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AHHOTAULMUSA

Llensb: cpaBHUTb ypoBHU C-peakTnBHoro 6enka (CPB), konnuecTBa MeXKNETOUYHbIX arperaToB, B TOM YMCHe aKkcnpeccupyowmx P-ce-
NEKTUH, MMNMAHOro NPoUNS, XeMUMIOMUHECLIEHTHON akTUBHOCTM TPOMBOLMTOB B rpynnax NaunMeHToB C HexenaTenbHbIMu cepaey-
HO-COCYAUCTBIMU COBLITUAMU 1 6€3 TaKoBbIX NOCHE KOPOHAPHOTO LWYHTMpoBaHus (KLL).

Matepuan u metoabl. B nccnegosanue BknoveHsl 102 nauneHta co cteHokapamen |-V dyHkumoHanbHbIx knaccos (PK), koTo-
pbiM BbinornHAnock KLW. Oo KLU BbINonHeHbl pasBepHyThIN aHann3 KpoBwW, OLEeHKa nunuaHoro npoduns, ao u nocne KL nposege-
Hbl XEMUIMIOMUHECLIEHLMST TPOMBOLMTOB, NPOTOYHAA LMTOMETPUS. Pernctpaums KOMOMHMPOBaHHBIX KOHEYHbIX TOYEK (yBenuuyeHue
Krnacca CTEeHOKapauW, yBenuMYeHne Knacca cepaeyHoi HegoCcTaTouHOCTH, MHAapKT Muokapaa (VMIM), octpoe HapyLleHne MO3roBoro
kpoBoobpatleHns (OHMK), kapanoBackynspHas cMepTb, NOBTOpPHasa peBackynspu3auusi) nposogunack nocne KLU cnycts 8—10 cyt
B CTaumoHape 1 4yepes 23,3 + 7,6 mec.

PesynbTrathl. Y 16 nauneHToB BbIsIBNEHbI KOMOMHUPOBAHHbIE KOHEYHbIE TOYKW. [1pn cpaBHEHMU rpynn nauneHToB 6e3 HexenaTenb-
HbIX MCXOOOB U C HAMMW YCTAHOBMEHbI CTAaTUCTUYECKM 3HauuMble pasnuyna o KLU no konuuyectsy arperatoB MOHOLMUT-TPOMOGOLIMT
(13,4 [5,9; 24,2] npotue 34,9 [19,05; 50,25] %, p = 0,001), MHTEHCMBHOCTM chritoopecueHumun (U®) arperatoB: HernTpodun Tpombo-
uuT, aKkcnpeccupyowme P-cenektuH (4,85 [2,99; 8,79] npotue 12,5 [5,09; 15,3] y.e., p = 0,005), N® moHOUNT-TPOMOOLIMT, 3KCNpec-
cupyowme P-cenekTuH (4,27 [2,6; 7,76] npotns 9,53 [6,68; 14,8] y.e., p = 0,006). MNocne KLU otnuuns onpegeneHsl B Konnyectee
HenTpodun-TpomboLmMTapHbIX arperaTtoB ¢ akcrnpeccuen P-cenektuHa (75,7 [62,36; 90,54] npotue 92,3 [80; 99,29] %, p = 0,027),
N® HenTpocun-TpombouutapHbix arperatoB (52,6 [18,975; 124] npotus 129 [95,8; 174], p = 0,014). MeguaHa BpemeHu Bbixoda Ha
MakCUMyM MHAOYLMPOBaHHOM xeMumioMuHecueHumnmn (XJ1) TpombouuTtoB ¢ AobaeneHuem nouervHHa Ao KLU meHblue y nauveHToB ¢
HexxenaTtenbHbIMU COObLITUSIMU MO CPaBHEHUIO C NauueHTamMu 6e3 HexenaTenbHbIX cobbiTui (212 [53; 621] npotue 885 [257,75; 2087]
¢, p = 0,032). MeHbLe go KLU B rpynne ¢ HexenaTenbHbIMU COOLITUAMU U MeauaHa BpeMeHU Bbixoda Ha MakCUMyM CrnoHTaHHon XJ1
HenTpocunos ¢ nouernHmHom (847 [565; 1018] npotme 1355 [1065,5; 1898,5] ¢, p = 0,017).

3akntoyeHue. MauneHTbl ¢ KOMOGUHMPOBaHHBLIMU HEXeNnaTenbHbIMU CEPAEYHO-COCYANCTBIMU SIBMIEHUSIMU UMEIOT 3HAYMMO pasnu-
yawoLmecs nokasartenu mHayumposaHHon XJ1 1 konuyectsa TpombounT-nenkoumTapHbix arperatoB o u nocne KL, Bpemenn go-
cTkeHns makcumyma XJ1 TpomboumToB M HenTpodunos o KLU, BpemeHn npoBegeHust UCKyCCTBEHHOTO kpoBoobpatlueHus (MK) B
CpaBHEHWUM C naumeHTaMmn 6e3 HexenaTernbHbIX CepaeYHO-COCYANCTLIX COObITUIA. [laHHbIe NoKa3aTenu MoryT BbiTb PACCMOTPEHbI Kak
NPeavKTOPbl MNOBbLILIEHHOTO pUCKa Pa3BUTUSA HexenaTenbHbix cobbiTuin nocne KW B ganbHenwmnx nccneqoBaHusx.

KnroueBble cnoBa: KOpOHapHOe LUYHTUPOBaHWe; NenkouMT-TpoMboUMTapHble arperatbl; P-cenektuH; C-peakTus-
HbIli 6enok; HexenaTernbHble CEPAEeYHO-COCYANCTbIE COBLITHS.

CooTBeTCTBME MPUHUUNAM  OT BCEX MaLUMEHTOB Gbiro MornyyYyeHo MHMOPMUMpoBaHHOE cornacue. MpoTokon uccnefoBaHus
3TUKMU: 0f00OpeEH 3TUYECKUM KOMUTETOM KpacHOSIPCKOro rocyaapCTBEHHOro MEANLIMHCKOTO YHUBEPCU-
TeTa umexun npodeccopa B.®. BorHo-AceHeukoro (npotokon Ne 35/2011 ot 31.10.2011 r.).
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Abstract

Aim: To compare the levels of C-reactive protein (CRP), circulating cell aggregates (including P-selectin-expressing aggregates), lipid
profiles, and platelet chemiluminescence activity in patients with and without adverse cardiovascular events following coronary artery
bypass grafting (CABG).

Material and Methods. The study enrolled 102 patients with angina pectoris (functional class II-IV) who underwent CABG. Prior
to CABG, comprehensive blood analysis and lipid profile assessment were performed. Both pre- and postoperatively, platelet
chemiluminescence and flow cytometry analyses were conducted. Composite endpoints (worsening angina class, progression of
heart failure, myocardial infarction, stroke, cardiovascular death, or repeat revascularization) were evaluated during hospitalization
(8—10 days post-CABG) and at 23.3 + 7.6 months postoperatively.

Results. Composite endpoints occurred in 16 patients. Significant differences were observed between groups (no events vs. adverse
outcomes). Pre-CABG: monocyte-platelet aggregates: 13.4% [5.9; 24.2] vs. 34.9% [19.05; 50.25], p = 0.001; Mean fluorescence
intensity (MFI) of P-selectin-expressing neutrophil-platelet aggregates: 4.85 AU [2.99; 8.79] vs. 12.5 AU [5.09; 15.3], p = 0.005;
MFI of P-selectin-expressing monocyte-platelet aggregates: 4.27 AU [2.6; 7.76] vs. 9.53 AU [6.68; 14.8], p = 0.006. Post-CABG:
P-selectin-expressing neutrophil-platelet aggregates: 75.7% [62.36; 90.54] vs. 92.3% [80; 99.29], p = 0.027. The median time to peak
lucigenin-enhanced platelet chemiluminescence pre-CABG was significantly shorter in patients with adverse events compared to
event-free patients (212 s [53; 621] vs. 885 s [257.75; 2087], p = 0.032). Similarly, the median time to peak spontaneous neutrophil
chemiluminescence with lucigenin was reduced in the adverse events group (847 s [565; 1018] vs. 1355 s [1065.5; 1898.5],
p=0.017).

Conclusion. Patients with composite adverse cardiovascular events exhibited significantly different MFI and platelet-leukocyte
aggregate counts (pre- and post-CABG), pre-operative platelet/neutrophil chemiluminescence peak times, and cardiopulmonary bypass
durations compared to event-free patients. These parameters may serve as predictive biomarkers for post-CABG cardiovascular risk
and warrant further investigation.

