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Pe3rome

IleJss HccIeqOBaHUA — OIIEHUTH BINAHUE METTIIOMUHA HaTPUS CYKI[MHATa Ha 9 (HEeKTUBHOCTb AaHTU-
KOATyJIAHTHOU Tepanuu y MallieHToB C TsKes10H (hopmoit kopoHaBupycHOH nHdexiuu COVID-19, ocsiox-
HEHHOMU IByCTOPOHHeH BHEOOTbHUYHON THEBMOHUEH.

MarepuaJjsl 1 MeTOABI [IpoBesn aHaIU3 3(p(peKTUBHOCTH Tepanuu 12 ManueHToB, MOJTYIUBIINX Jede-
Hue B ycsioBusix OPUT B cBsi3u ¢ fuarno3om: «KoponasupycHas nHgernuss COVID-19 (moaTrBepskaeHHast),
Tsoresas ¢popma U07.1. OcitoskHeHNe: ABYCTOPOHHSIS MOJTMCEerMeHTapHasi THeBMOHUsI. Bce manueHThI mo-
JIy4aJid Ipo(UIAKTHUECKYI0 aHTUKOATYJITHTHYIO Tepanuio HeppaKIIMOHUPOBaHHBIM rerapruHom. [arueH-
TOB pa3eJ/InJn Ha IBe IPpynIibI: 7 13 HUX MOJIYINJIN B COCTaBe Tepannumn HOJIHSJIBKTpOJIHTHbeI pacTBop, Co-
JlepoKalui MeTTIOMIHA HaTPUs CYKIIMHAT B CYTOYHOMH 103€e 5 MJI/KT B TeueHHe BCET0 CPOKa HAaXOKIeHU B
OPUT (3-10 mHel); 5 TAllMEHTOB MOTYYUJIN aHAJTOTUYHBIN 00'beM OOBIYHOTO MOJTUIJIEKTPOJTUTHOTO pac-
TBOPA, He CofiepsKalllero MeTaboINdecK aKTUBHBIX CyOCTPaTOB, M COCTABUJIN TPYIITY KOHTPOJIA. B aprepu-
aJIbHOY U BeHO3HOH KPOBU BCeX MMAIIEHTOB M3MepsJIN IToKa3aTeIu KoaryJIorpaMMbl Ha aTanax:1) mpu mo-
crymienuu B OPUT; 2) uepes 2—4 daca 1ocJjie BBeJIeHUsI IePBOI 10351 relapuHa; 3) yepes3 8—12 yacos mocJie
BBeJIeHUsI IOBTOPHOM /10361 TellapuHa; 4) CIycTs 24 yaca ocjie Hayajia MHTeHCUBHOH Tepanuu. Ha 28-1i neHb
HaOJTIOIEH ST OI[€HUBAJIU JIETATHBHOCTB, VIUTENHHOCTE JedeHusi B OPUT 1 4acTOTy TPOMOOTHYECKUX OCTIOK-
HeHH B rpynnax. /I7g oljeHKU BHYTPUTPYIIIOBOM JUHAMUKU U MEKTPYIIIIOBBIX Pa3INYUil UCII0JIb30BaTN
HellapaMeTpUYecKre MeTObl CTATUCTUYECKOT0 aHaInu3a.

PESYJILTaTLI. B TpyI1ime NanyueHToB, IMMOJJYYUBIINX MEeIVIIOMUHA HaTpUsA CYKIIUHAT, OTMeYaJ/Jnu 3HaYUMOoe
CHIDKEeHHe 4aCTOThl TPOMO03MOOINYEeCKUX COOBITUH B TedueHUe 28 CyTOK JIeUeHHs, a TaKKe COKpallleHne
cpokoB JyieueHus1 B OPUT. T1ariueHTHI JaHHOH IPYyIIbI OBICTPEe OTBeYa I Ha IPOBOJUMYIO AaHTUKOATY/IAHT-
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Knunudyeckue HCCJaeqoBaHuA

HYIO TepAIuIo, 9YTO BEIPAYKAIOCH B 00JIee OTUETIMBOH JUHAMHUKE [TOKa3aTeseld KoaryJorpaMMbl: IIPUPOCT
AUTB, coxpaHeHue MTONYJIAINHA TPOMOOIINITOB, CHI;KeHIE KOHIIeHTparuy D-1uMepoB 1 pubpHUHOTeHa.
3axrouenne. Metabonmuecknii adpeKT CyKIpHaTa, BO3MOYKHO, IIOBBIIIAeT YCTOUYNBOCTD 9HJOTETHA
K IEWCTBHIO IOBPEXKAAOIINX (PAKTOPOB U CHIKAET €r0 IPOKOArY/ISTHTHYIO aKTUBHOCTB. [urioresa Tpebyer
MIPOBEPKHU B PACIHIMPEHHOM KJIMHUYECKOM HCCJIEJOBAHUM C JU3aWHOM, BKJIIOYAMOIIEM JIA00PATOPHYIO
o1eHKY 9 (EKTUBHOCTH Pa3HbIX KyPCOBBIX 103 HCCIEAyeMOro Ipernapara, a Takske 1uddepeHnupyoum
MeXaHU3M BO3elCTBUS aHTUTUIIOKCAHTA HA KOHKPETHBIE 3BE€Hbs IIPO- U aHTUKOATY/IAIMOHHON CUCTEM.

Knrouesvte cnosa: koponasupycnas ungperuusy; COVID-19; koazynonamusi; IH00MmMeauil; Me2iioMuHa
Hampus CykuuHam

KoH(INKT HHTEpecoB. ABTOPHI 3asIBJIAIOT 00 OTCYTCTBUU KOHGMKTA HHTEpecoB. 000 «HTDPD «I10-
JIMCAH» He ABIAIOCh MTHUIIMATOPOM IIPOBEIEHUA NCCAeJ0BaHNA U HEe OKa3bIBAJIO BJINAHUSA Ha ONIpefeJie-
HME CTPYKTYPbI UCCIeJ0BaHNsA, aHAINA3 IT0OJIy4€HHOT0 MaTepraJia, THTepIpeTalyio pe3y/IbTaToB U Haluca-
HUe CTaTbU.

duHaHCHpoOBaHHe. IccienoBanme IpoBeeHo 6e3 CTOpOHHETO (PMHAHCOBOTO YIACTHS.

Summary

Aim of the study: to evaluate the effect of meglumine sodium succinate (MSS) on the efficacy of anticoag-
ulant therapy in patients with severe COVID-19 infection complicated by bilateral community-acquired pneu-
monia.

Materials and methods. Overall efficacy of treatment was analyzed in 12 patients hospitalized to ICU with
the diagnosis of severe confirmed COVID-19 coronavirus infection (U07.1) complicated by bilateral multiseg-
mental pneumonia. All patients received prophylactic anticoagulation with unfractionated heparin. The pa-
tients were divided into two groups: 7 of them received a multi-electrolyte solution containing MSS 5 ml/kg
daily for the entire ICU stay (3-10 days) as a part of therapy; 5 patients received a similar volume of a conven-
tional multi-electrolyte solution containing no metabolically active substrates and comprised a control group.
Coagulation parameters were measured in arterial and venous blood of all patients at the following stages: 1)
upon admission to the ICU; 2) 2-4 hours after the first dose of heparin; 3) 8-12 hours after the second dose of
heparin; 4) 24 hours after the beginning of intensive therapy. On the 28th day of follow-up, mortality, duration
of ICU stay, and incidence of thrombotic complications in the groups were evaluated. Nonparametric methods
of statistical analysis were used to assess intragroup changes and intergroup differences.

Results. The group of patients administered with MSS had significantly fewer thromboembolic events dur-
ing 28 days of treatment and shorter ICU stay. These patients responded faster to anticoagulant therapy, which
was suggested by more distinct changes in coagulation parameters, i.e. increased APTT, persisting viable
thrombocyte population, reduced D-dimer and fibrinogen levels.

Conclusion. The metabolic action of succinate possibly increases endothelial resistance to damaging fac-
tors and reduces its procoagulant activity. The hypothesis requires testing in a larger clinical study with a design
including laboratory evaluation of the efficacy of varying doses of the studied drug as well as aiming at eluci-
dation of the mechanisms of its effect on specific pro- and anticoagulation system components.
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BBenenune

Kak yxe oTMeuyasoCch B HCCJEJOBAHUAX,
MIOCBSIIEHHBIX HOBOW KOPOHABUPYCHON MH(pEK-
umu (HKY), koarysmonarysi siBJisieTcst 00 TMTraTHBIM
Y4acTHHUKOM ee ITaToreHe3a M 4acTo CBOeH BhIpa-
SKEHHOCTBIO aCCOIIMUPYeTCs ¢ HeOIaronpuATHBIM
IIPOTHO30M, OCOOEHHO y MallMeHTOB peaHNMa-
MOHHOTO podui (1, 2].

XapakTep pasBHUBalolleiicss KoaryJaonaTuy,
BO MHOTOM CXOJHBIN y MAlMeHTOB Pa3JAYHBIX
BO3PACTHBIX, T€HIEePHBIX, KOMOPOUTHBIX TPYIIII,
XapakTepuayeTcsi mporpeccupylornieli runeppuod-

pUHOreHeMHel, POCTOM COIepsKaHUs B IJIa3Me

Introduction

As noted in studies on the novel coronavirus
infection (NCI), coagulopathy is always an essential
element of its pathogenesis and commonly associ-
ates with unfavorable prognosis, especially in in-
tensive care patients [1, 2].

The nature of coagulopathy, which is largely
similar in patients of various ages, sexes, and co-
morbidities, is characterized by progressive eleva-
tion of fibrinogen and plasma fibrin degradation
products, thrombocytopenia, variable changes of
coagulation tests and, expectedly, increased risk
of thrombotic complications [3, 4]. The main
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MIPOJIYKTOB Jlerpananuy ¢pudprHa, HapacTaloIei
TPOMOOIIUTOIIEHUEH, pasHOHanpaBJIeHHbBIMHA
W3MEHEHUSAMM BPEMEHHBIX KOaryJIsalUOHHBIX
TECTOB U, 0’KUAEMO, YBEJINYEHUEM PHUCKA TPOM-
OOTHMYECKHX OCJ0KHEHUT [3, 4]. Cpelri OCHOBHBIX
IIPUYMH KOAaryJIonaTUH, pasBUBAWIIelcsa INpu
COVID-19, B HacTos11Iee BpeEMS BbIAESIIOT:

1. MUKPOCOCYAHCTYIO OOCTPYKITAIO COCYIOB
JIETKUX WJIM TPOMOOBOCHAIUTEIbHBIA CUHIPOM
(MicroCLOTS) [1].

2. CUHIPOM Ype3MepHOTO BBICBOOOYKIEHHUS
IUTOKUHOB U XEMOKHUHOB, 1€MOHCTPUPYIOLIUN
MOBBIIMIEHHYIO Ipongykuuio IL-6, IL-7, TNF u Boc-
naJnuTeJbHBIX XeMOKHMHOB, Takux kak CCL2, CCL3
U pacTBOpUMBIH perenTop IL-2 [5-7].

