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Interrelation between persistent necrosis of cardiomyocytes and prognosis in patients with chronic heart failure
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Background. Chronic heart failure (CHF) progression is accompanied by remodeling of muscular, collagen and vascular elements of myocardium. This can lead to increase in serum
concentrations of myocardial lesion markers (cardiac troponin | (Trl) and myoglobin) which seem to correlate with poor prognosis in patients with CHF.

Aim. To estimate correlations between cardiac Trl, myoglobin, creatine phosphokinase MB-fraction (MB-CPK) serum concentrations and disease severity and prognosis in CHF
patients.

Material and methods. Fifty eight patients with CHF of different etiology were included into the study. Physical examination, clinical and biochemical blood assays, chest X-ray
study, echocardiography and ECG daily monitoring (initially and at the end of the study) were carried out. Trl and myoglobin levels were estimated by immunoenzymometric as-
say. The follow-up period was 6 months. The following end points were used: CHF worsening caused hospital admission, acute myocardial infarction, and lethal outcome.
Results. Mean Trl and myoglobin concentrations equaled 0.04 [0.02; 0.06] ng/ml and 62.95 [35.86; 77.28] ug/I, respectively. Demographic characteristics of patients (gen-
der, age) did not influence these markers levels. Trl concentration correlated with CHF severity: it was significantly higher in patients with CHF of functional class (FC) Il1-1V than
in those with CHF of FC -1l (p<0.001). Negative correlation was revealed between Trl level and ejection fraction (p<0.001). Trl concentration was significantly higher in patients
with life-threatening ventricular arrhythmia than in patients without it (p=0.001). Besides, Trl level was significantly higher in patients with registered end points than in those
with stable CHF course (p=0.001).

Conclusion. Trl correlates with CHF severity and probably has prognostic value in these patients.

Key words: chronic heart failure, troponin I, myoglobin, prognosis.
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B3anMocBsi3b NepCcUCTUPYIOLLErO HEKPO3a KapAYOMUOLMTOB U NPOrHO3a GONbHBIX XPOHUYECKON CepAeYHOI HEA0CTaTOYHOCTbIO
E.H. Fonoserko*, [1.A. Hanankos, B.A. Cynumos
MepBbit MOCKOBCKM rOCYAaPCTBEHHbBIN MeAULIMHCKIIN YHIBepcuTeT M. V.M. CeyeHoBa. 119991, Mockaa, yn1. Tpybeukas, 4. 8, cTp. 2

AKTyanbHOCTb. lporpeccpoBaHiie XpOHUYECKON CepAeHON HedoCTaToYHOCTV (XCH) conpoBoXAaeTcs peMoAen poBaHNeEM MbILLIEYHOTO, KONNAreHOBOrO W COCYANCTOrO KOM-
MOHEHTOB MVOKap/a. TO MOXET COMPOBOXAATLCA MOBbILLIEHVEM COAEPXKaHS MapKepOB NOBPEXAEHNS MoKapaa (CepaeqHoro TponoHmHa | (Tpl) 1 MyuornobrHa) B cbiBOpoTKe.
MocnenHee, No-BUAMMOMY, CBSI3aHO C HEONArOMPUSATHBIM NPOrHO30M MaLiyeHToB ¢ XCH.

Llenb. V13y4nTh CBA3b ypoBHEN cepaedHoro Tpl, MnornobuHa, MB-dpakumm kpeaTnHpocdokmHassl (MB-K®K) B cbiBOPOTKe, TAXECTV TeYeH s 3a0001eBaHNs 1 NPOrHo3a y na-
LmeHToB ¢ XCH.

Matepuan n metogpl. B viccnefoaHme BkitoseHbl 58 nauventos ¢ XCH pasnuyHoi sTronorvu. NMauneHtam nposeaeHs! usvikansHoe obcnefosarme, obLmi n broxmmm-
4eCKWi aHanW3bl KPOBU, PEHTTEHOrpadus OPraHoB rpyAHOM KNETKM, 3X0KapAnorpadus v cyTo4Hoe MoHUToprpoBaHue KT (MCXOAHO 1 MO OKOHYaHMW UCCIef0BaHNS). YPOB-
HW Tpl v MVOrNOBKHa onpeaenany nyTeM UMMYHO(DEPMEHTHOTO aHanm3a. [InnTenbHoCTb HabnioAeHs CocTaBwina 6 Mec. B kadecTBe KOHEYHbIX TOHEK Dbl MPUHSATBI FOCKTa-
NIN3aLms B CBS3N C ycyrybrneHnem TskecTvi XCH, oCTpbIi MHGapKT MUOKapAa, NeTasbHbI UCXOL.

Pe3ynbTtaTtbl. CogepxaHvie Tpl v MornobuHa B cpefiHeM COCTaBwmio, cootBeTcTBeHHo, 0,04 [0,02; 0,06] Hr/mnu 62,95 [35,86; 77,28] mkr/n. lemorpaduyeckime xapakTe-
PUCTUKM NaLWeHTOB (N0, BO3pacT) He BAMANM Ha ypoBeHb 3TuX Mapkepos. Cofiepxatiie Tpl Bbino ¢Bsi3aHo € TAaxecTbio XCH: y nauneHToB ¢ 3-4 GyHKLUMOHaNbHbIM KNaCcCoM
(®K) XCH ero yposeHb Obin 0CTOBEPHO BbiLLe, YeM Y naumeHToB ¢ 1-2 DK XCH (p<0,001). BoiseneHa obpatHas 3aBUCMOCTL Mex Ay YpoBHeM Tpl 1 dpakumen Boibpoca (p<0,001).
Y BOMbHbIX € KU3HEYrPOXKAIOLLUMI XXeNyA04KOBbIMM apUTMUAMM YPOBEHD Tpl Bbin LOCTOBEPHO BbilLe, Yem 6e3 oHbIx (p=0,001). Y nauneHToB, y KOTOPbIX Oblnn 3apernctpu-
POBaHbI KOHEYHbIE TOYKM, YPOBEHb TPl 3HAUVMO NpeBbILLaN ero cofepxaHme y NaLmneHToB co cTabunbHbiM Tederrem XCH (p=0,001).

3akntoyeHne. YpoBeHb Tpl koppenupyert ¢ TaxecTbio XCH 1 MOXET MMeTb NPOrHOCTUHECKOe 3Ha4eHME Y 3TVX NaLMeHTOB.

