new-on-
set heart failure has not been widely studied, which
emphasizes the need for new knowledge about the
pathophysiology of autonomic regulation in patients
with cardiovascular diseases leading to the develop-
ment of HFpEF. In patients with HFpEF against the
background of non-obstructive CAD, we found an in-
crease in the early transmitral flow velocity (E) and a
significant increase in the E/e’ ratio, which was related
to an increase in the activity of the sympathetic ner-
vous system. At the same time, in patients of group 1,
the values of the time series parameters of QT disper-
sion based on the study of the duration of RR inter-
vals (SDANN and SDNNidx) had a direct significant
relationship with MS in diastole, the value of arterial
elastance, and the E/e’ ratio.

Comparison of these results with the data of other
authors turned out to be difficult, since they are pre-
sented in the scientific literature in single studies. In
particular, A.-M. Vintila™ et al. [28] refer to the results
of a retrospective study by A. Jian et al. (2019), who
found that of all the analyzed HRV parameters, only
SDANNidx was associated with left atrial dilatation.
A. Tanindi et al. (2012) showed that in patients with
HFpEF, compared to healthy volunteers, lower HRV
values were detected, and HRV depression was direct-
ly associated with the progression of LV diastolic dys-
function. Finally, the results of the examination of pa-

tients retrospectively included in the population-based
Rotterdam study revealed significant associations of
HRV parameters (RMSSD and SDNN adjusted for
heart rate) with parameters of transmitral flow and tis-
sue Doppler in diastole, as well as the left atrial size [4].

The presence of such associations between param-
eters of autonomic regulation of the heart rate, diastol-
ic dysfunction, and the level of the humoral biomarker
that is not directly related to hemodynamic overload
but affects the development and progression of cardi-
ac hypertrophy, myocardial fibrosis, and myocardial
dysfunction, in our opinion, reflects the compensatory
negative activation of neurohormonal pathways that
trigger the development and progression of HFpEF.
These data suggest that a comprehensive assessment
of HRV parameters, sST2 level, diastolic myocardial
stress, and arterial elastance may be useful for early
diagnosis of HFpEF.

There is no doubt that interpretation and correct
comparison of the results of the HRV study in cer-
tain groups of patients can be difficult due to the of-
ten different duration of ECG recording, gender, and
phenotypic (LVEF value) differences, which makes it
necessary to continue research in this area.

CONCLUSION

When performing 24-hour Holter monitoring in
patients with non-obstructive CAD and HFpEF, it is
advisable to assess the parameters of QT dispersion
using the time series analysis, which, compared to
spectral analysis parameters, has a closer relation-
ship with the characteristics of diastolic function and
LV afterload. The cut-off values of SDNNidx (< 49
ms; AUC = 0.768; p = 0.012) and pNN50 (< 5 ms;
AUC=0.777; p=0.007) were determined as a marker
for early diagnosis of HFpEF.

Limitations of the study included: 1) a small
sample size of patients; in this regard, at this stage
of the study, we did not analyze HRV in subgroups
of patients formed depending on the severity of HF-
pEF and the presence / absence of diabetes mellitus;
2) in this study, we did not evaluate the prognostic
value of HRV depression (clinical outcomes and the
prognostic value of QT dispersion parameters will be
assessed in the currently ongoing 12-month cohort
study).

REFERENCES
1. Adamczak D.M., Oduah M.T., Kiebalo T., Nartowicz S.,
Beben M., Pochylski M. et al. Heart Failure with Preserved

Ejection Fraction-a Concise Review. Curr. Cardiol. Rep.
2020July9;22(9):82. DOI: 10.1007/s11886-020-01349-3.

36 BionneTteHb cMbUpckon MegmuuHebl. 2023; 22 (2): 28-38



Original articles

10.

11.

12.

13.

14.