3. OHJAOTeJHATBHYIO TUCPYHKINIO [8-11].

4. IlyJpMOHAJIBHYIO TUNePAKTUBAILIUIO
MOHOIIMTOB U Makpodaros [12-14].

5. A66epaHTHYI0 HEUTPO(DUIBHYIO aKTUBA-
muio [15-17].

6. KomIiieMeHT-acCOMMPOBAHHYIO MUKPO-
anruonaruio [18, 19].

7. Jlucperynsiuio peHUHAaHTMOTeH3UHOBOM
cucremsl (20, 21].

8. TloBbIllIeHNE 9KCITPECCUU TPOMOOIIMTAMU
1 Makpodaramu TkaHeBoro ¢akropa [22, 23].

ComtacHo JefcTByIONMM BpeMeHHBIM peKo-
MeHpanusaM M3 PO nasHaueHye aHTUKOAryJITHTHBIX
IIpernaparoB B MPO(PUIAKTUYECKUX, KAK MUHUMYM,
JI03aX TIOKa3aHO OOJIBIITMHCTBRY TOCIIUTATN3UPOBAH-
HbIM IIAlIMEeHTaM C y4eTOM IPOTUBOIIOKAa3aHUi U
JIOJIPKHO TTPOJTOJI3KATHCS 10 BBITTUCKA. PEKOMeH10Ba-
HO IIPYMEHeHNe HU3KOMOJICKY/IAPHBIX TelTapAHOB, a
IIpY MX HETOCTYITHOCTH — He(pPaKIMOHUPOBAHHOTO
rernapusa (24, 25]. BMecre ¢ TeM IOJIMATUOJIOTUY-
HOCTb KOaryJIoIaTyuy, IIpOrpecCUpyonias ne4eHoy-
Hasl HeJJOCTAaTOYHOCTh, HAIPSIKEHHOCTH IMPOBOCIIA-
JIMTEJIbHOTO KacKaja aKTUBalUM KOaryJslny,
BbIp@KEHHAsA 9HJOTeJHalbHAasA AUCPYHKIUA, a
TaKyKe OMOCpeNOBaHHAasl BCEMU BUIAMU THUIIOKCUHU
3HJIOTeHHasI MTHTOKCUKAIIWA, OTIPENIEeISIOT CHIYKEeHIEe
apdexTuBHOCTH  JIeueOHO-TPOPUITAKTHIECKUX
MEPONPUATUHN M, B YaCTHOCTH, TeapUHOTEPAITNH,
HaIpaBJ/IeHHBIX HA MPO(PUIAKTUKY BEHO3HBIX TPOM-
003MO0IMYECKUX OCJIOKHEHUI [4, 26, 27]. VBejmue-
HYe JO3UPOBKY aHTUKOATy/ITHTOB He BCEerna peraer
JAHHYIO ITPOOJIEMY, OCOOEHHO B CJTy4asiX BhIPAKEH-
HOW renapruHOpPe3nCTeHTHOCTH, U, HAITPOTUB, MOJKET
YBEJIMYUTH PUCKY HEOJIarONPUSITHBIX FTeMOpparnye-
CKUX COOBITHH [28]. B 9T0M1 CBSI3H TaILHEHIIINNA IIOKUCK
KOMILJIEKCHBIX, IIaTOreHeTHYeCKH OOOCHOBAHHBIX
TepaneBTUYeCKUX pellleHn 1151 KOpPEKIMU Koary-
JIOIIATUH y JAHHOW KaTeropuu NalfieHToOB IIPeiCTaB-
JISIETCsI TIEPCIIEKTUBHOM 3aaveit.

BMmecTe ¢ TeM — oueBUagHaAsA B3aMOCBSI3b
MEeSKTy BBIPQYKEHHOCThIO TUIIOKCUHY, 9HI0TeHHON
WHTOKCUKAIIUU U 9HAO0TeINAIbHON TUCHYHKINY,
ACCOIMMPOBAHHON C MOJIMOPTaHHBIM BUPYCHBIM
MopaskeHrneM, B HACTosAIllee BpeMsi HaXOIUT CBOe

causes of COVID-19 associated coagulopathy cur-
rently include:

1. Microvascular pulmonary obstruction, or
microvascular COVID-19 lung vessels obstructive
thromboinflammatory syndrome (MicroCLOTS) [1].

2. Cytokine and chemokine release syndrome,
featuring increased production of IL-6, IL-7, TNF
and inflammatory chemokines such as CCL2, CCL3
and soluble IL-2 receptor [5-7].

3. Endothelial dysfunction [8-11].

4. Pulmonary hyperactivation of monocytes
and macrophages [12-14].

5. Aberrant neutrophil activation [15-17].

6. Complement-associated microangiopathy
(18, 19].

7. Dysregulation of renin-angiotensin system
(20, 21].

8. Increased expression of tissue factor by
platelets and macrophages [22, 23].

According to the current Provisional Guide-
lines for COVID-19 treatment of the Russian Min-
istry of Health, anticoagulants in prophylactic reg-
imen (at least) are indicated for most hospitalized
patients, unless contraindications are present, and
should be continued until discharge. The use of low
molecular weight heparins is recommended, and if
they are unavailable, unfractionated heparin
should be administered [24, 25]. However, the mul-
tifaceted nature of coagulopathy, progressive liver
failure, intensive activation of the proinflammatory
coagulation cascade, severe endothelial dysfunc-
tion, as well as endogenous intoxication mediated
by all types of hypoxia cause the reduced effective-
ness of treatment and preventive measures, in par-
ticular, heparin therapy aimed to prevent venous
thromboembolic complications [4, 26, 27]. Increas-
ing the dose of anticoagulants does not always re-
solve this problem, especially in cases of significant
heparin resistance, and, conversely, may increase
the risks of adverse hemorrhagic events [28]. In this
regard, further search for comprehensive and rea-
sonable treatments to correct coagulopathy in pa-
tients of this category remains a challenge.

At the same time, the obvious relationship be-
tween the severity of hypoxia, endogenous intoxica-
tion and endothelial dysfunction associated with
multi-organ failure has only been covered by a few
publications dealing with COVID-19, and the drugs
affecting these stages of pathogenesis only occasion-
ally appear in the intensive care protocols [25, 27].

Earlier studies have demonstrated the effi-
cacy of substrate antihypoxic agents in the correc-
tion of various endothelial disorders. The re-
searchers showed both clinically and
experimentally that regardless of the predominant
etiological factor, owing to increased energy po-
tential of endothelial cells exposed to the antihy-
poxic agent administered parenterally, their mem-
brane permeability becomes normalized and
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KianHu4eckue UCCIEeN0BaHUA

OTpa’keHUe JINIIb B eIMHUYHBIX ITyOJTUKAIUSX,
nocBsAmeHHbIx COVID-19, a npenaparsl, 0Ka3bI-
BaloIIMe BJIUsIHNE Ha JaHHbIe 3BEHbsI ITaTOTeHe3a,
JUIIb OTYACTU (PUTYPUPYIOT B CTaHAApTax U
MopsiJIKax ee ”HTEHCUBHOU Tepanuu (25, 27].

B panee nmpoBeneHHBIX paboTax MPOJeMOH-
cTpupoBaHa 3 PEKTUBHOCTD CYyOCTPATHBIX AaHTH -
TUTIOKCAHTOB NP KOPPEKIIUN PA3JIMUYHbBIX 9HO-
TEJTUOTIATUIA. ABTOPHI B KJIIMHUKE U 9KCIIEPUMEHTE
IIOKa3aJiy, YTO He3aBUCUMO OT IIPEeBAIUPYIOLIETO
3TUOJIOTUYECKOro (pakTopa, B pe3ysbrare yBe-
JAYEeHUS 3HEePreTUYeCKOTO MOTeHI[haIa KIEeTOK
9HJIOTeJIN s, HEIIOCPEeICTBEHHO KOHTAKTUPYIOIINX
C aHTUTUIOKCAHTOM, IIOCJIE HNapeHTepaJbHOTO
MpUMEHEHNUsI CYyOCTPATHBIX AHTUTUIIOKCAHTOB
HOpMaJIN3yeTcsl MPOHUIIAEMOCTh MX MeMOpaH,
CHIPKAETCSI aKTUBHOCTh HEKPOOMOTUYECKHX ITPO-
LIECCOB, YTO B II€JIOM YMEHBIIIAeT BHIPAKEHHOCTh
9HJI0TeINAJbHOU MUCPYHKIUU NIPU PA3JIAYHBIX
KPUTHUYECKUX COCTOAHUAX. IlepeyncieHHbIe
9H/OTEJTUOTIPOTEKTUBHBIE 3(h(PEKThI OMUCHIBA-
JIUCh paHee U B OTHOIIIEHUU CYKIIMHATOB [29-34].

B kauecTBe KOMOMHUPOBAHHOTO AHTUTUTIOK-
CHUYECKOT0 U Je3UWHTOKCUKAIIMOHHOTO CPEJICTBA C
OpPraHoNMpPOTEKTOPHBIMU CBOMCTBAMU B KOMILIEK-
ce jieuenus: 60abHBIX COVID-IIHEBMOHMEN Hallle
BHHUMaHUe TpusJiek 1,5% pacTBop MeriOMHUHA
Harpus cykiuHara (PeambepuH). Panee onrcaHo
€ero NpuMeHeHue MPYU NHTEHCUBHOMN Tepauu Koa-
T'yJIOTaTHU#, aCCOMMPOBAHHBIX C abJOMUHAJIb-
HBIM CEICUCOM B IMEepPUOINEeparMOHHOM IepHuo-
ne [35]. IlpumeHeHue Iiperapara B Tepanuu
peoJsIoruuecKuX HapylleHn 1 CUHApOMa rumep-
KOAryJasayuu y [eJuarpudecKuX IIallMeHTOB C
TsIPKeJIBIMU (DOpMaMU T'PUIIA, BUPYCHBIM MOHO-
HYKJIC030M IIPUBEJIO K YJIy4YIIEeHUIO Pe3y/IETaToB
WHTEHCUBHOU Tepanuu [36, 37]. OqHAKO B JOCTYII-
HOM JiuTeparype HaM He BCTPETUJIOCH YIIOMUHA-
HUe O mMpuMeHeHUHW PeambepuHa /i JieYeHUS
KOPOHAaBUPYCHOU NH(peKIH.

Ilenp ucciienoBaHUs — OIIEHUTDH BJIUSTHUE
MeIJIIOMUHA HaTpusl CyKIUHara Ha 3 @eKTuB-
HOCTb aHTUKOATYJISTHTHOU Tepamnuu y NanueHToB
¢ TsiKeJI0M (pOpMOii KOpOHABUPYCHOU NH(peKIu
COVID-19, oca0’kHEeHHOU JBYCTOPOHHEH BHe-
0OJIbHUYHOU ITHEBMOHHUEMN.

MarepuaJ 1 MeTobI

IIpoBesiu MUJIOTHOE UCC/IeJOBAaHUE C yyacTueM 12
[aLMeHTOB ¢ fuarHo3oM: «<KoponaBupycHas nHdexus
COVID-19 (moprBepsknennas I1LP), Tsoxrenas ¢popma
U07.1. OcJioskHEeHHue: [IByCTOPOHHSAA ITOJIACErMeHTap-
Hasl THEBMOHUI», IpoxXoauBIINX Jiedenue B [BY3 HO
«I'KB Ne 30» . Huskauit HoBropop B mepuon ¢ 04.2020 .
110 09.2020 1.

Bce nanuenTs! npu nocrymiennu B OPUT nmenu
HCXOJHYIO TSYKECTh COCTOSHUSA 4—6 6aJIJIOB IO IITKaJIe
NEWS 6e3 norpebHOCTH B MHBa3uBHOM VBJI.

I'pynity KOHTpoJisA c)OPMUPOBAIH U3 5 MalueH-

TOB, IIOJIY9aBIIUX CTAHAAPTHYIO TEPAIIUIO. CeMb nmanu-

necrobiotic activity decreases, which in general re-
duces the severity of endothelial dysfunction in
various critical conditions. These effects sugges-
tive of endothelial protection have been previ-
ously described for succinate [29-34].

