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Dynamics of Cognitive Functions and Proinflammatory Cytokines
in Different Variants of Coronary Artery Bypass Surgery
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ITenb uccnemoBanus. V3yantp mokasaresn KOTHUTUBHOTO ITIOTEHIINAIIA U TPOBOCTIATUTEILHOTO 3BEHA CHCTEM-
HOTO OTBETA OPraHU3Ma [TPY MIPOBE/ICHNUI OMIePAIIUil TPAMON PEBACKYJISIPU3AIIMU MHOKAP/Ia Ha pabOTAIOIIEM CepIiie
U B YCJOBUSX PA3JINYHBIX BUIOB HCKYCCTBEHHOTO KPOBOOOpaIeH s (KIAaCCHYeCKOe HCKYCCTBEHHOE KPOBOOOpalie-
HYe I MUHUMHU3UPOBAHHBII 9KCTPAKOPIIOPATIBHBII KOHTYD).

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

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

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

Knioueewvte cnosa: Monpeanrvckas wkaia KOZHUMUBHOIX PYHKUUIL; MUHUMUSUPOBAHHLIL IKCMPAKOPNOPALLHBLI
KOHMYP; NPOBOCNAIUMENbHBLIE YUMOKUHDL, UCKYCCMBEHHOE KPOBOOOpaweHUe

Anpecc Jy1s1 KOPPeCIOH/IEHIMH: Correspondence to:
Anppeii Tonuapyk Andrei V. Goncharuk
E-mail: andrei.goncharuk@gmail.com E-mail: andrei.goncharuk@gmail.com
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Purpose of the study: to evaluate the parameters of cognitive potential and systemic proinflammatory response
during direct myocardial revascularization surgery on a beating heart and under conditions of various types of ex-
tracorporeal circulation (classical cardiopulmonary bypass and minimized extracorporeal circuit).

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

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

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

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

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

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

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

Introduction

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

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

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

GENERAL REANIMATOLOGY, 2018, 14; 6
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Ocrpoe HapyIeHHEe MO3TOBOTO KPOBOOOPAIIIEHUST UJTH
TPAH3UTOPHAS UIIEMUYECKas aTaKa IT0cJie KOPOHAPHO-
r0o HIYHTUPOBAHUS BCTPeYaeTcs y 3—5% IalueHToB
[9—11, 13]. YacToTa HEBPOJOTUYECKUX OCTOKHEHUH
BbIIIlE, YeM TIPU [PYTUX XUPYPIUIECKIX BMEIIaTe h-
crBax. Korautusnbie paccTpoiicTsa HabIIOA0TCS B
Takux ciaydasx y 48—79% manumentoB [9-11, 16].
OTzenbHble aBTOPBI MOCJTE CPaBHEHUs PE3YJIbTaTOB
HEHPOTICHXOJIOTHYECKOTO TECTUPOBAHMS U TiepeOpaib-
HOU 1Iepdy3UH Y TAIUEHTOB, TIEPEHECITUX A0PTOKOPO-
napnoe myntuposanue (AKIID), mpeanonosxkuim, uto
BelyIIIMM 3BEHOM TTaTOreHe3a KOTHUTUBHOMN AUCHYHK-
I[UH TIOCJIE OTIePAIIUIl C UCTIOIb30BAHNEM UCKYCCTBEH-
HOTO KPOBOOOPAIIEHUST MOKET ObITh HAPYIIEHHUE TIep-
(bysuu roosHoro mo3ra [8, 9, 11, 15, 16].
Bosuukaionuii Bo BpeMsi IPOBEIEHUST UCKYC-
CTBEHHOTO KPOBOOOPAIEHUs CUCTEMHBIH BOCIAIH-
teabblii otBeT (CBO) croco6eTByeT pasBUTHIO MHO-
JKECTBA MOOOYHBIX PEAKIUN B MOCJIEONEPATTMOHHOM
nepuogie [17—-19]. CymectByeT psiz crienupuyecknx
(bakTOPOB, OKAa3bIBAIOIIUX CHCTEMHOE BJIUSHUE, U
XapaKTePHbIX [JIs KapAMOXUPYPTUUYECKUX BMeIla-
TEJIbCTB: KOHTAKT KPOBH C UY>KEPOIHOI TOBEPXHOCTHIO
KOHTYPOB alliapaTa HCKYCCTBEHHOTO KPoBooOpaiiie-
HUSI, XUPYPIUYecKast TPaBMa, UIleMITYeCcKH-pernepdy-
3UOHHBIE TTOBPEKIEHNS, BBI3BIBAIOIINE DPA3BUTHE
CUCTEMHOTO BOCIIAJIUTEIBHOTO OTBeTa (AKTUBAIUS
CHCTEMBI KOMIIJIEMEHTA, BHIOPOC ITUTOKUHOB, aKTHBA-
IHST JIENKOIIUTOB, 9KCIIPECCUST MOJIEKYJT 4/IT€3UH, DHIIO-
TEJUHOB, U3OBITOYHOE 0Opa3OBaHUE KUCJIOPOIHBIX
PaIMKAIOB U OKCH/IA a30Ta), TUIIOTEPMUST, TeMOUITIO-
1151, BCJIE/ICTBHE UCIIOIb30BAHIS PACTBOPOB [IJIsI Kap-
JIVIOTLIIETUH ¥ TEPBUYHOTO 3anorHenus koutypa UK, a
Takyke HApPYIIeHus B cocyaucToM Tonyce [20—-23].

MaTepI/IaJI N METO/1bl

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

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

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

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

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

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

Materials and Methods

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

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

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

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

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

All the patients were randomly divided into three
groups: BH — patients operated on a beating heart (67 peo-
ple), CCPB — patients operated with classical CPB (79 peo-
ple), MECC — patients operated using minimized
extracorporeal circuit (59 people).

www.reanimatology.com
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netiknna-6 (MJI-6), unrepmeiikuna-8 (M1MJ1-8) n koptusosa
MPOBOJIUJIN U3 BEPXHEHT MOJIOI BeHBI 10 OTIEPAINN 1 Yyepe3
CYTKH TIOCJIe ITPOBEIEHHOTO ONIePATUBHOTO BMEIIIATEIbCTBA.
[l nceneoBanns Hetipocnernududeckoii enosasbl (NSE)
3a60p BEHO3HOI KPOBY BBITIOJIHSIIN 13 BEPXHEHT MOJION BEHBI
3a TPoe CYTOK JIO OTIEPAINH 1 Yepe3 HeJleJIio TTocIe orepa-
THBHOTO BMeIaTeabcTBa. KoHIleHTpannio 61MoMapKepoB
onpezessiin Metogom MDA ¢ momoribio HaGopa peakTHBOB
BioHimMak na 6uoxumuueckom ananusarope BioChem.

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

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

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

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

95% (p<0,05).

Pe3yibrarhl 1 00CyKA€eHIE

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

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

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

Results and Discussion

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

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

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

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

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

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

Mann—Whitney test.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3akiaoyeHue

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

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

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

b

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

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

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

Conclusion

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

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

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

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

Thereby, the off-pump surgery or minimized ex-
tracorporeal circuit minimally affects the cognitive
potential of patients, reduces manifestations of the
systemic inflammatory response associated with a
number of postoperative complications, and improves
the results of treatment.
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N3MeHeHus1 CUCTEMHOM reMOIMHAMUKY IIPU OPTOCTa3e
y NAI[MEeHTOB C JJIUTEeIbHBIMH HAPYIIEHUSIMA CO3HAHUS

B. H. [loporosries, A. E. CkBop1ios, E. A. IOauna

DOHKII peanuMaToJ0THK 1 peabHINTOIOTHH,
Poccust, 107031, r. Mocksa, ya. [lerposka, . 25, cp. 2

Changes in Systemic Hemodynamics in Orthostasis in Patients
With Long-Term Impairment of Consciousness

Viktor N. Dorogovtsev, Artem E. Skvortsov, Elena A. Yudina

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

Ienpb vccaeroOBaHMs: U3YYUTDH MOKA3ATETN CUCTEMHON TeMOIMHAMUKI U CTETIEHD €€ YCTOWIMBOCTH B IPOTIECCE
BEPTUKAJIN3AINN Y TTAITMEHTOB C AJIUTEJbHBIMU HAPDYIIECHUAMN CO3HAHUS B TIOCTKOMAaTO3HOM II€PpHNOJE HOBpe}KI[eHI/HL/'I
TOJIOBHOTO MO3Ta.

MaTepl/IaJIbI U METObI. B HcCcaeI0BaHe BKIIOYNJIN 30 TAMUEHTOB C [VINTEJIbHBIMU HAPYIIEHUAMN CO3HAHUA,
BBI3BAHHBIMU TSI’KEJIBIMU [TOBPEKACHUSIME FOJI0BHOTO Mo3Ta (1-s rpyimna), 10 u3 KoTopbiX ObLIK B BEreTaTUBHOM
cocrogann (BC) u 20 — ¢ cunapomom manoro cosnaaug (CMC). Taxenas 4epenHo-Mo3rosas TpaBMa Oblia Hau-
GoJiee YacTOl IIPUYNHOI JJIMTEIbHBIX HapyIeHui cosHanus (53,3%), Apyrue npuIuHbl ObLIU CBSI3aHbI C TSKEJIBIMU
HapYIIEHUsIMI MO3TOBOT0 KpoBooOpaienus (13,4%), ¢ mociieAcTBUAMU pa3pbiBa aHEBPU3M apTePUil TOJIOBHOTO
mozra (10%), ¢ TOCTTUIOKCITIeCKUM MTOBPEKIEHIEM TOTOBHOTO Mo3ra (10%), ¢ TIOCTIeICTBUSME yAATECHUST Oy XOIeit
rosioBHOTO MO3ra (13,3%). Bropyto rpyriny cocraBuiu 24 naimenTa ¢ JIOKaJIbHBIMUA HEBPOJOTMYECKUMH CUMITTOMAMMU
nocJie HapyIeHui MO3roBoro KkpoBooOpaitetust. B rperbto rpymiy Briounan 40 310poBbix 106poBosibies. Kowt-
POJT TIOKA3aTesiell CHCTEMHON TeMOIMHAMUKN OCYIIECTBIISIIIH € TIOMOIIBIO MHOTO(DYHKIIMOHAIBLHOTO MonuTopa TFM
3040i (CNSystem ABcrpus). Isamepenus aprepuasnbroro gasienus (A/l), yactors cepreunnsix cokpaiienuii (HCC),
yaapaoro o6bema cepana (YO), murytHoro oobema cepaia (MOK) u o6iiero nepudepruueckoro conpoTuBIeHUs
(OIIC) ocyuiecTisiin B peasibHoM MaciuTabe Bpemeru. CTaTUCTUUECKUIT aHAIU3 TIPOBOUIIU € TIOMOIIbIO MaKeTa
craructryeckux nporpamm «Crarucruka-10».

Pesyabratel. Y 26 marnmentos 1-it rpymmst (86%) He BHIABUIIN CYNIECTBEHHBIX N3MEHEH I TEMOAMHAMUKIY TIPH
HaksoHax Ha 30° 1 60°, y 3-X manueHToB JaHHOI IPYIIIbI TIPU HakjIoHe Ha 30° MOSBUINCH TPU3HAKK OPTOCTATHYECKOI
TUINOTEH3UK 1y 1-ro mainumenTa — CMHAPOM HocTypasibHOIT oprocTatnueckoit Taxukapauu (CIIOT). CpaBHUTEIbHBII
aHaJN3 TToKa3aTesiell TeMOAMHAMIKH Y TTAaIlNeHTOB IePBOH 1 BTOPOI TPYIII He BBISIBIJI 3HAUNMBIX Pa3Induil, KpoMe
nocroBepHo bosiee Bbicokux sHauernii YCC u Gosee Huskux BesmurH YO B riepBoii rpyiine. [lokasaTesu cucteMHON
reMOIMHAMUKY B TOPU3OHTAIBHOM TI0JIOKEHUH JOCTOBEPHO OTJIMYAIKCH Y 30POBBIX 1I00POBOJIBIIEB, U XapaKTepu-
soBasmch 6onee Boicoknmu sHadenusamu YO u MOK u 6onee nusknvn snagennsamu AJl, YCC u OIIC 1o cpasre-
HUIO ¢ TareHTamu 1 u 2 rpymi.

3akmouenue. B HACTOSIIIEM UCCIIEIOBAHUY BbISIBUJIA THIIOKUHETHYECKUN TUIT KPOBOOOPAIIEHMS Y BCEX Mallu-
€HTOB C IMOBPEKACHUAMN IT'OJIOBHOTO MO3Ta, 60]166 Bpra}KeHHbII‘;I Yy DanMeHToB C AJIUTEJIbHBIMU HaPYIIECHUAMMN CO-
3HAHUS TI0CJIE TSAKEBIX TIOBPEKIECHUN TOJOBHOTO MO3Ta. Y OOJIBIIMHCTBA HAIMEHTOB JAHHOI IPYIIbl HAOJI0AAIIN
YIOBJIETBOPUTEIBHYIO OPTOCTATUUECKYIO CTAOUIBHOCTh FeMOAMHAMUKY, B 14% ciiyuaeB OblLIM BbISIBJICHBI Da3Hble
THUIIbI OPTOCTATHYECKMX HapylieHuid. [laccuBras oprocraTudeckas npoba, 0—30—60°, mpuMeHeHHAs B HACTOSIIIEM
MCCIIEIOBAHNH, TIO3BOJIIIIA IMATHOCTUPOBATH OPTOCTATIYECKNE HAPYIIEHHS TP HE3HAYNTETHHOM HAKJIOHE /10 TI0-
SIBJICHUS KJIMHIYECKMX CUMITOMOB TUIIONEP(Y3UH FOJOBHOTO MO3Ta. DTO CBUAETEICTBYET 0 HEOOXOMMOCTH T1PO-
Be/ICHUA TEMOJMHAMNYECKOTO MOHUTOPWHTIA Ha HAYAJIbHBIX 9TAllaX BEPTUKAJIN3AIIUN TTAllUEHTOB.

Knrouegwte cnosa: sezemamushoe cocmosHue; cuu&pom MAI020 CO3HAHUA; nACCUBHAL OpMocmamuvecKas npo6a;
cucmemas, 2eMOOUHAMUKA.

The purpose of the study: to study hemodynamic parameters and the degree of its orthostatic stability during
verticalization in patients with long-term impairment of consciousness in post-comatose period of brain damage.

Materials and methods. This study included 30 patients with long-term impairment of consciousness caused
by severe brain damage (Group 1), 10 of whom were in a vegetative state (VS) and 20 patients had a minimally con-
scious state (MCS). A severe traumatic brain injury was the most frequent cause of long-term disorders of conscious-
ness (53.3%), other causes were associated with severe disorders of cerebral circulation (13.4%) and following
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consequences: rupture of cerebral aneurysms (10%), or post-hypoxic brain damage (10%), or removal of brain tumors
(13.3%). The second group was comprised of 24 patients with local neurological symptoms after cerebral circulation
disorders. The third group included 40 healthy volunteers. Systemic hemodynamic parameters were monitored using
a multifunctional monitor TFM 3040i (CNSystem Austria) . Blood pressure (BP), heart rate (HR), stroke volume
(SV), cardiac output (CO), and total peripheral resistance (TPR) were measured in real time. The statistical analysis
was carried out using the Statistica-10 software package.

Results. 26 patients of the first group (86%) demonstrated satisfactory hemodynamic stability in the tilt test at
30° and 60°; 3 patients of this group presented signs of orthostatic hypotension and 1 patient developed postural or-
thostatic tachycardia syndrome (SPOT) when tilted by 30°. A comparative analysis of hemodynamic parameters
in patients of the first and second groups did not demonstrate significant differences, except for significantly higher
HR values and lower SV values in the first group. Parameters of systemic hemodynamics in the horizontal position
were significantly different in healthy volunteers, and were characterized by higher SV and CO values and lower
BP, HR and TPR values as compared to patients of groups 1 and 2.

Conclusion. This study demonstrated a hypokinetic type of blood circulation in all patients with brain lesions;
it was more severe in patients with long-term impaired consciousness after severe brain damage. The majority of pa-
tients in this group presented satisfactory orthostatic hemodynamic stability; different types of orthostatic disorders
were found in 14% of cases. A passive orthostatic test (0—30—60°) applied in this study allowed to diagnose ortho-
static disorders at a slight tilt up to the onset of clinical symptoms of brain hypoperfusion. This indicates the need

for hemodynamic monitoring in the early stages of patients' verticalization.

Keywords: vegetative state; minimally conscious state; passive orthostatic test; systemic hemodynamics
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BBenenune

[ToBpeskeHNs TOJIOBHOTO MO3Ta TPABMATUYECKO-
rO W HETPABMAaTUYECKOTO TeHe3a COTPOBONKIAIOTCS
HAPYIIEHUSIMUA CO3HAHUST W TPEOYIOT MPOBEIEHISI
WHTEHCUBHOW TEPAIUU B PEAHUMAIIMOHHBIX OT/ETIe-
Husix. Hanbostee 4acToil IPUUYMHON TaKUX TIOBPEK/Ie-
HUI TOJIOBHOTO MO3Ta SBJIAIOTCS TSKeJbIe YePErHO-
MO3roBbI€e TpaBMbL. Takue TpaBMbI HAOIOMAI0TCS Y 40
nocrpagasimx Ha 100000 nacenenus [1]. daurenns-
HOCTD JICUEHUS 3aBUCUT OT TMHAMUKHA HEBPOJIOTHYEC-
CKHUX HapyIIeHWiT U KOJIeOJIETCST OT HECKOJIBKUX JTHEN
JI0 HECKOJIbKUX MECSIIEB U JIasKe JIET, YTO COITPOBOK/IA-
€TCst UMMOOUITU3AIIME TTAI[EHTa U PA3BUTUEM UMMO-
6ummzanuonHoro cungpoma (MC), 00ycioBieHHBIM
JUTATEJILHBIM TIOCTEJIbHBIM peskuMoM. [laTonornueckue
mpottecchl, coctasiistioniue VC, pa3BuBaioTcs B cepiieyd-
HO — COCYIUCTOI, JIETOYHOU, MBITIIEYHOHN U JIP. CUCTe-
Max [2] mogBIAIOTCA B IEPUOJ MHTEHCUBHOM Teparuu
1 nocJie Hero. VIX KIIMHIYECKUM TTPOSIBJICHUEM SIBJISIET-
Cs1 TIOJIMOPTaHHA TATOJIOTUS: MBINeYHAs aTpodus,
CHUJKCHME TIOTHOCTH KOCTEH, aTeseKTa3bl JIETKUX,
[THEBMOHUH, CHIKEHUE YJIAPHOTO U MUHYTHOTO 00be-
MOB Cep/Illa, HeHPOIHIOKPUHHBIE HAPYIIEHUS U Ip. [3].
B pannewm neprojie ”HTEHCUBHOW Tepanuyu OCHOBHOMN
MPUYUHON JIETAJIBHBIX WCXOJOB SBJISIETCS  CaMO
MOBPEXK/ICHKE TOJIOBHOTO MO3Ta. [1pu yBesmuenuu mpo-
JOJLKUTENbHOCTA MHTEHCUBHOTO JieUeHUS HAYMHAIOT
npeobuiaiaTh npudnHbl, cBst3anubie ¢ VIC [2]. Jlyst mpo-
(bmmakTUKM TAaKMX MCXOIOB TIPENJIOKEHA PAHHSIA pea-
Ousnranust, 3¢hhEKTUBHOCTD KOTOPOIl MOATBEPIKICHA
[4]. B cucreme panHeil peabuuranun BepTUKAII3a-
U 3aHUMaeT BaxkHOoe MecTo. CiielyeT OTMETUTD, 4TO
MO/l BEPTUKATU3AINEH TAIMEHTOB HEJIb3s MPSIMO
MOHUMATb TIEPEBO/I TTIAIIMEHTOB 13 TOPU3OHTATBHOTO B
BEPTUKAJIBHO TOJIOKEHUE. DTOT TEPMUH MPETIOKEH
U1t 0003HAUEHUST ITPOIECCA UITH METO/[A BOCCTAHOBJIE-
HUSI CIIOCOOHOCTH MAIMEHTA K TOJJIEP/KAHUIO CUCTEM-

Introduction

Traumatic and non-traumatic brain injuries are
accompanied by disorders of consciousness and require
intensive therapy in intensive care units. Severe trau-
matic brain injury is the most common cause of such
brain damage. Such injuries are observed in 40 patients
per 100,000 population [1]. The duration of treatment
depends on the dynamics of neurological disorders and
varies from several days to several months and even
years, which is accompanied by immobilization of the
patient and development of immobilization syndrome
(IS) due to prolonged bed rest. IS-related pathological
processes develop in the cardiovascular, pulmonary,
muscular and other systems [2] during the intensive
therapy and after it. A multi-organ pathology is its clin-
ical manifestation: muscle atrophy, reduction of bone
density, lung atelectasis, pneumonia, reduction of
stroke and cardiac outputs, neuroendocrine disorders,
etc. [3]. Brain damage is the main cause of death in the
early period of intensive care. IS-related causes begin
to prevail with the increased ICU stay [2]. Early reha-
bilitation with confirmed effectiveness is proposed for
the prevention of such outcomes [4]. Verticalization is
important in the early rehabilitation. It should be
noted that patient’s verticalization cannot be directly
understood as the transfer of patients from the hori-
zontal to the vertical position. This term is proposed
to describe the process or technique of restoring pa-
tient's ability to maintain systemic hemodynamics at
a stable level in the vertical position [5]. Even in
healthy individuals, prolonged bed rest causes rapid
development of muscle atrophy and orthostatic hemo-
dynamic disorders in the form of orthostatic hypoten-
sion [2]. In patients with brain damage accompanied
by varying degrees of impairment of consciousness, or-
thostatic hypotension is often observed during the ver-
ticalization [6], which makes passive orthostatic test
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HOIT TeMOJINHAMUKN Ha CTaOUIIbHOM YPOBHE B BEPTH-
KaJIbHOM TOJIOKeHun [3]. Jlaske y 3l0pOBBIX WH/BH-
NIYYMOB JIJIUTEJbHBIN MTOCTENbHBIN PEKUM BbI3bIBAET
GBICTPOE Pa3BUTHE MBITIIEUHBIX aTPOPUI 1 OPTOCTATH-
YeCKUX HAPYIIEeHUI TeMOIITHAMIKY B BH/IE OPTOCTATHU-
YeCcKOl rumoTeH3un [2]. Y marnuenTos ¢ MoBpesKieHns-
MU TOJIOBHOTO MO3Ta, COIIPOBOKIAIONINXCS PAZHBIMU
CTereHsAMHU HAPYIIEHNsT CO3HAHUS, YaCTO HabIII0/1aeTCst
OpTOCTATUYECKAsI TUTIOTEH3NUST B TIPOIIECCE BEPTUKAIIH-
3anuu [6], 4TO /IeIaeT MACCUBHYIO OPTOCTATHYECKYIO
polOy MHGOPMATUBHBIM THATHOCTHYECKUM U TPOTHO-
CTHYECKUM CPEJICTBOM Y 9TOI KaTeropuu 60JbHBIX [7].
Puck pazButus rumnomnepdysnn roJOBHOTO MO3Ta, B
poIlecce BePTUKATM3AIMK TTAIIUEHTOB, ONPEAESIeT
HEOOXOIUMOCTD TeMOJIMHAMUYECKOTO MOHUTOPHHTA B
HAYAJIBHOM TIEPUO/Ie PEAHNMAITMOHHBIX MEPOTIPUATUIA.
[naBubim kputepuem afexsarnoctu peryssiiiuun CCC
IIPU U3MEHEHUSIX TOJI0KEHMS TeJla SIBJISTI0TCS TI0Ka3a-
TEJIU CUCTOJIITYECKOTO U TUACTOINYECKOTO aPTEPUAIID-
noro pasnenus (CAJl u /IA/1). IIpuznakom Hapytenust
PEryJISIK SIBJISIETCST OPTOCTATHYECKAs TUIIOTEH3Us
(OT') — cawxenne CA/l u JIA/] na 20 u 10 MM pr. CT.,
COOTBETCTBEHHO, B HAKJOHHOM WJHU BEPTUKATHHOM
MIOJIOKEHUH 110 CPABHEHUIO C UX YPOBHEM B TOPU30H-
tasbHOM mtosioxkennu [8]. OT BoisiBsiercst y 5% 310po-
BbIX CyOBeKTOB B Bospacte 10 50 jeT [9], a y marmenTos
C HApYIIEHUSIMU MO3TOBOTO KpoBooOpaiieHnst — B 30%
cnydaes [10]. Ocobyio akTyanbHOCTh IIPECTaBIIsIET
U3y4YeHUe OPTOCTATHYECKUX U3MEHEHHH KPOBOOOpaIIe-
HUSI B YCJIOBUSX TIPOIOJIKEHHOI peaHUMAITIH TTATTEH-
TOB C [IJTUTETbHBIMU HAPYIIEHUSIMU CO3HAHUST T10CJIE
TSDKEJTBIX TIOPAKEHUT TOJIOBHOTO MO3Ta C KIIMHIIECKOI
kaprunoit BC u ¢ CMC. Beprukanusaiius Takux narm-
€HTOB SIBJISIETCST KPaiite BAXKHOIM J1JIsT TPOBEIEHUST KOM-
TUIEKCHBIX PeaGUITUTAIIMOHHBIX MEPOTIPUSTHI, HATIPAB-
JIEHHBIX ~HA  CKOpeiilllee ~ BOCCTAHOBJIEHNE U
IpeNOTBPAIEHIe TSIKENbIX W KaTacTPOUUeCKUuX
OCJIOKHEHUH, CBSI3aHHBIX € HUMMOOMJIN3AIIMOHHBIM
cunzipomom. ITepes HawaoM pazpabOTKH MPUHITUTIOR
BEPTUKAJIU3AIUN JAHHOTO KOHTUHTEHTA IAI[eHTOB
HEOOXOMMO OBLJIO BBISICHUTH CTENEHb OPTOCTATHYE-
CKOI1 YCTONYMUBOCTU TeMOIMHAMUKH Y TAI[MEHTOB C
JUTATETbHBIMU HAPYIIEHUSIMI CO3HAHMS, BbIKUBIITIX
MOCJIe TSKEJIbIX MOBPEXKAEHUIN TOJOBHOTO MO3Ta.
Vcexo1st M3 BBITIEN3I0KEHHOTO ObLIa OCTABJIEHA 1eJTh
PaboTBI: M3y4YNTh TTIOKA3ATEN CUCTEMHOI reMO[HAMMU-
KU U CTETIEHb €€ YCTONYNBOCTHU B TIPOIECCE BEPTUKAIIH-
3alUU Y TIAIMEHTOB C TUTETbHBIMI HAPYIIEHISIMU
CO3HAHUS B TIOCTKOMATO3HOM ME€PUOJIE TOBPEKIEHITIT
TOJIOBHOTO MO3Ta.

MaTepI/IaJI N METO/1bl

B nccaenosanue Brimounim 30 nannenToB ¢ IIUTEIb-
HBIMHU HAPYIIEHISIMU CO3HAHMS, BEI3BAHHBIMU TSKEJIBIMU
MOBPEKAEHUAMI To0BHOTO Mo3ra (1-s rpynma), 10 u3 xo-
TOpbIX ObLIN B BereTaTuBHOM coctosiiuu (BC) u 20 — ¢ cun-
npomom Majoro cosnanmsa (CMC). Kaunndeckas
XapaKTepUCTUKA MAIMeHTOB npejcTasiaeHa B Tabu. 1. Cra-
TUCTUYECKHIT aHAJIN3, KOTOPBIIT TPOBOINIIH C TOMOIIBIO ITa-

an informative diagnostic and prognostic tool in this
patient population [7]. The risk of brain hypoperfusion
during the verticalization of patients determines the
need for hemodynamic monitoring in the initial period
of the intensive care. Parameters of systolic and dias-
tolic blood pressure (SBP and DBP) are the main cri-
teria of the adequacy of the CVS regulation with
changes in body position. Orthostatic hypotension
(OH),i.e. SBP and DBP drop by 20 and 10 mmHg, re-
spectively, in inclined or vertical position vs. their level
in the horizontal position, is a symptom of dysregula-
tion [8]. OH is detected in 5% of healthy subjects
under the age of 50 years [9], and in patients with cere-
bral circulation disorders it is diagnosed in 30% of cases
[10]. The study of orthostatic changes in blood circu-
lation in the case of prolonged ICU stay of patients
with long-term impaired consciousness after severe
brain lesions with a clinical presentation of the VS and
MCS is of particular relevance. The verticalization of
such patients is extremely important for comprehen-
sive rehabilitation aimed at early recovery and preven-
tion of severe and catastrophic complications
associated with immobilization syndrome. Before
starting to develop the principles of verticalization of
this patient population, it was necessary to find out the
degree of orthostatic hemodynamic stability in pa-
tients with long-term impaired consciousness who sur-
vived a severe brain damage. Based on the above, the
following purpose of the study was set: to study hemo-
dynamic parameters and the degree of its orthostatic
stability during verticalization in patients with long-
term impairment of consciousness in post-comatose pe-
riod of brain damage.

Materials and Methods

This study included 30 patients with long-term im-
pairment of consciousness caused by severe brain damage
(Group 1), 10 of whom were in a vegetative state (VS) and
20 patients had a minimally conscious state (MCS). General
and clinical characteristics of patients and healthy volun-
teers are presented in Table 1. The statistical analysis, which
was carried out using the Statistica-10 statistical software
package, included the normality of distribution test, the def-
inition of mean values (M), standard deviation (SD), arith-
metic mean error (m), T-test (¢) and significance test (P).

The differences were considered significant with
t>2.03 and P<0.05.

Men prevailed (21/9 and 14/10) in both groups of pa-
tients, mean age did not differ significantly (45£16.2 and
51.4+18.5 years), constitutional indicators did not differ sig-
nificantly in both groups. The main causes of brain damage
included TBI (53.1% of cases) and CVD (23.1%), including
subarachnoid hemorrhages due to ruptured aneurysms and
their complications: arterial spasm, intracranial hyperten-
sion, ete. Global cerebral ischemia (9.6%) and the condition
after removal of large brain tumors (14.2%) were less com-
mon causes of severe brain damage. In the vast majority of
cases, consequences of CVD and SAH due to rupture of
aneurysms (65.2 and 26%, respectively) were the causes of
local brain damage. The study was conducted at different
time intervals after the onset of the disease: in the first
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TaGmmia 1. Kiunnueckas xapakTepuCcTHKa NAMEHTOB, BKJIIOUYEHHBIX B HCCIE/[OBAHME.
Table 1. Clinical characteristics of patients included in the study.

Indexes Value of indexes in groups
Group 1, n=30 Group 2, n=24

M/F 21/9 14/10
Age, years 45+16.2 51.4+18.5
Height (cm) 169+8.8 172.459.6
Weight (kg) 61.6:10.9 79.8414.1
BWI 21.5+4.6 27+4.6

Diagnosis
TBI (%) 16 (53.3%) 1(4.2%)
SAH consequences due to rupture of aneurysms 3 (10%) 2 (8.3%)
Consequences of CVD in the ICA basin 3 (10%) 16 (66.7%)
Consequences of CVD in the VBA basin 1(3.3%) 3 (12.5%)
Post-hypoxic brain damage 3(10%) 0 (0%)
Consequences of surgical treatment of brain tumors 4 (13.3%) 2(8.3%)

Note. M*=SD, mean * standard deviation; BWT — body weight index; TBI — traumatic brain injury; CVD — cerebrovascular disease;
SAH — subarachnoid hemorrhage; ICA — internal carotid artery; VBA — vertebrobasilar artery.

Ipumeyanue. Indexes — ungexcsr; aist Tabr. 1-3: value of ... in groups — sHauenus B rpynmax; M/F — MyKunHbI /KeHIIUHBI; age, years —
Bospacr, JieT; height (¢cm) — pocr; weight (kg) — Bec; BWI — unznexce maccent Tena; TBI — uepento-mosrosas tpasma, SAH consequences
due to rupture of aneurysms — nocseicTBIsI Cy6apaXHOMIATBHOTO KPOBOUBJIUSIHIS BCJIEICTBIE Pa3pbiBa aHeBpuaM; consequences of CVD
in the ICA basin — mocJiezicTBUsI HAPYIIEHNST MO3TOBOTO KPOBOOGpatiieHust, bacceitn BHyTpeHHel cOHHON apTepu; consequences of CVD
in the VBA basin — nocsiezictsust HapyuieHust MO3roBoro KpoBoo0Oparienus, Gacceiin BepreGpobasuisspHoii aprepuu; post-hypoxic brain
damage — nocTrunokcuyeckue NOBPEKIEHNUS TOJOBHOTO MO3ra; consequences of surgical treatment of brain tumors — mocsieacTBust XUpPYp-
TUYECKOT0 JIeYeHHsI TOJI0OBHOTO Mo3ra. M+SD, cpe/ee 3HayeHne * cTangapTHOE OTKJIOHEHNE.

KeTa CTaTUCTHUeCKHX Tporpamm «Crarnctuka-10», BKIio-
YaJI TIPOBEPKY HA HOPMAJIbHOCTD PacIIpe/iesIeHNsI, OTipeiete-
HHUe CpeHNX 3HaueHWH (M), CTaHAApPTHOTO OTKJIOHEHUS
(SD), omnbku cpeareil apudmernyeckoii (m), Kpurepus
CrpionenTa (t) 1 ero 1ocToBepHOCTH (P).

JlocTOoBEPHOCTD PasIMINii IPU3HABAIN [IPY 3HAYEHIH
t>2,03, a p<0,05.

B o6enx rpyrmmax narienToB npeobrafain MysKIuHb!
(21/9 un 14/10, cooTBETCTBEHHO), CPETHUI BO3PACT JOCTO-
BepHo He oTmdascs (45£16,2 1 51,4+£18,5 set), KOHCTUTYITHO-
HaJIbHbIE TIOKA3ATENN CYIECTBEHHO He PA3IMYalIich B 00eHX
rpymmax. OCHOBHBIMY IIPIYNHAMHI TIOBPEKACHUI TOJIOBHOTO
Moara 6bii UMT (53,1% cayuaes) u HMK (23,1%), Brimodast
cyGapaXHOMIATLHbIC KPOBOMBJIHUSHIUS BCJICICTBIE Pa3PhiBOB
AQHEBPU3M W UX OCJOKHEHU: CIIa3M apTepHii, MOBBIIICHIE
BHYTPHUEPEITHOTO JIaBieHus U T.4. Bosee peakumur mpuau-
HaMU TPy0O0ro MOBPEKIEHNS TOJIOBHOTO MO3Ta OBLIHN IIT06AITb-
Hasl MIIeMust ToJoBHOro Moara (9,6%) u cocTosiHue Toce
yzaseHnst GOJTBINIX OMyXoJtel rososroro Moara (14,2%). B ro-
JABJISTIONIEM OOJIBITMHCTBE CITyIA€B TPUYIMHAMI JIOKATBHBIX
HOBPEKACHUT TOIOBHOTO Mo3Ta Obin ocaeacTeust HMK u
CAK BcrezictBre paspbiBa aneBpuaM (65,2 1 26% manienTos,
COOTBETCTBEHHO). VccieoBamye MpoBOIMIIN B Pa3HbIe HHTEP-
BaJIbl BpeMeHU OT Havasa 6osestu: B 1-if rpyrme Ha 124+101
cyTKH, Bo 2-it — Ha 137+130 cytku (p>0,05) (tabm. 1). Kak
GBLIO OTMEYEHO BBIIIE, B 1-10 TPYIIITY BRIIOUUIN HAIHEHOB ¢
JUIATETbHBIMI HapyIIeHNsIMU cO3HAHMST: B 10-11 ciryuasx — Ha-
xozsmmxcs B BereratuBHOM cTatyce (BC) u B 20-u — ¢ cun-
npovoM Mastoro co3ranust (CMC). [TammenTs! ¢ ToKaTbHBIMI
HOBPESKIEHUSAMU TOJIOBHOTO MO3ra (1=24) ObLIIN B SICHOM CO-
3HAHUH, B KJIIMHUYECKON KApTHHE TTPe00.Ia/IaIi CUMITTOMBI JIO-
KaJIbHOTO TIOBPEKICHNSI TOIOBHOTO MO3Ta. [PyTITy cpaBHEHUS
cocraBui 40 310pOBBIX TOOPOBOJIBLEB B Bo3pacte 22—32,5
JIET, COCTOSTHHUE 3/I0POBbsT KOTOPBIX GBLIO MOATBEPIK/ICHO KJIH-
HUYECKUMU 1 JTAOOPATOPHBIMIE HCCTIe0BaHUsIMI (Ta0I. 2).

Kinndeckue 1 GMOXUMITYECKIE TaHHbBIE KPOBH 3710~
POBBIX OOPOBOJIBIEB COOTBETCTBOBATHM HOPMATbHBIM
3HAYEHUSAM. Pe3yssraTel NCCaeJOBAaHII KPOBH TAIMEHTOB
1-ii u 2-1 rpynn He BhIABUIIN GOJIBIINX pasandnil (Tabur. 2).
CpaBHUTEIBHBII aHAIN3 TaO0PATOPHBIX OKA3aTeel Tal-

group, on day 124+101; in the second group, on day
137£130 (P>0.05) (table 1). As noted above, the first group
included patients with long-term disorders of consciousness:
in 10 cases they were in the vegetative state (VS) and in 20
cases they had minimally conscious state (MCS). Patients
with local brain damage (n=24) were in a clear conscious-
ness; symptoms of local brain damage dominated in the clin-
ical picture. The reference group consisted of 40 healthy
volunteers aged 22—32.5 years, whose health status was con-
firmed by clinical and laboratory studies (table 2).

Clinical and biochemical parameters of blood of
healthy volunteers were within normal limits. The blood test
findings did not demonstrate great differences between pa-
tients of groups 1 and 2 (table 2). A comparative analysis of
lab test parameters of patients in two groups and healthy
subjects demonstrated the following differences: higher val-
ues of C-reactive protein and ESR were found in patients,
probably due to invasive procedures [11]. Significantly
lower values of total protein were found in patients mainly
due to decreased albumin level; this may be explained by
consequences of liver impairment in the acute period of the
disease accompanied by a comatose state, presumably due
to sepsis and/or intensive drug therapy [12]. The assump-
tion is confirmed by significantly higher AST and ALT levels
in patients compared with healthy subjects. No significant
changes in clinical parameters of blood and coagulation sys-
tem in patients were found.

Inclusion criteria: patients in the VS or with MCS
after a traumatic and non-traumatic severe brain injury and
with local brain lesions, outside the acute period of the dis-
ease, with signs of stabilization of the clinical presentation.

Non-inclusion criteria: frequent extrasystole (more than
10 per minute), ciliary arrhythmia, pathology of heart valves,
active inflammation, sepsis, respiratory and heart failure, pe-
ripheral or global edema, hypotension (SBP<100 mmHg), se-
vere anemia, renal failure.

Exclusion criteria (inability to cary out protocol-spec-
ified tests): orthostatic hypotension and postural orthostatic
tachycardia syndrome (POTS): increased heart rate in an in-
clined position by 30 beats/min compared to that in the hor-
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Ta6Jmua 2. KiMHauko-0MoXUMHUYeCKHe I0Ka3aTen ManueHToOB C I[I/Iq.)(l)y(}HbIMl/l, JIOKAJIbHBIMH MOPAKEHUAMH I'OJIOBHOTO

MO3ra U 310POBbIX 100poBoJbIes (M+SD).

Table 2. Clinical and biochemical parameters of patients with diffuse, local brain lesions and healthy volunteers.

Parameters Values of parameters in groups Significance
Group 1, n=30 Group 2, n=24 Group 3, n=40 of intergroup differences

M=SD M=SD M=SD t, . t, 3 ty
Hemoglobin, g/1 122.00+11.9  119.80+12.7 131.5+8.5 0.57 3.09* 3.77*
RBC, x1012/1 4.20+0.44 4.30+0.16 4.44%0.30 0.09 2.33* 2.40*
Hematocrit, % 36.20+3.76 38.80+2.33 38.6+2.24 2.65* 2.57* 0.31
WBC, x109/1 7.60+1.57 8.20+2.48 5.77+1.43 0.95 4.24% 4.14%
Platelets, (x10%/1 304.50£94.3  283.80+136.2 240+39.4 0.57 2.90* 1.44
ESR, mm/h 8.70+8.70 12.80+0.70 5.5+2.5 2.10* 1.60 15.70%
Total protein, g/1 63.30%4.20 65.30£1.91 71.7+4.7 1.32 5.02% 10.15%
Albumin, g/1 33.00£6.50 36.20+2.82 40.5+6.5 2.86* 5.07* 3.33*
Total bilirubin, pmol/I 7.05+3.08 9.20+5.51 11.2+2.7 1.57 4.93* 1.56
Urea, mmol/| 4.50+1.44 4.80+0.42 3.4%0.6 0.31 3.25% 9.85*
Creatinine, pmol /1 56.80£14.90  76.20+18.90 70.5+9.9 3.69* 3.62% 1.36
Glucose, mmol/I 5.00+0.59 5.50+0.69 4.56+0.47 2.71% 2.88* 5.52*
Cholesterol, mmol /I 3.70+0.97 4.00+0.76 4.23+0.66 1.10 2.11* 1.15
ALT, U/L 26.50£14.80  26.20+31.30 11.9+£39 0.05 4.31% 3.39*
AST, U/L 21.70+8.77 20.00+11.03 18.6+2.5 0.69 0.91 0.91
C-reactive protein, mg/! 14.50+9.88 9.70+1.99 1.53%1.4 2.13* 5.83* 16.71%
APTT, s 31.10£2.78 32.80+4.95 32.0+2.99 1.38 0.15 0.67
Fibrinogen, g/1 3.90+0.99 4.00+1.48 3.85+0.99 0.25 0.15 0.53

Note. ALT — alanine aminotransferase; AST — aspartate aminotransferase; APTT — activated partial thromboplastin time; t — t-test;

* — significance of differences (P<0.05) at t>2.03.

IIpumeuanue. /[na tabr. 1, 2: Parameters — napamerpsl; significance of intergroup differences — gocToBepHOCTD MEKIPYIIIOBBIX pas-
snunit; RBC — apurpormre;; WBC — seiikonuntst; platelets — tpomborurer; ESR — CO9; total — o6mmii; protein — 6esiox; urea —
mouesnHa; ALT — anannn-amunorpancdepasa; AST — acnaprar-amunorpancdepasa; C-reactive — C-peakrunsiit; APTT — akrusu-
poBaHHOe YacTHYHOEe TPOMOOILIACTUHOBOE BpeMsl. t — kpurepuii CtbiogenTa; * — goctoBepHocTb pasiuunii (p<0,05) npu t>2,03.

€HTOB JIBYX IPYIIIT U 3[I0POBbIX CYOBEKTOB BBISBUII CIIE/IYIO-
ngpe pazanaus: Gosiee BbIcokue nokazaresin C-peakTHBHOTO
Geaka u COI y NaIlUenToB, 4To, BEPOATHO, OBLIO CBSIZAHO ¢
WHBAa3WBHBIMU TIporierypamu [11]. Y marmenToB BbISIBIEHbBI
JIOCTOBEPHO GoJiee HU3KME 3HAUeHUs 00Iero Geska, B oc-
HOBHOM, 32 CYET CHIDKEHUsI COIEPKaHIsI albOyMUHa, BO3-
MOKHBIM 0OBSICHEHHEM KOTOPOTO SIBJISIETCSI TTOCTEACTBISI
HapyIeHust GyHKIMU TleYeHn B 0CTPOM Hepuojie 3a6oseBa-
Hug [12]. DTo mpennonoxeHre TOATBEPKAAETCS TOCTO-
BepHO Oosiee BhicOKMMHU TokazareasamMu AcAT u AAT y
MAIMEHTOB [0 CPABHEHWIO CO 3[0POBBIMU CYOBEKTAMU.
3HAYNMBIX M3MEHEeHU I KINHIUECKUX [T0Ka3aTesieil KpOBU 1
CBEPTHIBAIOIIE CUCTEMBI Y TTAI[EHTOB HE BBISIBUJIN.

Kputepun BKIIOYEHUS TTAIUEHTOB B MCCIE0OBAHIE:
narenTtsl B BC, i ¢ CMC nocsie Ts:keTbIX TOBPEKIeHITH
TOJIOBHOTO MO3Ta TPABMATHYECKOTO U HETPABMATHYECKOTO
reHe3a M € JIOKAJIbHBIMU MOPAKEHUSIMI TOJIOBHOTO MO3Ta
BHE OCTPOTO Tleprojia 60Ie3HN, ¢ IPU3HAKAMK CcTabuIn3a-
Y KJIMHUTYECKON KapTUHBI.

Kputepun He BKJIIOUEHHS: 4aCTast 9KCTPACUCTOIUS
(6osee 10 B MuHYTY), MeplaTeIbHAs APUTMUS, ATOJIOTHS
KJIAIIAHOB CEP/Ia, aKTUBHBIN BOCIAJIUTENBHBINH MTPOIIECC,
CETICHC, JIbIXaTeJIbHAs U CepP/IeTHAsT HeJOCTATOYHOCTh, TIepH-
dbepuueckue Wiy riaobaIbHble OTEKH, apTepHaIbHas THITO-
tensust (CA/l meree 100 MM pPT. CT.), BBIpaskeHHAs aHEMUSI,
HoYeyHast HeJIOCTATOYHOCTb.

Kputepun nckimodyeHust (HEBOZMOKHOCTD TIPOBeJIe-
HUSI TIOJTHOTO MTPOTOKOJIA UCCIIEIOBAHYIS ): PA3BUTHE OPTO-
CTaTUYECKOW THUIOTEH3WH W CHHIPOMA IOCTYPaJbHON
oprocratndeckoii Taxukapauu (CIIOT): ysesnuernne HCC
B HAKJIOHHOM T0J10:keHIH Ha 30 y1I/MHH TI0 CPaBHEHUIO CO
3HAYEHHEM B TOPU30HTAIBHOM TIOJIOKEHNH, JIOO0 YBeJInde-
rne YCC mo 120 u 60ee [13].

Bcex maruenTsl, BKIIOYEHHBIX B JAHHOE HCCJIe[0Ba-
He, 00CITIeI0BATIN O[HUM anapaTHbiM Komiiekcom TFM

izontal position, or increased heart rate to 120 or more [13].

All patients enrolled in this study were examined by
the same TFM 3040i hardware complex using a tilt table
with an electric drive according to the same protocol, which
consisted of the following:

The test was conducted in the morning on an empty
stomach, the patient was placed on a tilt table in a horizontal
position;

 registration of all parameters to be measured in
real time within 10 minutes;

* tilt to 30° and registration of the hemodynamic pa-
rameters within 10 minutes. When exclusion criteria occur:
OH or POTS: the patient was immediately transferred to a
horizontal position;

* tilt to 60° and registration of all parameters within
10 minutes.

After the registration period, the subject returned to
the horizontal position and the electrodeswere removed.

A comprehensive analysis of systemic hemodynamic
parameters in all subjects was carried out using a multifunc-
tional Task Force Monitor. The following parameters were
recorded:

* brachial blood pressure (SBP, DBP) using an os-
cillometric method,

* beat to beat blood pressure using a finger clip heart
rate sensor; its calibration was carried out using brachial BP
data once a minute,

 heart rate (HR) was determined by continuous
measurement of R-R interval during ECG,

*  ECG was recorded using four electrodes located
on the chest, using the original technique of bipolar two-
channel electrocardiography.

The stroke output (SO) was measured by impedance
cardiography using a software based on the Kubicek for-
mula [14].
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3040i ¢ npumeHeHreM HakJIoHHOTO cTosa (tilt table) ¢ asek-
TPUYECKUM ITPHBOJIOM B YCJIOBUSIX €JINHOTO TIPOTOKOJIA, KO-
TOPBII COCTOSII B CJIEYIONIEM:

* JCCJIeJIOBaHME TIPOBOJMUJIM B YTPEHHHE 4Yachl
HATOIIAK, MAIlMeHTa Pa3MeIaln Ha HAKJIOHHOM CTOJIe B TO-
PHM30HTATIBHOM IT0JIOKEHHH;

*  PETUCTPUPOBAJIN BCe U3MeEpPsieMble apaMeTphl B
peasibHOM MaciiTabe BpeMeHu B Tederue 10 MuH.;

* HaksioH Ha 30° 1 perucTparms mapaMmeTpoB TeMo-
mHaMuKHY B Tedenre 10 munyT. [Ipu nosisiiennn kpurepues
uckmouernst: O mmm CIIOT, marmenTa HeMe/[JIeHHO Tiepe-
BOJIMJIN B TOPU30HTAIBHOE MOJIOKEHHUE;

* HaKJIOH UCIBITyeMbIX 710 60° 1 permcrparus Bcex
napameTpoB B TeueHue 10 MuH.;

* 110 UCTEYEHUN MEePUOJA PETUCTPAIIH, UCIBITYe-
MOTO BO3BPAIAJIN B TOPH30HTAIBHOE MTOJIOKEHIE 1 ITPOBO-
VTN CHSITHE 3JIEKTPOJIOB.

KomriekcHblii anains rnokasateseil CHCTeMHOM reMo-
JIMTHAMUKH Y BCEX HCIIBITYEMBIX IIPOBO/NJIN C TTOMOIIBIO
MHOro(dyHKIMoHanIbHOro MoHuTopa Task Force Monitor.
Peructpuposai cieyoniie moKa3aTesin:

* Opaxmanbhoe aprepuanbroe maasienne (CAJI,
JTAJ]) c mpuMeHeHNeM OCIIMIIOMETPIYECKOTO METOJIA;

* apTEepPHAJBHOTO JIABJIEHH 32 KaXK/0€ CepledHoe
cokparienwe (beat to beat) ¢ momorbio manbIeBoro mwHMpa-
KPACHOTO JIATYMKA, €r0 KATHOPOBKY OCYIIECTBIISIN C TOMO-
b0 aHHbIX OpaxuaibHoro A/l 1 pas B MUHyTY;

* vacroty cepaeunbix cokpamiernii (HCC) omnpeje-
JISIVL € TIOMOIIIBIO TIePMaHEHTHOTO n3Mepernst R—R unTep-
Basia Ha JDKI;

*  OIKI peructpupoBasu ¢ TOMOIIBIO YETHIPEX dJIEK-
TPOJIOB, PACTIOJIOKEHHBIX HA TPYAHOI KJIETKE, C TIPIMEHe-
HIEM OPUTUHAIBHOTO METO/A OUTIOJISIPHON /IBYXKaHATbHOIT
aJleKTpoKapauorpadum.

Vaapubiii o6bem (YO) usmepsiin ¢ IIOMOIIbBIO Me-
TOJIA MMIIEIAHCHON Kapinorpaduu ¢ MOMOIIbIO KOMIIBIO-
TEPHOIT TPOTPaMMBI, B OCHOBE KOTOPOIi Jieskana hopmyra
Ky6uuexa [14].

MunyTHbII 06beM KpoBooOpaiiernst (MOK) oueru-
Basn kak npoussenenne YO u YHCC,

O6mee nepudepuueckoe conporusierne (OIIC)
PaCCYMTBIBAIIY C TIOMOIIBIO KOMITBIOTEPA MOHHUTOPA TT0 hOp-
mysie: OTIC=CAJl — CBJI ® 1332 ¢ 60 / MOK (;1/MuH),
rne CAZl — cpemnnee A/l; CB/l —cuctemHoe BeHO3HOE /aBITe-
nne; 1332 — xoapdurment nepeBozia FanHbIX B cuctemy CU.

CraTHCTHYeCKUI aHAIN3 IAHHBIX TPOBEJH C TIOMO-
IIBIO TTAKeTA CTATUCTHYECKUX TTporpaMm «CratucTrra-10».

O6cieioBatie 3/I0POBBIX 0OPOBOJIBIEB TIPOBOJINIIN
TEM JKe alapaTHbIM KOMIIJIEKCOM C TPUMEHEHNEM acCHB-
HoM oprocratudeckoii mpobsr (ITOIT) 0-60°. ITpoTokos
ITOII 0-30°-60° mpumMeHNTH CHIeTATBHO JI7IsT PAHHEN, 10-
KJIMHIYECKOM IMarHOCTUKH OPTOCTATHIECKUX HAPYIIECHUH
TeMOJIMHAMUKY Y HAIIMEHTOB C MOCJIECTBUAMHE TSIXKEJIBIX
MOpaKEeHNH TOJIOBHOTO Mo3ra. CpaBHUTEIBHBII aHAIN3 JIaH-
HBIX 3/10POBbIX 100POBOJIBIIEB M NAlMeHTOB 1-if 1 2-ii rpynn
TTPOBOIMJIN TOJIBKO [1715T TIoJtoskeHuit 0° n 60°.

Opna manmenTtka 2-it tpymmsr mocae HMK, 6bira vic-
KJIIOYEHA M3 FICCIIE/IOBAHNS B CBS3U C HAIMYUEM KPHTEPUSsT
nuckmouernst (CA/l < 100 mm pr. cT.).

Pe3yibrarhl 1 00Cy:KA€eHHE

Oprocraruyeckue U3MEHEHUS FeMOMHAMUKI Y
HALMEHTOB U 3/[0POBbIX 00POBOJILILIEB [1PECTAB/ICHDI
B TabI. 3.

The cardiac output (CO) was determined as a product
of SO and CO.

The total peripheral resistance (TPR) was calcu-
lated using a computer monitor according to the formula:
TPR = mBP-SVP 1332¢60/CO (I/min), where mBP is
mean blood pressure, SVP is systemic venous pressure,
1332 is the coefficient of data conversion to SI units.

The statistical analysis was carried out using the Sta-
tistica-10 software package.

Examination of healthy volunteers was carried out by
the same hardware complex using passive orthostatic test
(POT) 0-60°. POP protocol 0-30°-60° was used specifi-
cally for early, preclinical diagnosis of orthostatic hemody-
namic disorders in patients with the consequences of severe
brain lesions. A comparative analysis of data from healthy
volunteers and group 1 and 2 patients was carried out only
for positions at 0° and 60°.

1 patient from group 2 after CVD was withdrawn from
the study due to exclusion criterion (SBP < 100 mmHg).

Results and Discussion

Orthostatic hemodynamic changes in patients
and healthy volunteers are presented in table 3.

A comparative analysis of hemodynamic param-
eters in a horizontal position demonstrated a number
of significant differences. In healthy volunteers, euki-
netic type of blood circulation was observed in a hor-
izontal position. The hypokinetic type prevailed in
patients. Significantly higher SO and CO values and
lower SBP, DBP, HR, TPR were found in healthy sub-
jects compared to patients (see table. 3). HR was sig-
nificantly higher and SO was significantly lower in the
horizontal position in patients of group 1 than in
group 2.

At a tilt of 30°, only insignificant if any changes
in hemodynamics were observed in 26 patients of the
first group and 23 patients of the second group. In
both groups, there was an increase in heart rate by 7%,
a decrease in SO by 5% and 9%, respectively, a 4% in-
crease of CO in the first group and 2% decrease in the
second group, with minor TPR changes in both
groups. The intergroup differences of hemodynamic
parameters were the same in the horizontal position
and at a tilt of 30°. Orthostatic disorders were found
in 2 patients in the VS after TBI, in 1 patient in the
VS after post-hypoxic brain damage and in 1 patient
with MCS after TBI. One patient developed POTS at
the 5" minute of 30° tilt with a HR increase from 92
to 130 beats / min with a tendency to further increase
without a decrease in SBP. The test was immediately
discontinued. Orthostatic hypotension with a de-
crease in SBP by 20 mmHg and more within 3—6 min-
utes of the 30° tilt was observed in 3 patients of the
first group at a 30° tilt. The study was immediately
stopped, hemodynamic stabilization was observed
2-3 minutes after returning to the horizontal position.

The 60¢ tilt caused a 10% decrease in SO in pa-
tients of groups 1 and 2, and by 26% in healthy sub-
jects compared to the values in the horizontal position.
There was a 28.2% increase in heart rate in patients of

GENERAL REANIMATOLOGY, 2018, 14; 6

www.reanimatology.com



18

DOI:10.15360/1813-9779-2018-6-12-22

Clinical Practice

TaGauua 3. IlokasaTenn CHCTEMHOI FeMOANHAMUKY Y MaLUEHTOB ¢ AU Y3HBIMH, JTOKAIbHBIMH NOBPE:KACHUSIMH IO~
JIOBHOT'O MO3Ta M Y 37I0POBbIX 100POBOJIbLIEB IPHU IIACCUBHOM OpTOocTaTHYecKoi mpode 0—30-60°.
Table 3. Parameters of systemic hemodynamics in patients with diffuse, local brain damage and in healthy volunteers

with passive orthostatic test (0-30-60°).

Parameters Values of parameters in groups Significance
Group 1, n=26 Group 2, n=23 Group 3, n=40 of intergroup differences
M=SD M=SD M=SD t [ ty
Horizontal position
Heart rate, beat/min 86.2+17.5 76.6£15.6 66.0+8.8 2.1 6.6* 3.6*
SBP, mmHg 124.1£16.1 121.4+15.4 113.948.2 0.6 3.5% 2.6*
DBP, mmHg 85.3+13.9 83.3+12.1 74.0£5.9 0.5 4.7* 4.3*
SO, ml 53.9+11.1 69.2+£25.2 102.7+24.6 2.8* 9.7* 5.2%
CO, l/min 4.6+0.7 5.2+1.8 6.7+1.6 1.6 6.5% 3.5%
TPR, dynesecm™ 1758.6£298.3 1629.4%492.4  1093.6%£249.3 1.1 10.0* 5.9*
30° tilt
Heart rate, beat/min 92.7+18.3 82.9+17.8 1.9
SBP, mmHg 123.2+£15.4 123.0+16.3 0.04
DBP, mmHg 88.0+13.9 83.3+12.7 0.4
SO, ml 51.3+7.1 62.9£22.1 2.5%
CO, I/min 4.8+1.0 5.1+18 0.9
TPR, dynesecm™ 1745.6+402.0 1665.9+465.9 0.6
60° tilt

Heart rate, beat/min 110.5£17.7 94.8+18.9 80.8+10.1 3.0* 8.8* 3.9*%
SBP, mmHg 127.1+16.8 124.9+20.8 111.9+10.9 0.4 4.5% 3.3*
DBP, mmHg 91.7+14.8 89.0+17.6 75.0£8.9 0.6 5.8% 4.2%
SO, ml 48.7+6.2 61.6£20.3 76.1+12.2 3.0* 10.4* 3.6%
CO, I/min 5.4%+0.7 5.84+2.1 6.1£0.9 0.9 3.2%* 0.8
TPR, dynesecm? 1583.2£349.5 1502.0£367.4 1174.8+£225.6 0.8 5.8% 4.4*

Note. ¢;_» — t-test for each hemodynamic parameter when comparing variables from groups 1 and 2; ¢;,_3 — when comparing variables
from groups 1 and 3; ¢, 3 — when comparing variables from groups 2 and 3. * — differences were significant (P<0.05) at t=2.03 and
more. Per-protocol populations of groups 1 and 2 were included the statistical analysis.

ITpumeuanue. Horizontal position — ropusonTanbHOe MONOKEHNE; tilt — HakaoH; Heart rate — YCC; beat — ynap; SBP — CAJT; DBP
— AAJL; SO — YO; CO — MOK; TPR — OIIC. t;_, — kputepuit CtblojenTa JIst Kax/0ro napaMeTpa reMoAnHaMUKY [IPU CPAaBHEHUN
fanubix 1-# n 2-ii rpynis; ¢4_3 — 0pu cpaBHeHMM JaHHbIX 1-it 1 3-if rpyni; £, 3 — IpU cpaBHeHUU AaHHbIX 2-if u 3-ii rpyni. * — pas-
smruns gocrosepunl (p<0,05) npu t=2,03 u Gosee. B cratuctudeckuii ananus Obud BKIIOYEHBI NaienTsl 1-it n 2-if rpym, obcieno-

BaHHbIE 110 ITOJIHOMY IIPOTOKOJIY.

B cratuctuyecknii ananna BKIIOYNIIN TTAI[UEH-
ToB 1-if u 2-if TpyIII, 0OCTENOBAHHBIX 110 HOJHOMY
IPOTOKOJTY.

CpaBHUTEIbHDIN aHAIU3 [TOKa3aTeell TeMO/I1-
HAMUKH B TOPU30HTATIBHOM MOJIOKEHUU UCTIBITYEMbIX
BBISIBUJI PSI/L IOCTOBEPHBIX Pa3inynii. Y 3/10pOBBIX
MOOGPOBOJIBIIEB B TOPU3OHTAJIBHOM  IOJOKEHUN
HAOJTI0/Ia/Il 9YKUHETHYECKUH TUIT KPOBOOOPAIIEHNUSL.
VY nanueHToB npeodianan THIIOKUHETHYECKII THIL.
locTosepro Gosee Boicokue 3uavenus YO u MOK u
6osee nuskue nokasarean CAJl, JIAJ], YCC u OIIC
BBISIBUJIM Y 3/I0POBBIX CYOBEKTOB 110 CPABHEHUIO C
nanuerramu (1adi. 3). B ropusoHTaIbHOM MOJIOKE-
HUK y maruerToB 1-if rpynist tokazarenun YCC Obuin
JIOCTOBEPHO BbITe, 8 YO — I0CTOBEPHO HUIKE, YEM BO
2-ii Tpytte.

[Ipu makmone Ha 30° y 26-u nanuentoB 1-it
IPYIIBL Uy 23-X HAIUEHTOB 2-ii TPyl HAOJII0IAIN
HEe3HAYNTEIbHbIE 1 HEJIOCTOBEPHDIE N3MEHEHUS TEMO-
nuHaMuKY, B 06enx rpymnax HabJIIOMau yBeIdeHe
YCC na 7%, cumxenue YO na 5 1 9% coorBeTcTBEeH-
Ho, yBesandenue na 4% MOK B 1-it rpyrie u camke-
Hue Ha 2% 9TOTo IOoKazaTessd BO 2-i rpyiiie, npu
He3HaunTebHbIX u3Menenusix OTIC B obenx rpymiax.
MesKrpyIIoBbie pa3indrs TeMOANHAMUIECKUX TTapa-
METPOB B TOPU30HTATHHOM MOJOKEHUH U ITPU HAKJIO-

group 1, a 23.4% decrease in patients with local lesions
and a 13.6% decrease in healthy subjects. An increase
in HR and a moderate decrease in SO in the tilt posi-
tion caused minor CO changes in the tilt position,
which increased from 4.6£0.7 to 5.4%0.7 1 /min in pa-
tients of group 1 and from 5.2+1.8 to 5.842.1 I/min
with local lesions. There was a moderate decrease from
6.7£1.6 to 6.1+0.9 1 /min in the group of healthy vol-
unteers. TPR slightly decreased in patients of groups
1 and 2, and slightly increased in healthy subjects; all
changes in this parameter were insignificant. At a 60e
tilt. There was a 2.4% increase in SBP in group 1 pa-
tients and a 2.8% increase in patients with local le-
sions; in the group of healthy subjects, there was a
slight decrease in SBP by 1.8%; the changes in SBP
values were insignificant (P>0.05).

Changes in systemic hemodynamics determine
the SBP deviation with changes in body position. This
parameter is an important criterion of the orthostatic
hemodynamic stability. The SBP changes during or-
thostatic tests give basis to diagnose orthostatic cir-
culatory disorders [8]. In this study, orthostatic
changes in SBP were insignificant in all groups of sub-
jects who underwent per-protocol examination.

The redistribution of blood, which occurs when
a person tilts his head up or in a vertical position is the
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Kanungeckas mpakTuka

He Ha 30° Gpuin oguHakoBbIMH. OpToCTaTHYECKUEe
HapyImieHus BoIABUAN y 2-X nanuenToB B BC nocire
UMT, y 1-ro martmenTa B BC nocie moctrumnoxcuye-
CKOTO TIOBPEK/IEHUS TOJIOBHOTO Mo3ra u'y 1-To manu-
enta ¢ CMC nocie UYMT. ¥ oxnoro namuenTta Ha 5-i
munyTe HakgoHa Ha 30° pazsuiica CIIOT c yBenunye-
nuem YCC ¢ 92 1o 130 yi/MuH ¢ TeHeHITneN K 1ab-
HelIeMy yBeJUYEHUIO TIPU OTCYTCTBUM CHUIKEHUS
CA/l. UccnenoBanvie HeMeIJIEHHO TIPEKpaTHii. Y 3-X
HanueHToB 1-i rpyImmbl npu Hakjiaone Ha 30° nabJio-
JIAJTA Pa3BUTHE OPTOCTATUYECKON TUTIOTEH3UN CO CHU-
sxenemM CAJl na 20 MM pr. cT. u Gosmee Ha 3—6-if
MunyTax Hakjaona na 30°. MccnenroBanme nemesieHHO
NpeKkpaTun, yepe3 2—3 MUHYTHI MTOCTE BO3BpaTa B
TOPU30HTAIBHOE MOJIOKeHe HabJI01a/ I cTabuIn3a-
IUIO TeMOIMHAMUKH.

Hakson na 60° Bei3Bas cumkenne YO na 10% y
nanuenToB 1-i u 2-ii TPy, a y 3/[0POBBIX UCIIBITYe-
MBIX Ha — 26% 110 CPaBHEHHIO C TOKA3ATEJISIMUA B TOPH-
30HTAJBHOM HoJIOKeHuu. Habmonanu ysennuenie
YCC na 28,2% y manuenToB 1-ii rpyrimsl, Ha 23,4% —
y TAIMEHTOB C JIOKAJbHBIMHU TMOPAKEHUSIMU W HA
13,6% — y 3mopoBbIxX uctbiTyeMbix. YBeanuernre HCC
n ymepentoe cumxkenvie YO B HAKJIOHHOM TOJIOKe-
HUU SIBUJIMCh IIPUYMHON HE3HAUYUTETbHBIX UBMEHEHU
MOK B HaKJIOHHOM TIOJIO’KEHUH, KOTOPbIT YBEJTMYLII-
cst ¢ 4,6%0, 7 1o 5,4+0,7 1/MuH y nmaineHToB 1-ii rpy-
eI, ¢ 5,2%1,8 10 5,8%2,1 j1/MuH ¢ JIOKaILHBIMU ITOpa-
JKEHUsMM. B IpyIme 340pOBBIX A00POBOJIBIEB
MIPOU30IILIO YMEPEHHOE CHUIKEHME ITOTO MTOKa3aTesI
¢ 6,7+1,6 10 6,1+0,9 51/mun. OIIC y martuenToB 1-it u
2-1 TPYIIT HE3HAYNTEIBHO CHUKAJIOCH, & Y 3/TOPOBBIX
UCITBITYEMBIX HECKOJIBKO MOBBIIIANIOCH, BCE U3MEHe-
HUS JAHHOTO IMOKasaTesasd ObLIN HEZOCTOBEPHBIMI.
[Ipu nakmone na 60° y nartenToB 1-it TpyIIer oT™Meva-
aim yeesmuerne CA/Jl Ha 2,4%, ¢ TOKATbHBIMU TTOpasKe-
HusaMu — Ha 2,8%, a B TPyIIIe 310POBBIX CyObeKTOB
nabiozany HesHauurenabnoe cumkenne CAJl — Ha
1,8%, usmenenus nokasaresnein CAJl 6bL1u HeLOCTO-
BepHbIMH (p>0,05).

W3menenus nmokasarejeil CHCTEMHOI TeMO/I1-
HaMuKU orpeessior otkiaonenus CA/l npu uzmene-
HUSIX TTOJIOKEHUST Tesa. JlanHblIii ToKa3aTe b SIBJISeTCs
BayKHBIM KPUTEPHEM OPTOCTATUYECKON CTaOMIbHOCTU
remopmHamuku. menno namenenust CAJl Bo Bpems
OPTOCTATUYECKKX MIPOG JAIOT OCHOBAHUE AUATHOCTHU-
pPOBaTh OPTOCTATHYECKKE HapyIIeHUsT KpoBooOpaliie-
nus [8]. B nacrosiem uccsieoBaHuM BO BCEX TPYII-
HaxX HCIBITYeMbIX, O0CIeZOBAHHBIX II0 IIOJHOMY
IPOTOKOIY, oprocTarnueckue usmenenns CAJL GbLiu
HE3HAYNTETbHBIMHU.

OcHOBHOI IPUYNHOM OPTOCTATUYECKUX U3MEHE-
HUM TeMOJMHAMUKHU SIBJISIETCS TlepepacIiipejiesienie
KPOBU, KOTOPOE MMPOUCXO/IUT TIPU HAKJIOHAX YeJIOBEKA
TOJIOBOW BBEPX WJIM B BEPTUKAJIBLHOM ITOJIOKEHWH.
Vamenenue rosoxeHne MPpUBOUT K JIETTOHUPOBAHUIO
YacTH KPOBU B HUZKHUX OT/IEJIAX COCY/IUCTON CUCTEMBI,
YTO BBI3BIBAET CHUKEHNE BEHO3HOTO MTPUTOKA K CEP/I-
1y, YMEHBIIEHUIO JIaBJIeHUS HATTOJIHEH U TTPeJICEPIUT,

main cause of orthostatic changes in hemodynamics.
The change in the position leads to the deposition of
blood in the lower parts of the vascular system, which
causes a decrease in venous flow to the heart, a de-
crease in atrial filling pressure, a decrease in SO, acti-
vation of sympathetic baroreflex and activation of all
adaptive systems of CVS regulation. All these
processes that ensure the normal constancy of the dis-
tribution of organ blood flows, and, above all, the
brain, were discussed in the literature review [15]. It
is obvious that in severe brain damage, the function of
the most complex structure of blood circulation regu-
lation is impaired, which affects the adaptive processes
involved in changes in the position of the body. Under
these conditions, verticalization, which is essential for
the beginning and successful implementation of reha-
bilitation measures and potentially preventing is-
chemic processes in the affected brain should be
carried out under the control of hemodynamic param-
eters. There is a lack of information about orthostatic
changes in hemodynamics in patients with long-term
impairment of consciousness after severe traumatic
and non-traumatic brain damage. Literary data are re-
lated either to acute periods or to the nearest time in-
tervals. It is shown that OH is observed in more than
a half of stroke patients, which significantly affects
their rehabilitation [16]. In patients after severe TBI
who are unconscious, verticalization causes OH in
most cases [17]. These data are not consistent with the
results of this study, which may be due to different
time of verticalization attempts after the onset of the
disease. The same study showed that the same proto-
col of verticalization using a device for walk simula-
tion in a tilt position contributes to a significant
reduction in orthostatic hemodynamic disorders.
More and more studies show that this type of verti-
calization accelerates patients' recovery from the VS
and MCS and reduces the ICU stay [18, 19]. The
causes of orthostatic disorders in such patients are di-
verse. They are associated with impaired regulation of
the sympathetic system, blockade of the calf muscle
pump caused by paralysis and low muscle tone of anti-
gravity muscles [20]. Most patients with cerebral cir-
culation disorders suffer from arterial hypertension
(AH), whose drug treatment of may be complicated
by OH [21]. It should be noted that normally, with
changes in the body position, the constancy of organ
blood flows is ensured not only by the activation of
the autonomous sympathetic nervous system, but also
by the renin-angiotensin-aldosterone system, sympa-
thoadrenal and hypothalamic-pituitary systems [22].
Inadequate activation of individual parts of this adap-
tive system can cause orthostatic hemodynamic dis-
orders [23, 24]. The absence of significant SBP
changes during changes of the body position is an ob-
jective criterion of adequate function of all adaptive
systems. At the same time, the SBP stability in pa-
tients with consequences of severe brain damage does
not mean the preservation of physiological mecha-
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yMmenbiierus YO, akTHBAIUU CUMIIATHIECKOTO Gapo-
pediiekca M aKTUBAIMU BCEX AANTUBHBIX CUCTEM
peryasinuu CCC. Bee atu mipotieccesl, obeciednBaio-
1IKe B HOpMe TIOCTOSTHCTBO paciipe/ie/IeHus OPraHHoTo
KPOBOTOKA, U, TIPEK/IE BCETO, TOJIOBHOTO MO3Ta, pac-
CMOTpeHBI HaM# B 0630pe mrepatypsl [15]. Cosep-
MIEHHO OYEBUIHO, YTO MPHU TSKEJIBIX TOBPEXKACHUIX
TOJIOBHOTO MO3Ta IPOMCXO/IUT HapyleHue GyHKINu
CJIOXKHEHIIEH CTPYKTYPBI PETYJIAIIN KPoBoobpaiiie-
HUS, 4TO BJAUSET HA /IaITUBHBIE ITPOIECCHI TIPU U3Me-
HEHUSX MTOJIOKEHUS Tesla. B aTuX ycaoBuax BepTuka-
JIM3AIUSA, KOTOPAs ABJISETCS Kpaiite HeoOX0MMOii st
HavaJia v yCIENTHON pean3aliuu peabuinTalinoHHbIX
MEpPOTIPUSITUH, HO HECYIIasi yrpo3y yriayOJeHust uiie-
MUU B IOPAKEHHOM TOJIOBHOM MO3Te, I0JIZKHA ITPOBO-
JIUTHCA TIOJT KOHTPOJIEM TeMOIMHAMUYCCKUX TTapaMeT-
pos. Cymecrsyer gebunur wundopmanuu 06
OPTOCTATUYECKUX W3MEHEHUSAX TeMOAMHAMUKUA Y
MAIMEHTOB C JJINTEIBbHBIMA CPOKAMU HapyIICHUS
CO3HAHUA TIOCJIEe TSKEBIX TTOBPEXKAEHN TOJTOBHOTO
MO3Ta TPaBMATUYEeCKOTO U HETPAaBMATUYECKOTO reHe3a.
[IpencraBiennpie B JuTEepaType JaHHbIE KaCAIOTCS
6o ocTporo mepuoa, aubo GaMKaiiero Kk Hemy
unrepsasia spemenn. [lokaszano, uto OT Habsonaercs
y 6oJsiee yeM TIOJIOBUHBI MAIUEHTOB, TEPEHECITNX
UHCYJIBT, 4TO 3HAYUMO BJIUSET HA UX PeabUIMTAINIO
[16]. ¥ maruenToB nocite tsixenoit YMT, naxozsmnmx-
cs1 B 6eCCO3HATETBHOM COCTOSTHUN BEPTUKATU3AIUSA B
GonpiumcTBe caydaes BoisbiBaer OI [17]. Otu man-
HbIe HE COTIJIACYIOTCS € Pe3yJbTaTaMHu HaCTOSIIETO
UCCIIEIOBAHUS, YTO MOKET OBITh CBSI3aHO C Pa3HBIMU
MeproIaMu BepTUKAIU3aIUU. B TOM ke ncciaeioBaHnu
MOKA3aHO, 4TO TOT e MPOTOKOJ BEPTUKAJINUBAIUH C
MPUMEHEHNEM TIPUCTIOCOOIEHUS JIJIs UMUTATIUY [1arOB
B HAKJIOHHOM TIOJIO)KEHUU CIIOCOOCTBYET 3HAUMTEb-
HOMY CHUZKEHUIO OPTOCTATUYECKUX HAPYIIICHUI reMO-
nuHamMuky. Bee Goibliie TOsIBIsIeTCST MCCIIEI0BAHNUT, B
KOTOPBIX TIOKA3aHO, YTO TaKOH BUJ BEPTUKATU3AIINN
yckopsieT Boixoy naiuentoB u3 BC u CMC coznanus
U COKpAIaeT CPOKU MPeObIBAHNS MAIIUEHTOB B PEaHH-
MaIrmoHHbIX otaenenusx [ 18, 19]. Ilpuuunsl oprocTa-
TUYECKUX HAPYIIEHWH y TaKUX HAIMeHTOB MHOTO-
06pasHbl. VX CBA3BIBAIOT ¢ HAPYIIEHUEM PEryJIsIIUI
CHMITATHYECKOW CHUCTEMBI, OJIOKAI0N BEHO3HOTO HACO-
ca HOT, BBI3BAHHOTO TIApaInYaMi 1 HU3KUM MBbIIIIEY-
HBIM TOHYCOM aHTUTPaBUTAITMOHHBIX MbImy [20].
BosbmmHCTBO NAIMEeHTOB ¢ HAPYIIEHUIMHI MO3TOBOTO
KPOBOOOPAITEHUS CTPAJIAIOT aAPTEPUATBHON THIIEPTEH-
sueit (Al), mMeamkameHTO3HOE JeUYeHNE KOTOPOW,
MozkeT ocsoxkanThest O [21]. HeobxoaumMo 0TMeTHTD,
YTO B HOPMeE ITPU U3MEHEHUSIX MTOJIOKEHUS TeJla TOCTO-
SIHCTBO OPTaHHOTO KPOBOTOKa OGECHeYnBaeTcs He
TOJIBKO aKTHBallMell aBTOHOMHOI CHMIATHYeCKON
HEPBHOW CHUCTEMBI, HO M PEHUH-aHTUOTEH3NH-AJIb/10-
CTEPOHOBOI CUCTEMBbI, CUMIIATOA[PEHAJIOBOI U TUIIO-
Tasamo-runogusapuoii cucremamu [22]. Heanexsat-
Hasl aKTUBAIUS OT/IEIbHBIX YacTeH 9TOH aflaliTUBHOM
CUCTEMBI MOKET CTaTh MPUYUHON OPTOCTATUYCCKUX
Hapyirennii remogunamuku [23, 24]. OrcyrcTBue

nisms of blood circulation regulation. Probably, severe
diffuse brain damage contributes to the activation of
other mechanisms of orthostatic stabilization of blood
circulation, which require further study.

It is important to emphasize that the patients en-
rolled in this study survived an acute period of brain
damage of various origin and intensive care in intensive
care units. The in-hospital mortality rate is 14% [25]
among patients hospitalized due to severe traumatic
brain injuries and 21.3% [26] among patients with
acute stroke. The presented data on hemodynamic sta-
bility in 86% of patients who survived severe brain
damage were obtained in patients outside the acute pe-
riod (124£101.7 days after the onset of the disease),
which suggests that such hemodynamic stability is one
of the conditions determining survival in extreme con-
ditions. This stability may also be explained by peculi-
arities of management of patients in the intensive care
units, where the study was carried out.

Conclusion

This study demonstrated a hypokinetic type of
blood circulation in all patients with brain lesions; it
was more severe in patients with long-term impaired
consciousness after severe brain damage. The majority
of patients in this group presented satisfactory ortho-
static hemodynamic stability; different types of ortho-
static disorders were found in 14% of cases. A passive
orthostatic test (0—30-60°) allowed to diagnose or-
thostatic disorders at a slight tilt up to the onset of
clinical symptoms of brain hypoperfusion. The ob-
tained data indicate the need for hemodynamic mon-
itoring in the early stages of patients' verticalization.

3HaunTesbHbIX u3meHennit CA/l npu cmene rosoxe-
HUSI T€JIa ABJAETCA 0OBEKTUBHBIM KPUTEPUEM aJ[eK-
BaTHOI (DYHKITMM BCEX AIalITUBHBIX cCUCTEM. BMmecTe ¢
teM, crabusibHocTh CA/Jl y ALMEHTOB ¢ IIOCIeACTBUS-
MU TSKEJIbIX TIOBPEKIEHUI TOJIOBHOTO MO3Ta BOBCE He
03HAYaeT COXPAHHOCTh (DU3UOJIOTHUECKUX MEXAHU3-
MOB peryJisiiiuu KposooOpaienust. Bepositho, Tske-
sibie b dysHble TTOBPEKIEHNSI TOJIOBHOTO MO3Ta CII0-
COOCTBYIOT —~ aKTHBM3AlMM  WHBIX  MEXaHM3MOB
OPTOCTATHYECKON CTAOMIN3AIUU KPOBOOOPAIIEHUS,
KOTOPBIE TPEOYIOT U3YUEHUSI.

BakHO mouepKHYTh, YTO TAIUEHTDI, BKJIIOYEH-
Hbl€ B JAHHOE UCCJIEJI0BAHKE, BBIKUJIN TT0CJI€ HTEH-
CUBHOTO JIeYeHUs B OCTPOM II€PHOJIE TIOBPEKIEHUIT
rOJIOBHOTO MO3Ta PA3JINYHOro rexesa. JletaibHOCTD
CpPe/iU MAIMEHTOB C TSIKEJbIMU YePerHO-MO3TOBBIMU
TpaBMamu coctasisieT 14% [25], ot uHcyJibra B 0CT-
pom epuiozie — 21,3% [26]. [IpencraBientble qanHbie
0 cTabUIBHOCTH reMoAuHaMUKN y 86% MaluenTos,
BBIKUBIIUX [TOCJIE TSIXKEJIBIX TOBPEKAEH I TOJIOBHOTO
MO3ra, OBLIM TOJYYEHbI Y MAllUeHTOB BHE OCTPOTO
nepuoja nospesxxaenunit (124+101,7 aueii nocse naua-
J1a 3a60JIEBAHMUS ), UTO TIO3BOJISIET MPEAIONOKUTH, YTO
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Takas cTabUIbHOCTD TeMOANHAMUKH SIBJISIETCS OTHUM
13 YCIOBHH BBIKUBAHKST OPTaHM3Ma B 9KCTPEMAJIbHBIX
ycaoBuax. Ipyrum o6bsacHenneM mogo0Hoit cTabuib-
HOCTH MOTYT OBITh 0COGEHHOCTH BeJIeH ST TTAIlMeHTOB
B T1a/IaTax peaHnMaIlMOHHbIX OT/eJIEHUIA, T/1e TTPOBeJIH
PEICTaBJIEHHOE MCCIIeA0BAHNE,

3akiaoyeHue

B nactrosiiem uccsienoBaHuy BbISIBUJIN THIIOKU-
HETHYECKUIT TUII KPOBOOOPAIIEHUS Y BCEX MAIMEHTOB
C TIOBPEKIEHUSIMU TOJIOBHOTO MO3Ta, 00JIee BhIPasKEeH-
HBI{ y HAllMeHTOB C JUINTEJbHbIMU HapyHIEHUSIMU
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Iatrogenesis in the Intensive Care
Oksana I. Kosukhina!, Ekaterina S. Kachenkova?, Gennadiy N. Germanov?, Yuliya V. Zbrueva?

A. I. Evdokimov Moscow State University of medicine and dentistry, Ministry of Health of Russia
20 Delegatskaya Str., Build 1, 127473 Moscow, Russia
2 Moscow City Institute of Natural Sciences and Sports Technologies, Russian Ministry of Health,
1 Chechulina Str., Bldg. 1, 105568 Moscow, Russia
3 Astrakhan State Medical University, Ministry of Health of Russia,
121 Bakinskaya Str., 414000 Astrakhan, Russia

Bompoc STporenny B MEAMIIMHCKOI MPAKTHKE aKTYaJIeH: COTJIACHO IAHHBIM JINTEPATYPbI, B JIEYeOHBIX YUPesK/Ie-
HsIx Munncrepersa aapasooxpanenus Poccuiickoii Meneparyn oxomro 50,0% medekToB B OKazaHUN MeUITTHCKOIM
MOMOIIIN JIOITyCKAETCSI XUPYPTaMu, Cpeii KOTOPBIX mpeobiianaior gedekts quarHoctikn (80,0%) mo mpidmie He-
HOJTHOI[EHHOTO O0OCIe/IOBAHNS TAIIMEHTOB M OTCYTCTBUS 32 HUMU [MHaMIYecKoro Habmogenus. Hapsiny ¢ xupyp-
raMy, B MePBYIO TATEPKY, N0 KOJINYECTBY BBISIBJIECHHBIX Ie(EKTOB OKA3aHUS MEIUIIMHCKON MOMOIIH, BXO/ST
aHecteanoJiorn-peannmarosoru (oxoso 30,0%).

ITenb ncciaemoBanus — MpodUIAKTUKA ATPOTEHII B IPAKTHKE AaHECTE3NO0JI0Ta-PeaHIMAaTOIOTA.

Marepuasst 1 MeTo/pbl. [IpoBesi aHaI3 Pe3yIbTaTOB MEUIIMHCKON CyIeOHOIN HKCIePTH3bl 06 OKa3aHNUH Me-
JMIIMHCKOI MOMOIIY HAIMEHTY TTOCIe TTOJIyIeHIsT HOJKEBBIX PAHEHNUI.

PesyubraTel. YCTaHOBUIIM HEMOCPEACTBEHHYIO IPUYUHY CMEPTH OOJBHOTO, TPUYHHHO-CIIE/ICTBEHHYTO CBSI3b
MEJK/Ty BBISIBJIEHHBIMHE Jle(heKTaMI OKa3aHUs MeTUIIMHCKON TOMOIIHN 1 JIETATBHBIM HCXOIOM.

3akmouenue. [IpoBesieHHoe Hecae0BaHE CTOCOOCTBYET MPEAOTBPAIIECHUTO ITPOTEHII 1 BHOCUT BKJIAJL B YIy4-
IIeHNEe KA4ecTBa OKa3aHNs MEAUIITHCKOM TTOMOTITHL.

Kniouesvie crosa: dehexm; nebnazonpusmiviil ucxo0; MeOUUUHCKASL NOMOULL; LEMALLHBIIL UCX00; NPUUUHHO-CILe0-
CMBennas. c63b

The problem of iatrogenesis in the medical practice is still urgent: according to published data, in healthcare in-
stitutions of the Ministry of Public Health of the Russian Federation, about 50.0% of errors in medical care are made
by surgeons; among these errors, diagnostic errors prevail (80.0 %) due to improper examination of patients and lack
of follow up. Together with surgeons, anesthesiologists and intensivists are in the top five of physicians who demon-
strated the greatest number of defects in medical care (about 30.0%).

The purpose of our study is prevention of iatrogenesis in the intensive care unit (ICU).

Materials and methods. We analyzed findings of the forensic examination and evaluation of medical care of a
patient with knife wounds.

Results. We determined the immediate cause of death, and describe the causal link between the outcome and
identified defects in the medical care.

Conclusion. Preventing the iatrogenesis in ICU is right strategy to improvemethe medical care quality.

Keywords: defect; unfavorable outcome; medical care; death; causal relationship
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Bsenenue Introduction

AKTyambHOCTD TIPOOIEMBI HESKETATENBHBIX HCXO- The problem of unfavorable outcomes in medical

JIOB B MEJIUIIMHCKOI MpaKkTHKe 00ycaI0BIeHa HE00X0-

JIMMOCTBIO PACIIMPEHsI 3HAaHUH B 9TO#T 061acTu.
CorslacHo JAHHBIM JINTEPATYPHI, B Je4eOHBIX

yupexaennsax MuHucrepeTsa sapaBooxpatenns Poc-

practice is urgent because we still lack knowledge in
this area.