Keywords: coronary artery bypass grafting; platelet-leukocyte aggregates; P-selectin; CRP; coronary
artery bypass grafting; adverse cardiovascular events.
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BBeneHue

KopoHapHoe wyHTupoBaHue (KLWI) aBnsetcs ogHum 13
OCHOBHbIX XMPYPrMYeCKUX METOAOB JIEYEHNSI ULLEMUYECKOW
6onesHu cepaua (MBC), ogHako nocTonepaumnoHHbIN nepu-
0o, MOXET COMpOBOXAATbCA pas3BUTUEM HebGNaronpuaTHbIX
MCXOMO0B, BKIIOYas TPoMOOTMYECKME U BocManuTenbHble
ocnoxHeHus [1]. MNocne KL nauyueHTbl ocTatoTca B rpynne
pycka KOPOHapHbIX COOLITUIA M3-3a NPOrPECCMpOoBaHUS aTe-
pocKrepo3a U HeCOCTOATENBHOCTM apTepuanbHbIX KOHAY-
WTOB MY BEHO3HbIX LWWYHTOB [2]. B Te4yeHue nepsbIx 5 neTt pe-
TMCTPUPYIOTCS CrieayloLLme nokasaTeny 4acToTbl OKKM3un
wyHTOB: 17,5% ONs ayTOBEHO3HOrO LWyHTa U3 GonbLuoi noa-
KoxHon BeHbl (BINB), 2,3 n 13,5% ans nesow (J1IBIA) n npa-
BOW BHYTpeHHen rpyaHon aptepuu (MBIA) cooTBeTCTBEHHO,
9,4% — anga nydesow aptepuu (J1A) [3]. decsatunetHue no-
KasaTtenu okkno3un coctaensawT 39% ana BB, 15% ans
JIBIA, 20-25% pna NBIrA n 11-15% gnsa JA. [4].

B nocnegHve pecaTunetvsi BHUMaHWe uccriefoBaTenem
npuBnekarT GMomMapKepbl, KOTOpPbIE MOTYT CMYXWUTb NpeauK-
TOpaMun HexenaTernbHbIX ncxonoB. Cpean Hux P-cenekTuH,
C-peakTuBHbIi 6enok (CPB), MexXkneToyHble arperatbl, ypo-
BEHb NMNONPOTEMHOB HU3kon nnotHocTu (JIMTHIT) n xemunto-
MUHecLeHumns (XJT) TpoMOOLMTOB BLICTYNAKT Kak NOTEHLM-
anbHble MHOWKATOPblI CUCTEMHOMO BOCNArieHUst 1 akTuBaLum
TpombouutoB. CPB siBNsieTcs Mapkepom CUCTEMHOIO BOC-
naneHns N MOXeT oTpaxaTb OOLLMIA BOCNanuTeNbHbIA OTBET
opraHuama [5]. P-cenekTuH, Monekyna agreauu, y4acTteyeT B
(hOPMUPOBaAHUM MEXKKIETOYHBLIX arperaToB, YTO MOXET Cro-
cobeTBoBaTh TpomboobpasosaHuto [6]. JIMHIM cnocobHbl
NPOHMKaTb CKBO3b 3HAOTENWIN COCYAWCTOW CTEHKU C KIET-
KaMu KpoBM M 0obnagatoT npoBocnanutenbHbIM 3ddekToM
[7]. XI1 TpomMBoUNTOB OTpaXkaeT NPOAYKLMIO aKTUBHbIX (OOpM
kucnopoga (APK), koTopble UrparoT KNoYeByo posnb B nato-
reHese BocraneHus n Tpomb6o3a [8]. B gaHHol cTtaTbe npea-
CTaBneHbl pe3yrnbTaThl KOMMMEKCHOTO aHanmsa yKasaHHbIX
O1omMapKepoB y NauneHTOB C HEGNaronpUATHLIMU UCXO4aMMN
nocne KL, 4To MoxeT cnoco6CcTBOBaTh Yry4dLlEeHW0 cTpaTe-
rMA MOHUTOPUHrA 1 NPOMUNAKTUKA OCITIOXHEHUIN Yy AaHHOW
KaTeropum naumueHToB.

Llenb: cpaBHuTb ypoBHM CPB, konuuectBa MexKneTou-
HbIX arperaToB, B TOM Y/CNe 3KCMNPeCCUpyLLmnX P-cenekTuH,
nMnuaHoro npodpuns, XeMUIOMUHECLEHTHONW aKTUBHOCTU
TPOMOOLMTOB B rpynnax MauueHTOB C HexenaTenbHbIMU
cepaeyvHo-cocyancTbiMK cobblTAMM 1M Ge3 TakoBbIX Mocne
KLLI.

MaTtepuan u meToabl

B npocnekTMBHOE KOropTHOE 1ccriegoBaHNe Obinn BKITHO-
yeHbl 102 naumeHTa (78 Myx4nH n 24 xeHwmHbl) ¢ UBC B
BO3pacTe oT 47 fo 78 net (MeguaHa Bospacta 64 roga [60;
68]), y KOTOpbIX NO AaHHbIM kopoHapoaHrmorpacdumn (KAI)
ObINIO  MOATBEPXKAEHO aTepOoCKepoTUYECKoe MopaXeHue
KOPOHapHLIX apTepuii 1 NPOBEAEHO aopTO- UMM MaMMapo-
KOpOHapHoe LUyHTMpoBaHue Ha 6a3e PenepanbHOro LeHTpa
cepaeyvHo-cocyancTon xmpyprum (KpacHosipck).

WccnepoBaHue 6bIno BbIMOMHEHO MOCHE MOMyYeHUs UH-
(hOPMUPOBAHHOIO COrMacus UCMbITYEMbIX B COOTBETCTBUM C
XenbCUHKCKON aeknapauuei. MNpoTokon uccrnenosaHus Obin

Introduction

Coronary artery bypass grafting (CABG) is one of the
primary surgical approaches for treating coronary heart
disease (CHD). However, the postoperative period can be
accompanied by adverse outcomes, including thrombotic
and inflammatory complications [1].

Despite undergoing CABG, patients remain at risk of
coronary events due to atherosclerosis progression or graft
failure (arterial conduits or venous bypass grafts) [2]. During
the first 5 postoperative years, the following graft occlusion
rates are documented: 17.5% for great saphenous vein grafts
(SVG), 2.3% and 13.5% for left and right internal thoracic
artery grafts (LITAand RITA, respectively), and 9.4% for radial
artery grafts (RA) [3]. Ten-year occlusion rates increase to
39% for SVG, 15% for LITA, 20-25% for RITA, and 11-15%
for RA [4].

In recent decades, researchers have focused on
biomarkers that may serve as predictors of such outcomes.
Among these, P-selectin, C-reactive protein (CRP), circulating
aggregates, low-density lipoprotein (LDL) levels, and
platelet chemiluminescence (CL) have emerged as potential
indicators of systemic inflammation and platelet activation.
CRP is a marker of systemic inflammation and may reflect
the body’s overall inflammatory response [5]. P-selectin, an
adhesion molecule, plays a role in the formation of circulating
aggregates, which can contribute to thrombus formation
[6]. LDL can penetrate the vascular endothelial layer and
interact with blood cells, exerting pro-inflammatory effects
[7]. Platelet CL reflects the production of reactive oxygen
species (ROS), which are key players in the pathogenesis
of inflammation and thrombosis [8]. This paper presents the
results of a comprehensive analysis of these biomarkers in
patients with adverse outcomes following coronary artery
bypass grafting (CABG), which may contribute to improved
monitoring strategies and complication prevention in this
patient population.

Aim

To compare the levels of C-reactive protein (CRP),
circulating cell aggregates (including P-selectin-expressing
aggregates), lipid profiles, and platelet chemiluminescence

activity in patients with and without adverse cardiovascular
events following coronary artery bypass grafting (CABG).

Material and Methods

A prospective cohort study included 102 patients (78 men
and 24 women) with CHD, aged 47 to 78 years (median age
64 years [60; 68]). Atherosclerotic lesions of the coronary
arteries were confirmed by coronary angiography (CAG),
and aorto- or mammary-coronary bypass grafting was
performed at the Federal Center for Cardiovascular Surgery
in Krasnoyarsk.

All study procedures were performed following receipt of
written informed consent from participants and in compliance
with the ethical principles of the Declaration of Helsinki. The
study protocol was approved by the Ethics Committee of the
Krasnoyarsk State Medical University named after Prof. V.F.
Voyno-Yasenetsky protocol (No. 35/2011 from 31.10.2011).
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ofobpeH aTudeckuMm komuteTom KpacHosipckoro rocypap-
CTBEHHOIO MEAWLMHCKOro yH1Bepcuteta uM. npod. B.®. Bo-
nHo-AceHeukoro (Ne 35/2011 ot 31.10.2011 r.).

KpuTepun BKNIOYEHUS MALMEHTOB: MHOrOCOCYANCTOE
nopaxeHne C reMogvHamMyeckun 3Ha4yumbIMU CTEHO3aMu
KopoHapHbIX aptepun npu KAI, ctabunbHas cTeHokapaus
HanpsbkeHus 11—V dyHkumoHanbHbIx knaccos (®OK), cornac-
Ho KaHapgckon knaccudukaummn, noanucaHHoe WHGopMU-
poBaHHoe cornacue. Kputepum uncknodeHus: obocTpeHne
SI3BEHHOW ©0nes3Hu xxenyaka v ABeHaauaTUnepCTHOM KULLIKK,
XpoHMYeckast 6onesHb noYvek (CKOpoCTb knybo4KoBoW hunb-
Tpaumm meHee 60 mn/muH/1,73 M2), NOBbILEHWE YPOBHSA
TpaHcaMuHa3 B Tpu 1 6onee pas, HeNnepeHOCMMOCTb UM He-
BO3MOXHOCTb Nprema Knonuaorpena u auetnncanuumunoBon
kucnotbl (ACK).

