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Cucremnas BocnanutesnbHas peakuus (CBP) — tunosas cucremHuas peakius opraHu3Ma Ha TKaHEeBOE 110-
BPEKEHIE U HEOOXOAUMOE YCIOBUE CTPYKTYPHO-(DYHKIIMOHAIBHOTO BOCCTAHOBJICHUS TOBPEKIEHHON TKAHU.
CBP, Bo3HuKaromas y naneHToB B MHTPA- U MOCJICONEPAITMOHHOM MEePUO/IaX KapJAnOXUPYPTUYECKUX BMeEIIa-
TEJIbCTB, SABJSETCH €CTCCTBEHHO peakiueil OpraHn3Ma, OJIHaAKO B P/l CIy4yaeB UMEET MECTO Ype3aMepHas re-
Hepalus MPOBOCHAIUTENbHBIX UMITYJIbCOB, U3MEHSIOIIAsE XapaKTep BOCHAJIEHUs U yCYryOsoiias TKaHEBOe
nospeskaeHue. MaccuBHoOE BBICBOOOKICHIE MEAMATOPOB BOCHAICHUS IPUBOANT K ANCHYHKINN Pa3IUIHbBIX OP-
TaHOB M CUCTEM 1 MOJKET CJIYKUTH OZ[HOI‘;I 13 OCHOBHBIX ITPUYUNH JIETAJIbHBIX UCXOJZO0B B ITOCJICOIIEPAIIMOHHOM II€-
puoze. CymecTBYIOT CBUAETEALCTBA POJIU CUCTEMHOTO BOCIIAJIEHUSI B IaTOTeHe3e aTepockKyepos3a. Takum
06pa3oM, OIleHKa TTPEIPACIOTOKEHHOCTH TTAIMEHTOB K XapaKTepy Pa3BUBAIONIETOCS B TTOCTEONEPAIHOHHOM ITe-
pHOJIe CUCTEMHOTO BOCIIAJIUTEIBHOTO OTBETA TIOMOKET IIPOTHO3UPOBATH PUCK PA3BUTHS TTOCIEONEPAIMOHHBIX
OCJIOKHEHUIT BOCIIAJIMTEIBHOTO TEHE3a UJIK TSKECTh UX TeUeHUs, U 1o400paTh CIeluduIecKyo Tepamnuo 1Jjst
KOHKPETHOTO nanueHTa. B janHoM 0630pe aHainsupoBaHa nHGOpMaIus 0 POJIU MOJAUMOPGU3MA FEHOB, KOJIU-
PYyOUINX NUTOKUHBI 1 6eJIKI/I, BOBJICUCHHDIC B IIaTOr¢HE3 CUCTEMHOTI'O BOCIIQJIUTE/TIbHOTO OTBETA, B (bOpMI/IpOBa—
HUU MHAUBUILYAJIbHON IPEPACIIONOKEHHOCTH K PAa3BUTUIO CUCTEMHOTO BOCIIAJIEHUS HEMH(EKIIMOHHOTO TeHe3a
Yy HalMEeHTOB, MEPEHECHINX KapANOXNPYPruieCKrue BMeEIIaTeJbCTBa, a TaKKE B MO[[I/I(l)I/IKaI_II/II/I €ro TAXeCTH n
MOCJIeICTBUH.

Kniouegote cnosa: cucmemmviii 60CNAIUMENbHBITL OMEEM; B0CNANCHUE; PEBACKYIAPUSAUUSL; UUMOKUHBL; UHOUBU-
Oyarvras npeopacnoioNCeHHOCb

The systemic inflammatory response syndrome is a typical systemic reaction to tissue injury and an important
factor for structural and functional regeneration of the damaged tissue. The systemic inflammatory response
syndrome developed in patients in the postoperative period after cardiac surgeries is a natural body reaction;
however, in some cases there is an excessive generation of pro-inflammatory factors that can change the nature
of inflammation and worsen the tissue damage. The massive release of inflammatory mediators leads to dysfunc-
tion of various organs and systems and can become one of main causes of lethal outcomes in the postoperative
period. There is evidence of the contribution of the systemic inflammation to the pathogenesis of atherosclerosis.
Therefore, an assessment of patient’s susceptibility to the systemic inflammatory response may contribute to
predicting disease risks and severity as well as choosing a specific therapy for a given patient. This review analyzes
the information about the contribution of the polymorphism of genes encoding cytokines and proteins involved
in the pathogenesis of the systemic inflammatory response in the development of individual susceptibility to the
non-infectious systemic inflammatory response in patients after cardiac surgeries, as well as in modification of
its severity and consequences.
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ceptibility
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Crparerusi noucka

B anHbIl 0630p BKIIOUEHDI JaHHBIE PEJIEBAHT-
HBIX CTaTeH, OMMUCBHIBAIONIUX TEHOMHBIE MapKephbl
CUCTEeMHON BocnammuTesnbHol peakiun (CBP) nenn-
(bexnmoHHOTO TeHe3a, BOZHUKAIONIETO B Pe3yabTaTe
Kap[IHOXUPYPTUUYECKUX BMEIIATEIBCTB, OMyOJINKO-
BaHHbBIX /10 jekabpst 2016 r. u mpeicTaBIeHHBIX B
6azax mantbix PubMed u Google Scholar. TTorckoBbie
3aIPOCHI 33/[aBATTUCH TTOCPEICTBOM CJICYIONUX cCoue-
TAHWIl CJIOB: JJIsI PYCCKOSI3BIYHBIX MyOJUKAIUi —
«CHCTEMHBIN BOCIIAJINUTEIbHBIN OTBETY, «CUCTEMHOE
Boctiasienues, «CBO», «mmomumopdusm(-bl)», «<reHo-
TUTI(-BI)»; JIJIST AHTJIOSI3BIYHBIX MTYOJUKAIIUI — «SyS-
temic inflammatory responses, «systemic inflamma-
tion», «SIRS», «polymorphism(-s)», «genotype(-s)».

BBenenne

Corsacio BcemupHoii opraHusaiuu 3/paBo-
OXpaHEHUsl, CEPAEUHO-COCYIUCThIe 3a00JIEBAHIS
(CC3) gaBag10Tcss OCHOBHON MPUYMHON CMEPTHOCTH
BO BceM Mupe [1]. B Poccun B cTpyKType cMepTHOCTH
CC3 3anumMaioT iepBoe MecTo (yeJabHas CMEPTHOCTD
cocrasiageTr 57%, noutu 20% o€l 13 3TOro yucia
YMUPAIOT B TPyHococobHOM Bospacte). HauboJiee
3HAYMMBIMU (DOPMaMU CEPACTHO-COCYIUCTOMN MATOJIO-
run (¢ mo3uiuii 3a60J1€BaeMOCTH M CMEPTHOCTH)
SIBJISIIOTCST MiieMuveckast 6ousesnn cepaia (MBC) u
HHCYJIBT — ¢ HUME CBsi3aHO Oostee 70% Bcex cmepTeit
CEP/IETHO-COCYAUCTOrO TeHesa [2].

B mpakTuke KapAHOXUpypruu HauboJiee 4acto
BBITTOJIHSIEMOI OTIePAIINEN SIBIISIETCST OTKPBITAsT PEBAC-
KyJISIPU3AIns MUOKAp/a — KOPOHAPHOE IYHTHPOBA-
nue (KI) ¢ ucnosb3oBanreM pa3indHbIX TPAHCTLIAH-
TaToB (apTepuajbHBIX W BeHO3HBIX) [3]. Takme
BMEIITATeNbCTBA BHITOTHSIOTCS KaK € NCIOIb30BAHUEM
uckyccrBeHHoro kposoobOparenus (1K), tak u Ha
paboraiomem cepaiie [4]. IIpoGaema paspurus CBP
npu KII gBasercd kpaiiHe akTyaJbHOH, TaK Kak
CUCTEMHOE BOCIAJIeHNEe 3aKOHOMEPHO Pa3BUBAETCSI
[IPU BBIITOJHEHUY XUPYPIrUYECKUX BMELIATEIbCTB, 0CO-
Genro 1ipu uctosbp3oBanuu VK. B panaem mocieore-
panronnom nepuojie CBP — 310 KOMIIeHCAaTOPHBIN
MEXaHU3M aJalTallui B OTBET Ha KapAUOXUpypruye-
CKO€ BMEIIATEIhCTBO, BHE 3aBUCHMOCTH OT CIOCO6a
ero obecrieueHist | 3], 1 €ro MpOsIBJIEHNSI PETPECCUPYIOT
B cpesiHeM depe3 12 gacoB mocsie OKOHYaHUS Orepa-
. Oxnako Hanbostee Tskenbie popmbl CBP moryT
MPUBOANTD K JeTanbHOMY ucxony [5]. Passutnie CBP
Opu orepanusx, TpoBojsmuxcs B ycaosusax UK,
00YCJIOBJIEHO MIMPOKUM CHEKTPOM MOBPEKIAIOIIIX
(haKTOPOB: KOHTAKTOM KPOBU C UY;KEPOAHON HEIHIO-
TeJM3UPOBAHHON MoBepxHocThio ammapara UK,
XUPYPIUYecKol TpaBMOii, UIIeMUeil 1 Toceiyolen
pertepdysueil  OpraHoB, IOBPEKIEHUEM JIETKUX,
BBI3BaHHBIX ammapatoM MK, rumorepmueii, Bo3zeii-
cTBUEM MH(DY3NOHHBIX CPEJT, YaCTBIM MCTIOTB30BaAHHIE
JIOHOPCKUX TpaHcy3uil, TpaHcaoKauein MUuKpoJio-
PBI U3 JKEJTyIOUHO-KUIIIeYHOTO TpakTa |5, 6]. Kpome

Search strategy

This review includes the data from relevant arti-
cles describing genomic predictors of the non-infec-
tious systemic inflammatory response syndrome
(SIRS) resulting from cardiac surgeries, published be-
fore December, 2016, and archived in the PubMed and
Google Scholar databases. The search was performed
by the following word combinations: for articles in
Russian — «cucTeMHBI BOCIIAIUTEIbHBIN OTBETS, «CU-
cTeMHoe Boctiasieaney, «CBO», «mosmmopduaM(-br)»,
«rerorut(-oi)»; for articles in English — «systemic in-
flammatory response», <«systemic inflammations,
«SIRS», «polymorphism (-s)», «genotype (-s)».

