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I.[e.m: HCCJIEAOBAHUA — BbISABUTH KOMIIOHEHTbBI I/IMMYHI/ITeTa, II03BOJIAIOIIIME npe;[cxasaTb pa3BI/ITI/Ie I10-
JIMOPTAHHOHN HEJOCTATOYHOCTH Y MTAIMEHTOB ITOCJIe OTepaIliii Ha CEP/IIE.

MarepuaJj 1 MeTOABI. B ncciiefoBanye BRIIOYNIIN 40 NAallMEeHTOB, OIePUPOBAaHHBIX B IIJIAHOBOM I10-
pAanke. KpurepreM BRIIOYEHUS CIIYKUI0 HATUYKE TTOKA3aHUH JIJIs1 POBEeHUsI KapINOXUPYPrAU€ECKOTO
BMelllaTe/IbCTBA. KpuTeprueM MCKIIIOUEeHN I — HaJU4re y TallueHTOB NH(EKIIMOHHOTO 9H10KapauTa. Jlo
olepanuy u yepes 24 yaca UCCIeI0BAIN OO aHATN3 KPOBH, C ITOACYETOM KOJMIECTBA JIEHKOIUTOB
nu JII/IMCI)OIII/ITOB, CI)eHOTI/IH I/IMMYHOKOMHCTCHTHLIX KJIETOK C UCIIOJIb30BaHUEM MOHOKJIOHAJIbBHBIX aHTU-
TeJI, 4 TAKKe IPOBOJUIIN KOJINYECTBEHHYIO OIleHKY KOMIIOHEHTOB KOMIIJIEMEHTa 3 1 4, U IPOKAJIBIIUTO-
HHUHA. BceM nmanu-eHTaM IpoBOAUIIN OLIeHKY IOJIMOpPraHHoi HenocrarouHocTtu (ITOH) ¢ ucnosib3oBanuem
mkaJabl SOFA.

PesynbraTsl. Pe3ynbrarsl Ioka3asy, 4TO KapAUOXUPypPrudecKoe BMellaTe/ IbCTBO IPUBONUJIO K PA3BU-
TUIO HOH, CTAaTUCTUYECKU 3HAYNUMBIM pa3HOHaHpaBJIeHHI)IM N3MEHEHHUAM KAaK B KOJIMYECTBEHHOM, TAK U B
Ka4eCTBEHHOM COCTaBe BCeX KJIETOK UMMYHHOU CUCTEMbI, 3HAYUUMOMY U3MeHeHMI0 KoHleHTparuu C3 u C4
KOMIIOHEHTOB KaCKaJla KOMIIJIEMEHTA U IJIa3MEeHHOTO COJepyKaHusA NPOKaJIbIUTOHNHA. [Ipu npoBenennn
ROC anasim3a BBISIBUJIH, YTO OTHOCUTEJHHOE COfIepKaHne MOHOITUTOB MeHee 7,1% OT KOJIMYeCcTBa JIEHKO-
IINUTOB TaK jKe, KaK 1 aDCOJTI0THOE coiepkaHre MOHOITUTOB ¢ peHoTUIOM CD14+HLA-DR+ MeHee 0,32X10°/51
B JIOOIIepaiiOHHOM IIeproJie, U KOHIleHTpanusa C3 KOMIIOHeHTa KoMIlJieMeHTa MeHee 0,52 T/J1 TaksKe, Kak 1
MakCcHMaJIbHBIN 6a/1 SOFA B rmocseonepanioHHOM ITepHOo/ie SIBJISJINCH TpeJuKTopaMu pa3sutus IIOH B
TOCJIEOIEePAMOHHOM IIepro/Ie.

3akaroueHre. KOMIOHEHThI BPOYKIEHHOTO NMMYHHUTETAa II03BOJIAIOT paHbIle, 4yeM mkasaa SOFA mo-
CTPOUTH ITPOTHO3 MCXO/1a OTIePAIINH Ha Cep/IIle.

Knrouesvle c1o8a: MOHOYUMDBL, KOMNOHEeHMbL Kackada komnaemenma; henomun CD14+HLA-DR+; 8podic-
denHolil ummynumem; SOFA

The purpose of the study is to identify the components of immunity, which might predict the development
of multiple organ failure in patients after heart surgery.

Material and methods. The study included 40 patients who were operated in cardiac surgery Department.
The inclusion criteria were the presence of indications for cardiac surgery. The exclusion criteria were the pres-
ence of infective endocarditis in patients. Before the operation and after 24 hours we studied the blood level
of leukocytes and lymphocytes. We analyzed the phenotype of immune cells using monoclonal antibodies,
serum levels of procalcitonin and C3 and C4 complement components. All patients were evaluated for multiple
organ disfunction (MOD) using the SOFA scale.

The results showed that cardiac surgery leads to the development of MOD, statistically significant multi-
directional changes in both quantitative and qualitative composition of all cells of the immune system,
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significant changes in the level of C3 and C4 components of the cascade of complement and plasma level of
pro-calcitonin. ROC analysis was revealed that the relative content of monocytes is less than 7.1% of the num-
ber of leukocytes as well as the absolute content of monocytes with the CD14 + HLA-DR + phenotype less than
0.32X10°/1 in the preoperative period, and the C3 level of the complement component less than 0.52 g/1, as
well as the maximum SOFA score in the postoperative period, were the best predictors of MOD after the pro-

cedures.

Conclusion. The components of innate immunity make it possible to predict the complication of the car-

diac surgery, earlier than the SOFA scale.

Keywords: Monocytes; components of the complement cascade; phenotype CD14 + HLA-DR +; innate immu-

nity; SOFA
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BBenenue

CUHJIpPOM MOJUOPTraHHON HEIOCTAaTOYHOCTHU
(ITOH), x0T 1 OBLJI OIMMCAaH OTHOCUTEJIbHO HEJaB-
HO, BBIAABJIAJICA y IALIMEHTOB B OTJEJIEHUAX UHTEH-
cuBHoU Tepanuu (OPUT) B TeueHre HECKOIBKUX
IeCATUTIETUNA. ITO CUHAPOM, IPU KOTOpOoM OoJiee
4yeM OJHa CHCTeMa OPTaHOB BBIXOOUT U3 CTPOS.
[Tpu 3TOM OTKA3 3TUX CUCTEM MOSKET OBIThH U HE CBSI-
3aH C IepBOHAYATbHBIM ITOBPEKIEHUEM WU 3a00-
JIeBaHWEM, TI0 MPUYHMHE KOTOPOIro MaIlueHT OBLI
nomeittied B OPUT. TIOH siBsisieTcst OCHOBHOM TIPU-
YMHOU U CMEPTHOCTH B COBPEMEHHOU IPaKTHKE
WHTeHCUBHOU Tepanuu. [larodusuosorus [TIOH
IIOJTHOCTBIO He U3BECTHA, HO MHOTHE TaHHbIE yKa-
3BIBAIOT HA TO, YTO BO BpeMs IIePBOHAYAIBHOTO
MOBPEKIEHUsI WHUIUUPYETCs 1LEelb COOBITUH,
KOTOpasi MPUBOJUT K aAKTUBAIIUU HECKOJbKUX
9HJIOTeHHBIX MeTa00JIMUeCKUX MyTel U Pa3BUTHIO
CUCTeMHOU BocmnanutesbHOU peakimu (CBP) u
[TOH [1, 2]. Hukakas Tepamnus He 0Ka3aJjaach MOJ-
HOCTBIO 9(p(peKTUBHOM /151 MOAYJIMPOBAHUSI 9TON
BOCITAJINTETLHON pEaKIIUM, a TaK)Ke YacCTOThI U
Taskectd ITOH [3]. Bo3MOKHO, CAMbIA BasKHBIU
MeXaHU3M, JIeKAITi B ocHOBe pa3Butus [I0H, aTo
WMMYHHas TUCperyaanus [4, 5].

