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Cericuc sIBIIsIeTCS JKU3HEYTPOKAIOIINM COCTOSIHUEM, IIPMYNHAMU KOTOPOTO SIBJISIFOTCST TH(EKIMOHHBII IIPOIIECC ¥ BHI3BAHHBIIL MM Pa3peryIMpOBaHHBII
Hea/IeKBATHBIIT IMMYHHBIN OTBET OpraHu3aMa. YacToTa BOSHIKHOBEHHSI CETICHCA TIOCTE KAPIAMOXUPYPIITIECKIX OTIEPATIHI SBJISIETCST HEBBICOKOI 11 KOJIEOIIETCSt
B npezenax 0,39-2,50%. Tem He MeHee OxkuIaeMast IIPOIOJIKUTETBHOCTD JKH3HN MAIIMEHTOB C CEIICHCOM HEBEJIKA, & CMEPTHOCTD COCTABJISIET OT 65 710 79%.

HaTO(i)I/BI/IO]IOI‘I/IH 1 ME€XaHN3Mbl UMMYHOIIATOJIOTUU CETICHCa 10 CUX TIOP HE SACHDbL. Ha camom JleJie Mbl paCCMaTPUBAEM CETICUC KaK Z[I/IHHJVII/I‘{QCKI/II‘/JI TIpor1iecc,
VIMEIOIINH /IBa Pa3HbIX aCIlEeKTa. I/IMMyHHaﬂ TUNEPAKTUBHOCTD 1 UMMYHOCYIIPECCUA IIPEeJCTaBJIEHbI B BU/IE TIOCJIE/IOBATENIBHON CMEHbI 3THX TIpOIECCOB.
HpCZ[CTaBJICHI/IC 06 MMMYHOMO/YJIAINN HE SIBJISACTCSA Y€M-TO HOBBIM B JICUCHNU CEIICHCA. B nacrosiiee BpeMiA IMarHO3 CETICrCa OCHOBBIBACTCA Ha KJIAMHI-
YECKUX ITprU3HaKaXx. BI/IOMapKepI)I 1 METO/IbI MO]IeKyJISIpHOI;)I JINaTHOCTUKU 10 CUX ITIOP HE CIIYyKaT abCOJIIOTHBIMU KpUTEpUAMU [IJId IOCTAHOBKU /ITMarHo3a.

AKTyasibHast KOHIETIIIST MMMYHOTIATO(U3NOJIOT AN IPU CEICIce OCHOBAHA HA M/lee ANHAMUYECKOTO MapasiielbHOr0 KIMMYHHOTO OTBETA, 11PO- 1
[POTHBOBOCIIANTENILHBIE TIPOIECCHI PA3BUBAIOTCS C CAMOTO Havyasia. PaBHOBecHe MOKET GbITh KJIFOUOM B UMMYHHOM OTBETE MIPH cercuce. IMMyHHast
CHCTEMA TIBITAETCST MOIEPAKUBATD PABHOBECUE BO BPEMSI CETICHCA TTOCPEICTBOM Haanca Mpo- U MPOTHBOBOCTIAJIMTENBHBIX TIPOIECCOB. B ciydae
ancbasanca, pasperyInpoBaHHOCTH M PaJMKAIBHOTO U3MEHEHHs] MMMYHHOTO 0TBeTa (B 000MX HAIPABJICHUSX ) BEPOSTHOCTD JIETAJILHOCTH PE3KO
BozpacTaet. KoHTPoJIb cTOUHMKA HHMEKINHY, a[IEKBATHASI aHTHOAKTEPUATbHAS TEPAITHS K OPTaHHAS TOJIEPIKKA SBJISIIOTCS TPEMST KPA€YTOTbHBIMU
KaMHSIMHU B JIEYEHIH CEIICHCa C MOMEHTA 3aPOsKACHHS 3TOH e MHUIINH.

B 0630pe MbI X0T€eN OBl IOMOJTHUTEIBHO TIPEACTABUTH AHAIH3 ABYX MHOTOOGEIAONIINX METOIUK UMMYHOMOAYIAUN: (1) 9KCTPaKOPIOPATLHON
TeMOKOPPEKINH; (2) UMMYHOCTHMYJISIITUN.

Ilesb — MPEACTaBUTD COBPEMEHHBIN BCECTOPOHHUI 0630D UCIIONB30BAHUST METOIOB YKCTPAKOPIIOPAIbHOI OUUCTKI KPOBH M MIMMYHOCTUMYJISIHU
[IPU CENITUYECKUX COCTOSTHUSX MOCJIE KAPANOXUPYPIrUIECKUX OTlepalluil.

Kmouesvie cosa: cencrc, MMYHOMOZLYJISIITHSL, SKCTPAKOPIOPAIBHOE OUUIIIEHIE KPOBH, UMMYHOCTHMYJISIINS, MMMYHHBIH OTBET Ha CETICHC
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Sepsis is a potentially life-threatening state caused by an infection and an inadequate, dysregulated host immune response. Focusing on cardiac
surgery, the prevalence of sepsis is low, after procedures situated between 0.39% and 2.5%. Nevertheless, the current life-expectancy of septic patients
are poor, mortality varying from 65% to 79%.

Pathophysiology and immunopathology of sepsis is still unclear. Actually we consider sepsis as a dynamic process with two different sides. Both immune
hyperactivity and immune suppression are presented during the progression. Although immunomodulation is not a fresh idea in the treatment of
sepsis. Currently the diagnosis of sepsis is based on clinical signs. The biomarkers and molecular diagnostic tools are insufficient.

The actual concept of immunopathophysiology in sepsis is based on the idea of a dynamic parallel immune response, both pro- and antiinflammatory
processes are presented from the beginning. Equilibrium may be the key in the immune response of sepsis. Immune system tries to maintain the
homeostatic environment during sepsis via pro- and antiinflammatory processes. In case of an unbalanced, dysregulated and radical (in both
directions) response mortality become frightfully high. Infectional source control, adequate antibiotic therapy and organ support are the three
corner stones in the treatment of sepsis since the definition of sepsis born.

In our review we would like to add a detailed overview on two promising modalities of immunomodulation: (1) extracorporeal blood purification;
(2) immunostimulation.

The purpose of present article is to give an up-to-date, comprehensive review on the utilization of extracorporeal blood purification techniques and
immunostimulation in septic patient after cardiac surgery.
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Cericuc sBs1geTCs ONACHBIM JIJIS JKU3HU COCTOSTHUEM,
BBI3BAHHBIM MH(MEKITUEN 1 HeaJIeKBAaTHBIM, Pa3peryJIn-
POBaHHBIM UMMYHHBIM 0TBeTOM. OH BXOAUT B TOM-10
MPUYUH CMEePTH U TOTEHIIMATBHO OTIaceH JIJIsI BCETO
HaceJIeHUs TTaHeTsl |25, 27]. B acmekte WHTEHCHMBHOM
TepaNyy CETICUC SBIIAETCS OIHON U3 BeLyTINX IIPUINH
CMEPTHOCTH, HECMOTPSI Ha OTPOMHBIE YCUJINS ¥ MHO-
JKECTBO Pa3JIMYHbIX BUIOB Jiedenus: [28]. B kapamoxmu-
PYPrUM 4acTOTa Pa3BUTHS CETICHUCA TIOCIE OTIePAITi
JIOBOJIbHO HU3KA 1 Kojiebaercsa B npepenax 0,39-2,50%.
Tem He MeHee TPOOIKUTETBHOCTD JKU3HU MAIMEHTOB
C Pa3BUBIINMCS CETICCOM HEBEINKA, 2 CMEPTHOCTH KO-
nebiercst ot 65 10 79% [30, 49].

