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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.

Anpec 1151 KOPPECTIOHIEHIMU: Correspondence to:
Anarosuii KoncranTuaoBud EBceeB Anatoly K. Evseev
E-mail: evseevak@sklif. mos.ru E-mail: evseevak@sklif. mos.ru
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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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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

GENERAL REANIMATOLOGY, 2020, 16; 6

www.reanimatology.com



14

https://doi.org/10.15360/1813-9779-2020-6-4-18
Clinical Studies and Practice

SARS-CoV-2

&

v

AllP2

'

HW3BBITOYHBIN IMMYHHBIN OTBET

«IMTOKUHOBBIN
IITOPM»

CHUCTEMBI

SARS-CoV-2

&

¥

ACE2

'

IMPOHECCOB ATIOIITO3A

EXCESSIVE IMMUNE RESPONSE

«CYTOKINE
STORM»

prrree.

OF THE ANTIOXIDANT SYSTEME

Puc. 2. Touxku npuiio;keHusi I'BO Ha OTBET OKUCIUTEIHHO-BOCCTAHOBUTEIHHOM CHCTEMBI H IIPOLIECCOB ANONTO3a y MAIllHEHTOB

¢ COVID-19.

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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Pe3rome

Ilesrb HCcCIEOBAHM S — CUCTEMATU3UPOBATH THCTOMOPGOJIOTHYECKE U MOP(OMETPUYECKHE U3MEHEHU ST
HENPOHOB KOPHI TOJIOBHOTO MO3Ta ITPU OCTPBIX OTPABJIEHUSIX KJIO3AIMTMHOM B COYETAHUH C 3TUJIOBBIM CITUPTOM.

MarepuaJj ¥ MeTobI. [ MICTOIOTHYECKY UCCIEN0BAIN KOPY TEMEHHBIX 00J1acTel TOJIOBHOTO MO3ra 26
YMEPUINX B pe3y/bTaTe OCTPOTO OTPaBJIEHMs KJIO3AIMHOM B COYETAaHUU C 3TUJIOBBIM CIIMPTOM B TeUYEHUE
NEPBBIX CYTOK, U3 HUX 23-X My»KYMH, 3-X sKEHIIINH, B Bo3pacTe oT 22 A0 63 JieT. KoHIleHTpausa sTUJI0BOTO
crupTa B KpoBU coctaBJsiia 1,4-4,1%o. KoHlleHTpanus Kjio3anuHa B KpoBU KoJtebasiach ot 0,24 1o 5,8 Mr%,
B eueHu — ot 0,097 10 6,5 Mr%, mouke — ot 0,03 10 3,5 Mr%. Kycouku KOpbI FOJIOBHOT'O MO3Ta [I/1s1 MOP(O-
MEeTPHUYECKOT0 UCCIeoBaHus puKcupoBasu B 10% HeUTpasbHOM NapadopMalibAerujie, U3roTaBJanuBaIn
TUCTOJIOTUYECKHE CPE3bI, OKPALINBAIN UX FeMAaTOKCUINHOM U 903MHOM U 1o Huccuto. AHanmmn3 MopgoJio-
rUYeCKUX U3MEeHEHUH MPOBOIUIIH C TOMOIIIBI0 CBETOBOTO MUKPOCKOIIA C BUIe0CUCTEMO. [TocunThIBaIN
YHCJIO HEHPOHOB C MTOBPEKIEHUSIMY, BbIEJISIIN 00paTUMbIe, IPOMEKYTOUHbIE M HeOOpaTUMble IIOBPEsK-
nenusi. CTaTUCTUYECKYI0 00pabOTKY JaHHBIX IPOBOAUIN HETTApAMETPUUECKUM METOIOM.

Peayibrarshl. BEIABUIIN, YTO IPU OCTPOM OTPaBJIEHNHU KJI03alIMHOM B COYETAaHNHU C 3TUJIOBBIM aJIKOT0JIeM
JOMUHHPYIOIINMH IPHU3HAKAMU ITOBPESKIeHNsI HEUPOHOB SIBJISIJIMCH: OCTPOe HaOyxaHue, IepBUYHOE pas-
IpaskeHre, CMOPIIIBaHUe, HIIIEMUYeCKOe N3MeHeHe HEPBHBIX KJIETOK, TUTPOJIN3, HeHpoHO(darus, Kapuo-
JIN3KC, KIETKU-TEHH, cCaTeJUINTO3. Bo Bcex Hab/IIOeHUAX 0OHAPYSKUINU IPU3HAKY OTeKa TOJIOBHOTO MO3Ta
U HapylleHUs TeMOIUHAMUKH.

3ar/rouyenue. [[pu3Haky IOBPeKIeHNSI HEHPOHOB T'OJIOBHOTO MO3Ta IIPU OCTPBIX OTPABJIEHUSIX KJI03a-
MIMHOM U 9TUJIOBBIM CIIMPTOM, HAPSIAY C pe3y/IbTaTaMy CyJe0HO-XUMUYEeCKOT0 aHA/IN3a, MOTYT OBITh UCIIOJIb-
30BaHbI B 000CHOBAHUY HENOCPEACTBEHHON IPUYNHBI CMEPTH.

Karouesvte croea: 207108HOLL MO03e; MopgﬁOMempuﬂ; ompasJjierus; Ki03anur, IMUNOBBLIL cnupm

Summary

The aim of the study is to summarize the histology and morphometry of cortical neurons in acute clozapine
and ethanol poisoning.
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Clinical Studies and Practice

Material and methods. Histological examination of the parietal cortical brain samples of 26 patients died
during the Day 1 of acute clozapine and ethanol poisoning (23 males and 3 females aged 22—63 years) was per-
formed. The blood ethanol level was 1.4-4.1%o. The level of clozapine in the blood ranged between 0.24 and
5.8 mg%, in the liver between 0.097 and 6.5 mg%, in kidneys between 0.03 and 3.5 mg%. The cortical samples
for morphometric examination were placed in 10% neutral paraformaldehyde, the histological sections were
done and stained with hematoxylin and eosin, as well as according to Niessl. The morphological analysis was
performed using the video light microscopy. The number of damaged neurons (with separate quantification
of reversible, intermediate, and irreversible damage) was assessed. The statistical analysis was done using the

non-parametric methods.

Results. The signs of brain neuronal damage in acute clozapine and ethanol poisoning, as well as forensic
chemical tests, might be used for establishing the direct cause of death.

Keywords: brain; morphometry; poisoning; clozapine; ethanol
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BBenenue

Kio3anuH — MeykJlyHapogHOe HelaTeHTO-
BaHHOe HaMeHOBaHUe JIeHCTBYIOIIEro BeliecTna
IIIMPOKO U3BECTHBIX JIEKaPCTBEHHBIX CPEJICTB a3a-
JIEIITUH U JIelOHeKC. [1, 2]. Kirosanun ABJjsieTcsa
IIPOU3BOIHBIM ANOEH30/ia3ennHa, OTHOCUTCS K
TpyIIlle Tak HA3bIBAEMBIX «aTUIMIUYHBIX» HEHUPO-
JIEITUKOB M O HEAABHETO0 BPEMEHU MIIMPOKO
HCIOJIb30BAJICH B KIMHUYECKON NMpPaKTUKe /1A
JieueHus BcexX (hOpM IICUXO30B U MTOBE/IEHYECKUX
paccTpPOMCTB, YTO OBITIO CBSIZAHO C €T0 IIUPOKUM
TepalreBTUYeCKUM JUuana3oHoM [3-5]. OH OKassbl-
BaeT BhIpa)KeHHOE aHTUIICUXOTUYEeCKOoe U ceja-
TUBHOe JefiCTBUe BCIeACTBUE OJIOKABI TOIIaMu-
HOBBIX D,-penentopoB B Me30JUMONYECKUX U
Me30KOPTUKA/JIBHBIX CTPYKTypax TIOJIOBHOTO
Mo03ra 1 0JI0KaJbl ¢t-aJpeHOPEeleNTOPOB PETUKY-
JITPHOU (popManmu CTBOJIA TOJIOBHOTO MO3Ta [4,
6]. JIocTaTOYHO CHJILHBIM OJIOKUPYIOIINM [eii-
CTBHEM RJIO3allnHa Ha TUCTaMWHOBBIE PETEIITOPHI
IIepBOr0 THUIIAa HEKOTOpble HCCJIeloBaTe/ M 00b-
ACHAKT €ro arTulnu4vHylo aHTUIICUXOTUYECKYIO
AKTUBHOCTb, a TaK)Ke Takye No004HbIe 3(peKTHI,
Kak ceJlallvs U yBeJIMYeHHe MaccChl Tejia BCe-
CTBUE YCWJIEHUs anmeTura [6, 7]. BosgeiictBuem
Ha 5-(HT)3 penenTtopsl, KOTOPBIE COIVIACHO COBPE-
MEHHBIM IIpeJICTaBJIeHUsIM SABJISIOTCA UHTepdeli-
COM Me3K]Ty MOTOPHOH 1 TMMOUYEeCKUMU CTPYKTY-
pamMu Mo3ra, OOBACHAETCS BbIPaskeHHBIN
aHKcuoauTHYecKuii a ekt mpenapara [6, 8, 9].
Knosanmu 06J1a1aeT TpoTUBOPBOTHREIMU 3 pek-
TaMU BCJIeICTBHE OJIOKaAbl JAOMAaMUHOBBIX D,-
penenTopoB TPUITEPHON 30HBI PBOTHOIO IIEHTPA,
TUNIOTepMUYEeCKUMU 3 deKTaMu BCJIeICTBUE
6J10KaIbl TOIIAMUHOBBIX PeIelTOPOB IUIloTasa-
Myca 1 OKa3bIBaeT nepudepudeckoe U IeHTpalb-
HOE M-XOJIMHOOJIOKUPYIOIIEe U ¢ -aiPEeHOOTOKM-
pyoitiee fetictue [9, 10].

AnTuncuxorndeckue a@dexTs KIo3annHa
CBA3BIBAIOT CO CHIYKEHUEM 9KCIIPeCCUU pUIMNHA
(REELIN) u mryramaraexkapOokcuiasbl-67 (GAD
67) BcaenCcTBUE TUIIEPMETUIIMPOBAHNA UX [IPOMO-
TOPOB, €ro BO3/IeICTBMEM Ha r'UIIepMeTU/IMPOBaH-
Hele yuyacTku JIHK HelipoHOB ¢dpoHTaIBbHOU

Introduction

Clozapine is a dibenzodiazepine derivative
marketed under the brand names Azaleptin and
Leponex [1, 2]. The drug belongs to ‘atypical’ neu-
roleptics and, up until recently, was widely used in
clinical practice for all kinds of psychotic and behav-
ior disorders due to its broad therapeutic range [3-5].
Clozapine exerts a potent antipsychotic and sedative
effect by blocking dopamine D,-receptors in
mesolimbic and mesocortical brain structures and
inhibiting ¢-adrenoreceptors in the reticular forma-
tion of the brain stem [4, 6]. Rather strong blocking
action of clozapine on H1-receptors explains, ac-
cording to some researchers, its atypical antipsy-
chotic activity as well as its side effects such as seda-
tion and body weight gain as a result of increased
appetite [6, 7]. The action on 5-(HT)3-receptors,
which, according to contemporary views, serve as an
interface between the motor and limbic brain struc-
tures, explains its prominent anxiolytic effect [6, 8,
9]. Clozapine has also antiemetic effects through
blocking dopamine D,-receptors of the trigger zone
of the vomiting center, hypothermic effects through
blocking dopamine receptors of the hypothalamus,
and demonstrates properties of peripheral and cen-
tral M-choline and ¢-adrenergic blocker [9, 10].

Clozapine’s antipsychotic effects are also as-
sociated with downregulation of reelin and glu-
tamic acid decarboxylase-67 (GAD 67) expression
through hypermethylation of their promoters, its
action on hypermethylated DNA regions of frontal
cortical neurons [11, 12]. Clozapine was shown to
activate DNA demethylation, restoring normal se-
cretion of gamma-aminobutyric acid in CNS, which
explains the positive response of schizophrenia pa-
tients to clozapine therapy [5, 13].

In addition to its wide psychopharmacological
and therapeutic range, among the major advan-
tages of clozapine are absent interference with the
higher intellectual functions, no cataleptogenic ef-
fect, and minimal risk of extrapyramidal disorders,
because it binds less than 75% of D,-receptors for
a short time only, which is insufficient for the neu-

roleptic syndrome development [14, 15].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 6



https://doi.org/10.15360/1813-9779-2020-6-19-30

Knunudeckue uccjaeqoBaHud U IIPpaKTUKaA

KopsI [11, 12]. YCTaHOBJIEHO, UTO KJIO3AIINH aKTH-
BHUPYIOT NeMetusmpoBanue JIHK, 4To cnocoO6CcTByY-
€T HOpMaJ/In3aluy CeKpeuny raMmmMa-aMruHOMac-
asgaon kucaorel B ITHC, yeM u 00bACHAIOTCSH
MoJIosKUTeAbHbIe 3 (EKTHI Tepanuu KJ03allu-
HOM y O0JIBHBIX C II30(p pennei [5, 13].

[TomuMo mmpoKkoro rncuxogapmakorepanes-
TUYECKOIO JUalla3d0Ha, K HECOMHEHHBIM IIpEnMYy-
IecTsaM KJO3alnHa OTHOCUTCA TO, YTO OH He
BJIAsIET HA BBICIIME WHTeJJIEeKTyaJIbHble (PyHK-
1Y, He IPUBOAUT K KaTajJenTOreHHbIM 3 deK-
TaM, a Takke 00J1alaeT MUHIMaIbHBIM PHUCKOM
pas3BUTHUSA IKCTPAIUPAMUIHBIX HApYIIEHUH. ITO
CBSI3aHO C T€M, YTO OH JIUIIb Ha KOPOTKOE BpeMs
CBs3BIBAET MeHee 75% D,-pernenTopos, 4ero HeJo0-
CTaTOYHO AJIs1 pa3BUTUSA HeHpOoJIeNTHYeCKOTo
cugapoma [14, 15].

[Ncuxodapmakosornueckue apP@erTsr OT
IpyueMa KJIO3allMHa HACTYIIalOT OTHOCHUTEJIbHO
OBICTPO: KyMMpOBaHWE OECIOKONCTBA, TICHXOMO-
TOPHOTO BO30Y>K/IEHUS 1 arPECCUBHOCTH — 4Yepe3
3-6 gHel, aHTuncuxorndeckue aheKkTbl — yepes
1-2 Hepeny, BJMAHNE HA CUMIITOMBI HETaTUBU3-
Ma — yepe3 20-40 nHe.

Cpenu HeskeJIaTeJILHBIX TOOOYHBIX 3(pPeK-
TOB KJIO3allMHA OTMEYalOT IOBBINIEHUE PUCKOB
TpoMO0OOOpa3oBaHUsA, Pas3BUTHUSA THUIEPTOHUH,
TAJIA, MATpeHY, TUTIOKUHE3NUH SKeJIYIKA, 9YTO CBA-
3aHO C BJIMAHWEM KJjio3alnuHa Ha 5-(HT)2A penern-
TOPBI TPOMOOUHMTOB TJIa[IKOMBIIIEYHBIX KJIETOK
KPOBEHOCHBIX COCynoB, Jerkux, sKKT [15-18].
ABJIAACH MOIITHBIM QHTAarOHUCTOM MYCKapUHOBBIX
XOJIMTHOPETETITOPOB, KJIO3AMMNH, CIIOCOOEH BHI3bI-
BaThb TaXWKapAMWIO, BCIAEACTBUE OJIOKMPOBAHUSA
a(pperToB Oy IAIOIIETO HEPBA, CHUSKATH ITEPH-
CTaJBTAKY KHUIIEYHWKA, BIUIOTH [0 Pa3BUTHUA
HenpoxoguMocTu [19-21]. Takyxke B JjuTeparype
OIMCAaHbl MHOTOYUCJIEHHBIE OCJIOKHEHHUS, CBA-
3aHHBIE C IPUEMOM KJIO3aluHa: cymoporu [22],
KaratoHud [23], koMa [24], MUOKapIuT [25-27],
OTCPOUYEHHBIE 0CJIOKHEHUS IIPU TSHKeJI0H KI103a-
NIMHOBOM MHTOKCUKALMU [28, 29], ycujieHne TOK-
CHYHOCTHU KJI03allHA IIPU Pa3BUTUU NH(DEKIMOH-
HBIX OCJIOKHeHuH [30-32], arpanynonuTos [33],

[lo HemaBHEro BpeMEHM KJIO3AIlMH O4Y€Hb
IIMPOKO HCIIOJIB30BAJICA B IMCUXUATPUYECKON
npakTtuke [1-3, 34], HO TIOCJI€e MOSIBJIEHUST HEUPO-
JIEITUYECKUAX CPENCTB HOBOI'O IIOKOJIEHUS €ro
TepalleBTU4YeCKasd aKTyaJbHOCTb CYIECTBEHHO
CHHU3WJIACh. B HacToAmee BpeMsa OH IPUMEHAeTCA
IIpU JIeYeHUU IICUXUUEeCKUX PACCTPOUCTB JOCTa-
TOYHO PEJKO U OOBIYHO TOJBKO ¥ O0JBHBIX pe3u-
CTeHTHBIMU dopMaMu MIU30PPEHUU T0CTe
HeaJeKBaTHOIO TepaleBTUYEeCKOro OTBeTa II0
KpaliHe Mepe Ha ]Ba COBPEMEHHBIX AHTUIICUXOTHU-
4YEeCKHX CpefCcTBa.

HemaJsioBaskHOe 3HaUeHUe B OTKa3e Bpadyen
IICUXUATPOB OT HCIOJb30BAHUSA KJO3alMHA B

Tepanuy DOJTHHBIX ICUXMYECKIMU PacCTPONCTBA-

The psychopharmacological effects of clozap-
ine therapy develop relatively fast: the relief of anx-
iety, psychomotor agitation and aggressiveness oc-
curs after 3 to 6 days of administration,
antipsychotic effects — after 1-2 weeks, the effect
on negativistic symptoms — after 20-40 days.

The observed adverse side effects of clozapine
include increased coagulation, hypertension, pul-
monary embolism, migraine, gastric motility dis-
order related to clozapine's effect on 5-(HT)2A re-
ceptors in smooth muscle cells of blood vessels,
lungs, GIT [15-18]. Being a potent antagonist of
muscarinic cholinergic receptors, clozapine can
cause tachycardia through blocking the vagal
nerve effects, decreasing the intestinal motility up
to obstruction [19-21]. Other numerous complica-
tions related to clozapine were described in litera-
ture including seizures [22], catatonia [23],
coma [24], myocarditis [25-27], delayed complica-
tions in severe clozapine intoxication [28, 29], in-
creased clozapine toxicity in infectious complica-
tions [30-32], granulocytopenia [33].

Until recent times, clozapine was very widely
used in psychiatric therapeutic practice [1-3, 34], but
after a new generation of neuroleptic agents came
into the market, its therapeutic relevance had de-
creased considerably. At present, it is uncommonly
used in the treatment of psychiatric disorders, usually
only for resistant schizophrenia or after inadequate
response to least two modern antipsychotic agents.

An important reason for limited use of cloza-
pine in psychiatry is its high toxicity when com-
bined with ethanol. This can happen accidentally
(unintentional overdosing) and as a result of a sui-
cidal attempt or a criminal incident [35, 36].

Most researchers recognize anticholinergic
action of clozapine and ethanol being the key
mechanism of poisoning in their combined inges-
tion [36]. This poisoning is characterized by a short
duration of the early phase [37], severe course with
psychotic disorders and disturbed conscious-
ness [38], and high mortality (15 to 30%, according
to various authors) [39].

Despite the high relevance of clozapine + al-
cohol intoxication, its pathogenesis and associated
pathology changes in the brain have not been ade-
quately investigated. Experimental works exploring
the cerebellar damage in clozapine + ethanol poi-
soning demonstrated severe damage to Purkinje
cells with predominantly irreversible changes
(shrinkage, karyocytolysis, ghost-like cells, etc.)
progressing over time. An experiment lasting 24
hours caused more severe alterations compared to
the 3-hour long test [40]. However, for better under-
standing of mechanisms of these changes we need
to examine the other regions of brain. The mecha-
nisms of death in fatal poisoning remain unclear,
which hampers timely forensic diagnosis of the im-
mediate cause of death. Despite numerous studies
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MM SIBJISIETCSI €70 BbICOKAsi TOKCUYHOCTD IPHU COYe-
TaHHOM HpUeMe C 3TUJOBBIM CIIUPTOM (aJIKOTO-
JieM). 3TO HaOJI0AAETCS BCJIECTBHE CTYYalHOT U
HelpeTHaMepPEHHOU ero nepeo3uPOBKH, a TAKIKE
KaK pe3yJsIbrar ero rpremMa ¢ CyuluIaIbHOM [eJIbI0
WUJIU B paMKaxX KpUMUHAJIBHOTO IT0BeeHuA [35, 36].

[leHTpadbHBIM MEXaHU3MOM OTPaBJIEHUS
KJIO3AIMHOM B COYETAHUU C 3TUJIOBBIM CIIUPTOM,
M0 MHEHHIO OOJILIIMHCTBA MCCJIeJOBaTeJIel,
ABJISIETCSI UX XOJIMHOJIUTHYECKoe AelicTBue [36].
Hannass popMa oTpaBJIeHUIN OTJIMYAETCS KPATKO-
BPEMEHHOCTBIO TOKCUKOTeHHOMU (pasbl [37], OBICT-
pbIM Te4YeHWEM C pPa3BUTHUEM IICUXOTUYECKUX
HapylUIeHud C paccTpoiicTBOM co3HaHus [38],
BBICOKOU JIETAJbHOCTHIO (O JAHHBIM Pa3HBIX
aBTOpOB OT 15 10 18%) [39].

HecMoTpss Ha aKTyaJabHOCTH HIPOOJIEMBI
OTpaBJIeHUH KJI03aIUHOM Ha (pOHE aJTKOTOTbHON
WHTOKCUKAIINH, ITATOTEHE3 3THUX COCTOSTHUM 1 BO3-
HUKAIOIIKe MPY 3TOM MopdoJiornyeckre usMeHe-
HHS TOJIOBHOTO MO3Ta UCCJIEAOBAHBI HEJIOCTATOY -
HO. JKCIIepuMeHTaJIbHasA paboTa, MPOBeIeHHAas C
[IeJIbI0 CUCTEMATU3ALNY MIOBPEKIEHUN MO3KEUKa
MIPY OTPaBJIEHNU KJI03aIIMHOM B COUYETaHUU C 9TH-
JIOBBIM aJIKOT0JIEM, YKA3bIBAET HA CYIIleCTBEHHbIE
M3MeHeHUsI K1eToK [lypKkuHbe. YCTaHOBJIEHO, YTO
HauboJiee BBIpAKEHHBIE MMOBPEKIEHUS KJIETOK
[MypruHbe ¢ mpeobsaganueM HeoOpPaTUMBbIX H3Me-
HEHUU (CMOpIIMBaHUeE, KAPUOIUTOJINS, KJIETKU-
TeHU W T. JI.) HAOJIOJAIOTCA IMPH COYETAHHOM
OTpaBJIEHUN KJI03aITMHOM U aJIKOTOJIEM, TPUYEM
BBISIBJISIETCSI IPOTPECCUPOBaHME 3TUX U3MEHEHUH
C TedeHHEeM BpeMeHHU. JDKCIIEPUMEHT [JIUTEJb-
HOCTBIO 24 Yaca IpUBOAUT K 60Jiee BEIpAKEHHBIM
M3MEeHEeHUSIM KJIeTOK [TypkuHbe 10 CpaBHEHMUIO C
3-X 4aCOBOU MPOJIOIKUTENBHOCTHIO onbITa [40].
OpmHAaKO, [J1sI MOJTHOTO MOHUMAHUS MEeXaHNu3MOB
pasBUTHsI MOP(OJIOTHIECKIX M3MEHEHNH HEOOX0-
MO UCCJIeOBaHUeE U IPYTUX OT/AEJI0B F'OJIOBHOTO
Mosra. He 1o koHIIa TOHATEH TaHATOreHe3 MoI00-
HBIX OTPABJIEHUH, UTO CYIIeCTBEHHO CHM’KaeT
KavyecTBO CyAeOHO-MEIUITMHCKON IHarHOCTUKHA
HEToCpeCTBEeHHOU MPUYMHBI cMepTU. HecmoTps
Ha MHOTOYHCJIEHHbIe WCCJIe0BaHusl, TOAPOOHO
pacKpbIBAOIIE TepANleBTUYECKUE U TOKCUYECKIE
3¢ eKrThI OCTPOro OTpaBJEHUS KJIOIATUHOM, 10
CHX IIOP OCTAIOTCS HE BbISICHEHHBIMU BCe (DAKTOPHI
rmaroreHe3a W BeAyIasi poJjib KaKOTro-Iu00 u3
MEXaHN3MOB B Pa3BUTHUHU 9TOTO COCTOSHHUSI.

[lesb uccieqoBaHusl — CUCTEMATU3UPOBATh
rucromMop@oJiorudeckrue u MoOppoMeTpUUECKHE
“3MeHeHHsI HEHPOHOB KOPbI TOJOBHOTO MO3Ta
MIPY OCTPBIX OTPABJEHUAX KJIO3AMMMHOM B COUYETa-
HUU C 9TUJIOBBIM CIIUPTOM.

MarepuaJ 1 MeTObI

HpOBeJII/I TUCTOJIOTUYIECKOE NCCTIEN0BAHNE KOPbI
TEMEHHBIX 00J/1aCTel TOJI0BHOI'O MO3ra 26 ymMepmux oT
OCTpPOr'o OTpaBJIEHUSA KJA03alIMHOM B COYE€TAaHNU C 9TU-

detailing its therapeutic and toxic effects, there is
no comprehensive understanding of pathogenic
factors or leading role of specific mechanisms in
acute clozapine poisoning.

The aim of the study is to summarize the his-
tology and morphometry of cortical neurons in
acute clozapine and ethanol poisoning.

Materials and Methods

The histological data of parietal cortical brain sam-
ples obtained on the scene (within the first 24 hours) from
26 patients (23 males and 3 females), aged between 22 and
63 years, who died of acute poisoning with clozapine and
ethanol combination, have been investigated. Both cloza-
pine and ethanol were found in the biological material
(blood, urine, stomach, kidneys, liver) on forensic chemi-
cal examination. The content of clozapine per 100 g of
organ weight was detected using gas chromatography.

Most cases were moderate and mild alcohol intox-
ication (blood ethanol concentration 1.4-2.5%o0); there
was one case of severe alcohol poisoning (4.1%o).

The level of clozapine in the blood ranged between
0.24 and 5.8 mg%, in the liver between 0.097 and 6.5
mg%, in kidneys between 0.03 and 3.5 mg%.

The control group (1n=10) consisted of 7 men and 3
women aged between 22 and 65 years who died of an acute
coronary event. There were no significant differences be-
tween the study groups in sex (y? criterion = 0.5; P=0.1) and
age (Student test t=—0.117, P=0.9) found (table 1).

Cerebral cortex (the parietal lobe) slices were placed
in 10% formalin and embedded in paraffin. Histologic sec-
tions were stained with hematoxylin and eosin, as well as
according to Nissl, then histological examination was done
using Olympus BX 41 microscope equipped with the
Watec 2218 (Japan) camera. Neuronal damage was evalu-
ated according to the classification which included: 1)
acute swelling of neurons, 2) primary irritation of nerve
cells, 3) hydropic degeneration of neurons, 4) shrinkage of
neurons, 5) ischemic alterations of nerve cells, 6) karyocy-
tolysis, 7) ‘ghost cells’, 8) neuronophagy, 9) satellitosis [41].
At least 100 damaged cells were evaluated in each case.

Statistical analysis was carried out using Statistica
10.0 (StatSoft, Inc.) and MedCalc 12.5.0.0 (MedCalc Soft-
ware) software. Mean values are shown as median with
the interquartile range. Inter-group differences were as-
sessed using Mann-Whitney U-test and considered sta-
tistically significant at P<0.05.

Results and Discussion

We studied 6 layers of the cerebral cortex: the
molecular layer, the external granular layer and the
external pyramidal layer, the internal granular layer
and the internal pyramidal layer, and polymorphic,
or multiform layer. The nerve cells in the third and
fifth layers (the external and internal pyramidal lay-
ers, respectively) of the parietal lobes cortex turned
out to be the best visualized, making them the most
convenient for morphometric examination.

The molecular layer of the cerebral cortex.
The neuronal nuclei were found to be predomi-
nantly hyperchromic. Chromatin was dispersed in

the nuclei or formed small bodies on the periphery
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Tabsmna 1. XapakTepHCTHKA HCCIeAyeMbIX FPYIIIL.
Table 1. The studied groups parameters.

Parameter Values in groups
Main, n=26 Control, n=10
Sex
Male, n (%) 23 (88.5) 9 (90.0)
Female, n (%) 3 (11.5) 1(10.0)
Age (Me, min—-max) 39.5 (22-63) 42.0 (22-65)

Note. No significant differences between the study groups in sex (y? criterion = 0.5; P=0.1) and age (Student test ¢=-0.117, P=0.9)

found.

IIpumeuanue. CTaTUCTUYECKU 3HAYUMBIX Pa3/JIUYUil 10 II0JIOBOMY COCTaBY (KpuTepuii x°=0,5; p=0,1) u Bo3pacTy (KpuTepuit

CrerofeHra 1=-0,117; p=0,9) He BBIABUJIN.

JIOBBIM CIIMPTOM Ha MeCTe IIPOUCILIECTBUS B IlepBbIe
CYTKH, U3 HUX — 23-X My»KYMH, 3-X JKEHIIVH, B BO3pacTe
ot 22 510 63 JsieT. JlTaHHbIe 00 OOHAPYKEHUU KJI03alHa
¥ 9TUJIOBOTO CITUPTA OBLIN MTOJTYY€EHbI IIPU CYIeOHO-X1-
MHUYECKOM WCCJeJoBaHUU Onomarepuasia (KpOBb,
no4kKHy, IeyeHs). ComepskaHne KjI03alHa B lepecueTe
Ha 100 r oprasHa omnpe[eJsiau rasoxpoMarorpadpuye-
CKHAM METOIOM.

BoJIbIIIMHCTBO CiIy4aeB COOTBETCTBOBAJIO ONIbSIHE-
HUIO CpeJlHel U JIeTKOH cTelleHu (CofepyKaHue aTUJI0-
BOTO criupTa B KpoBu 1,4-2,5%o0), onuH cJIydail ykasbl-
BaJI Ha TSPKEJI0e OTPaBJIeHHe ajikorosieM (4,1%o).

KonneHnTpanus kja0o3anvHa B KPOBU KoJiebaiach
ot 0,24 o 5,8 Mmr%, B nedeHu — ot 0,097 go 6,5 Mr%,
nouyke — ot 0,03 10 3,5 mr %.

I'pynmy koHTpOJIsA (1n=10) COCTaBUIIN 7 MY>KUYUH U
3 SKeHIIUH B BO3pacTe 0T 22—65 JieT, yMePIIUX B Pe3YJIb-
Tare OCTPOTro HapyIIeH!sI KOPOHAPHOTO KpoBooOpailiie-
HuA. [Ipu conocTaBaeHUH Py UCCJIeI0BaHNUA U KOHT-
pOJIsi  CTaTUCTUYECKU 3HAYUMBIX PA3JIUYUN 110
II0JIOBOMY COCTaBy (Kpurepuii x>=0,5; P=0,1) u Bo3pacTty
(kputepuit CthiofeHTa t=-0,117, P=0,9) He BBIABUIU
(TabJr. 1).

Kycoyku KOpbl TOJIOBHOTO MoO3ra (TeMeHHas
noJist) pukcupoBasiu B 10% popmanvHe U 3aIUBaId B
rmapaguH. [MCTOJIOTUYECKIE CPE3bI OKPAIIIMBAJIA IreMa-
TOKCHUJIMHOM U 303WHOM U 110 Hucctro. AHamm3 mopgdo-
JIOTUYECKUX U3MEHEHU I TTPOBOJIUJIU C TIOMOIIBI0 MUK~
pockomna Olympus BX 41 ¢ BujeocucTeMoii Ha OCHOBe
kamepsl Watec 221S (SInonwus). IToBpeskieHne HEWPO-
HOB OII€HMBAJIX B COOTBETCTBUH C KJacCUPUKAIUEN,
BRJIIOUAlOIeil: 1) ocTpoe HaOyxaHue HEPBHBIX KIIETOK,
2) IepBUYHOE pasgpasKeHrue HEPBHbBIX KJIETOK, 3) TUM-
ponuYecKre U3MEeHEeHUsI HEUPOHOB, 4) CMOPIITUBAHUE
HEUPOHOB, 5) UIIIEMUYECKO€e N3MEHEHVE HEPBHBIX KJIE-
TOK, 6) KQPUOIIUTOJINS, 7) «KJIETKU-TEHN», 8) HEUPOHO-
darwus, 9) caresututos [41]. OLleHUBAIA TOBPEKIEHUS
He MeHee 100 KJIETOK B KasKI0M HaOJIIOIEHUN.

JIJIsi CTaTUCTUYECKOTO aHa/M3a HCII0Jb30BaInd
nporpammbl Statistica 10.0 (StatSoft, Inc.) u MedCalc
12.5.0.0 (MedCalcSoftwarebvba). Cpemnue 3HaueHUs
MpEeICTaBUIN MEAUAHON C MEKKBAPTUIbHBIM HHTEPBA-
JIOM. Me)XTpyIIIOBble pa3/Inyusl MoKasaTeseil oleHn-
BaJIy IIpy noMmolinu U-kputepus YUTHU-MaHHa U IpU-
HHUMaJIY CTaTUCTAYECKU 3HAYUMbIMU IIpU YpoBHe p<0,05.

Pe3yJsbTaThI M 00CY:KI€HUE

HccnenoBanu 6 cjioeB KOPBI MO3Ta: MOJIEKY-
JIAPHBIN, HAPY>KHBIN 1 BHYTPEHHUN 3€pHUCTBIH,
CJIOM MUPaMUAHBIX KJIETOK U BHyTPEHHUI Nupa-
MUJIHBIH CJI0H, 101 TOJIMMOP(MHBIX KJIeTOK. [Ipu

of the nuclei. Nucleoli are mainly eccentric, shifted
to the periphery of nuclei. Microglia cells are small
with hyperchromic, intensively stained nuclei. Nu-
clei of true glial cells (oligodendrocytes, astrocytes)
are light, chromatin bodies are dispersed in nuclei
and along their periphery. Around the majority of
glial cells, a zone of pericellular edema was revealed.
Capillaries are moderately congested (fig. 1).

The outer granular layer of the cerebral cor-
tex. Chromatin granules were found to be dis-
persed in normal and hyperchromic nuclei of neu-
rons. The nucleoli have been shifted towards
nuclear periphery. In some nuclei, no nucleoli were
found. Many neurons as well as glial cells were sur-
rounded by a zone of pericellular edema. Pericap-
illary oedema was observed (fig. 2, a, b).

Pyramid cell layer. ‘Light' neurons were
found to be predominant, but ‘dark' neurons were
also detected among the ‘light' ones. Part of neu-
rons were being phagocytosed: glial cells pene-
trated their cytoplasm (fig. 3, a). The edges of the
nerve cells have irregular, dentate surface. In some
neurons, the nuclei are shifted towards periphery,
while in the nuclei, the nucleoli are eccentric. Cy-
toplasm looks homogeneous, devoid of tigroid sub-
stance, pale and vitreous (representing a type of ho-
mogenizing necrosis of nerve cells, fig. 3, b).

Swelling of neurons was noticed. Some neu-
rons seen with barely distinguishable nuclei and
nucleoli. Ghost cells are found. Pericellular and per-
icapillary edema was registered.

Internal granular layer of the cerebral cortex.
We noticed neuronal swelling, nuclear shifting to-
wards the periphery of cells and nucleolar shifting
towards the nuclear membrane. We revealed kary-
olysis, satellitosis, neuronophagy, and ghost cells
(fig. 4). Capillaries and veins are congested, peri-
capillary edema is remarkable.

Internal pyramidal layer of the cerebral cor-
tex. ‘Light' neurons were found to be predominant.
Among them, ‘dark’ neurons were identified in
smaller numbers. Many neurons were swollen, the
shift of nuclei towards one of the poles of cells was
observed, and the decentralized location of nucleoli
was revealed. In some neurons, the nuclei were not
stained (karyolysis). Neuronophagy was noted. Peri-
cellular edema was detected both around neurons
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Puc. 1. MoJIeKyJIAPHBIH CJIOH KOPBI MO3ra.

Fig. 1. The molecular layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. Hyperchromatosis. Per-
icapillary edema. Magnification X200.

IIpumeuanue. OkpallMBaHUe TeMAaTOKCUIMHOM U 303UHOM.
T'unepxpomaros. [lepukanuiasspHblii otek. YB. 200.

9TOM OKa3aJ/I0Ch, YTO HanboJIee XOPOIIIo BU3yasTH-
3UPYIOTCA HEPBHBIE KJIETKU B 3-€M U 5-OM CJIOAX
(cJI0# MMpaMUIHBIX KJIE€TOK, BHYTPEHHUH MTHpa-
MUIHBIHN CJIOH, COOTBETCTBEHHO) KOPhI TEMEHHBIX
II0JIeli TOJI0BHOT'O MO3Ta, JeJalole ux HauboJee
YIOOHBIMU AJIs IPOBEIEHUS TUCTOMOP(OMETPH-
YeCKOTO UCCJIE0BAHMUSA.

MoJteRy/IsIpHBIH CJI0# KOPBI MO3ra. BeIsABH-
JIM, YTO s/Apa HEWPOHOB IPEVNMYIIECTBEHHO
rAnepxpoMHble. XpOMAaTHH paclblIeH B sAApax
WJIA pacroJiaraeTcsi B BUe WILIOOK IT0 mepude-
puu sinep. ApBIITKY B sigpax pacroJiaraoTcs B
OCHOBHOM 39KCIIEHTPUYHO, CMEIIleHbI K mepude-
puu sinep. KiteTku MUKpOTINY HEOOJIBIINX pas-
MEepOB C TUITEPXPOMHBIMH, MHTEHCUBHO OKpaIeH-
HBIMU spaMu. flipa MCTUHHBIX KJIETOK TJINHU
(0IMTOEHIPOITUTHI, ACTPOIUTHI) CBETIIBIE, TIIBIO-
KU XpOMaTHHA paccesiHbI B sipax U M0 ux nepude-
puu. Bokpyr 60JIBIIMHCTBA KJIETOK [NIMM — 30HA
TIePULIETIOISIPHOTO oTeKa. Kanumissper — yme-
PEHHO MMOJTHOKPOBHHEI (pHUcC. 1).

Hapy:kHbIi 3epHUCTBIH CJI0H KOPBI MO3ra.
BeIgBHIIN, YTO TPAHYJIBI XpOMAaTHHA PACCESTHBI B
HOPMO- Y THUIIEPXPOMHBIX SApax HEHWPOHOB.
SnpeIiky simep cMmelneHbl K uxX nepudgepun. B
HEKOTOPBIX AApax AAPBIINIKA He BBIABUIN. MHO-
rvie HeMPOHBI, a TaKKe KJIETKHU IJINH OBLIN OKpPY-
SKeHBbI 30HOU MTEePUIIESITIONISIPHOTO oTeka. OTMeya-
JIV TIEPUKATIUJIISIPHBIN OTeK (puc. 2, a, b).

CJy10¥i MUPaMHUIHBIX KJIETOK. BLIsABMIIN, UTO
mpeo6J1aal0T CBETIble HEHPOHBI, HO CPEIA CBET-
JIBIX BCTPEYAIOTCsI ¥ TEMHBIE HEPOHBL. YacTh Hel-
POHOB B COCTOSTHUY HEHPOHO(aruu: KJIeTKU TJTUN
MMPOHUKAIOT B IIUTOIJIa3My HelpoHa (puc. 3, a).
Kpas HepBHBIX KJIETOK TPHOOPETAIOT HEPOBHYIO,
«M3bEJIEHHYI0» TTIOBEPXHOCTh. B 4acTu HEWPOHOB
sITpa CMeIeHbI K epudeprnn KIeToK, a B Aapax
SIPBIIIKY PACIIOJIAraloTCs IKCIeHTpUYHO. [uTo-
I1a3Ma BBITVISITUT TOMOTEeHHOMH, JTUIIIeHa TUTPOU-

Puc. 2. Hapy:KHBIH 3€pHHUCTBIH CJI0H KOPBI MO3ra.

Fig. 2. The outer granular layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. a — Hyperchromatosis.
Pericapillary edema. Magnification X200. b— Primary irritation
of nerve cells: nucleolar decentralization in neurons. Pericapil-
lary oedema. Magnification X400.

IIpuMmeuanue. OKkpalinBaHue reMaTOKCUJIMHOM U 903UHOM.
a — Tunepxpomaros. [lepukanu/aApHbIN oTek. YB. 200. b —
IepBHUYHOE pasapaskeHre HePBHBIX KJIETOK: JelieHTPaIN3alys
SATPBILIEK sIep HeHPOHOB. [lepuKanu/IsipHbIi oTeK. YB. 400.

and glial cells. Capillaries and venules are congested
and pericapillary edema is evident (fig. 5, a, b).

Layer of polymorphic cortical cells. ‘Light'
neurons also prevailed in this section. Swelling of
neurons, peripheral shift of nuclei and decentral-
ized nucleoli were noted. Satellitosis, neu-
ronophagy, karyolysis, pericellular and pericapil-
lary edema were detected (fig. 6).

Circulatory disorders were observed in
meninges and different brain regions manifesting as
congested capillaries and venules, erythrocyte ag-
gregation, stasis, sludge, marginal leukocyte pooling.

Currently, the pathomorphological brain
changes in acute alcohol intoxication have been
studied in most detail. Majority of them are related
to hemodynamic disorders during dying from alco-

holic coma. The brain circulatory disorders causing
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na, 6sieHA W CTEKJIOBUIHA (Pa3HOBUIHOCTH —
TOMOTEHU3UPYIOINH HEKPO3 HEPBHBIX KJETOK,
puc. 3, b).

OTmeTnu HaOyxaHue HelpoHOB. HekoTo-
pble HEWPOHBI C €/IBa PA3JIUYNMBIMA SIIPaMU U
AAPBIIIKAMU. BCTpedyaroTcs KJIeTKU-TeHu. Peru-
CTPUPOBAJH MTEPULIEITIONAPHBIA 1 TepUKaTIAI-
JITPHBIHN OTEK.

BHyTpeHHHH 3epHUCTBHIH CI0i KOPBI MO3Ta.
OtmeTniu HabyxaHue HEUPOHOB, CMEIIIeHNE sIIeD
Ha mepuepuIo KIETOK, a B spax — CMeIeHNe
SIIPBINIIEK K sOepHOW MeMmOpaHe. BriaBuian
KapHOJIN3UC, CATeJIJINTO3, HEHPOHO(aruio, KJIET-
KU-TeHU (puc. 4). Kanuaisapsl 1 BeHbl — MOJIHO-
KPOBHBI, BBIPAKEH NEPUKATUJIISIPHBIN OTEK.

BHyTpeHHMII NIHpPaMHIHBIA CJIOH KOPBI
Mo3ra. BeisaBum, 4To mpeobJ1aaoT CBETIbIe Hel-
ponbl. Cpey HUX B MEHBIIIEM KOJTTYECTBE BbISIBJIS-
JI TEeMHBIE HEHPOHBL. MHOTHIE HEHPOHBI — HA0YX-
vie, B HUX OTMeYaJId CMEIeHNe A/1ep K OTHOMY
U3 TIOJIOCOB KJIETOK, a B sApax HaOJomamn
TeTIeHTPAIN30BAHHOE PACIIOJIOKEHHUE SIPBIIIIEK.
B yacTu HEHIpOHOB si/Ipa He OKpaIIeHbl (KapuoJu-
a3uc). Ormevanu HelipoHOodaruio. [lepuiesiio-
JIIPHBIA OTEK BBIABUJIN, KaK BOKPYT HEMPOHOB,
TaK ¥ KJIETOK ITNH. Kanuaasspbl ¥ BEHYJIBI — ITOJI-
HOKPOBHBI, BBIPA’KEH NMEPUKATUIISIPHBINA OTEK
(puc. 5, a, b).

Cuo1o#i moTuMOP(PHBIX KJIETOK KOPHI I'OJIOB-
HOTO M03ra. B aToM oT/esie Tak)ke mpeodJiagann
cBeT/Ible HeHpOoHBL. OTMevanmn HabyxaHue HeHpo-
HOB, CMeIlleHNe B HUX sifiep K epudeprn KIETOK,
a B AApax — AeleHTpaan3anuio aapeiaek. O6Ha-
PY>KHJIH CaTesITuTo3, HeHpOoHO(aruio, KapuoJau-
3WC, TePUIEJUTIOSIPHBIA U TTePUKATAJIISPHBIN
oTeku (puc. 6).

B MATKMX MO3TOBBIX 000JI0YKAX, pa3TUIHBIX
OT/IeIax TOJIOBHOT'O MO3Ta OTMedYasId PacCTpo-
CTBa KPOBOOOpAIIEHNS: TOJTHOKPOBYE KA IS -
POB ¥ BEHYJI, arperamnysi 9pUTPOIUTOB, CTa3HI,
CJIaJI?K¥, KPaeBoe CTOSTHUE JIEHKOITUTOB.

B macrosimee BpeMsi HauboJiee ITOIPOOHO
n3y4eHbl TAaTOMOP(OJIOTHYECKHE W3MEHEHUs
TOJIOBHOTO MO3Ta IPY OCTPOH a7TKOTOJIbHOU MHTOK-
crKanyu. BoJIBIIIMHCTBO U3 HUX CBSA3aHBI C HAPY-
[IIeHUSIMU TEMOAMHAMIKH B IIPOTIECCE YMUPAHWUS OT
JIKOTOJIBHOU KOMBL. [IMpKyJISITOPHBIE PACCTPOH-
CTBa B TOJIOBHOM MO3T€, SIBJISIONINECS IPUYTHON
BO3HUKHOBEHUSI MOP(MOJOTHIECKUX M3MEHEHUH
HENPOHOB, 00OHAPY>KUBAIOTCS TIPH JIOOOM CMeEp-
TeJIbHOM OTPABJIEHUH ¥ YKa3bIBAIOT HA Pa3BUTHE
CEp/IeYHO-COCYINCTON HEOCTATOYHOCTH.

Kaxk mokasasu mpoBeieHHbIe HAMH UCCTIEN0-
BaHUSI, BO BCEX CITyYasiX OCTPHIX OTPaBJIEHUH KJIO-
3aIIMHOM B COYETAaHWHM C ITUJOBBIM CIHUPTOM
BBISIBWJIN TPU3HAKW OTEKa TOJIOBHOTO MO3Tra U
HapyIIeHus TeMOJUHAMUKH. PaccTpoiicTBa Kpo-
BOOOpAIIeHNsT XapaKTEepU30BaIUCh BbIPAKeH-
HBIM ITOJTHOKPOBHE KalUJIISIPOB U BeHyJI. Kpome

Puc. 3. CJ10¥i THPaMHU/THBIX KJIETOK.

Fig. 3. Pyramid cell layer.

Note. Hematoxylin and eosin staining. Magnification X400. a—
Hyperchromic neurons. Neuronophagy. b — Hyperchromato-
sis. Homogenizing neuronal necrosis. Satellitosis.
ITIpumeuanne. OKpalIvBaHNe TeMaTOKCUJINHOM U 903MHOM.
VB. 400. a — I'mnepxpoMHbIe HelpoHbI. Heiiponoparus. b —
Tunepxpomaro3. [oMOreHH3UPYIOIINI HeKpo3 HeHpoHoB. Ca-
TeJJINTO3.

Puc. 4. BHyTpeHHUIi 3epPHUCTBIH CJI0i KOPBI MO3ra.

Fig. 4. Internal granular layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. Magnification x400.
Satellitosis. Neuronophagy. Ghost cells.

IIpumeuanune. OKpalInBaHUEe TeMAaTOKCUIMHOM U 303MHOM.
VB. 400. Caresututo3. Heifiporodarus. KileTku-TeHu.
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TTOJIHOKPOBHUSI OTMEYaJIH arperaruio 3pUTpOIn-
TOB, (OPMUPOBAHME CTA30B U CJIAIKEH, KpaeBoe
CTOsIHME JIEHKOIIMTOB. TKaHb MO3ra Obljia OTed-
HOM, IepUBACKYJIsIPHBIE TPOCTPAHCTBA PaCIIIupe-
HBI 33 CUET COJIeP’KaHUS B HUX OTEYHOM KUTKO-
CTH, BOKPYr OOJIBIIMHCTBA KJETOK TJIUH U
HEBPOIIUTOB OOHAPYKUBAJN 30HBI MIEPUITEILITIO-
JIIPHOTO OTeka. [IoBCeMeCTHO MPUCYTCTBOBAJIU
orevyHble (P OPMBI OJTUTOEHIPOITUTOB U aCTPOIIU-
ToB. CyIlleCTBEHHbIE U3MEHEHUsI TPeTePIIeBAIU U
HEBPOIUTHI, YKA3bIBAJIM HA UX pasapaskeHue U
TOBPEsK/IEHHE.

OmgauM 13 MOP(OJOTUUYEeCKNX N3MeHEeHUH
HENPOHOB ABJISIETCS OCTPOe HabyXaHUe HEPBHBIX
KJIETOK, KOTOpPOE SIBJISIETCS 0OPAaTUMBIM MPOIIEC-
coM. OHO XapaKTepu3yeTcsl yBeJTUIeHHEM pa3Me-
OB HEHIPOHOB, YaCTUYHBIM PACTBOPEHUEM TUTPOU-
13, sIIPO HEMPOHA PaclojIaraeTcsi 9KCIEHTPUYHO, B
Ppsijie CIy4aeB CTAHOBUTCS THIIEPXPOMHBIM.

BapuanToM n3MeHeHUIT HEHPOHOB, KOTOPOE
MO>KET OBITh 0OPATUMBIM, SIBJISETCS TTEPBUYHOE
pasapaskeHrie HEPBHBIX KJIeTOK. OHO XapaKTepH-
3yercs1 HaOyxaHWeM U OKpYIJIEHHEM HEHWPOHOB,
TepeMeIleHreM s1/ipa K OTHOMY M3 TIOJTIOCOB KJle-
TOK, paclblIEHHeM XPOMAaTHHa, KOTOPO€e HaurHa-
€TCs B IIeHTPe KJIETOK, COXPAHSSCH B TIOCJIENYIO-
IeM JIMITL Ha Nepudepun HeHpoHOB. B psme
CJy4aeB TaKue HEPBHbBIE KJIETKU MOTYT ITO/IBEPT-
HYThCSI HEOOPATUMBIM U3MEHEHUSIM — BaKYOJIH-
3aIUH UJIU JIUBUCY.

JpyriM BUJJIOM TOBPEKIEHUN SIBJSIOTCS
TUAPONMYECKYe U3MEHEHUST HEHPOHOB. B yBesn-
YEHHbBIX U OKPYIVIEHHBIX HEHPOHAX BOKPYT sijiep
TIOSIBJISTIOTCSI CBET/IbIE MPOCTPAHCTBA UJTU BAKYO-
JIY, @ B TIOCJIEYIOIIEM IIUTOIIa3Ma KJIETOK CTaHO-
BUTCSI TPO3PAYHO, B IIEHTPe KOTOPOH pacmoJia-

Puc. 6. Coii moiMop¢hHBIX KJI€TOK KOPbI FOJIOBHOTO MO3Tra.
Fig. 6. Layer of polymorphic cortical cells.

Note. Hematoxylin and eosin staining. Magnification xX400. Hy-
perchromatosis. Satellitosis. Ghost cells. Pericellular and peri-
capillary edema.

IIpumeuanue. OKpamrBaHue FeMaTOKCUINHOM U 903UHOM
¥B. 400. Tunepxpomaro3s. Caresintos. Knerku-renu. Ilepu-
LIeJIIIOJIIPHBIN U NepUKANUJIIAPHBINA OTeKH.

Puc. 5. BHyTpeHHUI THPaMHAHBIH CJI0H KOPBI MO3ra.

Fig. 5. Inner pyramidal layer of the cerebral cortex.

Note. Hematoxylin and eosin staining. Magnification X400. a—
Betz cells. Swelling of neurons. Karyolysis. Neuronophagy. Peri-
cellular edema. b— Hyperchromatosis. Satellitosis. Ghost cells.
Pericellular oedema.

IIpumeyanue. OKpanvBaHye reMaTOKCUINHOM U 903UHOM.
VB. 400. a — Knerku Bena. Habyxanue HeiipoHOB. Kapuosu-
3uc. Heiiponodarusi. [lepuniesnoisipablii otek. b — ['umep-
xpomaros. Caresinto3. Kietku-tenu. [lepune/osipHbIi
OTeK.

morphological changes in neurons are found in any
fatal poisoning and indicate cardiovascular failure.
Our studies have shown that in all cases of
acute clozapine + ethanol poisoning the signs of
cerebral edema and hemodynamic disorders were
found. Circulatory disorders were characterized by
intense congestion in capillaries and venules. In
addition to congestion, erythrocyte aggregation,
stasis and sludge, the marginal pooling of leuko-
cytes were found. Brain tissue was oedematous,
perivascular spaces were expanded due to fluid,
areas of pericellular edema were identified around
most cells of glia and neurocytes. Oedematous
oligodendrocytes and astrocytes were present
throughout. Neurocytes also underwent significant
changes, indicating their irritation and damage.
One of the morphological changes in neurons
is the acute reversible swelling characterized by in-
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raeTcsi CBeTJIO€ SIIPO, IJIaBamIllee B OTEYHOU
SKUIKOCTH. [laHHBINA BU JUCTpOod U 006yCIOBIEH
paccTpoiicTBaMu BOJHO-COJIEBOTO OOMeHa u
MOSKET OBITH 00paTUMBIM, HO MOJKET TpaHCHOP-
MHUPOBaThCSI B HeOOpaTUMble BUIbLI TUCTPOQUL.

K moBpesk1eHnio HepBHBIX KJIETOK TOJIOBHO-
ro MO3Tra OTHOCHTCS CMOPIIUBaHWE HEHPOHOB.
XapakTepHbIe TPU3HAKU TAaHHOTO BHUIA ITOBPEsK-
JIeHUsI — 9TO YMEHbIIIeHEe pPa3MepoB KJIETOK U
runepxpomaros. [JIbIOKYU TUTPOHUIa CIUBAIOTCS B
KOMIIAKTHYIO, TEMHO OKpaIleHHyIo Maccy. B utore
HepBHBIE KJIETKN UMEIOT BUJ MHTEHCUBHO OKpa-
IIIEHHBIX Y3KUX, YIVIOBATHIX WJIM TAJIOYKOBHUTHEBIX
oOpasoBaHU.

Tsoxesible W3MEHEHWsI HEPBHBIX KJIETOK
KacaloTcsA IrpyObIX HapyIIeHUN CTPYKTYPHI BCEX
KOMIIOHEHTOB KJIETOK — ITUTOILJIa3MbI siapa U
SIIPBINITKA: PAaCTBOPEHUE TUTPOHM[A, HabyXxaHWe
HEHUpPOHOB, H3MeHEHWe IIOJIOKeHUsI sapa u
SITPBINIKA, HEYETKOCTh KOHTYPOB HEPBHBIX KJI€-
TOK, AedopMariys sAep, uX TUKHO3 UJIU PEKCHC,
cMertieHre U nedopManus sapBINIKA, HEPEIKO
SITPO U SIAPBITITKO TTOJTHOCTHIO WMJIU TTIOYTH Hepas-
JIMYUMBI, pacljiaBjeHue IIUTOMIa3Mbl, OHA CTa-
HOBUTCS COTOBUIHOM UJIN TYENCTOH.

OmHUM 13 BapUaHTOB ITOBPEKIEHNS HEHPO-
HOB SIBJISIETCSI UIIIEMUYEeCKOe U3MeHeHe HePB-
HBIX KJ1eTOK. OHO 3aKJIIOYaeTCsI B JIU3UCE TUT'POU-
114, TPOCBETIEHUH ITUTOILIa3MbI, TUTIEPXPOMaTO3€e
WJTY TIPOCBETIIeHNH siipa. [ [uTorurasMa BeITJISIIUAT
TOMOTEHHOMU, JTUIIIeHa TUTpoua, 6JieqHa 1 CTEeK-
JoBuaHa. Ero pasHOBUIHOCTH — TOMOTEHU3U-
PYIOIINI HEKPO3 HEPBHBIX KJIETOK.

K T1s5kesbIM HeOOpaTUMBIM H3MeHEHUsIM
OTHOCSAITCSI TaKyKe KapUOIUTOJIN3 (TUIIOXPOMHOE
OKpaIIMBaHue UTOIJIa3Mbl U sIIpa), ITpeBparie-
HYe HEIPOHOB B e7]Ba Pa3JINUYNMbIe KJIeTKU-TEHU,
MMPOHUKHOBEHUE KJIETOK IJIUM B TeJIO MOTUOAI0-
1ero HelipoHa (HelipoHodarus), careaauTos, Ipu
KOTOPOM KJIETKH TJTUH PACIIOJIaraloTCs Ha TOBEpX-
HOCTU HEWPOHA.

J1J11 00beKTUBHU3ALNH KOMILJIEKCa BbISBJIEH-
HBIX Ka4YeCTBEHHBIX N3MEHEHUN KOPhI TEMEHHBIX
o0J1acTell TOJIOBHOIO MO3Tra MCI0JIb30BaIN METO-
IIbI MOP(OMETPUIECKOTO MCCJIETOBAHMS.

HNaMmepsiim  KOJUYECTBO OOpaTUMBIX U
HeoOpaTUMBIX U3MEeHEHN HEPBHBIX KJIETOK ITPU
CMEepPTHU OT OCTPOTO OTPABJIEHUS KJI03AMTMHOM Ha
¢ oHE aJIKOTOJILHOTO OTbsSTHEHUsI HA MECTe IIPO-
WCIIIECTBUSA B IEPBBIE CYTKH OT IIpHieMa Ipenapa-
Ta. VIaMeps1Jiv KOJIMYEeCTBO HEPBHBIX KJIETOK 3-TO
1 5-TO CJIOEB KOPBI TEMEHHBIX TOJIEN TOJIOBHOTO
Mo3ra (CJIOW MUPAMUTHBIX KJIETOK, BHYTPEHHUHN
MUPAMUTHBIA CJIOW, COOTBETCTBEHHO), HAXOIsI-
IIIAXCSI B COCTOSTHUY OCTPOTO HAaOyXaHW s, TepBUY-
HOTO pas3apa’keHusi HeHpPOHOB, CMOPIIMBAHUSI
HEHWPOHOB, UIIEMUYECKOTO N3MEeHEHNST HEPBHBIX
KJIETOK, KapUOIIUTOJIN3a, HeHpoHOodaruu, caresi-

JINTO3a, ¥ 00Pa30BaHUS «KJIETOK-TeHel». Pe3yiib-

creased size of neurons, partial dissolution of the
tigroid substance, the eccentric location of the
neuronal nucleus, which in some cases becomes
hyperchromic.

The primary irritation of nerve cells is a variant
of potentially reversible neuronal changes. It is char-
acterized by the swelling and rounding of neurons,
nuclear shift towards one of the poles, the chromatin
dispersion, which begins in the center of the cells
and is then only maintained at the periphery of the
neurons. In some cases, such neurons may undergo
irreversible changes such as vacuolization or lysis.

Another type of damage is neuronal hydropic
changes. In enlarged and rounded neurons, light
spaces or vacuoles appear around the nuclei, later
the cytoplasm becomes transparent with centrally
located light nucleus floating in the oedematous
fluid. This type of dystrophy is due to water and
electrolyte disorders and can be reversible, but
might become irreversible.

Neuronal shrinkage is considered to represent
the damage to brain nerve cells. Reduced cell size
and hyperchromatosis are typical features of this
lesion. The bodies of tigroid substance merge into
a compact, dark colored mass. As a result, nerve
cells look like intensely stained narrow, angular or
stick-shaped structures.

Severe changes in nerve cells are related to
gross structural disorders of all cell components in-
cluding cytoplasm of the nucleus and nucleuolus
such as the dissolution of the tigroid substance, the
swelling of neurons, changes in the position of the
nucleus and the nucleolus, the blurring of the out-
lines of neurons, the deformation of the nuclei,
their pycnosis or rupture, nucleolar displacement
and deformation, often the nucleus and the nucle-
olus are completely or almost indistinguishable, the
dissolution of the nucleus and the nucleolus, the
dissolution of the cytoplasm and its transformation
into a honeycomb or cellular structure.

Another variant of neuronal damage is is-
chemic alteration of nerve cells. It consists of
tigroid lysis, brightening of cytoplasm, nuclear hy-
perchromatosis or brightening. The cytoplasm
looks homogeneous, devoid of tigroid substance,
pale and vitreous. Homogenizing necrosis of nerve
cells is a subtype of this variant.

Severe irreversible changes also include kary-
ocytolysis (hypochromic cytoplasm and nucleus),
the transformation of neurons into barely visible
ghost cells, the penetration of glial cells into the dying
neuron (neuronophagy), satellitosis, in which the
glial cells are located on the surface of the neuron.

Morphometric research methods were used to
objectify the detected qualitative changes in the
parietal cortex.

We quantified the reversible and irreversible
changes in nerve cells in patients who died of acute
clozapine poisoning combined with alcohol intoxi-
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TaThI IPOBEJEHHBIX THCTOMOP(O-
MEeTPUYECKUX UCCIeJOBAHUN 1103~
BOJIMJTY OTIPEJIEJTUTH JJOCTOBEPHOE
yBeJIWYeHNEe KOJIMYEeCTBA HEPB-
HBIX KJIETOK, HaXOAAIIUXCSA B
COCTOSTHUY OOpaTUMbIX 1 HeoOpa-
TUMBIX M3MEHEHUN, N0 CpaBHe-
HHUIO C KOHTPOJIBHOU TIpynmnoin
p<0,05 (TabJ. 2).

3akJrouenue

TakuMm oOpa3om, B ciydasx
CMepTHA OT OCTPOTO OTpPaBJIEHUS
KJIO3AIMITHOM B COYETaHUH C THJIO-
BBIM CITUPTOM, BBISIBJIEHHBIN KOM-
IUIEKC THUCTOMOP(OJIOTUYECKUX
U3MEHEHUH  HEUPOHOB  KOPHI
TOJIOBHOTO MO3Ta, YYUTHIBAIOIITUH,
KaK KayeCTBEHHBIE, TaK 1 KOJI4e-
CTBEHHbIE TPU3HAKU  OCTPBIX
TOBPEKIeHN HEHPOHOB rOJIOBHO-
T'0 MO3ra, T03BOJISIET CUCTEMATU3H-
poBarh xapakTep MopdgoJiornye-
CKUX M3MeHEeHUH KJIETOK
Pa3JIMYHBIX CJIOEB KOPHI TEMEHHBIX
nojed rosioBHOro wmosra. OHm
XapaKTepU3yIOTCsI 00paTUMBIMU 1
HeoOpPaTUMBIMU MTOBPEKIEHUSIMHI
HEWPOHOB 1 HAPYITIEHUSIMHU KPOBO-
oOpalleHusi, TOJTHOKPOBHUEM COCY-
JTIOB MUKPOIPKY/ISTOPHOTO PycJa,
pa3BUTHEM ITEPUBACKYISAPHOTO U
TEPUIIETITIONISIPHOTO OTE€Ka, 4TO
MTO3BOJISIET UCITOIH30BaTh 3TU AaH-
Hble, Hapsay C pe3yJabraramMmu
CyneOHO-XMMHUYECKOT0 aHaIn3a, B
000CHOBaHNHY HETIOCPEICTBEHHON
MIPUYUHBI CMEPTH.
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cation on the scene (during the first
24 hours after drug ingestion). We
measured the number of nerve cells
in the 3 and 5 layers of the parietal
cortex (pyramid layer, inner pyra-
mid layer, respectively), which ex-
hibited signs of acute swelling, pri-
mary irritation, neuronal shrinkage,
ischemia, karyocytolysis, neu-
ronophagy, satellitosis, and «ghost
cells». The results of a histomor-
phometric study allowed determin-
ing a significantly increased num-
ber of nerve cells with reversible
and irreversible changes, in com-
parison with the control group
(P<0.05) (table 2).

Conclusion

In patients who died from
acute poisoning with clozapine in
combination with ethanol, the de-
tected histological and morpholog-
ical changes in the cortical neurons,
including both qualitative and
quantitative features of acute neu-
ronal damage, allow better charac-
terization of morphological alter-
ations in cells of different layers of
the parietal cortex. Both reversible
and irreversible damage to neu-
rons, circulatory disorders, micro-
circulatory congestion, perivascular
and pericellular edema are typical.
These data, along with the results of
forensic chemical analysis, can be
used for the most precise determin-
ing the accurate causes of death.
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TaGsmma 2. [loka3aTeJs M IOBPeKAeHHsI HelipoHOoB B rpynmnax Me (HQ; LQ).

Table 2. Neuronal damage in the studied groups Me (HQ; LQ).

Groups

Type of damage

Irreversible

Karyocytolysis Neuronophagy

Reversible

Hydropic

Satellitosis

Ghost cells

Tigrolysis

Ischemic

Shrinkage

Primary

Acute swelling

changes
6.0 (4.3;7.8)

changes
0.0 (0.0; 1.5)

irritation
5.5(3.5;6.8)

29.0* (22.0; 37.5)

5.0 (3.5; 6.5) 3.0 (1.3;4.0) 3.0 (1.5; 4.5) 8.5(5.0;9.8)

5.0 (3.5; 6.5)
23.0(21.3;27.8) 25.0*(21.3;29.5) 19.0* (14.3;23.0) 32.0*(31.0;38.3) 37.0*(33.8;40.3)

4.0 (3.0; 8.0)
29.0*(23.3;41.5) 33.0* (29.3; 39.0)

4.0 (2.3;5.0)
23.5*(22.3; 30.0)

Control

0.5 (0.0; 1.0)

Clozapine + ethanol

Note. * — P<0.05 when comparing with the control. Average values are given based on statistical processing of data from 3 and 5 layers of parietal cortex.

IIpumeuanue. * — p<0,05 Ipy CPAaBHEHUU C KOHTPOJIEM. [[aHbI CpeJHIe 3HAYEHsT NCXO/IsI U3 CTaTUCTHYECKON 00paboTKH 3 1 5 CJI0eB KOPBI TOJIOBHOI'O MO3ra TEMEHHBIX 00/1acTe.
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Pe3rome

Iesb MCc/IeIOBAHUA: OTIEHKA OE30ITaCHOCTH U OTIpejiesIeHre BO3SMOKHOCTH PUMEHEHUSI TeMOCOpOeHTa
Ha OCHOBE CBEPXCIIUTOTO CTUPOJI-TUBUHUIOEH30JIbHOTO COTIOTUMEpPA C UMMOOUTN30BaHHBIM JIUTIOTIOJIH -
caxapup (JITIC)-ce1eKTUBHBIM JIMTAHIOM, IIpeJHa3HAYEeHHOI0 [JIs1 yiaJeHU U3 KPOBOTOKA 9HOTOKCUHOB,
IS JIeYeHUsI TIal[MeHTOB C CENTUYECKUM IIIOKOM.

MarepuaJibl 1 MeTObI. /[eBATH NarueHTaM (CpeJHUI BO3pacT 58 jieT, 5 My)KUWH U 4 sKeHII[UHb], Ha-
Ja/TbHbIe 3HaYeHus1 MeauaH 17151 APACHE 11 28 6autos, 1ist SOFA 10 6aJ/1710B) € TOATBEPKIEHHOM rpaM-He-
TaTUBHOH OaKkTepranbHOH MH(peKIMel 1 cenTudecknM mokoM (CEIICHC-3, 2016) mpoBoanu JITIC-cesrek-
TUBHYIO TeMorepdysuio (JICI) ¢ HOMOIIBI0 KOJOHKH C COpOEHTOM Ha OCHOBE CBEPXCIIHUTOTO
CTHUPOJI- TUBUHUIOEH30TbHOTO COMTOJIMMEpPa C UMMOOMIN30BaHHBIM JITIC-CeJIeKTUBHBIM JINTAHJIOM B Teue-
HHU 6 4acoB C ITOC/IeyIollel IpoaIeHHON BeHO-BeHO3Ho! remoauadunsrpamnueil. 1o JICI (ness 0), cpasy
rocJie Hee, yepe3 CyTKHU II0CJIe ee OKOHYaHUs (IleHb 1) U eskeJHeBHO Ha IIPOTSKEHUU IIOC/IeyI0IINX 4-X
CYTOK OIlpeJleJIslyIu [I0Ka3aTesIu TeMOAMHAMUKY, OKCUTeHallM, OPraHHOU He[JOCTaTOYHOCTH, COfepIKaHue
JIEUKOIIUTOB, TPOKAJIBITUTOHNHA, C-peakTUBHOTO OeJIKa, OMOXUMUYECKe TTOKa3aTe u.
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Pesysbrarsl. [IpoBenenue JICI mpuBOIUIIO K OBICTPOMY CHUKEHHIO aKTUBHOCTH 9HIOTOKCHHA (EAA TecT),
OoJtee 4eM IBYKPATHOMY YMEHBIIIEHHIO COAePsKaHIsA NHTEPJIeHKUHA- 1 (MMMYHO(MEepMeHTHBIH TeCT) B IIJIa3Me
KpoBU. ITo OKOHYAHNM IPOLIeJyPhI CHUKAJIACh KOHIIEHTPAIMA JIAKTaTa B IIJJa3Me KPOBH, JOXOZ 1O HOPMaJIb-
HBIX 3HAYEHUH Ha 3-e CYyTKH, BOCCTAHABIUBAJIMCH IO HOPMAJbHBIX 3HaYeHusI pH Ha 1-2-e cyTku. [TorpeOHOCTD
B HOpaJpeHa/InHe OBICTPO CHIKAIACH U IIOJTHOCTHIO IIPEeKpariasack Ha 1-3-e CyTKH, YTO COOTBETCTBOBAJIO
BOCCTaHOBJIEHUIO 3HAYEHU! CpeJIHero apTepuaabHOro JaBJeHNs. 3Ha4eHUs nHjeKca okcurenanuu PaoO,/FiO,
3HAYMMO [IOBBIIIAIUCH Yepes CyTKU, 3HaueHus Menuanbl 300 yaepKUBaJIMCh Ha IPOTAMKEHUU BCEX I10CJIe-
nytomux nHei Habsronenust. [Iposenenue JICT ob6ecrieunBasio 6bICTPOE, B TEUEHHE TIEPBBIX CYTOK, CHUYKEHHE
nokaaaresiei no mkajsaM APACHE IT u SOFA, B To BpeMs Kak IToKa3aTeJld OCTPOH I04eUYHOM HeJJOCTATOYHOCTH
(comepsxaHye MOUYEBUHBI U KpeaTUHUHA) I'PafyajbHO CHIYKAJIUCh BIJIOTh 10 HOPMaJIbHBIX 3HAaYeHUH K 5- My
nHio. [IpoBenenue JICI He IpUBOAMIIO K U3MEHEHUIO HeHaPyIIIeHHbIX II0Ka3aTesiell CUCTeMb]l CBEPThIBAHUSA
(mporpombOuHa, pubpuHorena, MHO). B TeueHre mepBhIX CYTOK TOCJIE TIPOIEAyPhI HAOTIOMAIN KPaTKOBpe-
MeHHOe 1,5-KpaTHOe CHH)KeHHE COJlepKaHusI TPOMOOIIUTOB C ITOCJIETYIOIINM BOCCTaHOBJIEHUEM Ha 2—3-1
CYTKN'Y OOJIBIIMHCTBA IIaIIeHTOB. ‘HBOB ITAITYEHTOB, OTVIMYAIOIIMXCA 10 JIEYEHUA OT OCTAJIbHBIX ITAITMEHTOB HAW-
0oJiee BLICOKMMU 3HaYeHUAMU olleHKH 110 ImKajie APACHE II (Boire 30), mo nokasareasaM AUTB (cBbirte 40) u
3HAYEeHHUSsIM aKWUBHOCTH 3HI0TOKCHHA B TecTe EAA (cBbiire 0,9), moru6/iv Ha 4-11 v 8-1 quu ieueHust. Ocrajib-
HbI€ IMAIUEeHTHI JKUBbI, C KIIMHUYECKUM YJIyYII€eHHUEM 110 BCEM ITOKa3aTeJIsIM.