As a combined antihypoxic and detoxication
agent with organ protective properties used as an
adjuvant in the treatment of COVID pneumonia
patients, 1.5% meglumine sodium succinate (MSS,
Reamberin) deserves particular consideration. Its
use in intensive care of coagulopathy associated
with abdominal sepsis in the perioperative period
has been described earlier [35]. The drug was asso-
ciated with improved outcomes of intensive care of
circulation disorders and hypercoagulation in pe-
diatric patients with severe influenza and viral
mononucleosis [36, 37]. However, the available lit-
erature lacks data on the use of MSS for the treat-
ment of coronavirus infection.

The study aimed: to evaluate the effect of MSS
on the efficacy of anticoagulant therapy in patients
with severe COVID-19 infection complicated by bi-
lateral community-acquired pneumonia.

Materials and Methods

We conducted a pilot study involving 12 patients
with the diagnosis of PCR-confirmed severe COVID-19
coronavirus infection COVID-19 (U07.1) complicated by
bilateral multisegmental pneumonia, who underwent
treatment in the Municipal Clinical Hospital #30 of
Nizhny Novgorod during the period of 04.2020 to
09.2020.

All patients on admission to ICU had initial disease
severity of 4-6 points according to the NEWS score and
did not require invasive lung ventilation.

The control group comprised 5 patients receiving
standard therapy. Seven patients were included into the
main group following the approval of the ethics committee
of the Hospital. They received Reamberin 5 ml/kg intra-
venously for 2 hours daily during the whole stay in ICU for
fluid and electrolyte balance correction and detoxification.

Randomization was performed according to a pre-
generated random number table linked to the medical
record numbers. In the control group, the volume of fluid
therapy was similar. The fluid volume could always be
adjusted based on clinical efficacy, individual drug toler-
ance, and the results of laboratory tests in each case, but
such adjustment was not necessary in the current study.

For prevention of thrombotic complications, all the
enrolled patients were administered unfractionated he-
parin (UFH) 5000 units intravenously 3 times a day dur-
ing the whole ICU stay. All patients received the same eti-
ological and symptomatic treatment according to the
current Provisional Guidelines of the Ministry of Health
of the Russian Federation. It included favipiravir, barci-
tinib, heparin, NSAIDs as needed, levofloxacin, as well as
medications for the treatment of comorbidities.

Inclusion criteria were:

1) severe COVID-19 coronavirus infection (diag-
nosed based on clinical data and later confirmed by
PCR), complicated by bilateral community-acquired
pneumonia (diagnosed using CT scan);
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€HTOB IIPUHSIJIM y4acTHe B UCCIeOBaHUU B Ka4ecTBe
HCC/IelyeMOH TPYIIIBI, COIACHO Ol00peHnIo Bpayeo-
Hoit komuccur 'BY3 HO «T'KB Ne 30». C 11€J1b10 KOPPEK-
IV BOTHO-3JIEKTPOJIUTHOTO OajlaHca ¥ Ie3NHTOKCHKA-
LMY UM B KOMILJIEKC CTAaHJAPTHOU Tepalluy BKJ/IOYaJ/In
Peam0epyH B 103€ 5 MJI/KI BHYTPHBEHHO KaleJbHO B
TeuyeHHe 2-X 4aCOB OJHOKPATHO eKelHEBHO B TeUeHue
BCero Cpoka HaxokaeHuss B OPUT.

PaH0MU3aIUIO OCYIEeCTBIISIJIN B COOTBETCTBUY C
3apaHee CreHEpUPOBAHHOU TAOIUIEN CaydaiHBIX
4yyces U UX IPUBA3KU K HOMepY MeJULIMHCKOU KapThl.
B KOHTpOJIBHOI rpynIie 00beM HHAMY3MOHHOH Tepanuu
OBLT aHAJIOTUYHBIM. /03y BBeZIeHNUs BCETa MOIJIA KOP-
pUrupoBaTh Ha OCHOBAHUU KJIMHUYECKOH apeKrTus-
HOCTH, UHAUBUIyaJIbHOU IEPEHOCUMOCTH IIperapara u
pe3yssraToB JTab0paTOPHBIX UCCIETOBAHUN B KasKIOM
KOHKPETHOM CJIy4ae, OJHAKO KOPPeKIUsA Y BKIIOYeH-
HBIX B MCCJIeIOBaHME [TaIIeHTOB He TOTpe0oBasIack.

C 1mespl0 TPOPUIAKTAKH TPOMOOTHUYECKUX
OCJIOKHEHNH BCceM 00c/IeZloBaHHBIM ITAllIeHTaM B Tede-
HHE Bcero cpoka rocnuranusannu B OPUT nasnavanu
HedpaknuonupoBanHbliil renapund (HPI') B gose 5000
e]l. BHyTPUBEHHO 3 pasa B [leHb. BceM nanyeHTam 1po-
BOJIUJ/IM OJUHAKOBYIO STMOTPOIIHYIO U ITaTOreHeTuYe-
CKYIO Tepaluio B COOTBETCTBUHU C aKTyaJbHbIMU Bpe-
MEHHBIMHU MeTOIUYEeCKUMU peKoMeHaanusamu M3 Pd.
Omna BrJTIOYasa: (haBUNMIpaBUp, 6ApIUTHHUO, FrerapuH,
HIIBII rmo moka3aHusaM, 1eBO(JIOKCAIMH, a TAKKe Ipe-
Tmaparkl Tepanuy COMyTCTBYOINX 3abosieBaHNH (B CO-
OTBETCTBUHU C IIOKA3aHUAIMM).

Kpurepun BRIIOYECHUA:

1) koponaBupycHas nndekrnusa COVID-19 (nuar-
HO3 YCTAHOBJIEH Ha OCHOBAHUY KJIMHUYECKUX JAHHBIX,
B [IOCJIeAyIoIeM IToaTBepskaeH MetogoM I111P), Taske-
Jas popmMa, OCI0KHEeHHasA pa3BUTHEM JBYCTOPOHHEN
BHEOOJILHUYHOU THEeBMOHUH (110 1aHHbIM KT);

2) IPOJO/LKRUTETLHOCTE 3ab0s1eBaHusA He Oostee 3
CyTOK;

3) rocnurasmaanusa B OPUT B TeyeHne nepBbIx 4
4acoB II0CJIe IOCTYILJIeHUS;

4) BpeMsi OT MOMEHTa yCTaHOBKHU JAHArHosa [0
BKJIIOYEHHS B ICCJIeIOBaHMe He 0oJiee 24 4acos;

5) Bo3dpacr 18-75 serT;

6) ucxomHas1 TSYKECTb COCTOSIHUSA 110 MIKasie News
4-6 6a/1710B;

7) oTcyTCTBUE (PAKTOB OHOBPEMEHHOIO IIpHremMa
npernaparoB aHTUOKCHUAAHTHOTO U AHTUTUIIOKCUYeE-
CKOTO JIEMCTBUS.

Kpurepun HEBK/IIOYEHUS:

1) HaTM4YMe paHHee YCTaHOBJIEHHbBIX OHKOJIOTHYe-
CKUX 3a00JIeBaHU;

2) BUYU-undermus;

3) 6epeMeHHOCTb;

4) HaJTMYMe COMYTCTBYIOIINX XPOHNYECKUX 3a60-
JIEeBAHUH B CTaUU JeKOMIIEHCAIUH.

Kpurepun UCKII0O9eHUA:

1) HenIepeHOCUMOCTB IIpenapara;

2) HeskeJlaHUe NTAIlMeHTa 0CTaBaTbCsl B UCCJIEN0-
BaHUU;

3) ATPOTeHHbIE OCJIOKHEHN I THTEHCUBHOU TEparuy;

4) OTCYTCTBWE IIONTBEPIKIEHUS BO30yIUTE IS
nocJie 2-X KparHoro ucciaenopanus [111P.

Hccnenyemass M KOHTPOJIBHAsI TPYHIBI OBIIN
CPaBHUMBI I10 TeHJepHOMY 1 BO3PAaCTHOMY IIpU3HAKaM,
HUCXOJHOU TSAMKECTU COCTOSIHUS, a TaKKe HaJIUYUIO B

2) duration of the disease 3 days and less;

3) hospitalization in ICU during first 4 hours after
admission;

4) time from diagnosis to study enrollment 24 hours
and less;

5) age 18-75 years;

6) initial severity 4-6 points according to NEWS;

7) no concurrent use of antioxidant and antihy-
poxic drugs.

Noninclusion criteria:

1) known neoplastic diseases;

2) HIV infection;

3) pregnancy;

4) decompensated chronic comorbidities.

Exclusion criteria:

1) drug intolerance;

2) patient's refusal to continue the study;

3) iatrogenic complications of intensive care;

4) twice negative result of PCR test.

The main and control groups were comparable in
sex and age, initial severity of disease, as well as the his-
tory of cardiac arrhythmias, coronary artery disease,
heart failure, and hypertension (Table).

The daily monitoring was performed in accordance
with the Harvard Medical School standards. Hemostasis
parameters were studied using an automatic coagulome-
ter AK-37 (Russia) within 30 minutes of blood sampling.
Complete blood count was done using an automatic an-
alyzer Mindray BC-5380 (China). The coagulation param-
eters, including APTT, prothrombin time, INR, fibrino-
gen, D-dimer, and platelet count were measured in
arterial and venous blood of patients collected simulta-
neously from the ulnar vein and femoral artery. Arterial
and venous blood sampling was performed 4 times:

1) upon ICU admission;

2) 2-4 hours after completion of primary fluid ther-
apy and administration of the first dose of heparin;

3) 8-12 hours after completion of primary fluid
therapy and administration of a second dose of heparin;

4) 24 hours after initiation of intensive care.

The study evaluated the speed of coagulopathy cor-
rection with the prophylactic anticoagulants (APTT in-
creased 50% above normal reference, reduced D-dimer
level, normal fibrinogen level and platelet count). The
primary endpoints were the number of adverse throm-
botic complications, length of ICU stay, and 28-day mor-
tality. The following complications were considered as
adverse thromboembolic: stroke diagnosed according to
ACS-NSQIP arterial thrombosis diagnosed according to
standard criteria, pulmonary embolism, myocardial in-
farction. Data were collected within 24 hours of admis-
sion (or transfer) to the ICU of COVID-19 hospital at four
timepoints defined earlier, as well as on Day 28 of hospi-
talization.

Statistical methods. Statistical analysis was per-
formed using the IBM SPSS v23 software. Data expressed
in absolute numbers were analyzed. To estimate the sig-
nificance of intergroup differences, the following meth-
ods were selected. Nonparametric analysis of variance
with Friedman criterion was used to assess intragroup
differences (4 related samples: 1 — baseline, 2 — 2-4
hours, 3 — 8-12 hours, 4 — 24 hours). A posteriori com-
parisons were made using Tukey criterion when homo-
geneity of compared parameters was recorded, or
Games-Howell criterion when this condition was not
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KanHuveckas XxapaKkTepuCcTHKA Mal[HEeHTOB.
Patient characteristics.

