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MareMmaTu4dyeckas MOJAeJIb IPOrHO3UPOBAaHUA PUCKA
ACNIUPUHOPEIUCTEHTHOCTH U CEPAEUYHO-COCYTUCTHIX OCIOKHEHUN
y nanqueHToB ¢ UbC nmocjie KoOpoHapHOro HIyHTUPOBAHUSA
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AHHOTAIIUA

BBegenue. Ilocie npoBeaenus onepanuu KoponapHoro myHtrupoBanus (KIII) B ycsIOBUSIX HCKYCCTBEHHOTO KPOBO-
obpamenusi (K) ocraercs HepeneHHOU TpobiieMa MpopIaKTUKA TPOMOO30B COCYAMICTOTO IIIYHTA BCJIEACTBHE (OPMU-
poBaHus heHOMeHa UH/YIMPOBAHHON aCTUPUHOPE3UCTEHTHOCTH (AD).

Il e nnp. VByunuTh KIMHUKO-IA60pATOPHBIE IPU3HAKH, CBSI3aHHBIE C Pa3BUTHEM A, a TAKKe OLIEHUTh 3HAYEHUE JaH-
HOTO (peHOMEHA B PUCKE PA3BUTHUs CepeuHO-cocyaucThix ocmoxkHeHun (CCO) y marnuentoB ¢ UBC, onepupoBaHHBIX
metonoM KIII B yesmoBuax UK, ¢ moMomipo MaTeMaTUYECKOTO MOAEIUPOBAHUS.

MaTepuaJJbl U METO/ bl. BucciaenoBaHue BKIIOUEHO 260 My>KIHH B BO3PaCTe OT 45 710 70 JieT (58.2 + 6.8 rozia)
¢ quarHosoM uiemuyeckoi 6osiesnu cepana (MBC) (crabunbHas creHokapaus HanpsikeHus [1-IV QyHKIIMOHATIBHOTO
kiacca (PK) (234 uen.) u 6e36osneBas unemus muokapaa [I-IV @K (26 gesn.)). Bce manueHThI OIyJIaau CTAaHAAPTHYIO
TEpAIuIo, BKIIOYAIIIYIO $-a[peH0OI0KATOPbI, HHTUOUTOPhl AHTHOTEH3UH-TIPEBpAIIaioero ¢GepMeHTa, HUTPAThI, CTa-
TUHBI U alleTUICATUITIOBYI0 KucaoTy (ACK). PeBackysisipusanust MHoKapza BeimosiHeHa MetoioM KIII B yesmoBusix UK.
3a60p KPOBH /11 OLIEHKH J1abopaTopHbIX (hakTopoB pucka (PP) Ap mpoBoawICs Ha TPeX ATalax: 1) Ha JI0TOCHUTATIbHOM
arare — 1o onepanuu KIII; 2) B paHHEM MOC/IEONIEPAIIMOHHOM TIEpHoJie — Yepe3 2 cyTok mociie KIII; 3) B oTmasieHHOM
riepuosie — cuycts 1 rog mocsie KIII. Bee 260 manueHTOB B J0OMEPAIIMIOHHOM ITepUO7ie OBLTH UCXOTHO aCTUPUHYYBCTBU-
TeabHBIMHU (AY). AKTUBHOCTb CHCTEMHOTO BOCIAJIUTEIFHOTO OTBETA HA OMEPATUBHOE BMENIATETHCTBO OLEHUBAIACH 110
KOHIIEHTPAINHU UHTepIeiKknHa-6 (MJI-6) 1 BhicOKOUyBCTBUTENBHOTO C-peakTrBHOTO Gesika (BuCPB) B cChIBOPOTKE KPOBH,
a CTereHb BBIPAKEHHOCTH DH/IOTETHONATHH — I10 YPOBHIO sHA0Te nHA-1 (9T-1). Takke Mcceie[oBaaIn arperamuoHHy0
aKTHUBHOCTH TpoMOoIuTOB (AAT). K acnupuHpe3ucTeHTHBIM (AP) manueHTaM Mbl OTHOCHJIU TeX JIUI, y KOTOPBIX AAT He
JIOCTHUTAJIA IleJIeBbIX 3HaueHu Ha ¢oHe npuema ACK B 103€ 100 MT/CyT U CHIDKaIACh MeHee YeM Ha 50 % B CDaBHEHHH C
HMCXO/HBIMU TTapaMerpaMu. JIJisi aHIN3a BIUSHUSA PA3JIMUHBIX (PakTOpoB (MpeaukTopoB) Ha AAT nmpuMeHsICS METOJ,
JIMHEWHOTO TIOIIAr0BOTO PErPECCHOHHOTO aHAIN3A C BKJIIOUEHHUAMHU. [[Jyis onleHKU BiausgHuA Ap Ha puck passutus CCO
HCII0JIb30BAJICS METO/] OMHAPHOH JIOTUCTUYECKOU PETPECCUH, IS OTIEHKH CBA3U KITMHUKO-Tab0paTOPHBIX IIPEUKTOPOB C
PUCKOM pa3BUTHUA KOHKpPeTHBIX BU1I0B CCO — JIMHEHBIN TUCKPUMUHAHTHBIN aHamu3. B kauectBe CCO paccmaTpuBasin:
penuanB creHokapanu, nHdapkT Muokapaa (MIM), nekommeHcaiuo cepaednoi Hemocratounoctd (CH) 1 BHe3amHyo
KOPOHAPHYIO CMEepTh.

PesyanbTarthl. Ap BbisiBIeHa y 122 vell. (46.9 %) Ha 2-e cyrku nocyie KIII. Ata koropra mamueHTOB BbIZieJieHa B
OCHOBHYIO rpymmy. B rpymnmy cpaBHeHus Borun 138 uen. (53 %), Y KOTOPBHIX COXPAHUIACH ACHUPUHUYBCTBUTEIHLHOCTD
(Au). Cmycts TOJ TIOCTIe OTIEpaTUBHOTO BMemaTesabeTBa (Ha (oue mpuema ACK B 103e 100 Mr/cyT) mosst AP maiueHToB
YMEHBIIWIACh 10 62 Yel., COCTaBUB 24 % OT UCXOAHBIX AU mMarueHTOB B JOOMEPAIMOHHOM mepuoze. bruio mpoBeeHo
CpaBHEHHE B JIBYX IPyIIax O0JIbHBIX TAKUX MMOKazaTesnel, kak NJI-6, BuCPB, 9T-1, AAT Ha Bcex Tpex aramax o0ciejoBa-
Hus, a BpeMs UK u xouyecTBo KopoHapHbIX yHTOB (KKIII) — HermocpecTBeHHO ocsie BoinosiHeHus KIII. B ocHOBHOM
rpynne (AP mamueHThI) BbISBJIEHBI 3HAUUTEIHLHO 00Jiee BHICOKUE ITOKA3ATENN UCCIIEyEMBIX IIaPAMETPOB, UeM B I'PYIIIE
cpaBHeHUs (CTATHUCTUYECKH IOCTOBEPHBIE) KaK Ha 2-€ CYyTKH, TaK U CIycTs 1 roA moce mposezerus KII. CCO BbIsBIEHBI
y 53 u3 260 ues. (20.4 %) npu HAGIOZIEHUHU B TeueHue rofa. OHU paclpeesInCh CIeTYIONIIM 06pa3oM: PEIUINB CTe-
HOKapauu — 37 uell. (14.2 %); UM — 7 gen. (2.7 %); nekommnencarust CH — 5 yes. (1.9 %); BHe3ammHas KOPOHapHAs CMepPTh —
4 4en. (1.5 %). Bena pazpaborana MaTeMaTuyecKas MOZeb i nporao3upoBanus pucka CCO nmocse KIII ¢ nenbro yiryd-
IIEHUS OT/TAJIEHHOTO IIPOTHO3a [TOCJIE ONIEPATHBHOTIO BMEIIATeIbCTBA. B pesysibTaTe perpecCHOHHOTO aHAIN3a HaMuU ObLia
MOJIydeHa COBOKYITHOCTh U3 IATH IIPEUKTOPOB, CTATUCTUYECKN 3HAUNMO cBA3aHHBIX ¢ AAT: 9T-1, NJI-6, BuCPB, Bpems
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UK, xKIII. YpaBHeHue perpeccui, o3poJiAmoliee CIporHo3uposaTh 3HadeHue AAT Ha 2-e cyTtku nocse KIII, numesno Buna:
AAT = 34.40 + 0.45 - 1JI-6 + 0.92 - 3T1 + 0.25 - Bpemsa UK + 0.73 - BuCPb + 0.13 - kKIII, re 34.40 — cBOOOIHBIH UJieH
YpaBHEHHS.

Takum 06pa3oMm, Mo BbrarcaeHHOH BemanHe AAT MOKHO OGyZIeT Cy/TUTh O HAUIMYUH JTU00 A4, 1160 Ap /7151 KOHKPETHOTO
nHauBuayyMa. [Ipu onenke B3anmocBsasu Ap ¢ puckom CCO y nanuenTos nocste KIII B yeinoBusax K meTomom 6uHapHOM
JIOTUCTHYECKOH perpeccuul ObUIO orpesiesieHo, YTo AAT sABJIfAeTCsA CTaTHCTHYECKH 3HAYNMbIM IPDOTHOCTUYECKUM (haKTo-
poMm a1 CCO (2 = 21.0; p = 0.013). C TOMOIIBIO AUCKPUMUHAHTHOTO aHAJIN3A CO3/JaHa MaTeMaTudecKas MOJieslb, I03BO-
JIAOIIAsA OIIPe/ie/INTh BepoATHOCTb pa3BuTua CCO onpezeneHHbIX BUAOB y nanuenTos nocie KII B ycimosuax UK.
3akKJI04eHHue. BoipaxkeHHOCT cucTeMHOr0 BocnanuresbHoro oreera Ha KIII B yesroBusax MK Biusier Ha pazBuTue
WHIyIUPOBaHHOU Ap. [TepcucTeHINA CHCTEMHOU BOCIIAJINTEIFHOU PEaKIIy aCCOLMUPOBaHa ¢ IIPOJIOHTanuei Ap B oTia-
JIEHHOM II0CJIEOTIEPAIOHHOM IIepro/ie. PerpecCHOHHBIN aHAIN3 BBIABUJI B2KHYIO POJIb MAPKEPOB CHCTEMHOT'O BOCITAJIH-
TeJILHOTO oTBeTa u sHoTesnonaruu (MJI-6, BuCPb, 9T-1) B pazBuTuu peHomeHa Ap y Hal[MEeHTOB, IEPEHECIIINX OIepa-
nuto KIII B yenousax K. MaTemaTuyeckas MO/ieJlb, CO3/laHHasA IIPU IIOMOIITY JUCKPUMUHAHTHOTO aHAJIN3a, C TOYHOCTBIO
mporHo3a 87 % Mo3BOJIAET MpecKa3aTh BepoAaTHOCTh pa3BuTus CCO (penuaus crenokapanu, UM, nexommnencaiius CH,
BHe3aIHasi KOPOHAPHAsl CMEPTh) Y MaIueHTOB, nepeHecuux onepaiuio KIII B ycaousax UK. K 3HaunMbIM akTopam
pucka CCO oTHOCSATCSA: ITUTEIBHOCTD HaX0XKAeHus nanueHTa B yeaoBusax UK, semunast AAT, NJI-6, BuCPb 1 T-1. Kop-
PeKIsA JaHHBIX GAKTOPOB ITO3BOJIUT YIIYUIIUTh OTAAJIEHHBIH IPOrHo3 mocye onepanuu KIII y manuentos ¢ UBC.
Kaouesnble cao8a: KOPOHAPHOE IIyHTUPOBaHUe, aCIIUPUHOPE3UCTEHTHOCTD, IIPOBOCHAINTE/IbHbIE IIUTOKUHBI, CUCTEM-
HBII BOCIIQJINTEJIbHBIN OTBET.

Oo60pasen murupoBaHusna: AranneB /[.A., Koctiouenko I'.11., 3ateeB A.B., I'pubona I'.B., Jleckosa C.C., Cy6-
6otuH E.A. MaTemaTtuyeckas MOZEb IPOTHO3UPOBAHUS PHUCKA ACIUPUHOPE3UCTEHTHOCTH U CEP/IEIHO-COCYTUCTHIX
ocokHeHn# y manueHtoB ¢ UBC mocae xoponapHoro myHtupoBanus // Journal of Siberian Medical Sciences.
2023;7(4):95-112. DOI: 10.31549/2542-1174-2023-7-4-95-112

A mathematical model for predicting the risk of aspirin resistance
and cardiovascular complications in patients with coronary artery
disease after coronary bypass surgery
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ABSTRACT

Introduction. After on-pump coronary artery bypass grafting (CABG) surgery, the problem of prevention of
bypass graft thrombosis, following the development of the phenomenon of induced aspirin resistance (Ar) remains unre-
solved.

Aim . To study the clinical and laboratory signs associated with the development of Ar, as well as to assess the signifi-
cance of this phenomenon in the risk of cardiovascular complications (CVC) in patients with coronary artery disease (CAD)
which who underwent on-pump CABG surgery, using mathematical modeling.

