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ABSTRACT

Aim. To study the prognostic value of high serum concentration of soluble ST2 protein (sST2) in the development
of cardiovascular events after endovascular myocardial revascularization and the possibility of using this biomarker
as a target for B-blocker therapy in patients with chronic heart failure (CHF) with preserved (HFpEF) and mildly
reduced (HFmrEF) left ventricular ejection fraction.

Materials and methods. The study included 72 patients (aged 5769 years, 81.94% were men) with class I-I11
CHF of ischemic etiology with HFpEF and HFmrEF. The patients were admitted to the cardiology department
for endovascular myocardial revascularization. Before myocardial revascularization, serum concentrations of
sST2 and N-terminal pro-brain natriuretic peptide (NT-proBNP) in all patients were analyzed by enzyme-linked
immunosorbent assay (ELISA). Doses of B-blockers used in all patients were recalculated into a total daily dose
equivalent to metoprolol succinate. Patients were divided into 2 groups depending on the median equivalent dose
of metoprolol succinate (“high” > 100 mg / day and “low” < 100 mg / day).

Results. In patients of group 1, the serum concentration of sST2 was 30.7% higher (p < 0.001) than in patients
of group 2 (40.26 [34.39; 48.92] ng /ml and 27.9 [23.05; 35.27] ng / ml, respectively), the serum NT-proBNP
level in group 1 was 22.8% higher (p = 0.049) than in group 2 (167 [129; 330] ng / ml vs. 129 [125; 147] ng / ml,
respectively). In patients receiving an equivalent dose of metoprolol succinate < 100 mg / day, the incidence of
cardiovascular events was 34% higher (p = 0.002) than in patients receiving an equivalent dose of metoprolol
succinate > 100 mg/day. The ROC analysis showed that serum sST2 level > 34.18 ng / ml (sensitivity 78.0%,
specificity 90.0%, area under the curve (AUC) 0.906; p < 0.0001) predicts a high risk of cardiovascular events
within one year. However, the serum NT-proBNP level was not an informative predictor of cardiovascular events.

Conclusion. It was confirmed that increased sST2 serum concentration has high prognostic value in the development
of cardiovascular events within a year after endovascular myocardial revascularization. The possibility of using this
biomarker as a target for B-blocker therapy in patients with HFpHF and HFmrEF was substantiated. Aggressive use
of B-blockers in the group of patients with HFpEF and HFmrEF and sST2 overexpression is preferable in order to
reduce the incidence of cardiovascular events.

Keywords: chronic heart failure, left ventricle, preserved and mildly reduced ejection fraction, B-blockers,
biomarkers, soluble ST2, N-terminal pro-brain natriuretic peptide, prognosis, endovascular revascularization

Conflict of interest. The authors declare the absence of obvious and potential conflicts of interest related to the
publication of this article.

P4 Grakova Elena V., gev@cardio-tomsk.ru

Bulletin of Siberian Medicine. 2022; 21 (1): 35-46 35



Grakova E.V., Kopeva K.V., Teplyakov A.T. et al. Effect of B-blocker therapy on the level soluble ST2 protein in the blood serum

Source of financing. The study was supported by the Basic Research Program of the Russian Academy of Sciences
(Project FGWM-2022-0007).

Conformity with the principles of ethics. The study was approved by the local Ethics Committee at TNRMC
(Protocol No. 93 of 25.05.2012).

For citation: Grakova E.V., Kopeva K.V., Teplyakov A.T., Soldatenko M.V., Suslova T.E., Kalyuzhin V.V.
Effect of B-blocker therapy on the level of soluble ST2 protein in the blood serum in patients with heart failure
with preserved and mildly reduced ejection fraction. Bulletin of Siberian Medicine. 2022;21(1):35-46. https://doi.
org/10.20538/1682-0363-2022-1-35-46.

BnusaHune Tepanum B-agpeHo6no0KaTopaMmm Ha ypoBeHb pacTBOpVMON
dopmbl 6enka st2 B cbiIBOpOTKe KPOBU NALMIeHTOB C cepAeUYHOmn
He0CTaTOYHOCTbIO C COXPAHEHHON N YMEPEHHO CHKeHHON ¢ppaKumen
Bbl6poca

Fpakosa E.B.', KonbeBa K.B.', Tennakos A.T.', ConpateHko M.B.', CycnoBa T.E.',
Kanto»xvH B.B.?
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PE3IOME

Iens — n3ydyeHune NPOrHOCTHYECKOT0 3HAYSHNSI BRICOKOW KOHIIEHTPAIUHU B CBIBOPOTKE KPOBH PACTBOPUMOH (hOPMBI
6enka ST2 (sST2) B pasBUTHH CEpIEYHO-COCYAUCTBIX COOBITHH IOCIE SHIOBACKYJSPHOH PeBacKyJSpU3alliH
MHOKap/ia ¥ BO3MOXHOCTH MCIIOJIB30BaHMs 3TOro OMoMapkepa B Ka4eCTBE MHILICHH IS Tepanuu B-0okatopamMu
y TaIMeHTOB ¢ XPOHWUYECKOH cepiaeuHoil HenmocratouHOocThio (XCH) c coxpanennoit (CHc®B) u ymepeHHo
camwxeHHol (CHyc®B) dpaxuueii BEIOpoca JeBOTro KelygouKa.