. Bosanac J., Straus L., Novakovi¢ M., Kosuta D., Bozi¢ Mijovs-

ki M., Tasi¢ J. et al. HFpEF and atrial fibrillation: the enigmatic
interplay of dysmetabolism, biomarkers, and vascular endothe-
lial dysfunction. Dis. Markers. 20220ct.25;2022:9539676.
DOI: 10.1155/2022/9539676.

. Patel V.N,, Pierce B.R., Bodapati R.K., Brown D.L., Ives D.G.,

Stein P.K. Association of Holter-Derived Heart Rate Variabil-
ity Parameters With the Development of Congestive Heart
Failure in the Cardiovascular Health Study. JACC Heart Fail.
2017;5(6):423—431. DOI: 10.1016/j.jchf.2016.12.015.

. Arshi B., Geurts S., Tilly M.J., van den Berg M., Kors J.A.,

Rizopoulos D. et al. Heart rate variability is associated with left
ventricular systolic, diastolic function and incident heart fail-
ure in the general population. BMC Med. 2022Feb.21;20(1):91.
DOI: 10.1186/s12916-022-02273-9.

. Baig M., Moafi-Madani M., Qureshi R., Roberts M.B., Allison M.,

Manson J.E. et al. Heart rate variability and the risk of heart fail-
ure and its subtypes in post-menopausal women: The Women’s
Health Initiative study. PLoS One. 20220ct.25;17(10):e0276585.
DOI: 10.1371/journal.pone.0276585.

. Aronson D., Mittleman M.A., Burger A.J. Role of endo-

thelin in modulation of heart rate variability in patients with
decompensated heart failure. Pacing Clin. Electrophysi-
ol.  2001Nov.;24(11):1607-1615. DOIL:  10.1046/j.1460-
9592.2001.01607.x.

. Lanza G.A., Sgueglia G.A., Cianflone D., Rebuzzi A.G., An-

geloni G., Sestito A. et al. SPAI (Stratificazione Prognostica
dell’ Angina Instabile) Investigators. Relation of heart rate vari-
ability to serum levels of C-reactive protein in patients with
unstable angina pectoris. Am. J. Cardiol. 2006;97(12):1702—
1706. DOI: 10.1016/j.amjcard.2006.01.029.

. Carney R.M., Freedland K.E. Depression and heart rate variabil-

ity in patients with coronary heart disease. Cleve. Clin. J. Med.
2009;76Suppl.2(Suppl.2):S13-17. DOI: 10.3949/ccjm.76.52.03.

. Borovac J.A., Glavas D., Susilovic Grabovac Z., Supe Domic

D., Stanisic L., D’Amario D. et al. Circulating sST2 and ca-
testatin levels in patients with acute worsening of heart fail-
ure: a report from the CATSTAT-HF study. ESC Heart Fail.
2020;7(5):2818-2828. DOT: 10.1002/ehf2.12882.

Pavlov V.A., Tracey K.J. The cholinergic anti-inflammatory
pathway. Brain Behav. Immun. 2005;19(6):493-499. DOI:
10.1016/j.bbi.2005.03.015.

Carandina A., Lazzeri G., Villa D., Di Fonzo A., Bonato S.,
Montano N. et al. Targeting the autonomic nervous system for
risk stratification, outcome prediction and neuromodulation
in ischemic stroke. Int. J. Mol. Sci. 2021Feb.26;22(5):2357.
DOI: 10.3390/ijms22052357.

Fang S.C., Wu Y.L., Tsai P.S. Heart Rate Variability and
Risk of All-Cause Death and Cardiovascular Events in Pa-
tients With Cardiovascular Disease: A Meta-Analysis of
Cohort Studies. Biol. Res. Nurs. 2020;22(1):45-56. DOI:
10.1177/1099800419877442.

Goessl V.C., Curtiss J.E., Hofmann S.G. The effect of heart
rate variability biofeedback training on stress and anxiety: a
meta-analysis. Psychol. Med. 2017;47(15):2578-2586. DOI:
10.1017/S0033291717001003.

