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Pe3rome

B 1aHHO¥ cTaThe OCBEIeHbI OITYOJIMKOBAaHHbIE THIIOTE3b], CBSI3aHHBIE C BO3MOKHOCTHIO IPOHUKHOBE-
HUs1 KopoHaBupyca SARS-CoV-2 B KpOBEHOCHOE PYCJIO, €T0 B3aUMOJIEHCTBUS C 9HIOTETTMEM COCYI0B, 9PUT-
poITaMy, TeMOITIOOMHOM U ero (hparMeHTaMu. B pe3yssraTe TaKOT0 B3aUMOeHCTBUA BO3MOKEH BBIXO]
HOHA jKeJie3a B KPOBEHOCHOE PYCJIO U, KaK CJIE/ICTBYE, BOSHUKHOBEHUE [INTOKMHOBOT'O IITOPMa. B 9TOM KOH-
TEKCTE [IPEJICTABJISIETCS] BAYKHBIM IIOUCK IIUTOIIPOTEKTOPOB, KOTOPbIE MOTYT OJIOKMPOBATh TAKKE [IPOLIECCHI.
OJHUM U3 TAKMX IIPENapaToB MOKET sIBUTHCsI IeP(TOPYIVIEpOHAS IMYIIbCHS.

ITess pabOTHI — MMOKA3aTh BO3MOYKHOCTU OUO(PU3NIECKUX METOOB JJI5I UCCIEeJOBAHMUS MOJIEKYIISIPHBIX
MexaHU3MOB eiicTBuA SARS-CoV-2 Ha apUTPOIUTHI U FeMOIVIOOUH YeJIOBeKa U BOCCTAHABJ/IMBAlOIIee U ITU-
TOIIPOTEKTOPHOE AefcTBHe NephTOPYIIEPOTHOHN 9MYJIbCUH ITPU OKUCIEHNN HOHA JKejle3a B reMe.

MarepuaJibl M METObI. VICIIOIb30Ba/IM CIIEKTPOCKOIINIO BBICOKOTO pa3peleHus], aTOMHYIO CUJIOBYIO MUK-
POCKOIINIO, aTOMHO-CHJIOBYIO CIIEKTPOCKOIINIO, 3JIEKTPOIOpAIUIo. J[efiCTBOBAIM Ha KPOBb OKUCJISTIONIIME
areHTaMu pas3IMIHON TPUPOALL. J06aB/Is1/IH TepHTOPYVIEPOIHYIO IMYIBCHUIO B PA3TMYHBIX KOHI[EHTPALIASIX
¥ MCCJIEZIOBAJIN ee IENCTBYE IPU PA3/INYHOM BpeMeH! NHKyOanuy. KoHIleHTpaIyio Ipou3BOJHBIX T€MOLIO-
O¥Ha, PACCUNTHIBAIM C YYETOM MYJIBTUKOJUIMHEAPHOCTH, IPOBOAMIIV CTATUCTUYECKUI aHAIN3 PE3YJIBTATOB.

PeayasraThl. [IoKa3asny, 4To NPV OKUCIEHUH NOHA JKejie3a B reMe epdTopyrIepoaHas IMYJIbCHS BbI-
3pIBaeT 9 (heKTUBHOE BOCCTAHAB/IMBAIOIIEE U IIUTOIPOTEKTOPHOE NelicTBre: Fe* BoccTaHaBIuBasIcs 10
Fe?*. Crenens BoccTanoBjaeHust MetHb no HbO, u Hb 3aBucesa OT KOHIIEHTpAIIKU OKUC/ISIONIETO are’Ta u
BpeMeHM MHKyOarnuu. Habmoganu n3menenue conepsxanust MetHb ot (80-90)% no (5-12)%. [lepdTopyrie-
pOJHAasI IMYJIBCHUS B KJIMHUYECKUX KOHIIEHTPAIMSIX CIOCOOCTBOBAJIA YCTPAHEHUIO JIOKAJIBHBIX 1e(heKTOB
MeMOpaH ¥ BOCCTaHaBJIMBaIa HOPMAJIbHYIO MOP(OJIOTHIO 9PUTPOIIUTOB.

3akmaodyenue. B (pokyce pacCMOTpeHHBIX TMIIOTE3 HCIIOJIb30BaHKE MeP(TOPYIIEPOIHON IMYJIbCUN
MOJKeT CTaTh 3(p(PeKTUBHBIM METOIOM 151 OJIOKMPOBAHUS ITOCJIEICTBUI BO3/IEMCTBHsI KOPOHABUPYCca Ha
3JIeMEeHTHI KDOBEHOCHOM CHCTEMBI X BOCCTAHOBJIEHHs (PYHKIIMOHAIBLHOTO ra3000MeHa.

Kntouesvle croea: spumpoyum; memopansl; npou3eo0Hble 2eM02A00UHA; NepPhmopam; yUmonpomer-

mopHoe NelcTBre
Anpec 11 KOPPEeCTIOHAEHIIHH: Correspondence to:
Anexcarap Muxaiiiopud YepHBbIII Alexander M. Chernysh
E-mail: amchernysh@mail.ru E-mail: amchernysh@mail.ru
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Summary

This paper highlights published hypotheses on the possibility of coronavirus SARS-CoV-2 entry into the
bloodstream, its interaction with vascular endothelium, red blood cells, hemoglobin and its fragments. As a
result of such interaction, iron ions may be released into the bloodstream and, subsequently, a cytokine storm
may occur. In this context, it is important to find a cytoprotective agent capable of blocking such processes.
The perfluorocarbon emulsion could be a candidate for this role.

The aim of the paper is to show the feasibility of biophysical methods to study the molecular mechanisms
of action of SARS-CoV-2 on human red blood cells and hemoglobin as well as the restorative and cytoprotective
effect of the perfluorocarbon emulsion during Fe?* oxidation in heme.

Materials and methods. High resolution spectroscopy, atomic force microscopy, atomic force spectroscopy,
electroporation were used. Blood was exposed to oxidizing agents of different nature. Perfluorocarbon emul-
sion was added in various concentrations and its effect at various incubation times was studied. Concentration
of hemoglobin derivatives was calculated considering multicollinearity, and statistical analysis of the results
was performed.

Results. The perfluorocarbon emulsion was shown to have an effective restorative and cytoprotective ac-
tion in iron ion oxidation in the heme: Fe3* was restored to Fe?*. The degree of MetHb reduction to HbO, and
Hb depended on the concentration of the oxidizing agent and incubation time. We observed a change in MetHb
content from 80-90% to 5-12%. The perfluorocarbon emulsion in clinical concentrations helped eliminate

local membrane defects and restored normal erythrocyte morphology.
Conclusion. In the light of the studied hypotheses, the use of perfluorocarbon emulsion can become an
effective method for blocking the consequences of coronavirus effect on the blood cells and restoring a normal

gas exchange.

Keywords: erythrocyte; membranes; hemoglobin derivatives; perftoran; cytoprotective action
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BBenenue (rumoresbl)

[Tangemusa COVID-19 nocraBuiia nepej Hay-
KOU HOBBIE 3aJla4u, pellleHre KOTOPBIX, II0 o4e-
BUJHBIM NpPUYNHAM (KOPOTKHUU BpeMEeHHOU
WHTEepPBaJl, HEJOCTATOYHOCTh MCXOJHBIX CBeJe-
HUM), Ha CETOAHS HE IPEJCTaBSIETCS BO3MOXK-
HbIM. JlaHHBIE O MPOUCXOKIEHUN HOBOU MO (DU-
Kallud KOpOHaBHUpyca IIOKa OrpaHW4YeHbl U
MMPOJOJKAIOT NONOJHATHCS. boJblioe KoJgnue-
CTBO BOIIPOCOB BO3HHUKAET 110 TTIOBO/IY 0COOEHHO-
CTell ero CyIiecTBOBAHUS B KPOBEHOCHOM pycJie
4eJjIoBeKa, MOJIEKY/IsIPHbIX MEXaHN3MOB B3aUMO-
JeiCTBUsI C 9HA0TEIeM KPOBEHOCHBIX COCYIOB, C
KJIETKaMU KPOBHU, C TeMOIVIOOMHOM. 3HAHUA B
3TOU 00JI1aCTH — CKOpee OT/eJIbHbIE TUIIOTE3bI,
MMOKa TIPAKTUYECKU JIUIIEHHBbIE CHUCTEMHBIX
Hay4YHBIX 000CHOBaHMH.

Kopouasupyc SARS-CoV-2. HoBbIit KOpoHa-
Bupyc SARS-CoV-2 — onun us cemetiictsa Coron-
aviridae, BRJOYawInee Ha siHBapb 2020 romga
bonee 40 BumoB PHK-comepskalux BHUPYCOB,
KOTOpble MOPAKAIOT YeJIOBEKA U YKUBOTHBIX. B
despasie 2020 r. KUTACKUE yUeHbIe BbIIeIUIN
IITaMM KOpPOHaBHpyCa U BIlepBble IIPOLEMOH-
crpupoBanu nsobpaskenuss SARS-CoV-2 ¢ momo-
IIBI0 3JIEKTPOHHOTO MUKpOCKona. CHUMKH II0JIy-
4eHbI B HAITMOHAJIbHOM XPaHUJIUIIE TaTOTeHHBIX
MHUKPOOPTaHU3MOB, OBLIM ONMyOJIMKOBAaHBI Ha
caliTe BeJIOMCTBA, TipeacTaBeHbl BO3 1 IMUPOKO
WUJJTIOCTPUPYIOTCS B OTKPBITOM Ieuaru. B iutepa-
Type NOSIBUJIUCH U Ipyrue u300paskeHus BUpyca,
II0JIly4YeHHbIe Ha 3JIEKTPOHHOM MUKpOCKoIe [1].
HccnemoBarenn wu3 VYHuBepcurera [OHKOHTa

IMOJIy9InJIn I/1306pa?KeHI/Ie BbIXOJa KOpOHaBUpycCa

Introduction (Hypotheses)

The COVID-19 pandemic has set new chal-
lenges for science which, for obvious reasons (short
time interval, lack of initial data), cannot be solved
today. Data on the origin of the new coronavirus
modification are still limited and continue to be up-
dated. Many questions arise about the pattern of its
existence in the human bloodstream, molecular
mechanisms of interaction with the endothelium
of blood vessels, blood cells, hemoglobin. The
knowledge in this field is mostly represented by iso-
lated hypotheses, which so far have practically no
systematic scientific rationale.

Coronavirus SARS-CoV-2. The new coron-
avirus SARS-CoV-2 is a member of the Coronaviri-
dae family, which as of January 2020 includes more
than 40 species of RNA-containing viruses affecting
humans and animals. In February 2020, Chinese
scientists isolated the coronavirus strain and
demonstrated SARS-CoV-2 electronic microscope
images for the first time. The images were obtained
from the national repository of pathogens and pub-
lished on the agency's website, presented to WHO
and are widely used by mass media. Other virus im-
ages from the electron microscope have appeared
in the literature [1]. Researchers from the University
of Hong Kong received an image of coronavirus ex-
iting from an infected cell. The obtained images
suggest that the size of SARS-CoV-2 practically does
not differ from the other coronaviruses and is
100-125 nm [2], and its peplomers (club-shaped
«spikes») have a height of about 10 nm. While pass-
ing through the cell membrane, the virus «stretches
out» and changes its shape.
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13 3apa’KeHHOU KJIETKU. VI3 TToTy4eHHbIX N300pa-
sKeHUH ciienyeT, 4To padMepbl SARS-CoV-2 npak-
TUYECKU He OTIMYalTCA OT pasMepoB IpPyrux
KOPOHAaBUPYCOB U coCcTaBaAT 100-125 M [2], a
ero nerioMeps! (OyJIaBOBUIHBIE «IIIUIBI») UMEIOT
BBICOTY OK0JIO 10 HM. [Ipu npoxXoskaeHuun yepes
MeMOpaHy KJETKH BUPYC «BBITATHUBAETCS» U
MeHsieT (popMy.

SARS-CoV-2, 3puTPOIUT, TeMOII0O0uH. [Tpu-
BOOATCA TUNOTE3BI 0 B3anMogerictuil SARS-CoV-2
C 9PUTPOIUTAMHU, O €T0 BJIUSHUU Ha reMbI U TOpPu-
puH. PaccMarpuBaoTCa 2 BO3MOYKHBIX ITyTH B3au-
MOJIENCTBYSI OEJTKOB BUPYCa C TEMOTTIOONHOM [3].

[TepBbIil — CBsI3aH C BBIXOJIOM reMOIIOOMHA
W3 3PUTPOILIMTA U ero MOTaJJaHueM B KDOBEHOCHOE
pycJio. TO MOKET INPOUCXOOUTH B peayJibrare
reMoJin3a 3pUTPOLUTOB, HAIPUMEP — UMMYHO-
Jorudeckoro. CoOBbITHsI, Pa3BUBAIOIINECS TTOCIE
rnomnajgaHus remMa U moHa Fe*? B KpoBeHOCHOe
pycCJI0 U faJjibHelIIee pa3BUTHE OKCUIATUBHOIO
cTpecca, onucaHsl paHee [4, 5].

BTopoii myTh Ipe/IoiaraeT IpOHUKHOBEHNE
BUPYCa WU ero 0eJTKOB Yepes Maa3MaTHdeCcKyo
MeMOpaHy B 9pUTPOIUT U TajbHENIIIee B3auMO-
neiicTBue OEJIKOB BHUpyca C TeMOM W mopdupu-
HoM. OTMe4aeTcs, 4YTo Je30KCUreMOorJIOONH 0oJiee
IIOJBEepyKeH BUPYCHBIM aTakaM, 4eM OKCUTeHUPO-
BaHHBIN remomioowH — HbO, [3]. Arakyiomee
JeICTBHe BUPYCHBIX O€JTKOB BHI3bIBAET YMEHbIIIE-
Hue copepskanusa HbO,, peanusyloimiero raso-
oOMeH B OpranusMe, U KaK CJIeICTBUE — JIbIXa-
TeJIbHYIO HeIOCTaTOYHOCTb.

SARS-CoV-2, kpoBeHocHasA cucrema. Pac-
CMaTpUBAIOTCA U WHbIe MeXaHU3MBbI. B 4acTHO-
ctu — cBsi3dbiBaHnue SARS-CoV-2 ¢ kjgeTkaMu
9HJIOTEeIUsI KPOBEHOCHOU ceTU 4YesoBera [1].
Takoe B3amMOJENCTBHE HMeEeT JOCTAaTOYHO
BBICOKYIO BEpOATHOCTb CyLeCTBOBAHUA U IIOJ-
TBepsKIaeTcss PakTOM BOSHUKHOBEHUS TPOMOO-
3ay 3abomaeBmux COVID-19 narueHnTos [6]. Bos-
MOYKHO B3aMMOJeliCTBHEe BUPYyCa HE TOJIBKO C
COCYIMCTOW CTEHKOH, HO C MeMOpaHaMu 3pUT-
pOIUTOB B MHUKpOCOCyaax. BupycHbie Oesnkw,
IIPOHUKIINE B KJIETKY, B3AUMOIEUCTBYIOT C 1
oera 1enblo remMorioOmHa [3], BBIZLIBAIOT
3¢ (PpeKT aKpaHUPOBAHUS YACTU MOJIEKYJI TEMO-
rroouHa Hb (screening effect), ymeHbIIast moTok
KHCJA0POIA M3 JPUTPOIUTA B TKAHU dYepe3
KalWJIJIAPHYIO CTEHKY U, COOTBETCTBEHHO, U3
AJIbBEOJI B KaIUJLIIAP.

B HekoTOpBIX paboTax oTMedaeTcst, uTo SARS-
CoV-2, cBA3BIBASACH C KJIETOYHBIMU pPelleNTOpaMu
ATI®2 n CD 147, nMeeT BOSMOKHOCTH AJIs1 IPOHUK-
HOBEHUS B KJIETKYy U Ha CTaJHAX BbIXOJA BUPUOHA
13 KJIeTKU pa3pymiarb ee MeMOpansl [7, 8]. Hapy-
IIIeHHe I[eJIOCTHOCTH MeMOPaH MOKET CTaTh MPU-
YUHOUN BHYTPUCOCYIUCTOrO reMoJr3a (intravascu-
lar hemolysis), BbIxoga cBoO0JHOTO TeMOIIOONHA
(cell-free Hb) apuTpo1Ta B KpOBEHOCHYIO CHCTe-

SARS-CoV-2, erythrocyte, and hemoglobin.
Various hypotheses on the interaction of SARS-
CoV-2 with erythrocytes and its effect on hems and
porphyrin have been suggested. Two possible ways
of interaction of virus proteins with hemoglobin are
considered [3].

The first one is related to hemoglobin exit
from erythrocyte and its entry into bloodstream.
This may occur as a result of erythrocyte hemolysis,
e.g. immunological. The events occurring after hem
and Fe*? ion enter the bloodstream and further ox-
idative stress development have been previously
described [4, 5].

The second way assumes penetration of the
virus or its proteins through plasma membrane into
erythrocyte and further interaction of viral proteins
with hem and porphyrin. Deoxyhemoglobin has
been noted to be more susceptible to viral attacks
than the oxygenated hemoglobin HbO, [3]. The on-
slaught of viral proteins causes a decrease in the con-
tent of HbO,, a major contributor to gas exchange in
the body, and results into respiratory failure.

SARS-CoV-2 and circulatory system. Other
mechanisms are also under consideration. In par-
ticular, the binding of SARS-CoV-2 to endothelial
cells of human circulation system may be rele-
vant [1]. Such interaction is highly likely and was
confirmed by thrombosis occurrence in COVID-19
patients [6]. The virus may interact not only with
the vascular wall, but also with RBC membranes in
microvasculature. The viral proteins penetrating
the cell interact with 1-beta hemoglobin chain [3],
cause the screening effect of part of hemoglobin
molecules, which reduces the oxygen flow from
erythrocyte to tissues through the capillary wall
and, accordingly, from alveoli to capillaries.

In some works, SARS-CoV-2 binding to ACE2
and CD 147 cell receptors was noted to enable viral
penetration into the cell and destruction of cell
membranes during virion exit [7, 8]. The destruc-
tion of membrane integrity may cause intravascu-
lar hemolysis and release of the cell-free Hb into the
blood system [9, 10]. Release of Hb into plasma sig-
nificantly reduces the bioavailability of nitrogen
oxide (NO) in the vessel, promoting vasoconstric-
tion, endothelial dysfunction and platelet activa-
tion. Vasoconstriction (including that in micro ves-
sels) and thrombosis are typical for Covid-19
patients [6].

Filtration-reabsorption equilibrium in the mi-
crovasculature and surrounding tissues may be dis-
turbed if the cell structure of capillary walls is im-
paired [11]. As a result, interstitial edema, alveolar
hemorrhage and microvascular lung thrombosis
occur [12]. Progressive endothelial thrombo-in-
flammatory syndrome may also include microvas-
culature of brain and other vital organs, resulting in
multi-organ failure observed in patients with
Covid-19 [1, 2].
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My [9, 10]. lekommiemMeHTanuss Hb B miasmy
3HAYUTEJBHO YXy/IIaeT OMOJOCTYITHOCTh OKCUAA
asora (NO) B cocyne, cmocoOCTBYsi Ba3OKOH-
CTPUKIMHU, BBI3bIBAS OHAOTEJUAJBHYIO IUC-
(pYHKIMIO ¥ aKTHBAIAIO TPOMOOIUTOB. Y Hanu-
eaToB ¢ Covid-19 obGHapy’kuBaeTcs CyKeHUE
COCYZI0B, B TOM YHCJIe © MUKPOCOCYI0B, 00pa3o-
BaHUe TPOMOOB [6].

[Ipu HapyLeHusaX CTPYKTYPhI KJIIETOK CTEHOK
KaUJJISIPOB MOSKET HAPYIIUTHCA (PUIBTPALIIOH-
HO-peabcopOIMOHHOE PAaBHOBECHE B MUKPOCOCY-
Jle 1 OKpY»KaIoIUX TKaHAX [11]. B pe3yabsrare Bo3-
HUKaeT WHTEPCTUIUAJIbHBIA oOTeK, alveolar
hemorrhage (kpoBoua/usiHUE B AIBbBEOJTY) M MUK-
pococynucThIii TpoM603 Jsierkux [12]. [Iporpeccu-
PYIOIIUHA  9HIOTENNATBHBIA TPOMOO-BOCTIAIH-
TeJILHBIM CHUHAPOM MOYKET TaK)Ke BKJIIOYATh
MMKPOCOCYJUACTOE PYCJIO MO3Ta ¥ IPYTUX YKU3HEH-
HO Ba’KHBIX OPTaHOB, MPUBOJIA K ITOJTUOPraHHON
HEeJIOCTAaTOYHOCTH, YTO HaOJTIO/IaeTCsl y HalleHTOB
c Covid-19 [1, 2].

OmacHOCTB TIpeJICTaBJIsIET B3AUMO/IEUCTBHE
SARS-CoV-2 ¢ kJeTKaMHu KOCTHOTO Mo3ra. B
pabore [13] onucan ciory4daii leukoerythroblastosis
npu Covid-19, cBA3aHHBINA C HapylIeHueM KOCT-
HOTO MO3ra W BBIXOJIOM MOJIUMUIIMPOBAHHBIX
3PUTPOIUTOB.

OnucaHHbIE TUTIOTE3bI MPEAIIOAaraloT B3au-
MOJIEfICTBHiE KOPOHOBHPYCA WJIM €r0 OEJIKOB CO
CTeHKaMH KPOBEHOCHBIX COCYL OB, 3pUTPOLUTAMU,
reMorJIOOMHOM. B HUX paccMaTpHUBaeTCs1 B3aUMO-
nerictBue 6esikoB SARS-CoV-2 ¢ reMoM u mopdu-
pUHOM, TMoIajaHue MOHOB Fe*> B KpOBEHOCHOe
pycJio 1 nanbHellee ux okucienue 1o Fer. Takue
TaTOJIOTMYECKYE ITPOIIECCHI MOTYT OJIOKMPOBATHCS
¥ /WJIM BOCCTAHABJIMBAThCS C IOMOIIbBIO aHTUOKCH -
IAQHTOB U IIUTONPOTEKTOPOB [14]. Micnosib3oBaHue
MpernaparoB 9TOTO KjIacca MOKET CIIOCOOCTBOBATh
paspabotke MeTog0B 60pb66I ¢ Covid-19.

[leabp pabOTBI — IMOKa3aTh BO3MOKHOCTU
6roduU3UUYeCKUX MEeTOJ0B MJIsI HCCJAeJOBaHUS
MOJIEKYJISIDHBIX MexaHU3MOB JeiicTBuss SARS-
CoV-2 Ha 9pUTPOIUTHI ¥ TEMOTJIOOVH YeJIOBEeKa U
BOCCTaHaBJIMBAIOIIlEE U ITUTONIPOTEKTOPHOE el -
cTBUE NepTOPYIIEPOTHON aMY/IbCUHU NIPU OKUC-
JIEHUU MOHA KeJjie3a B reMe.

MarepuaJ 1 MeTobI

CxeMa onbITOB. 3200p KPOBU IIPOM3BOIUJIN B MUK-
poserthbl ¢ QATA (Sarstedt AG and Co., Germany) BO
BpeMs IIPOUIAKTUYECKOI0 OCMOTPa JOHOPOB. B cooT-
BETCTBUU C TPeOOBAHUAMU aTHYecKoro komutera HUN
o61eil peannmarosiornu uM. B. A. HeroBckoro PAMH
MOJIYYMJIN COIVIACHE BCeX JOHOPOB Ha IIPOBEEHUE HUC-
cjegoBaHuil. CxeMy OIIBITOB IIpeACcTaBUIIN Ha puc. 1. Ha
KpOBb (150 MKJI) BO3JI€eICTBOBAJIM OKUCJISIIONIMM areH-
TOM, B Ka4eCTBe KOTOPOTO NCII0/IH30BAIH JITOO PACTBOP
NaNO,, aubo yasrpaduoseroBoe nsmydenue (UV). B
OTIBITAX JJISI IPOMBIBA KJIETOK U pa30aBJIeHUsI CyCIIeH-

3un ucroab3oBaau 6ydep PBS tablets (MP Biomedicals,

The SARS-CoV-2 interaction with bone mar-
row cells is dangerous. A paper [13] describes a case
of leukoerythroblastosis in Covid-19 associated
with bone marrow damage and release of modified
red blood cells.

The described hypotheses suggest that the
coronavirus or its proteins interact with the walls
of blood vessels, erythrocytes, and hemoglobin.
They consider the interaction of SARS-CoV-2 pro-
teins with heme and porphyrin, the entry of Fe+?
ions into the bloodstream and their further oxida-
tion to Fe*s. Such pathological processes can be
blocked and/or restored with antioxidants and cy-
toprotectors [14]. The use of drugs of this class may
help develop methods to control Covid-19.

The aim of the paper is to show the feasibility
of biophysical methods to study the molecular
mechanisms of impact of SARS-CoV-2 on human
red blood cells and hemoglobin and the restorative
and cytoprotective effect of perfluorocarbon emul-
sion during the iron oxidation in heme.

Materials and Methods

Scheme of experiments. Blood was drawn in EDTA
microvettes (Sarstedt AG and Co., Germany) during a rou-
tine screening of donors. In accordance with the require-
ments of the ethics committee of the V. A. Negovsky Scien-
tific Research Institute of General Reanimatology the
consent of all donors for the study participation was ob-
tained. The scheme of experiments is shown in fig. 1. Blood
(150 nl) was exposed to an oxidizing agent which was either
NaNO, solution or ultraviolet radiation (UV). The PBS
tablets buffer (MP Biomedicals, USA), (pH 7,4) was used in
experiments for cell washing and suspension dilution.
Micro-22R centrifuge (Hettich-Zentrifugen GMBH&Co.
KG, Germany) was used for cell separation and sedimen-
tation. The UNICO 2800 (USA) digital automatic spec-
trophotometer was used to record optical spectra. The
method of calculation of hemoglobin derivatives concen-
trations, the solution of multicollinearity problem, and rel-
evant statistical analysis were described elsewhere [15, 16].

Atomic force microscopy and spectroscopy. Im-
ages of RBC morphology were obtained using the atomic
force microscope (AFM) NTEGRA Prima (NT-MDT, Russ-
ian Federation) in a resonance mode on monolayers pre-
pared using the sedimentation method. Cantilevers
NSGO1 (R=10 nm, coefficient of elasticity K=5 N/m) were
used. The number of scanning points was 512, 1024.
Scanning fields were 100X100 pm?, 3030 pm?. 2D and
3D images were obtained using AFM software [15]. Sta-
tistical analysis of the obtained results was performed
using the Origin Lab software (USA).

Electroporation (USA). Laboratory electroporator
provides pulse duration 3-5 ms, pulse amplitude 3X10°
V. A cuvette 30X30 mm was equipped with flat titanium
electrodes mounted on opposite walls. The intensity of
the generated field was 1040 V/cm [17].

Results and Discussion

The development of oxidation processes in
blood caused by NaNO, and ultraviolet radiation
(A=254 nm) was simulated using in vitro experi-
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LN

Control

75 RBC + (75- PFC1)PBS + PFC:
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RBC PFC:

—  AFM

Puc. 1. Craguu 3KCIIEPUMEHTOB: BO3IeCTBHE OKMC/ISIOLIMM areHTOM Ha KPOBb, fo0aBaenune PFC niu nyurodraBiuHa B pas-
JIMYHOM KOHIEHTPALMH, U3MEePEHHe ONITHYECKUX CIIEKTPOB, pacyeT KOHIEHTPALMI POU3BOIHBIX FeMOITIO0MHA, OJTyYeHHe

ACM n300pakeHHs KJIETOK H HAHOIIOBEPXHOCTH MeMOpaH.

Fig. 1. Stages of the experiments: blood exposure to the oxidizing agent, addition of PFC or cytoflavin in various concentrations,
measurement of optical spectra, calculation of concentrations of hemoglobin derivatives, obtaining an AFM image of cells and

membrane nano-surface.

IIpumeuanue. Oxidizing agent — oxucJstioniuit arent; blood — kpoBsb; cell separation, washing and sedimentation — nentpu-
¢yrupoBanue, IPOMBIB KJIETOK, ocakjenue; RBC — apurponuter; PFC —nepdropyriepognas amyiabcust; AFM — ACM.

USA), pH 7,4. 115 pasaesieHus ¥ 0CAKIeHN KIIeTOK HC-
MOJIB30BaH TIeHTpUGYTY Micro-22R (Hettich-Zentrifu-
gen GMBH&Co.KG, Germany). [lyia perucrpanyu OnTy-
YEeCKUX  CIEKTPOB  HCIOJIb30BIM  LUGPOBOH
aBroMarun4deckuii criekrpogoromerp UNICO 2800 (USA).
Metonnka pacueTa KOHIIEHTPaIIUi POU3BOAHBIX FEMO-
I00MHA, penIeHus Mpo0JIeMbl MYJIBTUKOJITITHEAPHOCTH,
CTaTUCTUYECKOT0 aHAJIN3a OIMcaHa paHee [15, 16].

AToMHas CUJI0Bas MUKPOCKOIIHS U CIEKTPOCKO-
nus. V3o6paskeHuss MOP(OJIOTHH 3PUTPOIUTOB ITOJY-
Yaju ¢ IOMOIIbI0 aTOMHOI'O CHJIOBOI'O MHKPOCKOIIA
(ACM) NTEGRA Prima, (NT-MDT, Poccuiickas Penepa-
11151) B pe30HAHCHOM peyKUMe Ha MOHOCJIOSIX IPUTOTOB-
JIEHHBIX C [IOMOILIbIO MeTo/la oceianusl. Vcnosp3oBanu
kanTuiieBepbl NSGO1, R = 10 HM, k0oadunueHT ynpy-
rocta K = 5 N/m. Uncso Touek ckanupoBanusa — 512,
1024. ITona ckaampoBanus: 100100 Mrm?, 30X30 MKM?.
[Mosryuanu ndobpaskerust 2D u 3D ¢popmarax, UCIoIb3yst
nporpammHoe obecnieuenrie ACM [15]. [IpoBoguiu cTa-
THCTUYECKYI0 00paboTKy IO/TyIeHHBIX PE3yIBraToB, HC-
TI0JIB3Ys1 IporpaMMHoe obecrredenne «Origin Lab» (USA).

daexTponopanus. JJabopaTopHEIi aJIeKTpoIIopa-
TOp peanuayeT JJINTeJIbHOCTb UMITYJIbCA (3—5) MC, aMILIN-
Tyny uMmiyibca 3X10°% B. Kiosera 30X30 MM, ocHalieHa
IVIOCKUMU TUTAHOBBIMHU 3JIEKTPOJIaMU, 3aKPeIlJIEHHbIMU
Ha [IPOTUBOIIOJIOKHBIX CTeHKaxX. HanpssxeHHOCTb co311a-
BaeMoro 1oJisi B o6’seme 1040 B/cwm [17].

Pe3ynbTaThl ¥ 00CYK/IEHHE

B akcnepumeHTax in vitro MOREIAPOBATU
pa3BUTHE OKUCIUTETHHBIX IIPOIECCOB B KPOBH,

ments. Fe?* turned into an oxidized form (Fe3*) in
the molecules of hemoglobin, which was evidenced
by the transformation of oxyhemoglobin HbO, into
methemoglobin MetHbO,. The concentration and
dose dependence of these processes was estab-
lished. Fe*? is known to prevent gas exchange be-
tween blood and tissues. Therefore, the appearance
of MetHb in the blood leads to tissue hypoxia, and
in high concentrations can even be fatal.

Perfluorocarbon compound «Perftoran»
(Russian Federation) [18, 19] and cytoflavin (Poly-
san, Russian Federation) [15] were used to reduce
Fe*? to Fe*? and, accordingly, to transform MetHb to
HbO,. At the same time, methemoglobin was re-
duced to oxyhemoglobin depending on the con-
centrations of these substances and incubation
time. Concentrations of perftoran (PFC) were
recorded later as indices (ul PFC per 200 pl of ery-
throcyte suspension). Cytoflavin concentrations
were recorded as volume of cytoflavin (ul) per 150 ul
of cell suspension. Fig. 2 shows MetHb concentra-
tions on UV exposure and after introduction of
Perftoran emulsion, the optical spectra, as well as
the AFM field erythrocyte images under the same
conditions.

Initially, 90-98% of erythrocytes were disco-
cytes (fig. 2, a@). After UV exposure, the number of
discocytes  decreased, and stomatocytes,

echinocytes, sphero-echinocytes, ghost cells ap-
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Fig. 2. The reducing effect of PFC in erythrocyte suspensions.

Note.a— AFM 3D cell images: initial (control cells) on the left, the cells damaged by the UV exposure are in the middle, on the right
are the cells damaged by UV and subsequently exposed to PFC for 24 hours; b — percentage of MetHb, HbO,, Hb in the control,
after UV exposure and subsequent PFC exposure, PFC incubation time was 24 hours; ¢ — absorption spectrum changes after UV

exposure and subsequent PFC action (t=0, 12, 24 hours).

IIpumeuanue. a— ACM 3D-u3o0pakeHunsi KJIETOK: CJIeBa — UCXOIHbIE (KOHTPOJIbHBIE) KJIETKH, B CEpPeIHEe — KJIETKH, IIOBPEsK-
JleHHble B peaysbrare aeiictBust UV uaiydeHus:, cipaBa — KJeTKU nocsie UV BozzeiicTBus u nocseayiouiero nericrsust PFC B
TeyeHue 24 yac; b — nponeHTHoe cogepskanue MetHb , HbO,: Hb B konTpoJe, nocie Bo3aeiictsus UV u nocsenyiomero aei-
crBusi PFC, Bpemst nuukyOanmu PFC 24 yaca; c— quHaMUKa U3MEHEHHH CIIeKTpa IMOIVIOIeH s TToc/ie Bo3aericTBrs UV u3ydeHust

u nocexaytoniero aeiicrauss PFC50 (t=0, 12, 24 yaca).

BbI3BaHHOE NaNO, 1 yisrparuoaeToOBbIM U3JTyue-
HueM (A=254 HM). B Mostekyitax remoriiobuna Fe?*
repexous B OKUCJIeHHYyI0 ¢dopMy — Fe®, o yem
CBUETEJIbCTBOBAJIO IIPEBPAIlleHHe OKCUTEMOTJIO-
6una HbO, B merremoriooun MetHbO,. YcTano-
BUJIY KOHIIEHTPALMOHHYIO U I030BYIO 3aBUCHMO-
CTA 3TUX TponeccoB. M3BecTtHo, yto Fe® He
MTO3BOJISIET OCYIIECTBJISATH Ta3000MEH MEKIy
KpOBBIO U TKaHsAMU. [loaTomy nosiinenue MetHb
B KPOBHU BeJIeT K TUIIOKCUHU TKAaHEH, a IPU BbICO-
KOU KOHIIEHTPAIIUU MOSKET IMMPUBOIUTH JAKE K
JIeTaJbHOMY UCXOHY.

st BocctanoBJsienus Fe®t B Fe?* u, coorBeT-
CTBEHHO, i TipeBpamienuss MetHb B HbO,
HCIIOJIB30BAJIH ITePPITI00POKapOOHOBOE COeNIHE-
Hue «llepdpropan» (PP) [18,19] u 1muTodaBUH
(ITostucan, P®) [15]. ITpu 9TOM METTEMOTTIOOMH BOC-
CTaHABJIMBAJICA 10 OKCUT€MOIIOOMHA B 3aBUCHUMO-
CTH OT KOHIIEHTpAIIUI 3THUX BEIIEeCTB U BpEMEHU
nakyOannu. Konnerrpamuu nepgropana (PFC)
3amnuchiBaJIM gajiee B Buge uHaekcoB (MkJ PFC B

200 MKJI CyClIeH3Uu 9pATpPOoLUTOB). KoHnenTpanun

peared (fig. 2, b). As a result of subsequent PFC ex-
posure, the percentage of discocytes recovered to
80-90%. The change in erythrocyte shapes associ-
ated with changes in concentrations of hemoglobin
derivatives (fig. 2, b, ¢). The initial content of MetHb
was about 0.5%. After UV exposure it increased to
35-40%, and after PFC exposure it was 2-5%. Thus,
in vitro experiments showed that perftoran can be
effectively used to restore MetHb to HbO,.

These experimental data demonstrate the
restorative effect of PFC on erythrocytes both in
damage to membranes and cell structure, and in
abnormal hemoglobin molecules.

The effect of agents on the system can be
demonstrated by time and concentration depend-
ence. Absorption spectra of hemoglobin derivatives
solutions for different incubation times with PFC
are shown in fig. 2, c. With increasing incubation
time, peak at wavelength 630 nm dropped, and
peaks at 542 nm and 577 nm grew, which indicates
a decrease in MetHb content and, consequently, an
increase in HbO,+Hb.
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nuTo(JIaBIHA 3aMUCHIBAIA KAk 00 beM muTodJia-
BUHA (MKJI) B 150 MKJI cyclieH3uu KJIeTok. Ha puc. 2
TMpeJicCTaBUI/IM KOoHIleHTpanuu MetHb nipu fgetictBuu
UV u nocsie BBeneHusi amysibcuu «llepdropan»,
OINITUYECKUE CIIEKTPBI, a TaKKe H300pa’keHusI
apUTPOLUTOB B 110J1e ACM B TeX yKe yCJI0BUSAX.

Hcxomuo 90-98% apuUTPOIUTOB OBLIN TUCKO-
uutamu (puc. 2, a). [locsie BodaetictBust UV Kostn-
4eCTBO JUCKOLMTOB YMEHBIIAJIOCh, IIPU 9TOM
MOSIBJISIJIMCh CTOMATOIIUThI, 9XUHOIUTHI, chepPoa-
XUHOLMTHL, TeHU (puc. 2, b). B peayibrare nocie-
nytomero geiictusg PFC nmporeHTHOe comepska-
HHE OTMCKOIIMTOB BOCCTAaHABJIMBAJIOCH 110 80-90%.
N3meHnenre (oOpM apUTPOIUTOB COIPOBOKIA-
JIOCh U3MEHEHNEM KOHIIeHTpalui TPOU3BOTHBIX
reMomioouHa (puc. 2, b, ¢). FicxomHOe KOJTUIeCTBO
MetHb 651510 0k0410 0,5%. ITocsie Bo3nerictBuss UV
O0HO B03pocJio 10 35-40%, a mocJie neticteusi PEC
cocTaBuyio 2-5%. TakuM 00pasoMm, B IKCIIEPUMEH-
Tax in vitro mokas3aJju, 4TO MOKHO 3((PEKTUBHO
HCII0/Ib30BaTh Nep@TopaH AJis1 BOCCTAaHOBJIEHU S
MetHb B HbO,.

The concentration dependence of the PFC ex-
posure is shown in fig. 2, a (left). As early as at the
concentration of PFC 5-10 ul/ml of the suspension
there was a significant reduction of Fe®* to Fe*, i. e.,
MetHb to HbO, + Hb.

The qualitative result of transformation of
methemoglobin into oxyhemoglobin is presented
in the photo (fig. 2, a, right). The dark brown sus-
pension after UV exposure changed its color to red
after 24 hours of incubation with PFC.

Cytoflavin was also used as a reducing agent
(fig. 3, b). In these cases the dependence of effect
on concentration was also observed. Cytoflavin al-
lowed reducing MetHb concentration from 80-90%
to 20-25%.

Exposure of RBCs to oxidizing agents can pro-
duce two effects:1) oxidation of iron, Fe?* to Fe?+,
and, accordingly, increase of MetHb concentration
in them; 2) erythrocyte hemolysis.

Depending on the nature of the agent, the
ratio of these biophysical processes was different
(fig. 3, ¢, d). Thus, if the oxidizing agent was ionizing

a
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Puc. 3. [Ipon3BoJHbIE F€eMOIJIOOUHA.
Fig. 3. Hemoglobin derivatives.

Note. a — Suspension after UV irradiation and subsequent PFC exposure in various concentrations (concentration dependence)
on the left, photos of suspension after UV irradiation and subsequent incubation with PFC for 24 hours on the right; b— MetHb
formation as a result of NaNO, exposure and reduction of Fe* to Fe?* after exposure to cytoflavin in different concentrations (con-
centration dependence); ¢ and d— correlation of biological effects (iron oxidation and hemolysis) after exposure to different agents:

¢— UVirradiation; d — addition of NaNO,.

IIpumeuaHnue. a — ciesa — cycneH3us nociae UV o6/ydeHus u nocieaymomero aeiictsus PFC B pa3IMYHbBIX KOHIIEHTPAIUAX
(KOHIIEHTPAIMOHHAS 3aBUCUMOCTB); cnpasa — (ororpadun cycrienaun rnocsae UV 00ydeHust U IocaeayIoniell MHKyOaruu ¢
PFC B Teuenue 24 yac; b — obpasosanue MetHb B peaynsrare geiictsust NaNO, u BoccranoBsenue Fe** no Fe? mox neiictBuem
nuTo(IaBUHA PA3IMYHON KOHIIEHTPAMH (KOHIEHTPAIIMOHHAS 3aBUCUMOCTBD); €U d — COOTHOIIIEHNE OHOJIOTHYECKUX 9 (HEKTOB
(orMCIIeHHE KeJ1e3a U TeMOJIU3) IIPH AeHCTBUY PA3/IMYHbIX areHToB: ¢ — UV obJtyuenue; d — nodassenne NaNO,.
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TOB Pa3JIMYHOHN PHPOABI U IPOTEKTOPHBIH achdekT nepdropyriepogHoi amyiabcuu «Ilepdropan».
Fig. 4. Defects of erythrocyte membranes in the field of atomic force microscope after exposure to various chemical agents and

the protective effect of the Perftoran perfluorocarbon emulsion.

OTU 9KCIIepUMeHTaJbHble JaHHbIE CBHUIE-
TEJBCTBYIOT O BOCCTAHABJIMBAIOIIEM HEWCTBUU
PFC Ha apuUTpOnIUTHI Kak NpPU MOBPEKIEHUAX
MeMOpaH U CTPYKTYpPHI KJIETOK, TAK U IIPU HApPY-
IIIEHUH COCTOSTHUS MOJIEKYJI TEMOTVIOOMHA.

[TokasareseM 1eliCTBUSA areHTOB Ha CUCTEMY
SIBJISIETCSI BpeMeHHass U KOHIEHTPalMOHHAas
3aBucuUMOCTU. Ha puc. 2 ¢ nmpuBesn CHEKTpPHI
MIOIOIIEHNsI PAaCTBOPOB IIPOM3BOAHBIX [€MOIJIO-
OvHa AJ1s1 pPa3JIUYHOTO BpeMeHU WHKYOaIruu C
PFC. C yBetmueHreM BpeMeHH HHKYOAIY TAK Ha
JJIMHE BOJIHBI 630 HM yMeHbIIaJICA, a Ha 542 HM U
577 HM NIUKU YBEJUYUBAJIUCH, YTO CBULETE]b-
CTBOBAJIO 00 yMeHbIIIEHUH coniepskanns MetHb u,
COOTBETCTBEHHO, 00 yBesnuernnn HbO,+Hb.

KoHIIeHTpanMOHHYI0 3aBUCHUMOCTH JIeH-
ctBus PFC npencraBuiv Ha puc. 2, a (ciesa). Ysxe
npu koHneHTpanuu PFC 5-10 MkJ1/Mi1 cycieH3un
NIPOUCXOUJI0 3HAUUTEJbHOE BOCCTAHOBJIEHUE
Fe*® mo Fe*?, To ectb MetHb mo HbO,+Hb.

KauecTBeHHO pe3yssraT IpeBpalieHus MeTre-
MOr7I00MHA B OKCUTEMOITIOOWH TPEICTAaBUINA Ha
¢ororpacuu (puc. 2, a, cnpasa). TeMHOKOpUYHEBas
cycrierawus rocsie UV BO3/1eiCTBHS MeHs1JIa I[BET Ha
KpacHyIo rmocsie 24 yacoB nHKybammu ¢ PFC.

radiation, UV radiation, both processes occurred
with the same intensity, and the dose dependence
and irradiation time dependence was observed (fig.
3, ¢). When using the NaNO, agent (depending on
the concentration), the content of MetHb in ery-
throcytes was intensively increased, but their he-
molysis was practically absent (fig. 3, d). This inter-
esting fact is important to consider when analyzing
the effect of factors of different nature, including
viruses and bacteria, on red blood cells.

In a number of experiments, the protective ef-
fect of the Perftoran emulsion on erythrocyte mem-
branes was shown using AFM method (fig. 4). Hemin,
7ZnSO, and furosemide were used as membrane
damaging agents. As a result of blood exposure to
these agents, topological nanodefects of cell mem-
branes in the range of 20-200 nm were found. Sub-
sequent exposure to PFC led to a reduction in the size
of membrane defects or to their complete «healing».

If the virus causes structural disorders and
local cell defects, Perftoran is very likely to have a
protective effect and prevent damage to both cells
and cell membranes.

A major problem with the Covid-19 pandemic
is the high mortality rate of the elderly, with less
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B kauecTBe BOCCTaHaBJMBAIOIIEro areHTa
KCIIO/Ib30BAJIM TaKsKe uTodaaBuH (puc. 3, b). B
9TUX CJIy4yasix TakyKke HAOJIIONAIW KOHIIEHTpa-
LIIMOHHYIO 3aBUCUMOCTH JeiicTBus. Llutodiapun
II03BOJIMJ YMEHBIINTh KOHIleHTparuio MetHb c
80-90% 1o 20-25%.

[Ipu BO3/MENCTBUU OKUCJAIONINX areHTOB
Ha 9pUTPOILUTHI MOTYT BOSHUKHYTB JBa apPek-
Ta: 1) okucaeHue kemaesa, Fe?* no Fe3*, u, coor-
BETCTBEHHO, YBeJIMYCHHE COAEPI/KaHUA B HHUX
MetHb; 2) reM0o113 9pUTPOIUTOB.

B 3aBucuMoOCTH OT IPUPOABI AreHTa, COOT-
HOIIIeHWEe 9TUX OMOPU3UUYECKUX IIPOIECCOB
OBLI0 pas3HbIM (puC. 3, ¢, d). Tak, eCIu OKHUCJISIO-
MM areHTOM fABJIAJOCHh HOHU3HUpYylollee
nasaydernue, UV nanydyeHue, ToO OGHOBPEMEHHO
WHTEHCHUBHO IMPOTEKaJIN 00a 9TH IpoI1iecca, Mpu-
4yeM HabJTI0/1aH T030BYI0 3aBUCUMOCTD — 3aBU-
CUMOCTH OT BpeMeHUu obsyueHus (puc. 3, ¢). [Ipu
ucrnoJib3oBaHuu areHTa NaNO,, (B 3aBUCUMOCTH
OT KOHIIEHTPAalli1) UHTEHCUBHO YBEJIMYUBAJIOCH
conepskanue MetHb B apuTpo1uTax, HO MpaKkTHU-
YeCcKHu He HaOJIIOganu ux remonau3s (puc. 3, d).
JTOT MHTepPeCHbIH (PaKT BAYKHO YUUTHIBATh NIPU
aHaJ/m3e AelcTBUs (pakTOpOB pas3JUUYHOU MPU-
pOJbI, B TOM YHCJIe U BUPYCOB, U ODaKTepuil Ha
KpacHbIe KJIeTKU KPOBU.

B psane skcnepumeHTOB MeTonoM ACM noka-
3a/I1 IPOTEKTOPHOE AelicTBUe aMyJibcuu «[lepd-
TOpaH» Ha MeMOpaHbI 3pUTPOIUTOB (puc. 4). B
KadecTBe IOBPEKJAIOIINX MeMOpaHy areHTOB
ucnoJsb3oBanu 7ZnSO,, remuH, Qypocemun. B
peayJbrare IeidCTBUsl 3TUX areHTOB Ha KPOBb
Ha0JII0Ja/IN ITOSABJIEHE TOIIOJIOrMYeCKUX HaHOe-
¢ exTOB MeMOpaH KJIeTOK B quariasone 20-200 HM.
[Tocienyromiee Boaaeiicteue PFC nmpuBonusio k
YMEHBIIIEHHIO, Pa3MePOB MEMOPaHHBIX 1e(DEKTOB,
JIOO0 K MX ITOJTHOMY «3aJI€YBAHUION.

Ecyiu BUpyC BbI3bIBaeT HApyIIEHUA CTPYKTY-
pBI 4 JIOKaJIbHbIE JedeKThI KJIETOK, TO mepdTo-
paH ¢ 60JBINTON BePOATHOCTHIO MOYKET OKa3aTh
MIPOTEKTOPHOE JEeWCTBUE U NPeJOTBPATUTH
MMOBpEsKIeHNE KaK CAMUX KJIETOK, TaK U KJIETOY-
HBIX MEMOpaH.

Tsrestoi mpoodemoit mpu mangemuu Covid-19
SIBJIIETCST BBICOKAsi CMEPTHOCTH 3a00JIeBIITHUX
MOKUJIBIX JIIOAEH, TIPU TOM, YTO UH(PUITUPOBAHUE
3aBUCHUT OT BO3pacTa Jifojieil B MEHbIIIEeH CTeTIeHH.
Bo3MOKHO, 4YTO BBICOKAss CMEPTHOCTH JIONleH
MMOKUJIOTO BO3PACTA CBA3aHa C UCXOAHBIM COCTOSI-
HHEM COCY/IOB 1 MEMOPAH 9PUTPOITUTOB.

Hcnonb3ysa MeTod MATKOH 9J1€KTPOHopanuu
(oOpaTuMbIii TPOOOH MeMOpaH) MbI MOKa3aJIHu
paHee, YTO MeMOPAHBI MTOKUJIBIX JIIOHel (65-74
JIET) MEeNUCTBUTEJHLHO 0oJiee Ys3BUMBI, UMEIOT
OoJIbIIIee KOJTUYECTBO MOTEHIINAIbHBIX Te(eK-
TOB 10 CPAaBHEHMUIO C TAKOBBIMH Y JIIOJ el MOJIO-
JIOTO M cpeaHero Boapacra [17]. IToT meTon
MOJKeT CIIOCOOCTBOBATH BBISABJIECHUIO IIAIIIEHTOB

age-dependent infection susceptibility. The high
mortality in older persons is probably due to the
initial condition of blood vessels and red blood cell
membranes.

Using a soft electroporation method (re-
versible membrane perforation), we have previ-
ously shown that membranes of older persons
(65-74 years old) are indeed more vulnerable and
have more potential defects than those of young
and middle-aged people [17]. This method can help
identify patients with increased risk of SARS-CoV-
2 adverse effect on blood cells.

Conclusion

Perfluorocarbon emulsion Perftoran has a
cytoprotective effect, provides additional capacity
for the transfer of O, by blood, and contributes to
the reduction of Fe®* to Fe?* in the heme. This
emulsion is promising compound that promotes
gas exchange in patients in critical conditions and
can be used to protect blood cells. In the light of
the hypotheses presented, perfluorocarbon emul-
sion (Perftoran) can be effectively used to control
Covid-19. Atomic force microscopy, high-resolu-
tion optical spectroscopy and electroporation
methods can be successfully used to study the
molecular mechanisms of SARS-CoV-2 action on
blood cells. Studies using such methods can pro-
vide a scientific rationale for the hypotheses cur-
rently presented.

C TOBBIIIIEHHBIM pUCKOM fieiicTBUsi SARS-CoV-2
Ha KJIeTKU KPOBU.

3akJrouenue

[Tlepdropyriepoguas amynbcusa «[lepdro-
paH» o0JIafjaeT MUTOMIPOTEKTOPHON (DYHKITHEH,
MPeJIOCTAaBJISIET JOTIOJHUTEIHHYIO eMKOCTD JIJIs
nepeHoca O, KpOBbIO, CHOCOOCTBYIOT BOCCTAHOB-
sgenuio Fe’* mo Fe?* B remax reMomIo0WHa, M03TO-
My OHA SIBJISETCS EePCHEeKTUBHBIM COeTMHEHHU-
€M, CITOCOOCTBYIOIIMM ra3000MeHy y O0JbHBIX B
KPUTUYECKUX COCTOSTHUSX, U MOYKET OBITH IPH-
MeHMMa JJTsI 3aIUThI KJIETOK KPOBHU.

B cBeTe mpeqicTaBIE€HHBIX TUIIOTES, ITEPP-
TopyrjaepogHasa amyiabcusi («Ilepdropan»),
MOKeT 3(P(PEKTUBHO MCHOJB30BATHCA IS
60pw0OBI ¢ Covid-19. MeTomst ACM, onTHYECKOM
CITIEKTPOCKOIINY BHICOKOT'0 Pa3pelieHusi 1 dJIeK-
TPOMOPANNX MOTYT OBITH YCIIENTHO MCITOJIH30Ba-
HBI JIJI1 U3YYEHUSI MOJIEKYJISIPHBIX MEXaHU3MOB
nelicTBusi KopoHaBupyca SARS-CoV-2 Ha KJIeTKHU
KpoBHu. lccienoBaHus C WCIOJb30BaHUEM
MOJOOHBIX METOIOB MOTYT CIIOCOOCTBOBATH
HayYHOMY O0OOCHOBAHMIO TUIIOTE3, BHIJIBUTAE-
MBIX CETOIHS.
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COVID-19-acconuupoBaHHBIA TPOMOOBOCTIATHTENbHBIN CTATYC:
runore3a MicroCLOTS u ee nepcnekTHBBI (peJaKIIMOHHAA CTaThA)

I1. Happensu'!, JIx. Jlangonu'~?
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COVID-19-Related Thromboinflammatory Status:
MicroCLOTS and Beyond (Editorial)
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The COVID-19 global pandemic, infecting
over 3.5 million people and killing over a quarter of
a million in the first 4 months of 2020 [1], required
physicians all over the world to suddenly face a
completely new nosological identity, with unknown
characteristics and clinical challenges.

Italy was the first Western country hardly hit
by the epidemic, with the region of Milan being in
the epicenter of the phenomenon. San Raffaele Sci-
entific Institute was one of the first centers to
organize an all-out response to the virus [2]. Our
multidisciplinary scientific team was the first to
hypothesize and publish a theory about acute res-
piratory distress syndrome (ARDS) pathogenesis in
COVID-19, accounting for the peculiar clinical and
radiological presentation [3]. The syndrome was
called MicroCLOTS (microvascular COVID-19 lung
vessels obstructive thromboinflammatory syn-
drome): the replication of SARS-CoV-2 in cells
expressing the surface receptor angiotensin-con-
verting enzyme 2 (ACE2) may stimulate innate
immune responses and complement activation,
causing a massive local release of pro-inflammato-
ry cytokines ultimately resulting in severe tissue
injury and microvascular thrombosis.

As cells expressing ACE2 include lung epithe-
lial cells, but also arterial and venous endothelial
cells and arterial smooth muscle cells of multiple
organs [4], MicroCLOTS theory may explain also
the high incidence of both venous and arterial
thromboembolism in COVID-19 patients. In fact,

up to 1/3 of critically ill patients with COVID-19
appears to develop thrombotic complications [5] in
spite of adequate thromboprophylaxis protocols.
Thromboembolic complication ranged from deep
venous thrombosis to ischemic stroke to the detec-
tion of thrombi in the lungs.

The presence of MicroCLOTS in the lungs may
also explain the inefficacy or even the harm of high
PEEP ventilation and excessive negative fluid bal-
ance, which are constricting pulmonary arterioles
already partially obstructed by clots

Renal involvement also has a major role in
COVID19: preliminary reports from Wuhan, China
indicate that acute kidney injury occurred in 25 to
29 percent of critically ill patients [6, 7]. While West-
ern world data on this topic are still lacking, the
issue is being investigated [8]: autopsies reported
peritubular erythrocyte aggregation and glomeru-
lar fibrin thrombi with ischemic collapse in kidneys
of deceased COVID19 patients [9], possibly imply-
ing a similar etiology to pulmonary MicroCLOTS.

Managing a wide range of COVID-19 patients
over the last two months, it appears we've being two
different entities: an inflammatory phase, which
responds well when targeting interleukins [10, 11]
or complement [12] and a thrombotic phase which
seems to respond well to thromboprophylaxis with
low molecular weight heparin started early (at home
or at hospital arrival) and to full anticoagulation in
intensive care unit patients [13] and in selected
patients in the main wards.
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Pe3rome

AxBanoprHbl — MeMOpaHHble 6eJIKY, UTPaIoIIlie POJib B TPAHCIIOPTE MOJIEKYJI BOJIbI Uepe3 KJIETOUHYIO
MeMOpaHy 1 y4yacTByIolye B GOpMUPOBAHUU U Pa3pellieHNur OTEKOB, MUT'PALIUH KJI€TOK, BOCHIAIUTEIbHbBIX
peaknusx. MimeoTcsa eJUHUYHbBIE UCCIeJ0BAHUS, CBUIETEIbCTBYIOIINE O CBA3U IFeHeTUYeCKOI0 IT0JIMMOp-
¢u3ma akBaropuHa 5 (rs3759129 AQP5) ¢ TeueHMEeM cericuca. Bmecre ¢ Tem, oueBUIHASI Te€TEPOTEHHOCTH T1a-
LIMEHTOB I10 o4aram MH(pEKIUY MOKET 3aTPYLHUTD IOUCK HanboJiee BbIpasKeHHOU acColaliii FeHOTUIIOB
AQP5 ¢ TeueHreM MH(MEKIUOHHBIX OCI0KHEHUH KPUTHUYECKUX COCTOSIHUU U JajbHEeUIIyIo pa3paboTKy
rs3759129 AQP5 kak IOTEHIIUAJTBHO CUJIBHOTO MapKepa UCXo/ia Cercuca.

Ilesp McciIef0BAHUA: BBISICHUTE CBSI3b aJ/lJIeJIbHBIX BADUAHTOB CcaiiTa OMHOHYKJIEOTHUAHOTO IOJUMOP-
¢uama rena AQP5 (1364A/C, rs3759129) c ucxomamu cericuca (CETICHC-3, 2016) B 3aBUCUMOCTH OT BEPO-
SITHOTO IEPBUYHOTO oYara nHQeKIuH.

Marepuanibl ¥ MeToabl1. C IOMOIIIBIO TETPANpaiiMepHOi IoJIMMepa3HoM IeITHOM peaKIuy C IoCIeayIo-
el a/1eKTpodopeTHUecKoil BU3yanuaanueil IpoayKTOB IPOBeIeHO ajljlelb-crenudruyieckoe reHOTUIIN-
poBanue JIHK, BbiesieHHOUN 13 00pa3noB KPOBH 339 MAIUEHTOB OT/AEJeHUN peaHuMaIlii 1 THTEHCUBHOU
Tepanuu IByX JieueOHbIX YUPeKIeHUH.

PeaysbraThl. BeIsiB/IeHA TEHJEHIMA K IPEUMYIECTBEHHOMY BBIXKMBAHUIO TAIIMEHTOB C CEIICUCOM C r'e-
Hotunamu AQP5 «C+» (AC u CC) BHe 3aBUCUMOCTH OT UCTOUYHMKA UHPeKIuU (p>0,050). OgHAKO TOJIBKO B
rpyInie namnueHToB ¢ reHotTuniamMu AQP5 AC niu CC 1 abgoMUHa/IBHBIM cericucoM (Sepsis-3, 2016) 61710 BbI-

Anpec 119 KOPPECIIOHJeHIIHH: Correspondence to:
Bnagumup Murtpodanosud [Tucapes Vladimir M. Pisarev
E-mail: vpisarev@gmail.com E-mail: vpisarev@gmail.com
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SABJIEHO 3HAUYMTEJbHOE yBesanueHre 30-THEBHON BbIKMBAEMOCTH 110 CPABHEHUIO C TOMO3UTOTHBIMU TaIly-
eHTamu resoruna AQP5 AA (p=0,002).

3akiarouyenue. lHpopmaruBHasi 1IeHHOCTH BbIsABIeHUs reHOTuIoB CC umu AC AQP5 ayist mporHosa 30-
JMTHEBHOUM BHI’)KMBAEMOCTH 10 CPAaBHEHHIO C TOMO3UTOTHBIMY MAIlUEHTAMU C TEHOTUIIOM AA MO’KeT OBITh
BBIIIIE Y TAIIUEHTOB C a6JJOMUHATLHBIM CETICHCOM.

Karoueevte cnosa: nonumopgpusm 2enos; AQP5; rs3759129; cencuc; ab00OMUHANLHBLIL CENCUC; KpUmuyeckue
COCIMOSAHUSL

Summary

Aquaporins represent proteins contributed to water transport through cell membrane. They are involved
in formation and resolution of edema, cell migration and inflammatory reaction. There are only few studies
linking the genetic polymorphism of aquaporin 5 (rs3759129 AQP5) and sepsis. At the same time, the apparent
heterogeneity of patients along the foci of infection may limit finding the most significant association of AQP5
genotypes with the course of infectious complications of critical conditions and restrict further development
of rs3759129 AQP5 as a potentially strong marker of sepsis outcome.

The purpose of the study was to determine whether the preferential localization of the infection affects
the prognostic value of the genetic marker AQP5 (1364A/C, rs3759129) in outcome prediction in sepsis (SEP-
SIS-3, 2016) patients.

Materials and methods. Study groups (n=339) included ICU patients with abdominal sepsis (AS, including
pancreatitits, peritonitis, cholecystitis, appendicitis; n=94) sepsis patients with other sources of infections
(n=65) and ICU patients without sepsis (n=180). AQP5 polymorphism was studied by analyzing PCR products
in a 2% agarose gel using a AQP5 1364A/C specific tetra primer set.

Result. Distribution of alleles (A and C) and genotypes (AA, AC and CC) AQP5 1364A/C in patients with
sepsis or sepsis subgroups (sepsis with no septic shock and sepsis shock patients) versus control group (healthy
volunteers) did not differ. Although there was a trend to preferential survival of sepsis patients with genotype
C AQP5 despite the source of infection, only patients with AQP5 CC or AC genotype and abdominal sepsis
(Sepsis-3), or a subgroup of the same AQP5 genotype experiencing septic shock, demonstrated increased 30-
day survival versus AA homozygotic patients (P=0.002).

Conclusion. The informative value of detecting the AQP5 CC or AC genotype for prognosis of 30-day sur-
vival versus AA homozygotic patients is most significant only in abdominal sepsis patients.

Keywords: SNP; genetic polymorphism; AQP5; aquaporins; sepsis; critical illness
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BBenenune

Cericuc ABJAETCS PACIPOCTPAHEHHBIM KPU-
TUYECKUM COCTOSIHMEM, BHOCSAIIUM HauboJee
3HAYUTEbHBIN BKJIAJ B JIETAJILHOCTH B OTJleJIe-
HUAX WHTEHCUBHOM Tepanmuu B JIO00H cTpaHe
mupa [1-3]. PagBuTue cercrca cConpoBOKIaeTCsA
KacKaJoM U3MeHeHUIl B crucTeMax BOclajleHus,
KOAryJIsAIuu 1 (pUOPUHOJIN3a, PA3BUBAIOIINXCS C
NOCJIEAYOIUMY HAPYIIIEeHUAMUA MUKPOLIUPKYJISA-
oI 1 TKaHEeBOU OKCUTreHalnuu, padaBUTUEM MUTO-
XOHJIpUaJbHON AMCHYHKINN U MeTabOoTNIeCKUX
pacctpoiicTs [4, 5]. CymiecTBeHHAS POJIb B PETYIISI-
OUU BOCHAJIEHMs], BKJIOYasl pa3BUTHE OTEKa U
HaKOILJICHUE KJIETOK B o4arax BOCHaJICHUs, IIPU-
Ha/JIeKUT OesikaM KJEeTOYHOW MeMOpaHbl —
akBarnopunaM (AQP), perynupyromuym TpaHCMeM-
OpaHHBIN TPAHCIOPT BOABI B TKAHSX. B cBsA3M C
pOJIBIO OAHOI0 U3 aKkBartopuHoB — AQP5 B pasBu-
THUU OTEKOB U BOCHAJUTEJbHBIX peakuuii [6], a
TaKsKe MUTPAIlUU KIE€TOK UMMYHHOMN CUCTEeMBI [7],
MoJsiekyJIbl AQP5 06/1a1al0T MTOTEHIIHAIOM CJTY-
JKUTh B KadeCTBE ITaTOT'eHEeTHUYECKHU 3HAYMMBbIX
MapKepoB TeUYeHUsI U UCX0Ha cercuca [8].

[TanmeHTHI C CENCUCOM TPECTABJIISIIOT COO0M
JIOCTaTO4YHO IreTEPOTeHHYIO I'PYyIIy, U UHAWBHUIya-

Introduction

Sepsis is a common critical illness largely con-
tributing to mortality in intensive care units world-
wide [1-3]. Sepsis is accompanied by a series of
changes in the inflammation, coagulation, and fibri-
nolysis systems with associated microcirculation and
tissue oxygenation disorders, mitochondrial dys-
function, and metabolic disturbances [4, 5]. Cell
membrane proteins, aquaporins (AQP), which regu-
late the transmembrane water transport in tissues,
play key role in the control of inflammation. One of
aquaporins, AQP5, is essential for the development
of edema and inflammatory reactions [6] including
migration of immune cells [7]. Therefore, AQP5 mol-
ecules may serve as pathogenically significant mark-
ers of the course and outcome of sepsis [8].

Patients with sepsis are a rather heteroge-
neous group, and personalized approaches using
comprehensive high-tech treatment strategies of
sepsis remain the challenges that has not yet been
sufficiently addressed [9]. This heterogeneity of pa-
tients with sepsis may be caused by both variety of
mechanisms leading to the same clinically abnor-
mal condition in different patients, and genetic
variability of key components of such mecha-
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JIM3aIA TTOAXO0I0B C MCHOJIb30BAaHNEM COBPEMEH-
HbBIX BBICOKOTEXHOJIOTUYHBIX METOHAO0B JieueHUs
cercuca NIpeacTaBjseT ONHY U3 COBPEMEHHBIX
3a7a4, peaJin3yeMbIX II0OKa HegocTaTouHo [9]. I1pu-
YMHBI TeTePOreHHOCTU MAaIeHTOB C CEeNCHUCOM
MOTYT JIeSKaTh KaK B Pa3HOO0OPa3ny MEXaHN3MOB,
MIPUBOIAININX K PA3BUTHIO CXOJHOTO MATOJI0THAYE-
CKOTI'0 COCTOSIHMA y pa3HbIX ITAlUEHTOB, TaK U B
00J1aCTH TeHETUYECKOW BaprabeTbHOCTH KJIIoUe-
BbIX KOMIIOHEHTOB TaKHX MexaHu3moB [10, 11].
OnmanM 13 HanboJIee PacIpoCTPAaHEHHBIX METOIOB
W3y4YeHUsI TeHEeTHYeCKOoN  BapuabesbHOCTH
ABJAETCA MCCJAeNOBaHUE OFHOHYKJICOTHUIHOIO
nosuMopduama (SNP single nucleotide polymor-
phisms), ocHoOBaHHOrO Ha CyIIeCTBOBAaHUM B
MONYJ/IALINY aJ/lJIeJIbHbIX BADUAHTOB OJHOT'O U TOTO
JKe FeHa, OTVIMYAIOIIUXCA TOJNBKO 110 OHOMY HYK-
JIEOTHULy B OJHOM M TOM K€ y4aCTKe XpOMOCOMBI.
CyI11eCTBYIOT JIUIIIb AMHUYHbBIE pAOOTHI, BLIIBUB-
I11e ACCOIMAITNIO0 TEHETUYECKOTO MoJIMMopdr3mMa
AQP5 c TeueHreM U ucxomamu cercuca [12, 13]. Tax,
Adamzik et al. mokasaJu, YTo DalMeHTbl TEHOTUIIOB
ACu CC -1364 A/C AQP5 cerncrucom UJjm OCTPbIM
pecnupaToOpHbIM NUCTPECC-CUHAPOMOM BBIKU-
BAIOT Yallle II0 CPaBHEHUIO C HOCUTEJISIMA aJIbTepP-
HaTUBHOTO reHotua [13, 14]. UHTepecHo, 4To caiiT
OJTHOHYKJIEOTUTHOU 3aMeHbI -1364 A/C (rs3759129)
B IIPOMOTOpPE TeHa akBaropuHa-5 (AQP5) onpene-
JisgeT ypoOBeHb aKcnpeccun AQPS: B KyIeTKax Iau-
eHTOB reHoTuna AQP5 AA sKCIIpeccHsI 3TOTo OeJTKa
BBIIIIE, YEM B KJIETKAX HOCUTEJIEN aJIbTepHATUBHBIX
reHoTunos [15]. IIpu aTOM yCTaHOBUJIU. UTO JAH-
Hble reHeTHYeCKUe BApUAHThI OHOHYKJIEOTUTHON
3aMeHbl 10-pa3HOMY aCCOLMUPYIOTCA C KOHTPO-
JIeM TaKWX NaTOTeHeTUYEeCKN 3HAYMMBIX [IJIs1 pas-
BUTHUS CeIICHMCA IMPOIeCCOB, KAaK aKTUBHOCTH
PEeHVH-aHTUOTEH3NHOBOW CUCTEMbBI U MUTPAIUs
KJIETOK UMMYHHOU cuCTeMBI [7, 16]. BMmecTe ¢ TeMm,
3KCIepUMeHTaJbHbIE TaHHbIE HA TPDAHCTE€HHBIX IT0
AQP5 yejioBeKa MbIIIax MOKa3aJld HEOJHO3HAU-
HOCTb CBSI3U TE€HETUYECKHU JTeTepMHUPOBAHHOTO
YPOBHA aKcupeccun AQP5 U naToreHeTu4eCcKux
MeXaHN3MOB, UMEIOIIUX IIOTeHI[aJIbHOE OTHOIIIe-
HHEe K Pa3BUTUIO SKU3HEYTPOKAIIINX HMH(PEK-
IIMOHHBIX OCJIOYKHEHUH KPUTUYECKUX COCTOSTHUHN
NpU TEPBUYHOM HCTOYHHKE WH(EKIIUU B Jier-
KUX [17]. B KIIMHUKe 3HAUUMOCTD CBsI3U (DyHKIIUO-
HAJBLHOTO OJUMOpP(dU3Ma B 006J1aCTH IIPOMOTOPA
-1364 A/C AQP5 (rs3759129) 1 IepBUYHOTO UCTOY-
HUKa UHQEKIIUA JJIs1 TPOTHO3a CeTrcuca ocTaBa-
J1ach HEHCCJIeIOBAaHHOM.

Ilenp uccenoBaHus — BbISIBJIEHHE CBSI3U
TeHOTHUIIOB OJHOHYKJIEOTUIHOM 3aMeHbI -1364 A/C
AQP5 c ucxo1laMHu Cercrca B 3aBUCUMOCTH OT Nep-
BHYHOT'O UCTOYHUKA UH(QEKITUU.

MarepuaJ 1 MeToabI

Ju3aitl uccienoBaHus. [IpoBeieHO 00cepBaIioH-
HO€e, MHOTOIIEHTPOBOE, IMPOCIEKTUBHOE, BEIDOPOYHOE,

nisms [10, 11]. One of the most common methods
of studying genetic variability is the analysis of sin-
gle nucleotide polymorphisms (SNP) based on the
parallel existence of several allelic variants of the
same gene differing only by one nucleotide in the
population. There are only few publications reveal-
ing association of genetic polymorphism AQP5
with the course and outcome of sepsis [12, 13]. For
example, Adamzik et al. have shown that patients
with genotypes AC and CC-1364 A/C AQP5 and sep-
sis or acute respiratory distress syndrome survive
more often than those with an alternative geno-
type [13, 14]. Notably, the site of single-nucleotide
polymorphism of -1364 A/C (rs3759129) in the pro-
moter of the aquaporine-5 gene (AQP5) determines
the level of AQP5 expression: in cells of AQP5 AA
genotype patients, the expression of this protein is
higher than in cells of alternative genotypes carri-
ers [15]. At the same time, these genetic variants of
single-nucleotide polymorphism were found to be
associated in different ways with the control of
renin-angiotensin system activity and migration of
immune system cells, both playing a key role in sep-
sis development [7, 16]. Meanwhile, experimental
data on AQP5 transgenic mice have shown incon-
sistent association between the genetically deter-
mined level of AQP5 expression and pathogenetic
mechanisms potentially relevant to the develop-
ment of life-threatening infection complications in
critically ill patients with primary source of infec-
tion in the lungs [17]. No studies have been per-
formed so far to find out if the prognostic value of
linking sepsis outcome and functional polymor-
phism in the promoter area -1364 A/C AQP5
(rs3759129) depends on the primary source of in-
fection in sepsis patients.

The aim of the study was to identify the rela-
tionship between the genotypes of single-nu-
cleotide polymorphism of -1364 A/C AQP5 and the
outcome of sepsis depending on the primary
source of infection.

Materials and Methods

The study design. It was an observational, multi-
centre, prospective, selective, uncontrolled genetic study
based on two clinical hospitals. The study included pa-
tients of ICU (n=339) in whom genetic single-nucleotide
polymorphism -1364 A/C of the promoter region of the
AQP5 gene (rs3759129) was evaluated. Depending on the
detection of sepsis signs (according to the consensus def-
inition SEPSIS-3, 2016) and the primary source of infec-
tion, patients were divided into groups (group 1 and
group 2, depending on the presence of sepsis) and sub-
groups (depending on the primary focus of infection as
well as the duration of hospitalization). A group of appar-
ently healthy volunteers (n=100) living in Moscow was
used as a population control.

Eligibility criteria.

Inclusion criteria. Inclusion criteria for the first
group (n=180) were:

www.reanimatology.com
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HEKOHTPOJIIPyeMO€e TeHETH4YeCKOe HCCIefoBaHue Ha
0ase IBYX KJIMHMYECKUX OOJBHUIL. B mcciemoBaHme
o nmanueHTbl OPUT (7=339), y KOTOPBIX OBLT OIpe-
JleJIeH TeHeTU4YeCKUuil OJHOHYKJIEOTUIHBIM I0JHUMOp-
¢usm -1364 A/C mpomoropHOi 30HBI TreHa AQP5
(rs3759129). B 3aBUCUMOCTH OT BBISABJICHUA IPU3HAKOB
cercuca (CorIacHO KOHCeHCycHOMYy onpepesiennio CEII-
CHC-3, 2016) 1 IEpBUYHOTO MCTOYHUKA MH(EKIINH, T1a-
IIMEHTOB IOIPa3/IeJIAJIM Ha I'PyIIb] (TpyIra 1 v rpynmna 2,
B 3aBUCUMOCTH OT HAJIMYHSI CETICHCa) U ITOATPYIIIHI (B 3a-
BHCHUMOCTH OT IIEPBUYHOT0 OYara MH(QEKIUH, a TAKKE OT
JUIATeJIbHOCTY TOCIIUTAIN3AMN). B KauecTBe momys-
I[IMOHHOTO KOHTPOJISI UCIIOJIb30BAJIM I'PYIIY YCJIOBHO-
3JI0POBBIX JOHOPOB (17=100) MOCKOBCKOH MOITYJISIIIAM.

Kpurtepun coorBeTCTBHA.

Kpumepuu ekaiouenus. Kputepun BRIIOYEHUS B
nepsylo rpyniy (n=180):

— Bo3pacT or 19 1o 91 roga,

— IJUTeJbHOCTh HaxokaeHusa B OPUT or 2 u
6oJIee CyTOK,

— TPUHAAJIEKHOCTh K €BPOIEOUITHON TTOMYJIsi-
1y (Opoc, BHENITHYE TPU3HAKU),

— otcyrcTBHe cencuca no kpurepusiM CEIICHC-3,
2016 [18] B TeueHMe BCero CpoKa rociuTaJIN3aluu.

Kpurepun BRIIOYEHNUA BO BTOPYIO rpymy (n=159):

— Bo3dpacT or 19 1o 91 roga,

— IJUTEeJbHOCTh HaxokaeHusa B OPUT or 2 u
6oJIee CyTOK,

— TPUHAAJIEKHOCTh K €BPOIEOUITHON TTOMYJIsi-
1y (OpoC, BHENITHYE ITPU3HAKU),

— Pa3BUBIIUICA B TeYeHHE TOCHUTAIU3AINU
CeICuc (B COOTBETCTBUHU € Kputepusamu SEPSIS-3) [18].

Kpumepuu ucknrouenus. KpATepusAMEI UCKIII0YE-
HUA ABJIAJINCE!

— IJINTEJIbHOCTh FOCIIATAIN3AINNA MeHee, YeM
JIBOE CyTOK,

— XpOHHYECKass MHTOKCHUKAIUs Ipenaparamu
OMMMOUIHOTO ¥ OIIMATHOTO PANOB,  IICUXOCTUMYJIATO-
pamu, ceJaTUBHO-CHOTBOPHBIMH BEIIIECTBAMH,

— WMeIOIIHecs TaHHbIE O BO3[IEHCTBUH BPEJHBIX
¢axTOpOB OKpYy:RaIOIIEN cpeabl (DeH30J1, PTYTH U 1IP.),

— JIEKapCTBEHHAas NMMYHOCYIIPECCUA (II0 aHaM-
HECTUYECKUM JAHHBIM, UMEIOIelcs MeUITUHCKON 0~
KyMEHTalluu),

— HaJW4YMe B MPOIJIOM WJIN BbISIBJIEHHBIX IIPU
TOCTIUTAIN3AINY MH(MEKITUH, BEI3BBAHHBIX BO30YyIUTE-
asamu CITN]], BUpyCHBIX rellaTUTOB, MEHUHTUTA, CU(U-
Jmca.

YcaoBusa npoBeeHNA HccaegoBaHusA. B padore
ncciaenoBaau nanueHToB OPUT ropoackoit kanHU4e-
cko#l 6ospHUIBI UM. B. M. ByaHoBa JlemapTameHTa
3IpaBOOXpaHeHus1 I. MOCKBBI 1 PelepaIbHOTO HAyYHO-
KJIMTHUYECKOTO I[eHTPa PeaHUMAaTOJIOTHH U PeabUTNTO-
Jioru MUHHUCTEPCTBA HAYKU U BBICIIIETO 0Opa30BaHMUS.
Bcem manyenTam, noctynusmnM B OPUT, okaseiBanu
MEIUIIMHCKYIO IIOMOIIIb B COOTBETCTBHUU C TPUHATHIMU
IPOTOKOJIaMU JIeYeHUsI, pPeKOMEeHIOBaHHBIMUA MUH3-
pasoMm P®. VccienoBanue NPOBENEHO B COOTBETCTBAMN
¢ XeJTbCUHKCKOU JleK/apanuu BceMupHOT MeTUIINH-
ckoit accormuaruu (BMA) 006 3TUUYECKHX TMPHUHITHIIAX
NIPOBefleHuUsI UCCJIeJOBAHUM C yJacTHeM YesloBeKa B Ka-
JecTBe CyObeKTa, JeKJTapupPOBAHHBIX Ha 64-011 [eHe-
panbHOI accambiiee BMA, @oprasnesa, bpasuius, 2013
u pemrenueM Jtrdeckoro komurera @HKII PP (mporo-
Ko Ne B 2.2.18 0T 20.12.2018 1)

— age between 19 and 91 years,

— duration of stay in ICU two and more days,

— Caucasian race (defined by survey and appear-
ance),

— no sepsis according to SEPSIS-3, 2016 [18] dur-
ing the whole period of hospitalization.

Inclusion criteria for the second group (1n=159):

— age between 19 and 91 years,

— duration of stay in ICU two and more days,

— Caucasian race (defined by survey and appear-
ance),

— sepsis developed during hospitalization (ac-
cording to SEPSIS-3 criteria) [18].

Exclusion criteria. The exclusion criteria were:

— the duration of hospitalization less than two
days,

— Chronic intoxication by opiate and opiate-like
drugs, stimulants, sedatives,

— available data on the environmental hazards ex-
posure (benzene, mercury, etc.),

— medical immune suppression (based on history
data and available medical documentation),

— previous or present infectious conditions such
as AIDS, viral hepatitis, meningitis, syphilis.

Terms and conditions of the study. The patients
hospitalized in the ICU of City Clinical Hospital named
after V. M. Buyanov of the Moscow Department of Health-
care and the Federal Research and Clinical Centre of Crit-
ical Care medicine and Rehabilitology of the Ministry of
Science and Higher Education participated in the study.
All patients admitted to ICU were treated according to
the treatment protocols recommended by the Ministry
of Health of the Russian Federation. The study was con-
ducted in accordance with the Helsinki Declaration of
the World Medical Association (WMA) on Ethical Princi-
ples for Research Involving Human Subjects proclaimed
at the 64th General Assembly of the WMA, Fortaleza,
Brazil, 2013, and the decision of the Ethics Committee of
the Federal Research and Clinical Centre of Critical Care
and Rehabilitology (Protocol No. B 2.2.18 of 20.12.2018).

Duration of study. The study was conducted in
2018-2019. The average duration of hospital stay of pa-
tients was 15 days+15.2.

Description of medical intervention. Venous
blood was taken for molecular test in 5 ml EDTA tubes
(Vacuette, Austria).

The main outcome of the study. The main out-
come of the study was the 30-day survival rate of patients.
The contribution of single-nucleotide polymorphism
AQP5 rs3759129 to 30-day survival rate of ICU patients
was assessed.

Analysis in subgroups. Patients with sepsis were di-
vided into two subgroups depending on the suspected
primary focus of sepsis (in the abdominal cavity, abdom-
inal sepsis, or non-abdominal sepsis). Furthermore, a
subgroup of patients with abdominal sepsis was divided
into second order subgroups depending on the length of
hospitalization: 1) 2-10 days, and 2) 11 days or more.

Outcome registration. A group of ICU patients was
studied (aged 19 to 91 years, mean age — 59.8+16.4
years). Sepsis and septic shock in patients were diag-
nosed according to the international consensus panel
guidelines SEPSIS-3 (2016). DNA for genotyping was ex-
tracted from whole blood using Diatom DNA Prep 200
kits, according to the enclosed instructions (Isogen Lab,
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IIpogosskuTeILHOCTD HCCaeg0BaHus. lccieno-
BaHMWe IpoBoauJIOCh B 2018-2019 rony. CpenHasa aju-
TeJIbHOCTH NTpeObIBaHNe NAIMeHTOB B CTAalFIOHape Co-
craBuJsa 15 cyrok+15,2.

Onucanue MeAUIIMHCKOrO BMellaTe/bCTBA.
3ab0p BEHO3HOM KPOBH JJIsI MOJIEKYISIPHO-OH0JI0T Y e-
CKOT0 FICCJIEZIOBAHMS OCYIIIECTBJISIN B IPOOMPKH 00'be-
MoM 5 M1 ¢ IITA mponsBoACcTBa KOMIIAHUM Vacuette
(ABcTpus). B pAxe caydaes 1A FeHOTUIIMPOBAHUA UC-
TI0JIb30BAJIA OCTAaTKH KPOBH, 3a0paHHbIE B IPOOUPKI C
9TA, npenHa3Ha4YeHHbIe [JIs1 IPOBEJeHUA MeqULIH-
CKUX aHAJIM30B 110 MeAUIIMHCKUM IIOKa3aHUsIM.

OcHOBHOI1 Hcxof ucciiegoBaHusA. OCHOBHBIM HC-
XOJIOM HCCJIeloBaHus sBJIsAIach 30-1HEBHAsA BbIsKUBae-
MOCTH HAIlMeHTOB. B pabore oreHNBaJIN BKJIA]] OHO-
HYKJIEOTUAHOro mosmmopduama AQP5 rs3759129 B
30-1HEeBHYIO BBDKMBAEeMOCTh anueHToB OPUT.

Ananau3 B nmoarpynmax. [lanyeHTs! ¢ cencucom
OBLIH pas/iesIeHbI Ha JBe MO PYIIIEI B 3aBICHMOCTH OT
TIpeJIIoJIaraeMoro IIepBUYHOTO OYara cercuca (B abmo-
MWHAJbHON I0JIOCTH — a6JOMIHAJIBHBIHN CETICHUC, U
oyar MH(MEKIUN WUHOU JIOKAJIU3aluu — HeabIoMu-
HaJBHBIH cercuc. Jlasee, MOATPYIIY NAIUEHTOB C ab-
JOMUHAJIbHBIM CEIICUCOM JOIIOJHUTEIbHO pa3iessaain
Ha MNOATPYIIIBI BTOPOIrO IOPsJKa B 3aBUCUMOCTU OT
MIPOJIO/IKUTETbHOCTU TocuTanuidanuu: 1) 2—-10 qHel,
u 2) 11 gueit u 6oJiee.

MeToap!l perucrpaniu HCXOA0B. liccienoBaiu
rpynmy nanupentoB OPUT (B Bospacrte ot 19 mo 91 roga,
cpenuuii Bo3pact — 59,8+16,4 roma. Cernicuc u cenrtuye-
CKUU IIOK y NalleHTOB OIIpefessAIi B COOTBETCTBUU C
peKOMeHJauUsAMHI MeKIYHApOAHOU KOHCEHCYCHOH I1a-
Hesm uccaenonareseit SEPSIS-3 (2016). JTHK nyis renotu-
NUPOBAHUA BBIIEJIAIN U3 1eJIbHOU KPOBU C IIOMOIIIBIO
HabopoB Diatom DNA Prep 200, comracHO pujaraeMoi
uHCcTpyKImu (OO0 «JIabopatopus Mi3oren», Poccust). C
IIOMOINBI0 IMyOJMYHO JOCTYIHBIX J[JAaHHBIX caiiTa
NCBI [http://www.ncbi.nlm.nih.gov/projects/SNP] 66111
NpoaHaIu3uPOBaHbl [10C/IeJ0BATeIbHOCTA HYKJIEOTHI0B
B cocTase reHa AQP5 yesi0BeKa U CUHTE3UPOBaHbI IIpaii-
Mepbl 1151 FeHOTUIINPOBAHUSA a/IJIJIEbHBIX BADUAHTOB A 1
C npomoTopHo# obstacté reHa AQP5 1s3759129:

1. TIpsamotii BHemHMH (F) —

5"-CTCCAGCCTCGTTCTCCACATG — 37,

2. O6parsbrii BHemHUH (R;) —

5°- CTTGATCTCTCTCCCCTCGA — 37,
3. Ilpsamoii BHyTpenuuii (F,) —
5"-GACAGAGAGACTAAGACAGCAAC -37,
4. ObOparsblii BHyTpeHHUH (R,) —
5 -CTGTTTTTCCTTCCTGCCTIT 3°.

lenorunuposanue [IHK mpoBoau/v ¢ HOMONIIBIO
TeTpanpaiiMepHOU IIOJIMMepa3HOU IeMHON peaknuu
(TTLIP) [19]. TTpuHIMT MeTO/AA CJIEAYIONINIA: C TOMOIIBIO
JIBYyX Iap IpaliiMepoB B OJHOHM NMPOOHWpPKE OTHOBpE-
MeHHO amnaudunupyior ¢pparments! JHK, coorBet-
CTBYIOIIIIE 000MM aJIJIesIsIM — MyTaHTHOMY 1 HOpMaJTh-
HOMY. AJulesb-cienu(puUHble aMIIJIMKOHBl WMMeEIOT
pasHble JJUHBI U ONpPEeessIlOTCS C IIOMOIIBIO Teslb-
asiekTpodopesa. Astenb-cruernududeckyo [P mposo-
JHAJIA B IporpaMMupyemMoM tepmocrare GenAmp 9700
(Applied Biosystems, CIIIA). McnoJsib30Baju CJaegylo-
mui peskuM nocrasosku I11P: T, -95°C, 30 cek, T, —
61,9°C, 30 cek (32 nukia) T; - 72°C c mocsenyoniei npo-
JloHrauuei npu 72°C B TeueHun 7 MUHYT. [IpOIyKTHI aM-
nudUKaIuy pasnesisiyiv ¢ IOMOIIBIO 3J1eKTpodopesa

Russia). Using publicly available data from the NCBI
website [http://www.ncbi.nlm.nih.gov/projects/SNP],
sequences of nucleotides in the human AQP5 gene were
analyzed and primers were synthesized for genotyping
the alley variants A and C of the promoter region of the
AQP5 gene rs3759129:
1. Forward external (F1) —
5"-CTCCAGCCTCGTTCTCCACATG — 37,
2. Reverse external (R1) —
5'-CTTGATCTCTCCCCTCGA — 3/,
3. Forward internal (F2) —
5'-GACAGAGAGACTAAGCAAC -3',
4. Reverse internal (R2) —
5'-CTGTTTCCTTCCTGCCTT 3'.

DNA genotyping was performed using tetra-primer
polymerase chain reaction (PCR) [19]. The principle of
the method is as follows: using two pairs of primers in
one tube, DNA fragments corresponding to both mutant
and normal alleles are amplified simultaneously. The al-
lele-specific amplicones have different lengths and are
detected with gel electrophoresis. Allele-specific PCR was
performed in a GenAmp 9700 programmable thermostat
(Applied Biosystems, USA). The following PCR modes
were used: T; — 95°C, 30 sec, T, — 61,9°C, 30 sec (32 cy-
cles), T;— 72°C with subsequent prolongation at 72°C for
7 minutes. Amplification products were separated by
electrophoresis in gel with 2% agarose followed by visu-
alization of results in the passing UV light (fig. 1).

The correlation of survival rates in patients from
different groups and subgroups with various variants of
genetic polymorphism AQP5 -1364 A/C was identified by
analysis and statistical calculations.

Statistical analysis methods. The testing of allele
frequencies distribution for compatibility with the
Hardy-Weinberg equilibrium was done using the y? test.
The study compared AQP5 AA homozygotes frequencies
with other genotypes in the patient groups. Correlation
of genotypes and diseases was characterized by odds
ratio (OR) and 95 percent confidence intervals. Statistical
processing was performed using GraphPad InStat
(GraphPad Software Inc., La Jolla, CA, USA). The distri-
bution of values in the samples was estimated using the
Kolmogorov-Smirnov criterion. In subsequent calcula-
tions for binary parameters, the exact Fisher method was
used. For quantitative parameters with normal distribu-
tion, the Student t criterion was used and the mean and
the error of the mean were calculated. Differences be-
tween groups with P<0.05 were considered significant.

Results and Discussion

The clinical characteristics of the groups are
presented in tables 1 and 2. The groups (#=339) in-
cluded ICU patients without sepsis (n=180), with
abdominal sepsis (pancreatitis, peritonitis, chole-
cystitis, and appendicitis; n=94, table 1), and pa-
tients with sepsis with other sources of infection
(n=65, table 2). Apparently healthy volunteers
served as a control group (n=100).

The distribution of genotypes among all ICU
patients is shown in fig. 2. As seen from the figure,
the frequencies of genotypes were: AA — 74%, AC
— 24%, CC — 2% (n=339, P=0.532), which was
compatible with Hardy-Weinberg equilibrium. The
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B reJie ¢ 2% araposbl C IIoC/eAyIoleld Busyaausanuen
pesyasTaToB B npoxogsamem YP-csere (puc. 1).

CBs13b BBDKUBAEMOCTH ITAIJMEHTOB PA3HBIX I'PYIIIT
Y IIOATPYILI C TeM UJIA UHBIM BAPUAHTOB FeHeTUYeCKOIo
noauMopdusma AQP5-1364 A/C ycTraHaBJIMBaIU ITyTeM
aHa/IM3a U CTaTUCTUYECKUX PACYeTOB.

