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ITenb uccnemoBanus. V3yantp mokasaresn KOTHUTUBHOTO ITIOTEHIINAIIA U TPOBOCTIATUTEILHOTO 3BEHA CHCTEM-
HOTO OTBETA OPraHU3Ma [TPY MIPOBE/ICHNUI OMIePAIIUil TPAMON PEBACKYJISIPU3AIIMU MHOKAP/Ia Ha pabOTAIOIIEM CepIiie
U B YCJOBUSX PA3JINYHBIX BUIOB HCKYCCTBEHHOTO KPOBOOOpaIeH s (KIAaCCHYeCKOe HCKYCCTBEHHOE KPOBOOOpalie-
HYe I MUHUMHU3UPOBAHHBII 9KCTPAKOPIIOPATIBHBII KOHTYD).

Marepuaist u metozpi. O6caenoBann 205 marnrenTos B Bozpacte 41—76 et (56,16+2,91 jiet). Beex marmeHToB
OlleHNBAJN 10 MoHpeabCKOoil MIKaie KOTHUTUBHBIX (QYHKIUI U TPOBOANIH TIePPY3MOHHYIO TOMOTPa(hHIO roI0B-
HOTO M0O3Ta ¢ KOHTpacToM. VccrenoBann KoHIeHTpannio GakTopa HeKpo3a OIyX0JIH, HHTePJIEeIKUHOB-6 1 8, Helipo-
criennuyecKoil eHoJasbl B MEPUONEPAIMOHHOM Tiepuojie. Beex GONBHBIX OMEPUPOBAIN B YCJIOBUIX 001ieii
cbayancupoBaHHON aHeCTe3NH Ha OCHOBE ceBoduriopana. Beex mannenTos cydaitHbiM 06pa3soM pas/Ieuin Ha TPU
IPYIIIIBE: MAIMEHTBI, OIEPUPOBAHHBIE Ha PAOOTAIONIEM cep/ille; 6OIbHBIE, OTIEPUPOBAHHbBIC € UCIIOIb30BAHUEM KJIAC-
CHYECKOTO KOHTYPa HCKYCCTBEHHOTO KPOBOOOPAIIIEHNST; MAIIUEHTDI, OTIEPUPOBAHHBIE C UCTIOJIb30BAHIEM MIHUMU-
3UPOBAHHOTO HKCTPAKOPIOPAIBHOTO KOHTYPa. Omiepanuu Ha paboTaiolieM cepiile BBITOTHSIIN ¢ UCIOAb30BAHUEM
anmapara crabuiisaTopa Muokapa. VlckyccTBeHHOe KPOBOOGPAIIEHUE € UCTIOIB30BAHNEM MEMOPAHHBIX OKCHUTE-
HATOPOB TIPOBOJIMJIN B HEIYJIbCUPYIOIIEM PeKUMe ¢ TIephY3MOHHBIM HHIEKCOM 2,4 j1/(MUH*M?) B YCJIOBUSX yMe-
pennoit runotepmun (34—35°C). 3ammuTy MHUOKapAa B MEPUO TIEPEKATHUST A0OPTBI OCYIIECTBISIN METOIOM
(hapMako-X0JI010BOIT KapAHOIIJIETHH.

Pesyabratel. Yepes 7 cyTOK T0CIIe OTepalii HanMeHbliiee KOJm4ecTBO 6aJioB 110 MoHpearbeKoil mkase Kor-
HUTUBHBIX (DYHKINI BBISBUJIN B TPYTIIE MAIIMEHTOB, OTIEPUPOBAHHBIX C UCIIOJIB30BAHNEM KJIACCUYECKOTO KOHTYPa
HCKYCCTBEHHOTO KPOBOOOpatienus. B lanHoil rpyIime cHuKeHne nokasareist coctapiiio moutu 23% (p=0,0202) 1o
CPaBHEHUIO C UCXOIHBIM 3HAYeHIEM. B aTOil ske rpyIiie mprpocT 3HaYeHHs HelpocnennduiecKoii €HOIa3bl COCTABUI
43,19% (p=0,0047). Yepes cyTku noce oneparuu nanbosbiie 3uaderus (p<0,05) dakropa Hekposa omyxoJeii,
uHTEpIeHKUHA-6 1 MHTEPJIeiKnHA-8 BBISIBUIIN B IPYIIIE € KJIACCHYECKOUM KOHTYPOM UCKYCCTBEHHOTO KPOBOOOpa-
menwns. [Tokasarenn kopTusosa yepes 24 yaca mocJie onepanny Takke BBIPOCJU BO BCEX TPYIIAX, HO HAUMEHBIITHI
[PUPOCT 3aPETUCTPUPOBAJIH B TPYIIIIE MAIMEHTOB, ONIEPUPOBAHHBIX Ha PAGOTAIOIIEM CepIIIE.

3axmouenue. [IpoBesenue oneparyy Ha paboTaloNieM Ceplle MM HCIO0Ib30BaHNe MUHIMU3UPOBAHHOTO 9KC-
TPAKOPIOPAIBHOTO KOHTYPA ¢ GHOCOBMECTUMBIM MOKPBITHEM, IIEHTPU(DYIKHBIM HACOCOM U OTCYTCTBUEM KOHTAKTA
KPOBH C BO3/[yXOM MUHUMAJIbHO BJIUSIET HA KOTHUTUBHBII IIOTEHITNAI TTAIIEHTOB, CHIDKAET IPOSIBIEHIS] CUCTEMHOTO
BOCIAJIUTETLHOTO OTBETA, UTO, B CBOIO OUY€PE/Ib, O3BOJISIET CHU3UTH KOJIMIECTBO MTOCTIE0NEPAIIMOHHBIX OCIOKHEHI
U YJIYYIITATD Pe3YJIbTaThl JIEUeH.