Kalyuzhin V.V., Bardak A.L., Teplyakov A.T., Kamaev D.Yu.
Complex of factors affecting QT dispersion in survivors of

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

myocardial infarction. Cardiology. 2002;42(8):8-10 (in
Russ.).

Lysenkova N.O., Rumyantsev M.I., Kratnov A.E. The role
of the autonomic nervous system in the development of fatal
cardiac arrhythmias in patients with coronary heart disease.
Doktor.Ru. 2016;11(128):33-35 (in Russ.).

Shaffer F., Ginsberg J.P. An overview of heart rate variability
metrics and norms. Front. Public Health. 2017Sept.28;5:258.
DOI: 10.3389/fpubh.2017.00258.

Ksela J., Rupert L., Djordjevic A., Antonic M., Avbelj V.,
Jug B. Altered heart rate turbulence and variability parameters
predict 1-year mortality in heart failure with preserved ejec-
tion fraction. J. Cardiovasc. Dev. Dis. 2022July2;9(7):213.
DOI: 10.3390/jcdd9070213.

Simula S., Vanninen E., Lehto S., Hedman A., Pajunen P.,
Syvénne M. et al. Heart rate variability associates with as-
ymptomatic coronary atherosclerosis. Clin. Auton. Res.
2014;24(1):31-37. DOL: 10.1007/s10286-013-0220-z.

Feng J., Wang A., Gao C., Zhang J., Chen Z., Hou L. et al.
Altered heart rate variability depend on the characteristics of
coronary lesions in stable angina pectoris. Anatol. J. Cardiol.
2015;15(6):496—501. DOI: 10.5152/akd.2014.5642.
Elhakeem R.F., Lutfi M.F., Ali A.B.M., Sukkar M.Y. Can
short-term heart rate variability predict coronary artery disease
in patients undergoing elective coronary angiography due to
typical chest pain? J. Clin. Transl. Res. 2020;6(2):66—70.
Muslimova E.F., Rebrova T.Yu., Archakov E.A., Akhme-
dov S.D., Budnikova O.V., Batalov R.E. et al. Polymorphic
variants of genes encoding Ca(2+)-transporting sarcoplasmic
reticulum proteins in the progression of chronic heart failure.
Russian Journal of Cardiology. 2019;(10):48—52 (in Russ.).
DOI: 10.15829/1560-4071-2019-10-48-52.

Shah S.J., Lam C.S.P., Svedlund S., Saraste A., Hage C.,
TanR.S. etal. Prevalence and correlates of coronary microvas-
cular dysfunction in heart failure with preserved ejection frac-
tion: PROMIS-HFpEF. Eur. HeartJ. 2018;39(37):3439-3450.
DOI: 10.1093/eurheartj/ehy531.

Mizobuchi A., Osawa K., Tanaka M., Yumoto A., Saito H.,
Fuke S. Detrended fluctuation analysis can detect the impair-
ment of heart rate regulation in patients with heart failure with
preserved ejection fraction. J. Cardiol. 2021;77(1):72-78.
DOI: 10.1016/j.jjcc.2020.07.027.

Kopeva K.V., Maltseva A.N., Machula A.V., Grakova E.V.,
Zavadovsky K.V. The role of microvascular dysfunction
in the pathogenesis of heart failure with preserved ejection
fraction. Kazan Medical Journal. 2022;103(6):918—927 (in
Russ.). DOI: 10.17816/KMJ109034.

Kiselev A.R., Gridnev V.I. Oscillatory processes in vegetative
regulation of cardiovascular system (review). Saratov Journal
of Medical Scientific Research. 2011;7(1):34-39 (in Russ.).
Grakova E.V., Kopeva K. V., Gusakova A.M., Smorgon A.V.,
Maltseva A.N., Mochula A.V. et al. The role of humoral mark-
ers in the pathogenesis of heart failure with preserved ejection
fraction in patients with non-obstructive coronary artery dis-
ease. Russian Journal of Cardiology. 2022;27(10):51-62 (in
Russ.). DOIL: 10.15829/1560-4071-2022-5162.
Straburzynska-Migaj E., Ochotny R., Wachowiak-Baszynska
A., Straburzynska-Lupa A., Le$niewska K., Wiktorowicz K.