MartepuaJjbl 1 MeToAbL. B nccrienoBanne BkimodeHs! 72 marueHTa (B Bozpacte 57-69 net, 81,94% myxunH) ¢
XCH I-III ¢pyrkuunonamsHOro Kiacca umemudeckoit stuonorun ¢ CHe®B u CHyc®B, rocriurann3upoBaHHEIX
B KapAHOJIOTHYECKYIO KJIMHHKY JUIS BBITOJHEHHS SHIOBACKYJSPHOIN pPEBACKyJSApU3aLHU HIIEMHU3HPOBAHHOTO
MHOKapza. Y BcexX MalMeHTOB Mepei peBacKyjapu3alleii MHOKapja aHaJM3HpPOBANTH KOHIICHTPALHIO B
ceiBOpoTke KpoBH sST2 u N-TepMHHATBFHOTO MPOMO3roBoro HaTpuitypermdeckoro nentuna (NT-proBNP) c
noMomIpi0 nMMyHodepmerTHOrO aHanm3a (ELISA). J103bI MpUMEHSIEMBIX Y BCEX MAIIMEHTOB [3-0JO0KaTOPOB OBLIH
HEePECYUTAHbI B O0LIYIO CYTOYHYIO 103y, SKBUBAJICHTHYIO METOIPOJIONY CYKIIMHATY. BonbHbIe ObIIN pa3/ieieHbl Ha
JIBE IPYIIbI B 3aBUCHMOCTH OT MEJMaHbl SKBUBAJICHTHOM 10351 -0J10KaTOpa METONPOJIOJIa CYKIIMHATA («BBICOKAsD)
>100 mr/cyT u «an3kass» <100 mr/cyT).

Pe3ynbTaThl. Y manueHTOB MepBOH IPYMIbI CBIBOPOTOUYHAs KoHIeHTparusa sST2 6buia Ha 30,7% (p < 0,001)
Goutbilie, YeM y OOJIBbHBIX, BOIIEAIINX BO BTopyto rpymmy (40,26 [34,39; 48,92] ur/mn u 27,9 [23,05; 35,27] ur/
MJI COOTBETCTBEHHO), YpoBeHb NT-proBNP B chIBOpOTKE KpOBHU OOJIBHBIX MEPBOM IPYIMIBI TaKKe ObLI BhILIE (Ha
22,8%; p = 0,049), uem y nauuentoB Bropoii rpymmsl (167 [129; 330] ur/ma npotus 129 [125; 147] ur/mn coot-
BETCTBEHHO). Y MAalMEHTOB, MOIYyYaBUIMX SKBUBAJCHTHYIO JO3y MeTomposioia cykuunata <100 mr/cyT, yactoTa
CEep/IeUHO-COCYANUCTBIX COOBITHIA ObLTa BhIlIe Ha 34% (p = 0,002), ueM y MalMeHTOB, MOTy4aBIINX SKBUBAJIEHTHYIO
o3y Metomnposona cykiunara > 100 mr/cyt. [lo nanapiv ROC-aHanu3a ycTaHOBIICHO, YTO CHIBOPOTOUYHBIH ypo-
BeHb SST2 > 34,18 ur/mn (ayBcTBUTENbHOCTD 78,0%, ciennduyanocts 90,0%, AUC 0,906; p < 0,0001) mo3Bossier
IIPOTHO3UPOBATh BBICOKMH PUCK Pa3BUTHUS CEPIEUHO-COCYAUCTHIX COOBITHH B TeueHue Ommxaiiiiero roga. Ypo-
BeHb NT-proBNP B ChIBOPOTKE KPOBH IIPH 3TOM HE SIBISUICS MHGOPMATUBHBIM MPEIAUKTOPOM CEPACYHO-COCYIHU-
CTBIX COOBITHH.

3aximoyenne. IloaTBepikieHO BBICOKOE MPOTHOCTHYECKOE 3HAUEHHE IIOBBIIICHUS KOHIIEHTpAlMUd B
CBIBOpOTKE KpoBU sST2 B pa3sBUTHH CEeplIeYHO-COCYAUCTBIX COOBITHH B T€UEHHE T'oJia MOCIe YHIOBACKYIISIPHOH
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peBacKyJIpU3alii MHOKapia 1 000CHOBaHa BO3MOXKHOCTh HCIIOJIb30BAaHHs 9TOT0 OMOMapKepa B KaueCTBE MHUILIEHU
i Tepanuu B-61okatopamu y nanueHToB ¢ CHc®B n CHyc®B. ArpeccuBHOe mpuMeHeHHe [-010KaTopoB
B rpynne nanueHToB ¢ CHc®B u CHyc®B u runepakcnpeccuit sST2 npennodrutenbHee ¢ LEIbI0 CHUXKEHHS
YaCTOTHI CEPIICYHO-COCYAUCTBIX COOBITHH.

