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Pe3rome

Ilesp uccaegoBanus: n3ydeHue 3(ppeKTUBHOCTH runepbaprieckoil OKCUTeHOTePAITNH U ee BIUSHUS
Ha [TI0Ka3areJii OKUCJIUTETbHOIO CTpecca U alloITo3a y NalleHTOB C HOBOM KOPOHABUPYCHOM MHGeKIuen
COVID-19.

Marepuassl 1 Meroabl. O6cstenoBanu 90 IarEeHTOB C JUAarHO30M HOBAst KOPOHABUpPYCHasA MHQeKIus,
BBI3BaHHaA BUpycoM SARS-CoV-2. Kypcel runepbapudeckoil OKCUTeHOTepanuy IPOBOIUIN Y 57 YeJI0BeK
(38 B Ts2KE10M cocTosiHuu (KT 3-4), 19 B cocrosinuu cpeguel Tsskectu (KT 1-2)). [Tporieaypbl OCYIIECTBIISAIN
npu peskumMe 1,4-1,6 ATA B Teuenre 40 MUHYT, BCero IpoBeJsiu 247 ceaHcoB. BinsgHue runepb6apuyeckoil ok-
curenanuu (I'BO) orleHMBaIM HAa OCHOBAHUY U3MEPEHWS YPOBHsI HACKHIIIIEHNs TeMOTVIOOMHA KUCIOPOIOM,
BBIPQYKEHHOCTU OKHUCJIUTEJIBHOTO CTPecca U allonTo3a JIMM@OIUTOB KPOBH.

Pe3yabraThl. Y Bcex 00ciie10BaHHbIX TAllMeHTOB Ha (hoHe ITpoBeaeHusi kypca ['BO oTMeTHIIN MTOJI0MKU-
TeJIbHYIO IUHAMUKY B BUJle yMEHbIIIEHUsI ObIIIKY U yJIy4IlIeHUs O0LIero caMouyBCTBUSA. Y POBEHb HAChI-
IeHUsI TeMOTJIO0MHA KMUCJIOPOAOM TTocjie okoHuaHus1 kypca ['BO cocrasisin 95,0+1,6% (1o mpoBegeHus
Kypca— 91,3+5,9%), 9TO TO3BOJIUIIO ITIEPEBECTU MPAKTUIECKH BCEX MTAIIMEHTOB HA CIIOHTAHHOE [IbIXaHue 6e3
HeoOXOAMMOCTH asibHelIei okcurenorepanuu. [Iposenenue 'O He BBI3bIBAIO CHUKEHUSI 0011l aHTH-
OKCHJAHTHOU aKTUBHOCTH, OJHAKO IIPUBOAUJIO K CHU)KEHUIO KOHIIEHTPALMY MaJIOHOBOTO AUaJIberuaa C
4,34+0,52 MKMOJIB/ 71 10 3,98+0,48 MKMOJIB/JI ¥ BEJTMYMHBI IIOTEHIMAIA IPY PAa30OMKHYTOH [IEIH IIJTATHHOBOTO
aJieKkTpopa ¢ -22,78+24,58 MB 1o -37,69+17,4 MB. Kpome Toro, nosnosxkutesnbHoe BausHue I'bO Beipaskanoch
B HOpMaJ/IM3alX [IPOIIECCOB alloNTO3a KJIETOK KPOBHU.

3akmaroyenue. 'EO y naiueHToB ¢ HOBOM KOPOHaBUPYCHOU NH@eKIuel, BbI3BaHHOU BupycoM SARS-CoV-2,
sABJsIeTCA 3 (PEKTUBHBIM METOJJOM ¥ OKa3bIBAeT MYJIBTH(DAaKTOPHOE IeHICTBHE, TPHUBOJAIIEe KaK K yIydIIe-
HUIO CyO'bEKTUBHBIX ITOKA3aTesIel COCTOSIHUS 00C/IeJOBAHHBIX IMAI[MEHTOB, TaK U K MOBBIIIEHUIO HACHIIIIEe-
HUS reMOIVIO0MHA KUCIOPOIOM, CHUPKEHUIO MHTEHCUBHOCTH IIPOIECCOB IIEPEKUCHOTO OKUCJIEHNUS JIUTIUIOB,
AKTUBAIIN aHTUOKCHUIAHTHON CHCTEMBI OpraHW3Ma, BOCCTAaHOBJIEHHUIO OaJlaHca IPo- M aHTHOKCHUAHTOB,
HOpMaJ/I3alliy IPOLECCOB aloITo3a.

Knarouesuwie crosa: COVID-19; cunepbapuueckas okcuzeHayus; pecnupamopHas no00epicra; OKUCIU-
MmenbHbLIL cmpecc; anonmnoasa
Summary

The aim of the study is to evaluate the efficacy of hyperbaric oxygen therapy and its effect on oxidative
stress and apoptosis in patients with new coronavirus infection COVID-19.
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KanuHuueckue HCCJeJOBAaHUA U NIPAKTHKA

Materials and methods. 90 patients diagnosed with new coronavirus infection caused by SARS-CoV-2 virus
were examined. Hyperbaric oxygen therapy sessions were conducted in 57 patients (38 in severe condition
(CT 3-4), 19 in moderate condition (CT 1-2)). The procedures were performed in 1.4-1.6 ATA mode for 40 min-
utes, 247 sessions in total were performed. The effect of hyperbaric oxygenation was assessed by measuring
the level of oxygen saturation, the severity of oxidative stress and apoptosis of blood lymphocytes.

Results. In all examined patients with new coronavirus infection caused by SARS-CoV-2, positive changes
such as dyspnea reduction and improvement of general well-being were registered after hyperbaric oxygen
therapy sessions. The level of oxygen saturation after the end of the hyperbaric oxygen therapy course was
95.0£1.6% (before the course — 91.3+5.9%), which allowed to return almost all patients to spontaneous res-
piration without the need for further oxygenation therapy. Hyperbaric oxygen therapy did not reduce the
total antioxidant activity, however, it was associated with a decrease in the blood malone dialdehyde from
4.34+0.52 pmol/I to 3.98+0.48 nmol/l and a decrease in open circuit potential of platinum electrode from -
22.78+24.58 mV to -37.69+17.4 mV. Besides, the positive effect of hyperbaric oxygen therapy was manifested
in normalization of blood cell apoptosis.

Conclusion. Hyperbaric oxygen therapy in patients with new coronavirus infection caused by the SARS-CoV-2
virus is an effective treatment method with multiple effects resulting in improvement of subjective indicators of
the patients' condition, increase of hemoglobin oxygen saturation, decrease of lipid peroxidation intensity, activa-

tion of antioxidant system, restoration of pro- and antioxidant balance and apoptosis normalization.

Keywords: apoptosis; COVID-19; hyperbaric oxygen therapy; respiratory support; oxidative stress.
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BBenenune

BunepBbie naeHTUUIMPOBaHHAA B AeKabpe
2019 roma B ropoje YxXaHb NMPOBUHIUHN Xy0oi
(KHP) HOBas ocTpas pecnuparopHasi HHQPEKITUI
COVID-19, BrI3bIBaeMasga kKopoHaBupycoMm SARS-
CoV-2 (2019-nCov), B HacTosiIIee BpeMs OXBaTuJia
Bce KOHTHHeHTHI [1]. Ha MOMEHT moAroroBKu
MaTepuasa CTaTbU UYUCJIO CAydaeB 3apasKeHus
MpeBbImIano 21 MJTH. YeI0BeK, U3 HUX boJtee 770
TBIC. CJTy4aeB CO CMePTeJIbHbIM UCXOA0M.

W3-3a mporpeccupoBaHus TSKeJI01 THEBMO-
HUY, BKJIIOYAIOIIE TOBpesKIeHNe TKAHU JIETKUX,
MacCCHUBHBIU aJbBEOJIIPHBIN KOJIJIAIIC ¥ OCTPBIN
pecnuparopHbIil gucTpecc-cUHApoM, 10 10%
MaIeHToB TPeOYIOT Tepanuy B YCJIOBHUAX PeaHu-
MaIllu¥M ¥ MeXaHHu4YeCKoW BeHTHUJaANnu [1, 2]. V
NallMeHTOB B KPUTUYECKOM COCTOSTHUU TaKKe
OTMedYaJli  pPa3BUTHE  HEKOHTPOJUPYEMOIO
MMMYHHOTO OTBeTa, TaK Ha3bIBAEMOTO «IIUTOKU-
HOBOTO IIITOpMa» [3-5], ¥ TaKUX TPOMOOTHIECKUX
OCJIO’KHEHUH, Kak TPoMO03IMOOJIUSA JIETOUHOU
aprepuu (T3JIA) (20-30%), TpoM603 TIyOOKUX BEH
roJIEHH, KaTeTep-acCOIMMPOBAHHBIN TPOMOO03, a
TaK)Ke apTepUaTbHBIN TPOMOO03 U UIIEMUYECKUHI
AHCYJIBT [3, 6-8]. JlomoJHATETbHO, BO3MOSKHBI
MUKPOBaCKYJISIpHbIE TPOMOO3BI, CHHAPOM KaITuJI-
JIAPHOU YTEeYKH, IOBPEKAEHUS JIETKUX, II0YEK U
cepjlia, IPUBOJSAIINME K IOJUOPTraHHOU HeJoCTa-
TOYHOCTH [3, 7].

OpHako, HECMOTPsS Ha IIMPOKUU CIEKTpP
IOpaskeHUsA CUCTEM OpPraHu3Ma, 3aTparuBaeMbIX
MIPY KOPOHABUPYCHOU MH(PEKIUY, BeAyllel Ipu-
YMHOW B IIaToreHe3e JAHHOTO 3aboJieBaHUSA
SIBJISIETCS Pa3BUTHE Y O0JIBHOTO TUIIOKCHH [2, 9],
KOTOpPOE UJET 10 HECKOJIBKUM IIyTAM [9]:

— B pe3yJbTaTe pa3BUTHA BOCIIAIUTEIBHOTO
rpoiecca B JIEFTOYHOM TKaHU, NPUBOAAIIETO K
HapyueHuo n1udQysuu KUCJI0poJa Yepes ajlb-

BE0JIO-KaWJIJISPHBIN 6apbep;

Introduction

First identified in December 2019 in Wuhan
City, Hubei Province, China, the new acute respira-
tory infection COVID-19 caused by the coronavirus
SARS-CoV-2 (2019-nCov) has now spread to all con-
tinents [1]. At the time of writing, the number of
cases of infection exceeded 21 million people, of
which more than 770,000 were fatal.

Due to the progression of severe pneumonia,
which includes damage to lung tissue, massive alve-
olar collapse and acute respiratory distress syn-
drome, up to 10% of patients require intensive care
and mechanical ventilation [1, 2]. Patients with crit-
ical illness also demonstrated uncontrolled immune
response, the so-called «cytokine storm» [3-5], and
such thrombotic complications as pulmonary em-
bolism (20-30%), deep vein or catheter-associated
thrombosis, as well as arterial thrombosis and is-
chemic stroke [3, 6-8]. In addition, microvascular
thrombosis, capillary leak syndrome, respiratory,
renal, and cardiac damage leading to multiorgan
failure are among possible complications [3, 7].