PasperynmpoBanHOCTh B3aMMOAEHCTBUS MEKITY
MH(EKINOHHBIM MPOIECCOM W MMMYHHOH cHCTe-
MOH Opranm3Ma MOKeT BeCTH K Pa3BUTHIO CEIICHCA.
[IpuMeHUTENBHO K KAaPAMOXUPYPIUU B TIEPUOIIEPa-
IIMOHHOM TIePHO/ie UMEIOT 3HAYEeHHE elle HeCKOJIBKO
JIOTIOJTHUTEJIBHBIX crienndudecknx ¢haxTopos: 1) xu-
pyprudeckas TpaBMa; 2) sHAOTeIUAIbHAS TUCHYHK-
I¥sT BCJIEICTBUE OMOMEXaHUYECKOTO BJAUSHUS Hed-
3MOJIOTMYECKOTO TIOTOKA KPOBU MPU NCKYCCTBEHHOM
KPOBOOGpaIieHn , Tak Ha3biBaeMbIii «shear stress»;
3) KOHTaKT KPOBM C UYy>KePOTHON TOBEPXHOCTHIO KOH-
Typa ammaparta UCKYCCTBEHHOTO KPOBOOOpAIEeHNUS;
4) HaJMuMe IpeHaxei; 5) He0OX0MUMOCTD TEMOTPAHC-
(ysuii; 6) penepdysusa nmocae umemnn. CuHIPOM
nuneMun-penepdys3nm MOKeT IPUBECTH K yBeJnde-
HUTO TPOHUTIAEMOCTH 9HAOTENNS, a periepdy3nOHHbIE
M3MEHEeHWS B CTEHKE OPTAaHOB JKeJTyI0UHO-KUTIIEYHOTO
TPaKTa — K BBICBOOOKIEHUIO SHIOTOKCUHA WJIW JIU-
nononucaxapuna (JIIIC). CoBmecTHO 2TH haKTOPHI
MOTYT MPOBOIIMPOBATh U3MEHEHNE CUCTEMHOTO MM-
MYHHOTO OTBeTa [32].

[TaTodnsmosorna 1 UMMYHOTIATOIOTHS CETICHCA /IO
CHX TIOP HesICHBI. MbI OBLITH CBUAETEIISIMU HECKOJIBKIX
CMCH TTapaJINTMBbI B TeUEHNE TTOCIETHETO AeCATUICTHS.
DakTHYecKu ceiuac Cerncuc paccMaTpuBaeTCst Kak Jiu-
HaMWUYECKHUH MTPOIlecC B3aMMOEHCTBHS IBYX CTOPOH:
UMMYHHOU TUIIEPAKTUBHOCTH U MMMYHOCYIPECCUH;
[P Pa3BUTHH cercrca 06a ATUX MPOIecca NMEIOT 3Ha-
yenue [43].

JlnarHo3 cercuca mo-TpexkueMy 6a3upyeTcst Ha KJIu-
HUYEeCKUX MpU3HaKax. buoMapkepsl 1 METOABI MOJTe-
KyJISIPHOHN AMATHOCTUKU HETOCTATOYHO CHETTN(PUIHEI
[26, 36]. He mpou3011110 1 CyTIeCTBEHHBIX U3MEHEHUT
B TPAJIUTIMOHHON CTPATETHH €To MPOPUIAKTUKHI U Jie-
uenwst. TeM He MeHee B TOCIeTHIE TO/IbI OBIIIO H3YYEHO
HECKOJIbKO HOBBIX ITO/IXO/IOB, OCHOBHAS YACTh KOTOPBIX
OCHOBaHa Ha UMMyHOMOAYJ AU, OCHOBHBIE JIBA U3
HUX — UMMYHOCTUMYJISTIAS ¥ METO/bI 9KCTPAKOPIIO-
paTbHOM TeMOKOPPEKITNHU. XOTSI NUMMYHOMOIYJISIIUS
He SABJISETCS HOBBIM METOJIOM B JIEYEHIH CETICUCA, /LIS
COBEPIIIEHCTBOBAHNS METO/I0B MMMYHOTEPAITUU POJTH
MMMYHHOH CHCTEMBI B €70 TIPOTPECCUPOBAHNY CIIEYET
YIUTHIBATS [3, 9].

[lestb — cOBpeMEHHbIIT BCECTOPOHHUIT 0030P UCIIOIb-
30BaHMS METO/IOB 9KCTPAKOPIIOPATBHON OUNCTKH KPO-
BU Y UMMYHOCTUMYJISIIUU TIPU CETICUCE Y TTAIIMeHTa
mocJie KapAnoOXUpypPrudeckoil oneparuu.
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HNmmyHonaTodu3nosorus cencuca B KapAuoXu-
pyprum. AKTyasibHast KOHIIENIINS UMMYHOITaTO(hU310-
JIOTUH TIPU CeTICHCce OCHOBAHA HA Hjiee IMHAMUYECKOTO
MapaJieJbHOr0 UMMYHHOTO OTBETA, KOT/IA ITPO- U MPO-
TUBOBOCHAIUTETHHBIE POIECCHI TIPOTEKAIOT OJTHOBPE-
MeHHO ¢ caMoTo Hadasa [2]. Bposkmennas nMMyHHAS
cUCcTeMa OTBETCTBEHHA 3a IEPBOHAYAIbHOE 0OHAPY-
XKeHUe TIOTeHIINATTbHO OTACHBIX (PAaKTOPOB, TAKMX KaK
MUKDPOOPTAHU3MbI U BOCHAJUTEIbHBIE CTPECCOBBIE
BO3/IEMCTBUSI, CBSI3aHHBIE C TIEPUOIIEPAIMOHHBIM ITe-
puojioM. [pamoTpuIiaTe/ibHbIE U IPAMIIOJIOKUTETbHBIE
GaKTepUH COIEPKAT MHOTOUNCJIEHHbIE CTPYKTYPbI (9H-
notokcud uian JIIIC, munomnporenH, MeNTUAOTIUKA-
HbI, TIETITH/IOTJIMKAH-CBSI3aHHDBIN JIMTIOITPOTENH, JIUIIO-
TeiixoeBast Kucjora, (puaresint, GuMOpHn ), KOTOpbie
MOTYT ITPUBECTH K UHTEHCBHOMY UMMYHHOMY OTBETY,
1 MBI Ha3bIBa€M MX MTATOTEH-aCCOMMUPOBAHHBIMUI MO-
nexyinamu (PAMPs — pathogen-associated molecular
patterns) [22]. Xupyprudeckasi TpaBMa 1 HICKYCCTBEH-
HO€e KPOBOOOpallleHre BbI3bIBAIOT MOSIBJIEHUE MOJIe-
KYJI, CIIOCOOHBIX MHUITMUPOBATh HEMH(DEKITMOHHBIN
BocmasmrebHbIi oTBeT (DAMPSs — danger-associated
molecular patterns). PAMP u DAMP pacnosHaror-
cs perenTopamMu paciiosHasanus o6paszos (PRR —
pattern recognition receptors), npeacTaBJieHHBIMU
Ha JICHJPUTHBIX KJIETKaX, MOHOIIUTaX U Makpodarax.
Toll-iogo6ubie perienrtopst (TLR — Toll-like receptors)
mpencTaBsaior coboit ogun us tumos PRR. CessbiBa-
nue PAMP u DAMPs ¢ PRR unutunpyer nMMyHHBIHA
OTBET opranu3Ma. Yepes akTUBAITMIO PAa3JIMYHBIX BHY-
TPUKJIETOUYHBIX CUTHAJIbHBIX KACKA/IOB 3aKAHYMBAETCS
001I1ast aKTUBAIUST BPOKIEHHON UMMYHHOI CHCTEMBI.
Ha BesimumHy 1 TUTI IEPBUYHOTO OTBETA BIUSIOT MHO-
rvie WHIUBUIYaJbHbIE (PAKTOPHI, TAaKMe KaK BO3PACT,
BH/I MUKPOOPTaHU3MOB U UX KOJMYECTBO, COMYTCTBY-
fomue 3abo0eBaHys ¥ reHeTnyeckiie hakTopsr [23].

