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Pe3rome

IeJb McceAOBAaHUA — BBIIBUTH MOP(OJIOTHYECKHe IPU3HAKY OBPEK IeHIA TOJI0OBHOTO MO3Ta yMep-
mux ot COVID-19.

MarepuaJt 1 MeToAsbl. [IpoBes aHaIN3 TPOTOKOJIOB BCKPBITUH 1 ayTOIICUMHOT0 MaTepuaJsa FoJI0BHOTO
Mo3ra 17 yMepIImnx ManueHToB ¢ TPUKU3HEHHO MOATBepsKkaeHHo nHpekimeir COVID-19. B uccnenoBanue
BRJIIOYUJIN CJTy9au JIeTaJIbHOTO UCX0A1a, B KOTopbIix COVID-19 siBUIach OCHOBHOI IPUYMHON cMepTH. VY 5 ye-
JIOBEK AMArHOCTUPOBAIN HH(APKT rOJIOBHOTO Mo3ra. KycouKu opraHos JjIfg T’HCTOJIOTMYEeCKOT0 UCCIe10-
BaHUA U3BIMAJIU B XOJIe 1aTOJIOT0AHATOMUYECKOT0 HCCIef0BaHUA. []JId BBISBJIEHUA MOP(OIOrHTYecKuX us-
MeHeHU! roJIOBHOTO MO3ra Cpe3bl OKpAIINBAJINA reMaTOKCUJIMHOM U 903MHOM U 10 MeToxy Huccna. s
HCCJIEJOBAHUS COCTOSTHUSI Oa3albHBIX MeMOpaH cocyqoB mpuMeHnsiin [IINK-peakiiuio, 1151 BbISIBIAEHUs PUO-
pHHA B COCyJaX UCIIOIb30BAIN OKPACKy reMaTokcuinHoM PT.A H. dochoBosib(hpaMOBBIM KUCTBIM, [1J151 BBI-
sisnenusi IHK B simpax cpe3nl OkparmmBaiu o Peabreny, AJis1 BeisiBiaeHus PHK B siipax v MUTOIIa3Me He-
POHOB Cpe3bl KpAaCHUJIN METUJIOBBIM 3€JIEHBIM TUPOHUHOM. I[JIH OIICHKU MMOBPEMXACHUA HeﬁpOHOB IMpOBOAUIN
uMMyHorucroxummieckoe (MI'X) nccienoBanme HeipoHAIbHOTO MapKkepa — sifepHoro 6esmka NeuN.

Pe3ybTaThl. BEIABUIN IPU3HAKU MOBPEKJEeHNA HeHPOHOB y yMepmux oT COVID-19, 3ak/Io4aromuecs
B HecneIu(pUueCcKIX N3MeHeHN X HEPBHBIX KJIETOK (0CTpoe HabyxaHue, IepBUYHOE pa3ipaskeHune, Kapuo-
IUTOJIN3, KIETKU-TEHU, HEHPOHO(Marusi v caTTeINTO3) U MPU3HAKAX HAPYIIIeHUsI KPOBOOOpaIieHus1 (epu-
BAaCKY/IAPHBIN U MTepULle/UTIONAPHBIN OTeK, Auamnefe3Hble KPOBOU3IUSHNUS, CTAa3bl, IOJTHOKPOBHE COCY0B
MUKPOLUPKYJIATOPHOr'O PyCJIa).

3axkiouenne. MopdoJsioruueckre U3MeHeHU s TOJIOBHOT'O MO3Ta CBUJIETE/ILCTBYIOT O IOBPEsKAEHUU
LIEHTPaIbHON HepBHOH cucTeMbl y 00/1bHBIX COVID-19. imeMru4ecKUi HHCY/BT y manueHToB ¢ COVID-19
BO MHOTOM OOYCJIOBJIEH COYeTaHUeM T'HIIOKCUHU, Pa3BUBAIOIIeNcs BCIeACTBIE AbIXaTeIbHON HeJ0CTaTou-
HOCTH, U CYIIECTBYIOIINX Y 60JIBbHOTr0 (haKTOPOB PUCKA — aTepOCKIepP0o3a apTepuil 0CHOBAHUSA TOJIOBHOTO
MO3ra U TUIIepTOHNYeCcKoll 60/1e3HM.

Knroueente crosa: COVID-19; 20108H01L M032; HelipomponHocmb supyca SARS-CoV-2; uwmemuueckuii
uncyrom; mopghonozusi; NeuN
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duHaHCcHpoOBaHMe. liccienoBaHNe BBINOJIHEHO IpU hMHAHCOBOU nonjepskke PODI B paMKkax Hay4YHOIO

npoekTa Ne 20-04-60352.

Summary

The aim of the study was to identify the pathomorphology of brain damage in patients who died of COVID-19.

Material and methods. Autopsy reports and autopsy brain material of 17 deceased patients with pre-
mortem confirmed COVID-19 infection were analyzed. Fatal cases in which COVID-19 was the major cause of
death were included in the study. Five people were diagnosed with cerebral infarction. Organ samples were
taken for histological examination during autopsy. Sections were stained with hematoxylin and eosin and by
Nissl to assess brain histopathology. To study the vascular basal membranes the PAS reaction was used, to de-
tect fibrin in vessels phosphotungstic acid-hematoxylin (PTAH) staining was used, to determine DNA in nuclei
sections were stained according to Feulgen, to detect RNA in neuronal nuclei and cytoplasm sections were
stained with methyl green-pyronin. Inmunohistochemical study of a neuronal marker, nuclear protein NeuN,
was performed to assess neuronal damage.

Results. The signs of neuronal damage found in patients who died of COVID-19 included nonspecific
changes of nerve cells (acute swelling, retrograde degeneration, karyolysis and cytolysis, ‘ghost' cells, neu-
ronophagia and satellitosis) and signs of circulatory disorders (perivascular and pericellular edema, diapedesis,

congested and engorged microvasculature).

Conclusion. Brain histopathological data indicate damage to the central nervous system in COVID-19 pa-
tients. Ischemic stroke in patients with COVID-19 is mostly caused by a combination of hypoxia resulting from
respiratory failure and individual risk factors, including cerebrovascular atherosclerosis and hypertension.

Keywords: COVID-19; brain; neurotropic action of SARS-CoV-2 virus; ischemic stroke; morphology; NeuN
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BBenenune

HoBast koponaBupycHast uagekiwst (COVID-19)
MpeJCTaBJsIET COOOM cephe3HYI0 MPOoOaeMY IJIs
3apaBooxpaHeHus. Ilo cocTosiHHUIO Ha ampesb
2021 roma ¢ Hayasa maHgeMuu BcemupHoit opra-
HU3alrel 3[paBooXpaHeHnsI 3aperuCTPUPOBAHO
OKO0JIO 3 MJTH CMepTel oT HOBOI KOpOHaBUPYCHOMU
uH@erMy, BbI3BaHHOU BUpycoM SARS-CoV-2 [1].

Moposornueckue nccieJOBaHUA BHYTPEH-
HUX OpPraHoB NanueHToB, ymepiuux or COVID-19,
BBIABJIAIOT IPHU3HAKK HapyIIIeHUsI KpoBooOparlie-
HUSA, TIOBpPEKJIEeHNs JIETKUX, XapaKTepHble I
OCTPOTO PECIMPATOPHOI0 AUCTPECC-CUHIPOMA, a
Tak)Kke Heclelu(pUUecKre MOBPEKIeHUs BHYT-
pPEHHUX OPraHos [2, 3].

Hecmotps Ha mpeo6J1aiaHye peciupaTopHbIX
cumrnitoMoB npu COVID-19, cormacHO JaHHBIM
pPa3HbBIX HccaeqoBaHuil, y 36-69% 3ab0JieBIIHUX
HOBOY KOPOHABUPYCHOM NH(EKIINel 0TMeUaioTCs
aHOCMUSs, FOJIOBHAsA 00J1b, TOJIOBOKPY;KEHNE, CY/I0-
pOTH, OCTpBIe HAapyIIIeHUsI MO3TOBOT0 KPOBOOOpa-
I[eHusi, YTO IIoipa3yMeBaeT BEPOATHOCTH
BOBJIEUEHUS I[eHTPaJIbHONH HEpPBHOM CUCTEMBI B
raroreHe3 HOBOU KOPOHABUPYCHON MH(eKIINN [4].

PeTpocnekTHBHOE KOTOPTHOE HCCJle/JoBaHNe
952 ciay4yaeB HIIEMUYECKOIrO0 HHCYJIBTA INpHU
COVID-19 1 952 cjiy4aeB UIIEMUYECKOI0 UHCYJIb-
Ta 6e3 COVID-19 (koHTpOJIBbHAS TPYIIIIA) TOKa3a-
Jio 6oJiee HU3KYIO BBIKUBAEMOCTD Y ITAI[UeHTOB C
uieMuyeckuMm uHcyasrom u COVID-19 (78,3%
nporus 91,0%, p<0,0001). BeposaTHOCTL 60-7HEB-

HOUM CMEPTHOCTH Obla 3HAYUTEIbHO BHIIIE JJIs

Introduction

The novel coronavirus infection (COVID-19)
is a major public health challenge worldwide. As of
April 2021, about 3 million deaths from a novel
coronavirus infection caused by SARS-CoV-2 have
been reported by the World Health Organization
since the beginning of the pandemic [1].

Morphological studies of internal organs of
patients who died from COVID-19 reveal signs of
circulatory disorders, lung damage typical for acute
respiratory distress syndrome, as well as nonspe-
cific internal organ damage [2,3].

Despite the predominance of respiratory
symptoms in COVID-19, according to various stud-
ies, anosmia, headache, dizziness, seizures, and
acute cerebrovascular accidents are observed in
36-69% of patients with the novel coronavirus in-
fection, suggesting involvement of the central nerv-
ous system in the pathogenesis of COVID-19 [4].

A retrospective cohort study of 952 ischemic
strokes in COVID-19 patients and 952 ischemic
strokes in COVID-19 free patients (control group)
showed low survivability in patients with ischemic
stroke and COVID-19 (78.3% vs 91.0%, P<0.0001).
The odds of 60-day mortality was significantly
higher for patients with ischemic stroke and
COVID-19 compared with controls (odds ratio 2.51,
95% confidence interval 1.88-3.34) [5].

It is still unclear whether the brain injury is di-
rectly caused by cytopathic effect of virus or due to
hypoxia resulting from respiratory failure and co-
agulopathy complicating the COVID-19.
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MAIMEeHTOB C UIIIeMUYeCKAM UHCYJIEToM 1 COVID-19
110 CPaBHEHUIO C KOHTPOJIeM [5].

Bonpoc o ToMm, sAABJIAE€TCA JIU NOBpPEKIEeHUE
TOJIOBHOTO M0O3Tra MPSAMBIM CJIEJICTBUEM ITUTOIA-
TH4YecKux 3¢p¢PeKTOB BUpyca UIU 0OYCIOBJIEH
TUNOKCHEH, BO3HUKAIOIIEH BCJIEICTBHE IbIXa-
TeJbHOU HEeJOCTATOYHOCTH, Koaryjaonaruew,
ocaoxkHsaomumu teuenue COVID-19, ocraercst
OTKPBITHIM.

Hcxonst u3 mpoBeleHHBIX Ha CEerOHAITHUN
JIeHb WCCJIeTOBAaHUM, HEeJAb3s MCKJIIOYUTL BO3-
MOSKHOCTh HENOCPEeJCTBEHHOTO MNOBPEKIEeHUS
TOJIOBHOTO MO3Ta BCJIEICTBUE HEUPOTPOITHOCTHU
Bupyca. [IpennoJsaraior, 4To CyliecTByeT ABa Iy TH
IIPOHUKHOBEHMS BHUpPYyCa B LIECHTPAJIbHYIO HEPB-
Hy!0 cucremy (LHHC):

1) perporpagHbIi aKCOHAJbHBINA IMYyTh U3
WHQUIMPOBAHHBIX 0OOHATETHHOTO WU OJTYSK-
JIAI0IIero HepBOB;

2) reMaToOreHHbIA NyTh, IPU KOTOPOM BUPYC
pacupoctpansiercs B [IHC yepes nmoBpeskieHHbIE
9HJOTeJHa/IbHbIE KJETKU TreMaroaHiedasnde-
ckoro 6apbeepa (I'9B) [6].

M3BecTHO, YTO aHTHUOTEH3WHIIPeBpAIlaio-
muit pepmenT Il Tuma (AI1P2), KOTOPBIN SABJISAET-
Cs1 OCHOBHBIM PENENTOPOM [IJIsI HPOHUKHOBEHUS
B KJIeTKy SARS-CoV-2 IpucyTCTBYeT B 9HIOTEJIN-
aJIbHBIX KJIETKAX COCYIOB MO3ra 4yesjoBeka [7, 8].
CormacHo uccaenoBanuio Paniz-Mondolfi u coasr.,
B 9HJIOTEJIMAJIbHBIX KJI€TKaX COCYLO0B 'OJIOBHOTO
Mo3ra naryenTa, ymepiiaero or COVID-19, 6611m
0oOHapy)KeHbl BUPYCHbIE YACTHIBI C ITOMOIIHIO
3JIEKTPOHHON MUKPOCKOTUM [9].

B uccnenosanuu T. P. Buzhdygan u coasr.
Ha Mukpodamougaoi 3D-monenu I'9b npone-
MOHCTPHpPOBaHa CIIOCOOHOCTH CYyObeTMHUAIIBI
S1 S-6enka koponaBupyca SARS-CoV-2 Hapy-
maTh meJqJoCTHOCTh ['9b6, a TakKke mHAynUpO-
BaTh 9KCIIPECCUIO TEHOB ITPOBOCHIAIUATETbHBIX
IUTOKWUHOB U MAaTPUYHBIX METAJNJIOIIPOTENHAS
B 9HJOTeJHAJIbHBIX KJIeTKaXx Mo3ra, 4To
TaK)Xe MOJKeT CIIOCOOCTBOBATh M3MEHEHHIO
coctosaHus ['9b [8]. B akcmepuMeHTa/JIbHOM
HCCJIeJOBAaHUM Ha MbIIIaxX Tak)ke Obljia MoKa-
3aHa BO3BMOYKHOCTh NIPOHUKHOBEHU S KOPOHa-
Bupyca uyepes ['9b. [10]

Mexanuambl mnoBpesknenus [[HC npwu
COVID-19 MoryT OBITh YTOYHEHBI B Pe3yJbTaTe
TIIATeIbHBIX MOP(OSIOTUUECKUX UCCIIeTOBAHNH,
Tak KaK IIaTOJIOTOAHAaTOMHYECKHUH aHaJaIu3
SIBJISIETCSI HEOOXOIMMBIM YCJIOBUEM JIJ1s HanboJiee
MMOJITHOTO TPEJICTaBJIeHUsI O 3aKOHOMEPHOCTIX
MaTOJIOTUYECKUX IPOIeCCOB. B HacTosIee Bpems
JlaHHBbIE 0 TAaTOMOP(GOJTOTUUECKUX UBMEHEHUSIX B
roJioBHOM Mo3re npu COVID-19 Masmoync/ieHHbl 1
He CUCTeMaTU3UPOBAHBI.

Llesb uccaenoBaHuss — BbIABUTH MOPGOJI0-
TUYeCKre NPU3HAKU IOBPEKIEHUSA TOJ0BHOTO
Moara ymepmux or COVID-19.

Based on currently available data, the possi-
bility of direct brain damage due to the neurotropic
nature of the virus cannot be ruled out. There are
two possible ways for the virus to enter the central
nervous system (CNS):

1) the retrograde axonal route from infected
olfactory or vagal nerves;

2) the hematogenous route with the virus in-
vading the CNS through damaged endothelial cells
of the blood-brain barrier (BBB) [6].

Angiotensin-converting enzyme type II
(ACE2), which is the main receptor for SARS-CoV-2
cell entry, is known to be present in vascular en-
dothelial cells of human brain [7, 8]. According to a
study by Paniz-Mondolfi et al., the viral particles
were detected in the endothelial cells of brain ar-
teries of a patient who died of COVID-19 using elec-
tron microscopy [9].

A study by T. P. Buzhdygan et al. using a 3D mi-
crofluidic model of the BBB demonstrated the abil-
ity of the S1 subunit of the Sars-CoV-2 coronavirus
protein to disrupt the BBB integrity and induce the
expression of proinflammatory cytokine and matrix
metalloproteinase genes in brain endothelial cells,
which can also promote BBB alterations [8]. An ex-
perimental murine study also showed the possibil-
ity of coronavirus crossing the BBB. [10]

The mechanisms of brain damage in COVID-19
can be clarified by meticulous morphological stud-
ies, since pathological analysis is a prerequisite for
a comprehensive understanding of disease pat-
terns. Currently, data on pathomorphological
changes in the brain in COVID-19 are scarce and
not systematized.

The aim of the study was to reveal morpholog-
ical evidence of brain damage in patients who died
from COVID-19.

Materials and Methods

We analyzed autopsy reports and autopsy brain ma-
terial of 17 patients (12 men and 5 women) who died be-
tween October 20 and November 10, 2021, with the coro-
navirus infection confirmed while alive. The study
included fatal cases in which novel coronavirus infection
(COVID-19) was the primary cause of death. In all cases,
the infection was complicated by multisegmental pneu-
monia with total/subtotal involvement of both lungs. Five
patients were diagnosed with brain infarction. Autopsy
protocols revealed evidence of chronic hypertension in
15 patients (88%), whereas cerebrovascular atherosclero-
sis in combination with hypertension was detected in 11
persons (64%). The average age of victims was 63 years
(ranging from 45 to 79 years). The hospital stay averaged
11 days (ranging from a few hours to 19 days).

Organ specimens for histological examination were
taken during autopsy in accordance with the current leg-
islation to verify the pathological diagnosis and to clarify
the cause of death. In accordance with the current guide-
lines of the Ministry of Health of the Russian Federation,
the organ specimens were fixed for 72 hours in the neu-
tral 10% formalin solution [11]. After that, the material
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MaTepnaJI H ME€TOAbI

ITpoBesnu aHAIN3 IPOTOKOJIOB BCKPBITUH U ayTO-
TICUI{HOT0 MaTepuaJjia FOJI0BHOTO MO3ra 17 manueHToB
(12 My>K4YMH U 5 KeHILIWH), yMepIINX 3a epuog, ¢ 20 OK-
TA0ps o 10 HosAGpA 2020 roja, ¢ NIPUKU3HEHHO MOJ-
TBEeP>KAEHHOM HOBOII KOPOHABUPYCHON MH(peKIuei. B
HccIeloBaHNe BRIIIOUMIIN CIy4aun JIeTaIbHOTO UCXO/a, B
KOTOPBIX HOBasi KOpoHaBUpycHas nHpekug (COVID-19)
SIBUJIAaCh OCHOBHOM NPUYMHOH cMepTH. Bo Bcex ciydasx
OCJIO}KHEHUEM OCHOBHOTO 3a00J/1eBaHUs Ob1Ia OJIHCET -
MEeHTapHasg MHEBMOHUSA C TOTAJIbHBIM/CYOTOTAIbHBIM
Topa’xeHreM 000UX JIeTKUX. Y 5 uesloBeK ObLT JuarHo-
CTUPOBaH MH(MAPKT roJIOBHOrO Mo3ra. [uneproHude-
CKOI1 60J1€3HBI0, COITIACHO IIPOTOKOJIaM IaT0J/I0r0aHaTo-
MHYECKUX UCCIEeI0BAaHNH, cTpaganu 15 yemoBek (88%
yMepIINX), aTepPOCKIEPO3 COCYIOB OCHOBAHUS TOJIOB-
HOT'O MO3Ta B COUeTAaHUU C THIIEPTOHUYECKOH 00/1e3HBIO
BBIABUJIN y 11 yesnoBek (64%). CpeHU BO3pacT ymep-
XX COCTaBUJI 63 rojia (muarasoH oT 45 1o 79 Jiet). Jliu-
TeJIbHOCTh NPeOBIBAHNA B CTAIlIOHApe COCTAaBJIAJA B
cpenqHeM 11 KOWKO-IHEH (quamasoH OT HECKOJIbKUX
4acoB 0 19 KOIMKO-THEIl).

Kycouku opraHoB JjIs THCTOJIOTHYECKOTO UCCIe-
JIOBAaHUA U3BIMAJIU B XOfle TaTOJI0T0aHATOMUYECKOT0
HCCJIEJOBAHUSA B COOTBETCTBUU C IeUCTBYIOIINM 3aKO-
HOJIaTeIbCTBOM JJ1 Bepu(UKaI[UU 1aTOJI0r0AaHATOMH-
YeCKOTO JMarHo3a M yTOUYHeHUs MIPUYUHBI CMepTU. B
COOTBETCTBUU C AEHCTBYIOIUMHI MeTOANYeCKUMU pe-
KoMeHmauuAaMu Munsapasa Pocculickoit @enepanuu
KYCOYKH OPTaHOB B 0053aTe/IbHOM MOpsAKe (PUKCUPO-
BaJIA B TeUeHME 72 4acoB B HelTpaabHOM 10% pacTBope
¢opmammna [11]. ITocse yero MarepuaJ 3aIUBaJIN B T1a-
paduH. [/ BBIABJIEHUS MOP(HOJIOrHUeCKUX U3MeHe-
HUH TOJIOBHOTO MO3Ta CPe3bl OKPAIINBAJIA FeMaTOKCH-
JAHOM " 303MHOM u 1o Merogy Hwuccaa. asa
HCCIIeJOBAHUA COCTOSTHUA 0a3aIbHbBIX MeMOpaH cocy-
noB ipuMmeHsiau HIVK-peakiuio, 1Jis1 BbIABIEHU (HUb-
pUHA B COCYAaX UCHOIb30BAJIA OKPACKY reMaTOKCUIH-
HoM PT.AH. docdoBoab(ppaMOBEIM KUCTBIM, IJA
BesABJIeHUss [JHK B agpax cpesbsl OKpallWBaId IIO
®desbreny, 014 BeisiBieHuss PHK B agpax u nuroniasme
HEeHpPOHOB Cpe3bl KPaCUJIM METUIOBBIM 3€JIeHbIM-TIH-
poruHoMm (buoButpywm, Poccus).

JIJ1s1 OLIEHKU MTOBPeXKAeHU A HeUPOHOB IIPOBOIUIIN
nMMyHoTHCcTOXuMUYeckoe (UI'X) uccaegoBanre HEMPoO-
HaJIbHOTO MapKepa — fAaepHoro 6eika NeuN. [lna
3TOro AenapadUHUUPOBAHHBIE Cpe3bl Mo3ra obpada-
ThIBaIU 3% MEPUKUCHIO BOLOPOAa B TedyeHne 10 MUHyT
IIpu KOMHATHOH TeMIieparype AJ1A OJJOKUPOBAHUSA 9H-
JIOTEHHOU TIePOKCUIa3HON aKTUBHOCTH. 3aTeM Cpe3bl
MIPOMBIBAJIA B 3-X CMeHax JUCTUJIJINPOBAHHON BOJBI,
3aKJII04a/In B KacceTnl 1A II'X okpalmBaHus, IPOMbI-
Basu B ocdaraom 6ydepe (PBS IHC Wash Buffer +
Tween, Cell Marque, CIIIA). [Ijig mpeoTBpaleHus He-
crenudUYecKoro CBA3bIBAaHUSA MEePBUYHBIX MU BTO-
PUYHBIX aHTUTEJ ¢ 0eJIKaMU TKAHU UCIIO0JIb30BaIH Pro-
tein Block Serum-free (DAKO, /lanusi) B TedyeHnue 15
MUHYT. 3aTeM cpe3bl HHKyOUpoBaIu 1 4 mpu TeMmepa-
Type 37°C ¢ NepBUYHBIMU NTOJUK/IOHATBHBIMU aHTUTeE-
gamu nporuB NeuN (Invitrogen, CIIIA) (pasBeneHue
1:200 B Antibody Deluent, Abcam, Besiuko6puranus).
CpessI npombIBau 2 pa3a B ¢pocdaraom bydepe. Nm-
MYHHYIO PeaKIIUIO BBIABJIANM C IOMOIIBIO BU3YaIU3H-
pytoeii cucrembl Dako REAL TM EnVision TM Detec-

tion Systems, Peroxidase/DAB+ (DAKO, [lanus). ITocie

was embedded in paraffin. To detect morphological
changes in the brain, the sections were stained with
hematoxylin and eosin and according to Nissl. To exam-
ine the vascular basal membranes, PAS staining was
used, to detect fibrin in vessels, the PTAH staining was
employed, to find nuclear DNA the sections were stained
according to Feulgen method, while for detection of RNA
in neuronal nuclei and cytoplasm the methyl green-py-
ronin staining was used (BioVitrum, Russia).

To assess neuronal damage, immunohistochemical
(IHC) study of a neuronal marker, the nuclear protein
NeuN, was performed. For this purpose, deparaffinized
brain sections were treated with 3% hydrogen peroxide for
10 minutes at room temperature to block endogenous per-
oxidase activity. The sections were then washed 3 times
with distilled water, placed in IHC staining cassettes, and
washed in phosphate buffer (PBS IHC Wash Buffer +
Tween, Cell Marque, USA). Protein Block Serum-free
(DAKO, Denmark) was used for 15 min to prevent nonspe-
cific binding of primary or secondary antibodies to tissue
proteins. Then the sections were incubated for 1 h at 37°C
with primary polyclonal antibodies against NeuN (1:200
dilution in Antibody Deluent, Abcam, UK) (Invitrogen,
USA). Sections were washed 2 times in phosphate buffer.
Immune response was detected using Dako REALTM En-
Vision TM Detection Systems, Peroxidase/ DAB+ (DAKO,
Denmark). After washing the sections in phosphate buffer,
they were additionally stained with hematoxylin (BioVit-
rum, Russia) and embedded in ImmuMount water-solu-
ble medium (Shandon, USA).

Histological preparations were examined using a
Nikon Eclipse Ni-U microscope, a digital camera, and the
Nis-Elements BR software (Nikon, Japan).

Results and Discussion

The brain morphological study in patients
who died from COVID-19.

The molecular layer of the large hemisphere
cortex. In the molecular layer of the large hemi-
sphere cortex, few small rounded neurons with
normochromatic nuclei were revealed. The nuclei
demonstrated heterochromatin and decentralized
nucleoli predominantly. Pericellular and pericapil-
lary edema was noted. In some cases, single hem-
orrhages per diapedesis were found (fig. 1, a).

The external granular layer contained small
neurons with rounded normochromatic nuclei.
The preparations stained with hematoxylin and
eosin, according to the Feulgen method, demon-
strated mainly the peripheral location of chromatin
in the nuclei forming small clumps (heterochro-
matin). Nucleoli were revealed not in all the neu-
rons using the hematoxylin and eosin and methyl
green-pyronin staining. Satellitosis of some neu-
rons was noted. Pericellular edema was detected
around the majority of neurons.

The pyramidal cell layer showed pyramidal and
rounded neurons. Hyperchromic, deformed neu-
rons, and pericellular edema were detected (fig. 1, b).
Swelling of some neurons, as well as neuronophagia
and satellitosis, were noted (fig. 1, ¢). In some neu-
rons, the nuclei were not stained (karyolysis). Gran-

GENERAL REANIMATOLOGY, 2021, 17; 3

www.reanimatology.com



https://doi.org/10.15360/1813-9779-2021-3-1-0

Clinical Studies

MPOMBIBKHY Cpe30B B (pocaTHOM Oydepe Ux JoKparim-
Ba/iM rematokcunnHoMm (bmoButpym, Poccus) m 3a-
KJI0YaJd B BoJopacTBopuMylo cpeay ImmuMount
(Shandon, CIIIA).

HcciienoBanue TUCTOJIOTMYECKUX IIpelapaToB
poBoAuM/IY ¢ ToMolbio Mukpockona Nikon Eclipse Ni-U,
uudposoil kamepsl u nporpammsl Nis-Elements BR
(Nikon, fIrronus).

Pe3ynbTaThl U 00CYK/IEHHE

Mopdoaoruueckoe ucciaeroBaHue rojioB-
HOro mo3ara ymepuiux ot COVID-19.

Kopa 6oavuiux noxywapuii 201081020 Mo32a.
B MOJIEKYJIIPHOM CJI0€ KOPBI OOJIBIITNX MTOJTyTIIa-
puii HEeMHOIOUNCJIeHHble MeJIK1e OKPYIVIble Hel-
POHBI C HODMOXPOMHBIMU AApaMu. BeIABUIN B
ANpax NpPerMylleCTBEHHO TIeTepOXpoMaThH U
JeleHTpaanu3anuio Aapeiiek. OTMeTHIN Iepu-
LeJUIIOJIIPDHBI U INepUKaNWIISAPHBIA OoTeK. B
OTHEJIbHBIX CJIy4asix OOHaApy)KUJIU eJUHUYHBbIE
JuarnenesHble KpOBOU3JIUAHUA (puc. 1, a).

B Hapy>KHOM 3€pHHCTOM CJIOe HEOOJIbIINe
HEeHPOHBI C OKPYIJIBIMA HOPMOXPOMHBIMU s1Ipa-
Mu. Ha npenaparax, OKpaleHHbIX TeMaTOKCUJIN-
HOM U 903MOHOM U MeTO oM PeJibreHa, BhIsIBUJIN,
YTO XpOMAaTHH B S/Ipax B BHUJIE MEJKUX TJIBIOOK
(reTepoxpoMaTHH) PacIloJI0yKeH IIPEeUMYIeCTBeH-
Ho 110 nepudepuu sigpa. [Ipu okpacke reMaToKkcu-
JIMHOM ¥ 903WHOM U METHUJIOBBIM 3€JIeHbIM ITUPO-
HUHOM SIIPBIITIKM  OOHapyKUJIU HE BO BCEX
HelipoHax. OTMETUJ/IN CaTeJIMTO3 YacTU Helpo-
HOB. BOKpyT G0JIBIITUHCTBA HEHPOHOB BBISIBUJIN
NIepULIeJIIIOJISIPHBIN OTEK.

B cJji0e nupaMuAHBIX KJIETOK HEHPOHBI IUpa-
MUJHON U OKpymwIoH (opMbl. BeigBuau rumep-
XpOMHBIe, Te(popMUPOBaHHbIEe HEUPOHBIL, IIEPUITE-
JIIOJISIPHBIN 0TeK (puc. 1, b). OTMeTnsin HabyxaHue
HEKOTOPBIX HEMPOHOB, a TaKk:Ke HeWpoHOdaruio,
caresutnTo3 (puc. 1, ¢). B yacT HEUPOHOB sA/Ipa He
OKpaleHbl (KapuoJim3uc). XpoMaTuH B sipax pac-
MI0JIOYKEH B BUJle TpaHyil. B sigpax HEHpoHOB oTMe-
TUIN AeleHTPaJu3auuio sAphIek (puc. 1, d).
BOKpyr HEKOTOPBHIX KamWJUISIPOB OOHApPYKUJIHA
HeOOJIbITIVE CKOTIJIEHUSI TJTNH, eIMHUYHbIE JHate-
Jle3Hble KPOBOU3JIMSHNSA, YMEPEHHBIN [TepUIIeJITIO-
JISIDHBIM Y MEPUKANUIISAPHBINA OTeK. B obsactu
IIepPUBaCKYJISIPHOIO OTeKa OTMETUJIN pPa3phIXJICHUE
Y pa3BOJIOKHEHUE 6a3aIbHOU MeMOpPaHbI CTEHOK
COCYIOB MUKPOILIUPKY/IAPHOIO pycia (puc. 1, e).

Bo BHyTpeHHEM 3epHUCTOM CJIOe HEHPOHBI
OKpYIJIble HeOOBIINX pa3MepoB. fapa comepskar
FpaHyJIsIpHBI XpOMaTWUH (reTepoxXpoMaTvH).
BpIsiBUIM caTeIUTO3, IEePUIeJIONSIPHBIA U
NepUKANUIISPHBINA OTEK, IOJTHOKPOBUE KaIllUJI-
JIAPOB, CTa3bl.

Bo BHyTpeHHeM NUpPaMUIHOM CJ10€ MHOTHE
HeHpOHBI OKPYIJION (popMBbl, TepOpMUPOBAHBIL.
BrIsiBU/IM runepXpoMHble HEHPOHBI C TOMOTEH-
HOU IuTONIa3Moi (IpU OKpacke reMaTOKCUJIH-

ular-shaped arrangement of chromatic was seen in
nuclei. Decentralized nucleoli were found in the neu-
ronal nuclei (fig. 1, d). Small clusters of glia, single di-
apedetic hemorrhages, moderate pericellular and
pericapillary edema were found around some capil-
laries. In the area of perivascular edema, the basal
membrane of microcirculatory vessels was loose and
dissociated (fig. 1, e).

In the internal granular layer, neurons were
rounded and small. The nuclei contained granular
chromatin (heterochromatin). Satellitosis, pericel-
lular and pericapillary edema, capillary congestion
and stasis were revealed.

In the inner pyramidal layer, many neurons
were rounded and deformed. Hyperchromic neu-
rons with homogeneous cytoplasm (hematoxylin
and eosin and Nissl staining), neuronal swelling,
satellitosis were detected. Lipofuscin granules in
the cytoplasm of some neurons were found. Neu-
ronal swelling (fig. 1, f), decentralized nucleoli in
the neuronal nuclei, pericellular edema were seen.
Venules were dilated, engorged and deformed. Sta-
sis, perivascular edema, capillary deformation,
small clusters of glia near capillaries were detected.

The polymorphic cell layer revealed dark de-
formed neurons, satellitosis, neuronophagia, and
decentralized nucleoli in the neuronal nuclei. Peri-
cellular edema, venular engorgement, perivascular
edema, stasis, and clusters of glia near capillaries
were documented.

Subcortical zone. The subcortical neurons were
predominantly rounded and light. Nuclei and nucle-
oli in neurons were displaced. No nucleoli were de-
tected in some neurons. Some neurons had vacuoles
and lipofuscin granules in their cytoplasm. Karyoly-
sis, satellitosis, and neuronophagia were detected.
Oligodendrocytes in the white matter were arranged
in small clusters. Pericellular and pericapillary
edema, congested and engorged venules were noted.

Morphological examination of the brains of
patients with cerebrovascular accidents who died
from COVID-19 revealed areas of necrosis. Mi-
croglia cells were found in the necrosis areas. In
some preparations granular globules were de-
tected in the areas of necrosis. In several prepara-
tions granular globules were absent in the necrosis
zone but were found in angiogenesis areas along
the infarct periphery. Outside the necrotic zones,
the morphological abnormalities observed in the
large hemisphere cortex were similar to those seen
in patients without stroke. They included pericel-
lular edema, displaced nuclei and nucleoli, satelli-
tosis, neuronophagia, dark deformed neurons,
swelling of neuronal bodies and processes, karyol-
ysis. Lipofuscin was detected in the cytoplasm of
some neurons. We noted engorged venules and
capillaries, small single hemorrhages, perivascular
edema. Fibrin was detected in some microcircula-
tory vessels (fig. 2).
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Puc. 1. Kopa rojoBHoro mosra.

Fig. 1. Microscopy of brain cortex sections.

Note. a— layer 1: pericellular and pericapillary edema and hemorrhage are seen; b— layer 3: hy-
perchromic neurons, pericellular edema, satellitosis; c— layer 3: neuronophagia; d— layer 3: de-
centralized nuclei and nucleol; e—loosening and dissociation of basal membrane of the vascular
wall; f— neuronal swelling. Nucleoli were not stained. Hematoxylin and eosin staining (a—d). PAS
staining (e). Methyl green-pyronin staining (f), x400.

IIpumevanne. a— 1-# CJI0M: NePUTEIITIONAPHBIN U TePUKATMIIJIAPHBINA OTEK, KPOBOU3JIHS-
HHe; b— 3-1 CJI0M: TUIIepXPOMHBIE HEHPOHBI, IEPUIIEJUTIOJISIPHBIN OTEK, CaTeJITUTO3; ¢ — 3-i
cJ10i1: HefipoHodarust; d — 3-i CJI0M: JeleHTpaanu3alus saep U sApbIleK; e — pa3pbIXjaeHue
¥ pa3BOJIOKHEeHe 6a3aIbHON MeMOPaHbI CTEHKY COCYIa; f— HabyxaHue HeiipoHa. OTCyTCTBIE
OKpamuBaHus sapbimika. OKpacka reMaTOKCUJIUH-903WHOM (a-d). IIMK-peakuus (e).
Oxpacka MeTUJIOBBIM 3eJIeHbIM TUPOHUHOM (f), x400.

The IHC study re-
vealed a positive reaction
to NeulN protein in all
brain tissue samples. At
the same time, areas with
a complete absence of
staining for NeuN protein
were detected. These
areas corresponded to
the areas of necrotic tis-
sue in the preparations
stained with hematoxylin
and eosin (fig. 3).

The immunohisto-
chemical staining for
NeuN protein allowed in
most cases to clearly visu-
alize the interface be-
tween the necrotic and is-
chemic penumbra zone
(fig. 3). Interestingly, the
neurons and even areas
with variable IHC stain-
ing patterns for NeuN
were observed when ex-
amining the brain tissue
of the patients (fig. 4).
Areas with reduced IHC
staining for NeuN were
detected in the patients
both with and without is-
chemic stroke.

To date, despite nu-
merous studies on the
pathogenesis of neuro-
logical complications in
COVID-19, there is no ev-
idence of a direct neuro-
pathic effect of the Sars-
CoV-2 virus [12]. The few
studies that have detected
viral RNA or particles in
the brains of patients who
died from COVID-19 can-
not be considered as
proof of the role of Sars-
CoV-2 in the pathogenesis
of neurological complica-
tions [13].

The present study
found nonspecific changes
in nerve cells and signs of
circulatory disorders in pa-
tients who died from
COVID-19. Neuronal
changes included evidence
of severe damage such as
gross disruption of cyto-
plasmatic, nuclear, and
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HOM ¥ 903MHOM | 110 MeToay Hucciist), HabyxaHne
HelpOHOB, caTe/yINTO3. B riuTon/asme yactu Hel-
POHOB TpaHy/ibl aunodgycuuHa. OT™MeTHIN HAdY -
XaHue HeUpoHOB (puc. 1, f), neneHTpaaIn3aIuio
SIIPBILIEK B sifpaX HEWPOHOB, MEPUIeII0NsIP-
HBII OTeK. BeHysbI pacminpeHnsl, IOJTHOKPOBHBI,
IeopMUpOBAaHbI. BeIABUIN CcTa3bl, IepUBACKY-
JSIPDHBIA  OTeK, JedopMalUi0 KalUJJISAPOB,
HeOOJIbIIIE CKOTIJIEHUS VMK OKOJIO KaTUJIJISIPOB.

B csoe moauMopgHBIX KJIETOK BBISIBUJIU
TeMHble e(pOpMUPOBaHHbIE HEHPOHBI, caTeslIn-
TO3, HeWpoHo(paruio, B sgpax HEUPOHOB —
JlelleHTpaJIn3aluio apblliek. 3aperucTpupoBa-
JU TepULeJUIIOJNAPHBIA OTeK, MOJHOKpPOBUE
BEHYJI, IEPUBACKYJISIDHBIN OTEK, CTAa3bl, CKOILJIe-
HUSI VIMY OKOJIO KalTUJLJISIPOB.

Ilookoprosas 3omna. B OOKOPKOBON 30HE
HeHpOHBI IPEUMYIIECTBEHHO OKPYIJION (hOPMBI,
cBeIble. OTMETUIIN CMellleHle B HepoHax sifiep
U sAApbIIIeK. B yacTu HEHpPOHOB SIAPBIIIKU He
BBISIBUJIU. B I[UTON/Ia3Me HEKOTOPHIX HEHPOHOB
BaKyoJId, TpaHy/bl JunodycryuHa. BrisgBumiun
KapHOJIM3UC, CaTeslJINTO3, HelipoHOo(paruwo. B
0eJI0M BelecTBe OJINTOIEH/IPOIIUTHI PACIIOJIOKE-
HbI HeOOJIBIINMU TPYIITaMU KJIeTOK. OTMeTHJIn
nepeneJIo/spHBIA U NTlepeKaluJISIPHBIN OTEK,
IIOJITHOKPOBUE U paclIupeHNe BeHyJl.

I[Ipu MopgosioruueckoM HccCeI0BAHUU
rosJI0BHOro Moara ymepiux or COVID-19 ¢ nmarHo-
CTUPOBAHHBIMU OCTPBIMU HapyIIeHUsIMU MO3TO0-
BOT'0 KPOBOOOPAIIeHHs 3apeTUCTPUPOBAIN y4a-
CTKA HeKpo3a. B 30He Hekposa OOHapy:RWUIA
KJIETKU MUKpPOIIMU. B yacTu npemnaparoB B 30He
HEKpO03a BbIABUJIN 3€pHUCTBIE IIapbl. B HEKOTO-
PpBIX IIpernaparax 3epHUCTBIE IIIapbl OTCYTCTBOBAJIN
B 30HE HEKPO3a, HO ObLIM 00HAPY;KEHBI B y4aCTKaX
aHruoreHesa o nepudgepuu uadapkra. Bue 30H
HEKpO03a B KOpe OOJIBIITNX TOIYIIIapUi OTMETHIIA
Takue ke MopgoJioruye-

nucleolar structure, along with karyolysis (pallor of cy-
toplasm and nucleus, diffuse total lysis of Nissl sub-
stance, ‘ghost’ cells). As a rule, karyolysis was accom-
panied by neuronophagia. The study also revealed
reversible changes consisting in acute neuronal
swelling and retrograde degeneration. A large number
of neurons with eccentric nuclei and nucleoli is also
noteworthy. This feature was most often associated
with acute neuronal swelling. According to a study by
D. L. Mcllwain et al., decentralized nuclei are related to
structural changes in the cytoskeleton caused by ax-
onal damage [14]. Damage to axons can be both due
to edema-related compression (pericellular edema was
found in all the cases studied) and a manifestation of
the damaging effect of the virus on the nervous tissue.

The detected karyolysis and cytolysis may be
due to hypoxic brain damage, possible neurotropic
effects of the Sars-CoV-2 virus, toxic action of drugs
used during the hospital treatment of the novel
coronavirus infection.

Hypoxia is the most likely cause of neu-
ronophagia detected in all cases. One of the mech-
anisms of microglia activation under hypoxia is
known to be mediated by cytokines [15]. Inter-
leukin-6 and interferon-gamma have a particularly
important role in microglial activation and regula-
tion of microglial receptor expression involved in
phagocytosis [16]. Increased levels of cytokines, in-
cluding interleukin-6, have been demonstrated in
COVID-19 [17, 18]. An alternative hypothesis is the
direct effect of the virus leading to neuronal dam-
age and neuronophagia. Based on the results of our
study, we cannot confirm or refuse this hypothesis.
However, considering the literature data indicating
that the viral invasion into neurons has never been
proved, this hypothesis is improbable [19].

The IHC staining for NeuN protein allowed in

most cases to clearly visualize the boundary between

CKUe U3MeHeHUs], KaK U B
ciaydasix  0e3  OCTpBIX
HapyIIeHUH MO3TOBOTO
KPOBOOOpAIIeHNS: IEPH-
eJNTIIIpHBIA OTEK,
CMelIeHre si/iep U AIphI-
IIEK, CaTeJIJINTO3, HEUPO-
Ho(arusi, TeMHbIe fedop-
MUpPOBaHHbIE HEWPOHBI,
HabyxaHWe TeJ U OTPO-
CTKOB HEHPOHOB, KapHO-
Jusnc. B mmTommasme
4acTu HEUPOHOB 0OHa-
Py>RAIN  TUTOQYCIUH.
OTMeTHIN TTOJTHOKPOBHE

BeHYJI W KaIlWJISAPOB,
He0OoJIbIIINE ONUHOYHBIE
KPOBOUBJIUSHUS, IIepH-
BAaCKy/IADHBIM oOTeK. B
HEKOTOPBIX COCYAX MUK-

Puc. 2. ITogkopkoBas 06J1acTh rOJI0BHOr0 Mo3ra. PHOPHH B cocyaax.

Fig. 2. Subcortical brain area. Vascular fibrin visualized.

Note. a— hematoxylin and eosin staining; b— PTAH staining. x200.

IIpumeyaHue. @ — OKpacKa reMaTOKCUINH-303UHOM; b — OKpacKka remarokcuyinaoM PT.AH.
docdoBobPpPaMoOBbIM KUCTBIM. x200.
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POLUPKYJIATOPHOIO  pycJa
BBIABUJIN (PUOPUH B COCyIax
(puc. 2).

[Ipu WI'X-uccienosa-
HHUY BO BcexX 0O0pasiiax TKaHU
MO3ra BBIIBUJIN TOJIOKHU-
TeJIbHYIO PEAKIINI0 Ha OesIoK
NeuN. IIpu arom BbIABUIU
30HBI C II0OJIHBIM OTCYTCTBUEM
OKpallBaHUsI Ha 0eJIoK
NeuN. JlanHble o06JjacTu
COOTBETCTBOBAJ/NU y4aCTKaM
HEKPOTU3UPOBAHHOU TKAHU
Ha Mpenaparax, OKpalleHHbIX
reMaTOKCUJIMHOM-3031HOM
(puc. 3).

HUI'X-okpainvBaHue Ha
o6esoxk NeuN 1IO3BOJIMIO B
OOJIBIITMHCTBE CITYYaeB YETKO
BU3YyaJIM3UpPOBATh TI'DaHUILY
MeKIy B30HOH HeKposa U
30HOU Tak Ha3bIBAaeMOMU HUIIIe-
MHUYECKOH TIOJYyTeHW WJIN
neHyMOpsbI (puc. 3). Cienyer
OTMETUTH, UTO MPU UCCIEI0-

BaHNUU MO3TOBOM TKaHU yMeP-
IITUX HAOJTIONAIN HEMPOHBI U
nmaske obJactu ¢ pasHout MI'X-
peaknueit Ha NeuN (puc. 4).
O6utacTtu c monmxeHHou NI'X-
peakiveii Ha NeuN BBISBJISAIN
KaK y yMepIIUX C JUarHOCTU-
POBAaHHBIM  HIIEMUAYECKAM

the NeuN protein. x200.

x200.

Puc. 3. Ixkcnipeccus 6es1ka NeuN B pa3HbIX 00/1aCTAX FOJIOBHOTO MO3ra.
Fig. 3. The NeuN protein expression in various brain areas.
Note. H&E — hematoxylin and eosin staining; NeuN — immunohistochemical staining for

IIpumeuanue. Penumbra/Necrotic zone — 3oHa neHymM6ps1/Hekpo3sa; H&E — okpacka
reMaTOKCUJINH-903UHOM; NeuN — NMMYHOTUCTOXUMUYECKAsi peakius Ha 6e1ok NeulN.

WHCYJIBETOM, TaK 1 6e3 HeTo.
Ha cerogHAIIIHUN T€Hb,
HECMOTpPSA Ha MHOMKECTBO
WCCJIeOBAaHUM IaToreHesa
HEBPOJIOTUYECKUX OCJIOKHE-
Huii npu COVID-19, He cyie-
CTBYeT J0Ka3aTeJIbCTB Heil-
pOIIaTOTeHHOCTHA BHpYyCa
SARS-CoV-2 [12]. HemHoro-
YUCJAeHHbIE HCCJIeIOBaHUSA,
BBISIBUBIIIKE B OTJEJIbHBIX
cJIy4asiX B TOJIOBHOM MO3Te
ymepmux or  COVID-19

Bupycuyio PHK wnnu Bupyc-
Hbl€ YaCTHUIIbI, HE JOKAa3bI-
BaioT poJib SARS-CoV-2 B
IaToreHese HeBpOJIOrnuye-
CKHUX OCJIOKHeHuu [13].

B HacrosameMm ncciaegoBaHuUM y IAlMEHTOB
ymepmux npu COVID-19 MbI BBIABUJIN HECIIELH-
(pryeckrie U3MeHeHMsI HEPBHBIX KJIETOK U IPU3HA-
KU HapylIeHusi KpoBooOpameHus. V3aMeHeHUs
HEMPOHOB BRJIIOYAJIA B CeOsT MPU3HAKY TSPKEJTbIX
MOBpeEsKIeHn (Tpyboe HapylieHne CTPYKTYPBI
OUTOIJIa3MBbl, AApa, AAPBIIIEK), B TOM YHUCJIe —
KapuoJi3uc (mobJieTHeHNe IUTONIa3Mbl U SI7IPA,

Puc. 4. YuacTku cpesa ¢ pasHoi UI'X-peaknueii Ha NeuN (x200).
Fig. 4. Sections with different IHC staining for NeuN (x200).

the necrotic and penumbra zones in the brain of pa-
tients with ischemic stroke. The pathophysiological
studies have shown that reduced staining for NeuN
helps distinguishing the ischemic focus [20, 21]. This
method may be used in pathologic histology as well.
The NeuN nuclear protein of nerve cells was discov-
ered in 1992. It is present in most mature neurons
with rare exceptions but has never been detected in

GENERAL REANIMATOLOGY, 2021, 17; 3
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g dysHbIN TOTATBHBIN JTU3KC cybcTanmy Hucc-
Jis, KJIETKU-TeHH). Kark 1npaBuso, KapuOJIU3UC
COIPOBOsKIA/ICS HelpoHodaruei. Takske BbISIBU-
Ji oOpaTuMble U3MEHEHUsI, 3aKJII0YAIOITIeCs B
ocTpoM HabyXaHUU HEHPOHOB ¥ IEPBUYHOM pPas-
npakennu. Obpaiaer Ha ceOs BHUMaHUEe 00JIb-
III0€e KOJINYEeCTBO HEHPOHOB C 9KCIEHTPUYHBIM
pacIoIoyKeHUEeM siep U ANPBIIIeK. ITOT IPU3HaK
HanboJIee 4aCcTo COYeTAJICS C OCTPHIM HabyXxaHHEM
HelripoHoB. ComtacHo uccaenoBanuio D. L. Mcll-
wain ¥ CoasT., IelleHTpaaIn3anus nep CBA3aHa co
CTPYKTYPHBIMHA H3MEHEHUsMHU LMUTOCKEeJIeTa,
00yCJIOBJIEHHBIMH TTOBPEYKIEHNEM aKCOHOB [14].
[ToBpeskIeHre aKCOHOB MOSKET OBITH KaK CJIe-
CTBHEM CHABJINBAHUA UX OTEKOM (IIepULIEJII0JIAD-
HBIN OTEK BBISIBUJIN BO BCEX UCCJIEIYEMBIX CJIy-
4asgx), TaKk W IPOSABJIECHUEM IIOBpEsKAaoIIero
JleiCTBUsI BUpPyCa HA HEPBHYIO TKAHb.
BeIABNI€eHHBIE INIPHU3HAKU KapUOLUTOJIN3A
MOTYT OBITHh OOYCJIOBJIEHBI THIOKCUYECKUM
IIOBPEsKAEHUEM I'OJI0BHOI'O MO3Id, BO3MOYKHBIMU
HellponaToreHHbIMU cBolicTBamMu Bupyca SARS-
CoV-2, TOKCUYECKUM JIeMICTBUEM JIEKAPCTBEHHBIX
IpenaparoB, UCII0JIb30BABIINXCA B CTallOHApe
IIpU JIe4eHNHU HOBOM KOPOHABUPYCHON NH(EKINH.
HauboJsiee BepOsTHON MPUYNHON HEUPOHO-
¢paruu, BBISIBJIEHHONH BO BCeX MCCJEJOBAHHBIX
ciay4asx, ABJIAeTCA TUIIOKCcHUA. M3BecTHO, 4TO
OVIH U3 MEXaHW3MOB aKTUBALlUA MUKPOILJIUU B
YCJIOBUAX TMIIOKCUU OIOCPEeNOBaH LUTOKWHA-
Mu [15]. OcoOeHHO BajkHAsA POJIb B aKTUBAIlUU
MUKPOLJIMY U PEeryJIupOBaHUY IKCIIPECCUU MUK-
pomINabHBIX PELeNTOPOB, y9aCTBYIOIINX B (paro-
LIUTO3€, OTBOJUTCSI UHTEPJIeNKUHY-6 U nHTep(de-
pory-rammMma [16]. [lokasano, yro npu COVID-19
OTMeYaeTcs NOBBIIIEHHBIE YPOBHA [UTOKUHOB,
BRJIIOYAsI MHTEPJAEUKUH-6 [17, 18]. AsibrepHaTUB-
HOU TMII0Te30 ABJIsAETCA IpsMoe JeliCTBUE BUPY-
ca, BeJyliiee K IIOBPesKIeHUsIM HePOHOB U Hell-
poHodarun. lMcxonss U3 pesynabTaToOB HaIIEro
HCCJIeJOBAaHMs, IIOATBEPAUTD UJIU OIIPOBEPTrHYTH
JaHHYIO TUII0Te3y He MPeACTaBJIAeTCa BO3MOXK-
HbIM. OHAKO, yYUTHIBAA NaHHbIE JIATEpaTypHl,
COIVIAaCHO KOTOPBIM MHBA3UsI BUPYCA B HEMPOHBI
Tak W He ObLIa JOKa3aHa, MaHHAs TUMOTe3a
SABJISIETCS MaJIOBEPOSITHOM [19].
UT'X-okpammuBanue Ha 6e10k NeulN 1MO3BO-
JINJIO B OOJIBIITMHCTBE CJIyYaeB YeTKO BU3YAJIN3H-
pOBaTh rpaHUIly MesKIy 30HOU HEKpo3a U 30HOU
MTeHyMOpBI B TOJIOBHOM MO3Te YMEPIIIHX C TUarHo-
CTUPOBAHHBIM UIIIEMAYECKAM UHCYJIBTOM. Cieny-
€T OTMEeTUTB, YTO B NaTO(U3NOJIOTHUUECKUX UCCJIe-
JOBAaHUAX CHUKeHHMe peakuun Ha NeuN
MO3BOJISIET BbIAeJUTh ouar umiemuun (20, 21]. He
VICKJTIOYEHO, YTO TAHHBIA METOJ MOSKET ObITh TPU-
MeHEeH U B IaTOIMCTOJIOTHYeCKOU TpaKkTuKe. fnep-
HBII 6eJI0K HEPBHBIX KJIETOK NeulN ObLT OTKPHIT B
1992 romy. OH IPUCYTCTBYET B OOJBITUHCTBE 3pe-
JIBIX HEHPOHOB 3a PEJKUM HCKJIIOUEHUEM, HO

glial cells. Due to this fact, antibodies to NeuN pro-
tein have been actively used for more than 20 years
in immunohistochemical studies of neuronal differ-
entiation for assessing the neuronal state and, in the
last decade, for the differential diagnosis in neuro-
oncological pathology [21-26].

Experimental data indicate that the intensity
of the immunocytochemical staining for NeuN in
the nucleus and cytoplasm may differ both among
nerve cells of the same type and between neurons
of different types. Obviously, the differences in the
intensity of staining for NeuN represent the differ-
ences in cellular expression of this protein related
to both the constitutive features of the neuron and
its functional state [20].

In general, the loss of NeuN staining proper-
ties indicates neuronal damage, but cannot be con-
sidered absolute evidence of neuronal death (ex-
pected or occurred), which should be remembered
when interpreting data from quantitative immuno-
histochemical studies [20]. In our study, areas with
decreased NeuN protein expression were detected
in patients both with and without ischemic stroke.

One should note that during autopsy cere-
brovascular atherosclerosis as well as evidence of
chronic hypertension with predominant heart and
kidney damage were detected in 100% (5 cases) of
patients diagnosed with ischemic stroke. Impor-
tantly, those who had both COVID-19 and cerebral
infarction demonstrated 50% and greater stenosis
of basilar cerebral arteries, whereas in patients
without cerebrovascular accidents, basilar artery
atherosclerosis was noted in 42% of cases (5 of 12)
and was less than 30%. The above-mentioned con-
ditions are major risk factors for ischemic stroke. Is-
chemic stroke occurring in COVID-19 is likely to re-
sult from a combination of hypoxia, underlying
disease, and risk factors. The neurotropic effect of
the virus also cannot be excluded since neuronal
changes detected in patients with ischemic stroke
outside the necrotic zone and in the ones without
cerebrovascular accidents are similar.

Conclusion

The present study provides evidence of brain
damage in patients who died from COVID-19 man-
ifested as nonspecific neuronal changes (acute
swelling of neurons, retrograde degeneration, kary-
olysis and cytolysis, ‘ghost’ cells, neuronophagia and
satellitosis) along with the signs of circulatory disor-
ders (perivascular and pericellular edema, hemor-
rhage per diapedesis, stasis, microcirculatory en-
gorgement), which can be due to hypoxia, but also
might associate with a direct neurotropic effect of
the virus. Ischemic stroke in COVID-19 could be
largely due to hypoxia resulting from respiratory fail-
ure and coexisting risk factors such as atherosclero-
sis of basilar cerebral arteries and hypertension.
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HUKOT/a He 0OHapy>KUBaJICA B KIeTKax inu. bia-
rogaps 9aToMy aHTuTesa kK 6esary NeulN yske Oosiee
20 J1eT aKTUBHO HCII0JIb3YIOTCSI B UMMYHOTUCTOXH-
MHWYECKUX MCCJIEIOBAHUAX HEHPOHAJILHOU qud-
¢hepeHITUPOBKH, JIJIsI OIIEHKU COCTOSTHUS HEPBHBIX
KJIETOK B HOpME U TIPU pa3JuYHbIX ITaTOJ0TAYe-
CKUX BO3JEHCTBUAX, a B IIOCJIEeIHEE TeCATUIETHE
u B quddepeHIuabHON MTaTOTUCTOJOTUYECKON
JMIMAarHOCTHKE B HEHPOOHKOJIOTUM [21-26].

JKCIlepuMeHTaJIbHbIE JaHHbIE CBUETEJIb-
CTBYIOT O TOM, YTO UHTEHCUBHOCTb UMMYHOIIUTO-
XUMUYeCcKor peakimu Ha NeulN B siipe U UATO-
Ijaa3Me MOYKET pas3jnvyarbCs Kak B IIpejesiax
HEPBHBIX KJIETOK OHOTO TUIIA, TAK U MEKAY Hell-
poHamu pa3dHoro Tuma. O4eBUJHO, YTO PA3TUIUS
B MHTEHCUBHOCTU peakiuu Ha NeuN oTpaskaior
pasJI4us B 9KCIIPECCUU TAHHOTO OesTKka B KJIETKE,
CBsI3aHHBIE KAaK C KOHCTUTYTUBHBIMU OCOOEHHO-
CTSIMM HeUpOHA, Tak U C ero GyHKIMOHAJIbHBIM
cocrossHHueM [20].

B 1iesioM, curTaeTcs, 4To nMoTrepsi HEPBHBIMU
KJIETKAaMU CBOMCTBA OKpAaIIMBaThCS Ha OeJIOK
NeuN yka3pIBaeT Ha MX MHOBpeKJeHUE, HO He
MOJKEeT OBITh 0€e3yCJTOBHBIM CBHJIETETHCTBOM
rubesii HEHPOHOB (0YKUTAeMOU HUJTU IPOU3OIIIE -
Iell), 4To cjaeayeT YYUThIBATh IPX UHTepIIpeTa-
LMY JAHHBIX KOJIMYEeCTBEHHOI'0 UMMYHOT'MICTOXH-
MHUYeCKOoro wucciaemoBanusa [20]. B Hamem
HCCJIeJOBAaHUM 00JIACTH C TOHUKEHHON 9KCIIpec-
cueii 6esika NeulN BBISB/ISAINCH KaK Y YMEPIIIUX C
JUarHOCTUPOBAHHBIM NIIIEMUYECKUM UHCYJIETOM,
Tak 1 6e3 Hero.

Caepyer orMeTurs, 4To y 100% (5 yesoBek)
YMepIINUX C UIIIeMUYeCKUM UHCYJIBTOM IIPU ITpOBe-
JIEeHUHU I1aTOJ0T0aHaTOMUYECKOI0 UCCJIeIOBAHUS
OBLII BBISIBJIEH aTEPOCKJIEPO3 aPTEPUI OCHOBAHUS
FOJIOBHOTO MO3ra, a TakK)Kke TUIepPTOHUYeCKasi
00JI€3Hb C TPENMYIIECTBEHHBIM IOpa’keHUeM
cepara v mouek. Obparaer Ha ce0sI BHUMaHUE TOT
daxkt, uro y ymepmux ¢ COVID-19 u undapkrom
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TOJIOBHOTO MO3Ta CTEHO3 apTepuil OCHOBAHUS
rOJIOBHOTO Mo3Tra ObL1 00JibIlle 50%, B TO BpeMs
KaK y MaleHTOB, y KOTOPBIX HE OBLIIN OTMEeYeHbI
OCTpbIe HapyIIeHUsI MO3TOBOTO KpoBooOpare-
HUs1, aTEPOCKJIEPO3 apTEPUI OCHOBAHUS I'OJIOBHO-
ro Mo3ra 066171 0TMeYeH B 42% cirydaeB (5 YeJIOBEK
n3 12) u 611 MeHee 30%. Jtu 3aboJsieBaHUA
SABJISIOTCSI OCHOBHBIMU (DAKTOPOM pHCKA UITIEMU-
YecKOr0 WHCYJIbra. BeposiTHO, uieMuyeckuil
WHCYJIBT, Bo3HUKawmii npu COVID-19, ssBasieTcs
cJieCTBHEM COYeTaHUS TUNOKCUU, UMEeIOIINXCS
3aboJieBaHUH 1 (PAKTOPOB PUCKA UIIIEMIUYECKOTO
WHCYJIETa Y 00JIbHOTO. Tak)ke HeJTb3s MCKJIOYUTD
HeHpONaTOreHHOCTh BUPYCA, TAK KAK BBISIBJIEH-
Hbl€ U3MEHEHN s HEPBHBIX KJIETOK Y ITAIIMEHTOB C
AIIeMUYeCKUMY UHCYJIETaMU BHE 30HbI HEKpPO3a
W'y TTarieHToB 0€e3 HapyIIIeHUs MO3TOBOT0 KPOBO-
oOpalreHuss aHaJIOTUYHBI.

3akJarouenue

Hacrosee nccienoBanue fo0Ka3bIBaeT HAJIN-
uyne nospesxaennusn LIHC y ymepmux ot COVID-19,
3aKJIovamleecs B HecleNU(MUYECKUX HU3MeHe-
HUSIX HEPBHBIX KJIETOK (OCTpOe Ha0yxaHue, IepBUY-
HOe pa3gpaskeHHe, KApUOLUTOJIN3, KJIEeTKU-TeHH,
HelpoHO(arus U carTejuTo3) U NpU3HaKax Hapy-
IIeHUsI KPOBOOOpaIleHusl (IepUBACKYISIPHBIN U
MIepULIeJUTIOJIPHBIN OTEK, Jualee3Hble KpOBOU3-
JIUSIHUS, CTa3bl, IOJTHOKPOBHE COCYI0B MUKPOIIUP-
KYJIATOPHOTI'O PYCJIa), YTO MOSKET OBITh 00yCJI0BJIe-
HO TUIIOKCHeH, HO TaKk)Ke He UCKJIIoYaeT IpsAaMoe
HeliponaToreHHoe JielicTBHe BUpyca. MOYKHO Ipe[-
MIOJIOKUTD, YTO CJIy4au HUIIeMHUYeCKOro MHCYJIBTa
ipu COVID-19 Bo MHOTOM 00YCI0BJIEHBI THIIOKCH-
eil, pasBUBaIOIIECs BCJIEACTBUE AbIXaTeTbHOMN
HEJJOCTaTOYHOCTH, U CYILIECTBYIOIIUX y O0JBHOTO
(haxTOpPOB pHUCKa — codYeTaHUsI aTepoCKjIepo3a
apTepuil OCHOBAHUA TOJIOBHOTO MO3Ta U TUIePTO-
HUYeCKOoH 00JIe3HU.