Cucrema BPOSKIEHHOTO HMMYHHUTETA
sIBJISIETCSI IEPBBIM OapbepoM Ha MyTU HMHPEK-
IIMOHHOTO areHTa NpU ero MPOHUKHOBEHUU B
opranusMm [6, 7]. [Ipuyem, ecjiu HeUTPODUIIBI, B
OCHOBHOM, OTBEYAIOT HETIOCPEICTBEHHO 3a 3JIU-
MUMHAIWIO [IaToreHa, TO HUPKYIUPYIOLIie MOHO-
IIUTHI, TKaHEeBble MakKpodaru U IeHIPUTHBIE
KJIETKY UTPAIoT KJIYEBYIO POJb B 3allyCKe KJle-
TOYHBIX U TYMOPAJIbHBIX peaKIuii MpruoOpeTeHHO-
o UMMYHUTETA. JTHU [IB€ BAsKHeHIIINe MOMy/IsIIU
KJETOK 00J1a7al0T CIIOCOOHOCTBIO HE TOJbKO
IOIJIOIATh U II0JBeprarb OrpaHUYeHHOMY IIpPO-
TE0JIN3y YysKepPOLHbIe YaCTULIbl, HO U OCYILeCTB-
JISATH TIPe3eHTalni0 aHTUTreHoB T-TuMdouTam.
Bousee Toro, akTuBUpOBaHHbIE (paroIUTHPYIOIIE
JIEUKOIIUTHI BBICBOOOYKIAIOT MIUPOKUU CIEKTP
IIPOBOCIIAJIUTEJIbHBIX MEUATOPOB, K YUCJy KOTO-
PBIX OTHOCSITCSI PA3JINYHbIE IIUTOKUHBI, XeMOKH-
HbI, TIPOM3BOHbIE APAXUIOHOBOU KHUCJIOTHI, a
TaK)Ke OKCHUJI a30Ta U Pa3JIUYHbIe KUCJIOPOIHbIE

paauKaJlbl, 06J1a,ua10ume MOIIHBIMHA ITPOBOCIIA-

Introduction

The syndrome of multiple organ dysfunction
(MOD), though described relatively recently, has
been identified in patients of intensive care units
(ICU) for several decades. It is a syndrome where
more than one organ system fails, at that, the failure
of those systems might be not related to the initial
injury or disease that was the reason for patient’s
admission to ICU. MOD is the main cause of mor-
bidity and mortality in the contemporary intensive
care practice. The pathophysiology of MOD has not
been fully studied yet; however, quite a lot of data
indicate that the initial injury initiates a chain of
events leading to activation of several endogenous
metabolic pathways and development of the sys-
temic inflammatory response (SIR) and MOD [1, 2].
No therapy has proven to be fully effective to mod-
ulate this inflammatory response or incidence and
severity of MOD [3]. The most important mecha-
nism underlying MOD development might proba-
bly be immune dysregulation [4, 5].

The innate immunity system is the first barrier
on the path of an infective agents at the time of its
penetration into the body [6, 7]. Neutrophils are
mostly responsible for direct elimination of a
pathogen while circulating monocytes, tissue
macrophages and dendritic cells play a key role in
starting cellular and antibody response of acquired
immunity. Those two most significant populations
of cells feature the capability of not only absorbing
foreign particles and subjecting them to limited
proteolysis but performing presentation of anti-
gens to T-lymphocytes. Moreover, activated phago-
cytizing leukocytes release a wide range of proin-
flammatory mediators among which there are
various cytokines, chemokines, arachidonic acid
derivatives as well as nitrogen oxide and different
oxygen radicals possessing potent proinflamma-
tory properties. This mechanism aimed at fast and
efficient elimination of a pathogen from the body
is capable of leading to the inflammatory response
generalization and surrounding tissue damage due
to arespiratory ‘explosion’, and to increased perme-
ability of microvasculature vessels [8]. Release of in-
flammation mediators leads usually to activation of
cellular and antibody mechanisms, the main pur-
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JUTEJbHBIMU CBOHMCTBAMHU. OTOT MEXaHU3M,
HalpaBJIEeHHBIH Ha OBICTPYI0 U 3(PPEeKTUBHYIO
3JINMMUHAIIUIO TTAaTOTeHa U3 OPTaHU3Ma, CITI0CO0eH
MIPUBOJINTH K reHepaau3aliuyd BOCIAJIUTETbHON
peakuuy U MOBPESKIEHUIO OKPYSKAIOIINX TKaHel
3a CUET pPecCnupaTOpPHOTrO «B3PbIBA», a TAKKe K
IIOBBILIEHUIO IIPOHUIIAEMOCTHA COCYJOB MHUKPO-
UPKYIATOPHOTO pycaa [8]. BricBobOOKIEHUE
MeIUaToOpPOB BOCIMAJIEHUsI OOBLIYHO MPUBOIUT K
AKTUBALAM KJIETOYHBIX ¥ TyMOPaIbHbIX MEXaHU3-
MOB, OCHOBHOU IIeJIbI0 KOTOPBIX SIBJISIETCSA
OorpaHWYeHrEe BOCHAJUTETbHOU pearruu [9].
CiiencTBreM JaHHOIO IIPOLECCca ABJIAETCS yrHeTe-
HUe (PyHKIMOHAJbHON aKTUBHOCTU KJIETOK BPOYK-
JIIEHHOTO W NPHOOpPETEHHOTO WMMYHHUTETa, YTO
COMPOBOKIAaeTCs CHUKeHUEM 3(pPEeKTUBHOCTHU
3JIMMUHAILIMY ITIaTOT€HOB ¥ CUCTEMHBIMHU HapyIIe-
HUSIMH B paboTe NMMYHHO cucTeMbl. MHOTO(aK-
TOpHasE MMMyHogenpeccuss coBmecTHo ¢ CBP
npenonpenesnser dopmupoBanue [IOH. MoskHO
roJiaraTh, YTO TsyKesiasi AUCHYHKIUSI UMMYHHON
CHCTEMbI JIETTPECCUBHOU HATPABJIEHHOCTH OKa3bI-
BAETCA He MPOCTO PAHHUM U HAJIesKHBIM ITPU3HA-
KoM pasBuBatotieticss IIOH, Ho Bo MHOTOM obec-
neynBaeT GopMHUPOBAHUE U TIPOTPECCUPOBAHME
3TOTO COCTOSTHUSI, CITOCOOHOT0 IIPUBECTH K Pa3BU-
THIO JIETAJIBHOTO ncxonaa [10-12].

B kappuoxupypruu npeglpuHUMaloTCA eln-
HUYHBbIE TOIIBITKU MCIIO0Jb30BaTh MOHOIIMThI
repudepuiecKoii KpoBU OOTBHBIX JJTsI TPOTHO3HU-
PpOBaHMsI TeUeHUs ITOCIE0NEPAITMOHHOTO NEPUO/IA,
IIOCKOJIbKY U3MEHEeHMe IIOMYJIAIMOHHOIO COCTaBa
MOHOLIATOB II0CJIE OIlepallAy IIPU OTCYyTCTBUH Cell-
TUYECKUX OCJIO’KHEHUU yKa3bIBAeT HA BhIPAYKEH-
HOCTBh CUCTEMHOTI'O BocnajeHus [13-15].

JI7151 KIMHUYECKOM OLIEHKU TSKECTU TTOJIUOP-
FaHHOM HEeJOCTATOYHOCTU IIMPOKO UCHOIb3YeTCsI
mkana SOFA, nsHavyaabHO paspaboTaHHAs I
OLIEHKU ITaIIMEeHTOB C a0JOMUHAIbHBIM CEIICHCOM.
Ha ceromHAITHMI TeHb OHA XOPOIIIO ceds1 3apeKo-
MeHJOBasla B Ka4eCTBe NHCTPYMEHTA JiJ1 IOCTPOoe-
HUA TPOTHO3a TeYeHWs MOCJAe0neparuoOHHOrO
Iepruota U y KapAuOXUpyprudeCKux IalueHTOB
[16, 17]. Be3ayCca0BHO, MEXKIY ITALIUEHTAMU C CEIICU-
COM ¥ MaIlMeHTAMHU MOCJe MJIaHOBBIX KapINOXU-
PYPTAYECKUX OTIEPAIIHI CYIIIECTBYET OO0JIbIIIasI pas-
HUIA. TeM He MeHee, HEKOTOPbIe UCCJIeI0BATEN
Cercrca CYMTAIOT, YTO BCE TO, YTO HPOUCXOJUT C
MManyeHToOM BO BpeMs OIepaIlnuy Ha Cep/le, O4eHb
CUJILHO HAallOMHUHAET TO, YTO MPOUCXOAUT C TaliH-
€HTOM, CTpajamlumM cercucom [18, 19]. BoJaee
TOT'0, OHU OTMEYAIOT, YTO M0 Mepe HAKOMJIEHU I 3HA-
HUH, BCe OOJIbIle BHUMAHUs CJEAYeT YIAEeJSATh
MMEHHO UCCJIeJOBAHNIO UIMMYyHUTETa Y KAPIUOXU-
pypru4eckux namyeHTos [20, 21].