[TpoBocmanutenbHble U TTPOTUBOBOCTIATTUTETHHBIE
(akTopsl UIYT pyKa 00 PYKY, HAaUMHAsI C CAMO HAYaJIb-
HO¥ cTaJin NUMMYHHOTO OTBeTa. BHavuasie qoMuHupyeT
MPOBOCTATIUTENbHBIN clleHapuil. MoHOHYKJIeapHbIe
KJIETKU WTPAIOT BaKHYIO POJIb B BBICBOOOKIEHUN
MIPOBOCIATUTENBHBIX TUTOKUHOB IL-1-1L-6, TNF-a
(unrtepyeiikun-1, uHTepIeiikuH-6, (hakTOp HEKPO3a
OITYXOJTH-a). ITHU KJIACCHUYECKUE TTPOBOCTIAJINTETbHBIE
MeINATOPhl MOTYT TPUBOAUTH K OBICTPON M MHTEH-
CUBHO aKTUBAIIY UMMYHHOI CUCTEMbI, Ha3bIBAEMOT
runiepBocranenueM [43]. Tem He MeHee UMMYHHAS CU-
CTeMa CTapaeTcs MOJJIEPKUBATH PABHOBECHE U OJIHO-
BPEMEHHO 3aITyCKaTh CJIOKHYIO KOMIIJIEKCHYIO CHCTEMY
MPOTUBOIIOJIOKHO HAMPABJIEHHOTO OTBETHOTO MeXa-
Hu3Ma [9]. DT KOHTPPETYIATOPHBIE TIOMBITKU MOTYT B
KOHEYHOM MTOTE TIPUBECTU K (PeHOMEHY, HA3bIBAEMOMY
«CeTICUC-UH/IYITUPOBAaHHBIN UMMYHHBIH TTapany» [44].
[Tocte panneit dasbl ruepBOCIaIeHUs PA3BUBIIASICS
MMMYHOCYTIPECCHSI, BEPOSATHO, OTKPBIBAET MYTh [JIS
BTOPUYHBIX OMTOPTYHUCTUYECKUX MHpekunii. Jomu-
HUPYONUMU MOJIEKYJIAMH 3TOTO MEPUOIA SABISIOTCS
pacTBOpuMBbIe aHTaroHucThl perentopa TNE anTaro-
Huctel perienitopa 1L-1, IL-4, 1L-10 u [L-13. UmmyH-
HBIH TIapajny Pa3BUBAETCS B Pe3yJIbTaTe HAPYIIEHUS
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MUTOKUH-TIPOAYIIUPYOMell GYHKIIUN JeHKOIUTOB,
Ao TO3a PA3JIMYHBIX TUTIOB IMMYHHBIX KJIETOK, a6CO-
JOTHON TUMGOIIUTOTIEHU T U CHIKEHHOU 9KCITPECCUH
BQ)KHBIX aHTUTEHOB KJIETOYHOH MTOBEPXHOCTH, TAKUX
kak HLA-DR na monorurax. MeHoMeH «Cercuc-uHmy-
IITPOBAHHOTO NMMYHHOTO HTapajiiay MOATBEPKIAeTCs
HECKOJBbKUMHU MCCIIe/JOBAHUSMU U OMBITAMU.

1. B mosnuet dase cemncuca y marueHTOB, HECMO-
TPS Ha arpecCUBHBIE TePaNleBTUYECKNEe YCUIINS, YaCTO
BCTPEYAETCsI AKTUBAINS CJTAGOBUPYIIEHTHBIX GAKTEPHIA,
BUPYCOB U TPUOOB.

2. KpuBas cMEPTHOCTH OT CETICHCa UMeET TPU KA.
[TpubaN3UTENHHO YeTBEPTH MAIIUEHTOB YMUPAET Ye-
pe3 4—5 maHeit. VI3 ocTaBIMIMXCsT BBIKUBITUX Y53 MOKeET
MepeHecT! NEePBUYHYIO MH(EKITNIO 1 BOCCTAHOBUTD
MMMYHOKOMIIETEHTHOCTB; CMEPTHOCTD B 3TOU TPYIITIE
coctasysier 10%. ¥ apyrux %5 manueHToB pa3BUBaeT-
€S UMMYHHBIN TTapajind, 1 CMEPTHOCTD B 3TOM TPYTITIE
cocTaBJsieT 0koJo 65% [45].

3. B nccaemoBaHmAX MOKA3aHO OTCYTCTBUE TIOJIO-
KUTETbHOTO 9 deKTa OT TPOTUBOBOCTATUTENBHON
Tepamuy Ha UCXoJ cemcuca [23].

PaBHOBecre MOKET OBITh KJIIOYEBBIM B IMMYHHOM
oTBeTe TIpu cercuce. IMMyHHas cucteMa IbITaeTCA
MO/IIEP>KUBATH TTOCTOSTHCTBO CPEIBI IIPH CETICHCE Yepe3
MTPO- ¥ TPOTUBOBOCTIAINTENbHBIE TIPOTIECCHL. B coryyae
nuchaianca, pa3peryIMpoOBaHHOCTY U PAJUKATBHOTO
M3MEHeHUsT MMMYHHOTO O0TBeTa (B 060UX HampasJie-
HUSX) yPOBEHb CMEPTHOCTH CTAHOBUTCS ITyTaIoOMIe
BBICOKMM. KoHeYHO, Ha caMoM jieJie Bce CIoKHee, U
YeTKUX TPAHWUI] MEXAY MPO- W MPOTHBOBOCIATH-
TeAbHBIMU a3amMu u ctaansMu HeT. [lnToxkmHam ne
CBOMICTBEHHA ABOMCTBEHHOCTh (PYHKIINA, HO BKJIAJ B
BBIKMBAHWE WU CMEPTh MOXKET 3aBUCETHh OT JIPYTUX
daxtopoB. OTAeTbHO B3ATHIN MUTOKUH MOXKET Jeli-
CTBOBATH IJIEHOTPOITHO (TTO-pPa3HOMY ) B 3aBUCIMOCTH
OT (paKTUYECKOTO MOJIEKYJIIPHOTO MIKPOOKPY KEHNUS.
Takum 06pa3om, KOHEYHBIH 3 heKT MemaTOpa BOCa-
JIEHUS PA3HOOOPA3€eH U CUIIBHO 3aBUCUT OT MHOKECTBA
pasINYHBIX B3auMoeticTBuii [12].

Jleuenue: HOBBIE NMOAXO/IbI, OCHOBAaHHbIE HA MM-
MyHOMOAYAAIUU. KOHTpOIbh ncTOuHNKA WHMEKITNH,
a/leKBaTHast aHTHOAKTePUAIbHAST TePATTUsT U MOJIePIK-
Ka OPTaHOB SBJFIOTCS TPEMS KPaeyroIbHBIMUA KaMHSI-
MU B JIEYEHUN CETICHCa C MOMEHTA TTOSBIEHUS €T0 KaK
nedunuiuu [50]. B HacTosiiiiee BpeMst CTaHOBUTCS
Bce GoJsiee 0OYEBHIHON HEIOCTATOYHOCTD HTHX METO-
JIOB JIEUEHUS [IJIS YITy4IIeHUS KITMTHUIECKIX NCXO/OB,
0COGEHHO B TO3/HEN (hase cerncuca. YKe 0TMeYanoch,
YTO B Pa3BUTHUU 1 TIPOTPECCUPOBAHUH CETICHCA MMMYH-
HBINl OTBET OPraHW3Ma SBJSETCS YPE3BBIYAITHO BaXK-
HBIM KOMTIOHEHTOM. CJI0KHOCTDh M HEOTHOPOJHOCTD
UMMYHHOI CUCTEMBI BEZYT K TOMY, YTO MbI TUIIOTETH-
YeCKU HUKOT/Ia HEe CMOKEM HailTh OO OTBET /ISt
KasK/I0TO TaruenTa ¢ cercucoM. CKopee, HaM cJIeyeT
MCKaTh MHAWBUAYATbHBIE METOBI JIEUEHNS, OCHOBAH-
HbIe Ha KITMHUYECKON KapThHe U UMMYHOTIaTO(N310-
JIOTUYECKOM COCTOSTHUHM OPTaHMW3Ma KOHKPETHOTO TIa-
muenTa [24, 34]. IIpu aToM faHHbIe TOAXOBI BIIOTHE
MPUMEHNMBI U B PaHHEH CTaJuu Pa3BUTHS CeTICHCA.
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HoBble afbloBaHTHBIE METO/bI TEPANIUU HEOOXOIMMBI
NS IpeIyNpeKACHNS 1ian jedenns ahheKToB (asbl
UMMYHHOTO Trapasiya mpu cercuce [23]. B Harr 0630p
MbI XOTeJIU Obl BKJIIOUUTH MOAPOOHOE OIUCAHUE ABYX
MHOT000ENAOIINX METOI0B UMMYHOMO/LYJISIIIAM, Ka-
CAIOTUXCS IKCTPAKOPIOPATBHON reMOKOPPEKITYU U
MMMYHOCTUMYJISIIUK. PaHHUE CPOKU CENTUYECKOTrO
MIPOTIECCa XapaKTEPUBYIOTCSI PA3BUTHEM COCTOSTHUS TH-
nepBocnaienns ¢ IUpKysinel B opranuzme DAMPs,
PAMPs u mpoBocauTeNbHBIX IUTOKUHOB. JKCTPa-
KOPIIOPAJIbHASI TEMOKOPPEKITUS MOKET MPENCTABIISTh
€000l TI0JIe3HYI0 METONKY, I(DDEKTUBHO YIS ITH
MOJIEKYJIbI 13 KpoBOOOpalieHus. B mosaneil craaun
pasBuTHs cercrca (paza MMMYHHOTO [Tapajinya Pa3Bu-
Baetcst y GOJIBITMHCTBA AIneHTOB. [1JIst ojiiepsKanust
paBHOBeCUS B UMMYHHOU CHUCTEMe UMMYHOCTUMYJISI-
11, KaK METOJI JIEYEHW S, MOJKET OKa3aThCs yAaqHON
nepcrekTuBoit [3]. [Ipo- u mpoTUBOBOCTIATUTETBHbBIE
peaxIny, a TakKe BPOXKIEHHBIE U a/IalITHBHBIE UMMYH-
Hble MEXaHU3MBI MOTYT TIPEACTABJIATh OJUHAKOBYIO
BRKHOCTD U CTATh MOTEHIINATBHBIMI MUIIEHIMHU JIJIST
CTpaTeruii UMMYHOMOIYJISAIUA C TETBI0 yIy4IIeHus
pesyabrarta [11].