MaumeHTbl Habnoganmcb B Tpex Tovkax. B crtaumoHape:
0o KL, Ha 8-10-e cyTt nocne KLU 1 nocne BbINMCKKU U3 cTaum-
OHapa (KOHTaKT mpowucxogun no TenedoHy B nepwog 23,3 +
7,6 mec. nocrnie KL). PernctpmpoBanacb KOMGUHMPOBaHHAas
KOHEYHas Toyka, KoTopas BKM4ana rocnutanbHble 1 oTaa-
NEeHHble HexenaTernbHble CepAeyYHO-COCYAMCTble COoObITMSA
nocne KL. B rocnutanbHble HexenaTtenbHble cepaeyHo-Co-
CyAnCTble COBLITUSA BXOAWUMMW: NEepMonepaumoHHbIA NHAapKT
mMuokapaa (MM), octpoe HapyLueHne mMo3roBoro Kposoobpa-
weHusa (OHMK), cepaeyvHo-cocyanctas cmepTb 3a 8—10 gHen
B MepUoA CTalMoHapHOro HabnwaeHns 3a naumeHToMm. B ka-
YeCTBe OTAANEHHbIX HeXenaTenbHbIX CepaeYHO-COCYANCTbIX
cobbITni pernctpupoBanucek: yeennyeHne ®K creHokapauw,
cepaoeyHoO HeQoCTaTOMHOCTU, OCTPbIN MHMapKT Muokapaa
(OMM), OHMK, nosTOpHas peBackynspu3aums MUOKapAaa,
cepaeyvHo-cocyancTas CMepThb.

[Nsi CHWXeHWsa pucka reMopparmyeckux OCrNOXHEHUN 3a
5 gHent oo KLU oTMeHAnnCb aHTMarperaHTbl B COOTBETCTBUM C
npuvHATBIMU cTaHgapTamm nevenns PLICCX r. KpacHosipcka:
ACK B gosnposke 100 Mr HazHayanacb ¢ 1-x CyT, KNnonuao-
rpen, 75 Mr — co 2-x CyT Npu NepeHeceHHOM OCTPOM KOpo-
HapHoM cuHapome (OKC) meHee 1 roga Hasag. Ha gBonHom
aHTnarperaHTHon Tepanum Haxogunucb 35,8% nauneHTOoB:
ACK (100 wmr) + knonugorpen (75 wmr). Takke nauueHTbl
nornyyanu uHrnéutopsl AMN® / aHTaroHUCTbl PeHUH-aHro-
TEH3MHOBbBIX PEeLEenTopoB, WMHMMOUTOPLI MPOTOHHOW MOMMbI,
B-appeHobnokaTopbl, CTaTUHbI, @HTArOHUCTbI KanbLUus, He-
CTepouaHble NPOTMBOBOCNANUTENbHbIE CPEeACTBa U HAPKOTU-
Yeckue aHarnbreTukn B paHHeM nocneonepaLMoHHOM nepuo-
Ae; Npy Hannuum caxapHoro anabeTta — caxapOCHUXatoLLYO
Tepanuio.

[o KW n Ha 8-10-e cyTt nocne KW onpenensanu duoxu-
MUYECKMIN aHanm3 KpoBW, METOAOM MPOTOYHON LIMTOMETPUM
uccnegosanu  TpombouuTapHo-nenkouuTapHele  arperathbl
(TIA), onpegensanun XJT TpomGoumToB. KoHueHTpauuto CPB
B Nnnasme KpOBW M3MePSANM NaTekCHbIM UMMYHOTYpOuanme-
TPUYECKUM METOLOM.

Onpegnenenne TI1A ocylecTBnanocb B obLien gpakuymm
NEeVKoUUTOB METOAOM MPOTOYHOM LMTOMETPUU C MUCMOSb-
30BaHMEM MNaHenu MOHOKMOHanbHbIX aHtuTen (Beckman
Coulter, CLUA; BioLegend, F'epmaHusi), MeYEHHbIX C ny-
opoxpomamu: CD14-FITC (knoH RMO52, kat. Ne B36297,
Beckman Coulter, CLUA), CD16-PE (knoH 3G8, kart. Ne
A07766 Beckman Coulter,), CD41-PC7 (Beckman Coulter,
knoH P2, kat. Ne 6607115) n CD62P (BioLegend, knoH AK4,
kat. Ne 304910). YoaneHue spuTpoumnTtoB M3 0OpasLoB npo-
BOAMNM NO 6€30TMbIBOYHOM TEXHOMOMMM C UCMOMb30BaHMEM
nunsupytowlero pacteopa VersalLyse (Beckman Coulter, kar.
Ne A09777), k 975 mkn KoToporo ex tempore po6asnsnu 25

Inclusion criteria: multivessel disease with
hemodynamically significant coronary artery stenoses
confirmed by CAG, stable exertional angina of functional
classes II-IV according to the Canadian Cardiovascular
Society classification, and signed informed consent.

Exclusion criteria: exacerbation of peptic ulcer disease,
chronic kidney disease (glomerular filtration rate < 60 mL/
min/1.73 m?), transaminase levels exceeding three times the
upper limit of normal, and intolerance to or inability to take
clopidogrel and acetylsalicylic acid (ASA).

Patients were monitored at three time points: during
hospitalization (prior to CABG and on days 8-10 post-
CABG) and after discharge (follow-up was conducted via
telephone over a period of 23.3 + 7.6 months post-CABG).
A composite endpoint was recorded, which included both
in-hospital and long-term adverse cardiovascular events
following CABG. In-hospital adverse cardiovascular
events included perioperative myocardial infarction, acute
cerebrovascular accident (ACVA), and cardiovascular death
during the 8-10 days of inpatient observation. Long-term
adverse cardiovascular events included an increase in the
functional class of angina or heart failure, acute myocardial
infarction (AMI), ACVA, repeat myocardial revascularization,
and cardiovascular death.

To reduce the risk of hemorrhagic complications,
antiplatelet therapy was discontinued 5 days prior to
CABG in accordance with the treatment standards of the
Federal Center for Cardiovascular Surgery in Krasnoyarsk.
Acetylsalicylic acid (ASA) at a dose of 100 mg was prescribed
starting from day 1, and clopidogrel at 75 mg was initiated on
day 2 in cases of acute coronary syndrome (ACS) occurring
less than a year prior. Dual antiplatelet therapy (DAPT) with
ASA (100 mg) and clopidogrel (75 mg) was administered
to 35,8% of patients. Additional medications included
angiotensin-converting enzyme inhibitors/angiotensin
receptor antagonists, proton pump inhibitors, B-blockers,
statins, calcium channel antagonists, nonsteroidal anti-
inflammatory drugs, and narcotic analgesics in the early
postoperative period. Patients with diabetes mellitus received
glucose-lowering therapy.

Before CABG and on postoperative days 8-10, the
following tests were performed: biochemical blood analysis,
flow cytometry (the determination of platelet-leukocyte
aggregates), platelet chemiluminescence assessment, and
CRP concentration measurement. Plasma CRP levels were
determined using the latex immunoturbidimetric method.

The determination of platelet-leukocyte aggregates was
performed in the total leukocyte fraction using flow cytometry
with a panel of monoclonal antibodies (manufactured by
Beckman Coulter, USA, and BioLegend, Germany) labeled
with fluorochromes: CD14-FITC (clone RMO52, cat. no.
B36297, Beckman Coulter, USA), CD16-PE (clone 3G8, cat.
no. A07766, Beckman Coulter), CD41-PC7 (clone P2, cat.
no. 6607115, Beckman Coulter), and CD62P (clone AK4,
cat. no. 304910, BioLegend). Erythrocytes were removed
from samples using a no-wash technology with VersalLyse
lysing solution (cat. no. A09777, Beckman Coulter), to
which 25 pL of I0Test 3 Fixative Solution (cat. no. A07800,
Beckman Coulter) was added ex tempore to 975 L of the
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Mkn dumkeunpytowlero pactsopa |OTest 3 Fixative Solution
(Beckman Coulter, kat. Ne A07800). Mo 3aBepLueHUn UHKY-
Sauun nccnegyemble obpaslbl OQHOKPATHO OTMbIBanu OT
HEeCBHA3aBLUMXCA MOHOKIMOHAINbHbIX aHTUTen 3abydepeHHbIM
dusmonornyeckum pactsopom (5 muH npu 400 g). Knetou-
HbI ocadok pecycneHanposanu B 400 mkn 3abydepeHHoro
U3nonorn4eckoro pacteopa, cogepxasiiero 1% HenTpanbs-
Horo napadopmanbgernga (kat. Ne HT5011, Sigma-Aldrich,
CLA). Mo cpenHen nHTeHcuBHoCTM dhriyopecueHuun (LNP)
oueHuBanu ypoeHb akcnpeccun CD62P mn peuenTopoB Ha
TpombouuTax B arperatax c nervkoumtamu. AHanm3 obpas-
LIOB NPOBOAWMM Ha NPOTOYHOM umTodrntoopumetpe Navios™
(Beckman Coulter, CLUA), ocHalleHHOM TpeMmsi AMOAHbIMU
nasepamu 405, 488 n 638 Hm. ObpaboTky uuTodryopmme-
TPUYECKMX AaHHBIX OCYLLUECTBRANM MpU NMOMOLLM NporpaMm
Navios Software v.1.2 n Kaluza™ v.2.2 (Beckman Coulter,
CLA).