KnioueBble cnoBa: XpoHuyeckas cepfieqHas HeloCTaTO4HOCTb, TPOMOHUH |, MOrI0BMH, NPOrHO3.
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CBefeHuns 0b aBTopax:

FonoseHko EneHa HukonaeBHa — acrnivipaHT Kageapb! (akyibTeTckom
Tepanv N2 1 neqebHoro ¢akynbtera [epsoro MIMY vm. U.M. CeqeHoBa
Hanankos mutpun AnekcaHAapoBuUY — K.M.H., JOLIeHT

TOU Xe kaghenpbi

CynumoB Butanui AHapeeBud — [.M.H., 1pogeccop,

3aBefyrLLI TOV XXe Kagenpou

E>kerofHblin pOCT PacnpOCTPaHEHHOCTU XPOHMYECKOM
cepaeqHon HegoctatouHocT (XCH) obbsicHseTcs yBe-
NINYEHMEM NMPOLAOIIKUTENBHOCTI XXM3HW NaLMEHTOB U NO-
BblleHVEeM 3(HEKTUBHOCTI f1le4eHUs CepaevHO-CoCy-
OMCTbIX 3aboneBaHnn (CC3). HecMoTps Ha OOCTUXEHMS
B MeAVLIMHe, YacToTa roCnmnTanm3aLmim 1 netanbHbIX LC-
X0[10B y O0nbHbIX XCH ocTaeTcs BbICOKOW. B cBA3M C ee or-
POMHOW COLMANBHOM 3HA4YMOCTBIO BbISIBIEHWE U U3y4eHMe
MapKepoB HebaronpUSTHOro NMPOrHO3a y nateHToB ¢ XCH
NpencTaBnseT NepcnekTMBHOE HanpaBeHye.

3BeCTHO, 4TO PEMOAENMPOBAHME MbILLEYHOMO, KOJI-
NareHoBOro M COCyAMCTOro KOMMOHEHTOB MMOKapAa Co-
MyTCTBYET TpaHCOpMaLIMM BECCUMITOMHOIO HapyLLIEHMS!
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tion of chronic heart failure (CHF) incidence. Despite
progress in CHF therapy hospital admission and mortality
rates are still high. It is important to reveal and study poor
prognosis markers in CHF patients due to high social im-
portance of the disease.

Remodeling of muscular, collagenous and vascular el-
ements of myocardium associates with transformation of
latent myocardial dysfunction into manifest CHF [1]. Mor-
phology of severe heart failure is characterized by presence
of cardiomyocytes destruction locuses, structural anomalies
of viable cardiomyocytes and fibrosis progression [2,3]. Small
focuses of necrosis not only worsen myocardial contractive
function, but can also cause life-threatening heart rate dis-
orders and sudden cardiac death when localized in cardiac
conduction system. Sudden cardiac death makes up 30-
50% of lethal outcomes in patients with end-stage CHF [4].
Small focuses of necrosis are supposed to release specific
markers of myocardial lesion in circulation. Correlation be-
tween cardiomyocytes destruction, increase in cardiospe-
cific markers level, and CHF severity was first noted by Missov
etal.in 1995 [5]. Additional studies are needed to evalu-
ate significance of cardiospecific markers of myocardial
necrosis in CHF patients for cardio-vascular risk calculation.

The aim of our study was to evaluate correlation between
concentrations of cardiomyocytes necrosis specific mark-
ers (troponin | (Trl), myoglobin, and MB-fraction of cre-
atine phosphokinase (MB-CPK) in serum, disease sever-
ity, and prognosis in CHF patients.

Material and methods

Atotal of 58 patients with clinical signs of CHF (at rest
and/or at exercise), left ventricle ejection fraction (LVEF)
< 50% and/or myocardial diastolic dysfunction were in-
cluded into the study. Patients were included regardless of
etiology, stage, and functional class of disease.

Exclusion criteria were: acute myocardial infarction or
unstable angina pectoris during previous two months; per-
cutaenous coronary interventions, aortocoronary bypass
surgery, electrical cardioversion within one year before the
study; myocarditis, significant renal, hepatic or pulmonary
insufficiency, oncological diseases, systemic illness, acute
and chronic skeletal muscle diseases, sepsis, DIC syndrome,
and cytostatics therapy.

At the beginning of the study serum lipid spectrum was
estimated, kidneys function examinated, and urine assays
evaluated. Chest X-ray study was carried out to detect con-
gestion signs, pleural effusion presence, and cardiac bor-
ders enlargement. Echocardiographic study was carried out
to evaluate LVEF and diastolic dysfunction signs. Holter ECG
recording detected heart rate abnormalities.

Trl and myoglobin concentrations in serum were eval-
uated by enzyme-linked immunoassay. Creatine phos-
phokinase activity (total and MB-fraction) in serum was also
examined.

PyHKUMM cepaLa B MaHUdecTHyto XCH [1]. Mopdono-
rMmyeckas KapTyiHa TSXXKENom cepaeqHoN HelOCTaTOYHOCTU
XapakTepU3yeTcs HaNMYMEM yHacTKOB rmbenn Kapamo-
MWOLUTOB, CTPYKTYPHBIMUW aHOMAaNUAMM XM3HECN0oCo0-
HbIX KapAMOMMOLMTOB 1 NPOrpeccnpoBaHnemM hrnbposa
[2,3]. Menkue o4arm Hekposa, no-BUAVNMOMY, He TOSb-
KO yXyOLLAIOT COKPATUTENBHYIO PYHKLUMIO MMOKapaa, HO
M NpK UX NOKanu3aumm B MPoBOAALLEN CUCTEME CePALa
MOFYT CITY>XXWTb MPUYNHOW XXN3HEYTPOXKAIOLLMX HapyLLe-
HUI PUTMa 1 BHE3aMHOW CepaedHon cmepTn. MNocneaHss
onpepenset 30-50% neTanbHbIX NCXOL0B MALVMEHTOB C
TepPMUHaNbHOW Cepaie4HOn HegoCcTaTouHOCTbIO [4]. Mpen-
nonaraetcsi, 4TO MOSBIEHNE MENKMX O4aroB HeKpo3a
CNocoOCTBYET BbICBODOXAEHMIO B KPOBOTOK CrieLndu-
4eckMX MapkepoB NOBPEeXAeHNS M1oKapaa. Bnepsble o
HanM4YMK CBS3U MexXay rmbenbio KapaMoMMOLUTOB, NOo-
BblILLEHMEM YPOBHS Kapauocneumdunyieckmx bruomapke-
POB B CbIBOPOTKE U TAXeCTbio XCH ynomaHynn B 1995
Missov et al. [5]. B HacTosiLLLee BpeMs 418 OLLEHKM 3HAYN -
MOCTW YPOBHeW Kapauocneumbmdeckmx bromMapkepos
Hekpo3a Muokapaa y 6onbHbIx XCH npu pacyeTe cepagyHo-
cocyamcToro pucka TpebyeTcs npoBefeHve OOMOMHU-
TeNbHbIX NCCNeQ0BaHNN.