References

1. World Health Organization. Coronavirus disease (COVID-19) pande-
mic. 2021. Feb. 8 [cited 2021 April.12]. https: //www.who.int/emer-
gencies/diseases/novel-coronavirus-2019

2. Samsonova M.V,, Mikhaleva L.M., Zairatyants O.V, Varyasin V.V,, By-
kanova A.V,, Mishnev O. D., Berezovsky Yu. S., Tishkevich O. A., Gom-
zikova E. A., Chernyaev A. L., Khovanskaya T.N. Lung pathology of
COVID-19 in Moscow. Archive of Pathology = Arkhiv patologii. 2020;
82 (4): 32-40. [In Russ.]. DOI: 10.17116/patol20208204132

3. Remmelink M., De Mendonga R., D’Haene N., De Clercq S., Verocq C.,
Lebrun L., Lavis P, Racu M. L., Trépant A. L., Maris C., Rorive S., Gof-
fard]. C., De Witte O., Peluso L., Vincent J. L., Decaestecker C., Taccone
ES., Salmon I. Unspecific post-mortem findings despite multiorgan
viral spread in COVID-19 patients. Critical care. 2020; 24 (1): 495.
DOI: 10.1186/s13054-020-03218-5

4. Sisniega D.C., Reynolds A.S. Severe Neurologic Complications of SARS-
CoV-2. Curr Treat Options Neurol. 2021; 23 (5): 14. DOI: 10.1007/
511940-021-00669-1. PMID: 33814894; PMCID: PMC8009931

5. Harrison S.L., Fazio-Eynullayeva E., Lane D.A., Underhill P, Lip G.Y.H.
Higher Mortality of Ischaemic Stroke Patients Hospitalized with
COVID-19 Compared to Historical Controls. Cerebrovasc Dis. 2021;
26:1-6. DOI: 10.1159/000514137. PMID: 33774618

6. Desforges M., Le Coupanec A., Dubeau P, Bourgouin A., Lajoie L., Dubé
M., Talbot PJ. Human Coronaviruses and Other Respiratory Viruses:
Underestimated Opportunistic Pathogens of the Central Nervous Sy-

GENERAL REANIMATOLOGY, 2021, 17; 3

www.reanimatology.com



14

https://doi.org/10.15360/1813-9779-2021-3-1-0

Clinical Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

stem? Viruses. 2019; 12 (1): 14. DOI: 10.3390/v12010014. PMID:
31861926; PMCID: PMC7020001

Hamming 1., Timens W., Bulthuis M.L., Lely A.T., Navis G., van Goor
H. Tissue distribution of ACE2 protein, the functional receptor for
SARS coronavirus. A first step in understanding SARS pathogenesis.
J. Pathol. 2004; 203 (2): 631-637. DOI: 10.1002/path.1570. PMID:
15141377; PMCID: PMC7167720

Buzhdygan T.P, DeOre B.J., Baldwin-Leclair A., Bullock TA., McGary
H.M., Khan J.A., Razmpour R., Hale J.E, Galie PA., Potula R., Andrews
A.M., Ramirez S.H. The SARS-CoV-2 spike protein alters barrier func-
tion in 2D static and 3D microfluidic in-vitro models of the human
blood-brain barrier. Neurobiol Dis. 2020; 146: 105131. DOI:
10.1016/j.nbd.2020.105131. Epub 2020 Oct 11. PMID: 33053430;
PMCID: PMC7547916.

Paniz-Mondolfi A., Bryce C., Grimes Z., Gordon R.E., Reidy J., Lednicky
J., Sordillo E.M., Fowkes M. Central nervous system involvement by
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). J
Med Virol. 2020; 92 (7): 699-702. DOI: 10.1002/jmv.25915. PMID:
32314810; PMCID: PMC7264598.

Rhea E.M., Logsdon A.E, Hansen K.M., Williams L.M., Reed M.]., Bau-
mann KK, Holden S.J., Raber J., Banks WA., Erickson M.A. The S1
protein of SARS-CoV-2 crosses the blood-brain barrier in mice. Nat
Neurosci. 2021; 24 (3): 368-378. DOI: 10.1038/s41593-020-00771-8.
PMID: 33328624.

Bpemennsie MeTonuueckue pekomeHaanun «IIpodumakruka, nu-
arHOCTHKA U JiedyeHre HOBOI KopoHaBupycHoi nHdexnnu (COVID-
19). Bepcust 9 (26.10.2020) https: //static-0.minzdrav.gov.ru/sy-
stem/attachments/attaches/000/052/548/original/ %D0%9C%D0%
A0_COVID-19_%28v.9%29.pdf

Maury A., Lyoubi A., Peiffer-Smadja N., de Broucker T., Meppiel E. Ne-
urological manifestations associated with SARS-CoV-2 and other co-
ronaviruses: A narrative review for clinicians. Rev Neurol. 2021; 177
(1-2): 51-64. DOI: 10.1016/j.neurol.2020.10.001. PMID: 33446327;
PMCID: PM(C7832485.

Mukerji S.S., Solomon I.H. What can we learn from brain autopsies in
COVID-19? Neurosci Lett. 2021; 742: 135528. DOI: 10.1016/j.ne-
ulet.2020.135528. PMID: 33248159; PMCID: PMC7687409

Mcllwain D.L., Hoke V.B. The role of the cytoskeleton in cell body en-
largement, increased nuclear eccentricity and chromatolysis in axo-
tomized spinal motor neurons. BMC Neurosci. 2005; 6: 19. DOI:
10.1186/1471-2202-6-19. PMID: 15774011; PMCID: PMC1079867.

Brown G.C., Neher J.J. Microglial phagocytosis of live neurons. Nat.
Rev. Neurosci. 2014; 15: 209-216. DOI: 10.1038/nrn3710.

Lively S., Schlichter L.C. Microglia responses to pro-inflammatory sti-
muli (LPS, IFNgamma + TNFalpha) and reprogramming by resolving
cytokines (IL-4, IL-10) Front Cell Neurosci. 2018; 12: 215. DOI:
10.3389/fncel.2018.00215.

Chen X., Zhao B., QuY., ChenY, Xiong J., Feng Y., Men D., Huang Q.,
LiuY,, Yang B., Ding ., Li F. Detectable Serum Severe Acute Respira-
tory Syndrome Coronavirus 2 Viral Load (RNAemia) Is Closely Cor-
related With Drastically Elevated Interleukin 6 Level in Critically Ill
Patients With Coronavirus Disease 2019. Clin Infect Dis. 2020; 71 (8):
1937-1942. DOI: 10.1093/cid/ciaa449. PMID: 32301997; PMCID:
PMC7184354..

Liu ], Li S., Liu J., Liang B., Wang X., Wang H., Li W,, Tong Q., Yi J.,
Zhao L. Longitudinal characteristics of lymphocyte responses and cy-
tokine profiles in the peripheral blood of SARS-CoV-2 infected patients.
EBioMedicine. 2020; 55: 102763. DOL: 10.1016/j.ebiom.2020.102763.

Al-Dalahmah O., Thakur K.T., Nordvig A.S., Prust M.L., Roth W,, Lig-
nelli A., Uhlemann A.C., Miller E.H., Kunnath-Velayudhan S., Del Por-
tillo A., Liu Y., Hargus G., Teich A.E, Hickman R.A., Tanji K., Goldman
J.E., Faust PL., Canoll P Neuronophagia and microglial nodules in a
SARS-CoV-2 patient with cerebellar hemorrhage. Acta Neuropathol
Commun.2020; 8 (1): 147. DOI: 10.1186/s40478-020-01024-2. PMID:
32847628; PMCID: PMC7447601.

Anexceesa O. C., Iycenvnukosa B. B., besnun I B., Kopoicesckuit /1. .
TlepcrieKTUBBI UCIO/Ib30BaHUA sflepHOro 6esika NeuN B KauecTse
rokasareJis (PyHKIMOHATBHOIO COCTOSHUS HEPBHBIX KJIETOK Y 110-
3BOHOYHBIX. KYpHAN 960110UUOHHOL OGUOXUMUL U PHUSUOLO2UL.
2015; 51 (5): 313-323. https: //www.elibrary.ru/download/elibrary_
28359537_60959756.pdf

Sommer C. Histology and Infarct Volume Determination in Rodent
Models of Stroke. In: Dirnagl U. (ed.) Rodent models of stroke. New
York, USA: Springer Science+Business Media LLC; 2016: 263-278.

Iyceavnurosa B.B., Kopowcesckuii /.9. NeuN — HelpOHaJIbHBII
AZIepHBIN aHTUTeH U MapKep AuddepeHInpOBKY HEPBHBIX KJIETOK.
Acta Naturae (pycckosgviunas eéepcust). 2015; 7 (2): 25: 46-51. https:
/Iwww.elibrary.ru/download/elibrary_23555354_52689797.pdf

Ferrucci M., Biagioni E, Lenzi P, Gambardella S., Ferese R., Calierno
M.T, Falleni A., Grimaldi A., Frati A., Esposito V,, Limatola C., Fornai E
Rapamycin promotes differentiation increasing BIII-tubulin, NeuN,
and NeuroD while suppressing nestin expression in glioblastoma cells.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

stem? Viruses. 2019; 12 (1): 14. DOIL: 10.3390/v12010014. PMID:
31861926; PMCID: PMC7020001

Hamming 1., Timens W., Bulthuis M.L., Lely A.T., Navis G., van Goor
H. Tissue distribution of ACE2 protein, the functional receptor for
SARS coronavirus. A first step in understanding SARS pathogenesis.
J. Pathol. 2004; 203 (2): 631-637. DOI: 10.1002/path.1570. PMID:
15141377; PMCID: PMC7167720

Buzhdygan T.R, DeOre B.]., Baldwin-Leclair A., Bullock TA., McGary
H.M., Khan J.A., Razmpour R., Hale J.E, Galie PA., Potula R., Andrews
A.M., Ramirez S.H. The SARS-CoV-2 spike protein alters barrier func-
tion in 2D static and 3D microfluidic in-vitro models of the human
blood-brain barrier. Neurobiol Dis. 2020; 146: 105131. DOI:
10.1016/j.nbd.2020.105131. Epub 2020 Oct 11. PMID: 33053430;
PMCID: PMC7547916.

Paniz-Mondolfi A., Bryce C., Grimes Z., Gordon R.E., Reidy J., Lednicky
J., Sordillo E.M., Fowkes M. Central nervous system involvement by
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). J
Med Virol. 2020; 92 (7): 699-702. DOI: 10.1002/jmv.25915. PMID:
32314810; PMCID: PMC7264598.

Rhea E.M., Logsdon A.E, Hansen K.M., Williams L.M., Reed M.]., Bau-
mann KK, Holden S.J., Raber J., Banks WA., Erickson M.A. The S1
protein of SARS-CoV-2 crosses the blood-brain barrier in mice. Nat
Neurosci. 2021; 24 (3): 368-378. DOI: 10.1038/s41593-020-00771-8.
PMID: 33328624.

Iterim guidelines «Prevention, diagnosis and treatment of new coro-
navirus infection (COVID-19)». Version 9 (26.10.2020). Access mode:
https: //static-0.minzdrav.gov.ru/system/attachments/attaches/
000/052/548/original/ %D0%9C%D0%A0_COVID-19_%28v.9%29.pdf
[In Russ.]

Maury A., Lyoubi A., Peiffer-Smadja N., de Broucker T., Meppiel E. Ne-
urological manifestations associated with SARS-CoV-2 and other co-
ronaviruses: A narrative review for clinicians. Rev Neurol. 2021; 177
(1-2): 51-64. DOI: 10.1016/j.neurol.2020.10.001. PMID: 33446327;
PMCID: PM(C7832485.

Mukerji S.S., Solomon I.H. What can we learn from brain autopsies in
COVID-19? Neurosci Lett. 2021; 742: 135528. DOI: 10.1016/j.ne-
ulet.2020.135528. PMID: 33248159; PMCID: PMC7687409

Mcllwain D.L., Hoke V.B. The role of the cytoskeleton in cell body en-
largement, increased nuclear eccentricity and chromatolysis in axo-
tomized spinal motor neurons. BMC Neurosci. 2005; 6: 19. DOI:
10.1186/1471-2202-6-19. PMID: 15774011; PMCID: PMC1079867.

Brown G.C., Neher J.J. Microglial phagocytosis of live neurons. Nat.
Rev. Neurosci. 2014; 15: 209-216. DOI: 10.1038/nrn3710.

Lively S., Schlichter L.C. Microglia responses to pro-inflammatory sti-
muli (LPS, IFNgamma + TNFalpha) and reprogramming by resolving
cytokines (IL-4, IL-10) Front Cell Neurosci. 2018; 12: 215. DOI:
10.3389/fncel.2018.00215.

Chen X., Zhao B., QuY., ChenY, Xiong J., Feng Y., Men D., Huang Q.,
LiuY,, Yang B., DingJ., Li F. Detectable Serum Severe Acute Respira-
tory Syndrome Coronavirus 2 Viral Load (RNAemia) Is Closely Cor-
related With Drastically Elevated Interleukin 6 Level in Critically Il
Patients With Coronavirus Disease 2019. Clin Infect Dis. 2020; 71 (8):
1937-1942. DOI: 10.1093/cid/ciaa449. PMID: 32301997; PMCID:
PMC7184354.

Liu]., Li S., Liu J., Liang B., Wang X., Wang H., Li W., Tong Q., Yi J.,
Zhao L. Longitudinal characteristics of lymphocyte responses
and cytokine profiles in the peripheral blood of SARS-CoV-2 in-
fected patients. EBioMedicine. 2020; 55: 102763. DOI: 10.1016/
j.ebiom.2020.102763.

Al-Dalahmah O., Thakur K.T., Nordvig A.S., Prust M.L., Roth W,, Lig-
nelli A., Uhlemann A.C., Miller E.H., Kunnath-Velayudhan S., Del Por-
tillo A., Liu Y., Hargus G., Teich A.E, Hickman R.A., Tanji K., Goldman
J.E., Faust PL., Canoll P Neuronophagia and microglial nodules in a
SARS-CoV-2 patient with cerebellar hemorrhage. Acta Neuropathol
Commun.2020; 8 (1): 147. DOI: 10.1186/s40478-020-01024-2. PMID:
32847628; PMCID: PMC7447601.

Alekseeva O.S., Guselnikova V.V,, Beznin G.V,, Korzhevsky D.E. Pro-
spects of using the NeuN nuclear protein as an indicator of the func-
tional state of nerve cells in vertebrates. Zhurnal evolyutsionnoj bio-
khimii i fiziologii. 2015; 51 (5): 313-323 [In Russ.]. https:
/Iwww.elibrary.ru/download/elibrary_28359537_60959756.pdf

Sommer C. Histology and Infarct Volume Determination in Rodent
Models of Stroke. In: Dirnagl U. (ed.) Rodent models of stroke. New
York, USA: Springer Science+Business Media LLC; 2016: 263-278.

Guselnikova V.V,, Korzhevsky D.E. NeuN-neuronal nuclear antigen
and marker of differentiation of nerve cells. Acta Naturae. 2015; 7 (2):
25: 46-51 [In Russ.]. https: //www.elibrary.ru/download/elibrary_
23555354_52689797.pdf

Ferrucci M., Biagioni E, Lenzi R, Gambardella S., Ferese R., Calierno
M.T, Falleni A., Grimaldi A., Frati A., Esposito V,, Limatola C., Fornai E
Rapamycin promotes differentiation increasing BIII-tubulin, NeuN,
and NeuroD while suppressing nestin expression in glioblastoma cells.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 3



https://doi.org/10.15360/1813-9779-2021-3-1-0
KianHu4eckue UCCIEeL0OBaHUSA

24.

25.

26.

Oncotarget. 2017; 8 (18): 29574-29599. DOI: 10.18632/oncotarget.
15906. PMID: 28418837; PMCID: PMC5444688

Rauniyar S., Shen Zh., Lei W,, Gu J., Pengjin M., Yu R. Primary granu-
losa cell tumor of cerebellum: A rare case report. Interdisciplinary
Neurosurgery. 2021; 23: 100992 DOI: 10.1016/j.inat.2020.100992.

Yoshikawa T., AkiyoshiY., Susumu T., Tokado H., Fukuzaki K., Nagata
R., Samukawa K., lwao H., Kito Go. Ginsenoside Rb1 Reduces Neuro-
degeneration in the Peri-infarct Area of a Thromboembolic Stroke
Model in Non-human Primates. Journal of Pharmacological Sciences.
2008; 107 (1): 32-40. DOTI: 10.1254/jphs.FP0071297.

Luo S.Y, Li R, Le Z.Y,, Li Q.L., Chen Z.W. Anfibatide protects against
rat cerebral ischemia/reperfusion injury via TLR4/JNK/caspase-3 pa-
thway. Eur. J. Pharmacol. 2017; 807: 127-137. DOI: 10.1016/j.ejp-
har.2017.04.002.. PMID: 28390871.

Iocrynuia 18.04.21

24.

25.

26.

Oncotarget. 2017; 8 (18): 29574-29599. DOI: 10.18632/oncotarget.
15906. PMID: 28418837; PMCID: PMC5444688

Rauniyar S., Shen Zh., Lei W., Gu J., Pengjin M., Yu R. Primary granu-
losa cell tumor of cerebellum: A rare case report. Interdisciplinary
Neurosurgery. 2021; 23: 100992 DOI: 10.1016/j.inat.2020.100992.

Yoshikawa T., AkiyoshiY., Susumu T., Tokado H., Fukuzaki K., Nagata
R., Samukawa K., lwao H., Kito Go. Ginsenoside Rb1 Reduces Neuro-
degeneration in the Peri-infarct Area of a Thromboembolic Stroke
Model in Non-human Primates. Journal of Pharmacological Sciences.
2008; 107 (1): 32-40. DOTI: 10.1254/jphs.FP0071297.
Luo S.Y, Li R, Le Z.Y,, Li Q.L., Chen Z.W. Anfibatide protects against
rat cerebral ischemia/reperfusion injury via TLR4/JNK/caspase-3 pa-
thway. Eur. J. Pharmacol. 2017; 807: 127-137. DOI: 10.1016/j.ejp-
har.2017.04.002.. PMID: 28390871.

Received 18.04.21

GENERAL REANIMATOLOGY, 2021, 17; 3

www.reanimatology.com

15



16

https://doi.org/10.15360/1813-9779-2021-3-2-0

Clinical Studies

BuoMapkepsl IOBpesKAEHUsI CTPYKTYP adporeMaTH4eckoro dapbepa
npu COVID-19

M.B. Xamgkuenal23*, A.C. I'pauesa’?, A.B. Epmios!, 10.B. Uypcunosa?,
B.A. Crennanos?, JI.C. ABgeiikuna®, O.A. 'pebernunkoB!, A.C. babkuna',
A.K. Ta6anos'®, A.B. Tytesiban’, C.C. [lerpukos’, A.H. Ky3osJes!

! HUU obuieit peanumarosioruu uM. B. A. Herosckoro ®HKII PP,
Poccus, 107031, . Mocksa, yir. [leTpoBKa, 1. 25, cTp. 2
2 HanmoHaIbHBIN MEeUIIMHCKUI MCCIIeJOBATEIbCKUIN IEHTP JEeTCKON reMaTOJIOTHH,
OHKOJIOTMY U UMMYHOJIOTUH UM. JImutpusa Porauesa Munsnpasa Poccun,
Poccus, 117997, . Mocksa, yi1. Camopel Mamresna, 1. 1
3 HCcTUTYT 0011el reHeTuku uM. H. V1. BaBuisioa PAH,
Poccus, 119991, . MockBa, yi1. I'yokuHa, 1. 3
4 MOCKOBCKHI 00/IaCTHON HAYy4YHO-UCCJIEI0BATE/IbCKUNA KIMHUYECKUH NHCTUTYT UM. M. @. Byiagumupckoro,
Poccus, 129110, . Mocksa, yi. lllenknHa, a. 61/2
> BopoHOBCKas 6osbHHIA [I3M,
Poccus, 142160, . MockBa, nocesienne BopoHoBckoe, nocesok JIMC
5 HIU cropoii momormu uM. H. B. Crindocosckoro J[3M,
Poccus, 129010, r. MockBsa, bosbmaa CyxapeBckas Iomanb, i. 3
7 HenTtpansubiii HY artmnemuonoruu Pocniorpe6Hansopa,
Poccus, 111123, . Mocksa, yi1. HoBorupeesckas, 1. 3a

Biomarkers of Air-Blood Barrier Damage In COVID-19

Maryam B. Khadzhieva'>%*, Alesya S. Gracheva'?, Anton V. Ershov!, Yulia V. Chursinova?*,
Vadim A. Stepanov*, Lyudmila S. Avdeikina®, Oleg A. Grebenchikov!, Anastasia S. Babkina',
Aslan K. Shabanov'$, Alexey V. Tutelyan’, Sergey S. Petrikov$, Artem N. Kuzovlev!

1'V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Bldg. 2, 107031 Moscow, Russia
2D. Rogachev Federal Scientific Clinical Centre of Pediatric Hematology, Oncology and Immunology, Ministry of Health of Russia,
1 Samora Mashela Str., GSP-7, 117997 Moscow, Russia
3 N. I. Vavilov Institute of General Genetics, Russian Academy of Sciences,
3 Gubkin Str., 119991 Moscow, Russia
4 M. E. Vladimirsky Moscow Regional Research Clinical Institute
61/2 Shchepkin Str., 129110 Moscow, Russia
5Voronovskaya Hospital, Moscow City Health Department
LMS village, Voronovskoe settlement, 142160 Moscow, Russia
6 N. V. Sklifosovsky Research Institute of Emergency Medicine,
3 Bolshaya Sukharevskaya Square, 129090 Moscow, Russia
7 Central Research Institute of Epidemiology, Rospotrebnadzor,
3a Novogireevskaya Str., 111123 Moscow, Russia

Just nurupoBanust: M.B. Xadocuesa, A.C. I'pauesa, A.B. Epwios, FO.B. Uypcunosa, B.A. Cmenanos, JI.C. Agdetikuna, O.A.
I'pebenuuros, A.C. Babkuna, A.K. [llabanos, A.B. Tymeavsin, C.C. [lempukos, A.H. Ky30e.ie8. BuoMapkepbl IOBPEKIEHUs
CTPYKTYp asporeMarudeckoro 6apbepa mnpu COVID-19. Obwas peanumamonoeus. 2021; 17 (3): 16-31.
https://doi.org/10.15360/1813-9779-2021-3-2-0 [Ha pycck. u aHrvI.]

For citation: Maryam B. Khadzhieva, Alesya S. Gracheva, Anton V. Ershov, Yulia V. Chursinova, Vadim A. Stepanov, Lyudmila
S. Avdeikina, Oleg A. Grebenchikov, Anastasia S. Babkina, Aslan K. Shabanov, Alexey V. Tutelyan, Sergey S. Petrikov, Artem N.
Kuzovlev. Biomarkers of Air-Blood Barrier Damage In COVID-19. Obshchaya Reanimatologiya=General Reanimatology. 2021;
17 (3): 16-31. https://doi.org/10.15360/1813-9779-2021-3-2-0 [In Russ. and Engl.]

Pe3rome

[TorCK 9YyBCTBUTEIBHBIX U CHENU(PUIHBIX MAPKEPOB, ITO3BOJISIONINX CBOEBPEMEHHO BBISIBUTH MaIlUeH-
TOB C HOBOI KOpOHaBUPYCHOU nHPekmeit COVID-19 ¢ BLICOKUM PUCKOM CMEPTH, SIBJISIETCS 00513aTeTbHBIM
YCJIOBUEM /151 00ecrieYeHrsI UX CBOEBPEMEHHOTO JIeYeHHUST.

Iless McciIef0BaHUA — OIlEHKA ACCOIMAIINY MOJIEKY/ISIPHBIX OMOMapKepOB MOBPESKIEHHA CTPYKTYP
asporemarnyeckoro bapbepa (cypdakranTHbie 6e1ku SP-A u SP-D u 6esi0k kieTok Kitapa CC16) ¢ ucxomom
3aboJieBaHuA manueHTos ¢ COVID-19.
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Knunudyeckue HCCJaeqoBaHuA

MarepuaJsl # MeTOABI. BEIOOpKY 13 109 4esT0BeK peTPOCIIEKTUBHO Pa3Je/uiIi Ha JBEe IPYIIEL; 1-10
TPYIIly COCTaBUJIA NTAalMEHTHI, Beinucanuble n3 OPUT B ynosserBopuTesasHOM cocroannu (17=90), 2-10
rpymiy chOpMHUPOBAIH M3 MTAIFIEHTOB C JIETAIbHBIM UCX0IoM (7=19). Acconmariiio ncxoyaa 3aboaeBaHusI 1
conepskanusa SP-A, SP-D u CC16 B CBIBOPOTKE KPOBU, KIIMHUYECKUX U JTAOOPATOPHBIX TAHHBIX BBISBJISIIH C
y4eToM JIHS 3abopa OrmoMareprasia C MOMEHTA OSIBJIEHUs TePBBIX cuMToMoB COVID-19.

Pesyaprarhl. Y MalMEHTOB C JIETAJIBHBIM MCXOJOM I10 CPABHEHUIO C ITAaIMEHTAMH, BBIIIACAHHBIMU U3
OPUT B ygoB/I€TBOPUTEIBHOM COCTOSIHUH, YCTAHOBUJIN MTOBBIIIEHHYIO KOHIIeHTpanuio SP-A ¢ 1-x o 10-e
CyTKHU U CHIYKeHHYI0 — CC16 ¢ 11-x 110 20-e CyTKH NOsIBJIEHUsI IePBBIX CUMIITOMOB, A1 SP-D — craTucrtu-
YeCKU 3HaYNMBIX Pa3/Inuniil He 00HAPY KUJIH.

3axkurrouenwue. [1o pe3ysisraTaM HaCTOSIIIETO NCCIeIOBAaHUs Cyp(aKTaHTHBINA 6eJI0K SP-A 1 6eJI0K KIETOK
Kirapa CC16 accorumpoBaHsI € JieTaJabHbIM HcxogoM oT COVID-19.

Knaroueevie croea: cypgharxmanmublit 6enok SP-A; cypgparmanmmuulii 6enox SP-D; 6enok knemor Knapa
CC16; COVID-19

KoHuukT HHTEpecoB. ABTOPEI 3asIBJIAIOT 00 OTCYTCTBUH KOH(JINKTA NHTEPECOB.
duHaHcUpOBaHHUe. llccieqoBanne BBIIOJIHEHO IIpU UHAHCOBOU nopaepskke POPI B pamkax Ha-
y4Horo nnpoekra Ne 20-04-60352.

Summary

The search for sensitive and specific markers enabling timely identification of patients with a life-threat-
ening novel coronavirus infection (COVID-19) is important for a successful treatment.

The aim of the study was to examine the association of molecular biomarkers of air-blood barrier damage,
surfactant proteins SP-A and SP-D and Club cell protein CC16, with the outcome of patients with COVID-19.

Materials and methods. A cohort of 109 patients diagnosed with COVID-19 was retrospectively divided
into two groups. Group 1 comprised survivor patients discharged from the ICU (n=90). Group 2 included the
patients who did not survive (n=19). Association of disease outcome and SP-A, SP-D, and CC16 levels in blood
serum, clinical, and laboratory data were examined taking into account the day of illness at the time of bio-

material collection.

Results. The non-survivors had higher SP-A (from days 1 to 10 of symptoms onset) and lower CC16 (from
days 11 to 20 of symptoms onset) levels vs survivors discharged from ICU. No significant differences in SP-D

levels between the groups were found.

Conclusion. According to the study results, the surfactant protein SP-A and Club cell protein CC16 are as-

sociated with increased COVID-19 mortality.

Keywords: surfactant protein SP-A; surfactant protein SP-D; Club cell protein CC16; COVID-19
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BBenenue

B 2019 r. B Kuraiickoit HapogHoii Peciry6.1u-
ke (KHP) npousomniia BCIbIIIKAa HOBOM KOPOHABU-
PyCHOU MH(GEKIINY C IMUIEHTPOM B TOPOJIe YXaHb
(mpoBuHIMA Xy03i1), BO3OYIUTEI0 KOTOPOU OBLIO
NIpUCBOEHO o(purmanbHoe HazBaHue SARS-CoV-2.
BcemupHas opraHusanusi 3IpaBOOXpaHEHUs
(BO3) 11 deBpaJist 2020 r. mpucBousa opuimamb-
HOe Ha3BaHWe UH(EKIUH, BBI3BBAHHOU HOBBIM
kopoHaBupycom, — COVID-19 («Coronavirus dis-
ease 2019»). B HacTos11iee BpeMs maHieMUsI HOBOH
KOPOHABUPYCHOM MH(EKIINU OXBaTHJIa BCe CTPa-
Hbl mupa. Ha Hayasio anpena 2021 roga 4yucio
cJIyyaeB 3apaskeHus COCTaBUIIO H6osee 138 Mui-
JINOHOB, U3 KOTOPBIX 2,9 MUJIJIMOHA C JIeTaJIbHbIM
HCXOIOM.

[Topsaka 10% cayyaB HOBOM KOPpOHaBUPYC-
Hoit mH@ekmuu COVID-19 mnporekaeT KpariHe
TSSKEJI0 C PAa3BUTHEM OCTPOM JbIXaTeJbHOU U
MIOJIMOPTaHHOU HeI0CTaTOYHOCTH, KOIJ[a ITalieH-

Introduction

In 2019, the People's Republic of China (PRC)
faced an outbreak of a novel coronavirus infection
with an epicenter in Wuhan City, Hubei Province,
whose causative agent has been officially named
SARS-CoV-2. On February 11, 2020, the World
Health Organization (WHO) officially labeled the
infection caused by the new coronavirus as COVID-19
(«Coronavirus disease 2019»). The novel coron-
avirus infection pandemic is now spreading around
the world. As of early April 2021, the number of
cases of infection was more than 138 million, of
which 2.9 million were fatal.

About 10% of cases of the novel coronavirus
infection COVID-19 is extremely severe with the de-
velopment of acute respiratory and multiple organ
failure, when a patient requires vital function sup-
port, including prolonged respiratory support and
an extended stay in the intensive care unit (ICU).
The pathogenesis of critical illness in COVID-19 is
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Ty TpebyeTcsi IpOTe3NpPOBaHUE KU3HEHHO-BaK-
HBIX (DYHKIWH, B T. 4. JINTEeIbHAsI peCIipaTopHasi
IO Iep>KKa v TPOJIJIEHHOE ITpeObIBaHNE B OTHE -
HUU peaHUMAllUd W WHTEHCUBHOU Tepamnuu
(OPUT). ITaToreHe3 KPUTUYECKUX COCTOSTHUU MIPHU
MH(pEeKIUY, BbI3BAHHOU HOBBIM KOPOHAaBUPYCOM
SARS-CoV-2, 3akto9aeTcsi B MaCCUBHOM MTOBpeEsKIe-
HUU JIbBEOJIOIIUTOB (IPEUMYIIIECTBEHHO 2-T'0 TUIIA)
U 9HJIOTEJIMOLUTOB, PA3BUTHUN TUIIEPUMMYHHON
peaknuu («IIMTOKAHOBBIN IIITOPM»), pacipocTpa-
HEHHOM TPOMOO03€ COCYI0B MUKPOIUPKY/ISATOPHOTO
pyciia, IOJUOPraHHOM HeZoCcTaToyHOCTH [1-4].
Bravasie mpoucxonouT IPOHUKHOBEHUE BUpyCa B
aNUTEJIMAJIbHBIE PECHUTYAThIe KJIETKU HOCOBOU
IIOJIOCTU C MOCJIenyomell pelinKanieil B HUX.
Jaee BUpyC IDOHUKAET B IIATE/IMAJIbHbBIE KIIeTKA
IbIXaTeJIbHBIX yTel. HamboJtee Tsokes10e TedeHne
KOPOHaBUPYCHOU MH(PEKIINU CBSI3aHO C AKTUBHOU
peruikanyel Bupyca v opMUpPOBaHNEM BBICOKOM
BAPEMMH, UTO MPUBOAUT K MOBPEKIEHUIO Mpe-
HMYIIECTBEHHO aJIbBE0JIOLUTOB 2-I0 TAIA (CTBO-
JIOBBIX KJIETOK JIETKMX) ¥ aKTUBAIMH KOMIIOHEHTOB
BPOYKICHHOT'O UMMYHUTETA, BHI3bIBAsI BblICJICHUE
3HAYUTEJIFHOTO KOJTMYECTBA MEAUATOPOB BOCTIAIe-
HYA C pa3BUTHUEM «IIUTOKUHOBOIO IITOpMa» [1, 5].
AHAJIOTUYHO TIOBPEKIAIOTCA dNUTeJHa/IbHbIE
KJIETKU JKeJyAKa, TOHKOU U TOJICTOM KHIIKU,
WMeIOIIYe PelenToOPbl aHTMOTEH3WH-TIPEBPAIIAI0-
mero ¢epmenrta 2. Kpome TOro, AucceMUHaIs
SARS-CoV-2 13 cMCTEMHOTI0 KPOBOTOKA WJIN Yepe3
IJIACTUHKY PelIeTyaToi KOCTU MOYKeT [IPUBECTHU K
IIOBPEsKICHUIO I'OJIOBHOIO Mo3ra. B peasysbrare
MAaCCHBHOTO TIOBPEKJIEHUsI aJbBEOJIOIIUTOB U
9HJIOTEJIUOIUTOB NMPU NH(PUIIMPOBAHUN BUPYCOM
SARS-CoV-2 npoucxoqut HapyuieHre (hyHKIIMOHU-
pOBaHUs adporeMaTUYecKoro bapbepa u cypdak-
TaHTHOI'O aJIbBEOJIAPHOIO KOMILJIEKCa [6].
MHorue MexaHu3MbI nnaroreiesa COVID-19
OCTAIOTCA HEeOCTATOYHO U3Y4YEeHHBIMHU, HO, KaK U
IIpU APYTUX PECNUPATOPHBIX BUPYCHBIX UH(EK-
[UsIX, XapaKTep TeYeHWsI U HCXojd 0oje3HU B
[eJI0M ONpeJeIAI0TCSA HEMMOCPEeICTBEHHBIM BO3-
JlelficTBUEM BHpPyca Ha OPraHM3M 4eJIOBeKa, 0CO-
OEHHOCTIMM WMMYHHOT'O OTBETA W BJIASTHUEM
MIPUCOeTUHSIONENC GakTepruaabHOU HWHQEK-
uuu [7]. Y nuH(UIMPOBAHHBIX TAIIUEHTOB MOKET
Ha0JTI0IaThCS JIMXOPAJIKa, BEICOKAs TEMIIEPATYPA,
KallleJIb, MAAJITHUSA, BblJleJIeHrne MOKPOTHI, TOJI0B-
Hasa 60J1b, KPOBOXapKaHbe, AUapesi, OAbIIIKA, U B
HEKOTOPBIX CJydasix — OCTPBIN peclupaTopHbIN
nuctpecc-cuaapom (OPJIIC), ocTtpass cepaedHas
HEeJJ0CTAaTOYHOCTh WU BTOpUYHASA MHGpEKIU [8,
9]. IlpuMepHO y TPETH KPUTUYECKH OOJHHBIX
mareHToB ¢ COVID-19 pasBuBaioTcsi TPOMOOTH-
YecKHe OCJIOKHEHHs — OT TpoM0O03a MIy0OKUX
BEH /IO UIIIEMUYECKOTO WHCY/IbTa U TPOoMO03aMO0-
Juu jierouHou aptepuu (TIJIA) [10].
CypdakTaHT JIerkux uyejioBeKa Mpe/iCTaB-
JsieT co00W MHOTOMOJIEKYISPHBIN KOMIIJIEKC,

associated with massive damage of alveolar (mainly
type 2) and endothelial cells, the development of
hyperimmune reaction («cytokine storm»), wide-
spread microvascular thrombosis, and multiple
organ failure [1-4]. Initially, the virus penetrates the
epithelial ciliated cells of the nasal cavity and repli-
cates thereafter. Then the virus enters the epithelial
cells of the respiratory tract. The most severe course
of coronavirus infection is associated with active
viral replication and heavy viremia, which leads to
damage of mainly type 2 alveolar cells (lung stem
cells) and activation of innate immunity compo-
nents, causing the release of a large amount of in-
flammatory mediators with the development of
«cytokine storm» [1, 5]. The epithelial cells of the
stomach, small and large intestine having the ACE2
receptors are similarly damaged. In addition, dis-
semination of SARS-CoV-2 from the systemic circu-
lation or via cribriform plate can produce brain
damage. Massive damage to alveolar and endothe-
lial cells during SARS-CoV-2 infection results in dis-
ruption of the air-blood barrier and the surfactant
alveolar complex [6].

Many mechanisms of COVID-19 pathogenesis
remain poorly understood, but as with other respi-
ratory viral infections, the course and the outcome
of the disease are generally determined by the direct
effect of the virus on the body, individual immune
response and the associated bacterial infection [7].
Infected patients may present with fever, cough,
myalgia, sputum production, headache, hemopty-
sis, diarrhea, shortness of breath, and in some cases,
acute respiratory distress syndrome (ARDS), acute
heart failure, or secondary infections (8, 9]. Approx-
imately one-third of critically ill patients with
COVID-19 develop thrombotic complications, rang-
ing from deep vein thrombosis to ischemic stroke
and pulmonary embolism (PE) [10].

Human lung surfactant is a multimolecular
complex, which is synthesized in the endoplasmic
reticulum of type 2 alveolar cells; it consists of 90%
lipids and 10% of surfactant proteins (hydrophilic
SP-A, SP-D, and hydrophobic SP-B, SP-C) [11, 12].
SP-A and SP-D proteins play an important role in
immune protection against bacteria, viruses and
fungi, whereas SP-B and SP-C are primarily in-
volved in regulation of surfactant biophysical prop-
erties. Club (also Clara) cell protein (CC16) is one
of the immunosuppressive and anti-inflammatory
proteins secreted by non-ciliary cells of bronchi-
oles [13]. SP-A, SP-D, and CC16 are considered in
the current literature as peripheral biomarkers of
lung diseases such as ARDS, nosocomial pneumo-
nia (NP), chronic obstructive pulmonary disease
(COPD), asthma, lung cancer, and idiopathic pul-
monary fibrosis [14-17]. In our earlier studies, SP-
D, SP-A, and Club cell protein were proven to be
prognostic and diagnostic markers of damage to

the air-blood barrier in surgical intensive care pa-
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KianHu4eckue UCCIEeL0OBaHUSA

KOTOPBIN CUHTE3UPYETCS B 9HI0NIa3MaTUUEeCKOM
peTuxryJiyMe ajJbBe0oJIOLUTOB 2-ro TUMa; Ha 90%
COCTOUT U3 JTUNUAO0B 1 Ha 10% 13 cyp(akTaHTHBIX
npoTenHoOB (rupoduibHbix SP-A, SP-D u rugpo-
¢obuBIX SP-B, SP-C) [11, 12]. SP-A u SP-D 6eku
WUrparoT BaKHYIO POJIb B UMMYHHOU 3aIyTe Ipo-
TUB OaKTepwii, BUPYCOB 1 rpubOB, Torga kak SP-B
u SP-C B iepBy10 04epeab y4acTBYIOT B MOIYJIMPO-
BaHWU OMO(PUINUECKNX CBOWCTB CypdaKTaHTa.
besok kaetok Kiapa (Club Cell Protein, CC16)
ABJSAETCA ONHHUM W3 HMMYHOCYIPECCUBHBIX U
MIPOTUBOBOCHAINTEHHBIX OEJIKOB, CEKpETHpYe-
MBIX HEPECHUTUYATBIMU KJIETKaMH OpOHXUOJT [13].
SP-A, SP-D u CC16 B coBpeMeHHOU JuTeparype
paccMmaTpuBaOTCA Kak mepudepudyeckue OMO-
MapKepbl TaKuX 3a00JieBaHui Jierkux, kak OPJIC,
HO30KOMUaJIbHaA MHeBMoHuA (HII), XxpoHnueckas
obcTpykTuBHasA 6ose3Hb gerkux (XOBJI), acTma,
pak JIerKoro, UAUONaTUYeCKUN JIETOYHBIN pub-
pos [14-17]. B Hamux paHHUX UCCJIeJOBAHUAX
ObLTa JoKasaHa HHGOPMATUBHOCTE SP-D, SP-A u
besika kyeTok Kjapa Kak IPOTHOCTHUYECKUX U
JIVAarHOCTUYECKUX MapKepOB TOBPEXKIeHUs
CTPYKTYpP a9pOoreMaTH4ecKkoro Oapbepa y Xupyp-
TMYeCKUX peaHNMaIMOHHBIX TanneHToB ¢ OPIIC u
HIT [18]. [TosryueHre HOBBIX 3HAHUU O KaHIWAT-
HBIX MOJIEKYJIAPHBIX MapKepax IOBpPeKIeHUsA
CTPYKTYp asporeMaTudyeckoro Oapbepa IIpHa
HOBOU KOPOHABUPYCHON HMH(QEKIUU IT03BOJUT
pas3paborark aATOPUTMbI pAaHHEH TUAarHOCTUKYU 1
MMPOTHO3UPOBAHM I UCXOJIOB OCTPOMU JAbIXaTe TbHOM
HEJOCTAaTOYHOCTH Y peaHUMAIOHHBIX [1alIUeHTOB
¢ COVID-19.

Llenpb uccaenoBaHus — OlLlEHKA acCOIUAIINUA
MOJIEKYJISIDHBIX OMOMapKepoB TOBpPEKIEHUS
CTPYKTYp aaporeMarudeckoro 6apnepa (cypdak-
TaHTHBIe 0eJKu SP-A u SP-D u 0eJIOK KJIETOK
Knapa CC16) ¢ ucxogom 3abosieBaHusI AIeHTOB
¢ COVID-19.

MarepuaJ 1 MeToabI

B uccinenoBanun npuHAMM ydyactue 109 yesnoBex,
rocinutamuarpoBaHHbx B OPUT I'BY3 MO MOHUKU nm.
M. ®. Bragumupckoro, MKIIME «Boponosckoe» 1 HUN
CITum. H. B. Cryudocosckoro /I3M ¢ nuarnozom COVID-
19 B mepuop c 27 anpesisi 1o 31 oktsabpst 2020 rona. Juar-
HO3 OBLJI IIOITBEPSKIEH JJab0paTOPHBIM TECTHPOBAHIEM
HEe3aBUCUMO OT TSPKECTH KJIMHUYEeCKUX IIPU3HAKOB UJIN
CHMIITOMOB B COOTBETCTBUM C BpEMEHHBIMU MeToguye-
CKUMH pekoMeHJanusiMu «IIpoduiakTuKa, TUarHO-
CTHKA U JleueHHe HOBON KOPOHaBUPYCHOHN MHMpeKIUu
(COVID-19)» Munsgpasa Poccun. [ly1a nocaeaymomero
aHaJIM3a MCI0JIb30BAJIN JaHHbIE 00 OOIIVX XapaKTepH-
CTHUKAaxX CTAllMOHAPHBIX MAI[MEeHTOB, KJIUHUKO-jJ1abopa-
TOPHbIE U UHCTPYMeHTa/IbHbIE JaHHBIE.

Kpurepun BKJIIOUEHHUsI B HCCJIeJOBaHUe: Iallu-
€HTBI 000HX ITOJIOB B Bo3pacTe 18 JjieT u cTapiie; cora-
CHUe Ha yJacTue B UCC/IeJOBaHUU U 3aII0JIHEHHe COOTBeT-
cTByloliedl ¢dhopMbl UH(POPMUPOBAHHOIO COIVIACHUS;
OTCYTCTBHE HAa MOMEHT BKJIIOUEHHU, a TAKKe Ha IIPOTsI-

tients with ARDS and NP [18]. The new knowledge
on candidate molecular markers of air-blood bar-
rier damage in the novel coronavirus infection
would enable the development of algorithms for
early diagnosis and prognostication of acute respi-
ratory failure in intensive care patients with
COVID-19.

The aim of this study is to evaluate the associ-
ation of molecular biomarkers of air-blood barrier
(surfactant proteins SP-A and SP-D and Club cell
protein CC16) with the outcome in patients with
COVID-19.

Materials and Methods

The study involved 109 patients diagnosed with
COVID-19 and hospitalized in the ICU of M.E
Vladimirsky Moscow Regional Clinical Hospital,
Voronovskoe Clinical Hospital, and N. V. Sklifosovsky Re-
search Institute of Emergency Medicine from April 27 to
October 31, 2020. The diagnosis was confirmed by labo-
ratory testing according to the provisional guidelines on
prevention, diagnosis, and treatment of novel coron-
avirus infection (COVID-19) of the Russian Ministry of
Health. For further analysis we used general characteris-
tics, clinical, laboratory and instrumental data of the hos-
pitalized patients. The patients of both sexes aged 18
years and older were eligible for inclusion. The informed
consent for study participation was obtained from all the
patients. Other inclusion criteria were the absence of se-
vere associated medical, immunological and surgical co-
morbidities and/or their complications, pregnancy
throughout the study. Exclusion criteria included termi-
nal illness, severe neurological deficits (Glasgow coma
scale <8), primary and/or secondary immunodeficiency
(in HIV infection — not on antiretroviral therapy), long-
term use of corticosteroids, severe chronic lung disease
(baseline forced expiratory volume in the first second
(FEV1) less than 20 ml/kg of ideal body weight, chronic
interstitial lung disease with persistent interstitial infil-
tration on chest radiography, documented chronic CO,
retention > 50 mm Hg and/or chronic hypoxemia
(Pa0O,<55 mmHg on Fi0,=0.21), chronic restrictive, ob-
structive, or neuromuscular disease, chest wall disease,
or pulmonary vasculitis, lung ventilation within the pre-
vious 6 months, influenza vaccination within the previ-
ous 6 months; patient's refusal.

More than half of the study participants were men
(58.8%). Retrospectively, the sample was divided into two
groups depending on the outcome of the ICU treatment:
Group 1 consisted of survivors discharged from the ICU
in a stable condition (n=90), Group 2 included the non-
survivors (n=19).

The main patient characteristics are presented in
Table 1.

Hypertension (HP) was more frequently observed
in the non-survivors group compared to the survivors
(P=0.020); no significant differences regarding the con-
comitant diabetes mellitus were found in these groups
(P=0.280). Most study participants reported the following
symptoms: fever (79.3%), cough (75.3%), weakness
(88.9%), and shortness of breath (44.4%).

There were no significant differences in body mass
index, symptom manifestations, oxygen saturation and
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SKEHUHU BCEro UCCJIeI0BaHuUs TAMKEIbIX COIyTCTBYIOLINX
TepaleBTUYeCKUX, UMMYHOJIOTUYECKUX U XUpypruue-
CKUX 3a00J1eBaHUH 1/ I OCJIO;KHEHHH, OepeMeHHOCTH.

Kputepuu ucK/II04YeHNUs: IAlleHThl B TEpPMUHAIb-
HOM CTaguM HEH3JIeYMMbIX 3a00JIeBaHUM; TAMKEJbIN
HEeBPOJIOTUYeCKUH Aeduiut (1o mkrasse KoMsl [y1asro
<8); nepBUYHBII U/UIU BTOPUYHBINA UMMYHOAEepUIUT
(B cmyyae BUY-uH( ey — 6e3 aHTUPETPOBUPYCHOM
Tepamnn); JIUTeTbHBIN IPHEM KOPTUKOCTEPOUIOB; Oe-
PEMEHHOCTb; TSAKeJI0e XPOHUYeCKoe 3a00JIeBaHMe JIeT-
KUX (MCXOTHBIA 00beM (hOPCHPOBAHHOIO BBHIFOXA 3a
nepByio cekyHay (OPB1) menee 20 MJ/Kr OJIKHOU
MAacChI TeJIa; XpPOHUYEeCKOe NHTePCTUINAIBFHOE 3a00J/1eBa-
HUe JIETKUX C IOCTOSTHHON MHTepCTUIINAIbHOU UH(DUIIBT-
pauueil Ha peHTreHOIpaMMe; TOKyMEeHTUPOBAHHAS XPO-
HU4ecKad 3agepsxka CO, > 50 mm Hg m/nmm xpoHndeckas
runokcemus (PaO, < 55 mmHg npu FiO,=0,21); xporuye-
CKUe PeCTPUKTUBHbBIE, 0OCTPYKTUBHbBIE, HEPBHO-MBIIIIeY-
Hble 3a601eBaHNs, 3a60/1€eBaHNSA I'PYJHOM CTEHKH UJTH JIe-
TOYHBble BACKY/IUTHI); IPOBeJeHUEe MCKYCCTBEHHON
BEHTUJIALIUMHA JIETKUX Ha IPOTYKEeHUU I10CJIeIHUX 6 Me-
CsIlleB; BaKI[MHAIYsI OT IPUIIIIA B [TOC/IeJHUE 6 MECALIEB;
OTKa3 OT y4aCTHUs B UCCIEJOBAHUN.

BoJsiee INOJIOBUHBI Y4YaCTHUKOB MCCJIEOBAHUS
0oL My>KYHAMU (58,8%). PETpOCIIEKTHBHO BBIOOPKY
pasfesuian Ha JBe IPYNIbl B 3aBUCUMOCTH OT UCXOa
gedyennsa B OPUT: nepByo rpynmny COCTaBWJIM ITALM-
eHThI, BelncaHHble 13 OPUT B yn0oBJI€TBOPUTESIHHOM
cocrossanu (n=90), BTOpas rpymnmna 6si1a copMupo-
BaHa U3 NAllMEeHTOB C JIeTAJIbHBIM UCX0I0M (n=19).

OcHOBHBIE XapaKTEePUCTUKU YUACTHUKOB HCCJIe-
JIOBAHUS MMPEJICTAaBUIN B TAOJI. 1.

B rpymnmne c JjieTaJbHBIM UCXOIOM 4Yallle OTMedasIn
TUIEPTOHIYECKYIo 6051e3Hb (I'B) 10 CpaBHEHMIO C IpyII-
TO¥ ¢ 6JIarONpPUATHBIM KcxonoM (P-value=0,020); cratu-
CTUYEeCKU 3HAYMMBble Pa3J/Inuusl 10 HAJUYUIO CaXapHOI'o
nrabeTa B TaHHBIX I'PYIIITax He BEIABUIN (P-value=0,280).
Bo/IbIIIMHCTBO yYaCTHUKOB UCCJIeJOBaHMS OTMeYaJIu CJle-
JyIOIIie CUMIITOMBL: IIOBBIIIIEHHEe TeMneparypsl (79,3%),
Karmess (75,3%), cmadocTs (88,9%) m ofbImIKY (44,4%).

CraTuCTUYeCKU 3HAaYMMBbIX Pa3J/IM4YUH 110 UHIEKCY
Macchl TeJ1a, IPOsIBJIEHUI0 CUMIITOMOB, CaTypaliiy KUC-
JIOPOJOM U CPOKaM I'OCIUTAIUIANUY MesKIYy ITalleH-
TaMu ¢ 6J1arOIPUATHBIM U HeOJIarOITPHUATHBIM HCXOI0OM
He YCTaHOBUJIU.

J1J1s1 OIIEHKH KOPPeJIsIY O61OMapKepOB ITOBPEsK-
JIEHUsT CTPYKTYp asporeMaTuyeckoro d6apbepa (SP-A,
SP-D, CC16) B CEIBOPOTKE KPOBH 1 TaOOPATOPHBIX TaH-
HBIX C ICXO/IOM 3a00J1€BaHsI aHAJIN3 BBITIOJTHSIH C y4Ie-
TOM JH: 3abopa broMarepriaza C MOMEHTA OSIBIIEHUS
nepBbIx cuMToMoB COVID-19. Takum o6pasom, chop-
MHPOBAJIH TPH ITOABBIOOPKH: ¢ 1-e 1o 10-e cyTKY, ¢ 11-e
10 20-e CyTKH ¥ 1ocJjie 20-1 CyTOK ITOABJIEHUSA IIePBBIX
cUMIITOMOB. JI7isi MOABBIOOPKU mocjae 20-U CYTOK
CpaBHHTEJIBHBIN aHAIN3 110 JTabOpaTOPHBIM ITOKa3are-
JISIM He IIPOBOJIUJIN B CBSI3U C HEIIOJTHOTOU TaHHBIX.

1715 1oJy4eHusl CIBOPOTKU BEHO3HYIO KPOBB B
NpoOUpPKaAX C AKTUBATOPOM CBEePTBhIBAHUA U pasiesiu-
TeJIbHBIM resieM (Improvacuter, Kuraii) nenrpudyrupo-
BaJIU B TedyeHre 10 MUHYT cO CKOpPOCTHI0 2000 06/MuH;
CBIBOPOTKY [J1A AajbHeHIIero aHajanu3a XpaHujiau 1pu
20°C. ConepsraHre MOJIEKYISIPHBIX OMOMapKePOB T0-
BPESKIIEHUsI CTPYKTYP a9poreMaTiuieckoro baprepa (SP-A,
SP-D, CC16) B CbIBOPOTKE KPOBH OIIPeIesIsId MeTOJOM
UMMYHO(hEPMEHTHOT0 aHa/Iu3a Ha aHanuaarope Alisei

hospitalization time between patients with favorable and
unfavorable outcomes.

To assess the correlation of biomarkers of air-blood
barrier damage (SP-A, SP-D, CC16) in serum and labora-
tory data with the outcome of the disease, the analysis
was performed taking into account the day of biomaterial
collection in relation to the time of the onset of COVID-
19 symptoms. Thus, three sub-samples were created:
Days 1-10, Days 11-20, and Days 20 and later after the
onset. For the sub-sample Days 20 and later, comparative
analysis of laboratory parameters was not performed due
to incomplete data.

To obtain serum, venous blood was centrifuged for
10 minutes at 2000 rpm in tubes with a clotting activator
and separating gel (Improvacuter, China); the sera were
stored at -20°C for further analysis. The serum level of
molecular biomarkers of air-blood barrier damage (SP-A,
SP-D, CC16) was determined by the enzyme-linked im-
munoassay on an Alisei analyzer (Radim, Italy) using ap-
propriate ELISA test kits (Cloud-Clone Corp., China).

Statistical analysis of the data was performed using
the IBM SPSS Statistics 25.0 software package. The distri-
bution of variables was assessed using the Shapiro-Wilk
test and the Kolmogorov-Smirnov test with Lilliefors cor-
rection. The data were presented as medians and 25" and
75" percentiles. The comparative intergroup analysis was
performed using the nonparametric Mann-Whitney U'test
and Kruskal-Wallis test to compare three or more samples;
the correlation analysis was performed by calculating the
Spearman correlation coefficient. The dichotomous data
were analyzed using Fisher's exact F-criterion. The signifi-
cance level at which the null hypothesis of no difference
between the study groups was rejected was set at 0.05.
Correction for multiple comparisons was performed by
the Benjamini-Hochberg method (FDR, False Discovery
Rate). The data were visualized using IBM SPSS Statistics
25.0 and R (https://www.rstudio.com) software.

Results and Discussion

The serum level of SP-A was higher in non-
survivors in the Days 1-10 subsample (P=0.009)
and CC16 was lower during Days 11-20 after the
onset (P=0.031). No differences in serum biomark-
ers of air-blood barrier damage were detected at
later stages of the disease. When adjusting for mul-
tiple comparisons, no significant differences were
found for SP-A, SP-D, CC16 levels. The age of non-
survivors was higher in Days 1-10 (P=0.002) and
Days 11-20 (P=0.042) subgroups. The serum SP-A,
SP-D, and CC16 levels and laboratory data differing
significantly between survivors and non-survivors
are presented in Table 2. Significant differences
during Days 1-10 between the groups with different
outcomes were found for red cell distribution width
(RDW), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration
(MCHC), mean platelet volume (MPV), D-dimer,
blood urea nitrogen, and creatinine.

In the Days 11-20 subgroup, significant differ-
ences were obtained for lymphocyte count, neu-
trophil count, neutrophil-to-lymphocyte ratio
(NLR), RDW and lactate dehydrogenase (LDH) level.
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Tabsuna 1. UcxoaHbIe MOKa3aTe Td rOCIUTAJIN3NPOBAHHBIX MalueHToB ¢ COVID-19.
Table 1. Baseline characteristics of hospitalized patients with COVID-19.
Parameter Value in groups Pvalue
Total patients (n=109)  Survivors (n=90) Non-Survivors (n=19)
Age, years (Me [25;75]) 48.00 (41.00-60.00) 45.50 (40.00-55.25)  61.00 (57.00-72.00) 9E-05
Male 60/102 (58.8%) 49/84 (58.3%) 11/18 (61.1%) 1.000
Hypertension 56/108 (51.9%) 42/90 (46.6%) 14/18 (77.8%) 0.020
Diabetes mellitus 23/109 (21.1%) 17/90 (18.8%) 6/19 (33.3%) 0.208
Body mass index, kg/m? 30.40 (26.80-34.50) 30.50 (26.75-35.25)  29.00 (26.50-32.00) 0.409
Missing, n (%) 34/109 (31.2%) 28/90 (31.1%) 6/19 (31.6%)
Time from onset of illness to hospitalization, days 7 (5-10) 7 (5-10) 7 (5-9) 0.892
Missing, n (%) 27/109 (24.8%) 24/90 (26.7%) 3/19 (15.8%)
Length of stay in hospital/ICU, days 15 (11-20) 15 (11-20) 16 (10-34) 0.848
Sp0O,, <93% 35/79 (44.3%) 29/64 (45.3%) 6/15 (40.0%) 0.779
Missing, n (%) 30/109 (27.5%) 26/90 (28.9%) 4/19 (21.1%)
Symptoms
Fever 65/82 (79.3%) 52/66 (78.8%) 13/16 (81.3%) 1.000
Cough 61/81 (75.3%) 49/66 (74.2%) 12/15 (80.0%) 0.751
Sore throat 5/81 (6.2%) 4/66 (6.1%) 1/15 (6.7%) 1.000
Chest tightness or chest pain 8/81 (9.9%) 8/66 (12.1%) 0/15 (0%) 0.340
Fatigue 72/81 (88.9%) 58/66 (87.9%) 14/15 (93.3%) 1.000
Chills 12/81 (14.8%) 11/66 (16.7%) 1/15 (6.7%) 0.449
Dyspnea 36/81 (44.4%) 27166 (40.9%) 9/15 (0.6%) 0.251
Myalgia 12/81 (14.8%) 11/66 (16.7%) 1/15 (6.7%) 0.449
Vomiting or nausea 3/81 (3.7%) 3/66 (4.5%) 0/15 (0%) 1.000
Diarrhea 9/81 (11.1%) 7166 (10.6%) 2/15 (13.3%) 0.670
Headache 12/81 (14.8%) 10/66 (15.2%) 2/15 (13.3%) 1.000
Loss of smell or taste 21/81 (25.9%) 18/66 (27.3%) 3/15 (20.0%) 0.748
CT stage
0-1 43/109 (39.4%) 38/90 (42.2%) 5/19 (26.3%) 0.048
2 38/109 (34.9%) 33/90 (36.7%) 5/19 (26.3%)
3 14/109 (12.8%) 11/90 (12.2%) 3/19 (15.8%)
4 14/109 (12.8%) 8/90 (8.9%) 6/19 (31.6%)
ILV 17/95 (17.9%) 0/76 (0%) 17/17 (100.0%)
Missing, n (%) 14/109 (12.8%) 14/90 (15.6%) 2/19 (10.5%)
Antibacterial therapy
Macrolide 20/79 (25.3%) 19/64 (29.7%) 1/15 (6.7%) 0.098
Fluoroquinolone 35/79 (44.3%) 29/64 (45.3%) 6/15 (40.0%) 0.779
Penicillin with beta-lactamase inhibitor 6/79 (7.6%) 3/64 (4.7%) 3/15 (20.0%) 0.079
Third generation cephalosporin 16/79 (20.2%) 10/64 (15.6%) 6/15 (40.0%) 0.067
Fourth generation cephalosporin 8/79 (10.1%) 4/64 (6.3%) 4/15 (26.7%) 0.038
Glycopeptide 8/79 (10.1%) 6/64 (9.4%) 2/15 (13.3%) 0.643
Carbapenem 3/79 (3.8%) 2/64 (3.1%) 1/15 (6.7%) 0.473
Lincosamide 4/79 (5.1%) 1/64 (1.6%) 3/15 (20.0%) 0.020
Aminoglycoside 1/79 (1.3%) 0/64 (0%) 1/15 (6.7%) 0.190
Glycylcycline 2179 (2.5%) 0/64 (0%) 2/15 (13.3%) 0.034

Missing, n (%)

30/109 (27.5%)

26/90 (28.9%)

4/19 (21.1%)

Note. The data are presented as the median and interquartile range (25-75" percentiles) or as a percentage (n of N, %), where N
is the total number of patients with available data. P-values comparing survivors and non-survivors were obtained from two-
sided Fisher exact test, or Mann-Whitney U test. Significant differences between survivors and non-survivors are in bold. CT —
chest computed tomography; ILV — invasive lung ventilation.

IIpumeuanwue. 151 Tabs1. 1-3: parameter — mokasareJib; total patients — Bce maMeHTHI; SUIVIVOrS — BBIIIMCAHHBIE; NON-SUTL-
vivors — ymepiue; value — 3HadeHue; age, years — BO3pacT, JieT; male — My»KCKOH 10JI; missing — HeT JaHHBIX; time from
onset of illness to hospitalization, days — Bpems oT Hauasja 3aboJsieBaHUsA J0 rocnuTanudanuu, qHu; length of stay in
hospital/ICU — koJsinuecTBO gHell B ctanuonape/ OPUT; fever — siuxopangka; cough — karess; sore throat — 60J1b B ropJe;
chest tightness or chest pain — crecHenue nyiu 6076 B Tpy/IHON KJleTKe; fatigue — noBBIIIIEHHAs YTOMJIIEMOCTb; chills — 03HO00;
dyspnea — ojpInika; myalgia — 60J1b B MBIIIIaX; vomiting or nausea — TOIIHOTa UM pBOTa; headache — rostoBHast 60.1b; loss
of smell or taste — moTeps yyBcTBa 3amaxa uiaH Bkyca; CT stage — cTagusa 3abosIeBaHUs 10 JaHHBIM KOMIIBIOTEPHOU TOMOTpa-
¢uu rpyaHoi KiIeTky; ILV — ncKkyccTBeHHass BEHTUIIALMSA Jerkux; macrolide — makpouing; fluoroquinolone — dgpropxunosion;
penicillin with beta-lactamase inhibitor -«3amumennsrii» nennuanng; third/ fourth generation cephalosporin — nedasoc-
nopuH 3-ro/ 4-ro noxoseHus; glycopeptide — riukonenTun; carbapenem — kap6aneseM; lincosamide — simHK0O3aMu; amino-
glycoside — amuHomIMKO3UT; glycylcycline — mnnuinuk/uH. JlaHHble IpeCcTaBIeHbl B BUJle MeAMaHbl U MESKKBaPTUIbHOTO
WHTepBaJsia (25-75-e MPOLEHTUIN) UJIU B BUJE IPOIEHTHOH 101 (12 0T NB %), rie N— o011ee YMCJI0 TAalUeHTOB, JJIsI KOTOPBIX
ObLIM IOJIyYeHBI JaHHble. [Iokasareu 3HAYUMOCTH (p) Pa3IM4YMH MesKAy BBINUCAHHBIMUA U YMEPIINMU NalieHTaMU ObLIN
IIOJTy4€eHbI C IOMOIIBIO [BYCTOPOHHET0 TOYHOro TecTa Puiepa niu recta MaHHa—-YUTHU. 3Ha4UMBble Pe3YJIbTaThl BblJeIeHbI
SKEPHBIM IIPA(DTOM.
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(Radim, MTanus) c ucriosp30BaHueM COOTBETCTBYIOIINX
tecT-cucteM ELISA (Cloud-Clone Corp., Kuraii).
CraTucTUueCKUi aHaInu3 JaHHBIX OCYILEeCTBIISI/IN
C WCIOJb30BaHUEM IIaKeTa NPUKJIAJHBIX IIPOrpaMM
IBM SPSS Statistics 25.0. OneHKy XapaKTepa pacipeje-
JIEHUSI KOJIMYeCTBEHHBIX IIPU3HAKOB IIPOBOLU/IN IIPU
noMmoty kpurepus [lannpo-Yuiika u kpurepust KoJ-
MoropoBa—CMupHOBa c nonpaskou JIunuedopca. [lan-
HbI€e IIPEeJICTaBUJIN B BUE MeJIUaHbl U 25- u 75-1 mpo-
nenTuie. CpaBHUTEJbHBIA MEKTPYNIIOBOM aHAINU3
NIPOBOJWJIM C IIOMOIIBIO HellapaMeTpudeckoro U-Kpu-
Tepusa MaHHa-YuTHH 1 Kputepusa Kpackesa—YoJsuinca
JJIs1 CpaBHEHMs Tpex UM 6ojiee BEIOOPOK, KOPpeJIs-
IUOHHBIN aHaIW3 BBINOJIHAINA NYTEM BBIUYUCJIEHUS
roadpunmenTa koppessuu CniupmMana. AHaINU3 TUX0-
TOMUYECKUX JaHHBIX TPOU3BOIMJIN C IIOMOIIBIO TOY-
Horo F-kpurepus duniepa. YpoBeHb 3HAUUMOCTH, IIpU
KOTOPOM OTBeprajiach HyjleBas TANOTe3a 00 OTCyT-
CTBUM Pa3JIMINHI MEK Ty N3y4aeMbIMU CPYIIIIaMH, TIPH-
HuMaJsu paBHbIM 0,05. [TonnpaBKy Ha MHOYKECTBEHHOCTD
CpaBHEHUH BBINOJIHAJIN MeToaoM benmraMmuHan—X0X-
6epra (FDR, False Discovery Rate). Busyasmaanuro gaH-
HBIX OCYIIECTBJIAIM C IOMOIIBIO ITaKeTa nporpamm IBM
SPSS Statistics 25.0 u R (https://www.rstudio.com).