Materials and methods. Astudyincluded 260 men aged 45 to 70 years (58.2 + 6.8 years) with a diagnosis
of CAD (stable angina pectoris of II-IV functional class (FC) (234 people) and silent myocardial ischemia of II-IV FC (26
people)). All patients received conventional therapy, including beta-blockers, angiotensin-converting enzyme inhibitors,
nitrates, statins and acetylsalicylic acid (ASA). Myocardial revascularization was performed by on-pump CABG. Blood
sampling for the assessment of laboratory risk factors (RF) of Ar was carried out at three stages: 1) at the prehospital
stage — before CABG; 2) at the early postoperative period — 2 days after CABG surgery; 3) in the long-term postoperative
period — 1 year after CABG surgery. At baseline, during the preoperative period, all 260 patients were aspirin sensitive (AS).
Systemic inflammatory response to surgical intervention was assessed by the level of interleukin-6 (IL-6) and highly sensi-
tive C-reactive protein (HSRP) in the blood serum, and endotheliopathy was assessed by the level of endothelin-1 (ET-1).
Platelet aggregation activity (PAA) was also studied. We classified as aspirin resistant (AR) patients, those individuals
whose PAA did not reach target values while they were taking ASA at a dose of 100 mg/day, and decreased by less than 50%
compared with the baseline parameters. To analyze the impact of various factors (predictors) on PAA, the linear stepwise
regression analysis with inclusions was used. Binary logistic regression was used to assess the influence of Ar on the risk of
developing CVC, and linear discriminant analysis — to assess the relationship of clinical and laboratory predictors with the
risk of developing specific types of CVC. Recurrence of angina pectoris, myocardial infarction (MI), decompensation of
heart failure (HF) and sudden cardiac death were considered as CVC.
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Results. Arwasdetected in 122 people (46.9%) on the 2nd day after CABG. This cohort of patients constituted the
main group. The comparison group included 138 people (53%) who remained aspirin sensitive (AS). A year after surgery
(and taking ASA at a dose of 100 mg/day this year), the proportion of AR patients decreased to 62 people, amounting to
24% of AS patients at baseline in the preoperative period. In two groups of patients, we compared such indicators as IL-6,
HSRP, ET-1, PAA at all three stages of the study, while the cardiopulmonary bypass time (CBT) and the number of coro-
nary bypass grafts (NBGs) — immediately after the CABG. In the main group (AR patients), much higher levels of the stud-
ied parameters were revealed than in the comparison group (statistically significant) both on the 2nd day and 1 year after
CABG. CVC were detected in 53 out of 260 people (20.4%) during one year follow-up. They were distributed as follows:
recurrence of angina pectoris — 37 people (14.2%); MI — 7 people (2.7%); decompensation of HF — 5 people (1.9%); sudden
cardiac death — 4 people (1.5%). A mathematical model was developed to predict the risk of CVC after CABG in order to
improve the long-term prognosis after surgery. As a result of the regression analysis, we got a set of five predictors that are
statistically significantly related to PAA: ET-1, IL-6, HSRP, CBT, NBGs. The regression equation, which allows predicting
the value of PAA on the 2nd day after CABG, had the form: PAA = 34.40 + 0.45 - IL-6 + 0.92 - ET-1 + 0.25 - CBT +
+ 0.73 - HSRP + 0.13 - NGBS, where 34.40 is the absolute term of the equation.

Thus, according to the calculated PAA value, it will be possible to concluded the presence of either As or Ar for a particular
individual. When assessing the relationship of Ar with the risk of CVC in patients after on-pump CABG, using binary logis-
tic regression, it was determined that PAA is a statistically significant prognostic factor for CVC (x* = 21.0; p = 0.013). Using
discriminant analysis, a mathematical model has been created to evaluate the probability of developing certain types of
CVC in patients after on-pump CABG.

Conclusion. Thegrade of systemic inflammatory response to on-pump CABG affects the development of induced
Ar. The persistence of a systemic inflammatory reaction is associated with the prolongation of Ar in the long-term postop-
erative period. The regression analysis revealed an important role of systemic inflammatory response markers and endo-
theliopathy (IL-6, HSRP, ET-1) in the development of the phenomenon of Ar in patients undergoing on-pump CABG. The
mathematical model, created by utilizing discriminant analysis, makes it possible to predict with the accuracy of 87% the
probability of developing CVC (recurrence of angina pectoris, MI, decompensation of HF, sudden cardiac death) in patients
who underwent on-pump CABG. Significant risk factors for CVC include: CBT, the levels of PAA, IL-6, HSRP and ET-1.
Correction of these factors’ parameters will improve the long-term prognosis in patients with CAD after CABG.
Keywords: coronary artery bypass grafting, aspirin resistance, proinflammatory cytokines, systemic inflammatory
response.
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BBEJAEHHNE

VckyccTBEHHOE  SKCTPAKOPIOPAIBHOE KPOBO-
obparnenue (MK), 6e3yc/ioBHO, pacuIupsieT BO3MOXK-
HOCTH KapAHUOXUPYPTUUYECKUX PEKOHCTPYKTUBHBIX
omeparnuii Ha KOPOHAPHBIX apTEPHUAX CEPAIA, UTO
[I03BOJISIET ITPOBOJIUTH KOPOHAPHOE IIYHTUPOBAaHHE
(KIIT) mpu 110601 JIOKATU3aIMH aTePOCKIEPOTHYE-
CKOTO IOP)KEHUsA KOPOHAPHBIX apTEPUU W CyIIe-
CTBEHHO YJIy4IIaTh KA4eCTBO U IIPOIOJIKUTETHHOCTD
JKU3HU TMAIIUEHTOB C HIIEMHUYECKOH 00JIe3HBIO
cepana (MUBC). OyiHako, HECMOTPSI Ha JIOCTUTHYThIE
yCIIEXH B COBEPIIEHCTBOBAHUY XUPYPTUUECKUX TeX-
HOJIOTUU TPOBEJEHUsS PEBACKYJISIPU3AIUN MHUO-
Kap/ia, 0CTaeTcs HepeleHHOU mpobiema 3 deKTuB-
HOHM BTOPHYHOH NPOGUIAKTHKUA TPOoM0OO3a COCy/U-
CTOTO IIIYHTA U IPYTUX OCJIOKHEHUH [1].

OOLIENTPHUHATEIM CTAHAAPTOM BTOPHUYHOM IIPO-
(unakTuku TpombO3a ILIYHTA, IPOBOAUMON IoOCse
KIII, sBisgercsa HasHaueHHE AalleTHJICAJIUIINIOBOM

INTRODUCTION

Cardiopulmonary bypass, of course, expands the
possibilities of cardiac reconstructive operations
involving coronary arteries, which allows to use cor-
onary artery bypass grafting (CABG) for any localiza-
tion of atherosclerotic damage to the coronary arter-
ies and significantly improve the quality of life and
life expectancy in patients with coronary artery dis-
ease (CAD). However, despite the advances in surgi-
cal technologies for myocardial revascularization,
the problem of effective secondary prevention of
bypass graft thrombosis and other complications
remains unresolved [1].

The gold standard for secondary prevention of
bypass graft thrombosis after CABG is the prescrip-
tion of acetylsalicylic acid (ASA) [2]. However, some
patients (45—-60%), who underwent CABG surgery,
turned out to be resistant to the disaggregation activ-
ity of ASA in the early postoperative period, and it is
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kucsotel (ACK) [2]. OpgHako yacTh manueHToB (45—
60 %), onmepupoBaHHbiXx MeronoMm KIII, oka3sbiBa-
IOTCSI HEBOCIHPUUMUYUBBIMU K [l€3aTPEraHTHOMY
addexty ACK B panHeM IOCIE0NIePAalHOHHOM ITEPH-
oJle, IPUYEM U3BECTHO, YTO DTO XaPAKTEPHO TOIHKO
TS JIATI, ONIEPUPOBAHHBIX B ycoBusax MK [3].

[To mauHBIM psAza aBTOPOB popMUpOBaHUE HEHO-
MeHa aCIUPUHOPE3UCTEHTHOCTH (Ap) CONMPSIIKEHO €
MOBBIIIIEHHBIM PHUCKOM TPOMOUPOBAHUS COCYAH-
CTOTO TpaHCIUIaHTaTa M 6ojiee BBICOKOH CMEpPTHO-
CTBIO MAIUEHTOB [4—6]. HecMOTps Ha myOIMKaIiuio
3HAYUTEJILHOTO KOJIMYECTBA PabOT B 3TOM HaImpaBs-
JIEHUH, TMPUYNHBI M MEXaHU3MbI AP OCTAIOTCS 0
KOHIIA He U3YUEeHHBIMU.

B 9TOIl CBA3M aKTyaJ bHBIM HaIlpaBJIEHUEM B
reMaTOJIOTUM W CEePAEYHO-COCYAMCTON XUPYPTIUH
SIBJISIETCS BBIABJIEHNE KJIMHUKO-J1a00PAaTOPHBIX IIpe-
JIUKTOPOB, CBA3aHHBIX C PA3BUTHEM AP, a TaKKe
OIleHKA JIAaHHOTO (eHOMeHa B PHCKE Pa3BUTHUA
cepaeaHo-cocymucThIx ocnoxkHeHui (CCO) y manu-
eHTtoB ¢ IBC, onepuposannbix MerogoM KIII B ycsio-
Busix K [7, 8]. BeiaBieHue npeinkTOpoB Ap sIBJIS-
eTCsl BAKHBIM HaIpaBJeHUEM B paMKax MePOIpHUs-
TUH, HATIPABJIEHHBIX HA MPODUIAKTUKY 3TOTO (DeHO-
M€eHa, CIIOCOOCTBYIOIUM CHIKEHHIO PUCKA OCJIOXK-
Henu nmocie KII u yoydimeHHIo MPOTHO3a IOCTIe
omeparuu [9].

HOEJb NCCJIEJOBAHUA

V3yauth KIMHUKO-71a00paTOpHbIE IPHU3HAKU,
CBA3aHHBIE C pa3BUTHEM Ap, a TaxKe OIEHUTH JaH-
HbIU (peHOMEH B prcke pazButua CCO y MammeHToB ¢
NBC, onepupoBannbix MerozioM KIII B yesroBusax UK,
C IIOMOIIIbIO MaTeMaTU4eCKOT0 MO/IeIMPOBAHUA.

MATEPUAJIBI 1 METO/IbI

IIpoBeneHO NIPOCHEKTHUBHOE
CpaBHUTEJIBHOE HCCIelOBaHUe.

Kputepum BKIIOUEHNA B UCCJIEJOBAHNE:

* MY?>KUMHBI B BO3pacre /10 70 JIeT;

e cTabwiIbHAsl CTeHOKapus HampsokeHus [[-IV
dyuknuonanbHoro kiacca (®K), moaTsep:KaeHHas
aHruorpaduell W TOJIOKUTEIBHBIMU HArpy304-
HBIMU ITpobamMu;

* TOKa3aHUA K KODOHAPHOMY LIYHTUPOBAHUIO 110
IaHHBIM KopoHapoaHnruorpaduu (KATD);

e Hajnuuue HHOOPMHPOBAHHOIO COIJIacUd Ha
NIpOBeJIeHNe HCCIIe/IOBaHUA.

Kpurtepun HcKII0YeHUA U3 UCCJIeIOBAHUA: JKeH-
CKUI T1I0JI; TlepeHeceHHBI WHGApPKT MHOKapzia
MeHee 6 Mec Ha3aJ; IepeHeCceHHOe OCTpoe HapyIle-
HHEe MO3TOBOTO KpOBOOOpAIlleHHs MeHee 6 Mec
Has3aJ[; HaJInuue XpOHUYIECKOH cep/ileuHol HezjocTa-
tou”octd (CH) III-IV ®K mo NYHA co cHukKeHueM

OJTHOIIEHTPOBOE

known that this is typical only for individuals who
underwent on-pump CABG [3].

According to several authors, the phenomenon of
aspirin resistance (Ar) is associated with an increased
risk of bypass graft thrombosis and a higher mortality
level of patients [4—6]. Despite the publication of a sig-
nificant number of works in this direction, the causes
and mechanisms of Ar remain not fully studied.

In this regard, arelevant direction in hematology
and cardiovascular surgery is the identification of
clinical and laboratory predictors associated with the
development of Ar, as well as the assessment of this
phenomenon in the risk of cardiovascular complica-
tions (CVC) in patients with CAD after on-pump
CABG [7, 8]. Identification of predictors of Ar is an
important direction among of measures for prevent-
ing this phenomenon, contributing to reducing the
risk of complications after CABG and improving the
prognosis after surgery [9].

AIM OF THE RESEARCH

To study clinical and laboratory signs associated
with the development of Ar, as well as to assess this
phenomenon in considering the risk of developing
CVC in patients with CAD after on-pump CABG
using mathematical modeling.

MATERIALS AND METHODS

A prospective single-center comparative study
was conducted.

Inclusion criteria:

« men under the age of 70;

« stable angina pectoris of functional class (FC)
II-IV according to the results of angiography and
positive exercise tolerance tests;

« eligibility for coronary artery bypass grafting
according to coronary angiography (CAG);

« the presence of the signed informed consent to
conduct participate in the study.

Exclusion criteria: female gender; myocardial
infarction <6 months ago; acute cerebovascular acci-
dent <6 months ago; chronic heart failure, NYHA
ITI-1V with reduced left ventricular ejection fraction
(LVEF) <40% according to the echocardiography
results; atrial fibrillation; severe concomitant dis-
eases that negatively affect the prognosis (chronic
obstructive pulmonary disease, hepatic and renal
failure, oncopathology); combination of CAD with
valvular heart disease; Ar at baseline.

In 2014—2018 years, 260 men aged 45—70 years
(58.2 + 6.8 years) with a diagnosis of CAD (stable
angina pectoris and silent myocardial ischemia) were
examined on the basis of the Cardiac Surgery Depart-
ment of the Regional Clinical Hospital (Barnaul).
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dpakmuu BbIOpOca JseBoro skenyaouka (PBJIK)
<40 % 10 pe3yJsbTaTaM 3XOoKapjuorpaduu; HaIu-
yre GUOPUILIAIUN TIPEICEPINI; HAUTUUHE TAKEIIbIX
COITyTCTBYIOIUX 3a00JIeBaHUM, OTPULIATEIBHO BJIU-
SIFOIIUX Ha IMPOTHO3 (XpOHHWYECKash OOCTPYKTUBHAS
60J1e3Hb JIETKUX, TEYEHOUHAS U [TOUeUHAasT HeJ0CTa-
TOYHOCTb, OHKOIIATOJI0rHs1); coueranue VIBC ¢ marto-
JIOTHEH KJIAIaHOB Cep/Ilia; UCXOTHasA Ap.