However, despite the wide range of organs af-
fected by coronavirus infection, the leading factor
in the pathogenesis of disease and its complica-
tions is hypoxia [2, 9], which follows several path-
ways [9]:

— resulting from inflammatory process in the
lung tissue, causing disruption of oxygen diffusion
through the alveolar-capillary barrier;

— due to impaired hemoglobin oxygen trans-
port function caused by direct exposure to viral
proteins;

— because of alteration of microcirculation
arising from microthrombus formation in capillar-
ies. This process is multi-stage and involves several
mechanisms [2].

The combination of these factors explains the
low efficiency, in some cases, of normobaric oxygen
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— M3-3a HapylIeHNUsA KUCJA0POLTPaHCIOPT-
HO# (PyHKIMU reMOoTI00MHa, BEI3BAHHOTO MPSi-
MBIM BO3/IEICTBHEM Ha HETO BUPYCHBIX OEJTKOB;

— BCJIEICTBHUE HAPYLIEHU MAKPOLUPKYJIA-
U1 13-3a 00pa3oBaHUsI MUKPOTPOMOOB B KaITHJI-
Jstpax. JlaHHBIN TPOIIeCC SIBJISETCS MHOTOCTA TN -
HBIM ¥ BKJIIOYAeT HECKOJIBKO MEXAaHU3MOB [2].

COBOKYITHOCTH 9TUX (PaKTOPOB OOBSICHSAET
HU3KYI0 9 (PeKTUBHOCTS, B Psifie CIy4aeB, HOPMO-
OapuvecKoil OKCUTEHOTEPAITNHY, BKJIIOYAsT 1 MHBA-
3UBHYIO MCKYCCTBEHHYIO BEHTWJIALMIO JIETKUX
(BJI), npuMeHAeMbIX IIPU TUIIOKCEMUU, BBI3BAH-
uou SARS-CoV-2 [9].

OpHUM U3 BApUAHTOB pEIeHNsI TaHHOU Ipo-
0J1eMbI SBJISAETCS 00XOH JIETKUX C IIOMOIIBIO
HUCHOJIb30BAHUA TEXHOJOTUU 9KCTPAKOPIIOPAJIb-
HOU MeMbOpanHoU okcureHaruu (AKMO), T.e. ipsi-
MOTO HACBIMEHUsI TeMOTJIO0NHA KUCJIOPOIOM C
TIOMOIIIBIO CIIENATBHOTO 000PYIOBaHUS, OTHAKO
ncnoJsib3osanre JKMO cBsA3aHO € pA#OM cylle-
CTBEHHBIX HEJIOCTATKOB U IPUMEHSIETCS, KaK IIpa-
BUJIO, B KAYeCTBE KpaliHero CpeJicTBa.

C Apyroii CTOpOHBI, IOBBICUTH COJlep KaHUe
KHUCJI0pO/ia B TKAHSIX U ITpeofoJieTb 1udPy3noH-
Hble Oapbephbl II03BOJIsSIET THUIlEpOapUYecKast
okcureHorepanus. [Ipudyem, B omtnumre ot IKMO,
IIpY KOTOPOU HOPMAaJIU3yeTCsI TOJBKO COlepsKa-
HUE KACJIOPOAA B IIJIa3Me U 3PUTPOIUTAX, TUIIEP-
bapuueckas oxcureHanus (I'BO) OesomacHa,
MMeeT MUHUMYM IIPOTHBOIIOKA3aHUH U ITOOOYHBIX
3¢ (eKTOB 1 OKa3bIBaET MYJIbTU(AKTOPHOE eii-
CTBHeE 3a CUET MOBBIIIIEHHSI:

— nuddysuu Kucaopoaa yepes ajibBeoJIO-
KamU/JISIPHBIN 6apbep,

— PacTBOPUMOCTH KHUCJIOPOAA B ILJIa3Me
KpOBH,

— HACBIIIEHUsI TeEMOTTIOOMHA KMCIOPOIOM,

— JOCTaBKHU KHUCJI0POHA B MUKPOLYPKYJIA-
TOPHOE PYCJI0 U K TKaHAM [10].

ddderruBHOCTE I'BO yrke Obl1a MOKa3aHa B
OTHOIIIEHUHU NTAIleHTOB C HapylleHueM (QyHKIUN
IbIXaHWUsI, HAIPUMeEpP, B KOMIIJIEKCHOU Tepamnuu
OOJBHBIX C XPOHUYECKUMH OOCTPYKTHUBHBIMH
3aboseBaHUAME Jerkux [11]. OgHako B OTHOIIE-
Hun COVID-19 Ba)kHBIM acIeKTOM HUCII0JIb30Ba-
aus I'BO ssBasieTcst Bbicokasi 9 PeKTUBHOCTD TPHU
UH(PEKINOHHBIX OCJI0KHEHUSIX, KOIjua Apyrue
MeTOJIbl OKa3a/inch HedhPEeKTUBHBIMU WU
HETPUTOIMHBIMHU, YTO OBIJIO TPOIEMOHCTPUPOBAHO
y MaIMeHTOB C aHa9POOHOM TJIEBPOITYIbMOHAb-
HOU nH(eknmen [12] u mocse TpaHCIJIaHTAIUA
Jierkux [13, 14].

Tarske n3dBectHo, yTo 'BO mpuBOAUT K CHU-
sKeHUIo cofiepskanus nuTokuHoB (TNF-q, 1L-15,
IL-6) [15-19], 9TO ABJIAETCA eIlle OTHOM 13 KJIIoYe-
BbIX TOUEeK npuaoskeHust [ bO npuMeHUTEeTHHO K
nanuenTaMm ¢ COVID-19.

Kpowme Toro, B yCI0BUAX MUKPOTPOMOO30B,
OIMCAHO NOJIOKUTEJIbHOE BiusaHue IO Ba yiny4-

therapy, including invasive lung ventilation, used
for hypoxemia caused by SARS-CoV-2 [9].

One of the options for addressing this issue is
to bypass the lungs using extracorporeal mem-
brane oxygenation (ECMO) technology, i.e. direct
oxygen saturation of hemoglobin using special
equipment. The utilization of ECMO, however, is
associated with several significant shortcomings
and is usually used as a last resort.

On the other hand, hyperbaric oxygen therapy
allows to increase oxygen content in tissues and
overcome diffusion barriers. Moreover, unlike
ECMO, which normalizes only the oxygen content
in plasma and red blood cells, hyperbaric oxygen
therapy (HBOT) is safe, has a minimum of con-
traindications and side effects and has a multifac-
torial effect by increasing:

— diffusion of oxygen through the alveolar-
capillary barrier,

— oxygen solubility in plasma,

— hemoglobin oxygen saturation,

— delivery of oxygen to the microcirculation
system and tissues [10].

The efficacy of HBOT has already been shown
in patients with respiratory dysfunction, for exam-
ple, as an adjuvant to the treatment of patients with
chronic obstructive pulmonary disease [11]. Impor-
tantly for COVID-19 treatment, HBOT has shown
high efficacy in infectious complications when
other methods have proved ineffective or inappro-
priate, as has been demonstrated in patients with
anaerobic pleural pulmonary infection [12] and
after lung transplantation [13, 14].

Hyperbaric oxygen therapy is also known to re-
duce the cytokine levels (TNF-«, IL-13, IL-6) [15-19],
which is another key point of HBOT prescription
for patients with COVID-19.

In addition, a positive effect of HBOT on im-
provement of capillary proliferation and density of
capillaries in microthrombosis has been de-
scribed [20]. HBOT increases production of vascu-
lar endothelial growth factor (VEGF) [21], as well as
accelerates the induction of collateral blood flow in
thrombosis [22].

At the same time, failure to understand the
mechanism of action of hyperbaric oxygen therapy
leads to misconceptions about its ineffectiveness
and limits its implementation in clinical practice.
Thus, there is a widespread opinion about the acti-
vation of free-radical processes and the depletion
of the body's antioxidant protection system by
HBOT, although, on the contrary, under therapeutic
modes (no more than 2 ATA) HBOT does not cause
oxidative stress [18, 19], and, moreover, reduces
lipid peroxidation processes [23, 24] and stimulates
antioxidant production [25].

Thus, the effectiveness of HBOT in various con-
ditions suggests this method as a promising one for in-

clusion in the comprehensive therapy of patients with
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Knunudeckue uccjaeqoBaHud U IIPpaKTUKaA

IeHre KanuaJsApHOU nposndepaluu 1 II0THO-
cty Kanuiisapos [20]. 'BO BeI3bIBaeT yBesinyeHue
cuHTe3a (pakTOopa pocTa IHAOTEJUS COCYAOB
(VEGF) [21], a Tak)Ke YCKOpeHMe BKIIOYCHUS KOJI-
JlaTepaJIbHOTO KPOBOTOKA TP TPpoMOo03ax [22].

[Ipy aToM HeNOHMMaHWE MexaHW3Ma Jeu-
CTBUs TUTIIEpOAPUYECKON OKCUTEHAIINN TTPUBOIUAT
K OIITMOOYHBIM ITPOTHO3aM ee Hea(p(PeKTUBHOCTHU U
OIPaHUYEHUIO BHEIPEHU B KINHUYECKYIO IIpaK-
TUKY. TaK, TOCTaTOYHO IITUPOKO OBITYET MHEHUE 00
AKTUBAIINM CBOOOMHOPATUKAIBHBIX ITPOIIECCOB U
HUCTOIIIEHNH aHTUOKCUIAHTHOMN CHCTEMBbI 3aIUThI
OpraHU3Ma, XOTs1, HAIPOTHUB, ITPU TEPATIEBTUUECKIX
pesxumax (He 6os1ee 2 ATA) I'BO He TOJTBKO He ITPHU-
BOIUT K Pa3BUTHUIO OKUCIUTEJILHOIO cTpecca [18,
19], HO U BBI3BIBAET CHUYKEHNE IIPOLECCOB Iiepe-
KHMCHOTO OKUCJIEHU JIMIIUAOB [23, 24] U CTUMYJIN-
poBaHue BBIPAaOOTKY aHTUOKCHUTAHTOB [25].

Takum obpasom, appekTnBHOCTE ['BO mpu
Pa3JIMYHBIX NATOJIOTUYECKUX COCTOSTHUSIX O3BO-
JIsieT PeKOMEHJ0BaTh JJaHHBIM METOJl B KaueCTBe
IePCIEKTUBHOIO I BKJIIOYEHU A B KOMILJICKCHYIO
Tepanuio NalueHTOB C HOBOM KOPOHABUPYCHOU
nHpekuein. B Moap3y AJAaHHOTO IpenIosKeHUsI
CBHUIETEJILCTBYIOT IIPeJBapuUTEeJIbHbIC UCCIeI0Ba-
HUSA 110 jJedyeHUo nanueHToB ¢ COVID-19, noka-
3aBlIlIMeE II0JI0KUTEJIbHBIE pe3yJsTraThl [10, 26].