KiioueBble c10Ba: XpOHHYECKAsi CEpACYHAs HEIOCTATOYHOCTb, JIEBBIH JKEIy/I049€K, COXPAHEHHAs U YMEPEHHO
CHIDKEHHAs ppakius BeIOpoca, B-010KaTopbl, Omomapkepsl, pactBopuMblii ST2, N-TepMUHATBHBINA TPOMO3TOBOM
HATPUIYPETHYECKHIT NeNTH], IPOTHO3, SHJ0BACKYJISIPHAS PEBACKYISPU3ALHs

KOHq).]Il/lKT HHTEPECOB. ABTOpLI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOHq)III/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J’IPIKaIIPIeI71 Hacro;{meﬁ CTaTbHu.

Hcrounuk ¢punancupoBanus. VccrnenoBaHue moAmepXaHO MPOrpaMMoi (yHIaMEHTaJbHBIX HCCIICAOBAHUHN
PAH (tema FGWM-2022-0007).

CooTBeTCTBHE NMPUHIOMNIAM 3THKH. Mccnedosanue 0000peno N0KATbHbIM ITHUYCCKHM KOMHTETOM TOMCKOro
HUMI] (mmpotokon Ne 93 ot 25.05.2012).

s uurupoBanms: ['paxosa E.B., Konsesa K.B., TemmsixoB A.T., Conmarenko M.B., Cycnosa T.E., Kamo-
kuH B.B. BnusHue tepanuu B-anpeHoOnokaropaMy Ha ypOBEHb PACTBOPUMOM (OpMBI Oeika st2 B CHIBOPOTKE
KPOBH MALMEHTOB C CEPJCYHON HEAOCTATOYHOCTBIO C COXPAHEHHOH U YMEPEHHO CHIDKEHHOM (hpakiuei Beiopoca.

bronnemens cubupckoii meouyunst. 2022;21(1):35-46. https://doi.org/10.20538/1682-0363-2022-1-35-46.

INTRODUCTION

Chronic heart failure (CHF) is a serious public
health problem with the prevalence of 5.8 to 6.5 mln
individuals in the United States, about 8.1 mln indi-
viduals in the Russian Federation, and 26 mln peo-
ple worldwide [1-3]. Despite the advances made
in the study of the pathogenesis, course features,
clinical manifestations, and treatment methods,
the prognosis in CHF patients remains unfavorable
[4, 5]. One of the key indicators of the myocardial
dysfunction severity in CHF patients is the value of
the left ventricular ejection fraction (LVEF), which
characterizes its contractility [6].

Based on the data of large epidemiological
studies of the last few decades, scientists have
come to the conclusion that CHF can also devel-
op in preserved LVEF. CHF with preserved ejec-
tion fraction (HFpEF) is detected in about half of
all patients with heart failure — they account for
51-63% of the general population [7, 8]. Since life
expectancy in economically developed countries
tends to increase, the prevalence of HFpEF will
continue to grow. Epidemiological data from pop-
ulation-based studies in the United States show
that if current trends continue, 8.5 mln Americans
will be diagnosed with HFpEF by 2030, with about
70% of them being over 65 years old (6 min) [9].
Over the past decade, the rate of increase in HF-
pEF incidence has grown on average by 10-20%
relative to the same indicator for heart failure with