According to literary data, in healthcare institu-
tions of the Ministry of Health of the Russian Federa-
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cuiickoit Meneparun okoso 50,0% nehekToB B OKa3a-
HUW MEJUIIUHCKON MOMOIIU JOITYCKAETCsT XUPYPraMu,
Cpeiu KOTOPBIX TPe0baaiaioT neheKThl IMarHOCTHK
(80,0%) 1o ipuuMHe HEMTOJTHOIIEHHOTO 0OCIE[0BAHMST
HAI[MEeHTOB U OTCYTCTBUS 32 HUMH JUHAMUYECKOTO
Habuoierust. B Hactostiiiee BpeMsi HabII01aeTCs TeH-
JeHINST K YBEJINYEHUIO TPIMEHEHMS XUPYPIrIYeCKIX
METOJIOB JIEUEHVS B YCIOBUIX HENOCTATOUHON TPO(U-
JAKTUYeCcKol nomuep:kku. Hapsay ¢ xupypramu, B
MEePBYIO TSATEPKY 110 KOJUYECTBY BbISIBJIEHHBIX Jledek-
TOB OKa3aHUs MEUITMHCKOIT ITOMOIITH, BXOJISIT aHecTe-
auosioru-peannmarosioru (okoso 30,0%) [1-3].
[IpoGiiema oreHKY JeheKTOB OKa3aHUsST Me/U-
[IMHCKON TIOMOTI[H, HEGJIATOTTPUATHBIX UCXO/OB ¥ ITPH-
YMHHO-CJIEACTBEHHOI CBSI3Y MEXK/LY HUMU ITPOJOJIKAET
OCTaBAThCSI OJTHUM U3 BAYKHBIX U CJIOKHBIX BOTIPOCOB
Cy/IeOHO-MEIMITMHCKON aKenepTuabl. [I1pu okasanuu
MEIIUTIMHCKOI TTOMOIIU BO3PACT GOJIBITMHCTBA Malld-
€HTOB, [TPU JIEY€HNU KOTOPBIX BO3HUKAIM PA3HOTIACHST
B OTHOIIIEHUU OKA3aHHOII aHeCcTe3n0JI0TO-peaHnMa-
IIUOHHOIT TOMOIIH, cocTasiisti Meree 60 Jet. B momgas-
JsIoneM GoJIbIIMHCTBE crydaes (84,9%) nmpeTeHsnu K
MEIUIITHCKUM PaGOTHUKAM ObLIM HHUTIHUPOBAHbI MIPH
OKa3aHUM 3KCTPEHHOU MeauilmHCcKON momotnu. M3
06IIEero YneJIa MPOBEIEHHBIX KOMUCCUOHHBIX CY1e0HO-
MEIUIUHCKUX IKCIEPTU3 IePeKTbl MeTUIUHCKOIM
oMot (MIT), okazpiBaemoii BpauaMur aHeCTe3MOJI0-
raMu-peaHuMaToIoraMu, ObLIN BBIABICHBI B 45,6%.
Heo6xoammo pusHath, uTo B caydasx (54,4%), koraa
KOMMUCCHSI 9KCIIEPTOB He BBISIBIJIA TIPU3HAKOB HEHA/I-
nexarero okazanuss MII, ob6parmaer Ha cebs BHUMA-
HIEE TOT (haKT, 4TO TIOBOJIAMU K CyZIeOHOMY HCKY TTaliu-
EHTOB W WX POJACTBEHHUKOB ObLIM HAPYIICHBI
JIEOHTOJIOTMYECKIe IPUHIIAIBL paboThl Bpava [4—7].

[ledeKTbl, BbIsIBJIEHHbBIE TIPU OKA3aHUU aHECTe-
3MO0JIOTO-PEAHUMAIIMOHHON TTOMOIIH, GBI pas/esie-
HBI Ha 3 TPYTIIBL: eeKThl tederust (63,7%), neexTo
IarHoCcTuky (5,5%) v opraHu3arnoHHbIe 1eheKThI
MII (30,7%).

[lox nedexToM MeAMIIUHCKON TOMOIIH JIOJIKEH
MOHUMATHCS ee HeIOCTATOK B BUJIE CHCTBUS nin Ge3-
NeiicTBUS MEIUIMHCKOTO MEePCOHAA, SIBJISIONIMIICS
HapyIIeHNueM IefiCTBYIONNX PYKOBOISIINX TOKYMEH-
TOB (TIOPSIIKOB OKA3AHUST U CTAHAAPTOB MEIUITUHCKOI
MIOMOIIY, KJIUHUYECKUX PEKOMEHAINI, TPaBUII,
UHCTPYKIUH, PYKOBOJCTB, MOJIOXKEHWIl, JAUPEKTUB,
MIPUKA30B) U BHIPA3UBIIUIICS B HETPABIJIBHOM OKa3a-
Hu¥ (HEOKa3aHWM) MeUIIMHCKON oMoty (ripogu-
JIAKTUKE, IMAaTHOCTHKE, JIeYeHnr 1 peabusmraiun) [8].

Ha6monenue u3 3KCepTHOM NPAKTHKH

N3 marepuasios no dakry cmeptu rp. H, 19-tu
JIET, U3BECTHO, YTO MAHHBIM TPAKIAHUH OJYUHII
HOKeBOE paHeHue U B XOJie IIPOBe/leHUs Xupypruye-
CKOU omepanuu ckoHvasucs. /[uarunos mnpu mocryrie-
nun: «<IIponukaioiiiee panenuie TpyIHON KJIETKU CJIeBa
U JIEBOH IOSACHUYHON 001aCTH, IIPOHUKAIOIIEE B IPY-
HYIO 110J10CTb. /Inarno3 3akJ04nuTe bHbINA KINHIYe-

tion, about 50.0% of errors in medical care are made by
surgeons; among these errors, diagnostic errors prevail
(80.0 %) due to improper examination of patients and
lack of follow up. At present, there is a tendency toward
amore frequent use of surgical methods of treatment; at
that, the preventive support is insufficient. Together
with surgeons, anesthesiologists and intensivists are at
the top five of physicians who demonstrated the greatest
number of defects in medical care (about 30.0%) [1-3].

The problem of evaluation of defects in medical
care, unfavorable outcomes and causal relationship be-
tween them is still one of important and complex is-
sues of forensic medical examination. Controversy was
mainly observed while rendering intensive care to pa-
tients aged less than 60 years. In the vast majority of
cases (84.9%), claims against health workers were re-
lated to the emergency medical care. Of the total num-
ber of forensic examinations conducted by the forensic
commission, defects in medical care provided by anes-
thesiologists and intensivists were found in 45.6% of
cases. It should be admitted that in cases (54.4%),
when the council of experts did not find signs of im-
proper medical care, principles of deontology were vi-
olated by a doctor resulting in lawsuits initiated by
patients or their relatives [4—7].

Defects in anesthesiological and intensive care
were divided into three groups: treatment defects
(63.7%), diagnostic defects (5.5%) and organizational
defects (30.7%).

The defect of medical care should be defined as
its lack in the form of medical staff's activity or failure,
which is a violation of the existing guidelines (proce-
dures and standards of medical care, clinical recom-
mendations, rules, instructions, guidelines, regulations,
directives, and orders) expressed as wrong provision
(failure) of medical care (prevention, diagnosis, treat-
ment, and rehabilitation) [8].

Clinical case from the expert's practice

Records concerning the death of patient N., 19
years old, demonstrate that he was stabbed and died
during the surgery. Diagnosis on admission: «Pene-
trating chest wound on the left and a wound of the left
lumbar region penetrating into the chest cavity. The
final clinical diagnosis: Penetrating knife chest wound
on the left and a wound of the left lumbar region pen-
etrating into the chest cavity. II-III degree post-he-
morrhagic shock. Hemothorax. Hemoperitoneum.
Wound of the left lung and the diaphragms».

Wound tracts were examined before evisceration.
There is a perforating linear damage of muscles and
parietal pleura in the intercostal space along the 5 left
intercostal space, from the left mid-clavicle to mid-ax-
illary line, sutured with nodular sutures; sutures are
competent. A perforating sutured injury of the upper
lobe of the left lung was found. The wound entry hole
is located on the front surface of the lung, and the exit
hole is on the interlobular surface. The length of the
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ckuil: IIponukaioniee HoXeBoe paHeHUE TPYIAHOMN
KJIETKH CJIEBA U TIOSICHIYHON 06JIacTH ¢JieBa, TPOHU-
Karoliee B OpIolyio mosoctsb. [ToctreMopparnveckuii
mok [I-III crenenu. TemoTopakc. Iemoneputoneym.
Panenue sieBoro Jjierkoro u auadparmbi».

[lo m3BjeYeHNsT OPraHOKOMILIEKCA MCCIeI0Ba-
JCh paHeBble KaHasibl [To xXoay 5-ro Mesxpebepbst
cJIeBa OT CpeiHe-KJIOYMYHOM 10 cpe/iHe-TIoAMBbIIIeY-
HOW JIMHUW NMeeTCs CKBO3HOE JIMHEHHOE MTOBPEsKIEHUE
MBI U TPUCTEHOYHOH TUIEBPbI MEsKpeOephst YITUTOE
Y3JIOBBIMU IBAMH, MIBBI COCTOATEIbHBL. OGHAPYKEHO
CKBO3HOE YIITUTOE TIOBPEXK/ICHIE BePXHEH 10J11 JIEBOTO
JilerTkoro. BxojiHoe moBpeskieHne pacrosaraeTcs: Ha
nepeiHel TOBEPXHOCTH JIETKOTO, BBIXOJHOE — Ha MEXK-
J10J1eBOH TTOBepXHOCTH. [lyinHa BXOIHOTO TTOBpeEsKIe-
Hust — 1 cM, Beixogaoro — 0,5 cm. Ha mesxmoneBoit
MOBEPXHOCTU HUXKHEH JIOJIM JIEBOTO JIETKOTO B TIPO-
eKIIUY BBIXOJ[HOTO MOBPEKICHUS TEMHO-KpacHoe Gie-
cTsIiee KpopoussusiHue pasmepom 1X1,5 em. ianna
paHeBOTO KaHaja B TOJIIE TKAHW JIETKOTO — 3 CM.
[lnmHa paHeBoro KaHaja OT OTEPAIMOHHON PaHbI MO
CpeIHe-KIOUNYHON JIMHUHU /10 BBIXOJTHOTO TTOBPEIK/IC-
HUS HA BEPXHEI J1oJie JIeBOTO JIeTKOTO — 7 cM. CTeHKH
PaHEBOTO KaHa/Ia POBHBIE, ¢ OOIIUPHBIMI TEMHO-KPac-
HBIMU  OGJIECTSIIIIMME  KPOBOMBJIUAHUSMU. PaneBoii
KaHaJ OT PaHbl Ha JIEBOIT 3a/iHe-60K0BO#T MOBEPXHOCTH
TPYZIHON KJIETKU WIET B HAIIPABJICHUY €33/ HaTlepel,
cieBa HarpaBo. [To Xoay paneBoro kanaja mmeercs
CKBO3HOE KOcoIoliepedHoe rnospeskaenne Mol 10-ro
MesKpebepbst M0 3ajiHe-TIOAMBIIICYHO JuHun. J[uHa
MOBPEXKIACHUS CO CTOPOHBI TPUCTEHOYHOMN TIJIEBPBI —
1,6 cm, aTo IOBpEskIeHME He yiuTo. [laee — cKBo3HOE
MOBPESKACHUE 3a/IHEH YacTh JIeBOTO KynoJsa auadpar-
MBI IJIHHOM 1,2 ¢M — 110 TPYAMHHON TTOBEPXHOCTH U
mmuHoi 0,9 ¢M — 1Mo GPIONTMHHOIN MOBEPXHOCTH.
[ToBpeskaenue ne yrmTo. /lannoe cKBO3HOE MTOBPEsK/IE-
HIe TAMIIOHUPOBaHO (hparMeHToM hapTyka 60IITOro
casbHUKA. PaHeBOll KaHas cjerno 3aKaHYMBaeTCs B
BepXHeM ataxe GpioliHoii monocTu. B kietyaTke dhap-
TyKa 6OJIBIIOrO CATTbHIKA, TAMITOHUPYIOTIETO TIOBPEK-
nenve auadparMbl TEMHO-KpacHoe GJiectsiiiee Kpo-
Bouzsusinue. Jlnuna pamneBoro kanama — 8,5 cM.
CTeHKH PaHEeBOr0 KaHaja POBHBIE, € OONIMPHBIMU
TEMHO-KPACHBIMU OJIECTSIIMU  KPOBOUSJIHSTHUSIMHL.
BuyTpennue opranbl pacrosioKeHbl TPaBUJIbHO. B
JIEBOM TI7IeBpabHOMN 1mosiocTr 0kos1o 100 mur kpacHoBa-
TO-GYPOIT KUAKOCTH, B BEPXHEM 3TasKe GPIOIIHOM 1oJI0-
CTHU JieBee CPeIUHHON JTUHUM CJIe/ibl TEeMHOU KUJKOM
KpoBu. B Tpaxee, OpOHXaX PasIMYHOTO, MTPEUMYIIle-
CTBEHHO KPYITHOTO M CPEAHEro Kagrbpa mpaBoro Jer-
KOTO M BEPXHEH JI0JIM JIEBOTO JIETKOTO UMEIOTCS €/I1-
HUYHbIE OEJIECOBATO-CEPhIe KYCOUKHU, HATOMUHAIOTI[IE
JKeJyouHoe cofiepxkimMoe. JleBoe Jierkoe, 0cOOEHHO
HUKHSAS J10J151 3HAYUTEIbHEee YMEHBINEHO B pa3Mepax.
[on merouynoii meBpoii MPUKOPHEBBIX OT/IEJIOB JIETKUX
TOUYEYHBIE U METKOTISITHUCTBIE TEMHO-KPACHbIE OJIeCTs-
nye KpoBousugaHus. B mepukap/ie, mpenMyIecTBeH-
HO TI0 33/IHEH TOBEPXHOCTH, TOYEUHbIE M MEJTKOTIATHH-
CTBIE TEMHO-KPaCHbIE GIIECTSIIIE KPOBOUIIUSHUS.

entry hole is 1 cm, and the length of the exit hole is 0.5
cm. There is dark red brilliant hemorrhage (1x1.5 cm)
on the interlobular surface of the lower lobe of the left
lung at the projection of the exit hole. The length of
the wound tract in the lung tissue is 3 cm. The length
of the wound tract from the surgical wound along the
mid-clavicle line to the exit hole on the upper lobe of
the left lung is 7 cm. Wound tract walls are even, with
large dark-red brilliant hemorrhage. The wound tract
from the wound on the left posterior-lateral surface of
the chest goes from back to front and from left to right.
In the wound tract, there is a perforating oblique trans-
verse damage of muscles of the 10" intercostal space
along the posterior axillary line. The length of the in-
jury on the parietal pleura is 1.6 cm; this wound is not
sutured. Then there is a penetrating injury of the pos-
terior part of the left cupula of the diaphragm 1.2 cm
long along the sternal surface and 0.9 cm long along the
peritoneal surface. The wound is not sutured. This per-
forating injury is tamponed with the omental apron.
The wound tract ends in the upper part of the abdom-
inal cavity without any exit hole. There is dark-red
brilliant hemorrhage in the tissue of the omental apron
which tampons the diaphragm injury. The length of the
wound tract is 8.5 cm. Wound tract walls are even, with
large dark-red brilliant hemorrhage. The internal or-
gans appear regular in location. There is about 100 ml
of reddish-brown liquid in the left pleural cavity; there
are traces of dark liquid blood in the upper part of the
abdominal cavity to the left of the median line. There
are solitary whitish-gray pieces resembling gastric con-
tents in the trachea and medium and large bronchi of
the right lung and upper lobe of the left lung. The left
lung, especially its lower lobe, is significantly reduced
in size. There are petechia and purpura under the pul-
monary pleura of the root sections of the lungs. There
are petechia and purpura in the pericardium, mainly on
the posterior surface.

Clinical data, findings of forensic medical exam-
ination and histological findings suggest that the pa-
tient has died from acute hypoxia due to aspiration of
gastric contents into the respiratory tract, compli-
cated by bronchospasm as a result of unsuccessful at-
tempts to intubate the patient.

The following questions were raised before the
council of experts:

«Was the medical examination and preoperative
preparation sufficient taking into account patient's
state and conditions in the healthcare institution?»

«Was the urgent care rendered in a full volume
and at due time on patient's admission?»

«Were there errors in anesthesia and intensive
care? If there were, what exactly were the organiza-
tional, tactical and technical defects?»

The diagnostic tests and examinations carried
out on admission were sufficient for diagnosis and se-
lection of the correct treatment strategy.

However, while preparing patient N. to the sur-
gery, no gastric probing was performed for its empty-
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PesyubraTsl 1 00Cy K1€HIE

KimmHudeckue mgaHHble, Pe3yJIbTaThl CyaeOHO-
MEIUIIMHCKON AKCIIePTU3bI TpyTa rp. H 1 pe3yJibrarel
THCTOJIOTUIECKOTO UCCIICIOBAHUST TIO3BOJISTIOT 3aKJTIO-
YUTh, YTO CMEPTD €TO HACTYTIUJIA OT OCTPON IMITIOKCUN
B CBSI3U C acMUpalfei JKeJayI0uHOTO COMEPKUMOTO B
JbIXaTeJbHbIE TTYTH, OCTOKHUBIIEHCS OPOHXOCMTA3-
MOM B pe3yJibTaTe HeyJauHbIX MOTBITOK WHTYOAIIUN
GOJILHOTO.

[Tepen koMuccHei aKCIepToB ObLIN OCTABICHD
CJIeTYIOIIE BOTIPOCHI:

«B mocrarouroM Jit 06beMe B JIedeOHOM YUPEsK-
JIEHUH TPOM3BEICHO 00cIeIoBaHne GOJIBHOTO 1 TIPe/I-
oTlepalliOHHasT €To MOJATOTOBKA C YYETOM YCJIOBUI,
UMEIOIIUXCST B JICUeOHOM YUPEKACHUH U COCTOSTHUN
GOJILHOTO?»

«B mosiHOM 7111 00bEME U CBOEBPEMEHHO JIM OKa-
3aHa TepBast MeJUIIMHCKas oMol rp. H. mpu ero
HOCTYTIJICHUH B OOJIBHUILY ?»

«menuch i HeOCTATKY TIPU JIade HApKo3a U
MTPOBE/IEHNH PEaHNMAIMOHHBIX MepornpusaTuii? Ecin
UMEJTMCh, TO B YeM KOHKPETHO BBIPAZUIINUCH Je(PEKTHI
OPraHU3aIMOHHOT0, TAKTUYECKOTO U TEXHUYECKOTO
XapaKTepOB?»

[Tpu nocrymiennn tp. H B sieuebHOE yupeskiie-
HUe 00bEM TPOBEAECHHBIX €My AHATHOCTHYECKIX
HCCIIeIOBAHUI 1 0OcIe[oBaHMst ObLI JOCTATOUEH ISt
MOCTAaHOBKHU JIMArHO3a, BEIPAOOTKH TIPABUJIBHO Tak-
TUKU JIEYEHUST.

Opnako ipu mogrotoBke rp. H. K onepanum He
ObLJIO BBITIOJIHEHO MTOKa3aHHOE B JAHHOM CJTydyae 30H-
JIUPOBAHUE JKEJTY/IKA JIJIST €T0 ONIOPOKHEHWS 1 TPpodhu-
JIAKTUKW OCJIOKHEHWH B BUJIe PETYPTUTAIUN CO/lEeP-
SKUMOTO JKEJTy/IKA B JIbIXaTeJbHbIE TTYTH.

PaszpaboTaHHBI XUPYPrOM U aHECTE3MOJOTOM
TIJTAH OKa3aHus MeIMITNHCKOH Tomotu Tp. H B moce-
KOBOU GOJIbHUIIE OBLT MPABUIBHBIM U JI0CTATOUHBIM
o o0bemy. OHAKO MPH €r0 Peannus3anuni BOSHUKIN
TEeXHWYECKHE TPYAHOCTH (HEBO3ZMOKHOCTD ITpOBee-
Hus uHTyOannu Tpaxen ). Onepaiius Oblia IIPpoBeeHa
o/t o61elt amecTesneld 1 MACOYHOM NCKYCCTBEHHOT
BEHTUJISTINEH JIETKUX.

MacovHast BeHTHIISAINS € TOTATBHOM MBITIIEUHON
peJtakcaryei, yMBIIasicst 0KoJio 1,5 yacos, mpu mpo-
Be/leHUW Hapkosa Tp. H. mpu orcyrcTBumM 30HAA B
JKeJTyJIKe, IPUBEJIA K OCTIOKHEHWTIO — PETYPruTaIliu C
MOCJIETYTONTM Pa3BUTHEM Y TTOCTPAJIABINETO pedirek-
TOPHOUM OCTAHOBKH CEPITia.

Nwmesmuecs y tp. H. 1Ba mponukamonmx paHe-
HUS JIEBOW MTOJIOBUHBI TPYTHOM KJIETKH C TOBPEsKIE-
HUEM JIEBOTO JIETKOTO W KyToJia AradparMbl, COTPO-
BOJKJIABIIHECs KpoBororepeil (06beMOM He MeHee
500 M), OCTPOIi ABIXaTENBHONH HEJLOCTATOUHOCTHIO,
reMOpPparu4ecKuM U IJI€BPOITYIbMOHATbHBIM TTOKOM
KBaJIU(PUIUPYIOTCS KaK TSKKUN BPe/l 37I0POBBIO IO
MPU3HAKY OTTACHOCTH JIJIs SKU3HU.

[Tpuuunoii cmepTu rp. H. asumace pedextop-
Has OCTaHOBKA cep/ila Ha (hoHe Pa3BUBIIEHCS OCTPOI

ing and prevention of complications in the form of re-
gurgitation of the gastric contents into the respiratory
tract, although it was indicated in this case.

The plan of medical care of patient N. in the vil-
lage hospital developed by the surgeon and anesthesi-
ologist was correct and sufficient. However, there
were technical difficulties (impossibility of tracheal
intubation) during its implementation. The surgery
was performed under general anesthesia and mask
lung ventilation.

The mask ventilation with total muscle relax-
ation, which lasted about 1.5 hours, during anesthesia
without a gastric tube resulted in a complication, i.e.
regurgitation with subsequent reflex cardiac arrest.

Two penetrating wounds of the left half of the
chest with an injury of the left lung and the cupula of
the diaphragm accompanied by blood loss (not less
than 500 ml), acute respiratory failure, hemorrhagic
and pleuropulmonary shock are classified as a serious
life-threatening damage.

It was a reflex cardiac arrest due to acute respi-
ratory failure caused by aspiration of the gastric con-
tents into the upper respiratory tract that became the
cause of death of patient N., and not the injuries he
had. These complications are mainly due to the defect
of preoperative (anesthetic) preparation of patient N.
to the surgery.

Patient N. was admitted 25—30 minutes after the
injury, i.e. he was hospitalized at due time.

No errors in anesthesia were found in medical
records. However, the description of the intensive care
in the medical records presented for examination is
omitted, which objectively does not allow the council
of experts to determine the adequacy of their extend
and completeness [9—-11].

«Organizational, tactical and technical defects»
include the lack of serviceable equipment for tracheal
intubation in the operating room.

Conclusion

The descriptive analysis of an iatrogenic case
helped to link the revealed errors in medical care and
a need in improving the medical care quality at the
ICU level.

JIBIXaTeJbHON HEeOCTATOYHOCTH, BCJIEICTBUE ACIIUPA-
I[UU KEeJTYyJ0YHOTO CONEPKUMOTO B BEPXHIE [bIXa-
TeJIbHBIE IIYTH, & He UMEBIINECS Y HETO TOBPEKIEHUSI.
YkazaHHble OCIOKHEHUS] OOYCJIOBJIEHBI, TJABHBIM
06pasom, sieheKToM TIpeIoIepaInoHHO# (aHecTe3no-
JIOTMYecKoit) moarotoBku rp. H. k oneparum.

[Mocrymienue tp. H. B euebHoe yupesxaeHue
yepes 25—30 MUHYT TTOCJIe TPUYMHEHNS EMY TPaBMBbI,
CBUJIETEJIBCTBYET O CBOEBPEMEHHON €ro [0CTABKE B
CTaIMOHAD.

Hepmocratku B mpoBeneHNN HENIOCPEICTBEHHO
HApKO3a B MEIUITMHCKON JOKYMEHTAI[UU He BbIsBJIE-
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Hbl. OIHAKO OmnucaHue TTPOBEJEHHBIX PEAHUMAIIOH-
HBIX MEPOTIPUSITUN B IIPEJICTABJIEHHOI HA 9KCIIEPTUIY
ucropun 6OJIE3HU OTCYTCTBYET, YTO OGBEKTUBHO He
MO3BOJIIET AKCIIEPTHOI KOMUCCUU OIIPEIETUTD JI0CTa-
TOYHOCTH MX 00beMa u nmoanory [9—11].

K «nedexram opranusannonHoro, TaKTUIeCKOro
U TEXHUYECKOTO XapaKTePa» MOXKHO OTHECTH OTCYT-
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Mocrynuna 04.05.18

CTBHE B ONEPAIMOHHON MCIPABHOIO 000PYLOBAHMI
U1 MHTYOAIUY TPaXeu.

3akiaoyeHue

ITpoBemeHHOE WCCIEMOBAHUE —CIIOCOOCTBYET
MIPeIOTBPAIIEHUIO STPOTEHUH I BHOCUT BKJIAL B yJIy4-
IIeHre KaueCcTBa OKa3aHUs MEUITMHCKOHN TOMOTITH.
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TpancniaHTanys MJIaCTOB Me3€HXMMAJbHbBIX IPOT€HUTOPHBIX KJIETOK cep/lia
IIJI BACKYJIIpU3allud MHOKap/a nocje uupapkra
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Transplantation of Cardiac Mesenchymal Progenitor Cell Sheets
for Myocardial Vascularization after an Infarction (Experimental Study)
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25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia
% Laboratory of Postgenomic Technologies in Medicine, Department of Fundamental Medicine,
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Iesn. Paspaborats criocob moyueHus TkanernHkeHepHbix Konerpykuuii (TUK), Ha ocHOBe pe3uieHTHBIX Me-
3eHXMMAJIbHBIX TPOreHUTOPHBIX K1eTok (MIIK) cepaia yenoseka u oneHuTsh Baustaue Tpanciviantainn TUK Ha
pereHepaTUBHbBIE MTPOIECCHI B Cep/ille Ha Mojiesin MH(paPKTa MUOKApP/Ia KPBICHI.

Marepuasst u MeToabl. Pesnnentnpie MITK uestoBeka Bbijiesisiyin U3 yIka 1mpaBoro npeJcepaus naueHTos ¢
NBC. Ilo ananornunomy npotokosy Bbiessian MIIK kpeicer munnn Wistar. MeTozom npoTounoit nntogyopu-
metpun onpenensiu ummyHodenorun MITK. Ha ocHose nitacros MITK cepjiiia uesoBexa u KpbIc MOJYYann COOT-
serctytomue TUK. MHbapkT Muokapaa y Kpbic ObLI HHAYIUPOBAH IIyTEM IIE€PEBA3KH IIePeAHell HUCXOAsIEN
KOPOHAPHOU apTepu, mocje Yero mpoBoauan tpanciiantaiuio TUK. Yepes 30 aneli mocse TpaHCIJIaHTAITIT BbI-
MOJIHSIIN 9BTaHa3uio0. [[POBOMMIN MMCTONOTMUYECKYIO OIEHKY COCTOSIHUS KJIETOK MMILJIAHTATa ¥ BaCKYJISIPU3AIINH,
MopdoMeTprudecKuii aHaius, TpekuHr uddepernnpoBouHoil criocobnoctu MIIK, onpenesnerue copepskanus po-
CTOBBIX (haKTOPOB MeTO10M TBepaodaznoro MMA. CraTrcTiaecKyio O1eHKY 0CTOBEPHOCTH PA3JIITIIIT TPOBOINIIH
C UCTIOJIB30BAHNEM ITPOTPAMMHOTO MakeTa Statistica 8.0.

Pe3syabraTel. AHAIM3 TTOJTYyYE€HHBIX KJIETOUHBIX KOHCTPYKIIMIA TIOKA3aJl, YTO OHU COCTOSIT U3 HECKOJIBKUX CJIOEB
KJIETOK, B3aUMOJICHCTBYIONIMX MEXK/Y cO0O0il IPU TIOMOIIU KOHHEKCUH—43, U XapaKTEePU3YIOTCsT XOPOIIed JKU3He-
c11ocoGHOCTHIO KI1eTOK B coctase TUK. KomnuecTBo cocy10B B iepunH(apKTHOI 06IaCTH T10/] TPAHCILIAHTATOM 13
MIIK 6b110 3HaUUTEILHO OOJIbIIE, YeM B KOHTPOJBHOU IPyIIlie, ¢ Ipu3HakaMu JuddepeHInpOBKY TPAHCIIIAHTH-
poBanHbix MIIK cepsiia B aH0TEeIMATbHBIE KJIETKI COCYIOB.

VBesnueHne BaCKyJIsIpU3alui COYETAIOCH C YBEJMYEHUEM IO YIaCTKOB JKU3HECIIOCOOHOTO MUOKap/Ia,
yMeHbIteHueM auatannn nonoctu JIK. Ananns npoaykros cexperun MIIK cepsiia mokasais, 4To OHU TIPOJYIHU-
PYIOT BaskHelMe (hakTopbl pOCTa ¥ IUTOKUHBI, PETYJIUPYIOIIIE AaHTHMOTEeHe3 U MUTPAITIIO CTBOJIOBBIX KJIETOK.

3akmouenue. CTpaTeris UCIOJIb30BaHUs anuKapaAuaibHoil Tpanciuiantaiuu TUK #a ocrose mmactos uz MITK
[PEJICTABJISIETCS PALMOHAIBHBIM TIOAX0A0M JiJIst 9((MEKTUBHON JOCTABKY KU3HECIIOCOOHBIX CTBOJIOBBIX,/TIPOr€HMU-
TOPHBIX KJIETOK B MOBpexaeHHbiil Muokapi. [Ipumenerne TUK crioco6eTByeT yMEHBIEHNIO WM BPEMEHHOMY HC-
KJIFOUEHUIO IeHCTBUsE (PAKTOPOB, CIIOCOOCTBYONIMX IPOTPECCUPYIONIEH TUCHYHKIUN CEPALA, IyTeM JIOKAIbHOTO
MapaKPUHHOTO BO3/IEHCTBYS U aKTUBAIIMH TIPOTIECCOB PEBACKYJISPU3AIIIH 30HBI TOBPEKICHUS.

Knrouesote cnosa: mesenxumanvivie npozenumopHole KI1emKu, uuqbaprcm Muoxapﬁa; BACKYNAPUIAUUSL; MKAHEUN -
JHcenepHas KOHCMpPYKUUs U3 niacma Kjiemox

Purpose. To develop a method of producing tissue-engineered constructs (TECs) on the basis of resident mes-
enchymal progenitor cells (MPC) of the human heart and to assess the effect of TECs transplantation on regenerative
processes in the heart using a model of myocardial infarction in rats.

Anpecc Jy1s1 KOPPeCIOH/IEHIMH: Correspondence to:
KoncranTtun Jlepruses Konstantin V. Dergilev
E-mail: doctorkote@gmail.com E-mail: doctorkote@gmail.com
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BKCHCPMMCHTQABHLIC MCCACAOBAHWUIA

Materials and methods. Human resident MPCs were isolated from the right atrial auricle of CAD patients. A
similar protocol was used to obtain MPCs from Wistar rats. The MPC immunophenotype was determined by cyto-
fluorometry. Corresponding TECs were obtained on the basis of MPC sheets of human and rats' hearts. Myocardial
infarction in rats was induced by ligation of the anterior descending coronary artery followed by TEC transplanta-
tion. Euthanasia was performed 30 days after the transplantation. Histological examination of the implant and vas-
cularization cells, morphometric analysis, tracking of the MPC differentiation ability, determination of the content
of growth factors by solid-phase ELISA were carried out. Statistical evaluation of the significance of differences was
performed using the Statistica 8.0 software package.

Results. The analysis of the obtained cell constructs showed that they consisted of several layers of cells inter-
acting with each other by means of connexin 43 and were characterized by good cell viability as a part TECs. The
number of vessels in the peri-infarction area under the transplant from the MPC was significantly higher than that

in the reference group with signs of differentiation of cardiac MPCs transplanted into endothelial vascular cells.

The increased vascularization was combined with an increase in the area of viable myocardial sites and a decrease
in LV cavity dilation. Analysis of the cardiac MPC secretion products showed that they produce the most important
growth factors and cytokines that regulate angiogenesis and migration of stem cells.

Conclusion. The strategy of using epicardial TEC transplantation based on MPC sheets seems to be a rational
approach for effective delivery of viable stem/progenitor cells to the damaged myocardium. The use of TEC helps
to reduce or temporarily eliminate the effect of factors that contribute to progressive heart dysfunction by local
paracrine exposure and activation of the revascularization processes in the affected zone.

Keywords: mesenchymal progenitor cells; myocardial infarction; vascularization; tissue engineering constructs from

a cell sheet
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BBeneunne

3a mocsjeqHue MOJIBEKA METOIUKA MEePecajiku
CepiIIia CoXpaHsieT CBOYM MO3UIUU B KaYeCTBE eIH-
CTBEHHOI BO3MOKHOCTH TIOBBIIIEHIST KAYECTBA JKI3HI
MAIUEHTOB C TSIKEJION CepAeYHON HeIOCTATOUHOCTHIO,
BO3HUKIIIEH BCIIE/ICTBYE UITIEMUYECKOT HOJIE3HU cepi-
na wim Kapamomuonatuii. OHaKo, BBIPAKEHHBIN
neunnT TOHOPCKUX OPTAHOB [IJIs1 TIPOBE/IEHIS TPAHC-
MJTAHTAIIMY CYIIECTBEHHO OTPAHUYUBAET €€ MIUPOKOe
npumenenue [1, 2]. HoBeiM HampaBienuem mccieo-
BaHWH B 9TOH OBJAaCTH SIBJSETCS pEreHepaTHBHAS
MEeUIIITHA, KOTOPas OTKPBIBAET AJTBTEPHATUBHBIE BO3-
MOJKHOCTHU JIJIsI BOCCTAHOBJIEHUSI TIOBPEKIEHHOTO
cepzia. bplio mokazano, 4To MHTPaMUOKAPAUATbHbBIE
UHBEKIUN ayTOJOTHYHBIX ME3€HXUMATbHBIX TIPOTE-
Hutopubix kiaetok (MITK) moryT akTuBrpoBaTh pere-
HepaTUBHBIE POIECCHI M CTOCOOCTBOBATH BOCCTAHOB-
JIEHWIO cuctonmdeckoir dpynknuu cepama. OmgHako
NOCTaBKa KJIETOK MHBEKIINEN B BUIe CYCIIEH3UU TIPU-
BOIUT K TUOEJIH 3HAYUTEIBHOT0 uxX yncaa (10 90%)
KaK 32 CUeT MeXaHIYeCKOTO MOBPEKIEHNUsI TP BBeJle-
HUU Yepe3 UTJIy, TAK U 32 CYeT anomnTo3a (aHOUKUC),
BbI3BAHHOTO HAPYTIIEHUEM MEKKJIETOYHBIX KOHTAKTOB
IPY TIePeBO/ie KJIETOK U3 aJTe3NOHHON KYJbTYDHI B
CYCIIEH3UI0. DTO TAK)Ke CO3[AeT CIOKHOCTH B TLJIAHE
JIO3UPOBAHUS, OTIPE/IEJICHUS TIeJIEBOI 06J1acTH BBEIe-
HUSI ¥ PacIpefieJieH s B MUOKap/e. AJTBTepHATHBOI
UHBEKITISM KJIETOUHOM CyCIIEH3UM MOJKET SIBJISIThCST
TPAHCILTAHTAINS KJIETOK B BHU/E YiKe chopMUpOBaH-
HBIX PA3JIMYHBIX TKAHEWH)KEHEPHBIX KOHCTPYKIIHIT
(TUK). Ocoboro BHUMaHK 3aCIyKUBAIOT HarboJiee
npocteie TUK, cocrostinme 3 niacToB KIeTok (aHTJI.
cell sheets) — cBoeoOpa3Hble «KJIECTOYHBIE 3ATIATKI>,
IpeJIcTaBJIsoNnue co60i OHO- WU MHOTOCTOWHBIE
CTPYKTYPBI I3 OJJTHOTO MJIN HECKOJIBKUX BU/IOB KJIETOK

Introduction

Over the past fifty years, heart transplantation has
maintained its position as the only option to improve
the quality of life of patients with severe heart failure
caused by coronary heart disease or cardiomyopathy.
However, marked shortage of donor organs for trans-
plantation significantly limits the wide use of this treat-
ment method [1, 2]. The regenerative medicine is a new
area of research in this area, which opens up alternative
possibilities for the restoration of a damaged heart. It has
been shown that intramyocardial injections of autolo-
gous mesenchymal progenitor cells (MPCs) can acti-
vate regenerative processes and contribute to the
restoration of systolic heart function. However, the de-
livery of cells by injection in the form of a suspension
leads to the death of a significant number of them (up
t0 90%) both due to mechanical damage when adminis-
tered through a needle and due to apoptosis (anoikis)
caused by impairment of intercellular contacts when
transferring cells from the adhesive culture into the sus-
pension. This also creates difficulties for dosing, deter-
mining the target area of administration and
distribution in the myocardium. Transplantation of cells
in the form of already generated various tissue-engi-
neered constructs (TECs) may be an alternative to the
injection of the cell suspension. Special attention should
be paid to the most simple TECs consisting of cell
sheets, a kind of «cell patches», which are single- or
multi-layer structures of one or more cell types in com-
bination with the accumulated extracellular matrix. The
purpose of this study was to develop a method of pro-
ducing such TECs on the basis of resident MPCs of the
human heart, as well as to evaluate of the effect of trans-
plantation of these TECs on regenerative processes in
the heart using a model of myocardial infarction in rats.
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B KOMILJIEKCE ¢ HAPAOOTAHHBIM MU K€ BHEKJIETOYHBIM
MaTpukcoMm. [{esbio JanHoro ncesieioBanus Obiia pas-
paboTka crocoba nomyuenus mogobusix TUK Ha
ocHoBe pesuzieHTHBIX MIIK cepaiia yesnoBeka, a Takxe
OllcHKa BIUAHUA TpaHciyantanuu takux TUK na
pereHepaTUBHbBIC TPOIECCHI B CEpAlle HAa MOJEJU
nHpapkTa MUOKap/1a KPHICHI.

MaTepI/IaJI N METO/1bl

Boigenenue u kyipTuBupoBanue pe3uaeHTHsIx MITK
yesnoBeka. /lis soyiesnennsa MIIK cepania uestoBexa ncnosn-
30BaJi 00PA3IIbI YIIIKA PABOTO TIPEICEP/INs], TIOTyIeHHbIE
ot naiuenToB ¢ VIBC, KoTOPbIM BBITTOJHIIN 20PTO—KOPO-
HapHOeE IIYHTHPOBAHUE B OTIEJIE CEPACTHO—COCY TUCTOI X~
pypruu MuctutyTa Kanandeckoit kapauogorunt um. A. JI.
Mscuukosa OI'BY «HarmonaabHbIi MeTUIIMHCK I HCCTe-
JIOBATEIbCKUI 11eHTp Kapauosoruny» M3 PO. [onyyenue
MIIK cep/iia BBITTOMHAIN € UCIOTB30BAHIEM METO/A IKC-
MJTAHTHON KYJIBTYPBI € TIOCJeyIoNell MMMYHOMAarHUTHON
CeJIEKI[ell B COOTBETCTBHM C TIPOTOKOJIOM, OIUCAHHBIM
panee [3, 4]. Kynprusuposanue MIIK cepaia mposoaniu B
cpene Cardiac Cellutionstm Media («DV Biologics»,
CIIIA).

Boigenenue u kyipTuBupoBanue pe3uaeHTHsIx MITK
KpbICBL. /[JIs1 McceoBanms pereHepaTuBHBIX a(derTon
KJIETOYHBIX TIJIACTOB Ha MOJIeJIN MH(ApKTa MIOKap/a TT0JTy-
yasin MITK kpbichl ¢ ncrosnb3oBanneM METO/1a SKCIIJIAHTHOM
KYJIBTYPBI U TIOCJIEIY IO MMMYHOMArHUTHON CEJIEKIINHU B
COOTBETCTBUU C IPOTOKOJIOM, OITMCAHHBIM paHee [5], aHaso-
rmaHBIM TTpoTokoy nomxydenust MITK wenoseka. Kynsrusu-
poBanue kjeTok mpoBoauan B cpexre DMEM/F12,
nonosHenHoi 10% deTanbHOIl TesTubeil CHIBOPOTKOI
(«ATCC», CIIIA), 100 ex/ms TeHUIMIIMHA,/CTPETITOMU-
mHa, 2 MM L-riryramuna, 2% B27, 1x uncyann-Tpancdep-
puH-cenuHar u ¢axropamu pocra: 20 ur/ma bFGF, 20
ur/mia EGE 10 ar/mu LIE

Anamu3 ummyHnogenoruna IIKC merosom nporou-
Ho# nuTodryopuMeTpuu. /1711 IpoBeieHNsT aHATN3A KIETKH
nenTpudyruposaan (200 g, 5 MuH), cylepHATAHT YAAJISLIH,
ocaziok uHKyOuposasu B reyenne 30 mun npu + 4°C ¢ nep-
BUYHO MeYeHHbIMU aHTHTeTaMu K Mapkepam CD 105 FITC
(«AbD Serotec», CIIIA), CD 73 FITC («Biolegends,
CIIIA), CDI0 PeCy5 («BD», CIIIA), c-kit PE («Myltenyi
biotec», CIITA), CD 45 FITC («Biolegend», CIIIA), CD 34
FITC («BD», CIIIA) niu coOTBETCTBYIONUMHU KOHTPOJTb-
HbIMU aHTuTe amu. [Tociae 30-MuHYTHON MHKyOALuu 1Ipy
+4°C KJIeTKU TPOMBIBAIIN 3 Pa3a, PecyCrneHnpoBain B oc-
darrHo—coseBom 6ydepe (DCB) 1 aHAIU3UPOBAIN € HC-
noJib3oBaHueM rpotoaroro nutogayopumerpa FACS Canto
II (BD, CIIIA).

IHoxyuenne TUK na ocuose miacroB MIIK cepana
yenoBeka. /[ nomydenus TUK n3 MIIK yesnoBeka kietkn
3-T0 maccaska BBICAKMBAINM HA KYyJBTYpPaJbHbIE YaIIKN
Nunc™ Dishes, mveromux TepMouyBCTBUTETBHOE TTOKPBITHE
UpCell™ Surface («Thermo Scientific», CIIIA) (210 000/cm?
mtotaau mosepxuoctn). lanee, MIIK kysnsruBupoBamu B
teuenne 72 yacos B cpege Cardiac Cellutionstm Media («DV
Biologics», CIIA). Ilpu temueparype 37°C moBepXHOCTb
KyJbrypanbroit yanku ¢ UpCell™ Surface o61agaer ruapo-
(hobGHBIMI CBOHCTBAMM, CIIOCOOCTBYET a/Ire3UK U POCTY KJie-
TOYHOW KyJBTYPbL. [Ipy mOHMKEHWM TeMIIepaTyphbl HIKe
32°C, oBepXHOCTb CTAHOBUTCS TUAPODUIBHOH, TTOJUMED
CBSI3bIBAET MOJIEKYJIBI BOIBI, «HA0YXAeT», 4TO IIPUBOHT K OT-
KPEIUIEHNIO KJIETOYHBIX TJIACTOB OT MOBepXHOCTH. Ileperoc

Materials and Methods

Isolation and cultivation of human resident MPCs.
In order to isolate the human heart MPCs, samples of the
right atrial auricle were obtained from CAD patients who
underwent coronary artery bypass grafting in the depart-
ment of cardiovascular surgery of the A. L. Myasnikov In-
stitute of Clinical Cardiology in the National Medical
Research Center of Cardiology under the Ministry of Health
of the Russian Federation. Cardiac MPCs were obtained
using the explant culture technique followed by immuno-
magneticseparation in accordance with the protocol de-
scribed earlier [3, 4]. The cardiac MPCs was cultivated in
the Cardiac Cellutionstm Media («DV Biologics», USA).

Isolation and cultivation of rat's resident MPCs. In
order to study the regenerative effects of cell sheets in a
model of myocardial infarction, rat's MPCs were obtained
in accordance with the protocol similar to that of obtaining
the human MPCs. Rat's cardiac MPCs were obtained using
the explant culture technique followed by immunomagnet-
icseparation in accordance with the protocol described ear-
lier [5]. Cells were cultivated in DMEM / F12 medium
supplemented with 10% fetal bovine serum (FBS «ATCC»,
USA), 100 U/ml of penicillin / streptomycin, 2 mM of L-
glutamine, 2% B27, 1x insulin-transferrin-selinate and the
following growth factors: 20 ng/ml of bFGF, 20 ng/ml of
EGF and 10 ng/ml of LIE

Analysis of the PCCs immunophenotype by flow
cytofluorometry. In order to carry out the analysis, the cells
were centrifuged (200 g, 5 min), the supernatant was re-
moved, the precipitate was incubated for 30 min at +4°C
with primary labeled antibodies against the following mark-
ers: CD 105 FITC («AbDSerotec», USA), CD73-FITC
(«Biolegend», USA), CD90-PeCy5 («BD», USA), c-kit-PE
(«Miltenyi Biotec», USA), CD45-FITC («Biolegend»,
USA), CD34-FITC («BD Pharmingen», USA) or appropri-
ate reference antibodies. The cells were washed 3 times after
a 30-minute incubation at +4°C; then they were resus-
pended in phosphate-buffered saline (PBS) and analyzed
using a flow cytofluorometer FACS Canto IT (BD, USA).

Obtaining TECs on the basis of human cardiac MPC
sheets. To obtain TECs from human MPC, cells harvested
following the 3 passage were inoculated into culture
Nunc™ Dishes with a heat-sensitive coating UpCell™ Sur-
face («Thermo Scientific», USA) (210 000/cm? surface
area). Further, MPC was cultivated for 72 hours in the Car-
diac Cellutionstm Media («DV Biologics», USA). At a tem-
perature of 37°C, the surface of the culture dish with
UpCell™ Surface possesed hydrophobic properties, pro-
moted adhesion and growth of cell culture. When the tem-
perature dropped below 32°C, the surface became
hydrophilic, the polymer bound water molecules and begun
to «swell», which resulted in detachment of cell sheets from
the surface. The detached cell layer was transfered to the
epicardial surface of the heart using a low adhesion mem-
brane («Thermo Scientific», USA).

Obtaining TECs on the basis of rat's cardiac MPC
sheets. In order to obtain TECs from the rat's MPC sheets,
a protocol developed for TEC production from human
MPCs was applied. Nunc™ Dishes with a heat-sensitive
coating UpCell™ Surface («Thermo Scientific», USA) were
used for assembling and detaching of TECs..

Characteristics of MPC-based TECs. Frozen TEC
cryosections were fixed with 3.7% paraformaldehyde (5
min) and then washed with PBS 3 times (5 min). Myocar-
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OTKPEIJIEHHOH KJIeTOUHON HAKJIA/IKK Ha SNNKAPANATBHYIO
MOBEPXHOCTb CEP/IIIA OCYIIECTBIISIN C TIOMOIIIBIO HI3KO-aJ1-
resronHoi memOpanbl («Thermo Scientific», CIITA).

Iloayuyenne TUK na ocnoBe miacroB MIIK kpsicsr

g nonyaennst TUK w3 mimactoB MIIK xpeicsr nic-
[0JIb30BAJIM [IPOTOKOJI, paspaboranubiil it TUK us miia-
croB MIIK uwesnoseka. [Inst c6opku u orkpervieruss TUK
UCIIOJB30BAIM KyJIbTypasibHble damku Nunc™ Dishes,
HUMEIOIX TePMOUyBCTBUTEMbHOE TOKpBITHE UpCell™ Sur-
face («Thermo Scientific», CIITA).

Xapaxkrepuctuka TUK na ocnose MIIK. 3amopo-
skennble kprocpessl TUK dukcuposamu 3,7% mnapadop-
Masibjierniom (5 mun) u 3ateMm rpombiBain MCH 3 paza 1o
(5 Mun). Cpessl MuOKap/a 6JI0KHPOBAJII PACTBOPOM, COZIEP-
skammM 1% BCA, 10% cbIBOPOTKH JOHOPA BTOPHIX AaHTUTE
B MCDB (30 mun). [Tocsie 5T0T0, KPUOCPE3DI TIOKPHIBAJIN Pac-
TBOPOM TIOJINKJIOHATBHBIX KPOJMUBHIX AaHTUTEN K MapKepaM
Ki-67 («Abcam», CIITIA), cleaved caspase-3 («Cell signal-
ing», CIIIA), Connexin43 («ThermoFisher Scientific»,
USA), kosnareny I («Bio-Rad», USA), kosunareny 3 («Bio-
Rad», USA) u pubponextuny («Abcam», USA) B Teuenue
1 gaca, 3areM IPOMBIBAJIN M TIOKPBIBAJIN AaHTUTEIAMH, KOH-
BIOTMPOBAHHBIMU ¢ (uryopectienTHOi MeTKkoi AlexaFluor488
(«Invitrogen», CIIIA, 1: 800, 1 4 mpu 37°C).

Omenky mrametpa u tosmwabl T K mpoBoammm ¢ mo-
MOIIbIO MUKpOCKoa Zeiss Axiovert 200 M (Carl Zeiss, Tep-
MaH#sl) 1 IporpaMMHoro obecriederus Axiovision 3.1 (Carl
Zeiss, lepmanmst)

MonempoBanue nndapkTa MUOKapAa ¥ TPAHCILIAH-
taima TUK. Dxcrnepuments! no tpancmaantanun TUK
HPOBOJIIJIN HA KpbIcax iy Wistar, mpnobpeTeHHbIX B 1~
TOMHUKe JTabopaTopHbIX KUBOTHBIX «[Iymmmno» (Ilymuto,
Poccust). 9BTaHA3MIO KPBIC TPOBOIUIIN MOCJIE MHTATISIINOH-
HOIT HapKoTusanuu Vzoduopanom ¢ OMOIIBIO METOIA INC-
JoKanuy  IMeHHOro  oT/Aesa  NO3BOHOYHMKA.  Bce
HEOOXOIMMbIe MAHUITYJISIIIN BBITOTHSIIN B COOTBETCTBUH C
[upextusoit EC 2010/63/EC 1o akcriepuMeHTaM Ha K-
BOTHBIX U GBI 0J0OPEHbBI ATUIECKIM KOMHTETOM HHCTH-
tyTta (HannonampHbI TIEHTP MEAUTIMHCKUX MCCIeIOBAaHUN
Kapzmosorn, paspenierue Ne 385.06.2009). Mnpapkt muo-
Kap/a ObLI HHLYI[MPOBAH Ty TEM TIEPEBA3KU Mepe/Heil Hic-
XO/JIsA1Iel KOPOHAPHOH apTepuu Kpbic Wistar ¢ moMonsio
criocoba, onucanHoro panee [6]. Tlepen TpanciuianTammeii
MIIK metnmm dayopectientabiM kpacuteniem CM DIL
(«Invitrogens, CIIIA) B cooTBeTCTBIU C pEKOMEH/IAIUSIMI
(bUPMBI-M3rOTOBUTEJIS PeareHTa. DKCIePUMEHTATBHBIX K-
BOTHbIX Pas/ieJInJu Ha 2 IPYIIIIbL: KOHTPOJIbHYIO (n=235) 1
TpynIy ¢ asmuuKapAauanpHoll TpaHcmmanTaruein MIIK
(n=25). DBTaHa3MIo JKUBOTHBIX BITOJHUIN Yepe3 30 /Heit
HocJIe TPAHCITAHTAIIH KJIETOYHOTO TIJIACTOB.

Mopdomerpuyeckuii ananus. [lepen zabopom cep-
Je1t B nosocts Muokap/a JIZK ssognanm 0,1 mMur nacbiien-
Horo pacreopa KCl, uro mpuBoamio K ocTaHOBKe
cokpareHuii B auactoay. IIpencepaust u KpyIHbIE COCY/IbI
MCCEKAJIH, Cep/IIIa TPOMBIBAIN HOPMAJIbHBIM (PH3UOJIOTHYE-
CKUM pacTBOpoM, nomentain B kprocpexy OCT u 3amopa-
JKUBaTU B JKUAKOM azore. Kpmocpeswr cepzernt (7 MKM
TOJIIITHA KaXK/I0TO0, pe3ayin ¢ nHTepBasioM 300 MKM MeK1y
cpesaMu, MoTepeK OT BEPXYIIKH JI0 OCHOBAHUS JIEBOTO JKe-
ayznouka) xpanuau npu —70°C. Bee moxydennsie kpuoc-
pe3bl  OKpaIlUBAIM C IIOMOIbI0O MeToza Masropn ¢
MCIIOJIb30BAHUEM CJIE/IYIONNX PACcTBOPOB: pacTBop A (1%-
HbII Kucabiit hykenn), B (1% dochomonnbaenonast kic-
gota) u C (2% opamkessiit G, 0,5% MeTHIOBbI cuHMi, 2%
maBeJsieBasi KHcsiora). 3aduKCIPOBaHHbIE KDHOCPE3bl HHKY-

dial sections were blocked with a solution containing 1%
BSA, 10% serum of a donor of second antibodies in the PBS
(30 min). After that, cryosections were coated with a solu-
tion of polyclonal rabbit antibodies against the following
markers: Ki-67 («Abcam», USA), cleaved caspase-3 («Cell
signaling», USA), Connexin43 («ThermoFisher Scientific»,
USA), collagen I («Bio-Rad», USA), collagen 3 («Bio-Rad»,
USA) and fibronectin («Abcam», USA) for 1 hour, then
they were washed and coated with antibodies conjugated
with the fluorescent AlexaFluor488 label («Invitrogen»,
USA, 1: 800, 1 h at 37°C).

The diameter and thickness of TECs were estimated
using a Zeiss Axiovert 200 M microscope (Carl Zeiss, Ger-
many) and Axiovision 3.1 software (Carl Zeiss, Germany)

Modeling of myocardial infarction and TEC trans-
plantation. Experiments on the TECs transplantation were
performed on Wistar rats purchased in the nursery farm of
laboratory animals «Pushchino» (Pushchino, Russia). Rats
were euthanized after inhalation anesthesia with Isoflurane
by means of cervical spine dislocation. All necessary manip-
ulations were performed in accordance with the EU Direc-
tive 2010/63/EC on animal experiments and were approved
by the Institutional Ethical Committee (National Center for
Medical Research in Cardiology, permission No.
385.06.2009). Myocardial infarction was induced by ligation
of the anterior descending coronary artery in Wistar rats
using a technique described earlier [6]. MPCs were labeled
with fluorescent CM-DIL stain («Invitrogen», USA) in ac-
cordance with manufacturer's guidelines prior to the trans-
plantation. Experimental animals were divided into 2
groups: the reference group (n=25) and the group with epi-
cardial MPC transplantation (n=25). The animals were eu-
thanized 30 days after transplantation of cell sheets.

Morphometric analysis. 0.1 ml of KCI saturated solu-
tion was injected in the cavity of the LV myocardium before
explantation of hearts, which led to diastolic arrest. Atria and
large vessels were excised; the hearts were washed with nor-
mal saline solution, placed in the OST cryo-medium and
frozen in liquid nitrogen. Heart cryosections (each 7 um
thick were cut with an interval of 300 pm between sections,
crosswise from the top to the bottom of the left ventricle)
were stored at —70°C. All cryosections were stained by means
of the Mallory technique using the following solutions: solu-
tion A (1% fuchsin), B (1% phosphomolybdic acid) and C
(2% orange G, 0.5% methylene blue, 2% oxalic acid). The
fixed cryosections were sequentially incubated in solution A
(2 min), solution B (4 min) and solution C (15 min). The
slides were washed with distilled water between staining, de-
hydrated and mounted using a xylene-based medium.

Quantitative analysis of the scar size and other mor-
phometric parameters was performed using MetaMorph®
Microscopy Automation & Image Analysis Software (USA).
The size of the infarction was estimated based on calcula-
tions of the scar area relative to the area of the left ventricle
expressed as a percentage.

The modified Hochman method was used for quantifi-
cation of the LV dilatation degree: dilatation index = (LV cav-
ity area/total LV area) U (average thickness of LV unaffected
area/average LV wall thickness at risk zones). LV wall thick-
ness after the infarction was measured in 3 equidistant sections
using MetaMorph® Microscopy Automation & Image Analy-
sis Software (USA). The resulting value was averaged.

Histological assessment of implant and vasculariza-
tion cells. Frozen myocardial cryosections were fixed with
3.7% paraformaldehyde (5 min) and then washed with PBS
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Experimental Studies

OGupoBaIu NocJaeL0BaTebHO B pacTBope A (2 MuH), pac-
tBope B (4 mun) u pactBope C (15 mut). Craiiipr IpomMbI-
BaJIM JAMCTUJUINPOBAHHON BOJOW MEXKIY OKpAIlNBaHMEM
KpacuTessiMi, 00e3BOKUBAIIN 1 MOHTUPOBAJIH, UCTIOJb3YsT
cpely Ha OCHOBE KCHJIOJIA.

KoJsmyecTBeHHbII aHATN3 PasMepoB pyOIla 1 APYTUX
MOPGOMETPIUECKIX TTAPAMETPOB BBITTOJIHSIH € TIOMOIIBIO
nakera nporpamm MetaMorph® Microscopy Automation &
Image Analysis Software (CIIIA). Pasmep undapkra one-
HIBAJIM Ha OCHOBAHUY MO/ICYETA TIIONA/K pyOIia 1mo oTHO-
MIEHWIO K TUTONIAN JIEBOTO JKEeJy/I0YKa, BBIPA’KEHHOTO B
MPOIEHTAX.

J171s1 KOJIMUeCTBEHHOTO OTIpeIeIeHUsT CTEeNeHN JIHJIa-
tanmu JIZK wmcmosib3oBamum Moan@uUIMPOBAHHBIN METO
XoxmaHa: nH/eKce aumaranuu = (Turomazas nojgoctu JIJK /
obmrast mrotaas JIJK) X (cpemHsist TOMINHA HEMOBPEsK/IEH-
Hott obmacti JIK / cpexnsis TommuHa crenku JIJK B 3onax
pucka). Tommuny crenkn JIJK nocsre nndapxra namepsian
B 3-X PaBHOYZAJEHHBIX OT/EJIaX C MOMOIIBIO TPOTPAMMBI
MetaMorph® Microscopy Automation & Image Analysis
Software (CIIIA). [Toyuernoe 3HAYEHIE YCPEAHSIII.

Tucronoruyeckasi oneHKa COCTOSIHHSI KJIETOK HM-
IUIAHTaTa ¥ BaCKyJISAPU3aLUH. 3aMOPOKEHHbIE KPUOCPE3bI
Muokapza dukcnposan 3,7% napadopmanbaeruiom (20
muH) u mpoMbiBain MCB (5 mum). Cpessl Muokapaa 6710-
KHPOBAJH pacTBopoM, comepskamuM 1% BCA, 10% cviBo-
potkoii sjoropa Bropsix antutes B GCH (30 mun). [locie
9TOTO KPHOCPE3bI HOKPBIBAJIN PACTBOPOM aHTUTEN K MapKe-
pam Ki-67 (« Abcam», CIIIA), cleaved caspase-3 («Cell sig-
naling», CIITA), Pecam (CD31) («Becton Dickinsons,
CIITA), B Tevenne 1 gaca, 3aTeM MPOMBIBATIN W TIOKPBIBAIIH
AQHTUTEJAMHU, KOHBIOTHPOBAHHBIMHE € (DJIyOPECIIEHTHOI MeT-
koii, AlexaFluor488 (kar # A11001 u A11008, Invitrogen,
CIIIA, 1: 800, 1 w ipu 37°C).

AHamM3 TIOTHOCTH COCYTUCTON CeTH B TIepUIH(MAPKT-
Hoit o6mactu BRJoyas mojcyer CD31-mo3uTHBHBIX Karui-
asapos Ges npocsera u CD31-1I03UTHBHBIX CTPYKTYP €
mpocsetoM. [Tozcuer mpoBoann B mporpammve Imaje J soft-
ware («National Institute of health», CIIIA). /Tantbie npes-
CTaBJIeHBbI B (hopMaTe KOJMIECTBO COCY/I0B Ha MM? TJIOMIA/N
CTEHKH JIEBOTO JKEJTYI0UKA.

KosmmuecTBO COXpaHUBIINXCS TTOCTE TPAHCTIAHTAIINT
MIIK, coxmep:xarmux dayopectientnyio metky Cell Tracker
CM-DIL, onermBany ¢ momotibio ¢hJryopeciieHTHOTO MUK-
pockona Zeiss Axiovert 200 M («Carl Zeiss», Tepmanus) u
pyuHOro nojcuera B nporpamme Imaje J software («National
Institute of health», CIIIA).

OrciexxuBanie «CyabObl» TPAHCILIAHTUPOBAHHDBIX
MIIK. [{ns Tpexwnra (orciaexxuBanus) nuddepeHnnpo-
BOUHOI crioco6HocT MITK mocsie TpaHciianTanuu 10-
CTaBJISIIM  KJETKM  KPbIC-CAMIIOB B MHOKap[
CaMOK-PEIUITHEHTOB. JKCIIePUMEHTAIBHBIX >KUBOTHBIX
paszesnuin Ha 2 TPYNIBL: KOHTpoJibHYIO (n=10) u rpymiry
¢ ammkapauarbHoll Tpancmiantanmeir MIIK (n=12)
(TUK, chopmupoBannas u3 100*10* kieTok, HaKJIabIBa-
JIaCh Ha OIHMKAPAMATIBHYIO IIOBEPXHOCTH CEP/AIA, HAaj
06J1aCTBIO TIOBPEKICHUST ). DBTAHAZUIO KIUBOTHBIX BBITOJI-
HUH yepes 30 fHel Tocse TPaHCIIAHTAINN KJIE€TOYHOTO
npenapara. /lerekTnpoBain Y-XpOMOCOMBI B TPAHCIIJIAH-
tupoBarubix MITK ¢ momornibio Habopa Mouse & Rat IDe-
tect™ Chromosome Paint Probes FISH («Cambio»,
CIITA) B cooTBeTCTBUY ¢ peKOMEHAIMSMY (PUPMBI—U3TO-
toBuTess. AuddepeHIIMpoBKka TpaHCIJIAHTHPOBAHHBIX
MIIK B aHIOTEIMAIBHOM HAIPABJIECHUH OIEHUBATIACH HA
OCHOBAHWH HAJINYUS Y-XPOMOCOMBI ¥ OJTHOBPEMEHHOTO

(5 min). Myocardial sections were blocked with a solution
containing 1% BSA, 10% serum of a donor of second antibod-
ies in the PBS (30 min). After that, cryosections were coated
with a solution of antibodies against the following markers:
Ki-67 («Abcam», USA), cleaved caspase-3 («Cell signaling»,
USA), andPecam (CD31) («Becton Dickinson», USA) for 1
hour, then they were washed and coated with antibodies con-
jugated with the fluorescent AlexaFluor488 label (cat. #
A11001 u A11008, «Invitrogen», USA, 1 800, 1 h at 37°C).

The analysis of vascular network density in the peri-
infarction area included the count of CD31-positive capillar-
ies out of the lumen and CD31-positive structures within the
lumen. The counting was carried out using the Imaje J soft-
ware (National Institutes of Health, USA). The data are pre-
sented as the number of vessels per mm? of the LV wall area.

The number of MPCs remaining after transplantation
to contain the Cell Tracker CM—DIL fluorescent label was
assessed using the Zeiss Axiovert 200 M fluorescence micro-
scope (Carl Zeiss, Germany) and manual counting in the
Imaje J software (National Institute of health, USA).

Tracking the «fate» of transplanted MPCs. Cells of
male rats were transferred to the myocardium of female re-
cipients for tracking the differentiation ability of MPCs
after the transplantation. Experimental animals were di-
vided into 2 groups: the reference group (n=10) and the
group with epicardial MPC transplantation (n=12) (TEC
formed of 100*104 cells was placed onto the epicardial sur-
face of the heart, over the affected area). The animals were
euthanized 30 days after transplantation of cell sheets. Y—
chromosomes were detected in the transplanted MPCs
using the Mouse & Rat IDetect™ Chromosome Paint
Probes FISH kit («Cambio», USA) in accordance with
manufacturer's guidelines. Differentiation of transplanted
MPCs in the endothelial direction was assessed on the basis
of the presence of the Y-chromosome and simultaneous
staining for the PECAM (CD31)endothelial cells marker
(«Becton Dickinson», USA).

The content of growth factors was determined by
solid-phase enzyme immunoassay (ELISA). The quanti-
tative analysis of the accumulation of HGF, VEGF, angiopo-
etin—1, PDGF BB, TGFS and uPa in conditioned media
obtained during the cultivation of human MPCs was carried
out using the corresponding reagent kits: Human VEGF
Quantikine Kit («R&D Systems», USA), Human HGF Im-
munoassay («R&D Systems», USA), Human Angiopoetin-
1 Immunoassay («R&D Systems», USA), Human
PDGF-BB Immunoassay («R&d systems», USA), Human
TGF-f1 Immunoassay («R&D Systems», USA), Human u-
Plasminogen Activator/Urokinase Immunoassay («R&d
Systems», USA) in strict compliance with manufacturer's
protocol.

Microscopy and image analysis. Myocardial cells and
cryosections were analyzed using a Zeiss Axiovert 200 M
microscope (Carl Zeiss, Germany) and Axiovision 3.1 soft-
ware (Carl Zeiss, Germany).

The data are presented in the form of mean + SD. Sta-
tistical analysis of the significance of differences was per-
formed using the Mann-Whitney test and Statistica 8.0
software package (Statsoft, USA).

Results and Discussion

The choice of the optimal method of cell trans-
plantation is the most important factor determining
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SKCHGPMMCHTHABHBIG MCCACAOBAHMA

OKpamBaHusl Ha Mapkep kJietok aumportenuns PECAM
(CD31) («Becton Dickinson», USA).

Onpenenenne cofep:KaHus pOCTOBBIX (aKTOPOB Me-
TOZIOM TBepA0(pa3HOro MMMYHO(DEPMEHTHOTO aHAJIM3a
(UDA). KosmvecrBennbiii ananus Hakorienus HGE,
VEGE, auruonoaruna-1, PDGF BB, TGFf u uPa B konuu-
IIHOHMPOBAHHDIX CPE/IAX, MOJYICHHBIX TPU KYyJIHTUBUPOBA-
nun MIIK desnoBeka, NPOBOAMJIM C HUCIOJb30BAHUEM
cooTBercTByOIMX Habopo pearentoB Human VEGF
Quantikine Kit («R&D Systems», CIITIA), Human HGF
Immunoassay («R&D Systems», CIITA), Human Angiopo-
etin-1Immunoassay («R&D Systems», CIHIA), Human
PDGF-BB Immunoassay («R&D Systems», CIIA),
Human TGF-81 Immunoassay («R&D Systems», CIIIA),
Human u-Plasminogen Activator/Urokinase Immunoassay
(«R&D Systems», CIIIA) B cTporom coOTBETCTBUU C TIPO-
TOKOJIOM (PUPMBI-TTPOM3BOIUTEIS.

MuKPOCKONHS U aHAJIU3 U300paskeHuit. AHAIN3 Kile-
TOK 1 KDHOCPE30B MUOKAP/Ia ITPOBO/IVJI C NCIIOJb30BAHUEM
dayopectenTHoro Mukpockora Zeiss Axiovert 200 M (Carl
Zeiss, [epmanuist) 1 IporpaMMHOTo obecriedeHust Axiovision
3.1 (Carl Zeiss, Tepmanust).

CraTucrinyeckuii aHam3 JaHHbIX. /lamibie mpeicTas-
sensl B popmare cpepnee £SD. CratucTueckyio OoleHKY
JOCTOBEPHOCTH PA3JIMUUil TPOBOANIIN C UCIOTH30BAHNEM
Tecta Manna—YuTHU 1 TporpaMMHOTO TTakeTa Statistica 8.0
(Statsoft, CIITA).

Pe3yabrarhl 1 00CyKA€eHIE

HauboJiee BaxKHBIM (DAKTOPOM, OTTPEIEISIIOIIAM
9 GEKTUBHOCTh KJETOYHON Tepanuu 3abojieBaHmii
Cep/IIia, SIBJSAETCS BBIGOP ONTUMAIBLHOTO criocoba ux
TPAHCIIAHTAIUU, YTO OOECIIEUNBAET UX BbIKUBAe-
MOCTb (CIIOCOOHOCTD K TMOJJIEPIKAHIIO COOTBETCTBYIO-
1ero GeHOTUIIA U BBIIIOJHEHUIO UX OUOJOTHYECKUX
dbyHKIWiT), U pereHepaTUBHbBIE cBOWCTBA. J[1s1 00€ec-
HeYeHns DTHX XapaKTepUCTUK Mbl paspaboranmu TUK
Ha ocHoBe 1iactoB u3 MIIK cepiia, Bbiie/ieHHBIX 13
06pasIloB yliKa MPaBoro TPeACePAns: Cep/Ia, moy-
yennbix Bo Bpemst AKI. [Tosyuennbie MIIK uenose-
Ka XapaKTepPU30BaJIUCh PUCYTCTBUEM HA KIETOYHOM
nosepxuoctu mapkepoB CD105, CD90, CD73, orcyT-
CTBUEM MapKepPOB KJIETOK TeMATONO3THYECKOTO Psjia
U CIIOCOOHOCTBIO K MYJIBTHIIOTEHTHOH nuddepennn-
POBKE, 4YTO COOTBETCTBYET CBOMCTBAM PE3UICHTHBIX
MIPOTEHUTOPHBIX KJIETOK Cep/illa ME3eHXUMAJIbHOTO
pana [7-9]. Mbl mokasaiu, 4To KyJbTHBUPOBAHUE
MIIK na yamkax ¢ TEpMOYYBCTBUTETBHBIM TTOKPBITH-
em UpCell™ SurfaceTM, criocoberByer cbopre TUK
U ee TIOCJIeYI0IIEMY OTKPEILIEHII0 Oe3 HapyIIeH s ee
CTPYKTYPHOH 11€JIOCTHOCTH.

AHam3 MoJIy4YeHHBIX KJIETOYHBIX KOHCTPYKIIUH €
MTOMOIIBIO TUCTOJIOTUYECKOT0 M UMMYHOMJIYOPECIIEHT-
HOTO OKpAIIUBaHUS CPE30B TIOKA3JIU, YTO OHU COCTOAT
M3 HECKOJIbKUX CJIOEB KJIETOK, B3AUMO/IEHCTBYIONTNX
MesKy co00ii IpK MOMOIIY KOHHEKCHH-43 comepka-
MIMX MIeJIEeBbIX KOHTAKTOB. JacTb KJIETOK B COCTaBe
THUK akcrpeccupoBasa Mapkep mposmdeparn Ki-67
(84,7£32 na 1000 xJieTOK), 4TO B COBOKYITHOCTU C
OTCYTCTBMEM MapKepoB arolTo3a (aKTUBUPOBAHHAS
Kacriaza 3), yKa3blBaeT Ha XOpOoIIlee Mo/ijiepyKaHue Ku3-

the effectiveness of cell therapy of heart disease, which
ensures cell survival (ability to maintain the corre-
sponding phenotype and perform their biological func-
tions) and regenerative properties. To ensure these
parameters to be included, we developed TEC based
on sheets from the cardiac MPC isolated from the
samples of the right atrial auricle obtained during
CABG. The obtained human MPCs were character-
ized by the presence of CD105, CD90, CD73 markers
on the cell surface, the absence of hematopoietic cell
markers and the ability to multipotent differentiation,
which corresponds to the characteristics of resident
cardiac mesenchymal progenitor cells [7-9]. We have
demonstrated that the cultivation of MPCs in dishes
with heat-sensitive coating UpCell™ SurfaceTM con-
tributes to TEC production and its subsequent de-
tachment without impairing its structural integrity.

Analysis of the obtained cell structures by histo-
logical and immunofluorescent staining of sections
showed that they consisted of several layers of cells in-
teracting with each other by means of connexin—43-
containing gap junctions). Some of the cells in the
TEC expressed Ki-67 proliferation marker (84.7+32
per 1000 cells), which together with the absence of
apoptosis markers (activated caspase 3), indicated
good maintenance of viability of cells in the TEC (Fig.
1). Extracellular matrix proteins (fibronectin, collagen
1 and collagen 3) produced by cells (fig. 1 ¢, d, ¢) were
in the TEC composition. The diameter of the obtained
TEC was 0.99+0.24 cm? The average TEC thickness
was 101.9£17 pm.

Since the obtained TEC was made of human
cells, thus making it very difficult to test it in vivo, the
strategy of <homologous tissue engineering design»
was used. It is based on the use of MPCs obtained in
the same way as human cells to produce TEC by cul-
tivation in culture dishes Nunc™ Dishes with heat-
sensitive coating. The TECs obtained from rat and
human cells had similar size, thickness, and prolifera-
tion/apoptosis levels. In addition, they included com-
ponents of ECM (fibronectin, collagen 1, and collagen
3), which were contained in the constructs of human
cells. To assess the state of TEC cells after transplan-
tation, they were labeled with the vital membrane Cell
Tracker CM-DIL stain («Invitrogen») (fig. 2 a, b, ¢).
It was found that the number of proliferating cells
(CM-DIL+ Ki67+ cells) was 521.3+112 per mm? of
the TEC area 30 days after TEC transplantation onto
the infarction zone; at that, only a few CM-DIL+ cells
containing the apoptosis marker (activated caspase 3)
were found in the composition of the graft, thus indi-
cating a low level of apoptosis in the cell graft with
preserved ability to proliferation.

The number of vessels in the peri-infarction area
under the transplant from MPCs was significantly
higher than that in the reference group, thus indicating
stimulation of vascularization under the cell graft (fig.
3 a, b). At that, a small number of vascular cells co-ex-
pressed two markers (CM Dil and CD31), which indi-
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Puc. 1. Xapaxrepucruka THK na ocnose MIIK cepana yesnoBexka.
Fig. 1. Parameters of TECs based on MPCs from the human
heart.

Note. Representative images of TEC staining with antibodies
against proliferation markers (Ki67 (a; red)), apoptosis (activated
caspase 3 (b; green)), extracellular matrix proteins: collagen 1 (¢;
green), collagen 3 (d; green) and fibronectin (e; green). Arrows
point to cells with positive staining for the respective markers. Cell
nuclei are stained with DAPI. Magnification: a, b, ¢, e X63; d X100.
IIpumeuanue. PenpesenTaTuBibie n306pakennsT OKPAITHBAIIS
TUK anturteramu k Mmapkepam mposudeparun (Ki67 (a; kpac-
HbIiT)), aronTosza (akTuBMpoBaHHas Kacnasza 3 (b; 3esenbiit)), Ges-
KaM BHEKJIETOUHOTO MaTpuKca: KoJutaret 1 (¢; 3esenslit), Kosiaren
3 (d; 3enensiit) u huGporexTH (; 3eseHsbiit). CTpeskn yKasblBalT
Ha KJIETKU, MMEIOIIHe TTO3UTHBHOE OKpAllMBaHie Ha COOTBET-
CTBYyIOINe MapKepbl. A apa kiretok okpamensl DAPI. YBennuernme:
a, b, ¢, e x63; d <100.

HecriocobHocTr KieTok B coctase TUK (puc. 1). B
cocras THK Bxozmin 6e/IKu BHEKJIETOYHOTO MaTpUKCa
(bubpoHekTHH, KoJutarex 1 u Kojutares 3), HapaboTaH-
Hble kireTkamu (puc. 1 ¢, d, e). Inamerp chopmupoBan-
Hoit TUK cocrassin 0,99+0,24 cm? CpeHsist TOJIIITHA
TUK cocrasisiia 101,9+17 pm.

YuutsiBas, uto paspaborannas TUK usrorosie-
Ha 13 KJIETOK Y€JIOBEKA, YTO BBI3BIBACT 3HAYUTEJIbHDIC
TPYAHOCTH [JIi €e TeCTUPOBAHMSA in vivo, Oblia
MCIIOJIb30BAHA CTPATErUs «TOMOJOTMYHON TKaHEWH-
JKeHEPHOW KOHCTPYKIUuW». B ee ocHoBe JeXUT
ucnosbzoBanne MITK, mosydeHHbIX TEM JKe CIioco-
6OM, 9TO U KJIETKH YesIoBeKa, 1711 coopku THUK myTem
KyJbTUBUPOBAHUA Ha KYJbBTYPAJbHBIX YalllKax
Nunc™ Dishes ¢ TepMOYyBCTBUTEIBHBIM TIOKPHITHEM.
[Mosmyuennbie TUK u3 KyieTOK KPbICHI M 4YesiOBEKA
MMeJIM CXOJIHBIM pa3Mmep, TOJIUHY U TIOKa3aTesu
ypoBHs npoJsirdeparuu/anornrosa. Kpome Toro, B ux
cocTaB Bxouiu komoHerTst BKM (¢pubponekTiH,
koJutaren 1, kosuaren 3), KOTOpbIe COJIEPIKAJNCH B
KOHCTPYKIIUAX U3 KJIETOK 4desioBeka. [lyg oreHku
cocrostaust kietok TUK rmocse TpanciianTanum onu
OB TIOMEUYEHBI BUTAIBLHBIM MEMOPAaHHBIM KPacuTe-
sem Cell Tracker CM-DIL («Invitrogen») (puc. 2 a,
b, ¢). Bouio obHapy:keHo, yto yepes 30 aHeil moce
rpanciiantanuu THUK Ha o61acts nndapkTa Kojm-
yectBO nposudepupyomux kiaerok (CM-DIL+

Puc. 2. IIpomudepaumus MIIK u ¢popmupoBanue cocyaucrsix
cTpykryp B coctaBe TUK, TpaHciulaHTHPOBaHHOM Ha dNUKap/H-
aJIbHYI0 TIOBEPXHOCTDb cepana yeped 30 aneii mocae undapkra

MHOKap/a.

Fig. 2. Proliferation of MPCs and formation of vascular struc-
tures in the composition of TECs transplanted onto the epicar-
dial surface of the heart 30 days after myocardial infarction.
Note. a — Immunofluorescent staining of heart tissue with anti-
bodies against Ki67 proliferation marker. MPCs marked with flu-
orescent Cell Tracker CM-DIL stain (red) transplanted as TECs.
Arrows point to proliferating cells (Ki67+CM Dil+); b — Immuno-
fluorescent staining of myocardial tissue with antibodies against
the CD31 vascular marker. MPCs marked with fluorescent Cell
Tracker CM-DIL stain (red) transplanted as TECs. Arrows point
to CD31 + CM Dil+ MPCs integrated in the composition of newly
formed vessels; ¢ — Immunofluorescent staining of heart tissue with
antibodies against the CD31 vascular marker and Y-chromosome.
Arrows point to CD31+Y chromosome+ cells in the vessels vascu-
larizing the graft, which confirms the endothelial differentiation of
transplanted MPCs. Magnification: a, b X20; ¢ }40.
IIpumeyanue. a — UMMYHO(IYOPECIEHTHOE OKpaIlUBaHUE
TKaHW cepilla aHTuTejsaMu K Mapkepy mnposmdepannn Ki67.
TpancmmantuposBannsle B Bujie TUK MIIK nomeuens! daryopec-
nentupiM Kpacuresem Cell Tracker CM-DIL (kpacHubrii).
Crpenku ykaspiBaioT Ha mposmdepupyionue kiaetkn (Ki67+CM
Dil+); b — nmmyHObIyOpeceHTHOE OKpAIINBAHIE TKAHU MUO-
Kapzia aHTuTesaMu K Mmapkepy cocynos CD31. Tpaucuiantupo-
Banupie B Buze TUK MIIK mnomeuensr ¢ayopecieHTHBIM
kpacuresem Cell Tracker CM—DIL (kpacHbiit). CTpenakn yKasbi-
Baior Ha CD31+CM Dil+ MIIK, unrerpupoBanibie B coCTaB HO-
BOOOPA30BAHHBIX COCYIOB; € — WMMYHOMIYOPECIEHTHOE
OKpalIMBaHUe TKAHU CepAlla AHTUTEJAMU K MapKepy COCYIOB
CD31 u Y—xpomocome. Ctpenku ykazpiBaioT Ha CD31+Y—xpo-
MocoMat KJIETKH B COCYIax, BACKYJISIPUSUPYIONINX TPAHCIIAH-
TaT, YTO TMOATBEPKAAET IHAOTEIUATBHYIO AUDHEPEeHINPOBKY
rpanciiantupoanbix MITK. Yeenuuenue: a, b X20; ¢ X40.
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Puc. 3. IIpommdepanusa MIIK u ¢hopmupoBanue cocyauctsix cTpykryp B coctaBe TUK, TpancmiaHTHpOBaHHON Ha SMUKAPIUATBHYIO
MOBEPXHOCTH cepyua yepes 30 xueii mocite nundapkra MHOKap/a.

Fig. 3. Proliferation of MPCs and formation of vascular structures in TEC’ composition transplanted onto the epicardial surface of
the heart 30 days after myocardial infarction.

Note. a — Immunofluorescent staining of heart tissue with antibodies against Ki67 proliferation marker. MPCs marked with fluorescent
Cell Tracker CM-DIL stain (red) transplanted as TECs. Magnification: a X10. b, ¢ — study parameters. * — statistical significance in re-
lation to the control, P<0.05.

Ipumeuanue. TEC — TUK; the number of capillaries — uncio kanumaspos; vessels with a lumen — cocyab ¢ pocsetom; scar size —
pasmep py6ua; LV — JIJK; average LV wall thickness — cpennsist tosmna crenky; dilatation index — uHzeke aumaranun. a — UMMy-
HOMIIYOPECIEHTHOE OKPAIINBAHIE TKAaHU CeP/Ila aHTuTeaMu K Mapkepy nposudepanuu Ki67. Tpancnnantuposantbie B Buge TUK
MIIK nomeuenst (ayopectientbiM Kpacuresiem Cell Tracker CM—DIL (kpacubiit). Yeenuuenwue: a X10. b, ¢ — uccienyempie mapa-

METPBI. * — Pa3ianyust JOCTOBEPHBI 110 CPABHEHHIO ¢ KOHTposeM, p<0,05.

Ki67+knerox) cocraBisiio 521,3+112 na mm? rora-
mu TUK, ipu 5TOM B cocTaBe TPaHCIIJIAHTATA BbISIBJIS-
sch auntb eguanaabie CM-DIL+ knetku, copepixka-
Iye MapKep arolTo3a — aKTUBUPOBAHHYIO KacIazy 3,
YTO YKa3bIBAET HA HUBKUI YPOBEHD AIlONTO3a B KJIe-
TOYHOM TpadTe TPU COXPAHEHHOI CIHOCOOHOCTH K
npoJsinceparuu.

KosmuecTBo cocy1oB B niepunHdapKTHON 06.1a-
cru ozt TpanciianTaTtoM 13 MITK 6b110 3HaYUTETLHO
GOJIBIINM, YeM B KOHTPOJIbHOI TPYTIIe, 4TO YKa3biBa-
JIO HA CTUMYJISILIIUIO BACKYJISIPU3AIIIH TI0]] KJIETOUHBIM
rpacdrom (puc. 3 a, b). Ilpu sToM HeOOIbINAS YACTD

rectly indicates the differentiation of the transplanted
cardiac MPCs of the heart in endothelial cells of blood
vessels. The possibility of endothelial differentiation of
cardiac MPCs was also confirmed by transplantation
TECs made of male cardiac MPCs to females with sub-
sequent test for the Y-chromosome. It was found that
0.4%+0.3% of the total number of endothelial cells in the
vessels carry the Y-chromosome in their nuclei, which
indicates the differentiation of a number of trans-
planted MPCs in the endothelial direction.

The increase in vascularization of the post-in-
farction scar zone and the peri-infarction zone was
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oHGVe VEGFa Ang-1 aSDF-1= uPASPDGF BB @ TGF beta

oT 00IIero KOJmyecTBa
SHIOTENNATBHBIX KJle-
TOK B COCYyZax HecyT Y-
XPOMOCOMY B SIZIPE, YTO
ykasbiBaeT Ha mudde-
PEHIIMPOBKY JacTu
TPAHCIJIAHTUPOBAHHBIX
MIIK B suumorenmnab-
HOM HAIPABJIECHI.
YBenuuenue BacKyJIsSPU3ANUU 30HBI MMOCTUH-
dapkrHOTO py6Ia N IepunHMGaPKTHON 30HbI coYeTa-
JIOCh C YBEJINYEHUEM TOJIIIUHBI CTEHKH JIEBOTO JKey-
nmouka B obaactu nocTuHdapKkTHOrO py6ua U
YBEJIMUEHUEM TIONIA/IH YYaCTKOB KU3HECTIOCOOHOTO
MHOKap/a B 3TOi 06JIaCTH, YTO, BEPOSATHO, SIBJISICTCS
CJIEJICTBHMEM YJIydIlleHusT TKaHeBoil nepdysuu. Xors
OOGHAPYIKUIIN TEHJIEHIIMIO K YMEHBIIIEHUIO pa3Mepa
nocTuH(apKTHOrO pyOIa, MOCTOBEPHBIX OTJIHUUI
9TOrO TIOKa3aTess He BbIIBUIU. TeM He MeHee, Mbl
OOHAPYIKUJIU CTATUCTUYECKH JIOCTOBEPHOE YMEHbIITe-
Hue auiatanuy mosgoctu JIJK, 4to siBiisieTcst Xopoumm
IMPOTHOCTHYECKIM MAaPKEPOM 1 MOKET CJIYKUTh BaXK-
HBIM UHIUKATOPOM CHUKEHUSI PUCKA TTPOTPECCUPOBa-
HUSI cep/levHoit HeoctaTouHoCTH. [locKoIbKY TOJIBKO
OrpaHUYeHHOe YUCJI0 TpaHcIanTupoBanibix MIIK
JIEMOHCTPUPOBAJIO NMPU3HAKU AU(PDEPEHITNPOBKY B
HHJIOTETINATBLHOM HATIPABJICHUY U GOJILITUHCTBO COCY-
10B (hOPMUPOBATIOCH 13 KJIETOK JKUBOTHOTO—PEIUIIN-
€HTa, MOJKHO TIPEIOJIOKHUTh, YTO OJArOTNpPUSTHOE
BJIMSTHUE TPAHCIJIAHTATA HA TTOCTUH(APKTHOE PEMO-
JeJUPOBAHNE CEPIIA, CKOPee BCEro 00YCIOBIEHO
HNapAKPUHHBIM JE€CTBUEM TPAHCIIAHTUPOBAHHBIX
kyeToK. Ananus npoaykros cekperr MIIK cepaia
MOKA3aJl, YTO OHU MPOAYIUPYIOT MPAKTUYECKU BCE
BakHeiine GakToOpbl POCTa U IIUTOKUHBI, PETYJIIH-
pyIoIliue aHTUOTeHE3 U MUTPAITIIO CTBOJIOBBIX KIIETOK
(VEGF, HGF, SDF1 1 uPA), 4ro MoxeT croco6cTBO-
BaTh UX IPUBJIEYEHUIO U3 KPOBOTOKA B 30HY TIOBPEXK-
nenus (puc. 4). Cienyer TaksKe OTMETUTbD, YTO YPOKH-
naza (uPA), cexperupyemasi wuerkamu TUK]

immunoassay.

Puc. 4. KosmyecTBeHHas1 O1leHKa CO/lep:KaHUs POCTOBBIX (paKkTOPOB B cpene KyasruBupoBanusa MITK
4eJIOBEK, ONpe/IeIeHHAs METOI0OM TBePI0(ha3HOro UMMYHO(EPMEHTHOTO aHAIN3A.
Fig. 4. Concentration of growth factors in the human MPC culture medium by solid-phase enzyme

Note. HGF — hepatocyte growth factor; VEGF — vascular endothelial growth factor; Ang-1 — angiopoi-
etin 1; SDF-1 — stroma cell-derived factor 1; uPA — urokinase-type plasminogen activator.

