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Pe3rome

PeanumaToJiorusi — HayKa 0 KpUTUYECKUX, TEpPMUHAJIbHBIX U IOCTPEAHUMALIMOHHBIX COCTOSIHUAX — 3a-
poxausack B creHax HayyHo-uccie0BaTe IbCKOr0 MHCTUTYTA 001ell peaHnMaroJsioruu uM. B. A. Herosckoro
®HKII PP, koTopoMmy 19 okTs16ps 2021 1. ucriosHsieTcs1 85 jieT. B TaHHON peTaKkIMOHHON CTaThe OTPasKeHbI
OCHOBHBIE 3Tallbl UICTOPUYECKOI0 pa3BuTusA HayuHo-ucclIen0BaTeIbCKOI0 UHCTUTYTA 0011ell peaHuMaTo-
goruu uM. B. A. Herosckoro @HKI] PP, a Tak:xe coOBpeMeHHbIe YHUKa/IbHbIE HayYHbIE JOCTUKEHN A KOJIJICK-
tuBa MlHCTHUTYTA.

Karouesvte croea: pearnumamaonocust, Hayka o peanumauuu, Heeoecnul"t; UHCmumym 06"4812 pearHuma-
mo.Jiocuu; kpumuueckue COCnosiHusl

Summary

Reanimatology (the science of resuscitation) represents the science of critical illness, terminal and post-
resuscitation conditions, originated within the walls of the V. A. Negovsky Research Institute of General Rean-
imatology, Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology, turns 85 years
old on October 19, 2021. This editorial briefly describes the history of the development of the Institute, as well

as the current scientific achievements of the Institute staff.

Keywords: reanimatology: science of resuscitation; Negovsky; Research Institute of General Reanimatol-

ogy; critical illness
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PazBuTHe MHOKECTBa COBpPEMEHHBIX MeJU-
[MUHCKUX JUCIUILINH CEerOJHs HeMbBICJAUMO 0e3
peaHuMaToJI0TUU — HAayKU 0 KPUTUYECKUX, Tep-
MHUHAJbHBIX M MNOCTPEAaHUMAIIMOHHBIX COCTOSI-
HHUSIX, @ YHUKAJIbHOMY YUYPE’KJIEHMIO, B CTeHax

KOTOPOTO BIIepBbIe B MUPE 3apOINJIaCh peaHnMa-
TOJIOTHA KaK Hayka, — Hay4uHo-uccaemoBaresinb-
CKOMY WHCTHUTYTY OOIlell peaHnMaTOJIOTHU WM.
B. A. HeroBckoro ®HKII PP — 19 oktabps 2021 1.
UCIIOJIHAETCA 85 JIeT.
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CraHoBJieHHe
Hay4yHo-HcciieJ0BaTe/IbCKOT0 HHCTUTYTAa
001Iel peaHnMaToJIOTHH

uM. B. A. Herosckoro ®HKII PP

ITpukasom Hapkomaapasa CCCP 19 okTsa0ps
1936 . npu MHCTUTyTe HEHPOXUPYPTUH C IIeJIbI0
M3y4YeHUsT 3aKOHOMEPHOCTEN YMUPAHUS U BOCCTA-
HOBJIEHU ;KU3HEHHBIX (PYHKIUI OpraHuaMa Ipu
OKMBJIEHUM W CO3JaHUS I[aTOT€HETUUYECKU
000CHOBAHHOTO, IPUTOHOTO [JIsI IPUMEHEHUsI B
KJIMHUYECKON MPaKTUKE MEeTOoJa O>KUBJIEHUS,
Obta co3maHa JabopaToOpuUM  CIENUATHLHOTO
HasHaueHwus, paborasirass Haj mpobsaemMoit «Boc-
CTaHOBJIEHNE KU3HEHHBIX IPOI[ECCOB TIPU sIBJIE-
HUSIX, CXOTHBIX CO CMEPTHIO», MHUIIUATOPOM CO3-
JlaHUA KOTopoi cras Biagumup AsekcanapoBuy
HeroBckuii, 0CHOBOIIOJIOYKHUK HOBOTO HaIIpaBJie-
HUsI B MEIUIITHE — PEAHNMAaTOJIOTUH.

HayunbiMu HanpaBJieHusiMu Jlaboparopuu
ObLTH: U3yYeHre 00X 3aKOHOMEPHOCTEN yra-
caHUsl >KU3HEHHBIX (PYHKIUNA IPU yMUPAHUU
OpraHM3Ma M UX BOCCTAHOBJIEHUS TI0CJIE OKUB-
JeHus (ocoboe 3HaueHUe NPHUABATIOCH yraca-
HHMIO U BOCCTAaHOBJIEHUIO (PYHKIMI TOJI0OBHOTO
Mo3ra), co3ganne 3(pPeKTUBHOTO YHUBEPCATD-
HOTO aJITOPUTMA CEepPJ/IeYHO-JIEerOYHON U 11eped-
paJIbHOU peaHWMaIllNH, T0Ka3aTeJIbCTBO peasb-
HOCTH BHEIpPEHUsI METOHOB OKUBJIEHUS B
[IPaKTUYECKYIO0 MeIUIMHY, IpeofoeHIe CKeIICU-
ca MUPOKUX BpauyeOHBIX M HAYUYHBIX KPYrOB K
caMoil ujee OKUBJIEHUS U CONPOTHUBJIEHUS ee
BHEJIPEHUIO B TPAKTHUKY.

B. A. HeroBckuMm BIIepBbIe OBLJIO JOKAa3aHO,
YTO YMHUpPaHHE — 3TO 3aKOHOMEPHBIN ITPOIIECC,
ObLTM U3yYeHbl B IKCIEPUMEHTE U KJMHUKE
aTanbl YMUPAHUs, IPOJLEMOHCTPUPOBAHO, UTO B
OCHOBE KPUTHUYECKUX, TEPMUHAITLHBIX 1 ITIOCTPEA-
HUMAaIMOHHBIX COCTOSTHUM JieskaT Hecleruduye-
CKU€e TUTIOBBIE TaTOJIOTHYeCKUE ITPOIIECCHI, TIPET-
JIOKEH TEPMUH «KJHWHUYECKAsE CMEPTh», Kak
0O6paTUMBI 9Tall yMUPAHUS.

B roapr Besmmkoit OTedyecTBEHHOI BOWHBI
OBIJ BIIEpBBIE YCIEITHO TPUMEHEH KOMILJIEKC pea-
HUMAIIIOHHBIX MEPOIIPUATHHN U OBIJIO JOKA3aHO,
YTO 0YKUBJIEHUE OPraHn3Ma JOJIKHO CTaTh CHUCTe-
MaTrm4eckoi pabortoil. B 1943 1. BeIIIIA ITepBas
kHUra B. A. Herosckoro «BoccraHoBisieHne yu3-
HEHHBIX (PYHKIIUI OopraHuaMa, HaXosIIerocsi B
COCTOSTHUY aTOHUU WJIN KIMHUYECKOU CMEPTH», B
KOTOPOU NOTYepKUBAETCS HEOOXOTUMOCTD IIyDO0-
KOTO U3YYeHUsI TMHAMUKH YyTaCaHUsI M BOCCTAaHOB-
JIEHUSI IeHTPATbHOM HEPBHOM cUCTeMBI, 6€3 4ero
He MO’KeT OBITH pellleHa IIaBHas 3a7avya 0sKUBJIe-
HUS — TI0JIHOLIEHHOE BOCCTAHOBJIeHNE (PYHKIIUHI
FOJIOBHOI'O MO3ra, BOCCTAHOBJIEHHE COIIMAJIBHO
AKTUBHOIO 4esjoBeKa. B 1945 r. BeImia BTOpas
Monorpadus B. A. HeroBckoro «OnbIT Tepanuu
COCTOSTHUY arOHUU 1 KJIMHUYECKOH CMEePTH B BOM-

CKOBOM patrioHe». B 1952 r. Munanpas CCCP usgaii
MepBYI0 HHCTPYKIHIO «O BHEIPEHUN B JieueOHYIO
IIPaKTUKYy METOJ0B BOCCTAHOBJIEHUS YKM3HEHHBIX
(yHKIHI OpraHraMa, HaXOAAIIETOCSI B COCTOSTHUN
aroHUU UJIU KIUHUYECKOU cMepTu». B 1948 romoy
JabopaTopusi CTAHOBUTCSA CaMOCTOSITEIbHBIM
nonpasaeseHneM B CTPyKType Poccutickoii akase-
MHM MEUITMHCKUX HayK M0J Ha3BaHueM «JIabo-
paTopusi 9KCIIEPUMEHTATbHON (PU3NOJIOTUU TIO
O’KUBJIEHUIO opranuaMar. B 1954 r. B. A. Heros-
ckuil onmy6JsimkoBan MoHorpaduio «I[latopusmo-
JIOTHSI U Tepanus arOHUU U KJINHUYECKOU cMep-
Ti», a B 1960 r. «OyKuBJIeHNE ¥ UCKYCCTBEHHAas
TUIIOTEPMUsT» — TIepBasi B MUPeE MOHOTpadusi 1o
MaHHOU TIpobJieme.

B mocneBoeHHbIE TOABI JlabopaTopueii cos-
JaloTCA IepBble KIMHUYECKHUe IPYIIb], OTAese-
HUsI IpU OOJIBHUTIAX U BbIE3JHbIE OPUTAIBI 115
Jle4eHUsI TEepMUHAIbHbBIX COCTOSTHUHN, a B 1952 T.
Munusgpas CCCP usgaer nepByl0 MHCTPYKIIUAIO
«O BHellpeHUW B Jie4eOHYIO MTPAKTUKY METOIOB
BOCCTaHOBJIEHUSI YKU3HEHHBIX (PYHKITUY OpraHms-
Ma, HaXOJAIIEerocs B COCTOSTHUY arOHUHU WJIN KJIU-
HUYeCKOU CMepTH», IOATOTOBJIEHHYIO COTPYIHU-
Kamu JrabopaTopud, a ¢ 1958 roja Ha OCHOBaHUU
HupkynasipHoro nucbMa MwunaapaBa CCCP o0
OpraHu3anyuy OTHeeHNH JedeHUsI TEPMUHAJIb-
HBIX COCTOSIHMU HAyajoCh CO3JaHUe peaHuMa-
IIMOHHOM CJTy>KOBI CTPAHBI.

Poxxnenue peanuMarojioruv

O60061IeHne pe3yIbTaTOB UCCAEI0BAHNN Ha
0ase sjabopaTopuy, a TaK)Ke TAHHBIX OTE€YECTBEH-
HBIX ¥ 3apy0esKHBIX aBTOPOB ITIO3BOJIMJIO
B. A. Herosckomy B 1961 rogy Ha MesxayHapOIJHOM
KOHT'pecce TpPaBMaTOJIOTOB B bynamnerte tHUIIHU-
poBaTh MpU3HaHNe HOBOI MeIUITMHCKON HAYKU —
peanumarosioruu. Takum o6pas3om, B MeIUIIUHE
0(opMUINCH TPH KII0YEBBIX HAIIPaBJIEHUS, COOT-
BETCTBYIOIINIE TPEM COCTOSTHHUSIM OOJIBHBIX,
MIOCTPaJABIINX U PAHEHBIX: [IEPBOE — COCTOSTHUE,
KOT/Ia BO3MOSKHO ITIOMOYb YeJIOBEKY KOHCEPBATUB-
HBIMH METOJIlaMU — Tepariusi, BTOPOe — COCTOsI-
HUE, Korga HYMHbI arpecCuBHbIE€ METOAbI —
XUPYPrus, TPETbe — KPUTUYECKHUE, TepMUHAJIb-
Hble U I0CTPeaHNMallMIOHHbIE COCTOSIHUS.

B. A. HeroBckuM 1 KoJjIeraMu OBIJIO yCTa-
HOBJIEHO, YTO IPU YCIEIIHOM O3KUBJIEHUU YeJI0-
BEKa I0CJIe OCTAHOBKH KPOBOOOpaIeHns1 pa3Bu-
BaeTCs MOCTpeaHNMaNoHHasi 60/1e3Hb, KOTOpast
SIBJISIETCS CJIeICTBUEM I1aTOJIOTMYEeCKUX ITpoliec-
COB, pPa3BUBIINXCSA KaK BO BpeMsI OCTaHOBKU KpO-
BOOOpAIIeHNs, TaK U ITOCTe 05KUBJeHU. «OIHAKO
BOCCTaHOBJIEHVE TUPKYJIAINN KPOBU 1 razooome-
Ha — JIUIIb EePBBIM U TaJIEKO HEe CaMbIX CJIOMK-
HBIH 9Tal... TepMUH «cepIedHO-JIeTouHasi peaHu-
Marusi» HecocTosTesieH. [Tocne pererus 3agad
IIepBOro0 IJTalia BO3HUKAIOT HOBbIE 3aaayl, B
o0IIIeM, Kak 9TO ceilvac sSICHO, ropas3no OoJiee
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cJioskHbIe...» (B. A. HeroBckuii, 1979 1) o pesynb-
TaraM MacIITaOHBIX IKCIIEPUMEHTATHHBIX U KJIH-
HUUYEeCKUX HCCJAeJOBAHUM BBINIJIA HA PYCCKOM
A3bIKe B ABYX U3naHuAx (1979, 1987 rr.) u Ha aHr-
JIUHCKOM si3bike MOHOTpadus B. A. Herosckoro,
A. M. T'ypBuua, E. C. 3osorokpsliuHoii «Iloctpea-
HUManuoHHasi 60JIe3Hb».

PasBuTune HayuHO MIKOJIBI B. A. HeroBckoro
1 ¢GopMHUpOBAaHNE KOHIENIUU IIOCTpeaHUMa-
IMOHHOH 60JI€3HU MTO3BOJIUJIO0 TIEPEUTH HA JPY-
roll ypoBeHb INOHMMAHUS pPeaHUMaTOJIOTUU He
TOJIBKO KaK pasjesia MEJUIMHBI 00 YMUPaHUH U
O’KMBJIEHUH, HO U KaK IPUHIMNNAJBHO HOBOH
HaYKH O ’KM3HE00ecredeHnH IPpU KPUTUIECKUX
cocrosgHuAx. B 1977 1. maboparopus mosaydaer
HasBaHue «Hay4yHO-MCCcIe0Bare bCcKas Jabopa-
Topus obmieir peannmarosiorut AMH CCCP», a B
1985 r. peopranusosana B Hay4uHo-ucciaenosa-
TEeJTbCKUN WHCTATYT OOINEed peaHuMaToJIOTHH
AMH CCCP, B KOTOpOM OBLIIM OPTaHU30BAHBI 3KC-
IIepUMEHTAJIbHbIE U KIMHAYECKUEe Ioapasiesie-
HUA II0 OTIeJIbHBIM HallpaBJICHUAM PEaHUMaToO-
gornu. Axamemuk PAMH B. A. Herosckui
OeccMeHHO pyKOBOAMJI BHavYasle Jaboparopuei, a
3aTeM UHCTUTYTOM 110 1988 rona.

BajkHEHIINM DIPAKTUYECKUM pe3yJETaToM
JeATeTbHOCTH MHCTUTYTA OBLI0 co3manue B 1985 T.
1epBOH B Hallell cTpade VIHCTPyKIIUY IO OIpefie-
JIEHUIO OMOJIOTUYECKOM CMEPTH Ha OCHOBAHWHU
cMepTH Mo3ra. COTpygJHUKaMU WHCTUTYTA I10JIy4e-
HbI PyHAaMeHTaIbHBIE TaHHbIE, KacaloIecs 3aK0-
HOMEPHOCTEN yracaHWUsl 1 BOCCTAHOBJIEHUS SKU3-
HEHHBbIX (DYHKIUI OpraHuaMa MOpU Ppas/UYHbIX
puYnHaxX ymyupanus. Pagpaborana teopus ¢uod-
PWLIALMY CepALa, I0JIyYeHbI IPUOPUATETHBIE JaH-
HbIe 00 N3MEHEHUSsIX MIOKap/ia TIPY Pa3HbIX BUIAX
YMUpaHUsI, B YaCTHOCTHU. [Ipu BBICOKOBOJIBTHOU
3JICKTPOTPAaBMe, CO31aHbI IIPUHIUIINATILHO HOBBIE
nedubpuaIATOPHI, 0OecevnBaromiye 3 HeKTHB-
HyI0 1epUOPUIIIAINIO U JIEYeHNe apUTMUH CepALIa.

Vcxonst m3 0011erocyqapcTBEHHON 3a1avyu
10 peopraHu3aluyd ¥ COBEPIICHCTBOBAHUIO
MEeJUIIMHCKON IIOMOIIU MpPU 4Ype3BblUalHbBIX
CUTyanusX, COTPyTHUKH MHCTUTYTa paspadorann
KOHIICNIMIO OPraHu3al iy aHeCTe31u0JI0ro-pea-
HUMAaIMOHHOH CTy?KObI MEUIIMHBI KaTacTpod, a
C 1IeJIbI0 Pa3BUTHUA ITOr0 HalpaBJiaeHuA B 1990 1.
co3nan ¢guauan MHcTtuTtyTa B I. HOBOKY3HeIKe
IJTsT U3yYeHUsI TP0o06JIeM KPUTUYECKUX COCTOSTHUHN
y maxrepoB ((pyHKIHoHMpOoBaBIINH 10 2012 1.).

Hay4Ho-Hcc/IefoBaTeIbCKUI HHCTUTYT
o01I1ei peaHNMaTOoIOTHH

uM. B. A. Herosckoro ®HKII PP

B XXI Beke

C 2001 r. B HIU o0111€ti pEaHUMATOJIOTHH UM.

B. A. HeroBckoro (pyHKIIMOHUPYET JUCCepTaIIOH-
HbIY coBeT /1 001.051.01 o 3armuTe auccepTanui

Ha COMCKaHUe YUeHOH CTelleHHu JOKTOpa U KaHIU-
JlaTa HayK I10 CIEeIUAIbHOCTAM: «AHECTE3U0JIOTUA
U peaHuMaroJiorusi» u «Ilatonmornyeckas ¢pusno-
JIOTUSI» — MEJUIIMHCKYUE HAYKHU.

C 2005 r. UHCTUTYT M3IaeT pereH3upyeMblil
Hay4YHO-TIPaKTUYeCKUH KkypHaI «Ob1mas peanu-
MaToJIOTUsI», BKIAIOUYeHHBbIN B [lepeuens BAK u
MEeXIyHApOAHYI0 MH(GOPManuoHHYI0 0a3y maH-
HBIX «Scopus».

B 2009 r. MHCTUTYTYy NOPUCBOEHO WUMHA
B. A. Herosckoro (Hayuno-mcciienoBaTebCKUN
WHCTUTYT 00I1e peaHnMaroioruu uM. B. A. Heros-
ckoro PAMH). B 2013 r. IHCTHTYT ObLI ITepeiaH B
BegeHue denepaibHOrO areHTCTBA HayYHBIX Opra-
ausanui (PAHO Poccun).

B 2016 r. UHCTUTYT UHTETPUPOBAH B CTPYK-
Typy ®enepanbHOT0 rocyJapCTBEHHOTO OIOKET-
HOTO HAy4YHOTro yupeskaeHus «PenepasbHbIN
HayYHO-KJIMHUYECKUI IIeHTP peaHuMaToJIOTUHN U
peabummronorun» (PHKIT PP), craBmiero yHu-
KaJbHBIM yupeskJaeHueM a1 Poccuiickoit Pene-
panyu 1 60JIHIITMHCTBA MHOCTPAHHBIX TOCYJapPCTB,
3aHMMAIOIIelcsl JledeHneM W peabuuTamnuei
CJIOKHeMHIIell KaTeropruy NaleHTOB C TSYKeIbIM
IIOBPEKAECHNEM TOJIOBHOTO MO3ra B YCJIOBUAX
NIPOTE3UPOBAHUSI JKU3HEHHO-BAKHbBIX (DYHKITUH.
B Hacrosmee Bpemss @HKII PP npoBoguT gpyHa-
MEHTAJIbHBIE U IIPUKJIAJHbIC HayYHbIe UCCIIEN0-
BaHMA II0 aHECTEe3UOJIOTNU-PEeaHuMaToJI0Tuu 1
peadmIMTONIOTUH, TOTOBUT BHICOKOKBATA(DUTIN -
pOBaHHbIC MEIULIMHCKNAE KaJphl, BeeT Hay4HO-
9KCIIEPTHYIO AEeSTeJIbHOCTh U OTHECEH K ITePBOH
(BBICIIEN) KAaTErOpUU — OPraHU3aALUU-JIUIEPbI
110 UTOraM OLIEHKH Pe3YJIBTaTUBHOCTHU AeTEJIbHO-
CTM Hay4YHbIX OpPraHU3aluii, BBIIOJHIIOIINX
Hay4YHO-HUCCJIeN0BaTeJIbCKUE, ONIBITHO-KOHCTPYK-
TOPCKHE U TEXHOJIOTHYECKHe PaboThl TpajkIaH-
CKoro HazHavyeHus B 2020 rony.

OcHOBHBIE HAy4YHbI€ HalIpaBJIEHHUA
Hay4Ho-HCc/1e10BaTeIbCKOro
HHCTHUTYTA 0011l peaHuMaTOoJIOT UM
uM. B. A. Herosckoro ®HKII PP

3a mpomiefmve roabl passuTus Jlaboparo-
pun 1 MTHCTATYTA OBIT TPOIAEH OOJIBIIION MY TH OT
n3y4eHus 6a30BBIX MPUHITAIIOB TAaTO(PU3N0JIOTHN
KPUTUYECKUX, TEPMUHAJIBHBIX U MOCTpeaHnMa-
IIMOHHBIX COCTOSTHHH 10 TNTyOOKMX (pyHIaMeHTah-
HBIX, MEXK TV CITUTIIIMTHAPHBIX MCCTIEIOBAaHUI B aHe-
CTe3WO0JIOTUN-PEeaHNMAaToJIOTHH.  KJIroueBbIMHI
Hay4YHBIMH HAIPaBJIEHUsIMHU (PyHIaMEHTaTbHBIX
Hay4YHBIX HCcaenoBaHuil lleHTpa B HacTosIee
BpeMsI SIBJISTIOTCS: 9KCIIEpUMEHTAJIbHBIE HCCIIEe0-
BaHUs KPUTHYECKUX COCTOSTHHH; TEHOMIKA, UMMY-
HOMUKA, MeTab0JIOMIKA KPUTUYECKUX COCTOSTHU;
naydyeHue 6mopus3nkn MeMOpaH KJIETOK IIPYU KPH-
TUYECKHUX COCTOSTHUSAX; U3y4deHrne matoMopdoJio-
TAY KPUTHYECKUX COCTOSTHUIN; OPTaHOIIPOTEKITUS
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B aHECTE3WOJIOTUH-PEeaHuMaTOJIOTUH; OpraHu3a-
51 ¥ IPOBeJeHre MHOTOLIEHTPOBBIX PAHLOMU3H-
POBaHHBIX KIMHUYECKUX UCCJIEOBAHUI B aHeCTe-
3MO0JIOTAM-PEaHUMaTOJIOI .

B paMmkax peanusanuy rocynapCTBEHHOIO
damanuss HUM  of0meir peaHWMAaTOJIOTHU
nM. B. A. Herosckoro ®HKI] PP o nporpammam
dyHIaMEeHTaJbHBIX HAy4YHBIX HCCJIeJOBAHUN
IIOJIy4EeHBl pEe3YJbTarbl, KOTOPbIE pPAaCKPBLIU
MOJIEKYJIIDHBIE MEXaHU3Mbl 9HAOTEJIUONPOTEK-
TUBHOTO JeUCTBUA cosieil muTus. JlokasaHo, 4To
JIMTUSA XJI0PHUJ IPeAOTBPAIaeT pa3dopry Kiay-
IuHa u VE-KaJareprHa B MeKKJIETOYHBIX KOHTAaK-
Tax, YMEHbIIAeT KOJWYECTBO AIlOIITOTUYECKUX
KJIETOK B MOHOCJIO€ 3HJOTEJIMAJbHBIX KJIETOK
guHuu Ea.hy 926, 4To MOKeT CBU1eTe/IbCTBOBATh
0 IIPOTEKTOPHOM 3 (peKTe IIpenapaTa Ha IHA0Te-
JUaabHBIA Oapbep. Peanmsarnus 3amUTHBIX
3P erTOB XI0pUIa IUTHUS HA IHIOTEJIUN peasiu-
3yercsa yepes ¢ochopunupoanue GSK-3p.
Takoe 3aIUTHOE JEWCTBHUE MOYKET 00€eCIIeYnBaTh
coxpaHeHHe (YHKIMOHAJBHOIO COCYJUCTOTO
Oapbepa MpU KPUTUYECKHUX COCTOsSHUAX. Ilof-
TBEPsKICHUE BBIIIECU3JI0KEHHOI0 B 9KCIIEpUMEH-
TAJIbHBIX MOZEJISAX U PACKPBITHE MOJIEKYJIAPHBIX
MEXaHN3MOB 3alllUThl IHIOTEJHUA II03BOJINAJIO
WHULUVPOBATh KJINHUYECKOE UCIIbITAHNE XJIOPU-
nasmmtus (I ¢pasa) 1Jis JokasaTeabCTBA €T0 opra-
HOIIPOTEKTOPHBIX CBOKCTB.

s onipenesienust 9¢ppeKToB KCEHOHA OBLI
n3ydyeH ypoBeHb skcnpeccuu reHoB NF-kB1 u
NF-kB2, KOHTpOJHpYIOIIUX CUHTE3 (PAKTOPOB,
3aIlyCKAIOIINX 9KCIIPECCHUIO I€HOB [IUTOKUHOB U
JPYTUX MOJIEKYJI, Y4aCTBYIOIIYX B BOCIIAJICHUY, a
Taxkke reH Myd88, KOTOpBIN KOHTPOJIUPYET OJUH
W3 CUTHAJTbHBIX OEJTKOB, 00eCTIeYBaIOIINX BHYT-
PHUKJIETOYHYIO Ilepejady CUIHAJI0B aKTABALlUY Ha
IIPOMOTOPHBIE Y4YaCTKXA IIPOBOCIIAJIMTEIbHBIX
reHoB. lI3MeHeHHMe IKCIpeccud HabJII0AalI0Ch
yepe3 6 U 24 4yaca Nocje 3KCIIepUMeHTaTbHOU
yepenHO-M03roBOY TpaBMbI Y KphbIc. TpaBMaruye-
CKO€ IIOBPEYKIeHUe T'OJIOBHOTO MO3ra IPUBOIUIIO
K IIOBBIIICHUIO 9KCIIPECCUU I'€HOB BOCIIAJICHUA
NF-kB1, NF-kB2 1 Myd88 To/IbKO B 30H€E TPABMBI.
UYepes 24 yaca rmocJie BO3IeHACTBHs KCEHOHA HabJTIo-
JaJIi MEHee BbIPasKeHHYI0 aKTUBALIUIO 9KCIIPECCUN
NF-kB1, NF-kB2 1 Myd88 B TkaHU MO3ra; KOHTpasia-
TepaJbHO B HEIOBPEKJIEHHOU TKAaHU T'OJIOBHOTO
MO3ra 00HAPY>KUJIH JINIITb HEOOJTBIIIOE TTIOBHITIIEHTE
akcnpeccuu reHa Myd88, yposau NF-kB1 u NF-kB2
OB He T3MeHeHEI. [loTyYeHHbIe JaHHbIE YKa3bI-
BaIOT Ha CIOCOOHOCTDH KCEHOHA CHIKATh 9KCIIpec-
CHIO IIPOBOCIIAJIUTEILHBIX TEHOB B HEPBHOU TKaHU
Ha MOJleJIA TPaBMBbI I'OJIOBHOI'O Mo3ra. cnosb3o-
BaHWEe KCEHOHA IPU TAXKEJIOM IOBPEKICHUU
TrOJIOBHOI'O MO3ra IIOMOSKeT IIPeJOTBPaTUTh I1aTo-
TeHEeTHYeCKU 3HAYMMYIO N30BITOYHOCTD ITOCTTPAB-
MaTUYeCKUX BOCIAIUTEIbHBIX peaKIuil U HeHlpo-
HaJIbHYIO THOeJb. JTO CTaHET OCHOBOHM MAJs

pa3paboOTKM METOMOB INPUMEHEHUs KCEHOHa C
[IeJIbI0 OPraHONPOTEKIHUU IIPU KPUTAYECKUX
COCTOSIHUSIX, YTO II03BOJIUT CHU3UTH JI€TaJIbHOCTb.

[IpoBenenbl (yHAaMeHTaIbHble Hay4dHBbIE
HCCJIeIOBAHUA aJallTUBHOIO MMMYHOMaA IIPU KPU-
TUYECKUX COCTOSHUAX: [IPU UCCJIECIOBAHUN IIIU-
TOI-cIlenv(pruecKkux oTBeToB IgG aHTHTe I B IJ1a3-
Me IalFeHTOB C XPOHUYECKUMU KPUTUYECKUMU
COCTOAHUAMHU C IOMOIIBIO TEXHOJIOTMM HMMY-
HOYHIIOB, cofepskarux 6osiee 125 000 pas3TmIHbIX
MENTU0B, BHIABJIEHBI B KOMOMHAIINN PacIo-
3HAaBAEMbIX aHTUTEJIAMU IIENTUI0B (MMMYHOCHUT -
HaTyp), 10 KOTOPBIM Pa3JIM4aroTCs MalyEHTHI C
0J1aronoJTyYHBIM W HEOJIATOTIOTYYHBIM FICXOI0M
BHYTPHOOJIbHUYHOM THEBMOHUM. Pe3ysbrarsl cTa-
HYT OCHOBOM JJIs1 pa3paboTKU TECT-CUCTEMBI Ha
OCHOBE OTpaHWYEeHHOTO Habopa MeNnTHI0B, KOTO-
past o6ecrevynT paHHIO CTPATU(UKAIIMIO TAIH-
€HTOB II0 TpPyHnaM pHCKAa HeOJarompusiTHOTO
HCX0JA C [1eJIbIO [IepCOHAIN3AN JICUCHU U CHU-
SKEHUs1 JIETAJIbHOCTU NTAI[eHTOB C UH(EKIIOHHbI-
MU OCJIOYKHEHUSIMU KPUTUYECKUX COCTOSITHUI.

C DOMOILIBI0 MYJIBTHUIJIEKCHOIO aHaJInu3a
9KCIIPECCHU I'€HOB C UCII0JIb30BAHUEM CUCTEMBI
nCounter (Nanostring) BBIAIBJIEH CIIEKTP PaHHUX
peakIuii TPaHCKPUIITOMA KJIETOK MO3ra KPBIChI
Ha MojeJsbHble ¢pparmenTh! [JHK, Momenupyio-
Iye MaTOreHeTUYeCKN 3HaYMMBble VIS Pa3BUTHUA
KPUTUYECKUX COCTOSIHUU MOJIEKYJIbl, IUPKYJIU-
pymolue nocjie TpaBM, UHCYJIBTA, IIPU CeIICHuce.
Ob6HapykuH, YTO TOJIBKO OKHCJEHHBbIE (par-
MmeHTHI [IHK, comepskaiime ocTaTku OKCco-8-1e3-
OKCUTYaHO3WHA, 00/1a7]al0T ClTOCOOHOCTHIO NHU-
LIMUPOBATh BBICOKUI YPOBEHB 3KCIIPECCHUU T'€HOB,
KOHTPOJIMPYIOIIMX IIpOIecchl HeWporeHesa u
HeUpOoNpoTeKIUN — HelpoTpoduieckoro gak-
TOpa M03ra u (pakTopa pocTa HepBOB, UX peller-
TopoB — TrkB u TrkA, a Takske IpoBOCHaIUTENb-
HBIX T€HOB, KONUPYIOIIUX CTUMYJHUpPYIOIIHe
HeliporeHe3 Oesku S100b, S100A8, S100A9. dTu
pe3yabTaThl CIOCOOCTBYIOT MO3HAHUIO PaHHUX
IUTONPOTEKTUBHBIX PEAKIUN KJIETOK HEPBHOU
CHCTEMBI Ha IPOAYKThI OKACJIUTEIBHOIO CTPeCca,
KOTOpBIe OYYT MCIIO/TH30BaHbI /171 CO3JaHMs Ha
X OCHOBE HOBBIX METOJIOB PEry/IAyy 3alllUTHBIX
MEXaHM3MOB I'OJIOBHOI'O MO3ra, a TaKKe PaHHUX
OroMapKepoB aalTUBHON IUTOIPOTEKIINY TIPHU
KPUTHUYECKUX COCTOSTHUAX.

C 1OMOIIBIO METOJIOB aTOMHO-CHUJIOBOU MUK-
POCKOIIUM M aTOMHO-CHUJIOBOH CIEKTPOCKOIIUU
HM3MEpEeHb] ITapaMeTpbl HATUBHBIX 9PUTPOLUTOB,
TI0JTyYeHbl YHUKATbHBIE N300 PaskeHUsI IIUTOCKE-
JieTa BBICOKOTO Ka4ecTBa, pa3paboTaHbl KoJTde-
CTBEHHbIe OIIeHKU KOH(PUT'ypaLlU CETU ITUTOCKe-
Jgera, uadmepensl Mmonyau lOnra E HaTuBHBIX
9PUTPOLIUTOB IIPU XPaHEHUU 9PUTPOLIUTHOH B3Be-
cu. B mpssMoM 6mopHU3NIEeCKOM HCCIeq0BaHUN
BBIpAaOOTaHbI  KOJWYECTBEHHBIE  KPUTEPUH
COCTOSIHUSA XPAHAIIUXCSA 3PUTPOLUTOB, IpegHa-
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Editorial
[ |

3HAYeHHBIX A1 reMoTpaHcdysuu. [Tocae 19-24-ro
JHeH XxpaHeHUs B QUIBTPOBAHHBIX 9PUTPOIATAX
BO3HUKAIOT HEOOpaTUMble U3MEHEHUST MOPQO-
JIOTHY, HaHOCTPYKTYpbl MeMOpaH, CTPOEHWH
LIUTOCKeJIeTa, YIPYro-ajacTUYHbIX CBOMCTB,
BBI3BIBAIOIIIIE CHUYKEHNE Ka4eCTBa 9PUTPOIUT-
HOW B3BECH, UYTO MOSKeT YBEJHUYUTh PUCK
IIOCTTPAHC(PY3NOHHBIX OCJIOKHEHU.

B xome meJsieHanIpaBeHHBIX META00JIOMHBIX
HCCJIeOBAaHNHM HAYYHOTO KOJIJIEKTUBA Hal1eHbI
KJIIOYeBbIe apoMaTUYeCcKre MUKpOOHbIEe MeTabo-
JuTbl (AMM), KOTOpbIe pEKOMEHAYETCA UCII0JIb-
30BaTh KaK MHTErpaJbHbIN TOKa3aTe/ b TAKECTU
CEeNTUYECKOTO Iporecca. JJoka3aHo pu KJINHU-
YeCKOH anmpobanuy BO MHOTHUX XHUPYPTHYECKUX
KJWHHUKAX, 4T0 9T AMM 00/1a0al0T BBICOKOH
MPOTHOCTUYECKOU 3HAYUMOCTBIO, TI0 UX KOH-
IeHTpallul B KPOBU MOSKHO IIPOTHO3MPOBATH
PUCK pasBUTHS OpPTraHHBIX NOUCHYHKUUUA U
JeTaJIbHOro ucxona. Tak, MCXORHBIA ypOBEHb
AMM B nenb nocrymiienun B OPUT 6b11 B cpen-
HEM B 5,5 pa3 BbIIIIe B IPYIIIE C JIETAJIbHBIM HCXO-
JIOM [10 CPAaBHEHUIO C FPYIION BBIKUBIIUX. JlOKa-
3aHa TeCcHas KoppeJAanuoHHas cBA3b AMM c
MOKa3aTeJIAIMA MHOTOMapaMeTPUYeCKUX IIKaJl
TSYKECTH, B TO K€ BpeMsA M3MepeHHue ypPOBHA
AMM nMeeT HEOCIIOPUMBIE IIPEUMYIIECTBA, TaK
KaK MUKPOOHBIE MeTAa0OJUTHI TaTOT€EHETUIECKH
CBSI3aHBI C PA3BUTHEM CEIITUYECKOTO ITpoIlecca.
[lokazaHo Tak)ke, 4TO MOHUTOPUHI AMM B
KPOBU MO>KET CJIYKUTHh 00 beKTUBHBIM KPUTEPU-
eM 17151 BbIOOpa copOeHTa, oTpeie/IeHUH IToKa3a-
HUU, OIIEHKY HEOOXOIMMOCTH ITOBTOPHBIX ITPOIIe-
Iyp HEeTOKCHUKAIYHU IIPU 9KCTPAKOPIOpPaabHOM
Je4eHUHU CEeNITUYECKOTO MI0KaA.

BeIsgBJIeHA TUHAMUKA COMepsKaHUSA KaHIU-
JaTHBIX MOJIEKYJIIDHBIX MapPKEPOB B CBIBOPOTKE
KPOBH MalIeHTOB C TEMOPPAaru4ecKkuM U UIIeMU-
4YEeCKUM MHCYJIETOM, KOTOPasi, BEpPOSITHO, OTPaKaeT
MPOIeCChI aJbTepaii U pereHepanuu, COOTBET-
CTByIOIIIME cTagusiM 3abosieBanus. Vcmoms30Ba-
HYE BBIIBJICHHBIX B pe3yJbTare HUCCJIeNOBaHUA
KaHAUAATHBIX MOJIEKYISAPHBIX OHMOMapKepos,
1I0CJIe COOTBETCTBYIOIIEH Baaugaluy, IepcrekK-
TUBHO B KOMILJIEKCHOU TMarHOCTUKE, MOHUTOPUH-
re JleYeHusI U peabuIUTAITMOHHBIX MEPOIIPUATHI
y IallMEeHTOB C FeMOPParn4eCKUM NHCYJIBTOM.

B HNUN obmen peaHnumMaroJioruu
uM. B. A. Herosckoro ®HKII PP ycnemno paspa-
OoTaHa 1 BHEJpeHa MPOPhIBHAS CTPATETHsI AaHTHU-
MUKPOOHOU Tepanmuu, OCHOBaHHAsI Ha TEXHOJIO-
TUy ajalTUBHOU (paroTepanuu. B pesysnbrare
CHU)KEeHO 00Iee moTpedJieHre aHTUOUOTUKOB
IIUPOKOTO CIIEKTPA B OTAEJIEHUSIX peaHnMaIuu,
CHIM)KeHa aHTUOMOTHUKOPE3UCTEHTHOCTh IIPO-
0JIEMHBIX MUKPOOPTaHU3MOB, TOKa3aHa apek-
TUBHOCTb KOMILJIEKCA OakTepnodaroB B Jiede-
HUW BHYTPUOOJTbHUYHBIX NH(PEKIINHN Y TaHHOHN
KaTeropuu NalmeHToB.

HWUM  ofbmeli peaHMMaTOJIOTUM WM.
B. A. Herosckoro ®HKII PP B TedyeHrie MHOTHX JIET
corpynHuyaer ¢ EBponelickum CoBeToM II0 pea-
HUMaIuu U MesKIYHApOIHBIM OOIIECTBOM IO
U3y4YEeHUIO IIIOKaA.

B 2018 1. B HVIU 00111€1i pEaHUMATOJIOT Y UM.
B. A. HeroBckoro ®HKI] PP BriepBbIe ObLI CO30aH
VHUKAJbHBIM CUMYIAIMOHHBIA 1IeHTp (JIabopa-
TOPHUS U3y4YCHUS NIEPCIEKTUBHBIX CUMYJIAIAOH-
HBIX TEXHOJIOT M), OCHAIIIEHHBIN MHOTO(YHKIINO-
HaJbHBIM 00OpyJOBaHWEM pa3HOTO YPOBHSA
peasuCTUUYHOCTH, CHUCTEMOU HelpepbIBHOU
BUJIE0-PEeTUCTPALIUU U XpaHeHUs NH(opmanuy,
4yTo obecreymBaeT MOJHBIN y4eOHO-0O6pa3oBa-
TeJIbHBIN UK. O00pyI0BaHNEe CUMYJISIIIIOHHOTO
IieHTpa cpopMUPOBAHO 1O MOYJIbHOMY IPUHIIU-
Iy ¥ TI03BOJISIET PeaTn30BbIBaTh 00pa3oBaTe/ib-
HbIE TPOTPAMMBI JII0O0TO YPOBHS CI0KHOCTH Ha
MUHVMaJIbHBIX INIOIIAAX.

Pesysprarel HayuHOU nesaTenpbHOcTH HUU
obOmeit peanumarosorun uM. B. A. HeroBckoro
PHKII PP oTpaskeHbl B MHOTOUYUCJIEHHBIX PERTUH-
TOBBIX MEXKIYHApPOIHBIX M  OTEYECTBEHHBIX
HAyYHBIX ITyOJIMKAIIHAX, 32 TOCETHIE 5 JIeT U37a-
HO 60Jiee 20 MmoHOTpadwmii, 15 yaueOHUKOB U yueo-
HBIX IT0COOMH, moJrydeHo 18 marenToB. KosutekTun
HUU ob611elt peanumarossorus uM. B. A. HeroBcko-
ro ®HKI] PP npuHnMaer y4actrue B pa3paboTke
OTEYECTBEHHBIX ¥ MEYKIyHAPOIHBIX KIIMHUYECKUX
peKoMeHaIi B aHECTe3U0JIOT U -PEeaHNMATOJI0-
TUH, KJII0YEBBIX HAYYHBIX 1 00pa3oBaTeIbHBIX KOH-
depennusx. [louTu yeTBepTh BeKa MPOBOIUTCS
MesxknyHnaponnas koHdepenius «Kusneobecne-
4YeHWe NPU KPUTUYECKUX COCTOSHUAX», TaKXKe
MIOJIB3YIOTCSI AaBTOPUTETOM B HAYYHOU cpeJie Bce-
poccutickast koHpepeHnus « [ Ipodsrema mH@eKITi
IIPY KPATHUYECKUX COCTOSHUAX» U CIIeAAIA3UPO-
BaHHAasl KOH(pepeHIUs MO0 9KCIepUMEHTAJIbHOU
XUPYpPIrUy, aHECTEe3UOJIOTUHA U PeaHUMaTOJIOTUN
JIabopaTOPHBIX KUBOTHBIX. Hay4HbIE COTPYTHUKI
HUU ob11elt peanumarossoruu uM. B. A. HeroBcko-
ro ®HRKII PP aBIAI0TCA UCIIOJHUATEIAMYA HAYYHBIX
IIPOEKTOB B pamkax rpantoB PH® u PODM, nosy-
yareJIsIMU I'paHToB U ctunenauii [IpesugenTa Poc-
cuilickon Peneparuu.

Nuterpanuss HYU o61mieit peaHnMaToI0THN
uM. B. A. Herosckoro B cTpykTypy ®PenepasbHOro
TOCyIapCTBEHHOTO OIOMKETHOTO HAYYHOTO YIPEsK-
nenuss «PenepalbHbIl HAYYHO-KINHUYECKUN
[IEHTP pPEeaHWMAaTOJIOTUM ¥ PeabuIUTOJIOTU»
(®PHKIL] PP) nasna HOBBIN MOIIHBIN UMITYJIbC IS
pasBuTus (pyHIaMeHTaIbHON HayKu 1 3(p(HeKTUB-
HOU TPAHCJISAIUU ITOJIYyYeHHbIX HOBBIX 3HAHUHU B
KJIMHUYECKYIO IPAKTUKY.

Ho3opasnsiem koanrekmue HUH obuyeil pea-
Humamoaaozuu um. B. A. Hezoecrkozo ®PHKI] PP ¢

85-n1emuem!
Iocrynuia 2021.09.30
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Knunudyeckue HCccJJaeqoBaHuA
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Pe3rome

Ilesan ucciieJOBaHUA: U3YUUTh IPEAUKTOPHYIO 3HAYMMOCTD [TapaMeTPOB IeHTPAIbHON reMOIUHAMUKY
B OTHOILIEHUU JIETAaJbHOCTHU U OL[EHUTh UX ITOTEHINAJIbHYIO IPUEMJIEMOCTD JJIs1 11e/1b-OPUEeHTUPOBaHHON
Tepanuy Ha MPOTKEHUH ITePBBIX YeThIPEX CYTOK JIeUeHHsI O0JIbHBIX C CETICHCOM.

MarepuaJsl 1 MeToAbl. [IpoaHan3npoBaIu pe3ysIsTaTbl 00C/IeJOBAaHUSA U JIeYeHNsI 62 60JIBHBIX B BO3-
pacte 50,9+2,13 j1eT ¢ abJOMUHAIBHBIM CEIICUCOM. TS3KeCcTb COCTOSIHUA IIPU IIOCTYILJIEHUU B OT/ieJIeHe pea-
"HuMaroJioruu o mkajae APACHE II cocraBasia 13 [10-15] 6aJioB, no nikajae SOFA — 8 [6,75-9,25] 6aJ1J10B.
JleTanbHBIN HCcXO[ Yepes 15,6+1,4 CYTOK IOCsIe MOCTYIIeHUsA HacTynua y 19 (31%) 601bHBIX. [leHTpasibHyIo
reMOJUHaMUKY U3y4YaJ/Iu C IIOMOIIBIO TPAHCIyJIbMOHA/JbHON TEPMOAUIIONUY 110 CTAHAAPTHON METOIUKe.
VHdysuu 1 HadHayeHWe CUMIIATOMUMeTHYeCKUX IIperapaToB BbIIIOJIHAIN B COOTBETCTBUU C PEKOMEH/1a-
nuamu Cencuc-3. IIpy cTaTUCTHYECKOM aHa/IM3€e IPUMEHAIN JIOTUCTUYECKYIo perpeccuto 1 ROC-ananus.

Pesynbrarsl. MequaHHbIe 3HAUEHNST OCHOBHBIX TIOKa3aTesiel KpOBOOOPAIIleHNs B TeUeHNe ITePBhIX Ye-
ThIpEX CYTOK JIeueHUsI CellCrca HaX0JUJIUCh B IIpefesiax (pranosiorndeckoil HOpMbl. Ha Bcex aranax jieueHust
MPeUKTOPaMU JIETATLHOCTHU SIBJISIJIMCH 3HAYEHUSI CEPIEYHOT0 UH IEKCa, TPOU3BOAUTETLHOCTHU CEPIIa, 00-
YCJIOBJIEHHOM ITOCTHATPY3KOH, ITI00AIBHOM (hpaKINH H3THAHUSA Cep/lia U MHaeKca GyHKIuy cepana. OmHaKko
TepBbIE TPU MIOKA3aTeJis He 06ecrieynBasIn JIUOO0 TOCTAaTOYHOTO KauyeCcTBa MOjiesiel Ha Tarax UCCIIeTOBAHMS,
JI60 CTaOMIIFHOTO IIOPOTOBOT0 3HAYEHUS C IIPUEMJIEMO YyBCTBUTEJIFHOCTHIO U CIenU(UIHOCTHI0. IHIeKe
yHKIMM cepJlia coXpaHsiJ Ha BCeX dTarax NCcjieJOBAaHUs X0polllee KayecTBO MogeIu (1ommaab nog ROC-
KpuBoii 0,708-0,753) 1 cTabMIIBHOE ITOPOTOBOE 3HaUeHNe (<5,75-<5,81 MUH!) C yIOBJIETBOPUTEJIHHOM U cOa-
JIAHCUPOBAHHOU YyBCTBUTEJIBHOCTBIO U CIIEU(UIHOCTHIO, COCTABUBIIIUMU OKOJIO0 70%.

3axkJrodyeHnue. 3HaUeHUsI CEpAEYHOr0 NHeKca, IPOU3BOAUTEIbHOCTU Cepilia, 00yC/I0BJI€HHOM ITI0CTHA-
Ipy3Ko#, II1o6aTbHON (PpaKIINK N3THAHUS CEP/La U UHeKca (DYHKIIUY CepAlla Ha IIPOTs)KEHNH ITePBBIX Ye-

Anpec 1151 KOPPECTIOHAEHIMU: Correspondence to:
*HUrops Anexkcangposud Kosjos *Igor A. Kozlov
E-mail: iakozlov@mail.ru E-mail: iakozlov@mail.ru
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Clinical Studies

ThIpeX CyTOK MHTEHCUBHOTO JICUCHHUS CeIIChca ABJAIOTCA IPEeJUKTOPAMH JIeTaJIbHOTO HcXoza. BMecre c TeM,
TOJIbKO MHJEKC (DYHKIHUH CepJlia COXpaHseT Ha BCeX aTallax UCCaeoBaHuA Xopolllee Ka4eCTBO MOJeIu 1
cTabIIBbHOE TOPOTOBOE 3HAYEHNE C IPHEeMJIEMBIM YPOBHEM YyYBCTBUTEIHHOCTH U crerudmarocty. Heobxo-
JIUMO JaJIbHelIIIee N3ydyeHrne BO3MOKHOCTH NCII0/Ib30BaHuA MHIEeKca (DyHKIIUU Cep/illa KaK OHOI0 U3 KOp-
pUrUpyeMbIX IOKa3areJiel IIpu Lie/Ib-OpPUeHTUPOBAaHHOU Tepaluy, HallpaBJIeHHON Ha OIITUMU3AIUI0 (DyHK-
LM CepIeYHO-COCYAUCTOM CUCTEMBI IIPHU CeTICHCe.

Katouesvte crosa: underc giyHkuuU cepoua; Cencuc; Cenmuueckas kapouonamusi; yeib-opueHmupo-
8AHHASL MEPanusy; UeHMPAIbHASL 2eMOOUHAMUKA

KoHQINKT HHTEPeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(JIMKTA UHTEPECOB.

Summary

Aim of the study: to determine the predictive value of central hemodynamic parameters in relation to mor-
tality and evaluate their potential acceptability for goal-directed therapy during days 1-4 of treatment in pa-
tients with sepsis.

Material and methods. The results of investigation and treatment of 62 patients aged 50.9+2.13 years with
abdominal sepsis were analyzed. The patient severity on admission to the intensive care unit was 13 [10-15] on
the APACHE Il scale, 8 [6.75-9.25] on the SOFA scale. Lethal outcome 15.6+1.4 days after admission occurred in
19 (31%) patients. Central hemodynamic parameters were studied by transpulmonary thermodilution according
to the standard technique. Infusions and administration of sympathomimetic drugs were performed according
to Sepsis-3 guidelines. Statistical analysis was performed using logistic regression and ROC analysis.

Results. The median values of the main circulatory parameters during days 1-4 of sepsis treatment were
within normal ranges. Cardiac index, afterload-related cardiac performance, global cardiac ejection fraction
and cardiac function index were predictors of mortality at all stages of treatment. However, the first three pa-
rameters did not provide either sufficient model quality at the study stages or a stable cutoff value with ac-
ceptable sensitivity and specificity. The cardiac function index maintained good model quality (area under
the ROC curve 0.708-0.753) and a stable cutoff value (<5.75 to <5.81 min™!) with acceptable and balanced sen-
sitivity and specificity of about 70% at all study stages.

Conclusion. The cardiac index, afterload cardiac performance, global cardiac ejection fraction and cardiac
function index during days 1-4 of intensive care of sepsis are predictors of lethal outcome. At the same time,
only the cardiac function index maintains good model quality and consistent cut-off point value with accept-
able sensitivity and specificity at all stages of the study. The feasibility of using the cardiac function index as
one of the parameters of goal-directed therapy aimed at cardiovascular function improvement in sepsis needs
further investigation.

Keywords: cardiac function index; sepsis; sepsis-induced cardiomyopathy; goal-directed therapy; central
hemodynamics
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BBenenue

Posib  11€JIb-OPUEHTUPOBAHHOU Tepanuu
(IIOT) B MHTEHCUBHOM JIeYEeHUU IIAIIMEHTOB C
CEIICCOM U CENITUYECKUM IIIOKOM OCTAETCs IIpe-
MeTOM aKTHUBHOH quckyccu [1, 2]. Tem 6os1ee, uTo
naydenue apdexrusHoctu 11OT B HacrosIee
BpeMsA CTAHOBUTCSA 3aTPyIHUTEJIbHBIM, TaK KaK €€
3JIEMEHTHI BOIILJIU B pYTUHHYIO IIPAKTUKY OT/eJIe-
HUI peaHUMAllUd W WHTEHCUBHOU Tepamuu
(OPUT) u cranu cTaHAApPTHBIM KOMIIOHEHTOM
Je4eHUus IMalueHTOB ¢ cencucoMm [3, 4]. Kpome
TOTO, TPUYNHOU HEOTHOPOAHBIX MHEHUM 0 [1OT
SIBJISIETCSI OTCYTCTBYE OOIIETPUHATOTO KOMILJIEK-
ca rmokasareJieil, Ha KOpPEeKINIO KOTOPBIX CIeTyeT
OpueHTHUpoBaThcA (1, 2, 5, 6]. LleneBsle mokasare-
JI1 BapBUPYIOTCS OT MPOCTEUIINX, HAIPUMED,
«BpEMEHU 3all0JIHeHUs NATHA» [2] 1 apTepuab-
Horo AasjeHus (AJl) [1, 2], ;o mapaMeTpoB IIEHT-
panbHoOU remonuHamMurd (LII]]), onpenesieHHBIX C

Introduction

The role of goal-directed therapy (GDT) in the
intensive care of sepsis and septic shock has been
actively debated [1, 2]. Moreover, efficacy assess-
ment of GDT is now becoming difficult, since its el-
ements have entered the routine practice of inten-
sive care units (ICU) and have become a standard
component of sepsis treatment [3, 4]. In addition,
lack of universally accepted set of indices which
could be the targets for correction explains the con-
troversial opinions on GDT [1, 2, 5, 6]. Target param-
eters range from the simplest ones, e. g., capillary re-
fill time [2] and blood pressure (BP) [1, 2], to central
hemodynamic parameters measured using
Swan-Ganz catheter [7, 8]. Only a few publications
have attempted to use transpulmonary thermodilu-
tion (TPTD) results for guiding GDT in sepsis [9, 10].

The most current algorithms of GDT include
successive correction of central venous pressure
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noMmouipo Karerepa Ceana-lansa [7, 8]. B equ-
HUYHBIX TyOJMKANIHAX 1€/Tal0T TOTBITKU UCIIOJTh-
3oBars a1 LIOT nipu cernicuce pesaysisraTbl TDAHC-
nyJIbMOHaJIbHOU Tepmoautonuu (TIITH) (9, 10].

Hamnbosee coBpemenHble anroputmbl 1[OT
BKJIIOYAIOT [10CJIE0BaTeJIbHYI0 KOPPEKIUIO IEHT-
paJibHOr0 BeHo3Horo gasJienud (LIBM), AL, carypa-
WY IeHTPaIbHON BEHO3HOU KPOBH, JIAKTATEMUH,
TeMIa guypesa [5, 11]. HecMoTps Ha o4eBUIHYIO
11eJIeCO00PA3HOCTh ITUX KOPPUTHUPYIOIIUX Mep,
ykasbiBatoT, uyto 1[OT, Gs1aronpusiTHO BIUSASA HA
TeueHre Ha4aIbHBIX CTaIHH CEeIICHCa, He OKa3bIBa-
€T BJIMSHUS Ha OOIIYIO JETAaTbHOCTh M PUCK pas-
BUTHSI BRIPAQYKEHHOM MTOJIMOPTAHHOM HEJI0CTATO4-
HOCTU ITIPU TAXKEJOM TedeHuu cericuca [11-13].
Kpowme Toro, 1esiecoo6pa3HoCTh UCIOIb30BAHUS
i LHHOT yposaa LIB/I B mocsienHue rogsl noaBep-
raloT akKTUBHOM KpPUTHKe [6, 14].

B nipontecce peanmuaanmu 10T, kak npasuio,
PEKOMEHIYIOT TOCTUTATh U IIOAICPyKUBATh YPOBEHb
psifia YMO3PUTEIHLHO BHIOPAHHBIX ITOKa3aTesel B
Jania3oHe HOpMaJIbHBIX 3HaUYeHuH [2, 6]. KoppeKkTt-
HOCTb NMPHUMEHEHUsI KOHKPETHBIX 3HAYEHUHN TOTO
WJIA WHOTO MOKa3aTeJsIsl OIIEHUBAIOT 9SMIIMPUYECKHU
Ha OCHOBE Pe3YJIBTAaTOB JiedeHNsI O0IbHBIX [15].

BMmecTe c TeM, oThe/ibHbie KJUHUIIKCTbI
MOAYEPKUBAIOT, UTO OIIEHKA COCTOSTHUA KPOBO-
oOpalmieHuss C TO3UIHUHA (PU3UOJOTUUECKOU
HOPMBI TIPU CEICUCe MOKeT OBITH HeaJaeKBarT-
HOU [16, 17]. ABTOphl [16] TOAYEepPKUBAIOT
HeoOXOOMMOCTh IIOMCKa HOBBLIX IOKasaTeJsei,
b6oJiee TH(GOPMATHUBHO OTPA’KAIOIINX CIIEITUPHU-
Ky Hapywmenuii LI'J] npu cencuce. Mbl Takske
OTMeYaJsH, YTO HOpMaJbHble 3HAaYeHUA I[eJIOT0
psAla mapaMeTpoB, PErHCTPUPYEMBIX C IIOMO-
b0 TIIT/I, ABJIAIOTCA IPU CEIICUCe IIPESUKTO-
pamMu JieTaJabHOTO Ucxona [18].

Takum 06pasoM, BEIOOP IeJIEBBIX TeMOIIHA-
MHWYECKUX ITOKa3aTesiel 1 UX KOHKPETHBIX 3Have-
Huii 1A LHHOT nipu cericuce ocTaeTcst akTyaabHON
Hay4YHO-IIPaKTU4YeCKO! 3ajaueil [6]. BO3MOYKHBIM
MMOAXOJ0OM K ee PellleHUIO SIBJISIETCS BhIsIBJICEHUE
rmapaMeTpoB KpOBOOOpaIeHusi, KOTOphIe, C
OHOM CTOPOHBI, 00JIaTAI0T HANOO0JIee OTUYETIIH-
BOU MPEMKTOPHON 3HAYMMOCTBIO B OTHOIIIEHUH
PUICKa JIETAJILHOCTY, a C JPYTOA — MOTYT OBITh
KOPPUTHUPOBAHBI C ITOMOIITHIO N3BECTHBIX Jieueh-
HbIX Mep. [loslaraem, 4To BasKHBIM YCJI0BHAEM IIPU
MIOMCKe TaKUX IIeJIEBBIX ITOKa3aTeJsJeld JOJIPKHO
OBITH COXpaHEeHWe UX MPEeIUKTOPHON 3HAYNMO-
CTU B OTHOIIIEHWHU JIETAJIbHOCTH, HECMOTPS Ha
IIepBUYHBIEe KOPPUTUPYIOIIHE MePhI U (pOpMaJIb-
HYIO HOpMaJ/In3alHIO CTaHLAPTHBIX [IapaMeTpPOB
KpOBOOOpaleHus.

enb nccnenoBanus — U3yYUTh IPEJAKTOP-
HYIO0 3Ha4MMOCTE LII'J] B OTHOIIIEHUY JIETAJILHOCTHU
Y OLEHUTHh UX IOTEHIMAJbHYIO IIPUEMJIEMOCTb
1A HOT Ha npoTaskeHnn IIepBhIX YeThIPeX CYTOK
JedeHus1 00JIbHBIX C CEIICKCOM.

(CVP), BP, central venous blood saturation, lac-
tatemia, urine output [5, 11]. Despite the obvious
feasibility of these corrective measures and favor-
able effects of GDT in early stages of sepsis, it has
no impact on overall mortality and the risk of ad-
vanced multiple organ failure in severe sep-
sis [11-13]. In addition, the appropriateness of
using the CVP level for guiding GDT has been
strongly criticized in recent years [6, 14].

While implementing GDT, several hypotheti-
cal indices have generally been suggested to be
achieved and maintained within normal ranges [2,
6]. The validity of specific values of a particular
index is evaluated empirically based on the results
of patients' treatment [15].

At the same time, some clinicians emphasize
that the assessment of circulation based on normal
physiology in sepsis may be inadequate [16, 17].
Some authors [16] underline the need to search for
new parameters, reflecting more adequately the
specific features of central circulation disturbances
in sepsis. We also pointed out that normal values of
some parameters registered by TPTD could be pre-
dictors of lethal outcome in sepsis [18].

Thus, the choice of target hemodynamic pa-
rameters and their specific values for DGT in sepsis
remains a relevant scientific and practical issue [6].
A possible solution approach includes the identifi-
cation of circulatory parameters, which, on the one
hand, have the most distinctive predicting value for
mortality risk, and, on the other hand, can be cor-
rected by the known therapeutic measures. We be-
lieve that the search for such targets should always
associate with the preservation of their predictive
significance with regard to mortality, despite the
primary corrective measures and formal normal-
ization of the standard circulatory parameters.

The aim of this study was: to study the predic-
tive value of central hemodynamic parameters for
mortality and evaluate their potential acceptability
for GDT during days 1-4 of treatment of patients
with sepsis.

Materials and Methods

This simple observational prospective study, per-
formed in accordance with the approval of the Ethical
Committee of the M.E Vladimirsky Moscow Medical and
Research Institute, protocol No. 11 of December 13, 2018,
included 65 patients with abdominal sepsis who met the
following criteria:

— age from 18 to 85 years;

— no clinical or instrumental signs of septic shock
on admission to intensive care unit (ICU): mean blood
pressure was >65 mm Hg, lactate <2 mmol/l with fluid
and (in some cases) sympathomimetic therapy;

— written informed consent for the use of invasive
monitoring and treatment, including transpulmonary
thermodilution.

The non-inclusion criteria were:

— terminal stage of cancer;

GENERAL REANIMATOLOGY, 2021, 17; 5
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MaTepnaJI H ME€TOAbI

B npocTtoe o6cepBaIiuoOHHOE IPOCHEKTUBHOE UC-
cJeJoBaHUe, BBIIIOJIHSAEMOe B COOTBETCTBUU C paspe-
menueM Jrudeckoro komurera ®YB I'BY3 MO MO-
HWKU nm. M.®. BiraguMupckoro, n1potokoJt Ne 11 ot
13.12.2018, BKIIOYMIN 65 OOJBHBIX C a0JOMUHAJIBHBIM
CEeICHCOM, COOTBETCTBYIOIINX KPUTEPUSAM:

— BoO3pacr ot 18 o 85 seT;

— OTCYTCTBUe IIPU ITOCTYIJIEHUU B OT/leJIeHHe pea-
HUMAaIWH 1 UHTeHCUBHOH Tepanuu (OPUT) KIMHUKO-TU-
arHOCTUYECKUX INPU3HAKOB CENTHYECKOro IIOKa: Ha
¢one nH(GY3NOHHOU U B OTAETHHBIX HAOTIOIEHUSIX CUM-
MaTOMUMETUYECKOU Tepanuu ypoBeHb All, 6Lt Gostee
65 MM pT. CT., @ JJaKTaTeMUU — MeHee 2 MMOJIb/JT;

— HaJIM4#e MUChbMEHHOro HHPOPMUPOBAHHOIO
comIacus Ha UCI0JIb30BaHUEe NHBAa3UBHBIX Mep HAO0JIIO-
JIeHUs U JIeYeHUs, BKJIIoYas IpUMeHeHne TPaHCIyIb-
MOHAJIbHOY TepMOJIUJTIONHH.

Kpurepuu HeBK/IIOYEHUS:

— TepMUHa/IbHAA CTAIUA OHKOJIOTHYeCKHe 3a00-
JIeBaHUS;

— HaJU4He COMYTCTBYIOIINX KIallaHHBIX 3a00J1e-
BAHUU cepjlla U OCI0KHEHHBIX (POPM HIIIeMUYeCKOn
00J/1e3HU CEPALIA, XPOHUYECKOU HEJJOCTATOYHOCTHU KPO-
BoOOpaIeHusi B aHaMHE3E;

— 0epeMeHHOCTb;

— HEBO3MO)KHOCTB BBINOJHUATH KaTeTepPU3aI[Hiio
OegpeHHON apTEPHUU.

Kpurepuu UCKJIIOYEHUA:

— JIeTaJIBHBIA UCXOJ B IepBble 4 CYyTOK OT IIO-
crynsienus B OPUT;

— mepeBoj 00JIBHOTO B APyroe OTAesJeHUe UId
CTaIlMoOHAap.

— BBIHY)KJ€HHOe IpeKpalleHne MOHUTOPUHTA
LI’ B nepBble 4 cyTok OT nocryiienuss B OPUT.

Ha ocHOBaHUU KpPUTEPHUEB U3 UCCIeJOBAaHUSA UC-
KJIIOYMITH 3 00/IBHBIX. [IpoaHa/IM3uPOBAIN PE3yIbTaThl
ob6cyenoBaHusA U edeHus1 62 60JIbHBIX, JeMorpadude-
CKUe U 00IIeKJINHIYeCKIe XapaKTePUCTUKNA KOTOPBIX
npencTaBuId B TabJ1. 1. [IppuyuHaMu celcuca sABJIS-
JINCH: OCTPBIN eCTPYKTUBHBIN NaHKpearuT (n=31), oct-
PBIi TAaHTPEHO3HBIN anmneHguIuT (1n=6), nepgopaTus-
Has s13Ba JIBEHAIATUNIEPCTHON KUIIIKY WU KeJIyaKa
(n=8), mepdopanus KulleuHuKa (n=7), KAIIeYHasi He-
TIPOXOJUMOCTb (11=2), OCTPBIN JeCTPYKTUBHBIN XOJIEI1-
cTUT (n=2), X0AaHTUT (n=3), 0O6CTPYKTUBHBIN MHUEJIO-
HedpurT (n=2), A3BEHHBIN KOJIUT (n=1).

ITpu OCTPOM JeCTPYKTUBHOM ITaHKpeaTUTe Ha Ha-
YJaJIbHBIX dTallax JIeUeHUsA OIepaTUBHBIE BMeIlaTelb-
CTBa He BBINOJIHAMU. B 1-e cyTku Haxoskaenusa B OPUT
60JIBHBIM C XOJIAHTUTOM BBITIOJTHAIN 3HIO0CKOIINYECKYIO
peTporpasHyIo XoJaHIHOIaHKpeaTorpaduio ¢ mamui-

— history of valvular heart disease and compli-
cated coronary heart disease, chronic failure;

— pregnancy;

— impossibility of performing the femoral artery
catheterization.

The exclusion criteria:

— death during days 1-4 of ICU stay;

— patient transfer to the other ward or hospital;

— forced discontinuation of central hemodynamic
monitoring during days 1-4 after admission to the ICU.

Based on the criteria, 3 patients were excluded from
the study. The results of the investigation and treatment of
62 patients were analyzed, the demographic and general
clinical characteristics are presented in Table 1. The causes
of sepsis were acute destructive pancreatitis (n=31), acute
gangrenous appendicitis (n=6), perforated duodenal or
gastric ulcer (n=8), intestinal perforation (n=7), intestinal
obstruction (n=2), acute destructive cholecystitis (n=2),
cholangitis (n=3), obstructive pyelonephritis (n=2), ulcer-
ative colitis (n=1).

In acute destructive pancreatitis no surgical interven-
tions were performed during the initial stage of treatment. On
day 1 of ICU stay patients with cholangitis underwent endo-
scopic retrograde cholangiopancreatography with papil-
losphincterotomy, and those with obstructive pyelonephritis
had percutaneous puncture nephrostomy done. The remain-
ing patients were admitted to the ICU from the operating
room after surgical interventions for their primary disease.

All 56 patients on the ventilator received planned
sedation with propofol 0.8-3.1 (2[1-1.9]) mg/kg/h, no
other sedatives or muscle relaxants were used.

Lethal outcome on days 8-31 (15.6+1.42) in ICU oc-
curred in 19 (30.6%) patients, 14-day mortality was
12.9%, 28-day — 27.4%.

On day 1 of intensive care the patients underwent
catheterization of the central vein (subclavian and/or in-
ternal jugular) and femoral artery using Pulsiocath
PV2015L204F catheter (Pulsion Medical Systems com-
pany), which was connected to the PiCCO-plus module
(Pulsion Medical Systems company) of Drager monitor-
ing system. Cardiac output was determined using TPTD
according to standard technique [19]. TPTD and central
hemodynamic parameters were recorded during the first
12 hours after the patient's admission to ICU, and later
daily in the morning between 9.00 and 11.00 a.m.

All patients received standard treatment, including
infusion of balanced crystalloid solutions, de-escalation
antibiotic therapy with subsequent drug changes accord-
ing to the results of microbiological studies of biological
fluids. Administration and infusion of sympathomimetic
drugs were performed according to the protocol of circu-
latory disturbances correction in agreement with the
Sepsis-3 guideline [20].

Tabsauna 1. lemorpaguueckue ¥ 001ye KIMHUYECKHE TOKA3aTe I 00CIeJOBaHHbBIX MAI[UEHTOB.
Table 1. Demographic and general clinical characteristics of studied patients.

Parameter

Value

Me [P25-P75] (M+m)

Age, years

22-83

50.9+2.13
48 [39.25; 63.75] (50.9+2.13)

Male/female, n (%)

39/23 (62.9%/37.1%)

SOFA Score 2-14 8,0 [6.75-9.25] (8.1+0.3)
APACHE II Score 6-20 13 [10; 15]
Surgery on day 1 of treatment, n (%) 31 (50%)

Mechanical lung ventilation, 7 (%) 56 (90.3%)

IIpumeuanne. Value — 3HaueHUe; age, years — Bo3pacr, jieT; male/female — mysxunH/»xenuius; surgery on day 1 of treatment —
omeparnus B 1-e cyTkH siedenust; mechanical lung ventilation — rncKyccTBeHHASA BEHTHIIAINSA JIETKUX.
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JocuHKTEpOTOMIEN, @ OOJBHBIM C OOCTPYKTUBHBIM
nuesoHe()PUTOM — YPECKOYKHYIO TYHKIUOHHYIO Hed-
poctomuio. OcranbHbIe 60bHBIE TocTynanu B OPUT s
OHepaHHOHHOfI I10CJI€ BBITIOJTHEHU S OII€epaTUBHBIX BME-
I1aTeTHCTB 10 ITOBOY OCHOBHOTO 3a00JIeBaHUA.

Bce 56 60sbHBIX, HaxoauBIuxcs Ha UBJI, mosry-
4JaJiy IJIAHOBYIO cefanuio: mpomogoJt B fosax 0,8-3,1
(2 [1-1,9]) Mr/Kr/4, Pyrux CeJaTUBHBIX IIPeNapaToB 1
MHOPEJIAKCAaHTOB He HadHadaJ/Iu.

JlerasbHbIi ncxon Ha 8-31-¢ (15,611,42) CyTKM HAXOK-
nenvst B OPUT wactynmn y 19 (30,6%) 60JIbHBIX, 14-CcyToU-
Has JIeTaIbHOCTBb cocTaBmia 12,9%, 28-cyrounas — 27,4%.

B 1-e CyTKM MHTEHCUBHOTO JIEYeHUS OOJIbHBIM BbI-
MOJIHAJIM KaTeTepu3aldio MaruCTpaJbHOU BeHBI (I101-
KJTIOYMYHAs ¥/ WJIN BHYTPEHHASA sspeMHast) ¥ 0epeHHOHN
aprepuu karetepom Pulsiocath PV2015L204F (pupma
«Pulsion Medical Systems»), KOTOpPBIi COEIUHSIIN C MO-
nynem PiCCO-plus (pupma «Pulsion Medical Systems»)
MOHUTOPHOU cuctembl Drager. Onipenenenue cepiey-
HOTO BBIOpOCA OCYIIECTBJIsIN ¢ rToMoInbio TIIT]I mo
crangaptHoi metoguke [19]. TIIT]] u perucrpamuio mo-
kasaresieit LII7] BBITOTHSAINA B TIepBble 12 4acoB OT MO-
MeHTa ITOCTyIIeHuA 6oapHOTO B OPUT, a 3aTem — exxe-
JTHEBHO YTPOM B uHTepBasie Mexay 9.00 1 11.00.

Bce 6oJibHEBIE ITOJTy9aIn CTAaHAAPTHOE JIEYeHHe,
BKJIIOYaBIIIee MHPY3UIO cOaTaHCHPOBAHHBIX KPUCTAJI-
JIOUJHBIX PACTBOPOB, CTAPTOBYIO Ae3CKaJallMOHHYIO
AHTHOMOTHUKOTEPANNIO C JaJbHeHIel CMeHo Ipemna-
paToB, COIJIACHO pe3yJIbTaTaM MHUKPOOMOJIOTHIECKUX
HCC/IeIOBaHNM OMOJIOTHYEeCKHX cpef. MHdy3uio u Ha-
3HAaYEeHNE CUMIIATOMHUMETUYECKHUX IIpernaparoB BbI-
MOJIHAJIU B COOTBETCTBUM C IIPOTOKOJIOM KOPPEeKLIUU
HapyIIeHWH B CHCTeMe KPOBOOOPAIeH s 10 PeKOMEH-
nmanusm Cencuc-3 [20].

B aman3 BKJIIOYHUJIN II0JI ¥ BO3PACT OOJIBHBIX, a
TaK)Ke OLEHKY TSYKEeCTH UX COCTOSIHUSI IIPU I1OCTYILIe-
auy B OPUT no mikane APACHE II (6asuibl) 1 1o TITKaJte
SOFA (6a/1bl) B IEpBBIe 24 4 OT MOMEHTA IIOCTYIIJIEHHS
1 Ha 2-€ U 4-e CYTKU JIEYEHU .

B 1-e, 2-e 1 4-e CTYKHM JiedeHU PeTUCTPUPOBATINA
cpefHee aprepuanbHoe nasiaenue (All ), gacTory cep-
neuyHbIx cokpamenuii (YCC), cepaevnsblii BIopoc (CB),
cepaeunblii nanekc (CH), obinee mepudepruieckoe co-
cynucroe conporusJjenne (OIICC), nHAeKCUpOBaHHBIE
OIICC (MOTICC), ymapHbIi 00beM (MYO), rmodaabHbIH
KOHEYHO-auactosimdeckuii oobem (MI'KI0), rmobasib-
Hyl0 ¢parknuio usrHanus cepaua (FPUC), mHIekc
¢yukuuu cepaua (MPC) u UHAEKC MOITHOCTHU Cepla
(MMC = CH X All., /451). Bbraucisiiv mokasareJib «I1po-
M3BOIUTETHHOCTh CepfIia, OO0yCJIOBJIEHHAsl IOCTHA-
rpyskoii» (IICOII, %) (anri. «afterload-related cardiac
performance») [16], Kak OTHOIIIEHE BeJIMYNH N3MepeH-
uoro CB (CB,) u pacyernoro CB (CB)):

IICOII (%) = CB,, (1/muH) / CB, (s1/MmuH) X 100 (%),
rae CB, = OIICC*5* X 394,07.

st xpaHeHUus1 M1 00pabOTKY JAHHBIX UCIIOJIb30-
Basi 0as3y JAaHHBIX, CGOPMUPOBAHHYIO B IIPOTpaMMe
Microsoft Office Excel. Pa3BepHYTBIi CTaTHCTUYECKUN
dHaJIN3 BBIITOJ/JTHUJN C IIOMOINBIO ITPOTPAMMHBIX ITaKe-
ToB «Microsoft Office Excel», u «MedCalc 15». Hopmasib-
HOCTb paclnpejeseHnsl JaHHBIX ONpelesIsiii C IIOMO-
mplo  KpurepueB  KosamoropoBa-CMupHOBAa U
[Manmmpo-VYuinka. [Ipn HOpMaJIBHOM pacupeleeHun
laHHbIE MIPeJCTaBUJIN B BUJe B BHUAe MequaHsl (Me),
25% u 75% kBapTuiei (P25-P75), a TakKe CpeJHUX Be-

The analysis included sex and age of patients, as well
as their severity assessment on admission to the ICU using
APACHE II scale (in points) and SOFA scale (in points) in
the first 24 hours of admission and on days 2 and 4.

On days 1,2, and 4 the mean arterial pressure
(MAP), heart rate (HR), cardiac output (CO), cardiac
index (CI), total peripheral vascular resistance (TPVR),
and indexed TPVR (TPVRI), stroke volume (SVi), global
end-diastolic volume (GEDVi), global cardiac ejection
fraction (GCEF), cardiac function index (CFI), and car-
diac power index (CPI = CI X MAP / 451). We calculated
the afterload-related cardiac performance (ACP, %) [16]
as the ratio of measured CO (CO,,eq5ureq) and estimated
CO (Coeslimaled):

ACP (%) = COyyeasured A/min) / COgimacea (/min) X 100 (%),
where CO . matea = TVPR64 X 397.07

A database generated in Microsoft Office Excel was
used to store and process the data. Detailed statistical
analysis was performed using the Microsoft Office Excel
and MedCalc 15 software packages. Normality of data
distribution was determined using Kolmogorov-Smirnov
and Shapiro-Wilks tests. For normal distribution, data
were presented as median (Me), 25% and 75% quartiles
(P25 to P75), and mean values (M) and errors of the mean
(m); for non-normal distribution, data were presented as
median (Me) and 25% and 75% quartiles (P25 to P75).
Frequency of the variables was represented as the mean
frequency (P). Stepwise differences were assessed using
Student's test for paired comparisons and Wilcoxon's test
with Bonferroni correction. Frequency differences were
compared using Pearson's y? test. Differences were con-
sidered significant at P<0.05.

To evaluate the prognostic significance of the in-
dices, we assessed the influence of independent variables
on the binary-coded dependent ones using logistic re-
gression. When performing logistic regression, we calcu-
lated odds ratio (OR), 95% confidence interval (CI), and
significance of influence (P). ROC analysis was per-
formed to assess the discrimination (distinguishing be-
tween patients with favorable and unfavorable out-
comes) of independent variables. It included only those
indexes which demonstrated predictive significance ac-
cording to logistic regression data. We analyzed the char-
acteristics of ROC-curves and calculated the area under
the curve (AUC). Model quality was considered to be ex-
cellent in AUC>0.9, very good in 0.8-0.89, good in
0.7-0.79, medium in 0.6-0.69, poor in 0.5-0.59. The AUCs
were compared with each other, and their differences
were considered to be significant at P<0.05. The cut-off
point, i.e., the value of the variable indicating the risk of
an adverse outcome, was determined according to the
Youden index (sum of maximum sensitivity and speci-
ficity requirement), the test sensitivity requirement ap-
proaching 80%, and the balance requirement between
sensitivity and specificity (minimum difference between
these values). The value that corresponds most closely to
all three requirements was chosen as the cut-off point. In
assessing sensitivity and specificity, the confidence inter-
val (CI) of these parameters was calculated.

Results and Discussion

Moderate tachycardia, which persisted on all
subsequent days, decreased versus normal median
TPVRi and GEDVi (Table 2) were noted on day 1.
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JUYUH (M) 1 omubOoK cpenHuX (m), IpH pacrpeese-
HUH, OTVIMYHOM OT HOPMAJILHOTO — B BUJie MeUaAHBI
(Me) u 25% u 75% kBaptunei (P25-P75). Yacrory npu-
3HAKOB IPEJICTABJISA/IN B BUle cpeiHel yacToThl (P). T1o-
9TanHble OTVIMYMS OLIEHUBAJIU C IOMOIIbIO KPUTEPUST
CrhIO[eHTa [JIs1 IApPHBIX CPAaBHEHUU U KpuTepus Bui-
KOKCOHa ¢ nonnpaskoil boudepponu. OTinyus 4acToT-
HBIX IPU3HAKOB CPABHUBAJIU C IOMOIIBIO KPUTEPUS >
[Tupcona. Omnunsa cuuTaau sHa4uuMbiMu ipu p<0,05.

JI7151 OLIEHKHW TPOTHOCTUYECKON 3HAYMMOCTH T10-
KasareJsiell OIeHNBaJ/IM BJAWUSHUE He3aBUCUMBIX Iepe-
MEHHBIX Ha 3aBHUCUMYIO, 3aKOIMPOBAHHYI0 OMHAPHO, C
TIOMOII[HI0 METO/Ia JIOTUCTUYECKOU perpeccud. [Ipu BbI-
TIOJTHEHUY JIOTUCTUYECKON perpeccum pacCYuThIBaIN
oTHouIeHue 1maHcoB (OII), 95% moBepuTeJIbHBIN UH-
TepBaJs (IM) n 3HaYNMOCTb BAUAHUA (p). [1y1a onleHKH
pasaesnuTeIbHON CIIOCOOHOCTH (pasrpaHnyeHne 60JIb-
HBIX C 6JIArONPUATHLIMU U HEOJIarOMPUSTHBIMHU UCXO-
JlaMH) He3aBHCHUMBIX IlepeMeHHBbIX BbIOoJHAan ROC-
a”Haimm3. B mocaegHWN  BRJIOYAIA  TOJIBKO Te
ToKa3areJiu, KOTOpbIe IMPOIeMOHCTPUPOBAJIH IIPEIHK-
TOPHYIO 3HAYMMOCTD 110 TaHHBIM JIOTUCTUYECKOU pe-
rpeccud. AHaIM3upoBanu xapakrepuctuku ROC-kpu-
BbIX C pacderoM Iuiomaau mox Kpusou (TIIIK).
RauectBo Mogenu cumranu npu [11IK>0,9 — ornny-
BbIM, 0,8-0,89 — ouens xopomuwm, 0,7-0,79 — xopomum,
0,6-0,69 — cpegnum, 0,5-0,59 — HEyIOBJIETBOPUTEb-
HbIM. Beinmostasanu cpaBaenue [11K; ommune [TT1K cun-
Tanu 3HauuMbIM npu p<0,05. IloporoBoe 3Havenue
(I13) mepeMeHHO# (MTOPOT OTCEYEHUsI, TOUKA «cut-off»),
T. €. 3HaYeHHe [IepeMeHHOH, YKa3bIBaloIllee Ha PHUCK He-
6JIarONPUATHOTO WCXO/a, OMpPeNessiIu 10 WHIEKCY
IOnena (TpeboBaHme MaKCIMAIbHONW CYMMBI YyBCTBH-
TEJIbHOCTU U CIENU(PUIHOCTH), TPEOOBAHUIO YYBCTBU-
TeJIbHOCTH TeCTa, mpudImsKanieiics k 80%, u Tpedo-
BaHWIO 0ajaHca MeKJQy YYBCTBUTEJIbHOCTBIO U
crienu(pUIHOCTHIO (MUHUMAJIbHASA Pa3HOCTb MEKIY
aTUMU 3HaueHuAMH). 3a [13 npuHUManu 3HadeHue, B
HaAUOOJIBINIEH CTEeHN COOTBETCTBYIOIEE BCEM TPEM
TpeboBaHUAM. [IpH OlleHKe YYBCTBUTEILHOCTH U CITe-
U (UYHOCTUA PACCUUTHIBAIN JOBEPUTEJbHBINA UHTEP-
BaJ (1) aTux mokasaTesieu.

Pe3ynbTaThl ¥ 00CYK/IEHHE

B 1-e cyTku oTMeTH/IM YMEPEHHYIO TaxuKap-
[0, COXPaHABIIYIOCS Ha BCEX IIOCJIEeIYIOIINX 3Ta-
I1aX, yMEHbIICHNE OTHOCUTEIbHO HOPMbI MeJaHbl
HOIICC u UTKJO (tabs. 2). IICOII ObLI CHUMKEH
10 OTHOIIIEHUIO K OIITUMAJIbHOMY YPOBHIO (=80%).
Ha 2-e cytku yBesuuuBanucs CH, I[ICOII, 1VO,
NMC un T'®UC. [Ipu aTOM MenuaHbl BCEX 3TUX
rokasareJsed HaXOAWJIUCh B Ipejiesiax HopMaJib-
HbIX 3HaueHul. Ha 4-e cyTku 3apeructTpupoBaiu
JanbpHeiee yBeanuenue MYO. Ha atoMm aTame
3Ha4YeHUs1 60JIBIITUHCTBA TapamMeTpoB L], BKJIO-
4asi All.,, ObLIN BBIIIIE, Y€M B 1-€ CyTKH; HEU3MEH-
HBIMHU ocTaBaJjiich ToJibK0o UCC, MOIICC u UPC.

YCC Ha Bcex Iaramax HCCJead0oBaHHUs He
obJramasia pasgeauTeTbHON CIIOCOOHOCTHIO B
OTHOIIIEHWH JIeTaJTBbHOCTY MpHU cerncuce (TadJr. 3).
HexoTopble mokasaTeau ObLIN IPETUKTOPAMU
He6JIarONPUATHOTO MCXO0Ia TOJBKO HAa OJHOM
u3 aranoB uccjaenosanus: YO u MOIICC — Ha

ACP was decreased versus the optimal level (>80%).
On day 2, CI, ACP, SVi, CPI and GCEF increased. At
the same time, medians of all these indices were
within normal values. On day 4, we recorded a fur-
ther increase in SVi. At this stage the values of the
majority of central hemodynamic parameters, in-
cluding MAP were higher than on day 1; only HR,
TPVRi and CFI remained unchanged.

HR at all stages of the study had no discrimi-
nating power with regard to mortality in sepsis
(Table 3). Some indices were predictors of adverse
outcome only at one stage of the study: SVi and
TPVRIi on day 2, while MAP and GEDVi on day 4.
CPI had predictive significance on days 2 and 4. CI,
ACP, GCEF and CFI had robust discriminating
power for sepsis mortality during the whole study
period.

The indices that had predictive significance
only on day 2 of the study (SVi, TPVRi) in ROC
analysis (Table 4) provided good quality models,
with a sensitivity of about 60%. Only cut-off point
of TPVRi, which was close to the upper normal
limit, had a specificity exceeding 80%. MAP and
GEDVi on day 4 proved moderate quality models
with unsatisfactory sensitivity and specificity. Thus,
all four of these parameters had no discriminating
power to reliably predict the risk of mortality. The
CPI on days 2 and 4 of follow-up provided good
quality models. However, the cut-off point of the
index exceeding 0.7 W/m? had insufficient balance
of sensitivity and specificity (the difference be-
tween them was about 20%).

Of the four central hemodynamic parameters
with consistent predictive value, only the CFI in all
stages of the study provided good quality models with
almost robust cut-off point (5.75-5.8 min!) and bal-
anced sensitivity and specificity, in most cases ex-
ceeding 70%. The cut-off point of ACP and GCEF
being decreased on day 1, increased significantly later
in the study, reaching normal levels by day 4. Cl had a
fairly consistent cut-off point (3.5-3.7 1/min/m?), but
its sensitivity and specificity were low and/or unbal-
anced on days 1 and 4 of follow-up.

The hemodynamic profile of the studied pa-
tients was similar to one of sepsis, described in nu-
merous studies. The most persistent abnormalities
were moderate decrease in TPVRi and tachycardia,
characteristic of sepsis [17, 21]. Sinus tachycardia in
the clinical situation under consideration has a com-
plex origin, which includes the effects of bacterial
lipopolysaccharides and proinflammatory cytokines
on cardiac pacemaker [22, 23], increased sympa-
thetic activity due to excess of endogenous and ad-
ministration of exogenous catecholamines [24],
changes characteristic of septic myocarditis [25], and
pathophysiological response to absolute or relative
hypovolemia [26].

Based on the values of medians of central he-

modynamic parameters, there was no marked in-
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Ta6mmia 2. [TokasaTes KPOBOOOpaLleHUs Y TAMEHTOB C a0OMHHAIBHBIM CEIICHCOM B IIEPBbIE YETBEPO CYTOK

MHTEHCHBHOIO JIEYEHHSI.

Table 2. Circulatory parameters in patients with abdominal sepsis during days 1-4 of intensive care.

Parameter Values on various days of treatment, Me [P25 - P75] (M+m) Differences
Day 1 Day 2 Day 4 Days 1-2 Days 1-4 Days 2-4
MAP, mm Hg 89 [76.25-105.3] 97.75[88.5-106.88] 102.7 [91.1-109] P=0.086  P=0.012 P=0.643
HR, min! 102 [90-112] 99 [88.4-108] 97 [88.25-105] P=0.939 P=0.243 P=0.892
(100.7+2.3) (98.2+1.8) (96.2+2.06)
CI, I/min/m? 3.5[2.58-4.01] 3.78 [3.08-4.39] 4.02 [3.43-4.65] P=0.027 P=0.0001 P=0.157
ACP, % 77.02 [68.2-87.4] 85.35[79.69-91.63] 87.16 [80.2-94.6] P=0.0003 P=0.0001 P=1.0
SVi, ml/m? 37.16 [25-44.31] 40 [33-47.66] 44.5 [40-50] P=0.007 P<0.0001 P=0.004
(36.2+£1.63) (40.3+1.46) (44£1.18)
TPVRI, dynxsxcm®/m? 1896 [1590-2561] 1901 [1685-2471] 1795 [1510-2216] P=1.0 P=0.092 P=0.143
CPI, W/m? 0.62 [0.52-0.85] 0.795 [0.643-0.992] 0.88 [0.69-1.01] P=0.0125 P=0.0001 P=0.099
GEDVi, ml/m? 573.7 [475-708.8] 619.1 [512.7-761.1] 636 [560-749.5] P=0.526  P=0.024 P=0.292
GCEE % 24.9[18.3-29.1] 27.1[21.26-31] 27.88 [22.7-32.5] P=0.015 P=0.0001 P=0.654
CFI, min! 6.04 [5.16-6.81] 6.19 [4.95-7.78] 5.91 [5.04-7.85] P=0.127 P=0.08 P=1.0
(5.9+0.22) (6.31£0.27) (6.3+0.26)

Note. For table 2-4: MAP — mean arterial pressure; HR — heart rate; CI — cardiac index; ACP — afterload-related cardiac perform-
ance; SVi — stroke volume index; TPVRi — total peripheral vascular resistance index; CPI — cardiac power index; GEDVi — global
end-diastolic volume index; GCEF — global cardiac ejection fraction; CFI — cardiac function index.

IIpumeuanue. Values on various days of treatment — 3HaueHus TOKa3aresel B pa3jinyHble cyTky jedenuns; differences — pas-
am4ust; 111 Tabut. 2-4: MAP — cpeniHee apTepuaibHOe naBjenue, Ancp; HR — vacrora cepaeunbix cokpartenuii, YCC; CI — cep-
nevyHbii uHaekc, CU1; ACP — npou3BOIUTENIBHOCTE Cep/ilia, 00ycaoBaeHHas mocTHarpyskoi, IICOIT; Svi — uHAeKC yaapHoro
o6beMa, IVO; TPVRi — ungekc obmero nepugepudeckoro cocyaucroro conporusienus, FIOIICC; CPI — uHeKC MOIIHOCTH
cepaua, UMC; GEDVi — nHiekc I00aIbHOTO KOHEYHO-auacrosimdeckoro oobema, UI'KJ10; GCEF — rmobanbHast ppakius us-
rHanwus cepan, 'OUIC; CFl — unpekc pynknum cepama, UDC.

Tabmuia 3. [I[peTuKTOpHAA 3HAYUMOCTh IMOKa3aTe el
KPOBOOOpaIieH!us y NalfHeHTOB ¢ a0 JOMHHAJIbHBIM

2-e cytru, a All , u UTTKJIO — Ha 4-e cytkn. UMC
“MeJT TPEIUKTOPHYIO 3HAYNMOCTh Ha 2-€ U 4-e
CYTKH. YCTOWYMBOU pa3/iesIMTeIbHOH CIoco0-
HOCTHIO B OTHOIIIEHUY JIETAJILHOTO UCXO/Ia Cell-
crca B TedeHUe BCero Mepuoja ucCaeqoBaHusA
obusagaau CU, ITCOII, T®NC u UPC.

ITokasaresu, 06JamaBIIe TPETUKTOPHON
3HAYMMOCTBIO TOJBKO Ha 2-€ CYyTKH HCC/IeT0BAHMSA
(YO, NOTICC), mpu ROC-ananmae (TadJr. 4) obec-
MeYNIM MOJIESTA XOPOIIIero Ka4ecTBa, C ypoOBHEM
4yBCTBUTENBHOCTU OKOJI0 60%. Tosbko II3
HOIICC, 6m13koe K BepxXHeH rpaHWIle HOPMHEI,
oOJragano crenupUUHOCTHIO, TIPEBBIIIABIIEN
80%. All,, n UTKJIO Ha 4-e CyTKM IPOJAEMOHCTPH-
pOBaIM MOJIeJIN CpelHero KauecTBa ¢ HeyJloBJIe-
TBOPUTEJBHBIM YPOBHEM UYyBCTBUTEJIbHOCTHA U
cienuuyHocT. Takum 06pasoM, Bce YeThIpe
YKa3aHHBIX [TapaMeTpa He 00Jamaan pasjesu-
TeJIbHOW ClTOCOOHOCTHIO, IT03BOJISABIIIEN YBEPEHHO
IIPOrHO3UPOBATh PUCK JieTanbHOCTH. IMC Ha 2-¢
" 4-e cyTKM HaOJOMeHUs obecredns MOJesn
xopoiero kadectBa. OgHako [I3 mokasareuis,
npeBbImmaBinye 0,7 Br/m?, He 06J1a1a2/T1 JOCTATOY-
HOM c0a/TaHCUPOBAHHOCTHIO YYBCTBUTETHHOCTH 1
crienupryHOCTH (PA3HOCTDH YyBCTBUTEJIHHOCTU 1
crienrryHOCTA TpHOJIIRAIach K 20%).

N3 getpipex mapamerpos LTI, o61amaBmmx
YCTOHYMBOU IPEIUKTOPHON 3HAYNMOCTBIO, TOJIBKO
N®C Ha Bcex gramax MCC/AeI0OBaHUsI 00eCIednI
MOJIeJTA XOPOIIIeT0 KavyecTBa C MMPaKTUYECKH CTa-
ommbabM 13 (5,75-5,8 MuH) 11 cOaTaHCPOBAHHBI-
MU YYBCTBHUTEJIHHOCTHIO M CHENU(UIHOCTHIO, B
OOJIBIIMHCTBE CIy4aeB NpesblmaBmmMu 70%. I13
[ICOIl uI'®B, cHn)xeHHBIE B 1-€ CyTKH, CyIIeCTBEH-

CEICHCOM B IIepBbI€ YE€TBEPO CYyTOK MHTEHCHBHOTO
JiedeHHus (JIOTUCTHYeCKas perpeccus).

Table 3. Predictor significance of blood circulation pa-
rameters in patients with abdominal sepsis on days 1-4
of intensive care (logistic regression).

Parameter  Day OR 95% CI Pvalue
MAP 1 1.0042 0.9765-1.0326  0.7689
2 0.9986 0.9608-1.0380  0.9439
4 0.9547 0.9127-0.9986  0.0432
HR 1 0.9906 0.9612-1.0209  0.5402
2 1.0207 0.9814-1.0617  0.3064
4 0.9915 0.9584-1.0257  0.6205
CInd 1 0.5199 0.2790-0.9687  0.0394
2 0.3667 0.1793-0.7500  0.0060
4 0.3647 0.1724-0.7713  0.0083
ACP 1 0.9488 0.9030-0.9970  0.0377
2 0.9376 0.8860-0.9921  0.0254
4 0.9122 0.8562-0.9719  0.0045
SVi 1 0.9781 0.9354-1.0228  0.3323
2 0.9241 0.8722-0.9791  0.0074
4 0.9413 0.8841-1.0022  0.0586
TPVRi 1 1.0005 0.9999-1.0012  0.1110
2 1.0014 1.0004-1.0024  0.0044
4 1.0006 0.9998-1.0014  0.1307
CPI 1 0.2772 0.0382-2.0108  0.2044
2 0.0771 0.0063-0.9356  0.0442
4 0.0032 0.0001-0.1113  0.0015
GEDVi 1 1.0026 0.9998-1.0053  0.0650
2 1.0023 0.9992-1.0053  0.1424
4 1.0044 1.0009-1.0080  0.0149
GCEF 1 0.9181 0.8466-0.9956  0.0389
2 0.8687 0.7939-0.9506  0.0022
4 0.8939 0.8217-0.9724  0.0090
CFI 1 0.5797 0.3963-0.8479  0.0049
2 0.6421 0.4638-0.8889  0.0076
4 0.6067 0.4293-0.8575  0.0046

Note. OR — odds ratio; CI — confidence interval.
IIpumeuanue. OR — orHomeHue maucos, OILL Jljis Ta6a. 3, 4:
CI — noBepuTe/bHBIN UHTEPBAJI, [{U.
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TaGuma 4. Pa3aesureTbHasi CHOCOOHOCTH IOKa3aTeJ el KpOBOOOpAIeHNs Y 00JIbHBIX C a0IOMIHAJIBHBIM Cell-
CHICOM B IIepBhIe YeTBePO CYyTOK HHTEHCUBHOrO JieueHus1 (ROC-ananus).
Table 4. Discriminating power of circulation parameters in patients with abdominal sepsis on days 1-4 of intensive

care (ROC-analysis).

Parameter Day AUC 95% CI Pvalue Cut-off % (CI)
Sensitivity Specificity
MAP 4 0.670 0.540-0.783 0.0256 <103 73.7 (48.8-90.9) 55.8 (39.9-70.9)
CInd 1 0.670 0.540-0.783 0.0299 <3.575 73.7 (48.8-90.9) 55.8 (39.9-70.9)
2 0.748 0.622-0.849 0.0010 <3.655 73.7 (48.8-90.9)  74.4 (58.8-86.5)
4 0.707 0.578-0.816 0.0057 <3.773 68.4 (43.4-87.4) 66.7 (50.5-80.4)
ACP 1 0.653 0.566-0.804 0.0391 <71.257 47.4 (24.4-71.1) 69.8 (53.9-82.8)
2 0.703 0.557-0.797 0.0098 <82.145 57.9 (33.5-79.7)  69.8 (563.9-82.8)
4 0.737 0.623-0.851 0.0004 <86.412 73.7 (48.8-90.9) 61.9 (45.6-76.4)
SVi 2 0.700 0.571-0.809 0.0081 <39 63.2 (38.4-83.7) 60.5 (44.4-75.0)
TPVRi 2 0.736 0.609-0.839 0.0016 >2353 63.2 (38.4-83.7)  81.4 (66.6-91.6)
CPI 2 0.725 0.598-0.830 0.0046 <0.794 79.0 (54.5-93.9) 62.8 (46.7-77.0)
4 0.782 0.659-0.877 <0.0001 <0.727 63.2 (38.4-83.7) 85.7 (71.5-94.6)
GEDVi 4 0.646 0.514-0.763 0.0816 >639.5 57.9 (33.5-79.7)  59.5 (43.3-74.4)
GCEF 1 0.657 0.526-0.772 0.0683 <21.458 63.2 (38.4-83.7) 74.4 (58.8-86.5)
2 0.749 0.624-0.850 0.0004 <24.855 63.2 (38.4-83.7) 69.8 (53.9-82.8)
4 0.690 0.560-0.802 0.0118 <26.385 63.2 (38.4-83.7)  61.9 (45.6-76.4)
CFI 1 0.708 0.580-0.816 0.0086 <5.806 73.7 (48.8-90.9) 67.4 (51.5-80.9)
2 0.708 0.580-0.816 0.0097 <5.794 73.7 (48.8-90.9) 72.1 (56.3-84.7)
4 0.753 0.627-0.854 0.0009 <5.746 79.0 (54.4-93.9)  73.8 (58.0-86.1)

Note. AUC — area under curve.