Iesib paboThl — u3yueHne a(hHEeKTUBHOCTU
runep6apuuecKOil OKCUTEHOTEPATTUY U €€ BJIHSI-
HUS HA MMOKa3aTeJIl OKUCJIUTEJIbHOTO CTpecca 1
arornTo3a y NaleHTOB C HOBOU KOPOHABUPYCHON
undeknueit COVID-19.

MarepuaJ 1 MeTObI

O6cnemoBasy 90 MAMEHTOB (44 My;KYMHbI, 46 sKeH-
IIWH, CpeiHUM Bo3pacrt 60,7+13,5 JjieT) ¢ JuarHo3oM HoBast
KOpOHaBUPYyCHAasi MH(EKIINS, BbI3BaHHAsI BUPycoM SARS-
CoV-2, npoxonusuiux jiedeHue B HVIM ckopoil moMomu
nmM. H. B. Ckandocosckoro /I3M. Bece nmamnueHTs! ToJTy-
YaJIv CTaHJAPTHYIO TEPAINIO B COOTBETCTBUU C PEKOMEH-
JanuAaMy Mun3snpasa PO 1 BHyTpeHHUMY IPOTOKOJIAMU.
[JaneHTOB pacnpene/nan Ha 2 TPyIIbl METOOOM KOH-
BEPTOB B COOTHOIIIEHUH 1:2 (KOHTpOJIbHAA: MCCIIeayeMast).
13 uccaegyeMoii Ipynibl 3-X MAMeHTOB UCKIIIOUUIIN B
CBAI3M C OTKa30M OT IIPOBEICHUA IIPOLEAYP.

W3 87 manueHTOB, 57 (KOTOPBIM IIPOBONUJIN Ce-
a"cel 'BO) cocraBuin ucciemyeMylo rpymmy, a 30 manu-
€HTOB, KOTOPBIM H€ IIPOBOJUJIA — KOHTPOJIBHYIO
rpymmy (taba. 1).

B uccnengyemoii rpynmne y 19 (33,3%) nanueHToB
COCTOSTHUE OIIeHMBAJLJIN Kak cpenHel Tsorkectu (KT 1-2)
ny 38 (66,7%) — rak Tsskesioe (KT 3-4), 43 (75,4%) ma-
LIMeHTa HYKJAJIUCh B PeCIMPATOPHON IOAEepIKKe B
BuJle HHCYQDIANNU KUCA0pOia dyepe3 HOCOBYIO Ka-
HIOJIIO UJIW JIUIEBYIO MacKy C IIOTOKOM 3-6 J1/MHH, a B
TAYKEJIBIX CTy4asaAX — C UCI0JIb30BAHNEM BBICOKOIIOTOY-
HOI okcurenorepanuu (BI1O) mim HeMHBa3UBHOM UC-
KyCCTBeHHOU BeHTHJANUH jerkux (HUBJI). B koHT-
POJIBHOM Ipyliie NAallieHTOB OJUHAKOBO paclpejesu
T10 TSPKECTU COCTOSIHMSI, U3 HUX B peCIMPaTOPHOU ITOJI-
JlepsKKe Hy Kkaaauchk 24 (80,0%) manueHTa.

new coronavirus infection. This proposal is supported
by preliminary studies of treatment of patients with
COVID-19, which showed positive results [10, 26].

The aim of this study was to examine the effi-
cacy of hyperbaric oxygen therapy and its effect on
oxidative stress and apoptosis in patients with new
coronavirus infection COVID-19.

Materials and Methods

We examined 90 patients (44 men, 46 women, mean
age 60.7+13.5 years) diagnosed with new coronavirus in-
fection caused by SARS-CoV-2 virus addmited to N. V. Skli-
fosovsky Research Institute for Emergency Medicine. All
patients received standard therapy in accordance with the
guidelines of the Ministry of Health of Russian Federation
and internal protocols. Patients were divided into 2
groups using the envelope method in the ratio of 1:2 (con-
trol:study group). Three patients were excluded from the
study group due to their refusal from procedures.

Out of 87 patients, 57 (who underwent HBOT ses-
sions) comprised the study group, and 30 patients who
were not subjected to HBOT sessions represented the
control group (table 1).

In the study group, 19 (33.3%) patients were as-
sessed as having moderate severity disease (CT 1-2) and
38 (66.7%) were recognized as patients with severe dis-
ease (CT 3-4), 43 (75.4%) participants needed respiratory
support (oxygen through the nasal cannula or face mask
with a flow of 3-6 1/min, in severe cases using high-flow
oxygen therapy (HFOT) or non-invasive lung ventilation
(NILV). The control group patients were distributed ac-
cording to the severity of condition, 24 (80.0%) of them
needed respiratory support.

The HBOT procedures were performed in the re-
suscitation chamber Sechrist 2800 (USA) in 1.4-1.6 ATA
mode for 40 minutes. Depending on the timing of HBOT
with respect to the moment of patients' admission, the
study group was further divided into two additional sub-
groups (table 2). In total, the patients received 247 ses-
sions of HBOT. Before and after each session of HBOT,
hemoglobin oxygen saturation (SpO,) was measured.

The markers of oxidative stress and apoptosis of
blood lymphocytes were analyzed in 18 patients of the
study group. Blood was drawn using a vacuum system
(Vacutainer® Hemogard™, Vacutainer® SSTTM II Ad-
vance and Vacutainer® EDTA (BD, UK)).

To assess the severity of oxidative stress, the prod-
ucts of lipid peroxidation (LPO), the antioxidant system
status before the HBOT session and the platinum elec-
trode open circuit potential (OCP) before and immedi-
ately after the HBOT session were measured. The content
of LPO products was estimated based on serum malone
dialdehyde (MDA) [27]. The antioxidant system status was
assessed by the serum total antioxidant activity (TAA)
measured by the spectrophotometry using AU 2700 bio-
chemical analyzer (Beckman Coulter, USA) with the
TAS kit (Randox, UK). Measurements of OCP of platinum
electrode in blood serum were carried out with IPC Com-
pact potentiostat (NTF «Volta» Ltd., Russia) according to
the predefined technique [28].

The concentration of apoptotic lymphocytes was
determined by flow cytometry using the CYTOMIC
FC500 (Beckman Coulter, USA). The apoptotic lympho-
cyte count was determined using the Annexin V-FITC/7AAD
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TaGsmna 1. XapakTepruCcTHKA 00CI€J0OBaHHBIX TAIUEHTOB B IPYIIIaXx.

Table 1. Characteristics of the study participants.

Parameter Group
Control Study

Number of patients 30 57
Sex

Male 13 (43.3%) 30 (52.6%)

Female 17 (56.7%) 27 (47.4%)
Age, years 64.5+12.7 58.8+£13.6
Stage according to the chest computed tomography

CT-1 2 (6.7%) 4 (7.0%)

CT-2 13 (43.3%) 15 (26.3%)

CT-3 12 (40.0%) 24 (42.1%)

CT-4 3 (10.0%) 14 (24.6%)
Respiratory support, days 24 (80.0%) 43 (75.4%)
Hospital stay, days 25.0+10.6 22.5+9.2
Treated with monoclonal antibodies against IL-6 receptor 17 (56.7%) 33 (57.9%)
Dropped out due to

Claustrophobia 1(1.8%)

Pain in the ears 4 (7.0%)

Ipumeuanwue. /{151 Tab1. 1, 2: number of patients — 4ncio nanueHToB; sex — 1moJT; male — My»kckoii; female — skeHCcKuUl; age,
years — B0O3pacT, JieT; stage according to the chest computed tomography — qaHHbIE KOMIIBIOTEPHON TOMOTpPA YU JIETKUX; I'es-
piratory support, days — pecnupaTopHasi IofiepskKa, AHH; hospital stay, days — koliko-nuy; treated with monoclonal antibodies
against IL-6 receptor — Tepamnus MOHOKJIOHAJbHBIMH aHTUTEIAMHU K PeleNTOpy HHTepJIeHKUHA-6; group — rpymnma; control —
KOHTpoJIbHAS; study — uccienyemast; dropped out due to — BBIOBIBIIIME ITAIMEHTHI IO TpUuKHe; claustrophobia — kJaycrpo-

¢o6us; pain in the ears — 60u1b B y1rax.

Ta6.1mna 2. XapaKTepI/ICTI/IKa MAaIM€HTOB, KOTOPBIM IIPOBOAHUJ/IHN CEAHCHI FBO, B 3aBHCHUMOCTH OT CPOKOB Ha4aJ1a

rypca I'BO.
Table 2. Characteristics of patients who underwent HBOT sessions with respect to the timing of treatment start.
Parameter Study subgroup
1 2

Start of HBOT sessions (days after admission) <7 >7
Number of patients 28 24
Age, years 60.5+15.0 57.3+11.9
Sex

Male 13 (46.4%) 16 (55.2%)

Female 17 (56.7%) 27 (47.4%)
Age, years 15 (53.6%) 13 (44.8%)
Stage based on chest computed tomography

CT-1 1 (3.6%) 2 (6.9%)

CT-2 12 (42.9%) 2 (13.8%)

CT-3 13 (46.4%) 9 (41.4%)

CT-4 2(7.1%) 11 (37.9%)
Hospital stay, days 17.6+4.6 28.7+9.8
Respiratory support, days 24 (85.7%) 15 (62.5%)
Treated with monoclonal antibodies against IL-6 receptor 17 (60.7%) 15 (62.5%)
The day of HBOT initiation from the day of admission 3.5+1.7 14.616.6
Number of HBOT sessions 5.1+2.5 4.2+2.0

IIpumeuanmue. Study subgroup — nccienyemast nogrpymnma; start of HBOT sessions (days after admission) — cpok Hauasta Kypca
I'BO (cyTku ¢ or MoMmeHTa noctyienus); the day of HBOT initiation from the day of admission — cyTku nHauasa kypca I'BO or
MOMEHTA ITOCTYIJIeHUsT; i1 Ta0J1. 2, puc. 1: number of HBOT sessions — 4ucJio ceancos 'O B kypce.

[Iponenyps! 'O ocyiiecTB/isiay B peaHUManuoH-
HOU Gapokamepe Sechrist 2800 (CIIIA) mpu pexkume
1,4-1,6 ATA B TeueHue 40 MUHYT. B 3aBUCUMOCTH OT CpPO-
KOB Havasia Kypca I'bO ¢ MoOMeHTa oCTynJIeHus nany-
€HTOB HCCJIe[yeMOU I'PYIIbI JOIOJHUTENIHHO pasje-
JIMJIA Ha JBe MOATPyIbI (Tabj. 2). Bcero manueHThI
noJtyuniin 247 ceancoB ['BO. 1o 1 mocse KaskIoro ce-
anca 'O n3meps/In HachIIIeHre TeMOIOOMHA KHCJIO-
pozowm (SpO.,).

