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Iless 0630pa — NpEACTABUTH OTEHIIMAIBHO HeraTUBHbIE 9(D(MEKTHI TUIIEPOKCUH Y PAa3JMYHBIX IPYII 00JIb-
HBIX, HAXOJSAMINXCA B KDUTUYECKOM COCTOSIHUU, B TOM YHCJIE TIOCJI€ OCTAaHOBKU CEP/IIld, YePEITHO-MO3I0BOI TpaB-
MBI, HHCYJIBTA, B CJIy4asiX pa3BuTus cercuca. [IpuBeieHs 1okazaTebeTBa MOBpeskAaoIero agdeKTa THIepOKCUn
U HEOOXOAUMOCTH WHIMBUJIYAIbHOTO UCIIOJIb30BAHUS KUCJIOPO/A B COOTBETCTBUU C TEKYIIEN MOTPEOHOCTHIO IPU
psijie NaTOJIOTHYECKUX IIPOIIECCOB M HO3010rnYecKuX (hopm. Onmcanbl MeXaHU3MBbI /Il TAllnK OPraHu3Ma K rurie-
POKCHUU M BO3MOKHOCTD YMEHBIICHUS TOKCHYECKUX 3(PEKTOB KUCIOPO/Ia ¢ TIOMOIIBIO CYKIIMHATOB.

Kntouesvie cnosa: ZUNOKCUS; 2UNEPOKCUSL; CYKUUHAMDBL

The aim of the review is to present potentially negative effects of hyperoxia in various groups of critically ill
patients, including those after cardiac arrest, brain injury or stroke, and in cases of sepsis. It was noted that in cases
of these pathological processes and nosological forms there were evidences that hyperoxia could have a damaging
effect, and that oxygen should be prescribed on an individual basis depending on the assessment of the current oxy-
gen requirement. It has been established that hyperoxia commonly represent the last reserve to abrogate the pro-
gressive hypoxia. The mechanisms of adaptation of the body to hyperoxia are described and the possibility to

reduce the toxic effects of oxygen with the aid of succinates is discussed.
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BBenenne

Heocroposxktoe uciosnb3oBanue kucaopoia (6e3
SBHOM HEOOXOMMOCTH ) MOKET IIO[BEPraTh AIUEHTOB
TUIIEPOKCUH, 2 3HAUNT, SIBJISIETCST TIOTEHITUATIBHOM TTPU-
yuHOU arporenun. CamMbIM TSIKEBIM CJIEJICTBUEM TH-
MEPOKCHUY SIBJISIETCS TIPSIMOE TOKCUYECKOEe TTOBPEK/IE-
HUE JIErKUX, CBSI3aHHOE C PAa3BUTUEM aTeJIeKTa30B,
TPaxeoOPOHXUTA ¥ HHTEPCTUIIHATBHOTO (hubposa. Ox1-
HAKO TUTIEPOKCHS MOKET TAK)Ke BbI3bIBATH MTOBPEK/IE-
Hue JIOObIX TKaHell ¥ OpraHoB HOCPEACTBOM Hepude-
pUYeCKOl BA3OKOHCTPUKIIUY U BO3IEICTBUS aKTUBHBIX
(opm kucopona. Tem He Menee, UCTIOIb30BAHUE TUTIE-
POKCHU TO-IIPEKHEMY CUUTAIOT OE30IIACHBIM U 0JIE3-
HBIM TIPU PA3JIMYHbIX KPUTUIECKUX COCTOSTHUSIX.

Kucnopoz siBisiercst ogHuM u3 Hanbosiee mupo-
KO UCIIOJIb3yEeMbIX TepalleBTUUeCKUX arenToB. Kuciio-

Introduction

Careless use of oxygen (without obvious needs)
can expose patients to hyperxia, and therefore, is a
potential cause of iatrogeny. The most severe conse-
quence of hyperoxia is the immediate toxic injury of
lungs related to the development of atelectasis, tra-
cheobronchitis, and interstitial fibrosis. However,
hyperoxia can cause the damage of any tissues and
organs through peripheral vasoconstriction and
excess reactive oxygen forms. Nevertheless, hyperox-
ia is still considered safe and useful in various critical
conditions.

Oxygen is one of the most widely used thera-
peutic agents. Oxygen is an agent with specific bio-
chemical and physiologic effects, a known range of
effective doses and specified adverse effects. Oxygen

Anpec 17151 KOpPECHOHIEHINHU:

Baagumup Joarnx
E-mail: prof dolgih@mail.ru

Correspondence to:

Vladimir Dolgih
E-mail: prof dolgih@mail.ru

OBINAA PEAHMMATOAOI' M, 2017, 13; 3

www.reanimatology.com



84

Reviews
[ |

DOI:10.15360,/1813-9779-2017-3-83-93

POJI — 3TO B OTIPE/ICIEHHOM CMBbICJIE JICKAPCTBEHHDIIH
npernapar ¢ KOHKPETHBIME OHOXUMUYECKUMU U (Hr3u-
osiormueckuMu aGhdekTaMu, M3BECTHLIM INATIA30HOM
a(hhEKTUBHBIX /103, ONIPEICJICHHBIMUA HEKeIaTeTbHbI-
mu addekramu. OH Ha3HAYACTCS TTPU PA3TMYHON T1a-
TOJIOTHH C TI€JTHI0 YMEHBIIEHUS WJIN TTPEOTBPAIICHUS
pasBUTHSI THUNOKCHU TKaHell. HecMoTpss Ha TO, uTO
KHUCJIOPOZIOTEPAITNSA OCTAETCS KPACyTOJIbHBIM KaMHEM
JICUCHUS TUTTOKCUM KPUTHUYECKUX COCTOSIHUN, M MHO-
THe acTeKThI (PU3UOTOTUIECKOTO BO3ACHCTBUS KUCJIO-
POJIa Ha OPTAaHW3M Y3Ke BbIACHEHBI, UH(OPMAITUH O He-
KOTOPBIX €r0 OmacHbIX adeKTax B ONpeneseHHbIX
KJIMHUYECKUX CUTYAIUSAX HEIOCTATOUYHO. JTO TOJ-
TBEPIKAAETCA TeM (DAKTOM, YTO MCIOTH30BAHUE KUC-
JIOPOJIA TIPH PsAJie KPUTUYECKUX COCTOSTHUH B OTIACHBIX
KOHIIEHTPAIUAX MO-TIPEKHEMY PeTJaMeHTUPYeTCS
Pa3IMYHBIMU PYKOBOJICTBAMU W AJITOPUTMAMMU.

Tunepokcuio paccMaTpuBaIOT Kak (haKTop ycH-
JIEHUST OKUCIUTEBHOTO CTPECCa, a HAINYMe OTHOCH-
TEJILHO Y3KOTO <«MHTEpPBajia 0e30MACHOCTU> MEKIY
abdekTBHBIMU (TEPATIEBTUYECKUMU) U TOKCHYEC-
KUMU JI03aMH KHCJIOPOJIa CO3/IAeT JOTIOTHUTEIbHbIE
Gapbepbl JUist yrIyOJIEeHHBIX MCCJIEI0BAHMIT Pe3yJib-
TATOB KJIWHUYECKOTO MCIIOJb30BAHUSA KHUCJIOPO/A
npu 6oJjiee BHICOKOM (BBbIllle HOPMAJIbHOIO) YPOBHE
€T0 MapIUAJIBLHOTO /aBjaeHusA. KinHuueckue mposiB-
JIEHUSI TOKCUYHOCTH KUCJIOPO/Ia BpadyaMu 3a4acTylo
HE PErHCTPUPYIOTCS, a TIOTOMY OIMMOOYHO CUUTAIOT-
Cs1 PEJIKUMU W HE BOCIIPUHUMAIOTCSI BpaueOHbBIM CO-
O0IIIECTBOM KaK HEUTO <OIacHOe» [Jis TAl[HEHTOB
HE3aBUCHMO OT TSKECTU UX COCTOSTHUS.