[ns onpegeneHvs XeMWNOMUHECLEHTHON aKTMBHOCTMU
TPOMOOLMTOB MPUMEHSANN METOA MO3TanHOro LeHTpudy-
rMpoBaHWA U OTMbIBaHMSA knetok [8]. PeakumoHHas cmech
Bkrtoyana 50 MKN MuUreHVHa unu nMUHONAa B KOHLEH-
Tpaummn 50 mkr/mn, 50 mkn ageHosmHandocdarta (AOP) 0,1
M (ans oueHkn nHayumposaHHoro cuHtesa A®K) 1 250 mkn
(ans oueHkn cnoHTaHHoro cuHtesa A®K) nnmn 200 mkn (ans
oueHkn AQP-nHayumpoaHHoro cuHtesa A®K) 6ydepa (0,13
M NaCl, 0,02 M Tpuc-HCI 6ycepa, 0,03 M 3OTA, 0,015 M
rnokosbl, pH 7,4). OueHky cnoHTaHHonm n AO®-uHayumpo-
BaHHon XJ1 ocywectBnanu B TedeHne 90 MuH Ha 36-kaHarnb-
HOM OUOXeMUMIOMUHECLEHTHOM aHanu3aTtope BJIM-3607
(OO0 «MepgburoTex», Poccus) [9]. Onpegensanu Bpemsi Bbl-
xo4a Ha makcumym (Tmax), MakcumarnbHoe 3HaYeHNe NHTEH-
cuBHocTM (Imax), a Takke nnowaab nog kpuson (S) XI1. Yeu-
nexnve AO®-ungyumposaHHon XJ1 oueHMBaNu OTHOLLUEHUEM
nnoLiaam nog Kpueon nHayumpoaHHon XJ1 k nnowaan nog
KpuBon cnoHTanHou XJ1 (SuHg / ScnoHT) 1 onpeaenanu Kak
nHaekc aktmeauun (MA). YposeHb cuHtesa APK tpombouum-
Tamu onpepensancs ¢ NOMOLLbIO ABYX MHOAWKATOPOB peakuun
XJ1 — nounreHvHa n niomuHona. JllouMreHnH He NpoHUKaeT
BHYTPb KIMETOK WM B3aMMOLEWCTBYET TOMbKO C CymnepoKcug
aHVOH-paamrKanoMm, xapakTepmusys akTMBHOCTb MeMOpaHHOM
Nox2 (HA®H-okcngasa). JTloMmHON NPOHUKaET BHYTPb Kne-
TOK 1 B3ammogencTayeT co Bcemun ADK [6, 7].

Cratuctnyeckyto o6paboTKy MONyYeHHbIX AaHHbIX OCy-
LWeCTBNANM C MOMOLLbIO MakeTa NPUKNaaHbIX Mporpamm
SPSS STATISTICS (Bepcusa 20.0). Ana onncaHusa nony4veH-
HbIX AaHHbIX BblMMCASANM Meguany (Me) n nHTepKBapTumb-
HbI npomexyTok [QT; Q3]. Ans onucaHus kateropuanbHbIX
rnokasartenemn ncnonb3oBany abcomntoTHbIE U OTHOCUTENbHbIE
(B npoueHTax) yacTtoTbl. CTaTUCTUYECKYHD 3HAYUMOCTb pas-
nMynMn Mexay nokasaTtensmy He3aBMCUMMbIX BbIOOPOK oOLie-
HVYBanM C NOMOLLbIO HenapaMmeTpu4eckoro kputepus Mah-
Ha YuTHW. [lna cpaBHEHWS KaTeropuanbHbIX MePEMEHHbIX B
[ABYX HE3aBUCUMbIX rpynnax npuMeHsnu y?-kputepui Mupco-
Ha. [oporoBbIV YpOBEHb 3HAYUMMOCTM MpPU NPOBEPKe CTaTu-
cTuyeckmx rmnotes coctaensn 0,05.

Pe3ynbrathl

XapakTepucTuka nauneHToB Mo KIMHUKO-nabopaTopHbIM
npusHakam npegcraeneHa B Tabnuue 1.

Mpynnbl naumeHToB ¢ MBC ¢ HexxenaTtenbHbIMU cepaey-
HO-COCYAUCTbIMU COOLITUSIMU U 6€3 TaKOBLIX HE OTNNYANMNCH
no normy, BO3pacTy, KMMHUYECKUM XapaKTePUCTUKaM, KOMU-
YeCTBY KMETOK KPOBW MO pesynsratam obLiero aHanmsa Kpo-
By go KLLU. MokasaHbl 3Ha4YMMble MEXIPYMnMnoBble pas3nuyns

solution. Following incubation, the samples were washed
once to remove unbound monoclonal antibodies using
buffered saline (5 minutes at 400 g), and the cell pellet was
resuspended in 400 uL of buffered saline containing 1%
neutral paraformaldehyde (cat. no. HT5011, Sigma-Aldrich,
USA).

The level of CD62P expression and receptor levels on
platelets in aggregates with leukocytes were assessed based
on mean fluorescence intensity (MFI). The analysis was
performed on a Navios™ flow cytometer (Beckman Coulter,
USA) equipped with three diode lasers (405, 488, and 638
nm). Flow cytometric data were processed using Navios
Software v.1.2 and Kaluza™ v.2.2 (Beckman Coulter, USA).

To assess platelet chemiluminescence (CL) activity,
platelets were isolated using a stepwise centrifugation and
washing protocol [8]. The reaction mixture consisted of 50
pL of lucigenin or luminol at a concentration of 50 pg/mL,
50 pL of 0.1 M Adenosine diphosphate (ADP) (for evaluating
ADP-induced reactive oxygen species [ROS] synthesis), and
250 pL (for spontaneous ROS synthesis) or 200 pL (for ADP-
induced ROS synthesis) of buffer (0.13 M NaCl, 0.02 M Tris-
HCI, 0.03 M EDTA, 0.015 M glucose, pH 7.4).

Spontaneous and ADP-induced CL were assessed over
90 minutes using a 36-channel biochemiluminescent analyzer
(BLM-3607, MedBioTech, Russia) [9]. Parameters measured
included the time to peak intensity (Tmax), maximum
intensity (Imax), and the area under the curve (AUC) of CL.
The enhancement of ADP-induced CL was evaluated as the
ratio of the AUC of induced CL to that of spontaneous CL
(Sind/Sspont) and was termed the activation index (Al).

ROS synthesis by platelets was determined using two
CL indicators: lucigenin and luminol. Lucigenin does not
penetrate cells and interacts specifically with superoxide
anion radicals, reflecting the activity of membrane-bound
NADPH oxidase (Nox2). In contrast, luminol penetrates cells
and interacts with all ROS species [6, 7].

Statistical analysis was performed using IBM SPSS
STATISTICS software (version 20.0). Continuous variables
are presented as median (Me) with interquartile range
[Q7; Q3]. Categorical data are expressed as absolute
frequencies and relative frequencies (percentages). Between-
group comparisons were made using the nonparametric
Mann Whitney U test for continuous variables and Pearson's
chi-square test (y?) for categorical variables. A two-tailed
p-value < 0.05 was considered statistically significant.

Results

The clinical and laboratory characteristics of the patients
are presented in Table 1.

The groups of CHD patients with and without adverse
cardiovascular events did not differ in terms of sex, age,
clinical characteristics, or blood cell counts in the complete
blood count performed before CABG. Significant between-
group differences were observed in total cholesterol levels,
with a trend toward significance for LDL-C levels prior to
CABG in patients experiencing adverse cardiovascular
events compared to those free from adverse cardiovascular
events. Additionally, the duration of cardiopulmonary bypass
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YPOBHA 06LLero xonecrepvHa U TeHAEHUUS K yBENMYEHUto
yposHs JIMHIM go KLU B rpynne naumeHTOB C Hexenartenb-
HbIMW CepAeYHO-COoCYANCTbIMU cobbiTuaMK. Takke npu KLU
ONUTENBHOCTb MCKYCCTBEHHOTO KpoBoobpalueHus (MK) 6bina
3Ha4YMMO Gornblue B rpynne nauMeHToB C HexenarternbHbIMU
cepaevHo-cocyanctbiMm cobbituamm — 90 [66,5; 131,5] npo-
TvB 65,5 [31,75; 91,5] MMH COOTBETCTBEHHO.