Lleab nccaeqoBaHusA — BbISIBUTh KOMIIOHEH-
Tl MMMYHHTETA, IIO3BOJIAIOLINE IIpeacKa3aTh
pa3BUTHE IOJHOPTraHHON HEeZOCTAaTOYHOCTU ¥
MaleHTOoB T0CJe ollepalvii Ha ceprle.

pose of which comprises the limitation of the in-
flammatory responses [9]. The consequence of this
process is suppressed functional activity of cells of
the innate and acquired immunity, which is accom-
panied by a reduced efficacy of pathogen elimina-
tion and systemic disturbances in the immune sys-
tem functioning. Multiple factors of immune
suppression combined with SIR predisposes to the
development of MOD. It can be assumed that se-
vere immune system dysfunction of suppressive
nature is not just an early and reliable symptom of
developing MOD, but mainly supports develop-
ment and progress of this condition that can lead
to development of fatal outcome [10-12].

In cardiac surgery, sporadic attempts are
made to use patients’ peripheral blood for postop-
erative prognosis because an altered composition
of monocyte population after a surgery in the ab-
sence of septic complications indicates systemic
inflammation presentation [13-15].

For clinical assessment of MOD severity, SOFA
scores are employed, which were originally devel-
oped for the evaluation of abdominal sepsis pa-
tients. Today, it is widely recognized as a tool for
building a postoperative prognosis in cardiac sur-
gery patients, too [16, 17]. There is, of course, a large
difference between sepsis patients and patients
after elective cardiac surgery. Nevertheless, some
researchers of sepsis think that everything that hap-
pen to patients during a cardiac surgery is very
much alike what happens to patients suffering from
sepsis [18, 19]. Moreover, they note that as knowl-
edge is accumulated more attention should be paid
specifically to investigation of immunity in cardiac
surgery patients [20, 21].

Purpose of the study. To identify immunity
components allowing predicting development of
multiple organ failure in patients after heart surgery.

Materials and Methods

Every year the cardiac surgery clinic of Sverdlovsk
Regional Clinical Hospital No. 1 performs about 1500
heart surgeries. The study included 40 patients operated
electively in the Heart and Vessels Center during the pe-
riod of September to November 2016. The criterion for
inclusion into the study was the presence of indications
for cardiac surgical intervention. The exclusion criterion
was the presence of infective endocarditis in patients.

The anesthetic support (combined anesthesia: Fen-
tanyl 10 mg/kg/hr., Midazolam 0.03-0.1 mg/kg/hr.,
Rocuronium 0.3-0.6 mg/kg/hr., isoflurane MAC
1.05-1.28%) and normothermic cardiopulmonary bypass
(apparatus «Stockert 5», membrane oxygenators, perfu-
sion flow rate 2.5 1/min/m? of body area and hypothermic
pharmaco-blood cardioplegia at 10°C) was carried out
following the methodology employed in the clinic. No
complications related to the surgery, anesthesia or car-
diopulmonary bypass were noted.

Peripheral blood analysis was done before and 24
hours after surgery. In all patients, peripheral vein blood
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MaTepnaJI H ME€TOAbI

ExXerogHo B KapJUOXUPYPrudecKoi KnHuKe CBep-
JIOBCKOM 00/1aCTHOM KJIMHUYECKOL 00 IHHUITHI Ne 1 BBIIOJ-
HsieTcsi mopsiaka 1500 omepariuii Ha cepiie. B uccienosa-
HYe BRIIOYI/IN 40 IAIIMeHTOoB, OllePHUPOBAHHBIX B IIEHTpe
«Cepauie 1 Cocybl» B IIJTAHOBOM OPSIKE B IIEPUOJ C CEH-
TAOP# 1o HOoAOPB MecsA1 2016 rona. KpurepueM BrJTIoUe-
HUSA B HCCJIeJ0BaHUe CIIYKUJIO HaTM4ue TOKa3aHuH 111
NPOBeAEHNUA KapAUOXUPYPrUYeckoro BMeIIaTeaIbCTBa.
Kputeprem UCKIIOYEHUS U3 UCC/Ie0BAaHIA — HaJIU4Me
y MaIueHTOB UH(MEKIIMOHHOTO 9HI0KAPANTA.

AHecTe3n0JIOTHYECKOE TTOCOOVE (KOMOMHUPOBAH-
Has aHecTe3ust: (peHTaHMIT 10 MKT/KT/49ac, MUAA301aM
0,03-0,1 Mkr/kr/gac, pokyponuit 0,3-0,6 Mr/Kr/dgac,
usodumopas (MAK 1,05-1,28%) u HOpMOTepMUUYeCKoe
HCKYCCTBEHHOe KpoBooOpateHue (ammapar «Stockert 5»,
MeMOpaHHbIe OKCUTeHATOPhI, 06 beMHast CKOPOCTh Iep-
dysun 2,5 j1/MUH/M? TUIOIIAIN TeJIa U XOJI0A0Bast pap-
MaKO-KpOBsIHaA KapAUoILIeTusa TeMmineparypoi 10°C)
NPOBOAWINA IO HPUHATON B KJIMHUKE METOJUKE.
Ocy105kHEeHHH, CBA3AHHBIX C ONlepanyeil, anecTe3nei u
HUCKYCCTBEHHBIM KPOBOOOpallieHreM He OTMEeTHJIH.

HccnemoBaHue nepugepudeckoil KpoOBU MPOBO-
JIWJIN 0 Ollepalluu U yepes 24 yaca IocJjie onepanuu. ¥y
BCeX ITAI[eHTOB U3 MeprudepruiecKoi BeHbI OCYIIeCTB-
JIs1JIA 3200 KPOBU B BAaKyyMHbIe IPOOUPKU € JoOaBe-
HueM K339/ITA u yckopuTesis CBepThIBaHUA (TPOMOUH)
JJIS TIOJTyYeHUsI CBIBOPOTKU. VccaenoBaHUsA BBINOJ-
HAJM B IeHb 3abopa kpoBu. OOIIUH aHAIN3 KPOBU C
TOJICYETOM KOJMYECTBA JEUKOIUTOB U JTUMQOIUTOB
MPOBOJUJIA HAa aBTOMAaTUYECKOM TIeMaTOJIOTHUYEeCKOM
ananuaarope ACT 5 diff (Beckman Coulter, CIIIA).

M3ydenue (heHOTUIIa IYMMYHOKOMIIETEHTHBIX KJIe-
TOK IIPOBOJUIM Ha MIPOTOYHOM JIa3€PHOM IIUTOMETpe
Navius (Beckman Coulter, CIITA) ¢ KCIIOJIb30BaHUEM MO-
HOKJIOHAJIBHBIX aHTuTe)1 Beckmann Coulter. [Tjist ucce-
JIOBAHUS NOMY/IAIINY MOHOIIUTOB MCI0JIb30BaIN MOHO-
KJIOHaJIbHBIE aHTUTeaa CD14, HLA-DR.

KommonenTs! koMmiiumeHnTa 3 (C3) u 4 (C4) one-
HUBAIN KOJMYECTBEHHO HMMYHOTypOUgUMeTpude-
CKHUM METOJIOM B CBIBOPOTKE KPOBHU C UCI0/IH30BAaHUEM
aHanuaaropa Beckman Coulter cepuu AU.

ITpokaJIbIUTOHIH OLIEHUBAJIH C UCIIOIb30BaHUEM
OPUTHMHAJIBHBIX PEareHTOB U PACXOIHBIX MaTepHasIoB Ha
aBTOMAaTUYeCKOM 3JIEKTPOXeMUTIOMUHECIIEHTHOM aHa-
smsarope «Elecsys 2010» (Roche).