Introduction

According to the World Health Organization re-
port, cardiovascular diseases (CVD) are the most com-
mon cause of death worldwide [1]. In the Russian
Federation CVD take the first place among all diseases
(the mortality rate is 57%, almost 20% of these patients
die in the working age). Coronary artery disease
(CAD) and stroke are the most important forms of
CVD related to morbidity and mortality, because they
comprise at least 70% of all CVD-related deaths [2].

Open myocardial revascularization, coronary ar-
tery bypass grafting (CABG) using different grafts
(arterial and venous) is the most common interven-
tion in the cardiac surgery [3]. Such interventions are
performed using both cardiopulmonary bypass (CPB)
and off-pump coronary artery bypass surgery [4]. The
problem of the SIRS in CAD patients is very urgent,
because the systemic inflammation is a natural phe-
nomenon in surgical interventions, especially those
applying the CPB. In the early postoperative period,
the SIRS acts as a compensatory mechanism of adap-
tation as a result of a cardiac surgery regardless of the
intervention method [3] which persists for up to 12
hours after surgery; however, the most severe forms of
the SIRS may lead to lethal outcomes [5]. In surgeries
performed with CPB, the SIRS may be triggered by a
wide range of factors such as blood contact with for-
eign non-endothelial surfaces of the heart-lung ma-
chine, surgical trauma, ischemia and reperfusion
injury, lung injury caused by the heart-lung machine,
hypothermia, exposure to infusion fluids, frequent
donor transfusions, flora translocation from the gas-
trointestinal tract [5, 6]. In addition, the intravascular
systemic inflammation contributing to the pathogen-
esis of atherosclerosis underlying the coronary heart
disease is discussed.

Therefore, the problem of assessment of individ-
ual susceptibility to the SIRS development is very
topical and important for evaluation of the prognosis
in the postoperative period in patients with CVD.

Pathogenesis of systemic inflammatory re-
sponse. The development of systemic inflammation is
determined by several factors, including systemic al-
teration of the systemic inflammatory response, deple-
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TOrO, aKTHBHO OOCYKIaeTcsl BHYTPUCOCYIUCTAsT
CUCTEMHAsI BOCTIAJINTEIbHAS PEAKITHST, UTPAIONAst BaK-
HYTO POJIb B TTATOTE€HE3€ aTEPOCKIIEPO3a, JIEKAIIETO B
OCHOBE KOPOHAPHOI GOJIE3HHU cepia.

Takum 06pasom, TpobeMa OIeHKI WHANBUILY-
aJIPHON TIpeZipacIioyiokeHHocTn K passutuio CBP
[PEeACTaBIsIeT 0COOBIH MHTEPEC W SIBJISETCS BasKHON
NIST OIIEHKW TIPOTHO30B B  TIOCJEOTIEPAIIMOHHOM
nepuoze y namuentos ¢ CC3.

IIaTroreHe3 cuCTEMHOTO BOCIIAJIUTEIHHOTO OTBE-
ta. TUTIOBOI TATOJOTUYECKHUIT TTPOIIECC CUCTEMHOTO
BocTasieHust (pOPMUPYIOT HECKOJbKO (HEeHOMEHOB:
CUCTEMHAs BOCTIATTUTETbHAS PEAKIIUN CUCTEMHOMN aJTh-
Teparuu, UCToIeHre (haKTOPOB AaHTUBOCTIATATETbHOM
PE3UCTEHTHOCTH, IUCTPECC-PEAKITNN HEHPOIHOKPUH-
HOH CUCTEMBI M CUCTEMHOE MUKPOTPOMO00GPasoBatue
[7]. [Tomumo TKaHEBOTO MTOBPEKIAECHMS, HA XapaKkTep 1
BbIpaxkeHHOCTs CBP MoryT BauaTh uiemus (¢ rnocJie-
nytornei periepdysueii) u JUMONOIMCaXapu/Ibl Kie-
TOYHOW CTEHKU MUKPOOPTAHU3MOB.

OTiesTbHbBIE aBTOPBI KITIOUEBYIO POJIb B ITATOTEHE3e
CBP oTBoAAT 9HIOTOKCUHY WJIM JIUIIONOJUCAXAPULY
(JITIC), mCTOUHNKOM KOTOPOTO SIBJISIETCST carTpouTHAST
rpaMoTpHIaTeIbHAst MUKPO(DIOpa JKeTy I0UHO-KHTITeY-
HOro TpakTa. HeKoTopoe KoJMuecTBO KUIIEYHOTO 9H/I0-
TOKCUHA TIOCTOSIHHO TIPOHWKAET B JTUM(PATHIECKYTO
CUCTEMY U KPOBb U3 BOPOTHOI Benbl [8]. OrcyrcrBue
TOKCHYECKHX PEAKITUI Ha HAJTWMIME B CACTEMHOM KPO-
BoToke (CK) JITIC 00bsICHSIETCST HAIMYMEM B OpPraHns3-
Me aHTUIHJIOTOKCUUECKUX CUCTEM, CBSI3BIBAIONINX U
3HAUNTEBbHO CHIDKaonmxX akTuBHOCTH JIIIC. I1pu pas-
BUTHH WH(MEKITMOHHBIX TPOIECCOB, CTPECCE, TATOJIOTH-
YeCKUX Tpoleccax HenH(MEKITMOHHOTO TeHe3a, YBeJNUH-
BaeTcs nmponnkHoBeHne natectunaabHoro JIIIC B CK|
YTO MPUBOIUT K UCTOTIEHUIO (DAKTOPOB aHTUIH/IOTOK-
CUHOBOTO MMMYHUTETA W CHYKEHWIO TUTPA aHTHIH/I0-
TOKCWMHOBBIX aHTuTesN [9].

[Mupkynupyronmii B CK JITIC B3anmozeiicTByeT
€ HAXOJSIIUMCS B MJIa3Me JIMTIOTIOJINCAXapUICBSI3bI-
Batorum nporerHom (LBP), 06pasys komruieke LBP-
JITIC. Pemenrtopom mist komiiekca LBP-JITIC n
JITIC sasaserca xknacrep muddepertmposkn (CD),
cpojicTBO KoToporo ¢ komtmekcom LBP-JITIC mamuo-
ro cuibHee, yeM ¢ HecBasanabMm JIIIC. CD B Toit nin
UHOHU CTENeHn 9KCIPECCUPyeTcst Ha MeMOpaHe Beex
KJIETOK OpraHi3Ma, 0cOOEHHO OOMIIBHO Ha MeMOpaHe
MOHOIIUTOB, Makpodaros, HelTpodumos. laHHBIN
perenTop MPUCYTCTBYET B IJIa3Me B PACTBOPUMOM
Buze. 3agadeit CD aBasercs npesentanus JIIIC u
LBP-JIIIC caenytomeMy pernentopy KOMIIJIEMEHTA,
KOTOPBIi 0becreurBaeT TpaHCMEMOPaHHYTO [Tepeaady
CUTHAJA BHYTPb KJIeTKH [9].

NsBectro, uto JIIIC maAynmMpyeT cexpenuio
IIUTOKIHOB, SIBJISIONNUXCS HEOTHEMIEMON COCTABIISIO-
TIell BOCITAIUTEThHOTO TIpotiecca. IIuTokuHbI orocpe-
JIOBaHHO BJIUSTIOT Ha (DYHKIIMOHATBHYIO aKTUBHOCTD U
CTUMYJISAIIIO /MHTHOUpoBaHue Kiaetok. Hakormienne
IIUTOKUHOB B KPOBU MHOTUMHU YYEHBIMHU PACCMATPH-
BaeTcs Kak ¢axtop pazsutusg CBP. Poab 1iutoknaoB

tion of anti-inflammatory resistance factors, distress
response of the neuroendocrine system and systemic
microthrombogenesis [7]. In addition to the tissue
damage, ischemia (followed by reperfusion) and
lipopolysaccharides (LPS) of bacterial cell wall can af-
fect the SIRS nature and severity.

Some authors attribute a key role in SIRS patho-
genesis to the endotoxin, or LPS, the source of which
is gram-negative saprophytic flora of the gastrointesti-
nal tract. Some quantity of the intestinal endotoxin
continuously penetrates into the lymphatic system
and blood from the portal vein [8]. The absence of
toxic reactions to LPS in the systemic circulation can
be explained by the presence of anti-endotoxin sys-
tems in the body that binds and significantly reduces
the activity of LPS. With the development of infec-
tious processes, stress, non-infectious pathological
conditions, the penetration of intestinal LPS into the
systemic circulation increases leading to the depletion
of anti-endotoxin immunity and reduction of the anti-
endotoxin antibodies titer [9].

Circulating LPS interacts with a lipopolysaccha-
ride binding protein (LBP) in plasma and forms an
LBP-LPS complex. A cluster of differentiation (CD)
volecule, the CD14, affinity of which with the LBP-
LPS complex is much stronger than that with un-
bound LPS, is the receptor for the LBP-LPS complex
and LPS. CD14 at varying degree is expressed on the
membrane of all cells, especially on the membrane of
monocytes, macrophages and neutrophils. This recep-
tor is present in a soluble form in plasma. The function
of CD14 is to present LPS and LBP-LPS to the next
complement receptor, which provides a trans-mem-
brane transmission of signals inside the cell [9].