B 0630pe paccMaTpUBAIOTCS MOTEHIHAIbHbIE
HeraTuBHbIE 3((DEKTHI TUIIEPOKCHU Y OGOJILHBIX, Ha-
XOJSANIMXCS B KPUTUUECKOM COCTOSTHUH, B TOM YHCJIE
MOCJie OCTAHOBKHU CEPJIIla, Y€PErHO-MO3TOBOM TPaB-
MBI, UHCYJIBTA, & TAKJKE B CIIy4asdX Pa3BUTHUS CEIICUCA.
[Ipu Bcex aTHUX NMATOJIOTMUYECKUX TIPOTeccax U HO30-
Jorndecknx (hopMax UMEIOTCS 0KA3aTeIbCTBA TOTO,
YTO TUIIEPOKCHSI MOKET OBITH BPEIHOIL, U YTO KHUCJIO-
PO/l IOJIKEH MCIIOIb30BAThCS MHINBUYJILHO B CO-
OTBETCTBUU C TEKYIIel moTpebHOCTHIO B HeM. Hepe-
KO TUTIEPOKCUS ABJISETCS, K COKATICHUIO, TOCJEHUM
pe3epBOM B YCTPAHEHUU IPOTPECCUPYIOTNIEH TUIIO-
keun. OcTaercd He 10 KOHIIA BBISICHEHHBIM PSJl BO-
mpocoB. YTo fiesiaTh B CUTYaIMH, KOT/A, 3HAS O TOK-
cudeckux adgdexTax Kucaopoma, MPUXOIUTCS
npuberaTb K yBEJIMYEHUIO €r0 KOHI[EHTPAIIMY B JIbI-
XaTesbHOl cMecu? ECTb Jin B OpraHu3Me MeXaHU3Mbl
ajlanTanuu K runepokcun? EcTh M y KIMHUIUCTA
BO3MOKHOCTH JIJIT YMEHBIIEHUS TOKCUYECKUX -
(bexroB kucmopona? M tak sm cTpanria rurnokcus?

IMatodusnonornueckue 3¢hGheKTbl THMEPOK-
CHU TIPH PA3JUYHBIX KPHTHYECKHUX COCTOSHHUSIX.
Nsyuenune Tokcmueckux ahGeKToB KUCIOPOIa UMe-
eT paBHO0 Mctopuio. /xko3ed Ilpuctin, nepBoot-
KpbIBaTeJIb KUCJIOPO/IA, C CAMOTO Havaja HE TUTAJ
MJUTIO3UN B OTHOIIIEHWN CBONCTB BBIJIEJIEHHOTO WM
raza. B cBOMX 3aMeTKaX OH MUCAJ BIIOJTHE KOHKPET-

is prescribed for various pathologies to relieve or pre-
vent tissue hypoxia. Although oxygen therapy
remains a cornerstone in treatment of hypoxia in
critical conditions, and many aspects of physiological
effect of oxygen on the human body have been
already discovered, the information about its some
potentially hazardous effects in certain clinical situ-
ations is insufficient. This can be proven by the fact
that the use of oxygen in a number of critical condi-
tions in potentially dangerous concentrations is still
regulated by various guidelines and algorithms.

Hyperoxia is considered an intensification fac-
tor of the oxidative stress, and the presence of a rela-
tively narrow «safety space» between its effective
(therapeutic) and toxic doses creates extra barriers
for a thorough study of clinical use of oxygen at a
higher (higher than the normal one) level of its par-
tial pressure. Clinical manifestations of oxygen toxi-
city are not often recorded by doctors, and, therefore,
mistakenly considered rare, and are not perceived by
medical community as something «dangerous» for
patients regardless the severity of their general state.

The review presents potentially negative effects
of hypoxia in critically ill patients, including that
after cardiac arrest, brain injury or strokes and in
cases of sepsis. In all of these pathological processes
and nosological entities there is evidence that hyper-
oxia can be harmful and that oxygen must be pre-
scribed on an individual basis depending on the
assessment of current oxygen requirements.
Unfortunately, hyperoxia is commonly considered as
the last reserve for abrogation of progressive hypox-
ia. What shall we do in this situation when we know
about toxic effects of oxygen and have to increase the
oxygen concentration in respiratory gas? Are there
adaptation mechanisms to hyperoxia in a human
body? Does a clinician have a possibility to reduce
toxic effects of oxygen? And is hypoxia so frightful?

The pathophysiological effects of hyperoxia
in various critical conditions. The study of the toxic
effects of oxygen has a long history. Joseph Priestley,
a discoverer of oxygen, from the very beginning had
no illusions about the gas he had discovered. In his
notes he wrote quite specifically: «As a candle burns
much faster in this air than in the ordinary one, so we
can live our lives too quickly. A moralist, in any case,
can assert that we do not deserve air better than the
one that nature supplies us with.» J. Priestley came
to this conclusion, based on the results of experi-
ments in which a mouse breathing in pure oxygen
could not live more than 15 minutes [1].

Oxygen put into anesthetic practice in 1930 is
currently one of the most widely used gases for
patients in the intensive care units (ICUs). The study
of the prevalence of oxygen therapy in 40 intensive
care units in Australia and New Zealand in 2012
showed that 59% of patients received oxygen with
mechanical ventilation (MV), and of those who did

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 3



DOI:10.15360,/1813-9779-2017-3-83-93

O630pmr

HO: «Kak cBeua cropaet ropaso ObICTpee B 3TOM BO3-
JlyXe, 4eM B 0OBIYHOM, TaK U MbI MOJKEM TIPOKUTD Ha-
Iy KU3Hb CJUIIKOM OBICTPO. MOPAJIHCT, BO BCSIKOM
cIydae, MOXKET YTBEPSKIATh, YTO Mbl HE 3aCJTy KMUBACM
BO3JLyXa JIy4lIIlle TOTO, KOTOPBIM HAC CHAOKAET TIPUPO-
nay. K takomy 3akmovyenuto /. [Ipuctiam npuied,
OTMPasACh HA PE3YJLTAThl HKCIIEPUMEHTOB, B KOTO-
PBIX MBI [PU JIBIXaHUW YUCTBIM KHUCJIOPOJIOM He
MOTJIa IPOXRUTE Oostee 15 munyT [1].

BBeneHHbII B aHECTE310JI0THYECKYTO TPAKTUKY
B 1930 rojty KucJI0poji B HACTOSIIEE BPEMSI SIBJISIETCST
OJIHUM U3 HarbOoJIee MUPOKO UCIIOJIB3YEMbIX Ta30B Y
MAITUEHTOB OTACICHNUN peaHuMallNi 1 MHTEHCUBHOU
tepanuu (OPUT). Ilpu uccnemoBannuu pacripocrtpa-
HEHHOCTU OKCUTEHOTEPAIINH, TPOBEICHHOM B 40 OT-
JleJIeHNIX UHTEHCUBHOM Tepanuu ABctpanuu u Ho-
Boil 3enmananu B 2012 romy, ycTaHOBIEHO, UYTO 59%
MAIMEHTOB MOy KUCTOPOJL TIPU UCKYCCTBEHHOM
BeHTussinnu Jierkux (MIBJI), a cpeau tex, KTo He 110-
ayuan VUBJI, 86% moydann KUCJI0pO Yepe3 HOCO-
Bble KaHIOJIM, MACKU WJTM HEMHBA3UBHBIC BUIBI BCH-
tussiiuu - Jerkux [2].  TlpuBenentbie jaHHbIe
MO3BOJIAIOT TOBOPUTH O PYTUHHOM HCIOJIb30BAHUU
kucaopoga B OPUT.

B perpocnektusaom wuccienosannu (E. de
Jonge et al., 2008) zaBucumoctu mokaszaresneil Jie-
tanbHocT B OPUT ot 3navennii PaO, y BeHTHIN-
PYEMBIX TTAI[HEHTOB aBTOPbI coobtmin 06 U-o6pas-
HOM XapaKTepe 3aBUCMOCTH 3TUX IT€PEMEHHBIX [3].

KoMMeHTUDPYS 2TH JaHHbIE, CJelyeT COorya-
CUTHCSI C TEM, UTO aJleKBaTHAsI OKCUTEHAIUST HEOO-
XO[MMa [IJIsI HOPMAJTbHOTO (HYHKITMOHUPOBAHUSA
KJIETOK, a HU3KUH ypoBeHb SaO, ABIseTcS yrpo3oii
JKU3HU OOJIBHOTO, 0COOEHHO B KPUTHIECKUX COCTO-
auugx. [logaya g0MOTHUTENBHOTO KUCIOPOIA YBe-
JIMYUBAET €T0 JIOCTABKY TOJIBKO y MAIlUEHTOB C I'-
HOKCEMUEl, MOAMepKUBast TaKuM  00pasoMm
(YHKIIUIO KIEeTOK, 0OMEH BEIECTB U OTPAaHUYUBAsI
TsKeCTh quchyHKiuu opranoB. OiHaKo y narueH-
TOB 0€3 TUIOKCEMUU JIOTOJHUTENbHBIH KUCIOPOL]
Oy/ieT yBeJIMUUBATH €70 HANIPSIKEHUE B THIIEPOKCU-
YeCcKUX auarnasoHax. B aToil cuTyarnuu y yeqoBeka
HeT aZleKBaTHOM «3al[uThl». Ilosaua 1onoaHUTE Ib-
HOTO KUCJIOPOZIA /IS JIIOJIel, Y KOTOPBIX HET THII0-
KCEeMUH, — BCeT/la UCKIIOYNTENbHO He(U3NOIOTH-
yecKoe COOBITHE,

[uniepokcns BBI3BIBAET MHOXKECTBO TOKCHYEC-
kux ahdexTos. HemocpencTBeHHoe MOBpeKICHIE
TKaHEel CBSA3aHO € MPOYKIINE aKTUBHBIX ()OPM KHC-
gopozaa (ADK) B kosinvecTBax, mpeBbiaomux du-
3UOJIOTUYECKIE BO3MOXKHOCTU AHTHMOKCHJIAHTHBIX
cucreM [4], 4TO NPUBOJAUT K CTUMYJIAIIUY KJIETOYHO-
rO anomnTo3a. [MIepoKcus CTUMYJIUPYET BOCHAJH-
TEJIbHYIO PEaKIIUIO, B YACTHOCTH, B JIETKUX [ ], U CI10-
coOCTBYeT  BA3OKOHCTPUKIIMM B  pe3yJibrate
CHUKEHUS YPOBHS OKcH/la a30T1a [6].