3akJrogeHue. Pe3yiibTaThl IPOBEeHN s 9KCTPAKOPIIOPAIBHOIO OYUIIEHU I KDOBU C [IOMOILBIO KOJIOHKHA
¢ copOEeHTOM Ha OCHOBE CBEPXCIINTOIO CTHPOJI- TUBUHUIOEH30I5HOTO COIIO/IMMepPa C IMMOOHII30BaHHBIM
JITIC-celeKTUBHBIM JIMTaHOOM YKa3bIBAIOT HA BBICOKU TepaHeBTI/I‘{eCKHﬁ ImoTeHIraJa IPUMEHEHHOT0 Me-
TOJa 1 0OOCHOBBIBAIOT HEOOXOIMMOCT ITPOBEEHNsI PACIINPEHHBIX KINHIYECKUX NCCIIe0BaHMUH C [IeJIhI0
oneHKY 9(P(PEKTUBHOCTHU €T0 UCI0JIb30BAHUSA B KINHUYECKOU nmpakTuke OPUT 1y cHUKEHUSA BBICOKOU
JIeTaJbHOCTH ITAIIUEeHTOB C CeITUYEeCKUM ILIOKOM.

Kntouesbwle crosa: 2eMocopoyusi; 8eHO-8eHO3HAsL 2eMO0UAPUILMPAYUSL; IKCMPAKOPNOPALbHOe yoaieHue
JITIC; cenmuyeckuil ulok; c8epxXcuuumblii Cmupo-0usuUHUIOeH30AbHbLL CONOAUMED

KondummkTt nHTepecos. ABTOPEI He noJty4ain oT AO 3ddepoH niiu apGumpoBaHHbBIX C HUM KOMIIaHUH du-
HaHCOBBIX MJIM UHBIX CPEACTB U 3aABJIAIOT 00 OTCYTCTBHIH KOH(MJINKTA MHTEPECOB B OTHOIIIEHUH JAHHON PabOTHL

Summary

Aim of the study: to evaluate safety and feasibility of clinical use of an extracorporeal blood adsorber based
on a hypercrosslinked styrene-divinylbenzene copolymer with immobilized lipopolysaccharide (LPS)-selective
ligand designed to remove endotoxins from the bloodstream to treat patients with septic shock.

Materials and methods. Nine patients (mean age 58 years, 5 men and 4 women, initial median APACHE II
score 28 points, SOFA score 10 points) with confirmed Gram-negative bacterial infection and septic shock (SEP-
SIS-3, 2016) underwent LPS-selective hemoperfusion using an extracorporeal blood adsorber based on a hy-
percrosslinked styrene divinylbenzene copolymer with immobilized LPS-selective ligand for 6 hours, followed
by prolonged veno-venous hemodiafiltration. Before the hemoperfusion (day 0), immediately after it, a day
after its end (day 1) and once daily for the next 4 days we assessed the hemodynamic parameters, oxygenation,
organ failure signs, white blood cell count, procalcitonin, C-reactive protein, clinical chemistry parameters.

Results. Hemoperfusion resulted in a rapid decrease in the endotoxin activity (EAA test), more than twofold
decrease in plasma level of interleukin-1 (immunoenzyme test). At the end of the procedure, the plasma lactate
level decreased to normal values by day 3, pH values restored to normal within 1-2 days. The noradrenaline
requirement rapidly decreased and completely resolved within 1-3 days, which corresponded to the restoration
of mean blood pressure values. The values of the PaO,/FiO, oxygenation index increased significantly after 24
hours, and the median values of 300 were maintained during all subsequent days of observation. During the
first day, hemoperfudion caused a rapid decline in APACHE II and SOFA scores, while acute renal failure (es-
timated by urea and creatinine levels) resolved gradually by day 5. The hemoperfusion did not affect the un-
changed coagulation parameters (prothrombin, fibrinogen, INR). During the first day after the procedure, we
observed a short-term 1.5-fold decrease in platelet count with subsequent recovery by days 2-3 in most pa-
tients. Two patients, both differing from the rest of the patients prior to treatment in the highest values of
APACHE 1I score (above 30), APTT (above 40) and endotoxin activity in EAA test (above 0.9), died on the 4t
and 8" days of treatment. The rest of the patients survived, with clinical improvement in all parameters.

Conclusion. The results of extracorporeal blood purification using Efferon LPS extracorporeal blood ad-
sorber indicate a high therapeutic potential of the method and suggest the need for extended clinical trials to
assess its clinical efficacy in ICU to reduce the high mortality in patients with septic shock.

Keywords: hemoadsorption; veno-venous hemodiafiltration; extracorporeal LPS clearance; septic shock; hy-
percrosslinked styrene-divinylbenzene copolymer
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BBenenue

Cericuc, coniacHO IOCJAEJHEMY KOHCEHCYC-
Homy onpepenenuito (SEPSIS-3, 2016), asiasercsa
[IaTOJIOTUYECKUM COCTOSIHUEM, XapaKTepU3ylo-
IIUMCSI HATTINEM 5KU3HEYTPOKAIOIIe OpraHHON
He/I0CTaTOYHOCTH, HACTYNUBIIEH B pe3ysbTaTe
HapyIIeHHO! peryJAluU OTBeTa opraHu3Ma Ha
uadexrmuio [1-3]. Cercuc TpomoLKaeT OCTaBaTh-
Cs1 OCHOBHOU IPUYMHOM JIETaJIbHOCTU B OT/ieJIe-
HUSX peaHuMallui W WHTEHCUBHOIO JIEYeHUs
MIPaKTUYECKU B JTI000M CTpaHe MUpa.

B 2017 r. BO3 o0bsiBIIIA CceTicHC I0O6ATbHBIM
IIPUOPUTETOM B 3/ipaBooxpaHeHuu [4]. HemaBHui
a"aaus 109 MUJJIMOHOB O(PUIIMATLHBIX CBUIE-
TEeJIbCTB O CMEPTH, BBIIAaHHBIX B Mupe B 2017 r,,
BBIAABIJI, YTO CMEPTHOCTD IAIUEHTOB C CETICHCOM,
JUarHOCTUPOBAHHBIM II0 Kpurepuam SEPSIS-3,
Jocturaja 11 MUJIJIMOHOB, YTO COCTABJIAIIO 19,7%
BCeX PEruCTPUPYEMBIX B IOl CMEPTHBIX CJIy4aes [5].
VHBIMHM CJIOBaMHM, Ka’KIbII IIATHIN ITOTHOIINHN B
MHUpe UMeJ1 IPU3HAKU CEIICUCA COLIACHO ITOCTIeIHE-
My OIIPEJEJICHUIO 9TOr0 KPUTUYECKOIO COCTOSTHUA.

HauboJibI1ast J1eTaabHOCTh IIPY CETICHCeE CBS-
3aHa C pasBuTHeM cenTuuyeckoro moka (CII) [1,
6-9]. Ilog CIII noHUMAaIOT COCTOSIHHE cellcuca (1o
kpurepusam CEIICHC-3, 2016), conpoBoskgaemoe
BBbIPa)KEHHBIMU T€MOIMHAMUYECKUMU, KJIETOYHBI-
MU ¥ METa00TMYEeCKUMHU PACCTPOCTBAMH, ¢ HoJjiee
BBICOKUM PHCKOM Pa3BUTHS JIETAIHHOTO UCXOJa,
4yeM cericuc 0e3 rposiBjiaeHui moxka [10, 11]. B cpen-
HeM CIII obHapyskuBaioT ¢ yactoroi 8,3-10,4%
cperu mnanueHtoB OPUT, a JjeranbHOCTB, IIO
MIOCJIEAHUM OILleHKaM, cocTaBJjisgeT 38-50% [6, 12—-14]
U gake Bble [15], mpessimasa 50-80% mpu Takoi
KOMOPOUIHOCTHU, KaK caxapHbIi quader [16].

Ycnexu B Je4eHNUU CeNITUYeCKOTOo III0Ka Tpa-
JTUIIMOHHO CBA3BIBAIOTCA C a/ieKBaTHOM BasoIpec-
COpHOMH, aHTHOaKTepHaTbHON, TPOTUBOIIIOKOBOM
Tepanuel, BRIIoYaroIell HHOTPOIIHYIO MO iepsK-
Ky [17-19]. BmecTe c TeM, Takue (paKTOPbI KAK MHO-
sKeCTBEeHHasl aHTUOMOTUKOPE3UCTEHTHOCTh I'PaM-
oTpHULaTeNbHBIX OakTepuil [10, 21], n3aMeHeHUs
MUKPOOUOTHI KUIIIeYHUKA M CBSI3aHHOIO C Hel
npocuis 6akTepraIbHbIX META00IUTOB, BBIXO/S-
IIMX B HUPKYJIAINIO U YYaCTBYIOIIME B IIaTOreHe3e
cericuca [22], rpyrue NpoayKThl OakTepuii — naro-
reH-acCOIMUPOBaHHbIe MOJIEKY/ISIPHBIE TaTTEPHBI
(ctpykTypsl PAMP) 1 uHAyIIMpOBaHHbIE UMU LIUTO-
KUHBI, 9HI0TOKCHUHBI 0AKTEpUA [23, 24], B HAUOOJIb-
el CTemeHuW CHOCOOCTBYIOIINE Pa3BUTHIO
nosmmopranHoi Hempocratounoctu (IIOH [25] — B
HacTosAllee BpeMs pacCMaTPUBAIOTCA KaK HOBBIE
MHUIIIEHN, KOTOpble HEOOXOAUMO YUYUTHIBATh MPU
paspaboTrke 3(p(pEeKTUBHBIX CPENICTB IPOTUBOAEH-
CTBUA TIOCJIEJICTBUAM CEIITUYECKOTO IIOKA.

YUuThIBasA KJIIOUEBYIO POJIb OaKTepUaIbHBIX
9HJIOTOKCUHOB B ITaTOT€He3€e CeNITUYEeCKOro IoKa
U OTCYTCTBUE 3HAYNMOU TEHJEHIINU B CHIDKEHUU

Introduction

Sepsis, according to the latest consensus defi-
nition (SEPSIS-3, 2016), is a disease characterized
by life-threatening organ failure resulting from a
disordered regulation of the body's response to in-
fection [1-3]. Sepsis continues to be the leading
cause of death in intensive care units in almost any
country in the world.

In 2017, WHO declared sepsis a global health
care priority [4]. A recent analysis of 109 million of-
ficial global death certificates issued in 2017 found
that 11 million patients diagnosed with sepsis
under the SEPSIS-3 criteria died, representing
19.7% of all reported deaths per year [5]. In other
words, one in five people who died globally had
signs of sepsis according to the latest definition of
this critical condition.

The highest mortality rate in sepsis is associ-
ated with the development of septic shock (SS) [1,
6-9]. Septic shock is defined as sepsis (according to
the criteria of SEPSIS-3, 2016) accompanied by se-
vere hemodynamic, cellular and metabolic disor-
ders, with a higher risk of fatal outcome than sepsis
without shock [10, 11]. On average, SS is detected
with a frequency of 8.3-10.4% among ORIT pa-
tients, and its mortality, according to recent esti-
mates, reaches 38-50% [6, 12-14] and even
higher [15], exceeding 50-80% with such comorbid-
ity as diabetes mellitus [16].

Success in treating septic shock is traditionally
associated with adequate vasopressor, antibacter-
ial, and anti-shock therapy, including inotropic
support [17-19]. At the same time, such factors as
multiple antibiotic resistance of Gram-negative
bacteria [10, 21], changes in the intestinal micro-
biota and associated profile of bacterial metabo-
lites entering circulation and participating in the
pathogenesis of sepsis [22], other bacterial prod-
ucts such as pathogen-associated molecular pat-
terns (PAMP structures) and cytokines induced by
them, bacterial endotoxins [23, 24] contributing
most to the multiorgan failure [25], nowadays are
considered as new targets for developing effective
mtools of controlling the septic shock sequelae.

Taking into account the key role of bacterial
endotoxins in the pathogenesis of septic shock and
the absence of a significant trend for reducing mor-
tality in response to the medication treat-
ment [26-29], increasing interest is being focused
on extracorporeal methods of clearing the endotox-
ins and inflammatory immune mediators from the
bloodstream [30-32]. Such methods are designed
to reduce the levels of pathogenetically significant
molecules in the systemic circulation down to less
critical values at least for a certain period of time in
order to enable the immune system and antibiotics
to reduce the bacterial load and the production of
new endotoxin molecules [33-45].
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JIeTaJIbHOCTU NIPU IPUMEHEHUS JIEKAapPCTBEHHOM
Tepanuu [26-29], Bo3pacTaloluil NHTEpec yie-
JIAETCS 9KCTPAKOPIIOPAIbHBIM METONAM YAAJICHUA
3HJOTOKCUHOB W BOCIAJUTEJbHBIX MEIUATOPOB
UMMYHHOTO OTBeTa u3 KpoBoToKa [30-32]. Takue
MeTObl IPU3BAHbI CHUSUTH B CUCTEMHOM KPOBO-
TOKe COJlepsKaHue MaTOTeHETUYEeCKN 3HAUYMMBIX
JUIS1 5KU3HEYTPOsKAIOIINX COCTOSTHUM MOJIEKYJI 10
MeHee KPUTHIHBIX 3HAYeHUH XOTsI ObI Ha OIpeie-
JIEHHOE BpeMsl, YTOOBI JaTh BO3MOKHOCTb UMMYH-
HOM cucTeMe U aHTUOMOTHUKAM 00€eCIIeYnTh CHU-
sKeHre 0aKTepuaTbHOW Harpy3KH, a 3HAUUT — U
MIPOAYKIINY HOBBIX MOJIEKYJI 9HIOTOKCHHA [33-35].

[lepcrieKTUBHBIMU SBJISIOTCA NPUMeEHsIe-
MbIe U padpabaTbIBaeMble METOIbI CEJIEKTUBHOMN
copOIMu MOJIEKYJT 9HAOTOKCUHA U3 KPOBSIHOTO
pycaa [36-41], oGecmeynBalonie Ha pPaHHUX
aTarax pas3BUTHUs ITATOJIOTAYECKOTO Tpollecca
NpepbIBaHNe aKTUBUPYEMOI'0O UMU KacKajga IIpo-
BOCIIQJIMTEJIbHBIX peaKIUi KJIETOK BPOKI€HHO-
ro MMMYHHUTETa, NIPUBOLAINUX K Pa3BUTHIO
OpraHHOU nuc@yHKIUU. MeTa-aHaaus, IpoBe-
IEeHHBIA M0 JaHHBIM KJIMHUYECKUX MCCJaeI0Ba-
HUU npuMeHeHus kapTpuska Toraymyxin PMX-
20R, copepskalero MMMOOMJIN30BaHHBIN
[MomuMukcuH B 17151 cBA3BIBaHUS GaKTEpUAIIh-
Horo junonoaucaxapuna (JITIC), kak Haubosee
M3yYEeHHOTO 9HJOTOKCHMHA, B KOMOWHAIUWU C
00MEHOM I1J1a3Mbl II03BOJIAJI CBSA3aTh UCIIOJIb-
3oBaHue JIIIC-cenekTUBHOU remonepdysuu co
CHM)KEHHEM JIETAaJbHOCTU CENTUYECKUX Malu-
eHTOB [42]. OIBIT KJINHUYECKOTO ITPUMEHEHU S
ceJIeKTUBHOU remoniepdys3nu C UCIOJIb30BAHNU-
em [TonmuMmukcuH b-cogepskalinx KapTpuasKen B
Poccum Tarkyke moaTBepaus 3¢ PeKTUBHOCTH
9TOro Metoja [43, 44].

BMmecte ¢ Tem, Mmecto JIIIC-cejlekTUBHOU
remonep@ysuu B Tepannuu Celcuca J0 CUX Iop
TOYHO He OIIpeiesIeHO [45-47]. MyJIBTULIEHTPOBOE
panmoMmusupoBaHHOe wuccaegoBanue B CIIIA
EUPHRATES BbISABUJIO KIIMHUYECKYIO 3 (HEKTUB-
HOCTh CEJIEKTUBHOU COPOIINY 9HIOTOKCUHA TIPHU
HCII0JIb30BaHMU KOJIOHOK Toraymyxin 1o rokasa-
TeJII0 BBIXKMBAEMOCTH CPeIU ITallueHTOB C YPOB-
HeM OMO0JIOTMYeCKOM aKTUBHOCTHU 9HIOTOKCHHA OT
0,6 10 0,9 eTUHUIL: OTHOCUTEJBHBIA PUCK JIeTaJIb-
HOro ucxona 0b11 cHyskeH Ha 30% [48-49]. Vccie-
JOBAHUA IPOJOJIKAIOTCA B TEKYILEM 'Oy B paM-
Kax HOBOTO MHOTOIIEHTPOBOTO WCCJIEIOBAHUS
Tigris B CILIA, ncrioJib3yIoIero Te ke KpuTepuu
1Jis1 Habopa marueHToB [50].

HenmaBHO co00IIIAIOCh O IEPBOM KJIMHHYE-
CKOM OIIbIT€ MCIIOJIb30BAaHUsI KOJIOHKHM HOBOTO
nokoJsieHuss — dpdepon JIIIC pjaa ycrnemHoro
JieueHHus naiyeHTa ¢ cercrucom [51]. 9Ta KoJ0oHKa
COJIEPYKUT MYJIBTUMOJAJIBHBIN COPOEHT Ha OCHOBE
CBEPXCIIUTOTO  CTUPOJI-TUBUHUIOEH30JIbHOTO
comosiMepa [52, 53] ¢ KOBaJIEHTHO UMMOOMIJIN3H-
POBaHHBIM JINTAHIOM K JOMEHY JIUNIAIA A MOJIEKY-

The methods used and developed with respect
to selective adsorption of endotoxin molecules from
the bloodstream [36-41] are promising. They pro-
vide, at early stages of the disease, interruption of
the pro-inflammatory cascade initiated by inborn
immune cells and causing organ dysfunction. The
meta-analysis including clinical studies of the
Toraymyxin PMX-20R cartridge containing immo-
bilized Polymixin B to bind bacterial lipopolysac-
charide (LPS), as the most studied endotoxin, in
combination with plasma exchange, made it possi-
ble to build a clinical «bridge» between the use of
LPS-selective hemoperfusion and reduced mortal-
ity in septic patients [42]. The clinical experience
with selective hemoperfusion using Polymixin B-
containing cartridges in Russia also confirmed the
clinical efficacy of this method [43, 44].

At the same time, the place of LPS-selective
hemoperfusion in sepsis therapy is still not clearly
defined [45-47]. The US-based multicenter ran-
domized trial EUPHRATES revealed the clinical ef-
ficacy of selective endotoxin sorption using
Toraymyxin columns with respect to the survival
rate among patients with endotoxin biological ac-
tivity level from 0.6 to 0.9 units: the relative risk of
death was reduced by 30% [48-49]. Research is still
ongoing this year as part of a new Tigris multicenter
study in the United States that uses the same crite-
ria for patient recruitment [50].

Recently, the first clinical experience of using
anew generation of Efferon LPS medical device for
successful treatment of a patient with sepsis has
been reported [51]. This extracorporeal adsorber
contains a multimodal sorbent based on a hyper-
crosslinked styrene-divinylbenzene copolymer [52,
53] with a covalently immobilized ligand to the
Lipid A domain of LPS molecule [39, 40, 54]. The
combination of a porous matrix containing meso-
pores and ligand provides selective and simultane-
ous action of the adsorbent on two types of dissim-
ilar therapeutic targets (cytokines and endotoxins,
respectively) [38, 55]. The aim of the study was to
evaluate the safety and clinical eligibility of a novel
medical device based on a hypercrosslinked
styrene divinylbenzene copolymer with an immo-
bilized LPS-selective ligand designed to remove en-
dotoxins from the bloodstream for treatment of pa-
tients with septic shock.

Materials and Methods

The study was conducted in accordance with the
Helsinki Declaration after obtaining the approval of the
Clinic's Ethics Committee. The study included 9 surgical
patients with clinical signs of septic shock (SEPSIS-3,
2016) who were admitted to the intensive care unit (ICU)
in 2020. The decision to use the sorbent in a particular
patient was made by the attending doctor with the par-
ticipation of a medical consultant team in accordance
with clinical indications. The criteria for patient inclusion
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abl JITIC [39, 40, 54]. CoueTaHue MOPUCTOU MaTpH-
IIBI, COfepsKalllell Me30TOophl, U JUraHga odec-
TeYnBaeT n3bmpareIbHOe BO3IEHCTBIE COPOEHTa
Cpasy Ha JiBa TUIIa Pa3HOPOIHBIX TePATIEBTUYECKUX
MUIIeHeN (9HIOTOKCHUHBI U ITUTOKUHEI) [38, 55].

[lenp paboThl — OIleHKA 6€30MaCHOCTU U
orpejiesieHre BO3MOKHOCTY TPUMEHEHUSI TeMO-
copbeHTa Ha OCHOBE CBEPXCIIUTOTO CTHUPOJI-
IUBUHUJIOEH30JBHOTO COMMOJITMEpPA C UMMOOHU-
an3oBaHHbIM JIIIC-ceJJeKTUBHBIM JIMTAHIOM,
NpeJHa3HaYeHHOro A5 yaJeHusl U3 KPOBOTOKA
9HIOTOKCHHOB, JIJIA JIeUeH!d MaleHTOB C Cell-
TUYECKUM IIIOKOM.

MarepuaJ u MeTObI

HccnenoBanue MpOBEJU B COOTBETCTBUU C XeJIb-
CHUHKCKOH ieKJIapanyeii nocJjie Io/y4eHus pa3perieHust
JTUYECKOT0 KOMHUTETa KJIWHHUKU. B wmcciaemoBaHue
BKJIIOYMJIA 9 TTAIMEHTOB XUPYPTHIECKOTO TTPOGUIIS C
KJIMHWUYECKAMU IIPU3HaKaMM cenTuyeckoro moka (CEIT-
CHUC-3, 2016), TOCTYIMBIINX B OT/IeJIeHHE PeaHUMaTOoJI0-
ruu u uaTeHcuBHoOro JjieueHus (OPUT) B 2020 r. Perienne
0 IIpUMEeHEeHNH COpOeHTa KOHKPETHOMY TaIleHTy IPH-
HUMaJI Jedalluii JOKTOP C y4YacTheM KOHCUJIUyMa Bpa-
Yyell B COOTBETCTBUU C KJIMHUYECKUMHU MOKa3aHUSIMHU.
KputepusMu BKJIIOYEHUS MTAIIIEHTOB B UCCIEI0BAHTE
OBLIIO HATMYNE OTHOBPEMEHHO CJEAYIOIINX KJIMHUKO-
J1ab0PATOPHBIX MPU3HAKOB CENTUYECKOTO IIIOKa CO-
rmacHo CEIICHC-3 (2016) [1-3]: (1) oOHapysKeHHEe TpaM-
OTpUIIaTeIbHBIX BO30yIUTEEl B TIOCEBE KPOBU; WU
JIOKAIM3aIMs odara nHQEKIUY, IperoJaraioias Ha-
JIMYVe TPaM-OTPHUIIATETbHBIX BO3OYIUTEeH; UTH TI0I0-
3peBaemMasi HHPEKITUs, 0 KOTOPOU MOKHO OBITIO CYIUTh
110 COCTOAHUIO ITallE€HTAa, HAJTUYNIO MUHUMYM JIBYX KPpU-
TepHreB CUCTEMHOM BOCHAJIUTETLHONU PEAKIINU U KOH-
neHTpanuu npokagsruTonnHa (ITIKT) > 2 ur/ma, (2) -
5KeCTb OPTraHHOU AUC(YHKINH, OLIEHUBAEMOU I10 IIKaJjIe
Sepsis-related Organ failure Assessment (SOFA) > 4 6aJ-
JIOB KaK pe3yJIbTarT SBHOM WJIY ITpeIosaraeMoi nHheK-
wy; (3) Heo6XOIUMOCTh B IPUMEHEHUH Ba30IIPeCCop-
HOHW TIOAJIEPKKU ITI0CJIE BBEJIEHUS SKUIKOCTEH s
o epsKaHusl CPeHEro apTepuaabHOTO JaBJIEHUS He
MeHee 65 MM PT. CT. ¥ COlepsKaHue JIaKTaTa B CbIBOPOTKE
KPOBH > 2 MMOJIb/JI (JIOTIOJTHATEJIHHO, /I JUArH03a Cel-
Tr4yeckoro 1moka). C yaerom naaabix EUPHRATES 06 ad-
dexruBHOCTH JITIC-CcrienuduyecKoi reMoCcopOIvHn IJTst
MalqueHTOB C ONIpene/JIEeHHbIM YPOBHEM aKTUBHOCTHU 9H-
JOTOKCHHA comtacHO EAA Tecta, 4OIOTHUATEIbHBIM KPH-
TepueM SABUJIOCHh HaJIMYWE aKTUBHOCTH 9HIOTOKCHHA
BhIte 0,6 ef1., onpenesnsiemoii B EAA tecre [48, 49].

KpuTrepusaMu WCKJIIOYEHUST SBJSAINUCH: TEPMHU-
HaJIbHOE COCTOSIHHE, IIPOJOJIKAIOIIEeecs BHYTpeHHEee
KPOBOTEYEHHE U BLICOKUHA PUCK €r0 PAa3BUTHS, TSMKe-
Jiasi cepeyHast HeJJOCTaTOYHOCTh ((ppaKiys BEIOpoca
JIeBOTO JKeJIynouka < 25%), NeKOMIIeHCHpOBaHHAsA
TevYeHOYHasI HeJIOCTaTOYHOCTh, Macca TeJia MeHbIre 20
KT, BO3pacT < 18 wym > 75 sietT. OnipeesieHre ocTpoi rno-
YeyHOU HEIOCTAaTOYHOCTHU IIPOBOJANJIN B COOTBETCTBUU
¢ pekoMeHIanusAMu «Me)KTyHapOJIHON OpraHU3aIllnu
10 YIIYYIIIeHUIO II00AJbHBIX PE3YJIBTATOB JeYeHUsT 3a-
6osieBaHus1 mouek» (KDIGO) [56]. YV Bcex maliueHTOB Be-
pudunuposasu oyar uHGEKIUH, BHIIOJTHUIN Ollepa-
THBHOE JieYeHWe (caHanus) W TPOJOJIKHUIN

were the following clinical and laboratory signs of septic
shock according to SEPSIS-3 (2016) [1-3]: (1) Gram-neg-
ative agents in the blood; or detection of an infection
focus suggesting Gram-negative agents; or suspected in-
fection based on patient condition, presence of at least
two criteria for a systemic inflammatory response and
procalcitonin (PCT) level > 2 ng/ml; (2) severity of organ
dysfunction assessed on a Sepsis-related Organ Failure
Assessment (SOFA) scale > 4 points as a result of an evi-
dent or suspected infection; (3) need for vasopressor sup-
port after administration of fluids to maintain an average
blood pressure of at least 65 mmHg. (3) the need for va-
sopressor support after administration of fluids to main-
tain average blood pressure of at least 65 mm Hg and lac-
tate level in serum > 2 mmol/1 (optional, for diagnosis of
septic shock). Taking into account EUPHRATES data on
the efficacy of LPS-specific hemisorption for patients
with a predefined level of endotoxin activity according to
EAA test, an additional criterion was the endotoxin activ-
ity exceeding 0.6 units according to EAA test [48, 49].
The criteria for exclusion were terminal condition,
ongoing internal bleeding or high risk of bleeding, severe
heart failure (left ventricular ejection fraction < 25%), de-
compensated liver failure, body weight less than 20 kg, age
< 18 or > 75 years. The diagnosis of acute renal failure was
made in accordance with the «Kidney Disease Improving
Global Outcomes» (KDIGO) guidelines [56]. The focus of
infection was verified in all patients, surgical treatment
(lavage/debridement) was carried out and comprehensive
intensive care was continued in accordance with interna-
tional guidelines for treatment of sepsis and SS (2016) [20].
Laboratory diagnosis. Complete blood count was
performed to all patients twice a day using a Drew D-3
hematology analyser (Drew Scientific, UK). Hemoglobin,
red blood cells, white blood cells and hematocrit were
quantified using spectrophotometry and conductometry
methods. The WBC differential was determined by a uni-
fied method with blood smear staining and visual exam-
ination using light microscopy («Olympus»). The coagu-
lation study was performed once a day on a «Destiny
Plus» automatic coagulometer (Ireland), where the levels
of fibrinogen, APTT, INR, prothrombin index and pro-
thrombin time were measured using a standardized clot-
ting method. Blood clinical chemistryl testing was carried
out once a day on the Dimension X-pand biochemical
analyzer (USA) using standard photometric, kinetic,
colometric, spectrophotometric and luminometric
methods to determine a series of parameters (total pro-
tein, albumin, creatinine, urea, ALT, AST, AP, LDH, CPK,
CRP, amylase, PCT). Measurement of electrolytes,
metabolites, gases and blood oximetry (pH, pO,, pCO,,
ctO,, sO,, p50, SBC, SBE, K*, Na*, Ca*, CI-, lactate, THb,
O,Hb, COHb, MetHb, RHb, HHb) was performed on the
«ABL-835 FLEX” analyzer (Denmark) using a stardard-
ized potentiometer with Siemens reagents (USA).
Endotoxin Activity Assay Kit (EAA TM) (Spectral
Medical Inc., Canada; Certificate No. FSZ 2009/04982) was
used to determine endotoxin activity (EAA) using chemilu-
minescent rapid test and immunodiagnostic reagent set ac-
cording to the manufacturer's protocol. The plasma IL-13
level was measured using immunoenzyme assay by the
commercial INVITRO medical laboratory.
SOFA and APACHE 11 scales were used for com-
prehensive assessment of clinical status and risk of ad-
verse outcomes. In the course of treatment, adverse re-
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NpoBeJleHre KOMIIJIEKCHON MHTEHCUBHOU Tepanuu B
COOTBETCTBUU C MEKAYHAPOIHBIMU pEKOMEeHJalluAMUA
o siedennio cencuca u CIII, 2016 r. [20].

JlaGopaTopHas fMarHoCTHKA.

EsxenHeBHO 2 pa3a B CYyTKHU ITallieHTaM onpefe-
JISVIU KJIWMHUYECKUH aHaIu3 KPOBU Ha reMaroJiorude-
ckoM a"asm3arope Drew D-3 (Drew Scientific, Besimko-
6puranms). C IOMOIIHI0 METOIOB CIIEKTPOd oTOMeTpHH
U KOHIYKTOMETPUU KOJUYECTBEHHO OIIpeNesIsn COo-
JlepyKaHye TeMOIVIO0NHA, 9PUTPOIIUTOB, TEHKOIIUTOB, a
TaK)Ke reMaToKpuT. JIelikonmuTapHyio (hopMyity orpeze-
JISLJIA YHU(PULIUPOBAHHBIM METOIOM C OKPAaCKOM Ma3KOB
KPOBHY ¥ BU3yaJIbHBIM MOHUTOPWHI'OM C IIOMOIINBIO CBE-
ToBOI MuKkpockonuu («Olympus»). [lokasaresn koary-
JlorpaMMBbl OIIpeJesislyid pa3 B CYyTKU Ha aBToMaTuye-
ckoMm Koaryinomerpe «Destiny Plus» (Mpaangus),
oleHMBas conepskanue ¢udbpunorena, AYTB, MHO,
[ITH, IITB. buoxuMuyeckoe uccyaeqoBaHre KpoOBH IIPO-
BOZWJIN Pa3 B CYTKU HAa OMOXMMUYECKOM aHaJIM3aTope
«Dimension X-pand» (CIIIA), ncnosib3ys yHuguiupo-
BaHHBIE (poTOMeTpuYecKue, KUHETUYeCKUe, KOJIOMeT-
pudeckue, ClieKTpooToMeTpuYecKue U JIOMUHOMET-
pudyeckue MeTOAbl [AJs  OIpele/leHUusi Cepuu
rokasaresieil (00muii 6eJI0K, aJTbOyMIH, KpeaTHHUH,
moueBuHa, AJIT, ACT, lIIP, JIAT. KPK, CPb, amninasa,
PCT). OmnpepesieHve 9JE€KTPOJIUTOB, MeTabOJHUTOB,
rasoB u okcuMeTpuio kposu (pH, pO,, pCO,, ctO,, SO,,
p50, SBC, SBE, K+, Na*, Ca*, Cl, nakrat, THb, O,Hb,
COHb, MetHb, RHb, HHb) npoBoanmn Ha ananusarope
«ABL-835 FLEX» (JlaHus1) ¢ MOMONIBI0 YHU(PUITMPOBAH-
HOTO MeTO/ia IIOTeHIMOMETPHUIECKUM CIIOCOOOM C HC-
0JIb30BaHUEM peakKTUBOB (hupmel «Siemens» (CIIIA).

AxTHBHOCTB 9HJOTOKCHMHA (EAA) ompenensanu c
IIOMOIIIBI0 XeMUJIIOMUHECIIEHTHOI'O 3KCIIpecc-TecTa 1
Habopa MMMYyHOOMArHOCTHYeCKUX peareHToB Endo-
toxin Activity Assay Kit (EAA TM) (Spectral Medical Inc.,
Ranana; YnocroBepenue NedC3 2009/04982) cormtacHO
NIPOTOKOJIy IpOU3BOUTe/Is. VccienoBanue UHTepJIei-
KHHa 16eTa B IJ1a3Me MaleHTOB ObIJI0 BBIMOJHEHO Ha
KOMMepUYeCKOH OCHOBe C IIOMOILLbI0 UMMYHOMEePMeHT-
HOT0 aHa/IM3a MeIuIIMHCKON Komimanuen « THBUTPO».

71 MHTerpaJIbHOU OLleHKU KJIMHUYEeCKOro CTa-
Tyca M pHCKa HeOJarompusTHOTO MCXO0Ja MAaIleHTOB
ucnosab3oanu mkransl SOFA u APACHE II. B nporecce
JledeHusl OlleHUBAJIU HeyKeslaTesbHble peaKIuU B XoJie
NIPOBeJieHUs NIPOoLelyp U OKOHYaTeIbHbIe Pe3yJIbTaThl
Hpe6bIBaHPIH B KJIMHUKE (HJII/ITeJIbHOCTI) Hpe6I)IBaHI/IH
B OPUT u cranyonape, 28-1HeBHAas J1€TaJIbHOCTD).

Metoauka nposegenus JIIIC-ceeKTUBHOH re-
Monep@dy3un U BEHO-BEHO3HOW remMoauaduIbTpa-
uu. CopOIMIo ¢ TOMOIIBIO KOJIOHKN I depon JITIC
OpPpOBOOWJIA TOCIIUTAJIU3VUPOBAHHBIM ITallMEHTaAM, Xa-
PaKTepU30BaABIINMCS HECTAOUTbHON TeMOMHAMIKOM,
C Y€TKO BBIABJIAEMBIMU IIPU3HAKAMU CEIITHUYECKOro
moxka comtacHo CEIICHC-3 (2016), B TedeHHe ITEPBBIX
4acoB IIOC/Ie Juar"Hosa CelTHYecKoro moka. IIpo-
Lefypbl OCyLIecTBJIsIM Ha anmapare «MultiFiltrate»
(Fresenius) mo BeHO-BeHO3HOMY KOHTYpY. [lepen npo-
Lielypoii yepe3 KOJIOHKY IIPOITyCKaJIH 3 J1 CTepPUJIbHOIO
¢u3noI0rnIecKoro pacTBopa, cogepsxamiero 10 000 ef.
renapyHa B peskruMe «Ha CJIMB», Jajiee B TedeHne 15-20
muH 0,4-0,5 JT1 ©30TOHMYECKOI'0 pacTBOpa XJIOpUAa HaT-
pusi ¢ 5 000 en. renapuHa nepy3upoBai B peskuMe
penupkyasanuy. IlonkaodeHne CUCTEMbl OCYIIeCTB-
JISIIA OJHOMOMEHTHO, IIep(dy3ui0 KPOBU IPOBOIUIN

actions during the procedures and final outcome of the
hospital stay (duration of stay in ICU and other depart-
ments, 28-day mortality) were assessed.

Technique of LPS-selective hemoperfusion and
veno-venous hemodiafiltration. Hemoperfusion
through the Efferon LPS adsorber was performed in hos-
pitalized patients with unstable hemodynamic parame-
ters, obvious signs of septic shock according to SEPSIS-3
(2016), during the first hours after making the diagnosis
of septic shock. The procedures were performed on Mul-
tiFiltrate (Fresenius) machine along the veno-venous by-
pass. Before the procedure 3 liters of sterile normal saline
solution with 10,000 IU heparin were passed through the
adsorber in the «drain» mode, then 0.4-0.5 liters of
sodium chloride isotonic solution with 5,000 IU heparin
were perfused in the recirculation mode for 15-20 min-
utes. Blood perfusion was carried out from bottom to top
at the rate of 100-150 ml/min. The blood perfusion
amount was 4-6 circulating blood volumes (CBV). Blood
was stabilized with heparin 300-500 IU/h. The average
time of hemoperfusion system operation was 4-6 hours.
The central vein (double lumen catheter) was used for
vascular access. After LPS-selective hemoperfusion pro-
cedure, continuous veno-venous hemodiafiltration
(CVVHDF) was performed on MultiFiltrate (Fresenius)
machine. Replacement flow rate was 30-50 ml/kg/h with
blood flow rate 200-250 ml/min, with ultrafiltration rate
50-150 ml/h. Replacement solutions «MultiBig 4» with a
volume of 5000 ml were used. The criteria for treatment
initiation were acute renal failure 2 KDIGO, non-control-
lable metabolic acidosis with pH < 7.1, hyperkalemia >
8.0 mmol/l], oliguria < 20 ml/hour [54]. Blood was stabi-
lized with heparin 500-1000 IU/h.

Statistical analysis. Statistical analysis of research
data was carried out using descriptive statistics and sta-
tistical criteria in the environment of Microsoft Excel
2016 spreadsheet with XLStat add-in software. The test
for normal distribution of paired variable changes before
and after hemosorption was performed for each data
group using the Shapiro-Wilk test, the hypothesis of nor-
mal distribution was rejected at P<0.05. To assess the sta-
tistical significance of differences between groups, in dis-
tribution differing from the normal, the bilateral
Wilcoxon test for paired samples or Mann-Witney test for
independent groups were used. In normal distribution of
paired variable changes in groups, the significance of dif-
ferences was assessed using the Student's paired bilateral
t-criterion. The value of P<0.05 was taken as the cutoff
value for statistical significance. When comparing groups
by categories of treatment outcome «survived-dead» in
the group of patients undergoing hemosorption and the
group of patients with abdominal sepsis who did not get
hemosorbents (control sample), the exact Fisher's test
and the calculation of sample power adequacy at
alpha=0.05 were used (SigmaPlot 12.5, Systat Software,
USA). The Fisher test was also used to compare the per-
centage of abdominal sepsis and the sex distribution be-
tween the above-mentioned groups of patients (table 2).

Results and Discussion

The demographic profile and key baseline
clinical parameters are presented in table 1.

All patients (four women and five men, mean
age 58 years, 31 to 76 years) were diagnosed with
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CHH3Y BBEpX CO CKOpPOCThI0 100-150 my/MuH. O6BeM
nepdy3nu KPOBU COCTABJIAN 4—6 00'EMOB ITUPKYIH-
pytomeit kpoBu (OIIK). Crabuansanuio KpOBU OCY-
IIeCTBJIANM renapuaoM B o3e 300-500 EJl/gac. Cpen-
Hee BpeMs paboTel reMomnep@y3smOHHON CHCTEMBI
CcOoCTaBUJIO 4-6 4acoB. B KauecTBe COCyIMCTOrO JOCTyIIA
HCI0/Ib30BaJIU [IeHTPAIbHYIO BeHY (2-IIpOCBETHBIN Ka-
Tetep). [locse npoBenennsa nponenypsl JITIIC-cesrekTrB-
HOI remonepy3un MPOBOAUIIN ITPOIEYPY TPOAIEH-
HOU BEHO-BEHO3HOU reMouaduasTpanuu (continuous
veno-venous hemodiafiltration, CVWHDF) Ha ammapare
«MultiFiltrate» (Fresenius). IToToku 3aMenieHnsI COCTaB-
Ay 30-50 MJI/Kr/9ac co CKOPOCTBIO KpOoBOTOKA 200-
250 mJy1/MuH, ¢ yasrpaduisrpanueit ot 50-150 mii/4gac.
PacTtBOp®I 3amemenus «MultiBig 4» o6semom 5000 M.
Kpurepusamu Havyasia CJIy>KUJIHA OCTPAsi I0YeYHasA Heflo-
cratrouHocTs II cT. (KDIGO), Hekopperupyemsblii meTta-
6omyeckunii aruao3 ¢ pH < 7,1, runiepkaauemusi bosee
8,0 MMoJTB/ 1, oTUTypHsT < 20 MJt/4ac [54]. CTabrii3aruio
KPOBH OCYIIECTBJIAJIN I'eltapuHOM B fode 500-1000 EJl/gac.

Crarucruyeckue MeToabl. CTaTHCTUYECKYIO 00-
paboTKy JaHHBIX IIPOBOJUIIN C HUCIIOJIb30BAaHIEM METO-
0B OIMMCaTeIbHOM CTaTUCTUKU U CTaTUCTHYECKHIX Kpu-
TepHeB B Cpejie 9JIeKTPOHHON Tabauibl Microsoft Exel
2016 ¢ magcrpoiikoil XLStat. Tect Ha HOPMaJIBHOCTD
pacrnpeniesieHUsI MTAPHBIX U3MEHEHUU BeJIMYUH, 0 U
TocJie MpUMeHeHNs TeMOCOPOEHTOB, TPOBOANIHN I
Ka)KJOM IPYIIbI JAaHHBIX C IOMOLIBIO TecTa Illanupo-
VYuIIKa, TunoTe3y 0 HOpMaJabHOCTH paclpeieleHusI OT-
Bepraiu npu p<0.05. [y1d OLleHKU CTaTUCTUYECKOU
3HAUYMMOCTH Pa3IUUYUU MeKIy TpylnIiamMu, B ciydae
pacrpeneeHus], OTJINYAIONIEero OT HOpMaJbHOIO, UC-
N0JIb30BAJIM MApPHBIN NBYXCTOPOHHUU TEeCT YUJIKOK-
COHA WJIA TeCT MaHHa—YUTHU 711 He3aBUCUMbIX I'DYIIL.
B ciry4ae HOpMaJIBHOIO pacipefesieHus IapHbIX U3Me-
HEeHU! BeJIMYUH B IPYIIAX, 3HAYMMOCTb Pa3/Inunii olie-
HHUBAJIW II0 IIAPHOMY ABYXCTOPOHHEMY [-KPUTEPHUIO
CrhiofieHTa. 3a BEJTUUYUHY CTAaTUCTUYECKON 3HAUMMOCTH
M3MeHeHHs IoKasaTesjell ObLIO MPUHATO 3HAYEeHHe
p<0,05. IIpu cpaBHEHMHU I'PyNII II0 KATETOPUAM UCXOJA
JIEYEHUA «BBIKUJIN-YMEPJIN» B TPYIIIe ITal{ieHTOB, 1101 -
BEPTIINXCSA TeMOCOPOIIHH, U TPYIIIe MAI[eHTOB C ab10-
MUHAJBbHBIM CEIICUCOM, ITPU JIEYeHUHN KOTOPBIX T€éMO-
copbeHThl He MPUMEHSIN (KOHTPOJbHAs BBIOOPKA),
WCIT0JIL30BAIN TOUHBIHN TecT Puirepa (SigmaPlot 12.5,
Systat Software, CIIIA). Tect ®Puirepa UCIOTB30BAIA U
JIJIs CDaBHEHMA T0JIN a0lOMIUHAJIBHOTO CeTICHCca B pac-
npejesieHrs II0JI0B MeKAy IPUBEeAeHHbIMU IPyIIIIaMu
HanyeHToB (TalJr. 2).

Pe3ynbTaThl U 00CY:K/IEHHE

[MIpoduap gemorpaduuecKux U KJAIOYEBHIX
0a30BbIX KIMHUYECKUX ITOKa3aresell IpeIcTaBy-
Ju B Tab. 1.

VY BCex alMeHTOB (4 sKeHIIUHBI U 5 My K4UH,
cpenHuii Bo3pacrt 58 Jiet, ot 31 roma o 76 j1eT) 6611
MOCTaBJIeH INUATHO3 CENITUYECKOI0 II10KA, ITOCKOJIh-
Ky UX COCTOSIHME OTBEYAJI0 KPUTEPUAM CelTh4e-
ckoro moka cornmacao CEITCHC-3 (2016). JImuTe h-
HOCTb MCKYCCTBEHHOU BEHTUJIAIINY JIETKUX — OT 6
1o 16 qHeit (cpegHee 3HaueHue 9,9 THEN).

JInHaMUKa KJIMHUYECKUX U KJINHUKO-J1a00-
paTOpHBIX MOKa3aTeJied B XOJle JieYeHUsl Tpe/i-

septic shock because their condition met the crite-
ria for septic shock according to SEPSIS-3 (2016).
Duration of mechanical lung ventilation was from
6 to 16 days (average 9.9 days).

Changes in clinical and laboratory parameters
during the treatment are presented in fig. 1-6. The
days of observations were plotted along the hori-
zontal axis; for adequate assessment of changes in
parameters, they were measured twice during the
first day of extracorporeal treatment: immediately
before the use of Efferon LPS columns (point 0) and
at the beginning of the first hemosorption. Subse-
quently, measurements were made every day for
five days (days 1, 2, 3, 4 and 5).

Due to the development of septic shock, the
blood pressure in patients was maintained with no-
radrenaline for an average of 2.5 days — from 26 to
116 hours (table 1).

On average, patients stayed in ICU for 8.1
days, in the hospital — 18.1 days. For the purpose
of the analysis, the whole sample was divided into
3 groups, which were equal in number of patients,
but differed in age: below 55 years old (group 1),
from 55 to 68 years old (group 2) and older than 68
years old (group 3). As it can be seen from table 1, 2
out of 9 patients with septic shock, females from
the oldest group (group 3, 68-76 years old), did not
survive, the death was recorded early, on days 4 and
8, despite the maximum inotropic support in these
patients which had been provided for 92-114 hours
(table 1).

Infection in all patients with septic shock was
confirmed by obtaining the bacterial culture in all
9 patients. fig. 1 shows the data characterizing the
rate of culturing the opportunistic bacteria from bi-
ological samples of patients (bronchoalveolar
lavage, urine, abdominal fluid, blood).

As it can be seen from the figure 1, K. pneumo-
nia (9 patients) was the most frequent agent, A.
baumannii and E. coli were in the second place (5
patients), the growth of P aeruginosa and E. fecalis
was much less common (1 case each). Other mi-
croorganisms, Proteus spp and Candida albicans,
were isolated in one and two patients, respectively.

Shock-reversing effect of LPS-selective he-
mosorption. Changes in parameters indicating
shock are presented in fig. 2, a. As it can be seen
from fig. 2, a, after the hemosorption procedure,
the mean blood pressure (MBP) increased consid-
erably, practically reaching normal values in most
patients the next day.

At the same time, the dose of inotropic drugs
decreased gradually due to the reduced requirement
for their administration (fig. 2, b). The increased lac-
tate level during the day decreased significantly,
however, remaining above 2 mmol/L in several sur-
viving patients on the second day after LPS-selective
hemoperfusion, too (fig. 2, ¢). However, on the 3%
day lactate was found to be elevated only in two pa-
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TaGsnna 1. OcHOBHBIE feMorpacduyecKkre U KIMHUYECKHe TapaMeTphI NallHeHTOB.
Table 1. Main demographic and clinical parameters of patients.

Patient, no. Age Agegroup Gender MVL, Inotropic  Acidosis, DaysinICU Hospital, 28-day
days support, hrs hrs days survival

8 31 1 M 14 27 30 14 24 1

2 38 1 M 10 68 70 8 23 1

1 52 1 M 7 28 43 5 18 1

6 56 2 M 7 41 23 5 17 1

3 63 2 F 13 87 78 11 28 1

5 66 2 M 15 53 44 13 27 1

4 68 3 F 8 114 68 8 8 0

7 76 3 F 4 92 92 4 4 0

9 75 3 F 7 26 22 5 14 1

Average 58.3 NA NA 9.9 59.6 52.2 8.1 18.1 NA

Median 63.0 NA NA 10.0 53.0 44 8.0 18.0 NA

SD 15.7 NA NA 3.4 32.4 25.6 3.8 8.3 NA

SE 5.2 NA NA 1.1 10.8 8.5 1.3 2.8 NA

Range 31-76 NA 6-15 26-114 22-92 4-14 4-28 NA

Note. NA — not applicable.

IIpumeuanwue. Patient, no. — maruenT, Ne; age — B0O3pacT; age group — Bo3pacTHasi rpymnna; gender — rmos;; M (male ) — mMy»k-
ckoii; F (female) — skenckumit; MLV (mechanical lung ventilation) — nckyccrBeHHast BEHTUIISAIMA JIETKUX; days — fqHeld; inotropic sup-
port — MHOTpOITHAs MOAJIEPIKKA, hrs — yacoB; acidosis — mymmresbHOCTD anui03a; in ICU — npebrsiBanue B OPUT; hospital — mpo-
JOJIPKUTEIbHOCTD TOCIATAIMn3aImy; 28-day survival — BEDKHBaeMOCTD B TeueHue 28 IHel; average — cpeHee; median — MenyaHa;
SD (standard deviation) — crangapTHoe oTk/I0oHeHue; SE (standard error) — ommbka cpegHeli; range — padmax 3HaueHuit; NA —
(not applicable) — He mpuMeHMMO.

719
6/9
3/9
Lungs Urine Abdominal cavity Blood
(5/7) Acinetobacter b (4/6) Klebsiella p i (2/3) Klebsiella p i (2/2) Escherichia coli
(3/7) Klebsiella pneumoinae (2/6) Escherichia coli (1/3) Proteus spp.
(1/7) Pseud aerugi (1/6) Enterococcus faecalis
(1/7) Escherichia coli (1/6) Candida albicans
(1/7) Enterococcus faecalis

Puc. 1. Poct 6aKTepHii, BBIAEJIEHHBIX IPU MUKPOOHOJIOTHYECKOM HCCJIEA0BAHHH MAIHEHTOB C CENITHYECKUM LIOKOM.

Fig. 1. Growth of bacteria isolated in microbiological testing of patients with septic shock.

Note. The growth of bacteria isolated in microbiological testing of patients with septic shock. On the horizontal axis, the sources of
samples are indicated, and above the columns, the ratio of patients with bacteria isolated from a specific source to the total number
of patients with isolated microorganisms. Isolated microorganisms are shown below the columns (ratio of isolated bacteria to the
total number of microbiological studies of a specific source is shown in brackets).

IIpumeuanue. Lungs — Jjierkue; urine — mova; abdominal cavity — Opromrnas nosiocts; blood — kpoBs. ITo ocu abcruce yrasaHbt
WICTOYHHKH ITOJTyYeHUsT 00pasIOB, HaJl CTOJIOAMU — OTHOIIEHHE ITAI[IeHTOB, Y KOTOPBIX M3 JAHHOTO NCTOYHHUKA BbI/IeIeHbI OaKTe-
puy, K 00IIeMy YHCITY TAIFeHTOB C BhIIeJIEHHBIMI MIKPOOopranuaMami. [1of cTo/101aMu yka3aHs! BbIJeJIeHHbIE MUKPOOPTaHU3MbI
(B CKOOKaX — OTHOIIIEHVE BbIIeJIEHHBIX 0AKTEPHUI K 00I1EMY YUCTy MUKPOOHOJIOTMYECKUX UCC/IE0BAHUN JAHHOTO ICTOYHHUKA).

craBJieHa Ha puc. 1-6. JITuu HabI00eHUH OTI0Ke-
HBI II0 OCH aOCIIMCC; B IeJIAX aJeKBaTHOrO aHaJIu-
3a IMHAMUKU MTOKa3aTeJsiell B IEPBbIe CYTKU 9KC-
TPAaKOPIOPAJIbLHOTO  JIEYeHUs1  IO0KasaTeju
W3MEPSIIN IBAYKIbI: TIEPBBII Pa3 HEIMOCPEICTBEH-
HO /10 HavaJjia reMocop61uu (Touka 0), a BTopoi
pas — HenmoCpeICTBEHHO MOCJIE MPOoIeayphI. Brio-

tients resistant to treatment who died on the 4" and
8" days (see internal graph in fig. 2, ¢).

The significant decrease of lactate 18 hours
after the end of 6-hour hemoperfusion session also
corresponded to the restoration of blood pH value,
which was observed during the days 1-2 after the
beginning of the procedure in 8 out of 9 patients
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CJIEJICTBUY U3MepEeHU s oKa3aTeael TpOBOAUIN
Ka)KJble CYTKU B TeueHue ST JHel.

B cBAA3M C pa3BUTHEM CENTHUYECKOTO IIOKa
apTeprajbHOE IaBJIeHUe Y TAlleHTOB IIOAIePKU-
BaJIM BBEJeHNEM HOpaJpeHaJnHa B CpeJHEM Ha
MIPOTAYKEHUN 2,5 CYTOK — OT 26 no 116 yacos
(radJi. 1).

B cpennem, manuenTsl poberiu B OPUT B
TeyeHue 8,1 CyTOK, B KJIMHUKe — 18,1 cyTOK. Jlj14
IeJiell aHa/M3a BCIO BBIOOPKY pas3fesnyim Ha 3
paBHBIE 10 YMCJY TAalUEHTOB I'PYIIILI, OTINYal0-
IIIMeCs I10 BO3pacTy: 10 55 Jiet (rpymmna 1), ot 55 1o
68 Jier (rpymma 2) u HaynHasd ¢ 68 Jjer u crapliie
(rpymma 3). Kak BugHO U3 Ta0J1. 1, 3 9 manueHToB
C CENITUYECKUM MIOKOM JBOE ITallueHTOB — JKeH-
IIWHBI CTaplel rpymnmel (rpynna 3: 68-76 jiet), He
BBIKWJIN — JIETAJTBLHBIN UCXOM OBLT 3apeTrucTpu-
poBaH Ha 4-e U 8-e CyTKH, HECMOTPsI Ha MaKCH-
MaJIbHYIO0 HHOTPOIIHYIO ONIEPIKKY 9THX ITaleH-
TOB — 92-114 gacos (TabJ1. 1).

Hannume nH(peKknuu y naiieHToB C CeNTu-
YEeCKHUM ITTOKOM OBIJIO TTOATBEPSKIEHO BHICEBOM
bakTepuii y Bcex 9 manmenToB. Ha puc. 1 pen-
CTaBUJIA [JaHHbIE, XapaKTepU3ylOIue 4acToTy
BbICeBa 13 OM000pasoB manueHToB (BAJI, Moua,
OpromIHas MOJIOCTh, KPOBb) YCJIOBHO-TIATOTEH-
HBIX OaKTEepUH.

Kak BugHO U3 puc. 1, 1o BCTpe4yaeMoCTH y
ManyeHToB NoMuHupoBan K. pneumonia (Bbiie-
JieHsl y 9 manmeHToB), A. baumanniin E.coli 0611
Ha BTOPOM MecCTe (BBIOEJIEHBI Y 5 IIAIlMEeHTOB),
3HAYUTETBHO peske ObLI BBIABJIEH POCT P aerugi-
nosau E. fecalis (1o 1 BeiesieHnIo). [lpyrue MUKpoO-
opranusambl — Proteus spp. u Candida albicans —
OB BBIZIEJIEHBI Y OJHOTO U [IBYX IANHEHTOB,
COOTBETCTBEHHO.

JuHamMika IPOTHBOLIOKOBOro 3@derTa
JITIC-cestekTuBHOI remonepdys3un. [[MHAMUKY
IIOKa3areJiel, XapaKTeprU3yIOIIIX COCTOsIHNE III0KA,
MpeICcTaBUIN Ha puc. 2. Kak BUIHO HaA puc. 2, 4,
1ocjie TIPOBEJEHUsS TPOLEIYyPhl TeMOCOpPOIIUH
cpenHee aprepuajibHOe naBjaeHre (CAJl) moBwIia-
JIOCh TOCTAaTOYHO, IPAKTUYECKNA HOPMAJIU3YACH Y
OOJIBIITMHCTBA TAIMEHTOB Ha CJIEAYIOITUI TEHD.

[NTapajutesibHO 3TOMY, 03a NTHOTPOIIHBIX ITpeTIa-
paroB rpafyaabHO CHUYKAIACh BCIECICTBHE YMECHB-
IITeHNsI TTOTPEOHOCTH B WX BBeleHWU (puc. 2, b).
[ToBBIlIEHHOE COfeps;KaHWe JIaKTaTa B TedeHUe
CyTOK CTaTUCTUYECKU 3HAYNMO CHUKAJIOCH, OCTa-
BasCh, OJHAKO, BBIIIE 2 MMOJIb/JI Y HEKOTOPBIX
BBDKHBIINX ITALIMEHTOB U HA BTOPbIE CYyTKH I1OCJIE
JITIC-cesiekTBHOM reMonepdysuu (puc. 2, c).
OpHako Ha 3-1 CYyTKHU JIAKTAT OKA3aJICA IIOBBIIIECH-
HBIM TOJIBKO Y IBOUX NAIIMEHTOB, YCTOUYUBBIX K
JIEYEHUIO, CKOHYABIIIUXCA Ha 4-€ U 8-e CYTKU (CM.
BHYTPEHHUU rpaduk puc. 2, c).

3HA4YUTEJIbHOMY CHIYKEHUIO JIAKTaTa 4yepes
18 yacoB 1ocJie OKOHYAHUSI 6-9acOBOM reMocopo-

O COOTBETCTBOBAJIO 1 BOCCTAHOBJIEHHE 3HAYE-

(fig. 2, d). Only one of two dead patients had no pH
recovery (fig. d2, see internal graph).

Thus, the use of hemoperfusion led to rapid
normalization of the mean blood pressure, a grad-
ual decrease in the need for noradrenaline up to its
complete withdrawal by the day 2-3 after the be-
ginning of LPS-selective hemoperfusion, a sharp
decrease in lactate level, full recovery of pH values.
A sustained antishock effect was observed in 7 pa-
tients, while the rapid effect was not achieved in
two patients who died soon.

The severity of the condition and organ dis-
orders during treatment. Prior to treatment, pa-
tients were characterized by high values of APACHE
II and SOFA scores, characterizing the severity of
the condition and organ disorders, respectively. Use
of LPS-selective hemoperfusion was associated
with a significant decrease of APACHE II (fig. 3, a)
and SOFA (fig. 3, b) scores in 8 out of 9 patients
starting from the first day after the hemosorption
procedure.

Organ disorders in patients were diverse and
had different duration, sometimes extending be-
yond the 5-day study duration. This pattern was ob-
served in renal, gastrointestinal and pulmonary
disorders (fig. 3, ¢). The delayed complete recovery
of organ disorders was possibly due to the variabil-
ity of oxygenation index: the respiratory index
PaO,/FiO, varied significantly, remaining below 300
even after the first day in 4 patients, two of whom
later died. In the other 5 patients, the oxygenation
index values fully recovered after a day from the be-
ginning of hemosorption, remaining within the
normal range in the future (fig. 3, d, internal graph).

Measurement of the main functional param-
eters of liver (alanine transferase, ALT, and aspar-
tate transferase, AST) and kidneys (urea and crea-
tinine) (fig. 4) performed prior to the procedures
revealed no liver disorders (fig. 4, a, b) but has
shown abnormal renal function (fig. 4, ¢, d).

As it can be seen in Fig.4, ¢, the blood urea
level in all the surviving patients started to decrease
as early as on day 1 after LPS-selective hemoperfu-
sion procedure, remaining unchanged only in pa-
tients who died later. Such resistance to treatment,
apparently, explains absence of significant differ-
ence (P=0.07) between the median values in the
whole group of patients before and after hemosorp-
tion (measurement interval was 1 day) while one
median value was 2 times greater than the other.
Significant differences between the studied values
(urea levels before and after the procedure) were
found only by the 5th day from the LPS-selective
hemoperfusion (P=0.009, fig. 4, c).

The creatinine level changes were similar: due
to the high heterogeneity of the group in respect of
creatinine level prior to the LPS-selective hemop-
erfusion, the differences were not significant after
1 day, however, by the 5™ day of the study there was
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Puc. 2. /IlnHaMHKa KIIMHAYECKHX U Ta00PaTOPHBIX MOKa3aTeJiel, XapakTepH3yIoNIUX IIOKOBOE U II0CJIeIIOKOBOEe COCTOSAHHA,
Y HaIIeHTOB B XOJie JIeYeHHU 1.

Fig. 2. Changes in clinical and laboratory parameters characterizing the shock and post-shock conditions in patients during
treatment.

Note. Here and on the pictures 3-7. The time points of the study starting from the first day are shown on the horizontal axis: point
0 — prior to hemosorption; the next point between 0 and 1 — immediately after the hemosorption procedure — after 6 hours;
points 1-5 correspond to the day after the beginning of hemosorption. On the vertical axis the numerical values of the specified
parameter, median and interquartile intervals, percentiles (25%—-75%) are shown. Horizontal lines in the upper part of the figure
and the numerical value reflect P value and time points, between which the significance of differences using the paired criterion
was estimated. Internal graphs illustrate the changes in parameters at the same time points for each patient; green lines represent
surviving patients; red lines represent deceased patients. a— mean blood pressure, mm Hg; b— noradrenaline dose, pg/kg/min;
c— lactate, mmol/L; d— pH values.

IIpumevanwue. 31ech U HAa pUC. 3—7: 10 OCK AOCIHUCC — BpeMeHHbIe TOYKH HCCIIeJ0OBAaHUA, HAUWHA C IIepBOro AHS: TouKa 0 — 10
NIpUMEeHEeHHs FeMOoCopOIuY; ceyolias Touka Meskay 0 1 1 — cpasy 1ocJie Ipolieypbl TeMOCOPOIMY — Yepes3 6 4aCoB; TOUKU
1-5 COOTBETCTBYIOT CyTKaM, IIPOIIEIIINM I0C/Ie Hayasia reMocopbium. [To ocu opauHAT — YKC/IeHHbIe 3HAYeHUsI 0003HAYeHHOTO
ToKasaTesisA, MeJUaHbl U HHTePKBAapPTU/IbHble HHTEPBAJIbI, IepCeHTUIIN (25%—75%). [opusoHTaIbHbIE JTMHUU B BepXHEeN 4acTu
pucyHKa 1 IupoBOe 3HAYEHNE OTPAKAIOT 3HAYeHNEe P U BpeMeHHbIe TOUKH, MEK1y KOTOPBIME OIIeHUBAJIN JOCTOBEPHOCTD pas-
JINYWH 110 TAPHOMY KpuTepuio. BHyTpeHHNe rpad MKy WIITIOCTPUPYIOT JUHAMUKY N3MEHEHHH T0OKa3areJiei 110 TeM jKe BpeMeH-
HBIM TOYKaM Y KaKJOT0 ITalleHTa; 3ejIeHble JUHIN — BBLKUBIIINE NAI[MEeHTh]; KPACHbIe JTUHUHU — ITOTHOIINe MalueHThl. 4 —
CpejiHee apTepuaIbHOE JaBJIEHUE, MM PT. CT.; b— 1032 HOpaipeHa/JuHa, MKT/KI'/ MUH; ¢ — J1akTat, MM/JI; d — 3uauenus pH, ef.

Hus pH kpoBwH, HAOJIOMABIIEECS B TEUEHUE TIEP-
BBIX — BTOPBIX CYyTOK ITOCJIE HavYaJIa MPOIeAyPhI ¥
8 n3 9 manmeHTOB (puC. 2, d). TOTBKO Yy OMHOTO U3
JIBYX TTOTUOIINX MTAIlMEHTOB BOCCTAHOBJIeHUsT pH
TakK ¥ He TPOU301LIO (PUC. 2, d, CM. BHyTPEHHUH
rpacdux).

Takum 06pasom, TpUMeHeHNE TeEMOCOPOITNHU
MMpUBEJI0 K OBICTPON HOPMAIU3AMUUA CPETHETO
apTepUasibHOIO IaBJIeHNs, IPalyaTbHOMY CHUKe-
HHUIO TOTPEOHOCTH B HOPAAPEHAJNHE BIJIOTH 10
€ro MOJTHON OTMEHBI K 2—3-M CyTKaM IIocje Hava-

a significant reduction of creatinine level, with its
median almost reaching the upper limit of normal
reference (Fig.4, d). CVWHD being continued dur-
ing the next day could have greatly contributed to
creatinine level stabilization.

Changes in coagulation parameters are pre-
sented in fig. 5.

As seen in the figure, only the platelet count
decreased significantly (during the first day after
LPS-selective hemoperfusion) (fig. 5, a) for a short

time, while other indices such as prothrombin
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Fig. 3. Temporal changes in vital parameters, organ disorders and perfusion before and after hemosorption.

Note. a — APACHE II (Acute Physiology And Chronic Health Evaluation) scores; b— SOFA (The Sequential Organ Failure Assess-
ment) scores; ¢ — duration of organ disorders, median and range of values (minimum and maximum), days; d — PaO,/FiO, (res-
piratory index, ratio of partial oxygen pressure in arterial blood to oxygen fraction on inhalation).

IIpumeuanwue. Liver — nevyens; low coagulation — runoxoarymsanus; GIT — KKT; fluid and electrolyte disorders — BonHO-2/1€K-
TpJuTHOe HapymeHue; kidneys — nmouky; cardiovascular failure — cepgedHo-cocyaucTas HeJoCTaTOYHOCTB; lungs — Jjierkue.
a— 6aJLIBI 110 IIKaJIe KJIACCU(UKAIIY OCTPBIX (DYHKIIMOHAIBHBIX ¥ XDOHHMYECKUX U3MEHEHUH B COCTOSIHIM 310poBbsi APACHEII;
b— 6aJ17IBI 110 IIIKaJIe OpranHon HegocTouHoCTH SOFA; c— myINTe/IbHOCTh OPTaHHBIX HApYIIIeHNH, MeInaHa ¥ pa3Max 3HauYeHUH
(MEHEMYM U MakcuMyM), THH; d — Pa0,/FiO, — HHIeKC OKCUreHanUy (peacIpaTOpPHBIH HHIEKC, OTHOIIeHNe IapIuajlbHOI0

HaNPsIKeHUsI KUCJIOPOoJia B apTePUaIbHON KPOBH K (PPAKIMH KUCIOPOJiA HA BJIOXE).

Ja mpuMeHenwus JIIIC-cesleKTUBHOM remonepdy-
3UH, PE3KOMY CHIYKEHUIO COlEep>KAHUSA JIAKTaTa,
TIOJTHOMY BOCCTAaHOBJIEHUIO 3HaUYeHUH pH. Bripa-
SKEHHBIN ITPOTUBOIIOKOBHINA 3P eKT HabTI0gaII
y 7 MalieHTOoB, B TO BpeMsI Kak OBICTPOro addek-
Ta He YIaJI0Ch JOOUTHCS y IBYX AIIIEHTOB, BCKO-
pe rmorubmmx.

TAKeCcTh COCTOSIHUS U JUHAMHKA OpraH-
HBIX HapylIeHUH B Xoje JieueHus. /[0 jeueHus
MalyeHThl XapaKTePU30BaJIUCh BLICOKMMHU 3HaYe-
Hussmu nokasaresieii APACHE II u SOFA, orpa-
SKAIONUX TAKECTh COCTOSIHUS U BBIPAYKEHHOCTD
OpraHHBIX HAPYIIEHWH, COOTBETCTBEHHO. [Iprme-
Henue JITIC-ceeKTUBHOM reMoriepy3un Compo-
BOYK/IAJIOCH 3HAYUTEJbHBIM CHUYKEHWEM TTOKa3a-
tesiA 1o mkanam APACHE II (puc. 3, a) m SOFA
(puc. 3, b) y 8 ©3 9 marueHToB, HAYMHAS C IEPBBIX
CYTOK ITOCJIe HavyaJjia IpoIeayphl FeMOCOPOITIH.

OpranHble HAPYIIeHUS y MAllMEeHTOB ObLIN
pPa3HO00pPA3HBI U UMEJIN PA3JIMIHYIO ITPOIOJIKU-

index (fig. 5, b), INR (fig. 5, ¢), fibrinogen level (fig. 5,
d) did not change during the whole observation pe-
riod. While analyzing individual reactions of pa-
tients to LPS-selective hemoperfusion, the most
critically ill who ultimately died were found to have
the greatest drop in platelet level, starting from the
first day after hemosorption and remaining at the
lowest level on the following days (fig. 5, @).

Levels of endotoxin and pro-inflammatory
markers. Clearance of LPS and reduction of the
pro-inflammatory immune mediators level is the
key aim of pathogenetic treatment by selective
biospecific hemoadsorption. The Efferon LPS ex-
tracorporeal adsorber used in the study selectively
adsorbs dissimilar therapeutic targets from these
categories due to (a) the presence of LPS-selective
ligand binding LPS molecules with high affinity to
Lipid A, and (b) specific porous structure binding
small and medium protein molecules up to 60
kDa [53]. Therefore, extracorporeal detoxification
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Fig. 4. Characterization of some organ disorders in patients during hemosorption.

Note. a — level of AST, IU/L; b— level of ALT, IU/L; ¢ — blood urea level, mmol/L; d — blood creatinine level, mmol/L.
Ipumeuanue. a — coneprkanne ACT, ME/JI; b — cogepsxanue AJIT, ME/JI; c — KoHIeHTpanusi MOYeBUHBI B KPOBU, MM /T;

d — KOHIIEHTpaIus KpeaTuHUHA B KPOBU, MM /JI.

TeJIbHOCTD, BBIXOAAIIYIO 3a IIpe/iesibl 5-JHEeBHOIO
HCCJIeJOBaHNA y OTJeJIbHBIX [TallUeHTOB; 9Ta 3aK0-
HOMEpPHOCTh KacaJjlach HapyIIeHU CO CTOPOHBI
IIOYEeK, KeJyJOYHO-KHUIIEeYHOI'0 TPaKTa, JIETKUX
(puc. 3, ¢). BO3M0OYKHO, YTO IIPOIOJIKUTEJILHOCTD
OpraHHBIX HapYyIIEHWH Obl1a CBsI3aHa C U3MEHYU -
BOCTBIO IOKA3aHUI UHIEKCAa OKCUTEeHAIUN: pec-
nupaTtopHbii uwHAeKC Pa0,/Fi0, 3HauyuTe bHO
BapbUpoOBaJI, ocTaBasAchk HUe 300 u 11ocJe nep-
BBIX CYTOK y 4-X NaIMeHTOB, IBOE U3 KOTOPBIX
noru6Ju. Y OCTaJAbHBIX 5 MaIllMeHTOB 3HAYEHUs
WHJIeKCa OKCUTEeHAlluU II0JTHOCTHIO BOCCTAaHOBU-
JINCH Y3Ke TI0CJIe CYTOK OT HavaJia reMocopomnuy,
OCTaBasiCh B Ipejesax HOPMbI B NajibHEHIIIEM
(puc. 3, d, BHyTpeHHU! TpadUK).

VccnenoBanue TUHAMUKU ITOKa3areseit
HapyiIeHu# (PyHKIIMOHNPOBAHUS TAPEeHXNMAaTO3-
HBIX OPraHOB — IeveH!U (aJJaHnHAMUHOTpaHCche-
pasbl, AJIT, u acnapratramuaoTpancdepassbr, ACT)
U IIO4YeK (MOYEeBUHBI U KpeaTUHUHA) (puc. 4)
BBISIBIJIO Y ITAI[MEHTOB J0 IPOBEAEHUSI TeMOCOpO0-
MY OTCYTCTBUE HApYIIeHUU CO CTOPOHBI IleueH!
(puc. 4, a, 6) 1 UX HaJIMUMe — CO CTOPOHBI I0YEK
(puc. 4, ¢, d).

using an adsorbent with such properties would be
expected to reduce the levels of both LPS molecules
and pro-inflammatory cytokines. Indeed, as it can
be seen in fig. 6, a single hemoperfusion has re-
sulted in a significant reduction of LPS, major in-
flammatory cytokine IL-1beta, and enterotoxin-
binding mediator presepsin (fig. 6, a, b, ¢).