Parameter Value in groups [min; max] Pvalue
Control, n=5 Main, n=7
Sex, male 3(80.1%) 2 (68.8%) 0.75
Age, years 61 [40; 73] 57 [38; 70] 0.89
Baseline NEWS score, points [range] 5,2 [4; 6] 5,5 [4; 6] 0.88
Heart failure, NYHA class, median [range] 2[1; 4] 2 [1; 4] 0.89
Cardiac arrhythmias 1 (20.0%) 2 (28.6%) 0.81
Type 2 diabetes mellitus 2 (40,0%) 3 (42.9%) 0.74
COPD 1 (20.0%) 1(14.3%) 0.87
Obesity, BMI > 30.0 2 (40.0%) 3 (42.9%) 0.74
Lung involvement based on CT scan, stage 3 (80%) 3 (85.7%) 0.81
4 (20%) 4 (14.3%)

IIpumeuanue. Value — 3HaueHue; main — rcciieyeMasi rpyIma. sex, male — o1, M; age, years — Bo3pacT, JieT; baseline NEWS
score, points [range] — ucxonusiit NEWS [paamax]; cardiac arrhythmias — napymenus putma cepaua; COPD — XOBJI; obesity,
BMI — IMT; lung involvement based on CT scan, stage — o0'beM nopaskenusi jierkux mo KT, 6aJu.

aHaMHe3e HapylIeHU puTMa cep/iia, UIIeMUYeCcKOn-
0oJIe3HU cepIla, CepJeYHON HeJJOCTaTOYHOCTH, THIIEP-
TOHWYECKOH 60s1e3HU (TabJr. 1).

CyTOYHBII MOHUTOPUHI IIPOBOAUJIU B COOTBET-
cTBUH ¢ TpeboBaHUAME «[apBapIcKoro cTanmapTar. Mc-
cJIelOBaHusI II0Ka3areseld reMocTas3a BbIIOJIHANN Ha
aHa/IM3aTope KoaryjoMeTp aBromarmueckuii AK-37
(Poccus) B Teuerue 30 MUH OT MOMeHTA 3ab0pa KPOBH.
O61nii aHaIN3 KPOBU OCYIIECTBJIAIN Ha aBTOMaTHde-
ckoM aHasnuaaTope Mindray BC-5380 (Kutaii). B apre-
pUanbHON M BEHO3HOM KPOBH ITAIIEHTOB, 3a0paHHOM
OTHOBPEMEHHO M3 JIOKTEBOH BEHBI U OeIpeHHON apTe-
puH, U3MepAIN MoKasaTeau KoaryjorpaMmmer: AYTB,
I1TB, MHO, ¢ubpunores, D-gumep, TpOMOOIIUTEI.
3abop apTepuaIbHON M BEHO3HOU KPOBY ITPOU3BOIIN
B 4 aramna: 1 start — npu nocryriennu B OPUT; 2 atan —
uepes 2—4 yaca II0CJjIe 3aBeplleHus IepBUYHON uHdy-
3MOHHOMU Tepanuu U BBeJeHNs1 IepBOH 403kl rellapuHa;
3-11 aTan — 4yepes 8—12 4acos I0OCJIe 3aBEPILIEHU ITEP-
BUYHOU MH(MY3UOHHOU Tepaluy U BBeJEHUs II0BTOP-
HOU 03Bl reltapuHa; 4-1 aran — ciycTs 24 Jaca 1ocje
HadvaJjia MHTEHCUBHOI Teparnu.

B mccienoBaHUM OLEHUBAINA OBICTPOTY KOPpEK-
UM KOaryJolaTuy Ha )oHe IPOBOAUMON aHTUKOAry-
JIAHTHOU Tepanuu B peskuMe NPOo(MUIAKTUYECKUX 103
(moctmsxenne yposHA AUTB nuttoc 50% OT HOPMBI, CHU-
sKeHUe KOHIleHTpauuu D-aumMepoB, KOppeKLUs ruiep-
¢rbpuHOTEHEMITH, HOPMA/IM3AIHA YPOBHA TPOMOOIIH-
TOB). IlepBuyHaA KOHeYHass TOYKA — KOJIMYECTBO
HeOJIAarONPUATHBIX TPOMOOTHYECKUX OCJIO0KHEHU,
cpoku HaxoskaeHust B OPUT u 28- tHeBHAas1 JIeTaIbHOCTB.
Heb6srarompuATHBIMA TPOMO03IMOOTIMYECKIMHA OCTIOK-
HEHUAMU CYUTAJIN: HHCYJIBT, corntacHo ACS-NSQIP, apre-
pHUaTBHBINA TPOMOO03, TMArHOCTUPOBAHHBIA B COOTBET-
CTBUU CO CTaHOAPTHBIMU KpUTEpUAMHU, CJydau
TpoMO03MOOIUU JIETOYHOUN apTepuu, WHPAPKT MHUO-
kap/a. Jlanabie cobupasv B Te4eHue 24 9acoB OT TOCTYII-
saenus (mepesoga) B OPUT COVID-rocnurana B 4eTbIpex
(pUKCHPOBAHHBIX TOUKAX, OIIpeesIeHHbIX B UCC/Ie0Ba-
HUWY, a TAaKKe Ha 28-e CyTKU JIeYeHUA B CTalioHape.

Crarucrudeckue Meroabl. CTaTICTHYeCKyIo o0pa-
0OTKy TaHHBIX BBITOTHIIN B cpenie IBM SPSS v 23. [1Ikana
aHAJIM3NPYEeMbIX TaHHBIX — abcoJIioTHAsA. [IIA OLeHKH
3HAYMMOCTH CIBUTOB (DYHKIIMOHAIBHOI'O COCTOSIHUSA Olle-
PpaTopoB C yYeToM JeJIeHrsI Ha TPYIIIbI BEIOPAJIH CIIEyI0-
1IYe TapaMeTphl aHaIu3a. [l1s1 oLleHKU BHYTPUTPYIIIIOBOI

JTUHAMUKH UCII0JIH30BAJIA HeTTapaMeTPUIeCKHH JuCIiep-

met. For intergroup comparisons, nonparametric
Mann-Whitney U-criterion was used. For simultaneous
testing of several hypotheses (6 indicators for the Fried-
man test and 4 grades of each indicator for paired com-
parisons), the Benjamini-Hochberg correction for multi-
ple comparisons was applied. The significance level at
which the null hypothesis was rejected was P<0.05. The
data and their variance were given as Me (Q25; Q75),
where Me was the median, Q25 and Q75 were 25% and
75% quartiles, respectively.

Results and Discussion

A summary analysis of the procoagulant lab-
oratory parameters’ changes demonstrated a more
marked and rapid response of arterial blood com-
pared to the venous blood after the antihypoxic
drug infusion.

In patients administered with UFH, there was
atrend towards an increase in initially low APTT in
venous blood immediately after MSS infusion, but
no significant intergroup differences at all stages of
the study were identified (Fig. a).

Both groups demonstrated a significant shift
(X21 group=13'80’ Pcorrected<0'01; X22 group=10'68’ Pcor—
reciei=0-014). According to the post-hoc tests, this pa-
rameter in the main group (MSS) increased signifi-
cantly after 2-4 hours, and the shift remained
significant throughout the day. In the control
group, compared to the baseline, the changes oc-
curred only after 8-12 hours, then the values re-
turned to baseline (fig. a). No intergroup differ-
ences were found, except for (using the
Benjamini-Hochberg correction) a trend for differ-
ences after 2-4 hours (U=4.00, Z=-2.19, P,,..
1ine=0.028, P_.......=0.057) and after 24 hours (U=3.50,
7=-2.28, Ppyeiine=0.023, P, 0cea =0.091), which may
indirectly indicate an increase in the parameter
value in the main group vs the control.

A trend in venous INR changes was revealed
in the MSS group (¥?=9.86, P, ecea=0.060). A poste-
riori tests after 8-12 hours of follow-up have shown
a peak value of the parameter in the Reamberin
group, but intergroup differences at this stage were
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CHUOHHBIY aHa/IU3 ¢ KpurepueM Ppun-
MaHa (4 cBsI3aHHBIX BEIOOPKHM: 1 — wcC-
XOIHO, 2—2-44aca, 3—8-12 yacos, 4 —
24 4gaca). AloCTeprOpHOe CpaBHEHHEe
NIPOBOAMJIN C IPUMEHEeHeM KpUTepUus
Tukey mpu paBeHCTBe JucIepcuit
CpaBHUBAEMBIX IPU3HAKOB, JTHO0 KPH-
tepus Games-Howell mpu Hecobone-
HHU 9TOTO0 YCJIOBUSA. [IJIs1 MEKIPYIIIO-
BbIX CpPaBHEHUH  HCIOJIb30BaJIU
HemnapameTrpuudeckuili U-Kpurepuii
ManHa-YutHuU. [Ipu onHOBpeMeHHOU
IpOBEPKEe HECKOJIbKUX TUIOTE3 (6 M0~
KasareJsiell Ipy IpUMeHeHU! KpUTepus
®puaMana 1 110 4 rpajalyy Kaskaioro
ToKasaTeJisi [JJIs1 IapHbIX CPaBHEHUIT)
NIpUMEeHAIN IIONIPaBKYy
Benmrxamuan-ToxOepra Ha MHOMKe-
CTBEHHbIE  CpaBHEHHA. YPOBEHb
3HAQUUMOCTH, IIpU KOTOPOM OTBeprajii
HyJIeByIo runoredy — p<0,05. Onuca-
HHUe JAHHBIX U UX JUCIEPCUU HUMeJIo
By Me (Q25; Q75), rme Me — Meauana,
Q25 1 Q75 25% u 75% KBapTUJIH COOT-
BETCTBEHHO.

Pe3ysbTaThl ¥ 00CYK/IEHHE

O06001IeHHBINA aHAJIN3 JUHA-
MHKH J1abOpaTOpPHBIX ITOKa3aTe-
Jiel, XapaKTepU3YIOIUX IPOKoary-
JIANVOHHYIO AKTHUBHOCTbD,
CBHUJIETEJILCTBYET O TOM, YTO apTe-
puajibHasg KpPOBb pearupyer Ha
IpUMeHeHne UH(QY3UOHHOTO
AHTUTHUIIOKCAHTa 00Jiee BIPAsKEHO
1 OBICTPO, YeM BEHO3Hasl.

Anamu3 guHamuku AYTB
BEHO3HOU KpOBU Ha (poHe Impume-
HeHUs1s HOI' BBIABUJ TEeHIEHIUIO
MMPUPOCTA HUCXOJHO CHUKEHHOTO
MoKa3aTesii  HENOCPeICTBEHHO
nocse wHPYy3un PeambepuHa,
OQHAKO He OMpenesinj 3HAaYNMbIX
MEYKT'PYIIIOBBIX PA3JINUUI Ha BCEX
aramax uccjaenoBaHusa (puc. a). B

HcciienyeMble IOKa3aTeJ M B apTepHaIb-
HO#1 (A) 1 BeHO3HO¥ (V) KpoBH Ha (hoHe
Pa3IMYHBIX cxeM HH(Y3HOHHOH Tepanuu.
The studied parameters in arterial (A) and
venous (V) blood with various fluid ther-
apy regimens.