Llenblo Hallero nccnefoBaHWs SBUOCh M3y4eHue
CBSI3U YPOBHEN cneumdunyeckmx broMapkepoB Hekpo3a
KapanoMuoumTos (TpornoHuH | (Tpl), MmMornobuH, MB-
pakums kpeaTnHdochokmHasbl (MB-KDK)) B cbiBopoTke,
TAXECTU TedeHMs 3aboneBaHNs 1 NPOrHo3a y naumeHToB
¢ XCH.

MaTepuan n metogabl

B nccnepgosaHme BrtoYeHbl 58 naumeHToB C KINHN-
YeckMMK nprsHakamu XCH (B nokoe 1/unm npun Harpy3s-
Ke) 1 cpakumen Bbibpoca nesoro xenypodka (OB J1K)
<50% u/nnn HapyLleHnemM AMaCTONNYeCKom DyHKLM
MUoKapaa. [MauneHTbl BKIKYanmMch B UCC1e00BaHMe BHE
3aBUCMMOCTM OT 3TUONOMNU, CTaAMU U DYHKLMOHANBHO-
ro knacca 3abonesaHus.

Kputepunm ncknoHeHns: ocTpbin MHMaPKT MUOKapAa
NN HECTabMNbHAN CTEHOKAPAMS B TeYeHVe NocneaHmx 2
MeC; YPECKOXHbIe KOPOHAaPHbIe BMeLLaTebCTBa, a0PTO-
KOPOHapHOEe LYHTMPOBaHUE, 31eKTpUYeckasa Kapamo-
BepCUA B TedeHVe 1 rofga 0o NCCefOoBaHVIA; MUOKapan-
Tbl; KMMHUYECKM 3Ha4VIMas NoYeqHas, NeYeHoHas v Abl-
xaTenbHas HelOCTaTOYHOCTb, OHKOMOr4eckmne 3aborne-
BaHWA, AMddy3Hble 3aboneBaHUs COeAMHNTENBHOM TKa-
HW, OCTPble U XPOHUYeCKMe 3aDONEBAHNS CKENETHOM
MycKynaTypsbl, cencuc, ABC-cmHApOM; npmueM unTocTa-
TNKOB.

Mpw BKNIOYEHWN B UCCTIeoBaHVe y BCeX MauneHToB
NPOBOAMIIN aHaNN3 KPOBW C onpefeneHnemM NnMnugHoro
CNEeKTpa, OUeHKY PyHKLMM NoYeK, OOLLMI aHaNmM3 MOYMN.
N4 BbIABNEHMA MPU3HAKOB 3aCTOA B MaloM Kpyre Kpo-
BOODPaLLeHMs, a TakKe BbINOTa B MeBparnbHYyIo NOoCTb
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Patients were followed up during 6 months. After
that another examination was made, and end points
were evaluated (CHF aggravation caused hospital admis-
sion, acute myocardial infarction, lethal outcome).

Treatment of patients complied with international
guidelines: ACE-inhibitors, B-adrenoblockers, loop di-
uretics (when necessary). Target doses of drugs were
achieved in majority of patients, but sometimes hypoten-
sion and/or bradycardia prevented dose increase. Pa-
tients with previous myocardial infarction or with ischemic
heart disease with hyperlipidemia received statins (n=16;
27.6%). 35 Thirty five patients (60.3%) received spirono-
lactone.

Data were processed with SPSS, version 17.0. Non-
parametric methods were used: Mann-Whitney U-test and
Spirman p-coefficient. Data are shown as median [25;75
percentile] or as per cent of the total amount of patients.
ROC-analysis was carried out to evaluate sensitivity and speci-
ficity of cardiospecific markers. The ROC-curve (Receiver Op-
erator Characteristic) shows correlation between the num-
ber of correctly classified positive instances and the num-
ber of incorrectly classified negative ones. A diagnosed val-
ue with zero degree of prognosis is depicted as a line tilt-
ed at 45 degrees angle (diagonal). The more concave the
ROC-curve is the more accurate prognosis of test results is.

Results and discussion

Table 1 presents characteristics of the patients.

The median age was 68.8 [54.75; 71.25] years. Patients
were predominantly men (n=35; 60.3%). CHF etiology
was different: ischemic heart disease (IHD) —in 30 patients
(51.7%), heart valve diseases — in 10 patients (17.2%),
dilated cardiomyopathy (DCMP) —in 6 patients(10.3%),
arterial hypertension — in 6 patients (10.3%), atrial fib-
rillation — in 3 patients (5.2%), pericarditis — in 2 patients
(3.4%), and restrictive cardiomyopathy (RCMP) —in 1 pa-
tient (1.7%).

CHF of degree | was diagnosed in 7 (12.1%) patients,
of degree IIA—in 14 patients (24.1%), of degree IIB — in
36 patients (62.1%) and of degree lll —in 1 (1.7%) pa-
tient. Distribution of patients according to functional class
(FC) was as follows: FC1 -9 (15.5%) patients, FCIl - 16
patients (27.6%), FC lll = 27 patients (46.6%), and FC
IV — 6 patients (10.3%). The median LVEF defined using
echocardigraphy was 42.5 [32.00; 46.50]%.