The levels of LPS, interleukin-1 and presepsin
molecules decreased significantly starting from the
end of hemoperfusion (fig. 6). Interestingly, the
level of C-reactive protein (CRP), pathogenetically
significant for congenital and adaptive immune re-
actions and a highly informative inflammatory bio-
marker, also decreased significantly, starting from
the first day of hemosorption, remaining reduced
on the 5" day (P<0.001, fig. 6, d). While the two for-
mer proteins with molecular weight 13 and 18 kDa,
respectively, can be removed from the bloodstream
using the Efferon LPS column, CRP molecules with
molecular weight greater than 100 kDa should have
continued to circulate in the bloodstream. There-
fore, the decrease of this protein in circulation as a
result of hemosorption is most likely due to the
sorption of LPS molecules as inducers of CRP pro-
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Kak BugHO Ha puc. 4, ¢, y BCeX BBLKUBIINX
MMalnfMeHTOB YPOBEHb MOYEBHUHLI B KPOBU HAYMHAJ
CHIDKATHCA yoKe Ha 1-e CyTKH I10Cjie IPOoLeaypbl
JITIC-cenrekTBHOM remMomnepdysnu, ocTaBasch
HEN3MEHEHHLIM TOJILKO Y BIIOCJ/IEICTBHE HOTUOIINX
IIaIeHTOB. Pe3ncTeHTHOCTD II0CJ/IeJHUX ITalITMEHTOB
K JIeYeHUIO, BUANMO, OO'bSCHSIET, IoYeMy 3HaYeHU s
MeJIMaHbl Y BCeH TPYIIIbl AeHTOB JI0 U II0Cye
copOru (MHTEPBAJI U3MEPEHUA — 1 CYyTKH), pa3Jiv-
4asaACb ABYXKPATHO, 3HAYMMO HE€ OTINYaJuCh
(p=0,07). 3HaUUTEIbHbIE PA3JINYNUA MEKY UCCIIe-
AyEMbIMU BEJIMIMHAMU — COAEPKaHNEM MOYEBUHBI
JI0 U IIOCJIe IpoLeaypbl — ONpeaesIsAan JUIlb K
5-my aHI0 OT ITpoBeenus JIIIC-ceeKTHBHON reMo-
niepysuu (p=0,009, puc. 4, c).

JmHaMuKa cofepskaHus KpeaTHHNUHA ObliIa
CXOJTHOM: BCJIE/ICTBHE BBICOKOH TeTepOTeHHOCTH
CPYIIIBI 10 YPOBHIO IIOKA3aTeJ s 10 IPOBEeJeHUs
JITIC-cesiekTUBHOU remMoriepdysun pasindus
yepe3 CYTKU ObLIM He 3HAYMMBI, OIHAKO, K 5-M
CyTKaM UCCJIeJ0BaHUSA BBIABJISJIN 3HAYUTEJIbHOE
CHI)KEHME KOHIIEHTPAallui KPeaTUHUHA, 110 3HaJe-
HHUIO MeauaHbIl IIOYTH OOCTHUTIAIOIIEero BerHeI'/JI
rpaHHIlbI HOPMBI (puc. 4, d). BeposiTHo, B cTabu-
JIM3AIHI0 9TOTO IIOKA3aTeJsisi BHOCUT CYILECTBEH-
HBIM BKJIQJ IPOAOJIKABIIIASICA B TeYeHUE TI0Ce-
nyromux cyrok CVVHD.

JmHaMUKy U3MeHeHUH IToKasaTesieil cBep-
TBIBAHUSA KPOBU IPEJCTABU/IN HA PUC. 5.

Kak BUJHO Ha pHUC. 5, TOJIBKO COJlepsKaHue
TPOMOOIIUTOB KPAaTKOBPEMEHHO (B Te4eHUe Mep-
BBIX CYTOK TiocJie mpoBeneHusi JIIIC-ceeKTUBHOM
remMonepdysnun) CTaTUCTUUECKU 3HAYUMO CHUKA-
JIOCh (pHUC. 5, a), TOTa Kak Ipyrue nokasarejim —
MPOTPOMOWHOBBIN WHIEKC (puc. 5, 6), MHO
(puc. 5, ¢), conepsxanue pubpuHOreHa (puc. 5, d)
He MEeHsJINCh B TeYeHNe BCero epuopa HaoJtoe-
uus. [Ipy aHanause WHAWBUAYATHHBIX peaKIui
manuenToB Ha JI[IC-cesieKTUBHYIO Temorepdy-
3110 YCTAaHOBUJIYM, UTO MMEHHO y HauboJiee TsKe-
JIBIX ITAITME€HTOB, HE BBI’KUBIIINX B XO01€ JIeYeHUd,
MaKCHUMaJIbHO CHU’KAJIOCh COfiepyKaHue TpoMOo-
IIUTOB, HAYNHAA C IEPBBIX CYTOK I10CJIe FeMOCcop0-
IIU¥, OCTaBasCh Ha HanboJiee HUSKOM YPOBHE U B
MOCJIeyIoIne JHU (pucC. 5, a).

JluHaMHuKa IoKa3areJield, XapaKTepHU3yIo-
IIUX CO/iep;KaHNe 3HAOTOKCHHA U IPOBOCHAJIH-
TeJbHBIX MapKepoB. Yianenue JII1C u cHuxkeHue
COZlep>KaHUsA POBOCHAJUTEBHBIX MEAUATOPOB
VMMYHHOH CHCTeMBbI sIBJIsieTCsI KII04eBOH 3a1a-
4yell IMaToreHeTUYeCcKOro JIeYeHUs C IIOMOIIbIO
CeJIEKTUBHOU Orocnenu@uieckoil reMoCOpOITUH.
Vcnosib3dyemMasi B MCCJ/IeIOBAaHUN COpPOIIMOHHAA
KkoJioHka dpdepon JIIIC nsdbupares-HO MOTIIO-
11aeT MOJIEKYJIbI U3 9TUX PA3HOPOJHBIX I'PYHII
TepaneBTUYeCKUX MUIleHel OJ1arofaps (a) Haau-
unto JIIIC-cesIeKTUBHOTO JIUTaH/1a, IPOSIBJIAIONIE-
ro adp¢prHHOCTE K TOMeHy unuaa A, u (6) crieru-

(¢uyecKoi MOPUCTON CTPYKTYpPE, CBA3BIBAIOIIEN

duction by the cells [57, 58]. The evidence suggests
that the use of the column allowed effective clear-
ance of both LPS molecules (by binding to affinity
ligands) and interleukin-1f being the key pro-in-
flammatory cytokine (by sorption of polymer sor-
bent in mesopores), which indicates a multifaceted
nature of the sorbent action.

Thus, LPS-selective hemoperfusion was asso-
ciated with rapid, within 24 hours from the begin-
ning of the procedure, recovery of the abnormal
APACHE 1I, SOFA scores, PaO,/FiO, respiratory
index in the majority of patients, which associated
with return of the values of SOFA, the integral index
of organ disorders, to normal values in the whole
group of patients receiving hemosorption on the 1%
and 5% days (P<0.001 vs the values prior to the pro-
cedure). At the same time, significant recovery of
the impaired renal function was achieved only on
the 5% day after LPS-selective hemoperfusion
(P<0.009 and 0.008, fig. 6, c and fig. 6, d, respec-
tively). Apparently, it was promoted by prolonged
(low-flow) veno-venous hemofiltration (CVVHD)
immediately after LPS-selective hemoperfusion,
which has been well proven to be effective in restor-
ing the damaged functional activity of kidneys [42].

Changes in immune system cellular bio-
markers. The use of LPS-selective hemoperfusion
in the comprehensive treatment of septic shock led
to a rapid decrease in the WBC count: within a day
after the start of the procedure, it was significantly
reduced, gradually reaching normal values on day
5 (P<0.001 vs the baseline 0, fig. 7, a).

The lymphocyte count did not change signifi-
cantly, however, it varied throughout the entire 5-
day period of clinical observation within narrow
limits of the lower normal reference values from
0.97-5.3X10°/L on day 0 to 0.8-1.3X10°/L on day 5
(fig. 7, b, internal graph). It should be noted that
such small fluctuations resulted in a statistically
significant decrease of the parameter on day 5 after
LPS-selective hemoperfusion, however, as can be
seen in fig. 7, b, the median values of the parame-
ters were still within the normal ranges (more than
1X10°/L).

The data obtained indicate that a rapid and
persistent decrease in white blood cell count after
LPS-selective hemoperfusion was not accompa-
nied by significant changes in the blood lympho-
cyte count.

The ultimate goal of the study was to improve
treatment outcomes in patients with septic shock
and acute renal failure through combined use of
LPS-selective hemoperfusion and prolonged veno-
venous hemodiafiltration. Septic shock (SEPSIS-3,
2016) was verified in all 9 patients who were found
to have opportunistic Gram-negative bacteria of
the ESCAPE group generally responsible for most
health care associated infections, including noso-
comial ones (fig. 1). The data obtained suggest that
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Puc. 5. luHaMHKa MOKa3aTreJied CHCTeMbI CBePThIBAHHA Y IallHEHTOB.

Fig. 5. Changes in coagulation parameters in patients.

a— blood platelet count, X10°/L; b— prothrombin index, %; c— international normalized ratio characterizing the external pathway

of blood coagulation, units; d— fibrinogen, g/L.

IIpumeuaHue. a — cozepskaHue TPOMOOIUTOB B KpoBH, X10°/51; b — nporpombunoBeiil unnexc [1TH, %; ¢ — MesxayHapogHoe
HOpPMaJIN30BAHHOE OTHOIIIEHKE, XapaKTepU3yIolllee BHEITHUI IyTh CBEPThIBAaHUs KPOBH, €]1.; d — HpUOpUHOTeEH, T/J1.

MaJsible ¥ cpefqHue 0eTKOBbIe MOJIEKYJIBI pa3Me-
pom 1o 60 k/la [53]. I[ToaToMy OKMIAIH, UTO IKC-
TPakopIopaJibHas1 JETOKCUKALYA C UCII0JIb30Ba-
HHEM TaKoro copOeHTa IpUBENET K CHUKEHUIO
copeps;kanusa Kak MoJiekya JIIIC, Tak 1 npoBocna-
JUTEJbHBIX ITUTOKUHOB. JleHCTBUTEJHLHO, Kak
BUJIHO Ha pUC. 6, y>Ke OfHOKpaTHasA remornepdy-
3us IpHUBeJla K 3HAYUTEJbHOMY CHUKEHUIO
conepskanus v JIIIC B KpOBU U OCHOBHOTO ITUTO-
KWHA BOCMaJieHusl — WHTepJIelKknHa- 1, u mpe-
CeIlCMHa — Meauaropa, CBA3bIBAIOIIEr0 9HTEPO-
TOKCHH (puc. 6, a, b, ¢).

[Tpn atom koHueHTpanuu kKak JIIIC, Tak n
MOJIEKYJI MHTEPJIEKUHA- 1 3 1 TpecericHa 3HAYH-
TeJIbHO CHUYKAJIMCh, HAYWHAA C OKOHYAaHUA I'eMO-
nepdysuu (puc. 6).

HuTepecHo, 4TO copeps;KaHue naroreHeTuye-
CKH 3HAQYUMOTO OJIA pa3BUTUA BPOMIACHHBIX U
aallTUBHBIX HWMMYHHBIX pea}cum‘/’l, BBICOKO-
nHdOpPMaTHBHOTO OOMapkepa BocnageHnss — C-
peaktuBHOro Oesnka (CRP) Takske 3HAUYUTEITHLHO
CHI)KAJIOCh, HAauyMHasA C IEpPBBIX CyTOK IIOCJe
HavaJsia reMOCOPOIINH, 0CTaBasICh CHUKEHHBIM U

a single LPS-selective hemoperfusion procedure
alone allowed within 1-5 days to significantly im-
prove hemodynamic parameters of patients by
restoring impaired blood pressure, reducing blood
lactate level, and lowering the dose of inotropic
support (fig. 2). Significantly reduced organ failure
indices according to SOFA scale and restoration of
tissue oxygenation observed during comprehensive
treatment using the Efferon LPS columns (fig. 3) are
in line with clinical trials conducted with different
selective hemosorbents for affinity clearance of
Gram-negative bacteria endotoxins [31, 37, 60]. The
rapid trend towards a decrease in the basic indices
of acute renal failure is noteworthy, however it
gained statistical significance only by day 5 after the
onset of hemoperfusion procedures (fig. 4).

Blood coagulation parameters and their
changes during treatment are generally accepted
informative biomarkers of toxicity and success of
the therapy. In this study only a short-term (during
Day 1) 40-50% reduction in the blood platelet
count with subsequent restoration was observed
(fig. 5). These data, as well as no evidence of other
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Fig. 6. Blood levels of endotoxin and proinflammatory biomarkers.
Note. a— endotoxin activity by EAA test, units; b— level of interleukin-1, pg/ml; c— procalcitonin level, ng/ml; d— CRP (C-reactive

protein).

I[IpuMeuaHue. a — MoOKa3aTe b aKTUBHOCTHU 9HAOTOKCHHA EAA, efl.; b — conepskaHue MHTEPJIEMKIHA- 1, TTKT/MJT; ¢ — KOHIIEHT-
pauus npoxkaabuuToHnHa, Hr/MJT; d — CRP, C-peakTHUBHBIN OeJI0K.

Ha 5-e cyTku (p<0,001, puc. 6, d). Eciu nepBbie aBa
Oesika c MosteRy/IsIpHO# Maccoi 13 u 18 k/la, coor-
BETCTBEHHO, MOTYT OBITH y/IajeHbl N3 KPOBOTOKA
IIPY UCIIOJIb30BAHUU KOJIOHKU «JddepoH JIIIC»,
T0 MoJieryJbl CRP ¢ MOJIERYIISIpHOM Maccoii 6osiee
100 k/la JOJKHBI OBITN OBI MIPOIOJLKUATH ITUPKY-
JIALUIO B KPOBOTOKe. 1109TOMYy CHUMsKeHHe 3TOro
OeJika B IUPKYJIAINNAN B pe3yJIbTaTe TPUMeEHEHU
reMocopOnuy 0o0ycI0BIeHO0, HanboJiee BEPOSTHO,
copbumeit mosieryst JITIC kak WHAYKTOPOB IIPO-
pyxknuu CRP B keTkax opra"Husma [57, 58]. [laH-
Hbl€ YKa3bIBAIOT HA TO, YTO IPAUMEHEHUE KOJIOHKHU
II03BOJISNIO 3(P(PEKTUBHO YIATIATH KAK MOJIEKYJIbI
JITIC (mocpeacTBOM cBsi3bIBaHUA C aPUHHBIMU
JIUTAHJIaMM), TaK U KJIIOYEBOU IIPOBOCIIAIUTEIb-
HbBIU IUTOKWH — UHTepJIeUKuH-1[ (mocpencTBOM
copOImy B Me30IIopax MoJUMePHOro copbeHTa),
4YTO yKasblBaeT Ha MYJBTUMOAAJIBHBINA XapaKTep
nercTBUsI copOeHTa.

Takum obpasom, mpoBenenue JIIIC-cenek-
TUBHOU reMorniep(ys3nu acConumpoBaoch ¢ ObICT-
PBIM, B TeYEHME CyTOK OT HadaJsia IIpoLeypsbl, BOC-

coagulation abnormalities (fig. 5) indicate biosafety
of the Efferon LPS medical device. Such a slight and
reversible decrease in platelet count immediately
after hemoperfusion is well documented for vari-
ous extracorporeal adsorbers including Alteco
LPS [59], CytoSorb [60]. Similar results, with a
minor 40% reduction in platelet count, have been
described by Yamashita et al. using the Toraymyxin
PMX-20R column (Toray Industries, Tokyo, Japan),
which is widely available worldwide for treating
sepsis patients [38]. The absence of a significant de-
crease in lymphocyte counts within 5 days after he-
moperfusion and a simultaneous drop in white
blood cell count suggests the lack of an adverse ef-
fect of the Efferon LPS column (fig. 7). Thus, the
favourable risk-benefit ratio of the Efferon LPS col-
umn confirms the earlier opinion based on a clini-
cal case report, claiming the prospects of using this
extracorporeal therapy for life support in patients
with septic shock [51].

The hypothesis of the «<multimodal» mechanism
of action of the Efferon LPS adsorbent beads is con-
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Fig. 7. Quantitative changes in immune system cell counts during treatment.

Note. The changes in the blood counts of neutrophils (@) and lymphocytes (b), X10°/L during treatment are presented.
IIpumeuanwue. [IpeicTaBieHbl U3MEHEHUSI COJlEPsKaHUsI HEUTPOGUIoB (a) u mumdoruTos (b), X10°/J1, B KPOBY MAIIMEHTOB B XO/I€

JIeUeHuA.

CTaHOBJIEHWEM  HapyIIeHHBIX  IIOKa3areJjied
APACHE 1II, SOFA, pecnupaTOpHOrO WHIEKCa
Pa0,/FiO, y 60/1bIIMHCTBA MTAIIIEHTOB, YTO ITPUBO-
JIJI0 K BOCCTAHOBJIEHUIO 3HAYEHUI MHTErPATbHO-
ro IIoKasareJisi OpraHHbIx HapyieHuid — SOFA no
HOpMaJIbHBIX 3HaUYE€HU BO BCeU I'pyIlIle MalueH-
TOB ¢ reMocopOrnelt Ha 1-1 u 5-1 qum (p<0,001 o
CpaBHEHUIO CO 3HAYEHUSMH, OIpeesIIeMbIMA 10
nporeaypsl). BMecre ¢ TeM, 3HauUTEIbHOE BOCCTA-
HOBJIEHVE HAPYIIEHHOU (DYHKITUY TIOYEK TOCTUTA-
JIOCh TOJILKO HA 5-€ CYTKU I0Cje MPOBeIeHUs
JITIC-cenekTuBHOU remonepdysun (p<0,009 u
0,008, puc. 6, cu puc. 6, d, cooTBeTCTBEHHO). [10-
BUJIUMOMY, 3TOMY CITIOCOOCTBOBAJIO TIOCJIETIOBAB-
1ee HenocpeacTBeHHo nociie JITIC-ceieKTuBHOM
remoriepgysun mpuMeHeHne MPojIJIeHHON (HU3KO-
IIOTOYHOM) BEHO-BEHO3HOU TreMo(puIbTpanuu
(CVVHD), a¢pheKTUBHOCTb KOTOPOU B OTHOIIIEHUH
BOCCTAHOBJIEHUsI (PYHKITMOHAJIHLHOU aKTUBHOCTHU
MMOPAYKEHHBIX ITOYEK XOPOIIIOo JOKa3aHa [42].

JIuHaMHKa M3MEHEHHH KJIETOYHBIX OMO-
MapKepoB MMMYHHOM cHcTeMbl. [IprMeHeHMe
JITIC-cenekTUBHON TemMonepdy3nu B KOMIIJIEKC-
HOM JIEYEHUU CENITUYECKOTO II0Ka MPUBOJUIIO K
OBICTPOMY CHIPKEHUIO COMleP>KaHMsI IEMKOIINTOB B
KPOBHU: ysKe Yepe3 CYyTKU 1ocJjie HayaJsia HpuMeHe-
HUSI TPOLIEAYPHI KOJIMYECTBO JIEUKOITUTOB 3HAYM -
TeJIbHO YMEHbBIAJJI0Ch, MPUXOJsl MOCTEIEHHO K
HOpPMaJbHbIM 3HaYEeHUSIM Ha 5-1 ieHb (p<0,001 110
CpaBHEHMIO C MCXOIHOU TOYKOM 0, puc. 7, a).

[Tpu aToMm conepskanue TUM@OIUTOB 3HAUU-
MO He U3MEHSJIOCh, OJTHAKO, BApbUPOBAJIO HA IIPO-
TSYKEHUU BCETO 5-THEBHOTO NIEPU0/Ia KIIMHUYECKO-
ro HaOJTIOEHUSI B Y3KUX MpeIesiax MapTHHATBHBIX
3HAYEHUII HUJKHEeHW TIpaHullbl HOPMBI  OT
0,97-5,3X10°/ 1B nens 0 1o 0,8-1,3X10°/J1 B 1eHDb +5
(puc. 7, b, BHyTpenHuiu rpaduk). Ciaemyer orme-
TUTb, YTO TaK¥We KoJieOaHUsI B Y3KOM JIMara3oHe

firmed by evidence of a rapid decrease in both LPS
molecules and interleukin- 1, a relatively low molec-
ular weight cytokine, a key component of innate im-
munity that triggers a cascade of inflammatory reac-
tions [25] (fig. 6). More than twofold decrease in blood
level of procalcitonin, another low-molecular partic-
ipant of inflammatory reactions, after a single he-
mosorption (fig. 6, ¢) confirms this feature of the col-
umn. At the same time, the level of C-reactive protein,
a high-molecular (over 100 kDa) pro-inflammatory
mediator (fig. 6, d), was also reduced, apparently due
to the decreased blood concentration of LPS of the
Gram-negative bacteria, a powerful inducer of C-re-
active protein production [57, 58].

The results of the pilot clinical study indicate
that the Efferon LPS hemosorption column has a
high potential for use in life support in patients
with septic shock. In fact, the global ICU mortality
rate in septic shock is still extremely high. Accord-
ing to a recent analysis of European and North
American treatment institutions, the mortality rate
in ICU was 37.3% (95% CI 31.5-43.5%), in the other
hospital departments it reached 39.0% (95% CI
34.4-43.9%), and overall mortality is as high as
38% [6]. A series of global data indicate even higher
mortality in patients with septic shock which could
be 40-60% [9, 12-15]. Analysis of our own database
of clinical trials of sepsis with different localizations
of infection indicates a significant mortality rate in
the group of patients with diagnosed septic shock
(mainly with abdominal sepsis) which totals 65%
(n=86, of which 30 patients died and 56 survived;
clinical data recently provided by the Moscow
Buyanov Hospital) [17]. This group of patients re-
ceived standard treatment without LPS-selective
hemoperfusion. In both groups, in more than half
of the cases the source of infection was in the ab-

dominal cavity. We specifically selected this ran-
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3HAYEHUU COMepsKaHUsA JUMQOIUTOB MPUBEJH
Ja’ke K CTaTHCTUYECKA 3HAYMMOMY CHIKEHHIO
ToKa3aareJis Ha 5-i 1eHb nocJsie npuMeHenus JIIC-
CeJIeKTUBHOU remMonepdys3nuy, OIHAKO, KaK BUIHO
Ha puc. 7, b, MeuaHHbIEe 3HAYEHUS TOKa3aTessd
HaxOIWUJIUCh BCE eIle B Ipejesax HOpMaJbHBIX
3HaueHni (6osee 1xX10°/.1).

ITonyuyeHHbIE TaHHBIE CBUIETEIHBCTBYIOT O
TOM, YTO OBICTPOE U CTOMKOE CHUKEHE COMlepIKa-
HUA JIEWKOIIMTOB Tocjae TmipumeHeHus JIIIC-
CeJIeKTUBHOU reMonep@dysun COIpPOBOKAAIOCH
OTCYTCTBHEM CYII[ECTBEHHBIX U3MEHEHUH CO CTO-
POHBI TAKOTO0 ITOKa3aTeJisA, Kak CoAepsKaHue JIUM-
(¢ ouuTOB B KPOBH.

KoHeuHas 11eJ1b MPeAIPUHATOTO UCCIe0Ba-
HUSI — yJIy4IlIleHre Pe3y/IbTaToB JIeYeH s IaryeH-
TOB C CENITUYECKUM IIIOKOM ¥ ITPOSIBJIEHUSIMU OCT-
po#l I0YeYyHOU HelIOCTAaTOYHOCTH IIOCPEICTBOM
KoMOMHMpOBaHHOTO mpuMmeHeHus JIIIC-cesnek-
TUBHOU remonepdysuu U NPOJIJIEHHONW BEHO-
BEHO3HOU remonuaduasrpanuu. CenTudeckKun
mok (CEIICHC-3, 2016) 6611 BepudUIIpOBaH y
BCeX 9 MaIMeHTOB, B OMOYKUIKOCTAX KOTOPBIX
OBLIN BBIABJEHBI YCJIOBHO-ITATOTEHHBIE TpaM-
orpunarenbHble OakTepum rpymnmbl ESCAPE,
OTBETCTBEHHBIE, KAK ITPABMUJIO, 32 OOJIBIITHCTBO
WH(}EeKnunii, CBsI3aHHBIX C OKa3aHUEeM MeJHIIH-
CKO¥ TTOMOIIH, B TOM YHCJIe — BHYTPUOOJbHUY-
HBbIX HGeKnui (puc. 1). [losyyeHHbIe JaHHBIE
CBHUJIETETHCTBYIOT O TOM, YTO ITPOBEIEHHE TOTHKO
Jumib opgHolt mpoueaypbl JIIIC-cejieKTUBHOU
reMoriepy3uu 03BOJIATIO B Te4eHNE 1-5 CyTOK
3HAYUTEJLHO VIYYIIATH TeMOAWHAMHYECKUe
rapaMeTphl NalEHTOB, BOCCTAHOBUB HapyIIeH-
Hble TIOKa3aTesJy apTepUaIbHOTO JaBJIEHUS,
YMEHBIIINTH COIEPIKAHNeE JJaKTaTa B KPOBU U CHU-
3UTh 103y WHOTPOIIHON MONJIEpsKKU (puc. 2).
3HauyuTeJbHOE CHUKEHNE ITI0Ka3areJiell OpraHHoN
HeJIoCTaTo4HOoCTH 1o 1mKajsie SOFA 1 BoccTaHOB-
JIeHVe OKCUTeHAIln! TKaHel, HaOJ/IIojaBIIrecs B
XO0Jie KOMIIJIEKCHOTO JIEYeHUsI C MCIIOJIb30BAHNEM
KOJIOHOK «dddepon JIIIC» (puc. 3), coorBeT-
CTBYIOT TaHHBIM KJIWMHWYECKUX WCCJIEJOBAHUH,
MIPOBEIEHHBIX C MCITOJb30BAHNEM JPYTUX CEJIEK-
TUBHBIX FeMOCOPOEHTOB JJ1s aUHHOTO yIaaeHUs
9HJIOTOKCHMHOB T'paM-OTPUIIMATEIbHBIX OaKTe-
puii [31, 37, 59]. 3acaykuBaeT BHUMaHUs OBICTPO
BO3HUKIIAs TEHEHIMS K CHIKEHUIO OCHOBHBIX
rokasaresjieil OCTPOW MOYEYHOU HeJ0CTAaTOYHO-
CTH, JOCTUTABINAsA, OHAKO, CTaTHUCTAYECKOHN
3HAYMMOCTH JIUIIH K 5-M CYTKaM I0cje Hadaaa
reMocop6muu (puc. 4).

ITokasaresiv CBepThIBaHUSI KPOBH M X M3Me-
HEHWsI B X0/l JIeUeHU S ABJISIOTCS OOIIEeTTPUHSATHI-
MU TH(QOPMATUBHBIMU OMOMapKepaMy TOKCUYHO-
CTH ¥ yCHENTHOCTH MPUMEHsSeMOro JjedeHusi. B
XO7ie JAaHHOTO WMCCJIeIOBAaHMs HAOIONAJH JINIITh
KpPaTKOBpPEMEHHOEe, B TeYeHWE IePBBIX CYTOK,

40-50-11pOo1eHTHOE CHUYKEHYE KOJINYeCTBA TPOM-

domly recruited in 2016-2018 group of patients as
a comparison group, excluding only one patient
who had undergone hemoperfusion using another
LPS-selective adsorber. Other patients were not
prescribed extracorporeal LPS sequestration, but,
as in our study, they received standard treatment
for sepsis and septic shock according to guidelines.

Comparisons of groups of patients treated in
various institutions cannot be ideal and cannot be
an evidence base to assess the effectiveness of
treatment. However, given that the latter was not
the purpose of our study in this paper, it seemed
appropriate to compare two groups of patients with
respect to the outcome of critical conditions, as
this, in our view, could be useful in encouraging us
to consider continuing research.

The main parameters of two groups of patients
from different studies are presented in table 2.

As can be seen from the table, the groups did
not differ in the main demographic and some clini-
cal parameters (sex, age, presence of abdominal sep-
sis in most patients with septic shock, duration of
ICU stay and hospital stay). However, there were also
more patients in less critical condition in the com-
parison group, judging by significantly lower
APACHE and SOFA scores (table 2). Nevertheless, as
it can be seen from table 2, the mortality rate in the
group of patients who had hemosorption was much
lower vs the comparison group, despite the fact that
the APACHE and SOFA scores were 2-3 times higher
in the main group. The odds ratio of survival in the
main group (2 died, 7 survived) and in the compari-
son group (56 died, 30 survived) was 6.533 (95% con-
fidence interval: 1.276-33.44, P=0.026, power=0.7 at
alpha value=0.05, Fisher test, SigmaPlot 12.5). This
may indicate a more than 6-fold increase in the sur-
vival chances in patients with septic shock using he-
mosorption vs the comparison group consisting of
patients with septic shock who have not received he-
mosorption procedures. Despite the statistically sig-
nificant difference in survival, we admit some limi-
tations of the study, namely small size of the main
group and possible bias, therefore, further studies
are required to confirm this observation.

While discussing the obtained data, it should
be noted that two patients, both with baseline char-
acteristics strongly different from their peers, with
the highest values of endotoxin activity according to
EAA test (over 0.9, fig. 2), APACHE II scores (over 30,
fig. 4) and APTT (over 40, fig. 6) died on the 4" and
8" days of treatment. Interestingly, although the
number of patients was relatively small, the results
for EAA and mortality are fully consistent with those
obtained in the analysis of clinical results of a re-
cently completed study on the efficacy of hemoper-
fusion with LPS-specific adsorbent under the EU-
PHRATES program. The increased survival was
significant in the group of patients with initial values
(before hemoperfusion) of endotoxin activity in the
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Tabsuna 2. CpaBHeHHe feMorpaguuecKuX H OCHOBHBIX KIMHHYECKHUX ITOKa3aTeJieil B ABYX BHIOOPKAX IaIiH-
€HTOB C CENITHYECKHUM IIIOKOM.

Table 2. Comparison of the demographic and main clinical parameters in two samples of patients with septic
shock.

Groups n Sex,m/f Age,years Abdominal APACHE SOFA ICUstay, Hospital Mortality,
sepsis, 7 (%) days stay, days %

1 Main 9 5/4 63 (45; 71.5) 5(55.6) 28 (26;29.5) 10(8.5;12) 8(4.5;12) 18 (11;25.5) 22.2

2 Comparison 86 47/38 62 (51.7;69) 67 (77.0) 15 (12; 18) 3(2;5) 6 (3; 16) 11 (5; 19) 65.1

P 1.0* 0.785 0.221* <0.001 <0.001 0.95 0.125 0.026*

Note. The median values are given, the 25- and 75-percentiles are given in parentheses, the gender percentage is indicated by a
slash. P— significance of intergroup differences calculated using the Mann-Whitney test (no asterisk) or Fischer exact test (with
asterisk *).

IIpumeuyanue. Groups — rpynnsl; main — ocHoBHasi; Comparison C cpaBHenusi; Sex, m/f C most M/9k; age, years — BO3pacT, JIeT;
ICU/ stay, days C npe6biBanue B OPUT/rocniuraste, queit; mortality C sietaqbHOCTD. [Ipe/cTaB/ieHbl 3HaY€HUsT MeHaHbI, B CKOO-
Kax — 25-IPOLEHTHJIN U 75-TIPOIEHTUIH, TPOObIO YKa3aHbI COOTHOIIEHUS ITOJIOB. p— 3HAYUMOCTH PA3JIMUYHI MK Ty IPyIIIaMi

paccuuTaHa c TOMOIIbI0 TecTa MaHHa—YUTHU (0€3 3Be3/I0YKH) UM TOYHOTO Metosia Puriepa ().

OOIMTOB B KPOBH C ITOCJIEAYIOIINM BOCCTAaHOBJIE-
HUEM WX COJepsKaHusA (puc. 5). OTU NaHHbIE, a
Tak)Ke TOT (paKT, YTO APyrue MoKa3aTesu CBEPThI-
BAaeMOCTH KPOBHU HapylIeHbI He ObLTH (pHC. 5),
CBHJIETEJIHCTBYIOT 0 61106€30MTaCHOCTH UCIIOTH30-
BaHUsSI KOJOHKU «Iddepon JIIIC». TlomobHOE
He3HAYNTeJbHOE U 00paTuMOe CHUKEeHNEe YrcIa
TPOMOOITMTOB Ccpasy nocJe remonepgy3nu Xopo-
110 OTIMICAHO JIJIsI PA3JIMYHBIX COPOITMOHHBIX KOJIO-
HOK — Alteco LPS [59], CytoSorb [60]. CxogHbIe
pe3yabrarbl — C HeOOJbIUM 40-TPOIEeHTHBIM
CHIDKEHUEM COlepsKaHus TPOMOOITUTOB — OBIIN
omnucaHbl Yamashita 1 coaBTopamMu Ipu UCIOJIb-
30BaHMM IIMPOKO TMPUMEHSAEMOW B MUpPE Js
JledeH!sl MallMeHTOB C CelCUCOM KOJOHKOU
Toraymyxin PMX-20R (Toray Industries, Tokuo,
fnonus) [38]. B mosib3y OTCYTCTBUS HEOIArOTIPH-
ATHOrO 3¢ dexTa Npu NPUMEHEHUU KOJOHKU
«ddpdepon JITIC» cBUIETENBCTBYET U OTCYTCTBUE
CyIIIeCTBEHHOT'O CHUKEHU S Y cJia TUMEPOIIUTOB B
TedyeHue 5 THel 1mocJsie reMoriepgys3uu Ipu OJHO-
BpPEMEHHOM IaJleHUU COfiepsKaHUsl JIEWKOITUTOB B
KpoBHu (puc. 7). TakuM o6pasom, COOTHOIIIEHNE
«PHUCK-TI0/b3a» Y KOJIOHKHU «IdPdepon JITIC» mof-
TBepsKJaeT paHee BbICKa3aHHOE MHEHHe, OCHO-
BaHHOe Ha ONMCAHUU KJIUHUYECKOTO CJydas, O
[IepCHeKTUBHOCTU UCII0JIb30BAHMS TAKON 9KCTpa-
KOPIOPATHHOU MOAIEPSKKY IS sKU3HeoOecreye-
HUSA ITAIMEHTOB C CENTUYECKUM IITOKOM [51].
l'unoresa 0 «MyJIBTUMOIAJIBHOM» XapaKTepe
nericTBUs KoJIOHKU I depon JITIC nmonrBepraer-
CA IIOJTYYEHHBIMUA TaHHBIMU O 6LICTpOM CHU)KEeHNUN
Kak moJjiekys JITIC, Tak 1 OTHOCUTETbHO HU3KOMO-
JIEKYJISIDHOTO TIATOKWMHA — WHTepJIeWKUHA-1[3,
KJII0UYE€BOT'0 KOMITOHEHTA BPOKIEHHOTO UMMYyHUTE-
TQ, 3aIyCKAIOIEro KacKal, BOCIIAJIMTEIbHBIX PeaK-
umii [25] (puc. 6). boJsiee yem IByKpaTHOe CHUKEHE
COIEPsKaHUA B KDOBU IPYrOro HUSKOMOJIEKYJIIPHO-
r0 y4aCTHUKA BOCIAJIUTETbHBIX peakinuii — mpo-
KaJIbIIUTOHMHA IT0CJIE OHOKPATHOHN reMocoponmm
(puc. 6, ¢) mOATBEPIKIAET 9Ty OCOOEHHOCTD ITPUMe-
HsIeMOU KOJIOHKU. [Ipu aTOM Takske CHUKAJICS U
BBICOKOMOJIEKYJIIPHBIH (cBBIIe 100 k/la) mpoBocna-

EAA test in the range of 0.6-0.9 units [52-54]. Further
studies will help to confirm this observation, as well
as to establish whether high APACHE II score and
APTT level can be limiting factors for effective treat-
ment with an Efferon LPS medical device, thus al-
lowing personalization of this treatment modality.

Early reduction of interleukin-1 level after the
procedure indicates possible cytokine adsorption
on this column. The feasibility of effective adsorp-
tion of other pathogenic molecules playing key role
in life-threatening conditions in bacterial and viral
(COVID-19) sepsis, such as pro-inflammatory cy-
tokines (IL-6, IL-8, IL-17, TNF), circulating extracel-
lular DNA fragments [61, 62], and low-molecular
microbial metabolites [63], should be demon-
strated by further studies.

Conclusion

The obtained data confirm the prospects of
conducting further clinical research of the Efferon
LPS extracorporeal adsorber, containing the multi-
modal sorbent based on the hypercrosslinked
styrene-divinylbenzene copolymer beads with im-
mobilized LPS-selective ligand for extracorporeal
detoxification of patients with septic shock.

LPS-selective hemoperfusion using the Efferon
LPS extracorporeal blood adsorber is a safe and
valid method of treating patients with septic shock
allowing rapid normalization of clinical and labora-
tory parameters including the ones essential for the
development of a life-threatening criticall illness.

Efferon LPS can be regarded as a medical de-
vice for life support in sepsis.

Our results suggest the need for extended clin-
ical trials of the device to evaluate its clinical efficacy
in ICU and determine the candidate markers for the
personalized use of the Efferon LPS adsorber to re-
duce the high mortality in patients with septic shock.
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Knunudeckue uccjaeqoBaHud U IIPpaKTUKaA

JINTETbHBIN Menuatop — C-peakTUBHBIA OeJIoK
(puc. 6, d), 10-BUIUMOMY, BCJIEJICTBHE YMEHBIIIEHHO-
'O COllepsKaHus B IUPKYJISALAYA OJHOTO U3 MOIIIHBIX
WHIYKTOPOB C-peakTuBHOro Oesika B KJIETKAX —
JITIC rpaMoTpuIiateTbHBIX OakTepuii [57, 58].
PeSYJIbTaTLI IIPOBEOEHHOTO IMMUJIOTHOT'O KJIN-
HUYECKOI'0 HCCJIeJOBAaHUSA CBUJIETEJIbCTBYIOT O
TOM, YTO KJIUHUYECKOE IpUMEeHeHNe reMocopo-
IMOHHOM KOJIOHKU I depoH JITIC numeeT BLICOKUHN
MOTEeHIINAJ JIJIsI UCII0JIb30OBAHUS B 1EJISIX SKU3HEe-
o0OecrieueHusI MAMEeHTOB C CENTUYECKUM ITTOKOM.
Bew /10 cux mop B MUpeE 4acToTa JeTaabHOTO UCXO-
Jla oT centrudeckoro moka B OPUT upe3BbpryaiitHo
BBICOKA — TI0 JJAHHBIM HEJIaBHETO aHAJ/IM3a eBPOo-
MECKNX U CeBepO-aMePUKAHCKUX JIe4eOHBIX
yupesxJeHnul, jetagbHocTh B OPUT cocraBmia
37.3% (95% CI 31,5-43,5%), B kauauke — 39.0%
(95% CI 34,4-43,9%), 1 B TIeJTOM — TIPUOJTU3UTEITb-
HO 38% [6]. Pan MUPOBBIX JaHHBIX CBUAETEIbCTBYET
0 erre 60J1ee BBICOKOW CMEPTHOCTH TAIIUEHTOB C
CenTUYeCKUM IIOKOM — 40-60% [9, 12-15]. AHa/in3
CcOOCTBEHHOM 0a3bl JAHHBIX KIMHUYECKUX UCCJIe-
JIOBaHUMU ceTicrca C pa3HOU JJoKa/n3anuei nHgekK-
LMY YKa3bIBAET Ha 3HAUMTEJIbHYIO YaCTOTY JIeTasIb-
HOTO ucxoaga B rpymme IIaITeHTOB C
YCTaHOBJIEHHBIM CEITUYECKUM HIOKOM (HpeI/IMy-
IIIECTBEHHO C a0JOMUHAJILHBIM CEIICUCOM) — 65%
(n=86, 13 KOTOPBIX 30 MAIMEHTOB YMEPJIH, 56 nary-
€HTOB BbIKWJIN, KIIMHUYECKUEe JaHHbIe, ITIOJTYICH-
Hele B I'Kb nm. B. M. byanosa) [17]. OTa rpymnmna
MaIMeHToB ToJyYasia CTaHJapTHOe JedeHre 6e3
npuMeHeHus JII1C-cesieKTUBHOI reMoniepys3uu.
B o6eux rpymiax 6oJsiee 4eM B ITOJIOBUHE CIy4YaeB
WCTOYHUK WHQEKINN HaXOMW/ICA B OpPIONIHON
II0JIOCTU. MBI cllelnaIbHO B351JIM B Ka4eCTBE IPyIl-
Bl CpaBHEHUs JTy CJAy4YaiHO HaOpaHHYIO B
2016-2018 rr. rpymnmny manreHTOB IPaKTHYEeCKU
[IEJIMKOM, MCKJIIOUYUB TOJIBKO OIHOTO TMalleHTa,
KOTOPOMY ITPOBOJIMJIA TEMOCOPOIIHIO C UCITOIb30-
BaHUEM APYTroi KOJIOHKUA. OCTa/IbHbIM HallueHTaM
reMocopOIus HadHayeHa He ObLIa, HO, KaKk U B
HallleM UCCJIeJOBaHWUM, OHU NOJy4aIu CTaHAapT-
HOe JiedeHUe Ccelcruca M CeNTHYEeCKOro II0Ka,
COIVIACHO MPUHSATHIM PEKOMEH/IAIUSIM.
CpaBHEHI/Ie TpynIi maqueHToB, IPOXOAUBIINX
JIeueHre B pa3HbIX Je4eOHbBIX YUpEeXIeHUuAX, He
MOSKeT ABJIATHCA UJIeaJbHBIM, U He MOSKET CJIy-
SKUTH JIOKA3aTeIbHON 0a30i oreHKH 3 derTus-
HOCTHU JedeHHUs1. OgHaKoO, C y4eTOM TOro, 4TO B
MaHHOUW paboTe ToOcjeqHee He OTHOCHJIOCh K
1eJiAM HaIllero MCCjae0BaHusl, Mbl TTOCUUTAIU
YMECTHBIM CPaBHUTH JIB€ I'PYIIILI TAIITUEHTOB 110
HICXOIly KPUTHYECKUX COCTOSTHUN — 715 000CHO-
BaHUS 11eJIeCO00PA3HOCTHU UJIN HelleJaecoo0pas-
HOCTH MPOJIOIKEHU S NCCIIeIOBAHUM.
OcHOBHBIE ITOKA3aTEH JBYX CPYIII AIlFIEHTOB
13 pasHBIX UCCTIEIOBAHUI MPEICTABUIIN B Ta0J. 2.
Kak BumHO 13 TaOJI. 2, IO OCHOBHBIM JIEMO-
rpauyecKuM U psay KIMHAYECKUX TapaMeTpoB

(1moJ1, BO3pACT, HaJIn4re abIOMIUHATLHOTO CETICH-
ca y OOJIBIIMHCTBA MAIUEHTOB C CENTHYECKUM
IIIOKOM, TPOAOJIKUTEJILHOCTD JiedeHusi B OPUT u
JUIATEJIBHOCTh TOCIHHUTAAW3aluy) TCPyHIbl He
ornuyanvck. OQHAKO, B TPYIITY CPaBHEHUs ObLIA
BKJIIOUEHBI 1 MeHee TssKeJble ITallieHThl, YeM B
OCHOBHOH IpyIiie, Cysl 110 3HaUUTEJbHO MEHb-
KM 3HaYeHusaM 0aJiioB 1o mkajgaM APACHE u
SOFA (tabJ. 2, p<0,001). Tem HE MeHee, KaK BUTHO
n3 TabJs1. 2, JIeTaJIbHOCTHh B T'PYIINE MaIMeHTOB,
TIOJTYIUBIIIUX TEMOCOPOIMIO (OCHOBHAS TPYIIIA),
Obls1a 3HAYUTETHHO HIKE 110 CPAaBHEHUIO C TPYI-
TO¥ CpaBHEHMsI, HECMOTPSI Ha 2—-3-KpaTHbIe 60Jiee
BBICOKME 3HAYEHUS OLIEHOK COCTOSTHUSA Y OPraH-
HOHI HemocTaroyHocTu mo mkajam APACHE u
SOFA B ocHOBHO# rpynme. OTHOIIIeHUEe IIaHCOB
IIpY IIPOTHO3€ BbXKUBAHUUS B OCHOBHOH I'pyIlie
(2 ymepiuy, 7 BBIXKUJINA) U TpyIlIe cpaBHeHUA (56
ymepJin, 30 BBIKIIIN), COCTaBUIIO 6,533 (95% nose-
puTeabHbIN nHTEepBaJ: 1,276-33,44, p=0,026). 3TO
MO>KeT CBHUIETETLCTBOBATEL O DOJiee YeM 6-Kpar-
HOM YBEJIMYCHHUY IIAHCOB BBI)KMBAHNUA ITAllCH-
TOB C CENITUYECKUM IIIOKOM IPU UCIIOJb30BaHUMN
reMoCcopOIMY 110 CPABHEHUIO C TPYIIION CpaBHe-
HUS, TIPeJICTaBJIeHHON MallueHTaMM C CenThye-
CKHM IIIOKOM, He I10JIy4aBIINMHU IIpOLenyp IreMo-
copbruu. HecMOTps Ha CTaTUCTUYECKY 3HAYNMOE
pasauuyne MesKkIy TIpyllaMy II0 IIOKa3aTeJio
BBIKUBAeMOCTH, pasMep OCHOBHOH T'PyIIIbI
HeOOJIBIION, M BO3MOYKHO CMeEIeHWe TPYyIIl
BCJIEJICTBUE UX KJIMHUYECKON TreTepOTeHHOCTH,
TI03TOMY JJ151 IOATBEPKIEHUS Pe3y/IBTaToB Tpeoy-
eTcsl MPOJIoJIPKEHNE UCCTIeIOBAHUM.

Ob6cysknasi ToJiydeHHbIe NaHHBIE, CIeTyeT
OTMETUTD, UTO ABOE MAlIMEHTOB, OTIMYAIOIINECS 10
JedYeHus1 OT OCTaJbHBIX IIAIlMEeHTOB HauboJiee
BBICOKMMU 3HAYE€HUSIMU aKTUBHOCTU 9HIOTOKCUHA
o Tecty EAA (cBelmie 0,9, puc. 2), onjeHKaMu I10
mkasie APACHEII (Bbire 30, puc. 4) ¥ 0 3HAYEHUIO
AUTB (cBwriie 40, puc. 6), morubJiv Ha 4-i1 1 8-11 THU
JedyeHus. VIHTepecHO, 4TO HECMOTPS Ha TaKoe
HeOO0JIBITI0E KOJTMYECTBO MTalleHTOB, PE3Y/IBTaThl B
otHoeHnn EAA ¥ JIeTaJIbHOCTH TOJTHOCTBIO COOT-
BETCTBYeT NAaHHBIM, [OJy4YEeHHBIM IIPU aHAJIHU3e
KJIMHUYECKUX Pe3yJIETaTOB HEeJaBHO 3aKOHYMBIIIE-
rocs muccjienoBanus apeKTUBHOCTH UCTIOJIb30Ba-
HUs reMocopOIun ¢ rmomornbio JITIC-crnenuguye-
Cckoro copbeHTa B paMKax IIPOTrPaMMBbI
EUPHRATES — yBesiueHre BBKUBAEMOCTH OBIIIO
3HAYMMBIM B IpYIIIIE NTAallUCHTOB C Ha4aJbHBIMU
3HAYEHUSIMU (0 COPOITMU) aKTUBHOCTU 3HIOTOK-
cuda B EAA Tecre B umHTepBasie 0,6-0,9 enu-
HUIL [52-54]. [lasibHelIIe uccieJOBaHUsI IOMOTYT
TIOATBEPINUTH 9TO HAOJIOEHE, a TaKKe YCTaHO-
BUTH, MOT'YT JIA A BBICOKHE 3HAYCHUA BEJIMYNH I10
mkane APACHE II u ypoBHio AUTB aBaaTbCA
JUMUTHPYyIOIIUMU  daKkTopaMu 3(pPeKTUBHOIO
npuMeHeHus KosloHKU I depon JITIC, onpenesisis
TeM CaMbIM IIePCOHATN3ANMNIO UX IPUMEHEHUS.
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CHU KeHUe coJiepsKaHus NHTepJeKuHa-13 B
paHHHE CPOKU MOocje COpOIHMHU YKa3bIBAIOT Ha
BO3MOJKHYIO COpOIIMIO NHWTOKWHA Ha JAaHHOHN
KoJioHKe. BoamoskHa Ji aphekTuBHAS COPOITUS
IPYyruxX OWOJIOTUYECKM AaKTHUBHBIX MOJIEKYII,
UMEOIINX [TaTOreHeTH4YeCKoe 3HaYeHne NJIs1 pas-
BUTHUSA KU3HEYTPOSKAIONINX COCTOSHUAN TpU Oak-
TepraJibHOM U BUpycHOM (COVID-19) cencuce —
NPOBOCHAJIUTEIBHBIX TUTOKUHOB (MJI-6, 1JI-8,
NnJI-17, ®HO), nupkyaupyonumx (parMeHToB
BHekJieTouHOH JIHK [61, 62], HU3KOMOJIEKYJISIp-
HBIX MUKPOOHBIX META00JHUTOB [63] — MOKaKYT
TaTbHEUIIe NCCJIeT0BaHUsI TeMOoCcopOeHTa.

3akJrouenue

ITosnyuyeHHBIE JaHHBbIE NIOATBEPYKIAIOT Iep-
CIIEKTUBHOCTH IIPOBeIeHUs Ja/IbHeUIITNX KIUHU-
YeCKUX MCCJeA0BaHUN KOJOHKH «3IddepoH
JITIC», comepskaliieii MyJIBTUMOA/IBHbBIN FeMOoCcop-
OEeHT Ha OCHOBE CBEPXCIITUTOIO CTUPOJI-TUBUHUJI -
0€eH30JIbHOTO CcOoIoJITMepa ¢ UMMOOHUIN30BaH-
HbIM  JIIIC-CceJIeKTUBHBIM ~ JIMTAHIOOM,  JJA
39KCTPAKOPIOPATBHON TEeTOKCUKAIMU Y Ial[eH-
TOB C CEITUYECKUM LIOKOM.

JHIOTOKCHH-CeJIEKTUBHAA reMonepgysus ¢
MoMoIIbI0 KOJIOHKH «Idddepon JITIC» aBasieTcs
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0e30macHBIM ¥ TAaTOT€HETHYECKN 000CHOBAaHHBIM
METOJLOM JIeYeHUs NAalUeHTOB C CEeNTUYEeCKUM
IIIOKOM, TIO3BOJISIONIAM OBICTPO HOPMAIN30BaTh
KJIMHUKO-1a00paToOpHble IIOKAa3aTeJi, B TOM
YHCJe IaTOTeHeTUYeCKU 3HaUYUMBble JJIs1 JaJIbHen-
IIEer0 Ppa3BUTHUA KU3HEYIPOKAIOIIET0 KPUTHYe-
CKOI'0 COCTOSIHUSL.

YCTpOUCTBO [JIs1  9KCTPAKOPIIOPAJIBHOTO
ounienusi Kposu «Ipdepon JIIIC» obaamaer
BBICOKMM IIOTEHIIMAJIOM B KadeCTBe CPeNCcTBa
SKM3He00ecIedeHus IIPY CETICHCE.

ITonyueHHbIe pe3yabTaThl 00OCHOBBIBAIOT
HEeoOXOAMMOCTD ITPOBEIEHN ST PACITUPEHHBIX K-
HUUYEeCKUX HUCCJIeJOBaHUU YCTPOMCTBA C IEJIbIO
OLleHKU 9(p(PEeKTUBHOCTHU €ro UCII0JIb30BaHUs B
kauHuYeckou npaktuke OPUT u onpenesienus
KaHJWAIaTHBIX MapKEePOB IepCOHATN3UPOBAHHOIO
mpuMeHeHus1 KOJIOHKU «dddepon JITIC» nyis cHu-
SKEHUsI BBICOKOMU JIeTaJbHOCTU NAIIEeHTOB C Cell-
TUYECKUM IIOKOM.

BaarogapHoCTb. ABTOPBI BBIPAKAIOT MPU-
3HaTeJbHOCTb BpadaM K. M. H. Tropuny H. H. u
YepniakoBy P. A. 3a ipeocraBjieHHbIE TaHHBIE 10
NanyeHTaM C CeNTUYEeCKUM IIOKOM U1 TPYIIIbI
CpaBHEHUS.
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Pe3rome

[Tporpeccupyloliye TeMIbl pacIpocTpaHeHus 3a00/IeBaHUH NUIIeMUYeCKOU TPUPOALI U OrpaHUYEeH-
HOCTB CPEJCTB [IJ15 JIEYCHU I CTUMYJIMPYeT POCT MHTepeca K N3Y4YeHHUIO MeXaHU3MOB BaCKYJIIPA3aLN U I10-
VICKY HOBBIX IIOAX0JJ0B, HAIIpABJIEHHBIX HA €€ CTUMYJIAINI0. OJHUM U3 TAKUX IIOJIXO/I0B SIBJISI€TCA F'eHHAas Te-
panus, HampaBJ/eHHas Ha aKTUBALMIO dMHMKapaa, yTo obecmeunBaeT oOpasdoBaHHE BaCKYJIOT€HHBIX
KJIETOK-ITPEJIIIECTBEHHHUII 1 CEKPETOPHYIO IOAIEPSKKY «COOPKH» COCYI0B de novo.

Ilenb — U3YyUYUTh BO3MOYKHOCTh aKTUBAILIMM KJIETOK dIIMKap/a U MNOCTUH(MAPKTHOHU BacKy/Ispu3auu
cep/lia MyTeM BBeJleHUe TeHETUYeCKON KOHCTPYKIIUY, Koaupyioiieit PDGFBB.

MarepuaJj u MeTogbl. B pabore mcro/ib30BaHa MOJIETb IKCIIEPUMEHTATbHOTO WH(papKTa MUOKapaa y
KPBICHI C IIOCJIeAYIONIUM UHTPaMUOKapANaJbHbIM BBeleHueM (hPU3U0JI0TUYeCKOr0 pacTBOPa, KOHTPOJIbHOM
J1a3MHUIbI U I1a3MuUAb], kopupyiomeit PDGFBB. Mccnenosanue BaussHust PDGF Ha akTUBHOCTD KJIETOK
3TMMKAap/Ia BHITIOJTHEHO Ha MOJIENIH eX Vivo, @ TAKKe KJIETOYHOU KYJIBTYpe Me30TeJHsI i Vitro.
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BKCHepI/IMeHTaJIbHBIe HCCJeJOBaAaHHUA

Pesysabrarsl. [locTiH(papKTHOE BBEeHNE ITa3MUAbl, Kogupyiolneii PDGFBB, ciocobcTByet yBesmae-
HUIO IIJIOTHOCTH COCYJMICTOH CeTH B TepUIHMaPKTHON 00J1aCTH, a TAaKKe MUTPAIIUX IIEPUITUTOB B 30HY I10-
BpexxneHns. PDGFBB ciocobcTByeT akTHBAIMY IyJIa KJIETOK 9IIMKAPA, TIOBBIIIEHUIO 9KCIIPECCUH B HUX
MapKepoB IVIaAKOMBIIIEYHbIX KJIETOK (II0Ka3aHO Ha MOZIeJIU ex Vivo) U IIOSIBJIEHUIO IPU3HAKOB aKTUBAIN
aMUTeNaJIbHO-Me3eHXUMAaJIbHOTO Ilepexofa (in vitro).

3akJaroueHue. BHyTpuMuoKapauaibHOe BBeJeHre FeHeTUYeCKOU KOHCTPYKIUHY, kopupylomeil PDGE
110CJIe 9KCIIePUMEHTATBbHOIO HH(pAPKTa CTUMYJIMPOBAJIO BACKY/ISIpU3alUI0 IepUMH(MAPKTHON 30HbI, YTO
MOTJIO OBITH OTYACTH 0OYCIOBIEHO aKTUBANHEH SNMKAPANAIBLHOIO IyJia KIIETOK.

Karouesvte cnosa: unpaprm muokapoa; kiemrku Inukapoa; armop pocma mpomoouumos; 8ackyisapu-
3ayusi; penapayust cepoya

BiarogapHocTs. PaboTa BeIO/THEHA TPH (prHAHCOBOH mopiepskke rpanta PODU Ne 18-015-00438 n

rpanTa PH® 17-15-01368 (Moe1b aKTUBALIMU AIIUKAPIA ex Vivo).

Summary

Increasing incidence of ischemic diseases and limited resources for their treatment stimulate increased
interest in studying the mechanisms of vascularization and finding new approaches for its promotion. One of
these approaches is gene therapy aimed at activating the epicardium to produce the vascular precursor cells
and microenvironment for the «assembly» of de novo vessels.

The aim is to investigate the possibility of activating epicardial cells and post infarction cardiac vascular-
ization by injecting a genetic construct encoding PDGFBB.

Material and methods. A model of experimental myocardial infarction in a rat with subsequent intramy-
ocardial injection of normal saline solution, control plasmid and plasmid encoding PDGFBB was used. The
study of PDGFBB effect on epicardial cell activity was performed on the ex vivo model, as well as in vitro

mesothelial cell culture.

Results. Post infarction injection of plasmid encoding PDGFBB increases the density of the vascular net-
work in the peri-infarct area as well as migration of pericytes to the injured zone. PDGFBB promotes activation
of epicardial cell pool and expression of smooth muscle cell markers in them (shown on the ex vivomodel), as
well as stimulates activation of epithelial-mesenchymal transition (in vitro).

Conclusion. Intramyocardial injection of a genetic construct encoding PDGFBB after an experimental my-
ocardial infarction stimulated vascularization of the peri-infarction zone, which may have been partially due

to the activation of the epicardial cell pool.

Keywords: myocardial infarction; epicardial cells; platelet growth factor; vascularization; heart repair
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BBenenue

Nmemudeckasi 60Jie3Hb Cepfilia U OCTPBIU
nH@APKT MHUOKapJa MO-TPesKHEMY SIBJISTIOTCS
BeaAyIIUMU IPUIMHAMU UHBAJIMAW3AllUU U JIETAJIb-
HOCTHU HaceJIeHUsI BO BCeM MUpe. Pe3yIbrarhl amu-
JIeMUOJIOTUYECKUX WCCJIeJOBAaHUHN IMOKAa3bIBAIOT,
YTO OCTPBIN MH(PAPKT MUOKAP/A SIBJISIETCS TPUYIH-
HOU 00J1ee TTOJIOBUHEI CJTyYaeB Pa3BUTHS Ceplied-
HOU HEJJOCTAaTOYHOCTU KaK CO CHUKEHHOMH, TaK U C
coxpaHHOU ¢pakrnmeir BbIOpoca. HecmoTrps Ha
3HAYUTEJbHBINA IMPOTPECC B JIEYEHUU OOJBHBIX
nH(apKTOM MUOKap/a, CBSI3aHHBII CO CBOEBpe-
MEHHBIM ITPOBEJIeHNEeM TPOMOOIUTUYECKOH Tepa-
MU 1 YPECKOKHBIX KOPOHAPHBIX BMEIIaTe/JIbCTB,
CBOEBpPEMEHHOE BOCCTAHOBJIEHHE KOPOHAPHOU
riepy3uH, XOTS ¥ CITIOCOOHO OTPAaHUYUTh 30HY HEK-
po3a 1 YMEHBIIIUTH I'OCIIUTAJIBHYIO JIETA/IbHOCTD,
He SBJISIETCSI HHCTPYMEHTOM JIJI5 TTIOJTHOTO BOCCTA-
HOBJIEHUST TIOBPEKIEHHOTO MHUOKap/a. IlocTuH-
(paprTHOE peMoeTMPOBaHUE JIEBOTO SKETYA0IKA

Introduction

Coronary heart disease and acute myocardial
infarction are still the leading causes of morbidity
and mortality around the world. The results of epi-
demiological studies show that acute myocardial
infarction causes more than half of the cases of
heart failure with both reduced and preserved ejec-
tion fraction. Despite significant progress in the
treatment of patients with myocardial infarction as-
sociated with timely thrombolysis and percuta-
neous coronary interventions, a prompt restoration
of coronary perfusion, although capable of limiting
zone of necrosis and reducing hospital mortality, is
not the way to fully restore the damaged my-
ocardium. Post infarction remodeling of the left
ventricle (LV), which simultaneously affects intact
and damaged areas of the myocardium, leads to a
significantly disturbed geometry and marked di-
latation of the myocardium underlying develop-
ment of chronic heart failure. According to the lat-
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Experimental Studies

(JI?K), omHOBpEeMEeHHO 3aTparuBaloiee HHTaKTHbIE
¥ IOBPEsKIeHHbIe 00J1aCTh MUOKapAa, IIPUBOIUT K
CyLIeCTBEHHOMY HapylICHUIO ero reOMEeTpuu u
BBIpA)KEHHOM JuJIaTalluy CEPIIA, YTO CTAHOBUTCS
MOP(HOJOTUYECKON OCHOBOM J1J151 PA3BUTH S XPOHU-
YeCKOW cepliedyHON HeqocTaTouHOCTH. COIIacHO
MOCJAEIHUM IIpeAcTaBJieHuAM [1], cTUMyIAnUA
9HJIOTCHHBIX MEXaHW3MOB  BACKY/IApU3alUU
SABJISIETCS MEPCHEeKTUBHON cTpaTervei JieueHusi
TaKWX MalneHToOB. B cBsA3M c 9aTuM, pa3paboTka
HOBBIX ITI0/IXOJIOB BO3/1eMICTBUsI HA aHT'MO-/BaCKYJI0-
reHe3 U U3y4yeHUe MeXaHW3MOB (POPMUPOBAHUS
HOBBIX KapAUOMHOIIUTOB OCTAETCS MEePCIEKTUB-
HOM 3a7jaueil COBpeMeHHOUN KapAn0JIOTUMH.

B ocHOBe nocTuH(pApPKTHON BaCKyJIsIpU3a-
WY JIESKUT 00pa30BaHMeE COCYAMCTHIX CTPYKTYP,
TMOKPBITHIX 9H0TEeINATbHBIMU KJIE€TKAMU, B IATO-
JIOTUYECKYU N3MEHEHHOM MUKPOOKPYsKEHUHU 30HBI
TIOBPEKICHUA [2]. ITU CTPYKTYPHI BOSHUKAIOT KaK
B pesy/bTaTe BacKyJioreHesa, korga de novo ¢op-
MUPYIOTCSI KPOBEHOCHBIE COCYIbl U3 OTIEeJIbHBIX
KJIETOK-IPEAIIeCTBEHHNKOB, TAK U aHTUOTeHe3a,
KOorja IIpopacTaHue HOBBIX COCYIOB IIPOUCXONUT
U3 yKe CYLIeCTBYIOIIMX COCynoB. I[lepBuyHO
copMupoBaHHBIE JHIOTEIUATbHBIE TPYOKH
HY’KJaI0TCSI B CBOEBPEMEHHOU CTabMIN3aIiy 3a
cueT TPUBJIEYEHUS W paclpeneseHus IO HUX
MOBEPXHOCTU TMEPUIMTOB W TJIAJKOMBIIIEYHBIX
KJIETOK [3]. TOT aTaI mpecTaBjsieT COO0M KpHU-
THYECKOe COOBITHE, KOHTPOJIMPYIOIee TaabHel-
11Iee peMojieITMpOBaHNe, CO3peBaHNe U CTaOUIH-
3amuoo OyAyIyXx MOJHOIEHHBIX cocynoB. OH
KOHTPOJIMPYETCA PAas3J/IMYHBIMUA CUTHAJbHBIMU
MeXaHU3MaMH, 3allyCKaeMbIMU TUIIOKCHEH, a
TaKKe — JIeMCTBUEM Pa3/IMYHbIX (paKTOPOB pocTa
U ITUTOKUHOB, KOTOPbIE PETyJIUPYIOT KJIETOUHBIN
MeTaboJIM3M, MUTPAITUIO KJIETOK-TIPeIITeCTBEH-
HUII ¥ [TIO3TAITHOE II0CTPOEHYE HOBBIX COCYIOB.

OoHUM K3 TaKUX PEryasTOPOB ABJSETCA
daxTop pocra TpomborToB BB (platelet-derived
growth factor BB, PDGFBB), npencrap/somui
coboii 6esIok ¢ MOJEeRyIsIpHON Maccoit 30 k/la,
KOTOPBIH BIlepBble ObLI BbIIEJIEH U3 TPOMOOIIU-
TOB uejioBeKa [4]. [TocpencTBOM B3aUMOIENCTBUSA
C TUPO3WHKHUHAa3HbIMHU penenrtopamMu PDGFR-a u
PDGEFR-f atoT (pakTOp peryiaupyer IpoaHruOreH-
Hble (PYHKIIUU KJIETOK 3a cueT VEGF-3aBHCUMBIX
1 He3aBUCHUMbBIX MeXaHU3MOB [5-7]. MHorouuc-
JIEHHbIe HCCJIeJOBaHUA yKa3bIBalOT Ha apdek-
TUBHOCTB €0 MCIIOJIb30BaHUs VI CTUMYJIALNN
poCTa COCYOB U Pery/sliuy pernaparuBHbIX IIPO-
neccos [8, 9]. [Ipu aTOM MeXaHU3MBI JTaHHOTI'O IIPO-
mecca OCTalTCsA IPeIMeTOM U3y4YEeHHUs.

B paMKkax maHHOU paObOThI MbI BIIEPBEIE TIPEJI-
TIOJIOKUJIH, YTO OHOM M3 BOSMOYKHBIX TOUEK MPHU-
JIOYKEHHUSI €T0 EeWCTBUS MOTYT OBITh KJIETKU 9IIH-
kapma [10]. B mepuonm amb6puorenesa PDGFBB
OKa3bIBaeT aKTUBUPYIOIIIEe eliCTBHe Ha SIIMKapIU-
QJIBHBIN ITyJI KJIETOK U 3aIlyCKaeT MHOIOCTyIleH4a-

est concepts [1], stimulation of endogenous vascu-
larization mechanisms is a promising strategy to
treat such patients. In this regard, the development
of new approaches to angioneogenesis and the
study of mechanisms of new cardiomyocyte forma-
tion remains a perspective challenge of modern
cardiology.

The basis of post infarction vascularization is
the formation of vascular structures covered with
endothelial cells in an altered microenvironment of
the injured zone [2]. These structures emerge both
as aresult of vasculogenesis, when the new vessels
form de novo from individual precursor cells, and
angiogenesis, when new vessels sprout from exist-
ing ones. Primarily developed endothelial tubes
need timely stabilization by attracting the pericytes
and smooth muscle cells and positioning them on
the surface [3]. This stage is a critical event control-
ling further remodeling, maturation and stabiliza-
tion of future fully functional vessels. It is controlled
by various signaling mechanisms triggered by hy-
poxia, as well as by various growth factors and cy-
tokines regulating cell metabolism, migration of
precursor cells, and gradual development of new
vessels.

One such regulator is the platelet-derived
growth factor BB (PDGFBB), which is a protein with
amolecular weight of 30 kDa that was first isolated
from human platelets [4]. By interaction with tyro-
sine kinase receptors PDGFR-¢ and PDGFR-$ this
factor regulates proangiogenic cell functions
through VEGF-dependent and independent mech-
anisms [5-7]. Numerous studies indicate its effec-
tiveness in stimulating vascular growth and regu-
lating repair processes [8, 9]. At the same time, the
mechanisms of this process remain to be explored.

In this work, we first suggest that one of the pos-
sible application points for its action could be epicar-
dial cells [10]. During embryogenesis, PDGFBB has an
activating effect on the epicardial cell pool and trig-
gers a multistage process of transformation, entry into
epithelial-mesenchymal transition associated with
enhanced proliferative, migratory, secretory activity
and specification/differentiation into endothelial,
smooth muscle cells and pericytes [11]. Despite the
important role of PDGFBB in coronary histogene-
sis [12], its importance in the postnatal heart, repara-
tive vascularization and regulation of epicardial cell
functions remains poorly studied. In our study we
suggested that intramyocardial introduction of
PDGFBB-coding genetic construct after myocardial
infarction may facilitate epicardial cells activation and
vascular network restoration.

Materials and Methods

Experiments on modeling myocardial infarction
were carried out on Wistar line male rats kept in the nurs-
ery of laboratory animals of the Federal State Budgetary
Institution National Medical Research Center of Cardiol-
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JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUS

TBIU IIpoLiecC TpaHC(HOPMAIMH, BCTYILJIEHUS B 3I1U-
TeJIMa/IbHO-Me3eHXUMaJ IbHbIN ITepexol, CBSI3aHHbII
C ycuJeHueM NpoJsinepaTuBHON, MUTPALIMOHHOMH,
CEKpPEeTOPHOU aKTUBHOCTHU U crieludurarmeit/ mud-
(pepeHIIPOBKOI B HANIPaBJ/IEHNU SHA0TEeINATbHBIX,
IVIAJKOMBIIIICYHBIX KJIETOK U IepururoB [l11].
Hecmorps va BasxkHyt0 poais PDGEFBB B rucrorenese
KOPOHApHBIX COCYIO0B [12], ero 3HayeHune B IIOCTHA-
TQJIBHOM Cep/ille, peapaTUBHOUN BACKYJIAPU3ALUN
U perymsAnmy (PyHKIUHN KJIeTOK 3IIUKapAa OCTaeTcs1
HEeJ0CTaTOYHO N3y4YeHHBIM. B paMKax qaHHoM pado-
TbI MBI [IPEIIIOJIOKNAIN, YTO BHYTPUMUOKApIAAIb-
HOe BBeJleHle FreHeTHYeCKON KOHCTPYKINH, KOJIU-
pytomeii PDGFBB, mocsie uHdapkra MUoOKapnaa
MOSKET CII0COOCTBOBAThH AKTHUBAIIMH MTUKAPANATH-
HBIX KJIETOK ¥ BOCCTaHOBJIEHUIO COCYUICTOH CETH.

MarepuaJ 1 MeTObI

IKCIIEPUMEHTHI IO MO/IEJIMPOBAHUI0 UH(ApPKTa
MHOKapja IIPOBOAWJIA Ha KPbICAX-caMIax JuHAn Wis-
tar, coyiep>KaBIITUXCsI B MUTOMHUKE JTADOPATOPHBIX JKHU-
BOTHBIX ®PI'BY HayuHblii MEeIUIIMHCKUN HCCIIEN0Ba-
TeJbCKUH 1eHTp Kapauosoruu (HMUIL) Munsnpasa
Poccuu. 511 co3nanus MofieId akTUBAllUU SIIUKapa
ex vivo M BbIJleJIeHUsI KJIETOK HMCI0JIb30BAHbI MbIIIN
suaun C57B1/6. Bce He06XOMUMbIe MAHUITYJISIIAY BbI-
ToJTHAIU B cooTBeTcTBUU ¢ [lupektusoit EC 2010/63/EC
10 9KCIIEpUMEHTAaM Ha SKUBOTHBIX; OHU OBLITH 0JJ00OpPEHbI
atndeckuM komuTeroM PI'EY HMUII kapauosorun
(paspemenue Ne 385 ot 06. 2009).

Kaonuposanune Bexkropa pVAX1-PDGF-Bopt. Hyk-
JIeOTUIHAsA ITocjenoBaTe sbHOCTh reHa PDGF-B yesioBeka
OblIa ONITUMU3UPOBAHA C COXPaHEHEM HATUBHOUN aMU-
HOKFICJIOTHOH TOCJIeT0BaTeIbHOCTH Oesika. OnTuMm3a-
¥ MPOBOJMJIACH TI0 AJITOPUTMY KoMmmanuu Genescript.
OnrnmusupoBaHHbI PDGE-B 66171 CHHTE3WPOBaH C J10-
OaBJsieHHEM MOTU(UITMTPOBAHHOMN TTOC/IETOBATETLHOCTH
Kosak (GGCATTCCGGTACTGTTGGTAAAGCCACC) nemno-
cpeAcTBeHHO niepej cTapToBbIM ATG KOTOHOM U (hJTaHKH -
pOBaH I0CJ/IeJOBATEIbHOCTSIMU CAUTOB y3HABAHUS pe-
crpuktad EcoR1(5’-konen) m EcoRV(3’-konemn). [laiee
ONTUMU3UPOBAHHBIN TeH ObLT KJIOHHUPOBAH B BEKTOD
pUC57 (Genescript) 1o caiiTam y3HaBaHUsI PECTPUKTA3
EcoR1 u EcoRV. 13 nosay4yenHoii mmasmuael pUCS57-
PDGF-Bopt rer PDGF-B (767 11.0.) 66171 BEIpE3aH PECTPUK-
tasdamu EcoR1 n EcoRV u ksonuposan B BekTop pVAX1
(3000 1.0.) 11O caliTaM y3HaBaHUs ITUX 5K€ PECTPUKTA3.
BcTpauBaHme mocsenoBaTeIbHOCTH ONTUMU3UPOBAH-
Horo PDGF-B 1 ee nieHTUYHOCTS NOATBEPsKAAIN aHAJIH -
30M PECTPUKIINU U CeKBeHUpoBaHueM. [TonpobHoe onu-
caHue IVIa3MUIHOIO BEKTOPA U JAHHbIE 110 OLIeHKe ero
9 HEeKTUBHOCTH ONyOJIMKOBaHBI paHee [13].