OcHoBBIBasICh HAa MMMYHOTIATO(U3UOIOTUY CETICHCca
1 HAIIIIX T€PATIEBTUYECKUX IIEJISX IOCTKEHUS UMMy H-
HOTO PaBHOBECHUSI, MBI IOJKHBI TPU3HATH, YTO TMMY-
HOMOJLYJISITINS TOJIKHA OBITh HauaTa 110 BO3MOKHOCTH
pambIlne 1 GBITH IeseHanpasaerHeil. HeobXxoauMbIit
MOHUTOPUHT UMMYHHOTO CTaTyca MMEET OTPOMHOE
3HaUYEHHE JIUIS KaK MOKHO OoJjiee ObICTPOTO BBIsIBJIE-
HUS TTAIMEHTOB C MI3MEHEHHBIM UMMYHHBIM OTBETOM
[12, 45]. K coskasieHuto, IeTajbHOE ONMKMCAHNE STUX Me-
TO/IOB BBIXO/UT 32 PAMKH HACTOSAIIETO 0030pa.

JKcmpaxopnopaivHas zemMoKoppexyusi. IKc-
TPAKOPIOPAJIbHAS OYUCTKA KPOBU UMeeT 15-JIeTHIO10
MCTOPUIO B KaYeCTBe METO/Ia JIeUeHUs MAINEHTOB B
KPUTUYECKOM COCTOSTHUU. BbIpakeHHBIN BOCIAN-
TeJIbHBIN OTBET OPraHNU3Ma COMPOBOKIAETCS MMMYH-
HOW IMIIEPPEaKTUBHOCTHIO M Ype3MEPHBIM BHIOPOCOM
B KPOBOTOK ITPOBOCTAJIUTEIbHBIX ITUTOKUHOB. JTO
Be/IeT K OPTAaHHOMY TOBPEX/EHWI0 U UMMYHHOMY
Mapajuyy, 9T0 B KOHEYHOM UTOTE MOXKET TTPUBECTH
K HebaronpusaTHoMy ucxony u cmept. DeHomen
BBIPAXKEHHOW IUTOKUHEMWH TIPUBEJ K BO3SHUKHOBE-
HUIO U/Ien OYHuIeHus Kposu [8, 19, 37]. Ynarenue wim
yYMEeHbIIIEHE KOHIIEHTPAIUN B KPOBU MEJMATOPOB
BOCTIaJIeHNsT, GaKTePUATbHBIX TOKCHHOB (9HIOTOK-
cun, JIIIC) u mpoayKToB pacnaza TKaHel U3 CUCTEM-
HOTO KPOBOOOPAIIEHUS ¢ TOMOIIbIO CIIENUATbHOTO
YCTPOMCTBA MOXKET MPEAOTBPATUTH TTOJHOPTAHHYIO
JMUChYHKIIMIO M UMMYHHBIH 1apajind. B Tedenue a3Toro
nepuo/a Obln pa3paboTaHbl TAKKUE METO/IbI, KAK FeMO-
dbuabrpanus, remocopbius, rnasmadepes u ap. Ue-
CJIeJIOBaHUST TIOKA3aJl MHOTOOOEIIAOIIe PE3yIbTa-
ThI, CBU/IETEJBCTBYIOIINE O 3HAYNTETLHOM CHIKEHITU
KOHIIEHTPAIUHU 11eJIeBbIX MOJIEKYJT B KpOBH. Takske
3TU METOJIbI XOPOIIIO TIEPEHOCUJIUCH TTaruenTaMu [6].
OpnHako ferasu (COOTBETCTBYIOIIAst METOANKA, BBIOOD
ManreHTa, CPOKU, ITPOAOJIKUTETBHOCTD MPOTEIYPhI
W T. JI.) ¥ BIUSITHYAE TIPUMEHSEMbIX METOIUK Ha KITUHU-
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YecKue KOHEUHbIE TOUKU (CMEPTHOCTD, TUCHYHKITHUS
OpraHoOB) NOKa HESCHBI. B TeXHUYECKNUX acreKTaxX Mbl
MO’KeM BBIIEJTUTh TPU Pa3JUIHBIX moaxonaa: 1) re-
ModubTpalus (BbICOKOOObeMHast TeMOMUIBTPAIIHS,
cBepxBbIcOKOOOBeMHast remobuisrparis (EMiC2),
MeMOpaHbl ¢ BBICOKMM KO(M(HUIIMEHTOM OTCEYKHN);
2) remocopb6uust (topamukcut, Cytosorb, Oxiris,
agcopbep JITIC u HA 330); 3) komOuHMpoBaHHast
mazmodubrparust u agcopbimst (CPFA) [1]. 9tu
METO/I0JIOTUYECKHE TTOAX0/BI MOTYT PUMEHATHCS
CaMOCTOSITEJIBHO MJIM B KaUyeCcTBe JOTIOJTHEHUS K 3a-
MECTUTETbHOUN TIOYeTHON TepaIrmm.

MeToanku reMo@UIbTPAIINN TTOKA3aJH [OCTATOY-
HyT0 6e30acHOCTD TIpH cencuce. HaBephoe, onu MoryT
c1tocOOGCTBOBATH YJIYUIIEHIIO TEMOANHAMUKH. TeM te
MeHee, HeCMOTPST Ha MHOTOOOEIIA0IINe PAaHHUE pe-
3yJIBTAThI, X BJAMSHUE Ha CMEPTHOCTH O KOHIIA HE
ornpeneseHo. AncopOIMOHHBIE CTPATETHH XOPOIIO
MEePeHoCcATC NaIMeHTaMy ¢ ceTicucoM. B HacTogiee
BpeMs HaM He XBaTaeT BECKMX JI0Ka3aTeJIbCTB, HO TO-
JIOKUTENbHAS TEHJEHIINS K YJIY4IIeHWIO TeMO/ITHA-
MUKW U CHUYKEHUIO CMEPTHOCTU MMeeT MecTo. AZicopo-
IMIOHHBIE METOJWKH, COMPSKEHHBbIE C TIIa3MeHHON
(puspTpanueit, ABAIIOTCA CIOXKHOH, TOPOTOCTOAIIEH
TEXHOJIOTHEH, CBI3aHHON ¢ MHOTOYHMCJIEHHBIMH TEXHU-
yeckuMu mipobsiemMamu. Ha ceropHsmHuiil 1eHb moJry-
YeHHbIe JaHHbIe He TIOATBEP:KAAI0T Hamndue addexTa
B KJIMHMYECKUX KOHEYHBIX TOUKAX, /Ia ¥ 3HAYNMOCTD
9TUX MCbITaHwii orpanmdena [1]. O6beM 10CTYITHBIX
B HACTOSATIEE BPEMS JI0KA3ATENBCTB MO0 3TUM METO/aM,
10 00IIeMY TIPU3HAHUTO, HEIOCTATOYEH, HEOOXO MBI
JaTbHENTITNe OTPOMHBIE YCUJHS /IJI BBICHEHUS TI0-
JIOKUTETBHOTO 3 deKTa.