Median Trl and myoglobin concentrations in serum were
0.04 [0.02; 0.06] ng/ml and 62.95 [35.86; 77.28]
mcg/| respectively. Fourteen patients (24.1%) had Trl lev-
el above 0.07ng/ml, which is the reference standard of the
used technique for myocardial infarction. Nine patients
(15.5%) had myoglobin level above normal value (up to
85 mcg/l). Medians of the total CPK and of its MB-frac-
tion were 66.5 [49.00; 154.47] units/land 14.00 [9.50;
17.75] units /I respectively (normal values: CPK 32.0—294.0

N PaCLUMPEHNst TPaHUL, Cepaua BbIMOMHAM PEHTreHO-
rpauio OpraHoB rpyLHON KNeTkM. Takxe NpOBOAMNOCH
axoKkapamorpadmyeckoe nccnefoBaHme ¢ oleHkon OB JIK
1 NPU3HAKOB AMaCTONNYECKON OANCHYHKUMN. [Tpy MOHW-
TopupoBaHuy IKI no Xontepy BbIABAAINCE HAPYLLIEHUS
cepe4Horo putMa.

flyTeM MMMyHO(EPMEHTHOrO aHanm1sa onpenensanu
ypOBHM Tpl 1 M1OTNOBMHA B CbIBOPOTKE KPOBK MauMeH-
TOB. Tak>Xe oLeHMBanach aktusHocTb KOK obuen n MB
B CbIBOPOTKE.

B TeyeHue 6 Mec NpoBOAMNN HaboAeHWe 3a naum-
€HTaMV; MO UCTEYEHMM 3TOTO CPOKa OCYLLEeCTBAANN MO-
BTOpHOE 00C/Ief0oBaHMe 1 OLIEHVBAMMN KOHEYHbIe TOYKM
(rocnutanusaums B CBA3K C ycyrybneHmnem taxect XCH,
OCTPbIV MHAPKT MUOKapAa, NeTanbHbIN NCXOL).

MaupeHTbl Nony4any Tepanmio B COOTBETCTBUM C MeX-
LlyHapOAHbIMN pekoMeHAaumnaMn: UHrmbutopsl AMO,
OeTa-aapeHobNOKaTOPbI, MPX HEOOXOAMMOCTM — NeTne-
Bble AMYPeTUKN. Y DOMbLINMHCTBA NaLUMEHTOB Obiv [0-
CTUMHYTbI Lienesble [03bl NPenapaTos, OA4HAKO B HEKOTO-
PbIX CIy4anx yBenm4eHuIo 403 NpenapaTos NpendTcTBo-
Basio Pa3BUTME FTMMNOTOHUN 1 /1N Bpaankapamu. Mauu-
€HTbI, NepeHecLume NHPaPKT MMOKapAa UK CTpajatoLime
NBEC n nmetoLLme runepannuoeMumio, nosly4any CtatyiHbl
(n=16;27,6%). 35 nauneHToB (60,3%) nonydanu cnu-
POHONAKTOH.

ObpaboTka pe3ynbTaToB NPOBOAMMAACH C NMOMOLLbIO
SPSS, Bepcust 17,0; npu obpaboTke MCNONb30Banmnchb
HenapameTpuyeckme meToabl: U-kKputepnin MaHHa-Yut-
HW 1 KO3(PPULMeHT p CnvipMaHa. [laHHble npefcTaBneHbl
Kak MeamaHa (25;75 nepueHTUb) Unn NPoLEHT oT 06-
LLiero Yana naumeHToB. C Leblo OLEeHKM YyBCTBUTENBHOCT
N CNeundUYHOCTM N3MEHEHUIN YPOBHS Kapamocneum-
ryeckmx bromapkepos Obin npoeefeH ROC-aHanms.
ROC-kpuBas (Receiver Operator Characteristic) noka3sbi-
BaeT 3aBUCMMOCTb KONMMYeCTBa BEPHO KIaCcCUPULMPO-
BaHHbIX MOJIOXMUTENbHbIX MPUMEPOB OT KOJIMYECTBa He-
BEPHO KNACCUDULMPOBAHHbBIX OTPULATENbHbIX. [narHo-
CTMPyeMOe 3Ha4YeHue C HyNeBOW CTeneHbio MPOrHO3MPO-
BaHWSA M300pakaeTcs NVHNEN, HAKNTIOHEHHOW MO YoM
45 rpagycos (avaroHans). Yem 6onee BbirHyta ROC-kpu-
Bas, TeM TOHYHee ABMIAETCA NMPOrHO3MPOBaHMe Pe3ynbTaTos
TecTa.

Pe3ynbTaThbl 1 0OCyxaeHNe

XapakTepucTiika NaumeHToB, BKIIOYEHHbIX B 1UCCe-
[l0BaHWe, npefcTaBneHa B Tabnuvue 1.

MepnmaHa Bo3pacTa naLmueHToB coctasuna 68,8 [54,75;
71,25] net. Cpenmn OonbHbix Npeobnagany MyxvHbl
(n=35; 60,3%). MNauMeHTbl UMeNn pPasfnyHyio 3TUOMO-
rmio XCH: nwemmndeckas bonesHb cepaua (MBC) — 30
(51,7%), nopaxkeHvie KnanaHHoro annaparta cepaua — 10
(17,2%), annaTaumoHHas kapavomuonatia (AKMIT) —
6 (10,3%), aptepranbHas rvneptoHns — 6 (10,3%), thurb-
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Table 1. Characteristics of the patients

Index Patients’ data
Agex, years 68.8 [54.75; 71.65]
Gender, n (%)

male 35(60.3)
female 23(39.7)
CHF etiology, n (%)

ICD 30(51.7)
Heart valve diseases 10(17.2)
DCMP 6(10.3)
Arterial hypertension 6(10.5)
Atrial fibrillation 3(5.2)
Pericarditis 2(3.4)
RCMP 1(1.7)
NYHAFC, n (%)

FCI 9(15.5)
FCII 16 (27.6)
FCIII 27 (46.6)
FCIV 6(10.3)
CHF stage by Strajesko-Vasilenko classification, n (%)

| 7(12.1)
lla 14(24.1)
llb 36 (62.1)

1(1.7)

Ejection fraction*, %

42.50[32.00; 46.50]

* - data are shown as median [25;75 percentile]

Tabnuua 1. XapakTepuctmka naumeHToB

Mapametp

[laHHbIe naLneHToB

Bospact*, net

68,8 [54,75; 71,65]

Mon, n (%)

MYXCKOV 35(60,3)
KEHCKIA 23(39,7)
3tmonorus XCH, n(%)

VBC 30(51,7)
lopaxeHyie KnanaHHoro annapara 10(17,2)
[IKMN 6(10,3)
ApTepuanbHas runepToHns 6(10,5)
Dnbpunnawma npeacepani 3(5,2)
Mepuikapaut 2(3,4)
PKM 1(1,7)
®K no NYHA, n (%)

10K 9(15,5)
20K 16 (27,6)
30K 27 (46,6)
4 QK 6(10,3)
Crapus XCH no Ctpaxecko-BacuneHko, n (%)

1 cragms 7(12,1)
2a cTagms 14(24,1)
26 cragua 36 (62,1)
3 cragms 1(1,7)

®pakuus BbiGpoca*, %

42,50[32,00; 46,50]

* — [laHHble NpefcTaBneHbl Kak MevaHa (25;75 nepLeHTImb)

punnaums npeacepanin — 3 (5,2%), nepukapamt — 2
(3,4%), pecTpukTnBHas kapamommonatuns (PKMIM) — 1
GonbHoM (1,7%).