IIpumeuyanue. HGF — dakrop pocra renaroruros; VEGFE — daxrop pocra snzporenus cocynos; Ang-1 —
anruonoatun 1; SDF1 — daxrop kierok crpomsl 1; uPA — akTiBaTop miasaMuHOTeHa ypOKUHA3HOTO THTIA.

combined with an increase in the left ventricular wall
thickness in the post-infarction scar zone and an in-
crease in the area of viable myocardial sites in this
zone, which is probably a result of improved tissue per-
fusion. Although there was a tendency toward reduc-
tion in the size of the post-infarction scar, there were
no significant differences in this parameter. However,
we found a statistically significant decrease in LV cav-
ity dilation, which is a good prognostic marker and can
serve as an important indicator of reducing the risk of
heart failure progression. Since only a limited number
of transplanted MPCs showed signs of differentiation
in the endothelial direction and most vessels were
formed from the cells of the recipient animal, it can be
assumed that the favorable effect of the transplant on
post-infarction cardiac remodeling is likely due to the
paracrine effect of the transplanted cells. Analysis of
cardiac MPC secretion products showed that they
produce almost major growth factors and cytokines
that regulate angiogenesis and migration of stem cells
(VEGF, HGF, SDF1 and uPA), which can help to at-
tract them from the circulation to the affected zone
(fig. 4). It should also be noted that urokinase (uPA)
secreted by TEC cells is a factor contributing to ex-
tracellular proteolysis facilitating cell migration, re-
lease/activation of growth factors and modulation of
the status of extracellular matrix proteins, i.e. the main
stages of regenerative processes. In addition, MPCs
produced major proangiogenic growth factors (VEGFEF,
HGF, angiopoietin-1), which are important both at
the initiation stage and at the stage of maturation of
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sBasieTcst (hakToOpoM, 06eCIednBAIONIUM BHEKJIETOY-
HBIIT IPOTEOJINS, CIIOCOOCTBYIONMIA MUTPAIIUH KJIETOK,
BBICBOOOKICHUIO/aKTUBAIMK  (DaKTOPOB pOCTa U
MOJLYJISITIUU COCTOSAHYST OEJIKOB BHEKJIETOYHOTO MaT-
pHUKCa, T. €. OCHOBHBIX 3TAIlOB PereHepaTuBHBIX IPO-
1eccoB. B gononnenun k aromy, MITK npoymposa-
JI1 OCHOBHbBIE ITPOAHTHUOTEHHBIE (DAKTOPBI PocTa
(VEGE HGE anruomnoatun-1), kotropble BasKHbI KaK
Ha CTaJIMU WHUIIMAINHN, TaK ¥ Ha CTAJMH CO3PEBAHUSA
HOBOOOPA30BAHHBIX COCYIOB. YCTONUUBAS CEKPEIUsT
sTux (hakropos kiaerkamu TUK, Moxer criocobcTBO-
BaTh (POPMUPOBAHUIO TPAJUEHTA, 0OECTICUNBAIONIETO
HarpasieHHoe (hOpMUPOBaHNE HOBBIX KOMIIOHEHTOB
COCYIIMCTON CEeTH TIOBPEKICHHOTO Cep/IIia.

OcTtpoe HapyliieHe KOPOHAPHOTO KPOBOOOPAa-
I[EHUS BBI3BIBACT THOEIh 3HAUNTENLHOTO KOJIMYECTRA
KapIMOMUOIIUTOB CEP/IeYHON CTEHKHU, KOTOpas B
COBOKYITHOCTH C TeMOJIMHAMUYECKUMU U HEHPOTYMO-
pabHBIMU (PAKTOPAMHU BBI3BIBACT PA3BUTHE TSKEJIOM
ceplieuHolt HegoctaToyHocTu. [Ipn atom cocrosinnu
B3aNMO/IOTIOTHSAIONIEeE BO3/IEHCTBIE TATOJOTHYECKUX
(hbakTOpPOB BeseT K peMoIeTMPOBAHUIO TTOJOCTH CEP/I-
11a ¥ PA3BUTHIO TSKEIBIX (DYHKIIMOHATIBHBIX HapyIIe-
Huil. Vcnosb3oBanne KJETOYHOU Tepanuu B BHjE
BHYTPUKOPOHAPHOTO MJIM BHYTPUMHOKAPUAIBLHOTO
BBE/ICHUS CTBOJIOBBIX/TIPOTE€HUTOPHBIX KJIETOK [IJI5
JeyeHus MH@ApKTa MUOKapaa U MOCTUH(APKTHOM
Cep/IeYHON HEeJOCTATOYHOCTH 1TOKA3aJIH BeCcbMa yMe-
peHHyio aheKTUBHOCTD, YTO B 3HAYUTEJILHOM cTerle-
HU 06yCI0BIeHO TH6EIbio GOMbINEil YacTH KIeTOK
nocJjie Tpancianranuu [10—12]. B gannoit pabore
MBI OIlEHMBATU Ha MOjeJn HH(MAPKTA Y KPbICHI
9 HEKTUBHOCTD ATBTEPHATUBHOTO CIIOCOOa TpaHC-
MJIAHTAIMY KJIETOK B BUjie c(hOPMUPOBAHHBIX i71 Vit10
TKAHEWHKEHEPHBIX KOHCTPYKIIMI, COCTOAIMUX W3
KJIETOYHBIX TJIACTOB, 0OPA30BAHHBIX ME3EHXUMAJb-
HBIMU TIPOTEHUTOPHBIMU KJyeTkamu cepana. TUK
6biTr yerenHo nosrydensl Kak u3 MITK yiika nmpaso-
TO IIpe/Icepns YeIoBeKa, KOTOpoe UcceKaeTcs B XOIe
oTiepaliy a0PTO-KOPOHAPHOTO IIYHTUPOBAHUS, TaK 1
n3 MIIK, BbI/Ie/IeHHBIX 110 aHATIOTUYHOMY TTPOTOKOJTY
u3 cepia kpwicbl. B copmupoBanubix TUK MITK
06pasyIoT HECKOJBKO CJI0eB, (hOPMUPYIOT crienuu-
Yeckoe MUKPOOKPYIKEHUE 32 CYET MEKKJIETOYHOTO
B3auMo/lelicTBUS (KOHHEKCUH-CcOiepKaliie KOHTaK-
TbI) 1 GOPMUPYIOT KOHTAKTBI C KOMITOHEHTAMU MEX-
KJIeTOYHOTO MaTpukca (kosareH 1, konmaren 3 u
(UOGPOHEKTUHOM), KOTOPbIE OOECIeYnBAIOT OTITH-
MaJIbHble MEXaHUYEeCKHe 1 OMOJOrHYECKHIe XapaKTe-
PUCTUKH, CTIOCOOCTBYIOIIIE BBIKUBAEMOCTH KJIETOK B
cocTaBe KOHCTPYKIIUU TIOcsIe TpaHciianTam. Oub-
POHEKTHH CIIOCOOEH aKTUBUPOBATH TIPOJIH(EpaInio
MIIK, unnyrnupoBats auddepeHIupoBKy B Kap/ino-
MUOIMTAPHOM U HAOTEJINATBHOM HAIIPABICHUSAX N
vivo TIyTeM aKTUBAIUU CUTHAJTU3aIluu depe3 adf1
nHTerpuHOBBIE perienTopsl [ 13]. Kpome Toro, mmMeHHO
cocTosiHUE OEJIKOB MaTpUKCa OINpele/isieT pereHepa-
TUBHBIE CBOMCTBA MPOTEHUTOPHBIX KJIETOK PA3HbBIX
tunios [14]. Mbl nokasasu, 4To KJIeTOUHbIN rpadT

newly formed vessels. Stable secretion of these factors
by TEC cells may contribute to formation of a gradi-
ent that provides directed formation of new compo-
nents of the vascular network of the affected heart.
Acute coronary circulation impairment causes
the death of a significant number of cardiomyocytes
of the heart wall, which causes severe heart failure to-
gether with hemodynamic and neurohumoral factors.
At that, the complementary effect of these pathologi-
cal factors leads to remodeling of the heart cavity and
development of severe functional disorders. The use
of cell therapy in the form of intracoronary or intramy-
ocardial administration of stem/progenitor cells for
the treatment of myocardial infarction and post-in-
farction heart failure showed very moderate effective-
ness, which is largely due to the death of most cells
after transplantation [10—12]. In this paper, we eval-
uated the efficiency of an alternative method of cell
transplantation in the form of tissue-engineering con-
structs formed in vitro, consisting of cell sheets formed
by cardiac mesenchymal progenitor cells, in a rat's
model of myocardial infarction. TECs were success-
fully obtained both from MPCs of the human right
atrial auricle, which was excised during coronary ar-
tery bypass surgery and MPCs obtained from rat's
heart according to the same protocol. MPCs form sev-
eral layers in TECs; they create a specific microenvi-
ronment due to intercellular  interaction
(connexin-containing gaps) and form contacts with
the components of the intercellular matrix (collagen
1, collagen 3 and fibronectin), which provide optimal
mechanical and biological characteristics that con-
tribute to cell survival in the constructs after trans-
plantation. Fibronectin is able to activate the
proliferation of MPCs, induce in vivo differentiation
in cardiomyocytic and endothelial directions by acti-
vating signaling via ¢581 integrin receptors [13]. In
addition, it is the state of matrix proteins that deter-
mines regenerative properties of different types of pro-
genitor cells [14]. We demonstrated that the cell graft
persisted for 30 days of observation. Transplanted
TECs are integrated into the damaged heart tissue of
the recipient animal; TEC cells are not subjected to
apoptosis, retain proliferative potential, partially dif-
ferentiate in the vascular direction, and participate in
the formation of blood vessels. In addition, trans-
planted TEC affects both the area of the underlying
myocardium, and the peri-infarction area, where a sig-
nificant activation of new vessel formation takes place,
which may be the basis for limiting of negative remod-
eling. This effect can be explained by the paracrine
mechanism of action of transplanted cells that secrete
a set of angiogenic growth factors and cytokines that
complement each other in influencing the vasculariza-
tion process. It is well known that formation of func-
tionally mature vessels requires combined or
consistent actions of several growth factors [15]. For
example, endogenous VEGF-A triggers angiogenesis,
but its combination with Ang-1 is necessary for stabi-
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coxpansiercst Ha npotsikennu 30 aHelt HabmoAeHU.
TpancnnantupoBanubie TUK wHTErpupyitoTcs B
MOBPESKJCHHYIO TKAHDb CEP/IIla JKUBOTHOTO—PEIIUTIN-
enta, kiaetkn TUK mHe moasepraioTcd amomnrtosy,
COXPaHAIOT TPOJIU(EPATUBHBIA MOTEHIUAN, U
yacTuyHo AuddepeHupyoTess B COCYAUCTOM
HAIPaBJIEHNH, Y4aCTBYIOT B (pOPMUPOBAHUN COCYIOB.
Kpowme Toro, tpancirantnosannas TUK oxasbiBaer
BO3/ICIICTBIE KAaK HENIOCPEICTBEHHO HA 30HY <ITOJIJIe-
JKAIIeTo» MHUOKap/la, Tak M Ha MepurnH(papKTHYIO
006J1aCTh, T/Ie TTPOUCXOUT 3HAUNTEIbHAS AKTUBATIUS
(hopmMupoBaHng HOBBIX COCY/IOB, UYTO MOKET JIC5KATh B
OCHOBE OTPAHMYEHUS HETATMBHOTO PEMOIEJIMPOBA-
Hust. 1ot dhheKT MoKeT ObITH 0ObsICHEH TTapaKPUH-
HBIM MEXaHU3MOM JIeHICTBUS TPAHCIIJIAHTUPOBAHHBIX
KJIETOK, CEKPETUPYIOMUX HAOOP aHTHOTEHHBIX (haK-
TOPOB pOCTa U IMTOKMUHOB, B3aUMOJOTOJIHSIONNX
JIPYT Jpyra 1o BJIMSAHUIO HA MPOIIECC BACKYJIsIpU3a-
1un. XOPpoIo U3BECTHO, UTO /17151 (hOPMUPOBAHNL 3pe-
JIBIX (DYHITHOHATIBHO MOJHOIEHHBIX COCY/I0B HEOOXO-
JIMMO COBMECTHOE WJIX TIOCTe[oBaTe/IbHOE JIeliCTBHE
HECKOJIbKUX POCTOBBLIX hakTopos [15]. Tak anmoren-
uoiii VEGF-A samyckaer aHruoreses, Ho st cTabu-
JIM3AIMN/CO3PEBaHUsA HOBBIX COCYIOB, HEOOXOMMMA
ero xomOunanusa ¢ Ang-1 [16]. Pesysbrarsl Hammmx
MPEIBIYIINX UCCIAEIOBAHII, & TaKKe PaboT IPyTUX
HAYYHBIX TPYII, TAKKE YKA3bIBAIOT HAa HEOOXO/uU-
MOCTH COBMECTHOTO BJINSAHUS aHTUOTEHHBIX (haKkTo-
poB 171 3(PHEKTUBHON CTUMYJIAIUN BaCKYJIsIpU3a-
UM MHUOKapja u ckejxeTHbx Mbrmmg [17, 18]. B
JaHHOM WCCJIeJOBAaHUU OBLIO TIPOJEMOHCTPUPOBAHO,
yto MIIK B cocTaBe KJI€TOUHBIX IJIACTOB CEKPETH-
PYIOT MPAKTUYECKH ONTUMAIBHBIH HAOOP GaKkTOPOB
JUISL CTUMYJISIIUN BCeX ATanoB JOPMUPOBAHUS COCY-
JIUCTON ceTH OT 3allycka Ipollecca aHTHOTeHe3a
(VEGEF, uPA) 10 cospesanus/crabuinsanuy HOBO-
obpasosannbix cocynos (HGF, Ang-1) [19-22].
MIIK cekpetupyior (akTtopbl, TpUBJIEKaIONIAE U3
KPOBOTOKA CTBOJIOBbIE KJIETKH, BKJIIOYAS SHIOTEJIN-
anbuble nipemmecrBennuku (SDF-1, VEGF) u dak-
Tophl, B 300y noBpexxaenust (SDF-1) [23], a takske
MPUBJIEKAIONINE DHIOTEHHBIE CTBOJOBBIE KJIETKU
cepana (HGF) [24]. HGF — Baskueiinuii perysisitop
narpasyerHoit murparuu MITK, necymnux na coei
MOBEPXHOCTHU PEIENTOP K 3TOMY (hakTopy — c-met.
Cexpennst HGF nmporeHUTOpHBIMU KJIETKaMU Cep/ilia
ABJIAETCA BAXKHON YaCThIO MEXaHM3Ma UX ayTOKPUH-
noit peryamuu. HGF ob6nagaer antudubporude-
ckM 3 PEeKTOM U MO/IAaBJLgeT TPOAYKIIMIO KoJiare-
HOB GubpobiacTamMu, TPENSITCTBYsI HEraTUBHOMY
pemogenupoBanuio JIJK mocse nndapkra Muokapaa
[22]. [TomuMo 5THX aKTOPOB KII0YeBast PoJib B 00ec-
MeYeHUH PereHepaTuBHOrO Mpollecca B cepiile mpu-
HA/JIC)KUT CUCTEME ITPOTeas, IPesk/ie BCEro YpoKUHa3-
HOW cucteMme, BKJIodaionieil ypokunaszy (uPA), ee
penenrtop (UPAR) u unruburop (PAI-1). 9ta cucre-
Ma 00ecIieynBaeT 3aycK JOKATM30BAHHOTO BHEKJIE-
TOYHOTO TIPOTEOJIN32, HEOOXOIMMOTO JIJIs HATTPABJICH-
HOM MUTpAIMN KJIETOK B TKaHM, & TAaKyKe aKTUBAINU

lization/maturation of new vessels [16]. Results of our
previous studies, as well as the work of other research
teams, also indicate the need in the joint influence of
angiogenic factors for effective stimulation of myocar-
dial and skeletal muscle vascularization [17, 18]. In
this study, we demonstrated that MPCs in the com-
position of cell sheets secreted an almost optimal set
of factors for stimulation of all stages of vascular net-
work formation from the start of the angiogenesis
(VEGE, uPA) to maturation/stabilization of newly
formed vessels (HGFE, Ang-1) [19-22]. MPC secretes
factors that attract stem cells from the bloodstream,
including endothelial precursors (SDF-1, VEGF) and
factors, to the affected zone (SDF-1) [23], as well as
attaract endogenous cardiac stem cells (HGF) [24].
HGEF is the most important regulator of directed MPC
migration carrying a c-met receptor on its surface.
HGF secretion by cardiac progenitor cells is an impor-
tant part of the mechanism of their autocrine regula-
tion. HGF has an antifibrotic effect and inhibits
collagen production by fibroblasts, preventing nega-
tive LV remodeling after myocardial infarction [22].
In addition to these factors, a protease system, prima-
rily the urokinase system, including urokinase (uPA),
its receptor (uPAR) and inhibitor (PAI-1), plays a key
role in ensuring the regenerative process in the heart .
This system enables the initiation of localized extra-
cellular proteolysis required for directed cell migration
into tissues, as well as activation of growth factors re-
quired for successful vascularization. In general, epi-
cardial TEC transplantation onto the epicardial
surface in the infarction zone ensures the MPC sur-
vival for a sufficiently long time, maintenance of their
proliferative potential, and probably their paracrine
properties, which stimulate the repair/regeneration of
damaged myocardium.

Conclusion

In general, the strategy of using epicardial TEC
transplantation based on MPC sheets seems to be a ra-
tional approach for effective delivery of viable
stem/progenitor cells to the damaged myocardium.
The use of TEC helps to reduce or temporarily elimi-
nate the effect of factors that contribute to progressive
heart dysfunction by local paracrine exposure and ac-
tivation of the revascularization processes in the af-
fected zone.
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SKCHGPMMCHTHABHBIG MCCACAOBAHMA

Poas mo3srosoro Heliporpoduueckoro pakropa BDNF
u ero penenropa TrkB B ycroitunBocTd HeiipOHOB rUNIIOKaMIIa
K uiemMun-penepdysun (9KcrnepuMeHTaIbHOE UCCIIe/IOBaHHE )
1. B. Ocrposa, M. I11. Apymierko, A. M. Tosry6es, H. B. Tory6esa

HUMN obeit peannmarosorun um. B.A. Herosckoro, DHKIT PP,
Poccust, 107031, r. Mocksa, yai. [letpoBka, . 25, cTp. 2

The Contribution of Brain-Derived Neurotrophic Factor (BDNF)
and its TrkB Receptor to Hippocampal Neuron Resistance
to Ischemia-Reperfusion (Experimental Study)
Irina V. Ostrova, Maria Sh. Avrushchenko, Arkady M. Golubev, Nataliya V. Golubeva

V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia

Mosrosoii Heiiporpoduueckuii pakrop (BDNF) u ero perterrrop Trk B urpaior BakHyIo poJib B BOCCTaHOBIECHIH
(yHKIIMM MO3Ta TIPU PA3JINYHBIX TTATOJIOTHYECKUX BO3EHCTBUSIX, BKIIOYAS UIIEMHUIO.

Ieap uccrenoBanus: orerka comepskannss BDNF u ero penenrropa Trk B B momy isiiusx mupaMuiHbIX HEHPOHOB
TUIIIIOKAMIIA B TOCTPEAHUMAIIIOHHOM IE€PUOJIe U BISIBJIEHUE POJIH 9THX (DAaKTOPOB B YCTOWYUBOCTU HEWPOHOB K
UIIEMUN.

Marepuain u MeTobL. Y OeJIbIX MOJIOBO3PENIbIX KPBIC-CAMIIOB, NiepeHectnx 10-MUHYTHYIO OCTAaHOBKY CEp/ILa,
Ha Pa3HbIX CPOKAX IMOCTPeaHuMaImonnoro nepuoaa (1-e, 4-e, 7-e, 14-e cyTKN) MCCIE€0OBAIN COCTOSTHIE TIOMYJISTIUI
nupamuinbix Heliponos noseit CA1 u CA4 runmokamma. KoHTposieM ciry>Kuiin JI0;KHOOTIEPUPOBAHHbIE JKITBOTHBIE.
C MoMOIIbI0 IMMYHOITUTOXMMUYECKIX METOIOB BBISBJISIN MIMMYHOpeakTHBHOCTH K 6esikam BDNF u TrkB. Ha oc-
HOBAaHWU BU3YAJIbHOI OIEHKH U aHATN3A ONTHYECKON TIIOTHOCTU BBIIEJISJIN TUITBI HEHPOHOB € PA3HON MHTEHCHB-
HocThIo okpackm: ciraboii (BDNF-, TrkB-), ymepennoit (BDNF', TrkB') u cunpnoit (BDNF**, TrkB*").
Onpezesisiyiu 06IIYIO IIOTHOCTD HEHPOHOB U YUCJIO KJIETOK C PA3HON MMMYHOPEAKTHBHOCTBIO K UCCIIELyeMbIXM Gel-
kaM Ha 1 MM gummHbL. B pabore ncnosnbsoBann mukpockon Olympus BX-41, mporpammMbr Image Scope M, Image]
1,48v, MS Excel. Crarncrudeckyio o6paboTKy JaHHBIX TIPOBOAMJIN B porpamme Statistica 7.0.

Pesyabrarel. Y peaHMUPOBAHHBIX JKUBOTHBIX B CDABHEHUHU C KOHTPOJIEM B 060UX UCCIIEJOBAHHBIX TOJISIX THTI-
MOKaMI1a Ha0JIo/[aid CHUKeHUe 00Iiell IIOTHOCTH MOMYJISIIUHU IIMPaMUIHBIX HellpoHOoB: B noie CA1 — Ha 4-e
CYTKH TIOCJIe OCTaHOBKH cepana (Ha 26%), B none CA4 — na 7-e cytku (1a 38,5%). Borsasuim, uto B moste CA4 na
4-e cyTku B 2 pasa Boapacraiuo unciao BDNF*-ueiiponos, a uncio BDNF**-neiiponos cumskanocs. Ha 7-e cyTku
pesko cumxkanock yncao BDNF--kieroxk, unciio BDNF*-keTok ymMeHbIamoch 10 KOHTPOJBHOTO YPOBHS, & YUCIIO
BDNF**-HelipoHOB 0CTaBaJI0Ch CHUKEHHBIM OTHOCUTENBHO KOHTPOJIst. B mosie CA1 Ha 4-e cyTKy HabJI01aIu CHI-
skenne yncaa BDNF-- u BDNF*-kserok npu coxpanennu ynciaa BDNF*-neiiponos. Ha 14-e cyTku BoigBI€HHBIE
M3MEHEHUSsT COXPAHSIIIHC.

[Tpu ananmse ummyHopeakTusHocTH K 6eaKky TrkB B ose CA4 Ha 7-e CyTKHM TTOCTPeaHnMaIMOHHOTO TIEPHoIa
BBISIBUIIN yMeHbIenue yncia TrkB--kierok mo cpaBuenuio ¢ kourposeM. K 14-M cyTkam GbIJI0 CHUKEHO YHCIIO He
Tosbko TrkB--meiiponos, Ho u TrkB*-kietok mpu coxpanennu unciaa TrkB**-Heiiponos Ha ypoBHe KOHTpoJIsA. B
nosie CA1 Ha 4-e cyTKH TIOcJIe peannMaIiy Habsrioaaa ymMmerbinenne yncia Trk B -neiiponos, Ha 7-e cyTKM — yMeHb-
menwne ynca kak TrkB*, tak u TrkB--neiiponos. K 14-m cyrkam uncsio TrkB--HelipoHOB 0cTaBaIoch CHUKEHHBIM.
Yucmo TrkB**-HeiipoHOB IpK 3TOM COXPAHSIIOCHh HAa KOHTPOJIBHOM YPOBHE 32 BCe BPeMsT HAOIIIOIEHUSI.

3axmouenue. [loyyenmble pe3yJbraThl YKa3bIBAIOT HA TO, YTO YCTOIYMBOCTH HEPOHOB K UIlIEMUM-perepdysnn
accoruupoBana ¢ cogaepskanreM B Hux 6e1koB BDNF u TrkB. Cuiskernne ob1ieil JIOTHOCTH HEPOHOB B TIOCTpea-
HIMAIMOHHOM Iepuojie mpoucxoaiio kak B mose CA1, tak u B mose CA4 rurimokamiia, ipu 3ToM TOesu TojiBep-
rajiuch TOJBKO KIETKM C MUHUMAJIbHBIM ¥ YMEPEHHBIM CO/epKaHieM ucciaeayeMbix GenkoB. Heiipowsl c
HanbosbImM copepxanueM 6eaxkoB BDNF u TrkB Boikusasm.

Knroueswvie cnosa: zunnoxamn; nupamudnwie netiporvi; noie CA1; none CA4; ocmanosxa cepoua; nocmpeanuma-
YUOHHBLL Nepuod; uwemus; ummynozucmoxumus; BDNF; TrkB; neiiponpomexuyus

Brain-derived neurotrophic factor (BDNF) and its TrkB receptor contribute greatly to restoration of brain func-
tion in various pathological conditions, including ischemia.
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The purpose of the study: to assess the content of BDNF and its TrkB receptor in the populations of hippocam-
pal pyramidal neurons in the post-resuscitation period and to identify the contribution of these factors to the neuron
resistance to ischemia.

Material and methods. The condition of populations of pyramidal neurons of the CA1 and CA4 hippocampus
fields was investigated in white mature male rats that underwent a 10-minute cardiac arrest at different periods of
the post-resuscitation period (1%, 4" 7t 14" day). Animals after a sham surgery served as a reference group. Im-
munocytochemical methods were used to determine immunoreactivity to BDNF and TrkB proteins. Based on the
visual inspection and analysis of the optical density, the following types of neurons with different color intensity
were distinguished: weak (BDNF-, TrkB-), moderate (BDNF", TrkB*) and strong (BDNF**, TrkB**). The total
density of neurons and the number of cells with different immunoreactivity to the studied proteins per 1 mm of
length were determined. We used the Olympus BX-41 microscope and Image Scope M, Image] 1.48 v, MS Excel
software. Statistical data processing was performed using Statistica 7.0 software.

Results. There was a decrease in the overall density of the population of pyramidal neurons in both studied fields
of the hippocampus of the resuscitated animals as compared to the reference group: in the CA1field, on the 4" day
after cardiac arrest (26%); in the CA4 field, on the 7" day (38.5%). It was found that the number of BDNF* neurons
doubled in the CA4 field on the 4™ day, and the number of BDNF** neurons decreased. On the 7 day, the number
of BDNF- cells decreased sharply, the number of BDNF* cells decreased to the reference level, and the number of
BDNF** neurons remained reduced vs. the reference group. There was a decrease in the number of BDNF- and
BDNF* cells in the CA1 field on the 4" day, while the number of BDNF** neurons remained the same. The observed
changes remained on Day 14.

The analysis TrkB protein expression in the CA4 field on the 7 day of the post-resuscitation period as revealed
by reactivity with anti-TrkB antibody demonstrated a decrease in the number of Trk B~ cells as compared to the ref-
erence group. By the 14" day, the number of not only TrkB- neurons, but also TrkB* cells was reduced, while the
number of TrkB** neurons remained at the level of the reference group. There was a decrease in the number of TrkB*
neurons was observed in the CA1 field on the 4™ day after resuscitation. On day 7, there was a decreased numbers
of both TrkB* and TrkB--neurones. The number of TrkB--neurones remained decreased up to day 14. At that, the
number of TrkB** neurons persisted at the reference level throughout the observation period.

Conclusion. The obtained results demonstrate that the resistance of neurons to ischemia-reperfusion is associated
with the intracellular expression of BDNF and TrkB proteins. The reduction of the overall density of neurons in the
post-resuscitation period was obsereved both in hippocampal fields CA1 and CA4; only cells with minimal and mod-
erate content of the studied proteins died. Neurons with the highest BDNF and TrkB protein content survived.

Keywords: hippocampus; pyramidal neurons; CA1 field; CA4 field; cardiac arrvest; post-resuscitation period; is-
chemia; immunohistochemistry; BDNF: TrkB; neuroprotection
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BBenenne

B nocsreiHme TOBI 3HAUNTETBHO BEIPOC HHTEPEC
K POCTOBBIM (haKTOpaM KaK MOTEHI[HATBbHBIM TepaIeB-
THYECKUM areHTaM Ji7Ist G0PBODI € TOCTUTITIEMUYECKITMIT
HapymeHussMu Mosra [1, 2]. AxkTuBHO m3ywaercs
9 GEeKTUBHOCTh Tepamnuy, KOTOpas CTUMYJIUpPYyeT
JIOKAJTBHYIO BHIPAGOTKY 9TUX (haKTOPOB U MX PEIETTO-
POB B TIOBPEKICHHOI TKaHU Mo3ra [ 3, 4].

Heiiporpoduueckue hakToOpbl — 9TO TOJTUTIETI-
TH/IBI, KOTOPBIE UTPAFOT BAXKHYIO POJTb B TTOJ/IEPKAHUHT
(byHKIINN HEHPOHOB, YUACTBYSI B IPOTIECCAX BBIKMBA-
HUsA, pocTa, MUMGEpPeHIINPOBKN KJIETOK HEPBHOM
CHICTEMBI, a TAaKKe B MEXaHN3Max HelpOHATBHOI TJTa-
CTUYHOCTH, 00yueHus 1 mamsiti. Cpein 4IeHoB 3TOTO
ceMeticTBa HanboJIee MBYUIEHHBIM STBIISIETCS] MO3TOBO
Heliporpoduueckuii pakrop (BDNF), koTopsiii obra-
JlaeT CBONCTBAMU HEPOTIPOTEKTOPA M UTPAET BAKHYTO
POJTh B BOCCTAHOBJIEHNN (DYHKITNN MO3Ta TTPH PasJImy-
HBIX HeWPOJIETeHePATUBHBIX 3a00IEBAHISIX, TAKUX KAK
6ose3nn Ambiiretivepa, 6omesmn [TapkuHcoHa, Xopest
lentunrrona |3, 5].

BDNF omocpenyet cBoe oIokUTEIbHOE JIeH-
CTBHE dYepe3 TPOIMOMWO3WHKWHA3HBIN PerenTop —
TrkB [6], cBst3bIBaHIE C KOTOPHIM 3aIlyCKaeT KaCKa bl
BHYTPUKJICTOUHBIX CUTHAJTBHBIX MOJIEKY.JT, HAITPABJICH-

Introduction

The interest in growth factors as potential thera-
peutic agents to combat post-ischemic brain disorders
has increased significantly over recent years [1, 2]. The
efficacy of a therapy that stimulates local production
of these factors and their receptors in the damaged
brain tissue is actively studied [3, 4].

Neurotrophic factors are polypeptides that
play an important role in maintaining the function
of neurons that are involved in the survival
processes, growth, differentiation of neurons, as
well as in the mechanisms of neural plasticity,
learning and memory. The brain-derived neu-
rotrophic factor (BDNF) is the most studied mem-
ber of this group, which has neuroprotective
properties and plays an important role in restoring
brain function in various neurodegenerative dis-
eases, such as Alzheimer's disease, Parkinson's dis-
ease, and Huntington's chorea [3, 5].

BDNF mediates its positive action through a
tropomyosin receptor called TrkB [6], binding to
which triggers cascades of intracellular signaling mol-
ecules aimed to the proliferation, neuron survival and
the maintenance of normal synaptic plasticity. TrkB
signaling is considered to be the most important pro-
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HbIe Ha TIpoJindepalnio, BBIKMBaHME HEHPOHOB U MO/ -
Jiep;KaHne HOpMAJTbHON CUHANITUYECKON TJIaCTUYHO-
cru. TrkB-curnasmur paccMaTpuBaioT B KauecTBe
BaJKHEHIIIETO 3alUTHOTO MEXaHMU3Ma, 3aIyCKaeMOTO
MOBPEKJIEHUEM MO3Ta, M KJIOYEBOIO PETyJsATopa
BBIKMBaHUS HEWPOHOB [7, §].

Onnaxo, B ITepaType HeJIOCTATOUHO CBEICHU
06 yposHe u xapakrepe akcrpeccuu TrkB B mHan6osee
YYBCTBUTEJBHBIX K THUIIOKCUN 0OJACTAX TOJOBHOTO
MO3ra, B YaCTHOCTH, B TUIIIIOKAMIIe, B HOPME U TIpU
WIIEMUH, BBI3BAHHON BPEMEHHO OCTaHOBKOH cep/iia.
YuureiBasi TOT akT, UTO HEUPOMPOTEKTUBHBIN
acbdext BDNF 1 ero MumeTnKoB oniocpeioBal MMeH-
Ho TrkB, u ero Tectyio B3anMoCBsI3b ¢ (DYHKI[MOHATb-
ubiM cocrosinrem [THC, riesiecoo6pasHo rccie1oBaTh
miHaMuKy copepsxkanus BDNF u TrkB B neiiponaib-
HBIX MOITYJISIIMSAX TOJOBHOTO MO3Ta B TIOCTpeaHnnMa-
IIMOHHOM TIepuo/ie. ITO 1ACT BO3MOKHOCTD OIEHUTD,
KaK peajn3yIoTcss HeHpONPOTEKTUBHBIE CBOHCTBA
BDNF B BbICOKOUYBCTBUTEIBHBIX K TUTIOKCUU HEPB-
HBIX KJIeTKax. VI3BecTHO, 4TO TMpaMu/IHbIe HEHPOHBI
TUTITIOKAMITa — OTJIeJIa MO3Ta, CBSA3aHHOTO C Mpoliec-
caMu 00yY€eHMsI U AMSITH, — B HAOOJIbIIIEH CTereHn
TO/IBEPIKEHbI /ieficTBUIO uiiemun [9].

[lenp umccnemoBannsg — OIEHKA COJMEPIKAHUSA
BDNF u ero penenrropa TrkB B monysiiusx nupa-
MUJIHBIX HEHPOHOB I'MIIIIOKAaMIIa B TOCTPeaHUMAIIMOH-
HOM IIepuo/ie M BBbISABJIEHUE POJIN 3TUX (HaKTOPOB B
YCTONYMBOCTH HEHPOHOB K UIlleMUH-peniepdysun.

MaTepI/IaJI H METO/1bl

VceseioBasim MOST O€TbIX HEJTMHEHHBIX TI0JI0BO3PEJIBIX
Kpbic-caMIioB Maccoit 190—250 1, meperectux 10-MUHYTHYTO
ocTaHoOBKY cepana (n=21) (BHyTpuTOpaKaibHOe TepeskaTue
cocyauctoro my4ka cepaia) [10]. Yepes 1, 4, 7, 14 cytok nocsie
peaHuMaIy (HEMPsSIMON MacCcask cep/ilia B COYETAHHUH C HC-
KYCCTBEHHOI BEHTHJISIINEH JIETKUX BO3/LyXOM B PEKUME TH-
HnepBeHTH/IAINY anmapaTtoM «Animal Respirator» ¢upmebr
«SMT Geratehandel» ¢ BHyTpuTpaxeanbHbIM BBEIEHUEM Pac-
TBOpa afpeHanna B 1o3e 0,1 MT/Kr) JKUBOTHBIX BEIBO/IVIIN 13
IKCIEPUMEHTA JIEKATUTAIMEN TT0/T HAPKO30M (110 5—7 3KUBOT-
HBIX Ha KaXK/IBIHl CPOK TOCTPEAHMMAIIMOHHOTO IIEPHOJA).
KoHTposieM cITysKUIu JIO;KHOOTIEPUPOBAHHBIE KPBICHI (71=3).
IKCIEPUMEHTBI TPOBOIUIIN COTJIACHO PEKOMEH/IAIINSAM JTH-
yeckoro komurera ODTBHY HUU obimeii peaHuMaToI0THI
um. B. A. Herosckoro B coorBetcTBui ¢ «IIpaBuiamu rnmpose-
JeHust paboT € FCTOIb30BAHIEM 9KCIIEPUMEHTAIbHbIX JKHBOT-
ubix» (IIpukas Munzapasa CCCP Ne755 ot 12.08.1977).

Cpagy 1ocJie IeKauTaIuy BbIIEJISIII MO3T U (DUKCH-
poBasi ero B 4% pactsope napadopmaibaeruga va 0,1M
docdarnom 6ydepe pH 7,4 (PBS) 1 cyrku npu 4°C. ITocae
CTaHAAPTHON 00PabOTKI 0OPA3IIBI MO3TA 3AMBAJIU B MTapa-
¢dumn. C mapabuHOBBIX OJI0KOB U3TOTOBJISIIH CPE3bI TOJIIIN-
HOH 5—-6 MkM. VlccoemoBaim IOCTpeaHMMAIIMOHHBIE
M3MEHEHWs HeHPOHAJIBHBIX MOIYJISIIUI MTUPAMHU/IHbBIX Heli-
pouos nosneit CA1 u CA4 runmokamra.

[lenapadunusupoBannbie cpesbl 06pabarbiBanu 1%
[EePUKUCHIO BOAOPO/IA B TeueHre 15 MUHYT /7ist OT0KMpOBa-
HUS 9HIOTEHHOI TePOKCHIA3HOI aKTUBHOCTHU. 3aTeM CPe3bl
MPOMBIBAJIN B INCTUJIIPOBAHHON BOJIE U TIPOBOIMIIN JieMa-
CKUpPOBaHMe aHTUIeHOB B uurparHom Oydepe pH 6.0

tective mechanism triggered by brain damage and a
key regulator of neuronal survival [7, 8].

However, the literature lacks data on the level
and nature of TrkB protein expression in areas of the
brain that are most sensitive to hypoxia, in particular,
in the hippocampus, under normal conditions and in
ischemia caused by temporary cardiac arrest. Since the
neuroprotective effect of BDNF and its mimetics is
mediated by TrkB and there is a close relationship
with the functional state of the central nervous sys-
tem, it is recommended to study the dynamics of the
BDNF and TrkB content in neuronal populations of
the brain in the post-resuscitation period. This will
provide an opportunity to assess how neuroprotective
properties of BDNF are implemented in neurons with
high sensitivity to hypoxia. It is known that the py-
ramidal neurons of the hippocampus, the part of the
brain associated with learning and memory, are most
susceptible to ischemia [9].

The purpose of this study is to assess the content
of BDNF and its TrkB receptor in the populations of
hippocampal pyramidal neurons in the post-resuscita-
tion period and to identify the contribution of these
factors to the neuron resistance to ischemia.

Materials and Methods

The brains of white nonlinear mature male rats weigh-
ing 190-250 g who underwent a 10-minute cardiac arrest
(n=21) (intra-thoracic clamping of the vascular bundle)
were studied [10]. 1, 4, 7, 14 days after resuscitation (indi-
rect cardiac massage in combination with mechanical ven-
tilation in the hyperventilation mode using <«Animal
Respirator» device manufactured by «SMT Geratehandel»,
with intra-tracheal injection of epinephrine solution at a
dose of 0.1 mg/kg), the animals were withdrawn from the
experiment by decapitation under anesthesia (5—7 animals
for each term of the post-resuscitation period). Rats after a
sham surgery served as a reference group (n=5). Experi-
ments were carried out in accordance with the recommen-
dations of the Ethics Committee of the V. A. Negovsky
Research Institute of General Reanimatology, in accordance
with the «Guidelines for works involving experimental ani-
mals» (Order No. 755 of the Ministry of Health of the USSR
dated 12.08.1977).

Immediately after decapitation, the brain was isolated
and fixed in 4% paraformaldehyde solution in 0.1 M phos-
phate buffer pH 7.4 (PBS) for 1 day at 4°C. After standard
treatment, brain samples were embedded into paraffin. 5-6
um sections were made from paraffin blocks. Post-resusci-
tation changes in populations of pyramidal neurons of the
CA1 and CA4 hippocampal fields were investigated.

The deparaffinied tissue section were treated with 1%
hydrogen peroxide for 15 minutes to block endogenous per-
oxidase activity. Then the sections were washed in distilled
water and antigens were unmasked in citrate buffer pH 6.0
(DAKO, Glostrup, Denmark) in a water bath for 15 minutes
to block endogenous peroxidase activity. The sections were
cooled for a half an hour, washed in water and PBS; Protein
Block Serum-free (DAKO, Glostrup, Denmark) was used to
prevent nonspecific binding of primary or secondary anti-
bodies to tissue proteins for 15 minutes. After washing in the
phosphate buffer, the slices were incubated at room temper-
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(DAKO, Glostrup, Denmark) Ha BonsiHoii 6are 15 MUHYT.
Cpesbl 0XJ1asK/1a711 110J14aca, MpoMblBaji B Bojie 1 PBS, s
IPe/IOTBPAIIEHNUST HeCTIEII(PITYeCKOT0 CBS3BIBAHNUS [IEPBIY-
HBIX WJIM BTOPUYHBIX aHTUTEJ ¢ GEelTKaMU TKaHK MCII0JIb30-
Baiu  Protein Block Serum-free (DAKO, Glostrup,
Denmark) B reuenne 15 munyt. ITocste nipombiBarust B hoc-
(arroM OGydepe cpesbl UHKYOUpoBasu 1 4 1pu KOMHATHOI
TeMIlepaType ¢ HepPBUYHBIMI MOJUKJIOHATBHBIMU aHTHTE-
gamu ipotus BDNF (passeznenne 1:50) (Santa Cruz, USA)
nium iporus TrkB (passegenue 1:100) (Santa Cruz., USA)
[Ipombis cpesbi B hocdarrom Oydepe (5 MUHYT), UX UHKY-
GupoBasu 1 yac pU KOMHATHOI TeMIlepaType ¢ BTopud-
nbivmu anturesiamu LSAB Kit (LSAB (DAKO, Glostrup,
Denmark). [lasiee cpesbi npombiBajiu B hocarrom Gydepe.
NmmynHy10 peaknuio BeIABIISAIN Tocse 10-MUHyTHOI WH-
kybGauun B pacrsope 3,3-auamunobensuauna (DAKO,
Glostrup, Denmark). [Tocsie ipombiBKE cpe3oB B docdar-
HoM Oydepe nx gokpammBanu remarokcuaurom (Shandon,
Pittsburgh, PA, USA) u 3akiiouanu B BOAOPACTBOPUMYIO
cpeny ImmuMount (Shandon, Pittsburgh, PA, USA). Nm-
MYHOTHCTOXUMHUYECKYIO PEAKITMI0 KOHTPOJUPOBAIHN HHKY-
Garueil cpe3oB €O BCEMU PeareHTaMi KpoMe MEePBUYHBIX
AQHTHTEJI.

C nomopio Mukpockorna Olympus BX-41 u npo-
rpammbl ImageScopeM nostydanu uzobpaskerust. HTeHcus-
HOCTb MMMYHOTHCTOXMMHUYECKON PEAKINN B IMTOIIA3Me
HEIPOHOB OIEHUBAIIH C TIOMOTI[BIO TTPOTPAMMBI aHAIH3a H300-
paskenmii Image] 1,48v. Onpenessinm «cpejiHee 3HaUeHMe ce-
poro» (Mean Gray Value) u paccuuThiBaIu ONTHYECKYIO
IJIOTHOCTB (B YCJIOBHBIX €MHUIAX — Y. €.) 1o ¢opmye:
OD=log,, (255/Mean Gray Value). /]jis1 BUsyaIbHOM OLEHKH
VHTEHCHBHOCTH OKPAITUBAHNST CPE3bI IOKPAITNBAIIN TEMATOK-
crimHOM. Ha ocHOBaHWMM aHa/IM3a IMCTOTPaMM pacipesiete-
HUS HEHPOHOB IO NX ONTHYECKOI IITOTHOCTH W BU3YAJTbHOI
OIIEHKH BBIJIEJISITTH COOTBETCTBYIOIIIE PAHTH JIJIST HEHPOHOB C
PasHOIl CTENeHbI0 OKPACKHU: CJIab0M, YMEPEHHOI 1 CHIbHOI
(puc. 1). PaHru onTuyecKoii II0THOCTH ObLIN CJIELYIOMIMMIU:
muist Trk B-cirabonosurushbix kierok (TrkB-) — OD<0,3; mis
TrkB-ymepennonosutustbix (TrkB*) — 0,30<0D<0,34; nis
Trk B-cunbronosurushbix (TrkB™) — OD>0,34; nis BDNF-
cnabonosutuBhbix kiaetok (BDNF-) — OD<0,24; mia
BDNF-ymepennonosutusabeix (BDNF*) — 0,24<0D<0,28;
BDNF-cunsnonosutusabx (BDNF) — OD>0,28. Ompese-
JISUTA OOTIYI0 TUIOTHOCTD HOMYJISIIMN HEHPOHOB, a TakkKe
YHCJI0 HEFPOHOB C Pa3HOil MMMYHOPEAaKTHBHOCTBIO K HCCJTe-
JlyeMbIM Oesikam Ha 1 MM JTHHBI KJIETOYHOTO CJIOS.

Craructudeckyio 06paboTKy JaHHBIX POBOAUIN B
nporpamme Statistica 7.0 ¢ ucnosbp3oBaHMEM MeTO/A
ANOVA s MHOKecTBeHHBIX cpaBHernit (Post-hog com-
parisons of means).

PesybraThl 1 00CysKIeHHE

Yeranosuiau, uyro 10-mMuH OocTaHOBKa cepjia
MPUBOAUT K CHIZKEHUIO 0011l MII0THOCTH HEHPOHOB:
B nosie CA4 — Ha 7-e cyTKH 11ocje peanumanum (Ha
38,5% B cpaBHeHuU ¢ KOHTPoJieM), B 1osie CA1 — na
4-e cyTku (Ha 26% B cpaBHEHUU C KOHTPOJIEM ), UYTO
CBU/IETEILCTBYET O TMOEIM MUPAMUIHBIX KJIETOK
(puc. 2). Takum 06pa3oMm, BbIlIajieHUEe HEHPOHOB B
nosie CA1 npoucxoaut panbiie, 4eM B 1osie CA4, uto
corjiacyercs ¢ JaHHBIMU APYTUX UCCJeI0BaTeell O
BBICOKOH panumocTtu HeliponoB CA1 B nmocrutiemu-
yeckoMm nepuozie [9, 11]. Ha 14-e cytku nocrpeanu-

Puc. 1. Heiiponsl nosss CA4 ¢ pa3Hoii M(MMYHOP€@aKTUBHOCTBIO K
BDNF (a) 1 TrkB (b).

Fig. 1a. Neurons of the CA4 field with different immunoreactiv-
ity to BDNF (a) and TrkB (b).

Note. For Fig. 1, 3: the immunoreactivity to BDNF and TrkB —
“mild positive, “moderately positive, “*strongly positive. Indirect
peroxidase-antiperoxidase method, additional staining with
hematoxylin. X400 (a), X200 (b).

IIpumeuanune. [lus puc. 1, 3: IMMYHOPEAKTHBHOCTb K Geskam
BDNF u TrkB — ~ciabas, ‘ymepennas, **cunpHas. Henpsamoii ne-
POKCU/IA3HO-aHTHITIEPOKCHAA3HBIA METOJI, IOKPACKA TeMATOKCUIIU-
Hom. X400 (a), X200 (b).

ature with primary polyclonal antibodies against BDNF (di-
lution 1:50) (Santa Cruz, USA) or against TrkB (dilution
1:100) (Santa Cruz., USA) for 1 h. After washing the sec-
tions in phosphate buffer (5 minutes), they were incubated
at room temperature with secondary LSAB Kit antibodies
(LSAB (DAKO, Glostrup, Denmark) for 1 h. Then the sec-
tions were washed in phosphate buffer. The immune re-
sponse was detected after a 10-minute incubation in
3,3-diaminobenzidine solution (DAKO, Glostrup, Den-
mark). After washing the sections in the phosphate buffer,
they were stained with hematoxylin (Shandon, Pittsburgh,
PA, USA) and enclosed in a water-soluble medium Immu-
Mount (Shandon, Pittsburgh, PA, USA). The immunohis-
tochemical reaction was controlled by incubation of sections
with all reagents except primary antibodies.

Images were obtained using the Olympus BX-41 mi-
croscope and ImageScopeM software. The intensity of the
immunohistochemical reaction in the neuronal cytoplasm
was evaluated using the Image] 1.48 v imaging software. The
«Mean Gray Value» was determined and the optical density
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Puc. 2. IsmeHenue 0011ell IUIOTHOCTH NOIYJISAIMI MHPAMHIHBIX
HeiiponoB noJyeii CA1 u CA4 runnokamna B OCTPeaHNMAI[OH-
HOM neproze.

Fig. 2. The change in the total density of pyramidal neuron pop-
ulations in hippocampal fields CA1 and CA4 in the post-resusci-
tation period.

Note. * — P<0.05 c vs. the reference group.

Ipumeyanue. /st puc. 2, 3: Groups — rpymibi; Number of neurons
per 1 mm of the length — uncsio neiiponos Ha 1 Mm L * — p<0,05
0 CPABHEHUIO C KOHTPOJIEM.

MaI[MOHHOTO Mepro/a 0011ast MI0THOCTh 00enX Hel-
POHATBHBIX MOIYJIAINNI OCTaBaJach CHUKEHHOM.

MMMyHOTHCTOXMMHUYECKOE UCCTIE/I0BAHNE TTOKaA-
3aJ10, 4TO B HOpMe (Y KOHTPOJIbHBIX JKUBOTHBIX) B
nose CA4 tipeobsaflaloT HEHPOHBI ¢ YMEPEHHOU U
CUJIBHOW MMMYHOPEaKTUBHOCTbIO K Oesiky BDNF
(puc. 3, a), a B mosie CA1 — HelipOHBI ¢ yMEPEHHON
UMMYHOPeakTUBHOCTBIO K Gesiky BDNF (puc. 3, b).

Yeranosusu, yto B nosie CA4 Ha 4-e cyTKH
nocJie peannMainnu uncsio BDNFEF-neiiponos Bospac-
TaJio, yncgo BDNF™ kjeTok cHMKAI0Ch, a 4UCIIO
BDNF~ HellpoHOB He U3MeHSJIOCh 110 CPaBHEHUIO C
KoHTposieM (puc. 3, a). [loxydennble 1aHHbIE CBU/IE-
TEJBCTBYIOT O CHUXKEHUU WMMYHOPEAKTUBHOCTH K
BDNF B nannoii HeipOHAJIBHOU MOITYJIAIIAN.

Ha 7-e cyTku noctpeaHuMaIimoHHOTO MIEPUOJA B
nosie CA4 pesko ymenbiuiaoch uncio BDNF -neiipo-
HOB, yncio BDNF*-HelipoHOB CcHU3MIOCH 10 KOHT-
poJibHOTO YPOBHS, a unciao BDNF**-neiiponos ocTasa-
JIOCh CHUZKEHHBIM OTHOCUTEBHO KOHTPOJIsS (puc. 3, a).
[TockosnbKky UMEHHO K 7-M CYyTKaM pa3BUBAJICS 1TPO-
necc rubeay HEHPOHOB B HAHHON 006J1aCTH, MOMKHO
M0JIaraTh, YTO JIETeHEPAITUH 1TO/IBEPTATUCH KIETKH CO
c1aboii W yMEpeHHOH HMMYHOPEAKTUBHOCTBIO K
BDNE B nanbueiimnem mesxuy 7-mu u 14-mMu cytkamu
MOCTPEAHNMAIIMOHHOTO Tepro/ia U3MCHEHUH YncIia
HellpoHoB ¢ pa3Hoit BDNF-nMMyHOpeakTHBHOCTBIO B
nosie CA4 He BBISABJIEHO.

B none CA1 runmokamiia Ha 4-e CyTKU Mocje
peanuManuu HabI0/1al0Ch YMEHbIIIEHUE YHCIa KakK
BDNF-neiiponos, tak u BDNF*-neiiponos 1o
CPaBHEHUIO C KOHTPOJIbHBIM YPOBHEM, IIPU COXpaHe-
Hun yncia BDNF ™ -knerok. Yaursiasg ToT hakT, uTo

(in arbitrary units) was calculated according to the formula:
OD=log,, (255/Mean Gray Value). The sections were ad-
ditionally stained with hematoxylin for visual inspection of
the staining intensity. Based on the analysis of histograms
of the distribution of neurons by their optical density and
visual assessment, the corresponding ranks for neurons with
different degrees of staining were distinguished: weak, mod-
erate and strong (fig. 1). Optical density grades were as fol-
lows: for TrkB mild positive cells (TrkB~), 0D<0.3; for TrkB
moderately positive cells (TrkB*), 0.30<0OD<0.34; for TrkB
strongly positive cells (TrkB*), 0D>0,34; for BDNF mild
positive cells (BDNF-), OD<0.24; for BDNF moderately
positive cells (BDNF*), 0.24<0D<0.28; BDNF strongly
positive cells (BDNF*) — OD>0.28. The total density of
neurons and the number of cells with different immunore-
activity to the studied proteins per 1 mm of cellular layer
length were determined.

Statistical data processing was performed in the Sta-
tistica 7.0 software using the ANOVA method for multiple
comparisons (post-hoc comparisons of means).

Results and Discussion

It was found that a 10-minute cardiac arrest re-
sulted in a decrease in the total density of neurons in
the CA4 field (on 7th day after resuscitation, 38.5% vs.
the reference group) and in the CA1 field (on 4th day
post-resuscitation, 26% vs. the reference group). indi-
cating the death of pyramidal cells (fig. 2). Therefore,
neuronal loss in the CA1 field occurs earlier than in the
CAA4 field, which is consistent with the data of other
researchers on the high vulnerability of CA1 neurons
in the post-ischemic period [9, 11]. On the 14™ day of
the post-resuscitation period, the total density of both
neuronal populations remained reduced.

The immunohistochemical assay showed that
neurons with moderate and strong immunoreactiv-
ity to the BDNF protein prevail in the CA4 field
(fig. 3, @), and neurons with moderate immunoreac-
tivity to the BDNF protein prevail in the CA1 field
under normal conditions (in the reference group an-
imals) (fig. 3, b).

It was found that the number of BDNF+ neurons
increased in the CA4 field on the 4t day after resusci-
tation; the number of BDNF** cells decreased, and the
number of BDNF™ neurons did not change compared
to the reference group (fig. 3, ). The data indicate a
decreased BDNF protein expression in this neuronal
population.

On the 7 day of the post-resuscitation period, the
number of BDNF~ neurons decreased sharply in the
CA4 field; the number of BDNF* neurons decreased to
the reference level, and the number of BDNF** neurons
remained reduced vs. the reference group (fig. 3, a).
Since the process of neuronal death in this area devel-
oped on the 7" day, it can be assumed that cells with
mild and moderate expression of BDNF protein were
exposed to degeneration. Then no changes in the num-
ber of neurons with different BDNF-immunoreactivity
in the CA4 field were detected between 7 and 14 days
of the post-resuscitation period.

GENERAL REANIMATOLOGY, 2018, 14; 6
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Piuic. 3. I3meHenmue uncia HEPOHOB ¢ pa3ubiM yposHeM akcnpeccur BDNF (a, b) u TrkB (¢, d) B nonyasiuuu nupaMuiHbIx HEAPOHOB
nosst CA4 u CA1 runnokamna B HocTpeaHMMaIlMOHHOM nepuoae, M+m.

Fig. 3. Changes in the number of neurons with different levels of of BDNF (a, b) and TrkB (c, d) protein expression in the population
of pyramidal neurons of the CA4 and CA1 hippocampal fields in the post-resuscitation period, M*m.

Note. a, b — the data for the CA4 field; ¢, d — the data for the CA1 field.

Ipumeyvanwue. a, b — paunvie 1st noast CA4; ¢, d — nanupie juist nosst CA1.

B nosie CA1 cHusKenne o0uiel II0THOCTH HelipOHaJIb-
HOU TOIYJISIIIMY [TPOUCXOIIIIO MMEHHO Ha 4-€ CYyTKU
MOCTPEAHUMAIIMIOHHOTO TIEPHO/IA, MOJKHO TOBOPHUTD O
rubesiv MUPaMUHBIX KIETOK cO ¢1aboil 1 yMepeHHOit
BDNF-ummynopeaktusnoctbio. Ha 7-e u 14-e cyrtku
BbISIBJICHHbIE M3MEHEHUs COXpaHsnch (puc. 3, b).

Ananus copepxanus 6enka TrkB nmokasan, uto y
KOHTPOJIbHBIX JKHUBOTHBIX B 0GOUX MCCJAETOBAHHBIX
MOJIAX TUTIIIOKAMITa IPe0bIajialoT HeliPOHBI co c1aboit
U yMePEeHHOI IMMYHOPeaKTUBHOCTBIO (pHc. 3, ¢, d).

B nose CA4 B nocTpeaHuManimOHHOM TIEPHO/IE
POUCXOANTIO yMeHbieHue yncaa TrkB--kieTok Ha
7-e cytku. ITpu atom uncsio TrkB*- u TrkB**-neiipo-
HOB He M3MEHSLJIOCH 110 CPABHEHUIO ¢ KOHTposeM. K
14-M cyTKaM OBLIO CHUKEHO YHCIIO He TOJIbKO TrkB -
HelpoHoB, HO 1 Trk B*-KJIeTOK Tpy cOXpaHeHN ! YncIa
TrkB**-ueiiponos (puc. 3, ¢). O4eBuaHO, YTO TUOHYT
KJIETKU, XapaKTePU3YIOMIUXCs cl1aboi U yMepeHHOi
UMMYHOPeaKTUBHOCTBIO K TrkB.

B nosie CA1 y peaHUMIPOBaHHBIX KPbIC HAbJII0-
nanu ymenblnenue ynciaa TrkB*-kierok Ha 4-e cyTKu
[OCJIe PEAHMMAIIUHU 110 CPABHEHUIO C TPYIIION KOHT-
POJIBHBIX JKMBOTHBIX. [Ipu 9TOM He BBISIBJIEHO [OCTO-
BEPHBIX OTJIUYUN OT KOHTpOJs 1o uncay TrkB—- u
TrkB**-neiiponos. ITojy4eHnble faHHbIe CBUAETEIb-
CTBYIOT O THOEJIHM HEPOHOB ¢ YMEPEHHOI UMMYHOPE-
akTuBHOCTBIO K TrkB. Ha 7-e cyTku mocie peannma-
1K OBIJIO BBIABIEHO CHUKEHME YKCJIA He TOJbKO
TrkB*-knerok, no u TrkB--neiiponos. Ha 14-e cyTku

There was a decrease in the number of both
BDNF neurons and BDNF* neurons in the CA1 field
of the hippocampus on the 4 day after resuscitation
compared to the reference level, while the number of
BDNF** cells remained the same. Since the total den-
sity of the neuronal population in the CA1 field de-
creased on the 4'h day of the post-resuscitation period,
we can conclude on the death of pyramidal cells with
mild and moderate expression of BDNFprotein. The
changes persisted on the 7t and 14" days (fig. 3, ).

Analysis of the TrkB protein content showed
that neurons with mild and moderate immunoreactiv-
ity prevail in the reference group animals in both stud-
ied hippocampal fields (fig. 3 ¢, d).

There was a decrease in the number of TrkB-
cells in the CA4 field on the 7™ day of the post-resus-
citation period. At that, the number of TrkB* and
TrkB** neurons did not change in comparison with the
reference group. By the 14" day, the number of not
only TrkB™ neurons, but also TrkB* cells was reduced,
while the number of TrkB** neurons remained un-
changed (fig. 3, ¢). It is obvious that cells with mild
and moderate immunoreactivity to TrkB die.

In the CA1 field, the number of TrkB* cells de-
creased on the 4" day after resuscitation in the resus-
citated rats compared to the reference group animals.
There were no significant differences from the refer-
ence group in the number of TrkB~ and TrkB** neu-
rons. The obtained data indicate the death of neurons
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uyrcno TrkB -HeHpoHOB 0CTaBasoOCh CHUIKEHHBIM.
Yucno HepOHOB ¢ CUIBHON UMMYHOPEAKTUBHOCTBHIO
K TrkB coxpaHsiioch Ha KOHTPOJBHOM YPOBHE B TeUe-
HHe Bcero ucciepoBantoro nepuoa (puc. 3, d). Oue-
BUIHO, 4TO, Takke Kak 1 B CA4, B mose CA1 rummo-
Kamria rubesu MoABEPraloTCsl TOJBKO HEHPOHBI CO
c1aboil 1 yMepeHHON NMMYHOPeaKTUBHOCThIO K TrkB.

Taxum 06pasoM, yMeHbIIeHe 06IIel TII0THOCTH
MOTYJIAINN TUPAMUIHBIX HEHPOHOB TUIIITOKAMIIA B
MCCIIeIOBAHHOM TIOCTPEaHUMAIMOHHOM Tiepuojie (B
Tedenne 14-Tu CyTOK) MPOUCXOUIIO 32 CYET KIIETOK C
HU3KUM 1 YMEPEHHBIM cojiepkatnueM Kak Oesika TrkB,
tak 1 BDNE

CorylacHo MOJIy4eHHBIM pe3yJibTaTaM, B Helpo-
HAJIBHBIX MOMYJAIUAX THIIIOKaMIIa MPOUCXOUIIO
CHIIKeHHe UMMyHOpeaKTuBHOCTH K Oenkam BDNF u
TrkB ma 4—7 cyTKu I10C/I€ OCTAHOBKH CEpJLa, 4To,
BO3MOJKHO, CBA3aHO C YMEHBIIICHUEM YPOBHS UX 9KC-
MIPECCUN B TOCTUIIEMUYECKOM TIepHo/ie. ITO MPEJIIo-
JIOJKEHME MTO/ITBEPIKAACTCS PAIOM UCcyesioBaHmii. Tak,
yMmenbiiienue skcnpeccun BDNFEF u ero penentopa
TrkB BoisiBsierio 8 oste CA1 rurnimokamia yepes 4 yaca
— 1 cyTkM mocsie U30JMPOBAHHON UIIEMUU MO3Ta Y
necuyanok [12], a Takske B KOpe MO3ra U TUIITOKAMITE
yepe3 1 zeHb 1mocse OKKJIIO3UU CpefHell MO3TOBOM
aprepuu y mbimeir [13]. B akcniepumentTax in vitro
GBIJIO MOKA3aHO, YTO THITOKCHSI—THITOTTIMKEMUS BBI3bI-
BaeT cHmkenne sxcrpeccun BDNF u TrkB B rummo-
kammaibHbiX HelipoHax [14]. C moMornibio MeTo/10B
[II[P-ananu3a u ELISA 6b110 TT0OKa3aHo, 4TO MOCJe
BPEMEHHON OKKJIIO3UM CPeiHeil MO3TOBOI apTepuu y
KpBIC TPOUCXOMUT cHUKeHUe copep:kanusg BDNF
MPHK u 6enka B obsactu CA1 runmokamia, 4To
COTIPOBOJK/IAeTCS HEMPOHATLHON JlereHepariueit [9].
Ha Mozenu riobanbHOil UIIeMUU TOJIOBHOTO MO3Ta
HabJIIO1aJIN AaHAIOTHYHBIE U3MEHEHYST B TUIIITOKAMITE
[15]. Heckobko uHbIe HaHHble ObLIN MOJYYEHBI B
uccaegosanuu Ferrer et al., 1998 [16]. Tak, 5 mun
WIIEeMUS MO3Ta y TIeCYaHOK TTPUBONIA K CHUKEHUIO
ycsa BDNF-uMMyHOpeakTHBHBIX HeiipoHOB B 06/1a-
ctu CA1, ognako TrkB-umMMyHOpeakTUBHBIE KIETKU
BbKUBaM. [Ipu 3TOM aBTOpPBI OTMEuasu, 4To 95%
BBIKUBIIUX HEWPOHOB, akcnpeccupyomux BDNE
BeIpabarbiBasy Takxke u TrkB [16].

CymectBennoe suadenne TrkB ais meiipompo-
TEKIIMHU TOATBEPIKACHO Ha MOJIEIN UMIEMUYECKOTO
nncysra in vitro [ 11]. Tak, Ha nepeskuBaiomux cpe3ax
TUTIITIOKAMITa GbIJIO MTOKA3aHO, YTO KUCJIOPOHAS TITI0-
KO3Hag JIeNPUBAIlKs TOBbIIIAET YPOBEHb (hochopum-
posanus TrkB B nosie CA3, Ho He B 6oJjiee 4yBCTBU-
tenbHoi obmactn CA1, e uireMus NpUBOAMIA K
YTHETEHUIO 3JIEKTPUYECKON aKTUBHOCTU HEHPOHOB
[11]. IIpexnonaraercs, uto akruBanust TrkB mpeacras-
JIIeT 9H/JIOTEeHHbIIT MeXaHU3M, OTBevalollnii 3a yCTOM-
YUBOCTb HEHIPOHOB K MIIEMUYECKOMY TTOBPEKICHHUIO.
B sxcepumente Huang W. et al, 2017 6b1710 mokasano,
yT0 ak30renHbiit BDNF 3HaunTebHO yeuamBaeT aKc-
nipeccnto Trk B, 4To IPUBONIIO K TIOBBIIEHUTO BBIKHI-
BaeMOCTH HEWPOHOB, a TaKkKe K CHUKEHUIO YPOBHS

with moderate immunoreactivity to TrkB. On the 7t
day after resuscitation, a decrease in the number of not
only TrkB* cells, but also TrkB~ neurons was found.
On the 14" day, the number of TrkB~ neurons re-
mained reduced. The number of neurons with strong
immunoreactivity to TrkB remained at the reference
level throughout the study period (fig. 3, d). As with
CAd4 field, data show that only neurons with mild and
moderate expression of TrkB protein die in the CA1
field of the hippocampus.

Therefore, the decrease in the total density of hip-
pocampal pyramidal neurons in the post-resuscitation
period (within 14 days) was due to cells with low and
moderate content of both TrkB and BDNF protein.

According to the obtained results, there was a
decrease in expression of both BDNF and TrkB pro-
teins in the neuronal populations of the hippocampus
4—7 days after the cardiac arrest, which was probably
related to the decrease in the their expression level in
the post-ischemic period. This assumption is con-
firmed by a number of studies. For instance, a decrease
in the expression of BDNF and its TrkB receptor was
found in the CA1 field of the hippocampus 4 hours to
1 day after isolated cerebral ischemia in gerbils [12],
as well as in the cerebral cortex and hippocampus 1
day after occlusion of the middle cerebral artery in
mice [13]. In vitro experiments demonstrated that hy-
poxia-hypoglycemia caused a decrease in the BDNF
and TrkB expression in hippocampal neurons [14]. By
means of PCR-analysis and ELISA techniques it was
shown that there was a decrease in the content of
BDNF mRNA and protein in the CA1 hippocampal
field after temporary occlusion of the middle cerebral
artery in rats, which was accompanied by neuronal de-
generation [9]. Similar changes in the hippocampus
were observed on the model of global cerebral is-
chemia [15]. Slightly different data were obtained in
a study by Ferrer et al., 1998 [16]. For instance, a
5-minute brain ischemia in gerbils led to a decrease in
the number of BDNF-immunoreactive neurons in the
CAT1 field, but TrkB-immunoreactive cells survived.
At that, the authors noted that 95% of surviving neu-
rons expressing BDNF also produced TrkB [16].

The significant value of TrkB for neuroprotec-
tion was confirmed on the in vitro model of ischemic
stroke [11]. For instance, it was shown on survivors'
sections of the hippocampus that oxygen glucose dep-
rivation increases the level of TrkB phosphorylation
in the CA3 field, but not in the more sensitive area of
CA1, where ischemia led to inhibition of neuronal
electrical activity [11]. It is assumed that the TrkB
activation is an endogenous mechanism responsible
for the resistance of neurons to ischemic damage. In
the experiment carried out by Huang W. et al, 2017,
it was shown that exogenous BDNF significantly in-
creased TrkB expression, leading to increased neu-
ronal survival as well as decreased apoptosis. At that,
the TrkB inhibition weakened the neuroprotective ef-
fect of BDNF [14].
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arrorrrosa. Ipu atom nuaruéuposanue TrkB ocnabiasio
HetiporiporekTuBHOe jieiictsue BDNF [14].

Mbi 06HAPY/KUIIU, YTO B HOPME TOJBKO HEOOJTb-
11as 4acTh TUPAMUIHBIX HEPOHOB TUIITIOKAMITA KPbIC
XapaKkTepru3oBajach CUJIBHOH HMMYHODPEAKTUB-
HOCTBIO K 6esiky TrkB. 9to Habmonenne GbLI0 Xapak-
tepHo Kak jiutst ot CA1, tak u i CA4. B otHo1IE-
uun coxepxkanud BDNF  BbigBuiim HeKoTOpble
OTJIMYHST MEKLY 9TUMU 0bsacTsiMu. Tak, ecyiu B 11oJie
CA1 y KOHTPOJIBHBIX JKUBOTHBIX YMCJIO HEHPOHOB C
BbicokuM cojiepskaineM BDNF (BDNF**) 6buio
OTHOCUTEJIBHO HEBEJIHMKO, TO B 1tosie CA4 Taknx KJe-
TOK — 3HAYMTEJIBHO GOJIBIIE, YeM HEHPOHOB C HU3KUM
n ymepennbim comepxxanneM BDNF (BDNF- u
BDNF*). B wuccienoBanusix Ha IecdyaHkax OBLIO
Takke OOHAPY/KEHO HE3HAYMTEIbHOE CO/EpKaHue
TrkB-uMMyHopeakTHBHBIX HelipoHos B moje CAl B
HOPMe, OIHAKO GOJBITMHCTBO KIETOK HKCIIPECCUPO-
Bajio BDNF [16]. [Tony4ennsie B HacTosei pabore
JAHHBIE CBU/IETEJBCTBYIOT O TOM, YTO B IIpOIlECC
HoCTpeaHMaIMOHHON rubesu Heiiponos B mmosie CA1
pa3BUBaETCSA HECKOJIBKO paHblie, 4yeM B mose CA4.
BoamozkHo, 9TO cB43aHO ¢ pa3HUIlell B HAYAJIbHOM
yposHe akcripeccun BDNE

Bo MHOTUX HCCIeIOBAHUAX GBITIO TIOKa3aHO, 4TO
BDNTF sBisieTcst moTeHIMaabHBIM TeparneBTUYeCKUM
areHToM /1715t G0PHObI € UITEMUYECKUM MOBPEKICHUEM
rosioBHoro mosra [1, 3, 4]. Oxno us Haubosee mep-
CITEKTUBHbBIX HAMIPABJIECHUIT TPU Pa3pabOTKe METOIOB
3aIUTHI MO3Ta — AKTUBAITUS 9HIOTEHHBIX HEHPOTPO-
(puuecknx pakTopoB u ux perentopos [2]. B nacros-
Tee BpeMs MPeIIosKEeHbI caMble PasHbie COcOObI CTH-
MyJIA1uu sugorentoil seipaborku BDNF [4, 9, 12].
Hanpumep, B pabore Mokhtary 2017 mokasamo, 4to
BHYTPWKEJIYJ0YKOBAas MHBEKIINSA TPUUOATUPOHMNHA
yepe3 24 yaca 1ocse WIIEMUM MO3Ta MPUBOIUT K
noBbirenuio cogepkannst BDNF B runmoxamrre [9].
[Tosrydennl os0KUTENbHBIE PE3YIBTATHI B 9KCIIEPHU-
MEHTAJIBHBIX PaboTax Mo UCCIEA0BAHUIO HEHPOTIPO-
TeKTUBHOTO encTBrus MuMeTnkos BDNF cunrernue-
CKOTO ¥ PACTUTEIBHOTO MTPONUCXOKICHUS, aTOHUCTOB
TrkB penenropa [7, 17-19]. B xauecTBe c1rioco6os
noBbilieHus1 ypoBHs cosepxrannsg BDNF paccmarpu-
BaioT pusndeckue yrnpaxuenus [4, 20], a takske MeTo-
JIbl HEMHBA3WBHOW CTUMYJSAIUKM TOJOBHOTO MO3Ta
nepeMeHHbIME TOKaMu [21].

3akiaoyeHue

[Tonyuennbie pe3ysbraThl CBUETEJBCTBYIOT O
TOM, YTO YCTONYUBOCTb HEPOHOB K UIIIEMUU-PeEIep-
(dhysum accoMupoBata ¢ CofepKaHIueM B HUX OEIKOB
BDNF u TrkB. Haumenbieii ycToiiaMBOCTBIO K rde-
JI1 B Tedenne 14 apeii mocjie ocTanoBKM cepaia oba-
JIaJT HEMPOHBI C MUHUMAJIbHBIM ¥ YMEPEHHBIM COJIeP-
JKaHMeM MccienyeMbix 0eskoB. IIpu 9ToM Jrydinyio
BBIKUBAEMOCTH TIPOJIEMOHCTPUPOBAJIIU HEUPOHBI C
HanGoapumm copepxkanreM BDNF u TrkB. Borasien-
Hble (haKThl PACKPHIBAIOT MEPCIIEKTUBHOCTD UCCIIE/0-

We found that normally only a small number of
the pyramidal neurons in rat's hippocampus highly
express the TrkB protein. This observation was typ-
ical for both CA1 and CA4 fields. Some differences
between these areas were found in the BDNF con-
tent. For instance, while the number of neurons with
a high BDNF content (BDNF**) was relatively
small in the CA1 field of the reference group animals,
the number of such cells in the CA4 field was much
higher than that of neurons with a low and moderate
BDNF content (BDNF- and BDNF*). In gerbil
studies, a small content of TrkB immunoreactive
neurons in the CA1 field was also found under nor-
mal conditions, but most cells expressed BDNF [16].
Data obtained in this study show that the process
the post-resuscitation neuronal death in field CA1
develops a little bit earlier than in field CA4. It may
be due to the difference in the baseline level of
BDNF expression.

Many studies have shown that BDNF is a po-
tential therapeutic agent for managing the ischemic
brain damage [1, 3, 4]. Activation of endogenous
neurotrophic factors and their receptors is one of
the most promising areas in the development of
brain protection techniques [2]. At present, a vari-
ety of ways to stimulate endogenous BDNF produc-
tion are proposed [4, 9, 12]. For example, Mokhtary
(2017) showed that intraventricular injection of tri-
iodothyronine 24 hours after brain ischemia led to
an increase in the BDNF content in the hippocam-
pus [9]. Positive results were obtained in experi-
mental studies of neuroprotective action of
synthetic and herbal BDNF mimetics and TrkB re-
ceptor agonists [7, 17—19]. Physical exercises [4, 20],
as well as methods of non-invasive stimulation of
the brain by alternating currents are also considered
as ways to increase the BDNF level [21].

Conclusion

The obtained results indicate that the resistance
of neurons to ischemia-reperfusion is associated with
the expression of BDNF and TrkB proteins. Neurons
with minimal and moderate content of the studied
proteins had the least resistance to death within 14
days after cardiac arrest. At the same time, neurons
with the highest expression of BDNF and TrkB
demonstrated the best survival rate. These facts
demonstrate that studies of various ways to increase
the BDNF expression and the activation of its TrkB
receptor in neurons for its protection against ischemic
damage are promising.

BAHUHN PA3JIMYHBIX CIOCOOOB MOBBIIIEHUST IKCIIPECCUT
BDNF u aktuBaiuu ero peuenropa TrkB B HepBHBIX
KJIETKAX IOJIOBHOTO JIJISI €r0 3aIIUThI UIIEMUYECKOTO
TIOBPEK/I€HI.
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Iesxs padorer — orerka ahhekTuBHOCTU 1 GE30MACHOCTU HOBOTO MYJIBTHMOZAILHOTO reMOCOPOEHTA JIJIS 9KC-
TPAKOPIOPATBHOTO OUUIIIEH ST KDOBU i72 VilT0 U eX vivo.

Marepuaibt u MeTobl. VI3yuniiu copOIroHHbie CBOMCTBA U 6e301acHOCTD nepdy3un Ha COPOIIMOHHOI KOJIOHKE
€ MYJIBTUMO/IQJIbHBIM FeMOCOPOEHTOM HA OCHOBE CBEPXCIIUTOrO CTUPOJI-IUBUHUOEH30IbHOTO COMOJIUMEPA B TPEX
Pa3IUYHBIX MOJIEJISIX:

1) pacrBop suzporokcuna Escherichia coli 8 Bogrom 0,9% NaCl ¢ orieHkoit adbekTHBHOCTH COPOIMT 9HIOTOKCHHA,

2) IOHOPCKast 3pUTPOIIMTHASI B3BECH C OIIEHKOIT Oe301acHOCTH reMoriepdy3ui st KJIETOK KPOB;

3) uenbHast JOHOPCKast KPOBb € OIeHKOI addekTuBHOCTH reMocopOiuu 1 6e30macHocTu remoriepdysun.

Pesyaprarter. Habmoianm cHuskeHre KOHIIEHTPAIIMT SHIOTOKCHHA B pacTBope HaTpust xopua 0,9% 3a 2 yaca
nepdysuu — B 18,5 pas 110 cpaBHEHMIO ¢ HCXOIHBIM 3HAYEHUEM, C COXPAHEHHEM OCTATOYHOI COPOIMOHHOI eMKOCTH
kosioHky. [Ipu nepdysun yepes uccienyembiii rTeMOCOPOEHT IPUTPOILIUTHOI B3BECH U CBEKENPUTOTOBJIEHHON J[0-
HOPCKOIT KPOBH He BLIABUJIN POCTA IIUTOJIUTUUECKIX MAPKEPOB, HATIPOTHUB, OTMETUIIN IBYKPATHOE CHIKEHME KOH-
[EHTPAIUI UCXOJIHO TIPUCYTCTBOBABIIETO B 9PUTPOLUTHOI B3BECH CBOOOIHOTO reMorsiobuta. [lomyunnu nBykpartoe
CHUIKeHUe KOoHIleHTpalmu Butamuna B12, B 3,54 pasa —,-Mukporio0ysinna, B 2,5 pasa — kpeatutuHa. [1pu aromuo-
CUJIOBOI MUKPOCKONUY He 0OHAPY/KUJIN KPUTUUECKUX HAPYIIEHHH MOP(OJOrUI 9PUTPOIUTAPHBIX MEMOPaH.

3akmouenue. B ucnbIraHusx in vitro 1 ex vivo osyYeHbl yOoeuTeIbHble JaHHbIE, IeMOHCTpUpYyolie sdex-
TUBHOCTb M 6E3011aCHOCTh HOBOTO ycrpoiicTBa st JITIC-ceseKTHBHOI TeMOoCcopOIInY, He YCTyNAIIe UCII0Ab3ye-
MBIM B KJIMHUYECKOI TIPAKTUKE aHAJIOTaM.

Kmouesvie cnosa: copouyus iunonosucaxapuod; noauMepHvlil MyabmumMoO0aivHblil 2eMOCOPOEHI; SHOOMOKCUHEMUS.

The purpose of the study is to evaluate the in vitro and ex vivo effectiveness and safety of a new device for ex-
tracorporeal blood purification.

Materials and methods. The sorption properties and safety of hemoperfusion using the LPS sorption column
that employs hypercrosslinked styrene-divinylbenzene copolymer.

were studied using three different models:

1) Escherichia coli endotoxin solution in aqueous 0.9% NaCl solution with an assessment of the efficacy of endo-
toxin elimination,

2) donor erythrocyte suspension with assessment of the hemoperfusion column safety for blood cells,

3) whole donor blood with assessment of hemosorption efficacy and hemoperfusion safety of the new column.

Results. There was a 18.5-fold decrease in the endotoxin concentration in 0.9% sodium chloride solution over
2 hours of perfusion vs. the baseline, while maintaining the residual sorption capacity of the column. Perfusion of
RBC suspension and freshly prepared donor blood through the new LPS column did not demonstrate the emergence
and growth of cytolytic markers; on the contrary, a two-fold decrease in the concentration of free hemoglobin con-
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taining in the RBC suspension was observed. There was a two-fold decrease in the vitamin B12 concentration, a
3.54-fold decrease in ,-microglobulin and a 2.5-fold decrease in creatinine levels. The atomic force microscopy did
not find critical impairment of the morphology of erythrocyte membranes.

Conclusion. In vitro and ex vivo tests demonstrated reliable experimental data on the effectiveness and safety of
the device that employs a hypercrosslinked styrene-divinylbenzene copolymer for LPS-selective hemosorption,
which was not inferior to one of analogues for hemosorption currently employed in clinical practice.

Key words: lipopolysaccharide adsorption; polymeric multimodal adsorbent; endotoxemia
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BBenenue

Cericuc siBJIsIETCST OTHON U3 HAaUOOJIee CITOKHBIX
pobJieM COBPEMEHHOT MEIUIIUHBI, KOTOPAst OTIpe/Ie-
JisieTest GOJIBIINM KOJIMIECTBOM OOJIbHBIX U CTAOUIBHO
BBICOKOM JIeTaJIbHOCTBIO. EskerojHo B Mupe cerncuc
(Tsoxenpii cernicuc corsacHo nedunnimun SSC-2014)
JuarHocTupyercst y 19 MTH. 4estoBek, U3 HUX morubaer
okosio 5 muH. Cercuc — camasi 4acTtasi IPUIHHA
JIETAJIbHBIX UCXO/IOB B OT/IECJICHUSX PEAHMMATOJIOTUN
Espormsr u CeBeproit Amepuku. Y 20,2% GOJNbHBIX €
uH(eKImeil 060 TOKaIM3aK U TSKECTH, HaXO/Is-
MIMXCS B OTJCJIEHUAX PEAaHUMATOJIOTHH, PA3BUBAETCS
CEeNTUYeCKUii MoK [ 1], Tpu 3TOM MOJIYTO10Bas JIeTab-
HOCTh TIOCJIE TEPEHECEHHOTO CENTUYECKOTO IMOKa
cocTaBiister 45% [2].

OHJIOTOKCUH — MOIIHBIN WHIYKTOP JIOKAJIbHOM
BOCITQJINTEJIbHON peakliiy U CUCTEMHBIX TIPOSIBIEHNN
MH(DEKIINN, KOTOPBIE COCTABJISIOT OCHOBHbIEC KJIMHIYE-
CKUe TIposiBJIeHUs cenicuca [3, 4]. AKTUBaIusg Meara-
TOPHOTO KAaCKaJia TIPU CETICHCe TIPUBOUT K TIOBPEXK/Ie-
HUIO 9HIOTEJINA W 3HAYUMBIM HapyIICHUSIM MUKPO- U
MaKPOTEMOJIMHAMUKHU: YBEJINYCHUIO, & 3aTE€M U CHIUKE-
HHUIO CEPJIEYHOTO BHIOPOCA, CHUYKEHUIO TTepH(hePIIecKo-
IO COCY/TUCTOTO COTIPOTUBJIICHUS, TOBBIIECHUIO TTPOHM-
IAEMOCTU  DHOTEJINS, JIETOYHOW  TUIepTeH3UH,
nepepacipeiesieHiio OPraHHOTO KPOBOTOKA W CHUKE-
HUIO COKPATUTEIbHOI criocobHocTH Muokapja. Ilaro-
busnonornueckue achdekTol, peanusyembie Ha MUKPO-
IUPKYJSTOPHOM YPOBHE, BEIyT K TOMY, YTO Y
3HAYNTEBHON YacTH GOJIBHBIX CEINCUC OCJIOKHSIETCS
Pa3BUTHEM CENTUYECKOTO IOKA U OJIMOPTaHHON HEO-
CTaTOYHOCTH, KOTOPAsI SIBJISIETCSI OCHOBHOM TIPUYMHOMN
rubes aTrx 6oJLHBIX. JIeueHue cercuca mpeycMaTp-
BaeT XUPYPrudecKyto caHaImio NHGEKITMOHHOTO ovara
U aHTUMUKPOOHYO XIMHOTEPAITHIO, OJIHAKO UHTEHCHB-
HOE JIeYeHHeE JIOJKHO JIOTIOTHATHCS METO/ITAMU 9KCTPa-
KOPHOPATBbHON IETOKCUKAITIH C TIEThIO0 KOPPEKITMU KJle-
TOYHOTO MeTaboJIM3Ma, BOCCTAHOBJIEHWSI TKAaHEBOU
nepdy3nn U CHUKEHUS CTeNeHN 9H0TOKCUHEMUH.

IITupokast pacpoCTPaHEHHOCTD CETICUCa Y GOJIb-
HBIX PEAHMMAIMOHHOTO MPOQUJId, HEYIOBJICTBOPH-
TebHad 3(D(PEKTUBHOCTD IIPUMEHSIONINXCS B HACTOS -
nee BpeMsS METO/I0OB KOHCEPBATHUBHOTO JICYCHUS
cericuca Tpebyer pa3pabOTKK U BHEIPEHUST UHHOBA-
IIMOHHBIX METO/IUK HKCTPAKOPIOPATBHON IETOKCHKA-
UM C JIETaJbHBIM M3yYeHUEM MX OUOJOTHYECKON
COBMECTUMOCTHU 1 3(h(HEKTUBHOCTH.

[lepcrieKTUBHBIM HAIIPABJIEHUEM PEIleHUS TTPO-
GJIEMBI BKCTPAKOPIIOPAIBHOTO OUHUIIEHUST KPOBU TIPU

Introduction

Sepsis is one of the most difficult, still unsolved
problems of contemporary medicine, which is contin-
uing to be diagnosed in a large number of patients with
high rate of mortality. Every year, sepsis (according to
SEPSIS-3, 2016, or severe sepsis according to the
SSC-2014 definitions) is diagnosed in 19 million peo-
ple worldwide, about 5 million of whom die. Sepsis is
the most common cause of deaths in the intensive care
units of Europe and North America. Septic shock de-
velops in 20.2% of ICU patients with infections of any
localization and severity [1]; at that, the semiannual
mortality after septic shock is 45% [2].

Bacterial endotoxin (lipolysaccharide) is a po-
tent inducer of the local inflammatory response and
systemic manifestations of infection, which constitute
main clinical manifestations of sepsis [3, 4]. Activation
of the mediator cascade in sepsis leads to endothelial
damage and significant micro- and macrohemody-
namic disorders: an increase and then a decrease in
cardiac output, a decrease in peripheral vascular re-
sistance, an increase in endothelium permeability, pul-
monary hypertension, a redistribution of organ blood
flow and a decrease in myocardial contractility. In a
significant number of septic patients, the pathophysi-
ological effects at the microcirculatory level lead to
such complications of sepsis as septic shock and mul-
tiple organ failure, which are the main cause of death
in these patients. Treatment of sepsis involves surgical
debridement of the infectious focus and antimicrobial
chemotherapy. However, damage to anti-endotoxin
immunity and natural detoxification mechanisms
leads to the need to supplement intensive treatment
with extracorporeal detoxification methods.

The prevalence of sepsis in ICU patients and un-
satisfactory effectiveness of existing methods of con-
servative treatment of sepsis requires development
and implementation of innovative methods of extra-
corporeal detoxification with detailed study of their
biological compatibility and effectiveness.

The use of new highly effective biocompatible
sorbents that selectively remove the primary patho-
genesis of sepsis from the blood, i.e. bacterial endo-
toxin (lipopolysaccharide, LPS) is a promising way for
solving the problem of extracorporeal blood purifica-
tion in septic conditions.

Currently, several different types of products are
used in clinical practice for LPS-selective hemosorp-
tion. Toraymyxin (Toray Medical Co., Ltd. Japan) is the
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SKCHGPMMCHTHABHBIG MCCACAOBAHMA

THOITHO-CENITUYECKUX COCTOSTHUAX SIBJISCTCS MCIIOIb-
30BaHMe HOBBIX BBICOKOA(P(HEKTUBHBIX GHOCOBMECTH-
MBIX COPOEHTOB, U3GUPATENBHO YIATSIONNX U3 KPOBH
MePBUYHOE 3BEHO MATOTEHE3a Cencrca — HaKkTepualib-
HbIH aH10TOKCUH (sTunioniosincaxapu, JITIC).