Pe3ynbraThl M 00CYy:K/I€HIE

Copnep-xanue SP-A B CIBOPOTKE KPOBH OBITIO
BBIIIIE CpeqU MAIeHTOB C HebGJIarompUusTHBIM
HMCXO/IOM B MOABBIOOPKE ¢ 1-e mo 10-e cyTKH
(P-value=0,009) u CC16 — Hmxe c 11-e 1o 20-e CyTKU
MOSIBJIEHUST TIEPBBIX CUMNITOMOB (P-value=0,031).
Pazyinumii no 6noMapkepaM MOBpesKIeHUs CTPYK-
Typ asporemMarndyeckoro 6apbepa B CbIBOPOTKE
KpOBU Ha 00JIee MMO3THUX CPOKax 3a00JI€BaHUsI He
obHapykuau. IIpyu monpaBKke Ha MHOYKECTBEH-
HOCTb CPaBHEHUU CTAaTUCTUYECKU 3HAYMMBIX pa3-
anuuii gass SP-A, SP-D, CC16 He BuIABUIN. Bo3-
pacT mamyueHToOB C HeOJarOMPUATHBIM HCXOIOM
ObL7 BBIIIE B oArpymnmnax ¢ 1-e mo 10-e cyTkn
(P-value=0,002) u c 1l-e mo 20-e cyTtku (P-
value=0,042). B TabJ1. 2 mpencraBuIy 3Ha4eHUsT SP-
A, SP-D, CC16 B CbIBOPOTKE KPOBHU | J1abopaTop-
Hble JaHHble, [JisI  KOTOPBIX BBIABUJIA
CTaTUCTUYECKYN 3HAYMMbIe PA3JINYUs IIPU CPABHE-
HUU TAIUEHTOB C 6JIarONpUATHBIM U HebJ1aro-
MIPUATHBIM UCXOJOM. 3HAUYUMBbIE pa3JINUus C 1-e
110 10-e CyTKU B 3aBUCUMOCTH OT UCX0fa 00Hapy-
SKUJAWA [JIs1  pacnpejieseHusI 3PUTPOIUTOB IO
BesanuuHe (RDW), cpenHero coneps;kaHuA reMoryio-
6una B apurporure (MCH), cpenHell KOHIIEHTpa-
1y remonioouHa B aputpornure (MCHC), cpemtero
obbema TpomboruToB (MPV), D-numepa, MOYeBU-
HbI 1 KpeaTUHWHA.

B nonBrI6opke ¢ 11-e o 20-e CyTKU CTaTH-
CTUYECKU 3HAaYMMble pe3yJIbTaThl [OJIYYUIN A
JAUM}OIMTOB, HEUTPOPUTOB, COOTHOIIIEHUST HENA-
TpodusioB k iuMdpornmuram (NLR), RDW u sakrar-
neruaporeHassl (LDH).

KonuenTtpanusa SP-A u CC16 B ChIBOPOTKe
KpOBH yBeJIMYNBAIACh B TeUeHUE 3a001€BaHUS Y
MaIleHTOB C OJIATOMPUSTHBIM HCXOI0M (KpHTe-

The serum levels of SP-A and CC16 increased
during the course of the disease in patients with a
favorable outcome (Kruskal-Wallis test) (fig. 1), no
differences were found among non-survivors (data
not shown). The linear regression analysis revealed
no correlation between the studied biomarkers and
patient age (SP-A: R?=0.026, P=0.046; SP-D: R?=-
0.009, P=0.976; CC16: R>=0.004, P=0.231).

Correlation analysis was performed for SP-A,
SP-D, and CC16, clinical and laboratory data in the
groups with favorable and unfavorable outcomes
(table 3, fig. 2). For the biomarkers studied, a posi-
tive correlation was found; the highest one was ob-
served between SP-A and CC16 (Spearman's
p=0.721, P=1.060E-15) in the survivors group. We
also observed a high correlation between SP-D and
alpha-amylase levels (Spearman's p=0.815,
p=3.838E-04) in survivors and a negative correla-
tion between SP-D and RDW (Spearman's p=-0.712,
P=0.002) in non-survivors (Table 3).

For survivors, well expected correlations
were found: The highest positive correlations in
laboratory data were found between hemoglobin
and hematocrit (Spearman's p=0.961, P=1.314E-
37), basophil and eosinophil counts (Spearman's
p=0, 954, P=2.725E-35), white blood cell count
and neutrophil count (Spearman's p=0.946,
P=2.089E-43), neutrophil count and neutrophil
to lymphocyte ratio (Spearman's p=0.862,
P=7.740E-27) and a negative correlation between
D-dimer and eosinophils (Spearman's p=-0.789,
P=1.296E-05), D-dimer and basophils (Spear-
man's p=-0.760, P=4.017E-05), creatine kinase
and mean red blood cell volume (Spearman's p=-0.766,
P=0.010). ARDS correlated consistently with
platelet count (Spearman's p=0.304, P=0.048), CT
severity on admission (Spearman's p=0.381,
P=0.011), and creatine kinase (Spearman's
p=0.791, P=0.034). A total of 140 positive correla-
tions with a mean correlation coefficient of 0.455
(0.235t0 0.961) and 67 negative correlations with
a mean correlation coefficient of -0.443 (-0.223 to
-0.789) were found for the survivors.

Several clinically irrelevant correlations were
found in the non-survivors group. The highest pos-
itive correlations were found for white blood cell
and neutrophil counts (Spearman's p=0.994,
P=6.540E-15), basophil and eosinophil counts
(Spearman's p=0.975, P=1.672E-10) and hemoglo-
bin and glucose (Spearman's p=0.941, P=0, 005), as
well as the negative correlation between D-dimer
and mean erythrocyte hemoglobin concentration
(Spearman's rho=-0.900, P=0.037), creatinine level
and platelets (Spearman's p=-0.790, P=0.002), albu-
min and aspartate aminotransferase (Spearman's
p=-0.786, P=0.036). A total of 36 positive correla-
tions with a mean correlation coefficient of 0.712
(0.502 to 0.994) and 34 negative correlations with a
mean correlation coefficient of -0.667 (-0.500 to
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Tabsuia 2. CpaBHeHue cogepskanus SP-A, SP-D u CC16 B CHIBOPOTKE H 3HAUYMMBIX JJa00PAaTOPHBIX JaHHBIX B
rpynnax BbINMHCAaHHBIX H yMepInux nanueHTos ¢ COVID-19.
Table 2. Comparison of serum SP-A, SP-D and CC16 levels and significant laboratory findings between survivor

and non-survivor COVID-19 patients.

Days 1-10 from the onset

Parameter Survivors (n=23) Non-Survivors (n=7) Pvalue
SP-A, pg/ml 125.36 (78.42-140.52) 244.63 (175.15-321.52) 0.009
SP-D, ng/ml 5.10 (2.30-13.40) 5.30 (2.10-16.80) 0.404
CC16, ng/ml 2.50 (1.90-4.30) 5.20 (2.80-11.70) 0.066
Age, years 48.00 (41.00-52.00) 71.00 (57.00-84.00) 0.002
Red blood cell distribution width (RDW), % 12.22 (11.83-13.00) 13.00 (12.80-16.00) 0.020
Mean corpuscular hemoglobin (MCH), pg 30.40 (29.00-31.30) 29.00 (28.00-30.00) 0.028
Mean corpuscular hemoglobin concentration (MCHC), g/l 337.00 (329.00-343.00) 318.00 (314.00-329.00) 0.002
Mean platelet volume (MPV), fL 10.00 (8.83-10.70 11.00 (10.00-12.00) 0.048
D-dimer, mg/1 442.00 (0.46-946.00) 3150.00 (870.75-16992.25) 0.049
Blood urea nitrogen, mmol/l 5.85 (4.99-7.35) 15.05 (12.25-20.78) 0.013
Creatinine, mmol/l 92.00 (78.27-118.33) 118.00 (110.00-173.00) 0.035
Days 11-20 from the onset
Parameter Survivors (n=59) Non-Survivors (n=7) Pvalue
SP-A (pg/ml) 141.25 (102.11-223.05) 78.12 (62.51-177.52) 0.265
SP-D (ng/ml) 5.70 (2.20-16.70) 2.30 (1.10-20.10) 0.539
CC16 (ng/ml) 4.30 (2.70-6.30) 2.40 (1.40-4.10) 0.031
Age, years 45.00 (40.00-55.00) 60.00 (46.00-67.00) 0.042
Lymphocyte count, x 10°/1 1.28 (1.00-2.03) 1.00 (0.88-1.00) 0.034
Lymphocytes, % 25.95 (12.98-37.70) 8.20 (4.65-15.55) 0.005
Neutrophils, % 67.00 (46.50-79.95) 85.25 (75.95-90.25) 0.01
Neutrophil-to-lymphocyte ratio (NLR) 2.36 (1.19-5.59) 10.88 (5.67-20.31) 0.004
Red blood cell distribution width (RDW), % 12.30 (11.32-13.00) 13.45 (12.63-15.33) 0.041
Lactate dehydrogenase (LDH), U/1 553.50 (231.00-791.00)  1096.00 (862.75-1299.00) 0.009
Day 21 from the onset and later
Parameter Survivors (n=8) Non-Survivors (n=5) Pvalue
SP-A (pg/ml) 184.51 (134.18-255.13) 324.15 (138.65-479.55) 0.223
SP-D (ng/ml) 17.70 (2.15-31.5) 23.10 (9.95-28.55) 0.808
CC16 (ng/ml) 5.10 (4.10-8.10) 4.30 (3.15-14.35) 0.935
Age, years 44.00 (39.00-71.00) 61.00 (43.50-69.00) 0.808

Note. For Table 2, 3: the data are presented as median and interquartile range (25-75™ percentiles). Pvalues comparing survivors

and non-survivors were obtained from Mann-Whitney U test.

ITpumeuanwue. [y Tabu1. 2, puc.1: days — nuy; from the onset — ot Hayasa KIIMHUYECKUX TPOsiBJIeHN; and later — 1 mo3Hee;
red blood cell distribution width (RDW) — pacnpeneJsieHre 3pUTPOLHUTOB IO BeIuduHe; mean corpuscular hemoglobin
(MCH)/(MCHC) — cpeHee cofiep:kaHre/ KOHIIEHTpaIlisl TeMOVIOOWHA B apuTpoIuTe; mean platelet volume (MPV), fL.— cpen-
HU 06’6eM TpoMboIuTa, J1; Blood urea nitrogen — MoueBHHA KPOBY; ratio — cooTHOIIeHHE. B Ta61. 2, 3 TaHHBIE IPECTaBUIN
B BUJIe MeJJUAHbI ¥ ME)KKBAPTUIBHOTO HHTepBasa (25-75-e nponeHTH/IH). IIokasare I 3HAYUMOCTH (p) pas3InInui MeK Iy BbI-
MMUCAaHHBIMU ¥ YMEPIINMU MTal[ieHTaMu ObL/IY TOJIy4eHBbI C IOMOIIbI0 TecTa MaHHa—YUTHH.

puit Kpackamna—Yosnuca) (puc. 1), cpegu ymep-
[INX TAIMEeHTOB PA3JINYMsI He 00HAPYKUJIN (TaH-
HbIE He TIpeJicTaBJeHbl). JIUHeHbIN perpeccuoH-
HBIA aHaJIN3 He BBISIBUJI 3aBUCUMOCTH 3HAUYEHUN
HccjiefyeMbIx OMOMapKEPOB OT BO3pacTa Malu-
eHToB (SP-A: R?=0,026, P=0,046; SP-D: R?=-0,009,
P=0,976; CC16: R>=0,004, P=0,231).

Has SP-A, SP-D u CC16, KIMHUYECKUX U
JIabOPATOPHBIX JAHHBIX BBITIOJIHUIN KOPPEJIsi-
[IMOHHBIN aHAIN3 B IPYIIIAX ¢ OJIaTONPUSATHBIM U
HeOIarompUsITHBIM UcXoAoM (TabJ1. 3, puc. 2). s
M3y4aeMbIX 0MOMapKepOB 00HAPYSKUIH ITOJIOKHU-
TeJbHYIO KOpPpessIuio MeXay coboil, camas
BBICOKAsI CBsI3b HaOJMonanacs Meskay SP-A u CC16
(Spearman’s rho=0,721, P=1,060E-15) B rpynne
BBIKUBIIIUX MAIMEeHTOB. Tak)ke 3aperucTpupoBa-
JIV BBICOKYIO Koppessinuio Meskay SP-D u anbda-
amuiasoi (Spearman’s rho=0,815, P=3,838E-04)
Cpely BBIKUBIINX U OTPUIIATETbHYIO KOPPEJIsi-
uuio Meskay SP-D u RDW (Spearman’s rho=-0,712,
P=0,002) cpenu yMepHINX NanueHToB (TadJI. 3).

-0.900) were found in non-survivors. The detailed
data of the correlation analysis are presented in fig. 2.

The search for sensitive and specific markers
to predict the severity and outcome of the disease
is important to improve the quality of patient care
and reduce mortality in critically ill COVID-19 pa-
tients. Age, comorbidities, immune response, radi-
ological and laboratory data individually or com-
bined can predict adverse outcomes [19]. Currently,
D-dimer, interleukin 6 (IL-6), albumin, lactate de-
hydrogenase, fibrinogen, ferritin, C-reactive pro-
tein levels, white blood cell, lymphocyte, platelet
counts, and prothrombin time are considered as
biomarkers of COVID-19 course and out-
come [20-23]. Age and sex are generally recognized
risk factors for unfavorable COVID-19 outcomes. In
a study of more than 17 million people with
COVID-19 in the United Kingdom, increasing age
was strongly associated with mortality: people aged
80 years or older had more than a twenty-fold in-
crease in risk compared to those aged 50-59 years.
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JI71s1 manueHToB C OJIAarONMPUSATHBIM UCXOI0M
YCTAaHOBWJIM BIIOJIHE OKUJA€Mble KOPPEJIAIUN:
CaMYyI0 BBICOKYIO IIOJIOSKUTEJIbHYIO KOPPeJIsLUIo
1o J1abOpaTOPHBIM JAHHBIM BBISIBUIN MEKIY
reMOTrJIOOMHOM U TeMaTOKpUTOM (Spearman’s
rho=0,961, P=1,314E-37), uncyiom 6a3ouoB u
303nHOpUI0B (Spearman’s rho=0,954, P=2,725E-
35), YUCJIOM JIEUKOIIMTOB U HelTpodusoB (Spear-
man’s tho=0,946, P=2,089E-43), uncjoM HEUTPO-
¢MI0B W COOTHOIIEHMEM HEUTpOoPUJIOoB K
aumdornuram (Spearman’s tho=0,862, P=7,740E-
27) 1 oTpuLIaTeIbHYIO CBA3b Mekay D-numepoM u
303UHOpUIAMU (Spearman’s rho=-0,789,
P=1,296E-05), D-mumepomM u 6asoduramu (Spear-
man’s rho=-0,760, P=4,017E-05), kpeaTuHKUHA30H
U CpegHUM 00BEMOM 9PUTPOIHUTOB (Spearman’s
rho=-0,766, P=0,010). Haimmuue y nariuenToB OP/IC
3aKOHOMEPHO KOPPEJUPOBAJIIO C KOJIAYECTBOM
TpoMbonuToB (Spearman’s rho=0,304, P=0,048), KT
npu nocrynjgeHun (Spearman’s rho=0,381,
P=0,011) wu kpearuHkuHa3ol (Spearman’s
rho=0,791, P=0,034). Bcero aji1 BEI>KUBIITUX IAIlH-
€HTOB BbISABUIU 140 TTOJOMKUTETLHBIX KOPPEJIsi-
nud co cpegHuM Koapdumuentom 0,455
(0,235-0,961) u 67 oTpuLiaTeJbHBIX CO CPEIHUM
roapurmenTom -0,443 (-0,223--0,789).

B rpymme c JeTasbHBIM UCXOIOM O0OHAPY KHU-
JIY psil KIIMHUYECKU He 3HAYMMBbIX KOPPEeJsInii:
caMasi BBICOKAasl TIOJIOKUTEJIbHAS KOPpeJIsaius
oTMevaJiach JJisl JIEWKOIIMTOB U HEUTPOPUIOB
(Spearman’s rho=0,994, P=6,540E-15), 6a3o¢uos
1 903uHO(pUI0B (Spearman’s tho=0,975, P=1,672E-
10) m remomiobmHa W IJIIOKO3BI (Spearman’s

Puc. 1. Coaep:kanue SP-A, SP-D and CC16 B chIBOpOTKe mna-
1ueHTOoB ¢ COVID-19, BBINMCAHHBIX B YA0BJIETBOPHTEIbHOM
cocrosaHuH (Tect Kpackena-Yoanuca, n=90).

Fig. 1. Serum SP-A, SP-D and CC16 levels in survivor COVID-19
patients (Kruskal-Wallis test, 7=90).

Ta6smna 3. Koppeassuus cogepskanus SP-A, SP-D u CC16 B ChIBOPOTKE M 3HAYMMBIX JIA00PATOPHBIX JaHHBIX Y
BbInuCcaHHbIX K3 OPUT u ymepmux nmanmenTos ¢ COVID-19.
Table 3. Correlation of serum SP-A, SP-D and CC16 levels and significant laboratory findings in survivor and non-

survivor COVID-19 patients.

SP-A, SP-D or CC16 Parameter Survivors Non-Survivors
Spearman’s p P-value Spearman’s p P-value
SP-A SP-D 0.417 4.401E-05 0.651 0.003
CC16 0.721 1.060E-15 0.514 0.024
MCH 0.344 0.006 — —
MCV 0.361 0.003 — —
Monocytes 0.236 0.027 — —
SP-D SP-A 0.417 4.401E-05 0.651 0.003
CC16 0.347 8.184E-04 — —
Alpha-amylase 0.815 3.838E-04 — —
Monocytes 0.284 0.007 — —
MCV — — 0.62 0.010
RDW — — -0.712 0.002
CC16 SP-A 0.721 1.060E-15 0.514 0.024
SP-D 0.347 8.184E-04 — —
ALT 0.235 0.045 — —
Bilirubin 0.236 0.048 — —
D-dimer -0.387 0.018 — —
LDH -0.276 0.031 — —
MCH 0.316 0.012 — —
MCV 0.301 0.016 — —

Note. MCV — mean corpuscular volume.

Ipumeuanwue. [lyis1 Tabs1.3, puc. 2: MCV — cpegnuii 06beM apuTpornura. PacmmdpoBKy 0CTaIbHBIX COKPAIIEHUH CM. B IIPH-

MedYaHHuHU K TabJ1. 2.
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rho=0,941, P=0,005) u orpuiarejbHas CBs3b
Mexxkay D-auMmepoM u cpefHell KOHIleHTpaluen
reMorJi00MHa B apuTporurax (Spearman’s rho=-
0,900, P=0,037), KpeaTUHUHOM U TPOMOOIIMTaMU
(Spearman’s rho=-0,790, P=0,002), albO0yMHHOM U
acnapraraMuHoTpaHcgepasoit (Spearman’s rho=-
0,786, P=0,036). Bcero g1 maiimeHToB ¢ HebJiaro-
NIPUATHBIM UCXOIOM YCTAaHOBUJIN 36 IIOJIOKUTEIIb-
HBIX KOPPEJIAIUN CO CpeTHUM K03 PpuiimeHToM
0,712 (0,502-0,994) u 34 orpuLATEJILHBIX CO CPEI-
HUM KoapdurmenTom -0,667 (-0,500—-0,900). [Tos-
pOOHBIe pe3yabTaThl KOPPESISIUOHHOTO aHAJIM3a
MIpeCcTaBUIN HA PUC. 2.

Jl/151 IOBBINIIEHUST KaUeCTBA JIeUeHUsI Iaru-
€HTOB U CHUKEHUSI CMEPTHOCTH IalleHTOB B C
COVID-19 B KpUTHUYECKOM COCTOSIHUU BasKeH
MIOUCK YyBCTBUTEJIBHBIX U CIIEIU(PUUHBIX MapKe-
POB MPOTHO3UPOBAHUSA TSAYKECTH TEUYEHUSI U MCXO-
na 3abosieBanus1. Bospact, conmyTcTByoIue 3a60o-
JIeBaHUsI, IMMYHHBIH OTBET, pEHTT€HOJIOTUeCKUe
1 1abopaTopHbIe TaHHbIe MHIUBUYATHHO WA B
KOMILJIEKCE MOTYT IpeICKa3bIBaTh HEOJIaronpu-
ATHbIE UCX0abl [19]. B HacTosAee BpeMs B Kaye-
CTBe OMOMapKePOB TSYKECTU TEYEHUsT M HMCXO0Ia
COVID-19 paccmarpuBatotr D-gumep, nHTEpJIei-
kuH 6 (IL-6), anpOyMuH, JIAaKTaTAETUIPOreHasy,
¢udbpunoreH, pepputnH, C-peakTUBHBIN OEJIOK,
KOJIMYECTBO JIEUKOIUTOB, IMM(OIIUTOB, TPOMOO-
[IUTOB, MPOTPOMOMHOBOE BpeMs [20-23]. Bospacrt
Y TI0J1 SIBJISTFOTCSI OOITIeNPU3HAHHBIMU (haKTOpaMU
pucka Tsskesbix ucxomoB COVID-19. ITpu o6cite-
JoBaHuH OoJiee 17 MUJIJIMOHOB YejioBek ¢ COVID-
19 B BemMKOOpUTAaHUYM OTMEYAJIOCh, YTO YBeJIuYe-
HUe BO3pacTa ObIJIO TECHO CBSI3aHO C PHCKOM
JIeTaJbHOTO MCXO0a: JIIOAW B Bo3pacrte 80 JjeT u
cTapiire uMeJiu OoJiee YeM IBaIIIaTUKPATHOE YBe-
JUYeHWe PUCKa [0 CPAaBHEHHUIO C JIIOJIbMU B BO3-
pacre 50-59 ser. My)X4nHbl uMeau B 1,59 pasa
0oJiee BHICOKWU PUCK JIETAJbHOTO KMCXOMa, YeM
SKEeHIIUHBI [24].

B HameM mccie10BaHUY BBISIBUJIN PA3JINUMSA
10 BO3PaCTy MeKJy NMalueHTaMH C OJiaronpu-
SITHBIM 1 HeOJTaroNpUsATHBIM cxomamu (45,50 jieT
nporuB 61,00 jeT, COOTBETCTBEHHO), HO He IIO
MOJIOBOY MpUHAaIJIeKHOCTU. Cpey MAIUEHTOB C
JIeTaJIbHBIM UCXOHOM C 1-e 1o 10-e CyTKU yCTaHo-
BUJIX O0Jiee BBICOKME 3HaueHus ajist RDW, MPV,
D-numepa, MOYEBUHBI U KpeaTUHUHA U OoJiee
Huskue — i MCH, MCHC, B To BpemMs kak c 11-e
1o 20-e cyTKU — Oo0Jiee BHICOKHE 3HAYEHUS /I
HefiTpoduioB (%), NLR, RDW, LDH u 60J/iee Hu3-
Kue 151 TUM@OITUTOB.

B MHOTOIIEHTPOBOM HCCJIEJOBAaHUU OBIIO
MOKAa3aHOo, YTO IOBbINIeHHbIe 3HaUeHus1s RDW k
MOMEHTY I'OCHUATAIU3alNN U yBeaundenue RDW B
Mepuoy, Je4eHUs MOBBIMIAIA PHUCK JIETAIbHOTO
ucxoma nanreHTos ¢ COVID-19 [25]. Takske ObLia
BBIIBJIEHA KOPPEJIAIMs OTHOIIEHWS CpeIHero

00'beMa TPOMOOIIUTOB K KOJTTYECTBY TPOMOOITUTOB

Men had a 1.59-fold higher risk of mortality than
women [24]. Our study found differences in age be-
tween patients with favorable and unfavorable out-
comes (45.50 years versus 61.00 years, respectively),
but not in sex. Among non-survivors, we found
higher RDW, MPV, D-dimer, urea, and creatinine
values and lower MCH, MCHC values from days 1
to 10. In contrast, from days 11 to 20, we found
higher values for neutrophils (%), NLR, RDW, LDH
and lower values for lymphocytes. A multicenter
study showed that elevated RDW values at the time
of admission and during the treatment period as-
sociated with a higher risk of death in patients with
COVID-19 [25]. A correlation between the ratio of
mean platelet volume to platelet count and the
severity of COVID-19 has also been found [26]. El-
evated D-dimer level correlates with both disease
severity and outcome in COVID-19 [27, 28]. A mul-
tivariate analysis of data from 245 patients with
COVID-19 with an inpatient mortality rate of
13.47% showed that the risk of death was 8% higher
with each unit of NLR increased [29]. Several stud-
ies have suggested the correlation of increased NLR
with the disease severity and outcome of COVID-
19 [30-32]. According to a Russian study, the mid-
regional pro-adrenomedullin has a better prognos-
tic value in pneumonia in COVID-19 compared to
procalcitonin, oxygen saturation, and NEWS
score [33]. Bertsimas D. et al. developed an appli-
cation to predict COVID-19 mortality risk based on
clinical and laboratory data; the system was vali-
dated on three independent samples. A total of 19
indicators were included, the key ones being age,
decreased oxygen saturation (<93%), elevated C-re-
active protein (=130 mg/L), blood urea nitrogen
(>18 mg/dL), and blood creatinine (>1.2 mg/dL).
Currently, this application exists in an online for-
mat and is used in clinical practice [34]. In the
paper by Ghayda R.A. and colleagues, a correlation
analysis of clinical and laboratory parameters in
COVID-19 was performed. According to the study
results, the strongest positive correlation was for
chills with chest tightness, neutrophil, ymphocyte,
and platelet count, D-dimer and CRP; lung lesions
correlated with increased CRP level, and white
blood cell count with platelet count, shortness of
breath, and neutrophil count [35].

We studied the serum levels of candidate mo-
lecular biomarkers of blood-brain barrier damage
SP-A, SP-D and CC16 as potential biomarkers of
treatment outcome prognostication in COVID-19.
These candidate biomarkers have advantages over
the above-described ones since they associate with
pathophysiological processes in the lungs during
COVID-19. Elevated SP-A level from day 1 to day 10
and decreased CC16 level from day 11 to day 20 of
the disease onset were noted in intensive care pa-
tients who did not survive compared to those dis-
charged from ICU in a stable condition, while no
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Puc. 2. 3HaunMBbIe KOppeJsaiun Mesxay cogep:ranueM SP-A, SP-D u CC16, K IHHHYECKHMH U JIa00paTOPHBIMH JAaHHBIMH BbI-
NHCAaHHBIX M yMepIIHUX nanueHTos ¢ COVID-19.

Fig. 2. Significant correlations among SP-A, SP-D and CC16 levels, clinical characteristics and laboratory findings in survivor
and non-survivor COVID-19 patients.

Note. a — correlation plot for survivor patients; b — correlation plot for non-survivor patients. Abbreviations: ALP — alkaline
phosphatase; ALT — alanine aminotransferase; ARDS — acute respiratory distress syndrome; AST — aspartate aminotransferase;
BASO# — basophils; CC16 — Club cell protein 16; CRP — C-reactive protein; CT — chest computed tomography; DM — diabetes
mellitus; EOS# — eosinophils; GGT — gamma-glutamyl transferase; HGB — hemoglobin; HCT — hematocrit; HP — hypertension;
LDH — lactate dehydrogenase; LYMPH# — lymphocytes; MCH — mean corpuscular hemoglobin; MCHC — mean corpuscular he-
moglobin concentration; MCV — mean corpuscular volume; MONO# — monocytes; MPV — mean platelet volume; NEUT# — neu-
trophils; NLR — neutrophil-to-lymphocyte ratio; RBC — red blood cells; RDW — red cell distribution width; SP-A — surfactant pro-
tein A; SP-D — surfactant protein D; SpO, — peripheral oxygen saturation; TBIL — total bilirubin; WBC — white blood cells.
IIpumeuyanue. a— rpaduk KOPPesANUHN Y BBIMUCAHHBIX NAIMEHTOB; b— rpaduk Koppessiiui y ymepiux nanueHTos. Cokpa-
menus: ALP — mestounas ¢ocdarasa; ALT — ananunamunorpancdepasa; ARDS — ocTpblif peciipaTOpHBIN AUCTPeECC-CUH-
npom; AST — acnapraramuHoTpancdepasa; BASO# — 6asoduis;; CC16 — 6esok kiaeTok Kiapa 16; CRP — C-peaKTUBHBIN
6esok; CT — kommbloTepHas Tomorpadus rpygHoi kiaetku; DM — caxapusbiil nuabet; EOS# — sosunodunas;; GGT — ramma-
mryramunaTpascdepasa; HGB — remornmo6un; HCT — remarokput; HP — aprepuanbHas runeprensnsi; LDH — sakraTnerun-
poreHnasa; JINM®# — mumdbonuts;; MCH — cpenHee conep:raHue remMoriobruHa B apurponute; MCHC — cpeqHAS KOHIIEHT-
panus reMmoio6uHa B apurponute; MCV — cpenunii o6bem apurporura; MONO# — moHouuTel; MPV — cpenauii o6 bem
Tpomboruta; NEUT# — neiitpoduiibr;; NLR — cooTHomenue Heiitpodusos c sefikonuram; RBC — aputponurtsl; RDW — pac-
npefiesieHNe 9PUTPOIIUTOB 110 BenuuHe; SP-A — cypdarranTHbIH 6e10K A; SP-D — cypdarranTHbIi 6es1ok D; SpO, — carypanus
KucjaoponoM nepudepuyeckoit Kposy; TBIL — oburuii 6unupybun; WBC — seiikonuTsl; platelets — TpoMO0OLIUTEL; urea — Mode-
BUHA; total protein — o61uii 6es1ok; Spearman’s rho — koadpurreHT KoppeJisiiuu CiupMeHa.
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¢ TsKkecThio TeueHuss COVID-19 [26]. IToBBIIeHHbII
ypoBeHb D-nrumMmepa KoppeaupyeT Kak C TAXKeCTbIO
TeyeHusI, Tak U ¢ ucxonom rpu COVID-19 [27, 28].
MHoroakTOpHBIN aHAJIN3 TaHHBIX 245 MmalyueH-
ToB ¢ COVID-19 ¢ mokasarejieM T'OCIHTAJIbLHOU
JIeTaJIbHOCTHU 13,47% 1mOKa3aJi, YTO pUCK BHYTPU-
00bHIYHON cMepTH Ha 8% BBIIIIE TIPH YBeIude-
Huu NLR Ha kaxnyio enuauny [29]. Koppensanusa
noBbIlIeHHOTO 3HaYeHusA NLR ¢ TsskecThIO Teue-
HusA u ucxonom COVID-19 orpaskeHa B pspe
uccaenosanuii [30-32]. [To pedyasraTaMm uccjieno-
BaHUsI OTeYeCTBEHHBIX KOJIJIET CpefHepernoHap-
HBI MpOaJpeHOMENYIJIMH KaK HpeIuKTop
JIeTAJIBHOTO MCX0/1a IO CPABHEHUIO C TPOKAJIbIIH-
TOHHUHOM, IIOKa3aTeJieM HaChIIIIeHHUS TeMOIJIO0N-
Ha KHUCJOPOJOM M OIeHKOU mo mikajge NEWS
obOJtaaeT HaMOOJIBINIEN MPOTHOCTUYECKON IIeH-
HOCTBIO TIpU THeBMOHUM Ha ¢oHe COVID-19 [33].
D. Bertsimas ¢ koJimeramMmu paspadboraaiu IpuJio-
sKeHUe [IJ1s1 HPOTHO3WPOBAHUA PUCKA JIETAJTBHOTO
ucxopa rmpu COVID-19 nmo KIUHUYECKUM U J1ab0-
paTOpHBIM TaHHBIM, TECT-CHUCTeMA ObIIa BATUIN-
poBaHa Ha Tpex He3aBUCUMBIX BRIOOpPKaX. Bcero
OBLJIO BKJIIOYEHO 19 moKkasareJieii, KJII0YeBbIMU U3
KOTOPBIX IBUJINCH BO3PACT, CHUKEHME caTypaluu
KkucaopoaoM (<93%), MOBBIIEHHBIA YpoBeHb C-
peakTuBHOTO Oeska (=130 mMr/J1), a30Ta MOYEBUHBI
KpOBH (=18 Mr/ 1y1) ¥ KpeaTnHWHA KPOBU (>1,2 Mr/ 1171).
B HacTosIee BpemMs TaHHOE IIPUJIOSKEHNE CyIIe-
CTBYyeT B OHJIAWH (popMaTe 1 UCIOJIb3YeTCs B K-
HUYecKou mpakTuke [34]. B pabore R.A. Ghayda
C KOoJIJIeTaM¥ OBIJI BBITIOTHEH KOPPEJISIITUOHHBIN
aHaJIN3 KJIMHUYECKUX U JTJaDOpaTOPHBIX XapaK-
tepuctuk npu COVID-19. Ilo peaysnsraram naH-
HOI'0 MCCJed0BaHUsA caMasi CUJIbHAS MOJIOMKU-
TeJIbHAsI Koppensanus Oblia XxapakTepHa IJIs
03H004 C OIIyIIleHneM TeCHOTHI B TPYIHOU KJIeT-
Ke, KOJTMIeCTBOM HEeHUTPO(pMIIOB, TUMQOIUTOB,
TpoMboruToB, D-qumepom u CPB; mopaskenue
JIETKUX KOPPEJMPOBAJIO C HOBBIIIEHUEM YPOBHS
CPB, a KOIM4ecTBO JIEHKOIIUTOB — C KOJIAYe-
CTBOM TPOMOOIIMTOB, OABINIIKON ¥ KOJTUIECTBOM
HerlTpoduaon [35].

MpbI n3yumnan KaHAUAAaTHbIe MOJIEKYJIAPHbIE
OroOMapKephI MOBPEKIEHUS CTPYKTYP a9poremMa-
Tryeckoro 6aprepa SP-A, SP-D u CC16 B cbIBO-
POTKe KPOBH KaK IOTEeHIINAJIbLHBIE OMOMapKepPhI
oLeHKH ucxoga sedenusd npu COVID-19. [Ipeumy-
IIIeCTBAMU JTAaHHBIX KaHIUJATHBIX OMOMapKepoB
110 CPaBHEHUIO C BBIIIICONTUCAHHBIMHA SIBJISETCS UX
CBsI3b C TTAaTO(U3NOJOTUIECKUMU IIPOI[eCCaMU B
gerkux npu COVID-19. V peanmManuOHHBIX
MMalyeHTOB C JIeTAJIbHBIM UCXOIOM 110 CDaBHEHUIO
¢ manueHTamy, BbinrucanHbiMu n3 OPUT B ynoB-
JIETBOPUTEJIBHOM COCTOSTHUM, OTMETHUJIN ITOBBI-
IIEHHYI0 KOHIleHTpanuio SP-A ¢ 1 no 10 cyTku u
carmykeHHYI0 CC16 ¢ 11 mo 20 cyTKU IOABJICHUA
IIePBBIX CUMIITOMOB, g SP-D crarucruuecku
3HAYMMBIX Koppesisanuii ¢ ucxogom COVID-19 He

significant correlations with COVID-19 outcome
were found for SP-D. Increased SP-A level in non-
survivors probably reflects greater damage to the
air-blood barrier, while decreased CC16 level could
theoretically be associated with inhibition of the
synthetic activity of Club cells in COVID-19. Pa-
tients with a favorable outcome were found to have
increased serum SP-A and CC16 levels during the
course of the disease. No age-related differences
were found for SP-A, SP-D and CC16.

SP-A and SP-D are members of the collectin
family (collagen-containing C-type lectins) related
to soluble pattern-recognizing receptors. These
surfactant proteins have a collagen-like terminal N-
domain and a lectin terminal C-domain capable of
Ca?**-dependent attachment to the surface of mi-
crobial membranes [11]. SP-A and SP-D are pro-
duced mainly in the lungs and participate in the
cascade of innate and acquired immunity reactions
in the early defense against bacteria, viruses and
fungi. SP-A and SP-D take part in the activation of
the complement pathway, opsonization and aggre-
gation of pathogens, increased expression of sur-
face receptors responsible for pathogen recognition
and phagocytosis, and act as inducers of systemic
inflammation triggering the cytokine reaction cas-
cade [36]. Increased serum SP-A and SP-D levels are
observed in severe community-acquired pneumo-
nia than non-severe disease patients without bron-
chopulmonary diseases [37]. Elevated SP-A and SP-
D levels are also a sensitive and specific prognostic
biomarker of ARDS development and death in
ARDS [38-41]. Direct interaction of SP-A and SP-D
with some viruses leads to virus neutralization and
enhancement of phagocytosis. SP-A and SP-D bind
to hemagglutinin of the influenza A virus, suppress-
ing its activity, while SP-D also reduces neu-
raminidase activity [12, 42, 43]. SP-A can increase
viral clearance, suppress inflammation after aden-
ovirus infection, and promote SP-A-mediated
phagocytosis of herpes simplex virus type 1 (HSV-1)
by alveolar macrophages [44, 45]. These collectins
also bind to glycoproteins of such viruses as human
immunodeficiency virus (HIV), respiratory syncy-
tial virus (RSV) and SARS coronavirus [12]. CC16
has antioxidant and anti-inflammatory properties.
In vitro, this protein has been shown to modulate
the production and activity of various mediators of
the inflammatory response, including phospholi-
pase A2, interferon-gamma, and tumor necrosis
factor-alpha. CC16 deficiency is associated with in-
creased lung susceptibility to viral infections and
oxidative stress. CC16 is also of great interest as a
peripheral biomarker to detect Club cell damage
and increased epithelial permeability in various
acute and chronic lung conditions [46]. An increase
of CC16 in serum has been observed in ARDS de-
veloped in patients with ventilator-associated
pneumonia [47]. In ICU patients, CC16 level corre-
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BbIABUIX. lloBhIIeHHOE copepskaHue SP-A y
ymepminx napueHtoB ¢ COVID-19 orpaskaer,
BEPOSITHO, OOJIBIIYIO CTEleHb NOBPEKIEHUS
CTPYKTYpP a9pOoreMaTnvyecKoro 6apbepa, a CHIKe-
Hue conepskanusi CC16 MokeT OBITH TeOpeTHye-
CKU CBSI3aH C yTHeTEHUEM CUHTEeTUYeCKOU aKTUB-
HOocTH KJeTok Kmapa mnpum COVID-19. V¥V
MaIeHTOB C 6JIaTOMPUSTHBIM UCXOJ0OM YCTaHO-
BUJIU yBeJsinueHne KoHueHntpanuu SP-A u CC16 B
CHIBOPOTKE KPOBU B TeueHUe 3aboJsieBaHus1. Pas-
JIMYMU B 3aBUCUMOCTH OT Bo3pacTta JJs SP-A,
SP-D u CC16 He 0OHAPYKUJIA.

SP-A u SP-D sBJisII0TCA 4jleHaMu ceMeiicTBa
KOJIJICKTUHOB (KOJLJIareHCconep Kalue JIeKTUHBI
C-TuIa), OTHOCAIIUXCA K paCTBOPUMBIM ITIaTTEPH-
pacnosHamuM perentTopam. JlaHHble cypdax-
TaHTHBIE OEJIKA NUMEIOT KOJIJTAareHOTIOA00HBIN Tep-
MUHAJbHBIN N-moMmeH u JEKTUHOBBIN
TepMUHAJIBHBIN C-ToMeH, criocobHbIN Ca* -3aBu-
CHMBIM 00pa30M MPUKPETISATHCSA K TOBEPXHOCTH
MeMOpaH MuKpoopranu3mos [11]. SP-A u SP-D
MPOAYIHUPYIOTCS TJIaBHBIM 00pPa3oM B JIETKHUX U
Y4aCTBYIOT B KacKajle peakliuii BpOKAEHHOI0 U
MproOpeTEHHOTO UMMYHHUTETA B PAaHHEHN 3aIuTe
poTuB OakKTepwii, BUPycoB u rpudoB. SP-A u SP-
D npuHMMAalT yyacTue B aKTUBALUU IIyTHU KOM-
IIJIEMEHTa, OIICOHU3aly U arperamnyuy 1aTores-
HBIX MUKPOOPraHu3MOB, IIOBBIIIEHUU
9KCIIpECCUHU IIOBEPXHOCTHBIX PelelITOPOB, OTBe-
YAIOIIUX 3@ PAcIIO3HABAHME [TATOreHOB U (paroiu-
TO3, W BBICTyIAIOT B KayeCTBe HWHIYKTOPOB
CHCTEMHOI'0 BOCHaJIeHUs, IPUBOAS K KacKamy
LIUTOKMHOBBIX peakIuii [36]. YBesnueHue ypoBHs
SP-A u SP-D B ChIBOpOTKE KPOBHY OTMeYaeTcCsI IpU
TSYKEeJ0M BHEOOJbHUYHOW TTHEBMOHHHU II0
CPaBHEHHUIO C He TsI3KeJI0N (hOpMOI 1 OTCYyTCTBUEM
OpOoHX0JIETOYHBIX 3abosieBaHuii [37]. [IOBBIIIEH-
HbII ypoBeHb SP-A u SP-D Takke siBjIsseTCS 4yB-
CTBUTEJIBHBIM U CHelu(pUUHBIM IPOTHOCTUYE-
ckuM Omomapkepom pasButusg OPJIC wu
aetanbHOro ucxonga npu OPIC [38-41]. [Ipamoe
B3aumogeiictsue SP-A u SP-D ¢ psioMm BupycoB
NIPUBOJUT K HEUTpaan3aluy BUpyca U YCUJIEHUIO
darorurosa. SP-A u SP-D cBsA3BIBaIOTCS C remMar-
IIIOTUHUHOM BUpycCa I'pula A, IMONaBJAsd ero
AKTUBHOCTB, B TO BpeMsA Kak SP-D Takyke cHUyKaeT
AKTUBHOCTh HelpaMuHUAA3bI [12, 42, 43]. SP-A
criocobeH yBeJIMYNBATh KIIMPEHC BUPYca U ITO/IaB-
JIITH BOCIIaJIeHNe I10CJIe aIeHOBUPYCHOU NH(EeK-
ouy U npuBoguth K SP-A-omocpenoBaHHOMY
(paro1To3y BUpyca IpoOCTOro repreca epBoro
tuna (HSV-1) anbBeosisipHbiMu Makpodaramu [44,
45]. laHHBIE KOJJICKTUHBI TaKKe CBA3BIBAIOTCA C
NIMKOIIPOTEMHAMM BHUPYCOB, BKJIOYasg BHUPYC
uMMyHoOIeduInTa yejgoseka (BUY), pecnuparop-
HO-cUHIMTHAIbHBIN Bupyc (PCB) 1 kopoHaBupyc
SARS [12]. CC16 obJiagaeT aHTHOKCULAHTHBIMU 1
IIPOTUBOBOCHATIUTEIBHBIMU CBOMCTBAMMU. In Vitro
OBLTI0 TTOKA3aHO, YTO TAHHBIN OEJIOK MOIYJINPYET

lated with ARDS severity and disease outcome [14,
48]. Elevated CC16 levels were also observed in chil-
dren with RSV or influenza [49]. There is evidence
that SP-D recognizes the spike glycoprotein of SARS
coronavirus and can activate macrophages [50].
B.Kerget and colleagues studied the relationship of
serum IL-6 and SP-D levels with the course and
prognosis of COVID-19. According to the study, pa-
tients with ARDS had significantly higher levels of
IL-6 and SP-D compared to those without ARDS.
Both biomarkers were also higher in non-survivors
at the time of admission compared with sur-
vivors [51]. SP-A and CC16, according to our knowl-
edge, have not been previously studied in the con-
text of COVID-19.

Conclusion

Our results show that surfactant protein SP-A
and Club cell protein CC16 are associated with
mortality from COVID-19. To validate the results
with a view of using SP-A and CC16 as diagnostic
biomarkers, a study on a larger sample size with as-
sessment of the diagnostic significance of these
markers, as well as their comparison with known
biomarkers of COVID-19 severity and outcome,
such as interleukin-6, procalcitonin, a C-reactive
protein, has been scheduled. The data obtained
and further search for effective laboratory biomark-
ers will improve our understanding of the mecha-
nisms of COVID-19 and enable the creation of ef-
fective outcome prediction models.

MPOAYKIMIO U aKTUBHOCTH Pa3JIMYHbIX MEIUATO-
POB BOCHAJIMTEJIBHOTO OTBeTa, BKJII04asi pocdo-
Jaunasbl A2, nHTepdepoH-ramMma u pakTop HEKPO-
3a omyxosau-anbda. dedpunur CCl6 cBs3aH C
MOBBIIIEHHON BOCIPUUMYMBOCTBIO JIETKUX K
BUDPYCHBIM MH(PEKIUsM U OKHUCJIUTEIbHOMY
crpeccy. CC16 Takske MpeACTaBJIsIET OOJBIION
WHTEpeC Kak nepudeprudeckuii bmomaprep s
oOHapy)KeHUs MOBpEKIeHus KieTok Kiapa n
TOBBIIIEHHON MPOHUIIAEMOCTU JIUTENUS IPU
Pa3JIMYHBIX OCTPBIX M XPOHWYECKHX 3aboJseBa-
HUAX JIETKUX [46]. YBennuenre CC16 B CBIBOPOTKe
KpoBU oTMevanoch npu passutuu OPIIC y namnu-
€HTOB C BEeHTUJIAATOP-aCCOLIMMPOBAHHOM THEBMO-
Huet [47]. Cpenu namuenToB OPUT 3HaueHue
CC16 roppesaupoBaJo c Tsaskectbio OP/IC u ncxo-
noM 3aboseBanus [14, 48]. TIoBBIIEHHBIH YPO-
BeHb CC16 HabJuronasics takske y geteit ¢ PCB
rpunmowm [49]. Umerorca gaassble, uto SP-D pacrno-
3HaeT NIMKOIIPOTEeNH INUITIOB KopoHasupyca SARS
U MO>KeT aKTUBUpoBaTh Makpogaru [50]. B. Kerget
C KoJuteramMu Obljia M3ydeHa B3anMOCBsI3b YPOBHS
IL-6 m SP-D B ChIBOPOTKE KPOBHU C XapaKTepOM
TedeHusA 1 nporao3om COVID-19. o pesynsraram
HUCC/eNOBaHNs, ITIAalMEeHTh], Y KOTOPBIX Pa3BUJICA

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 3



https://doi.org/10.15360/1813-9779-2021-3-2-0
KianHu4eckue UCCIEeL0OBaHUSA

OPJIC, nMey 3HAYUTETHHO O0JIee BBICOKHE KOH-
neHTpanuu IL-6 1 SP-D 1o cpaBHeHUIO ¢ anueH-
Tamu 6e3 OPJIC. O6a buoMapkepa Ha MOMEHT I'OC-
MATAIN3AIAY TAKKe OBLJIN BBIIIIE CPEI YMEPIITIX
MalMEeHTOB 10 CPAaBHEHUIO C BBIKUBIIMMU [51].
SP-A n CC16, 10 JaHHBIM JOCTYIIHBIX HAM MCTOY-
HUKOB, B KOHTeKCTe pa3dBuTusi COVID-19 paHee He
U3y4aJIUCh.

3akJjaoueHnue

[To pesysibraram HaCTOSIIIEr0 UCCIENOBAHNUS
cypdakTaHTHBIH Oesiok SP-A U 0eJIOK KJIETOK
Kiapa CC16 acconmMupoBaHsbI C JIETATBHBIM UCXO0-
mom ot COVID-19. [lyia Banuganuy noJTy4eHHbIX
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pe3yJabTaToB C IepCHeKTUBOM npuMeHeHus SP-A
1 CC16 B KauecTBe TMAarHOCTUYECKUX OFOMapKe-
POB 3alIaHUPOBAHO HCCJEA0BaHNE Ha BEHIOOPKE
fosbIIero o6beMa C OIeHKOHM JUAarHOCTUYeCKOM
3HAYMMOCTHU JaHHBIX MapKepOB, a TaKKe COI0-
CTaBJIEHUE C y’Ke W3BECTHBIMU OMOMapKepaMu
TAKeCTU TedyeHUs n ucxoga COVID-19, Takumu
KaK MHTePJIEHKUH-6, MPOKAJIBIIUTOHNH, C-peak-
TUBHBIH Oes10K. [TosrydeHHbIe JaHHbBIE U TabHEN -
Ui TOUCK 3 (PEeKTUBHBIX JJAOOPATOPHBIX OMO-
MapKepoB IIO3BOJIAT YJIY4YIIUTh IIOHAUMaHUeE
MexaHn3MoB passutusa COVID-19 m mpenocra-
BUTH YCJOBHUsS AJsl CO3MaHUA 3(PPeKTUBHBIX
MozeJsieil MPOrHO3MPOBAHMS UCXOA.
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Pe3rome

Ilesb ucciief0BaHUA: OIIEHUTD BIMSIHUE MaHeBpa IPOH-M03UIIUU Y 60s1bHBIX ¢ COVID-19 Ha cocTosinue
reMOAVHAMUKU.

MarepuaJsl 1 MeTobI. VicciieqoBaHue BBIIOJHUIN Y 84 TaliueHToB 000€ero noJja ¢ BHEOOJIbHUYHOMH I10-
JINCerMeHTapHO! BUPYCHO-OaKkTepuaabHON MHeBMOHUEN Ha poHe COVID-19, KOTOPBIX pasiesnyv Ha
IPYIIIBI IO BUAY PeCIMpPaTOpHOl ogaepskKy. MccieqoBaHUsA OCYIeCTBIISIN KOMILJIEKCOM allllapaTHO-IIPO-
rPaMMHOTO HEMHBA3WBHOT'O MCCJIEOBAHUS IEHTPAIbHON reMOJJUHAMUKH METOI0M 00'bEMHON KOMITpEC-
CHUOHHOW OCIIUJIJIOMETPUH.

Pe3ynbraThl. YCTAaHOBUJ/IY, YTO IIPU BBINIOJTHEHUYU MaHeBpa IPOH-IIO3UIUN Y O0JIbHBIX C TSIPKEJIbIM Tede-
HueM COVID-19, HaXoZAIIUXCs Ha KUCIOPOIHON MOAIepsKKe, CHUYKAINCE: CKOPOCTD ITyJIbCOBOTO apTepu-
aJIBHOrO aBJieHus ¢ 281 [242,0; 314,0] mo 252 [209; 304] MM pT. cT./c ipu p=0,005; 06 beMHas CKOPOCTH BbI-
O6poca c 251 [200; 294] mo 226 [186; 260] mui/c npu p=0,03; oTHOIIEHUE YAEJbHOr0 Iepudepuyeckoro
COIIPOTHUBJIEHUSI COCYIOB (pakTrueckoe /pabouee c 0,549 [0,400; 0,700] mo 0,450 [0,300; 0,600] mpu p=0,002;
Bo3pacTraJjia IoAaTIuBOCTh COCYIUCTOM cTeHkH ¢ 1,37 [1,28; 1,67] mo 1,45(1,10; 1,60] MJ/MM PT. CT. IpU
p=0,009. IIpoHupoBaHue NaneHTOB, HAXOJUBIINXCS HA HeMHBAa3UBHOU VBJI, compoB0YKJa/10Ch MTOBBIIIIE-
HUEM CKOPOCTHU JIMHEHHOro KpoBoToKa ¢ 40,0 [34,0; 42,0] o 42,5 [42,5; 47,25] cMm/c ipu p=0,04, c ogHOBpE-
MEHHBIM CHUKEHUeM MOJaTINBOCTU COCYIUCTOM cTeHKH ¢ 1,4[1,24; 1,50] no 1,32 [1,14; 1,49] MJs1/MM PT. CT.
npu p=0,03. MaHeBp IPOH-NIO3ULMs Y MAIIMEHTOB HAa MHBAa3UBHOI VBJI He MPUBOIUJ K CTaTUCTUYECKU
3HAYMMbBIM U3MEHEHUSIM I'eMOTUHAMUKH.

3akarouenue. Hanbosbiiiee 41c/io u3MEHEHU reMOJJUHAMHUKY TP BHITIOJTHEHUY MaHeBpPa IPOH-TI03U-
LY BBISIBUJIN Y TAIIMEHTOB, HAaXOSIINXCSI Ha peCIUPaTOPHOU NOepsKKe KUCI0PO0M, a HAaUMeHbIIlee —
[IpY NHBA3UBHOU NCKYCCTBEHHOU BEHTUJ/ISILINY JIETKUX.

Knarouesvte crosa: npon-nosuvyusy; COVID-19; zemodunamura; Heunea3uenast UBJI; HBJI
KoHdunKT HHTEpecoB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUU KOH(MJINKTA NHTEPECOB.

Summary

Aim of the study. To examine the effect of prone positioning on hemodynamics in patients with COVID-19.

Materials and methods. The study enrolled 84 patients of both sexes with community-acquired multiseg-
mental viral and bacterial pneumonia associated with COVID-19, who were divided into groups according to
the type of respiratory support. The tests were performed using the integrated hardware and software system
for noninvasive central hemodynamic assessment by volumetric compression oscillometry.

Results. We found that the pulse blood pressure velocity decreased from 281 [242.0; 314.0] to 252 [209; 304]
mm Hg/s in patients with severe COVID-19 on oxygen support (p=0.005); volume ejection rate decreased from
251 [200; 294] to 226 [186; 260] ml/s (P=0.03); actual/estimated normalized vascular resistance ratio dropped
from 0.549 [0.400; 0.700] to 0.450 [0.300; 0.600] (P=0.002), while the arterial wall compliance increased from
1.37 [1.28; 1.67] to 1.45[1.10; 1.60] ml/mm Hg (P=0.009). Prone positioning of patients on noninvasive lung
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ventilation associated with a reduction of linear blood flow rate from 40.0 [34.0; 42.0] to 42.5 [42.5; 47.25] cm/s
(P=0.04) and arterial wall compliance from 1.4 [1.24; 1.50] to 1.32 [1.14; 1.49] ml/mm Hg (P=0.03). Prone posi-
tioning of patients on invasive lung ventilation did not result in significant hemodynamic changes.
Conclusion. The greatest hemodynamic changes during prone positioning were found in patients on oxy-
gen respiratory support, whereas the least significant alterations were seen in patients on invasive ventilatory

support.

Keywords: prone position; COVID- 19; hemodynamics; noninvasive lung ventilation
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BBenenune

B macrosmuit MoMeHT Ha Tepputopuu Poc-
CHUM U IPyTUX CTPAH MIPOJOJIKAETCS dNUgeMude-
CKUHM Tpollecc, BBI3BAaHHBIH KOPOHABUPYCOM
SARS-CoV-2.

Hosslii kopoHasupyc SARS-CoV-2 npejcras-
JsieT coboit omHonenoueyHbi PHK-conepskaruii
BHUpPYC, OTHOCUTCA K ceMelicTBY Coronaviridae,
OTHOCHUTCA K inHNU Beta-CoV B. Bupyc oTHeceH Ko
II rpy1ie maToreHHOCTH, KaK ¥ HEKOTOPBIE Apyrue
MIpeJCTaBUTEU 9TOTO ceMelicTBa (Bupyc SARS-
CoV, MERS-CoV) [1-3].

Ha nauamno oktsa6pst 2020 r. Toabko B Poccuu
3aboJtesio y:xe 6osiee 1,1 MJIH YesIOBEK, 3aperu-
cTpupoBaso 6ojee 19000 jeTa/IbHBIX NCXOJ0B [4].

Covid-19 cnocobeH BbI3BIBATH OOIIUPHOE
IopaskeHue JeroyHol TKaH!, B HEKOTOPBIX KJIH-
HUYECKUX cUTyanusax 6osee 95%, 4To IPUBOAUT K
Pa3BUTHIO JbIXaTETbHON HETOCTATOYHOCTH. BOJIh-
1ast IJI0Iab BOBJIEYEHHON B MAaTOJOTNYEeCKUH
rporiecc 0OUIBHO BACKYISIPU30BAHHON JIETOYHON
TKaHU CIIOCOOCTBYET ITOBPESKAEHUIO 9HOTE U S.
dHI0TeMnaNbHasA TUChYHKINA CBsI3aHa C aTore-
HE30M CEPIEYHO-COCYIUCTHIX, TOUEUHBIX, METa00-
JIMYECKUX U MH(PEKIMOHHBIX OCJIO}KHEHN [5, 6].

Kpurndeckasi TUIIOKCUSA ABJISETCSA SKU3HEYT-
POYKAIOIIUM COCTOSIHUEM, IIPU KOTOPOM JJIs1 OIITU-
MU3aIuu nepgysun TkaHel BOBJIEKaIOTCA Pa3Ho-
obpasHble MeXaHU3MBbI, PeryIupylollne, B TOM
4Hciie, cepAedHbIi BEIOPOC, COCYUCTHIN TOHYC U
NIPOHULIAEMOCTb.

Bri10 06HApysKeHO, YTO MPU IOIaJaHuM B
KpoBOTOK BupPyC SARS-CoV-2, cBA3BIBAACH C
penenTopaMyd  aHTCMOTEH3WHIIPEBPALIAOIIETro
depmenTa 2 (AI1D2), BaUSAET HA COCTOSTHIE TEMO-
JUHAaMUKU Yepe3 peHUH-aHTMOTeH3UH-aJIbI0CTe-
POHOBYIO CUCTEMY, OTBEYAIOIIYIO 3a TOHYC COCYU-
crol creHku [7]. [Ipu TUNOKCUU BO3HUKAET
MHOyIUMpPOBaHHAs aHrMOTeH3UHOM II BasoKoH-
CTPUKLMSA JIETKUX, HAalIpaBJICHHAA HA ONITUMU3a-
IIUI0 COOTHOIIEHUs BeHTUJIAIMY U Iepdy3nuH, HO
OOJHOBPEMEHHO BbI3bIBaroniasd He6JIaFOHpI/IHTHbIe
reMogmHamMuueckue a(pgeKrTs [8].

Ha ¢oHe runoxkcuu oprannaM MHUITUUPYET
MeXaHMU3MbI, HEOOXOmUMbIe IJs aJalTalud K
TUIIOKCUYECKOMY cTpeccy [9, 10]. AKTUBanuA mem-
TUJ0B PEryJMpyeT TOHYC KPOBEHOCHBIX COCYJ 0B

Introduction

The SARS-CoV-2 coronavirus epidemic is cur-
rently underway in Russia and other countries.

The novel SARS-CoV-2 coronavirus is a single-
stranded RNA-containing virus belonging to the
family Coronaviridae and the Beta-CoV B lineage.
The virus is assigned to the pathogenicity group II
similarly to other family members (SARS-CoV virus,
MERS-CoV) [1-3].

As of the beginning of October 2020, more
than 1.1 million people in Russia alone were al-
ready ill with COVID-19, and more than 19,000
deaths have been registered [4].

Covid-19 is capable of causing extensive lung
tissue damage, in some case affecting more than
95% of the pulmonary area and resulting in the de-
velopment of respiratory failure. The large area of
heavily vascularized pulmonary tissue involved in
the pathological process promotes endothelial
damage. Endothelial dysfunction is associated with
the development of cardiovascular, renal, meta-
bolic, and infectious complications [5, 6].

Critical hypoxia is a life-threatening condition
where a variety of compensatory mechanisms are
triggered to improve tissue perfusion, including
cardiac output, vascular tone, and permeability.

SARS-CoV-2 virus has been found to affect he-
modynamics via renin-angiotensin-aldosterone
system, which regulates the vascular wall tone, by
binding to angiotensin-converting enzyme 2 (ACE2)
receptors when entering the bloodstream [7]. Under
hypoxia, angiotensin II-induced pulmonary vaso-
constriction occurs, aiming at optimizing the ven-
tilation-perfusion ratio, but simultaneously causing
adverse hemodynamic effects [8].

When hypoxia occurs, the body initiates
mechanisms necessary for adaptation to hypoxic
stress [9, 10]. Peptide activation regulates the sys-
temic and pulmonary vascular tone [9, 10]. Thus,
understanding the mechanisms of hypoxic pul-
monary vasoconstriction and maintenance of vas-
cular tone is crucial.

Finding ways to improve the tissue perfusion
is one of the vital challenges for intensive care. Re-
duction of the tissue blood flow below acceptable
values is accompanied by metabolic and bio-
chemical disorders, which lead to multiple organ
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MaJIoro M O60JIBIIIOTO Kpyra KpoBooOpareHus [9,
10]. TakuM ob6pasom, MOHUMAHUE MEXaHU3MOB
TUMOKCAYECKON BA30OKOHCTPUKIINU JIETKUX U TTO]T-
JepsKa’Hus COCYIUCTOrO TOHyCa, UMeeT IIepBOoCTe-
MIeHHOe 3HAaYeHue.

Permenne mpo06JieMbl HapyIIEeHNH 1Tepy3nn
TKaHel nMeeT KJII0UeBOe 3HaUeHUe JIJIsI MTHTEHCHUB-
HoU Tepanuu. CHUsKeHNe YPOBHSI TKAaHEBOT'O KPO-
BOTOKA HUKe JTOITyCTUMBbIX 3HAUE€HUI COIIPOBOSK-
JaeTcss MeTadO0JJMYeCKUMH U OMOXUMUYECKUMU
HapyuIeHUsAMH, KOTOpble IIPUBOAAT K PAa3BUTHIO
TTOJINOPTAaHHOM HEIOCTAaTOYHOCTH, a 6e3 aieKBar-
HOTO JIeYeHUA — K JieTaJlbHOMY ucxony [11].

B Hacrosiiee BpeMsi P JIeYEHUU TSXKEJIOU
IMHeBMOHUM y nanueHToB ¢ COVID-19 mupoxo
npuMeHsieTcs npoH-no3unus [12, 13]. CormacHo
BPEMEHHBbIM METOAUYECKUM PEKOMEHIAIUAM, ee
PEKOMEHIyeTCsI HCII0JIb30BaTh He MeHee 16 4acoB
B CyTKH [1]. MaHEBp MPOH-TIO3UIIAH CIIOCOOCTBYET
nepepacnpeneaeHUI0 KpOBEHATIOJTHEHU ST Pa3HBIX
OTIEJIOB JIETKUX M ONITUMHU3alM1 BEHTUJIAIUOH-
HO-TIep(PY3UOHHBIX COOTHOIIIEHUN.