CraTHcTHYeCKUH aHATIH3. MeTo/bI CTaTuCTHYe-
CKOT'0 aHa/IM3a JaHHbIX: PacnpenesneHue 4acToT anme-
JIel Ha COOTBETCTBHE 3aKOHY Xapau-BaitHbepra mpose-
pAax € 1ToMompblo Tecta X2 B wumcciaemoBanum
CpaBHUBAJIM 4aCTOTHI TOMO3UTOT AQP5 AA c ocTanb-
HBIMH T€HOTHIIaMH B TPyIIax 00/1bHBIX. CTEIeHb acco-
Al TEeHOTUTIOB U 3a00JIeBaHUI XapaKTepu30BaIu
C IIOMOLIBIO II0Ka3areJss OTHOLIeHUs HIaHcoB (odds
ratio, OR) u 95- npolieHTHBIE JOBEepUTEJIbHbIE HHTEP-
BaJsIbl. CTaTHCTUYECKYI0 06pabOTKY OCYIIECTBIIAIH TP
nomoiu nporpammsl GraphPad InStat (GraphPad Soft-
ware Inc., La Jolla, CA, USA). XapakTep pacripejiesieHusi
BEJIMYNH B BBIOOPKAX OIIPEJIEIAH C IIOMOIIBIO KPUTe-
pus Konmoroposa-CmupHoBa. B nocnenymomux pacye-
Tax 1711 OMHAPHBIX IOKa3aTesell IPUMEeHJIN TOYHBIH
merton umepa (TM®). [y KOIMYEeCTBEHHBIX ITIOKA3a-
TeJslel B CJIy4asx ¢ HOPMaJIbHBIM paclpefiesieHueM Be-
JINYMH UCII0JIb30BAIN KpuTepuil  CThIOJEHTa, paccuu-
TbIBasg cpepHee 3HadeHue (M) U craHgapTHOe
OTKJIOHEeHUE (0). I0CTOBEpHBIMYU CYUTAJN PA3JININAA
MesKIy IpyImamMu npu sHavennu p<0,05.

Pe3ysnbrarhl U 00Cy:K/A€HHE

KimHnyeckas xapakTepuCTHAKa TPy IIpef -
craBJjieHa B TabJ1. 1 u 2. T'pymmbl (n=339) BR/IIOYaIHN
namuenToB OPUT 6e3 cencuca (71=180), c abmomMu-
HaJbHBIM CENCUCOM (ITaHKPeaTHUT, NMepPUTOHUT,
XOJIEIIMCTHUT, alllleHauIIT; =94, TabJ1. 1) 1 mamu-
€HTOB C CEeIICHCOM, HO C APYTUMHU NUCTOYHUKAMU
uH@eKrnui (n=65, TabJ1. 2). B KauecTBe KOHTPOJIb-
HOU rpynibl UCHOJb30BAIN YCJIOBHO-3J0POBBIX
nmobpoBobIeB (1=100).

Pacrnipenesnenyie reHOTUIIOB Cpey BCEX Malu-
enTtoB OPUT npencrasaeno Ha puc. 2. Kak BUgHO
W3 PUCYHKA, YaCTOThI TEHOTUIIOB COCTAaBUJIN: AA —
74%, AC — 24%, CC — 2% (n=339, p=0,532), uto
COOTBETCTBOBAJIO 3aKOHY Xapau-Batinbepra. Pac-
MpeJiesIeHNsI YaCTOT TeHOTUIIOB CPEeU MTAllieHTOB
JIOCTOBEPHO HE OTJINYAJIUCh OT TAKOBBIX B KOHT-
POJIBHO¥ I'PYTITIE YCIOBHO-3T0POBBIX JOOPOBOJIH-
meB (AA — 70%, AC — 26%, CC — 4%, n=100,
p=0,431). BesinunHa p ykasbIBaeT Ha COOTBETCTBUE
3akoHy Xapau—BaitnGepra.

PacnpepnesieHns 4acTOT reHOTUIIOB B IpyIIIIe
HanMueHTOB C CENCUCOM cocTaBuJnu: AA — 73,7%,
AC —23,7%, CC — 2,6%, 4TO TaK>Kke COOTBETCTBO-
BaJIo 3akoHy Xapau-Baitn6epra (p=0,657, n=159)
U IOCTOBEPHO He OTJINYAJIUCH OT paclpeiesIeHus
cpenu 340POBBIX JOHOPOB (pHUc. 2).

Cpenu nmareHToB 6e3 cercrca u3 HocuTeJei
resorumna AQP5 AA Bepkuium — 121, ymepiu — 13,
cpenu HocuTesei renotunoB AQP5 AC u CC — 42
U 4, coorBeTcTBeHHO (n=180, p=0,9113, Xu-kBaj-
pat, puc. 3, a). Takum obpasom, IOKasaTeJn
JIETAJIbHOCTU B IpyIIle NAalMeHTOB Pas3J/IMYHbIX

K 565b.p. e

A362bp.
C 247 b.p.

Puc. 1. duexkrpodoperpaMma NpoAyKTOB aMIIU(DUKAIHU
AQP51s3759129.

Fig. 1. AQP5 rs3759129 amplification product electrophore-
gram.

Note. K — amplification control, 565 np; A — allele A, 362 np;
C — allele C, 247 np.

IIpumeuanne. K — KOHTpOJIb aMIuIH(pUKanmy, 565 .H.; A —
ayiennb A, 362 m.H.; C — aniens C, 247 n.H.

TaGunna 1. XapakTepucTHKA HO30JIOTHYECKOI CTPYK-
TYpPHI IPYNIbBI MAIHEHTOB € A0JTOMHHAJIbHBIM CETICH-
coMm, n=94 (M+o).

Table 1. Parameters of group of patients with abdomi-
nal sepsis, n=94 (M+0).

Parameters Value
Age, years 58.6+14.8
Sex

Male, n 52

Female, n 42
APACHE II on admission, score 14.8+5.9
SOFA on admission, score 3.6+2.3
Hospital stay, day 16.4+17.3
Lung ventilation duration, day 7.3+12.4
ICU stay, day 8.7+7.8
Pancreatic necrosis, pancreatitis, n 12
Peritonitis, n 22
Cholecystitis, cholangitis, biliary tract stones, n 11
Neoplastic diseases*, n 4
Appendicitis, n 24
Pyelonephritis, n 3
Mesenteric thrombosis, n 6
Other**, n 12

Note. * — sigmoid cancer, pancreatic cancer, gastric cancer,
lung carcinoma with metastatic pleural effusion. ** — caecal
perforation, sigmoid volvulus, renal cyst rupture, small bowel
necrosis, spontaneous esophageal rupture, abdominal is-
chemic syndrome, colonic polyp, peptic ulcer disease.
IIpumeuanwue. [{asa tabsu. 1, 2: Parameters — napaMmeTpsl;
Value — 3navyeHnune; Age — Bo3pacrt; Sex — 1oJi; Male — My k-
ynHbl; Female — skeHIUHBI; on admission — npu mocrymie-
Huy; Hospital stay — qyinTe1bHOCTH IpeObIBaHUSA B OOJIb-
Huile; Lung ventilation duration — gmiurensHocts UBJIL; ICU
stay — guuTenbHOCTh npebbiBanusa B OPUT; pancreatic
necrosis, pancreatitis — maHKpeoHeKpo3, IaHKPeaTUT; Neo-
plastic diseases — oHKoJIOTMYecKye 3aboJieBaHus; other —
npyroe; Peritonitis — neputonut; cholecystitis, cholangitis,
biliary tract stones — X0JIEIUCTHUT, XOJAHTHUT, XOJI€T0X0JIH-
THas; appendicitis — annenauuT; pyelonephritis — nuesio-
Hedput; mesenteric thrombosis — Me3eHTepaIbHBIN TPOM-
003. * — pak CUTMOBUJHOM KHIIKH, MOJIKETYL0YHON
JKeJIe3bl, JKeJyIKa, PaK JIETKOI'0 C MeTacTaTUYeCKUM I1JIeB-
puToM. ** — nepgopanus KymnoJia caenoil KUIIKu, 3aBOPOT
CUTMOBUJHOW KMIIIKY, PA3PbIB KUCTHI IOYKU, HEKPO3 TOH-
KOH KMIIIKY, CHOHTAaHHBIA Pa3pbIB UIEBOA, abJOMUHAJIb-
HBIHM UIIEMUYECKHUI CUHAPOM, TOJTUI CJIETIOH KUIITKH, sI3BEH-
Hasi 60JIe3Hb.

GENERAL REANIMATOLOGY, 2020, 16; 3

www.reanimatology.com



22

DOI: 10.15360/1813-9779-2020-3-16-33

Clinical Studies and Practice

|
1 all patients, n=339 Tabauia 2. XapakTepucTHKa Hocgo.nornqecxou CTpYyK-
B TYpbI IPYNIbI HAIMEHTOB C Hea0JOMHUHAIBHBIM Cell-
* H. 2 sepsis, n=159 cyicoM, 1=65 ( £0).
e Table 2. Parameters of group of patients with sepsis due
80 | 4 healthy volunteers, n=100 to non-abdominal causes, n=65 (M+0).
Parameters Value
60 Age, years 62+18.3
Sex
Male, n 35
40 | 0 Female, n 30
4 APACHE II on admission, score 14.6+5.4
20 e ) 3 SOFA on admission, score 3.6+2.1
L ! 2 Hospital stay, day 19.8+8.4
[ ) 1 Lung ventilation duration, day 11.7+19.2
01 ‘ ICU stay, day 19.4+28.3
AA AC cc Pneumonia, n 18
Trauma, n 6
Puc. 2. Pacnipesiesienne Bcex nanuenTos OPUT (1), manuen- Stroke, 1 11
TOB C CENICHCOM (2) M TOJBKO C A0JJOMHHATBHBIM CETICHCOM Hypoxic brain injury, 7 1
(3) mo yacToTam reHOTHIIOB 110 CPABHEHHIO C KOHTPOJIBHOMH Neoplastic diseases*, n 7
TPYNnoii 310POBEIX IOHOPOE (4). Cardiovascular diseases, n 6
Fig. 2. Distribution of all ICU patients (1), patients with sepsis  Non-viral hepatits, 7 5
(2) and patients with abdominal sepsis (3) by frequency of  Pancreatic necrosis, pancreatitis, 2 1

genotypes compared to the control group of healthy partici-
pants (4).

IIpumeuanue. All patients — Bce IalMeHThl; SEPSis — Cercuc;
abdominal sepsis — abgoMuHanbHbIH cencuc; healthy volun-
teers — yCJI0BHO-3[JOPOBBIE JOHOPBL.

reHoTunoB AQP5 6e3 cerncrca TpaKTUIECKH OfH-
HaKOBBI.

V 159 4YejioBeK HAIXeHTOB ObLJI JUArHOCIIH-
poBaH cencuc (CETICHC-3). Cpeny maiieHTOB C
cerncucoM u reHorurioM AQP5 AA BbDKUIU 53,
yMepJiu — 64, cpeii HocuTeJiel aIbTepHAaTUBHBIX
reHotTunos — 27 u 15, coorBeTCcTBEHHO (n=159,
p=0,053, OR= 2,174, Xu-kBaapar, puc. 3, b). Takum
006pa3oM, BIABJIEHA TEH/IEHIUS JIyUIIel BHIXKU-
BAaeMOCTH IIallUEHTOB C CENCHUCOM T€HOTHIIOB
AQP5 AC n CC 1o CpaBHEHHUIO C CEeNTUYEeCKUMU
narueHTaMu reHoruma AQP5 AA, oqHaKo pasjn-
4yus MesKIy IalyueHTaMU pa3HbIX TeHOTHUIIOB
OBLTM BCETO JIUIIH HA YPOBHE, OJIM3KOHN K Mapru-
HaJILHOM TOCTOBEPHOCTH.

Other**, n 4

Note. * — adrenal neoplasm, laryngeal neoplasm, glioblas-
toma, cervical cancer, lung carcinoma, craniopharyngioma.
** — gastritis, multiple sclerosis, peptic ulcer disease.
IIpumeuanue. * — HOBOOGPa30BaHUs HAIIOYEUYHUKOB, TOP-
TaHH, ITH00JIACTOMA, PAK IIEHKHU MaTKY, paK JIETKoro, Kpa-
HUO(MapUHTruoOMa. ** — racTpuUT, pacCessHHBIN CKJIEPO03, s3-
BeHHas 0oJie3aHb. Pneumonia — IHeBMOHHS; trauma —
TpaBMa; stroke — MHCYJIBT; hypoxic brain injury — runokcu-
4JecKue IOBpesKIeHne roJI0BHOro Mo3ra; cardiovascular dis-
eases — cepJIeuHO-COCYIUCTbIe 3abosieBanust; non-viral hep-
atitis — remaruT HeBUPYCHOM 9THOJIOTUH.

frequency distributions of genotypes among pa-
tients did not differ significantly from those in the
control group of apparently healthy volunteers (AA
— 70%, AC — 26%, CC — 4%, n=100, P=0.431). The
p value indicates conformity with the Hardy-Wein-
berg equilibrium.

Genotype frequency distributions in the
group of sepsis patients were: AA — 73.8%, AC —
23.7%, CC— 2.6%, which also was compatible with

a b c d
100 Outcome 100 Outcome 100 Outcome 100 Outcome
80 80 80 80
60 60 60 60
40 40 40 40
20 20 20 20
0 ! ! ! 0 ; L \ 0 | } ; 0 ! ! |
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Days Days Days Days
Genotypes: AC,CC — AA —
Outcome: % Survival

Puc. 3. BepxkusaemocTs nanueHToB OPUT ¢ padimmunbivMu reHoTunamu AQP5 rs3759129.

Fig. 3. Survival rate of ICU patients with different genotypes of AQP5 rs3759129.

Note. a— no sepsis, n=180, P=0.9113, 2. b — sepsis, all, n=159, P=0.053, OR=2.174, y?. c— non-abdominal sepsis, n=65, P=0.583,
Fischer’s method. d — abdominal sepsis, n=94, P=0.002, OR=5.714.

IIpumeuanue. a— Her cericuca, n=180, p=0,9113, y2 b— cerncuc, Bce, n=159, p=0,053, OR=2,174, x*. c— HeabOMUHAIbHBIH CeTcuc, n=65,
p=0,583, meTon Purtiepa. d— abqOMUHAILHBIN cenicuc, n=94, p=0,002, OR=5.714. Outcome — ncxox; Survival — BbDKUBIIHE;days — JTHU.
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Bce mmareHThI ¢ CETICUCOM OBLTU pa3 e/ eHbl
Ha JIBE TPYIIThI — NaIUeHThI C abJOMUHATBLHBIM 1
HeaOJOMUHAJAbHBIM cerncucoM. V3 Hocuresein
reHotuna AQP5 AA ¢ HeabOMHHAJILHBIM CEIICH-
coM ymepau 50%, cpenu HOCUTeJIEN TeHOTUIIOB
AQP5 AC, CC — 41% (n=65, p=0,583, TM®, puc. 3,
¢). TakuM 06pasoM, BBLKUBAEMOCTE ITpH Heab10-
MMHAJILHOM CEIICHCe He 3aBUCUT OT OJHOHYKJIEO-
TUIHOU 3ameHbl AQP5 rs3759129.

Cpeu manueHToB ¢ abJOMUHAIBHBIM CETICH-
COM pa3JINuMs B BBIKMBAEMOCTH MTAIIMEeHTOB Pas-
JWUYHBIX T€HOTUIIOB OKa3aJMCh 3HAYMMBI. Tak,
cpeu NarreHTOB MasKOpPHOTO reHoTruma AQP5 AA
BbDLKUIIU 29, yMepau — 40, cpegy arueHToB apy-
rux (MuHOpPHBIX) reHOoTUNIOB AC 1 CC — 20 u 5
MManueHToB, COOTBETCTBEHHO (n=94, p=0,002,
OR=5,714, TM®, puc. 3, d). Takum o6pa3om, HaTU-
yne asniesss C AQP5 B 3HaUUTEJTLHON Mepe orpe-
neJsisteT 6J1aroTpUATHBIA UCXOJ] CETICHCa TOJIBKO B
cJTydae NCTOYHMKA MH(EKINN B aOIOMUHATBHON
moJioctTu (abgomMuHaAbBHBINA cemncuc). CiemoBa-
TeJIbHO, KOHTPOJIMpyeMas Uiy aCCONMAPOBaHHAasA
c anesiieM C AQP5 3aryTa OT JIETAJIbHOT0 UCX0Aa
pu abJOMUHATLHOM CEIICHCe HOCUT TOMHHAHT-
HBIU XapakTep.

HNasee, Tpynny NanueHTOB C aOIOMUHAIb-
HBIM CETICCOM Pa3[ieJINJIN Ha IBe TPUMEPHO paB-
Hble IIOArPYNIIbL: 1) MalueHThI C AJIATEIbHOCTHIO
rocrmranusanuu 2-10 mHer (n=46), 1 2) marueH-
TBI C IPOJOJ/IKUATETBHOCTHIO TOCTIUTAIM3auu 11
nHelt v 6oJtee (n=48). B mepBoOi MOATPYIITIE pas3Jiu-
4K B BBOKMBAEMOCTHU MEKAY ITallMeHTaMU C TeHO-
tunnamu AQP5 AC, CC u mamueHTaMy TeHOTHIa
AQP5 AA okasannuch 3HAYUMBbIMHU. Tak, MalfueHThI
C MMHOPHOMU asjiesibio C BBIKUBAJIU 3HAYUTEHHO
yaiie — B 83 %, 110 CpaBHEHUIO C MMallueHTaMU C
AJIBTepHAaTUBHBIM T€HOTUIOM AA, BBIKMBAEMOCTD
KOTOpBIX cocTaBuia 38% (p=0,017, TM®, n=46).
30-1HEeBHAsI BBI)KUBAEMOCTh MAIlMEHTOB BTOPOH
NOArPYNIBI — HOCUTeJ e MUHOPHOU asienu C
COCTaBMJIA CXOJHYIO C TEepBOU MOArpPYyNIOn
BesIn4uHy — 79%. OJJHaKo, B OTJIN4YMeE OT IepBOH
MOArPYINBI, II0 BBIXKMBAEMOCTH NALMEHTHI C
a0JOMHUHAJIBLHBIM CEIICICOM — I'OMO3UTOTHBIE 110
Ma’KOpHOU asuiesiu A 1 HocuteJim asieau C —
3HAUUTEJIbHO HE OTJINYaJIUCh, COXpaHsifA, BIPO-
4eM, CXOJHYIO TeHAECHIIUIO K pa3nuuam (p=0,054,
TM®, n=48). TakuM o06pas3oM, MPOTEKTUBHBIN
addexrr ammenu C AQP5 HauboJiee BhIpaKeHHO
MIPOSIBJISIETCS B TPYIITE TAIMEHTOB C a0IOMUHATh-
HBIM CEIICUCOM JIOCTaTOYHO PaHO — B IepBbIe 10
JTHEU rOCITUTAJIN3aIH.

MouJiekyyisaspHble MEXaHU3Mbl CHUYKEHU S IKC-
npeccuu AQP5 y HocuTesieii MUHOPHOTIO aJjljiesb-
Horo BapumaHta C (rs3759129) HeU3BECTHHI.
IToCKOJIBKY He UCKJII0YeHO, uTo MyTauuss A—C rs
3759129 B mpoMOTOpHOI 001acTy reHa AQP5 Moria
MIPOW30UTH B CaliTe CBA3BIBAHUA KaKOTO-JUOO

TPAHCKPUIIITUOHHOTO (haKTopa, AHHBIA paiioH

the Hardy—Weinberg equilibrium (P=0.657, n=159)
and did not differ significantly from the distribu-
tion among healthy participants (fig. 2).

Among patients without sepsis who were
AQP5 AA genotype carriers 121 survived, 13 died,
and among AQP5 AC and CC genotypes carriers 42
and 4, respectively (n=180, P=0.9113, y?, fig. 3, a).
Thus, mortality in the group of patients with vari-
ous AQP5 genotypes without sepsis was almost
identical.

Sepsis was diagnosed in 159 patients (SEPSIS-3).
Among patients with sepsis and AQP5 AA genotype
53 survived, 64 died, among carriers of alternative
genotypes — 27 and 15, respectively (n=159,
P=0.053, OR=2.174, y?, fig. 3, b). Hence, the ten-
dency of better survival in patients with AQP5 AC
and CC genotypes was found compared to septic
patients of AQP5 AA genotype, but the differences
between patients of different genotypes were not
significant.

All patients with sepsis were divided into two
groups: those with abdominal and non-abdominal
sepsis. Among carriers of AQP5 AA genotype with
non-abdominal sepsis 50% died, among carriers of
AQP5 AC, CC genotypes 41% died (n=65, P=0.583,
Fischer’s method, fig. 3, b). Thereby, survival rate in
non-abdominal sepsis does not depend on single-
nucleotide polymorphism of AQP5 rs3759129.

Among patients with abdominal sepsis, differ-
ences in survival rates of patients with different
genotypes were significant. In particular, 29 pa-
tients of the major genotype AQP5 AA survived, 40
died, among other (minor) genotypes of AC and CC
20 survived and 5 patients died (n=94, P=0.002,
OR=5.714, Fischer’s method, fig. 3, d). So, the pres-
ence of allele C of AQP5 largely determines the fa-
vorable outcome of sepsis only if the source of in-
fection was localized in the abdominal cavity
(abdominal sepsis). Therefore, controlled by or as-
sociated with allele C of AQP5 protection against
lethal outcomes in abdominal sepsis is dominant.

The group of patients with abdominal sepsis
was further divided into two approximately equal
subgroups: 1) patients with a duration of hospital-
ization of 2-10 days (n=46), and 2) patients with a
duration of hospitalization of 11 days or more
(n=48). In the first subgroup, differences in survival
rates between patients with AQP5 AC, CC geno-
types and patients with AQP5 AA genotype were
significant. Thus, patients with minor allele C sur-
vived significantly more frequently, in 83%, com-
pared with patients with alternative genotype AA,
whose survival rate was 38% (P=0.017, Fischer’s
method, n=46). The 30-day survival rate of patients
of the second subgroup carrying the minor allele C
was similar to that of the first subgroup at 79%.
However, in contrast to the first subgroup, the sur-
vival rate of patients with abdominal sepsis ho-
mozygous in major allele A and carriers of minor

GENERAL REANIMATOLOGY, 2020, 16; 3

www.reanimatology.com



24

DOI: 10.15360/1813-9779-2020-3-16-33

Clinical Studies and Practice

OB MpoaHaIM3UPOBaH in silico ¢ momMoIBIo IBYX
6a3 manubIx: JASPAR [20] (http://jaspar.genereg.net/
about/) m SNP2TFBS [21] (https://ccg.epfl.ch/
snp2tfbs/snpviewer.php). B ananui3e Ha ocHOBe
0asbl gaHHbIX JASPAR 1cno/ib30BaIach IOCJIEI0BA-
TeJIbHOCTb HYKJIEOTUI0B BOKpYr SNP pasmepom B
100 HyK/I€oTHIOB. bBLI0 IpoaHaau3upoBaHo 540
MOTHBOB CalTOB CBSI3bIBAHUSI PA3JIMUYHBIX (haKTO-
POB € ITIOpOroM OTHOCUTEJILHOTO cyera 90%. B ana-
Ju3e Ha ocHOBe 0a3nl maHHbIX SNP2TFBS ObL1
3ajnericTBoBaH ToTbKO SNP 1s3759129. O6Hapysku-
JIM, YTO HEeIIOCPeJCTBEHHO CaMa 3aMeHa He BXOOUT
B COCTaB CaiiTa CBA3BIBAHMS KaKOT0-JIMO0 TpaHC-
KpUIIMOHHOTO akTopa. Papx wucciienoBaHui,
OIHAKO, YKa3bIBAET Ha TO, YTO 3aMEeHbl HYKJIEOTH-
JIOB B 30HAX, OJIMKANUIIINX OT CaliTa CBA3BIBAHUS,
TaKKe MOKET 3HAYUTEJIbHO U3MEHATh 9KCIIpec-
CHUIO peryaupyeMoro resa [22]. ITostoMy uHTepec
MIpeJICTABJISAIN U ITOTeHIaJIbHbIe CAlThI CBSI3bIBA-
HUsI BOJTM3Y caliTa MCCIeyeMOoro oJIMMopgr3Ma.
Cornacuo 6a3e JASPAR, HeaIeKO OT TOYKH PaCIIo-
JIOYKEHUA MyTallui — Ha NpoTsskeHun 101 HykJieo-
TH/a OB 00HAPY KEH IEJIBIN PsIJT TOTeHINAIbHbBIX
CaITOB CBSI3BIBAHUS TPAHCKPUIILIIMOHHBIX (PAKTO-
POB — IIpenMyIIecTBeHHO OeTKkoB Kiracca T-BOX.
B TabJ1. 3 mpeacTaBieHbl OTOOpaHHbIE KaH W IAT-
Hble CaWThl CBS3BIBAHUSA TPAHCKPUMIIIUOHHBIX
(paKTOpPOB C OTHOCUTEJBHBIM CUYETOM OKOJO 1,
VMMeoIIe HanOOJIBIITYI0 BEPOSITHOCTD CYIIIECTBO-
BaHUs He TOJIBKO in silico, HO B peasbHOCTH. K
TAKOBBIM, IIpEsK/ie BCero, OTHOCATCS CAUTHI TPAHC-
KpunimoHHbIX pakTopoB EHE TBX4, TBX1, TBX15
C OTHOCUTEJIbHBIM CUETOM 1, @ TaKsKe CAUThI C OTHO-
CHUTEJIbHBIM CYETOM HU Ke 1 Ha BeJIMYMHY, He IIpe-
BbIIIAIONIYI0 10%, pacnoJsiokeHsl B nipenesax 50
HYRJIEOTHUIOB oT MyTanuu — MGA, TBX5, ETSI,
SPI1, MEIS], FLI1 (ta6t. 3).

Cnepgyer moJiararb, 4YTO IIOCJIENYIOIIHeE
HCCJIeJOBAaHUsA TOrO, KAKMe TPAHCKPHUIILIMOHHbBIE
(paKkTOpBI UBMEHSIOT XapaKTep CBOEr0 CBsI3bIBA-
HUSI C IPOMOTOPHOM 00J1aCTHIO B 3aBUCUMOCTH OT
HaJTMYUsI IUTO3WHA UJIY a/IeHO3WHA B OJIM3J1esKa-
meM caiite moaumopdusma -1364 A/C AQP5,
IIOMOI'YT TOYHEe YCTAaHOBUTH MEXaHU3M aCcColHa-
[IM TeHETUYECKUX BapruaHTOB -1364 A/C AQP5 ¢
paHHe CMEPTHOCTHIO MANMEHTOB C a0OMIHAITh-
HBIM CEIICHCOM.

IIpoBeneHHoOe wHccaegoBaHue II03BOJIMIIO
BIIEPBBIE YCTAHOBUTH, YTO KOMOWHAIMS F€HETH-
4yecKoro pakTopa — MUHOPHOH assenu C ogHO-
HYKJIEOTUHOM 3aMeHbI B 06J1acTu caita 1364 A/C
reHa AQP5, u pakTOpa cpesbl — HaJIM4YMe NCTOY-
HUKa WHQEKIUH B OPIONITHON MOJIOCTH — OIIpe-
JIeJIAIOT JIYYIIyIO0 BBI)KMBAEMOCTb IIPU CeIIChCce
(puc. 3, d, p=0,002, OR=5,714).

Benok AQP5 obecrneuynBaeT aKTUBHBIA
TPAaHCHOPT BOJABI B KJIETKU U U3 KJIETOK UMMYH-
HOU cuCTeMBbI U KU3HEHHO Ba’KHbIX OPTraHOB —
TOJIOBHOI'O MO3Ta, ITI0YeK, JIETKUX [6, 8, 23]. Cunra-

Ta0auna 3. Hanbouiee 3SHaYMMBbI€E CAMTHI CBA3bIBAHHA
TPaHCKPHUIIITUOHHBIX (DAKTOPOB B 00/IACTH TeHeTHYe-
ckoro motumopgusma -1364 A/C AQP5 (rs3759129).
Table 3. Most important sites of transcription factors
binding in the genetic polymorphism region -1364 A/C
AQP5 (rs3759129).

Matrix ID Gene Relative Nucleotide Distance
count* First Last to SNP
MA0598.1 EHF 1.0000 55 62 +4
MAO0806.1 TBX4 1.0000 80 87 +29
MAO0805.1 TBX1 1.0000 80 87 +29
MAO0803.1 TBX15 1.0000 80 87 +29
MAO0801.1 MGA 0.9999 80 87 +29
MAO0807.1 TBX5 0.9999 80 87 +29
MAO0098.1 ETS1 0.9924 56 61 +5
MAO0098.1 ETS1 0.9924 60 65 +9
MAO0080.1 SPI1  0.9778 56 61 +5
MAO0098.1 ETS1 0.9737 4 9 -42
MA0498.2 MEIS1 0.9320 41 47 -4
MA0475.1 FLI1 0.9195 54 64 +3

Note. * — The numerical expression of the compliance of the
studied sequence to the binding site motive.

IIpumeuanue. * — [{udpoBoe BbIpaskeHne COOTBETCTBUA U3-
y4aeMol I0C/IeJOBAaTeIbHOCTY MOTUBY CaiiTa CBSI3BIBAHUA.
Matrix ID — HOMeEp MaTpuKca; gene — rew; relative count —
OTHOCHUTEeNbHBIN cueT; first/last nucleotide — mepsBsbrii/mo-
ciaegHui HykIeotun; distance to SNP — paccrosinue 1o SNP.

allele C did not differ significantly, although main-
taining a similar trend for differences (P=0.054, Fis-
cher’s method, n=48). Thus, the strong protective
effect of AQP5 allele C is revealed in the group of pa-
tients with abdominal sepsis quite early, in the first
10 days of hospitalization.

Molecular mechanisms of reduced AQP5 expres-
sion in carriers of minor allele C (rs3759129) are un-
known. Since the A—C rs 3759129 mutation in the pro-
moter region of the AQP5 gene could have occurred in
the binding site of a transcription factor, this region was
analyzed in silico using two databases, JASPAR [20]
(http://jaspar.genereg.net/about/) and SNP2TFBS [21]
(https://ccg.epfl.ch/snp2tfbs/snpviewer.php). The
analysis based on the JASPAR database used a se-
quence of nucleotides with a size of 100 nucleotides
around SNP.We analyzed 540 motives for binding sites
of various factors with the 90% relative score threshold.
Only SNP rs3759129 was used in the analysis based on
the SNP2TFBS database. The polymorphism itself was
found not to be part of a binding site of any transcrip-
tion factor. Several studies, however, had demonstrated
that the nucleotide polymorphism in areas nearest to
the binding site could also significantly change the ex-
pression of the regulated gene [22]. Therefore, potential
binding sites near the site of the polymorphism under
study were of interest as well. According to the JASPAR
database, a number of potential binding sites of tran-
scription factors, mainly T-BOX class proteins, were
discovered in the vicinity of the mutation site, 101 nu-
cleotides long. table 3 presents selected candidate tran-
scription factor binding sites with a relative score of
about 1, which are the most likely to exist not only in

silico, but also in reality. These are primarily transcrip-
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€TCsl, YTO IMEHHO 3TOT MEXaHU3M 00yC/IaBINBAET
BoBJieueHne AQP5 B KOHTpOJIb mpoJsudepanuu
KJIETOK, BOCITa/TUTE/IbHbIE peaKInu, 00pa3oBaHue
U paccacbIBaHNe OTEKOB, MUTPALMI0 UMMYHOKOM-
IIeTeHTHBIX KJIETOK B opraHusme [11, 24, 25].
IlokasaHo, 4TO 3aMeHa aJileHMHa Ha IUTO3UH B
moJioskeHnu -1364 AQP5 acconuupoBaHa Co CHU-
sKeHUeM aKcrnpeccuu reHa AQP5 B KJeTKax
WMMYHHOU CUCTEMBI IIPU CEIICUCE U YMEHbIIIeHU-
eM MUTPAllMOHHOTO TMOTeHInaaa HeUuTpodu-
J0B [15]. IIpeariosiaraercs, 4YTo UMEHHO CHUKEH-
Has aKcrnpeccus AQP5 u nnocsenyoliee CHUKeHIe
MUTpaIU HEUTPODUJIIOB JIEKUT B OCHOBE ACCO-
nuanuu noaumMop@HbIx BapuaHToB AQP5 -1364
A/C u BBI)KUBaeMOCTU Opu cerncuce. JleficTBu-
TeJIbHO, aKTUBUPOBAHHbIE HEUTPOUJIBI, 0OJIamast
IMOBBIIIEHHOM CIIOCOOHOCTDHIO K are3ni K CTeHKe
COCY[IOB, BBIJIEJISTIOT OOJTBITIOE KOJIMYECTBO IIPOTe-
a3 M aKTUBHBIX (DOPM KHUCJOPOjia, KOTOPbIE HE
TOJIBKO YOMBAIOT OaKTEpWH, HO W MOBPEKAAIOT
aHpoTeaun (8, 26, 27]. IlocjienHee MPUBOAUT K
HapylleHuo nepdy3nu TKaHel ¥ 0PraHoOB KUCJIO-
POIOM C IOCJIEAYIOIIUM Pa3BUTUEM OKUCJIUTEIb-
HOTO CTpecca B KJIETKaxX U Pa3BUTHEM OPraHHOU
HepocTaroyHocTH [28]. [ToaToMy npu UHpeEKIUU
MMeHHO 00Jiee aKTUBHAsI MUTPAITUST U3OBITOYHOTO
KOJINYeCcTBa HEUTPO(UJIOB B TKAHU Y ITAIUEHTOB,
TOMO3UTOTHBIX MO aJjaeito AA AQP5 -1364 A/C,
MMPEeANoJIOKATETbHO IPUBOANJIA K HAPACTAaHUIO
MOJIMOPTAaHHOM HEAOCTAaTOYHOCTH, U KaK CJeJ-
cTBUE — K HeOJraronpusitHoMmy ucxony [7]. OmHa-
KO, CyIIeCTBYIOT Ipyrasi TPaKTOBKA U IpyTas IPyIl-
1a TaHHBIX, KOTOPAasi He MO3BOJISAET OJHO3HAYHO
O00BSICHUTH CBSI3b CHUKEHHOU aKkcrpeccuu AQP5,
Haan4us MUHOPHOTO anesisa C AQP5 -1364 A/Cwu
ucxop cercuca. Tak, yMeHbIlIeHHe MUTPALlUY HEM-
Tpo(dunI0B B UHPUIIMPOBAHHBIE TKAHU ITPU HAJIU-
9 MUHOpPHOTO ansiesiss C AQP5 -1364 A/C mosker,
Ha000pOT, yBEJIMYUTH BEPOSTHOCTH HEOJIAarOpu-
ATHOTO UCXOJa Celcrca BCJeJCTBHE HEeIIOJIHOTO
yHU4YTOKeHus1 O6akTepuii. Bosiee Toro, Zhang et
al [17] obHapyskwun, 9TO Aesnenus AQP5 TpuBOAUT
K 3HAYUTEJTbHOMY CHIKEHUIO BEIPAOOTKY MYyTIIHA
B jerkux. OTcyrcTBUe reHa AQP5 IpUBOJUAJIO K
CHUYKEHUIO CEKPeIUY CJIN3U 1 SKUTKOCTH U3 9T~
TeJIusl IbIXaTeJIbHBIX ITyTel, UTO MOSKET yXYAIIaTh
AHTHOAKTEPUATHHYIO 3aIUATY. ABTOPHI IIOKA3aJIH,
4r0 gesenus AQP5 npuBonu/ia K 3Ha4UTEJIbHOMY
YMEHbIIEHNUIO AKTHUBAIlUM CUTHAJbHBIX IyTel
p38-MAPK/NF-kB 1o u mnocne 3apaskeHUs
Pseudomonas aeruginosa, 4To CBU€TEJIbCTBYET O
TOM, YTO dKcnpeccusi AQP5 HeoOxoquMa A5 0Cy-
IIECTBJIEHUsT 3aIUTHBIX 3 (PEKTOB CHUCTEMBbI
BPOKJIEHHOI'O MMMYHHUTETa B [JbIXaTeJbHBIX
nyTax [17]. [lockonbry AQPS aKcIIpeccupyercs B
AJTbBEOJISIPHBIX KJIeTKaX TUIA | ¥ aTInTeTManbHbIX
KJIETKAX JAbIXaTesJbHbIX MyTel, a IMOBpeKIeHUe
SMUTEJINS JIETKUX IIPU BOCTAUTELHBIX 3a00J1€e-
BAHMAX JIETKUX IPUBOAUT K CHUYKEHUIO €ro 3KC-

tion factor sites EHE TBX4, TBX1, TBX15 with a relative
score of 1, and sites with a relative score below 1 by 10%
and less are located within 50 nucleotides from the mu-
tation—MGA, TBX5, ETS1, SPI1, MEIS], FLI1 (table 3).

Further studies, which transcription factors
may change the nature of their binding to the pro-
moter area depending on the presence of cytosine
or adenosine in a nearby polymorphism site -1364
A/C AQP5, should be warranted to determine more
accurately the mechanism of association of genetic
variants -1364 A/C AQP5 with early mortality in pa-
tients with abdominal sepsis.

For the first time, the study argues that the
combination of a genetic factor, minor allele C of a
single-nucleotide polymorphism within the -1364
A/C site of the AQP5 gene, and an environment fac-
tor, a source of infection in the abdominal cavity,
determine the best survival rate in sepsis (fig. 3, d,
P=0.002, OR=5.714).

The AQP5 protein provides active inward and
outward water transport in cells of immune system
and vital organs such as brain, kidneys, lungs [6, 8,
23]. This mechanism is believed to involve AQP5 in
control of cell proliferation, inflammatory reactions,
formation and resolution of edema, migration of im-
munocompetent cells in the body [11, 24, 25]. The
replacement of adenine by cytosine in -1364 AQP5
position was shown to be associated with reduced
expression of AQP5 gene in immune cells during
sepsis and decreased migration potential of neu-
trophils [15]. The reduced expression of AQP5 and
subsequent decrease in neutrophil migration are
supposed to be the basis for the association of poly-
morphic variants of AQP5 -1364 A/C and survival
rate in sepsis. Indeed, activated neutrophils, pos-
sessing an increased ability to adhere to the vascular
wall, produce a large number of proteases and active
oxygen forms, which not only kill bacteria, but also
damage endothelium [8, 26, 27]. The latter leads to
impaired oxygen perfusion of tissues and organs fol-
lowed by oxidative stress in cells and organ fail-
ure [28]. Therefore, in case of infection, the presum-
ably more active migration of excess neutrophils into
tissues of homozygous patients with AA AQP5 -1364
A/C genotype led to progressive multi-organ dys-
function and adverse outcome [7]. However, there
are different interpretation and another data group
which does not allow clear explanation of the rela-
tionship between reduced AQP5 expression, minor
allele C of AQP5 -1364 A/C and the outcome of sep-
sis. Thus, reduced neutrophil migration to infected
tissues in the presence of the minor allele C of AQP5
-1364 A/C may, on the contrary, increase the proba-
bility of an adverse sepsis outcome due to incom-
plete elimination of bacteria. Moreover, Zhang et
al [17] found that AQP5 deletion leads to a significant
reduction in the mucin production in the lungs. The
absence of the AQP5 gene resulted in reduced
mucus and fluid secretion by the respiratory epithe-
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npeccuu [17], caenyer o)kuaaTh, CKopee, XyIIiero
IIPOTHO3a Cellcuca y NalueHTOB-HoCcuTe el aje-
Jas1 C AQP5 -1364 A/C 3a cueT moTeHIIMAIa pa3BU-
THSI JIETOYHBIX TOPaKeHU . B HallleM uccieoBa-
HUM NallUeHThl C HAJWYMEM IIaTOJOTHYECKOTO
Iponecca B JIETKUX COCTABJANNA 3HAYUTEJIbHYIO
YacTh TPyNIbI MANMEHTOB C HEaOIOMUHATbHBIM
CEIICHCOM, OTHAKO CBA3M MesKay reHoTuioM AQP5
-1364 A/C (rs3759129) 1 1CX0I0M CeIICHca B 3TOH
TpyIITie MarreHToB 00HAPYKEHO He ObLIO (pHC. 3, C).
B HenaBHeli pabore Rahmel et al. 6110 TpOIEMOH-
CTPUPOBAHO 3HAYMMOE MpeobJiaganue mopaske-
HUs IIOYEK Y NAIMEeHTOB C JIETOYHOH IaToJIoTuen
renoruria AQP5 AA rs3759129 [29]. OmHako, 9TO He
NIPUBOAMIIO K 3HAYMMBIM Pa3JIn4uAM 110 YPOBHIO
JIETAJIbHOCTHA B Ipylax NaldeHTOB I'eHOTUIa
AQP5 AA ipotuB AQP5 AC+CC (1s3759129) [29].
[loaToMy ycTaHOBJIEHHME BO3MOKHBIX NPUYUH
CBSI3U JIETAJIbHOTO MCXOJIA CEICUca C onpeaesaeH-
HbIM reHOTUNOM AQP5 1rs3759129 1 UCTOYHUKOM
WHGEKINN B OPIONITHON MOJIOCTU IIPEICTaBIISIET
0COOBIN UHTEPEC.

M3BecTHO, YTO aHATOMHUYECKUH HCTOUYHUK
UHQEKINN SIBJISETCS CYLIeCTBEHHBIM JJISI IIPO-
ruosa ucxona [30]. IMeHHO IIalueHThl C a0I0MHU-
HaJbHBIM CEINICUCOM (pa3BUBAIOIIUMCA Kak
OCJIO’KHEHME T10CJIe JJAallapOTOMMH, ITIPHU MEPUTO-
HUTE, KOJIUTE, UIIIEMUU KUIIIEYHUKA, Tepdopanuu
KUIIIeYHWKA, HAJIMYUU IEPUTOHEAIbHOTO KaTeTe-
pa) XapaKTepu3YIOTCS HaWXyIIIAM IIPOTHO-
30M [31-33] — JieTaJIbHOCTH MOSKET JTOCTHUTaTh
80% [34]. Pa3BuTHE TOCT-XUPYPTUYECKON aOJOMU-
HaJIbHOU MHMEKIINU Yallle IPUBOJUT K PaCIIPOo-
CcTpaHeHUo UH(EKITMOHHOTO ITpoliecca (IncceMu-
HUpOBaHHasi WHQEKIMs), BOBJIEYEHUIO B
BOCHIAJIEHNUE IPYTrux opra”os [35, 36], npucoenu-
HEHWIO BTOPUYHBIX MH(MEKINH, e1re 60JIbIIIe yXy/I-
mrarmmx nporuos [37, 38]. OuyeBuUgHO, 4YTO TIPO-
IlecCChl, KOTOpble  OyayT  CHOCOOCTBOBATH
pas3BUTUIO UH(PEKIINH TPU UCTOYHUKE B OPIOIII-
HOWU TI0JIOCTH, aHATOMUYECKU 00Jiee TIPUCIIOCO0-
JIEHHOM K ee pacIpOCTPAaHEHWI0 B OPTAaHU3ME,
MOTYT SIBUTHCS (paKTOpaMu, CIIOCOOHBIMH CYIIIe-
CTBEHHO MOBJMATH HA NCXO/I.

[IpepcraBiigercs, 4To K TAKUM MOZAYJIAPYIO-
UM (paKTOpaM cJielyeT OTHECTH YPOBEHb UMMY-
Hocynpeccuu. Pa3BuTne cynnpeccud MMMYHHBIX
peaxiuii erie 60J1ee yXy/IaeT IPOTHO3 IIPU CeT-
cuce BCJIEACTBHE HAKOIJIEHWs HapyLIAOIIUX
9HJIOTEINAJIbHBIE KJIETKH COCYJ0B OaKTepHaJIb-
HBIX TOKCUHOB (JIMIIOIIOJIKCAXapux U 1p.), yBe-
JAYEHUs1 BEpPOSTHOCTA TPOTPEeCCUPOBAHUSA
umeroIencs UHGEKITUU U TPUCOETNHEHUS HOBBIX
bakTepUaTbHBIX MH(MEKITNI, HepeIKO — aHTHUOMO-
TUKOPE3UCTEHTHBIX MH(EKITNH, CBSI3aHHBIX C OKa-
3aHUEeM MeJIUIIMHCKOM MMOMOIIIH, C BLICOKOU BEPO-
SITHOCTBIO HeOJIaronpusTHOTO rcxona [39, 40]. B
rocJieqHee BpeMsi MeXaHnu3M OBICTPO Pa3BHUBAIO-
11eticsI IpU celicuce NMMYHOCYIIPECCUU CBSI3bIBA-

lium, which may compromise antibacterial protec-
tion. The authors had shown that AQP5 deletion led
to a significant reduction in the activation of the sig-
naling pathways of p38-MAPK/NF-kV before and
after infection with Pseudomonas aeruginosa
demonstrating the necessity of AQP5 expression for
the protective effects of the innate immune system
in the airways [17]. Since AQP5 is expressed in type |
alveolar cells and airway epithelial cells, and damage
to the lung epithelium in inflammatory lung dis-
eases causes its reduced expression [16], patients
carrying allele C AQP5 -1364 A/C should rather be
expected to have a worse sepsis prognosis due to the
potential for lung injury. In our study, patients with
lung pathology were a significant part of the group
with non-abdominal sepsis, but no relationship was
found between the genotype of AQP5 -1364 A/C
(rs3759129) and the outcome of sepsis in this group
of patients (fig. 3, b). Recent study by Rahmel et al.
has demonstrated a significant predominance of
renal damage in patients with lung pathologies and
AQP5 AA 153759129 genotype [29]. However, this was
not associated with significant mortality differences
in the groups of patients with AQP5 AA genotype ver-
sus AQP5 AC+CC (rs3759129) [29]. Therefore, reveal-
ing the possible causes of the association between
sepsis mortality and specific genotype AQP5
1s3759129 depending on the source of infection is
particularly interesting.

The anatomical source of infection is well rec-
ognized to be essential in predicting the out-
come [30]. The patients with abdominal sepsis (de-
veloping as a complication after laparotomy, with
peritonitis, colitis, intestinal ischemia, intestinal
perforation, indwelling peritoneal catheter) are
characterized by the worst prognosis [31-33] with
mortality reaching 80% [34]. The development of
postoperative abdominal infection more often
leads to dissemination, involvement of other or-
gans into inflammation [35, 36], and development
of secondary infections affecting prognosis [37, 38].
Obviously, the factors contributing to infection that
originates from abdominal cavity and is most suit-
able for facilitated spreading of infection, may sig-
nificantly affect the outcome.

The immune suppression appears to be one
of these factors. The suppression of immune re-
sponse can further worsen the prognosis in sepsis
due to the accumulation of bacterial toxins
(lipopolysaccharide, etc.) damaging vascular en-
dothelial cells, an increase in the risk of infection
progression and hospital bacterial infections com-
monly resistant to antibiotics [39, 40]. Recently, the
mechanism of rapidly developing immunosup-
pression in sepsis has been associated with the gen-
eration of myeloid-derived suppressor cells
(MDSC) [41-43]. These cells carrying CD33+, HLA-
DR-, CD15+ (granulocytic MDSC) and CD33+,
HLA-DR-, CD14+ (monocytic MDSC) appear as
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eTcsl c reHepalel CylpecCcoOpPHbIX KJIETOK MUEJIO-
HUJHOTO IIPOUCXOKIACHUA (MUEJIOMIHBIX CylIpec-
copHbIX KJeTOK, MUK) [41-43]. OTH KJIETKU C
deHoTUNIAMU KJIETOYHOU ToBepxHOCTH CD33+,
HLA-DR-, CD15+ (rpanynouurapasie MUK) n
CD33+, HLA-DR-, CD14+ (monomuTtapubsie MUK)
MOAABJIAIOTCA YoKe B IIePBbIE JHU PA3BUTUA CEIICU-
ca [44]. B skcnepuMeHTadbHbIX MOJIEJIAX Cercuca
MUK ysxe Ha 2—-3 NeHb HaKaIlJIMBAIOTCA B KOCTHOM
Moa3ry [45, 46]. [lokasano, uto npu cencuce MK
BBIXOIAT B KPOBOTOK, UUPKYJINUPYA JJIUTEJIBHOE
BpPeMs M CITIOCOOCTBYS Pa3BUTUIO XPOHUYECKOHU
UMMyHoOcynpeccud [47]. [IoBellIeHHOE conepsKa-
Hue MUK B KpOBU XapaKTepHO W IJIsT a0OMU-
HaJIBLHOI'O cericuca [48], XOTS OHO MOMKET OBITh
JIOCTATOYHO BapuabeIbHBIM [42]. B HaITuX He1aB-
HUX HMCCJIEJOBAHUSX ONHOW M3 CyIIeCTBEHHBIX
MIPUYMH TaKOW BapuabesIbHOCTU IIPU aOIOMU-
HaJIbHOM CceIlChce OKasajcsi reHotun AQP5
(rs3759129): yBesinueHHOE CofepskaHue MOHOILIY-
TapHbIx MK B KpOBHM B paHHWE CPOKM IOCJe
oOHapy)KeHUs celcuca HaOJIIOIaTu TOJIBKO Yy
nanueHToB reHoTuna AQP5 AA (rs3759129), HO He
y MalleHTOB — HOCUTeJsJe MUHOPHOTO aJljIesis
C [49]. MoskHO TTOJ1ararh, YTO MPU CETICUCE CHU-
SKeHHas MUTpanys KJIeTOK B KPOBOTOK y ITAlleH-
TOB reHOTUNOB C+ AQP5 (1s3759129) [7] onipene-
asger  pedunur  nupkyaupyilommux MUK,
crroco6cTBys1 O0mbIIel 3(p(PeKTUBHOCTH UMMYH-
HBIX PEAKIMH B OTCYyTCTBUU UX IPOAYKTOB (UMMY-
HOCYIIpECCOPHBIe TPOCTAarJIaHUHbI, (pepMeHTHI,
CcBOOOIHBIE paguKaIbl KUca0poaa, NO). BosmMosk-
HO, UTO 9TA jKe TeHeTU4YeCKasi IpUYnHa mpeapac-
MOJIaraeT v K CHUYKEHWIO MUTPAITUY TPOBOCITAIN -
TeJIbHBIX MUEJIOUHBIX KJIETOK, IIPEIATCTBYA UX
M30BITOYHOMY HAaKOTIJIEHUIO Y TTAI[eHTOB T€HOTH -
noB C+ AQP5 (rs3759129) u BCcaeaCcTBUE 9TOTO —
CITOCOOCTBYsSI YMEHBIIIEHUIO TIOBPEYKIAIOIIETO
BO3/ENCTBUS HA 3HJIOTEJIMI COCYI0B U OPTraHbl U
MpeJIoTBpaIeHuo paraJbHOr0 Pa3BUTUS CEINITH-
YeCKOro I10Ka U MyJIBTUOPTaHHOU HeJJOCTATOYHO-
ctu. TakuM 06pasoM, HaTUYre MUHOPHOTO aJjljie-
asgs C AQP5 mipu celicvce MOKeT oOecreuynBaTh
NIpernMYILeCcTBa /11 BEBLKABAHUA KaK B pe3yJibrare
cHWKeHus murpanun MUK, nonapigommux npo-
THBOOAKTEpHUaTbHbIE NMMYHHbBIE PEAKITUH, TaK U
MMPOBOCHATUTEJIbHBIX MHEJIOUJHBIX KJETOK C
BBICOKAM TIOTEHIIMAJIOM IOBPEKIEHUA KJIETOK
auporeaus. M1 Hao60poT, maueHThl MasKOPHOTO
resoruna AA AQP5 ¢ yBeJIM4eHHBIM COIepyKaHueM
MUK [49] m npoBocCHaJuTEeIbHBIX HEUTpOdU-
JIOB [7] 6yAyT IpeapacIioioKeHbl K HeOIaronpu-
SITHOMY UCXONy cemcuca (puc. 3, d). IHTepecHo,
4YTO B 9KCIIEPUMEHTAIHLHOU MOJIEJTH CeIcrca ObII0
IMOKAa3aHOo, YTO B PaHHHE CPOKMN ero pas3BUTHUSA
KJIETKU ¢ (PEeHOTUIIOM, XapaKTepHbIM Jyisd MUK,
MOTYT SABJIATHCA IIPOBOCHAJIUATEJBHBIMH, aACCO-
OUUPYIOMIAMHUCA C TAMKEJbIM TeYEHHEeM CeIlCH-
ca [45]. Ob61amaroT U KJIETKY ¢ (PeHOTUIIOM MOHO-

early as in the first days of sepsis [44]. In the exper-
imental models of sepsis, MIC accumulate in bone
marrow on day 2-3 [45, 46]. In sepsis, MDSC have
been shown to enter the bloodstream, circulating
for a long time and contributing to chronic im-
munosuppression [47]. Increased MDSC count in
the blood is also typical for abdominal sepsis [48],
although it may be quite variable [42]. In our recent
studies, one of the essential reasons for such vari-
ability in abdominal sepsis was the genotype AQP5
(rs3759129): increased MDSC count in the blood in
the early period after diagnosing sepsis was ob-
served only in patients with AQP5 AA genotype
(rs3759129), but not in patients carrying the minor
allele C [49]. We may assume that in sepsis the re-
duced migration of cells into the bloodstream in C+
AQP5 genotypes patients (rs3759129) [7] results in
a deficit of circulating MDSCs, contributing to
greater efficiency of immune response in the ab-
sence of their products (immunosuppressor
prostaglandins, enzymes, free oxygen radicals, NO).
The same genetic cause may also predispose to re-
duced migration of proinflammatory myeloid cells,
preventing their excessive accumulation in patients
with C+ AQP5 genotypes (rs3759129) and thereby
reducing vascular endothelial damage and prevent-
ing septic shock and multi-organ failure. Thus, the
presence of the minor allele C of AQP5 in sepsis pa-
tients can provide advantages for survival in sepsis
presumably due to reduced MDSC migration (re-
sults in less suppressed antibacterial immune re-
sponse), and decreased activity of pro-inflamma-
tory myeloid cells (results in less endothelial cell
damage). Conversely, patients with major AA AQP5
genotype associated with increased MDSC con-
tent [49] and pro-inflammatory neutrophils [7] will
be predisposed indeed to adverse sepsis out-
come (fig. 3, d). Interestingly, the experimental
model of sepsis has shown that in the early period
cells exhibiting MDSC phenotype may be pro-in-
flammatory and associate with a severe course of
sepsis [45]. Whether the cell subset with the mono-
cytic MDSC phenotype in patients with abdominal
sepsis are capable of producing pro-inflammatory
cytokines requires additional studies.

Clinical effect of the recessive allele C of AQP5
restricted to patients with abdominal sepsis may
presumably be due to the most significant activation
of stress cell reactions triggering MDSCs in patients
with complicated infection in abdominal cavity. The
appropriateness of this hypothesis is confirmed by:
(1) clinical evidence of highest mortality and fre-
quency of septic shock in abdominal sepsis [46, 50,
51]; (2) major contribution of abdominal sepsis into
development of disseminated infection [35, 36, 38];
(3) association of death of patients with septic shock
with the highest accumulation of MDSC in circula-
tion [46]. Moreover, animal experiments have shown
that ischemia-reperfusion in mesenterial vessels,
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nuTapHbix MUK mamueHToOB ¢ a0MOMUHAIBLHBIM
CeTICHCOM CIIOCOOHOCTBIO K MPOAYKITIO ITPOBOC-
MMaJUTETbHBIX IUTOKUHOB, TPEOYET OTIETbHBIX
HMCCJIEIOBAHUH.

OrpanuyeHue KJUHHUYECKOTO 3dderTa
petteccuBHO asiiesiu C AQP5 HamyueM y naru-
€HTOB a0IOMUHAILHOTO CEIICUCA, MTPEeIIOJIOMK -
TEJTbHO, MOKET OBITHh PE3yJIETaTOM HanbOIbIIIeR
AKTUBAIIMM CTPECCOBBIX KJETOYHBIX peaKIui,
AKTUBUPYIONIUX KJIeTKU ¢ peHorunom MUK y
MaleHToOB C OCJ0KHEHHBIM TeueHueM UHPeK-
IIMOHHOTO TIpoIlecca B OPIOIIHON ITOJOCTH.
YMeCTHOCTb 9TOU TUIOTEe3bI onpeaesasieTcs: (1)
KJIMHUYECKUMHU HAaHHBIMU O TOM, YTO MMEHHO
IJIsT aOTOMUHATLHOTO CETICHCca XapaKTepHbI Hau-
0oJiee BBICOKME IOKa3aTeId U JIeTAJbHOCTH, U
YacCTOThI CEITUYECKOrO IIoKa (46, 50, 51]; (2) TeMm,
4YTO MMEHHO a0JOMHHAJIbHBINA CEICHUC CHOCO00-
CTBYeT Pa3BUTHIO TMCCEMUHUPOBAHHON MH(EK-
nuu [35, 36, 38]; (3) accommanuen JeTaJabHOro
MCXO0JIa MAllMEeHTOB I0CJIe CENTUYECKOro III0Ka C
HanboJsbmuM HakomaeHneM MUK B mupryss-
nuu [46]. BoJiee TOrO, 9KCIIEpUMEHTAJIbHbIE
WCCJIeIOBAHUS TTOKA3aJIM, YTO UIIIEMUsI-penep-
(ysuss Me3eHTepUaTbHBIX COCY/IOB B OPIOIITHOMN
MMOJIOCTH 9KCTIEPUMEHTAIbHBIX YKUBOTHBIX, MOJIe-
JIMPYIOIIas HapylIeHus1, XapaKTePHbIE A5 a6/10-
MUHAJIBHOT'O CEeIICHCA, UHAYIHUPYeT CUCTEMHYIO
NIPONYKIUI0 XeMOKHHOB, KOTOPbI€ BOBJIEKAIOT
HEUTPOo(dUJIbl U MOHOIIMTHI B OKa3aHUE TTIOBPEsK-
JleHUH Jpyrux OpraHoB C IOC/AeIyI0INM pa3BU-
THEM MOJIMOPTAaHHON HEJOCTAaTOYHOCTH [51]. 9TH
(aKThl CBUIETEJBCTBYIOT B MOJIB3Y TOTO, UTO
MMEHHO IMPY KJIUHUYECKU arpeCCUBHOM abI0MU-
HaJILHOM ceTicuce 60JIbIIe BEPOSTHOCTH PaHHEN
reHepanum kJietTok ¢ penorunom MUK, croco6-
CTBYIOIIMX CUCTEMHON IMMYHOCYIIpEeCCHU (2 BO3-
MOSKHO, W TNPOBOCHAJTUTEJbHBIM pPEAKIUAM),
reHepajgu3anud  WHQEKIuH, yCyryoJeHuro
MTOJTMOPTAHHOM HETOCTaTOYHOCTY C HeOJIaronpu-
ATHBIM UCXOI0M.

[Ipengnonaraemas cBsA3b MUTPAIIAN PAHHUX
MUK u renoruma AQP5 MOsKeT ObITh CBsI3aHa C
pasanyHor appUHHOCTHIO TPAHCKPUTIITUOHHBIX
(¢aKTOpOB K y4acTky npomoropa AQP5, B KOTO-
poM pacmoJioskeHa 3ameHa A/C. OgHako He/laB-
HUEe KCCJAeNOBAaHUA He BBLIABUJIUA KaKOU-JIMOO0
pasHuisl Mesxkay pparmenramu IHK, comepsxa-
muMu AQP5 A+ u C+1s3759129, o criocobHOCTH
CBSI3BIBATh OJINH U3 TPAHCKPUIIIITUOHHBIX (paKTO-
POB C BBICOKOU a(p(pUHHOCTHIO K MPOMOTOPY
AQP5 [52]. TIpoBeeHHBIN B Hallelr pabore 6mo-
nHpopMaTUYeCKUH aHaau3 IOoKasaj, YTO
HECMOTPsI Ha TO, YTO U3ydaeMblil moJuMopdusm
He pacrnoJjaraeTrcsi HeloCpeJCTBEHHO B 30HE
caliTa CBS3BIBAHUS KaKOTO0-JIUO0 TPaHCKPHUII-
nuoHHoro ¢akrtopa, 3amena A/C oOJagaer
IIOTEHIIMAJIOM BJIMSHUA HA YPOBEHb IKCIIPECCUU
reHa AQP5, TOCKOJIBKY BOJIM3U 00/1aCTH 3aMEHbBI

simulating abnormalities typical for abdominal sep-
sis, induces systemic production of chemokines,
which involves neutrophils and monocytes into
damaging the other organs with subsequent devel-
opment of multi-organ failure [51].

These facts confirm the likelihood of early
generation of MDSCs promoting systemic im-
munosuppression (and possibly pro-inflammatory
reactions), contributing to generalization of infec-
tion and worsening of multi-organ failure with ad-
verse outcome in clinically aggressive abdominal
sepsis.

The assumed relationship between the migra-
tion of early MDSCs and the AQP5 genotype may
be due to different affinity of transcription factors
to the AQP5 promoter site altered by A/C polymor-
phism. However, recent studies did not reveal any
difference between DNA fragments containing
AQP5 A+ and C+ rs3759129 in their ability to bind
one of the transcription factors with high affinity to
the AQP5 promoter [52]. Our bioinformatics analy-
sis has shown that despite the fact that the studied
polymorphism is not located directly in the binding
site area of any transcription factor, substitution of
A/C might potentially affect the level of expression
of AQP5 gene, because binding sites of transcrip-
tion factors including the popular ETS, SPI1 factors
are located very close to the replacement area
(table 3). Two possible mechanisms can be as-
sumed: (1) polymorphic variant C reduces the
affinity of binding of a transcription factor with its
specific site located near the mutation, which de-
creases the effect of transcription factor stimulating
the transcription activity of AQP5 gene; (2) minor
mutation C increases the affinity of binding of tran-
scription repressor AQP5 to its site in the promoter
region, which also leads to reduced transcription
activity of the gene. The most probable candidate
for a functionally significant binding, whose affinity
may depend on the presence of A or C in the pro-
moter site of AQP5, is the transcription factor ETSI,
which is expressed in MDSC [53, 54].

The drawbacks of this study include an insuf-
ficient sample size, which makes it difficult to strat-
ify patients more thoroughly into groups based on
comorbidity, severity of organ disorders, etc. Two
groups of patients with abdominal sepsis did not
differ in SOFA and APACHE II scores on admission,
but differed in a minor mutation, single replace-
ment of A nucleotide with C in the AQP5 gene. We
found significant quantitative differences in 30-day
survival between these groups, which suggests that
the use of rs3759129 AQP5 as a candidate genetic
marker for stratification of patients with abdominal
sepsis into risk groups of adverse outcome can be
promising. Taking into account the challenge of
finding more reliable markers for prognosis of ab-
dominal sepsis than the existing criteria SOFA,
APACHE 1I, SAPS, PIRO, WSES, MODS and other
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00HApYKUBAIOTCS YYaCTKU CBSI3BIBAHUS HEKOTO-
PBIX TPAHCKPUNIMOHHBIX pakTopoB — ETS, SPI1
(cM. Tabu1. 3). MOYKHO MpPeAIoJIOKUTh TBA BO3-
MOYKHBIX MEXaHU3Ma:

(1) monumopdHbI#i BapuaHT C CHUKAET
ad(PUHHOCTH CBSA3BIBAHNS TOT'O UJIM NHOTO TPAHC-
KPUIIIMOHHOTO paKTopa CO CBOUM crienuduye-
CKUM CalTOM, JIOKaJIN30BAaHHBIM BOJIU3U MyTa-
nnu, Osaromaps 4demy yMeHbInaercss 3g@exT
TPAHCKPUIIIMOHHOTO (haKTOpa, CTUMYJINPYIOLiie-
I'0 TPAaHCKPHUIIIMOHHYIO aKTUBHOCTB re’a AQPS;

(2) munopHasa Mmyranusa C yBeJu4YUBaeT
adPUHHOCTH CBSI3BIBAHUS perpeccopa TpaHC-
kpunuuu AQP5 co cCBOMM CaliTOM B IPOMOTOPHOMN
00J1aCTH, YTO TaK)Ke MPUBOIUT K CHUYKEHUIO
TPAaHCKPUNIIMOHHOW aKTUBHOCTH reHa. Hambo-
Jiee BepOsITHBIM KaHIUAATOM JJIs1 (PYHKIIMOHAJIb-
HO 3HAUYMMOT0 CBSA3bIBaHUSA, apPUHHOCTH KOTO-
pOro MOKeT 3aBHCeTh OT HaauuuA A uau C B
caiiTe IIPOMOTOPHOHN 30HBI AQP5, sABJseTCA
TpaHCKPUNIUOHHBIA (dakTop ETS1, KoTOpBIH
akcrpeccupoBaH B MUK [53, 54].

K HepmocrarkaM JaHHOIO MCCAELOBAHUA
cjenyeT OTHECTH HEJOCTAaTOYHO 3HAYUTEJbHBIN
o0'beM BBIOOpPKU, 3aTpyAHAOIUN Oojee Tiia-
TeJIbHYIO CTpaTU(pUKAIIUIO MAIIMEHTOB 110 IPyI-
aM C y4eTOM KJMHUYECKON TeTepOreHHOCTHU
BBIOOPKM IT0 KOMOPOUTHOCTH, TSKECTH OPraH-

HBIX HapylIeHUi u T. . BMecTe ¢ Tem, Koaude-
CTBEHHO BBIpa’KE€HHbIE U 3HAUMUMBbIE Pa3JIN4YUS
1o 30-1HeBHOU BBIKMBAEMOCTU MESKAY BYyMs
rpyIIIaMy NaeHTOB ¢ abJOMUHAJIBHBIM CETICH -
COM, He OTJIMYAIOIIUXCA NPU TOCOUTATN3AINHA
o 3HaveHussM SOFA u APACHE 11, HO pa3/iIn4HbIX
110 HAJIUYHIO UM OTCYTCTBUIO MUHOPHOU MyTa-
MU — eJUHCTBEHHO! 3aMeHbl HyKJIeoTHa A Ha
HykJeoTun C B rene AQPS, II03BOJIAIOT CYUTATh
IIepCIEeKTUBHBIM MCIOJIb30BaHUe 1s3759129
AQP5 B Ka4eCcTBe KaHIUJAaTHOTO FTeHETUYECKOTO
Mapkepa JiJisi CTpaTu@UKaIuy nNarueHTOB UMEeH-
HO C abJOMUHAJIBHBIM CEIICMCOM IO TpyIam
prcKa HeOJIarOMPUATHOTO MCXOMa. YUYUTBHIBAsS
CymecTByIOIIMe TpobOJeMbl IOWCKa 0OoJjee
HaJesKHBbIX MapKepPOB IMTPOTHO3a ab6JOMHUHAJIBHO-
ro CeICHuca, 4eM CyLIeCTBYyIOIlUue KpUTepuu
SOFA, APACHE 11, SAPS, PIRO,WSES, MODS u
apyrue nmokasarenu [50, 55-57], reHeTUYECKUE
MapKepbl MOTYT OKa3aThCsl BOCTPeOOBAHHBIMH
JJIST ICTIOJIb30BaHUsI B KOMOWHAIINY C IPYTUMHU
UMEIIMHICA MapKEPaMU C IeJIbIO TOBBIIIIEHUS
TOYHOCTH IEePCOHAJN3NUPOBAHHBIX MOIXOJ0B K
JICYCHHUIO NAIlMEHTOB C YIPOKAIOIIUM >KU3HU
a0bg0MUHAJIbHBIM CEIICUCOM.
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scores [50, 55-57], the use of the genetic markers in
combination with other parameters to enhance the
accuracy of personalized treatment strategies for
patients with life-threatening abdominal sepsis
might be warranted.

Conclusion

The presence of allele C (genotypes AC and
CCQ) of a single-nucleotide polymorphism -1364 A/C
of gene AQP5 in the studied group of patients with
abdominal sepsis is associated with a favorable out-
come. The protective effect of allele C begins to ap-
pear in the group of patients with abdominal sepsis
as early as the first 10 days of hospitalization.
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3akJaouenue

Hannuune annenun C (renorunsl AC u CC)
OTHOHYKJIEOTUIHOH 3aMeHbI -1364 A/C rerna AQP5
B MCCJI€TOBAHHOM T'PYyIINe MalueHTOB ¢ a6IOMU-
HAJbHBIM CETICHCOM aCCOIIUUPYETCSI C OJIarOmpu-
SITHBIM UCXoHoM. [IpoTeKTUBHBIN 3D eKT anesin
C HauWHAET MPOSIBJISITHCS B TPYIIIIE MAIUEHTOB C
abgOMUHATBHBIM CETICCOM JOCTAaTOYHO PaHO —
B niepBble 10 qHel rocuTaan3arii.

BaarogapHocTs. PaboTa BhITIO/THEHA B paM-
Kax TeMbl roc3ananust Ne 0563-2019-0018 (pyk.
TeMbl BMII). ABTOpBI BBIpaskaloT IIPpU3HATEJIb-
HOCTB JI. M. H., mipo¢. M. B. [Tlerpooii (DHKI] PP)
3a opra"muaanuio coopa 6uoMarepuaioB U KJIMHU-
YeCKOT0 aHaJIN3a MaHHbBIX MAMeHTOB. YacTUYHO
pe3ysIsraThl padoThI JOJ0KEHBI Ha 39-M Meskay-
HApPOIHOTO CUMIIO3WyMa 10 MHTEHCUBHON MeIu-
IuHe U MegunuHe ckopoil momortnu (ISICEM) B
2019 . [58].

Kou@aukTt nHTEpECcOB. ABTOPHI CTAaTHU MO~
TBEPIUIN OTCYTCTBHE KOH(IUKTA UHTEPECOB, O
KOTOPOM HeOOXOIMMO COOOIIUTh.
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Pe3rome

VIHCYJIBT SIBJIsSIETCS BTOPOM 110 YacTOTe IPUYMHOM CMEPTHU B MUpe IT0C/Ie UIlleMUYecKoi 60J/1e3H cepiia
(MBC) u TpeThel 10 YacTOTe PAa3BUTHS UHBAJUTHOCTH.

Ilenb: BeIsSIBJIEHNE 3AaKOHOMEPHOCTEN COlepsKaHUsA KaHJUJaTHBIX MOJIEKYISIPHBIX MAPKEPOB B CHIBO-
POTKe KpOBM allMEHTOB B pa3/IMYHbIe CTaJUN FeMOpparundeckKoro NHCyabTa.

MarepuaJ 1 MeTobl. U1 CJI0 TAIMeHTOB C reMOpparndeCKUM HHCYJIBTOM COCTaBUJIO 33, U3 HUX MY>KYMH
15, sxenmuH 18. Bospact namnuenToB — 31-65 sieT. MoJsiekynspHble Mapkepbl LIHC B CBIBOpOTKe KPOBH OIIpe-
JleJIsLIU B ocTpeliieil craguu yepes 1-3 yaca, 7, 14 u 30 gHeil oT Havyasa 3abosieBanusi. KosimyecTBeHHYIO
OIIEHKY COflepyKaHusI KaHIUaTHBIX MOJIEKY/ISIDHBIX MapKEPOB ITOBPEsKIeHNsI IeHTPaabHON HEPBHOH CHU-
crembl (IIHC) B CbIBOPOTKE KPOBH Yy IAIIMEHTOB C FeMOPParn4eCKUM UHCYJIBTOM OCYIIECTBJIAIN METOJOM
UMMYHO(epMeHTHOI0 aHaar3a B ocTpeieil craguu yepes 1-3 yaca, 3areM — 7, 14 u 30 gHeli oT HavyasIa
3aboJsieBanus. Onpenesisiiii Heliporpodudeckuil akTop roJJOBHOTO MO3ra, HeHpoHCcIelupUIecKyIo eHo-
J1agy, 6eJsiok S-100 061K, IHaNbHBIN HelpoTpodudyeckuil pakTop, BACKYI09HA0TENNANTBHBIN (haKkTOp
pocTa, CHaTupPOBaHHbIN YIJIEBOAHBIN aHTUTeH, CyIIePOKCUIIUCMYTady. MoJsekynsipable Mapkepsb! [THC BbI-
SIBJISIJIU C IIOMOIIIBIO aBTOMATUY€CKOr0 MUKPOILJIAHIIIETHOIO UMMYHO( epMeHTHOT0 aHaau3aropa Immuno-
mat TM. KoutpoJibHylo rpymiry coctaBusu 20 1oOpoBoJIblLieB B Bo3pacTe 24-58 jieT. CTaTUCTUYeCKUM aHAIN3
IOJIyYeHHBIX JaHHBIX IPOM3BOAMJIM IPU ITIOMOIIY NakeTa Statistica 7,0. Vcriosib30Ba/iu napaMeTpuyiecKkue
METO/IbI CTATUCTUYECKOTO aHAIN3a, JAHHBIE ITPEJICTaBUJIN B BUE MeIuaHbl 25-75 nepuenTuiiei (25-75 IQR).
CrarucTr4ecky 3HaYMMbIM CUMTAJIM padjindue npu p<0,05.

Pe3yuisraThl. [10 CpaBHEHUIO C TPYIIION KOHTPOJISI B CHIBOPOTKAX KPOBU MAIIUEHTOB C TeMOPpParun4eckum
WHCYJIBTOM OTMeYaJli U3MEHEeHNe COolepyKaHNsA UCCaeqyeMbIX KaHIUAaTHbIX MOJIEKY/JIAPHbBIX MapKepoB. B
OCTpeHIIell CTauy TeMOpparn4eckoro nHcysnsra (1-3 gaca ot Havyasa 3aboJieBaHus1) perucTpUpPOBaIM CTa-
TUCTUYECKU 3HAUYMMOe Bo3pacTaHue copepskanus 0eska S100, rnanbHOro HelipoTpoduyeckoro ¢hakTopa,
(paxTopa pocTa IHIOTEIUSI COCYI0B, CYIIEPOKCUIINCMYTa3bl, CHJIMPOBAaHHOTO YIJIEBOAHOIO aHTUT€HA, & CHU-
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SKEHHE COfIepsKaHMA MO3TOBOT0O HeHPOTPOhUUIECKOT0 (paKTopa 1 MOBBIIIEHUE COJePyKaHusA HePOH-CIIel -
(hraeckoii eHoJ1a3bI OBIJIO CTATHCTUYECKH HEJIOCTOBEPHBIM. B OCTpOIl cTainy reMopparn4eckoro MHCYIBTa
(7-14 pHeil) oTMeYaJId CTAaTUCTUYECKU 3HAUYNMOe CHUKEeHHe COflepsKaHusl MO3roBOro HelpoTpoduueckoro
¢axTopa (14 geHb), TOBBIIIEHHE COEPKaHUA (PAaKTOPa POCTA 9HA0TEJINS, CYIePOKCUITUCMYTA3bl, CHAJIAPO-
BAHHOTO YIJIEBOZHOTO aHTHUIeHa. B momocTpoii craguu 3aboseBanus (30 CyTOK) perucTpUpoBaIn CTAaTUCTH-
4YeCKH 3HA4MMOe MOBBIIIeHHe cofiepskaHusA (paKTopa poCTa aHAO0TEINHA, CYyIIePOKCUIIUCMYTa3bl U CHaIUPO-
BAHHTIO YIVIEBOJHOT'O aHTUTE€HA.

3akJarouyeHue. M3yuniu IMHaMUKY COAEePKaHNA KaHIUIaTHBIX MOJIEKYJIAPHBIX MAPKEPOB B CEIBOPOTKE
KPOBH ITAIIMEHTOB C FeMOPParu4eckuM UHCYJIBETOM, KOTOPas, BEPOsATHO, OTpasKaeT IIPOLECChl ajJbIepanun
U pereHepanny, COOTBETCTBYIOIINE CTAAUAM 3abosieBaHus. VIcoap30BaHNe JaHHBIX KAaHIUIATHBIX MOJIe-
KYJISIPHBIX OMOMapKepoB, IIOCJIe COOTBETCTBYIOIIEH Ba/IUIAIIANY, IEPCIEKTHBHO B KOMIVIEKCHON AMarHo-
CTHKe, MOHUTOPHHTE JIeYeHH s ¥ PeadMINTAllMOHHBIX MEPOIIPUATHH Y TaHHOH KaTerOpuH MalfieHTOB.

Knaroueente crosa: 2eMoppa2uuecnu12 uHcyiom, kaHdudamHuwle MOJeR)IAApHbLE 6u0Mdpnepr

Summary

Stroke is the second most common cause of death after coronary heart disease (CHD) globally and the
third most common cause of disability worldwide.

Aim: to identify patterns of serum levels of candidate molecular markers in various stages of hemorrhagic
stroke.

Material and methods. The number of enrolled patients with hemorrhagic stroke was 33, 15 of them were
men and 18 women. The age of the patients was 31-65 years. The serum levels of molecular markers of the
central nervous system (CNS) were measured in the hyperacute phase of stroke (during 1-3 hours after the
onset), and on Days 7, 14 and 30 after the onset of the disease. The serum levels of candidate molecular markers
of CNS in patients with hemorrhagic stroke were measured by immunoenzyme analysis during the hyperacute
phase (first 1-3 hours), then on Days 7, 14 and 30 after the onset of disease. The levels of neurotrophic brain
derived factor, neuron-specific enolase, total S-100 protein, glial cell line-derived neurotrophic factor, vascular
endothelial growth factor, sialylated carbohydrate antigen, and superoxide dismutase were determined. The
molecular markers of CNS were measured using the Immunomat (TM) automatic microplate immunoenzyme
analyzer. The control group included 20 volunteers aged 24-58 years. Statistical analysis of the obtained data
was performed using the Statistica 7.0 software. Parametric methods of statistical analysis were used, data
were presented as medians and 25" and 75™ percentiles (25-75 IQR). The difference at P<0.05 was considered
statistically significant.

Results. Changes in the serum levels of the studied candidate molecular markers were found in the patients
with hemorrhagic stroke compared with the control group. During the hyperacute phase of hemorrhagic stroke
(first 1-3 hours), significant increases of S100 protein, glial cell line-derived neurotrophic factor, vascular en-
dothelial growth factor, superoxide dismutase, sialylated carbohydrate antigen levels, as well as decrease of
brain derived neurotrophic factor and increase of neuron-specific enolase levels were revealed. In the acute
phase of hemorrhagic stroke (Days 7-14), statistically significant decrease in brain-derived neurotrophic factor
level (Day 14) and increase in vascular endothelial growth factor, superoxide dismutase, sialylated carbohydrate
antigen levels were observed. In the subacute phase of disease (Day 30), a statistically significant increases in
the vascular endothelial growth factor, superoxide dismutase and sialylated carbohydrate antigen levels were
observed.

Conclusion. Serial changes of serum levels of candidate molecular markers in patients with hemorrhagic
stroke were found, which presumably represent alteration and regeneration corresponding to the disease
phases. The use of these candidate molecular biomarkers, after appropriate validation, is a promising tool for
comprehensive diagnosis, treatment monitoring and rehabilitation in this category of patients.

Keywords: hemorrhagic stroke, candidate molecular biomarkers.
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BBenenue Introduction

WHCymBT sIBJISIETCSI BTOPOU 110 YaCTOTE IPUYH-
HOH CMEPTH B MUpE ITOCJIE UIIIEMUYECKOI O0JIE3HI
cepana (MBC) u TpeThbell Mo 4acToTe Pa3BUTHUSA
nHBajauaHoctu [1]. leMopparnueckuil HWHCYJIBT
(') BcTpeuaerca B 5 pas peske UIIeMHUYeCKOro 1
XapakKTepuayeTcs: 6oJiee BBICOKOH (o 75%) nHBA-
Juausanuen [2]. JleTaJbHOCTB IIPU reMopparuye-
CKOM MHCYJIBTE cOCTaBJigeT okoJ1o 60% [3]. B cpen-
HeM, 4acToTa BCTPEe4YaeMOCTU UHCYIBTOB Ha 1000

YeJIOBEK COCTaBJIAET OT 4,2 10 6,5 [4].

Stroke is the second most common cause of
death after coronary heart disease (CHD) globally
and the third most common cause of disability
worldwide [1].

Hemorrhagic stroke is 5 times less common
than ischemic and is characterized by higher
chance of disability (up to 75%) [2]. Mortality in he-
morrhagic stroke can be estimated at about
60% [3]. On average, the incidence of stroke ranges
from 4.2 to 6.5 per 1,000 of population [4].
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[J11 nUarHOCTUKY WHCYJIBTa, IOMUMO KJIU-
HUYECKUX W HMHCTPYMEHTAJbHBIX, MCIIOJb3YIOT
JlabopaTopHbIe M OMOXUMHYECKHE METO/IbI NCCJIe-
noBaHUs [5-7], B T. 4. MOJIEKYJISIpHBIE OHIOMapKe-
pbl1. MicciienoBaHus 10 JaHHOU ITpobJieMe pa3pos-
HEHHbI, BHE MO0JIsI 3pEHUsi OCTAETCA BOIPOC,
KaCaIUNACA TUHAMUKY COJIEPKaHUS KaHIUIaT-
HBIX MOJIEKY/ISPHBIX MapKepoB B CBIBOPOTKE
KPOBH NAIlMEHTOB HA PA3JIMYHBIX CTATUAX TEMOP-
parn4ecKoro MHCYJbTa, YTO ABJAETCA UCKJII0YN-
TeJIbHO BasKHBIM JIJIS1 OIIEHKHU 00IIenaroJjiorunye-
CKUMX IPOIeCCOB — aJIETePaIlliy U pereHepannu —
C IIeJIbI0 TIOHMMAaHUA BbIPAKEHHOCTH 3TUX MPO-
IIECCOB B IIeHTPa/IbHON HepBHOU cucTeme (ILTHC),
4To ornpeiesnsieT 3pHeKTUBHOCTD JIEYeHUS U TIPO-
rHO3 3a00JIeBaHUA.

Ileqib — BBISABJIEHNME 3aKOHOMEPHOCTEU
cofiepyKaHus KaHIUAATHBIX MOJIEKYJIAPHBIX Map-
KEPOB B CBIBOPOTKE KPOBU IMAIIMEHTOB B pa3ny-
Hble CTaH FeMOPparu4ecKoro NHCyJIbTa.

MarepuaJa 1 MeToAbI

KosmmdecTBeHHyIO OLIEHKY COIepyKaHusA KaHauaar-
HBIX MOJIEKY/IAPHBIX MapKkepoB LTHC B CBIBOPOTKE KpOBU
MaleHTOB C FeMOPParndeCKUM MHCYJIBTOM IIPOBOINIIN
MeTOI0M IMMYHO(epPMEHTHOT0 aHa/IN3a B IIepBble 3 uaca,
yepes 7, 14 u 30 1Hel oT HavasIa 3ab0JIeBaHusA. 33 maru-
eHTa (15 My»kurH 1 18 )KeHIIUH B Bo3pacre oT 31 roga 10
65 J1eT) OBLTM FOCITUTATN3UPOBAHBI B OTIE/IeHHS PeaHu-
maunu PenepasbHOTO HAyYHO-KJIMHAYECKOIO LIEHTPa
pEeaHuMaToJIOTHHU U PeabUTUTOJIOTHH U 3-H TOPOICKOM
KJIMHAYECKON 00JbHUIILI M. M. I1. KoHYaJIOBCKOTO,
. MockBa. Bce manyeHTBI IMeJIN COMTyTCTRYIOIIEe 3a00-
JieBaHUE B BUJIe TUIIEPTOHUYECKON O0JIe3HU 3 CTaIUM.
22 nanuenTa nosydanu MBJI B ocTpeiiem nepuoje nH-
CyJIBTa C ITOCJIEAYIOIINM YCIICIITHBIM OTVIyYeHUEM.

KpuTtepuu BKJIIOUEHUS: HATNYNE KINHUYECKUX
NIPU3HAKOB UHCYJIBTA C IOATBEPYKICHUEM reMopparu-
YeCKOIr0 KOMIIOHEHTA IPU KOMITBIOTEPHOM TOMOrpadumn
TOJIOBHOT'O MO3Ta; JII00ast TOKaIU3aIisi reMopparuye-
CKOI'0 MHCYJIBTA; yDOBEHBb CO3HAHM S IIPU NTOCTYIJICHUH,
OIIEHEHHBIH 110 IIKaJjie KOMbI [J1a3ro, ot 4 10 9 6aJ1JI0B;
6e3 orpaHMYEHUH 110 BO3pacTy; Oe3 orpaHUYeHUH 110
KoMOpOUIHOCTU. KpUTepuy NCKITIOYeHUST: HECTAOUIb-
Hasi reMOJMHAMUKa B OCTpeileM Nepruofie NHCYJIbTa;
YPOBEHb CO3HAHUS 110 IITKaJIe KOMBI [i1asro Hirke 4 6aJt-
JIOB; MH(PEKITMOHHBIE OCJIOKHEHUS U CEIICUC; TEPMU-
HaJIbHOE COCTOSsTHUE.

Jlrarso3 reMopparu4ecKoro MHCYJIbTa BbICTAB-
JIAJIM, PYKOBOJCTBYSICh METONUYECKUMHU PEKOMeH/1a-
nusamu Munsnpasa PP (2020).

Bcem manuyeHTaMm IIpU NOCTYIUIEHUH B KJIUHUKY
NIPOBOAMJIN KOMIIBIOTEPHYIO ToMOorpaduio. KpoBous-
JIUSIHUSA 110 JIOKQ/IU3AUY ObLJIM BHYTPUMO3TOBBIMU U
cybapaxHoUaIbHBIMU.

i1 ncciienoBaHusA CcofepsKaHUsl KaHAUIATHBIX
MOJIEKYJISIPHBIX OIOMapKEPOB BBIIOIHAIN 3a00p 8 M1
BEHO3HOU KPOBHU B CTaHJAPTHBIE IPOOUPKHU C ITUJIEH-
IUAMUHTETPAALeTaTOM IIPU BKJIIOYEHUU B UCCJIeOBa-
HUe (B IepBble 3 yaca [10CJie roCnuTanu3anym), yepes 2,
3 u4 Henesu oT HavyaJsia 3abosieBanusi. KpoBb eHTpUdy-
TUpOBaJ/y B TedeHure 10 MuH. co ckopocThio 2000 06/MuH.

In addition to clinical and instrumental inves-
tigations, laboratory and biochemical methods, in-
cluding molecular marker testing, are used to diag-
nose stroke [5-7]. Studies on this problem are
scarce, and the issue of serial changes in the serum
level of candidate molecular markers in various
phases of hemorrhagic stroke remains unad-
dressed. The issue is extremely important for the
evaluation of alteration and regeneration in CNS
which is essential for treatment effectiveness and
the prognosis of disease.

Aim — to identify the patterns of serum levels
of candidate molecular markers in patients with
various phases of hemorrhagic stroke.

Materials and Methods

The measurement of the serum level of CNS candi-
date molecular markers in patients with hemorrhagic
stroke was done by immunoenzyme analysis in the first 3
hours, and on Days 7, 14 and 30 after the disease onset.
Thirty three patients (15 men and 18 women aged 31 to
65 years) were hospitalized in the intensive care unit of
the Federal Research and Clinical Center of Intensive Care
Medicine and Rehabilitology and the M. P. Konchalovsky
3rd City Clinical Hospital (Moscow). All patients exhibited
coexisting 3rd stage hypertension. Twenty two patients
underwent lung ventilation in the hyperacute stroke pe-
riod with successful weaning afterwards.

Inclusion criteria were clinical signs of stroke of any
localization with hemorrhagic component confirmed by
brain computed tomography, Glasgo coma scale 4-9 on
admission. No age or comorbidity restrictions were ap-
plied. Exclusion criteria were unstable hemodynamic pa-
rameters in the hyperacute period of stroke, Glasgow
coma score below 4 points, infectious complications and
sepsis, terminal condition.

Hemorrhagic stroke was diagnosed according to
the Health ministry of Russian Federation guidelines
(2020).

All patients had computed tomography done on
admission to the clinic. The localization of hemorrhages
was intracerebral or subarachnoid.

Eight ml of venous blood were taken to standard
EDTA tubes on study enrolment (during the first 3 hours
after hospitalization), 2, 3 and 4 weeks after the disease
onset to measure the level of the candidate molecular
biomarkers. Blood was centrifuged for 10 min. at a rate
of 2000 rpm. Blood plasma (3-4 ml) was separated and
frozen in separate tubes without preservatives at 20°C.
The level of candidate molecular biomarkers in blood
samples was measured by independent laboratory assis-
tants who did not know about the patients included in
the study.

The serum levels of brain-derived neurotrophic
factor (BDNF), neuron-specific enolase (NSE), total pro-
tein S-100 (af-pp), glial cell-line derived neurotrophic
factor (GDNF), vascular endothelial growth factor
(VEGEF), sialylated carbohydrate antigen (KL-6), and su-
peroxide dismutase were evaluated. The following
reagents were used: CanAg NSE EIA («<FUJIREBIO», Swe-
den); Human Free BDNF Immunoassay (R&D
systems,USA); Human GDNF ELISA (ABfrontier, Korea);
CanAg S 100 EIA (FUJIREBIO,Sweden); KL-6 KIT (Sekisui
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Knunudyeckue nccjaeqoBaHud U IMIpaKTUKa

XapaKTepUCTHKA HCCJIeyeMbIX I'PyIIIL.
Parameters of the studied groups.

Parameters Values in groups P
Main, n=33 Control, n=20
Sex
male, n (%) 15 (45.5) 8 (40.0) >0.05
female, n (%) 18 (54.5) 12 (60.0) >0.05
Age, years (Me, min—-max) 42.4 (31-65) 38.5 (24-58) >0.05

IIpumeuyanue. Parameters — napaMmerpsl; values in groups — 3HaueHHUsI B IPyIIax; main — oCHOBHasI; control — KOHTpPoOJIbHAS;
sex, male, female — 1oJ1, My>K4YUHBI, SKEHIIIUHBI; age, years — BO3PacT, FOJbl.

[Ty1asmy KpoBHU B KOJIA4YECTBE 3—4 MJI OTIEJIANIMN U 3aMO-
pasKUBaIH B OTJEJIbHBIX TPOOUPKAx 6€3 KOHCepBaHTa
npu tremneparype 20°C. Copepskanue KaHIAIaTHbIX MO-
JIEKYJISIPHBIX OMOMapKepoB B 00pasiiax KPOBU H3Me-
PpsiIH He3aBUCHMbIe JTAOOPAHTHI, He BJIa ieloIye nHpop-
Manuen o 00JIbHBIX, BKIIOYEHHBIX B ICCI€IOBAHIE.