It is known that LPS induces the secretion of cy-
tokines, which are an essential component of inflam-
mation. Cytokines indirectly affect the functional
activity and stimulation/inhibition of cells. The accu-
mulation of cytokines in blood is considered a factor
of contributing to the SIRS development. The contri-
bution of cytokines to the pathogenesis of the SIRS is
complicated and ambiguous: they may demonstrate
both synergistic (most likely in pathology) and antag-
onistic effects. Interaction of different cytokines and
complicated synchronization of their entering in the
circulation contribute to the development of a wide
variety of pathological changes in the case of SIRS.
Functional states of target cells, organs and systems
of the patient before the development of the patho-
logic process, the individual ability to produce certain
cytokines contribute greatly to the development of
these changes [9—12].

Cytokines induce the migration of immune cells
into an inflammation focus. In this case cytokines acti-
vate vascular endothelium. Activated endothelial cells
produce large quantities of heat shock proteins (HSP)
as well as cytokines and other inflammatory mediators.
HSPs are represented by various inhibitory proteins,
produced as a result of the intracellular dissociation of
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B natorerese CBP ciyokHa 1 HeoHO3HAUYHA — OHU
MOTYT TPOSIBJISATh CUHEPTHYecKuil (uro Hambosee
BEPOSITHO B YCJOBUSX TTATOJIOTHN ) M aHTAaTOHUCTHYE-
cknit appexThl. BaanmoaeiicTBUE pa3IMUHBIX ITUTO-
KWHOB M CJIO’KHASI CHHXPOHUBAIIUS UX TIOCTYTIJICHUS B
CK c¢rmocoOCTBYIOT PasBUTHIO MIHPOKOTO CIIEKTPa
natosiorndecknx namenenuii mpu CBP, Baskayto posb
B TIOSBJIEHUM KOTOPBIX HUMeeT (PYHKIIMOHAIbHOE
COCTOSTHWE KJIETOK-MUIIIEHEH, OPTaHOB M CHCTEM
MaIMEHTA JI0 PAa3BUTHS MATOJOTHUECKOTO MPOIECcca,
UHAWBUYalbHbIE CIIOCOOHOCTH TPOAYIUPOBATH T€
WJIN UHblE IUTOKUHBL [9—12].

[IUTOKMHBI BBI3BIBAIOT MUTPAITUIO0 UMMYHOKOM-
METEHTHBIX KJETOK B ouar Bocmajenus. IIpw aTom
IUTOKMHAMHU aKTUBUPYETCS DHHAOTETUN COCYIOB.
AXTUBUPOBAHHAST SHAOTEIMATBHAS KJIETKA, KPOMe
IIUTOKWHOB W MIPOYUX BOCTTAJIUTETTHHBIX MENATOPOB,
B GOJIBIIIOM KOJIMYECTBE TPOAYIUPYET OEJIKH TETLIO-
Boro moka (BTII). BTII npexcraBiers pa3anyHbI-
MU WHTUOUTOPHBIMHU OeJIKaMu, 0OpasyonnMUcs B
pes3yJibTaTe BHYTPUKJIECTOYHON AMCCOTMAIINN aKTHBH-
posanHoro augoreanonura. BTII, nogo6uo JIIIC, B
CBOIO ouepejb CIOCOOHBI MHUIMMPOBATH MPOIECC
MTPO/LYKIITNH TTPOBOCTIAJIUTEbHBIX IIMTOKWHOB [ 13].

CyIIecTBYIOT HCCJEOBAHUS, JEMOHCTPUPYTO-
Te 3HaunMyTo poJib B pa3Butuu CBP takoro matodn-
3UOJIOTUYECKOTO TPOTIECCa, KaK UIIEeMHUSI, COITPOBOK-
natomeit KIII, mpoBoiMOTO B yCIOBUSIX allliapaTHOTO
nckyccTBeHHoro Kposoobpaienus (1K), B mporiecce
MIPOSIBJIEHUST UIIIEMUN PETHCTPUPYIOTCS TTOBBIIIEHHAS
tpancaokarus JITIC, yBemmuenHas mpoyKIns uTo-
KUHOB, JIEIKOCTa3, TUTIEPAKTUBAIUS TPAHYJIOIUTOB,
AKTWBAIUST CUCTEMbl KOMILJIEMEHTA, MOBPEKICHUS
9HIOTENNS, YTO YACTO TTPUBOJIUT K BOSHUKHOBEHHIO
MOJIMOPTAHHOM TUCHOYHKINH, PA3BUTHUIO TUCCEMUHM-
POBAHHOTO BHYTPUCOCYIUCTOTO CBEPTHIBAHUS KPOBH,
HEPEIKO 3aKaHUNBAIOIIUXCS TIOJTMOPTAaHHON Hel0CTa-
TouHOCTHIO. OJIHUM U3 MEPBBIX B 00PBOY ¢ FUMOKCHER
BKJTIOUAETCST MEXaHU3M TIPOIYKIIMH SHIOTEJIUHOB. B
OTBET Ha TUIMOKCUIO HHIOTEIUATBHBIMU KJETKAMU
BBICBOOOKIAIOTCS 9HAOTEMHBI (COCYI0CYKUBAIOIIIE
BelleCTBa), a HaUOGOJBIINM Ba3OKOHCTPHUKTOPHBIM
addexrom obmagaer sumoresuH- 1. OH CBA3BIBAETCS CO
crermMUIeCKUMI PEIENTOPaMH, HaXOSITUMUCS Ha
MOBEPXHOCTHU KJIETOK IJI/IKON MYCKYJIATYPbI, BBI3bIBaST
Ba30KOHCTPUKIINIO. HecMOTPst Ha TO, UTO 9HIAOTEJNHBI
6bicTpo BhiBoAsATCS 13 CK, MecTHas KOHCTPHKIIHS
COXPaHSIETCSI M3-32 MEJITIEHHOTO Paciia/ia 9HI0TETNHOB
Ha KJIeTOYHOM ypoBHe [12].

AKTUBUPOBaHNE MTPOBOCTIATUTETHHBIMI ITUTOKH-
HaMU 9HIOTEIMATBHBIX KJIETOK BJIeUeT 3a co0oii Hapy-
IIEHUE B CBEPTBHIBAIOIIEH CHCTEME KPOBU: U3 9HIOTEIH-
AlbHBIX  KJIETOK  BBICBOOOKIAETCS — TKAHEBOU
tpombormactud (111 hakTop cBepThIBAHUST KPOBU) U
AKTUBHPYETCST BHENTHUN MeXaHU3M (hOPMUPOBAHUS
nporpoMOuHasbl pu yuactuu VII miasmeHHOro (hak-
topa 1 noHos Ca*. IToj BivsiHEEM IPOTPOMOMHASHI B
IpUCYTCTBUM (hakTOpa V TPOUCXOUT MTPOTEOTUTIYE-
CKOe pacllierieHne poTpoMOrHa, Gjarogapss yemy

activated endotheliocytes. Like LPS, HSP can initiate
the production of pro-inflammatory cytokines [13].

There are studies demonstrating a significant
contribution of ischemia accompanying CABG con-
ducted under CPB to the development of SIRS. Dur-
ing ischemia, increased translocation of LPS,
production of cytokines, leukostasis, hyperactivation
of granulocytes, activation of the complement system,
endothelial damage can be registered that often leads
to MODS and the development of disseminated in-
travascular coagulation. The mechanism of endothelin
production is the first factor to fight the hypoxia. In
response to hypoxia endothelins (vasoconstrictors)
are expressed by endothelial cells, and the endothelin-
1 has the most pronounced vasoconstrictor effect. It
binds to specific receptors on the membrane of smooth
muscle cells and initiates vasoconstriction. Despite
the fact that the endothelins are promptly eliminated
from the circulation, the local constriction retained
due to the slow degradation of endothelin at the cel-
lular level [12].

Activation of endothelial cells by pro-inflamma-
tory cytokines leads to dysfunction in the blood coag-
ulation system: endothelial cells express tissue
thromboplastin (11T coagulation factor); the external
mechanism of prothrombinase generation (involving
plasma factor VII and Ca*) is activated. Prothrombi-
nase in the presence of factor V induces proteolytic
disintegration of prothrombin and its transformation
into thrombin which has a coagulating activity.
Thrombin participates in many reactions such as poly-
merization of fibrin, activation of thrombocytes, and
generation of nitric oxide by endothelium. The excess
of thrombin is removed by antithrombin ITI, but most
of it is bound with specific endothelial receptor,
thrombomodulin. Thrombomodulin determines the
rate and direction of the hemostasis process. Throm-
bin binds with thrombomodulin forming antiplatelet
and antithrombotic complex that prevents coagula-
tion and inhibits fibrinolysis [ 14].

Under physiological conditions, the endothelial
cells maintain the thromboresistance of vascular wall
not only due to thrombomodulin, but also due to the
formation of other natural anticoagulants. If the SIRS
develops, activated endothelial cells lose thrombo-
modulin due to high concentration of thrombin in the
blood. At that, there is a decreased expression of other
important natural anticoagulants, which is accompa-
nied by disseminated intravascular coagulation of
blood, which leads to the hypercoagulation phase fol-
lowed by hypocoagulation [14—15].