MopespoaHue nHgapKTa MHOKap/a U BBefe-
HUE TeHeTHYeCKUX KOHCTPYKIUI B MHOKapH,. JKCITe-
pUMEeHTaIbHBIA NH(PAPKT MHUOKApP/1a BOCIIPOU3BOIUIIN
110 OIIMCAHHOU paHee MeToAuKe [14]. JKUBOTHBIX pase-
JIWJIW Ha 3 IPYIIIBL: 1-51 KOHTPOJIbHASA IPYIIIIA, B KOTOPOX
KpbICAaM MHTPAMHOKAPINAJIBHO BBOJWUIN (PU3UOJIOTH-
4eCKUH pacTBOP XJIOpUAA HATPUs; 2-1 KOHTPOJIbHASA
TpyMIa, B KOTOPOU KUBOTHBIM UHTPAMUOKAPIAAIBHO
BBOJIMJIU «IIyCTYIO» In1a3dmMuy pVAX1 («<Addgene», CIIIA)
(6e3 rena pakTopa pocrta B o3e 200 MKT); 3-51 ONIbITHAS

I'pyIliia, B KOTOpOfI SKUBOTHBIM BBOOWJIN TeHHBINA npe-

ogy (NMRCC) of the Russian Ministry of Health. Mice of
line C57Bl/6 were used to create an epicardial activation
model ex vivo and perform cell isolation. All the neces-
sary manipulations were performed in accordance with
the EU Directive 2010/63/EC on animal experimenta-
tion; they were approved by the Ethics Committee of the
NMRCC (Resolution No. 385 of 06. 2009).

Cloning of the vector pVAX1-PDGF-Bopt. The nu-
cleotide sequence of the human PDGF-B gene was opti-
mized while maintaining the native amino acid sequence
of the protein. Optimization was carried out according to
the algorithm of the Genescript company. Optimized
PDGF-B gene was synthesized with the addition of a
modified Kozak sequence (GGCATTCCGGTACTGTTG-
GTAAAGCCACQ) just before the ATG start codon and
flanked by the sequences of EcoR1 (5'end) and EcoRV
(3'end) restriction enzyme recognition sites. Next, the op-
timized gene was cloned into the pUC57 vector (Gene-
script) using the EcoR1 and EcoRV restriction enzyme
recognition sites. From the resulting plasmid pUC57-
PDGF-Bopt, Then, the PDGF-B gene (767 bp) was excised
from the resulting plasmid pUC57-PDGF-Bopt at the
EcoR1 and EcoRV sites and re-cloned into the pVAX1 vec-
tor (3000 bp) at the recognition sites of the same restric-
tion enzymes. Sequence insertion of the optimized
PDGFB and its identity was confirmed by resriction
analysis and sequencing. A detailed description of the
plasmid vector and data on the assessment of its effec-
tiveness have been published earlier [13].

Modeling of myocardial infarction and introduc-
tion of genetic constructs into myocardium. The exper-
imental myocardial infarction was reproduced using the
predefined technique [14]. Animals were divided into 3
groups: 1st control group, in which rats were injected in-
tramyocardially with saline; 2nd control group, in which
animals were injected with an «empty» plasmid pVAX1
(«Addgene», USA (without growth factor gene), 200 pg;
3rd study group, where animals were administered with
a gene preparation pVAX1-PDGF-Bopt based on a plas-
mid carrying PDGF-BB gene, at a similar dose of 200 pg.

Evaluation of cardiac vascularization after a my-
ocardial infarction. Frozen myocardial cryosections
were fixed with 3.7% paraformaldehyde (20 minutes at
37°C) and washed with a phosphate-buffered solution
(PBS). Myocardial cryosections were blocked with a so-
lution containing 1% BSA (bovine serum albumin), 10%
serum of donor second antibodies in PBS (30 min). The
cryosections were then stained with antibodies to Pecam
endothelial cell marker (CD31, «Becton Dickinson», USA)
and pericytes/smooth muscle cells NG2 («Becton Dick-
inson», USA) for 1 hour, then washed and stained with
antibodies conjugated with Alexa Fluor™ 488 and Alexa
Fluor™ 594 («Invitrogen», USA, 1:800, 1 h at 37°C). Quan-
titative analysis of vascular structures and pericytes was
performed using the Image J software («NIH», USA).

Creation of an epicardium activation model ex
vivo. The ex vivo model was used to confirm the possibil-
ity of PDGFBB-mediated activation of the epicardial cell
pool. The mice were anesthetized with avertin solution,
intubated and put on mechanical lung ventilation (Har-
vard Apparatus, UK). The mice were fixed in the supine
position and their chest tissues were separated layer by
layer to provide access to the heart at the 5"-6™ inter-
costal space. A 10 pul PKH26 fluorescent membrane dye
(«Sigma Aldrich», USA) was injected into the pericardial
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napar pVAX1-PDGF-Bopt Ha ocHOBe IJ1a3MHUbI, HECY-
mieit reH PDGF-BB (B mo3e 200 MKT).

OneHKa BaCKyJIsIpU3alluM cepiua IIocje HH-
(papkra. 3aMOpOKEHHBIE KPUOCPE3bl MUOKap/1a (DUKCH-
poBai 3,7% mapadopmasnbaeruaom (20 munyT npu 37° C)
U mpoMbIBa (ocdarHo-cosieBbIiM Oydepom. Cpesbl
MHOKap/a 6JIOKMPOBAIA PACTBOPOM, CoiepsKaBInM 1%
pactBop abbymuHa ObIKa, 10% CHIBOPOTKH JJOHOPA BTO-
phIX aHTHTEJ B (pocdarHo-cosieBoM Oydepe (30 MuH).
ITocsie aToro Kpuocpesbl OKPAIlIMBAIN AHTUTEJIAMU K
MapKepy KJIeTok aHaoTesus: Pecam (CD31, «Becton Dick-
inson», CIIIA) 1 mepuIUTOB/NIaAKOMBIIIIEYHBIX KJIETOK
NG2 («Becton Dickinson», CIIIA) B Teuenue 1 yaca, 3aTem
TIPOMBIBA/IN Y1 OKpAaIIBaJIN aHTUTE/IaMU, KOHBIOTUPO-
BaHHbIMH € Alexa Fluor™ 488 u Alexa Fluor™ 594 («Invit-
rogen», CIIIA, 1: 800, 1 4 ipu 37°C). KosinuecTBeHHbI! aHa-
JIN3 COCYIUCTBIX CTPYKTYP W IEPUIIMTOB IIPOBOAUJIN C
nomoipio nporpammel Image J («NIH», CIIA).

Co3maHue MOJie/IU aKTHBALMU dIIUKapAa ex vivo.
s nonrBepskaennsa Bo3aMoskHocT PDGF-onocpeno-
BAaHHOM aKTUBAIlUU 3NMKApAUAJBHOIO IIya KJIETOK
OBLIa MCIIOJIB30BAHA MOJIEJIb ex vivo. MbIIiei HApKOTH-
3UPOBAJIM PACTBOPOM aBePTUHA, UHTYOMPOBAJIU TPAXEIO
¥ TIOJKJTI0YAJIU K aIllapaTy MCKYCCTBEHHON BEHTUJIALINHI
Jserkux («Harvard Apparatus», Besimkobpuranust). MbITITb
(¢ukcupoBau Ha cliMHe, JeJlalu IIOCJI0MHOoe pasjeJie-
HYe TKaHel I'PYIHON KJIeTKY AJIs1 06ecriedeHnsI JOCTyIa
K cep/iy B 5-6-oM Meskpebepbe. B mos10cTh meprkapia
BBOIMIH 10 MKJI (pIyOpeCIieHTHOTO MEMOPAHHOTO Kpa-
curesist PKH26 («Sigma Aldrich», CITIA), BIaepskuBaiu 5
MUHYT, TI0CJIEe Yero MepuKapl BCKPbIBAIN U YAAJAIN
BBEJIEHHYIO SKUIKOCTh. Cep/iie IpoMbIBaId B pacTBOpe
Kpeb6ca-Xenceseiita («Sigma», CIIIA) u moMmemniaau B
KYJIBTYPaJIBHYIO YaIIIKYy, COIepsKaBIIyIo 6a30BYIO Cpey
(IMDM,; «Gibco», CIIIA) nym 6a30ByI0 cpefy ¢ go0aBJie-
aueM PDGFBB («R&D», CIIA; 50 Hr/mi). Uepes Tpoe
CYTOK Cepjilia U3BJIeKaJ/Il, 3aMOPasKUBaJIN U FOTOBUIN
KpUOCpPe3bl AJIA IOCIeAYI0IIero IuCTOI0TMIeCKOro Te-
CTUpPOBaHUA. JIJIsl NOATBEPsKAEHUs ClenuduIeckoro
BBeJleHns MeTkr PKH26 B KiIeTKM snnKap/ia NCI0JIb30-
BaJIM OKpAIIMBaHNE KPUOCPE30B IEPBUYHBIMU AHTHUTE-
Jamu K Mmapkepy Wtl («Abcam», CIIIA) u BTOpU4YHBIMU
AHTHUTEJIaMU, KOHBIOTUPOBaHHBIMU ¢ AlexaFluor488 («In-
vitrogen», CIIIA). Jlyia meTeKnmyu INIaJKOMBIIIEYHOTO
anb(pa-akTuHa B PKH26-1103UTUBHBIX KJeTKaX IIPOBO-
OAJIN OKpallInBaHVe aHTUTeJIaMU, KOHBIOTUPOBAHHBIM C
kpacurenem FITC («Sigma», CIIA). Busyanusanuio
PKH26-103UTHBHBIX KJIE€TOK 9IIMKAapAa, OLEHKY UX MUT-
panuu 1 MOp(OMETPHUIO TPOBOIUIIHN C TTOMOIIIBIO IPO-
rpammbl Image J («NIH», CIIIA).

BeigesieHne U KyJbTHBHPOBAHHE KJIETOK JIIH-
Kap/ia MBIIIIH AJ1 ucciaegoBanusa a¢gpexros PDGFBB.
J1A moJlydyeHHusi IIOCTHATAJIbHBIX KJIETOK JIMKapha
cep/Iia HOBOPOSKI€HHBIX MbIIIAT U3BJIEKAIN U3 TPY-
HOM ITOJIOCTH, IPOMBIBAJIHA B pacTBope Kpebca-Punrepa
C TENapUHOM, IIEPEHOCHJIN B 5 MJI pacTBOpa TPUIICUHA
(B pacuere Ha 6 cepelr) 1 MHKyOMpoBaau 3 pa3a 1o 5
munyT nipu 37°C B Tepmotelikepe Hybaid («Thermo Sci-
entific», CIIIA). ITocsie 3TOro U3BJIEKAIH CEP/IIA, K IMO-
JIy9eHHOH CyCIIeH3UH KJIETOK J0OaBJISIN 5 MJI CpeJbI
JJIs1 MHaKTUBaUuU (pepMeHTa U LeHTpUudyruposaiu
npu 300 g B Teyenne 10 MuHYT. OCcamoK pecycrieHIupo-
BaJ/IU B cpefie Ui KaeTok anukapaa (IMDM («Thermo
Fisher», CIITIA) ¢ mob6aBsenueM 1% ChIBOPOTKHU TLIOAA
KOpOBBI 1 uHTHOUTOpa SB431542 10 mkM («TRC», CIIIA)

cavity and left there for 5 minutes, after which the peri-
cardium was opened and the injected fluid was removed.
The heart was washed in Krebs-Henseleit solution
(«Sigma», USA) and placed in a culture dish containing
basal medium (IMDM; «Gibco», USA) or basal medium
with addition of PDGFbb («R&D», USA; 50 ng/ml). After
three days, the heart was removed, frozen and prepared
for histological testing. To confirm the specific introduc-
tion of PKH26 label into epicardial cells, the cryosections
were stained with primary antibodies to Wtl marker
(«Abcam», USA) and secondary antibodies conjugated
with AlexaFluor488 («Invitrogen», USA). For the detection
of smooth-muscular alpha-actin, the PKH26-positive
cells were stained with antibodies conjugated with FITC
dye («Sigma», USA). Visualization of PKH26-positive epi-
cardial cells, evaluation of their migration and mor-
phometry were performed using the Image J software
(«NIH», USA).

Isolation and culturing of murine epicardial cells
for studying the effects of PDGFBB. To obtain postnatal
epicardial cells, the hearts of newborn mice were ex-
tracted from the thoracic cavity, washed in Krebs-Ringer
solution with heparin, transferred in 5 ml of trypsin so-
lution (for 6 hearts) and incubated 3 times for 5 minutes
at 370C in Hybaid thermoshaker («Thermo Scientific»,
USA). After that, the hearts were extracted, 5 ml of en-
zyme inactivation medium was added to the obtained
cell suspension which was centrifuged at 300 g for 10
minutes. The sediment was resuspended in an epicardial
cell environment (IMDM («Thermo Fisher», USA) + 1%
fetal calf serum («<ATCC», USA) + SB431542 inhibitor 10
mkM («TRC», USA) and transferred to gelatin-coated
dishes. The medium was replaced every 2 days. Epicar-
dial cell clones obtained with cloning cylinders («Sigma»,
USA) with confirmed immunophenotype and morphol-
ogy were used for the experiments. Recombinant
PDGFBB («R&D», USA; 50 ng/ml, incubation for 5 days
with daily medium replacement) was used to stimulate
epicardial cells.

Characterization of epicardial cell immunophe-
notype in vivo. The immunophenotype of explant cul-
ture cells was analyzed using immunocytochemistry. The
cells were stained with antibodies to markers Wtl
(«Abcam», USA), Kalponin («Abcam», USA) for 1 hour,
then washed and stained with antibodies conjugated
with AlexaFluor488 («Invitrogen», USA). For the detection
of smooth-muscular alpha-actin, additional staining
with antibodies conjugated with FITC dye («Sigma», USA)
was performed. For the imaging of actin cytoskeleton, the
staining with falloidin conjugated with the Alexa Fluor™
594 dye («Thermo Fisher Scientific Inc», USA) was per-
formed. Cell nuclei were stained with DAPI (4’,6-Diami-
dine-2’-phenylindole dihydrochloride) (Sigma, USA).

Microscopy and image analysis. Cell and myocar-
dial cryosections were analyzed using a Zeiss Axiovert
200M fluorescent microscope (Carl Zeiss, Germany) and
Axiovision 3.1 software (Carl Zeiss, Germany).

Results and Discussion

Examination of rat myocardial samples on the
14™ day after modeling the coronary occlusion
showed that in the area adjacent to that of necrosis,
asignificant number of newly generated capillaries
with random location were visualized. Morphome-
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¥ IIEPEHOCUJIA B YAIIKH, IOKPBITHIE YKEJTATUHOM. 3a-
MeHY CpeJlbl IPOBOIUIIM Yepes Kaskable 2 nHA. J171a npo-
BeJJeHUsI 9KCIIEPUMEHTOB UCII0JIb30BAJIN KJIOHBI KJle-
TOK 3MHUKApPHA, MOJy4YeHHbIE C TTOMOIUIHIO ITUTUHIPOB
11 KIoOHUpoBaHUA («Sigmav, CIIA), nmeBIIne mop-
TBEPsKAEHHbIH UMMYHOMEeHOTUII 1 MopdoJoruto. s
CTUMYJISIIUY KJIETOK dIIMKapAa UCII0Ib30BajId PEKOM-
6unanTHbl PDGFBB («R&D», CIIIA; 50 Hr /M1, HHKYOa-
s 5 CyTOK C e5KeTHEBHOI 3aMEHOU CPeJIbI).
XapakTepucTHKa HMMYHO()E€HOTHUIIA dITUKap/IH-
AJBHBIX KJIETOK in vivo. AHamM3 UMMYHOQ eHOoTHIIa KJle-
TOK 9KCIIAHTHOU KYJIBTYPhI IIPOBOUJIU C IOMOIIIBIO UM-
MYHOLIMTOXUMUM. KJIeTKM OKpalmBaIu aHTUTEIAMU K
mapkepaMm Wtl («Abcamy, CIIIA), kannonuH («Abcamy,
CIIIA), B TeueHnue 1 4aca, 3aTeM IPOMBIBAJIA ¥ OKPAIIIX-
BaJIM aHTUTeJIaMU, KOHbIOTUpOBaHHbBIMU C AlexaFluor488
(«Invitrogen», CIIIA). [ly1 TeTeKIu [1aJKOMBIIIIEYHOTO
asb(a-akTUHA IPOBOLUIIM OIIOJHUTEIbHOE OKPAIIIK-
BaHHeE aHTUTEJIAMH, KOH'BIOTHPOBAHHBIM C KPaCHUTEJIEM
FITC («Sigma», CIIIA). Jl;11 BU3ya/m3anuy akTUHOBOTO
LIUTOCKeJIeTa IPOBOIUIIN OKpallluBaHue (halyIOUJUHOM,
KOH'BIOTMPOBAHHBIM C KpacureseM Alexa Fluor™ 594
(«Thermo Fisher Scientific Inc», CIIIA). Aapa KiaeTok
okpamuBasu ¢ momorieio DAPI (4,6-Diamidine-2’-
phenylindole dihydrochloride) («Sigma», CIIIA).
MHUKPOCKONIHA M AaHAJIN3 N300paskeHNH. AHATN3
KJIETOK ¥ KpHOCPEe30B MUOKapAa IIPOBOIUIIM C UCIIOJIb-
30BaHueM (hJIyOpPECHEHTHOT0 MUKPOCKOIa Zeiss Ax-
iovert 200M («Carl Zeiss», [epmanus) u mporpaMMHOT0O
obecneuenus Axiovision 3.1 («Carl Zeiss», [epmanmus).

Pe3ynbTaThl M 00CY:K/IEHHE

HccnemoBaHue 06pasiioB MUOKap 1a KPLICHI HA
14-i1 neHb Mocje MOAEJUPOBAHUS KOPOHAPHOM
OKKJIFO3UU TOKA3aJ10, YTO B 30HE, IOTPAHUYHOH C
00J1acThI0 HEKPO3a, BU3YaIM3UPOBAIOCH 3HAYH-
TeJIbHOE KOJIMYECTBO CDOPMHUPOBAHHBIX KATTUJLJISI-
POB, UMEBIIINX XaOTUYHOE pacnoJioskeHue. [Tpose-
JIeHHble MoOpdOoMeTpUYecKre TOJICUEeThl  He
BBISIBUJIU JJOCTOBEPHBIX PA3JIMYUI B YKCJIE KAITUJI-
JISIPOB (CTPYKTYp 6€3 mpoCcBeTa, OKPAITUBABIITNXCS
Ha CD31) B KOHTPOJIBHBIX I'PyIIIIax ¥ B IPyIIIIe C BBE-
JleHreM I'eHHOro Iipenapara (puc. 1). Ilpu atom
KOJIMYECTBO COCYLI0B C BUAMMBIM IIPOCBETOM, UMEB-
mux caoi NG2-I03UTUBHBIX KJIETOK, OBLIO B 2,7 U
1,9 pa3 60Jb11I€ TTOC/IE TEHHOU Tepartiy, YeM B KOHT-
POJIBHBIX IpyIIax (BBeJeHue (PU3n0JOTUIECKOTO
pacTBOpa U «IIyCTOr0o» BEKTOPa, COOTBETCTBEHHO),
YTO CBUIETEJIbCTBOBAJIO O CTUMYJIALIMY apTepuore-
He3a, HO He aHThoTeHe3a Ipu skcripeccur PDGFBB.

ComtacHo pgaHHbIM Juteparypsl, PDGFBB
MO’KeT peryaupoBaTh MUTPALMIO IJIaJKOMBIIIIeY-
HBIX KJIETOK/TIEPUITUTOB U UX YYacTHe B CTaOUIH-
3aruy HOBOOOPA30BaHHBIX COCYIOB [15]. AHA/M3
kondecTBa NG2-TTO3UTHUBHBIX KJIETOK (TTepUIH-
TOB) B MUOKap/ie, He BXOJUBIIIMX B COCTaB COCYJ OB
(puc. 1), mokasaJi, 4To B 1-ii KOHTPOJBHOU rpyIire
(pusmosormyeckuii pactBop) cpennee uncsio NG2-
IMIO3UTHUBHBIX KJETOK COCTAaBUJIO 11,2+3,5 KJIETOK B
T10Jie 3peHus, BO 2-1i KOHTPOJIbHOU rpyIiIe (IyCTon
BEKTOp) — 9,7+2,0, a B IpyIIIe C BBeJEHUEM I11a3-

MUTHOTO TIpernapara — 19,5+6,3 KJIETOK, 4YTO ObLIO

tric calculations did not reveal any significant dif-
ferences in the number of capillaries (structures
without lumen stained on CD31) in control groups
and in the study group who had gene injection (fig. 1).
At the same time, the number of vessels with visible
lumen, which had a layer of NG2-positive cells, was
2.7 and 1.9 times greater after the gene therapy than
in the control groups (injection of normal saline so-
lution and «empty» vector, respectively), which in-
dicated the stimulation of arteriogenesis but not
angiogenesis in PDGFBB expression.

According to the literature, PDGFBB can reg-
ulate the migration of smooth muscle cells/peri-
cytes and their participation in the stabilization of
new blood vessels [15]. Analysis of the number of
extravascular NG2-positive cells (pericytes) in my-
ocardium (fig. 2). 1), showed that in the 1st control
group (normal saline) the average number of NG2-
positive cells was 11.2+3.5 per vision field, in the 2nd
control group («empty» vector) it was 9.7+2.0, while
in the study group with plasmid injection it reached
19.5+6.3 cells, which was significantly greater than
in the comparison groups. About one third of all
NG2-positive cells (in all groups) were localized in
the epicardium/subepicardium region, which sug-
gested their possible formation by epithelial-mes-
enchymal transformation of epicardial mesothelial
cells. During embryogenesis and after acute is-
chemic injury, the entry of proepicardial/subepi-
cardial cells into epithelial-mesenchymal transition
is the key mechanism of mesenchymal cell genera-
tion for coronary vessels and myocardial connec-
tive tissue framework formation [15].

To confirm the potential of PDGFBB to medi-
ate the activation of an epicardial cell pool causing
the formation of smooth muscle cells/pericytes, ex-
periments were carried out using the heart model
ex vivo. Hearts of mice with a fluorescently labeled
epicardium were cultured in vitro in a medium with
or without PDGFBB and cryosections were pre-
pared after three days for histological studies. After
the injection of fluorescent dye, we confirmed that
the label (PKH26) specifically stains the surface
layer of the cells of the left ventricular wall and
colocalizes with the marker Wt1, which indicates its
specific inclusion in the mesothelial cells and the
possibility of using the model to trace the fate of
epicardial cells.

Culturing ex vivo hearts in an environment
with added PDGFBB has been found to cause di-
rected migration of PKH26-positive epicardial cells
into the underlying layers of the cardiac wall in
comparison with samples of control hearts. The mi-
gration of PKH26-positive cells was practically not
observed in the control group. Immunofluorescent
staining of myocardial sections showed that part of
PKH26-positive epicardial cells was positively
stained with antibodies to smooth-muscular alpha-
actin (SMA), which indicates differentiation into
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Capillaries

NG2-positive
arterioles

d e f
I:l Normal saline - «Empty» plasmid % PDGFBB plasmid

Puc. 1. OneHKa BaCKyJIsApU3anuy nepuuH(papKTHOMH 00J1acTH cepAla dyepe3 14 cyTok noce nHgpapKTa MHOKapaa.

Fig. 1. Assessment of the periinfarction area: vascularisation in 14 days after myocardial infarction.

Note. a-c — representative images of myocardial sections that following administration of normal saline (a), «empty» plasmid (b)
or PDGFBB plasmid (c) were stained with antibodies to endothelial marker CD31 (red) and smooth muscular cells NG2 (green). Cell
nuclei are counterstained with DAPI. d-f— diagrams of quantitative evaluation of the number of capillaries (d), NG2-positive ar-
terioles (e) and individual pericytes (f) in control groups and after administration of PDGFBB plasmid. * — P<0.05.

IIpumeuanue. Normal saline — ¢us. pactBop; «empty» plasmid — «rycTas» naasMuaa. a—¢ — perpe3eHTaTUBHbIe H300payKeHUs
OKpAIIIMBAHMS CPE30B MUOKAp/A (BBeJeHHe (hU3NOJI0IHUYECKOTI0 pACTBOpa — a), «ITyCTOM» I1admubl (b) u PDGFBB mutaamupi (c)
aHTUTeaMU K Mapkepy suoreus CD31 (Kpachbiil) v r1alkoMbIIIeuHbIX KeTok NG2 (3enenbiil). SIapa kiaeTok qokpaiiensl DAPI.
d—f— rpad UKy KOJIMYeCTBEHHOH OLIEHKHU Ync/Ia KanuaAapoB (d), NG2-03UTHUBHBIX apTepuo.I (€) U OTAe/IbHBIX IepULIUTOB (f) B

KOHTPOJIBHBIX I'PYIIaX U nocsie BBefeHuss PDGFBB nmitasamupbr. *

JIOCTOBEPHO OOJIBITIE, YeM B TPYIITIaX CPaBHEHMUS.
OkoJs10 Tpetu Bcex NG2-TTIO3UTUBHBIX KJIETOK (BO
BCeX I'pyIax) JOKaIN30BaAJIOCh B 00J1aCTH STTUKAP-
na/cybamukapaa, 9To TO3BOJIUIIO TIPEIITOJIOMKUTD
BO3MOYKHOCTh WX 00pa30BaHUsI MyTEM STTUTEH-
IbHO-Me3eHXMMaJIbHOU TpaHC(opMaIum KJIETOK
SMUKAPANAIFHOTO Me30Teusl. B mepuop aMOpuo-
reHe3a U IocJje OCTPOro MUIIEMHAYECKOTO TTOBPEsK-
JIeHUs1 BCTYIIJIeHNe KJIETOK ITPO3NUKap;ia/anuKap-
Jla B 9NUTEJIMAIbHO-Me3eHXUMAaJIbHbINA Mepexo]l
SABJISETCS KJII0YEBBIM MeXaHu3MOM (OpMUPOBaA-
HUSI ME3EeHXMMHBIX KJIETOK-IPeIIeCTBEHHUKOB
JIUIS1 TIOCTPOEHUSI KOPOHAPHBIX COCYII0B U COETMHU-
TeJIbHO-TKaHHOI'0 Kapkaca cepana [15].

[ nonTBepskaeHnsa Bo3MoskHOCTH PDGFBB
K OIIOCPEI0OBAHHOM aKTUBAIIUM SITMKAPIUATBHOTO
yJia KJIETOK, BBISBIBAIOIENl 0Opa3oBaHue IIa-
KOMBIIIIEYHBIX KJIETOK/TIEPUITUTOB, OBLITN ITPOBE-
JleHbI 9KCIIEPUMEHTHI C UCITOIb30BaHUEM MOJIE/U
cepana ex vivo. Cepiia MblIliieH ¢ (pJiyopeciieHTHO
MEYEHHBIM 3IIUKAaPAO0M KYJIBETUBAPOBAJIN N Vilro
B cpefie ¢ nob6aBiaenrieM PDGFBB miu 6e3 Hero u
yepe3 Tpoe CYTOK MOJATOTaBJIUBAIN KPUOCPE3bI
JIJISI TUCTOJIOTMYECKUX HcciemoBaHuii. [lociie BBe-
neHusi (payopeciieHTHOTO KpacuTessi Mbl IOJI-
TBepamH, uTo MeTka (PKH26) ciertudrano okpa-
IIMBaeT MOBEPXHOCTHBIA CJIOM KJIETOK CTEHKU
JIEBOTO KeJTyJIoUKa U KOJIOKAJIU3yeTCsI C MapKe-

— p<0,05.

smooth muscle cells. The total number of
PKH+SMA-positive epicardial cells was 2.3 times
greater after PDGFBB-stimulation than in control
hearts, which may be suggestive of epicardial cell
pool activation (fig. 2, a, b).

In order to study the possibility of epithelial-
mesenchymal transition (EMT) stimulation in the
epicardial cells under the action of PDGFBB, we
conducted experiments in vitro. It was shown that
when epicardial cells are cultured in a standard
medium, they have «cobblestone» morphology, ex-
press Wtl markers, demonstrate a low-organized
cytoskeleton with a predominant distribution of
actin filaments over the periphery of the cell. The
addition of recombinant PDGFBB in the culture
medium caused significant changes in cell culture
(fig. 2, ¢, d). After PDGF stimulation, structured fil-
aments of smooth-muscular alpha-actin and
calponin were formed in epicardial cells, which
were not visualized during culturing in a control
medium. The obtained data suggest EMT activation
producing pro-migratory phenotype and causing
differentiation into pericytes/smooth muscle cells
after PDGFBB stimulation.

The increasing incidence of ischemic diseases
and limited availability of targeted treatments en-
courage growing interest in studying the mecha-

nisms of vascularization and finding new ap-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 6



https://doi.org/10.15360/1813-9779-2020-6-54-64
JKCIlepUMEHTAaJJAbHbIe UCCJENO0BaHUS

Puc. 2. Ouenka qugdepeHIMpoBOYHOM CIIOCOOHOCTH KJIETOK IMUKAP/A B INIaAKOMBIIIEYHOM HANIPAaBJIEHUH I10CJIE CTUMY-
Jsauuua PDGFbb in vitro u ex vivo.

Fig. 2. Evaluation of epicardial cell ability of differentiation into smooth muscle after PDGFbb in vitro and ex vivo stimulation.
Note. a, b — representative images of myocardial sections staining with antibodies to smooth muscular alpha-actin (green) after
culturing in control medium (a) and medium containing PDGFBB (epicardial activation model ex vivo, b). The epicardium is labeled
with the fluorescent dye PKH26 (red). Cell nuclei are counterstained with DAPI. ¢, d — representative images of epicardial cell stain-
ing with antibodies to calponin (c, green) and smooth muscle alpha-actin (d, green) after culturing in the medium containing
PDGFBB. Fibrillar actin is stained red. Cell nuclei are counterstained with DAPI.

IIpumeuanue. a, b — penpe3eHTaTUBHbIe H300pa’KeHUsI OKPAIINBAHUA CPE30B CepAlla aHTUTeJIaMH K [VIAJKOMBIIIEYHOMY
asb(da-aKTUHY (3e/eHblll) IoC/Ie KyJIBTUBUPOBAHUS B KOHTPOJIBHOM cpejie (a) u cpene, coaep:kaiieit PDGFBB (Monesb akTuBa-
LMY NIUKapAa ex vivo, b). dnukapa nomevex guryopecreHTHbIM KpacuresaeM PKH26 (kpachouil). Sinpa kiretok qokpariesns: DAPI.
¢, d — penpeseHTaTUBHbIE N300pasKeHNsI OKPAIIMBAHUA KJIETOK dIIUKap/1a aHTUTEIaMHU K KaJIIIOHUHY (¢, 3eeHblll) U IJIaJKO-
MBIIIIEYHOMY asib(a-akTuHy (d, 3eseHblil) ocie KYJIBTUBUPOBAHUs B cpefie, conepskanieit PDGFBB. ®uOpuaasspHbIi aKTUH

OKpallleH KpacHBIM. fInpa kj1eTok nokpaiieHbl DAPL.

poM Wtl, 4To yKasbIBaeT Ha ee crenuduieckoe
BKJIIOUEHUE B KJICTKU ME30TeJIUI U BO3MOKHOCTD
HCIOJIb30BAHUA MOJEIH JJI IPOCJIEKUBAHUSA
CyAbOBI aNIMKapANAIbHBIX KJIETOK.

BB1710 BBIABJIEHO, YTO KYJIETUBUPOBAHUE CEP-
Ier ex vivo B cpeme ¢ mobaBiaenuem PDGFBB
BBI3bIBAeT HalpasjeHHYI0 murpauuo PKH26-
MIO3UTUBHBIX KJIETOK 3MMKApAa B MOJJIesKallue
CJIOU CepIeuHOl CTEHKU B CPaBHEHUHU ¢ 00pasIa-
MU KOHTPOJIBHBIX cep/iell. B KOHTpoJIbHO Ipytine
murpanusa PKH26-1103UTUBHBIX KJIETOK PAKTU-
4yeCKH He HabJioanack. VIMMyHodIyopeciieHT-
HOE OKpAalllMBaHNe CPe30B cepjila I0Ka3aso, 4To
yacTb PKH26-O3UTHBHBIX KJIETOK 3IHUKapAa
MOJIOKUTEJIBHO OKpAallIMBAJIaCh aHTUTEJAMU K
IQAKOMBIIIIEYHOMY anbda-akTuHy (SMA), 4dto
yKa3blBaeT Ha NpU3HaAKU AuddepeHnpoBKu
KJIETOK B NIAJKOMBIIIEYHOM HalpPaBJIEHUU.
O61ee uncao PKH+SMA-IO3UTUBHBIX KJIETOK
anuKkap/a 0bu10 B 2,3 pasa 6osbiie mocae PDGE-
CTUMYJIAALIAY, Y€M B KOHTPOJIBHBIX CEPALAX, YTO
MOSKET YKa3bIBaTh HA IPU3HAKU aKTUBALUU 3I1U-
KapAnaJILHOTO ITyJ1a KJIETOK (puc. 2, a, b).

proaches aimed at its stimulation. One such ap-
proach may be gene therapy using plasmids (mo-
bile genetic elements shaped like a DNA circular
molecule) encoding basic proangiogenic factors.
Plasmids are safe from the point of view of muta-
genesis and integration into the genome, and after
injection into myocardium they are able to trans-
fect mammalian cells, providing transient (up to 14
days) expression of a transgen, generating the gra-
dient of vascular factors necessary for stimulation
of vascular assembly.

This study demonstrated that intramyocardial
injection of a genetic construct encoding PDGFBB
after a myocardial infarction can stimulate vascular
network repair by increasing the formation of NG2-
positive arterioles and venules. These effects may be
based on several mechanisms. The first is related to
the well-known ability of PDGFBB to upregulate ex-
pression of VEGF (VEGF189, VEGF183, VEGF164),
the key factor responsible for activation and specific
differentiation of endothelial cells [6, 7]. In addition,
PDGFBB stimulates the growth and differentiation
of precursor endothelial cells, their subsequent mi-
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[ mccnenoBanysa BO3SMOYKHOCTYA CTUMYJIA-
nuu IMII B kjeTKax anuKapja non nelcTBUeM
PDGFBB 0bLI TIPOBEIEHBI 3KCIEPUMEHTHI in
Vitro. BbL10 ITOKa3aHo, 4TO IIPU KYJIETUBUPOBAHUN
KJIETOK 3IMKapjAa B CTAaHIAPTHOU cpele OHU
ob6agaroT «cobblestone» Mmopdosiorueii, skcmpec-
cupylor Mapkepbl Wtl, IMeIOT HU3KOOPTaHU30-
BAHHBIA IUTOCKEJIET C IPEeUMYIeCTBeHHBIM pac-
npejejeHreM aKTHUHOBBIX (PUJIAMEHTOB 10
niepudepun KiaeTKU. JlobaBjeHre B Cpeny KYJIBTH-
BUpoBaHUs pekoMbmHauTHOrO PDGFBB BHI3BIBA-
JIO CyllleCTBEHHbIe U3MeHeHUs KJIeTOYHOU KY/Ib-
TypHI (puUc. 2, ¢, d). Ilocae ctumynsinuu PDGFBB B
KJIETKAX 9IMKapJa GOPMUPOBAJINCH CTPYKTYpU-
poBaHHBle (PUIAMEHTBHI IVIAJKOMBIIIEYHOIO
anb@a-akTUHA U KaJIIOHUHA (puc. 2, ¢, d), KOTo-
pble He BU3yaJU3UPOBAJIUCH IIPU KYJIETUBUPOBA-
HUU B KOHTPOJIbHOH cpefe. [losydyeHHbIe TaHHbIE
YKa3bIBAIOT Ha IIpu3HaKu aktusauuu IMII, npnu-
BOJsAIIME K POPMUPOBAHUIO IPOMUTPALIMOHHOIO
¢deHoTHUna U TIPU3HAKOB UG HepeHIIuPOBKU B
HalpaBJICHUW II€PULUATOB/IJIaAKOMBIIIEYHBIX
KJjeTok nnocsie PDGF crumynianuu.

JuHaMuKka pocTta 3aboJieBaHUN HIIEMHUYe-
CKOI IIPUPO/IbI U OTPAaHUYEHHOCTD TepaleBTuye-
CKUX CPEeJICTB TaPreTHOTO BO3EeUCTBUSA CTUMYJIU-
pyeT pOCT MHTepeca K U3YYCHUIO MEXaHUu3MOB
BACKy/IsApU3allud W IIOMCKY HOBBIX IIOOXOIOB,
HallpaBJIEeHHBIX Ha ee cTuMyaAnui. OgHuM us
TaKWX ITO/IXO/I0B MOKET OBITh TeHHAasl Teparus C
HCIOJ/IF30BaHNEM TTa3MU/T (MOOMJIBHBIX TEHETH -
YeCKHUX 3JIEMEHTOB B BUJe KOJbI[EBOU MOJIEKYJIbI
JHRK), Kogupyomuyx OCHOBHBIE IPOAHTMOT€HHBIE
(paxTopsl. [Tma3mMuabr 0€30T1aCHBI C TO3UITAN MYTa-
reHe3a U MHTerpalyuy B T€HOM, a II0CJIe BBEICHU
B MHOKap/ CIIOCOOHBI TPAHC(PUITUPOBATH KIETKU
MJIEKOTIUTAIONINX, O0ecrieunBasi TPAaH3UTOPHYIO
(70 14 mHel) 9KCIIpecCcHuIo TPaHCTeHa, (opMUpOBa-
HHe TIpajueHTa COCYJUCTBIX (PAaKTOPOB, YTO
HEOOXOIMMO JIJTsI CTUMYJISIIIIN COOPKY COCYIOB.

B pamMkax maHHOrO HCCJ/IefOBaHUA NpoJe-
MOHCTPHPOBAJIH, YTO BHYTPUMUOKApAUAJIbHOE
BBeJleHUe TeHEeTUYeCKON KOHCTPYKUIUU, KOIHU-
pytomeit PDGFBB, nocie nadapkra Muokapaa
MOSKeT CTUMYJIMPOBATh BOCCTAHOBJICHUE COCYIV-
CTOU CeTH 3a CYeT yBeJWYeHHWs 00pa3oBaHUSA
NG2-11o3uTUBHBIX apTepUOJI U BeHYJI. B ocHOBe
9TUX MPOSBJEHUN MOYKET Jie)KaThb HECKOJIBKO
MexaHu3MoB. [lepBbIii U3 HUX CBSI3aH C U3BECT-
HOHNl cmoco6HOocThI0 PDGFBB wmHaymupoBars
nosblIeHHy10 akcunpeccuro VEGFE (VEGF189,
VEGF183, VEGF164) — wJioueBoro ¢akTopa,
OTBEYAlOIIero 3a aKTUBALMIO U cienu(PUKAIUIO
9HJIOTeJUAJILHBIX KJEeTOK [6, 7]. Kpome ToOTO,
PDGF ctumynupyeT pocT u auddepeHIupoBKy
3HIOTEJINAJIbHBIX KJIETOK-IIPEAIIeCTBEHHUL], UX
IIOCJIEAYIOIIYI0O MUI'PALYIO U aAre3UI0, YTO AeJiaeT
€ro OJHUM M3 KJII0YEBbIX NTPOKOB B «OPKECTpe»
AHTUOTEHHBIX POCTOBBIX (DAKTOPOB, NeHCTBUSA

gration and adhesion, which makes it one of the
major players in the «orchestra» of angiogenic
growth factors whose actions are aimed at enhanc-
ing the microcirculatory network [16, 17]. Another,
no less important mechanism of proangiogenic ac-
tion of PDGFBB is the regulation of functions of
smooth muscle cells and pericytes [5, 18]. Animals
knocked out on PDGFBB or PDGFR genes have de-
fects in vascular maturation due to impaired peri-
cyte integration into the vascular wall [19], which
leads to an increase in vascular permeability,
swelling, and fatal bleeding in late embryogene-
sis [20, 21]. The introduction of neutralizing anti-
bodies to PDGFR disrupts the migration of pericytes
and their embedding in the vascular wall leading to
angiogenesis disorders [22]. However, the effect of
PDGF on myocardium is not limited to vascular ef-
fects only. We first discovered that PDGFBB might
stimulate the epicardial pool of cardiomyocytes.
During embryogenesis, the epicardium is a source
of paracrine signals and a producer of smooth mus-
cle cells, pericytes, conduction system cells, and, ac-
cording to some reports, coronary endothelium and
cardiomyocytes [10]. In the postnatal heart, epicar-
dial activity is significantly reduced, but it retains
the ability to reactivate and participate in post in-
farction reparative regeneration.

With epicardial activation ex vivo, PDGFBB has
been shown to stimulate the formation of epicardial
precursor cells, some of which express markers of
smooth muscle cells/pericytes. This process is prob-
ably based on cell entry into epithelial-mesenchy-
mal transition (EMT), which promotes the acquisi-
tion of a migratory phenotype and the ability for
directed differentiation. These data are based on the
results of experiments with epicardial cells in vitro,
indicating the possibility of their entry into EMT
after PDGFBB-mediated stimulation. In addition to
the ability to differentiate in vascular direction, epi-
cardial cells are able to provide angioprotective ac-
tion due to production of cocktails of secreted mi-
togens (FGF-1, -2, -4, -6, -9 and -16, IGF-1, -2) [10,
23-25], as well as modulation of inflammatory re-
sponse during the repair period [26, 27].

Conclusion

Thus, intramyocardial injection of the genetic
construct encoding PDGFBB after myocardial may
have multifaceted effects on the processes of vas-
cular network restoration. Injection of a genetically
engineered preparation resulted in an increase in
the number of new vessels and accumulation of
vascular cells (smooth muscle cells/pericytes),
which is probably due to direct mitogenic action or
mediated secretion of VEGE as well as stimulating
effect on the epicardial cell pool. This suggests the
prospect of using PDGFBB as a new tool to stimu-
late epicardium and post infarction vascularization

and heart repair processes.
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KOTOPBIX HAllpaBJIEHbI HA yBEJIMYCHUE CETU COCY-
OB MUKpoUupkryaanuu [16, 17]. dpyrum, He
MeHee Ba)KHbIM, MEXaHU3MOM TTPOAHTUOTEHHOTO
Boaaelictuss PDGFBB saBsdercsa perynanusd
(pYHKITH T71aIKOMBIIIIEYHBIX KJIETOK U ITepPUIIH-
TOB [5, 18]. ¥V KMBOTHBIX, HOKAYyTUPOBAHHBIX 110
redam PDGF-BB wmum PDGFR, mabmamopaiorcs
Ie(eKThl CO3peBaHMsI COCY0B BCJIEACTBUE HAPY-
LIEHVSA WHTerpalyuy [NepUulUuTOB B COCYIUCTYIO
CTeHKY [19], YTO BelleT K YBEJIUUYEHUIO COCYANCTON
IIPOHUIIAEMOCTH, OTEKOB U JIETAJbHBIX KPOBO-
TedeHUH B mo3qHeM aMbpuorenese [20, 21]. Bse-
JIeHue HeliTpanuaylomux antutes kK PDGFR Hapy-
[IaeT MUTPAIUIO TIEPUIIATOB U UX BCTPAWBAHUE B
COCYIMCTYIO CTEHKY, UYTO IPUBOIUT K HAPYILIEHUIO
anruoreHesa [22]. Ognako, geiicteue PDGFBB na
MHOKapJ He OrPaHUYMBAETCA UCKJIIOYUATEIBHO
cocynucTteIMu 3(ppexramu. MbI BriepBble 00HapY-
sk, 9To PDGFBB MoskeT okas3bIBaTh CTUMYJIN-
pyloliiee BJIUsIHNUE Ha STTUKapIUaIbHbIN yJI KJle-
TOK cepjiiia. B mepuonm ambproreHesa smukap
CJIY>KUT UCTOYHMKOM ITapaKPUHHBIX CUTHAJIOB U
IIPOIYIIEHTOM IVIaJKOMBIIIIEYHBIX KJIETOK, IIE€PU-
[IUTOB, KJIETOK IIPOBOISIIIIEN CHCTEMBI, a IT0 HEKO-
TOPBIM TaHHBIM KOPOHAPHOTO 9HIOTEJINA U Kap-
muomMuonuToB [10]. B mocTHaraabHOM cepAare
AKTUBHOCTB 9IIMKapJa CylleCTBEHHO CHUKAETCH,
OJIHAKO OH COXpaHsIeT CIIOCOOHOCTDh K PEAKTUBA-
MU ¥ yY9aCTUIO B pelapaTUBHON pereHeparuu
rocJsie nH(papKTa.

[Ipn akTMBaIMK dNMKApPAA ex Vivo IIOKa3asu,
uyto PDGFBB cTtumMynupyeT oOpa3oBaHue amnuKap-
JIVAJIbHBIX KJIETOK-IIPENIIIeCTBeHHUI], YaCTh W3
KOTOPBIX 3KCIPECCUPYIOT MapKephl IVIaTKOMBI-
[IEYHBIX KJIETOK/TIEpULIUTOB. BepoATHO, B OCHOBE
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TAKOI'0 IIPOLEeCCa JIESKUT BCTYILJICHHE KJIETOK B
IUTEJNATbHO-Me3eHXUMaJJIbHbBIN nepexoji
(OMII), uTo croco6CTByeT MPUOOPETEHUIO TIPO-
MUTPAITMOHHOTO (PeHOoTuIa M CIIOCOOHOCTH K
HarpaBJeHHOU MuddepeHnpoBKe. ITU TaHHBIE
OCHOBBIBAIOTCS Ha pe3yJbrarax IpOBeJeHHBIX 9KC-
IIEpUMEHTOB C KJIeTKaMU dIIUKapaa in vitro, yka-
3bIBAIOIIMX Ha BO3MOYKHOCTb MX BCTYILJICHUA B
IMII nocsie PDGFBB-omnocpenoBaHHOM CTUMYJISI-
muu. B qonosHenre kK Bo3MoskHOCTU TuddepeH-
VPOBKUA B COCYAWCTOM HalpPaBJICHUU KJETKU
aMMKapaa CIIOCOOHBI OKa3bIBaTh AHTHOIPOTEK-
TUBHOE JefiCTBHE 3a CUeT MPOAYKIIUU KOKTEUIsA
cekperrpyeMbIx MmutoreHos (FGF-1, -2, -4, -6, -9 u -16,
IGF-1, -2) [10, 23-25], a TakKe MOZY/IALMA BOCHa-
JINTEJIbHOI'0 OTBeTAa B IIepUO[ pernapanuu [26, 27].

3akJrouenue

TakuM 00pasoM, BHYTPUMHUOKAPAHAIHHOE
BBeJleHle FeHeTUYeCKON KOHCTPYKIIUH, KOIUPYIO-
et PDGFBB, mocsie nagapkTa MosKeT OKa3bIBaTh
IJIEOTPOITHOE BO3Ie!ICTBHE Ha IIPOLIECChl BOCCTA-
HOBJIEHUSI COCYAUCTOU ceTUu. BBeeHne reHHOTo
Ipeniapara cCrroco0CTBOBAJIO YBEJIUUEHHIO YK CIa
c(pOpMUPOBAHHBIX COCYA0B 1 HAKOIJIEHUIO COCY-
JHCTBIX KJIETOK (INIaJKOMBIIIEYHBIX KJIETOK/ IIepH-
IIUTOB), YTO, BEPOSITHO, OOYCJIOBJIEHO TPSIMBIM
MUTOTEHHBIM BO3/I€HICTBUEM UJIU OIIOCPENOBAaH-
HbIM cekperreiil VEGE a Takke CTUMYIMPYIOITUM
BJIMSIHMEM Ha 3IMKapAUAJIbHbBIN Y/ KIETOK. ITO
nmo3BoJseT paccmarpuBatb PDGFBB B kauecTBe
HOBOI'0O MHCTPYMEHTA [IJI CTUMYJ/IALNY dNIUKapAa
U MIPOIECCOB MOCTUH(APKTHOU BACKYJISIpU3ALUU
U periapanuy cepana.
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Pe3rome

Anunemuss COVID-19, HauaBmasicst B jekabpe 2019 roga B Kurae, 3a HECKOJIbKO MECSIIIEB pacipocTpa-
HHJIaCh Ha BCE CTPAHbI MUPA, TPUHSIB XapaKTep MaHIEMUH, YUCJI0 3a00JIEBIIINX UCYUCSETCS MUJTUOHAMH.
MexaHU3MbI IaTOTeHe3a HOBOM KOPOHABUPYCHOM NH(EKIINY, BHI3BAHHON HEU3BECTHBIM paHee BUPYCOM
SARS-CoV2, ocratorcs HeloCTaTOYHO n3y4eHHbIMU. 1 gedyeHus COVID-19 npuMeHsSIOT Ipenaparsl pas-
HBIX TPy, II0 Mepe MOsIBJIEHUS OIIbITa PEKOMEH ALY PeTy/IsIpHO IIepecMaTpUuBaloTCsl. B yC/IOBUSX TEKY-
11eli MaHAeMIU BayKHO IPeJOCTaBUTh CIIealnCcTaM akTyaIbHyI0 HH(popMaIuio 00 apHeKTUBHOCTU U Oe3-
OIMaCHOCTH Jie4eOHBIX IIpernapaToB, NPHUMEHsSIEMbIX JJs JedeHus manumeHToB ¢ COVID-19, u o
MEePCIEKTUBHBIX UCCAEJOBAHUSX B 3TON 00JIaCTH.

Iesib 0030pa — KPUTHYECKUI aHATU3 ONYOJIMKOBAHHBIX pe3ysIbraToB jedeHusi COVID-19 ¢ ucmnoJsb3o-
BaHUEM pPa3/IMYHBIX FPYIII IPeNaparoB /1Jis1 BbIOopa HanboJiee IePCIeKTUBHBIX JIEKAPCTBEHHBIX CPEJICTB.

ITouck UCTOYHUKOB IIpOBeJIH 110 6a3dam naHHbIX PubMed, Scopus, Cyberleninka, Clinical Trials, Cochrane
Library u ip., paccMarpuBaiv IpeuMyIeCTBEHHO PaHJ0OMU3UPOBaHHble KIIMHUYeCKUe uccaenoBanus 2020
rofia, a Takske padoThI 10 U3yUEeHHIO IIpernapaToB-IpeTeH1eHToB. MaTepuaJl CTaTbU CTPYKTYPUPOBAH I10 Me-
XaHU3MY JeHCTBUS NIPenaparoB, COAEPIKUT pa3iesbl IPOTUBOBHUPYCHOH, UMMYHOMOIY/IUPYIOIIel, aHTH-
6akTepuaIbHOU TEpANUH. B TOMCKe HOBOU NMEPCIIEKTUBHOU MullieHU B JiedueHruu COVID-19 KOHIIEHTPUPO-
BaJId BHUMaHMe Ha MaTPUKCHBIX MeTaJsjionpoTernHadax (MMP), n30bITOK KOTOPBIX BeJleT K pa3pylleHnIo
BHEKJIETOYHOT'O MaTpUKca, 0a3aJbHbIX MeMOpaH 9IUTEeJNs U 9H0TeJIHsI, CIOCOOCTBYET BTOPUYHOMY I10-
BPEKIEHUIO JIETOYHON TKaHU. B paboTe TeopeTnyeckr 000CHOBAJIM TPUMEHEHE MHTHOUTOpoB MMP Ha
MIpUMepe JIOKCUIIUKJIUHA, TTPEJJTOKUIIN IIPOTOKOJI UCCJIETOBAHUS JIJIsT OLIeHKHU 3(h(DEKTUBHOCTH HOBOTO IO/ -
xona k gedyenuio COVID-19.

3akjroueHue. JIekapCTBEHHBIX CPEJCTB C JokadaHHOU 3P eKkTuBHOCTHIO B oTHOIIIeHnr COVID 19 B Ha-
crosiiiee BpeMs HeT. [Ipenaparbl ¢ pa3HbIMUA MEXaHU3MaMU JEUCTBUS MPUMEHSIOTCS HeE T10 TOKa3aHUsM,
4acTo B KOMOMHAIUAX, B 9TUX YCJIOBUSIX TPYIHO U30eKaTh CyMMUPOBaHUs T0OO0YHBIX 9 (HeEKTOB ¢ HebJ1a-
TOTIPUSITHBIMU TIOCJIE/ICTBUSIMU JIJIsI TTallueHTa. [[puMeHeHue TIpernaparoB ¢ HeJJOKa3aHHOU 3 eKTuB-
HOCTBIO OIIPaBJaHO JIMIIb B paMKaX KIMHUYECKUX UCCJIeJOBAaHNM C TOC/IEAYIONINM aHAIN30M U MyOJIuKa-
el pe3yabTaToB, YTOObI B C/Iy4yae ycIexa C yBepeHHOCThIO peKOMEHJ0BATh UX OOJIBITMHCTBY IAllHEHTOB C
COVID-19. KioueBble cioBa: COVID-19; mpoTuBOMasIsipuiiHble CpeICTBa; THI'MOUTOPBI BUPYCHBIX IIPOTEas;
NIPOTHBONIApa3uTapHbIe IIpenapaThbl; THIUOUTOPHI UHTEPJIeNKUHOB; MHTUOUTOPHI SIHYC-KUHA3; UHTEpde-
POHBI; TIJTa3Ma PEKOHBAJIECIIEHTOB; KOPTUKOCTEPOUIBI; TPOKATBIIMTOHUH; aHTUOMOTUKH; HOBAsI MUIIIEHB;
MaTPUKCHBIE METAJIJIONPOTENHA3BI, JOKCUITUKJIVH.

Kantoueevte cnosa: COVID-19; npomusomanspulinble cpedcmea; UH2UOUMopbl 6UPYCHBIX NPOMeas; npo-
mueonapasumapHbsle NPenapanbvl; UH2UOUMOpbL UHMepPIelikUH08; UHZUOUMOPbL AHYC-KUHA3; UHmepge-
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Summary

The COVID-19 outbreak started in December 2019 in China has spread over all countries of the world within
few month acquiring a pandemic nature, the incident population counting millions. The pathogenic mecha-
nisms of the new coronaviral infection caused by never-before-seen virus SARS-CoV2 are yet to be studied.
Various drugs are used for COVID-19 treatment and guidelines are continuously revised as new experience is
acquired. In the current pandemic situation, it is important to provide specialists with latest information con-
cerning efficacy and safety drugs for COVID-19 patients and promising research in this field.

The purpose of the review is to critically analyze published data on outcomes of COVID-19 treatment with
various drugs including potentially promising drugs.

The search has been carried out through such databases as PubMed, Scopus, Cyberleninka,
https://www.globalclinicaltrialsdata.com, https://clinicaltrials.gov, Cochrane Library; mostly, randomized
clinical trials-2020 and papers dedicated to candidate drugs have been considered. The paper is structured
based on the drug’s action mechanism and contains parts dedicated to antiviral, immunomodulatory, and an-
tibacterial therapies. Looking for a new promising target in COVID-19 treatment, the authors focus their at-
tention on matrix metalloproteinases (MMP), which abundance results in the destruction of extracellular ma-
trix, epithelial and endothelial basal membranes and leads to secondary lung tissue injury. The paper provides
a theoretic justification of MMP inhibitor use by an example of doxycycline and offers an efficacy study protocol
for the new approach to COVID-19 therapy.

Conclusion: as of now, there are no drugs which efficacy for COVID 19 has been proven. Drugs possessing
multiple mechanisms of action are employed beside their specified indications, often in combinations; in this
situation, additive side effects with adverse consequences for the patient can hardly be avoided. Administration
of drugs with unproven efficacy may be justified only in clinical trials followed by subsequent analysis and
publication of findings demonstrating that in case of success, recommendations for a majority of COVID-19

patients could be confidently issued.

Keywords: COVID-19; anti-malaria drugs; viral protease inhibitors; anti-parasitic drugs; interleukin in-
hibitors; Janus kinase inhibitors; interferons; convalescents plasma; corticosteroids; procalcitonin; antibiotics;

new target; matrix metalloproteinases; doxycycline
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BBenenue

Inunemusi COVID-19, HauaBiasicsi B Je-
Kabpe 2019 roga B Kurae, 3a HECKOJIBKO MeCSIIEB
pacrpocTpaHuIach Ha BCe CTpaHbl MUpPa, IPUHSIB
XapakTep nangeMun. MaccoBble IOCTYIJIEHU a-
LMEHTOB C CUMIITOMaMU KaK 0OBIYHOU IPOCTYIbI,
TaK U TSIXKeJIbIX BUPYCHBIX THEBMOHUTOB IPUBEJIN
K CYIIIeCTBEHHOMY ITOBBIIIEHUIO HATPY3KU HA Me-
JTUIIMHCKYE OPTaHU3aliy U MepCcoHal, morpebo-
BaJIM CPOYHOTrO IepenpoduaInpoBaHusi KOeK U
MOJIyuYeHUsI HOBBIX KOMIIEHTEHIIUH ThICSYaMU
Bpaueli pa3/IMYHbIX CHEIUaIbHOCTeN. PelinTh aTn
3a/1a4¥ B KpaT4yaiIre CpPOKU 04eHb CJI0KHO, TEM
bosee yTO crenUMUUECKUX METOMOB JIEYEHUS
HOBOU KOPOHABUPYCHOU MH(MEKIUU ITOKa HeT. B
TaKUX YCJOBUSIX OCOOEHHO Ba’kHO 00ECHEeYUuTh
BO3MOSKHOCTb MOJTYUYEeHUs CeNHaATNCTaMH, y4a-
CTBYIOIIVMMU B OKa3aHUU MEAVLIUHCKOU ITOMOIIU
narmenTaMm ¢ COVID-19, cTpyKTypUpOBaHHOU UH-
dopmanuu 06 appekTUBHOCTU U OE30IMaCHOCTH
KQ)KJIOT0 M3 IpelJjiaraeMbIX MeTOIOB JIeYeHUs],
YTO U SIBJISIETCS 11eJIbI0 JAHHOTO 0030pa.

MHorure MexaHU3Mbl IaTOTeHe3a HOBOU KO-
poHaBupycHOl uH(perIuy, BbI3BaHHOU SARS-
CoV2, ocTaioTcst HeJOCTAaTOYHO U3YUYEeHHbIMU, HO
KaK U IPU IPYTUX peCIUpPaTOPHBIX BUPYCHBIX UH-
dernusax (Influenza, MESR-CoV, SARS-CoV, RSV,

Introduction

The COVID-19 outbreak that started in De-
cember 2019 in China has spread over all countries
of the world within few month acquiring a pan-
demic nature. Mass admissions of patients with
symptoms varying from a common cold to severe
viral pneumonitis raised drastically the load on
health care institutions and staff and demanded ur-
gent repurposing of beds and new competences to
be acquired by thousands of physicians specializ-
ing in various fields. It is extremely difficult to ad-
dress the issues within a very short time, especially
since there are no specific methods to treat the new
coronaviral infection, yet. In this situation, it is es-
sential to provide specialists involved in medical
aid to COVID-19 patients with structured informa-
tion concerning efficacy and safety of each of sug-
gested methods of treatment, and this is what this
review is aimed at.

Many pathogenic mechanisms of the new
coronaviral infection caused by SARS-CoV2 are yet
to be studied; however, as in case of other respiratory
viral infections (influenza, MESR-CoV, SARS-CoV,
RSV, adenovirus, etc.), the disease clinical patterns
and outcomes are generally determined by three
main factors: virus direct action on the human body,
peculiarities of the immune response including the
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Adenovirus u np.), KJIMHUKA U UCXOX OOJIE3HU B
11eJIOM OTIPEIeJISTIOTCS TPeMsI OCHOBHBIMU (DaKTO-
paMu: HemocpeCTBeHHBIM BO3AeliICTBUEM BHpYCa
Ha OpraHU3M YeJIOBEKa, 0COOEHHOCTAMU UMMYH-
HOTO OTBeTa, BKRJIIOYAsA M €ro IaToJOrun4YecKue
¢dopMBI, a TAK)KE BIAUSHUEM TPUCOETUHSIONTEN CSA
bakTepuanbHOI nHpeKINY [1]. COOTBETCTBEHHO,
OCHOBHBIMU HalpaBjaeHusiMu Jedennss COVID-19
SABJISIETCSI 3TUOTPOITHOE, HAlIpaBJIEHHOE Ha ITOJaB-
JIeHVe aKTUBHOCTH BO30yIUTEJIsI, TaTOTeHETHYe-
CKoe, 0becreyrBaloIiee KOPPEeKINI0 NMMYHHOTO
OTBeTa, U aHTUOAKTepUaIbHOE [2].

B Hacrosiiee BpeMsi OCHOBHOH IepevyeHb
BO3MOYKHOU 9THMOTPOITHOM Tepanuu, B COOTBET-
CTBUM C aKTyaJIbHOU Bepcueil BpeMeHHBIX peKo-
MeHjanui M3 PO, Briioyaer nmpemnaparsl: [uapo-
KCHUXJIOPOXUH, XJIOpOXUH, MedaoxuH,
AsutpomunuH, JlonnHaBup/pUuTOHABUP, PekoM-
buHaHTHBIE UHTEP(PEPOHBI, YMUbeHorup, Toru-
smn3ymab, Capuirymad, bapunutraub [2]. TTo ad-
dextuBHoctn npu  COVID-19 kakapli u3
IpenaparoB UMeeT OTPaHWYeHHYI0 JOKa3are/ib-
Hy10 6a3y. Harpumep, 1aske B OTHOIIEHNH Hanbo-
Jiee 4acTo mpuMeHseMoro B Mupe u B Poccun ['mu-
POKCHUXJIOPOXWHA /IO CHUX ITOP HET YOeauTeTbHbIX
JaHHBIX BBICOKOI'O YPOBHA KavecTBa jJedyeHus [3].
[TpuHsTasg KOHIENIMS Ha3HAYEHUS JIeKapCTB «off-
lable» siBJIsIETCSA BBIHYKJEHHOU MEPOI B YCJIOBUSX
MAacCOBOI'0 PaclpoCTpPaHeHuUsI 9TOM BUPYCHOM UH-
dexmun. Perienre o BEIOOpE TIpenapaTa MpUHU-
MaeTcs II0CJIe KOHCUIMYMa CIIeIUAIACTOB B KaXK-
JIOY OTJeJIbHOU KIIUHUKE, TIPEINOUYTeHNE OTIAETCs
HanboJiee ONTPaBIAHHBIM C KJIMHUYECKOH TOYKU
3peHus mpenaparam. 3a KOPOTKUHM CPOK B TeYeHUE
HECKOJIBKUX MeCAILleB aHOHCUPOBAHO 0K0JI0 1000
HWCCJIeJOBAaHNM B OTHOIIEHNH JIEUEHU U JUArHO-
ctukyu COVID-19 [4], O0JILIIMHCTBO U3 HUX Kaca-
eTcs1 UMeHHO (papMaKoJIOTUYeCKOU Teparinu.

[esb10 CTaThM — KPUTHYECKUH aHAJIA3 OTTy0-
JIMKOBAaHHBIX pe3yssraToB JedeHus COVID-19 cuc-
II0JIb30BAaHUEM PA3JIMYHbBIX IPYIIII IIPENaparoB I
BbIOOpaA HanboJiee MePCIeKTUBHBIX JJeKapCTBEH-
HBIX CPeACTB. MarepuaJi CTpyKTYpHAPOBAH I10 Mexa-
HU3MY [IeVCTBUSA IIpenapaToB OT HanboJjiee 9acTo
00Cy>KIaeMbIX K 00JI€€ PETKIM.

IIporuBoBHpyCcHast Tepanus. [lepBas 601b-
I1asi TpyIna IpeacTaBieHa mpenaparamMmu, obsia-
JAIOIMUMK IIOTeHIIMAJbHON INPOTUBOBUPYCHOU
akTUBHOCTBIO B orHomieHuu SARS-CoV2, B Hee
BRJIIOUYEHBI JIEKAPCTBA C pa3HbIMN MeXaHN3MaMH
e CTBUA.

I'pynma npoTHBOMAaJIAPUITHBIX cpeacTB. Oc-
HOBHBI€ IIpernaparsl 9TOH rpynibl — 3TO XJI0pO-
xuH, I'napokcuxjgopoxun u Medmaoxun. He-
CKOJIBKO HCCJEeNOBAHUIN in Vifro IIOKasaJu
IIPOTUBOBUPYCHYIO AKTHUBHOCTb XJIOPOXMHA U
I'mapokcuxaopoxuHa, Kak mpotuB SARS-CoVl, Tak
u SARS-CoV2 [5-7]. OCHOBHBIM MeXaHU3MOM Jeli-

CTBHUA paCCMAaTrpUBAETCA OLIE€JaYMBaAHUE 9HIOO-

immunopathology development, and the influence
of a secondary bacterial infection [1]. Therefore, the
main directions in COVID-19 therapy are causal to
suppress viral activity, pathogenic to ensure immune
response correction, and antibacterial [2].

At present, according to the updated Tempo-
rary Guidelines of the RF Health Ministry, the basic
list of possible causal treatments includes: Hydrox-
ychlorochinum, Chlorochinum, Mefloquinum,
Azithromycinum, Lopinavir/Ritonavir, Recombi-
nant Interferons, Umifenovirum, Tocilizumab, Sar-
ilumab, Baricitinib [2]. In terms of efficacy for
COVID-19, each of the drugs has a limited body of
evidence. For example, there are still no convincing
high-quality data even for Hydroxychlorochinum
that is most frequently used in the world including
Russia [3]. The adopted concept of prescribing
drugs on the 'off-label’ basis is a forced measure in
a situation of viral infection’s vast spreading. The
drug choice decision is taken after a conference of
specialists in each particular hospital, the preferen-
tial drug being the one that is most justified from
the clinical point of view. For a very short time,
within few months only, about 1000 studies con-
cerning COVID-19 treatment and diagnosis have
been announced [4], a majority of them being ded-
icated to a pharmacological therapy.

The purpose of the review is a critical review
of published data concerning efficacy of a therapy
based on current guidelines and discussion of can-
didate drugs for the coronaviral infection. The
paper is structured based on the drug’s action
mechanism going from most frequently to seldom
discussed.

Antiviral Therapy. The first large group of an-
tivirals includes drugs with a potential antiviral ac-
tivity against SARS-CoV2 possesing different mech-
anisms of action.

The Group of Anti-Malaria Drugs. The main
drugs of this group are Chlorochinum, Hydroxy-
chlorochinum, and Mefloquinum. Several in vitro
studies have shown antiviral activity of
Chlorochinum and Hydroxychlorochinum both
against SARS-CoV1 and SARS-CoV2 [5-7]. The main
mechanism of action is considered to be alkaliza-
tion of the virus-containing endosome to prevent
binding to the lysosome, thus, obstructing virus
entry into cytoplasm and subsequent propagation
[8]. An additional influence on the viral activity is
created thanks to its effect on zinc metabolism [9].
Most publications refer currently to 2 in vivo stud-
ies carried out. The study by Gao J. included 100
COVID-19 patients. The findings indicate a positive
influence of Hydroxychlorochinum on the course
of pneumonia: a better lung CT pattern, a shorter
disease duration [10]. The other paper by Gautret P.
including 36 patients has demonstrated a positive
influence of Hydroxychlorochinum on the viral
load measured by PCR as well as synergy with
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COMBI, COJlepsKalllell BUPYC, U IIpeloTBpallleHue ee
CBSI3BIBAHMS C JTU30COMOM, UEM CO3/IAeTCs TIpe-
MIATCTBUE K BBIXOAY BApPYyCa B UTOIJIA3My U €ro
oCJeayIoueMy pasMHOMXeHUIo [8]. [JomoJiHu-
TeJIbHOE BJIMSIHNE HAa BUPYCHYIO aKTUBHOCTD CO3-
JaeTcsa 3a CYeT BO3MENCTBHUsS Ha MeTaboJIu3M
nuHKa [9]. B HacTosiee BpeMsi B O0JIBIITUHCTBE
MyOIMKAINN CChITAIOTCS HA 2 TPOBEAEHHBIX HC-
cjaemoBaHus in vivo. B uccaenosanue Gao J. ObLIO
BKJIO4eHO 100 manuenToB ¢ COVID-19. Peayub-
TaThbl YKa3bIBAIOT Ha II0JIO’KUTEJIbHOE BJIVMSHUE
I'mapoxcuxI0poxyiHa Ha TeYeHUE [THEBMOHUU: YITyd-
menne KT-KkapTHUHBI JIerknx, COKpallieHre CpoKa 3a-
bosteBanus [10]. B opyroit pabore Gautret P. ¢ yua-
cTueM 36 OAIMEeHTOB IIPOJEeMOHCTPUPOBAHO
MOJIOKUTEJIbHOE BJIUSTHUE [MAPOKCUXTIOPOXUHA
Ha CTelleHb BUPYCHOU Harpy3Ku, U3MepeHHOH Me-
TonoM [I1IP a Takske ero cuHeprusm ¢ ASUTpOMU-
nwHOM [11]. OrpaHnYeHreM JaHHOU PabOTHI CITy-
SKAT MaJIbli pasMep BIOOPKH, COOTBETCTBEHHO,
BBICOKAs BEPOATHOCTh JIOYKHOIIOJIOKUTETbHBIX
peayabraroB. [Ipu pelrieHnn BOIIpoca o Iejecooo-
Pa3HOCTA TIpUMEHeHUs1 [HUAPOKCUXTIOPOXUHA
Ba’KHOE 3HAYEHHE UMEET ero ClIOCOOHOCTD BbI3bI-
BaTh yIposKaloliye )KU3HU HAPYIICHUsS Ccephed-
HOT'O PUTMa, KOTOPbIe MOYKHO U HY?KHO IIPOTHO3H-
poBaThb W mOpeaynpexnarb ¢ nomompio IKT
MoHuTOpuHra. [Ipr MaccoBOM IOCTYIIJICHUN I1a-
LIMEHTOB B CTAllMOHAPbI C OrPAHUYECHHBIMU PeCyp-
CaMU BBITIOJTHUATD 9TU TPEOOBAHUS CJIOKHO, HO 9TOT
¢arTop BaskeH, M OH MOKET OBITH OCHOBHOU IPU-
YUHOU TeX PA3JIUYMU B YACTOTE JIeTaIbHbBIX UCXO-
JI0B, KOTOPbIE UMEIOTCSI B IOCTYITHOU JIMTEpaType.
3 rpynnbl IpOTUBOMAJISIPUMHBIX CPEACTB B IIepe-
4eHb IIpenaparoB B MeTonuYeCcKUX peKOMEH/a-
musax M3 PO naa jgedenusa COVID-19 BRJodeH
Takske MedI0X1H, OTHAKO TIOKA B OITyOJIMKOBaH-
HbBIX HayYHbIX TAHHBIX HaM He y1aJI0Ch HAUTH MOJ-
TBepKIeHus ero apdertuBHocTU. [Topsiaka nBa-
JIIaTA ~ MWCCJAeJOBAaHWUM  aHOHCUPOBAHO  JJis
JaJIbHEHNIIIero n3y4yeHus IpenapaToB 3TOU IPyIIIbI,
BO3MOKHO, Pe3y/IbTaThl aTUX paboT obecrieyar Me-
JUITMHCKOE COODIIECTBO JOKa3aTe IbHOM 0a301i.
HNHruouTopsl BHUPYCHBIX mporea3. Bosb-
IIMHCTBO IIperaparoB, UCCAeNyeMbIX JIs Jiede-
Huss COVID-19, ato cpencTtBa, mpuMeHsieMble
paHee [J1s1 Jie4eHUs1 IPYyTUX BUPYCHBIX NH(EKIUH,
Takux Kak BY mau ['enatut B. MexaHn3M Ux Jeii-
CTBUS 3aKJIOYAETCS B MOJAaBJIEHUN aKTUBHOCTH
BHUPYCHBIX IIpOTEa3, 4YTO 3aMeAJjIsaAeT U/ II0HaB-
JISIeT penInKaIiIio BUpyca B KiaeTkax. KombuHa-
nus JlonuHaBup/Putonasup (Lopinavir/Riton-
avir) BkJodeHa B Poccuiickue pekoMeHaalnu, HO
B HACTOsIIlee BpeMsI TAK)Ke HeT JOKa3aTeJIbCTB ee
apdextuBHOCTH B oTHOIIEeHUN SARS-CoV2. Oc-
HOBHBIM JeUCTBYIOIIINM KOMIIOHEHTOM SIBJISIETCS
JlonmHaBwMp, TOrga Kak PUTOHABHUP CIYKUT OycTe-
pOM AJIA yBeJIMYEeHUs KOHIeHTpauuu Jlonuna-
BUpa. PanHne paboThl ObLIM HANIpaBJIEHBI HA W3-

Azithromycinum [11]. The limitation of this paper
is a small sample size and, consequently, a high
probability of false-positive results. In decision
making on Hydroxychlorochinum usefulness, the
ability of the drug to cause life-threatening arrhyth-
mias, which can and must be foreseen and pre-
vented with the help of ECG-monitoring, is impor-
tant. These requirements might hardly be
considered in cases of mass admissions of patients
to hospitals with limited resources, but this factor
could be more significant being the probable main
cause of differences in lethal outcome incidence
encountered in available literature. Another drug
that belongs to the group of anti-malaria drugs in-
cluded in the Ministry of Health of Russian Federa-
tion Guidelines’ list of drugs for COVID-19 is Meflo-
quinum, though we have failed to find proof of its
efficacy in published scientific data. About twenty
studies have been announced for further investiga-
tion of drugs from this group, so there is a possibil-
ity that their findings will provide the medical com-
munity with a body of evidence.