Ha nacrosmnmiit MOMEHT B KJIMHUYECKOI TIPaKTH-
Ke MCIIOIb3yeTCd HECKOJIBKO PAa3JIMYHBIX TUTIOB U3/Ie-
sii guist JITIC-ceteKTUBHOI reMOCOpOIIM KaK OTede-
CTBEHHOTO, TaK W WMIIOPTHOTO ITPOU3BOICTBA.
Hcropuuecku nepBoii KOJOHKOM 719 9KCTPAKOPIIO-
paibHOI Tepanmuu cerncuca Apjsierca loraymyxin
(Toray Medical Co., Ltd dnonus), koTopas mpume-
Haerca B Jnonun g sedenud cercuca ¢ 1994 roma
[5]. K 2014 r. B Mupe 91 KOJIOHKU ObLIN HCIIOIb30Ba-
HbBI C HU3KON 4acTOTON HeGMaronpusTHbIX 3(hherToB
(menee 1%) nipu severnu Gosee 100 000 60bHBIX ¢
cerncrucoM. KapTpuk mocTpoeH ciaeayiommum obpa-
30M: IOJIUMUKCHH B KOBaJIEHTHO MMMOOUIIM30BAH HA
HUTSX U3 MTOJUCTUPOJIA/TIOMITUIICHA, YTO TTO3BOJISICT
CEJIEKTUBHO Y/IAJISITh SHIOTOKCUH 0€3 BBHIMbBIBAHMSI
Jmraza. IMMoOGUIIM3aIins ocyIecTBsieTcss biaroa-
pA  peakiMu MEXIY aMUHOTPYIION ¢dparmenTa
JIMAMUHOMACJISTHOM KUCJIOTBI; IPU 3TOM COZIep:KaHue
nosuMukcnna B cocrasiser 5 Mr na 1 r mosimctupoa.
Mexanuam JieiicTBUS yCTPONCTBA 3aKII0YAETCS B yla-
JIEHUH 9H/IOTOKCUHA, TIPU 3TOM HAOJIIO/IAeTCST CHIKE-
HUE co/lep:KaHus B KPOBM U ITPOBOCHAJIUTENbHDIX
IIUTOKWHOB, HaTpuMep, (hakTopa HEKPO3a OIYyXOJU &
[6]. Kononka «1mo3Bosisisiay yAaIsaTh MyTeM reMorep-
dysun 10 64 mxr (640000 ED) sHpoTOKCHHA U3 GbIYb-
eit masMbl. IPHEKTUBHOCTD UCITOIB30BAHMS KOJIOH-
K1 GbITa HCCTeIoBaHa TAKKe M in vivo Ha cOOAKaX st
geuenus E.coli-unpynmposanHoro cencuca. Cyie-
CTBYIOT U JIPYTHe KOJOHKH JIJIsi FeMOCOPOIINH, ajiar-
THUPOBaHHbBIE JJIST JICYCHUsI CENTUYECKUX OOJIbHBIX:
LPS Adsorber (Alteco Medical AB, HIserus) [7],
remopuibrp oXiris (Gambro Lundia AB, IlIBerus)
[8], copbimonHas kosnonka Tokcumak (3A0
«Hayuno-nponssospcrsennas dupma I[TOKAP/»,
Mocxksa) [9] n T. 1.

Tem He MeHee, cTpaTerust JeTOKCUKAIUU, OCHO-
BaHHAsT MCKJI0YNTeNbHO Ha cosmanun JITIC-crernn-
(buaHBIX COPOEHTOB JI71sT TeMOCOPOIHH, He BCerjia 1o3-
BOJISIET  JIOCTUTHYTh  CTaOWMJIM3AIUUA  COCTOSTHIS
GOJIBHBIX TIPH KPUTHYECKUX COCTOSTHUSAX BCJIEACTBUE
MHOTOOOPa3usi «YCJIOBHBIX 3HIOTOKCHKAHTOB» —
BEIIEeCTB, U30BITOYHOE COJIEPKAHIE KOTOPHIX B IUPKY-
JIIPYIOIIEi KPOBH MOJKET OBITh CYIIIECTBEHHBIM (haKTo-
POM HapyHIEHUs TEJOCTHOCTUA IHAOTEJUS COCYIOB,
CTPYKTYPBI ¥ (DYHKITUU IPUTPOITUTOB, KJIETOK MMMYH-
HOU CUCTEMBI, KJIETOK JKU3HEHHO Ba)KHBIX OPTaHOB.
Takue TMPKyIUPYIONTHE MOJIEKYJIBI (TPOBOCTIAIUTETH-
HbI€e IIUTOKKHBI, TIPOAYKTHI THOHY X KJIETOK — B YacT-
noctu, HMGB1, xeMOKUHbBI, UIMMYHOCYIIpECCOPHDIE
MostekyJbl, MuToxoHapruanbraas [IHK, mupkyaupyro-
mast /IHK u ee okuciennsie hopmMbr) MOTYT BHOCUTD
CYIIECTBEHHBIN BKJIAJL B Pa3BUTHE TIOJTMOPTAHHOM
HEJIOCTaTOYHOCTH ¥ IMMYyHOKOMIIpoMeTartu. [Toce-
Hee COCTOSTHME, UpeBaToe yCUIeHneM GaKkTepraIbHON

first ever column for extracorporeal therapy of sepsis,
which has been used in Japan for the treatment of sepsis
since 1994 [5]. By 2014, these columns were used
worldwide in the treatment of more than 100,000 pa-
tients with sepsis with a low incidence of adverse effects
(less than 1%). The cartridge is constructed as follows:
polymyxin B is covalently immobilized on polystyrene
/ polyethylene filaments, which allows for the selective
removal of endotoxin and does not elute the ligand. Im-
mobilization is carried out due to the reaction between
the amino group of the diaminobutyric acid fragment;
at that, the content of polymyxin B is 5 mg per 1 g of
polystyrene. The mechanism of action of the device is
based on the endotoxin elimination; at that, there is also
a decrease in blood levels of proinflammatory cytokines,
for example, tumor necrosis factor « [6]. The column
made it possible to remove up to 64 pg (640,000 EU)
of bovine plasma endotoxin by hemoperfusion. The ef-
fectiveness of the column was also investigated in vivo
in dogs for the treatment of E. coli-induced sepsis.
There are also other columns for hemosorption adapted
for the treatment of septic patients: LPS Adsorber (Al-
teco Medical AB, Sweden) [7], oXiris hemofilter (Gam-
bro Lundia AB, Sweden) [8], Toxipack sorption column
(CJSC Scientific Research Production Company
POKARD, Moscow) [9], etc.

However, a detoxification strategy based solely
on the creation of LPS-specific sorbents for hemosorp-
tion does not always allow stabilization of clinical pa-
rameters of critically ill patients due to a variety of
«conditional endotoxicants», i.e. substances whose ex-
cessive content in the circulating blood may damage
the vascular endothelium, structure and function of
red blood cells, cells of the immune system, and cells
of vital organs. Such circulating molecules (proinflam-
matory cytokines, products of dying cells, in particu-
lar, HMGB1, chemokines, immunosuppressive
molecules, mitochondrial DNA, circulating DNA and
its oxidized forms) can make a significant contribution
to development of multiple organ failure and immuno-
compromising. The latter state is associated with in-
creased bacterial load and, as a consequence, an
increase in the content of bacterial endotoxins; it can
eliminate positive, but short-term effects of LPS-spe-
cific hemosorbtion.

On the other hand, non-specific hemosorption is
ineffective in reducing the level of bacterial endotox-
ins. Pro-inflammatory factors, bacterial products that
are toxic to cells, and immunosuppressive factors co-
exist and support each other’s products, so it’s difficult
to hope that removal of only one of these groups can
break this vicious circle. Sorbents with unique physic-
ochemical properties and structure are required for si-
multaneous directional removal of several types of
clinically significant targets.

Thus, the optimal hemosorbent must combine
the properties of LPS-selective and non-selective sor-
bent, i.e. be multimodal. The development of such
multimodal sorbents is possible due to methods of sur-
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HATPY3KHU U, KaK CJIE/ICTBUE, YBEJTMUCHUEM COJICPKAHUS
GaKTEPUANBHBIX SHAOTOKCUHOB, MOXKET «CBOJIWUThH Ha
HET» MOJIOKUTENbHBIE, HO KpaTKOBpeMeHHbIe, 3 dek-
b1 JITIC-cnienududeckoit reMocopOImm.

C npyroii cTopoHbl, HecTenuduIecKast reMocopo-
U5t MasIoa(hhEeKTUBHA JIJIsT CHYKEHUST YPOBHsI GaKTepu-
AJTBHBIX 9HIOTOKCUHOB. IIpoBocnanuresbble hakTo-
PbI, TOKCUYHBIE /IS KJIETOK GaKTePUAbHbIE TPOYKTHI
1 UMMYHOCYTIPECCOPHHBIE (DaKTOPBI COCYIIECTBYIOT U
MOZIEP>KUBAIOT TIPOLYKITHIO JIPYT IPYTa, TI03TOMY TPY/I-
HO HA/IEATHCSA HA TO, YTO Pa30PBaTh MOPOUHBIM KPYT
MOJKET JIUIIb yaleHre KaKou-1ubo OMHOM M3 9THX
rpyiit. 171 0THOBPEeMEHHOTO HATIPaBJICHHOTO YIaJICHUS
HECKOJIbKUX TUIIOB KJIMHUYECKU 3HAYMMbIX MUIIICHEH
TpeGYIOTCst COPOEHTBI € YHUKATILHBIMU (DPU3UKO-XUMU-
YEeCKUMU CBOWCTBAMU U CTPOCHUEM.

Takum 06pa3oM, ONTUMATBHBIA TeMOCOPOEHT
JIOJIKEH coueTaThb B cebe cBoiictBa JIIIC-cesekTuBHO-
IO ¥ HECEJIEKTUBHOTO COPOEHTA, T. €. SABJIATHCA MYJIb-
TUMOIabHBIM. Co3/IaHue TaKUX MYJIBTUMOIATBHBIX
cOpOGEHTOB BO3MOSKHO 32 CUET METO/I0B MOBEPXHOCT-
HOI MOIM(DUKAIINN TOPUCTBIX MTOJIMMEPHBIX MaTepHra-
JI0B GrocenunduaecKUMHI JTUTAHIaMU, He OKa3bIBalo-
MIUX HETATUBHOTO BJIUAHUSA Ha WX TOPUCTYIO
cTpYKTYpY. IlomobHbIM 00pasoM yCTPOeH COPOEeHT,
BXOJIAIINI B COCTaB YCTPONUCTBA JIJIsI 9KCTPAKOPIIO-
panbHoTO ountiienus kposu dbdepon JITIC. B kaue-
CTBE MATPUIIBl UCIIOIB3YETCS COTMOJTUMED CTUPOJIA U
AUBUHUIOEH30J1a, HA TIOBEPXHOCTH KOTOPOTO KOBa-
JIEHTHO TIPUBUTHI crieninruyHble IO OTHONIEHUIO K
JIATIONIONIUCaxXapuiaM cuHTeTnYeckue juran/nt [10].
Ibdepon JITIC sBisieTcst mepBbIM MPeICTABIEHHBIM
yerpoiictBom s JIIIC-remocopOiu Ha OCHOBe
MYJIBTUMOJIAIBHOTO  COPOEHTa, T0aTOMY OIleHKa
abdexkTuBHOCTU U GE30MTACHOCTH €T0 UCTIOIB30BAHUST
Mpe/ICTaBIgeT HECOMHEHHYIO HAYYHYIO M TTPaKTHye-
CKYIO 3HAYMMOCTh. B CBSI3M ¢ 9TUM 1EJBI0 PabOThI
crajia orieHKa 3 heKTUBHOCTH U GE30ITaCHOCTH HOBO-
TO MYJIETUMOJIAILHOTO TEMOCOPOEHTA JIJIS 9KCTPAKOP-
MOPAJILHOTO OYUIIEHUSI KPOBU 11 0it10 U ex vivo.

MaTepI/IaJI N METO/1bl

[IpoToKoJI OLIeHKH COPOIIMOHHBIX CBOICTB U Ge3omac-
HOCTH reMorepdys3un in vitro Ha cOpOIMOHHON KOJOHKE
Idddepon JIIIC npexycmaTpuBas mpoBeeHIe UCITBITAHII
B TPH 9TAIla, COOTBETCTBYIONIIX OCTABIEHHBIM 3a/[a4aM:

1) ncnomp3oBanue pacrtsopa sHmoTokcuHa B 0,9%
NaCl st orienkn ahHeKTUBHOCTH COPOITII DHAOTOKCHHA,

2) WCIOTh30BAHVE JOHOPCKOH 9PUTPOIUTHON B3BECH
1St otleHKH OezonacHoctu remonepdysun Ipdepon JIIIC
JJIST KJIETOK KPOBH

3) ucnosb30BaHMe 1eTHbHON TOHOPCKON KPOBU [IJIsT
orerku 3G beKTHBHOCTH TeMOCOpPOIUHN 1 6e30MaCHOCTH Te-
Motnepdysnun

Pearentsl. Kontposbnbrii crangapt angoTokcnna Es-
cherichia coli 055:B5 10.000.000 ED (Charles River EN-
DOSAFE, CIIIA), JIAJI-peaktuB  Pyrochrome®
(uayBerBurenbiocts 0,005 ED /vi) (Cape Cod, CIITA), armi-
porennas JIAJI-Boga (Cape Cod, CIIA), anuporernbie
npobupku Pyrotube®-D 12X75 mm (Cape Cod, CIIIA), uso-

face modification of porous polymeric materials by
biospecific ligands that do not adversely affect their
porous structure. The sorbent, which is part of the de-
vice for the extracorporeal blood purification Efferon
LPS, is arranged in this particular way. A copolymer
of styrene and divinylbenzene is used as a matrix,
while the synthetic LPS-selective ligands are cova-
lently grafted to its surface [10]. Efferon LPS is the
first presented device for LPS-hemosorption on the
basis of a multimodal sorbent, therefore, the evalua-
tion of the effectiveness and safety of its use is of un-
doubted scientific and practical significance.

Materials and Methods

The protocol for assessing the sorption properties and
safety of hemoperfusion in vitro on the Efferon LPS sorption
column was the purpose of this work; it specified three-stage
testing related to the study tasks:

1) using endotoxin solution in 0.9% NaCl with an as-
sessment of the efficacy of endotoxin elimination,

2) using donor RBC suspension with assessment of
the Efferon LPS hemoperfusion safety for blood cells

3) using whole donor blood with assessment of effi-
cacy of hemosorption and safety of hemoperfusion

Reagents. Escherichia coli reference standard 055:B5
10.000.000 EU (Charles River ENDOSAFE, USA), Py-
rochrome® LAL-reagent (sensitivity 0.005 EU/ml) (Cape
Cod, USA), pyrogen-free LAL-water (Cape Cod, USA), py-
rogen-free Pyrotube®-D 12X75 mm test tubes (Cape Cod,
USA), isotonic sodium chloride solution (solution for injec-
tion, 0.9% NaCl; Grotex LLC, Russia), chemically pure gla-
cial acetic acid (Component-Reactant LLC, Russia).

Equipment. U-2900 Dual Beam UV-Vis Spectropho-
tometer (Hitachi, Japan), High Precision Cell 100-QS 100-
10—40 3500 pl photometric cuvettes with an optical path
length of 10 mm (Hellma Analytics, Germany). Magnetic
stirrer IKA C-MAG HS7 digital (IKA Werke, Germany)
with a thermocouple as a controller. Peristaltic pump LOIP
LS-301 (LOIP JSC, Russia). Infusion system with a dispos-
able plastic needle (SFM, Germany). Three-way tap BD
Connecta (Becton Dickinson, USA). Device for extracor-
poreal blood purification Efferon LPS (Efferon JSC, Rus-
sia). Scanning probe microscopy was performed using
Ntegra PRIMA atomic-force microscope (NT-MDT Spec-
trum Instruments, Zelenograd, Russia).

Elimination of endotoxin in a sodium chloride iso-
tonic solution by isolated perfusion on a polymeric sorbent.

Description of the experiment 1. The endotoxin ref-
erence solution (2 million EU in a vial) was dissolved in 10
ml of pyrogen-free water and added to 2 liters of isotonic
sodium chloride solution (0.9%) heated to 37°C. Thus, the
initial concentration of endotoxin was 1000 EU/ml. A glass
vial with the solution was placed in a water bath with a main-
tained temperature of 37°C and the solution was mixed using
a magnetic stirrer. 30 minutes later, we connected the device
for extracorporeal blood purification Efferon LPS using a line
from the infusion system and a peristaltic pump so that the
solution returns back to the vial after passing through the col-
umn. The solution was pumped at a rate of 100=10 ml/min
for 2 h at a temperature of 37°C and continuous stirring in the
vial using an anchor of the magnetic stirrer (fig. 1).

The sampling was carried out at the entrance and exit
from the column through three-way taps in 30 minutes, 1
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TOHMYECKUI PACTBOP XJIOPHU/Ia HATPUst (PACTBOP JIJIsl MHDb-
exuuii, 0,9% NaCl; OOO «Iporekc», Poccus), kuciora yk-

cycHas JlefIsTHas XUMUYECKH qucTast (000
«Kommonent-Peaktus», Poccmst).
OGopynosanue. CirieKTpoGOTOMETD ABYJIyYeBOH

YD-pupnmoro auanasona U-2900 (Hitachi, SInoxus), ¢o-
tomerpuueckue kioserbl High Precision Cell 100-QS 100-
10-40 ¢ o6bemom 3500 MKJT 11 THHO#T orTHdeckoro myTu 10
mM (Hellma Analytics, Tepmanust). MarHuTHOe 11epeMentiu-
Barolee ycrpoiictBo IKA C-MAG HS7 digital (IKA Werke,
lepmanust) ¢ Tepmonapoii B kauectBe KoHTpotepa. [lepu-
cransrruecknii Hacoc LOIP LS-301 (AO «JIOWNII», Poc-
cus). Cucrema wWHOY3MOHHAS C IJIACTUKOBOW WTJIOHN
onHokpatHoro npumenenus (SFM, lepmanns). Kpan tpex-
xoznoBoit BD Connecta (Becton Dickinson, CIITA). Yerpoii-
CTBO JUUIsI 9KCTPAKOPHOPAJBHOTO OUHUIIEHWS] KPOBU
Idddepon JITIC (AO «Idpdepony, Poccust). Crkannpyiormas
30H/I0BasI MUKPOCKOTIHSI BBITIOJTHSITIACH C TOMOII[BIO aTOMHO-
cusoBoro mukpockorna Ntegra PRIMA (HT-M/T Crex-
tpym Unctpymente, 3enenorpan, Poccust).

JIMMHUHAIMS SHIOTOKCHHA B M30TOHHYECKOM pac-
TBOPE HATPHUs XJIOPU/A IyTeM H30JNPOBaHHOI epdy3un
Ha I0JIMMEPHOM COpOeHTe.

Omnucanue sxcnepumenta 1. KoHTposibHBIN pacTBOP
anpotokcrHa (2 muta EJ B Buase) pactsopuiu B 10 mur ani-
POTEHHON BObI U TIPHOABUIIN K 2 JI H30OTOHIMYECKOTO pac-
TBopa XxJjopuma HaTpus, nogorpetoro no 37°C. Taxkum
06pa3oM, MCXO/IHAsT KOHIIEHTPAIINST SHAOTOKCUHA COCTABIIIA
1000 ES /M. CreknsiHHyo KOGy ¢ pacTBOPOM HOMECTUIIN
B BOASIHYIO GaHIO ¢ 1o/1epsKkuBaeMoil TeMiiepatypoit 37°C,
nepeMeIBaHue OCYIIECTBIISIIN C TOMONIBIO MATHUTHOTO
nepeMenmBalonero ycrpoiictsa. Yepes 30 MuH, NCTIOB3Y ST
MarucTpain oT HHPY3MOHHON CHCTEMBl U TIEPUCTAJBTIYE-
CKUI HACOC, MOAKTIOYHIIN YCTPOICTBO /TSI 9KCTPAKOPIIO-
panbHoTO oummenus: kpou IPdepon JIIIC rtakum
06pa3oM, 4TOOBI PacTBOP MOCJE MPOIYCKAHUsT Yepe3 KO-
JIOHKY BO3Bparascst o06paTHo B KoJi0y. PactBop nepekaym-
Basm co ckopoctbio 100+£10 mMy/MUH B Teuenue 2 4 TIpu
tepmoctarupoBanny 37°C 1 HeNpepBIBHOM TepeMenTBa-
HUW B KOJIOE C TIOMOIIBI0 MATHUTHOTO [EPEMENTHBAIOIIETO
ycTpoiicTBa (puc. 1).

O160p MPOGBI OCYIIECTBIISLIN Ha BXOJE U BBIXOJIE U3
KOJIOHKW Uepe3 TPeXX00Bbie Kpaubl uepe3 30 MuH, 1 am 2 4.
Omnpenenenne copep:kannst JIIIC ocymecTBasm criekTpo-
(oromerpuueckm MeTomoM xpomorerHoro JIAJI-tecta mo
KOHEYHOH TOYKe, MCIOJAb3ysi peareHThl Pyrochrome® 1o
paHee [OCTPOEHHOI KannGpOBOYHOMN HPSAMOIL.

Pe3ysbrarhl 1 00CyKAeHIE

[Tpumensiemas MeToinKa (MCXOHAS KOHIIEHTPA-
nus JITIC 1000 ED/Mit B u30TOHUYECKOM pacTBOPE
NaCl) ananornuna onucanubiM B padorax [12, 14], B
KOTOPBIX MPUBEIEHbI KOJIMYECTBEHHbIE TTOKA3aTesn
COpOLMOHHONM aKTUBHOCTH KOJOHKKM Toraymyxin
PMX-20R. Takum 06pazom, Mbl HMeJIH BO3MOKHOCTD
MIPSIMOTO CPABHUTEIBHOTO aHAJIN3A C <30JI0TBIM CTaH-
naprom» JITIC-crermduunoii remocopbuuu. Habmo-
JlaJIi 3HAYUTEbHOE CHUKEHHME KOHIIEHTPAIlUU dHI0-
TokcuHa B pactBope: uepe3 30 munyt — B 1,7 pasa;
yepe3 1 u — B 7,7 pa3 u uepe3 2 u — B 18,5 pas no
CpaBHEHMIO ¢ MCXOAHBbIM 3HavenneM (tabu. 1). Kax
BUAHO 13 TabJ1. 1, CXOAHBIMU IIApaMeTpaMu COPOLHH
oburagana u kojioHka Toraymyxin.

4
|

Puc. 1. Cxema 3KcnepHMEHTaIbHONH NUPKYJISIUN PACTBOPA 9H-
JOTOKCHHA.

Fig. 1. Scheme of an experimental endotoxin solution circulation
circuit.

hour and 2 hours. LPS content was determined spectropho-
tometrically by the end point chromogenic LAL test method
using Pyrochrome® reagents according to a previously con-
structed calibration line.

Results and Discussion

The technique (initial concentration of LPS is
1000 EU/ml in isotonic NaCl solution) is similar to
that described in [12, 14], where quantitative parame-
ters of the sorption activity of the Toraymyxin PMX-
20R column were published. Thus, we have a possibility
of a direct comparative analysis with the “golden stan-
dard” of LPS-specific hemosorption. There was a sig-
nificant decrease in the endotoxin concentration in the
solution: 1.7-fold in 30 minutes, 7.7-fold in 1 h, and
18.5-fold in 2 h vs. the baseline (table 1). As can be seen
from Table 1, Toraymyxin and Efferon LPS possess sim-
ilar values for parameters of sorption.

At the same time, an even more noticeable de-
crease in the LPS concentration was observed at the
exit from the column, which indicates a high efficiency
of the sorbent for removing bacterial endotoxins from
the solution. It should be noted that even after two
hours of sorption, a concentration gradient of endo-
toxin is maintained at the inlet and at the exit of the
device, which indicates that the sorption capacity has
not been exhausted within the specified time intervals
(fig. 2). The data obtained indicate high sorption ac-
tivity and capacity, not inferior to the «recognized
leader» in the field of LPS-selective hemosorption, the
comprehensive life-saving technology in sepsis.

Study of the safety of Efferon LPS perfusion
on donor RBC suspension.

Description of the experiment 2. An RBC suspen-
sion was used in a SAGM resuspending solution (100 ml)
with a leukoplatelet layer removed; it was obtained in ac-
cordance with the Technical Regulations [13] and col-
lected in a sterile polymeric container Hemocon
(Ravimed, Poland). The volume of the RBC suspension
was 290 ml; it was donated 17 days ago and its hemat-
ocrit was 0.7. After mixing with 210 ml of sterile sodium
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TaGmmia 1. CpaBHUTENbHbIE JAHHDIE N0 DIMMHHALMA HIOTOKCHHA C IOMOIIBIO KOJIOHOK.
Table 1. Comparative data on elimination of endotoxin by columns.

Time, min Concentration of endotoxin, EU/ml
Efferon LPS, Inlet Efferon LPS, Oulet Toraymicin®, Inlet
0 1000 — 1000
30 606 245 500
60 130 67 250
120 54 42 180

Note. * — data are given for the column Toraymyxin PMX-20R [12].
IIpumeyanne. Time — Bpems; Inlet — Bxox; Outlet — Bbixoa (KosoHKM). ¥ — naHHbIE NPUBEAEHDI 17151 KosToHKN Toraymyxin PMX-20R [12].

[Ipu 5TOM Ha BBIXOJE U3 KOJOHKU HaGJIOAAIN
emte 6oJjiee 3aMeTHOE CHIKeHKe KoHuenTpanuu JITIC,
YTO FOBOPUT O BBICOKOIT ahheKTUBHOCTH cOpOEHTa TI0
yAAIeHHIO GaKTePUATIbHBIX SHIOTOKCHHOB 13 PACTBOPA.
CJietyer OTMETHUTB, YTO JaKe TOCJIe 2-X 4aCOB COPOIUH
COXPAHSJICS TPAJUEHT KOHIIEHTPAIHIT SHIOTOKCUHA HA
BXO/Ie U HA BBIXOJI€ U3 YCTPOMCTBA, UTO YKA3bIBAET HA
OTCYTCTBUE WCYEPIaHust COPOIIMOHHON €MKOCTH 3a
yKazaHHbIe IPOMEKYTKM BpeMenu (cMm. tabur. 1). [oiry-
YeHHbIe JJAHHBIE CBUJIETEJILCTBYIOT O BBICOKOH cOpO-
[IMOHHOI aKTMBHOCTU W eMKOCTU pa3pabarbiBaeMoii
KOJIOHKH, HE YCTYIAIOIel 1o cOPOIMOHHON aKTHBHO-
cTH KosioHke ToraymyXin, ITUPOKO UCIIOJIb3YEMOIl B
MUPOBOH KJIMHUYECKOH TTpakTukKe KosoHku st JITIC-
CEJIEKTUBHON reMOCOPOINU — COBPEMEHHO TEXHOJIO-
TUU JKU3HEOOeCTIedeH st TP CETICUCE.

Hsyuenne Gesonacuoctu nepdysun ddpdepon
JITIC na moHOPCKOit 3pUTPOIUTHOIT B3BECH.

Onucanne 3skcnepuMmenta 2. lcnosb3oBaiu
SPUTPOLIUTHYIO B3BECH B PECYCIIEHINPYIOLIEM PACTBO-
pe SAGM (100 mur) ¢ yajieHHbIM JIEHKOTPOMOOIMTap-
HBIM CJIOEM, MIOJTYYEHHYIO B COOTBETCTBUU C HOPMATHB-
HBIMU TI0J103KeHuaMU Texuudeckoro persamenta [13]
1 COOPAHHYIO B CTEPUJIBHBIN OJIUMEPHBII KOHTEWHED
Hemocon (Ravimed, ITosbiia). O6beM 9pUTPOLUTHOI
B3Becu coctaBuit 290 M, ¢ «Bo3pacToms joHaruu 17
cyt u remarokputom 0,7. [Tocsie cmemmBanmst ¢ 210 mu
cTepuIbHOTO pactBopa Harpust xaopuia (0,9%) mosy-
YeHHYIO cpety 1epdy3upoBasiu yepe3 KOJIoHKY dbde-
pou JITIC na momysie Hospal BSM-21sc ¢ KpoBoTOKOM
200 mJ1/MUH B G€3relapiuHOBOM PEKIME C PELIUPKYJIsi-
1eii 06beMa 3aroMHEH S, 3aMKHYTOTO Ha TeMOKOH-
reituep. VccaenoBasu cojepskanue cBOGOHOTO reMo-
rJ06uHa 10 KOHTPOJIbHBIM TOYKaM: t, — Ha cTapre
nepdysun, t; — 97 mun, t, — 236 MuH, a TaKKe Orpe-
neJisin MOPGOIOrniecKne XapakTepUCTUKI IPUTPO-
IIUTOB IIPU TIOMOIIIU ATOMHO-CHJIOBOIl MUKPOCKOIIUU B
TeX Ke KOHTPOJIbHBIX TOUKaX.

Vcxomnoe cojepskanie cBOOOIHOTO TeMOTIOON-
Ha TIPEBBIIIAJIO TIOKA3aTeNH, IoMyIeHHbie Texpera-
MEHTOM, 4TO SIBJSAETCS JTaGOpPaTOPHBIM MapKepoM
remoJi3a (tabJr. 2). PaspylieHue KpacHbIX KPOBSIHBIX
TeJIel] BBI3BAHO JIOCTATOYHO OOJIBIITMM CPOKOM XpaHe-
HUS TPAHC(PY3MOHHOI CPEeibl M 3AKOHOMEPHBIM CTape-
HueM (GOPMEHHBIX JIEMEHTOB.

Ha 97 mun oTmeTnin ABYKpaTHOE CHUMKEHUE
YPOBHsI ¢CBOOOHOTO TEMOTJIOOUHA, YTO 0OBACHSIETCS
HECEJIEKTUBHON COPOIIMOHHON aKTUBHOCTBIO HATIOJI-

chloride solution (0.9%), the resulting medium was per-
fused through an Efferon LPS column on a Hospal BSM-
21sc module at a blood flow rate of 200 ml/min in
non-heparin mode with recirculation of the filling vol-
ume looped to the hemocontainer. The free hemoglobin
content was studied by control points: t, — at the start
of perfusion, t, — 97 min, t, — 236 min; and the morpho-
logical characteristics of RBCs were determined using
atomic force microscopy at the same control points.

The original concentration of free hemoglobin ex-
ceeded the values allowed by the technical regulations,
which is a laboratory marker of hemolysis (table 2).
The destruction of red blood cells is caused by a rather
long shelf life of the transfusion medium and the regu-
lar aging of the corpuscles.

At 97 min, a two-fold decrease in the level of free
hemoglobin was observed, which is explained by the
non-selective sorption activity of the filler. The use of
such a high blood flow in the clinical setting is imprac-
tical, taking into account the physico-chemical prin-
ciple of sorbent detoxification and the risk of
mechanical damage to blood cells. However, the labo-
ratory hemolytic effect was not registered.

Morphological changes in blood cells do not al-
ways lead to cytolysis. Degenerative changes of RBCs
under pathological conditions may relate to their size,
shape and color. Poikilocytosis (a change in the shape
of red blood cells of varying severity) is observed in
almost any anemia, intoxication, and injuries. Even
under normal conditions, a small part of the cells may
have a shape other than discoid.

Atomic force microscopy of a blood smear at the
first control point revealed a change in the shape of red
blood cells with the emergence of echinocytes, i.e. spher-
ical cells with many spicules on the surface (fig. 2).

At the same time, the ratio of the cell surface to
the volume remains unchanged, and the transforma-
tion of the cell to the discocyte-echinocyte in the ini-
tial stage is reversible. At the second control point, the
echinocytes count increased. Despite this, laboratory
signs of hemolysis were not recorded, which indicates
sufficient hemocompatibility of the polymer sorbent.

Biologically, the preserved components of donor
blood are not a perfect replacement. Since the erythro-
cyte suspension is a more vulnerable medium than
blood in vivo, a safety assessment at the next stage of
the study was performed using fresh whole blood jb-
tained from a healthy volunteer.
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Ta6auua 2. CBoGOAHbII reMOrI06UH BO BpeMsi iepPy3un
IPUTPOIUTOB Yepe3 KoIoHKY ddepon JITIC.

Table 2. Free hemoglobin during perfusion of RBC sus-
pension through Efferon LPS column.

Control point Free hemoglobin concentration (%)

t 1.7
t 0.9
t 0.8

IIpumeuanue. Control point — koutposbHas Touka; free hemo-
globin concentration — KoHIeHTpaIys ¢cBOOOIHOTO reMorI00uHa.

Huress. [IpumeneHue o06HOTO BBICOKOTO KPOBOTO-
Ka B KIIMHUYECKUX YCJIOBUSIX HEIeJIecO00PasHO, yuu-
ThIBask (PUBMKO-XUMUYECKUH TPUHIIUTL ICTOKCUKAIITUN
copBeHTa U PUCK MEXaHUUECKOTO MOBPEKACHUS KIle-
TOK KpoBH. TeM He MeHee, Tab0PaTOPHBINA TEMOTUTH-
yeckuii 9 ekt He ObLI 3aperucTpUPOBaH.

Mopdosioruueckne usMeHeHNs KJIETOK KPOBU
He Bcerzia MpUBOAAT K IUTON3Y. JlereHepaTuBHbIE
M3MEHEHUS 3DPUTPOIMTOB IPU  MATOJOTMYECKUX
COCTOSTHUSIX MOTYT KacaTbCs UX BEJTUYUHDI, (DOPMBI U
okpacku. [TolKkuIonnuTO3 HAbJII0AAETC TPAKTHYECKH
NpH JIIOOBIX aHEMUSIX, MHTOKCUKAIMY, TpaBMax. Jlaxke
B HOpMe HeDOJIbINAsT YaCTh KJIETOK MOJKET UMETh
(bopmy, oTIMUHYIO OT IMCKOBUTHOI.

ATOMHO-CUIOBasg MUKPOCKOITNS Ma3Ka KPOBU B
1epBOI KOHTPOJIBLHOU TOUKE BBISBUJIA TTOSBJICHUE DXU-
HOIIUTOB — KJIETOK chepruiecKoil (hopMbl CO MHOKe-
CTBOM CITMKYJI Ha TOBEPXHOCTH (puc. 2).

OTHoIIIeHrEe TOBEPXHOCTH KJIETOK K 00beMY ITPU
3TOM OCTAaBAJIOCh HOPMAJIbHBIM, W TpaHchopMaIms
KJIETKN JIUCKOIUT-3XMHOIMT B HA4YaJIbHOU CTannu
6bita obpatuma. Bo BTOPOI KOHTPOJIBHON TOYKe
coJiepskaHue SXUHOIMTOB yBeanuuaock. HeemoTps na
970, J1abOPATOPHBIX TPU3HAKOB IeMOJIN3a He 3a(uK-
CUPOBAJIH, YTO TOBOPUT O JIOCTATOYHOM reMOCOBMe-
CTUMOCTHU TTOJIUMEPHOTO COPOEHTA.

B 610J10rnueckoM OTHOIIIEHIH KOHCEPBUPOBAH-
Hble KOMITOHEHTBI JIOHOPCKOW KPOBU HE SBJISIOTCS
MOJIHOIEHHBIM TIPOTE30M. JPUTPOIUTHASA B3BEChH
saBisteTcs GoJiee ySI3BUMOIL CpeIoil, ueM KPOBb i vivo,
B CB43M C YeM Ha CJIE/YIONeM dTale UCCAe0BAHMNSA
OIIEHKY 0e30IIaCHOCTH PEITIIN TIPOBECTH HA CBEKe-
MIPUTOTOBJICHHON IOHOPCKOU KPOBHU.

N3yueHue cOpOIMOHHDBIX CBOMCTE 1 Oe3omac-
HoctH remonepdysun Idpdepon JIIIC Ha nenrpHoi
ZIOHOPCKOIt KPOBH.

Onucanue skcnepuMenTa 3. B cooTBeTcTBUM €
TpeboBaHUsAMK  dTHYecKoro kKomurtera DOIBHY
«HUUMOP» nosyuniu undOpMUpOBaHHOE T06PO-
BOJIBHOE COTJIacHe IOHOpa Ha TIPOBe/IeHUE MCCie/oBa-
Hus. Vcrmosab30Bain CBEKEIPUTOTOBICHHYIO T1€JIb-
HYI0 KPOBb 06beMOM 450 M1, 63 MJT aHTHKOATYJISTHTA
CPD. Kposb tepdysuposasn yepes KoaoHKy Jdde-
pon JITIC na mojysie Hospal BSM-21sc ¢ KpoBoTOKOM
100 MJ1/MHUH 1 PELUPKYJISAIUeN 00beMa 30 THEHIS,
3aMKHYTOT'O Ha TeMOKOHTelHep. BoInoHsim 1031po-
BaHHYIO IeMapuHU3AINI0 Yepe3 BCTPOECHHYIO TOMITY CO
ckopoctbio 500 Ex /4.
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Puc. 2. Muxpodotorpaduu SpuTpOILMTOB, IIOTyYEHHbIE /10 ¥ NOCJIe
nepy3HH CyClIeH3UH SPUTPOLUTOB Yepe3 KooHKY Iddepon JITIC.
Fig. 2. Microphotographs of red blood cells obtained by perfusion of
the donor erythrocyte suspension through the Efferon LPS column.
Note. a — before connection; b — in 97 minutes; ¢ — in 236 minutes.
For Fig. 2, 3: Images of RBCs and their membranes were obtained
by the staff of the Laboratory of biophysics of cell membranes in
critical illness, V. A. Negovsky Research Institute of General Re-
animatology, Federal Research and Clinical Center of Clinical Care
Medicine and Rehabilitology.

IIpumevanue. a — nepejl MPOIyCKAHUEM dPUTPOIUTAPHOIL CyC-
nensuu; b — yepes 97 Mmun u ¢ — yepes 236 muH oT Havasia nepdy-
aun. st puc. 2, 3: n306paskeHust 9pUTPOIUTOB U UX MeMOpaH
[OJIyYEHbI COTPYAHUKAMH JIab0paTopurbuobusukn MeMOpaH mpu
KPUTHUYCEKNX COCTOSTHUSAX VHCTUTYTA 00I1eil peaHnMaToI0rnn
nMm. B. A. Herosckoro @HKII PP.
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Puc. 3. Mukpodororpaduu 3puTpOIMTOB, NOJyYEHHbIE 10 H
nocJie epdy3uu 1eJIbHOI JOHOPCKOI KPOBH Yepe3 KOJIOHKY -
depon JIIIC.

Fig. 3. Microphotographs of red blood cells obtained before and
after perfusion of the whole blood through the Efferon LPS column.
Note. a — before connection; b — in 30 minutes; ¢ — in 90 minutes.
IIpumeuanue. ¢ — mepen mponyckanneM mpobsr; b — depes 30
MUH.; ¢ — yepe3 90 MuH.

UccnenoBann OGUOXMMUYECKIE —TTOKA3aTENN
CBIBOPOTKY KPOBH 110 KOHTPOJIBHBIM TOYKAM: t, — Ha
crapre eppysun, t; — 30 muH, t, — 90 MuH, a TaKKe

Study of the sorption properties and safety of
hemoperfusion of Efferon LPS on whole donor
blood.

Description of the experiment 3. In accordance
with the requirements of the Ethical Committee of the
Federal Research and Clinical Center of Critical Care
Medicine and Rehabilitation, donor’s informed con-
sent was obtained. 450 ml of freshly prepared whole
blood preserved with 63 ml of CPD anticoagulant was
used. Blood was perfused through the Efferon LPS
column on a Hospal BSM-21sc module at a blood flow
rate of 100 ml/min and recirculation of the filling vol-
ume looped to the hemocontainer. A dosed hepariniza-
tion was performed through the built-in pump at a
rate of 500 U/h.

The biochemical parameters of blood serum were
studied at following time points: t, — start of perfu-
sion, t; — 30 min, and t, — 90 min after the beginning
of the perfucion. Morphological characteristics of ery-
throcytes were evaluated using atomic force mi-
croscopy at the same time points points.

A twofold decrease in the vitamin B12 concen-
tration, a traditional marker of medium molecular tox-
icity, as well as a 3.54-fold decrease in the
By,-microglobulin level (Table 3) was observed, which
may have clinical significance in sepsis, in addition to
the main expected effect. The concentration of creati-
nine, a marker of low molecular weight (uremic) in-
toxication, decreased by 2.5-fold, however, the clinical
significance of this effect remains unknown and re-
quires further studies.

The atomic force microscopy of blood smears
demonstrated that the membrane structure turned
out to be normal in 98% of red blood cells before con-
necting to hemosorption and at the first control
point (fig. 3).

Discocytes remained the predominant form at
the second control point, however, other cellular forms
appeared (up to 10% of the cells). Considering the
small circulating volume in the experiment, the num-
ber of turnovers of the fluid through the sorption col-
umn is ten times greater than the blood turnover in
actual clinical practice. Thus, data confirm the high
hemocompatibility of the polymer sorbent.

Conclusion

The bench tests showed a high efficacy of the
Efferon LPS device based on an innovative LPS-se-
lective multimodal sorbent in relation to the elim-
ination of endotoxin from a crystalloid solution.
Hemocompatibility of polymeric sorbent for blood
cells based on hemogram data, spectrophotometric
blood analysis and scanning probe microscopy was
demonstrated.

The results demonstrates significant adsorption
clearance of substances of the medium molecular
weight range, the clinical significance of which will be
clarified in further studies.
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TaﬁJmua 3. UameHneHuns KOHIICHTPAIlUi MapKE€POB HHTOKCHKAIIUU B PE3YyJIbTaTe I‘eMOCOp6I.[I/II/I C UCITIOJIb3OBAHUEM KOJIO-

HOK <« depon JIIIC».

Table 3.Changes in the concentration of intoxication markers as a result of hemosorption by the Efferon LPS column.

Biochemical parameters

Control point

to 171 ty
Vitamin By, (pmol/1) 85.1 329 42.2
Bo-microglobulin 1.1 0.24 0.31
Creatinine 90 36 36

IIpumeuanue. Biochemical parameter — GuoxuMuyekuii moxkasarelib; control point — BpeMeHHast TOUKa B3sATHsI IIPOOBI Ha AHAJIU3.

onpenessiin  MOphOTOTUYecKrue XapaKTePUCTUKH
9PUTPOIIMTOB IIPH MOMOIIY ATOMHO-CHJIOBON MUKDPO-
CKOIIUU B TEX K€ KOHTPOJIBHBIX TOUKAX.

[Tosryunm 1ByKpaTHOE CHIKEHUE KOHIIEHTPA-
U TPAAUIIMOHHOTO MapKepa CPeHEMOIEKYIIPHOIM
MHTOKCUKanuu — putamMmuna B12, a Takxke f,-MUKpO-
rioGysnHa — B 3,54 pasa (Tabur. 3), 4T0 MOKET UMETh
CYIIECTBEHHOE KINHUYECKOE 3HAYEHNUE TIPU CETICHCE,
MTOMUMO OCHOBHOTO 3asiBieHHOTO ahderra. KonieHT-
parms KpeaTHHUHA — MapKepa HU3KOMOJIEKYJISTPHON
(ypeMu4ecKoil) MHTOKCUKAIINY — CHU3UJIACH B 2,5
pasa, 0IHAKO KJINHUYECKOe 3HaUeHue 3Toro addexTa
TpebyeT AaTbHENIINX UCCTeI0BAHMIA.

[Ipn aTOMHO-CHJIOBON MUKPOCKOIIUU Ma3KOB
KPOBU BBISIBUJIM, UTO CTPYKTYpa MeMGpaH 98% apurt-
POIIUTOB TIE€PE]] TIOAKTIOUEHUEM TeMOCOPOITUI U B TIEp-
BOI KOHTPOJILHON TOYKE HE OTIUIAETCSI, T.€. SIBJISIETCST
HopMmasibHol (puc. 3).

[TpeoGaazaiomeil GOPMON AUCKOIUTDI OCTaBA-
JIUCDH U BO BTOPOI KOHTPOJILHON TOYKE, OJTHAKO TTOSIBU-
goch 1o 10% apyrux KiaeTodHbix (GopM. YUUTBIBAsK
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o

maubiii OIIK B akcriepumMenTe, 4ncio 060poToB 0Gbe-
Ma 4epes COpOIHOHHYIO KOJIOHKY JAECSATUKPATHO Mpe-
BBIIIAET 0O0POT KPOBU B PEANBHON KIMHUYECKOT
npaxTuke. TakuM 06pazoM, MOKHO TOBOPHUTH O BBICO-
KO FeMOCOBMECTUMOCTH TTOJMMEPHOTO cOPHEHTa.

3akjaoyeHue

B cTeHoBbIX NCIBITAHUSAX TTOKA3aJIU BBICOKYTO
acddexTrBHOCTD yeTpoiicTBa A depon JITIC na ocHo-
Be naHOBaNMoHHoro JIIIC-cenexTnBHOTO MyIBTUMO-
JAJILHOTO cOpOEHTa B OTHOIIECHIH 9JIUMIHAIIIH DHIIO-
TOKCHMHA U3 KPUCTAJJIOUIHOTO pacTBopa. Ha ocHoBe
JIAHHBIX TEeMOTPaMMBbI, CHEKTPO(POTOMETPUUECKOTO
aHa/IM3a KPOBU U CKAHUPYIOIIEH 30HI0BOI MIKPOCKO-
MUY TIPOJIEMOHCTPUPOBAJIN TEMOCOBMECTUMOCTD TIOJTH -
MepHOro copbenTa 1151 (hOPMEHHBIX DJIEMEHTOB KPOBL.

I[TosryueHHble JaHHBIE CBUIETENBCTBYIOT O COPO-
IIMOHHOM KJIMPEHCE BENECTB CPEAHEMOJIEKYIISIPHOTO
IMaasoHa, KIMHUYECKOe 3HaueHre KOToporo Oyaer
YCTaHOBJIEHO B MOCJIEIYIOTINX UCCIET0BAHUSIX.
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CucremMa aKkTHBaTOpa IVIA3BMUHOTEHA YPOKUHA3HOTO THUIIA B HOPMeE
Y [IPH JKU3HEYTPOIKAIOIIUX mpoieccax (0030p)

E. B. Kyraesckag, T. A. [ypeesa, O. C. Tumontenko, H. 1. ConoBbeBa

HUWU 6uomeannmuckoit xumun nm. B.H. Opexosuua,
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Urokinase-Type Plasminogen Activator System
in Norm and in Life-Threatening Processes (Review)

Elena V. Kugaevskaya, Tatiana A. Gureeva, Olga S. Timoshenko, Nina I. Solovyeva

V. N. Orekhovich Research Institute of Biomedical Chemistry,
10 Pogodinskaya Str., 19121 Moscow, Russia

MuorodyHKIIMOHAIbHAS CUCTEMA AKTUBATOPA IJIA3MUHOTeHA yPOoKIHa3Horo Tura (UPA-crcrema) BKIoUaeT
cepuHOBYIO TipoTenHasy — uPA uim ypokunasy, ee pernentop — uPAR u nBa uarn6uropa — PAI-1 u PAI-2. B 06-
30p€e PACCMOTPEHBI CTPYKTYPHbIE OCOOEHHOCTH ¥ y4acTHe KOMIIOHEHTOB CUCTEMbBI B PA3BUTHI TAKUX JKU3HEYT-
POKAIOIIUX TIPOIECCOB, KAK KAHIIEPOTeHes3, BOCIaieHue, Heliporene3 u GuOPUHOIN3, B PETYJISIIIUN KOTOPBIX
PEMIAIIYIO POJIb UTPAIOT AECTPYKIMS coequuuTebHoTkannoro marpukca (CTM) u MOOMIBHOCTD KJIETOK, a
TaK’Ke MHYKITMS CUTHATBHBIX ITyTell BHYTPU U BHe KaeTku. UPA 3amyckaeT nporeccsl, ocyiiecTBisiembie uPA-
CHCTEMOM, ITyTeM aKTUBAIIUH TJIA3MIHOTEHA ¥ IIPEBPAIIEHIS] €T0 B IIA3MUH, KOTOPBIIL, TOMUMO perysinuu dhub-
pUHOJIN3A, BOBJIeYEH B aKMBAIMIO MAaTPUKCHBIX MeTasutonporenHas (MMII). MMII moryT runponmsoBaTs Bee
ocnoBHble KOMITOHEeHTH! CTM U TeM caMbIM BBITIOJIHSTD KII0YEBYIO POJIb B PA3BUTHH IIPOTIECCOB MHBA3NU, META-
CTa3MpPOBaHMsI, MOOMJIBHOCTU KJIETOK, a TaK:Ke aKTUBUPOBaTh U 0cBoGokAaTh 13 CTM psi Guosioruyecku ak-
TUBHBIX peryasaTopHbiX Mosekya. UPAR, PAI-1 u PAI-2 orBeuaior 3a peryisiuio aktusaoctu uPA. Kpowme toro,
uPAR, KoTOpBIII SIBJISIETCS CUTHANBHBIM pettenrTopoM, Hapsiay ¢ MMII npuBoagT K cTUMYJISIIIAN TIEJBII PSIJT CUT-
HAJIBHBIX ITyTeii, KOTOPBIE CBSI3AHBI C PETYJISAIIEll TPOIleccoB Mposrdepariuy, armonTo3a, are3nu, pocTa u MUT-
paluu KJIeTOK, ONPeIeIAIONINX PA3BUTHE TAKIX ITPOIIECCOB, KaK IIPOIPECCHS Oy XO0JIeii, BOCIaIeHIe, XeMOTAKCHC,
anruorene3. dpdektusnoe yuactue uPA-cucremsl B ectpykiiu CTM u peryasiuu BHyTPU- U BHEKIETOYHBIX
CUTHAJIBHBIX MTyTe, CBUIETENbCTBYET O TOM, UTO 3TA CHCTEMA SIBJISIETCS BAXKHEUIIIMM PETYIATOPOM (DU3N0JI0TH-
YeCKUX M MATOJOTUYECKHUX MTPOIECCOB.

Kntoueswie cnoga: uPA; uPAR; PAI-1; PAI-2; mampukchole Memaiionpomeunasvl; KaHyepozenes; 60CnaieHue; Heti-
Ppozenes; PuopuHoaU3

The multifunctional urokinase-type plasminogen activator system (uPA-system) includes serine proteinase —
uPA or urokinase, its receptor (uPAR) and two inhibitors (PAI-1 and PAI-2). The review discusses the structural
features and involvement of the system components in the development of life-threatening processes including
carcinogenesis, inflammation, neurogenesis and fibrinolysis, in regulation of which the destruction of extracellular
matrix (ECM), cell mobility and signaling inside and outside the cell play a decisive role. uPA triggers the
processes by activating the plasminogen and its convertion into plasmin involved in the activation of matrix met-
alloproteinases (MMPs) in addition to the regulation of fibrinolysis. MMPs can hydrolyze all the major ECM
components and therefore play a key role in invasion, metastasis, and cell mobility. MM Ps activates a cassette of
biologically active regulatory molecules and release them from ECM. uPAR, PAI-1 and PAI-2 are responsible for
regulation of the uPA activity. In addition, being a signaling receptor, uPAR along with MMPs lead to the stim-
ulation of a number of signaling pathways that are associated with the regulation of proliferation, apoptosis, ad-
hesion, growth and migration of cells contributing to tumor progression, inflammation, chemotaxis, and
angiogenesis. Effective participation of the uPA system components in ECM destruction and regulation of intra-
cellular and extracellular signaling pathways demonstrates that the system significantly contributes to the regu-
lation of various physiological and pathological processes.

Keywords: uPA; uPAR; PAI-1; PAI-2; matrix metalloproteinases; carcinogenesis; inflammation; neurogenesis; fib-
rinolysis
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BBenenne

[Tomdynkuonanbuas cucreMa aKTHUBATOPA
ma3MuHOreHa ypoknHaszHoro tuna (uPA-cucrema)
BBIIIOJIHSET KaK IIPOTCOJUTUYECKUE, TAK U PETyJIATOP-
HbIe QYHKITUN B Pa3BUTUHN (DU3UOTOTUIECKUX U TTATO-
Jornyeckux mpoieccos. IIporeonntnyeckas dynk-
1M HallpaBjeHa Ha aKTUBAIMIO IlJIa3MUHOTEHa U
IIpeBpallleHus ero B IIJIa3MUH, KOTOPBIM OTBevaeT 3a
PETYIIATIIO (GUOPUHOTIUTUIECKOH CHCTEMBI, & TAKKe
UTPaeT BEAYIIYIO POJIb B AKTUBAIIH TIPE/IIECTBEHHN-
KOB MaTpUKCHBIX MeTasionporentas (MMII), koto-
pble 06eCIeYnBaIOT AECTPYKIUIO COEMHUTETHHOT-
kanHoro Marpukca (CTM). Cucrema-uPA oTBeuaer n
3a Ba)KHble peryJjaropHble (QYHKIUK B IIpolieccax
MHBAa3UM, MeTacTa3upoBaHus, a Takke IpoJudepa-
I[N, AIIOIITO3a, POCTa U MOJIBUKHOCTU KJIETOK B HOP-
MaJIbHbBIX U IIaTOJIOIHYeCcKuX ycaoBuax. UPA-cuctema
BKJIIOYAET BLICOKOCHEIM(UUECKYIO CEPUHOBYIO 1IPO-
tenHazy — UPA wmm ypoxkunasy (K@ 3.4.21.31), ee
perienitop — uPAR 1 /1Ba 9HIOT€HHBIX HHTHOWTOPA —
PAI-1 u PAI-2 [1-5] (puc. 1).

[letictBue uPA-cucTeMpl HamTpaBeHO Ha TIpe-
BpallleHue HeaKTMBHOIO IJIa3MUHOTeHA B IJIa3MUH
(KD 3.4.21.7) — cepuHOBYTO TOTUDYHKITMOHATBHYIO
MPOTENHA3y MUPOKOTO criekTpa nevictsust [1-3, 6],
KOTOpast, KpOMe y4acTHus B Tporecce hubpmHoIm3a,
rugposusyet psia 6eskos CTM u akTHBUPYeET TIpej-
nmecTBeHHUKN cexpetupyembix MMII, koTopsie B
COBOKYTHOCTH CIIOCOOHDI THAPOTM30BATh BCE OCHOB-
nple komnonenTsl CTM [7-9]. MMII Boimosinsior
TaK’Ke BakKHble peryJgaropHble GyHKIINU, aKTUBU-
Pys, THAKTUBHUPYS ¥ MOAMGMUIINPYST CBOHCTBA I€JI0-
TO psiia GUONOTHYECKN AKTUBHBIX MOJEKYJ, TAKUX
Kak (pakToOpbl POCTa, HUTOKUHDI, UHTEPJICHKUHDI U
Ip., UTO IPUBOJUT K CTUMYJISALUHI POCTA, IIpoande-
paluu ¥ MUTPAIUU KJIETOK, Pa3BUTUIO NHBA3UBHBIX
nporeccos [10, 11] (puc. 2).

Kpome npoTeosmntrnueckux HYHKINH, KOTOPbIE
uPA-cucrema ocymectsisier yepes uPA, ona BblmoJ-
HeT U peryJsaTopHble (DYHKINU 4Yepe3 pPeLerntop
uPAR, KOTOpBIl IBJISETCST CUTHATIBHBIM PETeTTTOPOM
U TPUHUMAaeT ydJacThe B aKTHUBAINM psa KUHA3
[12—14], a Taxske B3auMoieliCTBYeT ¢ UHTErPpUHAMU 1
BUTPOHEKTUHOM U Te€M CaMBIM aKTUBHUPYET OIpe/ie-
JieHHble curHasbHble yTH [4]. AktuBHocTh UPA pery-
JIPYETCsT SHIAOTEHHBIMI HHTTOUTOPAME aKTHBATOPOB
mnasmuHoreda Tunos 1 u 2 — PAI-1 u PAI-2, BaxHeli-
M 13 KoTophix aBistercs PAI-1. KommonenTsr uPA-
cuctembl — UPA, uPAR u uaru6uropst PAI-1 1 PAT-2
y4acTBYIOT B IIpolieccax ajareau, npoJudeparuy,
aIoITo3€, XeMOTAKCUCE U MUTPAIUU KJIETOK, a TaKxKe
MOTYT OBbITh BOBJICUECHBI B aKTHBAI[HIO Iy TEH SITUTEIN-
AJIbHO-ME3eHXMMAJIbHOTO IIepexojia U IKCIPECcCUIo
reroB (puc. 2) [15—17]. Bce atu nporieccsr nponcxo-
[T KaK B HOpMaJIbHBIX (PU3M0JIOTUYECHUX YCIOBUSX,
TaKUX KaK pOCT M PeMOJeJMPOBAaHUE COCYIOB U
HallpaBJIeHbl Ha MO/JlepsKaHie TOMeocTasa, Tak U B
MATOJIOTHIECKHUX YCIOBUSX, KOTOPbIE HAanboIee SIPKO

Introduction

The multifunctional urokinase-type plasminogen
activator system (uPA-system) performs both prote-
olytic and regulatory functions in the development of
physiological and pathological processes. The prote-
olytic function is aimed at activation of plasminogen
and its conversion into plasmin. The latter regulates
the fibrinolytic system, and also plays a key role in ac-
tivation of precursors of matrix metalloproteinases
(MMPs), which provide destruction of extracellular
matrix (ECM). The uPA system contributes to the
regulation of invasion, metastasis, cell proliferation,
apoptosis, cell growth and mobility under normal and
pathological conditions. The uPA system includes
highly specific serine proteinase, uPA or urokinase
(EC 3.4.21.31), its receptor (uPAR) and two endoge-
nous inhibitors (PAI-1 and PAI-2) (fig. 1) [15]. The
effect of the uPA-system is aimed at the conversion of
inactive plasminogen into plasmin (EC 3.4.21.7), serine
multifunctional broad-spectrum proteinase [1-3, 6],
which hydrolyzes a number of ECM proteins in addi-
tion to participation in fibrinolysis and activates pre-
cursors of secreted MMPs, which in concert hydrolyze
main ECM components [7-9]. MMPs perform other
regulatory functions by activating, inactivating and
modifying a number of biologically active molecules,
such as growth factors, cytokines, interleukins, etc.,

f'\

@ [ Plasmmogen ‘

Cell membrane

uPAR PAL-1

PAI-2

Puc. 1. Cucrema uPA u B3auMoeiicTBue ee KOMIIOHEHTOB.

Fig. 1. The uPA system and interaction of its components.
Note. For fig. 1-5: uPA — urokinase-type plasminogen activator
(urokinase); pro-uPA — uPA proenzyme; uPAR - uPA receptor; uPA
inhibitors — PAI-1 and PAI-2. The interaction of pro-uPA with
uPAR leads to the effective activation of pro-uPA and formation of
an active uPA that converts plasminogen into plasmin, which is in-
volved in activation of pro-uPA. Endogenous inhibitors PAI-1 and
PAI-2 inhibit uPA activity and plasmin formation.

IIpumeuanue. Cell membrane — kierounas mem6pana. /st pric. 1-5:
uPA — axTuBatop njaasMmHOTEHA YPOKMHA3HOTO THTA (YPOKHU-
naza); pro-uPA — npodepment uPA; uPAR — pentenitop uPA; nn-
rubutopsr UPA — PAI-1 u PAI-2. Baaumogueiictsue pro-uPA ¢
uPAR npusoaut k adexrrBHOl akTuBanuu pro-uPA u o6paso-
BaHUIO aKTUBHOI UPA, npespamaoneil 1y1asMIHOTeH B IJIA3MUH,
KOTOPBIN ydacTBYeT B akTuBaIum pro-uPA. Duporennsie NHTH-
6utopsl PAI-1 u PAI-2 TopmosaT aktuBHOCTh UPA 1 06pasoBa-
HUe TJIA3MIHA.
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\ uPA uPA
r&llﬂ[l&ﬁ r Gb |[ kD | [ PD ﬁ
AKTHBALHUS NJIA3MUHOTeHA Plasminogen
u MMIT ‘ and MMP activation
JecTpykums ECM
CTM destruction
BHyTpukeTouHblii || UnTerpunsi, WHTerpunsbl, AxTHBauUus, Intracellular Integrins, Integrins, Activation,
CUTHAJIMHT, BUTPOHEKTHH, || BHYTPHKJ/IETOUHbII 0cB0OOKIEHHE signaling, Vitronectin, Intracellular Release of growth
fAaep ¢hudp THH ||CHTHAJIMHT, siiepHas || paKTOpoB pocTa u ap. Nuclear uPA Fibronectin signaling, factors and other
Tpancaokauus uPA, TpaHcaokaums uPA, GuoorHyecKu translocation, Nuclear uPA biologically
JKCIpeccusi reHoB JKCNpPeccusi FreHoB AKTHUBHBIX MOJIEKY.T, Gene expression translocation, active molecules,
l BHYTPHKJIETOYHbIH S Gene expression Intracellular
CHUTHAJIMHT ‘ signaling
Aares3usi, MUrpauus, Adhesion, Migration,
npoaundgepanusi, pudpUHOIN3, Proliferation, Fibrinolysis,
anonTo3, AuddepeHUHPOBKA, Apoptosis, Differentiation,
JKCMpeccHsi FeHoB, Gene expression,
IMHUTENNATBHO-MEe3HHXHMATbHbI Epithelial-mesenchymal
nepexoa, pemoaesuposanne CTM transition, ECM remodeling

Puc. 2. @yukiun uPA-cucteMsl 1 poJjib B HUX 10MeHOB UPA.

Fig. 2. Functions of the uPA system and the role of the uPA domains.
Note. GD — N-terminal growth facto r-like domain responsible for binding of uPA to uPAR; KD — Kringle domain is responsible for
binding to the inhibitor PAI-1 and integrin, it is involved in stabilization of the uPA — uPAR complex and in regulation of cell migration;

PD — proteolytic or catalytic domain with a trypsin-like activity.

IIpumeuanue. P/ — N-komIeBoii 1oMeH, mogo6mHbIil hakTopy pocta, orBedaet 3a cBsizbiBarne UPA ¢ uPAR; K/I — kpumrit jomen oTBeqaeT
3a cBsi3biBanue ¢ nHrHOuTOpoM PAT-1 1 mHTErpHaMu, yyactByer B crabunusanun komiuiekca UPA ¢ u PAR u B peryJistinu Murpaiun
KJ1eTOK; [1/] — IpOTeoInTHYeCKHil T KaTaTUTHYECKUI IOMEH C TPUTICHHOTIOAO0OHOH aKTHBHOCTHIO.

BBIPAKEHBI B IIPOLIECCAX KaHIIePOTeHe3a, BOCIIAIeHNUS,
dbubposa u pubpunoamsa [1, 2, 5].

Crpykrypa u GyHKIIMH aKTHBAaTOPa
MJIa3MUHOTEHAa YPOKMHA3HOTO Thna — uPA

uPA — akTMBaTOp MJ1a3MUHOT€HA YPOKMHAZHOTO
Tuna (MM ypoKHa3a) sABJgeTcs BbIcoOKoctenudumnye-
CKO# MoM(YHKITMOHAJIIBHOW CEPUHOBON MPOTENHA-
3011 cemeiicta Tpuncuna (K@D 3.4.21.31), koTopas
paclernigeT B IJIa3MUHOTEHE eJIMHCTBEHHYTO aKTHBA-
HUOHHYIO cBA3b Arg561-Val562 B pesyibrate yero
obpasyercst miaasmun [18]. Takum oOpasom, uPA
3amnyckaer jeticteue uPA-cucrembr. uPA cunTesupy-
€TCs DHAOTEJINAIBHBIMY U TJIaIKOMBIIIIEYHBIMU KJIET-
KaMU COCY/IOB, AMUTENUATBHBIME KJIeTKamu, prubpo-
6aactaMu, MOHOIMTAMU/Makpodaramu, a TaKKe
KJIETKAMU 3JI0KAYeCTBEHHBIX omyxoJeil. DepmeHT
CUHTE3UPYETCs B BUJIE MTPE/IIEeCTBEHHUKA — pro-uPA,
OCHOBHBIM aKTUBATOPOM KOTOPOTO ABJISETCA TIIIa3MUH
[19, 20]. uPA comepskuTcs B mya3Me KpoBH, MOUYE 1
nmoykax. MHOrue KJIeTKkn UMeloT perenTopbl K uPA.
CrasbiBanue uPA c pertentopom uPAR Ha moBepxHoO-
CTH KJIETKU CTUMYJIUPYET 06pa3oBaHie BICOKOAKTHB-
HOH opmbl UPA 1 akTUBAIMIO NIJITA3MUHOTEHA, TIpe-
Bpallas ero B IVIa3MHUH. ITOT IIPOIIECC ITPOUCXOUT BO
BHEKJIETOYHOM MaTPHUKCE, YTO UTPAET KIIOYEBYIO POJIb
B fierpazaiiuu CTM, nposudeparit 1 MUTpaIuu KJie-
Tok [2, 3, 10]. uPA aBnsercsa BoicokoahheKkTUBHBIM
AKTUBATOPOM IJIA3MUHOTEHA, HO HEe UMEET CPOJICTBA K
bubpuHy, 09TOMY OCHOBHOI (prOpUHOIN3 HEPMEHT
OCYIIECTBJISIET B MEKKJIETOYHOM IIPOCTPAHCTBE, a He

which leads to stimulation of cell growth, prolifera-
tion, migration, and invasion (fig. 2) [10, 11]. In addi-
tion to the proteolytic functions that the uPA system
performs through uPA, it also exert regulatory func-
tions through the uPAR, which is a signalling receptor
and is involved in activation of a number of kinases
[12—14]. uPA system also interacts with integrins and
vitronectin and thus activates certain signal pathways
[4]. The uPA activity is regulated by endogenous types
1 and 2 plasminogen activator inhibitors, PAI-1 and
PAI-2, with PAI-1 being the most important one. uPA
system components (uPA, uPAR and PAI-1 and PAI-
2 inhibitors) participate in the processes of adhesion,
proliferation, apoptosis, chemotaxis and cell migra-
tion, and can also be involved in activation of epithe-
lial-mesenchymal transition pathways and gene
expression (fig. 2) [15—17]. All these processes occur
both under normal physiological conditions, such as
growth and remodeling of blood vessels, and are aimed
at maintaining homeostasis, as well as under patholog-
ical conditions, which are most severe in carcinogen-
esis, inflammation, fibrosis and fibrinolysis [1, 2, 5].

Structure and function of urokinase-type
plasminogen acivator (uPA)

uPA, urokinase-type plasminogen activator (or
urokinase), is a highly specific multifunctional serine
protease of the trypsin family (EC 3.4.21.31), which
splits the only activation bond Arg561—Val562 in the
plasminogen resulting in the formation of plasmin
[18]. Therefore, uPA triggers the uPA system. uPA is
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B cocynax [18, 1-5]. ¥ muekonuraonux uaeHTudu-
IIMPOBAH TaKkKe aKTUBATOP MJIa3MUHOTEHA TKAHEBOTO
tumna (tPA, KO 3.4.21.68), KOTOPBIiT CHHTE3UPYETCST
KJIETKAMHU 9H/IOTEJTUS ¥ JIOKAJIU3YETCS B CTEHKE COCY-
noB. tPA pacmieniger B 1a3MMHOTEHE TY KE CBA3D,
yro 1 UPA. On 001a12€T BBICOKUM CPOACTBOM K (hub-
PUHY ¥ UTPaeT PeIaolyo poJb B pubpunomse. Oba
(bepmenTa skcIipeccupyioTcs B BUJIE IpeiieCTBEHHY-
KOB, OCHOBHBIM aKTUBATOPOM KOTOPBIX SBJISETCS
mazmun [18, 2, 3]. IlpemxmecrBennas dopma uPA
(pro-uPA) xompupyercs renom PLAU, pacrosioxen-
Hom Ha xpoMocome 10q24, u cekpeTupyercs Kak 0/[HO-
1enoYeuHbIit mpodepment, cocrosinuii u3 411 amuno-
KHMCJIOTHBIX OocTaTKOB (a.0.) ¢ M.m. 54 x/la [18, 2].
Moutekyna pro-uPA BkJiouaeT HECKOJIBKO (DYHKITNO-
HAJIBHO 3HAYMMBIX JIOMEHOB (pHC. 3): CUTHAJbHBIN
nomen (1-5 a.0.), obecrednBaOMIMil TTOCTTPAHCIIS-
UOHHBINA TpancopT pro-uPA; N-koHI1eBoii 1omeH,
nozo06mubIii pakTopy pocra (6—46 a.0.), obecreunsao-
muii cBaszbiBanue UPA ¢ perrentopom uPAR [21];
kpunra gomer (50—131 a.0.), comepskanuii yyacTku
OTBETCTBEHHbIE 32 CBsA3bIBaHME ¢ MHTHOUTOpOM PAI-
1 [15] w urTerpunamu [22, 23], a TaksKe y4acTBYIOIIUI
B PETyJISAIMNA MUTPAITN KJIETOK M CTAOMIU3AIMH KOM-
mrekca uPA ¢ perientopom [24—-26]; suHKepHbBIN
nomen (132—147 a.0.); KaTaauTUYeCKUH WK TPOTEO-
JUTHYECKUIT JIOMEH C TPUICHHOIIOMO00HON aKTUB-
noctbio (148—411 a.0.) [18]. Oxnonenoveunsrii pro-
uPA  crocoben  HemocpesCcTBEHHO aKTUBUPOBATH
MJIA3MUHOTEH ¢ 06pa3oBaHUEM TLJIA3MHUHA, a 3aTEM
MJIA3MWH TIpeBpaliaeT oJHolernodeynyio Gopmy B
aByxienoyeunyio. Haubomee apdpekrusao aToT mpo-
1ecc MpOMCXOMUT TIPU CBA3bIBaHUU pro-uPA c¢ ero
penteitopom uPAR. /IByxienoueunast ¢popma uPA B
250 pas GoJiee akTUBHA, YeM OfHOIeIIoYedHas (hopMa
pro-uPA, a ee pubpuHOIMTHYECKAS AKTUBHOCTD B 2,5
pasa BhIlle, YeM y o/iHoIIerToueuHoi opmer [27]. Tpe-
BpallleHre B aKTUBHYIO IBYXIETIOYEYHYIO (hOPMY TIPO-
HCXOZUT B pe3yJbTaTe THAPOIU3a MEeNTUIHON CBA3U
Mexay a. 0. Lys 158 u Ile 159 u MosKeT oCyIecTBIATh-
s He TOJIBKO TIJIA3MUHOM, HO M KaJIJTMKPEHHOM, Tep-
MOJIN3WMHOM, TPUTICUHOM, a TaKXkKe KaTerncuiamu B u L
[19, 20]. AkTuBHag AByXIlenIouedHAsT (DOPMA COCTOUT
U JIBYX MMOJIUTIENITU/IHBIX T1etieit — A (J1eTKoit), conep-
skateit 158 a.o., u b (Tsresoit), comepskarieit 253 a.o.,
KOTOPBIE CBSI3aHbI MEK/LY COO0H AuCyIbhUIHON CBSI-
3p10 Cys 148-Cys 279 [18, 1, 5] (puc. 2). A-1ienn npen-
crasysier N-konieBoit ¢pparment uPA u comepxut
JIOMEH 1oZI00HbIH (haKTOPY POCTA U KPUHTJI-JOMEH. B-
et npezicrapiser C-KoHIeBOH (hparMeHT, B COCTaB
KOTOPOTO BXOJIUT ITPOTEOJUTUYCCKUI TOMEH, CO/lEP-
JKaIUil akTUBHBIHN 11eHTp uPA, BRIovatommii Tpuay
a. 0. — His 204, Asp 255, Ser 356 (unenTudunmupona-
HBI METOZIOM KpucTasorpadguu B C-KOHIIEBOM KaTa-
autndeckom nomene uPA kak His 57, Asp 102 u Ser
195 [18, 22, 24, 25, 28]. Pacuiemienue pro-uPA o
neficTBreM TpoMOUHA U 3J1acTasbl o cBasu Arg 156-
Phe 157 upuBoauT k 06pazoBaHIio HEaKTUBHOM JIBYX-
1ernovyeyHoit (hopMbl hepMeHTa, AKTUBHOCTH KOTOPOIA

a
plasmin, cathepsins B and L,
type 2 kallikrein
v o YT w <
Lys 158 || 1le 159
b
B-chain | | PD -C

Puc. 3. Crpykrypa pro-uPA u aByxnenoueynoro uPA.

Fig. 3. The structure of pro-uPA and two-chain uPA.

Note. a — the structure of pro-uPA: S — signaling peptide; GD —
growth facto r-like domain; KD — Kringle domain; L. — linker do-
main; PD — proteolytic domain; Lys158 — S-S-Ilu159 — activation
link; b — the structure of two-chain uPA: A — light chain (158 aar)
consists of the N-terminal fragment of uPA containing GD and KD;
B — heavy chain (255 aar) consists of C-terminal fragment of uPA
that contains the proteolytic domain including the active center of
the enzyme with an amino acid residues composition characteristic
for serine proteases (His204, Asp 255, Ser356).

IIpumeuanue. a — cTpykrypa pro-uPA: S — curHasibHbIl nenTu;
GD — nomen, mogo6ubii aktopy pocra; KD — KpuHLI goMeH;
L — mumkepsiii romen; PD — mporeosuriaeckuii romen; Lys158-
S-S-Tlu159 — akTuBaMOHHAS CBSA3b; b — CTPYKTYpa ABYXIIETIOYEY-
noro uPA: A — serkas 1esb (158 a.0.) cocrout 3 N-KOHIIEBOTO
dbparmenta uPA, copepskamiero GD 1 KD; B — Tsikenast nenb (255
a.0.) cocrout 3 C-koHnesoro ¢parmenta uPA, cojepskaiero 1mpo-
TEOJIUTHYECKUIT JIOMEH, BKITIOYAIONINIT aKTHBHBIN IIeHTP (hepMenTa
C XapaKTepPHOM /7 CEPHHOBBIX TIPOTENHA3 COCTABOM AMIHOKIC-
sotHbIX octatkoB — His204, Asp 255, Ser356.

synthesized by vascular endothelial and smooth mus-
cle cells, epithelial cells, fibroblasts,
monocytes/macrophages, and malignant tumor cells.
The enzyme is synthesized as a precursor, pro-uPA,
whose main activator is plasmin [ 19, 20]. uPA is found
in blood plasma, urine and kidneys. Many cells have
receptors to uPA. uPA binding to uPAR on the cell sur-
face stimulates the formation of a highly active form
of uPA and the activation of plasminogen converting
it into plasmin. This process occurs in the extracellular
matrix, which plays a key role in ECM degradation,
cell proliferation and migration [2, 3, 10]. uPA is a
highly effective plasminogen activator, but it has no
affinity for fibrin, so the enzyme performs the main fib-
rinolysis in the intercellular space and not in vessels.
[18, 1-5]. In mammals, tissue plasminogen activator
(tPA, EC 3.4.21.68) was also identified, which is syn-
thesized by endothelial cells and localized in the vas-
cular wall. tPA splits the same bond in the
plasminogen as uPA. It has a high affinity for fibrin and
plays a crucial role in fibrinolysis. Both enzymes are
expressed as precursors, whose main activator of
which is plasmin [ 2, 3, 18]. The precursor of uPA (pro-
uPA) is encoded by the PLAU gene located on chro-
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MOZKET OBITh BOCCTAHOBJIEHA TIPHU THPOJIN3E TLJIa3MU-
HOM nenTuaHoil cesasu Arg 158-11 159. Ilpu atom
obpasyercs apyxienodednsiii uPA ¢ M.m. 32 x/{a [19].
Axrusainus pro-uPA ¢ o6pazoBanuem JAByXIernoyey-
HOU CTPYKTYPBI (hepMeHTa TPUBOIUT K KOoH(pOpMa-
IIMOHHBIM U3MEHEHUSM MOJIEKYJIDI, CBSI3aHHBIM C yBe-
andenneM ee rubOkoctu [20]. ITo MMeeT BaxKHOe
3Havenue /s GyHknumonupoBanng uPA Ha moBepx-
HocTH KJIeTkr. [ToBbIeHHas rTuOKOCTh MOXKeET obec-
MEYUTh ONTUMATbHOE TTO3UITMOHUPOBAHME KATATUTH-
YECKOTO JIOMEHAa OTHOCUTEJIBHO TOTEHIIMAIBHBIX
cy6eTparoB, Tora Kak jkectkas KoHpopMaius pro-
uPA orpannumBaer goctym cybeTpara K aKTHBHOMY
1neHTpy. JanbHelmnii mpoTeoan3 TPUBOAUT K IIPO-
nykin N-koniesoro (gparmenta uPA, ne obanaro-
MIero MPOTEOTUTUYECKON aKTUBHOCTBIO, HO IIPO-
ABJLIONIETO XeMOTAaKTHYecKoe jJeiicTBue. IJTOT
(dhparMeHT BKJIIOYAET JOMEH TOAOOHBINA (hakTopy
pocTa U KPUHTJI-IOMEH, B3aUMOJIEHCTBUE KOTOPOTO C
uPAR axtuBupyer myTu BHYTPUKJIETOUHOTO CUTHA-
aunra [30]. C-koHIEBON KaTaJIUTUYECKUI TOMEH B
MOJIHOW Mepe 06J1aiaeT CocOOGHOCTRIO TIPEBPAIIATH
MJIA3MUHOTEH B TIJIA3MIH BO BHEKJIETOUHOM ITPOCTPAH-
CTBE HE3aBUCUMO OT CBA3BIBAHMS C PEIEITOPOM
uPAR, xoT1s1 aTOT TIpOITECcC TpoucXoauT ahheKTuBHEE,
koryia pro-uPA accommuposan ¢ uPAR [6, 18, 22, 24,
28, 29]. Katanutuyecku aktuBHbIil UPA nmeeT upes-
BBIUAITHO Y3KYI0 creruduaHocTsb. Ero ocHOBHBIM Cy6-
CTPATOM $IBJIIETCS NJIa3MUHOTEH, B KOTOPOM OH pac-
HIeIJisieT eMHCTBEHHYIO TENTHAHYIO CBA3b B
pesyJibTate 4ero MpoayIupyeTcs NJIa3MUH, BBICTY-
naouii OCHOBHBIM akTuBaTopoM pro-uPA. Takum
06pa3oM, TPOMCXO/UT PEAKTUBAINSA 1 TeHeparust uPA 1
TJTa3MUHA B TIEPUIIEIUTIONIAPHOM IpocTpaHcTie (puc. 1).
uPA vHUIIMUpYeT Yepe3 TIA3MUH BaXKHbIe OHOJIOTH-
yeckue Gpyaknuu (puc. 2). OpHako akTUBAIMS T1J1a3-
MUHOTEHA MOKET ObITh MHUIIMUPOBAHA U OHOIIEIO-
yeunbiv UPA [27, 31]. TlomudyHKimoHambHbIMi
MJIA3MUH BBITOJTHAET (HUOPUHOMUTHIECKYIO (DYHK-
IIUI0 U THIPOJIU3YET Teiblil psiji KommounenToB CTM,
TaKUX Kak (pUOPOHEKTUH, BUTPOHEKTUH, JTAMUHUH,
tpombocnonaui [3, 31]. Kpome Toro, miasmun samyc-
KaeT MPOTEOTUTUYECKNE KACKabl, aKTUBUPYS Pl
cekperupyeMbix MMII, KoTOpBIE CIIOCOOHBI pacien-
J51Th Bece ocHOBHBIE KOMITOHeHTHI CTM 1 6a3anbHbIx
MeMOpan: Gubpuiisapabie Komnarens (MMP-1-8-
13), komnaren IV Tuna — ocHoBY GasanbHbIX MeMOpaH
(MMII-9-3-12), anactun (MMII-3-10-12) nporeo-
rimukanbl (MMII-3-12-13), anresauBuble MOJIEKYJTbI
(MMII-1-3-8-13-9-13), a Takske akTUBUPOBATD, MHAK-
TUBUPOBATh U MOAMGMUIIMPOBATH CBOKCTBA 11€JI0TO
psijta GUOJOTHYECKU AKTUBHBIX MOJIEKYJI, HE OTHOCS-
muxcess kK CTM: uurubuTopsl mporennas, hpubpuH,
MJIAa3MUHOTEH, aHTUOTeH3unbl u 1p. [4, 7, 12, 30,
32-37] (puc. 2). [1pu pacmenysennun CTM npowucxo-
JIAT aKTUBAIIUSA UIH BBICBOOOKICHUE TATEHTHBIX HJIH
CBA3aHHBIX C MATPUKCOM (haKTOPOB POCTA U JIPYTUX
OMOJIOIMYECKH aKTUBHBIX MOJIEKYI, TakuX Kak VEGE,
bFGF, IGE, EGF, TGF-3, TNF-«, a tak:xe unrepieii-

mosome 10q24 and secreted as a single-chain pro-en-
zyme comprizing of 411 amino acid residues (aar) with
Mw of 54 kDa [2,18]. The pro-uPA molecule includes
several functionally significant domains (fig. 3): sig-
naling domain (1-5 aar), providing post-translational
transport of pro-uPA; N-terminal growth factor-like
domain (6—46 aar) providing the binding of uPA to
uPAR [21]; kringle domain (50—131 aar), which con-
tains the sites responsible for binding to PAI-1 [15]
and integrins [22, 23] and is also involved in the reg-
ulation of cell migration and stabilization of the uPA-
receptor complex [24-26], the linker domain
(132—147 aar), and catalytic or proteolytic domain
with trypsin-like activity (148-411 aar) [18]. A sin-
gle-chain pro-uPA is capable to activate plasminogen
directly to form plasmin, and then plasmin converts
the single-chain form into a double-chain form. This
process is the most effective when pro-uPA binds to
its receptor uPAR. The double-chain form of uPA is
250 times more active than the single-chain form of
pro-uPA; and its fibrinolytic activity is 2.5 times
greater than that of the single-chain form [27]. The
transformation into an active two-chain form occurs
as a result of hydrolysis of the peptide bond between
amino acid residues (aar) Lys 158 and Ile 159 and can
be carried out not only by plasmin, but also by
kallikrein, thermolysin, trypsin, and catepsin B and L
[19, 20]. The active double-chain form consists of two
polypeptide chains: A (light), containing 158 aar, and
B (heavy), containing 253 aar, which are linked with
disulfide bond Cys 148—Cys 279 (fig. 2) [1, 5, 18]. The
A-chain is the N-terminal fragment of uPA and con-
tains a growth factor-like domain and a kringle do-
main. B-chain is the C-terminal fragment, which
includes a proteolytic domain containing the uPA ac-
tive center including a triad of amino acid residues-
His 204, Asp 255, and Ser 356 (identified by crystal-
lography in the C-terminal catalytic domain uPA as
His 57, Asp 102 and Ser 195) [ 18, 22, 24, 25, 28]. The
cleavage of pro-uPA under the action of thrombin and
elastase by Arg 156-Phe 157 bond leads to the forma-
tion of an inactive double-chain form of the enzyme,
whose activity can be restored by hydrolysis of Arg
158-11 159 peptide bond by plasmin. This forms a two-
chain uPA with Mw of 32 kDa [19]. Activation of pro-
uPA with the formation of a two-chain enzyme
structure leads to conformational changes in the mol-
ecule associated with an increase in its flexibility [20].
This is important for the uPA functioning on the cell
surface. The increased flexibility can ensure optimal
positioning of the catalytic domain relative to poten-
tial substrates, while rigid pro-uPA conformation lim-
its substrate access to the active center. Further
proteolysis leads to the production of N-terminal frag-
ment of uPA, which does not have proteolytic activity,
but produces the chemotactic effect. This fragment in-
cludes a growth factor-like domain and a kringle do-
main whose interaction with uPAR activates
intracellular signaling pathways [30]. The C-terminal
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KHUHOB, KaAr€PUHOB, CEJIEKTUHOB, KOTOPbIE CIIOCOOHBI
CTUMYJIUPOBATh KJIETOUHBIN POCT, Mposudeparunio,
MUTpaIuio n anruorenes [2, 6, 18, 25, 29, 38, 39]. uPA
MOJKET B3aMMOJIEHCTBOBATH OJTHOBPEMEHHO C JIBYMSI
perenTopaMu Ha MoBepXHOCTH KaeTku: ¢ UPAR u ¢
nHTerpuHOM Mak-1 uepe3 KpUHTJI U MPOTEOJUTHYE-
CKWUIT TOMEHBI, & KPUHTJI JIOMEH, KPOME TOTO, BOBJIEUEH
B MHAYKITUIO BHYTPUKJIETOYHON CUTHATIM3AIINN, MUT-
panuu u aaresuu kietok [15, 18, 23, 25, 26, 28]. Bzau-
mozeiictBre UPA ¢ perenitopaMu JIMTTONPOTENHOB
HUBKOH IJIOTHOCTH 00ecredynBaeT NHTEPHAIM3AIINIO
uPA ¢ ToBepXHOCTH KJIETKH M TIOCTEAYIONINI HIOIHI-
TO3, a TAKXKe WHYKITNIO BHYTPUKIETOYHON CUTHAJIH-
3alMK ¥ aIre3HI0 KJIETOK [5].

YkasaHHbBIE TTPOTIECCHI TPOUCXOAST KaK B HOP-
MaJIbHBIX (DU3MOJOTUIECKUX YCIOBUSX, TAKUX Kak
pPOCT ¥ pa3BUTHE OPTaHU3Ma, aHTHOTeHe3, MopdoTe-
Hes3, MeTaMop(03 U JIP., & TAKIKE MTPH TATOJIOTUIECKUX
npolieccax HanboJjiee IPKO BhIPAKEHHBIX [IPU KaHIle-
porenese u Bocriasienuu [2, 4, 6, 34, 38].