Orbegozo C.D. et al. (2015) cooburmnu 06 wH-
tepecHoM (pakre. OKa3biBaeTcs, Maxke y 3/0POBBIX

not receive MV 86% received oxygen through nasal
cannulas, masks or non-invasive ventilation [2].
These data allow us to talk about the routine use of
oxygen in the ICUs.

In a retrospective study (E. de Jonge et al,
2008) of the dependence of mortality rates on the
level of PaO, in ventilated patients in ICUs, the
authors reported on a U-shaped dependence of these
parameters [3].

Commenting on the work of E. de Jonge et al.,
one should agree that adequate oxygenation is neces-
sary for the normal functioning of cells, and a low
level of SaO, should indicate a future threat to the
patient's life, especially in critical conditions [3].
Supply of additional oxygen will increase oxygen
delivery only in patients with hypoxemia, thus sup-
porting the function of cells, metabolism and limiting
the severity of organ dysfunction. However, in
patients without hypoxemia, additional oxygen will
increase pressure in the hyperoxic ranges. In this case
a person does not have the adequate protection.
Providing extra oxygen to people who do not have
hypoxemia is always an exclusively non-physiologi-
cal event.

Hyperoxia provides a variety of toxic effects on
organs and systems. Tissue damage is directly relat-
ed to the production of reactive oxygen intermedi-
ates (ROT) in amounts exceeding the physiological
capabilities of antioxidant systems [4], leading to the
increase of cell death through apoptosis. Hyperoxia
stimulates the inflammatory response, in particular,
in the lungs [5], and promotes vasoconstriction as a
result of the decrease of the nitric oxide level [6].

Recently Orbegozo C. D. et al. reported an
interesting fact. It turns out that even in healthy
volunteers, normobaric hyperoxia caused a decrease
in capillary perfusion, which was assessed using sub-
lingual video-microscopy [7]. It was suggested that
the detected vasoconstrictive effect of normobaric
hyperoxia could serve as means of cell protection
from the harmful effects of high PaO,.

Hyperoxia can be particularly dangerous after
cardiac arrest [8]. Experimental data and data from
clinical observations provide contradictory results
on the effects of hyperoxia in this situation [8]. In a
retrospective analysis (2001 and 2005) of data from
6,326 patients after cardiac arrest delivered to the
ICUs of 120 US hospitals, patients with hyperoxia
(defined as PaO, at =300 mm Hg) had higher mor-
tality rates than patients with normoxia or even with
hypoxia. In another multivariate analysis, the dura-
tion of hyperoxia was an independent prognostic fac-
tor of mortality (odds ratio 1.8 [95% CI 1.5—2.2] in
the hospital, P<0.001) [9]. In 441 patients with car-
diac arrest with ST elevation myocardial infarction
receiving oxygen (8 l/min to SaO, >94%) during
resuscitation, an increase in the frequency of myocar-
dial infarction recurrence, an increase in arrhythmia
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TOOPOBOJIBIIEB HOPMOGAPUYECKAsT TUIIEPOKCHUST BbI-
3bIBAET CHUKeHUEe TKaHeBOI 1epdysuu, KOTOPYIO
OIIEHUBAJIN C UCTIOJIb30BAHUEM CyOJMHTBAILHON BU-
JIe0O-MUKPOCKOTINH. DbII0 BbICKA3aHO IPEATIOIOsKe-
HUe, 4TO OOHAPY’KEHHDII COCYA0CYKUBAIOIINNA a(-
(dheKkT HOPMOOAPHUUYECKOI THIIEPOKCHE  MOJKET
CJIy’)KUTb CPEICTBOM B3alIUThI KJIETOK OT BPEIHOTO
BO3/IeiicTBUS BbIcOKOTro PaO, [7].

Tunepokcust MOKET OBITH OCOOEHHO OIACHOU
mocJie OCTAHOBKU cepzna [8]. dxcrmepuMeHTaNIbHbIe
U KJIMHUYECKUEe MCCIIe0BAHIS TIOKA3bIBAIOT TIPOTHU-
BOpEUYUBbIE PE3YJILTATHI IPUMEHEHUs TUIIEPOKCUH B
aroii cutyaruu [8]. B perpocrieKTMBHOM aHasu3e
(2001 n 2005 tr.) marHBIX 6326 TAMEHTOB MOCIE OC-
TAHOBKM cep/iia, qoctaaeHubix B OPUT 120 6ouib-
nut; CIHITA, nanuenTsl ¢ runiepokcueil (ornpesuersie-
Mot kak PaO, >300 mm prt. cr.) umenn Goiee
BBICOKHE [TOKA3ATEJHU JIETAIbHOCTH, YeM HAIIUEeHTBI C
HOPMOKCHeH uiau aaxke ¢ runoxcueil. IIpum mHoro-
(hakTOpHOM aHaM3e MPOJOIKUTENBHOCTD THIIEPOK-
cur OblIa HE3aBUCUMBIM MTPOTHOCTUYECKUM (DaKTO-
poM JietajibiocTy (oTHoIeHue mancos 1,8 [95% AN
1,5—2,2] B crarmmonape p<0,001) [9]. ¥ 441 nanuen-
Ta C OCTAHOBKON cep/iia Ha (hoHe mH(bapKTa MUOKAp-
na ¢ noabemoMm ST, mosyuaBmux kucjaopoxa (8
JI/MUH, 0 HocTiKers ypoBasa Sa0,>94%) B mpo-
1ecce PeAHNMAIMOHHBIX MEPOIPUSTUN, OTMEYEHO
MOBBIIIIEHNE YACTOTHI PEIUANBOB UH(APKTa MUOKAP-
14, YBeJTMYeHIe YaCTOThI APUTMHUIL, & TAK)KE YBeJInyde-
HUE Pa3MepoOB HEKPO3a MUOKAP/Ia, IOATBEPKACHHOE
MPT cnycrg 6 mecses [10]. 9tu pe3yasraTsl 1mpo-
THBOPEYAT MHEHUIO O 1[eJIECO0OPAZHOCTH UCTIOIB30-
BaHUs JIOMOJHUTENBHOTO KUCJIOPOJA B BBICOKUX
KOHIIEHTPAIUSAX TIOCJIe OCTAHOBKH Ceplla WU UH-
bapkTa Muoxapza.

WuTepecHoe paHIOMU3UPOBAHHOE MHOTOIIEHT-
POBOE ITPOCHEKTUBHOE UCCIIEOBAHNE TTPOJIOJIKACTCS
Ha ceroxguamHuil geus B IBeruu. ¥ 6600 mamuen-
TOB C BO3MOJKHBIM OCTPBIM HH(MAPKTOM MHOKapIa
upu yposue Sa0,>90% npoBoaUTCs CPaBHUTETbHAS
orterka a¢deKkToB 1nojaun B rederune 6—12 yacos jo-
MOJHUTEIHHOTO KUCJIOPOIA CO CKOPOCTHIO 6 Ji/Mu-
HYTY U Bo3jiyxa ¢ yposaeM FiO, He 6omee 21% [11].
B nenaBHeMm ucciieoBaHUM Y HAIIMEHTOB IIOCJE OC-
TAHOBKH cepjiia usbbrrounast runepokcust (pO,>40
kIla) ObLTa CBsI3aHA CO CHUKEHMEM BBIKMBAEMOCTH,
a pu ymepennoit runepokcun (pO, 13,3—40 klla)
— C yMCHBIIICHUEM CJIy4YaeB Pa3BUTHS TOJUOPTaH-
HOIT HeZlocTaTouHOCTH TIoce 24 acos [12].

B perpociieKTUBHOM UCC/IEIOBAHUU C YYACTH-
em Gosiee uem 3000 mareHTOB ¢ YePEHO-MO3IOBOM
tpaBmoii (UMT) runokcemus u akcTpeMaabHAs TH-
nepokcus (PaO,>487 MM pT. CT.), perucTpupyembie
IPU TOCTYIUICHUHN, OBLIM CBSI3aHBI ¢ XY/IIIUMHU pe-
gyJsibratamy; 3nadenne PaO, 110 MM pT. CT. B IaHHOM
MCCJIEIOBAHUN CUUTATIOCH ONITUMaJbHBIM [13]. Ana-
JIOTUYHBIE Pe3yJIbTaThl ObLIN MOJyYeHbI U B GoJiee
MO3/[HEM PETPOCIEKTUBHOM HCCJIEIOBAHUU, BKJIO-

frequency, and an increase in the size of myocardial
infarction confirmed by MRI in 6 months [10] were
recorded. These results do not support the viewpoint
that it is advisable to use additional oxygen at high
concentrations after cardiac arrest or myocardial
infarction.