Note. Significant difference (P<0.05): ! —
from the baseline value; 2 — from the previ-
ous timepoint; * — intergroup difference.
IIpumeuanmne. Stage of the study (time-
point) — aran uccsenoBaHus; main/con-
trol — B UccJ1elyeMoii/ KOHTPOJIbHOM IpyTIIIe;
APTT (s) — AYTB (cek); INR (Units) — MHO
(en.); platelet count — umcsao TpomMOOLIH-
TOB; level — KOHIIEHTpaIKsA. 3HAYNMOE OT-
auune (p<0,05): ! — OTHOCHUTEJILHO UCXO[-
HBIX JAHHBIX; 2 — OT IPeABIIYIIero arama
HCC/IeI0BaHUs;  — MEXKIPYIIIIOBOE.
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00eux rpymmnax oOHAPYKWJIN 3HAYUMBIA CIBUT
OC10p=13,80, Py,p<0,01; ¥%,,=10,68, p,,,,=0,014).
ITo peadynbraTaM post-hoc TecToB 3TOT ITOKa3aTesIb
B uiccaeayemoi rpynmne (PeambepuH) 3HAYNTEITh-
HO YBeJIMYMJICA Yepes 2—4 yaca, U COABUT OCTaBaJI-
Cs1 3HQUMMBIM B TeUE€HHUE BCEX CYTOK. B KOHTpOJIb-
HOHW rpynme, II0 CPaBHEHUIO C MCXOAHBIMU
3HAYEHUSIMU, TMHAMHWKA ITPOSBUJIACH JIUIIH Yepe3
8-12 yacos, 3areM — BO3BpaT K UCXOAHBIM IIOKa-
3aresisiM (pUc. @). MesKrpynIloBbIX pa3jnduil He
BBIAABUJIM, OTMETHUJIU TOJIBKO (C y4€TOM IIOIIpaBKU
Bemxmamuau-lToxbepra) TEeHIEHIIMU K PpPas3Jiv-
4yuaM Yyepes 2—4 yaca (U=4,00, Z=-2,19, p,..=0,028,
Propp=0,057) m uepes cyrkm (U=3,50, Z=-2,28,
Puex=0,023, Py, =0,091), 4TO KOCBEHHO MOKET yKa-
3bIBaTh Ha yBeJWYEHMeE II0Ka3aTeJis B uccjenye-
MO I'pYIIIIE [10 CPABHEHUIO C KOHTPOJIEM.

BeiaBusu TeHgeHUui0 auHamMmuku MHO
BEHO3HOU KpoBHU B rpymme Peambepun (}*=9,86,
Propp.=0,060). ITo pedysibraram mpuMeHeHUsI aro-
CTepPUOPHBIX TECTOB Yepe3 8—12 yacoB HaOJIIOe-
HUsA OTMeYaJ/Id IMK 3HAYCeHU [TI0Ka3aresid B IpyIe
Peam0GepuH, 0JJHAKO MEKTPYIIIIOBBIE PA3JIMYUSI HA
JAHHOM JTalle He IToATBepauaucs (U=5,0, Z=-2,03,
Pucc=0,042, Pyy,=0,169).

BersaBuiiu 3HauuMylo nuHaMuky MHO apre-
puanbHOU KpoBHU (}?=16,65, pmpp_<0,01). Tak, Ha 2,
3 u 4-Mm aramax B rpynie PeambepuH 3adurcupo-
Basu yBesaundeHue MHO 110 cpaBHEHHUIO C UCXO[-
HBIM, B TO BpeMsl KaK B KOHTPOJIBHOH rpymiie
CJIBUTOB He BBISIBUJIU (pHUC. b).

Namenenwus [1TB BeHOo3HOI KpoBU Ha hoHE
pasJInYHbIX CXeM NH(MY3UOHHOU Tepanuu IoBTO-
pAJIM JUHAMHUKY ONMCAHHBIX BbIIIE IIPOKOAryJIs-
IIMOHHBIX W3MEHEHWH, OJHAKO HOCWJIU MeHee
BBIpa’KEHHBIN XapakTep. B obeux rpymnmax He
OBLII0 3HAYUMBIX CIIBUTOB, 32 NUCKJIIOUYEHNEM TEH-
JeHIMW B KOHTpPoOJbHOU rpynme (x*=8,88,
Propp.=0,093) ¢ MaKCMMa/IbHOW TOYKOM Ha TPETHEM
aramne uccjaenoBanus (8—12 yacoB) 10 CPaBHEHUIO
C UCXOOHBIM ypoBHeM (I-/=-2,32, p=0,037). Mex-
FPYNIOBBIX Pa3jJWYUi He BBIABUJIMU. BhIABUIU
TEHIEHIINIO K U3MEHEHUIO TAaHHOT0 ITOKa3aTe s B
apTepuaJbHOM KPOBHU B 00enx rpymnmax (x,.,=7,63,
Propp.=0,065; X%, =8,28, p,,,,=0,081) ¢ «mukom» B
KOHTPOJILHOH rpymre yepes 8—12 yacoB HabJro/E-
HUA U OTHOCHUTEJbHO CTAaOUJIBHON TeHIeHIel
(0,05<p<0,1) K yBeJIMUEHNIO [IOKA3aTeJIsI B UCCIIe-
JIyeMOU Tpymre Bo 2, 3 U 4-M H3MEpPEHUsX II0
cpaBHeHMIO ¢ nepBbIM (0,05<p<0,1). Ha BTOpOM
aTane UCCae0BaHUs JaHHbIN IT0Ka3aTesIb y Haly-
€HTOB TOJIYYMBIINX PeaMOepwH cTaj 3HAYMMO
BBIIIIE [10 CPaBHEHUIO C KoHTpoJsieM (U=2,00, Z=-2,52,
Propp.=0,047). IIpu nanbHemeM HabJIIoIeHre pas-
JAYYSI HUBEJIMPOBAIUCH.

OOHapyKMJIM TEeHAEHIMI0 K CHUKEHUIO
KOJIMYeCcTBa TPOMOOITUTOB B KOHTPOJILHOM I'pyIIIIe
(x3=8,76, pmpp‘:0,0GS), IIpU 3TOM Yepe3 CYTKU

3Ha4vyeHue MoKa3aressi 0Ka3ajg0Ch HauMeHbIIIUM. B

not significant (U=5.0, Z=-2.03, P,,;;,=0.042, P,
rectedzO' ]-69) .

Significant changes in arterial blood INR
(X?=16.65, P,,,..c.a<0.01) were detected. Thus, at
stages 2, 3 and 4 an increase in INR vs the baseline
was recorded in the MSS group, while the control
group showed no changes (fig. b).

Changes in venous blood prothrombin time
with various fluid therapy regimens echoed the
procoagulation trends described above but were
less prominent. There were no significant shifts in
both groups, except for a trend in the control group
(x?=8.88, P ecei=0.093) with a maximum value at
the third stage of the study (8-12 hours) compared
with the baseline level (I-/=-2.32, P=0.037). No in-
tergroup differences were found. We detected a ten-
dency for the change of this parameter in arterial
blood in both groups (x?; goup=7-63, Porreciea=0.065;
X22 group=8-28, Peorreciea=0.081) with peak value in the
control group after 8-12 hours and relatively steady
trend (0.05<P<0.1) for the increase in the main
group at 274,31, and 4" time points vs the 15t one
(0.05<P<0.1). At the second stage of the study, this
parameter in patients who received MSS was sig-
nificantly higher than the control (U=2.00, Z=-2.52,
P, ecea=0.047). During the follow-up period, the dif-
ferences subsided.

We detected a trend towards reduction in the
platelet count in the control group (x*=8.76, P.,,.
recea=0.065), at the same time the value of this pa-
rameter was the lowest after 24 hours. In the main
group receiving MSS, these changes were not
recorded. By the end of the day, the platelet count
in the control group was significantly lower vs the
main group (U=0.00, Z=-2.84, P,,,.....;=0.018) (fig. ¢).
We found significant changes in this parameter's
arterial blood level in the control group (y?>=15.00,
P, eces=0.011) and a trend towards change in the
main group (x?=6.60, P.,,...=0.086). After 24 hours,
this parameter was significantly lower in the con-
trol group vs. the main group (U=0.00, Z=-2.84, P,
rected:0'018)'

Significant changes in fibrinogen level were
also discovered in both groups (x? goup=12.44, P,
rected=0-04; X2 group=13.21, Pyrrered=0.025). The maxi-
mum value of the parameter in the patients of the
main group was recorded at baseline. In the control
group, the only differences between the second
and third time points were significant (/-/=0.58,
P=0.020). The intergroup differences between the
second (U=2.50, Z=-2.45, P.,,,.c.o,a=0-029) and third
(U=2.00, Z=-2.53, P, 0cteqa=0.046) measurements were
significant. During the study, arterial blood fibrino-
gen values were significantly lower than baseline val-
ues (x>=14.64, P,,,....«<0.01). Notably, baseline arte-
rial blood fibrinogen values in the main group were
significantly higher compared to the control group
(U=3.00, Z=-2.36, P,,,,....;=0.036). One day later, at the
4™ timepoint of the study, these values did not differ
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nccienyemMol rpymme Ha (poHe npuMeHeHus1 Peam-
OepuHa MOI0OHBIX N3MEHEHUH He (DMKCUPOBAJIH.
K KOHITy CyTOK 4HCJI0 TPOMOOITUTOB B KOHTPOJTh-
HOW IpyIIIie CTajl CTaJI0 3HAUYMMO HUSKe 10 CpaBHe-
HUIO ¢ uccjaenyemoi rpymnmnoit (U=0,00, Z=-2,84,
Pm;pp_=0,018) (puc. ¢). BeiaBuv 3BHaUUMYIO TUHAMU-
Ky JaHHOT0 II0Ka3areJis B apTepuaibHOM KPOBY, B
rpymmne kouTpods (x2=15,00, pmpp;0,0l 1) u TeH1EeH-
ouio — B uccaegyemoit rpynmne  (x%=6,60,
Propp=0,086). Uepes CyTKU B KOHTPOJILHOM TpyTIIe
3TOT TTOKa3aTeJib CTAaJ 3HAYMMO HUYKE TI0 CpaBHEe-
HUIO ¢ uccjaenyemoi rpymnmnoit (U=0,00, Z=-2,84,
pnopp4=0,018).

BbIABM/IN TAK3Ke 3HAYNMYIO TUHAMURY prb-
PHHOTreHa B 00enx rpynmax (x°,, =12,44, p,,,,=0,04;
X2rp.=13,21, Pyopp=0,025). MakcumaibHOE 3HaAYE-
HUe TI0Ka3areJisi y 00/IbHBIX UCCJIETyEMOH I'PYIIITBI
— B UCXOJJHOM M3MepeHuU. B KOHTPOJIBHOM Ipyn-
e OOHAPYKWJIM 3HAYMMBbIE Pa3JIMYUs TOJIBKO
MeKIy BTOPBIM M TpPeTbUM UH3MEpPEeHUsIMU
(I-J=0,58, p=0,020). IIpu BTOpom (U=2,50, Z=-2,45,
Propp=0,029) w Tperbem (U=2,00, Z=-2,53,
Propp.=0,046) m3MepeHUsiX BbISIBUJIA 3HAYUMbIE
MEKIPyNIIIOBbIe pasjinuus. B TedeHue mepuona
HaOJII0JIeHNsI eTo 3HaUYeHus1 GuOpUHOTEeHA apTe-
pUaJIbHOM KPOBU OKa3aJMCh 3HAYUMO HUKE
HUCXOAHBIX (x?=14,64, pnopp,<0,01). Taxske cienyer
OTMETHUTH, YTO UCXOIHbIE 3HAYeHUsT (PMOPUHOTEHA
apTepuaJbHOM KPOBU B OCHOBHOH IpyIIle ObLIN
3HAYMMO BBIIIE IO CPABHEHUIO C KOHTPOJIbHOM
rpynnou (U=3,00, Z=-2,36, pmpp‘=0,036). Yepes
CyTKH, Ha 4-M aTalne uccjaeqoBaHus, IOKa3aTe/u B
rpynnax 3Ha4MMo He pasyindyainuch (puc. d). ITo
MOYKET CBUJETEJIbCTBOBATH O IPOTpPecce MPOBOC-
NaJnuTe IbHBIX TEHIEHIIUH K NCXOY IePBBIX CYyTOK
WHTEHCUBHOU Tepanmuu M HEeOOXOTUMOCTHU IIPO-
JIOJKEHUSI TPOBOAUMOI0 aHTUTUIOKCAYECKOTO
BO3eNUCTBUS 3a IIpeieslaMi N3y4aeMoro epuo-
na. TakmM 0O6pasoM, B MCCAEAyeMOU TpymIe Ha
¢done npuMenenuss PeambepuHa mMeJsia MeCTO
boJiee GaronpusaTHAs TMHAMUKA (pUOPUHOTEHA
10 CPaBHEHUIO C TPAJAUIIMOHHOU Tepamnueu B
KOHTPOJIbHOMU rpy1Iie.