IMomuMO 1a6OPATOPHBIX UCCJIEeI0BAaHUM, IPOBO-
aunau eskeqHeBHYI0 oneHKy [IOH mo mkane SOFA nHa
MIPOTSYKEHUHN BCEro Nepruo/ia Hax0K AeHN A TallUeHTOB B
OPUT.

CTraTHUCTHUYECKYI0O 00pabOTKy MOJIyYeHHBIX JaH-
HBIX IIPOBOAUJIH C UCIOJ/IH30BAaHUEM IPUJIOKEHUS I
Excel AtteStat 1 TUIIeH3OHHOM MporpaMMBb! Statistica 6.
JlaHHBIe aHATU3UPOBAJIN HAa HOPMAIBLHOCTE pacIpee-
JIEHUs C UCHOJIb30BaHUeM Kputepus KoJsiMoroposa.
CpaBHUTEJIBHBIN aHAIN3 KOJIMYEeCTBEHHBIX IPU3HAKOB
BBIINIOJIHWJIM C MOMOIIBI0 Kputepues dumepa-Ilnt-
MaHa, MaHHa-YUTHU U YWJIKOKCOHA. HopmasibHOro
pacupejeseHUs IPU3HAKOB He HAOJ/IIOMaMH, TI03TOMY
HCIOJIB30BATN METOAbl HellapaMeTpPUYecKoll cTaTu-
ctuku. HemapaMmeTrpudeckue KOJUYEeCTBEHHBIE NPU-
3HAKM U IPU3HAKH C MAJIbIM KOJIMYECTBOM HalJIofIe-
HUl (n<30) OpUBeJM B BUJAE MeAHAHBI U TPAHUIL
MEe)KKBapTUJIBHOTO MHTepBaJsa (B ckoOKax). [l Bcex

was sampled into vacuum tubes containing K3EDTA and
clotting accelerator (thrombin) to obtain serum. Tests
were carried out on the day of blood sampling. Total
blood count including leukocytes and lymphocytes was
performed using automatic hematological analyzer ACT
5 diff (Beckman Coulter, USA).

Phenotyping of immune competent cells was car-
ried out with the help of flow laser cytometer Navius
(Beckman Coulter, USA) using Beckmann Coulter mon-
oclonal antibodies. To analyze the monocyte population,
monoclonal antibodies CD14, HLA-DR were used.

Complement components 3 (C3) and 4 (C4) were
assayed by immunoturbidimetry in blood serum using
AU series Beckman Coulter analyzer.

Procalcitonin was assayed using original reagents
and consumables by electrochemiluminescence with the
help of analyzer «Elecsys 2010» (Roche).

In addition to laboratory tests, MOD was assessed
according to SOFA on a daily basis during the whole pe-
riod for which patients stayed in ICU.

Statistical processing of data obtained was carried
out using AtteStat application for Excel and licensed soft-
ware Statistica 6. Data were analyzed for distribution nor-
mality using the Kolmogorov test. Comparative analysis
of quantitative attributes was performed with the help of
Fisher-Pitman, Mann-Whitney and Wilcoxon tests. As
normal distribution of parameters was not observed,
non-parametric statistics methods were applied. Non-
parametric quantitative attributes and attributes with a
small number of observations (1n<30) were presented as
a median and interquartile interval (in brackets). For all
statistical criteria, type 1 error was adopted equal to 0.05.
Null hypothesis (absence of difference) was discarded if
probability (P) did not exceed type 1 error. A hypothesis
was regarded significant at P<0.05.

Results and Discussion

The study included 20 men and 20 women.
The age of patients was equal to 61.5 years (26; 79).
Euro SCORE II was 2.35% (0.4; 13.3). The types of
surgical intervention are presented in table 1. The
duration of cardiopulmonary bypass amounted to
102.5 minutes (0; 190). The ICU period lasted for 2
days (1; 26). The mortality in ICU was consistent
with the intrahospital mortality and was equal to
5% (2 patients).

Analysis of hematological parameters have
shown that the absolute content of leukocytes cir-
culating in peripheral blood increased statistically
significantly (P<0.001) after an operation from
5.3X10°%/1 (1.7; 11) to 14X10%/1 (4; 35).

The absolute content of lymphocytes in pe-
ripheral blood reliably did not change while their
relative content in the composition of the total
leukocyte count after an operation significantly de-
creased compared to the baseline value more than
three-fold (P<0.001): from 30.85% (12; 47.7) t0 9.45%
(3.4; 44.7). The concentration of monocytes signifi-
cantly increased after an operation from 0.78x10%/1
(0.16; 1.62) to 1.65x10°/1(0.27; 4.8) (P<0.001). Inves-
tigation of the content of circulating neutrophilic
granulocytes have shown a significant increase of
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Ta6Jmua 1. XapaKTepl/ICTI/IKa BH/IO0B OII€PATHBHOI0 BMelIaTe/JAbCTBA.

Table 1. Characteristics of modes of surgery.

Modes of surgery Number of patients
Myocardial revascularization off pump 1
Myocardial revascularization on pump 9
Myocardial revascularization with simultaneous valve correction 10
Valve correction 15

Intervention on the ascending aorta

5

IIpumeuanue. Modes of surgery — 06beM oniepaTuBHOI0 BMelIaTesIbCTBa; number of patients —uncjio nanuenTos; myocardial
revascularization — peBackyssspusanusi Muokapaa; off pump — 6e3 UCKyCCTBEHHOT0 KPOBOOOPAIIIEHHsT; ON pump — C UCKYC-
CTBEHHBIM KpoBoobOpatenueM; with simultaneous valve correction — ¢ oJHOBpeMeHHOM KJIallaHHOM KOppeKIuel; intervention
on the ascending aorta — BMeIIaTesIbCTBO Ha BOCXOZAIIIEH aopTe.

CTaTHCTUYECKUX KPUTEPHEB OIMOKY IIEpBOTO pona
ycTa"aBJauBaau paBHoi 0,05. Hysesyio rumnoresy (0T-
CYTCTBHE Pa3JINYN) OTBEPTaJIH, €CJITU BEPOSATHOCTH (p)
He TIpeBBIIIajIa OMHUOKY ITepBoro pona. I'mmoresy pac-
cMarpuBa/y Kak 3Ha4YuMylo nipu p<0,05.

Pe3ynbTaThl U 00CY:K/IEHHE

B uccnenosanue BRIOYUIN 20 MysK4UH U 20
JKeHINVH. Bo3pacT nmanueHToB cocTaBui 61,5 (26;
79) roga. Euro SCORE II — 2,35 % (0,4; 13,3). Buab1
ONepaTUBHOTO BMeNIaTe/IbCTBA MPeJCTABUIN B
Tab6s. 1. [Ipomo/IKUTETHBHOCTh UCKYCCTBEHHOTO
KpoBooOparienusi coctaBuaa 102,5 muHyTHI (0;
190). ITpogomskuTeabHOCTh HaxoskaeHusi B OPUT
cocraBmwia 2 cyrok (1; 26). PeanumanuoHHas
JIeTaJIbHOCTh PaBHAJIACh TOCHUTATBHOU JIeTATb-
HOCTH U cocTaBuJia 5 % (2 marueHTa).

AHaan3 TeMaTOJIOTUYECKHX IIoKasaresen
TOKas3aJli, YT0 abCOJTIOTHOE COMlepsKaHMe JIEHKOITH-
TOB, IMPKYJIUPYIOIINX B IepueprudecKkoii KpoBH,
CTaTUCTUYECKU 3Hauumo (p<0,001) yBesuuuBa-
JoCh mocje omepanuu ¢ 5,3X10%a (1,7; 11) mo
14X10°%/ 71 (4; 35).