BMmecte ¢ TeMm, ocTaeTrcsli HeIOCTAaTOYHO
W3y4YCHHBIM BJIMSIHHAE BBINIOJHEHUA MaHeBpa
NIPOH-NIO3UIINY y TALIUEHTOB C PeCTPUKTUBHBIMU
MOpasKeHUAMH JIETKUX Ha COCTOSHUE JPYTUX YKU3-
HEHHO Ba’KHBIX CUCTEM, B TOM YHCJIe — CHUCTEM-
HyI0O TeMOIWHaMHuKy. TpeOyeT maJsibHeHIero
HCCJIeIOBAaHUS 3aBUCUMOCTh M3MEHEHUU MaKpo-
LUPKY/IALUA IIPU IIepEeBOJEe B IPOH-IIO3ULUIO OT
CTerleH! UHTEPBEHITUY PeCHUPATOPHOM MOJIEePIK-
KU ¥ HAJINYHUS COYTCTBYIOIIEN ITaToJIOTUH.

Ilenp ucciienoBaHUsI — OIIEHUTDH BJIUSTHUE
MaHeBpa MPOH-N03UNuHU y 607abHBIX ¢ COVID-19
Ha COCTOsSIHME TeMOJIMHAMUKU.

MarepuaJa u MeToabI

IIpocnieKTHBHOE HEPAaHIOMU3UPOBAHHOE UCCJIe-
JIOBaHUeE BBIMIOJHIIN Y 84 MalIeHTOB 000€ro IoJia ¢
BHEOOJIbHUYHOH MTOJIMCErMEeHTAPHON BUPYCHO-0aKTe-
puasnbHOM mHeBMOHMeH Ha pore COVID-19, B Bo3pacre
or 18 no 93 jietr. boJbHBIM HasdHaYaJ Il HEOOXOJIHUMOE
JledeHue, COIJIACHO aKTyaJbHOW BepCUU BpeMEeHHBIX
MeTOAUYEeCKUX peKOMeHJalluii MUHUCTePCTBa 31paBo-
oxpaHeHus PP «[IpodunakTuka, AUarHOCTUKA U JIede-
HUe HOBOM KopoHaBUpycHo# nHdexnuu COVID-19».
HccnenoBanue BBITOJTHAIN Ha 6ase «'Y3» Topopackas
kJINHUYecKass 6oabpHUNIA Nel T. UnThl. PaboTy mpoBo-
JHJIA B COOTBETCTBUU C PELICHUEM JIOKAJIbHOTO 9THYe-
ckoro komurera PI'bOY BO UuTnHCKasA rocygapCTBEH-
HasAg MegunuHCKasA akageMus M3P® nporokos Nel02
oT 15.05.2020 1 yTBEpKAEHHBIX JIOKAIbHBIX IIPOTOKO-
JIOB JIeY€HHU:A. [JMarH03 BBICTABJIAJIN B COOTBETCTBUH C
NPUHATHIMUA BPEMEHHBIMU METOJUYECKUMUA PEKOMEH-
JauusMy MUHHUCTepCTBa 3apaBooxpaHenus PO «[Ipo-
¢unakTuKa, IUATHOCTUKA U JieueHre HOBOY KOpOHa-
BupycHod nHdexnuu COVID-19». ¥V Bcex IalluieHTOB
BBIABJIAIN (POHOBYIO U COIYTCTBYIOIIYIO I1aTOJIOIUIO:
VBC, caxapHbIil 1rnabeT, aTMMeHTapHO-KOHCTUTYINO-
HaJbHOE OKHpEHHe. PeHTreHosorn4eckass KapTuHa
IopaskeHusl IIpU KOMIBIOTEPHOU ToMorpaduu — He

failure and, with no proper treatment, to a fatal
outcome [11].

Currently, prone positioning is widely used to
treat severe pneumonia in patients with Covid-19 [12,
13]. According to provisional Russian guidelines, its
use is recommended for atleast 16 hours aday [1]. In
addition, the prone positioning maneuver promotes
the redistribution of blood perfusion in various parts
of the lungs and optimizes of ventilation-perfusion
relations.

However, the impact of prone positioning of
patients with restrictive lung disorders on other
body systems, including systemic hemodynamics
remains poorly explored. The relationship between
circulatory changes in prone positioning and the
type of respiratory support and comorbidities re-
quire further investigation.

The aim of the study was to evaluate the effect
of prone positioning on hemodynamic parameters
in patients with COVID-19.

Materials and Methods

A prospective non-randomized study was per-
formed in 84 patients of both sexes, aged 18 to 93 years,
with community-acquired multisegmental viral and
bacterial pneumonia associated with COVID-19. The
patients were prescribed the standard treatment ac-
cording to the current version of the Provisional Guide-
lines of the Russian Ministry of Health on prevention,
diagnosis, and treatment of novel coronavirus infection
COVID-19. The study was performed in the City Clini-
cal Hospital No. 1 in Chita, Russian Federation. The in-
vestigation was carried out after approval by the local
ethical committee of Chita State Medical Academy
(protocol Ne 102 of 15.05.2020) according to the local
treatment protocols. The diagnosis was made under the
current Provisional Guidelines of the Russian Ministry
of Health on prevention, diagnosis and treatment of
novel coronavirus infection COVID-19. All patients had
comorbidities such as coronary heart disease (CHD),
diabetes mellitus, obesity. They were diagnosed with at
least 25% viral-induced involvement of lungs using
chest computed tomography. The non-inclusion crite-
ria included neoplastic diseases, severe immunodefi-
ciency, unstable hemodynamics, vasopressor infusions,
signs of hypovolemia.

Patients were divided into 3 groups depending on
the respiratory support they received (Table 1). Group 1
included 39 patients (20 men and 19 women). In this
group, oxygen support was administered through a face
mask or nasal cannulas with a flow rate of 7 liters per
minute and less.

The second group consisted of 25 patients (13 men
and 12 women), who received respiratory support using
Neumovent graphnet machine in noninvasive ventilation
or PSV/CPAP mode.

The measurements in the first two groups of pa-
tients were done in the supine positions, then the pa-
tients were offered to perform the prone positioning ma-
neuver on their own with minimal help from medical
staff (as arule, it was required only in overweight patients
or those with severe abdominal obesity). The measure-

ment time was about 3-5 minutes. After the patient as-
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||
Tabauia 1. XapakTepucTHKA MAIlUEHTOB.
Table 1. Patient characteristics.
Parameter Value in groups Pvalue
1, n=39 2, n=25 3, n=20
Median age, years 64.0 [51.0;70.0] 66.5 [62.7;70.5] 70.0 [65.0;76.0] p;=0.305
p=0.216
p5=0.066
Median BMI, kg/m? 29.922 [25.743; 31.684] 30.232 [26.240; 32.530] 26. 646 [24.848; 30.382] p;=0.578
p=0.077
ps=0.188
COPD 6 (15.4%) 4 (16.0%) 5 (25.0%) p;=0.774
p=0.708
p5=0.586
CHD 13 (33.4%) 12 (48.0%) 15 (75.0%) p;=0.362
p»=0.126
p5=0.006
Essential hypertension 20 (51.3%) 19 (76.0%) 15 (75.0%) p;=0.086
p=0.786
p5=0.140
Diabetes mellitus 5(12.8%) 7 (28.0%) 2 (10.0%) p;=0.234
p»=0.261
ps=0.914
Mortality 3 (7.7%) 12 (48.0%) 18 (90.0%) p;<0.001
p-=0.008
p3<0.001

Note. For tables 1-4 data presented as Me [25; 75]. p; — significance of differences between Groups 1 and 2; p,— significance of
differences between Groups 2 and 3; p; — significance of differences between Groups 1 and 3.

IIpumeuanue. Values — 3HaueHue; age, years — Bo3pact, jiet; BMI — IMT; COPD — XOBJI; CHD — UBC; essential hyperten-
sion — runeproHnveckas 60J1e3Hb; mortality — JieTasbHOCTb. p; — 3HAYUMOCTD PA3JINYU MeKy 1-i U 2-1 rpynmno; p, —
3HAYMMOCTD PA3JIMYUHA MeXKIY 2-1 U 3-1 TPYNIIOH; p; — 3HAYUMOCTD Pa3INYuil MeKAy 1-i U 3-1 Tpynnoi.

MeHee 25% JIerouHbIX 1oJiei. Kpurepum HeBKJIIOYe-
HUs B UCCJIeJOBAaHUe: HaJluule OHKOJIOTUYeCKUX 3a-
0oJIeBaHUN, TSIKEJIOr0 MMMYyHOMe(dUIHNTa, HeECcTa-
OUIBbHOU TEMOJIMHAMUKY, NH(PY3UU Ba30TPECCOPOB,
NPU3HAKU TUIIOBOJIEMUU.

ITanreHTOB pa3fe/uiIu Ha 3 TPyIIIbl B 3aBUCUMO-
CTH OT BH/JIa MOJy4YaeMON pecriupaToOpHOU MOIepsKKHA
(taba. 1). B mepByto rpymimy BRIIOYMIN 39 MarueHToB (20
MY>K4MH U 19 skeHITuH). B 9T0i rpyIiiie IpOBOAUIN KUC-
JIOPOIHYIO TIONJEPKKY Yepes JIULEBYI0 MacKy, MJIX HO-
COBBIE KaHIOJIH ITIOTOKOM He DoJiee 7 TUTPOB B MUHYTY.

Bropyroo rpymmy cocraBusm 25 manueHToB (13
MYSKYWH 1 12 )KeHIIYH), KOTOPBIM OCYIIeCTBJISIJIN pec-
NHUPATOPHYIO NOANEPIKKY C IOMOIIbI0 anmnapara Neu-
movent graphnet B peskume HewHBasuBHOW KBJI
(aMIBJI), 60 PSV/CPAP.

VamepeHnus nepBbIM ABYM IpyIlaM IanueHTaM
BBIIIOJIHAJIN Ha CIIMHe, 3aTeM IalieHTaM CaMOCTOsI-
TeJIbHO IIpejjlaraji COBEpPUIUTb MaHeBP IIPOH-II03U-
LMY C MUHUMAJIbHOM IIOMOIIBIO MEJUIIMHCKOTO I1epCo-
Hama (Kak IIpaBMJIO, OHa TpeboBasTach TOJIBKO
MMAIMeHTOM C U3OBITOYHON MaCCOH TeJIa, BBIPAYKEHHBIM
aboOMUHAJIBHBIM TUTIOM OKUpEHUs). Bpemss namepe-
HUS COCTaBJIAJIO OKOJIO 3-5 MUHYT. [locsie Toro kak na-
LHUEeHT IPUHUMAJ IPABUJIbHOE IT0JIOYKEHNE Ha YKUBOTe,
eMy IIPOBOJIUJIU BTOPOE U3MEepeHue.

Unc/IeHHOCTh AMeHTOB 3-1 IPyIIbI COCTaBUIA
20 yesioBek (14 mysk4uH, 6 skeHIIWH). [lanimeHTam aToi
TPYIIIBI OCYIIECTBJIANN NHBa3uBHYIO VIBJI ¢ moMoIsio
ammapara Neumovent graphnet B peskume VC, 6o PC.
V3MmepeHue nmapaMeTpoB reMOAUHAMUKHU IIPOBOJUIN
CHayaJ/la Ha CIUHe, 3aTeM C IIOMOIIbI0 MEeIUIIUHCKOTO
IepCcoHaJsIa IPOU3BOAU/IA MAHEBD IIPOH-IIO3UIIUH, BbI-
IOJIHSIJIA BTOPOe U3MepeHne B TeueHue 5-7 MUHYT. B
[IOJIOKeHUH NTAlleHTa Ha SKUBOTe UCII0/Ib30BAJIU IIOPO-

sumed the correct prone position, a second measure-
ment was taken.

Group 3 included 20 patients (14 men, 6 women).
The patients in this group underwent invasive lung venti-
lation using Neumovent graphnet machine in VC or PC
mode. Hemodynamic parameters were measured initially
while lying supine, then the prone positioning maneuver
was carried out with the help of medical staff, and the sec-
ond measurement was performed for 5-7 minutes. The
foam rollers were placed under the patient's shoulders,
head and pelvis in prone position. Prone positioning ma-
neuver in patients of this group was performed while the
patients were in deep sedation and neuromuscular block.

Hemodynamic studies were performed using the
integrated hard- and software system for noninvasive
central hemodynamic study by volumetric compression
oscillometry «KAP TsG Osm-Globus» (Russia). Hemody-
namic parameters were divided into 3 sets related to
blood pressure, cardiac performance, and vascular pa-
rameters. The first set included systolic (SBP), diastolic
(DBP), mean (SBP), oscillometric 'true’ systolic (OTSBP),
pulse (PBP) and stroke (StBP) blood pressure, pulse blood
pressure velocity (PBPV). The second set consisted of
heart rate, cardiac output (CO) and cardiac index (CI),
stroke volume (SV) and stroke index (SI), volume ejection
rate (VER) and energy expenditure (EE) per 1 liter of car-
diac output per minute. The third set was represented by
linear blood flow rate (LBFR) and pulse wave velocity
(PWV), vascular compliance (VC), total peripheral resist-
ance (TPR) and normalized peripheral resistance (NPR),
as well as NPR actual/NPR estimated ratio. All parame-
ters were obtained from the software and hardware read-
ings and calculated according to the instructions.

Statistical analysis was performed using the Stat-
Plus:mac (v7.0, AnalystSoft Inc, USA) software.
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JIOHOBBI€ BaJINKU, KOTOPBIE YKJAAbIBAIN MO], IJIE€YH,
TOJIOBY U Ta3. MaHeBp MPOH-TIO3UITUN Y OOJTBbHBIX 9TON
TPYIIIIBI BBIIOTHAIN Ha (DOHE MUOILJIETHN U ITTyOOKOH
ceJanuu.

HccnenoBanusa reMOOMHAMUKU OCYIECTBJISIN
KOMIIJIEKCOM aNIlapaTHO-IIPOIrPAaMMHOI0 HEMHBA3UB-
HOTO HCCJIeJOBAaHUs LeHTPAJbHONH reMOJUHAMUKU
MeTOoZ0M 00 beMHON KOMIIPECCHOHHOH OCIUJIIOMET-
pun «KAIT III" ocm-Timobyc» (Poccus). Makporemonu-
HaMH4YeCKHe IapaMeTphl pasfesauan Ha 3 6J0Ka: ap-
TepuaJibHOE JaBJieHue, cepAeyHasl NesATeJbHOCTb U
COCYAHCTHIe TTOKa3aTes u. K mepBomMy GJI0KY OTHeECIA
maHHble cucTtoJauveckoro (CAJl), nmacToJU4YeCKOro
(IAT), cpenuero (CpAl), 6okoBoro (BAJI), mysIbCOBOTO
(Alm) n ynapHoro (Allyn) apTepuajabHOTrO aBJIEeHUS,
CKOpPOCTh IYJIbCOBOTO apTepUaJbHOIO [aBJIEHUS
(CKA/Im). Bropo#l OJIOK COCTaBHJHM TIOKa3aresu
MmyJibCca, cepiedHoro Beibpoca (CB) u cepaeyHOro uH-
nexca (CH), ymapaoro oobema (YO) 1 yoqapHOTO HH-
nekca (YU), oobeMHas ckopocTh BeIOpoca (OCB) n
pacxon saHepruu (P3J) Ha 1 71 cepieyHOro BBIOpOCaA 3a
MuHYTY TpeTuii 6J10Ka MpeaCcTaBUIN CKOPOCTHIO JIH-
HellHOro KpoBoToka (CKJMH) M IyJbCOBOU BOJIHBI
(TIB), mogarnuBocThbIO cocyauctoil cucrembl (ITCC),
061MM neprdepruIecKruM COCYIUCTHIM COIPOTHUBIIE-
HueM (OIICC) u yaesbHBIM Ilepud epudecKuM COCyIU-
cTeIM contporussenueM (YIICC), YIICC dakrudeckoe
/YTICC pabouee. Bce mapameTpbl yKa3aaud B COOTBET-
CTBHH C IPOTPAMMHBIM U alllapaTHBIM obecliede-
HUEeM, PACCYUTBIBAIN COIVIACHO UHCTPYKIIUU.

CraTucTU4ecKUil aHa/Iu3 IIPOBOLUIIM C UCIIOJIb30-
BaHMEM ITIpOrpaMMHOTo obecniedeHus «AnalystSoft Inc.,
StatPlus:mac» (v7.0, AnalystSoft Inc, CIIIA).

ITonyueHHBble JaHHBIE He COOTBETCTBOBAJIU HOP-
MaJIbHOMY pacnpepgesieHnio. HopManabHOCTh IIpOBe-
psau ¢ nomompio Kputepues lllanupo-Yuika, Illa-
nupo—-Ppanyua, Augepcona—/lapaunara, Kpamepa—don
Mnuseca, Kapra—bepa. [lanee Beraucasim menuany, 25
U 75 KBapTUJIb UCCJIEyEeMbIX [IapaMeTPOB.

IIpu cpaBHeHUe MeIUAHHBIX 3HAYEHUU MEeXKAY
rpynmnamu no sospacty 1 UMT ucnosnb3oBaiu KpuTe-
pyrn MaHHa-YuTHU. Pasnuuma Meskay BeJnYrHAMU
CYUTAIU CTATUCTUYECKU 3HAYUMbIMU I1pU p<0,05.

J1s1 cpaBHEHHUST 9aCTOTHI 3a001€Ba€MOCTH MESK Ty
TpyIIIaMU UCII0Jb30BAJIU KpUTepul Xu-KBagpar C 110-
npaBKoi MeTca Ha HeMPepbIBHOCTD. PasIuums MeskIy
BeJIMYMHAMU CYUTAJIN CTAaTUCTUYECKU 3HAYUMBIMU IIpU
p<0,05.

IIpu cpaBHEHUU I'PYIIII CTATUCTUYECKU 3HAYUMOE
passmdme 3a00/1eBaeMOCTH UIIEeMIYeCKON 00Ie3HBIO
cepilia BBIABMJIM MeKny 1-#i m 3-i rpynnamu npu
p=0,006. ITpu oTOOpe MAIMEHTOB KJIIOYEBBIM KpHTE-
preM GBI BUJ PECIIPATOPHOH MOAIEPIKKY, a He HaJIHU-
Yie y HUX KaKHX-JI1u00 3aboJieBanmii. JIeTaTpHOCTH CTa-
TUCTUYECKU 3HAYMMO pas3/inydasach MeKny 2-U u 3-i
rpymnmnoi npu p,=0,008.

711 cpaBHUTEJIBHON OLIEHKU IIOKa3areJsei 1ep-
BOU 4acTU UCC/IeJOBAHUS (JaHHBIX 3a(DUKCUPOBAHHBIX
B IIOJIOKEHUU Ha CIIMHEe) U BTOPOH 4acTH (JaHHBIX 3a-
(pUKCUPOBAHHBIX B IPOH-II03UILIUY) IPUMEHSJIA Hella-
paMeTpuyecKre MEeTOABI [IJIsI IBYX 3aBHUCUMBIX BBIOO-
POK, CTaTUCTUYECKYIO0 3HAUYUMOCTb PACCUUTHIBAIU C
TIOMOIIIBI0 KpUTEpUs YUJIKOKCOHA. Pasiuunusa Mexxay
MeAuaHaMM BeJMYUHAMU CUYUTA]U CTaTUCTUYECKU
3HauyuMbIMU 11pu p<0,05.

The data obtained did not meet the normal distri-
bution criteria. Normality was checked using the
Shapiro-Wilk, Shapiro-Francia, Anderson-Darling,
Cramer—-von Mises, and Jarque—Bera criteria. Then the
median, 25", and 75" quartiles of the studied parameters
were calculated.

Mann-Whitney test was used to compare age and
BMI medians between groups. Differences between val-
ues were considered significant at P<0.05.

The chi-square test with Yates continuity correction
was used to compare incidence rates between the
groups. Differences between the values were considered
significant at P<0.05.

When comparing the groups, a significant differ-
ence in the incidence of coronary heart disease was
found between groups 1 and 3 (P=0.006). When selecting
patients, the key criterion was the type of respiratory sup-
port rather than specific diseases. Mortality differences
between groups 2 and 3 were significant (P,=0.008).

To compare the parameters of the first part of the
study (data recorded in supine position) and the second
part (data recorded in prone position), we used nonpara-
metric methods for two dependent samples, significance
was calculated using Wilcoxon test. Differences between
median values were considered significant at P<0.05.

Results and Discussion

When comparing the values in the set of blood
pressure parameters, we found that PBPV changed
in patients on oxygen support after the position
change. The median values decreased by 10.1%
(P=0.005) (table 2). The study found no other
changes in the first set of hemodynamic parame-
ters in patients on oxygen (P>0.05).

When assessing cardiac parameters after per-
forming prone positioning maneuver, we detected
adecrease in LV ejection rate in patients on oxygen
support. The decrease in median values was 9.96%
(P=0.03) (table 3). There were no other changes in
the parameters of this set.

In patients with severe COVID-19, the most
changes after prone positioning were found in the
vascular parameter set. Thus, median values of lin-
ear blood flow rate in patients on noninvasive ven-
tilation increased by 6.3% (P=0.045) (table 4). The
vascular compliance in the prone position changed
in the oxygen support group and noninvasive ven-
tilation group. In Group 1, median values increased
by 5.8% (P=0.009); in Group 2, median values de-
creased by 5.7% (P=0.028). The median values of the
NPRactual/NPRestimated ratio in Group 1 patients
decreased by 18.0% (P=0,002). There were no other
changes observed in the parameters of this set.

A person's spatial position is known to affect
various functions of his/her body directly or indi-
rectly [14-17]. Moving patients to the prone posi-
tion causes redistribution of blood and compensa-
tory response. This increases intrathoracic and
intraabdominal pressure, which inhibits venous re-
turn and apparently reduces the volume ejection
rate. Preload can also decrease in this situation due
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Kaunudyeckue HCCJJaeqOoBaHuA

TaGuna 2. I3MeHeHHe TOKa3aTeJield apTepHaJbHOTrO JaBJeHHA Ha (h)oHe MaHeBpa IIPOH-TO3HIIHH.
Table 2. Changes in blood pressure values after prone positioning.

Parameter Oxygen therapy Noninvasive ventilation Mechanical lung ventilation
supine prone supine prone supine prone
Systolic BB, mm Hg 126.000 127.500 131.000 128.000 113.000 120.000
[113.250; [113.000; [119.000;  [123.000; [95.000; [99.000;
134.500]  133.750] 137.000] 136.750] 128.500] 134.000]
p=0.667 p=0.855 p=0.873
Diastolic BB, mm Hg 70.000 74.000 82.500 77.000 71.000 71.000
[63.000; [63.000; [77.750; [68.750; [65.500; [63.000;
78.000] 80.000] 90.500] 90.000] 78.500] 79.500]
p=0.753 p=0.223 p=0.821
Oscillometric ‘true’ systolic BB mm Hg 111.000  112.000 118.000 116.000 103.000 99.000
[95.000;  [100.250; [107.750;  [108.750; [83.000; [82.000;
121.000]  120.250] 127.5] 122.250] 123.000] 121.000]
p=0.584 p=0.989 p=0.653
Mean BP mm Hg 88.000 85.000 94.000 91.000 83.000 83.000
[72.000; [80.250; [85.750; [80.750; [70.000; [72.000;
95.000] 92.500] 103.250] 100.250] 92.500] 96.000]
p=0.826 p=0.201 p=0.883
Pulse BP, mm Hg 52.000 52.000 46.000 47.000 37.000 41.000
[44.000; [40.750; [35.250; [41.750; [32.000; [29.500;
61.000] 57.750] 53.000] 56.000] 49.000] 52.000]
p=0.555 p=0.368 p=0.842
Pulse BP velocity, mm Hg/s 281.000  252.520 239.500 231.000 293.000 283.000
[242.000  [209.250; [214.000; [211.750; [257.500;  [233.500;
314.000]  304.000] 286.000]  286.500] 325.500] 336.500]
p=0.005 p=0.939 p=0.142
Stroke BB mm Hg 28.000 26.000 25.000 24.000 22.000 22.000
[26.000; [20.500; [21.000; [19.000; [18.000; [17.500;
32.000] 30.750] 28.250] 29.750] 25.000] 30.000]
p=0.294 p=0.689 p=0.434

Note. P— the significance of differences between values received before and after prone positioning.

IIpumeuanwue. [lyis1 Tabs1. 2—-4: oxygen therapy — uHcyJisanus Kucaopoza; noninvasive ventilation — HMIBJI; mechanical lung
ventilation — MIBJI; supine — Ha crinHe; prone — Ha skuBoTe; systolic BP— CAJl; diastolic BP — JIA/]; oscillometric ‘true’ — BA/;
Mean BP — CpA/Jl; pulse BP — Anrr; pulse BP velocity — CKA/lm; stroke BP — AJlya. p— cTaTucTudyeckasi 3Ha4UMOCTb Pa3HULbI

moKasareJjen mocie nepesoja manrueHTa B IPOH-ITO3UINI0.

Pe3ynbrarhl U 00Cy:K/I€HHE

[Ipu cpaBHeHUU I'pyIIIbI IOKa3aTesel apre-
pHUaJIbHOTO JaBJIE€HUSA OOHAPYKUJIIN, YTO Y MaIu-
€HTOB Ha KMCJOPOJHOU MO JePsKKe TOKa3aTe b
CKAJ/ln mocJje cMeHbl MOJIOYKEHHS OTJIMYaJICH.
MenuanHble 3HaUueHUA CHUYKaIUCh Ha 10,1% npu
p=0,005 (Tabs. 2). NHBIX N3MEHEHUN IEePBOTO
OJ10Ka TapaMeTpPOB reMOAMHAMUKY Y MTallieHTOB
Ha KUCJIOpOoAoTepanuu He BeIABUIA (p>0,05).

[Ipu oleHKe MMoKasaresiel cepievyHoln nes-
TEJIbHOCTHU MOCJIe BBINOJHEHUsI MaHEBpa MPOH-
TIO3UITVHY BBISIBJISLJIN CHUKEHHE 00'beMHOM CKOPO-
CTH CepJeyHoro BbIOpOca Y TMAIMEHTOB,
HaXOJIAIUXCS Ha KUCJIOPOAHOU nioaaepskke. CHU-
sKeHNe MeIWaHHbIX 3HAaYeHWH COCTaBJIsI0 9,96%
ripu p=0,03 (TabJ1. 3). UHLIX U3MEHEHUH TapaMeT-
POB ITaHHOTO OJIOKA HE OTMeYaJIHy.

[Ipu BeITTOJTHEHUH MaHeBPA MPOH-MMO3UIAN
0OJIbHBIM C Tsske abIM TedeHrneM COVID-19 60J1b-
111e BCETO M3MEHEHUH BBISBJISLIIA B OJIOKE COCYIH-
CTBIX ITOKa3aresel. Tak MequaHHbIe 3HaYeHUA CKO-
POCTH JIMHEHHOTO KPOBOTOKA Y MaliieHToB Ha HVIBJI
yBeJIMUMBAIUCh Ha 6,3% mpu p=0,045 (Tabs. 4).
[Tokasaresib IOJATINBOCTUA COCYJUCTOMN CUCTEMBI B
IIOJIOKEHNUU Ha SKUBOTE U3MEHSAJICS B IPYIIIIE KUC-

to reduced chest excursions and, therefore, the
work of the «thoracic pump» and blood inflow to
the heart. However, according to our data, due to a
short duration of such influence until the next
recording of hemodynamic parameters, the cardiac
output was practically not affected.

The phase-contrast cardiovascular magnetic
resonance (CMR) has shown that the the human
body’s lateral, supine, or prone position does not
affect the cardiac output [18]. We found that pulse
blood pressure velocity (PBPV) tends to decrease
on changing the position. This is probably due to
mechanisms similar to those implicated in the ef-
fect on VER.

During invasive cardiopulmonary load assess-
ment in patients with chronic pulmonary hyper-
tension and almost normal pulmonary artery pres-
sure (<30 mm Hg at rest), the cardiac output in
supine position was found to be considerably
higher than in upright position. This may be related
to the increase of stroke volume in supine position
caused by the increase of venous return [19]. In
Group 1 patients, altered NPRactual/NPRestimated
ratio was revealed in response to VER changes
which indicates correlation between precapillary
patency and cardiac output, providing an insight
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Ta6.1mua 3. A3MeHeHHeE ITIOKa3aTeJiei cep;xeln{oi/’l A€ATEJIbHOCTH I10CJ/I€ BBINIOJIHEHUA MaHEBPa IIPOH-IIO3UITHUH.

Table 3. Changes in cardiac parameters after prone posi

tioning.

Parameter Oxygen therapy Noninvasive ventilation Mechanical lung ventilation
supine prone supine prone supine prone
tCardiac output, I/min 6.000 6.150 6.150 5.950 5.400 5.300
[4.900; [5.100; [5.450; [5.550; [4.650; [4.650;
6.500] 6.675] 6.375] 6.325] 6.050] 6.150]
p=0.411 p=0.944 p=0.833
Cardiac index, 1/ (minxm?) 3.000 3.100 3.150 3.100 3.100 2.700
[2.900; [2.825; [2.800; [2.800; [2.200; [2.250;
3.200] 3.375] 3.425] 3.400] 3.300] 3.450]
p=0.440 p=0.925 p=0.781
Stroke volume, ml 78.000 75.500 73.500 74.000 51.000 49.000
[69.000;  [62.000; [66.500; [63.750; [43.500; [42.000;
95.000] 89.000] 84.750] 84.500] 78.500] 57.000]
p=0.088 p=0.670 p=0.185
Stroke index, ml/m? 43.000 40.500 40.000 38.000 28.000 24.000
[35.2; [34.250; [34.250; [32.750; [18.500; [19.000;
47] 44.000] 43.000] 43.500] 39.000] 31.000]
p=0.084 p=0.733 p=0.174
Volume ejection rate, ml/s 251.000  226.000 227.000  220.000 172.000 168.000
[200.000; [185.750; [200.750;  [199.250; [156.500;  [139.500;
294.000]  260.000] 269.000]  255.000] 230.500]  190.000]
p=0.030 p=0.607 p=0.482
Energy expenditure, Wt 11.500 11.250 12.550 12.200 11.000 111.000
[9.600; [10.600; [11.350; [10.775; [9.550; [9.450;
12.700] 12.350] 13.825] 13.325] 12.350] 12.550]
p=0.871 p=0.193 p=0.601

Note. P— the significance of differences between values received before and after prone positioning.
IIpumeuanue. Cardiac output — CB; cardiac index — CU; stroke volume — VO; stroke index — VI; volume ejection rate —

OCB; energy expenditure — PJ. p — crarucTuyeckasi 3SHaYNMO
MO3UIIHIO.

JiopoaHou nonnepsxku u HVIBJI. B 1-i1 rpynme menu-
aHHbIE 3HAYEHUA YBeInYnuBaJInCh Ha 5,8% p=0,009,
BO 2-l— yMeHbIIAINCh Ha 5,7% 1ipu p=0,028. Meu-
a"Hble 3HaueHus oTHouleHus YIICCd/VYIICCp y
nanyeHToB 1-U rpynnsl cHU3WAUCH Ha 18,0%.
p=0,002. MHBIX N3MEHEeHNH TapaMeTPOB JaHHOTO
0JIOKA HE OTMEeYaJIn.

[TonoskeHne yesioBeKa B IPOCTPAHCTBE IPSI-
MBIM WJIM KOCBEHHBIM 00pa3oM BJIHsSET HA pas-
JIM4YHbIe (PYHKIIUM ero opranuama [14-17].

[TepeBopn naryeHTOB B IPOH-TIO3UINIO BBI3BI-
BaeT Hepepacripejie/leHie KPOBU U PeaKINI0 KOM-
TEHCAaTOPHBIX MEXaHU3MOB. [Ipu aTOM BO3pacraer
BHYTPUTPYAHOE ¥ BHYTPUOPIONITHOE JaBJIEHUE, YTO
NIPensITCTBYeT BEHO3HOMY BO3BpaTy W, II0 BCced
BHUIMMOCTH, CHIPKA€eT 00'beMHYIO CKOPOCTH BBIOPO-
ca (OCB). Bo3M0yXKHO TaKsKe yMeHbIIIeHUe IIpeIHa-
TFPY3KH 3a CYET CHIYKEHUs] dKCKYpCUU T'PYAHON
KJETKA U, CJIeIOBaTeJbHO, Pa0OThI «TPYIHOU
IIOMIIBI» ¥ IPUTOKA KPOBHU K cepany. OnHaKo u3-3a
HEMPONOJDKUTEJbHOCTA TAKOr0 BJWUSHUA [0
MOMEHTa MOBTOPHOU PEerucTpanuud COCTOSHUS
reMOJIMHAMUKH, 3TO, 110 HAIIIAM JAaHHbBIM, IPAKTHU-
YeCKHU He OTpaskajioch Ha CepIeuHOM BBIOpoOcCe.

MeTo0M MarHUTHO-PE30HAHCHOT'O KOHTpa-
crupoBaHus (phase contrast cardiovascular mag-
netic resonance (CMR)) OBLIIO BBIABJIEHO, YTO
TIOJIO’KEHHIE TeJIa YeJJ0BeKa Ha JTI0O0M OOKY, CITHHE,
SKUBOTE, He MEHSIET CepIeYHbIi BbIOpoc [18]. MbI

CTb pa3HUIIbL ToKasareJei mocye rnepesoja nmanyeHTa B IPOH-

into the pattern of precapillary response to cardiac
output changes after prone positioning.

Changes in the vascular wall compliance in
both Group 1 and 2 patients were probably related
to the activity of the parasympathetic nervous sys-
tem and vasoconstrictor release. Body tilt, even at
45°-72° angle, affects the vascular wall. Arterial wall
stiffness increases when the body is more upright
[20]. Arterial stiffness and blood pressure were
found to increase with increasing degree of or-
thostasis [21].

Group 2 (noninvasive ventilation) patients
had by lesser lung lesions, less «rigid» parameters
of respiratory support compared with Group 3 pa-
tients and their respiratory function was partially
compensated by prone positioning. Incomplete re-
duction of «thoracic pump» work was suggested by
unchanged parameters of the first and second sets.

The reduction in the linear blood flow rate in
this group could be related to low vascular wall
compliance.

Most of the studied hemodynamic parameters
notably were recorded in patients on respiratory
support, although the patients on mechanical lung
ventilation invariably developed the acute respira-
tory distress syndrome [22, 23] and prone position-
ing was essential. Nevertheless, the cardiovascular
responses to prone positioning in patients with the
most severe respiratory failure were found to be

YCTaHOBUJIN, YTO CKOPOCTH IIYJILCOBOTO apTEpu-

minimal. This could probably be due to the Tigid’
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TaGunia 4. I3aMeHeHHe COCYIHCTBIX ITOKa3aTeJ el IIPH MaHeBpe NPOH-TO3UIHH.
Table 4. Changes in vascular parameters after prone positioning.

Parameter Oxygen therapy Noninvasive ventilation Mechanical lung ventilation
supine prone supine prone supine prone
Linear blood flow rate, cm/s 37.000 39.000 40.000 42.500 40.000 39.000
[35.000; [33.250; [34.000; [42.500; [35.000; [34.500;
40.000] 43.000] 42.000] 47.250] 43.000] 44.000]
p=0.255 p=0.045 p=0.49
Pulse wave velocity, cm/s 1007.000  987.500 956.000 887.500 863.000 838.000
[903.000; [903.500; [862.750;  [832.250; [720.500;  [682.000;
1105.000] 1088.750] 1013.250]  946.250] 935.500] 942.500]
p=0.587 p=0.466 p=0.532
Vascular compliance, ml/mm Hg 1.370 1.450 1.400 1.320 1.050 1.090
[1.280; [1.100; [1.240; [1.140; [0.955; [0.945;
1.670] 1.600] 1.500] 1.490] 1.295] 1.155]
p=0.009 p=0.028 p=0.231
Total peripheral resistance, dynxsxcm™ 1165.000 1144.500 1235.000 1180.000 1226.000  1241.000
[1103.000; [1038.250; [1193.750; [1074.000; [1125.000; [1119.000;
1235.000] 1294.250] 1321.000] 1267.500] 1417.000] 1407.500]
p=0.38 p=0.089 p=0.782
Normalized peripheral resistance (NPR), 28.000 27.500 31.000 28.000 29.000 28.000
conventional units [26.000; [24.000; [28.750; [25.000; [26.000; [27.000;
331.000] 31.750] 32.000] 31.500] 31.500] 34.000]
p=0.380 p=0.11 p=0.931
NPRactual/NPRestimated 0.549 0.450 0.379 0.353 -0.006 -0.023
[0.400; [0.300; [0.280; [0.263; [-0.297; [-0.271;
0.700] 0.600] 0.540] 0.577] 0.190] 0.084]
p=0.002 p=0.592 p=0.056

Note. P— the significance of differences between values received before and after prone positioning.

IIpumeuanwue. Linear blood flow rate — CKaun; pulse wave velocity — CIIB; vascular compliance — IICC; total peripheral re-
sistance — OIICC; normalized peripheral resistance (NPR), conventional units — VIICC, otH. ef.; NPRactual/NPRestimated —
YIICCh/YIICCp. p— cTarucTryeckasi 3HaYNMOCTh Pa3HUIIbI IOKa3aTeJiell ocJje IepeBo/ia MayeHTa B IPOH-TI03UIIHIO.

aJtbHOro gaByeHus (CKAJIm), uMeeT TeHIeHIUIO K
CHIKeHUIO. BeposTHO, 9TOMY CITOCOOCTBYIOT M€exa-
HHU3MbI, aHaJIoTUYHbIe BausgHnio Ha OCB.

Y TamnyMeHTOB C XPOHUYECKOW JIerOYHOM
rUnepTeH3ueu, TaBjaeHneM B JIETOUHON apTepuu
OM3KUM K HOpMaTBHOMY (<30 MM PT. CT. B TIOKOE)
IIpU U3MEPEHUHU CeplleyHO-JIeroYHOU Harpy3Ku
MHBA3MBHON METOIMKOU 3aMe4yeHOo, YTO B IIOKOE,
JIeKa Ha CIIMHE CepJievHbIN BHIOPOC OBIJ 3HAYHU-
TeJIbHO BBIIIIE, YeM B BEPTUKAIbHOM IOJI0KEHUH.
ITO MOSKET OBITH CBSI3AHO C YBEJTMIEHNEM YIapPHOTO
o0beMa B TIOJIOYKEHUH JIeKa Ha CIIMHE, BHI3BAaHHBIM
yBeJIMYeHNEeM BEHO3HOI0 Bo3Bpara [19]. Y nmauuen-
TOB 1 rpynmel B oTBeT Ha u3MeHeHUs1 OCB BbIABUIN
uaMmenenue coorHorenus YIICCh/VYIICCp, kak
[I0Ka3aTeJis CTelleH! COOTBETCTBUS IIPOXOJUMOCTH
MPEKANU/ISIPOB BEJIMYMHE CEPIIEYHOTO BHIOPOCA,
YTO ITO3BOJISATIO CYIUTH 00 0COOEHHOCTSIX OTBETHOM
peakiyy NpeKanusisipoB Ha U3MeHEeHUe ceplied-
HOTO BBIOpOCA IPY BHITIOJTHEHUH ITPOH-TIO3UIIHH.

N3aMeHeHuss mokasaressl IOJATIUBOCTU
cocynuctoii crenku (I1CC) y nanimeHToB Kak 1-H,
TaKk ¥ 2-¥ TPynnbl, BEPOSATHO, OBLJIO CBS3aHO C
AKTUBHOCTHIO TIapacUMIIAaTUYECKOU HEPBHOU
CHCTeMBbl, BbIJleJIeHUeM Ba30KOHCTPUKTOPOB.
HakJj10H TeJia faske o yIVIOM Ha 45-72° BIUAET
Ha COCTOsIHME COCYJUCTOU CTeHKHU. sKecTKOoCTh
CTEHKH apTepuil YBeJIUIUBAETCS IIpH OoJiee Bep-
THKaJIbHOM II0JIOsKeHHH Tesia [20]. OOHapyskeHO
TakyKe, YTO IIPU yBEJINUYEHUU CTelleHU OPTOCTa3a

mechanical ventilation parameters during prone
positioning, i. e., high baseline intrathoracic pres-
sure with the simultaneous PEEP.

Additionally, the invasive lung ventilation in
normovolemic patients in deep sedation and neu-
romuscular block allowed to avoid problems with
lung ventilation, large variations of intrathoracic
pressure and orthostatic effects.

Conclusion

Prone positioning in the patients with severe
COVID-19 on oxygen support resulted in a decrease
in pulse blood pressure velocity and volume ejec-
tion rate with a simultaneous increase in the vas-
cular wall compliance.

Prone positioning in the patients on noninva-
sive lung ventilation associated with increased lin-
ear blood flow rate and reduced vascular wall com-
pliance.

Prone positioning in the patients on invasive
ventilation was not accompanied by altered hemo-
dynamic parameters, as assessed by compression
oscillometry.

YBEJINUMBAJIACH SKECTKOCTh apTepuil ¢ OJHOBpe-
MEHHBIM YBeJIMYeHNEeM apTepPUaIbHOIO JaBJICHUA
OT UCXOTHOTrO [21].

[TanmenTs! 2-1 rpynns! (HMBJI) xapakTepu-
30BAJINCh MEHBIINMH, B CDAaBHEHUH C ITalJAEHTa-
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MU 3-i TpyHIbl, U3MEeHEeHUsIMHU JIeTOYHOH TKaHU,
MeHee «KEeCTKMMMW» IlapaMeTpaMy pecnuparop-
HOU IOAIEPsKKY, a TP MaHEBPe NIPOH-II03ULUU
(yHKIMSA nhIXaHWA Y HUX OblIa IPOTe3MpOBaHa
yactryHO. HemostHast peayKius paboThl «rpyIHON
IIOMIIbI» OTpa’kajlaCh OTCYTCTBUEM H3MeHEHUH
IepBOTO ¥ BTOPOTO OJI0OKA ITapaMeTPOB.

BrIsiBJIeHHOE B 9TOM IpyIile CHUKeHNEe CKO-
pOCTH TMHEWHOTO KPOBOTOKA MOIJIO OBITH CBSI3a-
HO C yMeHbIIIeHHeM IOJATIUBOCTUA COCYJUCTON
CTEHKH.

Heo0X0quM0O OTMETHUTH, YTO OOJIBIITMHCTBO
M3MeHeHNH uccaeJOBaHHbIX [IapaMeTPOB reMo-
JIUHAMUKU (PUKCUPOBAJIU y NAIMeHTOB Ha KU CJIO-
poAHOI MojaepsKKe, XOTA Y HallMeHTOB I10JIy4aB-
mux WBJI, HecomHeHHO, ¢opMUpPOBaAICA
OPAC-cungpowm [22, 23], a npuMeHeHHe TIPOH-
Mo3uIUM OBLIO KpaiiHe HeoOxomumo. Tem He
MeHee, peaKIus ceplledHO-COCYIUCTON CUCTEMBI
Ha MaHEeBpP MPOH-TO3UINHU Y DOJBHBIX C MaKCH-
MaJjIbHO TS3KeJION [bIXaTeJIbHOW HegoCcTaTou-
HOCTBIO OKa3aJjlach MUHMaJIbHOH. BeposTHO, 3TO
OBITIO CBSA3AHO C «YKECTKUMM» mapaMerpamu MBJI
IIPU BBIIIOJIHEHUY IIPOHUPOBAHUA, B YaCTHOCTH,
HCXOIHO BBICOKUM BHYTPUI'PYLHOM JaBJICHUYU Ha
¢one npumenenus [1JIKB.
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Kpowme Toro, ipoBeieHre nHBa3uBHOU MBJI
B YCJIOBHSIX NTYOOKOH CeaIiiy U pesTaKCUH, OTCYT-
CTBUSI TUTIOBOJIEMHUH MTO3BOJISAIO N30erarb Tpy-
HOCTEU C BEHTUJIAIMEN JIeTKUX, CyIeCTBEHHBIX
KoJe0aHU BHYTPUTPYAHOTO JaBJEHUs U OPTO-
craTu4eckux 3G eKToB.

3akJrouenue

BeinmosnHeHne MaHeBpa IPOH-NO3ULUAU Y
OO0JIBHBIX C TAXKEJBIM TeueHueM COVID-19, vaxo-
ISAIIUXCS HA KUCJIOPOIHOU MOAePsKKeE, TIPUBO-
JHUJIO K CHUKEHUIO CKOPOCTH IIyJIbCOBOTO apTe-
pUATBHOTO MaBJIEHUS U O0OBEMHOH CKOPOCTH
BbIOpOCa, C OMHOBPEMEHHBLIM BO3pacTaHUEM
MOJATINBOCTHU COCYJUCTON CTEHKU.

[IpoHuMpoBanue NaKWeHTOB, I10JIyYaBIINX
HernHBa3uBHYIO MIBJI, COpoBOXK1a/10Ch ITOBLIIIIE-
HHEM CKOPOCTH JITHEHHOTO KPOBOTOKA M CHUKE-
HHUEM IOIATIUBOCTU COCYAUCTOU CTEHKMU.

Hcnonp3oBanue MaHeBpa IIPOH-IIO3ULAN Y
OOJBbHBIX, KOTOPHIM IPOBOIUIA WHBA3WUBHYIO
VBJI, He cONIpOBOXKAAIOCH OTKJIOHEHUAMU I1apa-
MEeTpPOB TEMOJWHAMUKHU, OIEHEHHBIX MEeTOIOM
KOMIIPECCUOHHOM OCITUIJIOMETPHUH.
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Pe3rome

OIHUM U3 COCTOSTHUH, compoBokaaomux tedenre COVID-19, siB/sieTcsI KOAryJIonaTus U CBsI3aHHbIE C
Hell TpoMOOTUYeCKUe 0CI0KHEHU. B CBA3M ¢ 3TUM Ha3HaUeHUe aHTUKOATY/ISTHTOB SIBJIsIETCA HeoTheMJIe-
MO 4acThio Tepanuu nanueHTos ¢ COVID-19.

IeJss BccIefOBAHMA — CPABHUTD 9(D(HEKTUBHOCTE OPAJIHHBIX AHTUKOATYIAHTOB U HU3KOMOJIEKYJIAP-
HBIX FellapMHOB IIPU NPOoPUIAKTUKE TPOMO0IMOOJINY JIeTOYHOM apTepuH U X 0e30IaCHOCTH B IJIaHe BO3-
HUKHOBEHUs 3HAYUMBIX KDOBOTEUEHUH, a TaKKe OI[eHUTh 9KOHOMUYECKYIO 11eJIeCO00Pa3HOCTb IPUMeHe-
HUA OPaJIbHBIX aHTUKOAryIAHTOB 11pu Jedyenun COVID-19.

MaTepI/IaJILI H METO/JbI. CpaBHI/IBa.HI/I JBa JaTarma: 10 1 mocJje Havyassa HIMPOKOro NpuMeHEeHNU A OpaJbHBIX
anTukoaryngHToB (OAK). [lyis oneHKU 3 (HEeKTUBHOCTH 1 6€30IIaCHOCTH MIperaparoB aHAIN3UPOBAJIN Ja-
CTOTY BBIABJIEHUA TPOMO03MOOINH JIETOYHOM apTEePHUH U sKeJTyJOUHO-KUIIIeYHbIX KDOBOT€UEHHH Ha CPAaBHU-
BaeMBbIX 9Tarax. J{jig olleHKU 9KOHOMUYECKOH I1es1eco00pa3HOCTH CPAaBHUBAJIN 3aTPAThl HA aHTHUKOATY/ISAHTHI
Ha 1 KOMKo-aeHb 1 Ha 1 maruenTa.

Peaynrkrarhl. YacToTa BBISBIEHUA TPOMO0IMOOINN JIETOYHON apTEPUH U SKeTyI0UYHO-KUIIEUHBIX KPOBO-
TedeHUH Ha CpaBHUBAEMbIX 3Tallax He OTINYa/INCh. HecMOTpsI Ha OBBIIIIEHHe YaCTOThI TOTPe0IeH s aHTUKOA-
T'yJISHTOB, 3aTpaThl Ha 1 KOWKO-/IeHb U Ha 1 malyieHTa CHU3WJINCH TTocyIe Havasa MUpokoro mpuMeneHus OAK.

3axJirouenue. [1o pesynbraram ucciaenoBanus, BriaodeHrne OAK B IPOTOKOJIBI Tepanuy NalyueHTOB C
COVID-19 mo3BOJISIOT COKPATUTh 3aTpaThl Ha JieueHue 0e3 ymepoa aJ1s1 ero apheKTUBHOCTH U 0€30IacHO-
ctu. OHAKO HEITPOJOJIKUTEIbHBIN TepUOoJ CPAaBHEHHU He IT03BOJIAET JesIaTh OHO3HAYHBIX BEIBOIOB. He-
O6XO,HI/IMO npoBeaeHune JONMOJTHUTE/TbHBIX MacHITabHbIX CpaBHUTEJIbHBIX HCCJIe,HOBaHHfI.

Katouesvte crosa: COVID-19; opanbHble aHMUK0AZYNAHMbL RPOHUIAKMUKA MPOMO0IMOOIUL

Summary

Coagulopathy and associated thrombotic complications are common conditions seen in COVID-19. There-
fore, anticoagulants are an integral part of the treatment of patients with COVID-19.

The aim of the study was to compare the efficacy of oral anticoagulants and low molecular weight heparins
in the prevention of pulmonary embolism and their safety in terms of major bleeding incidence, as well as to
evaluate the cost-effectiveness of using oral anticoagulants in the treatment of COVID-19.

Materials and methods. Two stages of patient management were compared: before and after the start of a
widespread use of oral anticoagulants (OAC). The incidence of pulmonary embolism and gastrointestinal
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bleeding during the compared time periods was analyzed to assess the efficacy and safety of anticoagulants.
To assess the cost-effectiveness, we compared the cost of anticoagulants per day of treatment and per patient.

Results. The incidence of pulmonary embolism and gastrointestinal bleeding did not differ during the
compared time periods. Despite the increased frequency of anticoagulant use, the costs per day of treatment
and per patient decreased after the start of a widespread use of OACs.

Conclusion. According to the results of the study, inclusion of OACs in COVID-19 management protocols
allows to reduce treatment costs without compromising its efficacy and safety. However, the short period of
comparison does not allow drawing any firm conclusions. Additional large-scale comparative studies are

needed.

Keywords: COVID-19; oral anticoagulants; thromboembolism prevention
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BBenenue

OmHUM U3 TPO3HBIX OCJIOKHEHUI HOBOU
KOPOHABUPYCHOU MH(MEKINH SIBJISIETCS KOATYJIO-
naTusl U CONpsiKeHHble ¢ Hell TpoMOOoTUYeCcKue
ocJioskHeHUs [1, 2]. B ¢cBsI3U ¢ 9TUM ageKBaTHOE
IIpUMEHEHHEe aHTUKOAryJIsHTOB CTaHOBUTCA
HEOThbeMJIEMOM 4YacThIO Tepanuy MalueHTOB C
COVID-19, 4TO HAIILJI0 OTPAasKeHNe B PpeKOMEeH1a-
muax no jgedyenuio COVID-19, B ToM 4yucJie ¥ BO
BpPEMEHHBIX MEeTOOUYEeCKUX peKOMeHIalusax
MunucrepcTBa 3AapaBooxpaHeHuss Poccuiickoi
denepanuu 0o TpopUIAKTHKE, TUATHOCTUKE U
JIeYeHUI0 HOBOI KOPOHABUPYCHOU HH(EKIUHU.
ComiacHO peKOMeHIallusIM, BCe IOCIIUTAJINu3UpPOo-
BaHHbIe NIAleHThI B OTCYTCTBUU IIPOTUBOIIOKA3a-
HUH JO/KHBI IOJYYaTh KaK MUHUMYM IIPOUIAK-
TUYECKHe J03bl aHTUKOAryJIsgHTOB, INPU 3TOM
IIpennoyYTeHne OTIaeTcsd HU3KOMOJIEKYISAPHBIM
rerrapuHaMm (HMI) [3-12].

B Takoii cuTyanuu 3aTparbl Ha Ipuoopere-
HUE aHTHUKOaryJIsgHTOB COCTaBJIAIOT 3HAYUMYIO
JIOJII0 OT OOIIMX 3aTpaTr Ha MeJUKaMeHThI B CTa-
OMOoHapax, OKa3bIBaIOIINX MEeIULIUHCKYIO
nomoIib namuenTam ¢ COVID-19.

3amena HMI opa/ibHbIMY aHTHUKOATyJIIHTaMU
(OAK) mosBoJsinia Obl CHU3UTH 3aTPaThl MEAUIIH-
CKUX OpraHu3aIuii. Ita rpyIa npenaparoB HIUPO-
KO IIpUMeHsIeTCs 11 NPO(PUIaKTUKU U JIeUeHUsI
TpoM603MOOJINY JIETOYHOU apTepuu U TpoMbOo3a
[TyOOKHX BEH Y IMAlIEHTOB XUPYPTrUYeCKOro U Tepa-
neBTuveckoro nmpoduien 6e3 COVID-19 [13-16].
Taxske, COIVIACHO IIOCJIEJHUM BEPCUAM BpEMEHHbBIX
METOANYEeCKUX peKoMeHganuii MuHuCTepCcTBa
3apaBooxpaHenusi Poccuiickoit Peneparuu 1o
NpoUIaKTHKE, TUATHOCTUKE U JIEYEHUIO HOBOU
KopoHaBupycHot uHgpekiuu, OAK BOIIIN B CXeMbI
JieueHUsI NTallieHTOB C BBICOKUM PHUCKOM TPOMOO-
obpasoBaHus1 Ha aMOyIaTOpHOM ararie [7, 8].

B T'KB No40 JlenapramenTa 3apaBoOXpaHeHUsI
ropoga MockBbl OAK anmkcabaH, gaburarpaH u
puBapokcadbaH ¢ oKTsIOpsi 2020 roga BKJIIOYUINA B
nporokoJibsl Tepanuu COVID-19 y nmanueHToB BHe
OT[ieJIeHU peaHnMaIlii 1 MHTEHCUBHOU Teparnuu,
He UMEIOITUX IPOTUBOIIOKA3aHUH K X HA3HAYEHHIO.

lenp ucciaenoBaHuss — CPaBHUTH P dek-

THUBHOCTB OpPaJIbHBIX aHTUKOAlI'YJITHTOB U HU3KO-

Introduction

Coagulopathy and associated thrombotic
events are considered to be major complications of
the novel coronavirus infection [1, 2]. In this regard,
adequate use of anticoagulants becomes an inte-
gral part of therapy of patients with COVID-19,
which was echoed in the provisional guidelines on
prevention, diagnosis and treatment of the novel
coronavirus infection of the Ministry of Health of
the Russian Federation. According to the guide-
lines, all hospitalized patients should receive at
least prophylactic doses of anticoagulants, prefer-
entially low molecular weight heparin (LMWH) un-
less contraindicated [3-12].

In this context, the purchase costs of antico-
agulants represent a significant share of the total
costs of medications in hospitals providing medical
care to patients with COVID-19.

Replacement of LMWH with oral anticoagu-
lants (OACs) would reduce costs for medical organ-
izations. This group of drugs is widely used for pre-
vention and treatment of pulmonary embolism and
deep vein thrombosis in surgical and therapeutic
patients without COVID-19 [13-16]. Also, according
to the latest versions of the provisional guidelines
of the Ministry of Health of the Russian Federation
on prevention, diagnosis and treatment of the novel
coronavirus infection, OACs were included in the
treatment regimens of outpatients with high risk of
thrombosis [7, 8].

In the Moscow City Clinical Hospital No. 40,
oral anticogulants apixaban, dabigatran and ri-
varoxaban have been included in COVID-19 ther-
apy protocols since October 2020 in non-ICU inpa-
tients unless contraindicated.

The aim of the study was to compare the effi-
cacy of oral anticoagulants and low molecular
weight heparins in the prevention of pulmonary
embolism and their safety in terms of major bleed-
ing incidence, as well as to evaluate the cost-effec-
tiveness of using oral anticoagulants to treat the
COVID-19.

Materials and Methods

A retrospective cohort pharmacoepidemiological
study was conducted.
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MOJIEKYJISIPHBIX TeTIapUHOB IIPU TPO(PUTAKTHKE
TpoM003MOOJIUM JIETOYHON apTepuu U Ux Oes-
OTIaCHOCTH B IIJITaHE BOSHUKHOBEHUSI 3HAYNMbBIX
KPOBOTEYEHUH, a TaK)Ke OLEeHUTh IKOHOMHYeE-
CKYIO 11eJ1eCO00Pa3HOCTh TPUMEHEHU ST 0PaIbHBIX
AHTHUKOAryJIsAHTOB Npu jJedeHun COVID-19.

MarepuaJa u MeToAbI

IIpoBeJsin peTpOCIEKTUBHOE KOrOpPTHOE hapma-
KO3MUIEMHOJIOTUYECKOE UCCIIeJOBaHuE.
AHa/IM3UpPOBAINA TOHEAEJBHYIO NTUHAMHUKY I10-
Tpebsienust HMI u OAK 3a nepuon ¢ 18-it mo 52-10 He-
pemro 2020 roma. Hymepanuio Heleab IPOBOAUIIN 110
MEeXKyHapOgHOMY CTaHJapTy, KOIJa IepBoi Helesel
rojja CYUTAETCs HefleJslsd, CoflepsKallias IepBbli YeTBepr
rona, ¥ HeJleJI1 HAYMHAeTCs C IIOHeIe/IbHAKA.
NHpopmanuio 06 o6bemMe moTpedIeHus MoJTy-
YNJIA U3 IPOTrPaMMBbI y4eTa IBUKEeHUs JIEKapCTBEHHBIX
npenaparoB (KOJAYEeCTBO BbIIAHHBIX B OT/EJICHUS aH-
TUKOAry/asiHToB). OO0 beM 1oTpelJieHUusl BbIpaskajics B
CpeIHUX O JePsKUBAIOIINX CyTOYHBIX 103ax (DDDs) Ha
1 KoliKko-leHb 1 Ha 1 IpoJieyeHHoro nanuenTa. 113 ana-
JIM3a MCKJIIOYUJIY aHTUKOATYJIAHTBI, BBIJAHHBIE B OT/Ie-
JIeHUs1 peaHuMalluyd U WHTEHCUBHOM Tepamnuu, IOo-
ckoJibKY OAK B 9THX OT/Ie/IeHUSX He IPUMEHAJIN.
INocJte mepBUYHOTO aHAIH3A TOTPEOJIEHNST aHTH -
KOATryJITHTOB B UCCJIEYEMBIH IIEPHOL BIOPAJIH 9TAIIbI
I cpaBHeHM:A. Ha arame 1o Havasia IAPOKOro IIpAMe-
HEHUA aHTUKOATYJIAHTOB IIPOJIeYniIn 3237 NaneHToB,
YTO COOTBETCTBYeT 22253 KOMKO-IHSM, Ha JTalle [10cjIe
BHEJIPEHM IIpeapaToB annkcadaH, faburarpa u pu-
BapoKcabaH B pyTHHHYIO IPAKTHKY 3TH IIOKa3aTeJIH CO-
ctaBuJi 3611 1 26563, COOTBETCTBEHHO.
WHdopmanuio o BeIsIBJIEHHBIX ciydasax TIJIA no-
JIYYMJIA U3 SKypHaJla UCCIeJOBAaHUM OTHe/IeHusI Jyde-
BOU JUATHOCTUKY, O CIIydasix YKeJlyJOUHbIX KPOBOTeue-
Hul OKK) — u3 sxypHaJ/a uccjiaefoBaHUM OTHeJeHus
9HJIOCKOIIUU.
Yacroty BeiABaeHnA TIJIA n KK paccunrbiBanmu
B KoJsIn4ecTBe caydaeB Ha 1000 koiiko-gHeil u Ha 1000
MPOJIEYEHHBIX ITalueHTOB. CpaBHUBAJIM OTHOCUTEJIb-
HbI€ ITOKa3aTeJsu 4acToTel BeisABaeHnd TIJIA u KK, a
TaKsKe paCCYUTHIBAJIN OTHOCUTEJIBHBIN PUCK BOSHUKHO-
Benus TAJIA u 7KK Ha atanax cpaBHenus. 13 uccaeno-
BaHUA UCKII0YMIA cirydan TOJIA u 7KK, BeIsABII€eHHBIE B
OPUT, a raxoxe cirydan TOJIA u 7KK, BeIAB/IEHHBIE B IIEp-
BBIE CYTKHU ITPeOBIBAHUS MTAIIEHTOB B CTAI[MOHADE.
WudopMmanuio o 3arparax Ha JeKapCTBeHHbIE
npernaparsl II0JIyYU/IA U3 IIPOrPaMMBI yueTa IBAKEeHU
JIEKapCTBEHHBIX NIperaparoB. AHAJIU3UPOBAJIN CTOU-
MOCTB JIEKapPCTBEHHBIX IIPENaparoB, BbIIAHHBIX B Tepa-
MeBTUYECKHE OT[AEJICHWs Ha JTalax CpaBHeHUA. 3a-
TpaThl PaCCUYUTHIBAIHN B pyOJIsAX Ha 1 KOHKO-TeHb 1 Ha 1
MIPOJIEYEHHOI0 allueHTa.

Pe3ynbTaThl U 00CY:K/IEHHE

JlaHHBIE O IOHEIeTbHOM OTPeOIeHUH aHTH -
KOaryJIAHTOB [IpeICTaBUJIA Ha pUC. 1.

W3 mpencraB/ieHHBIX AAHHBIX BUIHO, YTO
norpebJieHre aHTUKOATYJISTHTOB IPOUCXOIHUJIIO
HepaBHOMepHO. OcOO6EHHO 9TO 3aMETHO Ha IPU-
Mepe HMI. HauboJiee 3HaUUMBIH ITUK OTpedJIe-
Husgs HMT mpuxofuiicst Ha 22-10 HeleJTio. ITo ObLIO

We analyzed the weekly trends in the consumption
of LMWH and OACs during the period from the 18™ to
the 527 week of 2020. Weeks were numbered according
to the international standard, when the first week of the
year refers to the week containing the first Thursday of
the year, and the week begins on Monday.

The consumption data were obtained from the
Hospital medication accounting registries (the number
of anticoagulants prescribed in the wards). Consumption
was expressed as defined daily doses (DDDs) per 1 day of
treatment and per patient treated. We excluded antico-
agulants prescribed in intensive care units, because the
OACs were not used there.

After the primary analysis of anticoagulant con-
sumption during the study period, we chose the time pe-
riods (stages of the study) for comparison. During the
time period prior to the wide-spread use of anticoagu-
lants, 3,237 patients were treated, which corresponds to
22,253 days of treatment; during the period after the in-
troduction of apixaban, dabigatran and rivaroxaban into
routine practice these parameters reached 3,611 and
26,563, respectively.

The data on the cases of PE were obtained from the
registry of the Radiology department, that of gastroin-
testinal bleeding (GIB) — from the registry of the En-
doscopy unit.

The incidence of PE and GIB was calculated as the
number of cases per 1,000 days of treatment and per 1,000
treated patients. We compared the relative incidence of
PE and GIB and calculated the relative risk of PE and GIB
during the compared periods. Cases of PE and GIB de-
tected in the ICU, as well as those diagnosed during the
first day of hospitalization were excluded from the study.

Information on drug costs was obtained from the
Hospital medication accounting registry. We analyzed the
cost of drugs dispensed to the therapeutic departments
during the studied periods. Costs were calculated in
rubles per day of treatment and per patient treated.

Results and Discussion

Data on weekly consumption of anticoagu-
lants are presented in Fig. 1.

From the data presented, we can see that the
consumption of anticoagulants did not follow a reg-
ular pattern. This is most noticeable with the
LMWH. The highest peak of LMWH consumption
was recorded during the 22" week of the year. This
was due to the inclusion of anticoagulants in the
treatment regimens by the provisional guidelines
for prevention, diagnosis and treatment of the novel
coronavirus infection of the Ministry of Health of
the Russian Federation. The increase in LMWH con-
sumption at week 41 was associated with the de-
ployment of additional hospital units and creation
of a ten-day medication stock therein. The increase
in the consumption of LMWH during week 52 was
associated with the accumulation of an additional
supply for the time of weekends and holidays.