Knioueewvte cnosa: Monpeanrvckas wkaia KOZHUMUBHOIX PYHKUUIL; MUHUMUSUPOBAHHLIL IKCMPAKOPNOPALLHBLI
KOHMYP; NPOBOCNAIUMENbHBLIE YUMOKUHDL, UCKYCCMBEHHOE KPOBOOOpaweHUe
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Purpose of the study: to evaluate the parameters of cognitive potential and systemic proinflammatory response
during direct myocardial revascularization surgery on a beating heart and under conditions of various types of ex-
tracorporeal circulation (classical cardiopulmonary bypass and minimized extracorporeal circuit).

Materials and methods. A total of 205 patients aged 41—76 years (56.16+2.91 years) were examined. All patients
were screened by the Montreal Cognitive Assessment and underwent contrast-enhanced CT perfusion imaging of
the brain. The concentrations of tumor necrosis factor, interleukins-6 and 8, and neuron specific enolase were meas-
ured in the perioperative period. Surgery in all patients was performed under general balanced anesthesia based on
sevoflurane. All patients were randomly divided into three groups: the patients after off-pump surgery; the patients
after surgery with classical cardiopulmonary bypass; the patients after surgery with a minimized extracorporeal cir-
cuit. Off-pump surgery was performed using a tissue stabilizer. Cardiopulmonary bypass using membrane oxygenators
was performed in a nonpulsatile regimen with a perfusion index of 2.4 1/(min*m?) under moderate hypothermia
(34-35°C). Protection of the myocardium during the period of aortic cross-clamping was carried out by pharmaco-
logical cold cardioplegia.

Results. Seven days after surgery, the lowest Montreal Cognitive Assessment scoring was found in a group of
patients operated using the classical cardiopulmonary bypass. In this group, the decline was almost 23 % (P=0.0202)
compared with the baseline. In the same group, the increase in the level of neuron specific enolase reached 43.19%
(P=0.0047). One day after surgery, the highest values (P<0.05) of tumor necrosis factor, interleukin-6 and inter-
leukin-8 were found in the group of patients who underwent surgery with the classical cardiopulmonary bypass.
Cortisol levels 24 hours after surgery also increased in all groups, but the smallest increase was recorded in the group
of patients undergoing the off-pump surgery.

Conclusion. Off-pump surgery or the use of the minimized extracorporeal circuit with biocompatible coating,
centrifugal pump in the absence of blood contact with air minimally affects the cognitive potential of patients, reduces
manifestations of the systemic inflammatory response, which, in turn, reduces a number of postoperative complica-
tions and improves the results of treatment.

Keywords: Montreal Cognitive Assessment; minimized extracorporeal circuit; proinflammatory cytokines; cardiopul-
monary bypass
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BBenenne

CamMbiM a(h(PEKTUBHBIM CIIOCOOOM JiedeHst 6OJTb-
HbIX ¢ uiemuyeckoil 6osesubio cepaua (MBC), kak
M3BECTHO, SIBJISIETCS XUPYPrUUecKast PeBaCcKy IIpU3aIiiist
muokapzaa [1]. CoBpemeHHBINI ypOBEeHb KOPOHAPHOU
XUPYPTUU MO3BOJISIET BBITOJHSATD MPSIMYIO PEBACKYJIS-
PU3AIMIO MUOKAp/a TOCTATOYHO GE30TacHo ¢ TOCTIHN-
TaJIBHOM JIETATLHOCTHIO, He rpeBbintaonieii 1-3% [ 1, 2].
[TomaBstommee KOMIMYECTBO OIlepariii Ha apTepHsIxX
cep/ilia B MUPOBOI ITPAKTUKE BBITIOTHSETCS B YCITOBUSIX
uckyccrBerHoro kpoooOparierust (MIK) Ha ocranos-
seHHOM cepaiie [3, 4]. HecmoTps Ha coBepiieHCTBO
COBPEMEHHOTO TEXHIYECKOTO 0OECTIEUEHIsT, IKCTPAKOP-
TIOPATbHOE KPOBOOOPAIIIEHTE 3HAUNTETHHO OTINYAETCST
ot (usuosornaeckoro 1, 5, 6].

Biustane 1imMTeTbHOTO NCITOTB30BAHUS UCKYC-
CTBEHHOTO KPOBOOOPATIEHST HA MO3TOBYIO TIephy3uio
TKaHU TOJIOBHOTO MO3Ta He TIOJTHOCTBIO n3y4eHo [7-9].
OCHOBHBIMU OCJIO;KHEHUSIMU B paHHEM TIOCJIe0mepa-
IIMOHHOM TIepPUO/Ie Y TTAIIMEHTOB C CEPIETHO-COCYIH-
CTBIMU 3200JI€BAHUSIMY 13-32 HEAOCTATOUHOI 3aIIATHI
MO3Ta OCTAfOTCST HApYIIeHUsT KPAaTKOCPOYHON 1 J0JI-
TOBPEMEHHOU TaMSTH, KOHIIEHTPAI[UN, MBIIITICHUS
[10-12]. ITo panubIM psijia aBTOPOB, KOIHUTUBHbIE
Hapytienus Bctpedaiorest y 30-80% GobHbIX, Tepe-
HECIINX OIepaInio Ha Cep/IIle C NCTIOTb30BaHIeM 9KC-
TpaKopIopaJbHOro Kposoodpatierus [13—16].