An interesting randomized, multi-center,
prospective study is currently carried out in Sweden.
In 6,600 patients with suspected acute myocardial
infarction and with SaO, level >90%, an additional
oxygen supply of 6 1/min and the air with FiO, level
of no more than 21% is measured for 6—12 hours
[11]. In a recent study of patients after cardiac arrest,
excessive hyperoxia (pO,>40 kPa) was associated
with the decrease of survival, and moderate hyperox-
ia (pO, 13.3—40 kPa) with the decrease of cases of
multiple organ failure in 24 hours [12].

In a retrospective study involving more than
3,000 patients with brain injury, hypoxemia and
extreme hyperoxia (Pa0,>487 mm Hg) recorded at
admission were associated with worse results; PaO,
value of 110 mmHg was considered to be optimal in
this study [13]. Similar results were obtained in a
later retrospective study, which included 1,547
patients with brain injury with low and high PaO, at
admission: worse results were related both to hypoxia
(Sa0,<60%) and hyperoxia (Pa>300 mm Hg) [14].
Moreover, a comparative study (NCT00414726) of
the sensitivity of patients with ischemic stroke to sup-
plied room air or to extra oxygen (30—45 l/min for 8
hours) was terminated early due to many deaths in
the group using oxygen [15].

In contrast to the negative results, we should
mention a study of 68 patients with severe brain
injury who received a gas mixture with 80% or 50%
oxygen during the MV within the first 6 hours of the
post-traumatic period. Patients in the hyperoxia
group demonstrated better results during treatment
and within the next 6 months after being discharged
than patients in the normoxia group [16]. These
results raise some doubts if we take into account
some physiological data. Despite the relatively low
weight (about 2% of the total body weight), the
human brain consumes about 20% of all oxygen
absorded, which makes it vulnerable during hypox-
emia. When PaO, decreases to 60 mm Hg, hypoxic
vasodilation occurs as a particular manifestation of
cerebral autoregulation. Hyperoxia, even in its mod-
erate form, leads to the constriction of the blood ves-
sels, and, consequently, worsens the brain perfusion.
Thus, for cerebral oxygenation, both hypoxia and
hyperoxia are equally dangerous. A recent retrospec-
tive study of patients with brain injury has shown
that hyperoxia and hypoxia can be equally dangerous
regarding both the frequency of lethal incidence and
functional disorders [14].

The use of hyperoxia in patients with sepsis is
also controversial today. Sepsis, undoubtedly, is asso-
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yasiieM 1547 naumentos ¢ YMT ¢ HU3KUM U BBICO-
kM 3navenueM PaQ, 1pu rocnutaniusanuu: ¢ Xy-
[IUME Pe3yJIbTaTaMu ObLIN CBSI3aHHDBI KaK THITOKCHSI
(Sa0,<60%), tak u runepokcusi (Pa0,>300 mm pr.
c1.) [14]. Bosiee Toro, cCpaBHUTEIBHOE UCCICIOBAHIE
(NCT00414726) 4yBCTBUTEJNBLHOCTU TIAIIMEHTOB C
UIIEMUYECKUM UHCYJIBTOM K 110[aBAEMOMY KOMHAT-
HOMY BO3IYXY WM K IOHOJHUTETHBHOMY KUCIOPOLY
(30—45 j1/MuH B Teuerue 8 4acoB) ObLIO MpeKparile-
HO JIOCPOYHO 13-3a GOJIBIIErO KOJIMYECTBA CMEPTEil B
rpyIiiie ¢ UCIoJb30BaHueM Kucaoposaa [15].

B npoTuBOII0/I03KHOCTD IIPUBEIEHHBIM OTPHUITA-
TEJIbHBIM PEe3yJIbTaTaM MOXKHO IPUBECTU MCCIIe0Ba-
Hue y 68 namuenTos ¢ Tsxkenoit YMT, koTopsie 11o-
Jygaiu ra3oByio cMech ¢ 80 wiu ¢ 50% Kuciaopona B
npoitecce UBJI B iepBbie 6 4acoB MOCTTpaBMATHYEC-
Koro tepuoza. llarmentsr B TpyIlle TUIIEPOKCHN
UMeJIU JIy4Iiiie Pe3yJIbTaThl B IIPOIECCE JIEUEHMs 1 B
TeyeHHe OJKAlUX 6 MECSIeB MOCJe BbIMUCKH,
YyeM TAIMeHThl B TPYIIe ¢ HopMokcued [16]. Itu pe-
3YJIBTAThI BBI3BIBAIOT OIIPe/IeIEHHbIE COMHEHUST, €CJIU
yuecTb HEKOTOpbie (husnosiornyeckue nannbie. He-
CMOTPSI HA OTHOCUTEIBHO HEOOJIBINOI Bec (0KOJI0 2%
ot 00I1eil Macchl Teja), YeJI0BEYeCKUil MO3T ToTped-
ssiet okoJsio 20% OT BCEro yCBOEHHOrO KHUCJIOPOJIA,
YTO [IEJIAeT €r0 YSI3BUMBIM B YCIOBUSIX TUITOKCEMUM.
Korga PaO, camkaercs no 60 MM PT. CT., TIPOMCXO-
JUT TUIOKCUYECKAs] Ba30JMJIATAIMS KaK YacTHOE
posiBJIeHIEe TiepeOpasibHOll ayroperyssiiuu. Ture-
pPOKCHUsI, Jaxke yMepeHHas, IPUBOJIUT K CY/KEHUIO
KPOBEHOCHBIX COCYIOB, U, CJIEIOBATEJBHO, YXY/IIIAeT
nepy3uo TOJIOBHOTO M03Ta. TakuM 00pasoMm, JJist
1epeOpaIbHON OKCUTEHAITH OIHHAKOBO OMACHBI KAK
TUIIOKCHSI, TAK ¥ THIEPOKCcUsi. B HemaBHeM peTpo-
CIIEKTUBHOM HcciieoBanuu mnamuenTos ¢ YMT mo-
Ka3aHO, YTO TMIIEPOKCUST U TUMOKCUST MOTYT OBITh
OJIMHAKOBO OIIACHBI B OTHOIIEHUU KAaK YACTOTBI Jie-
TAJbHBIX UCXOJOB, TaK U (DYHKIIMOHATIHHBIX PACCT-
poiicts [14].

Vcnonb3oBanue rutiepokcun y GOJBHBIX C Cerl-
CHCOM TaKiKe sIBJIsieTcst cerozns cropubim. Cercuc,
6€e3yCJIOBHO, CBSI3aH C TIOBBIIIEHHBIM 00Pa30BaHIEM
ADK. It1o, KaK IM0JIaraioT, UrPaeT rJIABHYIO POJb B
MOBPEKJEHUN TKAaHell M OPraHoB C Pa3BUTHEM UX
muchynknum [17]. B ycioBusx skcnepuMeHTaIbHO-
rO MOJIEJIUPOBAHUS CEIICHCA BBICBOOOK/IEHUE I[UTO-
KUHOB U BBIPAKEHHOCTD TUCHYHKIMEI OPraHOB ObLIN
JIOCTOBEPHO BBIIIE Y KUBOTHBIX C TMIIEPOKCHUEN 110
CPaBHEHUIO C JKUBOTHBIMU ¢ HOpMOKcueii [18].

B nebombnioMm HabJIIONATEIbHOM MCCJIE0BA-
HUW TAIUEHTOB C MOJI03PEHNEM Ha CETICUC He OBLIO
HUKAKUX CYIIECTBEHHBIX PA3JIUYMil B MOKA3ATEJSIX
JIETAJIBHOCTH MEKIY TAlMeHTaMU C THIIEPOKCUeit
au6o uopmokcueir [19]. Uccaemosanume <«The
Oxygen-ICU Randomized Clinical Trial» (434 ma-
1eHTa) OBbLJIO IPEKPAIIEHO PAHbBIIE CPOKA, TOCKOJIb-
KY JIETAJIbHOCTD MAIEHTOB TIPU 0OECTIeYeHU N 3HAUE-
uuit PaO, B npenenax 70—100 mm pr. ct. u SaO,

ciated with increased ROT formation. It is believed
to contribute to damage of tissues and organs fol-
lowed by their dysfunction development [17]. In
sepsis simulation, the release of cytokines and the
severity of organ dysfunction were significantly
higher in animals with hyperoxia compared to ani-
mals with normoxia [18].