B 2014—2018 rT. Ha 6a3e KapAUOXUPYPTUUECKOTO
otnenenuss KI'bY3 «Kpaepas ximHHYecKas 0OJIb-
Huna» (r. bapHays) obcienoBaHO 260 My>KYHUH B
Bo3pacre 45—70 JieT (58.2 + 6.8 rozia) ¢ AMATHO30M
NBC (crabuibHast cTeHOKapAus U 6e300s1eBas uille-
MU MUOKapaa). B manHoe ucciieloBanye He ObLUIH
BKJIIOUEHBI JKEHIITUHBI B CBA3H C MaJIbIM KOJIUYe-
CTBOM IAIIMEHTOK, KOTOPbIM ObLIO mokazano KIII.
CrabunbHas creHokapaus II @K 6buta guarHocTu-
poBaHa y 66 uein. (25 %), III ®K — y 116 (45 %),
IV ®K — y 52 yes. (20 %). BezbosieBast uieMust MUO-
Kapza OpL1a BhIsIBJIEHA Y 26 et (10 %). [1pu ucce-
moBanun ®BJDK ObUIH TOJyUeHBI CIIEAYIOIIHE
pesysbTaThl — cHmKeHue PBJIK Gostee 50 % BbISIB-
JeHa y 50 % OospHBIX, DBJIXK or 40 510 50 % —
v 38 % u ®BJIJK 0T 30 110 40 % — y 12 % GonbHBIX. ITo
nmaHHbiM KAT 146 marnueHToB (56 %) uMeJu 2 mopa-
JKeHHbIe apTepuu, 88 manueHToB (34 %) — 3 u 6071ee
CTEHO3UPOBAHHBIE KOPOHAPHBIE apTEPUH, 26 TaIH-
eHTOB (10 %) — 1 IOpa’KEHHYI0 apTEPHIO0 CO CTEHO-
30M Oosiee ueM 70 % IpocBeTa cocyaa. Aprepruanb-
Hasl THIEPTeH3us Obuia y 164 TAIUEHTOB, aTepo-
CKJIEPO3 apTepPU# TOJIOBHOTO Mo3ra — y 138 uelr.,
aTepoCKJIEpO3 apTepuil HIKHUX KOHEYHOCTEH —
Yy 42 4es., o)KUpeHHe — y 26 4yes. Bce manueHTsI
MOJIy4yayId CTAaHJAPTHYIO Tepanuio, BKJIIOYAIOLIYIO
[(-aspeH06I0KaTOPhl, MHIHMOUTOPHl AHTHOTEH3UH-
npeBparmamoiiero ¢gpepMeHTa, HUTPAThl, CTATUHBI U
ACK. MeTozoM XWUPYPrHYECKOTO JeUeHHs ObLia
peBackynsapusanusa mMuokapza — KIII B ycinoBuax
UK. Mbl npuiepKUBJINCh IPUHIUIIA JIOCTHKEHUS
MaKCUMaJIbHON peBacKyJIApU3aIllil MUOKapza u
BBITOJIHSTH IITYHTHPOBAHUE BCEX CTEHO3HMPOBAHHBIX
6osiee yeM Ha 70 % OT MPOCBETA COCyZla U JHaMe-
TPOM He MeHee 1.5 MM KOPOHApHBIX apTepuil [10].
JITATEIhHOCTDh OKKJIIO3UHM aOPTHhI BO BpeMsl OIlepa-
MU 3aBHCEJIAa OT KOJIMYECTBA BHIIIOJIHEHHBIX IIIyH-
TOB. [Ipy BBIIOJTHEHUH OJIHOTO LIIYHTa BPEM OKKJIIO-
3UHM A0PTHI COCTAaBHWJIO B CpPeIHEM 11.2 + 2.4 MUH,
JIByX IIYHTOB — 26.5 + 6.5 MHH, TpeX IIYHTOB —
40.3 + 8.2 muH. Bpemsa UK B rpymme Ap 6nU10
110.1 + 15.4 MUH, B TpyIIle aCTUPUHOUYYBCTBUTEIb-
HocTH (Au) — 71.0 + 6.8 muH. Cpeqiu Bcex 260 maru-
eHTOB, mnoaBeprHyTbix KIII, CCO pasBwiuch y
20.4 %. ITOT ypoBeHb BeposATHOCTU pa3sutus CCO
paccMaTpuBaM KaK allPUOPHBIN U B JaJIbHEHIIEM

Women were not included in this study due to the
small number of patients who were eligible for CABG.
Stable angina pectoris of FC II was diagnosed in
66 people (25%), FC III — in 116 (45%), FC IV — in
52 people (20%). Silent myocardial ischemia was
diagnosed in 26 people (10%). While assessing the
LVEF, the following results were obtained: LVEF
decrease >50% was detected in 50%, from 40 to
50% — in 38%, and from 30 to 40% — in 12% of
patients. According to the results of CAG, 146 patients
(56%) had two affected arteries, 88 patients (34%) —
three or more stenotic coronary arteries, 26 patients
(10%) — single affected artery with stenosis >70% of
the vessel lumen. Arterial hypertension  had
164 patients, cerebral artery atherosclerosis —
138 people, lower extremity atherosclerosis — 42 peo-
ple, obesity — 26 people. All patients received con-
ventional therapy, including beta-blockers, angioten-
sin-converting enzyme inhibitors, nitrates, statins
and ASA. The method of surgical treatment was myo-
cardial revascularization — on-pump CABG. We
adhered to the principle of achieving the maximal
myocardial revascularization and performed bypass
surgery of all coronary arteries with stenosis >70%
and with a diameter of at least 1.5 mm [10]. The dura-
tion of aortic occlusion during surgery depended on
the number of bypass grafts (NBGs). When perform-
ing one bypass graft, the aortic occlusion time aver-
aged 11.2 + 2.4 min, two bypass grafts —
26.5 + + 6.5 min, three bypass grafts — 40.3 + 8.2 min.
Cardiopulmonary bypass time (CBT) in the Ar group
was 110.1 £ 15.4 min, in the aspirin sensitivity (As)
group — 71.0 =+ 6.8 min. Among all 260 patients
undergoing CABG, CVC developed in 20.4%. This
level of probability of CVC was considered as a priori
and was later used to calculate the dependence of
platelet aggregation activity (PAA) with the risk of
CVC by binary logistic regression. The most signifi-
cant CVC in the long-term postoperative period
(1st year after CABG) were: recurrence of angina pec-
toris — 37 people (14.2%); myocardial infarction
(MI) — 7 people (2.7%); decompensation of HF —
4 people (1.5%); sudden cardiac death — 4 people
(1.5%). Blood sampling for the assessment of labora-
tory risk factors (RF) of Ar was carried out at three
stages: 1) at the prehospital stage — before CABG;
2) in the early postoperative period — 2 days after
CABG; 3) in the long-term period — 1 year after CABG.
To assess systemic inflammatory response in
blood serum by the enzyme immunoassay using
diagnostic kits from Peninsula Laboratories Interna-
tional, Inc. (USA), the concentrations of interleu-
kin-6 (IL-6), highly sensitive C-reactive protein
(HSRP) and endothelin-1 (ET-1) were determined.
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HCIIOJIb30BAJIM TP PacueTe CBA3U arperaruoHHOMN
akTUBHOCTH TpoMbonuToB (AAT) ¢ puCcKOM pa3BH-
tuss CCO wmeTomoM OWHAPHOW JIOTHCTUYECKOH
perpeccuu. Haubosee 3naunmpivMu CCO B oTiaieH-
HOM IIOCJIEOTIEPAIIOHHOM Ttepuoyie (1-Ui roJi mocsie
KII) Obutu: penuauB CTEHOKApAUU — 37 dYell.
(14.2 %); uadapkt muokapza (MM) — 7 uen. (2.7 %);
mexomneHcanus CH — 4 uwen. (1.5 %); BHe3amHas
KOpOHapHasi CMePTh — 4 4esl. (1.5 %). 3ab0p KpoBU
IUIA OLleHKU J1abopaTopHbIX (akTopoB pucka (DP)
Ap npoBoAMIICS HA TPeX 3Tamax: 1) Ha IOTOCIIUTAIb-
HOM a3Tare — 1o onepaiuu KIII; 2) B panHeM mocJe-
OIlepallMOHHOM Ilepuojie — depes 2 cyT nocie KIII;
3) B OT/IAJIEHHOM IIepHoJie — yepes 1 roj rmocsie KIII.
J1J1s1 OTIEHKY aKTHUBAIIHU CUCTEMHOTO BOCIIATATE b~
HOTO OTBETA B CHIBOPOTKE KPOBU HMMMYyHO(hEPMEHT-
HBIM METO/IOM IIPU IIOMOIIY IMArHOCTUIECKUX HA0O-
poB ¢upmel Peninsula Laboratories International, Inc.
(CIIIA) omipesesisiii KOHITEHTPAITUIO HHTEPJIEUKHUHA-6
(1JI-6), BBICOKOUYBCTBUTENHLHOTO C-pPeakTHBHOTO
6eska (BuCPB) u suporenmnaa-1 (9T-1).
Uccnenoanne AAT mpoBOAWIN C TOMOIIBIO
YeThIpeXKaHAJIBHOTO JIA3EPHOTO aHAJIN3aTopa arpe-
raruu TpombonintoB CHRONO-LOG Aggregometers
(CIIIA) o cranmapTHOM MeToauKe, onrcaHHou 3.C.
Bapkaranowm [11]. B kauecTBe WHyKTOpa arperamuu
KICIIOJIB30BAIH PAcTBOp afpeHannHa («TexHosorus-
Cranzmapr», Poccus) B KOHIEHTpaIruu 10 MKT/MJI,
TaK Kak a/IpeHaJINH B CPABHEHUU C PYTUMH UHIYK-
topamu (A/I® u KoJlareHoOM) B GOJIBINIEN CTENEHU
orpakaet 11OI'-1-3aBUCUMBIH IIyTh aKTUBALIH TPOM-
OOLIMTOB, KOTOPBIH, KaK H3BECTHO, M30UPaATEIHLHO
6s10xupyercs npenaparamu rpymmbs ACK [10].
AcniupuHUYBCTBUTENBHBIMU (AY) marueHTaMu
MBI CUUTAJIH TEX JIUII, Y KOTOPBIX PETYJIAPHBINA IpUeM
ACK cmocobctBoBan cHmkeHuto AAT Ha 50 % u
60Jee B CpaBHEHUU C UCXOTHBIMU 3HAUEHUSMU, UTO
CBUJIETEJILCTBOBATIO 00 3 deKkTuBHOCTH Je3arpe-
rauTHo mpodminaktuku. K AP mammeHTam MBI
OTHOCWJIU TeX Jiull, y KoTopbix AAT Ha doHe mpuema
ACK He mocTurasa mejeBbIX 3HaUeHUH U CHIUKAJIACh
MeHee 4eM Ha 50 % B CpPaBHEHHUH C HCXOJHBIMH
mapamMerpaMu. [1000HBIN TOAXO/ B BBISABJIEHUH AP
OIIHCaH PAZOM HcciiesoBaresier [11—13].
[TpoBenenue wccieoBaHusl ObLIO 0OHOOPEHO
JIOKAJIBHBIM 3THU4YeckuM komureroM @®I'BOY BO
«AJITaiCKUU TOCY/IapCTBEHHBIA MEUITUHCKUNA YHU-
BepcuteT» MuH3sgpasa Poccuu u coorBeTcTBOBasIO
STUYECKUM HOpMaM XeJIbCUHKCKOH JIeKJIapariuu
(2013). Bce 6ospHBIE TIOATIMCAIH WH(POPMUPOBAH-
HOEe CoIJIacue Ha yJacTHe B HCCJIEJIOBAHUH.
s oneHKHU cBA3U u3ydaeMbix OP ¢ hpeHomeHOM
Ap 1o ux BAUAHUIO Ha UHAMUKy AAT npumensiu
METOJi JIMHEHHOTO IIOIIaroOBOTO PErpecCOHHOTO

PAA was determined using a four-channel con-
figuration light transmission CHRONO-LOG
aggregometer (USA) according to the conventional
procedure described by Barkagan [11]. An epineph-
rine solution (Technology-Standard LTD, Russia) at
a concentration of 10 ug/ml was used as an aggrega-
tion inducer, since epinephrine, in comparison with
other inducers (ADP and collagen), largely reflects
the COX-1-dependent pathway of platelet activation,
which, as is known, is selectively blocked by drugs of
ASA group [10].

We considered aspirin sensitive (AS) patients to
be those individuals in whom regular intake of ASA
contributed to a decrease in PAA by 50% or more in
comparison with baseline values, which indicated
the effectiveness of disaggregant prevention. We
identified as AR patients those individuals in whom
PAA did not reach the target values while taking ASA
and decreased by less than 50% compared to the
baseline parameters. A similar approach to the Ar
detection has been described by a number of
researchers [11—13].

The study was approved by the local Ethical Com-
mittee of the Altai State Medical University and com-
plied with the ethical standards of the Helsinki Dec-
laration (2013). All patients signed informed consent
to take part in the study.

The linear stepwise regression analysis with
inclusions was used to assess the relationship of the
studied RFs with the phenomenon of Ar, based on
their influence on the dynamics of PAA. To assess the
Ar impact on the risk of CVC, binary logistic regres-
sion was used; and to assess the relationship of clini-
cal and laboratory predictors with the risk of devel-
oping individual types of CVC linear discriminant
analysis was used. Data processing and graphic pre-
sentation of the results were carried out using Statis-
tica 10 and Excel 2007 programs.