VY 18 manueHToB UCC/IeyeMOU TPYIITbl AaHAJTU3U-
poBa/Iu MapKepbl OKUCIUTEIBHOIO CTPecca U allonTo3a
JUM@OIUTOB KPOBU. 3a060p KPOBU IMPOU3BOIUJIH C IT0-
MOIIIBIO BaKYYMHOI cucTeMEbI (Vacutainer® Hemogard™,

Kit (Beckman Coulter, USA): the number of lymphocytes
in the early stages of apoptosis (EA) (Annexin V+/ 7AAD-)
and lymphocytes in the late stages of apoptosis (LA) (An-
nexinV+/ 7AAD-) were calculated. Expression of Fas-recep-
tor on lymphocytes (CD95+ lymphocytes) and HLA-DR on
CD14 monocytes was also determined. apoptosis param-
eters were determined prior to 1, 2, 3, 5, 7 sessions and
after the HBOT course.

Statistical data analysis was performed using the
Statistica 10 software package (StatSoft, Inc., USA). De-
scriptive statistics of quantitative features were presented
as M+m. The groups under study were compared using
the Mann-Whitney U-criterion and the Wilcoxon crite-
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Vacutainer® SSTTM II Advance u Vacutainer® EDTA (BD,
BeukobpuTanus).

JI7is1 OIleHKU BBIPA’KEHHOCTU OKHUCJUTEHHOTO
cTpecca onpefeJisiiyi IPOLYKThI IePeKUCHOIO OKUCIe-
ausa aunuaos (IT0JI), cocTossHre aHTHOKCUTAHTHOM CH-
CTeMBbI 10 IpoBefeHus ceanca 'O u BeTnunHy IOTEH-
nyasna IUIATUHOBOTO 3JIEKTPOJA MPU PA3OMKHYTOU
nenu (ITPL) — go u cpasy nocJse npoBefgeHNsI ceaHca
I'GO. Copepsxanne nponykroB I[IOJI m3yyanu mno
YPOBHIO MaJIOHOBOTO nuanbaeruaa (MIA) B CBIBOpOTKe
kpoBu [27]. CocTOsiHME AaHTMOKCHUAAHTHON CHUCTEMBI
OIIEHMBAJIN T10 TIOKA3aTeJTi0 00IIel aHTHOKUCIIUTE Tb-
HOU akTUBHOCTH (OAA) CBIBOPOTKU KPOBU, KOTOPYIO U3-
MepsIA CIIEKTPO(OTOMETPHUIECKUM METOIOM Ha 61o-
xuMmr4deckoM aHasnusatope AU 2700 (Beckman Coulter,
CIIIA) c ucrosib3oBaHMeM Habopa peakTuBoB TAS kit
(Randox, Benukobpuranus). Misamepenwne ITPI] natu-
HOBOTO 9JIEKTPOJIa B CBIBOPOTKE KPOBU IIPOBOIUIN HA
norernnuocrare IPC Compact (OO0 «HT® «Bosasrar,
Poccus) mo meToguke [28].

MeTo0M IIPOTOYHOM ITUTOMETPUN Ha Ipubope
CYTOMIC FC500 (Beckman Coulter, CIITA) onipenensiyiu
KOHIIEHTPAIUIO allONTOTUYeCKUX JuM@poruToB. KoH-
HeHTpanuo JuM@OIUTOB, HAXOAMINXCA B IIpoIlecce
aIroONTOTHYECKON Th0e IH, OTIPe e IsIJIA C TOMOTIBIO Ha-
6opa Annexin V-FITC/7AAD Kit (Beckman Coulter, CITIA):
IIOACYUTBIBAJIN YK CJIO .HI/IM(I)OL[I/ITOB Ha paHHUX CTaIUAX
anonto3a (PA) (Annexin V+/ 7AAD-) 1 imM@OnuTOB HA
no3aHux cragusix amonrtosa (ITA) (Annexin V+/ 7AAD+).
Taxoke ompenessanu skcupeccuio Fas-perentopa Ha
muM@onuTax (CD95+mumponurts) u HLA-DR Ha MmoHO-
nurax CD14. [TapaMeTpsbl artonTo3a onpenessiyiv 1o 1, 2,
3,5, 7 ceanca u nocsie okoHuanus Kypca I'bO.

CraTucTUYeCKUN aHaJIns JAaHHBIX ITPOBOOWJIA C I10-
MOIITBIO ITaKeTa ITporpaMMEl Statistica 10 (StatSoft, Inc.,
CIA). OnmcaresbHYI0 CTaTUCTUKY KOJIWYECTBEHHBIX
NPU3HAKOB NIPeACTaBUIN B BUae M+m. ConocraBjieHue
nucc/gaenyeMbIX I'pyIrrn IpoOBOAWJIN C UCIIOJIB3OBaAHUEM
U-kputepusa MaHHa—YATHU U KPATEPUA BUIKOKCOHA.
CraTucTu4eCcKd 3HAYMMbBIMHU CUYMUTAJINA pa3mmiuA 1npu
3HayeHuAx p<0,05.

Pe3ynbTaThl U 00CY:K/IEHHE

V Bcex 00cjieoBaHHbIX ITAIIMEHTOB C HOBOM
KOopoHaBupycHol nHdekiueit COVID-19 Ha pone
nposegenus Kypca I'50 oTMeTH/ 1A IOJIOKUATEIIb-
HYIO JMHAMUKY B BUJl€ YMEHBIICHUS ONBIIIKA U
VITy4IIIeHUsI OOIIETO CAaMOYYBCTBHUS.

Kak u ciegoBaJio oskugaTh, Bkjawuvenue 'O
B KOMILJICKCHYIO T€paluio NPUBOAUJO K CyIe-
CTBEHHOMY yBeJn4eHuIo SpO, Kak B XOle CceaHca,
Tak ¥ II0 Mepe nposeneHus kKypca 'O (puc. 1).
Tax, ecau mocje 1-ro ceanca I'BO, mokasaresnb
HACBIIEHNs] TeMOIOONHA KUCJIOPOAOM YBEJIH-
quica ¢ 91,3+5,9% mo 98,4+3,0%, To mmocyge 4-ro
ceaHca — ¢ 93,4+4,6% no 98,8+2,1%. [Ipu atom
3HauuTeJibHOE yBesnandenue SpO, (Bbime 90%)
OTMeYa/u Jaske y INAalMeHTOB CO 3HAYeHUsMU
SpO, ke 80% no ceanca 'BO npu nbpIxaHUM
arMocepHbIM  BO3OyXOoM. [l0OJIOSKUTEBHYIO
TWHAMUKY ITOKa3aTeJsIs HaChIIeHNsI reMOTIo0nHa
KHCJIOPOJOM OTMEYaJ/IY U II0CJIe OKOHYaHUsI Kypca

rion. Differences at values of P<0.05 were considered sta-
tistically significant.

Results and Discussion

All examined patients with new coronavirus
infection COVID-19 had positive progress mani-
fested as reduced shortness of breath and improved
overall health.

As might be expected, the inclusion of HBOT
as a part of comprehensive treatment plan led to a
significant increase in SpO, both during the session
and over the HBOT course (fig. 1, a). Thus, after the
1st session of HBOT, the hemoglobin oxygen satu-
ration increased from 91.3+5.9% to 98.4+3.0%,
while after the 4™ session further increase was
recorded, from 93.4+4.6% to 98.8+2.1%. At the same
time, a significant increase in SpO, (above 90%) was
observed even in patients with SpO, values below
80% prior to the HBOT session when breathing am-
bient air. Positive changes in hemoglobin oxygen
saturation were noted even after the end of the
HBOT sessions, as evidenced by the values of SpO,,
which averaged 95% and more. The graphs reflect-
ing changes in values for the study group were lim-
ited to 7 sessions of HBOT, which corresponded to
the course completion in 86,5% of patients.

In the control group and study subgroup 1 we
compared the changes in hemoglobin oxygen sat-
uration (table 3), the severity of condition and the
required type of respiratory support (table 4). To as-
sess the severity of the condition in the control
group, days 4 and 10 were chosen as reference
points correlated with the beginning and end of
HBOT course in the study subgroup 1 (table 4).

From the presented data (table 3) we can see
that in the control group the hemoglobin oxygen
saturation remained practically unchanged for 2
weeks. According to Henry's law, the concentration
of oxygen in the lung blood is proportional to the
partial oxygen pressure. The oxygen absorption and
its binding by hemoglobin in the pulmonary capil-
laries depends on the diffusion of dissolved oxygen
following the pathway «alveolar wall—pulmonary
interstitium—capillary wall—blood plasma—ery-
throcyte membrane—erythrocyte cytoplasm—he-
moglobin». Inhibiting the pathway at any stage
leads to reduced rate of oxygen diffusion through
the alveolar-capillary barrier. During normobaric
therapy, even by increasing the oxygen concentra-
tion in the alveoli, it is not possible to overcome the
diffusion barriers in the lungs [10], which is re-
flected in the SpO, level.

In the study subgroup 1, SpO, increased by al-
most 5% after 2 weeks. At the same time, a consid-
erable difference in hemoglobin oxygen saturation
in the control and subgroup 1 was observed by Day
14. The absence of differences at earlier dates (up
to 7 days) may be due to the fact that the most
prominent effect of HBOT began to appear after the
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Puc. 1. Bnuanue tepanuu 'BO Ha nccaenyemble nokasaresan y nanueHTos ¢ COVID-19.

Fig. 1. Effect of HBOT on the study indexes in patients with COVID-19.

Note. a — hemoglobin oxygen saturation; 1 — control group (n=30); 2 — the study group (n=57) before the HOT session; 3 — the
study group (n=57) after the HBOT session. * — the difference from the baseline in the group (Wilcoxon criterion, P< 0.05). In brack-
ets on the ordinate axis the day from the moment of the control group patients admission is indicated. b — serum MDA, pmol/l,
and serum OAA, mmol/l (n=18). c— OCP of platinum electrode in blood serum (n=18). 1 — before and 2 — after HBOT session. d
— percentage of apoptotic lymphocytes in early (d1) and late (d2) stages of apoptosis (n=18). e— percentage of CD95+ lymphocytes
(el) and CD14+ HLA DR+ (e2) monocytes (n=18).