KoJinuecTBEHHO OLIeHUBAJIU COJlepsKaHUe B ChIBO-
POTKe KpoBU: HEHpoTpodudecKkuil hakTop TOJIOBHOTO
mo3sra (BDNF), wHeilipoH-crienurUecKyo eHoJ1a3y
(NSE), 6es10k S-100 ob61ruit (f-3), TTHaIbHBIN HEHPO-
Tpoduueckuii pakrop (GDNF), Backyn0sHg0TETNAIb-
HbIl akTop pocra (VEGF), cuanupoBaHHBIN yIVIEBOLI-
aeii  auturen  (KL-6), cymepokcuaaucMmyTasy.
Hcnosp3oBanu peakTUBhbl ciaeayomux gupm: CanAg
NSE EIA «FUJIREBIO» (IlIBenusi) HelipoHcnenuduye-
ckasd eHoJia3a; Human Free BDNF Immunoassay «R&D
systems» (CIIIA) HelipoTpoduueckuii pakToOp rosoB-
Horo mo3ara (BDNF); Human GDNF ELISA «ABfrontier»
(Kopes1) mmmanepHBIE HelipoTpoduueckuil daxrTop
(GDNF); CanAg S 100 EIA «FUJIREBIO» (I1IBerust) 6e10K
S-100 obmmit (af-hp); KL-6 KIT «Sekisui Medical CO»
(AAnonus) cuanupoBaHHbIN yieBogHbIN anTUreH (KL-6);
Human VEGF-A Platinum ELISA «eBio-science» (ABcTpust)
BACKYJ/I09HI0TeJIMAIBHBIN (hakTop pocTa; Superoxide Dis-
mutase Assay Kit «Cayman chemical» (CIITA) cynepokcu-
pucMmyTasa. [lyis ucciaenoBaHuil NCI0/Ib30BaJId aBTOMa-
TUYEeCKUH MUKPOIJIAHIIETHbI MMMYyHO(epMeHTHbIN
anasmaarop ImmunomatTM.

KoHTpoJIbHYIO rpyniTy cocTaBuid 20 70OPOBOJIh-
1eB (24-58 j1eT), JAaBIINX COIVIaCHe HA y4acTHe B JTaHHOM
ncciieoBaHNM. VcciieyeMble TPYIIIIbI CTaTACTHYECKH
3HAYMMO He pasyIn4aJjrch 110 II0JI0BOMY COCTaBY U BO3-
pacty (Tabura).

B KOHTPOJILHOM rpyTITIe BHIITOJHUIN OJHOKPAaTHBIN
3a00p 8 MJT BEHO3HOU KPOBH JIJI51 UCCJIEJOBAHUS (PHU3UO-
JIOTMYECKOT0 YPOBHS KaHAMIATHBIX OMOMapKEPOB.

CraTUCTUYECKUH aHaJIN3 TOJYYeHHBIX TaHHbBIX
NIPOU3BOAWIIN IIPU IOMOIINM ITaKeTa Statistica 7.0. Mc-
TI0JTB30BAJIN OOIIENPUHATHIE MaTEMAaTUKO-CTaTHCTH -
yecKHUe MeTOlbl pacyeTa OCHOBHBIX XapaKTePUCTUK
BBIOOPOYHBIX pacIipeiesIeHUN: TapaMeTpUIecKre Me-
TOJIBI CTATUCTUYECKOTO aHAIN3a, JaHHbIe OBLIH Ipe-
CTaBJeHbl B BHUJE MeauaHbl 25-75 mepreHTHJIel
(25-751QR). CraTnucTYeCcKy 3HAYMMBbIM CUUTAJIN Pa3-
auuue npu p<0,05.

Pe3ysnbrarhl U 00Cy:K/AI€HHE

Copep:xaHue MOJIEKYJISPHBIX MapKepoB B
CBIBOPOTKE KPOBH NAlIIEHTOB.

BDNE B KOHTpOJIbHOH IpyIIIEe CPelHee Coep-
sKaHue HeldpoTpoduyeckoro pakTopa roIO0BHOTO
Mmo3ra cocrasusio 1853,0 (1650,3; 2108,8) rir/mJ1.

Medical Co, Japan) for sialylated carbohydrate antigen
(KL-6) assessment; Human VEGF-A Platinum ELISA
(eBioscience, Austria); and Superoxide Dismutase Assay
Kit (Cayman Chemical, USA). The Inmunomat(TM) au-
tomatic microplate immunoassay analyzer was used in
the study.

The control group included 20 volunteers (24-58
years old) who provided informed consent for study par-
ticipation. The study groups did not significantly differ
by sex and age (table 1).

A single collection of venous blood (8 ml) was per-
formed in the control group to assess the physiological
level of candidate biomarkers.

The statistical analysis of the obtained data was car-
ried out using the Statistica 7.0 software. Generally accepted
methods were used to evaluate the distribution of variables.
The data were presented as medians and 25-75 percentiles
(25-75 interquartile ranges, IQR). The differences between
groups were considered significant at P<0.05.

Results and Discussion

The serum levels of molecular markers.

Brain-derived neurotrophic factor (BDNF). The
median of BDNF was 1853.0 (1650.3; 2108.8) pg/ml
in the control group.

Three hours after the onset of hemorrhagic
stroke the median of BDNF decreased to 1666.0
(1656.0; 1799.0) pg/ml (P<0.05 vs the control
group). On Day 7 after the stroke development, the
median of this parameter remained reduced to
1752.5 (1702; 1801.3) pg/ml. On Day 14 the median
of BDNF decreased even more significantly as com-
pared to the control group and was as low as 1498
(1422; 1546) pg/ml (P<0.05 vs the control group,
after 3 hours and on Day 7). On Day 30, the median
of BDNFwas similar to that of the control group and
amounted to 1821.0 (1709.3; 1906.0) pg/ml (P<0.05
vs after 3 hours) (fig., a).

Neuron-specific enolase (NSE). The median of
NSE was 6.1 (5.8; 6.4) pg/1 In the control group.

Three hours after the onset of the hemor-
rhagic stroke the average content of NSE tended to
increase to 6.3 (5.5; 8.1) pg/1 (P>0.05) vs the control
group. After 7 days the value of this parameter re-
mained the same at 6.3 (5.7; 7.1) ng/l. Fourteen
days after the development of hemorrhagic stroke,
the serum level of NSE did not change. the control
group and was 6.1 (5.8; 7.1) png/1. On the Day 30, the
level of neuron-specific enolase slightly increased
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Yepes 3 yaca nocjae BOBHUKHOBEHUS TeEMOP-
paru4yeckoro NHCYJIBTA CPeIHee CofepsKaHue Hell-
porpodudeckoro pakTopa roJOBHOTO MO3Tra CHU-
3UJI0Ch 10 1666,0 (1656,0; 1799,0) rir/mu (p<0,05 1o
CpaBHEHMUIO C rpyNnnoi KOHTpoJis). Uepes 7 nHel
IIoCJIe Pa3BUTHUs MHCYJABTA CpefHee 3HadYeHUe
JTAaHHOTO ITOKa3aTeJisl 0CTaBaJJ0Ch CHUKEHHBIM —
1752,5 (1702; 1801,3) nr/mJ1. Ha 14-e cyTku cpen-
Hee CojiepsKaHre MO3TOBOr0 HEHPOTPODHUUECKOTO
¢dakTOpa CHU3UJIOCH TI0 CPAaBHEHUIO C KOHTPOJIb-
HOW T'PYNIION elle OoJiee 3HAYMTEJHHO: 0 1498
(1422; 1546) rir/mut (p<0,05 110 OTHOLIEHUIO K IPYII-
Ie KOHTpPoJIdA, 3 yacaMm u 7 cyTkaM). Ha 30-e cyTku
cpefHee cojiepskaHue Heliporpoduyeckoro dak-
TOpa roJIOBHOT'O MO3Ta MPUOJIN3UIOCH K TTOKAa3a-
TEeJIIO TPYNIIBI KOHTPOJA U coctaBuao 1821,0
(1709,3; 1906,0) rir/ma1 (p<0,05 10 OTHOLIEHHUIO K 3
yacam) (puc., a).

Hetipon-cneyuguueckas enona3a (NSE). B
KOHTPOJIBHOM IpymIie cpeHee cofepsKaHne Hell-
poHcnenuduyeckol eHoJia3dbl cocTaBmio 6,1 (5,8;
6,4) MKr/J1.

B mepBbie 3 yaca moc/ie BOSHMKHOBEHHUS
reMopparu4ecKkoro MHCyJIbTa CpeiHee cogeprKa-
HUEe HeUpoH-cnenuduyueckol eHoJsas3bl II0
CPaBHEHUIO C FPYIIION KOHTPOJISI BO3POCJIO 10 6,3
(5,5; 8,1) MKr/Ja (cTaTUCTUYECKH He 3HAYNMO).
Yepes 7 gHell 3HaueHUeE JAHHOTO TOKa3areJs
0CTaBaJIOCh NpeskHuM: 6,3 (5,7; 7,1) MKkr/J1. Yepes
14 nHell mocJie pas3BUTHS TeMOPpPAruvdecKoro
WHCYJIBTA COlepsKaHre B CbIBOPOTKE KPOBU Hel-
poH-crienupUIeCcKol eHoJia3bl He MEHSJIOCH T10
CpaBHEHUIO C KOHTPOJIbHOU I'PYIIION U COCTABJIS-
J10 6,1 (5,8; 7,1) mxr/s. Ha 30-e cyTku cogepskaHue
HeWpOH-cnenuduIeckoi eHoaa3bl BO3POCJIIO 10
6,7 (5,1; 7,3) MKr/Jl IO CpPaBHEHUIO C I'PYNION
KOHTPOJISA CTAaTUCTUYECKU HE3HAYUMO (pUc., b).

Benok-S-100. B KOHTPOJIBHOH rpymIie cpef-
Hee comepskaHume Oesika S-100 cocraBusio 41,1
(38,8; 42,9) ur/Ja.

B mepBbie 3 yaca moc/ie BOSHUKHOBEHHUS
reMopparu4ecKkoro MHCyJIbTa CpeiHee cogeprka-
Hue Oesika S-100 3HAUYMMO BO3pacTaso a0 52,1
(48,7; 60,2) Hr/J1 (p<0,05 110 OTHOIIEHUIO K I'pyIIIIe
KOHTpoJIA). Ha 7 cyTKu 9TOT NOKa3aTe b CHU3UJI-
¢ 1o 37,6 (35,2; 39,3) Hr/u1 (p<0,05 10 OTHOILIEHUIO
K 1-3 yacam). Ha 7 cyTku conepskanue OeJjika BO3-
pocJio o 44, 9 (39,1; 46,4) ur/a (p<0,05 no oTHO-
IIEHUIO K IpylIne KOHTPOJA U 7-MU CyTKaM) U
0CTaBaJIOCh HA TAKOM K€ YPOBHE BIJIOTb 10 30-X
CyTOK II0CJIe BOSHUKHOBEHU S IeMOPParundecKoro
HUHCYyJbTa (pUC., C).

Tuanvubili Helipompoduueckuii parmop
(GDNF). B KOHTpPOJIbHOI I'pyIIIie cpefHee coaep-
sKaHUe TJINAJIbHOTO HEUPOTpodruieckoro pakTo-
pa coctaswuiio 30,2 (26,7; 52,8) rir/ mut.

[To cpaBHeHUIO C rPyNIION CpaBHEHUS B Iep-
BbIe 1-3 yaca nocJsie BOBHUKHOBEHUSI TeMOpparu-
4eCKOI'0 MHCYJIBTA CpelHee CoepsKaHue [IaabHO-

up to 6.7 (5.1; 7.3) pg/1vs the control group, but the
difference was not significant (fig., b).

Protein S-100. The median protein S-100 was
41.1 (38.8; 42.9) ng/l in the control group.

In the first 3 hours after hemorrhagic stroke
the median of S-100 increased up to 52.1 (48.7; 60.2) ng/1
(P<0.05 vs the control group). On Day 7, this index
decreased to 37.6 (35.2; 39.3) ng/l (P<0.05 versus
1-3 hours). On Day 7 the protein level increased to
44.9 (39.1; 46.4) ng/1 (P<0.05 vs the control group
and Day 7) and remained at the same level till Day
30 after the hemorrhagic stroke (fig., ¢).

Glial cell line-derived neurotrophic factor
(GDNF). The median of GDNF was 30.2 (26.7; 52.8)
pg/ml in the control group.

In the first 1-3 hours after hemorrhagic stroke,
the median of GDNF significantly increased to 44.5
(41.2; 49.8) pg/ml (P<0.05 vs the control group). On
Day 7 its median level dropped to 29.5 (28.7; 31.1)
pg/ml (P<0.05 vs 1-3 hours). On the Day 14 the level
of glial cell line — derived neurotrophic factor in-
creased to 31.0 (29.9; 35.3) pg/ml (P<0.05 vs the
control group) and on Day 30 it decreased to 29.7
(28.9; 36.0) (P<0.05 vs 1-3 hours) (fig., d).

The vascular endothelial growth factor (VEGF).
The median level of VEGF-A was 318.0 (133.0; 406.0)
pg/ml in the control group.

In the first 1-3 hours after hemorrhagic stroke
onset, the median VEGF level dramatically in-
creased to 909.0 (870.0; 1005.0) pg/ml (P<0.05 vs
the control group). On Day 7, this marker increased
significantly to 1067.0 (1046.5; 1180.5) pg/ml
(P<0.05 vs the control group), and on Day 14 it de-
creased to 990.0 (876.5; 1460.5) pg/ml (P<0.05 vs
the control group). On Day 30 the median level of
VEGF was higher vs the control group and reached
713.0 (696.8; 1075.3) pg/ml (P<0.05 vs the control
group and Day 7), but significantly lower than after
1-3 hours, on Days 7 and 14 after the onset of stroke
(fig., ).

Superoxide dismutase (SOD). The average con-
tent of SOD in plasma was 0.6 (0.56; 0.75) units/ml
in the control group.

In the first 1-3 hours after the hemorrhagic
stroke onset the median level of superoxide dismu-
tase increased to 0.86 (0.57; 1.15) units/ml, on Day
7 this value decreased to 0.81 (0.76; 0.96) units/ml
(P<0.05 vs the control group). On Day 14 it dropped
to 0.66 (0.64; 0.73) units/ml (P<0.05 vs 7 days) and
on day 30 it increased to 0.87 (0.81; 0.92) units/ml
(P<0.05 vs Day 14) (fig., /).

Sialylated carbohydrate antigen (KL-6). The
median level of sialylated carbohydrate antigen was
215.0 (198.0; 298.8) units/ml in the control group.

In the first 1-3 hours after hemorrhagic stroke
the level of KL-6 increased to 316.0 (310.0; 337.0)
units/ml (P<0.05 vs the control group). A week later,
KL-6 serum concentration decreased vs. the previ-

ous value and was 279.5 (250.3; 307.0) units/ml
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Puc. luHaMHKa U3MEHEHHI COiepsKaHus MOJIEKYJISIPHBIX MapPKEPOB B CHIBOPOTKE KPOBHU MAIIEHTOB C TEMOPPAarnyecKuM
uHcyiabsToM, Me (LQ; HQ).
Fig. Serial changes of the serum molecular marker levels in patients with hemorrhagic stroke, Me (LQ; HQ).

Note. BDNF — brain-derived neurotrophic factor. The dotted line represents the control group values. P<0.05: ** — vs the control
group; * — vs after 1-3 hours; # — vs Day 7; # — vs Day 14.
IIpumeuanwue. Brain-derived neurotrophic factor (BDNF), pg/ml— HeliTpoTpodryecknii hakTop roJ0OBHOr0 MO3Ta, I/ MJI; neu-
ron-specific enolase (NSE), mcg/l — neiipon-cnenududeckas enosasa (HCE), Mxr/Ji; total protein S-100 (a3-3f), ng/l — Gesnok
S-100 o6uruii (¢f-Bp), ur/m; glial cell line-derived neurotrophic factor, pg/ml — ruansHbII HefipoTpoduueckuii hakTop, Ir/mJ;
vascular endothelial growth factor (VEGF-A), pg/ml — Backynoasngorenanbubii hakrop pocra (VEGFE-A), ir/mur; superoxide dis-
mutase, U/ml — cynepokcugaucmytasa, EJI/mi; sialylated carbohydrate antigen (KL-6), U/ml — cuainpoBaHHbBIH YIJIeBOIHbBIN
anturen (KL-6), E[l/mit; day — cyrkuy; hours — yachkl. [lyHKTUpHAsT TUHUAS — KOHTPOJIB. p<0,05: ** — 110 OTHOIIEHUIO K IPYIIITe
KOHTPOJISL; * — 110 OTHOIIEHUIO K 1-3 yacaM; # — 110 OTHOIIEHUIO K 7 CyTKam; ## — 1o OTHOLIeHHIO K 14 cyTKam.
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ro Heliporpoduyeckoro akTopa CylleCTBEHHO
Bo3pacTaJjio 1o 44,5 (41,2; 49,8) nr/ma (p<0,05 1o
OTHOLIEHHUIO K I'pylIe KOHTpoJiA). Ha 7 cyTtku ero
cpefHee colepskaHue CHU3WUJIOCh 1o 29, 5 (28,7;
31,1) nr/ma (p<0,05 110 OTHOLIEHUIO K 1-3 yacam).
Ha 14-e cyTku conepskaHue IIINaJIbHOT0 HEHPOTPO-
¢uyeckoro dakropa Bodpociio a0 31,0 (29,9; 35,3)
rr/mit (p<0,05 10 OTHOILIEHUIO K IPyIIIle KOHTPOJIA)
1 Ha 30-e CyTKU — CHU3UJIOCH 10 29,7 (28,9; 36,0)
(p<0,05 1o oTHOIIEHMIO K 1-3 yaca) (puc., d).

BackynosndomenuanvHoiii paxmop pocma
(VEGF). B KOHTPOJIbHOU I'pyIllie cpeJHee comep-
sKaHMe BaCKyJI09HI0TeINaIbHOTO (hakTopa pocTa
(VEGF-A) cocraBuJio 318,0 (133,0; 406,0) ir/MJ1.

B nepseblie 1-3 yaca nocjie BOSHUKHOBEHUA
reMopparu4ecKkoro MHCyJIbTa CpeiHee coaepryKa-
HHe BACKY/I09HJOTeJIUaIbHOr0 (pakTopa pesko
BoapacraJio 1o 909,0 (870,0; 1005,0) nr/mu1 (p<0,05
I10 OTHOIIIEHMIO K I'pyIlIie KOHTpoJiA). Ha 7-e cyTku
3HQUEeHME ITI0Ka3aTesass 3HAYUMO BO3POCJTO 10
1067,0 (1046,5; 1180,5) ir/ma1 (p<0,05 o oTHO1IE-
HMIO K IpyIIle KOHTPOJIA), a Ha 14-e CyTKU — CHU-
3uJiock 1o 990,0 (876,5; 1460,5) nir/ma (p<0,05 o
OTHOIIIEHUIO K I'pymIie KOHTpoJiA). Ha 30-e cyTku
cpefHee ColepsKaHue BaCKYJI09HA0TeJIMAaIbHOI0
¢parTOpa OBITIO BBIIIE 11O CPABHEHUIO C TPYIIIION
KoHTpoJA — 713,0 (696,8; 1075,3) nir/mu (p<0,05
II0 OTHOILIEHHUIO K I'PYIIIIe KOHTPOJIA U 7 CyTKaMm),
HO 3HAYUTEJIbHO HUYKe, yeM Yyeped 1-3 yaca, 7 u 14
CyTOK OT HadaJla pa3BUTHA UHCYJIBTA (PUC., €).

Cyneporcudducmymasa. B KOHTPOJBbHOU
rpymile cpefgHee cogepsKaHue CyIlepoOKCUIIUCMY-
Tasbl coctasuJo 0,6 (0,56; 0,75) EIl/mJt.

B nepsrle 1-3 yaca 1ocjie BOSHUKHOBEHUA
reMOpparn4ecKoro UHCy/IsTa CpefgHee ConepsKasue
CyIlepoKcugIucMyTa3bel Bo3pociao 1o 0,86 (0,57;
1,15) E/l/mu1, Ha 7 CyTKU 3Ha4YeHUe 3TOr0 IIoKa3are-
J1 cHu3u1o0ck 1o 0,81(0,76; 0,96) EIl/ma (p<0,05 o
OTHOIIIEHUIO K I'PyIIIe KOHTPOJIA). Ha 14-e cyTku —
cHusuiock 1o 0,66 (0,64; 0,73) EIl/ma (p<0,05 1o
OTHOILIEHUIO K 7-MU CyTKaM) 1 Ha 30-e CYyTKU — BO3-
pocao no 0,87 (0,81; 0,92) E/l/mar (p<0,05 1o oTHO-
IIIEHUIO K rpyIIe KOHTPOoJA 1 14 cyTkam) (puc., fj.

CuanuposarHblii yeaeeo0Hbili anmuzeH (KL-6).
B KOHTpOJIbHOI Tpyllle cpefHee ColepsKaHue
CHAJIMPOBAHHOIO YIJIEBOSHOIO aHTHUI'€HA COCTa-
BuJI0 215,0 (198,0; 298,8) EJI/ M.

B nepseblie 1-3 yaca nocjie BOSHUKHOBEHUA
reMOpparn4eCcKoro NHCyJIbTra CofepsKaHue Cuain-
POBaHHOTO YIVIEBOZHOI'O aHTUI'eHA BO3POCJIO 10
316,0 (310,0; 337,0) EIl/mu1 (p<0,05 110 OTHOILIEHUIO
K IpyIIe KOHTpoJIA). Yepes HeheJslio ero conepsra-
HUE B CBIBOPOTKE KpPOBM YMEHBIIWUJIOCH IIO
CpPaBHEHHUIO C MpeAbIayIIuM IloKas3arejieM u
cocrasJisno 279,5 (250,3; 307,0) EIl/mat (p<0,05 1o
OTHOILIIEHUIO K 1-3 yacaMm), a Ha 14-e CyTKU —
CHOBa MOBBICUJIOCH 110 326,0 EIl/Mma1 (317,5; 386,5)
(p<0,05 110 OTHOLIIEHUIO K IPYIIIIe KOHTPOJIA U 7-MU
cyTkam). Ha 30-e cyTku copepsxaHue CuaaInupoBaH-

(P<0.05 vs 1-3 hours), while on Day 14 it increased
again to 326.0 units/ml (317.5; 386.5) (P<0.05 vs
Day 7). On Day 30, the level of KL-6 was 319.0
(307.8; 375.5) units/ml (P<0.05 vs the control group
and Day 7) (fig., 8.

The obtained results confirm changes in the
serum level of the studied candidate molecular
markers in patients in various phases of hemor-
rhagic stroke.

A decrease of BDNF serum level was registered
in patients in hyperacute phase of hemorrhagic stroke
1-3 hours after the onset of the disease, with this re-
duction being maximal by Day 14. After Day 30 the
serum level of BDNF approached the control values.

NSE level was slightly increased in both acute
and subacute periods of the disease.

The level of protein S-100 in serum signifi-
cantly increased in the hyperacute period of hem-
orrhagic stroke 3 hours after the onset of the dis-
ease and fell below the control values in the acute
period after 7 days. Between Days 14-30 (subacute
period) the S-100 protein level increased again, ex-
ceeding the control level.

The serum level of GDNF increased significantly
in the hyperacute period of hemorrhagic stroke (3
hours after the onset of cerebral hemorrhage). Be-
tween Days 7-30 (acute and subacute periods) the
GDNF content was close to the control values.

There was also a significant increase of VEGF
level during hyperacute, acute and subacute peri-
ods of hemorrhagic stroke.

The level of SOD increased significantly after
3 hours and on Day 7 in the hyperacute and acute
periods of the disease. On Day 14 this marker’s level
decreased, and then increased again after 30 days
from the onset of the disease in the subacute period
of hemorrhagic stroke.

The level of KL-6 increased significantly (vs
the control group) in the hyperacute and subacute
periods of hemorrhagic stroke.

The implications of changes in the serum level
of the studied molecular biomarkers reflecting al-
teration and regeneration in the CNS in hemor-
rhagic stroke are related to their important role in
the functioning of neurons, glial cells and endothe-
lium. In particular, BDNF is a neurotrophic protein
which stimulates growth and reparation in neu-
rons, increases their synaptic plasticity and resist-
ance to damaging factors [12-14]. Stress, trauma,
hypoglycemia, brain ischemia affect BDNF expres-
sion [15]. Some mechanisms of synaptic plasticity
have been detected. Thus, BDNF of microglia stim-
ulates phosphorylation of neuronal kinase B recep-
tor associated with tropomyosin, which is a key me-
diator of synaptic plasticity (Miao H. et al,
2018) [16]. Inhibition mechanisms of spatial learn-
ing and memory capacity in rats with brain haem-
orrhage may be associated with reduced brain ex-

pression of BDNF [17]. This was confirmed by
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HOI'0 YIVIEBOAHOI'O aHTUreHa cocrasuso 319,0
(307,8; 375,5) Ell/mMa (p<0,05 110 OTHOLIEHUIO K
rpyIIe KOHTPOJIA U 7 cyTKaM) (puc., g).

[TostyuenHbIe pe3y/abTaTbl CBUAETEIbCTBYIOT
00 M3MEHEHUSIX CONlepsKaHMsI UCCIIeTlyeMbIX KaH-
JUAATHBIX MOJIEKYJIAPHBIX MAPKEPOB B CHIBOPOT-
Ke KPOBH ITAIIeHTOB B pa3J/IMYHbIe CTaAUU TeMOp-
parn4ecKoro MHCyJbTa.

B ocTpoii cTaguu reMopparun4ecKoro HHCYIb-
Ta PETUCTPUPOBAJINA CHUKEHNE COAEPsKaAHNUA MO3-
roBOro HelipoTpoduyueckoro pakTopa B CbIBOPOT-
K€ KpOBH IIAalUEHTOB C TIeMOpparudyecKuM
WHCYJIBTOM 4Yepe3 1-3 yaca ot HavaJsa 3aboJseBa-
HUA, KOTOpPOE JOCTUIJIO MUHUMYyMa K 14 cyTKaM.
Uepes 30 cyTok copepskaHre MO3TOBOI0 HeHpo-
TpoduYecKoro (pakTopa B CBIBOPOTKE KPOBU IIPU-
0JIM3UIOCH K KOHTPOJIBHBIM 3HAYEHUSIM.

HeiipoH-cnenuguueckas eHosiaza Xxapakre-
pu3oBajach HE3HAYMMBIM IIOBBIIICHUEM ee
COJepsKaHus KaK B OCTPOM, TaK W IOLOCTPOM
repuofie 3aboJieBaHus.

Conmepsranne Oesika S-100 B CHIBOpPOTKE
KPOBHU CTAaTUCTAYECKUW 3HAYMMO BO3pPOCJIO B
OCTpeliieM Ieprojie reMOpparnieckoro NHCYJIBTa
yepes 3 yaca OT Havyas1a 3aboJieBaHus M CHU3UJIOCh
HI)Ke KOHTPOJIbHBIX 3HAYeHUU B OCTPOM Ilepuojie
yepesd 7 cyTok. B uHTepBase 14-30 cyTok (11ogo-
CTPBI mepuom) comepskanue 6emka S-100 BHOBB
BO3POCJIO, IPEBBIIIAsl KOHTPOJIbHBIN YPOBEHb.

[nuanbHbIfl HeWpoTpoduyeckuit Qarrop
XapaKTepU30BaJICs CTAaTUCTUYECKU 3HAYMMBIM
BO3pacTaHueM ero COLep)KaHUusA B CHIBOPOTKeE
KPOBHU B OCTpelillieM Ilepruojie FeMOpparundeckoro
HMHCYJIbTa (4epes 3 yaca 1ocJie pa3BUTUSA BHYTPU-
MO3rOBOI'0 KpOBOU3AUAHUA). B uaTepsase 7-30
CYTOK (OCTPBIH ¥ IOJJOCTPBI ITepro/IbI 3a00s1eBa-
HUsI) COllepsKaHue IVIMaJbHOTO HelpoTpoduye-
CKOTO (parTOpa MpUOIMKATIOCH K KOHTPOJIbHBIM
3HAYCHUSAM.

OTMeTH/IM TakKe CyllleCTBEHHOE U CTaTu-
CTUYECKU 3HAYMMOE BO3pacTaHue COLeps;KaHusA
(¢arTOpa pocTa sHJ0TeHsI COCYI0B B OCTPEUIlIeM,
OCTPOM U IIOJOCTPOM IIeprOoiaX FeMOpparn4ecKo-
I'0 MHCYJIBTA.

Copepskanue CyllepOKCANAMCMYTa3bl CTaTU-
CTUYECKU 3HAYMMO BO3pPOCJIO Yepeld 3 yaca u 7
CyTOK B OCTpeWIIeM U OCTPOM Iepuojie Hauvasaa
3abosieBanuss. Ha 14-e CyTKM 3HauyeHHE 3ITOTO
IOKa3aTeJIs1 CHU3MJIOCH, @ 3aTeM BHOBb BO3POCJIO
yepes 30 cyTok OT Hayasa 3aboJsieBaHUsI B TIO0-
CTPOM IIeprOJe IFeMOPParn4eCcKoro NHCYJbTa.

CopnepskaHue CHaJIMPOBAHHOIO YIVIEBOIHOIO
autureHa (KL-6) craTucTiyecky 3Ha4UMO BO3POC-
JIO (110 CPaBHEHMIO C KOHTPOJBbHOU I'PyNmnoit) B
OoCTpeNIeM U IOA0CTPOM MepUoiax reMopparu-
YEeCKOI'0 MHCYJIBTA.

[locsencTBUA  M3MEHEHHMsI  COOEpKaHUA
HCCJIETyEMBIX MOJIEKYJISIPHBIX OMOMapKepoB B

CbIBOPOTKE KPOBH, OTPAKAIOIIMX ITIPOTECCHI aJIbTe-

experimental studies showing that BDNF secreted
by transplanted stem cells is one of the paracrine
factors that play a major role in reducing severe
brain damage caused by brain haemorrhage in
newborn rats [18].

NSE is one of the structural variants of the eno-
lase enzyme. NSE is present in all cells of a living or-
ganism and takes part in glycolysis. The enzyme is
present in red blood cells, neuroendocrine cells as
well as in neuronal cytoplasm and is one of the
markers of brain damage and prognosis in stroke.
Assessment of NSE in acute period of ischemic
stroke is useful for monitoring the blood-brain bar-
rier and predicting the transformation into hemor-
rhagic stroke [19]. The increase in the level of this
enzyme is associated with irreversible neuronal
damage resulting from abnormal metabolism and
structural changes in cells [20]. Although the neu-
ron-specific enolase does not help differentiate be-
tween ischemic and hemorrhagic strokes, it can be
used to assess the degree of brain damage both in
the first hours after the disease onset and later [21].

The S100 protein, a low-molecular calcium-
binding protein, is mainly produced by glial cells (as-
trocytes) as well as by Schwann cells. The protein
was given its name because of its ability to dissolve
in 100% ammonium sulfate solution (pH 7.2). The
protein S-100 has been studied in patients with var-
ious brain injuries, including trauma, stroke and
subarachnoid hemorrhage [22]. The blood level of
protein S100 has been shown to rise during the acute
phase of stroke [23]. Proven correlations of S100B
level in biological fluids in different CNS diseases
allow using it as a marker of cognitive impairment as
well as for monitoring the effectiveness of ther-
apy [24]. The S100B concentration in blood is signifi-
cantly higher in patients with intracranial hemor-
rhage or brain injury than in healthy subjects and in
patients with hemorrhagic stroke. Therefore, this
marker may be used to diagnose brain injury (25, 26].

GDNF is a protein, which is produced by as-
trocytes and is mainly present in them. GDNF par-
ticipates in neurogenesis being a necessary factor
for maintaining viability and functioning of neu-
rons, stimulates axon growth, controls synapses
formation, has a neuroprotective function by stim-
ulating the expression of neuronal regeneration
genes and blocking apoptosis by triggering cellular
signal pathways that affect gene expression [27-29].

VEGEF is a signal protein produced by cells to
stimulate angiogenesis [30, 31]. VEGF increases vas-
cular permeability, antithrombotic and anti-in-
flammatory properties of the endothelium, reduces
the risk of endothelial alteration caused by damag-
ing factors, has a neurotrophic and neuroprotective
effect on CNS neurons and glial cells [32]. The vas-
cular endothelial growth factor molecules bind to
receptors on the surface of cells with tyrosinase ac-
tivity, which are activated by transphosphorylation.
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pauuu u pere"epauuu B IIHC nipu remopparude-
CKOM HHCYJIBTE, CBSI3aHbI C UX BAYKHOU POJIBIO B
(PYHKIITMOHUPOBAHNU HEWPOHOB, KJIETOK NN U
augotenus. B vactHoctr, BDNF — 6es10k-Helpo-
TpO(¥H, KOTOPBII CTUMYJIUPYET POCT U perapaTuB-
HbIe IIPOIIecChl B HEMPOHAaX, IOBbIIIAET UX CUHAII-
TUYECKYI0 IIACTUYHOCTh, YCTOMYMBOCTH K
noBpeskaaonmm gakropam [12-14]. Ctpecc, Tpas-
Ma, TUIIOIIMKEeMUs], MILIeMUsI MO3Ta BJIUSIOT Ha 9KC-
npeccuo BDNF [15]. OGHapysKeHbl HEKOTOPBIE
MeXaHNU3Mbl CUHANITUYECKON NJIaCTUYHOCTHU. Tak,
BDNF mukporuu ctumynupyet (pochopuanpona-
HUe HeHPOHAIBHI0 KNHA3HOI 0 penienTopa B, cBs-
3aHHOI'0 C TPOIIOMUO3WHOM, ABJIAIOIIEr0Cs KJII0Ye-
BBIM M€JMaTOPOM CHHANTUYECKOH IJIACTUIHOCTU
(Miao H. et al 2018) [16]. MexaHU3MbI MHTUOHUPOBa-
HUSI TPOCTPAHCTBEHHOTO 00yY€eHUsI ¥ CIIOCOOHOCTh
K IIaMATHU Y KPBIC NIPA KPOBOUSJIUSHUUA B MOS3T
MOTYT OBITH CBSI3aHBI CO CHU;KEHWEM MO3TOBOM
akcnpeccuu BDNF [17]. 3To moaTBEPKIAETCS 9KC-
IIepUMEHTaJIbHbIMY HUCCIeJ0BAHUAMMY, CBAIETEIIb-
crBylomuMu o ToMm, uro BDNE cekpernpyemsbIii
TPaHCIVIaHTUPOBAHHBIMY CTBOJIOBBIMU KJIETKAMY,
SIBJISIETCST OJHUM U3 IMapaKpPUHHBIX (PaKTOPOB,
WTPAIOIIM OCHOBHYIO POJIb B OCJIA0JIEHUN TSKe-
JIBIX IIOBPEXKIEHNI TOJI0BHOT'O MO3T'd, BBI3BAHHBIX
KPOBOU3JIEM B MO3I'y HOBOPOKIEHHBIX KPBIC [18].
Hetipouncnienmudueckass enosasa (NSE)
SIBJISIETCSI OHOM M3 CTPYKTYPHBIX Pa3HOBUJHO-
creil ¢pepmeHTa eHoJa3bl. NSE IpuCyTCTBYeT BO
BCeX KJIeTKaX ’KUBOI'0 OpraHn3Ma U IpUHAMAeT
y4JacTre B IIpolieccax IMinkoJau3a. [lanublil gep-
MEHT HaxXOJUTCS B 3PUTPOIUTAX, HEWPOIHIO-
KPUHHBIX KJIETKAX, 4 TAKKe B ITUTOIlJIa3Me HEHPO-
HOB M ABJAETCA OJHUM U3 MapKepoB
IIOBPEsKACHUA I'OJIOBHOI'O MO3Id, a TAK)Ke OTHUM
13 IIPOTHOCTAYECKU BYKHBIX MAPKEPOB MHCYJIBTA.
Ananmua NSE Bo BpeMs oCTporo nepuojia UIeMu-
4YEeCKOro MHCyJIbTa I0JIe3eH IJIA MOHUTOPUHIA
COCTOSTHUSI TeMaTosHIedamaeckoro 6apbepa, a
Tak)Ke IPOTHO3MPOBAHUS ero TpaHchopMaluu B
reMopparuueckuii uHcyasr [19]. IloBblmieHue
cofiepsKaHusl TaHHOTO (pepMeHTa CBSI3BIBAIOT C
HeoOpaTUMBIMU TOBPEKIEHUSIMU HEHMPOHOB B
pesysbrare HapyuieHUH MeTaboJsim3Ma U CTPYK-
TYpPHBIX N3MeHeHUH kJeTok [20]. [TokasaHo, 4TO
HelpoH-cIenuduyecKasi eHoJa3a He [03BOJIsIeT
nnddepeHIPOBaTh UIITEMUYECKUN U TeMoppa-
rUYeCKUI UHCY/IBTBI, HO BasKHA [IJ151 OTIpeJiesIeHu s
CTEIleHN IIOBPEKIEHUs MO3ra KaK B IIepBble
Yachkl, TaK U B JMHaMuKe 3aboJjieBanus [21].
Besiok S100 — HU3KOMOJIEKYJISIPHBIN KaJlb-
I[AH-CBA3BIBAIOIINI OEJI0K B OCHOBHOM ITPO/TYIIH-
pyercsa KaeTKaMy MK (aCTpOLUTaMu), a TaK sKe
IIBAHHOBCKUMHU KJeTKkamMu. HasBaHme Oesika
006yCJIOBJIEHO €T0 CIIOCOOHOCTHIO PACTBOPATHCS B
100% pacTtBOpe cyiabdara ammoHus (pH 7,2).
BeJiok S-100 uccaenoBas y NaMeHTOB C pa3Jind-
HBIMH ITIOBPEKIEHUSAMU MO3Ia, BKJIIOYasi TPaBMBI,

In hypoxia, the hypoxia-induced factor causes re-
lease of VEGF proteins which bind to VEGF recep-
tors on the endothelial surface and activate tyrosine
kinase by triggering angiogenesis. Serum content
of VEGF in hemorrhagic stroke patients increases
and correlates with neurological deficit signs [33].

SOD belongs to the group of antioxidant en-
zymes and is one of the main systems of local free
radical removal which is activated in acute and
chronic CNS diseases [34, 35]. Its exogenous supply
can serve as an effective prevention and treatment
of some neurological diseases [36]. In an experi-
mental model of hemorrhagic stroke, a flavonoid
isoliquiritigen activated the antioxidant system
(particularly, the superoxide dismutase) mediated
by Nrf2, reduced neurological deficit, brain
oedema, minimized neuronal and blood-brain bar-
rier damage [37]. The main role in antioxidant pro-
tection is played by manganese dependent super-
oxide dismutase localised in mitochondria, where
the main production of superoxide occurs [38].

KL-6 is part of the glycans that form the sur-
face layer of cells called «glycocalyx». Glycocalyx is
composed of sialylated proteoglycans. Its damage
is seen in atherosclerosis, stroke, hypertension,
trauma, ischemic and reperfusion injury, exposure
to free radicals or endotoxins, and hyperglycemia.
This leads to increased vascular permeability and
worsens metabolic disorders [39, 40]. Damage to
endothelial glycocalyx affects the permeability of
blood vessels, their tone, coagulation, etc. In-
creased glycocalyx degradation products in blood
might serve as a useful diagnostic and prognostic
test in critical illness [41].

Mechanisms leading to changes in concentra-
tions of serum molecular biomarkers in hemor-
rhagic stroke patients remain poorly studied. Re-
cently, microRNAs, which represent a flexible
network of gene expression regulators, have been
recognized to play an important role in these
processes. Particular attention is paid to several
clusters of micro-RNA involved in neuroprotection
(miR-124, miR-181, miR-21, miR-29, miR-210 and
let7). Micro-RNA is considered a promising target
for future stroke therapy [42].

The in vivo administration of miR-130a in-
hibitor or Micro-RNA simulator (miR-367, miR-223)
improved neurological outcomes in an animal
model of intracerebral hemorrhage [43]. In addi-
tion, the study showed that the plasma levels of cir-
culating miR-181b, miR-223, miR-155 and miR-145
may serve as a potential non-invasive tool for the
detection of hemorrhagic stroke [44].

Conclusion

Changes in serum levels of candidate molecu-
lar markers in patients with hemorrhagic stroke pre-
sumably reflect alteration and regeneration corre-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 3



DOI: 10.15360/1813-9779-2020-3-34-45

Knunudyeckue nccjaeqoBaHud U IMIpaKTUKa

WHCYIBT W cy0apaxHOWaIbHOE KPOBOM3JIHS-
Hue [22]. Cogep-kanue 6eaka S100 TOBBIIEHO B
KpOBU BO BpeMsl OCTpoil (paswl uHCyabra [23].
JlokasaHHBIE KOppeJssanuu ypoBHs S100B B 6mo-
JIOTUYECKUX >KUTKOCTSX ITPU PA3JIMIHBIX 3a00Je-

BaHusax IITHC mo3BoJAIOT UCIIOJb30BaTh €ro Kak
MapKep KOTHUTUBHBIX HapylleHU, a Tak:ke JJis1
MOHHUTOpPUHTA 3(PEPEKTUBHOCTU TPOBOIUMOU
Tepanuu [24]. Cogepskanue S100 B KpOBU 3HAYU-
TeJIbHO BBIIIE y ITIAIIMEHTOB C BHYTPUYEPeNHbIM
KPOBOM3J/IUSTHUEM, YEPETHO-MO3TOBOM TPABMOH,
4yeM y 3[J0pPOBBIX JIIOJIeH U y TalleHTOB C reMoppa-
TMYEeCKUM MHCYJIBTOM. B cBA3U € aTUM, TaHHBIN
[MoKas3areJib MO3KeT ObITh UCII0JIb30BaH /IS Juar-
HOCTUKHU YepPENHO-MO3TOBOU TPaBMbI [25, 26].
[nuanbHBIN  HelipoTpoduvyeckuii  akTop
(GDNF) — 6eJI0K, KOTOPBIH COIEPIKUTCS IIPENMY-
IIECTBEHHO B aCTPOLIUTAX U SABJIACTCA IPOLYKTOM
CcUHTe3a JaHHBIX KiIeToK. GDNF npuHuMaer y4a-
CTHe B IIpolieccax HelporeHesa, ABJsieTcs Heo0X0-
IUMBIM (DAaKTOPOM JIJIsI TIOJIJIEPSKAHMS YKU3HECIIO-
COOHOCTH W (PYHKIMOHUPOBAHUS HEWPOHOB,
CTUMYJIMPYET POCT aKCOHOB, KOHTPOJIUPYET 00pa-
30BaHMe€ CUHAIICOB, BHITIO/THSET HEUPOIIPOTEKTOP-
HYI0 (PYHKIMIO, CTUMYJIHPYsI 9KCIPECCUIO TeHOB
HelpOHATLHOU pereHepanuy 1 OJIOKUPYS anom-
TO3 IIyTeM 3allyCKa CUTHAJIbHBIX KaCKaJ0B B KJIET-
Ke, BJIMAIOIINX Ha 9KCIIPECCUI0 TeHOB [27-29].
daxkrop pocra aggorenus cocynos (VEGE) —
CUTHATLHBIN O€JIOK, BIpabaThbIBAEMBII KJIETKAMU
I CTUMYyJIMpoBaHusA anruorenesa [30, 31]. VEGF
IOBBIIIAET IIPOHUIIAEMOCTD COCY0B, YBEJINYNBaECT
AHTUTPOMOOTHYECKHUE U IIPOTUBOBOCIIATUTETLHbBIE
CBOICTBA 9HJIOTEJIVSI, CHUYKAET PUCK €ro ajgkrepa-
WY TIPY BO3/IEUCTBUH MOBPEKAAIONINX (PAaKTOPOB,
OKa3bIBaeT HeUpoTpodUIeCcKoe 1 HEUPOIIPOTEK-
THUBHOE BO3/IeICTBUE HA HEUPOHBI U KJIETKU VINU
IIHC [32]. Besiku ¢pakTopa pocTa sHA0TENUS COCY-
JIOB CBSA3BIBAIOTCS C PEIEeNTOPAMU HA TOBEPXHOCTHU
KJIETOK, 00J/IaaloluX TUPO3WHA3HOU aKTUB-
HOCTBIO, KOTOpbl€ aKTUBUPYIOTCA B pe3yJbTrare
TpadcdochopusimpoBanus. [Ipu runokcuu mom
BJIMSIHUEM (paKTOpa, MHIYIUPYEMOTO TUIIOKCUEH,
BhICBOOOskHatoTcs 6esiku VEGE KoTOpbIe CBSI3BI-
Batorca ¢ VEGF-penentopamMyu Ha NOBEPXHOCTHU
9HJIOTeJINs, aKTUBUPYIOT TUPO3UHKUHA3Y, 3aIlyC-
kas a"Hruorenes. Copepsxkanue VEGF B CbIBODOTKe
KpPOBH y IIAIJUEHTOB C FeMOpParn4eCKuM NHCYJIb-
TOM BO3pacTaeT U KOppeJupyeT € IIoKa3are/siMu
HEBPOJIOTUYECKOT0 nedunuta [33].
Cynepokcunnucmyrasa (SOD) orHOCHTCA K
rpyIIe aHTUOKCUAHTHBIX (DePMEHTOB U SIBJISETCS
OJTHOH M3 OCHOBHBIX CUCTEM Y/IaIeHUsI CBOOOTHBIX
paIuKaIoB B MecTe MX 00pa30BaHUSA U aKTHUBUPY-
€TCsI IPU OCTPBIX M XPOHUYECKUX 3a001€BAHUSIX
ITHC [34, 35]. Ero ak3oreHHoe IOCTYIJICHUE MOYKET
CJIY>KUTh 3(P(PEeKTUBHBIM METOOM ITPOPUIAKTU-
KU U JIEYEeHUS PSAla HEBPOJIOTHYECKUX 3a00JIeBa-
HUU [36]. B akcnepyuMeHTaIbHOU MOJIeJI TeMOoP-

sponding to the phases of disease. After appropriate
validation, future employment of these candidate
molecular biomarkers in comprehensive diagnosis,
monitoring of treatment and rehabilitation in hem-
orrhagic stroke patients seems promising.

paru4eckoro MHCYJIbTa (pJ1aBOHOUI U30IUKYPUTH -
FeHVH aKTUBHAPOBaJI aHTUOKCUIAHTHYIO CUCTEMY
(B 4acTHOCTH, CYIIEPOKCUAAUCMYTA3Y), OIIOCPEIO-
BaHHYI0 Nrf2, yMeHbI11a/1 HEBpOJIOrHYecKuil gedu-
[IUT, OTEK MO3Ta, MUHUMU3UPOBAJI MIOBPEKIEHUS
HEHpPOHOB M TreMaTo3HIleaTnIecKoro Oapb-
epa [37]. OCHOBHYIO pOJIb B aHTUOKCHJAAHTHON
3aliUTe UrpaeT MapraHell-3aBUCHMas Cyllep-
OKCHUJIIMCMYyTasa B CBSI3U C ee JIoKaJau3anuei B
MUTOXOHAPHUSAX, TOe OCYyLIEeCTBJIACTCA OCHOBHAas
IIPOAYKIUA cyllepokcuia [38].

CuanpoBaHHbIN yieBogHbIN aHTUreH (KL-6)
BXOJINIT B COCTAaB IVTNKaHOB, 00PA3YIOIINX IIOBEPX-
HOCTHBIN CJIOH KJIETOK, IOJYYUBIINI Ha3BaHUe
«[JIMKOKAJMKC». B cocTaB IMTMKOKaJJAMKCa BXOISAT
CUaJIMPOBaHHbIe IPOTeOIMKaHBI. [Ipm arepo-
CKJIepO3e, MHCYJIBTE, TUIIEPTOHIMYECKOH O0JIe3HH,
TpaBMe, HIIeMUYECKUX U penepdy3noHHbIX
TIOBPEKIEHUSX, BIUSHUN CBOOOTHBIX PATKAJIOB,
9HJIOTOKCWHA, THUMNEPIIMKEMUU OTMeYaeTcs
MOBpEsKIeHNe WIMKOKAJIUKCa. JTO MPUBOOUT K
TTOBBIIIEHUIO TPOHUIIAEMOCTH COCYIOB U yCyTy0-
JIsieT HapyieHne Metabosmama [39, 40]. TToBpesk-
JleHre [MINKOKAJIMKCa 9HA0TeJ A BAUSET Ha IPOo-
HUIIA€MOCTH COCYIOB, UX TOHYC, KOATrYJIALNIO U AP.
[loBbpIIIEHUE CONEpIKaHUA B KPOBU IIPONYKTOB
pacrmajga TUKOKAJIMKCA MOYKET OBITh TT0JIe3HBIM
JIVUarHOCTUYECKUM U MPOTHOCTUYECKUM TECTOM
IIPU KPUTUYECKUX COCTOAHUAX [41].

MexaHu3Mbl, BeOyllue K UH3MEHEHUAM
ConepyKaHUsI MOJIEKYJISIPHBIX OMOMapKepoOB B
CBIBOPOTKE KPOBHU IIPU T'eMOpPparndeCKOM UHCYJIb-
Te, OCTAalOTCA HENOCTAaTOYHO H3y4eHHBIMU. B
rocJjenHee BpeMsl CYUTAIOT, YTO BasKHAsI POJIb B
3THX MPOIleccax MpuHaaIeskuT MUKpo-PHK, koro-
pble TPeCTaBJISAIOT CO00M T'MOKYIO CEeTh peryJs-
TOPOB aKcIpeccuu reHoB. Oco60oe BHUMaHUeE ye-
JsIETCA HECKOJIbKAM KJjactepam MHKpo-PHEK,
y4acTBYIOIIUM B Heliporiporekiunu (miR-124, miR-
181, miR-21, miR-29, miR-210 u let7). Mukpo-PHK
paccmarpuBaeTcs KaK MHOroob0emnamoIas
MUIIIEHb OYAyIen Tepanuy WHCYIIBTA [42].

BBenenue in vivo uarndburopa miR-130a nau
nmuraropa Mukpo-PHK (miR-367, miR-223) Ha
MOJeJI1 BHYTPUMO3IOBOIO KPOBOU3JIUAHUS Ha
SKUBOTHBIX YJIY4IllajJI0 HEBPOJIOTUYECKHUE HCXO-
IbI [43]. KpoMe aTOrO0, pea3y/israrsl UCCJIeq0BaHusA
IIOKa3aJIx, YTO U3MEPEeHNE COLepIKaHNA TUPKYIU-
pytoiux miR-181b, miR-223, miR-155 1 miR-145 B
006pasIiax MmIasmMbl MOKET CIIYKUTH TTOTEHITNAJTh-
HBIM HEMHBAa3WBHBIM HHCTPYMEHTOM [1JIs1 00HAPY-
SKEHUS FeMOpPpParndecKoro nHeyJsra [44].
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JlmHaMuKa coflepskaHusT KaHIUIATHBIX MOJIe-

KYJISIPHBIX MapKepPOB B CHIBOPOTKE KPOBU Tal[UeH-
TOB C TeMOpPParuyeCKUM WHCYJIBTOM, BEPOSITHO,
OTpaskaeT MPOIIECCHI aJBTepalliy U PereHepaIuy,
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Pe3rome
Ilesb McC/IeIOBAHUS: OLIEHUTH YCBOEHHE CEPIEM pUTMa OJTYsKIAI0IIero HepBa y MaIMeHTOB C Imapo-
KCHU3MaJIbHOU (hpUOPUILIIATINEN TPpeicepanit
Marepuaisl M1 MeToabI. HaOTi01eHrs BBITTOTHUIIN Y 50 TTAITMEHTOB C MApOKCU3MAIbHON (UOpUIIISAIIE
TIpeJICep Ui, IIOCTYIUBIITNX HA KaTeTepPHOE JieueHre apuTMUH. BHe rprcTyna pubpruilIsAIuy IpecepIui, Tpu
CHHYCHOM PUTME, C IIOMOIITHI0 proopa BHC-MUKpPO 1 KOMIIBIOTEPHOH IIPOTpaMMBbI JIJTsI OITPe/eIeHHsT YPOBHS
PETYJISITOPHO-aJalITUBHOTO CTaTyca OpraHu3Ma 4eJJoBeKa IMPOBOIUIN P00y CepieTHO-TbIXaTeIbHOTO CUH-
xpoHuama. [IpoBogu/n KapTHPOBAaHUE 30HBI PAHHEH JETMOJSIPU3AlH B IIPABOM IIPeICEPANH IIPU ITOMOIIN
LUPKYJIAPHBIN HABUTAMOHHBINA 20-TH 1noJitocHbI LASSO NAV. C nomo1bio cuctembl Carto-3 CTpouIIu aJeK-
TPOAQHATOMHUYECKYI0 N30XPOHHYIO MOJIeJIb IIPaBOT0 IIpeJicepiusi Ha CHHYCOBOM puTMe. [ I[pruMeHsaIm aBToMaTu-
veckuii metof anHoTau Touek moaysisi CONFIDENCE. YcranaBnuBain He MeHee 500 aKTUBAIIMOHHBIX TOYEK
B IIPaBOM Tpejicepiuu JlaHHbIe HAOTIOEHNIA ¥ pacieTHbIE BEJTMIUHBI TP HOPMAJIBLHOM pacipeneeHu 00-
paboTany mapaMeTpUIeCKIMU METOIaMH CTaTHCTHKY, C IICIIOIb30BaHreM rporpamm: «STATISTICA 10,0».
Pe3ynbraThl. YCTAHOBUJIH, YTO Yy JIAI] C HUISBKUMU PETyJIATOPHO-ASAITUBHBIMU BO3MOKHOCTAMMU JIJIV-
TeJIbHOCTh aHaMHe3a (QUOPHUIIAINN IIpecepaAnii cocTaBuia 5,8+0,7 JIeT, IpH XOPOIINX U YIOBJIETBOPH-
TeJbHBIX BO3MOYKHOCTAX — 2,9+0,5 jieT. KoadduimeHT Koppesssaimm Meskay IJI0Iaabi0 30HbI pAaHHEH Jie-
TOJISIPU3AIIMY B TIPABOM IIPeJICEPINH U JIUTUTETHHOCTRIO 3a00seBaHus 1mo [Tupcony paseH 0,92.
3akaroueHue. J[TUTeIbHOCTD (GUOPUIIISAIINY TPECEPIUI KOPPETUPYET C PETYIATOPHO-ATAITUBHBIM
CTaTyCOM U TIJIONIAbI0 30HBI paHHEH JAET0JIAPU3alliH B IIPABOM IPEJICEPIUU.
Knarouesuie crosa: buysicoarowuti Heps; NaporCcu3mMaibHas Gubpurisyus npedcepouil
Summary
Purpose of the study: to evaluate hearing the vagus nerve’s rhythm in patients with paroxysmal atrial fib-
rillation.
Anpec 11 KOPPEeCTIOHAEHIIHH: Correspondence to:
Wpaxnii 3ypabosuy Kurnamsuiu Irakli Z. Kitiashvili
E-mail: agma@astranet.ru E-mail: agma@astranet.ru
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Materials and methods. Observations were carried out in 50 patients with paroxysmal atrial fibrillation
who were admitted for catheter-based treatment of arrhythmia. Cardiorespiratory synchronism test was car-
ried out not in atrial fibrillation attack during sinus rhythm with the help of VNS-Micro instrument and soft-
ware determining the regulatory adaptive status of the human body. The early depolarization zone in the right
atrium was mapped using circulatory navigation 20-pole LASSO NAV. Carto-3 system was used to build an
electro-anatomic isochronous model of sinus rhythm of the right atrium. The automatic method of annotation
of CONFIDENCE module points was applied. At least 500 activation points in the right atrium were set. The
observational data and computed values, subject to normal distribution, were processed by parametric statistic
techniques using STATISTICA 10.0 software.

Results. It has been established that in subjects with low regulatory adaptive capabilities, the length of
atrial fibrillation anamnesis amounted to 5.8+0.7 years, and in case of good and satisfactory capabilities —
2.9+0.5 years. The Pearson correlation coefficient between the area of early depolarization zone in the right

atrium and disease duration was equal to 0.92.

Conclusion. The length of atrial fibrillation correlates with the regulatory adaptive status and area of the

early depolarization zone in the right atrium.

Keywords: vagus nerve; paroxysmal atrial fibrillation
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BBenenune

Haubosee yacTbIM HapyIlIeHHEM CEPAETHO-
ro puTMa sSIBJIsIETCS PUOPUIIIIAIUS TPEICEPIUTA.
[maBHast onacHOCTDb PUOPUIIIAIIUY TPEICEPIUT
— KapamoreHHble TPoMO0IMOOJINHU C yBEJIUUE-
HUEM pUCKa pa3BUTUA UHCYJIbTA B 4-5 pas [1-4].
[MpubsusurtespHo 15% Bcex HUIIeMUYECKUX
WHCYJIBTOB B 3peJIOM BO3pacTe O0YCJIOBJIEHBI
pubpunnanueit npencepauil, a B BO3pacTe
80-89 setr — 24% [1]. Pubpunasanus npeacep-
IUH SBJISIETCSI KPUTHYECKUM COCTOSTHUEM, Tpe-
oyomuM 2 (eKTUBHOTO JIeUeHUsl MalUeHTa.
YacTo Takme OOJbHBIE TONANAIOT B peaHNMa-
IIMOHHBIE OTEJIEHUS.

Jlevenne  GUOpHLIATINU  TIpeICcepaui
JIEKapCTBEHHBIMU IIPeTapaTaMu sIBJISIETCSI He BCe-
raa apdexTuBHEBIM [5]. [ToaTOMY BegeTcs MOUCK
WHBIX METOJIOB TEPATINH.

B Tex ciydasix, KOrjja aHTHapUTMUYECKUE
Ipenaparbl OKa3bIBAIOTCs Mano3adHeKTUBHBIMY,
B HEKOTOPBIX CJIyYasix IPUMEHSIOT Paguo4acToT-
HYI0 a0JIAIUIO YCTheB JIETOYHBIX BeH [7, 8]

JpyruM MeToI0M sSIBJIsIETCA 3JIEKTPOCTUMY-
Januu OJysKJaloliero HepBa, NMpeaIoKeHHas
IJIs1 TedeHus (papMakope3nuCTUBHOM aNUJIeNICUN
u nenpeccuu [9-11], u HamexAas cBoe NpuMe-
HeHUEe B KapJUOJIOTHH, B YaCTHOCTH, IIPU Jieve-
HUHU MapOKCU3MaJbHOU (PUOpUAIAIINU TIPe-
cepauii [12-14]. 3pPerT aTeKTPOCTUMYIIAINU
OJIySKIAIOIETO HEPBA OOBSCHSIOT TEM, UTO OHA
MO/IaBJIsIET AKTUBHOCTH 3BE3/I49aTOr0 TaHIINS U
MPUBOAUT K CHUYKEHUIO YaCTOTHI (PUOPUILIIATINU
npencepauii [15]. Takum o6pasoM, CTUMYISIUS
OJIysKIAIONIEeTO0 HEpBAa MOAABJsIET DPUOPUIIIA-
uio npeacepauii [16].

C mo3uIuii TpagUIMOHHBIX MPEeCTABIEHUHN
9TO 00BsICHsIETCA ciaenaymoIiuM obpasom. [ToBbI-
IIIeHWEe aKTUBHOCTU CHUMIIATUYECKON CUCTEMBI
MPUBOJUT K YKOPOYEHUIO TOTEHIIMAJIOB JIel-
CTBHs, YTO B CBOIO OYepejb, CIOCOOCTBYET BO3-
Oy:KJIEHUIO TI0 TUITYy IIOBTOPHOTO BXOJa U pa3BU-

Introduction

The most frequent heart rhythm disorder is
the atrial fibrillation. The main danger of atrial fib-
rillation is cardiogenic thromboembolism with 4-5-
fold rise of the risk of stroke [1-4]. Approximately
15% of all ischemic strokes at a mature age are
caused by atrial fibrillation, and 24% — at an age of
80-89 years [1]. Atrial fibrillation is a critical condi-
tion that requires effective patient management.
Such patients are often admitted to ICU.

Treatment of atrial fibrillation with medicinal
drugs is not always effective [5]. Hence, other ther-
apeutic methods are sought.

In cases when anti-arrhythmia drugs turn to
have poor efficacy, radiofrequency ablation of pul-
monary vein entries is applied [7, 8]

Another method is electric stimulation of
vagus nerve that was suggested as a treatment of
pharmacoresistent epilepsy and depression [9-11],
and has been employed in cardiology, specifically,
in treatment of paroxysmal atrial fibrilla-
tion [12-14]. The effect of vagus nerve electrical
stimulation is explained by the fact that it sup-
presses the stellate ganglion activity and leads to re-
duced frequency of atrial fibrillation [15]. There-
fore, vagus nerve stimulation suppresses atrial
fibrillation [16].

From a viewpoint of conventional concep-
tions, it is explained as follows. Increase of the sym-
pathetic system activity results in action potential
shortening, which, in turn, assists excitation of the
type of re-entry and development of early post-de-
polarization during the third phase by means of di-
astolic increase of intracellular calcium [17, 18].

Vagus nerve stimulation by low-voltage cur-
rent below the threshold that caused heart rhythm
slowing down and prolongation of the effective re-
fractory period reduces the sympathetic system
ability to cause atrial fibrillation [12]. These data are
based on classical conceptions concerning tonic
influence of vagus nerve on heart rhythm. At the
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Puc. 1. 3a/1nbI HEPBHBIX HMITYJIBCOB B OJIy’KAAIOIIEeM HepBe, IPUYypOYeHHbBIE K PUTMY CepAlla KOIIKU IIPU OBEPXHOCTHOM

HapKo3e (JaHHbIE COOCTBEHHBIX HAOIIOJeHHUI).

Bepxusis 3anuck — IKI. HkHsA 3anuch — HefiporpaMMa 0J1y>K/1aloIero Hepsa.
Fig. 1.Volleys of nerve impulses in the vagus nerve, confined to the rhythm of the heart of a cat with superficial anesthesia (data

of own observations).

The top record is an ECG. Lower entry — vagus nerve neurogram.

THUIO paHHEeH [TOCTIeN0JsIpU3aliy B TPEeThIo (pasy
IIyTeM OUACTOJIAYECKOI0 yBEJIMYCHUsI BHYTPU-
KJIETOYHOI'O KaJabnus [17, 18].

Crumynsnust OJIy»KJalomero Hepa HU3KO-
BOJIBTHBIM TOKOM HIKe I10POra, KOTOPbIN BbI3bI-
BaJl 3aMeJJICHHWsA pUTMa Cephla, IOBBIIIEHHE
a3 perTUBHOTO pedhpakTepPHOTO MEPUOJIA, CHUKA-
€T CIIOCOOHOCTH CUMITaTUYeCKOHN CHCTEMBI BHI3BI-
BaTh QUOPUILIATINIO IPeIcepanii [12]. ITH JaHHbIE
IIOCTPOEHBI HA KJIaCCUYECKUX IIPEICTABICHUAX O
TOHWYECKOM BJIMSITHUU OJIy>KIAIOIIEr0 HepBa Ha
cepliedHbI pUTM. B TO ke Bpems ecTecTBeHHast
MMITYJIbCAIUSI B CEP/IEYHBIX BOJIOKHAX OJTYsKIat0-
11Ier0 HepBa HOCUT 3aJIII0BbIN XapaKTep, 4YTO BUTHO
Ha puc. 1.

B cBA3M ¢ aTMM 3ac/IysKUBAlOT BHUMaHUSA
TpeJicTaB/IeHNsI 00 epapXxuuecKOl CHCTeMe PUT-
MOTeHe3a cepJla, COIaCHO KOTOPBIM PATM CepJ-
I1a B €CTECTBEHHBIX YCJIOBUAX B IIEJIOCTHOM Opra-
HHU3UE 3aposKAaeTcsl B TOJIOBHOM M0O3re B (popMe
3aJITI0OB HEPBHBIX UMIYIbCOB, TI0 OJIYKIAIOIITAM
HepBaM IlepefaeTcsal K CUHOATPUAJIbHOMY Y3J1Y,
BOCIIPMHUMAETCS UM 1 BOCIIPOU3BOIUTCS B BUJE
cuHycoBOro purMa. [Ipu nogas/ieHnn resepanuu
puTMa cepana B FOJIOBHOM MO3Te (HapKo03) Wi
OJi0Kkazie MpoBeneHUsT BO3OYIKIEHUS O OJTysK-
JarolnyM HepBaM, a TaKyKe U30JIALUY cepaua (mpu
TPaHCIUIAHTAlMY) BKJIIOYAETCA BHYTPUCEpPHAEU-
HBII reHepaTop puTMa cepaiia (neficMekep CUHO-
arpuasbHOro y3Jja) [19].

TakuMm 06pa3oM, BBIsIBJIEHUE U OIlEHKA BOC-
MPUATHAS pUTMA OJIYKIAIONIET0 HEPBA CEPLIEM
SIBJISIETCS AKTyaJIbHOU.

YcTaHOBUTE (hAKT YCBOEHUS CEPALIEM PUTMA
TOJIOBHOTO MO3Ta 4yepe3 OJIyKIaiolire HEPBBI
MOKHO TIPU MTOMOINH (PYHKIMOHATHEHOH TPOOBI

same time, natural impulsing in vagus nerve’s car-
diac fibers has the nature of volleys as one can see
on fig. 1.

In this connection, it is worth noting the con-
ceptions about the hierarchic system of heart
rhythm genesis according to which heart rhythm in
natural conditions in an intact body originates in
the brain as volleys of nerve impulses, is transferred
via vagus nerves to the sinoatrial node, perceived
by the latter, and reproduced as a sinus rhythm.
When the heart rhythm generation in the brain is
suppressed (narcosis) or conduction of excitation
via vagus nerves is blocked (for example, in the case
of a heart isolation during transplantation), the in-
tracardiac generator of heart rhythm (sinoatrial
node pacemaker) is triggered [19].

Therefore, identification and evaluation of
hearing of the vagus nerve rhythm by heart is rele-
vant.

The fact of assimilation of the brain rhythm by
the heart via vagus nerves can be established with
the help of the functional test for cardiorespiratory
synchronism [20, 21] and through increase of early
depolarization zone in the right atrium [22].

Purpose of the study — to evaluate cardiac
assimilation of the vagus nerve’s rhythm in pa-
tients with paroxysmal atrial fibrillation and not
in attack — during sinus rhythm.

Materials and Methods

Observations were carried out in 50 patients admit-
ted for catheter-based treatment of paroxysmal atrial fib-
rillation to the unit of surgical treatment of complex heart
rhythm disorders and electrocardiostimulation of the
Federal State Budgetary Institution Federal Center for
Cardiovascular Surgery of the Ministry of Health of Rus-
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CepAeYHo-bIXaTeJIbHOr0 CUHXpoHU3ma [20, 21] u
yepes yBeJIMueHre 30HbI paHHe! 1eno/apru3auu
B IIpaBOM IIpeacepauu [22].

Iestb pabOThI — OLIEHUTH YCBOEHHUE CePIIIlEM
puTMa OJTYKIaf0IIETr0 HepBa y MAMeHTOB € Tapo-
KCU3MaJIbHOHN (hUOpUILIAIINEN TIpecepanuil BHe
MIPUCTYIIa — IIPA CHHYCOBOM pUTMe.

MarepuaJ 1 MeToabI

HaburoieH1s1 BBITTOJIHMIIN Y 50 ITaIr[eHTOoB, I0-
CTYIIMBIINX Ha KaTeTepHOe JleyeHNe IapOKCU3MaJlb-
HOU pubpuIAIMY IpeJcepauil B OTAe/IeHue XUPYP-
FUYeCKOro JiedeHUs CJIOKHBIX HapylleHHuU puTMma
cepana u ajieKTpokapauoctuMynanuu PI'bY «Pene-
paJIbHBIN IIeHTP CepIeYHO-COCYJUCTON XUPYpTruu»
Munsapasa Poccuu r. Actpaxaub. Ilocsie abasnun
NallMeHThl CYTKU HAXONWJUCh B peaHUMalMOHHOM
OTJIeJIEHUH, & 3aTeM MePEeBOJUJINCH /10 BBIIIUCKU B
oOIIIMe maJgaThl.

Bre npucTtyna ¢pubpusIsSIun Ipecepaui, mpu
CHHYCHOM PHUTMe, ¢ ToMoIbsio mpudopa BHC-Mukpo
(OO0 «HeiipocodT». I. IBaHOBO) U KOMITLIOTEPHOU
[IpOrpaMMBI 151 OIIpefeieHUs] YPOBHSI PeryJIsiTOPHO-
aIanTUBHOIO cTAaTyca OpraHu3Ma 4ejioBeka [23] npo-
BOAUIN TpPoOy CcepaedHO-IbIXaTeJTbHOTO CHHXPO-
HHu3Ma (CHC). ITocne 3arnucu NCXOIHBIX
nHesMorpamMmMmbl 1 ORI mcneiTyeMoMy IpejaJjiaraan
IBIIIATh B TaKT IMOSBJISIONIENCS HAa MOHHUTOpE
KoMaHje «Bbimox», KOTOpas 3agaBajgach KOMIIbIOTE-
POM I10 CIIENUATBHO CO3/TaHHOU ITporpamMme. [TpomoJ-
SKUTEJIBHOCTD IIPOOBI cocTaBJisiia 60 cekyH . ABTOMA-
TUYECKU YCTaHABJIMBAJI0OCh HAJIMYUE UJIU OTCyTCTBUE
CUHXPOHU3AIUU MesK1Y 3aJJaHHbIM PUTMOM JbIXaHUS
u cepaiedbuenuem. IIpu mepBoi mpode 3aaBajiv 4a-
crory Ha 5% HUKe HMCXOAHOrO purMa. Yepes He-
CKOJIBKO MUHYT IIOCJIe ee OKOHYaHUsI, He0OXOJUMBbIX
MauenTy AJisi BOCCTAHOBJIEHHS YaCTOTHI cepedre-
HUI U AbIXaHUS HAa HA4aJIbHOM YPOBHE, IPOOBI IIOBTO-
pAauCch ¢ nocieaymoumuM 5% pOCTOM 4acCTOThI
KOMaHJbI «BpIimox» HA akpaHe MoHUTOpa. Haxoguau
MHUHHUMAJIBHYI0O U MaKCUMaJIbHYIO I'paHUIbl qUala-
30HA CUHXPOHM3AIUHY, a II0 PA3HOCTU MeKAY HUMU —
nuana3on CIC. Onpenessain QJIATeJIbHOCTb Pa3BU-
tuss CJIC Ha MUHUMAJbHOU IpaHuUIle qUanasoHa, uH-
JIEeKC peryasaTopHo-aguptusHoro craryca (MPAC), kak
OTHOIIIEHUE NMana3oHa K JJIUTEJbHOCTA Pa3BUTHUS
CIC, ymHOxkeHHOe Ha 100 [24, 25]. ITo MPAC ouenn-
BaJIM  peryIsiTOPHO-aJalTUBHbIE BO3MOYKHOCTHU
(PAB) [20]: BeicOKHEe (MPAC >100 6aJ/110B), XOpoIiue
(MPAC 50-99 6anioB), yoosjeTBoputesibHble (MPAC
25-49 6as10B), HU3Kue (MPAC 10-24 6asJ10B).

I[IpoBogUIM KapTUPOBAHME 30HBI PAHHEN Je110-
JIIPU3AIlU B IPaBOM IIpejcepanu. Yepes 6epeHHyI0
BeHY U [10CJIeyIolIyie BeHbI B I1I0JIOCTh IIPABOI0 IIpe[-
cepaus BBOOUJIU IUPKYJISAPHBIA HaBUTALlMOHHBIN
20-tu noarocHbIr LASSO NAV. C TOMOIIbIO CHCTEMBI
Carto-3 6bLTa MOCTPOMJIM 3JIEKTPOAHATOMHYECKYIO
HM30XPOHHYIO MOZieJIb IIPABOTI0 IIpeicepAusi Ha CUHYCO-
BOM putMme. PedpepeHTHBIN KaHaJ BbIOPAJIU 10 MAKCH-
ManbHOH amnutyne QRS Bo II cranmapTHOM oTBefe-
HuU. [[puMeHsAIM aBTOMAaTUYeCKUN MeTO ] aHHOTAIIUN
touek monynasa CONFIDENCE. VYcranaBauBaau He
MeHee 500 aKTUBAlIMOHHBIX TOYEK B IIOJIOCTU IIPABOT0O

Ipecepausi.

sia, Astrakhan. After ablations, patients stayed 24 hours
in ICU and thereafter were transferred to general wards
until discharged.

Cardiorespiratory synchronism test (CRS) was car-
ried out in the absence of atrial fibrillation attack during
sinus rhythm with the help of VNS-Micro instrument
(OO0 Neurosoft, Ivanovo) and software determining the
regulatory adaptive status of the human body [23]. After
the baseline pneumogram and ECG were recorded, the
subject was asked to breath in sync with the command
‘Expire’ appearing on the monitor, which was set by the
computer according to a program. The test lasted for 60
seconds. Presence or absence of synchronization be-
tween the set breathing rhythm and heart beats was es-
tablished automatically. During the first test, the rate that
was 5% lower than the baseline rhythm was set. A few
minutes after the completion, which were needed for the
patient to recover the heart and respiratory rate to the
baseline level, tests were repeated with subsequent 5%
growth of the frequency of appearance of command ‘Ex-
pire’ on the monitor. The minimal and maximal bound-
aries of the synchronization range were found, and based
on the difference between them the CRS range was de-
termined. The duration of CRS development at the min-
imal boundary of the range, and regulatory and adaptive
status index (IRAS) as a relation of the range to the dura-
tion of CRS development multiplied by 100 were deter-
mined [24, 25]. Based on IRAS, regulatory and adaptive
capabilities (RAC) were assessed [20]: high (IRAS score
>100), good (IRAS score — 50-99), satisfactory (IRAS
score — 25-9), low (IRAS score — 10-24).

Mapping of the early depolarization zone in the
right atrium was performed. Circulatory navigation 20-
pole LASSO NAV was inserted through femoral vein and
subsequent veins into the right atrium cavity. Using
Carto-3 system, an electro-anatomic isochronous model
of the sinus rhythm of the right athrium was established.
The reference channel was chosen based on the maximal
amplitude of QRS in standard lead II. The automatic an-
notation of CONFIDENCE module points was applied. At
least 500 activation points in the right atrium were set.

The observational data and computed values, sub-
ject to normal distribution, were processed by parametric
statistic techniques using STATISTICA 10.0 software. The
difference in the pairwise comparison of means was con-
sidered significant according to the Student’s t-test at
P<0.05. The calculated mean values and errors of the
means were expressed as M+m. The Pearson correlation
coefficient between the area of early depolarization zone
in the right atrium and disease duration was determined.

Results and Discussion

In the course of CRS test, 50 patients were split
into 3 groups based on RAC: 15 subjects with good
RAC (IRAS score within 50.0-79.3); 29 — with satis-
factory RAC (IRAS score 25.0-48.0), 6 — with low
RAC (IRAS score 17.9-23.9). There was a statistically
significant difference between the parameters of
patients having good and satisfactory RAC (table 1).

Electro-anatomic activation maps of the right
atrium’s sinoatrial region differed between these
groups of patients, too. The comparison of early de-
polarization parameters between groups with sig-
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HapaMCTpBI obJracTu paHHeﬁ AeNnoJiApHu3alui B IIPAaBOM IIpeacepauy B 3aBUCHUMOCTH OT PeryiATOpHO-aaaIl-

THBHBIX BO3MOKHOCTEH (M+m).

Parameters of the area of early depolarization in the right atrium depending on regulatory and adaptive capabil-

ities (M+m).

Parameters Parameter values
at different RAC

Good Satisfactory

n=15 n=29
The minimal boundary of the synchronization range in cardiorespiratory cycles per minute 68.1+0.6 60.1+0.2*
The maximal boundary of the synchronization range in cardiorespiratory cycles per minute 83.7+0.8 70.1£0.3*
Synchronization range in cardiorespiratory cycles per minute 15.6+0.3 9.6+0.1*
Duration of synchronization development on the minimal boundary of the range in cardiocycles 26.610.2 26.2+0.2
Regulatory and adaptive status score 58.6+0.7 36.6+0.2*
Early depolarization area, cm? 6.8+0.5 2.9+0.1*
Right atrium area 166.2+4.0 152.1+3.2
Percentage of the early depolarization area 4.01£0.3 1.9+0.1*
Number of points 665.3+8.7 646.9+9.4
Lat min -238.9+6.9 -249.2+5.6
Lat max -143.0+4.8 -141.9£3.7

Note. Note. * — P<0.001 between the groups.

IIpumeuanue. Parameters — napameTtpsr; values at different RAC — 3nauenust mpu passnysbix PAB; the minimal/maximal
boundary of the synchronization range in cardiorespiratory cycles per minute — MUHUMaJIbHas1/MaKCUMaJIbHAs TPAHUIA
IUarna3oHa CHHXPOHU3ANNH B KapAUOPECITUPATOPHBIX IMKJIAX B MUHYTY; synchronization range in cardiorespiratory cycles
per minute — lmanasoH CHHXPOHU3AIUY B KaJUOPECIUPATOPHBIX IIMKJIaX B MUHYTY; duration of synchronization develop-
ment on the minimal boundary of the range in cardiocycles — qnuTeJbHOCTh PAa3BUTHS CHHXPOHHU3AIUY HA MUHUMAJIbHOHU
rpaHuIle [Uana3oHa B KapauoInKJax; regulatory and adaptive status score — HHIEKC PETYISITOPHO-aJalITUBHOIO CTATyCa B

6asax. * — p<0,001 Mex Iy rpynnaMu.

JlaHHbBIe HAOJIOIEHUH U pacYeTHbIe BEJTMYUHBI
IpY HOPMaJTBHOM pacipezeseHny oopadoTany mapa-
MeTPUYECKUMH MeTOaMU CTaTUCTUKH, C UCI0Jb30-
BanueMm nporpamm: «STATISTICA 10,0». 3a gocToBep-
HbI€e pa3qMnivd B CpaBHEHUUW CPEIHHUX BEJIUYUH B
TMapHBIX CPaBHEHUAX Opanu t-Kpurepuil CThIofeHTa
npu p<0,05. Beraucasanu M+m, p — nokasareJib J0-
CTOBEPHOCTH pa3dianduil. Onpenensiu KoapPUuIiueaT
KOppenAanuu 1o [InpcoHy MesKIy IJIOIMIanbl0 30HBI
paHHel Neno/ApHU3anuy B IPAaBOM IpeNCepANU U
JUINTEeTLHOCTHIO 3a00/IeBaHHS.

Pe3ynbTaThl U 00CYK/IEHHE

IIpu npoenenun po6st CJIC 50 marueHToB
o PAB paspenuiu Ha 3 rpynnbl: 15 4esioBeK C
xopormumu PAB (MPAC B ipepeJstax 50,0-79,3 6a-
J10B) 29 — c ypoBJjierBopuresbHbIMU PAB (IPAC
25,0-48,0 6amioB), 6 — c¢ uHuskumu (MPAC
17,9-23,9 6asmoB). [lapameTphl MaAllMEHTOB C
XOPOIIUMHU U YOOBJIETBOpUTEAbHBIMU PAB craTu-
CTUYECKU 3HAYMMO Pa3IUYaInCh (TabJIuIa).

JJIEKTpOAHATOMUYECKHE aKTUBAIMOHHBIE
KapThl CHHOTpHAJIbHOU 06sacTu [1I1y aTux rpymnn
NaleHTOB TaKKe oTIndaanch. ConocTaBjgeHue
rapaMeTpoB 30H PaHHeU Aenosapu3anuu y cTa-
TUCTUYECKU 3HAYUMO pasaInyHbIX 110 PAB rpynn
MpUBeeHbI B TA0OJIHIlE, HA PUC. 2.

JlocTOBepHBIX OTVIMYMU B TPYIIAX I10 I1apa-
MeTpaMm: MJIOIIAAb MPAaBOTO NMpecepauns, KOJu-
4eCTBO aKTUBALIMOHHBIX TOYEK, HapaMeTphI Bpe-
MeHn axkTtuBanuu (Lat min wm Lat max)
OTHOCHUTEJILHO pedepeHTa He HabJI0ga u. B TO
’Ke BpeMs, IJIOIalb paHHEeH JenoJsipusanuu
MIPY yIOBJIETBOPUTENbHBIX PAB 6b171a Ha 57,4%

nificantly different RAC scores (P<0.05) shown in
table and shown on fig. 2.

We did not observe reliable difference be-
tween the groups in the following parameters: the
right atrium area, the number of activation points,
activation time parameters (Lat min and Lat max)
relative to the reference. At the same time, the early
polarization area was 57.4% smaller in case of sat-
isfactory RAC compared to good RAC, the relation
of the early depolarization area in the heart area
that was decreased by 52.5%. The mean area of the
early depolarization zone in the right atrium in sub-
jects with low RAC was equal to 0.4 cm? (0.25% of
the atrium area), with satisfactory RAC — 2.9 cm?
(2.9%), with good RAC — 6.8 cm? (4.0%).

Therefore, significant direct correlation be-
tween IRAS determined by CRS functional test, and
the sinoatrial area of the heart has been discovered.

It has been demonstrated that in subjects with
low RAC, the atrial fibrillation anamnesis
amounted to 5.8+0.7 years, with satisfactory RAC —
4.5+0.7 years, with good RAC — 3.8+0.5 years. The
Pearson coefficient of correlation between the dis-
ease length and IRAS is 0.92. The Area of the early
depolarization zone and the disease length are also
correlated (Pearson’s r=0.92).

Conclusion

The study discovered the inverse relation-
ship between the lifetime of paroxysmal form of
atrial fibrillation and parameters of regulatory
and adaptive capabilities: the shorter the disease
length was, the larger the regulatory and adap-
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a

Puc. 2. 3oHa paHHe# AenosApu3anuy (0003HaYeHa KPAaCHBIM I[BETOM) B IIPABOM IpPeACEePIHUH Y HALMEHTA C XOPOUIUMHU ITOKa-
3aTe/IsIMHU PeryIsATOPHO-aJanTUBHBIX BO3MoKHOCTell (@) — UPAC B npepesax 50,0-79,3 6aJ/liia ¥ € y4OBJIE€TBOPUTETHHBIMHI
TOKa3aTeJIAMH PeryIATOPHO-afaNTHBHBIX BO3MOKHOCTei (b).

Fig. 2. The zone of early depolarization (marked in red) in the patient’s right atrium with good indicators of regulatory and adap-
tive capabilities (@) — shown are IRAS values within the range of 50.0-79.3 and with satisfactory indicators of regulatory and

adaptive capabilities (b).

MeHbllle, ueM npu xopoiuux PAB. IIpu aToM oTHO-
IIeHue IJIOMIAAM paHHel [OemnoJjsApu3anuu K
IJIOIIAAM Cepalla yMEeHbINaJIOCh Ha 52,5%. Cpen-
HsIs1 IIJIOIIAlb 30HBI paHHeH NenoJsipu3anuu B
IIpaBOM IIpeicepauy, y Jull ¢ HuskumMu PAB
cocranJisiia 0,4 cm? (0,25% oT mutonanu nmpeacep-
[IHs1), C yAOBJIETBOPUTEJbHBIMA — 2,9 cM? (2,9%),
c xopomumu — 6,8 cm? (4,0%).

Takum 06pa3oM, BBISBUJIM CTAaTHCTUYECKU
3HAYMMYIO IPAMYIO 3aBUCUMOCTb Mesxny MPAC,
ompenesisieMylo 1o (pyHKIHOoHaIbHOH mpobe CIIC
Y TIJIOTIAM CHHOATPHUAJIBLHOH 00J1acTH cepIia.

ITokasano, yTo y iu1 ¢ HU3KkUMu PAB aHam-
He3 QQUOPMIATAIUN Tpeacepauil COoCTaBUJIA
5,8+0,7 JieT, Ipu yOOBJIETBOPUTEIBHBIX PAB —

4,5+0,7 net, npu xopomwux 3,8+0,5 set. Koadpu-
[IUEeHT KOPPEJISIIAA MEKY IJINTeTHHOCTIO 3a00-
gaesanusa u NPAC — 0,92 (rro ITupcony).

KoaddunueHt koppeasnuu Mesxkgy IJIO-
aJbl0 30HBI paHHEH JenoJisipusanuu U JJiu-
TeJbHOCTHIO 3aboeBanus o [IUPCOHY TaksKe
paseH 0,92.

3akJjaoueHnue

BoisgBUIM 0OpaTHYI0 3aBUCUMOCTB MEKIY
JUTATEJTFHOCTBIO CYIIECTBOBAHHUS ITAPOKCU3MATTh-
HOU (hopMbI PUOPUILIAIINY TPeICcCepPaUi U mapa-
MeTpaMU peryJIsiTOPHO-aalTUBHBIX BO3MOKHO-
CTeii: YeM JUINTEJIbHOCTh 3a00JIeBaHNsI MEHBIIIE,
TeM peTyJISITOPHO-aJalTUBHbIE BO3MOKHOCTHU
bosbIrre. B To ske BpeMs MeeTcs IIpsiMasi 3aBUCH-

tive capabilities were. At the same time, there
was a direct correlation between the parameters
of regulatory and adaptive capabilities, on the
one hand, and the area of the early depolariza-
tion zone in the sinoatrial region of the right
atrium, on the other.

The functional test for cardiorespiratory
synchronism is implemented with involvement
of the vagus nerve. Parasympathetic fibers in-
nerve the sinoatrial region. Hence, the length of
paroxysmal atrial fibrillation, and regulatory and
adaptive capabilities of the body directly depend
on amplified parasympathetic influence on the
sinoatrial region.

MOCTh MEKJIy MapaMeTpaMu PeryJasiTOpHO-aiar-
TUBHBIX BO3MOSKHOCTEN U TJIOIIAIBI0 30HBI PaH-
Hel JeroJIIpu3aIiii B CHHOATPHUAJIBHOM 00J/1acTH
MPaBOro MpeICcepIus.

B peanmmsanum (yHKIMOHAJIBHON MPOOHI
CepJIeYHO-IbIXaTeJIbHOTO CHHXPOHU3Ma MPUHU-
MaeT y4dacTtue OJryskaamomnii HepB. [Tapacumma-
THUYEeCKUEe BOJIOKHA MHHEPBUPYIOT CHHOATPHUAh-
HyI0 o6sacTh. TakuM 00pas3oM, AJUTETHHOCTH
MMapOKCU3MATbHON (QUOPUIIIISAINY IIPeCePauid
U PperyadaTopHO-aJalITUBHbIE BO3MOKHOCTHU
opraHraMa HampsIMyl 3aBUCSAT OT YCHUJIEHUS
MapacUMIIaTUYeCKOr0 BJIMSIHUSI Ha CUHOATPHU-
aJIbHYI0 00J1aCTh.
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Pe3rome

KpoBomnoTepe Bceraa COIMyTCTBYET KOATYIONATHsI, a ee TpaHc(opManus B CHHAPOM THUCCEMUHUPOBAH-
HOT'0 BHYTPUCOCYAUCTOTrO CBepThIBaHUA (IBC-cuHIpOM) cBsI3aHa C HOBBIIIIEHHBIM YPOBHEM 3a00J1eBaeMo-
CTU 1 CMEPTHOCTH.

Iless uccienoBanusa. OxapakTepu3oBaTb 0COOEHHOCTH pa3BUTHs U TeueHus1 [IBC-cuHApOMa Ipu Kpo-
BOTEYEHMUSIX, a TAKKE BBISIBUTH OCHOBHBIE ITPEIUKTOPHI €T0 (POPMUPOBAHUA IIPU OTIEPAaTUBHBIX BMeIllaTeIh-
CTBax y JieTell C OHKOJIOTUYECKUMU 3a00JIeBaHUSIMU.

MarepuaJjbl 4 MeTObI. PETPOCIIEKTUBHOE HCCJIEIOBAHNUE Y IeTell B BO3pacTe 0 18 JIeT ¢ OHKoJIoTnYe-
CKUMHM 3a00/IEBAHUSMH, TTOJTYYABIINUX XUPYpPrudeckoe jgedenHre B nepros ¢ 2017 mo 2019 roger. OTobpanu
JleTell, MOJTyYaBIINX FeMOTPaHC(Py3UU U reMOCTAaTUIECKYIO TEPAIIHUIO TPU MHTPAOTIEPAIMOHHOM KPOBOTEYe-
uue. [TosryaeHHYI0 KOTOPTY (1=207) pasiesnu Ha JBe TPYIIIbI C UCIIOIb30BaHUEM MOAN(PUIIMPOBAHHON CH-
creMmbl otteHKH ISTH: netu ¢ JIBC-cunnpomom (n=59), 6e3 IBC-cuuapoma (n=148). IIpoBesiu cpaBHEHUE Jie-
MorpapuvecKux, KIMHNYECKUX U JaDOPaTOPHBIX (PaKTOPOB MEKAY rpylIamMu. B okoHYaTeTbHYIO MOJEb

Anpec 119 KOPPECIIOHJeHIIHH: Correspondence to:
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MHOTO(AKTOPHOU JIOTUCTHYECKOHN PErPeCCUU BRJTIOYNJIU PU3HAKY, KOTOpbIe ObLTH 10 pa3BuTusi JIBC-cuH-
JpoMa Ha 2-e CyTKU II0CJIe OIlepaniiy 1 OB OTOOPaHEI B pe3ysisraTe oqHo(MaKTOpHOTro aHammaa (p<0,05),
nMes MeHee 10% IpOIyIIeHHbBIX JaHHBIX ¥ OBIN KIMHUYECKH ITPaBI0Io00HBIMA. TOYHOCTH IIPOTHO3H-
poBaHUA MHOroaKTOPHOU MOJeJIM IIPOBEPUJIN 110 aHAIU3Y IIoIany rnog kpusoii ROC.

Pe3ysibraThl. YcTaHOBUIIH, 9YTO [IBC-CHHAPOM Y JeTell C OHKOJIOTHYECKIME 3a00JIeBaHUSIMHI YaCTO pas-
BUBAETCS IIPU OTePaIHsX B 001aCTH 3a0pIoIHHOTO TpocTpancTBa (OR=2,09 [1,07; 4,05]; p=0,03) u neyeHn
(OR=3,86 [1,72; 8,67]; p=0,001). [TostmopranHas HegocTarouHOCTh ([IOH) 6bL1a 60JTEE TAKETOHN 1 OBbLIA TIPET-
CTaBJ/IeHa JIETOYHOM, Ie4eHOYHOU U [TI04e4YHOH Hel0CTaTOYHOCThIO B IPYIIIIe C BbIsABJIeHHbIM J[IBC-cunapo-
MoM. Pazsurtue [IOH conpoBoskaanoch CHUsKeHHEM II0Ka3aTeslell TkaHeBOU nepdysuu u pocrom D-numMepa.
BeposATHOCTH BBISIBJIEHHS OCTPOTo TpoMb03a ITocJIe onepariiy Obi1a B 4,5 pasa BbIIIE B TPYIIITE TAFEHTOB
¢ JIBC-cunnpomowm, ueM B rpymre 6e3 [IBC-cungpoma (OR=4,5 [1,4; 14,3]; p=0,01). 90-1HeBHAasI BBIKUBae-
MOCTB COCTaBHJIA B TpyIIIe marnueHToB ¢ JIBC-cuaapomom — 84,41+6,49% [71,69%; 97,13%], a B rpymre 6e3
JBC-cunnpoma — 96,22+3,12% [90,1%; 100%]. MHOTO(aKTOPHBIN aHAIU3 TTOKA3aJI, YTO BO3PACT MeHee 8
JIeT, KOJIMYIECTBO TPOMOOITOB MeHee 150X10°/ 71, rTHIToKaIbIeMysi MeHee 1 MMOJTB /I ¥ TIepHOJ UHTpaoIIe-
panroOHHON KPUTHYECKOH TMUITOTOHUY O0JTee 25 MUHYT SIBJISIOTCS ITpeAuKTOpamMu passurusi [[BC-cuampoma
nocJjie onepanuu. ROC-ananus rnokasas IpeBOCXOJHOe KauyeCTBO I10JIy4eHHON IPOrHOCTUYEeCKO Mozen
(AUC=0,94 [0,9; 0,97]).