The active use of the OACs was started from
the 45" week, which is also shown in Fig. 1.

For comparison, we chose the time periods
that did not include abrupt fluctuations in LMWH
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Puc. 1. ITorpedieHne aHTUKOATYJISTHTOB 3a Mepuo/ ¢ 18 no 52 nexesu 2020 roga.

Fig. 1. Consumption of anticoagulants during weeks 18 to 52 of 2020.

Note. The red arrows indicate the stage before the start of OAC use, and the blue arrows indicate the stage of active OAC use. Abbre-
viations for fig.1,2 and table 1: LMWH — low molecular weight heparins; OACs — oral anticoagulants; DDDs — defined daily doses;

DoT — day of treatment.

Ipumeuanwue. [l puc.1, 2, Tabs1. 1: LMWH — HU3KOMOJIeKY/IApHbIe renapuHbl; OACs — opasibHbIe aHTHROAry/IAHThL DDDs — cpef-
HIUe NoJIepsKUBalole CyToYHble 103bl; DoT — Koliko-nens; weeks — Henesu. 1A puc. 1, 2: Consumption of anticoagulants — mo-
TpebJIeHIe aHTHKOAry/IAHTOB. KpacHBIME CTpesIkaMy OTMeUeH JTall 10 Havasia npuMenennst OAK; CHHIMY — aTall akTHBHOTO IIPU-

meneHust OAK.

00yCJIOBJIEHO BRJIIOYEHWEM aHTHUKOATY/ISHTOB B
CXeMBbl JICYCHHUS BO BPEMEHHBIX METONWUYECKUX
pexoMmenjanusax MuHnUCcTepCcTBa 3IpaBoOXpaHe-
Hus Poccutickoit @eneparuu 1o npouIaKkTUKE,
JUarHOCTUKe U JJeYeHHUI0 HOBOM KOPOHABUPYCHOU
nadexnuu. Poct morpebsenus HMI wa 41-i
HeJieJie OBLJT CBSI3aH C pa3BepThIBaHUEM JTOTIOTHU-
TeJbHBIX OTAeJIeHUN U (DOPMUPOBAHNUEM B HUX
IecsTAIHEeBHOTO 3amnaca. [ToBbIlieHne morpeode-
aust HMI Ha 52-11 Heniesie OBIJI0 CBSI3aHO C POPMU-
poBaHueM AOIOJHUTEJBHOIO 3arnaca Ha BpeMs
BBIXOJHBIX U IPA3JHUYHBIX THEH.

AxtuBHO npuMmeHsATh OAK Hauvanu c 45-i
HeJIeJIV, 9TO TaKKe 0TOOpaskeHo Ha puc. 1.

Jlns1 cpaBHEHUS BBIOpAJIH 9TaIlbl, HE BRJIIO-
YJamIre pe3skux KosebaHuil ypoBHs moTpebJie-
HuA HMI, a uMeHHO: aTar 40 HavyaJsia IpUMeHeHUs
OAK — c 34-1 1o 39-10 HefeJIio, aTa akKTUBHOTO
npumeHenusi OAK — c 46-i1 o 51-10 HeJesIo.

Ha sTame c 34-#1 mo 39-10 HeqleJ 10 B OTIesIe-
HUSIX TepalleBTUYeCKOro Npouiis Yucso mpoJe-
YEHHBIX [TAIIUeHTOB COCTaBUJI0 3237, UYTO COOTBET-
cTByeT 22253 KoliKko-gHAM. Ha aramne ¢ 46-i 1o
51-10 HeJleJII0 9TU ITOKa3aTeJiu COCTaBUJId 3611 u
26563, COOTBETCTBEHHO.

Cpennee morpebsienne HMI' u OAK Ha 1
KOWKO-/IEHb U Ha 1-TO IpOJIeYeHHOr 0 NanueHTa
Ha CpaBHMBAaEMBIX dTallax MPeACTaBUIN B Ta0JT. 1.

CymmapHoe niotpeOJieHre aHTUKOATY/ISTHTOB
3HAYMMO BO3POCJI0, HECMOTPS Ha CHAYKEHHE YPOB-
Hs1 motpebsienust HMI. BeposiTHo, pocT moTpedJie-

consumption, namely, the pre-OAC stage from
week 34 to week 39, and the active OAC stage from
week 46 to week 51.

During weeks 34-39, the number of patients
treated in the therapeutic departments was 3,237,
which corresponds to 2,253 days of treatment. Dur-
ing weeks 46-51, these parameters were 3,611 and
2,563, respectively.

The average consumption of LMWH and
OACs per 1 day of treatment and per 1 treated pa-
tient during the compared periods is presented in
table 1.

The total consumption of anticoagulants in-
creased significantly, despite the decrease in the
consumption of LMWH. This rise is probably asso-
ciated with an increased proportion of patients
with a moderate to severe disease, which required
prescribing higher doses of anticoagulants.

During weeks 34-39, 9 cases of PE were de-
tected, which amounted to 0.4 cases per 1,000 days
of treatment or 2.78 cases per 1,000 patients
treated. During weeks 46-51, 10 cases of PE were di-
agnosed, which corresponded to 0.37 cases per
1,000 days of treatment, or 2.77 cases per 1,000
treated patients. The relative risk of PE was 0.6 (95%
CI, 0.21-1.67).

To assess the safety of OACs, we analyzed the in-
cidence of gastrointestinal bleeding (GIB) as the most
common and life-threatening hemorrhagic complica-
tion. During weeks 34-39, we recorded 5 cases of GIB
in the non-ICU patients, which equates to 0.22 cases
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TaGuna 1. [Torped/ieHHe aHTHKOATYJISTHTOB Ha CPAaBHUBAaeMBbIX JTalax.
Table 1. Consumption of anticoagulants during the study stages.

Stages DDDs
LMWH 0OACs Total
Per 1 DoT Per 1 patient Per 1 DoT Per 1 patient  Per 1 DoT  Per 1 patient
33-39 weeks 1.42 9.96 0 0 1.42 9.78
46-51 weeks 1.24 9.11 0.8 5.89 2.04 15.01

IIpumeuanwue. [lyis1 TabJ1. 1, 2: stages — aTansbl; total — Bcero; per 1 day of treatment — Ha 1 KOlKO-/1eHb; per 1 patient — Ha 1

NIPOJIEYEHHOI'O ITallueHTa.

Puc. 2. IloHexeabHasI JTUHAMHKA IOTPEOI€HH s AHTUKOATYJISTHTOB U 4acToThI BbhisiBaeHus TIJIA u KKK Ha aTane ¢ 34 mo 39

HeJIeJIN.

Fig.2. Weekly changes in the consumption of anticoagulants and the incidence of PE and GIB between weeks 34 and 39.

Note. PE — pulmonary embolism; GIB — gastrointestinal bleeding.

IIpumeuanmue. Frequency of PE and GIB, cases/1000 DoT — yacrora T9JIA u KKK, cirygan/1000 koiiko-nHelt; PE — Tpom60aM60-
JINSA JIETOYHOH apTepun; GIB — jKeJTy104HO-KUIIIeYHble KDOBOTEUEHHUSI.

HUsI aHTUKOAryJIsIHTOB CBSI3aH C yBeJUYeHHEeM
JIOJIY MAIEHTOB CO CPEJHETSSKEIbIM U TAKeJIbIM
TedeHMEeM 3a00JIeBaHMs, 4TO TpeOOBaJIO Ha3HAYe-
HUs1 60J1ee BBICOKUX 103 aHTUKOATY/ISTHTOB.

Ha sramne c 34-1 1o 39-10 HeJIeJ110 BbISIBUJIN 9
cayuaes TOJIA, uro cocrasuio 0,4 ciaydas Ha 1000
KOUKO-IHeN i 2,78 ciydast Ha 1000 mpoJiedeH-
HbIX nanueHToB. Ha ararme ¢ 46-1 1o 51-10 HeIeJIio
BeIABUIN 10 ciryuaeB TOJIA, uro cocrasuio 0,37
ciydast Ha 1000 KoWKO-THEN uau 2,77 caydast Ha
1000 mpoJieueHHBIX MAIUeHTOB. OTHOCHUTETbHBIA
puck Bo3HUKHOBeHUus TIJIA cocrasui 0,6 (95%
a1 0,21; 1,67).

C nessio orteaku 6e3onacuHoct OAK mpoBe-
JIM @aHAJIU3 4aCTOThI BOSHUKHOBEHUS 3KeJTyJOYHO-
kunrevHbix KpoBoreuennii (GKKK) kak nanbosiee
4acTOro M SKU3HEYyIpOsKamollero reMmopparuue-
CKOTO ocJiokHeHHs. Ha arame c¢ 34-#1 mo 39-10
Hepesro y manueHTos BHe OPUT 3aperucrpuposa-
g 5 cirydaes KKK, uro cocrasuiio 0,22 ciay4yas Ha

per 1,000 days of treatment or 1.54 cases per 1,000
treated patients. During weeks 46-51, 5 cases of GIB oc-
curred, which amounted to 1.88 cases per 1,000 days
of treatment or 1.38 cases per 1,000 treated patients.
The relative risk of GIB was 0.9 (95% CI, 0.29-2.78).

The weekly changes in anticoagulant con-
sumption, diagnosis of PE and GIB during the pe-
riods compared are presented in Fig. 2.

The presented data do not confirm the effect
of OACs on the diagnosis of PE and GIB during the
studied periods.

The cost-effectiveness of including OACs in
the treatment protocols was assessed by trends in
anticoagulant costs during the studied periods. The
results of the analysis are shown in Table 2.

Table 2 demonstrates that the cost per day of
treatment and per patient treated decreased after
the start of the use of OACs.

The feasibility of using OACs in patients with

COVID-19 is discussed in various publications and
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Tabsmna 2. [lTuHaMHKa 3aTpaT Ha aHTUKOATYJITHTHI HA CDaBHUBAaEeMbIX dTarax.
Table 2. Changes in anticoagulant cost during the periods of the study.

Stages Sum, rubles

per stage per 1 day of treatment per 1 patient
34-39 weeks 5,862,910.94 263.47 1,811.22
46-51 weeks 6,282,995.72 236.53 1,740.20

26.9 rubles (10.2%) less 71 rubles (3.9%) less

ITpumeuanwue. Stage(s) — arar(b1); sum, rubles — cymma, py6.iu; per stage/per 1 day of treatment/per 1 patient — Ha ararne/Ha
1 KOIiKO-JleHb/Ha OJJHOTO IPOJIeYeHHOT0 NallueHTa; less — MeHb1Ie.

1000 koiiko-nHel uau 1,54 cirydas Ha 1000 mpoudte-
YeHHbIX ITanueHToB. Ha arame ¢ 46-i mo 51-10
HeJeJs10 Takyke BbIABUU 5 caydaeB KKK, uro
cocraBuJio 1,88 cayuas Ha 1000 KoiiKo-IHEN Uan
1,38 ciyuas Ha 1000 mpoJieYeHHBIX ITAlUEeHTOB.
OTHOCUTENBHBIM pUCK BO3HUKHOBeHUsA KK
cocrasua 0,9 (95% /1M1 0,29; 2,78).

IToHenenpbHYI0O NOWHAMHUKY TOTPeOJeHUs
AHTUKOAry/JasaHTOB, BelsaBaeHuA TIJIA n KKK Ha
CpaBHUBaeMbIX 9Tanax MpeCcTaBUIA HA PUC. 2.

[IpencraBiieHHBIE TaHHBIE HE TTOATBEP K IAI0T
B/sAHUA npuMenenusa OAK Ha 4acTOTy BBIABJIE-
HuA TIJIA n KK Ha cpaBHMBaeMbIX 9Tanax.

JKOHOMMYECKYIO I1eJ1eCO000pPa3HOCTh BHE-
penus OAK oneHMBaJ/IM IO JUHAMUKe 3arpaT HA
AHTUKOAryJAHTBl HAa CpPaBHHUBAaEeMBbIX JTarax.
Pesynbrarsl aHa/M3a MpeICTaBUIN B Ta0JI. 2.

W3 tabs. 2 BUIHO, 4TO 11ociie BHenperuss OAK
CHU3WJIKCH 3aTpaThl Kak Ha 1 KOMKO-/IeHb, TaK U
Ha 1-ro poJieyeHHOr o NalueHTa.

Bonpoc o BoamosxkHOCTH npuMeHeHnss OAK
y manuenTos ¢ COVID-19 nogHuMaercsa B pas-
JIMYHBIX IyOJIUKAIUAX U peKoMeHaanusx [10, 12,
17-19]. B 60/IbIIMHCTBE CIy4aeB MpeAIoJiaraeT-
Csl IpUMeHeHNe 3TOM TPYIIBI IpernapaToB Nalu-
eHTaM, He TPeOYIIUM TOCIUTATN3ANHN, UJIN
ManreHTaM, 3aBEpPIIMBIINM CTAlMOHAPHOE
Je4eHue, HO MO-IPeKHEMY UMEIOIUMU BbICO-
KUH PUCK TPOMOOTHYECKUX OCTOKHEHUH TTOCTIe
BBITIACKH.

B oTHOIIIEHNY TOCTINTA/IN3UPOBAHHBIX ITAllU-
€HTOB MIpeJyIaraeTcs NPOAOJIKUTh IPUMEHEHNE
OAK, HazHa4YeHHBIX paHee N0 APYyTUM IIOKa3a-
HUSAM, Y TAIIMEHTOB C KOPOHABUPYCHOU HH(EKI-
el cpeqiHel cTenieHU TsHKReCTH [6-12].

Kpowme Toro, 4acTp KIMHUYECKUX PeKOMEH/1a-
M, B YaCTHOCTU, BpPEMEHHbIE METOAUYECKHe
pexoMeHnanuu MUHNACTEPCTBA 3IPABOOXPAHEHM S
Poccwuiickoii Peneparium 1o npouIakTUKe, Auar-
HOCTHKe U JIEYeHUI0O HOBOU KOPOHABUPYCHOMU
nH(pexnuy, fonyckaior npuMenenne OAK y naru-
€HTOB, paHee He IMOJIy4aBIINX aHTUTPOMOOTHYE-
CKYIO TepaIuIo, IIpY HeTOCTYIIHOCTH I'eIIapUHOB [8,
10]. Bce aBTOpBI CXOOATCA BO MHEHUU, YTO IJIA
MAIUEHTOB C TSXKEJbIM TeueHneM UH(EKITUN, Tpe-
OyroIIIX HaOJTIOIEHNS B YCIOBUSIX OTIEIEHHS pea-
HUMAaIIUY U THTEHCUBHOM Tepanuu, ipenaparamMmu
BBIOOpA SIBJIAIOTCS HUSKOMOJIEKY/ISIPHBIE Terrapu-
HbI U1 He(PPaAKIIMOHUPOBAHHBIN rermapuH.

guidelines [10, 12, 17-19]. In most cases, this group
of drugs is suggested for patients who do not re-
quire hospitalization, or those who have completed
inpatient treatment but still have a high risk of
thrombotic complications after discharge.

In hospitalized patients, it is suggested to con-
tinue the use of OACs previously prescribed for
other indications in those with moderate coron-
avirus infection [6-12].

In addition, some clinical guidelines, in par-
ticular, the provisional Russian guidelines, suggest
the use of OACs in patients who have not previously
received antithrombotic therapy, when heparins
are not available [8, 10]. All authors agree that low-
molecular-weight heparins or unfractionated he-
parin are the drugs of choice for patients with se-
vere disease, requiring monitoring in the intensive
care unit.

Lack of a sufficient evidence, as well as poten-
tially significant interactions between direct OACs
and drugs used to treat COVID-19, are most often
cited as reasons limiting the wider use of OACs in
hospitalized patients with moderate disease [9, 10,
12, 17]. However, the most cited example of such in-
teraction is the one of OACs with a combination an-
tiretroviral drug containing lopinavir and ritonavir.

This drug is currently considered ineffective in
the treatment of COVID-19 and is not included in
the guidelines [8, 11, 12]. Considering potentially
significant interactions with other drugs used to
treat COVID-19, only co-administration with dex-
amethasone could cause decreasing OAC levels due
to induction of CYP3A4 and glycoprotein P by dex-
amethasone, although the clinical importance of
this interaction is not clear [20].

Thus, most authors admit using OAC to pre-
vent thromboembolic complications in patients
with COVID-19, but some limitations in the use of
this drug group cannot be ignored .

Our data support the hypothesis on the effi-
cacy of OACs in preventing pulmonary embolism
in hospitalized patients with moderate COVID-19
infection.

Conclusion

The analysis demonstrates that the routine
use of OACs in selected groups of patients does not
result in changes in the incidence of pulmonary
embolism. There were also no changes in the inci-
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Clinical Studies

B kadecTBe NOpUYMH, OTPAaHUYUBAIOIIUX
bosee muporoe npumeHenrne OAK y rocnuramu-
3WPOBAHHBIX ITAIIUEHTOB CO CpEIHEeTIKeJIbIM
TedyeHUeM 3a00JIeBaHMsI, HanboJiee YacToO IPUBO-
JSITCSL OTCYTCTBHUE JOCTATOYHOU OKa3aTeJbHOU
0a3bl, a TaKsKe OTEeHIINaAbHO 3HAYMMbIE B3alMO-
neiictBus Mesky npssMbiMu OAK u npenapaTtamy,
npuMeHseMbIMu A1 JedyeHnusa COVID-19 [9, 10,
12, 17]. OmHAKO B Ka4eCcTBe MpUMepa Mog00HbBIX
B3aUMO/IeHCTBUI IPUBOANTCS IIPEUMYIIIeCTBEHHO
B3anmogericteue OAK ¢ KOMOWHUPOBAHHBIM
AHTUPETPOBUPYCHBIM IIpenaparoM, B COCTaB
KOTOPOT0 BXOJIUT JJONWHABUP U PUTOHABUD.

W3BeCTHO, UTO B HACTOAIIee BpeMS 9TOT IIpe-
napar npusHaH Hed(PEeKTUBHBIM IIPU JIeUeHUHU
COVID-19 n He BXOOUT B pekoMeHaanuu (8, 11,
12]. EcJin ske rOBOPUTH O IIOTEHIIMAJIbHO 3HAYU-
MBbIX B3aUMO/JIeHICTBUSX C APYTUMHU IIperaparamu,
npuMeHsgeMbIMU 1is1 jgedyenuss COVID-19, To
JIUIIb IPY COBMECTHOM HAa3HAYEHUU C JleKcaMe-
Ta30HOM MOSKHO TOBOPHUTH O BEPOSITHOM CHUKe-
Huu KoHneHTpauuu OAK 3a cueT MHAYKIIAM JeK-
cametadoHoM CYP3A4 wu miukonporenHa P
puyeM KJIMHUYECKOE 3HAaUYeHNE TAKOTO B3aUMO-
IercTBUA He AcHO [20].

Takum 00pa3oM, OOJIBLIITMHCTBO aBTOPOB He
OTPUIIAIOT KATETOPUYECKHU BOSMOKHOCTH ITPUMeE-
Henuss OAK m1sg mpopMIakTUKY TPOMO0IMOOTH -
YeCKHUX OCJI0KHeHUH y nanuenToB ¢ COVID-19, Ho
TOBOPAT O Psijie OTPaHUYEeHUN B NPUMEHEHUU
3TOU rpyIIbI Ipernaparos.

[TostyuenHBIe HaMU TaHHBIE IIOATBEPIKAAIOT
rurotesy 06 apdexruBaoctu OAK B mpenorBpa-
IIIeHUH TPOMO03IMOOJTNY JIETOYHOH apTEPUH Y TOC-
MUTAJTU3UPOBAHHBIX MMAIIUEHTOB CO CpeIHETIKe-
JbIM TeueHrueMm COVID-19.

3akJrouenue

ITpoBeeHHBIN aHAIN3 JEMOHCTPHUPYET, YTO
BHeJIpeHue B pyTHHHYIO pakTuKy OAK mist onpe-
JleJIEHHBIX TPYIIII ITAI[eHTOB He IIPUBEJIO K U3Me-
HEHUIO YaCTOTHI TPOMO09MOO0JINY JIETOYHOH apTe-
puu. Tak’ke He BBISIBUJIM M3MEHEHHUI B YaCTOTE
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(Bepcus 8): 03.09.2020. URL: https: //static-0.minzdrav.gov.ru/sy-

dence of gastrointestinal bleeding. Thus, compara-
ble efficacy and safety of LMWH and OACs used to
treat and prevent the thromboembolic complica-
tions described in other clinical contexts [13-16]
can also be supported in patients with COVID-19.

Analysis of the changes in LMWH and OAC
consumption and costs of this drug group during
the studied periods showed a decrease in costs de-
spite an increase in the consumption of anticoag-
ulants. This suggests the cost-effectiveness of in-
cluding the OACs into the treatment protocols of
patients with COVID-19.

A short comparison period and low incidence
of thrombotic and hemorrhagic complications in
the non-ICU patients do not allow us to make any
firm conclusions and warrant additional large-scale
comparative studies.

BO3HHUKHOBEHHUS SKEJIYI0YHO-KUIIEYHBIX KPOBO-
TeueHuil. TakuM o6pas3om, cormocraBuMast apek-
TUBHOCTE U Oe3onacuocth HMI u OAK, onucas-
Hasi Opd JiledeHUd U  OpoduIaKTHKe
TpoMOOIMOOIMYECKNX OCIOKHEHUH B IPYTUX
KJIMHUYECKUX CUTYyalusax [13-16], mogTBepyxkaaeT-
cauy nanuenTos ¢ COVID-19.

Ananmus guHamMuku morpedsenus HMI u
OAR u 3aTpar Ha aTy rpyIiy Ipernaparos B [I€pUO-
bl CPAaBHEHUA IIPOLEMOHCTPUPOBAJI CHUKECHUE
3aTpaT HECMOTpsI Ha yBeJIMYEHHE YPOBHS ITOTPed-
JIEHUS1 aHTUKOATyJIsAHTOB. JTO II03BOJIAET I'OBO-
puTh 00 IKOHOMHUYECKOH I1eJ1eCO00Pa3HOCTH
BHegpenusa OAK B IPOTOKOJIBI JIeYeHU A MTalleH-
toB ¢ COVID-19.

HecmoTps Ha ITOJIyYeHHbIE pe3y/bTaThl, Cie-
JIyeT OTMETUTD, YTO HEIPOAOJIKUTEJIbHBIN IIEPUO],
CpaBHEHUs, a TAKJKE B [1eJI0M HU3KAsA 4aCcToTa BO3-
HUKHOBEHUS KaK TPOMOOTHYECKHX, TaK U TEMOP-
paru4yecKrx OCJI0KHEeHUN y NallueHTOB BHE OT/e-
JIEHUH peaHuMalui ¥ UHTEHCUBHOU Tepanuu He
IIO3BOJIAIOT [eJlaThb OJHO3HAYHBIX BBIBOJOB.
Heo6xoquMo mpoBeieHre JOTTOTHUTETbHBIX Mac-
ITaOHBIX CPABHUTEJIHHBIX NCCJIEJOBAHUH.
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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.

Keywords: coronavirus infection; COVID-19; coagulopathy; endothelium; meglumine sodium succinate
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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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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-

GENERAL REANIMATOLOGY, 2021, 17; 3

www.reanimatology.com



60

https://doi.org/10.15360/1813-9779-2021-3-50-64

Clinical Studies

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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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.

References

1. Nardelli P, Landoni G. COVID-19-Related Thromboinflammatory
Status: MicroCLOTS and Beyond (Editorial). Obshchaya Reanimato-
logiya=General Reanimatology. 2020; 16 (3): 14-15 [In Russ.]. DOI:
10.15360/1813-9779-2020-3-0-2

2. Spiezia L., Boscolo A., Poletto E, Cerruti L., Tiberio 1., Campello E., Na-
valesi P, Simioni PR COVID-19-Related Severe Hypercoagulability in
Patients Admitted to Intensive Care Unit for Acute Respiratory Fai-
lure. Thromb Haemost. 2020; 120 (6): 998-1000. DOI: 10.1055/s-0040-
1710018.

3. Lin]., Yan H., Chen H. COVID-19 and coagulation dysfunction in
adults: A systematic review and meta-analysis. J Med Virol. 2020;
1-11. DOTI: 10.1002/jmv.26346

4.  Frazer].S., Tyrynis Everden A.J. Emerging patterns of hypercoagulabi-
lity associated with critical COVID-19: A review. Trends in Anaesthesia
and Critical Care. 2020; 34: 4-13. DOI: 10.1016/j.tacc.2020.07.004

5. YangY,ShenC., Li].,Yuan].,Yang M., WangF, Li G., Li Y., Xing L., Peng
L.,Wei]., Cao M., Zheng H., WuW.,, Zou R., Li D., Xu Z., Wang H., Zhang
M., Zhang Z., Liu L., Liu Y. Exuberant elevation of IP-10, MCP-3 and
IL-1ra during SARS-CoV-2 infection is associated with disease seve-
rity and fatal outcome. Preprint from medRxiv. 2020. DOI:
10.1101/2020.03.02.20029975

6. Gong]., Dong H., Xia S., Huang Y., Wang D., Zhao Y., Liu W,, Tu Sh.,
Zhang M., Wang Q., Lu E, Correlation analysis between disease seve-
rity and inflammation-related parameters in patients with COVID-
19 pneumonia. medRxiv. 2020. DOI: 10.1101/2020.02.25.20025643

7. Merad M., Martin J.C. Pathological inflammation in patients with
COVID-19: a key role for monocytes and macrophages. Nat. Rev. Im-
munol. 2020; 20: 355-362.

8. Varga Z., Flammer A.J., Steiger R, Haberecker M., Andermatt R., Zin-
kernagel A.S., Mehra M.R., Schuepbach R.A., Ruschitzka F, Moch H.
Endothelial cell infection and endotheliitis in COVID-19. Lancet.
2020; 395 (10234): 1417-1418. DOI: 10.1016/S0140-6736 (20)30937-5.

9. Helms J., Tacquard C., Severac E, Leonard-Lorant I., Ohana M., De-
labranche X., Merdji H., Clere-Jehl R., Schenck M., Fagot Gandet E,
Fafi-Kremer S., Castelain V., Schneider E, Grunebaum L., Anglés-Cano
E., Sattler L., Mertes PM., Meziani F; CRICS TRIGGERSEP Group (Cli-
nical Research in Intensive Care and Sepsis Trial Group for Global Eva-
luation and Research in Sepsis). High risk of thrombosis in patients
with severe SARS-CoV-2 infection: a multicenter prospective cohort
study. Intensive Care Med. 2020; 46 (6): 1089-1098. DOI:
10.1007/s00134-020-06062-x.

10. Escher R., Breakey N., Lammle B. Severe COVID-19 infection associa-

ted with endothelial activation. Thromb. Res. 2020; 190: 62.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 3



https://doi.org/10.15360/1813-9779-2021-3-50-64
KianHu4eckue UCCIEeN0BaHUA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Escher R., Breakey N., Lammle B. Severe COVID-19 infection associa-
ted with endothelial activation. Thromb. Res. 2020; 190: 62. PMID:
32305740 PMCID: PMC7156948 DOI: 10.1016/j.thromres.2020.04.014
McGonagle D., Sharif K., O'Regan A., Bridgewood C. The Role of Cyto-
kines including Interleukin-6 in COVID-19 induced Pneumonia and
Macrophage Activation Syndrome-Like Disease. Autoimmun Rev.
2020; 19 (6): 102537. DOI: 10.1016/j.autrev.2020.102537.

Liao M., Liu Y., Yuan J. Single-cell landscape of bronchoalveolar im-
mune cells in patients with COVID-19. Nat Med. 2020; 26: 842-844.
DOI: 10.1038/541591-020-0901-9Y

ZhouY, Fu B., Zheng X., Wang D., Zhao C., qi Y, Sun R., Tian Z., Xu X.,
Wei H. Pathogenic T cells and inflammatory monocytes incite in-
flammatory storm in severe COVID-19 patients. Natl Sci Rev. 2020
Mar 13: nwaa041. DOI: 10.1093/nsr/nwaa041. PMCID: PMC7108005.
Wen W, SuW., Tang H., LeW., Zhang X., ZhengY., Liu X., Xie L., Li J., Ye
J., Dong L., Cui X., Miao Y., Wang D., Dong J., Xiao C., Chen W,, Wang
H. Immune cell profiling of COVID-19 patients in the recovery stage
by single-cell sequencing. Cell Discov. 2020; 6: 31. DOIL
10.1038/541421-020-0168-9.

Liu J., Liu'Y.,, Xiang P, Pu L., Xiong H., Li C., Zhang M., Tan J., Xu Y.,
Song R., Song M., Wang L., Zhang W., Han B., Yang L., Wang X., Zhou
G., Zhang T, Li B., Wang Y., Chen Z., Wang X. Neutrophil-to-lympho-
cyte ratio predicts critical illness patients with 2019 coronavirus di-
sease in the early stage. J Transl Med. 2020; 20; 18 (1): 206. DOI:
10.1186/512967-020-02374-0.

ZuoY,, Yalavarthi S., Shi H., Gockman K., Zuo M., Madison J.A., Blair
C., Weber A., Barnes B.J., Egeblad M, Woods R], KanthiY, Knight JS. Ne-
utrophil extracellular traps in COVID-19. JCI Insight. 2020; 4; 5 (11):
€138999. DOI: 10.1172/jci.insight.138999

Barnes B.J., Adrover ].M., Baxter-Stoltzfus A., Borczuk A., Cools-Lar-
tigue J., Crawford J.M., Dafsler-Plenker J., Guerci P, Huynh C., Knight
J.S., Loda M., Looney M.R., McAllister E, Rayes R., Renaud S., Rousseau
S., Salvatore S., Schwartz R.E., Spicer J.D., Yost C.C., Weber A., Zuo Y.,
Egeblad M. Targeting potential drivers of COVID-19: Neutrophil ex-
tracellular traps. J Exp Med. 2020; 1; 217 (6): e20200652. DOI:
10.1084/jem.20200652

SongW.-C., FitzGerald G.A. COVID-19, microangiopathy, hemostatic
activation, and complement. The Journal of Clinical Investigation.
2020; 3; 130 (8): 3950-3953. DOI: 10.1172/JCI140183 In press.

Yao X.H., Li T'Y,, He Z.C., Ping Y.E, Liu HW, Yu S.C., Mou H.M., Wang
L.H., Zhang H.R., Fu WJ., Luo T, Liu E, Guo Q.N., Chen C., Xiao H.L.,
Guo H.T, Lin S., Xiang D.E, ShiY., Pan G.Q., Li Q.R., Huang X., Cui Y,
LiuX.Z., TangW,, Pan PE, Huang X.Q., DingY.Q., Bian X.W. [A patho-
logical report of three COVID-19 cases by minimal invasive auto-
psies]. Zhonghua Bing Li Xue Za Zhi. 2020; 8; 49 (5): 411-417. Chinese.
DOI: 10.3760/cma.j.cn112151-20200312-00193

Zhang H., Baker A. Recombinant human ACE2: acing out angiotensin
II in ARDS therapy. Crit Care. 2017; 13; 21 (1): 305. DOIL
10.1186/513054-017-1882-z.

Zores E, Rebeaud M.E. COVID and the Renin-Angiotensin System: Are
Hypertension or Its Treatments Deleterious? Front Cardiovasc Med.
2020; 23 (7): 71. DOI: 10.3389/fcvm.2020.00071

Bautista-Vargas M., Bonilla-Abadia E, Cafias C.A. Potential role for
tissue factor in the pathogenesis of hypercoagulability associated
with in COVID-19. J Thromb Thrombolysis. 2020: 1-5. DOI:
10.1007/s11239-020-02172-x

DiNicolantonio J.J., McCarty M. Thrombotic complications of COVID-
19 may reflect an upregulation of endothelial tissue factor expression
that is contingent on activation of endosomal NADPH oxidase. Open
Heart2020; 7: 001337. DOI: 10.1136/ openhrt-2020-001337

Tang N., Bai H., Chen X., Gong J., Li D., Sun Z. Anticoagulant trea-
tment is associated with decreased mortality in severe coronavirus
disease 2019 patients with coagulopathy. J Thromb Haemost. 2020;
18 (5): 1094-1099. DOI: 10.1111/jth.14817

BpemeHHbIe MeTOMYECKUe peKoMeHJanuu. [IpoduaakTika, am-
arHOCTUKA U JIeueHre HOBOH KopoHaBupycHol nHexuu (COVID-
19). Bepcus 9 (26.10.2020).

Abou-Ismail M.Y.,, Diamond A., Kapoor S., Arafah Y., Nayak L. The hy-
percoagulable state in COVID-19: Incidence, pathophysiology, and
management [published online ahead of print, 2020 Jun 20]. Thromb
Res. 2020; 194: 101-115. DOI: 10.1016/j.thromres.2020.06.029
Xaeruna /l. A., Pyscenyosa T. A., Uyxasiee I1. B., Iapbysoe A. A., I1ly-
warkosa E. K. PoJib [e3WHTOKCUKAITMOHHON 1 aHTUOKCUIAHTHOM Te-
panuu B jieuenun COVID-19: reopus u npaktuka. COVID19-PRE-
PRINTS.MICROBE.RU. DOI: 10.21055/preprints-3111722

White D., MacDonald S., Bull T., Hayman M., de Monteverde-Robb R.,
Sapsford D., Lavinio A., Varley J., Johnston A., Besser M., Thomas W.
Heparin resistance in COVID-19 patients in the intensive care unit. J
Thromb Thrombolysis. 2020; 50 (2): 287-291. DOI: 10.1007/s11239-
020-02145-0

Bosipunos I A., Jleproeuna A.B., AIkoenesa E. 1., 3aiiyes P, P, IIlymu-
zno6a A. B., Byzposa M. JI., bosipunoea JI. B., @uaunnenko E. C., Co-
z06besa O. /]. @apMaKroIoTudecKast KOpPeKIUs MUKPOIUPKYJIA-
LIUH Y KPBIC, IIEPEHECIINX YepPerHO-MO3TOBYIO TpaBMy. Llumonozus.
2016; 58 (8): 610-617

Boponkos A.B., [To30Hsxk06 /I H. CpaBHUTETbHAS OLIEHKA BIIASHUA MEK-
CHJI0J1, THKOTOBOI KUCJIOTHI U coequnennst ATACL (4-rugpokcu-3,5-
JQUTPEeTOyTH/I KOPUYHASA KHC/I0Ta) Ha Ba3OAMIATHPYIOLIYIO (PYHKIIUIO

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

McGonagle D., Sharif K., O'Regan A., Bridgewood C. The Role of Cyto-
kines including Interleukin-6 in COVID-19 induced Pneumonia and
Macrophage Activation Syndrome-Like Disease. Autoimmun Rev.
2020; 19 (6): 102537. DOI: 10.1016/j.autrev.2020.102537.

Liao M., Liu Y., Yuan J. Single-cell landscape of bronchoalveolar im-
mune cells in patients with COVID-19. Nat Med. 2020; 26: 842-844.
DOI: 10.1038/541591-020-0901-9Y

ZhouY, Fu B., Zheng X., Wang D., Zhao C., qi Y, Sun R., Tian Z., Xu X.,
Wei H. Pathogenic T cells and inflammatory monocytes incite in-
flammatory storm in severe COVID-19 patients. Natl Sci Rev. 2020
Mar 13: nwaa041. DOI: 10.1093/nsr/nwaa041. PMCID: PMC7108005.
Wen W, SuW., Tang H., LeW., Zhang X., ZhengY., Liu X., Xie L., Li J., Ye
J., Dong L., Cui X., Miao Y., Wang D., Dong J., Xiao C., Chen W,, Wang
H. Immune cell profiling of COVID-19 patients in the recovery stage
by single-cell sequencing. Cell Discov. 2020. 4; 6: 31. DOIL
10.1038/541421-020-0168-9.

Liu J., Liu'Y.,, Xiang P, Pu L., Xiong H., Li C., Zhang M., Tan J., Xu Y.,
Song R., Song M., Wang L., Zhang W., Han B., Yang L., Wang X., Zhou
G., Zhang T, Li B., Wang Y., Chen Z., Wang X. Neutrophil-to-lympho-
cyte ratio predicts critical illness patients with 2019 coronavirus di-
sease in the early stage. J Transl Med. 2020; 20; 18 (1): 206. DOI:
10.1186/512967-020-02374-0.

ZuoY,, Yalavarthi S., Shi H., Gockman K., Zuo M., Madison J.A., Blair
C., Weber A., Barnes B.J., Egeblad M, Woods R], KanthiY, Knight JS. Ne-
utrophil extracellular traps in COVID-19. JCI Insight. 2020; 4; 5 (11):
€138999. DOI: 10.1172/jci.insight.138999

Barnes B.J., Adrover J.M., Baxter-Stoltzfus A., Borczuk A., Cools-Lar-
tigue J., Crawford J.M., Dafsler-Plenker J., Guerci P, Huynh C., Knight
J.S., Loda M., Looney M.R., McAllister E, Rayes R., Renaud S., Rousseau
S., Salvatore S., Schwartz R.E., Spicer ].D., Yost C.C., Weber A., Zuo Y.,
Egeblad M. Targeting potential drivers of COVID-19: Neutrophil ex-
tracellular traps. J Exp Med. 2020; 1; 217 (6): e20200652. DOI:
10.1084/jem.20200652

SongW.-C.,, FitzGerald G.A. COVID-19, microangiopathy, hemostatic
activation, and complement. The Journal of Clinical Investigation.
2020; 3; 130 (8): 3950-3953. DOI: 10.1172/JCI140183 In press.

Yao X.H., Li Y, He Z.C., Ping Y.E, Liu HW,, Yu S.C., Mou H.M., Wang
L.H., Zhang H.R., Fu WJ., Luo T, Liu E, Guo Q.N., Chen C., Xiao H.L.,
Guo H.T, Lin S., Xiang D.FE, ShiY., Pan G.Q., Li Q.R., Huang X., Cui Y,
LiuX.Z., TangW,, Pan PE, Huang X.Q., DingY.Q., Bian X.W. [A patho-
logical report of three COVID-19 cases by minimal invasive auto-
psies]. Zhonghua Bing Li Xue Za Zhi. 2020; 8; 49 (5): 411-417. Chinese.
DOI: 10.3760/cma.j.cn112151-20200312-00193

Zhang H., Baker A. Recombinant human ACE2: acing out angiotensin
II in ARDS therapy. Crit Care. 2017; 13; 21 (1): 305. DOIL
10.1186/513054-017-1882-z.

Zores E, Rebeaud M.E. COVID and the Renin-Angiotensin System: Are
Hypertension or Its Treatments Deleterious? Front Cardiovasc Med.
2020; 23 (7): 71. DOI: 10.3389/fcvm.2020.00071

Bautista-Vargas M., Bonilla-Abadia F, Cafias C.A. Potential role for
tissue factor in the pathogenesis of hypercoagulability associated
with in COVID-19. J Thromb Thrombolysis. 2020: 1-5. DOI:
10.1007/s11239-020-02172-x

DiNicolantonio J.J., McCarty M. Thrombotic complications of COVID-
19 may reflect an upregulation of endothelial tissue factor expression
that is contingent on activation of endosomal NADPH oxidase. Open
Heart2020; 7: 001337. DOI: 10.1136/ openhrt-2020-001337

Tang N., Bai H., Chen X., Gong J., Li D., Sun Z. Anticoagulant trea-
tment is associated with decreased mortality in severe coronavirus
disease 2019 patients with coagulopathy. J Thromb Haemost. 2020;
18 (5): 1094-1099. DOI: 10.1111/jth.14817

Interim guidelines. Prevention, diagnosis and treatment of new co-
ronavirus infection (COVID-19). Version 9 (26.10.2020) [In Russ.].
Abou-Ismail M.Y.,, Diamond A., Kapoor S., Arafah Y., Nayak L. The hy-
percoagulable state in COVID-19: Incidence, pathophysiology, and
management [published online ahead of print, 2020 Jun 20]. Thromb
Res. 2020; 194: 101-115. DOI: 10.1016/j.thromres.2020.06.029
Khavkina D. A., Ruzhentsova T. A., Chukhlyaev P V., Garbuzov A. A.,
Shushakova E. K. The role of detoxification and antioxidant therapy
in the treatment of COVID-19: theory and practice. COVID19-PRE-
PRINTS.MICROBE.RU [In Russ.]. DOI: 10.21055/preprints-3111722
White D., MacDonald S., Bull T., Hayman M., de Monteverde-Robb R.,
Sapsford D., Lavinio A., Varley J., Johnston A., Besser M., Thomas W.
Heparin resistance in COVID-19 patients in the intensive care unit. J
Thromb Thrombolysis. 2020; 50 (2): 287-291. DOI: 10.1007/s11239-
020-02145-0

Boyarinov G.A., Deryugina A.V,, Yakovleva E.I, Zaitsev R.R., Shumilova
A.V,, Bugrova M.L., Boyarinova L.V,, Filippenko E.S., Solovyova O.D.
Pharmacological correction of microcirculation in rats with trauma-
tic brain injury. Tsitologiya. 2016; 58 (8): 610-617 [In Russ.]

Voronkov A.V,, Pozdnyakov D.I. Comparative evaluation of the effect
of mexidol, ticotic acid and the compound ATACL (4-hydroxy-3,5-
ditretbutyl cinnamic acid) on the vasodilating function of the en-
dothelium of the rat brain vessels in case of its ischemic damage.
Eksperimental'naia i Klinicheskaia Farmakologiia. 2018; 81 (2): 21-24
[In Russ.]. DOI:10.30906/0869-2092-2018-81-2-21-24

Konovalova E. A., Chernomortseva E.S., Pokrovsky M.V.. Pokrovskaya
T.G., Dudina E.N. Lopatin D.V,, Denisyuk T. A., Kotelnikova L.V., Leso-

GENERAL REANIMATOLOGY, 2021, 17; 3

www.reanimatology.com



64

https://doi.org/10.15360/1813-9779-2021-3-50-64

Clinical Studies

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

9HJIOTEJINs COCYIOB TOJIOBHOTO MO3Tra KphIC Ha (poHe ero uieMmuye-
CKOT'0 TIOBPESKIEHHS. IKCNePUMEHIMANLHAS U KAUHUYeCKas papmaro-
J02us. 2018; 81 (2): 21-24. DOI:10.30906/0869-2092-2018-81-2-21-24
Konosanosa E.A., Yepromopuesa E.C., ITokposckuii M.B.. [lokpos-
ckas T.I, /[yduna 3.H. Jlonamumn /.B., /lenuciok T.A., Komenvrukosa
JL.B., Jlecosas K.C KoppeKuusi 9HJOTeTHNATbHON TUCHYHKINU
KoMmOuHarueln 1-HopBannHa U Mekcunoaa HayuHble sedomocmu
Cepust Meduyuna. Papmayus. 2012; 4 (123): 175-182
Hoeukosa JLB., Ilapagymounrosa JI.P, Illapanosa K.M.TIpumeHenue
MEeKCHJI0JIa B OCTPOM TIepuojie NIIeMUYeCcKoro UHCYbTa. KypHan
Hesposaozuu u ncxuampuu um. C.C.Kopcaxosa 2013; 9 (T.113): 83-85
Cropomey A.A., Hukumuna B.B. bapuviues B.A. Bnusinue peambe-
PHUHA Ha COCYAUCTO-TPOMOOIUTAPHOE U IJIa3MEHHO-KOATYJIAIOH-
HOe BpeMsI roMeocTasa B IIJJa3Me KpOBH y JIOHOPOB in vitro Becm-
Huk CITI6I'MA um U.H.Meunurosa. 2003; 4 (4): 132-136
Tang X., LiuJ., Dong W, Li P, Li L., Lin C., Zheng Y., Hou J., Li D. The
Cardioprotective Effects of Citric Acid and L-Malic Acid on myocar-
dial Ischemia/Reperfusion Injury Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine 2013, Ar-
ticle ID 820695, 11 pages DOI: 10.1155/2013/820695
Tonkau A.b., Jloaeux B.T., Mopos B.B., Kupeesa H.B., Hockoea H.M.
Vicnonp3oBanue peambepuHa JII KOPPEKIUK HapylIeHui reMo-
crasa nmpu abJOMHHATIBLHOM CeICcHce. Ypanvckuli meOuyuHckull
arcypra. 2012; 9 (101): 115-120
IlTeedosa H. M., Muxaiinosa E. B. TeMopeoJiorHuecKre HapyleHus
IIpHU SIIITeNHAa-6app BUPYCHOM MOHOHYKJIE03€ Y JeTeil. MeToIbI
KOPPEeKIUU IKCNepUMeHManibHas U KAUHUYecKkas papmarkoio2usi.
2011; 74 (4): 18-23
Muxaitnoea E. B., Yydaroea T. K. Tpunn y ieTeii: KIIMHNAKA, FeMaro-
JIOTMYECKUE TI0Ka3aTe/ I MHTOKCUKAIIUY, IeTOKCUKAI[MOHHAS Te-
panus. JkcnepumeHmalbHas U kauruueckas apmaronozus. 2015;
5:33-36.
Fei H., Berliner J.A., Parhami E, Drake T.A. Regulation of endothelial
cell tissue factor expression by minimally oxidized LDL and lipopo-
lysaccharide. Arterioscler Thromb. 1993; 13 (11): 1711-1717. DOI:
10.1161/ 01.atv.13.11.1711
Matsumoto V., KawaiY., Watanabe K., Sakai K., Murata M., Handa M.,
Nakamura S., Ikeda Y. Fluid shear stress attenuates tumor necrosis
factor —alpha-induced tissue factor expression in cultured human
endothelial cells. Blood. 1998; 91 (11): 4164-4172. DOI: 10.1182/
blood.V91.11.4164
Ckunempos B.I1., Menvkoea M./]. 3HaueHUe TKAHEBBIX TeMOKOAry-
JIMPYIONIUX CyOCTaHIIUH NpU BOCHATeHUN JerkuX. Kiunuueckas
MmeduyuHa. 1977; 3: 113-119.
Ckunempos B.IL, Baacoe A.IL, Ionviuenrkoe C.I1. KoaryaAanuoHHO-
JINTUYECKAs CHCTeMa TKaHedl M TpoMboreMopparundecKuil CUH-
JpoM B xupypruu. Monorpadus. Capanck: Tun. «Kpac. Orm.». 1999.
Bapanuu A. 1., Coiues A. A., Casun H. A., Ilonynan A. A., Ouiopos A.
B., Ilomanoe A. A. HapyiieH:sI CHCTeMbI FeMOCTa3a y alieHTOB B
OCTPOM IIeprojie M30JUPOBAHHON YePerrHO-MO3rOBON TPaBMBbI
(0630p). Obwas peanumamonozus. 2018; 14 (5): 85-95. DOL
10.15360/1813-9779-2018-5-85-95
Pewwemnusxk B. H., ’Kypasenw C. B., Kysneyosea H. K., IIucapes B. M.,
Kavtunukosa E. B., Comkun B. E., Pewwemusr T. M. Cuctema reMo-
crasa B HOpMe U IIPH TPaHCIJIAaHTAIuU nedeHu (063op). Obwas
peanumamonozus. 2018; 14 (5): 58-84. DOI: 10.15360/1813-9779-
2018-5-58-84
Muxun B.I1., Tpuzopwesa TA., Llykarosa FO.A. JucpyHKIMA COCYyIH-
CTOTrO 9HJOTENHsA y OOJIBHBIX apTepuaJbHON IrunepTeHsueil Ha
(one caxapHoro quabdeTa 1 BO3MOKHOCTD ee KOPPEKIH MEKCUKO-
pom. Papmamera. Kapouoaoezusi/nesponozus. 2008; 169 (15): 92-97.
Tpogpumos A.O., Karemuwes I'B., Boernos O.B., Opwves M.IO., Tpogu-
mosa C.I0., Aeaproea /. H. HapyiieHue 1iepe6paibHON MUKPOIIUP-
KYJIAILUY IPY 4ePEeTHOMO3T0BOM TpaBMe. PezlioHapHoe kposoobpa-
wieHue u MuKkpoyupkyasayus. 2015; 14 (2): 4-15;
Bosapunos I’ A., bosipunosa JI. B., Jleproeuna A.B., Conoevesa O. .,
Baiiyes P, B, Boennos O.B., Mownuna E.B., [[lymunoea A. B. Posib BTO-
PpUYHBIX (PAaKTOPOB MOBPESKIEHHS MO3Ta B aKTUBAIIUN COCYAUCTO-
TPOMOOIMTAPHOIO reMoCTas3a IpPU 4YeperrHO-MO3rOBON TpaBMe.
Obuwas peanumamonozus. 2016; 12 (5): 42-51. DOI: 10.15360/1813-
9779-2016-5-42-51
Bosipunos I’ A, Jleproeuna A.B., 3aiiyes P .P, Bosipurosa JI. B., lkoeniesa
E. 1., Conosvesa O. /1., Hukoavckuii B. O., [ankuna M. B., Mapmycesuy
A.A. MopdoJsioruueckrie U3MeHeHHs B KPOBEHOCHBIX MUKPOCOCYIax
MUOKap/ia IpY 9KCIIEPUMEHTAIbHOI YeperHo-MO3r0BOI TpaBMe.
Obwas peanumamonozus. 2016; 12 (2): 20-29. DOI: 10.15360/1813-
9779-2016-2-20-29
Opaos IO.I1., JIykau B. H., @uaunnos C. H., Iywenro A. B. dbdexTns-
HOCTb UH(Y3MOHHBIX PACTBOPOB AHTAPHOU KUCJIOTHI B MaJI000bEM-
HOW XUPYPTHU. DKCNePUMEHMANbHASL U KAUHUYECKAsl (PapMaroio2ust.
2013; 76 (5): 23-26. DOI: 10.30906/0869-2092-2013-76-5-23-26
Protti A., Carré J., Frost M.T,, Taylor V., Stidwill R., Rudiger A., Singer
M. Succinate recovers mitochondrial oxygen consumption in septic
rat skeletal muscle. Crit Care Med. 2007; 35 (9): 2150-5. DOI:
10.1097/01.ccm.0000281448.00095.4d

Iocrynuna 02.02.21

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

vaya Zh.C. Correction of endothelial dysfunction with a combination
of I-norvaline and mexidol. Nauchnye vedomosti Seriya Meditsina.
Farmatsiya.2012; 4 (123): 175-182 [In Russ.]
Novikova L.B., Sharafutdinova L.R., Sharapova K.M. The use of me-
xidol in the acute period of ischemic stroke. Zhurnal nevrologii i
pskhiatrii im. S.S.Korsakova. 2013; 9 (T.113): 83-85 [In Russ.]
Skoromets A.A., Nikitina V.V. Baryshev B.A. Effect of reamberin on vas-
cular-platelet and plasma-coagulation time of homeostasis in blood
plasma in donors in vitro. Vestnik SPbGMA im I.L. Mechnikova. 2003;
4 (4): 132-136 [In Russ.]
Tang X., Liu J., Dong W, Li P, Li L., Lin C., Zheng Y., Hou J., Li D. The
Cardioprotective Effects of Citric Acid and L-Malic Acid on myocar-
dial Ischemia/Reperfusion Injury Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine 2013, Ar-
ticle ID 820695, 11 pages DOI: 10.1155/2013/820695 Sovremennye
problemy nauki i obrazovaniya.
Tolkach A.B., Dolgikh V.T., Moroz V.V,, Kireeva N.V., Noskova N.M. The
use of reamberin for the correction of hemostatic disorders in abdo-
minal sepsis. Ural’skij meditsinskij zhurnal. 2012; 9 (101): 115-120
[In Russ.]
Shvedova N.M., Mikhailova E.V. Hemorheological disorders in ep-
stein-barr viral mononucleosis in children. correction methods. Eks-
perimental’naya i klinicheskaya farmakologiya. 2011; 74 (4): 18-23
[In Russ.]
Mikhailova E.V,, Chudakova T.K. Influenza in children: clinic, hema-
tological indicators of intoxication, detoxification therapy. Eksperi-
mental’'naya i klinicheskaya farmakologiya. 2015; 5: 33-36 [In Russ.].
Fei H., Berliner J.A., Parhami E, Drake T.A. Regulation of endothelial
cell tissue factor expression by minimally oxidized LDL and lipopo-
lysaccharide. Arterioscler Thromb. 1993; 13 (11): 1711-1717. DOIL:
10.1161/01.atv.13.11.1711
Matsumoto V., KawaiY., Watanabe K., Sakai K., Murata M., Handa M.,
Nakamura S., Ikeda Y. Fluid shear stress attenuates tumor necrosis
factor —alpha-induced tissue factor expression in cultured human
endothelial cells. Blood. 1998; 91 (11): 4164-4172. DOI: 10.1182/
blood.V91.11.4164
Skipetrov V.2, Menkova M.D. The value of tissue hemocoagulating
substances in lung inflammation. Klinicheskaya meditsina. 1977; 3:
113-119 [In Russ.].
Skipetrov V.P, Vlasov A.R, Golyshenkov S.P. Coagulation-lytic system
of tissues and thrombohemorrhagic syndrome in surgery. Mono-
graph. Saransk: Editorial house «Krasniy Oktyabr’.». 1999 [In Russ.].
Baranich A.L, Sychev A.A., Savin LA., Polupan A.A., Oshorov A.V., Po-
tapov A.A. Hemostasis Disturbances in Patients in the Acute Period
of Isolated Traumatic Brain Injury (Review). Obshchaya Reanimato-
logiya=General Reanimatology. 2018; 14 (5): 85-95 [In Russ.]. DOIL:
10.15360/1813-9779-2018-5-85-95
Reshetnyak V1., Zhuravel S.V.,, Kuznetsova N.K., Pisarev V.M., Klychni-
kova E.V,, Syutkin V.E., Reshetnyak T.M. The System of Blood Coagu-
lation in Normal and in Liver Transplantation (Review). Obshchaya
Reanimatologiya=General Reanimatology. 2018; 14 (5): 58-84 [In
Russ.]. DOI: 10.15360/1813-9779-2018-5-58-84
Mikhin VR, Grigorieva TA., Tsukanova Yu.A. Vascular endothelial dys-
function in patients with arterial hypertension on the background of
diabetes mellitus and the possibility of its correction with mexicor.
Farmateka. Kardiologiya/nevrologiya. 2008; 169 (15): 92-97 [In Russ.].
Trofimov A.O., Kalentyev G.V,, Voennov O.V, Yuryev M.Yu., Trofimova
S.Yu., Agarkova D.I. Disorders of cerebral microcirculation in cranio-
cerebral trauma. Regionarnoe krovoobrashchenie i mikrotsirkulyat-
siya. 2015; 14 (2): 4-15 [In Russ.]
Boyarinov G.A., Boyarinova L.V,, Deryugina A.V,, Soloveva O.D., Zaytsev
R.R., Voyennov O.V., Moshnina E.V., Shumilova A.V. Role of Secondary
Brain Damage Factors in Activation of VascularPlatelet Hemostasis in
Traumatic Brain Injury. Obshchaya Reanimatologiya=General Reani-
matology. 2016; 12 (5): 42-51. [In Russ.]. DOI: 10.15360/1813-9779-
2016-5-42-51
Boyarinov G.A., Deryugina A.V,, Zaytsev R.R., Boyarinova L.V., Yakov-
leva E.I, Soloveva O.D., Nikolskiy V.O., Galkina M.V,, Martusevich A.A.
Morphological Changes in Myocardial Blood Microvessels in Expe-
rimental Craniocerebral Injury. Obshchaya Reanimatologiya=General
Reanimatology. 2016; 12 (2): 20-29 [In Russ.]. DOI: 10.15360/1813-
9779-2016-2-20-29
OrlovYu. P, Lukach V. N., Filippov S. I, Glushchenko A.V. Efficiency of
succinic acid infusion solutions in low-volume surgery. Eksperimen-
tal'naya i klinicheskaya farmakologiya. 2013; 76 (5): 23-26 [In Russ.].
DOI: 10.30906/0869-2092-2013-76-5-23-26
Protti A., Carré J., Frost M.T, Taylor V,, Stidwill R., Rudiger A., Singer
M. Succinate recovers mitochondrial oxygen consumption in septic
rat skeletal muscle. Crit Care Med. 2007; 35 (9): 2150-5. DOI:
10.1097/01.ccm.0000281448.00095.4d

Received 02.02.21

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 3



https://doi.org/10.15360/1813-9779-2021-3-65-77

O630pHI
||

Oco0eHHOCTH CHMIITOMATHKH U ITIaTOreHe3a NOBPEesKIeHU
HEeHTPAJbHON HepBHOH cucTteMbl npu COVID-19
MO JaHHBIM KJIMHUYECKHX UCCJIeJ0BaHUH (0030p)

H. B. Lipiran’?3, A. I1. Tpamikos'?, A. B. Pabues'??, B. A. fIkoBsieBa'?3, A. JI. Konesera'?,
A.T. Bacunwen?, B. H. Ilpiran®, M. M. Onunak?®, U. B. JIuTBuHeHKO?

! TletepOyprckuii KHCTUTYT siiepHO# pusuku um. b. I1. KoncrantuHoBa
HarmoHa/IbHOT'O HCCJIEJOBATEIbCKOrO eHTpa «KypyaToOBCKUI HHCTUTY T,
Poccusi, 188300, JlenuHrpajckas o0J1., r. Tatunna, MKp. OpJsioBa poia, 1. 1.
2 HanroHasIbHBIHN HccIei0BaTe/IbCKUM IeHTp «KypyaTOBCKUAM MHCTUTYT,
Poccus, 123182, . MockBa, 1. Akagemuka Kypuarosa, 1. 1.
3 BoeHHO-MenuIMHCKasI akagemusi uM. C. M. Kuposa Munucrepcrsa o6opons! Poccun,
Poccusi, 194044, 1. Cankr-IletepOypr, yi1. Akagemuka Jlebenesa, 1. 6.
4 CaHkT-ITeTepOyprckuii rocyapCTBEHHBIN ITeJUaTPUIECKUI MeIUIIMHCKUI YHUBepcuTeT Munaapasa Poccun,
Poccust, 194100, . Cankr-IletepOypr, yo1. JIuTOoBCKas, 1. 2.

Signs and Symptoms of Central Nervous System Involvement and Their
Pathogenesis in COVID-19 According to The Clinical Data (Review)

Nikolay V. Tsygan'?3, Alexandr P. Trashkov'?, Alexandr V. Ryabtsev!'23, Victoria A. Yakovleva'23,
Andrey L. Konevega'?, Andrey G. Vasiliev?, Vasily N. Tsygan?,
Miroslav M. Odinaks, Igor V. Litvinenko?®

! Konstantinov St. Petersburg Institute for Nuclear Physics, National Research Center «Kurchatov Institute»,
1 mkr. Orlova roshcha, Gatchina, Leningrad region, 188300, Russia
2 National Research Center «Kurchatov Institute»,
1 Akademika Kurchatova Sq., 123182 Moscow, Russia
3 Kirov Military Medical Academy,
6 Akademika Lebedeva Str., 194044 Saint Petersburg, Russia
4 Saint Petersburg State Pediatric Medical University,
2 Litovskaya Str., 194100 St. Petersburg, Russia

Just muruposanust: H.B. [[viean, A.I1. Tpawkos, A.B. Psbues, B.A. Akosaesa, A.JI. Koneeseza, A.I Bacuaves, B.H. [[blean,
M.M. O0unar, H.B. lumeunenro. OcO6€HHOCTH CUMIITOMATHKHY U ITaTOreHe3a IOBPesKIeHUA [IeHTPaIbHOU HEPBHOH CH-
crembl ipu COVID-19 110 JaHHBIM KJIMHUYECKUX UCCAeT0BaHui (00630p). Obwas peanumamonozus. 2021; 17 (3): 65-77.
https://doi.org/10.15360/1813-9779-2021-3-65-77 [Ha pycck. u anr.]

For citation: Nikolay V. Tsygan, Alexandr P, Trashkov, Alexandr V. Ryabtsev, Victoria A. Yakovleva, Andrey L. Konevega, Andrey
G. Vasiliev, Vasily N. Tsygan, Miroslav M. Odinak, Igor V. Litvinenko. Signs And Symptoms of Central Nervous System Involve-
ment And Their Pathogenesis In COVID-19 According To the Clinical Data (Review). Obshchaya Reanimatologiya=General
Reanimatology.2021; 17 (3): 65-77. https://doi.org/10.15360/1813-9779-2021-3-65-77 [In Russ. and Engl.]

Pe3rome

AKTyaJIbHOCTb IIPUCTAIBbHON KIMHUYECKOU OLIeHKU IIOpaskeHUsI IeHTPaJlbHOI HEpBHON CUCTEMBI BU-
pycom SARS-CoV-2 omnpenesnisieTcst HU3KOU CITEI(PUYHOCTHIO Psifila HEBPOJOTUUYECKUX CUMIITOMOB, CJIOMK-
HOCTBIO 00'EKTHBU3AIINH sKaJI00 ITanyieHTa, HEOHOPOTHOH 0CBEJOMIEHHOCTHIO M HACTOPOSKEHHOCTHIO 10
IIOBO/Ty UMEIOIIIETOCS CIIEKTPa HEBPOJIOTHYeCKUX cuMIITOMOB COVID-19, HU3KOM YaCTOTOH MTaTOJIOrTYeCKUX
“3MeHeHUH 110 TaHHbIM HepOBU3YyaIu3aluu.

Ilesb 0030pa. BeissBIEHIIE 0CODEHHOCTEH CHUMITTOMATHKY 1 TaTOTeHe3a [TopaskeHNsA [IeHTPAIbHON HepB-
Hol cucteMbl pu COVID-19 Ha oCHOBe aHaJ/IM3a JAaHHBIX KJIUMHUYECKOU IIPAKTUKHY.

13 6os1ee 200 TepBIYHO 0TOOPAHHBIX MCTOYHUKOB JINTEPATYPhI Pa3INIHBIX 0a3 TaHHBIX (Scopus, Web
of science, PUHII u ip.) 1JisT aHa/M3a BeIOpaau 80 UICTOYHUKOB, U3 HUX — 72 UCTOYHUKA, OITyOJTMKOBAaHHBIX
B TeueHue rnocaequux Jjiet (2016-2020 rr.). KpurepreM UCKIIIOYEHU NCTOYHUKOB CJIYKUJIN MaJiast nHGOop-
MAaTHUBHOCTH U yCTapeBIllie JaHHbIe.

KymHmYeckass KapTrHA IOpaskeHus [eHTPAJIbHON HepBHOM cucTeMb mpu COVID-19 BKiTIOUaeT B ceds:
HapylieHue o0oHsAHUA (5-98% cirydaeB), HapyIlleHre BKYCOBOU YyBCTBUTEIbHOCTHU (6-89%), TucGOHUIO
(28%), mucdarwuio (19%), KOJTMYECTBEHHBIE U KaUeCTBEHHbIE HApYIIeHUsT CO3HAHUSA (3—53%), TOJIOBHYTO 60JTb
(0-70%), rostoBokpyskeHue (0-20%), MeHee 3% cJiydyaeB — HapylLIeHWe 3PEeHNs, CIyXa, aTAKCUIO, CyTOPOsK-
HBIY IPUCTYI, UHCYJBT. AHAJINU3 JAHHBIX JIUTEPATyphl I03BOJINJI BBIAEINUTE CAeAyIolIe 3HaYuMble Mexa-
HU3MBbI BO3/1eICTBUS BBICOKOKOHTAarn03HbIX KOPOHABUPYCOB (B TOM uucJje Bupyca SARS-CoV-2) Ha 1jeHT-
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pasIbHYIO HEPBHYIO CHCTEMY: HelipozereHepariysi (B TOM 4¥C/Ie IUTOKMHUHAYIIMPOBAHHAs); IlepeOpambHbIN
TpoM003 U iepedpaTbHasA TPOMO03IMOO0JINS; IOBPEsKIeHNEe HEHPOCOCYINCTON eIMHNIIBI; IMMYHOOIIOCpe-
JIOBaHHOE MTOpakeHWe HePBHOM TKaHU, IPUBOAAIIEe K Pa3BUTHIO MH(EKIIMOHHO-a/JIEpru4ecKoro gemMue-
JIMHUA3UPYIOIIEro IIpolecca.