IIpumeuyanue. Index — rokasareJib. @ — HachlIlleHUEe reMOIVIOOMHA KUCJI0PO/IoM; 1 — KoHTpoJIbHas rpynmna (n=30); 2 — uccie-
nyemas rpymmna (n=57) no ceanca I'bO; 3 — nccnenyemas rpynna (n=57) nocse ceanca I'bO. * — oTinyne oT HCXOOHOIO IOKa3aTe s
B rpymirie (kputepuii Busikokcona, p<0,05). B ckoOkax Ha 0CM OpJIMHAT YKa3aHbI CYyTKU C MOMEHTA ITOCTYIJIEHUSI JIJIs1 TAallHEHTOB
KOHTPOJILHOH Tpynbl. b — KoHIeHTparuu MJIA, MKMoJib/s1 1 OAA, MMOJIB/JI B CBIBOPOTKE KPOBU (1=18). ¢ — BesinunHa [TPI]
TIJIATUHOBOTO 3JIEKTPO/IA B CBIBOPOTKE KPOBH (11=18); 1 — 1o u 2 — nocJte ceanca I'BO. d — koHUeHTpanus 1MMQONUTOB, HAXO0-
JSIIIMXCS B IIPOLIECCe allONTOTHYeCKOM rubesin, Ha paHHuX (d1) u nos3nHux (d2) craausix anonrosa (n=18). e — cogepsxanue CD95+
sumdonutos (el) u CD14+ HLA DR+ (e2) MmoHOUIIMTOB (1=18).
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Tabauna 3. [lHHaMHUKaA IOKa3aTe s HAChIIEHUsI TeMOIVIOOMHA KHCJIOPOIOM.
Table 3. Changes in hemoglobin oxygen saturation.

Group SpO, while breathing ambient air, %

Day 1 Day 3 Day 7 Day 14
Control, n=30 92.6x+4.2 90.4+4.9* 91.3+4.8 93.4+4.7
Study subgroup 1, n=28 91.945.3 91.4+3.8 92.1+3.9 96.1+2.8*

Note. * — difference from the baseline in group (Wilcoxon criterion, P<0.05); * — difference from the control group value
(Mann-Whitney U-criterion, P<0.05).

ITpumeuanue. while breathing ambient air — npu ge1xanum armocdepHbIM BO3yXoM; A1 Ta0JI. 3, 4: Day — cyTKuU. * — oTinune
OT MCXOJHOTO MOKa3areJisi B rpymie (KpuTepuii Busikokcona, p<0,05); # — oTinure OT moka3areJsisi B KOHTPOJIbHOM T'pyIie
(U-kpurtepuit ManHa-YutHu, p<0,05).

TaGuuia 4. /IlHHAMUKA CTETIeHH! TSKeCTH U He00X0{HMOCTH PECITMPATOPHOM MOAEPIKKH.
Table 4. Changes in severity and the need for respiratory support.

Parameter Control group, n=30 Study subgroup 1, n=28

Day 4 Day 10 Before HBOT course After HBOT course
NEWS2, points 4.7+2.3 4.0+2.3 4.4+2.2 1.2+1.7%
Ordinal scale for clinical improvement [29], points 4.1+0.7 3.9+0.8 4.2+0.7 3.0+£0.6**
Respiratory support
NILV/HFOT 10 (33.3%) 8 (26.7%) 9 (32.1%) 0 (0.0%)
Oxygen insufflation with the flow rate 3-6 1/min 14 (46.7%) 13 (43.3%) 15 (53.6%) 5(17.9%)
Not required 6 (20.0%) 9 (30.0%) 4 (14.3%) 23 (82.1%)

Note. * — difference from the baseline in the group (Wilcoxon criterion, P<0.05); #* — difference from the control group value
(Mann-Whitney U-criterion, P<0.05).

IIpumeuanue. Points — 6asbl; ordinal scale for clinical improvement — mopsimkoBasi IIKaJIa KJIMHIYECKOTO YTy YIIIeHHST; respi-
ratory support NILV/HFOT — pecniuparopnas nogaepskka HVBJI/BITO; oxygen insufflation with the flow rate — uncyddusanus
KHCJIOPOJIOM C IIOTOKOM; not required — rnopaeprkka He TpedyeTcs. * — OTIMYKe OT UCXOHOT'O ITI0OKa3areJisi B rpyIie (Kpurepui

BusikokcoHa, p<0,05); ¥ — omindre OT IoKasareJisi B KOHTPOJIbHOU rpymme (U-kpurepuit ManHa—-YurtHu, p<0,05).

I'GO, 0 yeM cBUIETENBCTBYIOT BesinunHbl SpO,, B
cpenHeM cocTaBJAaBlINe He HIKe 95%. [Ipencras-
JICHHbIE rpa(;onqecm/le JaHHbIE€ II0O IVWHAMHNKeE
BEJIMYWH JIJI5 MCCJIETyeMOU TPYIIIbI OrPaHUYeHbI
7 ceancamu I'BO, 94TO COOTBETCTBOBAJIO 3aBepIie-
HUIO Kypca y 86,5% ITaiueHToB.

B KOHTPOJIBHOI TpyMIIe U UCCAeAyeMOU IIONT-
rpymnie 1 nposesiv CpaBHEHNE IUHAMUKU HACHIIIEe-
HUS TeMOTI00MHA KUCJI0POoIoM (TabJ1. 3), TSsKeCTH
COCTOSTHUSI M TpebyemMoro crocoba pecmparop-
HOU mofiepskKu (Tabut. 4). JIJis OIeHKY TAKEeCTU
COCTOSIHUSI B KOHTPOJIBHOU Tpylile B KayecTBe
PpeTepHbBIX TOUeK OBIIN BEIOpaHbI 4-e 1 10-€e CyTKY,
COOTHOCSIIMECS C HA4aJIOM U OKOHYaHHEM Kypca
I'BO B nccnemyemoii moarpyme 1 (TabJ. 4).

W3 mnpencraB/eHHBIX MAaHHBIX (Tabja. 3)
BUJIHO, YTO B KOHTPOJIbHOU IPyIIle II0Ka3aresb
HaCBIIIIeHN A TeMOTJI00MHA KUCI0OPO/IOM 3a 2 Hefle-
JIY IPAKTUYECKU He n3MeHUJIcs1. COITIaCHO 3aKOHY
leHpu, KOHIleHTpalys KUCJA0pPOJA B JIETOYHOMH
KpOBU NIPONOPIMOHAJIBHA TAPIUAIBHOMY AaBJjie-
HUIO Kucsaopoa. Ilornomnienre Kucaopoaa U ero
CBSA3BIBAHME IeMOIVIOOMHOM B JIETOYHBIX KaIIHJI-
Jspax 3aBUCUT OT AU @ysun pacTBOPEHHOIO
KUCJIOPO/ia 10 ITyTU: CTeHKa aJIbBe0JI—JIeTOYHBIN
WHTEPCTULIMH —CTeHKa KalluJsgpa—Iia3Ma Kpo-
BU—MeMOpaHa 9pUTPOIUTa—I[UTOIIa3Ma IPUT-
porura—reMoryioouH. IlpensaTcTBUA NaHHOMY
Tpolieccy Ha JII000H M3 CTAaUi MPUBOAUT K CHU-
SKeHHUI0 CKopocTHu aud@dysun Kucjiopoaa dyepes
QJTbBEOJIO-KATMJIIPHBIA Oapbep. B yciaoBusax
HOpMOOapHUUYeCcKOH Tepamud, Jaske 3a CUeT yBe-

4% gsession, i. e. already in the second week after
hospitalization.

The incorporation of HBOT in the compre-
hensive therapy plan in patients with COVID-19
allowed for the transfer of all patients receiving
respiratory support in NILV mode or high flow
oxygen therapy to conventional oxygen insuffla-
tion through the nasal cannula or face mask with
a flow rate of 3-6 1/min. Later, 19 (67.9%) patients
were returned to spontaneous respiration and
did not require further oxygenation therapy.
While in the control group only 2 (6.7%) patients
were transferred from «hard» oxygen therapy
modes and 3 (10%) patients were transferred to
spontaneous breathing. Thus, the use of HBOT
significantly enhances the efficacy of treatment,
which helps to withdraw respiratory supportin a
shorter time, but our data require a separate,
more detailed analysis.

Based on the specific nature of HBOT, spe-
cial attention should be paid to the study of the
balance between the prooxidant system that
generates free radicals (reactive oxygen and ni-
trogen species), and the antioxidant system that
neutralizes these free radicals. Under physiolog-
ical conditions, free radicals significantly con-
tribute to cell signal transmission, regulation of
cytokines and growth factors, serve as im-
munomodulators and participate in the natural
human aging. However, if this balance is altered,
free radicals are harmful for biomolecules and
cause oxidative stress.
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JINYEHU A KOHIIEHTPAU KACJI0POAa B aJIbBe0JIaX,
He yJaeTcsi IpeofoJieTh TudPy3noHHbIE Hapbepbl
B Jjierkux [10], uto orpaskaercs Ha ypoBHe SpO.,.

B uccienyemoit noarpymnmne 1 3a 2 Hefeau
SpO, yBenmuuiicsa nouru Ha 5 %. I1pu aTtoM 3amer-
HYIO pa3HUILy II0Ka3aTeJsieil HaChIIeHNUs TeMOIJIO-
OMHA KHCJIOPOIOM B KOHTPOJIBHOU U MCCIIEeaye-
Mo# moxrpynme 1 Habmgomanu K 14 cyTkam.
OTcyTcTBHE pa3nnumnii Ha 60Jee paHHUX CPOKAX
(1o 7 cyTOK) MOKET OBITH CBSI3aHO C TEM, YTO HAM-
boJstee BoIpaskeHHBIN apdert 'BO HaumHa TIPO-
AIBJIAAITBCS IIOCJIE 4-TO CeaHca, T. €. ysKe Ha BTOPOH
HeJeJsle C MOMEHTA FOCIUTAIA3 AN,

Brimouenue I'5O B KOMIJIEKCHYIO TepaIUIo
nanueHToB ¢ COVID-19 mo3BOJnJIO IepeBecTr
BCeX MAaIAeHTOB, IIOJy4YaBIIAX PEeCIUPAaTOPHYIO
nonaep:kky B peskume HMBJI 1 BBICOKOIIOTOY-
HYIO OKCUTEHOTEPANHIO Ha OOBIYHYI0 HHCYDDJIs-
VIO KUCJI0pPOJa 4Yepe3 HOCOBYIO KAHIOJNI0 WU
JIMIEBYIO MACKY C IIOTOKOM 3—6 J1/MUH. B nasipHeii-
mrem 19 (67,9%) marueHToB OBLIN ITepeBeIeHbl Ha
CIIOHTAHHOE JbIXaHWeE U He TpeboBaIu MaTbHEH-
mIeli okcureHorepanuu. Torga Kak B KOHTPOJIbHOU
TPyIIIE C «KECTKUX» PEKUMOB OKCUT€HOTepaInuu
nepeBeJid TOJBKO 2 (6,7%) nanyueHToB, Ha CIIOH-
TaHHOe Abixanue — 3 (10%) manueHToB. Takum
o6pasom, BriroueHre 'O 103BoIsIET 3HAUUTETh-
HO YCUJUTH 3(p(peKT IPOBOAUMON Tepamnuu, 4To
MMO3BOJIsSIET B O0JIee KOPOTKHE CPOKYM OTKA3aThCs
OT pecrupaTopHOU NONIep>KKU, OTHAKO ITOTy4deH-
HbIe HAMHU JaHHbIEe TPeOYIOT OTae bHOTO, Oosee
JeTaJbHOI0 aHaIN3a.