Bulletin of Siberian Medicine. 2023; 22 (2): 28-38 37



Grakova E.V., Kopeva K.V., Gusakova A.M. et al. Heart failure with preserved left ventricular ejection fraction in non-obstructive

et al. Cytokines and heart rate variability in patients with sion and heart failure with preserved ejection fraction — asso-
chronic heart failure. Kardiol. Pol. 2005;63(5):478—485. ciations between echocardiography and heart rate variability.
28. Vintila™ A.-M., Horumba M., Vintila™ V.D. Arterial hyperten- J. Hypertens. Res. 2019;5(3):119-125.

Authors’ contribution

Grakova E.V. — conception and design of the study, coordination of the study, drafting of the article, final approval of the manuscript
for publication. Kopeva K.V. — acquisition and interpretation of clinical data and HRV parameters, compilation of a database, statistical
processing of the data, critical revision of the manuscript for important intellectual content, final approval of the manuscript for publication.
Gusakova A.M. — determination of the levels of biomarkers in the blood serum, acquisition and interpretation of the data, compilation
of a database, final approval of the manuscript for publication. Smorgon A.V. — carrying out of the echocardiography study, acquisition
and interpretation of the data, compilation of a database, final approval of the manuscript for publication. Akhmedov Sh.D., Kalyu-
zhin V.V. — review of the literature, interpretation of the data, drafting of the article, final approval of the manuscript for publication.
Teplyakov A.T. — coordination of the study, drafting of the article, final approval of the manuscript for publication.

Authors’ information

Grakova Elena V. — Dr. Sci. (Med.), Leading Researcher, Department of Myocardial Pathology, Cardiology Research Institute,
Tomsk NRMC of RAS, Tomsk, gev@cardio-tomsk.ru, http://orcid.org/0000-0003-4019-3735

Kopeva Kristina V. — Cand. Sci. (Med.), Researcher, Department of Myocardial Pathology, Cardiology Research Institute, Tomsk
NRMC of RAS, Tomsk, kristin-kop@inbox.ru, http://orcid.org/0000-0002-2285-6438

Gusakova Anna M. — Cand. Sci. (Med.), Researcher, Department of Clinical Laboratory Diagnostics, Cardiology Research Institute,
Tomsk NRMC of RAS, Tomsk, anna@cardio-tomsk.ru, http://orcid.org/0000-0002-3147-3025

Smorgon Andrey V. — Junior Researcher, Department of Ultrasound and Functional Diagnostics, Cardiology Research Institute,
Tomsk NRMC of RAS, Tomsk, sav@cardio-tomsk.ru, http://orcid.org/0000-0002-6531-7223

Akhmedov Shamil D. — Dr. Sci. (Med.), Professor, Leading Researcher, Department of Cardiovascular Surgery, Cardiology Research
Institute, Tomsk NRMC of RAS, Tomsk, shamil@cardio-tomsk.ru, https://orcid.org/0000-0003-2758-7107

Kalyuzhin Vadim V.- Dr. Sci. (Med.), Professor, Head of the Division of Advanced-Level Therapy, Siberian State Medical University,
Tomsk, kalyuzhinvv@mail.ru, http://orcid.org/0000-0001-9640-2028

Teplyakov Alexander T. — Dr. Sci. (Med.), Professor, Principal Researcher, Cardiology Research Institute, Tomsk NRMC of RAS,
Tomsk, Vgelen1970@gmail.com, http://orcid.org/0000-0003-0721-0038

(P<) Kopeva Kristina V., kristin-kop@inbox.ru
Received 11.02.2023;

approved after peer review 17.02.2023;
accepted 27.02.2022

38 BionneTteHb cMbUpckon MegmuuHebl. 2023; 22 (2): 28-38