IIpumeuanue. AUC — mutomans nog kpusoi, I1ITK; Cut-off — orceuenne; Sensitivity — uyBcTBUTENBHOCTE; Specificity — cienu-

¢uuHOCTE.

HO BO3pacTaJ/Iy Ha gTanax uccjiel0BaHusd, JOCTUTase
K 4-M cyTKaM HopMaJbHOTro ypoBHA. CU obmamgan
JOCTAaTOYHO cTabmnbHBIM [13 (3,5-3,7 51/ MuH/M?), HO
B 1-e u 4-e cyTku HabOJTIOAEHNSA YYBCTBUTEIHHOCTD
Y Crienu(pUIHOCTD OB HU3KUMU W/WJIH Hecha-
JIAHCUPOBAHHBIMU.

lemoguHamMudeckuit Tpopuab ob6ciieno-
BaHHBIX OOJILHBIX COOTBETCTBOBAJ COCTOSIHUIO
KpPOBOOOpAIIeHNUs TPU CETICHCE, ONMMCAHHOMY B
MHOTOYMCJIEHHBIX HccaenoBannsx. Hanbomee
CTOUKMMU HapyUIeHUSIMHU SIBJISIJIUCH: XapaKTep-
HOe 115 cericuca ymepeHHoe cHuskeHue MOTICC
u Taxukapausa [17, 21]. CurycoBast Taxukapaus
B paccMaTpuBaeMOl KJIMHUYECKOU CHUTyaluu
UMeeT KOMIIJIEKCHBIM I1aToreHe3, KOTOPbIX
BKJIIOYaeT BJMAHNE Ha BOAUTEJb CEPAEYHOIrO
pUTMa JIMIIONIOJIMCAXapHAAA U IIPOBOCIAJIUTEIb-
HBIX IUTOKUHOB [22, 23], IOBBIIIIEHNE CUMIIATH-
YeCKOHW aKTUBHOCTU NPU U30BITKE 9HAOTEHHBIX
M BBeJEeHHUM 9K30TeHHBIX KaTex0JIaMHUHOB [24],
W3MEHEHUs, XapaKTepHbIe NJIA CEITUYECKOIro
MHOKapanTa [25], a TaksKe matopu3noJIoTuYIe-
CKHU OTBET Ha aOCOJIOTHYIO MJIM OTHOCHUTEb-
HYIO TUIIOBOJIEMHUIO [26].

Cynsa no meguanaM napamerpos LI, B nep-
BbI€ CYTKH HaAOJIOAEHNs BBIPAYKEHHOI'O yTHETE-
HUSI HACOCHOH (PYHKIIMU cep/iia He 6b1710. BMecTe
c TteM, perucrpuposanu ymeHbmenue [1COII u
I'®NC, xoropble YyKasblBaIWM Ha HEKOTOPYIO
JIeIIpeCcCUI0 COKparuMocTu cepaua [16, 19]. Ity
JIEeTIPEeCCHI0 TPAJAUIIMOHHO 00 BSCHSIOT YMEHbIIIe-
HUEM IIpeJHarpy3ku (yMEpeHHOe CHU)KCHUE
NT'KJO) Ha poHe quCTpUOYTUBHBIX HAPYIIEHUH
KpoBoobOparenun [19].

hibition of cardiac pump function during the first
24 hours of the follow-up. At the same time, re-
duced ACP and GCEF were found, which indicated
certain depression of cardiac contractility [16, 19].
This depression is traditionally explained by de-
creased preload (moderate reduction of GEDVi)
with the underlying distributive circulatory de-
rangements [19].

Starting from day 2 of intensive care, all circu-
latory indices, including ACP and GCEE were prac-
tically normal. Obviously, the corrective measures
based on Sepsis-3 guidelines [20] allowed achieving
formal normalization of most hemodynamic pa-
rameters, including MAP and CI.

MAP during the initial stages of treatment was
not a predictor of mortality, i. e., achieving the goal
(MAP>65-70 mm Hg), used in all GDT protocols [1,
2], was not naturally associated with the outcome
of sepsis. Only on day 4 of follow-up the risk of mor-
tality increased in patients with MAP <103 mm Hg.
However, maintenance of elevated MAP by high
doses of vasopressors is currently strongly discour-
aged [2]. Probably, apparent predicting ability of
CPI regarding mortality on days 2—-4 of follow-up
was also due to a slightly decreased MAP level in
patients who died later with constant CI value. CPI
might not be considered as a potential target indi-
cator in sepsis, in contrast to heart failure [27].
Other parameters, whose predictive significance
appeared only at one of the stages of the study (SVi,
TPVRI, and GEDVi), could not be considered as the
target indexes as well. In addition, all these param-
eters had insufficient sensitivity and/or specificity,

indicating poor quality of the prognostic model.
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HaunHas co 2-X CyTOK HTHTEHCUBHOTO Jiede-
HUsI, BCe TTOKa3aTeJIl KpoBOOOpaIeHus, BRJIIO-
qas [ICOIl u TPUC, cTaHOBUIUCH TPAKTUYECKHU
HOpMaJbHBIMUA. OYeBUIHO, YTO KOPPUTHUPYIO-
e Mepbl, OCHOBaHHbIe Ha PEKOMEHIAINAX
Cericuc-3 [20], TO3BOJUJIN TOCTUYb (POpMaIb-
HOU HOpMaJIM3aruu OOJILITMHCTBA TeMOIMHA-
MHUYeCKHUX NapaMeTpoB, Bkaodasa Allcp u CU.

AJl, Ha HAYaJIbHBIX 9TAIIAX JIEYEHVS HE SABJIS-
JIOCh IPETUKTOPOM JIETAIBHOCTH, T. €. TOCTHUKEHNE
neJiu (A,Z[Cp>65—70 MM PT. CT.), UCIIOJIb3YEMOU BO
Bcex npotokosax 10T [1,2], He 6b1710 3aKOHOMEPHO
CBsI3aHO C UCXOIOM cencrca. ToJIbKO Ha 4-e CyTKU
HaOoeHns1 y 60IbHBIX € ypoBHEM AJl,<103 MM
PT. CT. pPUCK JIETAJIbHOCTH Bo3pacTasi. OJTHaKO MO/I-
JiepskaHue MOBBIIMIEHHOTO All, 3a CYeT BBICOKMX
JI03 BA30IIPeCCOPOB B HACTOAIee BpeMs OIHO-
3HAYHO HE PEKOMEHAYIOT [2]. BepoATHO, IposBJIe-
HUe TIpeAUKTOpHON 3HaunMocT MC B oTHoII1€e-
HUM JIETAJTbHOCTH Ha 2-4-€ CyTKHM HabJIIoeHus
TakKsKe OBLIO 0OYCJIOBJIEHO HECKOJIBKO CHUKEH-
HbIM ypoBHeM AJl,, y yMepumux B JajabHenIemMm
OoJTbHBIX Ha (poHE TocTOsTHHOTO YpoBH: CU. Brios-
HE BEPOATHO, UTO IIPU CEIICUCe, B OTJINYHE OT Cep-
nmeuyHoir HemocrtatoyHocTu [27], UMC He MOKeT
paccMaTpuBaThCs Kak NOTEHIMAIbHbBIN 11e1eBOH
MOKa3areJib. Takske He MOIVIA MPeTeHA0BaTh Ha
POJIb I1eJIeBBIX ITOKa3aTe el U Ipyrue napaMeTphl,
MIPEeIUKTOPHASA 3HAYMMOCTb KOTOPBIX MPOSIBJISA-
JIach TOJIBKO Ha OJHOM 13 3Ta0OB MCCJIETOBAHUS —
YO, NOIICC u UTKJO. Kpome ToOro, y BCcex aTux
TOKa3areJieil ObIT HEYIOBIETBOPUTETHHBIM YPO-
BEHb UyBCTBUTEJIbHOCTH U/MWJIU CIEIU(DUIHOCTH,
4YTO yKa3bIBaJIO HA HEJOCTAaTOYHO BBICOKOE Kade-
CTBO IMPOTHOCTUYECKON MOJIEJIH.

YuuThIBasg TAaTOTeHEe3 IUCTPUOYTUBHBIX
HapyIIeHUH KPOBOOOpaIIeHnsI MPU CEelCcuce u
BasKHEUIITYI0 pOJIb IpeJHAarpy3Ky B 9TOU KIWHU-
4yecKoU cutyanuu [17, 28], BIIoJIHe 3aKOHOMEpPeH
uatepec k UT'KJ1O. [TocnegHnii cCAuTaOT 4YyBCTBU-
TeJBHBIM IIOKa3aTejieM IIpegHarpysku [19].
NT'KIO nbITanuch IPUMEHUTH B KAYECTBE OPUEH-
tupa nia 11OT, Ho He moJy4n/n yooBJeTBOpe-
HuA [29]. Anroputm kKoppeknuu UT'K/I0, kak npa-
BHJIO, IIpefyCMaTpUBAET yBeJWYEHUE HCXOLHO
CHU’KEHHOTO ItapameTpa. Hanpumep, pekoMeH-
IYIOT BBIOMPATh JIEeYeOHYIO TAKTUKY, OPUEHTHPY-
sace Ha UTKIO>740 mu1/m? [6], T. €. ypOBEHb, COOT-
BETCTBYIOIIUH cepeHe Araa30Ha HOPMaJIbHbIX
3HaueHuiu [19].

Ilo HamIMM JAHHBIM, C JIeTAJIbHBIM MCXOJI0M
acconuupoBasIics 00Jee BLICOKHH, YeM Y OCTaJTh-
HBIX 00JIBHBIX, HO HOpMaTbHBIHA ypoBeHb UTKIO.
ITO MOJIHOCTHIO MPOTUBOPEUYUT TPAKTOBKE aBTO-
poB [28], yka3bIBaBIIIUX, YTO YBEJIMUYEHUE KOHEY-
HO-MACTOJINYECKOT0 00'beMa JIEBOTO SKeTyI0IKa
(T. e. IpUPOCT IpenHAarpy3Ku) IIPU CeIlCHuce
SIBJIAETCS OJIarONMPUATHBIM IPOTHOCTUYECKUM

IIPU3HAKOM. HeOI[HOSHa‘IHOCTb B OII€HKE OIITU-

In view of the pathogenesis of distributive cir-
culatory disturbances in sepsis and the crucial role
of preload in this clinical situation [17, 28], the in-
terest in GEDVi is quite natural. This index is con-
sidered to be a sensitive indicator of preload [19].
There have been attempts to use GEDVi as a land-
mark for GDT, but they were unsuccessful [29]. As
arule, the algorithm of GEDVi correction includes
augmentation of initially decreased parameter. For
example, it is recommended to choose treatment
strategy guided by GEDVi>740 ml/m? [6], i. e., cor-
responding to the mid-point of the normal value
range [19].

Our data showed that a higher than in other
patients but normal level of GEDVi was associated
with the lethal outcome. It completely contradicts
the interpretation of some authors [28], who
pointed out that the increase in left ventricular end-
diastolic volume (i. e., preload increase) in sepsis is
a favorable prognostic sign. Ambiguity in the as-
sessment of the optimal level of GEDVi in complex
hemodynamic disorders in sepsis [17], probably,
makes it difficult to use this indicator as a target
one. Obviously, a normal GEDVi level cannot be re-
garded as an indication for the initiation of any cor-
rective measures that can reduce it, such as restric-
tive infusion strategy and/or diuretic therapy. Thus,
control of GEDVi does not always pave the way for
an effective therapeutic strategy.

The CI, ACP, GCEFE, and CFI had consistent
discrimination power with respect to mortality. At
the same time, the quality of models (AUC), as well
as sensitivity and specificity of cut-off point at dif-
ferent stages varied. For example, on day 1, the
risk of mortality was increased in patients with
CI<3.57 L/min/m?, but the model quality was aver-
age, and the specificity of the cut-off point was 56.8%,
indicating an extremely high risk of false negative re-
sults. On day 4, decreased CI provided good model
quality, but the cut-off point (<3.77 L/min/m?) also
had insufficient sensitivity and specificity (<70%).
The difficulty of adequately interpreting «<normality»
or «reduction» of CI in sepsis is quite obvious. Ac-
cording to some authors, in most patients with re-
duced afterload due to vasodilatation CI could be
significantly elevated, especially after active fluid
therapy [16, 17]. Nevertheless, the specific extent of
such an increase remains unclear, and the proper
Cl values have not been established. Some authors
recommend maintaining moderately reduced CI
(2.5-2 L/min/m?) without using it as a target [2].
Other clinicians use its value of >2.5-2 L/min/m? as
target [7], with no specified upper normal limit.
However, maintenance of SI values above normal
limit (>4.5 L/min/m?) has not been shown to im-
prove sepsis outcome [30].

ACP reflecting the adequacy of CI elevation in
response to reduced afterload was developed in an
attempt to optimize the evaluation and interpreta-
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MasnbHOro ypoBHsa UI'KJIO B yCJIOBHUAX CI0MKHBIX
HapylleHU# reMOAMHAMUKHU IIpU cercuce [17],
BEPOATHO, 3arpyAHseT WCIO0JIb30BAHHWE JTOrO
okKaaaTeJisl Kak 1eJieBoro. BriojiHe oueBUIHO, 4YTO
HopManibHbIN ypoBeHb T'KJIO He MOsKeT paciieHu-
BaThCs KaK TIOKa3aHMe K HavaJry KaKux-JIu00 Kop-
PUTHPYIONIAX MEP, CIOCOOHBIX €T0 YMEHBIINTD,
HaIlpUMep, peCTPUKTUBHON NUH(PY3MOHHOU TaKTU-
KU U/WJIH TAypeTHdecKkol Tepanun. Takum oopa-
30Mm, koHTpoJIb MI'K/1O He Bcerga co3maer mpeamo-
CBLJIKH JIJIs1 palliOHAJIbHOM JIe4eOHOM TaAKTUKH.
YcTOWYMBON  pasaesIuTeIbHON  CIIOCO0-
HOCTBIO B OTHOIIIEHUH JieTaJabHOCTH oOJtagasu CH,
IICOII, I'dB u NPC. BmecTe ¢ TeM, KaueCTBO MOJie-
Jgeit (IITIK), a Takske YyBCTBUTEJIBHOCTD U CHEIN-
¢duyHoCTh 13 Ha pa3/IMYHBIX 9Tarax BapbUpoOBa-
Jgu. Hanipumep, B 1-e CyTKM PUCK JIETaJbHOCTHU
OB TOBBIIIEH y 00/IbHBIX ¢ C1<3,57 J1/MUH/M?, HO
IIPY 9TOM Ka4eCTBO MOJEeJH ObLIIO CPETHUM, a CITe-
muduruHocTs [13 cocraBuna 56,8%, 4To yka3bIBaIOo
Ha KpaliHe BLICOKUH PUCK OITUOOK BTOPOTO poja.
Ha 4-e cytku camskenne CH obecriednsio xoporiee
KayecTBO Mofesn, Ho 113 (<3,77 j1/MuH/M?) TaKk:ke
XapaKTepHU30BaJI0Ch HENOCTATOYHBIMU YyBCTBHU-
TEJBbHOCThIO W  crenuduyHocThio  (<70%).
CJIO3KHOCTD aJleKBAaTHOM TPAKTOBKU MPU CEIICHUCE
«HOPMAJIbHOCTU» WJIN «CHUKeHUs»» CH BmoJiHe
OYeBHIHA. YKA3bIBAIOT, UTO IIPU CHUYKEHHOU TTOCT-
Harpyske Ha ¢oHe Bazonunaranuu CU y 60J1b-
IITHCTBA OOJTBHBIX MOJIKEH OBITH CYIIECTBEHHO
TIOBBIIIIEH, OCOOEHHO IOCJEe AKTUBHBIX HHQY-
3uii [16, 17]. Tem He MeHee, KOHKpeTHasI CTeleHb
TAKOT'0 MOBBIIIIEHN OCTAETCSI He BIIOJIHE SICHOM, a
JoJskeble 3HadeHusa CU He ycraHoBseHbl. OnHU
aBTOPbI PEKOMEHIYIOT IO JEePsKUBATH YMEPEHHO
cHmwkeHHbIN CU (2,5-2 j1/MUH/M?), HE UCII0JIb3Ys
IOCJeIHUN B KauecTBe IeJ1eBOro ITokasaress [2].
Jpyrue KJIMHUALKCTBI HCIOJIB3YIOT B KadecTBe
nesaeoro CU >2,5-2 j1/muH/M? [7], IpU 3TOM BEPX-
Hss IPaHULIa PEKOMEHIYyeMOI0 rarna3oHa 3Have-
HUH He YRa3bIiBaeTcs. BMecTe ¢ TeM, ObLJIO TOKa3a-
HO, YTO IIOofJepskaHue cynpasopmanbHoro CHU
(>4,5 y1/MuH/M?) He yay4inaeT ucxog cerncuca [30].
[TonbITKOM ONITUMU3UPOBATH OIIEHKY U TPAK-
TOBKY HapylIeHUHl HACOCHOU (PyHKIMU cepala
TIPU CETICHCE SIBJISIETCS pa3paboTaHHbIN [16] moKa-
3areJib [1COIT, oTpaskaroiuii aieKBaTHOCTb ITOBBI-
menusa CH B oTBeT Ha yMeHbIIIEHUE [IOCTHATPY3KHU.
CHukeHHbIN [ICOIl coxpaHsl HpeIuKTOPHYIO
3HAYMMOCTH B OTHOIIIEHUY PHACKA JIeTAJIbHOCTHU Ha
MPOTSKeHNHU BCETo Tepuoa Habsronerus. OgHa-
KO Ka4eCTBO MOJIeJIY, YyBCTBUTEJILHOCTD U CIICIU-
¢duuHOCTE 113 OBLIN aHAJIOTUYHBI 9TUM XapaKTe-
pUCTHKaM y MoJiesiu, ocHOBaHHOI Ha CU. Kpome
TOrO, ecyu B 1-e cytku [13 cooTBEeTCTBOBAIO ONN-
CaHHOMYy paHee [16] B KadecTBe IIpeIUKTOpa
JeTaJbHOCTH (0K0JI0 70%), TO K 4-M cyTkam II3
BO3PACTAJIO0 J0 MPAKTAYECKN HOPMaJIbHBIX 3HaYe-
HUHA (0K0JI0O 90%), KOTOpBbIe HE JOJIKHBI OBLIN

tion of cardiac pump dysfunction in sepsis [16]. Re-
duced ACP retained its predictive value regarding
the risk of mortality throughout the whole period
of observation. However, the model quality, sensi-
tivity, and specificity of the cut-off point were sim-
ilar to those of the CI-based model. In addition,
while on day 1, the cut-off point was consistent
with that previously described [16] as a predictor of
mortality (about 70%), by day 4, the cut-off point
increased to near normal values (about 90%),
which were not supposed to associate with mortal-
ity. Thus, ACP turned out to be quite acceptable for
screening of patients with reduced cardiac function
but did not provide effective assessment of blood
circulation over time after the initial corrective
measures.

A similar situation was characteristic of GCEE
whose cut-off point increased from a reduced (21%)
to anormal level (26%) as a result of treatment [19].
Such changes in GCEF can be interpreted as an in-
dicator of complete treatment efficacy. At the same
time, by day 4 of follow-up, the physiological value
of GCEE characteristic of preserved systolic heart
function [19, 31], associated with an increased risk
of mortality. As a result, the issue of the appropriate
GCEF level, the necessity and the options of its cor-
rection remained unsolved.

The only hemodynamic index that maintained
acceptable model quality (AUC>0.7) and consistent
cut-off point value throughout the study was CFIL. We
have previously reported this index as an early pre-
dictor of adverse outcome of abdominal sepsis [32,
33]. In addition, in the clinical situation under con-
sideration, CFI correlates with the age of patients [33,
34]. There are few studies on the diagnostic value of
this index in sepsis. The CFI in patients with septic
cardiopathy has been reported to be as informative
as echocardiographic indices and invasive hemody-
namic evaluation using Swan-Ganz catheter [31, 35].
According to our data, CFI in early period after pa-
tients' admission to ICU has better prognostic value
with regard to mortality than standard bedside
echocardiographic parameters (ejection fraction
and left ventricular volumes) [36].

The cut-off point for CFI remained practically
unchanged throughout the study and was within
the middle of the normal range (4.5-6.5 min-') [19].
This is consistent with the concept of a favorable
role of moderate increase of cardiac pump function
in sepsis [16], which indicates, above all, an ade-
quate response of myocardial inotropy to reduced
afterload [16, 17]. At the same time, when using the
cut-off point of CFI as a guide for GDT there will be
no need to provide supranormal level of cardiac
performance, which can facilitate the choice of op-
timal treatment strategy.

Previously, CFI has not been considered as a pa-
rameter of GDT. Normal values of this index (about

6 min!) were reported in the general group of pa-
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OBITh aCCOIIMUPOBAHBI C JIETAJBHOCTHIO. TaKuM
o6pasomM, IICOIT okasajicsi BIIOJTHE TPUEMJIEM [IJIST
CKpUHUHTA OOJIBHBIX CO CHUKEHHOU (QPYHKI[MEH
cep/ria, HO He o6ecreunst 9P PeKTUBHON TUHAMU-
YeCKOU OIIeHKH KPOBOOOPAIlleHHsI TOC/Ie Hadaslb-
HBIX KOPPUTHUPYIOIUX Mep.

CxomHas cuTyanusi Oblja XapakTepHa IJIs
I'®UC, I13 koTOpoii B peaysbsTare JeueHUsI BO3-
pacTaJjio co CHUKeHHOrO (21%) 10 HOpMaJIbHOTO
ypOBHA (26%) [19]. Takasa nuaamuka [@VIC moskeT
TPAKTOBATHCS KaK MOKa3aTeJib MOJHOU addek-
TUBHOCTHU JIedeHUus1. BMecTe ¢ TeM, K 4-M CyTKaM
HaOJTIOMeHnsT  (QU3UOJIOTUUECKOe  3HAYEeHUe
I'®UC, xapakTepHOe 1151 YA0BJIE€TBOPUTEIbHON
cucTosmyeckoi pyHKIMA cepana [19, 31], 66110
ACCOLMMPOBAHO C MOBBIIIIEHHBIM PUCKOM JIETAJIb-
HOCTHU. B pesysbrare BOIIpoC 0 JOJPKHOM YPOBHE
I'®UC, Heo6X0TUMOCTH U BapHaHTe KOPPUTHPYIO-
e Tepanuy 0CTaBaJICS OTKPBITHIM.

EnuHCcTBEHHBIM FreMOAWMHAMUYEeCKUM TI0Ka3a-
TejleM, COXPAHAIIIMM IIpUeMJeMOe KadeCTBO
Mopnes (ITTTK>0,7) u crabuiibHOe 3HaveHue [13 Ha
ararnax uccjenoBanus Ob11 1P C. Panee MbI oTMeda-
JIW, 4TO 3TOT TTOKAa3aTe b IBJISETCA pAHHUM NPeIUK-
TOPOM HeOJIarOMPUATHOTO MICX0Ia aOJJOMIHAIHHO-
ro cericuca [32, 33]. Kpome Toro, B paccMarpruBaeMoi
KJUHUYecKol cutyaruu P C koppesnupyer ¢ Bo3-
pacTtoM 60JbHBIX [33, 34]. MccienoBanms, TOCBSI-
IeHHbIEe TUAarHOCTUYECKOU IIEHHOCTH IT0KAa3aTe s
TIpY CeTIChce HEMHOTOUUCAeHHBI. COOOIIaIn, 9YTo
N®C y 60/IbHBIX C CEITUYECKON KapAuonaTuei He
yCTyIiaeT o “H(pOpMaTUBHOCTH IXOKapAuorpadpu-
yecknM (IxoKI') mokasaresisiM 1 THBa3UBHOI OIIEH-
ke LII']] c momomipio kateTepa CBana-lTansa [31, 35].
[To mammM nasHbIM, UDC B paHHMEe CPOKH TTOCTe
noctyruienusi 60abHBIX B OPUT obstagaet Jrydrmnei
MIPOTHOCTUYECKOH CIIOCOOHOCTHIO B OTHOIIEHUU
JIeTATbHOCTH, YEM CTaHIaApPTHBIE ITapaMeTPhI TIPU-
kpoBarHoi IXOKI' (ppakivst usarHaHUS U 00HEMBI
JIEBOTO JKeJIyIouKa) [36].

[13 niia UPC npakTUYeCKH HE MEHAJOCH B
TedyeHUe BCEero Meproaa Hab I0IeHsI U COOTBET-
CTBOBAJIO CepegWHE IHWalla30Ha HOPMAJIbHBIX
3gayeHuun (4,5-6,5 mumu!l) [19]. 9TO BIIOJHE
VKJIa[IbIBAETCS B KOHIIEMIINIO O O/IarONpUATHON
poJii IpU CelCcHuce yMepPeHHO IOBBIIIeHHOU
HacOCHOU (pyHKLIMU cepalia [16], uTo cBUIeTe b-
CTBYET, IpeskIe Bcero, 06 aJeKBaTHOU peakIuu
MHUOKapAUaJbHOTO MHOTPONIM3Ma Ha CHUKEHUe
IIOCTHArpy3KH [16, 17]. BMecre ¢ TeM, IpU UCIIOJIb-
3oBaHuu 13 UPC B kavecTBe OpueHTHpA s
[IOT ne OymeT HeoOXOMMMOCTU OOECHEYHBATH
CyIIpaHOPMAJIbHBIN YPOBEHb IIPOU3BOIUTEIBHO-
CTH Cep/Ila, YTO MOSKET 00JIETYUTH BHIOOP paItio-
HaJIbHOU JIe4eOHOM TaKTUKU.

Panee U®C He paccMaTpuBaIv B Ka4eCTBe
mapamerpa L[OT. B o01me#i rpymnme 60JbHBIX C
CercucoM OBLJIM OMMCAaHbl HOpMaJIbHbIE 3HAYE-
HUs TTIOKa3aTesisi (OK0JI0 6 MUH™'), a ITPU TAKeJT0U

tients with sepsis, and while in severe septic car-
diopathy it dropped down to less than 4.5 min-' [31].
In a mixed population of general ICU patients, a
sharp decrease in left ventricular ejection fraction is
associated with a CFI of about 3.2 min™ [35, 37]. Our
data suggest that while correcting CFI in sepsis, one
should maintain it within 5.7-6.5 min‘!, using the es-
tablished cut-off point and the upper normal limit as
the desirable range of values.

It follows from the formula of CFI calculation
(CI/GEDVi) that this parameter reflects not only
myocardial systolic function [31, 35], but also the
efficiency of preload performance, i. e., heteromet-
ric regulation of cardiac work according to the fun-
damental Franck-Starling law [38]. The most im-
portant condition for adequate preload is normal
myocardial relaxation, which can be disturbed in
septic cardiopathy. The extremely unfavorable role
of diastolic dysfunction in sepsis is currently be-
yond doubt [39]. We believe that the decrease of
CFI below 5.7 min-! can be considered as an early
manifestation of septic cardiopathy and using CFI
as one of the correctable parameters of GDT aimed
at optimizing blood circulation in sepsis could be
reasonable.

Limitations of the study: the study group in-
cluded both the operated patients with various ab-
dominal and retroperitoneal surgical diseases com-
plicated by sepsis and non-operated patients with
acute destructive pancreatitis; thermodilution
study of central hemodynamics was performed
once a day.

Conclusion

Thus, we conclude that despite satisfactory
median values of circulatory indices achieved as a
result of correction therapy, specific levels of CI,
ACP, GCEF and CFI during days 1-4 of ICU stay are
predictors of fatal outcome in sepsis. At the same
time, the only hemodynamic index that retained
fair quality (AUC 0.708-0.753) and consistent cut-
off point (<5.75 — <5.81 min™!) with acceptable and
balanced sensitivity and specificity, reaching 70%,
at all stages of the study was CFI. Considering that
this index reflects not only systolic myocardial
function, but also the efficiency of heterometric
regulation of cardiac work according to the
Frank-Starling law, it can be assumed that a de-
crease in this index down to 5.7 min! and less is an
early manifestation of myocardial dysfunction
characteristic of septic cardiopathy. Further re-
search into the feasibility of using CFI as one of the
correctable indices in GDT aimed at optimizing the
cardiovascular function in sepsis is required.

CENTUYECKOU KapJAUOIAaTUU — CHHKEHHUE 0
ypoBHA MeHee 4,5 muH! [31]. I3BecTHO, 4TO B
cMernanHoi nonynsuuu 6oabHbIX OPUT 06111€TO

GENERAL REANIMATOLOGY, 2021, 17; 5

www.reanimatology.com



20

https://doi.org/10.15360/1813-9779-2021-5-9-22

Clinical Studies

nmpodus pe3roe CHU)KeHre PpakIuyu U3THAHU S
JIeBOIr0 JKejaymodka accopuupyercsa ¢ HNPC
okoJio 3,2 muH! [35, 37]. Hamu ganHble JAiOT
OCHOBAaHUA IPEAINOJIOKUTh, YTO B Ipollecce
roppekuuu LI'J] npu cerncuce ciaenyer noggep-
skuBaTh NP C B npenenax 5,7-6,5 MUH"!, UCITOJIB-
3y B KaueCTBe I'PaHUI] JKeJlaTeJIbHOTO Juaraso-
Ha 3HaYeHUH ycTaHOBJIeHHOe [13 u BepxHIOIO
rpaHuny GU3n0JI0ru4eCKO HOPMBI.

N3 dopmynsr pacuera UPC (CU/UTKIO)
CJIelyeT, 4TO 9TOT IapaMeTp OTpakaeT He TOJbKO
CHUCTOJINYECKYIO (PYHKIIUIO MUOKapAa [31, 35], HO
U1 3(p(PeKTUBHOCTh pean3alnuy IpegHarpy3Ky,
T. €. TeTePOMETPUYECKON peryassnuu paboTsl
cepana 1o (pyHIamMeHTaJIbHOMY 3aKOHY PpaHka—
Crapausra [38]. BasknelimmMm ycioBueM hopMu-
poOBaHUA aeKBAaTHOU IIpefHATrPYy3KU SBJSIETCS
HOpMaJbHOE pacciabiieHre MIUOKap/a, KOTOpoe
IIpY CENTUYECKOW KapAUOIaTUU MOsKeT Hapy-
mrarbes1. Kpaittie HebJraronmpusiTHast poJib ITPHU CeTl-
cHce AUACTOJINYECKON MTUCHYHKINHU B HACTOSIIIee
BpeMs He BbI3bIBaeT comHeHUU [39]. Tlosaraem,
uro cHIKenue M1PC no ypoBHA MeHee 5,7 MUH!
MOJKHO pacCcMaTpUBaTh KaK paHHee IIPOsABJICHUE
CEeNTUYECKON KapAuOIIaTHUH, IIPU 3TOM eCTh OCHO-
BaHUs anpooupoBaTh IPC B Ka4ecTBe OTHOTO U3
KOPPUTHPYEMBIX IIapaMeTpoOB IpHU peaju3anuu
anroputmoB 11OT, HanpaB/IeHHOW Ha ONITUMM3a-
U0 KPOBOOOPAIIlEeHUsT ITPU CETICHCE.

OrpanuyeHusI UCCIEOBAHMS: B 00C/IeI0BaH-
HYIO TPYIITy OBITN BKJIIOYEHBI KaK ONEepUPOBaH-
HbIe O0JIBHBIE C PA3JITMYHBIMU XUPYPrUIEeCKUMU
3a00J1€BaHUSIMU OPTaHOB OPIOITHON MOJIOCTH U
3a0pIONITMHHOTO IMTPOCTPAHCTBA, OCIOKHUBIITIMU-
Jlureparypa
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CsI CETICHCOM, TaK U HeOoTleprupOBaHHbIE OOJIbHBIE
OCTPBIM JeCTPYKTHUBHBIM IaHKPEAaTUTOM; TePMO-
JIIOJIJTIOIIUOHHOE nccijienoBanue LI'/] BbImoaHAImn
1 pa3 B cyTKH.

3akJrouenue

TakuM 006pa3oM, MOYKHO 3aKJIIOYUTH, UTO,
HEeCMOTpPS Ha yI0BJIETBOPUTEJIbHbIE MeIMaHHbIE
3HaUeHUsI IIOKasaresjed KpOBOOOpaAIeHus,
JIOCTUTAaeMble B pe3yJibrare KOppUTUPYIOLIUX Mep,
onpenesiensble yposHu CU, IICOIT, I'dB u MPC
Ha MIPOTSI’)KEHUM IEPBBIX YEThIPEX CYTOK SIBJISIOT-
Cs TIPEeIMKTOPaMHU JIeTaJIbHOT0 MCX0/la Cercuca.
BMecTe ¢ TeM, eqTMHCTBEHHBIM TeMOJHWHaAMHYe-
CKUM ITOKa3aTeJsieM, COXPaHSBIIIUM Ha BCeX aTamnax
Hnccaen0BaHusA Xopolee kadyecTBo monesn (ITTTK
0,708-0,753) u craduibHoe [13 (5,75 —<5,81 MuH")
C mpueMJIeMOH 1 cOaTaHCUPOBaHHBIMU YyBCTBU-
TeJbHOCTHIO U CIIENU(PUIHOCTHIO, JOCTUTABIITUMU
ypoBHSA okoJi0 70%, 6611 UDC. YunuThiBasi, 4TO
TOCJAeHUN OTPasKaeT He TOJIbKO CUCTOJIUYECKYIO
(pYHKIIMIO MUOKAP/1a, HO U 9 (PEeKTUBHOCTH reTe-
pOMETPUYECKOH peryisnuu paboThl cepama Mo
3akoHy Ppanka-CrapJ/mnHra, MOKHO M0Jararh,
YTO CHMJKEHHMEe JTOr0 II0Kasaressl 10 YPOBHS
MeHee 5,7 MUH! ABJISIETCS PAHHUM TIPOSIBJIEHUEM
MHOKapIUaJbHOU NOUCHPYHKIUU, XapaKTepHOU
IUISI CeNTUYEeCKOW Kapmuomatuu. HeobGxommmo
JaibHellIee n3y4yeHne BO3MOKHOCTH UCIIOJIb30-
BaTh ®C Kak oIMH U3 KOPPUTHPYEMBbIX ITIOKa3a-
teseit ipu L{OT, HanpaB/IeHHOM HA ONITUMHU3AINIO
(yHKIMU CepAeyHO-COCYIUCTONH CHUCTEMBI IIPHU
Cericuce.
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Pe3rome

ITo JaHHBIM AMUIEMUOJIOTUYECKUX UCCIIEIOBAHII BeAYIIei IPUYHHON 3a00/1eBaEMOCTH, MHBAJTUIHOCTH U
CMEPTHOCTH SIBJISIIOTCSI IIepeOpPOBACKYIIsIPHBIE 3a00JIEBAHNS], B YaCTHOCTH HUIIIEMIYECKI Y TeMOpparuyecKuii
WHCYJIBTHL. B mocsiemHue rogp! 60JIbIII0e BHUMAaHUE YIeIsIETCS MICCIET0BAHNIO MOJIEKY/ISIPHBIX MAPKEPOB HIIIE-
MUY€ECKOI'0 U TeMOpParuyeckoro MHCYJIBTOB. AKTYaJIbHOCTb ITO0OHBIX UCC/IeJOBAHNI 00yCJI0BJIEHA TEM, UTO CIIe-
nuduyeckye 17151 Mo3ra 0eIkoBble 0OMapKepbl HEHPOHOB, NINAIbHBIX KJIETOK MOT'YT IIPEIOCTaBUTh LIEHHYIO 1
CBOEBPEMEHHYIO TUArHOCTUYECKYI0 MH(MOPMAIHIO, HEOOXOAUMYIO JJIs IPUHATHUS KIMHUYECKUX PelleH.

Ilenb ucciief0BaHMsI — BhIsIBJIEHNE PA3JIMUUN COlePIKaHNS MOJIEKYJISIDHBIX MApPKEPOB B CHIBOPOTKE
KPOBU B OCTPOM, IIOJOCTPOM U IIEPUOJie paHHEro BOCCTAHOBJIEHUA IIPU UIIIEMUYECKOM U FeMOpparun4eckomM
WHCYJIBTaX.

MarepuaJj 1 MeTobl. B 1icciiefoBaHMe BRIIIOYWIIN 59 ManieHToB. Y 20 4eJa0BeK JUarHOCTUPOBAJIU Ie-
MOpparuyvecKkuii Uy 39 4eJI0BEeK — UIIEMUYECKUI MHCYJIET. B KOHTPOJIBHYIO IpyIITy BKIOYHIN 20 106po-
BOJIbLIeB. Moviekysisipable Mapkepbl [ITHC B cbIBOPOTKe KPOBU OIIpeeisiid B OCTPOM CTaAuy UHCYJIBTA, B
IIOIOCTPOY CTaAMMU U CTAUU PAaHHET0 BOCCTAaHOBUTEILHOIO eprosia. KosmyecTBeHHYIO OIIEHKY CoflepsKa-
HUs MOJIEKY/IApHBbIX MapkepoB [IHC B CBIBOpOTKe KpOBH NAIMEHTOB C UIIIEMUYECKUM 1 FeMOpparundecKuM
WHCYJIETOM OCYIIIECTBJISIIM METOJIOM UMMYHO(Q epMeHTHOro aHaan3a. CTaTUCTUYeCKUN aHa/IN3 IPOBOAUIN
HelapaMeTpu4eCKUM MeTogoM MaHHa—-YUTHU.

PeaynbraThl. Cofiepskanue Heliporpodudeckoro gakropa rososHoro Mmosra (BDNF) y 1o6poBoJibIieB
KOHTPOJIBHOM TPYIIIBI COCTABJISANIO 574,5 [455,5; 615] pg/ml. 3HauMMble CTaTUCTUYECKUE PA3INYNsI BbISIBUIN
JLJIsT OCTPOTO U IIOIOCTPOro MepUOJ0B reMOpPparnyeckoro NHCYILTOB: 674 [560; 749] u 664 [616; 762 pg/ml
(p=0,003 1 p=0,0001).

CopepskaHue HeHpOH-crenuguiecKoil eH0s1a3bl, 3HaUMMO YBeJIMYEeHO BO BCeX Ieprofax NCCe10BaHusT:
KOHTpOJIbHasA rpynmna 4,15 [3,53; 4,8] ng/ml, ocTpslii nepuoj uiieMudeckoro HHCysTa 5,4 [4,4; 6,4] ng/ml, pas-
HUM BOCCTaHOBUTEJIHHBIN ITepUOJ UIIIEMUYECKOr0 MHCY/IbTa 5,4 [4,4; 6,4] ng/ml, ocTpblii mepuoj reMopparu-
4ecKoro MHcysbTa 5,1 [4,6; 6,4] ng/ml, mogocTpblii Iepuoj reMopparnyecKkoro HHCyIbTa 664 [616; 762] ng/ml.
CoorsercTBenHo p<0,001, 0,001, 0,014, 0,003.

B KOHTpOJIBHOH I'pynIle cofepskanue 6eska S-100 B CbBIBOPOTKe KPOBU cocTaBuio 4,5 [3,8; 5,4] ng/ml.
B ocTpoMm Itepuoie 1 Iiepuojie paHHEro BOCCTAHOBJIEHUsI IPU UIIIEMUYeCKOM UHCYJIBTE COoJlepsKaHue Oesika
S-100 cTaTUCTHUYECKU 3HAUMMO CHIKAJIOCK: 4,1 [3,4; 4,6] 1 3,9 [3,4; 6], p<0,031 1 0,014. IImua/bHBIN HEWPOTPO-
¢uueckuii pakTop ObLI yBeJIUYEH B OCTPOM U IIOAOCTPOM IIEPUOJIAX TeMOPPArnyecKOro MHCYJIBTa: KOHTPOJIb
1,98 [1,64; 2,11, ocTpslii nepuon 2,4 2,2, 5], monocTpelii nepuon 2,4 (2,3; 2,6]. CoorBrcTBeHHO p=0,002 1 <0,001.
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Clinical Studies

Penenitop-1 paxropa pocra spgoresnus (VEGFR-1) craTucTUYeCKU 3HAYUMO CHUSKAJICS B IIOJOCTPOM I1e-
pH0Jie reMOppParuvecKoro HHCY/IbTa: KOHTPOoJIb 903,5 [626;1115], mogocTpsblil nepuop 485 [211; 945], (p=0,001),

3akJ/roueHue. BbIsABUIIM pa3/inyusi COAepyKaHus MOJIEKY/IIPHBIX MADKEePOB B CbIBOPOTKE KPOBU IAIlEH-
TOB ITPY UIIIEMUYECKOM 1 TeMOpparnyecKoM HHCYIIBTe. B 0oCTpoM Iteprosie, eprojie paHHero BOCCTaHOBJIEHUST
TIpY UIIIEMIYECKOM WHCYIIBTE, TIOOCTPOM IIEPHOJie FeMOpPParnyecKoro HHCY/IBTa OTMETHIIH BO3paCcTaHue Co-
Jlep>KaHus B CbIBOPOTKE KPOBU HEMPOH crienvi(prueckoii eHosasbl. CopepikaHrie MO3TOBOTO HEMPOTpoduye-
CKOT0 (paKTOpa 3HAYMMO BO3PaCTaJjIo B OCTPOM U IIOAOCTPOM IIepUOiax FeMOpparn4eckoro NHCyssra. B oct-
POM U IIEPHOJie PAaHHETO BOCCTAHOBJIEHNS IIPY UITIEMITYECKOM WHCY/IBTE CHIKAJIOCH cofiepskanue Hesika S-100.
Conepsranue NIMAJIbHOI0 HelipoTpodruecKoro pakropa B OCTPOM U IIOJOCTPOM I1epHOaX FeMOpParun4eckoro
MHCYJIBTa BO3pacTaJo. B moqocTpoM nepruoje reMopparu4eckoro NHCYJIbTa CTaTUCTUYECKHU 3HAYMMO CHUKA-
JIOCh collepsKkaHue pelenropa-1 dakropa pocra sHnorenus. [Tpudem, ero sHaueHue CTaTUCTUIECKHU 3HAYNMO
OTINYAJIOCh OT 3HAYeHNUH B IIEPHOJie PAHHETO BOCCTAHOBJIEHUS IIPY UIIIEMUYECKOM HHCYJIBTE.

Knroueewte cnosa: monekynsaprvie maprkepsut; THC; uncyrvm uniemuueckuil; UHCYIbM 2eMoppazueckuil

KoHQINKT HHTEpeCcoB. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUU KOH(JINKTA UHTEPECOB.

Summary

According to epidemiological studies, the leading cause of morbidity, disability and mortality are cere-
brovascular diseases, in particular ischemic and hemorrhagic strokes. In recent years considerable attention
has been given to the study of molecular markers of ischemic and hemorrhagic strokes. These studies are rel-
evant because brain-specific protein biomarkers of neurons and glial cells can provide valuable and timely di-
agnostic information necessary for clinical decision-making.

The aim of the study was to reveal the differences in the serum level of molecular markers in acute, suba-
cute and early recovery periods of ischemic and hemorrhagic strokes.

Material and methods. The study included 59 patients. Twenty patients were diagnosed with hemorrhagic
stroke and 39 had ischemic stroke. The control group included 20 volunteers. Serum levels of molecular CNS
markers were determined in acute, subacute, and early recovery stages of stroke. The serum levels of CNS
molecular markers of patients with ischemic and hemorrhagic stroke was measured quantitatively by enzyme
immunoassay. Statistical analysis was performed by nonparametric Mann-Whitney method.

Results. The level of brain-derived neurotrophic factor (BDNF) in the control volunteers was 574.5 [455.5;
615] pg/ml. Significant differences were found for acute and subacute periods of hemorrhagic stroke: it was
674 [560; 749] pg/ml (P=0.003) and 664 [616; 762] pg/ml (P=0.0001).

The level of neuron-specific enolase was significantly increased in all periods of the study: it was 4.15 [3.53;
4.8] ng/ml in the control group, 5.4 [4.4; 6.4] ng/ml in acute period of ischemic stroke (P<0.001), 5.4 [4.4; 6.4]
ng/mlin early recovery period of ischemic stroke (P=0.001), 5.1 [4.6; 6.4] ng/ml in acute period of hemorrhagic
stroke (P=0.014), 664 [616; 762] ng/ml in subacute period of hemorrhagic stroke (P=0.003).

In the control group, the serum S-100 protein level was 4.5 [3.8; 5.4] ng/ml. In the acute and early recovery
periods of ischemic stroke, S-100 protein level has significantly fallen down to 4.1 [3.4; 4.6] ng/ml (P<0.031) and
3.9 [3.4; 6] ng/ml (P=0.014), respectively. Glial-cell derived neurotrophic factor level was 1.98 [1.64; 2.1] ng/ml
in the controls and increased up to 2.4 [2.2; 5] ng/ml (P=0.002) in the acute period and 2.4 [2.3; 2.6] ng/ml
(P<0.001) in the subacute period of hemorrhagic stroke.

The vascular endothelial growth factor receptor-1 (VEGFR-1) was significantly lower in the subacute period of
hemorrhagic stroke: 485 [211; 945] pg/ml in the subacute period vs 903.5 [626; 1115] pg/ml in the controls (P=0.001).

Conclusion. We found differences in the serum level of molecular markers in patients with ischemic and
hemorrhagic strokes. In the acute period, early recovery period of ischemic stroke, and subacute period of
hemorrhagic stroke, there was an increase in the serum level of neuron-specific enolase. The level of brain-
derived neurotrophic factor increased significantly in the acute and subacute periods of hemorrhagic stroke.
In the acute and early recovery periods of ischemic stroke, the level of S-100 protein decreased. The level of
glial cell-derived neurotrophic factor increased in the acute and subacute periods of hemorrhagic stroke. In
the subacute period of hemorrhagic stroke, the level of endothelial growth factor receptor-1 significantly de-
creased. Moreover, there was significant difference between values of this parameter in the subacute period
of hemorrhagic stroke and in the early recovery period of ischemic stroke.

Keywords: molecular markers; CNS; ischemic stroke; hemorrhagic stroke
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BBenenue Introduction

[TepeOpoBacKyIsApHBIE 3a060/IEBaHMS SBJISIOT- Cerebrovascular diseases are among leading
Cs1 OMHOU M3 BeAyIUX Mpu4mH 3abosieBaeMocTH, | causes of morbidity, disability and mortality. In par-
VHBAJUIHOCTH M CMEPTHOCTH. B wacTtHOCTH, 3260- | ticular, the incidence of ischemic and hemorrhagic
JIEBAEMOCTH UITIEMHUYECKUM U reMopparmdeckuM | stroke in various countries remains high, as evi-
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KianHu4YecKkue UCCIEeN0BaHUA

HWHCYJIBETOM B Pa3J/IMYHbBIX CTPaHax OCTaeTCs BBICO-
KOH, 0 4eM CBHUAETEeJIbCTBYIOT 3INIeMHOJIOrnYe-
ckue uccaenoBanusi. B CIIIA 66171 TpoBeeH aHAIN3
CMEepPTHOCTH OT UHCyJIbra 3a 2010-2016 ronel cpegu
B3POCJIbIX CpeJHEro Bo3pacra (35-64 roga) v mosku-
JIBIX JTIofed (cTapiie 65 JieT). YCTaHOBJIEHO, YTO
MTOBBIIIIEHVIE CMEPTHOCTH OT UHCYJIBTa OBII0 O0siee
BBIpAKEHO CpejJu JIIoJledl cpeaHero Bo3pacTta I10
CPaBHEHUIO C IIOYKUJIBIMU JIIOAbMU [1].

PeTpocnekTUBHBIN aHAIN3 TAHHBIX I10 Jieye-
HHuio 6osiee 520000 mareHTOB C WHCYJIBTOM B
boabmiom Manuectepe u JIOHIOHE B IIepUOL C
AuBaps 2008 r. mo MmapT 2016 I. BBIABUJI CHUKEHUE
CMEpPTHOCTH CpeAy IIalMeHTOB, IIOJy4YaBIINX
Je4YeHWe B CIEeNUATU3UPOBAHHBIX OTIEJIEeHUSIX
IJ1s JIeYeHUs OCTPOro MHCYJIbTa. B oTnesieHuAXx,
KOTOPEIe He OBIIN CITeInaJu3upPOBaHbI, CHUKE-
HUsI CMEPTHOCTH He OBIJI0 BBISIBJIEHO [2].

B IIIBenyu ncciienoBajy IOMYIANUIO, KOTO-
pas cocrosaaa uad 14125 nanyeHToB, IepeHeCcIInX
uHCYJsT B TedeHue 2010 roma. IlosyyeHHBIE
pe3yJibraThl I0Ka3aJiy, 4YTo 26% NanyeHToB yMep-
JIM B Te4YeHHe ronma nocsae uHcynapra. [loutu 5%
BBIJKUBIIIMX IIePEeHEeCIN ITOBTOPHBIA WHCYJIBT, a
40% ocTaJnuCch MHBAJIUIaMu [3].

CrarucTuyecKuil aHaIn3 C y4eTOM IPOTrHO-
3MpPyeMOro CTapeHUs HaCeJIeHUs CBUIETeJIbCTBY-
€T O TOM, YTO KOJIM4eCTBO II€PBBIX UHCYJIETOB B
CoepnaenHoMm KopoJsieBcTBe yBesimunTcsa K 2045 T.
Ha 13% [4].

[laHHBIC O ANUIEMHOJIOTUM WHCYJIBTA B
Kopee BbIABWIIN, UTO KaskIblk 40-i1 B3pOCJIBbIT
4eJI0BEK B CTPaHe ABJISAETCSA IAlMeHTOM C MHCYJIb-
TOoM M 232 4esioBeka Ha 100000 HaceJieHUS €3KEro/I-
HO cTpagjaroT or uHcyasra. Cpenu 100 nanuenTos,
TepeHecInX HHCYIET B 2014 romy, y 76 OB uIe-
MUYECKUU NHCYJIBT, ¥ 15 — BHYyTPUMO3TOBOE KPO-
BOMBJIUSTHUE, A Y AEBATH — CyOapaxHOUmaIbHOE
KpoBouanusaHne. CMepTHOCTb OT MHCYJ/IbTa 0CTa-
ercsi Ha ypoBHe 30 cmepreii Ha 100 000 uesioBek [5].

B mocieame OB OOJTBITIOE BHUMAaHUE Yiie-
JISIETCS UCCIIeJOBAHUIO MOJIEKY/IAPHBIX MAPKEPOB
AIIEeMHAYECKOI0 ¥ FeMOPparu4ecKoro NHCYJIBTOB.
AKTyaTbHOCTB TOJOOHBIX MCCTIEIOBAHMI 00YCI0B-
JIeHa TeM, UTO CrierupuIecKue IJIsT Mo3ra 6eJIKo-
Bble OOMapKephl HEPOHOB, TNTHATbHBIX KJIETOK
(HeripoH-crienuguyeckas eHosasa (NSE), S100
KaJIBITUI-CBSI3BIBAIOINH O€JIOK, NINAJbHBIN (Pub-
PUIIISIPHBIN KUCbIN 6esiok (GFAP)] u ap.) [Hampu-
Mep, yoOukBuThH C-KOHIEBas TruapoJsasa-L1
(UCH-L1), nmpomykrtel pacnapma call-cmekrpuna
SBDP120, SBDP145 u SBDP150, 0CHOBHOI O€JIOK
muenauHa (MBP), nerkas uens HelipoduiaMeHTa
(NF-L), Tay-0esiok, BUSMHUH-TIOHOOHBIN O€eT0K-1
(VLP 1), mentun NR2], KoTopble 00HAPYKUBAIOTCS
B CIIMHHOMO3TOBOW SKUJKOCTU U Tiepudepuye-
CKOU KpOBH, MOTYT IIPEOCTABUTH LIEHHYIO U CBOE-
BPEMEHHYIO JMArHOCTUYECKYI0 MH(POPMAITHIO 00

HNHCYJIBTE, HeO6XO,III/IMy}O JJIA IPUHATUAA peIlIeHPIﬁ.

denced by epidemiological studies. In the United
States, a 2010-2016 analysis of stroke mortality
among middle-aged adults (35-64 years old) and
older adults (over 65 years old) has shown more sig-
nificant increase in stroke mortality among middle-
aged people compared to the elderly [1].

A retrospective analysis of treatment data of
more than 520000 patients with stroke in Greater
Manchester and London between January 2008 and
March 2016 revealed a decrease in mortality among
patients treated in specialized acute stroke units. In
wards that were not specialized, no reduction in
mortality was found [2].

In Sweden, a population of 14,125 patients
who had a stroke during 2010 was studied. The re-
sults showed that 26% of patients died within a year
of stroke onset. Almost 5% of survivors had a sec-
ond stroke, and 40% remained disabled [3].

Statistical analysis based on projected aging of
the population suggests that the number of first
strokes in the United Kingdom will increase by 13%
by 2045 [4].

Stroke epidemiology data in Korea showed
that one in 40 adults in the country is a stroke pa-
tient and 232 persons per 100,000 population suffer
a stroke each year. Among 100 stroke patients in
2014, 76 had ischemic stroke, 15 had intracerebral
hemorrhage, and 9 had subarachnoid hemorrhage.
The mortality rate from stroke remains at 30 deaths
per 100,000 persons [5].

In recent years considerable emphasis has
been placed on the study of molecular markers of
ischemic and hemorrhagic strokes. The relevance of
such studies is due to the fact that brain-specific
protein biomarkers of neurons, glial cells (neuron-
specific enolase (NSE), S100 calcium-binding pro-
tein, glial fibrillary acidic protein (GFAP)], etc.) [e. g.,
ubiquitin C-terminal hydrolase-L1 (UCH-L1),
SBDP120, SBDP145 and SBDP150 «ll-spectrin
breakdown products, myelin basic protein (MBP),
neurofilament light chain (NF-L), tau protein,
visinin-like protein-1 (VLP 1), NR2 peptide], which
are detected in cerebrospinal fluid and peripheral
blood, can provide valuable and timely diagnostic
information about stroke for decision-making. This
information may include precise timing of stroke
onset, stroke severity, prognosis of short- and long-
term outcomes, and differential diagnosis between
ischemic and hemorrhagic stroke [6].

Distinguishing between ischemic and hemor-
rhagic stroke is important for making diagnostic
decisions and choosing treatment options. In par-
ticular, patients with ischemic stroke require intra-
venous thrombolysis, which is contraindicated in
hemorrhagic stroke. Currently, computed tomog-
raphy is used to diagnose hemorrhagic stroke. The
use of biomarkers to rapidly rule out intracerebral
hemorrhage may be useful in remote regions where
transportation to the nearest CT scanner may take
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dTa uHopMaIys MOKET BKJIOYATh YTOUHEHUeE
CPOKOB HayaJla MHCYJIbTa, €r0 TAKeCTh, [IPOTHO3
KPaTKOCPOYHBIX U [OJITOCPOYHBIX Pe3YJIBTaToB,
nuddepeHaIbHO-TUAarHOCTUYEeCKUEe TPU3HAKYU
UILIEMUYECKOI'0 ¥ TeMOPParnyecKoro NHCyJsra [6].
BrIsAB/IeHNE IPU3HAKOB, HA OCHOBAaHUU KOTO-
PBIX OTIMYAIOT UUIEMHUIO OT FeMOpPpParn4ecKoro
WHCYJIBTA, ABJISIETCS BasKHBIM (DaKTOPOM, IIOMO-
ralolyM IPUHUMATh JUAarHOCTAYECKUE PEeIIeHU
U OIIpeneJiATh TAaKTUKY JiedeHus. B dacTHOCTH,
TMareHTaM ¢ UIeMIYeCKUM HHCYIBTOM Heo0Xo-
VM BHYTPUBEHHBIN TPOMOOJIU3VC, KOTOPBIH IPO-
TUBOIIOKAa3aH [IPU reMOpparu4ecKoM UHCYJETe. B
HacTosIIee BpeMs U1 BbIABJICHUA reMopparmnde-
CKOTO HMHCYJIBTA HCIIOJb3YyeTCsA KOMIIbIOTepHAas
Tomorpadus. Micnosmb3oBanue 6oMapKepoOB 151
OBICTPOTO MCKJIOYEHUSI BHYTPUMO3TOBOT'O KPO-
BOMBJIUSTHUAS MOKET OBITH IT0JIE3HO B OT/IAJIEHHBIX
perroHax, rie TPaHCIIOPTUPOBKA 10 OJIMKANIIIETO
KOMIBIOTEPHOr0 TOMOrpada MOKeT 3aHATh
HECKOJIBKO 4aCoB. B 4acTHOCTH, BeqyIIIM KaHI!-
JaToM JJId BBISABJIEHHUA TIeMOPpParn4eckoro
WHCYJIBTA ABJISIETCS KUCJIBIA NTHATbHBIN (PUOPUII-
JIIPHBIA 0€JIOK, JIOKAJU3YIOIIUHICA B acTpo-
wmu [7]. OH 06HaApy)KUBaeTCAd B 0YeHb HU3KUX
KOHIIEHTpallUsAX B IJIa3Me 3J0pPOBBIX JIOAeH,
IIOCKOJIBKY HEe CEKPeTUPYeTCS aKTUBHO KJIeTKa-
mu [8]. OmHAKO OBICTPOE TTOBPEKIeHNE INATh-
HBIX KJIETOK IIPU IeMOpparu4ecKoOM HHCYJETe
BBI3BIBAET BHICBOOOKIEHNE DOJBIIIOTO KOJIMYE-
CTBa NIMAJBHOTO Oejlka B KPOBOTOK B TeUEHUE
HECKOJIbKUX MUAHYT. YUUTHIBAS, YTO HEKPO3 KJIe-
TOK IIPY UIIIEMUYECKOM UHCYJIBTe (DOPMUPYETCSI B
Te4YeHUe OIIpefesIeHHOI0 IPOMEsKYTKa BpEMEHH,
pasHUIA B KHHETHKE BBICBOOOKIEHUS KUCIOTO
OeJika acCTPOIIMTOB MOSKET OBITH MCIIOIH30BaHA
st nudepeHnaabHON IMAarHOCTUKY reMoppa-
TUYECKOI0 U UIIIEMUYECKOr'o MHCYJIBTA [9].
OpHOBpeMEHHOE BbIABJICHHE IVIMAJIBHBIX U
HelpoHOCTeNU(PUIECKUX OMOMapKEPOB MOSKET
OBITH TOJIE3HBIM 151 MU PEepEeHIPOBKI OCTPHIX
HapyIIeHNH MO3TOBOT0 KPOBOOOpAIIIEHHsI TI0 HIIIe-
MUYECKOMY UJIM reMopparunyeckomy tumy [10].

MarepuaJ 1 MeTObI

B ucciienosanue BrAOYUIN 59 mTaniueHTOB. Y 20
4YeJI0BEK IMAarHOCTUPOBAJIU TeMOpparndeckuii u y 39
4eJI0BEK — UIIEeMUYECKUA UHCYJIBT.

B rpymnne umeMn4ecKOro MHCYJIbTA BBIIEJIUINA
OCTPBIH (4-21 CYyTKM) U pAaHHUU BOCCTAHOBUTEIbHBIN
nepuof (22 nuss — 6 Mec.). B rpymie nanyeHToB € reMop-
paruyecKuM WHCYJIETOM HCCJeOBAaHUA IIPOBOAUIN B
Te4EeHHEe OCTPOro (2-21 CyTKM) M MOAOCTPOro NEPUOI0B
(22 cyTork — 3 mec.).

B KOHTPOJBHYIO TPyNIly BKJIYAINA 20 YCIOBHO
3JI0POBBIX TOOPOBOJILIIEB. [lepes BKJIIOUEHEM B HIC-
cJieloBaHre Y JOOPOBOJIBIIEB MTOJTYYUIN MHDOPMHUPO-
BaHHOE COIVIaCHe.

Mouiekysisipablie Mmapkepbl LIHC B CBIBOPOTKE KpOBA
OIIpeJIesIsIIA B OCTPOU CTAIX MHCYJIBTOB (4-21 CyTKH), B

several hours. In particular, glial fibrillary acidic
protein, localized in the astroglia, is a leading can-
didate for detection of hemorrhagic stroke [7]. It is
found in very low concentrations in the plasma of
healthy individuals because it is not actively se-
creted by cells [8]. However, rapid glial cell damage
in hemorrhagic stroke causes the release of large
amounts of this glial protein into the bloodstream
within a few minutes. Considering that cell necrosis
in ischemic stroke develops within a certain time
interval, the changing levels of this acidic astrocyte
protein can be used for differential diagnosis of he-
morrhagic and ischemic stroke [9].

Simultaneous detection of glial and neuron-
specific biomarkers may be useful in differentiat-
ing between acute ischemic or hemorrhagic brain
accidents [10].

Materials and Methods

Fifty-nine patients were included in the study.
Twenty patients were diagnosed with hemorrhagic stroke
and 39 with ischemic stroke.

In ischemic stroke group we distinguished acute
(4-21 days) and early recovery period (22 days to 6
months). In the group of patients with hemorrhagic
stroke, the tests were performed during the acute (2-21
days) and subacute periods (22 days to 3 months).

Twenty apparently healthy volunteers were in-
cluded in the control group. Informed consent was ob-
tained from the volunteers before enrolment.

CNS molecular markers in blood serum were meas-
ured in the acute phase of stroke (4-21 days), in the sub-
acute stage of hemorrhagic stroke and in the early recov-
ery stage of ischemic stroke (22 days to 3 months).
Quantitative assessment of the serum level of CNS mo-
lecular markers in patients with ischemic and hemor-
rhagic stroke was performed by enzyme immunoassay.
The brain-derived neurotrophic factor (BDNF), neuron-
specific enolase (NSE), total protein S-100 (a-Bp), glial
cell-derived neurotrophic factor (GDNF), vascular en-
dothelial growth factor receptor-1 (VEGFR-1) were meas-
ured. CNS molecular markers were measured using an
Immunomat TM automated microplate immunoassay.

The reagents used were CanAg NSE EIA FUJIREBIO
(Sweden); R&D systems (USA); ABfrontier (Korea); Sek-
isui Medical CO (Japan); eBioscience (Austria); and Cay-
man Chemical (USA).

Statistical analysis was performed using STATIS-
TICA 10 software (StatSoft Inc., CIIIA). Nominal data
were described with absolute values and percentages.
Quantitative data with normal distribution were com-
bined into variation series, where the mean arithmetic
values (M) and standard deviations (SD) were calculated.
If the distribution was not normal, quantitative data were
presented as median and quartiles (25-75% of the in-
terquartile range). The Kolmogorov-Smirnov test was
used to check the distribution for normality. When com-
paring the mean values in normally distributed variables
in quantitative data analysis, the Student's #-test was
used. Mann-Whitney U-test was used to compare two in-
dependent groups when the distribution of variables was
not normal. Wilcoxon W-criterion was used to assess the
significance of differences in quantitative variables for
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KianHu4YecKkue UCCIEeN0BaHUA

MIOJOCTPOM CTaJUK FeMOpParun4ecKoro MHCYJIBTa U CTaiuu
PpaHHEro BOCCTaHOBUTEJIBHOI'O IIEPUOfa UILIEMUYeCKOro
WHCYJIBTA (22 CyTOK — 3 Mec.). KoJIM4ecTBeHHYIO OLIEHKY
cozepskaHus MOJIeKyJIsIpHbIX MapkepoB [IHC B cwiBo-
POTKE KPOBU IMAIMEHTOB C NINEMHUYECKUM U reMopparu-
4eCKUM UHCYJIETOM OCYIIECTBJIS/IM METOIOM UMMyHO(dep-
MEHTHOro aHayui3a. Onpenensanu HeHpoTrpodudecKuit
¢daxrop rosioBHoro moara (BDNF), Heliponcnenuduye-
ckyto eHostagy (NCE), 6eok S-100 o6muii (o), mmass-
HbIN Heliporpoduyeckuii pakrop (GDNF), penenrrop-1
¢arropa pocra sunorenust (VEGFR-1). Mosekry/isipabie
MapkepsbI [THC BBIABIIAMN € IOMOIIBIO aBTOMAaTUYECKOTO
MUKPOILIAHIIETHOI'O UMMYHO(hEPMEHTHOI'O aHA/IN3aTopa
Immunomat TM.

HcnosnbaoBanu peakTusbl GupM: CanAg NSE EIA
«FUJIREBIO» (IlIBenms); «R&D systems» (CIIIA);
«ABfrontier» (Kopes); «Sekisui Medical CO» (Imonwus);
«eBio- science» (ABcTpusi); «Cayman chemical» (CIIIA).

CrarucTrYecKuil aHaIu3 IIPOBOJUIIU C UCIIOJIb-
3oBaHueM rmporpaMmbl STATISTICA 10 (pasapaboTumk —
StatSoft.Inc). HoMuHa/IbHBIE JaHHBIE OMHCHIBAIUA C
yKaszaHueM abCOJIIOTHBIX 3HAYeHWH ¥ ITPOIEHTHBIX
posieid. KosndecTBeHHBIe IIOKa3aTeld, HMMelOllue
HOpMaJIbHOE paclpeseseHne, 00beJUHAIN B BapHa-
IMOHHBIE PANBI, B KOTOPhIX IPOBOAUJIN PACYET Cpe-
HUX apudMeTndecKux BeJu4uH (M) U cTaHIapTHBIX
oTKJIOHeHul (SD). B cirydae OTCyTCTBUSA HOPMaJIbHO-
CTH paclpejeseHus1 KoJIM4eCTBeHHble JaHHble IIpe[-
CTaBUJIU B BUJle MeIMAHbI U KBapTuJien (25-75% rpa-
HUIIbI THTEPKBAPTUJIBHOIO OTpe3Ka). /s npoBepKku
XapakTepa paclpejeseHus UCII0JIb30BaIu TecT Kou-
MoropoBa—-CMupHOBa. [Ipy cpaBHEHNY CpEeJHUX BEJIH-
4YUH B HOPMaJIbHO paclipejle/IeHHbIX COBOKYITHOCTSX
KOJIN4eCTBEHHBIX JaHHBIX PACCYUTHIBAIY [-KPUTEPUN
CrpronenTa. [lyig cpaBHeHHA [BYX He3aBHUCHUMBIX
T'PYIII B CJIy4asx OTCYTCTBUSA IIPU3HAKOB HOPMaJlb-
HOTO pacnpejeseHns JaHHbIX UCII0J1b30Baau U-Kpu-
Tepuil ManHa-YuTHu. [[j1s1 aHaIusa CTaTUCTUYECKON
3HAYMMOCTHU pasnnqnﬁ KOJINYE€CTBEHHBIX IPU3HAKOB
JUISI IBYX 3aBUCUMBIX BBIOOPOK IpuMeHsics W-kpu-
Tepuil YUJIKOKCOHA. Pa3muyus cuuTaayu cTaTucTude-
CKY 3HaUYUMBbIMU I1pH p<0,05.

CTaTucTUYecKd 3HAYMMBIX PA3JIMYUN MEXIY
TpyIIaMu He BBIABUIIHA (Ta0J1. 1).

BDNE Copnepskanre MO3TOBOro Heliporpoguye-
CKoro (pakTopa B KPOBH JOOPOBOJIBIIEB KOHTPOJBHON
rpynnsl coctaBuiio 574,5 [455,5; 615] pg/ml. B octpom
nepuoje NilleMU4eCKOro MHCYJIBTa CoJepsKaHue MO3ro-
BOr0 HelpoTpoduueckoro ¢gaxkropa He3HAYUTEJIbHO
CHU’KAJIOCh 110 524 [430; 676] pg/ml, a remopparuue-
CKOT'0 MHCYJIBTa BO3pacTaJio 10 674 [560; 749] pg/ml, uto
CTAaTUCTUYECKU 3HAYMMO OTVINYaJIOCh OT Pe3yJIbTaToOB B
KOHTpOJIbHOU TpymIe (p=0,003). B panHeM BocCTaHOBH-
TeJIbHOM IIepHoJie UIIeMUYeCKOr0 MHCYJIBTA CoflepsKa-
aue BDNF Bospociio 1o 547 [448; 667] pg/ml, a B mogo-

two dependent samples. Differences were considered
significant at P<0.05.

No significant differences were found between the
groups in baseline characteristics (Table 1).

BDNE. The level of brain-derived neurotrophic
factor in the blood of control volunteers was
574.5 [455.5; 615] pg/ml. In the acute period of is-
chemic stroke, cerebral neurotrophic factor level
slightly decreased to 524 [430; 676] pg/ml, and in he-
morrhagic stroke increased to 674 [560; 749] pg/ml,
which was significantly different from results in the
control group (P=0.003). In the early recovery period
of ischemic stroke, BDNF level increased to 547 [448;
667] pg/ml, and in the subacute period of hemorrhagic
stroke, to 664 [616; 762] pg/ml.

NSE. The serum level of neuron-specific enolase in
volunteers of the control group was 4.15 [3.53; 4.8]
ng/ml. In the acute period of ischemic stroke, neuron-
specific enolase level increased to 5.4 [4.4; 6.4] ng/ml
(P<0.001) and in acute period of hemorrhagic stroke to
5.1 [4.4; 6.4] ng/ml. In the early recovery period of is-
chemic stroke and the subacute period of hemorrhagic
stroke, the values were 5.4 [4.4; 6.4] ng/ml (P<0.014) and
5.8 [4.5; 6.3] ng/ml (P<0.003), respectively.

S$-100 protein. The serum S-100 protein level in
volunteers was 4.5 [3.8; 5.4] ng/ml. In the acute period of
ischemic stroke, S-100 protein level was 4.1 [3.4; 4.6]
ng/ml (P=0.031) and in that of hemorrhagic stroke it was
4.9 [4.6; 5.7] ng/ml (P>0.05). In the early recovery period of
ischemic stroke, S-100 protein level was 3.9 [3.0; 4.6] ng/ml
(P<0.014), and in the subacute period of hemorrhagic
stroke, 4.7 [4.1; 6.2] ng/ml (P>0.05).

GDNE. The serum level of glial cell-derived neu-
rotrophic factor in the control volunteers was 1.98 [1.64;
2.1] ng/ml. In the acute period of ischemic stroke, this
parameter was 1.8 [1.6; 2.1] ng/ml (P>0.05), while in that
of hemorrhagic stroke it was 2.4 [2.0; 2.5] ng/ml. In the
early recovery period of ischemic stroke, the parameter
was 1.9 [1.6; 1.9] ng/ml (P>0.05), and in the subacute pe-
riod of hemorrhagic stroke, it reached 2.4 [2.3; 2.6] ng/ml
(P<0.001).

VEGFR-1. The serum level of endothelial growth
factor receptor-1 in control volunteers was 903.5 [626;
1115] pg/ml. In the acute period, these values were: for is-
chemic stroke, 1045 [505; 1440] pg/ml (P>0.05) and for he-
morrhagic stroke, 772 [418; 1130] pg/ml (P>0.05). In the
early recovery period of ischemic stroke, VEGFR-1 level was
987 [523; 1440] pg/ml, and while in the subacute stage of
hemorrhagic stroke, it was 485 [211; 945] pg/ml (P<0.006).

The results of the tests are presented in Table 2.

Results and Discussion

BDNE. The brain-derived neurotrophic factor
plays an important role in the protection of neu-

Tabsmma 1. XapakTepHCTHKA NAIEHTOB 110 BO3PACTy H IIOJTY.

Table 1. Patients’ sex and age characteristics.

Patient group Sex, n (%) Age
male female

Control, n=20 10 (50) 10 (50) 58.4+5.9

Ischemic stroke, n=39 19 (49) 20 (51) 58.9+12.9

Hemorrhagic stroke, n=20 10 (50) 10 (50) 53.4+9.7

Page

PIschemic vs control > 0.05; P hemorrhagic vs control > 0.05

IIpumeuanue. Patient group — rpynmna naiyeHToB; sex — 10J1; male — Myskckoif; female — skeHckuil; age — Bo3pacr.
s Tabar. 1, 2: Ischemic/hemorrhagic stroke — uremMudeckuii/ reMoparuyecKuil HHCYJIBT.
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CTPOM IlepHoJle TeMOPpParu4ecKoro WHCyJabTa — [0
664 [616; 762] pg/ml.

NSE. Conepskanne HelpoHCHeNUMUUECKON eHOo-
JIa3bl B CBIBOPOTKE KPOBHU T0OPOBOJIBIIEB KOHTPOJIBLHOM
rpynnsl coctaBuio 4,15 [3,53; 4,8] ng/ml. B ocrpom me-
puUoJe UIIeMUYeCKOI0 MHCYJ/IBTa CofepsKaHre HelpoHCIIe-
nuduueckon eHosasbl BO3pocyo 1o 5,4 [4,4; 6,4] ng/ml
(p<0,001, aremopparu4yeckoro nHcyisra—>5,1 [4,4;6,4]. B
paHHeM BOCCTAaHOBUTEJBHOM IIepUOfe HIIeMUYeCKOro
HMHCYJIBTa U [IOJOCTPOM Ileprojie reMOpparundeckoro uH-
CyJTBTa ITOKA3aTe I COOTBETCTBEHHO OBITTN PaBHEI 5,4 [4,4;
6,4] ng/ml (p<0,014) u 5,8 [4,5; 6,3] ng/ml (p<0<003).

Besiok S-100. Coznepskanue O6enka S-100 B ChIBO-
POTKe KpOBH I0OPOBOJIBIIEB COCTABUIIO 4,5 [3,8; 5,4] ng/ml.
B ocTpoM niepuozie UIeMruuecKOoro MHCYJIBTA CoflepyKaHue
6eska S-100 cocrasssamo 4,1 [3,4; 4,6] ng/ml (p=0,031), a
IpU reMopparuyeckom uHcynsre — 4,9 [4,6; 5,7] ng/ml
(p>0,05). B panHEeM BOCCTAHOBUATEILHOM IIEPHUOJIE UILIEMU-
YeCKOTo MHCYJIBTa cojepskanue 6esika S-100 cocTaBUIo
3,9 [3,0; 4,6] ng/ml (p<0,014), a B TOJOCTPOM NEPHUOJIE Te-
MOpparunvdecroro nucysnsra—4,7 [4,1; 6,2] ng/ml (p>0,05).

GDNE Copepsxanue inaabHOro HeiipoTpoduye-
cKoro akTopa B CBIBOPOTKE KPOBU JOOPOBOJIBIIEB
KOHTPOJIbHOU I'PyHIIbI paBHsI0CH 1,98 [1,64; 2,1] ng/ml.
B ocTpom neprojie UleMU4ecKOro MHCY/IbTa 9TOT IT0Ka-
3areJib cocrasuJ 1,8 [1,6; 2,1] ng/ml (p>0,05), a remop-
paruueckoro uacyiasra— 2,4 [2,0; 2,5] ng/ml. B panuem
BOCCTA@HOBUTEJ/JIBHOM II€pUoe HWIHIEeMUYECKOTO WH-
CyJIbTa IoKasareJib paseH 1,9 [1,6; 1,9] ng/ml (p>0,05), a
B IIOZJOCTPOM IlepHrojie FeMOpparu4eckoro NHCyJIbTa —
2,4 [2,3; 2,6] ng/ml (p<0,001).

VEGFR-1. Conep:xaHuie B CbIBOPOTKE KPOBH T0OPO-
BOJIbLIEB KOHTPOJIBHOH I'PyIIIbI penentopa-1 daxkropa
pocra aHgoTe s 66110 paBHBIM 903,5 [626; 1115] pg/ml.
B ocTpoM nepuoge 3TU IOKas3aTed COCTABJISIIN: JJIsI
UIeMru4Yeckoro uHcymasra — 1045 [505;1440] pg/ml
(p>0,05) u 1A reMOpparnyecKoro NHCyasra — 772 [418;
1130] pg/ml (p>0,05). B panHEM BOCCTaHOBUTEJILHOM I1€-
puoze UIIeMUYeCKOro MHCYJIBTa cofiepskanue akTopa
pocTa 9HJ0Te U1 COCTaB 10 987 [523; 1440] pg/ml, a B
MOJOCTPOM CTAgUU IeMOpparu4eckoro HHCYJIbTa —
485 [211; 945] pg/ml (p<0,006).

Pe3ymsrarhl HCCIeI0BaHUH IPEICTABUIIA B TAOJI. 2.

Pe3ynbTaThl ¥ 00CYK/IEHHE

BDNE Moarosoii HelipoTpodudeckuii pak-
TOp UrpaeT BAKHYIO POJIb B 3al[UTe HEHPOHOB
IIpU BO3JEUCTBHUM IOBPEKIAIOIINX (PAKTOPOB.
JlaHHBIe TuTepaTypbl CBUIETEIbCTBYIOT O BasKHO-
CTH €r0 UCCJEIOBaHUSA IIPU OCTPBIX HAPYLIEHUIX
MO3roBOro KpoBooOparnieHus. B wacTHOCTH,
HACC/eNOBaHa B3aMMOCBA3b MeEKIy YpPOBHEM
BDNF B cbIBOpOTKE KPOBH, (PPaAKIIMOHHOU aHN30-
Tponueii (PA) 1 PyHKIMOHAIBHBIM pPe3yJIbTaTOM
BO BpeMsi peabuInTaIy Mocje 0OCTPOro NHCYITb-
Ta. Pe3ysbraThl NCCaEeL0BaHUA I0KA3BIBAIOT, YTO
ypoBeHb BDNF B CBIBOPOTKE MOYKET KOPPEJIUpO-
BaThb c DA [11].

B IpocnieKTUBHOM HCC/Ief0BAHNAY, B KOTOPOE
OB1710 BRJTIOYEHO 208 TaI[eHTOB C TEPBBIM UHCYJTh-
TOM B BO3pacTe 0T 18 1o 75 JieT, udy4yau BIUsHUE
¢dakTopoB pucka Ha cojepskanue BDNE Owno
3HAYUTEJIbHO CHUYKAETCA [IPU OCTPOM HUHCYJIBTE.

rons exposed to damaging factors. Published evi-
dence demonstrates the importance of its measure-
ment in acute cerebrovascular accidents. In partic-
ular, the relationship between serum BDNF level,
fractional anisotropy (FA) and functional outcome
during rehabilitation after acute stroke was inves-
tigated. The results of the study show that serum
BDNEF level can correlate with FA [11].

A prospective study of 208 patients with a first
stroke between 18 and 75 years of age examined the
effect of risk factors on BDNF level. It decreases sig-
nificantly in acute stroke. The risk factors negatively
affect BDNF levels (diabetes mellitus, P=0.001; al-
coholism, P=0.003; hypertension, P=0.002; smok-
ing, P=0.001) [12].

A study to elucidate the role of BDNF during
early recovery after ischemic stroke using motor
training was carried out. Fifty ischemic stroke pa-
tients were included in the study. The serum BDNF
was measured in 50 healthy subjects who served
the control group. BDNF levels were found to in-
crease significantly during the motor rehabilitation
phase. Untreated patients had significantly lower
BDNF levels at the endpoint [13].

According to recent studies, BDNF is an im-
portant predictor of improved mobility after stroke.
The aim of this prospective study was to evaluate
the BDNF blood level during day 1 of the first is-
chemic stroke and to find a potential relationship
between BDNF concentration and neurological
status in the acute period, as well as between BDNF
and functional status in the subacute phase of
stroke. The prospective study involved 87 patients
aged 39-99 years (42 women, 45 men) with a first-
ever ischemic stroke. In all subjects the following
assessments were done: blood BDNF level and neu-
rological status according to NIHSS on day 1 of
stroke, comorbidities, etiological type of ischemic
stroke by ASCOD, and functional status on days 14
and 90 after onset using the modified Rankin
(mRankin) scale for neurologic disability. Neurolog-
ical status and BDNF level on day 1 of ischemic
stroke were found to be independent prognostic
factors at mid-term follow-up. Decreased BDNF
level in the acute phase of stroke is a poor prognos-
tic factor with respect to the functional status of pa-
tients on day 90 from the onset of the disease [14].

In our study we found significant differences
in the level of brain-derived neurotrophic factor in
blood serum between the control group and pa-
tients in acute and subacute periods of hemor-
rhagic stroke.

NSE and S-100 protein. A meta-analysis exam-
ining the clinical value of serum neuron-specific eno-
lase (NSE) and soluble human-100 protein (S-100(3)
in patients with acute cerebral infarction (ACI) in-
cluded 13 case-control studies involving 911 pa-
tients with ACI and 686 healthy controls. Results of

the meta-analysis showed that NSE and S-1000 lev-
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Ta6Jmua 2. Coaepma}me MOJIERYJAPHBIX MAPKEPOB B CbIBOPOTKE KPOBH INAITMEHTOB C HIIIEMHUYECKHM H IréeMOop-

parn4eCKuM HHCYJIbTOM.

Table 2. The levels of molecular markers in the serum of patients with ischemic and hemorrhagic stroke.

Molecular marker

Groups

Pvalue

IControls

Ischemic stroke, n=39

Hemorrhagic stroke, n=20

n=20 2Acute period

(days 4-21)

3Early recovery
period (day 22 —
6 months)

“Acute period SSubacute period
(days 2-21) (day 22 —
3 months)

BDNE pg/ml 574.5 [455.5; 615] 524 [430; 676]

547 [448; 667]

674 [560; 749] 664 [616; 762] P, ,>0.05
P, 5>0.05
P,_=0.003

P,_5=0.0001

NSE, ng/ml 4.15[3.53; 4.8] 5.4 [4.4;6.4]

5.4 [4.4;6.4]

5.1 [4.4; 6.4] 5.8 [4.5; 6.3] P,_,<0.001
P, 5<0.001
P, =0.014

P, +=0.003

S-100 protein, ng/ml 4.5 [3.8; 5.4] 4.1 [3.4; 4.6]

3.9 [3; 4.6]

4914.6;5.7) 4714.1;6.2] P,_,=0.031
P,_5=0.014
P,_>0.05

P, 5>0.05

GDNE ng/ml 1.98 [1.64; 2.1] 1.8 [1.6; 2.1]

1.9 [1.6; 1.9]

2.42;2.5] 2.42.3; 2.6] P,,>0.05
P, ;>0.05
P, =0.002

P, 5<0.001

VEGFR-1, pg/ml 903.5 [626; 1115] 1045 [505; 1440]

987 [523; 1440]

772 [418; 1130]* 485 [211;945]* P, ,>0.05
P, 5>0.05
P, ;>0.05

P, 5<0.006

Note. * — significant intergroup difference, P<0.05.

IIpumeuanmue. Acute — oCTpBIN; early recovery — paHHeTo BOCCTaHOBJIeHHs; subacute — mogocTperil; BDNF — Mo3roBoit
Heliporpoduueckuit parrop; NSE — HellpoHcnenuduueckas enosnasa; GDNF — ruanbHbIA HelipoTpodudeckuil gpaxrop;
VEGFR-1 — penenrop-1 hakTopa pocTa 9HIOTENIH. * — IPHU MEKTPYNIIOBOM CPAaBHEHUH HMeeT MeCTO 3HaYNMOe pa3Inine

3HAYeHNH 3a aHAJTOTUYHBIN nepuof, p<0,05.

®akTopbl pUCKa OTPULIATEJIBHO BJIUAIOT HA YPO-
BeHb BDNF (mmabert, p=0,001; anrkorosuam, p=0,003;
runepronus, p=0,002; kypenue, p=0,001) [12].

IIpoBeneHo uccienoBaHue, HalpaBJIEHHOE
Ha BeIAcHeHUe poau BDNF Bo BpeMmsa paHHero
BOCCTAHOBJICHH A ITOCJI€ UIIIEMAYECKOI0 MHCYJIbTa
C IIOMOIIIBIO IBUTaTe/IbHOM TPEeHNPOBKU. B uccie-
IoBaHMe OBLIX BKJIIOYEHBI 50 ManreHToB, nepe-
HEeCIINX UIIeMUYEeCKAN UHCYBT. )1 cCpaBHEeHUA
ceiBopoTouHbli BDNF 6511 n3mepeH y 50 3mopo-
BBIX JIOfedl. BpII0 0OHApy)KeHO, YTO YPOBHH
BDNF 3HauuTeJIbHO YBEJIUYHUBAIOTCS BO BpeMs
(pasw1 nBUTATETHEHON peabunuTanuu. Y He jJede-
HBIX ITAITMEHTOB B KOHEYHOH TOUKe ypoBeHb BDNF
OBLJI 3HAUYUTEJILHO HIKe [13].

CortacHO HeJaBHUM HCCJIeJOBAaHUAM, HEH-
porpodudeckuii (akToOp TOJOBHOIO MO3ra
(BDNF) umeet O0JIbITIOE 3HAYEHUE JJIsI TPOTHO3a
VIY4YIICHHUsA TOABUKHOCTH IIOCJI€ MHCYJIBTA.
[Tespr0 9TOr0 IPOCIHEKTUBHOIO HCCJIENOBAHUA
Ob1710 O11eHNTH KoHTeHTparuio BDNF B kpoBu B
TedyeHne 1-ro JHA IIepBOr0 MIIEMHAYECKOIO
WHCY/IBTa U HAUTU IOTEHIUAJIBHYIO CBSI3b MEYKTY
koHueHTpanueil BDNF u HeBpoJioruueckum cra-
TYyCOM B OCTPOM IIepuoje, a Takske Mmexkay BDNF u
(pyHKIIMOHAIBHBIM CTAaTyCOM B IIOJOCTPOU (ase
HUHCYJIbTA. B MIPOCIIEKTUBHOM UCCJIE€JOBaHNU y4a-
CTBOBaJIY 87 IanreHToB B Bo3pacte 39-99 Jset (42

SKEHIIUHBI, 45 MYKYUH) C IePBBIM B YKU3HU HUIIIe-

els were significantly higher in patients with ACI
than in controls. Subgroup analysis based on eth-
nicity showed that serum concentrations of NSE
and S-1003 were significantly higher in patients
with ACI than in controls in the Asian population.
In the European population, the serum NSE level
in the case group was significantly higher than in
the control group, but there were no significant dif-
ferences between patients with ACI and controls.
Based on these results, the serum NSE and S-100
levels strongly correlated with ACI in the Asian pop-
ulation and could be important clinical markers for
the diagnosis and treatment of ACI [15].

The diagnostic value of total tau protein (T-tau),
calcium-binding protein S100B and neuron-spe-
cific enolase (NSE) as blood biomarkers in acute is-
chemic stroke (AIS) and transient ischemic attack
(TTA) was analyzed to identify correlation with
symptoms and signs, brain infarction size, etiology
and outcome. 102 patients with stroke and 35 with
TIA were analyzed. T-tau was found to be higher in
patients with stroke. S100B levels were also in-
creased in stroke patients compared with TIA pa-
tients. However, when the results were adjusted for
distorting factors, their significance was lost. T-tau
and S100B levels significantly correlated with cere-
bral infarct volume. The mRS scores after three
months of follow-up correlated with T-tau and
S100B levels [16].
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MHYECKUM WHCYIBTOM. Y BCEX UCIBITYEMBIX OBLIT
NIpOBeJieH CJeNyIOIUN aHaan3: KOHI[eHTpalus
BDNF B KpOBM M HEBPOJIOTHUYECKUU CTaTyC IO
NIHSS B 1-ii neHb WUHCYJIBTA, CONMYTCTBYIOIINeE
3aboJieBaHUsA, ITHOJOTUYECKUH TUI UIIEMUYeE-
ckoro nHcyasra 1o ASCOD u pyHKIIMOHAJIBHBIN
craryc Ha 14-if u 90-i1 AeHp Iocje Hayajda Io
mkaJsie mRankin. YcTanoBsieHo, UYTO HEBPOJIOTU-
4yecKuu craryc u cogepskanue BDNF B 1-i1 neHb
HUIIEMHUYECKOr0 MHCYJIbTa ABJAIOTCA HE3aBUCH-
MBIMU IPOTHOCTUYECKUMU (haKTOPaMHU IIPU CPeJ-
HecpoyHOM HaOmoneHny. CHIPKeHre KOHIIEHTpa-
nuu BDNF B ocTpoil ¢pase MHCy/IbTa ABJSIETCSA
(pakTOpPOM IJIOXOTrO NMPOTHO3a C TOYKU 3PEHUs
(pYHKIMOHAJIBHOTO CTaryca nanueHToB Ha 90-e
CYTKH OT HavaJsia 3abosieBanus [14].

B Hammx HaOTIOEHNSIX YCTAaHOBJIEHBI CTATH-
CTUYECKU 3HAYMMBbIE pa3/In4us COgepsKaHusAa MO3-
TOBOTO HeMpoTpoduyecKkoro hakTopa B CbIBOPOTKHU
KPOBU Me3K]Ty TPYIIIION KOHTPOJIA ¥ BO3pacTaHUEM
€ro CoepyKaHus B OCTPOM U IIONOCTPOM IIepUOJax
reMOpparn4ecKoro NHCYJIBTa.

NSE u besiok S-100. MeTta-aHaaua 1o UCCIe0-
BaHUIO KJIMHUYECKON IIEHHOCTU COfIep>KaHUsl B
CBIBOPOTKE HEHpOH-creriduiecko aHos1a3bI (NSE)
u pacTBOpuMoro 6esika gesoBeka-100p (S-100B) y
MMalMeHTOB C OCTPBIM HH(PAPKTOM TOJOBHOIO
moasra (ACI) Britouas 13 ucciegoBaHuil cirydan-
KOHTPOJIb, B KOTOPBIX y4acTBOBa/ X 911 manueH-
ToB ¢ OKU 1 686 310pOBBIX JTI0JIei 13 KOHTPOJIb-
HOW rpynnsl. Pe3ysisraTsl MeTaaHaIM3a IOKa3aJIy,
uyTo KoHIeHTpanus NSE u S-100p y nanueHToB ¢
OKU Ob171a 3HAYMTETHHO BHIIIIE, Y€M B KOHTPOJIh-
HOU rpynne. AHa/I13 NOATPYII, OCHOBAaHHBIN Ha
9THUYECKOU NPUHAAJIEKHOCTH, IIOKa3as, 4To
ceIBOpoTo4yHas KoHueHTpauuss NSE u S-100p y
marenToB ¢ OKV GbL/1a 3HAYNTEIHHO BBIIIIE, YEM
B KOHTPOJIBHOH I'PyIIIIe B a3UaTCKOU MOMYJIAINHN.
B eBpomneiickoil MOMyJIAIMY CHIBOPOTOUHAST KOH-
nenTpanusd NSE B rpymnme ciaydaeB Oblia 3HaAYM-
TeJIbHO BBIIIle, YeM B KOHTPOJIbHOU I'pyIIie, HO
He HabJI0aan0ch 3HAYUTEJHHBIX Pa3IMYAi
Meskay nanueHTaMu ¢ ACI 1 KOHTPOJIBHOU I'pyTI-
noii. OCHOBBIBAsICH Ha MOJIyYEeHHBIX pe3yJbra-
Tax, CIeJaHoO 3aKJIYeHNe, YTO KOHIIeHTpanuu
NSE u S-100f B CBIBOPOTKE CHJIBHO KOppeJIu-
pyiotr ¢ ACI B a3maTCKOU NOMyJIAIUNA U MOTYT
OBITh BAKHBIMHU KJIMHUYECKUMH MapKepaMHu s
nuartoctuku u gedenusi ACI [15].

[IpoBeneH aHaIM3 JUArHOCTUYECKOM IIEHHO-
ctu obero Tay-6eska (T-tau), KaabIIAI-CBA3BI-
Barorrero 6esika S100B u HelipoH-CcrerupuIecKoi
anoJsa3el (NSE) B KauecTBe 6MOMapKepOB KPOBU
IIpU OCTPOM HIIEMHUYECKOM HHCyabre (AIS) m
TpaH3UTOPHOU wuniemuueckoil arake (THA) c
[1eJIBIO BBISABJIEHUS KOPPEJALUNA C CAMIITOMAaMY,
pasMepoM HH(apKTa MO3Ta, 3TUOJIOTUEN U UCXO-
oM. [IpoananusuposaHo 102 manueHTa ¢ MHCYJIb-
ToM u 35 ¢ TUA. PeaynbraTel: T-Tay OB BBIIIE ¥

In order to predict the short-term outcome of
acute ischemic stroke, somatosensory evoked po-
tentials (SEP) and biochemical parameters [neu-
ron-specific enolase (NSE) and S100 protein] were
analyzed in a prospective study. In 31 patients with
first middle cerebral artery infarction, serum NSE
and S100 protein were measured daily between 1
and 6 days after stroke. The N20 and N70 compo-
nents of SEP (SEP20 and SEP70) were determined
on days 1 and 6. SEP and biochemical markers in
stroke patients were compared with those in con-
trols. Specificity and positive predictive value were
high at day 1 for SEP (SEP20: 100% for both; SEP70:
93 and 88%, respectively) compared with lower val-
ues for NSE (67 and 50%) and S100 (23 and 57%). In
contrast, S100 showed the highest sensitivity on day
1 with 77% versus the relatively low sensitivity of
NSE (31%) and SEP (35% for SEP20 and 47% for
SEP70). Biochemical markers showed improved
sensitivity over time with better values (>90%) be-
tween days 3 and 4. SEP analysis can distinguish a
positive outcome from an unfavorable one early in
the course of disease and reliably predict a poor
outcome. Since biochemical markers and SEP com-
plement each other in stroke prognosis, the com-
bined use of these markers is promising [17]

Our findings showed significant differences in
neuron-specific enolase level between the control
group and patients with the acute stages of is-
chemic and hemorrhagic stroke, as well as the early
recovery stage of ischemic stroke and the subacute
period of hemorrhagic stroke. The level of S-100
protein significantly decreased in the acute and
early recovery period of ischemic stroke.

GDNE The glial cell-derived neurotrophic fac-
tor (GDNF) has a strong neuroprotective effect in
various diseases of the nervous system, including
ischemic brain damage and neurodegenerative dis-
eases. The effect of GDNF on the ultrastructure and
functional activity of neuron-glial networks during
acute hypoxia was studied. Hypoxia simulation was
performed on day 14 of cultivation of primary hip-
pocampal cells derived from mouse embryos (E18).
GDNF (1 ng/ml) was added to the culture medium
20 min before oxygen deprivation. Irreversible
changes in the ultrastructure of neurons and astro-
cytes caused by acute hypoxia resulted in loss of
functional Ca2+ activity and disruption of the neu-
ronal network. Destructive changes in mitochon-
dria and their functional activity, characterized by
an increase in basal oxygen consumption rate and
complex II respiratory chain activity with a de-
crease in stimulated respiration intensity, were ob-
served 24 hours after hypoxic injury. At a concen-
tration of 1 ng/ml, GDNF maintained the
functional activity of the metabolic network in pri-
mary hippocampal cultures and preserved the
structure of the synaptic apparatus and the number

of mature chemical synapses, confirming its neu-
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IMalMeHTOB ¢ UHCYyAbTOM. KoHnenTpanuu S100B
Tak)Ke OBLIA YBEJTNYEHBI y MAITUEHTOB C WHCYJIb-
TOM II0 CpaBHeHUIO ¢ manueHTamu ¢ TTIA. OmHako,
KOT/Ia pe3yJIbTaThl ObLIM CKOPPEKTUPOBAHEI C yUe-
TOM HCKaKaIOMMX (DAKTOPOB, UX 3HAUYEHUE OBLIO0
notepsiHo. Koanentpanuu T-tau u S100B craTu-
CTUYECKU 3HAYMMO KOPPEJTUPOBAIH C 00 bEMOM
nH(papKTa rosoBHOro Mo3sra. [lokazaresn mRS
Jepes TpU MecsIIia HabJIIoeHsT KOPPEeJTHUPOBaIN
¢ T-tau 1 kounenTparueir S100B [16].

B njes1X IpOrao3upoBaHusl KPATKOCPOYHOTO
HCX0Ja OCTPOr0 UIEMHAYECKOI0 NHCYJIBTA [IPOBe-
JIeH aHAJIN3 COMAaTOCEHCOPHBIX BHI3SBAaHHBIX IOTEH-
nrasoB (SEP) 1 OMOXMMIUYeCKIX TapaMeTpoB [Hel-
poH-crienuduyueckast enosrasa (NSE) u 6e10x S100]
B IIPOCIIEKTUBHOM MCCJIefoBaHuu. Y 31 nanueHra
¢ 1-M uH(papKTOM CcpelHEW MO3TOBOU apTepuu
ceiBoporounblit NSE u 6esiok S100 usmepsiyiv esxe-
JHEBHO MeyKIy 1- u 6-M JHAMHU I10CJIe WHCYJIBTA.
Kommounenter N20 m N70 SEP (SEP20 u SEP70)
ompenesisiiiv B 7uu 1 u 6. SEP 1 6uoxumudeckue
MapKephbl Y IallMeHTOB C NHCYJIETOM CPaBHUBAJIU C
TaKOBBIMU B KOHTPOJIBHOU rpymre. Cnenudud-
HOCTbB U TTOJIOKUTEJIbHASA TPOTHOCTUYECKAs IeH-
HOCTB OBLJIM BHICOKMMU B JeHb 1 misa SEP (SEP20:
100% muist oooux; SEP70: 93 1 88% COOTBETCTBEHHO)
TI0 CpaBHEHMUIO ¢ 60JIee HUSKUMU 3HAYEHUSIMU [TJTST
NSE (67 1 50%) n S100 (23 u 57%). Hanporus, S100
IOKa3aJI HAMBBICLIYIO YyBCTBUTEJIBHOCTD B IeHb 1
€ 77% 110 CpaBHEHUIO C OTHOCUTEJIHHO HU3KOU UyB-
crButesabHOCTBIO NSE (31%) u SEP (SEP20: 35%,
SEP70: 47%). bBuoxuMmnyeckrie MapKepbl NOKA3a/I1
YJIydllleHre YyBCTBUTEJIbHOCTH C TCYCHUEM BpeMe-
HY C JIYYIIUMHU 3HaYeHusAMU (>90%) Mexay 3-M u
4-m nusamu. AHanu3 SEP MoskeT Ha paHHeM aTamne
OTIMYHUTH TO3UTUBHBIN PE3yJIBTaT OT HeOIaronpu-
SITHOTO Y1 HAJIe3KHO ITpeJICKa3aTh IIJIOX0M pe3yJIbTrarT.
[TockosbKy OWOXMMHYECKHe Mapkepbl u SEP
JOIIOJIHAIOT APYT IpyTra B IIPOTHO3€ UHCYJIETa, KOM-
OMHMpPOBAHHOE TIpUMEHEHHEe 9THUX MapKepoB
ABJIACTCA IePCIIeKTUBHBIM [17]

JlanHble HAIITUX MCCJIEJOBAHUN CBUIETEIh-
CTBYIOT O CTaTUCTUYECKU 3HAYUMBIX Pa3JINIUAX
cojlepsKaHusI HEUPOH-CcIenuuIecKoi eHoIa3bl
MEYKly TPYNIIOH KOHTPOJSI U BO3pacTaHUEM ee
COJlepsKaHUs B OCTPBIX CTAAUAX UIIIEMUUECKOTO 1
reMOpparu4yecKkoro UHCYJIBTOB, a TAaK)Ke CTaguen
paHHETrO0 BOCCTAaHOBJIEHUS MPU HIIEMUYECKOM
HWHCYJIBTE U IIOJOCTPBIM IIEPUOIOM IreMopparnye-
ckoro nHcyaeTa. Comepsxanne 6eska S-100 craTu-
CTUYEeCKM 3HAauYMMO CHH’KAJIOCh B OCTPOM WU
Mepurojie paHHEeTO0 BOCCTAHOBJIEHUS MIPU UIITEMU-
YEeCKOM MHCYJIBTE.