RESULTS

Before surgery, all 260 people (100%) had As
(PAA 35.4 + 3.3%) according to the study design. The
levels of IL-6 (2.6 + 0.3 pg/ml), HSRP (2.5 +
+ 0.3 mg/1), ET-1 (1.2 + 0.2 fmol/ml) did not exceed
the reference values, and platelet count was
182.9 + 14.0 thousand/ml, which also corresponded
to the reference value.

At the second stage of the study (2nd day after
CABG), in 122 people (47%) Ar was detected by
changes in the level of PAA level in comparison with
the baseline value (PAA 65.6 + 7.2 vs 35.4 + 3.3%;
P < 0.001). This cohort of patients constituted the
main group. The comparison group included
138 people (53%) in whom As remained (PAA
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aHa/IN3a ¢ BKIYEeHUAMU. 11 OLleHKU BIAUAHUA Ap
Ha puck pa3BuTus CCO HCIoIb30BaI MeTO1 OUHAP-
HOU JIOTUCTHYECKON PErpeccud, i OLEHKHU CBA3HU
KJIMHUKO-JIA00PATOPHBIX MPEIUKTOPOB C PHCKOM
pasBuUTHA KOHKpPeTHbIX BHIOB CCO — JIMHEWHBIN
JMUCKPUMUHAHTHBIN aHamun3. O6paboTKy MaHHBIX U
rpaduueckoe IpesicTaBjIeHUE PE3YJIbTATOB IIPOBO-
JUJIA C TIOMOIIBI0 KOMIIBIOTEPHBIX IIPOIPAMM
Statistica 10 u Excel 2007.

PE3YJ/IBTATDI

Jlo omepaTMBHOTO BMeIIATEIbCTBA Y BCEX
260 uei. (100 %) 6bu1a ucxomuas Au (AAT 35.4 +
+ 3.3 %) IO YCJIOBHIO JM3aliHA HCCIEIOBAHHA.
YpoBau WNJI-6 (2.6 + 0.3 nur/m), BuCPb (2.5 +
+ 0.3 mr/a), 9T-1 (1.2 + 0.2 PMoJIb/MJI) HE BBIXO-
JINJTY 32 paMKH pedepeHCHbIX 3HaUYeHUH, a YPOBEHb
TPOMOOITUTOB COCTABJISI 182.9 + 14.0 THIC./MKJI, UYTO
TOKE COOTBETCTBOBAJIO HOPMAJIbHBIM ITOKA3aTEJISIM.

Ha Bropom »Tame wuccienoBaHusi (2-e CyTKH
rocsie KIII) y 122 ges. (47 %) OpLia BeisiBJIeHA Ap 110
n3MeHeHnIo ypoBHA AAT B CpaBHEHHU C UCXOTHBIM
sHauenueMm (AAT 65.6 + 7.2 vs 35.4 = 3.3 %;
P < 0.001). ATa KOropra MamueHToB ObLIa BbI/IeJIeHa
B OCHOBHYIO TpyIlly. B rpymmy cpaBHEeHHs BOIILIN
138 uen. (53 %), y KoTopbIx coxpaHsitach Au (AAT
40.6 £ 3.5 VS 35.4 = 3.3 %; p > 0.05). Paznuuus B
ypoBHe AAT mexay rpynnamu AP u AY 6bUTH cTaTh-
CTUYECKH 3HAUYUMBIMU Ha 2-e cyTku mnocjae KIII
(65.6 + 7.2 vs 40.6 + 3.5 % COOTBETCTBEHHO;
P < 0.001) (Tab. 1).

B obeux uccireryeMbIx rpymnmnax — ocHOBHOH (AP)
u cpaBHeHUs (AY) — OTMeUeH 3HAYUTEJIbHBIH POCT
KOHITeHTpaIuu B KpoBu MJI-6 Ha 2-e CyTKH IMOCjIe
omepanuu (23.0 + 3.6 M 12.1 + 3.7 VS 2.6 + 0.3 1/ MJI;
P < 0.001, p < 0.01 cooTBeTcTBeHHO). [Ipn sTOM B
OCHOBHOI TpyImIe cpenHee 3HaueHue NJI-6 ObLIO
JIOCTOBEPDHO BBIIIlE, YeM B TpYIIle CPaBHEHUsS
(23.0 £ 3.6 vs 12.1 £ 3.7 ir/MJT; p = 0.043). Takke B
obenx rpynmax ObUI 3HAYUTEIBHO 0OJiee BBICOKHI
ypoBeHb BUCPD B KpOBH 110 CpPABHEHUIO C NCXOIHBIM
(20.0 £ 3.3 1 11.2 £ 2.7 VS 2.5 + 0.3 MI'/J; p < 0.001,
P < 0.01 COOTBETCTBEHHO), HO B OCHOBHOH TpYIIIIEe
BUCPD cyIiecTBEHHO IPEBBIIIAT TAKOBOU B TPYIIIE
cpaBHeHHUSA (20.0 £ 3.3 VS 11.2 + 2.7; p = 0.042).
CpaBHUTENBHBIN aHaMN3 ypoBHA DT-1 B rpymmax AP
u AY Ha 2-e CyTKH IOKa3aJI, YTO B 00euX Ipymax oH
ObLI BBIIIE HCXOAHOTO 3HaueHus (15.8 + 3.5 u
7.1 £ 2.4 Vs 1.2 £ 0.2 PpMoJb/J1; p < 0.005, p < 0.01
COOTBETCTBEHHO), U B rpynne AP jgaHHBIN HOKa3a-
TeJIb ObJI CTATHCTHYECKH 3HAYMMO BBIIE, YEM B
rpynne AY (15.8 + 3.5 vs 7.1 = 2.4 GbMoib/7;
P = 0.040). KonudectBO TPOMOOITUTOB B ITUPKYJIH-
pYyIOIEed KPOBH Ha 2-€ CYTKH YBEJIMYMJIOCH 32 CUET

40.6 + 3.5 Vs 35.4 + 3.3 %; p > 0.05). Differences in
the level of PAA between the AR and AS groups were
statistically significant on the 2nd day after CABG
surgery (65.6 + 7.2 vs 40.6 + 3.5%, respectively;
p < 0.001) (Table 1).

In both groups, the main (AR) and comparison
(AS), there was a significant increase in the concen-
tration of IL-6 in the blood on the 2nd day after sur-
gery (23.0 £ 3.6 and 12.1 + 3.7 vs 2.6 + 0.3 pg/ml;
P < 0.001, p < 0.01, respectively). At the same time,
in the main group, the average value of IL-6 was sig-
nificantly higher than in the comparison group
(23.0 £ 3.6 vs 12.1 + 3.7 pg/ml; p = 0.043). Also, in
both groups, there was a significantly higher level of
HSRP in the blood compared to the baseline level
(20.0+3.3and 11.2 £ 2.7vs 2.5 + 0.3 mg/1; p < 0.001,
P < 0.01, respectively), but in the main group, HSRP
significantly exceeded that in the comparison group
(20.0 £ 3.3 Vs 11.2 + 2.7; p = 0.042). A comparative
analysis of the ET-1level in the AR and AS groups on
2nd day showed that in both groups, it was higher
than the baseline level (15.8 + 3.5 and 7.1 + 2.4 vs
1.2 + 0.2 fmol/l; p < 0.005, p < 0.01, respectively),
and in the AR group this indicator was statistically
significantly higher than in the AS group (15.8 + 3.5
vs 7.1 + 2.4 fmol/l; p = 0.040). The platelet count on
2nd day increased due to compensatory thrombocy-
tosis in both groups — in the main group to
445.9 + 35.0, and in the comparison group to
472.2 + 32.1 thousand/ml, which was statisti-
cally significantly more than before surgery
(182.9 + 14.0 thousand/ml; p < 0.005, p < 0.01,
respectively). The groups did not differ from each
other in this indicator (445.9 + 35.0 Vs 472.2 + 32.1,
respectively; p = 0.956).

At the third stage of the study (1 year after sur-
gery while taking ASA at a dose of 100 mg/day), the
proportion of AR patients decreased from 122 to
62 people, amounting to 24% of the AS patients in
the preoperative period. In 198 (76%) AS patients,
the average values of PAA (34.2 + 3.2%) reached the
target values and virtually did not differ from the
baseline values (35.4 + 3.3%) in the preoperative
period (p > 0.05). In this group, the levels of IL-6,
HSRP and ET-1 also decreased to the baseline values
and did not differ significantly from them.

On the contrary, in the AR group, the average val-
ues of PAA were elevated relative to the preoperative
values (64.1 + 7.0 vs 35.4 + 3.3%; p < 0.01). The con-
centration of IL-6, HSRP and ET-1 tended to
decrease, but did not reach the baseline values, and
was elevated relative to the preoperative level
(5.70 £ 0.62vs 2.6 + 0.3 pg/ml, p < 0.05; 8.10 £ 1.40
vs 2.5 £+ 0.3 mg/ml, p < 0.02; 9.8 + 3.2 vs 1.2 £
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Ta6smmua 1. CpaBHUTEIbHBIA aHA/IN3 KJIMHUKO-/1a60paTOPHBIX apaMeTpos rpynn A4 u AP nanueHTOB Ha aTanax

HCCieJOBaHUA

Table 1. Comparative analysis of clinical and laboratory parameters of AS and AR patients at stages of the study

Jlo onepanumn

2-e CYTKH NOoCJie onepanuu

1 roj mocJie onepanuu

Before surgery 2nd day after surgery 1 year after surgery
AR AP / AR LRI AP / AR
(rpynma (rpynma
IlapameTpsbl (ocHOBHas (ocHOBHas
A4 / AS cpaBHeHHuH /[ cpaBHeHUA /[
Parameters - . rpynna / D, - rpynna / D,
n=260 comparison - 2 comparison . o8
roup) main group) group) main group)
g n=122 n=62
n=138 n=198
1 2 3 4 5
AAT / PAA (%) 354+33 40.6 + 3.5 65.6 + 7.2* <0.001 34.2+3.2 64.1 +7.0* <0.001
WUJI-6 (tr/ma) 2.6+0.3 12.1 £3.7* 23.0 + 3.6* 0.043 290+0.53 5.70 £ 0.62* 0.024
IL-6 (pg/ml)
BYCPB (Mr/xn) 25+03 11.2 £ 2.7% 20.0 + 3.3* 0.042 3.20+1.70 8.10 + 1.40* 0.018
HSRP (mg/1)
3T-1 (dpmosb/ma) 1.2 +0.2 7.1 +2.4* 15.8 + 3.5* 0.040 0.83+0.21 9.8 + 3.2* <0.001
ET-1 (fmol/ml)
TpoMGOLUTEI 182.9 + 14.0 472.2+32.1*  4459+35.0* 0956 257.5+22.6* 267.8+289* 0968
(TbIC./MKJIT)
Platelets
(thousand/ml)
Bpemsa UK (MuH) - 71.0+6.8 110.1+15.4 0.001 - - -
CBT (min)
kKII / NBGs - 2.1+0.2 32+03 0.022 - - -

IpumMmevyaHU4d:

AY - acnuprH4YYBCTBUTe/IbHbIE NManueHTbl; AP - acnupuHpe3ucTeHTHble nanueHTbl; AAT - arperanMoHHast

aKTHUBHOCTb TpoMGouuToB; WJI-6 - unTepeiikuH-6; BYCPB - BbICOKOUYBCTBUTENbHBIA C-peakTUBHBIN 6esok; IT-1 - angorenun-1; UK -
HCKycCTBEHHOe KpoBooGpaienue; KKII - kosin4ecTBO KOpOHAPHBIX LIYHTOB.
* PagHHLa CTAaTUCTUYECKH JOCTOBEPHA 10 CPABHEHHIO C UCXOJHLIM 3HaueHHeM (rpynna AY 0 onepanuu).

Note:

AS - aspirin sensitive patients; AR - aspirin resistant patients; PAA - platelet aggregation activity; IL-6 - interleukin-6; HSRP -

highly sensitive C-reactive protein; ET-1- endothelin-1; CBT - cardiopulmonary bypass time; NBGs - number of bypass grafts.
* The difference is statistically significant compared to the baseline value (the AS group before the surgery).

KOMITEHCATOPHOTO TPOMOOIUTO3a B O0EHX TIpyI-
Iax — B OCHOBHOM /IO 445.9 + 35.0, a B TPyIIIIe CpaB-
HEHUS JI0 472.2 + 32.1 ThIC./MKJI, YTO OBLIO CTaTH-
CTHYECKHd B3HAYUMO OOJIbllle, YeM [0 OIepamuu
(182.9 £ 14.0 THIC./MKJI; p < 0.005, P < 0.01 COOTBET-
CcTBEHHO). Mexay coboil 10 JaHHOMY ITOKa3aTesIio
TPYIIIIBI HE Pa3/INYaInCh (445.9 £ 35.0 VS 472.2 + 32.1
COOTBETCTBEHHO; P = 0.956).

Ha Tperpem sTame uccienoBaHus (CIycTs 1 TO
10CJIe OTIEPAaTUBHOTO BMEIIATe/IbcTBA Ha (DOHE IPHU-
ema ACK B mo3e 100 mr/cyt) mosisi AP marueHTOB
YMEHBIIWIACH € 122 70 62 4es., COCTaBUB 24 % OT
ncxoaHbIXx AY MarueHToB B 00IEPAITOHHOM IIEPHU-
oze. Y 198 (76 %) AY marueHTOB CpeIHIE 3HAUEHUS
AAT (34.2 + 3.2 %) IpUOJTU3UINCH K 1IeJIEBBIM 3Ha-
YEeHHSM U IMPAKTHYECKH HE OTJIMYAINCh OT HCXO-
IHbIX TokazaTeseit AAT (35.4 + 3.3 %) npenomnepa-
OUOHHOTO Tepuoza (p > 0.05). B mamuoi#l rpymme
ypoBuu NJI-6, BuCPB u IT-1 Takke CHUIKAJINUCH /10
HUCXOMHBIX 3HAUYEHUH U CTAaTUCTUYECKU JOCTOBEPHO
He OTJIMYAJINCh OT HUX.