[TocneonepaliioHHBle  HEBPOJIOTHYECKHE pac-
CTPOWCTBA MOTYT ITPOSIBJISITHCST KAK 0YarOBBIMU HEBPO-
JIOTHIECKUMU PACCTPOMCTBAMHU, TaK U HETATUBHBIMU
M3MEHEeHNSIMU B TIO3HABATEIbHBIX TIpoTieccax [7, 9, 10]

Introduction

Surgical myocardial revascularization is known
to be the most effective way of treatment of patients
with ischemic heart disease (IHD) [1]. The current
level of coronary surgery allows direct myocardial
revascularization to be safe enough with hospital mor-
tality not exceeding 1-3% [1, 2]. The overwhelming
number of surgeries on the cardiac arteries in the in-
ternational practice is performed using the cardiopul-
monary bypass (CPB) with a temporary cardiac arrest
[3, 4]. Despite the perfection of the modern technical
support, extracorporeal circulation is significantly dif-
ferent from the physiological one [1, 5, 6].

The effect of prolonged use of extracorporeal cir-
culation on cerebral perfusion has not been fully studied
[7-9]. The main complications in patients with cardio-
vascular diseases due to inadequate protection of the
brain within the early post-operative period include im-
paired short-term and long-term memory, concentra-
tion, and thinking [10-12]. Cognitive impairment
occurs in 30-80% of patients who have undergone
heart surgery using extracorporeal circulation [13—16].

Post-operative neurological disorders can be
manifested as focal neurological deficits and negative
changes in cognitive processes [7, 9, 10]. Acute cere-
brovascular accident or transient ischemic attack after
coronary bypass surgery occurs in 3—5% of patients
[9-11, 13]. The incidence of neurological complica-
tions is higher than with other surgical interventions.
In such cases, cognitive disorders are observed in
48-79% of patients [9—11, 16]. Having compared the

GENERAL REANIMATOLOGY, 2018, 14; 6

www.reanimatology.com



DOI:10.15360/1813-9779-2018-6-4-11

Clinical Practice

Ocrpoe HapyIeHHEe MO3TOBOTO KPOBOOOPAIIIEHUST UJTH
TPAH3UTOPHAS UIIEMUYECKas aTaKa IT0cJie KOPOHAPHO-
r0o HIYHTUPOBAHUS BCTPeYaeTcs y 3—5% IalueHToB
[9—11, 13]. YacToTa HEBPOJOTUYECKUX OCTOKHEHUH
BbIIIlE, YeM TIPU [PYTUX XUPYPIUIECKIX BMEIIaTe h-
crBax. Korautusnbie paccTpoiicTsa HabIIOA0TCS B
Takux ciaydasx y 48—79% manumentoB [9-11, 16].
OTzenbHble aBTOPBI MOCJTE CPaBHEHUs PE3YJIbTaTOB
HEHPOTICHXOJIOTHYECKOTO TECTUPOBAHMS U TiepeOpaib-
HOU 1Iepdy3UH Y TAIUEHTOB, TIEPEHECITUX A0PTOKOPO-
napnoe myntuposanue (AKIID), mpeanonosxkuim, uto
BelyIIIMM 3BEHOM TTaTOreHe3a KOTHUTUBHOMN AUCHYHK-
I[UH TIOCJIE OTIePAIIUIl C UCTIOIb30BAHNEM UCKYCCTBEH-
HOTO KPOBOOOPAIIEHUST MOKET ObITh HAPYIIEHHUE TIep-
(bysuu roosHoro mo3ra [8, 9, 11, 15, 16].
Bosuukaionuii Bo BpeMsi IPOBEIEHUST UCKYC-
CTBEHHOTO KPOBOOOPAIEHUs CUCTEMHBIH BOCIAIH-
teabblii otBeT (CBO) croco6eTByeT pasBUTHIO MHO-
JKECTBA MOOOYHBIX PEAKIUN B MOCJIEONEPATTMOHHOM
nepuogie [17—-19]. CymectByeT psiz crienupuyecknx
(bakTOPOB, OKAa3bIBAIOIIUX CHCTEMHOE BJIUSHUE, U
XapaKTePHbIX [JIs KapAMOXUPYPTUUYECKUX BMeIla-
TEJIbCTB: KOHTAKT KPOBH C UY>KEPOIHOI TOBEPXHOCTHIO
KOHTYPOB alliapaTa HCKYCCTBEHHOTO KPoBooOpaiiie-
HUSI, XUPYPIUYecKast TPaBMa, UIleMITYeCcKH-pernepdy-
3UOHHBIE TTOBPEKIEHNS, BBI3BIBAIOIINE DPA3BUTHE
CUCTEMHOTO BOCIIAJIUTEIBHOTO OTBeTa (AKTUBAIUS
CHCTEMBI KOMIIJIEMEHTA, BHIOPOC ITUTOKUHOB, aKTHBA-
IHST JIENKOIIUTOB, 9KCIIPECCUST MOJIEKYJT 4/IT€3UH, DHIIO-
TEJUHOB, U3OBITOYHOE 0Opa3OBaHUE KUCJIOPOIHBIX
PaIMKAIOB U OKCH/IA a30Ta), TUIIOTEPMUST, TeMOUITIO-
1151, BCJIE/ICTBHE UCIIOIb30BAHIS PACTBOPOB [IJIsI Kap-
JIVIOTLIIETUH ¥ TEPBUYHOTO 3anorHenus koutypa UK, a
Takyke HApPYIIeHus B cocyaucToM Tonyce [20—-23].

MaTepI/IaJI N METO/1bl

KpurepusiMu BKIIIOUEHUS HAIUEHTOB B MICCIIEIOBAHTIE
SIBJISIVICE: TIJTAHOBOE ONEPATHBHOE BMENIATEIBCTBO, BO3PACT
Gozee 18 ser, nHGOPMUPOBAHHOE COTIIACKE HA UCCIIEI0BA-
HUE, OTCYTCTBHE WHTPAONEPAIMOHHBIX XUPYPTHUECKUX
OCJIOKHEHUI.