AbcosoTHOE cofepskanue JUMQOINMTOB B
nepudepuyveckoil KpoBU JOCTOBEPHO HE U3Me-
H51JIOCh, TOTTIA KAK UX OTHOCUTEJbHOE COJlepsKa-
HUE B COCTaBe 00IIel JIeMKOIUTapHOU (ppaKkIuu
IocJjie OIEepaluu TOCTOBEPHO CHUYKAJIOCH MO
CpaBHEHUIO C UCXOTHBLIM 3HaYEeHNEM 00Jiee YeM B
TpHu pasa (p<0,001) — ¢ 30,85% (12; 47,7) 10 9,45%
(3,4; 44,7). KoHIIeHTpauysi MOHOIIUTOB TOCTOBEP-
HO YBeJIMYMBaJIACh 10cJe onepauuu ¢ 0,78X10%/1
(0,16; 1,62) mol,65X10% 7 (0,27; 4,8)(p<0,001).
HcciemoBanue copepsKaHUA LUPKYIUPYOIINX
HEUTPO(MUIBbHBIX TPaHYJIOLUTOB II0KAa3ajo
CylleCTBeHHOe YyBeJMYeHUe KJIETOK JaHHOU
dpakimu Kak B OTHOCUTEJbHBIX (€ 52,55% (34,2;
77,2) no 76,7% (39,5; 88) nipu p<0,001), Tak u B
abcouroTHbIx (c 2,75X10°/1 (0,79; 6,75) mo
9,95X10%/ 21 (1,96; 29) ipu p<0,001) BeTuuMHAX B
paHHeM nocJjeolepaliuoHHOM nepuonae. OTHOCHU-
TeJIbHOE COllepsKaHue APYTUX MONYIsIIuN Ipa”y-
JIOIIUTOB — 903WHOPUIOB U 6asopusoB —
JIOCTOBEPHO CHUSKAJIOCh OCJIe TIPOBEeIeHUs o1e-
panuu (¢ 2,3% (0; 7,2) mo 1,0% (0; 6)uipu p<0,001 u
¢ 0,2% (0,0; 0,7) mo 0,1% (0,0; 0,06) npu p=0,001).
IlocTOBEpPHBIX U3MEHEHUH B aOCOJTIOTHOM COfep-

cells of this fraction in relative (from 52.55% (34.2;
77.2) to 76.7% (39.5; 88) at P<0.001), and absolute
(from 2.75X10%/1 (0.79; 6.75) to 9.95X10°/1 (1.96; 29)
at 1<0.001) values during the early postoperative pe-
riod. The relative content of other populations of
granulocytes — eosinophils and basophils — signif-
icantly decreased after surgery (from 2.3% (0; 7.2) to
1.0% (0; 6) at P<0.001 and from 0.2% (0.0; 0.7) to
0.1% (0.0; 0.06) at P=0.001). No significant changes
in the absolute content of those cells in the patients’
peripheral blood were noted.

Hence, the level of leukocytes in postoperative
patients increased through neutrophilic granulo-
cytes and monocytes while the content of other
populations of leukocytes almost did not change.

Among the humoral factors of innate immu-
nity, the complement cascade components occupy
a special place because its key components per-
form a wide range of defensive functions linked to
pathogen opsonization, activation and attraction
of phagocytizing cells to penetrating pathogen, for-
mation of non-regulated ion channels in the mem-
branes of target cells. C3 and C4 components are
involved if the formation of C-envelopes of the clas-
sical and alternative pathways of complement ac-
tivation while products of limited proteolysis of C3
are most potent opsonins (C3b and its derivatives)
and chemoattractants (anaphylotoxin C3a) for neu-
trophils and monocytes. Moreover, C3 and C4 rep-
resent reactants of acute phase of inflammation
and, like procalcitonin, are convenient markers for
assessment of the level of inflammatory responses
in the body. In our study, C3 concentration signifi-
cantly (P<0.001) decreased from 1.1 (0.34; 1.43) to
1.02 (0.33; 1.33) g/1 during the postoperative period.
A similar dynamics was also observed for C4 com-
plement cascade component when after surgery its
concentration (P<0.001) decreased from 0.3 (0.11;
0.47) t0 0.27 (0.08; 0.41) g/1. In case of procalcitonin,
opposite dynamics was found: after an operative
intervention, concentration of this protein in blood
significantly increased from 0.032 (0.02; 0.142) to
1.0465 (0.176; 95.35) ng/ml (P<0.001).

The results of immunological tests are pre-
sented in table 2.

Dynamics of the main populations of lym-

phocytes in the peripheral blood. During the post-
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Tabsuna 2. [JTHuHaMHUKa CyOnONyJIsIIHOHHOIO COCTaBa TUM(pOLMTOB.
Table 2. Dynamic of changes of lymphocyte subpopulation composition.

Parameters Values of parameters at the study stages P Normal values
Before surgery After surgery
CD3+, % 78,5 (32; 89) 70,5 (21;93) <0,001 61-85
CD3+, X10°%/ 21 1,16 (0,43; 2,5) 0,92 (0,24; 3,6) 0,074 0,95-2,08
CD19+, % 9,5 (2; 56) 16,5 (1; 65) <0,001 7-17
CD19+, X10°/ 21 0,14 (0,03; 0,89) 0,19 (0,017; 2,2) 0,003 0,11-0,38
CD3+CD4+, % 47,5 17;71) 41,5 (15; 68) 0,009 35-55
CD3+CD4+, X10%/ 71 0,695 (0,1; 1,79) 0,58 (0,12; 2,2) 0,247 0,58-1,34
CD3+CD8+, % 26 (7;69) 24 (3;47) 0,015 19-35
CD3+CD8+, X109/ 0,365 (0,11; 1,1) 0,275 (0,045; 1,31) 0,324 0,37-0,97
Ratio of CD3+CD4+/CD3+CD8+ 1,9 (0,25; 7,1) 1,65 (0,85; 5,66) 0,756 1,5-2,6
CD3-CD16+CD56+, % 8,5 (1; 28) 9,5 (1; 28) 0,460 8-18
CD3-CD16+CD56+, X10°/J1 0,12 (0,01; 0,58) 0,1675 (0,014; 0,6) 0,641 0,12-0,4
CD3+16+56+, % 1,65 (0,1; 17,8) 1,25 (0,1; 12,2) 0,600 0-6
CD3+16+56+, X10%/71 0,022 (0,001; 0,2) 0,0175 (0,0017; 0,95) 0,234 0,07-0,17

IIpumeuanwue. s Tabu. 1, 2: parameters — rnokasaresiy; values of... at the study stages — 3HayeHUs... Ha CTAIUAX UCCIET0-
BaHus; before/after — no/mocae; surgery — onepanuu; normal values — HopMa.

SKaHUU 9TUX KJIETOK B Iepudepudeckoil KpoBU
0OJILHBIX HE OTMETHJIN.

TakuMm oOpasoMm, yBesmueHNe YPOBHS JIEHKO-
IUTOB ¥ OOJILHBIX ITOCJIE OTEPANU ITPOUCXOIUIIO
3a cueT HEUTPOPUIHLHBIX TPAHYIOIIUTOB ¥ MOHO-
IIUTOB, TOIIA KAK COJepyKaHte OCTAJIbHBIX ITOMIYJIsI-
LU JIEHKOIINTOB MPaKTUYeCKU HE U3MEHSJIOCH.