3akjroueHue. Y eTell ¢ OHKOJIOTHYECKIME 3a00JIeBaHUAMU, IPU HAJTUINN KPOBOTEYEHHs, KOATysI0-
IIaTHsA B II0CJIe0epalliOHHOM Ilepuoje TpaHchopmupyercs B [IBC-cUHIPOM, IPOTEKAIOIINHN KINHUYECKU
C pasBUTHEM OPTraHHOHN HEJOCTATOYHOCTH. Bo3pacT MeHee 8 JieT, KOJIMYECTBO TPOMOOIIMTOB MeHee
150X10°/J1, TUIIOKaJIbIIIeMUsI MeHee 1 MMOJIb/JI ¥ IIepUOJ; UHTPAOIlepallMOHHON KPUTUYECKOM I'NIIOTOHUN
6o0J1ee 25 MUHYT SIBJISTIOTCA TIpequKTopamMu passutus JIBC-cuanpoma. Kpalitaum BeipaskeHueM JIBC-cuH-
JpoMa «OpPraHHOTO THIIa» SIBJISETCS IMPOTPECCHPOBAHME TPOMOOTHYECKOTO CHHIpOMA [0 peanu3amiuu
OCJIO;KHEHHI, YITPOKAIOIINX KU3HHU, YTO U yMeHbIaeT 90-THeBHYIO BbIKUBAeMOCTb Ha 12%.

Kanaroueswte crosa: CuHaPOM auccmel-tupoeam-toao enympucocyaucmozo ceepmboleaHus; NOAUOPSAHHAA He-
docmamouHocmy; KposomedeHue; OHkJoZudecrue 3a50.7l€6aHuﬂ,’ mp0M603; roazyaonamus

Summary

Coagulopathy always accompanies blood loss, and its transformation into disseminated intravascular co-
agulation syndrome (DIC) is associated with increased morbidity and mortality.

Objective: to characterize the features of the development and course of DIC during bleeding, as well as
identify the main predictors of its formation during surgical interventions in children with oncological dis-
eases.

Material and Methods. A retrospective study of children under 18 years of age with oncological pathology
who received surgical treatment for the period from 2017 to 2019 years. Children who received blood transfu-
sion and hemostatic therapy with intraoperative bleeding were selected. The resulting cohort (n=207) was di-
vided into two groups using the modified ISTH assessment system: children with DIC (n=59), without DIC
(n=148). Demographic, clinical, and laboratory factors were compared between groups. The final model of
multivariate logistic regression included signs that were before the development of DIC on the second day
after the operation and were selected as a result of univariate analysis (P<0.05), had less than 10% missing data
and were clinically plausible. The prediction accuracy of the multivariate model was checked by analyzing the
area under the ROC curve.

Results. DIC was found to develop often in children with cancer during surgical operations in the retroperi-
toneal space (OR=2.09 [1.07; 4.05]; P=0.03) and liver (OR=3.86 [1.72; 8.67]; P=0.001). Multiple organ failure
(MOF) was more severe and was represented by pulmonary, hepatic and renal failure in the group with iden-
tified DIC. The development of MOF was accompanied by a decrease in tissue perfusion and an increase in
D-dimer. The probability of detecting acute thrombosis after surgery was 4.5 times higher in the group of pa-
tients with DIC than in the group without DIC (OR=4.5 [1.4; 14.3]; P=0.01). 90-daily survival was 84.41+6.49%
[71.69%; 97.13%] in the group of patients with DIC, and 96.22+3.12 [90.1%; 100%] in the group without DIC.
Multivariate analysis showed that age less than 8 years, platelet count less than 150X10°/1, hypocalcemia less
than 1 mmol/l and the period of intraoperative critical hypotension for more than 25 minutes are predictors
of the development of DIC after surgery. ROC analysis showed excellent quality of the obtained predictive
model (AUC=0,94 [0,9; 0,97]).

Conclusion. In children with oncological diseases, in the presence of bleeding, coagulopathy in the post-
operative period is transformed into a DIC-syndrome, proceeding clinically with the development of organ
failure. Age less than 8 years, platelet count less than 150x10°/1, hypocalcemia less than 1 mmol/L and a period
of intraoperative critical hypotension of more than 25 minutes are predictors of the development of DIC. The
extreme expression of the «organ» type DIC is the progression of thrombotic syndrome to life threatening com-
plications, which reduces the 90-day survival by 12%.

Keywords: disseminated intravascular coagulation syndrome; multiple organ failure; bleeding; oncological
pathology; thrombosis; coagulopathy
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BBenenue

KpoBomnorepsi BHOCHUT 3HAYNTEJIbHBIN BKJIA]
B CMEPTHOCTH IIPH JIIOOBIX BUAAX XUPYPTUUYECKUX
BMeIIaTeJ/IbCTB, 3a CUeT Pa3BUTHUS U IIPOTPeCCUpO-
BaHUsA CUHAPOMA IOJNOPTraHHON HEJ0CTAaTOYHO-
ctu (CIIOH) [1]. CmepTHOCTB OoT CIIOH BBICOKA 1,
II0 pe3ylbraTaM pas3JIMYHBIX HCCJIeJ0BaHUH,
KoJIe0JIeTCs B MIIUPOKUX pefesiax: oT 44 mo 50% y
B3pOCJIbIX U € 11 10 54% — y neguaTpudeCcKux
60spHBIX [2]. Tepanus NHTpaoNepaiOHHOM KPo-
BOIIOTEPU B TOHMMAaHWU KJIMHUIMCTOB aCCOLNH-
pyeTtcsi ¢ Tpancdysuei 60JabI10r0 06 bemMa remo-
KOMIIOHEHTOB U MH(PY3MOHHBIX CpeJ] 32 KOPOTKUH
IIPOMEKYTOK BPEMEHH, UTO caMo 110 cebe HeceT
PUCK OCJIOKHEHUH U ABJISAETCS OJHUM U3 haKTo-
POB IpOrpeccupoOBaHMA IOJINOPTaHHON Hel0CTa-
TOYHOCTH U BBICOKOU cMepTHOCTH [3]. Koarymoma-
TUsI BCerjga COIyTCTBYeT KPOBOIIOTEpe, a ee
TpaHchopManysa B CHHAPOM TMCCEMUHIPOBAHHO-
0 BHyTPUCOCYAUCTOIO cBepThiBanusa ([IBC-cun-
JpOM) CBsI3aHa C yBeJIMYeHUEeM YPOBHS CMEPTHO-
ctu Ha 10-15% [4, 5].

XOpOoIIo U3BECTHO, YTO JETU C OHKOJIOTUYe-
CKMMH 3a00/1€BaHUSAMU UMeIOT (POHOBBIE TeMaTo-
JIOTUYeCKUe U3MeHeHNs, KOTOpbIe IIPU YCIOBUU
MUHUMaJIBHOT'O 9K30 (9H/10)TeHHOT'0 BO3/IeHCTBUA
MOTYT TPaHC(OPMUPOBATHCS B TsAKeJIbIE, ITPe]I-
CTaBJAKIIAE Yrpo3y IJIS SKU3HU, COCTOSHUS.
JBC-cuHIpPOM — OHO M3 TAKUX COCTOSTHUH, KOTO-
poe Bcerga pasBUBAETCS BTOPUYHO II0 OTHOIIE-
HUIO K Pa3JIMYHBIM 0A30BBIM PacCTPOMCTBaM [6].
Eme B 2009r. Levi M. onmcaJi mogxoabl K Tepanuu
IBC-curmpoma, 06paTuB BHUMAaHUE HA PA3JTAYUST
ero KIMHnYeCcKux TumoB [7]. B 2012 romy Wada H.
et al. cdpopmynupoBas yeTbipe naTo(PU3NOTOTHU-
yeckux tura JIBC-cuaapoma. VX pasnanaus cTpo-
ATCA Ha MHTEHCUBHOCTH IIPOIECCOB THIIepKOary-
gaanmuu u o ranepudpuHosmsa  [8].  Ilpm
OJIMHAKOBOU CHJIe IIPOIECCOB THUIIePKOATYIAIINN
1 runepubOpUHOIN3a pa3BUBAETCsI MaCCUBHOE
Kposoreuenue. Itor tull [IBC-cuHapoma Ha3bIBa-
eTCs «MCTOIIAIONINM» B Ha0JII0/JaeTcs y mareH-
TOB C HEKYIIMPOBAHHBIM KPOBOTEUYEHNEM I10CTIe
OOIIMPHBIX XUPYPTrUYECKUX ONeparui uian mpu
akymiepckoi marosioruu. [Ipu mpeobsamaHumu
TUNEPKOATY/IAIMM  OCHOBHBIM  CHMIITOMOM
AIBJISIETCSI OPraHHas HeJ0CTaTOYHOCTh. JTOT TUIL
OBC-cuHapoMa  Ha3bIBaeTCA «OpraHHbIM»
(«TUTIepROATYIAIIMOHHBIM» UJIA «TUTO(PUOPUHO-
JINTUYECKUM») U 4acTo Ha0JII0jaeTcs Ipu nHpexk-
IIMOHHOW TIAaTOJIOTMM U TpaBMe, B TOM YHCJIE
xupyprudeckoit. Korga moMmHHUpyeT Iporiecc
rurniepubpPUHOIN3a — Pa3BUBaAETC KpoBOTeUe-
Hue. Jror Tun JIBC-cuHOpoma Ha3bIBaeTcs
«runepprOpUHOIUTHYECKUM» 1 YaCTO HaOJTI0/a-
eTcsl y TAIMeHTOB C JIeMK03aMu, aKyIIepCKOn
MaToJIOTHEN, aHEBPU3MOI aopThl. [Ipu ciraboctu
IIPOIIECCOB TUIIEPKOATYIAINN U TuIephuOpPUHO-

Introduction

Blood loss largely contributes to mortality in
any type of surgery due to development and pro-
gression of multiple organ failure (MOF) [1]. MOF-
related morbidity is high and, according to different
studies, varies between 44 and 50% in adults and
between 11 and 54% in pediatric patients [2]. To cli-
nicians’ opinion, the intraoperative blood loss ther-
apy is associated with transfusion of a large volume
of blood components and infusion media for a
short period of time, which alone bears the risk of
complications and is a factor of multiple organ fail-
ure progression and high mortality [3]. Coagulopa-
thy always accompanies blood loss and its transfor-
mation into  disseminated intravascular
coagulation syndrome (DIC) is associated with
10-15% increase of morbidity [4, 5].

It is well known that children with oncological
diseases have background hematological distur-
bances, which, in case of minimal exo(endo)-
genous action, might transform into severe life-
threatening conditions. DIC is one of such
conditions that is always secondary to various base
disorders [6]. As early as year 2009, Levi M. de-
scribed approaches to DIC therapy pointing out
differences between its clinical types [7]. In 2012,
Wada H. et al. worded four pathophysiological
types of DIC. Their differentiation is based on the
intensity of hypercoagulation and hyperfibrinolysis
processes [8]. When hypercoagulation and hyper-
fibrinolysis are equally strong, massive bleeding de-
velops. This type of DIC is called ‘exhausting' and is
observed in patients with non-reversed bleeding
after major surgeries or obstetric pathologies.
When hypercoagulation dominates, the main
symptom is organ failure. DIC of this type is called
‘organ’ (‘hypercoagulative’ or ‘hypofibrinolytic’)
and is frequently observed during infection
pathologies and injuries including surgical. When
hyperfibrinolysis dominates, a bleeding develops.
DIC of this type is called ‘hyperfibrinolytic’ and is
frequently observed in patients with leukemia, ob-
stetric pathologies, and aortic aneurism. When the
hypercoagulation and hyperfibrinolysis processes
are weak there are almost no clinical symptoms,
though hemostasis disorders can be identified in a
laboratory. DIC of this type is called ‘asymptomatic’.

In case of an acute intraoperative blood loss, at
first we can speak only about presence of coagu-
lopathy, i.e. hypocoagulation caused by thrombo-
cytopenia, coagulation factors’ deficit, and dilu-
tion [9]. In the very beginning, there is no
microthrombosis or multiple organ failure. Addi-
tional factors are required for them to develop: se-
vere hypoxia, shock, a major surgical injury, massive
blood transfusions, hypothermia, hemolysis, co-
morbid infection, impaired platelet adhesion and
aggregation due to progressing anemic syndrome,
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||
JIM3a HeT MOYTU HUKAKUX KIMHUYeCKUX cuMnTo- | metabolic and electrolytic disorders such as meta-
MOB, XOTsI HapyIIeH!sI CUCTeMBI reMocTa3a j1abo- | bolic acidosis, hypocalcemia, and hyper-

paTtopHo onpeaessioTcsa. IToT Tun /IBC Ha3bIBa-
eTCs «ACUMIITOMHBIM».

[Ipu ocTpoit UHTpaonepaOHHON KPOBOIIO-
Tepe U3HA4YaJIbHO Mbl MOKEM TOBOPUTH TOJIBKO O
HaJIMYUU KOATryJIOIaTUH, TO €CTh O TUIIOKOATYJIs-
Y, BBI3BAHHOU TPOMOOIIUTOTIEHUEH, TepUIIH-
TOM (paKTOPOB CBepPThIBAaHUA W AuUjOIHen [9].
MwukpoTpoM603 U TOJHOpPTaHHAs HeIOCTaTOY-
HOCTb M3HA4YaJbHO OTCYTCTBYIOT. /|15l UX pa3Bu-
THSA TPeOYIOTCA [OTOJHUTETbHBIE (AKTOPHL:
TsOKeJIasi THIOKCH S, IIIOK, O0IITMpPHAs XUpyprude-
CKasi TpaBMa, MaCCUBHBIe reMoTpaHCc(y3UH, TUII0-
TepMHsi, TEMOJIN3, NIPUCOEIUHEeHEe BTOPUYHOU
WHQEeKINY, HapylleHus aaresud U arperanuu
TPOMOOITMTOB 3a CYET TPOTPECCUPOBAHNS AHEMU -
YeCKOTO CHHAPOMA, MeTaboJIMYeCKIE U 3JIEKTPO-
JINTHbIE U3MEHEHMUs], TaKNe KaK MeTaboJIMIeCcKui
auua03, TMNOoKaNblieMUsa U runepxjaopemMud [10].
[Tpu 1OJTHOIIEHHOM 1 CBOEBPEMEHHOM XUPYPIHU-
YeCcKOM IreMoCTa3e U a/IeKBaTHOU 3aMeCTUTeJb-
HOMU Tepalluu pa3BUTHUS IIOJIMOPTaHHOUN HeJ0CTa-
TOYHOCTH He Impoucxogut. Ilpu peanusanun
JOTIOJTHUTEJbHBIX (PaKTOPOB IPOUCXOAUT yBe-
JMYeHre KOHI[eHTpauuy TpoMOWHA, CHCTEMHAs
aKTUBaIus U rnorpediieHne «pakToOpoB-cyoCTpa-
TOB», aHTUKOATYJISTHTOB U TPOMOOIIUTOB, 0Opa-
3y10TCsA GUOPHUHOBBIE TPOMOBI, KOTOPBIE OJIOKM-
PYIOT cUCTeMy MUKPOIUPKYIsanuu. [locsae atoro
3aITyCKaeTcs Ipoliecc runepGuOpPUHOIIN3a, KOTO-
pBIil criocobeH TPUBECTH K KPOBOTEUYEHUIO.
[ToaToMy, 0CHOBHOI MOP(0OJIOTUUECKOU XapaKTe-
pucrtukoit JIBC-cuHapoma siBJssieTcss obpa3oBa-
HHE TPOMOOB B MUKPOIMPKYJISTOPHOM pYCJIE,
NIPUBO/Jsillee K CHUKEHUIO JOCTABKU KUCI0POIA
K KJIeTKaM U TKaHsIM, YTO U SIBJISIETCS IPUYNHON
passurus Tsiskesoro CITOH [11].

[eJsb uccae0BaHms — XapaKTEPUCTUKA OCO-
OeHHOCTe! pa3BUTHUSA U TEYEHUs], & TAKKE BBISIBJIE-
HHUEe OCHOBHBIX HPEIUKTOPOB (HOPMUPOBAHUSA
HOBC-cunapoMa Npu KpPOBOTEUEHHUSIX BO BpeMs
XUPYPIUYECKUX BMellaTeIbCTB y JeTell ¢ OHKOJIO-
rU4ecKuMU 3a0osieBaHuAME. HeoOXomuMocCTh mpo-
BeJIeHUsI JAHHOTO WCCJIEIOBaHUSA OOyCJIOBJIEHA
OIIEHKOU 9(p(DEKTUBHOCTH CYIIeCTBYIOIIEl aHeCTe-
3MOJIOTUYECKOM TEXHOJIOTHH 00eCcIieyeHusi onepa-
WA y JeTel C OHKOJIOTMYECKUMU 3200/ IeBaHUSIMU.

MarepuaJ 1 MeTobI

[TpoBesn peTpoCIeKTUBHOE 0OCEepBaIIOHHOE HC-
cjlefloBaHMe. Y BCeX NTAIlMeHTOB U UX 3aKOHHBIX IIpe[-
craBuTesiell B3siM MHGOPMUPOBAHHOE COIVIacue Ha
XpaHeHHe, cO0p 1 06padOTKY METUIINHCKUX TaHHBIX, B
TOM YFHICJIEe B UCCJIEJOBATENIbCKUX [eJIsIX. [IybmuKyemas
nHpOopManusA 00e3/TUYeHa, STHYECKHe IIPUHIUTIBI CO-
Osr071eHb1. B ricciemoBaHme 0TOOpasIH TaHHBIE JeTel 0
18 J1eT C OHKOJIOTUYECKUMU 3a00JIeBaHUSMH, ITOTYINB-
mux xupyprudeckoe jsedenne B PI'bY «HMUAL] IO

chloremia [10]. Full-value and timely surgical he-
mostasis and adequate replacement therapy
prevent development of MOE Implementation of
additional factors leads to increased thrombin con-
centration, systemic activation and consumption of
‘substrate factors’, anticoagulants and platelets, for-
mation of fibrin thrombi that block microcircula-
tion. Thereafter, the process of hyperfibrinolysis is
triggered, which can result in a hemorrhage. There-
fore, formation of thrombi in the microcirculation
bloodstream resulting in reduced oxygen deliver to
cells and tissues and causing development of severe
MOF is the main morphological feature of DIC [11].

The purpose of this study is to characterize the
features of the development and course of DIC dur-
ing bleeding, as well as identify the main predictors
of its formation during surgical interventions in
children with oncological diseases. The study rele-
vance is related to efficacy assessment of the cur-
rent anesthetic techniques of supporting surgery in
children with oncological diseases.

Materials and Methods

A retrospective observational study has been car-
ried out. Informed consent to medical data keeping,
gathering and processing including research purposes
was obtained from all lawful representatives of children
under the study. The published information was
anonymized, the ethical principles were observed. Chil-
dren under 18 years of age with oncological pathology
who received surgical treatment in Federal State Budget-
ary Institution, The Dmitry Rogachev National Medical
Research Center for Children’s Hematology, Oncology,
and Immunology, the Russian Health Ministry, for the pe-
riod from 2017 to 2019 years were chosen for the study
(n=2036). The exclusion criteria included absence of an
intraoperative hemorrhage that required use of blood
components; a preoperative hemorrhage that required
blood component therapy and preoperative DIC; preop-
erative antiplatelet and/or anticoagulant therapy; con-
firmed preoperative infection complications of bacterial
or fungal origin such as a catheter-related blood and uri-
nary tract infection, pneumonia (CPIS>6), neuroinfec-
tions; resuscitation measures 30 days before surgery;
MLV and/or inotropic support 7 days before surgery;
presence of decompensated heart failure (Class IV ac-
cording to modified Ross classification) and/or one of the
following factors: left ventricle ejection fraction <55%,
TAPSE <17 mm, non-resolved congenital heart defect,
or stunt-dependent systemic-pulmonary blood circula-
tion, pulmonary hypertension (Ppa>35 mmHg); severe
liver failure: PELD (Pediatric End-Stage Liver Disease)
score over 20 in children under 12 years of age and MELD
(Model of End-Stage Liver Disease) score over 20 in chil-
dren older than 12 years of age); Failure stage and a
higher stage according to pRIFLE. The resulting cohort
was split into groups of patients: the 1%t (main) group in-
cluded children with DIC on postoperative day 2, the 27
(control) group included children without DIC. Patients
for whom there were no data to diagnose DIC on postop-
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uM. [iImutpusa PoraueBa» Munsapasa Poccnu 3a mepuof,
¢ okTsAOps 2017 mo okTAOpH 2019r (n=2036). Kpure-
PpUAME HCKJIIOUEHUS OBLIHN: OTCYTCTBHE WHTpPaoIepa-
IIMOHHOTO KPOBOTEYEHMsI, TPEOYIOIIET0 MPIMEHEeHU
reMOKOMIIOHEHTOB; HaJIuure KPOBOTeUeHusI O ollepa-
1w, Tpebyrollee MPoBeleHNsI TeMOKOMITOHEHTHOH Te-
pamuu u JIBC-cmHapoMa; IpueM aHTHAarperaHToB
1/WUJIM QaHTUKOATYJISIHTOB [0 Ollepalliy; HaJu4uue 10Ka-
3aHHBIX NH(EKIINOHHBIX OCIOKHEHHH OaKTepHuaJTbHON
WJTA TPUOKOBOM 9THOJIOTUH JI0 OIIEPAIIFH, TAKIX KaK Ka-
TeTep-aCCOLMUPOBAHHble HH(EKIUuN KpPOBOTOKA U
MOYEBBIBOIAIINX MTyTel, mHeBMOHUs (CPIS>6 6a110B),
HellpouHpeKIuy; IpoBeeHHble peaHuMallOHHbIe Me-
ponpusitus 3a 30 mHel 10 onepanuy; poseaerue MBJI
¥/WJIM THOTPOTTHOM MOJIepIKKY 3a 7 AHEH 10 orepa-
1IUY; HAJTUYXE JEKOMIIEHCUPOBAaHHOM Cep/IeYHOM HeJl0-
craroyHoctu (Kmacc IV mo mogudunmpoBaHHO# KJiac-
cupurkanuu Ross) u/uam OJHOro U3 CJAESYIOIIUX
¢axTopoB — pakIMy BEIOPOCA JIEBOTO SKETYI0YKA
<55%, TAPSE <17 mm, Hajin4re HEKOPPErupoBaHHOIO
BPOYKJIEHHOTO II0POKA cepJlia UK IIyHT-3aBUCUMOI0
CHUCTEMHO-JIETOYHOT'0 KPOBOTOKA, JIETOUHOU TUIIepTeH-
3um (Pna>35 mmHg); Hanu4ue TAKeJI0H IedeHOYHON
HemocTraTo4HoCTH (OoJsee 20 H6astoB 1Mo mkaae PELD
(Pediatric End-Stage Liver Disease) y geTeii 1o 12 jiet u
no mwkane MELD (Model of End-Stage Liver Disease) y
nmeTel mocsie 12 JieT); ctaguu HeocTarogHocTh (Failure)
u BoIie 1o mxkase pRIFLE. ITocsie npruMeHeHns JaHHbIX
KpUTepUeB MOJTyYeHHYI0 KOIOPTYy pa3fesu/yd Ha JiBe
TPYIIBI NAUEHTOB: 1-5 rpymnmna (OCHOBHAsA) — JEeTHU C
JBC-cuHApOMOM Ha BTOPBIE CYTKH I1OCJIE OIlepaIuy, 2-1
(koHTpOBHAST) — 6€3 JIBC-cuuapoma. [1pu aToM manm-
€HTEHI, ¥ KOTOPBIX He OBIJI0 JaHHBIX AJI OIeHKU HaJIH-
uust uay orcyTcTBuA JIBC cuHApOoMa Ha 2-e CyTKHU ITocJie
omepanuy, ObITN UCKJII0YeHBI N3 aHaau3a. J[usaiiH uc-
cJleJOBaHUs [IpefiCcTaBJIeH Ha puc. 1.

Juarnoctuky [IBC-crnHapoma Ha 2-e CyTKH I10CJIe
olepanyuy NMPOBOAUJIM 10 MOIM(UIMPOBAHHOU CH-
creme onienku ISTH (International society on thrombosis
and haematostasis). OneHka 1Mo JaHHOH IITKaJjIe OCHO-
BaHa Ha CYMMHPOBAaHUHU 0aJIJIOB, KOTOPBIE IOJIYYAIOT,
VYUTHIBAsI KOJIMYECTBO TPOMOOIIUTOB (> 100X10%/71 = 0,
<100X10%/1 = 1 1 <50X10°/71 = 2), comepskanue GpUOPU-
HoreHa (>100 mr/ 1 = 0, <100 Mr/ i1 = 1), IpOTPOMOUHO-
Boe Bpems (<15 ¢ =0, >15 c =1, >18 ¢ = 2) u conepsraHue
D-mnmepa (<301 Hr/mi=0, >301 Hr/mi=1, >400 Hr/MJ1 = 2).
Ha manunuwe JIBC-cuHIpOoMa yKasbIBaia CymMMa 6a1oB
10 TAHHOW 1TKaJIe, paBHasI 5 6asiam u 6oJiee.

W3 3JIEKTPOHHBIX UCTOPUI O0JI€3HH, HAPKO3HBIX
KapT U 5KYpHAJI0B MOHUTOPUHIA PETUCTPUPOBAJIU I10-
KasaTeJI1 MOHUTOPWHTA, TaHHBIE JTaOOPATOPHBIX HC-
cIe0BaHU, 0COOEHHOCTH TPOBOAMMOMH Tepanuu. Co-
Opanu maHHBIE O IeMorpaduu MamueHToB, 00JacTh
BMelllaTeIbCTBA, IIPOBEJEHHON NpeJolepaliOHHON
MOJINXUMUOTEPAIINY U JIy4eBOH Tepaluu, OlleHKe aHe-
CTe3nOoJI0rn4eckoro pucka. Onenky tasxectu CIIOH
TIPOBOAWJIY C UCITOJIb30BaHNeM IIKaJIbl pSOFA [12].

TsaskecTb IOpaskeHUH NeYeHU OLleHUJIU 110 IIKaJjie
PELD vy neteii no 12 sieT, mkane MELD — y nereii mocsie
12 jiet. J111 XapaKTepUCTUKU ITI0YE€UYHOU NUCHYHKIUN
ucnosab3oBaau mrairy pRIFLE. Onpenenenue ckopoctu
KJIyOOYKOBOM (DUJIETPAIIAH TTPOBOIHIIHU ITO MOTUDUITH-
poBaHHOMYy ypaBHeHuIo IllBapma. MakcumaJsbHbIe
3HaYEHWsI BA30OMHOTPOITHOTO uHekca (VIS) ObLIn uc-
N0JIb30BaHBI [JIS1 yueTa UHTEHCUBHOCTU IIPOBOAUMON

erative day 2 were excluded for the analysis. The study
design is shown on fig. 1.

DIC diagnosis on postoperative day 2 was made
using modified ISTH (International society on thrombo-
sis and haematostasis) assessment system. The assess-
ment is based on summing up scores of platelet count
(>100x10%/1 = 0, <100x10°/1 = 1 and <50%X10%/1 = 2), fib-
rinogen (>100 mg/dl = 0, <100 mg/dl = 1), prothrombin
time (<15 sec = 0, >15 sec = 1, >18 sec = 2), and D-dimer
(<301 ng/ml = 0, >301 ng/ml = 1, >400 ng/ml = 2). The
total score of 5 and over indicated the presence of DIC.

Monitoring figures, laboratory findings, and therapy
features were taken from electronic case files, narcosis
sheets, and monitoring logs. Data on patients’ demogra-
phy, area of intervention, preoperative polychemotherapy
and radiation therapy, anesthesiology risk assessment
were collected. MOF severity was assessed according to
PSOFA [12].

Liver impairment severity was assessed using PELD
score in children under 12 years of age and using MELD
score —in children older than 12 years of age. Renal dys-
function was assessed with the help of pRIFLE. Glomeru-
lar filtration rate was determined using modified
Schwarz’s equation. Maximal values of the vasoinotropic
index (VIS) were used to account inotropic support in-
tensity during a surgery and postoperative 24 hours. The
volume and quality of infusion and transfusion therapy
were accounted. Total blood loss, the length of intraop-
erative critical hypotension, and the events of massive
blood loss were recorded. According to the American
Heart Association, in children, hypotension is regarded
as critical at systolic arterial blood pressure < 60 mm Hg
in newborns; < 70 mm Hg in infants under 1 year of age;
<70 mm Hg + (2 Xage in years) —in children aged 1 to 10
years; <90 mm Hg in children older than 10 years of
age [13]. The massive blood loss criteria include a blood
loss exceeding one volume of circulating blood during 24
hours, or loss of 50% of the circulating blood volume
within 3 hours, or the requirement for transfusion of 10%
of the circulating blood volume every 10 minutes during
active bleeding [14]. Renal replacement therapy during
30 postoperative days, the events of acute thrombosis
and surgical revision for surgical hemostasis, the length
of mechanical lung ventilation and patient’s stay in ICU,
and 90-day mortality and survival were accounted.

Anesthetic surgery management was carried out
following the unified protocol adopted in the center. Chil-
dren did not receive premedication on the eve of surgery.
Preoperative preparation included an extended examina-
tion that included laboratory diagnostics (total blood
count; urinalysis; coagulogram; blood chemistry — renal
and liver tests, blood serum electrolytic composition; in-
fection monitoring; blood group and Rh factor), and in-
strumental diagnostics (chest X-ray; ECG and Echo-CG).
Intraoperative baseline monitoring of general anesthesia
efficacy included: respiratory capacity and minute vol-
ume, and airways pressure; inspiratory oximetry; CO,
analysis; pulse oximetry; invasive and non-invasive arte-
rial blood pressure measurement; electrocardiography;
measurement of anesthetic concentration in the inhaled
mixture and breathing gas flow; thermometry. Induction
into anesthesia was performed using sevoflurane
through fast inhalation induction based on pulmonary
capacity, or, if vascular access is possible, 1% propofol in-
travenously at 1.5-2.5 mg/kg. Then, after the central ve-
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B ®I'BY «HMUII ITON um. Imutpus PorayeBa»
Munanpasa Poccuu ¢ 2017 o 2019 rr. oro6pans! fetu (<18 Jjer)
C OHKOJIOTMYECKUMU 3a00JI€BAHUSIMY, ITOJIBEPTIINECS
XUPYpPru4ecKkumM npouenypam, n=2036

HckaroueHsr:
OTCYTCTBHE€ MHTPAOIIePALIMOHHOI'O KPOBOTEYEHUA
U IPUMEHEeHUsA FTeMOKOMIIOHEHTOB, 11=1642

>

A

[ O1ieHEHBI HA COOTBETCTBUE KPUTEPUSIM BKIIIOUEHUs, n=394 ]
/ HckaroueHsr: \
* reMoTpaHchy3nu Ipu KPOBOTEYEHU N
J10 oniepanuu, n=23;
* [IpYeM aHTUATPEraHTOB U/ U/ AaHTUKOATY/ITHTOB
J10 oriepanuy, n=16;
* HaIMYKe NH(EKITMOHHBIX OCTIOKHEHUHI
JI0 oniepanuy, n=46;
* IOCTpeaHMMALMOHHAs1 00JIe3Hb
J0 onlepanuu, n=3;
* C KapJuomaroJoruei; n=12
 nnpoBeenre VIBJI v/may MHOTPOITHOM MONEPIKRKU
J0 olepauuu, n=12;

¢ PELD (MELD) > 20 6a/110B 10 onepanuu, n=7
\' PRIELE > Failure o oneparuu, n=14.

[ BruttodeHs! B ucciieqoBanue, n=261 J

HCKIIIOYeHBI: HET JaHHBIX JIJI OIIEHKA
o mkaJje ISTH DIC score Ha 2 cyTku 11/ 0, n=54

Postoperative children (<18 years of age) with oncological
diseases treated in Federal State Budgetary Institution,
The Dmitry Rogachev National Medical Research Center
for Children’s Hematology, Oncology, and Immunology,
the Russian Health Ministry, between 2017
and 2019 were selected, n=2036

Excluded: no intraoperative hemorrhage
> and use of blood components, n=1642
4

)
~

Evaluated for compliance with inclusion criteria, n=394

Excluded:
 preoperative blood transfusion
during hemorrhage, n=23;
* preoperative antiplatelet drugs
and/or anticoagulants, n=16;
* preoperative infection complications, n=46;
 preoperative post-resuscitation illness, n=3;
o cardiopathy; n=12
¢ preoperative MLV and/or inotropic support, n=12;
¢ preoperative PELD (MELD) score > 20, n=7
K° preoperative pRIFLE > Failure, n=14; /

J

Excluded: no data to make ISTH DIC score
assessment on postoperative day 2, n=54

[ Included in the study, n=261

OTtobOpansl Ui aHau3aa, n=207

Selected for analysis, n=207

ISTH DIC score =5 ISTH DIC score <5 ISTH DIC score =5 ISTH DIC score <5
Ha 2-e CyTKH IIocJIe Ha 2-€ CYyTKH I10cJIe on postoperative on postoperative
onepanuy, n=59 onepanuu, n=148 day 2, n=59 day 2, n=148

Puc. 1. In3aiiH ucciiefOBaHHs.
Fig. 1. Study design.

WHOTPOITHOU MOAIEpsKKY Ha OTIEPAINH U B TeueHue 24
4acoB HocJie oneparuu. IlpoBoanin yaet o6bema 1 Ka-
4JecTBa IIPOBeJIeHHON NH(MY3NOHHOH U TpaHC)Y3NOH-
HOH Tepanuu. PerucTpupoBan 06111yIo KPOBOIOTEPSIO,
JJINTeIbHOCTD IepHoja KPUTHIECKON TUIIOTeH3UH Ha
omepanuy U ClIy4ad MacCHBHOM Kposomorepu. Co-
IJIACHO PeKOMEeHIAIAM AMepHUKaHCKOU KapauOJIOTH-
YEeCKOM AacCOIUAIMM KPUTUYECKON THUIOTEH3WEeUl Y
JieTell CIMTAIOTCS TOKA3aTe Il CUCTOJIMYECKOTO apTepH-
aJbHOIO JaBJIeHUA HIKe PACYETHBIX: < 60 MM pT. CT. y
HOBOPOMKJIEHHBIX; < 70 MM PT. CT. y JIeTell 1o 1 roma
SKU3HU; <70 MM PT. CT. + (2 XBO3pacT B rojiax) — y JeTei
ot 1 1o 10 siet; <90 MM pT. CT. y geTeii ctapie 10 set [13].
KpureprsamMu MacCUBHOI KPOBOIIOTEPH SABJIAIOTCS: 110~
Tepsi KPOBY, NPEBBINIAONIAA OFUH 00beM ITUPKYIH-
pYIoIIel KPOBU B TeueHHe 24 4acoB, 00 moTepst 50%
00beMa IUPKYINPYIOIIEl KPOBU B TeUeHHE 3-4aCOBOTO
nepuoaa, aubo He0OXomUMOCTh B TpaHcdysuu 10%
OLR kaxzabie 10 MUHYT IPA aKTUBHOM KpOBOTeEYe-
Huu [14]. IIpoBoguIn y4eT NpUMeHEeHNUA 3aMeCTUTE/Ib-
HOH ITOYeYHOI Tepanuu B TedeHre 30 CyTOK IOCJIe OIle-
pamuu, ciaydaeB OCTporo Tpomb6o3a M IOBTOPHOTO
XUPYPIUYeCKOro BMeIIaTe/IbCTBA € 1eJIbI0 XUpyprude-
CKOT0 reMOCTa3a, JJIUTeIbHOCTH NCKYCCTBEHHOU BeH-
TUJIANUN JIETKUX, CPOKa NpeOBIBaHUSA MalnMeHTa B
OPUT, 90- 1HEBHO¥ CMEPTHOCTH U BBIKUBAEMOCTH.
AHecTe3noJsiornueckoe obecrnedeHue onepanui
NIPOBOJUJIM 110 €JUHOMY, IPUHATOMY B LIEHTpPE, IPOTO-

nous access had been established, neuromascular relax-
ants (pipecuronium bromide at a dose of 0.04-0.06
mg/kg or rocuronium bromide at a dose of 0.6 mg/kg)
and narcotic analgesics (fentanyl, 2-5 mg/kg) were ad-
ministered and trachea intubation was subsequently per-
formed. During surgery and at its end, prophylaxis with
antibiotics was carried out. Normal body temperature
was maintained intraoperatively with the help of a ther-
mal mattress and convection air systems to warm the pa-
tient. If medically required, the epidural space catheter-
ization with morphine (0.05-0.1 mg/kg) or Ropivacaine
(0.2-0.4 mg/kg/hr.) analgesia was carried out. Urine
catheter and gastric tubes were inserted and radial artery
was catheterized for invasive arterial blood pressure
monitoring. Combined anesthesia was maintained by in-
halation of sevoflurane (1 MAC) and continuous intra-
venous infusion of fentanyl (5-10 mg/kg/hr); myoplegia
was maintained by continuous infusion of a neuromas-
cular relaxant. Mechanical lung ventilation was carried
out in the normal ventilation mode with intraoperative
monitoring of CO, and arterial (venous) blood gases
every hour. The infusion therapy was performed using
crystalloid solutions according to rule 4-2-1 following the
Holliday, Segar, or Oh scheme [15]. In case of hypoalbu-
minemia of less than 30 g/1, transfusion of 25% albumin
at 5-10 ml/kg was done. In case of bleeding a bolus Gelo-
fusine dose of 10-15 ml/kg was administered; and to
maintain the target arterial blood pressure, noradrena-
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koJ1y. HakaHyHe onepaliiuu JeTsiM He Ha3Ha4aJ/Iu IipeMe-
nukamo. ITpegonepannoHHas IOATOTOBKA IIpeycMar-
puBasia pacuipeHHoe obcJieloBaHIe, BRIIIOYAOIIee
JIabOpaTOPHYIO TUArHOCTHUKY (OO aHAIN3 KPOBY;
00IITMIT aHATN3 MOYH; KOArYJIOTPaMMY; OMOXUMIIECKUAN
aHAM3 KPOBW — II0YEYHBIE W IeYeHOYHBIE MPOOHI,
9JIEKTPOJIUTHBIA COCTaB ChIBOPOTKU KPOBU; MH(EK-
LIMOHHBI MOHUTOPUHT; OlIpeiesieHre TPyl KPOBU U
pesyc (akTopa) U UHCTPYMEHTAJIbHYIO AUATHOCTUKY
(penTren opraHoB rpynHol kieTku; KT u IxoKT). [Tpu
BBIIIOJTHEHUH BMENIaTeJIbCTB 0A30BBIA MOHUTOPHUHT
a(pperTUBHOCTH OOIIEN aHECTE3UH BKJIIOYAJT: PETUCT-
panuio ApIXaTeIbHOT0 ¥ MUHYTHOTO 00BEMOB, a TaK:Ke
JaBJIEHUSA B 1bIXaTeJIbHBIX IIYTAX; HHCIIMPATOPHYIO OK-
CUMEeTPHUIO; KalHOMETPUIO; IIyJIbCOKCUMETPHUIO; UHBaA-
3UBHOE U HEeMHBA3UBHOE U3MepeHUe apTepualbHOTO
JlaBJIeHUs]; 3JIeKTpOKapauorpaduio; usMepeHue KoH-
LIeHTpalyy aHeCTeTUKa BO BAbIXaeMOI CMeCH U ITI0TOKA
JbIXaTeJbHOU cMecH; TepMoMeTpulo. VIHIYKIIUIO B aHe-
CTE3WI0 OCYIIECTBJISIN CeBO(DIYpaHOM, METOIOM OBI-
CTPOU MHTAJANMOHHON WHAYKIHUH T10 }KU3HEHHOU eM-
KOCTH JIeTKUX, WJH, IPU HAJIUYUM COCYAHUCTOIO
JIOCTyna, BHyTpUBEeHHO 1% mpomnodgosiom 1,5-2,5 Mr/Kr.
3areM, 1ocje obecrnedeHus IeHTPaJTbHOTO0 BEHO3HOTO
JIOCTYIIA, BBIIIOJIHAJIM BBeJleHHe MUOPEeJIaKCAHTOB (II1-
TeKypoHus 6pomusa B go3e 0,04—-0,06 Mr/KT WA POKY-
ponus 6pomuaa 0,6 MI/Kr) 1 HAPKOTUYECKUX aHAJIbTe-
TUKOB ((peHTaHua 2-5 MKI/KI) C TOCJIeAyIei
WHTyOaIe Tpaxen. Bo BpeMs olepamnuy u mocie ee
OKOHYAHWSA MPOBOAUIN aHTHONOTHKOTIPO(MUIAKTHKY.
ITogpepsxaHnue HOPMOTEPMUU Ha Ollepallluy OCyleCTB-
JISIM 3a CYeT UCI0JIb30BaHUs TepMOMaTpaca U KOHBEK-
IIMOHHBIX BO3AYIIHBIX CUCTEM JIJIs1 000TpeBa IMaIieHTa.
ITo nokasaHUAM BBINOJIHAINA KaTeTepU3aLUI0 SIUIy-
PaJIbHOTO TIPOCTPAHCTBA, C aHaAre3mell MOp(pUHOM
(0,05-0,1 mr/kr) wau ponuBakanHoMm (0,2-0,4 mr/Kr/
4ac). YCTaHaBJ/IMBAJIM MOYEBOU U JKeJTyI0YHbIE 30H/IHI,
KaTeTepu3UpOBaJIM JIy4eBYIO apTepHUIO C I1eJIbI0 UHBA-
3WBHOT'O MOHUTOPUHIA ApTEPUAJIBHOTO 1aBjeHus. [lox-
JlepsKaHue aHeCTe31UU OCYIIeCTBJISINA C IOMOIIBI0 KOM-
OMHIPOBAHHOW aHECTE3NH — MHTAJIAIMOHHO IT0/JaBaJIN
ceBodutypaH (1 MAC), BHyTPUBEHHO IIPOBOJUJIN IIOCTO-
SAHHYI0 MHQPYy3uIo penTanuia (5-10 MKr/Kr/4ac), MHOTI-
JIETUIO IO AePYKUBAJIU METOJ0M IIOCTOSIHHOU UH(y3uu
MHOpeJIaKCaHTa. VICKyCCTBEHHYIO BEHTUJIALUIO JIETKUAX
TIPOBOJUJIU B pesKMMe HOPMOBEHTUJISILIUY 110, KOHTPO-
JleM KallTHOMEeTPUHU U apTepUaIbHbIX (BEHO3HBIX) I'a30B
KPOBH, KOTOPBI€ BBINIOJIHAIUCH KAKIBIHM Yac BO BpeMs
onepanuy. IHQY3nOHHYIO Tepanuio IPOBOAUINA KPU-
CTAJIJIOUJHBIMUA PACTBOPAMU COIVIACHO IIpaBUJIy 4—2-1
o cxeMe Holliday, Segar wmm Oh [15]. [Ipu rumoasnsoy-
muHeMuu MeHee 30 r/J1 mpoBoguu Tpancdysuio 25%
aspbymmHa 5-10 Ma/KT. IIpu KpOBOTEYEHUH BBOIUIN
6o.m10C restopysuna 10-15 MJI/KT, @ TaKKe IS TOJIep-
sKaHUs [1eJ1eBOr0 apTepHUaJIbHOTO aBJIeHHUs UCII0JIb30-
BaJM UHAQY3UI0 HOpaJpeHaJIuHA 0,05-0,3
MKI'/KI'/MUH, 10 yCTpaHeHus rumnosoJiemuun. lemocra-
TUYEeCKYI0 Tepaluio HAaUWHAJIMU C BBeJIeHUsI aMUHOKa-
NIPOHOBOU KMUCJIOTBI — 2 MJI/KI UJIU TPAaHEKCAaMOBOMH
KHCJIOTHI — 15 Mr/KT. ITocsie mpoBoawIn 3a6op KpoBH
JIJIs1 9KCTPEHHOTO BBIINIOJIHEHUs KoaryjaorpaMMsl. [Tpu
MacCUBHOM KPOBOTEeUeHUHU IPUMEHSJIN CBeKe3aMOopPOo-
skeHHYI0 m1adMy (C3I1) — 20 MJI/KT, ecjia 3TOro OBLIO0
HeJ0CTAaTOYHO — HCIO0JIb30BAIN KOHIIEHTpaT (paKTo-
poB cBepThiBaHuA ([IporpoMmiexkc 600) B BO3pACTHBIX

line was infused at 0.05-0.3 mg/kg/min until hypovolemia
was reversed. The hemostatic therapy began with admin-
istration of amino caproic acid at a dose of 2 ml/kg, or
tranexamic acid at 15 mg/kg. Thereafter, blood was sam-
pled for emergency coagulogram. In case of massive
bleeding, fresh-frozen plasma (FFP) — 20 ml/kg — was
used; when that was insufficient, factor concentrate (Pro-
tromplex 600) at age doses was used. If a bleeding con-
tinued, children were administered with an additional
dose of FFP (15-20 ml/kg — at 1.5-fold INR over the norm
and fibrinogen less than 1 g/1); cryoprecipitate (at fib-
rinogen less than 1 g/1 — 0.5 dose/kg); platelet concen-
trate (at platelets count less than 50x10%/1 — 0.3-0.5
dose/kg); additional 2 ml/kg dose of amino caproic acid,
or continuous infusion of tranexamic acid at 2-5
mg/kg/hr. At the end of surgery, depending on the child’s
general condition, children were aroused and, after ob-
servation in the post anesthesia care unit, transferred to
a specialized unit, or not aroused and transferred under
MLV to ICU where MLV continued. Immediately after
transfer from the operating room, as a rule, MLV was per-
formed with FiO,=100%. Later, FiO, was selected with re-
gard to blood gases until adequate figures were achieved.
When necessary, children received vasoactive drugs:
adrenaline, noradrenaline, dopamine. Sedation and
analgesia was achieved by bolus doses or infusions of re-
lanium and/or fentanyl, which were discontinued shortly
before extubation. Enteral feeding was commenced
within the first 48 hours after surgery. The ICU postoper-
ative examination plan included standard laboratory
tests (total blood count; urinalysis; coagulogram; blood
chemistry — renal and liver tests, blood serum elec-
trolytes; bacteriological monitoring), and instrumental
diagnostics (chest X-ray; ECG and Echo-CG).

Statistical methods. Demographic characteristics
were presented with the help of descriptive statistics,
continuous data — as median and interquartile ranges.
Parameters characterizing qualitative indicators were
shown as an absolute figure and a relative value in per-
cent (%). For qualitative indicators, contingency tables
where the Pearson Chi-square () test with Yates’ correc-
tion was applied if ng.n=5-9 in one of cells; and if
Nevents<D, Fisher’s exact test was used. For quantitative
evaluation of differences found between the groups
under study and a relation between a certain outcome
and a risk factor, the odds ratio (OR) was calculated with
the upper and lower 95% confidence interval (95%CI).
Normality of quantitative indicators’ distribution was
checked by the Shapiro-Wilk test. The inter-group com-
parison of quantitative indicators between two groups,
which distribution was asymmetric, or their dispersions
were not homogeneous at a normal distribution, was
performed using the Mann-Whitney U-test. For the com-
parison of indicators in the main and control groups at
treatment stages, repeated measures analysis of variance
was applied. Survivability was analyzed by building life
tables with graphical presentation of survivability curves
according to Kaplan-Meier. Comparison of survivability
curves was carried out using logrank test. Statistical hy-
potheses were considered confirmed at significance level
P<0.05, for post hoc comparisons — at P<0.017. The final
stepwise logistic regression model included indicators,
which had been present before DIC development on
postoperative day two, were selected through single-fac-
tor analysis (P<0.05), had less than 10% of missing data,
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J03UpoBKax. Ecjiu KpoBoTeueHue IIPOAOJIKAIOCH, TO
OO0/TBHBIM HasHaYaJId: JOIMOJHHUTEIbHYI0 103y C3I1
(15-20 ma/xkr — npu yanunaenuu MHO B 1,5 pasa or
HOpPMBI ¥ cOfiepsKaHuu (ubpuHOTeHa MeHee 1 T/i);
KPHOIIPENUINTAT (IIPpU COofepyKaHuu (UOpUHOTEeHa
meHee 1 r/71— 0,5 103bI/Kr); TpoMbOMaccy (P KOJTU-
yecTBe TpoMmboruToB MeHee 50%10°/a1 — 0,3-0,5
JI03BI/KI); JOMOJHUTEJbHbIE 2 MJI/KI' aMUHOKAIIPOHO-
BOU KUCJIOTBI UJIU IOCTOSTHHYIO UH(Y3HUI0 TPAHEKCAMO-
BOI KUCJIOTBI — 2-5 Mr/kr/4ac. Ilocse 3aBeplieHus
omeparyy, B 3aBUCHMOCTH OT OOIIero COCTOSTHYS, TTa-
[MEeHTOB aKTUBU3NPOBAJIH U ITOCJIe HAOJIIOIeHN B Ta-
JIate IpoOYKIeHs IePeBOUIN B TPO(UIbHOE OT/e-
JIeHHe, TN00 aKTUBU3AINIO He TPOBOIUIIN U O0TBHBIX
Ha UBJI nepesoguiu B OPUT. [locse nmepeBoga B oTe-
JleHre UHTEeHCUBHOU Tepaluy MalieHTy IpoLoJisKalIn
NBJI. Cpasy nocJjie nepeBojia U3 onepanuoHHoi VBJI
OCYIIeCTBJIAJN, KaK npaBuJo, ¢ Fi0,=100%. B mmocse-
nytorieM FiO, mogbupasnach € y4eToM ra3aoBOro CocTaBa
KPOBHU J0 IOCTH)KEHUA afleKBaTHBIX [IoKa3aTesel. [Ipu
HEeOoOXOIMMOCTH IalFeHThI MOIy9aTl Ba30aKTHBHBIE
npenaparsl: aipeHaJIvH, HopaJpeHaIuH, fonMuH. Cena-
AW ¥ aHAJIT€3UN TOCTUTAJIH ITyTEM BBeIeHMsI O0JTIOCOB
uau uHQy3nuu pesiaHuyMa u/uiu peraHusa, KoTopble
TIpeKpariaIf He3agoJIro J0 9KCTyOar . JHTepaIbHOe
NuTaHWe HaYMHAJIU B TeueHHe IIepBhIX 48 4acoB 1ocJie
onepanuy. I1y1aH oc/IeonepanroHHOTo 06C/IeOBAHIS
B OPUT BKJIIOYAJ CTaHApTHEIE JJaOOPaTOPHBIE TECTHI
(obrITHit aHAIM3 KPOBH; OOIIMH aHAJIN3 MOYH; KOATyJI0-
rpaMMy; OMOXMMUYECKUN aHaIu3 KPOBU — ITI0YEYHBIE U
TeYeHOYHbIe MTPOOKI, 3JIEKTPOJIUTHBIM COCTaB ChIBO-
POTKM KPOBH; OAKTEPHOJIOTHYECKUA MOHUTOPUHT) U
VHCTPYMEHTAJIbHYIO IUAarHOCTUKY (PEHTIreH OpraHoB
rpyaHoii kiaetky; OKI 1 9xoKI).

Crarucruuyeckue MeTobl. [lemorpaduydeckue xa-
PaKTepUCTUKU IIPeICTAaBU/IN ONIUCATeIbHOU CTaTUCTHU-
KO, HellpepbIBHbIE TaHHble — KAaK MeJUaHHble U MeXK-
KBapTUJIbHble  [Uanas3oHbl. J[ljas  IoKasaresey,
XapaKTepu3yIOLIUX KaueCTBeHHble [IPU3HAKH, YKa3aJIu
abCOJTIOTHOE YN CJIO ¥ OTHOCUTEIHHYIO BEJIMYMHY B ITPO-
neHTax (%). [y KaueCTBEeHHBIX TPU3HAKOB IPUMEHNIIN
aHaIM3 Ta0JWIl CONPSIKEHHOCTH, IJle OIeHWBAJIU
3Ha4eHUe craTucTuku [lnpcona Xu-kBanpar (x?) ¢ mo-
npaBKoil MeiTca IpH 7,,,,,,;=5-9 B OIHOI U3 SUeeK, a
TIPHU Ny 00,,6<D ACIIOJIB30BAIU TOUHBINA KpuTepuil du-
mepa. JJist KoJIMYeCTBEHHOU OI[eHKM HalJIeHHbIX pas-
JINYUH UCCIeAyeMbIX TPYIIII U CBSI3U MEK Y OIpe/ie/IeH-
HBIM HCXOI0M U (PaKTOPOM pHUCKa IPUMEHUJN pacueT
otHomeHusA maHcoB (OR) ¢ BepxHuM U HUKHUM 95%
JIoBepUTeJIbHBIM HHTepBaoM (95%CI). [IpoBepkry HOp-
MaJbHOCTHU pacupeesieHNs KOJIM4eCTBeHHbIX IPU3HA-
KOB IIPOBEJI C UCII0JIb30BaHUeM Kpurtepus llanupo-
Yuika. MeskrpynmnoBoe cpaBHeHHE KOJUYeCTBEHHbBIX
ToKasareJsiell A1 ABYyX I'PyIIl, UMelolllee aCCUMeTpUY-
HOe pacrpe/iesieHue, JTI00 IIPY OTCYTCTBUY TOMOTE€HHO-
CTU JUCIepCUil IIpY HOPMAJBbHOM paclipelieleHuH,
nposesu 1o U-kpurepuio ManHa—-YuTtHu. g cpaBHe-
HUs IIOKa3aTesied BOCHOBHOU U KOHTPOJIBHOM IPyIIIax
Ha Jranax JiedeHUs KUCIO0Jb30BalN AUCIEPCUOHHBIN
aHaJIM3 IIOBTOPHBIX U3MepPEeHUN. AHA/IN3 BbIXKUBAEMO-
CTH TIPOBEJIH IIyTeM ITOCTPOEHUS TAOJIUI JOKUTHUS C
rpadraeckuM n300pakeHeM KPUBBIX BBLKUBAEMOCTH
no merony Kannana-Maiiepa. CpaBHeHUe KPUBBIX BbI-
SKMBAeMOCTH IIPOBEJIX C IOMOILBIO JIOTPAHI'OBOI'0 KPHU-
Tepus. CTaTUCTUYECKUEe TUII0Te3bl CYUTAJIUCE IIOJTBEP-

and were clinically plausible. The multivariate analysis
results were presented as an odds ratio and 95% confi-
dence intervals; P<0.05 were considered statistically sig-
nificant. The accuracy of multivariate model forecasting
was checked by analyzing the area under ROC-curve. To
determine parameter cutoff points, characteristic curves
(ROC-curves) were built. The value on the ROC-curve
with the highest sum of sensitivity and specificity was de-
termined as the parameter cutoff point. Statistical analy-
sis of data was carried out according to standard methods
using MedCalc version 11.3.3 (MedCalc Software) and
STATISTICA version 8.0 (StatSoft, Inc.).

Results and Discussion

394 children with a bleeding that required a
hemostatic therapy were identified from 2036 chil-
dren subjected to surgery during 2 years. After the
exclusion criteria were applied, the resultant cohort
selected for analysis consisted of 207 children.
From them, 59 children (15%) experienced DIC ac-
cording to ISTH on postoperative day 2.

tables 1-4 show inter-group comparisons of
the main characteristics under study. The quanti-
tative indicators in the study groups had a distribu-
tion that differed from normal (P<0.05).

Comparison of demographic and clinical data
showed that children in the DIC group were of
younger age, shorter, had a smaller body weight, a
larger total blood loss and a greater number of mas-
sive blood loss events, a longer period of critical hy-
potension during surgery. The cases of metabolic
acidosis, hypocalcemia and hyperchloremia were
recorded more often in that group, too. The analysis
of differences between the groups in the surgical
field showed that a surgery on liver and retroperi-
toneal space are associated with a higher probability
of DIC. Further statistical analysis established that
in children with oncological diseases, the probability
of DIC related to a surgery on liver is 3.86 times
higher (OR=3.86 [1.72; 8.67]; P=0.001), and related to
a surgery on retroperitoneal space is 2.09 times
higher (OR=2.09 [1.07; 4.05]; P=0.03) compared to
other surgeries. It was also discovered that in that
group of patients, the probability of DIC related to
an orthopedic surgery is 72% lower (OR=0.28 [0.11;
0.69]; P=0.006) than other surgeries. The odds ratio
analysis has shown that there is no statistically sig-
nificant relation between nasopharynx surgeries and
development of DIC (OR=0.09 [0.01; 1.58]; P=0.1).

Analysis of the infusion and hemostatic ther-
apy performed intraoperatively and during the first
24 hours postoperatively showed that children in
the DIC group received higher volumes of colloids
(Gelofusine and 25% albumin) and crystalloids
(0.9% sodium chloride and Sterofundin), also re-
quired a larger volume of RBC suspension, fresh-
frozen plasma, and platelet concentrate. Besides, in
the DIC group, the scope of intraoperative and
postoperative inotropic support was significantly
greater than the group without DIC.
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SKI€HHBIMU IIpU YPOBHE 3HauumocTu p<0,05, 1j1a ano-
CTepUOPHBIX cpaBHeHUU p<0,017. B okoHYaTEJbHYIO
MOJeJb IOLIArOBOM JIOTHUCTHUUYECKOW perpeccuu
BKJIIOYHMJIN IPHU3HAKM, KOTOpbIe OBLIN 0 PasBUTHA
JIBC-cuHIpoMa Ha BTOPBIe CYyTKH ITOCJIE OIlepaliiu, OTO-
OpaHHBIE B peaysbraTe OZHO(MAKTOPHOIO aHaIM3a
(p<0,05), c meHee 10% TPONYIIIEHHBIX TAHHBIX, U OBLIN
KJIMHIYECKH TPaBI0N000HBIMH. Pe3yIsraThl MHOTO-
¢akTopHOrO aHANM3a NpeCTaBUIN KaK OTHOIIEHUE
1IaHCcoB U 95% JoBepuTe/IbHble HHTEPBAJIb]; p 3HAUe-
HUA <0,05 cunTaM CTATUCTUYECKHU 3HAYNMBIMH. To4-
HOCTb IIPOTHO3MPOBAHUA MHOTIOGAKTOPHOU Mopesu
NIPOBEPUJIM 110 aHA/IU3Y IIolany nog kpusoii ROC.
Jly1s1 onipesiesieHUsI TOYKU pa3fe/leHus IapaMeTpoB I10-
cTponsia xapaktepucruueckne kpusble (ROC). 3naue-
Hre Ha ROC ¢ HanboJIbIel CyMMOM 9yBCTBUTETLHOCTH
U crielipUUHOCTHU OIIpeeJININ KaK TOUKY pa3iesleHus
napamerpa. CTaTUCTUYEeCKUI aHAIU3 JaHHbBIX IPOBeJIN
COTJIaCHO OOIIENPUHATHIM METO[aM, UCII0JIB3Ys IPO-
rpammbl MedCalc Bepcuu 11.3.3 (MedCalc Software) u
STATISTICA Bepcuu 8.0 (StatSoft, Inc.).

Pe3ynbTaThl ¥ 00CYK/IEHHE

NnentudunmpoBanu 394 nardeHTa ¢ KpoBO-
TedeHHeM, ITOTPeOOBaBIIUM IPUMeHEeHHe reMo-
cTaTA4ecKou Tepanuu, u3 2036 mpoonepupoBaH-
HBIX 3a 2 roja OOJIbHBIX. [loc/ie mpUMeHeHUs
KpUTEepPUEB HCKJIOUYEHHUsI KOTOpTa, OTOOpaHHAasI
IJIST aHaJIn3a, cofeprkasa 207 60JbHbBIX. V3 HUX,
59 60s1bHBIX (15%) MMeJT Ha 2-€ CYyTKU ITOCJIe OTe-
pamuu JIBC-cungpom cornacHo mkase ISTH.

B Tabs. 1-4 mpencTaBUIM MEKTPYIIIOBbIE
CpaBHEHMS OCHOBHBIX UCCJIELyeMbIX XapaKTepu-
cTuk. KosmnmyecTBeHHbIe ITIOKa3aTead B IpylIiax
HCCAeI0OBaHUSA UMEJIN paclpeiesieHne, OTIMYHOe
OT HOpMaJIbHOTIO (p<0,05).

CpaBHeHUe geMorpapuyecKux U KIUHUYE-
CKUX IaHHBIX IIOKa3aJ10: 60JbHbBIE B TpyTIie ¢ [[BC-
CUHJIPOMOM WMeJIM MEHBIINU BO3PACT, POCT,
Maccy TeJia, 00JIbIIYI0 OOIYI0 KPOBOMIOTEPIO U
YHCJIO Cy4YaeB MaCCUBHOM KPOBOMOTEPH, HOJIb-
WY TTePUO KPUTUYECKON TUTIOTEH3UN BO BpEMS
onepanuu. Takske B TaHHOU TpyIille Yallle peru-
CTPUPOBAJIM CJIy4Yau MeTab0JUYECKOTO aluI03a,
TUTIOKAJIBIIEMUU U TUTIEPXJIOPEMUN. AHAINU3 Pa3-
JIMYUU TPYIII 10 00JIACTHU ONlepaliy I0Ka3aJl, YTo
oIeparuy Ha ITeYeHH U 3a0PIOIITMHHOM IPOCTPaH-
CTBE COMPSIKEHBI C 0OJIbINEl BEPOSTHOCTHIO Pas-
Butus JIBC-cuaapoma. JlanbHeHui craTucTuye-
CKUIl aHa/Ju3 BBIABWJI, 4YTO Yy JeTedl cC
OHKOJIOTMYECKUMU 3a60JIeBaHUSIMHU BEPOSITHOCTD
passutusi IBC-cuHIpOM IIpHU oTlepaIrysax Ha Ieve-
Hu B 3,86 pasa Bbmue (OR=3,86 [1,72; 8,67];
p=0,001), a mpu onepanusix B 007aCTH 3a0PIOIINH-
HOTO TTpocTpaHcTBa B 2,09 pasa Bbire (OR=2,09
[1,07; 4,05]; p=0,03), ueM Ipu OPYTUX ONIepaLUAX.
Takske BBISIBUJIU, YTO Y TAHHOU TPYIIIBI OOJIBHBIX
IIpY OPTOIIeINYECKUX ollepanusax Ha 72% yMeHb-
[IaeTcsA BEPOSITHOCTh pa3Butusi [IBC-curgpoma
(OR=0,28 [0,11; 0,69]; p=0,006), yem nIpu Opyrux

Comparison of laboratory tests’ data between
the two groups before surgery showed that children
in the DIC group had a smaller count of platelets,
fibrinogen, and a more prominent anemia syn-
drome vs. the group without DIC. 48 hours after
surgery, significant differences between the study
groups were found in all indicators given in the
table. The anemia syndrome, hyperbilirubinemia,
decreased GFR, hypoalbuminemia, impaired tissue
perfusion (hyperlactatemia and reduced oxygen
saturation of pooled venous blood) on the second
postoperative day were considerably more severe
in the DIC group. The latter group of patients expe-
rienced more severe hemostasis impairment in the
extrinsic, intrinsic, and final coagulation pathways
and more significant thrombocytopenia, hypofib-
rinogenemia, and hyperfibrinolysis, i.e. alterations
typical for coagulopathy. The group without DIC
did not feature so significant changes. On the sev-
enth day it was discovered that the albumin figures
did not differ between the groups and were improv-
ing. Total bilirubin figures were significantly higher
in the DIC group and remained at the level of post-
operative day two figures. In the group without
DIC, bilirubin decreased and tended to preopera-
tive figures. On the postoperative day seven, GFR
was progressively worsening and significantly lower
in the DIC group. In the group without DIC, GFR re-
mained normal.

It has been established that in the DIC group,
the probability of revision for surgical hemostasis
was 8.3 times higher than in the group without DIC
(OR=8.3 [1.6; 42.2]; P=0.01). The hemorrhage therapy
continued in ICU immediately after surgery accord-
ing to the Center’s protocol. A bleeding fully stopped
by the end of the first 24 hours. Subsequent blood
transfusions were performed in ICU for replacement
and correction purposes. The acute thrombosis
cases verified postoperatively during the 90-day fol-
low-up period had the following locations: the infe-
rior and superior venae cava, jugular veins, kidney
and liver vessels, celiac trunk vessels, also intracar-
diac thrombi and pulmonary artery thrombi. In the
DIC group, the probability of detecting acute throm-
bosis was 4.5 times higher compared to the group
without DIC (OR=4.5 [1.4; 14.3]; P=0.01).

The repeated measures analysis of variance
for MOF severity assessed according to pSOFA es-
tablished differences between the groups
(P<0.001), differences in time periods (P<0.001),
and differences between the groups in their time
periods (P<0.001). The Mann-Whitney U-test of
intra-group differences in MOF severity in the
groups at each stage of the study found that there
was no significant difference between the groups in
MOF severity before surgery (P=0.1), while on post-
operative days two (P<0.001) and seven (P<0.001)
MOF severity was higher in the DIC group. The re-
peated measures analysis of variance for liver fail-
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Tabsauna 1. lemorpacguyeckre ¥ KIUHAYECKHE JaHHBIE.
Table 1. Demographic and clinical data.

Indicators DIC (+), n=59 DIC (-), n=148 Statistical analysis
Gender: Male, n (%) / Female, n (%) 28 (47%) /31 (53%) 75 (51%) /73 (49%) x?=0.18; P=0.68
Age (years) 3(1.5;8) 7 (2;14) U=3198; P=0.003
Body weight (kg) 14 (10; 24) 20.5 (13;49) U=3139; P=0.002
Height (cm) 100 (82; 136) 129(89; 164) U=1813.5; P=0.02
Surgical field, n (%):

Brain 6 (10.2%) 23 (15.5%) X%vc)=0.61; P=0.43

Mediastinum and lungs 7 (11.9%) 9 (6.1%) X*vc)=1.25; P=0.26

Liver 16 (27.1%) 13 (8.8%) x>=11.8; P<0.001

Spleen 3 (5%) 2 (1.4%) P=0.14

Retroperitoneal space 21 (35.6%) 31 (20.9%) x?=4.8; P=0.03

Intestines 0 7 (4.7%) P=0.2

Bones 6 (10.2%) 43 (29.1%) X*vq=7-31; P=0.007

Nasopharynx 0 12 (8.1%) P=0.021

Soft tissue of the head and neck 0 8 (5.4%) P=0.11
Chemotherapy and Radiation before surgery, n (%) 42 (71%) 89 (60%) x?=2.22; P=0.14
ASA risk, n (%)

I 7 (11.9%) 28 (18.9%) ye=1.03; P=0.31

I 29 (49.1%) 55 (37.2%) x?=2.52; P=0.11

111 19 (32.2%) 50 (33.8%) x?=0.05; P=0.83

v 4 (6.8%) 15 (10.1%) P=0.6
PSOFA before surgery (points) 1(0;2) 2(0;3) U=3730; P=0.1
PELD(MELD) before surgery (points) 0(0;0) 0 (0; 6.8) U=3868; P=0.2
PRIFLE before surgery, n (%)
Risk 10 (16.9%) 34 (23%) x?=0.92; P=0.34

Injury 4 (6.8%) 16 (10.8%) P=0.45

Blood loss (ml/kg) 33 (15;73) 15 (7; 31) U=2763; P<0.001
Massive blood loss, 1 (%) 18 (30.5%) 10 (6.8%) %?=20.35; P<0.001

OR=6 [2.6; 13.9]; P<0.001
Duration of critical hypotension during surgery (min) 35 (25; 40) 10 (0; 15) U=1179; P<0.001
pH<7,2 and HCO3<20 mmol/L*, n (%) 50 (84.7%) 67 (45.3%) X%(ve)=25.17; P<0.001
OR=6.7 [3.1; 14.7]; P<0.001
iCa*2<1 mmol/L*, n (%) 10 (16.9%) 8 (5.4%) XZ(YCF 5.7, P=0.017
OR=3.6 [1.3;9.7]; P=0.011

CI'>110 mmol/L?, n (%) 47 (79.7%) 76 (51.4%) x?=12.2; P<0.001

OR=3.7 [1.8; 7.6]; P<0.001

Note. For table 1-4, Fig. 2: DIC — disseminated intravascular coagulation. pH<7,2 and HCO3<20 mmol/L — metabolic acidosis;
iCa*?<1 mmol/L — hypocalcemia; Cl >110 mmol/L — hyperchloremia; * — during surgery and the first 24 hours after surgery.
Used: Mann-Whitney test, analysis of contingency tables (Chi-square test, Chi-square test with Yates correction, Fisher’s exact
test), odds ratio (OR) with upper and lower 95% confidence interval (95% CI).

IIpumeuanue. /{51 Tabs. 1-4: indicators — nokasaresiu; ajist TabJ1. 1-4, puc. 2: DIC — cuHIpOM IUCCEMUHUPOBAHHOTO BHYTPU-
COCyUCTOrO CBepThIBaHUs; gender — 11oJ1; male — myskckoi; female — sxenckuii; age (years) — Bospact (roasl); body weight —
Macca teJsa; height — Bec; surgical field — o6siacTs oneparuy; brain — rosioBHo# M03r; mediastinum and lungs — cpenocrenue
u jierkue; liver — nedens; spleen — cesiedeHKa; retroperitoneal space — 3aOpIOIIMHHOE IPOCTPAHCTBO; intestines — KUIIEYHUK;
bones — koctu ckesera; nasopharynx — Hocoriorka; soft tissue of the head and neck — mMsirkue Tkanu rosiosbl u 11ey; chemother-
apy and radiation — xuMuoTepanus u gydenas Tepanusi; ASA risk — orienka prucka anecreanu; pSOFA (points) — olleHKa Ts3KeCcTH
CITIOH (6asunsn); PELD (MELD) — oneHKa TsiskecTu nedeHouHoi HegocratouHocTH; pRIFLE, risk, injury — onenka nmoueuHoi
¢yHsrIMY, pucK, noBpexaenue; blood loss — kpoBonoTepsi; massive —maccuBHast; duration of critical hypotension during surgery
(min) — JIUTENBHOCT KPUTUYECKOM T'UIIOTEH3UH BO BpeMs onepanuu (MuH); pH<7,2 and HCO3<20 mmol/L — MeTabo/sinyeckuii
anunos; iCa?<1 mmol/L — runoxanbiemus; Cl >110 mmol/L — runepxinopemus; * — during surgery and the first 24 hours after
surgery before surgery — Bo BpeMsi oliepanuu 1 repsble 24 yaca riocJe oneparuy; before surgery — no onepanuu. Ilpumensiiu:
TecT MaHHa-YWUTHY, aHAJIH3 TaBJIAIL CONPAKEHHOCTH (XM-KBaapar, Xu-KBajgpar ¢ IIonpaBKoii Meiirca, TounsIit kputepuii du-
mepa), orHomenue mancos (OR) ¢ BepxHuM 1 HUKHUM 95% J0BEpUTENbHBIM MHTEepBasIoM (95% CI).

onepanusx. AHaJIU3 OTHOIIIEHUS IIaHCOB [TOKAa3aI,
4YTO HET CTaTUCTUYECKOU 3HAUMMOU CBSA3U MEKIY
omnepanusiMu B 0071aCTH HOCOTJIOTKHU U pa3BUTHEM
JBC-cunapoma (OR=0,09 [0,01; 1,58]; p=0,1).
AHaJIN3 aHHBIX NPOBeJeHHOU NH(Y3NOH-
HOM U TeMOCTaTU4YeCKON Tepanuu WHTpaolepa-
LIIMOHHO U B 1-e CyTKM IIOCJIe Ollepanuy oKasadsl,
4yTo O0sTbHBIE B TpymIe ¢ [IBC-cHHAPOMOM NMeTn
fbonpie 00BEMBI TPUMEHEHHWS KOJIJIOWI0B
(Terodysuna u 25% pacTBopa anbOyMUHA) ¥ KPU-
ctasionnoB (0,9% pacTBopa HaTpuUs XJIOpUIa U

ure severity assessed by PELD(MELD) score identi-
fied differences between the groups (P<0.012), dif-
ferences in time periods (P<0.001), and differences
between the groups in their time periods (P<0.001).
The Mann-Whitney U-test of intra-group differ-
ences in liver failure severity at each stage of the
study discovered that there was no significant dif-
ference between the groups in liver failure severity
before surgery (P=0.2), while on postoperative days
two (P<0.001) and seven (P=0.01) liver failure sever-
ity was higher in the DIC group.
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Tabsuia 2. 0coO0eHHOCTH JIeKapCTBEHHOM Tepanuu.

Table 2. Drug therapy.

Indicators DIC (+), n=59 DIC (-), n=148 Statistical analysis
Crystalloids (ml/kg)

— 0.9% NaCl 9 (0; 23) 1(00;9) U=3231; P<0.004

— Ringer's Lactate 0 (0; 22) 0 (0; 0) U=3949; P=0.28

— Sterofundin® ISO 100 (35; 192) 62 (39; 105) U=3448; P=0.018
Total crystalloids volume 142 (79; 247) 79 (58; 128) U=2818; P<0.001
Colloids (ml/kg)

— Gelofusine® 12 (0; 36) 3(0;12) U=2969; P<0.001

— Albumin (Human) 25% solution 4(0;7) 0(0; 0) U=1969; P<0.001
RBCs (ml/kg) 27 (19; 48) 15 (10; 24) U=2089; P<0.001
FFP (ml/kg) 26 (19; 44) 16 (8; 24) U=2461; P<0.001
Cryoprecipitate (ml / kg) 0(0; 0) 0(0; 0) U=3801; P=0.15
Platelet Concentrate (ml / kg) 0 (0;8) 0(0; 0) U=2843; P<0.001
EAKK (mg/kg) 2.2 (2;2.5) 2(2;2.5) U=840; P=0.33
Tranexamic acid (mg/kg) 28 (16; 33) 22 (16; 27) U=706; P=0.09
Ratio RBCs/FFP 1.1 (0.9; 1.5) 1.1 (0.8; 1.3) U=3262; P=0.1
Prothromplex, n (%) 6 (10.2%) 9 (6.1%) X*v)=0.53; P=0.47
VISmax during surgery (points) 20 (10; 40) 6 (0; 15) U=2096; P<0.001
VISmax within 24 hours after surgery (points) 2 (0; 20) 0(0;0) U=2829; P<0.001

Note. Used: Mann-Whitney test, analysis of contingency tables (Chi-square test with Yates correction).

IIpumeuanwue. Crystalloids — kpucramnonnss; 0,9% NaCl (normal saline) — dusuosiornyeckuii pacrsop; Ringer's lactate —
Punrepa jsakrar; Sterofundin® ISO — Crepodysans; total crystalloids volume — o6m1uit 06beM KpucTamIonaos; colloids —
rosounsl; Gelofusine® — l'estodysun; Albumin (Human) 25% solution — 25% pactBop ans0ymuna; RBCs (red blood cells) —
apurpouutapHas B3sech; FFP (fresh frozen plasma) — cBeskesamoposkeHHas 1m1a3Ma; cryoprecipitate — KpHUOIpenunuTar;
platelet concentrate — rpom6omacca; EAKK (¢-aminocaproic acid) — e-aMuHOKanpoHOBasi KUCJIOTa; tranexamic acid — Tpa-
Hekcaym; prothromplex — nporpommiexc; VISmax (maximum vasoinotropic index) — MakcuMaJ/IbHBIN Ba30OMHOTPOIHBIN UH-
nekc; during surgery (points) — B Teyenue onepanuu (6aisl); within 24 hours after surgery — B Teuenue 24 yacos 1ociie ore-
pauuu. [IpuMeHsu — TecT MaHHa-YUTHU, aHATU3 TAOJIHI] CONPSIKEHHOCTH (XU-KBaIpaT C MOMPaBKOM Heiirca).

CrepodyHnmHa), a Takke TpeboBaIN OOJIBIIIETO
06 beMa 9pUTPOIIUTAPHON B3BECH, CBESKE3AMOPO-
SKEHHOM MJ1a3Mbl M TPOMOOKOHIeHTpaTa. Kpome
aToro, B rpymme 60abHBIX ¢ JIBC-cuHIpOMOM
00'beM MHOTPOITHOH TONIePsKKU HA OTIepaIiN 1
rocJsie Hee ObLJI 3HAYUTEJIHHO OOJIBIIIE TIO CPaBHE-
HUIO C TpymIion 60ybHbIX 0e3 JIBC-cuHapoma.
CpaBHeHME TaHHBIX JJAOOPATOPHBIX UCCIENO0-
BaHMU NIBYX IPyHIl IO Ollepaluy I0KasaJjio, 4To
oonpHBIE B Tpynme ¢ JIBC-cuHApPOMOM HMeJHn
MeHBbIIIee KOJTMYeCTBO TPOMOOITUTOB, (hubpuHOTe-
Ha 1 60Jiee BBIPAYKEHHBIM aHEMUYECKAN CHHIPOM
10 cpaBHeHMIO ¢ Trpynmnoi 6e3 /[BC-cuagpoma.
Yepes 48 4acoB nocJie onepanyy BbIABUIN 3HAYN-
MBbI€ PA3JINYUA MEeKAY UCCIeyeMbIMU IPyIIamMu
10 BCEM IIpe/ICTaBJIEHHBIM B TabJIHIIe TTOKa3aTe-
JISIM. AHEMUYECKUH CHHAPOM, TUIIepOUIINPYyOu-
Hemusi, cHmKeHne CK®, rumoassOymMuHeMusd,
HapylleHusI TKaHeBOU nepdy3un (rurnepJsakrare-
MU ¥ CHAYKEHUE HAaCBIIEHUs KUCJI0POLOM CMe-
IIIAHHOU BEHO3HOU KPOBM) HA BTOPBIE CYTKU I10CJIE
omepanuy OBITM 3HAYUTETHHO BBIPAKEHHEH B
rpyte 60JbHBIX ¢ [IBC-cuaapoMom. [laHHast Tpy-
rma 00JBHBIX MMeJsa DoJiee TsKesIble M3MEHEHUS
[I0Ka3aTeJsiell reMOCTa3a I10 BHEIIIHEMY, BHyTpEHHe-
My M KOHEYHOMY IIyTHM CBEpTBbIBAaHMHs KpOBH, a
Takke 0ojiee BBIpa’KEHHBIE TPOMOOIIUTONEHUIO,
runopubprHOreHEeMHUIO U ruTepGUOPUHOINS, TO
€CTh U3MEHECHMsI, XapaKTepPHBbIE I KOAryJI0IIaTHH.
B rpynme 6e3 JIBC-cuHIpOMa TaKWX BBIPasKeHHBIX
“3MeHeHUH He Ob1710. Ha cembMble CyTKHM 00HapY-

The DIC group displayed a longer MLV period
and ICU stay vs. the group without DIC. It was also
found that the incidence of kidney failure on the
seventh day and the prevalence of renal replace-
ment therapy (RRT) during the 30-day postopera-
tive follow-up period was higher in patients with
DIC. The probability of RRT was 9.8 times higher in
the DIC group compared to the group without DIC
(OR=9.8 [2; 48.8]; P=0.005).

The probability of 90-day mortality was 8.3
times higher in DIC patients vs. the group without
DIC (OR=8.3 [1.6; 42.2]; P=0.01).

The 90-day survival with a standard deviation
and 95% confidence intervals was equal to
84.4146.49% [71.69%; 97.13%] in the DIC group and
96.22+3.12% [90.1%;100%] in the group without
DIC. The survival curves of the study groups and
the findings of their comparison are given in fig. 2.
The ad hoc test proved lower survival in the DIC
group (P=0.009).

As aresult of the single-factor analysis, the fol-
lowing indicators were selected: body weight; age;
fibrinogen, preoperative platelet and BRC counts;
maximal values of VIS index; critical hypotension
duration; blood loss volume; presence of a massive
blood loss, metabolic acidosis, hypocalcemia and
hyperchloremia; used volumes of infusions and
transfusion solutions. Those indicators were in-
cluded in the final equation for the multivariate
analysis of DIC predictors. The findings of the step-
wise logistic regression analysis are shown in table 5.

www.reanimatology.com
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Tabsuia 3. laHHbI€E JTa00OPATOPHBIX HCCJIETOBAHUI.
Table 3. Laboratory tests data.

Indicators

DIC (+), n=59

DIC (-), n=148

Statistical analysis

Platelet count (x10°/1)
before surgery

180 (104; 280)

274 (215; 345)

U=2300; P<0.001

after 48 hours 52 (31; 81) 162 (122; 204) U=804; P<0.001
aPTT (sec.)

before surgery 32 (30.2; 34.6) 31.3 (29; 34.6) U=3328; P=0.25

after 48 hours 47.5(38.7; 72.5) 33.7 (29.2;39.7) U=975; P<0.001
PT (sec.)

before surgery 12.6 (12.2; 13.7) 12.5(11.8;13.4) U=3250; P=0.17

after 48 hours 19.6 (16.6; 25.8) 14.2 (12.9; 15.6) U=1036; P<0.001
Fibrinogen (g/1)

before surgery 2.3(1.8;3) 2.6 (2.02; 3.22) U=3005; P=0.036

after 48 hours 0.9 (0.7; 1.2) 1.7(1.3;1.9) U=1454; P<0.001
TCT (sec.)

before surgery 25.8 (23.7; 28.5) 24.8 (22.9; 27.3) U=3082; P=0.06

after 48 hours 32.7 (28.1; 37.1) 27 (25.2; 30.6) U=1165; P<0.001

D-dimer (mg/ml)

before surgery 0(0; 0) 0(0; 0) U=3480; P=0.39
after 48 hours 1.1 (0.8; 1.5) 0.15 (0; 0.3) U=300; P<0.001
Hemoglobin (g/1)
before surgery 102 (95;118) 112 (103; 122) U=2880; P=0.014
after 48 hours 84 (79; 93) 104 (96; 113) U=709; P<0.001
Lactate (mmol/])
before surgery 1.1 (0.8;1.4) 1(0.8;1.4) U=3601; P=0.72
after 48 hours 3.1(1.9;5) 1.2 (0.9; 2.0) U=1085; P<0.001
SvO, (%)
before surgery 94 (90; 98) 93 (86; 96) U=3179; P=0.11
after 48 hours 72 (61; 84) 82 (72; 90) U=2448; P<0.001
Albumin (g/1) RM-ANOVA (BSE — P=0.04;
WSE-T — P<0.001; WSE-T*G — P<0.21)
before surgery 39 (35; 43) 40 (36; 44) U=3783; P=0.13
after 48 hours 28 (22; 34) 31 (26; 36) U=3180; P=0.002
on the 7 day 36 (33; 40) 37 (34;41) U=3830; P=0.17
Total bilirubin (umol/I) RM-ANOVA (BSE — P=0.025;
WSE-T — P<0.005; WSE-T*G — P<0.001)
before surgery 7.8 (4.7;11.9) 9.4 (5.5; 15) U=3662; P=0.25

after 48 hours 19 (13.2;32.8)

14.7 (10.6; 25.2)

U=2870; P=0.003

on the 7 day 20.1 (10.8; 52)

10.7 (7.4; 19.7)

U=2442; P<0.001

GFR (ml/min/1.73mz2)

RM-ANOVA (BSE — P=0.002;
WSE-T — P<0.001; WSE-T*G — P<0.001)

before surgery 63 (43;92) 76 (61; 103) U=3702; P=0.1
after 48 hours 54 (36; 84) 81 (67;95) U=2671; P<0.001
on the 7 day 48 (27; 67) 94 (69; 109) U=2045; P<0.001

Note. Used: RM-ANOVA: BSE — Between-subjects factors (differences between groups); WSE — within subjects effects (T — dif-
ferences in time periods, T * G — differences between groups in their time periods); Mann-Whitney test.

Ipumeuanwue. Platelet count — uucso Tpom6oruToB; aPTT (Activated Partial Thromboplastin Time) — akTuBUpOBaHHOE
yactTuyHoe TpoMboriacTunoBoe Bpemst; PT (Prothrombin time) — nmporpom6unoBoe Bpemsi; TCT (thrombin clotting time)—
TpoMmOuHOBOE BpeMs; fibrinogen — ¢pubpunoren; D-dimer — JI-qumep; hemoglobin — remorio6un; lactate — stakrat; SvO,
(mixed venous blood oxygen saturation) — HacbllleHHe KUCJI0POJOM CMEIIaHHON BeHO3HOM KpoBY; albumin — anb0ymus;
total bilirubin — o6muit 6unupy6mus; GFR (glomerular filtration rate) — ckopocTb kiIy60ukoBO# dhunasrpanuu; before sur-
gery — 1o onepanuuy; after 48 hours — uepes 48 yacos; on the 7" day — na 7 cyrku. [Ipumensaun — RM-ANOVA: BSE —
MEKTPYyNnnoBoi agdexr (paznuyua mesxay rpynnamu); WSE — BHyTpurpynnossie addexTs! (T — pasnuyunsa BpeMeHHbIX
nepuonos; T*G — pasnnumsa Mex1y TpylnIlaMyu B UX BDEMEHHBIX pAlax); TecT MaHHa- YUTHH.

SKUJTH, YTO TIOKA3aTes N aTbOyMIHA He OTIMYaINCh
MESK/Ty MCCJIeTyeEMbIMU IPYIIIIaMHU U YITyqIIIaIUCh.
[Tokasaresau 061IeT0 OMJIMPYOWHA OBIIA 3HAYH-
TeJIbHO BhllIe B rpynne ¢ IBC-cuagpomom, ocra-
BasiCh HAa YpOBHE ITOKa3areJsel, MOoJyIYeHHBIX Ha
BTOPBIE CYTKU ITOCsIe onepanuu. Torga Kak B rpym-
e O0oabHBIX 6e3 [IBC-cumHOpoMa IOKa3aresu
OmMpyOMHa YMEHBIIATNCh W CTPEMHJINCH K
JooneparoHHbIM 3HaueHusiM. CK® Ha cegbpMble
CYTKH TIOCJI€ OTIepaIiy MIPOTPECCUBHO yXY/IIIa-
JIach M ObIJIa 3HAYUTETHHO HUSKE B TpymIe 60J1b-

The multivariate analysis discovered that the
age, preoperative platelet count, the duration of in-
traoperative critical hypotension, and hypocal-
cemia are independently related to DIC formation
on postoperative day two in children with oncolog-
ical diseases. According to the model presented, the
probability of postoperative DIC development in-
creases by 19% for every minute of critical hypoten-
sion, deceases by 20% for every year of life and by
1% for every 1000 platelets per microliter. Besides,
detection of hypocalcemia (iCa**<1 mmol/L) in-
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Tabsuiia 4. [ToceonepamuoHHOE COCTOSTHHE 00TbHBIX.
Table 4. The postoperative condition of patients.

Indicators DIC (+), n=59 DIC (-), n=148 Statistical analysis
Duration of mechanical ventilation (hours) 16 (4; 72) 2 (0;6) U=2145; P<0.001
PpSOFA (points)
for 2 days 7 (6; 8) 1(0;3) U=137; P<0.001
on the 7 day 4 (3; 8)* 1(0;2)* U=518; P<0.001
pRIFLE on the 7t day, n (%)
Risk 15 (25.4%) 35 (23.6%) x*=0.07; P=0.79
Injury 8 (13.6%) 16 (10.8%) 220=0.1; P=0.75
Failure 3 (5.1%) 0 P=0.02
RRT within 30 days after surgery, n(%) 7 (11.9%) 2 (1.4%) P=0.003
PELD(MELD) (points)
- for 2 days 6.3 (5;12,6) 1.4 (0;9) U=2589; P<0.001
- on the 7% day 2 (0; 10.1)* 0 (0; 8)* U=3400; P=0.01
Repeated surgical hemostasis within 48 hours after surgery, n (%) 6 (8.5%) 2 (1.4%) P=0.007
Acute thrombosis, n (%) 8 (13.6%) 5 (3.4%) X*vo)=5.8; P=0.02
Length of stay in the ICU (hours) 72 (17;192) 18 (15; 32) U=2450; P<0.001
90-day mortality (%) 6 (10.2%) 2 (1.4%) P=0.007

Note. Used: Mann-Whitney test; analysis of contingency tables

(Chi-square test, Chi-square test with Yates correction, Fisher's

exact test); calculation of the odds ratio (OR) with 95% confidence intervals; ¥ — P<0.05 for the Wilcoxon test.

IIpumeuanue. Duration of mechanical ventilation (hours) — gurensaocts UBJI (yacen); pSOFA (points) for 2 days, on the 7
day — onenka tsiskect CITOH (6asibl) Ha 2-e cyTKY, Ha 7-e cyTkY; pRIFLE, risk, ilnjury, failure — onenka noueunoit gpynkimu,
puCK, moBpeskeHne, HemocratogyHOCTh; RRT (renal replacement therapy) within 30 days after surgery — 3I1T (3amecTtuTesibHasA
novyevyHas Tepanus) B redenue 30 nueit nocse onepanuy; PELD(MELD) — oneHKa Ie4eHOYHOU HEeI0CTaTOYHOCTY; repeated
surgical hemostasis within 48 hours after surgery — moBTOpHBIN XUPYPIHUUYECKU reMOCTa3 B TeueHHe 48 4acoB II0CJIe OIlepaluy;

acute thrombosis — ocTpsrif TpomM603; length of stay in the ICU

(hours) — myuTesbHOCTD TpeObIBanusi B OPUT (wackn); 90-day

mortality — 90-nHeBHass cMepTHOCTE. [IpuMeHsin — TecT MaHHa—YUTHHY; aHAINU3 TaOJ/IUI] CONPsIPKeHHOCTH (Xu-KBagpar, Xu-
KBaJpar ¢ MONpaBKoii MeiiTca, To4HbIN KpuTepuit Puiiepa); pacyer oTHOIeHHs aHcoB (OR) ¢ 95% 10BepUTEIbHBIMU UH-

TepBanamy; * — p<0,05 0J1s TecTa YUJIKOKCOHA.

HbIX ¢ JIBC-cunapowm. B rpymire 6016HBIX 0€3 J[IBC-
cuagpoma CK® coxpaHAace Ha YypOBHE HOPMBL.