In a small observational study of patients with
suspected sepsis, there were no significant differences
in mortality rates between patients with hyperoxia
and normoxia [19]. The study «The Oxygen-ICU
Randomized Clinical Trial» (434 patients) was termi-
nated early, as the mortality of patients with PaO,
level of 70—100 mm Hg and SaO, 94—98% was lower
than the mortality rate of patients with PaO, within
100—150 mm Hg and SpO, 97—100% (relative risk
0.57 [95% C10.37—0.9]; P=0.01) [20].

Before providing additional oxygen, a number
of facts should be considered. First, if hemoglobin is
completely saturated, we cannot significantly
increase the oxygen ratio in the blood, and «chasing»
it is not worth it. For example, PaO, elevation from
100 to 150 mm Hg increases oxygen concentration in
the blood from 200 to 201.5 ml/l [21]. Secondly,
many doctors consider that the administration of
oxygen automatically removes shortness of breath.
However, hypoxemia itself is unlikely to cause dysp-
nea [22]. Dyspnea is primarily stipulated by hyper-
capnia and/or pulmonary stimulation of the
mechanoreceptors depending on the cause of hypox-
ia, so patients with chronic hypoxia have no positive
effect on dyspnea from additional inhalation of oxy-
gen [23], but with acute hypoxia hypoxemia will lead
to hyperventilation, then to mechanoreceptor stimu-
lation and dyspnea.

Permissive hypoxemia as a new strategy for
oxygen therapy. The benefit/harm ratio of oxygen
therapy is determined by the O, concentration, the
duration of exposure, and the underlying disease. In
order to reduce the potential risks of hyperoxia, the
lower limits of the oxygenation level acceptable for
critically ill patients should be indicated. Allowable
low SaO, is called a «permissive hypoxemia». As a rule,
the permissive hypoxemic strategy is presented by the
level of SaO, equal to 85—95%, which is traditionally
used in patients with acute respiratory distress syn-
drome (ARDS) and in premature infants [23, 24].

Recently, R. Panwar et al. (2016) published an
intriguing pilot randomized controlled blind inter-
national and multicenter study in the American
Journal of Respiratory and Critical Care Medicine.
The authors compared the conservative oxygenation
strategy with the target level of SpO, 88—92% and
the traditional liberal strategy with the target level
of SpO, 96% and concluded that the conservative
oxygenation strategy is a real alternative to the usual
liberal strategy and at the same time effectively
reduces the impact of hyperoxia [25, 26].
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94—98% ObLta HUKe, YeM y narueHToB pu PaO, B
npezenax 100—150 mm pr. ct. u SpO, 97—100% (ot-
HocutenpHbi puck 0,57 [95% AN 0,37—0,9];
p=0,01) [20].

Ipexiae dem 00ecTeUunBATD JIOMOJTHUTETHHOE
BBeJleHIe KUCJIOPO/IA, CJIeyeT y4ecTb s (haKToB.
Bo-11epBbIx, eciii reMOTJIOONH TIOJTHOCTHIO HACKIIIEH,
Mbl HE CMOKEM CYIIECTBEHHO YBEJIUYUTH COJEPIKa-
HUe KUCJIOPO/IA B KPOBU, U «TOHSATBCSI» 32 HUM He CTO-
ut. Haripumep, ysenuuenue PaO, ot 100 1o 150 mm
PT. CT. YBEJIMYUBAET COJIEP/KAHIIE KUCTIOPOIA B KPOBH
ot 200 mo 201,5 mui/x [21]. Bo-BTOpbIiX, MHOTHE Bpa-
YU CYUTAIOT, YTO MOJaYa KUCIOPOIa aBTOMATUYECKH
CHUMAET 9yBCTBO yayiibst. OnHako cama no cebe ru-
MOKCEeMUS BPSI/I JIM BbI3bIBAaeT OAbIIKY [22]. Ozpiiika
00yCJIOBJIEHa TPEUMYIIECTBEHHO TUIEPKATHUEN
/WM JIEeTOYHOU CTUMYJISIIIMEH MeXaHOPelenTopoB,
MIO3TOMY Y TTAIIUEHTOB C XPOHUYECKOU TUTTOKCHUEH [10-
MOJTHUTEIbHOE BJIbIXaHUE KHUCJIOPOAA TOJOKUTEIb-
HOTO BO3/ICHCTBHS HA OZIBINIKY HE OKa3biBaeT [23], a
BOT TIPU OCTPO PA3BUBAIOIIENCST TUIIOKCUY TUIIOKCE-
MU IPUBOIUT K TUIIEPBEHTUIISIIIUNY, 3AT€M K MEXAHO-
PELEeNTOPHON CTUMYJISIINN U OJIBIIIKE.

PaspemmrtesnbHasl rUIMOKceMHsi KaK HOBas
cTparerusi okcureHotepanuu. COOTHOIIEHUE T10JIb-
3a,/Bpell KUCJOPOJHON Tepanun OIpe/iessieTcsl KOH-
nenrpaiueit O, B ra30BOil cMecH, JJTUTEIHHOCTHIO
€ro BO3JIENCTBU, a TaKyKe XapaKTePOM OCHOBHOTO
3abosteBanust. 17t TOro 4TOOBI CHU3UTH PUCKU THIIE-
POKCHH, JIOJEKHBI OBITH 0603HAYEHBI HIKHIE TPAHH-
I[bl YPOBHsI OKCUTEHAI[UH, TIPUEMJIEMbIe JIJIsT OOJIb-
HBIX B KPUTUYECKOM COCTOsTHUU. /loITycTUMO HU3KasT
SaO, Ha3bIBaeTCS «pa3pelnuTebHON TUTIOKCEMUEH».
Kak mpaBwmiio, pasperiurtesnbHas TUIOKCEMUYECKAsT
cTparerus mpeicTaBieHa ypoBHeM SaQ,, paBHBIM
85—95%, 4TO TPAAUIIMOHHO UCIOIb3yeTcst y 00Jb-
HBIX OCTPBIM PECIIUPATOPHBIM JAUCTPECC-CHHIPOMOM
(OPIC) u y HemoHOIIEHABIX ieTelt [23, 24].

Hemasro R. Panwar et al. (2016) omybsimkoBaiu
B Am J Respir Crit Care Med unTpurymoiiee mmioT-
HOEe PaHIOMU3UPOBAHHOE KOHTPOJIUPYEMOE CJIETOe
MEJK/IyHAPO/IHOE MHOTOIIEHTPOBOE UCCIe0Banue. AB-
TOPBI CPABHIIN KOHCEPBATUBHYIO CTPATEIUIO OKCUTE-
Hanuu c mesieBbiM yposueMm SpO, 88—92% u tpanu-
[UOHHYIO JINOEPAIbHYI0 CTPATETHI0 C I[EJEBBIM
yposteM SpO, 96% 1 IPUILIU K BHIBOLY, 4TO KOHCEP-
BaTUBHASI CTPATErusi OKCUTEHAIUY SIBJISIETCSI Peaib-
HOIl aJIbTepHATHBOM OOBIMHON JIMOEpaIbHO cTpare-
MU U B TO ke BpeMd 3Gh(eKTUBHO CHUKAET
BO3jIelicTBIE THTIEpOKcHH [25, 26].

Tem He meree, HEKOTOPbIe MOMEHTHI 3ACJIYKHU-
BatoT 00cyskaeHust. [IoHsATHE «pa3peliaonieiis THio-
KCEMUU TTIOXO0Ke HA «Pa3PEIIAONIYI0 TUIEPKATHITIO»
WM «paspeliaioniee HapylieHue mnepudepudeckoin
nepdysuns [27]. B HeKOTOPOIl cTereHn ajanTtarus
KJIETKH U OpPraHa B I[eJIOM MOJKET IIPOU30UTU U BO
BPEMsI THIIOKCEMUH, YTO CHOCOOCTBYET BBIKMBAHWIO
6e3 yBeJIMUEHUST BPEJIa, TaK KaK CYIIECTBYIOT PaHHUE

Nevertheless, some points are worth discussing.
The concept of «permissives hypoxemia is similar to
«permissive hypercapnia» or «permissive impaired
peripheral perfusions [27]. To some extent, the adap-
tation of the cell and the organ can occur during
hypoxemia, which contributes to survival without
increased harm, as there are early mechanisms of
adaptation to hypoxia. This is acceptable for main-
taining the physiological status, but can result in fur-
ther injury and aggravate the critical condition. The
concept of «permissive hypoxemias reflects a reason-
able balance between SaO, level and the toxic effect
of ventilation necessary to achieve a higher level of
Sa0,. Besides, a conservative strategy for oxygena-
tion/permissive hypoxemia should be used in
patients at high risk for hyperoxia, but not for every-
one. «Permissive hypoxemia» always works as an
easy defensive strategy (after all, hypoxia is a stan-
dard pathological process), as it is aimed at minimiz-
ing the harmful effects of conventional respiratory
support in the intensive care unit [28]. At the same
time, «permissive hypoxemias» can also increase pres-
sure in the pulmonary artery (through hypoxic pul-
monary vasoconstriction) and cause right ventricu-
lar dysfunction.