reduced ejection fraction (HFTEF) [10-14].
Beta-blockers (B-blockers) are a class of drugs
used to control CHF symptoms and improve surviv-
al, especially in patients with left ventricular (LV)
systolic dysfunction [15]. Co-administration of this
group of drugs with other drugs that are commonly
used to treat CHF, such as angiotensin-converting
enzyme (ACE) inhibitors, diuretics, angiotensin II
receptor blockers (ARBs), and mineralocorticoid
receptor antagonists, regresses LV remodeling
and decelerates the progression of systolic CHF
[15, 16]. In theory, B-blockers can also be used to
treat patients with diastolic CHF, which is charac-
terized by an increase in LV myocardial stiffness.
In this case delayed or incomplete ventricular re-
laxation leads to slowdown in diastolic filling and
an increase in ventricular filling pressure. The LV
filling is never complete during diastole, although
the pumping function remains preserved [17]. Con-
sidering the fact that diastolic dysfunction and LV
remodeling also play a key role in the mechanisms
of CHF progression up to the terminal stage of heart
disease and death [18, 19], there is every reason to
expect that the use of B-blockers in patients with
preserved LVEF will lead to a decrease in CHF
manifestations and symptoms and better survival.
It is possible due to a decrease in heart rate and an
increase in the time for a more complete LV filling
and, as a consequence, an increase in blood volume
during diastole [20]. However, now there is no con-
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vincing evidence that the use of B-blockers in CHF
patients with HFpEF and HFmrEF is effective.
Currently, soluble ST2 protein (sST2) is a new
biomarker. Along with natriuretic peptides, it plays
an important role in the mechanisms (cardiomyo-
cyte and interstitial remodeling of the heart, myo-
cardial dysfunction, and cardiomyocyte apoptosis,
etc.) of cardiovascular diseases [21-23]. In con-
trast to N-terminal pro-brain natriuretic peptide
(NT-proBNP), synthesis and secretion of which is
determined by increased stretching of cardiomy-
ocytes, the sST2 level also reflects the activity of
inflammatory and fibrotic processes in the cardiac
muscle tissue [23, 24], which may be more useful
for risk stratification and monitoring of treatment
efficacy in patients with HFpEF. There is evidence
that the dynamic changes in ST2 concentrations
during CHF treatment correlate with the frequen-
cy of long-term outcomes [25]. Therefore, it can be
assumed that comprehensive treatment that slows
down LV remodeling or provides its “reverse” re-
modeling, which ultimately leads to a decrease in
the incidence of cardiovascular complications, will
significantly improve the prognosis for HFpEF pa-
tients with an initially elevated sST2 level [18].

The aim of the study was to evaluate the prog-
nostic value of high serum concentration of sST2
in the development of cardiovascular events af-
ter myocardial revascularization and the pos-
sibility of using this biomarker as a target for
B-blocker therapy in patients with HFpEF and
HFmrEF.

MATERIALS AND METHODS

The study was conducted in accordance with
the Declaration of Helsinki and was approved by
the local Ethics Committee at Cardiology Research
Institute, Tomsk National Research Medical Cen-
ter of the Russian Academy of Sciences. All pa-
tients signed an informed consent to participate in
the study.

This study was a prospective, observational,
single-center study. The study included 72 patients
(aged 57-69 years, 81.9% were men) with CHF of
ischemic etiology corresponding to functional class
(FC) I-II according to the classification of the New
York Heart Association (NYHA), with preserved
and mildly reduced LVEF. Patients were admit-
ted to hospital for endovascular revascularization
(Table 1).

Table 1
Clinical and demographic characteristics of patients at the time of inclusion in the study
Parameter Group 1, n=40 Group 2, n =32 »
BB >100 mg / day BB <100 mg / day

Age, years, Me (Q,; O,) 62 (57; 69) 61.5(53.5; 68.5) 0.426
Men, n (%) 32 (80.0) 27 (84.4) 0.631
CHF duration, months, Me (0,.; O..) 12 (6; 17) 11 (7;18) 0.374
IHD duration, years, Me (QO,; O.) 5(2;11) 5(2;10) 0.861
6-minute walk test, m, Me (Q,; O, 335 (275; 385) 300 (225; 385) 0.439
FC of CHF by NYHA, n (%)

I 2 (5.0) 3(9.4) 0.835
I 29 (72.5) 17 (53.1) 0.089
111 9(22.5) 12 (37.5) 0.056
GFR, ml / min/1.73 m?, Me (Q,;; O..) 42.4 (29.3; 59) 77 (72; 87) 0.492
Body mass index, Me (Q,; 0., 27.1(24.9; 31.0) 28.8 (25.9; 30.9) 0.439
Hypertension, n (%) 34 (85.0) 26 (81.2) 0.778
Type 2 diabetes mellitus, 7 (%) 8 (20.0) 5(15.6) 0.631
COPD, n (%) 3(7.5) 2(6.2) 0.872
Atrial fibrillation, n (%) 6 (15.0) 2(6.2) 0.665
History of myocardial revascularization, n (%) 23 (57.5) 20 (62.5) 0.667
Systolic blood pressure, mm Hg, Me (Q,; O.) 120 (120; 130) 120 (110; 130) 0.779
e s bom v (00 O 0 (70:50 80(s0:80 o

’ ’ 257 =75 61 (55;67) 66 (61; 82)

Smoking, n (%) 12 (30.0) 4 (12.5) 0.327
History of acute CVA, n (%) 6 (15.0) 3(9.4) 0.331
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Table 1 (continued)
Parameter Group 1,7 =40 Group 2, n =32
BB >100 mg / day BB <100 mg / day P

Family history of CVD, n (%) 7(17.5) 5(15.6) 0.823
Therapy, n (%)