Ycranosuay, 4ro B rpymnne ¢ JIBC-cungpo-
MOM BE€POATHOCTb IIOBTOPHOI'O XUPYPTUYECKOT0
BMeIIaTe/IbCTBa C LeJIbI0 XUPYPTUIEeCKOIO IeMo-
cra3a B 8,3 pasa BblIIIIe, ueM B rpyrie 6e3 JIBC cuH-
npoma (OR=8,3 [1,6; 42,2]; p=0,01). B OPUT cpasy
IocJIe OoIlepalyuy Tepalnus IreMopparundeckoro
CHHJpOMa IIPOAO0JIKAJIACh COIVIACHO IIPOTOKOJY
neHrpa. KposoTeueHue NOJIHOCTBIO IpeKpala-
JIOCh K KOHILy IIepBbIX CyTOK. JlasbpHelne remo-
TpaHcdysuu B otaenenue OPUT Hocuu 3amecTu-
TeJbHBII W  KOPPErupylolmuid  xapakTep.
BepudunupoBaHHbIe I10CJIe Ollepalliy B TeueHue
nepuona Habmogenus 90 qHeH caydanm OCTPOro
TpoMbO3a WMeJH CJIEeAYIOMYI0 JOKaJN3anuIo:
HUSKHSAS ¥ BEPXHAA I10JIbIE BEHBI, IpEMHbIC BEHBI,
II0YEYHbIE U IIeYEeHOYHBIE COCYIbl, COCYIbl YPEB-
HOT'O CTBOJIA, @ TAKKe BHYTPHUCEPAETHBIE TPOMOBI
¥ TpOoMOBI B JIETOYHOU apTepuu. B rpymme 60J1b-
HBIX ¢ [IBC-CMHIpPOMOM BEpOSITHOCTH OOHAapy Ke-
HHS OCTPOTO TpoMO03a 6bli1a B 4,5 pasa BBIIIIE IO
cpaBHeHUI0 ¢ rpynnoi 6e3 IBC-cmHIpoma
(OR=4,5 [1,4; 14,3]; p=0,01).

IIpu ncriosb3oBaHUy OUCIIEPCUOHHOIO aHa-
JIN32a MIOBTOPHBIX U3MEPEHUH JJIs1 CTETIEHU TsKe-
ctu CIIOH, onienenHo# 1o 1ikaje pSOFA, BbISABU-
JUA pasauuusa  Mexny rpynonamu  (p<0,001),
pasn4usa BpeMeHHBIX nepuonos (p<0,001) u pas-
JINYWS MEKIY IPYIIIaMU B X BDEMEHHBIX [I€pUO-
Iax (p<0,001). ITpu aHanu3e MEeKIPYIIIOBLIX pa3-

traoperatively and within the first postoperative 24
hours 10-fold raises the probability of DIC diagno-
sis during the postoperative period. The area under
ROC-curve was equal to: AUC=0.94 [0.9; 0.97], thus
proving the excellent prognosis quality of the re-
sultant model.

For the resultant DIC predictors, dichotomiza-
tion by determining cutoff points on ROC curves
produced the following findings: for variable ‘age),
the cutoff point was 8 years of age (AUC=0.63 [0.55;
0.72] P=0.001; sensitivity — 76%; Specificity —
45%); for critical hypotension duration — 25 min.
(AUC=0.87 [0.8; 0.93] P<0.001; sensitivity — 75%;
specificity — 99%); for the platelet count —
150%X10°/1 (AUC=0.69 [0.61; 0.78] P<0.001; sensitiv-
ity — 49%; Specificity — 87%.).

The technological development of surgical
oncology, anesthesiological and postoperative in-
tensive care during oncological pathologies for the
recent four decades has assisted extension of indi-
cations for resection of tumors which were previ-
ously considered difficult or undesirable. Children
with large hypervascularized tumors encapsulating
large blood vessels are now regarded as acceptable
candidates for surgery. A surgery on such children
is associated with a much greater severity of multi-
ple organ failure and high mortality due to realiza-
tion of the risk of intra — and postoperative blood
loss, development and progression of a coagulopa-
thy, perfusion impairments during unstable hemo-
dynamics, postoperative thrombotic events, and
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0B (p<0,001) u pasauuusa
MesKJTy TpYIIIaMy B UX Bpe-
MEeHHBbIX Itepronax (p<0,001).
IIpu anaM3e MeKIpyIo-
BBIX pa3JInYMi MoKa3are-
Jiel TSI3KeCTH IIe4eHOYHOM HeJOCTaTOUHOCTH B IPYTI-
max Ha KaKIOM 9JTame MCCJIed0BaHUSA C
HCI0Jb30BaHueM U-Kpurepuda MaHHa—YUTHU yCTa-
HOBWJIH, YTO JI0 OITepaIiiy He ObLIIO 3HAYUMBIX Pas-
JIMYNH MesKAy TPYIIlaMU B TSPKECTU eYeHOUYHOU
HegocTraTo4HoCTH (p=0,2), a Ha BTopkble (p<0,001) u
cenbMble cyTKU (p=0,01) TAKECTb NEYEeHOYHOU
HEJIOCTaTOYHOCTH ObLIa BBIIIIE B TPYIIITE OOJIHHBIX
¢ JIBC-cuaipoMom.

B rpymme 6oapHBIX Cc JIBC-cuHApOMOM
OTMEYaJTNCH OOJIBITIHE ITUTETFHOCTE VIBJI 1 cpok
npebsiBanuss B OPUT 1o cpaBHEHUIO € TPYIIIION
6e3 JIBC-cuampoma. Takske YCTaHOBHUJIW, YTO
YacToTa 00JILHBIX C IOUEYHOM HEI0CTATOYHOCThIO
Ha ceJbMble CyTKU U 4aCTOTa IPUMEHEHHUS 3aMe-
cTUTebHOU noueyHou Tepanuu (3I1T) 3a mepuon
HaOsonennss 30 mHeW mocJse omlepanuu ObLIa
BhINIE y 60sbHBIX ¢ JIBC-cuHapoMoM. IIpu aTom
BeposATHOCTDL npoBenenus 3IIT 6wvLIa B 9,8 pas
BBIIIIE B rpy1e 60abHbBIX ¢ [[BC-cuHIpOMOM, TIO
cpaBHeHUI0 ¢ rpynnoi 6e3 IBC-cmHIpoma
(OR=9,8 [2; 48,8]; p=0,005).

BepostHOoCTh 90-THEBHOU JIETAJIBHOCTU
Ob11a B 8,3 pasa Belire y 60/1bHBIX ¢ JIBC-cuHIpO-
MOM II0 CpaBHEHUIO ¢ rpynmnoi 6e3 JIBC-cuHIpo-
ma (OR=8,3 [1,6; 42,2]; p=0,01).

90-nHeBHAsT BBKMBAEMOCTh CO CTaHIApT-
HBIM OTKJOHeHueM W 95% [I0BepUTe/IbHbIMU
MHTEepBa/JlaMM COCTaBUJIA B IPYIIIIE IIAIIMEHTOB C
JNBC-cungpomom — 84,41+6,49% [71,69%; 97,13%],

Fig. 2. Survival analysis.

Puc. 2. AHaTU3 BBI)KHUBA€MOCTH.

the risks of massive blood transfusion and infusion
therapy [16]. This explains the high probability of
DIC development during liver and retroperitoneal
space surgeries.

In spite of the fact that in this study, before
surgery the resultant cohort did not include chil-
dren with bleedings, MOF symptoms, an infection
pathology, iatrogenic factors predisposing to a co-
agulopathy, it had been found that every sixth pa-
tient with a bleeding during a surgical correction of
an oncological pathology developed DIC. This re-
sult approaches the DIC prevalence described in
septic shock patients [17]. The low probability of
DIC development during orthopedic surgeries
demonstrated herein is connected with an older
age of children of this group, predominance of little
surgical traumas, greater opportunities for surgical
and anesthesiological management of such inter-
ventions, which allows controlling the risk of
thrombohemorrhagic complications.

Preoperative presence in children with onco-
logical disease of an early age with a small body
weight of such factors as a low platelet count and
low fibrinogen is an indicator of misadaptation of
the blood coagulation system in spite of absence of
MOE an infection pathology or iatrogenic factors
of the said mechanism decompensation [18]. Intra-
operatively, this mechanism is iniutiated because
of sometimes inevitable bleeding into the hypoco-
agulation syndrome that is called ‘coagulopathy'.
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TaGsnua 5. [Ipeaukropsl JIBC-cuHapoMa y AeTeii ¢ OHKOJIOTHYEeCKHMH 3a00JIeBaHUAMH I10CJIe OIlepauu
Table 5. Predictors of DIC in children with oncological diseases after surgery

Predictor Multivariate analysis

OR +95% CI P value
Age (years) 0.8 [0.7; 0.9] <0.001
Duration of critical hypotension during surgery (min) 1.19 [1.12;1.25] <0.001
iCa*?<1 mmol/l during surgery and the first 24 hours after surgery 10 [2; 47] 0.004
Platelet count before surgery (xX10°/1) 0.99 [0.98; 0.99] <0.001

Note. Overall model fit y?=137; df=4; P<0.001. ROC curve analysis — AUC+SE 0.94+0.02 95%CI [0.9; 0.97].

IIpumeuanue. Age (years) — Bo3pact (roubl); duration of critical hypotension during surgery (min) — 1JIMTeJIbHOCTb KPUTH-
4eCKOH ruroTeHs3uu Bo Bpems onepanuu (MuH), iCa?<1 mmol/l during surgery and the first 24 hours after surgery — ypoBenb
MOHU3UPOBAHHOI'O KaJIbIMs B CHIBOPOTKE KPOBU MeHee 1 MMOJIb/JI B TedeHNe Ollepalliy U B IIepBhle 24 yaca IocJje ollepaluy,
Platelet count before surgery — kosmuecTBO TPOMOOIUTOB 0 onepanuu. OneHKa npaBaonoL00HOCTY UTOTOBOW MOeIu
x?=137; df=4; p<0,001. Ananua kpusoii ROC 1151 oneHKH TouHOCTH nporHo3uposanus — AUCSE 0,94+0,02 95%CI [0,9; 0,97].

aBrpymnre 6e3 [IBC-cuampoma— 96,22+3,12% [90,1%;
100%]. KpuBble BBIKMBA€MOCTH MCCJIEIYEeMBbIX
TPYIII, a TaKKe pe3y/IbTrarbl UX CPaBHEHUs NIpe.-
CTaBWJIM Ha pHUC. 2. [1o pedynsraram JIOrpaHT0BOIO
TecTa JOKa3aJlk, YTO BBKUBAEMOCTD B IPYIIIIE C
IOBC-cungpomoM 6b11a HIDKE (p=0,009).

B pesynsrare ogHO(aKTOPHOIO aHAIN3a OTO-
OpaJtu MpU3HAKK: Macca TeJsla; BO3pacT; IToKa3are-
Ju (pudbpuHOreHa, KOJUYECTBA TPOMOOIUTOB,
reMorJIoOMHA [0 OIlepanuy; MaKCUMaJIbHBIE
rnokasaareJsiu VIS WHIeKca; IJUTeabHOCTh IIepruoia
KPUTUYECKOU TUIIOTEH3UH; 00'beM KPOBOIIOTEPH;
HaJIM4¥ie MAaCCUBHOU KPOBOIIOTEPH, MeTaboTIUe-
CKOTO alluJ103a, TUIOKAJAbIIEMUAN U TUIIEPXJIOpe-
Mu¥; 00beMBI UCITOJIb30BAHHBIX MH(PY3MOHHBIX 1
TpaHC(y3UOHHBIX PACTBOPOB. J[aHHbIEe TOKa3are-
JIY BKJIIOYMJIM B UTOIOBOE ypaBHEHUE J1J1s1 IIPOBe-
JleHusI MHOTO(haKTOPHOT0 aHAIM3a TPETUKTOPOB
JOBC-cuHnpoMa Peaysbsrarel OIIaroBoro JIoru-
CTAUYECKOTO PerpecCuOHHOIr0 aHaan3a mpeJcTa-
BUJIX B Ta0JI. 5.

B pesynbrare MHOro(pakTOpHOTO aHaJIU3a
BBISIBWJIM, YTO BO3PACT, IIpenoleparruoHHOoe
KOJITYECTBO TPOMOOIIUTOB, IJTUTETLHOCTE ITEPHO-
Jla KpUTUUYECKOU TMIIOTEH3WHU Ha OTIepalliy, TUIIO-
KaJblleMUsI He3aBUCUMO CBsI3aHbI ¢ (popMUpoOBa-
HueM /[IBC-cuHApoMa Ha BTOpBIE CYTKU IIOCJeE
omepanuy y IeTell ¢ OHKOJIOTUYeCKUMU 3aboJie-
BaHussMu. COrjlacHO TIpeJiICTaBJIA€HHON MOeJIH,
BEepOATHOCTh pa3dBuTus [IBC-cuHApOMA B ITOCJIEe-
olepanroHHOM Ilepuoje yBeanunsaerca Ha 19%
JUIST KOKJI0M MUHYTBI KPUTUYECKOW I'MIIOTeH31H,
yMenb1Iaercs Ha 20% I Kaskgoro rofa sKU3HU U
Ha 1% muis1 kask ot 1000 KyIeTOK TpOMOOIIMTOB Ha
MUKpOJUTP. KpoMe arToro, BbisiBjeHUE (GaKTa
runokasabiiemun (iCa*?><1 mmol/L) naTpaonepa-
IIVOHHO U B IIepBble 24 yaca rnocJje onepauuu B 10
pas yBeJIMYMBAET BEpPOATHOCTb JUArHOCTUKU
JBC-cuHApOMa B IOCA€0NepPAIMOHHOM IePUO]IE.
[Tmomaas mog ROC-kpuBoit cocraBuia AUC=0,94
[0.9; 0.97], yTO MOKa3bIBAET OTJIMYHOE KAaueCTBO
IIPOTHO3UPOBAHUS IOJTYUeHHOU MOJIEJIHU.

JJI1 oJIy4eHHBIX NIPEIUKTOPOB PAa3BUTHUS
JBC-cunapoMa NpuBesn pe3yJssraTbl JUXOTOMU-

Many factors promote its progression. Administra-
tion of a large volume of infusion solutions causes
dilution of coagulation factors [19]. In spite of pre-
dominant usage of balanced crystalloid solutions,
hypervhloremic metabolic acidosis, which is a fac-
tor of vascular endothelium damage and hypoco-
agulation bleeding progressing, develops in-
evitably. In 2014, based on the findings of a
multi-center randomized study in children younger
than 36 months of age, Nicola Disma demonstrated
that Sterofundin infusion exceeding 46.7 ml per 1
kg causes hyperchloremia. The Sterofundin chlo-
ride concentration might well be too high for in-
fants [20]. Gelofusine renders opposite effects on
the hemostasis system: on the one hand, dilution
of coagulation factors might increase the risk of ex-
cessive bleeding; on the other hand, a gelatin-re-
lated amplification of the aggregative properties of
platelets, which leads to hypercoagulation and
might be accompanied with decreased density of
functioning capillaries and vascular resistance
growth, has been proven. Modified gelatins are not
recommended in children with impaired coagula-
tion system or high risk of thrombotic complica-
tions [21]. Calcium is important: it supports the
contractile capacity of myocardium and smooth
muscle cells, is involved in platelet adhesion, pro-
vides activation of factors II, VII, IX, and X and C
and S proteins, plays a role in the stabilization of
fibrinogen and platelets in a developing thrombus.
A hypocoagulation promoting hypocalcemia devel-
ops not so much due to calcium consumption in
the course of coagulation as due to concurrent
transfusion of sodium citrate administered to-
gether with blood components because liver hy-
poperfusion and hypothermia might compromise
sodium citrate clearance [22]. In spite of factors
predisposing to hypocoagulation and bleeding pro-
gression, there are also intraoperative hypercoagu-
lation factors. Firstly, a surgical trauma initiates the
coagulation system action according to the cellular
coagulation theory [23]. Secondly, employment of
an aggressive hemostatic and blood replacement
therapy supports the hemostatic mechanism ac-
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3aI¥ C TOMOIIBIO OTIPe/ieIeHUsI TOUKHU OTCede-
HusA npu nocrpoeHnn ROC-KpUBBIX: s TIepe-
MEHHOM «BO3PACT» TOYKA OTCEYEHHUsI COCTaBUIA 8
Jaer (AUC=0,63 [0,55; 0,72] p=0,001; UyBcTBUTE/IH-
HOCTb 76%; CrieriuuaHOCTD 45%); N5 AJIUTEIb-
HOCTH KPUTUYECKOU TUIOTEH3UHM — 25 MUH
(AUC=0,87 [0,8; 0,93] p<0,001; UyBCTBUTEJBHOCTb
75%; CierupraHOCTH 99%); 17151 YpOBHS TPOMOO-
nurtoB 150X10%/41 (AUC=0,69 [0,61; 0,78] p<0,001;
UyBcTBUTEIBHOCTD 49%; CrieniudpuaHOCTh 87%.).

3a mocyaenHue 4 NecATUNEeTHUS pa3BUTHE TeX-
HOJIOTUU XUPYPTrUYeCKON OHKOJIOTUH, AaHECTE3UO0-
JIOTUYECKOU U MIOCJIe0IepalliOHHON MHTEHCUBHOM
Teparuu Py OHKOJIOTTYECKIX 3a00JIeBaHUSIX CII0-
Cc006CTBOBAJIO PACIITUPEHUIO IIOKA3aHUH K PEe3EKITUN
OITyXO0JIel, KOTOpblIe B MPOIIJIOM CUUTAIUCH TPY/I-
HBIMHU WA He)KeJlaTeJIbHbIMU. I1aieHTsI ¢ 00J1b-
MMM TUIIEPBACKY/ISAPU30BAHHBIMU OIIYXOJISIMU,
WHKAICYJUPYIOIIAMA KPYIIHble KPOBEHOCHBIE
COCyZbI, Tellepb CYUTAIOTCA IPUEMJIeMbIMU KaHA1-
Jaramu JJIs1 XAPyprudecKoro jJedyeHus. BeimnosHse-
HMe Ollepaliy y TaAKUX ITaleHTOB COIPSKEHO C
3HAYUTEJIbHBbIM YBEeJUYEeHUEM TAKEeCTH II0JIMOP-
FaHHOU HEJIOCTaTOYHOCTU M BBICOKOU CMepPT-
HOCTBIO 34 CUET pea/iM3allii PUCKOB UHTpA — U
MOCJIe0NEPAITMOHONA KPOBOTIOTEPU, PA3BUTUSA U
[IpOrpeccupoBaHUs KoaryJjaonaruu, nepdysnoH-
HBIX IIOBPEKIEHUH B ITepUOJT HECTAOMJIBHOM reMo-
TUHAMUKY, TPOMOOTHYECKUX COOBITHUI B ITOCJIEOTIE-
paloOHHOM TIepHo]ie, @ TaK)Ke PUCKOB MaCCUBHOM
reMOTpaHC(y3MOHHOU U WH(QPY3UOHHON Tepa-
i [16]. 9To 06BACHSIET BHICOKYIO BEPOSITHOCTD
pasButusi [IBC-cruHapOMa Ipu oTlepanusix Ha meve-
HU ¥ 3a0PIOIITMHHOM IPOCTPAHCTBE.

HecmoTps Ha TO, YTO B JAHHOM HUCCJIETOBA-
HUH IIOJIyYEeHHAsA KOTOpTa [0 Ollepalii He Coep-
skaJsia 60JIbHBIX C KPOBOTEUEHUSIMU, TPU3HAKAMHU
CIIOH, undeKIMoHHOU MaTo/J0THueH, ATPOTreHHBI-
MU (pakTOpaMM IIpeApacnosaraloiiuMu K Koary-
JIOIATUH, BBISIBJIEHO, UTO KaKIbIH IIIECTOM ITaIy-
€HT C KPOBOT€YEeHHEeM BO BpeMsl XUPYPTrU4eCKON
KOPPEKITUM OHKOJIOTUYECKOM MMaTOJIOTUU Pa3Bu-
BaeT /IBC-cuHapoM. [laHHBINA pe3ysbTaT MpuoIu-
skaeTcsl K pacnpoctpaHeHHocTu JIBC-cuHapoma
ONMHMCAaHHON cpeau OOJBHBIX C CENTHYECKUM
mokoM [17]. Huskast BepossTHOCTh pa3Butus JIBC-
CUHIpPOMAa IPHU OPTOINEIUUYECKUX OIeparusix,
IMOKa3aHHAas B NIPeICTaBJIeHHOM UCCJIeJOBAHUMH,
CBsI3aHa ¢ OOJIBIITUM BO3PACTOM OOJIBHBIX TAHHOM
TPYIIBI, peodsafaHeM MaJoTpaBMaTUYHBIX
XUPYPruveCcKuX MpoIeayp, 60JbITNMI BO3MOXK-
HOCTAMU XUPYPTUYECKOI0 U aHeCTe3u0JIorude-
CKOIr'0 MeHeIPKMeHTa JaHHbIX BMeIaTeJbCTB, I103-
BOJISIIOIIAM CIOPAaBUTBCS C PUCKOM pPa3BUTHUSA
TPOMOOTEMOPpPArnIECKUX OCTIOKHEHUH.

Y OHKOJIOTHUYECKUX 6OJbHBIX pAHHETO BO3-
pacra c HU3KOM Maccoy TeJia B IIpeJonepanuoH-
HOM Mepuojie HaJInune Takux PakTOPOB KaK HU3-
KO€ KOJIMYEeCTBO TPOMOOIIMTOB U (huOpUHOTEHA

tion. Thirdly, the pathophysiological centralization
of blood circulation combined with a lengthy criti-
cal hypotension episode and a forced therapy with
large doses of noradrenalin compromise perfusion,
which leads to reduced delivery of oxygen to cells
and tissues, while loss of endothelial hypocoagula-
tion properties at a background of dilution and de-
pletion of anticoagulant factors of the blood coag-
ulation system predisposes to thrombus
formation [24, 25].

These are the changes that cause a severe
MOE It is known that DIC is characterized by for-
mation of fibrin markers (fibrinogen and fibrin
degradation products) and reflects an acquired (in-
flammatory) or non-inflammatory disorder of mi-
crovasculature. World literature pays much atten-
tion to this mechanism of MOF development, while
pathophysiological features of this process and ap-
proaches to a therapy for this condition are still in-
vestigated [18, 25]. So, coagulopathy transforma-
tion into an organ-type DIC takes place as early as
intraoperatively during the first 24 postoperative
hours. This fact is supported by a proven significant
impairment of tissue perfusion (decreased pooled
venous saturation and hyperlactatemia), growth of
D-dimer in the DIC group. MOF during DIC in-
volves lungs, liver, and cardiovascular system. In
addition to fibrin markers, the laboratory peculiar-
ities include: thrombocytopenia, decreased RBC,
albumin, and GFR, as well as hyperbilirubinemia.
According to the study findings, GFR decreased
progressively in the DIC group not only due to kid-
ney damage caused by hyperchloremia but due to
ischemic impairment and microthrombus forma-
tion, too. This fact accounts for the growth of cases
of kidney risk, damage, and failure diagnoses ac-
cording to pRIFLE and a greater incidence of renal
replacement therapy procedures in DIC patients.
That group also had a higher PELD(MELD) score on
postoperative day two. Hypocoagulation, hypoal-
buminemia and renal dysfunction affected this re-
sult. Ischemic liver impairment is also associated
with hyperbilirubinemia, which, in spite of hypoal-
buminemia removal and INR normalization by the
seventh day, persisted at the previous level. DIC pa-
tients required a prolonged mechanical lung venti-
lation due to lung parenchyma impairment at a
background of an aggressive transfusion and infu-
sion therapy. Verification, within 30 postoperative
days, of a greater prevalence of life-threatening
acute thrombosis located in kidneys, liver, and
lungs in DIC patients confirms this hypothesis.
These circumstances evidently increase the length
of ICU stay and 90-day mortality in this group of
patients.

Considering the retrospective study findings,
it can be surmised that the current technique of
prophylaxis and therapy of hemostatic and hemo-
dynamic critical incidents needs improvement. An
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SABJISIETCSI IIOKa3aTreJseM Je3aJalTallui CUCTEMBI
CBepTbIBaHUA KPOBU, HECMOTPA HA OTCYTCTBUE
CIIOH, uH(MEeKITMOHHOU MaTOJIOTUU U SATPOTEH-
HBIX (DAKTOPOB JIEKOMIIEHCAIIMU JTAHHOTO Mexa-
Hu3Ma [18]. Bo Bpems omepaiuu JaHHBIN Mexa-
HH3M peanayeTcs Ha (hOHE TOPOI HEM30EKHOTO
XUPYPru4eCKOro KpOBOTEYEHUA B TMIIOKOAryJis-
LIMOHHBIA CHHAPOM, KOTOPbI Ha3bIBAIOT KOATYJIO-
nmatuel. Ero mporpeccupoBaHue oOecrieunBaeT
MHOTHEe (pakTophl. BBegeHme 60/b110T0 06 BHEMaA
MH(QY3UOHHBIX PACTBOPOB BBI3BIBAET IUJIIOIIUIO
¢daktopoB cBepThiBaHus [19]. Hecmorpss Ha
HICII0JIb30BaHNE TPENMYIIIECTBEHHO cOaTaHCHPO-
BaHHBIX KPUCTAIJIOUIHBIX PACTBOPOB HEU3OEKHO
pa3BHUBaeTCs TUIEPXJIOPEMUYECKUI MeTaboJTye-
CKMU anu103, KOTOPBIH, KaK U3BECTHO, SIBJISETCS
(pakTOpPOM MOBpPEKAEHUSI SHIOTEJINS COCYLOB U
IIPOrpeCCUPOBAHU THIIOKOATYJIAIMOHHOIO KPO-
BOTEYEHUSI.

B 2014 rony Nicola Disma ocHOBBIBasiCh Ha
pesyabsrarax IIPpOBeJeHHOI'0 MYJIBTUIIEHTPOBOIO
PaHIOMU3UPOBAHHOTO MCCJIEJOBAaHUS y JeTeil
MutafiIe 36 MecsIleB IIOKasaJjl, YTo Ipyu UHQY3UU
crepodynarHa 60see 46,7 M Ha 1 KT BOSHUKAET
runepxjopeMusi. BrmosiHe BO3MOYKHO, UTO KOH-
LIeHTpalus XJIOPUJA B CTepO(PYHANHE CIAUIIKOM
BeJIMKa IS leTell MJtajlieil BO3pacTHOU IpyIl-
bl [20]. [lelicTBue resiopy3anHa Ha CUCTEMY FeMO-
cTasa pa3HOHAMNpPAaBJIEHO: C OJHOW CTOPOHBI,
IUJTIOIUS (paKTOPOB CBEPTHIBAHUS MOSKET ITPUBeE-
CTH K yBEeJINYEHUIO PUCKA IIOBBIIIEHHON KPOBO-
TOYMBOCTH, C IPYTOA — JOKA3aHO yCUJIeHHe arpe-
TalliOHHBIX  CBOWCTB  TPOMOOIIMTOB  IIPHU
MMpUMEHEeHNH JKeJIaTuHa, NPUBOJIAIIee K Tumnep-
KOaryJIsiliyay, 9YTO MOYKET COIIPOBOKIATHCS YMEHb-
IIeHVeM IIJIOTHOCTU (PYHKITMOHUPYIOIIUX KaITUJI-
JIAPOB ¥ POCTOM COCYAHCTOI'O COIIPOTUBJICHUS.
[IpumeHeHne MOIUGUIIMPOBAHHBIX KEJIATUHOB
He PEeKOMEHI0BAaHO ITPU HEJIOCTATOYHOCTU CUCTE-
MBI CBEPTBHIBAHNA U Y IALIMEHTOB C BEICOKUM PUC-
KOM TPOMOOTHYECKUX OCJIOKHEHUT [21].

PoJib KaJIbIIMA BaskHa — OH oOecledyuBaer
COKPAaTUTEBHYIO CTIOCOOHOCTHh MUOKap/a U IV1aI-
KOMBIIIIEYHBIX KJIETOK, y4acTBYeT B alre3uu
TpoMOOIUTOB, 0becreunBaeT akTuBamnuio 11, VII,
IX u X pakTopos, a Takke 6eskoB C u S, urpaer
poJsib B cTabuiusanuu (pubpuHOTEHA U TPOMOO-
[INTOB B pa3BUBaloIeMcsi TpomoOe. ['numokaabIle-
MUsI, CHOCOOCTBYIOIIAsI THIIOKOATYJISINN, PA3BU-
BaETCsI He CTOJIBKO 32 CYET ITOTPEeOIEHU S KaJTIbITHS
B IIpOILIecce CBePThIBaHM s, CKOJIBKO 3a CUeT COIyT-
CTBYyIOIIEN TpaHC(y3UU UTpaTa HaTPUs, BBOIU-
MOTO BMeCTe C TeMOKOMIIOHEHTaMu, Bedb M3-3a
runonep@ysuu U TUIIOTEPMUHN B IIeUEHU MOSKeT
YXyALIaTbCA KIUPEHC IUTpara Harpus [22].

Hecmortpst Ha mpepacnosaratoiiye hakTopbl
TANIOKOAryJIAIAN U IIPOrPECCUPOBAaHUA KPOBO-
TeuyeHUs], UMEIOTCS U TUTIePKOAry/IsAluoHHbIe (hakK-
TOPBI BO BpeMs onepanun. Bo-nepBbIx, Xupyprude-

adequate program of transfusion and hemostatic
therapy for massive postoperative bleeding in chil-
dren cannot be applied without an adequate bed-
side monitoring of the blood coagulation system.
Conventional prescription of a ‘total coagulogram’
to all patients has a poor, limited diagnostic value.
Thromboelastography can provide valuable data
for targeted hemostasis therapy enabling defining
concrete indications to use of this hemostatic drug
or other [26-28]. Besides, an opinion exists that
substitution of donor hemostatic products with re-
combinant fibrinogen products and coagulation
factor concentrates may improve care outcome. For
example, foreign experience shows efficacy of the
transfusion-free fresh-frozen plasma strategy (FFP-
free strategy) and fibrinogen concentrate in post-
cardiosurgical adults [29, 30]. The European Con-
sensus on surgery recommends preferable use of
isotonic balanced solutions and 1-2.5% glucose as
an infusion therapy in pediatric practice [31]. Their
safety, however, is yet to be assessed in children
with oncological diseases undergoing surgery. Ac-
cording to international standards, surgery in chil-
dren must be carried out under monitoring of he-
modynamic parameters including cardiac output
measurement. An intraoperative goal-directed
therapy (GDT) taking into account hemodynamic
parameters and tissue perfusion indicators can im-
prove the efficacy of volume and inotropic therapy
with regard to a particular clinical situation. Nu-
merous studies demonstrate potential advantages
of GDT, but there is no general consensus on GDT
usage [32, 33]. The advantages of GDT in surgical
patients and ICU include reduced incidence of car-
diovascular complications and arrhythmia, acute
kidney injury, respiratory failure, wound infection,
faster recovery of normal gastrointestinal tract
functions, and shorter stay in ICU and hospital [34].
A goal-directed therapy should commence as soon
as possible because its late commencement does
not decrease the 30-day mortality and prevalence
of severe complications during stay in hospital
compared to usual treatment of oncological pa-
tients who experienced a high-risk surgery [35].
Oncological patients are characterized by a
high risk of development of thrombotic complica-
tions including pulmonary artery thromboem-
bolism. Such complications worsen care outcomes
and are among leading causes of death in patients
with malignant neoplasms [36]. The study has
found that in children with oncological diseases,
postoperative MOF during DIC development is as-
sociated with progression of thrombotic processes
and high prevalence of life-threatening thrombotic
complications. Early prophylaxis and therapy for
these conditions might improve survivability of this
population of patients. Nevertheless, the problem
of bleeding during thrombolytic therapy does not

lose its relevance. Medicinal activation of the plas-
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CKasl TpaBMa MHUIIUHMPYeT paboTy CBEPTHIBAIOIIIEH
CHCTeMBbI COIVIACHO KJIETOUHOU TeOpUM CBEPTHIBA-
Hus [23]. Bo-BTOpBIX, TpUMEHEHUE arpecCUBHOMN
reMOCTaTUYeCKON U reM0O3aMeCTUTeJbHOU Tepa-
AW TIONJIep’KUBaeT paboTy reMOCTaTHYEeCKOTrO
MexaHu3Ma. B-TpeTbux, marogusnoJorudyeckast
IeHTpa/IN3aIysi KpOBOOOpaIleHus, B COBOKYITHO-
CTU C AJIATEJIbHBIM 31IM30/10M KPUTHUYECKOM TUI0-
TEH3WH, a TAaK)Ke BBIHY>K/IeHHAs Teparvsi 00JIbIITH-
MU J103aMU HOpaipeHaarnHa yXYALIaioT 1epysuio,
NIPUBOAA K CHUKEHHUIO NOCTaBKU KHUCJIOpOda K
KJIETKaM U TKaHAM, a I0Tepsl THIIOK0AryJIsAIAOH-
HBIX CBOMCTB 9HJOTEe/NUSA Ha (poHe NUIIOIUU U
HCTOLLIeHNsI aHTUKOATYJISIHTHBIX (PAaKTOPOB CUCTe-
Mbl CBEpTBIBAaHMsS KpOBHU IIpefpacloJsioraeT K
TpoMb0o0OpasoBaHuio [24, 25].

OTU N3MEHEHUS U SIBJISIIOTCS MPUUYUHOU pas-
Butus TsoKesaoro CITOH. Kak ussectHo, [IBC-cuH-
JIPOM XapaKTepuayeTcsi 00pasoBaHueM (puOpHUHO-
BBIX MapKepOB (IPOYKTHI pacnaaa GuOpuHOTreHa
1 pubprHA) U OTpakaeT mpruodpeTeHHOe (BocHa-
JINTeJbHOE) MJIM HEBOCHAJINUTEJbHOE PacCTpPOu-
CTBO MUKPOLIMPKY/IATOPHOIO pycJja. ITOMYy MeXa-
Hu3Mmy passutus CIIOH B MupoBoii HayuyHOH
JuTeparype yiessieTcss 00JbIIOe BHUMaHWE, a
maropu3n0JIOTUYECKEe OCOOEHHOCTH [TaHHOTO
Ipolecca 1 NOAX0AbI K Tepaluy JAHHOI'O COCTOSI-
HUA 10 CUX IIOp Uccaenyorcs [18, 25].

Takum obpasoM, Koarysaomnarus TpaHcgop-
MHUpYyeTCA ysKe Ha aTalle onepanyuy U MepBBbIX
CyTOK 1ocJje Hee B JIBC-cuHIPOM «OpraHHOTrO
Tuna». llonTBepskjaeHMEM [aHHOrO ¢aKTopa
ABJIAETCA NOKa3aHHOE 3Ha4YUTeIbHOe yXyIIIeHue
IokasareJsieil nepysnuu TKaHel (CHUKEHUE CMe-
IIaHHOH BEHO3HOU caTypaluy U rumnepJsakTare-
Mmus), poct D-numepa B rpynme 60abHBIX ¢ JIBC-
cuHapoMoM. IlosimopranHass HegOCTaTOYHOCTH
npu [IBC-cuHapoMe IIpeAcTaBjeHa IopakeHneM
JIETKUX, IIeYeH!, CeplledHO-COCYANUCTON CUCTEMBI.
JlabopaTopHBIMU 0COOEHHOCTAMU TOMUMO (prb-
PUHOBBIX MAPKEPOB SBJSIOTCS: TPOMOOIIUTOTIE-
HUS, TOHWKEHHbIe 3HAYeHWsI TeMOIVIOOWHA, aJTh-
oymuna, CK®, runepomymmpyonHeMHusI.

ITo pesysiraTam IIpOBEJEHHOIO UCCIeI0Ba-
HusA B rpymre 60abHBIX ¢ [IBC-cuanpomom CKO
IIPOrPECCUBHO CHUYKAJNACh, 4YTO SBJIAETCSA He

TOJIBKO pPe3yJIbTaTOM IIOBPEKICHUA IIOYEeK B
pesy/brare runepxJgopeMuy, HO U pe3yJbraroM
WIIIEMAYECKOTO TTOBPEKIEHNST I MUKPOTPOMOO-
obpasoBanus. C 9TuM PHaKTOM CBS3aH POCT CIY-
yaeB quarHoctuku no mikasne pRIFLE noyeynoro
PHUCKa, IOBPEXKIEHUs KU HEeNOCTAaTOYHOCTH, a
TaksKe O0JIBIIIAst YaCTOTA MPOIENYDP 3aMeCTUTEh-
HOW TIOYeYHOU Tepanuu y 001bHBIX JIBC-cuHIpO-
MoM. Takske y JaHHOHM Tpynnbl OOJbHBIX ObLIa
BbIllIe olleHKa 110 1mkajse PELD(MELD) Ha Bropbie
CyTKU mocJie onepanuu. Ha gaHHbBIN peaysbrar
BJIVISIJTA TUTIOKOATYJISAINS, TUTI0ATEOYMUHEMUS 1
rovyevyHasi JUCHOYHKIUS.

min fibrinolysis system leads to depletion of the
blood coagulation system. Hence, usage of plas-
minogen activators always bears a risk of bleeding.
Subtilisin-based medicines lead to lysis of denatu-
rated proteins only and do not affect soluble pro-
tein factors of blood coagulation. Application of
subtilisin-based drugs might help avoiding the risk
of bleeding and achieving the optimal thrombolytic
effect [37].

Thus, to abate the severity of organs’ injuries
during surgeries in children with oncological dis-
eases and improve clinical outcomes, it is necessary
to develop a tailored technology that would com-
bine approaches and methods of resolving hemo-
dynamic and hemostasis impairments and make
application of the infusion, blood transfusion, he-
mostatic and antiplatelet therapies rational.

Conclusion

Children with oncological diseases have a high
risk of DIC development during intraoperative
bleeding that amounts to 15%.

The probability of DIC is increasing during
liver and retroperitoneal space surgeries.

In children under 8 years of age with oncologi-
cal diseases, during the postoperative period, in the
setting of a low baseline platelet count (less than
150%10%/1), hypocalcemia (iCa**<1 mmol/L) and
lengthy intraoperative critical hypotension (over 25
min), coagulopathy transforms into ‘organ’-type DIC
characterized by a lung, liver, and kidney failure.

Reduced tissue perfusion along with increased
D-dimer concentration demonstrate microthrom-
bus formation and organ-type DIC development.

The uttermost presentation of the ‘organ-type’
DIC is the thrombotic syndrome progression lead-
ing to life-threatening complications, which de-
creases the 90-day survival by 12%.

Successfulness of surgeries in children with
oncological diseases requires the development of
new techniques for prophylaxis and management
of ‘organ-type’ DIC.
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C nireMu4YeCcKUM NOBpesKACHUEM IIe4eHU
CBfI3aHHA W TUIEPOMIUPYOMHEMUs, KOTOpas
HECMOTPsI Ha yCTPaHEeHNe TUI0aTbOYMUHEMUN 1
HopMasm3anuio MHO K ceIbMBIM CyTKaM COxpa-
HAJIaCh Ha IIpesKHeM ypoBHe. bosibHbIe ¢ JIBC-
CHHJIPOMOM TpeboBaIH MPO/IJIEHHOM NCKYCCTBEH-
HOW BEHTWIAIMM JIETKUX, YTO OOYyCJIOBJIEHO
MIOBpEsKAEHNEM TKAHU JIETKUX Ha (DOHE arpecCcuB-
HOU TpaHC(y3NOHHOU U MH(PY3NOHHOHU TEpPAITNU.
Bepudukamnus B Teuenue 30 gHel nmocJie omnepa-
1Y OOJIBIIIEN YaCTOTHI 3KU3HEYTPOSKAIOIIINX OCT-
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PBIX TPOMOO30B MTOYEYHOH, TEYEeHOYHOMH, JIET0Y-
HOM JIOKau3anuu y 60abHbIX [[BC-cuHIpOMOM
IIOATBEp)KAAaeT [JaHHYI0 runore3y. JlanHble
06CTOATETHLCTBA OO'BSICHUMO YBEJIMYUBAIOT JIJTH -
TeJIbHOCTh rocuuTaausanuu B OPUT u 90-mHeB-
HYI0 CMEPTHOCTB y OOJIBHBIX JAHHOU I'PYIIIHI.

Y4auThIBas N0Jy4YeHHbIE B IPOBEIEHHOM peT-
POCIIEKTUBHOM MCCJIEJOBAHUU JaHHbIE MOKHO
IoJiaraTh, 4TO CyIIeCTBYIOIAs TeXHOJIOTUS IIPO-
(pUTAKTUKY U Tepallui reMOCTaTUuYeCKUX U TeMo-
JUHAMUYECKUX KPUTHYECKAX UHIUIECHTOB HYX-
JlaeTcs B yayuuieHuu. [IpuMeHeHne afeKBaTHOU
IpOorpaMMbl TPAaHC(PY3MOHHOU M reMocTaTrhuye-
CKOI Tepalli¥ IpU MaCCUBHOM I10CJIEOTIEPAIINOH-
HOM KPOBOTEYEHUU Y JeTeil HeBO3MOKHO 0e3
aIeKBaTHOTO [PHUKPOBAaTHOI0O MOHHUTOPHUHIA
CHUCTEMBI CBepThIBaHUs KpoBH. I[IlabGsoHHOE
Ha3HavYeHWe BceM OOJIbHBIM «0O0IIel Koaryso-
rpaMMBbl» UMeeT HU3KYIO, OTPaHUYEHHYIO JUarHo-
CTHYECKYIO0 IIeHHOCTh. TexHoorusi TpomMboasia-
crorpaduy CrocoOHa IPeIOCTaBUTh IIEHHbBIE
JIaHHbIE /15 IleJleHallpaBJIeHHON Tepalnuy reMmo-
cTasa, II03BOJIAs KOHKPETU3UPOBaTh INOKa3aHUsA
K IPUMEHEHUIO TOT'0 UJIM HHOI'O TFeMOCTaTH4eCKO-
ro npermnapara [26-28].

IloMumoO 9TOrO, €CTHh MHEHME, YTO 3aMeHa
JOHOPCKMX T'€MOCTaTUYeCKHUX IIperaparoB Ha
peKOMOMHAHTHBIE ITpenaparThbl pUOPUHOTEHA ¥ KOH-
IIEHTPATOB (DAKTOPOB CBEPTHIBAHMUSI CIIOCOOHO YITyd-
IIUTH pe3yssTrarel Tepanuu. Tak, Hapumep, 3apy-
OeKHBI ONIBIT ITOKa3biBaeT 9(P(PeKTUBHOCTD
MIpUMeEHEHUS CTPATETUy CBOOOTHOM OT TpaHC(Y3Hit
cBeskesamMopoykeHHOH m1a3mel (FFP-free strategy) u
a(ppeKTUBHOCTH MPUMEHEeHMsT KOHIleHTpara Ghub-
PUHOIeHA y B3POCJ/IBIX IT0C/IEe KapAUOXAPYPIUYECKUX
onepanumii [29, 30]. ComtacHO pekoMeHIarusm EBpo-
IIeiCKOr0 KOHCEeHCyca Ha OIlepaly Jjisi TH(Y3UOH-
HOI Tepanuu B IleINaTpUUeCKOU IIPAKTHKE OTIAHO
NIPEUMYyLIEeCTBO KCIOJb30BAHUIO M30TOHUYECKUX
cOasTaHCMPOBAHHBIX PAacTBOPOB U 1-2,5% IIIOKO-
3e [31]. Ho n3y4enre nx 6€3011acCHOCTH B OIS
JleTell Xupypruyeckoro mpouiisi C OHKOJIOTUYECKU-
MU 3a00JIeBaHUAMHM OCTA€TCSl Ha HACTOSIINA
MOMEHT aKTyaJIbHbIM BopocoM. COmIacHO MUPO-
BbIM CTaHJapTaM XUpyprudecKue orepanuu y gerei
JOJDKHBI IPOBOAUTHCA B YCJIOBUAX MOHUTOPUHIA
ImapaMeTpoB TI'eMOIWHAMHUKH, BKJIIOYAIOIIEro U
M3MepeHre CepeYHOro BbIOpoca. MHTpaomepa-
[IMOHHAsI IleIb-OprueHTHpoBanHasa Tepamwus (110T),
YUYUTBIBAIOIIAA TeMOIUHAMUYECKUEe ITapaMeTphl 1
TOKasaresiv TKaHeBOU nepdy3nn criocobHa yiryd-
I Th 3 HEKTUBHOCTH TPUMEHSIEMON BOJTIOMUYE-
CKOHM ¥ MHOTPOIIHOU Tepaluu B 3aBUCUMOCTH OT
KOHKPETHOH KJIWHUYECKOU cuTyaruu. MHorouuc-
JIEHHBIE UCCJIeJOBAaHMs II0Ka3bIBAIOT IIOTCHIAAIb-
Hble nipenmyectsa 110T, HO efMHOTO MHEHUS 00
ncnosb3osanuu LIOT He cymecrsyer (32, 33].

[IpenmymecrBamu 1IOT y xupyprudeckux
MaI[MeHTOB, a TAKKE B OT/IeJIeHUSX UHTEeHCUBHON

Tepanuu sIBJIAIOTCS CHUYKEHUE YaCTOThI Cep/IeYHO-
COCYIUCTBIX OCJIO’KHEHUW U apUTMHUU, OCTPOrO
TOYEYHOT0 TTIOBPEKIEHMsI, IbIXaTeJIbHOU HeJJ0CTa-
TOYHOCTHU, PAaHEBOU MHQEKITUH, OBICTPOI HOpMa-
auasarnyeil (QYyHKIUU SKeJIyJOYHO-KUIIEYHOIro
TpaKTa, CHUKeHNe BpeMeHu nipebbiBanust B OPUT
u rocnvtanudanuu [34]. Lleas-opueHTpOBaHHAasA
Tepanus T0JHKHA HAYMHATHCS KaK MOYKHO PaHbIIIe,
T.K. IO3[IHEE ee Hadaslo He CHUyKaeT 30-THEeBHYIO
CMEpPTHOCTbh M YaCTOTY TSI3KEJIbIX OCJIOYKHEHUI BO
BpeMsI TpeObIBaHUS B CTAllIOHAPE TI0 CPABHEHUIO
C OOBIYHBIM JIEYEeHUEM Y OHKOJIOTUYECKHUX O0JIh-
HBIX, [IEpEHEeCIINX Ollepaliio BBICOKOIo pUCKa [35].

II7151 OHKOJIOTUYECKUX OOJTBHBIX XapaKTepeH
BBICOKUH PUICK PA3BUTHUSI TPOMOOTUYECKIUX OCJIOMK-
HEHUH, B TOM YHUCJIe TPOMOOIMOOJINHY JIETOYHOM
apTepun. JTH OCJOKHEHUA YXYAIIAIT HUCXOIbI
JIeYEeHU I ¥ 3aHUMAIOT OHO U3 JIMJUPYIOIINX MECT
cpenu IPUYNH CMepPTH O0/TBHBIX 3JT0KAYeCTBEHHbI-
MU HOBOooOpasoBanussMu [36]. B mpoBemeHHOM
HCCJIEJOBAHNH BBISIBJIEHO, YTO Y JIeTeil C OHKOJIO-
ruyecKnuMu 3aboJsieBaHUsAME TTpu pa3BuTuu JIBC-
cuHanpoma CITOH B mocieonepaniiOHHOM TTeprofe
CBsI3aH C MPOTrPECCUPOBAHUEM TPOMOOTUYECKUX
IIPOLIECCOB U BBICOKOH YaCTOTOM sKMU3HEYTPOsKaIo-
IIIAX TPOMOOTUYECKHUX OCJ0KHEHU. PaHHSISA TIPO-
duaKkTUKA U Tepanys JaHHBIX COCTOSTHAN MOKET
VJIYYIIUTh BBIKUBAEMOCTh MAMEHTOB TaHHOU
nonynsAnuu. Ho mpobJsiemMa KpOBOTEYEHHWH BO
BpeMsI ITPOBeIeHUS TPOMOOJIMTUYECKON Teparuu
He TlepecTaeTr OBITh aKTyaJbHOH. MequKkaMeHTO3-
Hasl aKTUBAIMsI CUCTEMBI TIJTA3BMUHOBOTO (hUOPU-
HOJIM3a TPUBOJUT K UCTOIEHUIO CBEPTHIBAIOIIEH
cuctembl KpoBH. CiieoBaTe bHO, UCIOJIb30BaHNUE
aKTUBATOPOB IJIA3MUHOTEHA BCeraa HeceT B cebe
PUCK KpoBOTeueHUH. JIekapCTBEHHbIE CpeiCTBa Ha
OCHOBE CYOTHUJIM3WMHOB IPUBOJISAT K JIN3UCY TOJBKO
JIeHATYPUPOBAHHBIX OEJIKOB, He BJIMsIS HA PaCTBO-
puMble 6eTKOBBIE (DAaKTOPHI CBEPTHIBAHUSA KPOBH.
Bo3MOsKHO, IpUMeHeHNe MMpenapaToB Ha OCHOBE
CYyOTHJIM3WHOB ITOMOSKET M30esKaTh PHUCKa KPOBO-
TeYEeHUs U TOCTUTHYTH ONTUMAJIBHOTO TPOMOOJTH-
Tr4yeckoro agdexra [37].

Takum 06pa3oMm, MU XUPYPrudeCcKUX onepa-
[USIX ¥ JeTeN C OHKOJIOTUYECKUMU 3a00JIeBaHM s -
MU /151 yMEHbIICHUA TAYKECTb OPraHHbIX [IOpaske-
HUA U VyIy4lleHUs KJIWHUYECKUX MCXOI0B
HeoOxoamMa pa3apaboTKa MHIUBUIYAIN3UPOBaH-
HOU TEXHOJIOTUH, KOTOPAst 00 beIMHUT MTOAXOEI U
MeTO[IbI peleHns mpobJyieM HapyIIeHUH TeMOIH-
HaMUKHU U CUCTEMBI I'eMO0CTa3a, a TaksKe caeJiaeT
paluuoHaJbHBIM IpUMeHeHue WHQPY3NOHHOH,
reMOTpaHC(y3NOHHOM, FTeMOCTaTUYeCKOH 1 aHTHU-
TPOMOOTHYECKON TePaITHU.

3akJrouenue

B IIOImyJIAIun HETeﬁ C OHKOJIOTUYECKHNMHU
3ab0JIeBaHUSIMU IIpX UHTPpAOIIEPAIIMOHHOM KPO-
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Knunudyeckue nccjaeqoBaHud U IMIpaKTUKa

BOTe4YeHUH pUCK pa3BuTus JIBC-cuHIpoMa BBICOK
u cocTanJisieT 15%.

BeposiTHOCTH peasin3aliuy JaHHOTO IPOIlec-
Ca yBeJINYMBAETCs IIPU Ollepallisx Ha [IeYeH! U B
00J1acTH 3a0PIOIITMHHOTO TPOCTPAHCTBA.

V nmerelt Mmytazmie 8 JIeT ¢ OHKOJIOTUYECKUMHU
3a60JIeBaHUSIMU B TTOCJIEOTIEPAIITOHHOM ITEPUOIE
TIPY MCXOTHO HU3KOM YHCJIe TPOMOOITUTOB (MeHee
150%X10°/71), runokanabnemun (iCa*?<1 mmol/l) u
IJIUTEJIbHOM TIepuojie WHTpaollepaluoOHHON
KPUTHYECKOU TUMOTEeH3UH (OoJiee 25 MUH.) TIPO-
HUCXOIUT TpaHcdopManus koarysnomnaruu B JIBC-
CUHJPOM «OpPTAaHHOTO THIa», XapaKTepU3yIo-
IMUHCSA JIETOYHOH, NMeYeHOYHOU M II0YEeYHOH
HeJ0CTAaTOYHOCTHIO.

CHusxkeHMe IToKa3areseil TkaHeBOl nepdy-
3UU B COYETAHUU C pOoCTOM D-numepa siBJsieTcs
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(parTOM peanmsanuu IpoIecca MUKpOTpoMO000-
pasoBanusag u ¢gopmuponanus JIBC-cuHnpoma
«OPTraHHOI'O THUIIA».

Kpatinum BbIpaskeHuem JIBC-cunjapoma
«OPra”HHOrO THUIIa» ABJIAETCA IPOrpecCupoBaHue
TPOMOOTHYECKOTO CHHIpOMA J0 peasu3anuu
SKA3HEYTPOSKAIOIINX OCI0KHEHUH, YTO U YMEHb-
maeT 90-JHEeBHYIO BBIXKUBAEMOCTh Ha 12%.

VY nereli ¢ OHKOJIOTHYECKUMU 3a001€BaHUS-
MU IIPU XUPYPTUYECKUX OTIepaIUsIX HeoOXoquma
paspaboTka HOBBIX TEXHOJIOTUN MPO(PUITAKTHKY U
aedenus JIBC-cuHApOMA «OPraHHOTO» THUTIA.

KoudaukT nHTEpECcOB. ABTOPHI 3asIBJSIOT
00 OTCYTCTBUHU KOH(JIUKTA HHTEPECOB.
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Pe3rome

Cpeay OCHOBHBIX 9THOJIOTHYECKUX (PaKTOPOB, CIIOCOOHBIX BBI3BATh PAa3BUTHE aHA(PUIAKTUYECKOTO
moka (Alll) y manyeHTos, JJeKapCTBeHHbIe IIpenaparbl COCTaBJIAIOT 31,2-46,5%.

IleJsis paboOTHI — BBIABJIEHNE (PaKTOPOB, ACCOIIMUPOBAHHBIX C MOBBIIIIEHHBIM PUCKOM pa3BuTus Alll, 3a-
peructpupoBaHHoro B 2010-2018 rr. y narueHToB B Pecrry6/inke KpbIM.

Marepuasabl 1 MeToabl. OO BEKTaAMU UCCIEI0BAHUSA CTAMU 112 KapT-U3BEIEHUH 0 HesKeIaTeTbHBIX pe-
akiusax (HP) nekapcTBeHHBIX cpeAcTB (JIC), 3aperucTpupOBaHHBIX B perHOHAIBHOM 0a3e CIIOHTAHHBIX CO-
o6menuit ARCADe B Pecriy6istiike KpbiM 3a mepros 2010-2018 rr. Ha ocHOBaHUY KapT-U3BeIleHUH TPOBEU
PeTPOCIEeKTUBHBIN aHA/IN3 CIydaeB BOSHUKHOBEHUA JiekapcTBeHHoro Alll o ceyomuM oKa3aTesisiM:
IpueM U CIIoco0 BBeIeHNA IpenapaTos, I10JI, BO3PacCT, a/lJIeproJIOrH4ecKuil aHaMHe3.

Pe3ynbTaThl HCC/Ie0BAHHS II0KA3a/IH, YTO JIUJepaMu 110 YacTore pa3BuTusa Alll ABJIAINCE IPOTUBO-
MI/IKpO6HbIe npemnaparbl MECTHBIE aHECTETUKHY, aHAJbI€TUKN-aHTUITUPETUKU, DEHTTeHOKOHTPAaCTHbIE I'/JIO,IL-
coepskalye BellecTsa U HeCTepOUJHbIe IPOTUBOBOCIIA/INTE IbHBIE IIpenaparkl. Ciiydyau passutusa Alll
yaiie BCero HaOJIoga Iy Y MaleHToB B Bo3pacTe ot 31 10 60 JieT, y My»KYUH ¢ 60JIbIIEN 4acToToH (57 ciry-
4aeB), 4eM Y sKeHIUH (54 caydast). B omiHOM ciydae yKadaHUs Ha I10J1 MaljeHTa OTCYTCTBOBAJIU. JIugepoM
T10 4acTOTe Pa3BUTHUA ciry4yaeB Alll ABJAICA e TPHUAKCOH, C TPUMeHeHNeM KOTOPOTro OBITI0 aCCOLIUUPOBAHO
22 cnydas tTakux HP. Berasuiy, uTo B 87 ciaydasax Alll pasBuBascs Ha ¢poHe MapeHTepaTbHOTO BBeIeHUs
Ipernaparos, Cpeiu KOTOPBIX TpeobJi1afal BHYTPUBEHHBIH ITyTh BBeleHUA (44 ciaydas). Pa3suTue JiekapcrT-
BeHHOTO Al B 97 cityJasix MpeCcTaB/Is1JIO COO0H yTpo3y YKU3HU NallMeHTa U TpeboBaIo HEOIOMKHOM dap-
MakoTepanuy, B 8 KapTax-MU3BelleHUAX CofiepskaTach NH(MOPMAIUA 0 JIeTaJIbHOM HCXO/ie [IJIs TallueHTOB.

BeIBoabI. CTONT 00paTUTh BHUMAaHUE Ha BEICOKYIO YaCTOTY, CEPhe3HOCTh U MTHOBEHHYIO CKOPOCTh pas-
BUTHUA He)KeJIaTeTbHbIX peaknuii B Buje Alll. YIuThIBast CKOpocTh pa3BuTus Alll 1 (haKThl UTHOPUPOBAHUSA
JIEKapCTBEHHOTO U aJ/IJIEProJIOTHYeCKOr0 aHaMHe3a, OITNOKY MeIMKaMeHTO3HOI KOpPEeKIIUU cyleyeT pac-
CMOTPETH BO3MOKHOCTD ITPOBEIEHU ST JOTIOTHUTETbHBIX 00pa30BaTeIbHBIX MEPOTIPUATHUN /TSI Bpadel pas-
HBIX CIIEIINAJIbHOCTEN.

Karoueswnie crosa: anagﬁwzanmuuecnuit WOK; GHMUOUOMUKU; MECMHble AHeCMemuKku; AHAIb2eMUKU-

arnmunupemuru
Anpec 1151 KOPPECTIOHAEHIMU: Correspondence to:
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Summary

Among the major etiological factors that can cause an anaphylactic shock (AS), drugs account for
31.2-46.5%.

Purpose of the work was to identify factors associated with a high AS risk based on 2010-2018 records
made in the Republic of Crimea.

Materials and methods. The objects of the study were 112 information reports about adverse reactions
(AR) to medicine remedies (MR), which were recorded in the regional database of spontaneous information
reports — ARCAD — in the Republic of Crimea during 2010-2018. A retrospective analysis of drug-induced AS
cases has been carried out for the following indicators: intake and route of administration of drugs, gender,
age, history of allergies.

Results of the study have shown that antimicrobial drugs, local anesthetics, analgesics-antipyretics, X-ray
contrast iodine-containing substances, and non-steroidal anti-inflammatory drugs featured the highest AS
incidence. Most frequently, AS cases were observed in patients aged 31 to 60 years, with no significant differ-
ences between men (57 cases) and women (54 cases). In one case the patient’s gender was missed or not stated.

The leader in AS incidence is Ceftriaxone, which application was associated with 22 cases of such AR. In
87 cases, AS was found associated with parenteral administration drugs, the intravenous route of administra-
tion being predominant (44 cases). In 97 cases, development of drug-induced AS was life-threatening and re-
quired emergency pharmacotherapy; 8 reports contained a lethal outcome record.

Conclusions. Attention should be paid to high incidence, severity, and instant progression rate of adverse
reactions in the form of AS. Considering the AS progression rate and facts of ignored past history of drugs and
allergies, as well as pharmacological correction errors, additional educational events are worth conducting for

physicians specializing in different fields.

Keywords: anaphylactic shock; antibiotics; local anesthetics; analgesics-antipyretics
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BBenenue

OaHUM M3 HauOOJIee OIAaCHbBIX OCJIOMKHEHUN
JIeKapCTBEHHOU Tepaliny sABJsieTcsI aHapUIaKTh-
yeckui Mok (AIII) [1, 2]. CormacHO maHHBIM BO3,
BBISIBJIEHHE YaCTOTHI BOBHMKHOBEHUSI aHA(MITaK-
THUYECKOI'0 LI0KA CYLIeCTBEHHO 3aTPyAHEHO. JTO
00YCJIOBJIEHO HECOOTBETCTBUSIMU B IIOCTAHOBKE
JINAarHo3a U KoaupoBaHuu nuartosa Alll B pa3HbIx
CTpaHax MUPA, a TaKKe HEBO3MOKHOCTHIO ITPOBE-
JIeHUsI MPOCIEeKTUBHBIX KOTOPTHBIX MCCJIEIOBA-
HUH, Kacaloluxcs ero naydenusi. CpenHue moka-
3areJi yacToThl pa3sutud Alll cocTaBiisAoT ot 80
10 120 ciay4daeB Ha MUJIJIMOH Y€JIOBEKO-JIET, IIPU
aTOM O0IIHMH KO3 PUIMEHT JeTaTbHOCTA JOCTHU-
raet 1% (1-5,5 cMepTeJIbHBIX CJIyYaeB Ha MUJIJIMOH
HaceJsieHuA B rog) [2]. CiieqyeT OTMETUTD, YTO 9TU
IoKasare/ju MMEIT TeHIEeLUI0 K IOCTOSHHOMY
POCTY, 4TO CBS3aHO C yBeJIMYEeHNEM YKcJia [I0TeH-
IMaJbHBIX aJIJIEPTEHOB [3].

Cpeau OCHOBHBIX 3THOJIOTUYECKUX (paKTO-
POB, criocOOHBIX BbI3BaTh pa3putue Alll y maru-
€HTOB, BBIJEJIAIOT JeKapCTBEHHbIE Mpenaparbl
(31,2-46,5%), nuinesble MPOAYKTHI (23,3-31%) u
SNl HAaCeKOMBbIX (14,9-20%) [4-8]. [To 3apyberk-
HBIM JIaHHBIM, OCHOBHBIMHU I'pPyNIIaMU JIEKApPCT-
BEHHBIX CPEJICTB, CHOCOOHBIX BbI3BAaTh Pa3BUTHE
aHadwuakcuu, ABJSIOTCSA PEHTTeHKOHTPACTHBIE
cpeficTBa, aHTUOAKTepUaJibHbIE TMperaparhbl,
MeCTHbIe aHECTETUKU U CPeICTBA JJis HAapKo3a [3,
5, 9]. 3HaYUTEJBHO pe)ke BCTpedarTcsa ciydau
pasBuTusa Alll mpu MOCTaHOBKE KOYKHBIX IPOO U
MIpOBeleHNHU ajliepreHcrenuuiecKoi UMMYHO-
Tepanuu.

Introduction

Anaphylactic shock (AS) is one of the most
dangerous complications of drug therapy [1, 2]. Ac-
cording to WHO, it is rather difficult to establish
anaphylactic shock prevalence because of differ-
ences in AS diagnosing and coding between coun-
tries worldwide, and impossibility of undertaking
prospective cohort studies to investigate it. The av-
erage overall prevalence of AS is 80-120 cases per
million person-years, and the total mortality
reaches 1% (the mortality rate of 1-5.5 per million
population per year) [2]. It is worth noting that
these indicators tend to grow continuously due to
an increasing number of potential allergens [3].

The main etiological factors that can cause AS
include medicine remedies (31.2-46.5%), food
(23.3-31%), and poisons of insects (14.9-20%) [4-8].
According to international sources, the main
groups of drugs capable of causing anaphylaxis are
X-ray contrast aids, antibacterial drugs, local anes-
thetics, and narcosis aids [3, 5, 9]. The cases of AS
developed in the course of skin tests or allergen-
specific immunotherapy occur much rarer.

Purpose of the work was to identify factors as-
sociated with a high AS risk based on 2010-2018
records made in the Republic of Crimea.

Materials and Methods

The objects of the study of anaphylaxis cases were
reports on adverse reactions (AR) to medicinal remedies
(MR), which were recorded in the regional database of
spontaneous reports — ARCAD (Adverse Reactions in
Crimea, Autonomic Database), for the period of
2010-2018. 112 anaphylactic shock cases occurred dur-
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Iless paboTbl — BBIsABJIEHUE (HAKTOPOB,
aCCOIMMPOBAHHBIX C ITIOBBIIIICHHBIM PUCKOM pas3-
Butusa Alll, 3apeructpupoBansoro B 2010-2018 rr.
y manuieHToB B Pecrrybsirike Kpbim.

MarepuaJua u MeToabI

OO BbeKTaMU UCCIIETOBAHMS CJTy4aeB BOSHUKHOBE-
HUs aHa(UIJIAKCUU SIBJIAJINCH KapThI-U3BeIeHNs O He-
sKeJIaTeIbHbIX peakuuax (HP) iekapcTBEeHHBIX CPEICTB
(JIC), sapermcTpupoBaHHbIe B PErMOHAJBHON Oase
crnouTauHbIx coobinennii ARCADe (Adverse Reactions in
Crimea, Autonomic Database) 3a mepuox 2010-2018 rr.
Orobpanu 112 cayyaeB pa3BUTHSA aHADUIAKTHIECKOTO
IIOKa IIPY IIpUMEHEeHUH pas3andHbIxX rpynn JIC y nanu-
€HTOB, [TOJIy4YaBIINX JICYeHHE B MEIUIIMHCKUX YUPErK-
JEHUSIX, UCTI0JIb3YIomuX JIC aMOysraTopHO MJId B BUE
camouteueHus1. KpurepreMm 11 oCyIecTBIeHHs 0Toopa
cayuaeB HP crano ykazanue Ha passurue Alll B pas-
pene «CTaHgapTU3UPOBAHHOE ONMCAHUE PEeaKIun» B
KapTe-U3BellleHNH O HesKeJlaTeJIbHOU peakIuu.

Wayuenue yactorel BcTpedyaemocty Alll mpu ipu-
MEeHEHMHU pa3janYHbIX rpyni JIC MpoBOaU/IN C y4eTOM
KOI0B AHATOMO-TepaneBTUYeCKU-XuMudeckoil (ATX)
KJaccuuKanuy JekapCcTBeHHBIX cpeJcTB BceMupHoOi
OpraHu3anuu 3gpaBooxpaHeHus [10], TaHHBIX THCTPYK-
uuii TocygapCTBeHHBIX peecTpoB JIeKapCTBEHHBIX
cpencts Poccuiickoii Penepanuu 1 YKpauHsl (0151 CIIy-
4yaeB, 3apErMCTPUPOBAHHBIX J0 BCTyIJIeHHUs Pecry6-
suku KpeiMm B coctaB Poccuiickoit @eneparun).

Cepbe3HOCTh HesKeJlaTeJIbHbIX peaKIlnii, 3aperu-
CTPUPOBAHHBIX y NAIJUEHTOB, YCTAHABJIUBAJIU B COOT-
BETCTBUH C OIIpEJieJICHAEM, CONEPsKAIUMCA B IYHKTE
51 cratbu 4 PepepasibHOTO 3aKoHA Ne 61 OT 12 anpesisa
2010 1. «O6 obpaIleHnu JeKapCTBEHHBIX CPEACTB» [11].

[Tpu ompeniesIeHNH 9aCTOTHI COOBITHH (1011, % OT
0011ero KOJIMYEeCTBA) HMCIOJIb30BAIU IIPOrPpaMMHOE
obecneuenue MS Excel 2016.

Pe3ynbTaThl ¥ 00CYK/IEHHE

Cityyau pa3BUTHSA TAXKEJIBIX AJIJIePITUYEeCKAX
peaxiuii B Buje Alll coctaBusu 1,74% ot o0111ero
KoJinyecTBa ciaydyaeB HP 3a cooTBeTcTByrOIIUN
nepuoy (6428 kapT-U3BeIEeHUH).

[TepBbIii aTaM Ucc/ieoBaHUs ObIJI HAlIpaB-
JIeH Ha oIlpejieJieHrue OCHOBHBIX (DapMaK0JIOTU-
4YeCKHUX TIpPyNIl JeKapCTBEHHBIX IIpernaparos,
IIpUMeHeHNEe KOTOPBIX OBIJIO aCCOIIUUPOBAHO C
Pa3BUTHEM AJIJIEPTUUYECKOU peaKIUU TsKeJT0n
cTeneHu B Buje aHadpuiakcuu. OTMETUIIN, YTO
augepoM 1o d4actorte pasButusa Alll 3a
2010-2018 rr. B Pecniybinke KpbIM siBJISATIACH
rpynia mpoTUBOMHUKPOOHBIX MpenapaToB JJis
cucrteMHOro npumenenus (ATX-kox — JO1) 38
cayuaes. Peske mpuuunoit passutus Al y naru-
€HTOB ObIJIM TIpenapaThsl TPYNITbl MECTHBIX aHE-
cTeTUKOB (ATX-kom — NO1B) 14 ciy4yaes, aHaJIb-
reTUKOB-aHTUNUPeTUKOB (ATX-kom — NO2B) 10
cjydyaeB, PEHTTeHOKOHTPACTHBIX HoacoaepsKa-
mux BeutecTts (ATX-kom — VO08A) 8 cayuyaeB u
HeCTepOUJHBIX IPOTUBOBOCHAJIUTENbHBIX ITpe-
naparoB (ATX-kog — MO1A) 5 cay4aes (puc.).

ing use of different groups of MR in patients undergoing
treatment in medical institutions, using MR as outpa-
tients or selftreatment were chosen. The criterion for se-
lection of AR cases was a reference to AS development in
section ‘Standardized Description of Reaction’ of the ad-
verse reaction information report.

The incidence of AS associated with different
groups of MR was studied with regard to the codes of
Anatomical Therapeutic Chemical (ATC) Classification
System of the World Health Organization [10], data from
instructions of the State Register of Medicinal Remedies
of the Russian Federation and Ukraine (for cases
recorded before the Republic of Crimea became the part
of the Russian Federation).

The severity of adverse reactions recorded in patients
was established according to the definition contained in
clause 51 of article 4 of Federal Law «On Circulation of Me-
dicinal Remedies» dated 12 April 2010, No. 61 [11].

The frequency of events (fractions, % of the total
number) was calculated with the aid of MS Excel 2016.

Results and Discussion

The cases of severe allergic reactions in the
form of AS amounted to 1.74% of the total number
of AR cases for the respective period (6428 reports).

The first stage of the study was aimed at estab-
lishing the main pharmacological groups of drugs,
which were associated with development of severe
allergic reactions in the form of anaphylaxis. It was
noted thatleader in AS incidence in the Republic of
Crimea during 2010-2018 was the group of antimi-
crobial drugs for systemic administration (ATC
code —]J01) — 38 cases. A rarer cause of AS were drugs
from the group of local anesthetics (ATC code —
NO1B) — 14 cases, analgesics-antipyretics (ATC
code — NO02B) — 10 cases, X-ray contrast iodine-
containing substances (ATC code — V08A) — 8
cases, and non-steroidal anti-inflammatory drugs
(ATC code — MO01A) — 5 cases (fig.). The remaining
37 cases of AS were associated with MR from vari-
ous pharmacological groups.

A detailed analysis of AS cases during applica-
tion of antimicrobial drugs for systemic use has
shown that the most frequent cause of such com-
plications was the use of antibacterial drugs of the
group of cephalosporins (30 cases, 78.9% of the
total number of AS cases related to group J01). The
prevalence of AS cases during the use of
cephalosporins is presented in table 1.

In three cases, development of AS associated
with the use of drugs from the group of fluoro-
quinolones, and two AS cases were observed during
treatment of patients with amino glycoside antibi-
otics (Amikacin) and drugs from the group of peni-
cillins. In one case the AR of emergency type was
due to the use of a drug combination containing
antibiotic azalide/ azithromycin.

Among local anesthetics, the AS incidence was
the highest for lidocaine (6 cases) and combined
drugs on the basis of articaine (6 cases). One case
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Distribution of AS cases by pharmacological groups of suspected MR.

Note. AMD — antimicrobial drugs; XCC — X-ray contrast compounds; NSAIDs — non-steroidal
anti-inflammatory drugs; Ig — immunoglobulins.

IIpumeuanue. MR Pharmacological group — ¢dapmaxosorudeckas rpynna JIC; number of AS cases,
abs. — gmciio ciaydaes Alll, a6c.; other pharm. groups — npyrue ¢gapm. rpynmsl; spasmolytics com-
bined with analgesics — cnaamosutuku B koM06. C aHa/IbreTuKaMy; immune sera and Ig — nMMyHHbIe
CBIBOPOTKU U UMMYHOIJIOOYJIMHBI; anticoagulants — aHTuKoaryaaHTsl; NSAIDs — HecTepouHbIe
MIPOTHBOBOCHIAJINTEIbHBIE cpeicTBa; XCC — peHTreHOKOHTPACTHBIE COeJUHEeHN; analgesics — an-
tipyretics — aHaJbreTUKH-aHTUNUpPETUKY; local anesthetics — mectHble anecteTuky; AMD for sys-
temic action — IPOTUBOMUKPOOHbIE CPeJICTBA IJIs1 CHCTEMHOTO J1efCTBUA.

of such AR was ob-
served when novo-
caine and bupiva-
caine were used. It
should be noted
that the AS devel-
ops during use of
drugs belonging to
this group very
rarely. Besides, sev-
eral studies point
out the importance
of differential diag-
nosis between an
AS response and
more commonly
occurring vasova-
gal events including
low-dose local anes-
thetics and featur-
ing similar symp-
toms (breathing
disorders, faintness,
arterial blood pres-
sure changes, con-
vulsions) [12, 13].
AS were also
observed in pa-
tients during the
use of antipyretic

OcraBmuecs 37 ciay4daeB pasputusa Alll 6b11m
acconuupoBaHbl ¢ npuMeHenuem JIC u3 pas-
JIMYHBIX (hapMaKOJIOTUUECKUX T'PYIII.

[eranbHOe M3ydyeHHe CJydYaeB pPas3BUTHS
Alll mpu nTpUMEHEHUHW IPOTHBOMUKPOOHBIX
CPEeLCTB /11 CHCTEMHOI'O IPUMEHEHUs [I0Ka3a-
JIO, 9TO HamboJiee YacTo MPUYNHOU PA3BUTHSA
TaKWX OCJI0KHEHUU y MaIeHTOB OBLJIO IpuMe-
HeHVe aHTHO0aKTepHaJIbHBIX PENapaToB I'PYIIIhI
nedasociopuHos (30 caydaes, 78,9% oT o0111ETO
KoJsmmyecTBa ciaydaes ALl rpynner J01). HacTory
BCTpevyaeMocTHu ciaydaeB Alll pu npuMeHeHUun
OTJeJbHBIX IIpeJICTaBUTe el rpynisl edasnoc-
MTOPWHOB TIPeICTaBUJIA B TabI. 1.

B 3 ciayuasx pasBurtue Alll 6b1710 CBSI3aHO C
IIpUMeHeHNEeM IIpenaparoB IPyNIIbl (PTOPXUHOJIO-
HOB, 110 2 cay4asi Alll HabJrroqanu mpu npruMeHe-
HUM Y TAIMEHTOB aMUHOTJIMKO3U/IHBIX aHTHOWO-
TUKOB (aMHMKallMH) U IIperaparoB IPYyNIIbI
NNeHUIW/JINHOB, B 1 ciayyae HP HeMenaeHHOro
THma ObIa CBsI3aHa C IpUMeHeHrneM KOMOMHUPO-
BaHHBIX IIPENApaToB, COMEpPsKaINX aHTUONOTHK-
asanug a3uTPOMUIIMH.

Cpeny MeCTHBIX aHECTETUKOB JINJEepPaMU I10
yacrore passurud Alll cranu augokauH (6 ciy-
4yaeB) 1 KOMOMHMPOBaHHbBIE ITPeNaparsl Ha OCHO-

analgesics. In 5
cases, the clinical
symptoms of AS developed during parenteral ad-
ministration of analgin. In 3 cases, the AS was asso-
ciated with the use of drugs containing paraceta-
mol or paracetamol alone.

As for the X-ray contrast iodine-containing
substances, AS was noted during administration of
iohexol (4 cases), iopromide (3 cases), and diatrizoic

Tabauna 1. PactipesiesieHue ciydaeB pa3BUTHA aHa-
(uIIaKTHYECKOTO IIOKA IIPH MPHMEHEeHHH TIpenapa-
TOB IpynisI 1e(paI0CIOPUHOB.

Table 1. Distribution of anaphylactic shock cases dur-
ing administration of Cephalosporins.

Drug Reports, abs. number (%)
Generation II Cephalosporins
Cefuroximum 1(0.9)

Generation III Cephalosporins

Ceftriaxone and its combinations 22 (19.6)
Cefotaximum 4 (3.6)
Ceftazidimum 1(0.9)
Cefpodoximum 1(0.9)
Cefoperazone combined with other MR 1(0.9)

Note. For tabl. 1, 2: % to total number of AS cases for
2010-2018.

IIpumeuanmue. /151 Tabu. 1, 5: Drug — jiekapCTBEHHBI IIpe-
napar; combined with other MR — B KoMOUHAIUK C APYTUMU
JIC. [lsist Tabu1.1-4: Reports, abs. number — a6c¢. uucso kapT-
u3BelieHu. % oT obmero kosuyecrBa ciayudaes Alll 3a
2010-2018 rr.

GENERAL REANIMATOLOGY, 2020, 16;

3 www.reanimatology.com



80

DOI: 10.15360/1813-9779-2020-3-76-84

Clinical Studies and Practice

Be apTukauHa (6 ciaydaen). [Io 1 ciay4daro pasBu-
THs1 Mogo0HBIX HP Hab/I0ga/ M mpu mpuMeHeHU N
HOBOKawnHa n 6ynuBakanHa. CjeyeT OTMETHUTD,
YTO IIPU UCIIOJIb30BAHNU IIpENaparoB 3TOU rpym-
bl aHAPUIAKTUYECKUN IIOK pa3BUBAJICA Kpali-
He peJKo. Kpome TOro, B JOCTYIIHBIX UCTOYHUKAX
OTMeYaeTcsi BaYKHOCTD NpoBeieHus1 nuddepen-
IUaJbHON JAUArHOCTUKHU aHa(UIaKTUUYECKOU
peakiuu 1 60Jiee YacThIX Ba30BaraJbHBIX IIPO-
SABJIEHNH, BO3HUKAIOIIUX MIPU MCIOJIb30BaHUU
MECTHBIX aHECTETUKOB M HMEIOUIUX CXOIHYIO
CUMIITOMAaTUKY (HapylLleHusA ObIXaHU:dA, 10Teps
CO3HaAHWsI, U3MEHEeHUsI apTepPUaJbHOTO JaBJIe-
HUs, CyIOpPOTH, B T. Y. U IIPU HUCIOJb30BaHUU
HU3KUX 103) [12, 13].

Otmerniin caydau padsutua Alll npu npu-
MEHEHUU IIpenaparoB I'PYIIIbl aHAJbIeTUKOB-
AHTUIIUPETUKOB. B 5 ciryyasax nMeJio MecTo pas-
BUTHUSA KJMHWYEeCKUX cuMnTomoB Alll mpwu
IIapeHTepaJJbHOM BBEleHUU aHaJbruHa. B 3 ciay-
vasx passutue Alll ObIJIO CBSI3aHO C IpUMeHe-
HUEeM MOHO — UM KOMOWHHPOBAHHBIX IIpernapa-
TOB, COJIEP’KABIINX MTapaIETaMOJI.

Cpenu MogupoOBaHHBIX PEHTTEHKOHTPACT-
HBIX coenuHeHniT pasButue Alll HabJIoHaIN TPU
BBeJleHUN MalueHTaMm HorekcoJsa (4 ciaydas),
Honpomusa (3 ciaydass) U Juarpu30eBOU KUCJIO0ThI
(1 cirydatii). Heo6X0mMMO OTMETHUTD, YTO PA3BUTHE
CUMIITOMOB, XapaKTepHbIX 1151 Alll, mpu npueme
JAHHOI TpyNIIbI IIpernapaToB IPOUCXOAUT He I10
KJIaCCUYECKOMY MeXaHU3My Pa3BUTHUS AJlJIepTru-
4eCKOr0 OTBETA, a ABJSAETCS IICeBaoalIepruye-
CKOWY peakInii, 00yCI0BJIEHHOHN BHICBOOOKI€HH -
eM TuUcTaMHHa IIof BJIMsSHHEeM Homa [14]. MbI
IIOCYUTAJAX OOOCHOBAHHBLIM BKJIIOUEHHE ITUX
cjy4daeB B Halll aHAINU3, T. K. BpauyaMHu IIPOsIBJIe-
HUsI peakuu ObIIN paciieHeHbl TMeHHO Kak All,
YTO HAIJIO OTpa’keHWe B COOTBETCTBYIOIIEH
¢dopme usBemenusi. Cayuau passurtusi Alll npu
npuMmenennu HITBC 6b1711 CBSAI3aHBI C TpUMeHe-
HUEeM IuKI0deHakKa, KEeTopoJaka, MeJOKCUKaMa
U JleKCKeToTpodeHa.

HauboJtee wacto pasdsurtue Alll y manueHTOB
MPOUCXOINJIO Ha (hOHE MapEHTEPATHHOTO BBEE-
HusA JIC, 4T0 00bACHUMO BBHICOKUMHU IOKa3aTe s -
MU OMOIOCTYITHOCTH IPY BBEJIEHUH C HCIIOJIH30-
BaHWEM BHYTPHUBEHHOI'O M BHYTPUMBIIIEYHOI'O
myTei BBeqeHus (Tabur. 2).

Crnenyromuii aTan paboThl OBLI TOCBAIIEH
HM3Y4YEeHHUIO a/JIEProJIOTMYEeCKOro aHaMHe3a [alu-
€HTOB C KJWHUYECKUMHU nOposiBaeHusamua Alll.
CBoOeBpeMeHHBIH U MPaBUIbLHBIA COOP aIIepro-
JIOTUYECKOT0 aHAaMHe3a BO MHOTOM OIIpe/iessieT
panMoOHAIBLHOCTh Ha3HAUYEHUS JIEKAPCTBEHHBIX
MIpenaparoB U MO3BOJIsSIET BBIABUTH BEPOATHOCTD
pas3BUTHSA aJIJIePTUYECKUX PeaKInil NPy UX BBe-
neHnu. Pe3ysibraThl aHAIM3a XapakTepa CeHCUOu-
JIA3AaIlMU ITallMeHTOB IOKa3aJIi, YTO B OOJILIIH-
CTBE CJIy4aeB ajljeproIoTUYeCKrii aHaMHe3 OB

TaGsnia 2. AHaJIN3 YacTOTHI PA3BUTHA CIyJaeB aHa-
(¢unakTHYECKOro MOKa NPHU HCHOJIL30BAHUH Pa3-
JIMYHBIX ITyTeil BBeIeHN s JIeKapCTBEHHBIX CPE/ICTB.
Table 2. Analysis of anaphylactic shock incidence de-
pending on different routes of drug administration.

Route of administration Reports, abs. number (%)

Intravenous 44 (39.3)
Intramuscular 37 (33)

Oral 16 (14.3)

Local 7 (6.2)

Regional anesthesia 32.7)
Intracutaneous 1(0.9)
Parabulbar 1(0.9)
Paravertebral 1(0.9)

Intranasal 1(0.9)

Unknown 1(0.9)
IIpumeuanue. Route of administration — nyTs BBegeHus; in-
travenous — BHYTPUBEHHO; intramuscular — BHYTpUMBI-
meyHo; oral — BHyTpb; local — MecTHO; regional anesthesia —
IIPOBOJHUKOBAsl aHeCcTe3us; intracutaneous — BHYTpPU-

KOKHO; parabulbar — mapa6ynsbapno; paravertebral — ma-
paBepTebpaibpHO; intranasa — WHTpaHas3aabHO; unknown —
HEU3BECTHO.

acid (1 case). It should be noted that during intake
of drugs from this group, symptoms typical for AS
are due to a pseudoallergic response caused by io-
dine-induced release of histamine rather than fol-
lowing the induction of general mechanism of aller-
gic response development [14]. We included that
cases in our analysis because the physicians consid-
ered and reported the responses specifically as AS.
NSAIDs that induced AS development included di-
clofenac, ketorolac, meloxicam and dexketoprofen.

Most frequently, patients experienced AS be-
cause of parenteral administration of a MR, which
can be explained by high bioavailability typical for
intravenous and intramuscular routes of adminis-
tration (table 2).

The next part of the study included analysis of
case histories of allergic patients with clinical presen-
tation of AS. Timely and correctly recorded case his-
tories of patients with allergies containing informa-
tion on prescription of drugs allows defining the
probability of allergic responses to their administra-
tion. Analysis of the nature of patients’ sensibilization
has shown that in most cases the case history of aller-
gies was informative to predict allergic reactions (84
cases, 75%); in 15 cases (13.4%) there was sensibiliza-
tion to drugs, in 4 cases (3.6%) — to domestic aller-
gens, in 2 cases (1.8%) — to food-based allergens, and
in 3 cases (2.7%) a combined sensibilization (to food,
domestic and pollen allergens) was observed. In 4
cases (3.5%), the history of allergies was unknown.

Not the least of the parameters requiring thor-
ough study was the interval of time between drug
administration and appearance of clinical symp-
toms of AS (sudden drop of arterial blood pressure,
collapse, labored breathing, dyspnea, urticaria, skin
itch). The findings have shown that in 19 cases the
AS develops in patients during drug administration,
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«CIIOKOeH» (84 ciy4as, 75%), B 15 caydanx (13,4%)
“MeJia MECTO CEHCUOMTH3AIIHSI K JIEKapCTBEHHBIM
npenaparam, B 4 cay4asx (3,6%) — K OBITOBBIM
ajiepreHamM, B 2 ciay4dasax (1,8%) — K NuUIeBbIM
aJtepreHaM U B 3 cayvasx (2,7%) HabJrrogaau cme-
IIAHHBIA THUI CEeHCUOMJuU3anuu (K IUIIEBbIM,
OBITOBBIM U IBLIBIIEBBIM ajliepreHam). B 4 ciy-
4vasx (3,5%) aneprojoruyecKuii anaMHes maru-
€HTOB OblJI HEU3BECTEH.

HemasioBa’kHBIM IIOKa3arejieM, TpeOylo-
VM [eTaJbHOI0 U3Y4YeHHUs, CTaJ0 U3y4YeHHe
BPEMEHHOI'O0 IIPOMEXYTKa MEKIy BBeJeHHueM
JIeKapCTBEHHOTO NperapaTra U BOSHUKHOBEHUEM
KJANHU4YeCKUX cuMnToMoB Alll (BHe3armtHOe CHU-
sKEHWe apTepUuaJIbHOTO [aBJIeHUs, KOJLJIAIC,
3aTpyAHEHHOE IbIXaHue, OABIINIKA, KDAllMBHUIIA,
KOSKHBIN 3y#). Pe3yspraTel aHa/nM3a IOKa3aJIu,
4yTOo B 19 cay4yasax passutue cuMmnromos Alll y
MarueHTOB MPOUCXOUJI0 Ha (OHE BBeJAEHUS
JIeKapCTBEHHBIX IIpelnaparos, B 15 ciaydasax B
TeyeHue IepBbIX 5 MUHYT II0C/Ie BBeleHus:, B 17
caydasax B TedueHUU 30 MUHYT I10CJI€ BBEJCHHUS.
ITHU JaHHBIE IOATBEPsKIAI0T BBICOKYIO CKOPOCTH
pas3BuUTHSA aHA(PUITAKCHH, YTO TPEOYET MTOATOTOB-
KM Bpaya K OKa3aHUIO0 HEOTIOKHOU MeIUITHH-
cKkoil moMomiu. B 3 caydasx pasBuTue KJINHUYe-
CKHUX CUMIITOMOB Ha0JII0/Ta/IN B TEYEHME TTEPBBIX
45-60 MHUHYT IIOCJIe BBEJCHHUS 10403PEeBaeMOTI0
JIEKapCTBEHHOTO Ipemnapara. B 9 caydasax cumi-
Tombl Alll Havasim HabOmaTh OoJiee, 4eM dyepes
1 vac nocJse BBegenus JIC. B 49 ciyuasax Hexe-
JIaTeJIbHBIX peakInii nHgopmalus o CKOPOCTHU
WX Pa3BUTHUs OTCyTCTBOBAJIA.

3HAaYUMBIM (PaKTOPOM, HEOOXOTUMBIM JIJIsT
OLleHKU IPUYNHHO-CJIeJICTBEHHOUN CBS3U MEKIy
MIPUEeMOM TTOA03PeBAEeMOro JIEKAPCTBEHHOTO TIpe-
napata U Bo3HHMKamwIlei HP saBjsercs Takske
KOJIM4YeCTBO Ha3HAYAaeMbIX OTHOBPEMEHHO C HUM
JIeKapCTBEHHBIX CPeACTB. AHAIN3 KapT-NU3Bellle-
HUM MoKa3aJ, 4To pa3Butue cumnromon Alll B
OOJTBIITMHCTBE cTy4aes (63 ciry4das, 56,2%) HabJto-
JlaJIV IPU BBEJIEHUHU NpENapaToB B BUJIe MOHOTe-
panuu. PacnpepesneHne OCTaBIIMXCA CJydaeB
TpeICTaBUIN B TA0JI. 3.

W3sydeHne mnoJjia manMeHTOB BBISBUJIO, YTO
HeTpeJIBUJIEHHbIe aHapUJIaKTUYEeCKUEe peaKIuu
BO3HUKAJIM Yy AIIUEHTOB KEHCKOI'O U MYKCKOTO
roJia IpakTU4YeCKU C OIUHAKOBOU YacToTon — 54
u 57 ciay4daeB COOTBETCTBEHHO. B onHOU KapTe-
M3BelIeHNN yKadaHue Ha I10JI IaljdeHTOB OTCYT-
CTBOBaJIO. PaciipeniesieHne aeHToB 110 BO3pacTy
BBISIBUJIO, YTO Har0OJIE€€e YaCTO TaKe HesKeslaTe Ib-
HbI€e peaKIy ObLIN 3apPEeTUCTPUPOBAHEI Y Tal[eH-
TOB B Bodpacre oT 31 710 60 jieT (Tab. 4).

HNayuenue kareropuu HP BbisgBUIIO 8 cMep-
TeJIbHBIX MCXOHO0B BcJiencTBUe pa3uTus Alll Ha
¢onue BBenenus JIC; B 4 ciay4yasx cMepTh ObLiIa
BbI3BaHA MMapeHTepaJIbHbIM BBEJIEHNEM IIpenapa-
TOB TPYNIIBI 3-JTaKTaMHBIX aHTUOUOTHUKOB: 3 CJTy-

Tabsauna 3. PacipegesieHne KapT-U3BeIIEHUN € KJIH-
HHYECKHMH TNPOSBJIEHUAMH aHA(UIAKTHIECKOTO
IIOKA 10 KOJWYECTRY COITyTCTBYIOIIHX JIEKAPCTBEH-
HBIX CPEJICTB.

Table 3. Distribution of information reports containing
anaphylactic shock presentation by the number of
concurrent medicinal remedies.

Number of concurrent Reports, abs. number
medicine remedies

0 63

1 MR 16

2MR 7

3 MR 10

4 MR 7

5MR 5

6 MR 3

7 MR 1

IIpumeuanwue. /I1s1 Tab61. 3, 4: Number of concurrent medicine
remedies — KOJIMYECTBO CONYTCTBYIOIIUX JieKapCTBEHHBIX
CpeJCTB.

Tabsmna 4. PacnipeesieHue MaleHTOB C KINHAYE-
CKUMH NPOSIBJIEHHSIMHU aHA(PMIIAKTHYIECKOTO IIIOKA HA
¢oHe BBeieHNS JIeKaPCTBEHHBIX CPEACTB 110 BO3PACTY.
Table 4. Distribution of patients with clinical presenta-
tion of anaphylactic shock at abackground of drug ad-
ministration by age.

Number of concurrent Reports, abs. number
medicine remedies

Under 1 year 2(1.8)
1-3 years —
4-7 years 1(0.9)
8-10 years 2(1.8)
11-18 years 6(5.4)
19-30 years 22 (19.6)
31-45 years 27 (19.6)
46-60 years 26 (23.2)
61-75 years 22 (19.6)
Over 76 years 4 (3.6)

IIpumeuanue. Under — f10; years — Jsiet; Over — cTapiire.

in 15 cases — within the first 5 minutes after admin-
istration, in 17 cases — within 30 minutes after ad-
ministration. These data confirm a high rate of ana-
phylaxis development that requires a physician to
be trained in emergency medical care. In 3 cases,
development of clinical symptoms was observed
within the first 45-60 minutes after administration
of a suspected drug. In 9 cases, AS symptoms were
first observed later than 1 hour after MR adminis-
tration. In 49 cases of adverse reactions, information
about the rate of their development was missing.