O6caemosanu 205 marmentos (141 mykunra u 64
JKEHIMHBI) B Bo3pacTe 41-76 ser (56,16+2,91 ser). Kiu-
HITYECKAsI TSPKECTD UCXOIHOTO COCTOSTHIST OOJIBHBIX COOTBET-
cteoBasia [I-1V dynkmmonamsromy kmaccy MBC 1o
kaaccudukammy NYHA. 121 namuent (59,02%) panee ne-
peHocHIn nHMAPKT MUOKAp/IA.

Bceex nmanmenTos onennin mo Monpeasibekoii mkase
korauTuBHBIX QyHKIIi (MOCA TecT) 3a Tpoe cyTok /10
orepaIyy 1 Ha CeJlbMble CYTKH ITOCJIEOTIePAIINOHHOTO TIe-
puoza. OTleHIBAIN Pa3IndHble KOTHUTUBHBIE C(epbl: BHU-
MaHWe U ero KOHIEHTPAIINIO, NCTIOJHUTENbHbIE QYHKIINH,
[aMsITh, pedb, 3PUTEIbHO-KOHCTPYKTHBHBIE HABBIKH, ab-
CTPAKTHOE MBIIIJIEHNE, CIET U OpUeHTaInIo. Bpems npose-
neanst MOCA Tecta coctasisio mpumepso 10 munyT. Beem
HanueHTam mpoBesn nephy3noHHYI0 TOMOTPadHIo roJoB-
HOTO MO3Ta C KOHTPACTOM 32 TPOe CYTOK /IO OTIePAIH U Ha
ceIbMbI€ CYTKH MTOCJIE0NIEPAIIMOHHOTO TIEPHO/Ia [T HCKIIIO-
YeHUsT OPTAaHIMIECKOTO MOPAKEHST TOJIOBHOTO MO3Ta.

3ab0p KPOBH [IJIsT HCCJIE0BAHUSI TIPOBOCTIATTEIBHBIX
IUTOKUHOB: (hakTopa Hekposa onyxoau (DHO«), nnrep-

results of neuropsychological testing and cerebral per-
fusion in patients undergoing coronary artery bypass
surgery (CABG), some authors, suggested that distur-
bance of brain perfusion may represent a key factor in
thepathogenesis of cognitive dysfunction after surgery
using extracorporeal circulation [8,9, 11, 15, 16].

Systemic inflammatory response (SIR), which
develops during the extracorporeal circulation, con-
tributes to the development of many adverse reactions
in the post-operative period [17—19]. There are a num-
ber of specific factors having systemic influence, which
are characteristic of cardiac surgery: blood contact
with the foreign surface of the contours of the extra-
corporeal circulation apparatus, surgical trauma, and
reperfusion injury. They cause the development of a
systemic inflammatory response (activation of the
complement system, cytokine release, WBC activa-
tion, expression of adhesion molecules, endothelins, ex-
cessive formation of oxygen radicals and nitric oxide),
hypothermia, hemodilution due to the use of solutions
for cardioplegia and primary filling of the CPB circuit,
as well as disorders in vascular tone [20—23].

Materials and Methods

The inclusion criteria were the following: elective sur-
gery, age over 18 years, the informed consent, absence of in-
traoperative surgical complications.

A total of 205 patients (141 men and 64 women) aged
41-76 years (56.16+2.91 years) were examined. The clinical
severity of the initial condition of patients corresponded to
the IT-1V functional class of IHD according to the NYHA
classification. 121 patients (59.02%) had a history of my-
ocardial infarction.

All patients were assessed according to the Montreal
Cognitive Assessment (MoCA test) three days before sur-
gery and on the seventh day of the post-operative period.
Different cognitive spheres were evaluated: attention and
its concentration, executive functions, memory, speech, vi-
sual and constructive skills, abstract thinking, counting and
orientation. The duration of the MoCA test was approxi-
mately 10 minutes. All patients underwent enhanced CT
perfusion imaging of the brain three days before surgery and
on the seventh day of the post-operative period to exclude
organic brain damage.

Blood sampling for proinflammatory cytokines assays
(tumor necrosis factor, TNFe; interleukin-6,1L-6; inter-
leukin-8, IL-8; cortisol) were performed from the superior
vena cava before surgery and a day after surgery. For neuron
specific enolase (NSE) assay, venous blood sampling was
performed from the superior vena cava three days before sur-
gery and one week after surgery. The concentration of bio-
markers was determined by ELISA using a BioHimMak
reagent kit on a BioChem biochemical analyzer.

Surgery in all patients was performed under general
balanced anesthesia based on sevoflurane. Patients under-
went bypass grafting surgery of 1-4 (2.63+0.74) coronary
arteries.

All the patients were randomly divided into three
groups: BH — patients operated on a beating heart (67 peo-
ple), CCPB — patients operated with classical CPB (79 peo-
ple), MECC — patients operated using minimized
extracorporeal circuit (59 people).
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netiknna-6 (MJI-6), unrepmeiikuna-8 (M1MJ1-8) n koptusosa
MPOBOJIUJIN U3 BEPXHEHT MOJIOI BeHBI 10 OTIEPAINN 1 Yyepe3
CYTKH TIOCJIe ITPOBEIEHHOTO ONIePATUBHOTO BMEIIIATEIbCTBA.
[l nceneoBanns Hetipocnernududeckoii enosasbl (NSE)
3a60p BEHO3HOI KPOBY BBITIOJIHSIIN 13 BEPXHEHT MOJION BEHBI
3a TPoe CYTOK JIO OTIEPAINH 1 Yepe3 HeJleJIio TTocIe orepa-
THBHOTO BMeIaTeabcTBa. KoHIleHTpannio 61MoMapKepoB
onpezessiin Metogom MDA ¢ momoribio HaGopa peakTHBOB
BioHimMak na 6uoxumuueckom ananusarope BioChem.