Vcnonp3oBanue uTocopba sIBJASETCS OIHUM U3
HanboJiee TePCIEKTHBHBIX M aKTyalbHBIX HalpaBJIe-
HUI cpeliu METOJI0B dKCTPAKOPIOPATbHON OUYUCTKU
KpoBu. JleueHue nuTocopOOM yiKe anpoOUpPOBaHO B
Pa3HBIX KINHIYECKUX yeaoBusX. [lo-Buanmomy, aToTt
crocob JiedeHnsT B 3HAYUTENbHON crerern adderTu-
BeH B CHIDKEHUH KOHIIEHTPAITUN TOKCUIHBIX MOJIEKY T,
a TakKe MOXKeT YIy4IIuTh KINHUYecKui ncxon [7, 29].
Tpu rebompmux PKU mipu cerncuce u cenTIecKOM
IITOKe TTOKa3a/I 3HAYNTEIbHOE CHIKEHIe KOHIIEHTPa-
1u 1L-6 1 3HaunTEIbHOE CHIKEHUE TTIOTPEGHOCTH B
BA30IPECCOPHOI MOJIIEPKKE, HO 6e3 CYIIeCTBEHHOTO
BJIVMSHUSA Ha YpoBeHb JeTtambHOCTH [18, 38, 39]. Ka-
JKII0€ U3 ATUX UCCJIeOBAHUIT MOATBEPKIaeT Gesomac-
HOCTD ¥ BO3MOKHOCTD TPUMEHEHWS METO/Ia B KITMHUKE.
ITo manHBIM MEXIYHAPOAHOTO PETHUCTPA O MPUMEHe-
Huu Cytosorb, y 135 maruieHToB ¢ CencucoM noJrydeHbl
CBEJIEHNS O CHWKEHUN JIETATbHOCTH TT0 CPAaBHEHUIO
¢ oxkmumaeMoli cMepTHOCThI0. OIHAKO YHCJIO TTalieH-
TOB B MCCJIEJIOBAHUU SIBJSETCS HEJOCTATOUHBIM I/
dopMyIpoBaHU OJHO3HAYHBIX BEIBOIOB. Heckombko
HEOOBIINX MCCIEI0BAHUN U KIMHUYECKUX CIyYacB
TaK’Ke TOJTBEPKAAIOT BBIMICYTOMSIHYTBIE TTOJOXKHU-
TeJIbHBIE TEHJICHIINA TT0Ka3aTesell TeMOUHAMIKY 1
BBIKUBaemoct [17, 21].

HUmmynocmumyaayusa. VIMMyHHDBII OTBET BO Bpe-
Ms IUHAMAYECKOTO CETITUYECKOTO Tpoliecca KpaitHe
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CJIOJKEH, OJTHAKO yOequTe bHbIe JOKa3aTeTbCTBA CBH-
JIETEJbCTBYIOT O B3AMMOCBSI3H MEKLY CETICUC-UH/YTIH-
POBaHHBIM UMMYHOJIOTUYECKUM ITAPAIMIOM U ILJIOXIM
KIMHUYecKuM ucxozoMm [12]. Muoroymncaenusie fo-
KIMHUYECKHUe U KJINHWMYECKUEe NCCIeI0OBAaHNS CBUIE-
TeJBCTBYIOT O TOM, YTO CETICHC TIPUBOJIUT K JIETIPECCUN
MMMYHHOI CHCTEeMBI ¢ muchyHKImelr T-1mMboIuTos,
K HapyuieHn1o GyHKIIUU aHTUTEH-TIPE3EHTUPYIONUX
KJIeTOK (0OBIYHBIX MOHOI[UTOB, MAKPO(Aros, AeHIPHT-
HbIX KseToK) [48]. TIpubmsurensHo 70% ciydaes ¢
JIETAJIbHBIM MCXOJIOM BO3HUKAET Ha TO3/[HEN CTauu
pPa3BUTHUA CeTCcuca, KOTOpash XapaKTepu3yeTcs Tep-
CUCTHUPYIOIIEN TTEPBUYHON WHMEKITNEN 1 UMMYHHOH
cylpeccuen, IpUBOJSIINEN K CEPbE3HBIM BTOPUYHBIM,
OTITIOPTYHUCTUYECKUM, HO30KOMHUAIbHBIM MHMEKITN-
aum [31]. CirenoBatenbHo, pa3BUTHE CTPATETUI I
MOBBINIIEHNUST UMMYHUTETA OPTAaHU3Ma MOXKET TIpe[-
CTaBJIATh HOBOE HAlNpaBJIeHUE B JIEYCHUW CETICHCA.
Hecko/bKO pasHOOOPA3HBIX CPENCTB YK€ MPOTECTH-
POBaHO, XOTsI COBPEMEHHbBIE TIPEICTABIEHUS 00 UM-
MYHOCTUMYJISIIINY OCHOBAHBI HAa MCCJIEOBAHUSAX HA
JKUBOTHBIX U Ha KIMHUYECKUX UCTTBITAHUAX [33].

I[panynonuTtapHblii KOJOHUECTUMYJIUPYIONIUA
dakrop (G-CSF — Granulocyte colony stimulating
factor) m rpanysionuTapHO-MakpodaraibHblil KO-
gouectuMmyaupyiomuii darkrtop (GM-CSF -
Granulocyte-macrophage colony stimulating factor)
SIBJITIOTCS IIUTOKNHAMU, KOTOPBIE CTUMYJIUPYIOT CTBO-
JIOBBIE KJIETKU, CAHTE3UPYIOlHe MaKpoaru, MOHOIIU-
ThI ¥ HEUTPOUJIBI, & TAKXKE TIPUBOIAT K YIAYUIIEHUIO
BBICBOOOXK/AEHNS U (DYHKIIMOHAJIBHON CIIOCOOHOCTH
aTHX KJIeToK. HeCKOJIbKO KIMHUYECKUX MCCIIeIOBAHI
MOKa3aJI1 MHOTOOOEIIAIONIIE Pe3yJIbraThl. MeTaaHams
12 kIMHWYECKUX NCCIeIOBAHNI TaKKe TIPOIEMOHCTPHU-
POBaJI 3HAUUTENbHOE CHUKEHNE YaCTOTH BTOPUYHBIX
nabeknuii |5, 15]. G-CSF u/umm GM-CSF noren-
IIUATTBHO MOTYT TIPUMEHSITBCS C TEJIbI0 9PAUKAINY U
npodwrakTuku nHexmu [11].

Unrepdepon-y (IFN-y — Interferon gamma) — ato
OJIVH W3 KJIOYEBBIX IUTOKUHOB, OTBETCTBEHHBIX 3a
cUHTEe3 ¥ (PYHKITMOHATIBHBIE CBONCTBA MOHOITUTOB U Ma-
KpoharoB, KOTOPBIE SBJISIOTCS BAKHBIMU (haKTOPAMU
B 9JIMMHUHAIIMH MUKPOOPTaHN3MOB. PeKOMOMHAHTHAST
Tepanusl nHTephepOHOM-y IOBBIIIAET AHTUTEeH-TIPe-
3EHTUPYIOIINE CBONCTBA U MPOAYKITUIO TPOBOCTIAJIN-
TEJIbHBIX IUTOKMHOB y CENITUYECKUX TallneHTOB Oe3
n060YHBIX 3(h(HEKTOB, CBA3aHHBIX ¢ Teparueii [43]. Ib-
(peKTUBHOCTD IAHHON TEPATTNH Y3Ke TOKa3aHa B Pa3Jinyd-
HBIX TPYIIAX MAIMEHTOB C HAPYIIEHUSMU (PYHKITUK
MMMYyHHOIi cucteMbl [ 13]. BosamoskHOo ucriob3oBaHue
nHTepdepoHa-y y CenTUYeCKUX NAIlMeHTOB ¢ Tepales-
TUYECKOM I1eJIbIO.

1L-7 gaBasgercst ofHUM U3 HanboJsee Ba)KHBIX I[UTO-
KUHOB B cHHTe3e M (yHKIMOHUpoBanuu T-sumdo-
IIUTOB, & TAK;KE€ MHTUOUTOPOM aIloNTo3a JTUMMOIIUTOB.
CuepoBaTenbHo, peKoMOMHAHTHBIN [1L-7 MoxkeT mpu-
MEHSTBCSA Y CENTUYECKUX MANMEHTOB € JUMGbOTEHN-
eit [35]. Jlanuble HegaBHErO PAHAOMU3UPOBAHHOTO
KOHTPOJINPYyEMOro uccienoBanus B ¢ase IIb mosso-
JISTIOT TPEATIOJIOKNUTD, YTO PeKOMOMHAHTHBIN 1L-7 aB-
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JIIETCST MPETapaToM BbIOOPA Y MAIUEHTOB € CETICHCOM
JUUIS1 YCUJIEHUS aIallTUBHOTO MMMYHHOTO oTBeTa [ 16].