3a Becb nepuog HabnogeHns y 16 naumeHToB (15,6%)
BbISIBMIEHbI KOMOMHUPOBaAHHbIE KOHEYHbIe Toukn. 3a 10 aHen
cTaumoHapHoro nedexHuns y 10 naumeHToB pasBUIUCh Hexe-
natenbHble cobbITMA (Y 4 NauMeHTOB — NepuonepaumnoHHbIN
MM, y 6 naunenToB — OHMK). Yepes 23,3 + 7,6 mec. BbisiBne-
HO 8 HexenaTenbHbIX KapAMoBacKyNsPHbIX COObITUI (M3 HUX:
1 - OUM, 3 — yBennyeHne OK ctreHokapamm, 1 — noBTOpHas
peBackynspusauus, 2 — HapactaHne ®K ceppedHon Hepno-
cTaToyHOCTH, 1 — cepaevHo-cocyaucTasi cmepts). Npu cpaBs-
HeHUW rpynn naumeHToB 6e3 1 ¢ COBOKYMHbIMW Hebnaronpu-
ATHbIMK ncxogamu o KLU BbisBNeHbl 3Ha4YMMble OTNNYNS No
KOMMYeCTBY arperatoB MOHoUMT-TpoM6ounT (13,4 [5,9; 24,2]
npotus 34,9 [19,05; 50,25] %, p = 0,001), N® arperaTtoB go
KL: HenTpodpun TpombouuT, akcnpeccupytowme P-cenekTuH
(4,85 [2,99; 8,79] npotus 12,5 [5,09; 15,3] y.e., p = 0,005),
Nd moHouuT-TpoMGouunT, aKkcnpeccupyowme P-cenektuH
(4,27 [2,6; 7,76] npoTtus 9,53 [6,68; 14,8] y.e., p = 0,006).

B tabnvue 2 npegcrtaeneHbl pesynsratbl, NOMyYeHHble
npu CPaBHEHUW ABYX rPynn NauMEHTOB C HexenaTenbHbIMM
cobbiTnamm nocne KLU n 6e3 TakoBbiX, COrMacHO OCHOBHbIM
napametpam XJ1.

MegnaHa BpeMeHn BbIxo4a Ha MakCUMyM UHAYLIMPOBaH-
Hon XJ1 TpomGouuToB ¢ gobasneHnem nwouervHuHa go KL
Obina MeHbLLEe y NauneHTOB C HeXenaTtenbHbIMY ABNEeHNAMN
Nno CpaBHEHWIO C naumeHTamu 6e3 TakoBbIX (212 [53; 621]
npotue 885 [257,75; 2087] ¢, p = 0,027). Takke po KW B
rpynne C COBOKYMHbIMU HexenaTernbHbIMU CepaeyYHO-COoCy-
ANCTbIMU COBBLITUAMU MeHbLUe bbina MmeavaHa BpeMeHu Bbl-
X0[4a Ha MakCMMyMm cnoHTaHHon XJ1 HeMTpodunoB ¢ nioue-
rmHnHoMm (847 [565; 1018] npotme 1355 [1065,5; 1898,5] c,
p = 0,017). Oo KW megnana WA XJT HenTpocdmnos Obina
BbILLE B rpyrnne nauueHToB C HexenaTernbHbIMU COObITUSMM
(9[2; 15] npotmB 2 [2; 7], p = 0,044). Mo gpyrym nokasarensm
XJ1 3HaYMMBbIX OTAINYUIA YCTAHOBMEHO He BbIno.

MauneHTbl 13 rpynnbl C HexenaTenbHbIMU CepaeYHO-Co-
cyaucteiMn cobbitmamu nocne KW (Ha 10-e cyT) mmenu
OonbLUYyO MeauaHy KonuyectBa HenTpodun-TpombouuTap-
HbIX arperaToB ¢ akcnpeccuen P-cenektuHa (92,3 [80; 99,29]
npotue 75,7 [62,36; 90,54] %, p = 0,027) n 3Ha4nmo 6onb-
Wyt megmaHy N® HenTpodumn-TpomboLmuTapHbIX arperatos
(129 [95,8; 174] npotus 52,6 [18,975; 124], p = 0,014).

O6cyxaeHue

CBsi3b BOcnaneHuss ¢ TpOMOO30M U HexenaTenbHbIMU
KapamnoBackynsipHbIMU COBOLITUSIMW OMnMcaHa HeoQHOKPaTHO
[10]. OgHako OO KOHUa He SICeH MOMEKYNsiPHO-KNETOYHbIN
MEXaHU3M 1 He onpeaerneHbl YeTKME MapKepbl CepaeYHO-Co-
cyoucTbixX cobbiTuiA. B gaHHOM cTaTbe Mbl NMPOBENAN KOM-
NMEKCHbIN aHanu3 MapkepoB BOCMANEHUS Y MEXKIIETOYHOTO
B3aMMOAENCTBUSA Y NALMEHTOB C HEXENaTemnbHbIMU cepaey-
HO-cocyaucTbIMK cobbiTusiMu nocne KLL.

KoMMyHuMKaums TpoMOOLMTOB, HENTPOUIIOB, MOHOLM-
TOB MPOWUCXOAUT B OpraHnM3Me MOCTOSIHHO, Hamnpumep, no-
CpeacTBOM MOSEKYNbl KNETOYHOW aare3nn — P-cenekTuHa,
BbIAENSEMOro a-rpaHyrnaMmm TPOMOOLMTOB C 3KCrpeccuen
Ha TpombouuTapHol MeMbpaHe 1 P-cenekTuH nuraHga Ha
noBepxHOCTU nevikounTa. CornacHo MofyYeHHbIM AaHHbIM

(CPB) was longer in the group with adverse events, at 90
[66.5; 131.5] minutes compared to 65.5 [31.75; 91.5] minutes,
respectively.

During the observation period, 16 patients (15.6%)
experienced composite endpoints. Within 10 days of
hospitalization, 10 patients developed adverse events (4
cases of perioperative myocardial infarction and 6 cases of
acute cerebrovascular events). At 23.3 £ 7.6 months of follow-
up, 8 adverse cardiovascular events were identified (1 acute
myocardial infarction, 3 cases of increased functional class
of angina, 1 repeat revascularization, 2 cases of worsening
functional class of heart failure, and 1 cardiovascular death).

Comparative analysis between patients without and
with composite adverse outcomes prior to CABG revealed
significant differences in: monocyte-platelet aggregates:
13.4% [5.9; 24.2] vs 34.9% [19.05; 50.25], p = 0.001; MFI
of P-selectin-expressing neutrophil-platelet aggregates: 4.85
AU [2.99; 8.79] vs 12.5 AU [5.09; 15.3], p = 0.005; MFI of
P-selectin-expressing monocyte-platelet aggregates: 4.27
AU [2.6; 7.76] vs 9.53 AU [6.68; 14.8], p = 0.006.

A comparison of the primary CL parameters between two
groups of patients—those with adverse events after CABG
and those without such events—yielded the following results.
(Table 2).

The median time to peak lucigenin-induced platelet
chemiluminescence before CABG was shorter in patients with
adverse events compared to those without adverse events
(212 s[53; 621] vs. 885 s [257.75; 2087], p = 0.032). Similarly,
before CABG, the median time to peak spontaneous neutrophil
chemiluminescence with lucigenin was shorter in the group
with composite major adverse cardiovascular events (847 s
[565; 1018] vs. 1355 s [1065.5; 1898.5], p = 0.017). Before
CABG, the median neutrophil chemiluminescence activation
index was higher in the group of patients with adverse events
(9 [2; 15] vs. 2 [2; 7], p = 0.044). No significant differences
were found in other chemiluminescence parameters.

Patients from the group with major adverse cardiovascular
events after CABG (on day 10) had a higher median number
of neutrophil-platelet aggregates expressing P-selectin
(92.3% [80; 99.29] vs. 75.7% [62.36; 90.54], p = 0.027) and
a significantly higher MRI of neutrophil-platelet aggregates
(129 [95.8; 174] vs. 52.6 [18.975; 124], p = 0.014).

Discussion

The association between inflammation, thrombosis,
and adverse cardiovascular events has been repeatedly
described in the literature [10]. However, the molecular
and cellular mechanisms, as well as precise markers of
cardiovascular events, remain unclear. In this study, we
conducted a comprehensive analysis of the markers of
inflammation and intercellular interactions in patients with
adverse cardiovascular events following CABG.