GDNE Heliporpoduyeckuii ¢pakrop, mosay-
YeHHbIU U3 NINaJIbHbBIX KjiIeToK (GDNF), okasbiBa-
€T BhIpa)KEHHOE HEeUPOIPOTEKTOPHOE JIeiCTBHUE
MIPY pa3JIMYHBIX 3a00JIeBAaHUAX HEPBHOU CHUCTe-
MBI, BKJIIOUAS UIITeMUYeCKoe IOBPeKIeHne MO3Ta

n HeﬁpOﬂeFEHepaTI/IBHI)Ie 3a00JIeBaHMUsI. I/ISY'-IeHO

roprotective effect and supporting the normal
structure of mitochondria. Analysis of the possible
mechanism of GDNF action revealed that the RET
kinase, a component of the receptor complex, and
the PI3K/Akt pathway are crucial for the neuropro-
tective effect of GDNE The present study also re-
vealed the role of GDNF in the regulation of HIF-1a
transcription factor expression under hypoxia [18].

Astrocytes, oligodendrocytes and microglia
play an important role in regulating processes in the
physiological state and in diseases of CNS. After dis-
covering that the addition of conditioned medium
from astrocyte cultures can support the survival of
primary neurons in vitro, a potent glial cell-derived
neurotrophic factor (GDNF) was identified. The re-
lationship between neurotrophic factor and glia is
crucial for both the developing and adult brain.
BDNF and GDNF have been found to be important
for glia-mediated synapse formation [19].

VEGFR-1. The vascular endothelial growth
factor receptor -1 plays an essential role in the reg-
ulation of VEGF function. Vascular endothelial
growth factor (VEGF) is involved in various mech-
anisms of brain damage and repair in cerebrovas-
cular accidents. Patients with acute ischemic stroke
with higher serum VEGF levels and larger brain in-
farct volume were found to be more likely to de-
velop post stroke cognitive impairment (PSCI) 3
months after the stroke. [20].

Excessive VEGF disrupts intracellular barriers,
increases vascular plexus endothelial permeability,
causes edema, and contributes to hydrocephalus
and subarachnoid hemorrhage. [21]. The inhibitory
functions of miR-145 on angiogenesis through a di-
rect effect on VEGF-A were revealed for the first
time [22]. The spatial organization of vascular en-
dothelial growth factor (VEGF) signaling is a key
factor in vascular pattern formation during tissue
development and repair. The importance of astro-
cytes in controlling VEGF functions to influence
angiogenesis processes was emphasized [23]. Al-
though plasma VEGF level increases after stroke
onset, its importance for functional outcome may
differ depending on stroke subtypes [24]. The
VEGF/VEGEFR signaling system, originally found in
the vascular system and acting specifically there, is
critical for neural development, neural homeosta-
sis, and recovery from neuronal damage [25]

In recent years, several diagnostic panels have
been proposed to diagnose stroke and predict its
outcome [26, 27].

A panel of 5 protein markers selected from
more than 50 proteins [S100B, B-type neutrophic
growth factor (BNGF), von Willebrand factor (vWF),
MMP-9, monocyte chemotactic protein-1] was
evaluated in 223 patients with acute stroke (82 is-
chemic, 103 hemorrhagic) and 214 healthy sub-
jects. Plasma samples were examined within 6
hours after stroke onset. In this study a biomarker
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BausgHue GDNF Ha yapTpacTpyKTypy U (OyHKIIHO-
HaJIbHYI0O AaKTUBHOCTh HEUPOHHO-INIMAJIbHBIX
ceTeil BO BpeMsi OCTPOTO TMIIOKCUYECKOT0 BO3-
JeiicTBus. MogesrpoBaHe TMIIOKCUU BbIIIOJIHSA -
JIM Ha 14-11 NeHb KYyJIBTUBUPOBAHUS IEPBUYHBIX
KJIETOK TUIIIOKAMIIA TIOJTYYEeHHBIX N3 9IMOPHOHOB
wmbima (E18). GDNF (1 Hr/mi) no6aBJ/isijiv B KYJTb-
TypaJIbHYIO cpeny 3a 20 MUH A0 KHUCJIOPOLHOIO
rononanusi. HeobparuMble N3MeHEHUs YIbTpa-
CTPYKTYPbI HEDOHOB U ACTPOLIUTOB, BEI3BAHHBIE
OCTPOU rMNoOKcHel, IPUBOIUIU K IoTepe PyHK-
IMOHAJBHON akTuBHOCTU Ca?* U HapyIIeHUIo
paboThI HEHPOHHOU ceTH. [leCTPyKTUBHBIE U3Me-
HEHUs MUTOXOHIPHAJbHOIO ammapara u ero
(pYHKIMOHAJIBHON aKTUBHOCTH, XapaKTepU3YI0-
Iyecss yBeJaWdeHWeM 0a3aJbHOM CKOPOCTH
MoTpedJ/IeHnsT KHUCA0po/ia M aKTUBHOCTU KOM-
miekca Il npixaTe/IbHOU Ileny IIPU CHUSKEHUU
WHTEHCUBHOCTY CTUMYJIHPOBAHHOIO [BIXaHWS,
Hab/TI0MaINCh Yepel 24 Jaca MocJie TUIIOKCHYe-
CKOTO IIOBpeXIeHusA. B KoHneHTpauuu 1 Hr/mi
GDNF nognepsxkuBas pyHKIIMOHAJIBHYIO aKTHB-
HOCTH MeTabOJIMYECKON CeTH B IEPBUYHBIX KYJTb-
Typax TANIIOKaMIIa, ¥ COXPaHslJI CTPYKTypPY CHHAII-
TUYECKOr0 amiiapara M KOJIMYEeCTBO 3PeJibIX
XUMHWYECKUX CUHAIICOB, IIOATBEPsKAasi ero Helpo-
MPOTEKTOPHBIN 9P EKT, Mo ep KUBaI HOPMaJIb-
HYIO CTPYKTYPY MUTOXOHAPUH. AHAJIN3 BO3MOK-
goro mexanuaMa GDNF nmokasast, uro kmHasa RET,
KOMIIOHEHT PelenTOPHOro KOMILJIEKCa, U IIyTh
PI3K/Akt umeroT peraoiiiee 3Ha4eHUE AJIs1 Hel-
poniporekropHoro adpderra GDNE Hactosiiee
HWcCIeqOBaHNE TakKske BbIABWJIO posib GDNF B
peryJisifuu aKCIpeccuu (pakropa TPaHCKPUIIIIUN
HIF-1la B yciioBuaX runokcuu [18].

ACTpPOIUTHI, OJUTIONEHIPOLUTHI U MUKPO-
INIMA UTPalOT Ba)KHYIO POJIb B PEryJiMpOBaHUU
IIPOIeCCOB B (PpU3NOJIOTUUYECKOM COCTOSIHUU U
pu 3aboseBanusx [[THC. TTocye Toro, Kak OBLIO
0OHapy)KeHO, YTO Mo0aBJIeHNe KOHIUIMOHUPO-
BAaHHOU cpeJbl U3 KYJBTYpP aCTPOIIUTOB MOSKET
oA gep>KUBaTh BbKUBaHNe IepBUYHBIX HeHpo-
HOB in vitro, 66171 00HapPY>KEH MOITHBI HEHPOTPO-
dudveckuii pakTop WiMaJbHBIX KJIeToK (GDNF).
OtHourenus mesxkay NTF u mineii umeror pemiaio-
Iee 3HaYeHNe Kak JJI Pa3BABAIOLIETOCs, TaK U
JIJIA1 B3POCJIOTO Mo3ra. ¥YcraHosJjieHo, uTo BDNF u
GDNF BaykHBI 17151 OTIOCPEI0BAHHOTO IKel o0pa-
30BaHHUA CUHAIICOB [19].

VEGFR-1. Penienitop-1 ¢akTopa pocra 9H]10-
TeJIM COCYIOB UTPaeT BYKHYIO POJIb B Pery/sanun
¢ynkunonuposanus VEGE ®aktop pocTa aHmo-
Tesus cocynoB (VEGF) yyacTByeT B pasJ/IMYHBIX
MeXaHM3Max IIOBPeKICHUsI U BOCCTAHOBJICHUS
MO3ra IIPY OCTPBIX HapyUIeHUAX MO3TOBOI0 KPO-
BOOOpaIeHus.. YCTaHOBJIEHO, YTO Y MTAIIIEHTOB C
OCTPBIM UIIIEMIYECKUM UHCYJIBTOM C O0JIee BBICO-
KUM ypoBHeM cbiBopoTouyHoro VEGF u 6obmmm
ob6bemMoM WH(papkTa Mo03ra ¢ O0JbIIed Bepo-

panel distinguished patients with stroke from
healthy control with a sensitivity of 92% and a
specificity of 93% [28].

Principles of personalized medicine should be
considered when studying molecular biomarkers in
stroke. Various aspects such as stage of disease, age,
lifestyle factors, and stroke subtypes could be im-
portant in the context of identifying stroke bio-
markers. With the advent of omics, neuroimaging,
big data and precision medicine, well-designed tri-
als of stroke biomarkers will greatly improve the
treatment of the disease, which affects millions of
people worldwide each year [29].

Conclusion

Our study revealed different levels of molecu-
lar markers in the acute period of ischemic and he-
morrhagic stroke, the early recovery period of is-
chemic stroke and the subacute period of
hemorrhagic stroke. In the acute period, the early
recovery period of ischemic stroke, and the suba-
cute period of hemorrhagic stroke there is an in-
crease in the serum level of specific neuron enolase.
The serum level of cerebral neurotrophic factor
rises significantly in the acute and subacute periods
of hemorrhagic stroke. In acute and early recovery
period of ischemic stroke the level of S-100 protein
decreases. The level of glial cell-derived neu-
rotrophic factor increases in the acute and suba-
cute periods of hemorrhagic stroke. The concentra-
tion of endothelial growth factor receptor-1
decreases significantly in the subacute period of
hemorrhagic stroke, and its value significantly dif-
fers from that in the early recovery period of is-
chemic stroke.

ATHOCTBIO Pa3BUBAIOTC KOTHUTUBHBIE HApYIIIe-
Hus (PSCI) uepes 3 mecAna rocje nHCyasTa. [20].

UpesmepHoe cogepsxkanue VEGF Hapymiaer
BHYTPUKJIETOUHbIe Oapbephl, YBeJIUUUBAET IIPO-
HUIIA€MOCTb 9HAOTEJIUs COCYAUCTOrO CILJIETEHUS,
BBI3BIBAET OTEK, CIIOCOOCTBYET Pa3BUTHIO TUIPO-
nedaanu U cydbapaxHOUAAJbHBIX KPOBOU3JINA-
Huii [21]. BriepBble BBISABJIEHBI MHTUOUPYIOIINE
¢yakumu miR-145 Ha aHTHOreHEe3 TOCPEACTBOM
npsamoro BiusHuA Ha VEGF-A [22]. [IpocTpaH-
CTBEHHas OpraHu3anys rnepefadyy CUTHasI0B (pak-
Topa pocra agporesaust cocynos (VEGF) asisierca
KJII0YeBBIM (haKTOpOoM (popMUpOBaHUA NTaTTepHa
COCYZ0B BO BpeMsI pa3BUTUs U BOCCTAHOBJIEHUS
TKaHel. [loquepkrBaeTcs BayKHOCTb aCTPOLIUTOB
B ynipaBJieHnu pyukiuamu VEGF 014 BiiusAHuA Ha
Ipoleccsl auruorexHesa [23]. HecMmoTps Ha T0, 4TO
cogepsxkanne VEGF B mjasMe yBeJIMYMBaeTCA
IocJie HavaJsia MHCYJIBTa, ero 3HaueHue A5 pyHK-
IIMOHAJIBHOTO pe3y/brara MOsKeT ObITh pa3Jiny-
HBIM JIJIs1 IOATUIIOB UHCYJBTA [24]. CucTema nepe-
Jaun curHajioB VEGF/VEGFR, nepBoHa4aJ/ibHO
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oOHapy)KeHHas1 B COCYIHCTON CHCTeMe U [el-
CTByIOIIIasd KOHKPETHO B COCYOUCTOH CHCTEME,
HATpaeT BaYKHYIO POJIb B HEPBHOM Pa3BUTHH, HEPB-
HOM TIOMeOoCTa3e M BOCCTAaHOBJIEHUU TIOCJE
TOBpesKAeHNsI HeMPOHOB [25].

B nmocJsieqHME rOABI NpEeqJIOsKEeH P JUArHO-
CTUYECKUX ITaHeJIeH NJIs MMarHOCTUKU U TIPOTHO-
3UpOBaHUA UCX0[a UHCYJbTA [26, 27].

[IpoBeneHa olleHKa aHEJ N U3 5 OEJTKOBBIX
MapKepoB, 0TOOPaHHBIX OoJee yeM u3 50 6eTKOB
(S100B, dakTop HeilTpoTpodHOTO pocTa B-Tuna
(BNGF), paxrop ¢on Bumtebpanma (VWEF), MMP-9,
XeMOTaKCUYeCKUNl 0eJIOK MOHONUTOB-1) y 223
MManeHTOB C OCTPBIM MHCYABIOM (82 uinemMuye-
ckux, 103 remopparuydeckuii) u 214 370pOBBIX
goneti. O6pasibl M1a3Mbl HCCJIEN0BAJIN B TeUe-
HHUe 6 4acoB IIOCJIe HadaJja MHCYJIbTa. HCYJIbT
OTJIAYAJICA OT KOHTPOJIA C YyBCTBUTEJIBHOCTBHIO
92% u cienupuuHOCTHIO 93% [28].

B ncciiemoBaHny MOJIERYISIPHBIX OMOMapKe-
POB IIpU UHCY/IBTEe HEOOXOAMMO YUYUTHIBATh IPUH-
IIUIIBI TEPCOHATM3NPOBAaHHON MeTUIIMHBL. O0CY K-
JAIOTCS YCJIOBUSI B ONpeeeHnr OMOMapKepoB
WHCYJIBTa, BRJIIOYAsi 9TAIlbl pa3BUTHUs 3a0oseBa-
HUSI, C y9eTOM BO3pacTa, (PakTOpOB 0O6pasa sKU3HU
U IIOATUNOB MHCYJIETA. C IIOABJIEHUEM «-OMHYe-
CKUX» MCCJIEIOBAHNH, HEIPOBU3YaIN3aIIHH, 00/Th-
WX JAaHHBIX ¥ TOYHOU MEIUIIMHbBI XOPOIIIO CILjIa-
HUPOBaHHBIE UCIBITaHUsI OMOMapKePOB MHCYJIBTa
3HAYNTEJIBHO YIIyUIlaT JJedeHre 60Je3HH, OT KOTO-
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3akJrouenue

IIpoBeneHHBbIE WCCAETOBAaHUS CBUIETETb-
CTBYIOT O Pa3/JINYUsIX B COLEPKAHIU MOJIEKYJISIP-
HBIX MapKepOB IIPY UIIIEMUYeCKOM U reMOpparu-
YeCKOM WHCYJIbTe B OCTPOM Ilepuojie, Mepuoje
paHHEero BOCCTaHOBJIEHUsI IIPHU HIIEMHUYECKOM
WHCYJIBTE U MOAOCTPOM IIEepPHOfie TeMopparnde-
CKOr'0 MHCYJIBTa. B ocTpoM nepuoze, nepuoze pas-
HEr0 BOCCTAaHOBJIEHWs IIPU HIIEeMHUYECKOM
WHCYJIBTE, TI0JJOCTPOM IlepHrojie FeMOpparuiecKko-
IO MHCYJIBTa OTMeYaeTCsl BO3pacTaHue ComepiKa-
HUA B CBIBOPOTKE KPOBU OesTka HeHpoH-crenudu-
yeckoil eHosasbpl. CojepskaHue MO3TOBOIO
HelpoTpoduyeckoro ¢akTopa B CHIBOPOTKE
KPOBU JIOCTOBEPHO BO3PACTAET B OCTPOM H II0OJI0-
CTPOM IlepHofAax reMopparuieckoro MHcyabra. B
OCTPOM U IlepUojie paHHET0 BOCCTAHOBJIEHU IIPU
UIIeMUYECKOM UHCYJIBTe CHIKAETCSI COJEePIKaAHNe
Oesika S-100. Bo3pacTaeT coneprkaHue WIHAJIBHO-
ro He¥poTpoduyeckoro (arkTopa B OCTPOM U
IIOJOCTPOM II€PUOJaX FeMOPPArnieCcKOro NHCYIIb-
Ta. CTaTUCTUYECKU 3HAYUMO B MogJOCTPOM IMEPUO-
e TeMOpparnyeckoro WHCYJIBTA CHUKAETCS
cojepskaHue penenropa-1 ¢pakropa pocra aHg0-
Tesiusi. IIpuyeM, ero 3HaueHHE CTATUCTUYECKU
3HAYMMO OT/INYAETCs OT 3HaYEeHUH Ieprofa paH-
HEro BOCCTaHOBJIEHUSI HIIIEMIYECKOTO NHCYJIBTA.

References

1. Hall E. W, Vaughan A. S., Ritchey M. D., Schieb L., Casper M. Stagna-
ting National Declines in Stroke Mortality Mask Widespread County-
Level Increases, 2010-2016. Stroke. 2019; 50 (12): 3355-3359. DOI:
10.1161/STRKEAHA.119.026695

2. Morris S., Ramsay A., Boaden R.J., Hunter R.M., McKevitt C., Paley L.,
Perry C., Rudd A.G., Turner S.J., Tyrrell PJ., Wolfe C., Fulop N.J. Impact
and sustainability of centralising acute stroke services in English
metropolitan areas: retrospective analysis of hospital episode stati-
stics and stroke national audit data. BMJ (Clinical research ed.). 2019;
364:11. DOI: 10.1136/bmj.11

3. Lekander I, Willers C., Ekstrand E., von Euler M., Fagervall-Yttling B.,
Henricson L., Kostulas K., Lilja M., Sunnerhagen K.S., Teichert J., Pes-
sah-Rasmussen H. Hospital comparison of stroke care in Sweden: a
register-based study. BMJ open. 2017; 7 (9): e015244. DOI: 10.1136/
bmjopen-2016-015244

4. LiL., Scott C.A., Rothwell PM., Oxford Vascular Study. Trends in Stroke
Incidence in High-Income Countries in the 21st Century: Popula-
tion-Based Study and Systematic Review. Stroke. 2020; 51 (5): 1372—
1380. DOI: 10.1161/STROKEAHA.119.028484

5. KimJ].Y, Kang K., Kang J., Koo J., Kim D.H., Kim B.J., Kim WJ., Kim
E.G., Kim J.G., Kim J.M., Kim J.T., Kim C., Nah HW,, Park K.Y., Park
M.S., Park J.M., Park J.H., Park T.H., Park H.K., Seo W.K., Bae H.]. Exe-
cutive Summary of Stroke Statistics in Korea 2018: A Report from the
Epidemiology Research Council of the Korean Stroke Society. Journal
of stroke. 2019; 21 (1): 42-59. DOI: 10.5853/j0s.2018.03125

6.  Glushakova O.Y., Glushakov A.V,, Miller E.R., Valadka A.B., Hayes R.L.
Biomarkers for acute diagnosis and management of stroke in ne-
urointensive care units. Brain circulation. 2016; 2 (1), 28-47. DOI:
10.4103/2394-8108.178546

7. EngL.E, Ghirnikar R.S., Lee Y.L. Glial fibrillary acidic protein: GFAP-
thirty-one years (1969-2000). Neurochemical research. 2000; 25
(9-10): 1439-1451. DOI: 10.1023/a: 1007677003387

8. Missler U., Wiesmann M., Wittmann G., Magerkurth O., Hagenstrom
H. Measurement of glial fibrillary acidic protein in human blood:
analytical method and preliminary clinical results. Clinical chemistry.
1999; 45 (1): 138-141.

9. Brunkhorst R., Pfeilschifter W,, Foerch C. Astroglial proteins as diag-
nostic markers of acute intracerebral hemorrhage-pathophysiologi-
cal background and clinical findings. Translational stroke research.
2010; 1 (4): 246-251. DOI: 10.1007/s12975-010-0040-6

GENERAL REANIMATOLOGY, 2021, 17; 5

www.reanimatology.com



34

https://doi.org/10.15360/1813-9779-2021-5-23-34

Clinical Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kamtchum-Tatuene J., Jickling G.C. Blood Biomarkers for Stroke Di-
agnosis and Management. Neuromolecular medicine. 2019; 21 (4):
344-368. DOI: 10.1007/512017-019-08530-0
Luo W, Liu T, Li S., Wen H., Zhou E, Zafonte R., Luo X., Xu M., Black-
Schaffer R., Wood L.J., Wang Y., Wang Q.M. The Serum BDNF Level
Offers Minimum Predictive Value for Motor Function Recovery After
Stroke. Translational stroke research. 2019; 10 (4): 342-351. DOI:
10.1007/s12975-018-0648-5
Chaturvedi P, Singh A.K., Tiwari V., Thacker A.K. Brain-derived ne-
urotrophic factor levels in acute stroke and its clinical implications.
Brain circulation. 2020; 6 (3): 185-190. DOI: 10.4103/bc.bc_23_20
Koroleva E.S., Tolmachev I.V,, Alifirova V.M., Boiko A.S., Levchuk L.A.,
Loonen A., Ivanova S.A. Serum BDNF’s Role as a Biomarker for Motor
Training in the Context of AR-Based Rehabilitation after Ischemic
Stroke. Brain sciences. 2020; 10 (9): 623. DOI: 10.3390/brainscil0090623
Lasek-Bal A., Jedrzejowska-Szyputka H., RéZycka J., Bal W, Holecki
M., Dutawa J., Lewin-Kowalik J. Low Concentration of BDNF in the
Acute Phase of Ischemic Stroke as a Factor in Poor Prognosis in Terms
of Functional Status of Patients. Medical science monitor: internatio-
nal medical journal of experimental and clinical research. 2015; 21:
3900-3905. DOI; 10.12659/msm.895358
Li K, Jia ]., Wang Z., Zhang S. Elevated Serum Levels of NSE and S-
100p Correlate with Increased Risk of Acute Cerebral Infarction in
Asian Populations. Medical science monitor: international medical
Jjournal of experimental and clinical research. 2015; 21: 1879-1888.
DOI: 10.12659/msm.893615
Onatsu J., Vanninen R., Jékdld R, Mustonen P, Pulkki K., Korhonen M.,
Hedman M., Hoglund K., Blennow K., Zetterberg H., Herukka S.K.,
Taina M. Tau, S100B and NSE as Blood Biomarkers in Acute Cereb-
rovascular Events. In vivo (Athens, Greece): 2020; 34 (5): 2577-2586.
DOI: 10.21873/invivo.12075
Haupt W.E, Chopan G., Sobesky J., Liu W.C., Dohmen C. Prognostic
value of somatosensory evoked potentials, neuron-specific enolase,
and S100 for short-term outcome in ischemic stroke. Journal of ne-
urophysiology. 2016; 115 (3): 1273-1278. DOI: 10.1152/jn.01012.2015
Mitroshina E.V., Mishchenko T.A., Shirokova O.M., Astrakhanova TA.,
Loginova M.M., Epifanova E.A., Babaev A.A., Tarabykin V.S., Vedunova
M.V, Intracellular Neuroprotective Mechanisms in Neuron-Glial Ne-
tworks Mediated by Glial Cell Line-Derived Neurotrophic Factor. Oxi-
dative medicine and cellular longevity. 2019; 2019: 1036907. DOI:
10.1155/2019/1036907
Poyhénen S., Er S., Domanskyi A., Airavaara M. Effects of Neurotrop-
hic Factors in Glial Cells in the Central Nervous System: Expression
and Properties in Neurodegeneration and Injury. Frontiers in physio-
logy. 2019; 10: 486. DOTI: 10.3389/fphys.2019.00486
Prodjohardjono A., Vidyanti A.N., Susianti N.A., Sudarmanta- Sutarni
S., Setyopranoto I. Higher level of acute serum VEGF and larger infarct
volume are more frequently associated with post-stroke cognitive
impairment. PloS one. 2020; 15 (10): e0239370. DOI: 10.1371/jo-
urnal.pone.0239370
Shim J.W,, Madsen J.R. VEGF Signaling in Neurological Disorders. In-
ternational journal of molecular sciences. 2018; 19 (1): 275. DOI:
10.3390/ijms19010275
Ren L., Wei C., Li K., Lu Z.LncRNA MALAT1 up-regulates VEGF-A and
ANGPT2 to promote angiogenesis in brain microvascular endothelial
cells against oxygen-glucose deprivation via targetting miR-145. Bio-
science reports. 2019; 39 (3): BSR20180226. DOI: 10.1042/BSR20180226
(Retraction published Biosci Rep. 2020 Jul 31; 40 (7).
Egervari K., Potter G., Guzman-Hernandez M.L., Salmon P, Soto-Ri-
beiro M., Kastberger B., Balla T., Wehrle-Haller B., Kiss ].Z. Astrocytes
spatially restrict VEGF signaling by polarized secretion and incorpo-
ration of VEGF into the actively assembling extracellular matrix. Glia.
2016; 64 (3): 440-456. DOI: 10.1002/glia.22939
Matsuo R., Ago T., Kamouchi M., Kuroda J., Kuwashiro T., Hata J., Su-
gimori,H., Fukuda K., Gotoh S., Makihara N., Fukuhara M., Awano
H., Isomura T., Suzuki K., Yasaka M., Okada Y., Kiyohara Y., Kitazono
T. Clinical significance of plasma VEGF value in ischemic stroke —
research for biomarkers in ischemic stroke (REBIOS) study. BMC ne-
urology. 2013; 13: 32. DOI: 10.1186/1471-2377-13-32
Wittko-Schneider .M., Schneider ET, Plate K.H. Brain homeostasis:
VEGF receptor 1 and 2 — two unequal brothers in mind. Cell Mol Life
Sci. 2013; 70 (10): 1705-1725. DOI: 10.1007/s00018-013-1279-3.
PMCID: PMC3632714
Marginean I.C., Stanca D.M., Vacaras V., Soritau O., Margiean M., Mu-
resanu D.F Plasmatic markers in hemorrhagic stroke. Journal of me-
dicine and life. 2011; 4 (2): 148-150.
Miao Y., Liao J.K. Potential serum biomarkers in the pathophysiolo-
gical processes of stroke. Expert review of neurotherapeutics. 2014; 14
(2):173-185. DOI: 10.1586/14737175.2014.875471
Jickling G.C., Sharp ER. Biomarker panels in ischemic stroke. Stroke.
2015; 46 (3): 915-920. DOI: 10.1161/STROKEAHA.114.005604
Simpkins A. N., Janowski M., Oz H.S., Roberts J., Bix G., Doré S., Stowe A.M.
Biomarker Application for Precision Medicine in Stroke. Translational
stroke research. 2020; 11 (4): 615-627. DOI: 10.1007/s12975-019-00762-3
IMocrynuia 2021.05.21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Kamtchum-Tatuene J., Jickling G.C. Blood Biomarkers for Stroke Di-
agnosis and Management. Neuromolecular medicine. 2019; 21 (4):
344-368. DOI: 10.1007/512017-019-08530-0
LuoW, Liu T, Li S., Wen H., Zhou E, Zafonte R., Luo X., Xu M., Black-
Schaffer R., Wood L.J., Wang Y., Wang Q.M. The Serum BDNF Level
Offers Minimum Predictive Value for Motor Function Recovery After
Stroke. Translational stroke research. 2019; 10 (4): 342-351. DOI:
10.1007/s12975-018-0648-5
Chaturvedi P, Singh A.K., Tiwari V., Thacker A.K. Brain-derived ne-
urotrophic factor levels in acute stroke and its clinical implications.
Brain circulation. 2020; 6 (3): 185-190. DOI: 10.4103/bc.bc_23_20
Koroleva E.S., Tolmachev I1.V,, Alifirova V.M., Boiko A.S., Levchuk L.A.,
Loonen A., Ivanova S.A. Serum BDNF’s Role as a Biomarker for Motor
Training in the Context of AR-Based Rehabilitation after Ischemic
Stroke. Brain sciences. 2020; 10 (9): 623. DOI: 10.3390/brainsci10090623
Lasek-Bal A., Jedrzejowska-Szyputka H., RéZycka J., Bal W, Holecki
M., Dutawa J., Lewin-Kowalik J. Low Concentration of BDNF in the
Acute Phase of Ischemic Stroke as a Factor in Poor Prognosis in Terms
of Functional Status of Patients. Medical science monitor: internatio-
nal medical journal of experimental and clinical research. 2015; 21:
3900-3905. DOI; 10.12659/msm.895358
Li K, Jia ]., Wang Z., Zhang S. Elevated Serum Levels of NSE and S-
100p Correlate with Increased Risk of Acute Cerebral Infarction in
Asian Populations. Medical science monitor: international medical
Jjournal of experimental and clinical research. 2015; 21: 1879-1888.
DOI: 10.12659/msm.893615
Onatsu J., Vanninen R., Jékdild R, Mustonen P, Pulkki K., Korhonen M.,
Hedman M., Hoglund K., Blennow K., Zetterberg H., Herukka S.K.,
Taina M. Tau, S100B and NSE as Blood Biomarkers in Acute Cereb-
rovascular Events. In vivo (Athens, Greece): 2020; 34 (5): 2577-2586.
DOI: 10.21873/invivo.12075
Haupt W.E, Chopan G., Sobesky J., Liu W.C., Dohmen C. Prognostic
value of somatosensory evoked potentials, neuron-specific enolase,
and S100 for short-term outcome in ischemic stroke. Journal of ne-
urophysiology. 2016; 115 (3): 1273-1278. DOI: 10.1152/jn.01012.2015
Mitroshina E.V., Mishchenko T.A., Shirokova O.M., Astrakhanova T.A.,
Loginova M.M., Epifanova E.A., Babaev A.A., Tarabykin V.S., Vedunova
M.V, Intracellular Neuroprotective Mechanisms in Neuron-Glial Ne-
tworks Mediated by Glial Cell Line-Derived Neurotrophic Factor. Oxi-
dative medicine and cellular longevity. 2019; 2019: 1036907. DOI:
10.1155/2019/1036907
Poyhénen S., Er S., Domanskyi A., Airavaara M. Effects of Neurotrop-
hic Factors in Glial Cells in the Central Nervous System: Expression
and Properties in Neurodegeneration and Injury. Frontiers in physio-
logy. 2019; 10: 486. DOTI: 10.3389/fphys.2019.00486
Prodjohardjono A., Vidyanti A.N., Susianti N.A., Sudarmanta- Sutarni
S., Setyopranoto I. Higher level of acute serum VEGF and larger infarct
volume are more frequently associated with post-stroke cognitive
impairment. PloS one. 2020; 15 (10): e0239370. DOI: 10.1371/jo-
urnal.pone.0239370
Shim J.W., Madsen J.R. VEGF Signaling in Neurological Disorders. In-
ternational journal of molecular sciences. 2018; 19 (1): 275. DOI:
10.3390/ijms19010275
Ren L., Wei C., Li K., Lu Z.LncRNA MALAT1 up-regulates VEGF-A and
ANGPT?2 to promote angiogenesis in brain microvascular endothelial
cells against oxygen-glucose deprivation via targetting miR-145. Bio-
science reports. 2019; 39 (3): BSR20180226. DOI: 10.1042/BSR20180226
(Retraction published Biosci Rep. 2020 Jul 31; 40 (7).
Egervari K., Potter G., Guzman-Hernandez M.L., Salmon P, Soto-Ri-
beiro M., Kastberger B., Balla T., Wehrle-Haller B., Kiss ].Z. Astrocytes
spatially restrict VEGF signaling by polarized secretion and incorpo-
ration of VEGF into the actively assembling extracellular matrix. Glia.
2016; 64 (3): 440-456. DOI: 10.1002/glia.22939
Matsuo R., Ago T., Kamouchi M., Kuroda J., Kuwashiro T., Hata J., Su-
gimori,H., Fukuda K., Gotoh S., Makihara N., Fukuhara M., Awano
H., Isomura T., Suzuki K., Yasaka M., Okada Y., Kiyohara Y., Kitazono
T. Clinical significance of plasma VEGF value in ischemic stroke —
research for biomarkers in ischemic stroke (REBIOS) study. BMC ne-
urology. 2013; 13: 32. DOI: 10.1186/1471-2377-13-32
Wittko-Schneider I.M., Schneider ET, Plate K.H. Brain homeostasis:
VEGF receptor 1 and 2 — two unequal brothers in mind. Cell Mol Life
Sci. 2013; 70 (10): 1705-1725. DOI: 10.1007/s00018-013-1279-3.
PMCID: PMC3632714
Marginean I.C., Stanca D.M., Vacaras V., Soritau O., Margiean M., Mu-
resanu D.F Plasmatic markers in hemorrhagic stroke. Journal of me-
dicine and life. 2011; 4 (2): 148-150.
Miao Y., Liao J.K. Potential serum biomarkers in the pathophysiolo-
gical processes of stroke. Expert review of neurotherapeutics. 2014; 14
(2):173-185. DOI: 10.1586/14737175.2014.875471
Jickling G.C., Sharp ER. Biomarker panels in ischemic stroke. Stroke.
2015; 46 (3): 915-920. DOI: 10.1161/STROKEAHA.114.005604
Simpkins A. N., Janowski M., Oz H.S., Roberts J., Bix G., Doré S., Stowe A.M.
Biomarker Application for Precision Medicine in Stroke. Translational
stroke research. 2020; 11 (4), 615-627. DOI: 10.1007/s12975-019-00762-3
Received 2021.05.21

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 5



https://doi.org/10.15360/1813-9779-2021-5-35-51

Knunudyeckue HCccJJaeqoBaHuA

Bruag moamumopdgu3amMa mnpoMoTopHoi odnactu rena AGTR1
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Pe3rome

3HAUUTeTbHBIN BKJIA]] B TeUeHNe Cercruca 1 0COOeHHO CENTUYECKOro III0Ka BHOCAT AUCPETYISIIUA apTe-
pUaIbHOTO JaBJIEHUs U pa3BUTHE [IUPKYIATOPHON HegocTaTrouHOCTU. OJJHUM 13 TeHOB, BIUSIONIINX Ha CO-
CTOSTHUE 9HJIOTeJIHsI COCYIUCTON CTEHKU U TOHyCa apTepUoJI, sIBJISIETCS TeH pelenTopa 1 K aHruoreHauny 11
(AGTR1). OgHOHYKJIEOTUIHBIHN TosiuMopduaM AGTRI 15275651 accollUMpoOBaH ¢ pa3BUTUEM CTEHOKAPANHY,
OTeKa JIETKUX B YCJIOBUSIX BBICOKOTOPbsI, TUIlepTeH3Un. 3HaueHue noiaumoppuama AGTRI rs275651 npu
CeIicuce, B TOM YKCJIe — B IPyNIIax HallMeHTOB B COUETAaHUH C BbIpaskeHHON KOMOPOUIHOCTHIO, paHee 1C-
CJIeJIOBAHO He ObLIO.

Iless ucciienoBaHusA — OIlpejiesieHre BKJIaaa QyHKIIMOHAIbHOr0 notuMopguama AGTR] B KCXOL Cell-
crcay nanyeHToB ¢ Pa3/ITYHON KOMOPOXIHOCTDIO, BRJIIOYAs CEPAEYHO-COCYIUCThIe 3a00JIeBaHUs U caxap-
HbBIU abeT BTOPOro TUIIA.

MarepuaJbl 1 MeTOIbI. B IpoCcnieKTUBHOE HccaefoBanue BKIoYnIn 144 nanuenta OPUT nByx K/InHU-
JecKuX 60JIbHUIL T. MOCKBBI B Bo3pacTte 18-75 JieT ¢ KIImHnYecKnMU rpusHakamu cercuca (CETICHC-3, 2016).

PeaynpraThl. B rpyniie manueHTOB € ceplleYHO-COCYyIUCTON naTosiorueii Hocutesu renotumna TT AGTR1
1s275651 xapakTepu30BaJ/JUCh MEHBIIUM YPOBHEM JIETAJIbHOCTH 10 CDABHEHUIO C HOCUTEJISIMU aJjliess A
(25 yeTaabHBIX UCXOA0B U3 33 TpoTUB 16 3 16, cooTBeTCcTBEeHHO, p=0,041, TM®; p=0,0019, log rank Tecr).
B rpynmne namnyeHTOB € caxapHbIM [uadeToM (n=62), Takske 0OHAPYKUJIN 3HAUUMBbIe pa3J/IMIus B UCXOJe
cercuca — B 3aBUCHUMOCTH OT BapuaHTa reHotumna AGTR1 rs275651. B noarpynmne Hocuteseii renorumna TT
AGTR]1 15275651 BbIABUJIM 3HAYMMO MEHBIIYIO JIETAJIbHOCTb 110 CDABHEHUIO C HOCUTEJIAMU reHOTUIIOB TA,
AA (27 neranbHbIX Ucxona U3 41 u 20 us 21 coorBeTrcTBeHHO, p=0,012, TM®; OR=10,37; 95% CI: 1,26-85,5;
p<0,0001, log rank Tecr).

3ak/arouyeHue. BoissBuIM cBA3h QPyHKIMOHATBLHOTO HonuMopduama AGTR1 -777 T>A (rs275651) ¢ ucxo-
JoM cericuca y nanreHToB OPUT ¢ BBICOKMM YpOBHEM UCXOAHON KOMOPOUIHOCTH: Y HOCUTe el oJiee pac-
npocTpaHeHHOTo reHotumna TT JIeTaTbHOCTh HUKE TI0 CPAaBHEHUIO C HOCUTEJISIMA MUHOPHOU aJijiesiu A.

Kntouesvte cnosa: cencuc; cenmuueckuii ulok; zenemuueckuil noaumopgusm; AGTR1; zen peuenmopa
anzuomen3una IT; caxapuulii duabem; KoMopouUdHOCmb

KoH(InKT HHTEpecoB. ABTOPHI 3asIBJIAIOT 00 OTCYTCTBUM KOH(JINKTAa UHTEPECOB.

Summary

Blood pressure dysregulation and circulatory failure are major contributors to the progression of sepsis
and especially septic shock. One of the genes affecting the vascular endothelium and arteriolar tone is the an-
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giotensin Il receptor 1 gene (AGTRI1). The AGTR1 rs275651 single-nucleotide polymorphism is associated with
the development of angina, high altitude pulmonary edema, and hypertension. The significance of the AGTR1
1s275651 polymorphism in sepsis, particularly in patients with significant comorbidity, has not been studied
previously.

The aim of the study was to determine the impact of AGTR1 functional polymorphism on sepsis outcome
in patients with various comorbidities, including cardiovascular disease and type 2 diabetes mellitus.

Material and methods. A prospective study included 144 ICU patients of two clinical hospitals in Moscow,
aged 18-75 years with clinical signs of sepsis (Sepsis-3, 2016).

Results. In the group of patients with cardiovascular diseases, carriers of the TT AGTR1 rs275651 genotype
had a lower mortality rate compared with carriers of the A allele (25 deaths out of 33 versus 16 out of 16, re-
spectively, P=0.041, Fisher’s exact test; P=0.0019, log-rank test). In the group of patients with diabetes mellitus
(n=62), we also found significant differences in sepsis outcome based on the AGTR1 rs275651 genotype vari-
ant. The subgroup of TT AGTRI rs275651 genotype carriers demonstrated significantly lower mortality com-
pared with TA, AA genotypes carriers (27 deaths out of 41 and 20 out of 21, respectively, P=0.012, Fisher’s exact

36

test; OR=10.37; 95% CI: 1.26 to 85.5; P<0.0001, log-rank test).

Conclusion. We found an association of the functional polymorphism AGTR1 -777 T>A (rs275651) with
sepsis outcome in ICU patients with high-value baseline comorbidity: carriers of the more common TT geno-
type had lower mortality compared to carriers of the minor A allele.

Keywords: sepsis; septic shock; genetic polymorphism; AGTR1; angiotensin II receptor gene; diabetes mel-

litus; comorbidity
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BBengenue

Cericuc sBJsieTcsa HanmboJiee pacIpocTpa-
HEHHOU NMPUYNHON JI€TATbHOCTHU B OT/AEJEHUIX
peaHuMaToJIOTUN W WHTEHCHBHOUW Tepanuu
(OPUT) B m00011 pa3BUTON CTpaHe mMupa. 3a
TocJieTHYE TOJbI OBLIM OXapaKTepU30BaHbI pas-
HOOOpa3HbIE KJIETOYHBIE U MOJIEKYISAPHBIE MeXa-
HU3MBI cericuca [1], obocHOBaHa 1e1eco00pas-
HOCTh TIOAXOJOB K IE€PCOHAJTU3UPOBAHHON
MeIUuITnHe KPUTUUYECKUX COCTOSIHUH [2], B TOM
YHCJie IPU CEeNCuce — C YYEeTOM TeHeTHYeCKOM
BapuabeJbHOCTH MAIUEHTOB [2-5]. 3HAYNUTEb-
HbIN BKJa B Teuenue cercuca (CEIICHC-3, 2016)
1 ocobeHHO cenTrueckoro moka (CII) BHocAT
HapyIIeHUs 9HI0TETNS COCYI0B U TUCPETYIIAIIA
apTepuaIbHOTO aBJIEHU C TOCJIeIYIONINM pas-
BUTHEM IUPKRYAATOPHOU HegocTtarouHocTH (ITH)
¥ HapymieHueM repdysnn tkanei. I[{H saBaserca
OIHVM W3 TJIaBHBIX CHUMIITOMOB IIIOKa ¥ IPUBO-
IUT K TIOBPEKIEHNI0 OPTraHOB C 00pa3oBaHUEM
MMOJTMOPTAaHHON HemocTaroyHocTu. Pazsutre [TH
IIPOUCXOAUT BCIEACTBUE HECOOTBETCTBUSA MEKIY
00'beEMOM ITUPKYIUPYIONTEN KPOBU U EMKOCTHIO
cocyaucroro pycsaa. [Ipu cercuce mox Bo3aen-
cTBHEM OaKTepHuaIbHbIX 9HTOTOKCHHOB, IIPOBOC-
MaJIUTEJbHBIX 9H/IOT€eHHBIX MEINAaTOPOB U MPO-
OIYKTOB  AKTUBHUPOBAHHBIX  TPaHYJIOIUTOB,
aNre3VpyIOMNXCcs Ha MTOBEPXHOCTHU 9HOTEJIHS,
MIPOVICXOJIUT PaCIIMpeHrne CTEHOK MEJIKUX COCY-
JIOB, pa3BUTHE TUIIOTEH3UN U CHUKEHNE TKaHe-
BOTO Tep(dy3nMOHHOTO [aBJEHUs, BCJEACTBUE
4ero KpPOBOCHabO)KeHWE TKaHeld CTaAaHOBUTCS
HeJ0CTAaTOYHBIM, Pa3BUBAIOTCS THIIOKCHUS TKa-
Hell ¥ opraHHasi HeJJOCTaTOYHOCTh. JTOMY CIO-
COOCTBYIOT CHUKEHHE COKPATUTEbHOM CIIOCo0-

Introduction

Sepsis is the most common cause of mortality
in intensive care units (ICUs) in any developed coun-
try of the world. In recent years, a variety of cellular
and molecular mechanisms of sepsis have been
characterized [1] and the feasibility of approaches to
personalized critical care medicine [2] based on ge-
netic variability in sepsis was shown [2-5]. Endothe-
lial dysfunction and blood pressure dysregulation
with resulting circulatory failure (CF) and impaired
tissue perfusion contribute significantly to the pro-
gression of sepsis (Sepsis-3, 2016) and especially sep-
tic shock. Circulatory failure is one of the main pre-
sentations of shock and leads to organ damage with
the development of multiple organ failure. Circula-
tory failure results from a mismatch between the vol-
ume of circulating blood and vascular bed capacity.
In sepsis, bacterial endotoxins, proinflammatory en-
dogenous mediators and products of activated gran-
ulocytes adhering to the endothelial surface cause di-
latation of small vascular walls, hypotension and low
tissue perfusion pressure, which leads to inadequate
blood supply to tissues, tissue hypoxia and organ fail-
ure. This is promoted by reduced myocardial con-
tractility and volumetric blood flow rate in the micro-
circulatory system during shock development [6].

Sepsis development also depends on the poly-
morphism of genes controlling the processes that
are pathogenetically significant for critical condi-
tions [2-7]. Vascular damage in chronic diseases
and conditions (diabetes mellitus, hypertension,
increased body weight, metabolic syndrome) sig-
nificantly impairs the compensatory reactions of
the body. This can reduce the effectiveness of treat-
ment, slow down the recovery, and lead to the
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HOCTH MUOKapAa U 00beMHON CKOPOCTHA KPOBO-
TOKa B MUKPOLAPKYJIATOPHOM pyCJie IIPA Pa3BU-
THHU IIIOKA [6].

PasBuTne cencuca 3aBUCUT U OT IOJIUMOP-
¢usmMa reHoB, KOHTPOJUPYIOIIUX IIPOIECCHI,
IIaTOT€HETUYEeCKU 3HAaYMMBble IJI KDUTUYECKUX
cocrostHUi [2-7]. [TopaskeHue coCy0B IIPU XpO-
HUYeCKUX 3a00/IeBaHUSAX W IATOJOTUYECKUX
COCTOSTHUSAX (CaxapHBIN AMabeT, TUIIEePTEeH3NH,
yBeJIMYeHHAas Macca Tesia, MeTaboTnIeCKUi CUH-
IpoM) 00yCJIOBJIMBAET 3HAYNTEIFHOE CHUKEHTIE
KOMIIEHCAaTOPHBIX peakIUuil opraHuaMa. ITO
MOKeT CHU)KaThb 3((@PEeKTUBHOCThb Je4dYeHUs,
3aMenJIATh IIPOLeCC BBI3JAOPOBJIEHUS, IIPUBO-
IUTH K IIepexoly OCTPOr0 KPUTUYECKOI'0 COCTOA-
HUA B XpoHHUYecKoe. VccaenoBanue reHerude-
CKHUX ¢akropos, acCOMAPOBAHHBIX C
IIOPa’KeHUEM COCYIOB IIPU KPUTUYECKUX COCTOS-
HUSIX, OCTAETCsI IPUBJIEKATeJIbHOM, HO ellle Hesl0-
CTaTOYHO MCCJIEJOBAHHON 00J1aCThI0 TEHETUKH
KPUTUYECKUX COCTOSIHUU.

OIHUM U3 IeHOB, BJIMUAIOIINAX HA COCTOA-
HUE COCYJUCTOU CTEHKHU, 9HAOTeJUU U TOHYC
apTepuoJI, ABJSAETCA I'eH penenropa 1 auruo-
ten3uHa Il (AGTR1). [TonmumopduaM aToro reHa
BHOCUT 3HAUYUTEJIbHBIM BKJaJ B CTPYKTYpY
3abo/ieBaeMOCTH TUNEPTEH3WEH M XpOHHUUe-
CKOM 0OoJie3dHbio mouek [8, 9]. IloswlleHHad
akcnpeccuss AGTR1 cBsidaHa c runeprpoduei
ceppna u arepockiaepos3oM [10]. OgHOHYKIIEO-
TUuAHBIN TosiuMopduam AGTRI rs275651 acco-
OIUHAPOBAH C pa3BUTHEM CTEHOKApAWH, OTEKa
JIETKUX B YCJIOBHUSX BBICOKOIOPbS, TUIIEPTEH-
aum [11-13]. HaumboJiee pacmpocTpaHeHHBIN
ranjotun [ TTAA B I pOMOTOPHOU YacTU reHa —
T (rs275651) — T (rs275652) — A(rs422858) — A
(rs275653) — acconMupoOBaH B €BPONEOUTHON
MONYJALMY C YBeJIUYEeHUEM aKTUBHOCTHU IIPO-
MOTOpa r'eHa U pa3BUTHUEM TrulepTeH3uu [14].
HccaemoBaHusA € HCIOJb30BAHAEM TPAHCIEH-
HBIX MBbIIIEH IToKasaJjau, 4YTo AJid ramjoruna l
XapakTepHa yBeJWYeHHAsI CIIOCOOHOCTH MPO-
MOTOPHOW 00J1acTH TeHa CBA3BIBATh TpPAHC-
kpunuuoHHbIN pakTop USF2 [15]. [TokasaHo,
uyTo muMenHo USF2 obGecneuynBaeT m3aMeHeHUE
akTuBHOCTH npomoTropa AGTRI c nmocaenylo-
IIVM YBeJIMYCHUEM OKMCJIUTEJIbHOIO CTpecca "
NOBBIIIIEHEM  Iepudepruyeckoro  JaBJjie-
HUA [15]. OKCIEepUMEeHThI C UCIIOJb30BaHNUEM
KPBIC IPOLEMOHCTPUPOBAJIH, YTO IIPU CEICUce
akcnpeccusa AGTR1 cHUKaeTCs BO BCeX opra-
Hax, IPUBOJs K YMEHBIICHUIO peaKIuu cepred-
HO-COCYAUCTOM CHUCTeMbl Ha aHTMOTeH3UH Il u
CIIOCOOCTBYS TEM CaMbIM Pa3BUTHIO CENITHYE-
cKoro moka [16]. OgHako KJAMHUYECKUX UCCJIIe-
JOBaHUH, IOCBAIIEHHBIX CBI3U (PYyHKIIMOHAJb-
Horo noaumopduama AGTR1, cemncuca u
HapylIeHUH CO CTOPOHBI CepAeYHO0-COCYyIUCTON

CHUCTEMBI, HE IPOBOANJIN.

transformation of an acute critical illness into a
chronic one. The study of genetic factors associated
with vascular damage in critical conditions remains
an attractive, but underexplored area of genetics of
critical illness.

One of the genes affecting the vascular wall,
endothelium and arteriolar tone is the an-
giotensin II receptor 1 gene (AGTR1). The poly-
morphism of this gene contributes significantly
to the development of hypertension and chronic
kidney disease [8, 9]. Increased AGTR1 expression
is associated with cardiac hypertrophy and ath-
erosclerosis [10]. AGTR1 1s275651 single-nu-
cleotide polymorphism associates with the devel-
opment of angina, high altitude pulmonary
edema, and hypertension [11-13]. The most
common haplotype I TTAA in the promoter re-
gion of the gene, T (rs275651) — T (rs275652) —
A(rs422858) — A (rs275653), is linked to increased
gene promoter activity and development of hy-
pertension in the Caucasian population [14].
Studies using transgenic mice showed that hap-
lotype lis characterized by an increased ability of
the promoter region of the gene to bind the USF2
transcription factor [15]. USF2 has been shown
to promote a change in AGTR1 promoter activity
followed by an increase in oxidative stress and
peripheral pressure [15]. Experiments using rats
have demonstrated that in sepsis AGTR1 expres-
sion is reduced in all organs, leading to a blunted
cardiovascular response to angiotensin II and
thus contributing to septic shock [16]. However,
there have been no clinical studies on the asso-
ciation of functional polymorphism of AGTR1,
sepsis and cardiovascular disorders.

The interest of researchers has also been at-
tracted to the 3 -region, the opposite one of the
AGTR1 gene. AGTR1 A1166C (rs5186) single-nu-
cleotide polymorphism, located in the 3’-region of
the gene, has been known to contribute to the de-
velopment of diabetic nephropathy [17, 18]. The C
allele of AGTR1 A1166C rs5186 has been shown to
protect against adverse outcome in nosocomial
pneumonia [19]. There is a linkage disequilibrium
between this allele and two other alleles as part of
the GCC haplotype constituted by the G rs1492078,
Crs5186, and Crs380400 alleles [20]. Interestingly,
the alternative A allele of AGTR1 rs5186 determines
the high risk of mortality for type 2 diabetic pa-
tients on dialysis [21]. However, the association of
diabetes, mortality, and the 3'-region or 5’'-region
polymorphism of the AGTRI gene in sepsis has not
been investigated. The aim of our study was to de-
termine the contribution of the functional poly-
morphism AGTRI rs275651 within the haplotype
5’-region of the AGTR1 gene to the progression and
outcome of sepsis in patients with multiple comor-
bidities, including cardiovascular disease and type
2 diabetes mellitus.
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Tabsauia 1. lemorpacguyeckre mokasareJsiy, 3a001€BaeMOCTh U KOMOPOUHOCTH narueHToB OPUT.

ITapameTpsl OPUT 1, n (%) OPHUT 2, n (%) P, ,** Bce manmeHTsl, 1 (%)
Myskunnsl, 1 (%) 28 (49%) 54 (62 %) 0,173 82 (57%)
JKenmwuusbl, n (%) 29 51%) 33 (38 %) 62 (43 %)
Bospact, M (IQR) 50,6 (45-69) 56,8 (51-68) 0,746 54,3 (50-68)
OneHnka 1o mkase SOFA npu nocrynsesun, M (IQR) 6,3 (5-7) 6,0 (3-9) 0,982 6,1 (4-8)
[leputonut, n (%) 3 (5%) 10 (11%) 0,328 13 (9%)
BHeboJsIbHMYHAaA nHeBMOHUA, 1 (%) — 19 (23%) <0,001 19 (14%)
CepneuHo-cocyaucTole 3adoseBanusi, 1 (%) 15 (26%) 18 (21%) 0,560 33 (23%)
[TankpeaTuT, TaHKPEOHEKPO3, 71 (%) 3 (5%) 6 (7%) 0,965 9 (6%)
IToueyHast HEAOCTATOYHOCTD, THEJIOHE(DPUT, 23 (41%) 10 (11%) <0,001 33 (23%)
novevHo-KaMeHHas1 00/1€3Hb, aTUITHYHbBII

TeMOJIUTHKO-YPEeMUYEeCKUM CUHAPOM, 71 (%)

TpaBwmsl, 1 (%) 2 (4%) 10 (11%) 0,165 12 (9%)
djiermoHa, n (%) 3 (5%) 5 (6%) 0,804 8 (5%)
Abcuecc, n (%) 4 (7%) 5 (6%) 0,965 9(6%)
Omnyxoasu, n (%) 1(2%) 2 (2%) 0,709 3 (2%)
IHAOKAPAUT, 11 (%) 3 (5%) — 0,117 3 (2%)
Jpyroe*, n (%) — 2 (2%) 0,671 2 (1%)
OnepupoBanHsle, 11 (%) 34 (60%) 51 (59%) 0,960 85 (59%)
CaxapHblii guaber, n (%) 26 (46%) 36 (41%) 0,742 62 (43%)
CenTuyecKo MoK, 7 (%) 37 (65%) 59 (68%) 0,857 96 (67%)
3HaueHue uHaeKca komopouauoctu Charlson, M (IQR) 5,9 (5-8) 5,7 (3-8) 0,460 5,8 (3-8)
Ouenka 1o mkaJie Cirs, M (IQR) 21,3 (18-26) 20,1 (15-26) 0,326 20,7 (16-26)
Onenka no mkaJie Cirs cepaue, M (IQR) 2,1 (1-3) 1,9 (1-3) 0,174 2,0 (1-3)
Omenka 1o mkaste Cirs cocynsr,M (IQR) 2,0 (2-3) 1,7 (1-2) 0,115 1,8 (1-3)
OneHka 1o mkasie Cirs kposs, M (IQR) 1,6 (1-2) 1,1 (0-2) 0,002 1,3 (0-2)
Onenka 1o mkasie Cirs jerkue, M (IQR) 1,2 (0-2) 1,3 (0-2) 0,811 1,3 (0-2)
OmeHka 1o mkasie Cirs oprassl uyBcTs, M (IQR) 1,0 (0-2) 1,1 (0-2) 0,423 1,0 (0-2)
Onenka 1o mkaste Cirs skesryJOYHO-KUIIeYHbIN TPAKT 1,3 (1-2) 1,4 (1-2) 0,499 1,4 (1-2)
1o Tomeit kumrku, M (IQR)

Ouenka 1o mkaste Cirs sKesTyJOYHO-KUAIIeYHbIN 0,9 (0-2) 0,9 (0-1) 0,827 0,9 (0-2)
ot tomeit kuinku, M (IQR)

Onenka 1o mkasie Cirs medenb, M (IQR) 1,1 (0-2) 1,2 (0-2) 0,417 1,2 (0-2)
Ornenka o mkadste Cirs, mouku, M (IQR) 2,7 (2-4) 2,0 (1-3) 0,003 2,3 (1-3)
Ouenka 1o mkaJie Cirs, ModerosioBasi cuctema, M (IQR) 1,6 (1-2) 1,4 (0-2) 0,520 1,5 (1-2)
Omenka 1o mkaste Cirs, OIIOpHO-IBUTaTeTLHBIH armapar 1,6 (0-3) 1,3 (0-2) 0,370 1,4 (0-3)
u koska, M (IQR)

Onenka no mkasie Cirs, HepHas cucrema, M (IQR) 1,3 (0-2) 1,5 (1-2) 0,212 1,4 (0-2)
Onenka no mkaJie Cirs, aggokpuaHas cucteMa, M (IQR) 2,2 (1-4) 2,1 (0-4) 0,677 2,1 (1-4)
Ornenka o mkaste, Cirs mcuxuka, M (IQR) 0,8 (0-2) 1,2 (0-2) 0,139 1,1 (0-2)
Bcero, n 57 87 144

Ipumeuvanue. * — cungpom Nuenko-KymuHra, si3Ba sxesyaka. JIjs tabu. 1, 2: n — 4uCIJI0 ManueHToB; M — MequaHHOe
3HaueHue; IQR — MeKKBapTU/IBHBIN pasmax; ** — 3Ha4YeHusl p, paCCYUTAHHbBIE [10 KPUTEPUI0 MaHHa—YUTHH.

BuuManue uccienoBaresieii ObLI0 IpUBJIeYe-
HO ¥ K JIPYro¥l — MPOTHUBOMOJIOKHON — 00J1acTu
reda AGTR1 — 3" -o6Jjiactu. I3BeCTHBI JJaHHBIE O
BKJIaJle OJHOHYKJeOoTUnHON 3ameHnl AGTRI1
A1166C (rs5186), pacrioyioskeHHOH B 3'-00J1aCTH
reHa, B pa3BUTHH THa0eTH4YeCcKoi HedponaTuu [17,
18]. [Toxasano, yto asneab C AGTR1 A1166C rs5186
3aIUIIAeT OT HEeOJArompUATHOTO HCXOofa MpHU
HO30KOMHAJIbHON ITHeBMOHMU [19]. JlaHHBIA
aJ11eJIb HepaBHOBECHO CLEIJIeH C IBYMsA OpYyriMU
ayutesssMu, Bxofs B rarsiotun GCC, KOTopbIii o0pa-
gytor amiaenn G 151492078, C rs5186 u C
rs380400 [20]. MiHTepecHO, YTO aJETepHATUBHBIN
amenb A AGTR1 rs5186 ompejesisieT BbICOKUU
PUCK JIETATLHOTO MCXO/IA AJIs1 MAlIMEeHTOB C iuade-
TOM BTOPOT'O TUIIA, HAXOOAIIUXCA Ha auaJmse [21].
OpHako, cBsi3b AuabeTa, JeTaTbHOCTH U TTOJIUMOP-
¢usma 3 -o6sactu uiau 5 -obstactu rena AGTR1
TIPU CeTICUce He uccaenoBanu. lleabp paboTbl —
ompeneyeHne BKIaga (PyHKIMOHAJIBLHOTO TIOJHU-

Materials and Methods

An uncontrolled noncomparative sampling study
was conducted. Mortality was the primary endpoint; the
incidence of septic shock and SOFA scores were the sec-
ondary endpoints.

According to preliminary data, the mortality rate
in sepsis in the cohort of patients with multiple comor-
bidities was about 90 percent which served as the basis
for calculating the sample size. According to the formula
for sample size calculation n=(t2*P*Q)/A? [22, 23],
where t is the critical value of Student test (at 0.05 sig-
nificance level it equals 1.96), A is the marginal error
(5%), P is the proportion of cases in which the studied
parameter occurred (90), Q is the proportion of cases in
which the studied parameter did not occur (10), the
total number of patients (n) was 138. The study in-
cluded ICU patients (n=144) from two clinical hospitals
in Moscow aged 18-75 years with clinical signs of sepsis
(Sepsis-3, 2016, Table 1).

As shown in the table 1, median scores on the
Charlson and CIRS comorbidity scales were 5.8 and
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Table 1. Demographic parameters, morbidity and comorbidity of ICU patients.

Parameter ICUL,n(%) ICU2,n(%) P, ,value** All patients, n (%)
Men, n (%) 28 (49%) 54 (62 %) 0.173 82 (57%)
Women, 7 (%) 29 (51%) 33 (38 %) 62 (43 %)
Age, M (IQR) 50.6 (45-69) 56.8 (51-68) 0.746 54.3 (50-68)
SOFA score on admission, M (IQR) 6.3 (5-7) 6.0 (3-9) 0.982 6.1 (4-8)
Peritonitis, n (%) 3 (5%) 10 (11%) 0.328 13 (9%)
Nosocomial pneumonia, n (%) — 19 (23%) <0.001 19 (14%)
Cardiovascular disease, n (%) 15 (26%) 18 (21%) 0.560 33 (23%)
Pancreatitis, pancreatic necrosis, 1 (%) 3 (5%) 6 (7%) 0.965 9 (6%)
Renal failure, pyelonephritis, renal stones, 23 (41%) 10 (11%) <0.001 33 (23%)
atypical hemolytic uremic syndrome, n (%)

Trauma, n (%) 2 (4%) 10 (11%) 0.165 12 (9%)
Cellulitis, 7 (%) 3 (5%) 5 (6%) 0.804 8 (5%)
Abscess, n (%) 4 (7%) 5 (6%) 0.965 9(6%)
Neoplastic disease, n (%) 1(2%) 2 (2%) 0.709 3 (2%)
Endocarditis, n (%) 3 (5%) — 0.117 3 (2%)
Other*, n (%) — 2 (2%) 0.671 2 (1%)
Underwent surgery, n (%) 34 (60%) 51 (59%) 0.960 85 (59%)
Diabetes mellitus, 7 (%) 26 (46%) 36 (41%) 0.742 62 (43%)
Septic shock, n (%) 37 (65%) 59 (68%) 0.857 96 (67%)
Charlson comorbidity index, M (IQR) 5.9 (5-8) 5.7 (3-8) 0.460 5.8 (3-8)
CIRS score, M (IQR) 21.3 (18-26) 20.1 (15-26) 0.326 20.7 (16-26)
CIRS Heart score, M (IQR) 2.1(1-3) 1.9 (1-3) 0.174 2.0 (1-3)
CIRS Vascular score, M (IQR) 2.0 (2-3) 1.7 (1-2) 0.115 1.8 (1-3)
CIRS Hematopoietic score, M (IQR) 1.6 (1-2) 1.1 (0-2) 0.002 1.3 (0-2)
CIRS Respiratory score, M (IQR) 1.2 (0-2) 1.3 (0-2) 0.811 1.3 (0-2)
CIRS Eyes, ears, nose, throat, and larynx score, M (IQR) 1.0 (0-2) 1.1 (0-2) 0.423 1.0 (0-2)
CIRS Upper GI score, M (IQR) 1.3 (1-2) 1.4 (1-2) 0.499 1.4 (1-2)
CIRS Lower GI score, M (IQR) 0.9 (0-2) 0.9 (0-1) 0.827 0.9 (0-2)
CIRS Liver, pancreas, and biliary score, M (IQR) 1.1 (0-2) 1.2 (0-2) 0.417 1.2 (0-2)
CIRS Renal score, M (IQR) 2.7 (2-4) 2.0 (1-3) 0.003 2.3 (1-3)
CIRS Genitourinary, M (IQR) 1.6 (1-2) 1.4 (0-2) 0.520 1.5 (1-2)
CIRS Musculoskeletal and skin, M (IQR) 1.6 (0-3) 1.3 (0-2) 0.370 1.4 (0-3)
CIRS Neurologic score, M (IQR) 1.3 (0-2) 1.5 (1-2) 0.212 1.4 (0-2)
CIRS Endocrine and breast score, M (IQR) 2.2 (1-4) 2.1 (0-4) 0.677 2.1 (1-4)
CIRS Psychiatric illness score, M (IQR) 0.8 (0-2) 1.2 (0-2) 0.139 1.1 (0-2)
Total, n 57 87 144

Note. * — Cushing syndrome, gastric peptic ulcer. For Table 1, 2: n— the number of patients; M — median; IQR — interquartile
range; GI — Gastrointestinal tract; ** — P values calculated using the Mann-Whitney test.

Moppuama AGTRI 1s275651 B cocTaBe ranjoTuna
5" -o6Jactu reHa AGTR]1 B TedeHHeE U UCXO/I CeIICKca
V IAIEHTOB C BBICOKON KOMOPOUIHOCTBIO, BKJIIO-
4Jasi cepAeIHO-COCYIUCThIe 3a00JIEBAHUS U caxap-
HBIU TrabeT BTOPOTO THUIA.

MarepuaJj 1 METOAbI

IIpoBesu 3aKpbITOE HEKOHTPOJIUpPYEeMOe HeCpaB-
HUTeJTbHOE BEIOOPOYHOE HccelofoBaHue. IlepBUIHON
KOHEYHOHN TOYKOH SABJIAJIACH JIETAJIBHOCTH, BTOPUY-
HBIMY KOHEYHBIMH TOYKAaMHU OBLJIM 4YaCTOTa pa3BuTuA
CeNTUYeCKOTO II0Ka, OlleHKH 110 mikaJje SOFA.

Ilo npeaBapuTeJTbHBIM TAHHBIM JIETA/JIBHOCTL IIPU
cercruce B KOropre OOJBHBIX C BBICOKOM KOMOpPOUA-
HOCTBIO cocTaBuJia IpuMepHO 90 IIPOLEHTOB, HA OCHO-
BaHWM JTOTO OBLI paccuynTaH pa3mep BBIOOPKU. o
dopmysie @i pacyera  pa3Mepa  BBIOOPKU
n=(t2*P*Q)/ A2 [22, 23], rue t — KpuTHYECKOe 3HAYEHU S
kpurepusa CreonenTa (pu yposHe 3Hauumoctu 0,05
cocrasjser 1, 96), A — IpeneJbHO IOIIyCTUMAasg
ommoOKa (5%), P — oJist cy4asi, B KOTOPBIX BCTPEYaJICs
nayJaeMbli npuaHak (90), Q — moJis cay4aes, B KOTO-
PBIX He BCTpeyaJICsl n3yd9aeMblii mpu3Hak (10), obmiee
KOJIMYECTBO IarueHToB (n) coctaBusio 138. B ucciuemno-

BaHMe BKJIIOYNIN nanuentoB OPUT (n=144) nByx KiInu-

20.7, respectively, indicating multiple comorbidities in
the entire cohort studied. Patients from the two ICUs
did not differ on most parameters. Some differences in
the CIRS Hematopoietic and CIRS Renal scores were
due to the higher number of patients with impaired
renal function in the ICU 1 due to the presence of a
nephrology tertiary care center in the hospital where
the ICU 1 was based.

On admission, 49 patients had cardiovascular
disorders scored 3 or 4 on the CIRS scale, and 62 pa-
tients were diagnosed with type 2 diabetes mellitus
(Table 2). The groups of patients with diabetes and car-
diovascular disease predictably differed from patients
without these comorbidities in age, Charlson scores
and CIRS Heart, Vascular, Respiratory, Eyes, ears, nose,
throat, and larynx, Renal, Musculoskeletal and skin,
Neurologic, and Endocrine and breast scores. How-
ever, SOFA scores did not differ between these patient
groups on admission.

The AGTRI1 rs275651 allelic variants were deter-
mined by tetraprimer polymerase chain reaction fol-
lowed by electrophoretic separation and identification
of stained products in a gel. The following primers were
selected and synthesized at Eurogen LLC using the
Primer-BLAST software (https://www.ncbi.nlm.nih.gov/
tools/primer-blast/):
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Tabsmua 2. leMmorpaduveckue mokasaTejau 1 KOMOPOUIHOCTh manueHToB OPUT ¢ nuadeTom, TsKeI0M cep-
JIETHO-COCYIUCTOM MaToJioruei, u 6e3 quadera v cepAeuHO-COCYIMCTOH MTaTOJIOTHH.

ITapameTpsIl ITanueHTHI P
c nuaGerom (1) ©0e3 quabera Ccepae4HO-
M CEpPAEYHO-  COCYTUCTOMH
COCYIHMCTOI  IaTOJIOTHeH
aToJorH (2) (3)
MysK4UHBI, 1 29 (48%) 35 (59%) 31 (63%) p1-=0,230
JKeHIIuHEL, 1 33 (52%) 24 (41%) 18 (37%) po_s=0,826
Bospact, M (IQR) 62,8 (59-70) 50,8 (40-63) 60,5 (56-70) p1-2<0,001
P2_3<0,001
Omenka no mkasie SOFA npu nocrynesuu, M (IQR) 6,7 (5-8) 6,1 (3-8) 6,9 (5-8) p1-=0,153
p2_3=0,081
Nunexc komopouaHoctu Charlson, M (IQR) 8,0 (7-9) 3,4 (1-5) 7,6 (7-9) p1-2<0,001
P2_3<0,001
Cirs, M (IQR) 25,8 (23-30) 14,3 (7-22) 24,7 (22 -28) p1-2<0,001
P2_3<0,001
Cirs cepnue, M (IQR) 2,4 (2-3) 1,1 (0-2) 3,1(3-3) P1-2<0,001
P2-3<0,001
Cirs cocynpl, M (IQR) 2,3 (2-3) 1,2 (0-2) 2,4 (2-3) P1-2<0,001
P2_3<0,001
Cirs kpoBb, M (IQR) 1,7 (1-2) 0,9 (0-2) 1,6 (0-2) p1-2<0,001
p2_3=0,100
Cirs siterkue, M (IQR) 1,5 (1-2) 0,9 (0-2) 1,4 (1-2) p1->=0,003
p2_5=0,011
Cirs oprans! 4yBcTB, M (IQR) 1,4 (1-2) 0,7 (0-1) 1,6 (1-2) p;1-2<0,001
P2_3<0,001
Cirs ykeJTyI04HO-KUIIEYHbIN TPAKT 10 Tolel kumky, M (IQR) 1,4 (1-2) 1,3 (0-2) 1,8 (1-2) P1-=0,392
p2_3=0,103
Cirs ykeJTyI04HO-KUIIEeYHbIH OT Tolel kuiku, M (IQR) 0,7 (0-1) 0,9 (0-2) 0,9 (0-2) p1_»=0,957
p2_3=0,603
Cirs meuenb, M (IQR) 1,3 (0-2) 0,9 (0-2) 1,7 (1-2) p1->=0,103
p2_5=0,027
Cirs mouku, M (IQR) 2,8 (2-4) 1,6 (1-2) 2,7 (2-3) p1-2<0,001
P2_3<0,001
Cirs mouenoJioBasi cuctema, M (IQR) 1,7 (1-2) 1,2 (0-2) 1,7 (1-2) P1-5=0,006
p2_5=0,013
Cirs ormopHO-ABUTaTeIbHBIN anmapat 1 koka, M (IQR) 1,7 (1-2) 0,9 (0-2) 1,9 (1-2) P1-2<0,001
P2_3<0,001
Cirs HepBHas cucrtema, M (IQR) 1,9 (1-3) 0,9 (0-2) 1,9 (1-2) P1-2<0,001
P2_3<0,001
Cirs agnokpunHas cucrema, M (IQR) 3,5 (3-4) 1,0 (0-2) 2,3 (2-3) P1-=<0,001
Po_3=<0,001
Cirs ncuxuka, M (IQR) 1,4 (1-2) 0,8 (0-2) 1,2 (0-2) p;-2=0,001
p2-5=0,013

HUYECKUX O0JILHUIL T. MOCKBEI B Bo3pacTte 18-75 Jiet ¢
KJIMHW4YeCKUMU npusHakamu cerncuca (CEIICUC-3,
2016, Tabur. 1).

Kak BugHO M3 Tabsa. 1, MennaHHbIe 3HAYEHUS
OIeHKH MMAIlMeHTOB 0 MIKaaM komopouaaoctu Charl-
son u Cirs cocraBuu 5,8 u 20,7 COOTBETCTBEHHO, UTO
YKa3bIBaeT Ha BHICOKYI0 KOMOPOMIHOCTD HMAaIMEeHTOB
BCEH WCCJIeIOBAHHONW KOTOPTHI. IlallMeHThl M3 NBYX
OPUT He pasIuvyaJIvCh 0 OOJBITMHCTBY TAPAMETPOB.
HexkoTopble pa3nyus oljeHOoK 110 1mkasaam Cirs KpoBb 1
Cirs moyky 06yCJIOBJIEHBI OOJIBIITNM IIOCTYTIJIEHHEM T1a-
OMEHTOB C HapylleHneM (QyHKOuWi modexk B OPUT 1
BCJIEICTBHE HaIuuusag HedPOJOTMYeCKOro LieHTpa B
I'KB ¢ OPUT 1.

IIpu nocryniennu y 49 maieHTOB BbIABUJINA Ha-
PYIIEHUs CepAedHO-COCYAUCTON CUCTEME], OlleHEHHbIE
Ha 3 nou 4 6an1a no mkaste CIRS, y 62 mamueHTOB [uar-
HOCTHPOBAJIM CaXapHBIH [rabeT BTOporo Tuma (TabJr. 2).
['pynmel ManyeHToB ¢ AHA0ETOM M CepIedHO-COCYAH-
CTOM I1aTOJIOTHEH 0KUIAeMO OT/IMYAINCh OT IIal[IEHTOB
6e3 TaHHBIX KOMOPOUIHOCTEN IO BO3PACTY, HHAEKCY

1for 5°-GGACATGCTACCCAAGTTGC-3

2for 5°-CCAAAAATCAATTAATGTTA-3"

1rev 5 -GCAATTGGCATATCCATCAC-3*

2rev 5°-GTCACCCTACTCACCTATCA-3".

Significance of differences between the groups was
assessed using y? test with Yates correction for sample
continuity and Fisher’s exact test (FET). Odds ratios (OR,
odds ratios) and 95% confidence intervals (95% CI) were
calculated to assess risks of sepsis mortality in patients
with various genotypes. Normality of distribution was de-
termined using the Kolmogorov-Smirnov test. Qualita-
tive parameters were presented as absolute numbers
with the percentages indicated. In non-normal distribu-
tion, Mann-Whitney U-test was used to evaluate differ-
ences between groups by calculating medians and in-
terquartile range (IQR). The Kaplan—-Meier procedure and
log-rank test were used to identify differences in survival
rate. Predictors of outcome were determined by logistic
regression. Differences at P<0.05 were considered signifi-
cant. Statistical analysis was performed using MedCalc
version 11.6 and SigmaStat version 3.5.
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Table 2. Demographic parameters and comorbidity of ICU patients with diabetes mellitus, severe cardiovascular
disease, and without diabetes mellitus and cardiovascular disease.

Parameter Patients Pvalue
with diabetes  without diabetes with
mellitus (1) mellitus and cardiovascular
cardiovascular disease (3)
disease (2)
Men, n 29 (48%) 35 (59%) 31 (63%) P;_»=0.230
Women, n 33 (52%) 24 (41%) 18 (37%) P, 5=0.826
Age, M (IQR) 62.8 (59-70) 50.8 (40-63) 60.5 (56-70) P;_»<0.001
P, 5<0.001
SOFA score on admission, M (IQR) 6.7 (5-8) 6.1 (3-8) 6.9 (5-8) P;_»=0.153
P, =0.081
Charlson comorbidity index, M (IQR) 8.0 (7-9) 3.4 (1-5) 7.6 (7-9) P;_»<0.001
P, 5<0.001
CIRS score, M (IQR) 25.8 (23-30) 14.3 (7-22) 24.7 (22-28) P;_»<0.001
P, 5<0.001
CIRS Heart score, M (IQR) 2.4 (2-3) 1.1 (0-2) 3.1(3-3) P, ,<0.001
P, 5<0.001
CIRS Vascular score, M (IQR) 2.3 (2-3) 1.2 (0-2) 2.4 (2-3) P;_»,<0.001
P, 5<0.001
CIRS Hematopoietic score, M (IQR) 1.7 (1-2) 0.9 (0-2) 1.6 (0-2) P;_»<0.001
P, 5=0.100
CIRS Respiratory score, M (IQR) 1.5 (1-2) 0.9 (0-2) 1.4 (1-2) P;_»=0.003
P, ;=0.011
CIRS Eyes, ears, nose, throat, and larynx score, M (IQR) 1.4 (1-2) 0.7 (0-1) 1.6 (1-2) P,_,<0.001
P, 5<0.001
CIRS Upper GI score, M (IQR) 1.4 (1-2) 1.3 (0-2) 1.8 (1-2) P;_»=0.392
P, 5=0.103
CIRS Lower GI score, M (IQR) 0.7 (0-1) 0.9 (0-2) 0.9 (0-2) P, ,=0.957
P, ;=0.603
CIRS Liver, Pancreas, and biliary score, M (IQR) 1.3 (0-2) 0.9 (0-2) 1.7 (1-2) P;_»=0.103
P, =0.027
CIRS Renal score, M (IQR) 2.8 (2-4) 1.6 (1-2) 2.7 (2-3) P,;_»<0.001
P, 5<0.001
CIRS Genitourinary, M (IQR) 1.7 (1-2) 1.2 (0-2) 1.7 (1-2) P,_,=0.006
P, ;=0.013
CIRS Musculoskeletal and skin, M (IQR) 1.7 (1-2) 0.9 (0-2) 1.9 (1-2) P,_,<0.001
P, 5<0.001
CIRS Neurologic score, M (IQR) 1.9 (1-3) 0.9 (0-2) 1.9 (1-2) P;_»,<0.001
P, 5<0.001
CIRS Endocrine and breast score, M (IQR) 3.5(3-4) 1.0 (0-2) 2.3 (2-3) P,;_,=<0.001
P, 5=<0.001
CIRS Psychiatric illness score, M (IQR) 1.4 (1-2) 0.8 (0-2) 1.2 (0-2) P;_»=0.001
P, ;=0.013

Charlson u miikaste Cirs, orierkam 1o mkase Cirs ceppna,
COCYJIOB, JIETKUX, OPTaHOB YYBCTB, I0YEK, OTIOPHO-/IBH-
raTeIbHOTO allllapara, HEPBHOH CUCTEMBI U 9HJOKPHH-
HOU cucteMbl. OTHAKO OTeHKH 110 mKkaae SOFA mexy
OJaHHBIMU T'DYIIIIaMU MMAIIUEHTOB IIPU IMOCTYIIJIEHUN HE
PpasyINJaInCh.

Annenbable BapuanTbl AGTRI1 rs275651 onpene-
JISJTM C TIOMOIIIBIO TeTpanpaiMepHOH OTNMepasHOH
[IEITHON peaKINH C TIOC/IeYIONINM 3JIeKTpodopeTrnde-
CKUM pasJieJIeHreM U HeHTH(PUKAe OKpaIleHHbIX
NPOAYKTOB B reJjie. C IOMOIIBIO IpOrpaMMel Primer —
BLAST (https://www.ncbi.nlm.nih.gov/tools/primer-
blast/) 6s11 momobpans! 1 cuHTe3npoBaHb! B OO0 «EB-
poreH» CaeayIolre MpaiMepb:

1for 5°-GGACATGCTACCCAAGTTGC-3"

2for 5°-CCAAAAATCAATTAATGTTA-3"

1rev 5°-GCAATTGGCATATCCATCAC-3°

2rev 5"-GTCACCCTACTCACCTATCA-3".

3HAYMMOCTH pa3JIUINN MeKAY TPyIIaMu ole-
HUBAJIH C UCII0JIb30BAHNUEM KPUTEPHs y° C TONIPABKOH
MeiiTca Ha HEMPEPLIBHOCTL BBHIGOPKU U TOYHOTO Me-

Results and Discussion

The study found a strong association between
increased comorbidity and mortality. Mortality
among patients with CIRS comorbidity score of
1-10 (n=23) was 26%, and with that of 11-35
(n=121) — 72% (P=0.001, y?, Fig. 1, a). In the sub-
group of patients with Charlson score of 1-4 (1n=47),
62% survived; in the subgroup with score values
5-15 (n=97), 23% survived (P=0.001, y?, Fig. 1, b).
Thus, in our patient cohort, comorbidity scores sig-
nificantly predicted outcome.

Logistic regression was used to analyze the re-
lationship between survival rate and CIRS comor-
bidity score of patients in the first two days of ad-
mission to the clinic (Table 3). The table shows that
comorbidity contributes significantly to mortality
in sepsis. In the studied cohort of severely comor-
bid patients in our sample, the CIRS comorbidity
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TaGsmmna 3. JIorucTHYeCKas perpeccusi — aHaJIHN3 Mpe;y

HKTOPOB BBIZJKHBA€MOCTH IIPH CeIICHUCE.

Table 3. Logistic regression analysis of predictors of survival in sepsis.

Parameter All patients Diabetes mellitus Without diabetes mellitus
OR 95% CI P OR 95% CI P OR 95% CI P
Age 0.99 0.95-1.03 0.658 0.983 0.90-1.06 0.585 0.99 0.937-1.041 0.634
Sex 1.10 0.48-2.47 0.826 1.1432 0.25-5.18 0.862 1.516 0.50-4.58 0.461
Charlson score 1.09 0.8-1.36 0.425 1.17  0.013-1.100  0.452 1.15 0.85-1.57 0.355
CIRS score 1.13 1.04-1.23 0.005 1.23 0.98-1.54 0.071 1.126 1.010-1.26 0.032
SOFA score 1.04 0.91-1.2 0.561 0.92 0.712-1.19 0.862 1.10 0.92-1.31 0.275
Parameter Severe cardiovascular conditions Without severe cardiovascular conditions
OR 95% CI | OR 95% CI P
Age 1.08 0.953-1.23 0.2589 0.9924 0.9398-1.0479 0.7831
Sex 0.003 0.0-0.82 0.0421 2.1471 0.9320-1.2653 0.1181
Charlson score 1.2 0.68-2.10 0.5303 1.0148 0.7144-1.4415 0.9346
CIRS score 1.84 1.12-3.02 0.016 1.119 1.01-1.24 0.029
SOFA score 0.0 0.0-0.0 0.99 1.09 0.93-1.26 0.290
Parameter Pooled group: severe cardiovascular Without severe cardiovascular conditions
conditions and diabetes mellitus and diabetes mellitus
OR 95% CI P OR 95% CI P
Age 0.97 0.91-1.04 0.425 1.01 0.94-1.08 0.801
Sex 0.36 0.099-1.3 0.118 3.19 0.94-10.81 0.062
Charlson score 1.21 0.85-1.73 0.289 0.96 0.67-1.36 0.813
CIRS score 1.18 0.98-1.42 0.085 1.14 1.013-1.28 0.036
SOFA score 0.88 0.72-1.11 0.279 1.1532 0.95-1.4 0.145

Note. OR — odds ratio; 95% CI — 95% confidence interval.

Ipumeuanue. All patients — Bce manuenTsl; diabetes mellitus — quater; severe cardiovascular conditions — Tsoresas cep-
JIEYHO-COCYAKCTas1 maToiorusi; pooled group — o6beguHeHHas rpymnma; without — HeT; age — BO3pacT; sex — I0JI; Score —
6aJuter; OR — oTHOMIeHMe nmancoB (odds ratio); 95% CI — 95-npoleHTHBIE JOBEPUTEIbHbBIE HHTEPBAJIBI.

Topa Pumepa (TM®P). JIg OleHKU PUCKOB JieTaJlb-
HOT'0 MCXO0/1a CeICrca y NallieHTOB C Pa3/IMYHbIMU I'e-
HOTHUIIAMU PAaCCUYMTBIBAJIU OTHOIIeHu:A maHcoB (OR,
odds ratio) 1 95-npoLeHTHBIE [OBEPUTEIbHbIE UHTED-
BaJibl (95% CI). CooTBeTCTBUE 3HAYEHU HOPMAJb-
HOMY pacIipeieJIeHUI0 OIIpe/IeJIAIN C TOMOIbIO KpH-
tepusi KoamoropoBa-CmupHoBa. KauecTBeHHBIE
NPU3HAKM MIPECTABJSANN B aOCOJIOTHBIX YUCJIAaX C
ykazanueMm jgoJsier %. B ciayudae pacnpeneseHus
3HAUYeHMUU, KOTOpOe OTINYaeTcsi OT HOPMaJbHOTO,
NIPY CPaBHEHUU Pa3/IMINHU Mesk Iy TPyIIlaMU UCIIOJIb-
3oBanu U-kpurepuid MaHHa-YUTHH, PaCCUYUTHIBAS
MeJUaHbl U MEKKBAPTUJILHBINA pa3dmax (IQR). Jlyist BbI-
SIBJIEHUS PA3JIUYUN B BBIXKMBAEMOCTH UCII0/Ib30BaIN
npouenypy Kansmana-Meepa u jorapudmuydeckuit
paHroBsiii kputepuii (Logrank test). I[IpequKTOpHI KC-
X0Jla BBIABJIAAJIU IOCPENCTBOM JIOTUCTUYECKOHN pe-
rpeccud. 3HAYMMBIMUA CYWUTAAM pas3judusa I[pHU
p<0,05. CtarucTU4eCcKuil aHa/an3 IPOBOJUJIU C HC-
noJsb3oBanuem nporpamm MedCalc Bepcust 11.6 u Sig-
maStat Bepcus 3.5.

Pe3ysbTaThl M 00CYK/IEHHE

HccnenoBanue BBISIBUIIO BBIPAYKEHHYIO aCCO-
IHUAIUI0 MEKIy YBeJMYeHUEM CTelleHU KOMOP-
OMIHOCTHU U JIeTAJbHOCTHIO. JIETATLHOCTD Cpeau
MAIIMEeHTOB C OLIEHKAaMU I10 IIKaJie KOMOPOUIHO-
ctu CIRS 1-10 (n=23) coctaBuja 26 %, c olleHKaMu
11-35 (n=121) — 72% (P=0,001, 2, puc. 1, a). B nox-
rpyIilie TAIMEHTOB C OIleHKaMU uHeKca 1-4 1o
mikase Charlson (n=47) Berxuiu 62%, B MOATPYII-
e c oneHkamu 5-15 (n=97) Berxuau 23% (P=0,001,
x% puc. 1, b). Takum 06pa3oM, B Halllell KOTOPTe
MAllMeHTOB IIKaJbl OLIEHKU KOMOPOWIHOCTHU
3HAYMMO IIPOTHO3UPOBAJIN UCXOT,.

score was highly informative for outcome progno-
sis. In the group of patients with severe cardiovas-
cular conditions we found differences in survival
depending on sex. Women survived more often in
this subgroup. There were no differences in the sex
distribution of patients with different AGTR1
1s275651 genotypes.

Approximately half of our sample consisted of
patients with type 2 diabetes mellitus (DM). We
found that the mortality in patients with DM and
sepsis was significantly higher than that of septic
patients without diabetes (47 of 62 vs. 46 of 82, re-
spectively, P=0.023, x?>=5.165, n=144, Fig. 1, ¢). The
results confirmed the conclusion of other authors
that comorbid diabetes contributes significantly to
the adverse outcome of sepsis [24].

The study of the genetic variability of the en-
tire cohort of patients studied revealed the follow-
ing distribution of AGTR1 rs275651 genotype fre-
quencies: TT — 101 (70%), TA — 41 (28%), AA — 2
(2%), which corresponded to the Hardy-Weinberg
law (P=0.338, n=144), and did not differ from the
distribution in the group of apparently healthy
donors in the Moscow population (TT — 76%, TA —
22%, AA — 2%, P=0.672, n=141, Table 4).

Further analysis of a possible link between
genotype and comorbidity according to the CIRS
and Charlson scales revealed no differences in co-
morbidity between patients with different AGTR1
rs275651 genotypes. Patients of various AGTR1
1s275651 genotypes with sepsis did not differ in
mortality as well (Fig. 2, a), but there was a trend
toward less frequent septic shock development in
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Puc. 1. BeizkuBaemocts nmanueHToB OPUT ¢ cencucoM ¥ pa3/IMYHBIM YPOBHEM KOMOPOUTHOCTH.
Fig. 1. Survival rate of ICU patients with sepsis and various comorbidity scores.
Note. a— based on CIRS score, n=144, P=0.001, x>. b— based on Charlson comorbidity index, P=0.001, x>. c— based on presence

of diabetes mellitus, P=0.023, y2.

IIpuMeuaHue. a— B 3aBUCHMOCTH OT orieHKH 110 mikasie CIRS, n=144, p=0,001, y*>. b—B 3aBUCIMOCTH OT OLleHKH 110 mKaJje Charl-
Son UHJEKC, n=144, y?. ¢— B 3aBUCUMOCTH OT HAJIMYUSI caxapHOro auabdera, p=0,023, y2.

C IOMOTIIBIO JIOTUCTUYECKOM perpeccuu aHa-
JIU3UPOBAJIN CBSI3b BBI)KUBAEMOCTHU W OIIEHKU
KOMOPOUTHOCTH AIMEHTOB 110 ITkaste Cirs B mep-
Bbl€ IBO€ CYTOK IIOCTYIJIEHUS B KJIMHUKY (Ta0JI. 3).
M3 TabuIbl BUTHO, YTO KOMOPOUTHOCTH BHOCUT
3H3‘~II/IT€J’ILHBII>1 BRJIA/ B JIETAJIBHOCTH HpI/I cercu-
ce. B ucciemoBaHHOM KOTOPTE BBICOKOKOMOPOU/I-
HBIX MMAIIMEHTOB HaIllell BLIOOPKU IIKaJIa OIeHKU
koMopbugHoctu Cirs okasansach BLICOKOUHPOP-
MaTHUBHa JJ1s1 IPOrHO3a Ucxofa. B rpyIe nanueH-
TOB C TSKEJIOHN CepAeYHO0-COCYyJUCTON ITaToJIoruei
00HAPYKUJTU pa3JINYre B BBIKUBAEMOCTH B 3aBU-
CHUMOCTH OT IloJia. B maHHOU mojrpynmne yarie
BBI)KMBAJIN KEHIITUHBI. He OB1J10 pa3inuuii B pac-
Ipejie/IeHNH 110 TI0JTy MAllMeHTOB C Pa3JIMYHbIMU
reHotunamMmu AGTRI1 rs275651.

I[IpuMepHO TIOJIOBMHY HaIled BBIOOPKU
COCTAaBUJIU ITAIITEHTHI C CaxaprIM ,I(I/Ia6eTOM BTO-
poro tuna. OGHAPYKUJIH, YTO JIETATHHOCTD ITaIfi-
€HTOB C nuabeToM U CeICHCOM Oblia 3HAYHMMO
BBIIIIE, YeM CEIITUYECKUX NallMeHToB 0e3 quadbera
(47 ciyuaeB u3 62 vs. 46 13 82, COOTBETCTBEHHO,
P=0,023, 42=5,165, n=144, puc. 1, c). Peaysibrarsl
MOATBEPANJINA BBIBOJ JPYTUX aBTOPOB O TOM, YTO
Ha/n4yue ):[I/Ia6eTa BHOCUT 3Ha‘{HTeJIbHLIfl BRJIAO B
HeOJIaroTpUATHBIN UCXOJ ceTicrca [24].

V3ydyeHve reHeTHYeCKON BapuabeIbHOCTU
BCEH KOTOPTHI HCCJIEJOBAaHHBIX MAIMEHTOB
BBIABWJIO CJIeNIyIOIlee pacnpeieseHrue 4YacToT
regotunioB AGTR1 rs275651: TT—101 (70%), TA —
41 (28%), AA—2 (2%), 9TO COOTBETCTBOBAJIO 3aKOHY
Xapmn-Batia6epra (p=0,338, n=144), n He oTINYa-
JIOCh OT pacrpeiesieHus1 B IpyIIle YCJIOBHO-3[I0PO-
BBIX JIOHOPOB MOCKOBCKOU nonyssaruu (TT — 76%,
TA —22%, AA— 2%, p=0,672, n=141, TadJ1. 4).

JlanpHEUNY aHau3 BO3MOYKHOUW CBSI3U
reHOTUNa 1 KOMOPOUTHOCTH TI0 IITKaJIaM KOMOP-

the AGTR1 1s275651 TT genotype carriers
(P=0.062, FET).

However, a separate analysis of the groups of
patients with severe cardiovascular conditions
(n=49) and with type 2 DM (n=62) revealed signifi-
cant differences in the progression and outcome of
sepsis based on the AGTRI rs275651 genetic vari-
ant. Thus, in the group of patients with cardiovas-
cular disease (predominantly coronary heart dis-
ease), carriers of the TT AGTRI rs275651 genotype
were characterized by a lower mortality rate com-
pared with carriers of the TA, AA genotypes (25
deaths out of 33 and 16 out of 16, respectively, n=49,
P=0.041, FET; P=0.002, log-rank test, Fig. 2, b).
Among the carriers of TA, AA variants in this group
of patients, a higher incidence of septic shock was
also noted (16 cases out of 16 vs. 24 cases out of 33;
P=0.022, FET).

The groups of patients with cardiovascular
conditions and DM overlapped significantly: 25
patients (17% of the total sample, half of patients
with cardiovascular diseases) had both comorbidi-
ties. In the group of patients with type 2 DM
(n=62) the progression and outcome of sepsis as-
sociated with the AGTRI rs275651 genotype vari-
ant. Thus, differences in mortality and frequency
of septic shock were found: carriers of the TT
AGTRI1 15275651 genotype were characterized by
lower mortality compared with carriers of the TA,
AA genotypes (27 deaths out of41 and 20 out of 21,
respectively, P=0.012, OR=10.37; 95% CI: 1.26 to
85.5, FET; P<0.0001, log-rank test, Fig.2d). Carriers
of TA, AA variants developed septic shock more
frequently (20 of 21 versus 26 of 41; P=0.006,
OR=11.54; 95% CI: 1.40 to 94.84). SOFA scores in
diabetic patients also differed depending on the
AGTRI1 rs275651 genotype of the patients. While
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TaGsmna 4. Pacnipe/iesieHHe YacTOT FEHOTHIIOB CPEIH YCIOBHO-3/I0POBBIX JOHOPOB U nanueHToB OPUT.
Table 4. Distribution of genotype frequencies among apparently healthy donors and ICU patients.

Donors and patients AGTRITT AGTRITA AGTRI AA
Apparently healthy donors 107 (76%) 31 (22%) 3 (2%)
ICU patients 101 (70%) 41 (28%) 2 (2%)

Puc. 2. BepkuBaeMocTh cennTudeckux nanueHToB OPUT c pasinuuynbsiMu reHotunamu AGTRI1 rs275651.

Fig. 2. Survival rate of ICU sepsis patients with various AGTRI rs275651 genotypes.

Note. a — all patients, n=144, P=0.062, x* P=0.057, log-rank test. b — patients with severe cardiovascular diseases, n=49, P=0.041,
Fisher’s exact test; P=0.002, log-rank test. ¢ — patients without severe cardiovascular diseases, n=95, P>0.05, Fisher’s exact test;
P=0.734, log-rank test. d— patients with diabetes mellitus, n=62, P=0.012, OR=10.37 95% CI: 1.26-85.50, Fisher’s exact test; P<0.0001,
log-rank test. e— patients without diabetes mellitus, n=82, P>0.05, Fisher’s exact test; P=0.451, log-rank test.

IIpumeuanue. a — Bce nanueHTsl, n=144, p=0,062, x% p=0,057, log rank Tect. b — nanueHTsI C TAHKEJTOH CepAedHO-COCYIUCTON
narosiorueit, n=49, p=0.041, Tounslii Mmetox Pumiepa; p=0,002, log rank Tect. c— nanueHTs! 6€3 TAKENI0N cepaAedHO-COCYAUCTON
maroJsioruu, n=95, p>0.05, rounsiit Metox duiepa; p=0,734, log rank TecT. d — naUeHTHI ¢ caxapHbIM Auaderom, n=62, p=0,012,
OR=10,37 95% CI: 1,26-85,50, Tounbiiit MeTop Pumiepa; p<0,0001, log rank TecT. e — marueHTs! 6e3 caxapHoro auadera, n=_82,

p>0,05, Tounslit MeTos Puiepa; p=0,4508, log rank rect.

ounHoctu Cirs 1 Charlson He BBISBUJI pa3aunynuil
110 KOMOPOUTHOCTY MEKY MTallieHTaM¥ pas3Ind-
HBIX reHOTUII0B AGTR1 rs275651. ITanieHTrI € cell-
cucoMm pasHbIX reHorunoB AGTR1 rs275651 ne
OTJINYAJIUCh U 110 JIeTaJbHOCTU (pUC.2 a), OHAKO
B rpymne Hocutesei renotuna AGTR1 rs275651 TT
OTMeYaJIM TeHIEHIHIO K CHUYKEHUIO pa3BUTHUA
CenTU4eCcKoro moka (p=0,062, TM®).

OpnHako, pa3fe/bHbIA aHAJIN3 IPYIII NaleH-
TOB C TSDKEJION CepAeYHO0-COCYyJUCTOM ITaToJIoruei
(n=49) ¥ c caxapHbIM TUabETOM BTOPOTO THINA
(n=62) BBIABUJI 3HAYMMBIE pa3J/In4ud I10 TEYUEHUIO
Y MICXOMy CeIICUCa B 3aBUCAMOCTHU OT T€HEeTUYECKO-
ro BapuanTa AGTR1 rs275651. Tak, B rpymie nauu-
€HTOB C Cep/ieYHO-COCYAUCTOU MaTosioruei (mpe-
AMYyIIeCTBEHHO C HWIIeMU4ecKod O00JIe3HbIO
cepaua) Hocutenu resotuna TT AGTR1 rs275651
XapaKTepU30BaJIMCh MEHBIIINM YPOBHEM JIeTab-
HOCTH 110 CPABHEHHUIO C HOCUTEJIAMU I'€HOTUIIOB
TA, AA (25 JetaabHBIX Ucxona u3 33 u 16 u3 16,
COOTBETCTBEHHO, =49, p=0,041, TM®; p=0,002, log
rank tect, puc. 2, b). Cpejiu HocuTeJieli BApUaHTOB
TA, AA B 3TOW rpymne NalueHTOB OTMedYasad U
6osbiryio wactory passurus CIII (16 cirydaes us
16 vs. 24 u3 33; p=0,022, TM®).

I'pynnel naliieHTOB C CepAEeYHO-COCYAUCTON
1aTOJIOTHEN U caXapHbIM ANAa0ETOM 3HAYUTEHHO
MepeKphIBAINCh: 25 manueHToB (17% obmiei

no significant differences in the frequency of mul-
tiple organ failure were found on the first day, they
were already significant on day 2 of ICU stay
(P=0.004, Mann-Whitney U-criterion): median
SOFA scale values were 9 (IQR 8.0 to 10.8) points
for carriers of minor allele A and 7 IQR 5.0 to 9.0)
points for homozygous patients of TT AGTR1
15275651 genotype. Genotype-specific differences
on the SOFA scale were characteristic of patients
on the «median» day of ICU stay (P=0.001,
Mann-Whitney U-criterion) as well as with re-
spect to the maximum multiple organ failure rate
during the entire hospitalization period (P=0.039,
Mann-Whitney U-criterion). At the same time, as
seen in Fig. 2, ¢, e, no differences in the progres-
sion and outcome of sepsis were found between
the groups of patients of different AGTR1 rs275651
genotypes without cardiovascular conditions
(n=95) and without diabetes mellitus (n=82).