Most doctors today believe that mild hyperox-
ia will provide oxygen storage and reduce the poten-
tial risk of hypoxemia in the critical condition.
However, the achievement of «good» through «evil»
is hardly the right way out. Thus, a vicious circle is
created: a patient needs MV and high concentrations
of oxygen, but there is a certain risk of deterioration
of the condition due to hyperoxia and hypoxia,
which will definitely lead to hemodynamic disorders.

Is there a way out with the inevitable hyper-
oxemia and <«permissive hypoxemia»? In recent
years, there has been a gradual departure from using
high concentrations of oxygen in some acute condi-
tions. Oxygen is well known as a «two-edged
sword». On the one hand, hypoxia leads to the imbal-
ance between the «demand» for oxygen and its lev-
els, which could cause tissue hyperoxia and cell
death. On the other hand, hyperoxia causes oxidative
stress through increased synthesis of ROS, which
damage the alveoli and promote the development of
fibrosis.

The way out of the «deadlock situation» can be
found in thorough understanding of the mechanisms
of tissue respiration, ensuring the comfort life of a
cell both in the case of aerobic oxidation (by oxida-
tive phosphorylation) and in hypoxia (by glycoly-
sis). In both cases, only conditions change, and the
platform for biochemical transformations in the form
of a respiratory chain and enzymes bounded to it
remains unchanged, as it was formed in the evolution
process. However, in the process of evolution, reoxy-
genation appeared, a period when a <hungry» cell
finds itself in conditions of excess oxygen, i.e., hyper-
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MEXaHU3MBI /IANITAIINH K TUTTOKCHH. JTO TIPUEMIIEMO
JUIS TIoJiiepsKaHnsg  (hU3UOJIOTHUECKOTO COCTOSHUS,
HO MOXKET TIPUBECTH K TAJIBLHEHIIINM TTOBPEXKACHUAM
u ycyryOuTh KpUTHUYECKOe cocTosiHue. [loHsTue
«pa3penuTesbHON TUITOKCEMUM» OTPAXKACT Pa3yM-
HBII Gasmanc Mexay ypoBHeM SaQ, M TOKCHYECKUM
a(hdEKTOM BEHTUISINN, HEOOXOAMMBIM [t JOCTH-
skeHust Gosiee BoICOKOTO ypoBHS Sa0,. Kpome Toro,
KOHCEPBATUBHYIO CTPATETWI0 OKCHUTEHAIUs/pa3pe-
NIUTEThHAS TUTTOKCEMHUS CIEYeT UCTIOIb30BATD y T1a-
IIUEHTOB C BBICOKUM PHCKOM THUIICPOKCHH, HO HE Y
Bcex. «PaspeluresibHast TUIIOKCEMEsT» Beeria pabo-
TaeT KaK «JIeTKas» 3alUTHAs cTpaTerust (Belb TUIo-
KCHST — 9TO TUIIOBOIA MaTOJIOTMYECKUI TIPOTIECC), TaK
KaK HaIpaBJieHa HA MUHUMU3AIINIO BPEJIHOTO BO3/ICH-
CTBUST OOBIYHON PECITUPATOPHO TTOJEPKKU B OT/IE-
JICHUW WHTEHCUBHOI Tepanuu [28]. Bmecte ¢ Tem,
«paspeliamiias TUITOKCEMUI> MOKET TaKKe yBeJU-
YUTB JIaBJIeHUE B JIETOYHOH apTepuu (4epe3 r’MIoKCH-
YEeCKYIO JIETOYHYIO Ba30KOHCTPUKITUIO) W BbI3bIBATDH
JChYHKITUIO TTPABOTO JKETYI0UKA.

BoabumucTBO Bpaveil cerojiHs 1oJiaraiot, 4To
«MSITKast» TUTIEPOKCHsT 00ECTIeYnBAET Pe3ePBUPOBa-
HUE KUCJIOPOJIAa U YMEHBIIAET PUCK TUIIOKCEMUU B
KPUTHUYECKOM cOCTOSTHUN. OIHAKO JOCTUKEHUE <«J10-
Opa» uepes «3JI0» — BPS JIU [IPABUJILHBII TTOAXOL.
Takum 00pasoM, CO3MAETCST HOPOYHBIN KPYT: OOJIBHOI
nyxzmaetrcss B UBJI 1 BbICOKUX KOHIIEHTPAIUSAX KUC-
JIOPO/Ia, HO €CThb OTPE/IEJICHHBIN PUCK YXY/IIIEHUS CO-
CTOSTHUS 32 CUET TMIIEPOKCUM U PUCK YXYAIIEHUS CO-
CTOSIHUSI 32 CUET TUIIOKCUHU, KOTOPbIe 00sI3aTeNbHO
MIPUBELYT K TEMOIMHAMUYCCKIM PACCTPOHCTBAM.

Ectb /11 BBIXO/] IPU HEU30EKHON runepokce-
MHH U <pa3penmTeabHoil runokcemMuns> ? B nociuen-
HUe TOJbI HaOJIIOAETCSI TIOCTEIEHHBII OTXO/ OT UC-
MOJIb30BAHMS BBICOKMX KOHIIEHTPAINN KHCJIOPOA
IIPU HEKOTOPBIX OCTPBIX COCTOSHUAX. Kucaopon xo-
POIIIO M3BECTEH KaK «I1ajika O [BYyX KoHIax». C on-
HOU CTOPOHBI, THIOKCUSI TIPUBOAUT K IHcOATAHCY
MEKIY «CIIPOCOM» HA KUCJIOPOJ U YPOBHEM €ro JI0-
ctaBk. C [pyroif CTOPOHBI, HAJIMYUE TUIIEPOKCUU
BBI3BIBACT OKUCIUTEJbHBIN CTpecc yepe3 yCUJICHUEe
cunre3a ADK, KOTOpble TOBPEKAAIOT AJTbBEOJBI U
CIIocoOCTBYIOT pasBuTHiO (hubposa.

Boixon 3 «TynmuKoBO# cUTyaIiuuy» MOKHO Hali-
THU B JICTAILHOM TOHUMAHUH MEXaHU3MOB TKaHEBOTO
JIbIXaHUst, 00ECTIEUNBAIOIIETO KIU3HEHHBINH KOMMBOPT
KJIETKH KaK B YCJOBUSX a3POOHOTO OKuceHust (1y-
TEeM OKHUCJIUTEJHHOTO (hOchOPUIUPOBAHUS ), TAK U B
YCJIOBUAX TUIOKCUU (ITyTeM TIAUKOIM3a). B Tom u
JIPYTOM CJTy4asixX MEHSIOTCS TOJBKO YCJIOBUS, A TLIAT-
opma 171t GUOXUMHUYECKUX TPaHC(hHOPMAIHil B BUJE
JIBIXaTeJIbHOM TIeMH U MTPUBA3aHHBIX K Hell hepMeH-
TOB OCTAETCS HEM3MEHHOM, TTOCKOJIBKY c(hOpMUPOBa-
Jiach B mipoiiecce aBosronun. OHAKO B TPoIiiecce 3B0-
JIOIUK TIOSBUJIACh U PEOKCUTEHAIUSA — TIEPUO[,
KOT/Ia «TOJIOJIHAST» KJIETKA OKA3bIBACTCH B YCIOBUIX
u30bITKa KUCJIOPOJIA, TO €CTh rutiepokcuu. M cHoBa

oxia. Once again, the conditions change, but the
platform remains the same. Thus, only oxygen con-
centration and its partial pressure change one way or
another.

According to the current concept of this rou-
tine pathological process, the development of hypox-
ia begins with the activation of a hypoxia inducible
factor (HIF). Activation of HIF occurs only in
response to the energy substrate deficiency in the
form of a signaling molecule of succinate, the main
substrate of the IT complex of the mitochondrial res-
piratory chain [29]. The point of the events at the
tissue level is that during the period of hypoperfu-
sion/hypoxia, the amount of oxygen progressively
decreases in the tissues, naturally increases at first in
a compensatory way, and then the intensity of the
respiratory chain decreases. In other words, at first it
increases by 65—85% and then the load on the sec-
ond section decreases, where succinate dehydroge-
nase functions and oxidizes succinate [30, 31]. The
amount of substrate that is not «demanded» during
ischemia progressively accumulates, and the longer
is the ischemic period, the more is its amount [32].