PaccMoTpesi CHMITTOMBI IIOpaskeHusI HePBHOH cructeMbl Tpyr COVID-19, Takne Kak rosoBHast 60J1b, Fo-
JIOBOKpY>KeHUe, HapyIlleHre 0OOHSIHISA 1 BKYCOBBIX OIIYIIeHUH, N3MeHeHre YPOBHs CO3HAHU, OyJIbOapHbIe
HapyuleHus (qucdarus, gucdoHusa). COOTBEeTCTBEHHO, IPOAHATIM3UPOBAJIN JaHHbIE O BO3MOSKHBIX IIYTAX
npoHuKHOBeHUs SARS-CoV-2 B 11eHTpa/IbHYIO HEPBHYIO CUCTEMY U MeXaHU3MBbI [TI0pasKeHUsI HEPBHOU TKAHMU.

ITo pesysbraraM IIPOBEIEHHOTO AHAIN3A OTeYeCTBEHHON U 3apy0esKHOH JInTepaTyphl IOKA3aJIu BBICO-
KYIO 4aCTOTY U NOJIMMOP(HOCTb CUMIITOMOB ITIOPasKeHUsI IIeHTPAJIbHOM HEPBHOU CUCTEMBI, @ TAK)Ke BAYKHYIO
POJIb COCYIACTOTO MOPaKeHUs TOJIOBHOTO MO3Ta U HelipoJiereHepanuu B natoresese COVID-19.

Karoueevwte cnosa: COVID-19; SARS-CoV-2; uenmpanvHasi HepeHAsl CUCIeMA; UeHMPAabHasl 2unepmep-
Must; 2UNOKCUsL; HelipoOezeHepauusi

KoH(INKT HHTEPEeCOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUHM KOH(MJIMKTA NHTEPECOB.
dunHaHcupoBaHue. Pabora BhITIOJIHEHA TTpU nogaepskke HUII «Kyp4aTOBCKUN WUHCTUTYT» (MMPUKa3
Ne1363 ot 25.06.2019 ).

Summary

Detailed clinical assessment of the central nervous system involvement in SARS-CoV-2 infection is relevant
due to the low specificity of neurological manifestations, the complexity of evaluation of patient complaints,
reduced awareness of the existing spectrum of neurological manifestations of COVID-19, as well as low yield
of the neurological imaging.

The aim. To reveal the patterns of central nervous system involvement in COVID-19 and its pathogenesis
based on clinical data.

Among more than 200 primary literature sources from various databases (Scopus, Web of Science, RSCI,
etc.), 80 sources were selected for evaluation, of them 72 were published in the recent years (2016-2020). The
criteria for exclusion of sources were low relevance and outdated information.

The clinical manifestations of central nervous system involvement in COVID-19 include smell (5-98% of
cases) and taste disorders (6-89%), dysphonia (28%), dysphagia (19%), consciousness disorders (3-53%),
headache (0-70%), dizziness (0-20%), and, in less than 3% of cases, visual impairment, hearing impairment,
ataxia, seizures, stroke. Analysis of the literature data revealed the following significant mechanisms of the ef-
fects of highly contagious coronaviruses (including SARS-CoV-2) on the central nervous system: neurodegen-
eration (including cytokine- induced); cerebral thrombosis and thromboembolism; damage to the neurovas-
cular unit; immune-mediated damage of nervous tissue, resulting in infection and allergy-induced
demyelination.

The neurological signs and symptoms seen in COVID-19 such as headache, dizziness, impaired smell and
taste, altered level of consciousness, bulbar disorders (dysphagia, dysphonia) have been examined. Accord-
ingly, we discussed the possible routes of SARS-CoV-2 entry into the central nervous system and the mecha-
nisms of nervous tissue damage.

Based on the literature analysis, a high frequency and variability of central nervous system manifestations
of COVID-19 were revealed, and an important role of vascular brain damage and neurodegeneration in the
pathogenesis of COVID-19 was highlighted.

Keywords: COVID-19; SARS-CoV-2; central nervous system; hypoxia; neurodegeneration
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BBenenue

OcHoBHOM MuIlIeHbI0 B ratoreHese COVID-19
ABJISIETCA JIbIXaTeJIbHasl CUCTEMA YeJI0BEeKa, OJHA-
KO TI0 Mepe HaKOIJIeHUsI KIIMHUYeCKUX HalJtoe-
HUI CcTaJ O4YeBHUJIHBIM ee HeHpOMHBA3UBHBIN
MIOTEHIINaJ, YTO MOJTBEPsKAaeTCs BBICOKOU pac-
IPOCTPAHEHHOCTHIO HEBPOJIOTUUYECKUAX CUMIITO-
MoB COVID-19, nanpuMep, BbIABJIEHUEM I'UIIO0-
niau anocmuu B 98% cilyuaeB IO peayJbraraM
KOJINYECTBEHHON OIIEHKU OOOHATEJILHON YyB-

Introduction

The human respiratory system is the main tar-
get in the pathogenesis of COVID-19, however its
neuroinvasive potential has become apparent over
time as clinical observations have accumulated, as
evidenced by the high prevalence of COVID-19
neurological manifestations, such as hypo- or
anosmia in 98% of cases diagnosed by olfactory as-
sessment [1]. The relevance of detailed assessment

of clinical central nervous system involvement in
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CTBUTEJBHOCTH [1]. AKTyaJIbHOCTb IIPUCTAIbHON
KJIMHUYECKOU OIIEHKU MTOpasKeHu s IIeHTPaATbHON
HepBHOU cucteMsl (IIHC) Bupycom SARS-CoV-2
OIpeJiesIsieTCs TaKkyKe HU3KOW CIeluPUIHOCTHIO
psila HEeBPOJIOTUYECKUX CHUMIOTOMOB, CJIOK-
HOCTBbI0O OOBEKTHUBM3AUU Kajo0 MalueHTa,
HEOJHOPOJHOU OCBEIOMJIEHHOCTHIO M HACTOPO-
SKEHHOCTBIO II0 IIOBOLY HMMEIOUIETOCs CIEeKTpa
HEBpPOJIOTUYECKUX CUMIITOMOB COVID-19, HU3KOM!
YaCTOTOM IaTOJOTUYECKUX U3MEHEeHHH Mo JaH-
HbIM HEpOBU3YyaIU3aI1H.

C y4eToM BBIIIEN3JI05KEHHOTO I1eTbI0 0030pa
SABJIIETCS BBIABJIEHIE 0COOEHHOCTEH CUMIITOMA-
TUKM ¥ TaTOreHe3a TMOpPa’KEHUs IeHTPaJbHOU
HepBHOU cucteMbl ipu COVID-19 Ha ocHOBe aHa-
JIM3a TAHHBIX KIMHUYECKOU TPAKTUKU.

AHayn3 oTe4ecTBEHHON U 3apyOesKHOH JTuTe-
paTypsl IeMOHCTPUPYET IPEUMYLIeCTBEHHO OIIN-
careJIbHBIN XapaKTep UCCaeq0BaHUH (B TOM YUCJTIE
MeKIyHapOLHBIX MHOTOLIEHTPOBBIX MCCJIEN0Ba-
HUI), OTCYTCTBUE eANHON KOHIETIITUY [IaToTeHe3a
IopaskeHus1 HepBHOU cucTeMbl BUpPycoM SARS-
CoV-2 11 HeJOCTaTOYHOCTh CBEeIeHUIT 00 OTHaIeH-
HBIX HEBpPOJIOTHYeCKUX nocaenctussx COVID-19.

K cumniromam COVID-19, TpaguiinoHHO pac-
CMaTpWBaeMbIM B CTPYKTYpe CHHApOMa OOIIei
UH(PEKITUOHHON MHTOKCUKAIIUHU, TPU 3TOM BO3-
MO>KHO CBsI3aHHBIM C rtopaskenuem [{HC, orHOCAT-
csa runeprepmus (6osee 90% cydaes); IOBBIIIEH-
Hasi yTOMJIsIeMOCTb (45%); roJIoBHAsI 0016 (8-70%);
roJI0BOKpysxkenue (no 20% ciydaes). [ uneprepmus
ABJIAETCA 4aCTBIM CUMIITOMOM B CTPYKTyp€ CHUH-
npoMa o60mieli MHMEKIMOHHONW WHTOKCUKAITUHN
IIPU OCTPBIX PECHUPATOPHBIX 3a00JEeBAHUAX,
ogHako npu COVID-19 ormeuvaeTrcsi HHU3Kas
3 (peKTUBHOCTh NPUMEHEHMs KAPOMOHUKAI0-
INUX CPENCTB, YTO XapaKTepHU3yeT IMpeuMylle-
CTBEHHO IIeHTPAJIbHbIN reHe3 TUIePTeEPMUMN.

Kinnnnueckasa kaptuHa nopaskenusa [[HC
npu COVID-19 BR/IIOYaeT HapyIIeHne 00OHIHUSA
(5-98% cJjryuaeB), HapyllleHUEe BKYCOBOU YyBCTBU-
TeJbHOCTH (6-89%), nucdouuio (28%), nucdaruio
(19%), xoJIMYeCTBEeHHbIE U Ka4eCTBEHHBIE HAPY-
meHus codHanusa (3-53%), mexnee 3% ciry4aeB —
HapyllleHue 3peHus, CJIyXa, aTaKCUIo, CYLOPOXK-
HbBIU IPUCTYI, UHCYJIBT.

Hapymenve o00HAHUS SABJSETCS OJHUM U3
CaMbIX PACIIPOCTPAHEHHBIX CUMIITOMOB OBPEsK-
nenusi HepBHOU cucteMbl ipu COVID-19 (0 98%
cayyaeB) [1-21]. ITogBaeHue TUIO- U aHOCMUU
OOBIYHO MIPOUCXOIUT B MEepBble THU 3aboJieBa-
HuA [2, 6, 7, 15, 19], IINTEJIBHOCTh HapylleHnH B
cpegHeM cocrasJiger 1-2 Henenu [6-8, 13, 15, 17,
19]. Hamboab11mii 06 beM BLIOOPKU NMEJIO HCCJIe-
nmoBaume Lechien J. R. ¢ coast. (2020) (1420 mamu-
€HTOB, CPeTHUI BO3paCT MalueHToB — 39 Jjer),
YyacToTa T'UIIo- 1 anocmuu coctaBusia 70% [8]. Bce
BRJIIOUEHHbIE B aHAJIU3 MCCJAeI0BaHMs BbIIIOJIHE-
HBI B OOHO BpeMsa (nepBad moJsosuHa 2020 r.),

SARS-CoV-2 infection is also due to the low speci-
ficity of many neurological signs and symptoms,
the complexity of standardized patient symptom
evaluation, reduced awareness of COVID-19 neu-
rological manifestations and low yield of neu-
roimaging tests.

Therefore, the aim of this review is to reveal
the clinical manifestations of central nervous sys-
tem involvement in COVID-19 and their mecha-
nisms based on the analysis of clinical data.

Analysis of Russian and international litera-
ture shows mainly descriptive studies (including in-
ternational multicenter studies), lack of a unified
pathogenesis concept of SARS-CoV-2-associated
nervous system damage and insufficient data on
the long-term neurological consequences of
COVID-19.

The symptoms of COVID-19 traditionally con-
sidered as intoxication-related and possibly associ-
ated with CNS damage include fever (over 90% of
cases), fatigue (45%), headache (8-70%), and dizzi-
ness (up to 20% of cases). Fever is a frequent sign of
infection-related intoxication in acute respiratory
diseases, but in COVID-19 the efficacy of antipyret-
ics is low, which suggests a predominantly central
origin of hyperthermia.

The clinical manifestations of central nervous
system damage in COVID-19 include olfactory im-
pairment (5-98% of cases), gustatory disorders
(6-89%), dysphonia (28%), dysphagia (19%), altered
consciousness (3-53%), and, in less than 3% of
cases, visual or hearing disorders, ataxia, seizures
or stroke.

Smell disorders are among the most common
signs of nervous system involvement in COVID-19
(up to 98% of cases) [1-21]. Hypo- and anosmia
usually occur in the first days of the disease (2, 6, 7,
15, 19] and persist for an average of 1-2 weeks [6-8,
13, 15, 17, 19]. The study by Lechien J. R. et al. (2020)
(1420 patients with the mean age of 39 years), the
frequency of hypo- and anosmia was 70% [8]. All
the studies included in the analysis were performed
at the same time (first half of 2020), so the wide
variation in the frequency of olfactory disorders is
unlikely to be explained by altered properties of the
SARS-CoV-2 over time. In studies with a sample size
of more than 100 observations in East Asian coun-
tries, the frequency of olfactory disorders was less
than 50% [2, 11], while in Western countries it was
as high as 86% [3, 5, 8].

A similar situation is seen with taste disorders.
In studies with a sample size of more than 100 ob-
servations, the prevalence of dys- and ageusia
ranged from 5% to 89% [2-8, 10-14, 16, 20, 21], with
lower rates in East Asian countries (5-34%) [2, 11]
and quite high ones in Western countries
(54-89%) (3, 5, 8]. Differences in olfactory and gus-
tatory assessment tools may account for the vari-
ability in the results obtained. Noticeably, the high-
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IT03TOMY MaJIOBEPOSTHO, YTO OOJIBIIION pa3dpoc
YacTOThl HapyIIeHWH OOOHSHUS MOKET 00b-
SICHATBCSI U3MEHEeHHeM CBONCTB Bupyca SARS-
CoV-2 c TeueHneM BpeMeHU. B nccieqoBaHuAX C
00beMoM BbIOOpKH OoJstee 100 HabTIOIEHUH, TIPO-
BeJIEHHBIX B CTpaHax BocTouyHOW A3uu, yacTora
BBISIBJIEHUsI HapyIIeHUN OOOHSHUSA COCTaBMJIA
MeHee 50% [2, 11], mpu aTOM B 3anlaJHbIX CTpaHax
oHa jocrturaJaa 86% (3, 5, 8].

ABanoruyHass CUTyalds IIPOCJIEKUBAETCA
IIpU OlleHKe BKYCOBBIX HAapyIIeHu. B ucciienoBa-
HUSX C 00beMoM BbIOOPKH OoJiee 100 Hab IOE-
HUU pacpoCTPaHEHHOCTh T'MII0- ¥ aT€B3UU Baph-
upyert ot 5 10 89% [2-8, 10-14, 16, 20, 21], c 6osiee
HU3KHUM IIPOIEHTOM BBISIBJIEHUSA B CTpaHax Boc-
TouHOM A3um (5-34%) [2, 11] u JOCTaTOYHOM BBICO-
KHMM B 3alaHbIX cTpaHax (54-89%) [3, 5, 8]. Onpe-
JleJIEHHBII BKJI[l B BAPUATUBHOCTh IIOJyYeHHbBIX
pe3yJIbraToOB MOI'YT BHOCUTh pa3J/In4usi B METOI -
Ke OIIEHKH Kak 0OOHATEJHHOMN, TaK M BKYCOBOM
yyBcTBUTEeAbHOCTH. ObOpariaeTr Ha ceOs1 BHUMa-
HHUe, YTO HauOOJIbIIIasi YaCTOTa HApyIIeHWH 000-
HSHUS W BKYCOBOW YYBCTBUTEJIBHOCTH ObLIa
BBISIBJIEHA B UCCJIE€JOBAHUY, IPOBEJIEHHOM OTOPU-
HosapuHoJioramu Lechien J. R. ¢ coasr. [5].

I[Ipu COVID-19 BO3MOKHOW TIPUYUHOU
BBICOKOW YaCTOThI HAPYIIEHUW 00OHSHUSA U BKY-
COBOTO BOCIIPUSTHUSA MOKET SIBJASTHCSA KaTapasb-
HOe BOCIIaJIeHNe, OHAKO IIPU IPYIUX OCTPBIX pec-
MMUPATOPHBIX 3a00JIeBAHUSIX HACTOJIBKO CHUJIbHOM
CBA3U He IIpocJjeskuBaercsa [4, 22]. YuuTbiBas
BBICOKYIO YaCTOTy Pa3BUTHsI HAPYIIEHUH 000HS -
HUA (00 98% cilyuyaeB) U BKYCOBOI'O BOCIIPUATUA
(mo 89% ciryyaeB) U OYeBHUHOE IpeobJIafaHme
9THX IBYX CUMIITOMOB B CTPYKTYp€ KJINHUYECKUX
nposiiieHn# nopaskenus [THC, 60Jb11yIO 10JTIO
TOTAJIbHOI'O HApyIIEHUs I9TUX BUIOB YYBCTBU-
TeJIbHOCTU (AHOCMUU U areB3WHU), a TAKMKe HX
KPaTKOBPEMEHHOCTDb U 00PaTUMOCTD, KITI0YEBBIM
MeXaHW3MOM HapyIIeHn 000HATETLHON U BKYCO-
BOM YYBCTBHUTEJBHOCTH HauboJiee BEpPOSATHO
ABJISIETCA MOPAYKEHNE PeleNTOPHOro aniapara.

Hapyiienue co3HaHusl sIBJsETCs1 KpaliHe
reTeporeHHbIM U TOJUMOP(HBIM CUMIOTOMOM,
KOTOPBIA XapaKTepu3yeT MHOTHEe COMaTu4yecKue
3aboseBanus. B kimHnueckoit kaptune COVID-
19 ero uacrora cocrasiaser 3-8% ciay4aeB [2,
23-25], ogHako pocturaet 53% y JIUL CTapYeCKOro
BOo3pacTa IIpH TSKEJIOM TedeHUU 3aboJieBa-
HUA [26]. HeoOX0IMMO OTMETHUTD, YTO PacCIIpoCcTpa-
HEHHOCTb TAaHHOT'O CUMIITOMAa He MMeJia Pa3HUIIbI
B cTpaHax BocTouHOM A3UM U 3amaIHBIX CTPaHaX.

Bynwbapable Hapymenus npu COVID-19
BBISIBJIEHBI TOJILKO B MccjegoBanuu Lechien J. R.
¢ coagr. (2020), koTopoe OBLTIO MPoBeIeHo B EBpo-
ne (CpegHW BO3paACT MAIlMEHTOB COCTaBUJ 39
Jet): yactora guconuu — 28%, nucharuu —
19% ciiyuaes [5]. B 1pyrux BK/IIOUEHHBIX B aHAJIN3
HCCJIeJIOBAaHUSIX CBeJIeHNs 110 rucdOoHMU 1 qucda-

est frequency of olfactory and gustatory disorders
was found in the study by Lechien J. R. et al. whose
authors were otolaryngologists [5].

In COVID-19, virus-induced inflammation
may be a possible cause of the high frequency of ol-
factory and gustatory disorders, however there is no
such association in other acute respiratory dis-
eases [4, 22]. Given the high frequency of smell (up
to 98% of cases) and taste disorders (up to 89% of
cases) and their obvious predominance among
clinical manifestations of CNS involvement, the
large proportion of severe disorders (anosmia and
ageusia), as well as their short duration and re-
versibility, the key mechanism of olfactory and taste
disorders could most likely be the damage to the re-
ceptors.

Altered consciousness is an extremely variable
and multifaceted condition seen in many diseases.
Its frequency in COVID-19 is 3-8% [2, 23-25], but
can reach up to 53% in the elderly with severe dis-
ease [26]. Importantly, the prevalence of this sign
did not differ between East Asian and Western
countries.

Bulbar disorders in COVID-19 were reported
only by Lechien J. R. et al. (2020), who included pa-
tients from Europe (mean age 39 years): the fre-
quency of dysphonia was 28%, the one of dyspha-
gia was 19% [5]. In other studies included in the
analysis, dysphonia and dysphagia were not re-
ported, which is most probably attributable to the
targeted assessment of swallowing and vocalization
done by specialized otolaryngological examination
in the study by Lechien J. R. et al.

Dysphonia and dysphagia may be part of bul-
bar and pseudobulbar syndromes, which, in turn,
result from either brainstem or bilateral supranu-
clear damage. According to Helms J. et al. (2020),
patients with COVID-19 rarely demonstrate acute
brain lesions on MRI [27], therefore dysphonia and
dysphagia are unlikely to be caused by pseudobul-
bar syndrome. However, dysphonia and dysphagia
as part of bulbar syndrome without focal brain ab-
normalities on MRI are often found in neurodegen-
erative diseases, primarily amyotrophic lateral scle-
rosis, which suggests a role of neurodegeneration
in CNS damage by SARS-CoV-2. Taking into ac-
count the previous data on highly contagious coro-
navirus infections and extrapolating them to SARS-
CoV-2, we should note that, in experiments with
mice, the MERS virus when injected intranasally
was able to reach the brain stem and thalamus
through olfactory nerves [28], whereas the SARS-
CoV virus triggers neuronal death with no signs of
inflammation in brain [29] suggesting a typical
neurodegenerative process. Several studies have
confirmed the association between SARS-CoV and
a higher risk of Parkinson's disease and multiple
sclerosis [30-37]. Another probable cause of dys-
phonia and dysphagia in COVID-19 may be pre-
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T'UY He ObLIN TPEeJICTaBJIEHB], YTO HanboJIee Bepo-
SITHO 00'BSICHSIETCSI IPUTIETHHOM OLIEHKOU IIOTa-
HUS ¥ TOJIOCO0Opa30BaHMUs B paMKax OTOPUHOJIA-
PHHIOJIOTUYECKOTO0 OCMOTpa B MCCJIEJOBaHUU
Lechien J. R. c coaBr.

HducdonHusa u gucdarusi MOTyT BXOJUTH B
CTPYKTYpy Oyab0apHOTO M IICEeBAOOYJIHOAPHOTO
CHHIPOMOB, KOTOpbIE, B CBOIO 04epelb, ABJIAIOTCA
MPOSIBJIEHVEM ITOPAKEHMS JITOO CTBOJIA TOJIOBHOTO
MO03T3a, MO0 TBYCTOPOHHETO HATBSAIEPHOTO ITOpa-
skeHust. [1o nanabpiM Helms J. ¢ coaBr. (2020), y manu-
eHToB ¢ COVID-19 no pesyssraraM MarHUTHO-Pe30-
HaHCHOU TOMOTpaduu KpaiHe PeJIKO BbISABJISIOTCS
OCTpBIE ITaTOJIOTUYECKHEe W3MEHEHUs BellecTBa
TOJIOBHOI'O MO3ra [27], cjieqoBaresbHO, IIPEeAII0JI0-
SKUTb, YTO IPUYNHOU pa3BUTUA JUCHOHUM U TUC-
(parnm sBIIsIETCA TICEBIOOYIBOAPHBIN CHUHIPOM
BPSAJA JIX BO3MOYKHO. OfHAKO TUchoHMs U aucda-
T'Usl B CTPYKType Oyib0apHOTO crHIpoma 6e3 ova-
TOBBIX U3MEHEeHUH BellecTBa roJI0BHOI'O MO3ra 110
JAHHBIM MarHUTHO-PE30HAHCHOU TOMorpaduu
YaCTO BCTpEYaIOTCsl IIpU HelpojereHepaTuBHBIX
3aboJIeBaHUsX, IPEKIE BCETO, DOKOBOM aMHOTPO-
(pudecKoM CKJepo3e, 4TO II03BOJIsIET IIPeNIoJIo-
SKUTB poJib HeliponereHepauyu B nopaskenuu [LTHC
BupycoMm SARS-CoV-2. IlpuHuMasa BO BHUMaHUeE
IIOJIyYeHHbIE paHee JaHHbIe O BBICOKOKOHTAaruo3-
HBIX KOPOHABUPYCHBIX UH(EKINSIX U 9KCTPAIIOJI-
pys ux Ha Bupyc SARS-CoV-2, Heo6x0muMo oTme-
TUTh, 4YTO, IO JAHHBIM 9JKCIEPUMEHTAJbHBIX
HCCJIeJOBAaHUH Ha J1abOpaTOPHBIX MBIIIAX, BUPYC
MERS npu nHTpaHa3aJIbHOM BBEIEHUU CIIOCOOEH
JOCTUTraTh CTBOJIA TOJIOBHOI'O MO3ra M Tajaamyca
yepe3 000HATEIbHBIE HEPBHI [28], a BUpyC SARS-
CoV nHUIIUApyeT rudessh> HEHPOHOB B OTCYTCTBHE
IIPU3HAKOB BOCHAJIUTEbHBIX U3MEHEHUU Belle-
CTBa rOJIOBHOI'O MO3ra [29], YTO TaKKe XapaKTepu-
3yeT TUIIOBOM HelpoJlereHepaTUBHBIN Ipoliecc. B
pslle McciiefoBaHUM MOATBEPsKIEHA CBA3b MEKIY
BupycoM SARS-CoV u 60Jj1ee BLICOKUM PUCKOM pas-
BUTHs 0071€3HM [[apKUHCOHA 1 PAcCETHHOTO CKJIe-
posa [30-37]. Emie ogHOU BEpOATHOU NMPUYUHOU
muconun m gucharuu npu COVID-19 mosker
ABJIATHCA IPEUMYLIECTBEHHO IeMUeJTNHU3APYIO-
IIlee OpaskeHUe YeperHbIX HePBOB KayJaJIbHON
rpynnsl.  IIpennosioskuresbHO, ayTOMMMYHHOE
rnopaskeHnue nepudepruieckoil HEPBHOU CUCTEMbI
npu COVID-19 MOYKeT SABJATHCSA TPUYUHOHN psa
CUMITOMOB (MUQJITUH, HECTOMKOTO OHEMEHUs B
KOHEYHOCTSIX 110 MO3aWYHOMY THITY), YTO TpeOyeT
OILIEHKM II0 JJAHHBIM 3JIeKTpOHelipoMuorpadpuu,
OJTHAKO B JIOCTYITHON OTEYEeCTBEHHOU U 3apydesk-
HOU JIUTeparype OTCYTCTBYIOT CBEJIEHUS O Pe3yib-
Tarax aJIEKTPOPU3NOJTOTUIECKOU OlIEHKH repude-
puueckux HepBOB Ipu COVID-19 (3a UCK/TIOUeHreEM
cJIyyaeB pa3BuTUs cuHapoma ['nitena—-bappe).

PacnipocTpaneHHOCTS Ileajruueckoro CuH-
gpoMma y manueHToB ¢ COVID-19 cocraBisser
0-70% [1-4, 6, 8-11, 24, 25, 38-63], rOJIOBOKpYKe-

dominantly demyelinating damage to the caudal
cranial nerves. Presumably, autoimmune damage
of the peripheral nervous system in COVID-19 may
result in several signs and symptoms (myalgia,
non-sustained mixed-type numbness in the limbs)
requiring electroneuromyography; however, the
available Russian and international literature lacks
electrophysiological data of peripheral nerves in-
volvement in COVID-19 (except for the cases of
Guillain-Barré syndrome).

Headache is seen in 0-70% [1-4, 6, 8-11, 24,
25, 38-63], whereas dizziness was reported in
0-20% of patients with COVID-19 [2, 8, 10, 11, 23,
25, 47, 48, 50, 55, 57, 59, 62, 63]. Headache is more
common in patients with gastrointestinal manifes-
tations [43] and has a low frequency when no radi-
ological evidence of lung damage is found [44].

Muscle pain, along with non-specific cerebral
presentations, can be associated with acute respi-
ratory diseases, especially influenza. The frequency
of myalgia in COVID-19 is 0-70% [1, 4, 8, 9, 23-25,
38-40, 40-42, 46-48, 50, 51, 54-56, 58-60, 62-71].
Interestingly, in patients with a transplanted kid-
ney, the incidence of myalgia in COVID-19 was
5% [64], which is most likely due to concomitant
aggressive immunosuppressive therapy.

Potential routes of SARS-CoV-2 entry into the
brain include hematologic spread combined with
increased permeability of the blood-brain barrier,
retrograde transport via olfactory neurons [2] or
vagal nerve afferents from lungs or gastrointestinal
tract [72]. In retrograde entry through mechanore-
ceptors and chemoreceptors of lungs, SARS-CoV-2
could affect respiratory and vasomotor centers of
medulla oblongata, causing neurogenic respiratory
failure [72, 73].

Wu. et al. (2020) presented the most detailed
concept of mechanisms responsible for the brain
damage in coronavirus infection [74]. According to
the authors, the main mechanisms of neuronal
damage resulting in toxic infectious encephalopa-
thy, viral encephalitis and acute cerebrovascular
events can include:

* direct viral damage causing impaired circu-
lation and demyelination;

* hypoxic damage and increased anaerobic
metabolism;

e interaction with angiotensin-converting
enzyme-2 (ACE2) receptors;

* immune damage leading to systemic in-
flammatory response syndrome.

ACE2 receptors are found in the cerebral mi-
crocirculatory system, which may contribute to
brain vulnerability in COVID-19 [75, 76].

Pathomorphological abnormalities in the
brain of patients with COVID-19 were detailed by
Zairatyants O. V. et al. (2020) [77] and include dif-
fuse hypoxic and focal ischemic lesions of different
sizes with occasional ischemic infarcts (in large ar-
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Husa — 0-20% ciayyaes [2, 8, 10, 11, 23, 25, 47, 48, 50,
55,57,59, 62, 63]. TostoBHAast 00JIb Yallle BLISABJISAET-
€Ay IalMEeHTOB C HAJIMYMeM CUMIITOMOB IIOpaske-
HUA JKeJTyJOYHO-KUIIIEeYHOr o TpakTa [43] u nmeer
HU3KYIO 4aCTOTy IIpU OTCYTCTBUHU PaAu0JIOrade-
CKUX JAHHBIX O TIOPAsKEHNN JIETKUX [44].

BoJsb B MbImImax, Hapsiy ¢ 00IeMo3TOBOM
CUMIITOMATUKOU, MOKET COMMPOBOKIATH OCTPhIE
pecrimparopHbie 3a00JeBaHUsI, B 0COOEHHOCTH
rpuni. Yacrora muanruu npu COVID-19 cocraB-
aset 0-70% [1, 4, 8, 9, 23-25, 38-40, 40-42, 46-48,
50, 51, 54-56, 58-60, 62-71]. IHTEpECHO, YTO Y
MallMeHTOB C TPAHCIJIAHTUPOBAHHOW IMOYKOU
4acToTa BbIABJIeHUA Mmuaarum npu COVID-19
cocraBuia 5% [64], yro HauboJjiee BepPOSITHO
00yCJIOBJIEHO COMNYTCTBYIOIIEH WHTEHCUBHOU
MMMYHOCYIIPECCUBHOU Tepanuen.

[lorernyajspHble NIyTH NPOHUKHOBEHUS
Bupyca SARS-CoV-2 B ITHC BKJIIOYAIOT B ceOs
reMaTOTeHHOE PaCIPOCTPAaHEHNE B COYETAHUHA C
MOBBIIIIEHNEM ITPOHUIIAEMOCTHY reMaTodHIIedaTn-
yecKoro 6apbepa, peTporpaaHylo Iepeaavy yepes
000HATEJIFHBIE HEUPOHBI [2], peTporpagHyIo
repenavyy 4yepes OJIYKIAIONIAN HEPB M3 IbIXa-
TeJJbHOU CHCTEMBI U SKeJIYJOYHO-KUIIEeYHOIO
TpakrTa [72]. IIpennoJiaraercs, 4To, IpOHUKAs peT-
POTPAHO Yepe3 MeXaHOPeleNTOPbI ¥ XeMOpeIlel-
TOpHI Jierkux, Bupyc SARS-CoV-2 mosker mopa-
5KaTh JbIXaTeJbHBI M COCYJOABUIrATEIbHBIN
[IEeHTPbI TMPOJOJTOBAaTOTO MO3Ta, YTO MOKET
COMPOBOKIAaTHCSI HEUPOTEHHOU JbIXaTeJbHOU
HEJIOCTAaTOYHOCTHIO (72, 73].

HawuboJee mostHOE IpeACcTaBJIeHUE O ITaTore-
He3e BJIMSHUA BBICOKOKOHTAaruo3HOU KOPOHaBU-
pycHoii unpexnuu Ha [THC npeacrasuau Wu Y. ¢
coasrT. (2020) [74]. ITo MHEHUIO aBTOPOB, K OCHOB-
HBIM MeXaHU3MaM MOBPesKIeHUsI HEPBHOU cHUCTe-
MbI, TIPUBOJAIIUM K PA3BUTUIO TOKCUYECKOU
WH(QpEKINOHHON 3HIledansonaruy, BUPYCHOMY
9HIE(ATUTy M OCTPHIM IepeOdpPOBACKYISAPHBIM
3ab0J/IeBaHUAM, MOKHO OTHECTH:

— HEeNOCPeJCTBEHHO BUPYCHOE IIOBPEXKIe-
HHUE 3a CYeT HapylleHUusA LUPKYIANUN KPOBU U
JTeMHueJTUHU3aInn;

— TUINOKCUYECKOe MOBpEsKIeHNe U ITOBBI-
IIIeHre aHA9POOHOT0 MeTab0IU3Ma;

— B3aUMOJIEUCTBUE C pellenTopaMu aHTHO-
TeH3WHIIpEeBpaIIanIero gepmeHTa-2;

— MMMYHHO€ IOBPEXJEeHHe C pa3BUTUEM
CUHJIPOMA CUCTEMHOT0 BOCITAJUTEILHOTO OTBETA.

PerieniTopbl aHTMOTEH3WHIIPEBPAIIAIOIIETO
(¢epmeHTa-2 NpeCcTaB/IeHbl B MUKPOIIUPKYIATOP-
HOM pYyCJIe TOJTOBHOTO MO3Ta, YTO MO>KET 00yCJI0B-
JIMBATh €ro yA3BUMocTh npu COVID-19 [75, 76].

[Taromopdosiornyeckre n3MeHeHUsI TOJI0B-
Horo moara y nanueHtoB ¢ COVID-19 mogpo6HO
onmcanbl 3arparbsauil O. B. ¢ coasr. (2020) [77] u
BKJIIOYAIOT: T1((y3Hble THTIOKCUYECKUE U 04aro-
Bble WIIEMUYECKUE TOBPEXKIEHUS pPa3HOU

terial thrombosis), microangiopathy, vasculitis, di-
apedetic and confluent hemorrhages, sometimes
progressing to hemorrhagic infarcts and less com-
monly to intracerebral hematomas. In some cases,
the differential diagnosis of manifestations and
complications of COVID-19 with cerebrovascular
diseases can be challenging, especially in comorbid
patients. Another issue to consider is specific en-
cephalitis and meningitis potentially causing lym-
phoid perivascular and meningeal infiltration (sep-
sis can be absent as well).

Analysis of the literature data highlighted the
following significant mechanisms of the impact of
highly contagious coronaviruses (including SARS-
CoV-2) on central nervous system: neurodegener-
ation (including cytokine-induced), cerebral
thrombosis and thromboembolism, damage to the
neurovascular unit, immune-mediated damage of
nervous tissue, leading to the infection-induced
and allergic demyelination.

Few reports of neuroimaging features of SARS-
CoV-2 associated brain damage were made available.
In March 2020, radiological evidence of COVID-19
brain damage manifested as acute hemorrhagic
necrotizing encephalopathy was published. Politi L.
S. etal. (2020) demonstrated topically correlated cor-
tical changes in COVID-19-induced anosmia for the
first time in vivo using neuroimaging studies [78],
which in combination with the above-mentioned as-
sumed leading role of receptor damage suggests a
secondary injury of olfactory neurons involved in the
pathogenesis of COVID-19-induced anosmia.

According to Mao L. et al. (2020) who exam-
ined 214 patients hospitalized for COVID-19, the
incidence of acute stroke was 2.8% (6 cases, includ-
ing 5 ischemic ones), while in severe COVID-19 it
reached 5.7% (5 cases, including 4 ischemic
ones) [2]. In 2 out of 6 cases, the stroke developed
without typical COVID-19 presentations, however
the clinical, laboratory, and radiological manifesta-
tions appeared several days later.

COVID-19 can associate with an increased risk
of cerebrovascular accidents and subsequent ad-
verse clinical outcome. In medical and surgical
practice, the perioperative period has a similar pat-
tern. Among intrahospital strokes, 30% are periop-
erative, which can be considered as a clinical model
of cerebrovascular accident because this type of
stroke has a pre-defined time of onset. Pathogene-
sis, prevention and treatment of perioperative
stroke have been studied in detail, as well as the
pattern of postoperative cerebral dysfunction [79,
80] (see figure).

Embolism, hypoperfusion, hypoxia, cerebral
microhemorrhage, and systemic inflammatory re-
sponse play a key role in the pathogenesis of periop-
erative stroke and postoperative cerebral dysfunc-
tion, which corresponds to the main mechanisms of
vascular brain damage in COVID-19. The similarity
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CxeMa naToreHe3a nepronepalioOHHOr0 HHCYJIBTa U MOC/Ie0NePalOHHOI MO3roBoi quc(yHKIMHU B XHpypruu [79, 80].
Pathogenesis of perioperative stroke and postoperative cerebral dysfunction in surgical patients [79, 80].

BeJIMYUHBI, BIJIOTh O Pa3BUTUSA UIIIEMUYECKUX
WHMaAPKTOB (TpU TpoMOO03axX KPYIMHBIX apTepUil);
MHMKpPOAHTMOIIaTHIO; BACKYJIUT; Aualle/ie3Hble U
CJIMBHbIE KPOBOU3JIWSAHUS, UHOITIA NIPOrPeCcCu-
pylolye 10 reMopparunyeckux nH(papKToB U peske
BHYTPUMOS3TOBBIX 'eMaToM. B psifie cirydaeB cepb-
e3HyI0 Ipo0JieMy TpejacTaBisieT nuddepeHIn-
aJIbHAasA MAarHOCTHUKA NPOSIBJIEHUN U OCJI0YKHEe-
Hnii  COVID-19 ¢ 1epebpoBacKyJIsIpHBIMHA
3aboJsieBaHUSAMY, OCOOEHHO Yy KOMOPOHWIHBIX
MaIeHTOB, a TAKYKe HEBO3MOYKHOCTb UCKJIIOUUTh
cnenuduyeckuil sHIeGAJIUT U MEHUHTUT KaK
MPUYNHY JTUM(OUITHONU IEPUBACKYIISIPHON 1 000-
JIOYEeYHOU UH(PUIBTPAIUU (B TOM YHUCJIEe U B OTCYT-
CTBUE CeIlcuca).

AHanV3 MAAHHBIX JIKTEPATYPhI ITO3BOJIUAT
BBIIEJIUTD CJEAYIOIINe 3HAaYNMble MeXaHU3MbI
BO3/IEHCTBHSA BHICOKOKOHTArM03HBIX KOPOHABU-
pycos (B ToM yucse Bupyca SARS-CoV-2) ma LTHC:
HelponereHeparys (B TOM YHCJe ITUTOKUHUHAY-
UpOBaHHasI); IlepedpaTbHBINA TPOMO03 U 1eped-
pasibHasA TpoMO03IMOOJIHS; TIOBPEsKIeHNEe HEHPO-
COCYAMCTON €TUHUIIBI; UYMMYHOOIIOCPEIOBAaHHOE
TopaskeHre HePBHOW TKaHM, IPUBOJISIIIEE K pas-
BUTHIO WH(QEKIIMOHHO-A/JIEPTUYECKOTO JeMHUe-
JIMTHU3UPYIOIIEro mpoIecca.

B nuTeparype npeacTaBIeHbl HEMHOTOYHC-
JIeHHbIe HaOJTI0/IeHN s HEHPOBU3yaTN3aMOHHBIX

of the main therapeutic targets makes it possible to
use the results of studies on the prevention and
treatment of perioperative stroke and postopera-
tive cerebral dysfunction (including the preventive
use of a combination succinic acid-based antihy-
poxic drug) [79] to outline the preventive and ther-
apeutic strategies for cerebral vascular damage in
COVID-19.

Conclusion

Thus, the analysis of available literature has
shown a high frequency and variability of neurolog-
ical COVID-19 manifestations, as well as an impor-
tant role of cerebral vascular damage and neurode-
generation in the pathogenesis of COVID-19.

ocobenHnocreit nopaskenusi LITHC Bupycom SARS-
CoV-2. B mapre 2020 1. ObLIM OMyOJIMKOBAHBI
paguoJiornyecKure TaHHbIe O IOPasKeHUU I'OJ10B-
Horo Mo3ra npu COVID-19 B Buie oCTpoU reMop-
paruveckoil HeKpOTU3UpyIolle sHIedaTI0naTHN.
Politi L. S. c coasr. (2020) o 1aHHBLIM HelipoBU3ya-
JIN3alluU BIIEPBBIE i1 ViV0 IPOLEMOHCTPUPOBAINA
npu anocmum Besegcteue COVID-19 Tonnuecku
KOpPEeCIOHIUPYIOIYie U3MEeHEeHNA KOPbI F'0JIOB-
HOTO Mo3ra [78], 4To B coOUYeTaHUU C BBIIIIEN3JIO0-
SKEeHHBIMHU IIPEeAIOChIIKaMU K Beayllell poJiu
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MOpasKeHUsI PENEenTOPHOro anmnapara Ho03BoJsAeT
MIPEIIOI0KUTh BTOPUYHOE TOpaskeHne 000HsI-
TeJIbHBIX HEUPOHOB B MaTOreHe3e aHOCMUU TIPU
COVID-19.

ITo mamabiM Mao L. u coasnt. (2020), 110
peayJsisraTam obcJiefoBaHus 214 maruenTos, roc-
NUTAIU3APOBaHHBIX 10 IToBoxy COVID-19, yacto-
Ta OCTPOTrO HAPYIIEHUsI MO3TOBOr0 KpOBOOOpa-
ey cocrasuia 2,8% (6 ciaydaes, U3 HUX 5 — 110
AIIEMHUYECKOMY TUILY), a IIPU TAMKEJIOM TeYCHU!U
COVID-19 —5,7% (5 cny4aes, U3 HUX 4 — 10 UIIIe-
Mu4eckomy tumy) [2]. I3 6 cay4aeB MO3rOBOIO
WHCYJIBTAa B 2 CJIy4asix WHCYJIBT NeOITHpOBaJl B
OTCYyTCTBHE TUNWYHBIX cuMnOToMoB COVID-19,
OITHAKO 3TU KJIMHUYECKUE, Tab0paTopHbIe 1 PEHT-
reHOJIOTUYeCKHe TNPU3HAKU NOSABUJNCH Yepel
HECKOJIbKO JTHEH.

[epuon 60ae3uur COVID-19 conmpoBoskIaeTcst
IIOBBIIICHHBIM PUCKOM Pa3BUTHSA OCTPOIrO Hapylle-
HUST MO3TOBOT'0 KPOBOOOPAIIeHMs], KOTOPOE, B CBOIO
oyepenb, B 3HAYUTEJILHOU CTENeHW IOBBINIAET
PUCK HEOJArompUATHOTO KJIWMHUYECKOTO HCXOIa
COVID-19. B kmuHUYeCKOW U XUPypPrudecKou pakK-
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naroreHesa, NpopUIaKTUKU U JIeUeHUs epuoIe-
PaIOHHOTO MHCYJIETa TOAPOOHO U3YYEHHI, B TOM
4KcJie B CTPYKTYPE I0C/Ie0IepalliOHHON MO3TOBOM
nucdyHKumy (79, 80] (pHUCYHOK).

KitodeBylo poJib B IIaToreHese mnepuonepa-
LIMOHHOT'0 MHCYJIBTA 1 IT0CJIe0NepariioHHON MO3Tro-
BOH TUC(YHKIMH UTPAIOT IMOOJHS, TUHIONIEPY3us,
TUTIOKCHS, TiepebpasibHbIe MUKPOKPOBOUIIUSHUS
Y CUCTEMHBIN BOCHAINTEIbHBIN OTBET, YTO COOTBET-
CTByeT OCHOBHBIM MeXaHHW3MaM COCYIUCTOIO
MIOBPEXKIEHUsI BellecTBa TOJOBHOIO MO3ra IIpu
COVID-19. UteHTUYHOCTh OCHOBHBIX T€pAleBTUYEe-
CKUX MUIIIEHEeH I03B0JIsIeT UCI0JIb30BaTh pe3yJIbTa-
ThI UCCJIEOBAHUN O IPO(PUIAKTUKE 1 JI€YEHUIO
[IeprONEePAIMOHHOI0 MHCYJIBTA U II0C/Ie0epariioH-
HOI MO3TOBOU JUCQYHKINH (B TOM uHncjie Ipodu-
JIAKTUYECKOTO ITPUMEHEHNsI KOMIIIEKCHOTO aHTUT Y-
IIOKCAHTHOI'O Ipenapara Ha OCHOBe SHTApHOU
KUCJOTHI) [79] U151 oTipeieieHUsI TAKTUKU TTPOdu-
JIAKTUKU M JIe4eHUsl COCYJUCTOTO IIOPaKeHUs
rosoBHOro Mo3ra mpu COVID-19.

3akJrouenue

Takum o6pasom, TI0 pe3ysbTaTaM MPOBeeH-
HOTO aHaJ3a OTEYEeCTBEHHOW W 3apybeskHOU
JIUTepaTyphl MOKa3aHa BbICOKAsS YaCTOTA U IIOJIU-
MopdHOCTh cuUMITOMOB mopakenus IIHC, a
TaK’Ke BasKHasi poJib COCYIUCTOTO IOpaKeHUs
rOJIOBHOTO MO3ra ¥ HelpojereHepaluy B marore-
He3e COVID-19.
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Pe3rome

Ilesb. [laToreHeTryeckoe 060CHOBaHUE BO3MOKHOIO MCIIOI30BAHUSI IPENIAPATOB IPYIIIBI CYKIITHATOB
npu COVID-19 B yCJI0BUsIX TUIIOKCUH Ha OCHOBE aHAIM3a 9KCIIEPUMEHTATbHBIX U KJIWMHUYECKUX HCCIIEN0-
BaHUM.

MarepuaJsl 1 MeToabI. [IpoaHansupoBau 84 3apyOeKHBIX U OT€YECTBEHHBIX JINTEPATYPHBIX UCTOY-
HUKa, Kacawoimuxcs naroreiesa COVID-19 u maroreHeTUYeCKOU POJIU CYKIIMTHATOB MIPY THIIOKCUU B YCJIO-
Busix COVID-19, OKHCJIUTEJIBHOTO cTpecca U nuadparManbHoi qucyHKImu. [IouCK JiuTepaTypsl MPOBO-
Iuau mo 6asam manubIM Pubmed, ELIBRARY.ru.

Peaynsrarhl. Kak nokasas aHaius uTeparypbl B ocHOBe naroreHe3a COVID-19 JIesKUT TUIIOKCHS TKaHeH,
3aITyCKaloIasi BeCh KaCKaJ| HaToMOP(OIOrHYeCKUX COOBITUI, MPUBOISIINX K PA3BUTHIO IIOJIMOPTaHHOI He-
JIOCTaTOYHOCTH. B 9KCIIepUMEHTATbHBIX U KITUHUYECKUX UCCIIETOBAHUSX OTPAsKEH MOJIOKUTENBHBIN 9P eKT
KOPPEKIUU THUIIOKCHH TKAHEH C MCII0JIb30BaHUEM CYKIIMHATOB, KaK Y B3POCJIbIX ITAIIEHTOB, TAK U Y JeTei
MIPU Pa3JIUIHOM CIIEKTPE MaTOJIOTHUH, CONPSIYKEHHOM C CHHAPOMOM OCTPOH JAbIXaTeIbHOMN HEeJOCTATOYHOCTH.

3akJroueHue. AHAJIN3 JINTePATyPHBIX JaHHBIX I03BOJISET 00OCHOBATh MEPCIEKTUBY UCIIOJIb30BaHUS
MpeIaparoB, COlepsKallliX CYKIIFHAT, B KOMIIJIEKCHOM TePAaIUU TsPKEJIbIX cay4aeB TedeHusi COVID-19.

Kntoueevte croea: COVID-19; 2unokcusi; okucaumenvbHbulil cmpecc; Ouagpazmanvras OUc@hyHKUUs1; cy-
KUUHAMBbL.

KoH(INKT HHTEpeCcOoB. ABTOPHI 3asIBJISAIOT 00 OTCYTCTBUU KOH(MJINKTA HHTEPECOB.

Summary

Aim. To provide a rationale for the feasibility of using the succinate-containing drugs to treat hypoxia as-
sociated with COVID-19 based on the analysis of experimental and clinical studies.

Materials and methods. 84 Russian and international literature sources concerning the pathogenesis of
COVID-19 and the pathogenetic role of succinate in the management of COVID-19 associated hypoxia, oxida-
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tive stress and diaphragmatic dysfunction were analyzed. The literature search was performed using Pubmed

and ELIBRARY.ru databases.

Results. The literature analysis showed that tissue hypoxia, triggering the pathomorphological cascade of
events and resulting in multiple organ failure is a central element of COVID-19 pathogenesis. Experimental
and clinical studies show the positive impact of tissue hypoxia correction using succinate in both adult patients
and children with various conditions associated with acute respiratory failure.

Conclusion. The literature data provide a rationale for using succinate-containing drugs in the treatment

of severe COVID-19.

Keywords: COVID-19; hypoxia; oxidative stress; diaphragmatic dysfunction; succinate
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BBenenue

IToBOOM /17151 HATTMCAHM I HACTOSIIETO 0630-
pa, T03BOJISAIONIETO PACCMOTPETH IieJiecoo0pas-
HOCTb MCIIOJIb30BAHUsS CYKI[MHATOB B JIeUEHUU
marreHToB ¢ COVID-19, mociyskusia myoauKaIys
K. I [IlanoBasioBa ¥ COABTOPOB Ha CTPAaHMIIAX
sKypHaJia «JKCIIepUMeHTaIbHasA U KJINHUYEeCKas
dapmakosiorusi» [1]. ABTopamm Ha OOJBIIIOM
yycsae (n=223) nanueHToB C IOATBEPIKICHHbIM
COVID-19 Ha (oHe HIMPOKOTO CIIEKTpa COMyT-
CTBYIOIIEH IaToJIOruu OblLjIa yCTAaHOBJIEHA 0e3-
OIIACHOCTB, XOpollIasi IepeHOCUMOCTh U 11eJ1eCo-
00pPa3HOCTh CYKIIMHATCOEP KAIINX TPENapaToB
IIPU UX BKJIOUEHUHU B CXeMy JIeUeHUsI ITal[eHTOB
C TsI3KeJIbIM Te4eHHeM HOBOU BUPYCHOU MH(EK-
nuu [1]. [To MHEHUIO aBTOPOB, IIperaparsl, Cogep-
sKallye B CBOEH CTPYKType SHTApHYIO KHUCJIOTY,
cjedyeT pacCMaTpuBarTh B KauecTBe CpPeICTBA
IaToreHeTUYeCKON Tepanuu IPUMEHUTEJbHO K
naireHTam c TsokeJbIM TedeHrueM COVID-19, oco-
0EeHHO B yCJIOBHUSAX MPOTE3WPOBAHUA (PYHKIIUHN
IIBIXaHUsI, TOCKOJBKY OHU CITOCOOHBI peraTh Ipo-
0J1eMy TKaHEBOU TUIIOKCHH.

YHUBepPCAJIBHOCTh (HapMaKOJIOTUUECKOTO
BO3JIEHCTBUSI IIpenapaToB, KOPPUTUPYIOIINX TeM
WJIM MHBIM 00pa3oM TUIIOKCHI0, 0OecrieYnBaeTcs
TeM, 4YTO KHCJOPOJHOE TIoJIofjlaHue TKaHel
AIBJISIETCS] Hecllelln(pUIecKUM 3BeHOM I1aToreHe3a
3HAUUTEJBHOTO YHCJIa HO30JOTUYECKUX (POPM.
VHBIMU CJI0BAMU, TUIIOKCUS] — TUIIOBOM I1aTOJIO-
rU4YeCKUil mpollecc, He UMEIINU aTHoJI0THYe-
CKOI ¥ HO30JIOTUYECKOU crelu(pUIHOCTH. Anna-
par a3poOHOTO CMHTE3a 9HEPTUN (MUTOXOHIPUH)
MMeeTCS B MO/IABJISIONIEM OOBITIMHCTBE KIETOK
MJIEKOIIUTAIOIINX, ¥ OPTraHU3allisl 9HepPrOCUHTe-
3UPYIONIMX IIPOIECCOB B HUX IIOCTPOEHA M0 eu-
HOMY ONpuHIuIYy. buosHepreTuueckue Hapyile-
HUA TIPU TUIIOKCUU B Pa3HBIX TKAHAX U OpraHax
TaKsKe Pa3BUBAIOTCS 10 CXOJHOMY MEXaHU3MY,
XOTSI UMEIOTCsI TKaHecenM(pruieckue, opraHocie-
nrduyeckue u murocnenuduyeckre (pasaudHbie
[IaTOXMMUYeCKHe CUTHAJINHIY) UHIUBUIyaJIbHbIe
pas/iuuusi, OTpa’Kalolliye YYyBCTBUTEJBHOCTH
oprasa K JedunuTy Kucjaopoga. B To sxe Bpems

KJIETKH Pa3HbIX OPTraHOB U TKaHel OTIMYaloTCA

Introduction

This review aimed at considering the feasibil-
ity of using succinate drugs in the treatment of pa-
tients with COVID-19 was inspired by the article by
Shapovalov K. G. et al. published in the «Experi-
mental and Clinical Pharmacology» journal (Rus-
sia) [1]. The authors demonstrated safety, good tol-
erability, and appropriateness of including the
succinate-containing drugs into the treatment of
patients with severe novel coronavirus infection
based on data from a large number (n=223) of pa-
tients with confirmed COVID-19 and a wide range
of comorbidities [1]. According to the authors, suc-
cinate-containing drugs should be considered as
pathogenetic in patients with severe COVID-19, es-
pecially in those on respiratory support, because
they can be helpful in tissue hypoxia.

The versatility of pharmacological effects of
antihypoxic drugs is due to the fact that tissue oxy-
gen starvation is a nonspecific element in the
pathogenesis of many conditions. In other words,
hypoxia is a typical pathological process with no
etiological specificity. The aerobic energy produc-
tion (occurring in mitochondria) is present in the
vast majority of mammalian cells, and their energy
synthesis is uniformly organized. Bioenergetic dis-
turbances under hypoxia in various tissues and or-
gans also develop through a similar mechanism, al-
though there are tissue-, organ- and cell-specific
(due to different pathochemical signaling) varia-
tions suggesting individual organ sensitivity to oxy-
gen deficiency. At the same time, cells of various or-
gans and tissues have different sets of specific
energy-consuming processes. These processes in-
clude electrical impulse generation in neurons,
contractile function in myocytes and cardiomy-
ocytes, energy-dependent synthesis in the liver, ac-
tive secretion in kidneys, etc. Because of this, the
same mechanism of energy metabolism disruption
in various cells leads to inhibition of a wide range
of energy-dependent functions which results in so-
called multifunctional damage under hypoxia
causing multiple organ failure. Restoration of this
pathway is a molecular target that eliminates si-
multaneously the whole range of associated func-
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Ha0OpPOM XapaKTepPHBIX AJIs1 HUX CIIeIUDUIECKIX
9HepronoTpedJIAOIMNX IPOIleccoB. B HelipoHax
9TO 3JIeKTpOreHHas (PyHKIMA, B MUOLUTAX U Kap-
JUOMHOLIUTAaX — COKpaTuTeJbHass (YHKIUA, B
II€YE€HU — CUHTETUYECKHUE S9HEPIO3aBUCUMBbIE IIPO-
IIeCCBhI, B [IOUYKAX — CeKpeTopHas (byHKIUA U IIp. B
CUJIy 9TOT'O OIVH U TOT K€ MEXaHU3M HapyllIeHUsA
9HEepreTU4YeCcKoro oOMeHa B Pa3HbIX KJIETKAX IPU-
BOAUT K IOJABJICHUIO YPe3BbIYaliHO IIMPOKOIO
CIIEKTPA 9HEPro3aBUCUMBIX (PYHKIUH — MYJIETH-
(pyHKIIMOHAIbHBIE TIOBPEKIEHUSA IIPU TUIIOKCHUH,
KOTODBI€ U ONIPEEAIOT [I0JIMOPTaHHY0 He0CTa-
TOYHOCTb. BoccTaHOBJIEHHE Pa0OTHI 3TOIO OHOTO
3B€Ha — MOJIEKYJIAPHON MUIIIeHH, — YCTPaHAET
OIHOBPEMEHHO BECh KOMILIEKC COIPSAKEHHBIX
(pyHKIIMOHA/IBHBIX HapylIeHUH. FIMEeHHO IT03TOMY
9HEPrOKOpperupyoouye npenaparbl XapakTepu-
3yIOTCA OY€Hb IIUPOKUM CIIEKTPOM IIOJIOKUATEIb-
HOT'O BJIMAHUA Ha (QYHKIIMOHAIBHYIO aKTUBHOCTD
OpraHusma.

Ilesp10 06030pa — IaTOreHeTH4YecKoe 000CHO-
BaHNe BO3MOYKHOI'0 MCII0JIb30BaHUA IIperaparoB
rpynnsl cykuuHaros npu COVID-19 B yciioBusx
TUIIOKCUU Ha OCHOBE aHaJIM3a 9KCIIePUMEHTAJIb-
HBIX 1 KJIMHUYECKUX UCCIeJOBaHUMN.

IMTouck JsuTeparypel NPOBOIUJIN IO Oa3am
manabiM Pubmed, ELIBRARY.ru. O6pamienue &
YKa3aHHBIM IIOMCKOBBIM CHCTEMaM 00YCJIOBJIEHO
T€M, YTO 3KCIIepUMEHTaJIbHble HCCJIEeI0BaHNUA,
Kacamoluecs poJu CYKIIMHAaTOB B IIaTOreHe3e
TUIIOKCUY, OOJIbIIeN 4YacThlO NPEACTaBJIeHbI B
yO/IMKausx 3apy0e)KHbIX aBTOPOB, a KJINHUYe-
CKUe€ JaHHbIE, HAIIPOTUB, — IIPEUMYIIECTBEHHO B
paboTax oTeuecTBEHHBIX aBTOPOB.

I'mmoxcusa B marorene3de COVID-19

ITHOJIOTUA U IaTOreHe3 HOBOM IIaTOJOTHUU
COVID-19 nnoka ToJIbKO U3y4aloTCs, TeM He MeHee,
HEOCIIOPUMO, YTO B OOJIBIIMHCTBE Cy4aeB BXOI-
HBIMU BOPOTaMU JJis BO3OyAUTEs sl SBJISIOTCS
3MUTeJINAIbHbIE KJIETKU BEPXHUX JAbIXaTeIbHBIX
nyTelt [2]. I3BeCTHO, UTO y OOJIBIIMHCTBA HALIEH-
ToB ¢ COVID-19 pa3dBuBaeTtcs Jierkas (40%) nin
cpenHetsizkesasi (40%) ¢opma 3abosieBaHus, TIPU-
MepHO y 15% BBIABJIAIOT TSHKEIYI0 (POpMYy, Tpe-
OyIOIIYI0 KUCJTOPOIHON MOAePKKN. [I0KUIIbIE
MaIeHTHI Yallle MMeIoT COMTyTCTBYIOIIKE 3aboJe-
BaHNs, U Y HUX 4allle pa3BUBAETCs 0CTpasg KOpo-
HapHaA HeZIOCTaTOYHOCTh (34,5%), ocTpasi cepaeyHo
cocygucTrass HefoCTaTOYHOCTh (32,7%) m OPIC
(36,4%). Bo BpemA rocimranusanyy pacrupocrpa-
HEHHOCTh BHOBb BO3HUKIIENW apTepuajbHOU
TUIIEPTEH3UM CTaTUCTUYECKU 3HAYUMO BBIIIE Y
TAKeJIbIX TAaeHToB (55,2% npoTtus 19,0%), uem 'y
HeTsKeJIbIX. TakuM 00pa3oM, TTOKUJION BO3PacT,
a Tak)Ke 3HAYMMble KOMOpPOUWIHBIE HeWmH(EK-
[IMOHHBbIe 3a00JieBaHUsI, TaKMe KaK CaxapHBIN
nuabeT, apTepuajbHasE THUIEPTEH3UsI, 00JIe3HU

tional disorders. That is why energy-correcting
drugs are characterized by multiple positive effects
on the functional activity of the body.

The aim of our review is to provide a rationale
for the possible use of succinate drugs in COVID-19
associated hypoxia based on the analysis of exper-
imental and clinical studies.

The literature search was performed using
Pubmed and ELIBRARY.ru databases. The choice of
these databases can be explained by the predomi-
nance of experimental studies on the role of succi-
nate in the pathogenesis of hypoxia in the interna-
tional literature, while the clinical data, on the
contrary, can be found mainly in the publications
of the Russian authors.

Hypoxia in the pathogenesis
of COVID-19

The etiology and pathogenesis of the novel
COVID-19 disease is still under investigation; how-
ever, indisputably, in most cases, the upper airway
epithelial cells are the entry portal for the
pathogen [2]. Most patients with COVID-19 are
known to develop a mild (40%) or moderate (40%)
disease, while about 15% are found to have a severe
illness requiring oxygen support. Older patients are
more likely to have comorbidities and to develop
acute coronary events (34.5%), acute cardiovascu-
lar failure (32.7%), and acute respiratory distress
syndrome (ARDS) (36.4%). During hospitalization,
the prevalence of new-onset hypertension was sig-
nificantly higher in severe patients than in nonse-
vere ones (55.2% versus 19.0%). Thus, elderly age
and significant comorbidities, such as diabetes
mellitus, hypertension, cardiac diseases, chronic
lung disease, and malignancies, are risk factors for
severe COVID-19 and fatal outcome [3, 4].

The initial stage of infection is the entry of
SARS-CoV-2 into target cells possessing an-
giotensin-converting enzyme type II (ACE2) recep-
tors. ACE2 receptors are present in cells of the res-
piratory tract, kidneys, esophagus, bladder, ileum,
heart, brain, and lungs, of which the main and most
vulnerable targets are alveolar cells (especially AT2
subtype) of the lungs, whose damage underlies the
development of pneumonia [5].

Microcirculatory damage plays an important
role in the development of COVID-19. Its mecha-
nisms are not completely understood, but direct
viral damage of endothelial cells seems to be the
most probable of them [6]. ACE2 receptor is also
present in arterial and venous endothelial cells and
arterial smooth muscle cells of many organs. Viral
replication causes direct damage and cell death
with the release of pro-inflammatory factors [7].
COVID-19 is characterized by marked capillary
congestion in the interalveolar septa and branches
of pulmonary arteries and veins. Pathomorpholog-
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cepjia, XpoHUYecKre 3a60/1eBaHus JIETKUX, 3JI0-
KavYeCTBEeHHbIe HOBOOOPA30BaHUS, SBJISIOTCSA
dakTopamMu pucka Tsresoro teuenuss COVID-19
M JIeTaJbHOT0 ucxopa (3, 4].

Hava/ibHBIM aTanmoM 3apajkKeHUs SABJISETCS
npoHukHOBeHME SARS-CoV-2 B KJI€TKU-MUIIIEHH,
UMeEIOIIHe PelleNTOPhl AHTMOTEH3UHITPEeBPAII[ai0-
mero ¢depmenrta Il Tuma (AIIP2). Penentopsbl
ATI®2 mpencTaBjieHbl B KJIETKAX AbIXaTeJIbHOTO
TPaKTa, II04€eK, MUIEeBOa, MOYEBOIO ITy3bIPs, ITOJ-
B3JOITHOU KUIIIKY, cepAiia, [IHC u jierkux, moaro-
MYy OCHOBHOH U OBICTPO TOCTU;KUMOU MUIIIEHBIO
BUpYyCa ABJIAITCA aJbBeOJIApHbIE KJIETKU (0CO-
6enHo moaTum AT2) JIETKUX, YTO U OTIpeNiesIsieT B
JlambHeHIeM pa3BUTHE THEBMOHMU [5].