XCH 1 cragmm umenn 7 (12,1%) naumeHTos, 2a — 14
(24,1%), 26 — 36 (62,1%), 3 — 1 (1,7%). Mo dyHk-
LMoHanbHbIM Knaccam (PK) naumeHTbl pacnpefennnimncs
cnenyolmm obpasom: 1 K — 9 (15,5%) naumeHTos; 2
DK — 16 (27,6%); 3 DK — 27 (46,6%) n 4 OK — 6
(10,3%). MenmaHa OB JIXK, onpefeneHHas npu 3xo-
Kapawnorpadum, coctasuna 42,50 [32,00; 46,50]%.

MegpaHa 3Ha4eHnn ypoBHen Tpl 1 MUOrNobrHa B Cbl-
BOPOTKe COCTaBuma, cootsetcteeHHo, 0,04 [0,02; 0,06]
Hr/Mn 1 62,95 [35,86; 77,28] MKkr/n. YpoeHb Tpl Obin
Bbiwe 0,07 Hr/mn (pedepeHcHoe 3HaYeHne UCMonb3o-
BaHHOW MeTOAMKN Ans nHdapkTa MmMokapaa) y 14 6onb-
HbIX (24,1%). YpoBeHb M1OrnobrHa Obin Bbillie HOPMbI
(no 85 mkr/n) —y 9 6onbHbIX (15,5%). MenvaHa ypos-
HA KOK obuier u MB B cbiBopoTke cocTaBuna 66,5
[49,00; 154,47]en/nn 14,00 [9,50; 17,75] en/n, co-
oTBeTcTBEHHO (Hopma: K®K 32,0—-294,0 en/n; MB-
K®K 0—24,0 eq/n).

YpoBeHb kapamocneunduyeckmx MapKepos, a Takxke
TaxecTb XCH He 3aBnCenn OT geMorpauyeckmx xapak-
TEPUCTUK NaumeHToB (non, Bo3pacTt). CTaTucTUYecku
3HAYMMBbIX pas3nuynin Mexay yposHamMu Tpl (0,04 [0.02;
0.07] Hr/mn npotue 0,02 [0,01; 0,06] Hr/mn; p=0,08)
n TaxecTn XCH (p=-0,148, p=0,2) y NaumnmeHToB MyX-
CKOTO M KEHCKOro nona He oTMe4eHo. JocToBepHOM
CBSI3W BO3pacTa NauMeHToB C yposHem Tpl (p=0,192,
p=0,15) nTsxectbio XCH (p=0,293, p=0,08) Takxe He
BbISIBNIEHO.

YposeHb Tpl y naumeHToB C mniemmndeckon (0,05
[0,02; 0,07] Hr/mn) 1 Heuwemmyeckon (0,03 [0,1;
0,05] Hr /mn1) aTnonorunen XCH 3Ha4MMOo He pa3nunyancs
(p=0,2). BmecTe c TeM, ypoBeHb Tpl Obifl B3aMMOCBA3aH
c TsxkecTbto XCH: y naumenToB ¢ 3-4 OK XCH oH Obin1 fo-
CTOBEPHO BbilLe, YeM y naupmeHTos ¢ 1-2 ®K XCH (0,06
[0,035;0,075]Hr/mnnpotne 0,02 [0.01; 0,03] Hr/mn,
CoOTBETCTBEHHO; p<0,001) (puc. 1). Takxke Obina Bbl-
siBNeHa obpaTHas 3aBUCUMOCTb Mex 1y ypoBHeM Tpl 1 OB
JIX (p=-0,602; p<0,001). MNpwn npoeegeHnm ROC-aHa-
nm3a (purc. 2) BbINo 0OTMEYEHO, YTO YPOBEHbL TPI B CbIBO-
poTke Gonblue nnu paBHbIn 0,055 Hr/mn € 96 %-How cne-
LUMUYHOCTBIO 1 57,6%-HOM YyBCTBUTENBHOCTBIO CBU-
[LeTeNbCTBYET O TAXenoMm TedeHum XCH.

Y NaumeHToB C coaepxkaHmem Tpl B CbIBOPOTKE HMXKe
0,07 Hr/mn OB JIK oka3zanach Bbille, 4eM Yy OOJbHbIX C
cofepxaHuem Tpl Bbiwe 0,07 Hr/mn (44,0 [37,3; 48,01%
npoTue 30,0 [22,8; 41,0]1%, p<0,001).

Kpome TOro, ObIno oTMeyeHo, 4TO ypoBeHb Tpl y na-
LIMEHTOB, MMEIOLLIX MPU3HAKM HapyLUeHWs KpoBOobpa-
LLLeHKMS MO ManoMy Kpyry, NPeBOCXOANT TaKOBOW Y NaLm-
eHTOB 0e3 3acTonHbIx fBneHnn (0,06 [0,02; 0,08] Hr/mn
npotve 0,02 [0,01; 0,05] Hr/mn, p=0,012). ins Hapy-
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Figure 1. Troponin | concentration depending
on CHF severity
PucyHok 1. 3aBUCMMOCTb YPOBHS TPOMOHMHA |
ot Tsxectn XCH

units/I; MB-CPK 0—24.0 units/I).

Demographic characteristics (gender, age) of patients
did not influence cardiospecific markers level and CHF sever-
ity. Trl levels (0.04 [0.02; 0.07] ng/mlvs 0.02 [0.01; 0.06]
ng/ml; p=0.08) and CHF severity (p=-0.148, p=0.2) did
not differ significantly in men and women. Significant cor-
relation of age with Trl level (p=0.192, p=0.15) and with
CHF severity (p=0.293, p=0.08) was not found either.