Crpykrypa u pynkmuu penenropa uPAR

Petterirop uPA u pro-uPA — uPAR cBg3au ¢ ie-
TOYHOI MeMOpaHoi yepes rInKo3uIpochaTIIITHO-
suron (TDU) u ne mMeer TpaHcMeMOPaHHBIX yda-
CTKOB, YTO OIpe/iesisieT €ero  IMOJABMXXKHOCTb B
IJIa3MaTryecKoii Membpate. Perierrrop cBsi3bIBaeTcs ¢
noBepxXHOCThIo UPA uepes momeH, mompo0Hblii (hakTopy
pocra, pactiosioxeHHblii B N-KOHI1€BO yacTu (hepmen-
ta [1, 21, 40]. CeaseiBanue uPA u pro-uPA ¢ uPAR
MIPUBOIUT K CTUMYJISIIIAN ITPEBPAIIIEHUS O/THOIETIOYeY-
Ho hopmbl pro-uPA ¢ HU3KOI AKTUBHOCTHIO B BBICO-
KOAKTUBHYIO /IByX1ieroueunyio hopmy uPA [41]. Css-
3aHHasg ¢ perentopom pro-uPA  akTuBUpyeTcs
MJIA3MUHOM, JIOKQJTM30BAHHBIM Ha TIOBEPXHOCTH KJIET-
K, 1ocsie yero uPA aktuBupyer rmazmMunoret. Takum
00pa3oM, 3aMbIKAETCs I10JIOKUTEIbHAsE obpaTHas
CBs3b, T. K. TIJIA3MUH U JIByXIlenouyedHbiii uPA moryt
B3aMMHO aKTHBUPOBATH HEAKTUBHbIE (DOPMBI JPYT
npyra (puc. 1) [42, 43]. CsassiBanue uPA ¢ uPAR
BaKHO JIJI OCYIIIeCTBJIEHUsT (DePMEHTOM ero (PyHKIUU
KaK aKTHBATOpa IJIa3MUHOTEHA, a Yepe3 B3auMOJIeii-
CTBHUE PELENTOopa ¢ PAAOM TPAaHCMeMOPAaHHbIX OEIKOB
MJ1a3MaTUYECKONH MeMOPaHbl, OH CIOCOOEH y4acTBO-
BaTh B aKTHUBAIUM BHYTPUKJIETOUHDBIX CUTHAJIbHDIX
nyteit (puc. 2). Bzaumoeiictsue uPA-uPAR npuso-
JIUT K AaKTUBAIUY PSI/IA PETYIISTOPHBIX OEJIKOB, TAKUX
kak rakcuiant, JJHK-cBs3biBaonmx akTuBaTopoB
TPAHCKPUIIIIUH U [1€JI0TO Psi/ia KUHA3, AKTUBUPYIOIINX
passyHble curHaabHbie myTi, Hanpumep ERK/Arf6,
p38 MAPK wu np. [44, 45]. ABasisich aAre3snOHHBIM
peuentopoM, UPAR cBsi3biBaeT BUTPOHEKTHH U (rb-
porekTuH — ajre3uBubie KomroneHTs CTM [46]. Bo
B3aumozierictBun UPAR ¢ uPA u BuTponekTrHom yua-
CTBYIOT Pa3JIMuHbIe CAlThI PElenTopa, YTO JAaeT BO3-
MOKHOCTh OJ[HOBPEMEHHO CBSI3bIBATh 00a JIMTaH/a
[12]. Kpome Toro, uPAR crocoben BzauMoeicTBoBaTh
C HEKOTOPBIMU OeTKaMU T1a3MaTHYeCKOH MeMOpPaHbI,

catalytic domain is fully capable of converting plas-
minogen into plasmin in the extracellular space re-
gardless of binding to uPAR, although this process is
more effective when pro-uPA is associated with uPAR
[6, 18,22, 24, 28, 29]. Catalytically active uPA has ex-
tremely narrow specificity. Plasminogen is its main
substrate, in which it cleaves a single peptide bond to
produce plasmin, which acts as the main activator of
pro-uPA. Thus, there is reactivation and generation of
uPA and plasmin in the pericellular space (fig. 1). uPA
initiates important biological functions via plasmin
(fig. 2). However, the plasminogen activation can be
initiated by single-chain uPA [27, 31]. The multifunc-
tional plasmin contributes to fibrinolytic function and
hydrolyzes a number of ECM components, such as fi-
bronectin, vitronectin, laminin, and thrombospondin
[3, 31]. In addition, plasmin triggers proteolytic cas-
cades, activating a number of secreted MMPs, which
are capable of splitting all major components of ECM
and basal membranes: fibrillar collagen (MMP-1-8-
13), type IV collagen (basis of basal membranes,
MMP-9-3-12), elastin (MMP-3-10-12), proteogly-
cans (MMP-3-12-13), adhesive molecules (MMP-1-
3-8-13-9-13); as well as activate, inactivate and
modify the properties of a number of biologically ac-
tive molecules not related to ECM: proteinase in-
hibitors, fibrin, plasminogen, angiotensins, etc. (fig. 2)
[4, 7,12, 30, 32—37]. ECM cleavage activates or re-
leases latent or matrix-related growth factors and
other biologically active molecules, such as VEGEF,
bFGEF, IGFE, EGF, TGF-$, TNF-«, and interleukins,
cadherins, selectins, which can stimulate cell growth,
proliferation, migration, and angiogenesis [2, 6, 18, 25,
29, 38, 39]. uPA can interact simultaneously with two
receptors on the cell surface: with uPAR and with
Mac-1 integrin via kringle and proteolytic domains;
and the kringle domain is also involved in the induc-
tion of intracellular signaling and cell migration and
adhesion [15, 18, 23, 25, 26, 28]. The interaction of
uPA with low-density lipoprotein receptors ensures
the internalization of uPA from the cell surface and
subsequent endocytosis, as well as the induction of in-
tracellular signaling and cell adhesion [5].

These processes occur under normal physiologi-
cal conditions, such as growth and development of the
body, angiogenesis, morphogenesis, metamorphosis,
and other processes. Contribution of the system to
pathological processes that are most evident in car-
cinogenesis and inflammation reactions [2, 4, 6, 34, 38].

Structure and functions of uPAR

uPAR, a uPA and pro-uPA receptor, is bound to
the cell membrane via glycosylphosphatidylinositol
(GPI) and posseses no transmembrane sites, which de-
termines its mobility in the plasma membrane. The re-
ceptor binds to the uPA surface via a growth factor-like
domain located in the N-terminal part of the enzyme
[1, 21, 40]. The binding of uPA and pro-uPA to uPAR
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HaIpUMep, ¢ MHTETPUHAMMU U perierntopamMu (pakTopoB
pocta (GPCR), rakumu kak EGFR,VEGFR u np.,
KOTOpbIE B HACTOAIIEe BpPeMS PacCMaTpUBAIOTCS B
kauecTBe Ko-perienitopoB UPAR [4, 12] (puc. 2). Cun-
Te3 perenTopa nmpoucxoaut Ha xpomocome 19q3, rie
ret uPAR uenosexa (PLAUR) kogupyer 6emok 3 335
a.0., KOTOPBIN BKJTOYaeT N-KOHIIEBOW CEeKPEeTOPHBIN
CUTIHA/IBHBII menTuz us 22 a.0. 1 C-KOHIEBYIO 00J1aCTh
n3 30 a.o. uPAR gBiiseTcst BBICOKOTJIMKO3UJIUPOBAH-
HbIM GestkoM ¢ M.M. 55—60 k/la, KOTOPbIi COmepKUT
Tpu sjomena — D1, D2 n D3, cBazanubix qucyabdu/-
HBIMU MOCTUKAMHU. AMUHOKHUCJIOTHBIE TIOCJIEI0BATE b=
HOCTU JIOMEHOB MMEIOT HU3KYI0 HWICHTHUYHOCTD
[47—49]. Bce Tpu nomena uPAR yuacTtyioT B hopmu-
POBaHUM y4acTKa CBA3bIBAHNA ¢ (PepMEHTOM. YCTaHOB-
JieHo, uto D1 HeoGXOANM JIJIst CBA3BIBAHUS PEIenTopa
¢ uPA, B xotopom yuactByioT a.0. Arg 53, Leu 55, Tyr
57 u Leu 66 [ 47, 48]. [1pu B3anmopeiictBuu uPA ¢
uPAR mpoucxonut commkenne D1 u D3, uto npuso-
[T K 3aMBIKAHUIO PeIenTopa B KOJIBIIO ¢ 9KCIIOHUPO-
BaHMEM Ha IOBEPXHOCTU MOJIEKYJIBI aKTHUBHOTO YYaCT-
Ka, pacrosiokennoro Mexay D1 un D2 [50]. Takoe
n3menenue kondopmainn uPAR oTkpbiBaeT yyactku
AMUHOKUCJIOTHON I1OCJIE0BATENBbHOCTH, KOTOPbIE
OTBEYAIOT 32 €ro CUTHAJIbHble (DYHKIIMH, a TaKKe 32
casbiBanne ¢ Oenkamu CTM u unrerpunamu [49].
BzanmopeiictBue uPAR ¢ unterpuHamMu akTuBUpyeT
BHYTPUKJICTOUHbIC CUTHAJIbHBIC TIYTH, BIAUSAIONINE HA
murpaiuio GubPoOIACTOB, TIIAKOMBIIIEYHBIX U SH/0-
TeJTMAJILHBIX KJIETOK, a TaKXKe Ha Ipolecchl mposmde-
paruu, nuddepeniupoBky u ajre3nu (puc. 2), KOTo-
pble BOBJICYEHBI B OIyXOJIeBYI0 Tporpeccuio [51].
[Tokazano, 4To BO B3aMMO/ICHCTBUN C MHTETPUHAMU
yuacTByIOT siomeHbl D2 1 D3; caiitom cBsazbiBanmst D2
C MHTETPUHAMU aVf33 U a0 SBISETCS AMUHOKUCIIOT-
Hasl IT0CJIeIoBaTeIbHOCTD, BKtouamoniag 130—142 a.o.,
a JUIst CBsi3biBaHust D3 ¢ MHTErpuHaMU a3, HeOOXOou-
MBI a.0. 240—248 [52]. HeaBHO OBLIO yCTaHOBJIEHO,
uro 130-142 a.o. romena D2 yuactByioT B 06pa3oBa-
HUU MaKPOMOJIEKYIIPHOTO KOMILJIEKCa, BKITIOYAIOIIETO
B CBOI cOCTaB 'Vf3; U PEIENTOP AIHIePMATBHOTO (hak-
topa pocta (EGFR). Mexanuam ¢pyHKIIMOHNPOBAHUS
KOMILJIeKca ocHOBaH Ha TpaHcakTuBanuu EGFR, koro-
past OCYIIECTBIISIETCSI HHTETPUHOM tVf33 TIPH €T0 CBsI-
3piBanuu ¢ UPAR. MuTtorenublit curiaji, MHUIUUPO-
Bauubpiii  uPAR wu  onocpenoBannbiii  EGFR,
CTUMYJIUPYET TIPOIECChl KIETOUHOH mpoJndepannu
[53] m murparu [54], a TaksKe MOKET MOIYINPOBATH
aronTos [55, 56], 4To croco6CTBYET YCKOPEHUIO OITy -
XOJIEBOH IPOTPECCUU TIPU PA3HBIX BU/IAX PaKa y ueso-
Beka. Taxske fomeH D2 uPAR moskeT B3anmozeiicTso-
Batb ¢ VEGFR2 u npu ywactu pf-unrerpuna
perysmpoBaTh anruoreres [57]. Ha xysbsrype anmoTe-
JINAJIBHBIX KJIETOK YeJIOBEKa ITOKa3aHo, YTO Peliaiolee
sHauenue /11 VEGF-3aBrucumoro anruorenesa nMeet
B3anmojietictere UPAR ¢ VEGFR2; na noBepxnoctu
BHIOTEMANBHBIX KIeTOK UuPAR o6pasyer KoMmIiiekc, B
coctaB kotoporo mnomMumo UPAR Bxomar rtaxxe
VEGFR2, 8;-unrerpun u LRP-1 (6enok 1-ro Tumna,

stimulates transformation of the single-chain form of
pro-uPA with low activity into a highly active double-
chain form (uPA) [41]. Pro-uPa bound to the receptor
is activated by plasmin located on the cell surface fol-
lowed by plasminogen activation. Thus, the positive
feedback is closed, since plasmin and the two-chain
uPA can mutually activate the inactive forms of each
other (fig. 1) [42, 43]. The binding of uPA to uPAR is
important for the enzyme to perform its function as a
plasminogen activator, and it is capable to activate the
intracellular signaling pathways through the interac-
tion of the receptor with a number of transmembrane
proteins of the plasma membrane (fig. 2). The uPA-
uPAR interaction leads to activation of a number of
regulatory proteins, such as paxillin, DNA-binding
transcription activators and a number of kinases acti-
vating various signal pathways, for example
ERK/Arf6, p38 MAPK, etc. [44, 45]. As an adhesion
receptor, uPAR binds vitronectin and fibronectin, ad-
hesive components of ECM [46]. Different sites of the
receptor participate in the interaction of uPAR with
uPA and vitronectin, which makes it possible to bind
both ligands simultaneously [12]. In addition, uPAR
interacts with some plasma membrane proteins, inte-
grins and growth factor receptors (GPCR) including
EGFR, VEGFR, etc., which are currently considered
uPAR co-receptors (fig. 2) [4, 12]. The receptor is en-
coded on chromosome 19¢3. The protein product of
the human uPAR gene (PLAUR) represents a protein
of 335 aar, which includes the N-terminal secretory sig-
nal peptide of 22 aar and the C-terminal region of the
30 aar. uPAR is a highly glycosylated protein with a
Mw of 55-60 kDa that contains three domains (D1,
D2, and D3) linked by disulfide bridges. Amino acid
sequences of domains have low homology [47—49]. All
three uPAR domains participate in formation of the
binding site with the enzyme. It has been found that
D1 is necessary for binding the receptor to uPA
through amino acid residues Arg 53, Leu 55, Tyr 57 and
Leu 66 [47, 48]. When uPA interacts with uPAR, D1
and D3 converge resulting in the closure of the recep-
tor in the ring with exposure of the active site located
between D1 and D2 on the surface of the molecule
[50]. This change in the uPAR conformation opens up
areas of the amino acid sequence, which are responsible
for its signalling functions, as well as for binding to
ECM proteins and integrins [49]. The interaction of
uPAR with integrins activates intracellular signaling
pathways that affect the migration of fibroblasts,
smooth muscle and endothelial cells, as well as the
processes of proliferation, differentiation and adhesion
(fig. 2) contributing to tumor progression [51]. It has
been demonstrated that D2 and D3 domains partici-
pate in interaction with integrins; an amino acid se-
quence 130-142 aar the binding site of D2 with
integrins avf; and asf3,, whereas the fragment of
240-248 aar are required to bind D3 to a8, integrins
[52]. Tt has been recently found out that 130—-142 aar
of the D2 domain are involved in formation of a macro-
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CBI3aHHBIN C PEIENTOPOM JIMIONPOTENHOB HU3KOM
mnoraocTr) [58]. Tlpeanonaraercs, 4To MexaHU3M
MENCTBISI TAKOTO KOMILIEKCA OCHOBAH Ha 00eciedyeHrn
B-uHTeTpuHOM B3anMmojelicTBus Mexay uPAR nu
VEGFR2, xotopsrit uepes uPAR csizpiBaercs ¢ LRP-
1 ¢ mocsietyTonIeit MHTEPHATU3AINI BCETO KOMILTIEKCA,
YTO UTPaeT KJIOYEBYIO POJb B WHIYITUPOBAHUU
VEGFR2-3aBucumMoro curnajira 1 ocyecTBIeHUN
ero 6uonorndeckux apdexros. JIunkepras 061acTb
uPAR, pacnionoxennas mexxy D1 u D2, oyensb uys-
CTBUTENbHA K JICHCTBUIO PA3JWYHBIX IPOTEUHA3,
Brutoyass uPA. Ilporeosmtnueckoe paciiernienve B
9TOM 0bJTacTH MPUBOAKT K yaaseHuto D1 1 o6pasosa-
HUIO O0JIee KOPOTKOI (POPMBI PELeIITopa, COCTOSIIEH
u3 D2 u D3, koTopast Tepsier criocoOHOCTh K CBSA3hIBA-
mmio uPA [59]. Pacteopumas popma uPAR ocBo60K-
JIaeTCs U3 MIasMaTHIeCcKoil MeMOpaHbl PH pacIiern-
meaun I'DU-gaxops perernropa Mo AedCTBIEM
crenupUIecKux rInKo3uI-(hochaTuana-nHO3UTOb-
HpIX (ochopunaz C mim D [60]. PactBOpmmbIe
WHTAKTHBIE 1 TIO/[BEPTTITHECS PACTIETVICHIIO BADUAHTBI
uPAR o6Hapy/KeHBI B PasJUUHBIX TKAHSIX U KHIKO-
CTSIX opranuamMa. [1oBBITIEHHBIN YPOBEHD PACTBOPHU-
MbIx (hopm UPAR Haboaercst B miasMe TalieHToB
pu pake [61]. Boicokas akcrpeccust uPAR sBisierca
MapKepOM arpecCUBHOTO TEUEHUS PaKa, B CBSI3U C €TO
CIIOCOOHOCTHIO YCHJIMBATH TIPOIECCHI NHBA3MH, METa-
cTasupoBaHus U aHrHoreHesa [62]. TakuM 06pasom,
B3anmozeiicrere uUPAR ¢ uPA, npusosgsiiee k 06paso-
BaHWIO TJIA3MUHA, IIPOMCXOUT KaK HA MTOBEPXHOCTH
KJIETKH, TaK U B IEPUTIEJITIOJIIPHOM TIPOCTPAHCTBE, UTO
nTpaeT KI04YeByT0 Poh B mpoitecce gerpagann CTM
1 obecreyrBaeT PasBUTHE TIPOIECCOB MPOJIH(EPAIHH,
pocra, nHBa3uu 1 anruorenesa [ 1, 2, 4, 39, 51, 63-66].

IHIOreHHble HHTHOUTOPBI
uPA — PAI-1 u PAI-2

CrerduuecKuMy SH0TeHHBIMI UHIMOUTOpA-
mu uPA, cBg3bIBaHE ¢ KOTOPBHIMU IPUBOJUT K 0OPa30-
BAHUIO HEAKTUBHBIX KOMILJIEKCOB, BIA0TCST PAI-1 1
PAI-2 (puc. 1). Onu oTHOCATCS K CEMENCTBY CEPITMHOB
— UHTHOMTOPOB CEPUHOBBIX MpoTenHas. [Ba Apyrux
YJIeHa ceMelcTBa CepIHOB — TPOTenHa3a HeKCuH-1 n
urrn6uTop Geaka C (PAI-3) Takike criocoOHBI B3aUMO-
JeiictoBath ¢ UPA, 07iHAKO MX BKJIa/ B MHTMOUPOBAHLE
aktBHOCTH UPA Menee cymiectBenen [67, 68]. PAI-1
WTPaeT PEMAoNIyIO POJTh B PETYJIISIINN HAYaIbHBIX CTa-
it pubpuHosmsa. OH gBJsiercs ObICTPOAEHCTBYTO-
UM HHIUOUTOPOM, KOHIIEHTPAIIHsI KOTOPOTO B IJIa3Me
Ha Mops/IoK Bhite, yeM PAI-2 [16, 17].

HHruOouTop aktuBaTopa
mwia3muHorena tuna 1 — PAI-1

PAI-1 wmu ceprina-1 ABJISIETCS OCHOBHBIM MHTH-
6utopom uPA. PAI-1 Gbu1 o6HapysKeH B KyJbType
9H/IOTEJINATHHBIX KIIETOK YeJIOBEKA, & 3aTEM B ILJIA3ME,
TPOMOOIIMTAX, IJIAIIEHTE U KyJIBTypax KJIeToK pubdpo-
CapKOMBI 1 TenatonuToB. OH TakKe MPOIYIUPYETCs

molecular complex, which includes avf, and epidermal
growth factor receptor (EGFR) in its composition.
The mechanism of complex functioning is based on the
EGFR transactivation, which is carried out by the avp,
integrin, when it is bound to uPAR. The mitogenic sig-
nal initiated by uPAR and mediated by EGFR stimu-
lates cell proliferation [53] and migration [54], and can
also modulate apoptosis [55, 56], which contributes to
the acceleration of tumor progression in different types
of cancer in humans. D2 uPAR domain can also inter-
act with VEGFR2 and regulate angiogenesis with the
participation of ;-integrin [57]. It has been shown in
human endothelial cell culture that uPAR and
VEGFR2 interaction is crucial for VEGF-dependent
angiogenesis; uPAR forms a complex on the surface of
endothelial cells composed of VEGFR2, §,-integrin
and LRP-1 (low density lipoprotein receptor-related
protein 1) in addition to uPAR [58]. Tt is assumed that
the mechanism of action of such a complex is based on
the provision of the interaction between uPAR and
VEGFR2 with f§,-integrin, which binds to LRP-1
through uPAR with subsequent internalization of the
whole complex, which plays a key role in the induction
of VEGFR2-dependent signaling and implementation
of its biological effects. The uPAR linker region located
between D1 and D2 is very sensitive to the effect of var-
ious proteinases, including uPA. Proteolytic cleavage in
this region leads to elimination of D1 and formation of a
shorter receptor form consisting of D2 and D3, which
loses the ability to bind uPA [59]. The soluble uPAR form
is released from the plasma membrane during cleavage of
the receptor GPI-anchor under the effect of specific gly-
cosylphosphatidylinositol phosphorylases C or D [60].
Soluble intact and cleaved uPAR variants are found in
various tissues and body fluids. The increased level of sol-
uble forms of uPAR is observed in the plasma of cancer pa-
tients [61]. High expression of uPAR is a marker of an
aggressive cancer due to its ability to enhance the processes
of invasion, metastasis and angiogenesis [62]. Therefore,
the interaction of uPAR with uPA leading to formation of
plasmin, occurs both on the cell surface and in the pericel-
lular space, which plays a key role in the ECM degradation
and ensures the activatuing of proliferation, growth, inva-
sion and angiogenesis [1, 2, 4, 39, 51, 63—66].

Endogenous uPA inhibitors:
PAI-1 and PAI-2

PAI-1 and PAI-2 are specific endogenous uPA in-
hibitors, binding to which results in formation of inac-
tive complexes (fig. 1). They belong to the family of
serpins, i.e. serine proteinase inhibitors . The other two
members of the serpin family, i.e. protease nexin-1and
C protein inhibitor (PAI-3), can also interact with uPA,
however, their contribution to inhibition of the uPA ac-
tivity is less significant [67, 68]. PAI-1 plays a crucial
role in the regulation of the initial stages of fibrinolysis.
It is a fast-acting inhibitor plasma concentration of
which is 10 times more than that of PAI-2 [16, 17]
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TJIAJIKOMBITIIEYHBIME KJIETKAMHU COCYI0B, (hubpodia-
CTaMu, MOHOIIUTaMK/MakpodaraMu 1 CTPOMaJIbHBIMU
kaeTkamu xupoBoit Tkanu [16]. PAI-1 xogupyercs
reHoM serpinel, pacmoJio;KEHHOM Ha XpOMOCOMeE
7q21,3-q22 [16]. PAI-1 gaBasgercst TIIUKOTIPOTENHOM C
M.Mm. 45k /]a, coCTOANMM U3 OAHON IMOJUIIEIITUAHON
1enu, B coctaB kotopoit Bxoaut 379 nim 381 a.o. B C-
KOHIIeBOI yacTu MoJiekysbl PAI-1 naxomaurces caiir
cBasbiBanus ¢ UPA uepes mentugnyio cBsa3b Arg 346-
Met 347 [16]. PAI-1 6bicTpo pearupyert ¢ uPA, o6pa-
3ys1 CTaOUIIbHBII KOMILIEKC co crexuoMerpueii 1:1 [6].
PAI-1 moseT cBA3BIBATHCA C BATPOHEKTUHOM U BJIU-
ATh Ha KJETOYHYIO aire3uio m Murpamuio [52, 53].
Kpowme Toro, mokazano, uto PAI-1 moxeT TOpMO3UTH
arronrros. Ozgnaxo crniocodnocth PAI-1 nnrubuposarsb
arorTo3 U MOJYJINPOBATD JITE3UI0 1 MUTPAIUIO, T10-
BUIIMOMY, He 3aBUCHUT OT €ro CrocOOHOCTH WHTHOH-
poBatb uPA [68—70]. Ycranosseno, uto PAI-1 npony-
IUpYyeTcs KakK OIYXOJIEBBIMHU, TaK U HOPMAJIbHBIMU
KJIETKAMHU OIYXO0JIEBOTO MUKPOOKPY KEeHN, BKIIOUas
9H/IOTEJINANIbHBIE KIETKH, MaKpodaru 1 afiuiomnuThbl.
B nacrosiee Bpems rymoporennyio poab PAI-1 cBs-
3BIBAIOT C €r0 CHOCOOHOCTBIO YCUINBATD HHBAZHIO U
OITYXOJIEBBIN aHTHOTEHES, YTO KOPPEJIUPYET C TIITOXUM
nporHosom [71].

Nuruourop akTuBaTopa
mwrasmuHorena tumna 2 — PAI-2

PAI-2 (cepriun-2) coniepKuTcs B 1J1a3Me B 04eHb
HU3KNX KOHIIeHTpalusax. OH IPUCYTCTBYET B I€TEKTH-
PYEMBIX KOJIMYECTBAX B KPOBH TOJBKO BO BpeMst Gepe-
MEHHOCTH, TaK KaK Mpoaynupyercs rarentoit. PAI-2
uHrHOUpyeT akTUBHOCTL UPA B Gosibiieli cTeneny, yem
tPA. Ou neiictByer Mmeientee, yem PAI-1, konienrpa-
1[1sI KOTOPOTO B T1JIa3Me Ha 1opsiiok Boiie [17]. PAI-2
KOZIUPYETCS TeHOM Serpine2, pacioIoKeHHbIM Ha XPO-
Mocome 18q21.3. TpaHcKpuIius reHa MOy IUPYETCsT
Pa3JINYHBIMU PETYJIATOPHBIMU (DaKTOPAMU, BKIIOUAS
TOPMOHBI, ITUTOKUHBI 1 (hakTopbl pocta [2, 72]. PAI-2
OTHOCHUTCS K TPYIIIIE CTPYKTYPHO KOHCEPBATUBHBIX, HO
(OYHKIIMOHATIBHO Pa3HOOOPA3HBIX CEPIUHOB, U3BECT-
HBIX KaK 0BaIb0yMuHOII0n001b1e ceprunel [17]. PAI-2
CymiecTByeT B 2-x hopMax, repBasi u3 KOTOPBIX TIPEJI-
cTaBjIsteT co00i BHYTPUKIETOUHbI 6eok ¢ M.m. 47
k/la, cocrostiuii 13 415 a.0., ¢ TpeMsI TIOTEHITHATBHBIMU
caifTaMy TJIMKO3WJINPOBaHMs, a BTopas hopma sBJIsieT-
Cs1 CEKPETUPYEMbIM BHEKJIETOYHBIM TJINKO3UJINPOBAH-
HbIM Gesikom ¢ M.m. 60 k/]a. Peak THBHBII LIEeHTp WHIH-
6uTopa BKJIIOYaeT nentuanyio casb Arg380-Thr381,
KoTopas, Kak u B ciaydae PAI-1, npunumaer yuactue BO
B3aumoyieiictBun ¢ UPA. Bosbiiag yacte PAI-2 mnpej-
CTaBJIeHa HETJIUKO3UIUPOBAHHBIM OETKOM, COXPAHSIIO-
HIMMCS BHYTPHU KJIETKH, TOT/IA KaK B BUJIE TJIMKO3UJIH-
POBaHHON (hOPMbBI CEKPETUPYETCs JIHIIb HEGOIbINAst
vacth PAI-2. Cexperupyemsiii 6e1ox PAI-2 apiaserca
noctaTouto addexTuBHbIM HHrEOITOpOM UPA, x0T
oH jseiictByer Mmejentee, yuem PAI-1 [17, 73]. Ou
I0CcTaTouHo d(MPEKUBHO MHIUOUPYET CBA3bIBAHIE

Type 1 plasminogen
activator inhibitor: PAI-1

PAI-1 or serpin1 is the main uPA inhibitor. PAI-
1 was first found in human endothelial cell culture,
and then in plasma, platelets, placenta, and cell cul-
tures of fibrosarcoma and hepatocytes. It is also pro-
duced by vascular smooth muscle cells, fibroblasts,
monocytes/macrophages and adipose tissue stromal
cells [16]; PAI-1 is encoded by the serpinel gene lo-
cated on chromosome 7q21.3-q22 [16]. PAI-1 is a gly-
coprotein with a Mw of 43kda consisting of one
polypeptide chain, which includes 379 or 381 aar. In
the C-terminal part of the PAI-1 molecule, there is a
site of binding to uPA via Arg 346-Met 347 peptide
bond [16]. PAI-1 reacts rapidly with uPA to form a
stable complex with 1:1 stoichiometry [6]. PAI-1 can
bind to vitronectin and affect cell adhesion and mi-
gration [52, 53]. Besides, PAI-1 has been shown to in-
hibit apoptosis. However, PAI-1 ability to inhibit
apoptosis and modulate adhesion and migration does
not seem to depend on its ability to inhibit uPA [68,
69, 70]. It has been found that PAI-1 is produced by
both tumor and normal cells in the tumor microenvi-
ronment, including endothelial cells, macrophages
and adipocytes. At present, the tumorigenic effect of
PAI-1 is associated with its capability to enhance in-
vasion and tumor angiogenesis, which both correlate
with poor prognosis [71].

Type 2 plasminogen
activator inhibitor: PAI-2

PAI-2 (serpin2) is found in plasma at very low
concentrations. It is present in detectable amounts in
the blood only during pregnancy, because it is pro-
duced by the placenta. PAI-2 inhibits uPA activity to
a greater extent than tPA. It acts more slowly than
PAI-1, whose plasma concentration is 10 times more
then that of PAI-2 [17]. PAI-2 is encoded by the ser-
pine2 gene located on chromosome 18q21.3. Gene
transcription is modulated by various regulatory fac-
tors, including hormones, cytokines, and growth fac-
tors [2, 72]. PAI-2 belongs to a group of structurally
conservative but functionally diverse serpins known as
ovalbumin-like serpins [17]. PAI-2 exists in 2 forms,
the first of which is an intracellular protein with a Mw
of 47 kDa, consisting of 415 aar with three potential
glycosylation sites; and the second form is a secreted
extracellular glycosylated protein with a Mw of 60
kDa. The reactive center of the inhibitor includes pep-
tide bond Arg380-Thr381, which, takes part in the in-
teraction with uPA as in the case of PAI-1. A
non-glycosylated protein stored inside the cell is the
most common form of PAI-2, whereas only a small por-
tion of PAI-2 is secreted as a glycosylated form. The
PAI-2 secreted protein is a rather effective uPA in-
hibitor, although it acts more slowly than PAI-1 [17,
73]. It effectively inhibits the uPAR binding to uPA
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Fig. 4. The role of uPA-system in tumor progression.

Note. uPA — urokinase-type plasminogen activator; uPAR — uPA receptor; uPA inhibitors — PAI-1 and PAI-2. uPA binding to uPAR acti-
vates uPA and initiates a further proteolytic cascade, including formation of plasmin and MMP activation, which ultimately leads to degra-
dation of extracellular matrix proteins and release of regulatory molecules (growth factors, cytokines, etc.). uPAR binding to vitronectin
and co-receptors activates intracellular signaling. Both pathways influence the processes of cell migration, adhesion, proliferation, apoptosis
and EMT induction, which plays a key role in the main processes of tumor progression, i.e. invasion, metastasis and angiogenesis.
IIpumeyanue. uPA — akTuBaTOp IJIA3MUHOTeHa ypoknHasHoro Tuma, UPAR — penenrrop uPA; naru6utopsr uPA — PAI-1 u PAI-2. Css-
spiBanne UPA ¢ uPAR aktusupyer uPA n HHUIMEPYET AATBHENITHI TPOTEOTNTHYECKUH KACKaJ, BKIIOYAIOIIIN 00pasoBaHe IIa3MITHA 1
axruBaruio MMII, IpUBOAAIIIMNI, B KOHEYHOM CUETE, K AErpaiaiiuil GeJKOB BHEKIETOUHOTO MATPUKCA U OCBOOOKACHHIO PETYISATOPHBIX
MoJieKyJT (pakTOpBl pocTa, MUTOKUHEL, 1 1P.). CBsasbiBanue uPAR ¢ BUTpOHEKTHHOM U KO-PeleNTOPaMU aKTHBUPYET BHYTPUKIETOUHBIN
curnaauar. O6a myTH OKa3bIBAIOT BJAMSHUE HA [POIECCH KIETOYHON MUTPAIIMY, A/re31H, NPoardepalliy, anonTo3a U HHIYUPOBAHUS
IMII, uTo Urpaet KI0UYEBYIO POJIb B OCHOBHBIX IIPOIIECCAX OITyXOJIEBOI TPOrPECCUi — UHBA3UU, METACTA3UPOBAHIU U AHTHOTEHE3e.

uPAR c uPA [68]. [lokazano, 4TO BHYTPUKJIETOUHBII
PAI-2 mosxeT urpaTh poJsib B KOHTPOJIE aronTosa | 75,
76,]. Ectb nannbie, uro PAI-2 yyactByet B perysdnuu
PeMOojIeIMPOBAHNUS KOJLJIAT€HA B CTPOME, UTO BJIUSIET HA
POCT OIYXOJIM ¥ MHBA3UIO [74]. YcTaHOBJIEHO, UTO YPO-
BeHb PAI-2 3HaunTe/IbHO BBIIIIE IPU 3JI0KAYECTBEHHbIX
OIYXOJISAX TI0 CPABHEHUIO € 10OPOKAYECTBEHHBIMHU, A
noBbITeHHas1 aKcpeccus UPA-2 accoruupoBana ¢ yBe-
JINYEeHUEeM CPOKa JKU3HU IAI[HeHTOB, yMEHbIIEHUEM
METACTa30B U CHU)KEHUEM CKOPOCTH POCTA OIMYXOJIH
IIPU PA3JIMYHBIX TUTIAX paKa [73, 74].

Yuacrue cucrembl uPA B nnpoieccax
KaHIleporeHe3a, BOCIaJIeHuUs,
Heiiporenesa u puOpUHOIN3A

Kanneporenes. [Ipoteonutudeckue u perysis-
Topuble GyHKIUU cucTeMbl UPA Hanboee SIpKo BhIpa-
JKEHBI B PETYJAINN TaKUX KU3HEHHOYTPOKAIONUX
COCTOSTHUI KaK KaHIlepoTeHes, BocnaaeHue, Heitpore-
He3 1 pubpunoIN3 |2, 4, 8, 9]. OHkosmOrNUECKHE 3260-
JIEBAHUS 3aHUMAIOT BTOPOE MECTO TI0 3a00JIeBAEMOCTH
U CMEPTHOCTHU TMOCJIE CEPIEYHO-COCYTUCTRIX 3a00Te-
BaHUI, B YaCTHOCTH, MTOCJIE MHCYJIBTA TOJIOBHOTO MO3Ta
1 mHdapKTa MUOKap/a. YCTAaHOBJIEHO, YTO PAKOBBIE
KJIETKU 3KCIIPECCUPYIOT KOMIOHEHTHI UPA cuctembpl
3HAUUTETBHO 2 (PEeKTUBHEE, YEM KJIETKU HOPMAJTBHBIX
TKaunei [2, 4, 8, 9] (puc. 4).

uPA cucrema urpaet Kio4eByio poJib B pa3Bu-
THU MTPOIECCOB MHBA3UM, METACTA3UPOBAHUS U AHTHO-

[68]. Tt is shown that intracellular PAI-2 may con-
tribute to the control of apoptosis [75, 76]. There is an
evidence that PAI-2 is involved in the regulation of col-
lagen remodeling in the stroma, which affects tumor
growth and invasion [74]. It has been found out that
the PAI-2 level is significantly higher in malignant tu-
mors as compared to benign ones; and an increased ex-
pression of uPA-2 is associated with increasing the
patients' life span, decreased metastases and rate of
tumor growth of various types of malignancies |73, 74].

The involvement of the uPA system
in carcinogenesis, inflammation,
neurogenesis and fibrinolysis

Carcinogenesis. Proteolytic and regulatory func-
tions of the uPA system are most evident as regulators
of life-threatening conditions: carcinogenesis, inflamma-
tion, neurogenesis and fibrinolysis [2, 4, 8, 9]. Oncolog-
ical diseases occupy the second place in morbidity and
mortality after cardiovascular diseases, in particular,
after stroke and myocardial infarction. It has been found
out that cancer cells express the components of the uPA
system much more effectively than normal tissue cells
(fig. 4) |2, 4, 8,9 ]. The uPA system plays a key role in
the development of invasion, metastasis and angiogen-
esis processes, which are responsible for the progression
of malignant tumors (fig. 4) [14, 32—34, 38]. The in-
creased uPA and uPAR expression stimulates activation
of the proteolytic cascade, including activation of plas-
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reHe3a, KOTOpbIE OTBEYAIOT 32 MIPOIPECCUIO 3JI0KaYe-
cTBeHHbIX orryxoJelt [14, 32—-34, 38] (puc. 4). YBenu-
yenHas sakcripeccus uPA u uPAR ctumysupyet akTu-
BaIMIO TIPOTEOTUTUYECKOTO KacKajla, BKJIIOYAIONIETO
AKTUBAIMIO TIJIA3MUHOTEHA W TIPEBPAICHUSA €ro B
MJIA3MIH, KOTOPBIN, TOMUMO y4acTusi B GUOPUHOIHUSE,
BoBJIeUeH B THposm3 Genkos CTM, a Takke akTHBa-
IUIO TPeAIeCTBeHHUKOB cekpetupyembix MMIL.
MMII criocoGHBI THAPOIM30BATH BCE OCHOBHBIE KOM-
noHeHTsl CTM 1 BBITIOJHATD KJIIOYEBYIO POJIb B pa3-
BUTHM TIPOIECCOB MHBA3UM, METACTA3UPOBAHUSA U
anruorenesa [4, 7, 32—37]. MMII napany c uPAR
BBITIOJIHAIOT W Ba)kKHBbIE PETYJISATOPHBIE (DYHKINU
MyTeM aKTUBAIMU UJIA OCBOOOKACHUS CBA3AHHBIX C
CTM 6uosiornvecku akTHBHBIX MOJIEKYJI, Y9aCTBYIO-
MIMX B PETYJIAIMH TPOIECCOB, HAITPABJIEHHBIX Ha OITY-
XoJieBylo tiporpeccuio [6, 12, 14, 25, 29, 38, 39, 44—46].
Bonbiioii skcniepuMeHTaNbHbBIN 1 KITMHUYECKUH MaTe-
pHaJ TT03BOJIUI YCTAHOBUTD YYACTHE OT/IEIbHBIX KOM-
nmoHeHToB cucTeMbl UPA B 1poiiecce KaHieporenesa u
MCIOJIb30BaTh UX B KauecTBe Mapkepos [9]. Boicokas
srcrpeccust uPA Habmoaach B aKTHBHO WHBA3U-
PYIOIIMX U METACTa3UPYIOIINUX OITyX0JIIX 110 CpaBHe-
HUIO C IEPBUYHBIMU OMYXOJISIMU U SBJISAJIACH TOKA3a-
TesieM 00mIel 1 Ge3PeuANBHON BbIKMBAEMOCTH, a
uHrn6upoBanye UPA TPUBO/IIIO K CHIKEHUIO POCTA,
WHBa3WM M MeTacTazupoBanwus omyxosu [1, 2, 18].
Ixcrpeccust UPAR Takske kak u uPA koppenupyer ¢
arpecCUBHOCTBIO OIyX0Jin. BakHO OTMETUTD, YTO yBe-
Jgudenne skcrpeccun uPAR npoucxoant B TKanu orry-
X0JIM, HO He B MpUJeraionieii HOpMaJabHOW TKaHU.
uPAR ciry>xuT X0oporiieii TepareBTHYeCKO MUTIIEHbIO,
Ha KOTOPYIO HalpaBJeHa pa3paboTKa psijia JTeKapCT-
BEHHBIX 1Ipenaparos [1, 4,9, 77, 78]. Muruburop PAI-
1 mpuHUMaeT yyacTre B MHTMOUPOBAHUN TIPOIECCOB,
WHBA3UK U METACTA3UPOBAHUS TTyTEM HHTHOMPOBAHVST
uPA 1 IpoTe0NMTIYECKOTO KacKala, BKIIOYAIOIIETO
axtuBaiunio mrasmunoredsa 1 MMII. Oxnaxko PAI-1
MOJKET Takyke GJIOKUPOBATH MPOTEUHASHI, Pa3pPyIIaio-
e OYXO0JIb, U 3AIUIIATH OITYX0JIb OT TIPOTEOIH3A.
CremoBaTeibHO, BBICOKUH YpOBeHb aKcIipeccuu PAT-
1 MOXKET CITYsKUTDh TIPEIMKTOPOM HEOIATOTPUATHOTO
MIPOTHO32a M YKa3bIBaTh Ha ITOBBINICHHBIN PUCK BO3-
HUKHOBEHUSI METACTA30B U PEIUAMBOB omnyxoJn [16,
68, 71]. B orommune ot PAI-1Bbicokas akcripeccust PAI-
2 cBsI3aHA € yBeJIMYEHUEM CPOKA SKU3HU MallUEeHTOB,
YMEHbBIIIEHUEM YUCJIa METACTa30B U CHUKEHUEM CKO-
POCTH POCTA OITYyXOJIH TIPY Pa3IMYHBIX THTIAX paka [73,
76, 77]. Cnenyet noguepkuyTh, uto UPA-crcrema pac-
CMaTpUBAETCS KaK O/[HA U3 TIEPCIIEKTUBHBIX MUIIICHEH
JIJIsT TIPOTUBOOTTYX0JIeBO# Teparuu [39, 59, 77-79].
Bocnasenue. B MHoOroctyneHuyaTtoMm Ipoiiecce
BOCIIATIEHUSI MUTPAIXA JIEHKOIIUTOB B 0Yark BocIiaje-
HUA SBJIFETCH KJIIOUEBLIM 3BEHOM IaToreHe3a. JTOT
ITPOIIECC XeMOTaKCHCa HAYMHACTCS C BBIXO/IA JIEHKOTIH-
TOB U3 KPOBEHOCHBIX cOCY/IOB B TKaHb [80] (puc. 5). On
ITPOMCXOJIUT U B HOPMeE, HO TIPU BOCITAJIEHUU MUTPAITUS
JICHKOIIMTOB 3HAUYNTEJILHO yBesnynBaercs. Jlelkom-
TBI BBIXOJIAT U3 COCYZIOB Ha <CTBIKE» MEK/LY dHIOTEH-

minogen and its transformation into plasmin, which, in
addition to participation in fibrinolysis, is involved in
hydrolysis of ECM proteins, as well as in activation of
precursors of secreted MMPs. MMPs can hydrolyze all
major ECM components and play a key role in invasion,
metastasis and angiogenesis [4, 7, 32—37]. MMP along
with uPAR perform important regulatory functions by
activating or releasing ECM-related biologically active
molecules involved in the regulation of processes asso-
ciated with tumor progression [6, 12, 14, 25, 29, 38, 39,
44—-46]. Accumulated experimental and clinical data
have clarified contribution of uPA system components
to carcinogenesis and to developing the biomarkers of
pathological conditions [9]. High uPA expression was
observed in invasive and metastatic tumors compared
to primary tumors and was revealed as a prognostic bio-
marker of the overall and relapse-free survival. uPA in-
hibition resulted in reduced tumor growth, invasion and
metastasis [1, 2, 18]. Similarly to uPA, the uPAR expres-
sion correlated with the tumor aggressiveness. It is im-
portant to note that the increased uPAR expression
occurs in the tumor tissue, but not in the adjacent nor-
mal tissue. uPAR serves as a good therapeutic target for
a number of drugs under development [1, 4, 9, 77, 78].
PAI-1 participates in inhibition of the processes of inva-
sion and metastasis through inhibition of uPA and pro-
teolytic cascade that includes plasminogen and MMP
activation. However, PAI-1 can also block tumor-de-
stroying proteinases and protect tumor from proteolysis.
Therefore, a high level of PAI-1 expression may serve as
an unfavorable prognostic factor demonstrating the in-
creased risk of metastasis and tumor relapse [16, 68, 71].
Unlike PAI-1, high expression of PAI-2 was associated
with an increased patients’ life span, decreased metas-
tasing, and a decreasing the tumor growth in various
types of cancer [73, 76, 77]. It has been suggested that
the uPA-system remains one of the most promising tar-
gets for anti-tumor therapy [39, 59, 77-79].
Inflammation. Migration of white blood cells —
leukocytes (WBC) to inflammation foci is a key patho-
genetic element in the multi-stage process of inflamma-
tion. This process of chemotaxis begins with the release
of WBCs from the blood vessels into the tissue (fig. 5)
[80]. It occurs under normal condition, but the WBC
migration is significantly increased in inflammation.
White blood cells come out of the vessels through the
altered junctions between endothelial cells. This process
occurs due to the interaction of WBC adhesive mole-
cules with adhesive receptors (selectins) of activated en-
dothelial cells. As a result, WBC migrate to tissues.
B,-integrins play an important role during the WBC mi-
gration through vascular walls: LFA-1 and CR3, which
are expressed on WBCs and are in contact with en-
dothelial receptors of intercellular adhesion belonging
to the immunoglobulin superfamily. The expression of
these integrins increases in inflammation, which leads
to increased transendothelial migration [80]. The di-
rected movement of WBCs to the focus of inflammation
in the tissues occurs because of chemoattractants that
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BocnajieHHasi TKAHb NPOBOCHAIHTEIbHbIE Inflamed tissue pro-inflammatory cytokines,
nuTokuHbl, TNF-a, IL-1f, XeMoaTTpaKTaHTBI TNF-a, IL-1f, chemoattractants
[ I'unepskenpeccusi uPA u uPAR ) [ uPA and uPAR overexpression )
T L — ) ey

OopasoBanue
Ia3sMHHA

MMII

Plasmin
formation
ECM degradation

(Cell migration, invasion, proliferation J

Integrins,
Vitronectin
EGFR, FPRL-1

Hnrerpunsl,
BHTPOHEKTHH

At EGFR, FPRL-1

Jerpapauust CTM

(Mnrpamm, HHBa3us, NpoJaudepanus KJIeToK )

[Cmmy.rmuna XeMoT NPHTOK JIeii T uu]

B 04Yaru BOCnaJieHusl
Puc. 5. Posb uPA-cucrempl B BOCTIAJIHMTENBHOM IPOIIECCE.
Fig. 5. The role of uPA-system in the inflammatory process.
Note. Inflammation increases the expression of uPA and uPAR. uPA and /or its amino-terminal fragment, which does not contain a catalytic
site, stimulates chemotaxis and WBC migration. While interacting with co-receptors (integrins, vitronectin EGFR, FPRL-1), uPAR stim-
ulates cell migration, invasion and proliferation. The interaction of uPA with uPAR triggers the proteolytic cascade (plasmin formation
and MMP activation), which leads to the ECM degradation and also promotes cell migration and invasion. All these processes ultimately
stimulate chemotaxis and the WBC migration to the inflammation foci.
IIpumeuanue. [Ipu Bocnanenuu nmpoucxoant yBeandenue sxcrpeccun UPA u uPAR. uPA u/wim ero aMunokoHIeBoii hparMent, He co-
JIepIKaIuil KaTaTUTUYeCKOTO caliTa, CTUMYJINPYeT XeMOTaKCHUC M MPUTOK JeiikonnToB. UPAR mpu B3anMozeiicTBUN ¢ KO-perentopaMmn
(unrerpunami, ButpoHekTuHoM EGFR, FPRL-1) ctumysupyer murpaiuio, nHBazuio u npoJmndepanuio kiaetok. Bzanmoseiictsue uPA ¢
uPAR sarnyckaer nporeosiutnueckuii kackas (obpasosanue miasmMuia 1 akruBais MMIT), koropsiii npuBoaut K Aerpaganun CTM u
Tak’ke CocoOCTBYET MUTPAIIMN M MHBA3UH KJIETOK. BCe 9TH MPOIIECCHl, B KOHEYHOM CYETe, CTUMYJIMPYIOT XEMOTAKCHC 1 MIPUTOK JIEHKOINTOB

i

Stimulation of chemotaxis,
‘WBC migration to the inflammation foci

B O4aru BOCIIAJICHU .

AJBHBIMU KJIETKAMU. IJTOT IPOIecC IIPOUCXOIUT B
pesyJbTare B3auMOJEHCTBUSA AJTe3WBHBIX MOJIEKYJI
JIEKOIIMTOB € aKTUBUPOBAHHBIMU KJIETKAMU 9HJI0Te-
Jiigd, Ha IOBEPXHOCTH KOTOPBIX IPU BOCHAJIEHUU
HOSBJIAIOTCA crielnruyecKue a/ilre3uBHbIE PelerTOPbl —
CEJIEKTUHBI, KOTOPble 0OECIednBAIOT HAPABJIECHHOE
JBUKEHME JIEHKOIIUTOB B T€ TKAHU, IJle OHU HYXKHBL
[Ipn murparnum JefiKOIUTOB Yepe3 CTEHKU COCYI0B
BaykKHasI POJib OTBONTCsI B,-unTerputam: LFA-1u CR3,
KOTOpBIE 9KCTIPECCUPYIOTCS Ha JICHKOIMTAX 1 KOHTAK-
TUPYIOT C 9HJIOTETMATBHBIME PEIETTTOPAMU MEKKJIIE-
TOYHOI a/Ire31K U3 CyIiepceMeiicTBa IMMYHOTJIO0Y -
HOB. ITO CMOCOOCTBYET CBA3LIBAHUIO JIEHKOIUTOB C
SH/IOTETMAMBHBIMI  KJIETKAMU. IKCIIPECCHsT ATUX
WHTETPUHOB yBEJIWYUBACTCS TIPU BOCTAJICHWH, UTO
MIPUBOIAT K YCUJICHUIO TPAHCHHIOTETMATTBHON MUTPa-
mn [80]. HampaBienHoe ABWSKeHHE JTEHKOIHMTOB K
oYary BOCMAJICHUS B TKAHSIX TIPOUCXOIUT TIO/T BIUSTHI-
€M XeMOATTPAKTAHTOB, BBI3BIBAIONUX XEMOTAKCHC, a
TaKsKe KOMITOHEHTOB, KOTOPbhIE 00eCTIeYnBAIOT Pa3BH-
THe aToro mporiecca. Crcrema-uPA, B cocTaB KoTOpOIt
BXOJISIT KOMIIOHEHTBI, HAXO/ISIIAECS HA TOBEPXHOCTH
KJICTKW 1 B TIEPHIIEJITIO/ITPHOM IIPOCTPAHCTBE, OTBEYA-
et 3a pasBuTHe XeMoTakcuca [ 10, 80—-82]. KommoreHTHI
uPA-crcTeMbl 9KCTIPeCCUPYIOTCS MHOTIMI KJIETKaMU
PasJIMYHBIX TKAaHEH, B 9acTHOCTH, Jeiikonutamu |80,
83]. Ux axcmpeccust m cekpenus 3HAYUTETBHO yBe-
JIMIUBAIOTCS B TIPOIIECCe BOCTIATIEHNs B OTBET Ha JIefi-
CTBHE XeMOATTPAKTAHTOB, TAKUX KaK MHTEPJICHKIUHBI- |
n -2 (1L-1 u IL-2), uarepdepon y (IFN-y), hakrop Hek-

cause WBC chemotaxis. The uPA system, which in-
cludes components located on the cell surface and in the
pericellular space, participate in chemotaxis [10, 80—82].

The components of the uPA system are expressed
in various tissues and cells, particularly, in WBCs [80,
83]. Their expression and secretion is significantly in-
creased during inflammation response because of the
action of cytokines: interleukins IL-1 and IL-2, inter-
feron gamma (IFN-gamma), tumor necrosis factor-a
(TNF-a), other cytokines (fig. 5) [81, 82, 84]. Rat
studies demonstrated that the N-terminal fragment of
uPA containing a growth factor-like domain and a
kringle domain can induce chemotaxis while binding
to uPAR [24]. It has been shown that uPA induces
chemotaxis, which depends on the binding of the en-
zyme to the cell surface membrane and uPA —uPAR
interaction. Therefore, the proteolytic domain was not
involved in chemotaxis [25]. uPA promotes neutrophil
activation, induces the release of pro-inflammatory
factors from monocytes and has a direct cytolytic ef-
fect on a number of bacteria [4, 81, 82]. uPAR pro-
motes activation, migration and proliferation of
leukocytes through interaction with uPA and inde-
pendently of uPA via interaction with integrins, vit-
ronectin and tissue receptors (fig. 5) [2, 22, 23].
Soluble uPAR forms, which are secreted by activated
neutrophils, possess chemotactic properties [60].
uPAR in migrating cells is focuses on the «leading»
edge of the cell and thus regulates the uPA concentra-
tion and activity on the surface of migrating cells [81].
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posa omyxom-¢ (TNF-a), urokunst u ip. [81, 82, 84]
(puc. 5). B ucceoBanmsx Ha KppIcaX YCTAaHOBJIEHO, UTO
N-konmeBoit pparmerT uPA, cocrosmuii n3 qomMeHa
0A06HOTO (haKTOPY POCTa M KPUHTJI-IOMEHA, ITPU CBSI-
3prBaHnn ¢ UPAR MoskeT nHIyTIMpOBaTh XEMOTaKCHC
[24]. Ilokasano, uro uPA unaynupyer xeMoTakcuc,
KOTODBII 3aBUCHT OT CBsI3bIBaHIsI (hepMeHTa ¢ MeMOpa-
HOU KJIETOYHOH TIOBEPXHOCTH M OT B3aUMOJIEHCTBUS
uPA ¢ uPAR. CraemoBaTenbHO, TTPOTEOTUTHYECKUI
JIOMEH He ydJacTByeT B xemoTakcuce [25]. uPA mpomo-
TUPYET aKTUBAIUIO HEHUTPODUIOB, WHIAYKIUPYET
BBIGPOC TPOBOCIATIUTEIbHBIX (haKTOPOB U3 MOHOIMTOB
u o6JagaeT MpsIMbIM [UTOJUTHYECKUM JeHCTBUEM,
HalpaBJIEHHBIM Ha psi Oakrepuii [4, 81, 82]. uPAR crio-
cOGCTBYET aKTHBAIIMK, MUTPAIUU U TPOJdepanum
JIEHKOIIMTOB KaK yepe3 B3anmMoieiictBre ¢ UPA, Tak u
HezaBrcuMO oT UPA uepes BanMo/ieiicTBre ¢ MHTETpH-
HaMW, BUTPOHEKTHHOM M TKAHEBBIMU PEIENTOPaMH |2,
22, 23] (puc. 5). PacrBopumpbie hopmb uPAR, koTopbie
CEKPeTHUPYIOTCS aKTUBUPOBAHHBIMHU HEUTPOhUIaAMHU,
0061a/1a10T XeMOTaKTIIeCKUME cBoticTBamu [60]. uPAR
B MUTPUPYIONIUX KJETKAX COCPEAOTAuMBAETCS Ha
«JIAANPYIOIIEM»> KPae KJIETKU U TaKUM 00pasoM pery-
JINPYeT KOHIIEHTPAINIO 1 aKTUBHOCTH UPA Ha rmoBepx-
HOCTU MUTrpupylonux kieTok [81]. Ha mogesnu sxuBot-
HBIX YCTAHOBJIEHO, YTO TIPU CHUZKEHUH 9KcIipeccu UPA
nim UPAR mponcxoaut cHMKeHre MUTPAIIU U KOJIN-
YecTBa JIEHKOIMTOB, a TAKKe BRIPAKEHHOCTH BOCTIAH-
tesibHoro orsera [ 10, 81, 82]. Baxueiinryio poJib B MUT-
paru erikoruToB urpaet nectpykimst CTM, kotopas
ocymiectsisiercs MMII. Cucrema-uPA, axcripeccus
KOMTIIOHEHTOB KOTOPOH YBEJTMUNBAETCS TIPU BOCTIAJIe-
HUM, OTBevaeT 3a akTusaiio MMII, koTopbie c11oco6-
HBI TH/IPOJIM30BaTh OCHOBHBIE KOMTIOHeHTBI CTM, uem
00€eCIIeunBAOT MUTPAIMIO KJIETOK ¥ CTUMYJUPYIOT
XEMOTAKCHUC — TMPOIIECCHI, 0OecTIeunBaroIiie IPUTOK
JIEWKOIMTOB B ovar Bocranenust [2, 79, 81, 82]. Murpa-
IUsT JIEHKOIUTOB B OYar BOCMAJIEHUS MTPOUCXO/IUT B
ompe/ieleHHON odepesHOocTH. CHavyajia MUTPUPYIOT
HeNTPOdUIIbI, 3aTeM MOHOIUTHI 1 JIuMMoIuThL. [Ipej-
roJtaraeTcst, 4to GoJiee Mo3/HsIst MUTPAIst MOHOIIUTOR
U JIEHKOITUTOB OOBSICHSIETCS X MEHBIIIEH UyBCTBUTE/Th-
HOCTBIO K XeMoaTTpakTantam. [loce okoHuaHus TIpo-
1iecca BOCIaIeH S IPOUCXOJIAT MOCTETIEHHOE yIaJeHue
JIEWKOITUTOB: TIEPBBIMU AJTUMUHUPYIOT HEUTPO(DUIIBI,
3areM JuMbonuTel 1 MoHouuTel [80-82].
Du6punoau3. OUOPUHOJIUS ABISIETCS YaCThIO
roMeoctasa. IJTOT IMPOIECC BBITIOJHIET BaKHYTO
3AMUTHYIO (GYHKIUIO — MPEJOTBPAIAET 3aKYIOPKY
KPOBEHOCHBIX COCYIOB (DUOPUHOBBIMU CTYCTKAMU
[85-87]. MepmenTOM paspymraomuM GUOPUH CIy-
SKUT IU1asMuH. Paciiensienne (GuOpuHa SBJISETCS
OCHOBHOI usnosornyeckoit pyHkKIuel 1naa3MuHa,
KOTOPBIN WHOT/Ia HasbiBaOT (hubpuHOIM3HOM [87].
[Lrasmus 06pasyeTcst IPY aKTHBAIIMHI TIa3MITHOTE€Ha,
KOTOPBII MMEET BBICOKOE CPOJACTBO K dubpuny. Ipu
CBSI3BIBaHUY ¢ (QUOPUHOM ILJTa3MUHOTEH ITpruodperaer
KOH(OopMaIio, KoTopast JIETKO aKTUBUPYETCS ¥ Tpe-
Bpalraercs B miasmMuH. B dusmnonornyeckux ycio-

It was established on the animal model that a decrease
in uPA or uPAR expression leads to a decrease in
WBC migration and WBC count, as well as the sever-
ity of the inflammatory response [10, 81, 82]. ECM de-
struction by MMPs contributes the most to the WBC
migration. The uPA system, the expression of compo-
nents of which increases in inflammation, is responsi-
ble for the MMP activation, which are capable of
hydrolyzing the main ECM components, thus ensur-
ing cell migration and stimulate chemotaxis, i.e.
processes that ensure the WBC migration to the in-
flammation focus [2, 79, 81, 82]. WBC migration to
the inflammation foci occurs in accordance with a cer-
tain order. First, neutrophils migrate, then monocytes
and lymphocytes do. It is assumed that the later mi-
gration of monocytes and leukocytes is due to their
lower sensitivity to chemoattractants. Gradual elimi-
nation of WBC occurs after the end of the inflamma-
tion: firstly, increased neutrophils are eliminated, then
lymphocytes and monocytes do [80—82].

Fibrinolysis. Fibrinolysis is an element of home-
ostasis. This process performs an important protective
reaction preventing the obstruction of blood vessels
with fibrin clots [85—-87]. Plasmin is the enzyme that
destroys fibrin. Fibrin cleavage is the main physiolog-
ical function of plasmin, which is sometimes called fib-
rinolysin [87]. Plasmin is formed during plasminogen
activation that has a high affinity for fibrin. While
binding to fibrin, plasminogen acquires a conformation
that is easily activated and converted into plasmin.
Under physiological conditions, activation of plas-
minogen is initiated by formation of fibrin, on the sur-
face of which plasminogen and tPA with high affinity
to fibrin are co-located. This co-location increases the
rate of plasminogen activation 1000-fold under the ef-
fect of tPA [3], while new tPA and plasminogen binding
sites are formed on the surface of fibrin under the effect
of plasmin, which increases their concentration on the
fibrin and the degree of fibrin lysis [3, 86, 87]. t PA plays
a crucial role in fibrin cleavage in a clot, since this plas-
minogen activator has a high affinity to fibrin [85, 87].
uPA has no affinity to fibrin and activates plasminogen
mainly in plasma and ECM [10, 88]. In cases of high
concentrations of plasmin, which may occur with in-
sufficient amount of fibrinolysis inhibitors, which, in
turn, can lead to abundant unarrested bleeding. In the
case of insufficient amount of plasmin, which may
occur with high expression of fibrinolysis inhibitors or
with insufficient expression of plasminogen activators,
the destruction of a blood clot will be difficult, and it
can obstruct the vessel partially or completely. This can
lead to stroke, myocardial infarction and other diseases
associated with thrombosis [85, 86].

Neurogenesis. There are data on the key role
of uPA in the development of the central nervous
system. The uPA-uPAR molecular complex is in-
volved in cellular signal transmission during neu-
ronal migration, which is essential for the proper
formation of neural networks in the process of neu-

GENERAL REANIMATOLOGY, 2018, 14; 6

www.reanimatology.com



74

DOI:10.15360,/1813-9779-2018-6-61-79

Reviews

BUSIX aKTUBAIUS [JTA3MUHOTEHA MHUTIMUIPYeTCst o6pa-
30BaHueM (GUOPUHA, HA TOBEPXHOCTH KOTOPOTO COJIO-
KaJIM3yIoTcs TiasMutoren 1 t PA, mmerorye BbICOKOe
cpoznctBo K Gubpuny. Takas cosokanusanusi yse-
JIMYUBAET CKOPOCTb aKTUBAIIMH TJIA3MUHOTEHA IO/
nericruem tPA B 1000 pa3 [3], mpu aToMm o eiicTBu-
€M TIa3MITHA Ha TOBEPXHOCTH (hubprHa 00pasyroTest
HOBBIE TIEHTPBI CBA3bIBaHUs tPA 1 ryta3aMunorena, uto
YBEJIMYMBAET UX KOHIEHTpAIUio Ha pubpute u cre-
nens Jmsuca pubpuna [3, 86, 87]. Pemaolryio poJb B
pacuienienuu ¢hubpuna B TpombGe urpaet tPA, T. k.
3TOT aKTUBATOP IJIA3BMUHOTEHA UMEET BBICOKOE CPOJI-
cTBO K (pubpuny [85, 87]. uPA He nmeer cpozcTBa K
(huGpUHY 1 AKTUBUPYET MIA3MUHOTEH B OCHOBHOM B
miazme u CTM [10, 88]. B cayuasix BbICOKMX KOH-
HEHTPAIUi TJIa3MUHA, KOTOPbIe MOTYT BO3HUKHYTD
MPU HEIOCTATOYHOM KOJIMYECTBE MHIMOUTOPOB (hub-
PUHOJIU3A, MOTYT TPOUCXOAUTH OOUIBHBIE TPYIHO-
ocTaHaBJMBaeMble kKpoBoTeyeHus. [Ipu nempocraTou-
HOM KOJHMYECTBE IJIAa3MUHA, KOTOPOE MOXKET
BOBHUKHYTb TIPU BBICOKOIT 9KCIIPECCUN HHTHOUTOPOB
(hbubpUHOIM3A NIIK TIPU HEAOCTATOYHON 9KCITPECCUH
AKTUBATOPOB IJIA3MUHOTEHA, paspylieHue Tpomba
GyJleT 3aTPY/AHEHO, U OH MOJKET TEPEKPHITH COCY
YACTUYHO WJIM MOJHOCTBIO. ITO MOKET MPUBECTH K
UHCYJIBTY, MH(MAPKTY MUOKap/a U ApyruM 3a60JieBa-
HUM, CBSI3aHHBIM ¢ TpoM6Go30M [85, 86].

Heiiporenes. [lonyyennsl nanubie 0 KI04Y€BOM
poau uPA B pazsutuu [[THC. Mosiekyasspubiii Kom-
miiekc UPA-uPAR yuacTByer B keTouHOl Mepesave
CUTHAJIOB TIPU MUTPAIIMK HEHPOHOB, 4TO MMEET CyTIe-
CTBEHHOE 3HAYEHUE [ TTPABUJIBHOTO (hOPMHUPOBA-
HUS HeHPOHHBIX ceTell B mpollecce HeWpUTOreHesa
[88]. Kpome Toro, ycranosiieHa HoBast OMoJiornye-
ckag dynkiusgs uPAR-uPA B kauectBe menmaropa
B3aUMO/ICHCTBUSA MEXK/Y HEHPOHAMU U aCTPOIIUTAMU
Mmoszra [89]. CassiBanue uPA neitponos ¢ uPAR act-
POIUTOB CIOCOGCTBYET BOCCTAHOBJIECHUIO CUHATICOB B
MO3Te, TIOJIBEPTIIeMYCsl UIIEMUYECKOMY TTOBPEXK/Ie-
auio [90]. drta dyukumg me tpedyer oOpasoBaHms
MJIA3MUHA, & OIOCPEyeTCsl Yepe3 aKTUBAIIMIO P
CUTHATBHBIX KHa3 [91].

3akiaoyeHue

Taxum 06pa3oM, MHOTO(MYHKIMOHATbHAST CHCTE-
Ma uPA BbITIOJTHSIET KITIOU€EBbIE (PYHKITUN HE TOJBKO B
npoiecce GuUOPUHOIM3A, OCYIIECTBISISI 3alIUTHBIE
peakiuu u 06ecredynBast PeryJsiiuio HOPMaJIbHOTO
KpOBOTOKA B opranuame. OHa Takke MMeeT BaKHOe
3nauenue B jerpaganuun CTM wu perymsamun psiia
HOPMaJIBHBIX (DU3MOJOTUYECKUX MTPOIIECCOB, TAKUX
KaK pOCT M PeMOJIeTMPOBaHUE COCY/IOB U TKaHeEH,
AHTHOTeHe3, SMOPUOTEHE3, MUTPAIHSI KJIETOK, 2 TAKKE
B IIATOJIOTMYECKUX MPOIleccax |, Mpexk/e BCero, mpu

Jluteparypa
1. Jaiswal R.K., VarshneyA.K., Yadava P.K. Diversity and functional evolu-

tion of the plasminogen activator system. Biomed. Pharmacother. 2018;
98: 886-898. DOI: 10.1016/j.biopha.2018.01.029. PMID: 29571259

ritogenesis [88]. In addition, a new biological func-
tion of uPAR-uPA as a mediator of interaction be-
tween neurons and astrocytes of the brain has been
recently established [89]. The binding of uPA neu-
rons to uPAR astrocytes promotes the restoration of
synapses in the brain exposed to ischemic damage
[90]. This function does not require plasmin forma-
tion, rather it is mediated through the activation of
a number of signaling kinases [91].

Conclusion

Therefore, the multifunctional uPA system
performs key functions not only in fibrinolysis by
carrying out protective reactions and ensuring the
regulation of normal circulation. It is also important
for the ECM degradation and regulation of a num-
ber of normal physiological processes, such as
growth and remodeling of blood vessels and tissues,
angiogenesis, embryogenesis, cell migration, as well
as in pathological processes and, above all, in in-
flammation and carcinogenesis. These functions are
implemented both through the components of the
uPA system and through the products of its activity,
i. e. plasmin and MMPs, thus providing not only the
ECM degradation, but also the activation and re-
lease of a number of biologically active regulatory
molecules. Location of these components on the cell
surface and in the pericellular space link adhesion,
cell migration, proliferation, apoptosis, chemotaxis
to regulation of key physiological and pathological
processes.
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Jlokanmsamust 3TUX KOMIIOHEHTOB Ha MOBEPXHOCTH
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Contribution of Imaging Techniques for Patient's Safety
in Anesthesiology Practice (Review)

Andrey Yu. Zaitsev, Kyrill V. Dubrovin, Vsevolod A. Svetlov

B.V. Petrovsky Russian Scientific Center of Surgery
2 Abrikosov lane, 119881 Moscow, Russia

Mel[I/ILH/IHCKaH BU3ya/in3alyid, KaK KOMIJIEKC MED, OCHOBaHHBIN Ha TIPpUMEHEHUN q)I/ISI/I‘{eCKI/IX METO10B obcie-
JIOBaHUA N HaHpaBJIeHHBIfI Ha OCYIIECTBJIEHNE 3PDUTETBHOTO KOHTPOJIA 3a COCTOSAHUEM NCCJIEYyEMOTro OpraHa 1 TKaH!
NN N3SMEHEHUEM €r0o BCJICACTBHME BHECIIHETO BOSZIeﬁCTBHH ABJIACTCA OZIHOI71 13 OCHOB COBpeMeHHOI'/JI 6e30macHol aHe-
CTE3U0JIOTTIECKOMI TIPaKTUKHU. I'naBHBIM TIPENMYIIIECTBOM BU3YyaJaNU3allNN ABJIACTCA BO3MOKHOCTD 6BICTDO, I/IHd)O]I)-
MAaTUBHO, B PEJKMME PEAJTbHOTO BPEMEHU! TTOJIYYNTH HeO6XO]II/IMbIe JANAarHoCTU4YeCKue JlaHHbI€ O COCTOAHMHN OCHOBHBIX
CHCTEM OpraHusMa. KPOMG TOTO, €€ IPUMEHEHNE ITO3BOJIAECT YMEHBIITUTDH PUCKN PA3BUTUA OCJIOKHEHU TIPYU BBIIIOJI-
HEHUN MaHHHy]IH]_[Hﬁ. B HaCTOAIIEM 0630pe YKa3aHbl BOBMOKHOCTHU PAa3JINYHBIX METO/IOB BU3YyaJan3allnm, X 110J0-
JKUTEJIbHBbIE N OTPUIlAaTEJIbHbIE CTOPOHBI, 0COOEHHOCTN TIPUMEHCHUA.

Knioueswte cnosa: BU3YAIU3AUUA, YIbMPA3BYKOBOE UCC]le‘aOGCZHue,' peHmzeHozpaq’)uﬂ; 66307’16167—!067?’[17,’ Kamemepu-
3AUUsl 6€H, pEZUOHAPHAS AHECME3US, OUECHKA cepaelmozo 6b16p06d

Medical imaging deals with physical examination and visual monitoring the organs and tissues. The main ad-
vantage of the imaging is capability to get quick and informative diagnostic data on the state of the main body
systems in real time. In addition, imaging system using can reduce the risk of complications during manipulations.
In this review, the potential of various imaging techniques, their advantages and disadvantages, and features of their

80

application in anesthesiology are discussed.

Keywords: imaging; sonography; radiography; safety; vein catheterization; regional anesthesia; cardiac output as-

sessment
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BBenenue

B anecresnosornueckoil mpakTuke mnepuorepa-
[IIOHHAs GE30TACHOCTD MAIUEHTA BO MHOTOM 3aBUCUT
OT BO3MOYKHOCTH 9KCITPeCC-AMarHOCTUKN ;KU3HEYTPO-
JKAIOMUX cocTogHni. Kpome ToOro, BBITIOJIHEHUE Pa3-
JIMYHBIX HHBA3UBHBIX (B YaCTHOCTU OJIOKAJL, Ty HKITUIA
MaruCcTPaJbHbIX COCYNOB ¥ T./I.) U HEMHBA3WUBHDIX
MaHUITYJISAIUN (JIAPUHTOCKOIUST ) HEPEIKO COIPSIKEHO
C PUCKOM MITATHBIX OCJOKHEHUI, KOTOPBIX MOXKHO
usbexarb mpu 00bEKTUBHOM KOHTPOJIE. Tak, 3Hauu-
TEJILHO MOBBICUTD YPOBEHD GE30IACHOCTH 1, B KOHEU-
HOM cyYeTe, TOBJIMATH Ha MCXO/] OTIEPATUBHOTO BMeIIa-
TEJIBCTBA CIIOCOOHO PAIMOHAIBHOE HCIOJIb30BAHIE
MEeIUITMHCKON Budyanudanuu. MeauiimHcKas Busya-
JIN3AIMS — KOMILTIEKC Mep, OCHOBAHHBIH Ha TTPUMEHe-

Introduction

In an anesthesiology practice, patient’s periopera-
tive safety largely depends on the availability of urgent
methods of diagnosis of life-threatening conditions. In
addition, various invasive (e. g, blockades, punctures of
the great vessels, etc.) and non-invasive manipulations
(laryngoscopy) are commonly associated with the risk
of regular complications, which can be avoided under
the objective monitoring. Therefore, the rational use of
medical imaging can significantly increase the level of
safety and, ultimately, affect the outcome of a surgery.
Medical imaging represents a set of techniques that are
based on physical examination and aimed at visual mon-
itoring of the state of organs and tissues under test or
their alterations due to various factors.
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HUM (DUBUYECKUX METOIOB 0OCTIE0BAHNS U HAIIPAB-
JIEHHBII Ha OCYTIECTBIIEHIIE 3PUTETBHOTO KOHTPOJIS 38
COCTOSTHMEM MCCJIEZyeMOr0 OpraHa 1 TKaHu UK U3Me-
HEHMEM €ro BCJIEJCTBUE BHEITHETO BO3/IEMCTBUSI.

O bPEKTUBHOCTD PA3TNIHBIX METO/IOB BU3YaJTH-
3aI1K, BO3MOXKHOCTEH MX UCIIOIh30BAHMS B aHECTe-
3MOJIOTHY BO MHOTOM CBSI3aHBI ¢ Ga30BBIMI MEXaHU3-
MaMHM MPUBJIEKAEMBIX TeXHOJIoruil. C aTHX TO3UIINIA,
IS JTY4IIero TTOHUMAHUS PAIIMOHATBHOCTH MCIIOJIb-
30BaHUsT BU3YAJM3AIIUY, TIPEACTABIAETCA T1ETIeCO06-
Pa3HBIM KJIACCHU(PUITIPOBATH CYIIECTBYIOIINE METO/IBL.

Mertoapl BUu3yanusanuu: Kiaccuuramus

MeTtonbl MeIUITMHCKON BU3YyaIU3alMU MOKHO
KJIaccuUuIIMpoBaTh B 3aBUCUMOCTU OT (PU3UYECKOTO
MIPUHITHIIA, JIeKAIIETO B X OCHOBE.

1. MeTto/b1, OCHOBaHHbIE HAa U3JTyYEHUH.

1) Pentrenorpadus.

2) TeroBunenue.

3) NudpakpacHas crieKTpOCKOIHSL.

2. BouHoBBIE METOBI.

1) ¥YnbrpazByKOBbIE BOJIHBI.

3. DNeKTpPOCBI3b.

1) dugockonwmsi:

a — npsmMas;
6 — OITOBOJOKOHHAS.

2) TeneBujienue (BU1€0-aCcCOIMUPOBAHHBIE METO-
JIbI ICCJIE/TOBAHIS ).

MeTozibl BU3yaiu3aliuu 1MO3BOJISIOT OCYIIECTB-
JIATh IMATHOCTUKY B PEsKUME PeasibHOro BpeMent [ 1, 2]
HEIOCPEeCTBEHHO Y IocTenu 60sbHoro [3], Bo Bpems
onepayu [4] u gaxe Ha Mecte mpouciuecTsus [5], 6es-
OIACHO OCYIIECTBIISATH UHBA3UBHBIE MAHUITYJISATN (€3
pUCKa MOBPEK/IEHUST OKPYKAIONINX CTPYKTYP [6]. Bme-
CTe ¢ TeM, IPUMEHUTEbHO AHECTE3NOJIOTUN W PEeaHt-
MaTosioruu 3PpHeKTUBHOCTh METO/IOB BU3YAJIU3AIUU
oleHuBaeTcss u3buMpareabHo, Ge3 ydera (HaKkTOpOB,
OTPAaHUYMBAIONINX UX MTpuMeHenue. C aTUX MO3ULNIA
IIPEJICTABIISAETCS OIPABJAHHBIM PACCMOTPETD UX TIPAK-
TUYECKHEe BO3MOXKHOCTH.

IHIOCKOIHS

IH/IOCKOIIMST — TEXHOJIOTUs, TIpeIHa3HAYeHHAs
JJIsI BU3YAJIbHOTO OCMOTPA BHYTPEHHel OBEPXHOCTU
oprana — nuieBoja (T C), marku (yrepockorng),
Tpaxen (TpaxeocKonus ), 6poHX0B (OPOHXOCKOINS) ¢
UCIIOJIb30BAHUEM TI0JIOH TPYOKU, CUCTEMbI 3epKaJl 1
UCTOYHUKA cBeTa. BriepBbie pean3oBaTh 9Ty BOZMOXK-
HOCTb yzanock Bozzini 1809, KoTopbiii nmpucocodmn
JUIS1 9TOTO TIOJIyI0 TPYOKY 1 uctouHuk ceeta | 7). Tlosz-
Hee, B 1826 roxy dpanitysckuii Bpau Segal mpumera
YCTPOMCTBO C TIOXOKUM TPUHITUIIOM JCUCTBUS I
BU3YaJIbHOIO OCMOTPA BHYTPEHHEI TOBEPXHOCTHU YPET-
PBI, MOYEBOTO T1y3bIPsl, MATKH, TIPSIMOI KHIIIKH, TTHIIIE-
Boma 1 skeqyzka [8]. B 1897 1. Hemerkuii oropuHosia-
punrosior Gustav  Killian BrepBbie  BbITIOTHUI
OPOHXOCKOIINIO, YTOObI M3BJI€Yb HHOPOAHOE TEJIO
(xycok kocTtn) u3 ripocserta 6ponxos [9]. O e BBEN B

The effectiveness of imaging methods and their
possible use in anesthesiology are largely related to the
basic mechanisms of the technologies involved. From
this point of view, it seems appropriate to classify ex-
isting methods for a better understanding the reasons
to employ the imaging techniques.

Imaging techniques. Classification

Medical imaging techniques can be classified ac-
cording to the main physical principle that is em-
ployed for the non-invasive visualization.

1. Methods based on radiation.

1) X-ray;

2) Infrared imager;

3) Infrared spectroscopy.

2. Wave imaging methods.

1) Ultrasonic waves.

3. Electric communication.

1) Endoscopy:

a — direct;
b — fiber optic.

2) Television (video-associated assays).

Imaging techniques allow real-time diagnosis [1, 2]
directly at a patient's bedside [3], during surgery [4].
It even allows to perform safely invasive procedures
without the risk of damage to surrounding structures
at the accident scene [5—6]. At the same time, in the
anesthesiology and intensive care, the effectiveness of
imaging techniques is evaluated selectively, without
taking into account the factors limiting their use. From
this point of view, it seems justified to consider their
practical potential.

Endoscopy

Endoscopy is a technology designed for visual in-
spection of the internal surface of the esophagus
(EGDS), uterus (hysteroscopy), trachea (tra-
cheoscopy), bronchi (bronchoscopy) using a hollow
tube, a system of mirrors and a light source. For the first
time, this technique was implemented by Bozzini
in1809, when he adapted a hollow tube and a light
source for this purpose [7]. Later, in 1826, a French
physician Segal used a device with a similar operating
principle for visual examination of the inner surface of
the urethra, bladder, uterus, rectum, esophagus and
stomach [8]. In 1897, a German otorhinolaryngologist
Gustav Killian performed bronchoscopy for the first
time to remove a foreign body (a piece of a bone) from
the bronchial lumen [9]. He also introduced the term
«bronchoscopy» into clinical practice. In Russia, the
first bronchoscopy was carried out by K. M. Schmidt in
1903 [10]. In all these cases, devices with a single prin-
ciple of operation were used. Then the development and
progress in anesthesiology contributed to the wide-
spread use of bronchoscopy, especially for diagnostic
purposes. In 1956, Friedel designed a rigid breathing
bronchoscope, using which it became possible to carry
out manipulations mainly under general anesthesia with
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KJIMHUYECKYIO PAKTUKY CaM TEPMUH «GPOHXOCKOITHST».
B Poccun nepsyio 6ponxockonuio B 1903 r. mpumenn
K. M. IIImupr [10]. Bo Beex aTux ciryyasix MCIoJIb30Ba-
JIUCHh YCTPOMCTBA € €ZIMHBIM MTPUHIIUIIOM JleficTBUS. B
NaJIbHERIeM, TTOBCEMECTHOMY MCTIOJIb30BAHUIO GPOH-
XOCKOTIMH, TPEKIE BCETO B TMATHOCTUYECKUX IEJISX,
C11ocoOCTBOBAIIN PA3BUTHE U ITPOTPECC AHECTE3UOJIOTUH.
B 1956 1. H. Friedel ckoncTpynpoBai sKecTKuii abixa-
TEJbHBIE GPOHXOCKOTI, C €r0 UCTIOIb30BAHUEM CTAJIO
BO3MO’KHBIM ITPOBEIEHNE MAHUITYJIAIUN TTPEeuMyIIe-
CTBEHHO B YCJIOBUSX 001l aHeCTe3UH ¢ UCKYCCTBEH-
noit Beatussiimedt gerkux (MUBJT) [11]. Otivaurens-
HOIT 0COOEHHOCTBIO GPOHXOCKOIIA, 32 CUET Pa3MEICHVsT
HCTOYHUKA CBETA COOKY, CTa/la BO3BMOKHOCTD TIPOBEIe-
HUS BBICOKOYACTOTHOH MCKYCCTBEHHOW BEHTUJIAIIUU
nerkux (BUMBJI) u cBoGoAHOE BBIIOIHEHNE PA3JI-
HBIX MAHUITYJISIMI B YCJIOBUSAX OO aHeCTe3n .
[TosiBsieHME ONITOBOJIOKOHHBIX dHIOCKOTIOB TIPO-
M3BeEJIO PeBoJIOIHI0 B 6porxosorun. B 1968 r. smon-
ckuit 6porxosior S. Tkeda BeimosHwI epsyto Gubpo-
GPOHXOCKOIWIO, 4TO TMO3BOJUIO B OOJIBITUHCTBE
CJIy4aeB OTKAa3aThCsl OT OOIIEH aHecTe3uu 1 Cyiie-
CTBEHHO PACHIMPUTH TTOKA3aHUSA K 9TOMY METONY, B
TOM 4ucJe s uatybarmu tpaxen [12]. B ocnose
(bu6POOPOHXOCKOIIMK  UCTIONB3YETCs  OTITHYECKAsT
CUCTEMa, COCTOSAIIAs U3 MUHMATIOPHON KaMephl C
OTITOBOJIOKOHHOH JIMHUEH, YTO MO3BOJISAET HE TOIBKO
OCYIIECTBUTb OCMOTP CTPYKTYPBI, HO U 3a(UKCHPO-
BaTh II0JIydeHHoe nsobpaxkenue [13]. Pacmupenne
BO3MOKHOCTE! TEXHOJIOTUY BU3YaIU3aIllUN BHYTPEH-
HUX CTPYKTYP Ha CETrOJHANIHUH /IeHb CBSA3aHO C IPU-
BJICUEHNEM BUJICOTEXHUKH, O/THAKO B CBSI3H C TEM, UTO
ero 06J1acTh MPUMEHEHUsT CMEXKHasT C AHIO0CKOTHYe-
CKOUM MBI penmii 00beIMHUTL UX B OJIMH pasjen. B
AHECTEe3MOJIOTUY U MHTEHCUBHOM MeJINIINHE TPUMEHe-
HUE 9HIOCKOTTMYECKON U BU/ICOACCUCTUPOBAHHON TeX-
HUKH, KaK TIPABUJIO, OTPAHIYEHO OI[EHKOH COCTOSHUSA
BepxHUX AbixaTesabubix myrteit (B/I1T) u mopgnepsxkanm-
eM mpoxoaumocTu ibixaresabubix myTeit (ITTIIT).
[TpakTHyecku BaskHO, YTO B MTOBCEHEBHOMN aHe-
CTE3UOJIOTHYECKON TpakTuke (hubpOOPOHXOCKOTIHS
(DOBC) crana 30J0THIM CTAHIAPTOM B PENEHIH MTPO-
6aembl TpyaHOM nuTyGanuu [14, 15]. ®DBC nox konr-
poJieM 3peHust BBOJIUTCS B TPAXeIo, a SHAOTPaxeIbHas
tpy6ka (3TT) mpoBoaUTCs 0 HEMY KaK II0 IIPOBOJI-
HUKY, U4TO CYIIECTBEHHO TOBBINIAET (E30MaCHOCTb
MaHWTY AU, DTOT 04eHb 3(PHEKTUBHBIN METO, K
CO’KaJIEHUIO, He JIMIIEeH HeJ0CTaTKOB, HECMOTPS Ha
MIPOBEJICHUE CeIAlliU, MOKET COITPOBOXK/IATHCS BbIpa-
JKEHHBIM TICUX0-3MOITNOHAIBHBIM JincKoM@opToM [ 16,
17]. Kpome Toro, 6pOHXOCKOIIMS MOKET IIPUMEHATHCS
ISt BepUDUKAIIH MOJOKEHUsT Kak OOBIYHOMN, TaK ¥
neyxnpocsernoit DTT, mpuMensieMoil 711 9HI0OPOH-
xuajbHoi nuarybanuu [18], a Takike ycraHOBKU OPOH-
xobs10karopos (BB) mpu onepanusix na jgerkux [19].
[Tosyuniu pacpocTpanenye OHO- U IBYXITPOCBET-
ubie DTT co BcTpoeHHO# KaMepoil BBICOKOTO pa3pe-
HIEHUs, TI03BOJILIONINE TPOU3BOIUTD BU3YaTU3AIIUIO
GPOHXOB ¥ MO/l KOHTPOJIEM 3PEHUST TPOU3BOUTH YCTa-

mechanical ventilation [11]. The availability of high-fre-
quency ventilation (HFV) and unrestricted perform-
ance of various manipulations under general anesthesia
became distinctive features of the bronchoscope due to
the placement of the light source on one side.

The invention of fiber optic endoscopes has revo-
lutionized the bronchology. In 1968, a Japanese bron-
chologist S. Tkeda performed the first fibrobron-
choscopy, which allowed to abandon the general anes-
thesia in most cases and expand the indications for this
method significantly, including tracheal intubation
[12]. The fibrobronchoscopy is based on an optical sys-
tem consisting of a miniature camera with a fiber optic
line, which allows not only to inspect the structure, but
also to register the image obtained [13]. The expansion
of the imaging technology of internal structures is cur-
rently associated with involvement of video equipment,
however, since its scope of application is adjacent to the
endoscopic one, we decided to combine them into one
section. In anesthesiology and intensive care, the use of
endoscopic and video-assisted techniques is generally
limited to assasing the upper respiratory tract and
maintaining the airway patency.

It is practically important that in everyday anes-
thetic practice fibrobronchoscopy (FBS) should be-
come the gold standard in solving the problem of
difficult intubation [14, 15]. The FBS is introduced
into the trachea under visual monitoring, and the en-
dotracheal tube (ETT) is introduced along it as a
guide, which significantly increases the safety of the
manipulation. This very effective method, unfortu-
nately, is not without defects, and despite sedation it
may be accompanied by severe psycho-emotional dis-
comfort [16, 17]. In addition, bronchoscopy can be
used to verify the position of both conventional and
double-lumen ETT is used for endobronchial intuba-
tion [18], as well as the installation of bronchial
blocker (BB) in the pulmonary surgery [19]. One-
lumen and two-lumen ETTs with a built-in high-res-
olution camera allowing visualization of the bronchi
and BB installation under visual monitoring [20] be-
came widespread. The easiness of installation and re-
duction of the risk of damage to the bronchial mucosa
is the undisputable advantage of this system [21].
There is a large number of studies published to date
confirming the effectiveness of this technique [22—24].

The use of video laryngoscopes (VLS) seems to be
an alternative to FBS to facilitate tracheal intubation
after induction of anesthesia [25]. The advantages of
VLS are obvious: intubation after induction of anesthe-
sia, visual monitoring of ETT through the vocal cords,
reduction of the risk of soft tissue damage of the orophar-
ynx and larynx, less severe hemodynamic pressor reac-
tion [26]. On the other hand, there are restrictions for
VLS after induction of anesthesia, such as the likelihood
of difficult ventilation. In this case, however, the VLS can
be used after local anesthesia and blockade of the supe-
rior laryngeal, lingual and glossopharyngeal nerves;
opening of the mouth is impaired to 1.5 cm [27, 28].
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HoBky bb [20]. BeccniopubiM 1Ipenmy1iiecTBOM JlaH-
HOIi CHCTEMBI SIBJISIETCS TPOCTOTA YCTAHOBKHU M YMEHbB-
IeHue PUCKa TOBPEKICHUS CAUZUCTON 060JOUKY
6ponxos [21]. K HacTosImeMy MOMEHTY CYILECTBYET
GOJIBIIIOE KOJUYECTBO UCCIIEIOBAHUT, TOATBEPIKAAI0-
X 3(hheKTUBHOCTD TAHHON MeTonKY [22—24].