After pooling patients with severe cardiovas-
cular disease and diabetes mellitus into one cohort
of highly comorbid patients (n=85), survival rate
differences remained highly significant in relation
to AGTR1 rs275651 genotype (Fig. 3, a). Thus,
among carriers of the more common TT genotype,
mortality was 69%; among carriers of the minor A
allele, it was 96% (P=0.005, OR=10.97, 95% CI: 1.38
to 87.35, FET; P<0.0001, log-rank test).
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BBIOOPKW, TOJIOBUHA AI[MEHTOB C CEP/IEYHO-COCY-
JIHUCTOU IIaTOJI0THEl) UMeT 00e KOMOPOUTHOCTH.
B rpymre manreHTOB € caxapHbIM TrabeToM BTO-
poro tuna (n=62) Te4eHue U UCXOJ Cercruca 3aBu-
ceJ1 or BapuaHTa reHoruna AGTR1 rs275651. Tak,
BBIAABWJIM PA3JIM4YMs II0 YPOBHIO JIETAJIBHOCTH U
4aCcTOoTe pa3BUTHS CENTUYECKOTO IMIOKA: /151 HOCH-
Tesieti reHoTumna TT AGTRI rs275651 6bl1a Xapak-
TepHA MeHbINAasA JeTaJbHOCTh 0 CPABHEHUIO C
HOCUTeJasIMU reHoTunoB TA, AA (27 JeTaJdbHBIX
ncxona us 41 u 20 ua 21 coorsercTBeHHO, p=0,012,
OR=10,37;95% CI: 1,26 — 85,5, TM®; p<0,0001, log
rank Tect, puc. 2, d). Y HocuTeJielt BapuaHToB TA,
AA cenThYecKui IOK pa3BuBaJcs vaiie (20 cay-
gaeB u3 21 ipotuB 26 u3 41; p=0,006, OR=11,54;
95% CI: 1,40-94,84). Onenku 1o mkajsie SOFA y
MMareHToB C nuabeToM TOKe pas3udajiich B
3aBUcUMOCTH OT reHoTtuna AGTRI rs275651 naiu-
eHTOoB. Ec/ii B 1epBbIi leHb 3HAYNMBbIX Pa3Iuuni
10 YPOBHIO ITOJIMOPTAaHHOUN HEJOCTAaTOYHOCTU He
00HAPY>KWJIH, TO y>Ke Ha BTOPOH JIeHb mpedbIBa-
HusA B OPUT pasnnumsa okasaanch 3HAUYUMBI
(p=0,004, U-kpurepuii ManHa—YUTHU): MeIHaH-
Hble 3HaueHus 1o mKrajie SOFA cocraBuin 9 (IQR
8,0-10,8) 6a/1710B /15T HOCUTeJIell MUHOPHOU aJjljie-
au Au 7 (IQR 5,0-9,0) 6aJ1710B JIJII TOMO3UTOTHBIX
namueHToB resotuna TT AGTRI1 rs275651. T'eno-
TUII-crienuuueckue pa3andus 1o mraae SOFA
OBLTU XapaKTePHBI JIJIS TAITUEHTOB B «CPETUHHBIIN»
nenb mpebbiBanusi B OPUT (p=0,001, U-kputepuii
MaHHa-YUTHH), a TaK)Ke B OTHOIIIEHUH MaKCH-
MaJIbHOTO 3HA4YeHU s MoKa3aTe i MOJIMOPTaHHON
HEeJIOCTaTOYHOCTH 3a BECh ePUOJ TOCITATAIN3a-
uuu (p=0,039, U-kpurtepuit Manna—-YurtHau). [Ipu
9TOM, KaK BUJHO Ha PHUC. 2, ¢, e, MEKIY IpylamMu
MaryeHToB pa3HbIX reHoTUnoB AGTRI rs275651
0e3 cepaieYHO-CcOCYyIMCTOH arooruu (n=95) u 6e3
caxapHoro nuabera (1=82) pa3Jimyuii B TeUeHUN U
HMCXOJl€e Cercrca He BbISIBUJIM.

[Ipu o6benMHEHUYN TAIUEHTOB C TSKEJIOU
CepeYHO-COCYIUCTON MaToJ0ruel 1 caxapHbIM
nrabeToM B OTHY KOTOPTY BEICOKOKOMOPOUIHBIX
ManueHToB (1=85) pas3/in4yus 110 BBIYKUBAEMOCTH
COXPaHAJIN BBICOKYIO 3HAYMMOCTb B 3aBUCUMOCTH
orreroruna AGTRI1 rs275651 (puc. 3, a). Tak, cpeqn
HOCHUTeJIer 6oJee pacIpoCTpaHeHHOT0 TeHOTHIIA
TT neranpHOCTH cocTaBuia 69%, y HOcUTesel
MHUHOpPHOH amnienun A — 96% (p=0,005, OR=10,97
95% CI: 1,38-87,35, TM®; p<0,0001, log rank TecT).

Hamporus, B KOropTe MaldeHTOB C MEHBIIIEN
KOMOPOUIHOCThI0O — 0€e3 caxapHOro aguadera u
BBIpa’KEHHOH CepleuHO0-COCyIUCTOU IIaTOJIOTUN
pasjnyusA 110 BBDKMBAEMOCTH MEKIy IpylIiaMu
MMallMeHTOB, OWINYaIuXxcs 1o resoruny AGTR1
rs275651 (TT mporus A+) orcyrcrBoBasiu (p>0,05;
puc. 3, b).

IIpencraBiieHHBIE JaHHBIC YKA3bIBAIOT HAa TO,
YTO KOMOPOHUIHOCTH MAIlMEHTOB, 00yCIOBIEHHAS
caxapHbBIM TMAa0ETOM UJIH BhIPAKEHHOH ITaTOJIOTH-

Puc. 3. BbkHBaeMoCTh cenTuYeckux mamuenToB OPUT c
pa3au4yHbIMU reHoTUnaMu AGTRI1 rs275651, 6e3 u ¢ comyT-
CTBYIOIIEH TSAKEJT0H KOMOPOHAHOCTHIO.

Fig. 3. Survival rate of ICU sepsis patients with various AGTR1
rs275651 genotypes, with and without severe comorbidities.
Note. a — pooled group that include patients with severe car-
diovascular diseases and patients with diabetes mellitus (1=85,
P=0.005, OR=10.97 95% CI: 1.379-87.347, Fisher’s exact test;
P<0.0001, log-rank test). b— patients without diabetes mellitus
and severe cardiovascular diseases (n=59, P>0.05, Fisher’s exact
test; P=0.191, log-rank test).

IIpuMmeuaHue. @ — KOropTa, 00beJUHSIOMAS TAIIMEHTOB C
cepJieYHO-COCYAMCTON NaToJIOTHel U CcaxapHbIM JuabeToM
(n=85, p=0,005, OR=10,97 95% CI: 1,38-87,35, TM®; p<0,0001,
log rank rect). b— nanueHThI €3 caxapHOro Auadera u TsoKe-
JIOW cepJiedHO0-COCyaUCTOH marooruu (n=59, p>0,05, TM®;
p=0,1914, log rank Tecr).

In contrast, in the cohort of patients with less
comorbidities (without DM and significant cardio-
vascular conditions) there were no differences in
survival between patient groups with different
AGTRI1 15275651 genotypes (TT versus A+) (P>0.05;
Fig. 3, b).

Our findings suggest that a comorbidity
such as diabetes mellitus or advanced cardiovas-
cular disease may be contributing factor to the
AGTR1-associated predisposition to the adverse
course of sepsis.

Sepsis and especially septic shock are accom-
panied by dramatic cardiovascular changes caused
by abnormal reaction of the immune cells to the
infection, involving components of microorgan-
isms and products of activated immune cells (cy-
tokine storm). Vascular damage, hypotension, re-
duced cardiac output, low perfusion lead to tissue
hypoxia and multiple organ failure associated with
septic shock.

In sepsis, the renin-angiotensin system is ac-
tivated, apparently as one of the universal adaptive
responses to stress. However, with a prolonged in-
crease in gene expression, there may be exhaustion,
resulting in a drop in Ang II level. Insufficient an-
giotensin production leads to maladaptation and
an increased risk of profound hypotension. This
has been the basis for attempts to treat patients
with septic shock wusing a recombinant
drug [25-27]. Recombinant Ang II administration
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el cepredYHO-COCYAUCTOU CHUCTEMBI, MOKET
SIBJISITHCST (PAKTOPOM, CITOCOOCTBYIOIITHM ITPOSIBJIE-
a0 AGTR1-accoltuupoBaHHOM MPepaciolosKeH-
HOCTH K HeOJIaronpuATHOMY TE€UYEHHIO CETICHCA.

Cemnicuic, m 0coOeHHO ero TsKesas (popma —
CeNTUYECKUH 10K, COIIPOBOKIAETCS BIPAKEeH-
HBIMM U3MEHEHUAMU CO CTOPOHBI CEpeYHO-COCY-
JUCTOU CUCTEMbI, BBI3BAHHBIMU IIATOJIOTUYECKOMN
peakiueli KJIeTOK UMMYHHOH CUCTeMBbI Ha UH(EK-
[IYI0, C y9aCTHeM KOMIIOHEHTOB MUKPOOPraHU3-
MOB W IIPOAYKTOB AaKTHUBHUPOBAHHBIX KJIETOK
WUMMYHHOH CHUCTeMBbl (IMTOKUHOBBIA ILITOPM).
[TopaskeHus COCyIOB, pa3BUTHE TMIIOTEH3UH, CHU-
SKEHHME CepAeYHOro BhIOpOca, rumomnepdysus
NIPUBOAAT K TUIIOKCMU TKaHeH U pa3BUTHIO
IIOJIMOPTaHHOU HEeJOCTaTOUYHOCTH, COIPOBOXK-
JTaroniel CEeNTHYEeCKUH IIIOK.

IIpu cencuce akTUBHUPYETCsI pEHUH-AHTHO-
TeH3WHOBasl CHCTeMa — BUINAMO, KaK OJHA U3 YHU-
BepCaJbHBIX aJalTUBHBIX pEaKIUil Ha CcTpecc.
OpHako, IpY JJINTEIBHOM yBEJIMYCHUN 9KCIIPEC-
CHU I'eHa MOJKET IIPOUCXOIUTH €e UCTOIeHUE, B
pesyJabrare KOToporo cogepskanue Angll nagaer.
PasBuTHe HegOCTATOYHOCTU NMPOAYKIUNA aHIHO-
TeH3WHAa IPUBOAUT K JUCANANTAlAN U YBeJInJe-
HUIO PHUCKA pa3BUTHUSA IMTy0OOKo# runoreHsuu. Ha
9TOM OBLTM OCHOBAHBI MOMBITKU KIUHUYECKOTO
JIEYeHHUsI IAllMEeHTOB C CENTHUYECKUM IIOKOM C
IIOMOTITHI0 PEKOMOMHAHTHOTO IIpernapara [25-27].
BBegnenune pekomOmHaaTHOTO ANngll OB17T0 OCOOEH-
HO YCHENIHBIM [JIsI OBICTPOTO0 BOCCTAHOBJIEHUS
MaIMeHTOB C TUIIOTEH3UeN U PEKOMEeHJ0BAHO [/
JIeYCHHs ITAallMEeHTOB C KaTeX0JIaMUH-PEe3UCTECHT-
HBIM NIUCTPUOYTUBHBIM IIOKOM [28]. OmHaKo,
Jaske pacllMpeHHble UCCIeL0BAaHU KIUMHUYECKO-
ro npuMeHeHusa Angll mpu moke ocTaBUIN Hepe-
LIEHHBIMU MHOTHWE BOIPOCHI 10 KJIUHUYECKOU
3(p(PHeKTUBHOCTH ero npuMeHeHus1. Takue BOIIpo-
ChI BOSHUKJIM B CBSI3M C OOHApy;KeHHBIMU HeOI1a-
TONIpPUATHBIMHU 3(p(peKTamu npenapara Ha JIETKHe,
TOJIOBHOU MO3T, MUKPOLMPKYJIAINAIO, BOCIAJIU-
TeJIbHbIC pEaKLIUU U yBeJIHWYEHUE PUCKA TPOM-
60ambosru [29]. ITO 0OYCTOBUIIO TIOVCK TaTOTE-
HETUYEeCKN 3HAYMMBIX OMOMapKepoB  IJis
NepCOHU(pUKALMY JIeYeHUsI CeITUUEeCKOTro III0Ka
Angll. B HeJTaBHUX HCCIeTOBAaHUAX ObLIa TIPOJIe-
MOHCTPHUPOBaHAa NOBBIIeHHAasI 3 (HEeKTUBHOCTD
npenapara IpHu Je4eHUH ITIalMeHTOB C BBICOKUM
coflepskaHrEeM peHWHA, KOTOPBIHA OBIJ OIIpe/iesieH
Kak OMoMapkep-KaHAUAAT JJIs1 TepCOHATN3ANN
npuMeHeHus pekoMOrHaHTHOTO Angll [30].

Henocrtarounocts apdextuBHocT Angll
MOYKET UMETh IIPUYNHY, CBA3aHHYIO C YMEHbIIIe-
HUeM akcnpeccun AGTR] npu cencuce, BEI3BaH-
HOM JleliCTBeM HeCKOJIbKUX IIPOBOCHAJINTENb-
HBIX IJUTOKMHOB (IUTOKUHOBBIN IIITOPM) U OKCHIA
asora (NO) [16]. IloHusKeHHbIE YPOBHU 3KCIIpEC-
CUU TeHOB PEHUH-aHTMOTeH3WHOBON CHCTEMBI
Angll u ACE nipu cenicrce ObLJIM aCCOITUAPOBAHBI

has been particularly successful for the rapid recov-
ery of hypotensive patients and has been recom-
mended for the treatment of patients with cate-
cholamine-resistant distributive shock [28].
However, even extended studies of the clinical use
of Ang Il in shock have left many unresolved issues
regarding its clinical efficacy. These issues emerged
when adverse effects of the drug on the lungs,
brain, microcirculation, inflammatory reactions,
and increased risk of thromboembolism were
found [29]. This has prompted a search for patho-
genetically relevant biomarkers to personalize the
treatment of septic shock with Ang II. Recent stud-
ies have demonstrated increased efficacy of the
drug in the treatment of patients with high renin
levels, which has been identified as a candidate
biomarker for the personalization of recombinant
Ang I use [30].

Lack of Ang II efficacy may stem from de-
creased AGTRI1 expression in sepsis induced by sev-
eral proinflammatory cytokines (cytokine storm)
and nitric oxide (NO) [16]. Reduced expression lev-
els of the Ang II and ACE renin-angiotensin system
genes in sepsis have been associated with an unfa-
vorable prognosis [31]. At the same time, there is
evidence that AGTR1 expression is reduced in sep-
sis, leading to impaired cardiovascular response to
Ang I1 and contributing to the development of sep-
tic shock [16]. Ang 11 is a highly effective vasopres-
sor administered in hypotension in patients with
sepsis, particularly in septic shock, to stabilize
blood pressure and reduce catecholamine de-
mand [32]. Ang Il administration in refractory sep-
tic shock was effective in increasing blood pressure
and reducing norepinephrine demand [33]. One
could logically assume that in sepsis (and especially
in septic shock) the survival rate of patients with the
genotype associated with increased expression of
the receptor to Ang II, TT AGTR1 -777 T>A1rs275651,
would be higher. We confirmed this hypothesis in
the present study: both the incidence of life-threat-
ening septic shock and mortality were significantly
lower in patients with the most common TT AGTR1
=777 T>A (rs275651) genotype. One might speculate
that these patients might be genetically predisposed
to the highest sensitivity to their own Ang II. How-
ever, additional administration of recombinant Ang
II could be excessive in these patients and result in
well-known complications associated with Ang II
use. Further clinical studies will help establish the
possible informative value of the AGTR1 -777 T>A
(rs275651) polymorphism appropriate for the per-
sonalized use of recombinant Ang Il in distributive
types of shock, including septic shock.

Sepsis is particularly dangerous for patients
with comorbid conditions such as diabetes mellitus
and cardiovascular disease. Hereditary predisposi-
tion to vascular disorders may increase the risk of

lethal outcome. For example, AGTRI rs263936 and
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¢ Heb6IaronmpusATHBIM MPorHo3oM [31]. BmecTe ¢
TeM, UMEIOTCsI TaHHBbIE O TOM, YTO IIPU CeICHce
CHUKAeTCA U 9KcIpeccus peuenropa Angll —
AGTR], NIpUBOAA K yXyIUIEHUIO pEaKIiK cepuey-
HO-COCYIHCTOU crcTeMbl Ha Angll u ciocobcTBys
Pas3BUTHUIO CeNTUYeCKoro Immoka [16]. Angll
ABJSETCS BBICOKOI(HEKTUBHBIM Ba30MPECCO-
pOM, KOTOPBIH HCIIOJNB3YIOT IIPU TMIIOTEH3UU Y
MTAITMEeHTOB C CETICUCOM, OCOOEHHO — ITPU CENTHU-
YeCKOM IIIOKe IJIA CTaOuaM3anuy NaBJaeHUS U
CHU’KEHUS TTOTPeOHOCTH B KarexoJaMuHax [32].
Beenenue Angll npu pedpakTepHOM cenTHde-
CKOM IIIOKE M03BOJISIO 3(P(PEKTUBHO MOBBICUTH
JaBJeHNe U CHU3UTD IIOTPEOHOCTH B HOPAIpEeHAIIH-
He [33]. JIorm4HO OBLIO TPEIIOJIOMKUTD, YTO TIPU
cericrice (M 0COOEHHO — IIPU CENTUYECKOM ITTOKE)
BbI)KMBAEMOCTbD ITAIIMEHTOB C TeHOTUIIOM, ACCOIIUH-
POBaHHBIM C YBEJIMUEHHOU 9KCIIPECCUEN PeleITo-
pak Angll — TT AGTRI1 -777 T>A rs275651 — Oymer
BBIIIIE. JTy TUIIOTE3y MBI IOATBEPAUIN B HACTOSI-
IIIeM MCCJIeOBAaHUM: ¥ 9YaCTOTa YKU3HEYT POYKAIOIIIe-
ro CIII, 1 ieTaTbHOCTh OBLIM 3HAYUTETHHO HIKE Y
TMaIeHTOB HanboJIee paclpoCTPaHeHHOTO TeHOTH-
na TT AGTR1 -777 T>A (rs275651). MoskHO 110J1a-
raTh, YTO UMEHHO TaK¥e MaIieHThbl OyIyT reHeTH-
YeCKU ITpeapacloIOKeHbl K HANOOJIbITIEN peaKITiuu
Ha cobcTBeHHBIH Angll. He ckiou€eHo, OTHAaKo, 4TOo
MMEHHO Y TAKKX ITAI[EHTOB JOIIOJIHUTEJIBHOE BBE-
JleHre PpEKOMOMHAHTHOTO nipenapara Angll mosker
SIBUTHCsI U3OBITOYHBIM, W TIPUBENET K OCJIOKHE-
HUAM, COIPOBOXKIAIOINUM HasHaueHue Angll.
JlanpHelIe KIMHIYECKIe MCCJIETOBAHUs IIOMO-
TYyT YyCTaHOBUTH, JOCTATOYHO JIU MH(POPMATUBHO
onpenenenne noaumopduama AGTR1 -777 T>A
(rs275651) 1151 MepCOHUPUITUPOBAHHOTO MCIIOMb-
30BaHMA pekoMbuHaHTHOTO Angll mpu qrcTpuody-
THUBHOM IIIOKe, BKJIIOYasI CEITHYECKUI ITIOK.

Oco0eHHO OmaceH Celncuc IJIs MMaleHTOB C
TaKUMU KOMOPOUIHBIMHU TTATOJIOTUSIMHY, KaK caxap-
HBII ArabeT 1 cepedHO-COCYIUCThIe 3a00IeBaHMA.
[Tpu sTom Hac/IeICTBeHHAsT TTPEIPACTION0KEHHOCTD
K COCYIMICTBbIM HapyIIeHUAM MOSKET ITOBbIIIAaTh PUCK
JIeTaJIbHOIO Ncxona. Tak, OTHOHYKJICOTUIHbBIE 3aMe-
HbI AGTR1 15263936 11 1$1492099 ObLTH aCCOTUUPOBA-
HBI C BHE3AITHOM OCTAaHOBKOM ceppna [34]. M3BecT-
HO, yTo aienab C AGTR1 A1166C rs5186 B 3° —
00J1acTH CBsI3aHa C YBeJIMYEHNEM PUCKA HIIIeMUAYe-
CKOM 00J1e3HU cepjla U MHPapKTa MUOKapaa. Y
HocuTesaen C-anesn r1s5186 CHIKaaI0Ch CBA3bIBa-
Hrue MuKpo-PHK miR-155 (koTopble momaBJistioT
9KCIIPECCHIO TeHa) B 3" -00J1aCTh TeHa, B pe3ysIsrare
4ero Bo3pacraer cuHTe3 MoJiekyal AGTR1 [35].
Amnnenb C rs5186 B cocrase ramsioruna GCC (G
151492078, C rs5186, C1s380400) ObLT acCOITMUPOBAH
C YMEHBIICHUEM CHUCTOJIMYECKOI0 apTepuaibHOIO
JTaBJIEHWsI [IPU Tepaliny KaHAecapTaHOM. AJIBTEpHA-
TUBHBIHN rarutoTun AAC, Ha000pOT, aCCOITUUPOBAIICS
C yMEHBIIICHEM IUAaCTOJIMYECKOI0 JABJICHU B OTBET
Ha Takoe ke jiedeHue [20].

rs1492099 single-nucleotide polymorphism have
been associated with sudden cardiac death [34].
The C allele of AGTR1 A1166C rs5186 in the 3" -re-
gion is associated with an increased risk of coro-
nary heart disease and myocardial infarction. Car-
riers of the rs5186 C allele had reduced binding of
miR-155 microRNAs (which suppress gene expres-
sion) in the 3’-region of the gene, resulting in in-
creased synthesis of AGTR1 molecules [35]. The C
rs5186 allele within the GCC haplotype (G
rs1492078, C rs5186, C rs380400) has been associ-
ated with decreased systolic blood pressure during
candesartan therapy. In contrast, the alternative
haplotype AAC was associated with decreased di-
astolic blood pressure in response to the same
medication [20].

AGTR1 polymorphism is involved in the devel-
opment of diabetic nephropathy [17, 18, 36]. The
mortality of type 2 diabetic patients on dialysis has
been shown to depend on the AGTRI rs5186 ge-
netic variability [21]. A synonymous substitution in
the AGTRI1 rs5182 coding region participates in the
development of hypertension in diabetes: patients
with AGTR1 rs5182 CC genotype had a higher risk
of hypertension [37].

The above listed examples indicate the signifi-
cance of the AGTR1 genetic polymorphism in the
severity of comorbid diseases in patients with sep-
sis and septic shock in our study. The T rs275651 al-
lele is a part of haplotype I TTAA, which consists of
4 substitutions in the promoter 5 -region of the
AGTR1 gene including T rs275651, T rs275652, A
rs422858, A rs275653. Interestingly, the AGTR1
rs422858 and AGTRI rs275653 minor alleles were
associated with longevity in the Italian population.
In the Japanese population, the GG rs275653 A/G
genotype was also associated with the life
longevity; in addition, the centenarians with this
genotype had lower blood pressure [38]. There is an
evidence that the AGTR1 rs275653 polymorphism
is associated with the risk of small vessel stroke [39].
AGTRI1 15275652 and rs275653 genotypes affected
the clinical manifestations of systemic sclerosis in
a Mexican population, contributing to vascular
damage [40].

Increased frequency of AGTRI rs5186 allele C
associated with high level of AGTR1 receptor pro-
duction is typical for survivors of nosocomial pneu-
monia [19]. Our research shows a similar pattern,
which is however associated with another mutation
localized in the 5'-region of the same gene: in-
creased survival in sepsis is characteristic of pa-
tients with the AGTR1 genetic variant associated
with a relatively high expression of this gene.

Angiotensin II is known to have strong im-
munostimulatory and proinflammatory activ-
ity [41-43]. Therefore, one may assume that the in-
creased survival in life-threatening infections of
carriers of genetically polymorphic variants with

GENERAL REANIMATOLOGY, 2021, 17; 5

www.reanimatology.com



48

https://doi.org/10.15360/1813-9779-2021-5-35-51

Clinical Studies

[Momumopduam AGTR1 urpaet poJjib B pa3Bu-
TN guadbeTndeckoil Hedpomarmu [17, 18, 36].
ITokasaHo, YTO JIeTaJIbHOCTh IIAIIMEHTOB C quabde-
TOM BTOPOTO TUIIA HA TUAA3€ 3ABUCUT OT FreHeTH-
geckoro BapuaHnTa AGTR1 1s5186 [21]. ChuHOHUMIY-
Has 3aMeHa B Kopupyotiei oosmact AGTRI rs5182
WUTpaeT poJib B PA3BUTUH TUIIePTEH3UM IPU Ccaxap-
HOM nuabere: 6oabHbIe renotuiia AGTR1 155182 CC
00172/ 60JTBITTUM PUCKOM TUTIEPTEH3UH [37].

[IpuBeneHHble IIpUMepbl YKa3bIBAlOT Ha
3HaYeHNe reHeTU4ecKoro noaumopduama AGTR1
B TeUeHNU 3a00JIEBAHUT, SIBJISIONTAXCS KOMOPOUI-
HBIMU ]I IAIIMEHTOB C CEIICCOM U CEeNITUYECKUM
IIIOKOM B HallleM WuccjaegoBaHuu. AJjeab T
rs275651 BxoguT B ramyiotun I TTAA, cocTosimmii us
4 3aMeH B TPOMOTOPHOI 5" -001actu rena AGTR1: T
1s275651, T rs275652, Ars422858, Ars275653. UuTe-
pecHo, yTo MUHOpPHBIEe asenan AGTR] rs422858 u
AGTRI1 1s275653 OBLIN aCCOIMUPOBAHBI C TOJITO-
SKUTEJIbCTBOM B UTAJIbSTHCKOM ITONYJIANMY. B ANOH-
CKOU IONYJIAIUY C JOJTOKUTEIbCTBOM OKa3aJICs
cBsA3aHHBIM U reHotun GG rs275653 A/G; kpome
TOI'0, JOJTOKUTEJIN C JaHHBIM TeHOTUIIOM UMeJIn
0ojlee HU3KOe apTepHasibHOe maBjeHue [38].
Nmetorcst jaHHble 0 cBsA3U nmosuMopguama AGTR1
1$275653 C pUCKOM MHCYJIBTa MEJIKUX COCYIOB [39].
I'enotunbl AGTRI1 1rs275652 u rs275653 BAUSIN HA
KJIWHUYECKNe TIPOSBJIEHUS CUCTEMHOTO CKJIep03a
B MEKCHUKAHCKOU TOMNYJAIUM, BHOCS BKJAI B
MOBpeXIeHne cocynos [40].

[ToBbIIIeHHAs1 4acTOTa BCTPEYaeMOCTH aJjljie-
751 C AGTRI1 rs5186, accolMMpOBAaHHOTO C BBICOKUM
ypoBHeM npoaykuuu penenropa AGTR1, xapakrep-
Ha JIJ1sI BBDKUBIIHX ITAIIEHTOB C HO30KOMHAJIbHOM
mHeBMOHUeH [19]. B Hareii paboTe mpociieskuBa-
€TCS AaHAJIOTUYHAsA 3aKOHOMEPHOCTh, HO aCCOIAM -
pOBaHHas y3Ke C APYyroi MyTanuen, T0KaJIu30BaH-
HOM B 5’-00J/I1aCTH TOTO Ke reHa: IOBLIIIeHHas
BBDKMBAEMOCTh IPU CeICHCe XapaKTepHa [Js
NaeHTOB C TeM TeHeTUYECKUM BapUuaHTOM
AGTR1, KOTOPBIHN aCCOIMUPOBAH C OTHOCUTEJILHO
BBICOKMM YPOBHEM 9KCIIPECCUHU JAHHOTO I'eHa.

Obcykmass MoJiy4eHHbIE TAaHHBIE, CIEAYET
orMeTuTh, 4To Angll 00samaeT BBIPA’KEHHOU
UMMYHOCTUMYJIMPYIOIIe 1 IPOBOCHATIUTEIbHON
AKTUBHOCTBIO [41-43]. II0aTOMY HE HCKJIIOYEHO,
4YTO IIOBBIIICHHAS BBI)KABAEMOCTD IIPU YKU3HEYT-
poskatoleit ”HPEeKITUU HOCUTeel TeHETUYeCKHU
moaIuMOpP(HBIX BapUAHTOB C 0OoJiee BBICOKOM
TPAHCKPUIIIMOHHOMN aKTUBHOCTHIO TeHa perernTo-
pa Angll oOycsioBieHa yCHJIEeHHWEM IPOTHUBO-
WH(EKITMOHHOTO WMMYHHUTETa Uu/uiaum OoJsee
BBIPA’KEHHOMN CTUMYJIALE UMMYHOPETYJIATOp-
HBIX MEXaHU3MOB, IIpeKIe BCero — CyIlpeccop-
HBIX KJIETOK MHEJOUTHOTO TIPOUCXOKIAECHUS
(CKMII), cnocOoOHBIX CHUKATh Ype3MePHBIHA ypo-
BeHb BOCIAJINTEbHBIX peaKkIui npu cerncuce. O
TaKOM BO3MOSKHOCTHU CBUIETEIbCTBYIOT JaHHbIE
06 wmuayknumu CKMIT npu BBemenum Angll

higher transcriptional activity of the Ang I receptor
gene is due to enhanced anti-infective immunity
and/or a more pronounced stimulation of im-
munoregulatory mechanisms, primarily myeloid-
derived suppressor cells (MDSCs) that can reduce
the excessive inflammatory response in sepsis. This
possibility is evidenced by the data on the induc-
tion of MDSCs when injecting Ang II into mice [44]
and on the accumulation of MDSCs in patients
with sepsis, including septic shock [45, 46].

The involvement of Ang I receptors in a num-
ber of processes pathogenetically related to severe
vascular and immune system damage in patients
with serious comorbidities such as cardiovascular
disorders and type 2 diabetes mellitus determines
the association of the functional genetic variant
AGTR1 with organ disorders in sepsis and septic
shock outcome in the studied cohort of patients,
which we have found.

Conclusion

The AGTR1 (-777 T>A) rs275651 polymor-
phism associates with the progression and out-
come of sepsis in ICU patients with a baseline co-
morbidity such as type 2 diabetes mellitus or
cardiovascular disease. Carriers of the most com-
mon TT genotype demonstrate less severe organ
damage (as seen according to the SOFA score), de-
veloped septic shock less frequently, and exhibit a
significantly higher survival rate as compared to
carriers of the minor A allele.

mblIam [44] n o HakonsteHnn CKMII y manieHTOB
c cencucoM, BrJrrodasi CIII [45, 46].

He nicr1r09€eHo0, 4TO BOBJIEUEHHOCTD PerenTo-
poB Angll B 11eJ1b1i1 pSAL IPOLECCOB, TaTOreHeTHYe-
CKU CBSI3AHHBIX C BBIPAYKEHHOCTHIO TOPa’KEHUN
COCYIMCTOM M MMMYHHOU CHCTEM IIallUE€HTOB C
TOKEJTBIMA KOMOPOUTHBIMI COCTOSTHUSIMU — Cep-
JIEYHO-COCYIMCTBIMI HAPYLICHUAMU U CaXapHBIM
IabeToM BTOPOTO THIIA, OTIpeesisieT 0OHAPYKeH-
HyI0 HAMM aCCOI[MAaTUBHYIO CBAA3b (DyHKIIMOHAJIBHO-
ro reHeTn4eckoro Bapuanra AGTR1 ¢ oprasHbIMu
HapyLUIEeHUAMHA IIPU CEIICUCe U UCXOL0M CelThude-
CKOTO I1I0KA B MCCJIEIOBAaHHOM KOTOPTE MAIIMEHTOB.

3akJrouenue

O6Hapy:xumm cBsA3b nosmmoppuama AGTR1
(-777T>A) 1s275651 C TSKECThIO TEYUEeHU U UCX0/1a-
Mu cericuca y naiyeHToB OPHT ¢ BBICOKMM ypOBHEM
HCXOTHOM KOMOPOUTHOCTH — HAJIMYUEM CaXapHOTO
nrabeTa BTOPOTO THITA WJIA CEPIEYHO-COCYIUCTON
maroJioruu. [IJist HocuTeied HanboJiee pacipocTpa-
HeHHOro reHoruna TT ObLTM XapaKTepHBI MeHee
BBbIpa)KeHHbIe OpraHHble HapyIlIeHH: (C OI[eHKOM 110
mikase SOFA), cenTryecKuii 0K Pa3BUBAJICS PESKE,
a BBDKMBAEeMOCTD ObIJIa 3HAYUMO BBIITIE TTO CPaBHE-
HUIO C HOCUTEJISIMA MUHOPHOH aJIjiesiu A.
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Pe3rome

Iesb: aHATNU3 BJAUSHUSA IOMOIIU TUCIETYEPA BO BPEMS CEPIEUHO-/IeT0uHOoi peannmannu (CJIP) nanu-
€HTOB C BHEOOJILHUYHOM 0cTaHOBKOH cepAra (BBOC) Ha BoccTaHOBIeHNE 3 (heKTUBHOIO KPoBooOpariie-
HuA (BOK), yaydileHne BBIXKUBAeMOCTH Ha MeCTe IIPOU30IIe el 0CTAHOBKU KPOBOOOpaIeHNs, BBIKU-
BaeMOCTh JI0 BBIITUCKHU U BBDKUBAEMOCTh B TeueHue 30 JHel.

MarepuaJibl 1 MeTObI. JJaHHOE HcciefoBaHre BKIJIIOYMJIO ANTUAeMUoIoTuYecKkue fannble 1o BEOC, co-
OpaHHBIE B COOTBETCTBUM C IIPOTOKOJIOM HCCJefoBaHUs EBpomeiickoro coBeTa II0 peaHHMAaIlUU
EuReCa_ONE B nnepuop c 1 oktabps 2014 roga o 31 nexadbpsa 2019 roga. CTaTUCTHYECKUM aHAIN3 IPOBO-
JIUJTY C HCII0JIb30BaHUEM IIPOrpaMMHBIX TakeToB SPSS Statistics v26 u GraphPad Prism v8.

Pesyabrarsl. B uccienosanue BI04y 288 nanueHTos ¢ BEOC, y KOTOPBIX ceplie4yHO-JIero4Has pea-
HUManus ObLIa MpoBefeHa caydaiHbiM oueBuaieM. CJIP ¢ momombio aucnerdepa (CJIPII/I) 6b11a mpoBe-
JeHay 56,9% marueHToB, a BOK 6561710 focTurayTo B 31,3% ciryuaeB. COpoK 4eThIpe MareHTa ObLIN TOCIHU-
TaJIM3UPOBAHBI, U 16 13 HUX OBLIU KUBBI K MOMEHTY BBINUCKH. [IoMOIIb JUcieTYepa He oB/IKsAMa Ha BIK,
XOTA U IpUBeJIa K HECKOJIBKO O0JibIieMy pucKy oTcyTcTBUA BOK (OR=1,063). Bosiee BBICOKYIO CMEPTHOCTD
B IIepHOJ 10 BBIMUCKHU Habmonanu B rpynmne CJIPII (p=0,013). Pazmuuusa mesxay rpynmnamu CJIPIIT u CJIP
6e3 I1]] o CMEpPTHOCTH Ha MeCcTe OCTaHOBKU KpoBooOpareHus 1 30-THeBHOU BEDKUBAEMOCTH ObLIN He-

Anpec 1714 KOpPeCIOHJeHIIHH: Correspondence to:
*Cppskan C. HukonoBcku *Srdjan S. Nikolovski
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B moMomip NIpakTUKYIONEMY Bpaydy

3HaYMMBI. [ToMoIIIb AuCIIeTYepa BO BpeMsi 0a30BBIX peaHUMAIIMOHHBIX MEPOTIPUATHH Y TOCITUTAIN3UPO-
BAaHHBIX BIocjieAcTBUU nanueHToB ¢ BBOC okasa/iack 3HaUMMBIM IPEAUKTOPOM CMEPTEJIbHOTO UCX0A B
Te4eHUU Nepruoja rocnuranusannu (p=0,017, OLI 5,500).

3akarouyeHue. CBsi3b MeXKy HATUYMeM/ OTCYTCTBUEM oMol nucrnerdyepa v BOK niu 30-1HeBHO BbI-
SKUBaeMOCThIO oTCcyTcTBYeT. CJIPII/] HEe3HAYMMO acCOIUHMPYETCs ¢ 60J1ee BEBICOKUMU IIIAHCAMU Ha OTCYTCTBHE
BOCCTaHOBJIeHHsI KpoBooOpatenus. CJIPII]] Takyke ObLi1a CBsi3aHa ¢ 60Jiee HU3KUMU MTOKA3aTeJISIMU BbI-
SKMBAEMOCTH [0 BBIIUCKH Yy TOCOUTAIN3NPOBAHHBIX ManineHToB ¢ BBOC. PeaynbraTel uccienoBaHus sB-
JISTIOTCST OCHOBAHUEM JIJTsI BHEJIPEHHUSI CYIIIECTBYIONIMX U pa3pabOTKH HOBBIX PEKOMEHJAIINH 110 BEICOKOKA-
YeCTBEHHOU IPO(deCcCHOHAIBHON MOATOTOBKe mucrerdyepoB CMII, a Takske 1Mo 0Oy4eHUIO HacesJeHUs
OKa3aHUIO 0A30BBIX PEAHUMAIIMOHHBIX MEPOTTPUSTHM.

Kntoueesvle croea: 6HeOG0NbHUUHASL OCMAHOBKA CepOUua; cepOeuHO-1e20UHASL PeAHUMAUUSL; NOMOULL
Oducnemuepa; EuReCa; 6occmanoenenue 3hhekmuernozo KposoodpauieHust; ROCHOpPOHHUIL HAOa00amesb

KoHQUINKT HHTEpeCcOB. ABTOPHI O0'BSBJISIOT 00 OTCYTCTBUY KOH(JINKTA HHTEPECOB.

Summary

The Aim: analysis of the influence of dispatcher assistance during cardiopulmonary resuscitation (CPR)
of patients with out-of-hospital cardiac arrest (OHCA) in achieving return of spontaneous circulation (ROSC),
better survival at the scene, survival to discharge, and 30-day survival.

Materials and methods. This study includes epidemiological data on OHCA collected by the study protocol
of the European Resuscitation Council's EuReCa_ONE study during the period October 1, 2014 — December 31,
2019. Statistical analysis was performed using SPSS Statistics v26 and GraphPad Prism v8 software packages.

Results. This study included 288 patients with OHCA where CPR was provided by bystander. Dispatcher-
assisted CPR (DA-CPR) occurred in 56.9% of those patients and ROSC was achieved in 31.3% of cases. Forty-
four patients were hospitalized and 16 of those survived until discharge. There was no influence of dispatcher
assistance on ROSC, although it resulted in slightly greater risk of the absence of ROSC (OR=1.063). Higher
mortality rate to discharge occurred in DA-CPR group (P=0.013). No statistical significance was observed be-
tween DA-CPR and non-DA-CPR groups in terms of death at the scene, and 30-day survival. Dispatcher assis-
tance during the initial CPR in hospitalized OHCA patients was a significant predictor of death outcome during
hospitalization (P=0.017, OR=5.500).

Conclusions. There is no significant association between the presence/absence of dispatcher assistance
and ROSC or 30-day survival rate. In contrast, DA-CPR was non-significantly associated with slightly higher
odds for the absence of ROSC. DA-CPR was also associated with lower survival-to-discharge rates in hospital-
ized OHCA patients. The study findings are the base/ground which highlights the need of implementation of
existing and development of new guidelines regarding high-quality professional training of EMS dispatchers
as well as basic life support education of general population.

Keywords: out-of-hospital cardiac arrest; cardiopulmonary resuscitation; dispatcher assistance; EuReCa;
return of spontaneous circulation; bystander
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BBenenue

OO6111as1 BBI’KUBAEMOCTb IPHU BHEOOJbHUY-
HOHM ocTaHoBKe cepana (BBOC) ocraercss HU3-
KoM [1-7], uTO les1aeT ee BasKHeU el mpobaeMon
00IIeCTBEHHOTO 3/IPaBOOXpPAaHEHUSI BO BCEM
mupe [8, 9]. BoccranoBisienue 3ad¢peKTUBHOTO
kpoBoobpamenusa (BIK) kKak KpaTKOCPOYHBIN
HMCXO[ U BBI’KHMBAHME JO BBIITUCKU 13 O0JIbHUIIBI
Kak jgoJirocpouHbiii ucxon BBOC sBasooTcs
OCHOBHBIMU NPSIMBIMU IOKA3aTeJsIsIMU YCIIeITHON
cepaedHo-jerodyHou peanumaiiuu (CJIP) B kave-
CTBE TIEPBUYHON NPOIETYPHI, HEOOXOTUMOU A5
namueHnToB ¢ BEOC [10-13].

BaskHOCTH paHHero HavaJjia 0a30BbIX PeaHU-
MallMoOHHBIX Mepornpusituii (BPM) u pauHero
HCIIOJb30BAaHUA aBTOMATUYECKUX HapysKHBIX
nepudpunnasaTopos (AHJI) ciaydaliHBIMU IIPOXO-
SKUMU [0 NPUOBITUA MOApPA3AeJeHUN CITyKObI

Introduction

Overall survival rates of out-of-hospital car-
diac arrest (OHCA) are still low [1-7], which make
it a crucial issue in public health worldwide [8, 9].
Return of spontaneous circulation (ROSC) as a
short-term and survival to hospital discharge as a
long-term OHCA outcome are the main direct
measures of successful cardiopulmonary resuscita-
tion (CPR) as the first procedure required in these
patients [10-13].

The importance of the early initiation of
basic life support (BLS) measures and early use of
automatic external defibrilators (AED) by by-
standers before the arrival of the emergency med-
ical service (EMS) units has been extensively ex-
plained in the literature, which is also emphasized
in the European Resuscitation Council (ERC)
guidelines [1-5, 14-20].
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CcKopol MenuITHCKOU oMoty (CMIT) 6bL1a os-
poOHO om¥caHa B JINTEPATYPeE, a TaKKe MOTIEPK-
HyTa B peKoMeHarusx EBponeiickoro cosera 1mno
peannmaruu (ECP) [1-5, 14-20].

B Hacrosee BpeMsi IpujaramTcs 00JIb-
IIYe yCUJINA OJIA IIOBBIIIeHN s KavyecTBa cepaed-
HO-JIETOYHOW peaHuMalluy, BBIIOJHIEMON CJIy-
YalHBIMM TPOXOKUMH, BKJIOYAsl, MOMUMO
pouero, o0yueHne 00IeCTBEHHOCTH CePIeTHO-
JIETOYHOU peaHWMaInu, o0si3aTebHOe obOyde-
HHeE MIKOJIbHUKOB U CTYJEHTOB CepIe4YHO-JIeroy-
HOU peaHMMaIMMd, a TaKKe 9IKCTPEHHOe
OTIOBEIeHNEe CIeNraJbHO 00yYeHHBIX JINI, HE
SABJIAIOMUXCA MenpabOTHUKAMH, WU CJIYRO
IIepPBOr0 pearnpoBaHUs O CJIydasgxX OCTAHOBKU
cepamna BOJM3W WX MeCTOHAXOKIeHUs. Takue
MepbI U UX B3aUMOCBSI3b C KA4YeCTBOM CEePJIEYHO-
JIETOYHOU peaHuMaluy, OKa3bIBaeMOU ciydaii-
HBIMU CBUIETE/ISIMY, YKe N3y4a/InCh B HeJaBHUX
uccaegoanuax [21]. Kpome Toro, xopomro
M3BECTHA Ba’KHOCTH POJIA NVCIETYEePOB B MOJI-
JIep>KKe CTOPOHHUX JIWI] B IPOBEJIEHNU a/leKBarT-
HOU cep/ieYHO-JIeTOYHOU peaHuManuu [22-24].

XOTsA HEKOTOPbIE CTPAHbI U JOCTUIJIN BIIEYaT-
JISTIOTIVX PE3YJIBTATOB B 00YUYEeHUH JIIO/Ied HaBhI-
kam BPM n7151 6071€€ 3h(heKTUBHOTO BHITIOTHEHUST
CJIP, B OOJIBIITMHCTBE €BPOIENCKUX CTPAH IO CUX
mop HabJII0aeTcsI OTCTaBaHUe B 00J1aCTH MTOBBI-
meHus ycnermrHocty CJIP, BbIToHseMOH cirydai-
HBIMU [IPOXOKUMU [6]. B 9TUX CTpaHax nucrierye-
pbl CMII Takske UrpaioT BaYKHYIO POJIb X BHOCAT
3HAYUTEJbHBIN BKJIA[ B YJIy4IlleHUe BbI)KMBAE€MO-
CTHU U KCXOMa ITallieHTOB C BHEOOJLHUYHOI OCTa-
HoBKOM cepana (BBOC), kak 9To IPOUCXOAUT BO
MHOI'UX pa3BUTHIX CTpaHax Mupa [25-30]. [lomumo
NIpefoCTaBIeHNUA MHCTPYKIUH, nucnerdyepbl CMIT
UI'paoT BKHYIO POJIb B CTUMY/IMPOBAHNH JIUL], HE
SIBJIIONINXCS MeapabOoTHUKaMU, K aKTUBHBIM
nmerictBusaM [31]. B cBst3u ¢ atum CJIP ¢ ToMOIIIbIo
nucnetdepa (CJIPIIJ]) B 3HaUYUTEIbHOM CTENeHU
SIBJISIETCSI QJIBTepHATUBOM AJIs1 YTy IIeHUs UCX0a
narueHToB ¢ BBOC B pa3BUBaOIIUXCS CTpaHaX U
B mporiecce oOydYeHUsI HACeJeHUsl YCHEITHOMY
BoinoJiHeHno CJIP. Tem He MeHee, BO MHOTHX JIMC-
TeTYEPCKUX IIEHTPAX 9KCTPEHHBIX CJIY>K0 HET IPO-
TokoJi0B CJIPIIJl, a MHOTHE U3 TeX, y KOr'0O OHU
eCTh, 4YaCcTO He IPeAOCTABJAIOT aJeKBaTHBIX
uHcTpykiui mo CJIPIL] [32].

B Cepb6buu 10 cux mop HET MOJHOIEHHOTO
NPOTOKOJIA OKa3aHUsS MOMOINUA NUCIETYEPOM
ckopoii nmomouiu. OgHAKO pe3yJbTaTbl MPO-
rpammbl EuReCa_Serbia 2014-2019 rr. nmokasa-
g, uto CJIPII/I B Cepbum efiCTBUTEHLHO BEET
K 6oJs1ee 61arompPUATHBIM HCXO/IaM Y TTAI[UEHTOB
¢ BBOC [33].

esp mcciieqoBanns — WU3Y4YUTh BJIWSHUE
IIOMOIIM AucreTdyepa Ha noctmxrenne BIK, ymyd-
IIeHre BbIPKUBAEMOCTHA Ha MeCTe OCTAHOBKY KPO-
BOOpaIenus, BbIXKMBAEMOCTH 10 BBIMMHCKHA U3

Great efforts are being made in order to im-
prove the quality of CPR performed by bystanders
including, but not limited to, public CPR training,
mandatory CPR training for students, and messag-
ing trained laypersons or first responders about
local cardiac arrest sites. Those interventions and
their association with bystander CPR quality have
already been examined in recent studies [21]. Also,
there is a well known importance of the dispatch-
ers' role to support bystanders in providing CPR ad-
equately [22-24].

Although some countries have achieved im-
posing results in BLS skills education of people to-
wards better CPR performance, the major part of
Europe is still behindhand regarding the overall
success in CPR performed by bystanders [6]. In
those countries, EMS dispatchers are also impor-
tant participants with goal to signifficantly con-
tribute towards better survival and outcome of pa-
tients with out-of-hospital cardiac arrest (OHCA),
asitis the case in many developed countries in the
world [25-30]. Besides providing instructions, EMS
dispatchers have an important role to effectivelly
encourage laypersons to act [31]. Therefore, dis-
patcher-assisted CPR (DA-CPR) is, in large extent,
an alternative for better OHCA patients outcome in
developing countries on their road towards educa-
tion of people in successfully performing CPR pro-
cedures. However, many emergency-service dis-
patch centers do not have any DA-CPR protocols
available, and many of those who have it frequently
fail to provide adequate DACPR instructions [32].

Serbia still does not have fully developed
emergency dispatcher assistance protocol. How-
ever, findings of the 2014-2019 EuReCa_Serbia pro-
gram showed that DA-CPR in Serbia does result in
better outcome in patients with OHCA [33].

The aim of present study is to investigate the
influence of dispatcher assistance in achieving
ROSC, better survival at the scene, survival to dis-
charge, and 30-day survival in patients with OHCA
in Serbia.

Materials and Methods

This study included epidemiological data on OHCA
occurred on the territory of the Republic of Serbia. The
data is collected through the questionnaire of the Euro-
pean Resuscitation Council's EuReCa_ONE study. The
criterion for admission was OHCA noted by the Emer-
gency Medical Service. The research included data de-
fined by the EuReCa_ONE study protocol during the pe-
riod October 1, 2014 — December 31, 2019. After
completing the questionnaire, the data was entered into
aunique database in each center.

In this study, data on the age of the patients, gender,
time of EMS arrival, presence of a bystander, bystander
CPR, the occurrence of ROSC, and data regarding subse-
quent hospitalization were analyzed.

EuReCa_ONE is an international, prospective, mul-

ticenter study of the survival of patients (epidemiology,
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crauuoHapa 1 30-JHEBHYIO BBIKUBAE€MOCTU Y
mareHToB ¢ BEOC B Cepbum.

MarepuaJ 1 MeTObI

JlaHHOe nccie10BaHNue BKIIOUNIIO 31U IeMUOJIOTH-
yeckre 1anable 00 BEOC, mponsoreaninx Ha TeppuTo-
puu Pecrryosnky Cep6ust. JlaHHBIE COOPAIH C IOMOIIIBIO
AQHKeThI uccileoBaHUs EBpOIIeiCKOro coBeTa 110 peaHu-
manuu EuReCa_ONE. KputepreM 11 rociuTaIn3aan
6n11a BEBOC, 3apeructpupoBaHHast CITyK00¥ CKOpOi Me-
MUITMHCKOU TOMOIIK. B riccitenoBanyie BRIIOYUIN TaH-
HbIe, OIlpeJiesIeHHble IIPOTOKOJIOM HccienoBanuss Eu-
ReCa_ONE, 3anmepuoj c 1 okTsa0ps 2014 1. 1o 31 gexabpst
2019 r. IocJie 3anioJTHEHUS AHKETHI TaHHbIE BHOCUJIU B
OTJe/TbHYIO 623y TaHHBIX B KayKI0M IIEHTpE.

B aToM HccaeqoBaHUY IPpOAHAIU3UPOBAJIU 1aH-
HBIE 0 BO3pacTe MTaleHTOB, [10J1e, BpeMeHH ITPUOBITHSA
CKOPO¥ IOMOIITY, IPUCYTCTBUU CJAYYaWHOT0 OUEeBUIIA,
cepJleuyHO-JIeTOYHON peaHuMaluy, IPoBeJeHHOH Cy-
JaiiHbIM oueBUeM, BOK, a Takske — o mocsienyronei
TOCIUTAIU3ALNMN.

EuReCa_ONE — 3T0 Me)X1yHapOIHOE, IPOCIIEKTUB-
HOe, MHOT'OLIEHTPOBOE HCCJIeJOBAHUE BbLKUBAEMOCTU
MaleHToB (AIUAEMUOJIOT NS, JIedeHHe U UCXOAbl), Ilepe-
"ecmx BEOC B EBpone. VcciienoBanme 3aperucTpupo-
BaJsu Ha catite ClinicalTrials.gov ¢ ID NCT02236819 EBpo-
TTeICKAM COBETOM I10 peaHNMaIliH, a TAKsKe CITy>KOaMu
CKOpOH MequITMHCKOH oMoty Cepbum, KOTOphIe y4a-
CTBOBAJIH B cOOpPE JaHHBIX.

CrarucTudecKuil aHaaIU3 JAHHBIX IPOBOLUJIU C
WCII0JIb30BAaHUEM IPOTPAaMMHBIX MakeToB SPSS Statis-
tics v26 u GraphPad Prism v8. HopmanbHOCTB pacmnpe-
JleJleHUs1 TaHHBIX IPOBEPSAJN IIyTeM pacyeTa acuM-
MeTpUM U 9KCclLecca z, IIOCJe Yero IPOBOAUJIU
onucaresjbHble U AHAJIUTUUYECKHUE CTATUCTUUYECKUE
npoLeaypsbl, BKJIIOYAs [-TeCT, AUCIePCUOHHBIN aHa-
JIN3 ¥ aHAJIU3 KOBapUalUu [IJIsI CPaBHEHUS CPeJHUX
3HAYEHUU HelpepbIBHBIX IIepEMEHHBIX, a TAaK)Ke TeCT
2% 0JIs1 KaTerOpUa/IbHBIX IepeMEeHHBIX. OTU TeCThI UC-
110JIb30BAJIN AJIs1 OIpe/ieJIeHUsI CBSA3U MesKIy Haslu-
4yeM CeplledHO-JIerOYHONU peaHUuMallui CO CTOPOHBI
CJIy4allHbIX OYeBUIEeB KaK He3aBUCUMOU IepeMeH-
HoU 1 BOK u npyrumu nepeMeHHbIMU, XapaKTepU3YIO-
muMH ucxoq. Kpome toro, njs onpenesieHus npep-
CKa3aTeJIbHOH IIeHHOCTU He3aBUCUMBIX IlepeMeHHBIX
B OTHOIIIEHWH MCX0/]a MCII0JIb30BAJI OWHAPHYIO JIOTH-
CTUYECKYIO perpeccuio.

Pe3ynbTaThl ¥ 00CYK/IEHHE

B pamMkax HacTOAIETo UCCaeI0BAHUS TPOBe-
JIM CTaTUCTUYECKUI aHaJIN3 NJAaHHbBIX 288 mareH-
TOB, KOTOPBIM ObLiTa ripoBeaeHa CJIP caydyaitHbIM
0YeBU/IIEM. ITH TTAIIMEeHThI BXOAWIN B CEPOCKUN
peructp EuReCa, Br/OUatonuii 6266 naimueHToB
¢ BBOC (moJist marienToB ¢ BEOC, KOTOpBIM OBLITa
nposenena CJIP ciy4ailHbIMU O4YeBUALIAMU,
coctaBuia 4,6%). CpeHuii BO3pacT MaleHToB,
nosayuyuBmux CJIP ¢ noMouIpio ciaydyaiiHbIX o4e-
BU/IIIEB, COCTABUWJI 65 JieT (MeKKBApPTUIbHBIN
nHTepBasa 60-74). B aTy rpynmny BXOOUJIN L1€CTh
HEeCOBEpUIEHHOJIETHUX ITallueHToB (4o 18 jietr) —
IBa MJIajieHIla U YeThbIpe peOeHKa IIKOJIbHOIO

treatment and outcomes) who experienced OHCA in Eu-
rope. The study was registered under «ClinicalTrials.gov»
ID NCT02236819 by the European Resuscitation Council,
and emergency medical services in Serbia that partici-
pated in collecting the data.

Statistical analysis of data was performed using
SPSS Statistics v26 and GraphPad Prism v8 software
packages. Normality was tested by calculating skewness
and kurtosis z values, which was followed by descriptive
and analytic statistical procedures, including ¢-test,
analysis of variance, and analysis of covariance for com-
paring continuous variables' means, as well as Chi-
square test for categorical variables. Those tests were
used to determine an association between the presence
of bystander CPR as an independent variable and ROSC
and other outcome variables. In addition, binary logistic
regression was used to determine the predicting value of
independent variables on the outcome.

Results and Discussion

Statistical analysis of this study was performed
on 288 patients receiving bystander CPR who were
a part of the Serbian EuReCa registry consisting of
6266 patients with OHCA (the percentage of OHCA
patients receiving bystander CPR was 4.6%). Me-
dian age of patients receiving CPR by bystander was
65 years (IQR 60-74). That group included six chil-
dren (up to 18 years of age) — two infants and four
school-aged children. Data was collected from 40
municipalities in Serbia consisting 48.7% of the Ser-
bian population. The municipalities were enrolled in
the study on a voluntary basis after sending enroll-
ment invitations to the randomly selected sample of
municipalities with dispatchers in their local EMS
systems. More than three quarters of patients receiv-
ing CPR by bystander (75.7%) were 60 years of age or
older, most of whom were 60-69 years old (52.3%).

Basic characteristics of patients included in
this study with results of comparison between
groups are shown in Table.

Dispatcher-assisted CPR performed by by-
stander occurred in 164 out of 288 cases (56.9%).
AED was used in only two patients by bystander
while DC shocks were delivered by the EMS in 77
patients. ROSC was achieved in 90 (31.3%) out of
288 patients receiving CPR by bystander.

Forty-four patients (15.3%) were hospitalized.
Sixteen of those patients (36.4%) survived until the
end of hospitalization. In the group of all 288 pa-
tients receiving CPR by bystander, only 17 (5.9%)
survived 30 days after the resuscitation event.

Independent samples T test revealed no sta-
tistically significant difference in the number of
days of hospitalization compared between dis-
patcher guided and not guided CPR groups. The
same result was obtained by using analysis of vari-
ance and analysis of covariance.

On the other side, Chi-square test with post-
hoc adjusted residual analysis for dispatcher assis-
tance as an independent variable and status of pa-
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AHau3 pa3JMYui MeKAY IPyNIaMH YYaCTHHKOB HCCJIEJOBAHHS.
Difference analysis between groups of participants.

Parameters Values in groups, n (%) Pvalue
Total DA-CPR non-DA-CPR
288 (100.0) 164 (57.9) 124 (43.1)

Gender male 181 (62.8) 100 (61.0) 81 (65.3) 0.85
female 107 (37.2) 64 (39.0) 43 (34.7)

Age (years) 0-19 62.1) 2(1.2) 1(3.2) 0.42
20-39 51.7) 3(1.8) 2 (1.6)
40-60 59 (20.5) 28 (17.1) 31 (25.0)
>60 218 (75.7) 131 (79.9) 87 (70.2)

Etiology cardiac 261 (90.6) 149 (90.9) 112 (90.3) 0.96
trauma 3(1.1) 2(1.2) 1(0.8)
respiratory 13 (4.5) 4 (2.4) 9(7.3)
other 11 (3.8) 9 (5.5) 2 (1.6)

Place of OHCA residence 194 (67.4) 117 (71.3) 77 (62.1) <0.01
long-term care 11 (3.8) 7 (4.3) 4(3.2)
work/office 9(3.1) 5(3.1) 4(3.2)
street 22 (7.6) 15(9.1) 7 (5.7)
public building 19 (6.6) 10 (6.1) 9(7.3)
sports facility 5(1.7) 4 (2.4) 1(0.8)
ambulance car 3(1.0) 0 (0.0) 3(2.4)
other 25 (8.7) 6 (3.7) 19 (15.3)

Performed CPR elements undefined 55(19.1) 22 (13.4) 33 (26.6) <0.01
compressions only 127 (44.1) 74 (45.1) 53 (42.7)
compressions and ventilation 106 (36.8) 68 (41.5) 38 (30.6)

First recorded rhythm not recorded 93 (32.3) 93 (56.7) 0 (0.0) 0.75*%
shockable 57 (19.8) 18 (11.0) 39 (31.5)
non-shockable 138 (47.9) 53 (32.3) 85 (68.5)

Note. CPR — cardiopulmonary resuscitation; DA-CPR — dispatcher-assisted cardiopulmonary resuscitation; OHCA — out-of-
hospital cardiac arrest. * — «not recorded» value excluded from the analysis.

IIpumeuanwue. Values in groups — 3HaueHus B rpynmnax; total — scero; DA-CPR — CJIPII/I (cepae4yHO-J1erouyHast peaHuManus
c momonipio nucrnerdepa); non-DA-CPR — CJIP 6e3 I1]] (cepaeyHOo-IeroyHasi peaHuMarus 6e3 moMoIu aucnerdyepa); gender,
male, female — 1oJ1, My>KCKOI, 5KeHCKUI; age (years) — Bo3pacrT (Jiet); etiology — aTuoJsiorusi; cardiac — kapAauoaorudeckas;
trauma — TpaBMaru4ecKas; respiratory — pecnuparopsas; apyras — other; place of OHCA — mecTo BHEOOJIBHIYHOM OCTa-
HOBKHU cepua; residence — nmoma; long-term care — jieuebHOe yupeskJeHUe JIs1 XpOHUYECKUX O0/bHbIX; work/office — pa-
bouee MecTo; street — ynu1ia; public building — ob1iecTBenHoe 3nanue; sports facility — cnopruBHoe yupesknenue; ambulance
car — mammuHa ckopoi momony; performed CPR elements — BeimosiHeHHbIE asiemeHThI CJIP; undefined — HeT nHOpMauy;
compressions only — ToJIbKO KOMIIpeCCUY TPYAHON KJIETKH; compressions and ventilation — komIpeccuu TpyJHOM KIETKU
¥ ucKyccTBeHHbIe BoxH; first recorded rhythm — nepBrbIii 3aperucTprupoBaHHbIi pUTM; not recorded — HeT UHMOPMALUY;
shockable/non-shockable — TpeGyromiuii/He Tpebyonuii HaHECEHUsI pa3psiia 1edUudpuILIATOpa. * — NaHHBIE, II0 KOTOPBIM

He 06110 HH(MOPMAIIUH, HCKJIIOYUIN U3 aHAJIN3A.

Bo3pacra. /JlanHble coOpasiu B 40 MyHUIIUTIATUTETAX
Cep06uu, B KOTOPBIX TPOYKUBAET 48,7% HaceaeHUsI
CepOun. MyHUIIMTIAINTETHI BRIIOUNJIN B MCCTIE/I0-
BaHUe Ha JOOPOBOJILHOM OCHOBE, ITOCJIE PACCHLIKHA
MPUNIAIIEHUH K YYaCTUIO B KCCJAEJOBAHUU TIO
MyHUIIUTIAJIUTETAM, HUMEIOINUM OJUCIIETYEPOB B
CBOMX MECTHBIX CUCTEMaxX SKCTpeHHOfI MeqUuInH-
CKOH TIOMOIITY, COTJIACHO CJY4YaiiHO OTOOpaHHOMN
BBIOOpKe. BoJiee Tpex yeTBepTeii maIeHToB, OJIY-
yupinux CJIP ¢ moMoI1ibio oueBUalieB (75,7%), ObLI
B Bo3pacTe 60 J1eT U cTapiiie, 00JbIINHCTBO U3 HUX
Ob111 B Bo3pacTte 60-69 jeT (52,3%).

OcHOBHBIE XapPaKTEPUCTUKU MAlMEeHTOB,
BKJIIOUEHHBIX B TAHHOE UCCJIeIOBAaHNE, U PEIYIb-
TaTbl CDABHEHUA MEKIAY UCCJAEAYEMBIMU I'pyIITIa-
MM IIpeJICTaBJ/IeHbI B TabJIuIIE.

CJIP, BITIO/THEHHAS CJTyYalHBIM OUEBULIEM
C IIOMOLIBIO AUCIIeTYEpa, UMeJsia MecTo B 164 u3
288 cayuaeB (56,9%). AH]J] Obl1 mMCHOJIb30BAaH
OYEBU/IIIAMHU TOJIBKO B 2 CIy4asixX, B TO BpeMs KaK
JIEKTPUYECKUIN paspsii MOCTOSIHHBIM TOKOM

tient during transport to hospital showed statistical
significance in terms of transferring patient with
ongoing CPR. Using Bonferroni correction, this test
showed statistically higher number of patients
being transferred with ongoing CPR in the group of
patients who underwent dispatcher not-guided
CPR performed by bystander before the EMS arrival
compared to the group where CPR was guided by
dispatcher (P=0.02, Fig. 1). In other circumstances,
post-hoc adjusted residual test was not necessary
due to the dichotomy of variables, and the results
of Chi-square test showed statistically significant
difference between the group of patients where
CPRwas guided by dispatcher and the group where
it was not only in terms of survival to discharge,
where higher mortality rate to discharge occurred
in the group where CPR was dispatcher-assisted
(P=0.013, Fig. 2). No statistical significance was ob-
served between those two groups in terms of ROSC,
death at the scene, and 30-day survival, although
higher number of patients died at the scene when
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OBLJI IPUMEHEH COTPYTHUKAMHU CKOPOH ITOMOIIIN
B 77 ciay4asix. BOK 6s110 mocturayTo y 90 (31,3%)
13 288 manueHTOB, IOJYYUBIIUX CEPIAEYHO-
JIETOYHYIO PeaHUMAaIl1Io, BBIIIOJHEHHYIO CJIydaii-
HbBIMHU O4YeBUIIIaMMU.

Copok ueThIpe manuenTa (15,3%) ObLIM roc-
nuTaan3nupoBaHsl. lllecTHaAIATH U3 9TUX NAIM-
eHTOB (36,4%) BBI)KMJIX K MOMEHTY BBIIIUCKU. B
rpymnmne u3 288 nanuenTos, nojayyusmux CJIP or
CJIy4aliHOTO 04eBUAIA, TOJIBKO 17 (5,9%) BBIKU-
au 4deped 30 gHell Mmocjge peaHUMAIMOHHBIX
MEepPOTIPUATHUH.

[lo pesynpraTam f-Tecra ¢ He3aBUCHUMOU
BBIOOPKOU He BBIABUJIM CTAaTUCTUYECKU 3HAYU-
MOU pa3HUIIbI B KOJIMYECTBE JTHEU TOCITUTAIN3a-
IWY [IPYU CPAaBHEHUU MesKIy IPyNIlaMy ITallueH-
TOB, KOTOPBIM npoBogusiack CJIP ipu momornm
nvcrieTdepa 1 0e3 Hee. Tako# ke pe3yJIsTaT moJTy-
YWJIY IPU UCTIOJIb30BAHUY IVICIIEPCUOHHOTO aHa-
JIA3a U aHaJIN3a KOBapUaluu.

C npyroii cTtopoHsl, TecT x? ¢ post-hoc ckop-
PEKTUPOBAHHBIM OCTATOYHBIM aHAJTU30M B OTHO-
[IeHWU IIOMOIIY JUCTieTYepa B KaueCTBE He3aBU-
CHMOM IepeMeHHOM U cTaTyca NaryeHTa Bo BpeMsi
TPaHCIIOPTUPOBKYU B DOJBHUILY ITOKA3aJ CTaTH-
CTUYECKYIO 3HAYMMOCTD B OTHOIIIEHUH [I€PEBO3KHU
MarueHTa ¢ MPOoIoJIKAIOIIENcs cepaevyHOo-JIeroy-
HOU peannMarvei. [Ipu ucro/ib30BaHUM ITOIPAB-
K1 BoH(peppoHU ITOT TeCT MOKa3aJl 3HAYUMO
OoJIbIllee YWCJIO TAIMEHTOB, IepeBe3eHHBIX C
pojoJiKaloIelicss cepedHo-AeroYHol peaHu-
Mailiyei, B rpymie nayeHToB, KOTOPbIM IIPOBOY-
J1aCh CepAevYHO-JeTrouHasl peaHuMalus, BbIIIOJI-
HeHHas CJIyYaWHBIM IPOXOKUM 10 TPUOBITHS
CKOpoO# moMormiu 6e3 MOMOIIU JUCIIeTYepa, o
CpaBHEHUIO C I'PYIIOH, Te cepledHO0-JIerouHas
peaHuManus NPOBOAWJIACH IIOJ PYKOBOICTBOM
nucnerdepa (p=0,02, puc. 1). B gpyrux obcros-
TeJIbCTBAxX NpoBedeHue post-hoc CKOppeKTUpo-
BAaHHOTO OCTATOYHOTO TeCTa He MOTPpedoBaJIOCh
OBl BCJIEICTBUE ITUXOTOMHYECKOTO XapakTepa
IIepeMeHHBIX, a pe3yJbTarbl IIPOCTOTO TecTa )2
IIOKAa3a/Jd CTAaTACTUYECKU 3HAYMMYIO Pa3HUIY
MeXKly IpyHIioi nauueHTos, rae CJIP npoBogu-
Jlach I1OJ, pyKOBOJICTBOM JUCIeTYepa, U IPYIIoH,
IJle OHA MPOBOANJIACH 0€3 y4acTHs AUCIIeTIepa,
TOJBKO B IlJIaHE BBI)KMBAEMOCTH J0 BBIIIHMCKH.
[Ipu aroMm, Kak HHU CTpPaHHO, 0OoJiee BBICOKAs
CMEpPTHOCTB [0 BBIIMCKHU UMeJa MeCTO B IpyIIIe,
rne CJIP npoBogmiiack oL pyKOBOLCTBOM JHC-
neryepa (p=0,013, puc. 2).

CTarucTuyeckod 3HAYMMOCTHA pPa3JIuuui
MEKly 9TUMU JByMs I'PylIlaMu B oTHoIeHnu BIK,
CMepTHU Ha MeCTe OCTaHOBKH KPOBOOOPAIIleHUs U
30-1HEBHOM BbIKUBAEMOCTH He Ha0JII0NaJId, XOTS
OoJIbIIIee YMCJIO0 TAEHTOB YMEPJIO Ha MECTeE OCTa-
HOBKU KpoBooOparttenusi, ecsiu CJIP mpoBomuiach
IIpY IIOMOIIM AyYCcIieTYepa 10 CPaBHEHUIO C IPyIl-
IO, T7e 9TOTro He OBLIO0 (66 MO CpaBHEHUIO C 52,

Puc. 1. B3anMOCBA3B MEK/y Cep/IeYHO-IeTOYHON peaHuMa-
uei ¢ nomoupio qucnerdepa CMII u cocTosiHMEeM HaIu-
€HTa BO BpeMsI ero TpPaHCIOPTHPOBKH

Fig. 1. Association between the presence of dispatcher-as-
sisted cardiopulmonary resuscitation and patient status dur-
ing transport

Note. CPR — cardiopulmonary resuscitation; DA-CPR — dis-
patcher-assisted cardiopulmonary resuscitation; ROSC — re-
turn of spontaneous circulation.

IIpumeuanmue. /Iy puc. 1-3: count — kosuuectBo; DA-CPR —
CJIPIINI (cepme4HO-JIeroyHasi peaHuManus ¢ IIOMOIIBIO JVUC-
neruepa); non-DA-CPR — CJIP 6e3 I1]] (cepeyHo-1erouHas
peaHnManus 6e3 ImoMoInM Aucrerdepa); transported with
ROSC — tpancnoprupoBka ¢ BOK (BoccraHoBsienue apex-
TUBHOTO KpoBooOparienus); transported with ongoing CPR —
TPaHCHOPTUPOBKA ¢ Ipojosrkatomeiicss CJIP (cepreyHo-Jie-
royHasi peanunmanysi); dead — cMepThb.

Puc. 2. B3auMOCBsA3b MEK/Iy CepIeYHO-JIerOYHOi peaHnMa-
nMeii c momompio gucneryepa CMII v BEIKMBaeMOCTBIO ITa-
IIMEHTOB B IIEPH O/ 0 BBINMCKH H3 CTAI[HOHApa

Fig. 2. Association between the presence of dispatcher-as-
sisted cardiopulmonary resuscitation and patient survival to
discharge

Note. DA-CPR — dispatcher-assisted cardiopulmonary resus-
citation.

IIpumeuanue. Survival to discharge — BbIKHUBaeMOCTb JJO BBI-
MHUCKH U3 CTAallOHapa; survived — BbDKUIY; not survived —
He BBIKIJIN.
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CcoOTBeTCTBEeHHO; p=0,208). Takske He HAOJIIOmATH
3HAUYMMOH pAa3HUIbl MEMKAYy 3THUMU TpyHIamMu
MTAITMEeHTOB B KOJIMYECTBE ITPOBEIEHHBIX B O0THHHU-
11e naew (p=0,080) (puc. 3).

Jloructryeckast perpeccusi He BBISIBHJIA
BJIMSTHUS lepeMEeHHbIX, CBSI3aHHBIX C (paKTOpOM
MOMOIIM AucIeTdepa, Ha BOK, gaske korga B aHa-
Jn3 OBLJIA BRJTIOYEHBI Ipyrue KogakTopbl. OmgHa-
KO Ba’KHO ITIOYEPKHYTh, UTO B U3y4EHHOU I'pyIIie
NalMeHTOB IOMOIIb JAuclieTyepa IpHUBesa K
HECKOJIBKO O0JIBIIIEMY PUCKY OTCyTCTBUsS BOK ¢
OTHOIIIEHVEM PUCKOB, COCTaBUBIIUM 1,063.

B rpymire marnueHToB, JOCTaBJIEHHBIX B 0JTH-
skafnryro boapHUIYY ¢ BOK nmm npopossraromei-
cs1 CJIP 1 TOCIUTANM3MPOBAHHBIX, BJIUSHUAE IOMO-
1Y JuUcrieTdepa Bo BpeMs HavdajabHOU CJIP Ha
BBDKMBAEMOCTD 10 BBIITMCKU TPOAEMOHCTPUPOBA-
JIY pe3yabraTaMy JIOTUCTAYECKOIO PErPEeCcCHOH-
HOI'0 aHaJIn3a, COIVIACHO KOTOPBIM y4acTHUe IUC-
meryepa CTajJ0 3HAYUMBIM NPETUKTOPOM
JIeTaJbHOTO MCX0Mla BO BpeMsl TOCIUTAIU3aAN
(p=0,017, OIII 5,500, 95%/11 0,685-1,913).

B cBsa3u ¢ Tem, uTo B EBpoIie esxerogHo ot
BBOC ctpanaet okoJio 700-800 000 yestoBeK, a UX
BBDKHBAEMOCTD B OOJIBIIIITHCTBE CJTyYaeB COCTaB-
JasieT meHee 10%, cepedHO-JIeroYHasl peaHnuMa-
OUs CUJIaMU CJAy4YalHbIX OYEeBHUILIEB JOJDKHA
MMPOBOAUTHLCS KaK MOYKHO 0OoJjiee aIeKBarTHO,
MMOCKOJIbKY OHA SBJSETCS OJHUM M3 Hambosiee
3HAUYUMBIX MPEJUKTOPOB BBIKUBAEMOCTH I1OCJIE
BBOC [1-5, 33-35].

XoTsA yacToTa Havaja Cep/ievyHOo-J1erOYHON
peanuManuu y nanueHToB ¢ BEOC cayualiHbpIMU
oueBunanamu B CepOum Bce ellle O4eHb HU3Kas
[10], O6bLIM TIPEATPUHATHI OOJBIINE YCUIUS TI0
coBepIIeHCcTBOBaHMIO cucteMbl CMII, oco6eHHO
IVICTIETYEPCKOM CITyKOBI, KOTOpasi, HECOMHEHHO,
TpeOyeT qaTbHEHIIEro COBEPIIIEHCTBOBAHMS.

B 2020 romy 66111 OITyOJIMKOBAHbBI PE3YJIbTa-
TBI UCCJIEJOBAHUS, IPOBEJEHHOTO IJIsI OL[eHKHU
BJIMSTHUS TIOMOIIIM JTUCIIETYEPA CKOPOU MOMOIIHA
npu BeinosiHeHUU CJIP cay4yailHbIMU CBUAETEIS-
mu Ha BOK y nanuenTtos ¢ BBOC 1 nokasasmiero
He 3HaYUMOe OTHOIIIeHMe IIaHCcoB s BIK, pas-
Hoe 1,2, B ciry4asx, Korga Juclerdep y4acTBoBaJl
B npoBenenun CJIP [10]. Hame nccaenoBaHmue,
MMPOBeIeHHOE C aHAJOTUYHOH IeJIbI0, TOYKe He
BBISIBUJIO KAKOT'0-JI100 MOJIOMKUTEJIHLHOIO BJIMS-
HUSA TIOMOIY nucneTdyepa. PakTU4ecKu, HACTOSI-
Imee MuccJedoBaHWe BBIABUJIO BCEro JIHIIb
HeboutbITIOE (Ha 6,3%), HO HE 3HAYMMOE, YBende-
HYe maHcoB Ha BOK B ciiy4asx, korga jucreryep
He IoMoraJi CJlydaliHOMYy O4eBUIITY B IPOBeIeHUN
cepAevHO-JIETOYHON peaHuMaIum.

HccnenoBanuil, cpaBHUBAIOIUX 10JTOCPOY-
HbIe IIOKa3aTeJad BBI)KMBAEMOCTH Yy NAIEHTOB,
nosayyuBmux CJIP oT ciay4yaiiHbIX cBUAETE e 10
BbI30Ba CKOPOI MOMOIIH, U TAIIMEHTOB, KOTOPHIM
oyeBuubl nposoguau CJIP mon pykoBOLCTBOM

Puc. 3. luarpaMma pasmaxa, HJ/IIOCTPUPYIOUIAsA CBA3b
MKy CepIeYHO-JIErOYHOM peaHnMaIyei C TOMOIIBIO ¥ C-
neryepa CMII ¥ THIHYHBIM KOJHMYECTBOM JHEMH, IPOBE/IEH-
HBIX B CTal[HOHApe MOCJ€ BHEOOJHLHUYHONH OCTAaHOBKH

cepaua.
Fig. 3. Box-plot graph presenting the association between the
presence of dispatcher-assisted cardiopulmonary resuscita-
tion and representative values of number of hospital days of
patients after out-of-hospital cardiac arrest.

Note. DA-CPR — dispatcher-assisted cardiopulmonary resus-
citation.

IIpumeuanue. Number of hospital days — ko#iko-1eHb.

CPR was dispatcher assisted compared to the
group when it was not the case (66 compared to 52,
respectively; P=0.208). Also, significant difference
regarding the number of hospital days between
those two groups of patients was not observed
(P=0.080) (Fig. 3).

Logistic regression showed no influence of
variables connected with dispatcher assistance on
ROSC occurrence, even when other cofactors were
included in the analysis. However, it is important to
emphasize that in our group of participants, assis-
tance of dispatcher actually resulted in slightly
greater risk of the absence of ROSC with odds ratio
value of 1.063.

In the group of patients transported to the
nearest hospital with ROSC or ongoing CPR and hos-
pitalized, the influence of dispatcher assistance dur-
ing the initial CPR on their survival until discharge
was presented by logistic regression analysis as sig-
nificant predictor of death outcome during hospital-
ization (P=0,017, OR 5,500, 95%CI=0,685-1,913).

As one of the most significant predictors of
survival after OHCA, bystander CPR should be per-
formed as adequately as possible, since approxi-
mately 700,000-800,000 people suffer from OHCA
in Europe every year, with a survival rate below 10%
in most cases [1-5, 33-35]

Although the frequency of CPR initiation in
OHCA patients by bystanders is still very low in Ser-
bia [10], great efforts have been made enhancing
the EMS system, particularly the dispatcher service,
which undoubtedly requires development.
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JUCIIeTYepa CKOPOU MTOMOIIH, TTIOKa HeJ0CTaTou-
HO. B oHO#M 13 TToc/IenHUX paboT, TOCBAIIEHHBIX
3TOU TeMe, BBIABUHYTA FUIIOTE3a O TOM, UTO IIPO-
BeJleHle CepeyHO-JIer0YHON peaHuMaluu Ciy-
YalHBIM OYEBU/IIIEM JI0 BBI30OBA CKOPOU TTOMOIITA
obecrieunBaeT yBeTYeHNe BbIKUBAEMOCTH Tally-
eHToB ¢ BBOC. OgHako, B 9TOM HCCJIeJOBaHUU
HUKaKOU CBSI3U MeKy HAJIUYreM UJIU OTCYTCTBU-
eM TIOMOIIM AWCIIETYepa CKOPOUM MOMOIIU TIPHU
MPOBEJIEHNU CepJIeYHO-JIeTOYHON peaHuMaIuu 1
BOK uiu BBDKHMBAEeMOCTBIO B TeueHne 30 qHeH
BBISABJIEHO He ObLI0 [36]. Halme umcciiemoBaHue
TaKk)Ke He 0OHAPYKUJIO CBA3H MEKAY ITOMOIIBIO
nucnerdepa Bo Bpems CJIP u 6oJiee qyinTe TbHBIM
BBIKMBaHUEM WJI YKOPOYEHHEM CPOKa IpedbhIBa-
HuA B 6ospHUIE ¥ nanueHToB ¢ BBOC. OnmHako
boJiee HHU3KAas1 BBIKHMBAEMOCTh TAIEHTOB C
BBOC, rocnuTanmmsupoBaHHBIX Nocae BOK Ha
¢one CJIP mog pykOBOACTBOM AUCIIETYEPOB CKO-
po¥i MOMOIITH, TPEATION0KUTETHHO, UMEET Te K€
MIPUYUHBI, YTO U HECKOJIBLKO 00JTee HU3Kast 4acTo-
Ta BOK y aTuX nanyeHTos.

XOTs1 TIOMOIIb IUCTeTYepPa MOKET IIPUBECTA
K HOBBINIEHUIO BEPOAATHOCTUA TPAHCIIOPTUPOBKHU
narnrenTa ¢ BBOC ¢ ipojosraoIieics cepieqHo-
JIETOYHOU peaHUMallel B IpUEMHOE OT/ieJIeHHe
OJImpKaMIIero craruoHapa, 9TO, KOHEYHO, He
sABJIsIeTCS TapaHTuelt Toro, uro BOK npousoiiger
MPpU OKA3aHWM TOMOIIY CHelrruaJu3upPOBAHHON
opuramoii B 6osbpHUIlE. Bosiee Toro, HacTosIIEee
HWCCJIefOBaHNE He BbISIBUJIO PA3HUIIBI B YaCTOTE
BOK mexxmy nanuenTamu, nnosrygasimnmu CJIP on
PYKOBOICTBOM IHCIIETYEPa, U TEMU, KTO I10JTy4daJl
CJIP ot cary4aifHBIX 04eBHU/IIIEB 6€3 ITOMOIIH J¥C-
neryepa. Kpome Toro, ajig rpyniel ManyueHTOB,
nosny4dasmux CJIP non pyKoBOACTBOM aucnerye-
pa, xapakTepHa 00Jiee BbICOKasi CMEPTHOCTb.

ITomoOHbIe HEOOBIYHBIE PE3YJIBTAThl MOTYT
WMeTh CaMmble pa3Hble NMPUYMHEBL [Ipeskne Bcero,
cJIefyeT IOMHUTD O BaKHOCTH COBEPILIEHCTBOBAHNUSA
Bcex KoMnoHenToB CMII Bo BceM mupe. Kak yxe
YIIOMIHAJIOCH, IPOTOKOJIBI AUCIIETYEPCKOU CITY>KOBI
CMII B Cepbuu Bce elrie JajeKH OT COBEPIIEHCTBA,
Y TIpUYUHBI 60J1ee HeOJIaronpUsTHBIX UCXOI0B Y
narrenToB ¢ BBOC nipu CJIPTI]] 6epyT cBoe HavasIo
B KaJIpOBBIX POOJIEMAX 1 HETIOJTHOM KOMIIETEHTHO-
CTU IUCTIETYEPOB B BOIIPOCAX MPAaBUIbHOU UATHO-
CTHKY OCTaHOBKM CepJld, HeOCTaTOYHOM CTUMY-
JIMPOBAHUU K aKTHUBHBIM JeHCTBUSIM CIy4alHBIX
MTPOXOKUX, OTCYTCTBIH KOOPAWHAINN PaboThI OT/Ie-
JI0B c1y»k0Bb1 CMIT, a rmtaBHBIM (haKTOPOM B TAHHOH
CHATyallu! fABJISETCA HeaJeKBaTHasA IIpsAMasl Bep-
OaJibHAsI IOMOIIb B BBIITOJIHEHUY OCHOBHBIX 3J1€-
MEHTOB «IIETI0YKN BHIXKUBAHUSI».

KavecTBeHHOE 0Opa3oBaHME COTPYIHUKOB
CMII noppasymeBaeT He TOJIBKO IIOJIyYeHHE
MeIUIIMHCKUX 3HAaHUH C YIIOPOM Ha HEOTJIOKHbIe
COCTOSTHUISI, HO ¥ OOIIIyI0 TOTOBHOCTD U TTPaBUJIh-

HYIO p€aKI1Io B YCJIOBUAX ,I[e(bI/II_II/ITa BpEeMEHHN 1

Compared to the study published in 2020 with
a similar goal to measure the impact of EMS dis-
patcher assistance in bystander CPR performance
on ROSC in OHCA patients, showing the non-sig-
nificant odds ratio for ROSC of 1.2 in cases when
dispatcher was involved in providing CPR meas-
ures [10], our study did not find any positive influ-
ence of dispatcher assistance. As a matter of fact,
the present study revealed 6.3% greater chance for
ROSC in cases where dispatchers did not assist by-
standers in performing CPR. The finding, however,
was also non-significant.

Regarding long-term results, there is a lack of
research comparing long-term survival rates be-
tween patients receiving bystander CPR before the
emergency call and patients who received by-
stander CPR during the emergency call following
instructions provided by dispatchers. One of the re-
cent studies investigating the latter topic hypothe-
sized that initiation of bystander CPR prior to the
EMS call associated with an increase in survival
rates of OHCA patients. However, no association re-
lated to the presence or absence of EMS dispatcher
assistance at a bystander CPR and ROSC or 30-day
survival was observed [36]. Our study also showed
no connection between dispatcher assistance dur-
ing CPR and longer survival or shorter hospital stay
in OHCA patients. Lower survival of OHCA patients
hospitalized after establishing ROSC when CPR was
guided by EMS dispatchers should suggest to have
the same origins as the finding of slightly lower
ROSC in these patients.

Although dispatcher assistance could lead to
the higher probability of transporting OHCA pa-
tients with ongoing CPR to the nearest emergency
unit, this is certainly not guarantee that ROSC will
be achieved by professional teams in the hospital.
Moreover, the present study showed no difference
in terms of ROSC occurring between patients re-
ceiving CPR guided by dispatcher and those who
received bystander CPR without dispatcher assis-
tance. Besides, a higher mortality rate has been ob-
served in those patients receiving DA-CPR.

These unusual findings could have many ori-
gins. Also, it should especially emphasize the impor-
tance of improvement of each EMS component
worldwide. As already mentioned, the EMS dis-
patcher service protocol has not yet been com-
pletely developed in Serbia, and the reasons for
poorer outcomes in OHCA patients with DA-CPR
have its origin from the staffing process and the full
competence of dispatchers to the proper recogni-
tion of cardiac arrest, encouragement of bystanders,
coordination of EMS service departments, as well as
the main aspect — direct verbal assistance in per-
forming basic chain of survival elements.

High-quality education of EMS officers in-
cludes not, only medical knowledge with a focus on
emergency conditions, but also overall preparedness
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MIPOCTPAHCTBA, YTO, 0€3YCIOBHO, SIBJSETCSA CUITh-
HBIM cTpeccoM. [IpeofosieHne cTpecca U yCTOHUN-
BOCTB K CTpPecCy IIOUYTH B paBHOH CTeIleH! BASKHBI
U JJIs1 JUCIEeTYEePOB B IIPOMEIKYTKE MesKIY BbI30-
BoM CMII, 1 mpuObITHEM OPUTATBI CKOPOI TOMO-
. VI3 aT0T0 caemyeT, YTo 06yueHre TUCIeTYEPOB
JOJIKHO BKJIIOYATh HE TOJBKO CTPOTOe 3HAHUE
MOPsiIKa BBINOJHEHUsI BCeX 3BEHbEB «IIelH
BBDKMBAHMUSI» B COOTBETCTBUU C IMOCJIEJHUMU
peKoMeHJanusAMU, HO U IIpaBUJIbHOE pacIlio3Ha-
HHe OCTAaHOBKU CepAlla, OLleHKY BCeX MOKa3aHui
JJI1 BBITIOJIHEHUS Ka’KJO0TO OTIeJbHOro arama
npouenypsl CJIP a Takke — BCECTOPOHHIOIO
OLIEHKy MecCTa IIpOMCLIECTBUS U pasyMHoOe
HUCIIOJIb30BaHUE BCEX HMEIOIIUXCS Pecypcos,
BKJIIOYAsl YeJIOBeYeCKre U BpeMeHHble. PaHHee
pacro3HaHue OCTAHOBKHU cepjla CJIy4yalHbIMU
OYeBUAIIAMHU U/ WJIN MeTUIIMHCKUMHU AUCIIeTYepa-
MU KaK CaMbIU MEPBBIN I1aT, HEOOXOMUMBIHN MJIs
NIPUHATHS pelleHus o npoenenuu CJIP, moskeT
ChITpaTh CYyIIEeCTBEHHYI0 POJIb B BBIKUBAHUU
nanueHToB ¢ BBOC, u aTo X0po1Io usBecTHo. B
TaKUX CUTYalUsIX BasKHA Kaskaasi CeKyHa, II03To-
My JUCIIeTYePBhI JOJKHBI HE TOJIbKO YMeTh CIIpaB-
JIATBCSI CO CBOMM CTPECCOM, HO W yMEeHBIIaTh
CTpecc y O4eBUJAIEB, IOMOraTbh UM YCTPaHATH
6apbepsl npu Havasne CJIP mym BocCTaHOBJIEHUN
ysKe uMelomuxcsl 3HaHuil o Metoguke CJIP a
TaK)Ke CII0CcOOCTBOBATh MPAaBUIILHOMY IIPOBEJIE-
HMIO KOMIIPECCHU TPYTHOU KJI€TKU U BEHTUJISAIN
JIETKUX, YTOOBI MOYKHO OBIJIO CHEJIaTh BCE BO3-
MO>KHOE /17151 CTIaCeHUs KU3HU NTalleHTOB.

O6yuenme gucreraepoB CMII camo 110 cebe
HEeJO0CTATOYHO, TaK KaK JOCTATOYHOEe UX KoJnue-
CTBO TaK>Ke sIBJISIETCS BAYKHBIM (paKTOPOM Ipa-
BIJIBHOH paboThI TesedoHHOH ciy:k661 CMII, a
TaKsKe — MpeJoTBpalleHnsl CHHIpOMa BBIrOpa-
HUs. JlucneTdyepsl CKOPOU TOMOIIY UCIIBITHIBAIOT
3HAYUTEJIbHBIN cTpecc (37), KOTOPBIU ABJSETCSA
CyIIIeCTBEHHBIM UCTOUHMKOM CUHAPOMA BBITOPa-
HUsI, B CBSA3U C YeM HEOOXOIMMO CO3/1aTh OJ1aro-
MIPUATHBIE YCI0BUS PadOTHI ¢ HoJiee YacTol cMme-
HO# paboTHUKOB B nieHTpax CMII, uToObI 061IIasA
TOTOBHOCTh AucnerdepoB CMII npu okasaHuu
oMoty Ha kaxaoM ararne CJIP 6pl1a moBegeHa
JI0 MaKCUMaJIbHO BO3MOSKHOI0 YpoBHs. Cocpefio-
TOYeHVe BHUMAHUSA Ha 9TUX MOMEHTAaxX ObLJIO ObI
OTJINYHBIM BKJIAJIOM B CIIaCEHHUE YeJOBeYeCKUX
SKU3HEH U B 0c1a0JieHne JaBjaeHns1 Ha 0OJTbHUITHI
U CHUCTEMY 3JpaBOOXpaHEHMs B IlesioM. Jlumawm,
MIPUHUMAIOIIUM pelleHus], BAYKHO 3HaTh apdexr-
TUBHOCTbH ¥ IPUOPUTETHOCTH CTPATET Ui, HEOOXO-
JUMBIX /17151 TOBbIIeHUs KadecTBa CJIP, BbInoJI-
HsIEMOU CJIy4aliHBIMM OYeBUAIIAMH, a TAKSKE POJIb
nucnetrdyepoB CMII B ob1ecTBe.

Nucneryepsbl u MoOUIbHBIE Opuragbl CMIT
TOJKHBI OBITH BCErNa Ha CBSA3H, a JUCIIETYEPHI
JOJKHBI 00€eCcreunBaTh MPOYHYIO CBSI3b MEKIY
CITy4aliHBIMU OYEeBUIIIAMU 1 MOOMTLHBIMU OpHTa-

and proper reaction in time and space-limiting con-
ditions which are certainly highly stressful. Coping
stress and resilience are almost equally important for
dispatchers as well in those minutes between EMS
call and the arrival of paramedics. This should im-
plicate that the education of dispatchers must not
include only strict knowledge of orderly performing
all links of the chain of survival according to the lat-
est recommendations, but also proper recognition
of cardiac arrest, evaluation of all indications for per-
forming every single step in CPR procedure, as well
as comprehensive evaluation of scene and wise uti-
lization of all available resources, including human
and time resources. Early recognition of cardiac ar-
rest by bystanders and/or medical dispatchers as the
very first step necessary in CPR decision-making
process, may play an essential role in survival of
OHCA patients, and it is very well recognized. It is
known that every single second in these situations is
essential, and it is of paramount importance for dis-
patchers not only to have capabilities to cope with
their own stress, but also to reduce stress in by-
standers, help them remove barriers, initiate CPR or
recall existing CPR procedure knowledge, and pro-
mote proper chest compressions and ventilations so
that it can be performed whatever is possible to save
the life of patients whose heart and lungs stopped
functioning.

The education of EMS dispatchers itself is not
sufficient since the satisfactory number of dispatch-
ers is also a significant factor in proper operations
of EMS telephone service, as well as the prevention
of dispatchers' burnout syndrome. Emergency dis-
patchers suffer considerable stress [37], which is a
substantial source of burnout syndrome and bene-
fited work conditions should be instituted with
higher frequency of changing shifts in EMS centers,
so that overall preparedness of EMS dispatchers in
assisting every step during the bystander CPR
process could be brought to the highest possible
level. Focusing on these points would be an excel-
lent investment in saving people’s lives and releas-
ing pressure on hospitals and the healthcare system
in general. It is important for decision-makers to
know the effect and the prioritization of strategies
needed to improve bystander CPR and the role of
EMS dispatchers in the community.

EMS dispatchers and mobile EMS teams
should always be connected, and dispatchers must
be strong connection between bystanders and mo-
bile teams before their arrival on the scene. Also,
EMS dispatchers and bystanders should not oper-
ate separately, but as a team. Still, the vast majority
of general population fears providing CPR meas-
ures due to the absence of adequate knowledge
and other reasons. Therefore, the cooperation be-
tween bystanders and EMS dispatchers are essen-
tial so that DA-CPR process can be performed suc-

cessfully. Identification of bystanders’ potential
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JaMH 10 UIX IPUOBITHSA HA MECTO OCTAHOBKH KPO-
BooOparenusi. Kpome toro, nucneraepsl CMIT n
cJIy4aiiHble O4eBUAIBI TOJKHBI 1eliCTBOBATh He
IO OTHEJIbHOCTH, a KaK eauHas Komanzja. Tem He
MeHee, TTO/IaBJIAI0NIAs YacTh HaceJeHUsT OOUTCS
IIPOBOAUTH CEPIEYHO-JIETOYHYIO PEaHUMAaIUIO U3-
33 OTCYTCTBUSA JOCTATOUYHBIX 3HAHUH U 1O PYrUM
npuurHam. I10sToMy COTpyIHAYECTBO MEKILY CIIy-
YalHBIMU MIPOXOKUMU U JHUCIIETYepaMU CKOPOU
ITOMOIIA HEOOXOAUMO [IJIsT YCIEITHOTO TIpOBee-
Husi CJIPIT]. BeisgiBjeHNe ITOTeHIIMAIbHBIX OI1ace-
HUI OYeBHU/IIIEB TaKKe sIBJISIETCSI BAKHOU YaCThIO
paboTHI AuCTIeTYEPA, U ITH OTIACEHUSI MOTYT OBITh
MIPEOI0JIEHBI C TIOMOIIBIO0 KOMIIJIEKCHON 00pa3o-
BaTeJIbHOU KaMITaHUU Cpeiu HaceJsieHusl. BbisiBiie-
HUe II0BOJIOB [IJII TAKUX ONACeHUH Iepe] IIpoBe-
meaneMm CJIP a Takyke INPHUYUH HEKOTOPOIO
HEraTuBHOI'O BJIMAHMUA IIOMOINM AucCIeT4Yepa B
cirydasax CJIP ¢ ygactueM cirydaiiHbIX O4eBUALIEB,
HECOMHEHHO, IIOBBICUT Ka4eCTBO IIPOTOKOJIOB
CJIPILJL, yy4IInT B3aUMOJIeiCTBHE CO CIyYaiHbI-
MU o4eBHAIIaMU U peayssraTrsl CJIP 6e3 qomosrHnT-
TeJbHOU ITpodeCcCuOHaTbHOU TOMOIITH.

Br1ieynnoMsiHyThbIe B3aMMOOTHOILICHUA MESKIY
JUCcIieTYepaMy CKOPOU ITOMOIIU U CIyYalHBIMU
IIPOXOKUAMHU ITI03BOJIAIOT 3aTPOHYTH elle ONHY
TeMy — ypOBeHb 00pa3oBaHusI HaceseHus. Vicxomst
13 cJ1aboro pa3BuTHsI 9TOH 0bstacT B Cepouu, 6e3-
YCJIOBHO, MOYKHO IIPEAIIOJIOKUTH HeraruBHOE
BJIMSIHYME TAHHOTO (paKTOpa Ha pe3yJIBTaThl, I10JTy-
4YeHHbIE B HACTOAIIEM UCC/IefoBaHuu. /laske B TOM
cayudae, ecsim gucnerdepbl CMIT nmeror coorsert-
cTByIOIIlee 0Opa3oBaHue U MOITOTOBKY, He MEHee
Ba’KHBIM (DAKTOPOM SIBJISIETCSI IPOCBeELleHNe BCeX
rpaskaaH 1y1s1 6os1ee yOOKOT0 MTOHUMAaHMS OCHOB-
HBbIX [PUHIUIIOB PEaHUMATOJIOTHH, a 3HAYUT U
TIIOJTyYEHU Ka4eCTBEHHBIX Pe3yJIBraToB IIpY IIPOBe-
neuuu CJIPIT]L. JlucnieTyepbl CKOPOI ITOMOIITH BCETa
JOJKHBI YMEThb AVICTAHIIIOHHO ¥ MPAaBUILHO 00h-
SICHUTh IIOCTOPOHHEMY YeJI0BEKY KayKIbIH 11T METO-
TIMKY CepevHO-IerOuHOH peannmMariu. OqHako 6e3
ajeMeHTapHOro o0y4eHus HaceseHuss mepam CJIP
BpeMs YCIEIHOI'O BHeIPEHU A 3TUX Mep 3HA4YUTeIIb-
HO 3aTSHETCs, YTO B COBOKYIIHOCTH HEraTMBHO CKa-
srercs Ha peayssrarax CJIPILI. Bee nepeuncienHbie
(pakTOpBI MOIIN OKA3aTh BJIUSIHYE HA TIOJTyYeHHbIE
pesyJisrarsl. Kpome TOro, B JaHHOM MCCJI€HOBAHUN
He aHAJIM3UPOBAJIM COCTAB CJIyYalHbIX OYEBU/ILIEB,
BeinosHAmyxX CJIP, 1 ypoBeHb uX IIOAIOTOBKU B €
NIPOBEJICHNH, YTO TAK)Ke MOIJIO OKa3aTb CBOE BJIUs-
Hue. XOTsl 39TU JaHHble He SIBJISVINCh IEPBUYHON
KOHEUYHOU TOUKOU MJIU 11eJIbI0 JAHHOTO HCCIIeI0Ba-
HY1, aHAJIA3 BBIIIEYIIOMAHYTBIX ACTICKTOB 3aCJTyKH-
BaeT BHUMaHUs B OY/IyIIVX NCCIIEI0BAHMSIX.