Cpenu ryMopaabHbBIX (PaKTOPOB BPOKIEH-
HOI'0 UMMYHUTETa KOMIIOHEHTHI KackKaJga KOM-
IJIEMEeHTa 3aHUMAalT 0C000e MeCTOo, TaK KaK ero
KJII0YeBble KOMIIOHEHTHI BBITIOTHSIOT HIUPOKUN
CIIEKTP 3AIUTHBIX (PYHKINH, CBSI3aHHBIX C OIICO-
HHU3allMel maToreHa, akTUBaIuel u mpuBJede-
HueM haroIUTUPYIONINX KJIETOK B O4ar ero mpo-
HUKHOBEHUsI, a Takke (HOPMUPOBAHUEM
HeperyJInpyeMbIX NIOHHBIX KAaHAJIOB B MeMOpaHax
kJIeToK-MumeHeil. KomnonenTs! C3 u C4 npuHU-
MaloT yuyactue B popmupoBanuu C-KOHBeEpPTax
KJIACCUYECKOTO0 U aJBTeEPHATUBHOIO ITyTeH aKTHU-
BallMU KOMILJIEMEHTA, a IPOLYKThI OTPAaHUYEHHO-
ro mporeosn3da C3 SABJIAIOTCA MOIIHEHITUMU
oriconnHamu (C3b 1 ero mpou3BOIHBIE) U XEMO-
arTpakTanTamu (aHaduaorokcud C3a) OJis1 HeH-
TpodmioB U MoHOIUTOB. bosee Toro, C3 u C4
OTHOCSITCSI B peaKTaHTaM OCTPOH (paswl Bocmase-
HUSI U, TOA00HO MPOKAJBIIUTOHUHY, SABJISIOTCS
BecbMa YyIOOHBIMU MapKepaMHu AJisi OILIEHKU
YPOBHSI BOCHAJUTENbHBIX PeaKkI[Uil, IpOTeKaro-
X B OpraHu3Me. B Hallem HcCC/Ief0BaHUU B
IIOCJIEONIEPAlIMOHHOM Mepuoie KOHIeHTpalus
C3 cratuctudyecku 3HauuMo (p<0,001) cHmKa-
Jace ¢ 1,1 (0,34; 1,43) mo 1,02 (0,33; 1,33) r/a.
CXOJHYIO JUHAMUKY OTMeTUIU U Aj1s1 C4 KOMIIO-
HEHTa KacKaja KOMILJIEMeHTAa, KOrjaa I10cJje ome-
pauuu ero KoHneHTpanuusa (p<0,001) cHukamach
c0,3(0,11; 0,47) mo 0,27 (0,08; 0,41) r/;a. OGHApPY-
SKUJTA TaK)Ke 00paTHYIO NMHAMUKY IIPOKAIbIU-
TOHMHA: II0CJIE OIIePallMOHHOI0 BMeIlaTeabCTBa
KOHI[eHTPaNus 9TOTo 6esika B KPOBU CTATUCTHU-
4eCKU 3HaYUMO BoapacTaJa c 0,032 (0,02; 0,142)

1o 1,0465 (0,176; 95,35) ar/ma (p<0,001).

operative period, there was a statistically significant
decrease of the relative content of T-lymphocytes
as percent of the quantity of lymphocytes versus
the preoperative level without statistically signifi-
cant change in their absolute value. Significant
changes were observed during analysis of CD19+ B-
lymphocytes playing a leading role in the realiza-
tion of antibody defense responses of acquired im-
munity. During the postoperative period, a
statistically significant increase of both the relative
and absolute content of B cells were observed.
Analysis of the quantity of NK (Natural Killer) of
CD3-CD56+ phenotype — the third main popula-
tion of peripheral blood lymphocytes — did not re-
veal any differences between the preoperative and
postoperative values.

Dynamics of the main subpopulations of pe-
ripheral blood T-lymphocytes — T-helpers. On the
basis of CD4 and CD8 expression, T-helpers of
CD3+CD4+ phenotype and cytotoxic T-lympho-
cytes of CD3+CD8+ phenotype were quantified.
Cells of the first population possess a leading role
in the regulation of functional activity of lympho-
cytes and leukocytes involved in defense response.
It has been shown that the relative content of T-
helpers decreased (P=0.009) after the surgery while
no significant differences in their blood concentra-
tion in patients before and after surgery were
found, though concentrations varied within a wide
range. In case of quantitative assessment of the dy-
namics of cytotoxic T-lymphocytes of phenotype
CD3+CD8+, similar tendencies were noted: the
postoperative percentage of those cells was some-
what lower vs. pre-surgery (P=0.015), but signifi-
cant difference in their relative content was absent.
Significant changes in CD4/CD8 ratio, which is re-
ferred to as ‘immunoregulatory index’, have been
not observed either. Analysis of CD3+CD56+ NK
did not reveal any differences in any study stage.

The above differences have allowed to suppose
presence of changes in the subpopulation and phe-
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PesysbsraThl HMMMYHOJIOTMYECKUX UCCJIEA0BA-
HUH IPUBEJH B Ta0JI. 2.

JInHaMHMKa OCHOBHBIX TONMYJIANUi TuMQo-
IIUTOB Nepu(epuyecKoi KPoBH. B mocseonepa-
IIMOHHOM ITepuojie HAOJI0JaTN CTaTUCTUYECKHU
3HAYMMOE CHU’KEHMEe OTHOCHUTEJILHOIO CofepsKa-
HUA T-1MM@OIUTOB B IPOILEHTHOM OTHOIIIEHUH K
KOJINYeCTBY JUM@OIUTOB II0 CPaBHEHUIO C
JIOOTIepaIlMOHHBIM YPOBHEM 0€3 CTaTHUCTUYEeCKHU
3HAYMMOT0 N3MEeHEeHUsI UX aDCOJIOTHOTO 3HaYe-
HuA. CyllleCTBEHHbIEe N3MEHEHUA OTMETUJIN IIPU
anasuse CD19+ B-nmuM@onuToB, Urparommx Bey-
IIYIO POJIb B peajiM3aliy I'yMOpaJIbHbIX 3alIUT-
HBIX peaKIui MpruoOpeTeHHOro NMMYHHTeTa. Tak,
B IIOCJIEOTIEPAIIMOHHOM TIEPHO/ie HAaOTI0/Ia ! CTa-
TUCTUYECKU 3HAYUMOE YBeJIMYeHre KaK OTHOCH-
TeJIHOTO, TaK ¥ a0COJTIOTHOTO COfIEPYKAHUS JIM -
¢oIuTOB 3TOM MOMYJIANMHU. AHAIN3 KOJINYECTBA
NK (Natural Killer) ¢ ¢penorunom CD3-CD56+ —
TpeTbel OCHOBHOU MONYIALUN JUM@OIUTOB
nepudepuyecKoil KpoBY, He BBISIBUJ JOCTOBEP-
HBIX Pa3/INuUi MeKly oKa3aTessiMH, II0JTyYeH-
HBIMH [10 ¥ IIOCJIE Ollepalluu.

JInHaMuKa OCHOBHBIX CyOTTOMyJIAIuii T-1mm-
¢omToB nepugepudeckoii KpoBu — T-xeJmepsl.
Ha ocnoBannm sxkcopeccuu CD4 n CD8 BoisiBIum T-
xesnepsbl ¢ penoruniom CD3+CD4+ 1 IIUTOTOKCUYE-
ckue T-mumdorurel ¢ derorunom CD3+CD8+.
Kierkam nepBoii HOMy/IAY IPUHAJIESKAT BeTy-
I11as1 POJIb B pery/IsAuu (DyHKIIMOHAIbHON aKTUBHO-
CcTU JIUMMOIUTOB U JIEUKOIIUTOB, MPUHUMAIOIINUX
y4acTue B peaiM3alyy 3allUTHBIX peakuuil. Tak,
IIOKAa3aJ/Id, YTO OTHOCUTEJIbHOE copepskanue T-xeJ-
I1epOB CHUKAIOCH (p=0,009) rmocJie oneparuu, Torga
KaK MX KOHIIEHTpAIWsi B KPOBH Yy OOJBHBIX O U
II0CJIe ollepalyy X0Th U BapbupoBaJjia B IIUPOKUX
IpeJiesIax, HO JOCTOBEPHO He pasymnyasiack. B cirydae
KOJIMYeCTBEHHOU OLIeHKU TUHAMUKY [IUTOTOKCUYe-
ckux T-mumdoruToB ¢ peHorunom CD3+CD8+ orme-
THUJIA CXONHBIE TeHICHIIUN: IIPOLIEHTHOE COHepsKa-
HUE J9THX KJIETOK OBLIO HECKOJIbKO CHIKEHO
(p=0,015) mocye onepanuy, HO JOCTOBEPHBIX OTJIN-
YW B X OTHOCUTEJILHOM COJIEpsKaHUU HE OTMETHUJIN.
JlocroBepHBIX U3MeHeHuH cooTHoIIeHus CD4/CD8,
KOTOpOE B JiATEpPaType 0003HAYAIOCH KaK «MMMYH-
HOPETYJISITOPHBIA UHJEKC», TaK)Ke He OTMEeTHJIU.
Anamus NK ¢ ¢peroruniom CD3+CD56+ He BBIABUI
JIOCTOBEPHBIX Pa3/INYM Ha STallaxX NUCCIIETOBAHMA.