A significant factor for evaluation of a cause-
effect relation between intake of a suspected drug
and occurring AR is the number of drugs prescribed
concurrently. Analysis of reports has shown that de-
velopment of AS symptoms was observed in most
cases (63 cases, 56.2%) during drug administration
as a monotherapy. Distribution of the remaining
cases is shown in table 3.

Analysis of patients’ gender revealed that un-
foreseen AS reactions occurred almost equally in fe-
male and male patients: 54 and 57 cases, respec-
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4yasg — Ha BBeJleHUe Ile()TpUaKkcoHa, 1 cayyail —
Ha BBeJleHre aMOKCUIIMJIJIMHA KJaBysiaHara. B 97
caydasax passurusa Alll npepcraBiisaiio yrposy
SKU3HU TIAIIMEHTOB W TPebOBaI0 HEOTIOMKHOU
¢dapmakoTepanuu U HeMeIJIEHHOU OTMEHBI BBe-
JeHus npenapara. B 3 ciiyyasax B kapTax-ussele-
HUSIX COAEPIKATNCh YKa3aHUs Ha HEOOXOJUMOCTh
rOCIUTAIN3AMY [IAIIMeHTOB U B 1 cydae pasBu-
tre AIll mpuBeso K BpeMEeHHOH HETPYIOCIIOCO0-
HOCTH NanyeHTa. B 3 caydaax ykazaHusa Ha KaTe-
ropuio HP orcyTcTBOBaIN.

AIll sBJsseTCA HEOTIOKHBIM COCTOSIHUEM,
TpebyroIeM He3aMeITUTeIbHOTO TapeHTePaJIb-
Horo BBeeHus JIC ¢ 11e/1b10 KOppeKIuU HapyIie-
HUU CepJedyHO-COCYIUCTOU U [bIXaTeJabHON
CHCTEM, U CHACEHUs KU3HU NarureHTa. K oCHOB-
HBIM Ipernaparam, BXOIAIINUM B CTaHAAPTHI CKO-
poit MmeguIMHCKOM oMoty npu Alll, oTHOCcATCSA
PacTBOPBI aipeHa]rHa TUIPOXJIOPHUIA, TVIIOKO-
KOPTHUKOCTEPOUTHBIX ITPernapaToB (IpeJHU30JI0H,
JleKCaMeTa30H, TUAPOKOPTU30H), TUMeapoJsa 1
amuHoduInuHa [15, 16].

AHaJin3 NpoBeIeHHOU MeTUITMHCKOU KOP-
PEKLMHU B U3y4aeMbIX C/Iy4asgX BOSHUKHOBEHUS
AIll 1O03BOJINJI IOJIYYUTH CJAEAYIOIIYe pe3yJibra-
TBI: HamboJsiee YacTo mpu KynupoBaHmu Alll
HCII0JIb30BAJIN IPYNIIbI HECeJIEKTUBHBIX aJpEeHO-
MHUMETHUKOB, NIIOKOKOPTUKOCTEPOUIOB U IIPOTH-
BOAJIJIEPTUYECKUX CpeACcTB. PacnpeneneHue
COOTBETCTBYIOIIYX I'PYIII IIpernaparos II0 4acTo-
Te X Ha3HA4YeHUs C 11eJIbI0 Koppeknuu HP nipen-
craBusIU B TabJ1. 5. PacTBOp ampeHaJImHa THIPO-
XJIOpUa BBOOAUJIM alleHTaM B 69,6% ciiydaes,
4TO SABJISAETCS PAllMOHAJIBHBIM B COOTBETCTBUU
CO CTaHIapTaMH CKOPOU MeTUITMHCKOM ITOMOIIA
npu kynuposaHuu Alll. Yacrora HasHavyeHU:A
IIOKOKOPTUKOCTEPOUIOB C [eJbI0 KOPPEKIIUHU
HP cocrasuisa 94 cay4aa (83,9%), npu saToM B
OOJIBIIMHCTBE CJy4YaeB IpernapaTroM BbIOOpa
ABJSAJCS JEeKcaMeTa30H. AHTUTHUCTAMUHHBIE
npenaparsl 1 Kynuposanusa Alll npumeHamn
3HAUYUTEJbHO peske. OOImee KOJUYECTBO
Ha3HauyeHUH NpenaparoB JaHHOU rPyNIbI COCTA-
BUJO 42-37,5% OT BCeX CJy4yaeB MeIUIIUHCKON
Koppekruyuy Alll.

IIpoBenenue o630pa IPyrux HMCCIET0BA-
HUH, NOCBsIIEHHBIX U3yyeHUIO ciaydaeB Alll B
Pa3JIMYHBIX CTPAaHAX MUPA, O3BOJINUJIO BBIIBUTH
COIIOCTaBUMOCTb IIOJIyYEHHbIX HAMU pe3yJIbTa-
TOB C JAHHBIMH JIPYTUX UCCJIe0BaTes e, B pabo-
TaxX KOTOPHIX ObLJIa OMHUCaHa BHICOKASA 4acTOTa
JIEKapCTBEHHO-UHIYIMPOBAaHHBIX caydaes Alll.
Tak, uccaenoBaHusA, HallpaBJIeHHbIE HA U3y4e-
HUe (arajbHOU aHaduIaKCUU y NaAllMEHTOB,
nmposkuBaBIInX Ha Tepputopuu CIIA, 3a mepuof
1999-2010 roasl BEIABUIN 2458 TaAKUX CIIy4Yaes, U
B 58,8% cayuaeB Alll 6611 BBI3BaH J€KAPCTBEH-
HBIMU Tipenaparamu [8]. B JlaTunckoii AMepuke
HanbOoJiee yacTo pasButue AlIl accormumpoBa-

Tabmuna 5. Yacrora Ha3Ha4YeHHsI OTAEIbHBIX IPYIIT
JIEKapCTBEHHBIX IPENapaToB C LeJbI0 MeJHKaMeH-
TO3HOH KOppPeKIHMH aHa(PHJIAKTHYIECKOro IOKA.

Table 5. Frequency of prescription of particular groups
of drugs for medicinal correction of anaphylactic shock.

Drug MR prescriptions,
abs. number (%)

Non-selective adrenergic agonists

Adrenaline hydrochloride 78 (69.6)
Corticosteroids
Dexamethasone 63 (56.2)
Prednisolone 20 (17.9)
Hydrocortisone 7 (6.2)
Hydrocortisone+prednisolone 4 (3.6)
Antiallergic drugs
Chloropyramine 18 (16.1)
Clemastine 12 (10.7)
Diphenhydramine 11 (9.8)
Levocetirizine 1(0.9)

IIpumeuanue. MR prescriptions, abs. number — uucJio ciy-
yaeB HagHauyeHus1 JIC ¢ resibio koppeknuu HB, abc.; non-selec-
tive adrenergic agonists — HeceJIeKTUBHbIE aJJ]PEHOMIMETUKU.

tively. In one information report, the patient’s gen-
der was not mentioned. Distribution of patients by
age established that such adverse reactions oc-
curred most frequently in patients of 31 to 60 years
of age (table 4).

Study of the AR category revealed 8 lethal out-
comes due to AS to MR; in 4 cases death was caused
by parenteral administration of drugs from the
group of B-lactam antibiotics, Ceftriaxon (3 cases)
and amoxicillin/clavulanate (1 case). In 97 cases, AS
was life-threatening and required emergency phar-
macological therapy and immediate discontinua-
tion of drug administration. In 3 cases, information
reports mentioned the need in patient’s hospital-
ization, and in 1 case AS led to temporary disability.
In 3 cases, AR category was not mentioned.

AS is an emergency condition requiring im-
mediate parenteral administration of a MR to cor-
rect cardiovascular and respiratory disturbances
and save the patient’s life. The main drugs consid-
ered as the emergency medical care standards for
AS include solutions of adrenaline hydrochloride,
glucocorticosteroids (prednisolone, dexametha-
sone, hydrocortisone), dimedrol and amino-
phylline [15, 16].

Analysis of the treatment options demon-
strated that to reverse the AS, non-selective adren-
ergic agonists, glucocorticosteroids and antiallergic
drugs employed most frequently. The distribution
of respective groups of drugs by the frequency of
their use for AR correction is given in table 5. Adren-
alin hydrochloride solution was administered to
patients in 69.6% of cases, which is rational accord-
ing to emergency medical care standards in revers-
ing AS. The frequency of use of glucocorticosteroids
for AR correction amounted to 94 cases (83.9%), the
most often drug of choice being dexamethasone.
Antihistamines were used much rarer to reverse AS.
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Knunudyeckue nccjaeqoBaHud U IMIpaKTUKa

JOCh C IIpUMEHEHHeM IIpernaparoB IPylbl
HIIBC (57,8%) 1 auTuomoTuKoB (19,5%) [17]. Pac-
npocrpadeHHocTs Alll B Kazanu nayvasace 1o
MaHHBIM 00paIaeMOCTH 32 MEIUITMHCKOH ITOMO-
mibio B 1995 m 1999 romax u cocrasuaa: 3,5 u 4,4
% COOTBETCTBEHHO OT BCEX OCTPHIX aJlJIepruye-
ckux peaknuit. JIC ssunuch npuunHoi Alll B 50
U 62% cJyy4aeB, COOTBETCTBEHHO. PeTpoCIeKTUB-
HBIU aHAJIN3 METUIIMHCKUX KapT MAIlMEHTOB JI€T-
CKOro Bo3pacra 3a nnepuog 2009-2013 roasl, ipo-
BeJleHHbIH B I0xHO# Kopee, BbisgBuI 991 cyyait
pasButusa aHapugakcuu. Ciydyaum pasBUTHUSA
MeJIMKaMeHTO3HOU aHadUIaKCHUM Yallle OCTaJIb-
HBIX OBLIM 3aperucCTPUPOBAHBI IIPU MPUMEHEe-
HUW aHTUOWMOTUKOB (34,9%) M HeCTepOUTHBIX
IIPOTUBOBOCHAJIUTEJBbHBIX CpencTs (17,9%) [18].
AHanu3 npeacTaBJIeHHBIX TaHHBIX U COOCTBEH-
HBIX pe3y/JbTaTOB II03BOJIUJI BbIAEIUTH (papma-
KOJIOTHY€eCKHEe IPYIIIbI-JIMIEePbI II0 4aCTOTe pas-
BuTus Alll: TpOTUBOMUKPOOHBIE CpEICTBA JIJIs
cucteMHoro npuMmenenusa u HIIBC [19]. B mamux
HUCCJIeJOBAaHUAX NOCTATOYHO YacTo (14 u 8 ciyya-
€B COOTBeTCTBeHHO) pasButue Alll ObLIO CBsA3a-
HO C BBeJJeHMEM MEeCTHBIX aHECTETUKOB U PEHT-
TeHKOHTPACTHBIX COeJIWHEHUWH, YTO TpebyeT
JManbHeHNIIero n3y4yeHnust 4acTOThl U 0COOEHHO-
CTell pa3BUTHUS aJIJIEPTUUYECKUX U TICEBI0AIIEDP-
TUYECKUX PEeaAKIUIN TAKEJIOW CTENeHU NMPU UX
MIpUMEHEHUN.

3arJaoueHnue

[TonBOst UTOTM aHAMN3a KApT-U3BeEIeHUH,
3aperucTpupoBaHHbIX B Pecnybsimke KpbiM B
2010-2018 rogax, CTOUT 0OpPaTUThL BHUMaHUE Ha
BBICOKYIO YaCTOTy X CKOPOCTb Pa3BUTUS HeEKe-
JlaTeJIbHBIX peaKlI Ui B BUJle aHa(PUIaKTUIeCKO-
ro moka. Cpenu Bcex (papMaKOJIOTHYECKUX
TpyNIl «JIuAepaMu» 1o dyactore passutusa Alll
SIBUJIUCH [3-JJaKTaMHbIEe aHTHOUOTHUKY, MECTHBIE
AHECTeTUKNW W AaHaJbIeTUKU-aHTUIUPETUKU.
YuuTbiBasg CKOpocTh pas3Butusi Alll u ¢arTbl
WTIHOPUPOBAHUS JICKAPCTBEHHOI'O U aJ/lJIeProJio-
TAYEeCKOTO aHaMHe3a, OIMMNOKN MeINKaMeHTO3-
HOU KOppEeKLUU CjielyeT pacCMOTPETh BO3MOYK-
HOCTb IIpOBEeJEeHUA IOIIOJTHATEJbHBIX
oOpasoBaTeJIbHBIX MEpPONPUATUHN AJs Bpauyen
pasHbIX CIenuaJbHOCTelH, pacIpoCTpaHeHUe
UH(pOPMAIMOHHBIX MAaTepUaJsIoB, HAIPaBJAEeHHbBIX
Ha yCTpaHeHMe OMMO0K OKa3aHUs TOMOIIH (T11a-
KaThl, aJITOPUTMBI).
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The total number of prescriptions of drugs from
this group was equal to 42, i. e. 37.5% of the total
number of cases of medical correction of AS.

Our findings were corroborated by a number
of international studies described high prevalence
of drug-induced AS cases. Studies on fatal anaphy-
laxis in USA in 1999-2010 discovered 2458 such
cases, wherein in 58.8% of cases AS was caused by
drugs [8]. In Latin America, the AS development
most commonly associated with the use of NSAID
drugs (57.8%) and antibiotics (19.5%) [17]. AS inci-
dence rate in Kazan city, Russia, which was studied
using the data on medical aid available for 1995 and
1999 years, was found equal to 3.5% and 4.4 % of all
acute allergic reactions, respectively. MR were the
cause of AS in 50% and 62% of cases, respectively.
The retrospective analysis of medical charts of pe-
diatric population for the period of 2009-2013
years, which was carried out in South Korea, iden-
tified 991 anaphylaxis cases. The cases of drug-in-
duced anaphylaxis were most often recorded for
the use of antibiotics (34.9%) and non-steroid anti-
inflammatory drugs (17.9%) [18].

Analysis of published data and our findings
highlight the pharmacological groups mostly con-
tributing to AS to include antimicrobial drugs for
systemic use and NSAID [19]. In our study, AS has
been rather frequently (14 and 8 cases, respectively)
associated with administration of local anesthetics
and X-ray contrast compounds, which requires fur-
ther investigation of the incidence and features of
development of severe allergic and pseudoallergic
reactions during their use.

Conclusion

Summarizing the analysis of information re-
ports recorded in the Republic of Crimea in
2010-2018, the attention should be paid to high in-
cidence and speed of development of AS adverse
reactions. Among all pharmacological groups, the
‘leaders’ in AS prevalence included -lactam antibi-
otics, local anesthetics and anti-pyretic analgesics.
Considering high AS development rate, the facts of
commonly ignored information on drugs and aller-
gies as a part of a case history, and the AS improper
therapies, the urgent need in conducting additional
education events for physicians specializing in dif-
ferent fields and distribution of information mate-
rials (posters, algorithms) aimed at eliminating
medical aid errors should be warranted.
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Pe3rome

IeJss MccIeOBAHUA: COBEPIIIEHCTBOBAHNE MHTEHCUBHOM Tepallil OCTPBIX OTPaBJIeHUH 1,4-0yTaHamo-
JIOM, OCJIOKHEHHBIX Pa3BUTHUEM IIOCTUHTOKCUKAIMOHHOTO IeJIUPU.

MarepuaJbl 1 MeTObI. [IpoaHaIM3MpPOBAIN JaHHbIE 00C/IEJOBAHYS U JieueHUsI 40 My)KYMH C OCTPBIMHI
TAMKEJJbIMU OTPaBJICHUAMU 1,4-GYTaHI[I/IOJIOM, OCJIOYKHUBIINMUCA PAa3BUTUEM ITOCTUHTOKCUKAITMOHHOIO 1e-
qupusi. V13 Hux 20 marueHTaM B cxeMe JieYeHUsI BBOAUIN CYKIIMHAT-COAeP KA mperapat, 20 — ObLII
IIPOJIEYEHBI CTaHJAPTHBIMU MeTOodaMU. KOHTPOJIBHYIO IPYIIITy COCTaBUJIN 18 4eJIOBEK — 30POBbIE JINIA
MYSKCKOTO I10J13a, B Bo3pacTe 0T 25 10 40 jieT. [IpoBesin OIleHKY KJIMHUYECKOI0 TeYeHUs JeJINPHUs, ITIoKa3are-
JIel CHCTeMbI INTyTaTHOHA U ITPOIIeCCOB MePEKUCHOTO OKUCIEHH A JINITA0B B 9PUTPOIUTAX O0THHBIX, OLIEHKY
KHUCJIOPOAHO-TPAHCIIOPTHOH (DYHKIIMK OPTaHM3Ma METOJO0M HellpsIMOH KaJTOpUMETPUH, OI[eHKY HaTuIusa
ramMma-TUJpOKCIMAaCIAHON KUCTIOThI B OMOJIOTHYeCKHUX CPeiax ITo JaHHBIM ra30BOr0 XpoMarorpada c Macc-
CIIEKTPOMETPUYECKUM JEeTEKTOPOM.

PeaysibTaThbl. YCTaHOBUJ/IN MOBLIIIEHNE COAEP/KAHNA BOCCTAHOBJIEHHOIO IIyTaTUOHA K 7-M CyTKaM Ha
50,3 (c 3,68+0,57 10 5,53+0,35 MKMOJIB/T), remorsiobuHa (Hb), akTUBHOCTH aHTHOKCHUJAHTHBIX (DEPMEHTOB 1
¢epMeHTOB, TPUHUMAIOIINX YYACTHE B BOCCTAHOBJIEHNH [NIyTaTHOHA U3 OKUCJIEHHON (DOPMBI: TTIOK030-6-
docdar nerunporenassr — Ha 17,1 (¢ 3,68+0,26 10 4,31+0,41 MrMoJi6/THD) 1 IyTaTHOH-pEAYKTAa3bl — HA
14,9% (c 174,1+16,3 no 200,2+4,11 MKkMOJIb/MUH-THD), CHI)KEeHIE aKTUBAIIMN CUCTEMBI IEPEKUCHOTO OKHC-
aeHust munugoB MIIA na — 41,9% (¢ 7,78+1,06 mo 4,52+0,28 amouis/T Hb).

3axkrouenue. [loydeHHbIe JaHHbBIE JOKAa3aJIM BEICOKYIO 3(pPEeKTUBHOCTE CYKIIMHAT-COJepsKaIero
Iperapara B OTHOIIIEHUHU 3aMeJIEHUA IIPOrPeCCUPOBAHNA KIIMHUYECKOI0 Te€Y€HUA IOCTUHTOKCUKAIMOH-
HOTO JeJINPUA 3a CYET IIOBBILIEHNUA COAEP/KaHNA OCHOBHOI'O aHTUOKCUJAHTa KJIETKU — BOCCTAaHOBJIEHHOIO
rIyraTuoHa.

Kntouesvie croea: ocrmpoe ompasJierue; NOCMUHMOKCUKAUUOHHBLL Oenuputi; 1,4-6ymanduon; nepekuc-
HOe OKUCJIeHUsL AUNUO08; CUCMeMA 2JlyMamuoHra; 2unokcust; Llumogaasun

Summary

The aim of the study is to explore the best intensive care strategies for acute 1,4-butanediol poisoning
complicated by post-intoxication delirium.

Materials and methods. The data of the laboratory testing and treatment of 40 men with acute severe poi-
soning with 1,4-butanediol, complicated by post-intoxication delirium were analyzed. Twenty patients received
succinate-containing drug, others were treated with conventional methods. The control group included 18
healthy male patients aged 25 to 40 years. Clinical course of delirium, parameters of glutathione system and
lipid peroxidation in patients' red blood cells, oxygen transport function (by indirect calorimetry), gamma-

Anpec 1714 KOpPeCIIOHJeHIIHH: Correspondence to:
Anppeti leoprueBny CHHEHUEHKO Andrey G. Sinenchenko
E-mail: andreysin2013@yandex.ru E-mail: andreysin2013@yandex.ru

GENERAL REANIMATOLOGY, 2020, 16; 3 www.reanimatology.com

85



86

DOI: 10.15360/1813-9779-2020-3-85-93

Clinical Studies and Practice

hydroxybutyric acid level in the biological fluids by gas chromatography/mass spectrometry were evaluated

during the study.

Results. An increases in levels of reduced glutathione by 50.3% by day 7 (from 3.68+0.57 to 5.53+0.35
umol/g), hemoglobin (Hb), antioxidant enzymes and glutathione reduction enzymes were found; glucose-6-
phosphate dehydrogenase increased by 17,1% (from 3.68+0.26 to 4.31+0.41 pmol/g Hb) and glutathione re-
ductase increased by 15% (from 174.1+16.3 to 200.2+4.11 umol/min/g Hb). At the same time, the MDA lipid
peroxidation system activation was decreased by 41.9% (from 7.78+1.06 to 4.52+0.28 nmol/g Hb).

Conclusion. The obtained data proved high efficacy of a succinate-containing drug in slowing down the
progression of post-intoxication delirium through increasing the level of the main cellular antioxidant, the re-

duced glutathione.

Keywords: acute poisoning; post-intoxication delirium; 1,4-butanediol; lipid peroxidation; glutathione sys-

tem; hypoxia; Cytoflavin
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BBenenue

Ha ceromaAIHUN TeHb NeJTUPUN OTHOCUTCS
K JIOCTaTOYHO aKTyaJIbHBIM IpobJjeMaM coBpe-
MeHHOU MeauIinHbI [1-3]. Heo0X0auM0 OTMETHUTD,
YTO JaHHAs MPoOJIeMa TUTMYHA HE TOJIBKO JJIsT
Halen CTpaHbl, O Y€M CBHUAETEJABLCTBYIOT MHOTO-
YUCIeHHbIe 3apybesKkHbIe MyOIuKauu [4-6].

Jesmpuii sIBJISIETCST OTHUM M3 PACIIPOCTPAHEH-
HbBIX IIOCJe0NEPAIMOHHBIX OCJIOMKHEHU Yy IOKHU-
JIBIX IAIIMEHTOB, Y JIUI], CTPaJaroUX paclipocrpa-
HEHHBIM Kap/IUOCKJIEPO30M U UMEFOIIIHX IITUPOKUI
CIIEKTP COMYTCTBYIOIIEH aTosioruu [7, 8]. OmHol 13
YacThIX MPHUYMH (DOPMUPOBAHUS JeJTUPHO3HOTO
CHH/IpOMa Y 00JIbHBIX TOKCUKOJIOTMYECKOT0 IPodu-
Jisl, TIOCTYTAIOIIUX B OTHeJIeHWE peaHuMaluu U
nHTeHCUBHOUN Tepanuu (OPUT), ocraercsa asko-
roJibHasA 3aBUCUMOCTH [9].

AKTyaJqbHOCTh JIAHHOTO  WCCJIEJIOBAHUSI
00ycJIOBJIEHA YBEJTUUYEHUEM B O0IIIEN CTPYKType
0OJIBHBIX TOKCUKOJIOTUYECKOTO PO U BCTpe-
YaeMOCTH OCTPBIX OTPAaBJIEHUU TPEKYPCOPOM
raMMma-rugpokcumacsasoi kucjaorsl (TOMK) —
1,4-6ytangmosiom (1,4-BJ1) (10, 11].

NaBectHO, uTO 1,4-OyTaHANOJ, TOKCUYHOCTD
KOTOPOTO UCCJIeIOBaHA HEJJOCTATOYHO, OTHOCUTCSI
K Tpylnmne HEJJEKTPOJUTHBIX NPOMBINIJICHHBIX
crupToB [12]. B aKkclieprUMeHTAIbHBIX UCCIeL0Ba-
HHUAX Ha }JKUBOTHBIX YCTaHOBJIEHO, YTO IIPU IIoIaga-
HUW BHYTPb CIIUPT IMOBBINIAET IIPOHUIAEMOCTb
reMarosHIleajinyeckoro 6Hapbepa, CHUKAET
WHTEHCUBHOCTb TKAHEBOI'O NbIXaHUA, IIOABEPraeT-
¢s1 MeTaboJIMIeCKIM U3MEHEHUSIM C 00pa3oBaHEM
€ro ajabJeruIHbIX U (MJIU) KUCJIOTHBIX MeTaboJIu-
TOB, IPUBOIAIINX K HEPABHOMEPHO BbIPAKEHHBIM
IUCTPO(PUIECKNM U3MEHEHUSIM KJI€TOK HEPBHOU
TKaHU ¥ OTEKY TOJIOBHOTO Mo3ra. HanboJstee 3Hauum-
Mble PacCTPOMCTBA MPU NHTOKCUKAIUU CIUPTOM
CBsI3aHBI C HaApyIIeHWEM HEUTPOTPAaHCMUTTEPOB
Mmoara (TAMK-apruyeckux cucreM), obecrieurBaro-
UX OAJIAHC MPOIIECCOB BO30YKIEHUSI U TOPMOJKE-
Hus [13]. Knuanyecku mokasaHo (popMupoBaHue
TOKEJTBIX aOCTUHEHTHBIX COCTOSTHUH, TeTMPUO3HO-
ro cuHapomMay 0OOJIBHBIX C CUCTEMATUYECKIM y1io-
TpebJieHneM TOKCUKaHTa [14-17].

Introduction

Currently, delirium is one of significant chal-
lenges of modern medicine [1-3]. Notably, this
issue is common world-wide, as evidenced by nu-
merous international publications [4-6].

Delirium is one of the most common postop-
erative complications in elderly patients with
chronic coronary heart disease and a wide range of
associated conditions [7, 8]. Alcohol addiction re-
mains one of the frequent causes of delirium syn-
drome in intoxicated patients admitted to the in-
tensive care unit (ICU) [9].

Relevance of this study is due to an increase in
frequency of acute poisoning by the gamma-hy-
droxybutyric acid (GHA) precursor, 1,4-butanediol
(1,4-BD), among the patients in toxicology
wards [10, 11].

The 1.4-butanediol, whose toxicity has not
been sufficiently investigated, is a nonelectrolyte in-
dustrial alcohol [12]. Ingestion of the alcohol was
found to increase the permeability of the blood-
brain barrier, reduce the intensity of tissue respira-
tion, undergo metabolic changes with the forma-
tion of its aldehyde and (or) acid metabolites,
causing non-uniform dystrophic changes in nerv-
ous tissue cells and cerebral edema in animal exper-
imental studies. The most significant disorders in
this compound intoxication are related to the im-
paired function of brain neurotransmitters
(GABAergic systems), which normally help main-
taining the balance between excitation and inhibi-
tion [13]. The development of severe withdrawal or
delirium syndrome in patients who regularly use the
toxicant has been demonstrated clinically [14-17].

Studies on pathophysiology of post-intoxica-
tion delirium (PD) induced by psychoactive sub-
stances (PS) or alcohol have mainly focused on im-
paired free-radical oxidation processes and
neurological markers [18, 19].

Changes in the lipid peroxidation (LPO) and
some indicators of glutathione-dependent antiox-
idant system and associated biochemical systems
in the red blood cells of patients with GHB (1,4-BD)
precursor poisoning complicated by PD, as well as
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B Hay4HBIX HCCJ/IEOBaHUAX, OTPAKAIOIINX
naropusuosoruio 171, 06ycmoBieHHOTO yoTpeo-
JIeHHEeM IICUX0aKTUBHBIX BenlecTB (ITAB) u aako-
roJisi, 3BHa4UTeJbHAsI POJIb OTBOOUTCS HAPYIIIEHUIO
MIPOIIECCOB CBOOOTHOPATUKATLHOTO OKUCIEHUS U
Helipomapkepawm [18, 19].

OcraTcss HeW3y4YeHHbIMHM U3MEHEHUS
COCTOSTHUA IIPOIECCOB MEPEKNCHOTO OKUCTIEHUS
qaunuaos (I10JI) u HeKOTOPBIX MOKa3aresel ry-
TaTUOH-3aBUCUMOM aHTUOKCUIAHTHOM CHCTEMbI 1
COTIPST;KEHHBIX OMOXUMUYECKUX CUCTEM B 9PUTPO-
UTax 00JBHBIX C OTPABJIEHUSIMH ITPEKYPCOPAMA
I'OMK (1,4-B11), ocnoskHeHHbIX I1]], a TaksKe OIleH-
Ka BJIMSIHMS Ha [1aTOJIOTUYECKUH IIPOLIECC CyKIU-
HaT-CoJepsKalllero npemnapara.

[lesib nccie10BaHNsA — COBEPIIIEHCTBOBAHME
WHTEHCUBHOU Tepanuu OCTPhIX OTpaBaeHU 1,4-
OyTaHAMOJIOM, OCT0KHEHHBIX PA3BUTHEM TIOCT-
WHTOKCHUKAIIMOHHOTO JeJTUPHUsI.

MarepHaJ 1 MeTObI

AHanusupoBanu 3(pPeKTUBHOCTh JiedeHUs 40
mysxunH c [1J] B Bodpacte ot 25 1o 40 JsieT, HaXOAUB-
IINXCA B OT/leJIeHUH peaHuMaliy U UHTEeHCUBHOU Te-
panuu meHTpa JiedeHUsd OCTPhIX OTPaBJIEHUI MHOIO-
npoduJBHOr0  CTallioHapa. Bcex  mamueHTOB
CIy4aifHBIM 00pa30M ITO/IeJIUJIH Ha JBe TPYIIIHI 110 Xa-
pakTepy npuMeHsieMoil hapmakoTepanuu: 20 namueH-
TOB (OCHOBHAsA I'pyIma, 1-g rpymma) JOIOJHUATEIHEHO K
CTaHJAPTHOU MHTEHCUBHOU Tepaluu I0JIy4YnJIu CyKI-
HaTcojepskaomuil npenapar Lutodaasun «O00
HT®® Tlonucan, CaHkT-I1eTepOypr», 40 MJI €3KeTHEBHO
B pasBefgeHuu Ha 10% pacTBope IVIIOKO3BI 2 pasa B
CYTKH BHYTPUBEHHO KaleJbHO, B TeUeHHEe 7 CYTOK; 20
00/TBHBIX (Tpynma nanueHToB 6e3 [{urodasuHa, 2-5
rpymnmna) — [noJiydasau CTaHAapTHYI0 UHTEHCUBHYIO Te-
panuio. [l cpaBHeHUsA o6caenoBaau 18 MysKYUH B
BO3pacte oT 25 110 40 j1eT (koHTpoJsbHaAA rpynna). Cpex-
HUU BO3pACT NALMEHTOB 1-OH I'PYNIBI COCTABUJ —
36,1+6,9 jet, 2-0i rpynnsl — 35,7+7,2 JIeT, My;K4YUH
KOHTPOJIbHOU Tpynmbl — 35,9+7,4 jieT, 6€3 3HaYMMBIX
ME)KI'PYIIIOBBIX Pa3/INuYUil.

VY Bcex 60bHBIX € I1]] cocTOsTHYE paCIieHUIN Kak
TsKesI0€. B OM0JI0rYecKyX Cpeax o TaHHBIM ra30BOT0
xpoMmarorpada c Macc-ClieKTpOMeTPUYEeCKUM JIeTeKTO-
pom GCMS-QP2010 SE (Shimadzu, fImoHus) o6HaApY-
sk 'OMK, BbIpakeHHOCTB Aenupus 1o mrasne DRS-
R-98 (Trzepacz u 1p.,1988) cocraBmita 20 6aw1oB 1 601€ee,
CTaK CHUCTeMaTH4eckoro ymnorpebsenuss TOMK —
OoJtbIre 1 MecsIa, TAYXKECTh COCTOSTHUS IT0 IITKaste Acute
Physiology And Chronic Health Evaluation IT (APACHE II)
(Knaus W.A., 1985) — ue 60J1ee 10 6a110B. J[uaruos je-
JIMPAO3HOTO CUHJPOMa COOTBETCTBOBAJ MeskayHapo-
HOH Kaccuduramy 6osesneir (MKB-10) (WHO, 1992).

HccnenoBanme nanueHTOB IPOBOAMIIA C MOMEHTA
JUAarHOCTHKY eJIUPUO3HOr0 CUHApoMa (1-e CyTKm) u
Jlasiee Ha 3-e U 7-e CyTKU UHTEeHCUBHOH Tepaluu.

B 6MOXMMITYeCKOM aHaJIM3€e KPOBH (B IpUTPOITH-
Tax IAMEeHTOB) OIIPEEJIAIN IOKA3aTe I CUCTEMBI [Ty -
TarrnoHa 1 rpoueccos [TOJI: KOHIIeHTpaIo BOCCTAaHOB-
JeHHoro rayraruoHa (BI') — mo merony G. L. Elman
(1959), cynmbpruapuIbHBIX rpymnm 6ekoB (CI') — 1o Bel-

lomo G. et all (1990), maroHOBOIO TUaILIerHuaa (MJIA) —

the assessment of efficacy of the succinate-contain-
ing drugs in the treatment of such patients remain
unexplored.

The aim of the study is to explore ways to im-
prove the intensive care of acute 1,4-butanediol
poisoning complicated by post-intoxication delir-
ium development.

Materials and Methods

The efficacy of treatment of 40 men with PD aged
25 to 40 years admitted to the ICU of the Acute Poisoning
Treatment Center of a general hospital was evaluated. All
patients were divided into two groups based on the drugs
they received. First, or main, group included 20 patients
who in addition to the conventional intensive care were
prescribed Cytoflavin (Cytoflavin succinate, Polisan Ltd,
Saint-Petersburg, Russia) dosed 40 ml daily diluted in
10% dextrose6 administered intravenously twice a day
for 7 days. The second group consisted of 20 men, who
received conventional intensive care. Eighteen men aged
25 to 40 years served as the control group. The average
age of the 1% group patients was 36.1+6.9 years, the 2nd
group — 35.7+7.2 years, control group — 35.9+7.4 years,
without significant intergroup differences.

All the patients with PD were assessed as being se-
verely ill. GHB was found in biological fluids taken from
them using the GCMS-QP2010 SE gas chromatograph
with mass spectrometry (Shimadzu, Japan), delirium
severity on DRS-R-98 scale (Trzepacz et al., 1988) was 20
points or more, the history of regular use of GHB was
more than 1 month, the severity of their condition on the
scale of Acute Physiology And Chronic Health Evaluation
I (APACHEII) (Knaus W. A., 1985) was 10 points and less.
The diagnosis of delirium corresponded to the Interna-
tional Classification of Diseases (ICD-10) (WHO, 1992).

The patients were studied from the moment of
delirium diagnosis (Day 1) and further on Days 3 and 7
of intensive care.

The following clinical chemistry parameters of glu-
tathione system and lipid peroxidation were measured in
the serum or red blood cells: reduced glutathione (RG) by
G. L. Elman method (1959), sulfhydril protein groups
(SG) according to Bellomo G. et al (1990), malone dialde-
hyde (MDA) according to M. Uchiyama (1978), activity of
glucose-6-phosphate dehydrogenase (G6PD) as per
A. Kornberg et al. (1955), glutathione reductase (GR)
based on I. Garlberg, B. Mannervik (1985) method, glu-
tathione peroxidase (GP) based on A. N. Gavrilova and
N. E Khmara (1986), catalases according to M. A. Ko-
rolyuk (1988).

The enzyme activity was calculated per gram of he-
moglobin in erythrocyte hemolysate. Hemoglobin con-
centration was determined by hemiglobincyanide
method.

A psychometric scale DRS-R-98 was used to assess
the evolution and severity of delirium.

The oxygen transport function was evaluated using
an indirect calorimeter Quark RMR (COSMED Deutsch-
land GmbH, Italy), the studied parameters included oxy-
gen consumption (VO,, ml/min) and carbon dioxide pro-
duction (VCO,, ml/min).

Statistical analysis of the results was performed
using the Statistica for Windows software (version 10).
The mean and standard deviation (M+SD, min-max,
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no M. Uchiyama (1978), akTUBHOCTb IVIIOKO30-6-oc-
dar nerunporenassi (I-6-®-/II') — o A. Kornberg et al
(1955), ryraruoH-peaykrassl (I'P) — no I. Garlberg,
B. Mannervik (1985), rmyratnon-neporcugassl (I'Tl) —
no A. H. l'aBpusosoii u H. ®. Xmaps! (1986), karanasel —
o M. A. Kopoustory (1988). Pacuer aktTuBHOCTHU (pep-
MEHTOB IIPOM3BOANIN Ha FPaMM reMOIIOOMHA (B TeMo-
J3aTe 9puUTponuToB). KoHIeHTpanuo reMoriobnHa
OTIpeIesIsl/IA TeMUTTIOOMHITIAHUTHBIM METOIOM.

17151 OLleHKU JUHAMUKHY, BBIPAYKEHHOCTH U TsKe-
CTH JeJIMPUO3HOI0 CUHAPOMA MCIIOJb30BaJIU IICUXO-
MeTpu4ecKyro mrasy — DRS-R-98.

O1eHKY KHUCJOPOAHO-TPAHCIOPTHON (DYHKIIUU
opraHuaMa IPOBOAMJ/IU C IIOMOIIBIO HEIIPSIMOTIO KaJlo-
pumerpa mogesau Quark RMR (COSMED Deutschland
GmbH, NTtanus), udy4ajm rmokasarejsi — 006beM I0-
TpebsieHus kuciopona (VO,, Mi/MuH) 1 06beM BbIje-
JeHus yrneruacsaoro rasa (VCO,, My1/MuH).

CraTucTideckyio 00paboTKY IIOJTYIeHHBIX Pe3yIb-
TATOB OCYIIECTBJISAIN B porpamme Statistic for Windows
(Bepcus 10). BeimosiHAMN pacdeT cTaTUCTUKA (M+SD,
min-max, Me [Q25; Q75]). /17151 u3y4eHnus1 TUHAMUKHU W3-
MeHeHU TapaMeTpOB BHYTPU I'PYIII (CpaBHEHUEe MeI1-
AQHHBIX 3HAYeHU TapaMeTpOB B Pa3/INYHble MOMEHTHI
BpeMeHU B IIpejieJ1ax OHON I'PYIIIbI) UCI0Jb30BaJIN He-
napaMeTpUYeCKUil MeTofi, — KpUTepuil YUIKOKCOHA,
JJIs1 IPOBeJIeHNsI MeKTPYNIIOBBIX CDaBHEHUH MeuaH-
HBIX 3HaUYeHUH ITapaMeTPOB UCI0J/Ib30BAJIM HellapaMeT-
pudeckuil kpurepuii — U-kpurepuii MaHHa—YUTHU.
Pazyinuus Meskny u3dydaeMbIMU IIpU3HAKAMU CUUTAIN
CTaTUCTUYECKU 3HAYMMBIMU, €CJIU P COCTaBJAJN 95 U
6oJ1ee poreHToB (p<0,05).

Pe3ynbTaThl M 00CYK/IEHHE

V mamnueHTOB, HaXOAAIIMXCA B MCUXOTHYe-
CKOM COCTOSTHUY B 1-e 1 3-e cyTru [1]] Habomamm
BBhIpa)KeHHbIE N3MEHEHUsI OajlaHca PO — U aHTHU-
OKCHIAHTHBIX cucTeM (Tabd. 1).

YCTaHOBUJIU, CTAaTUCTUYECKU 3HAUYNMOE CHU-
sKeHUe KOHIleHTpanuu pepMeHToB: BI' — Ha —
54,9%, I'TT—ua — 13,2%, [n-6¢p- AT' — va — 50,2%,
CI'—na—47,3%, I'P — na — 20,2% B spuTpOIH-
Tax 60JIbHBIX ¢ I1]], B CpaBHEHUU C KOHTPOJILHOM
TPYIIIOHA, B Mepuon 1-x cyTok HabumiomeHus. B
CBOIO OYepelb, yTHeTeHUs KaraJjasbl B uaydae-
MBIU TIEpUOJ, He OTMeYaJd, Kak B 1-i, Tak u 2-U
rpynnax, B CBsI3W C 4eM, JaHHbBIN [TOKa3aTesb B
olieHKe (hepMEHTATUBHOTO 3B€HA aHTUOKCHUJAHT-
HOU CHUCTEMBI SIBJISAJICSA HEMH(POPMATHUBHBIM.

JlnarHoCTUPOBAJIA CTATUCTUYECKUA 3HAUNMOE
1 60J1ee BLIpasKEHHOE B CDaBHEHUH C OCTAJIbHBIMU
II0Ka3aTessIMU YTHeTeHHe aKTUBHOCTU (pepMeHTa
I'TI B n3y4yaeMbIX Tpynmnax B 1-e cyTku HaOJIO€E-
HUsA, O00YCJIOBJIEHHOE CHUKEHUEM YPOBHs CY0-
crpara I'TI peakiiuu — BI' u nepuriurom HAJID-H.
[nyrarnon-niepokcuaasdHasi akTUBHOCTb B 9pUTPO-
1yTax O0JIBHBIX 1-i 1 2-# rpynn cHU3MJI1ach 10 88,3
U 84,2%, COOTBETCTBEHHO, 10 CPABHEHUIO C 3TUM
IIOKa3areJsieM B IpyIIe 3J0POBBIX JIUII.

B nepuon 3-X CyTOK, B CCJIefyeMBbIX IpyIIIIax
60abHBIX c [1]] HabJI0Ma/H CTrIen(pUIecKIe OTIH-
4K, XapaKTepu3ylollye BAUAHNE CyKIMHaTa Ha

Me [Q25; Q75]). For studying the dynamics of changes in-
side the groups (comparison of median parameters at
various time within the same group) we used the non-
parametric Wilcoxon test, and for inter-group compari-
son of median parameters we used the non-parametric
Mann-Whitney U-test. The difference was deemed sig-
nificant at a p-value less than 0.05.

Results and Discussion

In psychotic patients on Days 1 and 3 of PD
significant changes in the pro — and antioxidant
systems balance were observed (tables 1).

A statistically significant decreases in enzyme
activity in RBCs of patients with PD were found:
RG — by 54.9%, GP — by 13.2%, G6PD — by 50.2%,
SG — by 47.3%, GR — by 20.2% compared to the
control group during the first day of observation.
Meanwhile, there was no suppression of catalase
activity between groups 1 and 2 in studied param-
eters, and this parameter was considered uninfor-
mative for the evaluation of the antioxidant sys-
tem enzymes.

We diagnosed a significant inhibition of GP
enzyme activity in the study groups during the 1%
day of observation, which was caused by reduced
level of RG (the GP reaction substrate) and a short-
age of NADPH. Glutathione peroxidase activity in
erythrocytes of the patients from groups 1 and 2 de-
creased to 88.3 and 84.2%, respectively, compared
to the group of healthy volunteers.

On Day 3, the studied groups of patients with
PD exhibited differences in effect of succinate on
free-radical oxidation activation and glutathione
system. The direct effect of free-radical oxidation
activation on the activity of glutathione system
(RG) and G6PD enzymes was as follows: 3.33-3.06
umol/g Hb and 3.07-3.55 pymol/min/g Hb, respec-
tively, that was considerably lower than in Group 1
(4.2-4.29 yuymol/min/g Hb and 3.74-4.10
umol/min/g Hb, respectively) (table 1).

In the group 2 the opposite pattern was ob-
served by Day 3 of treatment. A high rate of lipid
peroxidation was found which was 1.85-fold
higher than in healthy individuals. The concentra-
tion of lipid peroxidation products in the red
blood cells of patients was found to be 1.14 times
higher than in Group 1. Nevertheless, due to pre-
served antioxidant protection capacities, there
was no critical exhaustion of the antiradical pro-
tection system in PD, and the MDA concentration
was 5.58-6.2 nmol/g Hb. The results corraborate
the previous experimental study showing body’s
ability to endure the high-intensity lipid peroxida-
tion in critical illness, which is the cornerstone of
resistance to hypoxia [20].

Itis noteworthy that after 3 days of hospitaliza-
tion reduced peroxidation processes in erythrocytes
were found in the group 1 patients receiving
Cytoflavin, i.e. MDA level decreased by 25.3%
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Ta6snma 1. ITokasaTe iy Iy TaTHOH-3aBUCHMOH aHTHOKCHIAHTHOH CHCTEMBI, CONPSI:KEeHHBIX 0MOXHMHYECKHX
CHCTEM M aKTHBAI[UH IIPOLECCOB NEPEKHCHOTO OKHUCJIEHH S JIUITU/IOB Y 00JBHBIX C OCTPHIMH OTPaBJIE€HUSIMHA
1,4-BJ1 (M+SD, Q25; Q75).

Table 1. Parameters of glutathione-dependent antioxidant system, associated biochemical systems and lipid per-
oxidation activation in patients with acute 1,4-BD poisoni (M+SD, Q25; Q75).

Parameters Values in groups at study stages
+ Cytoflavin - Cytoflavin Control
Day 1 Day 3 Day 7 Day1 Day 3 Day 7
G6PD, pmol/min/g Hb 3.68+0.57  3.84%0.25 5.53+0.35 3.37x0.3 3.41+0.29  3.53+0.97 5.552+0.61
P=0.02**  P=0.001** P=0.71** P=0.02** P=0.001**  P=0.001** 5.3;5.7
3.44; 4.28  3.74; 4.10 P=0.71* P=0.04* P=0.001* 2.91;4.01
5.51;5.89 3.22;3.56 3.07; 3.55
RG, umol/g Hb 3.68+0.26  4.22+0.41  4.31+0.41 3.48+0.4 3.58+0.51  3.61+0.4 5.782+0.36
P=0.02** P=0.02** P=0.001** P=0.71* P=0.04* P=0.001* 5.6;6.1
3.43;3.75 4.2;4.29 4.2;4.40 P=0.02** P=0.01** P=0.001**
3.22;3.73 3.33;3.06  3.33;3.90
GP, pmol/min/g Hb 4.54+0.21 5.12+0.31 6.25+0.19  4.33+0.53 4.27+0.63  4.10+0.44 5.144+0.24
P=0.01** P=0.56** P=0.02** P=0.49* P=0.04* P=0.001* 4.8;5.3
4.27;5.14  4.10;5.87 5.92;6.54  P=0.001** P=0.04**  P=0.001**
3.99;4.79 3.8;4.6 3.44;4.33
SG, pmol/g Hb 3.79+0.31 3.88+0.30 4.21x0.17  3.95%0.53 3.85+0.63  3.82+1.04 5.601+0.62
P=0.001**  P=0.001**  P=0.001** P=0.91* P=0.87* P=0.02* 5.2;5.8
3.65; 4.03 3.7;4.13 3.86;4.35  P=0.001** P=0.001**  P=0.001**
3.75;4.51 3.22;4.33  3.51;3.91
Catalase, pmol/min/g Hb 26.8+6.52  29.2+3.54  33.6£3.45  27.4+3.76  25.90+3.89 28.3+3.61  28.07+1.09
P=0.27** P=0.09** P=0.02** P=0.75* P=0.04* P=0.64* 27.8;30.1
23.0,32.9 26.8;31.7 27.9;36.9 P=0.28** P=0.03** P=0.04**
24.6;29.9 24.3;29.6  25.2;32.9
GR, pmol/min/g Hb 174.1£16.3 178.50+9.19 200.2+4.11 180.1+18.1 168.3+17.1 167.2+16.6 209.3+23.91
P=0.02** P=0.001** P=0.71** P=0.65* P=0.04* P=0.001* 210.1;212.1
164.7;191.1 171.9;185.5 197.9;204.4  P=0.02** P=0.001**  P=0.001**
165.3; 193.5 160.3; 180.5 159.3;174.3
MDA, nmol/g Hb 7.78x1.06  5.81+0.39 4.52+0.28  6.85+0.84 6.65+0.58  7.11£1.53 5.768+0.44
P=0.001**  P=0.79** P=0.001** P=0.45* P=0.04* P=0.001* 5.4;5.9
6.68; 7.92 5.58;6.2 4.28;4.77 P=0.03** P=0.03** P=0.001**
5.67;7.22 6.33;7.08  6.50;7.65

Note. * — P for intergroup difference (+/-Cytoflavin); **— P vs control group.

IIpumeuanwue. /151 Tabs1. 1-3: Parameters — rmokasaresiy; values in groups at study stages — 3HaueHHs B rpyIax Ha CTaqusIX
uccienosanus; day — cyrku; G6PD — I1-6¢-/1; RG — BI; GP — I'TL; SG — CI; GR — I'P; MDA — MJIA. * — p MesKrpynIoBoe
ornuuue (+/-Cytoflavin); ** — p ominyme 1o cpaBHEHHUIO C KOHTPOJILHOM I'PYIIIOH.

MPOTECChl AKTUBAIIMUA CBOOOMTHOPATUKATIHHOTO
OKUCJIEHUSI ¥ CUCTeMbI IVIyTaTHOHA, KaK BeayIien
COCTAaBJISIONIE CHCTEMBI AHTHUOKCHUIAHTHOU
3amuThl. /[MarHOCTUPOBANMHA MPSAMOE BJIMSTHUE
AKTUBAITH CBOOOTHOPATUKAILHOTO OKUCIEHST Ha
KOHIIEHTPAIUIO (pepMEeHTOB CHCTEeMbI IJTyTaTHOHA
(BI') u pepmenta [11-6d-/I1, ux cogepskaHue cocra-
BuUJI0 — 3,33-3,06 MKEMOJIL/T Hb 11 3,07-3,55 MKMOJIL/
(MmuH-T Hb), cCOOTBeTCTBEHHO, 3HAUNUTEJILHO HIUKE,
yeM B 1-U rpynne (4,2-4,29 MKMOJb/ (MUH-T
Hb) u 3,74-4,10 mxMoas/ (MuH-r Hb), coorBer-
CTBEHHO), (TadJ. 1).

Bo 2-ii rpynme K 3-M CyTKaMm JiedeHUs
OTMeYaJIy [IPOTUBOIIOJIOKHYIO JUHAMUKY. BBIsABU-
JIY BBICOKYIO YPOBEHb CKOPOCTb IIPOTEKAaHUA IIPO-
neccos I10JI — B 0,85 pa3sa Bblllle, 4eM Y 30POBBIX
Jm1l. B apurponuTax 60/IbHBIX yCTaHOBUIN DoJiee
BBICOKYIO KOHIleHTpauuio nponykros [10JI — B
1,14 pasa Bhlllle, 4eM B 1-1i rpy1ie. Tem He MeHee,
OJraromapsi COXpaHEHUIO pPe3epBOB AHTUOKCH-
JAHTHON MOIITHOCTH, KPUTUYECKOI'0 YPOBHS UCTO-
IIEHUs CUCTEMbI aHTUPATUKATBHON 3AIUTHI IPU
[1]1 He HAbJIIOMATH, KOHITeHTpanus MIA cocTaBu-

(P=0.003), while the RG activity increased by 14.6%
(P=0.02) and GP activity increased by 2.7% (P=0.03)
compared to the Day 1 of treatment. However, there
were no significant changes in SG, GR and G6PD lev-
els in erythrocytes of the group 1 patients (table 2).
During the evaluation of oxygen transport func-
tion by indirect calorimetry an increase in oxygen
consumption by 15.8% (P=0.002) was detected by
Day 3 in patients with PD receiving Cytoflavin and a
decrease of this parameter in the group 2 patients by
3.3% (P=0.24), compared to Day 1 of study (table 3).
By Day 7 of succinate administration, there
was a tendency to increased G6PD by 50.3% (from
3.68+0.57 to 5.53%+0.35 uymol/min/g Hb), RG by
17.1% (from 3.68+0.26 to 4.31+0.41 umol/g Hb), GP
by 37.6% (4.54+0.21 to 6.25+0.19 ymol/min/g Hb),
GR by 14.9% (from 174.1£16.3 to 200.2+4.11
umol/min/g Hb), reduced lipid peroxidation rate
and MSA level by 41.9% (from 7.78+1.06 to
4.52+0.28 nmol/g Hb) in the RBCs of the main
group patients. In the group 2 patients, no changes
in concentration of RG, GP, GR activity and MDA
level were diagnosed in erythrocytes over the same

GENERAL REANIMATOLOGY, 2020, 16; 3

www.reanimatology.com

89



90

DOI: 10.15360/1813-9779-2020-3-85-93

Clinical Studies and Practice

Taﬁ.mrma 2. BHyTpurpynnonaﬂ JAUHAMHUKa H3MEeHEeHHUI MoKa3aTejein I‘JIyTaTl/IOH-SaBI/ICI/IMOﬁ aHTI/IOKCI/IIlaHTHOﬁ
CHUCTEMBI, COIIPAKCHHBIX OMOXHMHYECKHX CHCTEM U AKTHBAIlUH ITIPOLIECCOB IIOJI Yy 0OJIBHBIX C OCTPBIMH OTpaB-

JeHusmu 1,4-BJ1, ocno:xxknennsivu I1/1.

Table 2. Intragroup changes of parameters of glutathione-dependent antioxidant system, associated biochemical
systems and lipid peroxidation activation in patients with acute 1,4-BD poisoning complicated by PD.

Parameters Values in groups at study stages
Day 1 Day 3 Increase/decrease,% Day7 Increase/decrease,%
G6DP, umol/min/g Hb 1 3.68+0.57 3.84+0.25 +4.3 5.53+0.35 +50.3
P=0.22 P=0.01
2 3.37+0.3 3.41+0.29 +1.2 3.53+0.97 +10.6
P=0.55 P=0.09
RG, pmol/g Hb 1 3.68+0.26 4.22+0.41 +14.6 4.31+0.41 +17.1
P=0.02 P=0.01
2 3.48+0.4 3.58+0.51 +2.8 3.61+0.4 +3.73
P=0.52 P=0.46
GP, ymol/min/g Hb 1 4.54+0.21 5.12+0.31 +12.7 6.25+0.19 +37.6
P=0.03 P=0.01
2 4.33+0.53 4.27+0.63 -1.38 4.10+0.44 -5.31
P=0.55 P=0.30
GR, pmol/min/g Hb 1 174.1£16.3 178.5+£9.19 +2.5 200.2+4.11 +14.9
P=0.51 P=0.01
2 180.1+18.1 168.3x17.1 -6.5 167.2+16.6 7.1
P=0.04 P=0.04
Catalase, pmol/min/g Hb 1 26.8+6.52 29.2+3.54 +8.9 33.6+3.45 +25.4
P=0.31 P=0.04
2 27.4+3.76 25.9+3.89 -5.4 28.3+3.61 +3.3
P=0.04 P=0.07
MDA, nmol/g Hb 1 7.78+1.06 5.81+0.39 -25.3 4.52+0.28 —41.9
P=0.003 P=0.002
2 6.85+0.84 6.65+0.58 -2.9 7.11x1.53 -3.8
P=0.57 P=0.04
SG, pmol/g Hb 1 3.79+0.31 3.88+0.3 +2.3 4.21+0.17 +11.1
P=0.69 P=0.03
2 3.95+0.53 3.85+0.63 -2.5 3.82+1.04 -3.3
P=0.44 P=0.47

Note. Increase/decrease — percent of increase(+)/decrease(-) vs Day 1; for tables 2,3: 1 — patients taking Cytoflavin; 2 — patients

not taking Cytoflavin; P— difference vs Day 1.

IIpumeuvanue. Increase/decrease — K03 dOUIUEHT IPUPOCTA/ CHIDKEHUS B CPAaBHEHUU C 1-U cyTKaMy; i Taba. 2, 3: 1 —
rpymnmna 601bHBIX ¢ [luTodaaBuHoM; 2 — rpynmna 60ybHBIX 6€3 IluTod1aBuHa; p — OWIMYNE 10 CPABHEHUIO C 1-M CyTKaMH

Tepalunu.

J1a 5,58-6,2 umoJib/T Hb. [TostyyeHHBIE pe3yabTaThl
COIVIACYIOTCA C JaHHBIMU, 3KCIIEPUMEHTAJIbHOI 0
HCCJIeJOBAaHM s, KOTOPOE CBUIETEbCTBYIOT O TOM,
YTO B KPUTUYECKHUX COCTOSTHUSX, CIIOCOOHOCTH
opraHu3Ma Beljieps;kuBarh npomneccel [10JI Bbico-
KOU WHTEHCHUBHOCTHU SIBJISETCS OCHOBOU pe3u-
CTEHTHOCTHU K runokcuu [20].

Heo6xoguMO OTMETHTDH, YTO B IepUOf 3-X
CYTOK, B 1-ii rpymnne, Ha ¢poHe Tepanuu «Llutoda-
BUHOM», THarHOCTUPOBAJIM YMEHbIIICHNE BeJINYU-
Hbl MHTEHCUBHOCTH IPOTEKAHUSA IEePEKUCHBIX
MIPOIIECCOB B 9PUTPOIUTAX — CHUYKEHHUE COoep-
skanuAa MJIA Ha 25,3% (p=0,003), craTucT4ecKu
3HA4YMMOe IIOBbINIeHUe akTuBHOCTU BI' Ha 14,6%
(p=0,02), I'Tl Ba 2,7% (p=0,03), B cpaBHEeHUHU C 1-u
CyTKaMU Tepanuu. B cBoro ouepens, B 9pUTPOLI-
Tax 00JIBHBIX 1-# rpynmbel He HabJTIoNAI 3HAYM -
TeJbHBIX U3MeHeHu koHueHTpauus CI, ['P u
[n-6d-1I (TabJr. 2).

B xo5e o1leHKM KUCIOPOAHO-TPAHCHOPTHOMU
(pyHKIMK OpraHu3Ma MeTOAO0M HellpsIMON KaJio-
pUMeTpHUY TUarHOCTUPOBAJIUA IPUPOCT MoTpebJie-
HUA Kucaopoga Ha 15,8% (p=0,002) k 3-M cyTkam

time period compared to Day 1, presumably due to
strong impact of free-radical oxidation on glu-
tathione system (table 1).

The most severe delirium manifestations in pa-
tients were observed on Day 3 from its onset. The overall
severity of PD on DRS-R-98 scale in this period in the
group 1 was 26.7+4.8 points and in group 2 —25.9+4.1
points with no significant intergroup differences
(P=0.75). On the other hand, a significant decrease in
the overall PD manifestations was diagnosed in pa-
tients of group 1 by Day 7: it was as low as 18.1+4.3
points vs 22.9+3.3 points in group 2 (P=0.03).

We identified a specific pattern of symptom
regression in patients who received intensive treat-
ment with Cytoflavin. By Day 7 the patients of the
main group first demonstrated reduced anxiety and
restlessness, then disorientation and psychotic
symptoms subsided. In the group of patients not re-
ceiving Cytoflavin, these patterns were not evident.
In spite of the intensive treatment, the Group 2 pa-
tients still had delirium with allopsychic disorien-
tation, severe anxiety and restlessness associated
with abnormal reality perception with predomi-
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Ta6.1mua 3. ,ZII/IHaMHKa noKasareJiei 110Tpe6.11e}ma KHCJI0pOaa M BbIIE€JIEHUA YIVIEKHCJ/IOro ra3a’y 0OJIBHBIX C

IIJ] npu ocTpbIX oTpaBiaeHusx 1,4-B/1.

Table 3. Changes in oxygen consumption and carbon dioxide production in patients with PD and acute 1,4-BD

poisoning.
Parameters Values in groups at study stages
Day 1 Day3 Increase/decrease,% Day7 Increase/decrease,%
VO,, ml/min 1 265.2+12.8 307.3£21.5 +15.8 286.7+17.2 -6.4
P=0.002 P=0.04
2 274.7£11.3 265.2+10.4 -3.3 195.4+10.4 -28.8
P=0.24 P=0.001
VCO,, ml/min 1 219.5+12.2 247.3£14.6 +12.7 255.6+18.4 +6.9
P=0.02 P=0.02
2 220.4+9.7 229.5+11.3 +4.1 201.6+9.4
P=0.70 P=0.04 -8.6

Note. VO, — oxygen consumption; VCO, — carbon dioxide production; P— differences vs Day 1; increase/decrease — percent

of increase(+)/decrease(-) vs Day 1.

IIpumeuanue. VO, — 00beM norpediienusi kucaopoaa; VCO, — 00'beM BbIie/IeHUsI YIVIEKUCIIOTO rasa; p— OIMYKeE I10 CPaBHe-
HUIO C 1-¥ cyTKaMu Tepanuy; increase/decrease — ko3 UIEHT IPUPOCTA M CHUKEHUS B CDABHEHUU C 1-U CyTKaMU TepaIui.

y 60nbHBIX ¢ I1]] Ha doHe Tepanmu «[{utodraBu-
HOM» M CHIKEHHE JTAaHHOTO IoKas3aTeJisl Bo 2-U
rpymmne Ha 3,3% (p=0,24), B cpaBHEHUHU C 1-U CyT-
KaMu HaOJogenus (TabJ. 3).

K 7-m cyTkaM NnpuMeHeHHs CyKIMHara B
9pUTpOIUTaX OOJBHBIX OCHOBHOHW TPYIIIBI
OTMevaJsIy TeHAEHIINIO K POCTY cofiepsKaHus ep-
meHToB [m-6¢-JI' Ha 50,3% (c 3,68+0,57 1o
5,53+0,35 mkmouis/ (Mue-r Hb), BT Ha 17,1% (C
3,68+0,26 10 4,31+0,41 meMmoJb/T Hb), I'TI Ha 37,6%
(4,54+0,21 1o 6,25+0,19 MmkmoJs/ (MuH-T Hb)), I'P Ha
14,9% (c 174,1+16,3 go 200,2+4,11 MKMOJIb/ (MUH-T
Hb)), camkenune ckopoctu nporekanus [10JI u
ypoBHA MJIA Ha 41,9% (c 7,78+1,06 no 4,52+0,28
HMoJb/T Hb). Bo 2-ii rpynine, B TaHHOM BpeMeH-
HOM Mepuoje, U3MEHEeHNU KOHIleHTpanus gep-
MmeHToB Bl I'TI, I'P u conepyranusa MJIA B spurpo-
uTax O0JBLHBIX, B CDABHEHHU C 1-U CyTKaMH, He
JIUATHOCTAPOBAJIN MO NIPUYNHE AKTUBHOTO BJIMSI-
HUSI IPOIECCOB CBOOOTHOPATUKATLHOTO OKHCTIE-
HUS Ha CUCTEeMY IIyTaTroHa (Tabur. 1)

Heob6xomuMo OTMETUTD, YTO HanboJiee BbIpa-
SKeHHBIE CUMITTOMBI JIEJTUPHS Y O0JIHHBIX BHISBJISIIIN
Ha 3-e CyTKU OT ero Havasa. Ob1asi BRIpayKeHHOCTh
cumitomoB I1/I mo mkajsie DRS-R-98, B maHHBIN
repuon, B 1-ii rpymie cocraBmiia 26,7+4,8 6anna u
BO BTOpOil — 25,9+4,1 6anna, 6e3 JOCTOBEPHBIX
MESKTPYIIOBbIX ominaui (p=0,75). B cBoI0 04uepensb,
JIOCTOBEPHOE CHIKeHMe 00111ell BbIpaskeHHOoCTH [1]]
JMarHOCTUPOBAJIH Y O0BHBIX 1-H FPYIIBI K 7-M CyT-
Kkam — 110 18,1+4,3 6a/1a, B CpaBHEHUH CO 2-H TPyII-
moit — 22,9+3,3 6asura (p=0,03).

Ha ¢poHe MHTEHCUBHOM Tepanuu ¢ UC0JIb30-
BaHueM lluTodraBrHa BbISABUJIN ITOCJIEI0BATEh-

HOCTb PeIyKIUHU IICUX0IIaTOJIOTMYeCKOH CUMIITO-
MaTuKu. B kimHu4YecKoi kapTuHe y 00IbHBIX 1-1
IPYNIIBI K 7-M CyTKaMU JUAarHOCTUPOBAJIU YMEHb-
IIeHUe, B IIepBYI0 OYepeb, TPEBOKHOM CUMIITO-
MaTHK{ U JBUTaTeIbHOIO OECIIOKOKCTBA, 3aTeM,
IIPU3HAKOB Ie30PUEeHTUPOBKY U CUMIITOMOB IICH-
XOTUYeCKOro ypoBHs. B rpymnme 0osbHBIX 0e3

nance of visual and auditory hallucinations of dif-
ferent intensity. The results of our study corraborate
the research data of Livanov G. et al. (2015) demon-
strating the positive effect of succinate on the du-
ration and severity of mental disorders in intoxica-
tion-induced delirium [21].

Conclusion

The study provided a strong evidence of se-
vere hypoxia-induced metabolic alterations in
acute 1,4-BD poisoning complicated by PD. The
free-radical oxidation activation and abnormal
functioning of antioxidant protection system, in-
cluding glutathione system being its leading com-
ponent, seem to contribute to the development of
metabolic disorders.

In turn, the obtained data demonstrate a high
efficiency of the succinate-containing Cytoflavin
drug in slowing down the progression of PD due to
an increased level of the main cellular antioxidant,
RG, restoration of thiol disulfide cellular balance, in-
creased activity of antioxidant enzymes (catalase, GP)
and enzymes involved in the glutathione reduction
from the oxidized form (G6PD and GR). The drug had
a notable effect on the clinical course of PD and re-
duced the main symptoms by Day 7 post-treatment
due to restored oxygen-dependent respiration with
accumulation of NADPH and high-energy com-
pounds necessary for RG production in the tissues.

The obtained quantitative data on the peroxi-
dation protection system, rate and intensity of lipid
peroxidation in patients' erythrocytes can be used
as additional criteria of PD severity in patients with
1,4-BD poisoning.

rcrosib3oBanusA LluTodmaBrHa Takoi 3akOHOMED-
HOCTH BBISIBUTH He yhasaock. HecMoTpsi Ha, IpoOBO-
JTVMYIO Tepanuio B KJIMHUYECKON KapTUHE y 60JIb-
HBIX 2-U Tpynmbl COXPAHSJINCh IPU3HAKHA
JeTMPUO3HOT0 CHHIPOMA C AJIJTIOTICUXAYECKOH J1e3-
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OPHUEHTHUPOBKOU, SPKO BBIPAYKEHHBIMUA CUMIITOMA-
MU TPEBOTH W JIBUTATEJIHLHOTO OECIIOKOMCTBA Ha
(poHe HCKaKeHHOTO BOCIPUATHS OKPY;KAIOIIEN
TeICTBUTETLHOCTH C ITpeobJIaTaHueM 3pUTETHbHBIX
U CJTYXOBBIX raJIJIIOIIMHATOPHBIX ITepesKUBAHUM pas-
HOU MHTEHCUBHOCTHU. Pe3ysibTaThl BBIIIOJIHEHHON
paboThI COTIACYIOTCS C JaHHBIMH HCCIEI0BaHUS
JluBanosa I. A. 1 coasr. (2015), KOTOpbIE TOKA3bI-
BaIOT IIOJIO’KUATEJIbHOE BJIWSHNE CYKIMHAT-CONep-
sKallero Ipernapara Ha OPOAOJIKATEJbHOCTh W
BBIPQ)KEHHOCTh IICUXUYECKUX HapyIIeHui Ipu
UHTOKCUKALIMOHHOM JieJIupuu [21].

3akJrouenue

PesysibTarhl paboThl CBUETEIHbCTBYIOT O
BBIPA’KEHHBIX MeTa00J/IMYeCKUX HapYIIEeHUIX
TUIIOKCUYECKOTO XapakTepa IIpU OCTPBIX
orpasJsieHuax 1,4-BJ[, ocaoxuenHsix II/I. B
¢opMupoBaHNM MaHHBIX HapyIIeHUH ocoboe
MeCTO 3aHMMAIOT MPOIeCChl AaKTUBAIUUA CBO-
0OIHOPAANKAIBHOTO OKMCIEHUS U HapyIIIeHUH
(YHKIUM CUCTeMbl aHTUOKCUJAHTHOHN 3aliu-
THI, B TOM 4YMCJI€ U CUCTEMBI IVIyTaTUOHA, KaK
Benyleil ee cocTaBsoNIe.

Jlureparypa

1. Cmupnos E.C. [lesiupuii. IBoTIONNA B3IANO0B. Poccutickuil ncuxu-
ampuueckuil scypran. 2015; 5: 64-72.

2. Jluxsanyes B.B. HecrienuduiecKkuil e TMPUI B OT/I€JIEHUH NHTEH-
CUBHOI Tepanuy U peaHnMaium. AHecme3uoai02us U peaHumMamo-
Jnozus. 2015; 60 (2): 55-59.

3. Jlumues /I.B., Apoweykuii A.1., ITpoyenro /J.H., Ienvgpand B.R -
(exTUBHOCTH 1 6€30IIaCHOCTH JIEKCMeJeTOMUIMHA, FajIoNepuIosa
U aseriaMa B JleueHUH JIeJTUPHSA: CpaBHUTEIbHOE HCCIeJoBaHue.
Anecme3uonozus u peanumamonozus. 2017; 62 (6): 442-448. DOI:
10.18821/0201-7563-2017-62-6-442-448

4. Sprensen H.J., Holst C., Knop J., Mortensen E.L., Tolstrup J.S., Becker
U. Alcohol and delirium tremens: effects of average number of drinks
per day and beverage type. Acta Psychiatr Scand. 2019; 139 (6):
518-525. DOI: 10.1111/acps.13006. PIMD: 30697683.

5. Campbell N.L. Deprescribing in the Pharmacologic Management
of Delirium: A Randomized Trial in the Intensive Care Unit. J Am
Geriatr Soc. 2019; 67 (4): 695-702. DOI: 10.1111/jgs.15751. PMID:
30664239.

6.  Grover S, Ghosh A. Delirium Tremens: Assessment and Management.
J Clin Exp Hepatol. 2018; 8 (4): 460-470. DOI: 10.1016/j.jceh.
2018.04.012. PMID: 30564004

7. Kupees C.C., Badakea T./I., Yyranosea O.A. [le1upuil B mocjieonepa-
nuoHHOM nepuofe (063o0p smTeparypsl). BecmHuk Hosblx mMedu-
YUHCKUX MeXHOA02ull. dnekmponHoe uddanue. 2019; 2: 44-60

8. Pybunuur B.E., Kawepununos H.IO., baymun A.E., Ma3ypor B.A. Te-
panus 1eJMprO3HOr0 CUHAPOMA Y MAllMeHTOB KapAUOXupypruye-
CKOro Npo(uJisi B paHHEM I10CJIE0NIePAIMOHHOM ITepuoze. Becm-
HUK uHmeHcusHoti mepanuu umenu A.M.Carmanosa. 2019; 3: 77-83.
DOI: 10.21320/1818-474X-2019-3-77-83

9. Cusonan IO.I1. 3noynorpebJieHue ajkorojaeM u hapmMakoTepanus
aJIKorosaMa. HeepoJiozusi, Hellponcuxuampus, NCUXoCoMamuka.
2014 (3): 4-9. DOI: 10.14412/2074-2711-2014-3-4-9

10. IIrewaros A.A., Yepkyouros /].A. O HAPKOTUYECKUX CBOMCTBAX OK-
cubyTupara HaTPUsA ¥ ero HeMeJUIMHCKOM HCII0JIb30BaHuH. [Ipu-
Kaadnas mokcukoaozus. 2012; 1 (7): 36-40.

11. ITonoeko A.H., Jleonmvwesa JI.B., bapunos B.A., bawapun B.A., BoHu-
menko E.IO., Ionosko C.H., Hearoe M.b. BeIsiBJIeHNE «HADKOTHKOB
M3HACUJIOBAHUS» B OMOJIOTUYECKUX CPe/Iax sKePTB U3HACUJIOBA-
Hus1. buomeduyuncruii scypran. 2013; 14: 706-724.

12. Baukumna O.JI., Jodseun A.H., IlTunos B.B. Tamma-okcuOyTupar u
MIPOMU3BOHEIE (PeHTAHIIIA: XUMUKO-TOKCUKOJIOTTYECKOe TTOITBEP-
JKJleHHe oTpaBJieHnii. CydebHas meOuyuna.2016;2 (2):112-113.

13. Stomberg M.W., Knudsen K., Stomberg H., Skdrsditer I. Symptoms and
signs in interpreting gamma-hydroxybutyrate (GHB)intoxication —

B cBoOI0O 04Yepenp, NOy4eHHBbIE B HACTOAIIEM
HUCCJICJOBAaHUM JaHHbIE JEMOHCTPUPYIOT BBICOKYIO
3(ppeKTUBHOCTD CYKIIMHAT-COEePYKAIIero Ipena-
pata «llurodaBuHa» B OTHOILIEHUN 3aMe/IJIeHUs
MIPOrpecCupOBaHys KIMHUYECKOro Teyenus [1]1, 3a
CUeT MOBBIIICHNS YPOBHS OCHOBHOI'O aHTHOKCH-
Janta KjaeTkm — BI, BoccTaHOBJICHHA THOJI-
JUCYJIb(UIHOTO cTaTyca KJIETKU, IIOBBIIIEHUS
AKTUBHOCTYU aHTUOKCUIAHTHBIX (pepMeHTOB (Kara-
Jassl, ['T]) u pepMeHTOB, IPUHUMAIOIINX YYaCTHeE B
BOCCTAHOBJIEHUU DJIyTaTUOHA W3 OKUCJIEHHOU
dopwmnel ([n-6¢-/T" u I'P). Heo6Xx0muMo OTMETHUTH
BJIMSIHUE IIpelapara Ha KiIuHu4decKkoe Tedenue [1]1
C penyKIyel OCHOBHBIX CUMIITOMOB 1/ k 7-M cyT-
KaM Tepanuu, 671arofapsi BOCCTAHOBJIEHHIO KUCJIO-
PpOA3aBACUMOIO IbIXaHUA ¢ Hakonienuem HAJID-
H 1 MakpoaprudecKmx cCoeTMHEHNH, HEOOXOIMMBbIX
IUIA cuHTe3a Bl B TKaHAX BHYTPEHHUX OPraHOB.

[TomydyeHHBIE KOJHWYECTBEHHBIC JaHHBIEC
OLIEHKM COCTOSIHWSI CHUCTEMbI aHTUIIEPEKUCHON
3aIUThI, CKOPOCTU ¥ MHTCHCUBHOCTU IIPOTEKa-
Hus nporeccos [10JI B apurporurax 00JbHBIX
MOTYT HCIIOJIb30BaTbCs KaK [IOIIOJIHUTEJbHbBbIE
kputepuu taskectu [1]] ipu orpasisienuu 1,4-B/1.
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IIpoTekTUBHBIN 3PP EKT TUTHA XTOPUAA
HA 3HI0TEJUOLHUTHI IPHU CENTUYECKOM HIOKe
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Pe3rome

Ieas — U3yunTh 9P (HEKTUBHOCTH IEHCTBUS XJIOPUA JTUTHS B KAUECTBE CPEJICTBA, TPEJOTBPAIIIAI0IIEro
MOBpesKIeHNe MOHOCTIOS 9HA0TeTNAIbHBIX KIETOK in vitro moj, feficCTBeM ChIBOPOTKHY ITAIlieHTOB C Cell-
TUYECKUM IIIOKOM.

MaTepnaJI H MeToabl. HpI/I IpoBeJEeHNN NCCAE0BaHUA NCIIOJ/JIB30BaJIXM TOKCUYHYIO CBIBOPOTRY OOJIBHBIX
CEeINITUYeCKUM IIIOKOM B KOJIMYECTBe 5 UeJI0BeK, OTOOPAHHBIX B COOTBETCTBUU € Kputepusamu «Cercuc-3».
KpoBb 11151 TpoBeeHUs 9KCIIEPUMEHTOB 3a0MpaJi B TEUEHUH 2 YacoB I10C/Ie BBIABJIEHUS CEIITUYeCKOTrOo
III0Ka. B KayecTBe KOHTPOJILHOH IPYIIIBI UCCJIEJOBAIU CBIBOPOTKY KPOBU 5 TPAaKTUUECKU 3[JOPOBBIX JOHO-
PpoOB. dHJOTeMaIbHbIe KieTKU Ea.hy926 nuaky6upoBasu B TeueHue 3 yacoB pu 37°C ¢ CBIBOPOTKOM 3/10pO-
BOTO YeJIoBeKa (KOHTPOJIb), @ TAK)Ke C CBIBOPOTKOM MalleHTa C CeITUYeCKUM IIIOKOM 6e3 XJIOpuaa TUTUA U
B €ro IPUCYTCTBUU B KOHEYHbIX KOHIeHTpanusax 0,01 Mmmoub/Ja, 0,1 MMOJb/J1, 1 MMOJIB/J1, 10 MMOJIB/ 1. XJ10-
pua IUTHUA 00aBJIAIH 3a 1 yac 10 CMeHbI CBIBOPOTOK. [Tocsie MHKyOaIii ¢ IOMOIIIbI0 IMMYHO(MIyOPeCleHT-
HOI MUKPOCKOIIUU OLIEHUBAJIU COCTOSTHUE aKTHUHA, VE-KaAreprHa U KJIayIuHa, C TOMOIIBI0 BeCTepH-0JI0T-
TUHTA OTPEEISIIN CoflepsKaHle U cTeneHb (pochopuanpoBaHusi MTUKOTeHCUHTa3bl KnHaskl 33 (GSK-34).

Pe3ysnbpraThl. YCTAHOBUJIU, YTO TOKCUYHASI CHIBOPOTKA MTonaBJisiiia pocopunupoBanue GSK-36 B aH[I0-
TeJIMOIUTAX, a TAaK)Ke BbI3bIBasIa paciierienne VE-KaarepuHa, yMeHbIIIeHHe KOJIUYecTBa KaayauHa. Tok-
cHUYecKasi CbIBOPOTKA TaK)Ke U3MeHsIa (popMy SHIOTeJIUIIOTOB — OHH TePSATH HAaTUBHYIO MHOTOYTOJIBHYIO
¢opmy, BEITATUBAINCEH, MEXKIY HUIMHU 00pPa30BbIBAINCH TPOMEKYTKU. VIHKYOAIMsi MOHOCJIOS 9HI0TEeINO-
OUTOB C XJIOPUIOM JIUTUA B KOHIEHTPAIIUU OT 1,0 MMOJIb/JI Y BBIIIIE NpaKTU4YeCKU MOJTHOCTBIO ITpeJoTBpa-
masia pa3bopKy KIayauHa, akTuHA U VE-kaarepuHa. [Ipu MofeTMpoBaHUM 3aIIUTHI XJIOPUOM JIUTHUSA 9H-
JIOTEJIMOIIUTOB OT TOKCUYHOH CHIBOPOTKU OOHAPYKUJIM, UTO MPEJUHKYOAIus C XJIOPUIOM JIUTUS
JJINTeIBHOCTBIO 1 Yac, B KOHI[EHTpaIuu 1 MMOoJIb/JI IpeoTBpaliaga HHaKTUBAIuIo (1edocdopuamupona-
uue) GSK-36 u gake, HA000POT, CTUMYIHPOBaAJIO ee ¢pochopuUIUPOBaHNE HA BpeMEHHOM MHTepBase 1-4
4aca 1ocJje Bo3JefiCTBUS CBIBOPOTKU.

3ak/roueHue. B peaysbrare IpoBeeHHOTO UCCIEI0BAHNSA YeTKO IT0Ka3a/IM HaTndrie IPOTeKTUBHOTO
acdexTa xyT0pHa TUTHUA OTHOCUTEIEHO MOHOCJIOA 9HIOTEIMOLUTOB ITyTeM aKTUBAIuU pochopuinpona-
uust GSK-34 (mepeBon ¢pepMeHTa B HEAKTUBHYTO (popmy). IIpu 9T0OM BO3AEHCTBHE XJTOPHU/IA JTUTHUSI UMEJIO BbI-
pasKeHHBIH J0303aBUCUMBII XapaKkTep HaunHas ¢ KoHIeHTparuu 0,01 MMOJIb/JI.

Kntouesvle cnosa: X10puo IUmust; Cenmu4eckull Wok; IHO0Meauoyuny; 2iukozeHcunmasa kunasa 36; GSK-33

Summary

The aim is to study the effectiveness of lithium chloride for preventing damage to the monolayer of en-
dothelial cells in vitro exposed to serum of patients with septic shock.
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Outer Anexcannposud ['peGeHUYNKOB Oleg A. Grebenchikov
E-mail: oleg.grebenchikov@yandex.ru E-mail: oleg.grebenchikov@yandex.ru
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Material and methods. Serum samples prepared from blood of 5 septic shock patients selected according
to «Sepsis-3» criteria and 5 healthy volunteers (control serum) were used in the study. Blood for experiments
was withdrawn within 2 hours after the diagnosis of septic shock. The Ea.hy926 endothelial cells were incu-
bated with the serum of a patient with septic shock (toxic serum) or control serum for 3 hours at 37°C without
or with lithium chloride at final concentrations of 0.01 mmol/l, 0.1 mmol/l, 1 mmol/l, 10 mmol/l. Lithium
chloride was added 1 hour before the serum change. After incubation, the expressions of actin, VE-cadherin
and claudin were assessed by immunofluorescent microscopy; the level and degree of phosphorylation of
glycogen synthase kinase 33 (GSK-34) were determined using western blotting.

Results. Toxic serum significantly inhibited GSK-38 phosphorylation, induced cleavage of VE-cadherin
and reduced the claudin inendothelial cells. Toxic serum also altered the shape of endothelial cells: they lost
their native polygonal shape and became elongated with gaps between them. Incubation of endothelial cells
monolayer with lithium chloride at concentrations equal or higher 1.0 mmol/l almost completely prevented
cleavage of claudin, actin and VE-cadherin. When studying the in vitro protection of endothelial cells from ef-
fects of toxic serum with lithium chloride, pre-incubation with the drug at a concentration of 1 mmol/I for 1
hour prevented inactivation (dephosphorylation) of GSK-34 and even to stimulate its phosphorylation in 1-4
hours after exposure to the serum.

Conclusion. The study clearly showed the protective effect of lithium chloride on endothelial cell mono-
layer by activating phosphorylation of GSK-34 (enzyme conversion into inactive form). Moreover, the effect of
lithium chloride exhibited a distinct dose-dependent character starting with a concentration of 0.01 mmol/1.

Keywords: lithium chloride; septic shock; endothelial cell; glycogen synthase kinase 38; GSK-33
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BBenenue

[IpenapaTh! IUTHUA yKe MHOTHE roJbl yCIIel-
HO TPUMEHSIOTCA B IICUXUATPUU [JIs JIEUeHUs
OUITOJIAPHBIX paccTpoicTs [1]. OmMHAKO K HACTOSI-
IIIeMy MOMEHTY B JIUTEpPAType HAaKOIJIeHO O0JIbIIIOe
KOJIMYECTBO 9KCIIEPUMEHTAIbHbBIX JaHHBIX, CBUE-
TeJIbCTBYIOIIUX O Kapauo-, Hepo- U HEHPOoIpo-
TEKTOPHBIX CBOMCTBAX JTUTHS [2]. BriepBbIe 3amur-
Hble CBOMCTBA MOHOB JINTUsI ObLIIN 0OHAPYSKEHBI i
vitro Ha Kapauomuonurax B 2004 romy, Korga ux
WHKYOAIUsl C XJOPUIOM JINTUsI NPUBOAWIIA K
BBIPQYKEHHOMY CHUPKEHUIO TUOEJTH KJIETOK OT UIIIe-
MUM/peoKCUreHaluy, peaoTspaliasi OTKpbITHe
MUTOXOHIPUAJILHOU TTOPbI Yepe3 hochopusimpo-
BaHue (MHTUOMpoBaHue) hepMeHTa NIMKOTE€HCUH-
Tasa kuHassel 3B (GSK-3P) [3]. B nanbHeliieM oHU
OBLTM TOATBEPIKIEHBI HA MOJIEJIH HITIEMUU ITepdy-
3upyemoro 110 Jlaurennopdy cepaua [4] u in vivoHa
Moesu nH(papKTa MUOKapaa y KpbIc [5].

B aroii cBs13u mpejicTaBJisieT O0JIBIIION HHTE-
pec HegaBHee ucceg0BaHue [6] Ha MOAesIu OCTa-
HOBKM ceppua 1o B. I Kopniauesy. [Ipu rucroJio-
TMYeCKOM MCCJIeJOBAHUM YCTAaHOBJIEHO, 4YTO
10-MuHYyTHasA OCTaHOBKA cepjla IIPpUBOOMWJIA K
CHIKEHUIO YK CJIa JKU3HECITOCOOHBIX HEHPOHOB B
nosie CAl runnokamna Ha 37,5% (p<0,001), B moJsie
CA3/CA4 — na 12,9% (p<0,05). [Ipumenenue LiCl
CII0COOCTBOBAJIO YBEJTMYEHUIO YK CIA YKU3HECIIO-
COOHBIX HEPOHOB TUIIIOKAMIIa Y pEaHUMHUPOBaH-
HbIX KpbIC — B n1oJie CAl Ha 37% (p<0,01), B moJie
CA3/CA4 — na 11,5% (p<0,1) 0 cpaBHEHHUIO C
HeJIEYeHBIMHU SKHUBOTHBIMU. ITOT 3P GeKT Mor
OBITH 0O0YCJIOBJIEH TMOBBIIIEHUEM COAEPIKAHUS
dochopunmpoBannoit popmbl 6eska GSK-30.

CUHAPOM CHCTEMHOTO BOCHAJUTEJTHHOTO
OTBEeTa BOSHUKAET B OTBET HA PA3JINYHbIE IOBPEK-

JaroIe BO3IeNCTBYSA, Kak MH(PEKIMOHHOTO (0aK-

Introduction

Lithium preparations have been successfully
used for many years in psychiatry to treat bipolar
disorders [1]. However, to date, a lot of experimen-
tal data have been accumulated in the literature, in-
dicating cardio-, nephro- and neuroprotective
properties of lithium [2]. The protective properties
of lithium ions were first discovered in vitro on car-
diomyocytes in 2004 when their incubation with
lithium chloride led to a marked decrease in cell
death from ischemia/reoxygenation, preventing
the opening of mitochondrial pore via phosphory-
lation (inhibition) of glycogen synthase kinase 3f3
(GSK-3p) [3]. Later the lithium effects were con-
firmed using the Langendorff perfusion heart [4]
and in vivo myocardial infarction model in rats [5].

In this connection, a recent study [6] that em-
ployed modeling the cardiac arrest according to
method by V. G. Korpachev is of great interest. His-
tological study revealed that 10-minute cardiac ar-
rest resulted in a 37.5% (P<0.001) decrease in the
number of viable neurons in the CA1 field of the
hippocampus and 12.9% (P<0.05) decrease in the
CA3/CA4 field. The use of LiCl was associated with
an increase in the number of viable hippocampal
neurons in resuscitated rats by 37% in the CA1 field
(P<0.01) and by 11.5% in the CA3/CA4 field (P<0.1)
compared to untreated animals. This effect may
have been due to the increased content of phos-
phorylated protein GSK-3p.

The systemic inflammatory response syn-
drome (SIRS) occurs as a result of various damag-
ing effects of both infectious (bacterial pathogens)
and non-infectious (traumas, burns, and large vol-
ume surgical interventions) origin. [7] SIRS is
manifested by increased production of proinflam-
matory cytokines and their penetration through
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TepuaIbHbIE BO3OYIUTENN), TAK M HEMH(MEKITNOH-
HOT'0 (TpaBMBbl, 0YKOT'H, OllepaTuBHbIE BMeIllaTe Ib-
cTBa 60JIBITIOTO 00 beMa) TeHe3a [7] ¥ IPOsIBJISAEeTCSA
TUIEePIPOaYKIMel IPOBOCHAIUTeIbHBIX ITUTOKHU-
HOB, UX IDOHUKHOBEHNEM Yepes3 rucToreMarnye-
cKye Oapbephl ¢ oCeAyIolleil nHGUIbTpaein
JIEMKOLIMTaMU M IUTOKWHAMM TKaHell OpraHoB-
muitieHen [8, 9]. [locsieTHee TPUBOIUT K pa3BUTUIO
MOJIMOPTaHHOM HeI0CTaTOUHOCTH, SIBJIAIOIIENCS
OCHOBHOU NMPUYMHON r'MOesy MareHToB B maJsa-
TaX UHTEHCUBHOH Tepanuu. BaskHeuIyio poJib B
PpasBUTHM, PErYIALMN U pa3pelleHnH BOCaJIeHUA
UrpaloT HeUTPOPUIbI — KJIETKH, YU4aCTBYIOIIUE B
¢dopmupoBaHnHU HeclieruuIeCcKol pe3uCTEHTHO-
ctu opranu3ma. IMMyHHBIN OTBeT Ha IIOBpEsKe-
HUe TKaHel WM UH(PeKINI0 HAUNHAeTCsI C CEKpe-
Uy HelTpoduiIaMu IIPOBOCIAJUTE/BHBIX U
NIPOTUBOBOCHAIUTEJNBHBIX  IUTOKWHOB,  YTO
HAIIpaBJICHO Ha yJaJleHre [IOBPEesKIaiolero areH-
Ta ¥ BOCCTaHOBJICHHE T'OMeOoCTasa.

BBICOKOYYBCTBUTEIBHBIMU U JUArHOCTUYE-
CKM 3HAYMMBIMHU MapKepaMy CUCTEMHOIO BOCIIa-
JIMTEJILHOTO OTBETA SIBJISAIOTCA MOJieKy/bl CD11b u
CD66b, koTOpbIe HAXOAATCS BO BHYTPUKJIETOYHBIX
rpaHysax Heitpogusaos. CD11b BsauMopneiicTByeT
c pertentopamu ICAM-1 Ha 9HAOTETUAJIBHBIX KJIET-
Kax, 4To o0ecreyrnBaeT are3nio HeUTPO(PUIOB 1
IOCJIEAYIONIYIO NX MATPALIUIO Yepes 9HA0TeINaIb-
HBII 6apbep Kk ovyary Bocnasienus [10].