+ 0.2 fmol/ml, p < 0.01, respectively). Statistically
significant differences in PAA, IL-6, HSRP and ET-1
between groups of AR and AS patients remained one
year after surgery (64.1+7.0vs 34.2 + 3.2, p < 0.001;
5.70 £ 0.62 Vs 2.90 + 0.53, p = 0.024; 8.10 + 1.40 Vs
3.20 £ 1.7, p = 0.018; 9.8 + 3.2 vs 0.83 + 0.21,
p < 0.001, respectively). Consequently, 1 year after
surgery in the AR group, it was possible to state the
persistence of systemic inflammatory response and
associated endotheliopathy. Platelet count decreased
in both groups — AR and AS to the reference range,
but remained at a higher level relative to the baseline
values (267.8 + 28.9vs 182.9 + 14.0, p < 0.05; 257.5
22.6 vs 182.9 + 14.0, p < 0.05, respectively).

Thus, during the analysis of clinical and labora-
tory parameters in the main and comparison groups,
the following patterns were revealed at various stages
of the study. By the end of the second day after on-
pump CABG, signs of systemic inflammatory
response and endotheliopathy were revealed in both
groups as an increase in the concentration of IL-6,

102

Journal homepage: http://jsms.ngmu.ru



Ananiev D.A. et al. / Journal of Siberian Medical Sciences Vol. 7, No. 4 (2023)

Hamporus, B rpynne AP manueHTOB cpefiHUeE
3HaueHUsa AAT ocTaBaIMCh IOBBIIIEHHBIMY OTHOCH-
TEeJIbHO IIPeIOIePAIlHOHHOTO 3HaUeHU (64.1 £ 7.0 %
vs 35.4 + 3.3 %; p < 0.01). Comep:kaHue B KpOBU
NJI-6, BuCPb u 9T-1 umMeso TEHAEHIIUIO K CHIKE-
HUIO, OJTHAKO HE JIOCTUTAJI0O UCXOJHBIX 3HAYEHUH U
COXPAHAJIOCh IIOBBIIIEHHBIM OTHOCHUTEJIBHO IIpeJi-
OIIEepPaIMOHHOTO YPOBHA (5.70 + 0.62 Vs 2.6 + 0.3 1ir/ MU,
P < 0.05; 8.10 £ 1.40 Vs 2.5 + 0.3 MI/MJI, p < 0.02;
0.8 + 3.2 vs 1.2 £ 0.2 $MOJIB/MJI, p < 0.01 COOTBET-
cTBeHHO). CTaTHUCTUYECKU 3HAYMMBbIE PA3JIMYUA 10
AAT, NJI-6, BuCPb u 9T-1 mexay rpynnamu AP u
AY nanueHTOB COXPaHAJMNCH Yepes3 roji Iocje olle-
pamuu (64.1+7.0Vs 34.2 £ 3.2, p < 0.001; 5.70 £ 0.62
VS 2.90 + 0.53, p = 0.024; 8.10 + 1.40 VS 3.20 + 1.7,
p =0.018; 9.8 + 3.2 vs 0.83 + 0.21, p < 0.001; COOT-
BeTCTBEHHO). CiieloBaTeIbHO, CIYCTS 1 TOf HOCTe
OIIEPAaTUBHOTO BMeIaTeJIbcTBa B rpymie AP mamu-
€HTOB MOXXHO OBLIIO KOHCTATUPOBATH ITEPCUCTEHIIHIO
CHCTEMHOTO BOCHAJIUTEJIBHOTO OTBETA U CONPAKEeH-
HOH ¢ HUM dHoTenuonatn. KosmyectBo TpomM60-
IIUTOB CHU3WIOCH B 00enx rpynmax — AP u AY — o
pedepeHCHOro UHTEpPBaa, HO OTHOCUTEJIBHO UCXO-
JTHOTO 3HAUYEHUs COXPAHsIOCh Ha 0ojiee BBICOKOM
ypoBHe (267.8 + 28.9 vs 182.9 + 14.0, p < 0.05;
257.5 + 22.6 vs 182.9 + 14.0, p < 0.05 COOTBET-
CTBEHHO).

Takum 06pa3om, B Ipollecce aHAIN3a KIMHUKO-
J1ab0paTOPHBIX MTOKazaTesen B rpynmnax AP (ocHOB-
Had rpynna) u AY (rpymnmna cpaBHEHH:) Ha pas3yInd-
HBIX STallax MCCIIEA0BAHUA ObLIN BBISBIEHBI CIIELY-
o1ue 3akoHoMepHocTy. K nexony 2 cyr nocsie KIII B
yesoBussx WK BBIABJIEHBI NPU3HAKU CUCTEMHOTO
BOCHJINTEJIBHOTO OTBETAa M HHJOTEJHONATUU B
obenx rpynnax HaOJOJIEHUsA B BHJE IOBBIIIEHUS
KoHIleHTpanuu B kpoBu WJI-6, BuCPb u 9T-1.
OnHaKo BRIPAXKEHHOCTD 3TUX ITPOIIECCOB ObLIA CyIIe-
CTBEHHO BbIIIIE B TpyIiie AP manueHToB, 1 3T0 OBLIO
COTPSIIKEHO C TOBBIINIEHUEM arperaliioOHHON aKTHUB-
HOCTH TPOMOOIIUTOB HECMOTPSI Ha IPUEM ACIIUPUHA.
B koHIle mepBOro roja Iocje oIepaluy y 4acTu
MMAIMEeHTOB COXPAHAJINUCh NIPHU3HAKU CHCTEMHOTO
BOCHJINTEJIHOTO OTBETA, OHJOTEJUONATUH, a
TaKKe, HA UX (DOHE, MOBBIIIEHHONU arperanuoHHON
AKTUBHOCTH TPOMOOIIUTOB, UTO CBU/IETETHCTBOBAJIO
0 Hannuuu y Hux Ap. KosmuecTBO KOpOHapHBIX
myHtoB (KKII) u Bpemsa jiurenpHOCTH MK 6BLIO
6o0sb1e B rpymie AP, uem B rpymnme AY (3.2 + 0.3 vs
2.1 £ 0.2, p = 0.02; 110.1 £ 15.4 VS 71.0 + 6.8 mMuH,
P = 0.001 COOTBETCTBEHHO). Bo3M0OkHO, 5TO mOCITy-
JKIJIO IPUYUHOM 60JIee cephe3HBIX CIBUTOB B U3yUa-
€MBbIX ITapaMeTpax B rpynie AP manueHTos.

B pesysibTaTe perpecCHOHHOTO aHaIn3a I10JIydeH
PS4 IPEAUKTOPOB, IMOKA3aBIIUX CBOIO CBA3b ¢ AAT

HSRP and ET-1 in the blood. However, the severity
of these processes was significantly higher in the
group of AR patients, and this was associated with an
increase in platelet aggregation activity despite tak-
ing aspirin. At the end of the first year after surgery,
some patients showed signs of systemic inflamma-
tory response, endotheliopathy, as well as, in the set-
ting of the abovementioned, increased platelet aggre-
gation activity, which indicated the presence of Ar in
them. NBGs and CBT parameters were higher in the
AR group than in the AS group (3.2 £ 0.3 vs 2.1+ 0.2,
p = 0.02; 110.1 + 15.4 VS 71.0 + 6.8 min, p = 0.001,
respectively). This may have caused more serious
shifts in the studied parameters in the AR group.

As a result of the regression analysis, a number of
predictors were obtained that showed their associa-
tion with PAA (Table 2). Age, LVEF, severity of coro-
nary artery (CA) stenosis, platelet count were excluded
from the model, since their relationship with PAA did
not show statistical significance (p > 0.05).

As a result, we got a set of five risk factors signifi-
cantly associated with PAA: ET-1, IL-6, HSRP, CBT,
NBGs (highlighted in bold in Table 2). The results of
the analysis showed that in total, the predictors we
obtained, got have a statistically significant effect
(F = 12.2; p < 0.012) on the value of PAA.

IL-6 (standardized regression coefficient beta
(SRC beta) is 0.453) affects the PAA level more than
other factors. Further, the predictors were arranged
in descending order of significance of the association
with PAA: ET-1 (SRC = 0.390), CBT (SRC = 0.175),
HSRP (SRC = 0.152), NBGs (SRC = 0.118).

The regression equation, which allows predicting
the value of PAA, was taken the form

PAA =34.40 + 0.45 - IL-6 + 0.92 - ET-1 +
+ 0.25 - CBT + 0.73 - HSRP + 0.13 - NBGs,

where 34.40 is the absolute term of the equation.

Considering the signs of coefficient B, it can be
observed that all predictors have a positive effect on
the response values (PAA).

To assess the relationship of induced Ar (based
on the PAA level) with the risk of CVC in patients
after on-pump CABG, we used binary logistic
regression.

The results of the analysis showed that PAA is a
statistically significant prognostic factor for CVC
(2 = 21.0; p = 0.013):

p=1/(1+eV),

where p is probability of CVC, %;

Y =-3.734 + 0.109PAA.

If probability we calculated exceeded the value of
the prior probability of CVC, then the patient was
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(Tabus. 2). Bospacr, ®BJI)K, ypoBeHb CTEHO3a KOPO-
HapHbIX aprepuil (KA), KoiudecTBO TPOMOOIIMTOB
OBLTH MCKJIIOUEHBI U3 MOJEU, TaK KaK UX CBSA3b C
AAT He moOKasaja CTAaTUCTUYECKONW 3HAYMMOCTU
(p > 0.05).

B utore Hamu ObLIa MOJIydeHa COBOKYITHOCTD M3
naT (PaKTOPOB PUCKA, CTATUCTUYECKH 3HAYUMO
cBsi3aHHBIX ¢ AAT: 9T-1, NJI-6, BuCPb, Bpemsa UK,
KKIII (BbIAesieHbI B Ta0JI. 2 MOTYKUPHBIM). Pe3yb-
TaThl AHAIN3A [T0KA3aJIH, YTO B COBOKYITHOCTH TIOJIY-
YeHHbIE HAMHU ITPEJUKTOPHI OKa3bIBAIOT CTATUCTHUYE-
cku 3Haunmoe BiausHue (F = 12.2; p < 0.012) Ha
BesmnunHy AAT.

Bosee ipyrux dakTopoB BiaMsAeT HA ypoBeHb AAT
nokasatesib JI-6 (cranmapTu3oBaHHBIA KO3(pdu-
nueHt perpeccuu (CKP) 6eta paBeH 0.453). Jlanee
MIPEJTUKTOPHI PACTIOJIOKHJIUCH IT0 YOBIBAHUIO 10 3HA-
yumocTH cBsa3u ¢ AAT: 9T-1 (CKP = 0.390), Bpems
UK (CKP = o0.175), BuCPb (CKP = 0.152), xKIII
(CKP = 0.118).

YpaBHeHUE perpeccud, O3BOJIAIOIIEE CIIPOTHO-
3upoBaTh 3HaueHue AAT, umesno Buj,

AAT = 34.40 + 0.45 - 1WJI-6 + 0.92 - 9T-1 +
+ 0.25 - Bpemsa UK + 0.73 - BuCPB + 0.13 - kKIII,

r7ie 34.40 — CBOOOXHBIN UJIeH YpaBHEHUS.

assigned to a group with a high risk of CVC. The prior
probability of CVC corresponding to the proportion
of patients with CVC (20.4%) was calculated by the
formula: 53 / 260 - 100 = 20.4 %, where 53 is the
number of cases of all CVC, 260 is the total number
of the study participants.

When analyzing the adequacy of the regression
model, it was revealed that the sensitivity of the
model was 92.5%, the specificity was 65.2%, which
indicates a good predictive capability of this model.
The significant predictive accuracy is also indicated
by the high value of the lower limit of the confidence
interval of the odds ratio of 8.0—66.2 (Table 3).

Discriminant analysis was used to decide, which
variables distinguish (discriminate) patients with
four types of CVC (recurrence of angina pectoris, M1,
decompensation of HF, sudden cardiac death) and
with the absence of these complications.