AnvrepaatuBoit @BC MOXKeT CIyKUTh TIpUMe-
nenwue Bujeosapuarockonos (BJIC), no3Bosgionmx
MPOBOIMTH MHTYOAIIUIO TPAXEH MOCTIE BBEICHWS B aHe-
creanio [25]. [Ipeumyiectsa BJIC oueBumHbI, HHTY-
Garyst mocse TPOBEIeHUs NHAYKIIMU B aHECTE3WIO,
BU3YyaJbHBII KOHTPOJIb 1poBesienust T T uepes roJio-
COBbBIE CKJIA/IKM, YMEHbIIIEHUE PUCKA TTOBPEKICHUS
MATKUX TKaHEl POTOTJIOTKU U TOPTaHU, MeHee BbIpa-
JKeHHAd TPecCopHas reMoJMHaMUYecKas peaKIlus
[26]. C npyroii ctopousl, nis BJIC mocsie nnykimm
B AHECTE3WIO CYIIECTBYIOT M OrpPaHMYEHUS, BEpO-
ATHOCTD TPYZIHOM BEHTUJISAIINH, OTHAKO, B ATOM CJIydae
BJIC MoKHO HCIIOJIB30BATH TIOCJIE BBITIOJHEHUS MECT-
HOU aHecte3any U GJOKajbl BEPXHETO TOPTAHHOTO,
A3BIYHBIX U S3BIKOTJIOTOYHBIX HEPBOB, TIPX OTpaHye-
HUU OTKpbIBanus pra 10 1,5 cm [27, 28].

Pentrenorpadus

PenTrenosornyeckoe uccieioBaHue sBJISETCS
OJTHUM M3 CTAPEHIITNX METOIOB BU3YAIU3AIINH B ME/IH-
IUHCKON MPaKTUKe, KOTOPBIN 1MO3BOJSET TOTYYUTD
u300pakeHye OpraHos U TKaHei [29] mocie npoxox-
JleHUS MOHU3UPYIONIEro M3Jy4eHUs] dyepe3 TKaHU C
nocJie/yonieit pukcarueil Ha pEHTreHOYyBCTBUTEb-
HOW TIeHKe WK B 1 poBoM Buge. MeToj ObL o1u-
caH HEeMeIKUM nccienosaresieM Buabreasmom Pent-
reioM B 1895 romy W 10 HACTOSIIETO BPEMEHU
OCTAEeTCSA OJIHUM U3 00SI3aTEIBHBIX DJIEMEHTOB JINar-
HOCTHUYECKOTO ITPOTOKOJIA ITPU MHOTOYMCJICHHBIX KJIH-
nuueckux curyanugx [30]. C pazButueMm coBpeMeH-
HOU TEXHWKM PEHTTeHOBCKHUE allapaTbl CTaju
MOOGUIILHBIMHU, MTOSBUIACH BO3SMOKHOCTD UX TI€peMe-
HIeHUs HETIOCPEJCTBEHHO K TAIIMEHTY, U BBIIIOJIHEHUS
PEHTTEHOBCKOTO CHUMKA B PEKIMe PeasibHOTO BpeMe-
nu [31]. B anecre3uosioruu penrrenorpadus ucmoib-
3yercs, B OCHOBHOM, JIJISI TMATHOCTUYECKON OIICHKU
MOJIOKEHUS IEHTPAJIbHBIX BEHO3HBIX KaTeTEepPOB,
HHIIOTPAXEATbHO TPYOKU U IKEJYJOYHOTO 30H/A
nocJie ux ycranoku [32]. Pertrenorpadus moarsep-
JinJia ¢BoIo 3 (PEKTUBHOCTD TIPU UCCJIEIOBAHUYT OpTa-
HOB TPYZIHOH TIOJIOCTH C 11€JIbIO TIOATBEPSKACHUS ITHEB-
MO- WJIM TU[POTOPAKCA, BBIABJIEHUI XapaKTePHOI
KJIMHUYECKOM KapTUHBI PA3BUTHUS OTEKA JIETKUX, [THEB-
mounu, OPJIC [33]. B akcTpeHHOI MeANITIHE UCIIOJTh-
3y10T 0030pHYIO peHTreHorpaduio rpyAiHoii u 6pior-
HOHM IIOJIOCTH, MAJIOTO Ta3a, TOJIOBBI W Ieu [
HCKJIIOYEHUS TPAaBMATUYECKOTO MOBPEKICHUS KOCT-
HBIX CTPYKTYP, HOJTBEPKACHUS OTeKa JIETKUX, Pa3pbl-
Ba I0JIOTO OPTaHa, BbISIBJIEHUS UHOPO/IHBIX TeJl [34].

JlasbHeiinium  pa3BuTueM peHTreHorpaduu
cTajno nosiienue komibiorepuoii tomorpadguu (KT)
(1970-€), 4yTO TIO3BOJIMIIO PACHIUPUTH JMATHOCTUYE-

X-ray

X-ray examination is one of the oldest imaging
methods in medical practice, which allows to obtain
images of organs and tissues [29], after passing the of
ionizing radiation through the tissues, followed by
record of the image on the X-ray film or in digital
form. The method was described by the German re-
searcher Wilhelm Runtgen in 1895 and remains one
of the mandatory elements of the diagnostic protocol
in numerous clinical situations. [30]. With the devel-
opment of modern technology, X-ray equipment has
become mobile; it is possible to bring it directly to the
patient and perform a real-time X-ray test [31]. In
anesthesiology, radiography is mainly used for diag-
nostic evaluation of central venous catheters, endotra-
cheal tube and gastric probe after their installation
[32]. Radiography has confirmed its effectiveness in
the study of the chest to confirm pneumo- or hy-
drothorax, to identify the characteristic clinical pres-
entation of pulmonary edema, pneumonia, ARDS
[33]. In emergency medicine, survey radiography of
the chest and abdomen, small pelvis, head and neck is
used to exclude traumatic damage to bone structures,
to confirm pulmonary edema, rupture of a hollow
organ, and to identify foreign bodies [34].

Computed tomography (CT) became the next
step in development of radiography (1970s), which al-
lowed to expand the diagnostic potential of the method,
to obtain a detailed high-resolution image of internal
organs [35]. The method is based on the measurement
and complex computer processing of the X-ray attenu-
ation difference by tissues of various densities. Portable
tomographs are used for the diagnosis of acute neuro-
logical and neurosurgical pathology [36].

In the anesthesiology practice and in the treat-
ment of chronic pain syndromes, the opportunity to
perform guided manipulations on the nerves and gan-
glia when performing blockades became an additional
advantage of MSCT. In these cases, indirect imaging
technique is used, bringing the needle to the nerve-as-
sociated bone structures [37]. Examples include
blockades of the sensitive facial nerves and introduc-
tion of an anesthetic into the zygapophysial joints to
relieve back pain [38]. Data on similar effectiveness of
sonographic methods that do not have radiation ex-
posure have been obtained recently in relation to the
latter technique [39].

The disadvantages of radiography include the ra-
diation load limiting the frequent use of radiography,
static image, and low information content due to the
projection overlapping of tissues layer images [40].

Radioisotope imaging technique

The radioisotope method is based on the intro-
duction of radioactive isotopes into the bloodstream
and the subsequent determination of the emitted pho-
tons [41]. In intensive care, this method is used to as-
sess the state of perfusion and functional activity of
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CKM€e BO3MOKHOCTH METO/a, TOJYYaTh NeTaJbHYIO
KapTUHY COCTOSTHUST BHYTPEHHUX OPTAHOB B BBICOKOM
pasperiiennn [35]. B ocHoBe MeTO/1a JIESKUT U3MEPEHHE
U CJOKHAS KOMIIBIOTEpHAsA 06paboTKa PasHOCTH
octabJieHnsT PEHTTEHOBCKOTO U3JIyYeHUsT PA3JINIHbI-
MU TI0 TJIOTHOCTU TKausiMu. [lopTraTtuBibie TOMOrpa-
(BI UCTIONB3YIOT [/ TUATHOCTUKU OCTPOI HEBPOJIO-
TMYeCKOi U HEHPOXUPYyprudeckoil natoyoruu [36].

B amnecre3uosiornueckoii mpakTHKe U MpU Jede-
HUM XPOHUYECKUX OOJIEBBIX CUHPOMOB, JOTIOJHHU-
tenbHbIM TIpermytiiectBoM MCKT crasa nmosBuBiasi-
Cs1 BO3MOJKHOCTBH BBITIOJHEHUST KOHTPOJUPYEMBIX
MaHWITYJISII HA HEPBAX U FAHTJIUSX TIPU BBIMOJIHE-
HUK OJT0Ka/. B 9THX cirydasix HCMOIb3YIOT HETPSIMYIO
TeXHUKY BU3YaIU3AIUU, TIOABO/IS UTITY K ACCOIIUUPO-
BAHHBIMU C HEPBOM KOCTHBIM CcTpyKTypam [37]. [Ipu-
MepaMu MOTYT CJIY;KUTh OJIOKa/bl UyBCTBUTEIBHBIX
HEPBOB JIUIIA U BBeJleHNe aHeCTETHKA B [yTOOTPOCYa-
Thie cycTaBbl [JIs1 objerdenust 6ou B crimue [38].
XOTsI OTHOCUTENBHO TIOCJEIHel METOAMKU CTaju
MOSIBJISATHCS JTAHHBIE O cX0sKell ahdekTuBHOCTH Y 3-
METO/IOB, HE MMEIOTIUX JIy4eBoii Harpysku [39].

K memocrarkam pertrenorpaduu oTHOCAT (hak-
TOp JIy4eBOW HArpy3KH, OTPaHMYUBAIONIMII YacToe
pUMeHeHre PEHTTeHOrpadun, CTAaTUYHOCTb MOJIydae-
MOTO M306pakeHUs, HUBKYIO WH(MOPMATUBHOCTD,
BCJIE/ICTBUE MPOCKIIMOHHOTO HACIOCHUS N300paKe-
HUS CJIOeB TKaHeli apyr Ha apyra [40].

PanuonzoronHblii MeTO/1 BU3yaIu3aIuu

Pannonsororriplii MeTo OCHOBAH HA BBEIEHUU B
KPOBOTOK Pa/IMOAKTUBHBIX N30TOIOB 1 MOCIEAYIONTIM
orpejiesieHny u3aydeHHbIx umu ¢dotonoB [41]. B
MHTEHCUBHON Tepanuy JaHHbIi METO/] UCIIOIb3YeTCs
JUTS OIIEHKY COCTOSTHUS TIepy3unt ¥ (hyHKITMOHAIBbHOM
AKTUBHOCTU MUOKap/a, 9 heKkTuBHOCTHU perepdy3noH-
HOI1 Teparn. MeTo/1 BbICOKO ntH(opMaTuBeH, 1oJIyve-
HUe Pe3yJbTaTa MIPOUCXOIUT B TeUeHHe HECKOJIbKUX
MUHYT, O/[HAKO €0 BBITIOJHEHHE TPEOYET CIEUaIbHOTO
060PYI0BAHISE U, COOTBETCTBEHHO, IEPEBOJIA IAIUEHTA
B crieluaan3upoBantoe oraesenne [42]. CyiecrBen-
HBIM HeJIOCTAaTKOM SIBJISIETCS JiyueBast Harpyska [43].

K paamonsoTonubiM MeToaM HUCCIe0BaHUS
MOJKHO TAK)KE OTHECTH MCCJIe0BAHUsT 00beMa ILIa3Mbl,
HPUTPOIUTOB, oObeMa UpPKyJupyioteir kposu. C
OJTHOI CTOPOHBI, B TO BPpeMs KaK HEKOTOPbIE aBTOPBI,
narpumep J. G. Jones, oluchIBaIOT BEICOKYIO TOUHOCTb
PaJIMOM30TOITHOTO METO/Ia UccieloBanus [44], npyrue,
B yactaoctu — lijima (1998), ykasbiBaior Ha orpanu-
YEHHOCTH [TPUMEHEHUST OA0OHBIX METOIOB B KINHU-
YeCKOU MpaKTUKe M3-3a OTPAHUYEHUN CBSI3AHHDBIX C
JOCTYITHOCTBIO PAIMOAKTUBHBIX IIPENAPATOB, OT/IABAs
MIPEATIOUTEHNE METOLY Pa3BeIEHUST KpacuTest [45].

YiabTpasByk

YnbrpasBykoBoe uccienoBanue (Y 3) BOILIO B
MEIUTIMHCKYIO TIPAKTHKY ¢ cepenntbl 50-x rogoB XX
BeKa, KOI/Ia, UCIIOJIb3YsI ATOT METO/I TTBITAJINCH UCCJIe-

the myocardium and the effectiveness of reperfusion
therapy. The method is highly informative, the result
is obtained within a few minutes, but its implementa-
tion requires special equipment and, accordingly, the
transfer of the patient to a specialized unit [42]. The
radiation load is its significant disadvantage [43].

Radioisotope methods of research may also in-
clude the study of plasma and red blood cells volume
and the circulating blood volume. On the one hand,
while some authors, for example, J. G. Jones describe
high accuracy of the radioisotope method [44], others,
in particular, Iijima (1998) indicate restrictions of
such methods in clinical practice due to limitations re-
lated to the availability of radioactive drugs, thus giv-
ing preference to the dye dilution method [45].

Ultrasound

Sonography has been used in medical practice
since the mid-1950s, when they tried to investigate the
functional state of the heart and central nervous sys-
tem using this method [46]. It is based on the registra-
tion of the propagation and reflection of ultrasonic
waves in the body tissues. Sonographic methods have
been introduced in the anesthesiology practice, rela-
tively recently. At present, this method has become the
most accessible and is used for both diagnosis and con-
trol of manipulations in order to reduce the risk of com-
plications [47]. Compared to radiography, sonography
provides higher sensitivity and specificity values.

I. Sonography of the nervous system. Assess-
ment of a number of nervous system parameters is one
of the areas of application of sonography, when it can
be a reasonable alternative to invasive methods. Along
with invasive methods for assessing intracranial pres-
sure (intraventricular pressure), it is possible to diag-
nose intracranial hypertension (ICH) based on
indirect signs. Traditionally, intracranial hypertension
is diagnosed by optic papilla edema while studying the
fundus [48]. However, it is possible to assess the state
of this anatomical structure with sonography. The di-
ameter of the optic papilla of more than 5.2 ¢m indi-
cates intracranial hypertension. The high efficiency of
the method has been confirmed in a number of studies
[49,50,51]. Its advantages include: availability, easi-
ness of implementation, low invasiveness, no radiation
load. At the same time, the technique does not allow
to determine the causes of ICH because of its non-
specificity; in addition, it is difficult to use it when the
eyeball is damaged. The effectiveness of this method
can be assessed by the G. Ravishankar's works (2008);
the study of the optic nerve sheath is a sensitive ICH
screening method, especially in the case of massive ad-
mission of patients or in the non-hospital setting [52].
The positive experience while using this technique
was also described by J. Irazuzta (2016) and P. del Saz-
Saucedo (2016) [53, 54]. On the other hand, A. Le
(2009) pointed out that the use of this screening in pe-
diatric practice is not enough for diagnosis; it is prob-
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J10BaTh (PYHKIMOHAJIBHOE COCTOSTHUE CepJilla U 1IEeHT-
pasbHOU HepBHOI cuctembl [46]. B ero ocHoBe sexxut
perucTparms pacipocTpaHeHUs U OTPAsKEeHUS YIIBTPa-
3BYKOBBIX BOJIH B TKaHSAX opranusma. B anecresnoso-
TMYECKON MTPaKTUKE YJIBTPa3ByKOBbIC METO/IbI CTAJIN
MPUMEHATH CPaBHUTEIbHO HelaBHO. B Hacrosmiee
BPEMst 9TOT METO/] CTaJl HanboJiee IOCTYITHBIM U MTPHU-
MeHSIeTCS KaK /I AMarHOCTUKY, TaK U 7151 KOHTPOJIS
BBITIOJIHSAEMBIX MaHUITYJAIUN C TIeJIbI0 CHUKCHUS
pucka pazBuTus ocnoxkuenuit [47]. Ilo cpaBHenwuio ¢
pentrenorpadueii, ¥ 3 obmamgaer 60jee BICOKON UyB-
CTBUTEJIBHOCTBIO U CIIEIUMDUUHOCTDIO.

I. Y3 inuarHocTMka CcOCTOSIHUSI HEpPBHOU
cucrembl. OxHoit u3 obiacreil npuMenenust Y3
MCCJIEZIOBAHUS MTPENICTABISACTCS OlleHKA PA/la TTOKa3a-
Teseil HepBHOHM cHcTeMbl, Korza Y3 MOKeT OBITh
Pa3yMHON aJIbTepHATUBON WHBA3UBHBIM METOJ/IAM.
Hapsny ¢ nnBasuBHBIMU METOZIaMU OTICHKU BHYTPHU-
YeperHoro JiaBjaeHus (BHYTPHUIKETY/I04KOBOE /laBJie-
HUE), CYNIeCTBYET BO3MOXKHOCTD ITPOBOJIUTD JIUATHO-
cTuky BHyTpuuepernnoii tuneprensun (BYI) mo
KOCBEHHBIM ITPU3HAKaM. TPauIIMOHHO HATTUYHIE BHYT-
pUYEpEITHON TUIePTEH3UN IUATHOCTUPYIOT 1O OTEKY
COCKa 3pUTEIHLHOTO HepBa TP UCCJIeIOBAHUY TJIA3HO-
ro aHa [48]. OxHako oleHuTh COCTOSTHUE JIAHHOW aHa-
TOMUYECKOH CTPYKTYPbI MOKHO M TIPH MCII0JIb30BA-
auu Y 3. [luamerp cocka 3puTeIbHOro Hepsa 6oJiee
5,2 cM yKa3blBaeT Ha Pa3BUTHE BHYTPHUUYEPEITHOI
rurieprensun. Beicokas appekTruBHOCTH MeTo/a Oblia
JIoKazaHa B psizie uccnenosannii [49-51]. K ero mpe-
MMYIIECTBAM OTHOCATCS: JIOCTYITHOCTD, IPOCTOTA
BBITIOJTHEH NS, MaJlas MHBAa3UBHOCTD, OTCYTCTBHE JIyde-
BOM Harpysku. B To ske BpeMsi MeTo/inKa He T03BOJISICT
onpenenuTs npuunnbl BUI, BBUAY cBoelt Hecnelu-
(uunocTu, Kpome TOTO, €€ MPUMEHEHUE 3ATPY/IHU-
TEJBHO TMPHU TOBPEKIACHUM TiaaszHoro sibaoka. O6
a(dEKTUBHOCTH IAaHHOTO METO[A MOKHO CYIUTD IO
pabore G. Ravishankar (2008), uccrenosanue 060-
JIOUKU 3PUTEJIBHOTO HEPBA ABJISETCS YYBCTBUTEIb-
HBIM CKPUHUHTOBBIM MeTogoM BUI, ocobenno B ciy-
Yyae MaCCUBHOTO TIOCTYIIJICHUS TIOCTPAIABIITNX U BO
BHETOCITUTAJBHBIX yeJa0BUSX [52]. J. Irazuzta (2016)
u P. del Saz-Saucedo (2016) Taxke mosy4duan mouo-
SKUTEJIBHBIN ONBIT TpuMeHerust Metoaa [53, 54]. C
npyroit croponsr, A. Le (2009) ykazana, uto npume-
HEHUE 9TOTO CKPUHWHTA B ITeJIMATPUIECKON ITPAKTHKE
HEJIOCTATOYHO JIJISI TIOCTAHOBKM JMArH03a, CBS3aHO
3TO, TO-BUIUMOMY, C HEJIOCTATOYHBIM OIIBITOM Bpa-
Yyel-uHTeHCUBUCTOB. Koomepanusi ¢ JAETCKUMHU
oG TaTIbMOTIOTAMU TI03BOJINIIA 3HAUUTETTHHO TOBBICUTD
s dekTuBHOCTH METOA [5].

II. Y3 auarHoctuka COCTOSIHUS AbIXaTeJIbHOM
cucrembl. [IpoBesieHre yIbTPa3sByKOBOTO 00CIe10Ba-
HUS HETIOCPE/ICTBEHHO JIETOYHO TKaH! HEBBITIOIHUMO,
9TO CBSI3AHO C HAJIMYNEM B JIETKUX BO3/YXa, KOTOPBIi
otpaskaer Y 3-curHai [56]. HecMoTpst Ha 970, HCTTOIH-
30BaHMe YJIBTPa3ByKa M03BOJIAET KOCBEHHO OTIPEIETATD
HaJIMYKe BO3/LyXa 1 JKUIKOCTH B TUIEBPATbHOM MTOJIOCTH
[57]. Tlpumenenne conorpacduu 3hPEKTUBHO st

ably due to the lack of experience of intensive care
physicians. Cooperation with pediatric ophthalmolo-
gists has significantly improved the efficiency of the
method [55].

II. Sonography of the respiratory system.
Sonographic examination of the lung tissue seems im-
possible because of the air in the lungs, which reflects
the ultrasonic signal [56]. Despite this obstacle, the
use of ultrasound can indirectly determine the pres-
ence of air and fluid in the pleural cavity [57]. The
sonography is effective in diagnosing pneumothorax.
The method is based on the phenomenon of disappear-
ance of friction between visceral and parietal pleurae
(sliding). The method allows assesing the presence of
pathological alterations at a prehospital stage [58],
during surgery or while in intensive care unit. Deter-
mination of pneumothorax by the sonography is a sim-
ple procedure and does not require in-depth training;
a two-hour course is enough [59]. Determination of
pleural effusion is also easy; moreover, the use of
sonography allows to differentiate between transudate
and exudate [60] and evaluate the volume of the pleu-
ral cavity [61].

Sonography is used to diagnose acute respiratory
distress syndrome (ARDS), identifying signs of lung
tissue consolidation. Along with the diagnostic poten-
tial, the practical significance of the method is in reduc-
ing the need for chest radiography and computed
tomography, i.e. in reducing the radiation load. Some
researchers even point to a greater diagnostic breadth
of sonography compared to chest X-ray [62]. High
specificity of the technique and the fastness of its im-
plementation may also be considered as advantages of
sonography [63]. In addition, the characteristic features
allow to make differential diagnosis of ARDS/ALI with
cardiogenic pulmonary edema [64]. On the other hand,
the method has some limitations that include rib injury,
subcutaneous emphysema, and obesity [65].

Chest ultrasound can be used to diagnose pul-
monary embolism [66]. Pulmonary tissue compaction in
combination with pleural effusion is the diagnostic cri-
terion for PE. This conclusion is confirmed by the meta-
analysis published by A. Squizzato [67]; sonography is a
reliable method for assessing pulmonary embolism, if
there is no access or if there are contraindications for
contrast-enhanced computed tomography (CT).

Sonography is also used to assess the state of the
upper respiratory tract, the bottom of the oral cavity
and the structures of the larynx, to detect masses, ab-
scesses, cysts or epiglottitis, which can worsen the vi-
sualization during laryngoscopy, as well as to diagnose
maxillary sinusitis before nasotracheal intubation
[68]. There is evidence that ultrasound can be used to
detect difficult airways. According to T. Ezri, a large
volume of soft tissues at the level of vocal cords predict
difficulties in intubation. Sonography was as effective
as magnetic resonance imaging (MRI) in calculation
of the tissue volume [69]. T. Ezri's findings were con-
firmed by S.Adhikari [70]. Ultrasound examination of
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orpesiesieHnd ITHeBMaTopakca. B ocHOBe MeTo1a JIeKUT
(benomen ncye3HoBeHN MPU3HAKA TPEHUS BUCIIEPATTH-
HOM 1 TapueTabHON 11eBpbI (caaiianar). MeToz 1mo3-
BOJIET OIEHUBATD HAJIMYME TATOJIOTUN KaK Ha J[OT0C-
nUTaIbHOM 9Tare [58], Tak 1 BO BpeMsi OllepaTnBHOTO
BMeIIIaTeIbCTBA UK B OT/IeieHuH peanumMariuu. Orpe-
JieJleHre MMHEeBMAaTopakca ¢ TOMOIIbIo ¥ 3 gBisercs
IPOCTOM IPOIEeAYPOii 1 He TpebyeT yrayOaeHHoi moj-
TOTOBKH, JIOCTATOYHO 2-X 4acoBoro Kypca [59]. Ompe-
JieJieH1e TI7IeBPATTbHOTO BBITIOTA TAKKe HE COCTABIISICT
Tpyna, 6ojee TOro, IpuMeHeHne coHorpadun Mo3Bo-
JigeT 10cToBepHO A depeHImpoBaTh TpaHCCYAAT OT
skccynara [60] u usMepuTh 06bEM COAEPKUMOrO B
MJIeBpasIbHOM mtosiocth [61].

Conorpaduio IpuUMeHSIOT [T AUATHOCTUKHU OCT-
poro pecriuparopuoro auctpecc-cunapoma (OPIC),
orpeiesisid IPU3HAKYA KOHCOIM/IAIIAN JIETOYHOM TKaHu.
Hapsny ¢ amarnoctnyeckuMu BO3MOKHOCTSIMU, TIPAK-
TUYeCKas 3HAYNMOCTDb METO/IA 3aKII0YaeTCsl B CHUKE-
HUU TIOTPEGHOCTU B PEHTreHOTpadUM U KOMIIBIOTEP-
HOI ToMOrpaduy TPYAHON KJIETKH, T.C. YMEHBIICHUN
JydeBoli Harpy3ku. Hexoropble uccienoBatenu faxe
YKa3bIBAIOT Ha GOJIBIIYIO AUATHOCTHYECKYIO TIHPOTY
coHorpaduu 1o cpaBHEHUIO ¢ peHTreHorpadueii rpyi-
nott kaetku [62]. K nmpenmyriectBam Y 3, B aTUX CIy-
Yasgx, MO’KHO OTHECTH BBICOKYIO CIIEIIM(UIHOCTH METO-
na u 6sicTpory ero BhinosHenus [63]. Kpome toro,
HAJIMYMe XapaKTePHbBIX TPU3HAKOB MMO3BOJISAET ITPOBO-
muth tuddepentmanbiyio quarnoctuky OILJI/OPIC
C KapJIMoreHHbIM oTekoM Jierkux [64]. C npyroii cTo-
POHBI, METOJl UMeEeT M HEKOTOpPble OrpaHWYCHMUS,
HAIpUMep, MPUMEHEHNE Y MAIMEHTOB C TOBPEXK/ICHH-
eM pebep, TOAKOKHOIT aMbuseMoii, okupernem [65].

Y 3U rpyanoii KJIETKN MOKHO UCTIOJIb30BATD JIJIsT
JMATHOCTUKU TPOMO0IMOOIMK JIETOUHOM apTepuu
[66]. Inarnoctrnueckumu kputepusvu TIJIA aBnset-
s yIJIOTHEHUE JIETOYHON TKaHW B COYETAHUU C TIJIeB-
paJbHBIM BBITIOTOM. IJTOT TE3UC IOATBEPKAACTCS
MeTa-aHasm3oM A. Squizzato [67], ¥ 3 siBisieTcs rocto-
BEPHBIM METOJIOM OTIEHKM aMOOJIMU JIETOUHO# apTe-
PUH, €CJIN HET I0CTYTIA UJIN €CTh TPOTUBOTIOKA3AHUS K
npuMenenuio kommpioTepuoii tomorpacdun (KT) c
KOHTPACTUPOBAHUEM.

YbTpasByK MPUMEHSIOT U 711 OTIEHKU COCTOSI-
HUS BEPXHUX JBIXaTEJIbHBIX TTyTEH, HA TIOJOCTH PTa
U CTPYKTYP TOPTAHOTJIOTKHU, BBISIBJIEHUST 0ObBEMHBIX
06pasoBaHmii, abCIeCCOB, KUCT VJIH STIUTIIOTTUTA, CTIO-
COOHBIX YXY/AIIATh BU3YATIU3AIMIO TOPTAHW TIPU
JIAPUHTOCKOIINH, & TaKKe [UarHOCTHPOBATD CUHYCHUT
BEPXHEUYETIOCTHON Ma3yXu Tepel] Ha30TpaxeaabHO
unrybarnmeii [68]. meioTcs cBumerenberBa, uro Y 31
MOJKeT OBITh TIPUMEHEHO IS BBISABJICHUS TPYHBIX
npixarenbHbiX myTeil. [To muenuio T. Ezri, Boipasken-
HBII 00bEM MSITKUX TKaHell Ha YyPOBHE TOJOCOBBIX
CKJIQJIOK SIBJISIETCST TIPEMKTOPOM TPYAHOU HHTYOa-
. [l pacuera oObema Tkanu Y 31 6bLI0 He MeHee
adeKTUBHO, YeM MarHUTHO-PE30HAHCHAd TOMOTpa-
usga (MPT) [69]. Pesyabrarsr uccnemosanus T. Ezri
Hanum noarsepxaenue B pabore S. Adhikari [70].

the laryngopharynx from intraoral, sublingual access
is another option for diagnosing difficult airways. Im-
possibility to visualize the hyoid bone is considered a
predictor of difficult intubation. The obligatory need
for local anesthesia and sedation to help patient to tol-
erate the procedure considers as a negative element of
laryngopharynx sonography [71].

II1. Sonography of the cardiovascular system.
Sonography is intensively is a comprehensive tech-
nique a comprehensive study of the cardiovascular
system [72, 73]. Echocardiography (EchoCG) allows
to determine pericardial effusion quickly, to conduct
a differential diagnosis between asystole and electro-
mechanical dissociation, to identify the causes of its
development [74].

Cardiac output (CO) assessment

In contrast to the intensive care practice, the po-
tential of transthoracic sonography during surgery to
assess cardiac output is limited, due to involvement of
a zone for subcostal access in the surgical field. In such
cases CO is investigated by transesophageal or
suprasternal access (USCOM — ultrasonic cardiac
output monitor) [75]. In 1986, J. Mark compared the
percutaneous echocardiography findings with those
obtained by thermodilution in cardiac patients. On the
one hand, sonographic data on the diameter of aorta
required for measurement of CO correlated poorly
with the data of surgeons' visual observations. On the
other hand, the time to perform echocardiography and
the variability of the data obtained was less than with
thermodilution. It has been pointed out that echocar-
diography is indicated in patients, when the use of in-
vasive methods is impossible [76]. Later, in 2008, W.
Knirsch compared the results obtained using prepul-
monary thermodilution and suprasternal Doppler
(USCOM) in cardiosurgical patients. The data ob-
tained were not in favor of sonography [77]. However,
according to Lai-Sze Grace Wong, the use of USCOM
is acceptable for the assessment of CO, especially when
the dynamics of parameters is important, not their ab-
solute value. Unfortunately, the potential of USCOM
is limited by the inability to measure the pressure in
the pulmonary artery. The safety of its application in
comparison with thermodilution is the obvious advan-
tage of sonography [78]. In addition, ultrasound imag-
ing permits to determine massive embolism in
pulmonary vessels [79], masses in heart cavities, and
the effectiveness of external pacing [80]. Sonographic
examination of the inferior vena cava diameter allows
to indirectly assess preload and its changes in response
to therapy [81]. Similarly, information can be obtained
during an examination of the jugular vein, if access to
the abdomen and chest is difficult [82]. With sufficient
experience, it is possible to assess the state of the valvu-
lar apparatus, to identify myocardial ischemia, hypoki-
nesis zones and determine aneurysms [83]. There are
various algorithms for assessing the state of the cardio-
vascular system using sonography, for example, FATE,
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[lpyroii BapuaHT JUArHOCTUKHU TPYIHBIX /[bIXaTeb-
HBIX IyTel 3akmiouaercss B Y 3UW opranoB roprano-
TJIOTKU M3 BHYTPUPOTOBOTO, TIOABA3BIYHOTO JTOCTYIIA.
[IpeaAnKTOpOM TPYAHON MHTYOAIMY PACCMATPUBAETCS
HEBO3MOKHOCTD BU3YaJIU3AI[UH MTOIBSA3BIYHON KOCTH.
HeratuBHBIM MOMEHTOM SIBJISAETCS HEOOXOAMMOCTD
MECTHON aHeCcTe3MH U CeJlallui, YTOOBI MAIUEHT MOT
nepenectu rporenypy [71].

III. Y3 nuarHocTuka COCTOSIHUS CEPEYHO-COCY-
muctoii cucrembl. Conorpadus 10CTaTOYHO HTUPOKO
WCTOJb3YeTCS  JIJIsT  BCECTOPOHHETO HWCCIIE0BAHUSA
COCTOSTHUSI CEP/IEYHO-COCY/IUCTOM cuctemsl [72, 73].
Ixokapauorpadus (IxoKI') mospossger GbICTPO oIpe-
JIeJTUTD HAJIMYKe TIEPUKAPIMATIBHOTO BBITIOTA, TPOBECTH
M depeHIMaTbHY IO IMarHOCTUKY MESKILY ACUCTOJUCH
1 9JIEKTPOMEXaHMYECKOI JIMCCOIUAIINEH, BBISIBUTD ITPH-
YUHBI ee pa3BUTU [74].

Ouenka cepaeunoro Boiopoca (CB)

B orsmume oT MpaKTUKU B MHTEHCUBHON Tepa-
MU, BOBMOKHOCTb UCIIOJb30BAHUST TPAHCTOPAKAIh-
HOIT coHorpacduy BO BPeMsi Ollepaluu JJjisd OLEeHKH
Cep/leYHOr0 BBHIOPOCA OrpaHUUYEHA, YTO CBSIZAHO C
BOBJICYUEHHEM B OIIEPAIIMOHHOE T0JIe€ 30HBI JJIst CyOKO-
cTajbHOTO flocTyma. B taknx cayyasx CB nccrenyror
YPECITUTIEBOIHBIM WU CYIIPACTEPHATBHBIM I0CTYIIOM
(USCOM — ultrasonic cardiac output monitor) [75].
B 1986 roxy J. Mark cpaBHuI jaHHbIE YPE3IUIEBO/-
Horo IxoKI ¢ pesyssraramu, morydeHHBIMU METOIOM
TEPMOIAJIIONIH Y KapUOXUPYPIrHUECKUX TTAITNEHTOB.
C ofTHOIT CTOPOHBI, JAHHBIE COHOTPA(MUN OTHOCUTEb-
HO JINaMeTPa aoPTHI, HEOOXOMMMBIE JIJIT U3MEPEHMUST
CB 1m10X0 KOppeJmpoBay ¢ JaHHBIMU BU3YaJTbHOTO
Habmoenust xupypros. C Apyroii, BpeMst Ha BBIIIOJI-
Hernre IX0KT u BapuabebHOCTD MOJyYaeMbIX JIaH-
HBIX ObIJIa MEHBIIIE, YeM TIPH TepMouTonuu. [1o MHe-
Huto aBTopa, IX0KI mokasano manmeHTam, y KOTOPbIX
IpUMeHeHNe WHBA3WBHBIX METO/IOB HEBBIITOJHUMO
[76]. Tlosnnee, B 2008 roxy W. Knirsch cpasuu
Pe3yJIbTaThl MMOJYYEeHHOI € IOMOIIBIO MPEIyJIbMO-
HAJIBHOM TEPMOIMJIIONIUY U TOCPECTBOM CYIIPACTEP-
HaspHOTO froniepa (USCOM) y kapanoxupyprude-
ckux OouibHbIX. IToJydeHHBbIE JaHHBIE OBLIM HE B
o3y conorpadum [77]. Onnako, mo mHeHuno Lai-
Sze Grace Wong npumenenne USCOM ponyctumo
miist otteriku CB, 0co6eHHO KOT/Ia BaskHA JMHAMUKA
HoKasaTeJiell, a He ux abcoJioTHOe 3HaYeHue. K coxa-
Jlenuio, Bo3MmoxkHoctu —npumenenus USCOM
OTPaHUYEHBI HEBO3MOKHOCTBIO NU3MEPHUTD JIABJIEHUE B
serouHoii apTepuu. OUeBUIHBIM TPEUMYIIECTBOM
conorpaduu ocraetTcst 6e30MacHOCTDb ee TPUMEHEHST
o cpasHenuio ¢ rtepmoausionueit [78]. [Homumo
9TOTO, Y 3 BU3yaIH3aIlHs TI03BOJISIET OIIPEIEUTh MaC-
CUBHY0 59MOOJIUIO B JIETOYHBIX cOCyax [79], Hajmuuue
o0pasoBaHMii B MOJOCTIAX cepiia, ahdEKTUBHOCTD
BHemHel kKapanoctumyJisiiinn [80]. ¥ 3 nccnenoanme
JaMeTpa HUZKHE TO0JI0N BEeHbI TO3BOJISIET KOCBEHHO
OILIEHUTD IPeIHATPY3KY, a TaK)Ke ee M3MEeHeHUs B
otBeT Ha npoBopuMyto Tepamnuio [81]. TlogoGHBIM

FEEL, FoCUS [84—86]. The use of such algorithms al-
lows to quickly obtain a comprehensive and dynamic
assessment of the cardiovascular system.

Ensuring safety while
performing manipulations

Maintenance of airway patency. It is known that
tracheal intubation is a key moment to ensure the pa-
tency of the respiratory tract. Unrecognized unsuccessful
tracheal intubation can lead to the development of se-
vere, life-threatening complications. At present, this
problem has become irrelevant due to the inclusion of
capnography and pulse oximetry in the basic standard of
anesthetic monitoring, On the other hand, the use of
capnography does not exclude endobronchial intubation.
In addition, it is not informative in cardiac arrest [87].

The availability of ultrasound in anesthetic practice
allowed to use it for verification of ETT position. Unfor-
tunately, it is impossible to exercise direct control during
ETT. This is due to the presence of air in the trachea and
the dispersion of the ultrasonic wave. As a result, all eval-
uation methods are based on indirect characteristics. The
work of Blake Weaver (2006) is noteworthy; it reports
on the verification of the ETT position that has been de-
termined based on the presence of the sliding phenome-
non, namely the sonographic signs of friction of pleura
leaves against each other during respiratory movements.
Accordingly, in the case of unintentional intubation of
the esophagus, this phenomenon is absent, and in the case
of endobronchial intubation it is observed unilaterally.
The effectiveness is the main advantage of this technique,
regardless of the state of blood circulation (when capnog-
raphy cannot be used) or overweight leading to deterio-
ration of the auscultative picture. Pneumothorax is the
limiting factor of this diagnostic technique [88].

Another option for determining the position of
ETT is to place the sensor across the trachea above the
sternal notch. During ETT, there is a decrease in the
volume of the echo-positive shadow (the so-called
comet tail) behind the thyroid cartilage. In the case of
esophageal intubation, on the contrary, a second, sim-
ilar artifact is found. This phenomenon is called a
«double tract sign». The authors used this technique
in emergency medicine, using capnography as a refer-
ence technique. In their opinion, the use of sonogra-
phy was not much inferior to capnography, and was
even more effective in tracheal intubation in patients
with cardiac arrest. Nevertheless, the disadvantages of
the method were also specified, such as the inability
to differentiate between endotracheal and endo-
bronchial intubation. In addition, certain skills in op-
eration with ultrasound are required for a quick
assessment of the situation [89].

Puncture tracheostomy is another area of appli-
cation of sonography which is used to facilitate it [90].
This is true in patients with complex anatomy of the
anterior surface of the neck (obesity) and especially in
combination with the situation of «I cannot intubate,
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006pa3oM MOKHO TIOTYIUTh UH(MOPMAIUIO TIPH UCCTIe-
JIOBAaHUU SIPEMHOII BEHBI, B TOM CJIy4ae, eCJI JOCTYII
K OPIOIIHOI TOJOCTU U TPYAHON KJIETKe 3aTpy/HEeH
[82]. TIpu mocTaToumoM OTbITE PAGOTHI MOKHO OTfe-
HUTb COCTOSHHE KJATAHHOTO amiapaTa Cepila,
BBISIBUTH WINEMHUIO MUOKAp/a, 30HBI TUIOKUHE3A,
onpenesnTh Hanuuue aneBpusM [83]. CymrecTByior
pasJIMYHble AJTOPUTMbI OLIEHKU COCTOSIHUS CEPIEYHO-
COCYZIMCTON CHUCTEMBI TMPU TIOMOINUA COHOTpaduu,
nanpumep, FATE, FEEL, FoCUS [84—86]. IIpumene-
HIE€ TIOJOGHBIX AJITOPUTMOB MO3BOJISIET GBICTPO TTOJTY-
YUTh KOMIIJIEKCHYIO U IMHAMUYIECKYIO OIIEHKY COCTOSI-
HUST CEPIIEYHO-COCYIUCTOI CUCTEMBI.

Oo6ecneyenue 0€30MaCHOCTH
IPU BBIIOJHEHUH MAaHUITY IS

IMoanep:xanue MPOXOAUMOCTU AbIXATEIbHBIX
myreii. Kax 3BecTHO, BHITTOTHEHNE HHTYOAIMH TPAXEH
SIBJISIETCST KJTIOUEBBIM MOMEHTOM OGECTIEUEHSI TIPOXO-
IIIMOCTH JIbIXaTeJIbHbIX Ty Tell. CBoeBpeMeHHO He pac-
MO3HAHHAsT Hey/[auHast MHTYOAINsT TPAXeH MOKET MTPH-
BECTH K PA3BUTHIO TSIKEJbBIX, JKU3HEYTPOKAIOIIUX
ocsioKHeHuit. B HacTosIee BpeMst ata mpobJieMa cTaja
YTPauUBaTh AKTYATbHOCTD B CBSI3U C BKJIIOUYEHUEM Kall-
HOTpahuy U MyJIbCOKCUMETPUN B Ga30BBIN CTaHAapT
AHECTe3UOJIOTHIECKOTO MOHUTOpHHTA. C IPyTOif CTO-
POHBI, UCIIOJIb30BAaHNE KAHOTPa(hUu He UCKII0YAeT
aHI0OpoHXHanbHON wHTYOaruu. Kpome Toro, ona
HenH(bOpMaTUBHA ITPU OCTaHOBKe cepaiia [87].

loctymHocTh ucnonb3oBanust Y3 B anecre-
3MOJIOTUYECKOI TPAKTUKE TO3BOJUIIO TPUMEHSTD €TO
st Bepudukaruu nosoxkennst ITT. K coxanennio,
OCYIIECTBJISITh HETIOCPE/ICTBEHHBIT KOHTPOJb BO
Bpems nipoBeienns DT T HEBO3MOKHO. DTO CBSA3AHO C
MPUCYTCTBUEM BO3/LYTITHOM CPEJIbI B TPaxee, M Pacceu-
BaHueM Y 3-BOJIHBL. BceliecTBue 9Toro Bce OleHOYHbIE
METO/IbIl OCHOBAHBI HAa KOCBEHHBIX NpusHakax. [Ipu-
Meuaresbia pabora Blake Weaver (2006), B KoTopoii
coobmraercst o Bepudurarmu nosoxkenust ITT ocy-
MIECTBJISIJIA 110 HAJWYUIO (peHOMeHa cJali[uHra, a
UMeHHO Y 3-KapTuie TPEHUs JUCTKOB ILJIEBPBI IPYT O
ZIpyTa BO BPeMsI JBIXaTeNbHBIX ABMKeHII. CooTBeT-
CTBEHHO, [TPU HEMPEHAMEPEHHON MHTYOAIMH TTHIIe-
BOJIa 3TOT (DEHOMEH OTCYTCTBYET, & TIPH IHA0OGPOHXH-
AJIbHOI MHTYOAIMU HaOI0faeTCsl YHUIATEPATbHO.
OCHOBHBIM [IPEUMYIIECTBOM [TaHHONH METOIMKU
aBaseTcs a(pdeKTUBHOCTh, BHE 3aBUCUMOCTU OT
COCTOSIHUS KPOBoOOpalieHus: (Korjga He MOKeT ObITh
HCIOIB30BaHa KATHOrPadust ) WK U3OBITOYHOTO Beca,
MPUBOJAIIETO K YXYAIIECHUIO ayCKYJIbTaTUBHON Kap-
TUHBL JIUMUTHPYIONUM (HAKTOPOM TUATHOCTHYECKO-
TO TIpreMa SBJIsIeTCs Haanure THeBMaTtopakca [88].

[pyroii BapuanT onpenesnenns nosoxkeanss T T
CBOJIUTCST K Pa3Melennio Y 3-aTurKa Morepek Tpa-
Xen Ha/l TPyAnHHON BbIpe3koil. [Ipu mposenennn OTT
[POMCXOAUT YMEHbIIEeHHEe 00beMa 3XOMO3UTHBHON
TeHU (T.H. XBOCT KOMETHI) 3a IMUTOBUIHBIM XPSIIOM.
B cayuae wHTYOAIMK MUIIEBO/A, HAPOTHUB, OGHAPY-
JKMBaeTCsS BTOPOH, TTOXOKUN apTedakT. ITOT dheHo-

so I cannot ventilate» provided that the sonographic
equipment is at hand [91].

Ultrasound imaging during manipulations

The use of ultrasound imaging opens up new op-
portunities for safe puncture and catheterization of
blood vessels as it becomes possible to trace the path
of the needle until penetration into the vessel. This re-
duces the number of attempts and time to perform ma-
nipulation; it makes possible to avoid damage to the
surrounding structures [92]. Doppler imaging or color
Doppler mapping can be used to simplify vascular dif-
ferentiation. In particular, the efficacy and safety of ul-
trasound guidance in jugular vein catheterization is
confirmed by Brass P. [93].

In a similar way and equally effectively, it is pos-
sible to perform regional blockades of peripheral
nerves and plexuses and to control the spread of local
anesthetic [94].

Sonography has found its role as a method ensur-
ing safety in the evacuation of the pericardial cavity
content during exudation or hemopericardium avoid-
ing the injury to the myocardium [95].

Application of infrared radiation

To solve the problem of performing venipuncture
in difficult circumstances, particularly in children, pa-
tients with obesity, dark skin, who have undergone fre-
quent infusions, suffering from drug addiction, the
method of near infrared spectroscopy is used [96]. The
method is based on the use of light sources at a wave-
length of 700-900 nm, because hemoglobin and blood
plasma absorb this radiation better than the surrounding
tissue. After processing, the resulting image is projected
on the surface of the patient's skin in real time displaying
the location of the venous bed [97]. The advantages of
the method are obvious. They include a decrease in the
number of puncture attempts and, therefore, such com-
plications as damage to the vascular wall, development
of hematomas, thrombosis, phlebitis, embolism, and in-
fectious complications [98]. The effectiveness of the
method is illustrated by the study of F Chiao (2013).
He confirmed that in patients at risk (patients with obe-
sity, dark skin) visualization of vessels using IR radiation
was easier than in regular attempts [99]. On the other
hand, in the same year, J. de Graaf investigated the po-
tential of vascular cannulation using IR radiation in
children. Indeed, visualization was simplified, which,
however, did not increase the chances of successful
catheter installation [100]. Similar data were presented
by O. van der Woude: in this study, the device for IR ra-
diation was of limited benefit only in dealing with chil-
dren with initially difficult cannulation [101].

Conclusion

The variety of imaging methods gives a modern
clinician the ability to make a comprehensive diagno-
sis with a prompt result. Perioperative safety is di-
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MEH Ha3bIBAETCS «ITPU3HAKOM /[BOMHOTO Ty TH». ABTO-
PBI IIPUMEHSIIN 3TY METO/IMKY B 9KCTPEHHOM MeTUITH-
He, UCTI0JIb3Y4 I/ KOHTpoJid KanmHorpadwuio. [To nx
MHEHUIO, TPpUMeHeHne Y 3-IMarHOCTUKU MaJlo 4eM
yerynano KamHorpadun, 1 gaxe 6b110 ahdekTuBHee
npu UHTYOAIUN TPaXen Y MallueHToB ¢ OCTAHOBKO
cepievHoi gesrenbHoctu. Tem He Meree, ObLIN yKa-
3aHbBl U HEJOCTATKU METOJIa, HAllpuMep, HeBO3MOXK-
HOCTD i HepeHIInpoBaTh IHAO0TPAXCATBHYIO U AH/I0-
6ponxeanbuyio wuHTyGanmio. Kpome Toro, s
GBICTPOI OIEHKU CUTYAIMU HEOOXOANUM OTIpe/IeIeH-
HBII HaBbIK paboThl ¢ Y 3 [89].

Eite opiHo# 061aCThIO PUMEHEHsT cCOHOTpahun
SBJISIETCST OBJIErYeHNe BBITOJHEHUsT TYHKIIMOHHOT
TpaxeocToMbl [90]. DTO akTyasbHO y MAIUEHTOB CO
CJIO’KHOW aHaTOMUEN TepenHell MOBEPXHOCTU IlIen
(osxupenne) u 0cO6EHHO B COYCTAHUY C CUTYAIHEH «He
MOTY MHTYOUPOBaTh, HE MOTY BEHTHJIMPOBATh> TIPH
ycJI0BUM, UTO ¥ 3-ammmapat HaXoAuTces 1o pykoii [91].

yJII)TpaBByKOBaH BU3Yya/In3an Ui
ITPpH BBIIIOJTHEHU N MaHI/Il'IyJISIIII/Iﬁ

[IpuMenenue yabTpa3ByKOBOW BU3Yyaau3aluu
OTKPBIBAET HOBBIE BO3MOKHOCTH HE30MIACHOTO BBITIOJI-
HeHUsI TyHKIIUU U KaTeTePU3AIUU COCYIOB TOCKOJIbKY
MOSIBJISIETCSI BO3MOKHOCTD IIPOCJIEAUTD IyTh UIJIbI
BILTIOTb 10 IIPOHUKHOBEH: B cocyl. Buiarogapst atomy
YMEHbIIIAeTCsT KOJMYECTBO MOIBITOK U BpPeMsl Ha
BBINIOJTHEHME MAHUIYJISAINN, yAaeTcs U30exaTh
MOBpEX/eHU OKpyXKaomux ctpykryp [92]. s
yrpoienusi AuddepeHImpoBanusl COCyJ0B MOKHO
IIPOBOIUTH JIOMIIEPOTPAbUIO UK UCIIOIb30BATD I[BE-
TOBOE JIOIILIIEPOBCKOE KapTupoBanue. B yactnocty,
9 dEKTUBHOCTD 1 6e30IACHOCTD Y 3 HaBeIeHUs IIpU
KareTepusaluy SIPEMHON BeHbI IOITBEPKIAETCSI
pabotoii Brass P. [93].

Cxo0xxrM 06pa3oM 1 CTOJIb ke 3(DGHEKTUBHO BO3-
MOJKHO BBITIOJIHEHUE PerMOHapHBIX 610Ka/ tepude-
PHUYECKUX HEPBOB U CILIETEHIT, KOHTPOJIb 32 PACIIPO-
CTpaHeHueM MeCTHOTO anecteTuka [94].

[Ipumenenue conorpaduu HaILIO MECTO KaK
MeTo/| obeciiedeHnst 6e30IaCHOCTH IIPU DBAKYyalliK
CONIEP’KUMOr0  [EPUKAPAUATIBHON TIOJOCTH IIPU
BBITIOTE UJIM TeMOTepUuKap/e, u3beras TpaBMUpPOBa-
Hust MuOKapaa [95].

Ilpumenenue uHQppaKpacHOTO U3TYYEHHUS

Jlnst pettenust mpo0JieMbl BBITTOJHEHUSI BeHe-
NYHKIMU B CJIOKHBIX 00CTOATENHCTBAX, B YACTHOCTH
y JleTeil, TallueHTOB ¢ OXKUPEHUEM, CMYTJION KOKel,
HepeHecInX YacTble MHQPY3UH, CTPAAAONIUX HAPKO-
MaHueli, IPUMEeHIOT MeTo O/mKHel nHbpakpacHoi
cniekTpockornuu [96]. B ocHoBe MeTO/Ia JIEKUT TIpUMe-
HeHUe UCTOYHUKOB cBeTa ¢ JyimHoit BoJiHbl (700-900
HM), TaK KaK I'eMOIJIOONH U III1a3Ma KpoBu abcopOu-
PYIOT 9TO W3JIydyeHUEe JIydllle, YeM OKPYKaIol[ue
trauu. [Toaydennoe nzobpaxenue mocyie 06padboTKI
MPOEIPYeTCs HA MOBEPXHOCTh KOXKU IMAIMEHTA B

rectly related to the implementation of various manip-
ulations and the fastness of diagnosis in patients on
the operating table, in intensive care units and even at
the scene of an accident or disaster. In such situations,
various imaging techniques allow to perform a manip-
ulation under the control of vision quickly and accu-
rately without damage to anatomical structures and,
therefore, without severe complications. The task of
prompt diagnosis in urgent surgery, when patient's life
depends on intensivist's correct actions, is still urgent.
Presented considerations suggest that imaging is a
comprehensive field in medicine that ensures a higher
level of patient safety.

Therefore, the imaging techniques that is becom-
ing more available as an additional tool to facilitate
the work of an anesthesiologist requires implementa-
tion in clinical practice on an everyday base.

PEKUME PEasTbHOTO BPEMEHHU, 0TOOPaKas PacosiosKe-
Hue BeHo3Horo pycisa [97]. IlpeumyinecTBa MmeTona
OYEBU/IHBL. JTO YMEHbIIIEHNE YK CJIA TIONBITOK MYHK-
IUU U, COOTBETCTBEHHO, TAKUX OCJOXXHEHWIl Kak
HOBPEXKIEHNE COCY/IICTOI CTEHKH, PA3BUTHE FEMAaTOM,
TpoM6030B, (hebuToB, IMOEOIMIT, UHDEKITHOHHBIX
ocyoxxueruii [98]. dbdekTUBHOCT MeTO/IA UILIIO-
crpupyer ucciaegosanue F. Chiao (2013). Ou mox-
TBEP/IWIL, YTO Y MAIIMEHTOB TPYIIIIbI PUCKA (TTAIlUEHTHI
C O’KUPEHUEM, CMYTJION KOKell) BU3YATH3AIH COCY-
noB npu npumeHennn MK-uznyuenus Oblia Jerye,
yeM ipu ITaTHbIX TonbITKax [99]. C apyroii ctopoHsbr,
B TOM ske rojy J. de Graaf uccieoBas BO3MOKHOCTb
KaHIOJISIIY COCY/IOB € uctosb3oBanuem M K-uzmyue-
HUs Yy feteil. [leficTBUTEIbHO, BU3YAIU3AIUsT YIIPOIIA-
JIACh, YTO, OJTHAKO, HE YBEJTMYMBAJIO IIIAHCHI YCIIEITHOM
ycranoBku karerepa [100]. [Toxoxue nannbie mpe-
crapusia O. van der Woude, B aTOM ucciieoBaHum
ycrpoiictBo st VK-usmyuenusi mpeactaBiisiiio
OTPAHUYEHHYIO TI0JIb3Y TOJIbKO Y JIeTell ¢ MCXOIHO
TpyaHoi kantosdiuen [101].

3akaoyeHue

MHoroo0Opasue MeTOJ0B BU3ya l3alli Hajle-
JISeT COBPEMEHHOTO KJIMHUIIUCTA BO3MOKHOCTBIO TIPO-
U3BOAUTH KOMILIEKCHYIO AUATHOCTHKY € OBICTPBIM
noJydenneM pesyibrata. [lepuomnepaionnoe obec-
nedeHye 6E30MaCHOCTU HAIIPSIMYIO CBSA3aHO C BBIIIOJI-
HEHMEM Pa3IMYHbIX MAHUIIYJIALMA 1 ObICTPOTOI
MMOCTAHOBKHM /INAarHO32a Y MAIMEHTOB Ha ONEPAIIMOHHOM
CTOJIe, B OT/IEJIEHUSIX PeaHUMalli U UWHTEHCUBHOU
Tepanuu 1 Jia’ke Ha MeCTe MPOUCIIECTBUS TN KaTa-
ctpodbl. B Takux curyanmsix pasjnyHblEe METOJIbI
BU3YAJIM3AIUN TIO3BOJISIOT T10J] KOHTPOJIEM 3DEHUS
OBICTPO ¥ TOYHO, a 324ACTYIO IIPELU3HMOHHO, BbIIIOJI-
HUTh MAHUIYJISALUIO €3 MOBPEKIEHNs aHaTOMUYe-
CKUX CTPYKTYP U, COOTBETCTBEHHO, 0e3 DPasBUTHI
TSDKEJBIX  ocjokHeHui. He MeHee akTyanbHOM
SBJISIETCA 3ajada OBICTPON IIOCTAHOBKHU JUATHO3a B
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YPreHTHOU XUPYPIUH, KOTIA OT MPABUJIbHON TAKTUKU
AHECTEe3U0JI0Ta-PEAHNMATOJIOTa 3ABUCUT JKU3HD MaIlH-
enTa. Bee aT0 103BOJICT lyMaTh, YTO BU3YAJIU3AIINS,
obecrieynBaiomnas 6oJiee BBICOKUI ypoBeHb Gesomnac-
HOCTH TTAIIMEHTOB, SIBJISETCS HOBBIM HAIIPABJICHUEM B
Me/IUIIIHE.
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The Choice of the Type of Anesthesia
for Carotid Endarterectomy (Review)
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26 Bakinskya Str., 115516 Moscow, Russia
2 Department of Additional Professional Education,
N. I. Pirogov Russian National Medical Research University, Ministry of Health of Russia,
1 Ostrovityanov Str., 117997 Moscow, Russia

B 0630pe 060011eH MUPOBOIT OITBIT HCIOJIB30BAHNST PA3JINYHbBIX BUIOB AHECTE3UH ITPU XUPYPIrUYECKOM JICUCHUN
HOpaKeHUsI COHHBIX apTePHil. AHECTE3MOJIOrnYecKoe obecedeHne onepariii Ha KapoTHIHOM GacceliHe BRIOYaeT
B cebs1 pa3simyHble BU/IbI 001Ieil 1 KOMOHHUPOBaHHON anecTesun. OT/e/bHBIM HAIIPABJICHUEM B XUPYPIHU COHHBIX
apTepuil sIBJIsIeTCsT pernoHapHasi anecTesusi. B pabore mpeictaBJieHbl IPENMYIIECTBA M HEOCTATKH KasK/[0T0 U3 Me-
TO/10B 06e360MBatus. B cOBpeMEHHOIT JinTeparype NpoeMOHCTPHPOBAHO TIPEBOCXOJICTBO PErHOHAPHOI aHeCTe3UH
110 CJIELYIONINM MapaMeTpam: 9KoHoMuueckast adEeKTHBHOCTD, PEAKOCTb UCIOIb30BAHNS BPEMEHHOTO BHYTPEHHETO
HIYHTA, BO3MOKHOCTD ITOCTOSTHHOTO KOHTPOJIS 32 HEBPOJIOTMYECKUM CTAaTyCOM HallMeHTa B TeyeHue BCel oneparny,
CHIDKEHHUE YaCTOTBI HEBPOJIOTHYECKUX U KAPANATBHBIX OCT0KHEHNI. [TopoOHO OMrcaHbl OCJI0KHEHNST PErHOHAPHOIT
AHECTE3UU U CIIOCOObI UX KOPPEKITHH.

Jlo cuX TI0p He CYIMIECTBYET €IMHOTO MHEHHSI OTHOCUTEIFHO BEIOOPA ONITUMATIBHOTO BU/IA AHECTE3UH TIPH BBITIOJ-
HEHUU KapOTH/IHOM 9HAPTEPIKTOMUH, 4TO TOBOPUT O HEOOXOAMMOCTH ITPOBECHUS JAbHEHTINX KPYTHOMACITA0-
HBIX PAHIOMU3NPOBAHHBIX UCCIE0BAHUII.

Kmiouesvie ciosa: amepockiepos; Cmenos COHHbIX apmepuil; Kapomuonast IHOAPMEPIKMOMUSL; PELUOHAPHAS aHe-
cme3ust, KOMOUHUPOBAHHAS AHECE3Us]

The article summarizes the international experience of using different types of anesthesia for the surgical treat-
ment of carotid artery lesions. The anesthesiology support of surgery on the carotid basin includes general and com-
bined anesthesia of various types. The regional anesthesia is a separate field in the carotid surgery. The paper presents
the advantages and disadvantages of each anesthetic technique. The recent publications show the superiority of re-
gional anesthesia in terms of its cost-effectiveness, less frequent use of temporary intraluminal shunt, the possibility
to constant monitoring of patient’s neurological status throughout the operation, and lower incidence of neurologic
and cardiac complications. Complications of the regional anesthesia and the methods of their correction are described
in detail. There is still no consensus about the choice of the optimal type of anesthesia for carotid endarterectomy,
hence further large-scale randomized trials are needed.

Keywords: atherosclerosis; carotid stenosis; carotid endarterectomy; regional anesthesia; combined anesthesia
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angaprepakromuu (K23) B mepBUYHOIT 1 BTOPUYHOM
XUPYPrUYeCKOll  MPOPUIAKTUKE  HUIIEMUYECKOTO

Introduction

The efficiency and safety of the carotid en-
darterectomy (CEA) in primary and secondary surgi-
cal prophylaxis of ischemic strokes in patients with
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MHCYJIBTA Y MAIMEHTOB CO CTEHO3aMU BHYTPEHHei
counoii aprepuu (BCA) jokazarna MHOrOUUCIEHHBIMU
U PaHJOMHU3UPOBAHHBIMU HucciaenoBanusivu [1-3].
[TposeMoHCTPUPOBAHO TPEUMYIIIECTBO XUPYPTUUe-
CKOTO JIeUeHUsI HAJl OTITUMAJIbHON MeINKaMEHTO3HOI
Tepanueil (AaHTUTUTIEPTEH3UBHAS U aHTHATPEraHTHAS
Tepanusi, Ha3HaYeHe CTATUHOB ¥ TMII0X0JIeCTEPUHO-
Basl ieTa, 0TKa3 OT KypeHHsl U aJIkoroJst) [4, 5].

Hauwnas ¢ cepeunnl 1950-x rogos, K93 tpa-
JAUIMOHHO BBITIOJIHSAIACE MO 00mel aHecTesueii
(OA); B mambreiinem, ¢ 1970-x, 11g obecriedenns ame-
CTE3UOJIOTHYECKOTO TIOCOOUSI Y TIAIUEHTOB ¢ BLICOKUM
XUPYPrUYecKUM PUCKOM Oblia pazpaboTaHa U BHEJ-
pena peruonapuas anecresusi (PA), koropast crama
Hacrosiei ansrepaaruBoii st OA [6—10]. B nacros-
Iee BpeMsi OCHOBHBIMHU HAIIPABJIECHUSIMU B BBIOOpPE
006€300JTMBaHVISI TIPH OTIEPAIUSIX HA COHHBIX apTEPHSIX
SABAAIOTCS: 001I1ast aHeCTe3sl, peruoHapHas aHecTe-
31, a Takxke KoMmOumHmposanHas anecresus (KA),
aBJigioniasics ux coueranvem [11-13].

B kimnuveckoil mpakTuke, B 3aBUCUMOCTU OT
KOHKPETHOH KJIMHUYECKOW CUTYaIluu, TPEANOYTEH it
U BO3MOKHOCTEH JIeueOHOTO YUPEsKAeHNS, BBIGOD aHe-
CTe3WH, KaK MPABUJIO, OINPEIESeTCs KOJIETUATIbHO
TPYIIIION CIIENUATNCTOB (AHECTE3UOIIOT, XUPYPT, HEBPO-
JIOT, Kap/IMOJIOT ), U coriacyercs ¢ narentom [ 14—16].

[onsa PA B obuieil cTpykrype 06e30011Banus
npu K93 kosebaercst ot 6 10 74%, B HEKOTOPHIX K-
HUKax 10x01s 10 99% — Ttakoil 6osbiioil pasbpoc
0OBSICHSIETCST BO MHOTOM TIPEIIOYTEHUSIMU KJINHUK U
UX TEXHUYECKOi ocHamenHocTwio [7, 15, 17—19].

[IpoBenennblie MHOTOUKCIEHHBIE UCCIEI0BAHMS
BCe ellle He [ OMHO3HAYHOTO OTBETA HA BOIPOC —
KaKoil U3 BBINIETIEPEUUCTEHHBIX METO0B 0b6Ja1aeT
HEeoCIIOpUMbIMHU TTpenMytiectBamu [20—24]. Paborsr
U CTaThU YKa3bIBAIOT KAK HA IPEUMYIIIECTBA, TAK 1 HA
HEIOCTATKU KayK/I0TO U3 METOIOB 06€360IMBAHUS TIPH
K237, 23, 25, 26].

OcnoubiMu ipenmytiiectBamu OA, 110 TaHHBIM
JINTEPATYPHI, SIBJISIOTCS: HETIOABIKHOCTD MAI[UEHTA,
CHUKEHIE MeTaboIn3Ma KIETOK TOJOBHOTO MO3Ta 1
€T0 3aIKUTa BO BPEMST UIIIEMUH, /IeKBATHBIN KOHTPOJIb
3a TPOXOIUMOCTBIO [IBIXaTeTbHbIX MyTell, QyHKIINei
BHEIITHETO [[BIXaHW U KOHIIEHTPAINell yTrIeKucIoro
rasa, CHUJKeHMe PeaKlny Ha OTePAIMOHHBII CTpecc
[26—29]. TnaBubiM HemoctaTkoM OA, IO MHEHUIO
Unic-Stojanivic D. et al., aBasgercsa HeBO3MOKHOCTD
KOHTPOJIS 32 HEBPOJIOTMYECKUM CTATyCOM TIallueHTa
BO BpPeMsI orepaliny, oObACHSOMAs mo3Hee (JIUIIb
MoCJie OKOHYAHUST HAPKO03a) BbIsIBJIEHNE HEBPOJIOTH-
yeckoro nedwurura u ocaoxkuenuit [23]. Cpexu apy-
rux HegoctaTkoB OA oTMeyaroT HecTabuIbHOCTD
reMOJMHAMUKY (MHTPAOTIEPAIIIOHHbIE TUITOTEH3USI
uin peskue Kosebanus AJl; mocieomnepaiimoHHast
TUTIepTeH3usT), 1 GoJiee BBICOKYIO YACTOTY UCITOJIH30-
BaHWST BDEMEHHOTO BHYTPUIIPOCBETHOTO TITyHTa [26].

PA suriena MHOTHX TIPOOJIEM, XapaKTePHBIX JIJIs
obutero o6esbonmBanusa [30, 31]. TnasubiM npenmy-
mecTBOM PA sgBisieTcst BO3MOKHOCTD TTOCTOSTHHOTO

internal carotid artery (ICA) stenoses have been
proved by numerous randomized studies [1-3]. The
advantages of surgical treatment over optimal drug
therapy (antihypertensive and antiplatelet therapy,
statin prescription and hypocholesterolemic diet, ab-
stain from smoking and alcohol) have been demon-
strated [4, 5].

Since mid-1950s, CEA had traditionally been
performed under general anesthesia (GA); later, since
1970s, regional anesthesia (RA) was developed and in-
troduced into practice to provide an anesthetic aid for
the patients with high surgical risk, becoming a real al-
ternative to GA [6—10]. Currently, the main options of
anesthesia for the surgeries on carotid arteries include
general anesthesia, regional anesthesia, and combined
anesthesia (CA), combining the previous two [11-13].

In clinical practice, depending on the specific
clinical situation, the preferences and possibilities of
the healthcare institution, the choice of anesthesia is
usually determined collectively by a group of experts
(i.e. anesthesiologist, surgeon, neurologist, cardiolo-
gist), and patient’s consent is obtained [14—16].

The percentage of RA in the overall structure of
anesthesia for CEA varies from 6 to 74%, reaching 99%
in some clinics, with such a wide spread in many respects
explained by the preferences by clinics and the availabil-
ity of sophisticated technical equipment [7, 15, 17—19].

The numerous studies have not yet given a definite
answer to the question: which of the above methods has
indisputable advantages for patients [20—24]. Published
studies demonstrate both advantages and disadvantages
of each type of anesthesia for CEA [7, 23, 25, 26].

The main advantages of GA, according to publi-
cations, include patient immobility, reduction of brain
cell metabolism and its protection from ischemia, ad-
equate control of airway patency, of the respiratory
function and carbon dioxide concentration, as well as
reduced response to operational stress [26—29]. The
main disadvantage of GA, according to Unic-Sto-
janivic D. et al., is the inability to monitor the patient’s
neurological status during surgery, which explained a
delayed (only after the narcosis) diagnosis of neuro-
logical deficits and complications [23]. Other GA de-
fects include hemodynamic instability (intraoperative
hypotension or sudden blood pressure fluctuations,
postoperative hypertension), and more frequent use of
temporary intraluminal shunt [26].

The RA lacks many problems, typical for GA [30,
31]. The main advantage of RA is the possibility to con-
stantly monitor patient's neurological status throughout
the procedure and in the early postoperative period, a
clinical evaluation of patient’s cognitive, verbal and
motor functions, i.e. to provide the so-called dynamic
neurological monitoring [20, 27, 32—34]. Lee J. et al.
(2016) performed the so-called «awake test» while op-
erating under RA, five minutes prior to ICA clamping;
the test included assessing patient's speech, squeezing the
rubber ball with the contralateral hand, and the con-
tralateral big toe movement; the test was repeated im-
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KOHTPOJISI 32 HEBPOJIOTUYECKUM CTATYCOM TAIIUEHTA B
TedeHUe BCell ONEpaluy U B PaHHeEM IIOCJIeolepa-
IMOHHOM TIepUoJie, KIMHIYEeCKas OIleHKa ero KOTHH-
TUBHBIX, BePOAJIBHBIX M IBUTATEJIbHBIX (DYHKITNI, T.e.
TaK Ha3bIBAEMbIIl TUHAMUYECKIIT HEBPOJIOTUIECKUIT
monuropunr [20, 27, 32—34]. Lee J. et al. (2016), ome-
pupyst nox PA, 3a 5 munyr go mnepexkarus BCA
BBITIOJTHSIJIN TaK HasbiBaeMbIil «<awake test», BKIIIO-
YAIOIIUIi OI[EHKY PeYN TAIUeHTa, CKUMAHWS PE3NHO-
BOTO MSTYMKA KOHTPAJIATEPAJIBHON KICTHIO U JIBUIKE-
HUsT GOJIBIIOTO MaJIblla KOHTPAJIATEPAIBHON CTOIIBI;
TEeCT TOBTOPSIJIN TOTYAC Ke rocJie nepeskarust BCA u
Jiajiee ¢ MEPUOUYHOCTHIO B 5 MUHYT Ha IPOTKEHUN
BCero Imepuoja Kpocc-kiaamiara [35]. Juxamude-
CKUIl HEIIPOMOHUTOPHHT TI03BOJISIET OIIEHUTH COXPaH-
HOCTb BBICIIUX KOPKOBBIX (DYHKITHI U a/IeKBATHOCTb
KOJIJIATEPAJIILHOTO KPOBOTOKA BO BPEMSI TTE€PEKATHUS
BCA, a B cityuae mosijienust HEBPOJIOTUUECKON CUMII-
TOMaTHKK 0becTieunBaeT 6pICTPOE BBISIBJIEHUE 1epeb-
panbHol uiemun [33, 34].

Emte oxnum BaxkubiM 1peumyiiiectBoM PA, 110
MHEHUIO Psi/ia ABTOPOB, SIBJISIETCS COKPAIIleHUe YacTo-
ThI NPUMEHEHUsS BPEMEHHOTO BHYTPEHHETO IIYHTa
(BBII), ncrosib3oBanme KOTOPOTO MOXKET COIMTPOBOIK-
JaThCs 3% UIIEMUYECKUX OCIOKHEHT. OCHOBHBIMU
OPUYUHAMU UIIEMUYECKUX OCJIOKHEHWIT SIBJISTIOTCS
noBpexaenue nryntoM wHTEMbI BCA, nuccexius
BCA, smb01s (pparMeHTaMi aTePOCKIEPOTUYECKOI
Oaamky, TpoMO0sMOOIM, BO3AYLIHAS dMOOJIUSI,
OKKJIIO3UST IIIYHTA, a camMo ucnosab3oBanue BBIII
MOJKET BBICTYTIaTh KaK npryarHa Tpom603a BCA B pan-
HEM TI0CJIEOTIePAIIIOHHOM ME€PHUOJIe U MPUBOIUTH K
mo3/THUM pecteno3am aprepuu [12, 23, 33, 34, 36]. T1o
nanubiM Bourke V. C. et al. (2016), BuyTpeHnuii urysr
SIBJISIETCST 3HAUNMBIM HE3aBUCUMBIM (DaKTOPOM PHCKA
Pa3BUTHUS HOBBIX UIEMUYECKUX COOBITHH (TIO IAHHBIM
MPT ronouoro mosra) [37]. C apyroii cTOpoHBI,
AbuRahma A. F. et al., npoananusuposas mureparypy
B PubMed u Medline mo 2010 r., moxcynTasu, 4To
pytunnoe wucnosb3oBanue BBIII Bo Bpemsa K33
COIIPOBOKIAETCS MEHBINEN YaCTOTOW Tiepuoriepa-
ruonnoro uucysabra (1,4%), 4eM 1Ipu 0TKaze OT €ro
nprMeHeHust Bo BpeMst onepaiiu (2%) [38]. Bellosta
R. et al. (2006) achexTHBHO KCITOIB30BAJI PYTHHHOE
mynTtupoBanue BCA B 99,4% caydyaeB ¢ dacToroii
ocoxuenuii meree 2% [39]. Lobo M. et al. (2015)
BBISIBUJIM, UTO IOCTOBEPHO PeKe BHYTPEHHUH HIYHT
HCIIOJIb30BaJICSA B TpyIine manuenToB ¢ PA (n=540,
BBIII y 3%, p<0,05) B cpaBHEHUU ¢ KOTOPTOii GOJIB-
HBIX, ortepupoBaHHbIx o1 OA (n=197, BBIIl y 14%)
[18]. Yactrora npumenenns BBIII mpu orreparusix nogy
PA 3HaunTtesbpHO HUXKe 1 Kosebaercs oT 2,4 no 13%
[18, 35, 37, 40—44]. IIpu onepanusax mox OA Kolkert
JLPetal. (2017) pexomenyior ycranasiusath BBIII
IPU BeJINYKUHE PETPOTPATHOTO CPEHETO JAABJIEHUS B
BCA nnmxe 40 MM pr. cT. [45]. Heo6X0auMO IIOMHUTS,
YTO MPeIETHHO OMYCTUMAsT BETUYNHA PETPOTPATHOTO
cpentero aasienust B BCA, obecrieunBaionias ajex-
BaTHOCTB KOJIJIATEPAJIBHOTO KPOBOTOKA — 25 MM PT.

mediately after ICA clamping and then at five-minute
intervals throughout the entire cross-clamp period [35].
The dynamic neurological monitoring allows assessing
the safety of higher cortical functions and the adequacy
of collateral blood flow during ICA clamping, and it also
provides rapid detection of cerebral ischemia in the case
of neurologic symptoms [33, 34].

A less frequent use of temporary intraluminal
shunt is another important advantage of RA, accord-
ing to some authors; its use can cause 5% of ischemic
complications. The main causes of ischemic complica-
tions including ICA intima damage with shunt, ICA
dissection, embolism with fragments of an atheroscle-
rotic plaque, thromboembolism, air embolism, shunt
occlusion; the shunt usage as such can cause the ICA
thrombosis in the early postoperative period and lead
to late artery restenosis [12, 23, 33, 34, 36]. According
to Bourke V. C. et al. (2016), the internal shunt is a
significant independent risk factor for the develop-
ment of new ischemic events (by brain MRI) [37]. On
the other hand, following the analysis of the PubMed
and Medline publications up to 2010, AbuRahma A. F.
et al. concluded that the routine use of shunt during
CEA was associated with a lower rate of perioperative
stroke (1.4%) than when it was discontinued during
surgery (2%) [38]. Bellosta R. et al. (2006) effectively
used routine ICA shunting in 99.4% of cases with the
complication rate of less than 2% [39]. Lobo M. et al.
(2015) found out that shunts have been significantly
less used in the group of patients operated under RA
(n=540, shunt was used in 3% of cases, P<0.05) com-
paring to the patient population operated under GA
(n=197, shunt was used in 14% of cases) [18]. The fre-
quency of the shunt use in surgeries under RA is much
lower and varies from 2.4% to 13% [18, 35, 37, 40—44].
In surgeries under GA, Kolkert J.L.P. et al. (2017) rec-
ommend inserting a shunt at the retrograde mean pres-
sure in ICA below 40 mmHg [45]. It should be
remembered that the maximum permissible value of
the retrograde mean pressure in the ICA, which en-
sures the adequacy of collateral blood flow, is 25 mmHg
[10]. In operations under RA, development of the cere-
bral ischemia symptoms is the main indication for in-
serting a shunt [33, 34]. However, patients developing
negative neurological symptoms requiring shunting,
have a high risk of perioperative stroke and death [46].

Other advantages of RA include preserved au-
toregulation of the cerebral blood flow, stability of
central hemodynamics (the absence of significant
blood pressure fluctuations during surgery and in the
early postoperative period), less need for vasopressor
and volemic support, rare cardiorespiratory complica-
tions, the absence of pain syndrome within the first 6-
8 hours after surgery, less need for narcotic analgesics
after surgery, and a shorter hospital stay [26, 27, 29,
31, 33, 34, 44, 47—49]. Demirel S. et al. (2016) has
shown that higher control over hemodynamics in RA,
including carotid sinus nerve blockade, is caused by
the depressed sensitivity of carotid baroreceptors due
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ct. [10]. IIpu oneparnusax mox PA ocHoBHBIM TIOKa3a-
HUEM JIJisI YCTAHOBKU IIIYHTA SIBJISIETCS IOSIBJIEHIE
KJMHUKY nepebpanbhoii umemun [33, 34]. Onnako
HAIMEeHThl, Y KOTOPBIX MOSIBIJIACH OTPUIATEJbHAs
HEBPOJIOTHYECKAsE CUMIITOMATUKA, TTOTPeGOoBaBIIast
ycranoBku BBIII, nmeioT BbICOKUIT PUCK Pa3BUTHS
MIEPUOTIEPAIIMOHHOTO NHCYJIbTa U CMePTH [46].

B kauectse apyrux npenmyiiects PA ykasbi-
BAIOTCSl CJIE/IYIONUE: COXPAHEHUE AyTOPeryJisiuu
MO3rOBOTO KPOBOTOKA, CTAOUIBHOCTD IIEHTPAIBHOI
reMOIMHAMUKHU (OTCYTCTBUE 3HAYUMBIX KOJeGaHuii
apTePUAIIbHOTO JIABJIEHNSI BO BPEMs OIepalluu U B
paHHEM IIOCJTIEeOIePAIMOHHOM IEPHUOJE), MEHbIIast
noTpe6HOCTh B Ba3ONPECCOPHON U BOJEMHUUYECKOIT
HOJ/IEPKKE, MEHbIIIEe YHCJI0 KaPAUOPECTIUPATOPHBIX
OCJIOKHEHHUIT, OTCYTCTBHE HOIEBOTO CHHIPOMA B TeUe-
HUe 1epBeiX 6—8 yacoB IocJie onepanuu, MeHbInast
HOTPEGHOCTh B HAPKOTUYECKUX aHATBIETHKAX MOCJIE
ollepanyy U COKpalleHre CPOKOB TOCIIUTAIU3AINN
[26, 27,29, 31, 33, 34, 44, 47—49]. ITo muenuio Demirel
S. et al. (2016), Gosee ynpasisgemas reMoAMHAMUKA
npu PA, Briiouaionieii 6J0Kagy HepBa KapOTUIHOTO
cuHyca, 06y CIOBIEHA YTHETEHUEM Yy BCTBUTEIBHOCTH
KapoOTHIHBIX OapopenenTopoB Ha ¢oHe ux XuMuie-
ckoii rerepsanyn [50]. CoorBercrBenno, Hoefer J. et
al. (2015) paccmarpusaior PA kak apdexTuBHyio u
6€e301acHyI0 METOAUKY 00e300J1uBaHNUs IIPU Ollepa-
11X HA COHHBIX apTepusx [30].

Ente omaum mpeumyiiectBom PA mepen OA,
Schechter M. A. et al. (2012), ykasbiBaioT Ha 10CTO-
BepHO MeHbIee Bpemst onieparuu (99+36 MmunyT ripo-
tuB 119+53 munytel, p<0,0001) u Bpems anecte3nn
(52+29 munyThl tpoTuB 6437 MunyTh, p<0,0001)
[51]. TamwenTsl ocsie PA 1ocTOBEpHO Yallle BHIITCHI-
BaJIUCh Ha CIeAyIOmnii enb nocie K93 (77% npotus
64,4%, p<0,0001) [51].

Kpowme Toro, B psijie paboT IpoieMOHCTPUPOBa-
HbI 9KOHOMMUecKkue penmytiectBa PA nepen OA nipu
omneparusix Ha BCA [12, 52—-54]. Ha ocrHoBanuu ana-
JI3a XUPypruyeckoro jgevenus 346 nanuenton Siu A.
et al. (2016), cpaBuus pesyasratel K93 mog PA u OA,
clleJlaiv CJIeNyIolie BhIBOABI: PA sKOHOMUYECKH
6ouee nenecoobpasta (PA — $7122; OA — $10140),
COKpAII[aeT BPeMsI OTIePATHBHOTO BMENIaTeJbCTBA U
cpoku rocrimraiausanuu [52]. Iauenram, orepupo-
BauHbiM 0/ OA, yaiie TpeboBasock HabJIOCHUE B
YCJIOBUSIX OT/leieHus peanumaiuu. [1o muenmio aBro-
pos, PA saBisiercst Hanbosiee axoHoMu4YecKd ahdek-
TUBHBIM U ONITIMAJIbHBIM METO/IOM aHECTE3N0JI0TnYe-
ckoro mocobust [12, 52]. Vsyuus sKOHOMHUYECKYIO
COCTaBJIAIONTYI0 aHecTe3nun 11pu KO B uccienoBanuu
GALA, Gomes M. et al. (2010) Bbrasuin HeGOIBIIOE
MpeNMYyIIecTBO B huHAHCOBOM Iiiane y PA, 3akitio-
yaronteecs B skoHomun $250 na manuenra [55]. Ilo-
BUJIMMOMY, 9TO CBSI3aHO C OTCYTCTBUEM 3aTpPaT Ha
ob6uryio anecresuio. Schechter M. A. et al. (2012) noa-
CUUTAJNU, YTO TeXHWKa aHecteaun 1pu KII, He
BJMsier Ha obuime pesyibsratel K99, omnako PA
MOKET CHUKATh OOIIYI0 CTOMMOCTH JIEYEHUsT 110

to their chemical denervation [50]. Accordingly, Hoe-
fer J. et al. (2015) consider RA as an effective and safe
type of anesthesia in surgeries on carotid arteries [30].
Schechter M.A. et al. (2012) indicate another ad-
vantage of RA over GA, i.e. the significantly shorter
surgery duration (9936 minutes versus 11953 min-
utes, P<0.0001) and anesthesia time (52+29 minutes
vs 64+37 minutes, P<0.0001) [51]. After RA, the pa-
tients were significantly more likely to be discharged
the day after CEA (77% vs 64.4%, P<0.0001) [51].
Besides, some studies show the economic advan-
tages of RA over GA for the carotid operations [12, 52—
54]. Based on the analysis of the surgical treatment of
346 patients, Siu A. et al. (2016) compared the results
of CEA under RA and GA and made the following con-
clusions: RA is more economically feasible (RA —
$7,122, GA — $10,140), it reduces the surgery and hos-
pitalization time [52]. The patients operated under GA
more frequently needed intensive care monitoring. Ac-
cording to the authors, RA is the most cost-effective and
optimal type of anesthesia [12, 52]. Having studied the
economic aspects of anesthesia for CEA in the GALA
trial, Gomes M. et al. (2010) demonstrated a slight fi-
nancial advantage of RA, allowing to save $250 per pa-
tient [55]. Apparently, it can be explained by the absence
of costs for general anesthesia. Schechter M. A. et al.
(2012) calculated that the anesthetic technique for CEA
does not affect the overall CEA results; however, RA
may reduce the overall treatment cost compared to GA
and CA. This is due to the following reasons: (1) the
total time of anesthesia using RA technique is usually
30 minutes shorter, (2) the time spent in a hospital after
the surgery can be reduced to one bed-day [51].
Among the disadvantages of RA, some authors
note the lack of the brain protection during ICA cross-
clamping, lack of reliable control of airway patency,
external respiration and carbon dioxide concentration,
the possibility of perioperative arterial hypertension,
higher operational stress level, and the forced position
of the patient during operation [26, 27, 30, 33, 34].
Indications for RA include the presence of em-
bologenic plaque in the operated ICA, the absence of
an ultrasound window for carrying out the TCD, se-
vere coronary artery disease, severe aortic and mitral
valve stenosis, low left ventricular ejection fraction,
cardiac rhythm and conduction disorders, respiratory
system diseases, as well as the patient's objecting to
general anesthesia [33, 34, 56]. Besides, according to
Kavakli A. S. et al (2015), RA is indicated most of all
for the patients with critical contralateral ICA steno-
sis, when it is especially important to assess the need
for placement of the internal shunt [12]. Interestingly,
in the paper of Dellaretti M. et al (2016), the degree
of contralateral ICA stenosis is worth noting: in pa-
tients operated under RA and intolerant to ICA
clamping, the average degree of contralateral artery
stenosis was 57.5%. On the other hand, among the
ICA-clamping-tolerant patients, the contralateral
stenosis degree was on average 27.8% [40].
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cpaBuenuio ¢ OA u KA. 9To cBs3ano co cienyonmmu
npuunHamu: 1) obiiee BpeMmst aHecresuu 1pu PA
00b1uHO Ha 30 MUHYT KOpoue, 2) BpeMst IpeOblBaHIId
B CTalMOHAPE MTOCJIE OTIEPAITIH MOKET OBITh COKpaIe-
Ho 10 1 koiiko-aust [51].

Cpenu neroctaTkoB PA psji aBTOPOB yKa3bIBAIOT
HA: OTCYTCTBUE 3aIUTHI TOJOBHOTO MO3Ta BO BpeMs
nepexxarust BCA, oTcyTcTBre Hale}KHOTO KOHTPOJIS 32
IPOXOAUMOCTBIO JIBIXaTEIbHBIX IIyTel, (yHKIMeit
BHEIITHETO JIBIXaHUsI ¥ KOHIEHTPAIUel YIIeKICI0ro
ra3a, BO3MOKHOCTb PA3BUTHSI IIEPUOTIEPAIIMOHHON apTe-
puaIbHOIT TUIIEPTEH3UH, GOJiee BBICOKUIT YPOBEHD Olle-
PAILMOHHOTO CTPECCa, & TAKIKE BBIHYKIEHHOE MOJIOKe-
HUe MaluenTa Bo Bpemst oneparuu [26, 27, 30, 33, 34].