B cBs3U ¢ TeM, YTO IABHOU L1eJIbIO UCCIIeNI0-
BaHMA OBIJIO ITPE/ICTABJIEHVIE OCHOBHBIX TTH/IEMUO-
JIOTMYECKUX JAHHBIX, B YaCTHOCTU — PE3YJIBTaToB
CJIPTII B Cepbum, 1 TOT (hAKT, YTO MBI HCIIOTH30-

BaJI1 TOJIBKO JIOKaJIbHbIE NAHHBIE, ITIOJYUYE€HHbIE

fears is also an important part of dispatcher’s job
and some comprehensive educational campaign
in general population could overcome those fears.
Identification of the causes of bystanders’ fear of
performing CPR as well as reasons for the some-
what negative influence of dispatcher assistance in
bystander CPR cases will undoubtedly improve
DA-CPR protocols, increase bystander coopera-
tion, and improve results of bystander CPR without
any additional professional help.

Above mentioned relation between EMS dis-
patchers and bystanders opens another topic of
general population education. Taking into consid-
eration the poor development of this area in Serbia,
there is certainly a space for the negative influence
of this factor on results presented in this study. Even
in the case where EMS dispatchers are properly ed-
ucated and trained, an almost equally important
factor is the education of all citizens, in order to
achieve better understanding of basic principles of
resuscitation medicine, and by that high-quality re-
sults of performing DA-CPR. There is always the
need for EMS dispatchers’ capability to remotely
properly explain every single step of CPR technique
to a bystander-layperson. But without elementary
education of the general population in providing
CPR measures time for successful implementation
of those measures will prolong significantly and
this cumulative factor will consequently have a
negative influence on DA-CPR outcomes. All these
suggested factors could affect the presented results.
Besides, this study did not analyze the structure of
bystanders performing CPR measures, and their
training in providing CPR, which could also be an
influencing factor. Although these topics were not
a primary endpoint nor the goal of this study, analy-
sis of above-mentioned aspects should be the area
to focus on in future investigations.

Due to the fact that the main aim of this study
was to present the basic epidemiological and
specifically DA-CPR results in Serbia, and that we
used the data collected within the territory of that
country, the results presented can be applied solely
on Serbia and can not be generalized and applied
for any other country or region. Therefore, the main
purpose of these results is to concentrate more
focus on improvement of general population edu-
cation, bystander inclusion, and professional de-
velopment of emergency dispatchers throughout
the world. Further analyses are needed in separate
geographical regions in order to detect individual
strengths and shortcomings of this area.

These topics imply several limitations of our
study. First, the main limitation is the observational
design of the study; as a result, we have been capa-
ble only reporting the relations between variables
and not specific causality. Furthermore, the num-
ber of OHCA patients that was defibrillated by AED
was negligible in our population (n=2), so no valid
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pe3yabTaThl MOTYT OBITH MPUMEHEHBI WCKJIIOYH-
TesbHO K CepOun 11 He MOTYT OBITH pacIpocTpaHe-
HBI Ha JIIOOBIE JpyTHe CTPaHbl U pernoHbl. OCHOB-
HOEe 3HaYeHUE II0JIyYeHHBIX pe3yJbBraroB — B
HEeO0OXOIMMOCTH COCPENOTOYNUTEL OOJIbIIe BHIMA-
HUS Ha YIy4IIIeHnH o011iero oOpa3oBaHusi HaceJIe-
HUsI, TPUBJIEUEHUN CTOPOHHUX HabJIomaTese u
npodeccCHOHAILHOM PA3BUTUHU JAUCIETUYEPOB I10
Ype3BbIYAHBIM CUTYyaIUsIM BO BceM mupe. [IoHa-
TOOUTCSI TATFHENTITAN aHAIN3 B Pa3HbIX reorpadu-
YeCKMX peruoHax, YToObI BBIIBUTHL KOHKPETHBIE
CIJIBHBIE U CJTa0ble CTOPOHBI B 9TOH 00/1aCTH.

W3 3TOro BBITEKAIOT MHOTHE OTrPaHUYEHUS
MPOBEIEHHOT0 UCCJIeA0BaHUs1. BO-TIepBbIX, OCHOB-
HBIM OTPaHUYEHUEM sIBJISIETCST 00CepBaIMOHHBIN
JU3aliH UCCJeqOBAHUS; B pe3y/brare Mbl MOYKEM
COOOIITUTD TOJTBKO O HAJTUINH OTIPEIeIEeHHOM 3aBHU-
CHMOCTH MKy pa3HbIMHU [IapaMeTpaMu, HO He O
KOHKPETHOU TIPUYMHHO-CJIEJCTBEHHOU CBsI3U.
Kpowme Toro, kommyectBo nanreHToB ¢ BBOC, koTo-
pBIM ObLTa MpoOBeieHa Me(UOPUIIAINS C TIOMO-
mpbio AHJ[, B W3y4YeHHOH MOMyJIAIUHA OBLIO
He3HAUUTeJbHBIM (71=2), B CBA3U C YeM MbI HE CMOTI-
JI TIOJTYYUTh KAKUX-JTN00 yOequTeTbHBIX PE3Yilh-
TaTOB (BCJIEICTBUE MaJjIOro pasMepa rpymnnsl). B-
TPEeTbUX, OTHOCUTEJILHO HEOOJIBITIOE KOJIIMYECTBO
MIalMEHTOB, IIOJYYUBUIAX CEpPAEYHO-JIErOYHYIO
peaHnManuio C IOMOIIBIO CIIyYaiHBIX O4EBU/IIIEB U
BRJIIOYEHHBIX B JAHHOE HCCJAeJ0BaHMe (M0 CpaBHe-
HUIO C OOIIIMM KOJIMYECTBOM IAI[IEHTOB C OCTAHOB-
KOU cep/iiia B perucTpe), MOTeHIIMATLHO U3MEHSIET
3HAYMMOCTb [JaHHBIX O CBA3W MEKIY BJIWAHHUEM
IIOMOIIIY IUCIIeTYepa Ha BBIKUBAEMOCTb U UCXO[ Y
nanuenToB ¢ BBOC, tak kak CJIP, BbIIIOJITHEHHAs
CJIydaliHbIMU OYeBH[LIAMH, BCe >Ke OKa3bIBaeT
OoJtbIlIee BO3IEICTBYE HA 3TH IIEPEMEHHBIE B CHITY
CBOero HenocpeacTBeHHOro adderra. ITockoIbpKy
B HAIlleM HCCJIENOBAaHUM Y4YaCTBOBAJIMU TOJBKO
nanueHTsl, nogaydasmue CJIP or jun, He ABJIAIO-
MUXCS METUITMHCKUMY pabOTHUKAMU, U He ObLIN
BRJIIOYEHBI Te, KTO Bo0OI1Ie He rostydast CJIP BIIoTh
JIO IPUOBITHUSI CKOPOH ITOMOIITY, OCHOBHOE BHUMA-
HYE JOJIKHO YIeJISIThCS BCECTOPOHHEMY 00YYIEHHIO
BCeX Tpaskjiaf, a 9(pPeKTUBHOCTh MTPUHUMAEMBIX
Mep TOJIPKHA OBITH eI11e OOJIBITIE TTOBBIIIEHA 3a CYET
MPUBJIEYEHUS TUCIIETYEPOB CKOPOY TTOMOIIIN.

CJIP ¢ moMo1p0 qucneTyepa NIpOBOAUIACH
y 57,9% nanuentos ¢ BBOC, BK/IIOYEHHBIX B JaH-
HOe nuccaegoBanue. CpaBHUBAsI 3Ty TPYIILY C TPYII-
no#l manpenToB ¢ BEOC, monyuasimux CJIP 6e3
TIOMOIIUA JWCIIeTYepa CKOPOM MOMOIIU, Mbl He
00HAPYKUJIU CYIIECTBEHHOMN CBA3W MEYKY HATH -
4yeM/0TCyTCTBHEM IOMOIIM gucnerdepa u BOK
nin 30-IHEeBHOM BbIXKMBaeMOCThIO0. HabJ iomaiu
He3HaYuMylo cBA3b Meskay CJIPII/] u HeCKOIbKO
0oJ1ee BBICOKOH BEPOSITHOCTHIO OTCYTCTBUsI BOK.
XoTa noMoulb auclerdyepa IpuBesia K yBeJjmde-
HUIO YKcJIa MallMeHTOB ¢ IPOJ0JIKAIOIIENCsI cep-
JIeYHO-JIETOYHOU peaHuMaline, 10cTaBJIeHHbIX B

results could be obtained due to the small popula-
tion of AED treated patients. Third, the relatively
small number of patients receiving CPR by by-
standers enrolled in this study (compared to the
overall patients with cardiac arrest in the registry)
could potentially affect the power for determining
the effect of dispatcher assistance on survival and
the outcome of OHCA patients, since the proce-
dures performed by a bystander still have a greater
impact on those variables due to their more direct
effect than EMS dispatcher assistance. Of course,
since our study involved only patients receiving by-
stander CPR and did not include those not receiv-
ing CPR until EMS ambulance arrival, this should
suggest that crucial focus should actually be on
comprehensive education all citizens, and their
performance should be further advanced by involv-
ing EMS dispatchers.

Dispatcher assisted CPR was observed in
57.9% of OHCA patients included in this study. Com-
paring this group with the group of OHCA patients
receiving bystander CPR without EMS dispatcher as-
sistance, we found no significant association be-
tween the presence/absence of dispatcher assis-
tance and ROSC, or 30-day survival rate. DA-CPR
was actually non-significantly associated with
slightly higher odds for the absence of ROSC. Al-
though dispatcher assistance led to a significantly
higher number of patients being transported to the
nearest hospital with ongoing CPR, it was also con-
nected with non-significantly higher death-on-
scene rates. DA-CPR was also not beneficial in
terms of survival to discharge in those patients
where it was associated with lower survival rates.

Conclusion

The study findings are the base/ground which
highlights the need of implementation of existing
and development of new guidelines regarding high-
quality professional training of EMS dispatchers as
well as BLS education of general population.

OJsRaMIITYIo 00JIBHUITY, OHA TaK Ke Obla CBsI3aHa
C HEe3HAYUTEJHLHO 00J1€€ BLICOKMMHU II0KA3aTeJIsI-
MM CMEPTHU Ha MeCTe OCTAHOBKH KPOBooOOpariie-
HusA. CJIPIT]] Takske He okasaJsia 6/1arONpUATHOTO
adperTa Ha BBLKUBAEMOCTH 0 CPOKOB BBITIHICKU
U3 cTalnmoHapa U ObLjIa CBsi3aHa ¢ Jajke O6oJjiee
HHU3KHWMU IIOKA3aTe/JIAMU BBIXDKMBAEMOCTU.

3akJroueHue

PesysibraThl MCC/Ie0BAHUS SIBJISIOTCS OCHO-
BaHMeM [JIs1 BHEJPEHUs CYLIEeCTBYIOIIUX U pas-
pabOTKU HOBBIX pEKOMEHJallu i 110 BBICOKOKaYe-
CTBEHHOH TpodecCHoHaNbHOU TOATOTOBKE
nucnerdyepoB CMII, a Takske 11o obydyeHHIoO Hace-
JIeHHSI OKal3aHUI0 0a30BBIX peaHuMannOHHBbIX
MEepPOIpPUATUH.
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Pe3rome

duekTpoaHnedasorpamma (I3I) mpeacrasiisieT cOO0H peruCcTpaIUio HECTAIMOHAPHOTO U HEJTMHEH-
HOTO0 3JIeKTPO(MU3NO0JOTNIECKOr0 CUTHAJIA, BOSHUKAIOIIEr0 B pedy/ibrare CUHXPOHHOTO BO30Y KIeHUs
HeHpPOHOB B Ta/JIaMOKOPTUKAIbHBIX CTPYKTYpax Mo3ara. [13-3a CI05KHOCTU OpraHua3anuu Gusnooruye-
CKUX CTPYKTYpP MO3Ta M €ro pUTMUYECKHUX KosiebaHuil npu aHaause DI 4acTo UCIOIb3YIOTCS METOIBI
CIIEKTPaJIbHOTO aHaJ/IM3a.

IIensn. IIoBBICUTH KaueCTBO KIMHUYECKOI0O MOHUTOPHUHTA HeMPO(MU3N0JI0TrnueCKUX CUTHAJIOB U MOJIy-
4uTh O0Jiee IyOOKMe IpecTaBIeHsI 00 OCHOBHBIX IPUHITUIIAX (PYHKIIMOHATBHBIX MEXaHU3MOB I'OJIOBHOTO
MO3Ta BO BpeMs aHEeCTe3UH.

MarepuaJi 1 MeTO/IbL. B TaHHOU paboTe NCII0JIE30BAIN PA3JI0KEHUE 110 IMITUPUYECKUM MogaM (PIM)
HOBBII METOJI CIIEKTPAJJIBLHOTO aHaIN3a, 0COOEHHO MOIXOASAIINH AJ1s1 HECTAIMOHAPHBIX U HEJTMHEHHBIX
curtasoB. POM u cooTBeTcTByIolIee TpeoOpa3doBanue [nnbbepra-Xyanra (anmi. HHT) pasJsaraior cur-
HaJl Ha COCTaBJIAI0IINEe BHYTPEeHHNEe MOIoBble GyHKIUYU (BM®). B nanHOM Hccae0BaHUM TPUMEHNUIN
POM njia aHanusa marrepHa «BCIbIIIKa-nogasBsaeHue» (IIBII) 939I yesioBeka BO BpeMA WHAYKIIAU
obmeit anecreauu (OA) nponodosoMm. IIBII — aTo cocTosiHMe, XapaKTepuaylolieecs MUKINIeCKUMU
W3MEHEHUSMU MKy BBIPaKeHHBIM I10JaBJIeHUEeM aKTUBHOCTHU MO3Ta U TMIIePaKTUBHBIMU BCIJIe-
CKaMH C IlepeMeHHOH IPOJo/IKUTEeIbHOCTHIO, aMIJINTY 0N U (hopMoii BosiHbI. [IBII Bo3HUKaeT nocJje
WHAYKINY TTy00KO0M 0011Ieli aHeCTe3UH, TI0CJIe BHYTPUBEHHOT'0 OOJI0OCHOTO BBEIEHUSI IIpenapara s
ob1rel aHecTe3nu. B maHHOW cTaThbe paccMarpuBaercss fuHaMuka [IBII ¢ MOMOIbI0 OTHOIIEHUS
«BCIbIIIKa-noaaBaenue» (OBII).

Pe3yuibraThl. [Ipy cpaBHeHnU cBsi3u Meskay O9I' u OBII BHyTpeHHUX Kosebanuil (auri. IME BHyTpeHHME
MOJI0BbIe (DyHKIIMH) TOKa3aIy, 4To OBII 3aBUCUT B OCHOBHOM OT ajib(a-akTUBHOCTH. OTMETU/IN Pa3HYIO CKO-
POCTh BO3BpaIlleHusl K UCXOJHOMY YpoBHIO OBII 1y11 pa3/iMyHbBIX CIEKTPaJ/IbHBbIX KOMIIOHEHTOB (IMF 1-4)
nocse ucyeanoseHus [IBIT Ha 331, uyTo cBuaeTebCTBYET 0 TOM, uTO [IBII MOsKeT 1mo-pasHoMy Hapyliarb
(pyHKIIMOHNpPOBaHNe HeVPOHHBIX FeHEPATOPOB HU3KOYACTOTHBIX OCHMLIALINHY I ¥ TaTaMOKOPTUKAIBHYIO
(pyHKIIMOHAIBHYIO CBSI3b.
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3akrrouenmue. l3yuenne [1BI1 c momorsio POM npencrasiisieT co6oit HOBYIO hopMy aHamu3a 3L, cro-
COOHYIO IPOSICHUTH HeHPo(U3nOoI0rnieckie MeXaH3MbI IAHHOTO (heHOMeHa U ero BJIMsSHUe Ha I1oce-
OIlepallMOHHBIN IIPOrHO3 COCTOSIHUSA NalleHTa.

Knrouesvie crosa: IIT; anekmpoanuedpanozpadusy; pasnodicenue no amnupuueckum mooam; HHT; npe-
oopasoeanue Turvoepma-Xyanea; nammepH «8CnulLULKA-NO0aseHUe»; 6HYymMpeHHUe M0008ble PYHKUULL
nponogpon

KoHQINKT HHTEPeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(MJIMKTA UHTEPECOB.

Summary

The human electroencephalogram (EEG) constitutes a nonstationary, nonlinear electrophysiological signal
resulting from synchronous firing of neurons in thalamocortical structures of the brain. Due to the complexity
of the brain’s physiological structures and its rhythmic oscillations, analysis of EEG often utilises spectral anal-
ysis methods.

Aim: to improve clinical monitoring of neurophysiological signals and to further explain basic principles
of functional mechanisms in the brain during anaesthesia.

Material and methods. In this paper we used Empirical Mode decomposition (EMD), a novel spectral anal-
ysis method especially suited for nonstationary and nonlinear signals. EMD and the related Hilbert-Huang
Transform (HHT) decompose signal into constituent Intrinsic Mode Functions (IMFs). In this study we applied
EMD to analyse burst-suppression (BS) in the human EEG during induction of general anaesthesia (GA) with
propofol. BS is a state characterised by cyclic changes between significant depression of brain activity and
hyper-active bursts with variable duration, amplitude, and waveform shape. BS arises after induction into
deep general anaesthesia after an intravenous bolus of general anaesthetics. Here we studied the behaviour
of BS using the burst-suppression ratio (BSR).

Results. Comparing correlations between EEG and IMF BSRs, we determined BSR was driven mainly by
alpha activity. BSRs for different spectral components (IMFs 1-4) showed differing rates of return to baseline
after the end of BS in EEG, indicating BS might differentially impair neural generators of low-frequency EEG
oscillations and thalamocortical functional connectivity.

Conclusion. Studying BS using EMD represents a novel form of analysis with the potential to elucidate
neurophysiological mechanisms of this state and its impact on post-operative patient prognosis.

Keywords: EEG; EMD; HHT; Burst-Suppression; Intrinsic Mode Functions; Propofol
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BBenenue

HecMoTpss Ha MmIMpPOKOE MOBCeJHEBHOE
UCIoJb30BaHue 0011el anecte3un (OA) B mpak-
THUKe, Hallle TTOHUMaHue Helpoduauooruye-
CKUX OCOOEHHOCTEH ee MeXaHHM3MOB BCeE eIle
ocTaeTcsi HeMOJTHBIM [1]. OTHUM U3 MepCcHeKTUB-
HBIX UICTOYHHUKOB MH(OpMaIuu 06 3TOM COCTOSI-
HUM SIBJIsIETCS djeKkTpoaHedasorpamma (33I)
1 ee oOpaboTaHHbIN aHau3. OOIee MoBegeHE
curtasa 31" Bo Bpemsa OA MOKHO OIIMCATh KaK
3aMejJieHHe CUTHAJIa B CTOPOHY IIpeobJaganus
HHU3KO0YaCTOTHBIX (<4 I'll) KoJiebaHUi ¢ MOsIBJIE-
HHUEeM II00aJbHBIX MeIJIEHHBIX BOJIH CO BCeH
IIOBEPXHOCTU I'OJIOBHI [2—4].

ITporiogos — HauboJIee YaCTO UCIOJIb3Ye-
MBI OOIMUA aHECTETHK, INPUMEHSEMBIA s
unaykiuu OA. Bo BpeMmsi GostocHo# nnayknmuu OA
npornogoaoM KJIUHUYECKU YaCTO JOCTUTAETCS
TPaH3UTOPHOE COCTOSIHUE O4YeHb IITyOOKON aHe-
CTe3UH, KOTOPOe MPOSIBJISETCS B BUAE OBICTPOTO
3amenJsieHrs puTMoB 3! € Moc/IenyoIyuM OTHO-
CUTEJIbHO OBICTPHIM HACTYILJIEHHEM (papMaKoJIio-
rAYeCKU MHIYIUPOBAaHHOTO [IaTTepHA «BCIbIIIKA-
nogaBjienue» (IIBII), puasamerocas HECKOJBKO

Introduction

Despite the everyday use of general anaesthe-
sia (GA) in the clinic, our understanding of the neu-
rophysiological details of anaesthetic mechanisms
still remains incomplete [1]. One of the promising
sources of information about this state is the elec-
troencephalogram (EEG) and its processed analy-
sis. The generic behaviour of EEG signal during GA
can be described as a slowing of the signal towards
low-frequency (<4Hz) oscillations with appearance
of global slow waves across the scalp [2—4 ].

Propofol is the most commonly used general
anaesthetic, included during the induction of GA.
During a propofol bolus GA induction it is clinically
common to reach a transient state of very deep
anaesthesia, which manifests as a rapid slowing of
EEG rhythms followed by a relatively fast onset of a
pharmacologically-induced burst-suppression (BS)
lasting for several minutes. This state is charac-
terised by cyclical transitions between significant
depression of brain activity (suppression) and
bursts of increased activity with variable amplitude,
duration, and waveform shape. It is standard prac-
tise to consider a recording as undergoing BS if
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MHHYT. ITOT (DEHOMEH XapaKTepU3yeTcsl [UKJIU-
YEeCKUMU IIepexofaMy MeyK 1y BbIPasKeHHBIM yrHe-
TEHUEeM aKTHUBHOCTH MoO3ra (IomaBJjIeHHuEM) U
BCILJIECKAaMH ITOBBIIIEHHON aKTUBHOCTH (BCIIBIIII-
Ka) C IepeMeHHON aMIJIUTYI0H, IPOJOJIsKUTEb-
HOCTbIO U (popmoi BosIHBL. COIVIaCHO CTaHIApT-
HOU npakTuke, ¢peHomeH [IBIl quarHocTupyior,
ecau 6oJjiee 50% 3amucu HOTeHIMaaoB Ha JIT
IIOJaBJICHO OTHEJIbHBbIMH BCIJIECKAMU JJINTEJIb-
HocThIo 0,5-30 c. [Ipu manbHeleM yrrybaeHun
OA nabJuroiaeTcs yayimHeHne (a3 mojgaBaeHus ¢
YMEHBIIIEHUEM YaCTOTHI BCIIJIECKOB, YTO B KOHEY-
HOM UTOTe OIPUBOJUT K U303JIeKTpUudecKoil 3T,
TaK Ha3bIBAEMOMY «M3039JIEKTPUYECKOMY MOJI4a-
HUIO» [5]. B KIMHUYECKOU IpakKTUKe, OIHAKO,
HepeIKo Tocye HeCKOMbKuX MuHYT [IBIT HAOTIO0-
JlaeTcsi BbIMbIBaHMe 3 eKrToB nmpomnodosia u BO3-
BpareHue K ryookoi OA ¢ MeJJIeHHBIMU pUTMa-
Mu I3[, HeOOXOAMMBIMHU [JII TIPOBEIEHUS
onepanuu. B atom cirydae I1BIT orpaskaet HeoOxo-
JTUMOCTB OBICTPOM U TOCTATOYHO TTyOOKON MHTYK-
i OA ny1s obeciedeHnss 6€30MMaCHOCTH JbIXa-
TEeJBHBIX TMIyTell TpPW HWHTYOAIUM Tpaxew.
KosmuecTBo BBOAMMOT0 aHECTETHKA ITOI0NPAETCS
CTPOTO MHAUBUIYaJbHO, UCXOAA U3 I10J1a, BO3pac-
Ta, pOCTa 1 Beca NaleHTa, C y4eTOM COITyTCTBYIO-
mUX 3a00JIeBaHUN W TEKYIIETO KJIMHUYECKOTO
COCTOSTHUSI — XOTsI 4Yallle BCero 0e3 IMPOBEpPKH
AKTUBHOCTHU CaMOro Mo3ra [6]. YnucThle onuOnuIbI
He ciocoOHBI BBI3BIBATh [IBII maske B BBICOKHX
J103aX, JIUIIIb B COYETAHNHU C APYTAMU BellleCTBaMU
OHU OKa3bIBAIOT aJIUTUBHBIN 3(p(EKT, BHI3bIBASI
OA. OHH CHOCOOCTBYIOT 00IIEMY 3aMemJIEeHUIO
put™MOB I3I ipu OA U OKa3bIBAIOT 10303aBUCH-
™Mbl apdert Ha [IBII. OOBIYHO MCIIOJIB3yEeMbIE
HU3KWE aHaJbleTUYEeCKHe I03bl OIHNOUIOB BO
BpeMs nHAYKIIH OA 0Ka3bIBAIOT cJ1ad0€e BJIUSTHIE
Ha putMbl III' 1 mosasaenue I1BII [7]. [lossBiieHne
[1BIT vHa nonnepskuBarolem aramne OA, T.e. OT Ha4a-
Ja JO KOHIla XWPYPru4eCcKOoro BMeIlaTesbCTBa,
COIIPOBOKIACTCSA YXyALLIEHUEM II0C/IeONepalioH-
HOTO MPOTHO3a W OOJIBITIEH YacCTOTON Pa3BUTHSA
TeJIUPHS, XOTA TOAPOOHOCTH 3TOHM B3aUMOCBSI3HU U
€e MeXaHM3MBbI 0CTal0TCs HeACHBIMU. [I0o crux nmop
He OBLIO JOKAa3aHO, YTO MOSBJEHWE OOBIYHOTO
KparkoBpeMeHHOT0 I1BII Bo Bpems naayknun OA
OKa3bIBAET ITATOJIOTUYECKOE BJIVAHNE Ha NTACH-
TOB, a poJib UHTpaomneparuonuoro [1BII Tpebyer
AKTUBHOIO U3y4yeHusd [8-11].

ITpeo6pasoBanme ['mibOepra—XyaHra (aHe.
HHT) — aT0 HOBBII METO/I CIEKTPAIBHOTO Pa3Jio-
SKEHUs [IJIs1 00pabOTKY 1 aHaIM3a HeJTMHEeWHBIX U
HeCTaMOHAPHBIX CUTHAJIOB, K KOTOPBIM OTHOCHUT-
cs1 1 L. OHO cTOCOOHO 0OBSCHUTH CYTh TPOIIEC-
COB, TCHEPUPYIOIINX 3JIEKTPUUECKYIO aKTUBHOCTD
MO3Ta, JIy4llle, YeM TPaaulIMOHHbIEe METOIbI, OCHO-
BaHHbIe Ha TpeoOpa3doBanun dyprwe [12-14]. HHT
COCTOMT U3 JIByX YacTel, pa3JIosKeHuUs [10 SMIINPHU-

4yeckuM MojaMm (POM, nnpenmeT HaIIero Uccaeo-

more than 50% of it is suppressed with individual
bursts lasting 0.5-30s. In case of further deepening
of GA, we observe lengthening of suppression
phases with a lowered frequency of bursts, eventu-
ally leading to isoelectric EEG, so called «isoelectric
silence» [5]. In clinical practice, it is however com-
mon after a few minutes of BS to observe a washout
of propofol effects and a return to deep GA with
slow EEG rhythms required for performing surgery.
In this case, BS mirrors the need for a rapid and suf-
ficiently deep induction of GA for ensuring safety
of the respiratory tract by intubation. The amount
of anaesthetic delivered is strictly chosen individu-
ally based on patient’s sex, age, height, and weight,
considering related diseased and the patient’s cur-
rent clinical state — though most often without
checking brain activity itself [6]. Pure opioids are
unable to induce BS even at high doses, only to-
gether with other substances do they have an addi-
tive effect in inducing GA. They contribute to gen-
eral slowing of EEG rhythms in GA, and have a
dose-dependent effect on BS. Commonly used low
analgesic doses of opioids during GA induction
have alow impact on EEG rhythms and appearance
of BS [7]. The appearance of BS during mainte-
nance of GA, i.e. from the start to the end of the sur-
gical intervention, has been linked to worse post-
operative prognosis and higher incidence of
delirium, though details of this relationship and its
mechanisms remain unresolved. Common short-
term BS during induction of GA has so far not been
shown to have a pathological influence on pa-
tience, and its relationship to intraoperative BS re-
mains an active field of study [8-11].

The Hilbert-Huang Transform (HHT) is a
novel spectral decomposition method for process-
ing and analysis of nonlinear and nonstationary
signals such as the EEG. It has the potential to ex-
plicate generators of brain activity further than tra-
ditional methods based on the Fourier Trans-
form [12-14]. HHT consists of two parts, Empirical
Mode Decomposition (EMD, the subject of our
study) and the Hilbert Spectrum, a distribution of
energy in the time-frequency domain based on the
Hilbert Transform. EMD decomposes analysed sig-
nal into Intrinsic Mode Functions (IMFs), which are
based on local properties of the signal. This allows
for a physically meaningful definition of instanta-
neous frequency and removes the need for using
harmonic functions to represent nonlinear and
nonstationary signals unlike the Short-time Fourier
Transform.

Empirical Mode Decomposition. Empirical
Mode Decomposition (EMD) is a novel method for
decomposing nonstationary and nonlinear signals
(e. g. EEG) into Intrinsic Mode Functions [12]. It has
been described elsewhere, but in short it is a data-
driven method that resolves different spectral com-
ponents based on extrema detection [15].
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BaHUSA) U crneKkTpa [mabbeprta, pacupeneseHus
9HEPTUU BO BPEMEHHO-YaCTOTHOI 006JacTh Ha
oCHOBe mpeoOpasoBanus [nabbepTa.

OMP pasjaraeTr aHaIU3UpPyeMbIl CUTHAJ Ha
BHYTpPEHHME K0JIe0aHUs, UJIX MOIOBbIE (DYHKIINHI
(anen. IMF), KoTOpBlEe OCHOBAHBI HA JIOKAJIbHBIX
CBOMCTBAxX CUTHAJIA. ATO MO3BOJISIET IaTh (hrusnve-
CKU 3HAYUMOE OTIpeJiesieHe MTHOBEHHOM YaCTOThI
¥ yCTpaHsieT He0OXOIUMOCTh MCIIOTh30BAHMUSA rap-
MOHMYECKUX (PYHKIUHN U151 IpeACTaBJIEeHUs HeJIN-
HEeWHBIX U HeCTAIIMOHAPHBIX CUTHAJIOB B OTJIAYME
OT KpaTKOBPEMEHHOTO0 npeoOpasoBanus dypee.

PaznoxxkeHne mo IMONHUPHUYECKUM MOJaM.
Pazmoskenune mo smnupudyeckum mopam (PAM,
anesa. Empirical Mode Decomposition, EMD) —
9TO HOBBIY METO]T pa3JIOsKeHM I HeCTAIlMOHAPHBIX
U HeJUHEUHBIX CUTHaJ/JA0B (Hampumep, I3I') Ha
BHYTpPeHHUEe MoJ0BbIe pyHKINY [12]. OH moapob-
Hee OIIMCaH B IPYIruX UCTOYHMKAX, HO BKparTIe
XapaKTepu3yeTcsi Kak MeTOll, OCHOBAaHHBIU Ha
00paboTKe MaHHBIX, TO3BOJISTIONIHNI Pa3JIOKUTH
pasJInYHbIe CIEKTPaJbHbIE KOMIOHEHTHI B COOT-
BETCTBUY C 0OHAPY;KEHHBIMH 9KCTPEMAJIbHBIMU
3HadyeHusaMH [15].

OpurnHa/IbHBIN anroputMm POM yacto cTpa-
JTaeT OT TaK Ha3bIBaeMOU TP0OIeMBI CMEIITUBAHUST
MOJ IpY IIPUMEHEHNH K peaJsibHbIM TaHHbIM [16,
17]. 9ta mpobsieMa BOSHUKAET ITPU HAJTUYWH ITepe-
XOOHBIX KOJIeOAaHWH, KOTHa pachpeneseHue
JIOKAQJIbHBIX 9KCTPEMyMOB MEHSAETCA B Pa3HBIX
4acTax curHasa. CMmelnreHwe MOJ YCJIOKHSAET
WHTEPIIpEeTaluIo U aHAIN3 Pa3JI0yKeHNUA BHYTPEH-
HUX KOJIeOaHUH, T03TOMY OBLITH ITPEJI0sKEHBI YCO-
BEPIIEHCTBOBAHUSI OPUTWHAJBHOTO aJTOPUTMA
POM. K HuM orHOCcHaTca aHcamOJeBblii POM
(APOM) u Mmackupyouuit POM (MP3M). 3t
METOJIbl OCHOBaHbI Ha BBEAEHNH JOIIOJHUTEIHHO-
I'0 CUI'HaJIa B UCXONHYIO 3aIIUCh Ilepe] IPOLeCCOM
npocenBaHus (0esbrii mym 1uist APOM, 3apanee
onpenesieHHble cuaycouasl B MPOM). Ilpu aTom
OPOUCXOOUT HOPMaJAW3alvs paclpeeaeHns
4aCTOT 9KCTPEMYMOB I10 CUTHAJLY, YTO IIPUBOIUT K
YMEHBIICHHUIO CMELINBAHUA MOJ,.

MarepuaJ 1 MeTObI

B maHHOM HCC/IeqOBaHNY IPOBEJIN PErUCTPALIUIO
99T y 39 manueHTOB, HaXOIAIINXCA IO HAPKO30M, U
NpPUMEHUJIN Pa3JIoKeHHe M0 SMIHUPUYECKUM MOAaM
(POM) k 3anmcsam 30 nmaruenToB c [1BIT (15 skeHIMH 1
15 My>K4UH, CpeTHUU Bo3pacT 62 roaa). JlaHHbIe UCTIbI-
TyeMBbIX OBLJIH 3aITMCaHbI B paMKax ucciaenoBanuss APVV
(«YpOoBeHb CO3HAHUA U €r0 N3MEeHeHUsI BO BpeMs aHe-
CTe3UM B TOPAKaJILHOU Xupyprun») (APVV-0223-12) B
paMKax MeXIUCIUIIJINHAPHOTO UCCJIeN0BATEIbCKOIO
MIPOeKTa ATEHTCTBA I10 IMPOJBUKEHUIO NCCIIETOBAHUN U
pa3paboTok C y4acTueM KJIUHUKUA aHECTE3WOJIOTHH U
WHTEHCUBHOU MeTUIMHBI, U KJIMHUKHU TOPAKATLHOU XU -
PYPTHU¥ YHUBEPCUTETCKOM OOJIBHUIILI MapTUHA, U Me-
IUIUHCKUM (aryasreToM EceHmyca YHHUBepcurera
nmenu KomeHnckoro B Bparuciase. MicbITyeMbIM OBLI

The original EMD algorithm often suffers from
the so-called mode mixing problem when applied
to real data [16, 17]. This problem occurs in pres-
ence of transient oscillations, where the distribu-
tion of local extrema varies in different parts of the
signal. Mode mixing complicates interpretation
and analysis of the IMF decomposition, hence im-
provements to the original EMD algorithm have
been proposed. These include ensemble EMD
(EEMD) and masking EMD (MEMD). These meth-
ods are based on injecting an additional signal into
the original recording before the sifting process
(white noise for EEMD, pre-defined sinusoids in
MEMD). This normalises the distribution of ex-
trema rates across the signal, which leads to low-
ered mode mixing.

Materials and Methods

In this study, we measured EEG in 39 anaesthetised
patients and applied Empirical Mode Decomposition
(EMD) on recordings from 30 patients showing burst-
suppression (15 women and 15 men, average age 62
years). The subjects were recorded as part of the AAPV
study — «Level of consciousness and its changes during
anaesthesia in thoracic surgery» (APVV-0223-12), as a
part of the joint interdisciplinary research project of the
Agency for the Advancement of Research and Develop-
ment between the Clinic of Anaesthesiology and Inten-
sive Medicine and the Clinic Thoracic Surgery of Univer-
sity Hospital Martin and the Jessenius Faculty of
Medicine in Comenius University Bratislava. The sub-
jects underwent a spectrum of selective diagnostic and
therapeutic thoracic surgeries (e.g. diagnostic biopsy,
bilobectomy, dual chamber interventions). As part of the
APVV project all surgical interventions shared the use of
thoracotomy, i. e. an intervention with an «open chest»
with the need for single-sided lung ventilation (One Lung
Ventilation — OLV). Given the nature of the surgery, the
recorded subjects were under deep general anaesthesia
(GA) with a high need for analgesics and muscle relax-
ants. The administration of GA was exclusively done by a
practicing anaesthesiologist and underwent in a stan-
dard manner according to local conventions. A specific
use and dosing of drugs was chosen by the anaesthesiol-
ogist given their clinical abilities and experience, includ-
ing the current clinical condition of the patient and the
course of the operation.

Patients arrived in the operating theatre without
pre-surgical morning premedication. Induction of GA
began after fitting of the EEG cap. Initially, patients were
given intravenous analgesia with a sufentanil bolus
(dose: 0.15 ng/kg). This was followed by an intravenous
propofol anaesthetic bolus (dose: 2-2.5mg/kg) together
with an intravenous muscle relaxant. After GA induction
confirmed by a deep unconsciousness without reactions
to a painful stimulus and complete muscle relaxation,
orotracheal intubation was performed and the surgical
procedure began.

Patients were excluded if they suffered head injuries
leading to loss of consciousness, were addicted to alcohol
or medication, they were known to have poor or non-stan-
dard tolerance of anaesthesia, they had known neurolog-
ical or psychiatric conditions, or they were currently using
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IpoOBEeOEH CIIEKTP CEJEKTHUBHBIX TUATrHOCTUYECKUX U
Jie4eOHBIX TOpPaKaJIbHBIX BMEIIATeIbCTB (HAIpUMeED,
MUarHOCTUYeCKasi OMOTICHsI, TBYCTOPOHHSS JIOOIKTO-
MUA, UMIIAHTAIUA JIBYXKAMEPHOT'0 NCKYCCTBEHHOTO
BOAWTEJISI pUTMA).

B pamkax npoexta APVV n1pu Bcex XUpypru4ecKux
BMelllaTe/IbCTBAX UCII0Ib30BAIACh TOPAKOTOMHUS], T. €.
BMeEIIATEIbCTBA IPOBOJUINUCH C «OTKPBITOU TI'PYTHOU
KJIETKOU» ITPY HEOOXOAUMOCTH OHOJIETOYHOUN BEHTH-
asanuu (OJIB). YuuTeiBas xapaKTep onepanuu, uccjie-
JlyeMble HaxOIUJTUCh IO TTyOOKOM 00IIel aHecTe3nen
(OA) ¢ BBICOKO# MMOTPEeOHOCTHIO B aHAIBIE€TUKAX U MbI-
IIeYHBbIX peJiakcaHTax. Beegenune B OA ocylecTBJIsA-
JIOCh MCKJIIOUUTEJbHO OIBITHBIM aHECTe3HOJO0IOM U
TIPOXOJMJIO CTAaHJAPTHBIM 00pPa30M B COOTBETCTBHH C
MECTHBIMU IIPOTOKOJIaMU. BonIpoc NpuMeHeHusI KOH-
KPeTHOrO IIperapara 1 ero JO3UpPOBKU pelllajl aHecTe-
3M0JIOT C y4€TOM CBOUX KJIIMHUYECKUX BO3MOKHOCTEH U
OIIBITA, @ TAKKe TeKYIero KIMHUYeCKOI0 COCTOSIHUS
naiyeHTa 1 Xofa olepaluu.

ITanyeHThI IOCTYIIAIN B OIIEPAIOHHYIO Oe3 mpe/t-
omnepanyoHHON yTpeHHel npemenukanuu. Mamykims OA
HaYMHAJIACh IOCJIe HaJleBaHUsI KOMILJIeKca I -1aTYuKOB
Ha rosioBy. CHa4aJs1a IaliieHThI IT0JTy4a/Ii BHyTPUBEHHYIO
aHaJITe3UIO C IIOMOIIIBIO HoJTIoca cydeHTanuIa (B Jo3e
0,15 MKT/KT). 3aTeM BBOJUJICSI BHYTPUBEHHO OOJIIOCHO
AHECTEeTHK IporodoJ (B 1o3e 2-2,5 Mr/Kr) BMecTe C MbI-
IIEYHBIM PeJIaKCaHTOM BHYTPUBEHHO. Ilocie mHIyKnnm
OA, ToaTBEP:KAEHHON [IYOOKOH yTpaToi CO3HAHUA 0e3
peakinu Ha 60JIeBbIe Pa3ApPasKUTENN U MOJTHBIM pac-
cabJieHreM MBI, BBITIOJTHAIACH OpOTpaxeabHasI MH-
TyOanysi 1 HAYMHAIOCh XUPYPTUYEeCKOE BMEIIaTe /IbCTBO.

[TaneHTOB UCK/IIOYAJIN U3 UCCIe0BAHNUs, €CIU Y
HUX OBLIN TPaBMBbI I'OJIOBBI, COIPOBOMKOAaBIINECA I1OTE-
pell co3HaHus, IPU HAJIWYUU AJKOTOJBHOU WU Jie-
KapCTBeHHOfI 3daBUCHUMOCTH, ITPU HAJINYMU B aHAMHE3¢€
CBeJeHUI O MJIOXOU MJIU HECTAHIAPTHOU IIEPEHOCUMO-
CTU aHeCTe3nH, ITPU HaJIMInunu yKaSaHI/IfI Ha HEBPOJIOTH -
YecKue WIH IICUXAaTprIecKre 3a00IeBaHus, NN IPHU
yIIoTpeb/IeHIH IICHXOTPOIHBIX IIPeIIapaToB B HACTOsIIee
BpeMs. Bo Bcex ciydasax namnyeHThl 1aBajad NIUCbMEHHOe
coryiacue Ha IPOBeJIeHNe NCCIIeJOBaHMsI, KOTOpOe 0100-
PEHO 3THYeCKUM KOMUATETOM B paMKax IpoekTa APVV.

HaIlI/IeHTaM, IIOATOTOBJIEHHBIM K OIl€epanyy 1 1aB-
IIIMM IIMCBMEHHOE COWIacue, 3anucbiBanu 31" ¢ momo-
mbIo TporpaMMHoOro obecrnedenus Neuron Spectrum
AM (Neurosoft), ucrosibadyemoro jiist 3anucu 31 u 1mo-
aucomHorpadmuu. Ilepen oneparuei KaskaoMy Iaim-
€HTY HaJleBaJId KOMILJIEKT 9JIEKTPOJOB (DJI-1mamno4dka c
19 auieKTpozamMu, pacoJIOKEeHHBIMY Ha KOKe I'0JI0BbI B
COOTBETCTBMU CO CTAaHIAPTU3UPOBAHHON cucTeMoi 10-
20 u ycpegHeHHbIMU HopMaTuBamu). KOHKpeTHBI! pas-
Mep LIAIlOYKHU [JIs [TaljieHTa ollpeeJisiu IlyTeM u3Me-
peHUsl OKPY’KHOCTHU TOJIOBBI C IIOMOIIBIO PYJIE€TKU U
HCIIOJIF30BAHUSA Ta0OINIIBI PAa3MEePOB IIPOU3BOIUTEJIA.
[Tarrouka I3I" mJI0THO ITpuUJIerasna K rojioBe NayeHTa,
a Ha KaKIbIN as1ekTpoy I3 moMeniaau mpoBOgAIINi
rejgb JIjs oOecledyeHHs ITONXOISAIEro HMIIeranca
MEYKIY 9JIEKTPOIOM U KO3Kell roJIOBBI. FiMIiegaHc aJlek-
TPOJOB BO BpeMs IIPOLeNyphI He npeBbiman 25 kKOm.
Heob6paborannble 3anycu cocTosiia 13 391 B IIMPOKOM
YaCTOTHOM JMana3oHe C HUKHel rpaHuliel, onpeje-
JsieMOo¥l MeyIeHHbIMU naperdamu okoso 0,5-1 T, u
BepxHell rpanuneid HalikBucra oT UCII0JIB3yeMOH 4a-
croTbl nuckperudanuu 500 I'n. 33 HenpepbIBHO 3amnu-

psychotropic drugs. In all cases patients gave written con-
sent to the study and the research study was approved by
an ethics committee as part of the APVV project.

Patients who underwent surgery and gave written
consent had their EEG recorded using the Neuron Spec-
trum AM recording software (Neurosoft), used for record-
ing EEG and polysomnography. Before the operation,
each patient was fitted an EEG cap with 19 electrodes
placed on the scalp (not intracranially) according to the
standardised 10-20 system, referenced to the average
montage. The specific cap size for a patient was deter-
mined by measuring their head circumference with a tape
measure and using the manufacturer’s sizing table. EEG
cap was tightly fitted to the patient’s head and conductive
gel was put into each EEG electrode to ensure suitable im-
pedance between the electrode and the scalp. Electrode
impedance during the procedure did not exceed 25 kQ.
The raw recording collected consisted of EEG in a wide
frequency band with a lower bound determined by slow
drifts around 0.5-1Hz and an upper Nyquist bound from
the sampling frequency of 500 Hz used. EEG was contin-
uously recorded during the operation including the in-
duction to GA and surgery. EEG recording was stopped
after the end of surgery and after emergence from GA. The
EEG cap was removed just after extubation when the pa-
tient was spontaneously breathing and responsive to ver-
bal stimulus. Further markers were inserted into the EEG
recording to note intravenous medications administered,
their dose, and time of administration.

Pre-processing and analysis of EEG data. For
archiving, viewing, and filtering raw EEG data we used
the Neuron Spectrum.NET software (Neurosoft), which
includes tools for EEG spectral analysis. Recorded EEG
was visually checked, and artefacts were manually re-
moved after consulting with an experienced neurologist.
For EMD analysis we re-referenced the data to Cz and
used the Fz electrode for further analysis. This way large
artefacts affecting most of the scalp due to the surgical
environment were reduced. EEG data was further filtered
to remove line noise, muscle artefacts, ECG artefacts, and
breathing artefacts. Further analysis was done in a cus-
tom script using Python 3.6. Data was first filtered by a
Finite Impulse Response (FIR) bandpass filter in the 0.5-
35Hz band using the open-source Python MNE pack-
age [21]. The Hamming FIR window was used to suppress
edge effects and increase computational stability. After-
wards data were resampled to 100 Hz and EMD analysis
was done with the Python emd module [22, 23].

In order to reduce mode mixing, masked EMD with
masking frequencies 14-7-2.5-0.5-0.2 Hz was per-
formed. Masking frequencies were chosen by an experi-
enced EMD researcher to best represent the dominant
alpha-delta nature of brain activity after administering
propofol. It is important to note that whilst these masks
reduce mode mixing, they do not impose tight band-
width limits on spectral components unlike standard
Fourier analysis. Maximum number of IMFs was set to
N=5 and the first four IMF1-IMF4) were used for further
analysis. Burst-suppression pattern was quantified with
the Burst-Suppression Ratio [24, 25]. EEG was defined as
suppressed if its absolute value was under 51V for longer
than 0.5s. To enable direct comparison between BSR val-
ues obtained from IMFs and the EEG, a section of the
IMF was considered suppressed if its amplitude was
under 40% of the standard deviation of that IMF for at
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CBIBAJIM BO BpeMs BMelIaTeJbCTBA, B TOM 4HUCJe — B
TeyeHUe nepuoga nHaykuu OA u caMoii onepanuu. 3a-
nuck I mpekpalaayu nocjie OKOHYAHUSA ONlepanuy U
Bbixoa u3d OA. [Hlanouky I3I' cHuMaam cpasy nocije
9KCTyOaIlNM Tpaxeu P CIIOHTAHHOM JbIXaHHUH U pea-
TUpPOBAHNM Ha BepOajbHBIE CTUMYJBL. B 3ammce 33T
BHOCUJIU JOIIOJTHUTEJIbHble MapKepbl MOMEHTOB BHYT-
PUBEHHOI'O BBeJeHUsA JIEKapCTB C YKa3aHueM Iipelna-
para, 103bl U BpEMEHU BBeJJeHUA.

IIpenBapuresbHast 00paboOTKa M aHAJU3 JaH-
HbIX JII. /I71a apxuBUpoOBaHUs, IPOCMOTPA U PUJIBT-
pamuy Heo6paboTaHHBIX JaHHBIX I MCIIOIB30BAIHN
nporpamMmy Neuron Spectrum.NET (Neurosoft), koro-
pas BKJIIOYaeT UHCTPYMEHTBHI ISl CIIEKTPAJIbHOIO aHa-
aunaa AL, 3anucek I3[ npoBepsAan BU3yas bHO, a apTe-
dakTel ynansau BPY4YHYIO IIOCJIe KOHCYJIBTAIIUU C
OIIBITHBIM HEBPOJIOroM. [|j1a ananuaa POM gannble no-
BTOPHO «IIpUBsA3bIBAIN» K Cz, a A1 AaJbHeNIIero aHa-
JIN3a WCTIOJb30BaJM 3JjieKTpona Fz. TakuMm obpa3om
OBITM YMEHBIIIEHBI CyIIeCTBEHHbIE apTe(aKThI, IOJTy-
YeHHBIE ¢ OOJIBbIIeH YacTH KOKY TOJIOBBI B YCJIOBUSX
XUPYPTrU4eCcKOro BMenareabcrsa. Jlanasie 331 qomoJ-
HUTEJIbHO OT(MUJIETPOBAIN IS yoaJIeHUs JIMHEeHOTO
1IyMa, MbIIIeYHbIX apTedakToB, apredarros IKI u ap-
TedaKTOB IbIxaHUs. [laTbHeNIITNi aHa U3 IPOBOANIIN
B [10J1b30BaTEJbCKOM CIleHapUHU C UCIOJb30BaHUEM
Python 3.6. CHauyaJsa jaHHble OTHUIBTPOBAJIH IT0JIOCO-
BbIM (pUJBTPOM C KOHEUHOW UMITYJIbCHOU XapaKTepu-
ctukou (FIR) B gmamasone 0,5-35 ', ¢ MCITOJI30Ba-
HueM nakera MNE u3 Python 1 OTKpBITBIM UCXOZHBIM
KonoM [21]. [I1s1 momaB/ieHus1 KpaeBbIX 9(p(eKToB U 1mo-
BBIIIEHNS CTA0MIBHOCTH BEIYMCIEHUH NCII0TH30BaIH
FIR-oxHO XaMMuHTra. 3aTeM JaHHBIE ITIepeCKPEeTU3N -
posasm 1o 100 'y, m mpoBesit POM-aHanna ¢ MoMOIIbI0
monysst Python emd [22, 23].

JIJ1s1 TOTO 9TOOBI YMEHBIIUTEL CMEIIEeHNE PeskU-
MOB, IPOBOJUJIA MacKMpoBaHHoe POM ¢ mMackupylo-
mymMu yacroramu 14-7-2,5-0,5-0,2 I'm. Mackupyromue
YacTOTHI OB BEIOPAHBI ONBITHBIM CIIEIHAINCTOM IO
POM 1151 onITUMaJIBHOTO IIPECTaBJIEHUSI JOMUHUAPYIO-
e ajnbga-aesasra IpUPoIbl AKTUBHOCTU MO3Ta I10CJIe
BBeJleHus1 IponodoJia. BayKHO OTMETUTh, YTO XOTA 9TU
MacCKU yMEHBIIIAIOT CMellleHre MOJ], OHU He HaKJ/IaJbl-
BAIOT YKeCTKUX OTPAaHUYEeHU Ha I10JI0CY IPOIyCKaHUS
CIIEKTPaJIbHBIX KOMIIOHEHTOB B OTJIMYMeE OT CTaHAApT-
"Horo dypbe-aHanusa. MakcuManabHOE KOJIUYECTBO
BHYTpeHHUX Kosebanuii (IMF) ycTaHOBMIN Ha n=5, 1
JJI1 JaJIbHeNIIero aHaIu3a UCI0/Ib30BaJ/IU IIepBbIe ue-
Teipe (IMF1-IMF4). KosmuectBeHHy0 oneHky I[IBIT
NPOBOAMWJIA C IIOMOILIBIO OIpeJesieHUs] OTHOLIEeHUs
«BcHObIIKa-noaasaenue» (OBIT) [24, 25]. 93T onpene-
JISJTM KaK TTO/IaBJIEHHYIO, eCJIA ee abCOJIOTHOE 3Have-
HUe ObLIO MeHbIe 5 MKB B Teuenue 6oJiee 0,5 c. Jlisa
npsiMoro cpaBHeHUs 3HaueHu OBII, moJiy4eHHBIX Ha
OCHOBE aHa/IM3a BHYTPeHHUX Kojebanuii u I, «mo-
JaBJIEHHBIM» CUMTAJN Y4aCTOK BHYTPEHHUX KoJjeba-
HUU, aMIIUTYa KOTOPOro cocTaBJsiiia MeHee 40% oT
CTaH/IAPTHOTO OTKJIOHEHH 3TOT0 KOJIeOaH!s B TeUeHNEe
He meHee 0,5 cekyHapl. 3arem OBII paccuuTbiBany ajid
93T 1 OT/e/TbHBIX BHYTPEHHUX KOJIe0aHUI KaK OTHOIIIe-
HHUe NPOJOJIKUTEJbHOCTU IOAABJIEHHON 4YacTU Cer-
MEeHTa K IPOJI0JIKUTEeIbHOCTH BCEr0 UCCJIelyeMOro Cer-
meHTa. OBII paccyuThIBa/IN AJS KAXKJOU MUHYTHI U3
nepsBbIX 15 MuHyT nHIyKIUU OA (Bpems IepeKpPhITUA
MesKJy CeTMEeHTaMu cocTaBuJIo 10 c).

least 0.5s. BSR was then calculated for the EEG and indi-
vidual IMFs as the ratio of the duration of the suppressed
part of a segment to the whole segment studied. BSR was
calculated for each minute of the first 15 minutes of GA
induction (10s overlap between segments).

Results and Discussion

EEG recordings from 30 anaesthetised pa-
tients (15 women, 15 men) showing burst-suppres-
sion during propofol induction were analysed and
visualised using the Python emd module. Examples
of these results are displayed in Fig. 1, 2 and Fig. 4.

Figure 1 displays an example decomposition
of EEG using masked EMD. We observed four non-
trivial IMFs (IMF1 — IMF4). These represented
well-known physiological rhythms despite not hav-
ing pre-defined frequency bands in the analysis.
They matched with alpha (~10 Hz, IMF1), high
delta (~4 Hz, IMF2), low delta (-2 Hz, IMF3), and
slow oscillations (<1.5 Hz, IMF4), with IMF5 repre-
senting residual low-frequency noise. The signal
was represented with a small number of compo-
nents unlike the Fourier transform, where the out-
put is a potentially infinite number of harmonic
components.

Figure 2 shows example EMD results from a
representative induction segment including a
burst-suppression pattern. Typical sample of BS is
illustrated in EEG Fig. 3.

Again we observed a data-driven decomposi-
tion of the EEG signal into four components. Each
component in succession captured slower EEG ac-
tivity and a physiologically relevant part of the
spectrum. Burst-suppression was seen to affect all
spectral components. To analyse its effect further,
we computed the burst-suppression ratio (BSR) to
quantify suppression of the signal.

Figure 4 shows the BSR over time for 15 min-
utes from a bolus propofol GA induction. BSR was
calculated for each minute for both the full EEG
recording and individual spectral components cap-
tured by IMFs. The general trace captures the clas-
sical effect of propofol on the EEG and show propo-
fol's strong effect on brain activity and the EEG with
an initial rise and saturation of low-frequency ac-
tivity and later the appearance of burst-suppres-
sion. At the start of the induction, low frequencies
have a low power and hence appear suppressed
(high BSR for IMF2-IMF4) with alpha activity being
dominant (IMF1 BSR lowest). After applying the
propofol bolus delta and slow-wave activity gradu-
ally increase, driving BSR to low values around
t=300s. As the effect-site concentration of propofol
rapidly increases, burst-suppression starts appear-
ing in the recording around #=400s and all spectral
components become suppressed. BSR from IMF1
(alpha activity) had the highest Pearson correlation
with BSR from the filtered EEG, which shows BSR is

mainly driven by the alpha spectral component. As
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Puc. 1. [IpuMep BHYTpEeHHUX KoJIeOaHUH B TedeHue 60 ¢, HOTy4eHHbIX ¢ HoMonsi0 PAM Ha 3T naifueHTa B COCTOSHHH JIETKOH

aHeCTe3uHu.

Fig. 1. Example 60s of IMFs obtained from EMD for light anaesthesia EEG.
Note. EMD decomposed the signal into physiologically relevant alpha and delta rhythms (IMF1-IMF4) and low-frequency noise

(IMF5).

IIpumeuanmne. C momorpio POM cursast pasjaoskeH Ha (pM3UOJIOTUYECKH 3HAYNMBbIe ajbda- u gensra-putmel (IMF1-IMF4) u

HU3K0YACTOTHBIN ryM (IMF5).

Puc. 2. [Ipumep nepBbIX 15 MUHYT BHyTpeHHHX Kosiebanuii (IMF), mosrydyeHHBIX ¢ moMoiso POM.

Fig. 2. Example first 15 min of IMFs obtained from EMD.

Note. The Burst-Suppression pattern visible in the middle part of the recording.
IIpumeuanne. Bunmanue npussiekaet [1BI1, BUAMMBIN B cCpefHEN YacTH 3aITUCH.

Pe3ynbTaThl M 00CYK/IEHHE

3ammcu I3IT" 30 aHeCcTe3snPOBAHHBIX NAI[UEH-
TOB (15 sKeHIIuH, 15 MyKYUH), JEeMOHCTPUPYIO-
e [1BI1 Bo BpeMs uHAyKIIMU Tponioosiom, aHa-
JIM3APOBAJINA Y BU3YAJIU3UPOBAIU C IIOMOUIBIO
moxaysasi Python emd. [Ipumepsl moJiydeHHBIX
pe3yJIbraToB IIpeACTaBUJIM Ha PUC. 1, 2 n 4.

suppression of alpha activity seemed to be most rel-
evant for predicting overall EEG burst-suppression,
we may term burst-suppression as «alpha burst-
suppression» when studied with the EEG BSR. In-
terestingly, after the end of burst-suppression in the
EEG (BSR returns to zero), different spectral com-
ponents had a differential rate of return to low val-
ues. Slow-wave activity (IMF4) stopped being sup-
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Puc. 3. [Ipumep 10-cexynHoii 3anmucu I 55-/1eTHEr0 nanuenTa, xeMoHcrpupyouieii [IBII nocie npumeHenus nponogoda.
Fig. 3. Example 10 seconds from an EEG recording of a 55 year old patient showing burst-suppression after application of propofol.

Ha puc. 1 nokasanu npumMep pasJjiosKeHud
3T c momomrbio MackupoBanHoro POM. HabJrro-
JlaJIv 4YeTblpe HeTpUBHaJIbHble BHyTPEHHUE MOZ0-
Bble pyHKIMHU (IMF1 — IMF4). OHu npeacrasiisi-
JU XOpOLIO W3BECTHble (PU3NOJIOTHUECKUE
PUTMBI, HECMOTPS Ha OTCYTCTBHUE 3apaHee oIIpe-
JleJIeHHBIX YaCTOTHBIX II0JI0C B aHAJIN3€ U COOTBET-
crBoBau anbda (~10 I', IMF1), BbICOKOM JeabTa
(~4 T, IMF2), nuskoi neasra (~2 I'it, IMF3) u mef-
JeHHbIM KoJiebanusaMm (<1,5 I'm, IMF4), a IMF5
COOTBETCTBOBAJIA OCTaTOYHOMY HU3KOYAaCTOTHOMY
mrymy. CurHas ObLI IpefcTaB/jieH HeOOoJIbIINM
YHCJIOM KOMIIOHEHTOB, B OTVIMYHE OT ITpeoOpaso-
BaHUs Pyphe, I7ie Ha BBIXOJie M10JIy4aeTcs IOTeH-
OHaJIbHO OECKOHEYHOE YHCJI0 TapMOHWYECKUX
KOMIIOHEHTOB.

Ha puc. 2 nokasan npumMmep pesdyasraroB POM
C penpe3eHTaTuBHOIO CerMeHTa 3alliCy IIepruopa
WHIYKINY aHeCcTe3uH, Britodarorero [1BIT. Tvmmy-
HbIi npumep [1BI1 nokasan Ha I3[ Ha puc. 3.

W cHoBa HabJI0MaIM pasJiosKeHre CUrHaia
93l Ha yeThIpe KOMIIOHEHTA, B OCHOBE KOTOPOTO
Jeskasa oopaboTka qaHHbIX. KasKIbIii KOMIIOHEHT
0CJIeJOBaTeTbHO 3aXBaThIBA O0JIee Me [JIEHHYIO
AKTUBHOCTH J3I" ¥ (pu3noI0ruUecKr 3HAYUMYIO
4acTh CIIeKTpa. Bblao BUIHO, 4TO IOnaBJeHUE
BCIIBIIIIEK 3aTparuBaeT BCe CIIEKTpaJbHbIe KOM-
TIOHEHTHI. J1JI1 KOJTM4eCTBeHHOU OIleHKHU I0/1aB-
JIEHWsI CUT'HaJ1a BBIYMCJINJIA OTHOLLICHHE «BCIIBIIII-
ka-nogaBJienue» (OBII).

Ha puc. 4 nokasanu namenenue OBII Bo Bpe-
MeHW B TedyeHHWe 15 MUHYT mocjie OOJIOCHOU
unayknun OA nponodgosiom. OBIT paccunTbeiBain
JUIA KOKJI0U MUHYTBHI Kak JJis1 MOJHOU 3amnucu

pressed only after higher spectral components: first
alpha, then high delta, low delta, and slow activity
last. This means that the burst-suppression state
has a substantial effect on generators of low-fre-
quency EEG oscillations and may impact different
thalamocortical functional pathways differently
with slow oscillations returning into the brain only
after those with higher frequencies.

Figure 5 shows the Wavelet transform (WT)
in a 3D view for the Fz-Cz electrode and the cor-
responding spectrogram for comparison with
EMD results. The graph clearly shows high pres-
ence of low-frequency power (red colour) includ-
ing delta and theta oscillations. This shows pa-
tients were deeply sedated during the induction
into GA and were in a state of deep anaesthesia,
as seen in the EMD results. After reaching maxi-
mal effect-site concentration of administered
propofol the Wavelet transform showed that
higher propofol doses led to higher amplitudes
for low-frequency characteristics of the spectrum.
This confirms that higher doses of anaesthetics
lead to rapid decreases in the cortical EEG com-
plexity and increases of the anaesthetic ef-
fects [26]. Spatial distribution of spectral activity
including delta and theta was investigated using
topographical maps produced by 2D Brain Map-
ping (BM). We saw the global increase in presence
of slow delta activity (red) and the absence of rap-
idly changing beta and gamma rhythms in GA,
once again showing the anaesthesiologic effect of
administered propofol (fig. 6).

Burst-suppression during general anaes-

thesia. The goal of an anaesthesiologist is to ap-
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Puc. 4. IIpumMep OLIeHKH OTHOLIIEHUSI «BCIBINIKA-TIOJaBJI€eHHe» B TMHAMHUKe Tpu HHAYKIuU OA niporiocgosiom.
Fig.4. Example Burst-Suppression Ratio (BSR) trace over time for induction of GA with propofol.
Note. Low-frequency oscillations show prolonged suppression after burst-suppression in the EEG (purple trace, around 420s), most

prominent for slow oscillations (IMF4, red).

ITpumeuanue. HabJtioaercs JuTesIbHOE [10JaB/IeHe HU3KOYaCTOTHBIX KOJIeOaHUH 1TocJie moaBeHus Bebimky Ha 3T (huo-
JIETOBBIU CJie[], 0K0JI0 420 ¢), HanboJIee 3aMeTHOe 151 MeJIJIEHHbBIX Kostebanuii (IMF4, KpacHbI).

93T, Tak U 11 OTAEJbHBIX CHEKTPAJIbHBIX KOMIIO-
HEHTOB, 3aXBa4YeHHBIX BHYTPEHHUMH KOJIe0aHMsI-
mu. Ha o6meit 99T oTpaskeHO KJIacCUYeCKoe
BJMsIHUE ITponiogosia Ha I3’ ¥ aKTUBHOCTH MO3Ta
B BHU/JIe IEPBOHAYAJIbHOT0 MOIbEMa U HACBIIIIEHU
HU3KOYAaCTOTHOW aKTMBHOCTH, a 3aT€EM TOSIBJIE-
Hud [1BII. B Hava/se MHOAYKIUY HU3KHUE YaCTOTHI
AMEIOT HA3KYIO MOIIHOCTb U II03TOMY KasKyTCsA
nogasjieHHbIMHA (BbICOKOe OBII y IMF2-IMF4) ¢
npeobJsamanreM anbda-aktuBHOoCcTH (OBIT IMF1
camoe HU3KOE). [Tocite BBeneHus1 60J10ca mIpoIio-
dosa gesabra- 1 MeIJIEHHOBOJTHOBAsA aKTUBHOCTD
MMOCTEeNeHHO yBeanuynBarorcs, gosoasa OBII mo
HU3KUX 3HaueHul B nepuoj Bpemenu =300 c. I1o
Mepe OBICTPOro yBeJIMYeHN s KOHI[EHTPAIINH ITPO-
nogosa Ha 3anmucu OokoJio (=400 ¢ HaYAHAET
noasJiAThbCA [IBII, 1 Bce crieKTpajibHbIE KOMIIO-
HeHThI nogasJsitorcsi. OBITy IMF1 (anbda-akTus-
HOCTb) HauboJjiee BBIPA’KEHHO KOPPeTUPOBAJIO
(mo maHBBIM Koppesaanuu Ilupcona) ¢ OBII or
¢usprpoBaHHoil I3[, 4TO rOBOPUT O TOM, UTO
OBII B ocHOBHOM oIIpejiesisieTcsl ajib(a-crek-
TpaJIbHbIM KOMIOOHEHTOM. [I0CKOJIBKY TTo/1aBJie-
HUe ajab(da-aKTUBHOCTH OKas3aJioCch HauboJiee
3HAYUMBIM JJIs1 NIOOATLHOTO TIpeckasanws [1BI1
Ha I3, MOKHO Ha3BaTh (PpeHOMEH I0/IaBJIEHUS
BCITBIIIIEK «MIO/IaBJIEHNEM aJib(a-BCIIbIIIIEK» Ha
ocHoBaHnuu usydenusa OBII ma 39I. lHTepecHo,

y10 nocJjie ucuednoseHusd [1BI1 xa 931" (OBII Bo3-

propriately diminish a patient’s consciousness
and their awareness of pain in combination with
appropriate muscle relaxation during surgery.
This enables the surgical procedure to happen in
the first place, whilst keeping haemodynamic
stability maximises the patient’s chances for a
good intraoperative procedure and its resulting
clinical outcomes. Researching burst-suppres-
sion (BS) is a substantial part of this endeavour,
as neuronal mechanisms of BS are only partly un-
derstood and electrophysiological changes dur-
ing the induction of GA can help us understand
the effect of general anaesthetics on brain struc-
tures and illuminate mechanisms of conscious-
ness changes during GA. An important role in
these phenomena is played by thalamocortical
communication and functional connectivity be-
tween parts of cortex, which manifest amongst
other things as alpha oscillations on the scalp [11,
27, 28]. In our analysis, the IMF representing
alpha activity was most predictive of overall EEG
BSR, which may thus reflect changes in thalamo-
cortical communication during burst-suppres-
sion. A promising clinical marker of the appropri-
ate depth of anaesthesia is saturation of
slow-wave activity (SWAS. However, it is not
known how slow-wave activity behaves after the
occurrence of burst-suppression. Our results in-
dicate that low-frequency activity (delta and slow
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BpalllaeTCs K HYJII0) CKOPOCTb BOCCTAHOBJICHUS
HU3KUX 3HAYEHUH pas/IMyYHBbIX CIEeKTPaJbHbIX
KOMITOHEHTOB ObIjIa pa3aunyHoN. MeJIeHHO-BOJI-
HOBas akTUBHOCTH (IMF4) nnepecraJsia mogaB/isTh-
Cs1 TOJIBKO TIOC/Ie H0Jiee BBICOKUX CITEKTPATbHBIX
KOMIIOHEHTOB: CHayaJsa ajb(a, 3aTeM BBICOKAS
Jles1bTa, HU3Kas AeJibra, U MeJIeHHasA akTUBHOCTD
nocJjenHe. 9To o3Hadaert, uto [IBII okasnwIBaeT
CyILIeCTBEHHOE BJIMIHUE Ha FeHepaTOpbl HU3K0Ya-
CTOTHBIX Kojebaruii I3 M MOYKET MO-pasHOMY
BO3/IeliCTBOBATh HAa Pa3JMYHbIE TAJaMOKOPTHU-
KaJbHble (DyHKIMOHAIbHBIE ITyTH, IPU 9TOM MeJ-
JIEHHbIE KOJIeOaHVsI BHOBh BO3HMKAIOT B MO3Te
TOJIBKO TT0CJIe H0JIee BBICOKOYACTOTHBIX.
Ha puc. 5 mokasanm BeiBJIeT-ipeobpa3oBa-
HYE B TDEXMEPHOM BuJe IJIA aJ1eKTponoB Fz-Cz n
COOTBETCTBYIOIAsA CIIEKTpPOrpaMma [ijisl CpaBHe-
HUus c pedyiasraraMu POM. Ha rpaduke ueTko
BUJIHO BBICOKOE IPUCYTCTBUE HU3KOYACTOTHOU
AKTUBHOCTHU (KpPaCHBIH IIBET), BKJIIOYAs JleJIbTa- U
TeTa-OCHUJIAINA. OTO CBUIETEIbCTBYET O TOM,
YTO MAlMEHTH! HAXOAUJINUCH B NIYOOKOH ceqanuu
BO BpeMsa uHAyKOuM OA, 4YTO COOTBETCTBYET
COCTOSTHUIO TWIyOOKOI aHeCcTe3WH, KaK BUIHO U3
pesyasraroB POM. Ilocsie gocTmyKeHusT MakKCu-
MaJIbHOU KOHIIEeHTPAIlUU BBEJJEHHOT0 ITportodoJia
BelBJIeT-TIpeoOpa3oBaHue TTOKA3aso, 4To bosee
BBICOKHE H03bI mponodosa npuBeau K Oosee
BBICOKMM aMIUIATyJaM [JjisI HHU3KOYaCTOTHBIX
XapaKTepUCTUK clieKTpa. JJaHHbIN dakT cBuue-
TeJILCTBYET O TOM, YTO O0Jiee BHICOKHE TO3BI aHe-
CTETUKOB TPUBOAAT K OBICTPOMY VIIPOIIEHUIO
kopkoBo# I3I' u ycusenuio sderra aHecre-
3un [26]. IIpocTpaHCTBEHHOE pacrpeneaeHue
CIIEKTPaJIbHON aKTUBHOCTH, BKJIIOYasl JeJIbTa U
TeTa-BOJIHBI, KCCJIEA0BAJIM C IIOMOLIBIO TONIOIpa-
¢puyecKux KapT, CO3JaHHBIX ¢ ToMoIIIbI0 2D Brain
Mapping. BusyanuaupoBanu riobaabHOE yBe-
JIM4eHue IPUCYTCTBUS Me/IJIEHHOU JlesIbTa-aKTUB-
HOCTU (KpacHBIN IIBET) M OTCYTCTBHE OBICTPO
MEHSOIMXCs 6eTa- ¥ TaMMa-pUTMOB BO BpeMs
OA, 4To0 emie pa3 roBOPUT 00 aHECTE3NOJIOTHIE-
ckoM aderTe BBesieHHOTO TIponiodoa (puc. 6).
deHOMEH «BCHBINIKA-IIOAABJCHHE» BO
BpeMs 00111eii aHecTe3um. L{es1bio aHecTe3nosiora
ABJIAETCA aleKBaTHAas yTpara CO3HAHUA NalyeHTa
¥ OIIYIIEeHUs 60JIN B COYETAHUH C COOTBETCTBYIO-
11eil MBIIIIEYHON peJiakcalieil BO BpeMsi omepa-
nuu. I1py 9TOM CTaHOBUTCS BO3MOKHBIM IIPOBeE-
JeHue XHWPYpPrU4eCKOro BMeIIaTeJbCTBa, a
rofiiepsKaHue TeMOANHAMUY€eCKOH CTabMITLHOCTH
JlaeT BbICOKME IIaHChl Ha OTCYTCTBHAE MHTPAOIIe-
palMOHHBIX OCJIOKHEHUN U IIOJIydyeHUe ONTHU-
MaJIbHOI'O peayssrara onepauuu. VMcciaenosanue
[1BII siBsIsI€TCS CYLIECTBEHHON YaCThIO 9TUX YCHU-
JINY, TOCKOJIbKY HelpoHHble MeXxaHu3Mbl [1BI1
pacundpoBaHbl He 0 KOHIIA, a IO3HAHUE 3JIeK-
TpO(pU3NOJOTNUYECKUX HN3MEHEeHUU BO BpeMs
nHAyKOuu OA MOKeT IIOMOYb IIOHATH BJIVSHUE

Puc. 5. BeiiBiier-npeo0pa3oBaHue, MOKa3bIBaIOIEe TPeEX-
MepHOe BpEMEHHO-YaCTOTHOE Pa3JIOsKeHHe IJIA 3JIeKTPoaa
Fz-Cz ¥ COOTBETCTBYIOIIYIO CIIEKTPOrpaMMy, KOTOpasi sAB-
JIAeTCs AONOJHUTETbHBIM IpacdHyecKUM IpeCcTaBIeHHeM
CHTHaJa.

Fig. 5. Wavelet transformation showing a 3D time-frequency
decomposition for the Fz-Cz electrode and the corresponding
spectrogram. This represents a complementary graphical rep-
resentation of the signal.

Note. We can see significant increases in amplitude for low theta
and delta parts of the spectrum, which are indicators of deep
anaesthesia.

IIpumeyanue. MOKHO BUIETh 3HAYUTE/IHHOE YBEeJIMUEHUE aM-
IUIATYIBI JJI HU3KUX TeTa- U JeJIbra-4acTell CleKkTpa, KOTo-
Ppble SIBJISIOTCS UHAMKATOPaMu INTyDOKOH aHeCTe3uu.

waves) may recover last after an episode of burst-
suppression. Slow-wave activity manifests as
global cortical waves [30, 31], so this result could
point to impaired low-frequency functional con-
nectivity after an episode of burst-suppression.
This might be one of the reasons for the appear-
ance of postoperative delirium, which has been
correlated with prolonged intraoperative burst-
suppression [11]. This hypothesis could be con-
firmed by studying burst-suppression using
other brain imaging modalities, such as func-
tional magnetic resonance imaging (fMRI) and
magnetoencephalography (MEG). Differential
rate of return from suppression for slower spec-
tral components might be demonstrable by dif-
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001X aHECTETUKOB Ha CTPYKTYPBI MO3Ta U OCBE-
TUTh MEXaHN3Mbl U3MEHEHHWsI CO3HAHMUA BO BpeMs
OA. BaskHYIO POJIb B 9THX ABJICHUAX UTPAIOT TaJla-
MOKOpPTHKAaJIbHAsi KOMMYHUKAIUA U (PyHKINO-
HaJIbHAs CBAA3b MEYKy y9aCTKaMU KOPBI, KOTOPbIE
MPOSIBJISIIOTCSI, B YaCTHOCTH, B BUJ€e ajib(a-KoJe-
0aHuil c MOBepXHOCTU ToJIOBHI [11, 27, 28]. Tlo
HaIllNM JaHHBIM, BHYTPEHHHE KoJiebaHus1, Ipe-
CTaBJIAIONINE AJTh(a-aKTUBHOCTD, B HANOOJIbIIIEN
CTelleHU TIpeAcKasbIBaau IiobanbHbie TIBIT Ha
I3, YTO MOKeT OTpaAKaTh U3SMEHEHUS B TaJIaMO-
KOPTUKAJIbHON CBSAI3U BO BpeMs I0/laBJIEHUS
BCHBIIIKKA. MHOI000EMIAI0NUM KJINHUYECKAM
MapKepOM COOTBETCTBYIOIIEH TTyOWHBI aHecTe-
3UM SIBJISIETCS HACBIIIIeHNEe MeIJIeHHO-BOJHOBOM
akTuBHOCTU (anes. HMBA). OpHako HEM3BECTHO,
Kak Beger cedba HMBA mocjie BOSHUKHOBEHUS
(¢eHOMeHa ITO1aBIE€HUS BCOBIIIKY. Harm peaynb-
TaThl IIOKA3bIBAIOT, YTO HU3KOYACTOTHASA aKTUB-
HOCTB (OeJibTa- U MedJIeHHbIE BOJIHBI) MOKET BOC-
CTaHABJIMBAaThCA TIocjae oanm3oma IIBII B
MOCJeNHIO oYepenb. MeoieHHO-BOJHOBAs
aKTUBHOCTH TIPOSIBJISIETCSI B BHUIE TJI00ATbHBIX
KOPKOBBIX BOJIH [30, 31], 103TOMY TaHHBIN pe3yib-
TaT MOJKET yKas3blBaTh HA HapyllleHHuEe HU3KOYa-
CTOTHOU (DYHKIIMOHAJIBbHOM CBSI3U IIOCJIE 3IIU301a
[IBII. 3TO MO>KeT OBITh OTHOU U3 MIPUYKH ITOSIBJIE-
HUs TI0CJIEOTIEPAIIMOHHOTO JIeJIUPUs, KOTOPBIU
KOppeJupyeT C NJIUTEeJbHbIM HHTPAOIIepanyioH-
geiM TIBIT [11]. JJaHHas rumore3a MOYKET ObITh
NIOATBEP)KAEHA IIPpA H3YYCHHUU II0LABJICHUA
BCIIBIIIKY C [IOMOIIBIO IPYTUX METONOB BU3yaJIn-
3aIlMU MO3Tra, TAKUX KaK (PyHKIIMOHAIbHAS Mar-
HUTHO-pe3oHaHcHas ToMmorpadus (pMPT) u mar-
HutoaHnedanorpapus  (M3II). Pasnauunas
CKOpPOCTb BOCCTAHOBJIEHUSI 6oJjiee MeJIeHHBIX
CHEeKTPaJIbHBIX KOMIIOHEHTOB MOCJI€ TTOaBJIeHU S
MOJTBEPIKIAETCS Pa3JIUYHON MPOIOJIKUTENb-
HOCTBIO IIOJABJIEHUs] Y HEPOHHBIX T€HEPATOPOB,
JIesKaIuX B OCHOBE 9TUX CIEKTPAJIbHBIX KOMIIO-
HEHTOB. BbIsABIEeHNE TOYHOH JIOKAJIU3AINH TaKUX
WCTOYHUKOB He BXOJWUJIO B PAMKM HAIIIero UCcJie-
JIOBaHMUSA, TTOCKOJBKY JIJIs 9TOTO MOTPebOBaIOCH
OBl 60JIee BLICOKOE ITPOCTPAHCTBEHHOE pa3perrie-
HHUe, yeM uMemonieecs. Takske ObLI0 BbICKAa3aHO
MIpEeAIoJIOKeHNe, YTO MEeXaHU3MbI I1O/IaBJIeHUS
BCITBIIIIEK HE3HAYUTEJIbHO OTIMYAIOTCSI B 3aBUCH-
MOCTH OT KOHKPETHOTO aHeCTeTHKa, IpUYeM IIPo-
nogoJ1 ogaBasieT MeJiJIeHHbIe PUTMbI CUJILHEE,
yeM uaoduiypan [24]. MdyyeHue CIeKTPaIbHOIO
comepsykanusa I3 Ipu NIpUMeHeHU! pas3/IMYHbIX
IperaparoB C ToMoIIbi0 POM MoskeT okasarbcs
NIOJIe3HBIM [JI BBIICHEHUsI PA3IUYUN MeKIy
MexXaHU3MaMU, JIeYKAITNMI B OCHOBE UX JIECTBUSA.
Kpome ToT0, UMEIOTCSI COOOIIEHUS O JIOKAJIN30-
BaHHOM ntosaBJienuu [1IBII [32, 33]. Ecau pasany-
HbIe PUTMBI BHOBb BO3HUKAIOT Ha I3[ mtocJte [1BIT
C Pa3HOU CKOPOCTHIO, TO 3TO MOMKET IIPOSIBUTHCH,

HalIpuMmep, B BUJe n3MeHeHUu!n IIPOUCXOKRIEHUA

Puc. 6. Tonorpacguyeckne kapTsl II[-aKTHBHOCTH BO BpeMsI
0011Ieli aHeCTe3NH.

Fig. 6. Topographical maps of EEG power during general
anaesthesia.

ferent suppression durations for underlying neu-
ral generators of these spectral components.
Such source localisation was beyond the scope of
our study as it would require higher spatial reso-
lution than that available. It has also been sug-
gested burst-suppression mechanisms are subtly
different between different anaesthetic agents,
with propofol suppressing slower rhythms more
than isoflurane [24]. Examining the spectral con-
tent of recordings from different agents using
EMD might prove fruitful in elucidating the dif-
ferences between the mechanisms underlying
different substances. Furthermore, localised
presence of burst-suppression has been reported
in the literature [32, 33]. If different rhythms re-
turn at different rates, this might showup ase. g.
changes in the origins for individual slow waves.
Multi-variate EMD is the subject of active re-
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OT/IeJTbHBIX MeIJIEHHBIX BOJTH. BO3MOYKHOCTH TTpH-
MeHEeHUsI MHOTOMepHOTO POM sBJjIsieTcst mpeaMe-
TOM aKTUBHBIX CCJIefOBaHuH [34-36]. OHO MOKeT
HUCI0Jb30BaThCA B OyaymieM ajs 6oJiee moapoo-
HOTO OIUCAHWsI TOTOTpaduH MOJaBIeHUS BCITbI-
IIIeK ¥ UX BJIUSTHUS HA IPOTHO3 COCTOSTHUS TTallH-
eHTa. Pe3yabraToM BHEIPEHHUs pE3YJIBTATOB
MOAOOHBIX HCCIAEJOBAHUN B KJIWHUKY MOSKET
CTaTh co3JaHue 0oJiee CJOMKHBIX U HaIesKHBIX
KJIMTHUYECKUX METOJ0B MOHUTOPHUHTA AKTUBHOCTH
MO3ra JIJIsl UCII0Jb30BaHUs B aHECTE3UOJIOTHH U
HHTEHCUBHOU MeIUITHE.

3akJrouenue

IIpumenenue POM B HeiipodHU3HOTOTHH.
ManHasg nyOJHMKanus JaeT IpeNCcTaBJEHHE O
METOAWKE Pa3JI0KeHUs 10 SMIUPUIECKIM MOJIaM
(POM) u ee npuMeHeHUU nJs1 aHanu3a JII. POM
onuckiBaeT curaasi 931 ¢ IOMOIIbIO0 HEOOJILIIIOT0
4Yycjia BHYTPEHHUX MOJOBBIX (DYHKIIWUH, U BHYT-
pennnx koaebanuii (IMF). B ominyre oT MeTOMOB,
OCHOBaHHBIX Ha ITpeoOpasoBanun Pypre, POM He
o0JtaaeT KAKUMU-TO M3HAYATIBHO SKECTKO (QUK-
CUPOBAaHHBIMU 0A30BBIMH (DYHKIIUSIMH, a TAKKe
He TIpeJnoJiaraeT JUHEWHOCTh WJIM CTallioHap-
HOCTh curHaJja. Hamie mcciiegoBaHue mokasaJio,
4TO MacCKUpOBaHHOe POM mo3BoJIsieT pa3ioKuTh
curHaJ Ha (PU3UOJOTUYECKU 3HAYMMbIe ajibda-,
IeJibTa- 1 MeJJieHHble KoJjebarebHble KOMIIO-
HEHTBI 0€3 CTPOTUX ITPEITOJIOMKEHNHA O YaCTOTHBIX
IUama3oHax, KOTopble OOBIYHO TPUMEHSIOTCS.
POM MoskeT omucChIBaTh HeJIMHEWHbIe (OPMBI
OCIHUJUISAIIMU BO BpeMs aHECTE3UU, YTO MOMKET
CII0CcOOCTBOBATH TATbHEHNITIEMY BBISICHEHHIO MO3-
TOBBIX TEHEPATOPOB 3THUX CUTHAJOB C IIOMOIIBIO
HEWHBA3WBHOU 3aKCH, OCHOBBIBASICh HA PAHHUX
WHBa3UBHBIX UCCJIETOBAHUSX (POPMBI BOJTHBI M€/~
JIEHHOBOJIHOBO¥ aKTUBHOCTH [37]. HecMoTps Ha
TO, uTo POM 1 cooTBeTCTBYyIOIIee ITpeobpa3oBa-
Hue ['mnbbepra—Xyanra (HHT) yske TprMeHSINCh
npu a"ajmae J3I, IoJIy4eHHBIX BO BpeMs aHecTe-
3uu [14, 38, 39], uX MCOOJIL30BaHNE HE OBLIO
IIUPOKO paclpocTpaHeHo B Helipoduaunoiornye-
CKOM coo01recTBe. B 0OCHOBHOM 3TO CBSI3aHO C
Mpo0OJIEMON CMEITIeHUST MOJI, KOTOpasi YCIIOMKHSAET
aHa/IU3 U WHTeplpeTranuio peadyiasraros PAM, a
Takyke Cc 6oJiee AJIUTEJTbHON TPagUuIuel UCIOhb-
30BaHUs METOIOB, OCHOBAHHBIX Ha ITpeoOpa3oBa-
Hnu dypre. B manHOU paboTe moKalasd, YTO
HCII0JIb30BaHNE MACKHUPYIOIIUX CUTHAJIOB JaeT
[IeHHOe ¥ pallMOHaJbHOE PA3JIOKeHWe 3alncCu
I3, maske mpu Hammumu [1BI1, BO3HUKAIOMUX ITPU
O4YeHb TUTyOOKOU aHecTe3un. POM mpu aHecTe3un
IIPUMEHSETCS B OCHOBHOM JJIs1 NU3Y4Y€HUS dHepre-
T4yeckux crekTpoB HHT u aHasmn3a riobasbHOM
MeIJIEHHO-BOJIHOBOI aKTUBHOCTH, 0€3 OIIMCaHus
¢deHoMeHa TTo/1aBJIeHUs BCIIBIIIIEK, TPEJICTABJIEH-
Horo B pabore. THTepec k POM cpeay HEBPOJIOTOB

search [34-36 | and this method might be in the
future applied to recordings like ours to even bet-
ter describe the topographical properties of
burst-suppression and its impact on patient
prognosis. Clinical applications from such con-
tinued research could include an improved gen-
eration of more complex and robust clinical
monitors of brain activity to be used in anaesthe-
siology and intensive medicine.

Conclusion

The use of EMD in Neurophysiology. This
publication introduced the reader into the subject
of Empirical Mode Decomposition (EMD) and its
application to EEG analysis. EMD describes the
EEG signal with a low number of Intrinsic Mode
Functions (IMFs). In contrast with methods based
on the Fourier transform, EMD does not assume
the shape of its basis functions a priori, nor does
it assume linearity or stationarity of the signal.
Our study showed that masked EMD decomposed
the signal into physiologically meaningful alpha,
delta, and slow oscillatory components without
strict assumptions about frequency bands nor-
mally applied. EMD can describe nonlinear
shapes of oscillations during anaesthesia, which
may further elucidate brain generators of these
signals using non-invasive recordings, building
on earlies invasive studies of waveform shape of
slow-wave activity [37]. Even though EMD and the
related Hilbert-Huang Transform (HHT) have
been applied to anaesthetic recordings before [14,
38, 39] the uptake in the neurophysiological com-
munity has been slow. This is mainly due to the
problem of mode mixing, which complicates
analysis and interpretation of EMD results, and
because of a longer tradition of using Fourier-
based methods. In this work we show that the use
of masking signals produces a valuable and sen-
sible decomposition of the EEG recording, even
during the state of burst-suppression occurring in
very deep anaesthesia. Existing applications of
EMD to anaesthesia have focused on the HHT en-
ergy spectra and analysis of the entire recording
of slow-wave activity, without describing burst-
suppression like our analysis. Interest in EMD in
the neuroscience and anaesthesia community is
growing and this flexible method has the poten-
tial to improve clinical monitoring of neurophys-
iological signals and to further explain basic prin-
ciples of functional mechanisms in the brain
during anaesthesia.
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Y aHEeCTe3WOJIOTOB PACTET, TaHHAsA THOKasA METO-
JIMKA CITOCOOHA MMOBBICUTH KAY€CTBO KINHIYECKO-
o MOHUTOPHHIa HeHPO(pU3NO0JIOTNUEeCKUX CUTHA-
JIOB U TIOJTYYUTH 00Jiee TIyOOoKYe TpeCcTaBAeHUs
00 OCHOBHBIX PUHITUTIAX (DYHKIIMOHAJIHHBIX MEXa-
HHU3MOB I'OJIOBHOT'O MO3Ta BO BpeMs1 aHeCTEe3UU.

BaarogapHocTH. JTO HCCIeNOBaHUE MOJI-
HOCTBIO UJIU YACTUYHO (pruHaHCcUpoBasock Well-
come Trust [Homep rpanHTa 203139/7Z/16/7Z]. B
1eJIsIX 00ecreyeHnsI OTKPBITOTO JI0CTyTIa aBTOPHI
COTJIaCHBI C ICTIOJTb30BAHMEM JIIOOOH BEPCUU JaH-
HOTO JOKyMEHTa U ero NPOU3BOIAHBIX COIVIACHO
JINTIEH3WH O0IIIECTBEHHOTO aBTOPCKOTO Ipasa CC.
ABTOpBI Tak:ke OsaromapAT JHApI0 KyuHHa 3a
ob6cyskeHne acriekToB POM u MHCTpyMeHTapus
Python POM.

JlonmosHUTeJIbHbIE
acnexThbl npuMeHenuss POM

IIpumenenue PIM. CTaHgapTHBIA aHAJIU3
YaCTOTHO-BPEMEHHBIX JJAHHBIX B HEHPODU3M0JI0-
rUd OCHOBAaH Ha IpeoOpasoBanuu Pypbe WA
BEHBJIET-IPe0OPa30BaHUM. ITH METOIUKY pasJjia-
raloT JaHHbIE, TPEJCTaBJSONINE COO0H CyMMy
BOJIH 3apaHee ompejiesieHHON (DOPMBI, U IOAPasy-
MEeBaIOT JIMHEHHOCTb U CTAIlMOHAPHOCTb CUTHA-
JioB. OTHAKO U3BECTHO, UTO CUTHAJIBI, (hopMUpye-
Mble KOJIEOAaHUSIMU aKTUBHOCTH HEHWPOHOB, He
067aaf0T yKa3aHHBIMHU CcBo¥icTBamu [1-3]. B
CBSI3M C 9TUM, JIJIs1 [I0JIHOT'O [IOHUMAHUS (PyHKIIUO-
HaJIbHOW U KIMHUYECKOU POJIM HEMPOHHBIX PUT-
MOB, HE0OXOIMbI METOJIbI C 00Jiee THOKKUM IIOIXO0-
JIOM K 3apaHee onpejieJIeHHbIM (DopMaM CUTHaJIa.
s pelieHuss mogoOHOM 3agaun 66110 paspado-
TaHO HECKOJIbKO METOL 0B, UCIIOJIb3YIOIIUX JJINH-
Hble CETMEHTHI TAHHBIX UJIN ONpeieJIeHHbIE TOUKHU
KoJiebaHwuii [4, 5], TpU 3TOM pPasJIoKeHUe 10 IMITU-
pudecknM Moaam (POM) MOYKHO OTHECTH K HOBBIM
MepCNeKTUBHBIM MeTOIMKAaM MTHOBEHHOI'O aHa-
JI3a, KOTOpble MOI'YyT KOJIMYE€CTBEHHO OLICHUTH
0OJIBIIIOE YKCJIO aCHeKTOB curHaja JJI [6-8].
Orienka sierajieii opMbl BOJHBI CTAHOBUTCS BAXK-
HBIM KJIMHUYEeCKUM UHCTPYMEHTOM, IIOCKOJIBKY ee
HECHHYCOUJAJIbHOE CTPOEHHE BCTpedaeTcsa Ipu
pas3m4yHbIX 3aboseBaHusax [9]. M3BecTHO, 4TO
kosiebauusa I3l mpu 00Iell aHecTe3nW TaKIKe
HOCST HECUHYCOUJAJIbHBIN xapakTep [10], omHako
Ba)KHOCTh JAHHOTO (paKTa MOKa OOBLsICHEHa He
IOJIHOCTBIO. C y4eTOM 3TOTO CylIeCTBYyeT HaCTOsI-
TeJIbHAsE HEOOXOIMMOCTDb BHEAPEHUS B IPAKTUKY
WHCTPYMEHTOB aHa/IN3a, CIIOCOOHBIX BBISBJIATH
HeCUHYCOUJIA/IbHbBIN XapakTep BoJIH. [TlocienHee u
JIOCTUTaeTCs C OMOIIbI0O POM.

Mpusumune! padorsr PAM. ITpu POM npo-
HWCXOOUT pas3JjiosKeHne TaHHbIX BDEMEHHOTO psia
Ha HeOOJTbIIIOE KOJIMTYECTBO BHYTPEHHUX MOJOBBIX
¢yHKIIM, Wau BHyTpeHHUX KoJsiebanuii (IMF).
Hcnonb3yeMblii METONT PAIUKAIBHO OTVINYAETCs

thors also give thanks to Andrew Quinn for discus-
sions about EMD and the Python EMD toolbox.

Additional points on the use of EMD

Why use EMD? Standard analysis of time-fre-
quency data in neurophysiology is based on the
Fourier or Wavelet Transform. These techniques
decompose data as a sum of pre-defined wave-
forms and explicitly assume signals are linear and
stationary. However, neural oscillations are known
to violate these assumptions [1-3]. To fully under-
stand the functional and clinical roles of neural
rhythms, we therefore need techniques with
weaker assumptions about the nature of our signal.
Several methods have been developed to address
this using long data segments or specific points in
the oscillations [4, 5], but Empirical Mode Decom-
position (EMD) is emerging as a suitable method
with instantaneous resolution capable of quantify-
ing more aspects of the EEG signal [6-8]. Capturing
waveform details is emerging as an important clin-
ical tool, as non-sinusoidal features have been
linked to pathologies [9]. EEG oscillations under
general anaesthesia are also known to be non-sinu-
soidal [10], but the importance of the non-sinu-
soidal shape is yet to be fully explained. There is
therefore a pressing need to introduce analysis
tools capable of capturing non-sinusoidality into
the community, as we have done here with EMD.

How does EMD work? EMD decomposes
time-series data into a small number of Intrinsic
Mode Functions (IMFs). The method used is radi-
cally different to standard techniques such as the
Short-time Fourier Transform or the Wavelet Trans-
form. These have pre-defined basis functions and
the decomposition tries to match their amplitudes
to the data. In contrast, EMD is fully data-driven
with fewer assumptions about the data. Specifi-
cally, decomposition is done through a process of
sifting. First, upper and lower envelopes of the sig-
nal are defined by interpolating local maxima and
minima. The local envelope mean is subtracted
from the signal and the process is repeated until the
resulting waveform converges sufficiently. This de-
fines the first IME which is subtracted from the sig-
nal and the sifting process is repeated on the
residue until only a linear trend remains [11,12].
Transient and intermittent oscillatory signals can
lead to a mix of frequencies appearing in one IME
which is known as mode mixing [13-15]. Injecting
masking signals into the data has been used to ad-
dress this problem, and this was the technique ap-
plied here [6, 14, 16].

How does EMD compare to other tech-
niques? The result of EMD is a small number of
IMFs with well-defined instantaneous frequencies
and amplitudes. This is in contrast to
Wavelet/Fourier methods, which decompose the
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OT CTaHJAPTHBIX METOAUK, TAKUX KaK KpaTKOBpe-
MeHHoe mpeoOpasoBanue Pypbe NN BEHBJIET-
nmpeobpa3oBanue. IlocienHre WMeEOT 3apaHee
ompenesieHHbIE Oa3uCHbIe (PYHKIIUH, ¥ TIPU pas-
JIO’KEHUH TIBITAIOTCS MTOI00PaTh CBOY aMILJIATY b
K IIOJIYYEeHHBIM JaHHBIM. B ominune ot atoro POM
TIOJIHOCTBIO 3aBUCUT OT IIOJIY4YCHHBIX TaHHBIX U HE
HCIIO/Ib3YyeT (DUKCUPOBAHHBIE MPEIIIOTI0KEHUS
00 ux xapakrepe. B yacTHOCTH, pa3J/IosKeHNe OCY-
IIeCTBJSAETCS  NMOCPEACTBOM  IIPOCEUBAHUA.
CHavasia onpeJiesIII0TCA BePXHAS U HUYKHASA OTH-
Daromye curaasa ImyTeM HHTEPIIOJISIIAN JIOKAJTh-
HBIX MAKCUMYMOB 1 MUHUMYMOB. CpeiHee 3Have-
HUEe JIOKAJbHOW OruOaiolieil BbLIYUTAETCH U3
CUTHAJIa, U MPOIleCC MOBTOPAETCA N0 TeX Mmop,
TIOKa pe3y/IsTupyolas (popMa CUTHajIa He CTAaHEeT
JIOCTATOYHO CXonselicsi. B peaysbrare moJydaer-
ca IMF1, koTopas BbIYUTAETCA U3 CUTHAJIA, U IIPO-
IeCC OTCeNBaHUA ITOBTOPSIETCA HA OCTATKe, TIOKa
He OCTaHEeTCs TOJbKO JUHEWHBbIN TpeH [11, 12].
TpaH3UTOPHBIE U IPEPLIBUCTBIE KOJIeOaTe/IbHbIE
CHUTHAJIBI MOTYT IIPUBECTHU K CMEIICHUIO 4aCTOT,
nosiBJIsitoIuxcs B onHoii IME Ha3piBaeMoMy «cMe-
meHueM Mof» [13-15]. /Iyisg pelieHust aTo mpo-
06J1eMbI MOKHO HCIIOJIb30BaTh BBEIEHNE MACKU-
pyIOLINX CUTHAJIOB B JAaHHBIC, 1 UMEHHO I3TOT
MeToz ObLII IPUMEHEH B ITaHHOM ciy4ae [6, 14, 16].