This is the protective effect of the «succinate
reserves for future use». However, as shown, these
reserves are depleted very quickly, which dictates the
need for succinates during the reperfusion period,
and, what is better, before reperfusion with a substi-
tution purpose [32]. It dictates the need for succi-
nates during the reperfusion period, and, what is bet-
ter, before reperfusion with a substitution purpose.
Probably, the mechanism of urgent adaptation to
hypoxia in critical conditions develops with a specif-
ic decrease in the amount of succinate (as a substrate
for the enzyme, the amount of which, on the contrary,
increases). This makes it possible to correct its defi-
ciency by solutions of succinates with the prospect of
increasing oxygen consumption, activating the
processes of aerobic oxidation, and restoring the
processes of intracellular aerobic metabolism by pro-
viding the enzyme succinate dehydrogenase with the
necessary amount of substrate. According to A. P. Lin
et al. (2011), during hypoxia, the mitochondrial res-
piratory chain cannot take hydrogen from any other
substrate except from the succinic acid molecule [33].
The fact is that during oxidation of succinic acid,
hydrogen enters the section closest to oxygen of the
respiratory chain, which once again proves the
uniqueness of the succinate molecule in physiology
and pathophysiology of tissue respiration processes.

In their study, J. K. Ehinger et al. (2016) claim
that the delivered exogenous succinate bypasses I
section of the respiratory chain and supports the
electronic transport of II section, thus providing
both membrane potential and synthesis of ATP [34].
This is confirmed by clinical studies [35, 36]. This
strategy offers a potential future for the therapy of
metabolic decompensation due to mitochondrial
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MEHSIIOTCS YCJIOBUS, a TIAT(OpPMa OCTAETCH MPEK-
Heit. TakuM 06pa3oM, M3BMEHSETCsI TOJIbKO KOHIIEHT-
palys KICJ0po/ia U eTo MapiuaJbHOE TaBJIeHUE B TY
WJIN MHYIO CTOPOHY.

PasBuTHe TUMOKCUU C YYETOM COBPEMEHHOTO
B3IJISA/1a HA 3TOT TUIIOBON MATOJIOTHYECKUI ITPOIlece
HAUMHAETCS € aKTUBAIUK WH/IYIIUPYEMOTO IMITOKCH-
eit pakropa (hypoxia inducible factor, HIF). Axtu-
Barust HIF niponcxoauT To/bKo B 0TBeT Ha lepuiiut
SHEPreTHYECKOTO cyOeTpara B BUjle CUTHAJIBHON MO-
JIEKYJIbI CYKIIMHATa, OCHOBHOTO cyberpara IT Kom-
TJIeKCa JABIXaTeIbHON 1enu Mutoxoupuii [29]. CyTb
MPOUCXOSIIIX COOBITHIT Ha YPOBHE TKAHEH 3aKJItO-
YyaeTcd B TOM, YTO B MEPHUOJ TUTIOTEPdY3UH/TUTIO-
KCHM B TKAHSX ITPOTPECCUBHO YMEHBINACTCS KOJIUYE-
CTBO KHCJOPOJa, W 3aKOHOMEPHO CHauaJa
KOMIICHCATOPHO YBEJIMYUBAETCS, & 3aT€M yMEHbBIIa-
eTCst MHTEHCUBHOCTH PaboThI AbixaTesibHoii renu. To
ecThb, CHAYAJA yBeluuynBaercs Ha 65—85% u 3arem
yMeHblaeTcd Harpyska Ha I yuacrtok, rae dynkim-
OHUPYET CYKIMHATAETUPOTEHA3a, OKHUCJILIONas
cykiunar [30, 31]. KosmuectBo cyberpara, Ha KOTO-
pBIif B YCJIOBUSX WIIEMUM HET <CIIPOCay, MPOTpec-
CUBHO HAKAIJIMBACTCH, U YeM JIJIUTEIbHEN MepUoj
UIIEMUH, TEM €T0 KOJM4ecTBO Oosibiie [32].

B artom m 3akiovaercd 3amuTHBI ahderT
«3amacoB CyKIIMHaTa BIPOKy». OMHAKO 3TOT 3arac
04YeHb OBICTPO UCTOMIAETCS, YTO AUKTYET He0OXO0u-
MOCTb BBEJICHUS CYKIIMHATOB B TIepuoj perepdy-
3UH, a Jy4lie — 70 pernepdy3un UMEHHO € 3aMeCTH-
TeJbHOI 11esTb10 [32]. BeposaTHO, MeXaHU3M CPOYHOI
aJlalTallud K TUMOKCUU MPU KPUTHUYECKUX COCTOSI-
HUSX Pa3BUBAETCA C XapaKTEPHBIM YMEHBIICHUEM
KoJInvecTBa cykimHata (Kak cyOcrparta st dep-
MEHTa, KOJUYECTBO KOTOPOTO, HAIIPOTHUB, yYBEJTUYU-
BaeTcs). ITO MO3BOJSAET ITPOBOIUTD KOPPEKITUIO €T0
nedunTa pacTBOPaMM CYKITMHATOB C MEPCIEKTH-
BOII yBesnueHus1 MOTpebJIeHNsT KUCIOPOJIa, aKTHBa-
I[IH TIPOIIECCOB a3POOHOTO OKHMCJIEHUST 1 BOCCTAHOB-
JIEHWST TIPOIIECCOB BHYTPUKJIETOYHOTO a’3pPOOHOTO
MetabosinaMa 3a cuer obecrieueHust pepMeHTa CyK-
[UHATAETUPOTeHA3bl HEOOXOAUMBIM KOJHUECTBOM
cy6erpara. ITo muenuto A. P. Lin et al. (2011), upu
TUTIOKCHUY JIBIXaTeJbHas 1eTlh MUTOXOH/IPUI HE MO-
JKET IPUHSTH Ha ce0s BOLOPOJL OT KaKOro-anbo MHO-
ro cybGcTpaTta, KpOME KakK OT MOJIEKYJIbI STHTApPHOU
KUCJOTBL. /[es10 B TOM, UTO TIPU OKUCJIEHUU SHTap-
HOU KHUCJOTBI BOJOPOJI TOCTyHaer Ha Haubolee
OJIMBKUI K KHUCJIOPOLY YYaCTOK JbIXaTEeIbHOM Ienu
[33], uTo ermte pa3 moATBEPKIACT YHUKATHHOCTD MO-
JIEKYJIBI CYKIIMHATA B (PU3UOJOTUN U TTATOHU3NO0JIO-
TUW [IPOTIECCOB TKAHEBOTO JIBIXAHUS.

B cBoem wuccremoBanuu J. K. Ehinger et al.
(2016) yTBepKAAIOT, YTO JOCTABJICHHBIN 9K30T€H-
HBII CyKIMHAT 06X0AUT I yuacToK AbIXaTesIbHOI 11e-
i 1 HOJJIEPKUBAET 3JeKTPOHHBIN TpaHcropt I
ydacTka, 00ecreunBast Kak MeMOPaHHBIN MOTEHIHA,
tak u cunate3 AT® [34]. D10 noaTBEpIKIAETCS KIIHU-

dysfunction in hypoxia. Thus, during the period of
«permissive hypoxia» the use of succinates will cor-
respond to the essence of the physiological situation
and neutralize hypoxic damage.

As for the conditions of hyperoxia, in the B.H.
Gale's study, which was conducted in 1972, the
author attempted to evaluate the effectiveness of
succinate for protection against oxygen toxicity in
hyperbaric oxygenation (HBO), which was used as a
remedy for the simulating model of gas gangrene in
mice [37]. The author set out to determine whether
succinate would interfere or improve the therapeutic
efficacy of HBO. In a set of experiments, seven-fold
exposure to HBO was carried out for 90 minutes at 3
atmospheres absolute pressure. The significant
reduction in the mortality of mice injected with
Clostridium  perfringens  was  registered.
Intraperitoneal succinate injections (10 mmol/kg)
were given 20—25 minutes prior to the start of the
experiment. It turned out that the mortality rate
among infected animals after succinate injection was
lower than in the group of infected animals exposed
to HBO without prior injection of succinate (a
decrease in mortality by 79% and 17%, respectively).
When the oxygen pressure in animals was already 4
atmospheres (five 30-minute sessions, 100% oxy-
gen), the same model also showed a decrease in mor-
tality of animals under succinate injection in com-
parison with animals exposed to HBO without prior
succinate injection: a decrease in mortality by 62%
and 6%, respectively [37].

The above data allow us to conclude that if oxy-
gen therapy techniques with high concentrations of
oxygen are used, additional succinate injections are
necessary to eliminate the toxic effect of oxygen. In
addition, it can be assumed that in the case of
inevitable hyperoxia (for instance, in treatment of
ARDS), the tactic of reducing the toxic effects of
oxygen by succinate injections is justified, as it cor-
responds to the evolutionarily developed reaction of
the human body «on the chances of hyperoxia.

Conclusion

The data presented in the review make it clear
that the routine use of additional oxygen is poten-
tially dangerous, especially in critically ill patients.
Modern literature data convince us of the need for
careful use of additional oxygen. Severe hypoxemia
should be treated quickly, but at the same time slow-
ly, with a step-by-step increase in oxygen concentra-
tion, avoiding arterial hyperoxia. It seems advisable
to use additional succinates during hypoxemia and
to strive for low levels of oxygen saturation (SaO,
90% to 94%), especially if the patient's general con-
dition is stable at the specified level.