Therefore, the severity of the SIRS and compli-
cations caused by discoordination of stimulated in-
flammatory signals in response to the damaging
agent depends on not pro-inflammatory mediators
alone, but also on a chain of pathological events in-
cluding changes in the inflammation, hemostasis, en-
dothelial and neuroendocrine systems. The SIRS
model is presented [16].
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nostBisieTcst (hepMeHT TPOMOWH, 00JIaIaroIINil CBEPTHI-
BafoIell akKTHBHOCTBI0. TPOMOWH yJacTByeT BO MHOTUX
peakIuaX, HauMHasg ¢ ToJuMepusau (GuOpHHa U
AKTUBAIMN TPOMOOIIUTOB JI0 BBIIEJICHUS DHIOTETHEM
okcua asora. VI30bITOK TPOMOWHA YIaJIsieTcsl aHTH-
tpoM6OuHOM 111, 0/1HAKO €ro GOJIbIIIAs YaCTh CBA3bIBACT-
Cs1 CO CIIEIUATbHBIM 9H/IOTEJINATBHBIM PEIETTTOPOM —
TPOMOOMOLYIMHOM. TPOMOOMO/LYTHH ONPEIEIISIET CKO-
POCTh U HalpaBJIeHKe TIpoliecca reMocTasa. TpoMOuH,
[PUCOEIMHUBIIICH K TPOMOOMOJLYJIMHY, IPHOOPETaeT
HOBBIE KauecTBa, 06pasysl aHTHArPEraHTHbIA 1 aHTH-
TPOMOOTHUYECKUIT KOMITJIEKC, TIPEISATCTBYIONIMI CBEp-
TBIBAHUIO U TOPMO3SIIA hubprHomus [14].

B dusnonornuecknx yciaoBrsx aHAOTeINATHHBIC
KJIETKH MOJIEPKUBAOT TPOMOOPE3UCTEHTHOCTD COCY-
JIACTO¥ CTEHKH He TOJIBKO GJ1aroapst TpPOMOOMO/LYJIHY,
HO ¥ 3a cueT 00pasoBaHust JIPYTHX €CTECTBEHHBIX aHTH-
KoaryJgHTOB. B ciyyae passutus CBP aktnBupoBan-
HbIe DHIOTETHABHBIE KJIETKH TEPSIOT TPOMOOMOJLYJINH
13-3a MOBBIIEHHON KoHIeHTpalu TpomOuHa B CK.
ITpu aToM HabIIOAAETCS CHUIKEHNE DKCIIPECCUH U [IPY-
TMX Ba)KHBIX €CTECTBEHHBIX AHTHKOATYJSHTOB, YTO
COITPOBOK/AETCST TUCCEMUHUPOBAHHBIM BHYTPUCOCY-
JIICTHIM CBEPTHIBAHNEM KPOBH, UTO IIPUBOIUT K BO3HHK-
HOBEHUIO (hasbl TUTIEPKOATYJSIIIUU € TOCJIELYTONIei
TUIoKoaryJionaTueil morpebienus [14—15].

Takum 06pasoM, BBIPasKEHHOCTh U MHTEHCHB-
Hocth CBP 1 ociioskHeHUs1, 00y CJI0BIEHHBIE IUCKOOD-
JIUHAIMEN  CTUMYJUPOBAHHBIX  BOCTAJIUTEIbHBIX
HUMITYJIbCOB B OTBET Ha TIOBPEK/IAIONINIA areHT, 3aBH-
CSIT HE TOJIBKO OT TIPOBOCTIAIUTEIbHBIX MEIUATOPOB,
HO 06eCeYnBaeTCs IEMbIO TaTOJIOMMYECKUX COOBITHIA,
BKJIIOUAIONIUX ~ U3MEHEHUS  (DYHKIIMOHUPOBAHUS
CUCTEMBI BOCTTAJIEHHSI, TeMOCTA3a, 9HI0TETUATBHON 1
HENPOIHTOKPUHHON CUCTEM.

Cxema dpopmuposanus CBP mpenoctaBiena mo
ccouike [16].

Kpaiineii cTerneHbio BBIPA)KEHHOCTH OCJIOKHEH-
Horo CBP saBisieTcst mosmopranHast He/JoCTaTOYHOCTB,
pasBuBaoiiasicst B 1 —2% ciydaeB Bcex KapIHOXUPyP-
TMYECKUX BMETIATENBCTB C JIETATBHOCTHIO, IOCTHTATO-
meit 78%. Ilouku u Jjierkue SBJSIIOTCS TJIABHBIMU
MuteHsMu it toctoriepatTuBaoil CBP. Hapymmenne
(bYyHKIIMOHUPOBAHWS JAHHBIX OPTAHOB TIPOSIBJISIETCS
HocJie MPAKTHYECKH JIIOOBIX KapANOJOIHIeCKUX OIle-
paiuii, a TmovyeyHass W JIeTOYHAasT HEJIOCTATOYHOCTD
SIBJISTFOTCSI TIPHYMHOM OOJTBIIMHCTBA TTOCIE0TePaTHB-
HBIX JIETATBHBIX MCXOA0B [5] M accOMUUPYIOTCS C
HeOJTaronpPUSATHBIM KapAHOPEHAIbHBIM MTPOTHO30M
nocJte orteparun KIIT [17].

Acconuanyuyu CHCTEMHOTO BOCHAJIEHHS C TIOJIU-
MOpP(}U3MOM reHOB TUTOKUHOB y nmanueHTos ¢ CC3.
KirfoueBbIMy GHOJIOTMYECKIMHU MapKEPaMU C JIOKa3aH-
HOW KJIMHUYECKOW MPOTHOCTUIECKON 3HAUYNMOCTBIO
s pazsutuss CBP npusnanst nutokunsr (116, ILS,
IL10, TNF-a) u octpodasubiii C-peak THBHBIN OEJIOK
(CPD) [18,19]. Taxum o6pasom, Hanboee meperek-
TUBHBIMU TIPEUKTOPAME TTOBBIIIEHHOTO WHIUBU/LY-
asmpHOTO prcka pazsutus CBP aBisercst mommmop-

Multiple organ failure, which develops in 1—2%
of all cases of cardiac surgery with mortality rates
reaching 78%, is an extremely severe manifestation of
SIRS. The kidneys and lungs are the main targets of
the post-operative SIRS. Disorders in these organs de-
velop after almost all cardiac surgeries; and renal and
pulmonary failure are the most common causes of post-
operative lethal outcomes [5] and are associated with
anegative cardio-renal prognosis after CABG [16, 17].

Associations of cytokine gene polymorphisms
with SIRS in CVD patients. Such cytokines as IL6,
IL8, IL10, TNF-alpha and acute-phase C-reactive pro-
tein (CRP) represent the key biomarkers of the SIRS
with a confirmed prognostic significance for SIRS de-
velopment [18, 19]. Therefore, polymorphic variants
in the genes controlling activity of cytokines are the
most promising genome predictors of the increased in-
dividual risk of SIRS development. Their study may
help in prediction of the risk of the disorder or its
severity, as well as in selection of a specific treatment
of a certain patient [19].

It is necessary to differentiate between the infec-
tious SIRS from the noninfectious one, which devel-
ops as a response to an injury, including that during
cardiac surgery. Plenty of data on the effect of poly-
morphic variants of the genetic polymorphism on the
development and severity of septic events [20—30]
was accumulated; however, studies investigating ge-
nomic predictors of the noninfectious SIRS (including
results of CABG results with CPB in CVD patients)
are limited and contradictory.

Available studies are mainly based in the clinical
data parameters. Pathogenetic studies intended to con-
firm the contribution of the genetic variability of genes
controlling the main levels of pathogenesis in the risk
of quick SIRS progression after CABG with CPB are
few. H. Tomasdottir et al. [31] studied the relationship
between cardiovascular risks with altered pro-inflam-
matory mediator levels (interleukins and cytokines)
and the variability in the intron region of the TNF-4
+252G>A gene (biallelic loci TNFB1B2). In this re-
search 95 donors undergoing routine cardiac surgery
were investigated. It demonstrated that patients ho-
mozygous for the TNFB2 allele displayed larger peak
concentrations of TNF-alpha (11.3%1.3 versus 7.8+0.7
pg/ml; P=0.013) and IL6 (153+27 versus 87+7 pg/ml;
P=0.010) when compared with patients homozygous or
heterozygous for TNFB1. At the same time, the TNFB2
homozygotes had a higher incidence of left ventricular
dysfunction (31% versus 9%; P=0.029; OR=3.84 [95%
CI, 1.40—24.3]), postoperative pulmonary dysfunction
(24% versus 6%; P=0.016; OR=5.21 [95% CI, 1.49—
18.3]), and a lower pulmonary oxygenation index
(29+1.9 versus 36.1£1.8; P=0.013). Therefore, patients
homozygous for the TNFB2 allele may develop a severe
SIRS with an increased risk of cardiopulmonary com-
plications after cardiac surgery.

Similar results were obtained by British re-
searchers investigating 96 patients who underwent
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(buaM reHoB, KOHTPOIMPYIONUX AKTUBHOCTD ITUTOKH-
HOB. VX n3yueHne MOXeT MOMOYb TTPOTHO3UPOBATH
PHUCK Pa3BUTHS MATOJOTUU WU TSKECTh €€ TeUeHUs,
U ToAGUPATh CIEU(MUIECKYIO TEPATTHIO ISt KOHKPET-
HoTo nanuenTa [19].

Crenyet muddepentinposars CBP nadekmmon-
HOTO TeHe3a, oT HemHpeknuonuoit CBP, passusaro-
nieiicsi B OTBET HA TPAaBMY, B TOM YHUCJIe, U TIPU TIPO-
BE/lCHUW KapAUOXUPYPIrUUECKUX MaHUITYJISIIHH.
Haxonmero 1ocTaTouHO JaHHBIX O BIAWSHUE TEHETU-
YeCKOTO MoTuMop(hu3Ma Ha pa3BUTHE U TSKECTD CeTl-
trnyeckux sassenunit [20—30], B To BpeMs Kak UCCIes10-
BaHUs, OMNUCHIBAOIINE TEHOMHbIE TIPEIUKTOPBI
pazsutust CBP nHewmndexnmonnoii npupoasr (kKak
pesyapTar KII, mpoBosnmoro B yenosusax MK y namu-
enToB ¢ CC3), BecbMa OrpaHUYeHbI 1 TPOTUBOPEYNBHI.