YcnenrHoCcTh KOPPEKIUU IPOKOATYISIHTHON
AKTUBHOCTH, BEI3BAHHOU BUPYCHBIM MOPAKEHU-
eM, OsKHJlaeMO OTPa3uJiach Ha TUHAMUKE COOep-
’KaHUSA TPOMYKTA erpananuu pudpunaa D-nume-
pa, IpenuMyIeCTBEHHO B apTepuaJbHOU KPOBY,
4TO TOATBEP KIaeT 3HAUYUTEJTbHBIN BKJIA] peCIH-
paTopHOIi CUCTEMBI B KOATYJIAIMOHHbIEe Hapylile-
HuA. Ilpy mM3ydYeHUMM [OAHHOIO IIOKa3aress B
BEHO3HOU KPOBU 3HAUYMMOU BHYTPUTPYNIIOBOH
JIUHAMUKU He BBIABWJIM, OJHAKO, 4Yepe3 CYTKU
3HaueHUe IM0KasaTeJssd B HCCAeIyeMOU rpymie
CTAJI0 3HAYUMO MeHbIIle TI0 CPABHEHUIO C KOHT-
poJibHO# Tpymnmoii (U=0,50, Z=-2,81, p,,,,=0,02).

HabJronany 3HaunMyro TuHaukKy D-nuMepa
B HCCJleyeMOl rpymne Ha (poHe NpHUMeHeHUs
Peambepuna (y*=11,28, pmpp_=0,015): B TpeThbeM U

significantly between the groups (fig. d). This may
indicate the progression of pro-inflammatory trends
by the end of the first day of intensive care and the
need to extend the antihypoxic treatment beyond
the study period. Thus, there was a more favorable
fibrinogen level in the main group receiving MSS
than conventional therapy in the control group.

Successful correction of the procoagulant
state caused by viral infection has expectedly af-
fected the changes in D-dimer (fibrin degradation
product) level mainly in arterial blood, which con-
firms the important contribution of the respiratory
system to coagulation disorders. There were no sig-
nificant intragroup changes in its level in the ve-
nous blood. However a day later, this parameter in
the main group became significantly lower than the
control group (U=0.50, Z=-2.81, P,,,1,c;cq=0.02).

Significant D-dimer changes were observed in
the main group receiving MSS (y>=11.28, P,,.
reciea=0-015). This parameter was significantly lower
at the third and fourth measurements, compared
to the first and second time points. Values at 8-12
hours (U=3.00, Z=-2.42, P,,,..;,.,;.=0.031) and 24 hours
(U=0.00, Z=-2.88, P,,,..:.;=0.016) have shown inter-
group differences (fig. e).

Analysis of outcomes on day 28 of the study
showed that the inclusion of Reamberin in the
treatment regimen did not improve the chances of
a favorable outcome: mortality in the main group
was 28.6% (2 cases), in the control group — 20.0%
(1 case) (P=0.84).

However, the use of the drug was associated
with reduced risk of thromboembolic events in pa-
tients during 28 days of treatment: the incidence of
myocardial ischemia episodes in the controls was
0.89 [95% CI 0.19-1.16] vs 0.55 [95% CI 0.06-0.81]
in the study group (P=0.043), while the incidence of
pulmonary embolism in the control group reached
0.50 [95% CI 0-1.0] vs 0.28 [95% CI 0-1.0] in the
main group (P=0.041). In the Reamberin group, a
reduced length of ICU stay was recorded: 6.1+1.1
days versus 8.9+1.3 days in the control group.

As a possible explanation for these results, we
can assume that succinate, as a substrate antihy-
poxant, has cytoprotective and, in particular, en-
dothelial protective effect. Its antihypoxic effect in
the main group was confirmed by intergroup differ-
ences in changes of plasma lactate and glucose lev-
els. Thus, initially elevated glucose level in both
groups, averaging 10.5+1.46 mmol/l, was rapidly
controlled after the antihypoxic drug infusion and
averaged 7.6+2.45 mmol/]l 2 hours later, whereas in
those receiving standard therapy there was the op-
posite tendency: it increased up to 10.7+0.81
mmol/]l (P=0.12), and to 11.9+1.31 mmol/l at 8
hours of follow-up (P=0.11), while maintaining the
upward trend until 24 hours of follow-up.

Changes in glucose level were accompanied

by similar alterations of plasma lactate. Thus, the
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4eTBEPTOM M3MepeHUsIX NTOKa3aTe b CTal 3HAYM-
TeJIbHO HUsKe [0 CPABHEHUIO C TEPBBIM U BTOPBIM
aranaMu. Ha aramax 8-12 gacos (U=3,00, Z=-2,42,
Propp=0,031) 1 24 yaca (U=0,00, Z=-2,88, p,,,,=0,016)
BBISIBUJIM MESKIPYIIIOBBIE pas3andus (puUcC. e).

Anaus nucxonoB 3aboJieBaHusA Ha 28-1 NeHb
HCC/eI0BaHuA ITI0Kasasl, YTo BKJ/IoUYeHne Peambe-
pH¥HA B CXeMy Tepalluy He IIOBBICUJIO IIIaHCOB Ha
OIaronpUATHBIN NCXOT: JIETATbHOCTh B HCCJIETye-
MO rpy1e cocTaBuia 2 ciydas (28,6%), B rpyIiie
KoHTpoJiA — 1 (20,0%) nipu p=0,84.

OngHako, TpUMeEHEHNEe Mpernapara CHU3WUJIO
PUCKY Pa3BUTHUS TPOMO0IMOOTITIECKUX COOBITHI Y
MIalleHTOB B TeYeHue 28 CyTOK JIeYCHUsI: 31130108
nmemun Mmuokappa c 0,89 [95% CI 0,19-1,16] B KOHT-
poabHoH A0 0,55 [95% CI 0,06-0,81] ipu p=0,043;
TpoM0O0ambosuu Jierounoi aprepuu c 0,50 [95%
CI 0-1,0] B koHTpOJIBHOM 110 0,28 [95% CI 0-1,0] mpu
p=0,041. B rpymirie PeambeprHa oTMeyad CHUKe-
HUe JIJUTEJLHOCTH TpeObIBaHUWs IallieHTa B
OPUT: 6,1+1,1 CyTOK B HicC/IeTyeMO¥ IpyIiIie IPOTUB
8,9+1,3 CyTOK B KOHTPOJIBHOU.

B kayecTBe BO3MOKHOTO 00BSICHEHUS TTOJTY-
YEeHHBIX Pe3yJIBTaTOB MOKHO IIPEAII0JIOKUATh, YTO
CYKITMHAT, KaK CyOCTPaTHBIA aHTUTUIIOKCAHT, OKa-
3BbIBAET [IUTOIIPOTEKTUBHOE U, B YaCTHOCTH, 9HJI0-
TEJIMOTIPOTEKTUBHOE JeiicTBUEe. AHTUTUIIOKCUYE-
CKUU XapaKTep ero BO3JeHCTBUS B UCCJIeTyeMON
rpy1Iie OATBEPYKIAeTCsI MEKIPYIIIIOBBIMHA pas-
JUYUSIMHA IIJTa3MEHHOM MTMHAMUWKH JJaKTaTa U IUII0-
KO03bl. Tak, NCXOHO MOBBIIIEHHBIN YPOBEHD IVIU-
KeMUM B TpYyINax, COCTABJIABIIMU B CpelHEM
10,5+1,46 MmMoJIb/ 71, Ha (hOHE IPHUMeHeHUs1 NHPY-
311 aHTUTUIIOKCAHTA OBICTPO KOPPUTUPOBAJICS U
COCTaBJIsAJ Ha 9Tare 2-X 4acoBOro HalJIIofeHUs
7,6£2,45 MMOJIB/JI, TOTTIAa KAK HA (DOHE CTaHapT-
HOU Tepanuu nMeJiach IPsIMO MPOTUBOIIOJI0KHAS
TeHJEeHLMs B BUJIE YBEJIMYCHUA JaHHOTO II0Ka3a-
TesiA fo 10,7+0,81 mmous/a (p=0,12), a k 8 gacy
BILIOTH A0 11,9+1,31 mmous/a (p=0,11), c coxpaHe-
HHMEM TEeHJEeHIIMN K MOBBIIIEHUIO BIJIOTh A0 24
YacoB HAOJIIOIEHUS.

V3MeHeHUsA BBIPAKEHHOCTHU TAIEPTIIUKEMUN
COITPOBOK/IA/IaCh AaHAJIOTUYHOU TUHAMUKOM Ccojiep-
JKaHWsI JIaKTaTa B IJIa3Me: TakK, NUCXOAHas JIaKTare-
MMs1, COCTABJIABINAsI B cpeqiHeM 1,78+0,21 MMoJIb/ 1,
Ha (pOHEe MPUMEHEHUsI AaHTUTUIIOKCAHTAa OBICTPO
KOPPUTHPOBAJIACH Ha 3Tarle 8-’ 4aCOBOTO HAOJTIO/IEe-
Hus (o 1,58+0,29 MMoJIb/J1), TOTJIa Kak Ha (poHe
CTaHJIAPTHOU Tepanuy UMeJsIach IMPsIMO ITPOTUBOIIO-
JIO’KHAs1 TEHAEHIMA B BUJIE YBeJIMYEHUs JaHHOIO
nokasaresis go 2,0+0,16 mmous/ a1 (p=0,33).

BoccraHoBieHWe ypOBHSA MeTabOJIMYecKOn
AKTUBHOCTY, WHBEPCHUSI aHA3POOHBIX MPOIIECCOB
NpepbIBaeT MaToJ0TMUYECKUM TTPOIecC, 3BEHbSIMU
KOTOPOTO SABJSIIOTCS: CHUCTEMHOE BOCIaJIEHNE,
3HJOTeNraIbHasl TUCHYHKIUSA, reMOofuHaMuye-
CKHe M3MEHEHMs, a TAKKe HapyllleHne IIeYeHOYHO-
MTOYEeYHOU MUKPOIUPKYISAINN, CIOCOOCTBYIOIINE

baseline blood lactate, averaging 1.78+0.21 mmol/l,
in patients receiving the antihypoxic drug was
quickly corrected at 8 hours of follow-up (down to
1.58+0.29 mmol/l), while in patients on standard
therapy the opposite trend was observed with this
value increased up to 2.0+0.16 mmol/l (P=0.33).

Restored metabolic activity and reverted
anaerobic pathways interrupt the pathological
process characterized by systemic inflammation,
endothelial dysfunction, hemodynamic changes,
impaired hepato-renal microcirculation associated
with damage to hepatocytes, alveolar and capillary
membranes, microcirculatory congestion, in-
creased vascular permeability, release of inflamma-
tory cytokines and tissue thromboplastin primarily
in lung tissue and coagulation system activation.
Organoprotective, detoxifying and antihypoxic
properties of the administered drug promoted
restoration of the activity of antithrombin and
other inherent anticoagulant systems and resulted
in reducing the systemic fibrinolysis and, appar-
ently, affected cell apoptosis initiating the disease
progression and leading to the development and
maintenance of organ dysfunction.