The potential harm of hypoxia should be
weighed, remembering that the benefits of «permis-
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HuueckuMu HabsogeHusivu |35, 36]. Ita crparerist
npejJiaraeT MOTEHIUaNIbHOe Oyyliee KOPPEKIUU
MeTabOoJIMYeCKO JIEKOMIIEHCAIIUH W MUTOXOH/PH-
IbHON JMChYHKIMU Py TUTOKcHH. Takum o6pa-
30M, B IE€PHUOJ <«PAa3PEITUTEJbHON THUIIOKCUUY> HC-
MOJIb30BAaHKME CYKI[MHATOB OyJIeT COOTBETCTBOBATDH
CyTU TaTO(U3NOJIOTUIECKON CUTYAITMU 1 HUBEJIHPO-
BaTh TUITOKCUYECKIE TOBPEKACHUS.

Yro ke KacaeTcsl yCJI0BUI TUIIEPOKCHUH, TO B UC-
cnegosanun B. H. Gale, kotopoe 6bL10 1IpoBeeHO B
1972 romy, aBTOp nonbITaIICS OLEHUTD 3 (HEKTUBHOCTD
CYKIIMHATA JUIST <3AIUTHI OT TOKCUYHOCTH KUCJIOPO/IAY
npu runepbapuueckoit okcureHaiyu (I'BO), kotopyto
HCIIOJIb30BAJIN B KAYECTBE JIeYeGHOTO CPEICTBA HA MO-
JIeJI Ta30BOH TaHTPEHbI y Mblield [37]. ABTop 3amascs
1eJIBIO BBISICHUTD, OYJIET JIK CYKI[HHAT YJIY4IIaTh Tepa-
neBTudeckyio ahextuBrOCTE 'BO? B cepun ombitos
cemukparnoe BozfeiictBue 'BO ocylecTBsIOCh B
tedenre 90 MUHYT IPU AOCOTIOTHOM JIABJIEHUH KUCJIO-
pozra B 3 armocdepbl. bbuto nokazaHo 3HaUYUTETBHOE
CHIZKEHME CMEPTHOCTU MBIIIEH TOCe BBEICHUS WM
kysasryper Clostridium perfringens ua ¢one TBO.
CyKIUHAT BBOIWIN MyTeM BHYTPUOPIONIMHHONW WHb-
ek (10 MmMoaib/Kr) 32 20—25 MUHYT /10 HAYaIa IKC-
nepumenTa. OKa3aioch, YTO JETAILHOCTh CPEN WH-
(buMpoBaHHBIX KUBOTHBIX B YCJOBHUSAX BBEICHUS
CYKIIMHATA HIKE, YeM B TpyIlie WH(GUIMPOBAHHBIX
JKMBOTHBIX, 1oziBeprimxcst [ BO 6e3 mpeBapuTeibHo-
TO BBE/ICHUS CYKITMHATa (CHIKEHIE CMEPTHOCTH Ha 79
u 17% cootBerctBenno). [1pu Bo3zelicTBuY Ha JKUBOT-
HBIX JIaBJieHud Kucaopona B 4 armocdepsl (taTh 30-
MUHYTHBIX cearcoB, 100% Kuciopom) Ha Toii xe Mojie-
JII TakKe OBbLIO BBISIBJIEHO CHIDKEHHE CMEPTHOCTU
JKUBOTHBIX B YCJIOBUSIX BBEJICHUS CYKI[MHATA 110 CPaB-
HEHMIO C KUBOTHbIMH, nozaseprinnmucsa I'BO Ges
MIPEIBAPUTEIBHOTO BBEJICHUS CYKIIMHATA: CHUKEHUE
cMepTHOCTH Ha 62 11 6% cooTBetcTBeHHO [37].

[TpuBesieHHbBIE TaHHBIE TTO3BOJISAIOT C/IEJIATH BbI-
BOJI O TOM, YTO, €CJIN UCTIOTB3YIOTCI METOIMKUA OKCH-
TeHOTEpAIy C BBICOKUMU KOHIIEHTPAIUSAMHU KICJIO-
pozia, TO C IeJbl0 YCTPAHEHUS TOKCHUYECKOTO
addexTa KUCa0poga HeOOXOAUMO JOHOJHUTEIHHOE
BBe/IcHUE CYKIIMHATOB. Kpome TOro, MOXKHO ToJa-
raTh, YTO B YCJOBUSAX HEU30EKHON rumepokcun (Ha-
npumep, ipu jiedeHun OP/[C) TakTuka yMeHbIIICHUS
TOKCUYECKOTO a(heKTa KUCTOPOa MyTeM BBEIeHUS
CYKITMHATOB SBJISETCS OMPABIAHHOMN, TIOCKOJIBKY CO-
OTBETCTBYET HBOJIIOIIMOHHO BBIPAOOTAHHOI «Ha CJIy-
Yaily TUIIEPOKCUM PEAKITUU OPTaHU3MA.
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sive hypoxia» occur by reducing the «injury» caused
by hyperoxia. If it is impossible to achieve normox-
emia without using high concentrations of oxygen,
succinates, a natural mechanism for protecting the
cell from hyperoxia, should also be added to prevent
consequences of its toxic effects. The aim to reach a
physiological standard by conducting the intensive
therapy can do more harm than benefits. However,
with tolerance to moderate abnormal values of cer-
tain indicators and understanding the pathophysio-
logical mechanisms of their formation, one can some-
times achieve the best results using natural resources.

3akiaoueHue

[TpencraBieHHbie B 0030pe TaHHBIE CBUIETEIb-
CTBYIOT O TOM, YTO PyTUHHOE UCIOJb30BAHUE JIOTTOJI-
HUTEJIBHOTO KUCJIOPO/Ia OMACHO, 0COOEHHO Y 0OJIb-
HBIX, HaXOJANIUXCS B KPUTUUYECKOM COCTOSHUM.
CoBpeMeHHbIe JIUTepaTypHbIE JaHHbIE YOEKIAOT B
HEOOXOJMMOCTH OCTOPOKHOTO MTPUMEHEHUSI JIOTIOJI-
HUTEJIBHOTO KUCJA0poa. TSKenyo ruimoKceMuio cie-
JIYET JIEYUTD OBICTPO, HO C MOIMIATOBBIM YBEJMYeHUEM
KOHIIEHTPAI[MK KUCJIOPOJIa, u3berast aprepuaibHOI
runiepokcun. IIpescTaBisieTcst 1eecO00pa3HbIM B
YCJIOBUAX THUIOKCEMUU JIOTIOJTHUTELHO HCIIOJIb30-
BaTh CYKIIMHATHI U CTPEMUTHCS K HEBBLICOKUM YPOB-
HsM Hachimens kucaopogom (Sa0, ot 90 mo 94%)
KPOBU, OCOOEHHO €CJI COCTOSTHUE TIAI[HEHTA SIBJISIET-
cs1 cTaOMIIBHBIM [IPU YKA3aHHOM YPOBHE.

[TorennmanbHbBIN Bpe/l TUTIOKCUU CIEAYET Olle-
HUBATh B3BEIICHHO, ITOMHS, YTO TOJIb3a OT <«pa3pe-
NIUTEJIbHOU TUITOKCUUY» TTPOUCXOJUT MyTEM YMCHbB-
IIEHUsI «TPaBMbl», HAHOCUMOU rumnepokcueil. Ecin
JIOCTHYb HOPMOKCEMUH HEBO3MOKHO 0€3 UCII0JIb30-
BaHUS BBICOKMX KOHIIEHTPAIUi KUCJIOPOIA, TO VIS
MPEIOTBPAIICHUS TTOCJAEACTBUH €Tr0 TOKCUYECKOTO
BO3/ICHCTBUS CIEIyeT TOTOTHUTEIBHO BBOJUTD CYK-
IIUHATBI — €CTECTBCHHBIN MEXaHU3M 3allUThI KJIETKA
ot runepokcun. CtpemiieHne HelpeMeHHO JI0CTUYb
(busmnonornyeckoit HOPMBI PU TTPOBEICHUN UHTEH-
CUBHOI Teparnuu MOKET MPUHECTH OOJIbIe BpPeja,
4yeM 10sib3bl. OHAKO TPU TEPHUMOCTH K yMEpeH-
HBIM aHOMAJbHBIM 3HAYEHUSAM TEX WU MHBIX TTOKa-
3aTesiell U TOHUMAHUH TATOPU3NOJOTHUECKUX MeXa-
HU3MOB UX (POPMUPOBAHUS MOKHO HHOT/[A IOOUTHCSI
HAWJIYYIIUX PE3YJbTaTOB, MCIOJb3Ys TO, YTO HC-
MOJIb3YET TIPUPOJIA.
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