Nmeroniecst nccae/JoBaHus, B OCHOBHOM, OTIH-
paloTcs Ha TIOKa3aTe i KIMHIUECKUX MaHHbIX. [laTo-
TeHEeTHYECKUX MCCIIe/IOBaHNI, HAIPABJIEHHBIX Ha TIOI-
TBEPIKACHUE POJU T'€HETHYEeCKOH BapuabeabHOCTH
TeHOB, KOHTPOJHMPYIOINUX OCHOBHbIE 3BEHbS MaTOTe-
He3a, B PUCKAX BBICOKMX TEMIIOB TIPOTPECCUPOBAHUS
CBP nocse onepantmu K B ycnosuax UK kpaiine
maio. Hampumep, H. Tomasdottir et al. (2003) [31]
OTIEHWJTM B3aUMOCBSI3b PUCKOB PAa3BUTHS CEPAEUHO-
JIETOYHBIX OCJIOKHEHUIT ¢ UIBMEHEHUEM KOHIICHTPAIINN
MeIMaTOPOB BOCTaIeHNsT (ITMTOKIMHBI M MHTEPJICHKI-
HBI) 1 BapuabebHOCTBIO B UHTpoHe reHa TNF-f
+252G>A (6uamnenvusiii jgokyc TNFB1B2). B
HCCJIeIOBaHNE BKJIIOYEHO 95 TOHOPOB, MEPEHECITNX
PYTUHHYIO OTIE€PAIHIO HA ceP/Ile. Y CTAHOBJIEHO, UTO Y
MMaIlMeHTOB, TOMO3UTOTHBIX 110 ajiesio TNFB2, nmuko-
Bbie KoHreHntpaiuu TNF-o u IL6 cratuctuyecku
snaunMo Boime (11,3+1,3 mporus 7,8+0,7 mr/mu,
p=0,013 u 15327 nporus 87+7 ur/mir; p=0,010) o
CPaBHEHWUIO C MMAIlUEHTAMH, TOMO3UTOTHBIM UJIN TeTe-
posurotabiM 10 TNFB1. B TOXE Bpemst, TOMO3UTOTHI
TNFB2 nmerot 60iee BBICOKYTO 9aCTOTY ANCHYHKITUT
geBoro skeaymouka (31% mporus 9%, p=0,029;
OI11=3,84; 95% /11 1,40—24,3), mocjieomepainoHHON
gerounoit auchyuximu (24% mnporus 6%; p=0,016;
OIlI=5,21; 95% /11 1,49—18,3), u HU3KUN WHIEKC
okcureHarmuu (29+1,9 mo cpaBuenuio c 36,1+1,8;
p=0,013). Takum o6pa3om, 1ocjae NPOBEACHUs Kap-
JMOXUPYPrUYECKUX BMEIIATEIbCTB, Y HOCHUTEJEH
romo3uroTHoro renotnmnia TNFB2 mokeT pasBuThes
BoipakeHHass CBP ¢ moBwImeHHbM puckom hopmu-
POBAHMS OCJIOKHEHUIT CO CTOPOHBI CEP/IIA U JIETKUX.

CxoJIHbIE Pe3yJIbTaThl TIOKa3aHbl B paboTte Opu-
TAHCKUX HccJleioBaresield, u3yyuBiinx 96 nauenTos,
TIO/IBEPTHY THIX KOPOHAPHO peBacKystpusarmu. [ larm-
eHThl, roMo3uroTHbIe 110 amnemio A reda TNF-a G-308A,
XapaKTEPU30BAINUCH CTATUCTHIECKN 3HAUNMBIM TIPEBbI-
menveM nupkyaupytoiero TNF-a (p=0,009), uto B
CBOIO OYepesib, CTUMYJIHpYyeT Oosiee BbipaskeHHyo CBP
U MOBBINIAET PUCK HEOIATONPUATHOTO UCXOMA MOCTe
MTPOBEIEHNUST KapMOXUPyprudeckux ornepanuii [32]. B
TOKE BpPEeMsl, B OJHOM W3 WCCJIEAOBAHUI PYCCKOI
HOMYJISIIUK GBLTO YCTAHOBJIEHO MTPOTEKTUBHOE BJIMSTHIIE

coronary revascularization. Patients homozygous for
the A allele (the TNF-a G-308A gene) had higher cir-
culating levels of TNF-alpha (P=0.009), which in turn
caused a severe SIRS and increased the risk of adverse
outcomes [32]. At the same time, a similar study per-
formed in a Russian population found that the A allele
(TNF-alpha G-308A gene) had a protective effect
(OR=0.33[95% CI, 0.15—0.75], P<0.05) and the G
allele was associated with a higher risk of postopera-
tive complications after CABG in the elderly (>60
years) patients (OR=6.20 [95% CI, 1.07—35.69],
P<0.05) [33]. AV. Efremov et al. showed that the G
allele (TNF-a G-308A gene) and the C allele (IL18
C+3953T gene) were individual risk factors con-
tributing to the severity of chronic heart failure [34].
These results demonstrate the contradictory role of
the TNF-a gene in the formation of individual suscep-
tibility to SIRS development and postoperative com-
plications which may be related to genetic
characteristics of the studied populations.

M. Gaudino et al. (2003) [35] studied 111 pa-
tients after CABG and evaluated postoperative circu-
lation IL6 levels and the development of postoperative
renal and pulmonary complications in patients with the
IL6 gene -174GC polymorphism (rs1800795). The car-
riers of the homozygous genotype for allele G had in-
creased the levels of IL-6 in serum (P<0.0001) and
postoperative impairment of renal and pulmonary func-
tion (the mean respiratory index in 6 and 12 hours was
2.9£0.8 and 2.8+0.3 versus 2.1+0.5 and 1.3%0.1, respec-
tively (P<0.0001), the mean duration of the mechanical
ventilation was 22.5%£2.1 versus 12.7£6.7 hours
(P<0.01)) [35]. In contrast, E. Wypasek et al. found a
decrease of circulating CRP and IL6 in the carriers of -
174G allele of the L6 gene in patients after CABG [36].

The risk of complications after CABG with CPB
has been studied in 126 patients from France. A large
panel of genes has been studied: LTA (252A>G), TNF
(-308G>A), IL6 (-597G>A, -572G>C, -174G>C),
IL10 (-592C>A, 117C>T) u APOE (Cys112Arg,
Arg158Cys). It demonstrated that single nucleotide
replacements in genes of IL6 cytokines -572G>C u
IL10 -592C>A may be used as markers of reduced re-
sistance to the development of the postoperative
SIRS. The dominant model G/C+C/C of the IL6 -
572G>C gene and the dominant genotype C/C in the
IL10 -592C>A gene is associated with clinical end-
points (P=0.032 and P=0.009, respectively), as well as
with increased serum level of TL10 within 24 hours
after surgery (P=0.017) [37].

In another study, peak concentration of I1L6
within 6 hours after CABG were significantly higher
(P=0.03) in carriers of the -572C allele as compared
to the -572G allele (355+67 vs. 21613 pg/mL) as
well as in carriers of the -174G/C genotype as com-
pared to carriers of the -174G/G genotype (287+31
and 227+15 pg/ml, P=0.04) of the IL6 gene [38].

Therefore, interleukins and the tumor necrosis
factor are the most studied factors in relation to the
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HocutesnbetBa amnens A rema TNF-a (rs1800629)
(OI11=0,33; 95% /111 0,15—0,75; p<0,05) u yBemmdyeHme
PHCKA BOSHUKHOBEHWS TIOCJICOTIEPAITUOHHBIX OCTIOKHE-
wuii ocae KIII y moxknseix (crapire 60 sret) marmen-
ToB TIpu HocuTeabeTBe amens G (OI11=6,2; 95% /11
1,07—35,69; p<0,05) [33]. B patore A. B. Edhpemosa u
COABT. YCTAHOBJIEHO, YTO ayjiesnb G moJuMophHOTO
sokyca G-308A rena TNF-a n ansens C nosmmopdHo-
ro jokyca C+3953T rena 1114 sBrsiorest hakTopamu
WHMBU/LyJIbHOTO TIOBBIIIEHHOTO PUCKA PA3BUTHUS U
TSDKECTH TEUEHUST XPOHMUECKOW Cep/ledHOoi HelocTa-
TouHOCTH [34]. /laHHBIE Pe3yIbTaThl CBUETETHCTBYIOT
o ipotuBopeunBoi posu reHa TNF-a B hopmupoBanmu
WH/INBUTYaTbHON TIPEIPACTIONOKEHHOCTH K PAa3BUTHIO
CBP u mocyieonepaliliOHHBIX OCJIOKHEHUH, W, BEPO-
SITHO, MOTYT OBITh CBSI3aHbI C TEHETHIECKUME 0COOEH-
HOCTSIMY U3YUYEHHBIX TIOTY IS,

B pabore M. Gaudino et al. (2003) [35] Gblia
MPOBeJIeHa OIeHKA COJIEPsKaHMS ITUPKYIUPYIONIETO
L6, a Takske HATMUME U TSKECTH AUCHYHKITMH JIETKO-
TO U MTOYEK Y HOCUTENEN Pa3JIMUHbIX MOJTMMOPHHBIX
BapuanToB TeHa 1L6 -174G>C (rs1800795) y 111
nannenTos, mepedecmux KIII. HocurenscTBo Tomo-
3UTOTHOTO TE€HOTHUIIA Mo ayerio G oKka3azoch acco-
IIUUPOBAHO C TIOBBIIIIEHNEM KOHIICHTPAITUH [TUPKYJIH-
pytoriero IL6 (p<0,0001) u mocTomepaTuBHBIM
yxyauenueM (GyHKIUN 1I04eK U JIerKUX (CpepHuii
pecnupaTtopHbIil WHAEKC Ha 6 1 12 yacax coctaBu
2,9+0,8 u 2,8+0,3 mporus 2,1£0,5 n 1,3+0,1, p<0,0001;
CPEHSIS TPOJIOJIKUTENBHOCTh MEXaHUIECKON BEHTH-
JISITIAN JIeTKUX cocrtaBmia 22,521 mpotus 12,7£6,7
vacoB, p<0,01). Hanporus, B pabore E. Wypasek et al.
OBLJIO YCTAHOBJICHO CHUZKEHUE KOHIIEHTPAIIUH IINPKY -
supytomiero [L6 u CRP y nocuteneit amnes -174G
rena [L6 y manimentos nocsie mposenerus KIII [36].