The main idea of discriminant analysis is to deter-
mine whether classes of objects differ in some com-
binations of variables (predictors), and then use
these variables to predict affiliation of new objects
with a particular class. It is important to emphasize
that discriminant analysis takes into account not
only the isolated influence of a factor on the classifi-
cation result, but also the effects of the mutual influ-

TaGJmua 2. PeByfleaTbI perpecCMoHHOI'o aHaJiu3a JJid OLleHKH CBA3U NPEeJUKTOPOB ACIUPUHOPE3UCTEHTHOCTH C YyPOBHEM

AAT (n = 260)

Table 2. Results of regression analysis to assess the relationship of aspirin resistance predictors with the PAA level (n = 260)

HToru perpeccuu AJisi 3aBUCMMOI1 nepeMeHHOM: AAT
R =0.84, R2 = 0.75, ckoppeKkTupoBaHHbIi R2 = 0.72
F(9.250) = 12.20, p = 0.012, cranAapTHas1 omK6Ka oueHku: 3.10

I[lapameTpsbl
Parameters

Regression results for the dependent variable: PAA
R =0.84, R2 = 0.75, adjusted R2 =

0.72

F(9.250) = 12.20, p = 0.012, standard estimation error: 3.10

BETA Cta. omr. BETA

Cta. omn. B

BETA Standard error BETA E Standard error B A p

CBOGOHBIN YJIeH - - 34.395 7.552 455 <0.001
Absolute term

U-6 /IL-6 0.453 0.063 0.451 0.063 7.15 <0.001
3T-1/ET-1 0.390 0.069 0.918 0.163 5.63 <0.001
Bpems UK / CBT 0.175 0.062 0.253 0.089 2.84 0.005
BuCPE / HSRP 0.152 0.058 0.734 0.283 2.60 0.010
kKIII / NBGs 0.118 0.065 0.125 0.069 2.11 0.041
OBJIK / LVEF 0.117 0.065 0.125 0.069 1.83 0.148
Ctenos KA / CA stenosis 0.117 0.063 0.173 0.094 1.85 0.149
TpomMGoUUTHI 0.105 0.060 0.194 0.111 1.75 0.252
Platelet count

Bospacr / Age -0.113 0.065 -0.136 0.078 -1.74 0.320

[IpumMevyaHUue:

AAT - arperanoHHast aKTUBHOCTb TpoM6ouuTOB; CTA. ol — cTaHJApTHas olubka; UJI-6 - uHTepeNKUH-6;

IT-1 - supoTenun-1; UK - uckyccTBeHHOe KpoBoo6paieHue; BUCPB - BbIcCOKOUYBCTBUTEbHBIN C-peakTHBHBIN 6es0k; KKIII - kosndecTBO
KopoHapHbIX lyHTOB; ®BJIXK - dpakyusa Beibpoca seBoro xenynouka; KA - kopoHapHas apTepus.

Note:

PAA - platelet aggregation activity; IL-6 - interleukin-6; ET-1 - endothelin-1; CBT - cardiopulmonary bypass time; HSRP - highly

sensitive C-reactive protein; NBGs - number of bypass grafts; LVEF - left ventricular ejection fraction; CA - coronary artery.
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YuursiBas 3Haku K03 duiireHToB B, BUgHO, 4TO
BCe MPEUKTOPBI OKA3bIBAIOT MTOJIOKUTEIHHOE BITUSI-
HYe Ha 3HauyeHus oTKInKa (AAT).

Il ONEeHKH CB3U HWHYIIUPOBAHHOW Ap (1o
ypoHio AAT) ¢ puckom pazsutuss CCO y marueHToB
nocste KIII B ycimoBusax MK Hamu ucnosb3oBascs
MeTo, OMHAPHOU JIOTUCTUYECKOH pErpecCcuu.

PesynbTaTel aHasu3a mokazanu, uto AAT aBisa-
€TCsI CTATUCTUYECKH 3HAYUMBIM ITPOTHOCTUYECKUM
daxropom g1 CCO (2 = 21.0; p = 0.013):

p=1/0+e"),

r7ie p — BepoATHOCTh Bo3HUKHOBeHUsA CCO, %;

Y =-3.734 + 0.109AAT.

Ecmm paccunTaHHas BEpOATHOCTH IIPEBBIIIAJIA
3HaYeHue anpuopHou BepostHoctu CCO, TO manu-
€HTa OTHOCWJIU K Ipymnine ¢ BbicokuM puckom CCO.
Anpuopnas BeposaTHOCTh CCO, COOTBETCTBYIOIIAS
none maruenToB ¢ CCO (20.4 %), Obl1a paccuynTaHa
o popmysie: 53 / 260 - 100 = 20.4 %, T7ie 53 — YHUCITIO
ciayyaeB Bcex CCO, 260 — o0I1ee YMCI0 yIaCTBYIO-
[UX B UCCIEZIOBAHUH TTAITHEHTOB.

[Tpu aHayIM3e aJIEKBATHOCTH MTOJIyYeHHOH perpec-
CHOHHOU MOJIeJI OBLJIO BBIABJIEHO, YTO YYBCTBH-
TEJILHOCTh MOJIEJIM COCTaBWjIa 92.5 %, crenudud-
HOCTb — 65.2 %, UTO CBHETEJIBCTBYET O XOPOIIEH
IPOTHOCTHYECKON CIIOCOOHOCTH JAaHHOU MOJETH.
Ha 3HauuTEIbHYIO0 TOYHOCTD IIPOTHO3a YKA3bIBAET U
BBICOKOE 3HAUEHWE HUKHEU TPAHUIIbI JIOBEPUTETh-
HOTO WHTepBajJla OTHOIIEHUs IaHcoB 8.0—66.2
(Tabi. 3).

JI1sl IpUHSATHS PeIleHus: O TOM, KaKHe IepeMeH-
HbIe Pa3JINYAIOT (IUCKPUMUHUPYIOT) MAIUEHTOB C
verbipbMa TUIaMu CCO (penuguB CTEHOKApAUH,
UM, nexommnencarust CH, BHe3amHasi KOpOHapHAas
CMepTh) U C OTCYTCTBUEM STHUX OCJIOKHEHUH, UCIIOTh-
30BaJICs TUCKPUMUHAHTHBIM aHAJINU3.

OcHOBHasA wjes JUCKPUMHUHAHTHOTO aHAIU3a
3aKJII0YAETCS B TOM, UTOOBI OIIPEJIENIUTD, OTJIHYAIOTCS
JIA KJIaCChl OOBEKTOB 0 KaKUM-JIM00 KOMOMHAISIM
TepeMeHHBIX (PEIUKTOPOB), K 3aT€M HCIIOJIb30BaTh
9T TIEpeMeHHbIe, UTOOBI MpEeJICKa3aTh JJI HOBBIX
00BEKTOB TPUHAJIEKHOCTE K TOMY WJIA HHOMY

ence of factors (diagnostic signs) on each other. As a
result of the stepwise analysis, significant predictors
were identified that make the maximal contribution
to discrimination. Their coefficients, which differ
from zero, are highlighted in Table 4 in bold. The rest
diagnostic variables were excluded from the analysis,
since their influence was statistically insignificant
(Table 4).

According to Table 3, using the obtained values of
the coefficients, a linear model containing the equa-
tions of discriminating functions was constructed:

1) Without CVC = —27.6 + 1.90 - PAA — 0.39 x
x CBT + 0.33 - HSRP + 0.34 - IL-6 + 0.06 - ET-1;

2) Recurrence of angina pectoris = —22.8 +1.21 x
x PAA + 0.47 - IL-6 + 0.25 - HSRP + 0.09 - CBT +
+ 0.05 - ET-1;

3) MI = -33.4 + 1.32 - CBT + 1.21 - PAA + 0.41 x
x IL-6 + 0.32 - HSRP + 0.13 - ET-1;

4) Decompensation of HF = —39.05 + 1.19 - PAA +
+ 0.68 - IL-6 + 0.59 - HSRP + 0.31 - CBT + 0.05 x
x ET-1;

5) Sudden coronary death = —102.9 + 2.00 x
x CBT + 1.54 - PAA + 1.22 - IL-6 + 0.63 - HSRP +
+ 0.05 - ET-1.

The significance of the contribution to the classi-
fication of each term corresponding to the diagnostic
sign is determined by its location in the equation. If
it is necessary to predict the class of complications
for new patients, all five equations are calculated,
while a particular patient will belong to the class of
complications corresponding to the maximal value of
the function with a probability of 87%.

Table 5 shows the proportions of correct cases of
classification of patient that characterize the classifi-
cation accuracy of the discriminant model. Thus, the
classification was carried out correctly for 92% of
patients without CVC, 73% with recurrence of angina,
57% with MI, 60% with decompensation of HF and
for 75% with sudden cardiac death. 33 errors were
made in 260 cases. The overall classification accu-
racy was 87% (Table 5). In columns under the group
names, prior probabilities (p) are given — the
observed proportions of patients in each group.

Ta6iuna 3. PesysibTaThl aHa/IM3a Ka4eCTBA PETPECCHOHHON MOZeTH

Table 3. Results of the regression model quality analysis

Ha6siopaembie IIpeackasaHHbIe pe3y/abTaThl JloJ1s1 BepHBIX O6mas xoJs OTHOUIEHHE

pe3y/abTaThl Predicted results NMPOrHO30B BEPHBIX NPOrHO30B MmaHcoB (AU 95%)

Results Proportion of true Total share of true  Odds ratio (CI 95%)
CCO/CVC  Her CCO /No CVC prognoses (%) prognoses (%)

CCo/cve 49 4 92.5 70.8 23.0

Her CCO / No CVC 72 135 65.2 (8.0-66.2)

[IpumMmevyaHUue.
Note:

CCO - cepae4HO-coCyAUCTbIe Oca0)KHeHUS; /I - JoBepUTeNbHBIN HHTEpBaL.
CVC - cardiovascular complications; CI - confidence interval.
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KJaccy. BayKHO MO/TUepKHYTh, UYTO B JUCKPUMUHAHT-
HOM aHaJIN3€ YYUTHIBAETCSA HE TOJIBKO M30JIMPOBAH-
Hoe BiufHUe akTopa Ha pe3ysbTaT Kiiaccuduka-
Y, HO U 3PdEKTHl B3AUMHOTO BIUSAHUSA (PaKTOPOB
(muarHoCTHUECKUX IPU3HAKOB) APYT HA JIpyTa.

B pesysibTare MomaroBoro aHajan3a ObUTH BbIZIe-
JIeHbl 3HAUUMble TPEIUKTOPBI, BHOCAIE MaKCH-
MaJIbHBIM BKJIQJT B AUCKpUMUHANUIO. VX k03ddu-
IUEHTHI, OTJIMYAoIINecss OT HyJdA, BbIJEJIEHBI B
TabJ. 4 TONMYKUPHBIM. OCTaIbHBIE JUATHOCTHUYE-
CKHe IPU3HAKU ObUIM MCKJIIOUEHBI U3 aHAJIN3a, TaK
KaK UX BJIUSAHUE OKa3aJI0Ch CTATUCTHYECKU He3Ha-
4YUMBIM (cM. TabJI. 4).

[To manHBIM TabJ. 3, UCHOJIB3Ys IOJyUYeHHbIE
3HaUYeHUs K03(hPUINEHTOB, IOCTPOWIN JUHENHYIO
MO/IeJIb, COJIepsKalllyl0 ypaBHEHUs AUCKPUMUHUPY-
oImuX QYHKITAH:

1) Be3d CCO = —27.6 + 1.90 - AAT — 0.39 - Bpems
U1K + 0.33 - BuCPB + 0.34 - 1JI-6 + 0.06 - 9T-1;

2) PernuiuB creHOKapauu = —22.8 + 1.21 - AAT +
+ 0.47 - WJI-6 + 0.25 - BuCPb + 0.09 - Bpemsa
UK + 0.05 - 9T-1;

3) UM = —33.4 + 1.32 - Bpems UK + 1.21 - AAT +
+ 0.41 - JI-6 + 0.32 - BuCPb + 0.13 - 9T-1;

4) JexomneHncanuss CH = —39.05 + 1.19 - AAT +
+ 0.68 - JI-6 + 0.59 - BuCPbB + 0.31 - Bpema UK +
+ 0.05 - 9T-1;

Ta6smmna 4. 3HauuMble IPeJUKTOPBI MOJeN
Table 4. Significant predictors of the model

Table 6 shows the values characterizing the
degree of discernibility of the groups — the Mahala-
nobis distance. The most clearly distinct groups have
large squares of the Mahalanobis distances. The
maximal difference is observed between the groups
“Without CVC” and “Sudden cardiac death” (103.3),
and the minimal degree of difference between the
groups “MI” and “Recurrence of angina pectoris”
(5.9) (Table 6).

Thus, we have developed a four-dimensional
mathematical model based on discriminant analysis,
which allows us to predict the risks of four types of
CVC in patients after on-pump CABG surgery with
high accuracy. The most important prognostic signs
of CVC are identified.

DISCUSSION

The present study showed a high frequency
(46.9%) of the development of induced Ar on the 2nd
day after on-pump CABG. But an even more impor-
tant fact was that Ar persisted by the end of the 1st
year after surgery in 24% of patients. Several studies
indicate Ar develops in the early postoperative
period. Thus, in an observational prospective bicen-
tric cohort study conducted in clinics in Germany
(400 patients), Ar was detected in 51.5% of patients
on the 3rd day after CABG with an increase in their

dyHKIMU KJIaccudUKaUM AJisl JUHEHHBIX YpaBHEHU A
Classification functions for linear equations

Llapame’rpu Bbe3 CCO CreHokapausa UM Jexomnencauuss CH BHe3anmHasa
IETIHEHTERS Without Angina MI Decompensation KOpOHapHas CMepTh

CVC pectoris 2.7 % of HF Sudden cardiac death
79.6 % 14.2 % 1.9 % 1.5 %

CBoGoaHbIN yieH / Absolute term  -27.63 -22.82 -33.39 -39.05 -102.86

J9T-1/ET-1 0.058 0.047 0.128 0.052 0.052

n-6 / IL-6 0.340 0.473 0.413 0.679 1.222

BuCPB / HSRP 0.325 0.251 0.321 0.587 0.627

AAT / PAA 1.899 1.209 1.206 1.193 1.542

Bpemsa UK / CBT -0.390 0.089 1.323 0.311 2.004

Tpom6ouuTs! / Platelet count 00 0.0 0.0 0.0 0.0

kKII / NBGs 0.0 0.0 0.0 0.0 0.0

®BJIX / LVEF 0.0 0.0 0.0 0.0 0.0

Crenos KA / CA stenosis 0.0 0.0 0.0 0.0 0.0

Bospacr / Age 0.0 0.0 0.0 0.0 0.0

[IpumeuvyaHnue.