Trl level did not distinguish significantly (p=0.2) in pa-
tients with ischemic (0.05 [0.02; 0.07] ng/ml) and non-
ischemic CHF (0.03 [0.1; 0.05] ng/ml). At the same time
Trl level correlated with CHF severity: it was significantly high-
er in patients with FC Ill-1V than in patients with FC I-11 (0.06
[0.035; 0.075] ng/ml vs 0.02 [0.01; 0.03] ng/ml re-
spectively; p<0.001) (Fig.1). We also detected negative
relationship between Trl level and LVEF (p=-0.602;
p<0.001). ROC-analysis revealed that Trl level in serum
above or equal to 0.055 ng/ml indicated severe CHF course
(specificity 96%, sensitivity 57.6%) (Fig.2).

LVEF was higher in patients with Trl level in serum less
than 0.07 ng/ml than in those with Trl level above 0.07
ng/ml (44.0 [37.3; 48.0]% vs 30.0 [22.8; 41.0]%,
p<0.001).

We also revealed that Trl level was higher in patients with
signs of pulmonary congestion than in those without it (0.06
[0.02;0.08] ng/mlvs 0.02 [0.01; 0.05] ng/ml, p=0.012).
No correlation of Trl level with systemic circulation disor-
ders was found.

Correlation between CHF severity and myoglobin lev-
el was revealed. The median myoglobin level in patients with
FCI-1l was 48.20 [29.65; 63.85] mcg/I, and in patients
with FC III-IV = 72.60 (59.70; 89.85] mcg//|, p<0.001.
Myoglobin level did not depend on CHF stage and ejection
fraction values.

Figure 2. ROC-curve of troponin | and CHF severity
correlation
PucyHok 2. ROC-kpnBasi 3aBUCUMOCTU YPOBHS
TponoHuHa | ot Taxectn XCH

LeHW KpoBOODpaLLeHUs Mo OOMbLLIOMY Kpyry Takow
B3aMMOCBSI3M BbISIBIIEHO He Obiso.

AHanornyHbiM 0bpa3omM Obina BbiBIEHa 3aBUCU-
MOCTb Mexay TskecTbio XCH 1 ypoBHeM MmornodunHa. Me-
[laHa ypoBHs MUOrNobKrHa y 6omnbHbIXx XCH 1-2 OK co-
ctaBuna 48,20 [29,65; 63,85] mkr/n, ay 6onbHbIx 3-4
OK - 72,60 [59,70; 89,85] mkr/n, p<0,001. 3aBucu-
MOCTW YPOBHS MUornobuHa ot ctaamm XCH 1 3HaveHu
dpakLmM BbIDpOCa BbIABIEHO He ObIO.

CBsi31 ypoBHel Kapanocneumduyeckix bromapkepos
N Halmn4veM rmneptTpodum MMOKapAa BbISBIEHO He
ObIn0. YpoBHM Tpl U MMOrNOOKMHA NPY HANUYN AUACTO-
nN4eckon ANChYHKLMM 3HAYMMO He OTIMYanmch OT Ta-
KOBbIX B €e OTCYTCTBME.

Cnenyet TakxXe OTMeTUTb, Y4To cofepxkaHme MB-K®OK
B CbIBOPOTKE MaLMEHTOB He 3aBUCeNo OT TaxecTn XCH u
3Ha4YeHUI ppakLmm BbIbpOCa.

Kpome Toro, y 60mbHbIX, MMEIOLLX XKeNyL04KOBbIe Ha-
PYLUEHWS pUTMa, YpoBeHb Tpl Obin LOCTOBEPHO BbILLIE, YEM
npw oTcyTCTBUM OHbIX (0,06 [0,04; 0,08] Hr /MN NpoTVB
0,02 [0,01; 0,04] Hr/mn, p=0,001). Mpuv 3TOM y Naum-
EHTOB, VIMEIOLLMX B CYTKM NMPODEXKU XelyA04KOBON Ta-
xmkapamm, yposerb Tpl (0,15 [0,06; 0,28] Hr/mn) Obin
[OCTOBEPHO BbILLE, YeM Y MaLMEHTOB, CTPAAAIOLLMX Xe-
nypo4KoBom akcTpacucronven (0,06 [0,03; 0,07] Hr/mn,
p=0,012) NN He UMEIOLLINX XKeNyA04KOBbIX HaPYLLIEHWIA
puTtMa (0,02 [0,01; 0,04] Hr /M, p=0,002).

YacTb MaLMEHTOB, BKIIIOYEHHbIX B MUCCIEOBaHMeE,
(29,5%) 3aBepLUMM LLECTUMECSYHbIN Nepuof Habnio-
neHns. Y 13 (68,4%) 13 HUX Bbinu 3aperncTpupoBaHbi
KOHEYHbIe TOYKW: FOCNTANM3aLma No NPUYmMHe yxyaLe-
HUaA TedeHnsa XCH — 10 (34,5%), ocTpbiin MHADAPKT MUO-
Kapaa — 2 (6,9%), netanbHbin ncxog — 3 (10,3%). Y na-
LIMEHTOB C 3aPerncTprpoBaHHbIMI KOHEYHbIMK TOYKaMU
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Figure 3. Troponin | level in patients accomplished 6-month
follow-up
PucyHok 3. YpOBHU TpONOHMHa | y MaumMeHTOB, 3aBepLUnB-
LINX 6-MeCsYHbIN Nepuo HabnoaeHUs

There was no correlation between cardiospecific mark-
ers levels and myocardial hypertrophy. Trl and myoglobin
levels did not distinguish significantly in patients with and
without diastolic dysfunction.

MB-CPK level in serum did not correlate with CHF sever-
ity or with LVEF.

Trl level was significantly higher in patients with ven-
tricular heart rate disorders than in those without them (0.06
[0.04;0.08] ng/mlvs 0.02[0.01; 0.04] ng/ml, p=0.001).
At that Trl level was significantly higher in patients with runs
of ventricular tachycardia (detected at daily ECG record-
ing) (0.15 [0.06; 0.28] ng/ml) than in those with ven-
tricular extrasystoles (0.06 [0.03; 0.07] ng/ml, p=0.012)
or without ventricular heart rate disorders (0.02 [0.01; 0.04]
ng/ml, p=0.002).