[MokazanusimMu k PA sBasiores: Hamindue aM60-
JloreHHoi 6Jsitky B oniepupyemoit BCA, orcyTerBue
¥ 3-okna nuig nposenenust TK Y 311 Tsxesnoe opa-
JKeHHe KOPOHAPHOTO PYCJIa, BBIPAJKEHHBIE CTEHO3bI
A0PTAJIbHOTO ¥ MUTPAJIBHOTO KJIATIAHOB, HU3KAs hpak-
I¥st BBIOPOCA JIEBOTO JKEJYI0UKa, HAPYIIEHUS PUTMA
U IPOBOIMMOCTH CeP/IILa, 3a00JIeBaHUS JIBIXATEIbHON
CHCTEeMbI, OTKa3 MalieHTa oT obIeil anecresuu [33,
34, 56]. Kpome toro, no muenuio Kavakli A. S. et al.
(2015), PA nanbosee rokasaHa y IaieHTOB ¢ KpUTU-
YeCcKUM KOHTpajaTepayabHbIM cTeno3oM BCA, xorma
0COBEHHO BaKHO OIEHUTH HEOOXOMMOCTh YCTAHOBKH
BHyTpenHero myHTta [12]. nTepecubim daktoMm B
pabore Dellaretti M. et al. (2016), saBunach crenenb
KoHTpasaTepaibHoro crenoza BCA: y narnuenTos,
orepupoBaHHbIX 1071 PA 1 HETOJIEPAHTHBIX K TTepesKa-
tuto BCA cpejiHsis cTereHb KOHTpajlaTepaabHOTO CTe-
HO3a aprepun coctaBuia 57,5%. C apyroit cTOpOHbI,
cpean GOJNBHBIX TOJEPAHTHBIX K mHepeskatuio BCA
JIaHHAsT CTETEHb KOHTPAIATEPATIbHOTO CTeHO3a Oblia
B cpeaueM 27,8% [40].

[TporuBonokazanusamu k PA nipu orepanusax Ha
COHHBIX aPTEPUSIX SIBJISIOTCST: HEBO3MOKHOCTh CJIOBEC-
HOTO KOHTAKTa ¢ GOJIbHBIM, HEQJIEKBATHOCTD MAIlHEHTa,
KOHTpaJIaTepasIbHbI nape3 AuadparMaabHOTO UM BO3-
BPATHOTO HEPBA, HAPYIIEHNUST CBEPTHIBAHST KPOBU, OTKA3
nanuenTa ot PA [33, 34, 57]. Lee J. et al. (2016) ykasbi-
BAET, YTO BBICOKOE PACIIOJIO}KEHUE CTEHO3a COHHOI apTe-
pun (ypOBeHb BTOPOrO IIEHHOTO TO3BOHKA) TaK:Ke
siBaIsteTcst ipoTrBonokasanreM K PA [35]. Tlo muenuio
Bpayna 1. JI. (2009), cienyer usberarb ABYyCTOPOHHE!
GJIOKaJIbI MIEHHOTO CIUIETEHMs, T. K. CYIIECTBYET PUCK
6y10KazIbl 000MX AuadparMaIbHbIX HEpBOB [58].

Texnuka PA, xak mpaBuiio, BapbupyeT cpenu
Pa3HBIX aBTOPOB, U MOJKET TIPEACTABIATH COGON KOM-
OGUHAIIUIO MW OJUH U3 CJEAYIONUX KOMIOHEHTOB:
6JI0Kajla WIICUIATEPATBHOTO TIyOOKOTO IHEeiHOro
crierenust (1peBepTeOpabHOe MPOCTPAHCTBO, HA
yposhe C2—C4), 610Ka/1a NIICUIATEPATBHOTO II0BEPX-
HOCTHOTO IIIeIHOTO crijieTeHus (MOIKOKHAS KIeT4aT-
Ka BJIOJIb 3aJIHETO KPasi TPYIAMHO-KJIIOUUYHO-COCIIe-
BUIHON MBIIIIIbI), WM MPOMEKYTOYHAsT O0Kaja
(aHATIOTMYHOE TPOCTPAHCTBO MO MOBEPXHOCTHOMN
(dacuueii men Ha yposie C4 u Ha rrybuHe 0Koso 15
MM OT KOk ) [42, 58, 59—62]. Kpome Toro, xkesaTeib-

Contraindications for RA in surgeries on carotid
arteries include the impossibility to verbally contact
with the patient, patient’s incongruity, contralateral
phrenic nerve /recurrent laryngeal nerve palsy, blood
clotting disorders, patient's objection to the RA [33,
34, 57]. Lee J. et al. (2016) indicate that the high lo-
cation of carotid stenosis (level of the second cervical
vertebra) is also a contraindication for RA [35]. Ac-
cording to Brown D. L. (2009), two-sided cervical
plexus block should be avoided, as there is a risk of
both phrenic nerves blockade [58].

Different authors, generally, describe various RA
techniques which can combine one of the following
components: ipsilateral deep cervical plexus block
(prevertebral space, at C2—C4 level), ipsilateral super-
ficial cervical plexus block (subcutaneous tissue along
the posterior edge of the sternocleidomastoid muscle),
or an intermediate block (similar space under the su-
perficial cervical fascia at C4 level and at about 15 mm
depth from the skin) [42, 58—62]. As an addition, in-
traoperative carotid sinus nerve block, which does not
belong to the cervical plexus, but is a branch of the
glossopharyngeal nerve, is also desirable [50, 63, 64].

Cervical epidural anesthesia for CEA is ex-
tremely rarely used, since the developing bilateral
blockade of the cervical, brachial plexus, and upper
thoracic roots is dangerous due to the possible devel-
opment of such side effects as arterial hypotension,
bradycardia and respiratory disorders; besides, there
is a risk of such formidable complications as epidural
hematoma, high spinal block and damage to the cervi-
cal spinal cord [15, 32, 65]. This anesthesia is per-
formed at the C6—C7 level, the catheter is protruded
4 cm cranially, the 3 ml test dose of anesthetic (0.25%
bupivacaine solution or 0.75% ropivacaine solution)
is administered; in the absence of deterioration after 5
minutes, the remaining 7 ml of the solution is admin-
istered [32, 65].

The drug selection for regional anesthesia

Of the local anesthetics for the cervical plexus
block, aminoamides are used. As a rule, long acting
drugs (ropivacaine, levobupivacaine or bupivacaine)
are used in isolated form or in combination with an in-
termediate duration anesthetic (1-2% lidocaine) [58,
64, 66, 67]. Bupivacaine (0.5%) allows the surgical
anesthesia period of about 4 to 6 hours, and ropiva-
caine (0.75%) — 2 to 4 hours [58].

As an adjuvant, dexmedetomidine can be added
to the local anesthetic solution at 1 pg/kg (0.5—1.0 ml),
which shortens the onset time and prolongs the dura-
tion of the block to 12 hours [68, 69].

The regional anesthesia under ultrasound guid-
ance, according to several authors, has several advan-
tages compared to the blind injection technique
[70—73]. The superficial cervical plexus is defined as a
hypoechoic formation in the form of honeycombs, lying
laterally and deeper than the posterior margin of the
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Ha TaksKe WHTPAoTIepainoHHas GJI0Kaa HepBa Kapo-
TUJIHOTO CHHYCA, KOTOPBIIl HE OTHOCUTCS K IIEITHOMY
CILJIETEHUIO, A SIBJISIETCS BETBBIO SI3BIKOTJIOTOYHOTO
Hepsa [50, 63, 64].

[Tefinas snumypanbHas anecre3us s KO
UCIIOJIB3YeTCsT KpaliHe PeIKO, IIOCKOJIbKY Pa3BUBAIO-
ascst IBYCTOPOHHsIS GI0Ka/a MEeHOTo, TJIeYeBOro
CILIETEHUI U BEPXHUX TPYIHBIX KOPEIIKOB OMAcHa
pasButueM 1mo6ouHbIX 3h(HEKTOB — apTepuanbHON
TUTIOTEH3UH, GPaIMKAPAUN U HAPYIIIEHUH JbIXaHU;
KPOMe TOTO, UMEETCsI PUCK TAKUX 'PO3HBIX OCJIOKHE-
HUI KaK Iy pajibHAsI TeMAaTOMa, BBICOKHIT CTTHAJIb-
HBIIT GJIOK U TIOBPEKICHUE HIEHHOTO OT/IeJIa CITMHHOTO
mosra [15, 32, 65]. lannas atecre3usi BbIIIOJIHSIETCS
Ha ypoae C6—C7, kaTeTep 3aBOANTCS HA 4 CM KPAaHU-
aJIbHO, BBOAUTCS TecT-103a (3 mur) anecretunka (0,25%
pactBop 6yrmBakanna wiau 0,75% pacTBop porvsa-
KanHa); TPU OTCYTCTBUM YXY/IIEHUSI COCTOSHUS
HaIKreHTa 4epe3 d MUHYT BBOJSTCS OCTABIINECS 7 MJI
pacrtBopa [32, 65].

Br160p npenapara
ISl pETHOHAPHOM aHeCTe3U

13 MECTHBIX aHECTETUKOB JIJIst GJIOKa/IBI TIEHHOTO
CILIETEHUS UCTIOJIB3YIOTCST aMuHoamubl. Kak mpasu-
JI0, TIPUMEHSTIOTCS TIPENAPaThI IJTUTETbHOTO JeHCTBUS
(ponuBakauH, JeBOOYTUBAKAUH WK OYTIMBAKAWH) B
M30JIMPOBAHHOM BHUJI€ VJIU B COYETAHUY C AHECTETUKOM
cpenHeil IPOAOJEKUTETbHOCTH feiicTBust (1—2% nuio-
kaun) 58, 64, 66, 67]. Bynusakau (0,5%) mossoJisier
NMOOUTHCSA XUPYPIUYECKON aHECTE3UH JITUTETLHOCTHIO
okoJio 4—6 4, a pornmBakaud (0,75%) — miauresb-
HOCTBIO 2—4 1 [58].

B kauecTBe asipioBaHTa K PacTBOPY MECTHOTO
AHECTETHKA MOKET OBITh 106aBJICH IEKCMEIETOMUINH
B no3e 1 mkr/kr (0,5—1,0 MJ1), KOTOPBIN MTO3BOJUAT
YCKOPUTH BPEMs HACTYTIIIEHUsT OJIOKA/bI U YBEJTUYHUTH
ee MPOIOJKUTENBHOCTD /10 12 u [68, 69].

Pernonapnas anecrtesus 10 yJIbTPa3BYKOBOI
HaBUTAI[MEH, M0 JAHHBIM Psi/la aBTOPOB, obJagaeT
PSIZIOM TIPEVMYTIIECTB B CPABHEHUHU C TEXHUKON BBejIe-
nud Besenyio [70—73]. TloBepxHocTHOE 11eiHOE crie-
TEHWE ONPe/IeJISIETCST KaK THII0AXOTeHHOe 00pa3oBa-
HUeE B BUJIE MEIOBBIX COT, KOTOPOE JIEXKUT JIaTepaJIbHee
U Tory6Ke 3aIHET0 Kpast TPYAMHO-KIIOYHIHO-COCTIe-
BUIHOU MbITIITBI [32]. [Toniepeytibie OTPOCTKN BBITIISI-
ST KAK CUIIEPIXOTeHHbIE JIMHUHU, CO3/IAIONITIe AKYCTH-
yeckue TeHu nosaznu cebs [32]. st mpoMesKyTouHOoM
GJIOKa/IbI UTJIa BBOAWTCA Y 33/(HETO KPasi TPYAUHO-
KJIIOUNYHO-COCIIEBUIHON MBITIIIBI Ha ypoBHE Ouyp-
Kaluy o011eli COHHOoit aprepun [42]. YabsrpasByKkoBoit
KOHTPOJIb TI03BOJIIET GJIMBKO TIOIBECTU UTJIY B ILJIOC-
KOCTH JaTYMKa K Hapy:KHOI 0001049Ke 0011eii COHHOI
apTepuu U YBUIETh PACIIPOCTPAHEHUE PACTBOPA MeCT-
HOTO aHECTeTUKA B IPOCTPAHCTBE PSIOM C HEH B
dhopme nonymecsina [42, 67]. Kokofer A. et al. (2015)
MOKa3aJ, YTO TPHU TOYHOI JIOKAJTU3AIUU IIeHHOTO
CILJIETEHUST C TIOMOIIbIO Y 3-HABUTAIUU BO3MOKHO

sternocleidomastoid muscle [32]. The transverse
processes look like hyperechoic lines creating acoustic
shadows behind themselves [32]. For the intermediate
block, the needle is inserted at the posterior edge of the
sternocleidomastoid muscle at the level of bifurcation
of the common carotid artery [42]. The ultrasound
control makes it possible to introduce the needle in the
sensor plane close to the sheath of the common carotid
artery and thus to see the spread of the local anesthetic
solution in the space next to it in the form of a crescent
[42, 67]. Kokofer A. et al. (2015) showed that, with ac-
curate localization of the cervical plexus using ultra-
sound guidance, it is possible to use much lower
concentrations of solutions at the same volume
(0.375% ropivacaine instead of 0.75% in an amount of
20 ml) with the comparable clinical efficacy [66].

The results of ultrasound-guided RA are pre-
sented in the article by Madro P. et al. (2016). The ul-
trasound guidance allowed reducing the total volume
of the injected anesthetic, relieving pain as well as such
subjective complaints as hoarseness, cough, and diffi-
cult swallowing [72]. On the other hand, Alilet A. et
al. (2016) compared two groups of patients (7=86) op-
erated under RA (ropivacaine 0.475%): the group with
an intermediate block under ultrasound guidance and
the group with superficial cervical plexus block with-
out ultrasound navigation. In terms of the additional
use of lidocaine for analgesia, the conversion from RA
to GA, and the incidence of RA complications, both
groups did not show any advantages [70]. Leblanc L. et
al. state that, giving proper technical conditions, RA
under ultrasound guidance is a simple, reliable and safe
method of anesthesia [42].

Comparing the results of the combined (deep and
superficial) block under ultrasound guidance with in-
termediate cervical plexus block under ultrasound
guidance, Kavakli A. S. et al. (2016) obtained the fol-
lowing results: combined block under ultrasound guid-
ance was accompanied by the lower need for analgesia,
smaller scores on the pain visual analog scale and higher
patient’s satisfaction [71]. Hoefer G. et al. (2015)
demonstrated that RA under ultrasound guidance in
comparison with GA was accompanied by significantly
higher intraoperative arterial hypertension and heart
rate, as well as the significant increase in the cortisol
level in blood; the remaining hormones and markers
(metanephrine, normetanephrine, troponin I, creatinine
phosphokinase, pro-natriuretic N-terminal peptide B-
type) did not show any significant difference [30].

Individual tolerability of local anesthetics varies
widely [57]. It should be noted that long acting anes-
thetics, especially bupivacaine, are more cardio- and
cerebrotoxic than intermediate duration medications
[57, 60]. Systemic toxic reactions develop either be-
cause of an anesthetic overdose with the correct tech-
nique of its administration or because of the accidental
intravascular injection of even its small dose [57, 74,
75]. The CNS is usually more susceptible to local anes-
thetics than the cardiovascular system [60, 75]. Cere-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 6



DOI:10.15360,/1813-9779-2018-6-95-113

O63opsr
|

MCIOJIb30BATh TOPA3/I0 MEHBIITIE KOHIICHTPAI[UHU pac-
TBOPOB 1pu oxuHakoBoM obbeme (0,375% porvsa-
kan Bmecto (,75% B kosmuectse 20 Mi1) ¢ corocTa-
BUMOI KITMHNYECKOH appekTruBHOCTHIO [66].

PesyapraTer npuMmenenusi PA moj yasTpasByko-
BBIM HaBeeHUeM MoKasaHbl B cratbe Madro P. et al.
(2016). Y3-KOHTPOJIb IO3BOJSI CHU3UTH OOIIMii
06beM BBOJIMMOTO aHECTETUKA, YMEHBIIUTH GOJIEBbIE
OIIYIEHNsT W Takue CyOBEKTHUBHBIC KaJOOBI Kak
OXPUILJIOCTD, KallleJb U 3aTPy/HEHHE TIPU TJIOTaHUN
[72]. C mpyroii croponsl, B pabore Alilet A. et al. (2016)
CPaBHUBAJIUCH JIBE TPYIIIBI MarirenToB (n=86), onepu-
poBanubix moj PA (ponuBakawu 0,475%): rpytia
GOJIBHBIX € IIPOMEKYTOUHON O10Kamo0ii mog Y 3-Hase-
JIEHUeM U TPyTIa GOJIbHBIX ¢ GIO0KAI0N TOBEPXHOCTHO-
o mieitHoro crutetennd 6e3 Y 3-uasuraiuu. 1o noka-
3aTeJIAM JIOTIOJTHUTEIBHOTO TIPUMEHEHMS JINJIOKAHA
1t obesbosmBanus, konsepcun PA B OA u yacrore
ocsoxuenuit PA obe rpyIiibl He TPOJIEMOHCTPUPOBAIN
KakKKX-1100 MPEeNMYyIIeCTB ApYyT nepen apyrom [70].
Leblanc I. et al. ykassiaer, uto mpu cobmioieHIn mpa-
BUJIbHBIX TEXHUYECKUX YCJI0BUI, PA 11011 y/I5Tpa3ByKo-
BbIM HaBe/IEHUEM SBJISETCS TPOCTBIM, HA/IEKHBIM U
GesomacHbIM MeTonoM 00e360aBanys [42].

CpaBHUB pe3yJIsTaThl KOMOUHUPOBAHHOI 6J10-
Ka/bl (r7ry6OKOTro M MOBEPXHOCTHOTO CIICTEHUH ) TT0]T
Y 3-HaBuraimeil ¢ MpoOMeRYTOYHON GJIOKALON MO
V3-uasegennem, Kavakli A. S. et al. (2016), monyun-
JI CJIEJTYTONINE PE3YIbTaThl: KOMOMHUPOBaHHAsA 6J10-
Kajia COMPOBOK/IATIOCH MEHbBIIEN HEOOXOAMMOCTHIO B
06e360IMBAaHNHT, MEHBITUMU GaJLTAMU TI0 BU3YaJIbHOI
AHAJIOTOBOI TKase 6ou 1 HoJiee BBICOKON YIoBIIe-
TBOpeHHOCThIO Hanuentos [71]. B pabore Hoefer G.
et al. (2015) 6bL10 TOKa3aHo, uTo PA oz Y 3-naseze-
HueM, 1o cpasuenuio ¢ OA, conmpoBoXkIaIach 10CTO-
BepHO GoJiee BBICOKOI MHTPAOIIEPAIIHOHHON apTepu-
QJIBHON THUIepTeH3uell U YacTOTOU cepAedHbIX
COKpAIleHUH, a TakkKe JOCTOBEPHBIM TIOBBIIIEHUEM
YPOBHSI KOPTHU30JIa B KPOBU; OCTAIbHbIE TOPMOHBI U
Mapkepbl (MeTanedpuH, HopmeTanepuH, TpOOHUH I,
kpeatunnHdOoCcHOKNHA3A, TIPO-HATPUIYPETUYECKUI
N-konrteBoii erntuy B-tuma) moctoBepHOi pa3HUIIbI
He mokazasu [30].

NupuBuayanbHasd TEpPeHOCUMOCTb MECTHBIX
AHeCTeTUKOB BapbUPYET B IIUPOKOM JAuarnasomne [57].
HyHO 0TMETUTD, YTO aHECTETUKH JJIUTETHHOTO JIeHi-
cTBUst, ocobenno OynuBakawH, Gojiee Kapawo- U
11epe6GPOTOKCUYHBL, YeM TIPerapaThl CpeiHeil mpoIoI-
sKuTeabHoCTH feiicTBus [57, 60]. CrcreMHbIe TOKCH-
YECKHEe PEAKIIUU PA3BUBAIOTCS JIMOO BCJIEACTBUE TIEpe-
JI03UPOBKY aHECTETUKA ITPU TTPABUIJIbHOM TEXHUKE €TO
BBEJICHUSI, JTUOO TIPU CIYYAWHOM BHYTPUCOCYIUCTOM
BBeleHNN Jake HeOoJIbIIoN ero x03bl [57, 74, 75].
O6bruno IITHC Gosee BocnpuyMYMBa K JeiCTBUIO
MECTHBIX aHECTETUKOB MO CPaBHEHUIO C CEPACYHO-
cocyaucToil cucremoii [60, 75]. LlepebpanbHas u Kap-
[IMajgbHag CUMITOMATHKA HApacTaloT 10 Mepe yBe-
JIUYeHUs KOHIICHTPAIlMM MECTHOTO AHECTETHKA B
KPOBH U, KPOME TOTO, YCUIIUBAIOTCS B YCIOBUSIX TUIIO-

bral and cardiac symptoms increase with increasing
local anesthetic concentration in blood and, in addi-
tion, are enhanced in conditions of hypoxia and acido-
sis [57]. It should be remembered that bupivacaine
and levobupivacaine in toxic concentrations can lead
to the complete blockade of ATP synthesis in the my-
ocardium [57]. The cerebral symptoms are first mani-
fested by psychomotor agitation, confusion, seizures,
visual and hearing impairments, and, with increasing
concentration of the drug, depression of consciousness
up to coma, and apnea [57, 58, 60, 75]. The cardiac
symptoms start with tachycardia and arterial hyper-
tension, progressing to bradycardia, arterial hypoten-
sion, arrhythmias up to ventricular fibrillation and
asystole [57, 58, 60, 75]. The systemic intoxication
with local anesthetics is treated with oxygen ther-
apy/mechanical ventilation, propofol/thiopental
sodium, infusion therapy, atropine, and, if those are in-
effective, 20% lipid emulsions intravenously in a total
dose of not over 10 ml/kg [60, 74, 76].

Given the potential toxicity of local anesthetics
and the proximity of many important anatomical
structures, a number of complications may develop
during RA, including the systemic toxic reactions (see
above); the brachial plexus blockade manifested by
paresis of the ipsilateral upper limb; the phrenic nerve
blockade manifested by paresis and rising of the di-
aphragm cupula at the same side; the recurrent laryn-
geal nerve blockade manifested by hoarseness; the
cervical and cervicothoracic sympathetic ganglia
blockade manifested by Horner's syndrome (ptosis,
miosis, enophthalmus); high spinal block; cervical
epidural block; pneumothorax; dysphagia; coughing
[57,58,67,77]. Pandit J. J. et al. (2007) found that se-
rious life-threatening complications during the deep
cervical plexus block develop 2.1 times more often
than during the superficial block [61].

Despite a significant number of methods evalu-
ating the brain tolerance to ischemia during the
carotid cross-clamping (carotid stump pressure meas-
urement, determination of the blood flow velocity in
the middle cerebral artery with transcranial Doppler
(TCD), cerebral oximetry, electroencephalography
(EEG), somatosensory evoked potentials) none of
them allows to accurately assess the cerebral ischemia
during surgery, and they are used mainly in patients
operated under GA [35, 38, 78, 79, 80]. Therefore, the
multimodal neuromonitoring (e.g., TCD+CO+EEG)
is optimal for clinical practice, as it allows to reduce
the shortcomings of each method [33, 34, 81, 82]. Nev-
ertheless, Kolkert J. L. P. et al. (2017) emphasize that
the addition of neuromonitoring modalities increases
the cost of anesthesia: the average cost of inpatient
treatment in the group with the isolated stump pres-
sure measurement was €4,946, while in the
TCD+EEG group, it increased to €7,447 [45].

Views on the need for sedation of patients during
CEA under RA are contradictory [29, 35]. According to
Lawrence P. F et al. (1998), the sedation should not be
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Keuu 1 anuaosa [57]. Ciaegyer OMHKUT, 4To OyImBa-
KanH 1 JIeBOOYMBAKAUH B TOKCHYECKUX KOHIIEHTPA-
[ASX MOTYT TIPUBOANTH K TOJHON GJIOKajle CUHTe3a
AT® B Muoxapae [57]. LlepebpanbHast cUMITOMATHKA
CHaYaJIa MPOSIBJISIETCST ICUXOMOTOPHBIM BO30OY KICHNU-
€M, CITyTaHHOCTBIO CO3HAHUS, CY/IOPOTaMHt, Hapylie-
HUAMM 3PEHUS U CJIyXa, a IPU HApacTaHWU KOHIEHT-
panuu TperapaTta CJIefyIoT yTHeTeHue CO3HaHUS,
BILJIOTD /10 KOMBI, ¥ OCTaHOBKa Abixatus |57, 58, 60,
75]. Kapanaibnasi CHMIITOMATUKA HAYMHAETCS TaXu-
Kapauel 1 apTepuajabHON ruliepTeHsuei, u mporpec-
cupyeT 710 OpajiuKap/Iui, apTepUaIbHON TUITOTOHIH,
HAPYIIEHUH PUTMA CEP/IIIA, BILUIOTH 10 GUOPUILISIINT
JKEJYI0UKOB 1 acuctosuu [57, 58, 60, 75]. Jleuenne
CUCTEMHOH MHTOKCUKAIIUA MECTHBIMHM aHECTETUKAMU
BKJIIOYAET OKCUTEHOTEPANIO/MCKYCCTBEHHYIO BEHTH-
JISIIMIO JIETKUX, TPOnIodoJ1/THoTIeHTa HATpud, HHDY-
3MOHHYIO TE€PAINIo, aTPOINH, a TPU UX Hea(heKTUB-
Hoctu — 20% JUNUAHBIE OMYJIbCUU BHYTPUBEHHO B
obuieit nose He Gosee 10 mu/kr [60, 74, 76].

Y4uTbIBad MOTEHIIMAIBHYIO TOKCUYHOCTH MECT-
HBIX AaHECTETUKOB U GJIM30CTH PACTIONOKEHUST MHOTHX
BaKHBIX aHATOMUYECKUX CTPYKTYP, TP BLITIOJTHEHUN
PA B03MOXHO pa3BuTHE 1I€JI0TO PA/Ia OCTOKHEHUM:
CHCTEeMHBIE TOKCUYECKUE peakiiuu (cM Bbilie); 610Ka-
Jla TIJIeYeBOrO CIJICTEHUSI, TIPOSIBJLIONIASCS ape30M
BepXHEH KOHEUHOCTH ¢ OJIHOMMEHHON CTOPOHBDI; 6J10-
Kajfa auadparMasbHOTO HEpPBA, MPOSBJILIONIAICS
Mape3oM U MOAbEMOM Kymosia fuadparMbl ¢ OJ[HO-
UMEHHOIT CTOPOHBI; OJIOKa/Ia BO3BPATHOTO TOPTAHHOTO
HEpPBa, TPOSABJISAIONIASACA OXPUILIOCTHIO; GJIOKAIA e -
HOTO M MIEHHO-TPYHOTO CUMIIATUYECKUX TAHTJIHEB,
npossJigioniascsa cunapomoM lopuepa (11T03, MI03,
5HO(TAIbM); BHICOKUI CIIMHAJIBHbII OJI0K; mIeiiHas
amupypanbHas 6J0Kaja; MHEBMOTOPAKC; Aucharus;
Kamresb [57, 58, 67, 77]. Pandit J. J. et al. (2007 r.)
BBISIBUJIN, YTO CEPbE3HbIE SKU3HEYTPOKAIONNE OCTOXK-
HEHUSsT Pa3BUBAIOTCS TIPU OJIOKajIEe TIIyOOKOTO TeiHO-
ro crierenust B 2,1 pasa uvare, yeM npu 6J0Kaje
MMOBEPXHOCTHOTO criteTenust [61].

HecmoTpst Ha 3HaunTENbHOE YUCIO METO/NK,
OIICHUBAIONINX TOJIEPAHTHOCTH TOJIOBHOTO MO3Ta K
WIIEeMUH TIPU TIePesKaTUN COHHBIX apTepuii (M3mepe-
Hue perporpazanoro aasieuus B BCA, onpenenenne
CKOPOCTH KPOBOTOKA B Cpe/lHEH MO3TOBOI apTepuu C
MOMOIIBIO TPAaHCKPAHUAJIBHON OMIIeporpaduy,
riepebpasibHast OKCUMETPUsI, 3JIeKTPoIHIIehaIoTpa-
(us, BbI3BaHHBIE COMATOCEHCOPHBIC TOTEHIUAJIBI
TOJIOBHOTO MO3Ta), HM OJINH U3 3THX METO/[OB HE T103-
BOJISIET TOYHO OIIEHUTD UIIIEMHIO TOJIOBHOTO MO3Ta BO
BpEM:I OTIepaliy U TPUMEHSeTCd B OCHOBHOM Y TIaIlH-
€HTOB, OIIEPUPYEMBIX 110 001Iei anecTesueii [35, 38,
78—80]. IToaToMy B KIMHUYECKOU MPAKTUKE OMTHU-
MaJbHO MCIOJb30BATh MYJIBTUMO/IAJIbHBIN HEHPOMO-
nutopunr (Hanpumep, TK/+I1O+33T), koTopsrii
MO3BOJIAET YMEHBIIUTD HEJIOCTATKH KaXkK/I0TO U3 METO-
1os [33, 34, 81, 82]. Tem ne menee, Kolkert J. L. P. et
al. (2017) moguepkuBaioT, 4To HOGABIEHNE MOAAIBHO-
cTeil HePOMOHUTOPUHTA YBEJNYUBAET CTOMMOCTD

used, or used minimally in case of the patient’s anxiety
and agitation, since there is a need for constant monitor-
ing of the neurological status of the patient during the
operation under RA [29]. According to Calderon A. L.
et al. (2015), 35% of patients needed the additional se-
dation (with remifentanil or midazolam) [83]. For seda-
tion, Barringer C. et al. (2005) routinely used propofol
infusion at the target concentration, with the mean val-
ues of 1.5 pug/ml, considering the weight and age of the
patient [64]. In Lee J. et al. (2016), the patients were op-
erated with RA on the background of intravenous seda-
tion with the selective alpha-2-adrenoreceptor agonist
dexmedetomidine (loading dose of 1 pg/kg/min, main-
taining dose of 0.4—0.6 pg/kg/min). The target level of
sedation was minus two points on the Richmond scale of
sedation-agitation (i.e. light sedation). The authors con-
sider dexmedetomidine as a safe and convenient medica-
tion for sedation during CEA [35]. The positive aspects
of intravenous sedation with dexmedetomidine during
RA (the drug has a sedative and analgesic effect, does not
suppress the respiratory function, does not increase the
frequency of shunting) are indicated by some other au-
thors [84—87]. McCutcheon C. A. et al. (2006) con-
ducted a randomized, double-blind study with 56
patients operated under RA. The hemodynamics was
evaluated in the group of patients operated under seda-
tion with dexmedetomidine and the cohort of patients
where CEA was performed under sedation with midazo-
lam and fentanyl. The group with dexmedetomidine was
more advantageous by the following parameters: arterial
hypertension and tachycardia required medical treat-
ment less often; there was significantly lower frequency
of the additional analgesia in the intensive care unit [88].
Carter R. et al. (2014) analyzed 4 randomized studies
comparing dexmedetomidine and remifentanil efficacy.
Dexmedetomidine also showed better results, as it pro-
vided relevant sedation, without respiratory depression;
the drug also contributed to greater hemodynamics and
neurological status stability during surgery [89]. With
the more favorable effect on hemodynamics in the intra-
and postoperative periods, dexmedetomidine reduced
the frequency of hyperperfusion syndrome development,
with all its probable complications [35]. Pasin L. et al.
(2015) used remifentanil (0.025—0.05 ug/kg/min) intra-
operatively in patients operated under RA, achieving an
optimal level of comfort and collaboration of the surgical
and anesthesia teams [19]. The positive attitude of pa-
tients to RA is indicated by other authors, if the anesthe-
sia technique is adequately explained [14]. For additional
pharmacological protection of the brain in CEA under
RA, Mendonga C. T. et al. (2014) used the intravenous
infusion of alfentanil and dexamethasone [43].

The drug selection for general anesthesia

Intravenous anesthetics. Propofol and thiopen-
tal sodium reduce the brain oxygen consumption (up
to 50% of normal values) and reduce, to a lesser extent,
the cerebral blood flow [27, 47]. Benzodiazepines have
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AHECTE3WM — CPEJIHME 3aTPaThl HAa CTAIlMOHAPHOE
JieueHne B rpyIie U30JTMPOBAHHOTO U3MEPEHUST PeT-
porpaanoro aasiaenusi B BCA cocraBunm €4946, a B
rpytre TK/A+393T Boipociu o €7447 [45].
[IporuBOpeYMBBI ~ MHEHUS ~ OTHOCUTEIHHO
HEOOXOANMOCTH MeANKaMEHTO3HOM celalliy MallueH-
ToB BO Bpems KO3 mox PA [29, 35]. Ilo muenuio
Lawrence P. F et al. (1998), MmeaukaMenTo3Has ceia-
1S He JI0JKHA TIPUMEHSIThCS, 00 UCII0Ib30BaAThCS
MUHUMaJIbHO TPHU OEeCIOKOUCTBE U BO3OYKICHUU
HAIMeHTa, TaK KaK CYIIECTBYET HEOOXOAUMOCTH B
MOCTOSTHHOM KOHTPOJIE 32 HEBPOJIOTUYECKUM CTaTy-
COM IanuenTa Bo BpeMd onepanuu 1nozx PA [29]. Ilo
nannbiM Calderon A. L. et al. (2015), neo6xoauMocTh
B JIOTIOJTHUTEbHOM cenanuu (peMueHTaHuI WIn
MWUIa30JaM) 1Mesia Mecto y 35% Gombrbix [83]. Bar-
ringer C. et al. (2005) ¢ 1esibto ceratiiu pyTHHHO MTPHU-
MeHsM nH(Y3uto mporodosia 1o 1eeBol KOHIIeHT-
paruu, cpeaHue 3HadeHus KOTopoil cocraBuan 1,5
MKT/MJI, C yYeTOM Beca M Bo3pacTa nainuenTa [64]. B
pabote Lee J. et al. (2016), marueHTbI OIIEPUPOBATUCH
oz PA Ha dhoHe BHYTPUBEHHOW celalii CeJIeKTUB-
HBIM arOHUCTOM aJsib(ha-2-aIpeHOPETENTOPOB JIeKCMe-
JIeTOMUMHOM (Harpys3ouyHas jo3a 1 MKr/Kr/MuH,
noznepskuBatonias 1o3a 0,4—0,6 mxr/kr/mun). [eme-
BOU YPOBEHD CEIAI[F COCTABJISII MUHYC [IBa OaJljia 1o
Puumonjickoit nrkasie cepanuu-akuTaun (Jrerkas
ceranusi). ABTOPBI pacCMaTPUBAIOT JIEKCMeEIETOMM-
JIMH Kak Ge30MacHbIii 1 ya00HbI Ipenapat AJIst cea-
muu npu K93 [35]. Ha mosoxuTebHbIe CTOPOHDI
BHYTPUBEHHOI ceJIalnu IEKCMEZIETOMUITHOM TTipu PA
(mpenapar oKasbIBaeT CeAaTUBHBIN U 06e300/MBa0-
mui adekt, He yrueraer AblXaTeJbHYI0 (DYHKIUIO,
He yBeJIn4YMBaeT 4yacToTy ucnoJib3osanus BBIT) yka-
3BIBAOT ¥ Pl APYTUX aBTOPOB [84—87]. McCutcheon
C. A. et al. (2006) mpoBesi paHIOMU3UPOBAHHOE
JIBOIHOE CJIeTIoe WCCJIe[oBaHe ¢ 56 MalueHTaMu,
onepupoBaHHBIX o PA. OtieHnBamach TeMOAUHAMMI-
Ka y IPYTIITBI MAIUEHTOB, OTIEPUPOBAHHBIX C CeaIieit
JEKCMEIETOMUINHOM, 1 KOTOPTa O0JIbHBIX, Y KOTOPBIX
K99 BemosHsANACHh IO/ cepaineli MU/Ia30JaMOM 1
(berrannsom. [pymma manueHToB ¢ IeKCMeIe TOMUTH-
HOM TIOKa3aJjia CBOWM MPEUMYIIECTBA MO CIEYIOTNM
napaMeTpam: MeHee 4acTo TpeOGOBaIOCh MeINKaMeH-
TO3HOE JIeUeHWe apTePUATbHON TUTIEPTEH3UH U TaXU-
KapJuu, ¢ IOCTOBEPHO MEHbIIIEH 4acTOTON TpeboBa-
JIOCh JIOMOJTHUTEIbHOE 06€300IMBaHIE B OT/ACICHUN
peanumanuu [88]. B crarbe Carter R. et al. (2014)
ObLIM MPOAHATM3UPOBAHBI 4 PaHIOMU3UPOBAHHBIX
PaboThI, OCBSIIEHHBIX CPAaBHEHIO 3 (HEKTUBHOCTH
MPUMEHEHUs JIeKCMeIeTOMUIMHA U peMu(eHTannIa.
JlexcMeneTOMUINH TaksKe TTOKa3aJl JIydIliie pe3yJibra-
TBI TI0 obecrieyeHuto GoJiee aleKBaTHON cepanuu, 6e3
YTHETEHUS JIbIXaTebHbBIX (DYHKIIMIA; TaKKe Tpernapar
croco6CTBOBAN OOJIBIIEH CTAOMIBHOCTI TEMOIMHAMM-
KW W HEBPOJIOTUYECKOTO CTaTyCca BO BPEMsI OllepaIiiiu
[89]. OxkasbiBast GoJiee GaronpusiTHOE BIMSHIE Ha
reMOJIMHAMUKY B WHTpPa- W TIOCJIEONePAInOHHOM
Meprojie IeKCMeJIETOMIIMH CHUZKAJ 9acTOTY Pa3By-

a similar, though less pronounced, effect on metabo-
lism and blood flow in the brain [47]. Thiopental
sodium gives good protection of the brain during is-
chemia, but after prolonged infusion, it is associated
with the delayed awakening and requires prolonged
mechanical ventilation [29, 47]. With bolus adminis-
tration, propofol and thiopental sodium negatively af-
fect the central hemodynamics due to a reduction in
cardiac output and systemic vasodilation [47]. There-
fore, the administration of any of these drugs during
induction of anesthesia requires special caution, and
it is recommended to administer the calculated doses
of drugs slowly, in 2 to 3 stages [27]. Timerbayev V.Kh.
et al. (2013) suggest the use of propofol infusion at the
controlled target concentration (about 4 ug/ml),
which ensures the stability of systemic and cerebral
hemodynamics [90].

Inhalation anesthetics. Isoflurane provides
good protection of the brain from ischemia, but at the
concentrations over 1.2 vol% (1 MAC) it increases in-
tracranial pressure and cerebral blood flow [47]. In ad-
dition, isoflurane dilates coronary arteries and can
cause myocardial steal syndrome [47].

Desflurane is weaker than isoflurane in neuro-
protection; it increases cerebral blood flow and in-
tracranial pressure but provides the rapid awakening
after anesthesia and allows for an earlier neurological
evaluation [47, 91].

Sevoflurane in medium (1 vol%) and high (1.5
vol%) dosages reduces the brain oxygen consumption,
the serum concentrations of S-100 protein and neu-
ron-specific enolase (NSE), significantly improving
the cognitive function [92]. At the concentration of
0.8 vol% at the end of exhalation, sevoflurane signifi-
cantly reduces the incidence of cardiac complications
during CEA and in the postoperative period, reducing
the incidence of myocardial infarction, protecting the
vascular endothelium from ischemic and reperfusion
injuries [93]. Due to vasodilatation, sevoflurane can
cause cerebral steal and cerebral ischemia, and at high
concentrations (over 3 vol /%), it can significantly im-
pair the autoregulation of cerebral blood flow [47, 93].
Some authors consider the inhalation anesthesia with
sevoflurane as the most optimal for general anesthesia,
as it can provide the adequate cerebral perfusion, neu-
roprotection, and stability of central hemodynamics
[94, 95]. Other authors point to the pronounced dis-
turbances in autoregulation of cerebral blood flow and
the danger of hyperperfusion syndrome during the
anesthesia with sevoflurane [96].

Nitrous oxide increases both the brain oxygen con-
sumption and cerebral blood flow, has no neuroprotective
effect, and is usually not used in carotid surgery [27].

The combined anesthesia can reduce the con-
sumption of narcotic analgesics during and after sur-
gery, also providing an additional protection from
vagal reactions, when carotid arteries are manipulated
[13, 50]. Here, most of the disadvantages of GA re-
main. According to Shmelev V. V. et al., the combined
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Tus runeprnep@y3snoHHOT0 CUHAPOMA CO BCEMU €ro
BO3MOXKHBIMU ocaoxkHenusamu [35]. Pasin L. et al.
(2015) npuMeHsIM HHTPAOIEPalMOHHO peMupeHTa-
nua (0,025-0,05 MKr/Kr/mMuH) y nanuenTos ¢ PA,
JOCTUTAs TIPU ATOM OIITUMAJIBHOTO YPOBHST KOMOPT-
HOCTH U COTPYIHUYECTBA C XUPYPrUYeCKOIl 1 aHecTe-
suoJiorndeckoii 6puranoii [19]. O mosoxkuTeIHHOM
OTHOIIIeHUY TTanueHToB K PA, 1ipu ycioBun ajgexsar-
HOTO 0OBACHEHUST IAHHOI METOJIMKY aHECTE3UH, YKa-
3BIBAIOT U /ipyrue aBTopsl [ 14]. Jlua nonomauTebHOM
(hapmMaKoJI0THUECKOIT 3aIUThI TOJIOBHOTO MO3Ta MIPU
K323 nox PA, Mendonga C. T. et al. (2014) ucnoubso-
BaJIM BHYTPUBEHHYIO MHQY3HUIO aaheHTaHNIA U JeK-
camerasona [43].

Bbi6op npenapara /st 0011€eil aHecTe3uu

BuyrpuBeHnnbie aHecteTHku. [Ipornodos u Tro-
HEHTaJl HAaTPHsI CHUKAIOT MOTPebIeHHEe MO3TOM KHC-
sopoza (710 50% oT HOpMaJIbHBIX 3HAYEHWI ) 1 B OTHO-
CUTEJTHHO MEHbBINEH CTEeTeHN CHUKAIT MO3TOBOM
KPOBOTOK [27, 47]. BersoinazennHbl OKa3bIBAIOT aHA-
JIOTUYHOE, HO MEeHee BhIPa)KEHHOE JIeliCTBHE Ha MeTa-
6OJM3M 1 KPOBOTOK B TOJIOBHOM Moare [47]. Tuormen-
Tajl HaTpusi 00ecHeyrBaeT XOPOIIYI — 3allUTy
TOJIOBHOTO MO3Ta BO BPEMsI UIIEMWH, OJTHAKO TTOCTE
MIPOIOJLKUTETHHON MH(Y3UHU XapaKTEePU3YeTCsT 3aMe/T-
JICHHBIM TpOOysKAeHUEeM ¥ TpedyeT NPOAJeHHON
UCKYCCTBEHHOM BenTmsuuu Jerkux [29, 47]. Ilpu
GOJIIOCHOM BBEIEHUH TIPOTTO(OJT U THOTIEHTAN HATPHsI
OKa3bIBAIOT OTPUIATEIBHOE JIeHICTBIE HA IIEHTPAb-
HYTO TeMOJMHAMWKY 32 CYET CHWKEHUS CePAeUyHOTO
BBIOPOCA U cHCTEMHOI BasoauiaTaru [47]. Tloatomy
MIPY BBEJIEHUU OJTHOTO M3 ATUX MPENapaTroB BO BPeMsI
BBOJTHOTO HApKO3a TpeGyeTcst 0cobast 0CTOPOKHOCTD —
pacyeTHBIE JI03bI TIPETTapaToB PEKOMEHTYETCSI BBOJTUTD
Me/TeHHo, B 2—3 stama [27]. Tumep6aes B. X. 1 coaBT.
(2013 r.) mpeTararoT UCTOIH30BATH MH(DY3HIO TTPOTIO-
(hosra ¢ KOHTPOJIEM TIO T[eJIeBOI KOHIIEHTPAIIH (0KOJIO
4 MKr/Mi), KoTopas obecrednBaerT CTaOMJIbHOCTD
CHCTEMHOI 1 11epebpasibHOl reMoarHaMuku [90].

HNuransuuonnsie aHecteTuku. 3odaypan
obecrieunBaeT XOPOIIIyIo 3alUTy TOJJOBHOTO MO3Ta OT
UIIEMUH, OZHAKO B KoHIleHTpanuu 6osee 1,2 06.% (1
MAK) noBbInaet BHyTpUUepenHoe JaBjieHne U MO3-
roBOI KpoBOTOK [47]. Kpome Toro, n3odaypan pac-
MIMPsieT KOPOHAPHBIE aPTEPUN U MOKET BBI3BATH CHH-
JPOM 00KpajibiBaHUsT MUOKap/a [47].

Hechaypan cinabee n3odypana B OTHOMIEHUN
HEPOIPOTEKITNN; TTOBBIIIAET MO3TOBOI KPOBOTOK
U BHYTPHUYEPEITHOE JaBJIeHIe, OJJHAKO 0becIeunBa-
eT 6pIcTpOe POOYIKIEHNE TTOCIe HAPKO3a U TI03BO-
JITET TPOBOJUTH HoJIee PAHHIO HEBPOJIOTUIECKYIO
oleHkKy [47, 91].

CeBoduypan B cpegaux (1 00.%) 1 BBICOKHX
(1,5 06.%) nos3ax yMeHbIIaeT moTpebaeHIe MO3roM
KHMCJIOPO/a, CHUKAET KOHIeHTpauio 6enka S-100 u
HelipoH-crenuduueckoit snonazsl (NSE) B chiBo-
POTKE KPOBH, IOCTOBEPHO YJIyUIIacT KOTHUTUBHYTO

anesthesia (cervical plexus block + total intravenous
anesthesia with thiopental sodium + mechanical ven-
tilation) does not protect patients from ischemic
brain damage, accompanied by a slight increase in the
markers of neuronal damage (encephalotogenic pro-
tein, S-100 protein, neuron-specific enolase) [97].

The RA to GA conversion rate, i.e. the forced
combined anesthesia, according to various authors,
varies from 0.3 to 2.3% [18, 19, 70, 71, 83]. The main
reasons for such conversion from RA to GA, according
to the literature, are depression of consciousness, psy-
chomotor agitation, inefficiency of external respiration,
or the need for the pharmacological brain protection
[19, 33, 34]. Shmigelsky A. V. (2008) suggested the fol-
lowing method of transition from the regional anesthe-
sia to combined one (GA+RA). When a patient
develops a depression of consciousness with severe de-
pression of spontaneous breathing during an operation
under regional anesthesia, the anesthesiologist quickly
inserts a laryngeal mask and the patient is transferred
to the mechanical ventilation. To insert a laryngeal
mask, there is no need to change the position of the pa-
tient's head or use laryngoscopy. This allows to ensure
the patency of airways, not significantly affecting the
surgeon’s actions. When an adequate spontaneous
breathing is restored, the laryngeal mask can be re-
moved. Thus, the laryngeal mask makes it possible to
level out the lack of the RA associated with the diffi-
culty of controlling the patient's ventilation during an
operation when the patient is conscious [33, 34].

Many authors compare the frequency of intra-
and postoperative CEA complications in GA or RA,
demonstrating both advantages and disadvantages of
two methods [16, 31, 49, 98]. Many studies have not
revealed differences between RA and GA. Lobo M. et
al. (2015) showed the lack of RA advantages over GA
by such indicators as stroke, myocardial infarction,
damage to the cranial nerves and wound complica-
tions. However, in the RA group, the hospital stay
time was significantly less than in the patients oper-
ated under GA [18]. Schechter M. A. et al (2012) per-
formed a retrospective analysis of 24,716 CEA
operations, finding no significant difference in the in-
cidence of myocardial infarction/stroke/mortality in
the first 30 days (2.6% for GA versus 2.2% for RA;
P=0,13) [51]. Hussain A. S. et al (2017) came to the
same conclusion when analyzing the results of CEA
performed under GA and RA (n — 4,558 patients);
there was no significant difference in the frequency of
cerebrovascular events and myocardial infarction [17].

In the GALA trial, 3,526 patients with symp-
tomatic and asymptomatic ICA stenoses were ran-
domized: 1,753 patients underwent operations under
GA; 1,773 patients were operated under RA. The
primary end results were stroke, myocardial infarc-
tion, and death. Both groups did not show signifi-
cant differences, both in the frequency of primary
end results, the effect on quality of life, and duration
of hospitalization [99].
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dyuxnmio [92]. B xourentpaiun 0,8 06.% B KOHIE
BBIZI0Xa CeBO(IypaH 3HAYMTEIBHO CHUKAET KoJinye-
CTBO Kap/iMaJIbHbIX OCJOXKHEHUI BO BpeMst KOO u B
MOCJICONIEPAIMOHHOM TEPUOJIe: YMEHbBIIAET YacTOTY
pa3BuTHA MH(papKTa MUOKap/a, 3aluiaeT sHA0Te-
JINiA COCYIOB OT UTIEMUYECKOTO U peniepdy3noHHOTO
nospeskaenus [93]. 3a cuer Bazoaumaranuu ceBog-
JIypaH MOJKET BbI3bIBATH MO3TOBO€E OOKPaJIbIBAHUE U
MIIIEMUIO TOJIOBHOTO MO3Ta, a B BBICOKUX KOHIIEHTpPa-
nusix (6osee 3 00.%) — 3HAYUTEIBHO HAPYIIATH
ayTOPeryJasdIunio MO3TOBOTO KpoBoToka [47, 93].
OnHu aBTOPBI CYUTAIOT MHTATAIIMOHHYIO aHECTE3UI0
ceBodrypanom Hanbosree ONTUMATBLHON METOANKOT
o011eit anecTe3nH, CIIOCOOHYI0 06ECIIEYNTD afeKBaT-
HYI0 MO3TOBYIO TIephy3uio, HEHPOIPOTEKITUIO U CTa-
OUIBHOCTD LEeHTPaAbHOIl reMogunaMuru [94, 95].
[lpyrre aBTOpBI yKa3bIBAIOT HA BbIPA)KEHHBIE HAPY-
HICHUS ayTOPEryJalUuu MO3TOBOTO KPOBOTOKA MU
OTIACHOCTb Pa3BUTHSA CUHIpPOMa rureprepdysuu
npu anecte3nu ceBodrypanom [96].

3axuch a30Ta MOBLIMIAET MOTpebIeHne MO3rOM
KHMCJIOPO/Ia U MO3TOBOI KPOBOTOK, HE OKa3bIBaeT Heli-
POITPOTEKTUBHOTO JICHCTBUA U ITPU OTIEPAIMAX HA COH-
HBIX apTEPUSIX OOBIYHO He HCIojb3yerca [27].

KomOuHUpOBaHHAs aHECTE3Ws TO3BOJISET CHY-
3UTb PACcX0/l HAPKOTUYECKUX aHATIBIECTUKOB BO BpeMs
U TI0CJIe OTepalliy, a Takke 00eCeYnTh JOTOIHHI-
TeJIbHYIO 3Ty OT BaryCHBIX PEAKITNH ITPU MAHUILY -
JISTIASIX Ha COHHBIX aprepusix [13, 50]. BosbimuHcTBO
HezpocratkoB OA mipu aToM coxpansetcs. [lo ranupiM
[MImenesa B. B. u coasT., KOMOGUHMPOBaHHAsT aHeCTe-
3us (6J10Ka/Ia MEHHOTO CIIJIETeHUs + TOTaIbHas BHYT-
puBeHHas aHecTe3ust THonenTanoM narpus + MBJI)
He 3alUIaeT TaleHToB OT UIEMUYECKOTO TTOBPEK-
JICHUS MO3Ta, COIPOBOXK/IASICh HE3HAYUTEIbHBIM
MOBBI~IIIEHUEM MapKePOB HEHPOHATBHOTO TIOBPEsK/Ie-
Hud (aunedanororennoro mporenna, mporenna S-100,
HellpoHcnenudrueckoii asHoJa3el) [97].

Yacrora konsepcun PA B OA, T. e. BbIHY K /I€HHAST
KOMOUHUPOBAaHHAsT aHECTE3MUsT, IO TAHHBIM Pa3JIHy-
HBIX aBTOPOB, Kosebercs ot 0,3 no 2,3% [18, 19, 70,
71, 83]. OcuoBubiME iprunHamMu KonBepcuu PA B OA,
110 JIAHHBIM JINTEPATYPBI, ABJIAIOTCS: yTHETEHUE CO3HA-
HUSI, TICUXOMOTOpHOE BO36ysKAeHue, HeahdHEKTUB-
HOCTB BHEIITHETO JIbIXaHUsI WU HEOOXOAUMOCTD (hap-
MaKOJIOTUYECKOU 3aIUThl TOJTOBHOTO Mo3Ta [19, 33,
34]. Imurensckuii A. B. (2008 r.) npeanoxxur cie-
JYIONIMH METO/ ITepexo/ia OT PETMOHAPHON aHeCcTe3nn
k kombunuposannoit (OA+PA). Ecin Bo Bpemst ore-
paIny 110/ PETHOHAPHO#T aHecTe3uel y GOJIHLHOTO pas-
BUBAETCS YrHETCHHWE CO3HAHWS C BBIPAKCHHOM
Jerpeccrueil CIIOHTAHHOTO JIBIXaHUS, aHEeCTEe3U0JI0T
OBICTPO YCTAHABJIMBAECT JIAPUHTEANBHYIO MAacKy |
6osnpnoii mepesoaurcs Ha VIBJI. [Ing ycranoBku
JIAPUHTEATTbHON MACKH He TPEOYeTCs M3BMEHSITh T0JI0-
SKEHUS TOJIOBBI TTAIIMEHTA WJIU UCII0JIb30BATh JIApUH-
TOCKOTINIO. DTO TIO3BOJISIET 0OECTIEYNTh POXOUMOCTh
JIBIXATEJIBHBIX TYTEl, HO TIPU 9TOM CYII[ECTBEHHO HE
BJMATH Ha pabory xupypros. [Ipu BoccTaHOBIEHUY

Vaniyapong T. et al. (2013) analyzed data on
anesthesia for CEA over the last 33 years (1980 to
2013), collecting data from 14 randomized trials, in-
cluding the largest multicenter GALA trial [48]. In
total, the analysis comprised 4,596 CEA operations.
There was no statistically significant difference be-
tween the GA and RA groups, both in the frequency
of stroke within 30 days after surgery (3.5% vs 3.2%)
and in the rate of death for this period (1.5% vs 0.9%).
The authors indicated that the choice of anesthesia
was largely due to the specific clinical situation, the
preferences of the surgeon and anesthesiologist [48].

According to Sideso E. et al. (2011), in the RA
group, the 30-day incidence of stroke, the monthly
mortality and the rate of stroke+mortality were lower;
but the acute myocardial infarction, transient is-
chemic attacks, and annual mortality were more fre-
quent in patients operated under GA. There were no
significant differences in the above indicators between
the two groups. The authors indicate that RA did not
have a significant effect on CEA results [98].

Hussien G. Z. et al. (2017) found that cerebral
ischemia, estimated based on lactate and pyruvate
concentrations in the internal jugular vein on the con-
tralateral side, developed significantly more often in
the GA group [100].

Hoefer J. et al. (2015), did not find any reliable
differences in the concentrations of cardio-specific en-
zymes in the patients operated under RA and GA [30].

Despite the above, many researchers believe that
RA can reduce the incidence of cardiac complications
in the intra- and postoperative periods and is preferable
in patients with the high risk of cardiac complications
[7,11, 16, 22]. Pasin L. et al. (2015) mention the acute
myocardial infarction in only one patient from 2,439
operated under RA (0.04%) [19]. Kfoury E. et al.
(2015) demonstrated the superiority of RA over GA in
the development of acute myocardial infarction within
30 days after the operation: 0.4 versus 0.86%, P=0.012.
At the same time, there were no significant differences
in the frequency of postoperative stroke and lethality.
The authors indicate that in the group of patients with
the high risk of cardiac complications, RA may reduce
the risk of developing myocardial infarction in the
postoperative period [7]. In an earlier paper, Kfoury E.
et al. evaluated the incidence of myocardial infarction
in three patient groups within 30 days after the opera-
tion: CEA under GA, CEA under RA, and ICA stent-
ing. The incidence of myocardial infarction was higher
in the patients operated under GA — 1.2%; under RA
—0.2% (P=0.044); with ICA stenting — 1.1%. The au-
thors indicated that RA does not lead to an increase in
cardiac events compared to ICA stenting [101].

Analyzing the results of CEA from the large clin-
ical database (American College of Surgeons National
Surgical Quality Improvement Program), which in-
cluded 41,442 patients, Chou E. L. et al. (2016) showed
the significantly lower 30-day incidence of myocardial
infarction in RA compared with GA (0.4 vs 0.8%,
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A/IEKBATHOTO CIIOHTAHHOTO JIBIXaHU JIAPUHTeATbHAST
Macka MOKeT ObITh yanena. Takum o6pasom, JapuH-
reajbHas MacKa I103BOJIsSIET HUBEJIUPOBATh HEJOCTA-
TOK PErHMOHAPHOI AHECTE3UH, CBSI3AHHBIIN CO CJIOXKHO-
CTSIMU KOHTPOJISI BEHTUJISIIUU MAIUEHTa BO BPEMSI
oriepanuu B cosnannu [33, 34].

MHozkecTBO paboT CPABHUBAET YACTOTY UHTPA-
U TOCJIeONIEPAIIMOHHBIX OcaokHeHnt KO3, npose-
nennbix o OA nnu PA, ipu aTOM IeMOHCTPUPYIOT-
Cs1 KaK [IPEMMYIIECTBA, TAK M HEJJOCTATKH 00enX MeTo-
ik 16, 31, 49, 98].

Muorue ucciieioBaHus He BbIABUIN PA3IUIUIT
mesxay PA u OA. B pabore Lobo M. et al. (2015) mpo-
JIEMOHCTPUPOBAHO OTCYTCTBUE MpeuMyliecTs PA
nepexr OA 10 TakuM IOKA3aTessiM KaK WHCYJIbT,
nHOAPKT MUOKAP/a, MOBPEXKIeHE YEPETHO-MO3T0-
BbIX HEPBOB U paHeBble ocyiokHeHMs. OIHAKO B TPYII-
nie PA cpoku HaxoskieHust B cTaruoHape ObLIr 10CTO-
BEPHO MEHbBIIE IO CPABHEHWIO C OGOJbHBIMU,
onepuposannbix mog OA [18]. Schechter M. A. et al.
(2012), BITIOTHWIIN PETPOCTIEKTUBHBIN aHan3 24716
onepannit K99 — nocroBepHoii pa3HUIIBI TI0 4ACTOTE
pasBuTus nHMAPKTa MUOKAP/A,/UHCY BT,/ IeTAIbHO-
cru B epsbie 30 aHeit nosayueno e 6u110 (2,6% 1pu
OA npotus 2,2% npu PA; p=0,13) [51]. Takoii ke
BbIBOJ cesnamu Hussain A. S. et al. (2017), npoanau-
3upoBasB pesyJibratel KOJ, Beimosnenusbix mog OA u
PA (4558 manuenToB) — JAOCTOBEPHON Pa3HUIIBI 110
gacTore 1epedPOBACKYJIAPHBIX COOBITHIT 1 MH(DaPKTa
MUOKap/ia He ormMedeno [17].

B uccnenosanuu GALA 6bL10 paHIOMU3UPOBA-
HO 3526 MalNeHTOB C CUMITOMHBIME ¥ ACUMIITOMHBbI-
mu creHoszamu BCA: 1753 GoJibHBIX OLIEPHPOBAHBI II0]]
OA, 1773 nanmenTa — oz PA. TlepBudyabiMU KOHEY-
HBIMU Pe3yJIbraTaMu ObLIM UHCYJIBT, HH(PAPKT MUO-
Kapzia u cMepTh. Obe TPYIIIbL He TIOKA3aIH J0CTOBEP-
HBIX Pa3JIMYMii, KAK [10 YACTOTE MEPBUYHBIX KOHEUHBIX
Pe3yJIbTaTOB, TaK U 110 BIUSHUIO HA KAY€CTBO JKU3HH,
MIPOJIOJIKUTENBHOCTD rocriuTasnusanun [99].

Vaniyapong T. et al. (2013) npoananusuposaiu
JlaHHble TI0 aHecTe3usaM ipu KIJ 3a nocnennune 33
roga (¢ 1980 o 2013 rr.), cobpas undopmanmio us 14
PaHIOMU3UPOBAHHBIX UCCIIEIOBAHMIA, BKJIIOYAs KPYII-
Helilee MHOTOIIEHTPOBOE uccyienoBanne GALA [48].
Bcero B ananus Borin 4596 onepanuit K93, Craru-
CTHYECKH IOCTOBEPHBIX PA3JIUUUN MEXKIY TPYIIIaMU
OA u PA, xak 1o yacrore uncysbra B Teuenne 30 quei
nocJie onepaiuu (3,5 npotus 3,2%), Tak U [0 4acTOTe
JIeTaJIbHOTO Mcxo/a 3a arot nepuoj (1,5% mporus
0,9%) mnoaydero He 6bLIO. ABTOPBI yKa3aiu, 4TO
BBIGOP aHecTe3nn ObLI BO MHOTOM 00YCJIOBJIEH KOH-
KPETHOI KJIMHUYEeCKOI CUTYyaIuell, pearnoyTeHusIMI
Xupypra u anecresuosiora [48].

ITo manubiv Sideso E. et al. (2011), B rpymie PA
30-1HeBHAS YaCTOTA PA3BUTUS UHCYJIBTA, MECSIUHAST
JIETAIbHOCTD ¥ TIOKA3aTeJIb MHCYJIBT + JIETAThHOCTh
OBLIN HUKE; OJIHAKO OCTPbI MHMDAPKT MUOKAp/a,
TPaH3UTOPHBbIE UIIEMUYECKHe aTaKW U TOA0Bas
JIETAJIbHOCTh OKa3aJIKCh Yallle y TTallMeHTOB, OTlepu-

P<0.01) [11]. Leichtle S. W. et al. (2012) also per-
formed a comparative analysis of the incidence of post-
operative stroke, myocardial infarction, and death in
GA and RA. The figures for GA were 1.63%, 0.6%, 0.7%,
with 1.44%, 0.27%, 0.67 for the RA group. After the sta-
tistical analysis, the authors indicated that GA is an in-
dependent risk factor for the development of
myocardial infarction in the postoperative period, es-
pecially in patients who had the angina pectoris clinic
within 30 days before the CEA operation [22]. Liu J. et
al. (2014) compared the results of GA (32,718 patients)
and RA (5,384 patients), finding the advantages of RA
over the following parameters: in the RA group, the
acute myocardial infarctions (0.35% vs 0.8%, P=0.039)
were reliably less, while in the GA group, the required
unplanned repeated tracheal intubations were more
often (1.21% vs 0.55%, P=0.001). Aspiration cases and
the need for prolonged ventilation were significantly
more often in the GA group: 0.61% vs 0.19% (P=0.014)
and 1.02% vs 0.54% (P=0.044), respectively [16].

The authors of relatively small studies have drawn
opposite conclusions [43, 102]. Mendonga C. T. (2014)
showed a relatively high incidence of perioperative my-
ocardial infarction and the consequent mortality among
the patients operated under RA: myocardial infarction
developed in 3 of 117 patients (2.4%) and caused the
death of one of them (0.8%) [43]. Tasar M. et al. (2015)
compared the results of CEA under RA in three groups
of patients with different cardiovascular risks (low,
moderate and high): myocardial infarction developed
in 5 patients out of 126 (4%), cerebrovascular compli-
cations — in 7 (5.6 %); lethal outcome — in 6 patients
(4.8%). Because of a small sample, there was no signif-
icant difference between groups of different cardiovas-
cular risk by these parameters [102].

Hussain A.S. et al. (2017) showed that the pa-
tients operated under GA had higher mortality rate
(1.0% vs 0.0%), repeated unscheduled tracheal intu-
bation (2.1% vs 0.6%), pneumonia (1.3% vs 0.0%),
sepsis (0.8% vs 0.0%) and re-hospitalization (9.2% vs
6.1%) [17].

The postoperative delirium is a frequent complica-
tion in patients in vascular surgery; after CEA, it devel-
ops in 8% of patients [103]. Pol R. A. et al. found that in
patients > 80 years of age, the delirium occurs signifi-
cantly more often (P<0.0001) [104]. Paraskevas K. I. et
al. believe that RA can reduce the incidence of postop-
erative delirium [49]. To prevent the postoperative delir-
ium and cognitive dysfunction, the declines in blood
pressure, in determinants of oxygen delivery, and in the
PaCO, level during surgery should be avoided [105].

Thus, there is still no consensus about the
choice of the optimal type of anesthesia for carotid
endarterectomy, which suggests that further large-
scale, randomized trials are needed. Problems that
require further research are, among others, as fol-
lows: technique of RA, dose and type of adminis-
tered local anesthetic, ultrasound guidance, and a
need for sedation in RA.
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poBanubix mox OA. J[ocTOBEpHBIX pazJUYMil 110
BBIIIIEYKA3aHHBIM [TOKA3ATEJISIM MEXKIY ABYMS IPYII-
[aMu MOJYYeHO He 6blI0. ABTOPBI YKa3bIBAIOT, YTO
PA me oxazasa CyIiecTBEHHOTIO BIUSHUS HA PE3YJib-
tarel K99 [98].

Hussien G. Z. et al. (2017) BbIsiBuJIN, YTO HIIIE-
M1 TOJIOBHOTO MO3Ta, OlleHeHHAs HA OCHOBAHUU KOH-
HEeHTPAIY JIAKTATA U IIMPYBATa BO BHYTPEHHEH sIpeM-
HOU BeHe Ha KOHTpasjaTepaibHoll oT KIOJ cTopone,
pasBuBasach jgoctoBepHo yaiie B rpyrmme OA [100].

Hoefer J. et al. (2015), He moJIy4n/m 10CTOBED-
HOU Pa3HUIIBI 110 KOHIIEHTPALIUSIM Kapauocteluduye-
CKUX (PePMEHTOB Y MAIMEeHTOB, OIIEPUPOBAHHBIX O]
PA u OA [30].

HecmoTpst Ha BbIIIEN3/I03KEHHOE, MHOTHE UCCJIe-
JIOBATEJIM CYUTAIOT, 4TO PA 103BOJIsIET CHU3UTH YaCTO-
Ty KapInaJbHbIX OCIOKHEHWIT B UHTPA- U MOCJIeOTIe-
PAIIMOHHOM TIEPUO/IE, U SIBJISIETCS MTPETIOUTUTENbHOI
y TAIMEeHTOB C BBICOKMM PUCKOM KapAuaJbHBIX
ocnoxuenuii [7, 11, 16, 22]. B paGore Pasin L. et al.
(2015) ocTperii nHOAPKT MEOKap/a CJIyYHIICS JIUIIb Yy
osiHOrO Taruenta u3 2439, onepupoBanubix mojx PA
(0,04%) [19]. B uccnenosanuu Kfoury E. et al. (2015)
GBIJIO TPOJIEMOHCTPUPOBAHO MperMytiecTBO PA tiepes
OA 1o pazBuTHio ocTporo mHGpapKTa MUOKap/ia B
redenne 30 aueit nocye oneparun: 0,4 mporus 0,86%,
p=0,012. ITpu 5TOM HOCTOBEPHOI PAZHUIIBI TIO YACTOTE
Pa3BUTHSI [TOCJIEOIIEPAIIMOHHOTO UHCYJIBTA U JIETAJIb-
HOCTH TIOJTy4€HO He Ob110. ABTOPBI YKa3bIBAIOT, 4TO B
IpYIIIe TAIUEeHTOB C BBICOKMM PUCKOM KapIUaIbHbIX
ocyoxkHeHni, PA MOXKeT CHU3UTb PUCK Pa3BUTUS
nH(bapKTa MUOKaP/Ia B IIOCJIE0IIePAIIMOHHOM [1€PUO/Ie
[7]. B 6osee panneii pabore, Kfoury E. et al. onennim
YacTOTy Pa3BUTH MH(PAPKTAa MHOKAp/a B TPEX IPYII-
nax rnaiueHToB B Tedenue 30 CyTOK IIOCJIe OTIEPAIINN:
K939 nox OA, KO3 nox PA u crentupoBanue BCA.
Yacrora undapkra MUOKapja Oblaa Bbillle CpeIn
60JbHBIX, onepupoBaHHbIX 1101 OA, u cocrasua 1,2%;
npu PA — 0,2% (p=0,044); npu crentupoBanun BCA
— 1,1%. ABTopsl ykazamu, uto PA He IpuBoOIuUT K yBe-
JIMYEHUIO KapIUAIbHBIX COOBITUH IO CPABHEHUIO CO
crentupoBanuem BCA [101].

[TpoBens anasnus pesyabratoB KOO 60binoi
KanHudeckoii 6aspl ganubix (American College of
Surgeons National Surgical Quality Improvement
Program), BxiounBmieii 41442 namuenra, Chou E. L.
et al. (2016) mpoaeMOHCTPUPOBAIU LOCTOBEPHO
MeHbIyilo 30-TU [HEBHYIO 4YacTOTY Ppa3BUTUS
nudapkra muokapzaa npu PA o cpaBuenuio ¢ OA
(0,4 potus 0,8%, p<0,01) [11]. Leichtle S.W. et al.
(2012) Tak:ke BBIIIOJHUJINU CPABHUTEIbHBIN aHAIN3
YaCTOTHI PA3BUTHUS MOCJIEONEPAIIIOHHOTO NHCYJIBTA,
nHdapKTa MUOKap/a u JetaapHoro ucxoaa npu OA
n PA. ITokasaresu st OA cocrasuanu 1,63, 0,6, 0,7%
st OA w 1,44, 0,27, 0,67% B rpynie PA. Tlocae cra-
TUCTUYECKOTO aHAJIN3a, aBTOPBI ykazanu, 4To OA
SIBJISIETCST HE3ABUCUMBIM (DAKTOPOM PUCKA PA3BUTHUS
nHbapkTa MUOKap/a B IIOCJIE0TIEPAINOHHOM MEPHO-
e, 0COGEHHO Y MAIMEHTOB, UMEBIIUX KIMHUKY CTe-

Hokapauu B npejgenax 30 nueit no oneparun K99
[22]. Liu J. et al. (2014) cpaBuuin pesynbrarsl OA
(32718 nanuenTtos) u PA (5384 maiuenToB), npu
9TOM ObLIM BBISABJIEHBI TipenmyIecTBa PA 1o cie-
oylomuM mapamerpam: B rpynmne PA noctoBepHo
peke pasBuUBascs ocTpbiil nHapkT Muokapaa (0,35
nportus 0,8%, p=0,039), B rpymie OA uaiie TpeboBa-
Jlach BHETJIAHOBAs MMOBTOPHAst UHTYOAIMs Tpaxeu
(1,21 nmporus 0,55%, p=0,001). Ciryuan actiuparuu
U HEeOOXOAUMOCTh B TPOJIEHHON BEHTUIISIIN
nocTosepHo yaie 6bin B rpymize OA: 0,61 nporus
0,19% (p=0,014) u 1,02 nporus 0,54% (p=0,044),
cooTBeTcTBEHHO [16].

ABTOpBI HEOOJIBINX HUCCJAENOBAHUI Clean
MIPOTUBOIIONOKHBIE BBIBOIBI [43, 102]. ccoienoBanne
Mendonga C. T. (2014) nmokasajio OTHOCUTEIBHO BbICO-
KYIO 4aCTOTY TIEpPHOTIEPAITMOHHOTO MH(APKTa MIOKAP-
Jla ¥ JIETATbHOCTD OT HETO CPEN TTAIIUEHTOB, OTIEPUPO-
BaHHBIX TO7T PA, — nHbapKT Muokap/a pasBuics y 3
us 117 6ombHbIX (2,4%) ¥ cTaj MPUUUHON cMepTH
oxroro u3 Hux (0,8%) [43]. Tasar M. et al. (2015)
cpaBHUIN peayabratel KO mox PA y Tpex rpymnn
HAIUEHTOB C PA3JINYHBIMU CTEIIEHSIMU PUCKA Cepled-
HO-COCYIUCTBIX OCJIOKHEHUN (HU3KWI, yMePEHHbBIH U
BBICOKHUI ): HHGAPKT MUOKAP/Ia PA3BUJICS Y 5 OOILHBIX
u3 126 (4%), 1epeOpoBaCKyISIPHbBIE OCJIOKHEHUS — Y
7 (5,6%); netanbhbiii ucxox — y 6 (4,8%). 3-3a Masioit
BBIGOPKY He OBLIO BBISBJIEHO IOCTOBEPHOI PasHUIIBI
MEKIY TPYIIAMU PA3JUIHOTO KAPAMOJIOTUIECKOTO
pHCKa 110 JIaHHBIM TTapametpam [102].

B pabore Hussain A. S. et al. (2017) 6b1710 110Ka-
3aHO, YTO MAIUEHTHI, oniepupoBanublie o OA, umesu
Gouiee BbICOKHE TOKazaTe cMeptaoctu (1,0 mporus
0,0%), TOBTOPHBIX BHEIJIAHOBBIX HHTYOAIIMI Tpaxeu
(2,1 nporus 0,6%), nuesmonnu (1,3 mporus 0,0%),
cencuca (0,8 npotus 0,0%) 1 MOBTOPHOIT roCIMTANN-
3anuu (9,2 nporus 6,1%) [17].

[TocseonepaltnoHHbBIN e UPUl  gBJISAETCSA
YaCTBIM OCJIOKHEHUEM Yy TAIMEeHTOB B COCYIUCTOI
XUPYPIUM; B YaCTHOCTH, iocste KOO on pazBuBaetcs y
8% GosbHbIx [103]. Pol R. A. et al. o6Hapyskuiu, uto y
narueHToB >80 JieT JieIMpuil BCTPeYaeTcst JOCTOBEPHO
vaiie (p<0,0001) [104]. Paraskevas K. I. et al. cuuraror,
uto PA crioco6Ha CHUBUTH 4acTOTY Pa3BUTHUS TIOCTIe-
oreparmonnoro gequpus [49]. Juag npodunaktuku
MOCJIEOTIEPAIMOHHOTO JIEIUPUS U KOTHUTUBHOI JTUC-
(hyHKIMY caetyer u3berath CHUKEHUS apTePUATbHOTO
JIaBJIeHYs], IETEPMUHAHT JI0CTABKU KUCJIOPOJIA U YPOB-
ust PaCO, Bo Bpems omeparuu [105].

Takum 06pasom, JI0 CUX MOP He CYIIECTBYET e/[1-
HOTO MHEHUSI OTHOCUTEIHHO BBIOOPA ONTUMAIBHOTO
BUJIa AHECTE3UU TIPH BBITIOJIHEHUN KAPOTUAHON SHIAP-
TEPIKTOMHUI, YTO TOBOPUT O HEOOXOMMOCTH TIPOBE/Ie-
HUIST TAJIBHEHTIINX KPYITHOMACTITTAGHBIX PAHIOMHU3UPO-
BaHHBIX MccienoBanmii. [Tpobiaemamu, TPeOYIOIMMI
NAJIbHENIIIEro U3yYeHusl, SIBJSIOTCST: METO/IMKA IIPOBe-
nenust PA, 1o3a v BUJi BBOJMIMOTO MECTHOTO AHECTETHU-
Ka, ¥ 3-HaBuraius, HeoOX0AUMOCTh cefanuu npu PA
U JIpyTHe.
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Anesthesia in Pediatric
Eye Surgery (Review)
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O0630p JUTEPaTYPhI MOCBAIIEH AHATU3Y TPUMEHIAEMbIX METOAUK AHECTE3UH TPU O TATBMOXUPYPIUUECKUX BME-
IIATELCTBAX Y JIeTell ¢ TTO3UIUHU UCTIOJIB3YEMbIX MTPENapaToB U MeToAuK oOesbonuBanust. [Ipu moAroToBke mMare-
puana ucnoab3oBanuch 6asbl gannbix Cyberleninka, PubMed, Medline ¢ 1eseBbiM OMCKOM Ha OCHOBaHUM
KJTIOYEBBIX CJIOB: IIPONoGo1, ceBO(IIypaH, naparetaMosi, peruoHapHas anectesus, ohTaabMoaorus, getu. LiyGuna
MOMCKA TI0 Jlate oIyOIMKOBaHUSA PabOT He OrPAaHUYMBANIACH, AKIIEHT Jesancs Ha mybaukanuax nocaenanux 10 ger.
ITesb 0630pa 3aKII0YaIach B OLEHKE NIMPOTHI IPUMEHEHUsI Pa3IMIHbIX METOI0B 06e360uBanus (00IIasd aHeCTe3ns
U perroHapHbie OJI0Ka/IbI), Ipenapatos anectesun (ceBodurypa, Ipornodoyi, mapareramMmost, MeCTHbIE AHECTETUKH )
B 0 TATLMOXUPYPIUY Y IETEH.

Kantouesvte crosa: nponopoi; cesopypar; napauemamoi; peeuoHapHas AHecmesust; 0maivMonozus; demu

The review dwells on the analysis of anesthetic techniques for pediatric eye surgery, including the use of drugs
used and methods of anesthesia. While preparing the paper, Cyberleninka (www.cyberleninka.ru), PubMed, Medline
databases were used with the targeted search using the following keywords: propofol, sevoflurane, paracetamol, re-
gional anesthesia, ophthalmology, children. The search was not restricted by the date of paper publishing; the focus
was made on papers published within the last 10 years. The purpose of the review was to assess the scope of various
anesthetic techniques (general anesthesia and regional blockades), anesthetics (sevoflurane, propofol, paracetamol,
local anesthetics) in pediatric eye surgery.

Keywords: propofol; sevoflurane; paracetamol; regional anesthesia; ophthalmology; children
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BBenenue

AXTHUBHOE pa3BUTHE MHUKPOXUPYPIUU TJa3a
HocJIe/THee IeCATUIeTHE, HECOMHEHHO, IIPUBHOCUT CBOU
TpeOOBaHSI K COBEPIIIEHCTBOBAHIIO AHECTE3NOIOTYE-
CKOTO 00€CTIeYeH ST TIPH IAHHBIX BMetiaTeibecTBax. Crie-
mduKa aHecTe3un B oPTaIbMOXUPYPTUH Y JIETEl OCHO-
BaHa Ha PEIICHUU BOTIPOCA [IOCTATOUYHOM Ceslaluu,
a(hheKTUBHOI MHTPA- U TIOCJIEOTIEPAIIMOHHON aHAJIbre-
311, B TPOUIAKTUKE HEKEIATETbHBIX PehJIeKTOPHBIX
peakiuit (OKyJIOKap/IuajibHble, IJIOTOUHBIE ), CHUKEHUST
nocJreoneparnnoHHoi ToHoTH U pBoThI (IIOTP), ipo-
(bunaktuke mocTHapKo3HOM askuTanuu [1-12].

Introduction

The active development of eye microsurgery
within the last decade, undoubtedly, requires im-
provement of anesthetic support in such interven-
tions. The specifics of anesthesia in the pediatric eye
surgery is based on solution of such problems as suf-
ficient sedation, effective intra- and postoperative
analgesia, prevention of adverse reflex reactions
(oculocardiac, laryngeal), relief of postoperative nau-
sea and vomiting (PONV), and prevention of post-
anesthesia agitation [1-12].
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Keramun u nponogou
KaK KOMIIOHEHTBI 0011eii aHecTe3nn
B 0(PTaIbMOXUPYPTHH Y JeTeil

MHorwue aBTOPbI CYUTATOT, YTO KETAMUH B MAJIBIX
7103aX TO3BOJISIET YJIYUMIUTh WHTPAOIIEPANNOHHOE
TeyeHwe, CHU3UTD PUCK OKYJIOKaPIHATbHOTO pediek-
ca (OCR), npu 9T0M HET HEOOXOAUMOCTU IPUMEHE-
Hus aTpornuHa c rnesbio npodmraktukn OCR [13, 14].

Ha mporsskeHnn AgnMTeIpHOTO BPEMEHH B 7IEeT-
CKOIT 0 TaTbMOAHECTE3NOJIOTUN CUNTATOCH TPEATTIOY-
TUTETBHBIM TPUMEHEHUE aHeCTe3WH KEeTaMIHOM C
00s13aTeIbHOI ITPeMeNKAIINeil aTPOITUHOM U CeIyK-
cenoM [15—17]. Opnako maHHBIN BAPUAHT HE B T10JI-
HOIl Mepe y/IOBJETBOPSIJ YCIOBUSM BbIIBUTAEMbIM
XUPYPTaMu, KOTOPBIE CTPEMIIUCH 0OECTIETNTh OTCYT-
CTBUE TOCJIEOTIEPAITMOHHON axkuTanun (BO30ysKe-
HUSI ), TOITHOTBI M PBOTHI CIIOCOOHBIX BBI3BIBATD MOBbI-
MeHne BHYTPUTIA3HOTO TABIEHUST U TAKUM 00pa3om
HUBEJINPOBATH PE3YJIBTAT OMEPATHBHOTO BMETIATE h-
ctBa [18]. B onpenenenHoit Mepe penieHnIo TaHHBIX
BOITPOCOB MOMOTJIO KOMOMHUPOBAHHOE UCTTOIH30BA-
HIle KeTaMUHa ¢ TpomodoIoM, 06eCTednBaIONIIX
OBICTPYIO U TJIAJKYIO MHAYKIMIO aHecTesuu [19-22] ¢
JI0303aBUCUMBIM Kap/IMO-PECTTUPATOPHBIM (hderToM,
CBSI3aHHBIM C TIO/IaBJICHIIEM CHMITATHYECKO HEPBHOM
CHICTEMBI, a TAK)KE OKA3BIBAIOIINX BAarOTOHIYECKIH 1
GponxoausTUpyrommii apdexrsi [8, 19, 23-25], ipu
3TOM TOYHOE 03WPOBaHHe MPOonodosa MO3BOISIET
n36eKaTh BOSMOKHON THIIOBEHTIIIsIIINY [26], a mocire
OIIHOKPATHOTO €T0 BBE/IEHU, TPOOYsKIeHNE HACTYTIA-
€T B KOPOTKUH CPOK.

B pa6ore Besenkoro A. B. ¢ coast. (2015) roso-
puTcs o mpornogdore, Kak o mpernapaTe COOTBETCTBYIO-
UM BCEM TPEOOBAHUSIM, TTPETHSIBISIEMBIM K aHeCTe-
3MOJIOTHYECKOMY TIOCOOMIO TPU  XUPYPTHUECKUX
BMeIIaTeThbCTBAX HA TiTaze. ABTOPBI OTMEYAIOT, UTO
MMEHHO ITpoTTodoJI He TTOBHINIAeT BHYTPUTIa3HOE aB-
Jlenne, a 00MIasT aHeCTe3MsT HACTYIAeT MPOTHO3MPO-
BAHHO OBICTPO, MPOTEKAET CTAOMIHHO, € TTOCTEYIO-
MUM  OBICTPBIM U IVIAJAKKAM BOCCTAHOBJIECHHEM
CO3HAHST M COMATHIECKUX (DYyHKINI 6e3 HaTyKiBa-
HYist ¥ pBOTHL. KoMGMHMPOBaHHAS aHECTE3HUS C TTPOTIO-
(hosTOM TTO3BOJISIET CO3/1aTh MAKCUMATBbHO a/IeKBATHBIE
YCJIOBUS [I7TSI XUPYPTUUECKOIH KOPPEKITNH, MITHIMHU3N-
POBaTh OTPHUIIATEIbHBIE BIUSHU €€ OTAETbHBIX KOM-
TMOHEHTOB M MAKCUMATbHO 00€CTIeunTh Crennduyie-
CKHUe 3alaull aHeCcTe3NOJOTHYECKOTO TOCOOMS TIPH
odrasbmosiornyeckux omnepanugax [27]. Iloanonen-
HYTO XapaKTepPUCTUKY TIPOTIO(OITY AT0T B CBOUX pabo-
tax Copoxnna E. [0. (2014) [28] u ImuTpues /1. B.
(2014) [29], yxa3sbIBas Kak I10JI0KUTEJIbHbIE XapaKTe-
PHUCTHKH TIpenapaTa, Tak U OTPHUIATeIbHbIE, & TaKKe
OTMeYast CTOCOOHOCTD TIpenapaTa CHIKATh BHYTPH-
TJIa3Hoe IaBJIeHNE, YTO HEMATOBAsKHO B 0(DTaTBMOXH-
pyprun. MuTtepec k KOMOUHUPOBAHHON aHECTE3UH
nponodoyioM U KeTaMITHOM WJN (DEeHTAaHUIIOM TIPO-
SIBJITIOT MHOTHE KOJIJIETH, YKa3bIBast, 4TO 9Ta KOMOU-
HAITUS TTO3BOJISIET COXPAHATH CIIOHTAHHOE JBIXaHNeE,

Ketamine and propofol
as components of general anesthesia
in pediatric eye surgery

Various authors consider that low doses of keta-
mine permit to improve the intraoperative status, reduce
the risk of the oculocardiac reflex (OCR) and do not re-
quire the use of atropine for OCR prevention [13, 14].

Ketamine anesthesia with obligatory premedica-
tion with atropine and seduxen has been considered a
method of choice in pediatric eye surgery for a long
time. [15-17]. However, this option did not com-
pletely meet the requirements set by surgeons, who
tried to avoid postoperative agitation, nausea and
vomiting, i.e. factors that can elevate the intraocular
pressure and, therefore, spoil he results of the surgical
intervention [18]. This problem could be partially
solved by the use of a combination of ketamine and
propofol, which provide a fast and smooth induction
of anesthesia [19—22] with a dose-dependent cardio-
respiratory effect related to suppression of the sympa-
thetic nervous system and produce a vagotonic and
bronchodilating effect [8, 19, 23—25]; at that, the exact
dosing of the drug permits to avoid possible hypoven-
tilation [26]; and the patient recovers within a short
period of time following a single dose.

Beletsky A. V. et al. (2015) describe propofol as
a drug that meets all requirements to an anesthetic
support in eye surgery. The authors note that propofol
does not elevate the intraocular pressure; general anes-
thesia is induced quickly as it has been predicted; the
anesthesia is stable with subsequent quick and smooth
recovery of consciousness and somatic functions with-
out straining efforts and vomiting. A combined anes-
thesia with propofol permits to arrange the most
adequate conditions for the surgery, minimize adverse
effects of its elements and ensure the specific tasks of
the anesthesiological support in eye surgery [27].
Complete characteristics of propofol was by Sorokin
E. Yu. (2014) [28] and Dmitriev D. V. (2014) [29];
they indicated both positive and negative character-
istics of the drug, as well as the ability of the drug to
reduce intraocular pressure, which is important in eye
surgery. Many colleagues show their interest in a com-
bined anesthesia with propofol and ketamine or fen-
tanyl, indicating that this combination allows to
maintain spontaneous breathing, reduce the time of
recovery, provide a gradual recovery from anesthesia
without excitation, and reduce the need for antiemetic
agents [30]. Whereas ketamine has the most pro-
nounced damaging effect on the mental status, accord-
ing to Elkin 1. O. (2006), the combined anesthesia
with propofol damages the mental status by sedation.
Therefore, the combination of ketamine-propofol is
more favorable [31].

Singh Bajwa (2010) studied advantages of total
intravenous anesthesia (TVA) and found that at the
time of anesthesia induction, the combination of
propofol-fentanyl led to significant bradycardia and a
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COKpAII[aTh BPEMsI BBIXO/IA U3 HAPKO3a 1 MMETh TT0CTe-
NEeHHBIH BBIXOA 0e3 BO3OYKICHUsS, YMEHBIIUTH
NoTPe6HOCTh  MCMOJIBb30BaHUS  TPOTUBOPBOTHBIX
cpeacts [30]. Ecim keramun obGiazaer Hanbosee
BbIPAKEHHBIM TICUXONOBPEKIAIONINM J€HCTBIEM, 110
nauabiM Enpkuna 1. O. (2006), To KoMOMHUPOBaHHAS
aHecTe3us ¢ MPornodoyIoM MOBPEKIAET TICUXUKY T10
MEXaHU3My Celalliu, CIe0BATENbHO, KOMOUHATINS
keTamun-mponodo 6onee komdopraa [31].