Puick pasBuTHS OCJIOKHEHNH TIOCJIE TIPOBEIEHUST
KIII B ycroBusix UK nzyvanca y 126 marmmenToB n3
Dpanrun. boita n3ydena 3HaYUTEIbHAST TAHETH TEHOB
— LTA (252A>G), TNF (-308G>A), IL6 (-597G>A,
-572G>C, -174G>C), IL10 (-592C>A, 117C>T) u
APOE (Cys112Arg, Arg158Cys). Ilokasano, uto
OJTHOHYKJIEOTH/IHBIE 3aMEHbI B reHaX MUTOKMHOB [L6
-572G>C u IL10 -592C>A MoryT CaysKuTh MapKepa-
MU CHUKEHHOW PE3UCTEHTHOCTH TTAIIMEHTOB K Pa3BH-
Tuto noctoniepatuBHoro CBP. /lommHaHTHAS MOIes b
G/C+C/CrenaIL6 -572G>C 1 1OMWHAHTHBIH TeHO-
tun C/C rena IL10 -592C>A acconumpoBaHbI ¢ K-
HUYecKNMU KoHeuyHbIMH Toukamu (p=0,032 u p=0,009
COOTBETCTBEHHO), a TAK)KE C MTOBBIIIIEHHBIMU YPOBHEM
nupkyaupytouiero IL10 B iazme B reyenue 24 yacos
nocJte orteparun (p=0,017) [37].

B apyrowm mcciieoBaHuy MIKOBBIE KOHIIEHTPA-
i 116 B Teuenue 6 gacos mocse mpoBenenus KIII
ObLIN CTATHCTHYECKN 3HAUNMO TipeBbitneHbr (p=0,03)
y Hocuresielt asiesist -572C 1o cpaBHEHHIO ¢ HOCHUTe-
Jsivu agesist -572G (355+67 nporus 216+13 ir/mun),
a Takke y HocuTeseir reHotutos -174C/C B cpaBHe-
Huu ¢ redotuniom -174G/G (287+31 u 227+15 i /mu,
p=0,04) rena IL6 [38].

formation of individual susceptibility to the develop-
ment of SIRS after cardiac surgeries. In addition, there
is evidence of the contribution of macrophages migra-
tion inhibitory factor (MIF) to the development of
systemic inflammation. MIF induces inhibition of mi-
gration of phagocytic cells and is involved in their mo-
bilization in the focus of inflammation. Along with
TNF-a and IL1 it participates in the endotoxic shock
reaction cascade and possibly controls the level of
TNF-a. The effect of the MIF gene -173G>C poly-
morphism on plasma concentration of MIF in 45 pa-
tients undergoing revascularization intervention in
CPB and in 34 on-pump patients was studied. In pa-
tients with CPB, the increased concentration of cir-
culating MIF in the carriers of heterozygotes of the
studied gene was detected, while in the second group
of patients no significant difference in this index was
observed [39].

Contribution of gene polymorphism to cell ad-
hesion, hemostasis and vascular reactivity to the
SIRS in CVD patients. It is known that inflammation
and oxidative cascades caused by ischemia and reper-
fusion primarily affect the endothelium [12]. Activa-
tion of the endothelium and leukocytes during
reperfusion produces pro-coagulant and pro-inflam-
matory effects, which ultimately result in endothelial
dysfunction and disability to regulate local circula-
tion. The greatest effect of the endothelial injury after
ischemia/reperfusion occurs at the microcirculatory
level. As aresult of the activation, endothelial cells ex-
press certain surface molecules, including selectins (P-
and E-selectins), which contribute to their interac-
tions with blood neutrophils [16].

J.P. Mathew et al. [40] examined the contribu-
tion of biologic pathways gene polymorphisms regu-
lating inflammation, adhesive cell interaction,
hemostasis and vascular reactivity to complications
after CABG with CPB. A prospective study examined
443 patients who underwent CABG with CPB. The
genetic panel consisted of 37 nycleotide polymor-
phisms. It was found that minor alleles of the CRP
gene 1059G/C u SELP 1087G/A were associated
with an improvement of the cognitive deficit in Euro-
pean Americans (OR=0.37, 95% CI 0.16—0.78;
P=0.013 and OR=0.51, 95% CI 0.30—0.85; P=0.011,
respectively). CRP levels of and the degree of platelet
activation were also significantly lower in patients car-
rying even one minor allele of CRP genes 1059G/C
and SELP 1087G/A.

The association between various polymorphic
variants in the endothelin-1 (END1) gene and CVD
was demonstrated thus permitting to use it as a prog-
nostic marker. A. Mansur et al. (2015) [41] tried to ex-
plain the importance of the relevance of the EDN1
polymorphisms for long-term survival in patients un-
dergoing cardiac surgery with CPB. They performed a
prospective study of 455 Caucasian patients who un-
derwent cardiac surgery with cardiopulmonary bypass
and followed up for 5 years. The obtained genotypes
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Taxum 06pasoM, THTEPJEHKUHBI 1 (DAKTOP HEK-
po3a oIyXoJieil ABJIATCS Hanbosee N3yYeHHBIMU B
KOHTEKCcTe (hOPMUPOBAHUS WHAUBUAYATHHOU TIPE]I-
pacnosiokeHHOCTH K pazsuTuio CBP nmpu xapanoxu-
PYPrUYECKHX BMeTaTebeTBax. [lomumo aToro, cyiie-
CTBYIOT JIaHHBIE O POJiK (haKTOPa, MHIHOUPYIONIETO
murparuio Mmakpodaros (MIF), B pasButnn cucrem-
Horo Bocriasienus. MIF BbI3bIBaeT TopMoskeHME MUT-
parnuu (haronUTUPYIOMNUX KJIETOK, YIaCTBYeT B UX
MoGumsaru B ouar Bocnasienust. Hapsny ¢ TNF-a u
IL1 on yyacTByeT B Kackajie peakIuii 9H10TOKCHYe-
CKOTO 11I0Ka, BO3MOKHO, KOHTposupys yposenb TNF-
a. Bplio mpoBeieHo uccie/[loBaHue BIAUSHUAE TTOJTMMOP-
(dusma rera MIF B BapuaGenbHoM caiite -173G>C Ha
coziepsKaHue JAHHOTO IIUTOKWHA B TJIa3Me KPOBH Y 45
MAIMEHTOB, MOJBEPIHYTBIX PEBACKYJISPUAINU B
yeaosusx K, u 'y 34 — Ha paGoratomieM cepaie. B
rpyrine naipeHToB ¢ K 6b110 00HapysKeHO TTOBbIIITe-
HUe KoHIleHTparmy iupkyaupytomniero MIF y nHocue-
JIeH TETEPO3UTOT 10 M3YUYECHHOMY I'eHY, B TO BPEMSI KaK
BO BTOPOII TPYIITIE TTAIIUEHTOB 3HAYMMBIX Pa3TUUNI 10
JIAHHOMY TIOKA3aTeJio OTMeUeHO He ObIo [39]

Poub mommmop¢dusama reHoB KJIETOYHO# ajre-
3WH, TEMOCTa3a U COCY/TUCTOI PEaKTUBHOCTH B pa3-
putuu CBP y nanmenrtoB ¢ CC3. N3BecTHO, uTO BOC-
MAJIUTETBbHBIN W OKUCJAWTEJBHBIM  KacKasbl,
BBI3BAHHBIE UIleMuel 1 perepdysueit, TpesKe BCero,
3aTparuBaoT aH0TeaN [ 12]. AKTUBAINS SHAOTETHS
U JIEWKOIIUTOB B TIpoliecce pernepdy3nuu 0Ka3biBaeT
MTPOKOATYJISTHTHBIN U TIPOBOCTIANTUTETbHBIN adhdeKT,
KOTODPBII B KOHEYHOM MTOTE TPUBOJUT K INCHYHKITUN
BHIOTEJIUS U HECTTOCOOHOCTH PEryTMPOBaHIsST MECTHO-
ro kpoBoroka. HanGosbinuii ahdekt TpaBMbl sHI0TE-
Jus TocJsie uieMuu/perepdy3un, TPOUCXOAUT HA
MUKDPOIUPKYJISTOPHOM ypOBHeE. B pesysibrare akTH-
BaIlM¥ 9HAO0TETNATbHBIE KJIETKH 9KCIIPECCUPYIOT Ha
CBOEIT TIOBEPXHOCTH MOJIEKYJIbI, CIIOCOOCTBYIOIIUE UX
B3aMMOJIENCTBUIO € HeUTpoduIaMu KPOBH, B TOM
yucyue u cenektnnbl (P- n E-cenextunsr) [16].