Bcee GoJrbHbIE OTIEPUPOBAHBI B YCJIOBUX 00111eit cOa-
JIAHCMPOBAHHOI aHecTe3nn Ha ocHOBe ceBodaopana. [1a-
[MeHTaM BBITTOTHAAN TryHTHpoBanue 1-4 (2,63+0,74)
KOPOHAPHBIX apTepuil.

Bee maruenTsl cydaiiHbiM 06pa3oM OblIu pasjie-
JieHbI Ha TP rpynibl: PC — manenTsl, oeprpoBaHHbIe HA
paborartoriem ceprie (67 gemosek), KK — 6onbHbre, ome-
pupoBanHbIe B ycaoBusx kiaaccrmdeckoro UK (79 yemosex),
MOKUK — mammeHnTsl, onmepupoBaHHbIE C MCIOJIh30Ba-
HUEM MUHUMHU3WPOBAHHOTO 9KCTPAKOPIIOPAIBHOTO KOH-
Typa (59 uesnoBex).

Jlmmrensrocts K cocraBiia 36—160 mun (94,22+27,54
MuH), iepexkarue aoptel 19—110 mun (57,15£9,67 mun). Uc-
KYCCTBEHHOE KPOBOOOPAIIEHNE C NCII0JIb30BAHHEM MeMOpPaH-
HBIX OKCHUTEHATOPOB MPOBOAWJIN B HEIYJIbCHPYIOIIEM
peskiMe ¢ iephy3nOHHBIM UHIEKCOM 2,4 J1/(MUH ® M?) B YCJI0-
BUSAX yMmepennoi runorepmun (34—35 °C). 3amuty Muo-
Kapjia B [epPHo/I TIePesKaTHsI A0PThl OCYIIECTBIISIIN METOZIOM
(hapMaxo-x0J10/10BOI Kap/HOIITIETHL.

Bce nanHble, HOTyueHHBIE B X0/Ie HCCJIEJOBAHMS, CTa-
THCTHYECKH 06paboTaii ¢ ToMolibio mporpamMmbr StatPlus
Pro. Beruncssimm cpesinee apudmMeTnieckoe 3HaU€HUE U
omOKy cpenero. JlocTOBEPHOCTD Pasinyil CPeIHIX Be-
JIMYUH OTPE/IeJISIITA C TTOMOIIBIO HellapaMeTPHYEeCKOTO KPH-
Tepus ManHa—-YutHu. Paznuumsa cpenHux 3HaYeHUN
CYUTAJIH [OCTOBEPHBIMHI TIPH YPOBHE BEPOSITHOCTH OoJree

95% (p<0,05).

Pe3yibrarhl 1 00CyKA€eHIE

Ouenusast qunamuky MOCA Tecta, BbIIBUIN
OTCYTCTBHE JIOCTOBEPHBIX U3MEHEHUN TIOKA3aTEsI /10
oTIepaIuy 1 yepes 7 CyTOK TOCIe OTIepaIiy B TPYIIax
nanuentos PC u MOKHK (taba. 1), Toraa kax, cra-

The CPB duration was 36—160 min (94.22+27.54
min), the aorta was clamped for 19—110 min (57.15+9.67
min). Cardiopulmonary bypass using membrane oxygena-
tors was performed in a nonpulsatile regimen with a perfu-
sion index of 2.4 1/(min*m?) under moderate hypothermia
(34-35°C). Protection of the myocardium during the period
of aortic cross-clamping was carried out by pharmacological
cold cardioplegia.

All data obtained during the study were statistically
processed using StatPlus Pro software. The arithmetic mean
and the error off the mean were calculated. The significance
of differences between groups was determined by nonpara-
metric Mann—Whitney test. Differences between groups
were considered significant at a probability level of more
than 95% (P<0.05).

Results and Discussion

Evaluation of dynamics by MoCA test re-
vealed no significant changes before surgery and 7
days after surgery in the BH and MECC groups of
patients (table 1). CCPB group of patients, how-
ever, experienced y significantly decreased MoCA
test values byto 23% compared to the baseline val-
ues (P=0.0202).

The increase of NSE level after 7 days after sur-
gery (table 1) did not exceed 7 % and was statistically
insignificant in the BH and MECC groups of patients.
In the CCPB group of patients, a significant
(P=0.0047) increase in the level of neuron specific
enolase reached 43.19%.

A day after the surgery, all groups showed an in-
crease in the concentration of cytokines (table 2). The
highest levels of TNF« after surgery were found in the
MECC group, where its level was 39.17+4.59 pg/ml.
The level of IL-6 in this group of patients increased
70-fold a day after the surgery, while the increase in
this parameter in other groups did not exceed 330%.
The maximum level of IL-8 a day after surgery was
301.18+34.48 pg/ml in the MECC group of patients.
Cortisol levels 24 hours after surgery were also in-

Ta6auua 1. ITokazatrenn MOKA tecta u NSE B rpynnax nai@eHToB Ha 9Tanax MCCJIeI0BaHUS.
Table 1. MoCA test scoring and levels of NSE in the groups on the stages of study.

Parameters Groups Values of parameters on study stages Statistical value
Before surgery 7 days after surgery
MoCA test scoring BH 26.4+1.82 26.1£1.39 7=0.4178
P=0.6761
CCPB 27.4+0.69 21.1£1.86 7=2.3219
P=0.0202
MECC 26.8+1.73 25.9%1.76 7=0.1822
P=0.8554
NSE, ng/ml BH 5.81+0.26 5.87£0.37 7=-1.4876
P=0.1369
CCPB 5.88+0.21 8.42+0.89 7=-2.8268
P=0.0047
MECC 5.92+0.31 6.32+0.51 Z=-1.6672
P=0.0954

Note. For Table 1, 2: Z — standardized value, Mann—Whitney test, rates before vs. 24 hours after surgery; P — significance level,

Mann—Whitney test.