Part of the patients included into the study (29.5%) has
accomplished 6-month period of follow-up by now. End
points were registered in 13 (68.4%) patients; CHF wors-
ening caused hospital admission —in 10 (34.5%) patients,
acute myocardial infarction — in 2 (6.9% )patients, and lethal
outcome —in 3 (10.3%) patients. Patients with registered
end points demonstrated significantly higher Trl level
compared with patients with stable CHF course (0.020
ng/ml[0.010; 0.048] and 0.060 ng/ml[0.070; 0.090]
respectively (p=0.001)) (Fig.3). Twenty nine patients who
were included into the study less than 6 months ago and
who have not developed end points yet are still followed
up.

ROC-analysis (Fig. 4) revealed that Trl concentration in
serum above or equal to 0.045 ng/ml predicts develop-
ment of composite end point (CHF worsening caused hos-
pital admission, acute myocardial infarction, lethal outcome)
with specificity of 79% and sensitivity of 93%.

[tis important to note that none of the patients included

Figure 4. ROC-curve of correlation between troponin | level
and chronic heart failure outcomes
PucyHok 4. ROC-kpnBas B3aMMOCBSA3U YPOBHS TPOMOHMHA
| M ncxopoB cepaeyYHON HeAOCTaTOYHOCTH

ypoBeHb Tpl 3Ha4YMMO NpeBbILLan TakOBOW Y MaLLMEHTOB CO
cTabunbHbIM TedeHnem XCH (0,020 Hr/mn [0.010;
0,048]1 0,060 Hr/mn [0,070; 0,090], coOOTBETCTBEHHO,
(p=0,001)) (puc. 3). Mpopomxkaetca HabmogeHne 3a 29
naumMeHTamMu, C MOMEHTA BKJTIOHEHMS B CCIef0BaHKe KO-
TOPbIX NPOLLO MeHee 6 MeC 'y KOTOPbIX KOHEYHbIX TO-
YeK He 3aperncTprpoBaHo.

Mpwv npoBeneHn ROC-aHanusa (puc. 4) Obino Bbl-
SIBMIEHO, YTO YPOBEHb TPl B CbIBOPOTKE, MPEBbLILLAIOLLAN UM
paBHbi 0,045 Hr/mMn, ¢ 79%-Hon cneundU4HOCTBIO U
93%-HOW 4yBCTBUTENBbHOCTLIO MPeACcKa3biBaeT Pa3Bu-
TMe KOMOVHUPOBAHHOWM KOHEYHOM To4KM (rocnuntanmsa-
LMW BCIEACTBME YXYALLIEHWUS Te4eH s 3a00neBaHns, ocT-
pOro MHapKTa M1MoKapaa, NeTanbHOro UCXoaa).

Ba>kHO OTMETUTb, YTO HW Y OAHOTO 113 NALLMEHTOB, BKITIO-
YEHHbIX B MCCNeloBaHVe, B TOM Yucie y BOMbHbIX C Mo-
NoXUTenbHbIM yposHeM Tpl (>0,07 Hr/mn) He Obino
BbISIBNIEHO MPM3HAKOB OCTPOro MHMapkTa M1okapaa (B co-
OTBETCTBUM C KpUTEPUAMM EBpONencknx pekomeHaaumm
MO BeAeHWIO NaLMEeHTOB C OCTPbIM MHAAPKTOM MUOKap-
na, 2008). Takxke ObIn UCKIOYEHbI ApYTie NPUHMHBLI OCT-
pOro MoOBpexXAeHNd MWOKApAa. TeM He MeHee, y OT-
OeNbHbIX MaLMEeHTOB C 04eHb Taxenon XCH moryT onpe-
LeNaTbCs BbICOKME YpoBHWM Tpl (Bbile pedepeHCcHoro
3HaYeHUs Ans ocTporo MHdapkTa MrUokapaa), YTo Co-
rnacyeTcs C laHHbIMU NTepaTypsbl. Tak, Oblno nokasaHo,
4TO Y psAa NALMEHTOB C TepMUHanbHoM XCH BbICOKNI ypo-
BeHb CepAEeYHOro TpornoHmHa | (>0,1 Hr/mn) MoXeT oT-
paxaTb rmbenb KapanomMmoumTos [5].

B Hawem nccnenoBaHnm ypoBeHb Tpl Koppenunposan
c TaxkecTbio XCH (DK no NYHA), ee ctaguen (no knac-
ccbmrkaumm CTpaxkecko-BacuneHko) v BenndmnHon OB JIK.
Kpome Toro, Obino oTMeYeHo, YTO NoBbILLIEHe YPOBHS Tpl
aCCOUMMPOBAHO C HANTMYMEM XM3HEYTPOXKAIOLLMX Hapy-
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into the study, including those with positive Trl level
(>0.07 ng/ml) had signs of acute myocardial infarction (in
accordance with European Guidelines for the Management
of Patients with Acute Myocardial Infarction, 2008). Oth-
er causes of acute myocardial lesion were also excluded.
Nevertheless Trl level can be high (above reference value
for acute myocardial infarction) in some patients with se-
vere CHF, which is in line with some other research data.
Thus, it was shown that high Trl level (>0.1 ng/ml) in some
patients with end stage of CHF can reflect cardiomyocytes
destruction [5].

Our study showed correlation of Trl concentration
with CHF severity (FC by NYHA classification), with its stage
(by Strajesko-Vasilenko classification), and with LVEF. We
also noted that increase in Trl level associated with life-threat-
ening heart rate disorders. So, we found relation be-
tween Trl concentration and known predictors of poor prog-
nosis in CHF patients.

Trl level correlated with composite end point develop-
ment in patients who accomplished 6-month follow-up.

Cardiospecificity of cardiac troponins is significantly
higher than that of myoglobin and MB-CPK. These com-
pounds level increase in serum is transitory at myocardium

LeHU pUTMa cepaLa. Takum obpa3om, BbisiBieHa CBSi3b
YPOBHSA Tp! C M3BECTHBIMU NpeanKTopaMm Hebnaronpu-
ATHOrO MPOrHO3a Yy nauyneHToB, cTpagatoLmx XCH.

Y nauveHToB, 3aBepLUMBLUMX LUECTUMECSYHbIV ne-
pviof, HabnoAeHVs, YpoBeHb Tpl Koppenvposan ¢ pas-
BUTVEM KOMOWHMPOBAHHOW KOHEYHOW TOHKMU.