Viral Protease Inhibitors. Most of the drugs
investigated as COVID-19 therapy candidates are
drugs used earlier for other viral infections such as
HIV or Hepatitis B. Their mechanism is to suppress
viral protease activity to slow down or inhibit virus
replication in cells. The Lopinavir/Ritonavir com-
bination has been included in the Russian Guide-
lines; however, as of today;, its efficacy for SARS-
CoV2 has not been proven, too. The main active
ingredient is Lopinavir while Ritonavir serves as a
booster to increase Lopinavir concentration. Earlier
papers were aimed at investigating the
Lopinavir/Ritonavir effect in respect of other coro-
navirus strains (MERS, SARS-CoV); those papers
discussed its efficacy, but it has always been com-
plimentary to conventional therapy — as a rule, to
Ribavirinum. Hence, its real efficacy in respect of
coronaviruses has remained dubious [12, 13]. At
present, a few studies related to SARS-CoV2 have
been completed. The randomized clinical study by
Cao et al., 2020, included 199 patients with con-
firmed COVID-19 diagnosis. A statistical analysis
did not show differences in the disease dynamics
between the group that received conventional ther-
apy and the group that received complimentary
Lopinavir/Ritonavir. A modified analysis revealed
an insignificant difference in the number of days
before occurrence of clinical improvement signs
[14]. Another study by Cai et al., 2020, included 298
patients, but finally no significant benefits from the
use of Lopinavir/Ritonavir were found [15]. It is dif-
ficult to interpret Lopinavir/Ritonavir efficacy
based on findings of some other study because of
their ambiguous design [16, 17].

There is one more representative drug with a
potential efficacy against COVID-19, the Favipi-

ravir. 80 patients participated in a small study: a
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y4yeHHe aeicTBus JlonuHaBup/PuToHaBupa B OT-
HOILIIEHWX [pyrux UITaMMOB KOpPOHaBUpyca
(MERS, SARS-CoV), B aTux paboTax peysb IT171a O eT0
3 derTUBHOCTH, HO JAHHBIU Tpernapar Bceraa
I00aBJISIJICA K CTaHJAPTHOM Tepanuy, Kak Ipa-
BUJIO, K PubaBepuny. B cBA3U € 9TUM €ro MCTHUH-
Has 9(p(peKTUBHOCTH B OTHOIIIEHUU KOPOHABUPY-
COB OCTaBaJIach JI0 KOHIIA He BBISICHEHHOM [12, 13].
B HacTosI1E€ BpEMST 3aBEPIIEHO HECKOJIBKO paboT
B oTHomeHnn SARS-CoV2. B panmoMusupoBaH-
HOM KJIHUHHYeCKoM HuccyeqoBanuu Cao et al., 2020
IIPUHAIY yyacTue 199 manueHToB C MOATBEPKIE-
ernou COVID-19. CraTucTuyeckuil aHaJina He T10-
KasaJj pasJInYuil B OTHONIEHWH TMHAMHUKU 3a00-
JIeBaHMUs MEKIy IpyHilaMu [PU CTaHZAPTHOM
JIedeHUH ¥ IpH Jo0aBjennu JlonuHaBup/PuroHa-
BUpa. MonudrnpoBaHHbINA aHAINU3 ITI0KA3aJ1 He-
CyIIeCTBEHHYIO Pa3HUIy B KOJIMYECTBE JHEH 110
NIOABJICHUSI IIPU3HAKOB YJIy4YIIEHUs KJIWHUYe-
CKOI'0 cOCTOAHUA [14]. B 1pyroM ucciaegoBaHuu
Cai et al., 2020 npuHsI0 yuyactre 298 nanueHToB,
HO B UTOIE TaKsKe He BBIABJICHO CYIIECTBEHHBIX
NIPEenMYIIEeCTB OT IpuMeHeHus Jlonnuasup/Puro-
HaBupa [15]. UaTepnpernpoBars 3 PEeKTUBHOCTD
JlonunaBup/PruToHaBUpa 110 JaHHBIM HEKOTOPBIX
JPYTUX UCCJIEeJOBAHUI CJIOSKHO U3-3a UX HEOIHO-
3HaYHOTO au3aiiHa [16,17].

Eme ogmH mpeacTaBUTE b MHTUOUTOPOB BU-
PYCHBIX IIpoTea3 C IOTeHIMaJbHON 3(pdeKTUB-
HOCTBIO B oTHOIITeHnHu COVID-19 — ato daBunm-
paBup (Favipiravir). B He60JIbIIIOM MCCIIETOBAHUN
NIPUHAJO ydacTre 80 nanueHToB: rpyiy PaBum-
paBupa (n=35) cpaBHuBaau ¢ JlonuHasup/Puro-
HaBUpPOM (n=45) [18]. PaBunmpasup mNOKaA3AI
boJiee KOPOTKOE BpeMsI «0CBOOOKIEHUSI» OT BU-
pyca (18-21 cyT.) 0 CpaBHEHMIO C TPynmnoi 6e3
®asunupasupa (27 cyt.), p<0,001. ITonosxuresib-
Has NWHAMUKA KapPTUHBI JIETKUX 10 JaHHbIM KT
TaKsKe OTMEYeHa Jallle IIpu JiedeHun PaBunupa-
Bupowm (32/35, 91,4% ) no cpaBHeHHUIO ¢ JlonnHa-
Bup/PuronaBupom (28/45, 62,2%), p<0,004.
OrpaHn4yeHUAMU TaHHOU pabOTHI Ciy’KaT He-
00JBIII0N pa3Mep BBIOOPKH, OTCYTCTBUE PaHIO0-
MU3alluy ¥ KOHTPOJIA.

Hns nayuenusa PempecuBupa (Remdesivir)
npu COVID-19 B HacTosiliee BpeMsi aHOHCUPO-
BaHO ILIECTh UccaeqoBaHUil. PaHee ero mpoTUBO-
BUPYCHas akTUBHOCTB B oTHoIIeHuu SARS-CoV u
MERS-CoV 0bLj1a mOoKa3aHa in vitro, a TAaKKe B 9KC-
IleprMeHTax Ha KUBOTHBIX, HO TOJIOKUTETbHBIN
adpeKT B NOAABJIEHUM peNJUKaALUU BUPYCA
MERS-CoV u iposiBJIeHn# 3a00J1€BaHusI OBIJI J10-
KyMEHTHPOBaH JIYIIb B CJIy4asx paHHero HadyaJa
JIeYeHHUs, He II031Hee 4yeM Yepead 12 4acoB Imocse
3apayKeHHUs, WK IIPU BBEICHUY [Ipernapara 10 3a-
paxkenus [19]. Eciiz skcTpanoanupoBarsb 3TU JaH-
Hble HA BUpyc SARS-CoV2, korna B peajlbHOCTH
WHTEPBAJIbl MEXIY 3apasKeHHueM, MOsIBJIeHUEM
IIEePBbIX CUMIITOMOB 1 HAa4aJI0M JICYEHU s UCUYUC-

Favipiravir (n=35) group was compared versus a
Lopinavir/Ritonavir group (n=45) [18]. Favipiravir
demonstrated shorter period of virus eradication
(18-21 days) compared to the group without Favipi-
ravir (27 days), P<0.001. A positive dynamics of CT
lung pattern was also noted more frequently in case
of Favipiravir therapy (32/35, 91.4%) versus
Lopinavir/Ritonavir (28/45, 62.2 %), P=0.004. The
limitations of that paper include small sample and
absence of randomization and control.

Six studies have been announced to investi-
gate Remdesivir for COVID-19. Earlier, its anti-viral
activity against SARS-CoV and MERS-CoV has been
demonstrated in-vitro and in experiments on ani-
mals, but its positive effect in suppressing MERS-
CoV replication and disease presentation has been
documented only in cases of early commencement
of therapy — not later than 12 hours after infection,
or when the drug was administered before infec-
tion [19]. If these data are extrapolated to SARS-
CoV2, when in reality the intervals between infec-
tion, presentation of first symptoms and
commencement of treatment are days rather than
hours, one can hardly expect a significant effect in
Remdesivir studies in sick people. At the end of May
2020,however, a preliminary report on positive re-
sults of Remdesivir application in the most com-
plex category of COVID-19 critical-state patients
was published. The randomized blind study of the
US National Health Institute included 1059 COVID-
19 patients who required oxygen therapy or various
respiratory support variants, of whom 538 received
Remdesivir and 521 — placebo. Upon receipt of in-
termediate data showing reduction of the average
recovery period in the main group, the Expert Mon-
itor Panel recommended unblocking and publish-
ing the findings before study completion.

In the group that received Remdesivir (200 mg
during the first 24 hrs., thereafter, 100 mg/day i/v),
a faster resolution of coronaviral infection versus
the placebo group was observed (11 days vs. 15
days, P<0.001). The Kaplan-Meier 14-day mortality
also differed in the Remdesivir group compared to
placebo (7.1 vs 11.9%, OR 0.70; 95% CI 0.47-1.04)
[20]. This study as well as other clinical studies of
Remdesivir are continuing.

Anti-SARS-CoV-2 Plasma from Convalescents.
In most countries where the epidemic has developed,
curative properties of plasma from donors who have
been ill and recovered are being investigated. The
background to this issue is the finding of the 2015
meta-analysis that included 27 studies proving this
method’s efficacy in reducing mortality from other
severe viral infections including coronaviral ones
(SARS-CoV1, MERS) [21]. At the same time, it could
be important to note that initially seronegative pa-
tients responded to the treatment much better than
patients who had antibodies. The length of hospital
stay did not exceed 22 days in 67% of seronegative
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JAI0TCA He YacaMM, a JHSMH, CJ0KHO OKHUIATh
SIPKO BBIpaKEHHOT0 adeKTa B UCCIAEIOBAHUSX
PemaecuBupa y 3aboJsieBIux Jjioneii. B To ke
BpeMsi, B KoHIIe Masi 2020 T. omyOJTMKOBAH ITpe/iBa-
PUTENBHBIN OTYET O IOJIOMKUTEIBHBIX pe3ysisTarax
IpUMEeHEeHUsI peMleCUBUpa y HanboJiee CI0KHON
KaTeropuu narreHToB ¢ COVID-19, Haxogamuxcs
B KPUTUYECKOM COCTOSTHUM. B paHIOMU3UPOBAH-
HOe cJierioe uccjeaoBanre HanmoHaJIbHOTO UH-
cruryTa 350poBbs CIIA BriroueHo 1059 nanyen-
TOB c COVID-19, HYKIAIOIAXCA B
KUCJIOPOJOTEPANINY UJIN PA3JIUYHBIX BADUAHTAX
pecrnuparopHoOU MOAEPsKKU, U3 HUX 538 moJy-
vasu PemaecuBup u 521 — 1utare60. B cBs13u ¢ mo-
JIydeHHeM IIPOMEKyTOYHBIX TaHHBIX O COKpalle-
HAU CpegHero BpeMeHU BBI3NOPOBJIEHUS B
OCHOBHO¥ rpymniie CoBeT 9KCIIEPTOB-MOHUTOPOB
pexoMeHI0BaJI pa3bIOKMPOBATH M OMyOJIMKOBATh
pe3yJIbrarhl 10 3aBepIIeHNsI UCCIeJOBaHNUA.

Tax, B rpymme nosay4asimx Pemuecusup (200 Mr
B IIepBbIe CyTKHY, gaJjee 1mo 100 Mr/cyr., BHyTpu-
BEHHO) OTMeYeHO 0oJiee OBICTPOe pasperieHue
KOPOHABUPYCHOU MH(EKIUU 10 CPAaBHEHUIO C
rpymmnoi mirane6o (11 gaef vs. 15 qHed, p<0,001).
OneHkyu jeranbHOCTH IO MeTtony Kamnnana-Me-
lepa Ha 14 eHb JieUeHUs TaKKe Pa3JInvyajIuch: B
rpynne PeMaecuBup mo CpaBHEHUIO C TJIarebo
(7,1 vs 11,9%, orHomienue puckos 0,70; 95% OUN
0,47-1,04) [20]. 9TO 1 pAx APYIAX KINHUYECKUX
uccaegoBanuii PemaecuBrpa mpooKaoTCs.

AnTn-SARS-CoV-2 mitasma pekoHBaJIeCIieH-
TOB B OOJIBIITUHCTBE CTPAH C PA3BUBIIIEHCS 91U~
JIeMuel n3y4JaroTcs JedeOHbIe CBOMCTBA MJIa3Mbl
OT TIepe60JIeBIINX U BBI3TOPOBEBIITNUX JOHOPOB.
ObocHOBaHMEM CJIyKaT pe3y/IbTaThl MeTa-aHa-
sm3a 2015 rojga, B KOTOpPoe OBLJIO0 BKJIIOYEHO 27 HC-
cJieJoBaHuM, JoKa3aBIIUX 3(pHEeKTUBHOCTD JaH-
HOTO MeTOAAa B CHUKEHWUM CMEePTHOCTU MpHU
JIe4eHUH IPYTUX TssKeJbIX BUPYCHBIX NH( eKIni,
B TOM uucje KopoHaBupycHoil (SARS-CoVl,
MERS) [21]. B TO ske BpeMs, HEMaJ0BaYKHBIM 5IB-
JIsTeTcs TOT (paKT, YTO MAIMEeHThI, UCXOMHO Oe3
COOCTBEHHBIX CIIETU(PUIECKUX AHTUTEJT (CepoHe-
raTABHbIC) 3HAYUTEJBHO Jy4llle OTBEYaJ d Ha
JevyeHue, 4YeM IalueHThbl C UMEIOIINMUCS aHTUTE-
aamu. Tak, TPOJOKUTETBHOCTh FOCIIUTAIN3a-
IIUY He IIpeBblIlasa 22 CyT. y 67% cepoHerarus-
HbIX OpoTuB 20% cepono3uTuBHBIX, p=0,001.
Pannee HauaJsio Jieyenus, 10 14 CyTOK OT IEPBBIX
CHUMIITOMOB, yJIy4IIIajI0 BePOATHOCTD BBIIIACKHA B
TedyeHUe 22 [HeH 1ocje NocTynjaeHus (58 npoTus
16%; p<0,001).

B ormomenunu COVID-19 B HacTosIee
BpeMs 3aBepIllleHbl MUJOTHBIE UCCAeJOBAHUS C
MaJIbIM 00 beMOM BbIGOpKU. Tak, B paboTte Chen-
guang S. et al. npuHUMAaJIO y4acTue 5 arueHToB,
MIOJIYYMBIINX UMMYHHYIO IIa3My KaK MeTOf, JIede-
Hus [22]. [Tociie ee nepesrBaHuA OTMeYeHa I10J10-
SKUTeJIbHAsI MUMHAMUKA KJIMHUYEeCKUX U jtabopa-

patients vs. 20% of seropositive patients, P=0.001.
Early commencement of treatment — within 14 days
from the first symptoms — improved the probability
of discharge within 22 days from admission (58 vs.
16%; P<0.001).

In respect to COVID-19, pilot sample-limited
studies have been completed now. 5 patients re-
ceiving immune plasma as a method of treatment
participated in the study by Chenguang S. et.al.
[22]. After transfusion, positive dynamics of clinical
and laboratory (inflammation markers) indicators
as well as findings of instrumental methods (CT
pattern of the lungs) was noted; IgM and IgG values
before and after transfusion were given. The limi-
tation of that study is that all participants concur-
rently received different antiviral and pathogenic
therapy including extracorporeal treatment, and
there was no comparison group in the study, so the
efficacy of findings cannot be judged properly. A
similar work was carried out by Kai Duran et al., the
number of patients being n=10. Same as in the pre-
vious study, the authors observed significant im-
provement of clinical, instrumental, and laboratory
indicators in patients after immune plasma trans-
fusion [23], but there was no comparison group in
that study either.

The limitations of the convalescent plasma
transfusion method are high cost, complex support
logistics, and a rather short time of effect. In addi-
tion to absence of a body of evidence, a serious lim-
itation for a wide-scale introduction of this method
is its complications such as post-transfusion lung
injuries, allergic reactions, volume overload [24]. As
time passes, there are continuously more recovered
patients — potential donors; about 40 studies have
been planned for the nearest future to investigate
the efficacy of convalescent plasma transfusion; if
positive results are obtained this method might be-
come more on demand and immediately available.

Other Drugs Suppressing Virus Replication.
The ability to suppress SARS-CoV2 replication in
vitro has been proven for a number of other chem-
ical compounds. Such drugs include anti-parasitic
drugs — Ivermectin and Nitazoxanide, the activity
of which was proven in vitro in respect of Coron-
avirus family. It has been shown that when Iver-
mectin was used in a concentration of 5mcM,
which is not toxic for cells, a 99.98% decrease of
viral RNA was achieved in experimental samples.
For Nitazoxanide, MIC-50 (the 50% minimal in-
hibitory concentration) was also quite low being
less than 1 mg/ml for the virus cell culture [25, 26].

Clevudine — areverse transcriptase inhibitor —
is known as a drug for hepatitis B and a retroviral
infection. In the past, a number of papers indicated
its in vitro activity in respect of other viruses, too,
such as SARS-CoV, MERS-CoV [27]. At present, this
drug is under investigation as regards its possible

use to suppress SARS-CoV2 replication.
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TOPHBIX (BOCHIAJIUTEJIbHBIE MapKephl) IIOKa3are-
Jied, a Tak)Ke JAHHBIX WHCTPyMeHTaabHbIX (KT
KapTHHA JIETKUX) METOJ 0B, IPUBEIEHBI JaHHbIE
00 ypoBHsax IgM u 1gG mo u nocse TpaHcdysuu.
OrpaHnyeHreM [TaHHOUW pPAOOTHI CJYKUT TOT
(akT, 4TO BCe YYACTHUKU OJHOBPEMEHHO IIOJY-
4aJId Pa3/IMYHYyIO IIPOTUBOBUPYCHYIO U ITaTOTeHe-
THUYECKYIO TepaIluio, B TOM YHUCJIe — C IIPUMEHe-
HUEM  OKCTPAaKOpPIOpPaJbHBIX  MeETOLOB, B
HCCJIENOBAaHUN OTCYyTCTBOBaJIa IPyIIla CpaBHE-
HUS, YTO HE TT03BOJISIET 00'HEKTUBHO OI[EHUTH 3(p-
(pexTrBHOCTE peadynsraToB. [Toxoskast pabora rpo-
BeneHa Kai Duran et al. c unciom namuenTos n=10.
Kaxk u B mpeapiayIieir paboTe, aBTOPbI OTMETHIIA
3HAYMMOe yJIy4YlIeHre KINHUYECKUX, THCTPYMEH-
TaJIbHBIX ¥ Ja00PaTOPHBIX TOKA3aTes el y maru-
€HTOB M0CJIe IepejIMBaHus UMMYHHOH I1J1a3Mbl
[23], HO 1 B 3TO¥ paboTe TaK’)Ke OTCyTCTBOBAJIA
rpymiia CpaBHEHHUA.

OrpannyeHueM  MeToja  IepeJIMBaHUA
IJIa3MBbl PEKOHBAJIECLICHTOB CJIYKUT €r0 BbICOKAs
CTOWMOCTH, CJIO’KHAS JIOTHCTHKA 0OecIiedeHus, 10-
CTaTOYHO HEMPOJOJIPKUTETbLHBIN 1epro adderTa.
Kpome orcyTcTBUs TOKa3aTebHOM 6a3bl, cephes-
HBIM OTPaHWYE€HHEM AJIS [MIAPOKOI0 BHEIPEHU:
JAaHHOI'0 METOZAa Ha3bIBAIOT T€ OCJIOKHEHUS, KOTO-
Ppble HaOJTIOAAIOTCS TPY TPUMEHEHNH JaHHOTO Me-
Tona. K HUM OTHOCATCS TOCTTPAaHC(y3NOHHBIE I10-
BPEKICHUA JIETKUX, aJJIepIUYeCKUe peakluu,
obbpeMHast meperpyska [24]. C TeueHrEM BpeMEHHI
TTOSIBJISIETCS BCE DOJIBITIE TIEPEOOJIEBIITNX MTAIFEH-
TOB — TMOTEHIINAJIbHBIX TOHOPOB, B OJIrKaiiiiee
BpeMs 3alJaHUPOBAHO OKO0JI0 40 uccjefoBaHUN
Ui u3ydeHus 3(PpPeKTUBHOCTH IepesIMBaHUs
IJIa3MBbl PEKOHBAJIECLICHTOB, B CJIy4Yae I10JIy4YeHUs
IIOJIOSKUATEJIBHBIX PE3YJIBTaTOB METOM, MOSKET CTaTh
OoJiee BOCTpEOOBAHHBIM U TOCTYITHBIM.

Jpyrue npenaparsl, IOJaBJIAIONINE PEILIH-
KalyIo BUPYCOB. /1y psAga IPYyrux XUMAYeCKUX
COeTMHEHWH TaKsKe TOKa3aHa CIOCOOHOCTH II0-
IaBJATH in Vitro permkanuio supyca SARS-CoV2.
K arToii rpymiie oTHOCATCSI IPOTHUBOIIApa3uTapHble
npenaparsl UBepMmeKkTHH (Ivermectin) u Hurasok-
canuj (Nitazoxanide), moaATBEpIUBIIHME CBOIO aK-
TUBHOCTB i7 Vilr0 B OTHOIIIEHUU BUPYCOB CeMel-
crBa Coronavirus. IlokasaHo, 4Yro 1pu
HCII0/Ib30BaHuy VIBepMeKTHHA B KOHIIEHTpaluu
5 MKM, KOTOpas He TOKCUYHA JJI KJIETOK, B 9KC-
ITepUMEHTAJIHBHBIX 00pasnax T0CTUTAIOCH CHILKE-
Hue conepskanusa BupycHoi PHK Ha 99,98%. [lis
Hutasokcanuga MIIK;, (MuHUMa/IbHAsA HOIaB-
JsIoNast KoHmeHTpanus 50%) Takske ObLIa 10-
BOJIBHO HM3KOU M COCTaBMJIA AJ1s1 KYJIBTYPHI KJle-
TOK Bupyca MeHee 1 MKr/mua [25, 26].

Knesynun (Clevudine) — narnéurop obpar-
HOU TPaHCKPUIITA3bl, U3BECTEH KaK IIpernapar J1Jisi
JledyeHusl rernaTuta B u peTpoBUpPYCHOU MH(peEK-
1. B mporiom psig paboT yka3bIBaIM Ha €T0 aK-

TUBHOCTb 71 VilTO B OTHOIIIEHUU U APYyrux Bupycos,

Immunomodulatory Therapy. Among vari-
ous drugs there are quite few candidates for a path-
ogenic therapy of COVID-19. First of all, these are
drugs affecting immune reactivity. Currently, most
scientific communities consider the main mecha-
nism of tissue injury during COVID-19 as the exces-
sive immune responses of the body while the so-
called lytic properties of the virus are much less
pronounced. In this connection, interest in drugs
possessing immunosuppressing properties has in-
creased.

Corticosteroids. It is commonly known that
corticosteroids are widely used to treat autoim-
mune and other diseases related to immune system
hyperactivity state. It has been established that dur-
ing coronaviral infection progression, the level of
injury of organs, first of all, lung tissue is also a pres-
entation of an excessive immune response, which
is often metaphorically called a ‘cytokine storm’. In
spite of some contradictory data, corticosteroids
hold a firm place in the treatment of coronaviral in-
fection patients, especially during a shock induced
by SARS-CoV2 [28-29]. The efficacy of anti-inflam-
matory hormones is most likely dependent on the
disease period during which the therapy is com-
menced as well as on the degree of involvement of
bacterial pathogens. During previous SARS-CoV
and MERS epidemics, many studies were also ded-
icated to this topic. A retrospective observational
study reported about 309 adults with severe MERS,
almost half of whom (49%) received a corticos-
teroid therapy. Statistical analysis found no differ-
ence between the groups in 90-day mortality, but
there was a statistically significant slowing down of
virus elimination in the steroid therapy group (ad-
justed HR, 0.35; 95% ClI, 0.17-0.72; P=0.005) [30]. In
another study, 9 out of SARS 16 who received a hy-
drocortisone therapy had a higher level of viremia
compared to the control group [31]. In the Rong-
Chang Chen’s study, all SARS-CoV patients (n=401)
were divided into 2 groups: highly severe and mod-
erately severe. Later, some patients from each
group received a corticosteroid therapy with the av-
erage dose of methylprednisolone equal to 1000
mg. The primary analysis of all patients did not
show benefits of the steroid therapy inclusion; how-
ever, a separate analysis of the highly severe group
revealed reduced mortality and a shorter length of
hospital stay [32]. A few studies were completed al-
ready during COVID-19, but their findings have
failed to give a clear-cut answer concerning useful-
ness of a steroid hormonal therapy. For example,
the study by Lei Zha et al. included 31 patients, 11
of whom received a methylprednisolone therapy;
the end points were the virus elimination time, the
length of hospital stay, and dynamics of symptoms.
That study did not discover advantages of corticos-
teroids in the treatment of COVID-19 [33]. The
study was ambiguous because all patients had ini-
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Takux kak SARS-CoV, MERS-CoV [27]. B Hacros-
1ee Bpems 9TOT [Ipenapar HaxOOAuTCs Ha JTalle U3-
Y4€eHHsI BOBMOKHOCTeH ero uCroJab30BaHUs 151
nongasJeHusA permkanuy supyca SARS-CoV2.
HNmmyHOMoOayaupyomas tepanus. Cpegnu
JIEKapCTBEHHBIX [IPEIIapaToB Pa3HbIX IPYIIII TAKYKE
HeMaJIo IIPEeTeHAeHTOB [IJIs TaTOreHeTUYeCKOU Te-
panmu COVID-19, u B nepByIo o4epenb — 9TO IIpe-
rnaparsl, BJHAIOINAE HAa UMMYHOPEAaKTUBHOCTb.
CerogHsi OOJBIIMHCTBOM HAayYHBIX COOOIIECTB
NIPUHATO CYUTATh, YTO OCHOBHBIM MEXaHW3MOM
noBpexenus: Tkaneut mpu COVID-19 saBjsieTcs
“30BITOYHBIN UIMMYHHBIA OTBET OPTaHN3Ma, a TaK
Has3bIBaeMble JINTUYECKUe CBOICTBa BUpyca BbIpa-
5KEeHbI B TOpa3[0 MeHbIllell cTeneHu. B cBA3U c
9THM BBIPOC MHTEPEC K JIEKapCTBEHHBIM IIperapa-
TaMm CO CBOMCTBAaMHU UMMYHOCYIIPECCOPOB.
Koprukocrepouasl. KopTUKOCTEpOUIHI,
KaK U3BECTHO, IIIMPOKO IPUMEHHAIOTCA AJIA Jlede-
HUS ayTOMMMYHHBIX ¥ APYTHUX 3a001€BaHUH, CBSI-
3aHHBIX C COCTOSTHUEM I'MIIePaKTUBHOCTA UMMYH-
HOH  cUCTeMBbl. YCTAaHOBJEHO, 4YTO IIpU
NIPOTPECCUPOBAHNY KOPOHABUPYCHON UH(PEKITNN
CTelleHb [IOBPEsKACHUS OPraHoOB, B [IEPBYIO O4e-
penb, JIErOYHOU TKAHU, TOSKE SIBJISIETCS IIPOsIBJIe-
HHEM N30BITOYHOTO IMMYHHOTO OTBETA, KOTOPBIA
9acTo 00pa3HO Ha3bIBAIOT «ITUTOKUHOBBIM IIITOP-
MoM». HecMoTpsa Ha pAx IPOTUBOPEYMUBBIX JaH-
HBIX, KOPTHKOCTEpPOHIbl 3aHUMAIOT IIPOYHOE
MECTO B JIeYeHUHU MallUeHTOB C KOPOHABUPYCHOU
nHpeKIeH, 0c06eHHO IIPH IIIOKE, MHAYIIMPOBaH-
HoM SARS-CoV2 [28-29]. BeposiTHee Bcero, ag-
(peKTUBHOCTb IPOTUBOBOCIAIUTEIBHBIX TOPMO-
HOB 3aBUCHT OT IepHo/ia 3a001€BaHMs1, B KOTOPOM
HayvaTa Tepanus, ¥ OT CTeTIeH!U BOBJIEUeHUs OaK-
TepuaIbHBIX IaTOT€HOB. B neproabl npeablaynnx
armmaemuii SARS-CoV u MERS MHOTHE paboThl
OBLIN TaK)Ke TOCBAIIEHBI ITOM TeMe. B peTpo-
CIIEKTUBHOM 00CEPBAIIMOHHOM MCCJIE0BAHNH CO-
ob6masmock o 309 B3pocabix ¢ TsokeabiM MERS,
IIOYTHU IIOJIOBUHA M3 KOTOPBIX (49%) moJiydasia
KOPTUKOCTEPOUIHYIO Tepanuio. CTaTUCTUYECKUI
AQHAJIM3 He BBIABUJI Pa3HUIlbI B 90-THEBHOU Je-
TAJIBHOCTH MEKAY IPyIlaMy, HO CyIIeCTBOBaJja
CTaTUCTUYECKU 3HAYMMOEe 3aMeJJIeHIe BhIBee-
HHUe BUpYyca B I'PyIllle CTepouaHoN Tepanuu (ad-
justed HR, 0,35; 95% CI, 0,17-0,72; p=0,005) [30]. B
Ipyroi pabore 9 u3 16 maruenToB ¢ SARS, moy-
4YaBIlIME Tepalnui0 TUAPOKOPTU30HOM, HMeJHU
OoJiee BEICOKUH YPOBEHb BUPEMUH 110 CPABHEHUIO
C manreHTaMH B rpyIirne KOHTpoJs [31]. B pabore
Rong-Chang Chen Bce manueHtsl ¢ SARS-CoV
(n=401) ObLTA pa3feseHbl Ha 2 TPYIILL: HoJiee Ts-
sKeJIble U CpellHel TshKeCTH. B nasnbHeliieM 4yacTh
MMAIMeHTOB U3 KAKI0N IPYIIIbI IT0JIy4yalia KOPTU-
KOCTEPOUIHYIO TepaIluio, JO3bI METUJIIPEIHU30-
JIoHa cocTaBusu B cpegHeM 1000 mr. [lepBUYHBIN
aHaau3 BCeX MALMEeHTOB He I0Ka3all IIpeuMy-
IIIeCTB 100aBJIEHUs CTEPOUTHON TEPATIH, OTHAKO

tially mild symptoms of the coronaviral infection
and none of the patients in either group developed
ARDS.

Nowadays, over ten studies are underway to
investigate justification of corticosteroids during
COVID-19. The genome-associated effects of in-
haled glucocorticoids indicate complex mecha-
nisms of action of this group of drugs [34]. Together
with absence of data when the therapy should com-
mence and what is the disease period during which
it would be most effective, it is rather difficult to
standardize treatment. Summing up the data on
the use of corticosteroids for COVID-19 treatment,
it can be concluded that no convincing evidence for
efficacy of this type of therapy has been obtained,
yet. Anyhow, the corticosteroid therapy is more jus-
tified in a severe course of the disease, when ARDS
develops, first of all, as a part of refractory septic
shock therapy.

Interleukin-6 (IL-6) Inhibitors. Interleukin-6
is the most extensively studied cytokine capable of
augmenting the damaging action of immune re-
sponse mediators in respect of host tissues. Drugs of
the class of IL-6 inhibitors are used for diseases with
the autoimmune component, for example, rheuma-
toid arthritis. It is known that COVID-19 activates
systemic inflammation accompanied with excessive
release of cytokines including IL-6, too, representing
a theoretic background for use of inhibitory drugs.
In clinical practice, the most commonly used drug is
Tocilizumab. The guidelines on its usage are based
on published positive results of individual clinical
cases (the case/control study design) during treat-
ment of COVID-19 patients [35, 36]. There are still no
completed clinical trials proving efficacy of this drug,
its optimal dose and route of administration during
COVID 19, therefore, in each particular case,
Tocilizumab usage requires a collegiate assessment
and decision by a panel. The more so that the range
of the described side effects of the drugis rather var-
ious, and encompasses elevated liver transaminase
levels, thrombocytopenia, neutropenia, the most
hazardous complications being an overlay of bacte-
rial and fungal infections [37].

The efficacy of Siltuximab for COVID-19 has
not been determined, too. The preprint authors re-
port a decrease of laboratory inflammation mark-
ers in COVID-19 patients (n=21), who were treated
with Siltuximab; however, an improved clinical sta-
tus was achieved in one third of patients (7/21,
33%) only while the condition of 5 patients out of
21 (24%) aggravated [38]. New clinical studies of IL-
6 inhibitors have been initiated [39], in particular,
in the published data available on Sarilumab there
is information about completion of phase-2 clinical
trial. The trial included 222 patients, of them — 145
received Sarilumab and 77, the control group, —
placebo. Among the preliminary findings of com-

parison between the groups, the researchers men-
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OT[leJIbHBIN aHAJIN3 TPYIIIBI C TSKEJIBIM TeueHueM
BBISIBUJI CHUKEHHUE YPOBHSA CMEPTHOCTHU U VKO-
poYeHme CPOKOB MPeOLIBAaHMS B cTalloHape [32].
Voke u ipu COVID-19 3aBepiiieHbI HEKOTOPbIE UC-
CJIEIOBAHUS, HO X PE3YJIbrarbl TAK)KE He JaJIU Ofl-
HO3HAYHOTO OTBETA HA BOIIPOC O IeJIeC000pasHo-
CTU Tepanuy CTePOUIHBIMU TIOpMOHaMH. Tak,
Hanpumep, B ucciaefgoBanue Zha L. et al. BkiioueH
31 mamueHT, U3 KOTOPBIX 11 MOJyYusiu Tepamnuio
METHIIPEeIHU30JIOHOM; KOHEYHBbIMU TOYKAMHU CJIY-
SKHJIA BpeMsI 9JIMMUHAIUN BUPYCA, JJINTEJIBHOCTD
rOCUTAMN3AlNY, JUHAMHUKA CUMIITOMOB. B man-
HOU paboTe He BBISIBJIEHO IPEUMYIIIECTB KOPTH-
kocTepouioB B jiedeHnnu COVID-19 [33]. Heomno-
3HAYHOCTD JAHHOH PabOTHI COCTOUT B TOM, UTO BCE
MMaIMEeHTHI NCXOMHO UMEJIN JIETKHAE CUMIITOMBI KO-
PpOHAaBUPYCHOM WH(MEKITNH, B 00€MX IPyIIIax HA ¥
OIHOI0 U3 nanueHToB He passuiica OPJIC.

B HacTosIIee BpeMsi IpOIoJIKaIOTCs Oosee
JecsiTka paboT 1Mo M3yYeHHI0 000CHOBAaHHOCTHU
ropmoHanabHOU Tepanuu COVID-19. [eHom-acco-
IUUPOBaHHbIe 9(P(PeKThI UHTAJISAINOHHBIX KOPTU-
KOCTEPOMIOB YKa3bIBAIOT HA CJIOKHBIE MEXaHU3MBbI
JeICTBUSA MpernaparoB JaHHOM rpynnsl [34]. B co-
BOKYIIHOCTH C OTCYTCTBHEM JAaHHBIX O TOM, KOTAa
Ha4YMHATh TEPAINIO U B KAKOH Iepror 00JIe3HN OHa
Oymer Hambosiee 9 PeKTUBHA, BOSHUKAIOT O0JIb-
Iye TPYIHOCTY B CTAHIAPTU3aLUU JICYCHUS.

O6o00611as faHHbIe IO TPUMEHEHUIO KOPTH-
KocTepouoB B Jedennu COVID-19, MoskHO cre-
JIaTh BBIBOJI, YTO ITOKA HE MOJYYE€HO YOeanuTe  h-
HBIX JI0Ka3aTeJIbCTB 3((PeKTUBHOCTU TaHHOTO
BUJa Tepanuu. Tak nim nHavde, KOpTUKOCTEPOUI-
Has Tepamus 0oJiee opaBiaHa B TSKEJBIX CIIy-
yasix TedeHus1 3abosieBanusi, mpu passuruu OPJIC,
U IIpeklie BCero — B Tepanuu pedpaKkTEPHOTO
CEeIITUYECKOr0 II0KA.

HNHruouTops! nHTEpaeiknHa-6 (IL-6). -
TepJIEUKIH-6 — HanboJiee N3y4YeHHbBIN TPOBOCHA-
JINTEeTbHBIA IIATOKWH, CIIOCOOHBIN YCUINBATH T10-
Bpeskaalolllee 1eliCTBre MeuaTopOB UMMYHHOI'O
OTBETAa B OTHOIIIEHUU COOCTBEHHBIX TKaHeH. [Tpe-
raparsl Kiacca THruouTopos IL-6 ucromb3yoTes
Ipy JiedeHnn 3a00JeBaHUN C ayTOMMMYHHBIM
KOMIIOHEHTOM, HallpuMep, IIPpA peBMaTOUIHOM
aptpure. 13BecTHO, yTo COVID-19 Tak ke akTUBU-
PYeT cucTeMHOe BocIiajieHrue ¢ N30bITOYHBIM BBI-
OpocoM ITUTOKWMHOB, B TOM 4Yucie IL-6, 4To siB-
JISIeTCS1  TEeOpeTUYeCKOM  MNPeIIoChIIKON K
HICII0JIb30BAHMUIO JIEKAPCTB U3 TPYIITbI THTUOUTO-
poB IL-6. B KTMHUYECKOI MPpaKTHUKe HanboJIee IIIu-
poko ucnosabdyercs Tormuauaymab (Tocilizumab).
PexoMenanyy o ero npuMeHeHUIO0 OCHOBAHbI Ha
OTnyOJIMKOBAaHHBIX OJIOKATETbHBIX PE3yIbTaTax
OT[IeJTbHBIX KIMHUYECKUX HaOJII0MeHnH (Tr3aiiH:
CJIy4aii-KOHTPOJIb) IPU JIEYeHUHN IaIUeHTOB C
COVID-19 [35, 36]. [Toka HeT 3aBepIlIeHHBIX K-
HUYECKUX UCHBITAaHUHN AJIs1 IOATBePKIeHUs (-

(beKTI/IBHOCTI/I JAaHHOTO IMperiapara, €ro onuTuMaJib-

tion decreased SRP (79% vs 21%), lower depend-
ence on MLV (9% vs 27%), a higher percent of clin-
ical improvements (59% vs 41%), and reduced mor-
tality (23% vs 27%) [40].

Interleukin-1 (IL-1) Inhibitors. Another anti-
inflammatory cytokine — Interleukin-1, is known
mostly for its involvement in the immune-medi-
ated tissue injury. The general background for use
of this group of drugs is similar to that of IL-6 in-
hibitors. IL-1 inhibitor Anakinra is used as a drug
for rheumatoid arthritis while in COVID-19 pa-
tients its potency as a complementary drug to the
standard therapy is investigated. In the study by
Giulio Cavalli et al, 29 patients received Anakinra in
a combined therapy for the coronaviral infection
and were compared against the standard therapy
group. Positive results were obtained as regards 21-
day survival (90% vs 56%) and time without MLV
(72% vs 50%) [41].

Janus Kinase Inhibitors. Janus kinases are
chemical molecules regulating signaling of cy-
tokines, including anti-inflammatory; nowadays
they are used most widely in the rheumatoid arthri-
tis therapy [42]. One of drugs from this group is
mentioned in literature in relation to COVID-19
therapy more frequently than others: it is Barici-
tinib. Along with its anti-inflammatory effect, its
mediated anti-viral action through endocytosis
suppression, which has been studied in drugs of
this group, is considered [43]. In the study by E Can-
tini et al., Baricitinib improved SpO,, PaO,/FiO,,
abated fever, decreased the MEWS score, and the
level of C-reactive protein; the authors also noted
good tolerance of the therapy [43]. The limitations
of this study include small sample and absence of
randomization. A number of studies have been ini-
tiated, which cover other drugs from the group of
Janus kinase inhibitors: Ruxolitinib [44], Acalabru-
tinib [45], Tofacitinib [46], their findings will be
known later.

One of the drugs from this group — namely,
Baricitinib — is included in the Russian guidelines
on COVID 19 treatment; nevertheless, it should be
emphasized that the current literatures contains no
convincing scientific evidence proving efficacy and
safety of using drugs from the Janus kinase group
for the treatment of COVID-19 patients.

Interferons of the 15t Type (IFN -1), Alpha,
Beta. The anti-viral effect of interferons has been
known since 1957 [47]. For dozens of years this
issue was thoroughly studied for each type of inter-
ferons (IFN). The current belief is that these are in-
terferons-alpha and beta (INF-a, INF-b) that fea-
ture the main anti-viral activity while such activity
is less typical for IFN-gamma (IFN-y) [48]. [FN-a
and INF-b drugs were used and studied during pre-
vious coronaviral epidemics and contradictory re-
sults concerning their efficacy were obtained
[49-51]. During the current coronaviral pandemic,
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HOM J103bI U peskuma BBefenus rpu COVID-19, mo-
9TOMY HCHIOIb30BaHue Tonuanaymada B KasRIOM
KOHKPETHOM CJiydae TpeOyeT KOJIJIernagbHOMN
OIleHKU W KOMUCCHUOHHOTO perieHusi. Tem OoJiee,
YTO CITEKTP OMMCAHHBIX TOOOYHBIX JEeHCTBUI IIpe-
napara JOBOJIBHO MIMPOK U BKJIKOYAET ITOBBIIIE-
HHe MeYeHOYHBIX TpaHCaMUHa3, TPOMOOIINTOIIE-
HUIO, HEUTPOIIEHUIO, a cCpeau HanboJiee TPO3HBIX
OCJIOYKHEHUH — MPHCOeTnHEHNE OaKTepHabHBIX
¥ TPUOKOBBIX MH(PEKITNH [37].

ddderxruBHOCTh B OoTHOmEeHUu COVID-19
Cunrykcumaba (Siltuximab) Takike He ompene-
JieHa. ABTOPBI TPENPUHT-TYOJTHUKAIAH COOOIIAI0T
O CHIKEeHUH JJab0paTOpPHBIX MapKePOB BOCITasIe-
HUA y nanueHToB ¢ COVID-19 (n=21), jeueHHBIX
CuntykcrnMaboM, HO YIIydIIeHe KIUHUYECKOTO
COCTOSITHUSA JOCTUTHYTO JIUIIB y TpeTHu (7/21, 33%)
MaeHToB, B TO BpeMs Kak y 5 u3 21 (24%) nauu-
€HTOB COCTOAHUE VXYALINJIOCH [38]. MHUIUUPO-
BaHbl HOBbIE KJIMHUYECKUE UCCJIeJOBAHUS UHTU-
outopoB IL-6 [39], B 4aCTHOCTH, U3 JOCTYITHBIX
JAHHBIX 110 TIpemnapary Caprrymab (Sarilumab) cy-
1iecTByeT UH(opManus o 3aBepIiieHnu 2-1 (pasbl
KJIMHUYECKOT0 HCIbITaHusA. B wmcciaemoBaHue
BKJIIOYEHO 222 ManueHTa, U3 KOTOPhIX 145 moJry-
yas Capusymad, a 77 B rpyIie KOHTPOJISA — MJja-
1e6o. 113 mpenBapuTe/IbHBIX PE3Y/IBTATOB CPABHE-
HUS rpymnn nccjeaoBaresn Ha3bIBAIOT
ymensblenne CPb (79 vs 21%), cHu»KeHue 3aBUCH-
moctu oT UBJI (9 vs 27%), O0Jiee BHICOKUU TPO-
LIEHT KJAWHUYeCKux yiaydieHuil (59 vs 41%) u
0oJs1ee HU3KYIO JIETATBHOCTD (23 Vs 27%) [40].

HNuruouropsl Uurtepaieiikuna-1 (IL-1). Eme
OJTMH MPOBOCHAIATE/IbHBIN IUTOKUH VHTEepJIeKIH
1 HanboJiee U3BECTEH KaK YYaCTHUK UMMYHO-OTIO-
CpEeIOBAHHOIO TpoIlecca MOBPEXKIEHUsT TKAHEWU.
Ob111ee TeopeTueckoe 0OOCHOBaHME K ITpUMeEHe-
HMIO [IpernaparoB JAaHHOU I'PyNIIbl COIOCTaBUMO C
naruouTopamu IL-6. Miurudburop IL-1 AnakmHpa
(Anakinra) ucrosb3yeTcsi Kak npenapar B JIeueHUN
PpEeBMAaTOUIHOIO apTPUTA, a y narmeHTos ¢ COVID-19
HM3Yy4aloTCs €r0 BO3MOKHOCTHU B Ka4eCTBE JOII0JIHE-
HUS K CTaHIAPTHOM Teparuu. B pabore Giulio Cavalli
et al,, 29 manueHToB NoJIydyaan AHAKMHPY B KOM-
IVIEKCHOM JIeYeHUW KOPOHABUPYCHOU MH(peKIU 1
CPaBHUBAJIMCH C TPYNION CTAaHAAPTHOMN Tepaluu.
[Tosy4uensl IO/I0KUTEIbHBIE PE3YJIBTaTbl B OTHOLIE-
HuU 21-1HEeBHON BhIKHUBaeMocTH (90 vs 56%) u Bpe-
menu 6e3 UBJI (72 vs 50%) [41].

HNuarndourops! Anyc-kuHa3. fIHyC-KUHA3BI —
XUMHUYECKYE MOJICKYJIbI, pEeryIUpyIoIne CATHAJIN-
3alMI0 IUTOKWHOB, B TOM YHCJIe — IPOBOCIAIA-
TeJIbHBIX, B HACTOSIIIIEe BpeMsI HanuboJiee IMIMpPoKO
HCIIOJIB3YIOTCA IIPU JICYEHUH PEBMATOUIHOIO apT-
puta [42]. OnuH U3 IpenaparoB JaHHOU IPYIIIbI B
orHowmeHun JiedeHuss COVID-19 ynomuHaercsa B
JIUTeparype dYaiie Ipyrux — 3To bapuuutmHUO
(Baricitinib). Hapsay ¢ nmpoTrBoBOCIaIuTeIbHBIM
3 dekToM paccMaTpUBaAETCS €T0 OTIOCPEN0BAaHHOE

no consensus has formed as regards the necessity
of using IFN in COVID-19 treatment. This type of
drugs is included in the Russian guidelines on
COVID 19 treatment, by the US National Health In-
stitute’s guidelines show ‘no’ sign against IFN use
due to absence of convincing evidence of its effi-
cacy [2, 52]. IFN is a broad-range drug, as a rule,
used in a combination with other medicines. In
published studies, IFN is applied as a component
of a combined drug therapy, so it is difficult to sin-
gle out its isolated positive effect. In the study by
Ivan Fan-Ngai Hung, et al, the Lopinavir/Riton-
avir+Ribavirinum+IFN-beta-1b combination
demonstrates better results in COVID-19 treatment
compared to the Lopinavir/Ritonavir+Ribavirinum
therapy without interferon [53]. In the group with
IFN addition, virus elimination occurred earlier: on
day 7 vs. day 12 in the control group, P=0.0010. A
clinical improvement was observed noticeably
faster, too: according to SOFA from day 3 vs. from
day 8 in the control group, P=0.041, the length of
hospital stay was half shorter (9 days vs. 14.5 days,
P=0.016). By the way, the updated guidelines of the
US National Health Institute on COVID-19 treat-
ment recommend electing not to use Lopinavir/Ri-
tonavir or other HIV protease inhibitors due to ad-
verse pharmacodynamics and negative findings of
clinical trials [https://www.covidl9treatment-
guidelines.nih.gov/therapeutic-options-under-in-
vestigation/].

In a study investigating IFN influence on cell
cultures infected with SARS-CoV2, both IFN (INF-a
and INF-b) demonstrated strong activity in reduc-
ing virus concentration within the range of 1 to 50
IU/ml, INF-b possessing a greater activity vs. INF-a
in vitro. The available dosage forms of interferons
allow achieving the above blood concentrations
[54] A quite high safety profile of such drugs has
been verified in studies in disseminated sclerosis
and hepatitis treatment. Nevertheless, it should be
noted that adverse effects remain, especially in the
group of INF-b, which application, according to
some data, increases the risk of stroke 1.8-fold, the
probability of depression — 1.3-fold, migraine —
1.8-fold, etc. [55]. Among the side effects of INF-a
that was used to treat hepatitis in children, only
cold symptoms were observed [56]. Today, the data
concerning interferons’ efficacy in respect of
COVID-19 are ambiguous; Ministry of Health of
Russian Federation Guidelines mention applica-
tion of alpha-IFN drugs only as a possible specific
prophylaxis of infection during diabetes mellitus |
], otherwise, it is justified only within a research or
upon physicians’ agreement (a case conference).

At present, the data on IFN efficacy in respect
of COVID-19 are ambiguous, hence, its use is justi-
fied only within a research or upon physicians’
agreement (a case conference).

Other Immunosuppressive Drugs. Investiga-
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IIPOTUBOBUPYCHOE IEHCTBYE 3a CUeT I10/IaBJIeHUs
9HJOLIUTO3a, U3y4eHHOe y ITpeJICTaBUTe el TaHHON
rpynnsbl siekapcrs [43]. Tak, B uccinegosanuu E Can-
tini et al BapunuTHUO ynydmran 3Havenus SpO,,
Pa0,/FiO,, cHukaa BBIPAYKEHHOCTh JIUXOPAIKH,
3HaueHus mraiasl MEWS, conepskanne C-peakTuB-
HOTO OeJTKa, aBTOPHI OTMETHUJTN TAKKE XOPOIIIYIO TTe-
peHocuMocTh Tepanuu [43]. OrpaHnyeHneM TaH-
HOHM paboTHI CIyKaT MaJIblil pa3Mep BHIOOPKHU U
OTCYTCTBHE paHaoMu3anuy. VHUIUUPOBaH pAL
paboT, BRITIOYAIOIINI APYTHE TIpenapaThbl TPYIITHI
MHruOMTOPOB fIHYC-KMHAa3: Pykcosmranb (Ruxoli-
tinib) [44], AkamabpyTunu6 (Acalabrutinib) [45], To-
¢arutranb (Tofacitinib) [46], pe3ysibraThl KOTOPBIX
CTaHyT U3BECTHBI ITI03THEe.

OnuH 13 IpenaparoB 9TOH IPYIIIbL, a UMEHHO
Bapunutinuo, BRJIIoUeH B Poccuiickue pekoMeH-
Januu 1o Jsgedenuro COVID 19, ogHako caenyer
IIOJYEPKHYTh, YTO B HACTOALEe BpeMs B JIUTepa-
Type HeT yOeanTeIbHBIX HAYYHBIX JaHHBIX, MO
TBEPSKIAIONTNX 9P (PERTUBHOCTH U 6€30ITaCHOCTh
NIPAUMEHEHUs CPENCTB Irpynnsl fHyc-KuHaA3 nJs
JedeHus namueHToB ¢ COVID-19.

HNurepdepons: 1-ro Tuna (IFN-1), Aabda,
Bera. O mpoTUBOBUPYCHOM el CTBUU UHTEP(depo-
HOB M3BeCTHO ¢ 1957 roxa [47]. Ha nporsiskeHuu fe-
CATKOB JIeT JaHHBIN BOIIPOC M3y4aJiCs AETAJTbHO
JUISI KQKJOTO TUIa UHTEp(epoHOB. B naHHbIi MO-
MEHT CUUTAETCS], YTO OCHOBHOU IIPOTUBOBUPYCHON
aKTUBHOCTBIO 00saatoT MHTEpepoHs! anbda u
6era (INF-a, INF-b), Torma kak nj1s1 mHTepdepoHa
ramMMma (IFN-y) Takasa akTUBHOCTb MeHee Xapak-
tepHa [48]. [Ipenapars! IFN-a u INF-b npumensi-
JIMCh U ¥ICCIIEOBAJINCH BO BpEMs NIPEeIbIOYIINX KO-
POHAaBUPYCHBIX aNUAEMUH, IIOJTy4Y€HbI
MIPOTUBOPEYNBBIE Pe3yJIBTaThl 00 NX a(p(peKTHBHO-
ctu [49-51]. Bo Bpems Teky1ieil KODOHABUPYCHON
MaHJeMHUHU TaK)Ke He c(hOpMUPOBATIOCH €JUHOTO
MHEHUsI 0 HeoOXOAMMOCTA MHTEP(EPOHOB A
aevyennsi COVID-19. /laHHBIN TUTI JIEKAPCTB BRJIIO-
yeH B Poccuiickue peKoMeHJAIuy 0 JedyeHUIo
COVID 19, HO B pekoMeHganusax HanmonaabHOTO
nHCTATYTA 300poBbsa CIIA cTOUT 3HAYEHUE «IIPO-
THB» Mcnosib3oBaHus INF-1 BBUy OTCyTCTBUSA yOe€-
JUTEJbHBIX TOKa3aTeJbCTB a(pdeKTUBHOCTH (2,
52]. UaTepdepoH HecnielnpUuieH 1, Kak IPaBUJIo,
HICITOJTb3yeTCsI B KOMOWHAIINY C IPYTUMU JIEKAPCT-
BEHHBIMU CPeICTBAMH. B onyO/IMKOBaHHBIX HCCIE-
JIOBaHUAX UHTep(EPOH IPUMEHSIIOT KaK OUH U3
KOMITOHEHTOB KOMOMHUPOBAHHOH JIEKapCTBEHHOMN
Tepaluy, B CBA3U C YeM TPYIHO BBIAEJIUTH €TI0 U30-
JIMPOBAHHBIN TTOJIOKUTETbLHBIN 3 (eKT. B paboTe
Ivan Fan-Ngai Hung et al, komOuHarus mperaparos
JlonmmuaBup/PutonaBup+PubaBepun+uTepde-
poH-0eTa-1b, moKa3bIBaET JAYUIINE PE3YIBTaThI B
aedyennu COVID 19 B cpaBHeHUH c JjieueHueM Jlo-
nuHaBUp/PutoHaBUp+PubaBepuH 6e3 naTEpdE-
poHa [53]. B rpymite ¢ no6aBnenuem Murepdepona

JJIMMUHANA BUPYyCa IIPONCXOANJIA PAHbIIE, YIKE

tions have been requested to study other drugs
suppressing the immune response and presumably
capable of abating virus-initiated injury of host tis-
sues. For instance, IFX-1 contains monoclonal an-
tibodies to C5a component of the complement sys-
tem. Its ability to suppress excessive inflammation
isyet only planned to study [57]. Quite a lot of stud-
ies are aimed at investigating mesenchymal stem
cells (MSC). MSC immunomodulatory and anti-in-
flammatory properties during treatment of respira-
tory diseases were confirmed in 17 completed clin-
ical studies, and over 70 more studies are currently
registered to study them further [58]. Dozens of
drugs are under investigation as candidates for
COVID-19 therapy including sartans, antiaggre-
gants, statins, iron complexing agents (disulfiram),
tranexamic acid, etc. Various mechanisms of antivi-
ral and immunomodulatory activity are discussed
as points of application of these drugs. It should be
concluded that in the absence of scientific proof of
such drugs’ benefit during COVID-19, their appli-
cation would be expedient only within the pathol-
ogy such drugs have been development for and
studied, i. e. if medically indicated.

Antibiotic Therapy during COVID-19. Pre-
scription of antibiotics during viral infections have
long been a topic of discussion and always requires
a justified decision even in case of common ARVI
or influenza, and needs special attention during a
coronaviral infection in the pandemic situation.

On the website of the British Society for An-
timicrobal Chemotherapy (http://bsac.org.uk/) it
is pointed out that serious bacterial infections
might be missed when full attention is focused on
COVID-19. Hence, it is important to take into ac-
count a bacterial infection (examine and treat em-
pirically) while assessing a feverish patient espe-
cially self-isolated at home [59].

Another website (https://www.nice.org.uk/
guidance ) — the website of the Great Britain Na-
tional Institute for Health and Care Excellence
[NICE] — contained data on concomitant bacterial
infections in COVID 19 patients occuring rarer than
in 10% of cases and unjustified usage of antibiotics
leads to growth of antimicrobial resistance, a risk of
pseudomembranous colitis related to antibiotic-as-
sociated Clostridioides difficile infection and might
aggravate the situation [60].

Arguments «FOR» and «CONTRA». On the one
hand, at the bedside of a patient with pneumonia
and ARDS, a critical care physician is always appre-
hensive of sepsis, bearing in mind a septic shock
hazard based on clinical experience, so quite often,
proceeding from a high probability of a secondary
bacterial infection, a decision is made to prescribe a
combined antibiotic therapy. On the other hand,
when the patient’s condition is due to a severe coro-
naviral pneumonia presenting with an alveolar pul-
monary edema, interstitial inflammation, formation

GENERAL REANIMATOLOGY, 2020, 16; 6

www.reanimatology.com



76

https://doi.org/110.15360/1813-9779-2020-4-0-1

Reviews

Ha 7 CyT II0 CPaBHEHUIO C 12 CyT B rpymnie KOHT-
poJist, p=0,0010. Takske 3aMeTHO OBICTpPee OTMeYa-
JIOCh KJIWHHWYECKOe yJIydllleHWe, HalpuMmep, II0
mkasne SOFA ¢ 3-X cyT IO CpaBHEHUIO C 8 CyT B
KoHTpoOJIe, p=0,041, a Bpems npeObIBaHUSA B CTa-
[IMOHape COKpaIaJIoCh B IOJITOpa pasa (9 CyT mpo-
TuB 14,5 cyT, p=0,016). Kcrary, B mocaenHel Bepcun
JokyMeHTa 110 Jjedennio COVID-19 Hanuonasns-
HOTO HHCTUTYTA 300poBba CIIIA pekomMeHI0BaHO
OTKasarbcsAa oT JlonuuaBup/PuToHaBUp MU Opy-
TUX MHTUOUTOPOB ITpoTeasbl BUY n3-3a Heba-
TONpUATHON (papMaKoAWHAMUKU U HeraTuB-
HBIX pe3yJIbTaTOB KJWHUUYECKUX HUCIBITAaHUU
[https://www.covid19treatmentguidelines.nih.gov/t
herapeutic-options-under-investigation/].

B pabore, moCBAIIEHHON N3YYEHUIO BIUSHUS
nHTepdepoHa Ha 3apaskeHHbIe SARS-CoV2 Kysb-
TypsI KIeToK 06a mHTepdepona (INF-a u INF-b)
IIOKa3aJu XOPOWIYI0 AaKTUBHOCTb B CHUKEHUU
KOHIIEHTPalluy BUpyCa B IUala3oHe KOHIEHTpa-
uuii or 1 1o 50 ME/mn, npudem in vitro INF-b
06/1a1a71 60JIBITIEN AKTUBHOCTHIO TI0 CPABHEHMUIO C
INF-a. JlocTynHble JekapCTBEHHbIe (h)OPMbI UH-
Tep(epOHOB IO3BOJIAIOT JOCTUrATh YKA3aHHBIX
BBIIIle KOHIIEHTPAIMA B KpoBU [54] /locTaTouyHO
BBICOKUH PO nITh 6€30ITaCHOCTH JaHHBIX ITpema-
paToB IPOBEPEH B UCCJAENOBAHUAX IIPU JICUCHUN
paccessHHOTIO CKJIep0o3a U rerarura. lTeM He MeHee,
cJIeyeT OTMETHUTh, YTO HebJsrarompusiTHbIe 3(-
(exThI ocTaoTcs, ocobenHo B rpymie INF-b, mpu-
MeHEeHHEe KOTOPOro, 10 HEKOTOPBIM TaHHBIM, YBe-
JIMYUBaeT PUCK MHCYJbTa 1,8 pa3, BepoOATHOCTD
nernpeccuit — 1,3 pasa, murpenu B 1,8 pas u ap.
[55]. 113 moOouHbIX adderToB INF-a, KOTOpHIH
TIPUMEHSITN JJIs1 IeYeHUs TeTllaTUTa y IeTel, ObIIn
OTMEYEHBI JIUIIb CUMIITOMBI IPOCTYAEI [56]. B Ha-
CTosilllee BpeMs JaHHbIe 110 3(p(PeKTUBHOCTU UH-
tepdepoHoB B oTtHomenuu COVID-19 HeomHO-
3HA4YHBI, B pekoMeHnanuax M3 P® npumeHneHue
npernaparos ajib(a-uHTepdepoHa Ha3BaHbBI B Ka-
4ecTBe BO3MOYKHOU crieruduieckoi mpoduiak-
TUKUA UHQEKIUH Y TaIMeHTOB IPYII BbICOKOIO
PHCKa, a B IPYIUX CAydYasx OIpaBIaHO JIAIIb B
paMKax HayYHBIX MCCIe0BAHNN, TUOO0 10 coTIa-
LIEHUIO Bpadell (KOHCUINYM).

Jdpyrue npenaparsl ¢ HMMYHOCYIIpecCOp-
HBIM JieficTBHEM. 3asIBJIEHBI WCCJIEOBAaHUSA T10
U3y4YCHUIO JPYTUX JIEKAPCTB, [ONABJIAIOIINX UM-
MYHHBIH OTBET, ¥, KaK MPe/IoJaraeTcs, crocoo-
HBIX YMEHBIITUTH ITOBPE’KIEHIE COOCTBEHHBIX TKa-
Hel, MTHULIIMUPOBaHHOe BUpycoM. Tak, mpenapar
IFX-1 comep’XUT MOHOKJIOHAJ/IbHBIE aHTUTEesa K
C5a KOMIIOHEHTY CHCTeMbl KoMIljieMeHTa. Ero
CIIOCOOHOCTH B ITO/IABJIEHNY N30BITOYHOTO BOCTIA-
JIEHU I TOJIBKO IIJIAHUPYETCS U3Yy4UTh [57]. 3Ha4n-
TeJTbHOE KOJTMYEeCTBO paboT HAIpaBJIeHO Ha WC-
CJelOBaHME  ME3CHXWMAJIbHBIX  CTBOJIOBBIX
kyerok (MCK). MMMyHOMORY/IMpYIOLIHE U IIPOTH-
BOBOCHaJ/IUTE/IbHbIE cBoVicTBa MCK nipu sieueHnn

of hyaline membranes and so on as a consequence
of a massive viremia and cytopathy — without bac-
terial involvement, the question arises: what will be
the point of application of antibiotics administered
into the body? The answer is obvious: in the absence
of a bacterial infection, the target for antibiotics will
be the patient’s own bacteria, i.e. the patient’s micro-
biota, which damage is inevitable in this situation.
The importance of gastrointestinal dysfunction is
usually ignored because diarrhea is not among the
early symptoms of the coronaviral infection. At the
same time, a targeted analysis of COVID-19 course
in 194 inpatients given in a multi-center study dis-
covered development of diarrhea in 16.5%. Diarrhea
development was significantly (P<0.0001) associated
with the disease severity and with requirement for
the use of mechanical lung ventilation (MLV) in ICU
(P<0.0002) indicating an unfavorable prognosis [61].

At the pandemic peak, in an emergency situa-
tion of in-mass admissions, the issue of a destruc-
tive influence of an excessive antibiotic therapy on
endogenous microbiota has not been raised, yet —
there are other things to worry about. However, one
cannot rule out that in the most severe patients
transferred to ICU, a septic process onset goes on at
abackground of irreversible microbiota dysfunction
[62—64]. That microbiota which, until a critical state
has developed, functioned as an important organ
and, strained to the limit, continued performing a
number of important functions including barrier,
immunological, colony resistance, production of
serotonin and anti-inflammatory metabolites and
so on, might start functioning against the host body
[64, 65]. Contemporary potent antibiotics fairly re-
ferred to as life-saving during severe bacterial pneu-
monias and peritonitis, in a COVID-19 patient
might play a trigger role in the development of
organ dysfunctions and sepsis as a consequence of
excessive damage of microbiota according to the
five sepsis postulates worded earlier [62, 67].

Multiple organ dysfunction and septic shock
[2], i. e. the classical attributes of a bacterial sepsis,
are mentioned among lethal complications of a
coronaviral infection, while others consider a shock
during COVID-19 as an infection-toxic shock [68],
which, in terms of disease management, might shift
the emphasis from antibiotics to detoxification in-
cluding extracorporeal methods. Based on pathol-
ogy data, the prevalence of bacterial complications
during COVID-19 is rather low, which is supported
by absence of obvious pyoinflammatory sites, and
absence of typical for sepsis massive neutrophilic
infiltration of the tissue of lungs and other organs
by a histologic examination [69, 70].

Bacterial Impact. The bacterial contribution
can be assessed due to the experience of Chinese
colleagues in COVID-19 treatment described in the
paper [71], where survived (n=118) and deceased

(n=53) patients are compared by numerous clinical
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pecnupaTopHbIX 3ab0/€eBaHUN OBLIN MOATBEP-
SKIEHBI B 17 3aBepIICHHbBIX KJIMHUYECKHAX UCCJIe-
JOBAHUAX, a B HACTOsAIIee BpeMs 3aperucTpupo-
BaHO ere Oojee 70 WCCaeIOBaHUN A WX
JanpHelIero uayyenus [58]. B kauecTBe KaHIU-
maroB 1uia JsedeHuss COVID-19 maygarorca pne-
CATKY JICKapCTB, BRJII0Yas IIperaparbl CapTaHoB,
AQHTHATPETaHTOB, CTATMHOB, KOMIIJIEKCOOOpa3oBa-
TeJsell skejie3a (IUCYIb(pUpam), TpPaHEKCAMOBYIO
KHUCJIOTY U T. . B KauecTBe TOYEK IIPUJIOKEHUA
JAHHBIX JIEKAPCTBEHHBIX CPEJCTB 00CYKIAIOTCS
pas/in4Hble MEXaHU3MbI IPOTUBOBUPYCHOU U M-
MYHOMOJIYJIUpPYIOIledl akTuBHOCTU. Cienyer 3a-
KJIIOYUTD, YTO B YCJIOBUAX OTCYTCTBUA HAy4YHBIX
JIOKa3aTesIbCTB O II0JIb3€ JaHHBIX JIEKAPCTBEHHBIX
cpencts ripu COVID-19, ux npuMeHeHMe 11eJ1eco-
06pa3HO TOJTHKO B paMKax TOM NMEIOIIEeNCs ImaTo-
JIOTWH, JIJIsT KOTOPOU 9TU MeINKaMeHThI pa3pabo-
TaHbl U U3y4Y€HBI, TO €CTh 110 IOKAa3aHUIM.

AnTuomnorukorepamnus npu COVID-19. Ha-
3HaYeHNEe aHTUOMOTUKOB TP BUPYCHBIX HH(pEK-
LUAX U3NTaBHA SIBJISIETCS IPeIMeTOM TUCKYCCUH U
TpebyeT 000CHOBAHHOTO peIIeHNs BCeTna, TaKe
ipu 00br9HBIX OPBU mit rputile, a Mpu KOPOHa-
BUPYCHOI UH(PEKIINY, B yCJIOBUSIX IIAHIEMUU, Tpe-
OyeT 0coO0Or0 BHIMaHMUS.

Ha catite Bputanckoro o61ecTsa aHTUMUK-
po06Hoi# Tepanun http://bsac.org.uk/ ob6pamaior
BHMMaHUe Ha TO, YTO CEpbe3HbIe DaKTepUaTbHBIE
WHQEKINN MOTYT OBITH MMPOMYIIEHBI, KOTJa BCEe
BHHUMaHue cocpenoroyeHo Ha COVID-19. [Toatomy
Ba’KHO YYMTBIBATh (MCCJIEN0BATh U 9MIIMPUYIECKU
JIEYNTH) OaKTEePUATHHYIO MH(EKITNIO IPY OT[EHKE
JIMXOPAJSIIEro MalueHTa U 0COOEHHO TeX, KTO
cam ceOs m3osmpoBad goma [59]. Ha npyrom catite
https://www.nice.org.uk/guidance Haruonamns-
HOTO MHCTUTYTa IEPETOBOTO OIbITa B 00J1aCTH
3/IpaBOOXpaHEeHUsA U MeAUIIMHCKON IToMoIu Be-
sukoOpuranum [NICE] mpuBeeHbl TaHHBIE, YTO
CONYTCTBYIOIIIEe OaKTepHa/bHble WH(EKINU y
nanueHToB ¢ COVID-19 BcTpeualorcs peske, yeM B
10% cay4daes, a HeollpaBJaHHOE IPUMEHEHUE aH-
THOMOTUKOB BEJET K POCTY aHTUMUKPOOHOM pe-
3UCTEHTHOCTH, K PUCKY ICEBIOMEMOPAHO3HOTO
KOJINTA, CBSI3aHHOTO C aHTUOMOTHUK-aCCOIUNPO-
BanHoi wuH@ekuueit Clostridioides difficile, u
MOYKET JIUIIB YXYIIIUTE CUTyanuio [60].