CpaBHenue POM c spyrumMu MeToguKamMu. B
peadyjbrare I pUMEHEHHs  MeTomuru POM
BBIABJISIETCST HEOOJTBITIOE KOJTIMTYECTBO BHYTPEHHUX
rosebanmii (IMF) ¢ 4eTko ompeneieHHBIMU MTHO-
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Pe3rome

Lle1b — M3YYUTH COBPEMEHHBIE ACIIEKTHI 00yU€HHs OPIMHATOPOB I10 CIEIUATBHOCTH aHECTE3MOJIOT I
peaHnMaroJIorus. B craThe mpencTaB/IeHbI IPUHIUIBI TEOPETUYECKOH ITOATOTOBKY 00YYaIOIIIXCsl, 3HAYH-
MOCTH ITyOOKHX 3HAHHUH ¥ OPIMHATOPOB I10 TaTo(pU3NOIOT MK ¥ (POPMHUPOBAHUIO KIIMHIYECKOTO MBITITIEHVI.
[ToxkasaHbI BO3MOKHOCTH HCII0JIH30BAHNS MTHHOBAMOHHBIX 00pa30BaTeIbHbIX KOMIIBIOTEPHBIX TEXHOJIOTHH
pu 06y4eHnH B opauHaType. [IosiBJIeHre YCTONYMBOTO MEKIUCITUIIINHAPHOTO [TeJarorMueCcKoro B3anMo-
JIENICTBUSI Tae€T BO3MOKHOCTD YJIYUIIINTh PE3YJIBTaThl 00yUeHUsI B OpJJUHATYPE, JOCTUTHYB [NIABHOU I1eJTH —
¢opMupoBaHme IMYHOCTH Bpaya, 00/1a1a0IIero YHUBEPCaIbHBIMY, 00111erTpodecCHoHaIFHBIME U IIpodec-
CHOHAJTBbHBIMU KOMITETEHITUSIMU, CIIOCOOHOTO OKa3aTh KBATH(HUITPOBAHHYIO MEIUIIMHCKYIO IIOMOIITH.

Katroueevle crnoea: 00yuenue; opounanmypa; UHHO8AUUOHHbLe 00pa3oeamebHble mexroaozuu; STEAM-
NpaKmuka; UHmealeKm-kapma; CUMYIAUUOHHOe 00yueHue

KoH(puuKT HHTEpecoB. ABTOPEI 3asIBJISIIOT 00 OTCYTCTBUH KOH(JINKTA NHTEPECOB.

Summary

The aim is to study the current aspects of resident training in anesthesiology and intensive care. The article
focuses on the theoretical training of residents, the importance of a thorough knowledge of pathophysiology,
and the formation of clinical thinking. Opportunities for the use of innovative educational computer technologies
in residency training are shown. A consistent interdisciplinary pedagogical interaction makes it possible to im-
prove the outcomes of residency training by achieving the main goal of developing a physician who has acquired
universal, general and specific professional competences and is capable of providing high-quality medical care.

Keywords: training; residency; innovative educational technologies; STEAM practice; mind map; simu-
lation training
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BBenenune

OO01IMe BOTPOCHI METUITMHCKOH Tearoru-
KH. MeTuImHCKasI IleJaroTuka 3aHUMaeT ocoboe
MECTO, T. K. SIBJsIeTCSI MEKAUCHUILJIMHAPDHON
06s1acThI0, OOBEAMHSAIONIEN 3HAHWUS TEOPUU U
MIPAKTUKY 151 3(p(peKTUBHOTO 0OYIEHN S TEOPETH -
YEeCKUM, IPAKJIAIHBIM U KJIMHUYECKAM QU CLIATLIN-
HaM [1, 2]. B cpepe BricItiero npodeccnoHaabHOTO
MEJUIIMHCKOTO 00pa3oBaHUsA IelaroTu4ecKast
HayKa IMeeT ONIMYHUTETbHbIE 0COOEHHOCTH, T. K. B
Hell coueTaroTcs M HAyYHO-TeopeTudecKasl, 1 KOH-
CTPYKTUBHO-TexHUYecKas1 pyHkIuu. OT opranusa-
MY [1IeJarorudecKoro Iporecca 3aBUCUT Pe3yilb-
TaTUBHOCTH o00Oyuenuss [1-3]. Ocoboe wmecTo
OTBOJUTCS aHECTEe3NOJIOTY — PEaHUMaroJIOTuH,
T. K. IOATOTOBKA I10 3TOU CHelNaJIbHOCTH UMeeT
CBOM 0COOEHHOCTH.

[IpennogaBanue B BBICHIEH MeOUIIMHCKON
IITKOJIE CTPOUTCS Ha OOIINX 3aKOHOMEPHOCTSX 1
TeHIEHIYAX: [leJIeloaranye, IpakTUKOOPUEHTH -
POBAHHOCTH, yIybsaeHue uan ¢GOpMHUpPOBaHUE
IYXOBHBIX, IJ€HHOCTHO-CMBICJIOBBIX, BOCIIHUTA-
TeJIbHbIX KOMIIOHEHTOB Pa3BUTHSA JIUYHOCTH.

JI1s1 MeIUITMHCKOTO 00pa3oBaHUs XapaKTep-
HBI CJIeyIOIIe IPUHIIUIIBL:

* IlesienamnpaB/ieHHOCTH 00y4eHus. [Togpa-
3yMeBaeTCsl JOCTH)KEHHEe KOHEYHOU Leau —
cpOpMHPOBAHHOCTB PO ECCHOHATIBHBIX KOMIIEe-
TEeHIIUH Bpaua, KOTOPBIM CMOSKET OKAa3bIBaTh KBA-
JUQPUIUPOBAHHYIO MEIUIINHCKYIO IIOMOIIIb;

* Hayunsbiii moaxop. O6y4eHne OCyIecTB-
JISIEeTCSI Ha MO3ULIUSIX JOKa3aTeJIbHOU ITeJarOT KU
Y MEeJUIIVHBL.

* CHCTeMaTHYHOCTH 00yUEeHUS TToIpasyme-
BaeT CTyIleH4aToe mpruobpeTeHne 3HaHUH pyHa-
MEHTAJIbHBIX U KIMHUYECKUX NUCLIUIIIAH.

e JIpOYHOCTHP W BBI)KMBAEMOCTb 3HAHUU.
O6yuaromuecs O KHBI UMETh ITTyOOKHE U yCTOH -
4UBBbI€ 3HAHWsA, [IOJIyYCHHBIE B T€YEHHE BCEro
00ydJeHms, T. K. OHH OYAyT UCIIOJIH30BAHBI B ITPaK-
THYECKOI paboTe.

¢ (CBA3b TEOpPUU U IPAKTUKU. KnHn4Yeckasn
MeIUIHA OCHOBAaHA HA TEOPETUYECCKUX 3HAHUAX,
KOTOpbI€ UCIHOJb3YIOTCS B JITOPUTMe (hOPMYIn-
pOBaHUsA JUarHo3a U Ha3HAYeHUs JIeUCHNUA Ial-
CHTaM.

* HarmanHocTh M3y4aeMOro MarepuaJa.
ITOT IPUHIHN He BCETTa MOKET OBITH Pean3o-
BaH, T. K. MHOTHE IIPOLIECCHI, IIPOTEKalne B
opraHu3Me, paHee MOTJIN OBITh OMKICAHbI TOTHKO
cioBecHo. CoBpeMeHHbIe 00pa3oBarebHBIE TEX-
HOJIOI'MY 3HAYNUTEJIbHO YBEJIMYNUJIA BO3MOKHOCTD
NpeJCTaBJ/ICHU A HaIALHOT 0 MarepraJa.

* 3JMoIMOHAJbHAsA NO3UTUBHOCTD U cop-
MHUPOBAaHHOCTh KOMMYHUKATUBHOU KOMIIETEHIINN
oyaymiero crenuanucTta. CrtocobHOCTh K CaMOBOC-
NIPUATHUIO, CAMOBBIPAYKEHUIO, OCYIIECTBJICHUIO
JesITeJIbHOCTH, CBAI3AHHOU € ITPO(heCCUOHATbHBIM

O6I_HEHI/IeM " ylIipaBJIEHUEM.

Introduction

General issues of medical teaching. Medical
teaching is of particular importance because it is an
interdisciplinary area that combines knowledge of
theory and practice for effective teaching of theo-
retical, applied, and clinical disciplines [1, 2]. Ped-
agogical science stands out in the area of higher
professional medical education because it com-
bines scientific and theoretical as well as construc-
tive and technical functions. The effectiveness of
teaching depends on its organization [1-3]. A spe-
cial emphasis is placed on anesthesiology and in-
tensive care, since training in this specialty has dis-
tinctive features.

Teaching in higher medical school is based on
general patterns and trends including goal-setting,
being practice-oriented, and strengthening or
shaping the spiritual, axiological, and educational
components of an individual's development.

Medical education is characterized by the fol-
lowing principles:

(1) targeting which implies achieving the ulti-
mate goal being formation of professional compe-
tences of a physician who will be able to provide
high-quality medical care;

(2) scientific approach: teaching is based on
evidence-based education and medicine;

(3) systematic learning involves a step-by-step
acquisition of knowledge of the fundamental and
clinical disciplines;

(4) durability and survivability of knowledge.
Trainees should have deep and sustained knowl-
edge gained throughout their training, as it will be
used in practical work;

(5)linking theory and practice. Clinical medi-
cine is based on theoretical knowledge, which is
used while formulating a diagnosis and prescribing
treatment for patients;

(6) visual clarity of the material being studied.
This principle cannot always be implemented,
since many of the processes occurring in the body
could previously only be described verbally. Mod-
ern educational technology has significantly in-
creased the opportunities for the presentation of vi-
sual material;

(7) emotional positivity and developed com-
municative competence of the future specialist.
Ability to self-perception, self-expression, imple-
mentation of activities related to professional com-
munication and management;

(8) personal development. Being a doctor re-
quires a special approach to self-development, self-
education throughout professional activity pe-
riod [4, 5].

Innovative methods of teaching are increasingly
used in medical education along with problem-ori-
ented learning [4]. This is an area of new scientific in-
terest in modern pedagogical philosophy [6]. Explo-
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e Bocnuranume. Bpau — aro mpodeccus,
TpebyIoIass 0cod0ro Moaxoa K caMOpasBUTHIO,
CaMOBOCIIMTAHUIO JINYHOCTU B TeUE€HHME BCEN MTPO-
deccruoHaIbHOM eATETLHOCTH [4, 5].

B MenummHCKOM 0O0pa3oBaHNM HAPSIAY C IPO-
071eMHO-OpUEHTHPOBAaHHBIM 00yYEeHIEM BCe Jalle
HCIIOJIB3YIOTCA NeJarorndecKyue MHHOBAalMOHHBIE
MeTomuKU [4]. OTO ABJAsAETCA 00JaCThI0 HOBBIX
Hay4YHbIX UHTEPECOB B COBPEMEHHOM Ilefaroruye-
ckoil pumstocoduu [6]. IKCIIOHEHIIMATBHBINA POCT
MeIUITMHCKUX 3HAHWUH U TTOBBIIIIEHNE TPeOOBaHUI
K mpodeccruoHaJbHBIM KOMIETEHITUSAM Bpavei
BBI3LIBAeT MOTPEOHOCTH B COBPEMEHHBIX WU
a(pperTUBHBIX MOZIEIAX 00yUeHNsI. HOBBIMU KOH-
mennusAMU 00y4eHusi Bpadel MOTyT CTaTh CMe-
[IIaHHOE ¥ OHJIAH-00y4YeHne B pa3auyHbIX op-
marax. CMelIaHHOe 00y4YeHre MOYKET COYETaTh B
cebOe 3JIeMEHTHI y4eOHOTO MPOEKTHPOBAHUA U
ayauTopHOTO 00y4eHus (7, 8]. Ha coBpeMeHHOM
arame pasBUTHUSA METUIIMHCKOTO 00pa3oBaHUs
yKe IPUMEHSETCS CUMYJIALUOHHOE W HMMHUTA-
OMOHHOE OOydYeHWe W IPOHCXOAUT IePexon K
WHHOBAIIMOHHLIM 00pa3oBaTeIbHBIM TEXHOJIO-
TUAM: 3JIEKTPOHHBIM, KOMIIbIOTePHBbIM, STEAM-
npakTukam [9, 10].

KoMnbroTepHBIE TEXHOJIOTUU TPEACTABIIAIOT
HabOp MHCTPYMEHTOB, Pa3JMYHBIX IPOrpaMM U
CepBUCOB BU3yaau3auu gJaHHbIX «Coogle», mpo-
rpammbl 3D-monenupoBanus «SketchUp», kapaH-
JamHoro mnporpammupoBanus «Pencil Code»,
obpasoBarenbHON naatdopmbl «Koohut» 1 gpy-
rux. OHU yCITENITHO BRJTIOYAIOTCS B ITpoIiecc obyde-
HUS B MEIUIITHCKOM MHCTUTYTE, YTO CIIOCOOCTBYET
TOBBIIICHUIO MOTUBAILWY, YIYYIIEHUIO YCBOCHUS
marepuaJia [5].

OfHUM U3 TTepCIeKTUBHBIX HOBBIX () OPMATOB
ABJAETCA HMUTALWOHHOE W CHUMYJIALMOHHOE
o0y4eHue, KOTOpoe CTAHOBUTCS BCe O0JIee pacipo-
CTpaHEeHHBIM B OOyYEeHHH CTYJ€HTOB METUIITHCKO-
ro HanpasJieHus1. POpMbI MOAEIUPOBAHUS BKJIIO-
Y4aloT: CTAaHJAPTU3UPOBAHHBIX  IAIlEHTOB,
KOTOpbIe 00y4eHbI N300paskaTh KOHKPETHBIN K-
HUYEeCKUU cjydail; MaHeKeHbl, KOTOpble MOYKHO
HUCIO0JIb30BaTh AJI1 MOAEJIUPOBAHUS JUCKPETHBIX
3a]a4 WJIM HHTETPUPOBAHHBIX CUCTEM OPTaHU3Ma;
BUPTYyaJIbHbIE IIAIIMECHTHI B BBICOKO PEaINCTUYHbBIX
KOMIIBIOTEPHBIX MoJiesisiX. CUMyssAnus odecnedn-
BaeT 0e30TMACHYIO Cpefay, B KOTOPOH CTYmeHTHI
MOTYT IIPaKTUKOBAaTHCs, IPEK e YeM IPUMEHATh
CBOM HOBbBIE KJIIMHUYECKNE HABBIKU Ha PeATbHBIX
nanuenTax. [loCTOSIHHBIN KOHTAKT C ITpernojiaBare-
JieM, HellpepbIBHAsI OlleHKa JeVCTBUU CTYIEHTOB
CITIOCOOCTBYET TIOBBIIIEHUIO 3P EeKTUBHOCTH
obyuenwns [7, 11-13].

HoBrIM HampaBJ/ieHWEeM B MeJIUIIMHCKOM
oOpasoBanuu saBjsercss STEAM-nipaktuka. Tep-
MuH «STEAM» siBJIsIeTCS aKPOHUMOM, COCTOSIIIIUHI
73 ISATH 3arVIaBHBIX OYKB: S — Science (ecTecTBeH-
HoHayuHble qucnuingel), T — Technology (tex-

sive growth of medical knowledge and increasing re-
quirements for professional competences of physi-
cians necessitate modern and effective learning
models. Blended and online learning in a variety of
formats could become novel promising concepts for
training physicians. Blended learning can combine
elements of learning design and classroom learn-
ing [7, 8]. At the current stage of medical education
development, simulation training has been already
implemented, and transition to innovative educa-
tional technologies including electronic, computer-
based, STEAM practice [9, 10] is underway.

Computer technologies comprise a set of
tools, various software and data visualization serv-
ices such as Coogle, SketchUp 3D modeling soft-
ware, Pencil Code programming tool, Koohut edu-
cational platform, and others. They are effectively
integrated into the learning process in the medical
school, which helps to increase motivation and im-
prove material learning [5].

Imitational and simulation learning is one of
the promising new formats that is becoming in-
creasingly common in the education of medical
students. Simulation includes standardized pa-
tients who are trained to portray specific clinical
cases; dummies that can be used to simulate spe-
cific tasks or integrated body systems; and virtual
patients in highly realistic computer models. The
simulation provides a safe environment in which
students can practice before practicing their new
clinical skills on real patients. Constant contact
with the tutor, continuous assessment of students'
performance enhances learning efficacy (7, 11-13].

The STEAM practice is a new trend in medical
education. The term «STEAM» is an acronym
standing for Science, Technology, Engineering, Art,
and Mathematics [14, 15]. STEAM technologies
have been seamlessly integrated into the teaching
practice of medical educational institutions [16,
17]. The U. S. Department of Labor has included
STEAM technology in the training program for
nurses, giving them the opportunity to explore the
essential disciplines and principles of communica-
tion in a new format. Educational programs, where
creativity becomes an integral part of the most im-
portant stages of training of medical professionals,
are more likely to produce a specialist who can help
a patient in a critical situation or organize effective
teamwork [18].

The newly emerged interdisciplinary ap-
proach to training in higher medical school is a
promising approach. It can be used to implement
educational programs at the level of specialist and
residency training to achieve the ultimate goal of
education which is to develop a physician who has
universal, general and professional competences
and is able to provide high-quality medical care.

On training of anesthesiology and intensive

care specialists. Among medical specialties, anes-
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Hosiorusi B obpasoBanmu), E — Engineering
(nHKeHepuHr), A — Art (TBOPYECTBO, UCKYCCTBO)
u M — Mathematics (maremaruxa) [14, 15].
STEAM-TeXHOJIOTUHA OPTaHUYHO BXONAT B Iefa-
TOTHMYECKYIO MPAKTUKY MEIUITMHCKUX 06pa3oBa-
TeJIbHBIX yupeskaeHu [16, 17]. MUHUCTEpPCTBO
Tpyga CIIA Briounno STEAM-TexXHOJIOTHIO B
nmporpaMmy OOyYeHHsT MeTUIMHCKHUX CecTep,
MpeICTaBUB M BO3MOKHOCTH INIYOOKOTO U3y4de-
HUSI B HOBOM (popMaTe HEOOXOIUMBIX TUCITHII-
JIVH, TPaBMJI KOMMyHUKanuu. ObpasoBaresbHbIE
IporpamMMmbl, TIJe TBOPYECTBO CTAHOBUTCSH
HEOThEMJIEMOM 4YacThI0 Ba’KHEUIINX 9TalOB
00y4yeHUs] MEIUIIMHCKUX PaOOTHUKOB, MUMEIOT
0OJIbIIIE IIIAHCOB IHOATOTOBUTHL CIIEIHAJIICTA,
KOTOPBIM CMOSKET IIOMOYb ITAIlUEHTY B KPUTHYe-
CKOU cuUTyalnuu, cyMeeT OpraHu3oBaTh s dek-
TUBHYIO paboTy kKoMaHbI [18].

Bo3HUKIIUI MeKIUCITUTIIMHAPHBIN MOIXO0/,
K OOy4YeHHWIO B BBICHIEH MEIUITMHCKOHN IIKOJIE
ABJISIETCA NMEPCIIEKTUBHBIM HanpaBJieHneM. C ero
ITOMOIIIBIO0 MOTYT OBITH PeaN30BaHbI 00pa3oBa-
TeJIbHbIE [POrpPaMMBbl YPOBHSA CIEIUAJIUTETA,
OpJAMHATYPHI /IS JOCTUKEHUsI KOHEYHOU Iesin
o0yueHnss — (GopMHUpOBaHHE JIMTYHOCTH Bpaya,
006J1a71a01IIeTO YHUBEPCATHHBIMHY, O0IIIeTpodec-
CUOHAJbHBIMU U PO eCcCHuOHATbHBIMUA KOMIIE-
TEHITUSIMH, CIOCOOHOTO OKa3aTh KBAJTUMUITIPO-
BaHHYIO MEIUIMHCKYIO [IOMOIIb.

K TexHoJI0rrH MOArOTOBKH aHECTE3N0JIOTOB-
peannMaTos0roB. Cpev BpaueOHbIX CIIeIuabHO-
CTell B TedeHre HEeCKOJILKUX JeCATUIETHN 0coboe
MECTO 3aHMMAET AHeCTe3NO0JIOTHSI-PeaHnMaToI0-
T, UMEIOITIAsi B HaIllel CTpaHe CBOU UCTOPHUYECKIe
kopHU. B Corose CoBercknx COIMAIACTAYECKUX
Peciybsimk  mponcxouiio pasBUTHE (DyHIAMeEH-
TaJIBHBIX HAYK, YTO CIIOCOOCTBOBAIO0 BOSHUKHOBE-
HHIO HOBOT'O HAYYHOT'O HAIIPaBJICHUS, U3y4alOIIero
MeXaHU3Mbl Pa3BUTUS KPUTUYECKUX COCTOSTHUU,
BPEMEHHOTO 3aMelleHus1 (DyHKIMI OpraHoB U
cucreM. B 1961 r. Ha KOHIpecce TPaBMaroJIoroB B I.
Bynanernre akanemuk AMH CCCP B. A. HeroBckuii
MPeAJIosKUI Ha3BATh HOBOE HAIIPABJIEHNE peaHNMa-
Tosiorueti [19]. Takum oOpas3om, B MeTUITHE CHOP-
MHPOBAJIMCh TPU BaKHEUIIMX HaIlpaBJIEHUs,
COOTBETCTBYIOIIHE TPEM COCTOSIHUAM [1alli€HTOB:
IepBOe HapaBJIeHWE — 9TO Tepamnusi, KOraa s
Jie4eHUsI IPUMEHSI0TCS TOJAbKO KOHCepPBAaTUBHbIE
METOABI, BTOPOE HallpaBJeHUe — XUPYPIrusd, AJs
JIEYCHUsI UCIIOJb3YIOTCA OllepaTUBHBIE METOIBI,
TpeTbe AHeCTe3NO0JI0TUsI-PeaHnMaTOoJIOTH,
KOITla OCyUIEeCTBJIAETCA JieYeHue NalMeHTOB B
KPUTUYECKUX, TEPMUHAJBHBIX U MOCTpeaHuMa-
[IMOHHBIX COCTOSIHUAX, HE3aBUCUMO OT HUX IIPO-
ncxokaerus [20]. Takum oOpasoM, CyIIECTBYET
Hepa3pbIBHAA CBA3b MEKAY 9TUMHU CIIEIIMaIbHO-
CTAMU (puC. 1), T. K. Bpau-aHEeCTEe3U0JIOr -peaHnma-
TOJIOT OKa3bIBaeT KBATU(UIIMPOBAHHYIO IIOMOIIIb

MmanyueHTaMm, Hy;KIaloIMnxcs B 9KCTPEHHOM U I1J1a-

Puc. 1. B3anMoCBA3b KJIWHHYECKHX TUCIUIIIHH.

Fig. 1. Interrelation of clinical disciplines.

IIpumeuanue. Anesthesiology and reanimatology — anecre-
3MOJIOTUA U PeaHNMAaTOJIOTHs; SUrgery — Xupyprus; therapy —
Tepanwus.

thesiology and reanimatology, which both possess
their own historical roots in Russia, has enjoyed a
special place for several decades. The Union of So-
viet Socialist Republics was developing fundamen-
tal sciences, which fostered the new scientific di-
rection exploring the mechanisms of critical illness
development and provisional substitution of func-
tions of organs and systems. In 1961, Russian aca-
demician V. A. Negovsky suggested calling this
novel direction «reanimation» at a traumatology
congress in Budapest [19]. Since then, this term has
been widely used in Russian medicine. Thus, three
most important directions were developed in med-
icine, corresponding to three patient states. The
first one is therapy, when only conservative meth-
ods are used for treatment; the second direction is
surgery, when operative methods are used for treat-
ment; the third one is anesthesiology and reanima-
tion (intensive care), which deals with treating pa-
tients with critical, terminal and post-intensive care
illnesses regardless of their origin [20]. Therefore,
there is an inextricable link between these areas
(Fig. 1), because an anesthesiology and reanimatol-
ogy physician provides expert care to patients re-
quiring emergency and elective surgical treatment,
during the perioperative period, performs anesthe-
sia during surgical interventions, and prescribes
treatment for critical conditions of various etiolo-
gies. For this reason, an anesthesiology and inten-
sive care specialist should have thorough theoreti-
cal knowledge and practical skills in various areas
of surgery and internal medicine. Currently, the
competence-based approach in medical education
has been formulated which necessitates the devel-
opment of competences during all stages of train-
ing. Universal and general professional compe-
tences are developed during specialist training
programs according to the «31.05.01 Medicine»
Russian professional standard [21]. The formation
of competences continues during the next stage of
training. The Federal State Educational Standard of
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HOBOM OIlI€paTUBHOM JICYCHUH, B [IEpUOIIEPAIIA0H-
HOM TIepuofie, TNPOBOOUT 0Oe3bosMBaHUE BO
BpeMs OllepaTUBHBIX BMeIIaTe/IbCTB, Ha3HavYaeT
JiedeHue IIPU Pa3BUTUU KPUTUYECKUX COCTOSTHUMN
pas3/InYHOM 3THOJIOTHH.

B cBsA3HM ¢ 9THM, Bpa4y-aHeCTe3n0JI0r-peaHu-
MarToJIOT JOJIKEeH 00/1a/1aTh TTyOOKMMHY TeOpeTHYe-
CKHMMU 3HaHUSMHU U IIPAKTAYECKUMU HaBbIKaMU B
pas3IMYHBIX O0JIACTAX XUPYpPTUH U Tepanuu. B
HacTosIiee BpeMsi c(popMyJUpoOBaHaA JOKTPUHA
KOMIIETEHTHOCTHOI'O IIOAXOJAa B MEJUIIMHCKOM
00pa3oBaHMY, B CBA3M C UYeM Ha BCEX dTarax ooyye-
HUsI IPOUCXOAUT (hOPMUPOBAHUE KOMIIETEHIIUM.
Ha ypoBHe cnenuanurera IO CIeHAAJIbHOCTH
31.05.01 Jleue6HOE me0 (DOPMUPYIOTCS YHUBEP-
caJIbHBbIE U 001IenTpodeccnoHaNbHbIE KOMIIETEH-
mw [21]. Ha cenyrorieM aTare oOy4eHus IPOIoJI-
skaeTcsi  (popMHpoBaHMe — KOMIleTeHIUM. B
denepaTbHOM TOCYIapPCTBEHHOM 00pa3oBaresib-
HOM CTaH/IapTe BBICIIIETO 00pa30BaHUsI 0 CIEIH-
anbHoCcTH 31.08.02 AHECTE3M0I0rUA-peaHuMaToJIO-
russ  (YypoBeHb IIOATOTOBKU KaJApOB BBICIIEH
KBaJIM(PUKALMN) IPeayCMOTPeHO (hpopMUpOBaHUe
3-X yHUBepCaJIbHBIX U 12 Ipo¢ecCuOHATbHBIX KOM-
neTeHIUi [22]. B pe3ysbrare 0CBOEHM s IPOTPAMMBI
OpIHMHATYPHI Bpad-aHeCTe3WO0JI0r-PeaHuMaroJIor
TOJKEH 00J1a1aTh TAKUMHY 3HAHHUSIMH, KaK 9THOJIO-
s, IaToreHes, MaroMop@os0rus U KJINHUYEeCKas
KapTrHA 3a00J€BaHNUH, TPEOYIOITNX BBITOTHEHUS
OIlepaTUBHBIX BMENIATEIbCTB M KOHCEPBAaTUBHBIX
METO/IOB JIeUeHUsI HeOTIO3KHBIX COCTOSIHUM, Mexa-
HU3M JIeICTBUS JIEeKApCTBEHHBIX ITperaparoB, aJIro-
PUTMBI OKa3aHWA IIOMOIIM IIPA KPUTHUYECKUX
COCTOSAHUAX U T. [II.

Pouis 3HaHM# (pyHIaMEHTAJIBHON MeIUIIU-
HbI B IOATOTOBKE Bpa4a-aHeCcTe3n0JIora-peaHu-
maroJjiora. OCHOBOIIOJ/IATraoIIyIO0 POJIb B IIOATO-
TOBKE  Bpada-aHeCTe3u0JIora-peaHnuMarosora
Urpaet udydeHue aTo(pu3n0J0IUHY, C TIOMOIIBIO
KOTOpO# (popMupyeTcss HayYHbIH MeTUIUHCKUN
nHTe IeKT. [TaTodranosiorus 6a3upyercs Ha 3HA-
HUSIX IJIaBHBIX (PyHAAMeHTaJIbHbIX TUCIUILJINH:
HOPMAaJIbHOH 1 ITaTOJIOTUYECKOM aHaTOMUU, (PU3HO-
Jiorum. [Tarouanosiorus 3aHuMaeTcsi BbIAICHEHHEM
00IMMX ¥ KOHKPETHBIX MEXaHU3MOB, JIESKAIUX B
OCHOBE BO3HUKHOBCHUs, Pa3BUTHU 1 3aBEPIICHUS
OoJie3HEH, a TaKKe MEXAaHNU3MOB PE3UCTEHTHOCTH
opranusma. He MeHee BasKHBIM IIpe[CTABJISICTCA
aHaIu3 TUIIOBBIX ITATOJIOTMYECKHUX IIPOIECCOB,
pasan4Hass KOMOMHAIUA KOTOPBIX OIpeesseT
XapaKTepPHYIO KINHUYECKYIO KapTUHY 3aboJieBa-
HHU, a TaKsKe BBISBJISIET TUIIOBBIe (DOPMBI HApy-
IIeHUU ¥ BOCCTAHOBJIEHUsI (PYHKIIUK OTEeJIbHbBIX
opraHoB # cucteM. Oco6eHHO 6/IM3Ka aHECTE3NO-
JioramM-peaHUMaToJIoraM 4acTHasi narou3nosIo-
T'Usl, I3y4aloIasi HapyIIeHusI AbIXaH!s1, KPOBOOO-
palleHus, KpPOBETBOPEHWsI, IHILEBapeHus,
9HJOKPUHHOU U APYTUX CUCTEM. AHECTEe31U0JIOTU-
peaHnMaroJIoT! JOJIKHBI M3y4YaTh OOJIE3HW U

Higher Education for specialty «31.08.02 Anesthe-
siology and Intensive Care (Reanimatology)»
(higher qualification training) includes the devel-
opment of 3 universal and 12 professional compe-
tences [22]. As a result of mastering the residency
program, an anesthesiology and intensive care spe-
cialist should have knowledge in etiology, patho-
genesis, pathomorphology and clinical presenta-
tion of diseases requiring surgical interventions
and conservative treatment of emergency condi-
tions, mechanism of action of medications, algo-
rithms of critical care, etc.

The role of fundamental medical knowledge
in the training of anesthesiology and intensive
care specialist. The study of pathophysiology form-
ing the scientific medical intellect plays a funda-
mental role in the training of an anesthesiology and
intensive care physician. Pathophysiology is based
on the knowledge of the main fundamental disci-
plines such as normal and pathological anatomy
and physiology. Pathophysiology studies the gen-
eral and specific mechanisms underlying the devel-
opment and progression of diseases, as well as the
causes of the body's resistance. Equally important
is the analysis of pathological patterns, which mold
the typical clinical presentation of diseases, as well
as identification of typical patterns of disorders and
restoration of functions of individual organs and
systems. Pathophysiology of specific systems such
as respiratory, cardiovascular, hematopoietic, di-
gestive, endocrine and other is especially relevant
for anesthesiology and intensive care specialists.
They must study diseases and focus on the specific
features that distinguish one condition from an-
other, or on individual variations of the same dis-
ease. The study of the patterns of critical and post-
anesthesia illnesses based on evidence-based
medicine principles is the basis of good medical
reasoning and effective performance of anesthesi-
ology and intensive care specialist. Dialectical
thinking serves as the methodological basis for the
development of theory of mechanisms of critical ill-
ness. A number of fundamental positions of general
pathology were created on this basis, that allows a
doctor to analyze the issues of health and disease
in a new way, which implies revealing the connec-
tion between structure and function, implementa-
tion of a systematic approach in considering critical
and post intensive care conditions, evaluation of
the pathogenetic significance of neurohumoral reg-
ulation in damage and adaptation [23].

In recent decades, clinical pathophysiology, a
novel scientific direction which teaches physicians
to use knowledge of the pathological processes oc-
curring in the body, the nature of compensatory
and adaptive mechanisms maintaining the func-
tion of the affected organ or entire systems in clin-
ical practice, has emerged. Clinical pathophysiol-
ogy involves the study and analysis of the severity
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¢dpukcupoBaTh BHUMaHMe Ha CIIeIU(PUIECKUX Yep-
Tax, OWIMYAIONIUX OTHO 3ab0JIeBaHME OT IPYroro,
WJIM OJTHO U TO >Ke 3aboJieBaHme, HO T0-Pa3HOMY
IIpoTeKamwlllee y Pa3/IMYHbIX JIofel. V3dyyeHue
3aKOHOMEPHOCTEN TeYeHUsI KPUTHUYECKUX U
MOCTPEeaHUMAIIMOHHBIX COCTOSIHUM — OCHOBa
palroHaJbHOTO MPO(eCCUOHATBHOTO MBbIIILIe-
HUA U 9P PHEKTUBHOTO IeUCTBUSA aHECTE3U0JI0Ta-
peaHmMaroJiora Ha 6a3e IPUHITUIIOB TOKA3aTeJIb-
HOM MemTUIIMHBI. MeTOZ0JOTUYECKON OCHOBOH
pa3paboTKU TEOPUH MMATOJIOTUYECKUX U3MEHEHUH
MPY KPUTHUYECKUX COCTOSTHUSIX SIBJISETCS TUAJIEK-
THYeCKUI MaTepraanaM. Ha ero ocHOBe OBLII CO3-
IaH psI MPUHIUITAAIBHBIX TTOJIOKEHUH 00111ei
[1aTOJIOTMH, KOTOPBIE IT03BOJISIIOT II0-HOBOMY aHa-
JIM3MPOBATh AaHECTE3UOJIOTY-PEeAHNMATOJIOTY IPO-
Osemy O0O0Jsie3HM ¥ 3/I0POBBS, B YaCTHOCTH:
BBISIBJISITh CBSI3b CTPYKTYPBI U (DYHKIIUH, OCY-
IIECTBJATH CUCTEMHBIN TTOAXO0]] B paCCMOTPEHUN
KPUTHUYECKUX U TTIOCTPEAHUMAIIMOHHBIX COCTOSI-
HUI, OI[eHUBATh [TaTOreHeTUYeCKYI0 3HAYUMOCTh
Helpo-ryMopaJjibHYI0 pOJIb PETYIAINU B IIPOIec-
cax MOBPEKIEHUS U IPUCITOCco0IeHu s [23].

B mociegame necsaTuaeTusa MOSIBUJICS HOBBIN
pasjies — KIMHnYecKasi IaTo(u3U0JIOT s, C IOMO-
B0 KOTOPOH Bpad 00y4aeTcs yMEHUIO B KJIMHIYE-
CKOM MpaKTHKe UCII0JIb30BaTh 3HAHUS O MaTOJIOT -
YeCKUX MPoIieccax, IPOUCXOAIINX B OPTAaHU3ME, O
XapaKTepe KOMIIEHCATOPHO-IPUCIIOCOOUTETHHBIX
MeXaHM3MOB, 00€CIIeYMBAIOIINX COXpaHeHNe (PYHK-
1Y TOPaYKEHHOT0 OpraHa UK 1eJbIX cucteM. Kiou-
HU4YecKass naTou3noJIorusl IIpegycMarpuBaeT
M3yYeHHe U aHaJIn3 CTelleH! TSPKeCTH HapyllleHUun
(PYHKITNI )KU3HEHHO BaYKHBIX OPTaHOB YeJI0BeKa Ha
KasKIIOM 9Taile 3a00JIeBaHts; BBISIBJIEHE B3aIMO-
CBsI3H [TaTOreHe3a 3a00J1eBaHys 1 er0 KIIMHUYECKIX
MPOSIBJIEHUH; OIpe/iesieHe CTeleHU pPa3BUTHUSA
MaToJIOTMYECKOT0 Mpollecca B opraHe—-MUIlleHH, a
TaKsKe ero BJIMSIHUE Ha Apyrye )KU3HEHHO Ba)KHbIE
opraHbl ¥ CUCTeMbI OpraHuama 06oJ/ibHOr0. KpoMme
TOTO, 3Ta AUCIUILJINHA YIUT PALMOHAIBHO UCIIO0JIb-
30BaTb MeTONbl (DYHKIIMOHATBHOU NHArHOCTHUKU
JIJIs1 OLIEHKU CTelleH! HapyllleHUs1 (PyHKIIMY OpraHa
WJTM CUCTEMBI, BBIOOpA MTaTOTeHeTHIeCKU 000CHO-
BAHHOTO JIEYeHNs], a TaKyKe pa3padaThIBaTh HOBbIE
pEKOMEHJAINY T10 TMArHOCTUKE U PO UITaKTHIKE
3a00J1eBaHUHU 1 JI€YEHUIO O0JILHOIO.

[ToyyeHnHble 3HaHUSA (yHAAMEHTAJIbHOU U
KJIMHUYEeCKOU ITaTo(hU3N0JIOTUH [IO3BOJISIIOT Bpady:

* apryMeHTHPOBAHO OOBSACHATH IPOUCXOK-
JleHre YW MeXaHU3Mbl Pas3BUTHUA KJIMHUYECKUX
CUMIITOMOB 3a00J/IeBaHNSI;

° HHTEPIPETHUPOBATH Pe3y/IbTraThl Jabopa-
TOPHOU U (PYHKIIMOHAJIBHOU JUarHOCTUKY;

* OIIEHUBATh CHenU(pUIEeCcKyo (MMMYHOJIO-
TAYECKyI0) U HeclleUUu(PUIeCcKyl0 peaKTUBHOCTh
opraHuama 60JIbHOTO, YUYUTHIBATH €70 0COOEHHO-
CTH IIpU BBIOOPE ONITUMATBHBIX METO/IOB JIEUEHU ST
KOHKPETHOTO MallieHTa;

of impaired functions of vital organs at each stage
of the disease, identifies the relationship between
disease pathogenesis and its clinical manifesta-
tions, and helps determine the severity of patholog-
ical process in the target organ, as well as its impact
on other vital organs and systems of the patient's
body. In addition, this discipline teaches how to ra-
tionally use functional diagnostics to assess the de-
gree of organ or system dysfunction, the reasonable
choice of treatment, as well as to develop new
guidelines for diagnosis, treatment and prevention
of diseases.

Fundamental and clinical pathophysiology al-
lows the physician:

* to explain the origin and mechanisms of
clinical signs and symptoms;

* tointerpret the results of laboratory and in-
strumental investigations;

* to evaluate the specific (immunological)
and nonspecific responsiveness of the body, taking
into account individual characteristics when
choosing the best treatment methods;

e to select the optimal methods of patho-
genetic therapy in a reasonable manner.

The anesthesiology and intensive care special-
ist should identify the specific etiological factor
causing the disease and its specific manifestations,
as well as reveal the conditions contributing the un-
favorable course of the disease and critical illness
development. The doctor should remember that
each pathological process or disease is a long chain
of cause-and-effect relationships triggered by dam-
age at the molecular, cellular, organ and body lev-
els. In this complex chain, along with damage
mechanisms, urgent compensation mechanisms
aimed at maintaining the individual existence are
simultaneously activated [24, 25]. The anesthesiol-
ogy and intensive care specialist should learn to
identify the main link in the pathogenesis of the
disease, whose elimination could help cure the pa-
tient. Late elimination of such link results in vicious
circles, generating abnormal excitation, prolonging
the disease and causing critical illness which can
result in adverse outcome and even death.

Thus, fundamental and clinical pathophysiol-
ogy should hold a special place among fundamen-
tal disciplines in the residency program for anes-
thesiology and intensive care. Without its
knowledge, personal development of a doctor be-
comes impossible. Knowledge of clinical patho-
physiology and the principles of evidence-based
medicine will allow the anesthesiology and inten-
sive care physician to find the most reliable scien-
tific data on the problem under study, enable their
critical evaluation and practical application with
proper efficacy assessment.

Simulation training of basic life support in
residency. Assessment of technical skills survival.
The main document regulating activities of a physi-
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* 000OCHOBaHHO BBIOMPATH ONTHUMAaJIbHBIE
METOJIbI IaTOTeHeTUYeCKOH Tepanuu.
AHeCTe3n0JI0T-peaHuMaTo 0T JOJKEH oIIpe-
JIeJIUTh KOHKPETHBIN 9TUOJOTUYECKUU (akrTop,
KOTOpPBIN BBI3BaJ 3a00JieBaHME M HAJEJHUJ eTro
criequrUUecKUMU TPOSBJIEHUSIMU, a TaKKe
aKIEHTHPOBATh BHUMaHNeE Ha YCIOBHSAX, CIIOCO0-
CTBOBABIIVX HEOJIATOIPUATHOMY TeUYEeHHIO 3a00-
JIeBaHMsI, PA3BUTHUIO KPUTUUYECKUX COCTOSTHUMU.
Bpau noJiskeH IOMHUTB O TOM, UYTO KayKIbIH 11aTo-
JIOTUYECKHUH Tpollecc Min 3abosieBaHUEe — 3TO
JJIMHHAsI I[ellb IPUYMHHO-CJIeICTBEHHBIX OTHOIIIe-
HUU, IIyCKOBBIM 3BEHOM KOTOPBIX SIBJISIETCS
MOBpEXKIeHNEe Ha CaMbIX pa3J/IMYHBIX YPOBHAX:
MOJIEKYJISIPHOM, KJIETOUHOM, OPIraHHOM M Opra-
HU3MEHHOM. B 2101 C103KHOI Ilenu HapsiAy ¢ Mexa-
HU3MaMM IOBPEKIeHUsI OJHOBPEMEHHO BKJIIO-
YalOTCsI CpOYHble MEXaHM3Mbl KOMIIeHCAIUH,
HallpaBJIeHHbIEe HA COXpaHeHue UHAUBUIyyMa [24,
25]. Bpau-aHecTe3noJ10r-peaHuMaTosIor JOJIKEeH
Hay4YUTHCS BBIIEJIUTH IJITaBHOE 3BEHO B ITaTOreHe3e
3aboJieBaHMsl, yCTPAHUB KOTOPOE MOKHO BbLJIE-
4UTh NanueHTa. HecBoeBpeMeHHOe ycTpaHeHue
INIaBHOT'O 3BeHAa IPUBOJUT K (POPMHUPOBAHUIO
IIOPOYHBIX KPYTOB, TeHEPATOPOB IIATOJIOTUYECKU
YCUJIEHHOTO BO30Y)KI€HWs, IJINTETHbHOMY Teue-
HUIO 3a00JIeBaHMsA, PAa3BUTHIO TaK HA3bIBAEMBIX
KPUTHYECKHUX COCTOSTHUH M HACTYILJIEHHUIO HeOa-
TOIIPUATHOTO, B TOM YHCJIE JIETAIbHOTO0, UCXO/aA.
Taxkum ob6pa3oM, B mporpaMMe OpAUHATYPHI
10 CTIENUATbHOCTH «aHECTEe3NOJIOTUsI-peaHnMa-
TOJIOTHs» (PyHIaMeHTadbHasA M KJIMHUYECKas
maTo(pU3NOJOTUS NOKHBI 3aHUMaTh 0coboe
MecTo cpenu (pyHIaMEHTAJbHBIX NUCIUIJINH,
0e3 m3y4eHnsI KOTOPBHIX HEBO3MOYKHO PAa3BUTHE
npodeccuoHaIbHON JUYHOCTH Bpauda-aHecTe-
3M0JI0Ta-peaHnuMarosiora. 3HaHue KINHAYEeCKON
naTo(pu3nOJOrny U NPUHIIUIIOB TOKa3aTeJIbHON
MeJUIIUHBI I03BOJIUT aHEeCTe3UO0JI0Ty-peaHnMa-
TOJIOTY OCYIIECTBJISATH MTOUCK HanboJjee J0CTO-
BEPHBIX HAy4YHBIX JaHHBIX II0 U3y4yaeMOW IIpo-
OJjieMe, KPUTHYECKYIO OIIEHKY WX KayecTBa,
NIPUMEHATH Ha IPAKTHUKe IT0JIy4YeHHbIe pe3ysbTa-
TBI C OCJIeYIOlIel uX OlleHKoH apdeKra.
CumMynsIfuoHHOEe 00y4yeHue 0a30BOH cep-
JEeYHO-JIETOYHOH peaHHMManuH B OpIHHATYype.
OneHKa BBLKUBA€MOCTH TEXHUYECKUX HABBIKOB.
OCHOBHBIM JIOKYMEHTOM, perIaMeHTHUPYIOIIUM
pabory Bpaua, sBjsercs [IpodeccrmoHambHBIN
CTaHJapT Bpada-clenuanucra. MUHUCTepCTBOM
TpyJa U COIMAIbHON NMOJUTUKU PP yTBep)KIeHO
56 mpoeccuoHaIbHBIX CTAHIAPTOB Bpayeii-cre-
[UAJIMCTOB. B KaskI0M U3 HUX OTJIeJIbHO BBIeJIe-
Ha TpyznoBas ¢pyHKIUA «OKazaHue MeJUIIMHCKON
TIOMOIIIA B HEOTJIOKHOM U 9KCTPEHHOU hopMme».
Bpaum Bcex cnenuaJbHOCTeH, B paMKaxXx CBOUX
podecCuoOHAJBHBIX KOMIIETEHIINN, 00s3aHbI
IIPOBOJUTH CEpPEYHO-JIEeTOYHYI0 peaHNMalluio
(CJIP) mpm ocTaHOBKe ceppria. B cBsiau ¢ ueM, Hanbo-

cian in Russia is the Professional Standard for Med-
ical Specialists. The Ministry of Labor and Social
Policy of the Russian Federation has approved 56
professional standards for medical specialists. Each
of them separately identifies providing emergency
and urgent medical care. Doctors of all specialties,
as part of their professional competences, are re-
quired to perform cardiopulmonary resuscitation
(CPR) in cardiac arrest. In this regard, the «Basic and
Advanced Life Support» simulation course is highly
popular. The anesthesiology and intensive care spe-
cialist, as part of his professional competence, is re-
quired not only to perform basic and advanced life
support in cardiac arrest but must also take on the
role of leader of the interdisciplinary team perform-
ing resuscitation. Integration of this course into all
physician training curricula is underway. Training
in basic CPR, as well as assessing the quality of the
knowledge and technical skills gained, is critical to
improve outcomes of cardiac arrest in real-world
clinical settings. However, the issue of survivability
of the acquired skill in trainees remains relevant.

The quality of chest compressions and ven-
tilations during CPR was assessed in the Labora-
tory for the study of advanced simulation tech-
nologies of the V. A. Negovsky Research Institute
of General Reanimatology (Moscow, Russia). A
total of 66 residents from various specialties par-
ticipated in the study in December 2019. All par-
ticipants completed a simulation course in basic
CPR as part of the specialty program and partici-
pated in the initial specialist accreditation in June
2019. The study design consisted of two phases:
in the first phase, a preliminary testing of basic
CPR skills was performed. In the second phase of
the study, all residents completed a 3-hour simu-
lation course using a 4-step training model, fol-
lowed by a final testing of the same skills. Figure 2
shows the results of the study.

The preliminary testing of basic CPR skills
showed that the percentage of target chest com-
pressions and ventilations was significantly lower
than recommended. The average rate of chest com-
pressions was sufficient. The depth of chest com-
pressions was in the low normal range. After the
training, the percentage of target compressions sig-
nificantly increased (P<0.05) and reached the lower
limit of the recommended. The percentage of target
ventilations also significantly increased (P<0.05)
but did not reach the recommended values. The av-
erage depth and rate of chest compressions were
within the recommended range. The study showed
that basic resuscitation skills begin to fade after 6
months. The skills for both chest compressions and
ventilations had the lowest «survival rate». A short
simulation course improves the quality of chest
compressions (rate and depth), but it is not long
enough to acquire effective skills for performing ar-
tificial ventilations.
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Jiee BOCTpEOOBaHHBIM SIBJISETCS CUMYJISIIIMOHHBIN
Kypc «basoBas u paclMpeHHas CepaedHo-JIerouHas
peanmManusi». Bpau-aHecTe3noJior-peaHuMaroJior
B paMKax CBOMX ITPO(ecCrOHaATbLHBIX KOMIIETEHITUH
00513aH HE TOJTLKO POBOANUTH HA30BYIO M PACIIIH-
PEHHYIO CepAe4yHO-JIETOYHYI0 peaHuMalWio IIpU
OCTaHOBKe Cep/IIia, HO U JJOJIKeH B3SITh Ha ce0sI poJTb
Juepa MesKIUCITUTIIMHAPHOU KOMAH/IbI, TPOBOISI-
11el peaHnMaIMOHHbIe MepopUATHsA. B HacTosiIee
BpeMs BeJeTCs MHTerpalys 9TOro Kypca B IIporpam-
My 00y4eHws1 Bcex Bpaueid. OOydeHre HaBbIKaM Ipo-
BeJleHMsI 0a30BBIX pEaHNMAITMOHHBIX MEPOITPUSITHH,
a TaKsKe OIleHKA KauyeCTBa I10JIyYeHHBIX 3HAHUU U
TeXHUYECKMX HaBbIKOB KpaliHe BYKHBI [JI51 YJIylIlle-
HUS UCXOJ0B IIPU OCTAHOBKE KPOBOOOpAITEHUS B
peanbHbBIX KJIMHUYECKNX YCI0BUAX. Ho aKkTyabHBIM
OCTaeTCs BOIIPOC COXPaHEHUA ITI0JyYCHHOIO HABbIKa
y 00yJaroIuxcs.

B naboparopuu n3ydeHus MePCIeKTUBHBIX
CUMYJISAIIMOHHBIX TexHosoruit HNU obmei pea-
HumaroJsioruu uM. B. A. Herosckoro ®HKII PP
BBIIIOJTHEHA OLleHKAa KauyeCTBa NPOBEJIEHNS KOM-
IIpeccuii rpyqHON KJIETKU U MCKYCCTBEHHBIX BJIO-
X0B BO BpeMs niposenenusi CJIP. B ucciienoBanun
NIPUHAJNNA y4acTue 66 opIuHATOPOB pa3JIMYHBIX
criennaJIbHOCTEN B tekabpe 2019 roma. Bee yuacr-
HUKH TTPOIILIN CUMYJISIIMOHHBIN KypC 10 6a30BOH
cepAevyHo-JIETOYHON peaHnMaluy B paMKax npo-
rpamMMmbl crerpaaurera u B utoHe 2019 roga npu-
HS1JIM y4acTHhe B IepBUYHON aKKpeIUTAlluU CIle-
IUAJIUCTOB. J[M3aiiH MCCIeI0OBAHUS COCTOSII U3
JIBYX 9TAIlOB: HA IIEPBOM 3JTalle BBIIIOJIHEH BXO[I-
HOW KOHTPOJb 0a30BBIX HABBIKOB ITPOBEIEHUS
CJIP. Ha BTOpOM 3Tare uccjieqoBaHus BCce OpAUHA-
TOPBI IPOILIHN 3-X YaCOBOU CUMYJISIHMOHHBIA KypC
0 4-X CTyHeHYaTOu Mojesu 0OydeHUs, Mocie
4ero OBLII IPOBeIeH BIXOTHON KOHTPOJIb 9TUX SKe
HaBBIKOB. Ha puc. 2 npexncraBuiau pesysbrarbl
HUCCJIeTOBaHUS.

BxomHO# KOHTPOJIL 0a30BBIX HAaBBIKOB
BeInoJsiHeHMs1 CJIP mokasas, 4To MpOLEeHT IeJIEBBIX
KOMIIPECCUI M HMCKYCCTBEHHBIX BJOXOB 3HAYU-
TeJIbHO HUKe PeKOMEeHJ0BaHHbIX. CpeHsASA 4acTo-
Ta KOMIIPECCUI IPYTHOM KJI€TKU COOTBETCTBOBAJIA
HOopMe. [iTyOmHAa KOMITpeCcCHii HaxOIM/1ach Ha HILK-
Hel rpaHulle HOPMaTUBHBIX IMOKa3areseil. [Tocse
MIPOBENEHM 3aHATUA IIPOIEHT IleJIeBbIX KOMIIPEC-
CUH CTAaTUCTUYECKH 3HAYMMO YBeJWYUJICSA
(p<0,05) 1 TOCTUT HUKHEH IPaHUIIBI pEKOMEeHye-
MBIX TIOKa3aTesiel. [IpoIlleHT IieJIeBhIX BIIOXOB
TaK)Ke€ CTAaTUCTUYECKHW 3HAYMMO YBEJUYUJICA
(p<0,05), HO HE TOCTUT pEKOMEHAyeMBbIX [TIOKa3are-
geii. CpenHssa ryOWHA M YacTOTa KOMIIPECCHUH
TPYAHOU KJIETKU HAaXONWJIUCh B Mpejesax peKo-
MeHyeMbIX 3HaueHul. VccienoBanue okasalo,
4TO 4yepe3 6 MecAleB HauWHAeT yTpadyuBaThbCA
HaBBIK MPOBeJEeHNs 0a30BBIX PeaHUMAIIMOHHBIX
MeponpusaTuil. HauMeHbIIyI0 «BBI)KMBAEMOCTb»
MMeIOT KaK CaMU KOMIIPEeCCUU I'PYAHOU KJIETKU,

Residency training in anesthesiology and in-
tensive care should include a hybrid program in a
simulation center. At the initial stage it is necessary
to form non-technical skills through theoretical
course, which includes etiology, pathogenesis, clin-
ical presentation of cardiac arrest, biomechanics of
chest compressions and artificial ventilations. Par-
ticular attention should be focused on the study of
the pathogenesis of cardiac arrest due to various
causes. This is necessary to ensure that the resident
does not just mechanically perform the CPR algo-
rithm but understands the significance behind
each of these activities.

At the second stage, residents move to the
simulation center, where technical skills are built
and combined with non-technical skills. The resi-
dent needs to visualize what is happening to the
patient during treatment and continually evaluate
its effectiveness. The work of the anesthesiology
and intensive care doctor should be performed ac-
cording to the algorithm including assessment, ac-
tion, and result. If one of the links fails, the quality
of medical care decreases significantly, which can
lead to adverse consequences.

Innovative computer technologies in the
training program for anesthesiology and inten-
sive care doctors. Residency training in anesthesi-
ology and intensive care is based on a comprehen-
sive approach, which includes, first of all, mastering
the theoretical material in the main sections of the
disciplines studied. This is achieved by means of
lectures and practical classes, seminars. Lately,
more and more often training computer technolo-
gies are being used, which can help to study the
foundations of fundamental and clinical disci-
plines. Thus, at present there is a shift from classical
formal and logistic learning to innovative educa-
tional technologies, which allow changing the tra-
jectory of learning and increasing its efficiency [4].

The scope of computer educational technolo-
gies is quite large, and we will consider two of them,
which, in our opinion, are rather effective: creation
of structured logical graphs, or mind maps, and the
«Abstract-Interview» hybrid educational software.
Mind map is a graphic representation of large-scale
associative thinking, using neurolinguistic pro-
gramming, which significantly increases the effec-
tiveness of remembering the material being stud-
ied. When creating a mind map, students first study
and analyze the necessary theoretical material, se-
lect the most important ideas or algorithms on the
studied condition. Then, on a single page, they cre-
ate an optimal chart on a specific topic, which dis-
plays the key points of the topic under study. The
following sections could be considered most rele-
vant for the intensive care doctors: drugs used for
anesthesia, treatment of emergency and critical
conditions, diseases requiring cardiopulmonary re-
suscitation, intensive care (cardiac arrest in my-
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Puc. 2. CpaBHUTeJIbHBIE Pe3yJIBTaThI 00yYeHH .
Fig. 2. Comparative learning outcomes.
Note. * — significant differences between groups, P<0.05.

IIpumeuanue. Percentage of target compressions — IPOIIEHT LIeJIEBBIX KOMIIPECCU; average compression depth, mm — cpegusist
rIyOMHaA KOMIIpeccuil, MM; average chest compression rate, per min — cpeHsisi YacToTa KOMIIpeccuii, MUH ', percentage of target
ventilations — ITPOIEHT I1eJIeBBIX BAOXOB; preliminary/final test — BXOmHOW /U TOTOBBIA KOHTPOJIb. ¥ — CTaTUCTUYECKYEe 3HAUNMbIE

omIMuusA Mexxay rpynmnamu, p<0,05.

TaK U UCKYCCTBeHHbIe BAOXU. KOpOoTKUll cumyiisi-
IIMOHHBIA KYPC CIIOCOOCTBYET YIIYUIIEHUIO Kade-
CTBA IIPOBeJleHUsI KOMIIPEeCCUU I'PYAHOU KJIETKU
(qacToTa, TyOMHA), OTHAKO 3TOTO BPEMEHH HEJ0-
CTaTOYHO /7151 06ydyeHus1 3 PEeKTUBHOMY BBITIOJ-
HEHHWIO NCKYCCTBEHHBIX BIOXOB.

Ob6yueHre B OpUHATYpPE T10 CHEIUATHHOCTH
AHECTe3MOJIOTMsI-PeaHNMAaTOJIOT U T0JIKHO UMETh
TIporpaMMy FrHOPHUTHOTO O0yYeHNs B CUMYJIAIIOH-
HOM IlieHTpe. Ha HavYasbHOM aTare HeoOXOTUMO
¢dopMHUpOBaHNE HETEXHUYECKNUX HABBIKOB C IIOMO-
IbI0 TEOPETUYECKOTO Kypca, KOTOPBIN BKIIOYAET:
3THOJIOTUIO, TaTOTreHe3, KJIMHUYECKYI0 KapTUHY
OCTAaHOBKM CepAra, OMoMeXaHWKy KOMITPeCcCHUi
TPYIHOM KJIETKH M MICKYCCTBEHHBIX BIOX0B. Ocoboe
BHUMAaHUE T0JIKHO YIeJIAThCsI U3YUEeHHIO ITaTore-
He3a OCTAaHOBKU Cep/lla BCIeACTBUE Pa3JIMYHbIX
MMPUYUH. ITO HEOOXOAUMO /IS TOTO, YTOOBI OpP/TH-
HaTOp He MPOCTO MEeXaHWUYeCKU BBITIOJIHSAJ aJiro-
putM CJIP, a moHMMAJ 3HAYUMOCThb KasKJI0TO M3
9THUX NEeNUCTBUIL.

Ha Bropowm aTamne opinHaTOPbI HePEXO/IAT Ha
3aHATUA B CPIMy.J'IHIIPIOHHbeI ILIEHTp, rae Mpoucxo-
IAT (pOpMUPOBaHUE TEXHUYECKUX HABBIKOB U
COeIVHEHNEe UX C HETEXHUYEeCKNUMU. OpgmHaTop
JIOJI)KEH MTPEJICTABJIATH, YTO TPOUCXOAUT C TAIU-
€HTOM BO BpeMsA jieueHuU s, IOCTOAHHO ITPOBOIUTD
OIleHKy ero a(pderTuBHOCTH. PaboTa Bpaya-aHe-
CTe3M0JI0Ta-peaHrnMaTo/Iora JOJIKHA BBIIOJI-
HATBCS 110 AJITOPUTMY: OLleHKa—1elICTBHe—pe3yJib-
Tar. HpI/I BbIIIAI€EHNN OAOHOIo unU3 3BEHbBEB,
Ka4eCTBO OKa3aHUs MEIUIIMHCKOW IOMOIIHN

ocardial infarction, ventricular fibrillation, pul-
monary embolism, various types of shock, blood
loss, etc.). Creating mind maps can be effectively
used at the initial stage of residency training to
form non-technical skills prior to the classes in the
simulation center. Residents can use Word, Power-
point, X-Mind, Visio, and other software to create
mind maps.

Mind maps «Drugs used for anesthesia, treat-
ment of emergency and critical illness» should in-
clude such sections as the name of the drug, formu-
lations, recommended single and daily doses,
mechanism of action, effect on organs and systems,
contraindications. An example of a mind map
showing basic information about paracetamol is
demonstrated in Figure 3. The use of artistic com-
ponent, color scheme, improves the visual percep-
tion of the presented information and contributes
to a better orientation in the map.

The «Emergency and Critical Conditions»
mind map contains several sections such as risk fac-
tors, normal and pathologic anatomy, physiology,
clinical presentation, laboratory and instrumental
diagnosis, treatment, etc. Each resident individually
creates his or her own mind map set. The more in-
formation included, the more thorough the study of
the topic is. There is no limit to the creativity of the
mind maps. Residents can use any means available
to complete the task and achieve the goal of learn-
ing, i. e., to master the knowledge on a particular
topic. Examples of a set of mind maps are shown in
Figs. 4-6. Creating mind maps is a personal effort
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3HAYUTETBHO CHUKAETCS, YTO MOYKET TPUBOJUTH
K HeOJIaTONPUATHBIM ITOCJIEICTBUSIM.

M HHOBaIIOHHBIE KOMITBIOTEPHBIE TEXHOJIO-
THH B IporpaMMe o0y4eHHUs1 Bpadeii-aHecTe3no-
JIOTOB-peaHnMaToJioroB. O6y4yeHne B OpArHAType
IO CITEIMAJTBHOCTH «AHECTE3NOJIOTHSI-PeaHMaTo-
JIOTHs1» OCYIIIECTBJISIETCS C IOMOIIIHI0 KOMIIJIEKCHO-
rO TOJXOMa, BRJIIOYAIOIIETO, B TIEPBYIO OYEpENb,
OCBOEHHME TEOPETUYECKOT0 MaTepuasa 10 OCHOB-
HBIM pas[iesiaM U3y4aeMbIX TUCITUTIIINH. ITO JOCTH-
raeTcsi C IIOMOIIIBIO JIEKIIMOHHBIX 1 IIPAKTUYECKIX
3aHATHH, ceMuHApoB. [TocenHee BpeMsi Bce Yalre
HaYMHAIOT FICTI0JIb30BaThCsI 00yJaroIIFie KOMITHIO-
TEpHBIE TEXHOJIOTHH, C TIOMOIIHI0 KOTOPHIX MOYKHO
M3y4JaTh TEOpETUYECKIE OCHOBBI (PYHIaMEHTAIIb-
HBIX ¥ KIIMHAYECKUX AUCIUIINH. TakuM o0pasom,
B HACTOSIIIee BpeMsI IIPOMCXOIUT OTKA3 OT KJIACCH-
4ecKoro opMaTbHO-JIOTUCTIYECKOTO OOYIeHHS U
TIepexoy] K THHOBAIMOHHBIM IeJarormdeCKIM TEXHO-
JIOTHSIM, KOTOPBIE ITO3BOJISIOT U3MEHUTH TPAEKTO-
puio 00ydeHus 1 TOBBICUTH €10 9 PEeKTUBHOCTS [4].

CreKTp KOMITBIOTEPHBIX 00pa3oBaTeIbHBIX
TEXHOJIOTUH JOCTAaTOYHO BEJIUK, MBI PACCMOTPUM
IIBE MX HUX, KOTOpHIe, Ha HAIll B3I, 00/1a0al0T
JIOCTATOYHOU 9(p(PEeKTUBHOCTBIO: CO3/IaHNE CTPYK-
TYPHO-JIOTUYECKUX CXEM, WJIF HHTEJJIEKT-KapT, U
rubpuHas oopasoBaresbHasi mporpaMmma «Pede-
par-mHTEepPBbHIO». IHTENIEeKT — KapTa sBJsSETCS
rpaduYecKrM BBIpAyKEHUEM MacCIITaOHOTO acco-
[IMATUBHOTO MBIIIIJIEHNS, C UCITOJIb30BaHUEM HEH -
POJIMHTBUCTHYECKOTO TPOrPaMMUPOBAHUS, YTO
3HAYUTEJIHLHO MTOBBIIIAET 9P (PEeKTUBHOCTH 3a1o0-
MUHaHUSA U3y4aeMoro Marepuana. IMTHTe ekt —
KapTa SABJISIETCS WHCTPYMEHTOM, IIPU CO3[IaHUN
KOTOpOTro o0ydJaromuecs: CHavasa u3y4alor, aHa-
JIN3UPYIOT HEOOXOAMMBIN TEOPETUYECKUI MaTe-
puaJi, TPOBOAAT BBIOOPKY HamboJiee BasKHBIX
TTOJIO’KEHUH VTN AJITOPUTMA, COTTIACHO HO30JIOTH -
4eckou popme. 3aTeM, Ha OJHOM CTpaHUIlE CO3-
JAIOT ONITUMAJIBHYIO CXeMY IT0 KOHKPETHOU TeMa-
THKEe, B KOTOPOH OTOOpa)KeHBI KJIOYEBBIE
MOMEHTHI U3ydaeMoi TeMbl. HanboJsiee akTyasib-
HBIMH JJIsI  AHECTe3WO0JIoTa-peaHnMaTosora
SIBJISTIOTCSI CTIEAYIOITIE N3ydaeMble pas/iesibl: pe-
raparsl, IPUMeHsIeMbIE [IJIsT aHeCTEe3WH, JIEUeHU S
HEOTJIO)KHBIX 1 KPUTUUECKUX COCTOSTHUM; D0s1e3-
HU, TpeOyIoIye MPOBEIeHNS CePIeYHO-IeTOTHON
peaHvuMaIy, THTEHCUBHOM Tepanuy (OCTaHOBKaA
KpoBooOpalenusi npu HHMApPKTe MHOKapa,
pubpmyIAIUA  KETYTOUYKOB, TPOMO0IMOOTIUN
JIETOYHOU apTepyH, pa3JUYHbIE BUbI ITTOKA, KPO-
BororepsA # T. 1.). Co3maHne WHTENIEKT-KapT
MOKeT 3(pPEeKTHUBHO UCIIOIH30BATHCS HA HAYAJTh-
HOM 3Tarie o0y4eHus1 B OpANHAType st (hOpMHu-
pOBaHUsI HETEXHUYECKUX HABBIKOB W IIpeJIlie-
CTBOBATh 3aHATHUAM B CUMYJISIIIMOHHOM IIEHTpE.
s co3maHusi WHTENJEKT-KapT OpIWHATOPHI
MOTYT MCIIOJIb30BaTh KOMIIBIOTEPHBIE ITPOTPaM-
MbI Word, Point Power, X-Mind, Visio u npyrue.

which precludes copying from other sources. Each
of the students is engaged in original activities, i. e.,
has their own sources of literature, plan, selection of
software for creating the mind maps.

During the practical session, each resident
presents his or her own mind maps. The task of the
group participants is to review the presented mind
maps and analyze them. An important part of the
session is a group discussion devoted to assess-
ment of completeness, information value, clarity,
and correctness of the material.

The technique helps trainees to acquire new
and organize existing knowledge, ideas about cur-
rent diagnostic methods and treatment algorithms.
This eliminates the formal approach to this work
and increases the effectiveness of training.

Using mind maps, residents can successfully
master the necessary theoretical disciplines, and
then, by means of the acquired knowledge, move on
to classes in the simulation center and in the clinic.

Another part of the residents' training is inde-
pendent work with literature sources and writing
essays. But, lately, residents have a formal attitude
toward this work, and its efficiency is very low. This
is due to the high availability of full-text articles,
monographs, and scientific reports on the Internet.
Residents do not always conduct a detailed litera-
ture study, but rather copy off parts of papers and
monographs, presenting this work as their own
essay. Presentation of the work is limited to recita-
tion of the text, and anti-plagiarism testing reveals
a high frequency of borrowings. Holding a full-
fledged discussion on a challenging topic has low
efficiency, because the audiological perception of
the presented topic is usually low. As a result, the
effectiveness of studying the topic and obtaining
new knowledge is questionable for both the
speaker and the listeners. In this regard, the tradi-
tional format of essays requires cardinal changes.

A new format of composing an essay using
computer technology as two stages («immersion»
and «resultant») has been proposed. During the
«immersion» stage, residents study the literature on
a given topic, analyze it, write an essay in text for-
mat, and then prepare a presentation of the report,
highlighting the most relevant material. At the end
of this stage, an audio file 5-7 minutes long sum-
marizing the research is recorded and posted in the
group's general chat. Each of the group members
should listen to all the essays and ask one question
to the speaker. All the questions should be different.
to eliminate formal approach to the topics being
studied in the group. The speaker collects all the
questions and prepares for the second «resultant»
stage, which takes place as a simulation training
with elements of Interview. It can be used in both
face-to-face and remote formats. In online training
using the Webex platform, the questions sent to
each resident are posted in the class chat. The tutor
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Puc. 3. UnTesIeKT-KapTa «[lapaneTamos».
Fig. 3. Mindmap «Paracetamol».

HNuTenekT-kapTel «[Ipenaparsl, IpuMeHsie-
MbIe JJISI aHEeCTe3WHU, JIeYeHUsI HEOTJIOMKHBIX U
KPUTHUUYECKUX COCTOSIHUM» JOJIKHBI BKJIIOYATh
OCHOBHBLIE pasjesbl: Ha3BaHHe IIpemnapara,
(opmBl BRIIyCKA, pEeKOMEeHyeMble pas3oBasi U
CyTO4YHAasA 103bI, MEXaHU3M JIeHiCTBUS, BJIUSIHUE
Ha OpraHbl U CUCTEMBI, IIPOTUBOIIOKA3aHUA K

and the group can see all the questions. The author
of the essay reads out each question. The answer
should be short and comprehensive, as in a real in-
terview. Finally, the author documents the answers
to the questions and submits the work to the tutor
for grading. Residents who took active part in the
discussion are also graded. In order to answer the
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Puc. 4. UHTe/IeKT-KapTa « MHdapkT Muokapaa. HopmasbHaA U maToloruyeckas aHaTOMH A, THCTOJIOTHA KOPOHAPHBIX CO-

CYAOB».

Fig. 4. Mindmap «Myocardial infarction. Normal and pathologic anatomy and histology of coronary arteries».

npuMeHeHuro. IIpumMep UHTEJIEKT — KapThl
IoKa3aH Ha puc. 3. Ha Hell oTpaskeHa OCHOBHasi
nHopMalus Mo npernapary — IapaneTamoJl.
Hcnonb3oBaHue Art-KOMIIOHEHTA, IIBETOBOM
raMmmbl, YyJay4llaeT BHU3yaJIbHOE BOCIIpUATHE
MpeJCTaBJIEHHON WH(pOPMAIUH, CIIOCOOCTBYET
JIydlllell OpueHTalluu B KapTe.

HNurennekT-kapra «HeoT10/KHbIe 1 KpUTHYe-
CKHEe COCTOSIHUSI» COCTOUT U3 HECKOJIbKUX pasjie-

JIOB: (paKTOPHI PUCKA, HOpMaJIbHasI ¥ TaTOJIOTHYe-

questions, the resident must have in-depth knowl-
edge of the topic being presented. During the «re-
sulting» stage, it is also possible to teach commu-
nication, the ability to engage into scientific
discussions and dialogues, as well as to formulate
and present one's own opinion.

The new format makes it possible to change
residents' attitudes toward essay work, raising its
importance, which generally increases the effec-
tiveness of training.

GENERAL REANIMATOLOGY, 2021, 17; 5

www.reanimatology.com

91



92

https://doi.org/10.15360/1813-9779-2021-5-80-95

For Practitioner

Puc. 5. UaTesiekT-kapra « AH(papKkT MuoKkapaa. JHarHOCTHKA».

Fig. 5. Mind map «Myocardial infarction. Diagnosis».

CKas aHaToMUsi, (PU3NOJIOTHS; KIMHUYECKasi Kap-
THHA, Ta00paTOpHAsi U MHCTPYMEHTAIbHAS TUArHO-
CTHKQ, JieueHne U T. 1. KayKabpIil opirHaTop caMo-
CTOSITEJIFHO TIJIAHWPYET IaKeT HHTEJJIEeKT—KapT.
Yewm OGoJibllle MHGOPMANU TTIPECTABIEHO, TEM
nryOoke mpopaboraHa maydaemas tema. TBopue-
CKWH TOJIXOJT K CO3/IAHHIO MHTEJIJIEKT-KapT He opra-
HuvyeH. OpIMHATOPBI MOTYT UCIOJIB30BATh JIIOObIE
TOCTYITHBIE CPEJICTBA [IJTsI BHITIOJTHEHUS 3a/IaHUA U
TOCTUKEHHA [1eJTh 00ydeHNs — BJIaieHre 3HAHUS-
MU 110 KOHKPETHO#H TeMe. [IpuMepBhI MmakeTa KapT

Conclusion

Educational process in residency training in
Anesthesiology and Reanimatology/Intensive Care
requires changes. A step-by-step transition in train-
ing is necessary: theory — simulation center —
practical training in the clinic. The efficiency of
training decreases if this algorithm is not followed.
The study of fundamental and clinical pathophys-
iology is one of the main basic theoretical direc-
tions, since the professional activity of an inten-
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Puc. 6. UHTeI/IeKT-KapTa «/IedeHre IPU OCTAHOBKE Cepalia».
Fig. 6. Mind map «Management of cardiac arrest».

TpeJIcTaBJIeHbI Ha puc. 4-6. Co3maHre NHTEJIEKT-
KapT ABJISIETCS WHIWBUYAJIbHON paboToH, KOTO-
pasi UCKJTI0YaeT 3aMMCTBOBAHUE W3 IPYTUX UCTOY-
HUKOB. KaKoplii w3 O00y4amoIIuxcsi WMeeT
CO6CTB€HHLI€ NCTOYHUKN .J'II/ITepaTypI)I, IIJIaH,
BBIOOP KOMITHIOTEPHOM IPOTPaMMBI 7151 €€ BBITTOJI-
HEeHus, T. €. UMeeT MeCTO OpI/IFI/IHaJ'II)HOCTI) pa6OTLI.

Ha mnpakThuyeckoM 3aHATUM KasKIbIA U3
OpPJIMHATOPOB MPECTABJSIET CBON UHTEJIEKT —
KapThl. 3a/ja4a Y9aCTHUKOB IPYIIIBI 3aKJTI0YAETCS
B I/ISY‘IEHI/II/I Hpe}lCTaBJIeHHI)IX I/IHTeJ'I.)'IeKT-KapT nu
aHATUTHYECKON paboTe. Ba'KHBIM pasmesioMm
3aHATHSA ABJISIETCS TUCKYCCUS B TPYIIIE, BO BpEMs
KOTOPOH 00CY3KIAIOTCS ITOJTHOTA TPEICTaBIEHHO-
ro MaTtepuaJsia, ero “”HOPMATUBHOCTb, HATVISI-
HOCTbB, OTCYTCTBHE OIINOOK.

MeTomrKka ITOMOTAeT O0OyYaIOIIUMCS TOJTY-
YUTH HOBBIE U CUCTEMATU3UPOBATh UMEIOTIIHECS

3HAHWSsI, TPECTAaBJIEHUSI O COBPEMEHHBIX THArHO-
CTUYECKHUX MEeTO/aX, aJITOpUTMax JiedeHus. [Ipu
9TOM MCKJI04aeTcs opMaibHBIN MTOIX0 K 9TOU
pabore 1 ToBBIIIaETCS 3(PPERTUBHOCTH OOYIEHHUS.

C TOMOTITBI0 WHTEJIEKT-KapT OPINHATOPHI
MOTYT YCIENTHO OCBOUTH HEOOXOAMMBbIE TEOPETH -
YeCKHe NUCIUTINHEI, a 3aTeM, UCIT0JIb3YsI TOJy-
YE€HHbIE€ 3HaHUA, IEPEeXOJUTH K 3aHATUAM B CUMY-
JAIMOHHOM IIEHTPE U B KJIIMHUKE.

Eme omamM pasnesioM 06ydeHus OpIuHATO-
POB SIBJISIETCS CAMOCTOSITeJIbHAs paboTa ¢ MCTOY-
HUKaMU JIMTepaTyphl U HanucaHue pegeparos. Ho
B TIOCJIeTHee BpPeMsl OpPIMHATOPHI (PopMaILHO
OTHOCATCS K 9TOU pabore, ap(PeKTUBHOCTL ee
OYeHb HU3Kasd. ITO CBA3AHO C BHICOKOU JOCTYI-
HOCTBIO B MHTEPHETE ITOJITHOTEKCTOBBLIX CTaTefI,
MOHOTpaduii M HayIHBIX coodIennii. OpuHATO-
pBI He Bcerja IMPOBOAAT JleTadbHOE H3yYeHHe
JINTEepaTyphbl, a COUCbIBAIOT YaCTU CTaTEfI, MOHO-
rpaduii, mpeacTaBJisis 9Ty paboTy B BUIE CBOETO
pedepara. IlpencraBienre pabOThI OTPAHIMYEHO
3aYNTHIBAaHNEM TEKCTA, & TIPY MPOBEPKE Ha aHTUTLIA-

sivist is based on profound knowledge of the patho-
genesis of diseases and critical illnesses. At the ini-
tial stage of training, it is necessary to focus on the-
oretical training using both traditional teaching
methods and computer technologies, including
mind maps, and the «essay with interview» tech-
nique. The gradual transition from theory to prac-
tice will allow the residents to develop all the nec-
essary competences, which will contribute to
achieving the ultimate goal of training, i.e., creation
of a physician who will be able to provide high-
quality medical care.
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rUaT BBIABJSAETCS BBICOKAs 4acTOTa 3aWMCTBOBA-
Huit. [TpoBeieHre TOTHOIIEHHOM TUCKYCCUH T10 TTPO-
0J/1eMHOM TeMaTHKe MMeeT HU3KYIO 3 (peKTHBHOCTS,
T. K. ayJIMOJIOTUYECKOEe BOCIIPUATHE TTPEICTaBIIEH-
HOH TeMbI HU3KOe. B peaynsrare, ap(peKTUBHOCTH
W3y4eH!sl TeMbl W TOJydeHWe HOBBIX 3HAHUHI
COMHUTEIbHASA KaK /I JOKJIAIYNKa, TaK U CITyIIa-
Tesief. B cBA3M C 4YeM, TpaAMIMOHHBIM (opmar
pedeparoB TpebyeT KapIMHATHHBIX U3MEHEHUH.
IIpenJioskeH HOBBIA popMaT paboThI HAT
pedepaTom c MCTOTB30BaHNEM KOMIIBIOTEPHBIX
TEXHOJIOTUH B BUJIE IBYX 9TAIIOB: «IIOT Py KEHUSI»
U «pe3yJIBTUpYyIoNuii». Ha aTarme «morpyskeHusi»
OpIWHATOPHI M3yYAIOT JIUTEPATYPY IO 3aTaHHOHN
TeMe, IPOBOJAT aHAJIUTUYECKYIO paboTy, MUIIYT
pedepar B TekcToBOM (popMare, 3aTeM TOTOBAT
Mpe3eHTanuio JOKJajna, BbIgenass Haubojee
aKTyaJbHBIA MaTepuas. B KOHIle 9TOro arama
TOTOBUTCS MPE3eHTAIUA B peKUMeE ayJUuoJIeK-
IIUU JJIUTEJIbLHOCTBIO 5—7 MUHYT, KOTOpasd pas-
MeIaeTcsa B 00meM yate rpynnbl. Kaskabiid us
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YYaCTHUKOB I'PYIIIBI JOJIKEH POCJIyIIaTh BCE
pedeparsl, 3a1aTh 10 OHOMY BOIIPOCY TOKJaM-
YUKY. Y JOKJIaIUNKA HE TOJKHO OBITH OMUHAKO-
BBIX BOIIPOCOB. IIpyu TakoM mopxojge B IpyIilie
HUCKJI04YaeTcsa (popMaJIbHBIN IOAX0 K U3ydae-
MBIM TeMaM. JIoKJIaunK COOMpaeT BCe BOIPOCHI
U TOTOBUTCS KO BTOPOMY «pPe3YyJIbTUPYIOLIeMYy»
aTany, KOTOPbIA OIPOXOJUT B BUJIE CUMYJIAIIMOH-
HOro TpeHuHra «/HTepBbIO». Ero MOKHO
HUCI0/Ib30BATh KAK B OYHOM, TaK U JUCTAHIIVOH-
HOM opmatax. [Ipu o6yueruu B pesxknme online
Ha niatgopme Webex, Bompocsl, IpucjgaHHbIe
KaKIOMYy U3 OPOUHATOPOB, BBIKJIAAbIBAIOTCA B
yar 3aHATUA. [IperonaBaresb U rpymnna BULUT
BCe BOIIPOCHI. ABTOP pedepaTa 3aunThIBaeT KasK-
b1 Botipoc. OTBET MOJIKeH OBITh KOPOTKUM U
HCYEPNBIBAIOIINM, KaK IIPU peajlbHOM HUHTEP-
BbIO. B 3akJ/IloueHUU aBTOpP IUIIET OTBETHI Ha
BOTIPOCHI U cAaeT paboTy MpemnoiaBaresrio, KoTo-
pblii ee onteHrBaeT. OlleHKU I0Jy4aloT U OpAYHA-
TOpHI, IPUHUMABIINE y4YacTUE B IUCKYCCUHU,
00CysK/IeHNN TIpeICTaBJIEeHHON TeMBbI. [[JIsT OTBe-
TOB Ha BOIIPOCHI OPAUHATOP NOJIKEH UMETh IIy-
Ookve 3HAHUS N0 TpeacTaBasemMonn Teme. Ha
«pEe3YJILTUPYIOIIEM» JTalle TaKKe BO3MOMKHO
oOyyeHrMe KOMMYHHMKAI[UW, YMEHHUIO BECTH
Hay4YHYIO IMCKYCCHIO, JUAJIOT, popMUpOBATh U
MIPEACTABJISATH COOCTBEHHOE MHEHMUE.

Hogelit (popMar 1o3BoJisieT U3MEHUTh OTHO-
IIIeHVe OpINHATOPOB K pedepaTuBHON paboTe B
CTOPOHY IIOBBIIIEHUA €€ 3HAa4YUMOCTH, 4YTO B
11eJI0M TTOBBIMIAET 3 HEKTUBHOCTH 00yIEHUS.
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3akJrouenue

Opranusariys yueOHOT0 IIpoIiecca B OpAnHa-
Type IO CIeNUaJIbHOCTH «AHECTE3NOJIOTHSI-pea-
HUMAaToJIOTUsI» TpeOyeT HeKOTOPbIX N3MeHEeHUH.
Heob6xonum cTyneHYaThIN 1epexo]] B 00yYeHUH:
TEOPUsSI — CUMYJISIIAOHHBIN IEHTP — MpaKTHYe-
CKas MOJTrOTOBKA B KJMHUKe. be3 coOJoeHus
9TOTO aJIrOpUTMa 3(P(PEKTUBHOCTH OOYUEHUS CHU-
skaeTrcs. aydyenue dyHgaMeHTaaIbHON U KIWHU-
YeCKOM mnaro(pu3nOoJOTHUU SIBJISIETCS OJHUM U3
[VIaBHBIX 6a30BbIX TEOPETUYECKUX HAIIpaBJIEHUH,
T. K. IpodeccroHa/bHAsA JAeATeJbHOCTh Bpaya-
aHeCcTe310JI0Ta-peaHnMarosora OCHOBbIBAaeTC A Ha
mIyOOKWX 3HAHUSAX [TaToreHe3a pa3BUTHs 60J1e3-
Hell 1 KPUTUYECKUX cocTossHuM. Ha Hava/ibHOM
aTarie o0y4eHus1 He0OXOUMO yIeJTUTh BHUMaHUe
TeopeTUYeCKOl MOATOTOBKE C HCIIO/Ib30BaHUEM
KaK TPaJAUIMOHHBIX METOOB 00y4YeHMs, TaK KOM-
MIBIOTEPHBIX TEXHOJIOTHH, B TOM YMCJIE HHTEJJIEKT-
KapT, METOAUKY «pedepaT—-nHTepBbIo». [locTereH-
HBI TIEPEX0]] OT TEOPUH K MPAKTHUKE MO3BOJIAT
c(OpMUPOBATH Y OPAMHATOPOB BCE HEOOXOIMMBIE
KOMIIETEHIINH, YTO OyJIeT CIIOCOOCTBOBATH JTOCTHU-
SKeHMIO KOHEeYHOH 11e11 00y4eHuss — (popMupoBa-
HHe JUYHOCTHU Bpaya, KOTOPBII CMOYKeT OKa3aTh
KBIH(UIMPOBAHHYIO METUITTHCKYIO IOMOIIIb.
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BBIHOCUT 0JIaroflapHOCTh 1. M. H., CTapIiemMy
HayuHOMY coTpynHuKry HI1I ob11ieit peannmarosio-
run uM. B. A. Herosckoro ®HRKI] PP Epiiosy A. B.
32 KOHCYJIBTaTUBHYIO IIOMOIIIb.
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Highlight

IIpumeuanue. Highlights — ocHoBHBIe Te3uch! (B popme unporpacduku). Heartfirst — cepaue, npeskne Bcero; step 1, never —
mar 1, Hukoraa; induce hypotension — He mHAynUpYH runorenanio; induce low cardiac output syndrome — He UHUITUUPYH CUH-
JPOM HH3KOTO CepieYHOoro BeIbpoca; induce right ventricular disfunction — He BbI3bIBail JUC(HYHKINIO IIPABOTO JKETYI0UKA; Step 2,
possibly — mar 2, BoaMoskHO; protective and atraumatic — npoTeKTHBHO U HeTpaBMaruuHO; synchronized and noninvasive —
CHHXPOHU3WPOBAHHO M HEMHBA3UBHO; tolerate with moderate hypoxia/hypercapnia — ycToi4YMBOCTb K yMEpEHHOH T'MIIOKCUN/TH-
nepkanHuy; promptly started, bravely stopped — cTpeMuTeIbHO 3aIyIIEHO, PEIIUTEIFHO OCTAaHOBJIEHO.

Pe3rome

PesysisraThl IOC/I€IHUX KPYITHBIX PAHIOMU3UPOBAHHBIX UCC/IEIOBAHUN CBUETEIbCTBYIOT O TOM, YTO HC-
TOJIb30BaHKE BBICOKOTO IIOJIOKUTEIHHOTO JaBJIeHU: B KOHIle Bbioxa (PEEP) npu nmpoBenenny NCKyCCTBEH-
HOW BEHTHJIAIUN JIETKUX Y MMAIMEeHTOB 6€e3 OCTPOro pecnuparopHoro aucrpecc-cuaapoma (OPIIC) MoskeT
TIPUBOJUTE K YBEJINYEHUIO CMEPTHOCTH BCJIEJICTBHE PA3BUTHA TUIIOTEH3NH U Opaaukapanuy. TaTeapHas
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oleHKa (OYHKIIUH cepiia, 0COOEHHO IIPABOro SKeJyN0YKa, Heobxoauma nepes HasHaueHneM MBJI Bcem
60J1bHEIM, BRJTIOYass — COVID-19  OP/IC. MIBJI moskHA OBITH MaKCUMaIbHO HEe WHBA3WBHOM, CHHXPOHH-
3MPOBAHHOM, MUHMMAJIBHO BJIMATH Ha (DYHKIIHIO CepAIIa, ee IpoBeeHne JOITyCKaeT yMepeHHYIO THITOKCHIO

U TUIIepKAITHUIO.

Kanarouesvle crosa: UCKYCCIMEBEHHASl 6eHMUNAAUUA JIeCKUX, cepaue

KoHQINKT HHTEpeCcOoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(MJIUKTA UHTEPECOB.

Summary

Results from recent large randomized trials investigating the use of high PEEP in patients without ARDS
all suggest that high levels may increase mortality due to hypotension and bradycardia. A careful assessment
of cardiac function — with particular focus on the right ventricle — should be performed before planning our
ventilation strategy in any setting, including COVID-19 and ARDS in general. Mechanical ventilation should
be respectful in regards of heart function, and tolerant with moderate hypoxia and hypercapnia, noninvasive

(whenever possible) and synchronized.

Keywords: mechanical ventilation; heart
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BBenenue

Korma marckuii anectesuosior bropa Mocen
B 1952 roay BBeJI B KIIMHUYECKYIO [IPAKTUKY BEH-
TUJISIIAIO JIETKUX C TI0JI0KUTETbHBIM JaBJIEHUEM,
B MeJUIINHE IPOM30IILIA HACTOSIIAS PEBOJIIOIIHS.
Bo3MOsKHOCTE «3aMeltieHus» (PYHKIIUN IbIXaTeshb-
HBIX MBIIII] (BHa‘IaJ’Ie CTapaHusMU CTYAEHTOB-
MEJNKOB, a TIOTOM U C TIOMOIIBIO CITENUaTbHOU
amnmaparyphl) MO3BOJINUIA OPTaHU30BaTh IIEPBHIE
OTAEJ€HUA peaHnMalv 1 HHTeHCHBHOﬁ Tepannun
(OPUT) u CKOHIIEHTPHUPOBATh YCUJ/IHNA Bpadell Ha
obecrieueHNH AbIXaTe/IbHOM (PYyHKINY MTallieHTa B
KPUTUYECKOM COCTOSTHUHU. BCKOpe ele ogHUM
MIPOPBIBOM CTaJIO OTKPBITHE BA3KHON POJIU TIOJIO-
SKUTEJIbHOTO JIaBJIEHUsI B KOHIIE Bbioxa (ITJIKB) u
€r0 BJIUAHMNA Ha BBI)KMBAEMOCTBH ITAIIMMEHTOB. B
TedeHue nocjenyomux 60 jJer coenuaanucTel B
06J1aCTM MHTEHCHUBHOU Tepanmuu TNPUJIOKUIIN
0oJbIIIMEe YCUINA K pacmn@poBKe MeXaHU3MOB
HMCKYCCTBEHHOU BEeHTUJIAINU JIeTKUX. B pesysnbra-
Te ObLIM pa3dpaboTaHbl CTpaTeruu NpoBeeHus
HMCKYCCTBEHHOU BEHTUJISIIINM JIETKUX C MCIIOIH30-
BaHHEM HM3KHUX JbIXaTE€JIbHBIX O6'I)eMOB 1 BBICO-
Kux ypoBHeii ITJTKB.

lasren cuuras, 4To 00s13aTeILHBIM YCJIOBHEM
IJIsT OMEeHUsI cep/lla SIBJSETCS (PU3UUECKUN aKT
nbixaHusi. COMHEHHH B 9TOM HE BO3HUKAJIO B TE€Ye-
HUE TOCJIETYIONINX OJIyTOPA ThICSY JIeT. XOTs JaH-
Hasi Teopusi ObIJIa ONPOBEPTHYTA JOCTUKEHUSIMU
HayKH, JJIs1 TOTO YTOOBI siCHee BUAETH OyAyIIee,
HaM HYXHO OIINpPaTbCAd Ha OIIBIT ITPOIIJIOTO, «CTO-
ATH Ha IIJIeYaX TUraHToB». Eire lajen orMedalt, 4to
cepjilie U JleTKHe HaXOOATCS B 3aMKHYTOM IIPO-
CTpaHCTBe (TPYIHOMU IMOJOCTU) B HETIOCPENCTBEH-
HOU OJIM30CTH APYT OT Apyra U TECHO B3aUMOIEM-
CTBYIOT. Viest B3anMOeiCTBUSI MEKIY CepIleM U
JIETKMMU BO BpeEMA I/ICKYCCTBeHHOI‘/JI BEHTUJIATNN

JIETKUX TO)Ke He HOBa U IOJPOOHO U3yyaslach B

Introduction

When the Danish anesthesiologist Bjorn Ibsen
introduced positive pressure ventilation in 1952,
the history of medicine changed overnight. Provid-
ing a replacement of the respiratory muscles — in
the beginning by the hands of medical students and
later mechanically when ventilators were intro-
duced — led to the first Intensive Care Units (ICUs)
and for the first time to focus attention on the
lungs. The second dramatic breakthrough, the dis-
covery of the role of positive end-expiratory pres-
sure (PEEP) and its effects on survival, shortly fol-
lowed. Experts of intensive care medicine lavished
the most profound efforts over the following 60
years to understand ventilation pathophysiology.
Their work led to the definition of ventilation
strategies including low tidal volumes and high lev-
els of PEEP.

Galen’s belief that the physical act of breathing
was required for the heart to beat was considered
the truth for over fifteen centuries. Although scien-
tific progress disproved the theory, we should still
try standing on the shoulders of giants to see fur-
ther. As Galen noted, heart and lungs share the same
close, restricted space — the thoracic cavity — and
as such the two systems interact. Of course, the con-
cept is not new: heart-lung interactions during me-
chanical ventilation have been studied in details
over the last century and all the pathophysiology
that lies beneath belongs to the cultural baggage of
most medical professionals around the world. Nev-
ertheless, sometimes we tend to forget it. When pe-
ripheral saturation drops on the monitor, it is not
uncommon in everyday practice to raise the PEEP,
forgetting the effects that this gesture might entail
on the heart and the circulatory system.

Large randomized trials investigating the use
of high PEEP have recently been published. In spite
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Te4YeHue IIpefbIIylIero CTOJIETHS, a OTKPBIThIC
OCHOBHBIE MEXaHU3MBbI TAKOTO B3aUMOJeHCTBUSA
ysKe MPUHALJIeKaT K KJIaCCUYeCKOMY MEIUIIH-
CKOMY KYJIBTYPHOMY HacCJI€OUI0O BO BCEM MHUpE.
Hecwmotpst Ha 3T0, MHOTIA MBI 06 3TOM 3a0BIBaEM.
Korpa Ha MOHUTOpE TaiaeT caryparus nepudepu-
4YeCKOI KpPOBU, B IOBCEJHEBHON IIPAKTUKE HepeJ-
KO HauyMHAaIOT noBbiiarh I[1JIKB, 3abbiBast 0 BO3-
MOSKHBIX ITI0CJIEJICTBUSAX JJIs1 CEPIIeYHO-COCYAUCTON
CHCTEMBI.

HenaBHO omyO/IMKOBaHBI PE3YIBTAThI KPYII-
HBIX PaHJOMU3MPOBAHHBIX HCCJIEJOBAHUUI IO
ornieHke addexTuBHocTu Bhicokoro [TJIKB. Bce
9THU MCCJIeJ0BaHM s, BKJIIOYaBIINeE Pa3Hble KJINHU-
4YeCKHe CUTyalluu U pa3sHOPONHYIO MONIYJIALNIO
MIallMeHTOB, CBUAETEJIbCTBOBAJIHU B 10JIb3y CKOpee
HebaronpuATHOTO 3 pexTa nmopwierust [TIKB.

B uccinenmosannu PROBESE [1] cpaBHUBa/M
apdexktuBHOCTL OBBIeHUs [TIKB (12 cm Bof.
CT.) ¥ MAaHEBPOB aJIbBEOJIIDHOTO PEKPYTMEHTa
(MoOMIM3anus aabBeO0JI) ¢ 60Jiee HU3KUM YpPOB-
HeM I[TJIKB (4 cM Bop. CT.) y O0JTBHBIX O5KUPEHUEM,
HaXOSAINXCS 0] OOIITM HapKO30M. XOTsI OCHOB-
HOM I1eJThI0 MCCJIeJOBAHUSA OBIJIO M3YUEHHeE JIET0Y-
HBIX OCJIO’KHEHUH, oOparaeT Ha ce0s1 BHUMaHNE
TOT (pAKT, YTO YACTOTA CIyIa€eB TUIIOTEH3UH U Opa-
IVKapaIiv ObLIa TOYTH B 2 pa3a 0oJIbIIIe B TPYIIIIE,
roJty4aBIei 6osee BbICOKUH ypoBeHb [TJKB. B
rpymme ¢ 6osee BoicoknM [TJIKB HabM00a/I0CH
TakXe yBeJuYeHue cMmepTHocTu Ha 240% 1o
cpaBHeHHUIO ¢ rpynnoi ¢ Huskum ITJIKB (12 u3 989
B CpaBHeHHHU C 5 u3 987). ITO HEyIUBUTEJBHO,
IIOCKOJIBKY BaskHelilllee uccaenopanue POISE-2
ysKe IIPOJEeMOHCTPUPOBAJIO HE3aBUCUMYIO IIpH-
MYIO KOPpeJIAUIO THIIOTeH3UU BO BpeMsI XUPYp-
TUYeCKOr0 BMelareJabCTBa C PUCKOM CMepTH [2].

Kpome TOro, B HejaBHeM HCCJIELOBAHUU
RELAX [3] m3yuasnach 9(p(peKTUBHOCTh PA3JITNYHbBIX
yposrei [IJKB y nanmmertoB OPUT 6e3 ocTporo
pecnimparopHoro nucrtpecc-cuaapoma (OPIC).
Ha6Jsromanock pasiamyre ypoBHS CMEPTHOCTH
MesRIy TpynmnaMu ¢ 60Jiee BHICOKUM U DoJjiee HI3-
kuM ypoBHeM IIJIKB (207/493 nporus 183/476,
COOTBETCTBEHHO), XOTS 9TO Pa3Jnyue U He OBIIO0
CTaTACTAYECKU 3HAYUMBIM.

HeoxnpanHele pes3ysbsrarbl  HCCJIEIOBAaHUA
«Alveolar Recruitment for ARDS Trial» (ART) — «Mo0mu-
Jusanysa ajbseos npu maydeHnu OPIC» [4] —
IIOCTAaBUJIM I10]] COMHEHME UCII0JIb30BAHNE BBICO-
koro [TJIKB gasxe y nanmenTos ¢ OPJIC, y KOTOpBIX
aTa cTpaTrerus B TeYeHHE MHOTUX JIeT CYATaNIach
KJII0YEBBIM 3JIEMEHTOM ONTHUMAaJIbHOU CTpaTeruu
KJIMHUYECKOTro BeneHus. VccaenoBanue, B KOTO-
poM mpuHAAU yyactre 6osee 1000 mamueHTOB,
I10Ka3aJ10, YTO MaHEBPHI aJIbBEOJIAPHOIO PEKPY-
THUHIa BMecTe ¢ BbICOKUM ypoBHeM II/IKB yBe-
JAYUBAIOT CMEePTHOCTH (277/501 ipotus 251/509,
p=0,041), U BBEI3BAJIO CEPHE3HYIO AUCKYCCUIO,
KOTOpas BEeIeTCs 10 CUX IIop.

of the different clinical settings, and the different
populations involved, all these trials row in the
same direction: high levels of PEEP are probably
harmful.

The PROBESE trial [1] compared higher level of
PEEP (12 cmH,0) and alveolar recruitment maneu-
vers with a lower level of PEEP (4 cmH,0) in obese
patients undergoing general anesthesia. While the
study focused its complete attention on pulmonary
complications, it is interesting to highlight how the
incidence of hypotension and bradycardia almost
doubled in the group receiving high levels of PEEP.
Mortality also saw a 240% increase in the high PEEP
group when compared to the low PEEP group
(12/989 vs 5/987). This last data should not come as
a surprise, as the milestone POISE-2 study already
demonstrated how hypotension during surgery in-
dependently correlates to mortality [2].

On the same note, the recent RELAXx trial [3]
studied the effects of different levels of PEEP in ICU
patients without acute respiratory distress syn-
drome (ARDS). Although not statistically signifi-
cant, mortality difference was increased in the high
PEEP group (207/493 vs 183/476).

The surprising findings of the Alveolar Re-
cruitment for ARDS Trial (ART) [4] questioned the
use of high PEEP even in ARDS patients, in whom
this strategy has been considered for years the cor-
nerstone of correct clinical management. The trial,
enrolling over 1000 patients, concluded that re-
cruitment maneuvers together with high PEEP in-
creased mortality (277/501 vs 251/509, P=0.041)
and triggered a major debate which is still open.

With the current coronavirus disease 2019
(COVID19) pandemic bringing to the intensive care
hundreds of thousands of patients with ARDS over
the last year, the discussion over the optimal PEEP
strategy is now hot. While randomized reports are
still lacking, some researchers are raising concerns
about the use of high PEEP in these patients [5].