Ipumeuanue. [[us Tabu. 1, 2: Parameters — mapamerpor; Groups — rpymibl; Values of ... on study stages — 3Hauenus ... Ha 9Tanax uc-
crenoBanust; Before surgery — o omepartim; after surgery — mociie onepannm; Statistical value — crarncrideckme smauenus; BH —
PC; CCPB — KUK; MECC — M3OKUK; z — 3navyenue craTucTuku Manna—YuTHu npu cpaBHEHUH TOKA3aTessl 10 U 4yepe3 24 daca
[OCJIe OTIEPAINHT; P — YPOBEHb 3HAUNMOCTHU cTaTucTukn Manna—Yuthu; 7 days — 7-e cyTKE; scoring — Gasuibl.
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TaGmmia 2. llokazaTenu HMTOKAHOB B IPYNIAaX HA ATANAX UCCAEOBAHMS.
Table 2. The cytokines levels in the groups on the stages of study.

Parameters Groups Values of parameters on study stages Statistical value
Before surgery 7 days after surgery
TNFa,pg/ml BH 7.01+0.79 10.85+1.23 7=-2.2316
P=0.0256
CCPB 7.21+0.89 39.17+4.59 7=-4.7124
P<0.0001
MECC 6.65+0.91 19.95+2.17 7=-4.490315
P<0.0001
IL-6, pg/ml B 1.8920.19 24.83+2.62 7=-5995
P<0.0001
CCPB 1.51+0.23 118.43£19.33 7=-5.8108
P<0.0001
MECC 1.8+0.19 44+5.03 7=-5.41
P=0.0001
IL-8, pg/ml BH 41.19+3.42 86.88+7.5 Z=-4.7976
P<0.0001
CCPB 46.68+5.34 301.18+34.48 7=-5.0859
P<0.0001
MECC 47.14%4.59 160.37£12.18 7=-4.6797
P=0.0001
Cortisol, nmol /1 BH 352.71+29.78 690.69+58.31 7=-3.9578
P<0.0001
CCPB 382.22+35.7 1407.18+131.43 7=-5.0639
P<0.0001
MECC 362.64+32.41 838.67+£70.91 7=-4.5715
P=0.0001

IIpumeyanue. 24 hours — 24 yaca; TNF — ®HO; IL — NJI.

TUCTUYECKH 3HAYMMOE CHIXKEHUE ATOTO [T0KA3aTels B
rpynne nanuentoB KUK cocraBusio moutn 23% 1o
cpaBHeHUIO ¢ ucxoiHbIM 3Hauenrem (p=0,0202).

[Tpupoct 3nauenusi NSE uepes 7 cyTok mociue
onepanuu (tabn. 1) B rpynnax namumentos PC u
MOKUK e npesbiman 7% u OblI CTATUCTHYECKH
He3HauMM. B rpyiire manueHToB ¢ knaccuyeckum MK
nocrosepHbiil (p=0,0047) npupoct 3HaYeHUsT HEMPO-
cnermuyecKoii eHosasnl coctaBua 43,19%.

Uepes cyTkH 110CsIe ollepaliii BO BCeX IPyIIIax
OTMeYaJId POCT KOHIIEHTPALUU LIUTOKUHOB (Tabu1. 2).
Hawubosbimue snavenns MHOa mnocse onepanun
Ob BhIsBIIEeHBI B rpynine KUK, rae sHaueHme a10r0
mokasaresst coctaBuio 39,17+4,59 nir/mir. KorierT-
parmst VJI-6 B taHHOI TPYyTITIE MAITHEHTOB Yepes CYTKA
HocJie oTepaluu yseanuniaack 6ojee yeM B 70 pas,
TOT/IA KaK MPUPOCT HTOTO TIOKA3ATENS B OCTATHHBIX
rpymmax coctaBua He Gosee 330%. MaxkcnmanbHas
kouteHTparusa NJI-8 yepe3 cyTkn mocie omepanun
cocraBuia 301,18+34,48 nir/Mu1 B rpyTITie MAIMEHTOB
KUK. Conepsranrie KopTusoJia yepes 24 daca 1mocjie
OTIEPAITIH TAKKE BO3POCJIO BO BCEX TPYTINAX; HAUMEHD-
i pupoct B 1,9 pasza 3aperucTprupoBaiu B TpyIIe
GOJIBHBIX, OMIEPUPOBAHHBIX HA PabOTAOIIEM CEPAIIE.

[ToBpITIIEHHBIE KOHIIEHTPAITUH ITUTOKUHOB SIBJISI-
JIFICH TPUYHHON (0JIee BBICOKUX JJO3UPOBOK a[PEHOMH-
METHKOB, MPOJIJICHHON UCKYCCTBEHHON BEHTHUIISIINN
gerknx (MBJI) B mocieomnepatmoHHOM Tiepuojie B
rpymre maimenToB KUK (taba. 3). CooTBeTcTBEHHO
BpeMsI TOCTTUTAJIN3AIINN TAHHON IPYTITTHI TAITHEHTOB B
OTJICJIECHUW PEAHUMAIIUW TIPEBBIIAI0 AHATOTUIHBIN
MoKasaTeJyb B JPYTUX TPYIIAx MOYTH B JiBa pasa.
Taxoxe B pymiie KM K yacTota BOSHUKHOBEHMST TaXna-

creased in all groups; the smallest increase (1.9 times)
was recorded in the group of patients operated on a
beating heart.

Elevated levels of cytokines caused higher
dosages of adrenergic agonists, prolonged mechanical
ventilation (MV) in the post-operative period in the
CCPB patient group (table 3). The duration of the
hospital stay in CCPB group of patients in the inten-
sive care unit exceeded almost twice the same param-
eter in other groups. Also in the MECC group, the
incidence of tachyarrhythmias (paroxysmal atrial fib-
rillation) within the post-operative period signifi-
cantly exceeded the same criterion in the reference
groups 0.84—2.42-fold (P=0.0054).