Similar results with the combined use of anti-
hypoxic and absorbing agents in patients with the
novel coronavirus infection have been reported
earlier [27]. The authors selected 3 patients with se-
vere COVID-19. They received continuous aggres-
sive correction of endogenous intoxication and hy-
poxia with vitamin combinations and enteral
absorbing agents along with the antiviral treatment
during their entire hospital stay. The authors con-
cluded that «long-term therapy with antioxidants
and enterosorbents can reduce the incidence of
multiple organ failure in patients with severe
COVID-associated pneumonia», as well as the risk
of worsening lung dysfunction requiring invasive
ventilation.

Currently, little is known about the role of tis-
sue thromboplastin, or tissue factor (TF), in the
previously detailed pathogenesis of systemic
thrombosis in patients with COVID-19, although
the lungs have the second-highest level of TF after
the placenta [22, 23]. The authors point out that in
COVID-19 TF production can be induced in mono-
cytes/macrophages and endothelial cells by im-
mune complexes, thrombin, interleukin-1, tumor
necrosis factor (serum glycoprotein produced by
activated macrophages and other mononuclear
leukocytes). Besides, TF expression in endothelial
cells could be induced by exposure to oxidized low-
density lipoproteins [38] and even by mechanical
alterations of circulating fluid nearby [39]. The high
level of tissue thromboplastin in pulmonary tissue
was first noticed by M. L. Lyczkowski (1911). A
broader study of blood clotting factors located in
pulmonary parenchyma was carried out in the lab-
oratory of V. P. Skipetrov (1967-1975). The re-
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TMOBPEKIEHNIO reaToIUTOB, AJIbBEOJISIPHO-KaTIAJT-
JIIPHBIX MeMOpaH, a TakKke JIOKaJN30BaHHOMY
3aCTOI0 KPOBU B MUKPOLIMPKYJIATOPHOM pPYCJIe, yBe-
JIMYEHUIO COCYIUCTON HPOHUIIAEMOCTH, BBICBO-
0OYKIIEHUIO BOCIAJIUTEIbHBIX IMTOKMHOB, TKAHEBO-
ro TpoMOOIJIACTHHA TIPENUMYIIIECTBEHHO B TKAaHU
JIETKMX ¥ aKTUBalUY CUCTeMbl Koaryasanuu. Opra-
HOIIPOTEKTOPHBIE, NeTOKCULIMPYIOIIEe U aHTUTU-
TTOKCUYECKIEe CBOICTBA IPUMEHSIeMOTr0 perapara
CIOCOOCTBOBA/JIM BOCCTAHOBJIEHHUIO aKTUBHOCTH
AHTUTPOMOWHA W IPYTUX HATUBHBIX aHTUKOATY-
JITHTHBIX CUCTEM, IPUBOIWJIN K CHUYKEHUIO AaKTHUB-
HOCTU CHCTeMHOro ¢ubOpuHOJIM3a U, MO BCeW
BUAUMOCTH, TTOBJIUSAIN HA NIPOTPeCcC-UHUIANPO-
BaBIIUH (heHOMEH KJIETOYHOIO aIloNTo3a, IPUBO-
IAMMNA K (OPMUPOBAHUIO W TOJJIEPSKAHUIO
OpraHHOU TUCHYHKIIUN.

CxonHbIE pe3yJsIbTaThl TPU KOMOMHUPOBAH-
HOM IPUMeHEHUN aHTUTUTIOKCAHTOB 1 COPOEHTOB
y manueHTtoB ¢ HKW yke ObLIM TOJyYeHBI
paHee [27]. ABTOpBI oTOOpaau 3-X MalueHTOB C
Tsiskesio popmoit COVID-19. HenpepbIBHO B
TedeHle BCEro CPOKa MpeObIBaHUS B CTAIlIOHAPE
1M B KOMILJIEKCE TPOTUBOBHUPYCHOU TEpAIUU IIPO-
BOIUJU AaKTUBHYI0 KOPPEKIUIO 39HIOTeHHON
MHTOKCUKAIIUU U TUIIOKCUU BUTAMUHHBIMU KOM-
IJIEKCaMH, a TaKKe 9HTepocopOeHTaMu. YTBep-
SKJTAJIOCh, YTO «JOJITOCPOYHAS Tepanusi aHTUOKCH-
MaHTaMU U 9HTEPOCOPOEHTaMH MOMKET CHU3UTH
YaCTOTY Pa3BUTHUS IOJIMOPraHHOMN HEeJJ0CTAaTOYHO-
CTH y HanueHToB ¢ Tsokeso COVID-nnHeBMOHU-
eli», a TAK’Ke PUCK yCyTyOJIeHNS TUCQYHKITUHY JIer-
KHX C IepeBOgOM Ha UHBa3uBHYIO VIBJI.

XoTesioch ObI 0OpaTUTHL BHUMaHWE Ha TOT
(hakT, uTO Ha CETOHANITHUYA MOMEHT, B OITMCAHHOM
raTroreHe3e CUCTEMHOTO TpoMO00Opa3oBaHUs y
nanueHToB ¢ COVID-19 nmoka MaJjio CBeIeHUH O
pOJIN TKAaHEBOTO TPOMOOTIJTACTUHA, UJIF TKAaHEBO-
ro ¢pakropa (TP), X0Ts U3BECTHO, YTO JIETKHE T10
ero COAeps;KaHUI0 3aHUMAIOT 2-e MECTO Cpenu
OpraHoOB 4YeJIOBeKa II0ocjie IIJIalleHThl [22, 23].
ABTOpBI yKa3bIBalOT Ha TO, yTO 1pu COVID-19 B
MOHOIUTAX/MaKkpodarax u B 9HJIOTEJIMATbHBIX
KJIeTKax cuHTe3 TP MOKeT OBITH MHAYIIUPOBAH
MMMYHHBIMHU KOMIIJIEKCAMU, TPDOMOMHOM, HHTED-
JeUKUHOM-1, (aKTOpoM HeKpo3a omyxoJsei
(CPIBOPOTOYHBIN NIMKONIPOTEWH, IPOYLIUPYEMBbIH
AKTUBUPOBAHHBIMU MakpodaraMu U APyruMu
MOHOHYKJIeapHbIMHU JeHiKkoruTaMu). Kpome artoro,
HU3BECTHO O BO3MOYKHOCTH CTUMYJIALIAY 9KCIIPEC-
cun TP sHA0TeTNATBLHBIMU KJIETKAMU IIPUA BO3-
JIeCTBUM OKUCJIEHHBIX JIMTTOMPOTEMHAMU HU3KOM
MJIOTHOCTH [38] 1 maske MeXxaHUYeCKUM U3MeHe-
HHEM TOKa KUIKOCTH OK0J10 HUX [39]. Ha BbICO-
KW ypOBEeHb TKAaHEBOTO TPOMOOIMJIACTHHA B
JIETOYHOII TKaHW BIlepBble 0OpaTUJ BHUMAaHUE
M. JI. JlerukoBckuii (1911). BoJsiee 1mmpokoe
nayuyeHue (hakTOPOB CBEPThIBAHUSI KPOBU, HAX0-
ISIIUXCS B JIETOYHOU TKaHU, OBIJIO IPOBEIEHO B

searchers found that the TF in human lungs per-
sisted in the 1:50,000 dilution. Even in such low
concentrations, they still significantly increase the
Thrombotest values, reduce recalcification time
and increase prothrombin consumption in the
platelet-free plasma. Extracts of 4™-6™ order
bronchi show TF in 1:10,000 dilution [40, 41]. En-
dothelial barrier disruption causes the release of ex-
travascular TF into the bloodstream and rapid ac-
tivation of the blood coagulation cascade [42, 43].

The tissue factor in the lungs is synthesized on
the basolateral surface of the airway epithelial cells.
Taking into account that lung tissue is rich in tissue
thromboplastin, and thromboplastic activity of
lung tissue increases in the site of inflammation,
one can logically assume that in patients with
COVID-19 TF enters the systemic circulation and
activates the blood coagulation system due to lung
damage by virus and excessive immune response.
The activation of the hemostatic system will de-
pend on the level of TF released by the damaged
lung tissue. However, the intact organs and tissues
may also release TF and, consequently, increase
thromboplastic activity in the microcirculation due
to impaired systemic permeability of the microvas-
cular wall caused by respiratory hypoxia.

All the above factors stimulating TF synthesis
in these cells are produced in patients with NCI
and, obviously, activate clots formation in the mi-
crocirculation, while the ensuing microcirculatory
disorders have a damaging effect on the pulmonary
parenchyma. Thus, a vicious circle is formed, and
acute respiratory failure develops. Unfortunately,
we have not found any studies focusing on the
quantification of TF release during lung tissue dam-
age in patients with COVID-19. This could be re-
lated to the complex methodology of measurement
of circulating TF level.

The above described secondary pulmonary
damage associated with vascular endothelial im-
pairment is nonspecific and similar to endothelial
dysfunction in any critical condition and many dis-
eases, and the most significant triggers of endothe-
lial dysfunction include hypoxia, free reactive oxy-
gen species, inflammatory cytokines, acidosis,
immune complexes, thrombin, impaired or turbu-
lent blood flow, increased blood viscosity, adrena-
line and noradrenaline effect, histamine, endotox-
ins, etc. [44-47]. All these factors causing
nonspecific damage to the vascular endothelium
also can be seen in patients with the novel coron-
avirus infection.

In patients with NCI receiving MSS, the mem-
brane permeability is normalized as a result of in-
creasing the energy potential of endothelial cells di-
rectly exposed to the drug. Consequently, the
release of tissue thromboplastin into the blood-
stream is reduced, which inhibits the coagulation

cascade progression and systemic microcirculation
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gaboparopum B. II. CkumerpoBa (1967-1975).
CorpynHuKamu J1abopaTopuu OBLIO YCTAHOBJIEHO,
YTO TPOMOOIIJIACTHYECKOE BIUSTHUE JIETKHX Y€eJI0-
BEKa COXpaHseTCs 10 pasBeleHUsI IKCTPAKTOB B
50 TeICAY pas. Jlaske B TAKOM HU3KOI KOHIIEHTpa-
[IMY OHM ellle CYIeCTBEHHO ITOBBIIIAIOT CTEIIeHb
TPOMOOTECTA, COKPAIIAIOT BpeMsI peKaJIbIu(puKa-
MY ¥ YCUJIMBAIOT OTpebseHrne mpoTpoMOrHA B
becTpoMOOIMTAPHON MJIa3Me. KCTPAKTHI OPOH-
XOB 4—6 MTOPSIKOB MPOSBJAIOT CBOE TPOMOOTIIa-
cTUYecKoe AelCTBUe J0 pa3BeeHUsl 3KCTPAKTOB
B 10 TeICAY pas [40, 41]. HapylueHue sHxoTe/1AaIIb-
HOro 6aphepa IPUBOJUT K ITOSIBJIEHUIO B KPOBS-
HOM pycJjie BHecocyaucToro Td u 66ICTpOH aKkTH-
BallM KaCKajla CBepThIBaHUA KPOBU [42, 43].