Poab nonumopdusmMa TeHOB OUOJOTHYECKUX
myTel, PeryJupyonmx BocnajJeHne, aJre3noHHOe
B3aUMO/IEICTBUE KJIETOK, TeMOCTa3 U COCYIUCTYIO
PEaKTUBHOCTD B CBSI3U C OCJIOKHEHUSIMU, BOZHIKAIO-
mumMu tocae KT B yenosusix UK, msyuanmachk
J.P.Mathew et al. [40]. B mpocmiekTUBHOM HCCIen0Ba-
Huu oOcaenoBano 443 nanuentos, nepenecinnx KIIT
¢ VK. Tenernueckas nanesib cocrosiyia u3 37 OTHOHYK-
JICOTHIHBIX ToUMOpdu3MoB. OOHAPYKEHO, YTO
muHopHble amnean renoB CRP 1059G/C u SELP
1087G/A cBsi3aHBI cO CHUKEHHEM KOTHUTHBHOTO
nedurura (O111=0,37; 95% /11 0,16—0,78; p=0,013 u
OI11=0,51; 95%/1 0,30—0,85; p=0,011 coorBet-
ctBerHoO). Konnearparuu CRP u crenens akTuBaum
TPOMOOIIUTOB ObLIN TaKKe 3HAYUTENBHO HUKE Y
MAIMEHTOB, UMEBINNX JIaXKe OHY MUHOPHYTO aJlJIesh
redoB CRP 1059G,/C u SELP 1087G/A.

[TonTBepskaeHa CBSI3b MOJUMOPGhHBIX BAPUAHTOB
rena anjoresnna-1 (EDN1) ¢ cepreuno-cocynmctoi-
MU 3200JI€BAHUSIME, YTO TIO3BOJISIET UCITOJIB30BATh €0

and inferred haplotypes were analyzed for their asso-
ciations with the five-year mortality rate (primary end-
point). The EDN1 gene T-1370G and K198N (1s5370)
major alleles were registered in the study group in 83%
and 77% of cases, respectively. The cardiovascular risk
factors were equally distributed in patients with differ-
ent genotype variants. The five-year mortality rate did
not differ between different EDN1 T-1370G and
K198N genotypes and haplotypes. A haplotype analy-
sis revealed that carriers of the GT haplotype of EDN1
T-1370G G/K198N T had a higher risk of cardiovas-
cular mortality than non-carriers (P=0.0008); however,
this difference did not reach significance after adjust-
ing for multiple testing. The authors concluded that
the EDN1 polymorphism cannot be used as a prognos-
tic marker for long-term survival in patients undergo-
ing cardiac surgery with CPB [41].

J. Hinz et al. (2013) [42] analyzed the influence
of the eNOS 894G /T gene variable site polymorphism
on early clinical outcome in patients who underwent
cardiac surgery with CPB. 500 Caucasian patients
were enrolled in the study. The authors demonstrated
that there was no significant difference between groups
with different surgery outcomes (immediate and de-
layed complications) in EuroSCORE, SAPS 1T and
APACHE 11 scoring; the cardiovascular risk factors
were distributed equally among carriers of different
genotypes of the eNOS 894G/T site. The early post-
operative course was relatively the same in different
genotype carriers; however, the ICU stay was signifi-
cantly longer in the GT genotype carriers (P=0.001).
The five-year follow-up demonstrated no significant
differences in the mortality rates between the groups.
Based on the obtained results the authors concluded
that this polymorphism can not be used as a marker to
identify high risk groups in heterogeneous patient pop-
ulation undergoing a cardiac surgery with CPB [42].
A summary of all genes described in this review is pre-
sented in Table.

Concluding the results of the literature search,
we found that there was a very limited number of arti-
cles describing non-infectious SIRS in patients under-
going a cardiovascular surgery, including CABG, who
are carriers of different alleles in genes involved in the
inflammatory response [31—40]. At the same time, the
problem of the contribution of gene polymorphisms in
the SIRS development has been studied well in pa-
tients with various stages of sepsis [20—30] and in pa-
tients with severe trauma [21, 25, 26, 29, 30]. Studies
carried out in CVD patients were mostly focused on
genes encoding a variety of cytokines, of which TNF-
a and TL6 were the most studied ones, but the data ob-
tained by different researchers are contradictory. For
example, one study demonstrated the effects of a «risk»
genotype AA of the TNF-¢ gene (rs1800629) [32],
whereas in other studies [33, 34], on the contrary, the
protective influence of this genotype was reported.
Similar results were demonstrated for the -174G>C
(rs1800795) locus of the IL-6 gene: one study found a
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Acconuanyu Mexxay nommopduamom psina renoB 1 CBP HenndeknuoHHoro renesa y nanyeHToB, IepeHecIInX Kap-

IMOXHPYPruYecKoe BMemaTeIbCTBO.

Association between gene polymorphisms and non-infectious SIRS patients undergoing cardiovascular surgeries.

Gene Loci Sample size (population) «Risk» genotype Reference

INF-a G-308A (rs1800629) 96 (UK) AA Bittar et al. 2006 [32]
INF-« G-308A (rs1800629) 81 (Russia) GG, GA Ponasenko et al. 2013 [33]
INF-« G-308A (rs1800629) 226 (Russia) GG Efremov et al. 2011 [34]
TNF-5 +252G>A (rs909253) 95 (Sweden) TNFB2B2 Tomasdottir et al. 2003 [31]
IL15 C+3953T (rs1143634) 226 (Russia) CcC Efremov et al. 2011 [34]
1L6 -174G>C (rs1800795) 111 (Ttaly) GG Gaudino et al. 2003 [35
IL6 -174G>C (rs1800795) 179 (Poland) GC+CC Wypasek et al. 2010 [36]
IL6 -174G>C (rs1800795) 168 (UK) CcC Brull et al. 2001 [38]

1L6 -572G>C (rs1800796) 126 (France) GC+CC Jouan et al. 2012 [36]

IL6 -572G>C (rs1800796) 168 (UK) GC+CC Brull et al. 2001 [38]

IL10 -592C>A (rs180087) 126 (France) CcC Jouan et al. 2012 [37

MIF -173G>C (15755622) 79 (Germany) GC Lehmann et al. 2006 [39]
CRP 1059G>C (rs1800947) 443 (USA) GG Mathew et al. 2007 [40]

IIpumeuanue. Gene — ren; Loci — sokyc; Sample size (population) — o6bem BeiGopku (morysiin); «Risk» genotype — puckoBbiii re-

norutn; Reference — cepuika.

B KauecTBe MPOTHOCTUYECKOTO Mapkepa. B uccrueno-
Banuu A. Mansur et al. (2015) [41] npeanpuHsiTa
HOIBITKa 0OOCHOBATh 3HAYNMOCTH MOJUMOPGHU3MA
EDN1 a5t 1oarocpoyHOro MpOrHo3a BEIKUBAHUS Y
MAIUEHTOB, MEPEHECINX HA KapAUOXUPYPTUIeCcKoe
BMemaTesnbcTBo B ycaosusax UK. Mccaeposanue
SIBJISITIOCH TIPOCHEKTUBHBIM, U CPOK HAOJIOEHUS 32
455 manueHToOB €BPOIEOUTHON PAChI, TIEPEHECIITNX
omeparuu Ha cepane ¢ UK, cocrasun 5 ner. beuin
MPOAHAIIU3UPOBAHBI ACCOIMAIIMN TEHOTUTIOB U BO3-
MOJKHBIX TATJIOTUIIOB C YDOBHEM CMEPTHOCTH 32 5 JIET
(mepBUYHas KOHeYHast TOYKA). MaskopHbIe ajienn
EDN1 T-1370G u K198N (rs5370) BcTpeuannch B
rpyre obcnenoBanns B 83% 1 77% caydaes, COOTBET-
CTBEHHO. Y CTAaHOBJIEHO, UTO (haKTOPBI CEPIETHO-COCY-
JIMCTOTO PUCKA PABHOMEPHO pacIpenesieHbl Y JIUIL C
Pa3IMYHBIMU BapUaHTaMW TE€HOTHUIIOB. Y POBEHD
CMEPTHOCTH 32 5 JIET He OTIMYAJICS MEKIY PasHBIMU
coUYeTaHUSIMU TeHOTunoB u rammnotunos EDN1 T-
1370G 1 K198N. AHamn3 rarjioTUIIOB II0Ka3aJl, 4TO
Hocutenu GT rammoruma EDN1 T-1370G/ K198N
umesn 6oJjiee BBICOKUN PUCK CEPAEYHO-COCYANCTON
cmeptn, yeM HeHocutenn (p=0,0008); onnako, ata
PasHWIIA He JOCTHUT/Ia 3HAUYEHUST TI0CIe KOPPEKTHPOB-
KA Ha MHOKECTBEHHOCTb CpPaBHEHHS. ABTOPBI
3aKJI0unn, yto noaumopdusm rena EDN1 ne mosker
HCIOJIB30BATHCS KaK MTPOTHOCTHYECKWIH MapKep Tpu
COCTABJICHWH JIOJITOCPOYHBIX TPOTHO30B BHIKMBAHUS
y TAIMEHTOB, TIEPEHECITUX KapAMOXUPYyPrudecKue
onepanuu B ycaoBusix UK.

B patore J. Hinz et al. (2013) [42] npoanasmsu-
POBaHO BJMsiHEE TOJIUMOpGhU3Ma BapuabeIbHOTO
cafita eNOS 894 G/T na xaunuyeckue UCXOAbL Y
MAIUEHTOB, TEPEHECIITNX OTIePAIlu Ha CeP/Ille B YCJIO-
Busax K. B uccaegosanue 66110 BrI04eno 500 eBpo-
MeouI0B. ABTOPBI MPOJIEMOHCTPUPOBAJIN, YTO MEKIY
IPYIIIIaMU ¢ Pa3HBIMK MCXOJaMK OMEPAaTHBHOTO BMe-
nrateabeTBa (OCAOKHEHUST HA TOCITUTAILHOM U OT/a-
JIEHHOM 9TallaX HabJIO/IEH s ) HET CYIIECTBEHHBIX Pa3-
Jmanii o 3navenusam miaix EuroSCORE, SAPS 11 u

«risk» effect of the G/G genotype [35], and some oth-
ers found a protective one [36, 38]. Studies of another
allelic variant of the IL6 gene (rs1800796) performed
in patients with CVD in France [37] and the UK [38]
showed similar results about the connection of C allele
and increased risk of SIRS.