CCO - cepaevHo-cocyaucTble ocyioxkHeHus; UM - nHdapkT Muokapzaa; CH - cepiedyHasi HeJJOCTaTOUHOCTb;

IT-1 - sanzoTenun-1; UJI-6 - uHTepseHKUH-6; BUCPB - BbICOKOYYBCTBUTENbHBIM C-peakTUBHBIN 6esiok; AAT - arperanioHHasi akTHBHOCTb
TpoM6ouuToB; UK - mckyccTBeHHoe kpoBooGpauieHue; KKII - kosnyecTBo KopoHapHbIX yHTOB; ®BJ/IK - dpakyus BeiGpoca JieBOro

x)enynouka; KA - kopoHapHasi apTepus.
Note:

CVC - cardiovascular complications; MI - myocardial infarction; HF - heart failure; ET-1 - endothelin-1; IL-6- interleukin-6; HSRP -

highly sensitive C-reactive protein; PAA - platelet aggregation activity; CBT - cardiopulmonary bypass time; NBGs- number of bypass grafts;

LVEF - left ventricular ejection fraction; CA - coronary artery.
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5) BHe3zanmHas kopoHapHas cMepTh = —102.9 +
+ 2.00 - Bpemsa UK + 1.54 - AAT + 1.22 - JI-6 +
+ 0.63 - BuCPb + 0.05 - 9T-1.

3HAYNMOCTD BKJIa/Ia B KJIACCUDUKAIIHIO KAK/IOTO
¢J1araeMoro, COOTBETCTBYIOIIETO IUATHOCTUYECKOMY
MIPU3HAKY, OIpPEENsIeTCs €ro PacloOKEeHHeM B
ypaBHeHUH. Ecau HeoOXOAHMMO CIIPOTHO3HUPOBATH
KJIaCC OCJIOKHEHUH /I HOBBIX IAIIUEHTOB, PACCUH-
THIBAIOT BCE IIATH YPaBHEHHH, IIPU 3TOM KOHKDET-
HBIH MaInueHT Oy/1eT OTHOCUTBCS K KJIACCy OCTIOKHE-
HHUH, COOTBETCTBYIOIIEMY MaKCHMaIbHOMY 3Hade-
HUI0 QYHKITUU C BEPOSITHOCTHIO 87 %.

B Tabn. 5 moOKasaHbl JOJU BEPHBIX CJIyIaeB
KJIaccu(UKAIIUK TAIUEHTOB, XapaKTEPU3YIOIUX
TOYHOCTh KJIACCU(UKAIUU JTUCKPUMHUHAHTHOH
mojiesin. TakuM oOpaszom, KiaccupuKaius mpope-
JleHa TPaBHJIBHO Ui 92 % marnueHToB 0e3 CCO,
73 % ¢ penuINBOM cTeHOKapauu, 57 % ¢ IM, 60 %
¢ nexkommneHcanueit CH u misa 75 % ¢ BHe3amHOU
KOPOHApHOU cMepThio. JlomyieHo 33 OMHOKH B
260 ciayuasx. O6IIas TOYHOCTh KyiaccupUuKaIuu
cocraBuiaa 87 % (cm. Tabi. 5). B mossx cToa0IioB
I10/T HA3BaHUSAMH TPYIIIT YKa3aHbI alIPUOPHBIE BEPO-
ATHOCTU (p) — HabJo/laeMble [OJU TAI[EHTOB
Ka’K/I0U TPYIIIIHIL.

B Tabs1. 6 mokazaHbl BEJTUYUHBI, XapAKTEPU3YIO-
II[A€e CTENEHb PA3JIMYMMOCTU TPYII — PACCTOSHUS
Maxanano6uca. Haubosiee 4eTKO OTIMYAIOIIHECS
TPYIIIBIl UMEIT OOJIbIIFE KBajpaThl PaCCTOSHUU
Maxanano6uca. MakcuMaabHOE pasjindue HabJIio-
JlaeTess MeXAy KiacCu(pUKAIlMOHHBIMUA TPYyIIIaMHU
«besd CCO» u «BHezamHass KOpOHapHasi CMEPThb»
(3HaueHue 103.3), a MUHUMAaJIbHAS CTEIIEHb PA3JIH-

proportion to 71.3% by the 5th postoperative day [3].
Ozkan et al. studied data from 80 patients who
underwent CABG. In the preoperative period, Ar was
detected in 23 patients (28.75%), 7 days after CABG —
in 31 (38.75%) (out of 31 people, only 8 did not have
Ar at baseline), after 15 days — in 25 (31.25%) [13].
The authors reported a decrease in the frequency of
Ar by the 15th day after CABG virtually to the base-
line values (23 vs 25 people) and conclude that the Ar
is transient in nature, with its rapid reverse develop-
ment. Our data contradict the results obtained by
Ozkan et al., since Ar in some patients that under-
went CABG persisted by the end of the 1st year. These
circumstances need further study.

Thrombocytosis and platelet activation in
response to CABG are often cited as the cause of
postoperative Ar. This leads to an increase in the
production of thromboxane, which the standard
dose of ASA needs more time to block [11, 12]. In our
work, we also found thrombocytosis on the 2nd day
after CABG in both study groups (p < 0.05). Thus,
the platelet count increased by about 2.5 times com-
pared to the baseline level. At the same time, there
were no differences in the platelet count between the
AR and AS groups by the 2nd day. Also, by the 1st
year end, the platelet count in the blood in both
groups decreased simultaneously to reference values
without a significant difference between AR and AS
patients. However, a significant difference from the
baseline values of the preoperative period remained
in both groups. We did not notice significant differ-
ences in the dynamics of platelet count in the AR and
AS groups at different stages of the study, and there-

Ta6smmna 5. MaTtpuIa pesynbraToB knaccudukanuy CCO ¢ moMolbio AUCKPUMHUHAHTHOTO aHaIN3a
Table 5. Matrix of the results of CVC classification using discriminant analysis

Jonsa
NpaBUIbHBIX Peuuaus Buesannas JlekoMneH-
p Be3 CCO  cTreHOKapauu KOpOHapHasa
I'pynna NPOrHo3os, % - UM canusa CH
. Without Recurrence cMepTh
Group Proportion . MI . Decompen-
_ CvC of angina Sudden cardiac X
(n=260) of cases of A 2.7 % sation of HF
79.6 % pectoris death

accurate 9 % 1.9 %

prediction % L T 0
Be3 CCO / Without CVC 92 190 10 5 0 2
Peuuus creHoKapauu 73 2 27 5 1 2
Recurrence of angina pectoris
UM / MI 57 0 1 4 1 1
Jlekomnencanusi CH 60 0 1 1 0 3
Decompensation of HF
BHe3anHast KopoHapHasi cMepTb 75 0 0 1 3 0
Sudden cardiac death
Bcero / Total 87 192 39 16 5 8

IIpumMedyaHue.
HabJiro/jaeMble CJIy4au; KOJIOHKH — CIPOrHO3MPOBAHHbIE CIIyYaH.
Note:
cases.

CCO - cepzeyHo-cocyaucTbie ocnokHeHUsT; UM - nHbapKT Muokapza; CH - ceppednas HefocTaTO9HOCTD. CTPOKH —

CVC - cardiovascular complications; MI - myocardial infarction; HF - heart failure. Lines - observed cases; columns - predicted
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Ta6mmua 6. XapakTepucTHKa CTENEHHU Pa3JIM4MMOCTH TPy

Table 6. Characteristics of the degree of discernibility of groups

KBagpaTbl paccTossHUi MaxaiaHoG6uca
Squares of the Mahalanobis distances

I'pynmna

Group Peuuaus CTeHOKaPAHM UM BHe3anHast Nexomnencanua CH
Recurrence of angina MI KOpPOHAapHasA CMePTb o o tion of HF
pectoris Sudden cardiac death p

Be3 CCO / Without CVC 22.6 17.9 103.3 8.3

Peuugus cTreHOKapauu - 5.9 69.8 12.4

Recurrence of angina pectoris

UM / MI - 18.1 80.5

BHe3anHad KopoHapHas CMePTb  — - 82.3

Sudden cardiac death

[IpumeyvyaHnue.
Not

uud — Mexxay rpynnamu «MM» u «Penugus cTeHO-
Kapaun» (3HaueHue 5.9) (Tabir. 6).

Takum ob6pa3om, Hamu ObLIa pa3paboTaHa YeThI-
pexMepHas MaTeMaTudeckas MoOjiejlb, OCHOBaHHAas
Ha MeToJle JUCKPUMUHAHTHOI'O aHaIn3a, 103BOJIA-
101I1as MPOTHO3UPOBATh pUcKU YyeTbipex BuioB CCO
y manpeHnToB 1ocsie KIII B yesoBusx UK ¢ BeICOKOM
TOYHOCTBIO. BrIziesienbr Hanbosiee Ba>KHbIE IIPOTHO-
cruueckue npusHaku CCO.

OBCYXKJIEHUE

B HacTosieM HccieZJoBaHUU MPOJEMOHCTPHUPO-
BaHa BbICOKas 4yacToTa (46.9 %) pa3sBUTUA HHIYIIH-
poBaHHOI Ap Ha 2-e cyTkH mocje oneparuu KIII B
yesoBusax UK. Ho eme 60s1ee BaxKHBIM (DaKTOM SIBU-
JIOCh TO, UTO Ap TIEPCUCTHPOBAJIA K UCXOJTy 1-TO To7ja
IOCJIe OTIEPAaTUBHOTO BMEIIATEhCTBA Y 24 % TIpO-
OIIEPUPOBAHHBIX MAIUEHTOB. B psje paboT ykasbi-
BaeTcsl, YTO Ap pa3BHBAaeTCs B PaHHEM I10C/IeO0Tepa-
nHOHHOM mepuojie. Tak, B 00cepBalliOHHOM IIpPO-
CIIEKTUBHOM JIByIIEHTPOBOM KOTOPTHOM HCCJIEIOBA-
HUH, TPOBEJEHHOM B KIMHUKaX [epmanuu (400
manueHToB), Ap O6b171a OOHApyKeHa y 51.5 % marueH-
TOB Ha 3-u cyTkH nocsie KIII ¢ ysesmnuenneM ux 1011
710 71.3 % K 5-My IIOCJIEOIIEpAIIMOHHOMY JIHIO [3].
H. Ozkan et al. uzyyanu jgaHHBIe 8O IAIMEHTOB,
kotopbeiM mpoBeneHo KIII. B mpepomneparuoHHOM
nepuojie Ap ObUtia BBIABJIEHA Yy 23 MaIUEHTOB
(28.75 %), mocie KIII uepes 7 ¢yt — y 31 (38.75 %)
(113 31 gest. TOJIBKO Y 8 He OBLIIO UCXOHOU Ap), Uepes
15 nHer — y 25 (31.25 %) [13]. ABTOpPBHI KOHCTATH-
PYIOT CHIKEHMeE YacTOThI Ap K 15-My AHI0 mocsie KIIT
MPAKTUYECKHU JI0 UCXOTHOHU (23 VS 25 Yesl.) U JIeJIaloT
BBIBOJT O CKODOTEYHOM XapakTepe Ap, ¢ ee ObICTPHIM
oOpaTHBIM pasBuTHeM. Halu /laHHbIe BCTYHAIOT B
MPOTUBOpPEUYHE C pe3yJIbTaTaMHU, I0JydeHHBIMH
H. Ozkan et al., mockoIbKy Ap y YaCTH ITPOOIIEPHPO-

CCO - cepmeuHo-cocyaucTble ocaoxxHeHUsT; UM - nndapkTt Muokapza; CH - cepaeyHas HeZJoCTaTOYHOCTbD.
e : CVC - cardiovascular complications; MI - myocardial infarction; HF - heart failure.

fore could not associate postoperative thrombocyto-
sis with the development of Ar. Also, thrombocyto-
sis, as a predictor, was excluded from the regression
analysis model, since its association with PAA did
not show statistical significance.

It is recognized that systemic inflammatory
response syndrome develops in the setting of on-
pump CABG because of surgical trauma, activation
of blood components in the cardiopulmonary circuit,
ischemic/reperfusion injury, aortic cross-clamping,
hypothermia and release of endotoxins [14, 15]. In
many studies devoted to this problem, tumor necro-
sis factor alpha, IL-1, IL-6, IL-8, CRP are tested as
markers of inflammatory response [16, 17]. Simulta-
neously with the inflammatory reaction, develops
endotheliopathy and activation of platelet vascular
and coagulation components of platelet takes place
[15]. An important consequence of such processes is
the development of graft stenosis by the 1st year end
after surgery in 10—25% of cases [1]. In our work, we
used IL-6, HSRP and ET-1 as indicators reflecting
integratively the associated processes of inflamma-
tion and endotheliopathy. Expectedly, by the end of
the 2nd day after surgery, a significant increase in
1L-6, HSRP, ET-1 was recorded in the AS and AR
groups. However, in the AR group, the levels of
markers were statistically significantly higher (1.9,
1.8, 2.2 times, respectively) than in the AS group.
A year after the CABG surgery, in the group of AR
patients, the levels of IL-6, HSRP, ET-1 remained
elevated relative to the baseline, while in AS patients
these indicators decreased to reference values. This
circumstance allowed us to bind these two facts
together — Ar and high values of markers of systemic
inflammatory response and endotheliopathy.

As a risk factor for postoperative Ar, CBT is con-
sidered [3, 13]. We have also identified such associa-
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BAHHBIX OOJIBHBIX TEPCHUCTUPOBAA K HCXOLY 1-TO
roza. JlaHHbIe OOCTOSITEBCTBA HYK/IAIOTCA B JJaJTb-
HeHUIeM U3yJyeHn .