Ncxons us cnenudgurn I'BO Tepanmu, oco6o-
ro0 BHHMAaHMA 3acC/IysKABAJIO HCCIeJOBaHUE
cocrosgHusA OajlaHca Me)KIy IPOOKCHUIAHTHON
CHCTEMOM, COCTOSIIIIEN B OCHOBHOM U3 CBOOOIHBIX
paguKaioB, aKTUBHBIX opM kucaopona (ROS) u
akTUBHBIX popm azora (RNS), u aHTHOKCHUTAHT-
HOU CUCTeMOH, KOTOpast HeUTpaJu3yeT aTU CBO-
O0omHBIE paguKabl. B (pM3MOIOTHYECKHUX YCIIO0-
BUSIX CBOOOIHBIE pagWKa bl UTPAIOT BaKHYIO
pOJIb B Ileperadye CUIHAJI0B KJIeTKaMH, Pery/sanun
IIUTOKUHOB, (haKTOPOB POCTA, B KAYECTBE NUMMY-
HOMOZYJIATOPOB, y4aCTBYIOT B €CTECTBEHHOM CTa-
peHun opraHusma 4dejioBeka. OnHaKo, Ipu Hapy-
[IeHNH TaHHOTOo OajaHca CBOOOIHBIE PATUKAIIBI
MOTYT OKa3bIBaTh BpeJHOe BO3JeUCTBHE Ha BCE
OMOMOJIEKY/IBI M ABJISAATHCS, B TOM YHCJIE, IPUIH-
HOU pa3BUTHSA OKUCIUTEJIBHOTO CTpecca.

¥ nanuentos ¢ COVID-19 paspyiueHue Kak
ANIUTEINAJIbHBIX, TAK U 9HA0TEJTUATbHBIX KIETOK
Jerkux koponasupycom SARS-CoV-2 u Beigede-
HMe€ aIbBE0JISIPHOTO BOCHAJIUTEIbHOIO UH(PUJIBT -
para IpUBOOUT K yBEJMYCHUIO [IPOBOCIIAJINTEIb-
HBIX IUTOKUHOB (IL-14, IL-6 u TNF-a) [4, 5]. B cBOIO
odepenb, BhIpabOTKa MUTOKWHOB, BOCIAJIEHUE,
ru0eJib KJIETOK U APYTHE MaTo(PU3N0TOTHIECKIE
IIPOLECChl, XapaKTepU3yIllye pecnuparopHble
BUpPYCHBbIe WH(EKINU, MOTYT OBITH CBSI3aHBI C

In patients with COVID-19, the destruction of
both respiratory epithelial and endothelial cells by
coronavirus SARS-CoV-2 and the secretion of alveo-
lar inflammatory infiltrate lead to an increase in pro-
inflammatory cytokines (IL-18, IL-6 and TNF-a) [4, 5].
In turn, cytokine production, inflammation, cell
death and other pathophysiological events charac-
terizing respiratory viral infections may be associ-
ated with a redox imbalance or oxidative stress. For
example, a relationship has been established be-
tween inflammation and oxidative stress [30]. For
coronavirus infection, an experimental model of
severe acute respiratory syndrome previously
showed an increase in active oxygen species and a
breakdown in antioxidant protection during SARS-
CoVinfection [31]. The onset of severe lung damage
in patients infected with SARS-CoV is assumed to
depend on the activation of an oxidative stress
mechanism, which is associated with innate immu-
nity and upregulation of transcription factors such
as transcription factor NF-«B, which further en-
hances the host's pro-inflammatory responses [32].
Thus, the development of oxidative stress in pa-
tients with SARS-CoV may promote immune dys-
function causing more severe lung damage.

While studying oxidative stress markers in pa-
tients, it was found that in the serum MDA level
prior to HBOT was 4.34+0.52 pmol/], which did not
exceed normal references for persons over 60 years
of age (5.02+1.31 pmol/l). During the first 3 sessions
there was a slight increase in MDA level up to
4.51+0.76 pumol/], and then, along with the other
HBOT sessions, MDA level was constantly decreas-
ing and by the 7t session reached 3.98+0.48 pmol/l
(fig. 2). In the study of total antioxidant activity, the
opposite picture was observed, when prior to HBOT
this value was 1.26+0.28 mmol/l (with normal refer-
ence 1.58+0.12 mmol/l), dropped by the 4 session
to 1.13+0.11 mmol/l and then grew again by the 7®
session to reach 1.21+0.05 mmol/1 (fig. 1, b).

When studying the balance of pro- and antiox-
idants by measuring OCP of platinum electrode in
blood serum during the first 3 sessions, this value
did not change prior to HBOT session, whereas
after the 3 session, there was a shift toward a more
negative potential region as the sessions of HBOT
were held (fig. 1, ¢), which, in general, is in the line
with MDA and OAA changes.

As with the MDA and OAA, it was noticed that
the values of OCP of platinum electrode in patients
prior to 1 session of HBOT were -22.78+24.58 mV,
which slightly differed from the range of values typ-
ical for apparently healthy people (-33.7+22.5
mV [33]). However, after the 3 session the changes
in OCP became more intensive and by the 4th ses-
sion the values of OCP were -30.45+15.32 mV, which
practically corresponded to the normal references.

In general, in almost all cases HBOT was

shown to cause a shift in OCP values toward a more
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OKHUCJINTEJILHO-BOCCTAHOBUTEIbHBIM AUCOaJIaH-
COM WJIA OKUCJIUTEJbHBIM CTPECCOM. Tak, Hampu-
Mep, ObLJIa YCTAaHOBJIEHA B3aUMOCBSI3b BOCIIasIe-
HUA W OKUCIUTeJbHOTO crpecca [30]. B
OTHOILIEHNY KOPOHABUPYCHOU MH(EKLINY, paHee
Ha 9KCIIEPUMEHTAIbHON MOJIEJIN TSAYKEJIOTO OCT-
pOro pecmmpaTopHOro CUHAPOMA OBLIIO ITOKA3aHO
MOBBINIIEHNE CO/lEP)KaHMA aKTUBHBIX (DOPM KUC-
Jgopona (APK) u HapylieHre aHTUOKCUAAHTHOU
3anuThl Bo BpeMs nHgeriuu SARS-CoV [31]. [Ipu
3TOM TMPEeAIOoJIaraloT, YTO HAYaJlo TAMKEeJI0r0
MIOBPEKIEeHUsI JIETKUX Y MAallMeHTOB, MH(PULIPO-
BaHHBIX SARS-CoV, 3aBUCHUT OT aKTHUBaIlM1 MeXxa-
HH3Ma OKMUCJ/IUTEJBHOTO CTpecca, KOTOPbIX CBsI-
3aH C BPOKAEHHBIM HIMMYHUTETOM, U aKTUBUAPYET
Takue (PaKTOPbI TPAHCKPUIIIIUH, KaK TPAHCKPUII-
unoHHbIN pakTop NF-«B, uTo B gasibHeliem npu-
BOIMT K YCUJICHUIO IPOBOCHAJIUTEIBHOIO OTBETA
xo3s1mHa [32]. TakuM 06pa3oM, pasBUTHE OKUCJIH-
TeJIFHOTO cTpecca y 60/1bHBIX ¢ SARS-CoV mosxeT
CIIoco0CTBOBATh UMMYHHOH TUCHYHKINH 1 O0siee
TAKEJIOMY IIOBPEKICHUIO JICTKUX.

[1Ipu uccaenoBanuu Moka3aTeseil OKUCIU-
TeJbHOTO CTpecca ObLIO OOHApPYKEHO, YTO Y
00cJTeTOBaHHBIX MAIMEHTOB KOHIeHTparus MJIA
B CbhIBOpOoTKe KpoBH 1o ['BO cocraBasmia
4,34+0,52 MKMOJIB/JI, YTO He IIPEBBIIIAJIO0 HOPMY
s gan crapiare 60 Jiet (5,02+1,31 MkMoJb/J1). B
TedeHWe TEepBBIX 3-X CeaHCOB OTMedau
HEe3HAYUTEJbHOE IOBBINIEHNE KOHIEHTPAluu
MJA no 4,51+0,76 MKMOJIB/JI, a 3aTeM IO Mepe
npoBeneHusa ceancoB 'bO koHnenTpanuss MJIA
IIOCTOSIHHO CHUYKAJIACh U K 7-MY CEaHCY KOHIICHT-
paunu MJIA coctaBisiina 3,98+0,48 MKMOJIB/JI
(puc. 2). IIpu ucciaemoBaHum 00IIEN aHTUOKCH-
MaHTHOW aKTUBHOCTU HAOJII0a T TPSIMO TIPOTH-
BOIIOJIOKHYIO KapTuHy, Korna 1o I'bO BesnmuunHa
OAA cocrasJisina 1,26+0,28 MMoJIb/JT (IpU HOpMe
1,58+0,12 MMOJIB/JI) CO CHUIKEHHUEM K 4-My CeaHcy
o 1,13+0,11 MMOJIB/JI ¥ IOCJIEAYIOIIUM POCTOM
K 7-My ceaHcy 1o 1,21+0,05 mmoJib/ a1 (puc. 2).

IIpu uccaemoBanuu 6aJiaHca IpPoO- W aHTHU-
OKCHJIAHTOB C MOMOIIIBI0 U3MepPeHNs MMOTeHI[haIa
nipu pasoMkHyToH 1ienu (ITPL1) niaTuHOBOrO aJ1eK-
TPOZAAa B CBIBOPOTKE KPOBU B TeUEHME ITEePBBIX 3-X
ceancoB BesimunHa [1PI] no ceanca I'bO npakTrye-
CKU He U3MeHs1J1ach, a IocJie 3-ro ceaHca OTMETH-
au cMmemnienre BejquuuH IIPI] B obOjaacts OoJiee
OTPUIIATEJIbHBIX BEJIUYUH OTEHIINAJIOB TI0 Mepe
npoBeneHusa ceancoB I'BO (puc. 3), 4To, B 11eJIOM,
COBMAAJIO C XapakTepom uaMmepenuss MJIA u OAA.