B marorenese COVID-19, 6e3 coMHeHUs,
Ba’sKHEUIIYIO POJIb UTPAaeT U NOopaskeHne MUKpPO-
IUPKYJISITOPHOTO PycJia, TeHe3 KOTOPOro TpedyeT
NaTbHEUIero m3ydeHWs, HO HauboJiee BepPO-
ATHBIM IPENCTaBJAETCA IPsAMOe BHPYCHOE
IIOBpEsKIEeHUE 3IHIAOTEeJUOLUTOB [6]. Pementop
AJII®2 Takske NPUCYTCTBYeT B apTepUAJIbHBIX U
BEHO3HBIX 9HJI0TEJINATIbHBIX KJIETKAX U B apTEPU-
AJTBHBIX NIQJKOMBIIIEYHBIX KJIETKAaX MHOTHX OpTa-
HOB. Penymkanus Bupyca BBI3BIBAa€T IpPsMOeE
TIOBpEXKIeHe U THOEe/b KJIeTOK C BBICBOOOKIE-
HMEM M3 HUX ITPOBOCHATUTEbHBIX (DAKTOPOB [7].
Jia COVID-19 xapaKTepHBI BbIpaskeHHOe MOJTHO-
KPOBUE KAaTUJIJISIPOB MeYKaJIbBEOJIIPHBIX [Iepero-
PO/IOK, a TaKsKe BETBEN JIETOYHBIX apTEPHU U BEH.
I[Ipu maToMop@OJIOTUUYECKOM HCCJIeJOBAaHUU
00HAPYKUBAIOTCS CJIAMPKU 9PUTPOIIUTOB, CBEXKIE
(pubprHOBBIE M OPraHUIYIOIIMECS TPOMOBI, BHYT-
pubpoHXUaTbHble, BHYTPUOPOHXHOJSPHBIE U
WHTpaaJIbBEOJsIPHbIE KPOBOU3JIMAHUSA, ABJISIO-
IMecsi MaToreHeTUYeCKOW OCHOBOM KpOBOXap-
KaHbs, a TAK)Ke IIePUBACKYJIIPHbIE KPOBOU3JIUS-
HUA [8]. B paMKax MacCUBHOIO UMMYHHOI'O OTBeTa
X03sIMHA JIMM(QOIUTHI, AIbBEOJISIpHbIE MAKpOda-
', MOHOLIUTHI U HEUTPOUJIbI peasnu3yloT CBOU
MMPOBOCHAJIUTEJbHbIE OTBETHI, BBI3BIBASI JTOTIOJI-
HUTEJbHOE TIOBPEKIeHNEe TKaHel, BRJIIOYast Mac-
CUBHOE TIOBPEeKJeHNE aJIbBEOISIPHBIX U 9HIOTE-
JUAJBHBIX  KJETOK  COCYgOB, a  TaKKe
MHUKPOCOCYAUCTHINA TPOMOO3 [9].

DYHKIMOHAJIbHBIE ITOCJICICTBUSA 3TOT'O CIIeLIN-
¢uueckoro OPJIC BkJIIOUAaeT mporpeccupymoliee
ycuJieHne BEeHTU/IAIMOHHO/1ep(y3rOHHOTO IHC-
OamnaHca u yrpary pediekca THIIOKCHYeCKO# Ba3o-
KOHCTPHUKIINY C BBIPasKEHHBIM KOMIIOHEHTOM MUK-
PpOCOCYAUCTOrO TpoMmb0o3a JIETKUX, 4TO
MIOATBEPYKIAETCSA ITIOBBIIIIEHNEM YPOBHS JIaKTaTIe-
ruaporenassl u D-numepa [10]. Ha mo3nHux cra-
muax OPJC nporpeccupyioliee NOBPeKIEHUE
3H/IOTeJIMA B COYETaHUHU C 3aKOHOMEPHBIM MUKPO-
COCYIHUCTBIM TPOMOO30M MOKET IIEPEXOIUTH B
CHCTEMHYIO BOCIIAJIATE/IbHYIO PEaKIUIo C BOBJIEYe-
HHEM MUKPOCOCYIHUCTOI'0 pycJia [I0YeK, TOJIOBHOIO

MO3ra ¥ IPYTUX >KU3HEHHO BasKHbBIX OpraHos [11]. C

ical examination reveals red blood cell sludge, fresh
fibrin, and organizing clots, intrabronchial, intra-
bronchiolar and intra-alveolar hemorrhages, which
underlie hemoptysis, as well as perivascular hem-
orrhages [8]. As part of a vigorous host immune re-
sponse, lymphocytes, alveolar macrophages,
monocytes, and neutrophils exert their proinflam-
matory activities, causing additional tissue damage,
including that of alveolar and vascular endothelial
cells, as well as microvascular thrombosis [9].

This specific ARDS is followed by a progressive
increase in ventilation/perfusion imbalance and loss
of hypoxic vasoconstriction reflex with a propensity
for microvascular pulmonary thrombosis, as evi-
denced by increased lactate dehydrogenase and D-
dimer levels [10]. In the late stages of ARDS, progres-
sive endothelial damage in combination with
microvascular thrombosis may develop into a sys-
temic inflammatory response involving the microvas-
culature of the kidneys, brain, and other vital or-
gans [11Because of the above, the pathogenesis of
COVID-19 currently can be considered primarily as a
consequence of endothelial damage of alveolar cap-
illaries leading to progressive endothelial pulmonary
syndrome with microvascular thrombosis referred to
as MicroCLOTS [9]. Vascular endothelium is an active
para-, endo- and autocrine organ, which is essential
for the regulation of vascular tone and maintenance
of homeostasis. Endothelial dysfunction is a major
determinant of microvascular dysfunction, which
causes a shift towards greater vasoconstriction with
ensuing organ ischemia, inflammation, associated
tissue edema, and a procoagulant blood state [9, 11].

Thus, as in other coronavirus infections, as
well as in A/H1IN1 influenza, the major morpholog-
ical substrate of COVID-19 is the diffuse damage of
alveolar capillary endothelium, leading to hypoxia
associated with multiple organ dysfunction and
death in patients with SARS-CoV-2 [12].

Thus, one can view the pathogenesis of COVID-
19 as a series of the following events: 1) pathogen in-
vasion into type II lung alveolar cells — 2) diffuse
alveolar damage — 3) reduction of effective alveolar
«breathing» area — 4) diffuse lung thickening — 5)
hypoperfusion in lung capillaries, severe congestion
of interalveolar septal capillaries, red blood cell
sludge — 6) intra-bronchial, intra-bronchiolar and
intra-alveolar hemorrhages — 7) reduced diffusion
of oxygen into the systemic circulation; — 8) hypox-
emia and hypoxia of endothelial cells of pulmonary
arterial and venous branches — 9) hyperfibrinogen-
emia and clot formation — 10) inflammation.

Obviously, starting from the second stage, this
pathway has a clear hypoxic trend, and all struc-
tural and metabolic damage is directly or indirectly
related to hypoxia!

Oxygen starvation occurs in many physiolog-
ical conditions and diseases of the cardiovascular
system, lungs, blood, etc., and in drug and poison
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Y4€eTOM BBIIIEU3JIOKEHHOr o, ITarorenes COVID-19
CETONIHSI MOKET OBITH PACCMOTPEH, B IIEPBYIO OYe-
penb, Kak CJeICTBHE 9HA0Te/INAJIbHOIO IIOBPesKIe-
HUS aJIbBEOJIAPHBIX KallUJJIAPOB, IPUBOIAIIETO K
IIPOTPECCUPYIOLIEMY IHIOTEINATBHOMY JIETOYHO-
MYy CHHIPOMY C MHUKPOCOCYIHCTBIM TPOMOO30M,
nMeHyeMbIM TepMuHOM «MicroCLOTS» [9]. 9npmore-
JIMHI COCYIOB SIBJISIETCSI aKTUBHBIM MapaKPHUHHBIM,
9HJOKPUHHBIM U ayTOKPUHHBIM OPraHOM, KOTOPBIN
HeoOXOMM JIJIs1 PETY/ISAIIHN TOHyCa COCYIOB U O
JepsKaHusl rOMeocTasda. JHIOOTeJuabHas Ouc-
(PYHKIUSA ABJSAETCS OCHOBHOH [leTepMUHAHTON
MUKPOCOCYIUCTON TUCHYHKIIUU ITyTeM CMEIeHUs
COCYZIMCTOTO PaBHOBECHSI B HAITPaBJIEHNH OOJIbITIEH
Ba30KOHCTPUKIIMU C TOCJeyoleld wuieMuen
oprasa, BOCIIaJIeHreM, aCCOLIMMPOBAHHBIM OTEKOM
TKaHY, a TaKKe [IPOKOAryJIsIHTHBIM COCTOSTHHEM
KposH [9, 11].

Takum 06pa3om, Kak U P APYTUX KOPOHA-
BUPYCHBIX HMH(QEKIUsX, a TakKe IpU TPUIllle
A/HIN1, ocHOBHBIM MOP(] OJIOTHYECKUM CYOCTpa-
ToM COVID-19 siBisiercs nudpysHoe nmoBpeske-
HMeE 9HJ0TeJNA KalluJIJIAPOB aJlbBe0JI, IPUBOLSI-
Imye K TUIIOBOMY [1aTOJIOTUYEeCKOMY IIpoLeccy —
TUIIOKCUH, KOTOPAasA IO CYTU U ABJIAETCA IIPUYM-
HOU ITOJIMOPTAHHOH TUC(HYHKITUN ¥ CMEPTH OOJTH-
HBIX ¢ SARS-CoV-2 [12].

Taknum obpasom, narorenes COVID-19 moskeT
OBITH PACCMOTPEH B IETH CJIEAYIOTNX COOBITHIA: 1 —
BHeIPEHE BO30OYIUTEJIS B AIbBEOJISIPHBIE KIIETKU
I Tuna nerkux; 2 — pa3putue nudy3HOro aabBeo-
JIAPHOI'O IOBPE)KICHNS; 3 — yMEHbIIICHUE I1JI0111a-
IV «IBIIIAINX» aJIbBeoJ1; 4 — nuddysHoe yIIoT-
HeHUe JIeTKUX; 5 — rumnomnepdysusi B Kanujsipax
JIETKUX, BIPA’KEHHOE MIOJITHOKPOBUE KAITUJLIISIPOB
MesKaJIbBeOJISIPHBIX [IEPErOPOIOK, CJIA/IPKU 3PUTPO-
IIUTOB; 6 — BHYTPUOPOHXHUAIbHBIE, BHYTPUOPOH-
XMOJIsIpHBbIE U UHTPAaJIbBEOJIAPHbIE KPOBOU3JIUA-
HUs; 7 — yMeHbllleHue Tuddysnn Kucjiopoaa B
CHUCTEMHBIN KPOBOTOK; 8 — THUIIOKCEMUSI U TUIIO-
KCHsI KJIETOK 9HJI0TeJ NS BeTBEH JIeTOUHbIX apTepUi
Y BeH; 9 — runepprOpPUHOTreHEMHU S ¥ OpTaHU3aIusA
TpoM00B; 10 — BocmasieHue.

OueBUIHO, YTO, HAYMHAA CO BTOPOrO 3Tala,
BCA IIaTOTe€HeTHYecKas Iell0YKa HOCUT SABHYIO
TUIIOKCUYECKYI0 HallpaBJEeHHOCTh, U BCE CTPYK-
TypHO-MeTa00IUYeCKIe TIOBPEKIEHNSI SIBIISIIOTCS
MIPAMBIM UJIM KOCBEHHBIM CJIEJCTBUEM TMIIOKCUHU!

KucsioponHoe rosioganue BCTpedaeTcs IIpu
MHOTUX (D3UOJIOTUYECKUX COCTOSTHUSX U 3a00J1e-
BaHMUSIX CEPIIEUHO-COCYAUCTOU CUCTEMBI, JIETKUX,
KpPOBH U [Ip., @ TaKsKe IIPU OTPaBJIEHUAX Pa3Jjiny-
HBIMU JIeKapCTBEHHbIMU IIperaparamMu U
simamu [13]. B 3aBUCUMOCTH OT WIYOUHBI KUCJIO-
POLHOrO TOJIOAAHWUA Pas3J/IMyaloT TUIIOKCUIO U
a"Hokcuio. Ha ypoBHE MUTOXOHIPUU COCTOSIHUS
TUIIOKCMM Y aHOKCHUM OTIMYAIOTCA II0 CTelleHU!
BOCCTAaHOBJIEHUS JbIXaTeJbHbIX II€PEHOCYNKOB.
[Ipu aHOKCHUM, XapaKTEPUIYIOIIENCsl MOJHBIM

intoxications [13]. Depending on the intensity of
oxygen starvation, hypoxia and anoxia may be dis-
tinguished. At the level of mitochondria, hypoxia
and anoxia differ in the degree of respiratory trans-
porter recovery. In anoxia, characterized by a com-
plete loss of oxygen delivery to the cells, all respira-
tory chain transporters are fully restored but not
functional due to lack of oxygen. In hypoxia, when
oxygen delivery is partially preserved, the pyridine
nucleotides most distant from oxygen, NAD and
NADPH, are usually 100% restored, but some flavo-
proteins and the cytochrome segment of the respi-
ratory chain remain largely oxidized [14].

Russian researchers discovered these differ-
ences in the degree of reduction of pyridine nu-
cleotides and flavoproteins in the twentieth cen-
tury [15]. Under hypoxia, an opportunity for the
preferential succinate oxidation occurs since suc-
cinate dehydrogenase, unlike most other dehydro-
genases is a flavin-dependent enzyme [16].

However, if there is no NAD-dependent sub-
strate oxidation, what will be the source of succi-
nate? Here is the answer. Under anoxia, succinate
was shown to be actively produced from NAD-de-
pendent substrates and amino acids and cumulate
rather than to be oxidized [17]. Anaerobic succinate
formation has now been proven to occur both in
anoxia and hypoxia [18]. As a result, high glycolysis
activity can be maintained with a relatively small
increase in lactate. The end products of anaerobic
metabolism in this case will be not only lactate and
pyruvate, but also alanine and succinate [19].

A study by Lukyanova L. D. showed that the in-
crease in the resistance of cells and mitochondria
to hypoxia during activation of anaerobic succinate
oxidation is due to preserved series of enzymatic re-
actions in the tricarboxylic acid cycle and the res-
piratory chain, which is ensured by anaerobic suc-
cinate formation despite the lack of oxygen. The
rates of tissue respiration and oxidative phospho-
rylation during succinate oxidation are much
higher than those during pyruvate oxidation [20].

The presented data indicate an important role
of anaerobic succinate formation under anoxic and
hypoxic conditions and activation of succinate ox-
idation under hypoxia. Hence, it is reasonable to
use substrates capable of participating in anaerobic
succinate formation for maintaining animal cell
energy under anoxia and hypoxia. In contrast,
under hypoxia the use of succinate itself makes
more sense [13]. This is particularly relevantin a cy-
tokine storm (CS). The cytokine storm, or hypercy-
tokinemia, is a potentially fatal immune system re-
sponse characterized by rapid proliferation and
increased activity of T-cells, macrophages, and nat-
ural killer cells to release various inflammatory cy-
tokines and chemical mediators [21]. The CS is one
of the most critical events in patients with coron-

avirus infection, where inflammatory lung damage
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OTCYTCTBHEM JOCTABKU KACJI0POJA K KJIETKaM, BCe
MEPEHOCYUKU JbIXaTeJbHON IIeNU TMOJHOCTHIO
BOCCTAHOBJIEHBI, HO He pPabOTalOT, TaK KaK HeT
kucsopopa. [Ipu runokcuu ske, KOrga J0CTaBKa
KHCJIOpO/ia YaCTUYHO COXpaHeHa, HanboJiee yia-
JIEHHBIE OT KUCJI0POHa MUPUIUH-HYKJICOTUABI —
HAJT n HAJ1®, kak IpaBuUJjo, BOCCTAHOBJIEHBI Ha
100%, ogHako 4acTh (PJIAaBOMPOTEUIOB U ITUTO-
XPOMHBIHN YUaCTOK AbIXaTeJIbHOU I[eNN OCTAITCS
B 3HAYMTEJIbHOU Mepe OKUCJEHHBIMHU [14].

Takue pas3/imuus B CTEIEHU BOCCTAHOBJIEH-
HOCTH NUPUIVHHYKJIEOTUI0B U (DJIaBOIIPOTENOB
OBLIN BBISIBJIEHBI €I1le B paboTax 0Te4eCTBEHHbBIX
yueHbIX B XX Beke [15]. Okasanocek, 4To B yCJI0-
BUSIX TUTIOKCUY UMEETCsI BO3MOKHOCTD JJIA TIpe-
UMYIIeCTBEHHOTO OKUCJIEHUS SIHTAPHON KHUCJIO-
Thl, IIOCKOJIBKY CyKUIMHaTIeruaporesHasa B
OTJIMYXE OT OOJIBIIMHCTBA APYTHX IETUIPOTEeHA3
sABJsieTcs pJIaBUH3aBUCUMBIM (pepMeHTOM [16].

[Ipu aToMm Bcerma BO3HUKAJI BOIIPOC, OTKyaa
bepercs cyknuHar, ecau HAJI-3aBucuMBbIe Cy0-
CTparbl OKUACJIATHCA He MOryT. OJHAKO U Ha 9TOT
BOIIPOC OTBET ObIJ HalieH. Bckope cTaio n3BecT-
HO, YTO B aHOKCHYECKUX YCJIOBUSAX CYKIMHAT He
OKHUCJISIETCsI, a Haob0opoT, HaAKaIlJIMBAETCs B
pesynbrare obpa3oBaHus u3 HAJl-3aBUCHMBIX
cyoctpatoB u aMuHORUCTOT [17]. CeromHs yske
JIOKa3aHo, YTO aHadpoOHOe 0Opa3oBaHUe CyKITH-
HaTa MO’KeT UATHU He TOJIbKO IIPU AaHOKCHUU, HO U
Ipy runokcuu [18]. B pesynbrare MOKeT IIOAIEP-
sKMUBATHCS BbICOKAS AKTUBHOCTh NIMKOJIN3Aa TIPU
OTHOCUTE/JTbHO HebOOJIBIIIOM MPUPOCTE JAKTaTa.
KoHeYHBIMU TPOYKTaMH aHA9POOHOT0 0OMeHa
IIPY 3TOM ABJIAIOTCA HE TOJIBKO JIAKTAT U [IUPYBart,
HO ellle aJlJaHuH U CyKiuHar [19].

B uccnenosanum JI. /1. JIlykbssHOBOI nokasa-
HO, YTO IIOBBIIIEHWE YCTOMYMBOCTH KJIETOK U
MUTOXOHJIPUU K TUTIOKCUU ITPU aKTUBAIIMU aHa3-
POOHOTO OKUCIEHNUS CYKIIMHATA 00YCIOBJIEHO TEM,
YTO UMEHHO IIPOIlecC aHadpOoOHOTO 06pa3oBaHUST
CYKIIMHATa 0becrieunBaeT MpoTekanue psaaa gep-
MEHTaTUBHBIX PEaKITUH B ITUKJIE TPUKAPOOHOBBIX
KHUCJIOT U B JIbIXaTeJIbHOW I1IeNH, HECMOTPS Ha
OTCYTCTBHE KHucJIopona. [Ipu aToM CKOpOCTH TKa-
HEBOTO JAbIXaHUS U OKUCIUTETHLHOTO hochoprim-
pOBaHUA INIPA OKMUCJIEHUM CYKIHATa HAMHOI'O
BBIIIIE, YeM IIPU OKUCJIEHUU nupyBara [20].

[IpencraBsieHHble faHHBIEC CBUNETEJILCTBYIOT
0 Ba)KHOW poJIM aHaspoOHOro o00Opa3oBaHUA
CyKIIMHAaTa [P aHOKCUYECKUX U TUIIOKCUYECKUX
COCTOSIHUSAX, 4 TaKyKe 00 aKTUBALAN OKUCICHUS
CyKIIMHAaTa B yCJI0BUAX runokcuu. Orcona ciaeny-
€T, YTO B KaUeCTBe CPeJICTB MOJIJIepsKaHUsI 9Hepre-
TUKHU YKMBOTHBIX KJIETOK B YCJIOBUAX KMCJIOPOIHO-
ro TOJIONAHUS NOPWU AHOKCUU U TUNOKCUU
11e1eCO00Pa3HO UCIIOIb30BaTh CyOCTpaThI, CIO-
CcOoOHBIE y9aCTBOBATh B aHA9POOHOM 00pa30BaHUM
CyKIMHATa, TOINAa KaK B TMIIOKCUYECKUX YCI0BUAX

MMEET CMBICJ UCI0JIb30BaTh COOCTBEHHO CyRIIU-

develops due to immune response dysregula-
tion [22]. The essence of CS, probably, is the pro-
duction of many inflammatory mediators only in
response to hypoxia caused by inflammation.
Therefore, inflammation is inevitably associated
with hypoxia. Based on this provision, it seems ab-
solutely logical to consider the CS in COVID-19 as
«the anger of inflammation» [23]. The CS resulting
from the release of inflammatory mediators (only
in response to generalized inflammation and hy-
poxia) induces endothelial activation, blood coag-
ulation disorders, and microvascular obstruction
by microthrombi, capillary leak syndrome (abnor-
mal systemic capillary permeability), and circula-
tory collapse [24].

Inflammation and hypoxia lead to immune
cell activation and another release of mediators due
to the uncontrolled positive feedback between in-
flammation and hypoxia [25]. Neutrophils are the
key effector cells of innate immunity rapidly pro-
duced to protect the host from pathogen invasion.
Neutrophils can «kill» pathogens intracellularly, by
phagocytosis, or extracellularly, by degranulation
and release of extracellular neutrophil traps. All of
these antimicrobial strategies require the involve-
ment of cytotoxic proteins and proteases produced
during neutrophil development and stored in cyto-
plasmic granules [25]. The vicious circle causes tis-
sue destruction in the inflammation focus with the
simultaneous spreading of the hypoxic the re-
sponse to the neighboring tissues (a particular
mass effect). Progressive hypoxia becomes sys-
temic, affecting the whole body. Thus, the series of
adverse events can be extended to include the re-
sponse to hypoxia: 11) cytokine storm — 12) acti-
vation of T-cells and macrophages — 13) mani-
fested inflammation and worsened local hypoxia —
14) generalized hemodynamic hemostatic disor-
ders with impaired oxygen delivery — 15) general-
ized hypoxia in cells of various organs — 16) multi-
ple organ failure — 17) death.

Only cellular hypoxia, as a result of the pul-
monary and capillary endothelial disorders, triggers
a «cytokine storm» in response to hypoxemia and
inflammation. During the virus-induced cytokine
storm, metabolic adaptation to hypoxia is impaired
due to increased levels of reactive oxygen species
(ROS) and reactive nitrogen species, which damage
cellular structures, downregulate and inhibit many
enzymes of key energy metabolic pathways such as
ATP production, including Krebs cycle substrate
complex [26]. This leads to energy and redox crisis,
which, in its turn, reduces the proliferation of B- and
T-cells causes an increase in cytokine production
and cell death [27]. Levels of ROS and reactive nitro-
gen species during the virus-induced cytokine
storm under hypoxia are elevated in lungs and other
organs via at least two different mechanisms. First,
binding of viral RNA to Toll receptors (TLRs) leads
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Har [13]. 9To 0COOEHHO aKTyaJabHO B YCIOBUAX
IUTOKMHOBOTO 1rropMa (LIT). [T nau runepriu-
TOKMHEMUSI — 3TO ITOTEHIIMAJbHO JieTaJibHasg
peakiys MMMYHHOH CHCTEMBI, XapaKTepHu3ylo-
masicst OBICTPOU mpoJtudeparueil U MOBBIIIEH-
HOU aKTUBHOCTHIO T-KJIETOK, MaKpO(aroB 1 ecTe-
CTBEHHBIX KWJIJIEPOB C BBICBOOOKIEHUEM
3alUTHBIMM KJIETKAMHW PAa3JIMYHBIX BOCHAJIH-
TeJbHbIX IMUTOKMHOB U XUMUYECKHUX MEINaTo-
pog [21]. LIIII siBJisieTCSI OMHUM U3 HauboJiee Kpu-
THYECKUX  TATOJOTUYECKHX  COOBITHH Y
MaleHTOB, MOPAKEHHBIX KOPOHABUPYCHOU
uHpeKrIel, Tpu KOTOPOU BOCHAJIUTEJILHOE
IOBpEsKICHNUeE JIETKUX PA3BUBAETCA B pe3yJsibTare
HapylleHUs peryJsui UIMMYHHBIX peakIuii [22].
Cytp LI, BeposiTHO, U COCTOUT B BBIPAOOTKE
OOJIBITIOTO KOJTMYECTBA METUATOPOB BOCIAJIEHUS
TOJIBKO B OTBET Ha I'MIIOKCUIO, ABJISIOLIYIOCS CJIe]-
CTBHEM BOcHajieHus. BocnaseHre 3aKOHOMEPHO
COMPOBOsKIaeTCs TUMOKCcUen. Vcxoas U3 aToro
MOJIO’KEeHUsI, aOCOJIIOTHO OMpPaBIaHHBIM ITPE-
crasjsercs onenka LI npu COVID-19 B kaue-
CTBe «rHeBa BocnaJjeHusi» [23]. 1111, Bo3HuKaro-
IIIAHA B pe3ysbTrare BLICBOOOYKIEHNS MEINATOPOB
BOCHAJIeHUs (TOJIKO B OTBET Ha TeHepaJIn3aInio
BOCNAJICHUS ¥ TMIIOKCUIO), MHAYLIUPYeT aKTUBa-
LIMIO 9HA 0TI, HapyllleHre CBepThbIBaHUA KPOBU
1 00CTPYKIMIO MUKPOCOCY0B MUKPOTPOMOaMHU,
¢opMupoOBaHUEe CUHIPOMA KaTUJJIIPHON yTEeYKU
(cucTeMHOM KaNWJIISIPHOW TPOHUIIAEMOCTH),
KOJLJIATIC KPOBOOOparieHus [24].

Bocnasienue u runokcusi NpUBOAAT K aKTUBA-
UM UMMYHHBIX KJIE€TOK U BBICBOOOYKIEHUIO
MOCJIETHUMH HOBOU MOPITUA MeINATOPOB BCJIE-
cTBUE (pOpMUPOBAHUS HEKOHTPOJIUPYEMOU MOJI0-
SKUTEIFHON 00paTHOM CBSA3Y MEKY BOCTIaIeHUEM
Y TUTIOKcHelt [25]. HeHTpohuIbl ABJISTIOTCS KITIOUe-
BbIMU 9((PEKTOPHBIMU KJIETKAMU BPOKJIEHHOTO
MMMYHUTETA, OBICTPO CHHTE3UPYEMBIMH JIJIST 3ATITH-
ThI XO35IMHA OT BTOP>KEHMUsI ITaToreHoB. Herpodu-
JIbI MOTYT «yOMBaTh» IMAaTOTeHHbIe MUKPOOPTraHU3-
Mbl BHYTPUKJIETOYHO, IyTeM (paronurosa, Uau
BHEKJIETOYHO, ITyTeM JEeTPAHYJ/ISAINH 1 BHICBOOOSK-
JleHUsT BHEKJIETOYHBIX JIOBYIIIEK HEUTPO(UIOB. Bce
9TH aHTUMHUKPOOHBIE CTPATETNU TPEOYIOT yYacCTus
[IUTOTOKCUYECKUX OEJIKOB U IPOTEa3, CHHTE3UPYe-
MBIX BO BpeMs pa3BUTUS HEUTPODUIOB U XPaHsI-
IIUXCA B LUTOIJIa3MaTU4YeCKUX TIpaHyaax [25].
[TopouHBIi KPYT BBI3BIBAET Pa3pyllleHne TKAHEN B
oyare BocraJIeHUsI C OMHOBPEMEHHBIM PACIpoCTpa-
HEeHMEeM r'MIOKCUYEeCKOIr0 9KBUBaJIeHTa peakIii Ha
coceHUE TKAHU (HEKUU BapuaHT Macc-adderTa).
[vmokcwst mo Mepe POrpecCUpPOBaAHUSI TpUOOpe-
TaeT CUCTEMHBIN XapaKTep, OXBAThIBAsI BECh Opra-
HU3M B 11eJ10M. TakuM 06pasoM, Ierb JaTbHENTITIX
COOBITUI MOKET BBITVISAETh KaK IMPOHOJKEHUE
OTBETa Ha THUIIOKCHUIO: 11 — IMTOKWHOBBIU IIITOPM;
12 — akruBamus T-kjeTok, makpodaros; 13 —
MaHUecTaIys BOCIaaeHus], yCyry0/ieHre JIOKaIb-

to down-regulation of mitochondrial electron trans-
port chain genes, which increases superoxide radi-
cal (0*) production by mitochondria [28]. Secondly,
phagocytic cells are recruited to the lungs, where
they are activated along with pulmonary phago-
cytes to increase NADPH oxidase activity and pro-
duction of both intracellular and extracellular ROS
intended to kill pathogens [29]. Accumulation of
ROS and depletion of antioxidant systems leads to
oxidative stress (OS), chronic activation of both im-
mune reactions and inflammation [30]. The persist-
ing elevation of ROS always associates with genome
instability, organelle dysfunction, and apoptosis due
to the ability of ROS to react with almost any biolog-
ical molecules, including proteins, lipids, and nu-
cleic acids [31].

Mechanisms and pathogenetic role
of diaphragm dysfunction
in the development of critical hypoxia

Diaphragm dysfunction has a particular patho-
genetic role in the hypoxic cascade in COVID-19.
The diaphragm is the main respiratory muscle, and
its function is crucial for optimal breathing. Di-
aphragmatic failure has long been recognized as a
major factor of death in various systemic neuro-
muscular disorders. Recently, it has become in-
creasingly clear that diaphragm dysfunction is
present in many critically ill patients and correlates
with increased morbidity and mortality. In these
patients, diaphragm weakness is thought to de-
velop from secondary disuse and ventilator-in-
duced diaphragm failure due to the effects of sys-
temic inflammation, including sepsis. Diaphragm
dysfunction as an element of the critical condition,
more commonly acquired, impairs the compensa-
tory capacity of the airway pump in response to the
increased respiratory load associated with lung in-
jury and fluid overload, leading to persistent respi-
ratory failure and death. What are the causes, con-
sequences, and treatment of the disorders causing
acquired diaphragm dysfunction in critical illness?

Regrettably, clinicians frequently overlook this
pathogenetic factor despite the proven fact that res-
piratory muscle dysfunction is a common organ
failure form in critical illnesses and is associated
with poor immediate and long-term outcomes.
Theoretically, any patient requiring mechanical
lung ventilation should be classified in the risk
group for developing diaphragmatic failure [32],
and actually, it is already present in many cases. A
recent study showed that diaphragm weakness oc-
curs twice as often as limb weakness in critically ill
patients [33]. Additional studies have confirmed
that, on average, 60% to 80% of mechanically ven-
tilated patients have clinically significant di-
aphragm dysfunction [34]. The significant inci-

dence of diaphragm weakness could be related to
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HOU TUNIOKCHY; 14 — reHepam3aniusi pacCTPOMCTB
reMOAWHAMUKH, FeMOCTa3a, YXyILIeHUe JOCTaBKU
KHCJIOpOoAa; 15 — renepajusanysa rUIIOKCUU KJle-
TOK Pas3JUYHBIX OPraHoB; 16 — MoJuopraHHas
HEeI0CTAaTOYHOCTD; 17 — JieTaIbHbIN UCXO]I.
ToJIbKO KJIeTOYHAsI TUIIOKCHS, KaK CJeICTBUE
BCEl COBOKYITHOCTHU PACCTPOMCTB B JIETKUX U HAa
YPOBHE 9HJAOTENNs KaIWJ/JIAPOB, IIPUBOJUT K
«IIATOKMHOBOMY IIITOPMY» B OTBET Ha TUTIOKCEMHUIO
" BocnajieHue. Bo BpeMs BBI3BAHHOIO BHPYCOM
[IUTOKUHOBOTO IIITOpMa MeTaboIudecKast afarTa-
Y1 K THIIOKCUY HApYIIAeTCs U3-3a IIOBBIIICHHOIO
YPOBHSI aKTUBHBIX (popMm Kuciaopoga (APK) u
AKTUBHBIX (DOPM a30Ta, KOTOPhIE TOBPEKIAIOT KJle-
TOYHBIE CTPYKTYPBI, HAPYILIAIOT PETY/IAIUI0 U MHAK-
TUBUPYIOT MHOTHE (pepMEHTHI LIeHTPAJIBHOT'O 9Hep-
FeTUYEeCKOro MeTaboJmu3Ma cuHTe3a ATP,
BKJIIOYAs], B IEPBYIO O4€peib, KOMILIEKC CyOCTPaToB
nmkJa Kpebca [26]. 9To IpUBOIUT K 9HEPTETHIECKO-
My 1 OKHCJIUTEIbHO-BOCCTAHOBUTE/IBHOMY KPHU3H-
Cy, KOTOPBI, B CBOIO OYepeib, YMEHbIIIAeT IIPOJIn-
(depanuio B- 1 T-kJIeTOK, IPUBOIUT K YBEJTUYEHUIO
MPOAYKIIMA IIUTOKWHOB W TUOEJN KJIETOK [27].
YpoBuu APK 1 akTUBHBIX (pOPM a30Ta BO BpeMs
BUPYCHO-MHIYIIMPOBAHHOIO IUTOKWMHOBOIO IITOP-
Ma IIpY I'MITIOKCUH ITOBBIIIAIOTCA B JITKUX U JPYTHX
OpraHax, I10 MeHbIIIel Mepe, IOCPeACTBOM JIBYX pas-
JIMYHBIX MEXaHW3MOB. BO-TIEpBBIX, CBA3bIBAHHE
BupycHoil PHK c Toll-penteniropamu (TLRs) npuso-
T K CHUYKEHUIO 9KCIIPECCUU T€HOB MUTOXOHIPU-
QIBbHOM 2JIEKTPOHHOW TPAHCIOPTHOM IIENH, YTO
yBeJIM4MBaeT IPONYyKIUIO CYIIEPOKCUIHOIO Paju-
kasa (0% mutoxoHapusmMu [28]. Bo-BTopbIX, dharo-
LIUTapHble KJIETKU PEKPYTUPYIOTCA B JIETKUe, I1ie
BMeECTe C JIETOYHbIMU q)aI‘OIlI/ITaMI/I aKTI/IBI/IpYIOTCH
IIJ1S1 TIOBBINIeHnA akTuBHOCTU HAJI®H-okcuaassl,
OTISITH 3Ke, 7T yBeJTUYeHUs BEIPAOOTKY KaK BHYT-
PUKJIETOYHBIX, TAK U BHEKJIETOUHbIX ADK, ipenHa-
3HAYEHHBIX IJIA YHUYTOMKEHUsS IIaTOreHOB [29].
Haxromienne A®K u ucTollieHre aHTUOKCUIaHThIX
CHUCTEM TIPUBOJHUT K Pa3BUTHIO OKUCJIUTETHHOTO
crpecca (OC), XpOHMYECKOM aKTUBAIlUM, KaK
MMMYHHBIX peakliii, Tak 1 Bocnasenus [30]. bia-
romaps cnocobHoctrn A®K BCTynaTh B peakIyio
MIPAKTHYECKU C JIIOOBIMU OMOJIOTUYECKIMU MOJIe-
KyJIaMU, BRJTIOYasi OEJTKY, JIUTTAIHI M HYKJIEMHOBBIE
KHUCJIOTBI, UX JIJIUTETLHO COXPAHSIOIIEeCs MOBbIIIIe-
HHeE BCerma CBA3aHO ¢ HeCTaOMJIbHOCThIO T€HOMA,
IUCQYHKIMe! opraHeJu1 ¥ alionTo3oM [31].

MexaHu3msbl (POPpMHUPOBAHUS
U NIaTOreHeTU4YecKasi pojib
JucyHKuuM nuadparMol

B pPa3BUTUM TMIIOKCHH
KPUTHYECKHX COCTOAHUH

OmnpenesieHHass IaroreHeTUYecKasl poJib B
TAMNOKCUYeCKOM Kackaze rpu COVID-19 npuHane-

SKUT nucyHknum nuadparmel.  Juapparma

a lack of knowledge about the effects of critical ill-
ness on the respiratory muscles and/or the limited
availability of tools to assess and monitor di-
aphragm function in patients in the ICU.

The mechanisms responsible for the develop-
ment of diaphragm dysfunction are directly related
to changes in muscle metabolism. This occurs
through stimulation of mitochondrial free radical
production and induction of cellular oxidative
stress, which damages mitochondrial subunits of
the electron transport chain promotes reduced
muscle endurance, and also activates proteolytic
enzyme pathways, leading to a decrease in contrac-
tile proteins and reduced muscle strength [35].

Arecent experimental study [36] examined the
effect of succinate on the composition of skeletal
muscle fibers, their metabolism, and exercise toler-
ance. The authors proposed the use of succinate for
the correction of skeletal muscle weakness. Succi-
nate was found to induce the signaling pathway pro-
vided by the succinate-dependent SUNCRI receptor
in the skeletal muscles. Succinate supplements in-
crease endurance, myosin heavy chain expression,
aerobic enzyme activity, oxygen consumption, and
mitochondrial biogenesis in skeletal muscle; in con-
trast, they decrease lactate dehydrogenase activity
and lactate production, can increase oxygen avail-
ability, and reduce muscle fatigue. Together, these re-
sults show that succinate induces skeletal muscle
fiber remodeling by promoting mitochondrial
biosynthesis and aerobic oxidation [36]. The results
obtained by T. Wang suggest that enhanced aerobic
oxidation occurs mainly due to an increase in the
number of mitochondria (mitochondrial cell den-
sity) and an increase in mitochondrial DNA content
and mitochondrial membrane potential, which in-
dicates a direct role of succinate in mitochondrial
biogenesis. At the same time, succinate can act both
as a metabolite in the tricarboxylic acid cycle and as
a hormone-like substance through the activation of
various intracellular pathways.

According to other authors, succinate increases
hemoglobin level, platelet, and neutrophil counts [37]
and enhances immunity [38]. Succinate can act as a
paracrine or endocrine signaling molecule to regulate
local cellular metabolism [39] or increase tissue blood
supply through the renin-angiotensin system, thereby
facilitating tissue hypoxia and adaptation to exoge-
nous hypoxia [40-42]. Zhang . et al. showed that in-
creased succinate level associates with an improve-
ment of impaired cardiac energy metabolism, which
is a source of damage during reperfusion [17].

Oxidative stress
in COVID-19 pathogenesis

SARS-CoV-2 infection is characterized by high
mortality because some patients develop an exces-
sive innate immune response associated with the
cytokine storm (CS) and ARDS.
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SIBJIsIETCS VIAaBHOU MBIIIIIEN BIOXa, U ee (PYHKIUSA
WTpaeT pemramllylo poJib B 00ecreyeHny ONTH-
MaJIbHOTO AbIXaHus. JlmadparmaibHasi HEI0CTa-
TOYHOCTB yyKe TaBHO IIpU3HaHa OJHUM U3 OCHOB-
HbBIX (PAaKTOPOB CMEPTH IIPU PA3TUUYHBIX CUCTEMHBIX
HEPBHO-MBIIIEYHBIX paccTpoicTBax. B mociennee
BpeMsI CTAHOBUTCS BCe 00JIee 04eBUTHBIM, YTO JTHAC-
¢yHKIUA nradparMel IPUCYTCTBYET Y BBICOKOIO
MIPOITEHTA TSPKEI000JILHBIX ITAIIEHTOB ¥ KOPPEJIU-
PYET c yBesimueHreM 3a060JIeBaEMOCTH I CMEPTHO-
cty. CYUTAETCS, YTO Y 9TUX MMAI[MEeHTOB C1aboCTh
nuadparMbl pa3sBUBaAeTCsA OT BTOPUYHOTO HEWC-
MM0JIb30BAHUA 10 BhI3BaHHOU VMBJI HemocTaTouHO-
ctu quadparMbl U3-3a MOCJEICTBUNA CUCTEMHOTO
BOCIIaJIEHUs], BKJIIouasi cerncuc. [ucdynkiuys agua-
¢dparMbl Kak 3J€MEHT KPUTHYECKOTO COCTOSIHUSA,
yaile TpUoOpeTeHHasi, YXyIAIIaeT CIOCOOHOCTH
JIbIXaTeJIbHOTO HACOCAa KOMIIEHCUPOBATh MOBBIIIIEH-
HYI0 JbIXaTeJIbHYI0 Harpy3Ky U3-3a TPaBMbI JIETKUX
U IIeperpy3Ku UX )KUAKOCTBIO, YTO IIPUBOLUT K JIJIU-
TeJIbHOH JIbIXaTeIbHOU HEJIOCTATOYHOCTH U CMEPTH.
B yeM ke MPUUYMHBI, KAKOBBI ITOCJIEICTBUSA U KAKUM
JOJKHO OBITH JIeueHre HapyIIeHUH, TPUBOJISATIINAX
K MpuoOpeTeHHOU AMCOYHKIMU auadparMbl BO
BpeMsI KPUTUYECKOTO 3a00J1eBaHUs?

K coskanenuto, HeCMOTPsA HA TOKa3aHHOCTh
TIOJIOYKEHMSI O TOM, UTO TUC(PYHKIUSA JbIXaTeJITbHON
MYCKYJIaTyphl SIBJISIETCSI PACIIPOCTPaHEeHHOU dhop-
MOU OpraHHOW HEIOCTATOYHOCTU MPU KpUTUYE-
CKUX 3a00JI€BaHUSIX U CBsI3aHa C IIJIOXUMHU OCTPHI-
MU W JOJTOCPOYHBIMHM MCXOJAMH, KJIUHUIUCTHI
YacTo He YUYUTBIBAIOT 3TOT ITaTOreHeTUYeCKN (hak-
Top. TeopeTr4ecky JII000 MAEHT, HY R TAFOIIT -
Cs1 B UCKYCCTBEHHOU BEHTUJIAIINN JIETKUX, JOJIKEH
OBITH OTHECEH K TPYIIIIE PUCKA 10 PA3BUTHIO CJIa-
6octu nracdparmel [32], a 10 CyTH — YIKe ee IMeeT
dakTuuecku. HegaBHee mcciiejoBaHre TOKA3ao,
4yTo cabocTh nAuadparMbel MPUCYTCTBYET B 1Ba
pasa Jarrie, 4eM cJ1ab0CTh KOHEYHOCTEH Y TSKEeJI0-
0OJIbHBIX HanueHToB [33]. JlomoJiHUTe bHbIE
WCCAeI0OBaHUSA MOATBEPININ, YTO B CPETHEM OT
60% 1o 80% MexaHWM4YeCKU BEeHTUIUPYEMbIX Mallu-
€HTOB UMEIOT KJINHUYECKU 3HAUUMYIO JUCHYHK-
nmio nuadparmsl [34]. BeLIo BhICKa3aHo MPeAIo-
JIOKEHNWE, YTO 3HAYUTEJbHASA 4YacTOTa Pa3BUTHSA
ciraboct auadparMbl MOSKET OBITH CBSI3aHA C
OTCYTCTBHEM 3HAHUU O BJIUSIHUU KPUTUYECKOTO
3aboJ/IeBaHMA Ha JIbIXaTeJIbHbIe MBIIIIbI U/AJIH C
OrpaHUYeHHOH JOCTYITHOCTHIO UHCTPYMEHTOB [JIs1
OIleHK! U MOHUTOPUHIa (PyHKIUHU TruadparmMbl y
MAIMEHTOB B OT/IeJIEHNU MHTEHCUBHOM TEPaITnU.

[Tarodursnosornueckre MexaHu3Mbl, OTBET-
CTBeHHbIe 3a pa3BUTHe NUCPYHKINY nruadparmbl
MIPSIMO CBSI3aHbI C UBMEHEHUSIMU B MeTab0JIiu3Me
MBI, JTO IIPOUCXOOUT 3a CYET CTUMYJIALUU
BBIPA0OTKA MUTOXOHIPHUATBHBIX CBOOOIHBIX
pagyuKaJIOB ¥ MHAYLMPOBAHUSA KJI€TOYHOI'O OKHUC-
JIUTEJILHOTO CTpecca, KOTOPbIA TOBpesRIaeT
MUTOXOHIpHUA/TbHBIE CYO'beTUHUITHI 3JIEKTPOHHOMN

The greater the expression of autocoids in CS,
the more severe the energy metabolism disorders.
Some of the autocoids and their receptors play a
dramatic role in dying from COVID-19. Their level,
activity of receptors and damaging effect of their
signaling determine the efficiency of treatment and
survivability of patients in general [43]. In COVID-
19 overexpression of the aryl hydrocarbon receptor
(AhR) and the nuclear NAD+-consuming enzyme
poly-(ADP-ribose)-polymerase 1 (known as PARP-
1) occurs, with AhR activating PARP-1 protein pro-
duction. Activation of the latter causes cell death
through the enzymatic destruction of sirtuins
(NAD~-containing proteins, SIRT-1,2, etc.) with the
critical fall in the levels of cellular NAD+ required
for oxidation and ATP intended for phosphoryla-
tion of anaerobic glycolysis substrates [44]. This is
essential for death in obese patients with COVID-
19 and concurrent type 2 diabetes mellitus and eld-
erly patients. Even without COVID-19, they have a
defect in intermediate metabolism, with elevated
levels of CD38 (which catalyzes the degradation of
NAD+ or NADPH and can be inhibited by
flavonoids and nicotinamide). Badawy A. et al. con-
sider PARP-1 activation to be the «Appian Way» in
the pathochemical cascade ending in the death of
a patient with COVID-19; hence, selective in-
hibitors of this protein (the antineoplastic agents
such as olaparib, rukaparib, etc.) are promising
drugs for CS reduction [44]. However, one should
always remember that nicotinamide is a readily
available PARP-1 inhibitor. «Cocktails» with nicoti-
namide have been shown to exert a strong positive
effect in COVID-19, especially in the elderly [45].
Among nicotinamide-containing drugs manufac-
tured in Russia and having this potential, Citoflavin
could be mentioned [46].

The decrease in energy metabolism and al-
tered redox state produce oxidative damage and
cell death [47, 48]. Some authors consider the ox-
idative stress as a «key player» in the pathogenesis
of COVID-19 [49, 50]. Moreover, inflammation can
enhance oxidative stress. The latter increases the
formation of neutrophil extracellular traps (net-
works) and suppresses the adaptive component of
the immune system, namely T-cells, which elimi-
nate the cells infected by the virus. This creates a vi-
cious circle that prevents the specific immune re-
sponse against SARS-CoV-2 [51].

Increased neutrophils, in addition, generate
an excess of ROS, which aggravates the abnormal
immune response of the host and a course of the
disease [52]. The damaging effect of ROS enhances
the damaging effect of the virus on the alveolar ep-
ithelium and endothelial cells in the so-called pro-
coagulant endotheliitis [53]. The ROS is aggressive
both against lung cellular structures and RBC
membranes and heme, which, according to some

authors, contributes to the development of hypoxic
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TPaAHCIIOPTHOH IIENH, CIIOCOOCTBYET CHUKEHUIO
MBIIII€YHOU BEIHOCIMBOCTH, a TAK)Ke AaKTUBUPYET
IIyTH IPOTEOJIUTUUECKUX (DEPMEHTOB, IPUBOAS K
CHI;KEHUIO COKPATUTETbHBIX O€JTKOB ¥ YMEHbIIIE-
HUe MBIIIeYHOH! CUJIbI [35].

B HemaBHEM 9KCIIEPUMEHTAILHOM UCCIIETOBA-
HUU [36] n3y4nu BIAUAHUE CYKIIMHATA HA COCTaB
CKeJIETHBIX MBIIIIEYHBIX BOJIOKOH, MX METAO0JIU3M U
TOJIEPAHTHOCTD K (pH3UUECKOI HArpy3Ke. ABTOpaMu
OBIJI TIpEJIO’KEeH BapUaHT UCIIOIb30BAHUS CYKITH-
Hara JJIs KOpPeKIUK c1aboCTu CKeJIETHON MYCKY-
Jgarypel. OKasajaoch, YTO CYKIIMHAT MHIYLUDPYET
Tepexoj] CKeJIETHBIX MBIIIEYHBIX BOJIOKOH Yepes
CUTHAJIBHBIN ITyTh, 00eclieunBaeMblii CyKIIMHAT3a-
BuCHUMBIM perenrtopoM SUNCRI. /lo6aBKHU CyKITH-
HaTa yBEJMYUBAIOT BBIHOCIUBOCTH, 9KCIIPECCHUIO
TSOKEJION TeN MHUO3WHA, aKTUBHOCTH ad9POOHBIX
¢epMeHTOB, TOTpeOIEHNE KUCIOPOIA T MUTOXOH/I-
pUaJIbHBIN OMOTeHEe3 B CKEJIETHBIX MBIIIIIIAX, HAITPO-
THB, CHIPKAIOT aKTUBHOCTD JIaKTaTJeTUIPOTeHa3HbI,
MPOAYKITUIO JIaKTaTa, MOTYT YBEJIUYUTH TOCTYII-
HOCTb KHCJIOPOJA ¥ YMEHBIIIUTD MBIIIIEUHYIO yCTa-
JIOCTh. BMecTe 9Ty pe3ysbTaThl MOKA3BIBAIOT, YTO
CYKIMHAT UHIYIIUPYET PeMOIeTMPOBAHNE CKeJIeT-
HBIX MBIIIIEYHBIX BOJIOKOH, CITOCOOCTBYsI OMOCUHTE-
3y MUTOXOHJIPUH U a9pOOHOMY OKHCJIEHUIO [36].
ITonyuennsle T. Wang pesyJsisrarsbl CBUIETEIbCTBYIOT
0 TOM, UTO YCUJIEHHOE a3pO0HOe OKUCJIeHNe IIPOo-
HCXOIUT TJIaBHBIM 00pa30M 3a CUEeT YBeJHMYeHUs
YHCJIa MUTOXOHIPUH (KJIETOYHOH IIJIOTHOCTH MUATO-
XOHAPUI), a TAKKe YBeJIMUEeHNsI COlePKaHNsI MUTO-
xoHapuanbHoi JIHK 1 MeMOpaHHOTO MOTEHIAIA
MUTOXOHAPHUHN, YTO YKA3BIBAET HA MPSIMYIO POJb
CYKIIMHATa B MUTOXOH/IpUAILHOM Onorenese. [1pn
9TOM O0paIraeTcs BHUMaHME Ha TO, YTO CYKITHAT He
TOJIBKO JIEWCTBYET KaK METa0O0JIHT B IUKJIE TPUKAP-
OOHOBBIX KHCJIOT, HO ¥ BBITIOJTHSIET TOPMOHOIION06-
HYI0 (DYHKIIHIO Yepe3 aKTUBAIIUIO PA3JIMYHbBIX BHYT-
PUKJIETOYHBIX ITyTEH.

[lo maHHBIM [APYrUX aBTOPOB, CYKIIMHAT
MTOBBIIIAET YPOBEHDb reMOTI00MHA, TPOMOOIINTOB
1 HeUTpopuaoB [37], MOBBIIAET UMMYHUTET [38].
CyKIMHAT MOYKeT [1eficTBOBATh KaK ITapaKpHUHHbIe
WU 9HIOKPUHHBIE CUTHAJIbHBIE MOJIEKYIIBI JJIS
peryaupoBaHUsi MECTHOTO KJIETOUHOT'O MeTabo-
JuaMa [39], WM yBeJMYUTH KPOBOCHAO)KEHWE
TKaHel yepe3 peHUH-aHTMOTEeH3UHOBYIO CCTEMY;,
obJieryasi TeM CaMbIM TKAaHEBYIO THIIOKCUIO U
aganTanuio K 9K30IeHHOM runokcum [40-42].
J. Zhang et al. mokasasu, 4YTo yBeJIuueHue KoJuye-
CTBA CYKIIMHATA yJIy4IllaeT UIIeMUIECKYIO 9HEeP-
TeTUKY CepAlla, SBJIAIOMIYIOCS HMCTOYHUKOM
MIOBpesKIeHus Ipu peniepdyaun [17].

OKHuCIUTEeIBHBIHI CTpecc
B nnarorenese COVID-19

Nudexnusa SARS-CoV-2 xapakTepusyercs
BBICOKOH CMEPTHOCTBIO H3-3a TOTO, YTO y HEKO-

TOPBIX MAIIMEHTOB PAa3BUBAECTCA U30BITOUHBIN

respiratory failure in the most severe cases of
COVID-19 [53].

There is evidence in the literature that immu-
nity is directly related to oxidative stress and antiox-
idant status of COVID-19 patients [54]. In immune
cells, the transition from inactive to «inflammatory»
(active) and then to «post-inflammatory» state is
accompanied by metabolic reprogramming, as it
occurs in sepsis [55]. Metabolic reprogramming as-
sures sufficient redox potential and sufficient en-
ergy in the cells to perform their new roles, includ-
ing entering the proliferation cell cycle, performing
oxidative burst or regulated apoptosis, pyroptosis,
but not necrosis [55]. Li et al. experimentally
demonstrated metabolic suppression of oxidative
phosphorylation and tricarboxylic acid cycle (Krebs
cycle) activity in many organs, which was associ-
ated with high neutrophil, low lymphocyte levels
and spleen atrophy. Heart rate in experimental an-
imals was significantly lower, and electron mi-
croscopy demonstrated abnormal myofibrils and
myocardial swelling similar to those found in pa-
tients with COVID-19 [56].

Mitochondria are well prone to metabolic re-
programming because they are the «gatekeepers»
of carbohydrate flux, as well as the main regulators
of the cellular NAD*/NADH metabolism [57]. Active
metabolism reduces mitochondrial NAD* while in-
hibited one associates with the relocation of pyru-
vate metabolism to the cytoplasm, where lactate
dehydrogenase reduces pyruvate by NADH oxida-
tion [58].

Antioxidant deficiency is the result of oxida-
tive stress and mitochondrial metabolic disorders
when excessive production of superoxide radical
(003), hydrogen peroxide (H,0,) and lack of cata-
lase, superoxide dismutase (SOD) and other antiox-
idants occur in with hypoxia and acidosis. Lack of
catalase and SOD in patients with COVID-19, espe-
cially elderly ones, was shown in many studies. In
the lungs, catalase and extracellular SOD are known
to be produced in high quantities by the alveolar
type II cells. In addition to its normal localization
in peroxisomes, catalase is also secreted into the ex-
tracellular space by alveolar macrophages [59] but
via a mechanism different from the classical secre-
tory pathway. A. Badawy et al. demonstrated that
elderly COVID-19 patients, who have a higher risk
of death from this disease, express much less SOD
in alveolar cells than younger patients, suggesting
an important role of SOD in protection against the
CS because of the age-related reduction of the an-
tioxidant defense system [43]. The O; and H,0, are
known to be produced as a result of electron leak-
age from donor redox centers of the mitochondrial
electron transfer chain and associated metabolic
enzymes causing one- or two-electron oxygen re-
duction. These antioxidant enzymes reduce the
concentration of toxic O; and H,0, in the extracel-
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BPOSKJ€HHBI UMMYHHBIA OTBeT, CBSI3AHHBIU C
I 1 ocTphIM pecnupaTOPHBIM JUCTPECC-CUH-
npomowm (OPJIC).

Yewm GoJTbIIIE 9KCIIPECCHS aYTOKOUIOB TIPU
II'T, TeM TssKesiee IPOTEeKAlOT HapyLeHUs 9Hepro-
obmeHa. HekoTophle M3 ayTOKOUOB U UX perel-
TOPOB, UI'PAIOT IpaMaTUYECKyIO POJIb B TAHATOTe-
Hese mipu COVID-19. OT wuX KOJUYECTBa,
AKTUBHOCTHU WX PEIENTOPOB M CTeNIeHU MMOBPEK-
JTAfoIIero AedCTBUS WX CUTHAJUHTOB, 3aBUCHUT
3P eKTUBHOCTH IPOBOJUMOU TEPATTUN U BHIXKU-
BaeMoCTb O0JIBLHBIX B 1iesioM [43]. ITpu COVID-19
IIPOMCXOIUT CBEPXIKCIIPECCUsI apUIIyLJIEBOAOPOI-
Horo penentopa (AhR) u ssmepuoro HAIT*-mmoTpe6-
JsIonero gpepmenTa moJm-(AJIP-pubdosa)-mosu-
Mepasa 1 (u3BectHOro Kak PARP 1), npuuem AhR
aktuBupyet oopaszoBanue PARP 1 6esrka. AKTHBa-
IIMSI TTOCJIEHETO BBI3hIBAET TMO€JIb KJIETOK M3-3a
¢depMeHTHOrO paspylleHus cupTyuHoB (HA*-
comepskamux 6esikoB, SIRT1,2 u T. O., IPU 9TOM,
koHreHTpanusa HAJl* B KjeTkax, Heob6xogumasi
JIJIsT OKMCJIeHUsI, U KoJmuecTBO AT®D, npenHasHa-
yeHHoe 1A ¢dochopmmpoBaHusi CyOCTpaTOB
aHa3pOOHOTO IMTUKOJIN3a, KPUTHYECKU CHUKAIOT-
st [44]. IMeHHO 3T0 06CTOSTEILCTBO UTPAET POJIb
B TaHaroresese COVID-19, BO3HUKaIOLIEro y Ty4-
HBIX JIIOJIeH, TAIMeHTOB, cTpaaatoimx CJI BToporo
THIIA U «BO3PACTHBIX» OOJBbHBIX. Y HHUX U 0e3
«KOBH/Ia» €CTh JIe(DEKT TPOMEKYTOYHOTO 0OMEHA,
C IIOBBIIIIEHHBIM YpoBHeM CD38 (Tak Ha3bIBaeMbIN
38 ryacrep quddepeHIMPOBKY, KOTOPHIN KaTa-
ausupyet perpaganuio HAl* unn HAID; 3ame-
™M, uro CD38 nHrnbupyercs ¢paaBoHOUIAMH U
HUKOTUHaMuJoM). A. Badawy et al. cunTaror akTu-
Bamuio PARP 1 «AnimueBoii Joporoii» B mocjienoBa-
TeJIbHOCTY NATOXUMUYECKUX KACKAA0B, TPUBOISI-
mux OoapHOoro k COVID-19 &k cwmepTH,
cJieToBaTeIbHO, CEeJIEKTUBHBIE MHTUOUTOPHI 9TOTO
Oesika (cpencTBa, MPUMeEHsIEMble B OHKOJIOTHU
oJlarrapmO, pykanapub u Ip) sIBJSIOTCS IePCHek-
TUBHBIMU IIpernaparamMu 1jid peaykuuu LT [44].
OpHako, Bcerna cjiefyeT IOMHUTD, YTO HUKOTHUHA-
MHJI — JIETKOJOCTYITHBIA WHTHOUTOp PARP-1.
«KokTeiyim» ¢ HHUKOTUHAMHUJIOM, OKa3bIBAIOT
BBIpa)keHHOe JieueOHoe nerictBue mpu COVID-19,
0CODOEHHO Y JIWII TTOKUII0TO Bodpacra [45]. Cpenn
OTe4YeCTBEHHBIX ITPeaparoB TaKoe JeUCTBHE OKa-
3BIBAIOT TAKWE HUKOTUHAMMU/I-COAepsKallue npe-
raparbl, Kak HuToQJIaBuH [46].

CHIKeHUe 9HEPTeTUIECKOTO 0OMeHa, 3MeHe-
HHE OKUCJ/IUTEbHO-BOCCTAHOBUTEJILHOI'O COCTOSI-
HUS, TIOPOYKIAaeT OKUCJINTETbHOE IOBPEKIeHNE 1
rubesb KJIeTOK [47, 48]. HekoTopble aBTOPHI IPe-
JaararoT paccMarpuBarh OC B KAUECTBE «KII0YEBOT0
urpoka» B maroreHesze COVID-19 [49, 50]. Kpome
TOr0, BOCIIAJIEHNE MOYKeT ycuanBars peaknuu OC.
OC yBesmunBaeT 06pa3oBaHMEe HEUTPOPUIHHBIX
BHEKJIETOUHBIX JIOBYIIIEK (ceTell) 1 ofaBJisieT aiar-
TUBHOE 3B€HO MMMYHHOH CHCTeMbl — T-KJIETKH,

lular fluid, preventing oxidative damage to extracel-
lular structures [60].

Thus, there is increasing evidence that the im-
mune system does not respond sufficiently to SARS
by inhibiting ROS synthesis, leading to oxidative
stress. Oxidative stress, in turn, is the main cause of
local or systemic tissue damage, which associates
with the severe COVID-19. Immune cells are re-
cruited to the damaged area, which leads to the «res-
piratory explosion» of leukocytes and, therefore, in-
creased production and accumulation of ROS [61].

Activated immune cells exhibit various altered
functions, such as proliferation, chemotaxis, and
cytokine production. The functional changes of im-
mune cells require continuous metabolic adapta-
tion to maintain ATP homeostasis for sufficient
host defense. Bioenergetic needs are usually met by
the interrelated metabolic pathways of glycolysis,
the Krebs cycle, and oxidative phosphorylation. But
other sources such as fatty acids and glutamine, in
addition to glucose, can also «participate» in the
Krebs cycle [62]. The key role of oxidative stress in
the pathogenesis of severe COVID-19 implies that
therapeutic counteracting ROS with antioxidants
can prevent its development [43]. The cascade of
events caused by the development of OS in SARS-
CoV-2 infection undoubtedly contributes to the
severity of the disease and needs further study.

The prospect of succinate
use in COVID-19

The main approach to COVID-19 treatment
should be preemptive, i.e., it should be adminis-
tered before the development of the full-fledged
life-threatening manifestations such as pneumo-
nia, ARDS, sepsis [2]. But as follows from the above
data, hypoxia always underlies life-threatening
conditions and, for several reasons, remains a long-
term companion of any critical condition including
severe COVID-19. Therefore, it is quite reasonable
to consider using succinate as a natural agent for
adaptation to hypoxia, and here, may the skeptics
forgive us, it is appropriate to consider several
Russian papers.

Severe viral upper respiratory tract diseases
cause changes in such homeostatic parameters as
blood flow and hemodynamic ones. This leads to
decreased tissue perfusion and development of
local hypoxia, antioxidant deficiency, oxidative
stress and acidosis, accumulation of lipid peroxida-
tion products, development of multiple organ fail-
ure, but with the underlying systemic hypoxia. Ox-
idative stress is defined as an imbalance between
pro-oxidant and antioxidant factors.

The term antioxidant refers to a compound
capable of preventing or retarding oxidation by act-
ing at a lower concentration than that of the pro-
tected substrate. Antioxidant intervention against
radical lipid peroxidation can involve a variety of
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OCYILECTBJIAONINE YHUUYTOKEHNE NH(MUIIUPOBAH-
HBIX BUPYCOM KJIETOK. JTO CO3/1aeT IIOPOYHBIN KPYT,
KOTOPBIN NPENATCTBYET CllelU(pPUIEeCKOMY UMMYH-
HOMy orBeTy nnpotuB SARS-CoV-2 [51].

Hetitpodunus, Kpome TOrOo, TreHepupyeT
n30bITOK ADK, KOTOPBIH yCyryd/IsieT UMMYHOIIATO-
JIOTUYECKUI OTBET X03sMHa, MPUBOIS K OoJiee
TSOREJIOMY TeueHHIo 3abosieBanus [52]. TToBpesk-
natoriee aerictere ADK ycyrybsisier moBpesraaro-
Ilee AeHCTBYE BUPYCa HA AJIbBEOJISIPHBIN aIIUTETUN
Y 9HJI0TeJIMAJIbHbIE KJICTKY [IPU IIPOKOATYJIALMOH-
HOM sHpoTesinTe [53]. [TatorerHas posbs AOK npo-
SABJISIETCSI HEe TOJIBKO B OTHOIIEHUU KJIETOYHBIX
CTPYKTYp JIETKUX, HO U B OTHOIIIEHNU MeMOpaHbI
9PUTPOLIUTOB U CTPYKTYPBI I'eMa, 4TO, 110 MHEHUIO
PAIOB aBTOPOB, yBeaanuuBaeT BKiIag APK B pa3su-
THE TUIIOKCUYECKON JbIXaTeJIbHOM HEeI0CTaTOYHO-
CTH, Pa3BUBAIOIIENCS ITPU HAaNOO0JTEE TSIKETTBIX CITy-
yasax COVID-19 [53].