In order to develop an optimal strategy for ex-
tracorporeal circulation, before the main stage of the
surgery, we chose two parameters: estimated volu-
metric perfusion rate (VPR) and cardiac index (CI).
The mean values of these parameters in the statisti-
cal population were 5 I/min and 2.5 1/(min *m?), re-
spectively.

In our clinic, in patients with an estimated volu-
metric perfusion rate of more than 5 1/min and the
technical ability to perform off-pump bypass surgery,
we try to perform beating heart surgery (fig. a). If
there is no such technical possibility, we carry out
minimally invasive cardiopulmonary bypass.

Using the MECC systems, the surgery was per-
formed in patients with low cardiac output of less than
2.51/(min*m?) and VPR of less than 5 |/min (fig. D).
In patients with satisfactory cardiac output of more
than 2.51/(min*m?) and VPR of less than 51/min, the
surgery using standard CPB was performed (fig. b).
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Ta6amua 3. PeaybraTsl JeueHust.
Table 3. The results of treatment in the groups.

Parameters BH CCPB MECC
The intensive care unit stay, hours 25.54+1.61 47.53+3.4 22.42+1.73
Z1,2=5.0482 ZQ,3='4.5408
P,_»<0.0001 Py 5<0.0001
Zy 516976
P, 4=0.0896
The average dosage of noradrenaline in ICU, ng/(kg*min) 181.88+25.14 381.35+44.54 228.68+26.84
Z172=3.4545 ZQ?3=-2.4836
P, ,—0.0006 Py 4=0.013
Z; 3=1.3019
P173=0.193
Duration of post-operative MV, hours 4.99+0.72 8.47%0.69 5.57%0.82
Z;_»=4.0349 Zy 3=-3.2628
P, 5<0.0001 P, 5~0.0011
Z, 5=0.7933
P173:0.4276
Arrhythmias, presence 0.07£0.05 0.24%0.11 0.1£0.08
7, =2.7821 Zy 5=-2.0819
P1,2:0.0054 P2,3:0.0374
Z173=0.478
P, 5=0.6326

Note. Standardized value of Mann Whitney test when comparing rates: Z; , — between BH and CCPB groups; Z; 3 — between BH
and MECC groups; Z,_3 — between CCPB and MECC groups. Significance level of Mann—Whitney test in comparing rates: P;_, —
between BH and CCPB groups; P;_3 — between BH and MECC groups; P»_3 — between CCPB and MECC groups

IIpumeyanue. The intensive care unit stay, hours — AUTEIBHOCTD TOCTIUTANIN3AIMI B OTACJICHIH peaHnuMaluu, yacol; the average
dosage of noradrenaline in ICU — cpenuss nosuposka nopagpenanuta 8 OAuP; duration of post operative MV — minrenbHocTb
nocaeoneparumonnoit BJI; arrhythmias, presence — apurmun, samnune. BH — PC; CCPB — KUK; MECC — MOKUK. 3nauenne
cratucTuky MaHHa—YUTHU IIPU CPaBHEHUU TT0Ka3aTels: z;_o — Mesxay rpynnamu PC u KUK; z; 5 — mexay rpynnamu PC u MOKUK;
z9_ 5 — mexay rpynnamu KUK u MOKUK. Yposens snaunmocTu cratucTuku Manna—YUTHY DU CPaBHEHUU IIOKA3ATENSA: Py g —
mesky rpynnamu PC u KUK; p; 5 — mexay rpynnamn PC u MOKUK; py 5 — mexay rpynnamun KUK 1 MOKHUK.

puTMuii (apOKCH3Mbl (GUOPHILIALIAN IPEACEPIMii) B
HOCJIE0TIEPAIIMOHHOM Ttepuozie gocroBepto (p=0,0054)
npesbimazia B 0,84—2,42 paza aHaIOTHYHBIN KPUTEPUIA
B IPYIIIIaX CPABHEHMS.

C 1esbio BBIPAOOTKU ONTUMATIBHOM cTpaTterun
MPOBE/ICHUS UCKYCCTBEHHOTO KPOBOOOPAIIIEHUS ETIIE /0
OCHOBHOTO 9Talla OTlepaIiui HaMu O BLIOPAHBI J[BA
mapaMerpa: pacyeTHast 0GbeMHast CKOPOCTD Tiephy3ui
(OCII) u cepneunsrii nnzexc (CN). Cpeptne 3nauenmst
NAHHBIX TIOKa3aTeJiell B TeHEPAIbHOI COBOKYITHOCTH
COCTaBUJIM 5 JI/MUH 1 2,5 J1/(MUH ® M?) COOTBETCTBEHHO.

B mameit kiIuHUKe Y MAIMEHTOB C PacYeTHOI
06beMHOI ckopocThio Tiepdysuun Gosee 5 J/MUH U
TEXHUYECKOI BO3MOKHOCTBIO IPOBEIEHUS IIIyHTUPO-
Banus 6e3 ucrnonb3osanus VK onepaiuu crapaemcst
IPOBOAMTH Ha paboraiomem cepaue (puc. a). Eciu
TAaKON TEXHUYECKOH BO3MOJKHOCTU HET, IIPOBOIUM
HCKYCCTBEHHOE KPOBOOOPAIIEHIE C UCTIOTb30BAHIEM
MUHUIHBA3UBHOTO KOHTYDA.

Y HalueHToB ¢ HU3KUM CEPIEYHBIM BHIOPOCOM
menee 2,5 j1/(mum e m?) u OCII menee 5 i1/mun (puc. b)
poBoM ortepariuu ¢ ucrosbdoBanueM MECC-cucrem.
[TanmenTsI ¢ YA0BJIETBOPUTENBHBIM CEPIIEYHBIM BHIOPO-
com Gogtee 2,5 1/(mun * M?) u OCII meHee 5 11/MuH ore-
pHpYIOTCS ¢ TIpoBezierneM cranzapTaoro VK.