Singh Bajwa (2010) mposoas ucciegoBaHue
JNOCTOUHCTB TOTAJTHHON BHYTPUBEHHON aHECTE3UU
(TBA), o6Hapy» 11, 4T0 B MOMEHT UHAYKIIMH aHeCTe-
3un KOMOGUHAIHSE TTPOTIOhOJI-PEeHTAHUIT TIPUBOJINIIA K
3HAYUTEIHHOM OPajiuKap/ini, U BEIPAKEHHOMY CHU-
JKEHHIO CUCTOJNYECKOTO U TUACTOJIMYECKOTO JIaBJie-
HYSI, TIO CPABHEHUIO ¢ KOMOMHATIHEH PonogoJ-KeTa-
MWH, OIHAKO B (hase Tmojep:kanus obe KOMOUHAIIUY
COTIPOBOSK/IANIMCH CTAOUITBHBIMU TIOKA3aTEIISIMU TEMO-
munamuku [32]. Wilhelm S. (1996), usyuas npomnodoun
B KOMOUHAIUY ¢ Cy(PEeHTAaHWIOM Y JIeTel TPU XUpyp-
TUYeCKO KOPPEKIINU KOCOTJIa3Msl, OTMEYA BhIPAKEH-
HOCTDb OPajinKapuy U BBICOKUN PUCK Pa3BUTUSI OKY-
JIoKapauaIbHOro pedJiekca, HO PUCK PA3BUTUS
TOCJICOTIEPAIIMOHHOI TOITHOTHI U PBOTHI OBLI HE BBICO-
kuii [22]. Hahnenkamp K. (2000) nposens uccuemno-
BaHUe KeTaMuHa, ceBorypana, mpornodoJia, MUu1a30-
JlaMa ¥ TajoTaHa B 0TaaIbMOXUPYPTUHU YCTAHOBIL,
YTO KETAMUH BBI3bIBAJI HAMMEHBIIINE TeMOIITHAMIYE-
CKUe NU3MEHEHUSIMST U PUCKOM PAa3BUTHS OKYJIOKAP/IH-
anpHOTO pediekca [33]. Oxnako B uccaegoBannu St.
Pierre M. (2002) 6bL10 110Ka3aHO, YTO KOMOMHALIUS
KeTaMUH-TIPonodosi BbI3bIBaeT GoJsiee JUTUTENbHOE
MOCJIEHAPKO3HOE BOCCTAHOBJIEHUE, TIPU 9TOM He CHU-
skaercst yactota pazsutusi [IOTP mo cpaBHenuio ¢
koMmOuHanueii nponodosr-onnons [34]. Broking K.
(2011) pekomenHryeT TPOBOIUTH MHLYKITHIO B HAPKO3,
IPUMEHsIST KETAMUH ¥ MUIA30J1aM, OTM€Yast, YTO MPOo-
nodos u peMudeTaHUT MPUBOAAT K YBEJTMUEHUIO
pHCKa Pa3BUTHUST OKYJIOKapAnaabHoro pediekca [35].
Opnaxo Lili X. (2012) npu nposeneHny nccaenoBa-
Hust 1porodosia B COUETaHUM € Cy(PEeHTAHUIOM U
peMubEeHTAaHUIOM He OTMETUJT HeKeJaTeJbHbIX
OCJIOKHEHWI B BUJIe OKYJIOKAPIAMAJIbHOTO, OKYJO-
MyJIbMOHAJIBHOTO M OKYJIOTACTPATIBHOTO PedieKcoB
BO BpeMs U 1tocJie onepanui [36].

Choi S. R. (2009) npencraBui IMpPOKOe MCcie-
JIOBaHKE MO MPUMEHEHUIO KeTaMUHa B KOMOWHAIIUH C
ceBorypaHoM, siecrypanom, mponooJIoM U PeMu-
(beHTaHUIOM, MU/IA30JIAMOM BO BPEMSI AHECTE3UU ITPU
odranbMosIOTHUECKUX onepalisax. Bo Bcex caydasx
npeMe/IKaIyst 60JIbHBIM He TPOBOAMUIach. /st obec-
neyeHus IIPOXOAUMOCTH [IbIXaTeIbHBIX Iy Tel TpUMe-
HSJIM JIAPUHTEANbHYI0 MacKy. ABTOD IIPUXOAMUT K
3aKJII0OYEHUIO, YTO COUETAHHOE TPUMeHeHe KeTaMu-
Ha-11porodoJia U KeTaMUHa-peMUudEHTAHNIA, a TAKKe
MuIa301aMa-1porodosia u MuazoramMa-peMudenTa-
HUJIA Yallle TPUBOAUT K BO3SHUKHOBEHHIO OKYJIOKAp-
nmanbHoro pedekca [37]. Ha Beicokylio yacToTy 1po-
SBJIEHUST OKYJOKApAMAJIbHOTO pedJiiekca Imocie

marked decrease in systolic and diastolic pressure as
compared to the combination of propofol-ketamine,
however, in the maintenance phase, both combinations
demonstrated stable hemodynamic parameters [32].
Wilhelm S. (1996), studied propofol in combination
with sufentanil in children with surgical correction of
strabismus and noted a high risk of bradycardia and
oculocardiac reflex, but the risk of postoperative nau-
sea and vomiting was not high [22]. Hahnenkamp K.
(2000) studied ketamine, sevoflurane, propofol, mida-
zolam and halothane in eye surgery and found that ke-
tamine demonstrated the lowest hemodynamic
changes and the risk of an oculocardiac reflex [33].
However, the study of St. Pierre M. (2002) has shown
that the combination of propofol-ketamine has a longer
post-anesthesia recovery; at that PONV is not reduced
in comparison with the propofol-opioid combination
[34]. Broking K. (2011) recommends induction of
anesthesia using ketamine and midazolam and notes
that propofol and remifentanil lead to an increased risk
of oculocardiac reflex. [35]. However, Lili X. (2012)
studied propofol in combination with sufentanil and
remifentanil and did not note undesirable complica-
tions in the form oculocardiac, oculopulmonal and ocu-
logastral reflexes during and after the surgery [36].

Choi S. R. (2009) presented a broad study on the
use of ketamine in combination with sevoflurane, des-
flurane, propofol, remifentanil, and midazolam during
anesthesia in eye surgeries. In all cases, no premedica-
tion was carried out. To ensure airway patency, a la-
ryngeal mask was used. The author comes to the
conclusion that a combination of ketamine-propofol
and ketamine-remifentanil and midazolam-propofol
and midazolam-remifentanil often lead to oculocardiac
reflex [37]. Tramur M. R. (1997) [21] indicates the
high frequency of symptoms oculocardiac reflex after
the use of propofol (1444 cases of bradycardia).

In their studies I. E. Skobeido (2004) and D. Yu.
Ignatenko (2016) with co-authors compared propofol
and opioid anesthesia with a combined anesthesia im-
plying the use of sub-tenon or retrobulbar blockade in
combination with intravenous administration of
propofol. The authors point to negative aspects of ad-
ministration of fentanyl which is manifested in respi-
ratory depression, increased the duration of
post-anesthesia recovery; and earlier recovery of con-
sciousness and spontaneous respiration was noted in
patients who underwent regional anesthesia [38, 39].

A.D.Dubok demonstrates the advantages of
multicomponent anesthesia based on the use of in-
halation sevoflurane anesthesia and intravenous
anesthesia with propofol in combination with retrob-
ulbar anesthesia (2011). The author reasons that the
combination of general anesthesia with retrobulbar
block in surgeries for strabismus eliminates oculogas-
tral and oculocardiac reflexes and provides effective
intra - and postoperative analgesia creating a favor-
able psychological background both in children and
their parents [40].
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npuMenenus mpornododa (1444 6pagukapamii), yka-
3prBaeT Tramur M. R. (1997) [21].

B cBoux paborax U. E. Cxobeiino (2004) u /.
IO. Urnarenko (2016) ¢ coaBropamu cpaBHUBAIU
aHecTe3uio MPOrodoJIOM U OITHOUIAMY C COUETAHHOI
amecTesuei, oipasyMeBaoliell HCIoIb30BaHue Cyo-
TEHOHOBOH 1In peTpodypbapHoil 610Kan B KOMOM-
HAIlUU C BHYTPUBEHHBIM BBeJeHUEM IPOIodoJia.
ABTOPBI YKa3bIBAIOT HA OTPUIIATEIIbHBIE CTOPOHBI TIPH-
MeHeHUs (DeHTAHUIIA, BBIPAXKAIONINECS B YTHETEHUN
JIBIXAHIIS, YBEJTUYEHIH [ITTUTETbHOCTH TOCTHAPKO3HO-
r'O BOCCTAHOBJIEHVIS, & Y TIAIIUEHTOB, KOTOPBIM IIPUMe-
HSJTH PETMOHAPHYIO AHECTE3UT0, OTMETUIIN (oJiee paH-
Hee BOCCTAHOBJIEHUE CO3HAHUS U CIIOHTAHHOTO
nerxanus [38, 39].

Ha nocronncTBa MHOrOKOMITIOHEHTHOIT aHeCTe3uH,
GasupyIomeiicst Ha TIPUMEHEHUN MHTAJISIIMOHHON aHe-
cre3un ceBoIypaHoM, BHYTPHUBEHHOI aHECTE3MH TTPO-
10(0I0M B KOMOUHAIIAY ¢ peTpoOyIb0apHOii aHECTe31-
eil, B cBoeii mybmmkaryu ykaseisaer A. /1. lybox (2011).
CBou BBIBOIbI ABTODP APTYMEHTHPYET T€M, UTO COUeTaHne
o01eii anecTe3nu ¢ peTpobyIbGAPHBIM OJIOKOM IIPHU OIIe-
palusix Mo TMOBOY KOCOTJIA3UsT YCTPAHSIET OKYJIOTacT-
PaJIbHBII U OKYJIOKapANATLHBIN pediekcnl, obecredn-
BaeT 9(PdeKTUBHOE WHTPA- K MOCJIEONepPalnoOHHOe
o6e36osmBane, co3aatolee GIaromPUATHIN MCHX0I0-
rudeckuii hoH Kak y jieTelt, Tak u ux pogureseii [40].

Ilpumenenue ceBodaypana

B HHTAJISIIMOHHON aHeCTe3Uu
pu 0PTaTbMOXHPYPrHYECKUX
BMelllaTeJbCTBAaX y JeTei

O/H1UM U3 TPUOPUTETHBIX IPEIapaTOB aHECTE3UN
B obecrieyeHrn 0(hTaTbMOJIOTHYECKIX XUPYPIUUECKIX
BMEIIATEIHCTB, HAUOOJIEE MIMPOKO UCTIOJIB3YIOIIHIACS B
JIETCKOU ITPAKTUKe, SIBJISAETCS MHTAJISIIMOHHDBIN aHecTe-
tuk ceBodurypan. Ilpemapar, xapakrepusyioniuics
J10303aBUCUMBIM YTHETEHUEM [IbIXaHUS, C MUHUMAJIb-
HBIM JIEHICTBUEM Ha CEPAEYHO-COCYAMCTYIO CHCTEMY,
MO3BOJISIET ITPOBOJNTD BBICOKO YITPABJISEMYIO MHIAJISI-
IIUOHHYIO aHECTe3UI0 ¢ MOMEHTAJIbHON UHAYKIIUeH U
CTPEMUTE/IbHBIM IIPOOYKIEHUEM, CLIOCOOCTBY I OBICTPO-
MY TI0CJICOTIEPAIIMOHHOMY BOCCTAHOBJIEHUIO NAIIUEHTA.
CeBodurypan nmeer 6oJiee GIArOIPUSITHBIN Kapauaib-
HBIN TIPOGUIIb TIO CPABHEHUTO ¢ UHBIMU TAJIOTEHCOIEP-
JKAIIMMU MHTAISAIMOHHBIMEI aHeCTeTHKaMu (TaIoTaH,
usodaypan, gechuaypan) [41]. Ou ymensuaer metabo-
JIU3M TOJIOBHOTO MO3Ta, alAlITUPYsl €r0 K YCJIOBUAM
umemun [42], jyis1 HETO XapaKTEPHO JI0303aBUCUMOE
MOBBIIIEHNE BHYTPUYEPEITHOTO IABJICHUS U HE3HAUM-
TeJIbHOE YBEeJIMYEHE MO3TOBOTO KDOBOTOKA B YCJIOBUSX
nopmokaranu [43]. K mosoxxuTesibHbIM KauecTBaM
MHTAJIAIIMOHHOM aHeCTe3UH, B TOM YUCJTIE U C IPUMEHe-
HueM ceBodrypana, ciefyer OTHECTH BO3MOKHOCTD
BBITIOJTHEHUS aHECTE3UM 110 HU3KO- M MUHUMAJIbHO-
[IOTOYHO METOIMKAM, 00ecIiednBaIonM Oosee HJaro-
MPUATHBIE YCJIOBUS CPe/bl B IbIXaTEJbHOM KOHTYPE,
TOJIOKUTETbHBIN 9KOHOMUUECKIiT ek [44, 45].

The use of sevoflurane in inhalation
anesthesia for pediatric eye surgery

Sevoflurane, an inhalation anesthetic, is one of
drugs of choice for anesthesia in eye surgery, which is
the most widely used drug in pediatrics. The drug is
characterized by dose-dependent respiratory depres-
sion, with minimal effect on the cardiovascular system,
allows to carry out highly controlled inhalation anes-
thesia with instant induction and rapid recovery, con-
tributing to a rapid postoperative recovery of the
patient. Sevoflurane has a more favorable cardiac pro-
file compared to other halogen-containing inhalation
anesthetics (halothane, isoflurane, desflurane) [41]. It
reduces the brain metabolism, adapting it to ischemia
[42]; it is characterized by a dose-dependent increase
in intracranial pressure and a slight increase in cere-
bral blood flow in normocapnia [43]. Positive charac-
teristics of inhalation anesthesia, including the use of
sevoflurane, include the ability to perform anesthesia
by low- and minimum-flow methods, providing more
favorable conditions in the respiratory circuit, as well
as good cost-effectiveness [44, 45].

However, the serious disadvantages of sevoflurane,
which are crucial for patients after eye surgery, include
post-anesthesia agitation, expressed in behavioral and
psycho-emotional instability, especially in young chil-
dren (up to 6 years). Study by Ignatenko D. Yu. (2009,
has menostrated that the agitation after sevoflurane ad-
ministration occurs in 45% of cases and is typical for chil-
dren aged from 1 to 5 years. The recovery was
accompanied by motor hyperactivity (crying, negativism
towards parents and medical staff). The author indicated
that the use of midazolam as a premedication, as well as
conduction anesthesia before the surgery, resulted in
achieving the adequate postoperative analgesia reducing
the incidence of the agitation syndrome at a recovery rate
of 5% of cases [46]. In turn, Costi D. (2014), while em-
phasizing the basic problem of sevoflurane, also indicated
behavioral disorders or manifestations of delirium after
its application and recommends to apply a multimodal
approach in order to reduce the agitation, using propofol,
halothane, dexmedetomidine, clonidine, opioids (fen-
tanyl), and ketamine [19]. Van Hoff S. L. (2015) offers
to administer propofol for reduction of agitation after
sevoflurane application, at the end of the surgical inter-
vention [47]. Egorov V. M. and Elkin I. O. (2012) say
that sevoflurane provides the greatest preservation of
mental functions, like dormicum and propofol [48].

At present, sevoflurane is a drug of choice from a
wide range of inhalation anesthetics in pediatric oph-
thalmic anesthesia that provides rapid induction of
anesthesia and rapid recovery, without significant neg-
ative hemodynamic effects, with minor effects on in-
tracranial and intraocular pressures. However, despite
many important and positive characteristics of the
drug, it has a significant negative effect, i.e. the post-
anesthesia agitation, whose frequency and severity can
be reduced by propofol.
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OpHaKo K cepbe3HbIM HeocTaTKaM ceBodIypa-
Ha, IMEIOTM TPUHIIUITHAIBLHOE 3HAUEHHE J1JIsT O0JIb-
HBIX 1T0cJIe 0(DTATBMOJIOTUYECKHUX OTepaIuil, OTHO-
CHUTCS MOCJEHAPKO3HOE BO3OYKaeHUe (asKUTaIus ),
BbIPAJKAIOIIeeCs B MOBEJIEHYECKOI 1 TICUX0-9MOIIHNO-
HAJIBHOI HECTAOUILHOCTH, 0COOEHHO Y JIeTell PAHHETO
Bospacta (j10 6 net). [To nanabiv Urnarenko /[. 10.
(2009) BO3OYsKAEHIE MOCTIE UCIIOIb30BAHK CeBOd-
JaypaHa OGbiBaeT B 45% ciydaes, U XapaKTepHO JIJist
nereit ot 1 110 5 set. [Ipobyskaenne conpoBOsKAACTCS
MOTOPHOI IHIIEPAKTUBHOCTDIO (IJIaU€eM, HETaTUBU3-
MOM TI0 OTHOIIIEHUIO K POJIUTEJSIM 1 MeIIIEPCOHAIY ).
Wcrnonb3oBaniie B kauecTBe TPeMeIMKAIIIT MU/IA30-
JlaMa, a TAK3Ke TPOBOIHUKOBOIT aHeCTe31HU Iiepe]] Hava-
JIOM OTIepallii, MO3BOJISIET JTOOUTHCSA aJeKBATHOI
MOCJIEOTIEPAIIIOHHON aHAIbre3Ud, CHU3UTD YaCTOTY
BO3HUKHOBEHUSI CHHPOMA BO3OYKIECHUS TIPU TIPO-
GysKIeHUH 10 5% caydaes, yKasbiBaeT aBrop [46]. B
cBoio ouepenp Costi D. (2014), mouepkuBast 0CHOB-
HYTO TIPOOJIEMY aHECTE3UH CEBO(MITYPAHOM, TAKIKe YKa-
3BIBAET HA MOBE/IEHYECKIE HAPYIIEHIS WU TIPOSIBIIE-
HUst Gpejia mocJie ero IPUMEHEHUS, 1 PEKOMEHJLYeT JIJIst
CHIDKEHUST Q)KUTAIIMY TIPUMEHSITh MYJIBTUMOZATBHBIIT
MOZIXO/I, UCTIOJIb3YsT ITPOTIO(OJI, TATIOTAH, I€KCMETOMU-
JIIH, KJIOHUNH, ormuonibl (henrtanmi), ketamua [19].
Van Hoff S. L. (2015) npearaer ajist CHUMKEHMST asKH-
TaIH TT0CJIe TIPUMeHeHNsT ceBoIypana, B KOHIIE XHPYP-
TMYEeCKOTO BMEIaTeIbCcTBa BOAUTH riporiocdot [47]. Ero-
pos B. M. u Exnpkun 1. O. (2012) B cBoeii pabore
TOBOPST, 4TO ceBodIypan obecrieynBaeT HanboJb-
IIYIO COXPAHHOCTD TICUXUYECKUX (DYHKIUH, TT006HO
JopMuKymy u iportoony [48].

Ha ceromusimmnmii ieHb U3 CrieKTpa MHIaJSIIIMOH-
HBIX AHECTETUKOB B JIETCKOI O TATbMOAHECTE3UOIOTHI
Ipe/IIoUTEHIE OTAeTCs ceBohIIypany — IIpenapary,
obecreyrBaroNeMy ObICTPYIO WHIYKIIUIO aHECTE3UH 1
GbICTPOE MPOOYIKICHNE, HE OKA3bIBAIONIETO 3HAYUTE b
HBIX OTPHUIIATEIbHBIX TeMOIUHAMIYECKIX d(D(EKTOB, C
HE3HAYUTETbHBIM BJUSHUEM HA BHYTPUYEPETHOE U
BHyTpHIJIa3HOoe faBienne. OTHAKO IPU CTOIBKO 3HAYH-
MOM TOJIO;KUTETBHOM BO3/IEHCTBUY MpenapaTa oH 061a-
JIaeT BECOMbIM HETaTUBHBIM 3(D(PeKTOM — IMOCTHAPKO3-
HOU a’KUTAllMel, 9acTOTy M CTelleHb BBIPAKEHHOCTH
KOTOPOII yZIaeTcs CHU3UTh BBeZIEHEM TIporodoJia.

ITapaneraMos — Kak KOMIIOHEHT
aHaJbre3uH B 00IIei aHecTe3un
npu 0PTaJIbMOXUPYPTHH Y JI€TEM

3HAUNTEBHOE KOJIMYECTBO PAGOT TTOCBAIEHHBIX
aHecte3ny MpU OMTATBMOJOIHYECKUX BMeEIIATeh-
CTBaxX 3aTparuBaioT BOMPOCH KOMOWHUPOBAHHOIO
IpUMeHEeHUsT HEOITMOU/IHBIX aHAJIbI€TUKOB, a B JIET-
CKOU mpakTuKe Haubojiee yacTo — Mapareramolia,
006JIA/IAIOIIETO IOCTATOYHO BBIPAKEHHBIM aHAJIBIETHU-
YeCKUM JIeMCTBUEM ¥ PA3PENIeHHOTO K IIPUMEHEHUIO
BO BCEX BO3PACTHHIX Kareropusax [49—51]. O6e360.m-
Baiolee JeiiCTBYe MperapaTa HACTYIAeT B TeueHue
5—10 MuHYT TIOCJTe HAaYa a MHQY3UHU U TOCTUTAET MaK-

Paracetamol as a component
of analgesia in general anesthesia
in pediatric eye surgery

A significant number of papers devoted to anes-
thesia in eye surgery dwell on the issues of a combined
use of non-opioid analgesics; and in the pediatric prac-
tice they most often discuss paracetamol, which has a
relatively strong analgesic effect and is permitted for
use in all age categories [49—51]. The analgesic effect
of the drug occurs within 5—-10 minutes after the start
of infusion and reaches its maximum within 1 hour;
the peak analgesic effect is achieved within 4—6 hours.

According to Zakharenko G. and Goncharuk V.
(2016), there is enough evidence related to the clinical
use of intravenous paracetamol (in the form of
monotherapy or as a component of multimodal anes-
thesia) [52]. According to Macintyre P. E. (2010), the
analgesic effect of paracetamol is equal to 30 mg of ke-
torol, 75 mg of diclofenac, 10 mg of metamizole and
morphine [20].

Paracetamol is widely used as a non-opioid anal-
gesic for the treatment of acute and early postopera-
tive pain [53]. Savustyanenko A.V. (2014), analyzed
their five-year experience (2005-2010) in the use of
intravenous paracetamol and data of Macario, Royal
(2011) [54] and demonstrated the scale of its surgical
application, including the strabismus surgery [49]. In-
traoperative intravenous administration of paraceta-
mol (15mg/kg) does not lead to the development of
postoperative nausea and vomiting within 24 hours
after surgery; and its effectiveness is greater, if the
drug is used for prevention before surgery or intraop-
eratively as compared to its introduction to relief pain.
Preoperative intravenous administration of paraceta-
mol is comparable to the effect of analgesia after sur-
gery [55-57], which is explained by processes of
prevention of central and peripheral sensitization [53].
While treating patients with glaucoma, authors found
that paracetamol reduced intraocular pressure [58].

Undoubtedly, conclusions can be made on the
positive role of paracetamol as an effective analgesic
in intraoperative anesthesia of eye surgery and post-
operative analgesia in children, but it is also clear that
the drug is used as a co-analgesic in most cases, pro-
viding a reduction in the dosage of opioid analgesics
during general anesthesia.

Regional blockades
as a component of combined
anesthesia in pediatric eye surgery

Almost most requirements to arranging condi-
tions for eye surgery can be met by the use of regional
blockades, which include: retrobulbar, parabulbar, per-
ilimbal, epibulbar, sub-tenon, epibulbar-intrachamber
anaesthesia, wing-orbital block (WOB) and drip (in-
stillation) anesthesia [8, 9]. For example, sub-tenon
anesthesia in combination with postoperative admin-
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cuMyMa 4yepes 1 yac, MakCUMaJbHBIH 06e360auBaI0-
it adekt cocrapiisieT 4—6 yacos.

JokazaresbHas 6a3a 10 KIMHUYECKOMY MTPUME-
HEHWIO BHYTPUBEHHOI (POPMBI TTapaiieTamodia (B BHIe
MOHOTEPAINUU UK KaK OJIHOTO U3 KOMIIOHEHTOB MYJTb-
TUMOJIATBHOM aHecTe3un ) 10 MHMOpMaIuu 3axapeH-
ko A. I u Tonuapyk B. B. (2016) nocrarouno mupoxa
[52]. ITo marusiM Macintyre P. E. (2010) Boipasken-
HOCTh aHajbreTuueckoro sddexra mapaieramosa
nmpupaBHUBaeTCs KeToposiaky 30 Mr, AuKIodenaxky 75
Mmr, MeTamuzoury u Mmopduny 10 mr [20].

[TaparieraMoJ1 aKTUBHO MCIIOJIB3YeTCsT, KAK HEOo-
MUOUHBIN aHAJIBTETHK, [IJIsI JIeYeHUs OCTPOIl 1 paH-
Hell mocseonepanronnoi 6oy [53]. CaBycThsIHEHKO
A. B. (2014), ananmusupyst TSATUIETHUN OTIBIT
(2005-2010) nmpumeHeHusT BHYTPUBEHHOU (OPMBI
napareramoJia v faiabie Macario, Royal (2011) [54],
MOKA3bIBACT MACIITAGHOCTD €r0 IPUMEHEHUS B XUPYP-
TUW, B TOM YUCJE MPU JiedeHun Kocoryasus [49].
WNurtpaonepannonnoe BHyTPUBEHHOE BBE/IEHIE TTAPa-
mertamosia (15 Mr/Kr) He TPUBOAWT K Pa3BUTHIO
MOCJIEOTIEPAITTOHHOI TOIITHOTBI U PBOTHI B TEUeHUH 24
YacoB TI0CJIe OTlepannu, a 3pHeKTUBHOCTD €ro 3HAYU-
TeJibHee, eCJIM MPUMEHSITh IpenapaT npoduiakTuie-
CKU TIepe/l XUPYPTUYeCKUM BMENIATeJbCTBOM WJIH
HMHTPAOIIEPAIMOHHO 110 CPABHEHUIO C BBEIEHIEM €T0
npu nostezierrn 6o, [IpeonepannoHHoe BHY TPU-
BEHHOE BBeJIeHNe MapareraMmosia cpaBHuMo ¢ addex-
TOM aHAJbTe3UM, IIPOBOAMMOI TIOCJE OTlepaIuu
[55—57], uTo OGBSICHAETCS TIPOTIECCAMU TIPELYTTPEK-
JleHUs TIeHTPAIBHON U TlepudepryecKoil CeHCUTH3a-
nuu [53]. 3apy6esxibie aBTOPbI, IPOBOIS JedeHUe
GOJIBHBIX € TIAYKOMOM, YCTAaHOBHUJIH, YTO MAPAIeTaMoJ
CHUKaeT BHYTPHUTJIa3HOE fAaBjenne [58].

Hecommeno, MO3KHO FOBOPHUTB O MOJIOKUTETBHOI
poJiu TTaparietamodia, Kak aeKTHBHOTO MHTPAOTIepa-
IIIOHHOTO AHAJIBI€TUKA ITPU O TATBMOTIOTUYECKUX BMe-
IATETLCTBAX U TTOCEOTIEPAITMOHHOM 06e360TMBAHNY Y
JleTel, OJTHAKO CTOJIb K€ SICHO, 4TO MperapaT B 00JIb-
IIUHCTBE CJIy4aeB UCIIOJIb3YETCs KaK KO-aHATIbIeTHK,
06eCTIeynBAIONIIIT YMEHbIEHNE JI03UPOBOK OTIMOUI-
HBIX aHAJILTETUKOB TIPU 00IEeH aHeCTe3n .

Pernonapubie 0JI0KabI
KaK KOMIIOHEHT COYeTaHHOU aHeCTe3Uu
B 0(pTaIbMOXUPYPTUH Y JA€Tei

[TpakTudeckn GONBIIMHCTBO TpebOBaHUIT B
obeciieueHny YCJIOBUN BBIOTHEHMST O TATBMOJIOT Y-
YeCKUX OIlepPallnil YIaeTCsl Peain30BaTh IPUMEHeHU-
eM PeruoHapHbIX 6JI0KaJI, B apCEHaN KOTOPBIX BXOIST:
perpobynbbapuasi, napadyabbapHas, mepeaumbab-
Has, arbyibbapHast, cybTeHOHOBas, SOy IbOAPHO-
BHYTPUKAMepHAasi aHECTE3UU, KPBLIO-OPOUTAIbHBIN
610k (KOB) u kanenbuas (MHCTHASLMOHHAS) aHe-
cresus |8, 9]. Hanpumep, cybTeHoHoBast aHecresus B
coYeTaHuu C II0CJTEOIepPAIMOHHBIM BBeleHUEM
HIIBII 1 aHTaroHucTOB CEPOTOHUHOBBIX PEIETITOPOB
CYIIECTBEHHO YMEHbBIIAET OOJIEBBIE OILYIIEHUS, & TAK

istration of NSAIDs and serotonin receptor antago-
nists significantly reduces pain, as well as prevents the
risk of postoperative nausea and vomiting in children
with surgical treatment of strabismus, due to a more
complete interruption of afferent impulses from the
area of eye surgery [59]. There is no doubt that retrob-
ulbar anesthesia provides a deeper suppression of sen-
sitivity and akinesia, allows to stabilize the eyeball
during the surgery, but unfortunately, the risk of com-
plications is very high [60]. Since the autonomic in-
nervation of the eye is comes from two nodes, the
ciliary and pterygopalatine [61], it is advisable to af-
fect the two ganglia simultaneously. Prokop'ev M. A.
(2011) indicates pterygopalatine ganglion as an
anatomical and physiological structure that is impor-
tant for eye surgery, noting that the blockade of the
pterygopalatine ganglion provides the denervation of
the nerve structures related to the eye, orbit, and pe-
riorbital tissue [9, 62]. In adult eye surgery, as well as
in the treatment of post-concussion ocular hyperten-
sion, a wing-orbital blockade (zygomatic access to the
pterygopalatine fossa) is used [63].

A lot of research is devoted to the use of WOB
in glaucoma, although Vaisblat SN. (1962) noted the
positive effect of the blockade of the pterygopalatine
ganglion for the treatment of patients with glaucoma
[64]. Tatarinov N. et al. (2009) and Zelentsov S. N. et
al. (2014) noted that the blockade of the pterygopala-
tine fossa is one of the components of patient's an-
tinociceptive protection in surgery [61,65], in which
it is possible to operate on the ciliary and pterygopala-
tine vegetative nodes simultaneously. Prokop'ev M. A.
et al. (2011) emphasize that the more selective the
blockade is, the more effective it is. With such a block-
ade, drug deposition is formed, the effect of which is
softer, and the effect lasts longer. They indicate that
this technique is useful in a number of operations, in-
cluding vitreous surgeries and dacryocystorhinos-
tomy, and to relieve a glaucoma episode [62].

Vaiysblat S. N. (1962) describes several methods
of the pterygopalatine blockade through different ac-
cesses [64], indicating that pterygopalatine fossa but
not round foramen should be the injection site for
anesthesia of the maxillary nerve. This route is easily
accessible and accurate, and the passage of a needle in
the palatine pathway, through the pterygopalatine
canal, along the vessels and nerves embedded in it does
not have any adverse consequences, because their hy-
draulic removal takes place by a slowly introduced a
local anesthetic. The technique is successfully used in
adult rhinosurgery [66, 67]. Malamed S. F. pays atten-
tion to the positive results of the anesthesia. The use
of the technique ensures success and a low level of
complications. In 90% of cases, this anesthesia is de-
termined as adequate by the authors [25]. However,
Hawkins J. M. et al. (1998) found that in the case of a
higher fornix of the oral cavity, greater palatine fora-
men is located closer to the dentition; and in the case
of alower fornix, it is closer to the midline [68]. While
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JKe TIPELYIPEKAaeT PUCK PA3BUTHUS TTOCIEOTIePAITOH-
HOM TOIIHOTBI U PBOTHI Y ZIETE 1TPU XUPYPrUYECKOM
JIeYeHU U KOCOTJIa3ust, 32 c4eT HoJiee TOJHOTO MPEPhI-
Banus adepeHTHON UMITYTHCAITTUN U3 30HBI ODTAIb-
MOXHUPYPrivYecKoro BMeratebeTsa [59]. He Bbi3bia-
eT COMHEHUs, 9TO PeTpobyIbbapHas aHecTe3 s aeT
6osiee TIIyOOKOE BBIKJIIOYEHUE YYBCTBUTEILHOCTH,
AKUHE3WIO, TIO3BOJISIET CTaOUIM3UPOBATH TJIA3HOE
sI0JIOKO B XOjie OTIE€Pallid, HO K COKAJIEHUIO, PUCK
ocJiokHeHUs ouenb Besink [60]. YunursiBas, 4To Bere-
TaTUBHAS MHHEPBAIM I71a3a OCYIIECTBIISETCS U3 IBYX
Y3JI0B — IUJIMaPHOTO U KpbLIoHeOHoro [61], 1esreco-
06pasHo BO3/ICHCTBIE OHOBPEMEHHO Ha 9TH JIBA TAHT-
qus. Ha KpbLIoHeOHbI ranrinid, Kak BaKHYIO AJIs
oTaIbMOXUPYPTUN  aHATOMO-(DU3UOJOTHIECKYTO
CTPYKTYPY, ykasbiBaet [Ipokornbes M. A. (2011) orme-
gast, 4To 6JI0KajIa KPBIJIOHEGHOTO TaHTnst obecriedn-
BaeT JIEHEPBAIMIO HEPBHBIX CTPYKTYP, UMEIONTUX
OTHOIIEHHUE K TJIa3y, opouTe, mapaopOUTaIbHON KJIeT-
yatke [9, 62]. Bo B3pocJioii npakTuke mpu ohTasbMo-
XUPYPrudyecKuX BMENIaTebCTBAX, a TAKKe MPH Jieye-
HUMU TTOCTKOHTY3UMOHHOH odTasmbMorunepTensnu
HpUMeHsieTcsl KpbLIoHeOGHO-opOuTanbHas OJoKaaa
(CKyJI0BOM IOCTYII K KPBLIOHEOHOM aMKe) [63].

MHnoro uccsiefoBaHIH TTOCBANIECHO TPUMEHEHHTO
KOB npu rimaykome, xors ene Baiicomar C. H. (1962)
OTMEYaJ MOJIOKUTENbHOE BIUSTHUE OJIOKAIBI KPHLIO-
HEeGHOTO TAHTJIVS JIJIsT JIeYeHUsT HOJBHBIX € TIAyKOMOii
[64]. Tatapunos H. A. ¢ coast. (2009) u 3enenton C.
H. ¢ coasr. (2014) B cBoMX paboTax OTMEYAIOT, YTO
OJTHUM M3 KOMIIOHEHTOB aHTUHOIMIICTITUBHON 3aIy-
TBI GOJIBHOTO B 0D TAILMOXUPYPTUY ABJISIETCS OI0Ka-
J1a KPBLIIOHEOHOM stMKH [61, 65], pr KOTOPOit MOKHO
BO3/ICHICTBOBATH OJJHOMOMEHTHO Ha IMJIMAPHBIN U
KPBLJIOHEOHBIN BereTaTuBHbI y3ibl. IIpokonbes M. A.
c coaBT. (2011) mojuepKUBaeT, YTO YeM CeJIeKTUBHEE
BbITOJIHEHA OJI0Kaa, TeM ona addextushee. [Ipu
Takoi 6JI0KajIe CO3/IaeTCs JIeTIo penapaTa, AelicTBre
KOTOPOTO peasin3yercs «Msrdes, aheKT coxpansaercs
noJipiiie. OHU yKa3bIBalOT, YTO JaHHAsd METOAMKA
oJie3Ha TIPH psiJie OTlepalifii, B TOM YHcJie U TIPU BUT-
peasbHBIX, a TaKyKe MPH JaKpPUOIMCTOPUHOCTOMUM,
JUIST CHSITHST TIPUCTYTIA TJIAyKOMBI [62].

Baiic6aar C. H. (1962) onmcbiBaeT HECKOJIBKO
METO/IMK KPBIIIOHEOHOI GII0KA Bl Pa3HBIME JOCTYTIA-
MU [64], yKa3bIBast 4TO MECTOM UHBEKITUY JIJIs1 AaHECTe-
3UM BEPXHEUYEJIOCTHOTO HEpBa CJEAYyeT CUUTATh He
KPYTJIOE OTBEPCTHUE, a KPBLIO-HEOHYIO sIMKY. [TyTh 5TOT
JIETKO JIOCTYTIEH ¥ TOYEH, & TPOXOsKCHIE UTJION TIPU
HEGHOM TYTH uYepe3 KPBUIO-HeOHbIH KaHal BIOJb
3JI05KEHHBIX B HEM COCYIOB M HEPBOB HE TPO3UT HUKA-
KUMU HEIPUSATHBIMU TOCJIEACTBUAMU, TOTOMY YTO
MIPOUCXO/IUT UX TH/IPABJINYECKOE OTCTPAHEHUE MeJI-
JIEHHO BBOJIMMBIM MECTHBIM aHECTETUKOM. MeTomnka
YCIICIITHO TIPUMEHSIETCSI B PUHOXUPYPTUHU Y B3POCIBIX
[66,67]. Malamed S. F. o6pamiaer BHEMaHNE Ha OJIO-
JKUTEbHBIE PE3yJIbTaThl TPU HEGHOW aHeCcTe3uH.
WcnionpzoBanmne METOAMKY, UMEET BBICOKUI YPOBEHD
ycrexa ¥ HU3KUH ypoBeHb ocsioskuenuii. B 90% ciry-

performing palatine anesthesia in children, McDonald
R. E. (2003) notes that an imaginary line should be
drawn from the gingival margin of the last molar to
the midline in order to determine the direction of the
needle. The needle should be moved distally, placing
the syringe on the opposite side. [69].

It is always necessary to determine the volume of
injected local anesthetic (LA) during regional block in
eye surgery due to a constant risk of diplopia that oc-
curs when the LA penetrates into the orbit through the
inferior orbital fissure [22, 70]. Coronado G. C. A.
(2008) confirms the likelihood of penetration of the
local anesthetic into the orbit through the inferior or-
bital fissure during the palatine blockade. Based on the
anatomical position and average volume of the ptery-
gopalatine fossa, he determines the maximum amount
of anesthetic (1.2 ml), which can be deposited in it [71].

The following characteristics of the local anes-
thetics are important in ensuring the effectiveness and
safety of regional blockades: analgesic potential, latent
period, effect duration, and toxicity [72]. Currently,
ropivacaine is actively used in the pediatric practice
due to the most pronounced positive pharmacological
properties among all local anesthetics. The duration
of its effect depends on the route of administration and
dose, and is from 4 to 10 hours. It is low-toxic; the la-
tent period is 10—15 minutes; the maximum single
dose is 250 mg; the daily dose is 800 mg, which, ac-
cording to Prokopiev M. et al. (2011), is more than
enough for eye surgeries [62]. Wang et al. (2001)
noted that ropivacaine is a long-acting local anesthetic
with a high cardiovascular safety potential, a signifi-
cant sensory/motor differential block and a shorter
half-life (tS), and with a less accumulation potential
than that of bupivacaine. However, high safety of ropi-
vacaine is its most important feature as compared to
bupivacaine when taken in equal doses, manifested in
lower cardiovascular toxicity than that of bupivacaine
in relation to the direct myocardial depression. [73].
Bachinin E. et al. (2017) recommend to use ropiva-
caine 0.75% alone or in the combination with lido-
caine as a LA in the surgical treatment of glaucoma.
They claim that the effectiveness of anesthesia is due
to the rapid sensory block (due to the action of lido-
caine) and prolonged postoperative anesthesia (due to
the action of ropivacaine) [74]. Regional blockades in
eye surgery have been and are still used not only by
anesthesiologists but also by ophthalmic surgeons due
to its attractive efficacy, relative safety and develop-
ment of new safer local anesthetics [75-81].

Conclusion

Despite the active use of regional anesthesia in
eye surgery, there are very few papers devoted to its
use in children. In particular, there are almost only a
few works on the application of the blockade of the in-
fraorbital nerve and palatine anesthesia; and there is
no data on the volume of the LA used in ophthalmic
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YaeB dTa AHECTe3Wsl OIpelessieTCs] aBTOPAMU Kak
agexsarnasg [25]. Ognaxo Hawkins J. M. et al. (1998)
YCTaHOBWJIH, 9TO MIPU H0JIee BEICOKOM CBOJIE TTOJIOCTH
pra 60J1bII0e HEOHOE OTBEPCTHE PACTIONOKEHO OJIHIKE
K 3yGHOMY PsI/Ly, TPU HU3KOM CBOJIe — OJIMIKE K Cpej-
weit muuun [68]. Max-/lonansn P. E. (2003) npu
BBITIOJTHEHNU HEOHON aHeCTe3un y JIeTell OTMevaer,
YTO JIJIST OTIPeNieIeHUsT HAIIPABJIEHIS X0/[a UTJIbI CJIe-
JIyeT TIPOBECTU BOOOPAYKAEMYIO JIMHUIO OT JIECHEBOTO
Kpasi [OCJIeIHETO TIPOPE3aBIIErocsl MOJISIPa K CpeiHeit
suaun. Vriny ciemyer mpoaBUraTh IUCTATBHO, PACIIO-
Jlarasi IIpuIL Ha TIPOTUBOTIOJIOKHOIM cTopoHe [69].
Broinossenue peruoHapHoil  6J0KaAbl  TIpU
0 TaNIbMOJIOTUIECKUX OIEPAIUIX BCErla CTABUT
3ajauy ornpejesaeHus o6beMa BBOJUMOTO MECTHOTO
anecrernka (MA) BBULY TOCTOSTHHOTO PUCKA Pa3BU-
TUST TPOXOISIIEN MUIIONNU, KOTOPAs BO3HUKAET
Ipu MPOHUKHOBeHUU M A depe3 HUKHIOIO TIa3HUY-
HyIo mexab B opbury [22, 70]. B cBoeii pabore Coro-
nado G. C. A. (2008) moaTBep:KaaeT BEPOATHOCTh
MPOHUKHOBEHUSI MECTHOTO aHECTETHKA MTPU HeOHOI
6Js0KajIe Yepes HUKHETTa3HUYHYIO TI1eJb B OPOUTY.
OCHOBBIBasICb HAa AHATOMUYECKOM IOJIOKEHUU U
cpenHeM oObeMe KPBLTOHEOHON SIMKH, OH OTIPEIETISIET
MaKCUMaJIbHOe KOJIMYeCTBO aHecteTuka — 1,2 mu,
KOTOPOE MOJKeT OBbITh AeIIOHUPOBAHO B Hell [71].
HemasosaxHoe 3Hauenme B obecrieueHnu adgek-
TUBHOCTU U 0€30MaCHOCTHU MPU BBITIOJIHEHUH PETUO-
HapHbBIX GJIOKAJI CBS3AHO C XaPaKTEPUCTUKAMU UCTIOJb-
3yEMbIX MECTHBIX AHECTETHKOB, K KAKOBBIM OTHOCSITCST:
AHAJIBTETUYECKUI TIOTEHITNA, IJTUTETBHOCTD JATEHT-
HOTO TIEPHO/IA, TPOIOJIKUTETBHOCTD 3 deKTa u TOK-
CUYHOCTH [72]. B HacTosiiee Bpemst B IETCKOM PAKTH-
Ke, BBU/Iy HanboJiee BHIPAKEHHBIX MOJOKUTETbHBIX
(bapMaKoJOruyecKux CBOWCTB CPeIN BCEX MECTHBIX
AHEeCTeTUKOB, aKTUBHO TIPUMEHSIETCS] POMUBAKANH.
[TpomoskUTEIBHOCTD €r0 eMCTBUS 3ABUCUT OT ITYTU
BBeJIEHUs U [I03bI ITperapara, u cocranistet ot 4 o 10
gacoB. OH MaJIOTOKCUYEH, JIATEHTHBII TIEPUO]] COCTaB-
ssier 10—15 MuHyT, MAKCHMaJIbHAsE pa3oBast 03a 250 Mr,
cyrounast — 800 mr, uto 1o ganubiM [TpokornbeBa M. A.
c coaBT. (2011) GoJiee yeM OCTATOUHO J1J1sT ODTATBMO-
sormdeckoii mpaktuky [62]. B pabore Wang R. D. et al.
(2001) ormeuaercst, 9TO POTUBAKAUH — 9TO MECTHBIN
AHECTETHK JIIUTENLHOTO JIeUCTBUs, 00JIaMaionuil
BBICOKMM TIOTEHI[ATIOM CEPAEYHO-COCYAUCTON 6Ge3-
OIIACHOCTH, UMEIOIINI 3HAYNTETbHBII CEHCOMOTOPHBDIIT
nuddepeHnuanbHbIii 610K 1 60J1ee KOPOTKHUIT TIePHO]T
noJryBbIBeIeHUS (tS) ¢ MEHBITUM MOTEHITMAIOM HAKOTI-
nerns, yeM GynmBakari. OIHAKO CAMbIM BasKHBIM TIPU-
3HAKOM POITMBAKAWHA SIBJISICTCS €T0 BBICOKas Ge3omac-
HOCTD 110 CPaBHEHUIO ¢ OYITUBAKAWHOM TP TTPUEME B
PaBHBIX /I03aX, TIPOSIBJISTIONIASICS B MEHBIIIEN CEPAeUHO-

Jlureparypa

1. Ducloyer].B., Couret C., Magne C., Lejus-Bourdeau C., Weber M., Le Meur
G., Lebranchu P. Prospective evaluation of anesthetic protocols during
pediatric ophthalmic surgery. Eur. J. Ophthalmol. 2018; 28 (5): 112-116.
DOI: 10.1177/1120672118804798. PMID: 30280604

surgery to ensure the effective blockade in children.
We also could not find any relevant information about
the combination of different blockades to achieve the
desired result of anesthesia and specific technologies
that contribute to the directed spread of the injected
local anesthetic in the eye area in children. In the
available literature, we did not find data on the choice
of the most optimal options for anesthesia in eye sur-
geries from the standpoint of their effectiveness, safety,
comfort for the child and his parents, and economic
feasibility. There is no doubt that this can and should
be the subject of further research.

COCYZICTON TOKCHUYHOCTH B OTHOIIEHUU IIPSIMOIL
nenpeccunt muokapaa. [73]. baunnun E. A. ¢ coaBr.
(2017) pekoMeHIYIOT TIpU OINEPATUBHOM JI€YEHUU
[JIAYKOMBI IPUMEHTh B KauecTBe MA pornmBakauu
0,75% B KOMOMHAIIUY C JUJOKAMHOM, J1O0 B YHCTOM
Busie. OHU yTBEP:K/AAIOT, 4TO 39 HEKTUBHOCTD aHeCTe-
3un 00ycIoBIeHa OBICTPBHIM CEHCOPHBIM OJIOKOM (3a
CueT JNelCTBYS JMIOKANHA) U JVINTEIbHBIM ITOCTIeolIe-
panmoHHbIM 06e360IMBaHIEM (32 CUET JEHCTBYS POIIH-
Bakauna) [74]. IIpuMeHeHme peruoHapHbIX OJI0Ka B
o(TaTBMOXUPYPrUU YCIENIHO UCIIOIb30BAJIOCH U ITPO-
JIOJI’KAET UCTIOJIb30BAThCS HE TOJIBKO AHECTE3N0IOTaM,
HO ¥ XUPYPraMu-opTaabMOJIOraMi BBULY CBO€I TIPH-
BJIEKATENBHON a(h(DEKTUBHOCTH, OTHOCUTENBHOI Ge3-
OMACHOCTH U MOSABJIEHMsI HOBBIX Oosiee Ge30MacHbIX
MECTHBIX aHecTeTUKOB [ 75—81].

3akaoyeHue

Hecmorpst Ha akTUBHOE MCIIOJIb30BAHUE PETUO-
HapHOIl aHecTe3aun B O(MTaIbMOXUPYPTUH, PabOT
MOCBSTIEHHBIX €e MCII0Jb30BAHUIO Y JIeTell KpaliHe
MaJio. B yactHOCTH, TIPAaKTHYECKU eJMHIYHBI PAOOThI
0 IIpUMeHeHUN OJIOKaAbl IIOArJIA3HUYHOIO HepBa U
HeOHOI aHeCcTe3UH, HET JaHHbIX 00 00beMe UCIIOJIb3ye-
Moro MA B o(TaJbMOXUPYPIUH AT 0OECIIeUeHMs
addexruBHOIT GoKaAbl y Aereit. Ham Taxske He ya-
JIOCh HAWTU 3HAYUMBIX CBEJIEHUIT O COUeTAHUN Pa3JIny-
HBIX OJIOKAJ /IS JOCTUKEHMS KeJJaeMOTO pe3yJibraTa
AHeCTEe3H, CIIEINAIbHBIX TEXHOJIOTHIL, CIIOCOOCTBYIO-
IUX HATIPaBJIEHHOMY PACIIPOCTPAHEHUIO BBOJMMOTO
MECTHOTO aHecTeTHKa B objacTu riiasa y gereil. He
BCTPETUJINCH TAKKE TaHHBIX O BBIOOPE HauboJee OTh-
MaJIbHbIX BAPUAHTOB aHECTE3WH TIPU 0 TATbMOJIOTH-
YeCKUX OIeparusax ¢ No3ultuii ux 3gp@eKTuBHOCTH,
6esomacHocTu, KoMbopra st pebeHKa 1 ero popuTe-
Jiell, SKOHOMITYECKOH 1estecoobpasnoctu. Hecomuen-
HO, YTO TO MOJKET U JIOJIKHO ObITH IPEAMETOM TI0CIe-
JIYTOIIUX HAYYHBIX UCCJIEI0BAHMUIA.
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BeTtepanbl oTeueCcTBEHHOI
aHeCTe3U0JIOTHU-PEeaHuMaTOJIOTUN

Oubra Anaroabresna [JOJIMHA
3acay:keHHblii gesitesnb Hayku PD,
npodeccop,

JIOKTOP MEIMIIUHCKUX HAYK

O. A. Jlosiuna siBJsieTCS MPeJICTaBUTEIEM SIPKOI
IJTesi/Ibl YYEHBIX, ChITPABIINX OTPOMHYIO POJIb B CTa-
HOBJIEHUU U PA3BUTUU CITEI[UAIBHOCTU «aHECTE3N0JI0-
rUsi-pPEaHUMATOJIOTUST> B HAIIlel CTPAHE.

Omna pogmiacek 8 mapta 1928 roza. Iocse okonua-
Hus B 1951 roxy XapbKOBCKOrO MEAUIIMHCKOTO HHCTH-
TyTa paboTaza XUPYproM B MEICAHYACTH METALITYPri-
yeckoro 3aBojia «Kpacubiii okts16pb»> (. Bosrorpan), Ha
Gase KOTOpOIi pacrosiarasack Kadeapa H3BECTHOTO MPo-
deccopa I. C. Torrposepa. 3/ech ObLIN MOJIYYEHbI HEep-
BbIE YPOKHU B ITPUOOPETEHUU [TPAKTUIECKIX HABBIKOB 1
[IPOBE/IEHUY HAYYHBIX UCCIIE0BAHUIT 11O TPODUIAKTH-
K€ OCJIOKHEHU! CITTHATIBHO aHECTEe3HH.

B 1954 1. O.A. /losnuna nocTtymnaeT B KJIUHAYe-
ckyio opauHatypy (1954—1957 rr.) or Mocropaupa-
BoTzesna npu Gosbauie Ne 23 um. Mencanrpy/a,
XUPYPTUYECKYIO CIIy:KOY KOTOPOIi BO3TJIABJISIET 3aBe-
aylomuii kadeapoii odueit xupypru 1-ro Mockos-
ckoro MepuimHckoro uncrturyrta um. M. M. Ceueno-
Ba (HbIHE MOCKOBCKUIT MEUIIUHCKUI YHUBEPCUTET
um. Y. M. Ceuenosa) npodeccop B. 1. Ctpyukos.
bymyuu rnasubim xupyprom M3 CCCP u nnonepom
serounoii xupypruu B. 1. Ctpyukos ocoboe BHUMa-
HUe y/IeJIsieT MOIr0TOBKE Ka/IPOB aHECTe310JI0r0B. B
1957 1. nipu kadenpe obuieil XUPypruu BblaeIeHa
acrupaHTypa 1o anecresuoJsioruu, a 8 1960 r. snep-
Boie B CCCP yTBepskiena mraTHas eJIUHUIA IS
IPEeIoIaBaHusI OCHOB AHECTE3UOJIOTHH U PEAHUMATO-
Jgoruu cryjgentam 3-ro kypca. O. A. Jlosuna ocsan-
BaeT HOBYIO CIIEMAJBHOCTb M IOCJE OKOHYAHUSI
actiupanTypsl (1957—1960 rr.) u 3a1UThl KAHUIAT-
CKOI [UCCePTAINU, MOCBSIIEHHONW ONTHMI3AINK
METO/IOB AHECTE3UH MIPU OTIEPAIUAX HA JIETKIX, N30H-
paercs B 1960 roy 1mepBbIM IIperojiaBaTesieM HOBOM
crennanabHocTu cryaentam BY 3a. B 1968 rony ona
3alUIIaeT JOKTOPCKYIo auccepranuio «O6esbosnsa-
HUE U PEeryJsiiis OCHOBHBIX (DYHKIUN OpPraHu3Ma
IPY OTIEPATHBHBIX BMEIIATEIbCTBAX HA JIETKUX>.

C 1960 r. O. A. lomna paboraer B MOCKOBCKOM
MeaunHckoM YHusepcutete uM. M. M. Ceuenosna,
MOCJIeIOBATENBbHO 3aHUMAST JIOJPKHOCTU ACCUCTEHTA,

JonenTa, mpodeccopa Kadenpsl 0011eil Xupypruu, ¢
1987 1o 1999 rr. — 3aBenyionieit kadeapoii anecre-
3uoJsiornu u peanumarosiorun, ¢ 1999 r. — mpoceccop
ATOM Ke Kadephl.

OCHOBHBIMHU HAIIPABJIEHUSIMUA HAYYHBIX HCCJIE-
noBanuii O. A. JlosnHON ABJASIOTCS TATOGU3NOTIOT -
yeckoe 000CHOBaHHE, pa3paboTKa METOLOB oOuIei

aHeCcTe3U W pPeaHuMallui B XUPYPrUU JETKUX, MPU
OKCTPEHHBIX XMUPYPTrUUECKUX BMEIIATEIbCTBAX Y O0JIb-
HBIX C BBICOKOI CTEMEHbIO OTEPAITMOHHOTO PHUCKA,
WHTEHCUBHAS Teparus U peannuMalus 1npu Kputude-
CKUX COCTOSIHUAX, HauboJiee 4acTo BCTPEYAIONIIXCS B
O0LIEKINHITYECKOI TIPAKTUKE.

O. A. Jlonvna ojiHa U3 TIEPBBIX B Hallleil cTpaHe
Hayajia 3aHUMAThCs IPobIeMaMK TOPaKaJIbHON aHe-
CTE3MOJIOTMH, OHA BIIEPBbIE U3YYHJIA BIUSHIE OOIIIX
AHECTETUKOB M PA3JTUYHBIX PEKUMOB UCKYCCTBEHHOM
BEHTHUJISIMK JIEFKUX Ha KPOBOOOGpalIeHHE Majoro
Kpyra, o00ocHOBajIa U pazpaboTajia IIOKa3aHus K IIPH-
MEHEHUIO OJIHOJIETOUYHON U /IBYJIETOUHON BEHTUJISIINN
B TOPAaKaJbHOUN XUPYPIUU.

[ITnpokyio M3BECTHOCTD MOJYUUIIN UCCJIEI0BA-
uus O. A. JlonuHoii 110 npobjieMe 0CTPOil AbIXaTeb-
HOW HEJJOCTAaTOYHOCTH, OHA SBJISIETCS MHUOHEPOM B
TEOPETHYECKOM 0OOCHOBAHWUK ¥ IIPAKTUYECKON pa3-
paboTKe IPUMEHEHUsI UHEPTHOTO Taza — TIeus B
KOMILJIEKCHON MHTEHCUBHOU Tepaluu OCTPON JibIXa-
TeJIbHOU HeNOoCTaTOUYHOCTU. B HacTosiiee Bpems,
npennoxkeraHoit O. A. JlonmHol MeTOJI Tene-KucJio-
PO/IHOY Tepanuu, NPUMEHSIETCS TTPU peaHuMaIuu




HOBOPOXK/IEHHBIX, Y OOJIbHBIX OPOHXHAIBHOI aCTMOII,
B FOPHOCTIACATEJbHO# cayk6e, IPU PasIuuHbIX KPH-
TUYECKUX COCTOSHUSX.

Boubimioe Teopernyeckoe 1 mpakTHYecKoe 3Haye-
uue nmeor paborsr O. A. JlosmHo# 110 pazpaboTke
HOBBIX METOJIOB OOIIeil aHEeCTe3Un ¢ MpUMEHEHUEM
AJIPEHEPTUYECKUX CPE/ICTB, AHTATOHUCTOB KaJIbIINS,
MperaparoB aroHnYeckKoro M aHTarOHUCTUYECKOTO
neicTBust y GOJMBHBIX ¢ 3a60JIeBAHUSAMU CEPACYHO-
COCYZIUCTON CUCTEMBI, YTO MO3BOJIUJIO CHU3UTD TIPO-
IEHT OCJOKHEHUN B cBsisu ¢ oneparnueil. Ocoboro
BHUMAHWS 3aC/TyKUBAIOT UCCIIEOBAHUS T10 000CHOBA-
HUTO U pa3paboTKe porpamMm uHpy3noHHO-TpaHchy-
3MOHHOM Teparuu Ipu II0Ke, OCTPOI KPOBOTIOTEPE, 110
MPUMEHEHUIO METOJIOB JETOKCUKAIINHU, KOPPEKIUH
MeTaboJIMIECKUX  TPOIECCOB-KUCAOTHO-OCHOBHOTO
COCTOSTHUSA, BOJHO-3JIEKTPOJIUTHOTO Gasanca, 6esko-
BOTO 0OMeHa, BHEJ[PEHHE MTPEJIOKEHHBIX METOIOB B
KJIMHUYECKYIO TIPAKTUKY CIIOCOOCTBOBAIIO CHUKEHUIO
OCJIOKHEHUI U JIeTaIbHOCTH Y GOJNBHBIX ¢ HapyIIIe-
HUAMH TOMEOCTAa3a.

PesysbraTst nayunbix uccaenoanuii O. A. /losm-
HOIi HAIIJIN OTPpaXKeHue B TpeX MoHorpadusax «Anecre-
3UOJIOTUS U PEAHUMATOJIOTHS B XUPYPIUH JIETKUX»
(1975), « Kimmanyeckast maTo(u3noI0rust Py XUPYp-
rundyeckux sabosneBanuax» (1977), «Xpommyeckue
HArHOUTEJIbHbIE 3a60JIEBAHUS JIETKUX, OCTOKHEHHBIE
kpoBoTteuerueM» (1985), B KpyNMHBIX pasenax pyKo-
BogctB BMDO (1982-2015 rr.), cipaBounukax, B 390
OnyGJIMKOBAHHBIX PaboT, B IOKJIalaX HA PA3TMYHbIX
KOHTpeccax, B TOM unciie MexayHapogaabix U Espo-
neiickux. Llesbiil psig HaydHbIX PabOT OTMEUeH AUILIO-
MaMu, MeJIAJIIMHU, TpaMoTamu (cepebpstHas Meiajib Ha
48-M BeemupHOM casone n300peTeHuii 1 OTKPBITHIA
(Bproccenn, 1999), 1Be cepebpsitbie Menaiu EBporieii-
CKOIl akazieMnu ectecTBeHHBIX HayK (2006 u 2009).

Ha xadenpe anecresnosorum u peannMaToJio-
run oz pykosogactsoM O. A. Jlonunoit npoposxa-
JIUCh HAy4YHbIEe MUCCIEOBAHMS IO COBEPIIEHCTBOBA-
HUIO METO/IOB aHECTE3UM U MHTEHCUBHON Tepanuu B
CHEIUAIIM3UPOBAHHBIX PasjieslaX XUPYPTUU TIPH
HEOTJIOKHBIX COCTOSHUAX B KJIMHUKE BHYTPEHHUX
6oJie3HEl, SHIOKPUHOIIOTHH, aKyIIIEPCTBE U THHEKO-
JIOTUH, HEBPOJIOTHH.

O. A. Jlonmnna sBJsieTcst BBICOKOKBAJIU(PUITPO-
BaHHBIM TIpertogaBatesem. B 1998 roxy o ee penak-
1ueit KoJJIeKTUBOM Kade[pbl aHeCTe3N0JIOTHN U pea-

HUMATOJIOTHH M3/1aH YIeOHUK «AHECTE3UOJNOTUS 1
pEaHUMATOJIOTUS» JIJIST  CTYIEHTOB MEIUITMHCKUX
BY 308, KOTOPBI# TTOJyYnsT BBICOKYIO OIIEHKY, IOTIOJI-
nen u epenssan B 2002, 2006 u 2009 rr. Ha kadenpe
CO3/IaHbl yueOHbIE TIPOTPAMMOBI JIJIsT CTYIEHTOB U KJIH-
HUYECKUX OPAUHATOPOB, METOMYECKUE Pa3paboTKH,
HATJISIIHBIE TOCOOUS, YCIEITHO BeeTCA MOATOTOBKA
Hay4yHO-TIeflarornyeckux kajapos. [Ipu HaydyHOM KOH-
cyssTupoBanuy U pykoBozcTBe O. A. JlomHoit 3anu-
meHo 15 MOKTOPCKUX U 59 KaHIUIATCKUX JAUCCEpPTa-
1M1, MHOTHE ee YYEHUKU BO3TJIABJSIOT Kadelrphl,
WHCTUTYTBI, OTJAEJAbl HAYYHO-MCCJIEI0BATEIbCKUX
YUPEKICHUH, KPYITHBIX MHOTOMTPOMUIBHBIX GOJIHHMUIL.
Boubiryto postb B pa3BUTHN aHECTE3MOJOTUN U
peaHrMaToJIOTUX B HAIlIEH CTpaHe ChITpajia OpraHu3a-
nuoHHo-MeTonndeckas pabora O. A. Joaunoii. Ona
OblIa  TJABHBIM  CIEIHATUCTOM-aHECTE3UOJO0TOM
Topsapasotrnena . Mockser ¢ 1960 o 1968 rr., B Teue-
nue 25 jer (1968—1993) — ryiaBHBIM CIIEIUATUCTOM-
anecresnosiorom Munzapaa PCDOCP, ¢ 1993 no
2006 rr. — mpexcegaTeneM HpobeMHOI yaeOHO-
METO/INYECKON KOMUCCHHU 10 aHECTE3UOJIOTHH 1 pea-
uumMarosioruu pu Beepoccniickom YHMIL M3 PO.
B reuenue pimrensuoro Bpemenu (1972—-2006 rr.)
BBITIOJIHATA OOJIBIIYI0 paboTy B KayecTBe ujieHa U
Yuenoro cekperapst Ixcnepraoro Cosera BAK POD.
Oubra AnarosibeBHa TPUHUMAJIA AKTUBHOE yya-
crue B cosnanuu u pabore Ipasienust Beecotosmoro,
Beepoccuiickoro 1 MoCKOBCKOro Hay4YHBIX OOIIECTB
AHECTE3MOJIOTOB U peaHnMaToJioroB. B Hacrosiiee
BpeMst oHa [ToyeTHbIil wieH psijla HAYYHBIX 0OTIECTB
KaK B HaIleii cTpame, Tak 1 3a pyOesKoM, IeHCTBUTE N b-
ot uien Hoio-Mopkekoit Akagemun Hayk (1995),
ynen-koppecnonienT PAEH (1998).
O. A. Jlonnna akTuBHO paboTaja B TeYeHHe MHO-
TUX JIET B PEIKOJJIETHH JKYPHAJIOB « XUPYPTHsi», « AHe-
CTE3MOJIOTHSI U PEAaHUMATOJOT s>, «O01Ias peaHnma-
TOJIOTUS», YJEHOM YYEeHBIX COBETOB [0 3aluTe
JIOKTOPCKUX M KaHIUAATCKUX Juccepraiuii mpu Moc-
KOBCKOM Me/IuIMHCKOM yHuBepcutere M. Y. M. Ceue-
HOBa, MHCTUTYTe Xupypruu um. A. B. Bumrnesckoro,
HIMU obeit peannmarosonu um. B. A. Herosckoro.
Vcxmounrenbhbie Tpyaoaiobue u TpeboBaresib-
HOCTH K HAYYHBIM HMCCJEJOBAHUSAM U MTPAKTUYECKOM
pabore, OJHOBPEMEHHO ¢ A0OPOKETATETHHOCTHIO,
B3aUMOTIOHUMAHUEM CHUCKAJIU YBaKEHUE 1 JI0O0BH
ee KoJer u GOJIbHBIX.




128

HpaBHJIa JIA PYCCROA3BIYHBIX aBTOPOB JKypHaJia «Oﬁlllaﬂ p€aHUMaTOJIOTHUA»

C YYETOM PEKOMEH/Ialuii POCCUICKO Accoluanuy HayYHbIX pelakTopoB u usnareineii (PAHPI)
u International Committee of Medical Journal Editors (ICMJE) penakuus 25.09.2018

IIpaBoBbBIE ¥ ITHYECKUE ACTIEKTHI Iy GIUKAIAH
PYKOIIUCH

Yeaosus myGaMKanuu pyKonucH

— Pyxkorvcu my6imkyiorest ipu 06s3aTe TbHOM CO-
GJTIOIEHUT aBTOPOM 9TUKH U TIPABIJI TTyOmuKarin (T1ogi-
pobHee Ha caiiTe KypHaIa: www.reanimatology.com).

— Pykonucu nybaukyiorest ¢ cobmogeHuem
HOPM aBTOPCKOTO TIpaBa 1 KOH(MUICHIINATBHOTO OTHO-
MIEHUS K IEPCOHATBHBIM JJTAHHBIM aBTOPOB.

— Pyxkonuicu mybinkyiores GecriaTHo.

— Pyxomucu, npuHATBIE B JKYPHAJ, TPOXOAAT
peleH3upoOBane Ha OPUTHUHAJIBbHOCTH, 3TUYHOCTD,
3HAYMMOCTD, aJIEKBATHOCTh CTATUCTUYECKOI 0Opa-
GOTKY JIAHHBIX HA YCIOBUAX KOH(DUIEHITHATBHOCTH 32
MCKJIIOYEHUEM BBIABICHUS GambcuruKaIm JaHHbIX.

— Penxounerus ocrapiser 3a co60i IIpaBo co-
Kpalarb U pelakTUPOBaTh PYKOIUCH.

TIpUYHHBI CHATHS C TIEYATH U 3aJIEPKKH Iy 6JIn-
Kalliy PyKOIIMCH

— Pyxomucu, He cooTBeTCTBYIONIME TTPODUITIO
JKypHaJa, He TPUHUMAIOTCS.

— Pykomnucu, patnee onyOIMKOBaHHbBIE, 8 TAKKE
HArpaBJIeHHbIE B PYTOil KypHAJI Wau COOPHUK, He
npuHuUMaloTcs. VIckioueHne coCcTaBIgioT TIePeBO/IbI
Ha PYCCKUM/aHTIMNCKUN SA3BIK OTAENbHBIX CTaTeH,
HUMEIOIUX OOJIBIIOE MPAKTUIECKOE 3HAYEHUE ¥/ IN
HIPECTABJISIONNX 0COObII HAYYHbII MHTEPEC, Olpeie-
JITEMBIii aKTYaJIbHOCTBIO TEMATUKH, BLICOKUMU MH/ICK-
COM IIUTUPOBAHNS, 3AITPOCOM 10 KJIOUEBBIM CJIOBAM.

— 3a HeKkoppeKTHOoe o(opMiieHHnEe U HEOCTO-
BEPHOCTb MPE/ICTABIISIEMbBIX OGUbIHOTpapIecKnX JaH-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTH BILJIOTH [0
CHATUS PYKOIIMCHU C TIeYaTH.

— Hapyenune npaBuit ohopmiieHUS PYKOITUCH,
HeCBOEBPEeMEeHHDIH, a TakKe HealleKBaTHBIN OTBET Ha
3aMeYaHns PeleH3eHTOB U HAYYHBIX PEIAKTOPOB TIPH-
BOJISIT K 3a/IEPIKKe MyOJIUKAIUHU JI0 UCTIPABJIEHHS yKa-
3aHHBIX HelocTaTKoB. [Ipu urHOpupoBaHUY 3aMedaHi
PEIIEH3EHTOB U HAYYHBIX PETAKTOPOB PYKOITUCH CHIMA-
€TCA € IAJBHENIIEr0 pacCMOTPEHMS.

— Pykonucu OTKJIOHEHHBIX paboT pepakiireit
He BO3BPAIIAIOTCA.

HNurepecst cropon: Asrop/Penakiust

Penakius octaJisieT 3a cOO0i IIPaBO CYUTATh, YTO:

— aBTOPBI, TIPEJIOCTABUBIINE PYKOIUCH [IJIS
ny6saukaiuu B KypHasi «O01ast peaHuMaTOJIOTHST»,
COTJIACHBI C YCJIOBUSMU TTYOJIUKAIMHA U OTKJIOHEHST
PYKOIIMCH, a TaK)Ke ¢ TPaBUIaMu ee ohopmiIeHus.

— aBTOP, OTBETCTBEHHDBII 32 MEPEIUCKY C pe-
JIaKIMel, BBIpakaeT MO3UIIMIO BCETO aBTOPCKOTO KOJI-
JIEKTUBA.

Penaxiing v u3iatesibcTBO HE HECYT OTBETCTBEH-
HOCTU 32 MHEHWUS, U3JOKEHHbIE B MyOJIUKAIUAX, a
TaK’Ke 32 COJIePyKaHUe PEKJIaAMBI.

TlapanTtuu pegaxkuyn

JI100b1e pYKOIIMCH, OJIyYeHHbIE PeAAKI[el 11
pelleH3upoBanusi, OYAyT BOCIIPUHIMATHCST KaK KOH-
(bunennuanbubie fokyMeHTbI. OHU HE MOTYT OBITH 110-
Ka3aHbl JPYTUM JIMIAM U OOCYXKJEHbl ¢ HUMH, 3a
HCKJIIOYCHHUEM JINIL, YIIOJTHOMOUYEHHBIX Pe/laKIInei.

Heormy6mkoBaHHbIE MATEPUAIIBI, HAXOISIIIHECST
B IIPEJIOCTABJIEHHON CTaThe, He OY/IyT UCTIOJIb30BAHDI
B COOCTBEHHOM UCCJIEIOBAHUN HAYYHOTO PEAKTOPA U
peIleH3eHTOB (€3 MUCHMEHHOTO Pa3pPEIIeHIsT ABTOPA.

PerienseHT He OyIET JAOMYIIEH K PACCMOTPEHHIO
PYKOIIUCH, €CJI UMEET MeCTO KOH(IMKT MHTEPECOB B
€r0 KOHKYPEHTHBIX, TAPTHEPCKUX JIHUOO APYTUX OTHO-
MIEHUSIX ¢ KeM-JIn00 M3 aBTOPOB, KOMITAHUI MU Op-
raHW3aIUi, CBSI3aHHBIX C MATEPUAJIOM Ty OJIMKAIIUN.

ABTODPBI UMEIOT ITPABO MOJIYYUTD MO 3AITPOCY UH-
(hopmaruio B B 9JI€KTPOHHOTO THCHMA O TIO/TO-
TOBKe, O(GOPMJIEHUU W TPOJABUKEHUM PYKOIUCH:
journal or@mail.ru ; www.reanimatology.com. Astop,
OTBETCTBEHHDBIN 3a MTEPENUCKY ¢ pelakinell, moayJdaeT
110 2JIEKTPOHHOM TIOUTE TEKCTHI PEeIleH3Ul; pelrieHune
PEAKOJIIETHH O TTyOIUKAIINY UJIH OTKJIOHEHUHW PYKO-
ey ¢ 060CHOBAHMEM ITPUYUHBL, BEPCTKY OTPEJAKTH-
POBAaHHOTO BapUaHTa PYKONUCH [JIg MOJyYeHUS
ABTOPCKOTO COTJIACHSI HA TTYOJIMKAIIUIO.

TapanTuu ABTopa

[IpenocraBiennas B peflakiiuio PyKOIKCh T1OJI-
HOCTBIO OpUTHHAbHA. cob30BaHue JT00BIX MaTe-
pHUAJIOB, 3AIUIICHHBIX JUIEH3UEH OT HECAHKINO-
HUPOBAHHOTO BOCITPOU3BE/ICHUS, IOITYCKAETCS TOJIBKO
C IMCHhMEHHOTO paspelenus npaBoobaanarensa(eil) u
npu 06s13aTeILHON CChIJIKE HAa ABTOPOB.

CIH1cok aBTOPOB COAEPIKUT TOJBKO TEX JINII, KO-
TOpbIE€ BHECJIM ONYTUMBIN BKJIAJ B KOHIIECTIIUIO, TIPO-
€KT, UCIIOJTHEHUE WJIM WHTEPIPETAINIO 3asBICHHON
paboThl, TO €CTh TeX JIUI, KOTOPbIE COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pykormuch He coiep:KuT MaTepuasioB, 3arpeleH-
HBIX B OTKPBITON MevyaTu ACHCTBYIONIUM 3aKOHOA-
TesabcTBOM Poccun.

Koudmikr unrepecos cropon: ABrop/Penakuus

Koundaukr unrepecon cropon ABrop/Penaxiiust
pelaeTcs Iy TeM IIeperoBopoB CTOPOH, B cJIydae Heype-
TYJIMPOBAHHBIX ITyTEM MIEPErOBOPOB PA3HOIJIACHI — B
COOTBETCTBUU C JICHCTBYIONUM 3aKOHO/ATEIbCTBOM
P® u mexayHaponHBIMU HOPMATHUBHO-IIPABOBbIMU
aKTaMHU, PEryJIUPYIONIUMHU TYOIUKAIMIO PYyKOTUCeli B
HAYYHO-TIPAKTUYECKUX MEAUIIMHCKIX JKypPHAJIAX.

www.reanimatology.com
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ITpasmnaa Aass aBTOpOB

Coracue Ha myGJIMKAIMIO OTPEAKTUPOBAHHOTO
MaTepuasa BhIPasKaeT aBTOP, OTBETCTBEHHBII 32 repe-
nuCKy ¢ pepakiueit. [locsie o3HakoMIIeH s ¢ BEPCTKOI
OH HAIIPABJISIET B PEAAKIINIO HJIEKTPOHHOE MTUCHMO TI0
OJTHOI 13 MPEICTABIEHHBIX (hOPM:

1) ABTOpBI* COTIacHBI Ha IyOIMKAIUIO PYKO-
nucu™* B MpejicTaBIeHHOM BUJIE.

2) ABTOpBHI* corsacHbl Ha MyOIMKAIMIO PYKO-
nucu™* mocjie BHECEHMS B BEPCTKY CJIEIYIONINX TIpa-
BOK:... (ZIaJiee ciielyeT Tiepedenb ¢ yKazaHueM HoMepa
CTPaHUIIBI TPAHOK BEPCTKH, HOMepa ab3ana, HoMepa
CTPOKM B ab3arie u caMoii TIpaBKn).

*¥YKka3bIBaeTcsl BeCh aBTOPCKUI cocTaB. ** Yka-
3BIBAETCSI HA3BAHUE PYKOIIKCH.

CpoK OIoBeIeHst pelaKIuu O TIPUHSATOM aBTO-
pamu periieHuu — He OoJiee 3-X JTHEN ¢ MOMEHTA OT-
MPaBKU BEPCTKU aBTOPY, OTBETCTBEHHOMY  3a
MEPENNCKy ¢ peraKiueil.

Buumanue! Ha craguu BepCcTKH OIMyCKaeTcs
MpaBKa OMevyaTok, omuboUHbIX 1udp U caoB. Pepak-
TUpOBaHUe MaTepuasa (3aMeHa, UCKIoueHune, 106aB-
JIEHUE TIPEJJIOKEHMI, ab3alleB U WILTIOCTPATHBHBIX
6710k0B) He ipuHuMaeTcst. CylecTBEeHHbIE U3MEHEHUST
BEPCTKU MPUBOJIAT K €€ YIOPOKAHUIO U 3a/I€PIKKe BbI-
MycKa B CBSI3U ¢ niepehopMaTupoBaHieM U 0OHOBIIE-
HUEM [ePeBo/la TEKCTA Ha AHTJINICKUN I3bIK. B Takom
cilydyae peJaKifisl CHUMAEeT MaTePUaJ C evaTH U repe-
HOCHUT €ro TyOJINKAIUIO B IPYTON HOMEDP B OTPEAAKTH-
POBAaHHOM aBTOPAMU BU/IE.

CpoOKH NPOIBUKEHNST PYKOIICH

— JKCIepTH3a Ha COOTBETCTBHE MTPODUITIO Ky P-
HaJia 1 paBusiaM oopmienust — te 6osee 3-x pabo-
YUX [HEHl ¢ MOMEHTa IIOCTYIJIEHUs] PYKOIHMCU B
PeaxIuio.

— Pernensuposanue — ne 6osee 20-u pabounx
JIHEll ¢ MOMEHTA 3JIEKTPOHHOI OTIIPABKU PElleH3EHTY
PYKOIUCH.

— Orser aBropa perieHseHTaMm — He 6osee 7-u
pabourx JiHEl ¢ MOMEHTa HIEKTPOHHON OTIIPABKU aB-
TOPY PelleH3UH.

— 3acemanue peIKOJIErM B OYHO-320YHOU
dopme — 1 pa3 B 2 mecsamna (B ssHBape, MapTe, Mae,
uroJie, ceHTabpe 1 HosAGpe) He mosjHee, yeM 3a 1 Mecsi
10 BBIITYCKA THPAXKa Ky pHAJIA.

OTnpaBka MaTEPUATIOB IS Iy OIMKAIMH

Marepuassl st myOGJUKaIUd HA PYCCKOM U
AHTJIMIICKOM SI3BIKAX CJIEIYeT HAIPABJISATH B BUIE
9JIEKTPOHHBIX (PANJIOB HA CAT XKypHATA: WWW.rean-
imatology.com, wuaum 1O ajgpecy  peAaKIuu:
journal or@mail.ru. @opmar noamucu daiaos: da-
MUJIUST TIEPBOTO aBTOpa, 0003HAYEHUE MaTepuasa
(TekcT, MILTIoCTpaIu u p.), Aara (4Uco, Mecsll,
ron). [Tpu o6HOBIEHUN BepCHil PYKOIUCH 1 €€ TIPH-
JIoKeHui (TabIuIbl, WLTIOCTPaK) B (popMaTe moj-
nucu GaiiyioB MeHsIeTcs TOJIBKO aTa.

IIpumep:
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Buumanmue! [TorHocTbio aBTOMAaTU3UPOBAHHBII
1epeBo/l € PYCCKOTO fA3bIKA HA aHTJMUCKUN MMeeT
Huskoe kadectso u He npunumaercs. HKO @onp
«Meauiuna KpUTUYECKUX COCTOSHUI» OKa3bIBaeT
coJieiicTBIE B TIEPEBOJIE MATEPUAJIOB JIJIST TTyOJINKA-
UM C PYCCKOTO SA3bIKA HA AaHTJIMUCKUH (CIIPaBKH 1O
ajgipecy peaaxiuu: journal _or@mail.ru).

Marepuan crarteii BkiaoudaeT: 1) THUTYJIbHBIN
JIMCT 2) pe3ioMe U KJIIOUeBbIe CJI0BA; 3) MOJHBIHI
TEKCT PYKOITMCH C MOAITUCAMHU BCEX aBTOPOB Ha T10-
cJie[IHEel CcTpaHuIle, TTOATBEPKAAIOIMMMHU UX aBTOP-
CTBO M cOIJlache ¢ CcojepkaHueM PYKOIUCH
(mocyenHsas cTpaHWIlA IMPEJOCTABJISETCS B BUJE
cKkaHa); 4) TabauIbl U WLTocTpanuu (rpaduKu, qua-
rpamMMmbl, hoTorpacduu, pUCYHKH U T. I1.) C HOMEPOM,
HazBaHMEM W NpuMedaHuem; 5) Gubiuorpaduue-
CKUI cIUCOK; 6) COMPOBOUTENBHOE TTUCHMO.

EaHOE] e
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CDopMa CO?’ZpO608um€ﬂbH020 nucoma:

'naBHOMY penakToOpy KypHaIa

«O061mast peaHuMaTOIOTHS»
3aciykeHHOMY JesiTeso Hayku Poccun,
yieH-koppecriongenty PAH, mpodeccopy
B. B. Moposy

ITpocum Bac paceMoTperh BO3MOKHOCTD My6-
Jgukaiyi ... (Bun pykonucu; @amunnu, Mmena, Ot-
YyecTBa BCeX AaBTOPOB; Ha3BaHWE PYKOIWCH) B
Kypaase «O61mas peaHuMaToNOT s ».

ABTOpPBI pyKoTHcu o3Hakomyensl ¢ Mudopma-
e /7t aBTopoB sKypHasna «ObIas peaHnuMaTos0-
TUS» W COTJIACHBI C TPaBUJIAMU MTOITOTOBKH, TTOZAYN
U myOGIUKaIUu PYKOTIUCH.

JlanHag pyKomuch He AyOIUpyeT Mpeblay e
ny6auKanum, B HEl He 3aTParuBaioOTCs WHTEPECH
TPETbUX CTOPOH W He HApyIIaloTcsA 3TUYECKUEe
HOPMBI TyOJIMKATIHH.

OTBeTCTBEHHBIN 3a MEPENNUCKY C pelakiinei:
Nwms, OtuectBo, DaMuins ofHOr0O U3 aBTOPOB PYKO-
nucu, e-mail, Tesiedom.

[Hoamuce pykoBoanTENd YUPEKICHUS.

COHpOBOI[I/ITeJIbHOG IIMUCbMO JIOJIZKHO OBITH Ha-
meyatano Ha OJaHke yupexjienusa, B KOTOPOM BbI-

noJjiHeHa pabora.

[lasee cMm. Ha caiite www.reanimatology.com.
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=4 Arctic ¢’ Medivance:

Committed to Restoring Life™

HoseHwas cucreMa TepaneBTM4eCKOM KOHTPONMPYEMOM rMNOTe pMUU =

Medivance (CLUA) okasbisaer npotektueHoe aeicTBUE HA XMUIHEHHO BAXHBIE OPrQHbI, MO3BONSET CHAIMTL
CKOPOCTb U MHTEHCMBHOCTb METABONNYECKMX NPOLIECCOB, YMEHbLUAS NOTPEBHOCTL TKAHEN B KUCIOPOAE.

Ha ceropHsWHMI JeHb TEXHONOIUS CUCTEMBI obecneunBaeT HaMbonee TOUHbIN

1 BLICTPLIA YPOBEHb KOHTPOSIS TEMNEPATYPbI NALMEHTA 3A CHET LUPKYISLMM BOAbI B KAHANAX MAHXET

HQ FMBPOreneBol OCHOBE, MMUTUPYIOLLMX 3P EKT MOrpyXEHNUs Tena NauMeHTa B BOAY M 0becneynBaioLwmx
BbICOKO3bDEKTUBHBIN, BbICTPLIM TENTOOOMEH, 30 CYET NOMHOIO U HENPEPLIBHOTO KOHTAKTA MAHXETbI C KOXEM
nauMeHTa.

MNprMeHeHWe UCKYCCTBEHHOM MNIOTEPMMM
NO3BONSIET YNYYLWMUTb UCXOA Y NALMEHTOB C:
OcraHoBko# cepaua (noctpeaHnmaumoHHas 6onesHs)
TpaBMaTH4ECKMMM NOBPEXAEHUSIMM FOSIOBHOrO MO3rd
MHcynbtom
NeuyeHouHoM 3HUEedanonaTuei
MegykameHTosHo He KynMpyemon
NUXOPALKOM
Nudbapktom mrMokapaa ¢ nogbemom ST

.

N

hovalung

Cucrema skcTpakopropanbHoi MeMbpaHHOM BeHTUAsLMK ILA
(interventional Lung Assist) — Novalung

Cucrema iLA obecneunsaet apdekTnsHyio okeureHaumio u anumuHaumio CO,,
30 cyeT BbicOKOTexHoNornuHoi Membparel Novalung ¢ yHukanbHbiM NokpbITHEM,
NO3BONAIOLLMM B TedeHne 29 fHel NpoTe3npoBATb GYHKLMIO NETKMX Y NALMEHTOB
C TSXenbIMK POPMAMM AbIXATENBHOW HEAOCTATOYHOCTH, HE MOAACIOLMMMUCS ) (

N
NeYEeHNIo TPAAMLMOHHBIMU pexnumamu MBJT. —
Cucrema iLA cnyxuT MOCTOM K BbI3HOPOBIEHHIO y nauueHTos ¢ Tsxensim: POCB, <
He npuberas K arpeccHUBHBLIM PEXMMAM BEHTUISLMMN.
iLA noseonsieT ycnewHo Ne4nTb NALMEHTOB C HE KYNMPYEMbIM OCTMATUYECKUM

cratycom, a¢pdektusHo yaanss CO, U3 OPraHM3ma B NPOTEKTUBHLIX PEXMMaX
BEHTUNSLMM.

MoncoenuHeHune cuctemsl iLA ocylecTnsieTcs MyHKUMOHHBIM METOAOM Yepes
6enpeHHyio apTepuio/ benpeHHyio BeHy, NOTOK KpOBM obecneynMBaeTcs 3a cHeT

apTEPUO-BEHO3HOM PA3HMLbI AABNEHMH, B€3 HOCOCQ, YTO AENAeT AAHHYIO i
npoueaypy OTHOCUTENIbHO MPOCTOM U AOCTYMHOM B LUMPOKOM KIIMHUYECKOM
NPAKTHUKE.

€
O6bem 3anonHeHus cuctembl coctasnset 250 m. 2ol
Motok kpoeu perynupyemsiit: ot 0,5 go 4,5 n/MuH. T

A

www.schag.ru

Peknama

— 3KCKMO3MBHbIN AUCTpUbLIOTOP B Poccum

3A0 «LAM» OO0 «LAT CeBepo-3anag» 000 «WAT-Or»
119002, r. MocKBa, 193318, 1. CaHKT-leTepbypr, 344091,
KapmaHuukuia nep., a. 9 yn. Bopowwnosa, a. 2 r. PoctoB-Ha-[loHy,
Apbat buzHec LieHTp, odumc 501A busHec LleHTp «OxTa», oduc 206 np-kT Crayky, 4. 245
T. +7 (495) 956-13-09, T.+7 (812) 440-92-21, T. +7 (863) 298-00-76,

. +7 (495) 956-13-10 . +7 (812) 440-73-90 /. +7 (863) 266-74-36
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