Hmmynoznobyaunvt (Ig). ViMMmyHOTIO0Y THHBI
MPOMYIUPYIOTCS U cekpeTupytorca B-mumboruramn,
KOTOpbIe akTUBUpPyIoTCs T-mumdborutamu. Ummy-
HOTJIOOYJIMHBI COCTOSIT U3 TSIKEJON U JIETKOI TIeTeil.
M3oTumnbl tMMYHOTJIOOYITMHOB KJIACCUDUITUPYIOTCST
Ha IgG, IgA, 1gM, IgD u IgE. OGe menu, Tsokenast u
JIeTKas, pasziesieHbl Ha IBa IOMEHa, OJJUH U3 KOTOPBIX
SIBJISIETCST BAPUAOETbHBIM, & BTOPOil — KOHCTAHTHBIM.
X0poIio U3BECTHO, YTO UMMYHOTTIOOYTUHBI SIBJISTIOTCST
OCHOBHBIMH 3(hheKTOpaMu r'yMOpaIbHOTO MMMYHHOTO
OTBETa, OIHAKO TOUHBIN CII0CO0 NX AEHCTBUA OCTACTCS B
3HAUNTENHHOU CTETIeHU He n3y4eHHbIM. Ecoth, ¢ omHOT
CTOPOHBI, UMMYHOTJIOOY/THBI 3AMTUTIAIOT OPTAHI3M OT
MHQEKINH, TO, C IPYTOi CTOPOHBI, OHU MOTYT UTPATh
JIBOITHYIO POJIb KaK TPOBOCHATUTENbHBIE, TAK 1 TIPOTH-
BOBOCTIJINTEIbHBIE aTeHTHI [4].

VIMMYHOTJIOOYTMHBI SBISIOTCS 00s13aTEIbHBIME
aJleMeHTaMM B a/IeKBAaTHOM PAaCIlO3HABAHWU MATOTe-
HOB U uX yHudTo)keHuu. OHM UHTHOUPYIOT TpaHC-
KPHIIIIIO TEHOB MIMMYHHBIX MEUATOPOB 1 00JIaIa10T
anTranontotudeckum apdextom [46]. Kak nzBectHo,
TIPH CETICHCE YPOBEHD UMMYHOTIOOYIMHOB CHIKAETCST
(ocobenno IgG, IgM) [42, 44]. HecmoTpst Ha TO 9TO
MEXaHWM3MBbI JIEHCTBUS 10 KOHI[A HE BBISICHEHBI, GOJIb-
NIMHCTBO MCCJIEI0BAHNN TIOKA3aJ1, YTO KaK dHOTEH-
Hble IMMYHOTJIOOYJIMHBI, TAK U 9K30T€HHO BBOANMbIE
MOTYT UTPATh OCHOBOIIOJIATAIOIIYIO POJIb B BOCIIAJIN-
TeJTHbHO-UMMYHHOM OTBETE OpTaHu3Ma Ha MHMEKIHIO.
Ummynornobyunst (ocobento IgM) He TOIbKO MO-
TyT CIOCOGCTBOBATH OBICTPOMY CHUKEHUIO YPOBHSI
MaTOTeHOB ¥ TOKCMHOB HA PAHHUX CTaAuIX WH(DEK-
IIMOHHOTO TIPOIleCCa W CTUMYJIMPOBATH UPE3MEPHBIN
MTPOBOCTIATTMTENbHBIN OTBET OPTaHM3Ma, HO TaKKe OHU
WTPAIOT BAXKHYIO POJTh HA TMO3HUX CTAANSAX CETICHCa,
KOTOpPBIE XapaKTepPU3yIOTCA BBIPAKEHHBIM yTHETEHUEM
BPOKIEHHOTO U PUOOPETEHHOT0 MMMyHHUTeTa, VM-
MYHOTJTOOYJIMHBI OKa3bIBAIOT aHTUATIONTOTHYECKOE
JeficTBre Ha TMMGOIUTHI U YIIYYIIAIOT ITPOIECCHI A1 -
MUHAI[UU TPOIYKTOB KJIETOYHOTO PACTa/la C TTOMOIITBIO
IgM-onocpe/ioBaHHOrO MeXaHU3Ma, KOTOPBIA MOKeT
MPOTUBOIEHICTBOBATD CETICUC-UHYITUPOBAHHON M-
MyHHOU nuchynximn [40].

Henasuuii Mmetraanaius c HpO6HbIM nocJeoBa-
TeJIbHBIM aHATU30M JJIsT TIEPBUYHOTO W BTOPUYHOTO
HCXO0JI0B, KOTOPBIUA BKJIIOYaN 15 paHIOMH3WPOBAH-
HBIX KOHTPOJMPOBAHHBIX MCCIEJOBAaHUHN C yIacTHeM
712 marmmeHTOB M 4 KOTOPTHBIX UCCJEOBAHUI C yUa-

ctueMm 818 marueHToB, OIeHNBAIN TTPUMEHEHNE BHY-
TPUBEHHBIX IIPerapaToB IgM y maiueHToB ¢ CerncucoMm
crapire 18 set. [Ipumenenne IgM 3HaunTETHHO CHU-
3uJ10 rokasaresiu jJetaabuoctu, RR 0,60 (95%-writ /11
0,52-0,69). BayTpurpynmnoBoi aHaaus moKasal, 4To
BTHU Pe3yJbTaThl OBIIN TIOCIEI0BATEIHHBI HE3aBUCH-
MO OT IIPOAOJIKUTETHHOCTH JIEUEHUST, CYyTOUHBIX /103,
CYMMapHO JI03bl, CTENIEHH TSKECTH NHQMEKITMOHHOTO
npoliecca, IPOAOKUTEIbHOCTH HabJII0IeH NS, J3aiiHa
uccjaeoBanus u roga myoankauu. OQHAKO UCIIOJIb-
30BaHUe BHYTpUBEeHHOro IgM cOKpaTuio mpoaoJiKu-
TEJIbHOCTh MEXaHUYECKOM BEHTUJISAIINY, HO HE YMEHb-
IINJI0 BPeMs NPeObIBaHUs B OT/AEJeHUN PeaHuMallin
Y MHTEHCUBHOM TepaIiviy U B CTAI[MOHAPE.

CrieoBaTe/ibHO, BO3MOKHOCTD IPUMEHEHUST M-
MyHOTJI00yIMHa Kaskercs onpaBaanHoii. C oxHON
CTOPOHBI, PE3YJIBTATHI HEJIABHUX UCCIIENOBAHUI MTPO-
TUBOPEYUBBI, C APYTOil — yOeAUTebHBIX JaHHBIX He-
JIOCTATOYHO JJIS faibHeH X 3akmouenuii [20, 47].

NMMyHOCTUMYJISINS TIPU CENICUCe HA JAHHBIN
MOMEHT MpPEACTaBJAsieT GOJIBINO HAYUYHBI WHTE-
pec U TpebyeT 3HAYMTEJNbHBIX YCUJIUN U [ajib-
Helilero pa3BuTUs. MHOTOUYUCIEHHbIE TeKYIIUe
HCCIeIOBAaHUST U3YYalOT Pa3JiMuHble J[Pyrue Moj-
xonpl B jedenun cencuca (IL-3, IL-15, anti-PD-1
antibody, anti-PD-L1-antibody, anti-BTLA antibody,
anti-CTLA4 antibody, Flt3 ligand, CAR T cell
therapy) [33].

3akmouenue. Cerncuc UMeeT JOJTYI0 UCTOPHIO.
HaMepeHusi BbLIEUUTh CENTUYECKUX MAIUMEHTOB
HUMEJTHCH 33/[0JITO JI0 TOTO, KakK ObLI0 c(hOpMyIHUpPO-
BAaHO TIEPBOE OTIPeJiesieHre CeTicuca. 3a nocjenHee
JIECSITUJIETHE Pe3YJIbTAThl JIeYeHUs Cercuca y pas-
JIMYHBIX MANMEHTOB 3HAYUTEJNBHO HE YJIYUIIUIUCH.
Tem He MeHee MCCJIe/IOBAHUS BBISIBUJIN CIOKHOCTD
U pazHooOpasre UMMYHHOTO OTBETA Y CENTUYECKUX
MaMeHTOB. Dbl ompesiesieHbl MHOTOUMCIEHHbBIE
He3aBUCHUMBIE JIPYT OT Apyra GakTopbl, KOTOPbIE
MOTYT CIOCOOCTBOBATH Pa3HOOOPA3ZHOMY TEUEHUIO
cericrca y pasJudyHbIX manuenTos. HoBble BUibI M-
MYHOMOJYJIUPYIONUX CTPAaTeruii UMEI0T OOJIbIINe
nepcrekTuBbl. OIHAKO TOTEHITUATBHO TTOJIE3HOE UC-
M0JIb30BAHUE ITUX CTPATETUN MOKET MOTPebOBATH
6osiee yOEAUTENbHBIX JOKA3aTEIbCTB U WHAMBULY-
AJU3UPOBAHHOTO MOAXOJA JJSI KaKIOTO TMallueH-
ta. boJiee ToJIHOE TIOHMMaHE UMMYHOTIATO(PU3NO-
JIOTUY CETICUCA MOKET TPUBECTHU K HOBBIM MTOJIX0/IAM B
€T0 JIeYeHU N JIJIST Yy UIIEeH s HeYIOBIEeTBOPUTETHHBIX
Pe3yJIBTATOB HA JAHHBI MOMEHT.