ACE inhibitors or ARBs 36 (90.0) 27 (84.4) 0.435
Spironolactone / eplerenone 11 (27.5) 9 (28.1) 0.471
Loop diuretics 13 (32.5) 8(25.0) 0.660
Amiodarone 4(10.0) 2(6.2) 0.675
Statins 38 (95.0) 29 (90.6) 0.912
Total cholesterol, mmol /1 4.65 (3.67; 5.25) 4.65(3.67;5.11) 0.932
LDL, mmol /1 3.03 (1.95;3.41) 2.49 (2.25; 3.43) 0.856
HDL, mmol /1 1.07 (0.85; 1.31) 1.06 (0.96; 1.26) 0.889
Triacylglycerols, mmol / 1 1.44 (1.13; 1.93) 1.67 (1.22;1.92) 0.870
Hemoglobin, g /1 142 (131; 153) 147 (138; 152) 0.464
hsCRP, mg /1 6(5:7) 6(4;7) 0.596
HbAlc, % 4.8 (4.5;6.6) 5.1(4.7;6.7) 0.445
sST2, ng / ml 27.9 (23.05; 35.27) 40.26 (34.39; 48.92) <0.001
NT-proBNP, pg /1 129 (125; 147) 167 (129; 330) 0.049

Note: HbAlc — glycated hemoglobin; NT-proBNP — N-terminal pro-brain natriuretic peptide; NYHA — New York Heart Association; sST2 — soluble
ST2; BP —blood pressure; BB — B-blockers, ARBs — angiotensin-II receptor blockers; hsCRP — highly sensitive C-reactive protein; CHF — chronic
heart failure; ACE inhibitors — angiotensin-converting enzyme inhibitors; IHD — ischemic heart disease; HDL — high-density lipoproteins; LDL —
low-density lipoproteins; GFR — glomerular filtration rate; HR — heart rate; COPD — chronic obstructive pulmonary disease; FC — functional class;

CVD - cardiovascular disease.

According to modern criteria, CHF with pre-
served and mildly reduced LVEF was diagnosed in
the presence of signs and / or symptoms of heart
failure, preserved LV systolic function (LVEF >
40%), NT-proBNP level >125 pg / ml, as well as
signs of LV diastolic dysfunction [26].

Exclusion criteria were age older than 75 years,
GFR lower than 50 ml / min / 1.73 m? (CKD-EPI
equation), bronchial asthma and severe chronic
obstructive pulmonary disease, autoimmune dis-
eases, pregnancy, malignant neoplasms, less than
six months after acute coronary or cerebrovascular
events or failure to sign an informed consent form.

All patients received standard treatment and
were followed up for 12 months after myocardi-
al revascularization. Patients were divided into 2
groups depending on the median equivalent dose
of the B-blocker metoprolol succinate (“high” >
100 mg / day and “low” < 100 mg / day). Doses
of B-blockers used in all patients were converted
into a total daily dose equivalent to controlled-re-
lease metoprolol succinate (in accordance with
the data of the PROTECT study) in the follow-
ing ratios: immediate-release metoprolol tar-
trate, carvedilol X 4, bisoprolol % 20, propranolol
x (0.833, and sotalol x 1.2. Group 1 included 40

patients who received an equivalent dose of me-
toprolol succinate > 100 mg / day, group 2 in-
cluded 32 patients who received < 100 mg / day
(Table 1).

The primary composite endpoint was consid-
ered a set of events: cardiovascular death, fatal or
non-fatal stroke, any coronary event (sudden car-
diac death, fatal or non-fatal myocardial infarction,
myocardial revascularization or hospitalization for
unstable angina), aggravation of CHF (appearance
of new symptoms / signs or progression of symp-
toms / signs requiring unplanned intensification of
diuretic therapy or hospitalization). In total, two
deaths were recorded: in the first case — due to acute
myocardial infarction 11 months after revascular-
ization, in the second case — in the postoperative pe-
riod, one month after coronary artery bypass graft-
ing performed due to the CHF progression.

Blood samples were obtained by venipuncture
from 8 AM to 9 AM and the corresponding blood
serum samples after centrifugation were stored at
—24 ° C with one freeze — thaw cycle. Serum sST2
and NT-proBNP levels were analyzed from the
same blood sample by enzyme-linked immunosor-
bent assay (ELISA) prior to myocardial revascular-
ization. Soluble ST2 was measured using a high-
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ly sensitive monoclonal sandwich immunoassay
(Presage® ST2 assay, Critical Diagnostics, USA).
NT-proBNP levels were determined using a sand-
wich immunoassay (Biomedica, Austria).
Statistical processing of the study results was
carried out using the STATISTICA 10.0 (Stat-
Soft, Inc., USA) and MedCalc 11.5.0.0 (MedCalc
Software Ltd, USA) programs. To test statistical
hypotheses when comparing two independent
groups, the Mann — Whitney U test was used. The
Wilcoxon W test and the sign test were used to
compare two dependent variables. When analyz-
ing qualitative features, contingency tables were
analyzed using the Pearson’s y? test or the Fish-
er’s exact test, when the expected value in any of
the table cells with specified boundaries was below
10. A ROC analysis was performed to identify pre-
dictors of unfavorable cardiovascular events. The
characteristic curves were constructed and the area
under the curve (AUC) was calculated. An AUC

value exceeding 0.70 was considered significant.
To identify factors that have a significant impact
on the disease course and prognosis, the odds ra-
tio (OR) and a 95% confidence interval (CI) were
calculated. The data were presented as the median
and interquartile range Me (Q,,; O,,). The critical
level of statistical significance (p) in all analyses
was equal to 0.05.