B nuteparype umerTcs TaHHbIE O NIPAMOU
CBsI3U UIMMYHUTETA C OKACJIUTEIbHBIM CTPECCOM 1
AHTUOKCHUIAHTHBIM CTaTycoM nanueHToB ¢ COVID-
19 [54]. lejio B TOM, YTO B UMMYHHBIX KJIETKax
Tepexo/] U3 HEAKTUBHOI'O COCTOSTHUS B «BOCITAJIH -
TeJIbHOe» (AKTUBHOE), a 3aTeM B «IIOCTBOCHAJIN-
TeJbHOE» COIPOBOMKIAETCS MeTab0TUYECKUM
rnepenporpaMMHUpPOBaHUEM, KaK 9TO IIPOUCXOIUT
pu cericuce [55]. [lepenporpamMmMupoBaHue MeTa-
0onmM3Ma TrapaHTHUPYeT, YTO KJETKHA 00JIafaloT
JIOCTAaTOYHBIM OKHUCJUTEJbHO-BOCCTAHOBUTEJIIb-
HBIM TIOTEHITUAJIOM U IOCTAaTOYHON 9HEpPrUueu JJisi
BBIMIOJIHEHUSI CBOUX HOBBIX pOJieHd, BRJIOYas
BCTyIJIeHUE B KJIETOUHBIN ITUKJI /151 PAa3MHOKe-
HVS1, BBITIOJITHEHWE OKUCJIUTEJbHOTO B3PbIBA WJIN
BCTYILJIEHUE B PETYJIMPYEMBbIY allONTO3, MUPOIITO3,
HO He Hekpo3 [55]. Li et al. mpogeMoHCTpUpOBaIU
B VCJIOBHAX OKCIEpUMEHTa MeTabomyeckoe
MojiaBJeHNEe OKUCTUTEJILHOTO (pochopuIupoBa-
HUS U JesITeJIbHOCTHU ITUKJIa TPUKAPOOHOBBIX KHC-
JioT (k1 Kpebca) Bo MHOTHX OpraHax, 4To ObII0
conpsi>keHo ¢ HelTpoduaueit, mumdornenunein u
arpodueii cesiedaeHKU. YacToTa cep/ieYHbIX COKpa-
IIeHNH ¥ 9KCIIEPUMEHTATbHBIX )KUBOTHBIX OblLIa
3HAYUTEJbHO HU’KE, a 3JIEKTPOHHASA MHUKPOCKO-
U5 TTPOEMOHCTPUpPOBaia MUOPUOPUILIIIPHOE
paccTpoUCTBO U OTEK MUOKap/a, aHAJOTUYHbBIE
HaxonkKaM y nmanueHTos ¢ COVID-19 [56].

MUTOXOHAPHUM XOPOIIO MPEeIPaCION0KeHbI K
TepernporpaMMHUPOBAHIIO METAO0JIM3MA, TTOCKOJTh-
Ky OHH IBJISETCS «[IPUBPATHUKOM» [I0TOKA YIJI€BO-
JIOB, a TAaK)Ke OCHOBHBIM PETYJIATOPOM KJIETOUHOU
peakniuu NAD*/NADH [57]. Korma mMeTaboausm
AKTUBEH, OH YyMEHbIIaeT MUTOXOHIpUAIbHBIN
HAJT*, a kor/1a OH MHTUOMPYETCsi, OH IIepeHarpas-
JisieT MeTab0M3M MUpyBaTa B IUTOILIA3MY, IJe
JIaKTaTAeruJporeHasa yMeHbIIaeT KOJIMYECTBO
nupysara myreMm okucjaenusa HAIH [58].

AHTHOKCHIAHTHASA HEJOCTAaTOYHOCTh — 3TO

pe3ysibrar BOS,HEP'ICTBHH OKUCJIUTEJBHOI'O CTpecca

mechanisms. Chain-breaking antioxidants are
called primary antioxidants; they act by scavenging
radicals, converting them into more stable or non-
radical agents. Secondary antioxidants block singlet
oxygen, degrade peroxides, chelate pro-oxidant
metal ions, and inhibit oxidative enzymes. From
the reactivity point of view, four lines of defense
against radical lipid peroxidation are distinguished:
preventive antioxidants, radical scavengers, reduc-
ing antioxidants, and those affecting adaptive
mechanisms.

High antihypoxic and antioxidant activity of
succinate was best implemented in the Reamberin
solution (sodium N-methylglutamine salt of suc-
cinic acid and electrolytes in optimal concentra-
tions) and Cytoflavin combined preparation (suc-
cinic acid 300 mg, inosine 50 mg, nicotinamide 25 mg,
riboflavin mononucleotide 5 mg). In this case, tissue
hypoxia is corrected by succinate oxidation due to
increased succinate dehydrogenase activity and im-
proved penetration of exogenous succinate into cell
mitochondria [13]. Meglumine is included in both
drugs being an adjuvant and providing transmem-
brane mass transfer of their ingredients [63, 64].
Nicotinamide, according to recent data, maintains
NAD* and prevents ATP depletion, enhances NAD*
and, consequently, NADP* production, reverses lung
damage caused by ischemia/reperfusion, and in-
hibits proinflammatory cytokines [65].

Reamberin has a volemic, hepatoprotective
and diuretic effect, which improves microcircula-
tion in organs and tissues. Reamberin improves in-
flammation, which is suggested by reduction of
WBC count, normalization of WBC differential (re-
duced left shift, increased percentage of lympho-
cytes), fall in ESR and proinflammatory cytokine
levels in blood [66]. Reamberin promotes rapid res-
olution of metabolic acidosis in children [67]. The
authors note that, most likely, the positive clinical
effect of succinate solutions in diabetic ketoacido-
sis, including regression of ketoacidosis itself, is due
to normalized circulating blood volume, restored
physiological plasma electrolyte composition and
involvement of excess acetyl-CoA in intermediate
metabolic reactions [68, 69].

When studying the use of Reamberin for cor-
recting blood flow disorders in acute respiratory
viral infections, faster relief of clinical signs and
symptoms, and improved blood flow parameters
were recorded [66, 67]. When including Reamberin
in the fluid therapy regimen in 130 children aged 5
months to 12 years with severe influenza, a de-
crease in CRP level and hematological parameters
of intoxication was noted. This indicates a strong
detoxifying effect of the drug, which allows to rap-
idly control the clinical signs and symptoms and re-
duce the hospital stay [63, 67].

In addition, Reamberin was demonstrated to
prevent perioperative hypothermia resulting from
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U pacCTPOCTB MeTaboJu3Ma MUTOXOHAPUHN B
BUie 130bITOUHOH Tponykuy ADK cyrepokcu-
Horo pagukana (O3), nepekucu Bogopoja (H,0,) n
HeJ0CTaTOYHOI'0 IPUCYTCTBUASA aHTUOKCUIAHTOB B
JIMIe KaraJassl, cynepokcunaucmyassl (CO/) u
JIpyTux (epMeHTOB B YCJIOBUSX THUIIOKCHUU H,
KOHEYHO, alin103a. HeqocTarouHOCTh KaTaJjia3bl U
COJl y maruenToB ¢ COVID-19, 0co6€HHO TTOKU-
JIBIX, TOATBEP KIA€TCSI MHOTUMU UCCJIEJOBAHUSI-
mu. Kak 13BeCTHO, B JIETKMX KaTaJjia3a 1 BHeEKJIe-
Tou"Hag COJl CUHTE3HpYIOTCA Ha BBICOKHUX
YPOBHSX KaK pas B ajbBeOJIAPHBIX KJeTKax [l
Tuna. IloMMMO HOPMa/JbHOU TEPOKCHUCOMHOU
JIOKAJIN3aluH, KaTaaa3a CeKpeTupyeTcs BO BHe-
KJIETOYHOE ITPOCTPAHCTBO eIlle U A7TbBEOJIIPHBIMU
Makpodaramu [59], HO MPOUCXOAUT ITO MO Mexa-
HHU3MY, OTJINYHOMY OT KJIACCUYECKOI'0 CEKPeTopP-
Horo nyTtu. A. Badawy et al. 6p1710 TOKa3aHo, YTO
nosxkuiibie nanuedTol COVID-19, nMmeroiue 6oJiee
BBICOKHII PUCK CMEPTHU OT 3TOTO 3aboJjieBaHUs,
3KCIIpeccupyroT ropasno mensie CO/l u3 anbBeo-
JIIPHBIX KJIETOK, YeM O0Jiee MOJIO/IbIe TTAllueHTHI,
npenpnodsiarass BaskHyo poJb COJ/l B 3amure OT
LI, Tak KaKk 8JIeMEeHThI CUCTEMbI aHTUOKCUIAHT-
HOWU 3amuThl ocaabeBaioT ¢ Bo3pactoMm [43]. Kak
naBectHo, O; u H,0, o0pasyiorcs B pe3yabraTe
YTEYKHU 3JIEKTPOHOB U3 TOHOPHBIX OKUCJIUTEJIb-
HO-BOCCTAaHOBUTEJbHBIX IIEHTPOB MUTOXOHIPU-
QIBHOM IeMH TepeHO0Cca 3JIEKTPOHOB U CBSI3aHHBIX
¢ HUMU MeTaboTmYecKnX (hepPMEeHTOB, BHI3BIBAIO-
WX OLHO- WY IBYX-3JIEKTPOHHOE BOCCTAHOBJIE-
HUE KUCJ0PO/AA. YKa3aHHbIe AHTUOKCHUTAHTHbIE
¢dhepMeHTBI CHUYKAIOT KOHIIEHTPAITAI0 TOKCUYHBIX
0; u H,0, BO BHEKJIETOUYHBIX KUAKOCTAX, IMpel-
OTBpaIllasi OKUCJIUTEJIbHOE MOBpPEKIeHNEe BHE-
KJIETOYHBIX CTPYKTYD [60].

Takum 06pasoM, TOSIBJISIETCS BCe OOJIBITIE CBU-
JeTeIbCTB TOr0, YTO UIMMYHHAsA CUCTeMa HeloCTa-
TOYHO pearupyer Ha aTUIINYHYI0 THEBMOHUIO 3a
cueT nofasJsttoniero cuateda APK, npuBoasAIero
K OKHUC/IUTEJBHOMY cTpeccy. OKUCIUTETbHBIN
CTpecc, B CBOIO 0Uepe/ib, SIBJIsIETCS OCHOBHOM MPU-
YUHOU JIOKAJBHOTO UJTA CUCTEMHOTO TTOBPEKIEHHUS
TKaHel, KoOTopoe 1 IIPUBOAUT K TSXKEJIOMY TeUeHUI0
COVID-19. IMMyHHBIE KJIETKA PEKPYTUPYIOTCA B
MIOBPEsKIeHHBIN YUYaCTOK, YTO IPUBOJIUT K «JIbIXa-
TeJIbHOMY B3PBIBY» JIEHKOIIUTOB, & 3HAYUT, IIOBbI-
IIeHHOMY 00pa3oBaHuio 1 HakoruieHnio ADK [61].

AKTHBanysaA UMMYHHBIX KJIE€TOK IIPUBOOUT K
MIPUOOPETEHNIO HOBBIX (DYHKITWIA, TAKUX KAK IIPO-
Jmepartysi, XeMOTaKCHC U BLIpaOOTKa ITUTOKIHOB.
JTh  (yHKIMOHATbHBIE W3MEHEHUs TpeOyIoT
HENpPEepPLIBHON MeTa00oJIMYeCKON  amamnTaluu,
4TOOBI MO IeP>KUBAThL ToMeocTad AT® st qocra-
TOYHOUM 3aluThl X03sinHA. brUoaHepreTuyeckue
MTOTPeOHOCTY OOBIYHO YJOBJIETBOPSIIOTCS B3aUMO-
CBSI3aHHBIMU META00TMYECKUMH MTyTSIMHU TJIUKO-
Jm3a, nukIa Kpedca u okucinTesbHOT0 pochopu-
supoBanusi. Ho «murarb» mukJ Kpebca, moMumo

hypoxia, both in children and adults [64], which
confirms its active participation in oxidative metab-
olism. Succinate also exhibits a pronounced iron-
chelating effect and antioxidant activity [66, 68, 69].

Having these beneficial biological effects suc-
cinate can be effectively used as an adjuvant to
treat both pneumonia and multiple organ fail-
ure [70]. Clinical studies have shown that intensive
care regimens including Reamberin in patients
with generalized peritonitis were effective in com-
pensating the metabolic processes at the tissue
level [71]. In the main groups including 40 patients
who received Reamberin, a significant improve-
ment in general condition (reduced APACHE II
score) and blood clinical chemistry parameters
(P<0.05), dramatic reduction (more than 3-fold) in
ferritin level, increased transferrin capacity (by
32%), and normalization of ceruloplasmin (repre-
senting the labile antioxidant system) level were
recorded in the postoperative period on day 2 vs the
baseline [71]. At the same time, there was a signifi-
cant decrease in the total antioxidant activity (TAA)
in the blood (by 60%) and, as a consequence, a de-
crease in the malonic dialdehyde (by 2 times) and
lactate (by 3.8 times) level, which indicated a sig-
nificant decrease in free-radical oxidation and lipid
peroxidation activities. Interestingly, the positive
changes in acute phase protein, lactate and antiox-
idant defense enzymes levels correlated rather
strongly with the severity of hypoxia [71].

This correlation undoubtedly points to an in-
timate relationship between the redox processes
and metabolic tissue balance at the tissue level,
from one side, and the intensity of free-radical oxi-
dation and iron metabolism, which is essential for
energy-consuming biochemical processes occur-
ring in the Krebs cycle in critical illness and possibly
COVID-19, from the other side [70, 71]. The in-
crease in the total antioxidant activity in patients
receiving Reamberin is also associated with a de-
crease in ROS production, which is confirmed by
both Russian and international authors [72-79].

The use of succinate in diaphragmatic dys-
function which is important in critical illness (see
above) seems reasonable [36]. Here it is appropriate
to cite an interesting fact that back in 1924, Need-
ham D. M., while studying the content of succinic
acid in the pigeon pectoralis muscle tissue revealed
its increased release in anaerobic conditions and
similar rise after adding glutamate and asparagi-
nate to the homogenized muscle specimen [80].
Needham D. M. did not identify any precursors of
succinate, but it was very likely that its production
occurred with the participation of fumaric and
malic acids. At the same time, the author reported
cessation of malonate and fumarate oxidation 1-2
hours after the death of the animal, while the pro-
duction of succinate continued vigorously for many

hours. Studies by Needham D. M. discovered an-
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TJTIOKO3bI, CIOCOOHBI TaK)Ke APYyTrHe WCTOYHUKHY,
TaKyWe KaK >KUPHbIe KUCJIOTHI U IVIIOTaMUH [62].
KitroueBast poJsib OKUCJIUTEBHOTO CTPecca B aTo-
reHese TsKeJI0M popmbl COVID-19 noapasymena-
€T, YTO TepalleBTUYeCKOoe ypaBHOBelnBanue APK
AHTUOKCUAAHTAMU MOYKET IPEJOTBPATUTH €€ Pas-
ButHe [43]. Kackam cOOBITHHA, BLI3BAaHHBIX Pa3BU-
treMm OC npu nndekmu SARS-CoV-2, HecoMHeH-
HO, BHOCUT CBOI BKJIaJ B TSYKECTh 3a00J1eBaHUs 1
HY>KJaeTCsI B JajbHeNIIIeM N3yYeHN .

IlepcnekTHBa UCIIOJIL30BAHUSA
cykuuHaTos npu COVID-19

OcHOBHBIM TTOAX0OM K Tepanuu COVID-19
JIOJPKHO OBITH YIIpesKRalolee JedeHrne — 10 pas-
BUTHUSA IIOJIHOTO CUMIITOMOKOMILJIEKCA YKU3HEeYT-
POKAIOIIUX COCTOSTHUY, @ UMEHHO TTHEBMOHUH,
OPJIC, cenicuca [2]. Ho, kak ciaenyeT ua BbIIIIe IIPU-
BeJCHHBIX JJAHHBIX, B OCHOBE YKM3HEYIPOKAIOIINX
COCTOSTHUH BCETJA JIESKUT TUIIOKCHUS, KOTOpasi 110
pAAY IPUYMH ABJIAETCA NJIATEJbHBIM CITyTHUKOM
JIIOOOTO KPUTHUYECKOTO COCTOSIHUSI, W TSPKeJIble
¢dopmbl Teuenusi COVID-19 He ABJISIOTCS UCKJIIO-
yeHueM. [loaToMy BIIOJIHE pa3yMHO pacCMOTpeHue
TAaKTUKU UCIIOJb30BAHUS CYKIIMHATOB, KAK IIPU-
POILHOTIO IPOAYKTA [JI afalTalluy K TUIIOKCUY, 1
3[1eCh, 1a IPOCTAT HAC CKENITUKH, YMECTHO pac-
CMOTpEHUE Psijia OTeUeCTBEHHBIX MTyOIUKAIIH.

[Ipu Ts5K€10M BUPYCHOM IIOpasKeHUU Bepx-
HUX JIbIXaTeJIbHBIX IyTell (pOpMUPYIOTCA U3MeHe-
HUS psijia TIOKa3aresjiell roMeocTasa, B TOM YHCJIe
reMOpeoJIOTUYECKUX U TeMOJIMHAMUYECKUX. JTO
NIPUBOAUT K CHUSKEHUIO Nepdy3un TKaHel U pas-
BUTUIO JIOKAJIbHON TUIIOKCUHU, aHTHUOKCUTAaHTHOM
HegocraroyHocTd, OC u anuao3y, HaKOILJIEHUIO
IIPONYKTOB MEPEKUCHOIO0 OKHUCJICHUs JIUIUNOB,
Pas3BUTHIO TTOJTUOPTAaHHON HEIOCTAaTOYHOCTH, HO
y»ke Ha poHe cucteMHOU runiokcud. [long OC nonu-
MaeTcsi OTCYTCTBUE OajlaHCa MesK Ty TPOOKCHIAHT-
HBIMU U QHTUOKCUJAHTHBIMU (haKTOPAMHU.

TepMWH aHTUOKCUIAHT OTHOCUTCSA K COEUHE-
HUIO, KOTOPO€ CHOCOOHO IPENsITCTBOBATH WJIU
3aMeJIJIATh OKUCJIEHHE, TEUCTBYS B 60Jiee HU3KOHI
KOHIIEHTpPAIIUM 110 CPaBHEHUIO C KOHIIeHTpaIen
3aIUIIEHHOTO CyOCcTpara. AHTHOKCUAHTHOE BMe-
11aTeJIbCTBO MIPOTUB PAAUKAIBHOTO NEPEKUCHOTO
OKUCJIEHUSI JTUITAIOB MOJKET BKJIIOYATh B ce0sI pas-
JIMYHbIE MEXaHW3Mbl. AHTHUOKCHUIAHTHI, paspy-
[IA0IKe [eM, Ha3bIBAIOTCS MEPBUYHBIMU AHTH-
OKCHAAHTAMHU, OHU JeWCTBYIOT ITyTeM ITOIJIOIEHUS
paguKasoB, IpeBpalas ux B 60siee CTabMIbLHbIE
WJIN HepaJuKaJbHble areHThl. BropuyHble aHTH-
OKCUJIQHTBI TaCAT CUHIVIETHBIN KUCJIOPOJ, padJa-
raroT IIEPOKCHUABI, XeJIaTUPYIOT IPOOKCUIAHTHBIE
WOHBI METAJJIOB, MHTUOUPYIOT OKUCJIUTETbHBIE
¢depmenThI. C TO3UITUN PEAKTUBHOCTH Pa3/INYaloT
4eThIpe JIMHUU 3alUTHI OT paIUKaJIbLHOIO Hepe-
KHCHOTO OKWCJEHUs JIMIUIIOB: NMPEBEHTHUBHbIE

other interesting detail. Asparagic and glutamic
acids added to muscle homogenate under anaero-
bic conditions were found to increase the content
of succinic, fumaric and malic acids in the tissue.
Moreover, all the above-mentioned amino acids
were formed from the mixture of two amino acids,
and only succinic acid was synthesized from glu-
tamic acid [80, 81]. This fact can be successfully
used to substantiate the feasibility of endogenous
succinate production under hypoxia in respiratory
muscle fatigue [81].

According to A. Reddy et al., in response to
skeletal muscle contraction during exercise,
paracrine factors coordinate through succinate the
tissue remodeling that underlies this physiological
adaptation [82]. When secreted, succinate signals
through its cognate receptor SUCNRI in non-my-
ofibrillar muscle cells to control transcriptional
muscle remodeling programs. This succinate-
SUCNRI signaling is essential for the paracrine reg-
ulation of muscle innervation, muscle matrix re-
modeling, and muscle strength in response to
exercise [83]. Thus, succinic acid may play an im-
portant role in the autocrine regulation of skeletal
muscle metabolism, and improve their adaptability
to the ischemic/hypoxic environment. These data
indicate the potential benefit of succinate-based
compounds in both athletic and sedentary popu-
lations, the latter including COVID-19 patients with
long-term limitation of physical activity and, even
more so, on noninvasive or invasive ventilation.

When prescribing Reamberin to COVID-19
patients, it should remember that they all receive
multicomponent treatment. Reamberin, by alka-
lizing the urine, can alter the reabsorption of drugs
in the renal tubules. The diuretic effect of Ream-
berin does not depend on its peak concentration
and is most prominent 6-12 h after the beginning
of its infusion [78].

Reamberin is a glycolytic drug that acts as a
kind of «pharmacological prosthesis» in the mito-
chondria. By triggering partial reactions of the
Krebs cycle, it can «retract» glucose into this bio-
transformation and reduce its plasma level (espe-
cially in a rapid infusion of 40 ml/min and more).
This reduction is effective within 48-72 hours from
the start of infusion. Reamberin improves blood
oxygen transport, causing a leftward shift of oxyhe-
moglobin dissociation curve and increases O, up-
take by tissues [78].

Conclusion

The main challenge for intensive care physi-
cian treating a critically ill patient is prevention or
prompt elimination of hypoxemia and hypoxia
manifestations. The main ways to correct hypox-
emia and eliminate hypoxia are respiratory support
(oxygen therapy, mechanical lung ventilation), fluid
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AHTUOKCHUJAHTHI, PAIUKAIbHbIE TOVIOTUTEJIH, BOC-
CTAaHOBUTEJbHbIE AaHTUOKCUIAAHTHI U Te, KOTOPbIe
OCHOBBIBAIOTCS HA QAN TallMOHHBIX MEXaHU3MaX.

BrIcokast aHTUTUIIOKCUYECKAs 1 aHTUOKCH-
JAaHTHAA aKTUBHOCTH CYKIIMHATOB HalllJla peain3a-
110 B TH(Y3NOHHOH cpejie «PeambeprH» (HaTpwid
N-MeTUITIOTAMHUHOBAS COJIb IHTAPHON KUCJIOTHI U
3JIEKTPOJIUTHI B ONTUMAJIbHBIX KOHIIEHTPAIUAX) 1
KOMOMHUpPOBAaHHOM TIpenapare «[{uTodiaBun»
(arTapHas krcsiora 300 MT, THO3WH (pPUOOKCHH) 50 MT,
HUKOTHHAMUJ, 25 MT, prubodiaBuHa MOHOHYKJIEO-
TUJ 5 MI). B JaHHOM Cily4ae KOpPEKTOPOM T'UIIO-
KCUM TKaHeH sIBJIsIeTCsl CYKIMHATOKCUIa3HOe
OKHCJIEHHE, KOTOPOEe JOCTUTAETCSA [IyTeM [OBbIIIe-
HH aKTUBHOCTH CYKLIIMHATIETIPOreHasbl U yIyd-
LIeHVEeM IIPOHUKHOBEHU A 9K30T€HHOIO CyKIIHATa
B MUTOXOHApUU KJIeTKU [13]. MermyMuH BXOOUT B
cocTaB 000UX MPernaparoB U sIBJISIETCsSI BCIIOMOTa-
TeJIbHBIM BeIeCTBOM, o0ecreynBass TPAHCMEM-
OpaHHbBII MacCOTIEPEHOC UX MHTPEINEHTOB [63, 64].
B oTHOIIEHNM HUKOTMHAMKIA CjefyeT OTMETUTD,
4TO IO MOCJIeJHUM JaHHBIM OH coxpaHseT NAD* u
npeporBpauaet ucromenue AT®, ycuiusaer CUH-
Te3 NAD* u, ciaenoBaresbHo, NADP+, obparaer
BCITATh MOBPEsKIEHNE JIETKUX, BBI3BAHHOE UIIIEMU-
eti/pernepdysueii, THTUOUPYeT TPOBOCIAJIATEITh-
HbIE IMTOKWUHBI [65].

Peam0OepuH 06J1a1aeT BOJIEMUYECKUM, TeIaTo-
IIPOTEKTOPHBIM U AUYpeTUYeCcKUM 3(ppeKToM, 4TO
CIIOCOOCTBYET YIYYIIEHUI0 MUKPOIUPKY/ISIAN B
opraHax W TKaHsX. [Ipu BBemeHUU peaMbOepuHa
Ha0JII0IaeTCA IOI0KUTEIbHAS JUHAMUKA TeYeHU
BOCHAJICHMs], OTPasKeHNEM Yero CJIysKaT: CHUYKeHUe
JIEWKOIMTO3a, HOpMaJIM3alis JIeUKOIUTAPHON
¢ opMysIbI (CHUYKEHHEM BBIPAsKEHHOCTH pereHepa-
TOPHOTO SIJIEPHOTO C/IBUTAa HEUTPO(dUIIOB, HapacTa-
HHUE TPOIEHTHOTO coaepsKaHusi JUMQOIIUTOB),
cHmkeHue CO3 U1 ypoBHeH MPOBOCHATUTEIBHBIX
IIUTOKWHOB B KPOBU [66]. PeambGepuH cioco6CTBYET
OBICTPOMY KYITMPOBAHUIO MeTabOIMYECKOTO aIlu-
J103a y neTell [67]. ABTOpPBI OTMeUaloT, UYTO, Bepo-
ATHEE BCEro, IOJOKHUTEJbHBIA KIMHAYECKUNA
a(pderT pacTBOpOB CyKIMHATa NpU AuadeTHde-
CKOM KeTOalua03e, BKJIIOYAs perpecc caMoro
KeToarna03a, 00yCcJIOBJIEH HOpMaIu3alyein oone-
Ma [UPKYJIUPYIOIIel KPOBU, BOCCTAHOBJIEHHEM
(pU3NOJIOTUYECKOTO JJIEKTPOJUTHOTO COCTaBa
IJIa3Mbl ¥ BOBJICYCHUEM B PEaKIIMU IIPOMEKYTOY-
HOTo 0OMeHa u30bITKa areTu/a-KoA [68, 69].

[Tpu n3yuennu appeKTUBHOCTH peaMOeprHa
JIJIs1 KOPPEKIMU TeMOPEe0IOTNYeCKUX HapylIeHn i
IIPU OCTPBIX PeCHUpPaTOPHBIX BUPYCHBIX NH(PEK-
IIUSIX OBLJIO YCTAHOBJIEHO CTAaTUCTUYECKY 3HAYMMO
0osee OBICTpOE KyNMMpPOBaHWE KJIMHUYECKHUX
CUMIITOMOB 00JIE3HU Y TIO3UTUBHOE BJIVSTHHE TIPe-
rapara Ha IOKa3aTeJIu PeoJIOTUYeCKUX CBOMCTB
KpoBU [66, 67]. [Ipu BKJIIOUYeHUN peambOepuHa B
nporpaMmy UHQy3noOHHOHN Tepanuu 130 neteii B
BO3pacTe OT 5 MecsI1eB A0 12 JIET C TAKebIM Teue-

therapy, catecholamine support and blood transfu-
sion as indicated. All these intensive care ap-
proaches should be used as an integral part of a
comprehensive treatment strategy because other-
wise, its effect will be minimal or nonexistent. This
is due to the fact that sufficient exogenous oxygen
supply does not translate into its adequate trans-
port at the body level and efficient consumption at
the tissue and cell levels. This is illustrated by a
widely known saying of Sir Robert Mackintosh, one
of the founders of modern anesthesiology: «There
is plenty of oxygen in God's good air provided one has
the means of transferring it to the patient's
lungs» [84]. Thus, the main challenge in the treatment
of any critical illness including severe COVID-19 is to
ensure not only adequate supply, but also transport
of oxygen to the cells, as well as to maintain optimal
conditions for its utilization, where the succinate-
containing drugs, used as a part of a comprehen-
sive treatment strategy can play a fundamental role.

HYEM I'PUIIA OTMEYEeHO CHIKeHne yposHs CPb u
reMaToJIOTUYEeCKUX MOKa3areJjiell MHTOKCUKAIINH.
ITO CBUIETEJIbCTBYET O BBIPAKEHHOM JETOKCHAKA-
IIMOHHOM JIeICTBUM Mpenapara, 4YTo MO3BOJISEeT
OBICTPO KYNMHUPOBATh KJIWMHUYECKHE CHUMIITOMBI
3a00JIeBaHUS U COKpPAIIIAET MPOIOLKATETHHOCTD
CTallMOHAPHOI0 JeyeHus (63, 67].

KpomMme Toro, 6bLJI0 IMPOIEMOHCTPUPOBAHO,
4T0 «PeamOepuH» TTI03BOJISIET PEIOTBPATUTD Pas-
BUTHE IEPUOTIEPAITMOHHON TUTIOTEPMUM, SIBJISIIO-
MIENCS CJENCTBUEM TUIIOKCUU, MPUYEM KakK y
JleTel, TaKk M Y B3POCJIBIX [64], UTO IONTBEP KIAET
€ro aKTUBHOE yYaCTHeE B OKUCJIUTETHFHOM MeTabo-
Jgu3amMme. CyKIMHAT [IPOSABJIAET TAaKKe BIPAyKEHHOe
sKeJIe30-XeJIaTupyolllee neiicTBUe U aHTUOKCHU-
JIQHTHYIO aKTUBHOCTS (66, 68, 69].

Ob6Jamast TakUM TepevyHeM OMOJIOTHIECKUX
a(pperToB, CyKIIMHATHI MOTYT OBITH 3 (HEKTUBHO
HUCHOJIb30BAaHBI KaK BCIIOMOTAaTeJIbHOE CPEICTBO
MIpH JIeYeHUH He TOJbKO THEBMOHUM, HO U Mally-
€HTOB C pa3BUTHUEM ITOJTMOPTaHHON HEI0CTATOY-
"Hoctu [70]. KnuHu4yeckue nuccjieqoBaHus IToKa3a-
JI, YTO TPOBeJleHNEe WHTEHCUBHOU Tepanuu C
HUCIIOTb30BaHNEM peaMbepWHa y TAIUEHTOB,
HampuMep, C Pa3JINThIM HEPUTOHUTOM ITO3BOJINJIO
CYIIIECTBEHHO KOMIIEHCUPOBATh MeTa00IUYECKIIEe
MpoIlecChl Ha YpOBHe TKaHel [71]. B ocHOBHBIX
rpynnax (rge y 40 mamueHTOB HMCHOJIb30BaId
peambepuH) B ITOCIEOIIEPANITIOHHOM ITEPUOE KO
2-M CYTKaM I10 CPAaBHEHUIO C UCXOHBIMU JAHHBI-
MU YTAaTUCTUYECKU 3HAYUMO (p<0,05) yiIy4Iansoch
oO111ee cocTossHNE (CHUKAIMCH 0aJI/IbI IO IIKaJjIe
APACHE II), a B 0MOXUMHUYECKOM aHA/IM3€e KPOBU
0TMEYaJIoCh aKTUBHOE CHUKEeHNE KOHI[eHTpalluu
deppuruna (6osiee uem B 3 pasa), yBeJIUUeHUE
TpaHcheppUHOBO eMKOCTH (Ha 32%) M HOpMaJIu-
damua (p<0,05) ypoBHA IepyloIjia3MUHA —
OeJika, COCTaBJIAIONIETO JAOUIbHYI0 aHTHOKCH-
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JaHTHYIO cucreMy opranusma [71]. IIpu stom
PEerucTpupoBagoCh CTATACTUYECKU IHAYUMOE
yMeHbIIIeHe 0011ell aHTUOKCUIAHTHOU aKTUBHO-
ctu (OAA) B kpoBHU (Ha 60%) U, Kak CJIeICTBUE,
CHU’KeHHME KOHIIeHTpallui MaJIOHOBOTO AuaJble-
ruja (B 2 pasa) u jjakrara (B 3,8 pasa), UTO yKa3bl-
BaJI0O Ha CTAaTUCTHUYECKU 3HAUYMMOE CHUKEHUE
HaMpsIKEHHOCTH B peaKIUsAX CBOOOIHO-paiu-
KaJIbHOTO OKUCJIEHUS U IEPEKUCHOTO OKMCJIEHUS
aunuaoB. Heo0XoouMo OTMETUTh, YTO IIOJIOMKH-
TeJbHAas JUHAMUKA CO CTOPOHBI OEJTKOB OCTPOH
¢assl, JrakTara U pepMeHTOB aHTUOKCUTAHTHON
3allUThI JOBOJBHO BBICOKO KOppeaupoBasa co
CTENeHbIO BBIPAYKEHHOCTU TUIIOKCUH [71].

[TokasaTes i KOpPPEJSAIMOHHON 3aBUCHUMO-
ctu, 6€3 COMHEHUsI, YKa3bIBAIOT Ha (PAKT TECHOU
CBSI3U OKMCJIUTEIbHO-BOCCTAHOBHUTEJILHBIX ITPO-
IIECCOB U MeTab0JIMYeCKOTO OJIarONoJy4drsi Ha
YPOBHE TKaHEW C MHTEHCUBHOCTHIO CBOOOITHO-
pPaguKaJIbHOTO OKUCJIEHUSI 1 00OMEHOM SKeJie3a,
UTrpalollero Ba)KHYIO POJIb B 9HEPTOeMKUX OMOXH-
MHUYECKUX IPOoIleccax, MPOUCXOISANINX B IUKJIIE
Kpebca mpu KpuTU4eCcKuxX COCTOSIHUAX (70, 71], U,
B03MO3kHO, Tpu COVID-19. Poct nokasaresiss OAA
Ha OoHe Tepanuu peaMOEePUHOM TaK Ke OBILTT CBSI-
3aH c yMeHbIleHneM cuHTe3da ADPK, uro moareep-
SKIAeTCsI U B 3apyOesKHbIX, U B OTeUeCTBEHHBIX
nyoauKanusax [72-79].

[IpencraBisieTcsi Takyke 000CHOBAHHOM Tep-
CIIeKTUBA 9P (PeKTUBHOTO NPUMEHEHUs CYKIINHA-
Ta npu quadparMajbHON OUCHYHKIUH, O POJIU
KOTOpPO¥ B Pa3BUTUM KPUTHUYECKUX COCTOSTHUU
YIIOMUHAJIOCH BhIlIE [36]. 3gech yMeCTHO IIpuBe-
CTU MHTepeCcHbIH (pakT, uto elrte B 1924 rony Need-
ham D. M., usy4as cogepskanue ssHTapHOU KUCJIO-
Tbl B TOMOTeHaTe MBbIIIeYHON TKaHU I'PygHOU
MBIIIIIBI TOJTYOs1, BBISBHUJIA YBEJHMYEHHE BbIXO/AA
STHTAPHOU KHUCJIOTHI B aHA9POOHBIX YCIOBUSAX U
aHAJIOTUYHOE YBeJNUeHre CyKIIMHaTa [P 100aB-
JIEHUU K TOMOTeHaTy NIIOTAaMUHOBOM U acraparu-
HoBoM KucJjoT [80]. Needham D. M. coobi11aJia, 4To
0 TIpUPOJIE TTPEIIIIECTBEHHUKA SHTAPHOU KUCJIOThI
JIAaHHBIX HET, HO OY€Hb BEPOSITHO, YTO CUHTES KHC-
JIOTBI IIPOUCXONUT NPHU y4acTuu (pymMapoBoil u
s10/109HOM KUCJIOT. OJTHAKO 3]IECH SKE aBTOP JIEJIUT-
cs1 HaOJIIOJeHWEeM, UYTO OKHUCJIeHHe s0JIOYHOU U
¢yMapoBoii KUCJIOT IpeKpaliaercs yepes 1-2 yaca
MocJjie CMEePTU SKUBOTHOTO, & CUHTE3 STHTAPHOU
KHUCJIOTHI TIPOJIOJIPKAETCSI SHEPTUYHO B TEeUYEHUE
MHorux 4acos. MccaegoBanuss Needham D. M.
BBISICHUJIH ellle OTHYy UHTEPECHYIO AeTallb. OKa3bl-
BaeTcsl, acllaparuHoBasi ¥ IIOTAMUHOBAsT KMCJIO-
Tbl, JOOABJIEHHBIE K TOMOT'€HaTy MBIIIII] B aHA3P006-
HBIX YCJOBHUSX, IMPUBOOAT K YBEJUYEHUIO
COZlepsKaHUs B TKAHU SHTApHOU, ymMapoBOil u
s10JIOYHBIX KUCJIOT. [IprueM 13 cMecu IByX aMUHO-
KUCJIOT 00Pa30BBIBA/IMCH BCE BHIIIIEO3HAYEHHBIE,
a M3 IIIOTAaMHUHOBOW KUCJIOThI CHHTE3UPOBaIach
TOJILKO AHTapHass kucjora [80, 81]. ITo oueHb

WHTepEeCHBIN (haKT, KOTOPBIN CErofHs C yCIeXoM
MOKET MCII0JIb30BaThCs JJIs1 000CHOBAHUS BO3-
MOSKHOCTH 9HJOI€HHOI'O0 CHMHTe3a CyKI[MHara B
YCJIOBUSIX THUIIOKCUU IPU PA3BUTHUHU yCTATOCTHU
MBIIIIII, y4aCTBYIOIIMX B MEXaHU3Me IbIXxaHus [81].

[To muenuio A. Reddy et al., B oTBeT Ha cokpa-
IlIeHHe CKeJEeTHBIX MBIIIII BO BpEMsI TPEeHUPOBKU
MapakpuHHBIE (PAKTOPHI KOOPIUHUPYIOT C IIOMO-
IO CYKIIMHATA PEMOJETUPOBAHNE TKAHEH, KOTO-
po€e JIeSKUT B OCHOBE 3TOH (QU3UOJIOTHIECKON
amanrauuu [82]. ITpu cekpenuu CyKIIMHaAT CUTHA-
JIM3UpPYyeT Yepe3 CBOUM POACTBEHHBIN pelentop
SUCNR1 B HeMuopuOpPUIIAPHBIX KJETKax
MBIIIIEYHONW TKaHW, 4YTOOBI KOHTPOJIHUPOBATH
TPaHCKPUMITNOHHBIE ITPOTPaMMbI PEMOJIETITPOBA-
HUs MBI, JTa CUTHAJU3AIWs CYKIMHaTa-
SUCNRI1 HeoOxoquMa A1 TapakpUHHOHN peryJis-
LMY MBIIIIEYHON NHHEePBAIUU, PeMOJIeJINPOBAHUs
MBIIIIEYHOT'0 MaTPUKCA U MBIIMIEYHON CHUJIBI B
OTBET Ha (pusnveckue ynpakHenus [83]. Takum
00pa3oM, stHTapHast KMCJI0Ta MOKET He TOJIBKO
WUTPaTh BAYKHYIO POJIb B ayTOKPUHHOU PETYIISINN
MeTaboJIM3Ma CKeJIETHBIX MBIIIIII, HO M YJIy4IIIaTh
WX CIIOCOOHOCTH aJanTUPOBATHCS K HIEMHUYE-
CKOI/TUTIOKCUYECKOH cpefie. ITU JaHHbIe CBUe-
TEeJbCTBYIOT O MOTEHITNATbHON M0JIb3€e COeInHe-
HUH Ha OCHOBE CYKIIMHATA, KaK B CIIOPTUBHLIX, TAK
U B MAaJIONOABUYKHBIX TOMYJIANUAX, KOUMU
ABJAAITCA nanueHThl ¢ COVID-19, gauTesibHO
HaXOIAIIUECsI B YCJOBUSX TUIIOKUHE3UN U, TEM
boJiee, B YCJIOBUSIX HEUBA3UBHOW MJIM UHBA3UB-
HOU MUCKYCCTBEHHOUN BEHTUJIAIUN JIETKUX.

IIpu HasHayeHUM peamOepuHa OOJHHBIM
COVID-19 cnenyeT HOMHUTB, YTO BCE OHU IOJIY-
YaIOT MHOTOKOMIIOHEHTHYIO Tepanuio. Peamepus,
oIeJIaunBasi MO4y, MOYKET U3MeHSTh peadbcopb-
LIUIO IIpernaparoB B KaHAJIbIIax ouek. [fuypetuye-
ckuii a(ppexT peambeprHa He 3aBUCUT OT €r0 MaK-
CUMaJIFHOM KOHIIEHTPAIUN 1 HanboJiee BhIpaskeH
Jepes 6-12 4 oT HayaJsa ero BBeeHus [78].

CrnemyeT IOMHUTB, YTO peaMOeprH — Ipena-
paT IJIUKOJUTUYECKOTO NeiCTBUsI, BBIIOJIHSIO-
I cBoeoOpasHoe «(hapMaKoJIOTUIeCKOe IIPoTe-
3UpOBaHVE» B  MUTOXOHIPUAX. 3amnyckas
nmapruaabHble peaknuu nukiaa Kpebca, oH MoskeT
«yTATUBATBH» B 9Ty OMOTPAHC(HOPMAIUIO TITIOKO3Y
U BBI3BIBATh CHU’KEHUE €ee YPOBHS B IlJIasMe
KpOBU (0COOEHHO Mpu OBICTPOM BBeIEeHUH, O0JIee
40 my1/MuH). IHTepBaJs «CHUYKEHUsI» COCTABJIAET
48-72 4 oT HauyaJ/a BBejieHUs peambepuHa. Peam-
OepuH WIyYIIaeT KUCJIOPOTHO-TPAHCIIOPTHYIO
(pyHKIHIO KPOBH, BBI3bIBasi CABUT KPUBOM TUCCO-
[MAINM OKCUTEMOTJIOOMHA BJIEBO W ITOBBIIIAET
rorpebsienue O, TkaHAMY [78].

3arJaoueHnue

OcHOBHOM sanaqef/’l Bpada aHecTe3noJiora-
peaHrnMaroJiora, OKa3bIBaloIlero IIOMOIIb Imamu-
€HTY B KPUTHYECKOM COCTOAHUU, ABJAECTCA
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MpeoTBpalleHre U MaKCUMaJIbHO OBICTPOE
yCTpaHeHWe MPOsIBJIeHUI TMIIOKCEMUM U THIIO-
kcuu. OCHOBHBIMH METOJaMU KOPPEKIUH
TUTIOKCEMUHN U YCTPAaHEHUSI THIIOKCUY SABJISIOTCS
pecnupaTopHasi NoIIepsKKa (OKCUTeHOTeparus,
MCKYCCTBEHHAsI BEHTHUJIANUA JIETKUX), MHPY-
3WOHHAs Tepanus, KaTex0JaMUHOBasI MTOAAEPIK-
Ka ¥ reMmorpadcdysus Mo MokasdaHusM. [Ipu
9TOM CJeyeT MOMHHUTH, YTO BCe yKa3aHHbIE
CTpaTeruy THTEHCUBHON Tepanuy JOIPKHBI ITPH-
MEHSTHCSA KOMILJIEKCHO, TOCKOJIBKY B IIPOTHUB-
HOM ciry4ae apeKT Tepanuu OyaeT MUHUMAJb-
HBIM WJIU BOOOIIEe He OyIgeT IOCTUTHYT. ITO
CBsI3aHO C T€M, YTO TOCTATOYHOE MOCTYIIJIeHE
KHCJIOpO/ia M3BHE ellle OTHIOAb He 03HAYAET ero
aJIeKBaTHOTO TPAHCIIOPTA HA CHCTEMHOM YPOBHE
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ERRATUM
Ob6mas peanumaroJiorusi. 2021; 17 (2): 37-44.

Erratum 3asiBjieH uynraresieMm. YnuraTesb yKa-
3aJ1 Ha OMeYaTKy nHaekca adpdumanum Ha c. 37.

HcnpaBienne K crarbe: «XapaKTepUCTUKA
00111enaTOIOTUYECKUX TPOIECCOB B JIETKUX TIPHU
oTpaBsieHnu Oaksgopenom» DOI: 10.15360/1813-
9779-2021-2-37-44.

Bropotii o cuery aBrop, /1. B. CyamykoB, umeer
nHeKkc addumanmm [Ha pycck.] = 1.

ITpaBunbHBIHM BapuaHT [Ha pycck.]:

XapaKTepHCTHKa oﬁm;enwro.nornqe-
CRUX ITPOIECCOB B JICTKUX IIPH
oTpaBJieHUH 0aKJI0¢eHOM
O. JI. Pomanosa®#*, Jl. B. CyH1yKOB!,

M. A. Tosry6es?, M. JI. BraronpaBos!,
A. B. Epuros?#

ERRATUM

Obshchaya Reanimatologiya = General Reanima-
tology. 2021; 17 (2): 37-44

Erratum was claimed by a reader. The reader
pointed out a misprint in the affiliation index on p. 37.

Correction to the article: «Lung Histopathology
in Baclofen Intoxication» DOI:10.15360/1813-9779-
2021-2-37-44.

The affiliation index [In Russ.] for the second
author, /1. B. Cyamykos, is 1.

The correct option [In Russ.] is:

Xapam‘epnc"rmca oﬁmenaTo.ﬂornqe-
CRHUX ITPOIECCOB B JIETKUX IIPHA
oTpaBJieHUH 0akJI0eHoM
O. JI. Pomanosa'#*, Jl. B. CyH1yKOB!,

M. A. Tosty6es?, M. JI. BraronpaBos!,
A. B. Epuios?#
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ITpaBuJIa 1151 pyCCKOSI3BIYHBIX AaBTOPOB
sKypHaJa «0011ass peaHUMaTOoJIOTHsI»

C y4eTOM peKOMeHJaluil poCCUiiCKOM Accollualiuy HayYHbIX peJaKkTopoB u usnareseii (PAHPH)
u International Committee of Medical Journal Editors (ICMJE) penakuus 21.04.2020

IIpaBOBbI€ U 3THYECKHE ACTIEKTHI ITy0JIMKA-
LIIUM PYKOIUCH

YcnoBust ny0JIMKAIUY PYKOITHCH

— Pykomnuicu myOJIMKYIOTCs TP 00513aTeTbHOM
COOJTFO[IEHNH aBTOPOM 3TUKH U TIPABUJI ITyOJTUKAIIN
(mogpobGHee Ha caliTe sKypHaJia: www.reanimatol-
ogy.com).

— Pykonucu ny0JIMKYIOTCS € cOOJIIOIeHreM
HOPM aBTOPCKOTO IIpaBa U KOH(PUIEeHIINATIbHOIO
OTHOIIIeHUsI K IepCOHATbHBIM TaHHBIM aBTOPOB.

— Pykonvcu ny0JIMKYIOTCST O€CIIaTHO.

— Pykonucu, OpuHsATHIE B KYpHaJ, IPOXO-
ISIT pelieH3upoBaHue Ha OPUTUHATBHOCTD, 9TUY-
HOCTb, 3HAUYUMOCTbD, aJeKBAaTHOCTb CTAaTUCTHYe-
Ckoll 00pabOTKM  JAaHHBIX HA  YCJIOBUSX
KOH(MUIEHIINAIbHOCTH 32 MCKJII0YEeHUEM BbI-
siBJIeHUs paabcuUKAIUU JaHHBIX.

— PenkoJierust ocTaBJisieT 3a cCOO0OM IpaBo
COKpAaIaTh U PeJaKTUPOBATh PYKOIIUCH.

IIpuYMHBI CHATHUS C N€YaTH U 3aJePiKKU
MyOJTUKAIUH PYKOIIMCH

— Pykomnucu, He COOTBETCTBYIOIINE IPO-
dusio skypHasa, He IPUHUMAIOTCS.

— Pykomnucu, paHee ONyOJWKOBaHHBIE, a
TaKk’Ke HalpaBJ/ieHHble B APYrod SKypHaJ WJIN
COOPHUK, He MPUHUMAIOTCS. VICK/II0UeHre CoCTaB-
JISTIOT IIepeBO/Ibl Ha PYCCKUM/AHITIUHUCKUN SI3BIK
OTAEJbHBIX CTaTell, UMEIOIINX OO0JIbII0E IPAKTHU-
JecKoe 3HaueHue U/UJjy IPeCcTaBJIsIONIUX 0CO-
OBII HAYYHBIN HHTEPEC, OTIPEIEIsIEMbII aAKTyaJTh-
HOCTBIO TeMaTUKH, BBICOKUMHU UHIEKCOM
LUTHUPOBAHUS, 3AIIPOCOM IO KJIIOUEBBIM CJIOBAM.

— 3a HeKoppeKTHOoe o(popMJeHre U HEeOO-
CTOBEPHOCTH IPeJICTaBJIsIEMBIX OubIHOrpaduye-
CKHUX JaHHBIX aBTOPbI HECYT OTBETCTBEHHOCTH
BILJIOTB O CHATHSI PyKOIIMCH C II€YaTHU.

— Hapymenue npasua opopMIeHus: pyKo-
MHCH, HeCBOEBPEMEHHBIH, a TaKsKe HeaeKBaTHbIN
OTBeT Ha 3aMeYaHUsI pelleH3eHTOB 1 HAayYHbIX pe-
JIAKTOPOB IIPUBOJAT K 3a/leprKKe MyOIuKauu 10
HCIIpaBJIeHNs YKa3aHHbIX HeJJOCTaTKOB. [Ipu urno-
pUpOBaHUU 3aMevyaHuil pelieH3eHTOB U HayUYHBIX
PEenaKTOpPOB PyKONIMCh CHUMAETCS C AaJbHeNIIero
paccMoTpeHus.

— Pykommcy OTKJIOHEHHBIX padoT perak-
nuel He BO3BPAIIAIOTCS.

HNHTepecsl cTopoH: ABTOp/Pegakuus

Penaxiysi ocTaBJisieT 3a COO0¥ MPaBO CUUTATH,
YTO:

— aBTOPBHI, IPEJOCTABUBIIINE PYKOIIUCH AJI5I
ny6uKaIuu B sKypHan «O011as peaHuMaroso-
THsI», COIJIACHBI C YCJOBUSIMU MyOJUKALINU U OT-

KJIOHEHHUSI PYKOIIMCH, a TaK)Ke C IPaBUJIAMU ee
odopmIIeHHS.

— aBTOP, OTBETCTBEHHBIN 3a MEPEMUCKY C
penakiye, BbIpaskaeT MO3UITHI0 BCETO aBTOP-
CKOTO KOJLJIEKTUBA.

Pefaknus v M31aresibCTBO He HECYT OTBET-
CTBEHHOCTY 32 MHEHUSI, U3JIO’KEHHBIE B ITyOJIHKA-
IUX, a TAaKKe 3a CoJlepIKaHue PeKJIaMbI.

TapaHTHH peTaKkIuu

JIroOble pyKOMCH, TIOJTyYEHHbBIE PelaKIei
IUIST pelleH3upOBaHusl, OYAyT BOCIPUHUMATHCS
Kak KOH(MUIeHIMaIbHbIe TOKYMEHTbl. OHU He
MOTYT OBITh TTIOKA3aHbI IPYTUM JIUIIAM U 00CY3K-
JIEHbI C HUMU, 33 UCKJIIOUEHUEM JIHI], YIIOJTHOMO-
YEeHHBIX peJaKIInue.

Heomny6yimkoBaHHBIE MaTepUasbl, HAXOMsI-
IIrecst B IPeIOCTaBJIeHHON CTaTbe, He OyayT uc-
I10JIb30BAHbI B COOCTBEHHOM HCCJIeJOBAHUY Ha-
VYHOTO pelakTopa U  peIeH3eHTOB 0e3
MMIUCbMEHHOTO pa3pereHust aBTopa.

PerieH3eHT He OYIET IOMYIIEH K pacCCMOTpe-
HUIO PYKOIIMCH, €CJTA TMEET MECTO KOH(JIUKT WH-
TEPECOB B €r0 KOHKYPEHTHBIX, TAPTHEPCKUX JIUOO
JIPYTHX OTHOIIIEHUSIX C KEM-JIN00 13 aBTOPOB, KOM-
MMaHWH UM OpTaHU3aIlNii, CBSI3aHHBIX C MaTepua-
JIOM IYOJTUKAIIVH.

ABTOpBI UMEOT MPABO TOJIYYUTH TI0 3AMPOCY
MHAOPMAIIHIO B BUJIE 3JIEKTPOHHOTO IMIChMa O MOJI-
TOTOBKe, 0(pOPMJIEHUH U TIPOJBUKEHUN PYKOTIHCH:
journal_or@mail.ru; www.reanimatology.com. ABTOp,
OTBETCTBEHHBIN 32 MEPENUCKY C PEIAKIINEN, TTOTY-
YaeT I10 3JIEKTPOHHOI IIOYTe TEKCThI PEIleH3U; pe-
IIIEHVEe PETKOJIIETUN O TyOJIUKAIIHN WJIA OTKJIOHE-
HUU PYKOITUCHU C 000CHOBAaHMEM IIPUYUHBL; BEPCTKY
OTPENAKTUPOBAHHOTO BapUAHTA PYKOIIUCH JIJISI T10-
JIy4eHMsI aBTOPCKOT'O COTVIACHST Ha ITyOJIMKAITHUIO.

l'apanTuu ABTOpa
[IpemocraBieHHass B pelaKIUI0 PYKOIUCH
IIOJIHOCTBIO OpUrMHajbHA. lcnosab3oBaHue

JIIOOBIX MaTepPUAJIOB, 3AIIUITIEHHBIX TUIIEH3UEN OT
HECAHKITMOHUPOBAHHOTO BOCIIPOU3BEIEHMUSsI, 10-
ITyCKAaEeTCs TOJHKO C MTUChbMEHHOTO pa3pereHust
npaBpoobOJiagaressi(eit) W Tpu 00sg3aTeJTbHOMR
CCBLJIKE Ha aBTOPOB.

CIIMCOK aBTOPOB CONEPIKUT TOJIBKO TEX JIHUII,
KOTOpbIE BHECJIU OIIYTUMBIN BKJIAJ B KOHIIEN-
WO, IPOEKT, UCIIOJTHEHNE U MHTEPIIPETAIUIO
3asIBJIEHHOM pabOThI, TO €CThb TEX JIUI], KOTOPhIE
COOTBETCTBYIOT KPUTEPUSIM aBTOPCTBA.

PyKOIIUCH HE COIEPIKUT MaTEPUAJIOB, 3aIpe-
IIIEHHBIX B OTKPBITOM [T€YaTH AEHCTBYIOIINM 3aKO0-
HomaTeJabCTBOM Poccuu.
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KoH@uuKT nHTEpecoB cTopoH: ABTOp/Penak-
nys

KondukT natepecos cTopoH ABTop/Peak-
M1 pelIaeTcs IyTeM IIeperoBopoB CTOPOH, B CIIy-
4Jae HeyperyJupOBaHHbIX IIyTeM IIeperoBOpoB pas-
HOINIACUHl — B COOTBETCTBUU C HEUCTBYIOIIUM
3aKOHOJATEeJIbCTBOM P® 1 MeyKlyHapOgHBIMU HOP-
MaTHBHO-IIPABOBBIMU aKTaMH, PeryJupyOIMU
MyOJIMKANIIO PYKOITUCEH B HAYYHO-TTPAKTUYECKUX
MEIUIMHCKUX YKypHaJIax.

Comracue Ha TyOJIMKAIIAIO OTPETaKTUPOBaH-
HOI'0 MaTepuaJia BbIpaskaeT aBTOP, OTBETCTBEHHBIN
3a [IepemnuckKy ¢ pegakiueil. [locsie o3HaKOMIeHUSA
C BEpCTKOM OH HalpaBJIsieT B PeJaKIMIO 3JIEKTPOH-
HO€ IIMChMO I10 OTHOM U3 IPeACTaBIeHHbIX (hOpM:

1) ABTOpPBI* cOWTaCHBI HA ITyOJIUKAITIIO PYKO-
MUCU** B TIPeICTaBJIEHHOM BUJE.

2) ABTOpBI* COIVIACHBI HA MYOJIUKAIIIIO PYKO-
NUCU™** MocJjie BHECEHUsI B BEPCTKY CJIEAYIOIIUX
IIPaBOK:... (IaJjiee caenyeT epedeHb C YyKadaHueM
HOMepa CTpaHUIIbI TPAHOK BEPCTKH, HOMepa a0-
3arra, HoMepa CTPOKH B ab3alie M caMoil ITPaBKH).

*YkasbpIBaeTcsd BeCchb aBTOPCKHUU cocTaB. **
‘YKa3pIBaeTCs1 Ha3BaHUE PYKOIIMCH.

Cpoxk omnoselieHus pefakuu O IPUHATOM
aBTOpaMu pelnleHnn — He 0oJsiee 3-X THEHN C Mo-
MEHTa OTIIPaBKU BEPCTKU aBTOPY, OTBETCTBEH-
HOMY 3a IIepeIuCKy C peJaKiuei.

Buumanwe! Ha cTaguy BepCTKY TOIyCKACTCS
MpaBKa ONE€YaTOK, OMIMOOYHBIX ITU(p U cJIoB. Pe-
JaKTApOBaHue MarepuraJia (3aMeHa, UCKJII04YeHNe,
nmobaBsieHre IpeJIoKeHNH, ab3arieB 1 JLTIOCTPa-
TUBHBIX O/IOKOB) He mpuHUMaeTcs. CyliecTBeH-
Hble U3MEHEHUs BEPCTKU IIPUBOJAT K €€ YA0pO-
JKAQHUI0O W 3aJiepyKKe BBIIyCKA B CBA3U C
nepedopMarupoBaHreM M OOHOBJIEHUEM Iepe-
BOJIa TEKCTA HAa aHIVIMMCKUU A3BIK. B TakoM ciyuae
pefakuusa CHUMaeT MaTepradl C le4aTy U IIepeHo-
CHUT ero MyOJIMKAINIO B IPYTroil HOMEP B OTpeaak-
TUPOBAHHOM aBTOpPaMu BHUJE.

CpokH IpOABHIKEHHU I PyKOIIUCH

— JKCIepTU3a Ha COOTBETCTBHE MPOQUIIIO
’KypHaJsa v nmpaBuiaM odopMieHus — He DoJjee
3-x pabo4ux THEN C MOMEHTA MTOCTYIJIEHUST PYKO-
IIMCH B PEJAKIHAIO.

— PeniensupoBanme — He 6oJee 20-u pado-
YUX JHEH C MOMEHTA 3JIEKTPOHHOU OTIIPABKU pe-
[IEH3€EHTY PYKOIIUCH.

— OrBer aBTOpa perieH3eHTaM — He boJiee 7-1
pabounx THEH ¢ MOMEHTA 3JIEKTPOHHOU OTIIPAaBKU
aBTOPY PELICH3NMN.

— 3acefaHue peIKOJIJIErUU B 0YHO-3a0UYHOU
¢dopme — 1 pas B 2 Mecsi1ia (B SHBape, MapTe, Mae,
uioJie, ceHTsIOpe 1 HosIO0pe) He TTO3/IHEe, YeM 3a
1 MecAn [0 BBIITYCKA TUPaska KypHaJa.

OTnpaBKa MaTepuaJIOB AJIs MyOTHKAUT

MarepwuaJibl 1151 TyOJIUKAIMKA Ha PyCCKOM U
AHIVIMMCKOM SI3BIKAX CJIelyeT HAllPaBJIsATh B BUJIE
3JIEKTPOHHBIX (PaiisioB Ha CAlT sKypHaJIa: Www.re-

animatology.com, niu 1o agpecy peJakiiuu: jour-
nal_or@mail.ru. @opmar nognucu daitsaios: pamu-
JIUSI TIEPBOTO aBTOpa, 0003HAYeHWe MaTepuaJia
(TEKCT, WIJIIOCTPALNU U [Ip.), 1aTa (4MUCJI0, MecsL],
ron). ITpu 0OHOBJIEHUM BEpPCHUI PYKOIUCH U ee
MPUIOKEHUH (TabJIUITbI, UJLTIOCTpAIum) B (op-
MaTe noanucy GaiyioB MeHsIeTCs TOTBKO JaTa.

IIpumep:

Buumanme! [I01HOCTBIO aBTOMaTU3UPOBAH-
HBIU I1epEeBOJ] C PYCCKOTO sI3bIKAa HAa aHIVIMUCKUM
WMeeT HU3KOEe KayeCTBO M He NPUHUMAETCS.
HKO donn «MengunmuHa KpUTHUYECKUX COCTOSI-
HUI» OKa3bIBaeT COJIEVICTBUE B TIepEBO/e MaTe-
pHUaIOB s MyOJWKAIIAY C PYCCKOTO S3bIKa Ha
AHIVIMMCKUHM (COpaBKU IO aApecy pemaKI[uu:
journal_or@mail.ru).

Marepuan crareil BKJIO4aeT: 1) TUTYIbHBIN
JIUCT 2) pe3ioMe U KJIoYeBble CJI0Ba; 3) MOJHBIN
TEKCT PYKOIIACH C IIOJIIUCAMHY BCeX aBTOPOB Ha I10-
cJielHel CTpaHuIle, TOITBEP KIAIONIIUMHU UX aBTOP-
CTBO U COIJIacue C COonepsKaHheM PyKONHUCH (II0-
CJeNHsIA CTpPaHWIA NPEJOCTABJSETCA B BHUIE
CKaHa); 4) TabJUIbI U WILTIOCTPanuu (rpaduky,
JIuarpaMmel, potorpaduu, puCyHKHU U T. I1.) C HOMe-
poOM, Ha3BaHWEM U NIpUMedaHueM; 5) 6ubdarorpa-
(puveckuii cimcok; 6) COMPOBOAUTETBHOE MMUCHMO.

(DOPMCI COI’lpO606um€.}le020 nucoema:

[lnaBHOMY pegaxkTopy KypHaJ/a

«Ob1Ias peaHuMaToJIOTHSI»
3acay;KeHHOMY AeAaTeJsro Hayku Poccun,
yjieH-KoppecnoHgeHTy PAH, npodeccopy
B. B. Mopoay

IIpocum Bac paccMmoTpeTb BO3MOYKHOCTH
myOJIMKauu (Bun pykonucu; Pamuiuy,
Nmena, OT4yecTBa BCeX aBTOPOB; Ha3BaHUE PYKO-
nvcy) B sKkypHase «O011ast peaHnMaToI0THSI».

ABTODPBI PYKOIIMCH O3HAKOMJIEHEI ¢ TH(pOP-
Marnuel AJjs1 aBTOpOB JKypHasa «O011ass peaHu-
MAaroJIOTHsA» U COIJIACHBI C IIpaBUJIaMU IIOATO-
TOBKY, MIOJJa9¥ U MyOJTUKAIINU PYKOIIACH.

JlaHHas1 pyKONHCH He TyOJIMpyeT mpebIIy-
mue my0/IMKaIyy, B Hell He 3aTparuBaloTCs WH-
Tepechbl TPETbUX CTOPOH U He HAPyLIAIOTCs 9TU-
YeCcKHre HOPMBI TyOJTNKAI[AH.

OTBETCTBEHHBIN 3a IEPEeNUCKYy C pelak-
nueit: imsa, OtyectBo, PamMuIns OGHOTO U3 aB-
TOpPOB pyKonucH, e-mail, Tesedon.

[Tognuce pyKOBOOUTEIS YUPEIKACHUA.

Hasee cM. Ha caiiTe www.reanimatology.com.
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