Introduction. Sepsis is a life-threatening state
caused by an infection and an inadequate, dysregulat-
ed host immune response. In general, sepsis ranks in
the top 10 causes of death and potentially harmful for
the whole population of our Planet [25, 27]. From the
aspect of the intensive care unit, sepsis is one of leading
causes of mortality despite the huge efforts and many
different type of treatments [28]. Focusing on cardiac
surgery, the prevalence of sepsis is low, after proce-

dures situated between 0.39% and 2.5%. Nevertheless,
the current life-expectancy of septic patients are poor,
mortality varying from 65% to 79% [30, 49].

A dysregulated interaction between the infection and
the host immune system possibly lead to sepsis. During
perioperative period of cardiac procedures several addi-
tional, special factors are presented, such as: (1) surgical
trauma; (2) shear stress; (3) blood contacts with a huge
artificial surface in cardiopulmonary bypass; (4) internal
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drainage system; (5) need for blood transfusion relat-
ed to surgery; (6) reperfusion after ischaemia. In case
of reperfusion after ischaemia can lead to an increased
endothelial permeability. In the gastrointestinal tract
it possibly results in endotoxin or lipopolysaccharide
(LPS) release. These factors together can provoke a dy-
namic systematic immune response [32].

Pathophysiology and immunopathology of sepsis is
still unclear. We were witnesses of several paradigm
shifts during the last decade. Actually we consider sep-
sis as a dynamic process with two different sides. Both
immune hyperactivity and immune suppression are
presented during the progression [43].

Currently the diagnosis of sepsis is based on clinical
signs. The biomarkers and molecular diagnostic tools
are insufficient [26, 36]. Traditional prevention and
treatment strategies have not changed significantly in
the last decades. But during the last years several new
approaches were studied. Major part based on immu-
nomodulation, two of these are immunostimulation
and extracorporeal blood purification techniques [3].
Although immunomodulation is not a fresh idea in the
treatment of sepsis, in order to develop a successful
method in immunotherapy we should understand the
progress of sepsis from the aspect of the immune sys-
tem [3, 9].

The purpose of present article is to give an up-to-date,
comprehensive review on the utilization of extracor-
poreal blood purification techniques and immunostim-
ulation in septic patient after cardiac surgery.

Immunopathophysiology of sepsis after cardiac
surgery. The actual concept of immunopathophysiol-
ogy in sepsis is based on the idea of a dynamic parallel
immune response, both pro- and antiinflammatory pro-
cesses are presented from the beginning [2]. The innate
immune system is responsible for the initial detection
of potentially harmful factors, like microorganisms and
special inflammatory stress factors related to the pe-
rioperative period of cardiac surgery. Gram-negative
and positive bacteria contain numerous structures
(endotoxin, or lipopolysaccharide {L.PS}, lipoprotein,
peptidoglycans, peptidoglycan-associated lipoprotein,
lipoteichoic acid, flagellin, fimbriae) that can lead to
intense immune response we call them: pathogen-as-
sociated molecular patterns (PAMPs) [22]. Surgical
trauma and cardiopulmonary bypass cause a release
of danger-associated molecular patterns (DAMPs).
PAMPs and DAMPs are recognized by the pattern
recognition receptors (PRRs) presented on dendritic
cells, monocytes and macrophages. Toll-like receptors
(TLRs) are one type of PRR. Binding of PAMPs and
DAMPs to a PRR initiates the immune response of the
host. Through the activation of different intracellular
signalling cascades ends-up in a general activation of
the innate immune system. The magnitude and type
of primal response is influenced by many individual
factors, like: age, type and amount of bacteria, comor-
bidities, genetic factors [23].

Proinflammation and antiinflammation are walking
hand-by-hand from the zero time point of the immune
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response. In early phase proinflammatic environment
dominates. Mononuclear cells play an important role

with the release of proinflammatory cytokines IL-1-
IL-6, TNF-a. These classic proinflammatory mediators

can lead to a fast and intense activation of the immune

system called hyperinflammation [43]. Nevertheless,
the immune system try to maintain balance and launch

a complex system of counter-regulatory mechanisms at
the same time [9]. These counter-regulatory attempts

can end-up in a phenomenon called “sepsis-induced

immunoparalysis” [44]. After the hyperinflammatory
early phase this immunosuppression possibly open the

field for secondary, opportunistic infections. Dominat-
ing molecules of this period are soluble TNF receptor
antagonists, IL-1 receptor antagonists, IL-4, IL-10 and

IL-13. Immunoparalysis is caused by impaired cytokine

producing function of leukocytes, apoptosis of different
type of immune cells, low absolute lymphocyte count
and diminished expression of important cell surface an-
tigens like HLA-DR on monocytes. The phenomenon
of “sepsis-induced immunoparalysis” is supported by
several studies and experiences. (1). Frequent occur-
rence or reactivation of less-virulent bacteria, viruses

and fungi in the late phase of septic patients. Despite

the aggressive therapeutic efforts. (2). Mortality dis-
tribution of sepsis shows three peaks. Approximately a
quarter of patients die in 4-5 days. From the remaining
survivals one-third can bear with primal infection and

restore immunocompetence, mortality of this group is

10%. The other two-third develops immunoparalysis

and have a mortality around 65% [45]. (3). Studies

with the application of antiinflammatory therapies are

lack of positive effect on sepsis outcome [23].

Equilibrium may be the key in the immune re-
sponse of sepsis. Immune system tries to maintain the
homeostatic environment during sepsis via pro- and
antiinflammatory processes. In case of an unbalanced,
dysregulated and radical (in both directions) response
mortality become frightfully high. Of course in reality
it is more complicated and no clear borders between
phases and extremities, like pro- and antiinflammation.
Cytokines do not behave in a dichotomized manner,
function and contribution to survival or death can de-
pend on the context. A single cytokine possible act
pleiotropically depending on the actual molecular mi-
croenvironment. The final effect of an inflammatory
mediator is therefore diverse and highly depends on
numerous different interactions [12].

Treatment: new-approches based on immunomod-
ulation. Infectional source control, adequate antibiotic
therapy and organ support are the three corner stones
in the treatment of sepsis since the definition of sepsis
born [50]. Nowadays, becomes more clear the insuffi-
ciency of these treatments to develop clinical outcomes,
especially in the late phase of sepsis. In the develop-
ment and progression of sepsis host immune response
is an extremely important component. Complexity
and heterogeneity of our immune system hypothesis
that we will never be able to find a general answer
for every septic patient, rather we should search for
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individual treatment modalities based on the clinical
picture and immunopathophyisiological background
patient-by-patient [24, 34]. Although these techniques
are performing well in the early phase of sepsis. New
adjuvant therapies are needed to prevent or treat the ef-
fects of the immunoparalytic phase of sepsis [23]. In our
review we would like to add a detailed overview on two
promising modalities of immunomodulation: (1) extra-
corporeal blood purification; (2) immunostimulation.
Early days of sepsis is ruled by a hyperinflammatic state
with DAMPs, PAMPs and proinflammatory cytokines
circulating in the body. Extracorporeal blood purifi-
cation may represent a useful technique by removing
these molecules from the circulation. In the late phase
of sepsis immunoparalytic state appears in the majority
of patients. To maintain equilibrium immunostimu-
lation may offer a suitable opportunity [3]. Pro- and
antiinflammatory responses and innate and adaptive
immune systems may represent equal importance and
become potential targets for immunomodulation strat-
egies to improve outcome [11].

Based on the nature of the immunopathophysiolo-
gy of sepsis and our therapeutic goals with immuno-
modulation to maintain immune equilibrium we must
recognize the possible intervention points early and
precisely. Appropriate immunomonitoring seems un-
avoidable and has a huge importance to recognize the
patients with an overturned immune system as soon
as possible [45, Venet et al. 2013; 12]. Unfortunately,
a detailed description of these methods is beyond the
scope of present review.