DHAO0Te U NIPeACTaBJIEH OTHUM CJI0EM CIle-
IMAIU3UPOBAHHBIX KJIETOK, BBICTHJIAIOIINX BHYT-
PEHHIOIO IOBEPXHOCTh KPOBEHOCHBIX U JIUM(paTu-
YeCKHUX cocyoB. [TomrnMo 6apbepHOM, 9HJOTETNH
BBIIIOJIHSAET P IPYTUX (PU3UOJIOTUYECKUX (PYHK-
IUA: MoJJepsKaHue OHKOTUUYECKOTO [aBJIEeHUs,
y4JacTue B CBEPTBIBAaHUM KPOBHU, aHTHUOTeHe3e U
npouee. [Ipy pa3BUTHM HEKOTOPBIX ITaTOJIOTAYe-
CKHX IIPOLIECCOB 9HJIOTeNraNbHas AUCHYHKIUA
CTAaHOBUTCS UX BAYKHOU COCTABJISIIONIEN U BO MHO-
oM oIlpefesiseT TAYKeCTh TeYeHUs aTepPOCKJIepPO-
34, celcuca, uleMuYeCKux U penep@ysnoHHbIX
MMOBPEXKIEHUH, TSAKETO0U COYeTaHHOU TpaBMBbI, a
TaK’Ke CUHJpPOMa CUCTEeMHOU BOCHAIUTEJbHOU
peaxkuuy, B TOM 4MCJIe, U B paHHEM I10cJIeolepa-
IMOHHOM Tiepuoje [11]. 9TOT CHHIPOM — KJI04Ye-
BOU (peHOMEH KPUTUUYECKUX COCTOSTHUHN, COMPO-
BOYKJIAIONINIICS yBeJUYeHueM IIPOHUKHOBEHUs
IIPOBOCIIAJIUTEJIbHBIX IUTOKWHOB Yepes3 TUCTore-
Maruyeckre 0apbepbl M MPUBOAAIINN K HapyIe-
HUIO LIeJIOCTHOCTU IOCJIEJHUX, C IOCenyIoen
UH@UIBTpaIed TkKaHel JeUKOIUTaMU U IUTOKU-
HaMm [12]. TpaHCKanUIAPHAA YTEYKA YKUIKOCTH,
BO3HUKAIOIIAsI BCJIECTBYE HapyIlleHus bapbep-
HOU (PYHKIIMU 9HIOTEUs] WU THOEJH KJIETOK,
NIPUBOAUT K BOSHUKHOBEHUIO MHTEPCTULNAIBHO-
r'0 OTeKa, YTO, Ha yPOBHE OPTaHU3Ma, MaHU(ECTHU-
pyeT IOJMOPTaHHOM HEeJO0CTaTOYHOCTHIO
COCTOsIHMEM, IIPeICTABIIAIONIEM CEPbE3HYIO YIPO-
3y sKU3HM 00JBHOTO [13, 14].

blood-tissue barriers with subsequent infiltration
of target organ tissues with leukocytes and cy-
tokines [8, 9]. The latter leads to the development
of multi-organ failure, which is the main cause of
death of patients in intensive care wards. The most
important role in development, control and reso-
lution of inflammation is played by neutrophils,
which participate in formation of nonspecific re-
sistance of the body. Immune response to tissue
damage or infection begins with neutrophils se-
creting pro-inflammatory and anti-inflammatory
cytokines aimed at eliminating the damaging
agent and restoring homeostasis.

The CD11b and CD66b molecules, which are
found in neutrophil intracellular granules, are
highly sensitive and diagnostically significant
markers of the systemic inflammatory response.
CD11b interacts with ICAM-1 receptors on en-
dothelial cells, allowing for neutrophil adhesion
and their subsequent migration through the en-
dothelial barrier to the inflammation site [10].

Endothelium is a monolayer of specialized
cells lining the inner surface of blood and lym-
phatic vessels. The main physiological functions
of endothelium include barrier, maintenance of
oncotic pressure, participation in blood coagu-
lation, angiogenesis, etc. Endothelial dysfunc-
tion is an important component of various
pathological processes and largely affects the
severity of atherosclerosis, sepsis, ischemic and
reperfusion injuries, severe combined trauma, as
well as SIRS occurring in the early postoperative
period [11]. This syndrome is a key event of crit-
ical conditions accompanied by increased pen-
etration of pro-inflammatory cytokines through
blood-tissue causing their impaired integrity
with subsequent tissue infiltration by leukocytes
and cytokines [12]. Transcapillary fluid leakage
resulting from endothelial barrier function dis-
turbance or cell death leads to interstitial edema
contributing to the life-threatening multi-organ
failure [13, 14].

Prevention, treatment and minimization of
the consequences of systemic inflammatory re-
sponse syndrome is one of the main challenges in
anesthesiology and intensive care. The presence of
anti-inflammatory activity (i. e., the ability to in-
hibit the systemic inflammatory response syn-
drome) and, consequently, the ability to prevent
endothelial dysfunction, is a beneficial «side effect»
of some well-known drugs [15].

According to available experimental data
lithium chloride posseses strong organoprotective
properties, but their mechanisms, particularly for
endothelial protection, remains unexplored.

The aim of the study was to evaluate the effi-
cacy of lithium chloride for preventing damage to
the monolayer of endothelial cells in vitro exposed
to the serum of patients with septic shock.
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[Ipenynpesxnenue, JjedyeHne 1 MUHAMU3al A
MOCJIEJICTBUM CHUHJAPOMA CHCTEMHOW BOCIIAJIM-
TeJIbHOU peaKkInu SIBJISETCSA OJHOU U3 OCHOBHBIX
3a/lad aHEeCTe3WOJIOTUM U PEAHUMATOJIOTUM.
Hanuyre npoTUBOBOCTIAIUTEIHHON aKTUBHOCTHU
(T. e. CHOCOOHOCTH TOPMO3UTDH PA3BUTHE CUHIPO-
Ma CUCTEMHOM BOCITAJIUTEILHON peaKInu) 1, Kak
CJIEJICTBHE, CITOCOOHOCTH IIPEIOTBPAIaTh Pa3BU-
THEe 3HJ0TeJUATbHOU TUC(YHKIUU, ABJSIETCS
MTOJIOKUTETbHBIM TMOO0YHBIM 3 dekToM psma
U3BECTHBIX Ipenaparos [15].

Ilo mMeromIMMCS Ha CETOTHAIITHUM eHb 9KC-
MepUMeHTATbHBIM JaHHBIM XJIOPUI JIUTHUSI 00J1a-
JlaeT BBIPAYKEHHBIMU OPraHOMPOTEKTOPHBIMU
CBOMCTBaMH, HO MEXaHWU3M peaJu3alluu ero
3aIUTHBIX CBOMCTB M B 0OCOOEHHOCTH Ha (PyHK-
MO 3HJIOTEJINA OCTAIOTCA HEeN3yYeHHBIMU.

esb uccienoBanusi — U3y4uThb 3 HEKTUB-
HOCTb JIEWCTBUSA XJIOPUJIA JTUTUS B KaueCcTBe Cpe]l-
CTBa, PEIOTBPAIIIAOIIEr0 MOBPEsKIEHE MOHOCJIOS
9HIOTEJTUAJILHBIX KJIETOK i71 Vilro Tof, JeHCTBUEM
CBIBOPOTKY NAIIMEHTOB C CENITUYECKUM IIIOKOM.

MarepuaJ 1 MeTobI

BoJIbHBIX C pa3BUBIINMCS CEITUYECKUM IIIOKOM B
KOJIMYecTBe 5 4eJIOBEK 0TOOpasu B COOTBETCTBUU C
kpurepusimu «Cericuc-3» (cpeguuit Bo3pact 32,4 [25,6;
42,4]) [21]. KpoBB AJ151 IpOBeIeHUsI 9KCIIEPUMEHTOB 3a-
Oupasy B TeYeHNe 2 YaCOB IIOCJIE BBISBJIEHUSI CENITHYE-
CKOTO II0Ka. B kauecTBe KOHTPOJIBHOU I'PYIIIBI KCCIIE-
JIOBaJIU CHIBOPOTKY KPOBU IIPAKTHUUYECKHU 3J0POBBIX
IOHOPOB (5 4yesiOBeK), MenuaHa Bo3pacra 35,6 [28,7;
45,0] seT. B kaskI0U M3 TPymIr O6bLI0 3 MYKYHUHBI U 2
SKeHITHBI. TakM 00pa3oM, B KasKI0H CEPUU OIBITOB
(B mocTaHoBKax ¢ fob6aB/IeHneM pa3HOil KOHLIEHTpaluu
npenapara, TOKCUYHOH ChIBOPOTKH) KOJINUYECTBO JKC-
[IepUMEHTOB COCTaBJISIIO 5.

duporenuanbHble kieTku Ea.hy926 pacrunu B
cpege DMEM (Gibco, USA) ¢ 10% Tensiubeit amOpuo-
HasbHOU ceiBopoTKON — FBS (HyClone, USA) 1o MoHO-
cJ10s1. 3aTeM KJIETKY NHKYOMPOBAJIU B Te€YEHNE 3 YaCOB
nipu 37°C ¢ 5%-HOU TeJIsT9beil 9MOPUOHATBHON ChIBO-
POTKOI (KOHTPOJIb), C CBIBOPOTKOU KPOBU 3I0POBOIO
4yeJIOBeKa, a TAaK)Ke C ChIBOPOTKOU INalleHTa ¢ CerTuye-
CKUM IIIOKOM 0€3 XJIOPHIa JIUTUS U B €r0 IPUCYTCTBUU
B KOHEYHbIX KoOHIeHTpauusax 0,01 mmouss/a, 0,1
MMOJIb/JI, 1 MMOJIB/JI, 10 MMOJIB/JI. XJIOpUL JIUTHUS AO-
6aBJisyiH 3a 1 yac 10 CMEHBI CBIBOPOTOK. ITocyie MHKY-
Oarnuu KJIeTKY MPOMBIBAJIU TETIBLIM pacTBopoM DMEM
6e3 CBIBOPOTKH, a 3aTeM (UKCHPOBaIH 2%-HBIM pac-
TBOPOM Ilapadopma U nepMeabuIn30BbIBAIU 1%-HbIM
pactBopoM Triton X-100. duUKCUpPOBAHHBIE KJETKU
OKpallluBaJ/ii IIepBUYHBIMU aHTUTesJaMU K VE-kanre-
puny (BD Biosciences, CIIIA), a 3aTeM HHKYOUPOBAJIH C
BTOPUYHBIMM aAHTHUTEJaMU, KOHBIOTUPOBAHHBIMU C
duryopecuenTbiM kpacutesieMm Oregon Green 488 (Life
Technologies, USA), a Takske ¢ pa/yionIMHOM KpPaCHbIM
(Invitrogen, CIIIA) u kpacutesiem Hoechst 33342 (Life
Technologies, CIIIA). O6paboTKy n300paskeHHH, ITOJTy-
UYeHHBIX Ha (DJIyOpPeCleHTHOM MUKPOCKOIIE, a TAKKE UX
KOJIMYeCTBEHHBIHN aHaJ/IN3 IIPOBOJUJIU C IOMOIIIBIO IIPO-
rpamm Image]J 1.44p u MetaVue 4.6.

Materials and Methods

Five patients with progressive septic shock were se-
lected according to «Sepsis-3» criteria (median age
32.4 [25.6; 42.4]) [21]. Blood for experiments was with-
drawn within 2 hours after the diagnosis of septic shock.
The sera samples from 5 healthy volunteers were used in
the control group (median age 35.6 years [28.7; 45.0]).
There were 3 men and 2 women in each group. Thus,
each series of tests (with addition of various concentra-
tions of the drug and toxic serum) had 5 experiments.

Endothelial cells Ea.hy926 were grown until mono-
layer formation in the DMEM medium (Gibco, USA) with
10% calf embryonic serum (CES, HyClone, USA). The
cells were then incubated for 3 hours at 37°C with 5% CES
(control), with healthy human serum, and with the
serum of patient with septic shock without and with
lithium chloride at final concentrations of 0.01 mmol/l,
0.1 mmol/l, 1 mmol/l, 10 mmol/l. Lithium chloride was
added 1 hour before serum change. After incubation the
cells were washed with warm DMEM solution without
serum, and then fixed with 2% solution of paraformalde-
hyde and permeabilized with 1% solution of Triton X-100.
The fixed cells were stained with primary antibodies to
VE-cadherin (BD Biosciences, USA) and then incubated
with secondary antibodies conjugated with fluorescent
dye Oregon Green 488 (Life Technologies, USA), as well
as with phalloidin red (Invitrogen, USA) and Hoechst
33342 dye (Life Technologies, USA). Processing of images
obtained with a fluorescence microscope as well as their
quantitative analysis was done using Image] 1.44p and
MetaVue 4.6 software.

For western blotting, Ea.hy926 endothelial cells
were grown and incubated in the same way as described
above. After incubation, the cells were lysed in hot buffer
(62.5 mM Tris-HCI, pH 6.8; 2% SDS; 10% glycerin; 50 mM
DTT, 0.01% bromophenol blue), incubated at +94°C for 4
minutes. The proteins were separated in 12% polyacry-
lamide gel and transferred to PVDF membranes. Anti-
bodies to VE-cadherin and claudin (BD Biosciences,
USA) as well as secondary antibodies conjugated with
horseradish peroxidase (BD Biosciences, USA) were used.
Visualization was performed with SuperSignal West Pico
(Thermo Scientific, USA) kit. Image Lab software (Bio-
Rad, USA) was used for densitometric analysis.

For statistical analysis, the data were presented as
mean values with standard deviations, or as medians and
quartiles. The statistical significance of differences be-
tween quantitative variables was calculated using Mann—
Whitney test whereas qualitative differences were evalu-
ated using the y? criterion. Prior to the statistical analysis,
the distribution of variables was checked for normality
using the Kolmogorov-Smirnov and Shapiro-Wilks tests.
The material was graphically presented as medians
(lower quartile; upper quartile).

Results and Discussion

Incubation of endothelial cell monolayer with
5% toxic serum resulted in loss of adhesion contact
protein, the VE-cadherin (fig. 1). Incubation of cells
with patients' serum samples caused a decrease in
the level of claudin, one of the main proteins of
dense (closing) endothelial contacts. Toxic serum
significantly altered the shape of cells: they lost the
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Jlna mpoBeneHHA BeCTEPH-
670TTHHTA 9HJI0Te/InaJIbHbIe
kieTku Ea.hy926 pactunu u UHKY-
OmpoBaM TaK >Ke, KaK OIMCAHO
BhImIe. [locae MHKyOanuyM KJIETKU
JU3UPOBATN B TopsdeM Oydepe
(62,5 mM Tpuc-HCI, pH 6,8; 2% SDS;
10% rmmnepus; 50 mM ATT, 0,01%
6poMdEHO0TIOBOTO CHHETO) UHKYOHU-
poBanu npu +94°C, 4 MUHYTHL
benkn pasgensanu B 12% mnonan-
AKPUJIAMUIHOM reJjie ¥ IIepeHOCU/IN
Ha PVDF-Mmembpansl. lcmosbso-
BaJIM aHTUTesa K VE-Kagrepuny u
raayguny (BD Biosciences, CIIIA), a
Tak)Ke BTOPUYHbIe aHTUTesa, KOH-
'BIOTUPOBAaHHblEe C IIEPOKCHUIA30H
xpeHa (BD Biosciences, CIIIA). Busya-
JIM3ALMI0 IIPOBOAMIIM HabopoM Su-
perSignal West Pico (Thermo Scientific,
CIIA). [l 1eHCUTOMEeTPUYEeCKOro
aQHaJ/IM3a UCII0/Ib30BAJIM IIPOrpaMMy
Image Lab (BioRad, CIIIA).

B nporecce cTaTUCTUYECKOIO
aHa/lM3a IOJIydeHHble [aHHbIe
TIPe/CTaBJIsA/IN B BUE CPeJHero co
CTaHAAPTHBIMU  OTKJIOHEHUSIMU,
MeAuaHbl U KBapTesiell. CTaTucTu-
4eCKyI0 3HaUMMOCTb Pa3/jnuuil Ko-
JIMYeCTBEHHBIX IIOKa3areseld pac-
CUNTBIBAIM C IIOMOIIBIO TecTa
MaHHa-YUTHH, 3 KAYECTBEHHBIX — C
noMoInbio Kputepus 2. IlpenBapu-
TeJIbHO, IIepe]] IIPOBeleHreM CTaTh-
CTAYECKOr0 aHaji3a OIlpefesisiiu
HOPMaJIbHOCTD pacnpeneseHust
NIPU3HAKOB BapUALMOHHOM PSALY C
nomo1bo kpurepus Koamoroposa—
CmupnoBa u tecra lllanmmpo-Ynika.
I'papuuecku Marepuasn mnpejcra-
BUJIA KAK MeJUaHy (HUKHUN KBap-
TWJIb; BEPXHUI KBAPTUJIb).

Pesyisrarsl
U 00Cy:K/IeHHe

WNukybanus MOHOCJIOSI
9HA0TEeJNAJTbHbBIX KJIETOK C 5%-
Of TOKCHYECKOU CHIBOPOTKOU
NpUBOUa K mMoTepe Oesika
aJIre3aMoOHHBIX KOHTAaKTOB VE-
Kaarepusa (puc. 1). Takxke UHKy-
bamusi ¢ CHIBOPOTKAMU KPOBU
[TIalMeHTOB BBI3bIBAJId YMEHb-
IIeHue KOJIMYecTBa KJayguHa,
OJHOTO M3 IJIaBHBIX OEJIKOB
IJIOTHBIX (3aMBIKAIOIINX) KOH-
TAKTOB dHJOoTeausi. Tokcuue-
CKasl CbIBOPOTKA TaKsKe U3MEHSI-
Ja popMy KJIETOK: OHU Tepsiau
HaTUBHYIO MHOTOYTOJIBHYIO
¢opMy, BBITATUBAIUCE, MEKIY
HUMHU 00pa30BBIBAIMCH ITPOMe-

VE-cadherin

Nuclei

Actin

N

Puc. 1. UMmmyHO(dTyopeciieHTHasA MHKPOCKOITUS 9HI0Te THAILHBIX KiIeTok Ea.hy926,
HMHKYOHMPOBAHHBIX C Pa3JIMYHBIMH KOHIEHTPAIMAMH XJIOPHIA JTUTHA (MOJIb/JI) H 00-
padoTaHHBIX 5%-HOU TOKCHYHOH CHIBOPOTKOM.

Fig. 1. Inmunofluorescent microscopy of Ea.hy926 endothelial cells incubated with
various concentrations of lithium chloride (mmol/l) and treated with 5% toxic serum.
Note. Actin — cell staining for actin microfilaments; VE-cadherin — staining for the
intercellular contact protein VE-cadherin; Nuclei — staining of the cell nuclei. I — con-
trol; 2 — toxic serum; 3 — toxic serum and lithium chloride 0.01 mmol/l; 4 — toxic
serum and lithium chloride 0.1 mmol/l; 5 — toxic serum and lithium chloride 1.0
mmol/l; 6— toxic serum and lithium chloride 10.0 mmol/I.

IIpumevanue. Actin — OKpacka KIeTOK Ha aKTHHOBble MUKpoduiameHnTsl; VE-cad-
herin — okpacka Ha 06eJIOK MeKKJIETOYHbIX KOHTaKTOB VE-kanrepus; Nuclei —
OKpackKa siiep KJIETOK. ] — KOHTPOJIb; 2— 100aBjIeHre TOKCUYHON CBIBOPOTKY; 3 —
J100aBIeHNEe TOKCHYHON CBIBOPOTKH U Xopuaa autus 0,01 Mmouis/ i1, 4 — nobasiie-
HHE TOKCUYHOH ChIBOPOTKHU U XJ10pua tuTUs 0,1 MMOJIb/JT; 5— no0aBJjieHre TOKCHY-
HOM CBIBOPOTKU U XJI0pUJa JIUTHUA 1,0 MMOJIB/JT; 6 — fo0aBjieHre TOKCUYHOM ChIBO-
POTKHU U X0puja autus 10,0 MMOJIb/J1.
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Puc. 2. BiuAaHue pa3/IMYHBIX KOHIEHTPALUH XJIOpHIa
JINTHS Ha 00pa3oBaHHe MEJKKJIETOYHBIX IPOMEKYTKOB MO-
HOCJIOSA 3H0TEJUAJIBHBIX KJIETOK MOoJ JaelicTBueM 5%-0i
TOKCHYHOH CHIBOPOTKH.

Fig. 2. Effect of various concentrations of lithium chloride on
the formation of intercellular gaps in the endothelial mono-
layer cells after exposure to 5% toxic serum.

Note. For Fig. 2-7: C— the control serum; HD— healthy donors’
serum; TS — toxic serum; TS+LiCl — a combination of lithium
chloride and toxic serum. The results are presented as mean val-
ues and standard deviation; * — P<0.05 vs C.

IIpumeuanwue. The area of intercellular gaps, % of total — n1o-
1aIb MESKKJIETOUYHBIX IIPOMEKYTKOB, % OT 00IIeH MJIO0Iaau.
[l puc. 2-7: C — KoHTpoJsbHAsA cbIBOpoTKa FBS; HD — cbI-
BOpoTKa A0HOpOB; TS — TokcuyHas ceiBOporka; TS+LiCl,
mmol/l — coyeTanue XJ0pua JIUTHUS B YKa3aHHBIX KOHIIEHT-
panusax ¢ TOKCUYHON CHIBOPOTKOH. Pe3ysbraTel IpecTaB-
JIEHBI B BUJIE€ CPeJHEr0 3HAYEHHSI CO CTAaHAAPTHBIM OTKJIOHE-
HHeM; * — p<0,05 o oTHOMIEHUO K C.

SKYTKH, TTOCKOJIbKY pas3bupasinch emje M MydKu
nepudepuyecKux aKTUHOBBIX MUKpodUIaMeH-
TOB. Takve n3MeHeHUs1, MPesKe BCero, XapaKTep-
HbI OJIs1 9HA0TeJUaJbHOU AUCHYHKIUU, COIPO-
BOKJAIOIIEliCcsT HapylleHueM MeyKKJIeTOYHbBIX
KOHTaKTOB. [Tomob6HbIe 3P eKThI He HAOJIOmATH
py THKYOAmu ¢ 5%-HOH TesIsTYbei 9MOPUOHAE-
HOU CBIBOPOTKOU (KOHTPOJIb) UJU 5%-HOU CHIBO-
POTKOM 3I0POBBIX JIIOJIEN.

[To aHHBIM UMMYHO(IYyOpeCcIeHTOU MUK-
pOCKOTINY, WHKYOANMs C XJIOPHUAOM JIUTUS B
koHneHTpanuu 0,01 MMOJIB/J1 HE TIpeAOTBpalla-
Jia pa3bopry KaayqrHa (0JHOTO0 M3 VIABHBIX 0eJI-
KOB MJIOTHBIX (3aMbIKAIOIINX) KOHTAKTOB 9HI0-
TeJaus1), akTUHa (0CHOBHOIO OeJIka IIUTOCKEJIeTa)
u VE-kaarepuHa (6esIka aare3mOHHBIX KOHTAK-
ToB). [IpefMHKYOAIHSA C XJTTOPHUIOM JIUTHUS B KOH-
neHtpanuu 0,1 MMOJB/JI  CTAaTUCTHUYECKHU
He3HAYMMO ITpeoTBpaIiana pa3dbopry Kaaymu-
Ha (p>0,05), HO B G0Jiee BBICOKUX KOHIIEHTpA-
nusax (1 MMousib/ga, 10 MMOJIB/JI) IPAaKTHYECKHU
MMOJTHOCTBIO 3aIlUINaja 9HA0TeANaIbHBIIA MOHO-
CJION OT pas3pyllieHusl MeKKJIeTOUHbIX KOHTaK-
TOB TOJ JeHCTBUEM TOKCUYECKOU CHIBOPOTKHU.
UucaeHHBIA aHAJAU3 [aHHBIX MUKPOCKONUU
IIpeJCTaBUJIN HA PUC. 2.

TS+LiCl, mmol/l

Cc TS [0,01][0,1][ 1][10]

T w— w— — o vy VE-cadherin

e e T

Puc. 3. BiauAHHe pa3jIMYHBIX KOHIEHTpAaUUi XJopHaa
JINTHS HA pacilienyieHue 0ejIKka aare3nBHBIX KOHTAaKTOB VE-
KaJrepuHa.

Fig. 3. Effect of various concentrations of lithium chloride on
the cleavage of VE-cadherin adhesive contact protein.
ITIpumeuanne. GAPDH — KOHTPOJIbHBII 6€JIOK IIHIiepasbie-
rundocdaraernaporenasa (FAD/T).

native polygonal shape, became elongated with
gaps between them, as bundles of peripheral actin
microfilaments were also dismantled. Such changes
were considered as prime parameters of endothelial
dysfunction accompanied by impaired intercellular
contacts. These effects were not observed when
cells were incubated with 5% CES (control) or 5%
human serum from control vilunteers.

According to immunofluorescence microscopy
data, incubation with lithium chloride at a concen-
tration of 0.01 mmol/l did not prevent cleavage of
claudin (one of the main proteins of dense (closing)
endothelial contacts), actin (the main protein of cy-
toskeleton) and VE-cadherin (the protein of adhe-
sion contacts). Pre-incubation of cells with lithium
chloride at concentration of 0.1 mmol/l insignifi-
cantly prevented cleavage of claudin (P>0.05), but in
higher concentrations (1 mmol/l, 10 mmol/l) almost
completely prevented endothelial monolayer from
destruction of intercellular contacts after exposure
to toxic serum. Quantitative analysis of microscopy
data is shown in fig. 2.

Note. C — control serum; TS — toxic serum;
C+LiCl — combination of lithium chloride and
toxic serum; GAPDH — the glyceraldehyde 3-phos-
phate dehydrogenase control protein.

Western blotting was used to quantify protein
changes in VE-cadherin intercellular contacts. In-
cubation with 5% toxic serum reduced the level of
VE-cadherin in cellular lysates by about 50% (fig. 3).
Incubation with lithium chloride protected against
the protein cleavage after exposure to toxic serum
in a dose-dependent mode. The graphic presenta-
tion of the results is given in fig. 4, a.

Western blotting was also used to quantify
changes in the level of claudin, the dense contact
protein. Incubation with lithium chloride also pro-
tected against the degradation of this protein after
exposure to toxic serum in a dose-dependent
mode. Graphical presentation of experiment is
shown in fig. 4, b.

GENERAL REANIMATOLOGY, 2020, 16; 3

www.reanimatology.com



100

DOI: 10.15360/1813-9779-2020-3-94-105

Experimental Studies

[ KOJIM4YeCTBEHHOU OIeHKU H3MEHEHUS
Oeska MEKKJIETOUHBIX KOHTAKTOB VE-KanrepwHa
HcIiosb30Bau BecrepH-0s0TTHHT. VIHKYyOAus ¢
5%-HOM TOKCUYHOU CHIBOPOTKOM ITPUMEPHO BIT0JIO-
BUHY yMeHbIIIaJ1a KoJInuecTBO VE-KaireprHa B KJie-
TOYHBIX JT3aTax (puc. 3). MHKyOaIusi ¢ XJI0pUI0M
JINTHS 3allAIIaIa OT PacIlerieHusl 3Toro Deska
T0[1, 1eiCTBHEM TOKCUYHOI CBIBOPOTKU B J0303aBU-
cuMoM peskume. KosmmaecTBeHHBIN 00CYeT TaHHbBIX
9KCIepUMeHTa IPUBeJIN Ha PUC. 4, a.

7151 KOJTMYeCTBEeHHOU OLleHKU U3MeHeHUs
KOJIMYeCTBa OeJTKa MJIOTHBIX KOHTAKTOB KyIayIuHa
TaK>Ke MCII0JIb30BaIu BecTepH-00TTHHT. ITHKY-
fanus ¢ XJTOPUIOM JIUTHS TaK)Ke 3aIlHIana OT
pacIernieHus aToro 0esKa Mmoj JefiCTBUeM TOK-
CUYHOU CBIBOPOTKU B 10303aBUCUMOU pesKUMe.
KoJsimdecTBeHHBIN 00CUET TaHHBIX 9KCIIEPUMEHTA
TIPUBEJIA Ha pUC. 4, 0.

Xyopun muTus B KoHIleHTpanuu 0,01 MMOJTb/ 1
He 00J1a/1aJT TPOTEKTUBHBIM JIEHICTBUEM Ha 9HJIOTE-
g, TIpennHKyOAIus ¢ XJIOPUIOM JIUTHAS B KOH-
neHtpanyu 0,1 MMOJIb/J1 He OKa3bIBaJla 3HAYUTEIb-
HoTrO 3(p(eKTa, a B KOHIIEHTpAUusAX 1 MMOJIb/JI
1 10 MMOJIb/JT OH OKa3bIBaJI BEIPAsKEHHOE IIPOTEK-
THUBHOE JeHCTBYE Ha 9HIOTEINIA.

[Tockonbky knHa3a GSK-3 sABJsI€eTCSA OCHOB-
HOU CUTHAJbHOU MOJIEKYJIOH, y4acTBYIOIIEeH B
MIOBPEXKIEHUN MHOTUX TUIOB KJIETOK, BKJIIOYAsI
3HJI0TesIMaJIbHbIe, UCCJIeOBAIU JeiCTBUE TOK-
CUYHOU CHIBOPOTKHU Ha YPOBeHb (pochOopuInpo-
BaHMs JAHHOU KHUHa3bl. OKA3aJI0Ch, UYTO TOKCHY-
Hasi ChIBOPOTKA IPAaKTUYeCKU He BJIMsIeT Ha
conepskanue gpocdo-GSK-33 yepes 5, 15, 30 MUHYT
u 1 yac rocJjie [eiCTBUsI CbIBOPOTKH, HO BbI3bIBAET
3HAYUTEJbHOE, IPUMEPHO Ha 60%, yMEHbIIIeHUE
conepskanus gocdo-GSK-3p uepes 2 u 4 yaca, 4TO
cBuieTenbCcTBOBAO0 00 aktmBaruu GSK-33 mpu
JleficTBUU (DAKTOPOB KPOBU M3 JAHHOW CHIBOPOTKU
Ha 9HJoTeJINaIbHble KJIETKU (puc. 5, 4, b).

[TapaJieapHO € BBIIIEONHCAHHBIM OIIBITOM
WU3YUYUJIU IeficTBUe XJIopuaa JuTusi (1 MMOJIb/ 1)
Ha OuHaMuky docdopunupoBanus GSK-38 B
9HJIOTENNANBHBIX KjeTKax. OOHapYyKWUJIH, YTO
XJIOPUJ JIUTHS (1 MMOJTB/J1) BBI3BIBAJI 3HAUYUTEb-
HOe IOBbIIIeHUe conepskaHus @ocdo-GSK-3
ysKke depe3 15 MUH Iocjie BO3JAENUCTBUS, U 3TOT
a(pderT coxpaHsIcsa BILJIOTH A0 4 4 (puc. 5, a, 0).

[Ipy MopesMpOBaHUM 3AIUTHI XJIOPHUIOM
JINTUSI KJIETOK 9HJOTEJMsI OT TOKCUYHON ChIBO-
POTKY 0OHAPY>KUJIH, YTO IPETUHKYOAIUS C XJI0-
PUAOM JIUTHSI AJUTEIbHOCTBIO 1 Yac, B KOHIEHT-
pauu 1 MMoJIb/J1 Ipe0TBpaliaga HAKTUBAIHIO
(medochopunupoBanue) GSK-3 u masxe, Haobo-
poT, cTuMmynupoBaa ee pochopuarpoBaHue BO
BpeMeHHOM UHTepBaJse 1-4 yaca mocsie BO3nei-
CTBUSA CbIBOPOTKU (pucC. 6).

3areM U3YUMJIU AEUCTBUE PA3JIUYHBIX KOH-
neHTpanut Jiutus xjaopuaa (0,01 mmodas/a, 0,1
MMOJIB/JI, 1 MMOJIb/J1, 10 MMOJIB/J1) Ha pochopu-
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Puc. 4. BiusiHue pa3InyHON KOHIEHTPAIYH XJI0PUIA JTUTHUS
Ha OTHOCHUTEJbHOe cojep:kaHue VE-kaarepuHa (a) 1 KJjay-
auHa (b) B MOHOCJI0€ 9HAOTETHATBHBIX KJIETOK, 00padoTaH-
HBIX 5%-HOH TOKCUYHOM CHIBOPOTKOM.

Fig. 4. Effect of various concentrations of lithium chloride on
the relative level of VE-cadherin (a) and claudin (b) in amono-
layer of endothelial cells treated with 5% toxic serum.

Note. The results are presented as mean values with standard
deviation. * — P<0.05 vs C

Ipumeuanwue. /1151 puc. 4-7: relative level of — orHOCHTETBHOE
comepskaHue. Pe3ysbrarsl IIpeCTaBJIEHbl B BUJE CPEJHETO
3HAYEHUsI CO CTAaHAAPTHBIM OTKJIOHEeHUueM. * — p< 0,05 110 oT-
HomeHumo K C.

Lithium chloride at the concentration of
0.01 mmol/I had no protective effect on endothe-
lium. Pre-incubation with lithium chloride at con-
centrations of 0.1 mmol/l had no significant effect,
and in concentrations of 1 mmol/l and 10 mmol/1 it
provided a strong protective effect on endothelium.

Since GSK-3 kinase is the main signal molecule
involved in the damage of many cell types, including
endothelial cells, we investigated the effect of toxic
serum on the phosphorylation level of this kinase.
Toxic serum was found to have practically no effect on
the level of phospho-GSK-3p 5, 15, 30 minutes and 1
hour after serum exposure, but it caused a significant
decrease (by approx. 60%) in the level of phospho-
GSK-3p after 2 and 4 hours demonstrating the activa-
tion of GSK-3p due to the influence of blood factors
from this serum on endothelial cells (fig. 5, a, b).

In parallel with the above experience, the ef-
fect of lithium chloride (1 mmol/l) on the changes
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Puc. 5. [leficTBHEe TOKCHYHOM CBIBOPOTKH M XJIOPHU/IA JTUTHS Ha (pocopummpoBanue kmHa3bl GSK-34 (Ser9) B kiieTkax aHI0-

Teqaus (a). KonuecTBeHHBII 00cUeT JaHHBIX UMMYHOO10TAa (b, C).

Fig. 5. Effects of toxic serum and lithium chloride on phosphorylation of GSK-35 (Ser9) kinase in endothelial cells (a). Im-

munoblot data quantification (b, ¢).

Note. Data of immunoblot analysis for various time points after exposure of cells to toxic serum or lithium chloride are given. Fig.

b, c:Y-direction shows % in relation to the total protein in cells.

IIpumeuanue. [TpuBeeHb] JaHHBIE IMMYHOOJIOT-aHAIN3a PA3IMYHBIX BDEMEHHBIX TOUKEK IT0CJIe JeHCTBUS Ha KJIETKA TOKCHY-
HOM CBIBOPOTKU MJIU XJI0pua JUTHA. [yt puc. 5 b, ¢, 6 b, 7 b 1o ocu opuHar ykaszaH % OTHOCUTEJIbHO 00111ero 6e/IKa B KJIeTKaX.

a

TS+LiCl
C Smin  15min 30 min 1h 2h 4h

450

400

300

250

200

150
100

Relative phospho-GSK3 level, %

50

C 5 min 15 min 30 min 1h 2h 4h

TS+LiCl, 1 mmol/l

Puc. 6. CoBMecTHOe [JeliCTBHe TOKCHYHOM CHIBOPOTKH M XJIOPHU/IA JUTHS Ha
¢pochopununpopanne kuHa3bl GSK-3( B kiaerkax angorenus (a). Koauue-
CTBEHHBII1 00CcUeT JaHHBIX MMMYHOO/10Ta (D).

Fig. 6. Joint action of toxic serum and lithium chloride (1 mmol/l) on phosphoryla-
tion of GSK-34 kinase in endothelial cells (a). Inmunoblot data quantification (b).

Note. Immunoblot analysis data for various time points after exposure of cells to
lithium chloride (1 hour pre-incubation) and toxic serum (incubation time is
shown above the immunoblot tracks).

IIpumeuanue. [IprBeeHbI JaHHBIE UMMYHOOJIOT-aHAIN3a PA3/IMYHBIX BPEMEHHBIX
TOYEK IOCJIe IEMCTBUS Ha KJIETKU XI0puaa iuThs (1 yac mpequHKyOaum) U TOK-
CHYHOH CHIBOPOTKY (BpeMz MHKYOAINH YKa3aHO HaJl JOPO)KKaMI IMMYHOOJIOTA).

in GSK-3p phosphorylation in en-
dothelial cells was studied. Lithium
chloride (1 mmol/I) was found to have
caused a significant increase in the
level of GSK-33 phosphorylation 15
min after exposure, and this effect per-
sisted until up to 4 h (fig. 5, a, b).
When the lithium chloride-in-
duced protection of endothelial cells
from toxic serum was studied, pre-in-
cubation with lithium chloride at a
concentration of 1 mmol/I for 1 hour
not only prevented the inactivation
(dephosphorylation) of GSK-33 but
stimulated its phosphorylation during
1-4 hours after serum exposure (fig. 6).
We then studied the effects of
lithium chloride in various concentra-
tions (0.01 mmol/l, 0.1 mmol/], 1
mmol/l, 10 mmol/l) on GSK-3f phos-
phorylation. Endothelial cells were
pre-incubated for 30 minutes with
lithium chloride in specified concen-
trations and then exposed to toxic
serum. Two hours after the incuba-
tion, the immunoblot analysis was
processed. The results of the experi-
ment are presented in fig. 7, a, and
graphic representation of data is
shown in fig. 7, b. Lithium chloride
was found to prevent GSK-3f de-
phosphorylation in all studied con-
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Puc. 7. CoBMecTHOe JieiiCTBHe TOKCHYHOH ChIBOPOTKH H XJI0pHAA JTUTHA (MpefaodpadoTka 30 MuH) Ha hocopuaInpoBaHne
kuHa3bl GSK-34 B kieTkax aHg0Te M (a). KomnuecTBeHHbIH 00cUeT JaHHBIX MMMYHO0/10Ta (D).

Fig. 7. Joint action of toxic serum and pretreatment with lithium chloride (pre-treatment for 30 min) on phosphorylation of
GSK-3p kinase in endothelial cells (a). Quantitative immunoblot data analysis (b).

Note. The data of immunoblot analysis after 2 hours of incubation with toxic serum are presented.

IIpumeuyanue. [IpuBeeHbI JaHHBIE IMMYHOOJIOT-aHA/IM3a I10CJIE 2-4ACOBOM MHKYOAIMH C TOKCUYHOM CHIBOPOTKOM.

gupoBanue GSK-3f. KieTku sHgoTeus npeguH-
KyompoBasi 30 MUHYT C YKa3aHHBIMU KOHIIEHTpPa-
UMY XJIOPUJIA JIUTHS, @ 3aTeM Ha HUX BO3Jel-
CTBOBAJ/IM TOKCUYHOW CHIBOPOTKOU. YUepesd aBa
Yyaca WHKyO0ammu MpoBOIUIN UMMYHOOJIOT-aHa-
Jn3. Pesysbrarsl onbITa IpeiCcTaBu/In Ha puUc. 7, 4,
a KOJTMYeCTBEHHbBIN 06cUeT — Ha puc. 7, b. Ob6Ha-
PYsKWJIH, 4YTO JIMTHUA XJOPUL INpefoTBpalnall
nedpocpopunuposanue GSK-3 Bo Bcex uccmaeno-
BaHHBIX KOHIICHTPAUXAX, IIPX 9TOM IIpU yBeJInde-
HUU KOHIIEHTPAIUU XJI0PpUIa JUTUS HAOJI0mIaIn
JI0303aBHCUMOE IIOBBIIIIEHHEe YPOBHSA (pochopu-
gupoBanus GSK-3p.

Jlo HacTosI11Iero BpeMeHu el cTBHE XJI0pUa
JIUTHUS U3y4aJIOCh B OCHOBHOM JIUIIIb HA [IOCTMU-
TOTUYECKUX OpPraHax: TOJIOBHOU MO3T, MUOKap/I,
MOYeYHbIN anuTe ni. FI3BeCTHO, UTO pa3/InyHbIe
IUTOKUHBI BocnajgeHus, Hanpumep, TNF-a
(Tumor Necrosis Factor @) BBI3BIBAIOT paciierie-
Hue VE-kagrepmHa — 9HIOTeJHUAJBHOTO Oeka
QITe3MOHHBIX KOHTAKTOB [17]. Takke mipu jeii-
CTBUU TTOJOOHBIX MTPOBOCITAIUTEHLHBIX ar€HTOB
MIPOUCXOIUT JAerpamanusi 6eJIKOB MJIOTHBIX KOH-
TaKTOB, HalpuMep, KaayguHa. IIporeosms aTux
BaKHEHUIINX OEJIKOB MEKKJIETOUYHBIX KOHTAKTOB
BBI3bIBAaeT 0Opa3oBaHME MPOMEKYTKOB MEKIY
KJIETKaMH, YTO [IPUBOJUT K YBEJIUYECHUIO [IPOHU-
[[aeEMOCTHA U HapyIIeHWI0 6apbepHOU (PYHKIIUN
3HJ0Tes . B KpallHUX CiIydasix MOYKeT pa3BUThHCS
3HJOTeNnalbHasi OUCHYHKIOUs, KoTopas B
HaCTOsAIIlee BpeMsI CYUTAETCS OHUM U3 OCHOBHBIX

centrations, and the dose-dependent increase of
GSK-3B phosphorylation was observed when
lithium chloride concentration was increased.

So far, the action of lithium chloride has been
studied using the postmitotic organs such as brain,
myocardium, kidney epithelium. It is known that
different cytokines of inflammation, e.g. TNF-a
(tumor necrosis factor «) cause the cleavage of VE-
cadherin, the endothelial protein of adhesion con-
tacts [17]. Also, such pro-inflammatory agents
cause degradation of dense contact proteins, e. g.,
claudin. Proteolysis of these important intercellu-
lar contact proteins results in the formation of gaps
between cells, which leads to increased permeabil-
ity and impaired endothelial barrier function. In
extreme cases, endothelial dysfunction may de-
velop, which is currently considered to be one of
the main factors of multi-organ failure in sepsis
and septic shock [18].

The present study has shown that lithium
chloride is capable of preventing cleavage of
claudin, actin and VE-cadherin in intercellular con-
tacts of Ea.hy926 endothelial cells caused by expo-
sure to the toxic serum from patients with septic
shock. To date, the mechanisms of lithium chloride
action on endothelial cells have not been clarified.
In this regard, we consider important our data on
the protection of endothelial intercellular contacts
through phosphorylation of the enzyme GSK-3p.
The importance of the enzyme GSK-3p inactivation
is well known today: by preventing mitochondrial
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(hpaKkTOpOB pPa3BUTHA NOJNOPTAHHON HEJOCTATOU-
HOCTH IIPY CEeIICUCEe U CeIITUYEeCKOM IIoKe [18].

B HacroAmem ncciaeroBaHuy II0KA3a/IH, YTO
XJIOPHUJI JIUTHSI CIOCOOEH MTPeJoTBpaIarTh pa3doop-
Ky KJIayAyHa, akThHa U VE-KaarepuHa B Me)KKJIe-
TOYHBIX KOHTAKTaX 9HAOTEJMAJIbHBIX KJIETOK
guHum Ea.hy 926, BeI3BaHHYI0 AefiCTBHEM TOKCUY-
HOU CBIBOPOTKY, ITOJTyY€HHOU OT ITAIIEeHTOB C Cell-
TUYeCKUM IIOKOM. Ha ceromHAIMHUN eHb Mexa-
HU3Mbl  JEeWCTBUS  XJIOpUJA  JMUTUA  Ha
9HJIOTEeJIMa/IbHbIE KJIETKU OCTAI0TCA HeM3yYeHHbI-
MU. B aTOM CBs131, HaM IIpeICTaBJIsAETCS BA&YKHBIMU
9KCIlepUMEHTAJbHbIC JaHHbIE O 3alIUTe IHIOTe-
JINAJIbHBIX MESKKJIETOYHBIX KOHTAKTOB uepes oc-
¢dopusmpoBanue ¢epmenta GSK-3f, koropsle
OBILTM ITOJTyYeHbI Ha MOJIETN BOCITa/IEHHUS B TOJIOB-
HOM Mo3are. Ha ceromHsIIHUNA [eHb XOPOIIO
M3BECTHO 3HAauYeHWe HHaKTUBaUU ¢epMeHTa
GSK-3p, koTopas, nperoTBpalias OTKpbITHE MUTO-
XOHJIpUAJIbHOU MOPBHI, 3alIUIIAeT TIOCTMUTOTUYE-
CKUe KJIeTKU OT uiemun/penepdysuu [19, 20].

B pabore kosutekTHBa aBTOPOB B 2013 romy
ot pykoBojctBoM Persydsky Y. [21] 6b1710 TOKa3a-
HO, uTo dochopunuposanue pepmenta GSK-33
MPUBOAUT K YBEJUYEHUIO BpEMEHU SKU3HU OeJI-
KOB IUIOTHBIX ME)KKJIETOYHBIX KOHTAKTOB (B
pesysbrare yBeJn4eHus BpeMeHU IoJypaciaga
Ha 38 1 43% COOTBETCTBEHHO), 00eCIeYnBaIOIINX
IIeJIOCTHOCTD 9H/IOTEJINAIBHOTO Oapbepa. Takum
06pa3oMm, TOSIBUJINCH Cephe3HbIe OCHOBaHUS CUU-
TaTh, uTo, pochopunupoBanue GSK-3B — ato
OIIVH U3 ITyTel, PEryJIMPYIOIIUX COCYIUCTYIO IIPO-
HHUI[aeMOCTb. A TIOJTyYeHHbIe paHee yOeauTe Ib-
Hble AaHHble 0 dochopunupoanuu GSK-33 B
TKaHW II0YeK XJOpUAoOM JuTusa B nose 30
mr/kr [20], B TKaHU MHOKap/a [21] U TOJIOBHOM
Mo3re [6, 22] akCIepUMeHTaJbHbIX KUBOTHBIX

MTO3BOJISTIOT IIPEIIOIOKATH O HATUYNH MEXaHN3-
Ma peajii3anyy 3alIUTHBIX 3(HEKTOB XJIOpHUaa
JINTUSI Ha 9HJ0Tes N Yepes BaussHue Ha GSK-3.

3arJaoueHnue

B pesysbrare BBITIOJTHEHU S HACTOSIIEN pabo-
TBI, TUTIOTE3a O PeaIN3alliy 3AMUTHBIX 3 HEKTOB
xJopuaa JuTUsl Ha aHporenuin deped GSK-3[3
TOJTy4HJIa CBOE TIpeIBApUTETbHOE TTOTBEPSKIE-
HHe: 0O0HAPYKWJIM, YTO TOKCHUYHAsi CHIBOPOTKA
nopasJsiiia pochopunuposanue GSK-3f u nepe-
BoguIa hepMEeHT B aKTUBHYIO (hOPMY, a XJIIOPU
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pore opening it protects postmitotic cells from is-
chemia/reperfusion [19, 20].

In a paper by Persydsky Y. et al. (2013) [21],
phosphorylation of GSK-3 enzyme was shown to
cause an increase in the life span of dense intercel-
lular contact protein (as a result of the increase in
half-life by 38% and 43%, respectively), ensuring
the integrity of the endothelial barrier. Thus, there
are good reasons to consider the phosphorylation
of GSK-3p as one of the signaling mechanisms reg-
ulating vascular permeability. Moreover, the earlier
data on GSK-3 phosphorylation by lithium chlo-
ride at a dose of 30 mg/kg in kidney tissue [20], in
myocardial tissue [21] and in brain tissue [6, 22] of
experimental animals support mechanistic links of
GSK-3p phosphorylations and protective effects of
lithium chloride on endothelium.

Conclusion

Threfore, our study has provided an initial
rationale for the hypothesis on mediation of pro-
tective effects of lithium chloride on endothe-
lium through GSK-3f. The toxic serum was ob-
served to inhibit phosphorylation of GSK-3f and
to convert the enzyme into an active form, while
lithium chloride, on the contrary, increased
phosphorylation (inactivation) of GSK-3f and,
most importantly, even prevented dephosphory-
lation of GSK-3f caused by toxic serum. However,
it remains unclear whether this mechanism is
working in vivo. Notably, even at minimal con-
centrations (0.01 mmol/l) lithium chloride pre-
vented the toxic serum-induced inhibition of
GSK-3p phosphorylation, which is generally a
dose-dependent process.

JINTHs1, HA000POT, yBesrm4auBaJ pochopuarpona-
Hre (nHakTuBanuio) GSK-30, u, yto 60J1ee BaskHO,
MpeJoTBpallajl BbI3BaHHOE TOKCUYHOM CBIBOPOT-
Kol yMeHbIleHue pocdopunupoBanus GSK-3p.
TeM He MeHee, OCTaeTCsl HeSICHBIM, peau3yeTcs
JIV TAaKOI MeXaHu3M in vivo. BaXKHO OTMETUTh, UYTO
Ja)xe B MUHUMAaJIBHBIX KOHIeHTpanuax (0,01
MMOJIb/JT) XJIOPUJI JTUTHS IPeOTBPaliial BbI3BaH-
HOe TOKCUYHOW CHIBOPOTKON WHTHUOMpPOBaHUE
dochopunupoBanus GSK-3B, umes, B LesomM,
BBIpa’KeHHbIN 10303aBUCUMbII XapaKTep.
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Pe3rome

Benosusiii TpoM609M0b0si3M (BTI) siBJIsieTcs: TpeTheil 110 yacToTe MPUYUHOU CMEPTU OT CepIeYHO0-Co-
CyAUCTBIX 3a00JieBaHU IToc/Ie MH(papKTa MUOKap/ia U UHCYJIBTA, HO sSIBJsIeTCsl HauboJiee IpesoTBpaTUMON
NIpUYUHOH JieTaabHOCTU. BT pacnpocTpaneH v NOTeHINAIbHO OIlaceH JJjIsl )KU3HU 00JIbHBIX, KOTOPBbIE I10-
CTYIIUJIU B OT/ieJIeHUsI peaHUMalllH, Jake HECMOTPs Ha IPO(MUIAKTUUYEeCKUEe MePOTIPUATHUS.

Iless 0630pa: 000CHOBaHKE HEOOXOAMMOCTH IIPOBEIEHUS TPO(PUIIAKTUYECKUX MEPOTIPUSATUI BEHO3-
HOro TPoM603MO0/IM3Ma y AIMEeHTOB, HAaXOASAINXCS B peaHUMAaI[MOHHbBIX OTIe/IeHUX.

13 6os1ee 300 mepBUYHO OTOOPAHHBIX MUCTOUHUKOB JINTEPATYPhI Pa3/IMUYHbIX 0a3 gaHHbIX (Scopus, Web
of science, PIHII u ap.) 1715 aHa/iuaa BeIOpaau 99 HCTOYHUKOB, U3 HUX — 69, OITyOJINKOBAaHHBIX B TeUeHUe
MIOCJIeHUX ITATH J1eT (2015-2020 rr.). KpurepreM UCK/IIOUEHUsI KCTOUHUKOB CJIYKU/IN MaJjiasi UH(OPMaTUB-
HOCTbB M yCTapeBIllie JaHHbIe.

B 0630pe paccMmoTpesnu 3HaUUMOCTh BTJ, pakTophl prcka ero pa3BUTHsi, BEIOOP U 00beM Ipoduiiak-
TUYECKUX MEPOIIPUATUI B 3aBUCUMOCTHU OT PUCKA TPOMOO30B U KPOBOTEUEHN s, BeJleHue MTallieHTOB B pas-
JINYHBIX KIIMHUYECKUX CUTYalUsAX (IPX CHIYKEHUH (PYHKIIUY I0Y€eK, TPOMOOLUTOIIEHNHY, FelapUH-UH YN -
PpOBaHHOU TPOMOOLIUTOIIEHNH, HAPYIIIEHUH (DYHKIUY [leYeHU), TOKa3aHus K yCTaHOBKe KaBa-(UILTPOB.

Ho B MupoBOIii iuTeparype IoKa HET KOHCEHCYCa B OTHOIIIEHUH paccMaTpuBaeMoro BOIIpoca, OCHOBAH-
HOI'0 Ha MeTaHaIn3ax Ui 00JIbIINX PAHJOMU3UPOBAaHHBIX HCCIef0BaHusIX. Takske, He JOCTUTHYTO COLIacue
B OTHOIIIEHUU UCI0Jb30BAHMUSI MEXaHNYECKON 1 KOMOMHUPOBAaHHOU NPO(MUIAKTUKN BEHO3HBIX TPOMOO-
30B/TAJIA, UCIIOIb30BaHUS YIBTPA3BYKOBOTO UCCIEN0BAHUS JJIs1 BbISABJIEHUSI 0€CCUMIITOMHBIX TPOMOO30B.
He cyiiecTByeT HU OJHOT'O UCCJIeJOBAHUSI OLleHKU 9(ppeKTUBHOCTU U 6€30I1acHOCTH (hapMaKoJIOTUIeCKON
npodunakTuky BT y manueHToB ¢ BIpa)keHHOH Te4eHOYHON HeJ0CTaTOYHOCTHIO.

B 0030pe 0TMeTHIIH, YTO BCe MAlleHTh], TOCIUTAIN3MPOBaHHbIE B OT/IeJIeHNsI peaHUMAal UMEIOT BbI-
cokuil puck passutus BTI. O6beM popuIakTUIeCKUX MEPONIPUATUN 3aBUCUT He TOJIBKO OT JaHHOTO
PHCKa, HO ¥ OT pPUCKa pa3BUTHs KPOBOTeYeHN . B KauecTBe aHTUKOAry/IAHTA JOJHKHBI UCII0JIb30BaThCA Te-
[IapUHBI, CPeA KOTOPBIX IPEeANIOYTEHNE OTAAETCsI HU3KOMOJIEKYISIPHBIM rerlapuHaM. BeI6op 1036l 60/1b-
LIMHCTBA FeIapUHOB 3aBUCUT OT (DYHKIIMU IT04eK. [Ipy BBICOKOM pUCKe KPOBOTEUeHHUsI IPUMEHSIOTCS Me-
XaHHUYeCKUe CpeicTBa IPOPUIaKTUKY.

Karoueasle cr06a: BEHO3HBIN TpOM603M60.HI/I3M; HpO(I)I/I.HaKTI/IKa; oTaeJsieHue MHTEHCUBHOM Tepamnunun
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Summary

Venous thromboembolism (VTE) is the third most frequent cause of death from cardiovascular diseases
after myocardial infarction and stroke and the most preventable cause of mortality. VTE is common and po-
tentially life-threatening in patients admitted to ICU, even in spite of preventive care.

The purpose of the review is to justify the necessity of preventive care for venous thromboembolism in
ICU patients.

From over 300 initially selected sources of literature databases (Scopus, Web of science, RSCI, etc.), 99
sources were chosen including 69 that were published during the last five years (2015-2020). The exclusion
criteria included data of low informative value or disproven data.

The review discusses VTE relevance, risk factors for its development, selection and scope of preventive care
depending on the risk of thrombosis and hemorrhage, patient management in different clinical settings (im-
paired renal function, thrombocytopenia, heparin-induced thrombocytopenia, liver dysfunction, indications
for installation of vena cava filter).

In the world literature, however, there is yet no consensus on the matter under discussion that would have
been based on meta-analyses or large randomized studies. No agreement has been reached either in respect
of use of mechanical and combined prophylaxis of venous thromboses/PATE, application of ultrasound to de-
tect asymptomatic thromboses. There are no studies on efficacy and safety of pharmacological prophylaxis of
VTE in patients with significant hepatic impairment.

The review describes that all patients admitted in ICU feature a high risk of VTE development. The scope
of preventive care depends not only on VTE risk but also on the risk of a hemorrhage. To prevent the latter,
low-molecular weight heparins should be used. For most cases, the choice of heparine dose depends on renal

function. When there is a high risk of hemorrhage, mechanical preventive aids are applied.

Keywords: venous thromboembolism; prophylaxis; intensive care unit
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BBenenue

BeHo3sHbIl TpoMO03MboH3M (BTI) BRJIIOUA-
eT TpoM003 WIYOOKUX BeH HUKHUX M BEPXHUX
KoHeuHocTed, Taza (TI'B) m TpombGoamboIUIO
geroaHou aprepuu (TIJIA). BTO MoskeT pa3BUTH-
cs1 y 1000ro YeJ0BeKa U ObITh IPUYUHON TsIIKe-
JI0¥ 00JIe3HH, MHBAJIUIHOCTH U maske rudesnu. Ox
SIBJISIETCS TPEThEH M0 YacToTe MPUUYUHOU CMEpPTHU
OT CepAeYHO-COCYIUCTBhIX 3a00JIEBAHUI IOCIIE
nH(papKTa MUOKapAa U UHCYJIBTa, HO IIPU 3TOM —
Hau0OoJIee PeIOTBPATUMON ITPUYMHON JIeTaIbHO-
ctu [1]. I[To JaHHBIM MHOTHUX MCCJIEJJOBAHUU eKe-
rofgHble oKasaresu pa3sutud TAJIA BappupyIOT OT
39 no 115 ciyyaes Ha 100 000 HacesneHnus, a TIB —
ot 53 1o 62 Ha 100 000 HacesieHusd [2, 3] 1 JaHHbIE
IoKa3aTeJ/Ii UMeeT TeHIEeHIIMIO K POCTYy C Tede-
HUeM BpeMeHH (3, 4]. Ot BT 3a rox morubaet ot
60 000 mo 100 000 amepukraHueB [1]. B mectu
EBpomneiickux cTpaHax C OOIIUM HaceJIeHHeM
454,4 musInoHa 4eJjioBek 6osiee 370 000 cmepTei
B 2004 roxy 6n11m cBsidaHbl ¢ BTI [5]. B Teuenue
MepBOro Mecslia mocje auarHoctuku BTO or
TIJIA morudaet ot 10 10 30% yesioBek [5]. Buesan-
Hasgi CMePTh SIBJSIETCA NEPBbIM KJIUHUUYECKUM
NPOsIBJIEHNEM JIETOUYHON 9MOO0JUN TPUMEPHO Y
deTBepTH (25%) Jutl [6]. Cpenu malueHToB, CTPa-
nparorux TI'B koHeuHOCTeH, y TOJIOBUHBI pa3BUJI-
Cs1 IOCTTPOMOOTHUYECKHI CHHIPOM [6], a y OTHOMI
Tpetu (0koJ10 33%) — npousores penuaus BTO B
TeyeHue nocuaenyomux 10 jget [6]. 3arparsl Ha
Jedyenne BTO B CIIIA cocTaBJAIOT eKeTOgHO He
MmeHee 600 mutH. moJi. CIIIA Ha 4dejioBeka [7], B
EBponie — 8,5 MmussimapaoB eBpo [8].

Introduction

Venous thromboembolism (VTE) includes
deep vein thrombosis of lower and upper extrem-
ities, pelvis (DVT) and pulmonary artery throm-
boembolism (PATE). VTE can develop in any per-
son and might be a cause of a severe illness,
disability, and even death. It is the third most fre-
quent cause of death from cardiovascular dis-
eases after myocardial infarction and stroke but
is the most preventable cause of mortality [1]. An-
nually, PATE development varies between 39 and
115 cases per 100,000 humans and those of DVT
— between 53 and 62 per 100,000 humans [2, 3],
with an upward trend over time [3, 4]. 60,000 to
100,000 Americans die from VTE per annum [1].
In six European countries with the total popula-
tion of 454.4 million, more than 370,000 deaths in
2004 were related to VTE [5]. Within the first
month after VTE diagnosis, 10 to 30% humans die
from PATE [5]. Sudden death is the first clinical
manifestation of pulmonary embolism approxi-
mately in a forth (25%) of persons [6]. Among pa-
tients suffering from DVT of extremities, half de-
veloped the post-thrombotic syndrome [6], and
one third (about 33%) experienced VTE recur-
rence within the next 10 years [6]. In the USA, the
expenses on VTE treatment amount at least to 600
million US Dollars per head per year [7], in Eu-
rope — 8.5 billion euros [8].

About 50% of VTE cases occur during hospi-
talization for an acute disease (22% in therapeutic
patients and 24% in surgical patients), or within 3
months after discharge from the hospital (most
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[MpubsmmaurespHo 50% ciaydaeB BT Bo3HU-
KaloT BO BpeMs I'OCIUATAJIN3aluHU 110 II0BOIY OCT-
poro 3aboseBaHuu (y MAIeHTOB TepareBTHYe-
ckoro npoguia — 22%, xupyprudeckoro — 24%),
WM B TeYeHUHU 3X MecsleB MOCJ€e BBIIMHUCKU U3
craroHapa (00JIBIITUHCTBO 3MU3010B BEHO3HOTO
TpoM0O03aMOOIU3Ma MPOUCXOIUT UMEHHO TIOCJIe
BbIIIUCKH) [9-11].

TAJIA siBjsieTcs1 ONHOM M3 BeIyIIUX IPUYNH
JeTAaJTbHOCTH Cpeau TOCHUTAIN3UPOBAHHBIX
narueHToB (60 000-100 000 cmepTeii B rof [12], y
5-10% rocnuTagn3upOBaHHBIX ITAUEHTOB [13]).
KomureT mo 3gpaBooXpaHeHUIO ajaaThl OOIINH
COOOTITIIT, YTO TPUOIUBUTETHHO 25 000 YeJIOBEK B
BenukoOpUTAaHUN €KETOTHO YMUPAIOT OT TPH-
oOpereHHoro B bosbHUIIE BT [14].

BT9, HecMoTpsi HAa PO UITaKTAYECKUE MEPO-
MPUATHSA, OMAaCeH [JIsI YKU3HU pEeaHUMAITMOHHBIX
60bHBIX [15, 16]. HacToTa 3aperucTpupoOBaHHOIO
BT3 ynanueHToB oTAeseHni peaHuMaluy U UHTeH-
cuBHOH Tepanuu (OPUT), BepossTHO, BapbUpYyeET B
Pa3HbIX NOIYIANUAX U 3aBUCUT OT UHIUBUAYAJIb-
HBIX 0COOEHHOCTEN ¥ COCTOSAHIS O0JILHOI0, 3a00J1e-
BaHUs1, KOTOPOE CTA/I0 MPUYMHON FOCIIUTAIU3AIAH,
ckpunuHra BT9, a Takyke xapakrepa npouiakTH-
YeCKUX MeponpusaTuil. TakuM oOpas3oM, 4acTora
passutus TI'B HUSKHIUX KOHEYHOCTEH y OOJTbHBIX B
OPUT Bapsupyer ot 3,5 10 31% [17, 18]. B aguarckux
cTpaHax 3a60J1eBaeMOCTb CDaBHUTEJIBHO HUKE, YeM
B ctpaHax EC u CeBepHoit AMepuru. Tak, B uccie-
MIOBAHUSIX, B KOTOPbIEe OBLITN BKJIIOYEHBI TTAIIHEeHThI
XUPYPrUUeCcKOro OTJesIeHsI THTEHCUBHOU Teparuu
B Taiyanne, yacrtora TI'B cocrasasier 3,6% [18], B
Terepane — 3,5% [19]. YacTora BosHUKHOBeHU BTI
y IAlMEHTOB C CEeICUCOM U CeNTUYECKUM IIOKOM
cocraBJisiet 37,2% [20].

Ilo gaBHBIM ayTOIICMM Cpely yMeplIuX B
OPUT, TpoM0609MO0JIHSA JIETOYHOI apTepuu ObLIa
3aperucTpupoBaHa B 7-27% ciy4daeB U AIBUJIACH
HeT0CpeJCTBEHHON IPUYNHOU CMePTH y IpUMep-
HO 12% 60JbHBIX [21]. [Jaske HeOOIBIIION TIEPDY-
3UOHHBIN edeKT, BbIaBaHHbIN TAJIA, kIMHUYE-
CKA MOSKeT IIJIOXO TIepeHOCUThCA TAKUMU
OOJIBHBIMH ¥ 3HAYMTEJLHO COKpAIlaTh UX Kap-
JUOpeCcCIUpaTOpHbIN pe3eps [22].

[TpodunarTrka BTO npuBOIUT K CHUKEHUIO
YaCTOTHI €r0 Pa3BUTHUS U CMePTHOCTH. Tak, obcep-
BAIIMOHHOE UCCJIeI0OBAHNE B3POCJIBIX ITAIINEHTOB,
HaxoguBmiuxcsi Ha jedueHnnu B OPUT B CIIIA, noka-
3aJI0, 4TO B IpyIIIe IallMeHTOB, II0Jy4YaBIINX [IPO-
(usakTUUYECKOe JieueHWe AaHTHKOaryJsiHTaMu,
PHUCK cMepTH OBIJT 3HAYWUTEJTbHO HWKE, YeM Y
MalMeHTOB, KOTOPHIM He IMPOBOAUJIACH TIPOdU-
Jgaxktuka BT [23]. PesysbsraTsl MeTaaHa113a, IIpo-
BegeHHOro Malato A. ¢ KoJieraMu, ITO03BOJIAJIN
aBTOpaM IpPeaIoJIOKUTh, uTo padBurtue TI'B B
OPUT, no-BuguMoMy, BjIUsieT Ha IPOAOJIKATEIIb-
HOCTB NIPeOBIBAHUS B OT/IeJIEHUU peaHuMaIluu U
CTaloHape, U Ha JIeTAJIbHOCTS [24].

episodes of venous thromboembolism take place
particularly after discharge) [9,10,11].

PATE is aleading cause of mortality among inpa-
tients (60,000-100,000 deaths per year [12], or 5-10%
of all inpatients [13]). The Health Committee of the
House of Commons reported that in Great Britain
25,000 humans approximately die from VTE ac-
quired in hospital [14].

In spite of preventive measures, VTE is a life-
threatening condition for ICU patients [15, 16]. The
incidence of VTE recorded in ICU patients varies
from population to population and depends on pa-
tient’s individual peculiarities and causes of hospi-
talization, VTE screening, and the nature of preven-
tive measures. Therefore, the incidence of DVT of
lower extremities in ICU patients varies between
3.5and 31% [17,18]. In Asian countries, the morbid-
ity is comparatively lower than in the EC and North
America countries. In the studies that included ICU
surgical patients in Thailand, the incidence of DVT
was equal to 3.6% [18], in Teheran — 3.5% [19]. VTE
incidence in sepsis and septic shock patients
amounts to 37.2% [20].

According to autopsy data, in patients that
deceased in ICU PATE was recorded in 7-27% of
cases and was the direct cause of death in 12% of
patients [21]. Even a minor perfusion defect due to
PATE may be poorly tolerated by such patients sig-
nificantly reducing their cardiorespiratory re-
serve [22].

VTE prophylaxis results in reduced incidence
of its development and death. The observational
study of adult patients receiving treatment in ICU
in the USA showed that in the group of patients
who received preventive treatment with anticoag-
ulants the risk of death was significantly lower than
that of patients who did not receive VTE prophy-
laxis [23]. The results of meta-analysis undertaken
by Malato A. et al. have allowed the authors to sup-
pose that development of DVT in ICU seems to af-
fect mortality and duration of staying in ICU and
hospital [24].

Venous Thromboembolism Risk Factors

By today’s conceptions, VTE development is a
consequence of interaction between constant risk
factors that a patient has and factors appearing due
to a new disease or exacerbation of a chronic dis-
ease in the course of the treatment before and dur-
ing hospitalization (table 1). Almost all inpatients
have 1 or more VTE risk factors (table 1), wherein
about 40% of them have 3 risk factors and more [25].

The most significant risk factors of VIE in-
clude surgical intervention, knee or hip endopros-
thetics, a severe trauma including femoral fracture,
spinal cord injury (table 1) [26]. Another significant
risk factor of VTE is cancer including metastases, in
which risk degree depends on the tumor location
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®aKkTOpHI pPUCKA BEHO3HOTO
TPOMO0IMOOIH3IMaA

Pazsutne BTO 110 coBpeMeHHBIM IpeACTaB-
JIEHUsIM — 3TO CJIe[ICTBUE B3aWMOJEeNCTBUA
MesKy IIOCTOSITHHBIMU (haKTOpaMU PHCKa, KOTO-
pble WMeEIOTCA Y IalueHTa, U (pakTopamuy,
TTOSIBJIAIONIMMICSH B CBSI3H C HOBBIM 3ab0JIeBaHU-
eM WJIM 000CTpEeHnEeM XpOHNYECKOTO0, UJIN B IIPO-
Lecce ero Je4eHus, BKJII0Yasi FOCIUTAIN3alUI0
(tabs. 1). IloyT Bce rocHMUTaAIN3UpPOBAHHBIE
MMarueHThl UMeIoT 1 mim 60Jiee (PAaKTOPOB pHUCKa
pasButus BTI (tabu. 1) u npubnusurenasHo 40%
umeloT 3 u 6oJiee paKkTOPOB pUCKa [25].

HauboJsiee sHaYNMBIMEU (DaKTOPaAMU PUCKA
pasButus BT cunraiorca: Xupyprudecrkoe BMe-
IaTeJIbCTBO, 9HJA0IPOTE3UPOBAHNE KOJIEHHOTO
WJIU Ta300€JpeHHOr0 CyCcTaBa, TsA)KeJas TpaBMa,
BKJIIOYAsA IepesoM Oejapa, TpaBMa CIMHHOTO
Moara (ta6J. 1) [26]. Eime ogHUM 3HAYUMBIM
¢arTopom pucka BT saBisgercs pak, ocobeHHO
C pa3BUTUEM METacTa30B, IPUYEM BBIPAKEH-
HOCTb PUCKA 3aBUCHUT OT JIOKAJIM3AIIUU OHKOJIO-
rudeckoro mpoiecca (tabsa. 1) [29]. HauboJin-
UM pPHUCKOM 00/1a7al0T 3JI0Ka4eCTBEHHbIE
OIIyXOJIY, TOKAJIUIYIOIINECS B sKeAYIKe, I0Ke-
JIYIOYHOU KeJjie3e, JIETKUX, TOJJOBHOM MO3Te, a
Takske remo6sacTo3sl [30].

dakTopoM pucka BT y sKeHIINH pernpoaykK-
TUBHOI'O BO3pAcCTa SIBJISIETCA IIPUEM 3CTPOTEeHCO-
Jepsralliix OpaJibHBIX KOHTPALENITUBOB [28], oco-
6enno npu Tpomboduauu [31]. Puck passutusa
BT mpu 3amecTUTETLHON TOPMOHATBLHOHN Tepa-
WU y KeHIIWH 3aBUCUT UCII0JIb3yeMOro mpemna-
para u Iy Tel ero BBeJleHus [28].

AreporpoM603 um BTO mMmeroT psn oOmmx
(parTOpOB pHCKA, TAKUX KaK KypeHUe CUTaperT,
TUIepX0JIeCTepUHEMHUS, apTepuaibHasi TUIIepTO-
HUA U caxapHbIN nuaber [32], oxkupenue [33].

[TaruenTtsr OPUT 3a4acTyio UMEIOT CJIOKHbBIE
MEeIUITMHCKHIE TUarHO3bl C OOJIBIINM YKUCJIOM
CONIYTCTBYIOITUX 3a00JeBaHUN. ITO OCIeolnepa-
[IMOHHBIE MAIMEHTHI, JIUT[A C TTIOJIUTPABMOI, O0/Th-
HbIE C TS)KeJIBIMH TepaleBTUYeCKUME 3abojeBa-
HuasmMu u T.10. Cencuc [17], MemguIMHCKasI
cemarust  [34], «dapmaroJIOTHYECKUN Tapa-
any» [34], UCIIoJb30BaHNWE Ba30IIPeccopoB [35],
IIperaparoB /i1 HepoMblllleuHOo! 6J10KafbI [36],
remoguanana [17], mpogo/sKATEIbHOE JIEYUeHUE B
OPUT [18], Hayinune OeJpeHHOr0 BEHO3HOTO Kare-
Tepa [37] WU MEHTPATHLHOTO, IEPUMEPUIECKOTO
BEHO3HOTO Karerepa [34, 36, 38, 39] siBstoTCS haK-
TopamMu pucka BTO [34], KoTopble NOABJIAIOTCA
pu HaxoxkAeHnu namnuenta B OPUT. MckyccTBeH-
Has BeHTuIAnuA jerkux (MBJI) 3a cuer ymenslie-
HUsI BEeHO3HOI'0 BO3BparTa M HEOOXOAMMOCTH Cefia-
oy (M UMMOOMJIM3AIUN) TAKKe YBEeJIUYNBAET
puck BTO [17], mpuueM Ha yacToTy padsurus BTO
BJIAAET IPOAOJIKUTENIbHOCTD MBJI [40].

(table 1) [29]. The highest risk relates to malignant
tumors located in the stomach, pancreas, lungs,
brain, as well as hemoblastosis [30].

The VTErisk factor in women of the reproductive
age includes the use of estrogencontaining oral con-
traceptives [28], particularly, in the presence of throm-
bophilia [31]. The risk of VTE development during re-
placement hormonal therapy in women depends on
the drug used and route of administration [28].

Atherothrombosis and VTE feature a number
of common risk factors such as smoking cigarettes,
hypercholesterolemia, arterial hypertension, dia-
betes mellitus [32], and obesity [33].

ICU patients often experience complicated
medical diagnoses with a number of comorbidi-
ties. They include surgical diseases, post-trauma
conditions, severe therapeutic diseases, and
more. Sepsis [17], medical sedation [34], pharma-
cological paralysis’ [34], use of vasopressors [35],
neuromuscular blockers [36], hemodialysis [17],
long treatment in ICU [18], presence of a femoral
venous catheter [37], or central, peripheral ve-
nous catheter [34, 36, 38, 39] — all of them are
VTE risk factors [34] that appear during patient’s
stay in ICU. Mechanical lung ventilation (MLV),
due to reduced venous return and requirement
for sedation and immobilization, also increases
the VTE risk [17], and MLV duration might affect
VTE prevalence [40].

Antipsychotic drugs, antidepressant drugs, di-
uretics or analgesics, Diclofenac, Ibuprofen and Ro-
fecoxib, but not naproxen, might increase the risk
of VTE [41-43].

Ultrasound Examination
for Deep Vein Thrombosis Screening

In ICU patients, VTE has some peculiarities
obstructing its diagnosis. DVT signs and symptoms
might be not visible due to edemas or surgical
dressing. Diagnosis of DVT is not always easy to
confirm until the patients develop PATE.

In critically ill patients, DVT is often asympto-
matic with PATE being the first clinical presentation
of the disease [44]. Ultrasound examination seems
to be justified as screening in ICU patients. How-
ever, available data did not allow experts from the
American College of Chest Physicians [45] or Euro-
pean experts [44] to recommend routine ultra-
sound examination for detecting asymptomatic
DVT in postoperative patients. Such examination
would be useful in patients with a high risk of VTE
to whom it is impossible to commence pharmaco-
logical thromboprophylaxis timely due to hemor-
rhage, or in patients with a high risk of hemorrhage,
or in case of heparin-induced thrombocytopenia
(HIT), and in patients who cannot report appear-
ance of clinical signs of DVT [44].

On the other hand, ‘PREVENT’ (Pneumatic
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Tabsauia 1. PakTOphI pUCKa BEHO3HOTO TPOM003IM00aMO0m3Ma [26, 27].
Table 1. Venous thromboembolism risk factors [26, 27].

Risk factors

Group
Strong OR* >10

Example

A lower extremity fracture

Hospitalization for cardiac insufficiency or atrial fibrillation/flutter (within 3 months after discharge)
Knee or hip replacement

A severe trauma

Myocardial infarction (within 3 months after discharge)
Previous VTE

Spinal cord injury

A keyhole surgery on the knee

Autoimmune diseases

Blood transfusion

Central venous and intravenous catheters

Chemotherapy

Congestive cardiac or respiratory failure
Erythropoiesis-stimulating agents [26]

Hormonal replacement therapy (depends on the composition) [28]
Intake of oral contraceptives

Postpartum period

Infection (especially, pneumonia, urinary tract infection, HIV)
Intestinal inflammatory disease

Cancer (the risk is the highest in case of metastasis)

Stroke involving functional impairment of extremities
Superficial vein thrombosis

Thrombophilia

Bedrest >3 days

Diabetes mellitus

Arterial hypertension

Prolonged sitting posture (for example, a long travel by car or plane)
Elderly age

Laparoscopic surgery (for instance, cholecystectomy)

Obesity

Pregnancy

Varicose veins

Note. * — OR is the odds ratio.

IIpumeyanue. * OR — oTHOCUTENBHBIN pUCK. []151 Tab1. 1-5: Risk factors — dakTops! pucka; group — rpymma; example — npu-
Mep; strong, moderate, weak — cu/IBHBIE, yMEpeHHBIe, ci1abble; a lower extremity fracture — mepesoM HHUYKHEN KOHEYHOCTH;
hospitalization for cardiac insufficiency or atrial fibrillation/flutter (within 3 months after discharge) — rocnuranuaanus mmo mo-
BOJIy CepJieYHON HeI0CTaTOYHOCTH UK (UOPUIIIAIVH/ TPelleTaHus Ipeicepuii (B TedeHue 3 MeCsIIeB IOCJIe BBITICKH); knee
or hip replacement — sHIONIPOTE3NPOBAaHNE KOJEHHOTO HJIM Ta300€IPEHHOr0 CYCTaBOB; a Severe trauma — TsPKesIas TpaBMa;
myocardial infarction (within 3 months after discharge) — nndapkt Muokapza (B TeueHue 3 MeCsIIeB IOCJIE BBIIMCKI); previous
VTE — npenpiaymuii BT3; spinal cord injury — noBpeskienue cnnHHoro Mo3ra; a keyhole surgery on the knee — apTpockonu-
yeckas olepalys Ha KoJieHe; autoimmune diseases — ayronMMyHHBIe 3a6osieBaHusI; blood transfusion — nepesinBanue KpoBy;
central venous and intravenous catheters — IeHTpaJIbHBIN BEHO3HBII U BHYTPUBEHHBIE KaTeTepbl; chemotherapy — xumuore-
pamnus; congestive cardiac or respiratory failure — sacroiinas cepedyHasi HeIOCTaTOYHOCTD UJIH JIbIXaTeIbHAsI HEJOCTaTOYHOCTD;
erythropoiesis-stimulating agents — apuTpomnoas-cTuMyaupyloniue arenTsl; hormonal replacement therapy (depends on the
composition) — 3amecTHTeJIbHAS TOPMOHAJIbHASA Tepanys (3aBUCUT OT cocTaBa); intake of oral contraceptives — mpuem opaJsb-
HBIX KOHTPALENTUBOB; postpartum period — nocaeponosoit nepuoy; infection (especially, pneumonia, urinary tract infection,
HIV) — undexrnus (oco6eHHO THEBMOHUS, NH(EKIHs MOUeBbIBOAAIINX ITyTeld, BUY); intestinal inflammatory disease — Boc-
nanureabHOe 3aboseBaHue KUIIeyHUKa; cancer (the risk is the highest in case of metastasis) — pak (camblif BBICOKHE PUCK IIpU
MeTtacrasupoBaHun); stroke involving functional impairment of extremities — uHCysIBT ¢ HapyeHHeM (PyHKIUN KOHEYHOCTEH;
superficial vein thrombosis — TpomM603 moBepxHOCTHBIX BeH; thrombophilia — Tpom6oduins; bedrest >3 days — nmocreTbHBIH
pesxuM >3 nHelt; Diabetes mellitus — caxapHbrif fuabet; Arterial hypertension — aprepuanpHasa runepronus; prolonged sitting
posture (for example, a long travel by car or plane) — JIuTe IbHOE HAXOXKAEHUE B CUASTYEM IOJI0XKEHUH (HAlIPUMeD, ITUTETbHOe
IyTelIecTBYE Ha aBTOMOOMIIe I camoJieTe); elderly age — moskusoit Bo3pact; laparoscopic surgery (for instance, cholecystec-
tomy) — J1aapoCcKonuYeckas oIepanys (HapuMep, X0JIeLUCTIKTOMUsA); obesity — oskupeHue; pregnancy — 6epeMeHHOCTb;
varicose veins — BapUKO3HO€ pacIIMpeHUe BEH.

Moderate OR — 2-9

Weak OR <2

[IpuMeHeHNEe HEKOTOpPBIX IIpenaparoB B
IIepUoIlepaliiOHHOM IIepuoJie MOKeT YBeJIUUUTh
puck BTA. K TakuM npenaparaM OTHOCATCS aHTH-
IICUXOTUKY, aHTUeIIPEeCCAHThI, JTUYPETUKU UJIU
aHanbreTuku (puck BTO moBbIIIEH y ITallMEHTOB,
TTOJTyYaoIIUX IUKI0(peHak, noynpodeH u pode-
KOKCHO, HO He HaIlpoKCceH) [41-43].

CompREssion for Preventing VENous Thromboem-
bolism) research showed that ultrasound examina-
tion of veins of lower extremities twice a week re-
sulted in increased number of patients with detected
DVT, reduced number of tests to diagnose DVT lo-
cated elsewhere, and decreased incidence of PATE,
early VIE diagnosis and lower 90-day mortality [46].
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IIpoBenenue Y3U nJis1 CKpUHUHTA Vein Thrombosis and Hemorrhage
TPOMOO30B INIyOOKHUX BEH Risk assessment

BT y nanuentoB OPUT nmeer HEKOTOpBIE
0COOEHHOCTH, YTO 3aTPYAHsIET ero JUarHOCTHUKY.
Tak, mpusHaku u cuMIToMbl TI'B MOTyT OBITH HE
BU/IHbBI 13-3a OTEKOB U/ HAJIMYM I XUPYPTUUECKUX
MOBSA30K. /IlnarHo3 TpoM003a BeH HIYKHIX KOHEY-
HOCTel He BCerna JIETKO 3al003PUTh, JI0 TEX IIOP,
II0Ka Y 00JIBHOTO He NoABATCA TpusHaku TIJIA.

Y nanumeHToB, HAXOJAIIUXCSA B KDUTUYECKOM
cocrostany, TT'B yacTo mpoTekaeT 6eCCUMITOMHO,
a TOJIA aBJssgeTcsa NEepBbIM KIMHUYECKUM IIPO-
sBeHneM OoJie3Hu [44]. IlpoBenenue Y3U B
KayeCTBe CKpUHMHTIA y peaHUMalliOHHbIX Maly-
€HTOB, Ka3ajoCh, IOJLKHO OBITH OIPaBIaHO.
OpHako, UMeroIIecs JaHHbIe He T03BOJIMJIN 9KC-
nepraM AMepukaHckoro Kostemyka TopakaibHBIX
Bpaueii [45] u eBporeiickuM akcriepram [44] peko-
MEHI0BaTh PyTUHHOE IIPOBEJEHUN YJIBTPa3BYKO-
BOTO WCCJIETOBAHUS JJIs1 BBIsABJIeHUE OEeCCHUMII-
TOMHOTO TT'B y ITarineHToB I10CJIe XUPYPTUIECKOTO
BMeIIaTeJIbCTBA. Takoe ucciieloBaHme 1eJIeco00-
PasHO BBINOJHATH y JIUI[ C BBICOKUM C PUCKOM
BT3 1 HEBO3MOKHOCTBHIO Ha4YaTh BOBpeMsI (hapMa-
KOJIOTUYECKYI0O TPOMOOTPODUIAKTUKY WU3-3a
KPOBOTEYEHUS, MJIN Y 60JTbHBIX, UMEIOTINX BBICO-
KUH PUCK Pa3BUTHUs KPOBOTEUYEHUS, WU IIPU
reMapuHUHIYIIUPOBAHHOW TPOMOOIIUTOIIEHNH
(T'T), a Takske — y NallEHTOB, KOTOPbIE HE MOTYT
COOOIITUTH O TOSABJIEHUY Y HUX KITUHUYECKUX TPHU-
3HakoB TI'B [44].

C apyroii ctopousbl, ucciaenoanre PREVENT
(Pneumatic CompREssion for Preventing VENous
Thromboembolism), mokasasmo, 4To TpoBeIeHE
V3U BeH HUKHUX KOHEYHOCTEN ABaKIbI B Hejle-
JI0O TpPUBEJO K POCTYy 4YHUCAA MaAlMEHTOB C
BbIsABJIeHHBIM TT'B, CHUKeHHIO urcja TeCTOB AJIs
muardHoctuku TT'B MHOM JIoKaIM3alui U YaCTOThI
TAJIA, k panHelt quarHocTuke BTI u cHU)KeHUIO
cMepTHOCTH B TeueHuH 90 mHE [46].

O].IeHKa PHCKA pa3BUTHUA BEHO3HOTI0
Tp0M603a U KPOBOTCYECHHA

[TanmeHTHI, KOTOpble HAXOAATCA HA CTAlld0-
HapHOM JIe4YeHNH, 001aal0T Pa3JIMYHBIM PHCKOM
pasButusi BT3. UpeamepHasa mpoduIakTuKa y
MIAllMeHTOB C HU3KUM pUCKOM BT Mosker nipuse-
CTH K Pa3BUTHUIO KPOBOTEYEHH S, U HA0OOPOT, Hesl0-
cTaroyHasi MPo(UIaKTUKA Y TAIlIEHTOB C BBICOKUM
puCcKOM upeBara passurueMm BTO. Kiunudeckas
HACTOPOKEHHOCTB B OTHOILIEHUH BO3MOYKHOI'O KPO-
BOTEUYEHMsI, HEJOOIleHKa pUCKa pasButusa BTI
MOKET IPUBECTU K IPUMEHEHUIO HpO(I)I/IJIaKTI/I‘Ie-
CKOT0 JIeYeHUs B HEIOCTaTOYHOM OOBeMeE.

g Toro, 4ToOBI M30esKaTh OMIHMOOK IpHU
NpoUIAKTUYECKUX MEPOIPUATHUAX BO BpeMsA
Haxokaenus nanuenTa B OPUT HeoOXoauMo 110/ -

Inpatients feature a different risk of VTE devel-
opment. Excessive prophylaxis in patients experi-
encing lower risk of VTE might lead to occurrence
of hemorrhage and, vice versa, insufficient prophy-
laxis in high-risk patients is fraught with VTE devel-
opment. Clinical apprehension in respect of possi-
ble hemorrhage, underestimation of VTE risk might
result in insufficient preventive care.

To avoid mistakes in preventive measures dur-
ing patient’s stay in ICU, a patient-centered ap-
proach is required, in which it is necessary to assess
risks of thrombosis and hemorrhage. Pharmacolog-
ical prophylaxis should be carried out taking into
account the risks listed above, precedent anticoag-
ulant therapy, and comorbidities (tables 2—4) [9, 13].
It is also necessary reassessing the risks even more
frequently than once a day because the clinical con-
dition of an ICU patient changes fast [47].

Recent decade, a few quantitative models of
VTE risk assessment were developed [9, 48, 49]. Ac-
cording to several guidelines [44, 50-52], to assess the
VTE risk in surgical patients one can use the Padua
score [52] (table 2), and in therapeutic patients the
IMPROVE score might be employed [53] (table 3).

The score by Joseph Caprini (table 4) [54] can
also be used to assess the VTE risk in surgical pa-
tients. Its efficiency was proven by findings of the
meta-analysis that included 11 studies and over 15
thousand patients [55]. The possibility of its usage
in surgical [37, 56] and oncological ICU inpa-
tients [57] was demonstrated. On the other hand,
according to Bateman D. K., the Caprini’s risk as-
sessment model seems to fail in providing clinically
useful risk stratification for patients after knee or
hip endoprosthetics [58].

ICU inpatients represent an increased risk
group not only for thrombosis but also for bleeding.
About 80% of patient experience one or a few
episodes of bleeding, though most of them are
minor ones [59]. In the cohort study (11 countries,
97 Intensive Care Units, 1043 patients), 2.6% of pa-
tients hospitalized for emergency indications were
found to possess clinically significant gastrointesti-
nal hemorrhage (GIH). Of them, 4.7% of patients ex-
perienced at least one episode of obvious GIH dur-
ing their stay in ICU [60]. Only three out of four ICU
inpatients received drugs for at least 1 day, which re-
duced gastric secretion and could prevent some, but
not all types of GIT hemorrhage [61]. The highest risk
of VTE seems to be featured by patients receiving ex-
tracorporeal life support (ECLS). Such patients de-
velop GIH in 13.6% of cases [62], and intracranial
hemorrhage is determined in 5-7% of patients [63].

Pharmacological prophylaxis of VTE might
lead to development of bleeding that might result
in lethal outcome. Moreover, both bleeding and
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Tabsauia 2. OueHka pucka pasputus BT — mkana Padua [52].
Table 2. VTE Risk Assessment — the Padua Score [52].

Risk Factors Score
Immobilization (bedrest with the possibility of using a bath/toilet) 3
due to patient’s reduced mobility or physician’s recommendations for > 3 days

Active cancer (patients with metastases in regional lymph nodes 3
or distant metastases who have received chemotherapy or radiation therapy in the recent 6 months)
VTE in past medical history (with the exception of superficial vein thrombosis)

Thrombophilia

Trauma or surgical intervention (< 1 month)

70 years of age and older

Cardiac or respiratory failure

Acute myocardial infarction or ischemic stroke

Use of hormonal replacement therapy or oral contraceptives

Obesity (BMI > 30 kg/m?)

Acute infection and/or rheumatologic disease

Risk score > 4

el e Bl R e N S S S EOS NS

IIpumeuanwue. [ly1s1 Tabs1. 2-5: Score — 6asbl; high — Beicokuit; immobilization (bedrest with the possibility of using a bath/toilet)
due to patient’s reduced mobility or physician’s recommendations for > 3 days — uMmmo6uIM3anys (I0CTEIBHBIN PESKUM C BO3-
MO’KHOCTBIO II0JIb30BaThCsI BAHHOM/TyaleToM) B CBSI3U CO CHUIKEHHOH IBUTraTeTbHONH MOOMIBHOCTHIO OOJIBHOTO UJIU PEKO-
MeHJallUsIMU Bpaya B TeueHue > 3 JHel; active cancer (patients with metastases in regional lymph nodes or distant metastases
who have received chemotherapy or radiation therapy in the recent 6 months) — akTUBHBII pak (IAlMEHTHI C METACTA3aMH B
pervoHasbHble JTUM(OY3JIbI MU OTJAJE€HHBIMU METAaCcTa3aMH, IOJyYaloIe XUMUOTEPATIUIO UJIX JIyY€eBYIO TEPAIIUIO B TeUeHUE
nocneanux 6 mecsues); VIE in past medical history (with the exception of superficial vein thrombosis) — BT9 B anamHese (3a
HCKJIIOYeHreM TpoM0O03a IOBEPXHOCTHBIX BeH); thrombophilia - Tpom6odumms; trauma or surgical intervention (< 1 month) —
TpaBMa WJIM XUPYPrUYecKoe BMeIaresbeTBO (< 1 Mec.); 70 years of age and older — Bospact 70 siet u crapiue; cardiac or respi-
ratory failure — cepaeunas uiu pIxaTesibHast HeIOCTATOYHOCTh; acute myocardial infarction or ischemic stroke — ocTpsrii nn-
(apkT MHOKap/a WM UIlleMUYecKrii MHCYIET; use of hormonal replacement therapy or oral contraceptives — ncro/sib3oBanue
TOPMOHAJIBHOHN 3aMeCTUTEJIbHOH Tepanuy WK ePOPaTbHBIX KOHTPALEeNTHBOB; obesity (BMI >30 kg/m?) — oskupenue (MMT >
30 kr/m?); acute infection and/or rheumatologic disease — octpas undexIus 1u/namu peBMarooruyeckoe 3aboJieBaHue.

Ta6suna 3. OueHka pucka pasputusa BT — mkana IMPROVE VTE [53].
Table 3. VTE Risk Assessment — the IMPROVE VTE score [53].

Risk Factors Score
VTE in past medical history 3
Thrombophilia

Paralysis of lower extremities
Active cancer

Immobilization > 7 days

Stay in ICU

Age over 60 years

Low risk score — 0-1
Intermediate risk score — 2-3
High risk score — > 4

e e B NS S S

IIpumeuanue. VIE in past medical history — BT B anamuese; thrombophilia — Tpom6oduius; paralysis of lower extremities —
rapajiny HIYKHUX KOHEYHOCTeH; active cancer — akTUBHBIN pak; immobilization > 7 days — ummoOuinaanus > 7 [Hel; stay in
ICU — naxoskaenue B OPUT; age over 60 years — Bo3pacrt crapie 60 Jsiet. [lyist Tada1. 3, 4: low, intermediate, high — Huskwuit, npo-
MEeSKYTOYHBIH, BBICOKUM.