RESULTS

Therapy with low doses of B-blockers was asso-
ciated with high serum levels of sST2 and NT-proB-
NP (Table 1). In group 1, sST2 serum concentration
was 30.7% higher (p < 0.001) than in group 2 (40.26
(34.39; 48.92) and 27.9 (23.05; 35.27) ng / ml, respec-
tively). The NT-proBNP level in group 1 was also
22.8% higher (p = 0.049) than in group 2 (167 (129;
330) ng / ml vs. 129 (125; 147) ng / ml, respectively).
Echocardiographic parameters in the groups did not
differ significantly at the time of inclusion in the study
(Table 2).

Table 2
Echocardiographic characteristics of patients at the time of inclusion in the study, Me (Q,.; 0..)
Parameter Group 1, n =40 Group 2, n =32 »
beta-blocker > 100 mg / day beta-blocker < 100 mg / day
Left ventricular ejection fraction, % 64 (50.5; 65.0) 61 (48.5; 65.0) 0.083
End-systolic dimension, mm 33.0 (31.5; 35.0) 33.0 (32.5; 40.5) 0.524
End-diastolic dimension, mm 50.25 (48.0; 52.5) 51.0 (48.7; 53.0) 0.307
End-systolic volume, ml 43.0 (36.5; 48.0) 44.5 (39.5; 64.0) 0.065
End-diastolic volume, mm 116 (100.5; 125.5) 116.5 (108.5; 129.0) 0.224
LVMI, g/ m? 94.5 (88.0; 105.0) 98.0 (88.5; 114.5) 0.276
EDVIL, ml/ m? 57.3 (53.3; 64.45) 60.4 (56.5; 72.9) 0.056
ESVIL, ml/ m? 20.9 (19.2; 24.1) 23.1(20.4; 27.6) 0.276

Note. LVMI — left ventricular mass index; EDVI — end-diastolic volume index, ESVI — end-systolic volume index.

Incidence of adverse cardiac events (Kaplan — Meier)
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Fig. 1. Development of cardiovascular events within a year
in groups of CHF patients with preserved and mildly reduced
ejection fractions, formed depending on the B-blocker dosage (the

Kaplan — Meier method)
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Intergroup differences were found in the inci-
dence of cardiovascular events within a year after
endovascular revascularization (Fig. 1). Patients
who received an equivalent dose of metoprolol
succinate < 100 mg / day had a 34% higher rate
of cardiac events (p = 0.002) than patients who re-
ceived an equivalent dose of metoprolol succinate
> 100 mg / day.

According to the ROC analysis, it was found that
an increase in the level of sST2 > 34.18 ng / ml
(sensitivity 78.0%, specificity 90.0%, AUC 0.906;
p < 0.0001) predicted a high risk of cardiovascu-
lar events within the following 12 months. Serum
NT-proBNP levels did not have any predictive val-
ue for risk stratification (Fig. 2).

Data analysis showed that in patients with sST2
overexpression > 34.18 ng / ml who received a
low dose of B-blockers, cardiovascular events de-
veloped more frequently (OR 4.18; p < 0.0001),
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while in patients with the level of the studied
biomarker in the blood lower than 34.18 ng / ml
and a high dose of B-blockers, no adverse
events were recorded in any of the cases
during the 12-month follow-up. Patients with
sST2 < 34.18 ng / ml who received a low dose
of B-blockers and patients with overexpression
of sST2 > 34.18 ng / ml who received B-blockers
at a high dose had intermediate incidence of car-
diovascular events (OR 1.79; p = 0.003 and 2.09;
p = 0.023, respectively). The addition of NT-
proBNP to sST2 analysis models did not increase
the accuracy of risk stratification.