T® B JIerKUX CUHTE3UpPYeTCs Ha 6a3osrarepasb-
HOU MOBEPXHOCTU 3NUTeJMaJbHAX KJIETOK JbIXa-
TeJIbHBIX IyTel. [IpuHUMasi BO BHUMAaHHE, YTO
JIero4YHasi TKaHb Oorara TKaHEeBbIM TPOMOOTILIIACTH -
HOM, a B BOCITJINTETLHOM 04are TpoMOoIracTuye-
CKasi aKTUBHOCTD JIETOYHOU TKaHU BO3pacTaeT, TO
JIOTUYHO IIPENNOJIOKUTh, YTO y MAalMEHTOB C
COVID-19 B pesyibrare NOBpeKIEHHASA JIEIKUX
BHPYCOM M U30BITOYHBIM UMMYHHBIM OTBeTOM TP
BBICBOOOJK/IA€TCSA B CHCTEMHBIN KPOBOTOK U aKTH-
BUpPYeT CBEPTHIBAIOLIYIO CUCTeMY KpoBU. CTenleHb
AKTUBAIUY CUCTEMBI TeMOCTa3a Oy/ieT 3aBUCETh OT
KosimaecTBa TP, BRICBOOOYKIAEMOTO TTOBPESKIEH-
HOU JIero4yHOH TKaHblo. He MCKJ/II0YEHO, 4TO IpU
JAHHOUM IIaTOJIOTMM B pe3yJbrare HapylleHUs
CHCTEMHOU ITPOHUIIAEMOCTY CTEHKU MUKPOCOCY/IOB,
BBI3BAHHOMU [IbIXaTeJIbHOU IUITOKCUEN, THTAKTHbIE
OpTraHbl ¥ TKAaHH TOKE MOTYT BBICBOOOKIATh TP 1,
BCJIEJICTBHE 3TOTO, MOBBIIIATH TPOMOOTIIaCTHYeE-
CKYIO aKTUBHOCTb B MUKPOLIMPKYJIATOPHOM pyCJIe.

CiienyeT 3aMeTUTh, YTO BCe BBINIENIEPEYnC-
JieHHbIe (paKTOPBI, CTUMYIUpYIoIre cuHTe3 TP B
YKa3aHHBIX KJIETKaxX, 00pa3yloTcs B OpraHU3Me
IMaIMeHToB B ITporecce passutusa HK u, oueBu-
HO, aKTUBHUPYIOT MIPOIIeCChl TPOMO00Opa3oBaHUs
B MUKPOLMPKYJIATOPHOM pPYyCJie, a BOSHUKAOIIe
HapylIeHVs MUKPOLUPKY/IALUA B CBOIO O4Yepeb
OKa3bIBAIOT IOBPEsKAAIOIIIEE TeliCTBHE Ha JIeroy-

HyI0 TKaHb. Tak (popMupyercs NOpoYHBIN KpPyT U
pasBUBaeTCcA OCTpas JIbIXaTeJIbHasA HEeJ0CTaTo4-
HOCTb. K coyxanenuto, ucciaefoBaHUH, IOCBAIIEH-
HBbIX KOJIMYECTBEHHOMY W3MEPEHUI0 CTelleHU
BBICBOOOKIeHUs1 T IIpu MOBPEsKIEHUH JIeT04-
HOU TKaHU y nanueHToB ¢ COVID-19 MBI He BCTpe-
TUJIU. BepoATHO, 9TO CBA3aHO C METON0JIOTHYe-
CKMMH CJIOKHOCTAMU U3MEPEHUs YPOBHA
uupKyaupyoero TO.

OnucanHoe BbIIIE BTOPUYHOE JIErOYHOE
MIOBPEsKIEHNE, CBA3aHHOE C IIOBPEKIEHUEM COCY-
JHCTOr0 3HJ0TEJNA, AHAJOTUYHO 3HJ0TEeJINAb-
HOH IUCHYHKIUN IIPU JIOOBIX KPUTHYECKUX
COCTOSIHUSIX W MHOTUX 3a00JIeBaHUAX U HOCUT
HeclennUIeCKUN XxapakTep, a HauboJiee 3HAYU-
MBIMUA CTHUMYJIAMH, BBI3bIBAIOIMMU 3HIOTEJIH-

disorders, particularly in the pulmonary arterial
and venous circulation. Our data confirm the pre-
vious findings, which also demonstrated the clini-
cal effectiveness of MSS [34, 48], as well as the one
of succinate in the experiment [29, 49] for the pre-
vention and intensive therapy of multiple organ
failure in sepsis and multiple trauma.

Conclusion

The results of our pilot study of the prevention
and therapy of coagulopathy associated with lung
involvement in COVID-19 are encouraging and
cautiously optimistic.

The use of MSS significantly reduced the risks
of thromboembolic events in patients throughout
the treatment period of 28 days, and also resulted
inreduced ICU stay. Patients who received the drug
responded faster to anticoagulant therapy, which
was indicated by a more distinct improvement in
coagulation parameters during the first day of
treatment, i. e. increased APTT, maintained viable
platelet population, decreased D-dimer and fib-
rinogen levels.

The pilot study design (a sample of 12 pa-
tients) does not enable us to make final judgments
about the impact of the drug on mortality: the mor-
tality rate did not differ significantly between the
two groups.

This study is the first experience of MSS use in
patients with NCI, suggesting positive results of a
substrate antihypoxic agent in COVID-19.

Additionally, the results obtained from this
trial call for a more comprehensive study design to
better identify the mechanisms behind the drug's
action on COVID-induced endothelial dysfunction
and coagulopathy.

A multicenter prospective randomized clinical
trial could provide a rationale for making antihy-
poxic and detoxification agents a core component
of coagulopathy treatment in COVID-associated
pneumonia.

QIBHYIO TUC(YHKIUIO SABJISIOTCS: TUIIOKCUS, CBO-
OoaHbIe aKTUBHBIE (DOPMBI KUCJI0OPO/IA, BOCITATH-
TeJIbHbIC IUTOKUHBI, allif03, KMMYyHHBIEC KOM-
IUIEKChI, TPOMOWH, 3aMejajieHHe KPOBOTOKA,
TypOyJIeHTHBIE TOTOKM KPOBH, YBeJTNUEHNE BA3-
KOCTA KpOBM, aJpeHA/JIMH W HOpaIpeHaJsuH,
TUCTaMUH, 9HIOTOKCUHBI U Ip. [44-47]. IIpu atom
cJielyeT 3aMeTUTh, UTO BCe IepeuncaeHHble (Pak-
TOPBI, BBI3bIBAIOIIME HECITeUu(pUIeCKOe TOBPEsK-
JIeHre COCYAMCTOTO0 9HA0TeHsI, 00pa3yioTcs U B
OpraHu3Me MalWeHTOB B IIPOLeCcCe pa3BUTHUA
HOBOI KODOHABUPYCHOHN MH(EKIIUMN.

ITpu BBenenuu naruentam ¢ HKIM Peambepu-
Ha, B pe3yJbrare yBeJW4eHUsl JHepPreTu4ecKoro
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Clinical Studies

MOTEHIINAJIA TIPEKIEe BCEro KJIETOK 9HJIOTEJINs,
HEITOCPEeCTBEHHO KOHTAKTUPYIOIINUX C IIpernapa-
TOM, HOPMaJIM3yeTCs TPOHUIIAEMOCTh X MEMOpaH,
BCJIEACTBHAE 3TOr0, YMEHBUIAETCH IIOCTYILJIEHHE
TKaHEBOTO0 TPOMOOIJIACTUHA B KPOBOTOK, YTO
CIAEep KUBAET IIPOrpeCCUPYIOLINHI IPOIECC CBEPTHI-
BaHUs KPOBU U HaApyLIEHUsI CUCTEeMHON MHKpPO-
UPKYJIAIIHN, 0COOEHHO B apTepUaTFHOM 1 BEHO3-
HOM pycJie jerkux. Hamm nansble NogTBepsKAatoT
pesy/bTaThl paHee IPOBeJeHHbIX NCCIeq0BaHNH,
TaKyKe POJIEMOHCTPUPOBABIINX 3P (PEKTUBHOCTD
npuMeHeHusi PeambepruHa B KiauHUKe [34, 48], a
TaKsKe CaMOI'0 CYKIIMHATa B 9KCIIepuMeHTe [29, 49]
C 11eJ1b10 TPOUITAKTUKYA 1 UHTEHCUBHOU Tepanuu
MOJIMOPTAaHHOU HEIOCTATOYHOCTHU MPU CETICHCE U
MOJIUTPaBMe.

3akJrouenue

[TosryyenHbIe pe3y/abrarbl IXJI0THOTO UCCJIe-
JIOBaHUS NPO(PUIAKTUKY U Tepalluu KoaryJsormna-
THH, acconuupoBanHoi c COVID-19 nmopaskeHueM
JIETKUX, BHYIIAIOT OCTOPO>KHBIN ONITUMHU3M.

IIpumeHeHne PeambepuHa JOCTOBEPHO CHU-
3WJI0 PUCKU PasBUTUS TPOMO0OIMOOIHMIECKUX
COOBITHUH y TTAIIUEHTOB B TeYeHUe 28 CYyTOK Jede-
HUs, a TaKKe MPUBEJIO K CHUYKEHUIO JJINTEJIbHO-
¢ty nipeObIBaHuA rmarueHToB B OPUT. ITaniueHThI,
MoJIy4aBIlIve IIperapar, ObICTpee OTBeYaad Ha
IIPOBOAYIMYIO aHTUKOAryJIAHTHYIO TePalnlo, YTO
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BBIpa’KaJIOCh B 0O0Jiee OTYETIMBOH JUHAMHUKE
II0Ka3aTeJiell KoaryJorpaMMbl B TedeHHe TTepBbIX
CyTOK JedeHusa: npupocr AUTB, coxpaHeHue
MTONYJISAIIAY TPOMOOITUTOB, CHI;KEHVE KOHIIEHTpPa-
un D-nuMepoB 1 pubpUHOreHa.

IMutoTHBIN hopMar uccaesoBaHus (BbIOOP-
Ka 13 12 manueHToB) He II03B0JIAET JeJ1aTh BBIBO-
Ibl O BJIWAHUU IIpelapara Ha JIeTaJbHOCTb: B
00eurx rpynmnax oHa CTaTUCTHYECKU 3HAYMMO He
OTJINYAJIAC.

JlaHHOe uccjenoBaHUEe — IIEePBbINA OIBIT
npuMeHeHns PeamOepuHa y manueHToB ¢ HKU,
CBUIETEJBCTBYET O TOM, YTO MH(Y3Usl CyOCTpar-
HOT'0 aHTUTUIIOKCAHTA Yy NAIMeHTOB C 3TOH Iaro-
JIoTHel IpeiCTaBJIsIeTCsl IePCIEeKTUBHOM.

BMmecre ¢ TeMm, TOJTy4eHHBIE pe3ysbTarhl Tpe-
OyioT 6oJiee IIMPOKOTO (popMara UccaeoOBaHUIE
IJIs1 O0JIee YeTKOU mudepeHImpOBKY MEeXaHN3-
MOB BJIMSIHUSA UH(PY3UOHHOI'O AHTUTUIIOKCAHTA Ha
COVID nBaynypoBaHHYIO 9HIOTEIAAJBHYIO IUC-
(PYHKIIUIO U KOATYJI0IIATHUIO.

IIpencraBJisieTcs, 4YT0 MHOTOLIEHTPOBOE IIPO-
CIIEKTUBHOE PAaHAOMU3NPOBAHHOE KJIWMHUYECKOe
HCIBITaHNE CMOJKET JaTh OTBET Ha BOIIPOC O LieJie-
C000pPa3HOCTH MPUMEHEHH s aHTUTUTTOKCUYECKUX 1
JIE3MHTOKCUKAI[MOHHBIX CPEJICTB B COCTaBe KOMOU-
HUPOBAHHOU Tepanuu koarysaonaruu npu COVID-
ITHEBMOHHUMU.
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