The detrimental effects of high PEEP on the
heart affect mostly (but not only) the right ventricle,
in a complex interaction in which the right ventricle
surely benefits of improved oxygenation but may
suffer acute cor pulmunale. It looks evident that,
even in the operative room, we must closely con-
sider cardiac function when planning our ventila-
tion strategy. This is especially true in patients suf-
fering a known heart disease, but it cannot be
limited to them: Turkbey et al. reported how in a
large population of patients who were free from
clinical cardiovascular disease, myocardial scars
were detected in 8% of subjects at 10-years follow-
up [6]. Also, subclinical right ventricular dysfunc-
tion has been previously associated with obesity,
putting this population at increased risk when un-
dergoing positive pressure ventilation.

Right ventricle has often been defined as «the
forgotten chamber», as its role in the circulatory
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B cBasu ¢ Tekymieil nangemueii COVID-19,
COIPOBOSK/IAIOIIENCS TOCOUTAIN3AIIUEeN B peaH-
MallMOHHBbIE OTAEJIEHUS COTEeH ThICSY ITallMeHTOB
¢ OPJIC, nuckyccusi 00 ONTUMATbHOM CTpaTeruu
[T/TKB crana ere OoJsee akTya bHOU. XOTs paHio-
MM3UPOBAHHBIX UCCJIEOBAaHNU BCe ellle He10CTa-
TOYHO, HEKOTOPbI€ y4YeHble BBICKA3bIBAIOT OIlace-
HW$I 10 IOBOAY UCII0JIb30BaHM I BBICOKOI'O YPOBHSA
[TIKB y Takux nmanueHTos [5].

Heb6J/aronpusTHOe BO3JEUCTBUE BHICOKOTO
ypoBH:A IT[IKB Ha MUOKapz BEIPaskaeTcsa B OCHOB-
HOM (HO He TOJIBKO) BO BJIMSIHUM Ha (PYHKLIMIO IIpa-
BOT'O JKeJIyJ04YKa, IIOCKOJIBbKY, HECMOTPs Ha HECO-
MHEHHOE  yJIy4lIeHHWe €ero OKCUIeHalWuu,
MOBBIIIAETCS PUCK PA3BUTUSA OCTPOTO JIETOYHOTO
cepaua. O4eBUIHO, YTO Ja’Ke B YCIOBUAX olepa-
IIMOHHOM TIpW IUIaHMpPOBaHuUM crTpareruu KBJI
cllelyeT yaesasiTb 0coO0oe BHUMaHUE (QYHKIIUHN
MHOKap/a. ITo 0COOEHHO aKTyaIbHO JIJIs ITareH-
TOB C 3a00JIeBAaHUSIMU Cep/illa B aHaMHe3e, KOTO-
ppIMH, BIIpodYeM, JesJ0 He orpaHnduBaetrcs. [lo
nmanabiM Turkbey u coaBr., mpu 10-s1eTHEM HAOJTIO-
JIeHNY B OOJIBINION TOMYJISANNU TTallieHTOB 0e3
KJIMHUYECKUX IIPOSIBJIEHUH CeplIeYHO-COCYIUCThIX
3aboJieBaHM pyOIIOBBIE M3MEHEHUSI MHUOKapAa
OB1TM 0OHAPYKEHBI B 8% cary4aes [6]. Kpome Toro,
paHee ObLIa TOKa3aHa CBA3b OKUPEHMUS C CYOKIH-
HUYECKOU TUCHYHKIMEH IPaBOro sKeJIyJOUKa, YTO
CBHUJIETEJIbCTBYET O IIOBBIIIECHUN PUCKA IIPU IPO-

BeJI€HNH BEHTUJ/IALNH C II0JIOKHUTEJIbHBIM TaBJIe-
HUEM Y JTaHHOU KaTeropuu nanrueHTOoB.

HpaBbe/'I JKeJIyoo4Y€eK 4acTo 06pa3H0 Ha3bI-
BaIOT «3a0bITOM KaMepoﬁ cepanar», IOCKOJIBRY €ro
PpOJIb B CHCTEME KpOBOO6paLHeHI/IH paHee HeaO-
oneHuBasiacb. OOHAKO B MOCJIeTHEE BpeMAa B
Hay‘IHOfI JuTeparype ObLIa IIpoBeJieHa IIePeOoleH-
Ka ero poJiv, B CBA3U C YeM Tellepb ,[LI/IC(i)YHKHI/IH
IIPaBoOTr0 JKeJyoodKa CUYUTAeTCA MOCTOBEPHBLIM
IIPEJUKTOPOM CMEPTHOCTHU BO MHOTHX CUTyaIllAAX.

COVID-19 cam 1o cebe MOKeT BbI3BaTh IYC-
(bYHKI_II/IIO IIPaBoOro KeJIyqjouKa C y4eToM croco0-
HOCTHU BBI3bIBATH TpOM603M6OJ‘II/IIO JIETOYHON
apTepuu, IMMOBBIIIEHUA JIETOYHOT'O COIIPOTHUBJIE-
Hus Bcaencteue OPIIC u OTpUIATE/JIbHOI'O MHOT-
pOImHOrOo 3(1)(beKTa OUTOKHNHOBBIX 6ypb. Y6e;u/1-
TeJbHO OOKa3aHO, 4YTO ,ILI/IC(l)YHKHI/IH ImpaBoro
JKeJIyoo4YKa ABJIAETCA MOIIHBIM IIPEIUKTOPOM
60Jiee BHICOKOH CMEpTHOCTH [7] Yy DanueHToB C
COVID-19. Xorsas HeoOXOOMMOCTH BBICOKOIO
yposHsA [I/IKB nipu OPJIC ysxe aBHO He oasep-
raercad COMHEHHIO, IToCJjieJHEe NaHHbIEe CBHUE-
JIureparypa/References
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system was previously overlooked. Recent litera-
ture, however, reevaluated its contribution and
right ventricular dysfunction is now a well-estab-
lished predictor of mortality in many settings.

COVID19 entails right ventricular dysfunction
due to the intrinsic characteristics of the disease,
including tendency to pulmonary embolisms, in-
creased pulmonary resistances due to ARDS and
negative inotropic effects of cytokine storms. Mat-
ters of fact, right ventricular dysfunction was
proven as a powerful predictor of higher mortal-
ity [7] in patients with COVID-19. While high PEEP
in ARDS has been a longstanding dogma, recent
findings suggest to use the utmost attention before
setting a high level of PEEP even in that setting, or
at least to carefully monitor right ventricular func-
tion during its use.

We should never, in any patient and at any
moment, allow mechanical ventilation to induce
hypotension or — worse — low cardiac output syn-
drome. The perfect management of ventilation
should be protective, atraumatic, tolerant with
moderate hypoxia and hypercapnia, noninvasive
(whenever possible) and synchronized.

Modern-era mechanical ventilation should
work towards a holistic approach, in which heart
and lungs are so intimately interconnected and
explicable that can only by referenced — and
treated — as a whole.

TeJbCTBYIOT O TOM, UTO J1a’Ke B TAKUX YCJIOBUAX
cJietyeT coOJTIONaTh MPeIeTbHYI0 OCTOPOSKHOCTD
IIpU yCTAaHOBKE BBICOKOTrO ypoBHA I1IKB niuy, o
KpaliHell Mepe, THIaTeJbHO KOHTPOJUPOBATh
(PYHKIIUIO TIPABOTO SKEJIYJOYKa BO BpeMsl ero
NpUMEHEHHUs.
Hu B KoeM ciiy4yae ¥ HU IIPU KaKUX YCJIOBUAX
He cJIeyeT TOIyCKaTh Pa3BUTUA TMIIOTEH3UU UJIH,
TeM 0OoJiee, CHHIpPOMAa HHU3KOTO CEpPJIeYHOr0
BBIOpOCa ITpY TPOBEJIEHNN NCKYCCTBEHHOW BEHTH -
JAIUA Jerkux. B mnease MBJI moJsiskHA OBITH
maaAIend, HeTpaBMaTUYHON, yCTOMYMBOM K yMe-
PEHHOU T'MIIOKCUY U TUNepKaATHUU, HEUHBA3UB-
HOU (IpX BO3MOSKHOCTH) U CHHXPOHU3UPOBAHHOM.
VCKyCCTBEHHYI0O BEHTUJIALMIO JIETKUX B
COBPEMEHHBIX YCJIOBUAX CJAEAyeT IPOBOAUTH B
paMkax 1eJIOCTHOI'O IOAX0/4a, B COOTBETCTBUU C
KOTOPBIM Cephlle U JerKue HaCTOJBKO TECHO
B3aWMOCBsI3aHbl, YTO MOTYT paccMarpuBarbcA (B
TOM 4YHCJIE C TOUKU 3PEHUS JIeUEHNsI) TOJIbKO Kak
eIUHOe 11eJ10e.
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Pe3rome

Ha ceronHAIIHNIM 1eHb P 9KCIIEPIMEHTATBHBIX NCCIEI0BAHNIN YOeUTEeIHHO JoKa3a HaJIN4YHe HeHpo-,
Kapauo- ¥ He()pOIIPOTEKTUBHBIX CBOICTB Y IIpeliapaTroB Ha OCHOBE JIUTUSA XJI0pUIa.

Ileap uccaenoBanusa. ONEHUTDH BIUSHUE PA3JIUYHBIX KOHIIEHTPAIIUH XJIOPH/Ia JTUTHS Ha 00'hEM HIIle-
MHMYEeCKOTr'0 UHCYJIbTa U 1epru(OKAIBbHOIO OTeKa Y KPBIC I10C/Ie IIepeHeCeHHOM UIleMUH FOJIOBHOIO MO3Ta.

MertoabI HccaeaoBaHus. B paboTe MCIToIb30Ba/i 6€CIIOPOIHBIX KPBIC cCaMIIOB Maccoi 315+13,5T. 3a oc-
HOBY B351JI1 MofieJib (DOKaIbHOU uieMud JIonra. JKuBoTHbIX (17=35) pa3ge/iniy Ha 5 TpyIIIL: JIOYKHO-OIlepHU-
pOBaHHbIe, KOHTPOJIbHAA I'PyIIa (MOfeJsIb UIlleMUueCcKOro nHeysTa ¢ BBegenueM NaCl 0,9%) 1 Tpu rpyninbl
C BBEJICHHUEM XJIOPHUJA JINTUA B PA3JIMYHBIX KOHIIEHTPANUAX (4,2 MI'/KT, 21 Mr/Kr 1 63 Mr/Kr). XJI0pu JIMTUAA
BBOJIMJIN Cpa3y I10CJIe IpeKpallleHN sl OKKJII03UU CpeHeld MO3rOBOH apTepuu U Jajiee Kaskible 24 4 10 MO-
MEeHTa 9BTaHa3Mu. [{JIs1 OLleHKU CTelleH!U [10BPesKIeHNsI TOJIOBHOI'O MO3Ia Ha 2-e CyTKU SKUBOTHBIM BbIIIOJI-
HUJIA MarHUTHO-pe30HaHCHYI0 Tomorpaduto (MPT), a Ha 7-e CyTKHU [10CJIe 3BTaHA3UU IIPOU3BeJIU OLEHKY
Cpe30B r0JI0BHOI'O MO3I'a, OKpallleHHbIX 2,3,5-TprudeHn/ITeTpasoIus XJA0pUIoM. MesKIpylIoBble pas/inyuus
ToKasareJiell OLleHUBaJ/IU IPU IOMOIIY KpuTepyusl MaHHa—YUTHU.

Peayabrarsl. [To nanasiM MPT, xstopu muTus B 103€ 4,2 MI'/KT 3HAYUMO He BJIUSAJ Ha 00'beM UIIeMU-
4eCKOI'0 MHCYJIBTa U ITepu(OKaJIbHOr0 OTEeKa I10 OTHOIIIEHUIO K KOHTPOJIBHOH I'pymie yepes 2 cyTok (p=0,9).
ITpu UCIOIb30BAHUU JO3BI 21 MI/KT 00'beM UHCYIBTa (p=0,04) 1 meprupOKaTLHOTO OTeKa OBLJI CTAaTHCTHU-
4eCKH 3HaYuMo Huske (p=0,03), ueM B KOHTPOJIbHOU rpyniie (Ha 25 1 18% COOTBETCTBEHHO). XJIOPUJ, JIUTUA
B J103€ 63 MT/KT B O0JIBbIIIEH CTElTeH! YMeHbIIag 00'beM HHCyIbTa (Ha 45%, p=0,004) 1 nepudoKaJIbHOTrO
oreka (Ha 35%, p=0,007). [Tpu onipeesieHNH 0O'beMa MOPAKEHHS Ha 7-€ CYTKU JaHHbIE OBIJTH CONTOCTABUMBI
C pe3yJabTaTaMy, MOJIy9eHHBIMU Ha 2-€ CYyTKH. [Ipu UCIoJIb30BaHUH 03I 21 MT/KT 00'b€M WHCYJIBTA ObLIT
HusKe Ha 20% (p=0,04), 4eM B KOHTPOJIbHOU IrpyImne. XJI0pUI JIUTHUA B 103e 63 MI/Kr Ha 40% yMeHbIIaI
o0 bem nHCyIbTa (p=0,004).

3aksrrouenue. TakuM 06pa3oM, JO3UPOBKA XJI0PU/A JTUTHUS BINsIET HAa (DOPMUPOBAHYE HEKPOTHYECKOTO
odara U IIposiBjieHus Iepu(OKAIbHOIO OTeKa 0JIOBHOIO MO3ra I10CJIe 3aKyIIOPKU CpelHell MO3rOBOM ap-
Tepuu. MakcuMaIbHOE YMEHbIIIeHe 00beMa NIIIeMITYeCKOT0 MHCY/IBTA 1 ITepr(OKaTBHOTO OTEKa OTMeYasIn
TIPY UCIIOJb30BAHNM KOHIIEHTPAIY 63 MI'/KT.

Krtouesvle croea: X10puo Aumust; UieMUMeCcKull UHCYb; HellPOnpomeKkyust; MazHUmHo-pe3oHanc-
Hast momozpagusy; IKcCnepuMeHmalbHoe Ucciedosanue
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Summary

Currently, a number of experimental studies have demonstrated compelling evidence of neuro-, cardio-,
and nephroprotective properties of medications containing lithium chloride.

Aim of the study. To evaluate the effect of various concentrations of lithium chloride on ischemic stroke
volume and perifocal edema in rats after cerebral ischemia.

Material and methods. Male mongrel rats weighing 315+13.5 g were used in the study. The focal ischemia
model according to Longa et al. was employed. The animals (n=35) were divided into 5 groups: sham-operated,
control group (ischemic stroke model with NaCl 0.9% administration) and three groups who received lithium
chloride in different concentrations (4.2 mg/kg, 21 mg/kg and 63 mg/kg). Lithium chloride was administered
immediately after cessation of middle cerebral artery occlusion and then every 24 h until euthanasia. To assess
the degree of brain damage, the animals underwent magnetic resonance imaging (MRI) on day 2, and brain
sections stained with 2,3,5-triphenyltetrazolium chloride were evaluated after euthanasia on day 7. Intergroup
differences were assessed using the Mann-Whitney criterion.

Results. According to MRI data, lithium chloride at a dose of 4.2 mg/kg had no significant effect on ischemic
stroke volume and perifocal edema versus the control group on day 2 (P=0.9). With lithium chloride at 21
mg/kg, stroke volume and perifocal edema were significantly lower than in the control group (by 25%, P=0.04
and 18%, P=0.03, respectively). Lithium chloride at a dose of 63 mg/kg was more likely to reduce stroke volume
(by 45%, P=0.004) and perifocal edema (by 35%, P=0.007). When determining lesion volume on day 7, the data
were comparable to those obtained on day 2. With the 21 mg/kg dose, stroke volume was 20% lower than in

102

the control group (P=0.04). Lithium chloride, 63 mg/kg, reduced stroke volume by 40% (P=0.004).

Conclusion. Lithium chloride dose affects necrotic focus formation and manifestations of perifocal cerebral
edema after middle cerebral artery occlusion. The maximum reduction in the volume of ischemic stroke and
perifocal edema was observed when the 63 mg/kg dose was used.

Keywords: lithium chloride; ischemic stroke; neuroprotection; magnetic resonance imaging; experimental

study
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BBenenue

N3 Bcex OoJsie3Heil cepaeyHO-COCYIUCTON
CHCTEeMbI UMEHHO MHCYJIBT IPUBJIEKAET 0COOEHHO
MMPUCTAJbHOE BHUMAaHHE. JTO CBSA3aHO KaK C
BBICOKOM CMEPTHOCTBHIO IPU TaHHOM 3aboJjieBa-
HUMH [1], Tak ¥ CO CTOMKOI MHBAJIMIU3aIINEN Jarke
B C/Iyuyae CBOEBPEMEHHO OKAa3aHHOU MeIUuIINH-
CKoM momoIii (2, 3]. Kpome Toro, oTMeuyaeTcsi pocT
YaCTOTHI BCTPEYAEMOCTHU JaHHOTO 3a00JIeBaHUS
KaK CpeJiu JIUI MOJIOJIOTO BO3PACTa, TAK U MOKU-
JIoro HaceJjeHus [4]. M1 ecii B OTHOIIIEHUU JIWI]
crapiie 65 JieT acKaJsanus YUcjia UHCYJIBTOB CBsI-
3aHa, MpeYke BCEro, C pOCTOM IMIPOAOJLKUTEILHO-
CTH YKM3HU HaceJIeHUs U yBeJIMYeHUEM CpeJHero
BO3PacCTa, KaK B PA3BUTHIX, TAK U B PAa3BUBAIOIIINX-
cs1 cTpaHax [5], To Ipu OIleHKe PACIPOCTPAaHEHHO-
CTH TAaHHOTO 3a00JI€BaHUSI CPEIU JIUI] MOJIOTOTO
BO3pacTa MOKHO BbBIJI€JTUTh HECKOJBKO (PaKTO-
poB [6]. OcHOBHBIMU (paKTOpPaAMU IMPUHATO CUU-
TaTh IIOBeJeHYeCKHe — HU3Kas (pusndeckKas
AKTUBHOCTH, KypeHue, 3JI0yIIOTpeOJieHre aJIKOT0-
JieM ¥ ICUXOTPOITHBIMHU BeIleCTBAMHU, ¥ BO3PACT-
Hble — OepeMeHHOCTh/II0CJEePOIOBOI EPHUOI,
MpreM NepopaibHbIX KOHTPAIENTUBOB.

OpHako HE3aBUCHUMO OT MPUYWH, TTPUBEIIINX
K Pa3BUTHIO UHCYJIBTA [7], IPOTHO3 KakK [JIs1 MOJIO-
IBbIX, TAK W JOJIS TOKUJIBIX ITAallMeHTOB OCTAeTCs
JIOCTATOYHO CJOYKHBIM M 3aBUCSIINM OT IIEJIOr0
psfa puyuH [8], MOBJIUATH HA KOTOPbIE JIMOO Kpaii-
He mpo0OJieMaTU4Ho, MO0 HEBO3MOYKHO. [Tpesxe

Introduction

Of all the diseases of the cardiovascular sys-
tem, stroke attracts particular attention. This is
due to both high mortality in this disease [1] and
persistent disability even in case of timely medical
care [2, 3]. In addition, there is an increase in the
incidence of this disease, in both young and the
elderly population [4]. And if for persons over 65
years old the increase in rates of strokes is prima-
rily related to the rise in life expectancy and aver-
age age in developed and developing countries [5],
several factors can be identified when estimating
the prevalence of this disease in the young age
population [6]. Behavioral (low physical activity,
smoking, alcohol and substance abuse) and age-
related (pregnancy/postpartum period, taking
oral contraceptives) ones are considered to be the
main factors.

However, regardless of the causes leading to
stroke [7], the prognosis for both young and elderly
patients remain quite serious and depends on a va-
riety of factors [8], which are either extremely diffi-
cult or impossible to control. These include the vol-
ume of damaged brain tissue, individual body
reserves, collateral blood flow, and tolerance to is-
chemia [9]. The crucial factors of ischemic stroke
outcome are timely diagnosis [10], timing of trans-
portation to tertiary medical centers, and efficiency
of reperfusion therapy [11]. The diversity of these
issues determines the importance of searching for
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BCETO0, 9T0 00bEeM ITOBPEYKIEHHOHN TKAaH! TOJIOBHOTO
MO3ra, THIUBHAyaJbHbIE pe3epBbl OPraHn3mMa, CTe-
MeHb PAa3BUTOCTHU KOJLJIATEPATbHOT0 KPOBOTOKA 1
TOJIEPAHTHOCTH K uiieMuu [9]. Pematoniumu ax-
TOpaMH MCXO[a UIIEMUYECKOI0 NHCYJIBTa ABJIAIOT-
CcA: CBOeBpeMeHHada auarHocturka [10], cpoku
TPAHCIIOPTUPOBKHU B CIIEIIAAIN3UPOBAHHbBIE MEIV-
LUHCKUE yUYpeskIeHUs U 9 (PeKTUBHOCTD penep-
¢y3uoHHO Tepanuu [11]. PA3HONJIAaHOBOCTH AaH-
HBIX IIPOOJIEM OIpenessieT BaKHOCTh IIOMCKA
MpernaparoB, CIIOCOOHBIX €CJIN He TIPeI0TBPaTUTh,
TO, 110 KpaliHel Mepe, 3HAYMMO CHU3UTh IPOIIEHT
JIeTaJIbHOCTHU Y MHBAJIMTA3AIINH.

3 Bcex rpemnaparos, 00/1aJaloINX BbIPAsKeH-
HBIM HEHPONIPOTEKTUBHBIM 3(pHEKTOM, OTJeTHHO
CTOWT BBIJEJUTH KapOoHar JuTHs1, 6oJee 60 jeT
YCHENTHO TPUMEHsIeMbIN MPU TaKuX 3abojeBa-
HUSX, KAK MAaHUAKaJIbHO-elPeCCUBHbIE TICUXO0-
3bl W OUMOJsApHBIE paccTpoiicTBa [12, 13].
BrisiBJIeHHBIE B KIMHUYECKOU TIPAKTHUKE HEUPO-
MPOTeKTOPHbIE 3P PEKTHI coell TUTUS HAILIU
MMOATBEPIKIEHNE B HEJJABHUX dKCIIEPUMEHTAaJb-
HBIX UCCJIeJOBAHUSIX KaK in Vitro, Tak u in vivo (Ha
MOZeJIsIX KOTHUTUBHOH TUCMYHKIUA Y KpbIC) [14,
15]. Ocobyto 3HAaYNMOCTH IIPEICTaBJsIeT paboTa
Ming Ren (2003) u coasr. [16], rne BnepBbIe KOJI-
JIEKTUBOM aBTOPOB OBIJIO TTOKA3aHO BJIUSHUE Pas-
JIMYHBIX JTO3WPOBOK XJIOpHAA JIUTUS HA 00BEM
WIIIeMIUYEeCKOT0 WHCYJIBTa. B manHo# paboTe mpu-
MeHsJIach MojieJib (POKATBLHOM UITIEMUU T'OJIOBHO-
r'0 MO3ra C IIepeKPbITHEM CPeHEeN MO3TOBOM apTe-
puu B TeUeHUe Yaca U JajabHelIel penepdysueil.
Xyopu TUTHSI BBOOUWJICA B fo3ax oT 0,5 mEq/kr
(~21 mr/xr) go 3 mEq/kr (~127 Mr/xr) cpady nocJse
peniepdysuy, rocJjie 4ero CIycrsd 23 yaca C MOMEHTa
peKraHann3anuy MOBPEKICHHOI0 y9acTKa MO3ra
SKMBOTHBIE NOABEPrajiich F'YMaHHOU 9BTaHA3WMU.
O6BbeM TOBpEKIEHNS TOJIOBHOTO MO3Ta OIleHUBA-
JIY C IOMOIIBIO OKPalINBaHUA cJ10eB 2% 2,3,5-Tpu-
deHnITETPa30JINA XJIOPUAOM. B KOHTPOJILHOHU
rpymrme o0 beM WHCY/IBTa COCTaBJIsLT 290+12,5 Mm?,
MPU 9TOM JIa’ke NTpUMeHeHre MUHUMAJbHOU U3
HccyaeqyeMbIX KOHIIeHTpauuii 3HaYMMO CHUSKAJIO
00 eM TOBpESKIEHUS TOJIOBHOTO MO3Ta. B ciydae
KOHIIeHTpAaIuu 21 Mr/Kr 00'beM MHCY/IBTa CITyCTS
24 gaca oT MHCyJIBra cocTtaBJjsa 210+14,5 Mm3, 94To
OBI7I0 3HAYMMO HIUKE, YeM B KOHTPOJILHOH I'pyTITe
(p<0,01). B rpynnax 42 Mr/Kr, 84 Mr/Kr u 127 Mr/Kr
30HA WHCYJIBTa OblyIa TaK sKe 3HAYNUTEJIHHO HIKE,
4yeM B KOHTPOJIbHOU rpytre (p<0,001). ITpu nsyue-
HUY BJIMSTHYS XJI0PUAA JTUTHS HA MOIEJIU ITT00aTh-
HOM HIIIEMUM T'OJIOBHOTO Mo3ra [17] u remopparu-
YeCcKOTo WHCYsbTa [18] Takske OBLIN OTYETIUBHI
TOKa3aHbI er0 HEUPONPOTEKTOPHBIE 3PP EKTHI.

OnHako B paHee MPOBEIEHHBIX NCCAeN0Ba-
HUX 00'beM MMOBPESKIEHUST OI[EHUBAJIN B OCTPOM
3KCIIEpUMEHTE IOCMEPTHO, YTO He 1aBaJIO0 IMOJIHO-
ro IpeACTaBJIEeHUS O BJIUSHUE XJIOPUAA JIMTUSA Ha

AUHAMURY q)OpMI/IpOBaHI/IH odara HMHCYJIbBTa U

drugs that can prevent or at least significantly re-
duce morbidity and mortality.

Among the drugs with a strong neuroprotec-
tive effect, lithium carbonate, which has been suc-
cessfully used for more than 60 years for such dis-
eases as bipolar disorder, is particularly
noteworthy [12, 13]. The neuroprotective effects of
lithium salts revealed in clinical practice have been
confirmed in recent experimental studies both in
vitro and in vivo (models of cognitive dysfunction
in rats) [14, 15]. The work of Ming Ren (2003) et
al. [16], who showed for the first time the effect of
various doses of lithium chloride on ischemic
stroke volume, is particularly relevant. In this study
a model of focal cerebral ischemia after 1 hour long
middle cerebral artery occlusion with subsequent
reperfusion was used. Lithium chloride was admin-
istered in doses ranging from 0.5 mEq/kg (~21 mg/kg)
to 3 mEq/kg (~127 mg/kg) immediately after reper-
fusion, followed by humane euthanasia 23 hours
after recanalization of the damaged brain area. The
volume of brain lesions was assessed by staining
with 2% 2,3,5-triphenyltetrazolium chloride. In the
control group, the stroke volume was 290+12.5
mm3, and the administration of even lowest of the
studied doses significantly reduced the extent of
brain damage. At a dose of 21 mg/kg, the stroke
volume 24 hours post stroke was 210+14.5 mm3,
which was significantly lower than in the control
group (P<0.01). In the groups receiving 42 mg/kg,
84 mg/kg, and 127 mg/kg, stroke area was similarly
significantly lower than in the control group
(P<0.001). When studying the effects of lithium
chloride in models of global cerebral ischemia [17]
and hemorrhagic stroke [18] its neuroprotective ef-
fects were also clearly shown.

However, in earlier studies, the extent of dam-
age was assessed postmortem in an acute experi-
ment, which did not provide a complete view of the
effect of lithium chloride on the evolution of stroke
focus and perifocal edema, and also did not allow to
estimate the delayed protective effects. Moreover, in
2003 [16], the 127 mg/kg dose which is nearly 4 times
higher than the maximal tolerance dose for human
use proved to be the most effective in terms of neu-
roprotection [19]. The «narrow therapeutic window»
of lithium salts is well known, that is why it is so im-
portant, knowing their distinct dose-dependent ef-
fect, to determine its optimal concentration in blood
plasma for neuroprotective properties on the one
hand and to avoid toxic effects on the other hand.

Therefore, the aim of our study was to investi-
gate the effect of various concentrations of lithium
chloride on the volume of ischemic stroke and per-
ifocal edema in rats post cerebral ischemia.

Materials and Methods

We used non-pedigreed male white rats weighing
315+13.5 g. The model of endovascular occlusion of the
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nepudoKaIbHOIO OTEKa, a TAKKe He II03BOJISNI0
CyOuTHh 00 OTCPOYEHHBIX 3aITUTHBIX I eKTax.
Kpowme Toro, B pa6ore 2003 roma [16] Haubosee
3(d(pekTUBHON B OTHOIIEHUU HEUPOIPOTEKIIUU
rokasasta ceds1 ;o3a 127 Mr/Kr, 4To MOYTH B 4 pasa
MIPEBBIIIATI0 MAKCUMAJIBHO pa3pelieHHYIo K IpU-
MEHEHUIO 103y Yy uesoBeKa [19]. XopoI1o n3BeCcTHO
0 JIOCTaTOYHO «y3KOM T€PaINeBTUIECKOM OKHE» Y
coJiell IUTUsI, I03TOMY TaK BYKHO, 3HAS UX OTYET-
JIMBBIY 10303aBUCUMBIN 9(P(EKT, ONpee/IuTh ero
ONTHUMAJIBHYIO KOHIIEHTPAIUIO B IlJIa3Me KPOBU
JIJIs1 peajin3ali HeHPOIIPOTEKTOPHBIX CBOMCTB, C
OJTHOY CTOPOHBI, ¥ BO3MOKHOCTH N30€eraHus TOK-
cudeckux apPeKTos, ¢ Ipyrou.

Ilesap uccaenoBaHus — U3ydyeHUe BJIUSHUSA
pas3/IMUHBIX KOHLEHTPALUU XJIOpUaa JIUTUS Ha
00 beM UIIEMUYECKOTO WHCY/IbTa U TEPHU(OKAITH-
HOT0 OTeKa Y KpbIC IOCJIe IepeHeCeHHOU NIlleMUun
TOJIOBHOI'O MO3ra.

MarepuaJ 1 MeTObI

B pabore ucrosbp3oBasn 6€CIIOPOIHBIX CAMIIOB
6esbIX KpbIC Maccor 315+13,5 1. 3a OCHOBY B351JIA MO-
JleJIb 9HJOBACKY/ISIPHON OKKJIIO3UU CpeIHell MO3rOBOM
aprepui (dpokanbHas uiemus) 1o E. Z. Longa [20]. I
TIpeIOTBpAaIlleHUs BJINSHUS CYOBEKTUBHOTO (pakTOopa
npu (OPMUPOBAHUU OSKCIEPUMEHTAJIBHBIX IPYIII
0TOOP SKUBOTHBIX OCYIIECTBJISNIH C IIOMOIILI0 MEeToIa
MOAN(MUIINPOBAHHON OJIOYHOHN paHIoMHU3anuu. Beex
SKUBOTHBIX, BKJIIOUEHHBIX B UCCJIeJOBAHNE, CIIy4aliHbIM
06pasoM IToMeIaan B TYeHKN OJI0Ka paH/IOMU3aIIHH.
ITocne aToro, moJb3ysiChb IeHepaTOpPOM CJy4dailHbIX
unceJs1, GOPMUPOBAJIY IlepedeHb JaHHbIX C HOMepaMu
siYeeK C U COOTBETCTBYIOIIME UM HOMepa IpYIII, KyJa B
JaJbHeHIIeM ObIIH pa3MeIeHbI KPBICHL.

B UTOroByIO OII€EHKY BXOIUJIU TOJIBKO 3KUBOTHBIE,
BBIKUBIIIME HA IPOTSXKeHUU 7 JHel. JKUBOTHBIX, I10O-
TUOIINX B IIPOIecce 9KCIIEPUMEHTA, He YYUTHIBAJIH IIPH
aHanm3e oO’beMa IOpaKeHH A TOJIOBHOTO MO3Ta U HIC-
KJIIOYAJIM U3 TPYIIIBIL.

Ha Bcex aTanax sKMBOTHBIX MADKUPOBAJIU 10CPe[I-
CTBOM HaHeCeHUs IepMaHeHTHbIM MapKepOM OTMEeTKU
Ha OCHOBaHME XBOCTA. B COOTBETCTBUU C OTMETKOM KarK-
JIOMY BRKJIIOYEHHOMY B HCCJIeZJOBaHUE SKUBOTHOMY OBIT
TIPUCBOEH COOTBETCTBYIOIIUI HOMED.

JKuBOTHBIX pa3nenunau Ha 5 rpynn. 'pynma I (n=7,
cpenuss macca 302,5+12,3 1) 6b1s1a ITpeIcTaBIeHa JIOK -
HOOIIEpUPOBAHHBIMU SKUBOTHBIMH, KOTOPBIM B Kaue-
CTBe OIIepaTUBHOI'O BMeIIATe/1bCTBa BBIIIOJIHUIIN Cpe-
JUHHBIN pasdpes KOYKU 110 JIMHUU [IPOEKIUYU Tpaxeu U
BBIZIeJINJIN apTEPUIO, IT0C/Ie Yero I0CIe0IepaluoHHYI0
paHy MTOCJIOMHO YIIIHJIH, a III0B 00paboTaivi aHTUCEITH-
koM. I'pynna II siBIAIaCH KOHTPOJIBHOU (1=7, CpenHsAsA
macca 306+11,2 r), sKUBOTHBIX IO Bepraiu (POKAIbHON
niepebpasIbHOM UITIEMIH ITyTEM OKKJTIO3HH CPETHEN MO3-
roBoii aprepuu. Cpasy nocJje IpekpalieHusl UlleMun
SKMBOTHBIM BHYTPUBEHHO BBOAU/ M pactBop NaCl 0,9% u3
pacuera 1,5 ma/kr. 'pynma III (n=7, cpegusasa macca
304+12,7 1) — OMHOMOMEHTHO C IIPEKpaIlleHreM UIIIEMUH
SKUBOTHBIM BHYTPUBEHHO BBOJUJ/IU XJIOPU JINTUA B ]03€
4,2 Mr'/KT, ¢ TaJIbHEUIIINM BBEJIEHUEM Mpernapara B UccJe-
JyeMoH fo3e Kaskaple 24 yaca. ['pynma IV (n=7, cpemgusis
macca 305+11,5 r) —1ocJie CHATUA COCYAUCTOrO 3askuMa

middle cerebral artery (focal ischemia) according to
E. Z.Longa [20] was used. To prevent subjective factor in-
fluence when forming experimental groups, animals
were selected using modified block randomization
method. All animals included in the study were randomly
placed in randomization block cells. After that, arandom
number generator was used to form a data list with the
numbers of cells and corresponding numbers of groups
where the rats were subsequently placed.

Only animals that survived for 7 days were included
in the final evaluation. Animals that died during the ex-
periment were not included in the analysis of brain dam-
age volume and were excluded from the group.

At all stages, animals were labeled by marking the
base of the tail with a permanent marker. In accordance
with the marking, each animal included in the study was
assigned an appropriate number.

The animals were divided into 5 groups. Group 1
(n=7, mean weight 302.5+12.3 g) included sham-oper-
ated animals, which underwent a midline skin incision
along the trachea projection line and whose artery was
isolated as a surgical intervention with subsequent layered
closure of the wound and antiseptic treatment. Group 2
was a control group (n=7, mean weight 306+11.2 g); the
animals underwent focal cerebral ischemia by occluding
the middle cerebral artery. Immediately after cessation
of ischemia, the animals received intravenous 0.9% NaCl
solution 1.5 ml/kg. Group 3 (n=7, mean weight 304+12.7 g)
animals immediately after ischemia cessation animals re-
ceived intravenous lithium chloride at a dose of 4.2 mg/kg,
followed by the same dose of drug every 24 hours. Group 4
(n=7, mean weight 305+£11.5 g) animals after removal of
vascular clamp had lithium chloride 21 mg/kg injection,
followed by the same dose of drug every 24 hours. Group 5
(n=7, mean weight 309+10.5 g) animals received intravenous
lithium chloride, 63 mg/kg, immediately after cessation of
focal ischemia and later once every 24 hours for 7 days.

The dosages of lithium chloride used were selected
based on the available data on acute and chronic toxicity
of the drug [13].

Induction anesthesia was performed by injecting
12% chloral hydrate solution 300 mg/kg into the peri-
toneum. The surgical field was sterilized with 0.05%
chlorhexidine solution. After that, a midline incision was
made in the neck, and the common carotid artery (CCA),
external carotid artery (ECA), and internal carotid artery
(ICA) were isolated from the right side. The CCA was
clamped with a vascular clip, and a 3-0 Vicryl ligature was
placed to the ICA. The ECA was cut with scissors 3-5 mm
from the bifurcation. A 0.25 mm nylon thread coated with
silicone and treated with heparin solution was inserted
through a section of ECA into ICA to the depth of 19-21 mm
(until the MCA was occluded) and fixed with a vascular clip
(MCA occlusion). The blood flow was blocked for 60 min,
then the suture was extracted, which restored the blood
supply in the MCA region. After that, the ECA stump was
coagulated to complete tightness and the vascular clips
were subsequently removed. At the end of the operation,
the incision was sutured with 4-0 Vicryl and treated with
5% brilliant green dye. After the operation, body temper-
ature monitoring was performed aimed at maintaining
physiological values using infrared lamps until inde-
pendent thermoregulation was restored in the animal.
During the operation the body temperature was main-
tained at 37+0.5°C using an electric heating pad. The av-
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KpbICaM BBOAWJIV XJIOPHUJ, JIUTUA B 03€ 21 MI'/KT c IocJe-
JIYIOIIM BBeJeHWEeM yKa3aHHOHM J03bI pa3 B 24 yaca.
I'pynmma V (n=7, cpenusaa macca 309+10,5 1) — KMBOTHBIM
cpasy mocJse IpekpalieHus (HOKAJIbHOU HIIEeMUH, U
ajiee B TeYeHUe 7 CyTOK OOUH pa3d B 24 yaca BBOLUJIU
XJIOPUJ, JINTUA B 103€ 63 MI'/KT.

[TpuMeHsieMble J03UPOBKHU XJIOPHIA JIUTHS OBLIN
moio0paHbl Ha OCHOBAHUH UMEIOIIUXCSI TAHHBIX 00 OCT-
po¥i ¥ XpOHUYECKON TOKCUYHOCTHU IIpernapara [13].

BBomHYI0 aHECTE3UI0 IPOBOJUJA IIyTeM UHBEK-
nvu B OpromuHy 12% pacTBopa XJI0pajruapara B Jo3e
300 mr/kr. IToste onepanyu 06pabaTsIBaId pacCTBOPOM
xaoprexkcuguHa 0,05%. Ilocse 9TOro BBIIOJHAIA Cpe-
IUHHBIA pa3dpe3 B 006J1aCTH IIeH, C IPaBOH CTOPOHBI
BRI 001IyI0 COHHYIO apTepuio (OCA), BHENITHIOO
conHywo aptepuio (BHCA) n BHyTpeHHIOIO COHHYIO ap-
tepuio (BCA). OCA nepeskumaJsiv COCYAMCTON KIIUTICOH,
Ha BCA nHakganeiBaay jaurarypy mu3 BuUKpuja Ne3.
BHCA mepepesanyu HOKHUIIAMU HA PAaCCTOAHUAU 3-5
MM OT 6udypranuu. HeiJIOHOBYI0O HUTH AHAMETPOM
0,25 MM, TIOKPBITYIO CUJTUKOHOM 1 00paboTaHHYIO pac-
TBOPOM TrenapruHa, BBOAUIN Yepes orpe3ok BHCA Bo
BCA =a ry6may 19-21 MM (0 MOMEHTa IePeKPHITHS
CMA) u duxcupoBanu cocyguctoil kiaumncoii (OCMA).
KpoBoTOK nepekpsIBa/iu Ha 60 MUH, [10CJIe 4ero HUThb
M3BJIEKAJIN, YTO BOCCTAHABJINBAIO KPOBOCHAOKEHNE
B bacceitne CMA. ITocse aToro kynsTio BHCA 3akpsI-
Ba/IM Koary/jsuueidl N0 MOJHOU repMeTUYHOCTU U B
JaJbHENIIIeM CHUMAJIM COCYJUCThIE KJIUIICHI. B KOHIE
omepanuy paspes ymuBaau BUKpuiioM Ned 1 o6pada-
TBIBAJIXA 5% PacTBOPOM OPMJIIMAHTOBOTO 3€JIE€HOTO.
ITocsie onepanuy BBINIOJIHAINA HEIIPEPBIBHYIO TEPMO-
MEeTpHUIO C IIOAJepsKaHueM TeMIlepaTypbl Ha YpOBHe
¢$U3MOJIOTUUECKO HOPMBI C TOMOIIbIO MHGPaKpac-
HBIX JIaMII, 10 BOCCTAHOBJIEHUS CAMOCTOSITeJIbHOU Tep-
MOpEryJIsINY Y 3KUBOTHOT0. Bo BpeMs onepaijuu TeM-
neparypy TeJsa noaaepykuBanu Ha yposHe 37+0,5°C ¢
IIOMOUIBIO 3JeKTPpUUYeCcKold rpenku. CpenHee BpeMs
MIPOBEJEHUA ONlepaluu COCTaBuJIO 7—-10 MuH. JIoKHO-
OIlEPHUPOBAHHBIX KUBOTHBIX (JIO) monBepranu Tem ke
npoLesypaM 3a UCK/II0UeHNeM BBeleHUsI CUJINKOHOBOM
HUTH B pocseT BHCA.

Bsenenne NaCl 0,9% B KOHTPOJIBHOU TPYIITIE U XJI0-
puna Ty B rpynnax I1I, IVu V ocymecTsiisim BHyTpU-
BEHHO OJJHOKPATHO Cpa3dy I10CJle CHATUS COCYJUCTBIX
KJMIIC. B mocseayomnye IHYU 9KCIIepUMeHTa IIpernapar
BBOJIMJIM OJJVH Pa3 B CYTKU O MOMEHTA 9BTaHA3UMU.

OneHKy 00 beMa IOBPEsKIeHNsI TKAHEH TOJIOBHOTO
MO3ra IIPOBOJUJIU C UCII0JIb30BaHUEM MarHUTHO-Pe30-
HaHCHOU ToMorpaduu (Ha 2-e CyTKU) U C IOMOLIBIO CKa-
HUPOBaHUsS CPe30B I'OJIOBHOI'O MO3ra, OKpPalleHHbIX
2,3,5-Trpudenunrerpasonusa xjgopugom (TTC-meron)
T0CJIe 9BTAHA3NM (HA 7-€ CyTKH).

Ilepen noMeleHyeM B almapar MarHUTHO-Pe30-
HaHCHOH ToMorpaduu 1a60paToOpHBIM SKUBOTHBIM IIPO-
BOJWJIA CeNAIfIo IyTeM WHTrajaupoBaHus 1,5-2,0 06%
M3odutypana. [lajiee Y)KUBOTHOE IIOMEIAJIA B YCTPOUCTBO
MO3UIIMOHUPOBAHUSA C CUCTEMOU CTepeoTaKcuca U Tep-
Moperynsanuu. Bce uMIyIbCHbIE IIOCI€40BaTeIbHOCTU
TIpeBapyUTeIbHO 0TPA0OTAIN W ONTHMU3WPOBAIHA Ha
danTomax. [l nepegaun paguovactorHoro (PY) cur-
HaJIa MCII0JIb30BAJIN JIMHEHHBII TPAHCMUTTED C BHYTPEH-
HUM THaMeTpOM 72 MM, i1 feTekiuu PU-curaana — 1o-
BEPXHOCTHYIO IIDUEMHYIO KaTYIIKY JIJIs1 MO3Ia KPBICHI.
Vicnonp3oBaju cilefyloliye UMITyJIbCHbIE II0CJIe0Ba-

erage time of the operation was 7-10 minutes. Sham-op-
erated animals underwent the same procedures except for
the introduction of a silicone thread into the ECA lumen.

Normal saline in the control group and lithium
chloride in groups 3, 4 and 5 were administered intra-
venously immediately after the vascular clips were re-
moved. On the following days of the experiment the drug
was administered once a day until euthanasia.

The extent of brain tissue damage was assessed by
magnetic resonance imaging (on day 2) and by scanning
the brain sections stained with 2,3,5-triphenyltetrazolium
chloride (TTC-method) after euthanasia (on day 7).

The laboratory animals were sedated by inhalation
of 1.5-2.0 vol% Isoflurane before placement in the MRI
machine. The animals were then placed in a positioning
device with a stereotaxis and thermoregulation system.
All pulse sequences were pre-tested and optimized on
dummies. A linear transmitter with an internal diameter
of 72 mm was used to transmit the radiofrequency (RF)
signal, and a surface receiving coil for the rat brain was
used to detect the RF signal. The following pulse se-
quences (PS) were used: RARE - spin echo-based PS with
TR 6000 ms, TE 63.9 ms, slice thickness 0.5 mm, matrix
size 256%384, resolution 0.164X0.164 mm/pixel. Total
scanning time per animal was about 25 minutes.

On day 7 after ischemia, animals were given an in-
creased dose of chloral hydrate and decapitated. The brain
was removed from the cranium and rinsed in normal
saline, then cut into 2-mm-thick coronal sections using a
special mold with grooves for precise cutting. Sections were
stained with 1% 2,3,5-triphenyltetrazolium chloride (TTC,
«Sigman») solution in buffer with pH 7.4 for 10 minutes at
37°C and fixed in 10% formalin solution in buffer. To obtain
images, the sections were scanned from both sides on an
HP Scanjet 4500c scanner (2400 dpi resolution).

Digital images of brain sections stained with TTC
or T2-weighted magnetic resonance images (MR images)
were used for morphometric assessment of the ischemic
focus area and the volume of ischemic injury. Digital im-
ages were analyzed using Image]J (NIH, Bethesda, USA)
medical image analysis freeware. Separate measure-
ments of total infarct area, cortex, and subcortical struc-
tures were used for each section. Areas not stained with
TTC were considered to be necrotic. The 2,3,5-triphenyl-
tetrazolium chloride itself is white, but under the action
of cellular dehydrogenases it turns red due to reduction,
which clearly delineates the dead tissue zone.

The volume of ischemic infarction (V) was deter-
mined using the formula:

V:ZAXd

where V — volume; YA — sum of the areas of all
MR-sections; d — width of sections.

Also, percentage of cerebral edema was determined
using the formula:

% cerebral edema = ((Sih - Sch) / Sch) X100

where Sih — area of the ipsilateral hemisphere,
Sch — area of the contralateral hemisphere. The volume
of ischemic lesion for each group was normalized to the
mean value of infarct volume in the MCA occlusion +
normal saline group.

Five minutes after lithium chloride injection and 1,
4, and 24 hours later, the drug concentration in plasma
was measured to determine a safe dosage based on the
available data on the threshold toxic concentration for
humans (2.5 mmol/l).
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Experimental Studies

Ta6.1mua 1. 06eM 30H MOBPEKACHHUA I'OJIOBHOI'O MO3ra Ha 2-en7-e CYTKH II0CJI€ HHCYJ/IbTA IIPH PA3JITHYIHbIX

KOHIIeHTpalMAX XJopHuaa autus, Q2 (Q1-Q3).

Table 1. Volume of brain damage zones on day 2 and day 7 after stroke at various doses of lithium chloride, Q2

(Q1-Q3).
Group Values on the study stages
Day 2 Day 7
Stroke volume, P Perifocal edema P Stroke volume, P
mm? volume, mm? mm?3
Control 235,0 (180,5-261,0) — 110,0 (101,5-118,0) — 200,0 (170,5-256,0) —
Lithium chloride 4.2 mg/kg 218,0 (199,5-250,5) 0,9 104,0 (100,5-109,0) 0,9 188,5 (168,0-235,0) 0,9
Lithium chloride 21 mg/kg 175,5 (154,5-180,0) 0,04* 89,5 (79,5-95,0) 0,03*  158,0 (125,0-175,5)  0,045*
Lithium chloride 63 mg/kg 128,5(119,0-143,5)  0,004* 71,0 (68,0-78,0) 0,007* 118,0(102,0-133,0) 0,037

Note. * Differences versus controls are significant (Mann-Whitney U-test) at P<0.05.
IIpumeuanmue. Values on the study stages — 3HaueHUs Ha aTanax uccjienoBanus; stroke volume — o6'bem uncynsra; perifocal
edema volume — 06beM neprudoOKaJIBLHOTO OTEKA. ¥ — PA3JIMYMUs B CPABHEHUU C KOHTPOJIEM CTAaTUCTHUYECKHU 3HAYNMBI

(U-xpurepuit Manna-Yutan) npu p<0,05.

tespHOCTH (MI1): RARE — UI1 Ha 0CHOBE CIMHOBOTO 9Xa
¢ napametrpamu: TR=6000 mc, TE=63,9 mc, TosamuHa
cpesa 0,5 MM, pasMep Marpunsl 256384, paspelienue
0,164X0,164 mM/miukces. Ob1iee BpeMsi CKAHUPOBAHUS
OJTHOTO YKMBOTHOI'O COCTaBHJIO OKOJIO 25 MUHYT.

Ha 7-e cyTku nocjie AIIeMHAN YKUBOTHBIM BBO-
JWUJIA MOBBIMIEHHYIO O3y XJIOpPAAruapara A BBIIOJI-
HAJIW JeKaluTanuo. Mo3r n3B/ieKaau U3 YepernHon
KOpPOOKHM W IpOMBIBAIN B (PU3UOJIOTUYECKOM pac-
TBOpE, II0CJIE Yero pa3pes3atu Ha KOpOHa/JIbHbIE CPE3bl
TOJIIIIUHOM 2 MM C TIOMOII[BIO CeNraJTbHON (DOPMBI C
nasamu AJjsi TouHol pe3ku. Cpesbl okpamusaau 1%
pactBopoM  2,3,5-TpueHUATETPAIONNI  XJIOopUaa
(TTC, «Sigma») B 0ydpeprom pactsope ¢ pH 7,4 B Teue-
Hue 10 munyT 1pu 37°C U (pUKCHpOBaIH B pacTBOpe
10% dopmanuna B 6ydepHOM pacTBope. [y mmosyye-
HUA U300paskeHUH cpe3bl CKAaHUPOBAJIU C 00eUX CTOPOH
Ha ckaHepe hp scanjet 4500c (paspemenue 2400 dpi).

11 MopdoMeTprUUeCKOro U3MepeHusI IJI0anu
ouara v 06beMa UIIeMITYeCKOT0 TOBPESKIEHUST MCIIOJTh-
30Ba/IM M POBbIe U300pAKEHNSI CPE3OB MO3Ta, OKpa-
meHHbIX TTC mam T2-B3BelleHHble MAarHUTHO-PE30-
HaHCHbIE U300paskenuss (MP-u3obparkeHue). AHaIU3
1 POBBIX N300 pa’KeHUH IIPOBOIUIIN C TOMOIIILIO CBO-
00IHO pacIpoCcTpaHsIeMOH IPOrpaMMBbI aHATIN3a MEIH-
IUHCKYX n3obpaskennii «Image)» (NIH, Berecma, CIIIA).
J1 KayK 0T 0 cpe3a MCI0/Ib30BaJId OT/Ae/IbHbIE U3Mepe-
HUS 001eH IO TN MHQAPKTa, KOPHI ¥ HOTKOPKOBBIX
crpykryp. Heokpamennsie TTC y4acTKu IpUHUMAJINA
KaK HeKpoTudeckue 30HbI. CaMm 2,3,5-Tpudenusnrerpa-
30JIMUA XJIOPUCTBIA MMeeT OeJibIil IIBET, OJHAKO IIOf
BJIMAHHAEM KJIETOYHBIX JEruJpOoreHas OKpalnBaeTcs B
KPACHBIH IIBET B pe3yJisraTe BOCCTAHOBJIEHUSI, YTO 1103-
BOJISIET YETKO OT[IeJIUTh 30HY IOTUOIINX TKAHEH.

Ob6beM nmemmyeckoro wHpapkra (V) ompene-
JIs1IM 110 hopMmyiie:

V=Y AXd

rae: V— o6bem; YA — cymMMa Iiomanei Bcex
MP-cpe3oB; d — mupuHa cpesoB.

Takrske onpenenunu % oTeka Moara 110 hopmyiie:

% orerka mo3ara = ((Sum - Skm) / Ski) X100

rae: Sum — IJIomanhb UICAJIATePaJTbHOTO IOJIY-
mapus, SKI — IVIOIalb KOHTPaJIaTepaabHOIo IOJIy-
mapusa. O6beM HIIEMUYECKOTO MOBPEKIAEHUS s
KasKI0 IpyIIIbl HOPMAJIU30Ba/IM Ha CpeiHee 3HaueHne
o6 bema nagapkra B rpymne OCMA+dus p-p.

CrrycTsa 5 MUHYT ITOCJI€ BBEIEHUA XJIOPULa JIATHUS,
a Takyke dyepes 1, 4 1 24 yaca oLleHUBAJIV KOHILIEHTpaA-

Statistica 10.0 (StatSoft, Inc.) and MedCalc 12.5.0.0
(MedCalc Software bvba) were used for statistical analy-
sis. Quantitative data were reported as medians (Q2) and
interquartile range (Q3-Q1I). Intergroup differences were
assessed using the Mann-Whitney test and were consid-
ered significant at P<0.05.

Results and Discussion

The MRI performed on day 2 after ischemia
episode showed that the stroke volume significantly
differed from the control group only when lithium
chloride was administered at doses of 21 mg/kg and
63 mg/kg.

The results obtained when assessing the vol-
ume of brain damage on day 2 are presented in
Table 1. Stroke volume in the 4.2 mg/kg group was
7.8% lower than in the control group, and perifocal
edema volume was 5.7% lower. In the group receiv-
ing the drug at 21 mg/kg, the stroke volume was re-
duced by 25.5% and perifocal edema by 18.6%. In the
group receiving lithium chloride at a dose of 63 mg/kg,
the stroke volume was reduced by 43.5% and peri-
focal edema by 35.4%.

The brain lesion areas on MRI on day 2 are
shown in Figure.

Lithium chloride at doses of 21 mg/kg and
63 mg/kg significantly reduced the volume of the
damage, whereas no significant difference was ob-
served, when a dose of 4.2 mg/kg was administered.

The results obtained when assessing the
stroke volume on day 7 are presented in Table 1.

In animals receiving lithium chloride at a dose
of 4.2 mg/kg, the damaged area was 5.7% smaller
than in the control group. The volume of damaged
tissue was 21% less with the dose of 21 mg/kg and
41% less when the the dose of 63 mg/kg was used.

When determining the concentration of
lithium chloride in the blood of animals, we found
that the dose of 63 mg/kg was associated with the
borderline toxic blood level (2.5 mmol/L) 5 minutes
after administration. However, as early as one hour
later, the blood concentration of the drug de-
creased again to a safe level. Separately, it should
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LIMIO IIpenapara B I1J1a3Me KUBOTHBIX C I1eJIbI0 OIlpeie-
JieHus1 0e30ITacCHOM JO3UPOBKHU UCXOS M3 UMEIOIINXCS
JTAHHBIX O TOPOTOBOM TOKCUYECKOU KOHIIEHTPAIIUH JIJIs1
YeJjoBeKa (2,5 MMOJIb/JI).

JIJIsT cTaTUCTUYECKOTO aHa/u3a HCIIO0Jb30BaJIud
nporpammsbl Statistica 10.0 (StatSoft, Inc.) u MedCalc
12.5.0.0 (MedCalc Software bvba). KoaudecTBeHHBIE
JIaHHBIE IpeJICTaBaIu MequaHol (Q2) M MesKKBApTUIb-
HBIM UHTepBaJioM (Q3-QI). MesKrpynnoBble pa3inyuusa
IoKasaTesiedl OlleHWBAJIM NMPU moMoIu U-KpUTepus
YutHr-MaHHa U IpUHUMAIU 3HaYUMbIMU 1pu p<0,05.

Pe3ynbTarThl M 00CYyK/IEeHUE

IIpu onjeHKEe pe3yabraTOB MAarHUTHO-PE30-
HaHCHOH ToMorpaduu Ha 2-e CyTKH IT0CJIe Iiepe-
HECEHHOU UIleMUu 00beM WHCYJAbTa 3HAYUMO
OTJIMYAJICA OT KOHTPOJIBHOU T'PYHIIBI TOJBKO
IIpYU BBEAECHUHU XJIOPUAA JIUTUA B 103axX 21 Mr/Kr
" 63 MI'/KT.

Peayssrarsl, osy4eHHbIe IPU OIleHKe 00beMa
MOBPEKAEHUSI FOJIOBHOIO MO3Tra Ha 2-€ CYTKH,
IpeAcTaBu/In B Ta0J1. 1. O6beM UHCY/IBTa B TPYyIIIe
4,2 Mr/Kr OB171 Ha 7,8% MEHBIIIE, YeM B KOHTPOJIHHOMU
rpymre, a 00beM neprudoKaILHOTO OTeKa — Ha 5,7%.
IIpyu ucno/sb3oBaHUM KOHLEHTpauuu 21 Mr/Kr
00beM MHCYJIBTA CHUKAJICA Ha 25,5%, a mepudo-
KaJIbHBIA OoTek — Ha 18,6%. B rpynme xyopuma
JINTHS B 103€ 63 MI'/KT 00beM MHCY/IBTa CHUKAJICS
Ha 43,5%, a meprugoKaIbHOro oTeKka — Ha 35,4%.

30HBI ITOPasKEeHUs rOJIOBHOr0 Mo3ra Ha MPT-
n3o0pakeHNsAX yepes 2 CYTOK IpPeCTaBUINA Ha
PUCYHKe.

Xjopun JUTHUA B 103aX 21 MI/KT ¥ 63 MI/KT
3HAYMMO yMEeHbIIIaJ 00'beM IMOBPEKIEeHHs, B TO
BpeMs Kak [IPU BBEJCHUHU 10361 4,2 MI'/KI' 3HAYU-
MOH pa3HHUIIbI He OTMeYaJIn.

Pesysbrarsl, HoIy4eHHbIe TP OIleHKe 00be-
Ma MHCYJIBTa Ha 7-€ CyTKY, IPeICTaBUIH B TaOI. 1.
B rpynne xsiopuja JuTus B 103€ 4,2 MI/KI 30Ha
MOBpesKIeHUs1 Oblja Ha 5,7% MeEHbIIlE, YeM B
KOHTPOJIBHOH rpynie. [Ipy ucnob30BaHNN JO3BI
21 Mr/kr obbeMm mopaskeHus ObLI MeHbIIle Ha
21%, a ipu no3e 63 Mr/kr — Ha 41%.

IIpu onpeneseHNN KOHIEHTPALUU XJI0PUIA
JIUTUS B KPOBU >KMBOTHBIX BBISIBUJIU, YTO MPHU
HCII0JIb3yEeMbIX B PAMKAX 9KCIICPUMEHTA KOHIEHT-
panysix TOJIBKO 1034 63 MI'/ KT yepes 5 MUHYT I10CJIe
BBEJIEHUS JOCTUrAJ1a [IOFPAaHUYHOI'0 TOKCUYECKOI0
3HadeHwus (2,5 MMOJIb/J1). OTHAKO yyKe CITyCTA 4ac
KOHIIEHTpAIMs B KDOBU BHOBb CHIKAJIACh JI0 Oe3-
onacHOM. OT/Ie/IbHO CTOUT YKa3aTh, YTO OT IpUMe-
HEHUsI XJIOpUaa JINTUSI B 03€e 84 Mr/Kr OBLIO
pelIeHO BO3JAEpsKaTbCA B BUJY IIPEBBIINIEHUA
TIOPOTOBOM TOKCUYECKON KOHIIEHTPAIINH KaK CITy-
CTs 5 MUHYT, TaK U CIIyCTA 1 4ac.

JlaHHBIE 110 KOHLIEHTPALUY XJIOPUA JINTHUS B
IJIa3Me MpeiCTaBUIHN B Ta0JI. 2.

B xoze skcnepuMeHTa OTIeIbHO OLleHUBAJIN
JIETAJIbHOCTh B IPYIIAX, OJHAKO €€ aHaJIu3 He

30Ha MIIEMHYECKOr0 HHCYJIbTa Yepe3 2-e CYTOK MOoCJIe OK-
KJIIO3UM cpegHel Mo3roBoii aprepun. MPT (T2-B3BenieH-
HbIe U300pasKeHus1).

Ischemic stroke area 2 days post middle cerebral artery occlu-
sion. MRI (T2-weighted images).

Note. White arrows delineate the brain lesion.

IIpumeuanue. BeJbIMU CTpeJKaMU YKa3aHbl TPAHUIIBI T10-
BPESKIEHNUsI TOJIOBHOTO MO3Ta.

be noted that we decided to avoid using lithium
chloride at a dose of 84 mg/kg due to exceeding the
threshold toxic concentration both after 5 minutes
and after 1 hour.
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Tabauia 2. KoHeHTpaus XJI0puaa JUTHs (MMOJIB/JI) B KPOBH IMMOCJI€ OJHOKPATHOTO BBeaeHus1, Q2 (QI1-Q3).
Table 2. Blood lithium chloride concentration (mmol/L) after a single injection of the drug, Q2 (QI1-Q3).

Lithium chloride dose

Lithium chloride (mmol/L) in blood at different periods after injection

after 5 min after 1 hour after 4 hours after 24 hours
4.2 mg/kg (0.1 ml/kg) 0.7 (0.5-0.8) 0.5 (0.3-0.6) Not detectable Not detectable
21 mg/kg (0.5 ml/kg) 1.7 (1.5-1.8) 1.2 (1.1-1.3) 0.5 (1.3-1.6) Not detectable
63 mg/kg (1.5 ml/kg) 2.5(2.2-2.6) 2.0(1.8-2.2) 1.0 (0.8-1.1) 0.1 (0-0.2)
84 mg/kg (2.0 ml/kg) 3.7 (3.5-3.9) 3.3(3.1-3.5) 2.6 (2.1-2.7) 0.2 (0.1-0.3)

IIpumeuanwue. In blood at different periods after injection — B KpoBu B pasHoe BpeMsi I10CJIe BBEJEHUS.

AIBJISAJICS IPUOPUTETHOM 1eJIbI0 B JTaHHOM HCCJIe-
JIOBaHUU. B KOHTPOJIBHOM IpyIllle OHA COCTaBUIIa
58,8% (13 17 »kUBOTHBIX Toru6J10 10). B rpynme 111
u3 16 sKUBOTHBIX morubio 9 (56,25%, ¥*=0,022,
p=0,882 110 OTHOIIEHNIO K KOHTPOJIbHOMH IpyIIIIe).
JleranpHOCTS B rpymte [V cocrasuia 36,3% (13 11
SKUBOTHBIX TTOTM0JI0 4, ¥?>=1.348, p=0,246 110 OTHO-
IIIeHUIO K KOHTPOJIBHOH I'pynie), B rpymmne V oHa
Obl71a MUHUMaIBHOU U cocTaBuiia 30% (1orubdJio
3 3 10 )KUBOTHBIX, ¥*=2,095, p=0,148 110 OTHO1IIE-
HUIO K KOHTPOJIBHOM rpyIIe).

Ha cerogHAIHUMI eHb 1O0CTaTOYHO XOPOIIIO
M3BECTHBI MOJIEKYJIsIpHble MeXaHU3Mbl Helpo-
npoTekTopHOro adderra coseti mutus. [10]. [lep-
BBIM MEXaHU3M — I3TO MPsSIMOE MHTUOUPOBaHUE
OCHOBHOTO (pepMeHTa B peaju3alii MexaHn3Ma
HIIeMUYeCcKoro 1 (papMaKoJIOrnyecKOTo IPeKoH-
TUIMOHUPOBAHUS — IJINKOT€H-CUHTa3bl-KUHA3bI
36eta (I'CK-3p) [21]. Bropoii MexaH3M — HHAKTHU-
Banusa NMDA-penenrtopos, 4T0O IIPUBOIUT K CHU-
SKEHUIO aKTUBHOCTH IIPOAIIONITOTUYECKOT0 Oeska
P53 U HOBBIIIEHNE AKTUBHOCTU aHTU-AIlONTOTUYE-
ckux 6eskoB Bcl2 [13]. Tperuii MexaHU3M — aKTH-
Barus1 curHajipHoro mytu PI3K/Akt, orBeuaroriero
3a BbDKHBaHUe KJIEeTKH [22].

[1efioTpOIHBIN MeXaHN3M peaTn3alu Hel-
poIpoTeKTOpHOTO 3 (peKTa coJelt TUTHUSI TTO3BO-
JIsIeT HaJIeeTcsl, 4YTO ero UCI0/Ib30BaHMe YIYUIITUT
pea3yJIbTaThl JiedeH!sl MIIeMHUYecKoro MHCYJIBTA.
Taxk ske CTOUT OTMETUTH, UTO B OTHOIIIEHNU Kap0o-
HaTa JIMTHA ysKe HaKOIJIeH JOCTAaTOYHO OOIIMPHBIH
KJIUHUYECKU omnbIT. [IprMeHeHus kapboHaTa
JINTHUS B paMKax Tepalnuy MaHuaKaJbHO-/Iemnpec-
CHBHBIX COCTOSHUHN IT03BOJIMJIO BECbMa IMOAPOOHO
OIIEHUTh €ero BJIMsSHHUE Ha YacTOTy pa3BUTHUA
WMHCYJIBTOB B JaHHOH T'pyIIIle MaIjieHToB, KoTopas,
II0 UMEIOIIUMCS JTaHHBIM, 3HAYUTEJbHO BBIIIIE,
HesKeJIN Y OCTasIbHbIX Jifofett [23]. [Ipu cpaBHeHUN
C TpylIamu arydeHToB, IPUHUMAIOIUX CTaH/1apT-
HYIO Teparnuio Ha OCHOBE aHTUIICUXOTUKOB U aHTH-
JIeIIpeccaHToB, YacTOTa Pa3BUTHA NHCYJIBTA CPeU
II0JTyYaBIINX TepaNuio KapOoHaTOM JUTHUA ObliIa
3HAYUMO HIKe. [1o JaHHBIM IPOBeIeHHBIX HCCIe-
JIOBAHUH B CjIy4ae CTaHJapTHOHN Teparnuy NHCYJIBT
pasBuBasica y 5,4% MalieHTOB, B TO BpeMs Kak Ha
¢one mpuema kapboHaTa JIMTUS €T0 YaCTOTa He
npesblana 2,8%, 4YTO OBIJIO CTAaTUCTUYECKU

Data on plasma lithium chloride concentra-
tion are shown in Table 2.

During the experiment, mortality was evalu-
ated separately in the groups, but its analysis was
not a priority of our study. In the control group the
mortality rate was 58.8% (10 out of 17 animals
died). In group 3, 9 animals out of 16 died (56.25%,
¥?=0.022, P=0.882 versus the control group). The
mortality rate in group 4 was 36.3% (4 out of 11 an-
imals died, ¥?=1.348, P=0.246 versus the control
group), in group 5 it was minimal and reached 30%
(3 out of 10 animals died, ¥?>=2.095, P=0.148 versus
the control group).

Currently, the molecular mechanisms of the
neuroprotective effect of lithium salts are well
known [10]. The first mechanism is the direct inhi-
bition of glycogen synthase kinase 3beta (GSC-3p),
the main enzyme in ischemic and pharmacologi-
cal preconditioning [21]. The second mechanism
is inactivation of NMDA-receptors, which leads to
decrease of pro-apoptotic protein p53 activity and
increase in anti-apoptotic proteins Bcl2 activ-
ity [13]. The third mechanism is the activation of
PI3K/Akt signaling pathway responsible for cell
survival [22].

The multifaceted mechanism of realization
of the neuroprotective effect of lithium salts sug-
gests that its use will improve the results of treat-
ment of ischemic stroke. Moreover, there is a con-
siderable clinical experience with lithium
carbonate use. Administration of lithium carbon-
ate in bipolar disorders has allowed to estimate its
effect on stroke incidence in this group of patients,
which, Whitney-according to available data, is
much higher than in other populations [23]. When
compared with patients on standard therapy
based on antipsychotics and antidepressants, the
incidence of stroke among those receiving lithium
carbonate therapy was significantly lower. Accord-
ing to studies, with standard therapy, stroke devel-
oped in 5.4% of patients, while in those on lithium
carbonate its incidence did not exceed 2.8%,
which was significantly lower (P<0.05) [24, 25].
Also, Mohammadianinejad S. E. [26] and Sun Y. R. [27]
have shown improvement of motor functions in
post stroke patients administered with lithium
carbonate.
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3HaunMo (p<0,05) MeHbIIIe. [24, 25]. Tak ske B pabo-
Tax S. E. Mohammadianinejad [26] u Y. R. Sun [27]
OBI7I0 OTMEUYEHO YIIyUIIIeHNE MOTOPHBIX (DYHKITHH Y
MIAIMeHTOB, [IePEeHECIINX MHCYJIET ¥ IPUHAMAaBIINAX
TI0CJTe 9TOTO KapOOHAT JIUTHS.

3akJrouenue

[TosnydyeHHBIE pe3ysabTaThl IO3BOJIAIOT Cle-
JaTh JBa BbIBOAA. Bo-MepBBIX, XJIOPUJT JIUTHUSA
o0J/1a1aeT HEHPOIIPOTEKTOPHBIM JIEHCTBHUEM, KaK B
paHHEM (2-e CyTKU), TaK U B OTCPOYEHHOM (7-€ CyTKH)
ITIOCTUHCYJIETHOM [1IepUOZe, 3HAYMMO YMEHbIAs pas-
Mep MHCYJIBTa U neprugoKaJIbHOTO OTeKa. Bo-BTO-
PbIX, TaHHBIN 3D (PEKT SABJISIETCS I0303aBUCUMBbIM, B
TOJTHON Mepe MNPOSIBJSSCH MPU HMCIOJJIHb30BAHUU
KOHIleHTpanusA 21 Mr/Kr u 63 Mr/Kr, 1 HUKAaK He
BJIMSISI HA 00bEM TIOPAsKEHUS B T03€ 4,2 MT'/KT.

B To ke BpeMsa mpu CpaBHEHUU C paHee
HccJIeyeMbIMUA KOHIeHTpauusMu [16] ObL10
IMOKa3aHo, YTO peain3alnus HeHpompoTeKToP-
HOTO 9(pdeKrTa XJ0pHUaa JUTUSA BO3SMOKHA Oe3
MPEBBINNIEHUST TOKCUYECKOW KOHIEHTPAIlUH.
KpomMme Toro, B paHee mpoBeIeHHBIX paboTax [23,
28, 29] onTuMaJibHbIE 03Bl IJIA peajausanuu
Kapauo- M HedpompoTekTopHOTO 3ddeKrTa
coctaBuau 30 Mr/Kr. XOpOIIIO U3BECTHO O T0CTA-
TOYHO «y3KOM TepaleBTUYeCKOM OKHe» Y coJsiei

JINTHS, IO3TOMY TaK Ba’KHO, 3HASA UX OTYETIIH-
BbI J0303aBUCUMBbI 3 deKT, omnpeyeauTb
ONTUMAJbHYIO KOHIIEHTPAINIO COJIEH JIUTUS B
I1a3Me KPOBH JIJIs peajn3anuy Ux Helpomnpo-
TEKTOPHBIX CBOWCTB, C OJHON CTOPOHBI, U BO3-
MOKHOCTH TpPEeAyNpesKIeHNs] TOKCHUYECKUX

adPperToB — C Ipyroi.
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Conclusion

The results have led us to two conclusions.
First, lithium chloride has a neuroprotective effect
both in the early (day 2) and in the delayed (day 7)
poststroke period, significantly reducing the size of
the stroke and perifocal edema. Secondly, this ef-
fect is dose-dependent, being fully manifested at
doses of 21 mg/kg and 63 mg/kg and having no ef-
fect on the brain lesion volume when administered
at a dose of 4.2 mg/kg.

At the same time, when comparing with the
previously studied plasma concentrations [16], the
neuroprotective effect of lithium chloride was
shown to develop without exceeding the toxic con-
centration. Moreover, in earlier studies [23, 28, 29],
the optimal doses for implementation of cardio-
and nephroprotective effect were 30 mg/kg. The
«narrow therapeutic window» of lithium salts is well
known, so in view of their distinct dose-dependent
effect it is important to determine the optimal
plasma concentration of lithium salts to implement
their neuroprotective properties on the one hand
and prevent toxic effects on the other hand.

The newly obtained knowledge warrants the
prospects for developing a novel drug formulation
(intravenous lithium chloride) for the treatment of
cerebrovascular accidents.

IMoJsrydueHHBIE HOBbIE 3HAHUS TIO3BOJIAT, KAK
HaM I[IPEJICTABJISIETCS], PACCMOTPETH EPCIIEKTHBBI
CO3/IaHUsI HOBOIO JIEKAPCTBEHHOTO CpEJICTBA
(pacTBOp JIUTUA XJIOpUAA IJIA BHYTPUBEHHOIO
BBEJIEHUS) JIJISI JIEUEHHsT OCTPBIX IlepeOpaibHbIX
Karactpod.
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Pe3rome

Ileas uccaegoBanus. VI3yudnThb CTPYKTYpPHble U3MEHEHUs U AaTb MOP(OMeTpUUeCKyIO XapaKTePUCTUKY
MPOSIBJIEHUSIM OTeKa-HabyXaHUsI CEHCOMOTOPHOH KOpbI (CMK) 60JIBIITOr0 MO3Ta MOJIOBO3PETbIX OeJIbIX
KPBIC ITOCJIe OKKJIIO3UH OOIIHX COHHBIX apTePHUH PasInyHOH IPOJO/LKUTETEHOCTH.

Mertoas! ucciegoBanuA. OCTPyIo UIIEMHIO MOJIEIMPOBAIN Ha OeJIbIX B3POC/BIX KpbIcax Wistar myTem
20, 30 1 40-MUH OKKJIIO3WH 001X COHHBIX apTepuit (OOCA). VcImosb30BaIM TUCTOJIOTHYECKHE (OKpacKa
reMaTOKCUJINH-203UHOM U 110 Huccimo), ummyHorucroxumudeckue (NSE, MAP-2, GFAP) u Mopdomerpuye-
CKUe MeTofbl uccaenoBanus. MopdoMeTpudecKuil aHa/Iu3 OCYyIeCTBIIS/IM Ha Iiperaparax, OKpalleHHbIX
reMaTOKCUJIMH-903MHOM, C TIOMOIIIBIO MJIarnHoB nporpammel Image] 1.53 (Find Maxima, Find Foci). I1po-
BepKY CTaTUCTUYECKUX TMIIOTe3 (HellapaMeTpuyeCKre KpUTepru) IpOBOAWIIN B IIporpamMe Statistica 8.0.

Peaynbsrarsl. BCMK ronosHoro Mo3ara 6essix Kpeic mocse 20, 30 u 40-Mmua OOCA oSIB/IA/IACH IPU3HAKA
IIUTOTOKCHYECKOT0 OTeKa-HaOyXaHs, pa3BUBAJINICh 0YaroBhIe IeCTPYKTUBHBIE U aJalITUBHBIE N3MEHEHHN s
HeHpOHOB U acTporuu. [IposiBeHNs oTeKa-HaOyXaH!s COXPAHAINCH Ha IPOTSPKeHNH BCETo ITeproyia Ha-
6monenus (7 cyT). CTaTHCTUYECKN 3HAYMMO YBE/IMYNBAIACH OTHOCUTEIbHAS IJION[Adh, KOJTUYECTBO 30H
OoTeKka-HabyXaHUs U CTENIeHb WX THAPATAIliN (ApKOCTh nukceseit). Yepes 1 u 3 cyt mocae OOCA 4acTb OTpo-
ctkoB actporuroB CMK paspymasnace. B 6osb1Ieli cTenieHn cTpagaay cydonnanbHast U IepUBacKy/IApHbIE
3oubl. [Tocste omHocToponrHe 30 MuH OOCA pa3BUBaINCh C1abble U yMepeHHBIE, a II0CJIe TBYCTOPOHHEH 40
MuH OOCA — yMepeHHbIE U BbIpa)KeHHbIE MEJIKOOYATOBbIE CTPYKTYPHO-(QYHKIIMOHAIbHbIE NU3MEHEHUST
CMK c nosiBsieHreM OOJTBINNAX 30H IMPOCBETIEHUST «IIOPUCTOT0» HEUPOIIHJIS, BEIPASKEHHOTO IIEPUBACKYJISIP-
HOT'0 ¥ IIepUHEeHPOHAIbHOI0 OTeKa OTPOCTKOB acTpOLUTOB. [locejHee coueTasoch C yMepeHHOU pelyK-
yeit o0Iel YMCIeHHON IIOTHOCTHA HEHPOHOB.

3axkrouenue. [Tociie OOCA B CMK Ha hoHe TUCTpO(PHUIECKUX K HEKPOOMOTHYECKUX M3MEHEHWH TUpa-
MUHBIX HEHPOHOB U aKTHBAINY HEUPOIINATbHBIX KJIETOK ITOSBJISAINCEH IPU3HAKN OTeKa-HabyxaHusd. B
OOJIBIIIEH CTETIEHN 3TO MPOSIBJIAJIOCH Yepe3 3 CyT Ioc/Ie BYCTOPOHHEeN 40 MUH OKKJIIO3UH.

Kntouesnle croea: omek-Habyxanue; 0ocmpasi uuiemusy; HeOKOpmekc; HelipoHbl; acmpo2iust; UMMYHO-
2ucmoxumusy; mopgomempusi; kpuicor Wistar
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Experimental Studies

KoH(INKT HHTEPEeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUYM KOH(MJIMKTA NHTEPECOB.
BuaromapHocTs. [laHHast paboTa BeIo/THeHa mpu mopeps;kke @PI'BOY BO OMCKOTo rocyjapcTBEHHOTO Me-
OUIMHCKOT'O YHUBEPCUTETA B paAMKaX IIOATOTOBKHY X aTTECTAIUN HAYIHO-TIEeJarornieCKNX U HayYHbIX KaIPOB.

Summary

The aim of the study. To examine the changes in structure and morphometry in sensorimotor cortical
edema with cell swelling in mature white rats after common carotid artery occlusion of various durations.

Material and methods. Acute ischemia was modeled on white adult Wistar rats by 20-, 30- and 40-min oc-
clusion of the common carotid arteries (CCA). Histological (hematoxylin-eosin and Nissl staining), immuno-
histochemical (NSE, MAP-2, GFAP) and morphometric methods were used. Morphometry was assessed on
hematoxylin and eosin-stained specimens using Image]J 1.53 plug-ins (Find Maxima, Find Foci). Statistical hy-
pothesis testing (nonparametric criteria) was performed using Statistica 8.0 software.

Results. In the sensorimotor cortex (SMC) of white rats after 20, 30 and 40 minutes of CCA occlusion the
signs of cytotoxic brain edema appeared, focal destructive and adaptive changes of neurons and astroglia
evolved. The edema persisted throughout the observation period (7 days). The increase in the relative area,
the number of cell swelling zones and their hydration (pixel brightness) was significant. On days 1 and 3 after
CCA occlusion, some of the SMC astrocyte processes underwent destruction. Subpial and perivascular zones
suffered to a greater extent. Mild and moderate (after unilateral 30-min CCA occlusion) to moderate and severe
(after bilateral 40-min CCA occlusion) scattered structural and functional changes of the SMC with large areas
of clearing in the «porous» neuropil, severe perivascular and perineuronal edema of the astrocyte processes

112

developed. The latter was associated with a moderate reduction of the total neuronal density.

Conclusion. After occlusion of CCA, signs of edema with cellular swelling appeared in the SMC amid dys-
trophic and necrotic pyramidal neurons and activated neuroglial cells. To a greater extent, the signs of brain
swelling were evident three days after bilateral 40-min occlusion of CCA.

Keywords: brain edema; acute ischemia; neocortex; neurons; astroglia; immunohistochemistry; mor-

phometry, Wistar rats
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BBenenue

[TuTOoTOKCUYECKHUH OTEeK-HAaOyXaHUEe TOJI0B-
HOTO MO3Ta BO3HUKAET MPU OTPABJIEHUU WU
TUMOKCUU B pe3y/ibraTe HapylIeHUsl KIETOYHOTO
MeTabo0/IM3Ma, yIepsKaHUsl B KJIETKAaX HAaTPUs U
BOABI [1-4]. B 60JIBIITUHCTBE CJIy4aeB 3T IPOIIEC-
cbl oOpaTuMbl. CBSI3aHHBIU C TUTIOKCUEH IIUTOTOK-
CUYeCKUH OTEK MO3ra HalJIIoJaeTcs], Halpumep,
MPU JOKAJIHHOU M TOTAJbHON OCTPOU UIIEMUH,
4epernHo-M03roBoil TpaBMe [4]. [larorenerunye-
CKHe MeXaHU3Mbl U CTPYKTYpPHBIE IPOSIBJIEHUS
oTeKa-Ha0yXaHUsI IPU UIIIEMUU XOPOIIIO U3y4Y€eHBbI.
CyliecTByeT TeHIEHIIMsI pacCMaTPpUBaTh OTEK U
HaOyxaHUe KaK B3aUMOCBsI3aHHbIE IIPOSIBJIEHUS
IUC(PYHKINN BOTHO-3JIEKTPOJIUTHOIO OOMEHa,
3aKaHYMBAIOIIHECS JIMOO HeOOpaTUMOU I'UIPOITH-
Jyeckou auctpoduei, Jub60 BOCCTAaHOBJIEHUEM
BOJIHO-MOHHOTO OaJlaHCa M TUApaTaliy KJIeTo4-
HBIX O0eJIKOB. TeM He MeHee, OTeEK — 3TO, TIPEKIe
BCEro, CKOIJIEHHE SKUIKOCTU B MEXKKJIETOUHBIX
MPOCTPAHCTBax Mo3ra (CBOOOMHAS KUIKOCTD).
HaOyxaHue cuMTaeTcsi caMOCTOSITEJIbHBIM IIPO-
1IECCOM, UMEIIIIMM B OCHOBE IIPOYHOE CBSI3bIBa-
HHe UHTPACTPYKTYpPaJbHOU BOABI C BHYTPUKJIE-
TOYHBIMU OMOKOJIIONgaMu [4-8].

[puHIMOUAJTLHBIM MEXaHU3MOM ITUTOTOK-
CUYEeCKOTro OTeKa-HabyxaHUs sIBJISIETCSI PacIpo-

Introduction

Cytotoxic cerebral edema occurs in poisoning
or hypoxia as a result of cellular metabolic disorders
and sodium and water retention in cells [1-4]. In
most cases these processes are reversible. Cytotoxic
brain edema associated with hypoxia occurs, for ex-
ample, in local and total acute ischemia, traumatic
brain injury [4]. The pathogenetic mechanisms and
structural manifestations of cerebral edema with
swelling in ischemia are well studied. There is a ten-
dency to consider edema and swelling as interre-
lated manifestations of water-electrolyte imbal-
ance, ending either in irreversible hydropic
dystrophy or in restored water-ion balance and hy-
dration of cellular proteins. However, edema is pri-
marily an accumulation of fluid in the intercellular
spaces of the brain (free fluid). Swelling is consid-
ered to be an independent process with underlying
strong binding of the fluid contained in the cellular
structures to intracellular biocolloids [4-8].

The main mechanism of cytotoxic edema is
spreading depolarization (SD), which is a wave of
electrophysiological hyperactivity associated with
excitotoxicity of glutamate. Abnormally prolonged
SD is a prerequisite for the development of acute
cortical lesions. At the same time, SD and cytotoxic
edema with swelling largely coincide in terms of lo-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 5



https://doi.org/10.15360/1813-9779-2021-5-111-128
JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUSA

cTpaHdwmasaca genoqasapusauuda (PI) — BosHa
3JIEKTPOPUIUOJIOTUUECKON THUIEPAKTUBHOCTH,
CBAI3aHHAsA C 9KCUTOTOKCUYHOCTBIO IjIyTamara.
I[Tatosiormyeckn pawutenabHble PJI  ABJIAIOTCA
HEO0OXOIUMBIM MEXaHU3MOM Pas3BUTUS OCTPOTO
IIOpaskeHUA KOPHI TOJIOBHOTO Mo3ra. [Ipu atom PJ]
¥ IUTOTOKCUYECKUN OTeK-HabyxaHWe B 3HAYH-
TeJJbHOHU CTEIIeHU COBIIAJaloT II0 JIOKAJIN3aIluu 1
BpeMeHHU peructpanuu. PII/oTek — aTo n3Havab-
HO 00paTMOe TOKCHYeCKOe COCTOSTHUE, KOTOPOE,
OIHAKO, TPY MMPEBBIIIEHNN KPUTUYECKUX 3HAUe-
HUY TPUBOAUT K THOeJ N KJIETOK (HEHPOHOB, acT-
poIuTOB, oJiMromeHaponuToB). Hanbosee pac-
npocTpaHeHHOU npuunHoi PJl/oTeka siBJsieTcs
UIIeMUYeCcKU UHCYJIBT. KpaTkoBpeMeHHbIe 91u-
3onbl PIl/oTeka paccMaTpuUBalOTCA KaK OTHOCH-
TeJIbHO 6e3BpeIHbIE COOBITHS F PETUCTPUPYIOTCS
B MO3Ir'e¢ KOHTPOJIbHBIX JKUBOTHBIX. [9, 10].
Octpoe HabyxaHVe HEHPOHOB XapaKTEePU3Y-
€TCs yBeJIMYeHNEeM er0 pa3MepoB, paCTBOPEHUEM
HYKJICOIIPOTEMHOBBIX KOMILJIEKCOB (XpOMAaTo-
¢duabHOE BelecTBO Huccus), runepxpomueii u
cMellleHueM sifipa HelpoHa. [lajibHenIe rugpo-
NUYecKre n3MeHEeHUsI HEHPOHOB COTTPOBOMKIAIOT-
CcAd TIOSIBJIEHHWEM CBETJIBIX IIPOCTPAHCTB WJIN
BaKyoJIel, TpOo3pavyHoi uTonaa3Mbl. HeobpaTu-
Masi TUApONuYecKast JUCTPODHUS COMMPOBOKIAET-
Cs1 COXpaHeHMeM s11pa, HO ITIOJIHBIM pa3pylIeHueM
UTOoIlJIa3MaTu4YeCKux opraneJui [11, 12].
@OYHKIMOHUPOBAaHNE, BOCCTAaHOBJICHHE U
rubesib HEUPOHOB IIPOUCXOIUT B €IUHOM KOM-
IJIEKCe C aCTpOLIMTaMU U MUKpococyramu [13-16].
[Mocste ocTpoii nimeMuu fanbHenlnas cyap6a Hell -
POIINATBHOTO KOMILJIEKCA OKOHYATeJJIbHO OTpe-
neJsisieTcsl B TedeHne 24-48 4. B caydae Hebsaro-
NIPAATHOIO KMCXO0AA NECTPYKUMHU IIOABEpraroTcs
HEKPOOMOTUYECKN N3MeHEeHHbIe HEHPOHBI U CBSI-
3aHHbIE C HUMHU OTPOCTKU acTpouuros [12].
KitoueBy1o poJib B pa3BUTHM OTeKa-HaOyXaHUSA
Urpaer akBaropuH-4 [4, 8].
B Teuenune nepBhIX 6 4 10C/Ie Ha4YaJ1a WHCYJIb-
Ta NOBPEYKAEeHNE UIIIEMUYECKUX KJIeTOK He3aMeT-
HO U €ro TPYJHO paclO3HaTh 10 MAUKPOCKOIIOM.
Kpurtudeckuii mopor MO3roBOro KpoBOTOKA JIJIs1
pa3BUTHS HEOOPATUMOT0 TTOBPESKIEHUsI COCTAB-
JasieT ~15 mu1/100 rxmuH. Huske aToro ropora uiie-
MM3UpPOBaHHAsA TKaHb MO3ra IIOIVIOLIAeT BOAY B
ciydae JI060r0 OCTaTOYHOTO KaUJISPHOTO IT0TO-
Ka (MOHHBIN OTek). /lasee pa3BUBAETCA TUITAYHBIN
IIUTOTOKCUYECKHH OTeK-HabyxaHue [17]. Pagputne
oTeka-HaOyXaHUsS COMPOBOKIAETCS JIMHEWHBIM
YBeJIMYEHNEM B TKAHAX COIEPKaHUs BOIBI U MOSKET
OBITh 3apukcupoBano ¢pusnveckumu (KTb MPT),
TMCTOJIOTHYECKUMY ¥ UMMYHOI'MCTOXMMUYECKUMU
MeTOJlaMU 13y4eHUsI HepBHOH MeTonam# (17, 18].
T'u6eb HEHPOHOB IIPUBOIUT 1 BLICBOOOJK/TE-
HUIO TaKUX (paKTOPOB, KaK CBsiI3aHHBIE C IOBPEsK-
JeHrueM MOoJIeKyasaApHble narrepHbl (DAMPs),

KOTOPbIE€ BbI3bIBAIOT BOCIIAJIEHUE B IIOBPEKICH-

calization and time of registration. SD/edema is ini-
tially a reversible toxic condition, which, however,
leads to death of cells (neurons, astrocytes, oligo-
dendrocytes) when exceeding critical values. The
most common cause of SD/edema is ischemic
stroke. Brief episodes of SD/edema are considered
to be relatively harmless and can be recorded in the
brains of control animals [9, 10].

Acute neuronal swelling is characterized by an
increase in the cellular size, dissolution of nucleopro-
tein complexes (Nissl chromatophilic substance), hy-
perchromia, and displacement of the neuronal nu-
cleus. Further hydropic neuronal changes are
associated with clearing areas or vacuoles as well as
transparent cytoplasm. Irreversible hydropic dystro-
phy associates with preserved nucleus but com-
pletely destructed cytoplasmic organelles [11, 12].

Neuronal functioning, recovery and death
occur together with astrocytes and microves-
sels [13-16]. After acute ischemia, the further fate
of neuroglial complex is ultimately determined
within 24-48 h. In case of unfavorable outcome,
necrobiotic neurons and associated astrocyte
processes undergo destruction [12]. Aquaporin-4
plays a key role in the development of this edema-
associated swelling [4, 8].

During the first 6 h after stroke onset, ischemic
cell damage is subtle and difficult to recognize
under a microscope. The critical threshold of cere-
bral blood flow for the development of irreversible
damage is about 15 ml/100 gxmin. Below this
threshold, ischemic brain tissue absorbs water if
any residual capillary flow occurs (ionic edema).
Then a typical cytotoxic cerebral edema with
swelling develops [17]. The latter is accompanied
by a linear increase in tissue fluid content and can
be recorded by imaging (CT or MRI), histological
and immunohistochemical methods [17, 18].

Neuronal death also leads to the release of fac-
tors such as damage-associated molecular patterns
(DAMPs), which initiate inflammation in the dam-
aged area of the brain. This exacerbates damage to
the blood-brain barrier, microvascular failure, brain
edema, oxidative stress, and directly induces neu-
ronal death. The developing global brain inflamma-
tion can trigger secondary delayed pathological
changes and affect long-term neurological outcome.
Thus, the development of brain edema with cell
swelling correlates with global brain inflammation
and, consequently, with its microglial system [19].

However, it is unknown how the development
of brain edema is affected by the duration of the
mild ischemia period. Also, it is still unclear which
changes in the upper cortex initiate neurodegener-
ative processes of the underlying neurons and
which are predominantly protective through re-
duced ascending nonspecific activation.

Thus, the hypothesis of the role of brain
edema with cell swelling in nerve tissue protection
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HOH 00JtacTi MO3ra. ITO YyCyry0JIsieT mMoBpeskie-
HHEe TeMaroaHIedanrnieckoro 6apbepa, MUKPOCO-
CYAUCTYIO HeIOCTAaTOYHOCTh, OTEK MO3T'a, OKUCJIU-
TeJIbHBIN CTPeCcC U HellOCPEeACTBEHHO BBI3bIBAET
rubeJstb HefipoHOB. PadBuBaromieecs rimodairbHOe
BOCIIQJIEHHE MO3Tra MOKET (pOpMUPOBATh BTOPUY-
Hble OTCPOYEHHBIe [1aTOJIOTYeCKre U3MeHEeHU s U
BJIMSATh Ha JOJTOCPOYHBIA HEBPOJIOTUYECKUUN
nucxon. Takmm o6pa3om, pa3BUTHE OTeKa-Hadyxa-
HUsI KOPPEJUPYET C TTI00ATHHBIM BOCTATIEHUEM
TOJIOBHOTO MO3Ta, 4, CJIeIoBaTeIbHO, C Er0 MUKPO-
IMOIUTApPHON cucTeMol [19].

OnHako HEM3BEeCTHO, KAK Ha Pa3BUTHE OTEKa-
HaOyXxaHWs BIUsIET TPOJO/LRUTETHHOCTD IIEPHoa
cs1ab01 UITeMUH U TPU KaKUX M3MEHEHUsIX BepX-
HHX OTJIeJI0OB KOPBI HAUMHAIOTCA HelpojereHepa-
TUBHBIE IPOLIECCH] HUJKeJIesKaIIUX HEHPOHOB, a
TP KaKUX IPOUCXOAUT IIPEUMYIIIeCTBEHHO 3alllU-
Ta B pe3yJIbTaTe yMeHbIIIeHNsI BOCXOSIIel Heclle-
1M UYIEeCKON aKTUBAITAN.

Takum oOpasom, rumore3a O POJU OTEKa-
HaOyXaHUs B 3allUTe HEPBHOW TKAHU HMEET
MIpaBo Ha CyllecTBOBaHue. [10aTOMy HEOOXOAUMBI
JajbHelllne UccaeJOBaHUsl B 9TOM HallpaBJie-
HUU. B HacTosmeil paboTe mpoBegeHO CPaBHU-
TeJIbHOE TUCTOJI0OTUYeCKOe ¥ MOP(OMeTpUIeCKoe
HCCJIeJOBaHNE TIPOSIBJIEHUN OTeKa-Ha0yxaHUs B
CMK rosoBHOTO MO3Ta IOJIOBO3PEJBIX OeJsIbIX
KpbIC B HOpMe U 1tocJie 20, 30 1 40 MUH OKKJIIO3UN
0OIIIIX COHHBIX aPTEPUH.

MarepuaJ 1 MeTObI

Pabora BeimosiHeHa B ®TBOY BO «OMcKuii rocy-
JIApCTBEHHBIN METUITUHCKUN YHUBEPCUTET», OMOOpeHa
9TUYECKUMH KOMUTETAMU By3a (IpOoTOKOJ Ne 83 oT 14
OKTAOPs 2016 T.; TpoToKoJ Ne 107 OT 2 oKTAOpsT 2018T).
Vcnop30Bay  ayTOpPEIHBIX II0JIOBO3PENBIX KPBIC
croka Wistar (camiipl Macca 270-350 rp.). JKuBOTHBIX cO-
Jlepskajii B CTAaHJAPTHBIX J1abOpPaTOPHBIX YCIOBUSX,
9KCIIepUMEHT IIPOBOJUJIU B COOTBETCTBUU C «[IpaBu-
JIaM¥ ITPOBeJIeHNsI paboT C MCIIOIb30BaHNEM IKCIIEPH-
MEHTAJbHBIX KUBOTHBIX» ([IpHiioskeHUE K MPUKA3Y
MunucrepcrBa 3npaBooxpanenuss CCCP or 12.08.77
Ne755) 1 ¢ peKOMeHTanuAMA MesKIyHapOJHOTO KOMU-
TeTa 0 HayKe O J1abopaTOPHBIX KUBOTHBIX, ITOAIEP-
skaHHbIX BO3, nupexktuBoir EBpomeiickoro IlapJia-
menTa Ne 2010/63/EU ot 22.09.10 «O 3amure
SKUBOTHBIX, MCII0JIb3YEeMBbIX JIJIs1 HAyYHBIX I1eJIeil».

OCTpyI0 HENOJIHYI0O UIIEeMUI0 T'0JIOBHOI'O MO3ra
mopeaupoBanu nyreMm 20 (rpynma I, n=24), 40 muH
(rpynna III, n=24) gycroponseii u 30 muH (rpymnna II,
n=24) OTHOCTOPOHHEH OKKJTIO3WH OOIIINX COHHBIX apTe-
puit (OOCA) 6€3 rUIIOTOHUHU. IKCIIEPUMEHT ITPOBOIUIIN
nox, Hapko3oMm: Zoletil 100 (5-7 enuuu). KonTposiem
CJIyKWJIM MHTAaKTHBIE KPBICHI (11=6). Yepes 1,3 u 7 cyT
nocsie OOCA (n=54, 110 6 KpbIC Ha CPOK) MO3T (PUKCUPO-
Bajgu mnepdysmell mocaenoBarebHbIM BBEIEHUEM
100-125 mu1 pactBopa 0,9% NaCl u @parmuna (5000 egu-
Hun) u 30 ma 4% pactBopa napadopMasbiaeruia Ha
docdaraom 6ydepe (pH 7,2-7,4). [loyaeHHBIN MaTe-
puaJj c noMmouisio aBTomara «STP 120» 3ak/io49asut B ro-

may be valid. Therefore, further research in this di-
rection is necessary. In this study a comparative his-
tological and morphometric examination of brain
edema manifestations in the SMC of mature white
rats before and after 20, 30 and 40 min occlusion of
the common carotid arteries was performed.

Materials and Methods

The study was performed at the Omsk State Med-
ical University; it had been approved by the ethical com-
mittees of the university (Protocol 83, October 14, 2016;
Protocol 107, October 2, 2018). Outbred sexually mature
Wistar rats (males weighing 270-350 g) were used. Ani-
mals were kept in standard laboratory conditions, the ex-
periment was carried out according to the «Rules of work
with experimental animals» (Appendix to the order of the
Ministry of Health of the USSR from 12.08.77 No.755) and
with the International Council for Laboratory Animal Sci-
ence guidelines, supported by WHO, the directive of the
European Parliament No. 2010/63/EU from 22.09.10 «On
protection of animals used for scientific purposes».

Acute incomplete cerebral ischemia was simulated
by 20 min (group 1, n=24), 40 min (group 3, n=24) bilat-
eral and 30 min (group 2, n=24) unilateral common
carotid artery (CCA) occlusion without hypotension. The
experiment was performed under anesthesia by Zoletil
100 (tiletamine-zolazepam) (5-7 units). Intact rats (n=6)
served as a control. On days 1, 3, and 7 after CCA occlu-
sion (n=54, 6 rats per time period) the brains were perfu-
sion-fixed by sequential injections of 100-125 ml of 0.9%
NaCl solution and sodium dalteparin (5000 IU) and 30 ml
of 4% paraformaldehyde solution on phosphate buffer
(pH 7.2-7.4). The obtained material was embedded in
homogenized paraffin (HISTOMIX®) using an STP 120
machine. Serial frontal sections (4 pm thickness) were
prepared using an HM 450 microtome (Thermo) at the
level of the sensorimotor cortex (SMC) [20]. Manipula-
tions related to material sampling were performed under
Zoletil 100 anesthesia.