3akiaoyeHue

HOJIy‘{eHHbIe pe3yJbTaTbl CBUAETE/BCTBYIOT O
TOM, YTO Kap/IMOXNPYPruis ¢ MIpUuMEHEHNEM NCKYCCTBEH-
HOT'O KpOBOO6paI_HeHI/IH AKTUBUPYET BOCITAJIUTEJIbHbIE

VPR, 1/min
Off pump surgery Yes
|
a MECC
VPR, I/min

|
| BH
Cardiac index, 1/(min-m?)
| |

b

CxeMa BbIGOpa METOAUKH OGECeUeH sl ONePAllU Y TIAIIUEHTOB
[PH PasanYHON 00beMHOM cKopocTH nepdy3uu.

The choice pattern for surgery management in patients with dif-
ferent VPR.

Note. a — VPR more than 51/min; 5 — VPR less than 5 1/min.
Ipumeuanue. a — OCII 6osee 5 1/mun; b — OCII menee 5 1/MuH.
VRP — o6bemuas ckopocthb niepdysuu; Off pump surgery — Bos-
MOKHO BBITIOJIHUTD OTIEpaIio Ha paboTaiolieM cepie; Yes — a;
no — net; BH — PC; MECC — MOKUK; CPB — UK; Cardiac
index — cepueunblii HHAEKC.

Conclusion

The results of the clinical studyedemonstrate
that cardiac surgery using extracorporeal circula-
tion activates inflammatory cascades and serves as
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KaCKaJIbl M SIBJISIETCS TPUTTEPOM CHCTEMHON BOCITAJIN-
TesbHOU peakiuu. HecmoTpst Ha pocT mokazateneit
IIUTOKMHOB Yepe3 CyTKU BO BCEX TPYIIAX IMallleHTOB,
HanbOoJIbINe 3HAYCHUsST ObLIM 3aPEerMCTPUPOBAHBI B
TPYIITE ¢ KIACCHIECKUM UCKYCCTBEHHBIM KPOBOOGpa-
nieHreM. AKTHBAIS MeIMATOPOB BOCIIAJICHUS BEZIET K
VIUIMHEHHIO BDEMEHU TOCTIUTATU3AIIHN, GOJIee ITUTEIb-
HOIi Tiocsreoneparnonnoii IBJI, Gosbiieii moTpebHocTi
B aJIpEHOMUMETHKAX, BOSHUKHOBEHUIO MTAPOKCU3MOB
bubpumnsuu  npeacepaunii. OlieHuBast JAUHAMUKY
MomnpeasbCKON TIKAJAbl KOTHUTUBHBIX (DYHKIIHIHA,
BBISIBUJIN, YTO TIPOBEICHUE OIEPAITNT 20PTOKOPOHAPHO-
O IIYHTUPOBAHUS Ha PABOTAIONIEM CEPIlE SBJSACTCS
HanboJiee GIArOTPUATHBIM ISt COXPAHEHNsT KOTHUTHB-
HBIX (DYHKITHI TTallMeHTOB.

[TosryyeHHBIE JaHHbBIE TIO3BOJIMIN BHIPabOTAThH
ONITUMAJTBHYIO CTPATETHUIO IPOBEACHUS Ollepaliu
AKIII. Orenka 06beMHOIT CKOPOCTH TIephy3uu U cep-
JIEYHOTO MH/IEKCA ellle JI0 OCHOBHOTO 3Taria olepainu
MO3BOJISIET BHIOpaTh HanboJiee 6e30MacHbIil aJIrOPUT™
ITPOBEJICHUS ONIEPATUBHOTO BMEIIATEIbCTBA.

B 1esiom, mposesienune omnepaiuu Ha paboraro-
IIeM cepilie NIU UCTIOIb30BaHNEe MUHUMHU3UPOBAHHO-
rO 3JKCTPAKOPIOPAIBHOTO KOHTYPAa MHHUMAJIbHO
BJIMSIET HA KOTHUTUBHBIH ITOTEHIINAI TTAIIMEHTOB, CHU-
JKAET TPOSBJIEHUS CUCTEMHOTO BOCHAJUTEIHLHOTO
OTBETa, 4TO, B CBOIO OYepejlb, MO3BOJISET CHU3UTD
KOJINYECTBO TMOCJIEOTEPAIIMOHHBIX OCJIO0KHEHUH U
VIIYUIIUTD PE3YJIBTATDI JICUCHUS.
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a trigger for a systemic inflammatory response In a
post-operative period, this may lead to the develop-
ment of a systemic inflammatory response. Next day
after the surgery, patients in all groups experienced
the increase in levels of cytokines, however, the
highest levels were recorded in the group with clas-
sical cardiopulmonary bypass. Incerase in inflamma-
tory mediators might result in prolongation of
hospitalization, longer post-operative MV, greater
need in adrenergic agonists, and the occurrence of
paroxysms of atrial fibrillation. Assessing the dy-
namics of the Montreal Cognitive Assessment scor-
ing, it was found that the off-pump coronary artery
bypass grafting was the most favorable for the
preservation of cognitive functions of patients.

The data obtained allowed us to develop an op-
timal strategy for CABG surgery. Evaluation of the
volume rate of perfusion and cardiac index before the
main stage of the operation allows selection of the
safest algorithm for surgery.

Thereby, the off-pump surgery or minimized ex-
tracorporeal circuit minimally affects the cognitive
potential of patients, reduces manifestations of the
systemic inflammatory response associated with a
number of postoperative complications, and improves
the results of treatment.
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