The communication between platelets, neutrophils, and
monocytes occurs continuously in the body, mediated, for
example, by the cell adhesion molecule P-selectin, which
is released by platelet a-granules and expressed on the
platelet membrane, and P-selectin ligand on the leukocyte
surface. According to the obtained data, the number of
monocyte-platelet aggregates expressing P-selectin on their
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Ta6nuua 1. KnuHuko-naGopaTtopHasi xapakTepycTuka NaLnMeHToB ¢ NleMnyeckoii 6oneaHblo cepaLa 40 KOPOHAPHOTO WYHTUPOBaHUS

Table 1. Clinical characteristics of patients with coronary artery disease before coronary artery bypass grafting

MaumneHTbl 6e3 Hexena- | MaumeHTbl ¢ HexxenaTenb-
MaumenTs ¢ MBC v KL, TerbHbIX CePAEYHO-COCY- | HbIMM CepAeyHo-cocyan-
Mokazatens / Characteristic n =102 / Patients with AUCTbIX COBBITMA, CTbIMM COBbITUAMM, */ p-value*
_ n = 86 / Patients without n = 16 / Patients with p-7p
CHD and CABG, n = 102 ) )
adverse cardiovascular adverse cardiovascular
events, n = 86 events,n =16

Bospacr, net / Age, years 64 [60; 68] 64 [60; 68] 65 [56; 67] 0,381
Kypenwue, % / Smoking, % 32,4 31,4 37,5 0,632
CrabunbHas cteHokapaus, % / Stable angina, %

IIOK /1 FC 441 44,2 43,8 0,974
oK /1l FC 41,2 41,8 37,5 0,745
CaxapHbii gnabert, % / Diabetes mellitus, % 28,4 26,7 37,5 0,381

~ o T -

HocTManapKTHblm Kapauocknepos, % / Post-infarction 637 616 75 0,085
cardiosclerosis, %

OxupeHue, % / Obesity, % 49,0 48,8 50 0,932
[BoiiHas aHTUTpombouuTapHas Tepanusi nocne KLU, %

/ Dual antiplatelet therapy after CABG, % 358 384 31.2 0,588
Bpewms VK, muH / CPB time, min 68 [50,25; 99] 65,5 [31,75; 91,5] 90 [66,5; 131,5] 0,003
Konwuyectso TpomGoumTos go KLU, 10° kneTok/n / i . .

Platelet count before CABG, 109 cells/| 229,5[188; 260,5] 230,5 [191; 258,5] 201 [179,5; 251,5] 0,811
Konuuecteo moHouuTtoB go KLU, % / Monocyte count . . .

before CABG, % 8,3 [6,5; 9,35] 8,35[6,9; 9,3] 7,9 [6,15; 9,725] 0,785
KonuuecTtBo HenTpodunos, % / Neutrophil count, % 60,9 [54; 66,5] 60,9 [53,5; 66,4] 65,55 [58,93; 67,86] 0,364
COQ3, mm B vac / ESR, mm per hour 19,5 [11,3; 27,8] 19 [12; 30] 22[9,3; 26] 0,840
CPB, mr/n/ CRP, mg/l

o KL / Before CABG 1[0,1;1,9] 11[0,1; 2,4] 1[0,15; 1,2] 0,532
Mocne KW (8-10-e cyT) / After CABG (8-10 days) 50,4 [18,6; 95,5] 43,7 [18,5; 88,9] 72,5[50,2; 123,83] 0,320
YpoBeHb obLero xonectepuHa, Mmons/n / Total 4,43 [3.76; 5,6] 4,34 [3.73; 5,43] 4,88 [4,3; 6,68] 0,046
cholesterol level, mmol/l

YposeHb JTMHMM, mmons/n / LDL-C level, mmol/l 2,5[2,06; 3,27] 2,23 [1,99; 2,98] 2,79 [2,54; 3,47] 0,060
YpogeHsb JMBIM, mmonb/n / HDL-C level, mmol/L 1,27 [1,08; 1,41] 1,26 [1,07; 1,39] 1,39 [1,12; 1,54] 0,178
YpoBeHb TI, mmons/n / TG level, mmol/L 1,35 [0,95; 1,9] 1,38 [0,94; 2,06] 1,17 [1,07; 1,66] 0,830
MpumevaHve: * 3HaYeHMe p NPeACTaBnNeHO ANl CPaBHEHWS  TPYNnm  MaUMEHTOB C  HeXenaTenbHbIMM  COObITUSMM U 6e3  Hux.

Note: *p-values are presented to compare patient groups with and without adverse cardiovascular events. CABG, coronary artery bypass grafting; CHD,
coronary heart disease; FC, functional class; CBP, cardiopulmonary bypass; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; LDL, low density

lipoprotein.

KONMMYecTBO 3Kcrpeccupyembix P-cenekTtuH Ha cBoel no-
BEPXHOCTU MOHOUUT-TpOMOOLMTapHbIX arperatoB o KLU
BbILLE B rpynne ¢ HexenatenbHbIMU CepaeqHO-COCYaANCTbI-
MUK cobObITUSIMM B nocrieonepaumMoHHoM nepuoge. CornacHo
UMEKLLMMCS NMTEpaTypHbIM [aHHbIM, MOBbILEHHbBIN YpO-
BEHb PaCTBOPUMOrO B CbIBOPOTKE KpoBu P-cenekTtnHa cBsi-
3aH C MOBbILEHHBIM PUCKOM OTCPOYEHHbIX Gonblimnx (UM,
OHMK, cepgedHo-cocyaucTass CMepTb) CepaeyHO-COCyAu-
CTbIX COOBITUI Yy NaUMEHTOB Mocne pesackynsapusauun [6].
Takke onuncaHa cBsi3b YPOBHSA P-cenektuHa ¢ cepaeqHo-co-
cyoucTeiMu 3aboneBaHnsMU, CepAEYHO-COCYANCTON CMepT-
HOCTbIO M BHE3aMHOW CEepAEYHON CMEPTbIO CPean MYXKYVWH,
Haxogsawmxcs Ha remogmanuse [11]. JlokaszaHo, 4YTo NoBbILLEe-
HWe KOHLeHTpaumm P-cenekTvHa B KpOBM U €ro aKcnpeccum
Ha TpombouwuTax 1 3HAOTENUM CNOCOOCTBYET NPOrpeccMpo-
BaHWIO aTepockrepo3sa [12]. OgHako Takon Mapkep, Kak Mex-
KrneTovHble arperaTtbl MOryT ObiTb Gonee 4yBCTBUTENbHbLIM
MapKepoM HexenaTenbHbIX cobbIThi [13].

O6pa3soBaHue TJIA sBnseTca ogHUM M3 Hanbonee Bax-
HbIX B3aMMOLEWCTBUIA MeXay TpombouuTamu 1 nenkoumTa-
MU. Y 300pOBbIX Nioen TpomboumTbl 06pasytoT arperathbl
npeumyLLecTBeHHO ¢ MoHouuTamu (4,1-7,2%), a Takke C
HenTpodunamu (3,7-5,7%) n numdountamn (2,4-5,2%).
[13]

B nutepatype TJIA wwmpoko uccnemoBanucb Mpu cep-
AeYHO-cocyancTbIX 3aboneBaHusix. YpoeHb TI1A, Bknovas
MOHOLIUTbI U1 HENTPOGUIbI, ObiN BbiLe NpU CMMNTOMATU-
yeckonn MBC, OKC no cpaBHEHMIO CO 300POBbLIMW 0AbMM

surface before CABG was higher in the group with adverse
cardiovascular events in the postoperative period. Literature
data also suggest that elevated levels of serum-soluble
P-selectin are associated with an increased risk of delayed
major cardiovascular events (MI, stroke, cardiovascular
death) in patients after revascularization [6]. Moreover, the
relationship between P-selectin levels and cardiovascular
diseases, cardiovascular mortality, and sudden cardiac death
has been described in men undergoing hemodialysis [11]. It
has been shown that elevated P-selectin concentrations in
the blood and its expression on platelets and endothelium
contribute to the progression of atherosclerosis [12]. However,
markers such as intercellular aggregates may serve as more
sensitive indicators of adverse events [13].