In addition to these well-studied genes, there are
also some works describing genes TNF-3 [31], IL15 [36],
1110 [37], MIF [39] and CRP [40] as predictors of SIRS
development and complications after cardiac surgery. The
authors of these studies point to the fact that there are
common ways of genetic polymorphism influence on the
postoperative period after cardiac surgeries with CPB.

Conclusion

Therefore, the study of polymorphism of genes en-
coding proteins involved in systemic inflammation after
revascularization intervention is promising for identi-
fication of risk groups in CVD patients and the devel-
opment of preventive strategy that can help reduce the
severity of SIRS in patients undergoing cardiac surger-
ies. Detection of genomic predictors of SIRS is highly
urgent for applied cardiology and cardiac surgery (for
improving positive outcomes after CABG), as well as
for basic science (obtaining of new knowledge about the
contribution of gene polymorphisms involved in regu-
lation of homeostasis to non-infectious SIRS).
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APACHE 11, cepaeuno-cocyauctoie (hakTOpbl prcKa
PaBHOMEPHO PACIIPeIeIEHbI MEXKY HOCUTENSIMU Pa3-
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JIHBIX TeHoTuToB cafita eNOS 894 G/T. XapakTe-
PUCTHUKU PAHHETO MOCTEONEPAITMOHHOTO TePHoa
JIOBOJIbHO PAaBHOMEPHBI Y HOCUTEJEH Pa3TuIHbIX
TeHOTHUIIOB, OJHAKO CPEIHSS TPOIOJIKUTETHbHOCTD
npeObIBaHUsT B OTHEJCHUNM WHTEHCHBHOW Teparuu
3HauMMoO OGouiblie y Hocuteseil reHotuma GT
(p=0,001). IIpu aTOM 11pU HAGMIOAECHUH HAIIMEHTOB B
TedeHre 5 JIeT 3HAYNMBIX Pa3Indiil B yDOBHE CMEPT-
HOCTH MKy HOCUTEJSIMA Pa3TUIHBIX T€HOTUIIOB
oTMeueHO He Ob110. Ha 0CHOBaHUY TIOJTyYEHHBIX JIaH-
HBIX aBTOPBI CJEJTaJW BbIBOJ O HEBO3MOXKHOCTH
WCIIOJTh30BAHUS JIAHHOTO TeHETHYECKOTO MapKepa B
KauyecTBe MPEAMKATUBHOTO [IJIS WAEHTU(DUKAIUN
IPYIIITBI BBICOKOTO PUCKA B TETEPOTEHHON MOy SN
WHWBUYYMOB, TIEPEHECIITNX OMEPaIUy Ha Cep/Ile B
yeaosusix UK [42]. Kpartkast madopMaIus mo Bcem
OIMCAaHHBIM B JaHHOM 0630pe IeHaM TIpe/ICTaBJeHa B
TabJmIle.

[ToBo/ST U'TOTH JTUTEPATYPHOTO TIOUCKA, YCTAHO-
BUJIM, 4TO paboT, KoTopbie Obl onvcbiBaan CBP nenn-
(bexnMoOHHOI TTPUPO/BI Y TAIMEHTOB, MEPEHECITUX
Kap/IMOXUPyprdeckue onepary, B Tom urcie u K111,
U SIBJISTIONIMXCST HOCUTEJISIME PA3JIMYHBIX aJlJIEThHBIX
BapUaHTOB T€HOB, TaK WJIX MHAYE 33/IeiICTBOBAHHBIX B
BOCTIATTUTETHHOM OTBeTe, HeMHOTO [31—40]. BmecTe ¢
TeM, mpobJieMa BKJIaaa MoJuMopdusMa reHOB B pas-
Butre CBP nocratouno xoporiro ndyyueHa Ha TpuMepe
MAIUEHTOB C PA3JTMYHBIMU CTAUSMHU CENITUIECKOTO
mportecca [20—30], a Takske y TAIMEHTOB C TSKEJTBIMA
TpaBmamu |21, 25, 26, 29, 30]. UccnenoBanust, mpoBe-
jennble Ha BbiOOpkax 6oabHbIX CC3, B OCHOBHOM
MOCBSIIIIEHBI TeHaM, KOJUPYIONUM Pas3JIndHble 1UTO-
KWHBI, CPEIIM KOTOPHIX HAMOOJIbINEH N3YUeHHOCThIO
xapakrepusyiorcs TNF-a n 1L6, mpuuem maHHbIeE,
MOJTy4E€HHBIE PA3HBIMK UCCJEI0BATEISIMU, OCTATOY-
HO TIPOTHUBOPEYMBLI. Tak, B OJHOM HCCIEeIOBAaHUU
TTOKa3aHbl pUCKOBBIe 3 heKTh reHoTna AA TeHa
TNF-a (rs1800629) [32], Torma xak B psiie Ipyrux
pabor [33, 34], Hao6opoT, COOBIIAETCS O IPOTEKTHB-
HBIX CBOWCTBAaX JAHHOTO TE€HOTHUIA. AHAJIOTUUYHBIE
pe3yJIbTaThl TaksKe TMOKa3aHbl 17151 JJokyca -174 G>C
(rs1800795) rena IL6 — B 0HOM HCCIEAOBAHUM ObLI
obHapyskeH pruckoBbiil addext reroruna G/G [35], a
B psjie ApyTux — npotekTuBHBIHN [36, 38]. Uccaeno-
BaHUS [IPYTOTO aJlIelbHOTO BapuaHta reHa [L6
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6.  Padusuaxo A.C. IIpounakTiKa OCTOKHEHUIT TOCIE OMepPaIii ¢ HCKYyC-
CTBEHHBIM KpoBooOpauerneM (paiiukect mybinkaimii). Komnaexciole

(rs1800796), BeimomHenHble y nannerTo ¢ CC3 n3
Opannuu [37] u Beaukobpuranuu [38], mokasasu
CXOJTHBIE PE3YJIBTATEI O CBSI3W HOCUTEIBCTBA AJIITeIs
C u nosbienns pucka pazsutus CBP.

[TomMrMO BBITIIETIEPEYMCIEHHBIX TEHOB, XapaKTe-
PUBYIONMXCsT HanGOMbINel M3yIeHHOCTHIO, BCTpe-
YAIOTCST TaKyKe eMHUYHBIE PAGOTHI, TIOCBSIIEHHBIE
MCTIOTb30BAHWIO B KaUeCTBE TMTPETNKTOPOB PA3BUTHS
CBP u ocnoxkHeHUl 1M0Ocse KapAuOXUPYPrudecKux
omepanuii Takux reuos, kak TNF-g [31], IL18 [36],
IL10 [37], MIF [39] u CRP [40]. ABTOpPBI BCex 1epe-
YICJIEHHBIX HCCJEOBAaHUN YKA3bIBAIOT HA TO, 4TO
CYTIECTBYIOT OOTITIE 3aKOHOMEPHOCTH BIUSTHUS TeHE-
TUYECKHUX BapHUAIUil Pa3JUIHBIX (DYHKITMOHATIBHBIX
crcTeM OEKOB Ha TeYeHHe TOCTEeONePAmOHHOTO
nepro/ia mocJje MPoBeIeHIST KapAMOXUPYPIHIECKUX
BMelIaresabeTs B yeaosuax MK,

3akiaoyeHue

Takum o6pasoM, HsydeHHE IOJTUMOPGhUIMA
I€HOB, KOAUPYIOIINX OEJIKU, YYACTBYIOIIUE B CHCTEM-
HOM BOCITQJIEHUH TIOCJIE TPOBEIEHUST KaPIUOXUPYPIH-
YeCKUX BMEIIATEJNbCTB, B TOM UNCJIe W PEBACKYJISIPU-
3UPYIONIUX MTPOIEYD, TOBOJBHO TIEPCIEKTUBHO IS
uaeHTU(UKALAT TPYIII PUCKA U Pa3pabOTKU CHCTEMbI
MPOMUIAKTHYECKUX MEP, YTO MOKET TIOMOUb CHUBHTD
pucku pazBuTus u Tskectu Tedennst CBP y marmen-
TOB, TIEPEHECIITNX KapAMOXUPYPTUUECKUe OTepaIuu.
Omnpenenerne TeHOMHBIX TpeuKTOpoB CBP saBiser-
CsI UPE3BBIYANTHO aKTYaJbHBIM KaK JIJIS TIPUKJIATHON
KapAMOJIOTUN U KapAMOXUPYPTuu (B KOHTEKCTE TIOBbI-
mreHus 6aronpuaTHbX nexonos nocse KII), tak u
st byHIaMeHTATbHON Hayku (ToJiydeHne HOBBIX
3HAHWE 0 POJIN MOJIMMOP(U3Ma reHOB B3aMMOCBSI3aH-
HBIX CHCTEM PETYJIUPOBAHUS TOMEOCTA3a B CUCTEMHOM
BOCTTAJIEHUN HEUH(DEKITMOHHOTO IreHe3a).

Baarogapuoctu. ABTOpbI BhIpakatoT 6Jraroaap-
HOCTh C.H.C. JJabOpaTOpUu TeHOMHOW MeIMIINHBI,
HUU koMILIeKCHBIX IPOOJIEM CEPAEYHO-COCYANCThIX
sabostesanuii (1. Kemeposo, Poccust) Kyruxuny A. T.
u corpyaHuky OxchOpIACcKOMY WHCTUTYTa pajua-
roHHOI orkostoruu (r. Oxedop, Besmkobpuranust)
[Oxamuy A. E. 3a 11eHHbIe KOMMEHTAPUU U TTOMOTIh
B HaIlMCAaHUU JAHHOTO 0030pa.
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