Extracorporeal blood purification. Extracorporeal
blood purification techniques have a history of 15 years
in the treatment of critically ill patients. A serious in-
flammatory host response includes an immune hyper-
activity and an excessive release of proinflammatory
cytokines. It leads to organ damage, dysfunction and
immune-paralysis which possibly end-up in adverse
outcomes, finally death. This phenomenon summoned
the original idea of blood purification [8, 19, 37]. Re-
moving or reducing the blood concentrations of inflam-
matory mediators, bacterial toxins (endotoxin, LPS)
and tissue degradation products from the systemic
circulation with a special device can provide benefi-
cial effects (preventing multi-organ dysfunction and
immune-paralysis). Through that period numerous dif-
ferent strategies were studied, such as hemofiltration,
hemoadsorption, plasmapheresis etc. Studies reported
promising results, these approaches can significantly
reduce the blood concertation of the targeted mole-
cules and well tolerated by the patients [6]. However,
the details (appropriate technique, patient selection,
timing, duration etc.) and the effect on clinical end-
points (mortality, organ dysfunction) is unclear yet.
In technical aspects we can distinguish three different
types: (1) hemofiltration (high volume hemofiltration,
very high volume hemofiltration, high cut-off mem-
branes); (2) adsorption (Toraymyxin, EMiC2, Cyto-
sorb, Oxiris, LPS adsorber and HA 330) (3) coupled
plasma filtration adsorption [1]. These methodologies

can be applied with appropriate renal replacement ther-
apy devices as an adjuvant treatment or alone.

Hemofiltration techniques are feasible and safety in
the setting of sepsis. Probably it can improve hemody-
namics. Nevertheless, the effect on mortality is unclear,
despite of the promising early results. Adsorption strat-
egies are well-tolerated and feasible in septic patients.
Currently we are lack of robust evidence, however, a
positive trend seems to be emerging with improved he-
modynamics and decreased mortality. Coupled plasma
filtration adsorption technique is complex, expensive
and associated with multiple technical issues. Evidence
suggests feasibility and ineffectiveness in clinical end-
points to date the power of these trials are limited [1].
In overall, the magnitude of currently available evi-
dence on these techniques are admittedly insuflicient,
further huge efforts are warranted to ascertain the
beneficial effects.

Utilization of Cytosorb is one of the most promising
and actual field among extracorporeal blood purifica-
tion techniques. Cytosorb treatment is already tested
in different clinical settings. It seems significantly ef-
fective in reducing toxic molecules and may improve
the clinical outcome [7, 29]. Three small RCTs in the
setting of sepsis and septic shock showed significant
reduction in IL-6 concentration and significant reduc-
tion in vasopressor need, but no significant difference in
mortality [18, 38, 39]. Each study confirms the safety
and feasibility of the method. The international registry
on the use of Cytosorb with 135 septic patients report-
ed an improvement in observed mortality compared
to predicted mortality, however, the patients number
is still a huge barrier to make further conclusions [7].
Several smaller studies and case series also supporting
the above mentioned beneficial trends in hemodynam-
ics and survival [17, 21].

Immunostimulation. Immune response during the
dynamic process of sepsis is complex and contextual,
however, a robust body of evidence remark a relation-
ship between the presence of sepsis-induced immuno-
paralysis and poor clinical outcomes [12]. Numerous
pre-clinical and clinical study reported data, that sepsis
leads to an overall state of immune depression with T
cell dysfunction, impaired antigen presenting cell func-
tions (monocytes, macrophages, dendritic cells) [48].
Approximately 70% of sepsis related mortality occurs
in later phase of progression, which is defined by the
persisting primary infection and sepsis related immune
suppression with serious secondary opportunistic, no-
socomial infections [31]. Therefore, the development
of novel strategies to augment host immunity may rep-
resent useful tool in the treatment of sepsis. Several,
diverse agents are already tested, although our current
knowledge based on animal studies and few clinical
studies [33].

Granulocyte colony stimulating factor (G-CSF) and
Granulocyte-macrophage colony stimulating factor
(GM-CSF) are cytokines, which can stimulate stem
cells to produce macrophages, monocytes and neutro-
phils and also improve release and function. Several
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clinical studies reported promising results and also a
meta-analysis of 12 clinical studies demonstrated a
significantly reduced the rate of secondary infections
[15, 5]. G-CSF and/or GM-CSF potentially become
useful in the eradication and prevention of infec-
tions [11].

Interferon gamma (IFN-y) is one of the key cy-
tokines responsible for appropriate monocyte and
macrophage function, which are important factors in
microbial elimination. Recombinant IFN-y therapy
increase antigen presenting capacity and proinflam-
matory cytokine production in septic patient without
therapy related adverse outcomes [43]. Beneficial ef-
fects are already proofed in different patient population
with an impaired immune system [13]. Careful utiliza-
tion of IFN-y may provide a therapeutic intervention
for septic patient.

IL-7 is one of the most important cytokines in T cell
production and function and also inhibits lymphocyte
apoptosis. Therefore, recombinant 1L-7 might offer
benefit in lymphopenic septic patients [35]. A recent
phase IIb randomized controlled trial results are sug-
gesting recombinant IL-7 is a safe and feasibly option
to enhance the adaptive immune response in septic
patients [16].

Immunoglobulins (Ig). Immunoglobulins are pro-
duced and secreted by B-cells that are activated and
propagated by the T cells. Igs are constituted by heavy
(H) and light (L) chains and Ig isotypes are classified
into IgG, IgA, IgM, IgD and IgE. Both H and L chains
are divided into one variable and one constant domain
[41]. Tt is well known that Igs are the major effectors of
the humoral immune response, nevertheless, the exact
mode of action of Ig remains largely unexplored. If, on
the one hand, Igs have the role to protect the host from
infection, on the other hand they may play a dual anti-
thetical role as pro-inflammatory or anti-inflammatory
agents [4].

Immunoglobulins are mandatory elements of ade-
quate pathogen recognition and clearance. They inhibit
the transcription of immune mediator genes and have
anti-apoptotic effect [46]. Sepsis is associated with de-
creased circulating immunoglobulin levels (especially
IgGand IgM) levels [42, 44]. Even if the mechanisms of
action are still not fully elucidated, basic immunology
and more recent studies indicate that endogenous Ig
as well as the possible Ig supplementation may play a
fundamental role in the host inflammatory-immune
response to infection. Not only Ig (particularly IgM)
can facilitate the rapid pathogen and toxin clearance in
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the early phases of infection and modulate the excessive
pro-inflammatory host response, but they may be also
beneficial in the late phases of sepsis characterized by a
profound depression of innate and adaptive immunity.
Ig exert a direct anti-apoptotic effect on lymphocytes
and facilitate the clearance of apoptotic cells by an
IgM-mediated mechanism that may counteract sep-
sis-induced immune-dysfunction [40].

A recent meta-analysis with trial sequential analysis
(TSA) for the primary and secondary out comes which
included 15 RCTs, involving 712 patients, and four
cohort studies, involving 818 patients, assessed the use
of intravenous (IV) IgGM preparations in adults with
sepsis. IV IgGM administration significantly reduced
mortality rates, with an RR of 0.60 (95% CI10.52—0.69).
Subgroup analysis showed that these results were gen-
erally consistent, regardless of duration of treatment,
daily dose, total dose, variety of disease severity scores,
follow-up duration, study design and year of publica-
tion. However, use of IV IgGM shortens mechanical
ventilation days but not length of intensive care until
stay or length of hospital stay [10].

Therefore, the possibility of direct immunoglobulin
supplementation seems to be a worthwhile attempt.
On one hand, results of recent studies are inconsistent
[20, 47]. On the other hand, the body of evidence is still
insufficient for making further conclusions.

Immunostimulation in sepsis is currently in the
scope of high scientific interest with great efforts to
develop further progress. Numerous ongoing pro-
jects are investigating for other possible therapeutic
interventions (IL-3, IL-15, anti-PD-1 antibody, an-
ti-PD-L1-antibody, anti-BTLA antibody, anti-CTLA4
antibody, Flt3 ligand, CAR T cell therapy) [33].

Conclusion. Sepsis already has a long history, the
intention to cure septic patients probably far older than
the first definition of sepsis. During the last decade the
potential outcome of sepsis in different patient popula-
tion has not improved significantly. Nevertheless, stud-
ies revealed the complexity and diversity of the immune
response in septic patient. Numerous individual factors
are recognized, which can lead to different progression
patient-by-patient. Different type of immunomodu-
lation techniques has a great prospect. However, the
potentially beneficial utilization may require a bigger
and stronger body of evidence and an individualized
approach for every single septic patient. The more ac-
curate understanding of the immunopathophysiology
of sepsis can lead to new approaches in treatment to
improve the currently poor outcome.
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