The formation of platelet-leukocyte aggregates (PLAs)
is one of the most critical interactions between platelets and
leukocytes. In healthy individuals, platelets predominantly
form aggregates with monocytes (4.1-7.2%), as well as with
neutrophils (3.7-5.7%) and lymphocytes (2.4-5.2%) [13].
According to the results of this study, the pre-CABG MFI,
reflecting P-selectin and membrane receptor expression
on monocyte-platelet and neutrophil-platelet aggregates,
postoperative (days 8-10) neutrophil-platelet aggregate MFI
levels, significantly could influences on the risks of adverse
cardiovascular events. It is likely that more active PLA
complexes may lead to the activation of thrombosis in the
postoperative period.
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Ta6nuua 2. CpaBHeHme ABYX rpynn nauneHTOB Nnocre KOPOHapPHOro LWYHTUPOBAHUA MO OCHOBHbIM NMapamMeTpamM XeMusrtoMuHecueHUnn

naLlMeHTbl 6e3 HexenaTenbHbIX

MaumeHTbl ¢ HexenartenbHbIMU
CepAeYHO-COCYANCTLIMU COBbITUSIMM /

Mokasatensb / Parameters cep,_qequ—cocy,qMCTblx_coﬁblmﬁ / Patients Patients with adverse cardiovascular p/ p-value*
without adverse cardiovascular events events
,EloKLIJ/BeforeCABG ..................................................................
XeMUNoMUHeCLEHTHAsA akTUBHOCTb TPOMBOLIMTOB C fIOMUHOIIOM
CnoHTaHHasi xemuniomuHecueHuus / / Spontaneous Luminol-Dependent CL of Platelets
Tmax, ¢ 212,5[51; 960] 51[0; 133] 0,061
Imax, o.e. x 103 73 [63; 94,3] 79 [69,3; 119] 0,862
S, 0.e. x ¢ x 106 200200 [132500; 268625] 226700 [177200; 262600] 0,880
MHpyumpoBaHHas xemuntomuHecueHums / ADP-Induced Luminol-Dependent CL of Platelets
Tmax, ¢ 129 [27; 884,25] 70 [51; 266] 0,528
Imax, o.e. x 103 74 [62,75; 91,25] 78 [62,75; 115,5] 0,853
S, 0.e. x ¢ x 106 217500 [156225; 285575] 248500 [144600; 261700] 0,792
NA 1,084 [0,836; 1,529] 1,076 [0,830; 1,818] 0,736
XeMunoMUHeCLEHTHas akTUBHOCTb TPOMGOLIMTOB C MOLErMHUHOM
CnoHTaHHas xemunioMuHecueHuus / Spontaneous Lucigenin-Dependent CL of Platelets
Tmax, ¢ 408 [80; 1234] 283 [70; 559] 0,340
Imax, o.e. x 103 66 [61; 76,5] 66 [60,5; 69] 0,530
S, 0.e. x ¢ x 106 204850 [130150; 261275] 177300 [94610; 226100] 0,246
MHayumposaHHas xemuntoMmuHecueHums / ADP-Induced Lucigenin-Dependent CL of Platelets
Tmax, ¢ 885 [257,75; 2087] 212 [53; 621] 0,027
Imax, o.e. x 103 67 [59,75; 78] 64 [58,3; 72,3] 0,284
S, 0.e. x ¢ x 106 227900 [131925; 273975] 203100 [118600; 238700] 0,215
NA 1,0 [0,766; 1,455] 0,9223 [0,788; 1,345] 0,924
Mocne KL / After CABG
XemuntoMmrHecLeHTHasi akTUBHOCTb TPOMGOLIMTOB C JIIOMUHONOM
CnoHTaHHast xemuniomuHecueHuusi / Spontaneous Luminol-Dependent CL of Platelets
Tmax, ¢ 102 [51; 460,5] 38,5 [0; 815] 0,363
Imax, o.e. x 103 72[63,5; 104,5] 81[63; 93] 0,897
S, 0.e. x ¢ x 106 218100 [142350; 269150] 185850 [142525; 331175] 0,974
MHpyumpoBaHHas xemuniomuHecueHums / ADP-Induced Luminol-Dependent CL of Platelets
Tmax, ¢ 80 [0; 546,5] 89 [56; 661,75] 0,502
Imax, o.e. x 103 74 [63,5; 90,5] 71[63; 90] 0,711
S, 0.e. x ¢ x 106 207300 [130900; 284150] 158450 [128850; 206525] 0,178
NA 0,984 [0,694; 1,261] 0,884 [0,602; 1,140] 0,172
XeMunoMUHeCLEHTHas akTUBHOCTb TPOMBOLIMTOB C MOLErMHUHOM
CnoHTaHHasa xemunioMuHecueHums / Spontaneous Lucigenin-Dependent CL of Platelets
Tmax, ¢ 399 [99; 1156] 563,5 [126,75; 1702] 0,515
Imax, o.e. x 103 64 [59; 77,5] 65 [60; 72] 0,914
S, 0.e. x ¢ x 106 199900 [151000; 252250] 196650 [176225; 222025] 0,739
MHayumposaHHas xemuntomuHecueHums / ADP-Induced Lucigenin-Dependent CL of Platelets
Tmax, ¢ 565 [260,5; 1451] 222 [75,5; 1274] 0,302
Imax, o.e. x 103 64 [59,5; 72] 64 [62; 78] 0,830
S, 0.e. x ¢ x 106 187000 [139350; 251350] 163400 [120400; 200850] 0,172
NA 0,982 [0,601; 1,333] 0,992 [0,575; 1,098] 0,523

MNpumevanue: WA — nHaekc aktmeauum.

Note: * — p-values, CABG, coronary artery bypass grafting; CL, chemiluminescence; ADP, adenosine diphosphate; Al, activation index.
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[14]. AHanornyHelM 06pa3oM ypoBHWM arperatoB TPOMOOLWM-
TOB-MOHOUMTOB Obinu Bbilwe y naumeHToB ¢ OKC ¢ nogbe-
MoM cermeHTa ST, HecTabunbHom cteHokapauen, OVIM no
CpaBHEHMWIO C NauMeHTaMu C HeaHrmHo3HbiMK 6ongmu [195].
Bonee Toro, noBbieHHbIV NpoueHT TJ1A, coaepxalumx Mo-
HOLMTBI, Obin CBSI3aH C MOBLILEHHBIM PUCKOM ByayLLmnX cep-
OEe4YHO-cocyamncTbix cobbiTvi B nonynsauum ¢ OKC ¢ nogbe-
MomMm cermeHTa ST [15].

Ony6nmKoBaHO AOCTAaTOMHO MHOMO AaHHbIX O BAWSHWM
Konu4yecTBa OTAEMNbHBLIX MONYMALMIA KNETOK KPOBU Ha paHHWe
1 oTaaneHHble HebnaronpuaTHble nexodbl nocne KL (Hen-
Tpodun-numcounTapHoe COOTHOLLIEHWE, TPOMBOLMT-NUM-
dounTapHoe, UHOEKC CUCTEMHOrO BOCManeHus (HemTpo-
dun*tpomboumT / numdoumT)) [16].

[okasaHo, 4To B npoLecce akTnBaumm TpomboLnTbl OCy-
LLLeCTBNAT yeuUneHHbIi cuHted AOK cpepmeHTamu, nokanu-
30BaHHbIMM KaK Ha BHELUHEeN umTonnasmatmyeckon membpa-
He, Tak 1 BHYTPW KINeTKM (B TOM YMcne B MUTOXoHApUAX) [17].
Ons TpombounToB ADK ABRAOTCA CUrHanNbHLIMK U peryns-
TOPHBLIMW MOIEKynamu, KOTopble MHULMUPYIOT U MOZYNupYy-
0T MX PYHKLMOHAMNbHYI0 aKTUBHOCTb. CuHTe3 A®PK B Hallem
nccnegoBaHun onpegeneH metogom XJ1. BeisiBrneHo otrnvune
BO BPEMEHMN OOCTMKEHUA MakcuMyma mHayumposaHHow XJ1
TPOMOOLMTOB 1 BPEMSA JOCTWKEHNA MaKCMMyMa CMIOHTaHHOW
X1 Hentpodunos ¢ nouermHnHom o KW — oHo 3Haunmo
MeHbLUE Yy NauMEeHTOB C HexXenaTternbHbIMU SBMAEHUAMW MO
CpaBHEHMIO C nauveHTamu 6e3 HexenaTerbHbIX COObITUNA.
Bonee kopoTkoe Bpems Bbixoga Ha makcumym XJ1 (y naum-
€HTOB C HexenaTenbHbIMK COobbITUAMMN) CBUAETENLCTBYET O
Tom, 4yto NADPH-okcnpasa (Nox2) aktmsupyetcsa GbicTpee
n reHepupyeT 6onble APK 3a KOPOTKMIN NMPOMEXYTOK Bpe-
MeHUW. OTO NPUBOAMUT K PE3KOMY YBENMYEHUIO KOHLIEHTPaLMm
A®K, 4TO MOXeT MpeBbICUTb BO3MOXHOCTU aHTUOKCMOAHT-
HbIX CUCTEM (Hanpumep, CynepokcMaancmyTasbl, katanasbl)
1 BbI3BaTb OKUCNUTENbHbBIA CTpecc. BO3MOXHO, y naumeHToB
13 rpynnel 6e3 HexenatenbHbIX COObITUIA Nydlwe paboTtatoT
KOMMNEeHCaTOpHblE MexaHW3Mbl, CMocobHble caepxuBaTb B
nocnegyowem 6bicTpbin cuHTe3 APK. Tak, onucaHa cno-
cobHocTb TpomboumuTa nogaenaTe Hapabotky A®K nonu-
MOPMHO-SAEPHBIMY NENKOLMTaMN 1 OKasblBaTb 3aLUMTHbIN
adbdekT oT Tokcuyeckoro aencreus APK [18].