Cell identification (neuron/glia) of SMC was per-
formed on Nissl and hematoxylin and eosin stained
preparations, as well as using immunohistochemical typ-
ing of NSE, MAP-2 (neurons), and GFAP (astrocytes). The
cytoskeleton of neurons (bodies and processes) was stud-
ied using the MAP-2 reaction, the cytoskeleton of astro-
cytes by the GFAP reaction. NSE, MAP-2, and GFAP reac-
tions were used only for typing and localization of the
corresponding structures by specific proteins. The total
neuronal and glial cell densities (counts per 1 mm?) in
layers III and V of the SMC were estimated on Nissl-
stained preparations; only sections with a visible neu-
ronal nucleus were included to ensure consistency.

Poly- and monoclonal antibodies were used for im-
munohistochemical study. They included NSE
(RAA537Ra01, rabbit polyclonal antibodies to rat antigen
with 5-20 pg/ml dilution, Cloud-Clone Corp.), MAP-2
(ab32454, rabbit polyclonal antibody, with 1 pg/ml dilu-
tion, Abcam, USA), and GFAP (PA0026, murine monoclonal
antibody, GAS5 clone, ready-to-use, Bond Ready-to-Use Pri-
mary Antibody; Leica Biosystems Newcastle Ltd, UK).

The immunohistochemical reactions were per-
formed on sections placed on polylysine-coated slides.
After reaction with primary antibodies, the sections were
incubated with appropriate secondary antibodies, DAB
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MoreHusupoBaHHbld napadun (HISTOMIX®). Cepuii-
Hble GpOHTAIBHBIE CPe3bl (TOJIIUHA 4 MKM) TOTOBUJIN
¢ nomo1ibio Mukporoma HM 450 (Thermo) Ha ypoBHe
ceacomoTopHoi Kopsl (CMK) [20]. MaHUTTyISAINY, CBSI-
3aHHBIE C 3a00POM MaTepuaJia, IPOBOJU/IN 1O HAPKO-
30oM Zoletil 100.

Wnentudukanuio kietok (HedpoH/rnus) CMK
IIPOBOJMJIM Ha IIpernaparax, OKpalleHHbIX TeMaTOKCHUJIN -
HOM U 903UHOM, 110 Huccio, a Takyke IIpU UMMYHOTHUCTO-
xuMuueckoM tunuposaHuu NSE, MAP-2 (HefipoHbI) U
GFAP (actponuTsl). [luToCKeieT HEHPOHOB (Tesa U OT-
POCTKM) M3y4Yasu C IOMOUIbIO peakuuu Ha MAP-2, nu-
TOCKeJIeT aCTPOIIUTOB — C ITIOMOIIbI0 peakiu Ha GFAP.
Peakuu NSE, MAP-2 1 GFAP ucrio/ib30BaJiv TOJIBKO [
TUIIMPOBAHUA U OllpeJlesIeHuUsI JIOKAJIU3alui COOTBET-
CTBYIOIIUX CTPYKTYpP IO cHeruduIeckuM OejKaMm.
OO11Iy10 YU CJIEHHYIO TIJIOTHOCTh HEHPOHOB U INTHATbHBIX
KJIeTOK (mepecyeT Ha 1 Mm?) B citoax [Il m VCMK noncum-
ThIBAJIX Ha IIpelaparax, OKpalleHHbIX 10 Hucctio; niis
CTaHIAPTU3AHN YIUTHIBAIN TOJTBKO CPE3bI HeﬁpOHOB C
BUINMBIM AOPBIITKOM.

JIJ1s1 IMMYHOTMCTOXMMHUY€ECKOI0 MCCIIeJOBAaHUs UC-
O0JIb30BAJIU I10JIV- © MOHOKJIOHAJIbHBIE aHTUTe 1a. NSE
(PAA537Ra01) — KpoJ/IM4bH OJIMKIOHAJIbHBIE AaHTUTE 1A
K KpBICMHOMY aHTWTEHYy; pasBefeHue 5-20 MKI/MJI
(Cloud-Clone Corp.). MAP-2 (ab32454) — KpoJITYbU T10-
JIMKJIOHAJbHbIE AHTUTeNa, pas3BeleHue 1 MKI/MJ
(Abcam, CIIIA). GFAP (PA0026) — MBIIIIMHBIE MOHOKJIO-
HaJIbHbIE aHTUTEJIA, KII0H GA5, TOTOBBIE K IPUMEHEHUIO
(Bond Ready-to-Use Primary Antibody; Leica Biosystems
Newcastle Ltd, BeumkoOpuTanusi).

VIMMyHOTMCTOXUMHUYECKYIO peaKI1Io IPOBOLUIN
Ha Ccpe3ax, TOMENIeHHbIX Ha IMOJUJIN3NHOBBIE IIpEa-
MeTHBble cTeKJIa. [Tocsie peakuy ¢ IepBUYHBIMU aHTHU-
TeJIaMH Cpe3bl HHKYOMPOBAJIN C COOTBETCTBYIONTNMHI
BTOPUYHBIMU aHTHUTeJIaMu, Xxpomorenom DAB (3,3'-nu-
aMUHOOEH3WJIVH), TOKPAIIUBAIA TeMATOKCUJIUHOM,
3aKJIIOYA/IN B IOJMCTUPOJ. 1 BU3yaIu3aluu HUC-
0JIBE30BaIN MyJIbTUMepHBIH Habop NovolinkTM (DAB)
Polymer Detection System (Leica Biosystems Newcastle
Ltd, Bemukobpuranus).

IIpenapars! ¢pororpadupoBalu Ha MUKPOCKOIIE
Leica DM 1000 (o6bexTuB 100, kamepa GXCAM-DM800
Unique Wrap-Around 8MP AUTOFOCUS USB, pixel size
1,4X1,4 ym), n3o6paskeHne COXpaHsIN B daiiiax c pac-
mpenueM tiff (25921944 nukcesteit). [Ipu okpacke re-
MAaTOKCHUJINH-303UHOM JIJIs1 U3y4eHUsI 30H (IIMKOB) MaK-
CUMaJIbHOH sipKocTy (3Mf]) Ha KayK b1 CPOK OTOUpAIn
1o 30 ciydJaifHO BEIOPAHHBIX IOJIEH 3peHus (KaXKgoe
31400 mxm?) CMK. Ha aTtux noJsifx 3peHus BBIIeJIAIN
o6sactu mHTepeca (ROI) — yyacTKu MOJIEKYISIPHOTO
cjioss padaMepoM 20X20 MKM, ()OPMUPOBAIU CTEKU
(100-120 ROI), paccuuThIBaIN CpeHEe 3HAUYEHUe 115
Ka)KI0T0 10151 3peHUA U JKUBOTHOTO. [lasee ¢popmMupo-
BaJIA ¥ CPaBHUBAJIM BapHUallMOHHbIE PAIbI 110 30 3Ha4e-
HUU Ha CPOK. JlanbHelee MOp(OoMeTPUIECKOE HCCIIe-
JlOBaHMEe  OCYyLIeCTBJISJIM C  MCIO0JIb30BaHUEM
nporpammsl ImageJ 1.52 s.

st MOp(OMETPUYECKOTO N3yYeHUI U3MEHEeHU
30H MaKCUMaJbHOH SIPKOCTU (NIPeAII0oIOKUTEIBHO
MPOSIBJIEHUs OTeKa-HAOyXaHMsI) Ha IBETHBIX ©300paske-
HUSIX UCIIO0JIb30Ba/IM N1aruH-¢puiasrp «Find Maxima»
M.Schmid u3 nporpammsl ImageJ 1.53c (https://im-
agej.nih.gov/ij/docs/menus/process.html#find-max-
ima). IIpenBapurenbpHo 30Ha uHTepeca (ROI, Tonbko

(3,3'-diaminobenzidine) chromogen, stained with hema-
toxylin, and embedded in polystyrene. A NovolinkTM
(DAB) Polymer Detection System (Leica Biosystems New-
castle Ltd., United Kingdom) universal kit was used for
imaging.

The preparations were photographed using a Leica
DM 1000 microscope (X100 objective, GXCAM-DM800
Unique Wrap-Around 8MP AUTOFOCUS USB camera,
pixel size 1.4X1.4 um), and the images were saved as tiff
files (25921944 pixels). When stained with hematoxylin-
eosin, 30 randomly selected visual fields (each 31400 pm?)
of SMC were selected for each studied time period to eval-
uate the maximal brightness zones (MBZ). The areas of
the molecular layer sized 2020 pm (regions of interest,
ROIs) were selected in these visual fields, stacks (100-120
ROIs each) were formed, and the average values for each
visual field and the animal were calculated. Next, ordered
series of 30 values per time period were generated and
compared. Further morphometric study was performed
using Image] 1.52c software.

For morphometric study of changes in maximal
brightness zones (presumably representing edema with
cell swelling) on color images we used plugin-filter «Find
Maxima» M.Schmid from the Image] 1.53c software
(https://imagej.nih.gov/ij/docs/menus/process.html#fi
nd-maxima). The zone of interest (ROI, neuropil only)
was preliminarily processed using the algorithm of the
«Morphological Filters» plugin from the «MorphoLib]»
package (Radius 1 pix). This allowed morphological seg-
mentation of the study object and consistency of the im-
ages. The relative area (S, %) and numerical density (N,
per 400 pm?) of MBZ were determined on obtained image
masks («Analyze Particles»).

The maximal brightness zones in the neuropil of
SMC had different shapes, sizes, and intensity levels (see
Fig. 6). Individual assessment of the maximum brightest
and largest peaks in the visual field of the neuropil of the
SMC molecular layer in groups 1, 2, and 3 was performed
using the Find Foci plugin (GDSC Image] software pack-
age for microscopy image analysis). It allows to classify
all the MBZs by size and intensity by calculating, in par-
ticular, the «total pixel intensity» which is the MBZ size
in pixels multiplied by pixel brightness [21].

According to the literature, 6-8 animals per group,
5-6 serial sections, and 5-10 randomized SMC visual
fields (areas of interest) per each section are sufficient to
obtain reliable results in a morphological study [22, 23].
In this study, we compared 30 randomized SMC visual
fields per time period, which is sufficient to obtain reli-
able results.

Statistical hypothesis testing was performed using
nonparametric criteria (Mann-Whitney U-test, ANOVA
Kraskel-Wallis test) and correlation analysis (based on x>
test) using Statistica 8.0 software (StatSoft). Quantitative
data in the study were presented as median (Me, 50%
quartile, Q2) and interquartile range (Q1-Q3, or 25-75%
quartiles), or percentage (%). Multiple comparisons were
performed using Kraskel-Wallis ANOVA [24] test.

Results and Discussion

No structural signs of cytotoxic edema were
found in the SMC of the control group animals.
Uniform staining of neuropil with eosin prevailed
(Fig. 1, a) indicating identical fluid content in the
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HEHWpONWJIb) TOJBeprajgach 00paboTke aJIrOPUTMOM
mrarnHa «Morphological Filters» n3 makera «Mor-
phoLibJ» (Radius 1 pix). 9To 103B0OJIAI0 TPOBECTHA MOP-
¢onornueckyo cerMeHTanui0 O00beKTa MU3YYEHUS U
CTaHIApPTU30BaTh N300paskeHu:A. Ha moJrydyeHHBIX Mac-
Kax n3o0paskeHnit onpeessin («Analyze Particles») ot-
HOCHUTEeJIBHYIO IIJI0Iansb (S, %) ¥ YMCJIEHHYIO IIJIOTHOCTh
(N, za 400 mxm?) 3M4I.

3MsI B Heliponmiie CMK umesiu pasuble (hOpMBI,
pasMmepsl U CTeNeHb APKOCTHU (CM. puc. 6). Unausuny-
AJIBHYIO OLIEHKY MaKCUMaJbHO APKUX U KPYIIHBIX I10
MJIOLIAAY IIMKOB I10JIs1 3peHUsI HelpONuJIsd MOJIeKy-
JasapHoro cjioa CMK B rpynnax I, II, IIl npoBonwu ¢ mo-
Moo niaruaa Find Foci (Habop mporpamm GDSC
Image] ananmmaa n3006pa’keHUN IJII MUKPOCKOIIUN).
OH nosBoJigeT pacupeneguTb sce 3MS 1o pasmepam
" CTENIeHU APKOCTH ITyTEM BBIYNCJIEHUA, B YaCTHOCTH,
WHTETPaJbHOTO IT0Ka3aTesIsI «00Iast THTEHCUBHOCTh
MUKCeJiel» — npousBeqieHre padmepa 3MS B nmukce-
JISIX Ha APKOCTH NUKcesen [21].

Ilo JINTEPATYPHBIM NOAHHBIM, IJIA IIOJYyYE€HUA
3HAQUYUMBIX Pe3y/IBTaToB B X0Je MOP(0JI0ruIecKoro uc-
CJIeIOBAHUA JOCTAaTOYHO 6—8 YKMBOTHBIX B IpymIle, 5-6
CepUIHBIX Cpe30B U 5-10 ciy4yalHBIX II0JIeld 3peHus
CMK (30HBI HHTEpECA) HA KaXKIOM cpese [22, 23]. B Ha-
CTOAIIEM UCCJIeOBAHUU MBI CpaBHUBAJIU 110 30 paHgo-
MU3UPOBAHHBIX IT0J1eil 3peHuss CMK Ha CpoK, 4To 10-
CTaTOYHO [JIs1 I0JIy4eHUs1 3HAaYUMBbIX Pe3yJIBTaToB.

IIpoBepKy CTaTUCTUYECKUX I'UIIOTE3 OCYIeCTB-
JISJIA HellapaMeTpu4ecKUMU Kpurepussmu (Mann-Whit-
ney U-test, ANOVA Kraskel-Wallis) u koppecnongeHt-
CKOTO aHa/IM3a (COOTBETCTBUM, B OCHOBE KPUTEPUH ¥?) C
TTOMOIIbI0 IporpaMMeI Statistica 8.0 (StatSoft). Kosmue-
CTBEHHbIE JaHHbIe B UCCJIeJ0BAHUN IIPEeICTaBUIN KaK
meauany (Me — 50% kBapTub, Q2) 1 MHTEPKBAPTUJ/Ib-
HBIHN pa3dopoc (Q1-Q3 — 25-75% KBapTHUJIN), IPOIEHT-
HyI0 10JTI0 (%). [Tpo6JieMy MHOKEeCTBEHHOTO CPAaBHEHWUS
peray imyTeM uciosib3oBanuss ANOVA Kraskel-Wallis [24].

Pe3ynbTaThl ¥ 00CYK/IEHHE

B CMK ;KUBOTHBIX KOHTPOJIbHOU I'PyIIIBI He
BBISIBUJIY CTPYKTYPHBIX IPOSIBJIEHUH [TUTOTOKCHYE-
CKOTro0 oTeka-HabyxaHus. [Ipeobsrananio paBHOMED-
HOE€ OKpaIlMBaHue HeUPOIWJIsi 903UHOM (puc. 1, a).
ITO CBUJIETETHCTBOBAJIO O TOM, YTO B OMOKOJIJTOU/IAX
LIUTOIIA3MBbI €r0 COCTABJIAIONINX (AKCOHBI, AEHAPU-
TBI, CHHAIIChI, OTPOCTKH ACTPOIUTOB) OBLIO TPU-
MEpPHO OJWHAKOBOE COollep;KaHue BOIbL.

Yepes 1 u 3 cyr nocsie OOCA B MOJIEKYJIIPHOM
csioe CMK npoucxonuio (popMupoBaHUE «IIOPU-
CTOTO» HEWpONHIA — HabyXaHWe MUKPOIINU U1
IIepUBACKYJISIDHON OTeyHOCTU cocynoB. B III-V
cJ1osix HabJTIoa M HEMPOHBI C TIOTEMHEBIIIEH ITUTO-
IJIa3MOH U MUKHOTHUYeCKUe (KpacHble) HEHPOHBI C
YMEPEHHBIM TEPUIIETIOISIPHBIM OTEKOM, 00JIb-
II1I0€ KOJIMYeCTBO IMIMAaJbHBIX KJIETOK (puc. 1, b, d,
e). OgHako B BepxHeM aTake CMK mosaBAsInCH
GFAP-HeraTuBHBIE JIOKAaJbHble WIIEeMUYECKUeE
30HBI WJIM C OYE€Hb TOHKUMHU, NPEPBbIBUCTHIMU
OTPOCTKAaMU aCTpPOLUTOB (pHUc. 1, ¢). JleCTpyKTuB-
Hble M3MEHEHUs [JUTOCKeJIeTa aCTPOLUTOB IIpe-
obutamany y skuBOTHBIX rpynsl 111 (mocste 40 MuH

cytoplasmic biocolloids of its components (axons,
dendrites, synapses, astrocyte processes).

On days 1 and 3 after CCA occlusion, the
«porous» neuropil due to swelling of microglia and
perivascular edema of vessels occurred in the mo-
lecular layer of SMC. Neurons with dark cytoplasm
and shrinking (red) neurons with moderate pericel-
lular edema and numerous glial cells were observed
in layers I1I-V (Fig. 1, b, d, e). However, GFAP-nega-
tive local ischemic zones or areas with very thin in-
termittent astrocytic processes appeared in the
upper SMC level (Fig. 1, ¢). Destructive changes in
the astrocytic cytoskeleton predominated in group
3 animals (after 40 min of occlusion). On day 7 after
CCA occlusion, GFAP-negative zones in SMC were
barely visible; regeneration and hypertrophy of as-
trocytic processes were observed indicating mod-
erate reactive astrogliosis (Fig. 1, f). Thus, on day 3
following 40 min CCA occlusion, the neuroglial
index of the SMC increased from 1.62 (1.53-1.81) to
2.72 (2.48-3.10) (median; Mann-Whitney U-test;
P=0.001).

Hydropic alterations and lucent structures (as-
trocyte processes, terminals, distal dendrites) pre-
dominated in the neuropil, but neurons with dis-
tinct perikaryon vacuolization were also
encountered (Fig. 2). Dendrite and neuropil vac-
uolization was easily verified by immunohisto-
chemical typing of NSE, MAP-2, and GFAP (Fig. 3, a,
b, ¢). Astrocyte bodies (8—-10 pum) and their processes
were displayed as a network filling the space be-
tween the SMC perikaryons (Fig. 3, ¢). Some of the
processes showed signs of swelling (Fig. 2).

Compared to the control after CCA occlusion,
all experimental groups revealed a significant de-
crease in the total numerical density of neurons in
layers IIl and V of the SMC. Thus, in group 3 on day
7 post occlusion, this parameter in layer III de-
creased by 26.4% (P=0.001), with a normal value of
442 (352-485), and in layer V by 18.5% (P=0.01),
with a normal value of 290 (244-331) per 1 mm?
(Mann-Whitney U-test). At the same time, multiple
comparisons showed intergroup differences
(H=9.7; P=0.02; Kruskal-Wallis one-way analysis of
variance). Compared to group 3, the smallest re-
duction in the total numerical density of neurons
was noted in animals with unilateral CCA occlusion
(group 2): in layer III it was 16.5% (P=0.001), while
in layer V it was 9.2% (P=0.01; Mann-Whitney
U-test). However, no differences were found be-
tween groups 1 and 3 for this parameter (P>0.05;
Mann-Whitney U-test). Consequently, on day 7
after reperfusion, bilateral CCA occlusion resulted
in more severe impact on the population of pyram-
idal neurons in layers III and V of the SMC.

Hence, the histological and immunohisto-
chemical alterations found in the SMC were indica-
tive of varying impact of 20, 30 and 40 min CCA oc-

clusion on SMC neurons. Similar diffuse and focal
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Puc. 1. ®parmentsi CMK rosioBHOro Mo3ra 0eJbIx KPbIC B HOpMe (a) U ocTuiieMuyeckoM nepuose (rpynmna IIl; b, ¢, d, e, f).
Fig. 1. Fragments of white rat brain SMC in normal (a) and postischemic period (group 3; b, ¢, d, e, f).

Note. No vacuolization of the molecular layer neuropil in normal SMC (a); vacuolization of the neuropil (arrows), perivascular and
perikaryonic edema of astrocytic processes (arrows), hyperchromia and shrinkage of perikarya (red neurons); large number of glial
cells (b, d, e); area of destruction (*) of astrocytic processes (¢, day 1); astrocytic hyperplasia (f, day 7, arrows). Hematoxylin-eosin staining
(a, b, d, e/, GFAP immunohistochemical typing (c, f). x100 magnification; 20 pm scale (a, b, d—f); x40 magnification; 50 pm scale (¢).
ITpumeyanue. OTCyTCTBUE BAKYOJIU3ALMH HEHPOIINJISI MOJIEKYJISIPDHOTO CJIOSI B HOpMe (a); BaKyoJIU3alusl HEHPOIUJIA (CTPEJIKY),
TIepUBACKYJISIPHBIN U MIePUKapPUOHATBHBIN OTEK aCTPOIUTAPHBIX OTPOCTKOB (CTPEJIKH), TUIIEPXPOMUS U CMOPIIIUBAHUS TIEPH-
KapHUOHOB (KpacHbIe HEHPOHBI); OOJIBIIIOE KOJTMYECTBO IINAJIBHBIX KJIETOK (b, d, €); 30Ha 1eCTPyKIHH (¥) OTPOCTKOB aCTPOIIMTOB
(¢, 1 cyT); runepIia3ust acTPoLUTOB (f; 7 cyT, cTpesku). OKpacka reMaTOKCUINH-903UHOM (a, b, d, €), IMMYHOTHCTOXUMHYECKOE
tunmpoBanue GFAP (¢, f). O6bekTuB x100; mkana — 20 MKM (a, b, d—f); 00bKTHB x40; mKana — 50 MKM ().

orrJo3un). Yepes 7 cyt nocae OOCA GFAP-nera-
TuBHBbIE 30HBI B CMK npaxkTtnyecku He BCTpeya-
JIUCh, IPOMCXOIUJI0 BOCCTAHOBJIEHHUE U TUIIePTPO-
(puss acTponMTapHBIX OTCOCTKOB — YMEPEHHBIE
MIPOSIBJIEHHSI PEAKTUBHOTO acTpomino3a (puc. 1, fj.
Tak, yepes 3 cyt nocsae 40 mua OOCA Heliporiu-
anpHbIl nHAekc CMK yBemuuuBasica or 1,62
(1,53-1,81) npmo 2,72 (2,48-3,10) (menguaHa;
Mann-Whitney U-test; p=0,001).

lunponnueckre N3MeHEHUs], C IPOCBETIEHU-
€M CTPYKTYp, mpeobiasany B HeHlpomnuie (0Tpo-
CTKH aCTPOLUTOB, TEPMUHAJIA, TUCTAJIbHBIE NE€H]T-

changes have been described in superficial SMC
damage by other authors [25] and previously by the
authors of this paper [14].

To compare the severity of SMC edema in the
studied groups we used the analysis of color images
of neuropil areas of the same size (20X20 microns)
without microvessels by assessing their pixel prop-
erties (brightness, number). Bright pixels (against
the darker background) corresponded to the areas
of SMC with high water content and were consid-
ered the maximum brightness zones. We found that
on day 1 after CCA occlusion in all groups, the rel-
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Puc. 2. ®parmenTsl CMK ro1oBHoOro moara 0eJ/ibIX KpbIC B IOCTHIIIEMHYeCKoM nepuoje (rpymna II1, 3 cyr).
Fig. 2. Fragments of the brain SMC of white rats in the postischemic period (group 3, day 3).
Note. Vacuolization of the neuropil (*) and perikaryon (arrow), edema of perikaryon of astrocytic processes. Nissl staining. x100

magnification; 20 pm scale.

IIpumeuanue. Bakyosusanus Heiiponuis () ¥ leprKaproHa (CTpeJIKa), IepUKapuOHAIbHBIN OTEK aCTPOLIUTAPHBIX OTPOCTKOB.

Oxpacka o Huccoo. O6pekTuB x100; mkana — 20 MKM.

PUTBI), HO BCTpeYaJIUCh HEHPOHBI C IBHBIMU IIPU-
3HaKaMU BaKyoOJIM3allMy IepUKapuoHa (puc. 2).
Bakyosinaanusi JeHIpUTOB U HEHPOIIUJIS XOPOIIO
BepupULIMPOBATIACH IPU UMMYHOTHCTOXUMUYe-
ckom TunupoBannu NSE, MAP-2 u GFAP (puc. 3, q,
b, ¢). Tena actporitoB (8—10 MKM) M UX OTPOCTKU
ObLIM TIpe/CTaBJIE€HBI B BHUAE CETH, KOTOpas
3aI0JIHsAJA IPOCTPAHCTBO MeKAY NepUKapUOHa-
mu CMK (puc. 3, ¢). YacTb OTPOCTKOB MMeJia TIpu-
3HaKku HabyxaHus (puc. 2).

B cpaBHeHun ¢ kouTpoJsem nocie OOCA Bo
BCEX OKCIIEpUMEHTAJIbHBIX TPyNIaX BbIABUJIN
CTaTUCTUYECKU 3HAYMMOE YMeHbIIIeHne 001Iei
YHMCJIEHHOU MJIOTHOCTU HEWpOHOB cjos Il u V
CMK. Tak, B rpymme III yepes 7 cyT HaOIIOAEeHUSA
B cs104 III aToT mokasareJib ymenbasncs Ha 26,4%
(p=0,001), B HOpMe — 442 (352-485), a cjioe V —
Ha 18,5% (p=0,01), B HOp™Me 290 (244-331) Ha 1 Mm?
(Mann-Whitney U-test). [Ipu 3TOM MHOYKeCTBeH-
HOe CpaBHEHHe II0Ka3aJI0 HaJluuue MesKIpyIIo-
BbIXx pasdnauuuit (H=9,7; p=0,02; Kruskal-Wallis
one-way analysis of variance). B cpaBHeHUmM c
rpynnoii III HauMeHBIIYI0 penyKIUIO 00IIel
YMCJEeHHOU MJIOTHOCTU HEUPOHOB OTMETUJIU y
SKUBOTHBIX € ogHOCcTOpoHHEeNH OOCA (rpynna II):
B cjoe III — Ha 16,5% (p=0,001), V— Ha 9,2%
(p=0,01; Mann-Whitney U-test). OgHako, pasJ/u-
unii Mmeskay rpynnamu I u Il mo aTomy nokasare-
JII0 He BBIABMIIN (p>0,05; Mann-Whitney U-test).
CiienoBaTeJIbHO, Uepes 7 CyT 1ocJjie penepdysuun
nByctopoHHsisi OOCA mMesna 6oJsiee TsKeJible
MOC/IEeCTBUSA AJ1s1 MONY/IAUN TMPaMUTHbIX HEl-
poHoB cJoes Il u VCMK.

ative area of maximum brightness zones (median)
was 2-2.5 times higher than the control values.
Multivariate testing for equality of medians of this
parameter revealed significant differences between
the samples of groups 1-3 on day 1 (H=37.8;
P=0.0001), day 3 (H=26.6; P=0.0001), and day 7
(H=8.3; P=0.02; Kruskal-Wallis ANOVA) post occlu-
sion. The highest values of the parameter were ob-
served on days 1 and 3 in group 3 (Fig. 4).

In addition, the groups differed in the fre-
quency distribution of visual fields with the same
relative volume. Most visual fields with high values
of the relative area of maximum brightness zone
were detected on day 1 in group 3 (Fig. 5, Table). In
this group, the «porous» areas in the upper molec-
ular layer of SMC were 1.5-2.5 times more frequent
(x?=10.5; P=0.01) (Fig. 1, b).

A comparative analysis of the total numerical
density of MBZ in the neuropil of the SMC molec-
ular layer in the controls and post CCA occlusion
showed a significant increase in the swollen com-
ponents of the neuropil (Fig. 6). Multivariate testing
of the equality of the medians of this parameter re-
vealed significant differences between the samples
of groups 1-3 on days 1 (H=9.4; P=0.01), 3 (H=69.6;
P=0.0001), and 7 (H=54.5; P=0.0001; Kruskal-Wallis
ANOVA). At the same time, small (but more numer-
ous) MBZs were more frequent in group 2 (unilat-
eral CCA occlusion) (Fig. 7; Table). This suggested
more intense neuropil swelling or a tendency for
the fusion of MBZs to form conglomerates of irre-
versibly enlarged/altered astrocyte processes after
bilateral 40 min CCA occlusion. Cytoplasmic bio-
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Puc. 3. UMMyHOTrHCTOXMMHY€eCKO€e THTHPOBaHHE HEHPOHOB (a), IUTOCKeJIeTa HeiipoHOoB (b) u acTpouuToB (¢), rpynma I1I (3 cyT).
Fig. 3. Inmunohistochemical typing of neurons (a), neuronal cytoskeleton (b) and astrocytes (c), group 3 (day 3).

Note. Pericellular and perivascular edema, vacuolization of dendrites and neuropil. Black arrows indicate perikaryons; red-and-
black arrows indicate dendrites; red arrows indicate astrocytic processes; * — capillary lumen. Staining: reaction for NSE (a), MAP-
2 (b), and GFAP (¢), pre-staining with hematoxylin. x100 magnification; 20 um scale.

IIpumeuanue. [lepuiiesIoasspHbIN U IepUBACKY/ISIPHBIN OTEK, BAKYOJ/IM3alUsl IeHJPUTOB U Heliponuiis. YepHble CTPeIKU —
TIepUKAPHUOHBI; KPACHO-YepPHbIE CTPEJIKU — JIEHPUTHI; KPACHBIE CTPEJIKA — OTPOCTKU aCTPOIUTOB; * — IIPOCBETHI KAMUJIJISIPOB.
Oxpacka: peakiusi Ha NSE (a), MAP-2 (b) u GFAP (c), nokpacka reMarokcuanHoM. O0bekTuB x100; mkana — 20 MKM.

Takum o6pa3oM, HalileHHbIE THUCTOJIOTHYe-
CKME€ U HMMMYHOIMCTOXMMHYECKHAE H3MEHEHU:
CMK cBujieTeIbCTBOBAIN O Pa3HOU CTENEeHU BO3-
neiictus 20, 30 1 40 muH OOCA Ha HetipoHbl CMK.
[MogobubIe A Py3HO-METKOOUaroBble N3MeHe-
HUS OIMCAHBI IIPY TOBEPXHOCTHOM MMOBPEKIEHUN
CMK npyrumu aBropamu [25] 1 pa"ee HaMmu [14].

[l cpaBHeHUs CTeNeHU TIPOsSIBJIEHUUN
oreka-Habyxannusds CMK B M3y4eHHBIX TI'pyIIiax
HCII0JIb30BAJIM aHAJM3 IIBETHBIX M300pakeHui
OQWHAKOBBIX I10 pasdmepy (20X20 MKM) y4aCTKOB
HeHpoNuJssi, He COoJep KallluX MUKPOCOCYIBI, C
IOMOMIBIO OIIeHKM HX IIMKCeJIbHOTO CcOCTaBa
(ApPKOCTB, KOJIMYECTBO). ApKue NMUKCceJIU (BbIIIe
Hostee TeMHOTO (hOHA) COOTBETCTBOBAIM Y4aCTKaM
CMK c BBICOKUM cofepskaHueM Bonbl — 3MS.
Ycranosuniy, uto yepes 1 cyt nocae OOCA Bo Bcex
rpyniiax OTHOCUTeJ JbHas momans 3MA (menna-
HAa) CTaTUCTUYECKU 3HAYMMO IIpeBhIIIaia KOHT-
poJabHOe 3HaueHue B 2-2,5 pasa. MHoromepHasa
MIpOBepKa PAaBEHCTBA MeINAH JAHHOTO MOKa3aTe-
JIS1 BbISIBUJIA HAJIUYHE CTaTUCTUYECKU 3HAYUMBbIX
pasnauunii Mesk Iy Bbioopkamu rpym -111 gepes 1
cyt (H=37,8; p=0,0001), 3 cyT (H=26,6; p=0,0001) u
7 cyt (H=8,3; p=0,02; Kruskal-Wallis ANOVA). ITpu
aTOM HauboJiee BLICOKME 3HAYEHUs II0Kasaresein
orMmeuaJiu yepes 1 u 3 cyr B rpymmne I (puc. 4).

Kpome Toro, rpyniel OVIMYaINACh 110 YaCTOT-

HOMY pacripenejeHno moJien 3p€Hus C OJUHAKO-

colloids no longer retained some part of the fluid,
which transformed into a free state with probable
migration to the intercellular space as well. This
created favorable conditions for interstitial edema
development [12].

The maximum brightness zones in neuropil
(Fig. 8, a, b) detected using the Find Maxima filter
had different shapes, sizes and intensity levels. This
was clearly seen when using Find Foci plugin (Fig. 8,
¢). For example, area of one MBZ in this image var-
ied from 0.8 to 14 pm?, brightness — from 200 to
252. The largest MBZs in terms of central trend
(median) and interquartile range (Q1-Q3) were
found in groups 1 and 3 (bilateral CCA occlusion).
In group 1, this index was 2.62 (2.43-3.35) on day 1,
2.77 (2.52-3.55) on day 3, and 2.65 (2.12-2.82) on
day 7. In group 2 it was 1.98 (1.67-2.51) on day 1,
1.55 (1.43-2.15) on day 3, and 1.56 (1.38-1.90) on
day 7. In group III the values were 3.03 (2.87-3.58)
on day 1, 2.54 (2.48-3.11) on day 3, and 1.94
(1.76-2.60) on day 7. A multiple comparison
(Kruskal-Wallis ANOVA) of the three groups
showed significant differences on day 1 (H=26.8;
P=0.0001); day 3 (H=22.5; P=0.0001); day 7 (H=8.3;
P=0.02).

According to multivariate analysis, the total
pixel intensity of maximum brightness in the peaks
was significantly different between the groups
(H=30.6; P=0.0002). However, differences were
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BBIM OTHOCUTEJIBHBIM 00be-
MoM. BoJjiblie Bcero moJsei
3peHHUs C BBICOKUM 3HA4YCHU-
€M OTHOCUTeJIbHOU IJIOIIa N
3M BeIABUIIM yepes 1 CcyT B
rpynme III (puc. 5; Tabu.). B
arou rpynmne B 1,5-2,5 pasa
qaiie (x?=10,5; p=0,01)
BCTPEYAJIUCh  «IIOPUCTHIE»
YyY4aCTKA B BEpXHEM JTaKe
MoJieKyJasapHoro ciaosa CMK
(puc. 1, b).

CpaBHUTeJbHBIA aHa-
JIN3 001N YN CIAEHHOH ILJIOT-
"Hoctu 3MS B Heliponuiie
MoJIeRyJIApHOro cjios CMK B
kKoHTposie m mnocse OOCA
IOKa3aJl HaJIu4ue CTaTuCTH-
4eCKM 3HAa4YMMOIO yBeJaude-
HUSI KOJHWYECTBA HAOYXIITUX
KOMIIOHEHTOB  HeWpomnuJs
(puc. 6). MHOrOMEpHas Ipo-
BEpKa paBeHCTBAa MeguaH
JAHHOI'O IIOKa3aTeJis BbISIBU-
Jla HaJu4due CTaTUCTUYECKU
3HAYMMBIX pa3IndYui MesKay
BeIOOpkamu rpymm I-111 yepes
1 cyr (H=9,4; p=0,01), 3 cyT
(H=69,6; p=0,0001) u 7 cyrT
(H=54,5; p=0,0001; Kruskal-
Wallis ANOVA). TIpu atom

Puc. 4. OTHOCHTeJIbHASA IJIOIIAAb 30H MAKCHMAJIBLHOI APKOCTH B I10JIe 3peHUsI Hell-
ponuia MoJsieKyasapHoro cjiosa CMK B koHTpodie n iocsie OOCA (1,3 u 7 cyT) B rpynmax
1 (20 mun), II (30 mun) u I1I (40 MmuH).

Fig. 4. Relative area of maximal brightness zones in the visual field of neuropil of the
SMC molecular layer in the controls and after CCA occlusion (days 1, 3, and 7) in groups
1 (20 min), 2 (30 min) and 3 (40 min post occlusion).

Note. For fig. 4, 6: c— controls. The differences versus group 1 (*) and group 2 (*) were sig-
nificant (Mann-Whitney test). Compared to controls, the differences were significant for
all groups and time points at P<0.0001. Data are presented as median (Me) (Q2), 25-75%
quartiles (QI-Q3), and non-outlier range (Min—-Max).

IIpumeuanwue. [ly1s1 puc. 4, 6: ¢ — KOHTPOJIb. Pa3nuus B cpaBHeHUHU ¢ rpymnmnoii I (%), ¢
rpynmnoi II (*) crarucTryecku 3HAYUMBI (KpuTepuil ManHa-YuTHU). B cpaBHeHUH C
KOHTpPOJIEM Pa3JIMYusA 3HAYUMBI AJIs1 BCeX IPYHII U CPOKOB Ipu p<0,0001. MaTepuan
NpeJCTaBU/IM Kak Menuany (Me) (Q2), 25-75% kBaptuiu (QI1-Q3) u guana3oH 6e3 BbI-
6pocoB (Min-Max).

MeJsKre (Ho 60Jiee MHOTroUncJIeHHbIe) 3M S garre
BCTpevasucbk B rpynne II (ogHOCTOpOHHAA
OOCA) (puc. 7, TabJ1.). ITO CBUAETETHCTBOBAJIO O
TOM, UTO mocJjie IBycTopoHHeld 40 MmuH OOCA,
BEPOSTHO, HAOyXaHMe HEUPOIUJIS IPOSIBJISIIIOCH
CUJIbHEE WUJIM MOSIBJISJIACh TEHAEHIUA CAUSHUS
3M/{I c o6pasoBaHrEeM KOHIVIOMepaTOB Heobpa-
TAMO paCHIMPEeHHbIX/U3MEHEeHHbIX OTPOCTKOB
ACTPOIUTOB. BUOKOJIJIONABI IUTOIIJIA3MBI TIEepe-

found between time points (days 1, 2, and 3) only
in group 3 (H=11.5; P=0.003), and between groups
on the same time points on day 1 (H=12.2; P=0.002)
and day 3 (H=10.8; P=0.01). On day 7 post CCA oc-
clusion, this parameter was approximately identi-
cal in all groups (Fig. 9). Probably, during this pe-
riod, a decrease in the intracellular water content
occurred accompanied by resolution of the struc-
tural features of cytotoxic neuropil edema. This was

MHoOroMepHoe CpaBHeHHEe YaCTOTHOTO pacIpeeseHUsI Ioeil 3peHusI 10 OTHOCHTEIbHOMH IJIOIA ! U KOJIHU-
4ecTBY 30H MAaKCHMAaJIBHOM IPKOCTHU B MOJIEKY/IsIPHOM cjioe CMK (KoppecrioHAeHTCKUH aHAIN3).
Multivariate comparison of the frequency distribution of visual fields by relative area and number of zones of
maximum brightness in the molecular layer of the SMC (correspondence analysis).

Comparison

Result

Area

Number

Group 1 vs group 2

¥?=84.0; df=45; P=0.0004*

¥?=211.6; df=70; P=0.000*

Group 1 vs group 3

¥?=150.0; df=65; P<0.0001*

¥?=150.2; df=60; P=0.000*

Group 2 vs group 3

¥?=167.0; df=60; P<0.0001*

¥?=143.5; df=55; P=0.000*

Intragroup 1 between various time points

¥?=29.0; df=18; P=0.047

¥?=28.4; df=18; P=0.06

Intragroup 2 between various time points

¥%=39.0; df=16; P=0.001*

¥?=51.8; df=22; P=0.0003*

Intragroup 3 between various time points

¥?=49.0; df=22; P=0.001*

¥?=35.4; df=16; P=0.01*

Intergroup on day 1

¥?=60.0; df=24; P=0.0001*

¥?=21.4; df=18; P=0.26

Intergroup on day 3

¥2=42.0; df=11; P<0.0001*

X2=113.5; di=26; P=0.000*

Intergroup on day 7

¥?=42.0; df=11; P<0.0001*

¥?=76.0; df=26; P=0.000*

Between the controls and each time point groupwise

¥>>40; df=11; P<0.0001*

¥>>40; df=10; P<0.0001*

The differences were considered significant at P<0.01

IIpumeuanue. Comparison — cpaBHeHHe; result — pe3ysbrar; area — IJI0IIA1b; number — KOJMYecTBO; group 1 vs group 2 —
rpynna 1 1o cpaBHEHUIO ¢ TPYNIIOH 2; intragroup ... between various time points — BHYTpHU IPyIIIbL ... MEKIYy CpOKaMy; in-
tergroup on day... — MeKIy Irpynmamu yepes ... cyT; between the controls and each time point groupwise — mesk 1y KOHTpOJIEM
¥ KaKbIM cpokoM 1o rpynnam; the differences were considered significant at... — pasnu4us cTaTuCTUYECKU 3HAYUMBI IIPH. ..
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Puc. 5. YacToTHOE pacnpee/ieHue oJIei 3peHusI 0 OTHOCHUTEJILHOMY 00'beMy (IJIOIIAa 1) 30H MAKCUMAJIBHOM SIPKOCTH B
MoJjiekyaAapHoM cioe CMK B koHTpoJie u niocsie OOCA (1,3 u 7 cyT) B rpymnax I (20 mun), I1 (30 mun) u I11 (40 muH).

Fig. 5. Frequency distribution of visual fields by relative volume (area) of maximum brightness zones in the molecular layer of
SMC in the controls and after CCA occlusion (days 1, 3, and 7) in groups 1 (20 min), 2 (30 min), and 3 (40 min post occlusion).
Note. For fig. 5, 7: X-axis: the relative area of zones with the maximum brightness (ZMB). Common carotid artery occlusion (CBA):

(1) — unilateral CBA and (2) — bilateral CBA.

IIpumeuanwue. /151 puc. 5, 7: Density, units — nI0THOCTB, /1. [1o ocu X — OTHOCHTEIbHAS MJIOIIAb 30H MAaKCUMATBLHOM SIPKOCTH
(BM£). (1) — omHOCTOPOHHSA U (2) — IBYCTOPOHHSISA OKKJII03Us 00IIKX COHHBIX apTepuii (OOCA).

CTaBaJId yAEpsKUBAThb 4aCThb KUIKOCTH, U OHA
TpaHc(hOpPMHUPOBAIACh B CBOOOJJHOE COCTOSTHUE,
BEPOSATHO, IIepexXoauiia U B MEKKJIETOYHOE IIPO-
CTpaHCTBO. Bo3dHukaau ycaoBus 151 GopMupo-
BaHW UHTEPCTULIMAJABHOTO oTeKa [12].
BreisiBnenHbie ¢ momolibio ¢puasrpa Find
Maxima 3MS{ B Heliponuae CMK (puc. 8, a, b)
nMeJin pas3Hble (POPMBI, pasMepbl U CTelleHb
APKOCTU. JTO OTYETINBO IIPOABJIAJNOCH NPU
HCII0JIb30BAHUU BO3MOKHOCTeH nyarunHa Find
Foci (puc. 8, c). Hanpumep, nJjomiagb OIHOHU
3M#I Ha aTom pucyHKe BapbupoBaJiach ot 0,8 1o
14 MxM?, spkoCcTh — oT 200 go 252. HauboJsee
KpynHble 3MSl o mokasareJilo eHTPaJbHOU
TeHJEeHIUKU (MenuaHa) U MHTePKBapTUJIbHOTO

pasMax (Q1-Q3) srraABsaens! B rpynne I u III (nBy-

most evident after 40 min of CCA occlusion (Figs. 8,
9). This group had the highest values of the total
pixel intensity of the maximal brightest and largest
in area peaks of the visual field of the neuropil mo-
lecular layer of SMC, which were detected 3 days
post ischemia. The maximum amount of
bound/free fluid detected by brightness foci was
noted in edema of the neuropil of the upper SMC
molecular layer and perivascular spaces (Fig. 1, b,
¢, d; Fig. 9). These zones corresponded to the accu-
mulation of GFAP-positive material in the controls
seen in the upper level (superficial glial limiting
membrane formed by specialized astrocyte
processes) and around the vessels (Fig. 1, ¢, f).

The total pixel intensities of the peaks deter-
mined using the Find Foci plugin ranged from
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croporHas OOCA). B rpymmne I
gepes 1 cyT 9TOT ImoKasareJsb
coctaBuJa 2,62 (2,43-3,35), 3
cyT — 2,77 (2,52-3,55), 7 cyT —
2,65 (2,12-2,82). B rpymme II
ugepes 1 cyr — 1,98 (1,67-2,51),
3cyr—1,55(1,43-2,15), 7 cyr—
1,56 (1,38-1,90). B rpynmne III
ugepes 1 cyr — 3,03 (2,87-3,58), 3
cyT — 2,54 (2,48-3,11), 7 cyT —
1,94 (1,76-2,60). MHO>XeCTBEH-
Hoe cpaBHenue (Kruskal-Wal-
lis ANOVA) Tpex rpymnin Ioka-
3aJ10 HaJIM4re CTaTUCTUYECKU
3HAYMMBIX Pa3JINuMnil: yepes
1 cyT (H=26,8; p=0,0001); yepes
3 cyt (H=22,5; p=0,0001); uepes
7 cyT (H=8,3; p=0,02).

[Io maHHBIM MHOTOMEp-
HOI'0 aHaju3a, 00Iast MHTeH-
CUBHOCTh IIHKCeJIed MaKCH-
MaJIbHOM SIPKOCTU B TMHKax
CTaTUCTUYECKU 3HAYIMO
OTJINYaJIach MeKAy IPylIIaMu
(H=30,6; p=0,0002). Opmnaxo,
MeKIy cpokamu (1, 2, u 3 cyT)
pas3auunsi OBLIU BBISBJIEHBI
ToJIbKO B rpymme III (H=11,5;

Puc. 6. O011as ync/IeHHasI IJIOTHOCTH 30H MAKCHMAJIBHOM APKOCTH B HeipoIIiie Mo-
JexyasapHoro ciaosa CMK B konrpoJae unocae OOCA (1,3 u 7 cyr) B rpynnax I (20 mun),
II (30 mun) u 111 (40 MmuH).

Fig. 6. Total numerical density of maximal brightness zones in the neuropil of SMC mo-
lecular layer in the controls and after CCA occlusion (days 1, 3 and 7) in groups 1 (20
min), 2 (30 min) and 3 (40 min post occlusion).

Note. The differences versus group 1 (*) and group 2 (*) are significant (Mann-Whitney
test). Compared to controls, differences were significant for all groups and time points at
P<0.0001. Data are presented as median (Me) (Q2), 25-75% quartiles (Q1-Q3), and non-
outlier range (Min—-Max).

IIpumeuanue. Number per 400 um? — kosinuecTBO Ha 400 MKM?. Pa3/inuus B CpaBHEHUU
c rpynmnoii I (*), ¢ rpynmoii 11 () cratucTruuecku 3HaYMMBbI (KpuTepuit ManHa—-YutHu). B
CpaBHEHUHU C KOHTPOJIEM Pa3/IN4KsI 3HAYMMBI [IJI1 BCEX IPYILI U CPOKOB 1pu p<0,0001.
MarepuaJi npeacTaB/ieH kKak Meauana (Me) (Q2), 25-75% kBaptuiu (QI1-Q3) u quanasoH

p=0,003), a Mexxay rpynmnamu
110 OOWHAKOBBIM CpOKaM —
ugepes 1 cyt (H=12,2; p=0,002) n
3 cyt (H=10,8; p=0,01). Yepes 7 cyt nocsie OOCA aroT
ToKasaresib ObLT MPUMEPHO HA OTHOM YPOBHE BO
BCex rpynmnax (puc. 9). BepoaTHo, B 9TOT IIE€pUOL
IIPOMCXOAMJIO YMEHBIIICHUE COAEPKaHUs BHYTPU-
KJIETOYHOU BOJIbI, COIIPOBOYKIAIOIIEeCs] MHBOJIIO-
el CTPYKTYPHBIX IPOSIBJIEHUH IIUTOTOKCAYECKO-
ro oTeka-HaOyxaHus Helpornuasda. Hawubomee
HAIATHO 3TO MPOSABJIAIOCH Tocae 40 mua OOCA
(puc. 8, 9). [l 9TOM rpynnbl OBLIN XapaKTePHBI
camble OoJIbIIIe 3HAYEeHUsI 001Ieli MTHTEHCUBHO-
CTU IUKCeJIel MAKCUMAJIbHO SIPKUX U KPYIIHBIX 110
TIJIOIIAIY TIMKOB MO0JIs1 3pEeHUsI HEHPOMUJIsl MoJie-
KysasapHoro ciaosa CMK, KoTopele BBIABJIAJINCH
4Jepes 3 CyT ITocJIe uieMnuu. MakcuMaibHOe KOJIN-
YeCTBO CBSI3aHHOI/CBOOOMTHON BOMBI, BHISBJIEH-
HOU 110 (poKycaM sIpKOCTH, IPX PA3BUTHHU dieMa-
TO3HBIX HW3MEHEHUU OTMEeTUIN B Helpomnuie
BEpXHEro araka MoJieKyJasapHoro cjaosa CMK u
TIepUBACKYJISIPHBIX IPOCTPAHCTBAX (puc. 1, b, ¢, d;
puc. 9). 3Tu 30HBI COOTBETCTBOBAJIN CKOILJICHUIO
GFAP-no3uTUBHOTO Marepualjia B KOHTpOJie —
BEPXHUU 9TaK (II0BepXHOCTHAsI IVIMaIbHAsA Iorpa-
HUYHast MeMOpaHa, oOpa3oBaHHAsE OTPOCTKAMU
CIIeNVAJU3UPOBAHHBIX ACTPOLUTOB) U BOKPYT
cocynos (puc. 1, ¢, fI.

Obmasi THTEHCUBHOCTh THKCEJIeH IMHKOB,
BBISIBJIEHHAS IIPU UCIIOJIb30BaHNU I1aruHa Find
Foci, Bappuposasia or 70000 go 2280000. OgHako

6e3 BbIOpOCOB (Min-Max).

70,000 to 2,280,000. However, for the majority of the
detected peaks, the total pixel intensity did not ex-
ceed 200,000. Larger peaks were 20.3% (95% CI:
6.7-32.6%; x*=8.6; P=0.003) more frequent in ani-
mals after bilateral CCA occlusion (groups 1 and 3)
(Fig. 10).

The results of our study indicate that after
20, 30, and 40 min of OOSA, signs of edema with
cell swelling appeared in the SMC. Prevalent fea-
tures included swelling and vacuolization of den-
drites, swelling of astrocytes of the upper molec-
ular layer neuropil where the distal dendrites of
the underlying layers of pyramidal neurons were
located. These changes were mostly reversible,
but associated with destruction of some neurons.
The study of morphometric evolution of edema in
the SMC showed that edema with cell swelling
persisted in varying degrees in all groups during
the entire observation period (7 days) after CCA
occlusion. The most severe edema with cell
swelling occurred after 40 min CCA occlusion.
This type of occlusion was also characterized by
a more significant reduction in the total numeri-
cal density of pyramidal neurons.

The ischemic area looks more pale under mild
exposure due to vacuolization of the neuropil,
which consists of neuronal processes and glia. The

lesion site is localized in the superficial layers of the
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Puc. 7. YacTOTHOE pacnpeieieHHe IoJIei 3pEeHHs 110 KOJTUYECTBY 30H MAKCUMAJIBHOM APKOCTH B MOJIEKYJIsspHOM cioe (MC)
CEHCOMOTOPHOM KOPbI B KOHTpoJe 1 mocjae OOCA (1,3 u 7 cyt) B rpynmnax I (20 mun), IT (30 mun) u III (40 muH).

Fig. 7. Frequency distribution of visual fields by number of maximum brightness zones in the molecular layer of SMC in the
controls and after CCA occlusion (days 1, 3, and 7) in groups 1 (20 min), 2 (30 min), and 3 (40 min post occlusion).

Puc. 8. Y4acTOK HEHpPOIUJIA BEpXHEro aTa)ka MojeKyasapHoro ciosit CMK uepes 7 cyt nocie 40 mun OOCA.

Fig. 8. A region of the neuropil of the upper SMC molecular layer 7 days post 40 min CCA occlusion.

Note. Edema with clearing (a, b; arrows) in the neuropil, with varying brightness (¢; marked by + and '= ), shape and size (b, ¢).
Hematoxylin-eosin staining (a), plot transformation using the Find Maxima filter (b) and Find Foci plugin (c). A 6 pm scale.
IIpumeuaHue. JeMaTO3HbIE N3MEHEHHUS C TIOSIBJIeHNEM Ha (DOHE HEHPOIHIIS CBETIBIX 30H (a4, b; CTPeJIKK), OTINYAIOIIUXCS SIP-
KOCTBIO (C; OTMEUYEHO + U = ), (hopmoii 1 pasdmepami (b, ¢). OKpacka reMaTOKCUJIMH-303UHOM (a), TpaHchopmanus rpaduku ¢
nomompio ¢puasrpa Find Maxima (b) u mrarusa Find Foci (¢). [IIkama — 6 MKM.
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1S OCHOBHOH Macchl
BBISIBJIEHHBIX IMTHUKOB 001Iast
WHTEHCHUBHOCTD ITUKCeJIed He
npessbiiana 200000. bosee
KpYIIHbIE IIAKA yarie
BCTPEYaJINUCh Y SKABOTHBIX
nocsje asycropoHHeii OOCA
(rpynns! I u III) — Ba 20,3%
(95% OU: 6,7-32,6%; x2=8,6;
p=0,003) (pwuc. 10).
Pesynbrarel HacToAIIETO
HUCCJENOBAaHUA CBUIETEb-
CTBYIOT O TOM, 4TO mocJje 20,
30 m 40 mur OOCA B CMK
MOSABJIAJINCH IIPU3HAKU
oTteka-Habyxanus. [Ipeobsa-

JIaJTA IPOSsIBJIEHU ST HAOyXaHU S
¥ BaKyO0JIM3aluu JEeHIPUTOB,
HaOyXaHMUs aCTPOIUTOB HEM-
ponuasas  BepxHero araska
MOJIEKYJIIPHOIO CJI051, B KOTO-
pOM JIOKAJIU30BAJIUCH JHC-
TaJbHbIE IEHAPUTHI HIKeJIe-
SKAIX CJI0€eB NMHUPAMUIHBIX
HelpoHOB. /laHHbIE U3MeEHe-
HUsI UMeJIF B OCHOBHOM 00pa-
THUMBIM XapakTep, HO COIpPO-
BOYKIA/JIUCH IecTpyKIuein
JacTu HelpoHoB. Mccienosa-
HUE TMHAMUKU MOp(HOMeETpHU-
YEeCKUX XapaKTEPUCTUK MPOSBJEHUN 9/1eMaTO3-
HbIXx n3amMeHneHuin B CMK mokasaJjo, 4To ImocJe
OOCA Bo Bcex rpyTax oTek-HabyxaHue B TOH Wi
WHOW CTeleHU COXpPaHsJICS B Te4eHHWe BCEro
neproga Habonenus (7 cyt). Hambosee Bbipa-
SKEHHBIMU MIPOSIBJIEHUS OTeKa-Ha0yxaHUs ObLIN
nocae 40 mua OOCA. Jlnsgs JaHHOTO BapHWaHTA
OKKJTIO3UU ObIjIa XapaKTepHa 1 00Jiee 3HAYNUTETh-
Has peNyKIusi OOINell YMCIeHHOW IIOTHOCTHU
MMMpaMUIHBIX HEUPOHOB.

N3BecTHO, 4TO TIpU CJaab0OM BO3MENCTBUU
HIlleMUuYecKass 00JacTh BBINIAAUT OJiegHee
BCJIEICTBUE BAKYOJIM3allMi HEHPOMIUJISA, COCTOS-
111ero M3 OTPOCTKOB HEUPOHOB U IVIUU. YUACTOK
TIOBPEKACHUA JIOKAJIU3YETCA B [IOBEPXHOCTHBIX
CJIOSIX KOPBI. B OCHOBHOM IIpOABJIAIOTCA CTPYK-
TypHBIE IIepeCTPOMKHU JAEHIPUTOB IIOBEPXHOCT-
HBIX CJI0€B KOPBI. B HEKOTOPBIX ciIydasix Ha poHe
TaKUX HaOyXIINX TEHAPUTOB BBIABJISETCS IIUTO-
TOKCUYECKUU OTeK WIMAJIbHBIX KJIETOK U Mepu-
1eJIJTIOJITPHBIN OTEK COMBI OTJeIbHBIX HEPBHBIX
KJIETOK, PEIKO BCTPEYAIOTCSA TesIa TUIePXPOMHBIX
HeiipoHoB. OCHOBHasg Macca TeJl HEHWPOHOB
MOBEPXHOCTHBIX CJIOEB OCTAETCS HETTOBPEKIEeH-
HOW, B HUKeJIeKAIUX CJ0SX BCe HEUPOHBI
OCTAaIOTCSI UHTAaKTHBIMU [25].

ComnocTaBJisisg 9TU JaHHbIE C HAIIIUMU, MOYKHO
cIeJiaTh 3aKJaO4YeHne 0 ToM, 4To 1ocJe 20, 30 u,
ocobenHo, 40 mua OOCA pa3BUBaINCh YMEPEH-

Puc. 9. O011ass MHTEHCHUBHOCTH ITUKCE/IeH MAaKCHMAJIbHO SIPKUX U KPYITHBIX IO IJIO-
1Y MTHKOB I0JIA 3peHUsA HeHponuJisA MoJiekyasapHoro cjioss CMK B KoHTpoJse u
nocae OOCA (1,3 u 7 cyt) B rpynnax I (20 mun), II (30 mun) u III (40 muH).

Fig. 9. Total pixel intensity of the maximal brightest and largest by area peaks of the vi-
sual field of neuropil molecular layer of SMC in controls and after CCA occlusion (days
1,3 and 7) in groups 1 (20 min), 2 (30 min) and 3 (40 min post occlusion).

Note. Differences versus groups 1 (*) and 2 (*#), vs day 1 (*) and day 3 (**) were significant
(Mann-Whitney test). Data are presented as median (Me) (Q2), 25-75% quartiles (QI-Q3),
and non-outlier range (Min-Max).

IIpumeuanue. Total pixel intensity of peaks — 00111as8 FHTEHCHBHOCTD ITUKCEJIEH B ITHKE.
Passinuus B cpaBHeHnu ¢ rpynmoit I (%), ¢ rpynmnoit IT (%), ¢ 1 cyt (), ¢ 3 cyT (**) crarucrude-
CKU 3HAYMMBbI (KpuTepuii ManHa—YWUTHN). MaTeprasi mpeicTaB/IeH Kak Meauana (Me) (Q2),
25-75% xkBapTusn (QI-Q3) u nuanasoH Oe3 BIOpocoB (Min—-Max).

cortex. Structural rearrangements of dendrites of
superficial cortical layers are the most apparent
features. Occasionally, cytotoxic edema of glial cells
and pericellular edema of soma of individual nerve
cells can be revealed amid such swollen dendrites;
hyperchromic neuronal bodies can be rarely found.
The majority of neuronal bodies in the superficial
layers and all neurons in the underlying layers re-
main intact [25].

Comparing these data with our own, we can
conclude that after 20, 30, and, especially, 40 min
CCA occlusion, mostly moderate structural and func-
tional changes developed, whereas in some ischemic
areas of the SMC even severe ones could be observed.

According to the literature, astrocytes are ob-
viously damaged by ischemia, and their dysfunc-
tion can lead to neuronal death or dysfunction.
Heterogeneous degeneration of astrocytic
processes around neurons of varying viability
causes further neuronal injury and death due to
secondary reduction of energy supply to necrotic
neurons and disruption of glutamate-glutamine
cycle and ionic homeostasis [12]. We assume the
linear relationship between these changes and the
duration of ischemia based on our findings: the
mildest morphometric evidence of edema with cell
swelling was obtained after 30 min unilateral CCA
occlusion, while the most severe one was seen after
40-min bilateral CCA occlusion.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 5



https://doi.org/10.15360/1813-9779-2021-5-111-128
JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUSA

Puc. 10. TucrorpaMmma pacnpeaesieHHs IUKOB € Pa3HOH 0011eil HHTEHCHBHOCTHIO ITUKCeJIei N300 pakeHHsI IOJIsA 3PEHUsI Hel -
ponuisa MmojiekyaapHoro ciaoAa CMK B koHTpodie u nocsie OOCA (1, 3 u 7 cyt) B rpynnax I (20 mun), I (30 mun) u I11 (40 muH).
Fig. 10. Histogram of the distribution of peaks with different total pixel intensities of the visual field image of the SMC mo-
lecular layer neuropil in the controls and after CCA occlusion (days 1, 3, and 7) in groups 1 (20 min), 2 (30 min), and 3 (40 min

post occlusion).

HbIE CTPYKTYPHO-(QYHKIIMOHAIbHBIE U3MEHEHUS,
a B OTJeJIbHBIX UIIIeMU3UPOBaHHbIX 30Hax CMK —
Jajke CUJIbHBIE.

[To maHHBIM JIUTEpPATYypPbl, O4€BUIHO, YTO aACT-
POLIUTHI TOBPEKIAIOTCS UIIEMUEH, a UX JUCHYHK-
LU MOYKET IPUBECTH K TUOesIN Uy TUCPYHKINN
HelipoHOB. [eTeporeHHas gereHeparusi aCTpoIu-
TapHBIX OTPOCTKOB BOKPYT HEUPOHOB PA3HOM CTe-
MEeHU YKU3HECTIOCOOHOCTHU BhI3LIBAET JaJIbHENIIINe
MOBpEsKIEHUs U Tubesb HePOHOB M3-3a BTOPUY-
HOTO CHUKEHUsI 9HEPTOCHa0KeHUsI HEKPOOUOTHU-
YeCKUX HEMPOHOB U HApYyIIIeHUs TIyTaMaT-TIyTa-
MHHOBOI'O IIMKJAa M HOHOromeoctasa [12]. MsbI
MpeArnoJjaraeM, 4To CyllecTByeT JJUHeHHasI 3aBU-
CUMOCTh TONOOHBIX MU3MEHEHUN OT IPOHOJIKU-
TeJIbHOCTH UIIIEMUN — HauMeHbIIIe MopgoMeT-
puYeckue IMPOSIBJIEHUsI OTeKa-HaOyxaHUs1 HaMU
noJsty4deHsl pu 30 MUH OTHOCTOPOHHEH, a Hau-
6osbine — npu 40 MuH aABycTopoHHei OOCA.

YcranoBuau, uTo nocae OOCA IosBJISINCH
«IIOpUCTBIE» U3MeHeHus Heltponuist CMK, B 30He
pacnoJIoKeHUsA KOTOPBIX PEe3KO YMEHbIIAJIOCh
copepskanue GFAP-mosutuBHOro marepuana. B
0oJiee OTJaIEHHOM IIepHOie, BEPOSITHO, B PE3YIIb-

TaTe aKTUBAllUU MEXaHNU3MOB PEAaKTUBHOI'O aCT-

We found that after CCA occlusion «porous»
changes appeared in the neuropil of SMC associ-
ated with a local dramatic reduction in the GFAP-
positive material. Later on, probably as a result of
reactive astrocytosis mechanisms, there was a par-
tial recovery and even hypertrophy of the astrocytic
processes in this area [26].

Swelling of the distal dendrites in the upper
layers of the cortex is one of the characteristic mor-
phological alterations in mild ischemic exposure.
Neurodegeneration is known to start specifically
from distal dendrites. On the other hand, deactiva-
tion of the superficial cortical layers disrupts the
projections of the thalamic cells into the upper cor-
tical layers, thus resulting in delta activity [25].

One may suppose that edema with cell
swelling and varicose dilation of the distal den-
drites of the molecular layer of the cortex after
acute ischemia leads to increased inhibition in the
cortex, manifested by delta activity. The intensifi-
cation of inhibitory processes is apparently due to
attenuated influences arriving to the cortex from
nonspecific subcortical systems. This can be con-
sidered as one of the mechanisms of natural pro-
tection of neurons after ischemia [25].

GENERAL REANIMATOLOGY, 2021, 17; 5
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ponuTOo3a, MPOUCXOAUIO YACTUIHOE BOCCTAHOB-
JieHue U Jaske runepTpodusi OTPOCTKOB aCTPOITU-
TOB 9TOH 30HEI [26].

IIpu cnaboMm UIIEMHUYECKOM BO3MEHCTBUU
OJTHOM M3 XapaKTePHbIX MOP(OIOTUUECKUX TTepe-
CTpOEK SABJIsAETCA HabyXxaHWe JUCTAJbHBIX OTHe-
JIOB IEHAPUTOB B BEPXHUX CJIOSAX KOPBI. U3BECTHO,
4TO UMEHHO C JUCTATbHBIX JeHIPUTOB HAUNHAET-
cs1 HelponereHepaunusi. C Apyroil CTOPOHBI,
BBIKJIIOYEHNE IIOBEPXHOCTHBIX CJI0€B KOPBI Hapy-
I1aeT NPOEKIMU KJIETOK TajaMyca B BepXHUeE CJI0U
KOpBI, OJlaromapsi 9TOMy MOSIBJsSIeTCS [iesIbTa
AKTHUBHOCTS [25].

MoskHO mToJsaraTh, 4TO OTeK-HaOyXaHWe U
BAapUKO3HOE pacIIupeHne NVCTAIbHbBIX TeHIPU-
TOB MOJIEKYJIIPHOTO CJIOsI KOPBI IIOCJe OCTPOM
HUIIEeMUHU IPUBOJUT K YCUJICHUIO TOPMOYKEHUS B
KOpE, 4TO BBIPAKAETCS B A€JIBTa-aKTUBHOCTH. YCH-
JleHWe TOPMO3HBIX MPOIECCOB MPOUCXOOUT, TO-
BUJIVMMOMY, 32 CUET 0cIabIeHNsA aKTUBUPYIOITNX
BJIUSTHUY, IPUXOISAIINX B KOPY OT Hecnenuguue-
CKUX IMOJTKOPKOBBIX CUCTEM. ITO MOKHO paccMar-
pUBaTh KakK OJIUH U3 MEXaHU3MOB €CTECTBEHHOM
3alTUThI HEUPOHOB MOCJIE UIlIeMUH [25].

Ilo simTeparypHBIM JaHHBIM, TUIPOIAYECKIAE
W3MEeHEeHUs B HeUPOIIUJie MOJIEKYISIPHOIO CJIOSI
1ocJjie OCTPOH UIIIeMUU COIIPOBOYKIAIOTCA PEelyK-
el 3HAYUTEJbHOM YacTU MeKHEeUPOHHBIX
CHHAIICOB II0 CBETJIOMY THIIYy OECTPYKIWAH, YTO
TaK)Ke CBUAETEJIbCTBYET O HAPYIICHUAX KOMMY-
HUKaIlMU HEMPOHOB HEOKOPTEKCa U Heclerudu-
4YeCKHUX Ajep ranamyca [27]. «KepTBysa» neHnpu-
TaMU W CUHAIICAMU B OCTPOM ITOCTUIIIEMAYECKOM
mepuoje, HEUPOHBI, BEPOSITHO, CIACAIOT Ce0sI OT
TUTIEPaKTUBAIINY 1 HEOOPATUMOT0 9KCAUTOTOKCH -
YEeCKOr'o IIOBPEXKICHUs, a CHCTeMa KOMMYHUKA-
MM BOCCTAaHABJIMBAeETCA yyKe deped 3—7 CyT
peniepdysuu B pe3ybrare akTUBAIlUU MEXaHU3-
MOB HEHPOILJIAaCTUYHOCTH.

3akJrouenue

B ceHCOMOTOpPHOII KOpe TOJIOBHOT'O MO3Tra
0eJIBIX KPBIC TToCJIe mepeHeceHHo 20, 30 u 40 MuH
OOCA noABJIANNCE IPU3HAKU IUTOTOKCUYECKOTO
oTeka-HaOyXaHWs, pPa3BUBAJNCH  OYaroBbIe
JeCTPYKTUBHBIE U aJallTUBHbIE U3MEHEeHUs Hell-
poHOB 1 actpomnu. [IposiBIeHus oTeka-Habyxa-
HUS COXPaHSJINCh Ha IPOTSYKeHUU BCEro Iepuoaa
Haburonenns (7 cyT).

Yepes 1 u 3 cyt nocae OOCA 4acTb OTPOCTKOB
acrpouutoB CMK paspyiianacs, a y Ipyrux HOsIBs-
JINCh NIPU3HAKU AJAlTUBHBIX ¥ KOMIIEHCATOPHBIX
peaKTUBHBIX M3MeHeHUH. B 601bI11el cTerneny cTpa-
JlaJI CTPYKTYPbI BEPXHET0 3TaKa MOJIEKYJISIPHOTO
CJ1051 — B CyONMaIbHOM 30HE ITOJT Hapy>KHOM ITorpa-
HUYHOH ITTHATbHOU MeMOpaHOI MO3ra.

[Tocsie omaOCcTOpoHHEH 30 MuH OOCA pasBu-
BaJINCh CJIabble M YMEepPEHHbIE, a IOCJE IBYCTO-

According to the literature data, hydropic
changes in the molecular layer neuropil after acute
ischemia are accompanied by reduction of a signifi-
cant part of interneuronal synapses via «clear» de-
struction mechanism, which also indicates distur-
bances in communication between neocortex
neurons and nonspecific thalamic nuclei [27]. By
«sacrificing» dendrites and synapses in the acute
postischemic period, neurons probably protect
themselves from hyperactivation and irreversible
excitotoxic damage, and the communication sys-
tem is restored after 3—7 days of reperfusion as are-
sult of neuroplasticity mechanisms activation.

Conclusion

In the sensorimotor cerebral cortex of white
rats post 20, 30, and 40 min CCA occlusion, signs of
cytotoxic edema were observed, and focal destruc-
tive and adaptive changes in neurons and astroglia
developed. Edema persisted throughout the entire
observation period (7 days).

On days 1 and 3 after CCA occlusion, some of
the SMC astrocyte processes were destructed, while
others showed adaptive and compensatory reactive
changes. The structures of the upper level of the
molecular layer, located in the subpial zone under
the external glial limiting membrane of the brain,
suffered to a greater extent.

Mild and moderate (after unilateral 30 min
CCA occlusion) to moderate and severe (after bilat-
eral 40 min CCA occlusion) focal structural and
functional changes of the SMC with large zones of
neuropil clearing, severe perivascular and perineu-
ronal edema of the astrocytic processes developed.

Thus, new quantitative data were obtained on
the patterns of neocortical edema with cell swelling
development after 20, 30 and 40 min CCA occlu-
sion. These data might help understand the struc-
tural basis for the transition of reactive/protective
changes into pathological ones due to the reorgan-
ization of neuroglial interrelations. The 40 min CCa
occlusion could serve as a sort of borderline is-
chemia period which induces this transition.
Specifically after this period the most severe mani-
festations of post-ischemic cytotoxic edema such
as failure of homeostatic and adaptive mecha-
nisms, dysfunction of astrocytes, large number of
shrinked neurons and their death were revealed.

Authors' contribution. The authors personally
and equally participated in the implementation of a
comprehensive methodological approach, including
experimental, anatomical, histological, morphome-
tric and computational methods, as well as observa-
tion, description and analysis of the obtained data.

pounueir 40 mua OOCA — yMepeHHBIE U JTaKe
CUJIbHBIE MEJIKOOYaroBble CTPYKTYPHO-(QyHKIINO-
HasbHbIe n3MeHenuss CMK ¢ mosiBiienuem 00JIb-
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WX 30H TPOCBETVIEHUS HEUPOINJIsI, BRIPAYKEHHO-
ro IepUBACKY/ISIPHOTO W IepUHEeHPOHAJBHOTO
OTeKa OTPOCTKOB ACTPOIIUTOB.

TakuM 06pa3oM, MOTy4YeHbI HOBbIE KOJIUYe-
CTBEHHBIE TaHHBIE 00 0COOEHHOCTSAX PAa3BUTHUSA
oTeka-HabyxaHUsA HeOKOpTeKca mocye 20, 30 u
40 mua OOCA. 3T [aHHbIEe MOTYT OBITH MCIIOJIh-
30BaHbl JJIs IIOHMMAaHUA CTPYKTYPHBIX OCHOB
repexojia peakTUBHBIX/ 3AITUTHBIX U3MEHEHUH B
MaToJIOTUYECKHUeE 3a CUEeT peopraHu3arum Heipo-
MINAIbHBIX B3AaUMOOTHOIIIeHNH. CBOe0Opas3HbIM
MMOTPAHUYHBIM CPOKOM HPOAOJKUTETbHOCTHU
WIIeMnuu, BeposaTHO, saBasgeTca 40 mua OOCA.
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CBeTJIOI MaMATHU KOJIJETr

ITamsaTu
OJIbI' AHATOJI[)EBHBI
JOJIMHOH

13 cenTaA6ps 2021 roma Ha 92-M roay yIia u3
SKU3HU U3BECTHBIN YUEHBIHN, BBIIAIONINICS aHe-
CTe3M0JIOr-peaHnMaTo 10T, 3aC/IyKeHHbIH aes-
Teab Hayku Poccuiickoit demeparnuu, TOKTOP
MeIUIIMHCKUX HayK, mpodeccop OJibra AHATOIb-
eBHa JlosmHa.

Bcest TBopueckas sku3Hb OsibIri AHATOJIbEBHBI
cBs3ana ¢ [lepBbIM MOCKOBCKIM roCygapCTBEHHBIM
MEIUIHCKUM yHUBepcuteToM uM. M. M. CedeHoBa.
HayuHnas u meguiiuackas 6uorpagus O.A. Jou-
HOU — 9TO, IO CyTH, buorpaduss CTaHOBJAEHUS U
Pa3BUTHS POCCUUCKON aHECTE3NOJIOTUM-PEAHU -
Matosorun. IIpodeccop OJibra AHATOJIBEBHA
JlosiMHa CBOMM MHOTOJIETHUM TBOPYECKUM CJIy-
sKeHreM MeUITMHCKON HayKe U IIpaKTUKe BHec/Ia
HEOIIeHNMBbIH BKJIA]I B €€ ajbHelIee pa3BUTHe.

Ouibra AHaroJibeBHa poguiiack 8 mapra 1928 I
[Tocne oxonyanus B 1951 romy XapbKOBCKOI'O
MeJIUIIMHCKOT0 MHCTUTYTa paboTasa XUpyproM B
MeJICaH4YaCTU MeTaJUIyprudeckoro sasona «kKpac-
HBIN OKTAOPB» (I. Bosrorpan), Ha 6a3e KOTOpPOH
pacnosiaranach kadenpa U3BeCTHOTro mpogdecco-
pa I. C. TonpoBepa. 31eck OHa II0JIy4YuJia liepBble
YPOKH B IpUOOpEeTEeHNH TPAKTUYeCKUX HAaBBIKOB U
IIpOBeJIeHNH Hay4YHbIX HCC/IeJOBAaHUH 110 Tpodu-
JIAKTHKe OCJIO}KHEHU CIIMHAJIBHON aHecTe3nu.

B 1954 r. O. A. JoyinHa IOCTYIIAeT B KIIMHUAYE-
CKyI0 opauHarypy (1954-1957 rr.) or Mocrop3aznpa-
BoTJeJa pu 0osbHUIE Ne 23, XUPyPTUYECKYIO
cay:k0y KOTOpPOUM BO3WIABJISAA 3aBeIyIOIINN
Kadenpoit obmieit xupypruu 1-ro MoCKOBCKOTO
MeaunuHcKoro nucruryra um. M. M. CeueHosa
npodeccop B. U. CrpyukoB. Byayuu riaBHBIM
xupyprom M3 CCCP u mHOHEpPOM JIeTOYHOU
xupypruu B. 1. CTpyukoB ocoboe BHUMaHUe yjie-
JISIET IIOJrOTOBKE KaJIPOB aHECTE3U0JI0TOB-PEaHN-
MaroJioros. B 1957 . npu kadepe o0111eli Xupypruu
BBbIJleJIeHa aclIUpaHTypa 10 aHeCTe3NOoJIOTUH, a B
1960 r. Biepsble B CCCP yTBep:k/1eHa LITaTHast e1u-
HUIIA 1714 IIperojilaBaHus OCHOB aHeCTe3N0JIOTUH-
peaHnmarosIoruu crygeHram 3-ro kypca. O. A. Jlosm-
Ha OCBauBaeT HOBYIO CIIeNMAJIbHOCTb M IIOCTe
OKOHYaHUA acnupaHTypsl (1957-1960 rr.) u 3ammm-
ThI KAaHIUIATCKOU TUCCEePTAINU, TOCBAIIEHHON
ONTUMHU3AIUN METOJ0B aHeCcTe3WH IIpU ollepa-

[IUSIX Ha JIETKUX, n30upaeTcsa B 1960 romy mepBbIM
IperogaBarejieM HOBOH CIIENNaIbHOCTHU CTYAEH-
Tam BY3a. B 1968 rogy ona 3amuimiaer JOKTOP-
CRyI0 nuccepranuio «00e300/mBaHNe M perys-
Ml OCHOBHBIX (YHKIUN oOpraHu3Ma IIpu
OII€pAaTUBHBIX BMEIIIATE/IbCTBAX HA JIETKUX».

C 1960 . O. A. Tostmua paboTaeT B MOCKOB-
CKOM MeTUITMHCKOM YHuBepcutete um. M. M. Ceye-
HOBAa, IOCJIEIOBATEJHFHO 3aHUMAasi OJIKHOCTH
ACCUCTEHTa, JoIleHTa, npodeccopa kKadeapsl
obmielt xupypruy, ¢ 1987 mo 1999 rr. — 3aBeayio-
el kadenpoit aHeCcTe3NOJOTUU U PEAHUMATOJI0-
ruu, ¢ 1999 r. — npodeccop aToH ke Kadenpsbl.
OCHOBHBIMU HallpaBJIEHUAMU HAYYHBIX UCCJIEN0-
BaHui O. A. JIoTMHOU ABJIAINUCE TAaTO(PU3NO0JIOT U -
Jyeckoe 00OCHOBaHUe, pa3paboTka MeTOJO0B
001Iell aHeCTe3NW M peaHWMallii B XUPYPrAA
JIETKUX, IPU 9KCTPEHHBIX XUPYPIrUI€CKUX BMeEIIa-
TeJILCTBAX ¥ OOJIBHBIX C BEICOKOH CTENIEHBIO OTIe-
PaIMOHHOTO PHUCKA U TAIIEHTOB B KPUTHYECKUX
COCTOSTHUISIX.

O. A. lonmHa oiHa U3 IEPBBIX B HAIllel cTpaHe
Havya/la 3aHMMAaTrbCs MPOOJEMaMU TOPAKATHHON
aHeCTe3n0JIOruy, BIIEPpBbIE HN3Yy4YWJIa BJIUAHUE
OOIITIX aHECTETUKOB U Pa3JIMYHBIX PESKIMOB HUCKYC-
CTBEHHOU BEHTWJIAIIAY JIETKUX HA KPOBooOparre-
HHEe MaJIor0 Kpyra, o00CHOBaja u paspaboTasa
MTOKa3aHUs K TPUMEHEHUIO OTHOJIETOYHOH U JBYJIE-
rOYHOU BEHTUJIAINY B TOPAKAIBHON XUPYPIUH.
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[M1poKyIO U3BECTHOCTD IIOJIYYUIU UCCIIENO0-
Banus O. A. JIoJTMHOM 110 Ipo6J1eMe OCTPOI TbIxXa-
TeJbHOU HeJgocTaTouyHOoCTH. OHA CUUTaeTCs IIHO0-
HEPOM B TeopeTWyecKoM OOOCHOBAaHUM WU
MMPaKTUYeCKOU pa3apaboTKe IpUMeHEeHUsT WHEPT-
HOTO rasa reJivisi B KOMIIJIEKCHOM JIEYEHUH OCTPOH
IhIXaTeJbHOW HEJOCTAaTOYHOCTH. B HacTosiIee
BpeMs TipeyiokeHHbI O. A. J[oJiMHOU MeTO[
reJIMOKUCJIOPOAHON Tepanuy NpUMeHsIeTCs TIpU
peaHnMaIii HOBOPOYK€HHBIX, Y O0JIbHBIX OpOH-
XMaJTbHOW aCTMOM, B TOPHOCITACATETbHOM CITy;KOE,
NpU pas3/IMYHbIX KPUTUUYECKUX COCTOAHUAX.

Boabmioe Teoperndeckoe U MpakTUUYECKOE
3HaveHune nmeror pabotser O. A. JIOJIMHOM 10 pas-
paboTKe HOBBIX METOMIOB 00IIIel aHECTE3UH C TIPHU-
MEHEHVEM aJipeHeprudyecKkux CpeaCcTB, aHTarOHuU-
CTOB KaJbliyifd, IIperaparoB aroHU4ecKoro u
AQHTAarOHUCTHUYECKOTO eUCTBUA ¥ O0TbHBIX € 3200-
JIeBaHUSAMU CePAEYHO-COCYJUCTON CUCTEMBI, YTO
I03BOJIWJIO CHU3UTH IIPOIEHT I10CJIeonepanioH-
HBIX 0CI0kHEeHUH. OcOO0T0 BHUMAaHUS 3aCTyKU-
BaIOT UCCJIeIOBAHUSA IT0 0O0CHOBAHUIO U paspa-
0oTke TporpamMM MHQY3NOHHO-TPAHC(HY3UOHHON
Teparuu IpHu II0Ke, OCTPOU KPOBOIIOTEPE, 110 TPHU-
MEHEHUIO MEeTOAO0B [IETOKCUKAIINU, KOppEeKIUu
MeTaboTMYeCKUX IMPOTIeccoB. BHenpenue mpeo-
SKEHHBIX METOIOB B KIIMHUYECKYIO IIPAKTUKY CIIO-
COOCTBOBAJIO CHIYKEHUIO OCJIOKHEHUI U JIeTa Ib-
HOCTHU y OOJIBHBIX C HAPYIIEHUSIMU TOMEOCTa3a.

Pesynerarel HayuHbIX Ucciaenoanui O. A. Jlo-
JIMHOU HAIILJIU OTPa’KEHUE B TPeX MOHOTpadusx
«AHECTe310JIOTHUS U PeaHNMaTOJIOTAA B XUPYpPIruu
Jgerkux» (1975), «KnmHnyeckas marouanoa0Tus
PpY XUPYPrUIECKUX 3abosieBaHUAX» (1977), «XpoO-
HUYeCKUe HarHouTe /IbHbIe 3a00/IeBaHUs JeTKUX,
OCJIO3KHEHHBIE KpoBOTeueHueM»» (1985), B Kpym-
HBIX pasjeJsax pykosoncts bM3 (1982-2015 rr.),
CIIPaBOYHUKAX, B 390 ommyObJIMKOBaHHBIX paboT, B
JIOKJIaIaxX Ha pa3/InYHbIX KOHI'Peccax, B TOM Yucje
MesxknyHaponublx U EBponetlickux. Llesbiit psan
HAayYHBIX Pa0OT OTMEYEH AUIIIOMaMH, MeTATISIMHY,
rpamoramu (cepedpstHast Menasah Ha 48-M Becemup-
HOM caJioHe U300peTeHUiT U OTKphITUi (Bpioc-
cesb, 1999), nBe cepebpsiHbIe Menaau EBporieii-
CKOH aKa/ieMUy ecTeCTBEHHBIX HayK (2006 1 2009).

Ha radenpe anecTe3anooruu-peaHuMaTos0-
ruu nof pykoBoacTBoM O. A. JIoJIMHOM TPOAO/IKA-
JIICh HAy4YHBIE UCC/IEOBAHUSA 110 COBEPIIIEHCTBO-
BAaHUIO METONOB aHeCTe3WW W WHTEHCUBHOU
Tepalud B CHEIMaJIN3UPOBAHHBIX pasresaax
XUPYPrUM IPU HEOTIOMKHBIX COCTOSAHUAX B KIIUHU-
Ke BHYTpPEHHUX 00JIe3HEeN, SHJOKPUHOJIOTHH, aKy-
IIepCTBE ¥ TMHEKOJI0TUY, HeBpoJioruu. B 1998 romy
1071 ee peJlaKirel KOJJIEKTUBOM Kadelpbl aHeCTe-

3WOJIOTUA W PEAHMMATOJIOTUH M3JaH y4YeOHHUK
«AHECTEe3NO0JIOTHSA ¥ PeaHUMaToJIOTus» IJIA CTy-
JIeHTOB MeIUIIUHCKNX BY30B, KOTOPBIN ITOIYYUI
BBICOKYIO OLIEHKY, JOIIOJIHEH U nlepensgad B 2002,
2006 1 2009 rT. [Ipy HAyYHOM KOHCYJIETUPOBAHUU U
pykoBogcTse O. A. JIoJIMHOU 3aIUIIEeHo 15 JOKTop-
CKUX U 59 KaHAUAATCKUX AUCCEPTALI, MHOTHE ee
VYEHUKN BO3WIABJSOT Kadenpbl, MHCTUTYTHI,
OTJIeJIbl HAyYHO-HCCJIe0BATEIbCKUX YUPEKIEHNH,
KPYIHBIX MHOTOITPO(MUIBHBIX OOJTBHMUII.

Bosplry1o poJib B pa3BUTHN aHECTEe3UO0JIOT U -
peaHnMaroJIoruy B Halllel CTpaHe ChIrpasia opra-
HHU3aIMOHHO-MeToan4deckass pabora O. A. Jlosm-
Hoii. OHa ObLIa WIABHBIM CHEIAATUCTOM —
anecre3unoJioroM lopsnpaBoraena I. MOCKBEI C
1960 1o 1968 rrT., B Teyenue 25 jet (1968-1993) —
IAaBHBIM CIIEIMAJIMCTOM-aHeCTe3u0J10roM MuH3 -
paBa PCPCP, c 1993 no 2006 rT. — 1nipeacenaTesieM
po6/IeMHOH yueOHO-MEeTOTUIECKON KOMUCCHH 10
aHEeCTe3nO0JIOTUN-peannuMaro/oruyu npu Beepoc-
cuiickom YHMII M3 P®. B TeyeHue IIATeTHHOTO
BpeMeHH (1972-2006 IT.) BBIMOJHSIA OOJBIIYIO
paboTy B Ka4YecTBe 4jaeHa U YYEeHOTO CeKpeTaps
JkcnieptHOro coBeta BAK P®. Osibra AHaTOoIH€BHA
MIpUHIMaJsa akTUBHOE YYacTHe B CO3JaHUN U pado-
te [IpaBienus Bcecotoanoro, Bcepoccutickoro u
MOCKOBCKOTO HayYHBIX OOIIIECTB AaHECTE3NOJIOTOB
u peannMaroJsioros. OHa 6b171a n30paHa IToueTHbIM
YJIEHOM Psi/ia HayYHBIX 00111eCTB Kak B Poccuw, Tak
u 3a pyoesxom, O. A. JTosirHA akTUBHO paboTrania B
Te4eHHEe MHOTUX JIET B PEIKOJIJIErUH SKYPHAJI0B
«Xupyprus», «AHECTe3U0JIOTUS U PeaHuMaToJI0-
rusi», «O6IIass peaHuMaToJI0TUSI».

HeyTromuMmasi camMOOTBepsKeHHasA IeATelb-
HOCTb OJIbIY AHATOJIBEBHBI, €€ CMEJIOCTD U PeIln-
TeJbHOCTDh B HayKe U MeJUIIMHCKOU IIpaKTUuKe —
obpaser; 6e33aBeTHOTO CiIy;KeHus neiy u Orede-
crBy. Ee TananT Yuenoro, Knnaunucra, Hacras-
HuKa, OprannsaTopa 1 JJUYHOoe 00asiHue, CHICKA-
JIV TIpU3HaHUe, YBa)KeHNE U JTI000Bb BCEX, KOMY
IMOCYaCTIIMBUIIOCH 00IIATHCA U paboTaTh C HEM.

B mamsaTu kosser u apyseit OJyibra AHaTOJIb-
eBHa OCTaeTcsl 100pOsKeIaTeTbHBIM, MCKIIIOYH-
TEeJIbHO NIOPSAL0YHBIM, BBICOKO 9pyIUPOBAHHBIM
4eJI0OBEKOM, OlapEHHBIM YYE€HBIM U I1€JaroroM.

HHH obueii peanumamonozuu um. B. A. He-
206cK020 PedepabHo20 HAYUHO- KAUHUUECKO20
UeHMpa peaHUMAMON0ZUN U PeadUIUMON02UU U
pedaxuus sxcypuana «O0was peaHuMamonrous»
eblpadcarom uckpennue cobone3noeanust poo-
HbiM U Oauskum Oaveu Anamonvesnovl JJoaunoll
u cCKkopbsum emecme ¢ HUMU.
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CBeTJIOI MaMATHU KOJIJETr

ITamsaTu
MNBAHA BACUJIBEBUYA
APEMBbI

17 okTs16ps1 2021 roga HA 84-M roAy SKU3HU
CKOHYAJICS JOKTOP MEIUIMHCKUX HAyK, YJIEH-
roppecnougeHnt PAH, moueTHbIH nekaH gedeOHO-
ro ¢gakyisrera u npogeccop Kadeapbl rocIu-
TajdbHOU xupypruu fpema MBan BacuibeBuu
(16.05.1938 — 17.10.2021).

WBan BacuibeBud c ceHTss0ps1 1970 roga o
HacTosllee BpeMs paboran Ha Kadeape rocnu-
TaJIbHOU XUPYPruu MOCKOBCKOTO TOCYIapCTBEH-
HOTO METNKO-CTOMAaTOJIOTUYECKOTO YHUBEPCUTETA
uM. A. 1. EBiokumoBa (MI'MCY um. A. U1. EB1OKH-
MOBa), OBLJT YJIEHOM PEIKOJIJIETUH PElleH3UPyeMO-
r'o Hay4YHO-IIPaKTU4YeCKoro sKypHasia «O01as pea-
HUMATOJIOTHUsI» M WJIEHOM [HCCEPTAINOHHOTO
coBeTa Ha 6a3e denepasbLHOTO HAYIHO-KIUHUYE-
CKOTO IIEHTPa PEAaHUMATOJIOTUU U PeadUIUTOJIO-
ruu (PHKI] PP).

VBan BacuibeBud 60s1ee 30 J1eT ABJIAICA eKa-
HOM JieueOHoro (axyasrera MIMCYVY um. A. 1. EBzio-
KuMoBa. [lon ero pyKoBOICTBOM IOATOTOBJIEHO 117
KaHAUIaTOB MEQUIIMHCKUX HayK W 42 IoKTopa
MEIUIMHCKUX HAYK, OH SIBJISIJICSI aBTOPOM CBBIIIIE
500 Hay4HBIX PabOT 110 XUPYPrUuu U IUMQPOJIOTHH.

HBana BacuibeBuuya OTIMYAIN YEJI0OBEKO-
Jio0ue um mo6poYKeTaTeIbHOCTh, HEeM3MeHHbIE
’KU3He I001e u 4yBCTBO oMopa. OH TpemeTHO
OTHOCWJICSI K MaMATU CBOUX YUIUTEJIEH, JTI0OWMII
Y4EHHKOB U ObLJI IPOBOAHUKOM 3HAHUM U Tpagu-
[UH 151 KOJLJIET U CTYIEHTOB.

Ban BacumibeBMY HaBcCerga OCTAaHETCS B
MaMsATH KOJIJIer U YYeHUKOB KaK MYJIPbIi, CBET-
JIBII U OT3BLIBYMBLIA YEJI0BEK U HACTABHUK.

Peoaruus sncypnara «Odwas peanumamo-
a02us», Koanexmue PedepaivbHozo HAYUHO-KAU-
HUUECK020 UEHMpPa peanumamoiozuu u peaou-
aumonozuu (PHKII PP) evipasicarom uckpenHue
€c000.1e3H08AHUSL POOHBIM, OIUKUM U KONLE2AM
Heana Bacunvesuua u ckoposim emecme ¢ HUMUL.
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IIpaBuJIa JJ151 pyCCKOA3BIYHBIX aBTOPOB
sKypHaJa «001as peaHuMaToJIOTUs»

C y4eTOM peKOMEHJalfii POCCUICKO# ACCOL[HallTi HAYYHBIX PeIaKTOpOB u uaaaresaeii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) penakmus 21.04.2020

IIpaBOBbI€ U 3THYECKHUE ACTIEKTHI ITyOJIMKA-
IIUM PYKOIIUCH

YcnoBus ny0/IMKAIUM PYKOITHCH

— Pykormnuicy mybJIMKYIOTCS TP 00513aTeIbHOM
COOJTFOTIEHNH aBTOPOM 9THKY Y TIPABUJI ITyOJTUKATIN
(mompoOHee Ha caiiTe sKypHaJsa: www.reanimatol-
ogy.com).

— Pykonvcu myOJIMKYIOTCS C COOJTIOIEeHUEM
HOPM aBTOPCKOTO IIpaBa U KOH(MUIEHINAIbHOIO
OTHOIIIEHUsI K IepCOHATbHBIM TaHHBIM aBTOPOB.

— Pykonvicu ny0JIMKYIOTCS O€CTiaTHO.

— Pykonucu, OpuHATHIE B KYpHaJ, IPOXO-
JAT pelieH3upoBaHue Ha OPUTUHAIBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJJeKBATHOCTb CTAaTUCTHYe-
CkOWl 00pabOTKM JAaHHBIX HA  YCJIOBHAX
KOH(UIEHIINAIbHOCTH 32 MCKJIOYEeHUEM BBbI-
sABJeHUs (pasbcuUKaIUM TaHHBIX.

— PenkoJuterusi octaBJisieT 3a OO0 TpaBo
COKpAaIlaTh ¥ PeJJaKTUPOBATh PYKOIIUCH.

I[IpuYMHBI CHATHUSA C NIeYaTH U 3aJep5KKHU
MyOJTUKAIUH PYKOIIMCH

— Pykonucu, He COOTBETCTBYIOIIUE IIPO-
dusio sKypHasa, He IPUHUMAIOTCS.

— Pykonucu, paHee OmNyOJMKOBaHHBIE, a
TaKksKe HalpaBJIeHHble B APYroi SKypHaJ HJIN
COOpHUK, He IPUHUMAIOTCS. VICKTI0YeHe COCTaB-
JISTIOT IIepeBOJIbl Ha PYCCKUM/AHITIMHUCKUN SI3BIK
OT/AEJIbHBIX CTaTell, UMEIOIINX OOJbII0E IPAKTHU-
JecKoe 3HaueHue U/WUJju NpeCcTaBJIsIoNIUX 0CO-
OBINl HAYYHBIN HHTEPEC, OTIPEIeIIEMBIN aKTyaTh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
IUTHUPOBAHUS, 3AIPOCOM II0 KJIIOUEBBIM CJIOBAM.

— 3a HeKOppeKTHOoe 0(popMJeHUEe U HeJO-
CTOBEPHOCTH IPEeJICTABIIsIEMBIX OubIHOrpaduye-
CKHUX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTH J0 CHATHSI PyKOIIMCH C IeYaTH.

— Hapymenue npasua opopMIeHus: pyKo-
MNCH, HECBOEBPEMEHHBIH, a TaKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUs pelleH3eHTOB U HayYHbIX pe-
JAKTOPOB IIPUBOJSAT K 3aiepiKKe MyOIuKauy 10
HCIIpaBJIeHUs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUY 3aMevYaHU pelleH3eHTOB 1 HayYHbIX
PEelaKTOPOB PyKOIIMCh CHUMAETCH C AaJbHENIIero
paccMoTpeHus.

— Pykommcy OTKJIOHEHHBIX padoT penak-
nuel He BO3BPAIIAIOTCS.

HNHTepecsl cTopoH: ABTOp/Pegakuus

Penakiusi octaBJisieT 3a COOO# MPaBO CUNUTATh,
YTO:

— aBTOPBHI, IPEJOCTABUBIINE PYKOIIUCH 1151
nyOJUKAIuy B sKypHan «O0I11as peaHuMaroso-
TUsl», COTVIACHBI C YCIIOBUAMU ITyOTUKAIINN U OT-

KJIOHEHUSI PYKOIIMCH, a TaK)Ke C IPaBUJIaMU €€
odopmIieHHs.

— aBTOpP, OTBETCTBEHHBIN 3a IMEPEMUCKY C
penakIrel, BhIpaskaeT MO3UIIHI0 BCETO aBTOP-
CKOTO KOJLJIEKTUBA.

Penaknus 1 M3aTeIbCTBO He HECYT OTBET-
CTBEHHOCTY 32 MHEHUSI, U3JIO’KEHHBIE B ITyOJIIKA-
[UAX, a TAaKKe 3a CollepIKaHue peKIaMbl.

lapanTum pegakumuu

JIroOble pyKOTHCH, TIOJTyYEHHbBIE pelaKIuei
IUIST pelleH3UpPOBaHUs, OYAyT BOCIPUHUMATHCS
Kak KOH(UIeHIMaIbHbIe TOKYMeHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI JPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 32 NCKJIIOUeHNEM JIHI], YIIOJTHOMO-
YEeHHBIX peJaKInei.

Heomny6yimkoBaHHBIE MaTepHasbl, HaXOMs-
Irecst B IpeI0CTaBJIeHHON cTaTbe, He OymyT Hc-
I10JIb30BAHbI B COOCTBEHHOM HCCJIeIOBAHUY Ha-
YYHOTO peJakTopa U peleH3eHTOB 0e3
MMICbMEHHOTO pa3pereHust aBTopa.

PerteH3eHT He OyIET IOMYIIeH K pacCMOTpe-
HUIO PYKOIIMCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEpPECOB B €T0 KOHKYPEHTHBIX, [TAPTHEPCKUX JINOO
JIPYTHX OTHOIIIEHUSIX C KEM-JT00 M3 aBTOPOB, KOM-
MMaHWH UM OpTaHU3aINi, CBSI3aHHBIX C MaTepua-
JIOM TIYOJTUKAIIVIH.

ABTOpBI UMEIOT MPABO TOJIYYUTH TI0 3APOCY
MH(AOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O IO~
TOTOBKe, 0(pOPMJIEHUH ¥ TIPOJBHKEHUN PYKOIICH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 3a MEPENHCKY C PEIAKIIUEH, TTOTY-
YaeT 110 3JIEKTPOHHOI TIOYTE TEKCTHI PEIleH3U; pe-
IIIEHNE PEKOJIIETUH O TyOJTMKAIIHN WJIA OTKJIOHE-
HUU PYKOITCH C 000CHOBAaHMEM IIPUYUHBI; BEPCTKY
OTPENAaKTUPOBAHHOTO BapUAHTA PYKOIIUCH [IJIsI T10-
JIy4eHUsI aBTOPCKOT'O COTTIACHsT Ha ITyOJIMKAITUIO.

l'apanTuu ABTOpa
IIpemocraBieHHass B pelaKIUIO0 PYKOIHUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTePHUAJIOB, 3ALIUIIEHHbIX JINIIEH3UeH OT
HEeCaHKIMOHNPOBAHHOI'O BOCIIPOU3BEAEHUsI, 0-
ITyCKAeTCsl TOJIBKO C IMCbMEHHOI'O pa3pelieHnsI
npasoobJsanaressi(eil) W NpU  0053aTeIbHOU
CCBIJIKE Ha aBTOPOB.

CHuCOK aBTOPOB COAEPIKUT TOJIBKO TeX JIUII,
KOTOpbI€ BHECJIM OIIYTUMBIM BKJIAJ B KOHIEI-
IIAIO, IIPOEKT, UCIIOJIHEHNEe UJIN MHTEPIIPETALINIO
3asiBJIEHHOU paboThl, TO eCTh TeX JIUI, KOTOpbIe
COOTBETCTBYIOT KPUTEPHUSIM aBTOPCTBA.

Hamnee cM. Ha caliTe www.reanimatology.com.
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