After 12 months, in patients receiving low doses
of B-blockers, LVEF decreased by 6.3% (p =0.043),
and end-systolic dimension increased by 10.8%
(p = 0.049) (Table 3), which indicated the progres-
sion of LV remodeling and, as a consequence, man-
ifestations of heart failure.
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Fig. 2. Sensitivity and specificity of sST2 values in cardiovascular event risk stratification in CHF patients with preserved and

mildly reduced ejection fraction (ROC analysis)

Table 3

Echocardiographic and laboratory data in groups of CHF patients during the 12-month follow-up depending on the dose of B-blockers,

Me (0, Q.)
Baseline After 12 months
Parameter Group 1 Group 2 Group 1 Group 2
(BB > 100 mg/day) n =40 | (BB < 100 mg/day) n =32 | (BB > 100 mg/day) n =40 | (BB < 100 mg/day) n =32 P
LVEF, % 64 (60.5; 65.0) 63 (58.5; 65.0) 64 (61; 65) 59 (52.0; 62.0)* 0.043
ESD, mm 33.0 (31.5; 35.0) 33.0 (32.5; 40.5) 33.0 (32.0; 34.0) 37.0 (32.0; 40.0)* 0.052
EDD, mm 50.25 (48.0; 52.5) 51.0 (48.7; 53.0) 50.5 (49; 52) 53.0 (50.0; 54.0) 0.057
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Table 3 (continued)

Baseline After 12 months
Parameter Group 1 Group 2 Group 1 Group 2

(BB > 100 mg/day) n =40 | (BB <100 mg/day) n =32 | (BB > 100 mg/day) n =40 | (BB < 100 mg/day) n =32 r
ESV, ml 43.0 (36.5; 48.0) 44.5 (39.5; 64.0) 41.5 (37.0; 44.5) 45.5 (40.0; 60.0) 0.085
EDV, ml 116 (100.5; 125.5) 116.5 (108.5; 129.0) 115.5 (102; 119.5) 118.0 (111.0; 126.0) 0.144
LVMI, g/ m? 94.5 (88.0; 105.0) 98.0 (88.5; 114.5) 93.5 (86.5; 102.0) 98.0 (89.0; 105.0) 0.237
EDVI, ml / m* 57.3 (53.3; 64.45) 60.4 (56.5; 72.9) 58.4 (53.2; 64.15) 60.6 (57.1; 65.5) 0.066
ESVI, ml/ m? 20.9 (19.2; 24.1) 23.1(20.4; 27.6) 21.35(19.2; 23.85) 24.4(21.4;31.4) 0.076
sST2 (ng / ml) 27.9 (23.05; 35.27) 40.26 (34.39; 48.92) 27.98 (23.4;30.17) 39.6 (32.61; 49.66) 0.001
NT-proBNP (ng /1) 129 (125; 147) 167 (129; 330) - - -

Note. LVEF — left ventricular ejection fraction; EDD — end-diastolic dimension; ESD — end-systolic dimension; ESV — end-systolic volume;

EDV - end-diastolic volume.

DISCUSSION

Currently, B-blockers are a class of drugs wide-
ly used for the treatment of heart failure which
undoubtedly improve survival in patients with LV
systolic dysfunction and reduce the incidence of ad-
verse cardiovascular outcomes and hospitalizations
for decompensated heart failure [15]. However,
there are contradictory data on their effectiveness in
CHF patients with preserved LVEF.

The OPTIMIZE-HF registry evaluated the end-
points of over 7,000 elderly patients hospitalized
with heart failure. It was shown that B-blockers did
not have a significant effect on mortality or the risk
of rehospitalization for CHF decompensation in pa-
tients with preserved LV systolic function [21]. At
the same time, it should be noted that the number of
patients included in the registry was small in order
to evaluate this fact properly. In 2015, S. Prijic et
al. performed a systematic review and meta-analy-
sis of 17 studies with 27,099 heart failure patients.
Based on the data obtained, it was shown that the
use of B-blockers reduced mortality from all caus-
es by 19%, however, the analysis in the subgroups
did not reveal this effect in elderly patients over 75
years of age [27].

Another study, which included 538 HFpEF pa-
tients, evaluated the effect of f-blocker therapy on
the course of this pathology. At the same time, this
group of drugs had no obvious positive effect on
CHF severity in patients with preserved LVEF. The
exception was patients with IHD and atrial fibrilla-
tion, where the use of B-blockers led to a decrease
in the CHF FC (according to the NYHA) and the
level of brain natriuretic peptide as well as an in-
crease in exercise tolerance [28].

Maladaptive myocardial remodeling is a central
feature of heart failure progression. This process
can be modulated by various factors and includes
hypertrophy and cardiomyocyte apoptosis, which
leads to a significant change in the structure and
function of the myocardium [29, 30]. One of the
most important factors in myocardial remodeling
is activation of the sympathetic nervous system.
Increased concentrations of norepinephrine cause
death of cardiac cardiomyocytes and stimulate gene
expression and protein synthesis in fibroblasts,
which contribute to CHF progression [15, 31, 32].
Acting directly through p-adrenergic receptors,
B-blockers deactivate the sympathetic nervous sys-
tem and prevent CHF progression, slowing down
the processes of unfavorable remodeling. Over the
past decade, several randomized clinical trials have
shown that the use of B-blockers improves LV func-
tion and reduces morbidity and mortality in patients
with both acute and chronic heart failure [29, 32,
33].