AprymeHTsl «3A» u «[IPOTUB». C omHO#
CTOPOHBI, y IOCTEJN NTalleHTa C THEBMOHUEHN U
OPJ/IC Bpau-peaHnMaTo 10T BCerga MIOMHMUT O «Cell-
TUYEeCKOU HACTOPOKEHHOCTH», KJIUHUYECKUU
ONBIT HANIOMWHAeT 00 Yrpo3e CENTUYECKOTO
III0KA, II09TOMY 4acTO, Ha OCHOBaHUM BBICOKOU Be-
POSITHOCTH TIPYICOeINHEHNS OaKTepraaIbHON MH-
ey, NpUHUMAaeTCs pellleHre 0 Ha3HaYeHU!
KOMOWHWPOBAHHOU aHTUOMOTHKOTepanuu. C py-
TOfl CTOPOHBI, KOTJa COCTOsIHME TaIlueHTa 00-
YCJIOBJIEHO TSI3KeJIbIM Te4eHeM KOPOHABUPYCHOU

IMHEBMOHNH, C PA3BUTHUEM aJIbBEOJIAPHOTO OTEKA,

and laboratory parameters. To monitore the bacte-
rial load, the procalcitonin (PCT) assay was used.
The study estimated that in COVID-19 patients
mean PCT values were within the normal range and
amounted to 0.1 ng/ml; 0.5 ng/ml threshold over-
riding was noted in 25% in the deceased group and
less than in 1% in the survived group. Commenting
the above data, one should point out that assess-
ment of mean PCT figures is strongly informative
because of the known features of this test. For ex-
ample, if blood was sampled for PCT assay before
administration of antibiotics then low PCT indi-
cates initial absence of a bacterial load; otherwise,
ata background of a current bacterial infection, low
PCT might reflect adequacy of a conducted anti-
bacterial therapy. By the way, a detailed analysis of
statistic finding available in the numerous tables of
that paper [71] reveals that the lethal outcome risk
is significantly (P=0.011) related to PCT values over
13.75 (1.8-104) ng/ml, i. e. a secondary bacterial in-
fection might impact the fate of deceased patients.
Therefore, to make a decision on the use of an-
tibiotics one must be confident of their usefulness
for a patient, i.e. prompt individual monitoring of
bacterial load is necessary and repeated procalci-
tonin tests might significantly aid to complete the
task [72-76]. According to a study that included over
1000 COVID-19 patients, PCT > 0.5 ng/ml was
recorded in 4.4% on average, but significantly differ-
ent regarding the severity of the patients’ condition:
in 3.3% in non-severe cases and in 13.7% of severely
affected patients [74]. PCT monitoring allows taking
measures timely and 5-fold reducing the risk of de-
velopment of the severest forms of COVID-19 [75].
In COVID-19 pneumonia patients, during the
first 2-3 weeks of the disease, the increased PCT
>0.5 ng/ml does not mean an external bacterial
‘contamination’ but rather shows an activation of
bacteria present in the patient’s airways. The list of
bacteria engaged in this process is well known:
these are, first of all, Streptococcus pneumoniae and
Mycoplasma pneumonia, rarer — Haemophilus in-
fluenza and Staphylococcus aureus. When bacterial
involvement cannot be ruled out in a coronaviral
pneumonia patient (for example, a history of
chronic bronchitis, COLD, etc.), these are the bac-
teria that should be a target for antibiotics. The in-
tention to use broad-spectrum antibiotics as an ini-
tial therapy, for example, 3™ generation
cephalosporins (ceftriaxone etc.), will expectedly
promote selection of Staphylococcus in the body,
initially colonized MRSA, with all that it entails.
Official Guidelines. Transformation of the at-
titude to absolute prescription of antimicrobial
drugs to all patients admitted for COVID-19 can be
traced by the example of different versions of the
Temporary Guidelines [2] (table 1). The early ver-
sions (February-March, 2020) provided a list of var-
ious types of antibiotics including broad-spectrum
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WHTEPCTUIINAJTBLHOTO BOocnaseHusi, GopMUpoBa-
HUEeM THaJTMHOBBIX MEMOpAH U T. 1., YTO SIBJISIETCS
CJIeICTBMEM MAaCCUBHOM BUPEMUM U ITATOTIATAYN —
0e3 ygacTusi OakTepuii, TO BOSHUKAET BOIIPOC: UTO
CTaHeT TOYKOU MPUJIOsKEeHHUSI BBEIEHHBIX B Opra-
HU3M aHTHOMOTHUKOB? OTBET OYEBUIEH: IIPU OT-
CYTCTBUM OaKTEpHUATbHON MH(MEKIIUT MUIIIEHBIO
IJTs1 aHTUOMOTUKOB OYIyT COOCTBEHHBIE DaKTEPUH
MManuenTa, TO eCTh ero MUKPOOMOTa, IOBpesK/Ie-
HFEe KOTOPOH B 9TOH cuTyaruu HendbesxHo. Cero-
JIHS 3HAYMMOCTh TaCTPOMHTECTHUHAJBbHOU JIHC-
(yHKIIMYM, KAk IpaBWJIO, UTHOPUPYIOTCH,
IIOCKOJIBKY Iapesi He OTHOCUTCS K PAHHUM CUMII-
TOMaM KOpPOHaBUPYCHOU HH@eKIuu. B TO sxe
BpeMs, IieJieHAalpaBJEHHBIM aHA/JIM3 TeYeHUs
COVID-19 y 194 rocnuTa/IM3MpOBaHHbIX NAlCH-
TOB, NPEACTABJIEHHBIN B MHOTOIIEHTPOBOM UCCJIE-
JIIOBaHWY, BBISABWJI PasBUTHE auapen y 16,5%, npu-
yeM (pakT pa3BUTHA OHAper OBIJT JOCTOBEPHO
(p<0,0001) cBsI3aH C TSYKECTHIO TeueHusI 3a00J1eBa-
HUs#, c npuMenenueM VMBJI 8 OPUT (p<0,0002), To
€CTh YKa3bIBaJI HAa HEOJIArOIIPUATHBIN ITPOTHO3 [61].

Ha nuke nmangemMun, B ypreHTHBIX YCJIOBUAX
MacCOBOT0 IIOCTYILJICHUS TallMEeHTOB, BOIIPOC O pas-
PYIUINTETEHOM BIVSTHUN Ype3MEePHON aHTUOMOTH -
KOTepanuy Ha 9HJOTEHHYI0 MUKPOOMOTY MTOKa He
CTaBUTCsI — He A0 3TOoro. Ho HeIb3s NCKJIIOUNTD,
YTO Y HauOoJIee TAKeJIbIX TaI[eHTOB, TTepeBe/IeH-
HbIX B OPUT, 3a1mryck cenTu4yecKoro Iporiecca pea-
JuayeTcsi Ha (poHe HeoOpaTUMOU MUCHYHKINU
MHUKPOOUOTHI [62-64]. Ta camass MUKPOOHOTa, KOTO-
pasi 10 MOMeHTa Pa3BUTHA KPUTHIECKOT'O COCTOSI-
HUsA (PYHKIIMOHUPOBAJIA KAK BaYKHBIN OpraH, Ipo-
JloJIbKaJIa Ha TIpejiesie BBITIOTHATD PSJT BasKHEHITUX
(pyukIIN, BRIIOYass 6apbepHYI0, UMMYHOJIOTHTYE-
CKy10, KOJIOHU3alMOHHYIO PE3UCTEHTHOCTS, IIPO-
OYKIWIO0 CEpOTOHMHA, IIPOTUBOBOCIAINATEIbHBIX
MeTabOoJ/INTOB | JIP., MOSKET Ha4aTh (PYHKIIMOHUPO-
BaTh NIPOTUB OpPraHnW3Ma Xo3snHa [64, 65]. Kak aTto
HU [1apaI0KCAIbHO, COBPEMEHHbIE MOIITHbIE aHTH-
OMOTHKHU, KOTOPhIE CIIPABEI/INBO HA3BIBAIOT SKU3-
HECIACaIoIUMU TIPU TYKETbIX OaKTepUaTbHBIX
ITHEBMOHHUAX U IIEPUTOHUTAX, y TanuenTta ¢ COVID-
19 MOryT CBIrpaTh pOJIb TPUITEPOB B Pa3BUTHUU OP-
TaHHBIX JUCHYHKIMHN U CElCHuca, KaK CJIeICTBUE
Ype3MepHOTO MOBPEKIEHNsI MUKPOOMOTHI, B COOT-
BETCTBUH C IIATHIO IIOCTYJIaTAMM CeIcuca, chpopMy-
JIMPOBAaHHBLIMU paHee [62, 67].

B ynciie jieTa/IbHBIX OCJIOKHEHUH KOPOHABU -
pycHOU MH(peKInU yKa3bIBAIOTCA MOJNOPTraHHAas
JUC(YHKIMSA U CeNTUYEeCKUU LIOK [2], TO ecThb
KJIaCCUYeCcKMe aTpubyThl HaKTepHaJbHOTO Cel-
CHCa, B TO BpeMs KaK Jpyrue pacCMarpyuBaloT IIOK
mpu COVID-19 kak "HPEKITMOHHO-TOKCUYECKUHN
[68], uTO B IUTaHE JIeUueOHOM TAKTUKUA MOKET CMe-
CTUTh aKIIEHThI C aHTUOMOTHUKOB Ha JETOKCHUKA-
W10, BKJIIOYasi 9KCTPAKOPIOpaJIbHbIe MeTOIbI. [10
aTOJI0r0aHaTOMUYECKUM JAaHHBIM, YaCTOTa OaK-
TepUaJIbHBIX ocaokHeHul nmpu COVID-19 nocra-

antibiotics, with a remark: for patients with lower
airways lesions. That approach widely spread all
over the world during that period was grounded on
the experience of previous epidemics characterized
by a high probability of viral-bacterial lesions. By
the end of April, the perception of the role of a bac-
terial infection during COVID-19 had been changed
and guidelines had been respectively modified. In
version 6 of the Guidelines dated 28.04.2020 [2], all
broad-spectrum antibacterial drugs were moved to
ICU Treatment Section leaving only a combination
of Azithromycinum plus Hydroxychlorochinum as
an empirical therapy in other patients [2].

It should be noted that the use of the
Azithromycinum plus Hydroxychlorochinum com-
bination did not meat expectations of clinicians,
too. For example, the Azithromycinum plus Hy-
droxychlorochinum combination was deleted from
the updated Guidelines by COVID-19 Treatment
Commission, the US National Health Institute,
published 21.04.2020, due to its potential toxicity:
https://www.covid19treatmentguidelines.nih.gov/
therapeutic-options-under-investigation.

Version 6 of the Temporary Guidelines(Russ-
ian Federation)[2] includes a section of antibiotic
therapy for severe patients (ICU). The condition
severity due to a secondary bacterial infection ap-
pears to be meant here implying a decision
grounded by clinical and laboratory data. The list
of drugs recommended as the initial antimicrobial
therapy is given in table 2.

Table 2 contains almost a full arsenal of broad-
spectrum antibiotics; the choice of antimicrobial
drugs for COVID-19 complicated with a bacterial
pneumonia suggests the usual plan of action when
the initial therapy is prescribed with regard to most
probable agents of community acquired pneumo-
nia and nosocomial pneumonia and includes as-
sessment of the risk of antibiotic-resistance.

Discussion and Prospects

The mortality of the new coronaviral infection is
considered low (?), though it is too early to draw con-
clusions. As of the day the text of this paper was writ-
ten (07.05.2020), according to WHO, mortality
equaled to 6.9% on average for all COVID-19 cases
recorded in the world. Of course, the most effective
method of reducing mortality is the development of
vaccines and specific antiviral drugs which efficacy
will be based on findings of randomized clinical stud-
ies. However, upon a careful examination of protocols
of those studies it has turned out that they currently
include patients who had a domestic contact with a
coronaviral patients while massive viremia symptoms
(fever, cough, dyspnea) remain exclusion criteria (!)
[https://clinicaltrials.gov/ct2/show/study/
NCT04318444].

In reality, a patient seeks medical treatment on

the 6th-8th day, when a clinical presentation and
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TOYHO HU3KasI, YTO IIOATBEPKIACTCA OTCYTCTBAEM
SABHBIX THOWHO-BOCIHAJMTEJNbHBIX 0Yaros, IpU
aHaJ/M3e TUCTOJI0OIMYEeCKHUX IIpernaparoB — OTCYT-
CTBUEM XapaKTepHOU MJisA cercuca MacCUBHOU
HeUTPOoMIHLHON MHMUIBTPAIIAN TKAHEH JIETKUX
U Ip. opraHos [69, 70].

Pouis 6akTepuii. OTieHNTD BRJIA OaKTepraIhb-
HOTO0 (DaKTOPA IMO3BOJISIET OTIBIT KUTAHUCKUX KOJIJIET
no jgeueHuto COVID-19, KOToOpbIi TIpecTaB/IeH B
crarbe [71], roe BRDKUBIINX (n=118) 1 ymepiumux
(n=53) manyeHToOB CPaBHUBAIOT 110 MHOTOYMCJICH-
HBIM KJIUHUKO-J1a00paToOpHbIM mapaMmeTrpam. st
00BEKTUBHOTO MOHUTOPHUHTA OaKTepUaTBHOMN Ha-
IPY3KH UCII0JIb30BAJICSI KOJTMYECTBEHHBIA TeCT Ha
npokaabiuToHuH (PCT). B paboTe mogcuuTaHo, 4To
y manmeHTOoB ¢ COVID-19 cpennue 3HadYeHUA
ypoBHs1 PCT Ob1711 B TIpejiesiax HOPMbI ¥ COCTaBUJIU
0,1 Br/™Ma; npesBbinieHne nopora 0,5 Hr/MJI OT-
Me4deHO y 25% B IrpyIiie yMepIuux U MeHee 4eM B 1%
B I'pylllle BBDKUBIINX [IallMeHTOB. KoMMeHTHpyA
IIpUBEJCHHBIE BBIIIE JaHHbIE, CIeqyeT OTMETUTh,
4TO OlleHKa cpeaHux nokasareseir PCT masio uH-
dopmaTuBHA W3-3a HM3BECTHBIX OCOOEHHOCTEMN
artoro Tecta. Hampumep, eciiu 3abop kposu Ha PCT
MIPOBEJIEH JI0 PUMEHEeHUsI aHTUONMOTUKOB, TO HU3-
kuii PCT yka3bIBaeT Ha UCXOJHOE OTCYTCTBHE OaK-
TepUaJbHOU HArPYy3KY; B APYTUX CIIydasx, Ha (hoHe
TeKyIel bakTepruanabHon nHpeknyy, Hu3kuit PCT
MOKET OTpakaTh aJieKBAaTHOCTh IIPOBOJIMMOM aHTH-
bakTepuasbHON Tepanuu. Kcrary, pu IeTaabHOM
aHaJ/IM3e pe3yJIBTaTOB CTATHICTHYECKOM 00paboTKy,
JIOCTYITHBIX B MHOTOYHCJIEHHBIX TAOJIAIIAX 9TOU JKe
craTbu [71], MOSKHO HAMTHU, YTO PUCK JIETATHLHOTO
ncxona pocrosepHo (p=0,011) cBsA3aH ¢ ypOBHEM
PCT Bbmre 13,75 (1,8-104) Hr/MJ1, TO €CTh IPUCO-
equHeHre 6aKTepUaTbHON MH(MEKITUN ChITPAJIO B
cynbbe yMepIIvX MaleHTOB He ITOCTIETHIOI POJIb.

Takum 06pasoM, 1T IPUHATUS PEIIeHUsT O
MIpUMeHEeHNH aHTUONOTHUKOB HY>KHA YBEPEHHOCTh
B UX II0JI€3HOCTH JJIS IIallI€HTa, TO eCTh He00X0-
IUM 0O0BbEKTUBHBIA WHANBUIAYATHLHBIH MOHUTO-
puHT 6aKTepraTbHON HAarpy3KH; CEPbEe3HBIM MO -
CIIOPbEM B 9TOM CJIY’KaT Pe3yJIbTaThbl IIOBTOPHBIX
TECTOB Ha IIPOKAJbIUTOHUH [72-76]. [Io jaHHbIM
KCCc/eI0BaHus, BKoYaoIero 6oJjee 1000 maim-
eaToB ¢ COVID-19, nudpst PCT>0,5 Hr/mu1 3ape-
TACTPUPOBAHEI B cpefgHeM y 4,4%, 110 CTEIIeHU Ts-
sxkectu — y 3,3% cpenu HeTsKeJblX, Uy 13,7%
TAYKEJIBIX ITalUeHTOB [74]. MOHUTOPUHT YPOBHA
PCT no3BoJsisieT CBOeBpEMEHHO IPUHSTH MephI 1
B 5 pa3 CHU3UTH PUCK PAa3BUTHUS HANOOJIEe TIKe-
Jawix popm COVID-19 [75].

B nrone 2020 r. B ouepegHyIO Bepcuio Pexo-
Meuganuiit M3 P® 1o jeuenuo COVID-19 No7
BHECEHO YTOYHEHHE O HeOOXOTUMOCTHU OIpeje-
JATh 3Havenne Tecta Ha PCT Kak 00beKTUBHOTO
MapKepa MpUCOeTUHEeHUs OaKTepUaIbHOU WH-
derumnu i1 TPUHATHSA PeIleHrs1 0 TPUMeEHEHU N

AHTUONOTHUKOB.

lung injury symptoms are developing, i.e. at a stage
of complete mass virus replication, onset desqua-
mation of alveolar and bronchial epithelium (dry
cough), inflammation and edema of interstitial tis-
sue (lung CT ground-glass pattern). In this in-
stance, a causal antiviral therapy has a delayed
commencement, which certainly reduces its effi-
cacy, absence of proof of reliability and safety of a
prescribed antiviral drug should also be taken into
account. In short, at the time of patient’s admission,
a physician sees a picture reflecting an already trig-
gered specific (coronaviral) inflammatory cascade
in the lung tissue so it is difficult to rely only on the
effect of virus replication suppression.

New Potential Target. Papers published in
2020 discuss potential targets for future drugs.
Among promising targets, the review suggests cell
receptors interacting with which virus can activate
synthesis of matrix metalloproteinase-9 (MMP-9)
[78]. At the same time, matrix metalloproteinases
themselves wrongly lack of clinicists’ attention as a
drug target in COVID-19 patients. These proteolytic
enzymes are called metalloproteinases because
their composition includes metal (zinc). One of
them, MMP-9, is capable to destroy extracellular
matrix components — interstitial matrix and basal
membranes, and may be directly involved in the
lung tissue pathogenesis during COVID-19. MMP-
9 over-expression and dysregulation are known to
play an important role in the pathogenesis of differ-
ent severe autoimmune, oncological and other se-
vere diseases. Research is underway in the world
aimed at developing artificial MMP-9 inhibitors for
the above diseases [79-83].

In the literature of early 2000s, one can find
quite few experimental studies demonstrating that
an important mechanism of lung injury is linked to
metalloproteinases [80]. This process is regulated
by cytokines [79]. However, we have failed to find
in scientific literature any attempts to connect clin-
ical presentation of COVID-19 with this mecha-
nisms or investigations on use of known MMP-9 in-
hibitors during coronaviral injury of the lungs.

A search through sources of information has
shown that collagen-1V, an essential ingredient of the
basal membrane of alveolar epithelium and capillary
endothelium is the main substrate for the destruc-
tive effect of MMP-9 [81]. Endogenous and exoge-
nous MMP inhibitors are known. The tissue inhibitor
of metalloproteinase (TIMP), which provides extra-
cellular matrix integrity and abates lung injury, is an
endogenous inhibitor of MMP; during ARDS the
misbalance between MMP and TIMP is drastically
shifted toward predominance of matrix metallopro-
teinases [82]. Tetracycline and its modified analogs
are exogenous broad-range inhibitors of MMP [84].

The best studied exogenous MMP-9 inhibitor
is doxycycline — an antibiotic tetracycline family
that, along with antimicrobial activity, possesses
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Ha ¢oHe TeueHUs MHEBMOHUU BUPYCHOU
aruosoruu (COVID-19) B nepBble 2-3 Henenun
3aboJjieBanua nosblmenve PCT >0,5 Hr/mJj He
O3HAYaeT BHeIIHee «3apaskeHue» 0AKTepUsIMU,
a yKasbIBaeT Ha aKTUBAIUIO OAKTEPUH, KOTOPbIE
HaXOJWJINACh B IbIXaTeJIbHBIX NYTAX ITAlACHTA.
[Tepeuenb OaKTepUii, BOBJIEUYEHHBIX B 9TOT IPO-
Iecc, XOpOIIIO HW3BECTEH: 3TO IpEeskJe BCEro
Streptococcus pneumoniae u Mycoplasma pneu-
monia, pesxke Haemophilus influenzawn Staphylo-
coccus aureus. Korma y manueHTa ¢ KOpOHaBU-
pyCHO TIIHeBMOHHEeH HeJb3d UCKJIIOYUTH
y4dactue 0OakTepuil (Hampumep, XPOHUYECKUN
opouxuTt, XOBJI B aHaMHe3e U JIp.), UMEHHO 9TU
DaKTepuu TOJKHBI CTY>KUTh MUIIEHBIO JJIST aH-
TuONOTUKOB. HaMepeHne IpUMeHUTb aHTHUOMO-
TUKHU MIUPOKOTO CIIEKTPA EUCTBUA JJIsI CTAPTO-
BOW  Tepamnuy, HanpuMmep, Ha3HadyeHUe
1edasoCnopuHOB 3-T0 MOKOJeHUA (1epTpuak-
COH U p.) 3aKOHOMEPHO OyJIeT ClTocOOCTBOBATH
ceJIeKIIMU CTa@UIOKOKKA B OpraHU3Me Mallu-
€HTa, UCXOJHO KoJoHu3upoBaHHOro MRSA, co
BCEMU BBITEKAIOIIUMHU MTOCJIeJCTBUSIMMU.

OdunmanbHbie pekoMeHganuu. Tpancdop-
Maluio OTHOIICHHUS K TOTAJIbHOMY Ha3HAYECHUIO
AHTUMUKPOOHBIX ITperapaToB BCEM I'OCITUTAIN3HU-
pyeMbiM nanuenTam ¢ COVID-19 moskHO mipociie-
IUTH HAa TpUMepe pa3HbIX Bepcuii BpeMeHHbIX pe-
koMenganuit M3 P® (tab.1. 1). B panHux Bepcusax
(dpeBpasib—MapT) TPUBOAUJICA TlepeyeHb AHTHU-
OMOTUKOB pa3HBIX KJIACCOB, B TOM YHCJIE€ CAMOTO
IIMPOKOTO CHEeKTpa NelCTBUsI, C yTOUHEeHUEeM —
JIJIsI TAIAEeHTOB C MOPAYKeHNEM HUKHUX OT[IEJIOB
JbIXaTeJIbHBIX IyTeld. OCHOBaHUEM [JIsI TAKOIO
MOAX0Ja, paCIpPOCTPAaHEHHOTI0 B 3TOT IIEPHUO]T BO
BCEM MUpe, OBLII OITBIT TPE;KHUX SITUIEMUH, KOTIa
BEPOSAATHOCTH BUPYCHO-0aKTepUaIbHOTO IIOpasKe-
HUs ObI71a BBICOKOU. K KOHITy anpesist mpejcTaB-
JIEHUsI 0 poJu O6aKTepHuaJbHOU WH(PEKINU TTPU
COVID-19 n3MeHW/INCH, YTO HAIILJIO OTPasKeHne 1
B pekoMeHganusx. B Bepcuu 6 Pekomenmpanuii M3
P® or 28.04.2020 [2] Bce aHTHOAKTepHUATLHBIE
nmpemnaparsl IIMPOKOT0 CeKTpa AelCTBUA mepe-
HeceHbI B Pasfnes 10 JIeUeHHWIO OCJIOYKHEHHBIX
¢dopM uHdEKINY, a JJI1 IMIIUPUIECKON Tepanuu
OCTaBJIEH TOJILKO a3UTPOMUIIMH B KOMOWHAIIAY C
TUAPOKCUXIOPOXUHOM [2].

CaenyeT OTMETUTH, YTO IPUMEHEHUE KOM-
OMHANMK Aa3UTPOMUITUH IIJTIOC TUIPOKCUXTIOPO-
XAH TOKE He ONpaBAaJjo HaAeskn CIenuasu-
cTOB. B wacTHOCTH, HanipuMep, U3 OoUYepeaHOHU
BEpPCUU pekoMeHaanui Komuccuu 1o jie4eHuio
COVID-19 HanuoHaJAbHOTO HWHCTUTYTA 370-
poBbsa CIIA, onybamkoBanHO#W 21.04.2020,
KOMOWHAIMA a3UTPOMHUIITHA C TUAPOKCUXJIIO-
POXVWHOM U3'bsTA M3-3a MOTEHI[MAJIbHOU TOK-
cuyHocTH https://www.covid19treatmentguide-
lines.nih.gov/therapeutic-options-under-investi
gation/. Bepcus 6 BpeMeHHBIX peKOMeHAaun

the capability of molecularly protecting lung tissue
in response to injury. Doxycycline’s effects have
been convincingly demonstrated in experimental
studies on models of acute lung injury of different
origin [85-90].

Interestingly, 10-20 years ago nobody could
foresee COVID-19 epidemics and nobody asked the
question why patient transfer to MLV resulted in a
lethal outcome in more than 80% in that category
of patients. In this connection it is important to
mention that as early as 2010 a team of Canadian
researchers carried out an experiment on the
model of acute respiratory failure due to a mechan-
ical impact created by a MLV machine and showed
that during high-frequency ventilation it is in-
creased MMP-9 activity that entails serious changes
in the lung proteome and that such changes can be
minimized by inhibiting metalloproteinases with
the help of doxycycline. The original pharmacopro-
teomic approach in that work has allowed proving
to satisfaction that application of doxycycline as
MMP-9 inhibitor might prevent protein degrada-
tion in the lung tissue [90].

Another paper published in 2014 evaluated
the effect of high and low doses of doxycycline on
MMP-9 dynamics on the experimental model of
acute lung injury in an intraoperative cardiopul-
monary bypass setting. The experiment on 30 dogs
demonstrated that application of doxycycline de-
creased serum MMP-9 vs. the control, and reduced
cell membrane degradation of alveolar epithelium,
lowered neutrophil infiltration and lung edema,
also when low doses of doxycycline were used [88].

One more example is related to secondary
lung injury during necrotic pancreatitis because
this process is also mediated by matrix metallopro-
teinase from neutrophils. In an experiment on the
acute pancreatitis model, doxycycline potency as a
broad-spectrum metalloproteinase inhibitor in
preventing pulmonary complications was evalu-
ated. The German colleagues proved that MMP-9
inhibition by doxycycline reduced related to pan-
creatitis injury of the lungs and MMP-9 expression
in the lung tissue and suggested the use of doxycy-
cline to prevent secondary pulmonary complica-
tions during acute pancreatitis [91].

Summarizing the above studies, under expo-
sure to adverse factors of different origin, a similar
mechanism of secondary injury of the lung tissue
by excess of matrix metalloproteinases takes place
and there is an experimental proof of doxycycline
ability to inhibit mass release of MMP-9 and pre-
vent a destructive process in the lung tissue.

Therefore, today, due to current COVID-19
epidemics, we have theoretic background and real
possibility of the clinical use of one of MMP-9 in-
hibitors, doxycycline, to treat the coronaviral infec-
tion. Doxycycline has been known all over the

world for more than 50 years, has dozens of generic
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Tabauna 1. AHTHOAKTepHaIbHbIE MIpenaparsl JJIs1 crapToBoi Tepanuu COVID-19 u3 pekomenaanuii MuHu-
crepcTBa 3ipaBooxpaHeHu:A PP u u3 pexomeHaanuii HaifmoHaJIbHOro HHCTUTYTA 3JPaBOOXPaHEHMs U Tiepe-
nposoro onskita (NICE) BetukoOpuTanun (IpeabIayliye H TeKyIIue BEPCHH).

CrpaHa, JOKyMeHT AHTHOHMOTHKM

IIppmeuanmue

Poccus

HpO(bHHaKTHKa, JUAarHoCTHUKa U JieueHue

Bepcus ot 01.05.2020

HOBOU KOPOHABUPYCHOH HH(DEKITNU
(COVID-19). Bpemennble MeToguuecKue
pexomMenganuu M3 PO [2]

AMOKCHIIUJIIMH -KJIaBYJIaHaT, JIeBO(JIOKCAIIH,
MOKCH(JIOKCAIH, 11e(aT0CITOPUHBI
3-4 okoJIeHuH, KapOareHeMbl, JIMHE30JIH]]

JJISl TAIIMEHTOB C IOPaskeHueM
HIKHMX OT/IEJIOB JbIXaTeIbHbIX
nyTei

Bepcusa 7 (03.06. 2020)

A3UTPOMUIIVH (B KOMOUHAIIAH
C TUAPOKCUXIOPOXUHOM)

BeJsimkoOpuTaHus

HaIIPIOHaJILHLIfI UHCTUTYT 3JpaBoOXpa-

Bepcuu (peBpanmb—MmapT 2020)

HeHUsA U nnepegosoro onsita (NICE) [77]

KOM6I/IHaHI/IH AMOKCUIIUJIJINH+ KJIapUTPOMULIUH

MOHOTepanud JOKCUIIUKJIAH UJTA

IIpU QJIJIEPTUN K IIEHUITAJIJINHAM

MOHOTepanus KJIapuTpoOMUIUH

Bepcus ot 01.05.2020

IOKCUITUKJIAH UJTA

AMOKCHUITUJIJITUH /K.J'IaBy.J'IaHaT + KJIAapUTPOMUILIVUH

neBO(IIOKCAIIH

npu TSXKEJI0U ITHEBMOHUU

Table 1. Antibacterial drugs for the initial treatment of COVID-19 from the Guidelines by the Ministry of Public
Health of Russian Federation and Great Britain’s National Institute for Health and Care Excellence (NICE) (previ-

ous and current versions).

Country, Document Antibiotic

Note

Russia

Prophylaxis, diagnosis and treatment

Version 4 (17.02.2020)

of the new coronaviral infection (COVID-19).
Temporary Guidelines, by the Ministry
of Public Health of Russian Federation [2]

amoxicillin-clavulanat, levofloxacin,
maxifloxacin, cephalosporins of the 34t
generation, carbapenems, linezolid

for patients with lower
airways lesions

Version 7 (03.06. 2020)

Azithromycinum (combined
with Hydroxychlorochinum)

Great Britain

National Institute for Health

Version /February—-March 2020

and Care Excellence (NICE) [77]

amoxicillin + clarithromycin combination

doxycycline monotherapy

in case of penicillin allergy

or clarithromycin monotherapy

Version of 01.05.2020

oxycycline

or amoxicillin/clavulanat + clarithromycin

levofloxacin

in case of a severe pneumonia

M3 P® conep:kuT pasges aHTUOMOTUKOTEpa-
NUU JJis TalUEeHTOB B TSKEJOM COCTOSHUU
(OPUT). Ilo Bceit BUAUMOCTH, IMTOJpa3yMeBa-
eTcs TAKEeCTb COCTOSAHUsA, KoTopas 00ycJ/oB-
JleHa TpUcoeAWHEHUEM OaKTepuaJbHOU WH-
dernuu, 4To mpeanosaraeT KINHUYECKOE U
gabopaTopHOe 060CHOBaHME TAKOTO PEIEHUS.
[TepeueHb peKOMEHAYEMBIX IJIsI CTAPTOBOM aH-
TUMUKPOOHOU Tepanuu IpemnaparoB MpeIcTaB-
JieH B TabJ1. 2.

Kaxk BumHO, B TabJ1. 2 MpeiCTaB/IeH TpaKTHYe-
CKU TIOJIHBIA apceHas aHTUOMOTUKOB IITUPOKOTO
CIIeKTpa JAelCcTBUSA; BBIOOP aHTUMUKPOOHBIX IIpe-
raparosB IIpu JjedeHnn namureHtoB ¢ COVID-19,
OCJIOSKHUBIINMCST HaKTepUaTLHON THEBMOHUEN,
MpeJroaaraeT OOBIYHBIA aJTOPUTM IEWCTBUH,
IIPY KOTOPOM CTApPTOBAsi TEPATINS HAa3HAYAETCSI C
y4yeToM HamboJiee BepOATHBIX BO30yguTesieit
BHEOOJILHUYHON ¥ HO30KOMHUAJHLHOU MHEBMO-
HUH, C OIIeHKOU pHCKa pe3nCTeHTHOCTH I1aTore-
HOB K aHTUOHMOTHKAM.

names, has not still lost its relevance, and is used
for most different diseases [92]. Because of high tol-
erance and low incidence of adverse reactions, the
drug can be prescribed, if necessary, as courses of
7 days to 3—-4 weeks [93, 94] or even three months
[95, 96]. Importantly, in some countries doxycycline
is included in the list drugs recommended for
COVID-19 (table 1), among other respiratory an-
tibiotics [97], but it remains unknown how fre-
quently and effectively it is applied in real practice.

Based on the above facts, doxycycline, as an
inhibitor (MMT-9), has all grounds to be an effec-
tive drug for patients who contracted SARS-CoV-
2 and were hospitalized. Inhibition of matrix
metalloproteinases might preclude triggering of
the lung tissue injury cascade, namely, destruc-
tion of matrix components of the basal mem-
branes of alveolar epithelium, vascular endothe-
lium, cell junctions, stop progression of
hyperinflammation in the interstitial tissue, and
avoid the consequences of a severe hypoxia and
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Tabauiia 2. AHTUOMOTHKH AJIs1 TaneHToB ¢ COVID-19 npu oc/ioskHeHHbIX (popMax nHpekImu — u3 BpemeH-
HBIX peKOMeHJanuii MuHUCTEepCTBA 3ApaBooxpanenusi P® [2].

HasBanue JoKymMeHTa AHTHOHOTHKH IIpumeyanne

Poccus

ITpodunakruka, AMOKCHUIWJIJIMH/ KJIaByJIaHAT UM aMOKCULIIMJLINH/ CyJIbOAaKTaM Ipu noctymjieHud B OPUT
JIUarHOCTHKA WK 1e@TprUaKkcoH Uiy 1edOoTaKCUM WX IedTapoIuH

HOBOW KOPOHABUPYCHOU

unpernun (COVID-19). WY KJIAPUTPOMUIIMHOM B/B

B/B — B KOMOMHAIMU C a3UTPOMULITHOM

Bepcuu 6.7

e TpuakcoH WM e TOTaKCUM B/B — B KOMOMHAIUNA

aJIbTepHaTuBa

¢ J1eBO(hJIOKCAIIMHOM HJTH MOKCH(JIOKCAIIMHOM B/B

Ileq)TapO.T[I/IH WJIW JIMHE30JIU UJIXN BAHKOMUIIUH —

IIpY NTOBBIIIIEHHOM pucke MRSA

B KOMOWHAIIY C a3UTPOMUIITHOM B/B
WJIH KJIAPUTPOMUIITHOM B/B UJIH JIEBO(DIOKCAITMHOM

HNJIN MOKCI/I(bJ'IOKcaHI/IHOM B/B

HI/IHepaHI/IJIJII/IH/TaSOﬁaKTaM WJIN MEPOIIEHEM
WJIYM UMUNIeHeM/IUJIaCTaTUH U JOpUIIEHEM —

IIpY IIOBBIILIEHHOM pHCKe
PRaeruginosa

B KOMOWHAIUH C UIPO(PIOKCALTUTHOM

NI JIeBO(I)JIOKcaLII/IHOM

NHIepanuIInH/ Ta3o0aKkTam, nedemnum/ cyap0aKTam,
MepOIIeHEeM, TOPUIIEHEM, UIMUTIEHEM / [[UIACTATHH,
nedrosio3an/TazobakTam, redrasuguM/aBudaKTam,

npu HeddPeKTUBHOCTH —
C y4eTOM MUKPOOHOIOTUYECKIX
JAaHHBIX

TUTEUKJINH, a3TPEOHaM, aMUKAIlUH U JIP.

Table 2. Antibiotics for complicated COVID-19 patients — from the Temporary Guidelines (approved by the Min-

istry of Public Health of Russian Federation) [2].

Document Antibiotic

Note

Russia

Prophylaxis, diagnosis
and treatment
of the new coronaviral

infection (COVID-19). clarithromycin i/v

amoxicillin/clavulanat or amoxicillin/sulbactam
or ceftriaxone or cefotaxime or ceftaroline i/v—
in a combination with azithromycinum

upon admission in ICU

Versions 6.7

ceftriaxone or cefotaxime i/v— in a combination alternative
with levofloxacin or maxifloxacin i/v
nceftaroline or linezolid or vancomycin — in a combination of a high risk of MRSA

with azithromycinum i/v or clarithromycin i/v

or levofloxacin or maxifloxacin i/v

piperacillin/tazobactam or meropenem or imipenem/cilastatin

or doripenem — in a combination
with ciprofloxacin or levofloxacin

in case of a high risk of
PRaeruginosa

piperacillin/tazobactam, cefepime/sulbactam, meropenem,
doripenem, imipenem/cilastatin, ceftolozanum/tazobactam,
ceftazidime/avibactam, tigecycline, aztreonam, amikacin etc.

in case of inefficacy —
taking into account
microbiological data

Oﬁcy;lc,ue}me U IMIEPCIIEKTUBbI

CuuTaercs, 4TO JIETAJIBHOCTh MPU HOBOU
KOPOHABUPYCHOUN MH(EKITUN HEBBICOKA (?), XOTS
WTOTHY MOJBOJIUTH ellle paHo. Ha JeHb Hamuca-
HHUsI TeKcTa aToi crarbu (07.05.2020) 1o JaHHBIM
BO3 cpenu Bcex 3aperuCTpupoOBaHHBIX CIy4aeB
COVID-19 B Mupe JeTaJbHOCTb B CpeIHEM
cocraBisisier 6,9%. besycaoBHo, wHauboJiee
3P eKTUBHBIM CITOCOOOM CHUIKEHUSI JIETATIHHO-
CTU SIBJISIETCSI pa3paboTKa BaKIUH U cienugu-
YeCKHUX TPOTUBOBUPYCHBIX IIpemnapaTos, apdex-
TUBHOCTh KOTOPBIX OyJeT OCHOBaHa Ha
pesyJibTaTax paHI0MU3UPOBAHHBIX KIMHUYECKUX
uccaegoBanuii. Ho mpu BHUMaTeIbHOM PacCMOT-
peHNH MIPOTOKOJIOB ITUX UCCAEI0OBAaHUN OKa3a-
JIOCh, YTO B HUX CETOJIHSI BKJIIOYAIOT MAI[MEHTOB,
UMEBIIINUX TOMAITHNHA KOHTAKT ¢ KOPOHABUPYC-
HBIM OOJIBHBIM, a IPU3HAKU MAaCCUBHOU BUpe-
MUH (JIMXOpPAJKa, KallleJb, OBIIIKA) SIBJISIOTCS
kpurepusmu uckiaouenus (1) [https://clinicaltri-
als.gov/ct2/show/study/NCT04318444].

ARDS. Simultaneously, doxycycline addresses the
problem of initial antibacterial therapy if such is
indicated because, by the spectrum of its activity,
it is a respiratory antibiotic for community-ac-
quired pneumonias. The doxycycline's ability to
inhibit matrix metalloproteinases has turned out
useful for chronic obstructive bronchitis [98],
and this resolves the problem of choosing an an-
tibiotic for COVID-19 patients with a history of
COLD. There is one more important property of
doxycycline: it does not suppress colonization re-
sistance, i. e. it is a sparing drug in respect of in-
testinal microbiota, which is significant for pre-
vention of secondary nosocomial infections and
sepsis [99-102].

Application of a matrix metalloproteinase
inhibitor — doxycycline — in patients admitted
for COVID-19 is expected to reduce prevalence
of a severe course and critical state development
(transfer to ICU, ARDS, requirement for MLV),
and lower the risk of secondary organ dysfunc-

tions and lethal outcomes. The actual opportu-
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Mesk 1ty TeM, B peajIbHOU NIPaKTUKE MMallueHT
oOparmaeTcs 3a MOMOIIILI0 Ha 6-8 TeHb, ¢ KITUHU-
YEeCKUMM MMPOSIBJIEHUSIMA Y IPU3HAKAMU OBPEsK-
JIeHU JIETKUX, TO €CTh Ha CTaJWHU YsKe COCTOsIBIIIE-
rocsi MaCCUBHOI'O pa3MHOYKEHHs BUpPYycCa, IIpU
HavaBIIIeMCsI IpoIecce JeCKBaMalliy aJbBe0JIAP-
HOTO ¥ OpOHXHMAJBHOTO OJMUTENUS (CyXOH
Kalllesb), BOCHAJIEHUS U OTeKa MHTEPCTUIAATb-
HOU TKaHU (y4aCTKU «MaTOBOTO cTekJsa» Ha KT
JIETKHUX). JTUOTPOIIHAA IPOTUBOBUPYCHAA Tepa-
KA B 9TOM CJlydae UMeeT OTCPOYEeHHOEe Hadaslo,
4YTO 3aBeJIOMO CHUsKaeT ee 3 PeKTUBHOCTD, NIPHU
9TOM CJielyeT y4eCTb OTCYTCTBHE JOKa3aTe/bCTB
Ha/Ie;KHOCTH 1 0€30ITaCHOCTH Ha3HAYEHHOT0 ITPO-
TUBOBHUPYCHOro npenapara. OOHUM CJIOBOM, B
MOMEHT IIOCTYIJIEHUA B CTAallMOHAp Bpad daiie
BCEro MMeeT Iepe]; co00¥ KapTHHY, KOTopasi OTpa-
sKaeT y)Ke peajI30BaBIINICA 3aIlyCK clienuduye-
CKOr'0 (KOPOHAaBHUPYCHOI'0) BOCIAJIUTEIBHOIO Kac-
Kaja B JIETOYHON TKaHU, I103TOMY CJIOSKHO
paccyuThIBaTh TOJILKO Ha 3¢ eKT momaBJieHus
perMKanuy BUpyca.

O HOBO¥ MOTEHIINAJIBLHONU MUIIIEHH. B 11y0-
Jurkanuax 2020 roma oOCYKAAIOTCS MOTEHIIN-
aJbHbIC MUIIIEHH, HAa KOTOPBIE CJIeNyeT OPHUECH-
THpOBaTh Oyaymiue JiekapcrBa. B o063ope B
4ucJie IePCIEKTUBHBIX MUIIIEeHEN MTPeJI0KeHbl
KJIETOYHbIE PEIENTOPbI, TPU B3AUMOJIEVCTBUHU C
KOTOPBIMU BUPYC MOKET aKTUBAPOBATh CUHTE3
MaTpUYHON MeTasIonporenHasbl-9 (MMP-9)
[78]. B TO ke BpeMs, caMU MaTpUYHbIE METaJlJ10-
MMPOTeNHAa3bl KaK MUIIIEHb JIs1 IEKaPCTBEHHOTO
BoanerictBusa npu COVID-19 nmoka He3acayKeH-
HO OCTalOTCs 0e3 BHUMAaHUA KJINHUIUCTOB. ITU
nporeoJuTu4deckre (epMeHTbl Ha3bIBAIOTCS
MeTaJJIONPOTeNnHa3aMu, IIOTOMY YTO UMEIOT B
CBOEM cocTaBse MeTaJa (MUHK). MMP-9 crtoco0-
HBbl pa3pyliaTb KOMIIOHEHTbl BHEKJIETOYHOTO
MaTpUKCca — HWHTEPCTUIMAJIBHBIM MaTPUKC U
0aszanpHble MeMOpaHbI, © MOTYT NPHUHUMATh
caMoe HeloCPeNCTBEHHOE yYacTHue B [IaTOreHese
MOBpEKIEeHU JeroyHon Tkanu npu COVID-19.
M3BEeCTHO, YTO CBEPX-9KCIPECCUSI U JUCPETYJIsl-
g MMP-9 urparor BaskHYIO poJIb B IaTOreHese
PasJIMYHBIX TAYKEJIBIX ayTOUMMYHHBIX, OHKOJIO-
THYeCKHUX U Jp. IpoOeMHBIX 3aboJieBaHuii. B
MHUpe BeOyTCA MCCAeNOBaHWA [0 CO3LaHUIO
HCKYCCTBEHHBIX WHrub6mutopoB MMP-9 nmasa
BBINIETIEPEYNCIIEHHBIX 3ab0oeBanmii [79-83].

B smureparype Hadasna 2000-X rogoB MOKHO
HaWTHU HEMAJIO 9KCIIEPUMEHTAJILHBIX HCCJIEeJ0Ba-
HUI, TOKA3aBIIIHX, YTO BasKHBIA MEeXaHU3M JIer04-
HOTO TOBpEKIEHUs IOl JAelCTBUEM TeX WJIHU
UHBIX (PaKTOPOB CBSI3AH C METAJLJIONIPOTENHA3a-
MU [80], Takke OMKCAHO, KaK 3TOT IIPOIECC pery-
Jupyercs nuToknuHamu [79]. OfHaKO B HAyYHOU
JuTeparype HaM He y1aj0Ch HalTH IONBITOK CBSI-
3aTb KIMHUKY COVID-19 ¢ aTUM MexaHu3MOM, He

HaI'/JII[eHbI TaKKe UCCJAEeN0BaHNUA O IPUMEHEHNUU

nities of this new strategy in COVID-19 treat-
ment can be assessed shortly and inexpensively.
The authors of this paper has developed a Study
Protocol based on doxycycline as a MMP-9 in-
hibitor for COVID-19. The Protocol will be pub-
licly available in view of the current epidemics
emergency; it is fairly simple and easy to imple-
ment in any hospital where COVID-19 patients
are hospitalized to. The decision on participa-
tion in this study shall be made on site. It pro-
vides for a comparison between two groups de-
pending on the initial therapy prescription: A)
the doxycycline group; B) the group of any other
antibacterial drug (if a physician finds it neces-
sary to prescribe an antibiotic to a particular
patent on the day of admission). Inclusion cri-
teria, a simple randomization method at the
time of patient’s admission to a hospital, clinical
efficacy assessment based on end points, a reg-
istration sheet have been determined and con-
tact information for feedback has been pro-
vided. The Protocol is available on the web-site
of V. A. Negovsky Research Institute of General
Rehanimatology, Federal Research and Clinical
Center of Intensive Care Medicine and Rehabil-
itation, at: www.niiorramn.ru, from the time of
publication of this paper.

Conclusion

Today, an unprecedented flow of scientific
publications on the topic of COVID-19 is observed:
in May, 2020, more than 120 new papers on coron-
avirus have become publicly available, every week.
Nevertheless, the international scientific commu-
nity should state that there are still no precise treat-
ment methods or specific drugs with proven effi-
cacy against SARS-CoV-2. Finding effective drugs
with other action mechanisms, beside the virus
suppression only, is urgently needed to treat the
new disease called COVID-19.

Many drugs including listed in national guide-
lines in Europe, USA, Russia and other countries
have poor body of evidence. Absence of a single
concept and abundance of drugs often leads to re-
dundancy in prescriptions. In a poly-pharmacy sit-
uation it is difficult to avoid side effects’ summation
and unforeseen drug interactions, which might ad-
versely affect the patient’s condition.

Abiding by the essential principle of medi-
cine — primum non nocere, every prescription of
a drug must be justified in terms of evidential med-
icine. Application of drugs with unproven efficacy
may be justified only within a research that should
be organized to prove or disprove drug efficacy, and
its findings should be subsequently published so
that, if successful, confident recommendations for
most COVID-19 patients could be given.
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M3BECTHBIX UHTHOUTOPOB MMP-9 1ipu KOpoHaBHU-
PYCHOM HOBpesKIeHnH Jerkux. [louck nadopma-
[IMOHHBIX NCTOYHUKOB ITOKa3aJl, YTO [JIABHBIM Cy0-
cTpaToM AJis paspyuatomiero neficrsus MMP-9
sABJsieTcs KoJutareH-1V [81] — oCHOBHOM MHTpe-
IVeHT 0asaJbHOM MeMOpaHbl aJbBEOJISIPHOTO
3NUTEJNs U KaTWJJIAPHOTO 9HI0TeusA. M3BecT-
HBI 9HJIOT€HHBbIE U 3K30Te€HHbIE WHTUOUTOPBI
MMP. 9H10TeHHBIM UHTHOUTOPOM MMP s1BJIsTET-
Cs1 TKAaHEBOW MHTHOUTOP METAJIJIONPOTENHA3bI
(TIMP), koTOpBIii 00ecredynBaeT IIeJIOCTHOCTD
BHEKJIETOYHOTO MaTpUKCa U CHUKAET CTeIleHb
nmoBpeskaenus Jjerkux, npu OPJC mucbamanc
mexny MMP u TIMP pe3ko cMellleH B CTOPOHY
mpeobJIafaHusI MAaTPUKCHBIX METAJJIONIPOTENHAS
[82]. 9k3oreHHBbIMU HHTHOUTOPpaMu MMP 1mupo-
KOT0 CIIEKTpa e CTBUSA SBJISIOTCA TeTPAITUKINH
U ero Mou(pUIIMPOBaHHbIE aHaJIOTH [84].

Cpenm 9K30T€HHBIX HHTHOUTOPOB MMP-9
HanOoJiee N3yYeH TOKCUIMKJINH — aHTHOMOTUK
TeTPAIMKJIMHOBOTO psifia, 00/1aqa0i, Hapsay
C aHTUMHUKPOOHOU aKTUBHOCTHIO, CITOCOOHOCTHIO
Ha MOJIEKYJIIDHOM YPOBHE 3alUIIATh TKaHb JIET-
KOTO B OTBET Ha MOBpesKIeHne. B skcrepumeH-
TaJbHBIX HUCCJAENOBAHUAX HA MOJEJIAX OCTPOTO
TIOBPEKIEHNsI JIETKUX Pa3HOTO reHe3a Ob11H yoe-
JIUTEJHHO TPOAEMOHCTPUPOBaHBI 3(P(EKTHI TOK-
cukJInHaA [85-90].

HNuTepecHo, yto 10-20 jeT Ha3ag HAKTO HeE
Mor npeasuaeTh anugeMuto COVID-19, u emte He
3a7aBaJjicsi BOIIPOCOM, I0YEMY Y 9TOU KaTeropuu
marnueHToB nepeBoy Ha MIBJI 6osee yem B 80%
ciaydaeB BeleT K JieTaJbHOMY ucxony. B aToi
CBsI3W Ba’KHO J1aTh MHMOpMAIUIO, YTO ellle B
2010 rony rpynmna KaHaJCKUX HcCCJiefoBaresaei
MIpoBeJia IKCIIEPUMEHT Ha MOJIEJIU OCTPOH JIbIXa-
TeJbHOW HEJO0CTAaTOYHOCTH, OOyCJIOBJIEHHON
MeXaHUYeCKHUM BO3IEeWCTBUEM, CO3JaBaeMbIM
anmmaparoM MBJI, 1 mokasaJa, 4To IIPpU BBICOKO-
YaCTOTHOW BEHTHUJISIIMN UMEHHO MOBBIIIIEHHAS
aKTUBHOCTb MMP-9 npuBOOUT K Cepbe3HBIM
U3MEHEHUSIM B JIETOYHOM IIPOTEOMeE, U YTO 3THU
U3MEHEHUsI MOTYT OBITb MHWHHUMH3WPOBAHBI
WHTUOMpPOBAHUEM METAJJIONPOTENHA3 C TTIOMO-
IIbI0 TOKCUITUKINHA. OpUTHUHAJIBHBIN (hapMaKo-
ITPOTEOMHBIH MOIX0] B 3TON paboTe MO3BOJIUI
ybequTeSIbHO MOKa3aTh, YTO HCIOJIb30BaHUE
TOKCUIIMKJ/INHA B Ka4eCcTBe MHrubmropa MMP-9
MOKET TIPeJOTBPATUTh Jerpamanuio 0eIKOB B
JierouHou Tkagu [90].

B npyroii pabore 2014 roma oueHUBAIU
3(p(deKT BHICOKUX U HU3KUX JI03 JOKCUITUKJINHA
Ha u3MeHeHue ypoBHA MMP-9 Ha sKcliepuMeH-
TaJILHOW MOJIEJI OCTPOTO TOBPEKIEHUS JIETKUX
B YCJIOBHUAX OIlepaliy C UCKYCCTBEHHBIM KPOBO-
oOpamenuem (CPB). B akciepumenTe Ha 30 coba-
Kax II0Ka3aHo, YTO IPUMeHeHne JOKCUIIMKINHA
MPUBEJIO K CHUKEHUIO ChIBOPOTOYHOU KOHIIEHT-
pauuu MMP-9, ipu aTOM, 110 CPAaBHEHUIO C KOHT-

poJieM, yMeHbIIajach Aerpafanus KJIeTOYHOU
MeMOpaHbI aJIbBEOJISIPHOTO JIUTENNSI, CHUMKA-
Jiach HeUTpoMIbHas UHPUIBTPAIIUA U OTEK JIET -
KHX, B TOM YHCJIE — IPU UCIIOJIb30BAHNHU HU3KUX
103 TOKCUIIMKJINHA [88].

Eme onyH mpuMep CBsA3aH C BTOPUYHBIM
MOBPEKIEHNEM JIeTKUX TPU HEKPOTUYECKOM ITaH-
KpeaTuTe, TaK KaK 9TOT IPOIecC TOsKe ONOCPeO-
BaH MAaTPUKCHOM MeTaJIJIONPOTENHA30M U3 HEH-
TpodmiioB. B sakciepuMeHTe Ha MOJIEJIU OCTPOTO
MMaHKpeaTuTa OIEHWBAJN CIHOCOOHOCTH TOKCHU-
UKJIMHA KaK WHTHOUTOpa IHUPOKOr0 CIEKTpa
MeTaJJIONPOTEeNHA3 NpPeNoTBPAIaTh JIeTOUYHbIe
OCJIO’KHeHUs1. B paboTe HeMeITKUX KOJIJIET JoKa3a-
HO, 9YTO MHTIOUPOBaHUEe aKTUBHOCTH MMP-9 nok-
CHLMKJIMHOM YMEHBIIIAJIO CBSA3aHHOE C ITaHKpea-
TATOM TIOBpEKJeHWe JIETKUX W 9KCIPECCHUIO
MMP-9 B JIeTOYHOU TKaHU, U OBLIO MTPEJIOKEHO
HWCNOJIb30BATh JOKCUIIUKJIVH JJI TpeoTBpallle-
HUSI BTOPUYHBIX JIETOYHBIX OCJIOKHEHUU ITPU OCT-
poM naukpearure [91].

O6006111as pe3yabraThl IPUBEIEHHBIX BBIIIIE
uccyie0BaHNU, Mbl BUUM, YTO IIPU BO3€HCTBUHA
HeOJIarTONPUATHBIX (PAKTOPOB PasHOro reHe3a
UMeeT MeCTO CXOMHBIA MeXaHW3M BTOPUYHOTO
MMOBPEKIEHNS JTeTOYHON TKaHU U3OBITKOM Mart-
PUKCHBIX METAJIJIONPOTENHA3, A TaK)Ke NMeeM
9KCITepUMeHTA/TbHbBIE JOKA3aTeIbCTBA CIIOCOOHO-
CTH TOKCHUIIMKJIMHA WHTHOMPOBATH MACCUBHBIN
BeIOpOoCc MMP -9 11 ipeioTBpamarh paspyuInTe s h-
HBIU MPOITECC B JIETOYHOU TKAHMU.

TakmM o00pas3oM, CeromHsi, B YCJIOBHIX
Tekyei anugemun COVID-19, MBI UMeeM cepb-
e3Hble TeopeTudecKkre 000CHOBAHUS U peaslhb-
HYI0O BO3MOYKHOCTb HCIOJB30BaTh ONWH W3
nHTuOuUTOpOoB MMP-9 17151 TedeHUsI KOPOHABHU-
pycHOH MHpeKIuu — JOKCUIUKJIUH. Jlokcu-
IIUKJINH U3BecTeH OoJjiee 50 JJeT BO BCEM MHUpE,
UMeeT NeCSATKU TeHepUYeCKUX HasBaHUU, MO
CHX IIOP He IIOTePSJI AaKTyaJbHOCTHU U UCII0JIb3Y-
eTCsl IPU CaMbIX pas3HBIX 3abojieBaHUAX [92].
Bisiarogaps xopotiei mIepeHOCUMOCTHA U HU3KOH
JacToTe HesKeslaTeIbHbBIX PeaKIni Ipu Heo0X0-
IUMOCTU MOKEeT Has3HadyaTbCs IJAUTEJbHBIMU
KypcamMu — OT 7 nHell 1o 3-4 Hegesb (93, 94] u
Jaxke 10 Tpex MecAanes [95, 96]. BaskHO Takke,
4TO NOKCUIIMKJINH B HEKOTOPBIX CTPAHaX BXOOUT
B IIepeYeHb PEKOMEHIYeMBIX JIEKapCTB IJIs
COVID-19 (tab.. 1), B yncJie qpyrux pecnupa-
TOPHBIX aHTUOUOTUKOB [97], HO HEM3BECTHO,
Kak 4acTo, Korjga U ¢ KakuM 3d¢eKToM OH
peanbHO NIPUMEHSAETCs Ha IPAKTUKE.

Ha ocHOBaHWM mpenCcTaBJIEHHBIX BBIIIE
¢aKTOB, TOKCUITUKINH Kak nHruouTop (MMp-9)
UMeeT BCE OCHOBAHUSA OKasaThCsA 3PP eKTUuB-
HBIM CPEeJICTBOM JJIsI TAlUEHTOB, 3aPa3UBIINXCS
BupycoMm SARS-CoV-2 u rocnuTann3npoBaHHbIX
B cTanuoHap. VMHruOupoBaHWE MaTPUKCHBIX
MeTaJJIONIPOTeNHAa3 MOYKeT TMpPeJOTBPATUTH
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3aIlyCK KaCcKaa II0BPeyKIeHUs JIETOUHON TKAaHU,
a UMEHHO — pa3pylleHue MaTPUYHbBIX KOMIIO-
HEHTOB 0as3a/IbHBIX MeMOpaH aJTbBEOJISIPHOTO
AIUTEJINs, 9HAOTEJINU COCYL0B, MEKKJIECTOYHBIX
CoeIMHEHUN, OCTAaHOBUTH MPOTPecCUpOBaHUE
TUIIEPBOCIIAJIEHU S B UHTEPCTUIIMAIbHOU TKaHH,
n30eKaTh MOCJEICTBUN TAMKEJION TUIOKCUH U
OPJIC. OmHOBpEMEHHO NOKCUIUKJWH pPellaeT
3a/1avy CTAapTOBOHW aHTHOAKTepUaIbHOU Tepa-
MM, €CJIM OHa IIOKas3aHa, TaK KakK [0 CIEKTPy
AKTUBHOCTU OTHOCUTCS K PECOUPATOPHBIM aHTH-
OmoTHKaM [AJiI BHEOOJbHUYHBIX HHEBMOHUI.
CrmocoOHOCTh MOKCUIIUKJINHA WHTHOUPOBATH
MAaTpPUKCHbIEe METAJIJIONPOTENHA3bl OKa3ajach
MOJIE3HON TPU XPOHUYECKUX OOCTPYKTUBHBIX
opouxuTax [98], uTO pemaeT nmpodJsemMy BbIbOpa
aHTUOMOTHKA nJaa mnanuentos c¢ COVID-19,
umeroninx XOBbJI B anamHe3se. Enie oJHO BaskHOE
CBOMCTBO MOKCUIIMKJIMHA — OH He IMOAaBJIsSET
KOJIOHH3aIMOHHYI0 PE3UCTEHTHOCTh, TO €CThb
ABJIAETCSA MANANINM IIPpernapaToM B OTHOIIIEHUH
MHUKPOOUOTHI KUITEYHUKA, a 9TO Ba’KHO JIsA
NpenoTBpalleHus BTOPUYHBIX T'OCIUTAJIbHBIX
uHpekruit u cerncuca [99-102].

OskumaeTcsi, UTo IpUMeHeHne HHTUOuTOpa
MaTPUKCHBIX METAJJIONIPOTENHA3 — JIOKCUIUK-
JIMHA — Yy NAallMeHTOB, [IOCTYIIUBIINX B CTAl1O-
Hap ¢ COVID-19, npuBeneT K COKpalleHUIO
4ycJla CcaydaeB TAKeJ0r0o TeYeHUs, K CHUKe-
HUIO YaCTOThI Pa3BUTUS KPUTUYECKOTO COCTOSA-
Hus (nmepesox B OPUT, OPJIC, Heo6X0AUMOCTH
NBJI), a Tak:Ke CHU3UT PUCK BTOPUYHBIX OpraH-
HBIX JUCHYHKIHUNA ¥ JeTaJbHBIX MCXOJO0B.
PeasibHbIe BO3MOYKHOCTU 3TOU HOBOW cTpare-
ruu B JiedeHuu COVID-19 MOKHO OIEHUTH B
KOpPOTKHUE CPOKH, 0e3 0COOBIX 3aTpar. ABTOpamMu
IaHHOU cTtarbu padpaboran [IpoTokoJs uccie-
JIOBAaHHWS HAa OCHOBE JOKCUIIUKJIMHA KaK UHTU-
outopa MMP-9 st meuenuss COVID-19. I1poro-
KoJ1 OymeT pasMelleH Ha CaiTe B OTKPBITOM
JOCTyIle Ha PyCCKOM AA3bIKe. C y4eTOM YPreHTHO-
CTHU B YCJIOBUAX 3MIUIEMUH, IIPOTOKOJI IpeJIeJib-
HO IIPOCT, JIETKO PeaTM3yeTCsI B IIOOOM CTaIro-
Hape, KyJa IOCIIMTAJU3UPYIOTCA MAIUEeHThI C
COVID-19. Pemtenue 00 y4acTHH B 3TOM HCCJIE-
JOBaHWYU IpUHUMaeTcA Ha MecTrax. [Ipegycmor-
pEHO CpaBHEHME JBYX IPYIIl B 3aBUCUMOCTH OT
HasHauYeHHOU CTapTOBOU Tepamuu: A) rpynmna
IokcunmkanHa; b) rpymnma Jiro6oro apyroro
aHTHOaKTepuaJLHOTO TpemnapaTra (ecam Bpad
Jluteparypa
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cunTaeT HEOOXOAMMBIM Ha3HAYeHUE aHTUOWMO-
THKa JaHHOMY IMAIlMEeHTY B J€Hb MOCTYIIJIEHUST).
OmnpeneneHbl KPUTEPUU BKIIOYEHUSI, IPOCTOU
Crroco6 paHJOMHU3aIUU B MOMEHT TOCTYILJIEHUS
ManyenTa B CTAllMOHApP, OIlEHKA KIUHUYIECKOU
9 (HEKTUBHOCTU IO IEJIEBBIM TOYKAM, JIUCT
perucrpanuu. Cpasdy mocJjie myoauKaum JaHHou
cratbu IIpoTOKOJI OymeT MOCTyIleH Ha caiTe
www.niiorramn.ru HWUM ob61iei peanHumaroJio-
ruu uM. B. A. Herockoro @HKII PP, Tam sxe naHsbl
KOOPMHATHI JJ1s1 00paTHOM CBSI3MU.

3akJaouenue

B Hacrosee BpemMs MOYKHO HaOJ/TIOaTh Oec-
npereeHTHBIM TOTOK Hay4YHBIX IMyOJIMKalui Ha
temy COVID-19, B mae 2020 . eskeHeJeJbHO B
OTKPBITOM JOCTYIIe TOsIB/sIeTCS Oosee 120 HOBBIX
crareli 0 KopoHOBUpYCe. U Bce ske MesKIyHapoIHoe
Hay4yHOe COOOIIECTBO BBIHYKIIEHO KOHCTATUpPO-
BaTh, UTO ITIOKA HET KOHKPETHBIX METOJIOB JIeUeHN S
U HET MpemnaparoB C JIOKa3aHHOW addeKTuB-
HOCTBI0 TpoTuB SARS-CoV-2. OcTpo cTouT npodJie-
Ma rorcKa 3¢ (eKTUBHBIX ITPernaparoB ¢ IPYyTIMHU
MeXaHM3MaMU NeUCTBUS: He TOJIbKO JJ15 ITo/IaBJie-
HUS BUPYCA, CKOJIBKO J1JIs1 JIeYeHUsI HOBOI 60J1e3HI
nog HasBanuem COVID-19.

MHorune 1ekapCcTBEeHHbBIE ITpernapaThl, BRJIIO-
4yas Te, KOTOpbIe BXOAAT B HAI[MOHAJIbHBIE PEKO-
menpanuu EBponsr, CIIIA, Poccuu u ap., o6a-
JaroT caaboit JokasareabHON 6a30ii. OTCyTCTBUE
eIMHOU KOHIeNIIUN U U300UInue CpeCTB 4acTo
BeJIeT K N30BITOYHOCTHU B Ha3dHAYeHUsIX. B ycio-
BUSX ITOJIAIIPArMas3uy TPYTHO M30eskaTb CyMMU-
poBaHus MOOOYHBIX 3(PpPHEeKTOB U HETlpeABUIeH-
HBIX JIEKAPCTBEHHBIX B3aWMOJENCTBUN, YTO
MOSKET HeOJIarompusiTHO OTPA3UTHCSI HA COCTOSI-
HUU NAleHTa.

PyKOBOACTBYSICh IVTABHBIM ITPUHITUIIOM M€e/1-
IIAHBI «HEe HaBpeawn» (JIaT. «primum non nocerer),
Ka)kJoe JIeKapCTBeHHOEe Ha3HadYeHHe JOJIKHO
OBITH 000CHOBAHO C TOYKHU 3PEHUSI JOKA3aTeTbHON
MenuiuHel. [IpuMeHeHNe IpenapaToB ¢ HeJOKa-
3aHHON 3 (PEKTUBHOCTHIO OIpaBJaHO JUIIb B
paMKax HayYHOTO MCCTIeI0BaHMs, KOTOPOe HeoOXo-
VMO OPTaHU30BaTh, C IeJIbI0 JJOKA3aTh UJIH OIIPO-
BEpPrHyTh 3(p(peKTUBHOCTH Ipernapara, ¢ mocJje-
JyIOIIM 0OHApoJOBaHUEM pe3y/IbraToB, YTOOBI B
cJIydae ycliexa ¢ YBEpeHHOCThIO PeKOMEHI0BATh
OoutbImHCTBY marueHToB ¢ COVID-19.
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Pe3rome

MHorue rogsl ¢ IepeMeHHBIM YCIIeXOM IIPOJ0JIMKAIOTCS CPAaBHUTE/IbHBIE HCCIeI0BaHNA a(pperTuBHOCTH
1 6e30MaCHOCTH WHTAIANNOHHOHN U TOTAaJbHOHN BHYTpUBeHHOH aHecTe3uil (VA u TBA, cOOTBETCTBEHHO),
BRJTIOUAs IPOO6IeMy 3HAYMMOCTH (peHOMeHa aHeCTeTUYeCKOH OPraHONPOTEKIINY B KJIMHUKE.

Iestb BCciIeAOBAaHUA — OIfeHKA HOBBIX JAHHBIX OTHOCUTEJIBHO KIMHINYECKOH 9(h(heKTUBHOCTH aHEeCTeTH-
YEeCKOT0 MPEKOHANIIMOHUPOBAHUS U IMTPOOJIEMBI BLIOOPA MEKy MHTAISIIIMOHHON ¥ BHYTPUBEHHOM aHECTe3UE.

MarepuaJsbl ¥ MeTOABI. [JaHHBIM CHCTEMHBIN 0030p U MeTa-aHaJ/IU3 BBITOJHUIN B COOTBETCTBHE C pe-
KOMeHIanuAMH «IIpeIouTUTeIbHBIX 97IEMEHTOB OTYETHOCTH AJIS CHCTeMaTHIeCKUX 0030pOB M PYKOBO/ISA-
UX MPUHIUIIOB MeTa-aHaim3a» (the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
guidelines) Ha OCHOBaHMH ITOMCKA U aHAJIN3a JIUTEPATYPHI 32 IIOCIeTHIE IIATH JIeT.

Pesyierarsl. [Ipy nepBoHavaIbHOM ITOMCKe B 0a3e naHHBIX PubMed orobpasnu 759 crareii. ITox kKpute-
puu oucKa nofouuiu 13 myoaukanui, BKaodast 10 ucciaeqoanuii — cpaBHenuii TBA u VA y maiiieHTOB,
OTIepPHUPYyeMBIX I10 TOBOJY 3/I0Ka4eCTBEHHBIX 3a00JIeBaHU 1 3 MCCIIeJOBAHMNS, TIOCBAIEHHbIE KITMHUIECKOH
3HAYMMOCTH aHECTeTUYECKON KapJUOIPOTEKITHH.

AHann3 IByX MeTa-aHaJIN30B U OHOI'0 MYJIBTH-PETrMOHAJbHOTO KJIMHUYECKOro uccaenosanusa (MPKI)
TIOJIBUT aBTOPOB K 3aKJII0UYEHHIO O TIeTHOCTH AATbHENIITHX TONCKOB JOKa3aTe/IbCTB (D (HEKTUBHOCTH aHe-
CTEeTHYeCKOH KapINOIPOTEKIINU B KJINHUKe. BMecTe ¢ TeM, MeTa-aHanmu3 9-TH PeTPOCIEeKTUBHBIX KOTOPTHBIX
uccyiegoBanuii u 1-ro MPK BeIABUII HeraTUBHOE BiIKUsAHKE VA Ha 3-X JIETHIOIO JIeTaTbHOCTD B XUpypruye-
CKOU OHKOJIOTHH; IToKa3aresu coctasuiu: Total Hazard Ratio (HR) -1,73 (1,36; 1,96), xapaKTepUCTUKU TeTe-
porennoctu — Q = 8,336, df = 3, 1%, 2= 64,01; anaysm3 obmiero agderra — Z = 2,386 (p<0,017). AHAIN3 [IATH-
JIeTHeH JIeTaJbHOCTH PAa3JIUYUN He BBISABUJI, OMHAKO U He CHSJI COMHEHUU OTHOCHUTEJIHHO BO3MOSKHBIX
OTpaHMYEHUI Ha UCHoJIb3oBaHKe VA B JTaHHOI 006/1aCTH XUPYPTUH.

3akJroyeHne. ABTOPHI IpeAsIaraloT MPeKpaTuTh UCC/IeJOBAHNs, HallpaBJIeHHble Ha MONCK J0Ka3a-
TeJIbCTB 3 (PEeKTUBHOCTUA AHECTETUYECKON KapAUONPOTEKIINY B KJIIMHUKE BBUY TIIETHOCTU IpeAPUHU-
MaeMBbIX yCUJINH. BMecTe ¢ TeM, HEKOTOPBIe, TPEeNMYIIIeCTBeHHO, KOTOPTHBIE HCC/IeOBAaHUA YKAa3bIBAIOT Ha
HaJM4YMe cepbe3HON MPobIeMbl Ha MyTH JaJbHEHNIIEr0 UCIOIb30BAHUS MHTAISIIIMOHHON aHEeCTe3UH B XU-
PypPrudecKkoil OHKOJIOTHH. ABTOPBI CUUTAIOT HEOOXOAUMBIM IIPOBEJEeHNE CEPbe3HOTO CPAaBHUTEJIHHOTO
MPKU B jaHHOM HallpaBJI€HUU.

Krouesvle croea: ucxo0vl aHecme3uus; nepuonepayuoHast CMepniHocnib, UHZAJAAUUORHAS aHeCImne3ust, 6HYm-
PUBEHHAA aHecne3usl; aHecnie3usl OHKoJ0cUvYeckux nayueHmos, aecmeniuiecroe npenonauuuonupoeanue
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Summary

Comparative studies on the efficacy and safety of Inhalation Anesthesia (IA) and Total IntraVenous Anes-
thesia (TIVA) have been performed for many years, and the results were various.

The aim of this study was to evaluate new data on the clinical efficacy of anesthetic preconditioning, the
difference between inhalation and intravenous anesthesia on cardiac protection and clinically relevant out-

comes in cancer surgery.

Materials and methods. We carried out a systematic review and meta-analysis on searches and analysis of
the literature over the past five years in accordance to the recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Results. Out of the 759 articles which were initially identified, we selected 3 studies regarding the clinical
significance of anesthetic cardioprotection and 10 studies comparing IA and TIVA in patients undergoing

surgery for malignant diseases.

Two meta-analyses and one multi-regional clinical trial (MRCT) suggest that further studies of the effec-

tiveness of anesthetic cardioprotection is futile.

A meta-analysis of 9 retrospective cohort studies and 1 MRCT showed a detrimental effect of IA on 3-year
survival in surgical oncology (Hazard Ratio (HR): 1.73 (1.36; 1.96) Heterogeneity: Q = 8.336, df = 3, I%; 2= 64.01,
overall effect analysis: Z = 2.386 (P<0.017)). Analysis of 5-year mortality did not reveal any differences, although
it did not remove any doubts about the possible negative effect of the use of IA in surgical oncology.

Conclusion. Due to the futility of the previous efforts, the authors suggest not starting new studies aimed
at finding evidence of the effectiveness of anesthetic cardioprotection on clinically relevant outcomes. How-
ever, since cohort studies indicate a possible beneficial effect of the use of TIVA in surgical oncology, the authors
suggest conducting a serious comparative MRCT in this setting.

Keywords: anesthesia related outcomes, perioperative mortality; volatile anesthesia vs TIVA; anesthesia for

cancer patients; anesthetic preconditioning
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BBenenue

JvuTenbHAsI ICTOPHUS CONEPHNYECTBA MHTA-
JIAITMOHHOM U TOTaJIbHOU BHYTPUBEHHOH aHecTe-
3uil (MA u TBA, COOTBETCTBEHHO) HACUUTHLIBAET
HEMAaJI0 IpaMaTUYeCKUX COOBITHNA M IMOMHUT
Mepuoabl BpeMeHH, Korna, TO OIHAa, TO Jpyrasi,
METOIVKH JeJIAJIN CYyIIIeCTBEHHBIN MMPOPHIB TAK,
4YTO Ka3aJI0Ch, HABCETIa XOPOHUIIN HAIEKIBI CTO-
POHHUKOB aJITEPHATUBHON KOHIIETIINHY T00UTh-
s, XOTs1 OBbI, OTHOCHUTEJIFHOTO mapuTeTa. JlanHas,
BeCbMa MHTEPECHAsI B UICTOPUIECKOM ILJIAHE, TEMA
BCE €eIIle JKJIET CBOETO «30JI0TOTO Tepar; aBTOPHI
sKe HaCTOSIIIEeN CTaThb! MIPEATI0JaraloT CKOHIIEHT-
pUpoBaTh BHUMaHUeE Ha ITOCAeTHEM (10 BpeMEeHH,
HO He 10 HAJIMYUIO OKOHYATEJILHOTO PEIleHusI)
JTare 3TOro COMEPHUYECTBA, CBSI3aHHOM C 0OHa-
pYy’KEeHHeM Y WHTaJsIMUOHHBIX aAHECTETHUKOB
adderTa mepuoNEepPaAIIOHHON OPraHOMPOTEK-
nmu. FMiMeHHO 9TOT (DeHOMEH OBLI B3AAT HA BOOPY-
’KeHe CTOPOHHUKAMU WHTAJISIITMOHHON aHecTe-
3UH (B TOM YHCJIE, OHUM M3 aBTOPOB HACTOSIIIEN
CTaTh1) ¥ MHOTHE TOJbI UCIIOJIb30BAJICS KaK apTy-
MEHT, CBUIETEJILCTBYIONIUN O IMIPEenuMYIIeCTBe
00Cy>RIaeMoll MEeTOTUKH [1].