IIpuBeneHHbIE BbIIIE Pe3YJIBraTbl [I03BOJIMIIA
MIPE/IITOJIOKUTh HATNYe U3MEHEeHU B CyOIIoITy-
JIIMOHHOM U (DeHOTUIINYECKOM COCTaBe MOHOLIU-
TOB U HeHTpoduaos. Tak, ¢ HUCIOJb30BAHUEM
anTutesa npotuB CD14 u HLA-DR npoBesnu anammu3
CTeleHu 3peI0CTH MOHOIIUTOB (TabJ1. 3). [Tokasa-
JIF, YTO B paMKax 0O0IIeH MOIysIsIiuy MOHOIIUTOB
nepudepriecKoil KpOBH, BbIsIBJIEHHBIX HA OCHO-
BaHUU Mop(oJiornyeckux KpurepueB (OTHOCHU-
TeJIbHBIN pa3Mep U YPOBEeHb I'PaHY/IAPHOCTH IIUTO-
I1J1a3Mbl), OTHOCHUTEJIbHOE COIEpsKaHHue 3PeJIbIX

notype composition of monocytes and neutrophils.
So, with the help of CD14 and HLA-DR antibodies,
monocyte maturity was analyzed (table 3), which
showed that within the total population of periph-
eral blood monocytes identified based on morpho-
logical criteria (the relative size and granularity of cy-
toplasm), the relative content of mature monocytes
of phenotype CD14+HLA-DR+ decreased after sur-
gery from 94.20% (56.50; 98.85) to 90.80% (28.5; 99)
at P=0.004; however, the absolute content of cells of
that type increased from 0.67X10°/1 (0.15; 1.5) to
1.54X10%/1 (0.04; 4.3). During the postoperative pe-
riod, there was no dynamics in the relative content
of ‘activated’ neutrophils of CD24+CD64+ pheno-
type as percentage of the total count of neutrophils
versus the preoperative level; however, their absolute
value increased significantly. Thus, it could be con-
cluded that the quantity of ‘activated’ neutrophils of
phenotype CD24+CD64+ were changed non-pro-
portionally to the total count of neutrophils. There
were no significant changes in the functional activity
of phagocytizing cells in peripheral blood (mono-
cytes and neutrophils), based on evaluation of the
capability of cells to produce active oxygen species.

MOD severity analysis has shown that during
the first 24 hrs. in ICU, the SOFA score value in pa-
tients was equal to 7 (2;16), with the maximum of 7
(2;,19). In the survived patients, significantly lower
SOFA score values were observed during the first 24
hrs. (P=0.018) and when evaluating the maximum
score value (P=0.015). The dynamics of MOD
changes is shown on figure 1.

Findings of the study have demonstrated that
cardiac surgery is accompanied by the develop-
ment of MOD and significant, multidirectional
quantitative and qualitative changes of the im-
mune system cells and humoral parameters of in-
nate immunity. However, we have failed to establish
relation between the immunity changes detected
and MOD development based on the obtained clin-
ical data that warrants further studies.

Both monocytes and complement cascade are
part of the innate immunity, which principle of ac-
tion is based on recognition of molecular patterns
common for different pathogens. Hence, the innate
immunity does not feature high specificity typical for
the acquired immunity. Innate immunity factors are
coded by germline genes and do not change during
the life, its receptors are evolutionally preserved. In
contrast to the acquired immunity that requires a few
days to start functioning, the innate immunity begins
acting almost instantly after impact of a damaging
factors, which is testified by other findings [22].

C3 complement component is an acute phase
reactant [23] and might be presumably promising
in terms of diagnostics, which has been proven in
our study.

Decrease of peripheral blood monocytes rep-
resents, in our opinion, a manifestation of immune
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Tabauna 3. lHHaMHKa CoJep KaHusl MOHOLMTOB H HeHTpoduIoB.
Table 3. Dynamic of changes of the level of monocytes and neutrophils.

Parameters Values of parameters at the study stages P Normal values
Before surgery After surgery

Monocytes, (CD14+HLA-DR+) % 94,195 (56,5; 98,85) 90,8 (28,5; 99) <0,01 90-100

Monocytes, (CD14+HLA-DR+) X10%/1 0,67 (0,15; 1,5) 1,54 (0,038; 4,3) <0,001

Neutrophils, (CD24+CD64+) % 3,33 (0,64; 26,5) 2,09 (0,69; 30,08) 0,6

Neutrophils, (CD24+CD64+) X109/1 0,0855 (0,023; 1,44) 0,25 (0,054; 8,9) <0,001
Phagocytosis Indicators

Production of reactive oxygen species 22,335 (4,58; 72,28) 21,9 (5,91; 100) 0,4 80-100

ITpumeuanue. Phagocytosis Indicators — mokasaresin darornurosa; production of reactive oxygen species — npoayknus ax-
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Junamuka uamenennii [IOH nmo mkane SOFA.
Dynamics changes of MOD on the SOFA scale.

ITpumeuanue. SOFA score — 6aJ11 o mkasie SOFA; for surviving/deceased patients — y BBIBKUBIINX/ yMepIINX TAIMEHTOB; NUM-
ber of patients — uncso nanmenTos; day in the ICU — cytok B OPUT; value of — 3nauenne.

MOHOIUTOB ¢ peHotuniom CD14+HLA-DR+ mocJe
onepanuu cHukaercsa ¢ 94,20% (56,50; 98,85) mo
90,80% (28,5; 99) mpu p=0,004. OgHaKO abCOTIOT-
HOe coJiepsKaHue KIeTOK JaHHOTO (DeHOTHUIa yBe-
Ju4yuBaJjock ¢ 0,67x10°/ 1 (0,15; 1,5) mo 1,54X10%/ 71
(0,04; 4,3). B mocJseornepaliioHHOM IIepuoje He
HaO0JTIoa/IM TMHAMUKY OTHOCUTETBHOTO COEpsKa-
HUS «QKTUBUPOBAHHBIX» HEUTPO(PUIIOB ¢ peHOTH-
noM CD24+CD64+ B MPOIEeHTHOM OTHOIIIEHUU K
00111eEMY KOJIMYECTBY HEUTPO(UIOB IO CpaBHE-
HHUIO C JOOIlepallMOHHBIM YpoBHeM. [Ipu aTom nx
a0COJTIOTHOE 3HAYEHME CTATHUCTUYECKH 3HAYNMO
YBEeJIUYUIOCh. TakuM 00pa3oM, MOSKHO 3aKJIIO-
YUTh, YTO KOJUYECTBO «aKTUBHUPOBAHHBIX» HEH-
TpodumiioB ¢ penorunom CD24+CD64+ naMeHsi-
JIOCh HE MPOIIOPIHOHAIBHO 00IIEMY KOJIMYECTBY
HelTpopunaoB. CylleCTBeHHbIX H3MEHEHUH B
(PyHKIMOHAIBHOU aKTUBHOCTU (DAarOLUTUPYIOIIAX
KJIETOK mepudeprudeckoil KpoBU (MOHOIIMTOB U

suppression in response to an operative injury, and
this is supported by literature [24].

Immune suppression after cardiac surgery
leads to MOD development and adverse outcome
of treatment [25], which is proven by our study.

In case of sepsis, immune suppression is ob-
served for a long period of time and affects long-
term surviving; however, intervention into the im-
mune system has not yet led to improvement of the
outcome of treatment [26]. In cardiosurgical pa-
tients, immunity can be ‘treated’ not only by inter-
fering with the immune system functioning [27],
but also by improving the pre-existent periopera-
tive defense mechanisms [28, 29] that should be a
reason for future investigations.

Conclusion

Latent defects of the innate immunity in the
patients, which manifested in a relative deficiency
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HEUTPOo(dUIOB), OCHOBAHHOI Ha OIEHKE CITOCO0-
HOCTH KJIETOK K IIPOYKIIMY aKTUBHBIX (DOPM KHUC-
J0pOfa, He OTMETUJIN.

Ananua BeipaskeHHocTH [IOH mokasaut, 4To B
IepBble CYTKH HaxoKIeHus nanueHTos B OPUT
0aJs1 no mkase SOFA cocraBua 7 (2; 16), Makcu-
MaJibHbIA — 7 (2; 19). IIpu aTOM y BBIKUBIIUX
MManyeHToB Ha0JII0gaIl CTaTUCTUYECKU 3HAYNMO
MeHbINUH 6ast 1o mrajie SOFA Kak B IepBbIe
cyTKH (p=0,018), Tak 1 eT0 MaKCUMaJIbHOE 3HAYe-
Hue (p=0,015). Iunamuxy uamenenuii [IOH npen-
CTaBUJIY HAa PUCYHKE.