C Opyron CTOpPOHbI, paHee OMuUCaHo, YTO Yy PEe3UNCTEHT-
HbIx K ACK naumeHnToB ¢ MBC go v nocne KLU no cpaBHeHuo
C YYBCTBUTEMbHLIMW MaLMEHTaMN BbISABASETCA MEHbLUNA
YPOBEHb CUHTE3a Cynepokcua-pagukana HenTpodunamm
n TpomboumTamun, BeposTHee BCEro, Bbi3BaHHbIN pasobLue-
HMEeM B MeXKneTouyHoM B3aumopenctaum [19]. MoxeT BbiTb
He4yTo NogobHOE MPOUCXOANT U Y MALMEHTOB C BbICOKUM PU-
CKOM HexenaternbHbIX cobbiTuin. OgHaKo, yunTbiBas OTCYT-
CTBUE OTNMYMIA No Apyrnm napametpam XJ1 n pasmep BbIGop-
KW, cepbe3Hble BbIBOAbI NPEeXAEBPEMEHHbI.

CnepyoLwum KOMMNOHEHTOM KOMMIEKCHOW OLEHKM B AaH-
HOM uccrnegoBaHun 6bin CPB. MauneHTbl 0e3 HexenaTtenb-
HbIX COOBITUA U C TaAKOBBIMW MMENW COMOCTaBMMO HU3KWN
aoornepaunoHHbii ypoBeHs CPB, BBMAY nnaHoOBOro BMeLla-
TenbCTBa B CTauMOHap rocnvtanvManpoBanunce ctabunbHble
nauneHTbl, C KOMNEHCUPOBaHHBLIMW COMYTCTBYHOLLMMM 3a60-
nesaHusmu. lMocne nposefenns KL yposeHb CPB noBbl-
wancs, ogHako Takke OCTaBarncs COMOCTaBWMbIM BHYTPU
rpynn, XoTs y NaumeHTOB 13 rpynnbl C HeXenarenbHbIMK Co-
ObITnsiMm ypoBeHb CPB 6bin Bbille, HO pa3Huua He JocTura-
na cTtaTMcTM4Yeckon 3HaummocTtun. BosamoxHo, yposeHb CPB
6onbluUe NoaBepXKeH BIUSHNIO ONepaLMOHHON TpaBMbl U MO-
XKeT oKasaTbCHA He TakuM YyBCTBUTENMbHLIM MapKepoMm MMEH-

In the literature, PLAs have been extensively studied in
the context of cardiovascular diseases. Elevated PLA levels,
including those containing monocytes or neutrophils, have
been observed in symptomatic CHD and acute coronary
syndrome (ACS) compared to healthy individuals [14].
Similarly, platelet-monocyte aggregate levels were higher in
patients with STEMI, unstable angina, and acute myocardial
infarction compared to patients with non-anginal pain [15].
Moreover, an increased percentage of PLAs containing
monocytes has been associated with a higher risk of future
cardiovascular events in the STEMI population [15].

Numerous published studies have investigated the
influence of various blood cell populations on early and late
adverse outcomes after CABG, including the neutrophil-to-
lymphocyte ratio, platelet-to-lymphocyte ratio, and systemic
inflammation index (neutrophil*platelet/lymphocyte) [16].

It has been demonstrated that activated platelets exhibit
increased ROS synthesis through enzymes located both on
the outer cytoplasmic membrane and inside the cell (including
within mitochondria) [17]. In platelets, ROS act as signaling
and regulatory molecules that initiate and modulate their
functional activity. In our study, ROS synthesis was determined
using the chemiluminescence method. A difference was
found in the time to peak induced platelet CL and time to
peak spontaneous neutrophil CL with lucigenin before CABG
- it was significantly shorter in patients with adverse events
compared to patients without adverse outcomes. The shorter
time to peak CL (in patients with adverse events) indicates
that NADPH oxidase (Nox2) is activated faster and generates
more reactive oxygen species (ROS) over a short period of
time. This leads to a sharp increase in ROS concentration,
which may exceed the capacity of antioxidant systems (e.g.,
superoxide dismutase, catalase) and cause oxidative stress.
This may suggest that patients in the no-adverse-events
group have better compensatory mechanisms capable of
subsequently restraining rapid ROS synthesis. It has been
described that platelets can suppress ROS production by
polymorphonuclear leukocytes and provide a protective
effect against the toxic impact of ROS [18].

On the other hand, previous studies have reported that
CHD patients resistant to acetylsalicylic acid (ASA) show
lower levels of superoxide radical synthesis by neutrophils
and platelets both before and after CABG compared to ASA-
sensitive patients. This is likely due to disruption in intercellular
interactions [19]. A similar phenomenon might occur in
patients at high risk of adverse events. However, considering
the absence of differences in other chemiluminescence
parameters and the sample size, definitive conclusions
remain premature.

Another component of the comprehensive
assessment in this study was CRP. Patients with and
without adverse events had comparable low preoperative CRP
levels, as stable patients with compensated comorbidities
were hospitalized for the planned intervention in the hospital.
After CABG, CRP levels increased but remained comparable
between the groups. Although CRP levels were higher in
the group with adverse events, the difference did not reach
statistical significance. It is possible that CRP levels are more
influenced by surgical trauma and may not be as sensitive
a marker specifically after CABG as P-selectin levels and
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Ho nocne KLU, kak ypoBHU P-cenekTvHa M MeXKNeTOYHbIX
arperaTtoB. JTO cornacyeTcs ¢ AaHHbIMW APYTX aBTOPOB [5].

Ewe ogHMM hakTopoM pucka HexenartenbHbIX CobbITui
nocne KLU moxeT BbicTynatb Bpems VK. Y nauneHToB C He-
XenarenbHbIMU CepaevHO-COCYANCTLIMK COObLITUAMM nocne
KLU 661110 3Haummo Gonee npogormkutensHoe Bpems VK. 3tn
AaHHble cornacylTcs ¢ pesynsratamu paboT u Apyrux aBTo-
poB [20]. Cxema npegnonaraeMoro natoreHesa yBenuieHusi
PUCKOB pa3BUTUS HexenaTenbHbix aBrenni nocne KLU npea-
cTaBrneHa Ha pucyHke 1.

OrpaHnyeHnaMn AaHHOro UCCNefoBaHNSA SBMSOTCH €ro
OOHOLIEHTPOBbLIV AN3alH 1 HEBOMbLLON pa3Mep BbIGOPKM.

intercellular aggregates. This aligns with the findings of other
authors [5].

Another predictor of in-hospital adverse events after
CABG is the duration of cardiopulmonary bypass (CPB).
Prolonged CPB duration is associated with an increased risk
of adverse cardiovascular events in the early postoperative
period. These findings are consistent with results reported by
other authors [20]. The proposed pathogenesis of increased
adverse event risks following CABG is shown in Figure 1.

Puc. 1. MNaToreHeTU4ecknin MeXaHN3M NOBbILLEHWNS PUCKOB Pa3BUTUSI HEXenaTenbHbIX COBbITUIA MOCNe KOPOHAPHOTO LLYHTUPOBAHKSA
Mpumevanue: KLU — kopoHapHoe wyHTMpoBaHue, VK — nckyccteeHHoe kpoBoobpatleHne, AOK — akTuBHble hopmbl kucnopoga, OX — obLumii xonectepuH,
JINMHN — nunonpoteunabl H13korn nnotHocTn, NO — okeung a3ota, NETs — HelTpodunbHble BHekneTouHble noyLlukn, HA®H-okemaasa — HukoTuHammaase-

HUHAMHYKNeoTuadocdaT-okcuaasa.

Fig. 1. Pathogenetic mechanism of elevated adverse event risks after CABG

Note: CABG — coronary artery bypass grafting, CPB — cardiopulmonary bypass, ROS — reactive oxygen species, TC — total cholesterol, LDL — low-density
lipoproteins, NO — nitric oxide, NETs — neutrophil extracellular traps, NADPH oxidase — nicotinamide adenine dinucleotide phosphate oxidase.
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3akno4yeHue

Takum 06pa3om, MaumeHTbl ¢ KOMOMHUPOBAHHBLIMU He-
enarernbHbIMU CepaeyYHO-COCYANUCTLIMU SBNEHUSIMU UMEIOT
6onblmne nokasatenu NP n Gonbluee KONMYECTBO TPOMOO-
umUT-nerkoumTapHeix arperatoB oo u nocrne KL, 6onee ko-
poTKOe BpeMsi AOCTWxeHust mMakcumyma XJ1 TpombGouunToB
n Hentpodunos ao KLU, Gonee npogomkutenbHoe BpeMsi
nposeneHust K no cpaBHeHuto ¢ nauneHTamu 6e3 Hexena-
TENbHbIX CePAEYHO-COCYANCTbIX COObITUI. [aHHble nokasa-
Tenu MoryT ObITb pacCMOTPEHbI Kak NPEAUKTOPbI NOBbILIEH-
HOrO puUcKa pasBUTUS HexenaTenbHbix cobbiTuii nocne KLU B
AanbHenLWnx nccnegoBaHusix.
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