Kak u B ciaygae MJIA u OAA, obpamiano Ha
ceOs1 BHUMaHUe T, yTo BesanunHbI [1P1] y manueH-
TOB 110 1-TO ceanca I'bO cocrasjisiiu -22,78+24,58 MB,
YTO HECKOJIbKO OTJIMYaJIOCh OT JHala3oHa 3Have-
uuii [1PL], xapakTepHbIX JJis MPAKTUUYECKHU 3]0-
pOBBIX Jiofei (-33,7+22,5 MB [33]). OgHako nocJe
3-ro ceanca nuHamuka [1PI] crasa mHTEHCHBHEN

U yKe K 4-My ceaHcy Beanuunsbl [1PI] coctaBuin

negative potential region (fig. 2, 3), which may in-
dicate a shift of the balance towards antioxidants.
Moreover, the magnitude of the shift during a
HBOT session, which can be interpreted as a crite-
rion of efficiency, increased with the number of ses-
sions. Thus, if after the first sessions AOCP did not
exceed 8 mV, by the 7% session AOCP already
reached more than 20 mV. The observed increase in
OCP change coincided with MDA reduction and
OAA increase, i.e., the use of hyperbaric oxygen
therapy did not cause the activation of free-radical
processes and exhaustion of the body's antioxidant
protection system. Thus, at the level of redox
processes, the prominent effect of HBOT starts to
develop after 3—4 sessions. This effect fits into the
adaptive-metabolic concept of therapeutic action
of HBOT proposed by A. N. Leonov [34], according
to which during the evolution the body developed
stereotypic reactions of cells and functional-meta-
bolic systems to oxygen hypersaturation, which not
only ensure its safe presence in a hyperoxic envi-
ronment, but also increase its resistance to noxious
factors [34, 35].

A study of intravascular lymphocyte apoptosis
(fig. 1, d) showed moderate increase in early apop-
totic cell counts in patients with coronavirus-in-
duced pneumonia before HBOT sessions. On aver-
age, the apoptotic lymphocyte count in patients
with COVID-19 was 10.6+1.2%, while the norm was
3.440.8%. The variability of changes in the count of
apoptotic lymphocytes in patients should be noted.
Thus, in 30% of patients the apoptotic lymphocyte
content in the venous blood corresponded to the
values seen in healthy donors, and in another 30%
of patients apoptotic lymphocyte numbers were
significantly increased (15-23.4%). In the remain-
ing 40% of patients there was a moderate increase
in this parameter, typical for inflammatory process.
After the HBOT sessions, the apoptotic lymphocyte
count in blood did not change significantly. In all
patients with initially low level of apoptotic lym-
phocytes after HBOT sessions the level of apoptotic
cells in the venous blood increased. The content of
cells already dead through apoptosis
(AnnexinV+/7AAD+), initially increased in the stud-
ied patients, decreased after HBOT sessions and
corresponded to the normal reference ranges.

The percentage of venous blood lymphocytes
expressing Fas-receptor prior to HBOT initiation
was also reduced in half of the patients examined
and ranged from 22 to 34% with the normal range
37-47%, and only in 20% of the patients it was ele-
vated. The HBOT sessions helped to increase the
number of CD95+ lymphocytes in the first day after
the session and to normalize this value on further
observation (fig. 1, e).

The ability to express HLA-DR molecule on
the surface is normal for 85-98% of monocytes cir-
culating in blood. Prior to the HBOT initiation, the
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Fig. 2. Use of HBOT to counteract the redox system response and apoptosis in patients with COVID-19.

-30,45+15,32 MB, 4TO y’Ke IIpaKTU4YeCKUA COOTBET-
CTBOBAJIO pepepeHCHBIM 3HAYEHUSIM.

B mesioM, 6LIO TOKA3aHO, YTO TPAKTUYECKU
BO BCex cjiy4yasax nposeneHue I'bO npuBogutr K
cMerrienuio BesimyuH [TP1] B 06J1acTh 60Jiee OTpu-
IaTeJIbHbIX 3HAYeHU IOTEHITNAJIOB (PUC. 2, 3), 4TO

percentage of HLA-DR positive monocytes (CD14+)
in patients with viral pneumonia caused by COVID-
19 was reduced in 60% of patients and varied from
4810 82%. HBOT has assisted in restoring the ability
of monocytes to express HLA-DR on their surface
(fig. 5). After the end of the sessions, the percentage
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MO’KET CBU/IETEJILCTBOBATH O CMEIeHNH Oaanca
B CTOPOHY aHTUOKCUIAHTOB. [IpuueM, BesuduHa
cmentenus [1PI] 3a Bpemsa ceanca I'bO, koTopas
MOKET OBITH MHTEPIPETHPOBAaHA KaK KPUTEPUH
3¢ PeKTUBHOCTU CeaHCa, yBeJINYNBAIaCh 10 Mepe
nposenenus Kypca I'GO. Tak, ecau mocse nepBbIx
ceancoB AIIPL] ve npeseimaigo 8 MB, To K 7-my
ceancy AIIPII y:xe mocrturama 6Gosiee 20 MB.
Hab6momaemoe yBennuenne cMmernenus [1PI] cos-
nagaso co camkenneM M/IA n yBenuuenusa AOA,
T. €. ICTI0JIb30BaHME TUTIepOapuIeCcKOi OKCUTeHa-
[IUY He BBI3BAJIO aKTUBAIIMHM CBOOOTHOPATUKAITh-
HBIX IIPOI[ECCOB U UCTOIIEHUs] AHTUOKCUJAHTHON
CHCTEMBI 3aIUTHI Oprannama. Takum o06pasom,
Ha YPOBHE OKHUCJIMTEJIbHO-BOCCTAHOBUTEJIbHBIX
MPOIIeCCOB B OpTaHU3Me BbhIPasKeHHBIN 9P eKT
I'bO HaumHaeT NpoABJIATHCA NOCJIe 3—4-Tr0 ceaH-
ca. YKa3a"HbIU a(p(PeKT yKIaIbIBAETCSI B aJalTa-
IIMOHHO-MeTab0IMYECKYI0 KOHIIETIITHIO TepaIeB-
Tuyeckoro geiicteus ['BO npennoskeHHYIO
JleonoBbIM A. H. [34], coviacHO KOTOpPO# B po-
Iecce 3BOJIIOIMY B OpPraHu3Me Pa3BUJIUCh CTe-
pEOTHUIIHBIE PEAKIIUU KJIETOK U (PYHKIIMOHAIBHO-
MeTabOJIMYECKUX CHCTEM Ha CBEPXHACHIIIEHUE
KHCJIOPOJIOM, 00ecreYrnBamIie He TOJTbKO ero
Oe3omacHOe HaXOKJeHWE B THIIEPOKCUYECKOUN
cpeze, HO U MOBBIIIAIOIIYE er0 YCTOMUYUBOCTD K
JIeICTBUIO TAaTOTeHHBIX (paKkTOpOB [34, 35].
HccnemoBanue BHYTPUCOCYAUCTOTO AIllONTO-
3a JuM@POIUTOB (pHUC. 4) IIOKa3ajJ0 yMepeHHOoe
yBeJIMYCHUE KJIETOK Ha PaHHUX CTaJUAX aloITo-
TUYECKOU THOes I B KpOBU OOJTHLHBIX THEBMOHUEN,
BBI3BAaHHOU KOPOHABUPYCHOM UH(EKIMel, epes
npoBenenueM ceancoB I'GO. B cpennem, kosnue-
CTBO allONTOTAYECKUX JUMQOIIUTOB COCTABUIIO Y
narueHToB ¢ COVID-19 10,6+1,2%, ipu HOpMe
3,4+0,8%. CisiemyeT OTMETUTH BapuadeJIbHOCTH
M3MeHeHUU colepsKaHus allONTOTUYECKUX JINM-
¢onuroB y namueHToB. Tak, y 30% HanueHTOB
conepskaHue JTUM@OIUTOB B IpoIecce allONTOTU-
4ecKoH rubesii B BEHO3HON KPOBH COOTBETCTBO-
BaJI0 IIOKA3areJIsIM 3J0POBBIX TOHOPOB, a elle y
30% nanueHToB IOKa3aTeJsIn aonTo3a JuM@oIu-
TOB OBLJIN 3HAYUTEJIHHO MOBBIIIEHBI (15-23,4%). ¥V
oCTaJIbHBIX 40% ManueHTOB OTMETU/IA YMEPEHHOe
YBeJIMYCHHUE 3TOr0 ITI0Ka3areJisl, XapakTepHoe JIJIsg
BOCIIAJIUTEJILHOTO mpouecca. Ha ¢one ceancos
I'BO conepsxaHue allONTOTUYECKUX JTUM(QPOLUTOB
B KPOBM 3HAYMMO He MEHAJIOCh. Y BCeX ITalueH-
TOB C UCXOIHO HU3KHUM YPOBHEM aloInTo3a JIUM-
¢ouuToB nocse ceancoB 'BO oTMeTHIv pOCT KOH-
LIeHTPAIMH allONITOTUYECKUX KJIeTOK B BEHO3HOU
kpoBu. ComepskaHre KJIETOK Y’Ke TOTHOIINX B
peayJssrare aronrosa (AnnexinV+/7AAD+), ucxon-
HO TTOBBIIIIEHHOE Y 00C/IeTyeMbIX O0JIBHBIX, TIOCTIE
ceancoB 'O cHMYKAJIOCH ¥ COOTBETCTBOBAJIO I'Pa-
HUIaM (pU3U0JIOTUIECKOU HOPMBI.
OTHOCUTEJIBHOE YU CJI0 IUM(OIUTOB BEHO3-

HOU KPOBH, 9KcIpeccupylonux Fas-penenrtop, 1o

of CD14+/HLA-DR+ monocytes corresponded to
the normal reference in all the studied patients.

Induction of apoptosis in viral diseases is usu-
ally regarded as a protective mechanism to prevent
the spread of infection [36]. In influenza, apoptosis
induction has been shown to be the main factor in-
hibiting the spread of infection and aims to remove
infected cells without developing a local inflamma-
tory response. The progression of infectious
mononucleosis is associated with reduced Fas-re-
ceptor expression on T-lymphocytes and their
spontaneous apoptosis. At the same time, extensive
intravascular lymphocyte apoptosis in patients
with viral infections, including COVID-19 coron-
avirus infection, is considered to be the main factor
causing immunosuppression and lymphopenia in
severe and extremely severe disease [37, 38].

However, our study has demonstrated multidi-
rectional changes in lymphocyte apoptosis intensity.
In patients with severe respiratory failure, the con-
centration of apoptotic lymphocytes was the lowest.
It should be noted that the examination of patients
was performed as late as on days 10-12 after the first
symptoms of the disease, so we can assume that in
the late period, an increase in percentage of lympho-
cytes undergoing programmed cell death is physio-
logical and aims at the elimination of activated lym-
phocytes. In this case, normalization of Fas-receptor
expression on the lymphocyte surface and induction
of their apoptosis under HBOT exposure indicates
restoration of immune system function.

The favorable effect of HBOT on the restora-
tion of normal activity of the immune system is also
evidenced by the recovery of monocytes' ability to
express HLA-DR on their surface. The IL-6 is known
to inhibit the expression of HLA-DR, and the im-
mune system studies of patients with new coron-
avirus infection COVID-19 revealed an inverse cor-
relation between the serum level of IL-6 and the
count of HLA-DR molecules on CD14 mono-
cytes [39]. Specific IL-6 blocker tocilizumab was
also found to be able to partially restore HLA-DR
expression on monocytes of patients with immune
dysregulation. Most likely, HBOT inhibits the pro-
duction of proinflammatory cytokines and the de-
velopment of «cytokine stormy.