PesysibraThl nccaenoBaHUA IIOKAa3aau, 4TO
onepanys Ha Cep/ilie COIMPOBOKIAETCA Pa3BUTH-
€M TMOJTMOPTaHHOU HEJJOCTATOYHOCTH U CTATUCTH-
4eCKU 3HAYMMbIMM pa3HOHAIPaBJIEHHBIMU U3Me-
HEHUSIMU KaK B KOJMYECTBEHHOM, TaK M B
Ka4eCTBEHHOM COCTaBe BCeX KJIeTOK UMMYHHOMN
CHUCTEMBI, I HEKOTOPBIX I'yMOPa/JIbHbIX UMMYHHBIX
(pakTopoB. OTHAKO CBSI3U MESKAY BbISIBJIEHHBIMU
U3MeHeHusAMU UMMyHuTeTa 1 pa3surruem [IOH na
MMpeACTAaBJIEHHOM MaTepHuajie HaM BBIIBUTH He
yIQJIOCh, 9TO TpeOyeT NaTbHEeHIIero n3y4YeHusl.

Kak MOHOIIUTHI, TaK U KacKajJl KOMILJIeMeHTa
OTHOCATCSA K BPOKICHHOMY UMMYHUTETY, [IPUHIIUIL
JeICTBUsI KOTOPOrO0 OCHOBAH HAa «y3HABaHUI»
TUMUYHBIX MOJIEKYIISIPHBIX CTPYKTYP, OOIIUX [JIS
PasIUYHBIX TaTOreHOB. TakuM 06pasoM, BPOKIeH-
HBIII UMMYHUTET He 00J1a/1aeT BEICOKOH crierndud-
HOCTBIO, XapaKTePHOH JIJIs1 TPUOOPETEHHOTO UMMY-
HuTeTa. PaKTOpPbI BPOKIEHHOIO HMMYHUTETA
KOJUPYIOTCSI TeHaMU 3apOJbIIIeBON JUHUU U He
MEHSIOTCSI B TeUEHHe KU3HHU, er0 PelenTopbI 3BO-
JIIOIIMOHHO 3aKOHCEPBUPOBAHBL. B oTyInune ot npu-
00peTeHHOT0 NMMYHUTETA, /ST Hayasa (PyHKIIAO-
HUPOBaHMS KOTOPOTO TpeOyeTCs HECKOJIBKO [THEH,
BPOSKJIEHHBII WMMYHUTET HaYMHAeT paboTarh
MIPAKTUYECKU CPa3dy I0CJse BO3IeNCTBYUS IIOBPEK-
jJamoomiero ¢akrTopa, O 4YeM CBHUAETEJbCTBYIOT
Ppes3yJbTaThl UCCIeA0BAaHUM APYTUX aBTOPOB [22].

C3 KOMIIOHEHT KacKajia KOMIIJIEMeHTa TaKKe
OTHOCHUTCS K peakTaHTaM OCTPOU (asbl Bocnase-
HUA [23] ¥, BEpOATHO, MOKET IIPEeACTABJIATh UHTE-

Jluteparypa

1. ITonacenko A.B., Cunuyruii M.IO., Xymopuas M.B., Bapbapaw O.J1.
TeHeTHYeCKHe MapKepbl CUCTEMHOI BOCIIAJIUTETbHOIN peakIiy B
kapauoxupypruu (063op). Obwas peanumamonozus. 2017; 13 (6):
48-59. DOI: 10.15360/1813-9779-2017-6-48-59

2. Mizock B.A. The Multiple Organ Dysfunction Syndrom. Disease-a-
month. 55 (8): 476-526 September 2009. DOI: 10.1016 / j.
disamonth.2009.04.002.

3. @edepsarun /.B., Ionuapyk A.B., Anoxun A.B., /rcuapax Mynszep /1.0.
JIMHaMUKa KOTHUTHUBHBIX (DYHKIIMI 1 IIPOBOCTIA/IATE/IbHBIX IIUTOKH-
HOB IIPU PA3J/INYHBIX BAPUAHTAX A0PTO-KOPOHAPHOTI'O IIYHTUPOBA-
HuA. Obwias pearumamonoz2us. 2018; 14 (6): 4-11. DOI: 10.15360/1813-
9779-2018-6-4-11.

4. Bone R.C. Inmunologic dissonance: A continuing evolution in our
understanding of the systemic inflammatory response syndrome
(SIRS) and multiple organ dysfunction syndrome (MODS). Ann In-
tern Med. 1996 Oct 15; 125: 680-687.

5.  Munford R. S., Pugin J. Normal responses to injury prevent systemic
inflammation and can be immunosuppressive. Am J Respir Crit Care
Med. 2001 Feb; 163 (2): 316-321. DOI: 10.1164/ajrccm.163.2.2007102.

6. VenetF., Lepape A., Monneret G. Clinical review: flow cytometry per-
spectives in the ICU - from diagnosis of infection to monitoring of
injury-induced immune dysfunctions. Crit. Care. 2011; 15 (5): 231.
DOI: 10.1186/cc10333.

of some of its specific components, might affect
development of MOD and, ultimately, the disease
outcome.

Conflict of interest. The authors assure of ab-
sence of a conflict of interest.

Funding. The study was carried out without
involvement of sponsors.

pec ¢ JUAarHOCTUYECKOU TOYKW 3pEeHHUsl, UTO
HAIIJIO MOATBEP KAEeHNE B HAIIIEM UCCJIETOBAHUN.

CHU KeHMe YPOBHSI MOHOITUTOB B Iiepudepu-
YeCKOI KpOBH fIBJISIETCs], [0 HallleMy MHEHUIO,
MIPOsIBJICHUEM UMMYHOCYIIPECCUU B OTBET Ha OIle-
PpaTUBHYIO TPABMY, YTO IIOATBEPsKAACTCA JIATEPa-
TYPHBIMU NAaHHBIMHU [24].

HNMmMmyHOCynpeccuss 1ocje onepanuil Ha
cepare mpuBoguT kK passurtuio [IOH u Heb1aro-
MPUATHOMY UCXONY JieYeHUA [25], YTO IMOATBED-
JKIaeTCsI HallluM MCCJIeJOBAaHUEM.

ITpu cerncrice UMMyHOCYIIpeCCHs HaOJTIOmaeT-
Cc B TedyeHHe MPOJOJIKUTEeJbHOTO BPEMEHU U
BJIMSIET HA BBKMBAEMOCTh B OTJAJIEHHOM ITepUO-
Jle, HO BMeIlaTe/IbCTBO B UMMYHHYIO CUCTEMY IIOKa
He IIPUBEJIO K YIYUYLIEHHUIO Pe3yJIbraroB JICYCHUs
[26]. UMMYHUTET Y KapAUOXUPYPTUUECKUX ITaAIU-
€HTOB MOYKHO «JI€UYUTh», HE TOJIbKO BMEIIINBAsICh B
paboTy IMMYHHOW CHUCTEMBI [27], HO U yiIydInas
ysKe CyIIeCTBYIOIIME METONUKH IIpOBEeICHUS
epuoIiepaTuBHOM 3aMIUTHI [28, 29], YTO JOJIKHO
SIBUTBHCSI IIOBOJIOM JI/ISI OYAYIINX UCCIIETOBAHMH.

3akJrouenue

ITo Bcel BUAMMOCTH, Y UCCJIEJOBAHHBIX HAMU
MMaIlleHTOB, CKPBITbIe Ne(eKThl BPOKIEHHOTO
VMMYHUTETA, TPOSBUBIINECSH OTHOCUTEJIHHBIM
ne(UINTOM HEKOTOPBIX €r0 KOHKPETHBIX KOMITO-
HEHTOB, MOTYT BJUATH Ha pa3surue [IOH u, B
KOHEYHOM CUeTe, Ha MCXO0J 3a00JIeBaHUsI.

KoH(pIHKT HHTEpecoB. ABTOPHI 3asIBJISIOT
00 OTCYTCTBUHU KOH(JIUKTA HHTEPECOB.

dunaHcupoBaHue. liccienoBaHue MpoBee-
HO 6e3 MPUBJIeYeHUsI CIIOHCOPOB.
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