B kpaTkoOM M3JI0KEHNH, COOBITHUS, CBS3AH-
HbIe ¢ PEHOMEHOM aHEeCTETUIECKOT0 MPEKOHIH-
IMOHUPOBAHUSI, PA3BUBAJUCH CJEAYIOIINM
06pa3oM: AjIuTeIbHbIE IIONCKU (hapMaKoJoTHde-
CKOTO 9KBUBAJIEHTA TPEHNUPOBOYHOU HINEMUU
JJISI MHUIUAIIAY TPOoIlecca MPeKOHIUIIMOHUPO-
BaHUS OpPTraHOB U TKaHel [2-4] mpuBesn K
MMOABJIEHUIO B 1997 I Tpex He3aBUCHUMBIX HCCJIe-

Introduction

There is a long-standing rivalry between in-
halation and intravenous anesthesia.

Over the years many studies tried to investi-
gate the efficacy and safety of the two techniques,
and there were moments when one seemed to pre-
vail over the other; to date, however, there is no def-
inite evidence favoring either of the two, and the
issue remains controversial. The authors of this ar-
ticle propose focusing on the most recent stage of
this rivalry and the discovery of the effect of peri-
operative organ protection in inhalation anesthet-
ics. This phenomenon was embraced by the sup-
porters of inhalation anesthesia (including one of
the authors of this article) and it has been used for
many years as an argument to support the advan-
tages of this technique [1].

Briefly, the events associated with anesthetic
preconditioning developed as follows: a long
search for the pharmacological equivalent of train-
ing ischemia to initiate the process of precondi-
tioning of organs and tissues [2—4] led to the emer-
gence in 1997 of three independent studies, the
authors of which reported discovering the desired
properties in halogenated anesthetics [5-7]. These
studies served as a starting point for a number of
works aimed at:

1. Explaining of the mechanisms of ischemic —
pharmacological — anesthetic preconditioning;

2. Assessing the clinical significance of the
discovered phenomenon, firstly in the anesthesi-
ology field.
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MIOBAHU, aBTOPHI KOTOPBIX COOOIIMIN 00 00Ha-
PY’KEeHUU UCKOMBIX CBOMCTB Yy raJioTeHCcoaepsKa-
IMX AaHECTETUKOB [5-7]. JlaHHBIE NCCJIeJOBaHU
MIOCJTYSKUJIN OTIIPAaBHOM TOYKOH [IJIs1 IPOBEIeHNU s
psAma paboT, HanpaBJIeHHBIX Ha

1. BrIsgscCHeHMe MEXaHN3MOB UILIEMUYECKOTO —
¢dapMaKoJOTrU4eCKOTO — AHECTETUYECKOIO0 TIpe-
KOHIUIIMOHUPOBAHUS; U

2. OnpejesieHne KIUHAYECKONU 3HAYUMOCTHA
obHaApYKEeHHOTO (DeHOMEHA, TTPESKIE BCETO, B aHe-
CTE€3UOJIOTHUH.

HccnemoBanusa MOJIEKYJIAAPHBIX MEXaHU3MOB
peanu3sanuu 3 PerTa aHeCTETUUECKOTO IIPEKOH-
JUIIVOHUPOBAHUSA BCe ellle MPOAOJIKAIOTCSA, XOTs
MHOI'H€ Belllu IIOHATHEI yoKe ceropus. Tak, noka-
3aHHBIM ABJISIETCS y4aCTHE B KACKAaIHOM IIPOIiec-
ce yCHJIeHUs1 CBOOOIHO-PaIMKaTbHOTO MEXaHU3-
Ma, pelenTopoB, CBsA3aHHBIX C G-6eJKoOM,
KaJIMeBbIX KaHAJIOB, TUTAHTCKOU MUTOXOHIPUAJTh-
HOU MOPBI U IKCITPeCcCuu reHos [1, 8-11].

Ensa sim He mepBBIMH, KTO MHPUCTYIMI K
uccaesoBannio ap@derTa aHeCTETUYECKOTO TIpe-
KOHIUIIMOHUPOBAHUS B KIUHUKE, ObLH S. DeHert
¢ coasr. [12, 13]. ABTOpPHI OIMyOIUKOBAIU ITAKJI
paboT, TOCBAIIEHHBIX KAPAN0AHECTE3NOJIOTUH, B
KOTOPOM TIOJeJINJINCH BeCbMa 00HaIeKUBaIOIII-
MU JAaHHBIMU: UM YHAJI0Ch IIOKa3aTh HAJIU4YHUE Y
raJIOTeHCOJIEPYKAIUX AHECTETUKOB KapAUOIIPO-
TEKTOPHBIX CBONCTB, YTO MPOSBJISJIIOCH CHUYKEHU -
eM cofiepsKaHMs Kapauocnenuduieckux Mapke-
poB (TpOIIOHMH) U, Jaske, YMEHbIIEHUEM
KOJIMYECTBA OCJIOKHEHUN CO CTOPOHBI CEPJIEUHO-
cocyaucToi cucreMsl [14, 15].

HcciieqoBanys B JaHHOM HalpaBJeHUHU IPO-
JOJIKAJINACH, U 110 UX pe3yJisTaTaM B KapIuOXUpyp-
T B CEpeIrHE IPOIIJIOr0 AeCATUIETUS OBLIO
BBIIIOJITHEHO TPU MeTa-aHaau3a. Bo Bcex Tpex
aBTOPBI IPUXOIUJIN K BBIBOAY, YTO UMeEeT MEeCTO
CHIDKEHUE JIETAaJTbHOCTA B TPYIIE OOJIBHBIX C
MHTaJAIMOHHON aHecTte3ned [16-18]. 3T BBIBO-
IIbI TIOATBEPSKIAIU U TPU «CPETHEr0 pas3Mepa»
MPKMU, nmocBsimmeHHbIe TOU ke mpobseme [19-21].

Henb3sa ckasaTh, 4TO BCe HCCJEeIOBATEIHN
OBLTH eIMHOIYIITHBI B OIlEHKE 3HAYNMOCTH (PeHO-
MeHa WHTA/ISAIMOHHONW OPraHONPOTEKIUU JIJIs
KJIVMHUKU. P opurnHa IbHBIX paboT U MeTa-aHa-
JIN30B HEe O/ITBEPSKIATN BHICOKOU 3(h(PEeKTUBHO-
CTU METOIUKMU [22-24].

OpnHako, B UTOre IBe KOHCeHCYCHble KOH(pe-
pEeHIIMA pPEKOMEHJ0BAJN IPEeaNoYTUTEIbHOE
nucnosb3oBanue VA B KapiuOXxupypruy, OCHOBBIBa-
SICh Ha TAHHBIX O CHUYKEHUHU JIETAJIbHOCTU 1 4aCTO-
ThI Pa3BUTHS KU3HEOTIACHBIX OCJIOYKHEHUH [25, 26],
a crenuaan3vpoBaHHble AMepuKaHckas u EBpo-
MefiCKHe aCCOIMaI BHECIU TAKOE JKe TTOJI0KEeHIe
B CBOM KJIMHUYECKHE pekoMeHaanuu [27, 28].

B HekapauHaIbHOU XUPYPTUU WJLJIIO3UN
OTHOCHUTEJIbHO KJIMHUYECKON 3HAYUMOCTU aHe-
CTETUYECKOTO IPEKOHIUIIMOHUPOBAHUS OBLIO

Research into the molecular mechanisms be-
hind the effect of anesthetic preconditioning is still
ongoing, eventhough many concepts have already
been understood.

For example, it was proven that the strength-
ening of the free radical mechanism, G-protein re-
ceptors, potassium channels, giant mitochondrial
pore and gene expression all participate in the cas-
cade process [1, 8-11].

Among the first who studied the effects of
anesthetic preconditioning in the clinical setting
were De Hert S et al. [12, 13]. They published a se-
ries of works dedicated to cardioanesthesiology,
sharing very encouraging data: they were able to
show that halogenated anesthetics have cardiopro-
tective properties, demonstrated by the decrease in
cardiospecific markers (troponin) and in the num-
ber of cardiovascular complications [14, 15].

Research continued in this direction contin-
ued and, considering their results in cardiac sur-
gery, three meta-analyses were performed over the
last decade. In all of them the authors concluded
that there was a decrease in mortality in the inhala-
tion anesthesia group [16-18]. These findings were
supported by three medium-sized MRCTs address-
ing the same problem [19-21].

Researches assessing the significance of the
inhaled anesthesia for organ protection in the clin-
ical setting, however, were not unanimous. A num-
ber of original works and meta-analyses did not
confirm the effectiveness of the method [22-24].

Nevertheless, two consensus conferences rec-
ommended preferring the use of inhalation anes-
thesia in cardiac surgery, because there was evi-
dence that it reduced mortality and the incidence
of life-threatening complications [25, 26]. The cor-
responding American and European associations
have made the same provision in their clinical
guidelines [27, 28].

In non-cardiac surgery there was significantly
less conviction about the clinical significance of
anesthetic preconditioning. A large study by Lurati
Buse G. and colleagues has seriously undermined
the position of the supporters of inhalation anes-
thesia [29]. Although attempts were made to ex-
plain the lack of differences between the inhalation
and intravenous anesthesia groups with the lower
frequency of episodes of myocardial ischemia in
the general surgical population of patients, the Eu-
ropean Society of Anesthesiologists did not include
indications regarding the priority of inhalation
techniques in its 2014 guidelines [30].

Therefore, at the beginning of 2018 the com-
parative effectiveness and safety of the two main
general anesthesia methods seemed uncertain,
perhaps with a slight shift towards the inhalation
technique due to its supposed clinical significance
in the anesthetic organ protection phenomenon.

The purpose of this review was to evaluate new
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CyILlIeCTBEHHO MeHbIle. MolHoe uccjaesoBanne
G. Lurati Buse ¢ koJsusteramu [29] cepbe3HO ITOKO-
J1e6aJI0 TTO3UITUI0 CTOPOHHUKOB MHTAJISIIMOHHON
aHecTte3uu. U, XOTA, TpeIIPUHUMAIUCH TOIIBITKA
00BSICHATH OTCYTCTBHE PA3JIMYH B rpymax A
TBA MeHBIIIEH YaCTOTOH 3IIN30/I0B UIIIEMUH MHO-
Kap/a B 00IIeXupyprudecKoi MOy IsIIY alu-
€HTOB, U, COOTBETCTBEHHO, OTPAaHUYEHHUEM MOJIs
JIJIsI TIPOsIBJIEHM S 3aIUTHOTO 3 erTa, EBponeti-
CKOe OOIIeCTBO aHEeCTe3HOJIOTOB OTKa3ajoCh
BKJIIOYATH IIYHKT O IPUOPUTETE WHIAIANNOHHBIX
MEeTOJIUK B cBOU guideline 2014 1. [30].

TakuMm o6pa3omM, B Havase 2018 . cuTyarus
¢ apderTUBHOCTEIO W 0€30MACHOCTHIO ABYX
OCHOBHBIX METOJIOB 00TIel aHECTe3UH ITPEACTAB-
JISIJTach HEOIpeNesIeHHON, MOKeT OBITh, C
HeOOJIBIITNM ITEPEBECOM B CTOPOHY MHTAJISITINOH-
HOU METOJIMKU B CBSI3U C IpeJIoaraeMou Kiu-
HUYEeCKOU 3HAYMMOCThIO (heHOMeHa aHeCTeThuyYe-
CKOU OpraHonpOTeKIUN.

[leqlb aHAJIUTUYECKOTO 0030pa — OIEHKa
HOBBIX JaHHBIX OTHOCHUTEJHbHO KJIMHUYECKOU
3(pHEeKTUBHOCTU aHECTETUYECKOTO IIPEKOH U0
HHUPOBaHUSA U TpobJieMbl BbI0opa meskay FA u TBA.

MeToabl

CucTeMHBI 0030p U MeTa-aHaAJIN3 BBITIOJIHUJIHA B
COOTBETCTBHE C PEKOMEHIAIUAMU «IIpeanouTuTe  h-
HBIX 9JIEMEHTOB OTYETHOCTH JIJISI CUCTEMATHYECKHIX 00-
30pOB U PYKOBOJIAIINX MPUHIIMIIOB MeTa-aHaan3a» (the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines) [31-34].

CrpaTerus moucKa M 0OTOOp uccaegoBanmii. [1po-
BEJIA CUCTEMATUYECKUH ITOUCK OITyOJIMKOBAHHBIX 3a IT0-
cjieHMe 5 JIeT UccyieloBaHni B 6a3e qaHHBIX PubMed.
AHanM3y MoIe)KaTN aHATNTUYECKe 0030phI 1 MeTa-
aHAJIM3bI, PAHIOMU3UPOBAHHBIE KOHTPOJUPYEMbIE UC-
CJIeTOBAHUS, TPOCIIEKTUBHBIE U PETPOCIIEKTUBHBIE Ka-
TOpPTHBIE  WCCJIEJOBAHUS, ONMyOJMKOBAaHHBIE B
peleH3upyeMbIX JKypHAJIaX, CPAaBHUBAIOIINX JI€TATh-
HOCTB I0CJIe MHTJIATIMOHHON ¥ TOTATHbHOW BHYTPUBEH-
HOH aHeCTe3WH B 00IIel KITMHIYECKOH MPAKTHKE U TP
OHKOJIOTHYECKHX 3a00/I€BAaHUSX, B YaCTHOCTH. B cBsI3M
C TeM, UTO aBTOPHI yKe MOIBOUIN UTOT HCCJIE0Ba-
HUSM B 00J1aCTH aHECTETHYECKON KapIUOMIPOTEKITUU B
2019 1. [37], B HacTosIIIEM 0030pe MOJIesKATA AHATUIY
PpaboTEhI, OITyOJIMKOBAHHBIE ITO JAHHOH TeMe B 2019-2020 TT.
[MTocnie ymanenus: Iy0JIUKATOB JIBa 9KCIIEPTA OTOOpaTH
TMOIXOIAIINE TI0 HA3BAaHUIO/pe3loMe IyOJTUKAIUH.
OkoHYaTeJIbHOE pellleHne O BKJIIOUEHUU B HACTOSIIIEE
WCCJIeIOBaHMEe MMPUHUMAIN HAa OCHOBAHUM aHAJIM3a
TTOJTHOTEKCTOBBIX CTAaTeH IBYMS dKCIIEPTaMH Ha yCJIO-
BUSIX KOHCEHCYCA WJIU TJIaBHBIM MCCJIeIOBATEJIEM TPU
BO3HUKHOBEHUH KOH(PJIMKTHBIX MHEHU.

Coop maHHBIX. [Torck mpoBoaMJIM B (popMe 3a-
TPOCOB TI0 CJIEYIONINM KJII0UeBBIM (ppasdam: [mortality
after anesthesia/mortality total intravenous
anesthesia/total intravenous anesthesia versus volatile
anesthetics/total intravenous anesthesia versus halo-
genated anesthetics/total intravenous anesthesia versus
inhaled anesthesia/sevoflurane versus total intravenous
anesthesia]. [Torck B 6a3e JaHHBIX JOMOJTHUIN aHAJIH-

evidence regarding the clinical efficacy of anesthetic
preconditioning and, in general, the choice between
inhalation and intravenous anesthesia.

Methods

This systematic review and meta-analysis were per-
formed in accordance to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [31-34].

Search strategy and study selection. A systematic
search of PubMed database for pertinent studies pub-
lished over the last 5 years was performed. Eligible ran-
domized controlled trials, prospective and retrospective
observational studies and case series published in peer-
reviewed journals comparing mortality after inhalation
and total intravenous anesthesia in general and surgical
oncology were analysed. After removing duplicates, an
eligibility assessment of title and abstract was performed
by two investigators. The final decision on whether in-
cluding an article or not in this study was based on full-
text analysis by two investigators or, in case of conflicting
opinions, by the principal investigator.

Data collection. The search was conducted in the
following form: [mortality after anesthesia/mortality
total intravenous anesthesia/total intravenous anesthe-
sia versus volatile anesthetics/total intravenous anesthe-
sia versus halogenated anesthetics/total intravenous
anesthesia versus inhaled anesthesia/sevoflurane versus
total intravenous anesthesia]. Electronic searches were
followed by a scrutiny of the reference lists of relevant re-
view articles, and primary studies were also included.

Statistical analysis. In order to visualize the results
of the meta-analysis, Forest-plot diagrams were built
using the «DistillerSR Forest Plot Generator» software.
Z-statistics for determining statistically significant differ-
ences (assessing the effect of the effect) were calculated
using IBM SPSS Statistics 21. To quantify the discrepancy
between studies, the heterogeneity coefficient I> was cal-
culated (formula 2).

2 — Q-df [
I ( 5 )*1004,(2)

where Q is the chi-squared statistic calculated
through formula 3.

Qi=w, + (T, - T)*(3)

where W is the weight of the study, (T; — T)Z is the
square of the deviations of the logarithms of HR indica-
tors and df is the number of degrees of freedom.

To interpret the 12 values, this generally accepted
classification was used:

I2=0% — no heterogeneity (studies are homoge-
neous);

12=25% — low heterogeneity (negligible);

12=50% — moderate heterogeneity (studies are het-
erogeneous, it is preferable to take into account hetero-
geneity);

12=75% — high heterogeneity (heterogeneity of
studies should be taken into account).

The size of the overall effect was calculated taking
into account the weight of each study (formula 4):

(weight;xHR;)

Summary HR =2 (0))

Y weight;
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30M UCTOYHUKOB, COJIEPKAIIMXCS B CIIMCKE JIUTEPATYPhI
paHee 0TOOpAHHBIX CTATEM.

Takske MMPOBeJIA TOMOJTHUTETbHBIN ITOUCK B 6a3e
nmanabIx PHII c ncnosib30BaHueM Ciie1yIonnx KiIroJe-
BBIX CJIOB: [IPEKOHIUIIMOHUPOBAHME MHOKAP/A,
CpaBHEHUE TOTAJILHOM BHyTpHBeHHOfI U UHIraJTAIMOH-
HOU aHecTe3uu].

Crarucruka. Forest-plot tuarpaMmbl IOCTPOUIH C
ucnoab3oBanueM 10 «DistillerSR Forest Plot Generator».

Z-CTaTUCTUKY JJIs1 ONIpeJleJIeHUsI CTaTUCTUYECKHU
3HAYUMBIX pa3JIUYni (OT[EHKHU BIUHUSA 3 herTa) pac-
cuuTasny c ucnojb3oBanueM IBM SPSS Statistics 21, pas-
paboTayii aBTOPCKUI CKPUIIT.

JI71s1 KOJIMYEeCTBEHHOUM OLlEHKM HEeCOOTBETCTBUS
MEKy UCCJIEIOBAaHUSIMU PACCUUTAINA KO3 DUITUEHT

2 — Q-df [
I ( 5 )*1004,(2)
rne Q — cTaTuCTUKA XU-KBaapar
. )
Qi=W, (T, - T)"3)

e W — Bec nccemopanus, (Ti— T)Z — KBaj-
par oTkI0oHeHn# Jorapudmos HR, a df — umcio crerme-
Hell cBoOoxb!. KoaddurmenT > onnuchIBaeT MporeHTHYIO
JTOJTIO UIBMEHYHNBOCTH B OT[eHKax 9 deKTa, 006yCI0BIIEeH-
HYIO HEOIHOPOJHOCTBIO. 3HaYyeHue MeHee 40% He pac-
cMaTpuBaloTcs, 3HadeHus or 30 go 60% cBuperesb-
CTBYIOT 00 yMepeHHOH HeOTHOPOTHOCTH, B ciIy4dae bosee
60% roBOPSAT O 3HAYUTEJILHOU IreTepOreHHOCTH.

Benmumny obmiero adderra paccuuTanu ¢ yde-
TOM Beca KasK/I0T0 UCCJIeJJOBAHMUS:

R = Zivelghte-HR) (0

mmary H
Su ary Y weight;

Pe3ynbTaThl ¥ 00CY:K/IEHHE

XapakTepucTuka HcciaegoBanusAa. M3 759
craTel, IIOJYYEHHBIX IPU I€pBOHAYAJIbHOM
morcke B Oasax ganHbix PubMed u PUHII, mox
KPUTEPUH TIOWCKA TMomomau 13 myOGsmkanui,
BKJIIOYas1 10 ucciaegoBanuii cpaBuenusi TBA u A
y IAIEHTOB, OIIEPAPYEMBIX I10 IIOBOAY 3JI0Ka4e-
CTBEHHBIX 3a00JI€BaHUH U 3 WCCAENOBAHUS, TE
NIPAUMEHAJINUCH TaHHbIE METOIbl aHECTe3Uu IIpU
3aboJieBaHUSAX, He OTHOCAIIUXCS K OHKOJIOTHYe-
CKUM (puc. 1).

Kaunnuydeckas 3¢p¢eKTUBHOCTh aHeCTeTH-
4eCKOro NpeKOHJUIIMOHUPOoBaHus. Xue-Feng Jiao
C coaBTOpaMu IpoaHamsupoBaiun 89 MPKU, B
KOTOPBIX IPOBOAMJIOCH CPABHEHNE MHTAJIALAOH-
HOU aHeCcTe3UM ¢ BHYTPUBEHHOU IIpU oNeparusx
A0pTO-KOPOHAPHOTO IIIYHTHPOBaHUs, oOIIee
KOJIMYECTBO ITaliieHTOB — 14387 deJjioBek [35].
[TepBUYHOII KOHEYHON TOYKOU ObIja BhIOpaHa
rofoBasi JIeTaJIbHOCTb. B pe3ysbraTte He OBIIO
00HAPYKEHO CTATUCTUYECKH 3HAYNMOU PAa3HUITHI
Meykny cpaBHuBaeMbiMu rpynnamu (RR=0,64, 95%
CIL: 0,32-1,26, p=0,19, I>’=51%), Takke He OBLIO
00HApy>KEHO Pa3HUIBI IO TAaKWUM ITOKa3aTesIsIM
KaK BpeMs1 JIeueHU B [TajlaTax UHTEHCUBHOM Tepa-
mmuu (ITUT), yacTtoTa pa3BUTHA B I/ 0 TIEPUOJIE CEP-
JIeYHOU HEeJJOCTaTOYHOCTH, MHCYJIBTa NJIU YaCTOThI

Results and Discussion

Study characteristics. Out of 759 articles ob-
tained through the initial PubMed database search,
13 publications fit the search criteria, including 3
studies comparing IA and TIVA in patients under-
going surgery because of a malignancy and 10 stud-
ies where these methods of anesthesia were em-
ployed in non-oncological cases.

Clinical efficacy of anesthetic precondition-
ing. Xue-Feng Jiao et al analyzed 89 MRCTs com-
paring inhalation with intravenous anesthesia for
coronary artery bypass grafting. A total of 14,387
patients were included [35] 1-year mortality was
chosen as the primary endpoint and no statistically
significant difference was found between the com-
pared groups (RR=0.64, 95% CI: 0.32-1.26, P=0.19,
>=51%). Furthermore, no difference was found in terms
of length of ICU, post-operative heart failure, stroke or
need for intra-aortic balloon pump placement.

In another meta-analysis [36] inhalation and
total intravenous anesthesia for heart valves re-
placement were compared. A total of 13 MRCTs,
962 patients overall, were included in the analysis.
Again, 1-year mortality did not differ between the
two groups: 1A 12/249 [4.8%] vs. TIVA 13/247 [5.3%],
RR=0.97; 95% CI: 0.45 to 2.09; P=0.93; P for hetero-
geneity=0.66, °=0%. The authors also did not find
any difference in peak post-operative troponin val-
ues, time on mechanical ventilation and length of
ICU and hospital stay.

The most relevant manuscript for solving this
issue was the Mortality in Cardiac Surgery Random-
ized Controlled Trial of Volatile Anesthetics (MYR-
IAD), alarge mRCT published in NEJM in 2019 [37].
Scientists from 36 centers in 13 countries carried
out the largest study to date comparing the effec-
tiveness and safety of inhalation versus total intra-
venous anesthesia in patients undergoing coronary
artery bypass grafting (CABG). It was planned to in-
clude more than10,000 patients but, after summing
up the interim results, it was decided to stop the
study due to the impossibility of rejecting the null
hypothesis. A total of 5,400 patients were included.
The following results were obtained: there were no
differences in 30-day (RR-1.11;95% CI, 0.70 to 1.76)
and 1-year mortality (RR-0.94; 95% CI 0.69 to 1.29;
P=0.71) between the treatment and the control
group, and the Kaplan-Meier curves were practi-
cally overlapping.

Long-term consequences of anesthesia in
patients operated on for malignant tumors of var-
ious localization. From 2014 to 2020 a total of 10
studies were found, and their end point was overall
mortality. Only one study was a RCT, the rest being
retrospective cohort studies (table).

Asreported in fig. 2, patients in the inhalation
anesthesia group had a significantly higher risk of
death (Calculated Total Hazard Ratio (HR): 1.73
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|
p HMeHeHI{H BHYTpH- O0Hapy:KeHO JlonoJTHUTEIbHbIE Records identified Addition records
aoprajbHOW  OasoH- 3anmceii B 6aze 3aIUCH U3 APYTHX through databases | | identified through
HOU KOHTPHYJIbCALUN. JAQHHBIX HCTOYHHKOB searching other sources
=759 =0 =759 =
B cienyomem (n=759) (1=0) (n=759) (n=0)
aHaJIUTUYECKOM 0030- YnaneHHb1e Duplicates removed
pe ¥ MeTa-aHaIu3e [36] IyOo/mKarel (n=614) (n=614)
CpaBHHUBAJIMCh HWHIA- 3amnucw, Records screened
JIAIIMOHHAA U TOTAJIb- HAeHTH(HINPOBaHHbIE by titles and abstracts
110 3aroJIOBKam (n=145)
HadAa BHYTPpUBEHHAA M aHHOTALMAM (n=145) -
aHeCTe3UH IIPH IIPOTe- . 132 studies excluded
129 craTei HCKJIIOYEHbI: —not pertinent

3pOBaHUN KJIAIIaHOB | me oTHOCATCA to study question
ce a. Bcero B aHna- K IIpeMeTy H3yYeHusI v

pﬂg v 13 full texts screened
JIN3 ObLIN BRJIIOYEHBI 13 IMOJTHOTEKCTOBBIX CTATeH and reviewed in depth
13 MPKU c¢ o0imum NOABEPTHYTHI AHATUIY ¥

H pelieH3UPOBAHHUIO ! !

ROJIAIECTBOM ITalleH- pert v Ld 10 studies 3 studies
TOB 962 4ejioBeka. U1 I 1 comparing TIVA comparing TIVA
BHOBB, U3y4€HHe FOJI0- 10 uccaenoBaHuH 3 uccJieloBaHusA and IA in surgical and IA ln patients

. cpaBHenus TBA cpasuenus TBA oncology undergoing surgery
BOW JIETAJbHOCTA HE u UA y naiiueHTos, u VA y manMeHToB, for other diseases
II0O3BOJINJIO BBIABUTH OIepupyeMbIX OIepupyeMbIX
IpeNIoYTUTENbHYIO [ro rasofty romoBoy

OHKOJIOTMH JPyrux 3a00JIeBaHMit

METOOUKRY: JeTaJjab-

HOCTh COCTaBUJia B
rpyline WHIaJIAnu0H-
HOU aHecTesuu
12/249 [4,8%] vs. TBA
13/247 [5,3%], RR=0,97; 95% CI: 0.45 to 2.09; p=0,93;
p for heterogeneity = 0,66, 1>=0%. ABTOpBI, TaKKe,
He 00HAPYKUJIN OTVIMYUH B TUKOBBIX 3HAYEHUAX
TPOIIOHWHA B I1/0 Iepuojie, BpeMeH! TpeOhIBa-
HudA B [IUT u rociuralsie, U BpeMeHU UCKYCCTBEH-
HOI BeHTUJIANMM Jerkux (MBJI).

Ho caMbIM 3HaYMMBIM JAJI51 PEIIeHNsI 00CY kK-
JlaeMOro BOIIpOCa SIBUJINCH PE3YJIbTaThl KPyITHEeN-
mero MPKIM MYRIAD, onyGJuKoBaHHBIE B
NEJM [37]. Yuensble 13 13 cTpaH (36 LieHTPOB) IIPO-
BeJIM CaMOe KpYIIHOe Ha CerOgHSAIIHUN IeHb
uccieoBaHre — cpaBHeHUE 9 (PEKTUBHOCTU U
0e30I1aCHOCTH MHTAJAIMOHHON M TOTAJbHON
BHYTPUBEHHOU aHECTe3UH Y OOJIbHBIX TPX a0PTO—
KOPOHAapHOM IIYHTHpOBaHuHU. [lnannpoBanocs
BRJIIOUUTH B uccjaenoBadnue 10 000 mamueHTOB,
OIIHAKO [10CJIE IIOABENEeHU I IPOMEIKYTOYHbBIX UTO-
roB OBLJIO MIPUHSTO pelleHre OCTAHOBUTD UCCJIe-
JOBaHME BBUIY HEBO3MOKHOCTH OTBEPrHYTH
HyJIeByIO rumnoredy. Takum o6pa3om, BCero OB110
BKJIIO4YeHO 5 200 nanueHToB. [Iory4eHsl ciaenyro-
IIMe pe3y/bTarbl: OTCYTCTBYIOT pasdjnyus B 30-Tu
mHeBHOM JetaabHOCTH (RR —1,11; 95% CI, 0,70 to
1,76) u romoBoii (RR — 0,94; 95% CI 0,69 to 1,29;
p=0,71). KpuBbie Kamsiana—Matiepa OCHOBHOH U
KOHTPOJIBHOU TPy, IPAKTUYECKU COBIIAAJIN HA
BCEX y4acCTKax.

OTpajieHHbIe NOCJIEACTBHA aHECTEe3HH Y
00JTbHBIX, OTIEPUPOBAHHBIX 10 IOBOJY 3JI0KaYe-
CTBEHHBIX OITyX0JIed Pa3JTHIHOMH JIOKAJIN3AIHH.
OTIesibHYIO I'PYNIy COCTaBUJIM HUCCIENOBAHUSA,
MTOCBSIIIIEHHbIE aHATN3Y BIANSHUS BEIOOpA MeToAa
aHeCTe3W HA IPOIOJIKUATEIbHOCTD YKU3HU OHKO-
JIOTUYECKUX 00JIbHBIX.

Puc. 1. Ilouck 1 BBIOOp cTaTei.
Fig. 1. Selection of included studies.

(1.36; 1.96), Heterogeneity: Q=8.336, df=3, 1°=64.01,
Analysis of the overall effect: Z=2.386 (P<0.017)).

The statistical significance of the difference
was lost when comparing the 5-year mortality rate
(HR: (95% CI): 1.58 (0.85; 2.17), Heterogeneity:
Q=22.014, df=4, 1>=81.83, Overall effect analysis:
7=0.770 (p=0.441)) (fig. 3).

Clinical efficacy of anesthetic precondition-
ing. The year 2019 may have been decisive in rela-
tion to the question of the clinical significance of
the anesthetic cardioprotection phenomenon. Two
important meta-analyses in which mortality was
studied as a primary or a secondary endpoint were
published in the last two years.

In assessing the contribution of the MYRIAD
study to the final decision on the clinical efficacy of
anesthetic preconditioning, we would like to make
the following premises:

1. This study was characterized by a high
power of research and a low heterogeneity of
groups, which increases the accuracy and the reli-
ability of the results obtained;

2. This study was conducted in patients un-
dergoing CABG, a classic model to study the effect
of anesthetic myocardial preconditioning in the
clinical experience. The choice of cardiac surgery is
obvious since it is associated with an inevitable risk
of myocardial ischemia. The classic question is «If
not here, where?», and it implies an equally decisive
answer: «Then nowhere.»

As has happened more than once, the data ob-
tained in this experiment has not been confirmed
in clinical studies. Apparently, it's time to admit the

obvious: the hope that anesthetic preconditioning
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OcHOBHBIE XapaKTepUCTHKH ncc.ne,uor;aunﬁ, IIOCBAILIICHHBIX 3(1)(1)eKTy AHEeCTEe3uH Ha IPOoAOJI>KUTECJIbHOCTD

JKU3HU OHKOJIOTHYECKHX 00JIbHBIX.

Main characteristics of studies investigating the effects of anesthesia on life expectancy for cancer patients.

Ne Study Sample size Study design Outcomes Follow-up, Hazard ratio Log
assessed months for overall survival (Hazard ratio)
(TIVA=1),CI 95%

1 Wigmore et al. [38] 7030 (3714 TIVA, Retrospective  Overall 32 1.47 (1.31; 1.64) 0.39 (0.27; 0.49)
(2016)! 3316 Inhalation) cohort survival

2 Enlund et al. [39] 2838 (903 TIVA,  Retrospective  Overall 60 1.17* (1.00; 1.39) 0.16 (0; 0.33)
(2014)2 1935 Inhalation) cohort survival

3 Kim et al. [40] 4607(816 TIVA, Retrospective  Overall 12 1.08* (0.61; 1.92) 0.08 (-0.49; 0.65)
(2019)3 3791 Inhalation) cohort survival

4 Kim et al. [41] 2645 (56 TIVA, Retrospective  Overall 70 2.97(0.72; 12.22) 1.09 (-0.33; 2.50)
(2017)* 2589 Inhalation) cohort survival

5 Jun et al. [42] 922 (731 TIVA, Retrospective  Overall 38 1.50 (1.19; 1,89) 0.41 (0.17; 0.64)
(2017)° 191 Inhalation) cohort survival

6 Oh et al. [43] 362 (181 TIVA, Retrospective  Overall 60 1.15*% (0.90; 1.47) 0.14 (-0.11; 0.39)
(2018)¢ 181 Inhalation) cohort survival

7 Wu et al. [44] 1363 (657 TIVA, Prospective Overall 39-44 3.70* (2.86; 4.55) 1.31 (1.05; 1.52)
(2018)7 706 Inhalation) randomized- survival

controlled trial

8 Zheng et al. [45] 2856 (1506 TIVA, Retrospective  Overall 40-44 1.49* (1.30; 1.72) 0.40 (0.26; 0.54)
(2018)8 1350 Inhalation) cohort survival

9 Yoo et al. [46] 3552 (1776 TIVA, Retrospective  Overall 53-67 0.96 (0.69; 1.32) -0.04 (-0.37; 0.28)
(2019)° 1776 Inhalation) cohort survival

10 Dong et al. [47] 294 (154 TIVA, Retrospective  Overall 60 1.04* (0.79; 1.36) 0.04 (-0.24; 0.31)
(2020)10 140 Inhalation) cohort survival

Note. * — In these studies, HR for the Inhalation group was taken as 1 and in this table HR TIVA =1 is taken as a reference. Therefore,

the following translation was made: (1/HR).

IIpumeuanwe. /lyis1 Tabu1., puc. 2, 3: study — uccienosanue; hazard ratio for overall survival — oTHOIIEHNE PUCKOB 1151 0011I€H
BeIkUBaemocry; CI — J111; sample size — pasmep Beibopky; study design — ausaitn uccienoBanus; outcomes assessed — olie-
HuBaeMble ucxoabl; follow-up, months — nepuop HabsIOIEHYS, Mec.; retrospective cohort — peTpocreKTUBHOE KOTOPTHOE; overall
survival — o6111asi BBbKUBaeMoCThb. * — B maHHbIX uccaenoBanusax HR auist rpynnet Inhalation 6611 B3sT 3a 1 (B 9T0# Tad/u1e 3a
ocHoBY B3aT HR TIVA = 1), moatomy ocymiectsieH nepesog (1/HR).

Bcero, ¢ 2014 r. 1o 2020 r. 661710 HaligeHo 10
HCCJIENOBAHNN, KOHEYHOUN TOUKOW KOTOPBIX SIBJISI-
J1aCh JIeTAJILHOCTD (TabJ1.). TOJIBKO OOHO HCCJIENO-
BaHMe TMpecTaBsao codoir PKI, octaibHbIE —
SIBJISLIUCh ~ PETPOCIIEKTUBHBIMU ~ KOTOPTHBIMU
HCCaeI0BaHuAMU (TabJ1.).

B pesysibraTe qeTajbHOI0 U3Y4YEHUsT ITOIX0-
TANMMHA 711 BKJIIOYEHNUsS B MeTa-aHaau3 s
KOHTPOJISI 3-X JIETHEH JIeTaJIbHOCTA OKa3aJIUCh
geThbIpe paboThl (NoNe 1;5;7;8) (puc. 2); mATHIIET-
HeH JieTaJIbHOCTH — 5 rccienoBanuii (2; 4; 6; 9; 10)
(puc. 2).

Kak ciieyer us puc. 2, B CPOKH «JI0 TPEX JIET»
3HAYUTEJIbHO OOJIBIINH PUCK HACTYIJIEHUS
JIETAJIBHOTO MCX0/1a OBIJ y MarfueHTOB TPYIIEI C
MHTaJISAIIOHHON aHecTe3nell. PacueTHbIN HOKa3a-
Tesb orHomeHuss puckoB (Total Hazard Ratio)
(HR): 1,73 (1,36; 1,96) I'ereporennoctb: Q=8,336,
df=3, 1?=64,01 Ananus ob1iero apderra: Z=2,386
(p<0,017).

CrarrcTuvecKkast SHaYMMOCTh OTVIMYHH yTpa-
qyuBaJiaChb HpI/I CpaBHeHI/II/I HHTI/IJIeTHeI'/)I JieTaJIbHO-
ctu: HR: (95% CI): 1,58 (0,85; 2,17). AHaJ1n3 rere-
porernoctu: Q=22,014, df=4, 1>=81,83

Anasnus ob1iero adpderra: Z=0,770 (p=0,441)
(puc. 3).

Kaunuveckas 3(p(heKTHBHOCTh aHECTETH-

YEeCKOro TNpPEeKOHTUIMOHMPOBaHuA. [lokamyi,

could be as effective in the clinical experience are
not destined to come true. There are several expla-
nations:

Vulnerability of the cascade amplification
mechanism for adjuvant drugs. A cascade ampli-
fication mechanism (as opposed to a one-stage
process) is always more vulnerable. In some exper-
iments it was shown that in addition to propofol,
true antioxidants (i. e. acetylcysteine), ketamine,
possibly barbiturates, beta-blockers, some antidi-
abetic drugs, some antianginal drugs whose mech-
anism of action implicates the blockade cyclooxy-
genase type-2, etc., are able to block, cancel or
weaken the effect of anesthetic preconditioning.
There are probably many more drugs used in the
process of anesthesia for which the mechanism of
interaction in the implementation of the process of
anesthetic preconditioning has not been studied.

Dose, method and duration of administra-
tion, first and second «window» of precondition-
ing. As a general rule, when planning a comparative
study the authors present very «liberal» require-
ments for anesthesia methods: in the inhalation
anesthesia group the use of a halogenated anes-
thetic is required (the dose and the duration of ad-
ministration are left to the discretion of the anes-
thesiologist) whereas in the TIVA group the use of a
volatile anesthetic is not permitted.
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Study Log Weight, Hazard ratio Forest Plot
(Hazard ratio) % for overall survival
(TIVA=1),CI 95%
Wigmore et al. (2016)! 0.39 57.81 1.47 T R—
(0.27; 0.49) (1.31; 1.64)
Jun et al. (2017)° 0,41 75.82 1.50 Wigmore et al. 2016) o
(0.17; 0.64) (1.19; 1.89) .;
Wu etal. (2018)7 1.31 1121 3,70 .
(1.05; 1.52) (2.86; 4.55) :
Zheng et al. (2018)® 0.40 23.48 1.49 =
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Puc. 2. Forest Plot 114 3-X J1eTHeli J1eTaIbHOCTH y TAIIHEHTOB, ONIEPHPOBAHHBIX 110 IIOBO/Y 3JI0KAYeCTBEHHBIX OIyX0JIeH, B
3aBHCHMOCTH OT HCII0JIb30BAHHOI'O METO/1a AHECTE3HH.
Fig. 2. Forest Plot for 3-year mortality in patients undergoing surgery for malignant tumors, depending on the anesthesia

method used.
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Puc. 3. Forest Plot xy1:1 5-TH JIeTHel J1eTaIbLHOCTH y AIIHEHTOB, OTIEPHPOBAHHBIX IO ITOBOAY 3J10KaYeCTBEeHHBIX OITyX0JIeid,
B 3aBHCHMOCTH OT HCII0JIb30BAHHOTO METO/Ia AHECTEe3UH.

Fig. 3. Forest Plot for 5-year mortality in patients undergoing surgery for malignant

tumors, depending on the anesthesia method used.

2019 r. cTaJs pelamluM B OTHOIIEHUH BOIIPOCA O
KJIMHUYECKON 3HAYMMOCTH (peHOMeHA aHeCTeTH-
YeCKON KapIUOMPOTEKITUN: OBLIH OITyOJTMKOBAHBI
IBa MeTa-aHa/N3a, B KOTOPBIX JIeTAJbHOCTh
M3yJaJiach B Ka4eCTBe IEPBUYHOM UJIM BTOPUIHOMN
KOHeYHOU Touku. O0a 1cc/IeIoBaHu He ITI0Ka3aJIi
KJIMTHUTYECKOH 3HAYNMOCTH AaHECTETUIECKOTO TIpe-
KOHJIUIIMOHUPOBAHUA.

OnenuBasi Bkjaaa uccaegosannsd MYRIAD [37]
B OKOHYATEJILHOE PelleHre UCCIeTyeMOTro BOIIPO-
ca, aBTOPBI UCXOIMJIN U3 IBYX ITPEITOCHLIOK:

1. BoJIbIION MOIIHOCTH MCCJIEJOBAHUA U
HU3KOU reTepOoTreHHOCTH I'PYIIIL, 4TO, 0€3YCJI0BHO,
IIOBBIIIIAET TOYHOCTHh U HAAEKHOCTD HOJIy‘{eHHbIX

pe3yJibraToB;
2. HccnemoBanue OBLIO MPOBEIEHO Y MAIH-
enToB ¢ AKIII — xJjaccuYeckoul MoOeau OJis

In most cases and for most drugs, the effect, if
any, is dose-dependent. The phenomenon of anes-
thetic preconditioning was discovered by chance,
and its efficacy was investigated only in the dose
range commonly used to maintain anesthesia. After
all, however, anesthesia and anesthetic precondi-
tioning are two different processes, realized through
different mechanisms and the doses that induce
anesthesia may not be the most effective in initiat-
ing the process of anesthetic preconditioning.

It is generally accepted that sevoflurane at a
dose of 1 MAC or more is capable of initiating the
process of myocardial preconditioning [48-52]. We
have shown, however, that for this purpose it is bet-
ter to use the «intermittent mode», which is a short-
term increase in the concentration of the anesthetic
up to 2 MAC [53-55]. The latter, apparently, is ex-
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n3y4eHus1 agperTa aHeCTETHIECKOTO TPEKOHIM -
MOHUPOBAHUSA MHOKapJa B KJIUHUKe. BuIOOp
KapIUOXUPYPrUU OYEBHUIEH U CBSI3aH C Hen30esk-
HBIM 3IHU30/I0M HIIEMUU MUOKapAa y Ka’KIoro
nmanuenTa. CakpaMeHTaIbHBIN BOIIPOC: «Y3K €CJIN
He 371eCh?», TT0/IPa3yMEeBaET CTOJIh JK€ PEITUTEITh-
HBIM OTBET: «TOTHa 1 HUTIE».

Kak yske ciayyanoch He pa3, JaHHBIE, TTOJY-
YeHHBIe B 9KCIIEpUMEHTe, He HAIILJIA TIOITBEPIKIe-
HUA B KIMHUYECKUX HccIenoBanusx. [lo-BUIuMo-
My, TOpa NpPHU3HATH OYEBUIHOE: HAJEKIaM,
CBsI3aHHBIM C BBICOKOM 9(p(hEKTUBHOCTBIO aHECTE-
THUYECKOTO MMPEKOHIUITMOHNPOBAHUs B KJIMHUKE,
He CY>RIEHO COBIThCs. TOMy MOKHO IIPEAIOKUTD
HECKOJIbKO 00 bSACHEHU:

VsA3BUMOCTH KaCKaJHOTO MEXaHU3MAa YCHU-
JIeHHUs JAJIA aTBIOBAaHTHBIX IpenaparoB. Kackan-
HBIF MEXaHW3M YCUJIEHUs (B OIMYHE OT IpoIiec-
ca, peaqn3yeMOoro B OJWH 3Tall) Bcerga OoJiee
ysI3BUM. B akcriepuMeHTe OBLIO MTOKA3aHO, YTO
OJIOKUPYIOT, OTMEHSIOT MJIM 0CHA0JIAI0T 3 PeRT
aHecTeTU4YEeCKOTro MMPEKOHTUIIMOHNPOBAHUS,
ITOMUMO ITPOTI0( 0JI1a, UCTUHHBIE AHTUOKCHUTAHTHI
(ameTWIIITMCTENH, HAIPUMeEP), a TaK’Ke, KeTaMUH,
BO3MO>KHO, OapOuTyparsl, 6eTa-agpeHob/I0KaTo-
PbI, HEKOTOpBIE TIpenaparsl I JedeHust guabe-
Ta, aHTHAHTUHAJIbHBIE CPEICTBA, MEXAaHU3M JeM-
CTBUsSI KOTOPBIX IIpeaycMaTpuUBaeT OJIOKamy
IUKJIOOKCUTEHA3bI 2-TO TUIIA U T. . A IJI1 CKOJIb-
KUX [TperapaToB, TaK U HHAYeE UCII0JIH3YEMbIX B
Mpoliecce aHeCTe3NH, He N3y4eH MeXaHN3M B3au-
MOJEUCTBUSA B peaim3aIiuy Ipoilecca aHeCTeTU -
YeCKOT0 MPEKOHIUIINOHNPOBAHUS?

Jlo3a, crioco0 U AJIUTEJLHOCTh BBEIEHH,
MEepPBOE H BTOPOE «OKHO» MIPEKOHIUIIHOHNPOBA-
HHUA. J[7151 60TBIIMHCTBA CIy4YaeB U O0JIBIIIMHCTBA
nmpernaparoB, 3P@eKT, ecaum OH HUMeeT MEeCTO,
HOCHT JT030-3aBUCUMBIN XapakTep. Kak mpaBuJo,
MIpY IJIAHUPOBAHUY CPAaBHUTETLHOTO UCCJIEIOBA-
HUs B pacCMaTpuUBaeMOM HaMU acleKTe JaHHOe
00CTOATEJILCTBO WTHOPUpPYeTCH, yCJI0BUSA
BRJIIOYEHU S/ UICKJTIOYEHUS CYIIECTBEHHO «00JIer-
YaroTCsI»: B TPyIIe WHTAIANNOHHON aHEeCTe3nn
TpeOyeTCsI NCII0JIHL30BAHNE TAJIOTEHCOIEPSKAIIIETO
aHecTeTuka (mosa, IJATEJbHOCTH BBEIEHUS
OCTaBJISIIOTCS Ha YCMOTpPEHNE aHeCTe3N0JI0Ta); B
rpyniie TBA — Hao60pOT, HEJIB3sT NCIOJIb30BATh
WHTAJIIIIMOHHBIN ITpenapar. U Bce.

deHOMEeH aHEeCTETUYECKOTO IMPEKOHTUITNO-
HUpPOBaHUsA ObIT 00HAPYKEH Cay4YaiiHo, addek-
TUBHOCTb HCCJE0Bajach TOJAbKO B JuaIasoHe
1103, 0OBIYHO MCIOJIb3YEMBIX [IJIST IO IePsRAHUS
anecresuu. Ho Begb aHecTe3Us 1 aHECTETUYECKOe
MPEKOHINIIMOHUPOBAHUS — JTBA PA3HBIX ITPOIIEC-
ca, peajim3yeMble 4Uepe3 pa3HbIE MEXaHU3MBL.
[Touemy ke MBI ITOJIaraeM, YTO J03bI, BEI3BIBAIO-
II[Ie aHECTE3UI0, OKAYKYTCS MAaKCUMAaJIbHO a(pdek-
TUBHBI U TIPU MHUITAAIIAY ITPOIlecca aHeCTeTUYe-

CROT0 HpeKOH,III/II_II/IOHI/IpOBaHI/IH?

tremely important in «old» hearts, in which protec-
tion is especially difficult to initiate [56-59].

Furthermore, the process of preconditioning has
a specific duration in time: it develops in about 15
minutes after the beginning of sevoflurane inhalation
and it lasts up to 1.5 hours. The «second window»
opens after 24 hours and can last up to 72
hours [60-62]. Thus, some researchers attach particu-
lar importance to the continuous supply of sevoflu-
rane, including the time of artificial circulation [63-67].

In pragmatic studies such as the MYRIAD
trial [37], for example, these features are ignored,
and probably with good reason, since rejection of
proven and effective drugs and an increase in the
end-alveolar halogenated anesthetic concentration
up to 2 MAC may have very negative consequences
for the patient.

Long-term consequences of anesthesia in pa-
tients undergoing surgery for malignant tumors of
various localizations.

The performed meta-analysis demonstrates
that the choice of the anesthesia method can sig-
nificantly affect the long-term outcomes of surgical
treatment of malignant tumors. The fact that five
years after surgery the differences are smoothed
out is, of course, encouraging, but not reassuring.
It is possible that the reason for the lack of differ-
ence is the small number of studies on this matter
and the high heterogeneity of the groups.

In the past it was noted that inhalation anes-
thetics inhibit the body's immune re-
sponse [68-73]. At the same time, immunity plays
an essential role in suppressing the neogenesis
process [74-78]. The mechanism of the possible ef-
fect of inhalation anesthesia on patient survival
after surgical oncology, therefore, becomes clear.

Conclusion

Over the years many clinical studies, even if not
completely refuting the existence of anesthetic pre-
conditioning as a phenomenon, have cast doubt on
its practical significance. Indeed, if the initiation of
the process requires abandoning the use of well-
proven adjuvant drugs and working with sevoflurane
in the dose range «around 2 MAC»: is it worth, then,
counting on the popularity of such a technique? The
answer to this question is probably obvious.

Apparently, one should agree with those anes-
thesiologists who believe that further research in
this direction, at least in relation to anesthetic car-
dioprotection, should no longer be pursued [79, 80].

This statement can in no way be interpreted
as a basis for refusing to use inhalation anesthesia.
Both IA and TIVA have to be considered equally ef-
fective and safe, and we do not recommend the use
of one method over the other.

Attention should be paid to the fact that the
previous statement is true only in relation to anes-
thetic cardioprotection. The possibility of anes-
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Reviews

[IpuHsaTO cuuTaTh, 4YTO CeBOJIypaH B 103€ 1
MAK u 60J1ee cioco6eH MHUITUUPOBATh IIPOITeCC
IIPEKOHIUIMOHUPOBAHUA MUOKapaa [48-52], xorsa
HaMH OBLJIO ITOKA3aHO, YTO C 3TOH IEeJIBIO JIyYIlle
HCIO0JIb30BaTh «IIYJIbCUPYIOIINN pEsKUM» — KparT-
KOBpPEMEHHOE MOBBIIIIEHNEe KOHI[eHTPalluu aHe-
cretuka go 2 MAK [53-55]. [locaennee, mo-Buau-
MOMY, B BBICIIEH CTeleHNW aKTyaJbHO IJIs
«CTaporo» cepiua, THUIUUPOBATh 3ALIUTy KOTO-
poro ocoOeHHO CJIOKHO [56-59].

Hasee, mpoiiecc NPEeKOHAUIIMOHUPOBAHUSA
“MeeT CBOIO IPOTSIsKEHHOCTh BO BDEMEHM, OH Pa3-
BUBaeTcs, IpUMEpHO, Yepes 15 MUH I10ocJIe Hava-
Ja nHcyddasuuu ceBodaypaHa U cOXpaHsieTcst
1o 1,5 gacos. «BTopoe OKHO» OTKPBIBAETCA Yepes
24 9aca ¥ MOYKET IPOAOJLKATHCSA 10 72 4acoB [60-62].
TakuM o6pas3om, 4acThb HUCCIenoBaresieil ocoboe
3HaYeHHe MPUaeT HeIpPephIBHOH IToj1ave ceBog-
JIypaHa, BKJIIo4as BpeMs UCKyCCTBEHHOI'0 KPOBO-
obOpamienus [63-67].

B nparmMaTuyHbBIX UCCJIEJOBAHUAX, TAKUX KaK
MYRIAD [37], HaripuMep, 3Th 0COOEHHOCTH UTHO-
pupyorcsa. U ciipaBeijnBo, T. K. OTKa3 OT IIPOBe-
peHHBIX ¥ 3P EKTUBHBIX IPENapaToB U IMOBbIIIIE-
HUEe KOHEYHO-aJbBEOJISIPHON KOHIIEHTPAINU
rajioreHcojiepyKaiiero aHecreTuka mo 2 MAK
MOTYT UMETh BeCbMa HeraTUBHBIE MOCJIEICTBUS
JIJ1s1 00JILHOTO.

OTpajieHHbIE IIOCJIENCTBHAA aHECTEe3Uu y
0O0JIBHBIX, OTIEPUPOBAHHBIX 110 TTOBOY 3JIOKAaYe-
CTBEHHBIX OIyX0JIell pa3/InYHON JTOKAIN3AIUHU.

[IpoBeneHHBINI MeTa-aHAIN3 IPOIEMOH-
CTpUpOBaJI, 4YTO BBLIOOp MeToIa aHECTe3Uu
MOSKET CYIIeCTBEHHO MOBJIMATH HA OTaJIeHHbIE
WCXOAbl XUPYPrUYECKOTO JIEYEeHHUs 3J0Kaue-
CTBeHHBIX onryxoJieil. ToT pakT, 4To K MATH rogaM
mocjie omnepanuyd pasjindus CIVIAKUBAIOTCS,
KOHEYHO, BOOJYIIEBJISAET, HO He yclokauBaeT. He
HCKJIIOYEHO, YTO MPUIUHOU OTCYTCTBUS PA3JIHU-
YUl ABJIAETCS HeDO0JbIIOEe KOJNYECTBO KUCCJIe-
JIOBaHUU B 9TOM HAIlpaBJIEHUU U BbICOKAs TreTe-
POTeHHOCTH IPYIIIL.

Panee obpariajsoch BHUMaHUeE, YTO UHTAJIS-
[IMOHHbIE aHECTETUKU UHTUOUPYIOT UMMYHHBIN
oTBeT opraHusma [68-73]. B To sxe Bpems, UMMYy-
HUTET UT'PaeT CYIIeCTBEHHYIO POJIb B II0JaBJICHUN
rporiecca HeoreHe3a [74—78], TakuM 06pa3oM, cTa-
HOBUTCSI IOHSTEH MEXaHU3M BO3MOYKHOTO BJIUSI-
HUSI WHTAJSIIUOHHON aHeCTe3WW Ha BbIXKUBae-
MOCTb IMAllMEeHTOB IOCJe OIlepamnuii mo mMoBOIY
3JIOKAQYECTBEHHBIX HOBOOOPA30BaAHUM.

3akJrouenue

MHOTOYHC/IEHHbIE KIMHNYECKHE UCCIIEN0Ba-
HUSI, He OIIPOBEPTHYB CYIIIECTBOBAHUE AHECTETH -
YeCKOT0 ITPEeKOHTUIIMOHUPOBAHNUSA, KaK SBJIEHMUS,
3aCTAaBWJIN YCOMHUTLCS B €r0 MPAKTUYECKOU
3HAYMMOCTH. B camoM feJie, eciu o1 MHUIU AN

thetic protection of other organs and tissues and in
other settings (i.e. sedation in the ICU) is still up for
debate, although, in the light of the discussion
above, some doubts may arise.

At the same time, there is a feeling that the
«pendulum» has once again «<swung in the other di-
rection»: the growing number of facts indicating the
dangers of using inhalation anesthetics in surgical
oncology cannot be ignored.

To date, mainly retrospective and observa-
tional studies are available. However, further stud-
ies on this matter are warranted, and the authors
feel there is the need to carry out a serious MRCT
in order to resolve this long-standing issue.

rporecca TpebyeTcs 0TKa3aThCsA OT UCIOJIb30Ba-
HUsI XOPOIIIO 3apeKOMEHI0BABIINX ceOsi amb-
IOBAaHTHBIX ITperapaToB u paborars ceBodJrypa-
HOM B Jinana3oHe 103 «0K0J0 2MAK», To cTouT Jin
paccYuThIBaTh Ha MOMYJISIPHOCTD TOA00HOH MeTo-
Jqukn? OTBET 04eBUIEH HACTOJIBKO sKe, HACKOJIBKO
HEOYeBUIeH IOJIOKUTEJbHBIN pPe3yabTaT Jaske
TaKOTO «9KCTPEMAJIBHOTO» CIIOCOOa TMIPOBEIEeHUST
aHEeCTEe3WU.

[To-BuauMOMY, CjlelyeT COTJIACUThCSA C TEMU
AHEeCTe3n0JIOTaMU, KOTOPBIEe MI0JIaraloT, YTO JaJTh-
HeHIe UCCaeOBaHus B JaHHOM HallpaBJIeHNH,
110 KpaliHel Mepe B OTHOIIIEHUH aHECTETUYECKON
KapAuONpPOTEKINY, CJIeAyeT NpeKpaTuTs [79, 80].

JaHHOe yTBep)KJIeHHe HU B KOoeill Mepe He
MOSKET TPAKTOBATHCS KaK OCHOBAHUE JJIsI OTKa3a
OT KCITO0JIb30BAHUS MHTAJIAINMOHHON aHEeCTEe3UU.
Htor oOcyxaeHusi mpobJjieM UHTAISINOHHON
anecte3uu 1 TBA Ha ceromHAIIHUEA JeHb I03BO-
JISIET CYUTATH U TY U IPYTYI0 METOIUKY PaBHO Oe3-
ONIaCHBIMU M 39(p(PEeKTUBHBIMH, U He MO3BOJIAET
peKOMEHI0BaTh MPENOUYTHUTETbHOE UCIT0JIL30Ba-
HUS OTHOM U3 HUX.

CiemyeT 0OpaTuTh BHUMaHWE U HA TOT (PaKT,
YTO yTBEPsKIEHUE CIPaBeJIMBO TOJbKO B OTHO-
IEHUW aHeCTeTUYEeCKOW KapAUONPOTEKIINH.
B03MOXHOCTHh aHECTETUYECKOU 3aIlUThl WHBIX
OpraHOB U TKaHel, a, B paBHOU CTeIleHU, U B
UHBIX ycjaoBuax (mpu cemanuu B IIWUT, Hanpu-
Mep), Bce elle SIBJsIETCS IpeaMeToM aebaTos,
XOTSI, B CBETE BBIIIEN3JIOKEHHOTO, BbI3LIBAET
cepbe3Hble COMHEHUS.

Bmecre ¢ TeM, eCTb OIIyIIIEHNE, UTO «<MAATHUK»
B OUepeIHON pa3 «KayHYJICS B IPYIYIO CTOPOHY»:
HeJIb3s1 UTHOPUPOBATh BO3pacTaloliee KoJnmde-
CTBO (paKTOB, CBUIETETHCTBYIOIUX 00 OMTACHOCTH
MPUMEHEHHUS WHTAJSAIMOHHBIX AHECTETUKOB B
XUPypTUUecKoil oHKoJiornu. [loka, pedyb HUIET,
MIPENMYIIIECTBEHHO, O PETPOCIIEKTUBHBIX, 00Cep-
BaIlMOHHBIX MccaenoBanusax. OgHaKO, MO-BUIH-
MOMYy, TIOpa 3a7yMaThCs U O MIPOBEJEHUS Cephe3-
Horo MPKU B janHOM HanpasJ/IeHUH.
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Pe3rome

B psime pabor nokasaHa a(p(peKTUBHOCTH cOaTaHCHPOBAHHBIX alleTaT-CoOAePsKaINX KPUCTAIIOUIHBIX
pacTBopoB. OgHAKO, KaK B 3apy0esKHOM, TaK U B OTeYeCTBEHHOU JIuTeparype NaHHbIN BOIIPOC OCBeIlleH He-
nJocraroyHo. [locsieqHre ommy6/IMKOBaHHbIE TaHHBIE BHISIBUIN HEOOXOIUMOCTD CHCTEMAaTU3AIH IT0JTyYeH-
HOU nHGpOpMaLHH.

IleJb MiccIeAOBAHUS: OLIEHUTH KIIMHIYECKYIO 3(p(PeKTUBHOCTE 1 O€301IaCHOCTD Pa3J/INYHBIX BADUAHTOB
MH(PY3NOHHOH TEpaNuy C IpUMeHeHneM cOaTaHCUPOBAHHBIX alleTaT- CoePIKaIUX KPUCTAJJIONTHBIX pac-
TBOPOB IIPY IPOBEIEHUY OIl€PATUBHBIX BMEIIATe/IbCTB Ha OpraHax OPIOITHOM IOJIOCTH.

MarepuaJjibl 1 MeTOABI [lonck nHdopmaiuu nposesu B aBrycte 2019 r — mae 2020 I. (JOIOIHUTEIBHBIN
MoUCK B HOsA0pe 2020 1.) Mo TepMUHAM, 110 KJIIOYEBBIM cjI0BaM, «acetate» AND «buffers» OR «buffered» AND
«crystalloid solutions» OR «crystalloids» B 6a3ax ganubix Medline, Cochrane u eLIBRARY.ru. Kpurepuu noucka
OTIpEeNIeJIIIIH B COOTBETCTBUU co cxeMmoir PICO(S). [imybuHa moncka — 10 stet. OTOOp MyO/IMKAIII TIPOBEIHN
comtacHo pykoBoacTBy PRISMA. Onpesesniin ypoBHYU yOeIUTETbHOCTH U JOKa3aTeIbHOCTH OTOOPaHHBIX
HMCCJIeJOBAHUM.

Pe3yaswrarsl. 113 62 HalileHHBIX MyO/IHKAIAH ObLIO 11 ITOTHOTEKCTOBBIX NYOJIMKALINH, U3 KOTOPHIX 6
BOIIJIM B UTOI'OBBIN 0030p. COaIaHCUPOBAHHBIN pesKUM NH(MY3MOHHOH Tepaluy He HapymiaeT (pu3unoJoru-
YeCKUH BOTHO-3JIEKTPOJIUTHBIN H6amaHc U KUCI0THO-0cHOBHOEe coctostHue (KOC), ciocobeTByeT coxpaHe-
HUIO TOMEOCTa3a, IPUBOJUT K YMEHBIIIEHUIO 00'beMa HHTPaoIlepalliOHHON KPOBOIIOTEPH U BEIPAKEHHOCTH
noyeyHoi aucdyHkuuu. Mcnosnbp3oBaHue anerara B kKauecTse Oy)epHOro KOMIIOHEHTA OKa3bIBAET I10JI0-
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SKUTeJIbHOE BJIMSHUE Ha II0YeYHYIO U Te4eHOYHYI0 MUKPOIMPKYJIAIIIO, He CBA3aHO C pa3BUTHEM MeTabo-
JIMYECKOTO aJIKaI03a, He IPUBOIUT K 3HaYNMbIM naMeHeHUsAM KOC 1 crioco6CcTByeT COXpaHeHUIO KOHIIEHT-
panuu Kajus B CBIBOPOTKe KPoBH. [IpH 9TOM IpUMeHeHre Pa3/IMYHBIX alleTar-ColepyKaIIiX cOaJIaHCHpPo-
BaHHBIX KPUCTAJIJIONIHBIX PACTBOPOB 00JIaTa€T COTIOCTABIMOM KIMHNYIECKOH 3(h PeKTUBHOCTHIO.
3akmrrouenue. [JokasareabcTsa 3 (HEeKTUBHOCTU IPUMEHEHH A cOA/IaHCHPOBAHHBIX alleTaT-CoflepsKa-
IIUX KPUCTANJIOUIHBIX pacTBOpoB B oTHoLIeHuu KOC 1 remoquHaMuYeCKUX [I0Ka3aTeJ/leil Ipu IpoBeje-
HUH OII€ePAaTUBHBIX BMEIIATe/JIbCTB HA OpraHax 6pIO[HHOﬁ IIOJIOCTU TP 3HAHBI y6eJII/ITeJII)HI)IMI/I CypOoBHEM

106

pexoMeHganui A.

Kntoueswte croea: ungy3suonnas mepanus,;, ayemam-codepicaujue pacmeopbl; KpUCmaiiloudHbsle pac-
Me0pbl; COANAHCUPOBAHHDLE PACTNBODbL; CUCMeMAMUYecKUll 00630p

Koudaukt unrepecos. CTarhbs 3akasaHa u orutauyeHa Kommanueit «®pesennyc Kabu». ABTOpHI 3a-
SIBJIAIOT 00 OTCYTCTBUH BJIWSIHHSA 3aKa3drMKa Ha aHAJ/IM3 MaTepHUasIoB U [TOJydYeHHbIE BBIBOJHI.

Summary

Infusion therapy is one of the most frequently prescribed treatments in hospitalized patients. Fluid main-
tenance and resuscitation is an important strategy in major surgery. Acetate-buffered balanced crystalloid flu-
ids may influence acid-base status, intracellular and extracellular water content, plasma electrolyte composi-
tion and have a favorable impact on renal, hepatic, and splanchnic microcirculation.

Aim was to evaluate current evidence of efficacy and safety of acetate-buffered crystalloid solutions for

fluid therapy in abdominal surgery in adults.

Materials and methods. Medline, the Cochrane Library, eLIBRARY.ru were searched up to 31 May 2020
(additional search in November 2020) using the key words «acetate» AND «buffers» OR «buffered» AND «crys-
talloid solutions» OR «crystalloids». Studies published after 2009 in English and Russian were included. Sys-
tematic review was conducted in accordance with PRISMA guidelines using specified PICO(S) criteria.

Results. The total of 62 studies were identified from all databases. Out of them 11 full-text publications
were considered eligible, 6 of them were included into the final review. Acetate-buffered crystalloid solutions
have a favorable impact on microcirculation. Metabolic alkalosis after the fluid infusion did not occur in all

the studies; potassium levels remained stable, also.

Conclusion. Efficacy (based on acid-base status, hemodynamic parameters) of the acetate-buffered crys-
talloid solutions for fluid therapy during the abdominal surgery in adults patients was confirmed with the A

level of evidence.

Keywords: infusion therapy; acetate-buffered solution; crystalloid solution; balanced solution; systematic

review
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BBenenue

Hapytrenust 6amanca BOIbI M 9JIEKTPOJIUTOB
COTIPOBOYK/IAIOT MHOTHE 32a00J1€BAHUS Y TPUBOJISAT
K TUC(HYHKIIMH KJIETOK U OPTaHOB, YTO BJIUsIET HA
KOHEYHBIH pe3ysbrar jedeHuss. OcobeHHo 60J1b-
III0e 3HaYeHWe BOIHO-3JIEKTPOJIMTHBIN OaJiaHC
VMeeT B KPUTHYECKHUX COCTOSTHUSX, KOT/Ia Y 60JIb-
HOTO HAapYIIEeH 3HTEPaJTbHBIA IMyTh YCBOEHWUS
SKUJIKOCTH U IITATeIbHBIX BEIIECTB. Y BCeX 00JIb-
HBIX C IOTEHITUATBHBIMU WJIA peaTbHBIMU BOJTHO-
9JIEKTPOJIUTHBIMU HApPYIIEHUSIMA HEOOX0IUM
MOHUTOPHHT SKUIKOCTHOTO Hananca. OrpoMHOe
3HAaUYeHHWe MMeeT paHHee pACIO3HABaHUE €ro
HapyIIeHu! 1 TpoBeenne nH(py3noHHON Tepa-
U1 B HeoOXoauMoMm oowseMme [1, 2].

VYCI0BHO WH(Y3UOHHYIO TEPANHIO MOKHO
pasesuTh Ha TPU BU/IA: K IEPBOMY BUTY OTHOCHT-
cs1 MH(QY3WOHHAs Tepanus NPUA HEOTIOMKHBIX
COCTOSTHHSIX; KO BTOPOMY THITY — IJIAHOBasi MHQY-
3WOHHAsI Tepanusl y 60JIbHBIX C TSYKEJTBIMH OCTPBI-

Introduction

Abnormal water and electrolyte balance as-
sociates with many diseases and can cause cellular
and organ dysfunction affecting the outcome. The
water and electrolyte balance is crucial in critical
illness when the enteral fluid and nutrient absorp-
tion is impaired. All patients with potential or ex-
isting water and electrolyte disturbances should
be monitored for the fluid balance. Early recogni-
tion of its disurbances and proper fluid therapy
are essential [1, 2].

Conventional classification of fluid therapy in-
cludes 3 main types: fluid therapy in emergency,
elective therapy in patients with severe acute or
chronic diseases associated with significant home-
ostatic disturbances (primarily in perioperative pe-
riod), and adjuvant therapy prescribed in addition
to the main treatment in diseases not associated
with homeostasis disturbances (intoxications or
blood flow disorders) [3].
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MU ¥ XpOHUYECKUMHU 3a00JIEBaHUSIMH, COITPOBOSK-
JAIOWIMMUCA CYLIECTBEHHBbIMM HapyLIeHUsMU
roMeocrasa (B OCHOBHOM, 3TO IIepUOIIepaLOH-
HBIH Ilepuop); K TpeTbeMy TUITy OTHOCUTCS BCIIO-
MoraresjibHasi MH(PY3UOHHAs Tepanus, KOTopas
Ha3Ha4yaeTcs B [JONOJIHEHHE K IIPOBOIUMBIM
JIe4eOHBIM CXeMaM IPU OCTPBIX U XPOHUYECKUX
3aboJieBaHUSAX, KOTOPbIE HE COIPOBOKIAIOTCS
HapylIeHUusIMHA romeocras3a (COCTOSAHHUS, COIIPO-
BOYKJAIOINNECH AABJICHUAMU MHTOKCUKAaLWU, Hapy-
IIEHUSsIMU PE0JIOTUYECKUX CBOMCTB KPOBH) [3].

NudysnoHHas Tepanus OpU JJINTETbHBIX
XUPYPIrUYEeCKUX BMeEIIaTeJbCTBAaX  SABJIAETCA
HeoTbeMJIeMOU 1 BasKHOU 4acThIO0 aHECTe3M0JI0-
TUYECKOT0 oCcoOUs, TaK KaK HapylIeHne BOJHO-
9JIEKTPOJUTHOTO OOMEHa MOSKET TPUBECTU K
TSPKeJIbIM pacCTPOMCTBaM CepAedHO-COCYyIUCTON
U [IeHTpaJbHON HEpBHOU cucTeM. Hpy3noHHas
Tepanuss BO BpeMs Ollepaluy IIpecjenyer
HECKOJIBKO IIeJIell B 3aBUCHMOCTHU OT 00'beMa u
JUIATEJIbHOCTH OIIepaTUBHOIO BMeIlaTeJbCTBa 1
COMAaTHUY€eCKOTO COCTOSTHUA MalenTa: obecneye-
HUe [alyeHTa BOIOU U 3JIEKTPOJIUTAMHU C YUeTOM
($U3N0IOTHYECKUX TOTPEOHOCTET IO OTIepaIliy U
BO BpeMs Hee; OoJbIINe 1Mo 00beMy omeparun
COIIPOBOKAIOTCA OoJiee NI MeHee 3HAYMMOU
KpOBOTIOTEepEN, TpeOyIoIeil BOCIOTHEHUST; BOC-
IIOJIHEHHUE II0TePh YKUIKOCTH IIPU €e Iepcrupa-
MY M3 30HBI Ollepalnny 1 jJerkux. [loatomy cba-
JIJaHCUpPOBaHHAA nHQy3UOHHASA Tepanus
3aHUMAEeT BAYKHOE MECTO B NPO(UIAKTUKE U
Jie4eHUU IlepruoIepariOHHbIX OCJIOYKHEHUH, Hau-
0osiee TPO3HBIM M3 KOTOPBIX CUUTAETCS HeCcTa-
OMJIbHAsI reMOAMHAMUKA CO BCEMU BBITEKAIOIIIH -
MU HeTaTHUBHBIMU IIOCJENCTBUAIMU [4-6].