B kauecTBe IpUYMHBI IOCTOIEPALIMOHHON Ap
YacTOo Ha3bIBAIOT TPOMOOIIUTO3 U AKTUBAIIUIO KPOBSI-
HBIX IJ1acTUHOK B oTBeT Ha KIII. 9to mpusogut k
pocCTy mpoAyKnuu TpoMOOKCaHA, KOTOPBIH He ycIie-
BaeT G10kHpoBaTh cranAapTHas po3a ACK [11,12]. B
Hallel paboTe MbI TaK:Ke BBISIBIJIN TPOMOOITUTO3 Ha
2-e cytku nocste KIII B 06enx vccieryeMbIX TPYIIIax
(p < 0.05). Tak, KOJIMYECTBO TPOMOOITUTOB YBEJTU Y-
JIOCh IPUMEPHO B 2.5 pasa MO CPaBHEHUIO C MCXO-
JHBIM ypoBHeM. IIpu sToM pasjiuuuil 1o Kojauye-
cTBy TpoMbonuToB Mexxay rpymnmamu AP u AY ko
2-M CyTKaM BBIABJIeHO He ObL10. Takike K HCXOmy
1-TO TOZIa KOJTMYECTBO TPOMOOIITOB B KPOBU B 06enx
Ipynmnax CHUKAJIOCh CHHXPOHHO /10 pedepeHCHBIX
3HAUEHUH 6e3 JTOCTOBEPHOM pa3HUIIbI MeXTy AP u
AY nmanyeHTaMH, OJHAKO CTAaTUCTUYECKU 3HAUNMOE
OTJINYYE OT UCXOJHBIX 3HAUEHUH J00MIEPAIIHOHHOTO
Iepro/ia COXpaHsUIOCh B 00eux rpymmax. MbI He
OTMETWJIN CYyIIECTBEHHBIX PAa3JIMYU{ B JIUHAMHUKE
KOJIMYECTBA TPOMOOITUTOB B rpynnax AP u AY namu-
€HTOB Ha Pa3HbIX ATAllaX UCCIIEJOBAHUA U TTOITOMY
He CMOTJIU CBSA3aTh IIOCTOMEPAIMOHHBIA TPOMOOITH-
TO3 ¢ pazButueM Ap. Tak:ke TPOMOOITNTO3, KaK IIpe-
JTUKTOP, OBLIT ICKJTIOUEH U3 MOZIETU PETPECCOHHOTO
aHaJIn3a, Tak Kak ero cBsA3b ¢ AAT He mokasasa cra-
TUCTUYECKOHN 3HAUNMOCTH.

O61enpru3HaHHBIM sABJIsAeTcA dhakT, uyTo mpu KIII
B ycioBuax MK pazBuBaercsa cHHAPOM CHCTEMHOTO
BOCIIQJIUTEIFHOTO OTBETA KAK CJIEZCTBHE XUPYPTHU-
YeCKOU TpaBMBbl, aKTUBAIIM KOMIIOHEHTOB KPOBU B
koHType anmapara UK, umemuyeckoro/penepdysu-
OHHOTO MTOBPEXK/IEHUA, TIEPEKATHSA A0PThI, THIIOTEP-
MUH U BBIJIEJIEHUS DHIOTOKCUHOB [14, 15]. Bo MHO-
TUX UCCJIEIOBAHUSAX, TIOCBSAIIEHHBIX STOH IpobeMe,
B KayecTBe MapKepOB BOCIAJIUTETHHOTO OTBETA
TeCTUPYIOT HaKTOp HeKposa omyxoiu ainbda, NJI-1,
nJI-6, NJI-8, CPB [16, 17]. OmHOBPEMEHHO C BOCITA-
JINTEJIbHOU peakIued pa3BUBAETCSA SHJIOTETHOIA-
TUSI U aKTHUBAIMSA TPOMOOIIUTAPHO-COCYIUCTOTO U
KOAryJIsIIIMOHHOTO 3BEHBEB TPOMOOOOpa30BaHUSA
[15]. BaKHBIM CJIEJICTBHEM TAaKUX IPOLIECCOB SBJIA-
eTcs pa3BUTHE CTEHO3a IIyHTa K HCXOJly 1-T0 roja
1ocjie OIepaTUBHOTO BMeNIAaTeJbCTBA B 10—25 %
caydaeB [1]. B cBoeil paboTe MbI HCIIOJIB30BAJIH
NJI-6, BuCPb u 9T-1 B KauecTBe IMOKa3aTesieil, UHTe-
rPaTUBHO OTPAXKAIOIIUX COIPSKEHHbIE IIPOIeCCh
BOCHIQJIEHUS U DHIOTEJTHONATHU. 3aKOHOMEPHO K
HCXOJy 2-X CYTOK IIOCJIE OIIEPATUBHOTO BMEIIaTe h-
cTBa B rpynnax AY u AP marueHTOB ObLIT 3aperu-
CTPUPOBAH cyliecTBeHHbIH pocT NJI-6, BuCPB, 9T-1.
Opnaxo B rpynne AP nanueHTOB ypOBHU MapKepoB

tion. A similar dependance was typical for NBGs. It
was found that the AR group had a higher NBGs, con-
sequently therefore, a longer CBT (3.2 + 0.3 Vs
2.1 + 0.2, p = 0.02; 110.1 £ 15.4 VS 71.0 + 6.8 min,
p = 0.001, respectively). Probably, not only an
increase in the duration’s of patient’s contact blood
with the cardiopulmonary circuit played a role here,
but also the volume of surgical trauma. Wand et al.,
using multiple linear logistic regression analysis, got
the following independent predictors of Ar — the area
under the curve of platelet aggregation in the TRAPt-
est (p < 0.0001), the platelet count on 5th postopera-
tive day (p = 0.009) and CBT (p = 0.01) [3].

Regression analysis revealed the important role
of markers of systemic inflammatory response and
endotheliopathy (IL-6, HSRP, ET-1) in the develop-
ment of the phenomenon of Ar in patients after on-
pump CABG surgery. Using binary logistic regres-
sion analysis, it was found that the value of PAA
determines the degree of risk of developing CVC
during the year after surgery.

Several studies indicate the frequency of the most
common CVC after on-pump CABG during the 1st
postoperative year: sudden cardiac death — 2.5%,
non-fatal MI — 3.7%, repeat revascularization — 3.2%
[18]. For a 5 year postoperative follow-up, such CVC
as sudden cardiac death — 3.0%, MI — 1.5%, repeat
revascularization — 3% are indicated [19]. These data
are consistent with the frequency of CVC after sur-
gery in our study: recurrence of angina — 14.2%;
MI - 2.7%; sudden cardiac death — 1.5%; decompen-
sation of HF — 1.5%. To assess the relationship of the
clinical and laboratory predictors with the risk of
developing a certain type of CVC, we used linear dis-
criminant analysis. The equations obtained make it
possible to predict the risks of four types of CVC in
patients after on-pump CABG with high accuracy.

CONCLUSION

Despite the publication of a significant number of
papers, the causes and mechanisms of induced Ar
associated with on-pump CABG remain not fully
understood. In our study, we have demonstrated the
relationship between the development of the phe-
nomenon of the induced Ar with an increase in the
levels of markers of systemic inflammatory response
and endotheliopathy (IL-6, HSRP, ET-1), as well as
CBT and NBGs. Identification of the Ar predictors is
an important direction among measures aimed at
preventing this phenomenon, which will reduce the
risk of complications after CABG and improve the
prognosis after surgery.
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OBLIM CTAaTHUCTHYECKH 3HauuMo BbiIe (B 1.9, 1.8,
2.2 pasa COOTBETCTBEHHO), ueM B rpymne AY. Yepes
roz nocisie KIIT otmedeHo, yTo B rpynme AP nanues-
TOB COXPAHSJIUCH NOBBIIIEHHBIMU ypoBHU WJI-6,
BuUCPB, 9T-1 oTHOCUTEIPHO UCXOAHBIX 3HAYEHUH, B
TO BpeMA Kak y AY nanueHToB JaHHbIe IOKa3aTeIn
CHIDKAQJIUCh /10 HOPMAaJIbHBIX 3HaueHUU. JlaHHOE
00CTOATEIHCTBO ITO3BOJIJIO HAM CBS3aTh JiBa (hakTa
BOEJUHO — Ap U BBICOKHE IIOKa3aTeJu MapKepoB
CHCTEMHOTO BOCIIQJIUTEJIBHOTO OTBeTa U 3HOTe-
JINOTIATHH.

Kak ¢akrop prcka nmocronepanioHHONH Ap pac-
CMAaTpUBAETCs JIIUTEIbHOCTh HAXOXK/EHUs OIepu-
pyemoro Ha ammapare UK [3, 13]. MbI Takke BbIsI-
BIJIM Takylo acconmaruio. [logjobHas 3aBUCUMOCTh
Oputa xapakrepHa u i KKII. Beuto ycraHoBIEHO,
uyro B rpymnme AP Ob10 GOJIbIlIEe KOJIUYECTBO IIIyH-
TOB U, CJIEZIOBATEJIBHO, OOJIbIIAS JTUTETFHOCTD IIpe-
OopBaHuA B yemoBusix MK (3.2 + 0.3 vs 2.1 £ 0.2,
p = 0.02; 110.1 + 15.4 Vs 71.0 + 6.8 MuH, p = 0.001
COOTBETCTBEHHO). BeposiTHO, 371eCh CHITPAJIU CBOIO
pOJib He TOJBKO YBeJWUYeHUEe JIUTEJHbHOCTH Bpe-
MEHHU KOHTaKTa KpOBHU HarnueHTa ¢ koHtypom MK, HO
u obbeM omeparuoHHOHN TpaBMbI. S. Wand et al.,
HCIIOJIb3YsI METOJT MHOKECTBEHHOH JIMHEWHOU JIOTH-
CTUYECKOU perpeccuu, IOJIyIHId CAeAyIolie He3a-
BUCHUMbIE TIPETUKTOPHI AP — Iuromaap moj KpuBOu
arperaruu TpomborutoB B TRAP Tecte (p < 0.0001),
KOJINYECTBO TPOMOOIIMTOB Ha 5-H MOCJIe0nepaIuoH-
HBIU 1eHb (p = 0.009) u Bpemsa UK (p = 0.01) [3].

C DIOMOIIBbI0 PErPECCHMOHHOr0 aHaau3a ObLIa
BBIsIBJIEHA Ba)KHAs POJIb MAapPKEPOB CUCTEMHOTO BOC-
nanenus u suporesmonaruu (MUJI-6, BuCPB, 9T-1) B
pasButuu peHoMeHa Ap y HalleHTOB, IIepeHeCIINX
oneparuio KIII B yesousix K. C moMoripio MeToia
OWHAPHOHN JIOTHCTUYECKOH perpeccuu ObLIO yCTa-
HOBJIEHO, uTOo BesimunHa AAT ompeziesiser creneHb
pucka passutusa CCO B TeueHUe rojia mocje onepa-
TUBHOT'O BMeIIaTeIbCTBA.
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B psge pabor ynmomuHaeTcs yactora Haubosiee
yacrto Berpevaromuxcesa CCO nocse KIII B yesmoBuax
UK nipu HabJI07IeHUY B T€UEHUE 1-TO Tofja: BHe3arl-
Hasi KOpOHapHas CMepTh — 2.5 %, HedaTaIbHBIN
UM - 3.7 %, moBTOpHAas peBacKy Apu3anus — 3.2 %
[18]. IIpu 5-7eTHEM Cpoke HAOJIIONEHUS YKa3bIBa-
orest takue CCO, kak BHe3amHasi KOpOHapHas
cMepThb — 3.0 %, UM — 1.5 %, mOBTOpHAas peBacKyJs-
puzanus — 3 % [19]. Tu JaHHBIE COTJIACYIOTCS C
gacrotodi CCO, pa3BUBIIHUXCSA MOCJIE ONIEPATHBHOTO
BMeIIIaTeJIbCTBA B HAIllleM HaOJIIO/IEHUN: DPElUINB
creHOKapauu — 14.2 %; UM — 2.7 %; BHe3amHas
KOpOHapHas cMepTh — 1.5 %; ekomneHncanus CH —
1.5 %. [y OIleHKU CBSI3W U3y4YaeMbIX KJIUHUKO-
J1abOpaTOPHBIX MPEAUKTOPOB C PUCKOM Pa3BUTHSA
ompeniesienHoro Buzla CCO MBI  UCIIOJIB30BAJIU
JIMHEUHBINA AUCKPUMHUHAHTHBINA aHanu3. [lomxydyeH-
Hble YpaBHEHUA [T03BOJIAIOT IPOIrHO3UPOBATh PUCKU
ueThIpex Bu10B CCO y maruenTos nocse KIII B yesio-
Busx MK c BPICOKOH TOUHOCTHIO.

3AK/IIOUEHUWE

HecmoTpss Ha myOJMKanUe 3HAYUTEIHHOTO
KOJIMYecTBa paboT, IPUYUHBI U MEXaHU3MBI HUHY-
nupoBaHHOU Ap, accouuupoBanHoi ¢ KIII B ycio-
Busax UK, ocraroTca 10 KOHIA He U3y4eHHbIMU. MbI
B CBOEl paboTe MpOAEMOHCTPUPOBAJIH CBSA3b Pa3BU-
TuA deHoMeHa HHJIyIUPOBAHHOU Ap ¢ IOBBIIIe-
HHEM YPOBHEU MapKEPOB CHCTEMHOTO BOCIIAJIUTEb-
Horo orBera u sHporenuonaruu (MJI-6, BuCPB,
9T-1), a Takke BpemeneMm MK u KKIII. Boisaiaenue
MIPEAUKTOPOB AP fABJIsIETCA BAXKHBIM HalpaBIeHUEM
B PaMKaX MEPOIPUATUN, HaIIPaBJIEHHBIX HA TPODU-
JIAKTUKY 3TOr0 (heHOMEHA, YTO IO3BOJIUT CHU3UTH
puck ocioxkHeHud nocsie KIII v ysrydimuTh TporHo3
TocJjie oIepaIuu.

KoH@uIukT HHTEpPECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUU KOH(JINKTA HHTEPECOB.
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