In general, based on our data, we can assume
that HBOT has a multifactorial effect on the body
in COVID-19. Specifically, it causes an increase in
hemoglobin oxygen saturation, reduces the inten-
sity of lipid peroxidation processes, activates the
body antioxidant system, restores the balance of
pro- and antioxidants, helps normalize apoptosis
processes, etc. (fig. 2).

Conclusion

Incorporation of hyperbaric oxygen therapy
into the comprehensive treatment plan of patients
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Havasa ['BO y MoJIOBUHBI 00C/IeJOBaHHBIX MAIH-
€HTOB TaKsKe OBIJI0O CHUKEHO ¥ BApHUPOBAJIO OT
22 no 34% npu HopMe 37-47%, u aumb y 20%
0O0JIBHBIX OBIJIO MOBBIIEHHBIM. [IpoBenenne 'EO
crioco0CTBOBa/IO yBeawmdeHWIo uymcaa CD95+
JUM((}OLUTOB B NepBble CYTKU IIOCJIE ceaHCa U
HOPMaJIM3aIMM 9TOTO TTIOKa3aTeJisl TPy JajbHew-
mreM HabJTIoneHnu (puc. 5).

Crtoco6HOCTBIO 9KCITPECCUPOBATh Ha TTIOBEPX-
"HocTU MoJiery/Isl HLA Broporo tuna (HLA-DR) B
HOpMe 0bstamatoT 85-98% MOHOIIUTOB, IMPKYJIH-
pyromux B KpoBH. [lepen navasiom 'O Tepanuun
KoHIleHTpauua HLA-DR n103UTUBHBIX MOHOIIUTOB
(CD14+) y OOJBHBIX BHUPYCHOM ITHEBMOHHEH,
BpI3BaHHOW COVID-19, Oputa cHmkeHa y 60%
NanMeHTOB W BapbupoBasa oT 48 mo 82%. I'bO
Tepamusi CIoCOOCTBOBAIA BOCCTAHOBJIEHUIO CIIO-
COOHOCTM MOHOIIUTOB 9KCIIPECCHUPOBATh Ha
nosepxuHoctu HLA-DR (puc. 5). [Tociie okoHYaHuA
CEeaHCOB Y BCeX 00C/IeTyeMbIX al[eHTOB KOHIIEHT-
panuo CD14+/HLA-DR+ MOHOIIUTOB pETUCTPUPO-
BaJIY B TIpejiesiax Gu3n0J0ruueckOi HOPMBI.

WHpyKIis aronTo3a npy BUPYCHBIX 3a00J1€Ba-
HHUAX OOBIYHO pACCMaTPUBAETCS KaK 3alllUTHBIA
MEeXaHU3M, IPeNsSTCTBYIONMN paCIpOCTPAHEHUIO
nHpexrnun [36]. JlokazaHo, YTO IIPU T'PUIIIIE 3AITYCK
aroIrTo3a ABJISIETCS OCHOBHBIM (DAKTOPOM, CIIEPSKU-
BAIOIIMM paclpocTpaHenrie NHQMEKINY, 1 HalpaB-
JIEH Ha yrnaJieHre WH(UIMPOBAaHHBIX KJIETOK, 6e3
pas3BUTHUA JIOKATBHOU BOCHAIUTEILHOU peaKIIuu.
[TporpeccupoBanue HHPEKIMOHHOI'O MOHOHYKJIEO-
3a CONpsI»KEHO CO CHMKEeHMeM IKcIpeccum Fas-
pernienitopa Ha T-iuMdonuTax ¥ UX CIIOHTAHHBIM
arnonTo3oM. B Toske BpeMsl 9KCTeHCHUBHBIN BHYTpU-
COCYIOWCTBIM armonTo3 JIMM(OIUTOB Y OOIBHBIX C
BUPYCHBIMU NH(EKIUSIMY, ¥ B TOM YHCJIE, C KODOHA-
BUpYycHOI nH@ekueit COVID-19, paccMarpyBalor B
Ka4yecTBeE OCHOBHOTO (paKTOpa, BBIBIBAIOIIETO
WMMYHOCYIIPECCHIO Y TUM(OIIEHUIO NTPU TAKETIOM
U KpaifHe TsKeJIOM TedeHnn 3aboJsteBanus [37, 38].

OnHako Halle WcCCaeqOBaHWE IMPOIEMOH-
CTPUPOBAJIO pa3HOHANpaBJIeHHOE W3MEHEeHUe
WHTEHCUBHOCTH aroNTo3a JUMMOITUTOB. Y 00JIb-
HBIX B TSDKEJIOM COCTOSTHUY C HanboJiee BbIpasKeH-
HOH ObIXaTeJbHON HeJOCTAaTOYHOCThIO KOHIIEHT-
panms amonTOTUYEeCKUX JUM@POIUTOB Oblaa
HauMmeHnblieir. OTMmeTuM, 4YTO 00cCJemoBaHUe
ManyeHToB IPOBOAMIIN He paHee 10-12-X CyTOK OT
MMOSIBJIEHUST TIEPBBIX CHUMIITOMOB 3a00JIeBaHUS,
I109TOMY MOSKHO IIPEAIIOJI0KUTD, YTO B IIO3THEM
Iepuoje yBeJndeHne KOHIeHTpaluy JuM@oIu-
TOB B IIpoIlecce MIPOTPaMMUPOBAHHOU KJIETOUHOM
rubesi ABJAsAeTCA (PU3UOJOTHIECKUM, HAIpaB-
JIEHHBIM Ha 3JIMMHUHAINIO AKTUBUPOBAHHBIX JINM-
¢ouuToB. B 3TOM Ciyuae HopMaIu3aIus aKCIpec-
cum Fas-perientopa Ha TIOBEPXHOCTU JTUMQPOIUTOB
Y MHIYKIYSA UX allonTo3a Ipu Bo3neiictesuu I'BO
CBUJIETEJIbCTBYET O BOCCTAHOBJIEHUM (PYHKIINU
UMMYHHOU CUCTEMBI.

with new coronavirus infection COVID-19 has
demonstrated its effectiveness in increasing the he-
moglobin oxygen saturation, as well as in improv-
ing subjective indicators of patients' condition.

The use of HBOT does not cause activation of
free-radical processes and exhaustion of the body
antioxidant system.

Apoptotic parameters during HBOT were
brought back to the physiological normal ranges,
which manifested in a decrease in the number of
cells that died through apoptosis, restoration of the
monocyte ability to express HLA-DR on their surface.

The marked effect of HBOT manifesting as
normalization of redox and apoptotic processes in
the body begins to appear after 3-4 sessions.

O 6uraronpusitHoM aeticteuu ['BO Ha BoccTa-
HOBJICHHE HOPMAa/JIbHON aKTUBHOCTU UMMYHHON
CHUCTeMBbI CBUJIETEJIbCTBYET TaKsKe BOCCTAHOBJIE-
HHEe CIOCOOHOCTH MOHOITUTOB, 9KCIIPECCUPOBATH
Ha cBoelt moBepxHoctu HLA-DR. M3BecTHO, 4TO
IL-6 narubupyet akcrpeccuio HLA-DR, a B pabo-
TaX, MOCBAIIEHHbIX HCCIEJOBAHUI0 UMMYHHOU
CHACTEMBI y OOJIBHBIX HOBOW KOPOHABUPYCHOH
nHderueit COVID-19, BeissBJIeHa 06paTHAs KOp-
pensanusa Mmexay ypoBHeMm IL-6 B ChIBOpOTKe
KpPOBU OOJIBHBIX U aOCOJIOTHBIM KOJIMTYECTBOM
HLA-DR wMoJsiekyn Ha MmoHomuTtax CD14 [39].
OTMedeHo TaKsKe, YTO CIierupuiecKkuii 6JI0KaTop
IL-6 Tomminaymab crmocobeH YacCTHYHO BOCCTa-
HaBJuBaTh skcnpeccuro HLA-DR Ha MoHOUIMTaX
OONMBHBIX C UMMYHHOU Aucperyiasmnuei. Bepo-
ATHee Bcero, ' bO Tepanua TOpMO3UT NPOIYKIUIO
IIPOBOCIIAJIUTEJIBHBIX IIMTOKWUHOB U pa3BUTHE
«IIUTOKWUHOBOTO LITOPMa».

B 1es0M, OCHOBBIBAsSICh Ha MOJY4YEHHBIX
HAaMM TaHHBIX, MOKHO NPEINONI0KUATh, 94TO 'O
OKa3bIBaeT MyJIETH(aKTOPHOeE JleiicTBUe Ha Opra-
Hu3M npu COVID-19, a mMeHHO, IPUBOJUT K
TIOBBIIIIEHUIO HACKHITIIEHNSI TeMOTVIOOMHA KU CJIOPO-
JIOM, CHUKEHUI0 HHTEHCHUBHOCTU IIPOIIECCOB
IIEPEeKUCHOI0 OKUCJIEeHUS JIUMUJ0B, aKTUBAIIUN
AHTUOKCHUIAHTHOU CHCTEMBI OpraHn3Ma, BOCCTa-
HOBJIEHUIO OajlaHCca MPO- ¥ aHTUOKCUAAHTOB, HOP-
MaJIM3aluy IpoLecCoB aronToada u ap. (puc. 6).

3akJrouenue

BriioueHnne ruriepOapuuecKoll OKCUTeHa-
VM B KOMILJICKCHYIO Tepanuio IalMeHTOB C
HOBOU KOpoHOBUPYCHOU uH(peknueir COVID-19
TI0Ka3aJ10 CBOIO 3(p(heKTUBHOCTD, BBIPASKAIOIITYIO-
Cs1 B yBeJIMYEHUHU HACHIIIIEHNUs TeMOTTIO0MHA KHC-
JIOPOZIOM, a TaKKe — YIYUIIIEHUH CyOhEKTUBHBIX
IOKasareJsell COCTOSHUSA IIalliEHTOB.

Hcnonb3oBanue 'O He BbI3bIBAET aKTHBA-
1y CBOOOTHOPATUKATBLHBIX IIPOIIECCOB U UCTO-
MIeHUsIT aHTUOKCUOAHTHON CHUCTEMBI 3aIllUThI
OpraHu3Ma.
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Knunudeckue uccjaeqoBaHud U IIPpaKTUKaA

ITapaMeTpsI aronro3a Ha (POHE TPOBEAEHUS

I'BO npuxonuau K (pranoJIornueckoi Hopme, 4To
BBIPA’KaIOCh B CHIPKEHUH YHCJIa KJIETOK, ITOTH0-
KX B pe3yJbrare alolnTo3a, BOCCTAHOBJICHUU
CITOCOOHOCTH MOHOIIMTOB 9KCIPECCHPOBATh Ha
nosepxuoctu HLA-DR.
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