Soluble ST2 is currently considered a new bio-
marker involved in the pathophysiology of process-
es occurring in the myocardium, such as maladap-
tive cardiac remodeling, ischemic and non-ischemic
dysfunction and myocardial apoptosis, and arrhyth-
mogenesis, leading to the development of heart
failure and sudden cardiac death [18, 27, 34-38].
Unlike the concentration of NT-proBNP and brain
natriuretic peptide (markers of myocardial stress or
myocardial dysfunction), the level of sST2 expres-
sion does not depend on factors, such as body mass
index, gender, age, smoking status, and presence
of comorbidities (mainly renal dysfunction), and
has the lowest intra- and interindividual variabili-
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ty among the main cardiac biomarkers. Taking into
consideration the above points, ST2 may be more
useful than NT-proBNP for risk stratification and
monitoring of treatment effectiveness in HFpEF pa-
tients [22].

It was found that sST2 overexpression in
the blood serum of patients is closely associa-
ted with autoimmune and inflammatory proces-
ses, in particular, with type 2 CD4 + cells [39].
It is also known that elevated sST2 levels can
be used as a marker for predicting cardiovascu-
lar mortality and rehospitalization rates in pa-
tients with heart failure [35, 40]. It has been shown
that increased baseline sST2 levels and achieved
doses of B-blockers are associated with the inci-
dence of cardiovascular events in patients with
heart failure with preserved and mildly reduced
LVEF, regardless of NT-proBNP concentra-
tions. At the same time, the mechanisms of action
of B-blockers on the ST2 interleukin receptors re-
main unclear.

The study by J. Xia et al. (2017) suggested that
B-blocker therapy modulates 1L-33 / sST2 signal-
ing, thereby slowing down the processes of ventric-
ular remodeling, but these data were obtained in the
animal model of acute myocardial infarction [41].
B-blocker therapy was found to significantly im-
prove LV function, decrease infarction size and en-
hance IL-33 / ST2 signaling, leading to a decrease
in sST2 expression. It is interesting that in this study
B-blocker treatment reduced sST2 levels but did not
affect elevated IL-33 levels. Thus, it was concluded
that B-blocker therapy may play an important role in
modulating IL-33 / ST2 signaling and in ventricular
remodeling [41].

Analysis of the prospective, randomized PRO-
TECT trial revealed the relationship between chang-
es in B-blocker doses and sST2 levels and the risk of
cardiovascular events [42]. The authors of this study
analyzed the use of the B-blocker at a wide range of
doses and identified the role of sST2 in risk stratifi-
cation. In this study, patients were randomized into
four groups according to the baseline sST2 values (<
35 ng / ml versus > 35 ng / ml) and a final B-blocker
dose (> 50 mg versus < 50 mg daily) in patients with
LVEF <40%. As aresult, it was found that B-blocker
therapy had a dose-dependent effect, and the mea-
surement of sST2 helped to identify patients with
CHF. Higher doses of these drugs may be especially

useful for such patients, as they can reduce the inci-
dence of adverse events.

At the same time, the results of the EPHESUS
study evaluating the effectiveness of eplerenone
on the survival of patients with heart failure after
acute myocardial infarction showed that adverse
LV remodeling in patients with normal ST2 ex-
pression is less common regardless of therapy [20].
The study by W.P. Huang et al. found that patients
after ST-segment elevation myocardial infarction
and higher baseline sST2 concentrations, which
were not titrated with high doses of B-blockers (p
< 0.0001) before therapy, had higher incidence of
cardiovascular events [42].

The data obtained help to understand the mecha-
nisms of involvement of ST2 receptors in the patho-
genesis of cardiac remodeling, fibrosis, and apopto-
sis leading to the onset and progression of CHF with
preserved and mildly reduced LVEF. Long-term
therapy with B-blockers has anti-ischemic and he-
modynamic effects in patients with CHF with pre-
served and mildly reduced LVEF. It is probably due
to an increase in time allowing for more complete
LV filling during diastole, which causes an increase
in stroke volume. Another effect of B-blockers is
their influence on the increased tone of the sym-
pathetic nervous system and the level of catechol-
amines. As a result, CHF progression is prevented
by inhibiting adverse remodeling.

It should be noted that our data in no way sug-
gest that B-blocker therapy should be abandoned
if sST2 expression is normal. Moreover, we have
shown that in patients with physiological sST2
values, the incidence of cardiovascular events was
further reduced due to the use of high doses of
B-blockers.

CONCLUSION

Therefore, the study results confirm high prog-
nostic value of the increase in the sST2 serum con-
centration in the development of cardiovascular
events within a year after endovascular myocardial
revascularization and substantiate the possibility of
using this biomarker as a target for B-blocker thera-
py in HFpEF and HFmrEF patients. Aggressive use
of B-blockers is preferable in the group of patients
with sST2 overexpression and HFpEF and HFmrEF
in order to reduce the incidence of cardiovascular
events.
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