XOAUTHh WHIWBUIYATBHO K KaXKIOMYy OOJHBHOMY:
OITeHUBATH PUCK PA3BUTHUS KaK TPOMOO30B, TaK U
KpPOBOTeYEeHUs B KAKIO0N KOHKPETHOU CUTYyaluU.
[TpoBonuUTh (hapMaKOJOTrUYECKYIO0 IPOPUIAKTU-
Ky cJefyeT C y4eTOM IlepeuMCJIEHHBIX PUCKOB,
MIpelIecTBYIOIIed aHTUKOATYISIHTHOU Tepanuu u
COTNYTCTBYIOITUX 3a0oseBaHui (Tab. 2—-4) [9, 13].
Heo6xomuMo Takke peryJisipHO TPOBOIUTH IIepe-
OLIEHKY TaHHBIX PUCKOB, Yallle Aaske, YeM OIUH
pas B JieHb, TaK KaK KJIMHUYECKOE COCTOSTHHE
maruenTa OPUT mensieTcst 6bI1cTpoO [47].

B mocsienHee necsatuierne ObLIO pa3dpabora-
HO HECKOJIBKO KOJIMUYECTBEHHBIX MOJIEJIEH OIIeHKH
pucka BT3 [9, 48, 49]. CorimtacHO MHOTMM PEKOMEH-
manuam (44, 50-52] nyd olleHKU pUCKa pa3BUTUA
BT3 y xupyprudecknx O0JbHBIX MOKHO IIpUMe-

subsequent termination of thromboprophylaxis af-
fects adversely the clinical outcomes of ICU pa-
tients [64]. The risk of bleeding is assessed with the
aid of IMPROVE score (table 5) [65,66].

Preventive Therapy

It is believed that up to 70% of VTE cases in in-
patients can be prevented [67-69]. According to the
findings of three randomized controlled clinical stud-
ies (RCS) undertaken in ICU patients, DVT incidence
was significantly lower in the group of patients re-
ceiving thromboprophylaxis versus the control group
regardless of the type of preventive therapy [17, 70].

Thromboprophylaxis may be delivered me-
chanically (graduated compression garments,
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Tabauna 4. OueHka pucka passutusa BTI — mkana
Caprini [54].

Table 4. VTE Risk Assessment — the Caprini score [54].
Risk Factors Score

DaKTOpHI pHCKA Bajnibr
Bospact 41—60 ser 1
OTeK HUYKHUX KOHEYHOCTEHN

Bapuko3HbIEe BEHbI

MHpaekc maccel Tesia > 25 Kr/m?2

MaJoe Xxupyprudeckoe BMeIIare/IbCTBO

Cernicuc (< 1 mec)

CepnesHoe 3a00JieBaHNE JIETKUX,

BKJIIOYasI TIHEBMOHMUIO (< 1 Mec)

ITprem opasibHBIX KOHTPAIENTHBOB

WJIU 3aMeCTUTe/IbHAsi TOPMOHAJIbHASA Tepanus
BepeMeHHOCTH U TTOCIePOIOBBIN ITepuof (< 1 mec)
OcTpelif HTHGAPKT MEOKapaa

Hannuue B aHaMHe3€e He0O0bsICHUMBIX
MepPTBOPOYKIEHUH, BBIKUIBIIIH (CPOK > 3 Mec),
NpesKAeBPEMEHHbIE POJBI C TOKCUKO30M

WJIH 33/lepsKKa BHYTPUYTPOOHOr0 pa3BUTHS IJIONA
XCH (< 1 mec)

ITocTeJIbHBII pesKUIM

Yy HeXUPyprudecKoro naueHTa

BocnanureabHbIe 3a00JI€BaHUST

TOJICTOU KUIITKU B aHAMHE3€e

Bosbimoe xupyprudeckoe BMEIIaTeJ bCTBO (< 1 Mec)
XOBbJI

Jlpyrue (pakTopbl prcka

Bospacr 61—74 roga 2
ApTpocKkonuvecKas Xupyprus

3JI0Ka4eCTBEHHOE HOBOOOPa3oBaHue
Jlamapockonuyeckoe BMeIaTeJ1bCTBO
(IIUTEJIBHOCTBIO > 45 MUH)

IMocTebHBINA peskuM (> 72 )

MMMo0OuIn3aus KOHEeYHOCTH (< 1 Mec)
KareTrepusarys 1ieHTpaIbHbIX BeH

Bosbioe xupypru4eckoe BMeIIaTeJabCTBO
(IJINTEJIbHOCTBIO > 45 MUH)

Boapacrt crapie 75 set 3
Anamnues BT9

Cemelinbiii aHamMHe3 BT

Myranus Jlefinen

MyTanus nporpomM6uHa 20210A
l'unepromonucTenHeMus

't

ITOBBINIEHHBIH YPOBEHDb AHTUTEJI K KAPIUOJUIINHY
BoJryaHOYHBIN AaHTUKOATY/ISTHT

Jlpyrre BpOsKIeHHBIE

WU IpHOOpeTeHHbIe TpoMOobuINN

Wucynsr (< 1 mec) 5
OHJIONPOTE3NUPOBAHNE KPYIIHBIX CyCTaBOB
ITepesioM KocTeli 6eapa u rosienu (< 1 mec)

TpaBma ciuHHOrO Mo3ra/napanny (< 1 mec)
MHoskecTBeHHas1 TpaBMa (< 1 mec)

Huskwii puck: 0-1 dasmt

IIpoMesKyTOYHBIH PUCK: 2 Das1a

BrIcokuii puck: 3—4 6aJuta

O4eHb BBICOKHIT PUCK: 5 6a/1JIOB B 6os1ee

IIpumeuanue. XCH — XpoHuYecKas cepjieuHass HeloCTaTo4-
HocTb; XOBJI — XpoHuueckass 00CTpPyKTUBHAsA 00/I€3Hb JIer-
kux; [T — renapuH-MHAYIIPOBAHHAS TPOMOOIUTOIEHH.

HATH mKaay Padua [52] (Taba. 2), y TepaneBTude-
ckux — mkaay IMPROVE [53] (ta6ur. 3).

[ITrama amepukanckoro npodeccopa Joseph
Caprini (Tabs. 4) [54] TaksKe MOKET WCHOJIb30-
BaThCs JJ1s OIleHKH prcka BT y 00JbHBIX XUPYP-

rudyeckoro npoguisa. Ee addekTuBHOCTH 1O~

41—60 years of age 1
Edema of lower extremities
Varicose veins
Body mass index > 25 kg/m?
Minor surgery
Sepsis (<1 month)
Severe lung disease including pneumonia
(< 1 month)
Use of oral contraceptives
or replacement hormonal therapy
Pregnancy and postpartum period (< 1 month)
Acute myocardial infarction
Past history of unexplainable still birth,
miscarriage (term > 3 months), preterm delivery
with toxicosis or intrauterine growth retardation
CHF (<1 month)
Bedrest in a non-surgical patient
Past history of a colon inflammatory disease
Major surgery (<1 month)
COPD
Other risk factors
61—74 years of age 2
Arthroscopic surgery
Malignant tumor
Laparoscopic intervention (lasting for > 45 min.)
Bedrest (> 72 hrs.)
Extremity immobilization (< 1 month)
Catheterization of large veins
Major surgery (lasting for > 45 min.)
Over 75 years of age 3
Past history of VTE
Family history of VTE
Leiden mutation
20210A prothrombin mutation
Hyperhomocysteinemia
HIT
Increased cardiolipin antibodies
Lupus anticoagulant
Other congenital or acquired thrombophilias
Stroke (< 1 month) 5
Major joint endoprosthetics
Fracture of femoral and lower-leg bones (< 1 month)
Spinal cord injury/paralysis (< 1 month)
Multitrauma (< 1 month)
Low risk score: 0-1
Intermediate risk score: 2
High risk score: 3-4
Very high risk score: 5 and more

Note. CHF is a chronic heart failure; COPD is chronic obstruc-
tive pulmonary disease; HIT is heparin-induced thrombocy-
topenia.

pneumatic compression of lower extremities, mus-
cular-venous pump of lower extremities) and/or
pharmacologically (anti-thrombotic aids).

Pharmacological prophylaxis of VTE in inpa-
tients may include anticoagulants: heparins (low-
molecular heparins, LMH, or unfractionated he-
parins, UFH), fondaparinux, oral anticoagulants —
antivitamin K (AVK) drugs, or direct oral anticoagu-
lants (DOACQ).

Heparins are the main drugs for primary phar-
macological prophylaxis of VTE in ICU. Their effi-
cacy in preventing VIE has been clearly demon-

GENERAL REANIMATOLOGY, 2020, 16; 3

www.reanimatology.com

113



114

DOI: 10.15360/1813-9779-2020-3-106-125

Reviews

TBEp’KJlEHA [TaHHBIMH MeTaaHaJ/IM3a, KOTOPBIU
BKJIIOYMJI 11 McciaegoBaHuii u 6oJiee 15 ThIicAY
nainreHToB [55]. beljia moka3aHa BO3MOYKHOCTD €€
IIPUMEHEHUA Y XUPYPTUUECKUX [37, 56] 1 OHKOJI0-
ruyeckux 00JbHBIX [57], Haxogamuxcss B OPUT. C
JIpyroil cTopoHbl, o AaHHbIM Bateman D. K.,
Mozeab olleHKu pucka Kampunu (Caprini), mo-
BUIMOMY, He 006ecrieYnBaeT KINHIYECKH T10JIe3-
HYI0 CTpaTu(UKaIUI0 pUCKA [AJs MNallMeHTOB
1ocJje 39HAOMNPOTE3NPOBAHUA KOJEHHOTO WJIN
Ta300eIPeHHOTO CyCTaBOB [58].

[TanmenTs1, rocnuTanu3upoBanabie B OPUT,
HaXOJATCA B IPyIIle NOBBIIIEHHOIO PUCKA Pa3BU-
THUSI HE TOJIBKO TPOMOO30B, HO U KPOBOTEUYEHUSI.
OKo0J10 80% OOJILHBIX UMEIOT ONMH WA HECKOJIBLKO
3MMU30/I0B KPOBOTEUEHUsI, XOTSA OOJILIITUHCTBO U3
HUX He3HA4YUTeJIbHBI [59]. B KOropTHOM HccieqoBa-
Huu (11 crpas, 97 oTfieleHni i THTEHCUBHOU Tepa-
uy, 1043 namyenTa) y 2,6% JIUL, TOCHUTAJIU3UPO-
BaHHBIX II0 9KCTPEHHBIM IIOKA3aHUsAM, OBLIO
BBIABJICHO KJIMHUYECKU 3HAYMMOE >KeJIyJO4YHO-
kuiiegHoe KpooTteueHne (FKKK). Cpenn vux 4,7%
MMAIEHTOB UMEJIH XOTs OblI OMUH 3IIU30[ IBHOTO
KKK Bo Bpewms npebeiBanust B OPUT [60]. Tosibko
TPU U3 YeThIPEX ITAIIIEHTOB BO BPeMsI MPeObIBAHMS
B OTJIeJIeHUU MHTEHCUBHOU Tepanuu He MeHee 1
JHA II0JIy4aJId IIpernaparbl, CHAYKABILINE SKeJTyJ04-
HYIO CEKpelHIO, KOTOpble MOLJIU IIPefOTBPaTUTh
HEKOTOpbIe, HO He BCe BHU/IbI KPOBOTEYEHUN U3
JKKT [61]. [To-BunuMoMy, HanboJsiee BBICOKUN PHUCK
BT3 nMerot yin1ia, nosy4aromye IKCTpakopopaib-
Hy10 nogaepsxry skusHu (ECLS). ¥V Takux manyen-
ToB KKK passusaerca B 13,6% cirydaes [62], BHYT-
pyYeperHoe KpoBouaJjausaaue — B 5—7% [63].

dapmarkosoruyeckass npoduiaaktuka BTI
MOSKeT MPUBECTU K PAa3BUTUIO KPOBOTEUEHUS, B
pe3yJbrare KOTOPOro BO3MOMKEH CMepTeabHbIN
HCXO0[. boJsiee TOTo, 1 KPOBOTEYEHME U ITOCTIENYI0-
IIlee IpeKparieHne TPoOMOOIPOPUITAKTUKH OKa-
3bIBaeT HeraTuBHOE BJIMsIHME Ha KJIMHHUYECKHE
ncxonbl 00s1bHBIX OPUT [64]. [I/1s1 OIeHKU puCKa
KpOBOTeYeHUus ucrnosbadyerca mkana IMPROVE
(rabJ1. 5) [65, 66].

IIpoBeaenue npopuIaKTUIECKOTO
JIe4yeHHusA

Cuuraercs, 4to 1o 70% ciyuaes BT y roc-
NUTAJU3NPOBAHHBIX MTAIlMEHTOB MOKHO IIpeJ-
OTBPaTUTh [67-69]. Pesysbrarsl Tpex paHgOMU-
3UPOBAHHBIX KOHTPOJIAPYEMBIX KJIWHUYECKUX
uccsegopanuii (PKU), npoBeqeHHbIX y Nal€H-
TtoB OPUT, nmokaszasu, yro yacrora TI'B Obvljia
3HAYUTEJIbHO HUYKE B I'PYIIIIE TAIUEHTOB C TPOM-
00TIPOMIIAKTUKOM 110 CPABHEHUIO C KOHTPOJIb-
HOU rpynnoii, He3aBUCHUMO OT THUIa MPOQUIAK-
THU4YeCcKoro JedeHud [17, 70].

TpombonpodrIaKTIKa MOSKET IIPOBOIUTHCS
MeXaHN4YEeCKUM (IpafyrupOBaHHOE KOMIIPECCUOH-

strated [71, 72]. Several RCS assessed the efficacy
and safety of LMH and low doses of UFH for VTE
prophylaxis in patients admitted to ICU. The find-
ings of five studies were evaluated by the authors of
clinical recommendations of the American College
of Chest Physicians (CHEST) in 2012 [46], and in
2013 a meta-analysis of seven RCS was pub-
lished [73]. The meta-analysis data have shown that
pharmacological prophylaxis reduces considerably
the number of DVT (but renders no influence on
the number of DVT manifesting clinically), PATE,
and insignificantly increases the risk of a heavy
bleeding compared to placebo [45]. LMH decreased
the incidence of clinically significant PATE more ef-
ficiently (risk ratio 0.58, 95% CI [0.34-0.97]) vs. low
doses of UFH (risk ratio 0.87, 95% CI [0.60-1.25]),
significant bleeding (risk ratio 0.97, 95% CI [0.75-
1.26]), and mortality (risk ratio 0.93, 95% CI [0.82—
1.04]). Systemic review including a meta-analysis
by Beitland S. et al. has shown that LMH and not
UFH significantly reduced the risk of any DVT (risk
ratio 0.84, 95% CI [0.71-0.98]), P=0.03) [74]. How-
ever, there was no significant difference between
patients who received UFH or LMH in risks of
PATE, significant bleeding, or mortality [74].

Stelfox HT (2019) reported the findings of a con-
trolled study on 12 342 patients admitted to 11 ICUs,
who had no counter-indications to pharmacological
prophylaxis of VTE, spent in ICU more than 24 hours,
and received VTE prophylaxis with LMH or unfrac-
tionated heparin [75]. There was no significant differ-
ence between the groups in mortality, length of hos-
pital stay, or costs. The authors find LMH advantages
for VTE prophylaxis in-situ unclear [75].

One multicenter study — PROTECT (Prophy-
laxis for Thromboembolism in Critical Care Trial) —
has shown significant decrease of PATE incidence
(1.3% vs. 2.3% in the control group, P<0.01) [16].

Patients with severe renal failure who received
Dalteparin had a higher incidence of proximal DVT
compared to UFH patients, but there was no signif-
icant difference between the groups in the risks of
VTE or severe bleeding [76].

The efficacy and safety of fondaparinux or
DOAC in intensive care patients have not been
studied yet [45]. It should be noted that ICU pa-
tients possess many risk factors of bleeding due to
DOAC [77]. There are limited data concerning use
of these drugs for VTE prophylaxis in the ICU set-
ting. The findings of APEX ICU study have shown
that the use of betrixaban (has no marketing au-
thorization in Russia) resulted in a lower incidence
of VTE observed compared to Enoxaparinum ther-
apy (4.27% vs. 7.95%, respectively, P=0.042). The in-
cidence of a significant bleeding was similar be-
tween both groups (1.14% vs. 3,13%, P=0.07), while
minor bleeding occurred more frequently in pa-
tients who received betrixaban (2.56% vs. 0.28%,

P=0.011) [78-80].
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Tabsumna 5. OneHKa pucKa pa3BUTHA KpoBoTeueHusa — mkansa IMPROVE bleeding [65, 66].
Table 5. Bleeding Risk Assessment — the IMPROVE bleeding score [65, 66].
Risk factor Score
GFR! lower than 60 ml/min/m? 1
Male 1
Older than 40 years of age 1.5
Active cancer 2
Rheumatologic disease 2
Presence of a central venous catheter 2
Stay in ICU 2.5
GFR lower than 30 ml/I 2.5
Hepatic impairment (INR? over 1.5) 2.5
Older than 85 years of age 3.5
Thrombocytopenia (less than 50 thousand) 4
Bleeding occurred within 3 months prior to hospitalization 4
Active GIT? ulcer 4.5
High risk score: > 7
Note.! — GFR is glomerular filtration rate; 2— INR is international normalized ratio; * — GIT is gastrointestinal tract.
ITpumeuanue. ! — CKP — cropocTh KIy60uKkoBOH unsrpanuy; 2 — OPUT oTnesieHne peaHUMAlUK U THTEHCUBHOU Tepanuy;

3— MHO — MmesxyHapogHOe HopMan3oBaHHoe oTHouleHune; ¢ — KT — skesrynouHo-kuieyHbri Tpakt. Risk factor — daxrop
pucka; score — 6assl; GFR' lower than — cHmkenne CK®! Hike; male — My»xrckoii moJ; older than 40 years of age — Bospacr
crapiue 40 jiet; active cancer — akTUBHBIN pak; rheumatologic disease — peBmaroJsiormueckoe 3abosieBanue; presence of a central
venous catheter — Ha/sIM4Ke EHTPATBLHOTO BEHO3HOTO KareTepa; stay in ICU — naxosxaenue B OPUT? hepatic impairment (INR?
over...) — redyeHo4YHas HegoctarouHocTh (MHO? GoJtee...); thrombocytopenia (less than 50 thousand) — Tpom6oruTonenust
(menee 50 TbIC); bleeding occurred within 3 months prior to hospitalization — kpoBoTeueHHe, BO3HUKIIIEE B IEPUO]] MeHee 3 MeC
1o rocnuTanudanuy; active GIT? ulcer — aktuBHas sizBa YKKT4; high — Beicoknii.

Hoe OeJsibe, THEBMATHUYeCKast KOMITPECCHUsT HIK-
HUX KOHEYHOCTEH, MbBIIIIEYHO-BEeHO3HasA IIOMIIa
HUKHUX KOHEYHOCTeN) u/miau papMakooruie-
CKUM (IIpUMeHeHWe IMPOTUBOTPOMOOTHIECKUX
CpEJICTB) CIIOCOOOM.

Il dpapmMakoJIOTUYeCKOU TpoPUIaKTUKI
BT3 y rocnuTanmu3upoOBaHHbBIX ITIAIMEHTOB MOTYT
HCIIOJb30BaThCA aHTUKOATYJISIHThI — IellapyuHbI
(HuskomouiekynsspHble — HMI, Heppakuonupo-
BaHHble — H®I'), poHmanapuHykc, opajbHble
AHTHUKOAryJIAAHThl — aHTUBATaMUHBI K (ABK) nin
NpsAMble OpasbHble aHTUROAryJIAHTHI (IIOAK).

OCHOBHBIMHU IpenapaTaMu epBUYHOU (ap-
MakoJIoTu4Yeckol npoduiaktuku BTO B OPUT
ABJASAIOTCA renapuHbl. Mx adderkTuBHOCTD A5
npenoTrBparienus BT 6bu1a yeTko mokasana [71,
72]. Heckoabko PKU oniennBasiv 3 peKTUBHOCTD
u 6e3omacHocTh npuMenenust HMI' u HOT B HU3-
KUX J03ax 1 NpopuiiakTuku BT y manueHTos,
rocnuTaaudupoBaHubix B OPUT. Peaynbrarbl naTu
HCCJIeNOBAHUN OBLIN OlleHEHBI ABTOPAMU KJIUMHU-
YEeCKUX peKoMeHIalui AMepukaHckoro Kose-
ska TopakasipHbIX Bpaueii (ACCP) B 2012 ronxy [46],
a B 2013 roay Ob171 OmMyO/JIMKOBAH MeTa-aHAJINA3
cemu PKMU [73]. JlaHHbIE MeTa-aHaJIM3a ITOKa3aJu,
4To papMakoJioruuecKkast mMpoduIakTUKa 3HAYHU-
TeJIbHO CHUYKaeT KondecTBO TI'B (HO He BJusieT
Ha Koyn4yecTBO TI'B, IpoABIAIOININXCA KIVMHNYE-
ckn), TOJIA 1 He3HAYUTEIHbHO YBEJINYUBACT PUCK
CUJIBHOTO KPOBOTE€YEHHUsI B CPABHEHUH C IJIalie-
60 [45]. HMI 6oJiee ap(peKTUBHO CHIKAJIH TTOKA-
3aTeJId 9YaCTOThl KJIMHUYECKHN 3HauuMoun TIJIA
(ko9 pumnuent pucka 0,58, 95% JI1 [0,34-0,97])
10 CpaBHEHUIO C HU3KUMU j103aMu HPTI' (koad-

¢unment pucka 0,87, 95% 141 [0,60-1,25]), 3Ha4u-

Hence, until new RCS appear, only LMH and
low doses of UFH may be used as anticoagulants
for VTE prophylaxis, wherein preference should be
given to LMH [45, 50].

Experts of the American Society of Hematol-
ogy (ASH) have analyzed the findings of RCS that
evaluated the efficacy and safety of mechanical aids
for prophylaxis compared to pharmacological ones
in therapeutic inpatients including those in ICU
setting [50]. In absolute and relative terms, com-
pared to pharmacological treatment, the mechan-
ical prophylaxis seems to render insignificant or
even zero influence on mortality (risk ratio 0.95,
95% CI [0.42-1.13]) [50]. The number of significant
bleedings decreased when mechanical prophylaxis
was used, compared to pharmacological treat-
ment [45]. However, such complication of usage of
elastic garments as development of ulcers due to
pressure from stockings develops in 2.2% of pa-
tients [81]. Therefore, thromboprophylaxis with the
help of mechanical aids is the only recommenda-
tion for ICU patients not receiving pharmacological
prophylaxis because of counter-indications (for ex-
ample, in case of a high risk of bleeding or counter-
indications for an anticoagulant use) [44, 45, 47]. In
such cases, it is recommended to use intermittent
pneumatic compression of lower legs [45, 50, 64].
Application of combined prophylaxis (a combina-
tion of mechanical and pharmacological aids) is
considered inexpedient [45, 50, 82]. Further studies
are required to determine the real benefits of the
combination [45].

Mechanical prophylaxis should not be pre-
scribed for patients suffering from diseases of pe-
ripheral vessels, peripheral neuropathy or other
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MOTO KpOBOTeueHus (koadduruenT pucka 0,97,
95% I [0,75-1,26]) u cMepTHOCTH (KO3 puiim-
eHT pucka 0,93, 95% 11 [0,82-1,04]). CuctemaTu-
YeCcKHi 0030p C MeTaaHaIU30M, IIPOBEIEeHHBIN
Beitland S. ¢ coaBTropamu, nokasads, uro HMI o
cpaBHeHUIO ¢ HPT 6ojiee 3HAYMMO CHUKAIU
puck gob6oro TTB (OP 0,84, 95% I 0,71-0,98),
p=0,03) [74]. OpHaAKO, Cpely NAalueHTOB, I10/1y4YaB-
mux H®T gubo HMI' craTUCTUYECKUA 3HAYMMbBIX
pasuumnii pucka pasButusi TAJIA, 3HAUMMOT0 KPO-
BOTEYEHM S WJIM CMEPTHOCTH He BbISBJIEHO [74].

Stelfox H. T. (2019) coob1u o pe3yabraTax
KOHTPOJIMPYEMOTO UCC/IefoBaHuA y 12342 nanu-
eHToB, nocrynusmnx B 11 OPUT, He mMeBIIMXx
MIPOTUBOIIOKA3aHUU K (hapMaKOJJIOTUUECKOM TPO-
dunakTure BT u npedbiBaBimmx B OPUT 6oJee
24 4acoB, KOTOPBIM IPOBO/IMJIACH TIPO(PUTAKTHAKA
BT3 HMI, tm60 HedpaKIMOHUPOBAaHHBIM T'elapu-
HOM [75]. He ObLJI0O HUKAKUX CYIIIECTBEHHBIX pas-
JIMYUU MesK Ty TPYIIIaMy B OTHOIIIEHUH JIeTaJIbHO-
CTH, TIPOJOJIKUTEJHLHOCTH TIpeObIBAHUSA B
CTAallMOHApe W MaTepuaJIbHBIX 3aTpaTr. ABTOPHI
CUUTAIOT, UTO peumylectsa HMI' ajs npodu-
JakTuky BTO B peanbHBIX YCJIOBUSX HEACHBI [75].

OnHO MHOTOIIEHTPOBOE HccieqoBanue PRO-
TECT (Prophylaxis for Thromboembolism in Criti-
cal Care Trial) moxasaJio 3HaUYNTEJILHOE CHIKEHIE
4qacToThl pa3Butus TAJIA (1,3 mpotuB 2,3% B KOHT-
poJsibHOI rpymme, p<0,01) [16].

ITarmenThI ¢ TSOKEI0H TTI0YeYHOM HeI0CTaToq-
HOCTBIO, KOTOPbIe NPUHUMAJIH JTAJIBTENIAPUH, UMEJTN
OOJTBITIYIO YacTOTy MpoKcHMaTbHBIX TI'B 1o cpaBHe-
HUIO c rmarenTamMu Ha H®I, Ho cTaTicTHyecKy 3HaYH-
MO pasHUIIbI B OTHOIIIEHNH pricka BT vm 60JThITIO-
'O KPOBOTEYEHUST MEKITY TPyIIIIaMU He ObLITO [76].

ddderTBHOCTD U 6€30TaCHOCTD (poHIana-
punykca uau ITOAK y peaHUMaMOHHBIX OOJTBHBIX
IIOKa He udyyvaJach [45]. CiefyeT OTMETHUTh, 4YTO Y
60abHBIX, Haxoasmuxcst B OPUT, ecTb MHOTO (pak-
TOPOB pHCKA KpPOBOTeueHUsi Ha (oHe mpuema
[TOAK [77]. UMeroTCcAA orpaHUYeHHbIe JaHHbIE O
MMpUMeHeHUs JAHHBIX JIEKAPCTBEHHBIX CPEJICTB
qis npodpunaktuku BT B ycnoBusx OPUT.
Pesynwrarel ucciiegosanus APEX ICU, nokasasnu,
4To Ha (poHe MpueMa OeTpuKcabaHa (He 3aperu-
cTpupoBaH B Poccum) oTMedasach MeHbIIas
gactoTa BT, yeM npu JiedeHNN 9HOKCATaPUHOM
(4,27 nmportuB 7,95%, coOTBEeTCTBEHHO, p=0,042).
YacToTa BOSHUKHOBEHUS 3HAYMMOI'0 KPOBOTeYe-
HUsI ObL1a OTMHAKOBOM B 00ewmx rpymmax (1,14 mpo-
TuB 3,13%, p=0,07), B TO BpeMs Kak MaJIO3HAYNMBbIe
KpoBoTeuyenus (2,56 nporus 0,28%, p=0,011) yame
BCTPEYAINCh Y NAIMEHTOB, OJTYYaBIINX OETPUK-
cabaH (2,56 mporus 0,28%, p=0,011) [78-80].

B cBsA3M c aTUM, IOKa HE MOSIBSITCSI HOBBIE
PKU, niist npodunaktuky BT B kauecTBe aHTH-
KOAaryJIAHTOB MOI'YT UCII0JIb30BaThCA TOJAbKO HMT
n Hu3Kue 1036l HOT. [Ipennoyrenne B ©COOJIb30-
BaHUU ciaenyer orgasatb HMI [45, 50].

sensory disorders, skin problems (‘flimsy’ skin, der-
matitis, gangrene, or recently transplanted skin), al-
lergy to therapeutic garments’ material, severe ede-
mas of legs, serious deformation of extremities, or
unusual shape of legs [17]. In prescribing intermit-
tent pneumatic compression or venous-muscular
pump of lower extremities, one should bear in
mind that their application must be carried out
strictly in accordance with the instruction [83].

Therefore, performance of preventive care
must include the following steps:

1. Individual evaluation of the risk of VTE and
bleeding in each patient;

2. Selection of the method of prophylaxis
based on identified risks;

3. Determination of the prophylaxis’ start time;

4. Determination of the prophylaxis’ length.

VTE prophylaxis methods in ICU patients
based on VTE and bleeding risks are chosen as fol-
lows (fig.) [9, 44, 45, 84, 85]:

* For patients whose risk of VTE is higher than
the risk of bleeding, LMH or low doses of UFH are
prescribed with a preference given to LMH [9, 44];

* For subjects whose risk of bleeding is
greater than the risk of VTE, mechanical thrombo-
prophylaxis is indicated, at least until the risk of
bleeding fells down.

Upon decrease of the risk of bleeding and/or
arrest of bleeding events, pharmacological prophy-
laxis with heparins is necessary [86].

The length of preventive care varies from pa-
tient to patient and depends on the category and
persistence of risk factors. As arule, it is carried out
during the whole length of patient’s stay in ICU and
continues after transfer to other units until dis-
charge providing that the VTE risk remains high.
According to today’s guidelines, it is inexpedient to
continue primary thromboprophylaxis after dis-
charge from the hospital because the potential
harm exceeds its benefit [44, 50].

Anticoagulants Usage in Patients
with Impaired Renal Function

At the time of admission to ICU, almost one
third of patients have creatinine clearance lower
than 30 ml/min [34]. The risk of acute kidney injury
(AKI) is higher in critically ill patients [64]. It is diffi-
cult to deliver thromboprophylaxis to AKI patients
because a drug dose must be balanced depending
on the risk of bleeding.

Choosing heparins, one must bear in mind
that LMH are excreted mostly through kidneys,
hence, at areduced glomerular filtration rate (GFR)
these drugs may accumulate in circulation rising
the risk of bleeding [64].

Dalteparinum and Tinzaparinum have the
highest molecular weight among LMH, therefore,
their blood plasma concentration in humans de-
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JKCHepThl AMEPUKAHCKOTO 00IIecTBa reMa-
ToJsiorOB (American Society of Hematology, ASH)
Npoa”aNau3upoBaau peaynsrarsl PRI, B KOTOpBIX
oleHnBaJIach 3(P(PHEKTUBHOCTL U 0€30IMaCHOCTD
MEXaHUYECKUX CPEeACTB TNPOPUIAKTUKU IO
CpaBHEHMIO C (hpapMaKOJOTUYECKUMU y TOCIIUTA-
JIN3UPOBAHHBIX TEPATTEBTUYECKUX OOJTBLHBIX, B TOM
4ucjle HaxOOWBUINXCA B YCJIOBUAX peaHUMa-
iy [50]. B a6COJTIOTHOM M OTHOCUTETHLHOM BhIpa-
sKeHUU MexaHnvecKasi Tpo@uIakTUKa 110 CPaBHe-
HHUI0O C (papMakoJOru4eckou, I0-BUAUMOMY,
“MeeT He3HAaYUTeJIbHOE UJIU 1aske HyJIeBOe BJIUsI-
HHE HAa CMePTHOCTh (koadduimeHT pucka 0,95,
95% 111 [0,42-1,13]) [50]. KosmdecTBO 3HAYUMBIX
KpOBOTeUeHUHN yMeHbIIAJI0Ch IIPU MCIIOJIb30Ba-
HUM MeXaHU4YeCKON NMpoduJIaKTUKHU TI0 CpaBHe-
HUIO C (apMakoJOTUYeCKUM JiedueHueM [45].
OnHaKo, Takoe OCJOKHEHHe NPUMeHEHUs 3Jia-
CTAUYHOTO TPUKOTA’Ka, KAK Pa3BUTHE 3B OT [1aB-
JIEHUs, OKa3blBaeMOTI'0 YyJKaMH, pa3BUBaeTCA y
2,2% narueHToB [81]. B cBsA3U ¢ aTUM, TPOMOOIIPO-
¢dpuIakTHKA TIPU TTIOMOIIM TOJILKO MeXaHUYeCKUX
CpeJiCTB pEKOMEH/IyeTCsI IPU UHTeHCUBHOM Tepa-
MY MalnyeHTaM, KOTOpble He MoJIydaloT hapMa-
KOJIOTMYECKYIO PO UIIAKTUKY 13-3a IIPOTUBOIIO-
Ka3aHUU (HanpuMmep, IIPU BBICOKOM PHCKE
KPOBOTEUYEHUH WJIN TIPU HAJIMYUM TIPOTUBOIIOKA-
3aHUU K Ha3HAUYEHUIO aHTUKOATYJISIHTOB) [44, 45,
47]. B aTHX cjIy4asax Jiydllle UCII0JAb30BaTh IIepe-
MEJKaIOMIYI0CA IHEeBMaTU4YeCKyl0 KOMIIPECCHIO
rojieHei [45, 50, 64]. [IpuMeHeHEe KOMOHMHUPO-
BAaHHOHW NpOo(UJIaKTUKHN (COUueTaHUe MeXaHu4de-
CKMX M (papMaKOJIOTUYECKUX CPEJICTB) CUMTAETCS
HelleJiecooOpasHoii [45, 50, 82]. HeobxomuMo mpo-
BeJleHMe TaJbHEUINX UCC/IeJOBAaHUM /IS oTIpe-
JIeJIEHUA [10J1b3bI TAKOM KOMOMHAIUU [45].

MexaHUYeCKyI0 TPO(PUIAKTUKY He CJieyeT
Has3HaAYaTh JIUIAM C 3a00JI€eBaHUSMU ITepudepuye-
CKUX COCYZIOB, IepudepriecKkoil HeliponaTuel niu
JPYTAMU CEHCOPHBIMHU HAPYIIECHUAMY, [IOBPEKIe-
HUSIMM KOYKHBIX IIOKPOBOB (KO’Ka IT0 THILY «I1aIli-
pOCHOi GymMarm», IepMaThT, TaHTpeHa UJTN HETABHO
TPAHCIJIAHTUPOBAHHAA KOYKa), HATUYNEM aJlJIeP-
U Ha MaTepuasl JieueOHOro TPUKOTaKa, TKe TbI-
MM OTEKaMU HOT, CEpbe3HOM JlepopMariyeii KoHeu-
HOCTeHl Wu HeoOBIYHOU (popmoit Hor [17]. ITpu
Ha3HAYEHUM TlepeMesKaroIeiicss THeBMaTu4eCKon
KOMIIPECCUU WJIM BEHO3HO-MBIIIEYHOU ITOMIIbI
HIYKHUX KOHEYHOCTe! CJjiefyeT IOMHUTH, YTO UX
IpUMeHeHNe TOJKHO TPOBOAUTHCS CTPOTO B COOT-
BETCTBUU C UHCTPYKIMEH [83].

HNrak, mnpoBeneHne MNpopUIaKTAIECKOTO
JIeYeHHU JOJIKHO BRJIIOYATH CJIEAYIOIe aTalbl:

1. MupuBuayanbpHasa oneHka pucka BTO u
KPOBOTEUYEHHUS Y KKIOT0 NAEHTa;

2. BeIbop MeTona mpopUIaKTUKN Ha OCHO-
BAHWUU BBISIBJIEHHBIX PUCKOB;

3. OmnpejnesieHre BpeMeHU Havaja npodu-
JIAKTHUKU;

pends on the renal function to a lesser degree com-
pared to Enoxaparinum or Nadroparinum [87].
When usual therapeutic doses of Enoxaparinum
are used, the risk of bleeding is higher in patients
experiencing GFR lower than 30 ml/min compared
to patients possessing higher GFR [88-90]. When
GFR fells down to less than 30 ml/min., the dose of
the LMH should be reduced.

LMH dosing should be adjusted based on de-
termining the anti-factor Xa levels if available in
clinical lab to decrease the risk of bleeding [44, 64].
Therefore, in Europe for VTE prophylaxis in ICU pa-
tients with severe renal failure, low doses of UFH
(usual doses of Dalteparinum, or reduced doses of
Enoxaparinum) are recommended [44].

UFH metabolism is less dependent on renal
function and routine laboratory monitoring over
this drug therapy can be carried out in any hospital
(through determining the activated partial throm-
boplastin time —aPTT) [44]. Besides, UFH effect is
reversed quickly by the use of an antidote.

Hepatic Impairment

Clotting system disturbances during acute or
chronic liver failure are associated with reduced syn-
thesis of blood-coagulation factors that increases
risk of bleeding. The VTE risk in hepatic cirrhosis pa-
tients is increased [90]. There are no studies that
evaluate the efficacy and safety of pharmacological
prophylaxis of VTE in that patients [44]. In case of
liver failure, anticoagulants should be used with cau-
tion, carefully weighing the risk of bleeding and
thrombosis. Presumably; it is better to use low doses
of UFH or LMH in that patients [44].

Usage of Anticoagulants during
Decreased Count of Platelets

Thrombocytopenia complicates the use of an-
ticoagulants because of the low count of platelets
associated with a higher risk of bleeding [45].
Therefore, mechanical prophylaxis aids such as in-
termittent pneumatic compression of lower ex-
tremities should be employed in high risk pa-
tients [45]. In patients with high risk of bleeding due
to decreased platelet count (less than 50,000/ mm?3),
pneumatic compression of lower extremities or
medical garments reduce the VTE risk between day
1 and 6 of the treatment.

Patient Management during
Development of Heparin-Induced
Thrombocytopenia

Heparin-induced thrombocytopenia (HIT) is
a threatening complication that might develop
after the use of any heparins as a result of an au-
toimmune reaction [92-94]. HIT involves formation
of autoantibodies to heparin-bound platelet factor
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4. OnpepneseHue AIATEIbHOCTU TPOPUIaAK-
TUKHU.

Br16op meTonoB npodunaktrku BT y manu-
eaToB OPUT, ocHoBaHHbBIN Ha puckax BT u kpo-
BOTEYEHWsI, OCYIIECTBJSETCS CAEAYIOIMNM 06pa-
30M (puc.) [9, 44, 45, 84, 85]:

e JlanmenraMm, y KOTOpbIX puck BTO npessI-
II1aeT PUCK KPpOBOTeYeHUs1, HagHavaeTcsa HMI nim
Huskue po03el H®PI, mpennoureHue orpaercsa
HMI [9, 44];

e JlumaMm Cc pUCKOM KpOBOTedeHUs, Oojee
3Ha4MMBIM 4YeM puck BT, nokasana Mexannyeckas
TpoMOOIIPOoUIAKTHKA, 10 KpaliHel Mepe, 10 Tex
TI0p, II0KA PUCK KPOBOTEYEHUS HE YMEHBIIIUTCH.

[Ipu cHM)KeHNM puCKa KpOBOTEYECHUA U/ UIA
KYITMPOBAaHUU sIBJIEHUI KPOBOTEYEeHU S HEOOXO M -
Ma (papmakosiorunyeckass IpopUIaKTHKa rernapu-
HaMmu [86].

JuTebHOCTE TPO(UIAKTUYECKOTO JIeUeHUST
WHAWBUyaJIbHA U 3aBUCUT OT KaTerOPUHU U COXpa-
HeHUs (pakTOpOB prcka. Kak rmpasuiio, 0Ha MPOBO-
JINTCsI BCe BpeMs HaxoskIeHusA naruenta B OPUT u
NIPOAOJIPKAETCS IIPU ITIepeBoJie B Apyrue OTHe/IeHU
BILJIOTH IO MOMEHTA BBIIMCKY, eciv puck BT ocra-
eTcs1 BbICOKUAM. COIJIaCHO COBPEMEHHBIM PEeKOMEH-
JAIAsIM TPOJ0JBKRATh IEPBUYHYIO TPOMOOTIpodu-
JIAKTUKY IIOCJIe BBIIIMCKY U3 CTAllMOHAPA CYATAETCA
HellesJ1ecoo0pasHbIM, TaK KaK ee TOTeHIINaTbHBII
BpeJ IIPEBBIIIAET I0Jb3Y [44, 50].

Hcnosb30BaHUE aHTHKOATY/ISTHTOB
Yy HAallHEeHTOB CO CHUKEHHOU
¢pyHK1IMEH TOYeR

IIpn nocrynsnennn B OPUT moutu Tperhb
MaIMEeHTOB UMeIOT KJINPEeHC KpeaTUHUHA HUKe
30 ma/muH [34]. Puck pasBUTHUA OCTPOTO
nospesxaeHus nouek (OIII) Belilie y manyeHTos,
HaXOOAIIMXCA B KPUTUYECKOM COCTOAHUU [64].
[TpoBenmenue TpOMOOTIPO(UITAKTUKY ITAIlEHTaM
c OIIII sarpynHeHO, Tak KaK [103a IIpelaparoB
JOJI’KHA OBITH cOATaHCHpPOBaHa C YYETOM pUCKaA
KPOBOTEYEHUS.

[Ipu BpIOOpE TenapuHOB CJaeayeT IOMHUTb,
yro HMI' B OCHOBHOM BBIBOAATCSA MOYKAMH, H,
cJ1e0BaTeJIbHO, IPU CHUYKEHUU CKOPOCTU KJIy-
6oukoBolt puasrpanuu (CKP) maHHbIE JIEKaPCT-
BEHHbIE CpeICTBAa MOT'yT HaKallJIMBaTbCH, CIeL0-
BaTeJbHO, MOBBINIAETCA PUCK BO3HUKHOBEHHUS
KpoBOTeueHU! [64].

JlasbreniapyH M TUH3allapUH UMEIOT CaMbIi
BBICOKUI MOJIeRy/IsIpHBIN Bec cpenu HMI, u moaTo-
My UX KOHLIEHTpAlXA B IIlJIJa3Me KPOBU YeJsI0OBeKa B
MeHBbIIIel CTelleH! 3aBUCUT OT IT0YeYHOH (DyHKITUU
10 CPABHEHMIO C 9HOKCATIAPUHOM WJIM HaJpONapu-
HOM [87]. ITpu ncrosib30BaHMM CTaHJAPTHBIX Tepa-
MeBTUYECKUX 103 JHOKCAMlapUHA PUCK Pa3BUTHS
CHJIBHOTO KPOBOTEYEHMs BBIIIE y IAIUEHTOB C
CK® menee 30 mJ1/MUH IO CDAaBHEHUIO C MalleH-

| Admission to ICU |

v

VTE risk assessment.
Bleeding risk assessment

v v

VTE risk is higher than VTE risk is lower than
the bleeding risk the bleeding risk
Pharmacological Mechanical
prophylaxis prophylaxis

v v

Reassessment of VTE and bleeding risk factors
depending on the clinical condition

Bb160op MeToxa npoduaakTuku BTI.

Fig. Selection of the VTE prophylaxis method.

IIpumeuanne. Admission to ICU — nocryniieaune 8 OPUT;
VTE — BT9; risk — puck; assessment — onenka; bleeding —
KpoBoTeuenue; is higher/ lower than the — 601116/ MeHB1IIE,
yeM; pharmacological — ¢apmaxosioruueckas; prophylaxis —
npoduiakTrka; mechanical — Mexanudeckasi; reassessment
of — moBTOpHAas oneHkKa; factors depending on the clinical
condition — ¢akTOPOB B 3aBUCUMOCTH OT KJIUHUYECKOU
CUTYyaluU.

4 (PF4) [92-94], thus activating platelets and rising
the risk of development of both arterial and venous
thrombosis.

When HIT is suspected or proven, administra-
tion of any heparins must be stopped and other an-
ticoagulants should be prescribed if there is no high
risk of bleeding [44]. In such case, Argatroban [93,
94], Fondaparinux [95], Bivalirudinum [96] are pre-
scribed. During the use of Lepirudin, cross-reacted
PF4 antibodies are generated in 5-10% of pa-
tients [97]. Warfarin should not be used until
thrombocytopenia is reversed due to the risk of
temporary hyperco-agulation and gangrene of ex-
tremities [98]. In patients suffering from renal fail-
ure and HIT, it is better to employ Argatroban since
this drug is metabolized by the liver [99].

Application of Vena Cava Filters

No RCS has been undertaken yet that would
assess the role of vena cava filters in patients to
whom anticoagulants are counter-indicated [44].
It is now believed that vena cava filters should be
installed in patients with high risk of VTE, includ-
ing ICU inpatients, only in cases of absolute
counter-indications to anticoagulants and impos-
sibility of applying pneumatic compression of
lower extremities [44].

Conclusion

VTE is a common life-threatening condition
that commonly develops in inpatients, which ne-
cessitates appreciation of VTE risk factors and per-
formance of preventive measures.
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Tamu ¢ 6ostiee BeicokuM CK® [88-90]. ITpu cHIKe-
Huu CK® menee 30 mui/MuH no3a ganHoro HMIT
JOJT;KHA OBITHh YMEHBIIIEHA.

HJosuposanue HMI' ¢ yueToM ypoBHsI aHTHXa
dakTopa 1 nepuogruvecKoe oTpeesieHre JaHHO-
ro IoKasaTeJsis MOTYyT CHU3UTh PUCK pa3BUTHUA
KpoBOTeUYeHUs [44, 64], HO, K COKaJIEHUIO, TAHHBIN
MeTo]T Ta00PaTOPHOI JUAarHOCTUKY HEJIOCTYIIEH B
OOJIBIIMHCTBE CTAIMOHAPOB. TakMM 00pa3oM, B
EBpone g5 npodunaktuku BT y peanumarios-
HBIX MAIlMEeHTOB C TAMKeJI0U IT0YeYHON HeJloCcTa-
TOYHOCTBIO PEKOMEHIYIOT IIPUMEHATb HU3KUE
no3bl HOT, najisrenapuH B OOBIYHBIX 103aX HJIA
CHUYKEHHBIEe J03bl 9HOKCANapuHa [44].

Metabosmam HOT MeHee 3aBUCUT OT PYHK-
MU TI0YEK, & PYTUHHBIN JIabopaTOPHBIA KOHT-
poJib 3a Tepanuel TaHHBIM MIPenapaToM MOSKET
MMPOBOIUTHCSA BO BCEX CTAIIMOHAPAX (ONpeiesieHne
AKTUBUPOBAHHOTO YaCTUYHOTO TPOMOOILITACTUHO-
Boro Bpemenu — AYUTB) [44]. Kpome ToTO, f€eii-
crBre H®T ObICTpO ycTpaHsieTCcs: TPU pUMeHe-
HUU aHTUJOTA.

Hapyimienue (pyHKIIMH IeYeHU

Hapymienuss cucTeMbl TeMOKOATYJISIINU
Py OCTPOU UM XPOHUYECKOW TMeYeHOUHOU
HeJI0OCTAaTOYHOCTH CBSI3aHBI CO CHUKEHNEM CHH-

Te3a (paKTOPOB CBEPTHIBAHUS KPOBU U, TEM
caMbIM, yBeJIMUEHHEeM pHUCKa KPOBOTEYEeHUH.
Puck BT3 y manueHTOB C IUPPO3OM II€YEHU
MO3keT OBITh BhICOKUM [90]. He cymiecTByeT HI
OIHOTO HCCJeN0BaHUs, Tae ObLIN Obl OIleHEHBI
3 PeKTUBHOCTH U 0€30MacCHOCTh (PapMaKoJI0-
rudeckoi npopuaaktTuku BTO y Takux narueH-
TOB [44]. IIpuMeHATb aAHTUKOATYJAHTHI IIpU
IIeYeHOUYHOU HeJOCTATOUYHOCTU CJIefyeT OCTO-
PO’KHO, TIIATeJbHO B3BEMIMBAs1 PUCK KPOBO-
TedeHUsI U TPOMO030B. [IpeAoT0KUTENTHHO, ¥
TaKUX JIUL] JIy4llle UCII0Jb30BaTh HU3KHUE J03bI
H®TI unu HMT [44].

Hcnonb30BaHUE aHTHUKOATYJISTHTOB
MPH CHIKEHUH KOJTHYECTBA
TPOMOOIIUTOB

TpombonuTonIeHUN 3aTPYAHSIOT IPUMeEHe-
HM€ aHTUKOAryJIAHTOB, TaK KaK IIpU MaJIOM 4UCJIe
TPOMOOIIMTOB YBEJUYNBAETCS PUCK KPOBOTEYE-
HUS [45], B CBSI3U C YEM Y TAKUX OOJIbHBIX TOJIKHBI
HWCIO0JIb30BAaThC MEXaHMYeCKUe CpeficTBa Mpo-
dUIIaKTUKY B BUJIE TIepeMesKalolielicsi THeBMaTH-
YEeCKOU KOMIIPECCUU HUKHUX KOHEUHOCTeN [45].
YV Ji1, ¢ BBICOKMM PUCKOM KPOBOTEYEeHUsI M3-3a
CHU)KEHHMsI 4ucja TpomOoruToB (MeHee 50
000/Mm3), THEBMaTUYeCKasd KOMIIPECCUsI HUYKHUX
KOHEYHOCTEHN MJIN JIeueOHBbI TPUKOTaK YMEHb-
LIAIOT PUCK BO3HUKHOBeHUs BTO B cCpoKU Mex Iy
1-M 1 6-M THEM JIeYeHUS.

Given that 70% of VTE cases can be prevented,
it is necessary to carry out the pharmacological
prophylaxis of the condition with LMH or UFH. In
patients with absolute counter-indications to anti-
coagulants, mechanical methods of VTE prophy-
laxis (pneumatic compression) are employed. It is
necessary to determine the prophylaxis period; in
most cases, it includess the whole length of pa-
tient’s stay in ICU, with continuation of preventive
measures upon transfer to other units.

When using anticoagulants for VTE prophy-
laxis in ICU, one must monitor renal, hepatic and
blood platelet parameters.

For patients at a high risk of VTE and absolute
counter-indications to anticoagulant therapy, ap-
plication of a vena cava filter might be carefully
considered.

With this in mind, rational VTE prophylaxis in
the ICU setting leads to a significant reduction of
the total number of PATE episodes and mortality.
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Be,[[eHI/Ie IMAaIMUECHTOB IIPHU pa3BUTHUHU
FeHapHH-HHI[yuHPOBaHHOﬁ
TpOM6OI.lI/IT01'IeHI/II/I

lenapuH-UHAYIIMPOBaHHAs TPOMOOLUTOIIE-
HuA (I'T) — aTo yrposkatoliee 0CJI05KHEHNE, KOTO-
poe MO’KeT pa3BUTHCA Ha (poHe NpUMeHeHHd
JII0OBIX FellapUHOB B pe3y/brare ayTOMMMYHHOTO
nporecca [92-94]. ITpu I'MT npoucxonut od6pasona-
HUE aHTUTEJI K CBSI3aHHOMY C FelIapUHOM 4-TPOM-
oonurapHomy (paktopy (PF4) [92-94], Tem camMbIM
AKTHUBUPYIOTCA TPOMOOLIMTHI U YBEJUYUBAETCHA
PHUCK Pa3BUTHSA KAK apTEPUAIBHOIO, TaK U BEHO3-
HOTO TpoM0O03a.

B ciiy4yae mogo3peHus Uid NOATBEPKICHUA
I'T ncnonb3oBaHue JIOOBIX TETAPUHOB CJIEAYET
NIPEKPATUTh U HA3HAYUTH IPyrUe aHTUKOAryJIsH-
Thbl (IPH OTCYTCTBUU BBICOKOTO PUCKA KPOBO-
TeueHUs) [44]. B aToMm ciydyae NpPUMEHSAIOTCA
aprarpo0au [93, 94], dounmanapunykc [95], buBa-
JupyauH [96]. IIpu ucrob30BaHUU JIEIUPYAUHA
OTMeYEeHO pa3BUTHE IEPEeKPEeCTHOU pearIuu
anturesa K PF4 (y 5-10% nanuentos) [97]. [Ipume-
HATh BapdapuH [0 MOMEHTa KyIHPOBaHUA
TPOMOOIIUTOIIEHUHU He CJleJlyeT 13-3a pUcKa pas-
BUTHA BpeMEHHOU TMIepKoaryJIsAuu U ranrpe-
HbI KOHeuHocTel [98]. Y manueHToB ¢ II0YeYyHOon
HeJocTaTouyHoCThI0 U I'MT Jiydnie npuUMeHATH
aprarpobaH, Tak Kak 9TOT IIpenapaTr MeTaboJiu-
3UpyeTcA nevyeHbo [99].
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YcranoBka KaBa-(pUJIBTPOB

IToka He 6b1710 TpoBeneHo PRI, koTophie ObI
OIleHWJIN pOJIb KaBa-(pUIBTPOB y MAIMEHTOB,
AMEIUX IIPOTUBONOKA3aHUA K NPUMEHEHUIO
AHTUKOAryJIAAHTOB [44]. B HacToslee BpeMs Cun-
TaeTcs, YTO yCTaHOBKY KaBa- (pUIBTPOB y HallMeH-
TOB C BBICOKMM puckoM BT3, B ToM yncJie rocnu-
TaausupoBanHblx B OPUT, caenyer nmpoBOgUTH
TOJIBKO IPY HAJTNYNU aOCOTIOTHBIX IIPOTHUBOIIOKA-
3aHMI K Ha3HAYEHUIO aHTUKOATY/ISTHTOB, U Y KOTO-
PBIX He MOYKeT OBITh TIpUMeHeHa THeBMaTHYecKast
KOMITIPECCUST HIYKHUX KOHEYHOCTeH [44].

3akJjaouenue

BTO aBJsigeTcss pacnpoCTpaHEeHHBIM, Omac-
HBIM COCTOSTHUEM, KOTOPO€E YacTO Pa3BUBAETCS Y
roCIuTaJIn3MpPOBaHHBIX TIAITUEHTOB, YTO JUKTYyET
HeoO0XOIUMOCTh 3HaHUs (pakTopoB pucka BT u
MIPOBeIeHUsT TPOPUTAKTUIECKIX MEPOTIPUSITHM.

YuursiBas 10, 4T0 70% ciaydaeB BTO MoKHO
MIPeJ0TBPAaTUTh, HEOOXOIMMO ITIPOBOAUTE eTo0 (hap-
MakoJiorTn4ecKyio npodunaktury HMT nmm HOT.
V nmanueHTOB ¢ abCOJIOTHBIMHA TPOTHBOIIOKA3a-
HUSIMU K Ha3HAYEHWI0 aHTUKOATY/ISTHTOB HCIIOJIb-
3yIOTCSI MeXaHUYeCKUe CIIOCO0bI TPOGUIaKTUKHA
BT9 (mueBmMarnueckas kommpeccust). Heobxomu-
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MO OIIpeJIeJINTh CPOKU IPOBeIeHNs TPO(pUIaKkTh-
KU — B OOJIBIITMHCTBE CJIy4aeB 3TO BECH MEPUO]
HaXO0KJeHU NalleHTa B OTIeJIeHUH peaHuManuu
U IpoAoJisKeHue NpopUIaKTUIeCKUX MEp IIpHU
IepeBoze B Apyrue OThesIeHUA.

[Ipu rcnoJib30BaHUY aHTUKOATYJISIHTOB JJIS
npodumakTuky BTI B OPUT HEOOXOAMMO YIUTHI-
BaTh (PyHKIMUIO [T0YEK, (PYHKIUIO IIeYeHH, COHep-
’KaHMe TPOMOOIIMTOB B KPOBU ¥ KOHTPOJIMPOBATh
9TH ITapaMeTphl B JUHAMUKE.

Y manueHTOB C BBICOKUM PUCKOM Pa3BUTHUSA
BT3 m abCOIOTHBIMU TPOTHUBOTIOKA3aHUSAMU K
Tepanuy aHTUKOATYJIsTHTaMU MOKeT OBITH pac-
CMOTpEH BOTIPOC 00 YCTaHOBKe KaBa-(puJsTpa.

YuuThIBas BCe BBIIIECKA3aHHOE, PalliOHAIb-
HOe IpoBejeHne NpopuiIakTuku BT B yciio0Busax
peaHuManyuoOHHOIO OTAEeJeHUsA IPUBOOUT K
3HAYUTEJTLHOMY CHUKEHHIO OOIIEero 4rcsia aIm-
30108 TAJIA 1 J1eTaJbHOCTHU.

Baarogapuoctu. Pabora nmogaepsxkana «[Ipo-
€KTOM TIOBBIIIIEHUSI KOHKYPEHTOCIIOCOOHOCTH
BeJyIIUX POCCUUCKUX YHHUBEPCUTETOB Cpeau
BEAYIINX MHUPOBBIX HAyYHO-00pPa30BaTebHBIX
LIEHTPOB».

Kondaukt nHTepecoB. KoH(IUKT nHTEpE-
COB OTCyTCTBYET.
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ITpaBuJIa 1151 pyCCKOSI3BIYHBIX AaBTOPOB
sKypHaJia «0011ass peaHUMaToJOTHsI»

C y4eTOM peKOMeHJaluil poCCUiiCKo# Accoliualiuy HayYHbIX peJaKkTopoB u usnareseii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) pepakuus 21.04.2020

IIpaBOBbI€ U 3THYECKHE ACTIEKTHI ITyOJIMKA-
LIIUM PYKOIUCH

YcnoBust ny0JIMKAIUY PYKOITHCH

— Pykornucu nyOsmKyIoTcst Ipy 06513aTe/IbHOM
COOJTFOJIEHVH aBTOPOM 9THUKH 1 TIPABUJT ITyOJTUKAIII
(mogpobGHee Ha caliTe sKypHaJia: www.reanimatol-
ogy.com).

— Pykonucu ny0JIMKYIOTCS € cOOJII0leHreM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEeHIINATbHOIO
OTHOIIIeHUsI K IepCOHATbHBIM TaHHBIM aBTOPOB.

— Pykonvicu ny0JIMKYIOTCST O€CIIaTHO.

— Pykonucu, OpuHsATHIE B KYpHaJ, IPOXO-
IAT pelieH3upoBaHue Ha OPUTUHAIBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJJeKBAaTHOCTb CTAaTUCTHYe-
Ckoll 00pabOTKM  JAaHHBIX HA  YCJIOBUSX
KOH(MUIEHINAIbHOCTH 32 MCKJIIOYEeHUEM BbI-
siBJIeHUs paabcuUKAIUU JAaHHBIX.

— PenkoJierusi ocTaBJisieT 3a COO0OU IpaBo
COKpAaIlaTh U peJJaKTUPOBATh PYKOIIUCH.

IIpuYMHBI CHATUS C NIeYaTH U 3aJepP5KKHU
MyOJTUKAIUH PYKOIIHMCH

— Pykomnucu, He COOTBETCTBYIOILINE IIPO-
dusio skypHasa, He IPUHUMAIOTCS.

— Pykomnucu, paHee ONyOJWKOBaHHBIE, a
TaKk’Ke HalpaBJ/eHHble B APYrof SKypHaJ WJIN
CcOOpHUK, He MPUHUMAIOTCS. VICK/II0UeHre COCTaB-
JISTIOT IIepeBO/Ibl Ha PYCCKUM/AHTTIUMCKUN SI3BIK
OTAEJbHBIX CTaTell, UMEIOIINX OO0JbII0e IPAKTHU-
JecKoe 3HaueHue 1/WUju NpeCcTaBJIsIONIUX 0CO-
OBIN HAYYHBIN HHTEPEC, OTIPE/IeISIEMbII aKTyaJIh-
HOCTBIO TeMaTWUKH, BBICOKUMHU UHIEKCOM
LUTHUPOBAHMUS, 3AIPOCOM I10 KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHOoe o(popMJeHre U HeOO-
CTOBEPHOCTH IIPEACTaBJsIEMbIX OMbMorpaguye-
CKHUX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTB JO CHATHSI PYyKOIIMCH C IIeYaTHU.

— Hapymenue npasua opopMIeHus: pyKo-
MHCH, HECBOEBPEMEHHBIH, a TAaKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUs pelleH3eHTOB 1 HAayYHbIX pe-
JIAKTOPOB IIPUBOJSAT K 3aiepsKKe MyOIuKay 10
HCIIpaBJIeHNs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUU 3aMevaHuil pelieH3eHTOB U HayUYHbBIX
PENaKTOpPOB PyKOIMCh CHUMAETCS C AaJbHENIIero
paccMoTpeHus.

— Pykomucy OTKJIOHEHHBIX padoT penak-
nuel He BO3BPAIIAIOTCS.

HNHTepecsl cTopoH: ABTOp/Pegakuius

Penakiysi ocTaBJisieT 3a COOO# IPaBO CUUTATH,
YTO:

— aBTOPBHI, IPeJOCTABUBIINE PYKOIIUCH AJI5I
nyOuKaIuu B sKypHaa «O011as peaHuMaroso-
THsI», COIJIACHBI C YCJIOBUSIMU MyOJUKALINU U OT-

KJIOHEHUSI PYKOIIMCH, a TaK)Ke C IPaBUJIaMU ee
odopmIieHHS.

— aBTOP, OTBETCTBEHHBIN 3a IMEPEMUCKY C
penakiine, BhIpaskaeT MO3UITHI0 BCETO aBTOP-
CKOTO KOJLJIEKTUBA.

Pefaknus ¥ M3aTe/IbCTBO HE HECYT OTBET-
CTBEHHOCTY 32 MHEHUSI, U3JIO’KEHHBIE B ITyOJIHKA-
[UAX, a TAaKJKe 3a COoJlepIKaHue PeKJIaMbI.

TapaHnTum pegakuun

JIroObIe pyKOIMCH, TIOJTyYEHHbBIE pelaKIreit
IUIST pelleH3UpOBaHusl, OYAyT BOCHPUHUMATHCS
Kak KOH(MUIeHIMaIbHbIe TOKYMEHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI JPYTUM JIUIIAM U 00CY3K-
JIeHbI C HUMU, 33 UCKJIIOUEHNEM JIHI], YTIOJTHOMO-
YEeHHBIX PeJaKIne.

Heony6yimkoBaHHBIE MaTepUasbl, HAXOMIsI-
IIrecs: B IPeIOCTaBJIeHHON CTaTbe, He OymyT uc-
I10JIb30BAHbI B COOCTBEHHOM HCCJIeIOBAHUY Ha-
YYHOTO pefakTopa U  peleH3eHTOB 0e3
MUCbMEHHOTO pa3pereHunst aBTopa.

PerieH3eHT He OYIET IOMYIINEeH K pacCCMOTpe-
HUIO PYKOIIMCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEPECOB B €r0 KOHKYPEHTHBIX, TAPTHEPCKUX JTUOO
JIPYTHX OTHOIIIEHUSIX C KEM-JIN00 13 aBTOPOB, KOM-
MMaHUH UM OpTaHU3aIluii, CBsI3aHHBIX C MaTepua-
JIOM IIYOJTUKAIIVY.

ABTOpBI UMEIOT MPABO TOJIYYUTH TI0 3APOCY
MH(AOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O IOJI-
TOTOBKe, 0(pOPMJIEHUH U TIPOJBUKEHUN PYKOIIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTop,
OTBETCTBEHHBIN 32 MEPENHUCKY C PEIAKITINE, TTOTY-
YaeT I10 3JIEKTPOHHOI TOYTE TEKCThI PEIleH3U; pe-
IIIEHVE PETKOJIIETUN O TyOJIUKAIIHN WJIA OTKJIOHE-
HUU PYKOITUCHU C 000CHOBAaHMEM IIPUYUHBI; BEPCTKY
OTPENAKTUPOBAHHOTO BapUAHTA PYKOIIUCH [IJISI T10-
JIy4€eHUsI aBTOPCKOT'O COTTIACHsT Ha ITyOJIMKAITHUIO.

Tl'apanTuu ABTOpa
[IpemocraBieHHass B pelaKUI0 PYKOIUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTepUAJIOB, 3AIUITIEHHBIX TUIIEH3UEH OT
HECAHKITMOHUPOBAHHOTO BOCIIPOU3BEIEHMUsI, 10-
ITyCKAEeTCsI TOJBKO C TUChbMEHHOT0 Pa3pereHust
npaBpoobOJiafaresisi(eif) W TpU 0053aTeTbHOM
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIHII,
KOTOpbIE BHECJ/IU OIIYTUMBINA BKJIAJ B KOHIIEN-
U0, IPOEKT, UCIIOJTHEHNE U UHTEPIIPETAINIO
3asIBJIEHHOM pabOThI, TO €CTh TeX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPUSIM aBTOPCTBA.

PyKOIIICH HE COIEPIKUT MaTEPUAJIOB, 3aIpe-
IIIEHHBIX B OTKPBITOM [T€YaTH AEHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.

www.reanimatology.com
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KoH@uuKT nHTEpecoB cTopoH: ABTOp/Penak-
1y

KongukT naTepecoB cTopoH ABTOp/Penak-
LM pelIaeTcs yTeM IIeperoBopoB CTOPOH, B CIIy-
4Jae HeyperyJaupOBaHHbIX IIyTeM IIeperoBOpoB pas-
HOIVIACUHl — B COOTBETCTBUU C JEUCTBYIOIIUM
3aKOHOJATeJIbCTBOM P® 1 MesKIyHapOgHBIMU HOP-
MaTHBHO-IIPABOBBIMM aKTaMU, PeryJupyloliMu
MyOJIMKANIIO PYKOITUCEH B HAYYHO-TTPAKTUYECKUX
MeUIMHCKUX YKypHaJIax.

Comracue Ha IyOJIMKAIAIO OTPEJaKTUPOBaH-
HOI'0 MaTrepuaJjia BbIpa)kaeT aBTOp, OTBETCTBEH-
HBIH 3a IIepenucKy ¢ pegaknueil. [locsie o3HakoM-
JIEHUsI C BEPCTKON OH HAIlpaBJIsIET B pPeNaKINIO0
3JIEKTPOHHOE ITHCHMO I10 OJHOM U3 IIpe/iCTaBJIeH-
HBIX POpM:

1) ABTOpPBI* COMTACHBI HA ITyOJIUKAITIIO PYKO-
nucyu™** B IpeICTaBJIEHHOM BHUJE.

2) ABTOpBI* COIVIACHBI HA MYOJTUKAIIAIO PYKO-
nuCcu™** 1mocJjie BHECEHUs B BEPCTKY CJIEAYIOIINX
IIPaBOK:... (Iajiee caenyeT epedeHb C YyKadaHueM
HOMepa CTpaHUIIbI TPAHOK BEPCTKYU, HOMepa a0-
3arfa, HoMepa CTPOKH B ab3alie M caMoil ITPaBKH).

*YKkasbIBaeTcs BeCchb aBTOPCKHUU cocTaB. **
‘YKa3bIBaeTCs1 Ha3BaHUe PYKOIIUCH.

Cpox omnoselieHus pelakKuu O IPUHATOM
aBTOpaMu pelnreHnn — He 0oJjiee 3-X THEN C MO-
MEHTa OTIIPaBKU BEPCTKU aBTOPY, OTBETCTBEH-
HOMY 3a [TIepeNuCKy C peJaKiuei.

Buumanwue! Ha cTaguy BepCTKU TOIyCKAECTCSA
MpaBKa ONE€YaTOK, OMIMOOYHBIX ITU(p U cJIoB. Pe-
JaKTHpOBaHue MarepuaJia (3aMeHa, UCKJII0YeHNe,
nmobOaBJIeHMe TPeJIoYKeHNH, ab3arieB U MILTIOCTPa-
THUBHBIX O/IOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEHEHUs BEPCTKU IIPUBOJAT K ee YA0po-
SKAQaHUI0O U 3aJepyKKe BBIIYCKA B CBA3U C
nepedopMarupoBaHreM U OOHOBJIEHUEM Ilepe-
BOJIa TEKCTA HAa aHIVIMMCKU A3BIK. B TakoM ciyuae
pefakuusa CHUMaeT MaTepuadl C le4aTy U IIepeHo-
CHUT ero MyOJIMKAIMIO B IPYTroil HOMEP B OTpeaK-
TUPOBAHHOM aBTOPaMU BHUE.

CpoOKH IPOABUIKEHH 1 PYKOIIUCH

— JKCIepTHU3a Ha COOTBETCTBUE MPOQUIIIO
’KYpHaJsa v npaBuiaMm odopmieHus — He DoJjee
3-X pabouux THEN C MOMEHTa MTOCTYIJIEHUST PYKO-
IIMCU B PeJAKIHUIO.

— PeniensupoBanmne — He 0oJsiee 20-u pado-
4YUX THEH C MOMEHTA 3JIEKTPOHHOH OTIIPABKU pe-
LIEH3eHTY PYKOIIUCH.

— OrBeT aBTOpa perieH3eHTaM — He boJiee 7-1
pabounx THEH ¢ MOMEHTA 3JIEKTPOHHOM OTITPABKU
aBTOPY PELIeH3UH.

— 3acefaHue peIKOJIJIETUY B OYHO-3a0YHOMN
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
uioJie, ceHTsiIOpe 1 HosIOpe) He TTO3/THEE, YeM 3a
1 MecAn Jo BBIITYCKA TUpaska KypHaJa.

OTnpaBka MaTepHaJIoOB JJIsI HyOTUKAINH

MarepwuaJibl Jjisi TyOJUKAIMA Ha PyCCKOM U
AHIVIMMCKOM fI3BIKAX CJIelyeT HAIPaBJIsATh B BUJIE

|18anoE
TEKCT
0102018

N 155H08
TEKCT
110029018

154
01802201
3JIEKTPOHHBIX (PaiijIoB HA CAliT sKypHaJIa: Www.re-
animatology.com, niu o agpecy pefakiiiu: jour-
nal_or@mail.ru. @opmar nognucu daitsios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAaYeHHe Marepuasia
(TEKCT, WIJIIOCTPALNU U Ip.), 1aTa (4MUCJ10, MecsL,
ron). ITpu 0OHOBJIEHUW BEpPCHUH PYKOMIUCH U €€
MPUIOKEHUH (TabJIUITBI, HJLTIOCTpaIum) B (op-
MaTe noAnucu paiyioB MeHsieTCsI TOIBKO Jara.

IIpumep:

Baumanwue! [10THOCTBIO aBTOMATU3UPOBAH-
HBIU IepEBOJT C PYCCKOTO sI3bIKAa HAa aHIVIMHCKUMI
WMeeT HU3KOE Ka4eCTBO M He NPUHUMAETCH.
HKO Ponng «MengunmuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIENCTBHE B TIEPEBOJE MaTe-
pHaJIOB 1715 MyOJWKAIIUK C PyCCKOTO S3bIKa Ha
AHIVIMMCKUH (COpaBKU IO aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crareil BKJIO4aeT: 1) TUTYIbHBIN
JIUCT 2) pe3ioMe U KJI0UYeBble CJI0BA; 3) MOJHBIN
TEKCT PYKOIIACH C IOJIIUCAMHU BCeX aBTOPOB Ha I10-
cJieIHeN CTpaHUIle, TOITBEP KIAIOIITUMHA UX aBTOP-
CTBO U COIVIacHe C COolIepsKaHueM PyKONHUCH (I10-
CJeNHsIA CTpPaHMWIA TPEJOCTABJSETCA B BHUIE
CKaHa); 4) TaObJUIbI U WITIOCTPanuu (rpaduky,
JIrarpaMmel, poTorpaduu, pUCyHKHU U T. I1.) C HOMe-
poOM, Ha3BaHUWEM U NIPUMeYaHueM; 5) Oubarorpa-
¢duveckuii cCnucok; 6) COMPOBOAUTETBHOE MUCHMO.

(Dopma COI’lpOGOaume.}leOZO nucema:

[naBHOMY pegaxkTopy )KypHaJ/a

«Ob11as peaHuMaTOJIOTHSI»
3acJyy;KeHHOMY AeATeJsro Hayku Poccuy,
yjieH-KoppecnoHaeHTy PAH, npodeccopy
B. B. Mopoay

[Ipocum Bac paccMmoTpeTb BO3MOYKHOCTH
myOJIMKauu (Bupx pykonucuy; Pamuiuy,
Nmena, OTyecTBa BCeX aBTOPOB; Ha3BaHUE PYKO-
nvcy) B sKypHasie «O01ast peaHnMaToJI0THSI».

ABTODPBI PYKOIIMCU O3HAKOMJIEHEI ¢ TH(pOP-
Marue AJjs1 aBTOpOB jKypHasa «O011ast peaHu-
MAaroJIOTHsA» U COIJIACHBI C IIpaBUJIaMU IIOATO-
TOBKY, MIOJIa9¥ U IyOJTUKAIINU PYKOIIACH.

laHHasi pyKOIIMCh He AyOJIMpYeT mpeabIay-
mue my0/IMKaIye, B Hel He 3aTparuBalTCs UH-
Tepechbl TPETbUX CTOPOH U He HApyLIAalOTCs 9TU-
YeCKHe HOPMBI IyOJTNKAI[AH.

OTBETCTBEHHBIN 3a IIEPENUCKY C pelak-
nueit: imsa, OtyectBo, PamMuIns OgJHOTO U3 aB-
TOpPOB pYKONHUcH, e-mail, TesedoH.

[Tognuce pyKOBOOUTEIS YUPEKACHUA.
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ComnpoBonuTEeIbHOE MMHUCHMO JTOJISKHO OBITH
HaleyaTraHo Ha OJIaHKe yUYpesKJAeHNs], B KOTOPOM
BBINTOJIHEHA pabora.

TpeboBaHUA K mMeYaTH

Buo: opueHTanys KHUKHasi, BBIpaBHUBaHUE
o mupuHe, popmar A4.

HIpugm: Times New Roman 12-ro paamepa
YepHOTO I[BETA.

Hnmepsanvt u omcmynsvl: MeKCTPOUHBIN
WHTEpPBaJI B TeKCTEe — 1,5; MEXKCTPOUHBINA UHTEP-
BaJI B IOAIHUCSAX K TAOJHUIIAM U UJLTIOCTPAIIHUSIM,
B IpUMeYaHUsIX — 1; MHTEpBaJ 10 U ocJje ab-
3ala — HeT; OTCTyH IIepBO¥ CTpoKu — 1,25 cMm;
moJist — 2,5 CM Co BCeX CTOPOH.

Hymepayus cmpanuy: B IpaBOM HUYKHEM
YIIy.

Dopmam atinos: TEKCT, TAOINIIBI, TONITNCH
K TabsuiaM u wintocrpanusam — Word; rpaduky,
nuarpaMmmbl — Exel, Power Point; pucynaku — jpeg;
cxembl — TOJIBKO B PEJAKTUPYEMOM ®OP-
MATE (Word; Power Point); ¢poTorpadgum — BbI-
COKOr0 pasperieHusi, COXpaHeHHbIe B JIIOOOM
dopmare.

PexomennyeMoe paspelienye Npy CKaHApPOBa-
HUU: N300Pa’keHUs1 C UCIOJIb30BaHUEM JIMHUUA U
pucynku — 1200 dpi; pororpadun, paguorpadun
— ne meHee 300 dpi; ¢poTtorpacdun, paguorpaduu c
TekcToM — He MeHee 600 dpi.

EquHnnbl m3MepeHUs MOJIKHBI COOTBET-
CTBOBAaTh MesKAYHAPOAHON CHUCTEME eIUHUI]
(CH), remneparypa — mxkaJge Lleabcus.

DopmynblL fOJIKHBI UMEThb YETKYIO Pa3METKY
BCeX 3JIEMEHTOB: CTPOYHBIX M IIPOIMCHBIX, a
TaK’Ke JIATUHCKUX U IPeYEeCKUX OYKB; IOJCTPOY-
HBIX U HaICTPOYHBIX UHJIEKCOB. B ciaydae mudp u
OyKB, CXOmHBIX 10 Hanmcaauo (0 — mudpa, O —
OyKBa), JOJKHBI OBITH ClleJIaHbl COOTBETCTBYIO-
Ire MOMeTKHU.

HaszsaHus

IIpu onrcaHWY anmmaparypbl B CKOOKax yKa-
3bIBAIOTCSA (PUpPMa U CTpaHa IPOU3BOJUTEb.

ITpumep: CBeTOBOU 30H]] OMHOKAHAJIBHOTO
anmmapara JIAKK-02 (HIIIT «JTASMA», Poccus).

[Ipu ynoMrHaHUM JIEKAPCTB U IIPeraparoB UC-
IIOJIB3YIOTCS MesKAyHapOIHble HellaTeHTOBaHHBIE
Ha3BaHuA (INN). Toprossble (maTeHTOBaHHbIE) HA3Ba-
HWS, 1107, KOTOPBIMU [Ipelaparb] BBITYCKAIOTCA pas-
JUYHBIMU (pUpMaMy, HPUBOIATCA C yKa3aHUEM
(PUPMBI-U3TOTOBUTEJISI U HX MEKIYHAPOIHOIO
HEIATEHTOBAaHHOTO (Fr€eHepUYeCKOro) Ha3BaHUSA.

Ilpumep: tapuBuj (oduaokcanus, «XexcT
MoapuoH Pyccenb»).

JlaTuHCKYe Ha3BaHUSI MUKPOOPTAHU3MOB
MPUBOJATCSA B COOTBETCTBUU C COBPEMEHHOU
kJaccudukanueii, kypcupoM. [1pu nepsom yro-
MUHAaHWUM HAa3BaHWE MHUKPOOPraHU3Ma [aeTCs
IIOJIHOCTBIO — PO ¥ BUJ, IIPXA IIOBTOPHOM YIIO-
MUHAaHWUM POJOBOE HAa3BaHME COKpAIIAETCS J0
OITHO¥ OYKBBHI.

Ipumep: Escherichia coli, Staphylococcus au-
reus, Streptomyces lividans; E. coli, S. aureus, S.
lividans.

HasBanus reHeTUYEeCKUX  9JEeMeHTOB
JTaIoTCs B TPeXOYKBEHHOM 0003HAaYeHUM JIATUH-
CKOro ajipaBUTA CTPOYHBIMU OYKBaMU, KypCH-
BOM (tet); KOGUpPYyeMbIMU COOTBETCTBYIOIIMMU I'e-
HETUYEeCKUMHU 3JIeMEHTaMU I POAYKTBI
MIPONUCHBIMA TPAMbIMU OykBamu (TET).

Buabpl U1 pekoMeHAyeMbBIH 00BEM PYKO-
UcHu

O0630pHas cTraThs, MeTa-aHaJIU3: He OoJiee
25-¥ CTpaHUII BKJIIoYast He OoJiee 10-u TabJIUIl 1
UJUTIOCTPANU B 0OIIEM KOJTUYECTBE; CITUCOK ITH-
TUPYyeMOM iuTeparypbl — He MeHee 80-U HauMe-
HOBaHUMN.

3akaszanHas uiu nepesooHas cCMambvs: no
002080peHHOCMU.

OpueuHanvras cmambs: He OoJsiee 15-u
CTpaHMUII, BKJIOYAss He OoJiee 6-u TabIUIl U
UJUTIOCTPANUi B 0OIIEM KOJTUYECTBE; CITUCOK ITH-
TUPYeMOMU JInTeparypbl — He MeHee 25-1 HauMe-
HOBaHUM.

Kpamrkas cmamos: He 60Jiee 10-U CTaHMUIL,
BKJIIOUasi He OoJiee 4-X TaOJIUI] U WILTIOCTPAIUI
B 00ImeM KOJIMYeCTBe; CIHUCOK IUTUPYEeMOU
JIUTEpATypbl — He MeHeel5-1 HauMeHOBaHUH.

Auckyccuonnas cmambovsa (BRJIOYaeT 1—2
BOTIpOCa AJIs1 00CyKIeHus): He DoJiee 5-U cTpa-
HWUII, BKJTIOYasi He 6oJiee 2-X TaOJIUI] ¥ UIITI0CTPa-
Wi B 00IIIeM KOJTMYECTBE; CIIICOK IUTUPYEMOH
JuTepaTypbl — He 6osiee 20-1 HAMMEHOBaHUH.

Hucvmo 8 pedakyuro: He 6oJiee 600-a cI0B.
IluceMma, agpecoBaHHbIE COTPYLHHUKAM pelrak-
WY, He TyOJIMKYIOTCA.

Buumanmue! B 6ubiavnorpaduu pekoMeHIy-
eTcda npuBoguTh He MeHee 30% MCTOYHUKOB 5-
JeTHel aBHOCTH, BKJIIOYasi TEKYIIUN IO,

CTpyKTypHBIE pa3jesbl CTaTed U PeKo-
MEHJAIlUM 10 UX HAITMCAHUIO

Bce cTpykTypHBIE pa3iesbl HAYUHAKTCA C
HOBOTO ab3ara. Mix Ha3BaHUs BBIIESIIOTCS SKUP-
HBIM HIPUEPTOM.

TUTYJIBHBIH JINCT COEPYKUT:

1) mosHOe Ha3BaHME CTaThbH, KOTOpOE
JTOJI?KHO: OBITH MH(POPMATUBHBIM, KPATKUM (OKOJIO
80 3HAKOB), HE BKJIIOYATh a00peBHaTyp (3a UCKJIIO-
YyeHHeM OOIIENPUHATHIX B HAYYHOU JINTEPaType),
Hale4yaTaHHBIM KaK IMpeJiosKeHre (C TPOMMCHON
OYKBBI, Jajiee CTPOYHBIMU OyKBaMU), ITOCJIE Ha3Ba-
HUS B CKOOKaX cofiepsKaTh MOsICHEHHE 0 (hopMaTe
nccaenoBanus (06030p, MeTa-aHAIU3, KJINHUYE-
CKOe Ha0JTIoTeHNe; 9KCIIEpUMEHTAIbHOE UCCJIEe0-
BaHue; Ipyroe);

2) UHUITAAJIbI UMEH, OTYECTB U (haMUIUH BCEX
ABTOPOB;

3) kpaTkyo nHpopmanuo 06 aBTopax (ImoJi-
Hble UM€EHA, OTYEeCTBA U (paMUJIUU BCEX aBTOPOB
IOJDKHOCTD, yYeHOe 3BaHue);

www.reanimatology.com
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4) moJiHOe Ha3BaHMe U IIOYTOBBIM anpec
VUIpesKIeHNN, OTKyAa IpefcTaBjasieTcs pabora,
BKJIIOYasi UHIICKC;

5) agpec 9JIEKTPOHHON IIOYTHI, HOMeEp
TeqaedoHa, (amMuanio, UMsi, OTYECTBO aBTOPA,
OTBETCTBEHHOTO 3a IIePeINCKY C pelaKirei.

Baumanue! B aHmIMIICKOM BapuaHTe HMs
YKa3bIBaeTCA IIOJHOCTHIO, aJpeC YKa3blBaeTCs B
06paTHOM MOPSIKE, /ST HA3BAHWUH YJIUI] TPHUMe-
HAETCS TPaHCJIUTepalus.

CBsI3b aBTOPOB C MECTOM WX paboThl OCy-
IIECTBJISIETCS Yyepes I10C/Ie0BaTeIbHyI0 HyMepa-
[MI0, YKa3aHHYI0 B BEPXHEM pErucrpe B KOHIE
(paMmIUM KayKI0Tr0 aBTOpA U Ilepej] Ha3BaHUeM y4-
pesknenwusi, rae paboraer qaHHBIA aBTOp. [{UdpHI,
IIpOCTaBJIEHHbIE y (paMUIUU aBTOPA U YUPEsK-
JIEHUSI C €T0 MECTOM PadOTHI JOJKHBI COBITAIATh.
Ecnu aBTOp MMeEeT HECKOTBKO MECT padOoThI, TO MO
OTZeJIbHBIMY HOMEPAaMHU YKa3bIBAIOTCsI BCE YUPEK-
JEeHWs1, UMeloIe OTHOLIEHNE K BbIIIOJTHCHHOMY
HccenoBaHulo. ITocaenoBare/ IbHOCTb HyMepauuu
yUpesKIeHUN HaXOOUTCs B IPSIMOU 3aBUCUMOCTH
OT ITOPAAKA CJIELOBAHUS aBTOPOB.

[Tpumep oopmaenus . 1. 1, 2, 4:

I/TII0K030-UHCYJTMHOBAsA CMECH
KaK KapAHOIIPOTEKTOP
B KapIMOJIOTHHU
U KapauoxXupypruu (0063op)

H. A. KosJjios!?, T. B. Kiibma®
! MOCKOBCKHI 00J1aCTHOM HayYHO-UCCIIeI0BATETbCKIHI
KJIMHUYECKUH HHCTUTYT uM. M. ®. Biragumupckoro,
Poccus, 129110, . Mocksa, ya1. lllenkuna, a. 61/2
2 HUU obeit peannmatosioruu uM. B. A. Herosckoro,
deiepasibHbIN HAYYHO-KIMHUYECKUN LIEHTP
peaHrMaroJIOTUH U peabuINTOIOTUH,
Poccus, 10703, . Mocksa, yi1. IleTpoBka, g. 25, cTp. 2
3 denepabHbIN HAYYHO-KJINHUYECKUN IIEHTP
denepasibHOTO METUKO-OMOJIOTTYECKOro areHTcTBa Poccuu,
Poccus, 115682, 1. MockBa, OpexoBblii OysibBap, 1. 28

Glucose-insulin Mixture as
a Cardioprotective Agent
in Cardiology and Cardiac Surgery
(Review)

Igor A. Kozlov!, 2, Tatiana V. Klypa3

' M. F. Vladimirsky Moscow
Regional Research Clinical Institute,
61/2 Shchepkin Str., Moscow 129110, Russia
2V. A. Negovsky Research Institute of General Reanimatology,
Federal Scientific and Clinical Center of Reanimatology
and Reabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia
3 Federal Scientific and Clinical Center,

Federal Medico-Biological Agency of the Russia,

28 Orekhoviy bulvar, Moscow 115682, Russia

PesioMe — HanbosIee YnTaeMasi 4acTh paboThI,
o0nweMoM He boJtee 260 ciioB. OHO He JOJIMKHO CO-
JlepsraTh ab0OpeBHUATYP ¥ COKPAIIIEHHH 32 UCKJITIOYe-
HUEM eJUWHUI] W3MepeHus, MaTeMaTUYeCKUX
BEJIMYMH U TEPMUHOB. Pe3ioMe BRJTIOUAeT 4 00513a-
TeJIbHBIX pa3feJia: 1) 1e/ib UcciieJOBaHus; 2) Mare-
puajgbl U METONbl;, 3) pe3yJbrarbl (U3JIOKEHUE
OCHOBHBIX IIOJIyYCHHBIX pe3yJIbTaTOB MU UX
CTATUCTUYECKON 3HAYUMOCTH); 4) 3akJIroueHue (BbI-
BOJIbI, OCHOBAaHHBIE Ha COOCTBEHHBIX pe3ysIbrarax
HCCJIefOBaHUs [ KJIMHNYECKOT0 HaOII0OeHUA).

KiroueBnble ciioBa (o 6), mpeiHa3HAYeHbI AJI
WHIEKCUPOBAHMS CTaThU B MH(OPMAIIMOHHO-TIOUC-
KOBBIX cucTemMax. OHM pasMeIaiTcs Ha CTPAHUIle
C pe3ioMe KypCHBOM, Yepe3 TOUKY C 3aIsiToi 1 0e3
TOYKH B KoHIIe. OT aieKBaTHOTO TO00pa KJItoUue-
BBIX CJIOB 3aBUCAT 9P (PEKTUBHOCTD ITOMCKA CTAaThU
U ee IIocJIeyloliee NUTUPoBanue. B CBA3H ¢ 9TUM
pekoMeHayeTcsi m30erarb  JIEKCHUKH, DPEIKO
yrnoTpebJisieMoli B HayYHOH JINTepaType, TIMHHBIX
CJIOBOCOYETaHU!, 3aTPyJHSAIONINX aBTOMAaTUUeCKUN
IIOUCK, IIOBTOPA CJIOB U3 Ha3BaHUs PYKOIIUCH.

BBenenue packpnIBaeT aKTyaJIbHOCTh
HCCJIeTOBAHUS U OCBEIIAET COCTOSTHIE BOTIPOCA CO
CChIJTKAaMHU Ha HanOoJiee 3HAaYNMble TTYOJTUKALIIH.
B koHIe BBeneHUsA (pOpMyJIMpyeTcs Liesb, OTpa-
sKaroIast He0OXOAUMOCTDb IIPOBEEeHM S UCCIIeNO-
BanuA. PopMysMpoBKa IIeJId B pe3loMe JOJDKHA
COBIIAAATh C (pOPMYINPOBKOM 11eJ11 BO BBEIEHUH.

MarepuaJjbl 1 METOABI CONEPsKAT KPUTEePUn
BKJIIOUEHMsT/ ICKJTIOYEHUsT MaTepraja 1 000CHOBA-
HHEe BhIOOpA METOMIOB MICCJIEIOBAHUS; BKJIIOYAIOT
uHdopmManuio o (pakTopax, OrpaHUUYNBAIOIINX HC-
caenoBanue. Ecim mccienoBaHvue TpOBOOUIHA B
paMKax onpezeseHHOU IporpaMMBbl, TO 3[1eCh YKa-
3bIBaeTCs ee Ha3BaHue. Ec/iu KJIMHUYecKas: U Ha-
y4Hasi 4acTh paboThl OBIIM BHIIOJHEHBI Ha Oase
Pa3HBIX YUpEKIEeHU, ToO B 3TOM pasjese yKa3bl-
BaIOT Ha3BaHWE YUYpeKIeHHs, Ha 0ase KOTOPOTO
OB ITOTy4eH MaTepuaJl [JIsl FiccJieoBaHusl. B aTom
pasnesie ONMMUCHIBAIOT KOJMUYECTBEHHbIE W Kade-
CTBEHHBIX XapaKTEPUCTUKAX BKIIOYEHHBIX B MCCJIe-
JOoBaHUe 00JILHBIX/ 00C/IeOBAHHBIX W
9KCIIEpUMEHTATbHBIX KUBOTHBIX; AU3alH HCCJTIe-
TIOBaHW S, MCITOJIb30BaHHbIE KITMHUYECKIE, Tabopa-
TOPHBIE, THCTPYMEHTAJIbHbBIE, 9KCIIepAMEHTa/IbHbIC
W TIpoYMe MEeTOOWKH, B TOM 4YHCJIE METOAbI
CTaTUCTUYECKO 00pabOTKY TaHHBIX.

Hamnee cM. Ha caliTe www.reanimatology.com.
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Lurodnasnk’ UnTtodnasun’

RLEHOPCTOPHMOR 6onowkD

HOoUUou :3

VIHO3MH + HUKoTWHaMW + PGOPnaBh + AHTaphas kucrora
PACTBOP ANA BHyTPUBeNHOTO BBeneHMA

EKC ON49 AKTUBALMA : R |
B YCNOBUAX TUMNOKCUNA !

)HOrO [MIMKOMM3a B HEPBHbIX KNETHaXx;
1 B-OKUCNEHUS HUPHBIX KUCMOT B HEPBHOW THaHM;
OMaCcNAHOW KNCIOThl B HEMPOHaX;
1BPaH HEPBHBIX V1 MIMAbHBIX KMETOK K MLLIEMUM;
"OBOM0 KPOBOTOKOB.
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