KaponocneumduyHoCcTb cepaedHbiX TPOMOHUHOB
3HAYUTENBHO BbIlUe, YeM Yy muornobuHa n MB-KOK.
Mpwn noBpexneH MMOKapAa MOBblLEHWE CodepXa-
HUA 3TUX COEAMHEHWN B CbIBOPOTKE ABASETCA TPaH3W-
TOpHbIM. Kpome TOro, MOBbILEHWE MX KOHLEHTPaLMM
MOXeT ObITb ClefICTBNEM MNOBPEXIEHNS KIETOYHbIX MEM-
OpaH 1 yTeykn LUMTO30515. B Hallem nccnenoBaHnm Obina
NPOAEMOHCTPUPOBaHa B3aMMOCBA3b MEX Y COOepXXaHVeM
MMOrnobKrHa B CbIBOPOTKE U TskecTbio XCH. BmecTe C TeM
aKTMBHOCTb CbiBOpoTo4HOM MB-K®K y 0b6cnefoBaHHbIX
NaLMEHTOB He NPeBbILLasa BEPXHErO MOPOra HOPMarbHbIX
3HaYeHWI, 3HA4YVIMbIX KOPPENALLMI YPOBHS AAHHOMO Map-
Kepa C TAXKECTbIO COCTOSHWSA MALIMEHTOB BbISBIEHO He ObIT0.

Y naumeHToB C nwemMmnyeckom atnonormen XCH npu-
YMHOW NOBbILLEHWS YPOBHS Kapamocneumduieckmx mo-
MapKepoB MOryT ObITb MOBTOPHbIE 3MN304bl ULLIEMUM
MVOKapAa, OOHAKO YPOBEHb TPOMOHVMHOB NOBbLILLAETCH U
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Nwemmyeckas
KapAvommnonaTus

Ischemia/myocardial infarction/
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Cardiomyocytes

destruction /
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Figure 5. Mechanisms of cardiomyocytes destruction at chronic heart failure progression (by Del Carlo CH, O’Connor CM) [7].
PucyHok 5. MexaHu3Mbl rnbenv KapauoMrUoLMTOB Ha (hOHe MPOorpeccMpoBaHmsi XPOHUYECKON cepevyHOor HeloCTaTOYHOCTH
(no Del Carlo CH, O’Connor CM [7]

PauynoHansHas ®apmakotepanus B Kapanonorun 2010,6(5) 637



Hekpo3 kapanomMuoLmuToB U NPOrHO3 NpPU CEPAEYHONA HEAOCTATOYHOCTH

lesion. Moreover, concentrations of these agents can rise due
to cellular membrane lesion and cytosol leakage. Our
study demonstrated correlation between myoglobin level
in serum and CHF severity. At that, MB-CPK concentration
in serum in examined patients did not exceed the upper
threshold of normal values, and no significant correlation
of this marker level with severity of patients’ state was found.

Repeated episodes of myocardial ischemia can be a rea-
son of cardiospecific markers increase in patients with is-
chemic CHF, however troponins level rises in patients
with other CHF etiologies as well. A number of experimental
CHF models showed that CHF causes coronary microcir-
culation and subendocardial perfusion damaging, which
results in cardiomyocytes apoptosis and LV remodeling [1].

Results of our study, as well as other research data, [6]
demonstrate correlation between cardiac troponins con-
centration in serum, CHF severity and prognosis in CHF pa-
tients. Troponins concentration in CHF patients rises due
to persistent cardiomyocytes destruction, coming with this
syndrome (Fig.5). However, exact mechanism of this
phenomenon is not studied yet.

Conclusion

The obtained data can change CHF patients manage-
ment. In particular, cardiospecific markers evaluation can
facilitate cardio-vascular risk stratification. Besides, estimation
of troponins concentration in serum dynamics in specific
treatment will help to correct drugs therapy. Further research
work is necessary to solve this problem.

The study received the grant for the young scientists of
the President of the Russian Federation.
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y 6onbHbIx XCH, pa3BuBLIECS BCIEACTBUE MHbIX MPUHUH.
Ha page akcnepmmeHTanbHbIx Mogenen cepae4yHon He-
LLOCTAaTO4HOCTM ObINO NPOAEMOHCTPUPOBAHO, YTO MpU
XCH npouncxoamnTt HapyLUeHre KOPOHaPHOW MUKPOLMP-
Kynsumm 1 cyosHaokapamansHon nepdysmm, Cneactsm-
€M Yero ABJIAETCA arnomnTo3 Kap4noMMOLIUTOB Ha (POHe pe-
MogzennpoaHHoro JIXK [1].

Ha OoCHOBaHWW MOJMly4eHHbIX HaMK Pe3ynbTaToB, a
Tak>Xe OaHHbIX NUTepaTypbl [6] MOXHO caenaTh BbIBOA, O
CYLLLeCTBOBaHWW CBA3M MEX Y CofepXXaHeM CepAeyHbIX
TPOMOHWHOB B CbIBOPOTKE, TAXECTblO TedeHms XCH n
MPOrHO30M 3TUX MaLUMEeHTOB. [1OBbILLEHVE YPOBHSA TPO-
NOHWMHOB Yy 60nbHbIX XCH CBS3aHO C MOCTOSIHHOW rMbenbio
KapaMOMMOLMTOB, MMEIOLLEeN MeCTo Npu AaHHOM CUH-
opome (puc. 5), 0AHaKO TOYHbIE MeXaHW3Mbl 3TOro de-
HOMeHa [0 CMX MOpP He U3Yy4YeHbl.

3aknoyeHue

MonyyeHHble AaHHbIe MOTYT CIy>KWTb OCHOBOW A1 13-
MeHeHMA NoAXoAa K BeAeHUIO NauneHToB, CTpatatoLwmx
XCH. B 4yacTtHocTW, onpefeneHme ypoBHeW kapamnocne-
LUMpUYecKnx BMOMapKepoB MOXET OKa3aTb MOMOLLb B
CTPaTUOUKALNN CePAEYHO-COCYAMCTOrO PUCKa NaLmeH-
TOB. Kpome Toro, npw BbISBIEHNN AMHAMKKU CbIBOPO-
TOYHbIX KOHLLEHTPALMI CepAeYHbIX TPOMOHVHOB Ha hoHe
cneunduryeckon Tepanmm MoxHo ByAeT KOppUrMpoBaTh
MeLMKaMeHTO3HOoe BefeHVe naumeHTos ¢ XCH. OgHako
LNS peLleHns 3Ton npobnembl TpebyeTca npoBefeHue
JanbHEeNLWMX NccnegoBaHnm.

ccneposaHue npoBefeHo npyt MOALEPXKKe rpaHTa
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