Ilo cratuctrnyeckuM JaHHBIM MUHUCTEPCTBA
3npasooxpanenuss P® B 2018 rogy Ko/gm4uecTBO
OTIepaTUBHBIX BMENIATEIbCTB HA OpraHax OpIoI-
HOM MOJIOCTY B MEIUITMHCKUX OPTaHU3anusax — 1
511 496 cayuyaes, 4To cocTaBmJIo 15,1% oT 0b111eTO0
4ycJia OlepaTUBHbBIX BMeNIare JIbCTB. B 51 233 ciy-
4Jasgx olepaTWBHBbIE BMeIIaTesIbCTBA IIPOLLIN C
IIPAMEHEHHUEM BbICOKMX MEJULIMHCKUX TEXHOJI0-
ruii (3,39% OT 061IIero ymcsa), Mpu 3TOM OCJI0K-
HeHUs HabJonamck B 1,1% cirydaes [7]. [IpakTu-
yeck# B 90% 13 HUX TpeboBasmach NH(QPY3NOHHAS
Tepanus B TEX WJIM WHBIX 00'beMax.

[Ipu npoBenennu WHQPY3UOHHOU Tepanuu,
KaK IIPaBUJIO, UCII0JIb3YIOT KPUCTAJLJIOUIHBIE pac-
TBOPHI (6osee 60% caydaes [8]), HauaabHAsA TEpa-
s KOTOPBIMHU IIOKAa3aHa IIPU II0Tepe KUIKOCTU
U3 COCYQUCTOTO pycjJda U BHYTPUKJIETOUHON
Jeruaparanuu [2, 9].

K rpynmne kpucramiongoB OTHOCAT BOIHBIE
pacTBOPBI HU3KOMOJICKYJIAPHBIX MOJIEKYJI WA
HMOHOB 3JICKTPOJIMTOB U HEJJICKTPOJIMTOB, KOTOPbIE
MOryT 1udPyHIUPOBATH BO BCE SKUKOCTHBIE CEK-
TOpHI Tesia. Kpucranionaable pacTBOPHI OLICHU-

BaIOT 110 COCTABYy 3JIECKTPOJIUTOB, OCMOJIAPHOCTU 1

Infusion therapy in prolonged surgical inter-
ventions is an essential part of anesthetic support
since abnormal water and electrolyte balance can
result in severe cardiovascular and central nervous
system dysfunction. Intraoperative infusion ther-
apy has several objectives defined by the scope and
duration of the surgical intervention and the pa-
tient’s condition. The first one is water and elec-
trolyte supply based on physiological requirements
prior to and during the surgery. Next is the blood
loss replacement in major surgery, and finally the
replenishment of fluid perspired from lungs during
surgery needs proper attention. Therefore a well-
balanced fluid therapy is important for prevention
and treatment of perioperative complications,
most life-threatening of them being unstable he-
modynamic parameters with its negative seque-
lae [4-6].

According to the Russian Health Care Ministry
statistics, 1,511,496 abdominal surgeries were per-
formed in medical institutions in Russia in 2018,
comprising 15.1% of total surgeries. Cutting edge
latest medical technologies were used in 51,233
cases (3.39% of the total), while the complications
were registered in 1.1% of cases [7]. Almost 90% of
them required various doses of fluid therapy.

Mainly crystalloid solutions are being used
nowadays for fluid therapy (in more than 60% of
cases) [8], while initially they are prescribed in ar-
terial/venous fluid loss and intracellular dehydra-
tion [2, 9].

Crystalloids include low molecular or ionic
electrolyte/non-electrolyte water solutions capable
of diffusing into all the fluid compartments of the
body. The crystalloids can be classified according
to the electrolyte content, osmolarity, and acid-
base characteristics. Based on these parameters,
balanced and non-balanced solutions are recog-
nized [2, 10].

The balanced electrolyte solutions containing
inorganic ions (calcium, potassium or magnesium),
molecular dextrose, and/or buffer components (ac-
etate, bicarbonate, malate, gluconate or lactate)
with reduced chloride content usually do not cause
the acid-base disturbances seen in the use of non-
balanced electrolyte solutions. Isotonic and
isoionic balanced solutions are considered to be
optimal for the isotonic deficiency replenish-
ment [10-13].

However, the advantages of using the bal-
anced solutions vs. non-balanced in specific situ-
ations have not yet been convincingly demon-
strated [14-17]. Meanwhile, several authors have
shown the advantages of balanced crystalloid so-
lutions such as reduced duration of mechanic lung
ventilation, improved hospital mortality, elec-
trolyte concentration, base and bicarbonate ex-
cess, as well as decreased risk of hyperchloremic
metabolic acidosis [18-20].

GENERAL REANIMATOLOGY, 2020, 16; 6

www.reanimatology.com



108

https://doi.org/10.15360/1813-9779-2020-6-105-128

Reviews

KHMCJIOTHO-OCHOBHBIM XapakTepucTrkam. Ha ocHO-
BaHWU 9TUX ITOKa3areJiell BbIaesasieT cOaaaHCupo-
BaHHbBIE U HecOATaHCUPOBaHHbIE pAaCTBOPHI [2, 10].

CbOanaHcupoBaHHBIE 9JEKTPOJIMTHBLIE pac-
TBOPBI, COJAepsKalllie HeOpraHW4YeCKHue WOHBI
(kabIUH, KAJIUU UKW MAarHui), MOJIEKYISIPHYIO
WIIOK03Y, 1/ 1yin Oy epHbIE KOMIIOHEHTHI (aIleTar,
bukapboHaT, Majar, IIOKOHAT WJIM JIAKTaT) CO
CHWYKEHHBIM COJIEp;KaHMEM XJI0pa, Kak MPaBUJIo,
He BbI3bIBAIOT HAPYIIEHUH KUCJIOTHO-OCHOBHOI'O
bastarca, KOTopble HAOJTIOAI0TCS IIPU MCII0JIH30-
BaHUM HecbOaJTaHCUPOBAHHBIX PACTBOPOB 9JIEK-
TpPOJIMTOB. I30TOHNYeCKHe U N30MOHHBIE PACTBO-
pBI co c6aTaHCUPOBAHHBIM COCTAaBOM CYUTAIOTCS
OIITUMAaJIbHBIMHU [IJIsI BOCOOJIHEHHE M30TOHUYe-
ckoro neduruta [10-13].

OpHako, OHHO3HAYHBIX JAHHBIX O IIpEUMYyIlie-
CTBaxX MPUMeEHEHNS B KOHKPETHBIX CUTyaIlHsX cOa-
JIAHCUPOBAHHBIX PACTBOPOB II0 CPaBHEHUIO C
HecOQJTaHCUPOBAHHBLIMU B HACTOSIIEe BpeMs
HeT [14-17]. B To ske BpeMsi UMeeTCsI psig paborT, B
KOTOPBIX ITIOKAa3aHO IIPEUMYIIEeCTBO UCII0Ib30Ba-
HUs cOaJTaHCUPOBAHHBIX KPUCTAIJIOUTHBIX pac-
TBOPOB B OTHOIIIEHNUY CHUKEHUS TPOAOJKATEIh-
HOCTHM MEXaHWYEeCKON BEHTUJIAIUN JIETKUX,
BHYTPUOOJIbHIYHON JIETATLHOCTH, KOHIIEHTPAIIN
3JIEKTPOJINTOB, N30BITKA OCHOBAHWH 1 OMKapOOHa-
Ta B KPOBH, a TAKKE — CHUKEHUS PUCKA BOSHUK-
HOBEHUSA TUIIePXJI0pEeMUYECKOro anuaosa [18-20].

B cocraBe MHOTrUX cHaTaHCUPOBAHHBIX pac-
TBOPOB B KauecTBe Oy(epHOTro KOMITOHEHTA COIeP-
SKUATCS JIAKTAT, KOTOPBIHU M03BOJISIET KOMIIEHCHUPO-
BaThb MeTabOJMYecKUil amugo3 6e3 pa3BUTHUSA
KJIMHUYECKU 3HAYUMOT0 ajikaJio3a [10, 21-24]. [Ipu
OCHOBHOM OOMeHe B OpraHu3Me ITPOUCXOIAUT o0pa-
30BaHMeE JIaKTaTa, OK0JIO 1 MMOJIL/Kr/4ac, 00JIb-
I1asi YaCTh KOTOPOTO MEeTA00/IM3UPYETCS IIEYEHBIO.
MeTab0/I3M JIaKTaTa SIBJISIETCS TOCTATOYHO SHEP-
ro3arpaTtHbIM (pacxon O, cocTaBJsieT 3 MOJIb/ MOJIb)
U MeJJIeHHBIM IIpolieccoM. B xome MeTabosmama
IIOJTyYeHHOTO MU3BHE JIaKTaTa 00JIbIIIast ero 4acTh
BRJIIOYAETCSI B TIPOIIECC ITIIOKOHEOTeHe3a, YTO MPH-
BOJUT K TIOBBIIIEHUIO COMEPsKaHUSA TJIIOKO3bI B
KpoBH [10]. B yC/IOBUAX T'UIIOKCUU TKaHU, KOTa
BBIpaOOTKA JIAKTAaTa ITPEBBIIIIAET ero IMoTpedIIeHme,
BO3HHUKAET U30bITOYHOE HAKOILJIEHHE MOJIOYHOM
KUCJIOTHI (rumepJakrareMus). [Ipu aToM koMIieH-
CaTOpHO, 9KBMBAJIEHTHO U3OBITKY MOHOB JIAKTATA,
yBeJIMYUBAETCA YUCJI0 IPOoTOHOB (H*), yTO nipuBo-
AT K Pa3BUTHUIO aryi03a. [laTtooruyeckuii gak-
TaTanya03 00yC/IOBJIEH HAPYIIIEHHBIM MeTa0 0N 3-
MOM IVIIOKO3bI B MUTOXOHJAPUSAX U TUCHYHKIMEH
nevyeHr. COOTBETCTBEHHO, BCE COCTOSTHM S, CBSI3aH-
Hble C TUINOKCHEH TKaHW, IOTeHIUATbHO MOTYT
OPpUBOOUTH K pasBUTHUIO JlakTarauupgosda [10,
21-29]. B Takom ciiy4ae nH(QY3Us1 JIAKTAT-COAEepIKa-
IIIMX PACTBOPOB MalieHTaM Ha (OHEe TUIOKCUU
TKaHU MOYKeT OBITh CBsi3aHA C YBEJIWYEHHEM
MMOTPeOHOCTU B KUCJIOPO]IE A1 MeTab0I3Ma BBO-

Many balanced solutions contain lactate as a
buffer component allowing to compensate the
metabolic acidosis without inducing clinically sig-
nificant alkalosis [10, 21-24]. The basal metabolism
is associated with lactate production (at a rate of 1
mmol/kg/hour), which is mostly metabolized by
the liver. Lactate metabolism is rather energy-con-
suming (the O, expenditure is 3 mol/mol) and slow.
During the metabolism of external lactate its most
part is incorporated into the gluconeogenesis
which causes hyperglycemia [10]. In tissue hypoxia
when lactate production exceeds its clearance, the
excessive accumulation of lactate occurs (hyperlac-
tatemia). Meanwhile, the H* level increases along
with the excess of lactate (as a compensatory re-
sponse) causing acidosis. Abnormal lactate acidosis
is due to impaired glucose metabolism in mito-
chondria and liver dysfunction. All the hypoxia-re-
lated conditions can accordingly potentially result
in lactate acidosis [10, 21-29]. In this case, lactate
infusion for patients with tissue hypoxia and de-
pleted physiological reserves can associate with in-
creased oxygen demand to metabolize the external
lactate. Use of lactate-containing solutions in pa-
tients with baseline lactate acidosis could exacer-
bate the pre-existing acidosis or enhance the risk of
reactive alkalosis and hamper diagnosis of tissue
hypoxia severity [10, 21-29].

Malate is a hydroxysuccinic acid derivative
and, in addition to the buffer properties, has anti-
hypoxic activity due to being an ornithine precur-
sor, energy substrate in the TCA cycle. At pH reach-
ing 7.40, malate exists as a divalent anion,
producing 2 mol HCOj; per each mol of oxidized
malate. As a result, the alkalizing effect of malate
develops much more slowly in comparison with,
e.g., acetate. The O, expenditure with malate for bi-
carbonate production is 1.5 mol/mol [10].

Gluconate is an organic ion with slow metab-
olism and no alkalizing effect associated with in-
creased risk of osmotic diuresis and promoting in-
crease of pro-inflammatory IL-6 [10].

In this connection the use of acetate-contain-
ing crystalloid solutions seems more reasonable.
Thus, oxygen consumption for bicarbonate produc-
tion using acetate is quite low (2 mol/mol) compared
with lactate (3 mol/mol) or gluconate (5.5 mol/mol).
Moreover, the lactate metabolism occurs signifi-
cantly faster, while its alkalizing effect (increased
bicarbonate concentration) develops as soon as 15
minutes after the start of intravenous infusion. One
mol of oxidized acetate produces 1 mol of bicar-
bonate with additional 1 mol CO, generation (the
acetate respiratory quotient is 0.5) [30, 31]. Acetate
can be used in liver function disorders, has antihy-
poxic properties while being an energy substrate of
the TCA cycle [10].

At present, according to the State Register of

Medicines [32], the following acetate-buffered crys-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 6



https://doi.org/10.15360/1813-9779-2020-6-105-128
0630pHI

JIMMOTO0 U3BHE JIaKTaTa Ha (DOHE CHUYKEHHBIX OpraH-
HBIX pe3epBOB. Y MallMeHTOB C UCXOOHbIM JIaKTaTa-
[UJI030M HCIIOJIb30BaHNE JIAKTAT-COHEep KaInuX
PacTBOPOB MOYKET YCYTYOIATH TMPEAIIeCTBYIOITIH
anumo3 JU00 YBEJINYNBATh PUCK PAa3BUTHSA pPeak-
TUBHOI'O aJKaJIo3a W 3aTPyJHATb NUATHOCTUKY
TKEeCTH TUIIOKCUM TKaHu (10, 21-29].

MautaT sIBJIsIeTCS MPOU3BOIHBIM sIOJIOYHOM
KHUCJIOTBI ¥ TOMUMO Oy(hepHBIX CBOKUCTB 00J/1a/1aeT
AHTUTUIIOKCAHTHBIMY CBOMCTBAMMU, TaK KaK IIpe/I-
cTaBJsieT co60¥ TpeaIeCTBEHHUKA OPHUTHUHA,
SIBJISTIONIETOCS 9HEPreTUYECKUM CyOCTpaToM B
ke Kpeoca. ITpu anauennn pH7,40 masat mpu-
CYTCTBYeT B BUJle OMBaJIEHTHOT'O aHMOHA, TIO3TOMY
Ha Ka’skAbIl MOJIb OKMCJISIEMOr0 MaJiaTa IoJyda-
ercs1 iBa MoJist bukapbonara (HCOj3). B peayssrare
Yyero oIeJadyuBapIlee BO3IEHCTBHE MaJaTa
3HAYUTEJbHO MeJlJIeHHEe 110 CPAaBHEHUIO, HallpU-
Mep, ¢ ameraroMm. Pacxom O, ajst oOpa3oBaHUs
bukapboHara TPU WCHOJH30BAHUM MaJjara
cocranJjiger 1,5 MoJib/MoJb [10].

[mokoHaT — OpraHu4ecKUil MOH, KOTOPBIU
obsamaeT MeJJIeHHbBIM MeTa00JIM3MOM U OTCYT-
CTBHEM OIlleJIaunBaolero agpgexra, IpuBOIUT K
PUCKY pa3BUTHUA OCMOTHYECKOrO [uypesa, a
TaK’Ke CII0COOCTBYET ITOBBIIIIEHHUIO KOHIIEHTPAITIN
MIPOBOCIAJIUTEJILHOTO UHTEepJaeKuHa-6 [10].

B cBsA3U ¢ aTMUM Ha3HAUYeHMeE aleTaT-coaep-
sKAIX KPUCTATJIOUIHBIX PACTBOPOB BBITTIAIUT
OoJiee TIPENNMOYTUTESFHLIM. B dYacTHOCTH,
norpebJyieHre KHUCJIOpoma MAJisi 0OpasoBaHUA
bukapboHaTa MPU WCIOJb30OBAHUM alleTaTa
JIOCTaTOYHO HU3KOe (2 MOJIb/MOJIB), TI0O CPaBHe-
HUIO C JJaKTaToM (3 MOJIb/MOJIb), NJIU IVIIOKOHA-
TOM (5,5 MOJTB/MOJTB). [Tpu aTOM MeTab0IM3M arie-
TaTa MPOUCXOAUT 3HAYUTEJHHO OBICTPEE, a ero
oulenauuBapuil adp@peKrT (yBeanueHHe KOH-
IeHTpanuy 6mkapOoHaTa) BOSHUKAET YIKe yepes
15 MuHYT 11OCJIe HaYa/la BHYyTPUBEHHOI'O BBele-
HUA — 1 MOJIb OKMCJISIEMOTO alieTaTa IpOU3BOIUT
1 mouib 6ukap6onara (HCO;3) ¢ obpasoBaHmeM
ToJIbKO 1 MoJis1 CO, (ibIXaTeIbHbIN KO pUuIiueHT
anerara cocraJset 0,5) [30, 31]. AmeTaT MOSKeET
NIPUMEHATHCSA IPU HapyIIeHUsIX PyHKIUHU [1eve-
HH, 00JIaJaeT aHTUTUIIOKCAHTHBIMI CBOMCTBAMMU,
SIBJISISICH 9HEPTeTHYECKUM CyOCTpaToM ITUKJIA
Kpebca [10].

B Hacrosiiee Bpemsi Ha Tepputopuu Poccuii-
ckoil Penepanuu (PP), cornmacHo naHHBIM locy-
JIapCTBEHHOTO peecTtpa JIeKapCTBEHHBIX
cpencts [32], 3aperucTpupoOBaHbl Cieayloliue
areTarT-cofepsKalle KpUCTAII0OUIHbIE PACTBO-
prL: Aniecosib (Kanmus xmopup + Hatpus amerar +
Harpusa xnopun), Jucoss (Hatpusa auerar + Hart-
pusi xstopu), Xecosn®-COJIOdapm (Kanus xiaopun
+ Harpusa anerar + Hatpusa xmopug, OOO «I'po-
TeKC»), Xsaocoab (Ramusa xnopup + Hatpus anerar
+ Harpusa xuopun), pactBop PuHrepa-anerar

(Ramms xmopup + Kanbius xitopug + Maraus xJjio-

talline solutions are registered on the territory of
the Russian Federation (RF): Acesol (Potassium
Chloride + Sodium Acetate + Sodium Chloride),
Disol (Sodium Acetate + Sodium Chloride), Hesol®-
Solopharm (Potassium Chloride + Sodium Acetate
+ Sodium Chloride, LLC «Grotex»), Chlosol (Potas-
sium Chloride + Sodium Acetate + Sodium Chlo-
ride), Ringer acetate solution (potassium chloride
+ calcium chloride + magnesium chloride + sodium
acetate + sodium chloride), Normofundin G-5
(Dextrose + potassium chloride + calcium chloride
+ magnesium chloride + sodium acetate + sodium
chloride, «B. Brown Melsungen AG»), Plasma-Lit®
148 aqueous solution (Potassium chloride + Mag-
nesium chloride + Sodium acetate + Sodium glu-
conate + Sodium chloride, «Baxter Healthcare Lim-
ited»), Sterofundin® isotonic (Potassium chloride +
Calcium chloride + Magnesium chloride + Sodium
acetate + Sodium chloride + Apple acid, «B. Brown
Melsungen AG) and Jonosteril® (potassium acetate
+ calcium acetate + magnesium acetate + sodium
acetate + sodium chloride, «Fresenius Cabi
Deutschland GmbH»). Among them the most bal-
anced both in terms of osmolarity and electrolyte
composition (sodium, potassium, calcium, magne-
sium, chlorine) are Sterofundin® isotonic, Plasma-
Lit® 148 aqueous solution and Jonosteril®. Their
comparative characteristics are shown in table 1.
Plasma-Lit 148 aqueous solution is an isotonic
electrolyte solution. The pharmacological properties
of the drug result from its components (water,
sodium, potassium, chloride, acetate, and glu-
conate). The drug is distributed in the extracellular
space (interstitial and intravascular). Sodium acetate
and sodium gluconate are bicarbonate producing
salts having alkalizing action. Indications for use in-
clude hydration in acute conditions (e.g. in burns,
head trauma, fractures, infections, peritonitis), hy-
dration during surgery, hemorrhagic shock and
acute requirement of blood transfusion (compatible
with blood products), mild-to-moderate metabolic
acidosis, and abnormal lactate metabolism. Plasma-
Lit® 148 is not indicated for the treatment of
hypochloremic and hypokaliemic alkalosis [33].
Sterofundin isotonic® is one of the balanced
replacement solutions, which is used to correct the
loss of extracellular fluid, its administration is
aimed at restoration and maintenance of osmotic
status in extracellular and intracellular space. It
contains potassium chloride, calcium chloride,
magnesium chloride, sodium acetate, sodium chlo-
ride and malic acid. The solution's pH is 5.1-5.9
and theoretical osmolarity reaches 309 mOsm/L.
The content of anions is balanced by a combination
of chloride, acetate and malate, which eliminate
metabolic acidosis. It is indicated for use as a re-
placement for loss of extracellular fluid in isotonic
dehydration in patients with acidosis or at risk of
acidosis. It is contraindicated in hypervolemia, se-
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Tabauia 1. XapakTepucTHKa cOAJIaHCHPOBAHHBIX All€TAT-COAEPIKAINX KPHCTANIOHTHBIX PACTBOPOB, 3aperu-
CTPUPOBAHHGIX Ha TeppuTopuu Poccuiickoii ®egepamuu.

Table 1. Characteristics of balanced acetate-containing ¢
Federation in comparison with the body biological fluid

rystalloid solutions marketed on the territory of Russian
S.

Solution Content per 1,000 ml, mmol/l Osmolarity,
Na K Ca Mg Cl Additional mOsm/1

components

Blood plasma 136-143 3.5-5 2.38-2.63 0.75-1.1 96-105 — 280-290

Interstitial fluid 145 4 2.5 1 116 — 298

Plasma-Lit® 148 aqueous solution 140 5 — 1.5 98 Acetate 27 295
Gluconate 23

Sterofundin® isotonic 145 4 2.5 1 127 Malate 5.0 309

Acetate 24
Jonosteril® 137 4 1.65 1.25 110 Acetate 36.8 291

IIpumeuanue. Solution — pactBop; blood plasma — ns1azama kpo
aqueous solution — ITyiaama-Jlut BopHbI pacTBOp; sterofundin i
puit; content per — cozepskanue B; additional components — 10

pun + Harpusa anerar + Harpusa xiaopun), Hopmo-
¢ynnuH I-5 (Jlekcrposa + Kanus xnopup + Kanb-
A xJaopun + Maruua xaopup + Harpuda anerar +
Harpusa xsopun, «b. bpayH Menab3yHren Al»),
[Tmazma-JInt® 148 BonHbIN pacTBOp (Kanmus xjo-
pun + Maraud xsiopup + Harpusda anerar + Harpus
mIroKoHaT + Harpusa xnopun, «bakcrep Xesickea
Jlumuren»), CrepodyHIUH® H30TOHUYECKUN
(Ramusa xnopup + Ranbnuysa ximopu + Maraus xJio-
pun + Hatpusa anerar + Harpus xmopun + 67104-
Hasi KHCJI0Ta, «B. Bpays Menbaynres Al'») u Moso-
crepun® (Kanusa ameratr + Kanbuus amerar +
Maruus anerar + Harpusa auerar + Hatpusd xi1o-
pun, «®pesennyc Kaou Hotviwrans I'm6X»). Cpenu
HUX HanOoJiee cOATAaHCUPOBAHHBIMU KaK II0 OCMO-
JIAPDHOCTH, TaK W II0 3JIEKTPOJIMTHOMY COCTaBy
(HaTpuit, KaJINH, KAJIBIUN, MAarHUH, XJI0P) ABJIAIOT-
cs1 Crepopynna® nsoronndyeckui, [lmasma-JInt®
148 BoHBIH pacTBOp u MoHOCTEpHI®. VX CpaBHU-
TeJIbHYIO XapaKTePUCTUKY ITPUBEJA B Ta0JT. 1.
[Tnasma-JIut® 148 BOAHBIN pacTBOp mpej-
cTaBJIsieT cOOOI M30TOHUYECKUHA PACTBOP 3JIeK-
TpoJIUTOB. PapMaKkoJOoTUYecKre CBOICTBA IIperna-
para o0ycI0BIEHBI CBOMCTBAMU BXOJSAIINX B €T0
COCTaB KOMIIOHEHTOB (BOJIa, HAaTpUH, KaJInii, Mar-
HUM, XJI0puJ, anerar U riaoKoHaT). OCHOBHOU
addekT npenapara 3arJIOYAETCS B 3aNIOJTHEHUHU
3KCTPaLeJIVIIOSAPHOIO (MHTEPCTULIIMATIBHOIO U
BHYTPUCOCYAMCTOr0) IpocTpaHcTBa. HaTpus ane-
TaT ¥ HATPHUs IIIOKOHAT SABJIAIOTCSA OMKapOoHaT-
NPOAYLUPYIOIIUME COJISIMU U OKA3bIBAIOT MOIIIe-
JauuBawoliee fAelictBue. IlokasaHusAMU K
IIPUMEHEHUIO SIBJISIIOTCS: BOCIOJIHEHHE IIOTepPh
SKUAJIKOCTH (HallpUMep, IIPU 05K0rax, TpaBMe roJio-
BBI, IEpeJioMax, MHPEKIUAX, pa3apaskeHnn 6pio-
IIMHBI); BOCIOJHEHUE IIOTeph >KUJKOCTU BO
BpeMsi ONepaTMBHOTO BMeIIaTeJbCTBA; IIpU
reMopparuyeckoM II0Ke U KIUHUYEeCKUX COCTOsI-
HUAX, TpeOyomux OBICTPON TreMoTpaHChy3un
(coBMecCTHM C IIperapaTaMu KPOBH); IPU MeTabo-
JIMYECKOM alyi03e OT JIerKOH 10 YMepeHHOH cTe-
IIeHU TSKeCTH, a TaKKe B cjydae HapylleHUus

BY; interstitial fluid — nHTepCcTHIIMANBHAS JKUIKOCTR; Plasma-Lit
sotonic — cTepodyHINH N30TOHNYECKUH; Jonosteril — loHoCTe-
TIOJTHUTEIbHBIN KOMIIOHEHTBI; osmolarity — 0cMOJIsIpHOCTb.

vere functional class III-1V heart failure, renal fail-
ure with oliguria or anuria, severe generalized
edema, hypercalcemia, metabolic alkalosis [34].

Jonosteril® is a balanced replacement solu-
tion, which is used for extracellular (isotonic) de-
hydration of different origin, as well as for primary
volume correction in case of blood loss and
burns [35], which was registered in Germany in
2000. Jonosteril® effectively corrects existing or im-
pending acidosis in case of trauma, shock, burns,
perioperative infusion therapy, dehydration of var-
ious origin. It is effective for short-term intravascu-
lar volume correction and in patients with isotonic
and hypotonic dehydration. It is included in many
standards of prehospital care, perioperative man-
agement of patients, treatment of infectious dis-
eases, trauma, burns and other conditions requir-
ing correction of electrolyte and acid-base
balance [2, 36-37].

Aim: to perform a systematic review of clinical
efficacy and safety of different variants of fluid ther-
apy using balanced acetate-containing crystalloid
solutions in abdominal surgery.

Materials and Methods

Evaluation of data on efficacy and safety of acetate-
containing balanced crystalloid solutions was performed
using the available sources (electronic databases of the
Cochrane Library and MEDLINE, the Russian informa-
tion and analytical system eLIBRARY.ru). The following
criteria were defined for the literature review according
to the PICO(S) scheme [38]:

— population (P): adult patients with indications
for abdominal surgery;

— intervention (I): acetate-containing balanced
crystalloid solutions;

— comparator (C): non-acetate containing bal-
anced crystalline solutions;

— outcome (O): pH value, serum sodium concen-
tration, serum chloride concentration, base excess (BE),
buffer bases concentration (BB), anion gap, bicarbonate
content, strong ion difference (SID), lactate concentra-
tion, oxygen partial pressure (pO,);
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MeTtabosmama Jjakrara. [lnasma-JIut® 148 He
IIOKAa3aH [JId JIEYEeHUA TUIIOXJIOPEMUYECKOTO U
TUIIOKAJINEMHUYECKOTO ajJKkaJjo3a [33].

CrepodyHAMH N30TOHUYECKUN® — OUH U3
cOasTaHCHPOBAHHBIX 3aMEIAIIINX PACTBOPOB,
KOTOPBIY IpUMEHSETCS /11 KOPPEKIUU I10TepU
BHEKJIETOUHOU 3KUJIKOCTY, €er0 BBeJIeHNe HallpaB-
JIEHO Ha BOCCTAHOBJICHHE U NIOAAEPKaHue 0CMO-
THUYECKOI'0 CTaTyca BO BHEKJIETOYHOM U BHYTPH-
KJIETOYHOM IIPOCTPAHCTBE. B ero cocras BXogAT
KaJIvs XJI0pUJ, KaJIbINUA XJIOPUL, MarHusA XJI0PUL,
HaTpWs aneTar, HaTpus XJIOPU U 10/I09HAsT KUC-
Jjgora. Pactsop umeer pH 5,1-5,9 1 TeopeTu4eCKyIO
ocMosisipHOCTE — 309 MOcwm/a. ComepsxkaHue
AHMOHOB cOATaHCHPOBAHO KOMOWHAIMEH XJIOPH-
Jla, areraTra ¥ MaJjiara, KOTopble YCTPaHAIOT MeTa-
bonuueckuii anumo3. [TokazaH K IPUMEHEHUIO
JJIS1 3aMellleHUsI I0Tepy BHEKJIETOUHOMN SKUIKO-
CTH IIpU U30TOHWYECKOH Neruparaluu y namu-
€HTOB C aIlU/I030M WUJIM YyTPO30U ero pa3BUTHUS.
[IpoTuBONOKAa3aH IpY TMIIEPBOJIEMUH, TAXKETION
cepaeyHoll HenmocrtaroyHocTtu III-1V dyHKIUTO-
HaJIbHOI'O KJIacca, I0Ye4YHON HeJOCTAaTOYHOCTH C
OJIUTOYpPUEN WU aHypUeH, TAKEJIOM O00IIeM
OTEKe, TIHUIEepKAJIUEeMUM, TIHUIepKaJbIUEeMUN,
MeTadoJIMYEeCKOM ajIkajiose [34].

HMonocTepun® — cHamaHCHPOBAHHLINA 3aMe-
IIAIOIINHA pacTBOP, KOTOPBIN IpUMeHsieTCs IIpU
BHEKJIETOUYHOH (M30TOHMYECKOMN) Ieruaparanun
pasJnu4YHOIO reHe3a, a TaK)Ke [JIs IIEPBUYHOIO
BOCIIOJTHEHUST 00'beMa IIPU TIoTepe KPOBH U 0KO-
rax [35], KOTop&Il OBLIT 3aperucTpupoBaH B [epma-
Huu B 2000 T. loHOCTepn1® 3h(heKTUBHO KOPPH-
rUpyeT UMEIOIINICSA NN YIPOsKAIINN aliug03
IIpU TPaBMe, LIIOKe, 05K0rax, IepruoneparnuoHHON
WH(Y3UOHHOH Tepalluy, AeruapaTanuy pas3iand-
HOro reHesa. ddeKTUBeH IJis1 KpaTKOCPOYHOTO
BOCTIIOJTHEHUsI BHYTPUCOCYIUCTOTO O0beMa U y
MaIeHTOB C N30TOHUYECKON U TMIIOTOHUYECKON
Jeruaparauueil. BxonuT B MHOTHe CTaHIapThI
JIOrOCIUTAJbHON ITOMOIIY, IepUOIIepalliOHHOIO
BeJleHUs MallUeHTOB, JeuyeHUsI UH(PEKINOHHBIX
3a00J1eBaHM, TPABM, O3KOTOB U MHBIX COCTOSTHUH,
TpeOyIoINX KOPPEKIUN JJEKTPOJUTHOTO U
I1eJI0YHO-KUCJOTHOTO paBHOBecud [2, 36-37].

Ileqp 0030pa — OLEHUTH KIMHUYECKYIO
9(pHeKTUBHOCTH 1 6€30ITaCHOCTH PA3TNIHBIX BAPH-
aHTOB MH(Y3MOHHO TepaIuy c IprMeHeHneM coa-
JIAHCHPOBAHHBIX alleTaT-CoNepsKallnX KPUCTAJLIIO-
HJIHBIX PAaCTBOPOB IIPY IPOBEICHUHN OIlePaTUBHBIX
BMeIIIaTe/TbCTB Ha OpraHax OPIONTHON MTOJIOCTH.

MarepuaJ 1 MeTObI

B IOCTYITHBIX UCTOYHUKAX (9J€KTPOHHBIE 0A3bI
naHHbIX KokpaHoBckoii 6ndamoreku 1 MEDLINE, poc-
cuiickast MHQPOPMAaNMOHHO-aHAJIUTHYECKAsd CHCTeMa
eLIBRARY.ru.) nposeJsin aHaan3 JaHHBIX 110 KJIXHUAYE-
CKOH 9(p(PeKTUBHOCTH U OE30MAaCHOCTH MPUMEHEHU S
areTar-CcofiepsKaniux coaTaHCHIPOBAHHBIX KPUCTAJIIIO-

— Type of study (S): randomized clinical trials,
meta-analyses, systematic reviews, all direct and indirect
comparisons of the intervention with the comparator.

The literature search was conducted between De-
cember 2019 and May 2020 (additional search was con-
ducted in November 2020, the date of the last search was
November 4, 2020), with the keywords «acetate» AND
«buffers» OR «buffered» AND «crystalloid solutions» OR
«crystalloids». The search in the eLIBRARY.ru database
was performed using the keyword «acetate-containing
solution». The following filters were applied: clinical trial,
randomized controlled trial (RCT), meta-analysis, sys-
tematic review. Languages of publications: English (and
Russian for eLIBRARY.ru). The depth of search is 10 years.
In addition, limitations were applied for the objects of re-
search such as «people» and age «adults / 19+». In order
to identify potential articles that were not included in the
search results, we searched bibliographies of the in-
cluded studies, as well as theses and materials of relevant
scientific events.

Exclusion criteria were pediatric patients; animal
studies; studies on comparison of crystalloid and col-
loidal solutions; intended use of acetate- containing crys-
talloid solutions different from infusion therapy in ab-
dominal surgery; acetate-containing crystalloid solutions
used in combination with other drugs. Abstracts and
conference materials were excluded if they lacked suffi-
cient detail. Duplicate publications, review articles, edi-
torial articles, reports from case histories and other non-
clinical trials, studies without suitable data were also
excluded. We separately reviewed trials conducted in the
Russian Federation.

For systematic reviews, methodological quality was
assessed based on AMSTAR criteria [39-42] and the level
of evidence was determined. For randomized clinical tri-
als, the risk of bias and random errors was assessed. Dur-
ing the analysis of selected publications the level of evi-
dence was assessed and the strength of evidence was
assigned in accordance with the scale of assessment of the
levels of evidence and certainty of clinical trials results, ap-
proved by the Russian Government Decree of 28.08.2014
Ne 871 (as amended by the Russian Government Decree
0f 12.06.2017 Ne 700, 29.10.2018 No 1283) [43].

Results and Discussion

The results of the selection of publications are
presented in Figure according to the PRISMA (Pre-
ferred Reporting Items for Systematic reviews and
Meta-analysis) criteria [3, 44].

As a result of a MEDLINE, Cochrane Library
and eLIBRARY.ru search, we found 62 publications.
Taking into account applied filters and exclusion of
duplicate links, 11 publications were selected, 6 of
which were included in the final review. Among the
publications, the following types were found: 1 sys-
tematic review [54], 3 RCTs [55-58] and 1 observa-
tional cohort study [59]. In 2 publications [56, 57]
was reviewed 1 RCT with a subgroup analysis [57].
In all publications, the efficiency and safety of ac-
etate-containing balanced crystalloid solutions
were evaluated.

As a result of analysis and evaluation of re-
search quality, level of evidence and strength of ev-
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UOHBIX UH(QY3UOHHBIX PACTBOPOB. /171 BBIIOJHEHUS
0630pa JIuTepaTyphl ONPeeTIIN CAeayIoIe KpuTe-
puu B coorBeTcTBUU co cxemou PICO(S) [38]:

— nonynAanuAa (P): B3pocible NanyueHThl, TMEI0o-
Iye ITOKa3aHUs JJIsI IPOBEJIeHNs OTIepaTUBHOTO BMe-
IIaTeIbCTBA Ha OpraHax OPIONTHOMN IT0JIOCTH;

— wunTepBennusa (I): amerar-cojepskamue cOa-
JIAHCHPOBaHHbIE KPUCTAJIJIONIHBIE PACTBOPEI;

— kommaparop (C): He armeTar-cojepskarire coa-
JIAHCHPOBaHHbIE KPUCTAJJIONIHBIE PACTBOPEI;

— peayasrarsl (O): 3Havenue pH, konuenTpanusa
HaTpHs B CHIBOPOTKE KPOBH, KOHI[EHTPAIHs XJIOPH/IA B
CBIBOPOTKE KpPOBHU, U30BITOK 0OCHOBaHUM (base excess,
BE), konnenrtpamus OydepHbix ocHoBaHmil (buffer
bases, BB), annoHHas1 pa3HUIIa, Cofiepskanue Oukapoo-
HaTOB, Pa3HUIlA CUJIBHBIX HOHOB B pacTBope (strongion
difference, SID), KOHIIeHTpAIs JJaKTaTa, HAPSIYKEHNE
rucaopoga (p0O,);

— BWJI KicCJIeoBaHu (S): paHIOMU3UPOBaHHBIE
KJIMHAYECKYe UCC/IeOBaHNs, MeTa-aHaII3bl, CHCTeMa-
THYeCKHe 0030PHI, BCe MPSAMBIE U HENIPsIMbIe CpaBHe-
HUA UHTEPBEHIUU C KOMIIapaTOPOM.

JIuTepaTypHBI ITOMCK IIPOBEJHN B IEPHOJ C Jie-
kabps 2019 roga mo mait 2020 roga (JIOMOJTHATETBHBIN
TIOMCK ITPOBEJTH B HOs1Ope 2020 rofia, JaTa mocIeTHero mo-
ucka 4 Hos10ps 2020 roga), 110 KJII0UEBBIM CJI0BAM, «aC-
etate» AND «buffers» OR «buffered» AND «crystalloid solu-
tions» OR «crystalloids». Tlomck B ©6as3e JaHHBIX
eLIBRARY.ru mpoBeJiz 1o KJII0YEBOMY CJIOBY «aIleTar-Cco-
JIepsKkaluii  pacTBOp». IIpUMEHWIN  CJIeAyIoIre
¢unsrpsr: KIMHUYECKoe ucciaenoBanue (K1), pangomu-
3MpPOBaHHOE KOHTpoJIpyeMoe ncciegosanue (PKN), me-
TaaHa/IN3, CUCTeMaTnyecKknii 0630p (clinical trial, random-
ized controlled trial, meta-analysis, systematic review).
SI3bIKM MyOJUKAMN: aHTTTMACKUN (M PYCCKUN — JIS
eLIBRARY.ru). [irybuxa momucka 10 jet. Kpome Toro, mpu-
MEHWJIA OTPaHUYEHHUS 111 00BEKTOB MCCIIeJOBAHIA —
«humans» n Bogpacra — «adults / 19+». C 11eJ1b10 BbIsIBJIE-
HUA IIOTEHIWAJIbHBIX CTaTefI, He ITOIMaBIINX B PE3YyJIbTaThbl
TIOMCKA, ITPOBEJIN TIOMCK 110 6MOorpad M BKITIOUEH-
HBIX MCCJIEJIOBAHMH, a TAKKE CPEIY Te3NCOB M MaTepHa-
JIOB COOTBETCTBYIOIINX HAYYHbIX MEPOIIPUATUH.

ViccnemoBaHWA WCKIIOYATN IIPU  CJIEAYIOITUX
YCJIOBHSAIX: ICC/IEIOBAHMSA C [TAIIIeHTaMH IETCKOT0 BO3-
pacTa; ucciefoBaHNs Ha SKUBOTHBIX; UCCJIeIOBaHNS,
TIOCBSAIIIIEHHBIe CPAaBHEHUIO TPUMEHEHNsI KPHUCTAJIIO-
UOHBIX 1 KOJJIOUJIHBIX PACTBOPOB; KCIIOJIb30BAHUE alle-
TaT-CcoJepsKaIINX KPUCTAIIONTHBIX PAaCTBOPOB IIpEeI-
110JIaraoch JJjisi Tepaluy COCTOSTHUH, OTIIMYHBIX OT
NIpoBeleHN s UH(Y3MOHHOU Tepaluy IIpU OllepaTUBHbBIX
BMeIIaTeIbCTBA HAa OpraHax OpPIONIHON ITOJIOCTH; alje-
TaT-cofepsKalye KpUCTaIJIONIHbIE PACTBOPEI IIpUMe-
HSJINCh COBMECTHO C APYTUMH JIEKapCTBEHHBIMH IIpe-
maparamMu. Te3WChl JOKJIAAOB W  Marepuasbl
KOH(epeHIUI MCKII0YAINUCh, €CJIM B HUX OTCYTCTBO-
BaJIa IOCTAaTOYHas AeTanuaanus. Jlydaupyroriue my6-
JINKAINX, 0030pHbIe CTAaThbU, PeaKIOHHbIE CTaThH,
COOOITEeHNs M3 UCTOPUIL OOJIE3HU U IPyTHe HeKJINHH-
YeCKUe WCIBITaHMs, NCCIeJOBaHNs 0e3 MOIXOqAIINX
JIJIsI MICIIOJIb30BAHUS AHHBIX TaKKe UCKITIOUnIu. OT-
JIeJTbHO paccMaTpUBaIH MCCIeN0BaHNsl, IPOBEIEHHbIE
Ha Tepputopuu Poccuiickoil ®egepanumu.

st cucTeMaTHYeCKUX 0030pOB IIPOBOIWIN
OIIEHKY MEeTO0JIOTMYECKOr0 KauyeCcTBa Ha OCHOBAHUU
kputepueB AMSTAR [39-42] u onipeseissyii ypoOBEeHb J10-

idence for efficacy and safety of acetate-containing
balanced crystalloid solutions with the specified in-
dication were recognized as convincing. The results
are presented in tables 2-4.

In a systematic review by C. A. Pfortmueller et
al.,, 2016 [54], the acetate-containing crystalline so-
lutions, including the Jonosteril® solution, were
evaluated (table 5). Experimental and clinical stud-
ies comparing acetate-containing and other crys-
tallloid solutions were included in the analysis. 31
studies were included in the final review, and 4
more studies were excluded after evaluation of full-
text versions of publications. Comparative charac-
teristics of 27 trials included are shown in Table 5.
Nine trials were conducted on animals and 22 — on
humans. The studied solutions were: Plasma-Lit®
(14 trials), Ringer's acetate solution (11), Elomel®
(2), Jonosteril® (1). In 14 studies acetate-containing
solutions were compared with 0.9% sodium chlo-
ride, in 7 with Ringer Lactate solution. In 6 studies
comparison was made with both solutions, 0.9%
sodium chloride and Ringer lactate. Colloid solu-
tions were also included in 4 studies.

The following was demonstrated with respect
to acetate-containing solutions: higher pH value,
potassium and magnesium content remained at
the same level after infusions of similar solutions,
increase of lactate content in blood serum.

This review showed that acetate-containing
crystalline solutions have a positive effect on
splanchnic microcirculation, including renal and
hepatic ones. Metabolic alkalosis is not observed
during fluid therapy with acetate-containing solu-
tions. Changes in the acid-base status are mostly
neutral or slightly alkaline, and potassium levels in
serum remain at the same level. Positive effects on
cardiac output and contractility have also been ob-
served in the cardiovascular system, but the data
on maintenance of target blood pressure do not
look convincing.

The issue of mortality reduction resulting
from the use of acetate-containing crystalline solu-
tions in comparison with solutions of 0.9% sodium
chloride and Ringer lactate requires further study
due to insufficient data.

In a prospective double-blind randomized
study by C. A. Pfortmueller et al., 2018 [55] a com-
parison was made between the use of 0.9% sodium
chloride solution and acetate-containing Elomel®
crystalloid solution in the intraoperative period of
abdominal surgery in 240 patients, but the study
was terminated prematurely for safety reasons after
recruitment of 60 patients. The primary endpoint
was the use of catecholamine to maintain the target
blood pressure values, the secondary endpoints
were differences in catecholamine doses and vol-
umes required to maintain fluid in the vascular
bed. The study results showed that patients in the

group of 0.9% sodium chloride solution required a
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[Ty6sukanyy, naeHTHUIPOBaHHbIEe
Yepes MOMUCK B 0a3ax JaHHBIX: 62

v

ITy6/1MKanyy ¢ y9eToM
GUIBTPOB

Pub. dates - 10 years,
Language - English,
Species - Humans: 38

v

ITy6ukanyy ¢ npuMeHe-
HH1eM uibTpoB: clinical
trial, randomized
controlled trial, meta-
analysis, systematic

[My6sukanuu crapuie 10 jiet: 12
[Ty6sinkarum o 1pyrux sujaax: 11
ITy6aukanuu Ha JPYTHUX sI3bIKAX: 1

[Ty6uKany, AJ1st KOTOPBIX
He l'lpI/IMeHI/IMI)I (bl/IJ'II)TpLI
clinical trial, randomized
controlled trial, meta-analysis,

Publications, identified
via database search: 62

2

Publication with
applied filters Pub.
dates — 10 years,
Language — English,
Species - Humans: 38

v

Publications with applied
filters clinical

trial, randomized
controlled trial, meta-
analysis, systematic

Publications older than 10 years: 12
Publications on other species: 11
Publications in other languages: 1

Publications with
nonapplicable filters

clinical trial, randomized
controlled trial, meta-analysis,

[TyGavKanmy, BKIIOYEHHbIE
B CHCTeMaTH4eCKHii 0030p: 6

review: 24 systematic review: 14 review: 24 systematic review: 14
\1/ ITy6ukaryu 6€3 MOTHBIX \l/ B : R
Mo monexcrome 1. | rescron: 45-47) o | [ e
nyGmaxkanm: 11 TIpoTOKOJIBI HiCC/Ien0BaHMIA: 1 [48] publications: 11 Duplicate publicatié)ns: 9
\l/ Iy6mupyomiye myoauKanuu: 9 \J/
TTOJIHOTEKCTOBbBIE > He Ta nonynsanus: 3 [49-51] Full-text publications > Wrong population: 3 [49-51]
My6JIMKALAH, He ta unrepsenius: 2 [52, 53] after eligibility Wrong intervention: 2 [52, 53]
OLlEeHEHHbIe assessment: 6
Ha IPUEeMJIEMOCTb: 6 \l’
\1/ Publications included

into the systematic review: 6

Mertoauka 0T60pa HCCIef0BaHUM.
Method for publication selection.

Ka3aTeJIbHOCTH. J[JIs1 paHJOMU3UPOBAHHBIX KJIMHIYE-
CKUX MCCJIeJOBAHNI IPOBOAMIN OIEHKY PHUCKA CHCTe-
MaTUYeCKUX U CIy9aiHbIX omuboK. ITpu aHaamse oTo-
OpaHHBIX NyOJIMKAOWH IPOBEIN OIEHKY YpPOBHEN
JIOKa3aTeIbHOCTH 1 IPUCBOUJIN YPOBEHb yOeIUTeIbHO-
CTH B COOTBETCTBUU C IITKAJION OIIEHKH YPOBHEH JI0Ka3a-
TeJIbHOCTH M yOeIUTeTbHOCTH Pe3y/IBTaTOB KINHIYe-
CKUX WCCJIEeIOBAHUI JIEKapCTBEHHBIX IIPENaparos,
ycranoBsieHHo# [ToctanoBsienneM ITpaBuresbcTea PO
0t 28.08.2014 N 871 (B pen. [ToctanoBnenut [ IpaBuTeh-
crBa PP 01 12.06.2017 Ne 700, 0T 29.10.2018 Ne 1283) [43].

Pe3ybTaThI 1 00CYKI€HNE

PesysisraTs! oTO0OpA IMyOIUKAIMH TPEACTaBU-
JIVl HA PHC. B COOTBETCTBUH C KpuTepusiMu «[Ipes-
IIOYTUTEJIbHBbIE 3JIEMEHThI OTYETHOCTHU OJIsI CUCTE-
MaThyeCcKUx 0030pOB U  MeTa-aHaJM30B»
(Preferred Reporting Items for Systematic reviews
and Meta-analysis, PRISMA) [39, 44].

B pesynbrare mpoBeeHHOTO IMOKCKA B 0a3ax
mausblx  MEDLINE, CochraneLibrary u
eLIBRARY.ru o6Hapyxnau 62 mybsmkarun. C yue-
TOM MPUMEHEHHBIX (DUJIBTPOB U UCKJIIOYEHHS y0-
JINPYIOMINX CCHIIOK oToOpasu 11 myGaukanuii, u3
KOTOPBIX 6 BOITIJTA B UTOTOBBIH 0630p. Cpemu my0JIu-
Kanui 00HapyKUJIU CJIeyIoIe TUIIBL: 1 crcTe-
Marmaecknii 0630p [54], 3 PKU [55-58] u1 1 HabJtiona-
TeJIbHOE KOTOPTHOE ucciaenoBanue [59]. B pamkax
2-x mybsmmkanuii [56, 57] paccmorpesnm 1 PKU ¢
IIpUBeEHUEM IIOArPYIIIIOBOro aHaJsuaa [57]. Bo

BCeX MyOJUKAIUAX paccMoTpenau 3P PeKTUB-

larger volume of solution, 3427 ml (interquartile
range, IQR 2732-4130) compared to 3144 ml (IQR
1673-4926) (P=0.19). Statistically significant differ-
ence was obtained with respect to the number of
patients who required vasopressors in the group of
0.9% sodium chloride solution, 97% in comparison
with 67%, P=0.033. The analysis using Kaplan-
Meyer method confirmed that patients in the group
0f 0.9% sodium chloride solution significantly more
often require catecholamines (P=0.019) during the
operation. At the same time, it was shown that 0.9%
sodium chloride solution was associated with
higher serum chloride levels (maximum concentra-
tion 115 (108-122) vs. 108 (105-108) mmol/l'! at
P<0.0001), which subsequently led to hyper-
chloremic metabolic acidosis.

In the prospective RCT by E. Potura et al.,
2015 [56], a comparison of the use 0of 0.9% sodium
chloride solution and acetate-containing Elomel®
crystalloid solution in 150 patients with terminal
renal failure who were indicated for renal trans-
plantation. The results of the study showed that
there were no statistical differences between the
groups in the volume of infused fluid which was
2625 ml (2000-3100 ml) in the group of 0.9%
sodium chloride solution vs 2500 ml (2000-3050 ml)
(P=0.83). The frequency of hyperkalemia (serum
K+ level >5.9 mmol/l) differed between the groups
by less than 17% (17% and 21%, P=0.56). The min-
imum level of base excess was lower in the group
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Tabmauia 2. OeHKa KauecTBa CHCTEMaTHYeCKoro 003opa Ha ocCHOBaHUH Kputeprues AMSTAR.
Table 2. AMSTAR (a tool for systematic review quality appraisal).

Parameters Value*
C. A. Pfortmueller et al.,
2016 [54]
1. Was an «a priori» design provided? 1
2. Was there duplicate study selection and data extraction? 0
3.Was a comprehensive literature search performed? 1
4. Was the status of publication used as an inclusion criterion? 0
5. Was a list of studies (included and excluded) provided? 1
6. Were the characteristics of the included studies provided? 1
7. Was the scientific quality of the included studies assessed and documented? 1
8. Was the scientific quality of the included studies used appropriately in formulating conclusions? 1
9. Were the methods used to combine the findings of studies appropriate? 1
10. Was the likelihood of publication bias assessed? 0
11. Was the conflict of interest stated? 1
Total score: 8
Level of evidence Ia
Strength of evidence A

Note. * — in accordance with C. A. Pfortmueller et al., 2016 [54].

IIpumeuanue. Was an «a priori» design provided — 0b11 /v 1u3aiiH vccaenoBaHus 3asiBjieH 3apanee; was there duplicate study
selection and data extraction — Ob1711 /11 OTOOP M CCJIEJOBAHU U/ WU U3BJI€YEHNE JAHHBIX BBIIIOJIHEHbI HE3aBHUCUMO JIBYMsI UC-
caeoBaresisiMu; was a comprehensive literature search performed — 6b11 Ji TOWCK JTUTEPATYPHBIX HCTOYHUKOB MCYEPIIBIBAIO-
muMm; was the status of publication used as an inclusion criterion — ObITH JT1 THII ¥ I3BIK ITYOJIMKAIIMH UCII0JIb30BAHbI B KAY€CTBE
KpuTepusi oToopa; was a list of studies (included and excluded) provided — nepeurncieHbl i1 Bce UCC/IeJOBaHUs (BKIIOYEHHbBIE
" UCKIIoYeHHbIe; were the characteristics of the included studies provided — nana Jin xapakTepuCcTHKA BKJIIOYEHHBIM HCCIIEN0-
BaHMAM; was the scientific quality of the included studies assessed and documented — 6b171a 11 IPOBeieHA OLIEHKA METO0JIOTU-
YeCKOro KauecTBa NCCJIeI0BAaHN, ONUCAHbI JIU ee pe3ysbraThl; was the scientific quality of the included studies used appropriately
in formulating conclusions — y4reHo 11 Ka4eCTBO JOKA3aTeIbCTB B JOJLKHON CTEIIEHH IPU (DOPMYJINPOBAHNY BBIBOJIOB; Were
the methods used to combine the findings of studies appropriate — 651710 Jit 060011IEHIE PE3Y/IBETATOB HCCJIEJOBAHUI TPOBEIEHO
c moMolIbIo ailekBaTHbIX MeTo10B; was the likelihood of publication bias assessed — Obl1a Ji TpoBejeHa OlleHKA ITyOJIMKAIIMOH-
Horo cmerenusi; Was the conflict of interest stated — 3asiBsieH 11 KOH(JINKT NHTepecoB; total score — Bcero 6asios; level of ev-
idence — ypoBeHb oKa3aTesbHOCTH; strength of evidence — yposens yoeaurensHOcTH. * — C. A. Pfortmueller et al., 2016 [54].

Tabsmmna 3. OneHKa pucKa CHCTEMaTHYeCKUX U CIy4YailHbIX omru0ok B PKU ¢ npucBoeHneM YpOBHsI JOKa3a-
TEeJILHOCTH.
Table 3. Appraisal of risk of biased and unbiased error in RCT with the levels of evidence.

Study Parameters
1.Rando- 2.Rando- 3.Blinding 4.Blinding 5.Patient 6.Result 7.Statistical 8.Other 9.Level
mization mization ofpatients ofdoctors dropout presenta- analysis errors of evi-
method results and medical in efficacy tion dence
concea- workers  assessment
Iment
C. A. Pfortmueller, + + + + + + + + Ila
G.-C. Funk, C. Reiterer
etal., 2018 [55]
E. Poturaetal,, + + + + + + + + Ila
2015 [56, 57]
D. Kazantsev, A. Popov, + + + + + + + + Ila
A. Strygin et al.,
2019 [58]

IIpumeuanue. Study — ucciaenoBanue; 1 — MeToJ paHIOMHU3ALNY; 2 — COKPBITHE Pe3yJIBTaToB; 3 — «OC/IeIlIeHre» IallieHTOB
¥ METUITIHCKOTO IIePCOHANA; 4 — «OCJIENJIEHre» Bpaveil pH olieHKe 3 (eKTa; 5 — BHIObIBAHNE TAIINEHTOB; 6 — IPEICTaBIeHIE
pes3y/IbraToB; 7 — CTaTUCTUYECKUll aHaus; 8 — apyrue ommboky; level of evidence — ypoBens qokasareibHOCTH.

HOCTb U 0€30IMMacHOCTh TPUMEHEHWsI alleTaT-
cofepsKRaIrx cOaaaHCUPOBAHHBIX KPUCTAITIOH -
HBIX PAaCTBOPOB.

B pesysibrare IMpoBeAeHHOTO aHalW3a U
OILIEHKH Ka4eCTBa UCCIIEIOBAHNM, YPOBHSI TOKa3a-
TEJIBHOCTU U yOeqUTeJHbHOCTH JT0Ka3aTesbCTBa
a¢dPerTUBHOCTU U 0€30MACHOCTA TPUMEHEHUs
arerar-cofiepskanux cbaJaHCUPOBAHHBIX KpPU-
CTAJUIOUIHBIX PACTBOPOB B M3y4aeMOM IIOKa3a-
HUU TpPU3HAIU YOEIUTEJTbHBIMU. Pe3ybraThl
MpeACTaBUIH B TA0J. 2-4.

of 0.9% sodium chloride solution — -4.5 mmol/l
(-6—-2.4) vs -2.6 mmol/1 (-4—-1), P<0.001, the max-
imum level of chlorides was also noted in the
group of 0.9% sodium chloride solution equal to
109 mmol/l (107-111) vs 107 mmol/l (105-109),
P<0.001. No statistically significant differences in
creatinine concentration and urine output after
the operation were found.

In a paper by C. A. Pfortmueller et al., 2017
[57], a subgroup analysis of data from the previous

study was presented [56]. The primary points were

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 6



https://doi.org/10.15360/1813-9779-2020-6-105-128
O630pHI

Tabauna 4. CpaBHUTEIbHAA XapaKTEPUCTHKA UCCIE€N0BAHUI, BKJIIOYEHHBIX B HACTOSIIUHA 0030P C OI[EHKOH
YPOBHe} 0Ka3aTeTbHOCTH U yOeAUTEIFHOCTH JOKA3aTeIbCTB BEIABJIECHHBIX HCCJIEJOBAHUIH B COOTBETCTBHH C
Ilocranos/sienneMm IIpaBuTtesiscTea P® ot 28.08.2014 Ne 871.

Ne HccnegoBanne  Bup KoanuecTBo Bapuantel KoHeuHble VpoBens YpoBenb O6masn
[ceprkal HCClIelo-  YYaCTHUKOB HHQY3HO- TOYKHU [IOoKa3aTe- yOeaHTe- OLIEHKa
BaHHA HHOH JIBHOCTH  JIBHOCTH HCCJIEeNO-
Tepanuu pe3yiib- JloKa3a- BaHHA
TaToOB TEJBCTB  (0aJLIbI)
MupOBOH ONIBIT
1 C.A.Pfortmueller, Cucrema- — — — 1 A 30
E. Fleischmann, Tudeckuii
2016 [54] 0630p
2 C.A. Pfortmueller, IIpocriek- Ilnanupoasiocs 240 JjioMenb  IlepBuUYHbBIE TOUKU: I A 27
G.-C. Funk, THUBHOE (paxTraeckn 60) mar- u 0,9% HCTOJ/Ib30BaHNE
C. Reiterer JIBOWHOE  €HTOB C OIIEPATUBHBIM  PACTBOP KarexoJaMUHOB
u ap., 2018 [55] cjiernnoe BMeIIaTeJIbCTBOM xJiopuaa JIJIA oA epyRaHuA
PKUM Ha OpraHax OpIOITHOH  HAaTpHs neneBoro AJl
I10JIOCTHA BTOopu4HBIE TOUKHU:
JI03UPOBKA KATeX0-
JIAMHHOB, 00'bEM HH-
¢y3noHHOM Tepanuy,
HesallJIaHUpOBaHHbIE
nepesonsl B OPUT
3 E.Poturaetal., ITpocne- 150 marueHToB B BO3- Jaomesb  Ilokasareau KOC, 1I A 27
2015 [56, 57] KTHUBHOE pacre ot 18 jieT u 0,9% YPOBEHb JAype3a,
PKUM C IIOYeYHOH pacTBop CBIBOPOTOYHBIN
TpaHCIUIAHTaIeN XJI0puAa  KpeaTuHUH
HaTpusd
OTeuyecTBEeHHBIH ONBIT
4 JI.A.Kasanues, IIpoctoe 56 mysk4muH B Bo3pacTte LoHocre- IlepBHUuHBIE TOUKU: 1I A 27
A. C.Tlonos, cjiernnoe 18-55 et c mmanoBbiM  puii M 0,9% mnokasaresau KOC
A. B. Ctpbirun IIPOCIIEK-  OIlepaTUBHLIM BMeIla-  PacTBOpP (130BITOK OCHOBA-
u ap., 2019 [58] TUBHOE TeJILCTBOM Ha OpPTraHax XJIOPHAA  HUW U YyPOBEHb
PKM B 2-x OpIOUIHOM ITOJIOCTH HaTpus XJIOpEeMUH)
rmapaJ- Bropuynbie TOYKH:
JIeJIbHBIX nokasaresu KOC
rpymnmax (KOHIIEHTpaNUA
oukapbonara, pH,
YPOBEHb JIaKTaTa)
U TeMOJUHAMUKHU,
CBHIBOPOTOYHBIH
KpeaTUuHUH, IUCTa-
TuH C, ypOBEHb
naypesa
5 JI.A.Kasauues, HaOumoga- 51 myskumnHa B Bodpacrte Crepo- ITokasaTesu v B 12
A. C.Tlonos, TeJIbHOE ot 18-55 Ji1eT ¢ 1J1aHo- by KOC u remo-
A. B. CtpbIrun KOIOPTHOE BBIM OIl€PaTUBHBIM W30TOHU-  JTUHAMUKU
u ap., 2018 [59] HCCJeN0-  BMeIIaTeJIbCTBOM YeCKUU
BaHUE Ha opraHax 6promHuoii  u Momno-
I10JIOCTH cTepuII

IIpumeuanwue. A]l — aprepuasnbHoe gaBienne; KOC — KUCIOTHO-0CHOBHOE cocTosiane; OPUT — oTesieHre peaHManuy U UH-

TEHCUBHOM Tepalnu.

B cucremarnyeckom o63ope C. A. Pfort-
mueller et al., 2016 [54] mpoBoAMJIACE OIIEHKA alle-
Tar-CcoiepsKaIuX KPUCTAJIONTHBIX PACTBOPOB, B
TOM umCJIe ¥ pacTBopa Monoctepui® (tabu. 5). B
aHasu3 ObLITN BKJTIOYEHBI 9KCITEPUMeEHTATbHBIE U
KJIMHAYECKUE WCCIeN0BaHNsl, TOCBAIIEHHBIE
CpPaBHEHUIO alleTaT-CoepsKaIuX HH(PY3NOHHBIX
pacTBOpPOB U OAPYIrUX KPUCTAJIOUIHBIX PACTBO-
POB, B UTOTOBBIN 0030p BowLIO 31 HCC/Ief0BaHUE,
TIOCJIe OIIEHKY ITOJTHOTEKCTOBBIX BEPCHUH TyOJINKA-
i eme 4 MccaegoBaHUS OBIIM MCKJIIOYEHBI.
CpaBHUTeJIbHAST XapaKTePUCTUKA 27 BKJIIOYEH-
HBIX UCCJIeTOBAaHUI TpUBeieHa B TabJ1. 5. JIeBATH

the assessment of the need in vasopressors and the
BP value. In the group of 0.9% sodium chloride so-
lution patients more often required prescription of
catecholamines — 30% vs 15%, P=0.03. Mean min-
imal BP was much lower in the group of 0.9%
sodium chloride solution — 57.2 (mean deviation
[MD] 8.7) mmHg, in comparison with 60.3 (MD
10,2) mmHg, P=0.024.

When searching for domestic studies, 2 stud-
ies were found [58, 59]. In the study of D. A. Kazant-
sev et al., 2018 [59], a retrospective comparative as-
sessment of the effect of frequently used
acetate-containing crystalline solutions of Jonos-
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Table 4. Comparative characteristics of studies included in the review with the levels of evidence and strength of
evidence according to the Decree of the Russian Government dated 28.08.2014 Ne 871.

Ne Study [link] Type Number Fluid Endpoints Thelevel Strength Total
ofstudy  of participants therapy of evidence of evidence study
variant evaluation
(points)
Worldwide experience
1 C.A.Pfortmueller, Systematic — — — I A 30
E. Fleischmann, review
2016 [54]
2 C.A. Pfortmueller, Double- 240 planned Elomel Primary endpoints: I A 27
G.-C. Funk, blind (actually 60) and 0,9%  use of catechola-
C. Reiterer prospec-  patients who sodium mines for target
et al., 2018 [55] tive RCT underwent chloride BP maintenance
abdominal Secondary endpoints:
surgery catecholamine dose,
volume of fluid
therapy, urgent
ICU transfers
3 E.Poturaetal.,, Prospec- 150 patients Elomel Acid-base status, II A 27
2015 [56, 57] tive RCT  aged from and 0,9%  urine output,
18 with renal sodium serum creatinine
transplantation chloride
Domestic experience
4 D. Kazantsev, Single 56 males aged Jonosteril Primary endpoints: I A 27
A. Popov, blind 18-55 with elective and 0.9%  acid-base status
A. Strygin, etal,, prospec- abdominal sodium (base excess
u z1p., 2019 [58] tive RCT surgery chloride and blood chloride)
in Secondary endpoints:
2 parallel acid-base (bicarbonate
groups level, pH, lactate level)
and hemodynamic
status, serum
creatinine, cystatin C,
urine output
5 D. Kazantsev, Observa- 51 male aged Sterofu- Acid-base v B 12
A. Popov, tion 18-55 with elective ndin and hemodynamic
A. Strygin, cohort abdominal isotonic status
etal.,, 2018 [59]  study surgery and
Jonosteril

Note. BP — blood pressure; ICU — intensive care unit; RCT — randomized controlled trial.

WCCJIeIOBAHUN OBLIN MTPOBEIEHbBI HA SKUBOTHBIX,
22 — Ha aoaax. B 14 uccieqoBaHuax U3yvyalics
pactBop Ilnasma-JIut®, B 11 — pactBop Punrepa
arerar, B 2 — pacTtBop JjoMeb®, B 1 — Monocre-
pwi®. B 14 uccaenoBaHUsX alleTaT-CcoAep Kaline
PacTBOPBI CPAaBHUBAJIUCH 110 OTHOMIEHUIO K 0,9%
pacTBOpY XJIOpULa HaTpus, B 7— K pacTBopy PuH-
rep Jiakrar. B 6 uccjiegoBaHusAX CpaBHEHUE IIPO-
BOJMJIOCH IO OTHOIIIEHUIO K 000MM pacTBOpaMm —
0,9% pacTBOp XJI0pHUIa HaTPUA U PUHTeEp JTaKTar.
B 4 nccaemoBaHUAX TaKKe OBLIN BRIIOYEHBI KOJI-
JIOUHBIE PACTBOPHI.

B oTHoOIIEHUY areTar-coAepsKalux pacTBo-
POB OBITIO TPOIEMOHCTPUPOBAHO CIEAYIONIEE —
bosnbmiee 3HaueHwe pH, comepskanve Kamusg U
MarHusi COXpaHseTcsl Ha IpesKHeM ypOBHe II0cJIe
nH(}Y3nH TOJOOHBIX PACTBOPOB, YBEJHYEHHE
collepyKaHUsA JIAKTaTa B CbBIBOPOTKE KPOBMU.

ITo pesysnsraTam 1aHHOTO 0030pa OBIIO TOKa-
3aHO, UTO aleTar-cojepyKalye KpUCTaJIOuIHbIe
pacTBOPBI OKAa3bIBAIOT MOJIOKUTEIBHOE BIIUSHUE
Ha MUKPOIUPKYJISAIUIO OPTaHOB OPIOIIHOHU
IIOJIOCTH, B TOM YU CJI€ ITIOYECYHYIO U I€EYCHOYHYIO.

teril® and Sterofundin® on acid-base and hemody-
namic parameters in patients undergoing abdom-
inal surgery was carried out.

An observational cohort study was conducted
at the intensive care unit of Volgograd Region Clin-
ical Hospital No. 1, Volgograd. The study enrolled
51 men aged 18-55 years who underwent elective
abdominal surgery (liver resection, open bowel re-
section, duodenopancreatectomy). Patients in-
cluded in the study were retrospectively divided
into two groups depending on the fluid therapy re-
ceived. Patients from the first group (group 1, n=23)
received Sterofundin® as fluid therapy (B. Brown
Melzungen AG, Germany), patients from the sec-
ond group (group 2, n=28) received Jonosteril® (Fre-
senius Kabi Deutschland GmbH, Germany).

Two groups of patients were initially compa-
rable in severity of condition estimated by ASA
scale, age, body weight and other indicators. Com-
parative assessment of the effects of two balanced
crystalloid solutions was made based on the
analysis of acid-base status and key hemodynamic

parameters.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2020, 16; 6



https://doi.org/10.15360/1813-9779-2020-6-105-128

O630pHI

[92] S $91¢u99,¢ Budred erudorx dogaroed 960 V IU[/-BNERI[] OJEOW WOHHHUII BH BUIRdaII) 111 ModOIrdR 0S ‘Te 10 Suog
wel c L0¥E ¥ 20ES renyerr edasnug dogroed V LU -eWERL]] (0910dOHOY) BMNOLMEIRIID IS -1 Mo90Irdp 01 ‘[e 19 urys
ugody 9roonaed191dogd U BUIIMHA(D BRHROHIhI]]
9TAOLI 0N 1 MMHAE)
[g2] 4 r/a pudieH erudorx dogioed %e‘9 Ierame edornng dogioed 9IO0HIIALEIY BRHRATAA) — amirodo 0¢ ‘Te 10 disneyz
900Bh § 9UHORAL 1 90100 .LO renrerr edoaaud dogaroed u MMHUE)
2] 2 0% /ORh/DI/I'N $£¢‘0 BudieH erudorrx dogroed %60 Ieiame edoanud dogroeq YOI UI9E010%K 0 — amiodon 211  'TB 39 UByRUOD
renyerr edoanud dogaioed u
[e2] 4 y2.2U¥.22n 1892 BudieH erudorrx dogaroed %60 V LU -BIERI] | yom umdonuIeddona] — UIHAL)) 81  ‘[e 19 TWOILION
[22] 1 990¥% ¥ TH0¥ renyer edosang dogroed rrudo1d0HO] BUIdAdUX BBHIIrBHUNOTQY -1 Mo90IrdfR 2 [e 19 uuewjoy
CAHINBHUTONJ ]
90O U
[12] 4 Di/rw 1‘0 BudieH erudorrx dogioed %60 Ierame edoinug dogroeq JUOIId)) — 19019dy] 10 ‘T8 39 YO1YoS
rewyerr edoanud dogaroed u
[02] ¥ /w6, vBudred erudorx doaroed 96‘) rIerame edoinud dogroed JUJIId)) — 19019dy] 0€ e 39 1931991310/
62 c erHerrder | arAmdod org renyerr edoraud dogroed Ierame edoraud dogroed MO UI980I03 0 AI-TIT ModOIroR 0Z ‘Te 19 Doy
BUNBIAIdUodMUN ¥ 9HHIIrRIIDOY
[e1] 2 (oeh,) /N 9T U ['GT BudIeH erudorrx dogaroed 960 g1 LU[ -BINERI ] Br1dAdUX BBHIIrBHUNOTQY -1 ModOIrdR 0 ‘Te 10 QUBIBIIN
[69] S 0006 1 00c0T BudIeH erudorrx dogaroed 960 VY LU -BWERLT | ewgedl BemqIroq AI-IIL ModOIrdR 9% ‘Te 39 3unox
[89] c (OBh,I3) /IFIN G renyerr edasnug dogroed qIrONOILC BUIdAdUX BBHIIrBHUNOYQY — UIHUAL)) 02 ‘T30 1qIY
[9¢g] c Gz9z M 005z BudieH erudorrx dogroed 960 qIrONOILC BUIBIHRITIOHRAL BRHRORO[ | AI-TIT Mo90IrdR 0S1T ‘[e 19 BINJOg
edoauud dogroed u
renrerr edorand dogroed u
[29] 12 r/H Budied erudorx dogioed g0 Ierame edornug dogroed yom umdoruIeddona] — 19019dy] € ‘Te 10 3uyoy
1ardoe nonmoidg Iawendgone
[99] 4 08%v 1 190% rLeHogdexug edainud dogroeg rerone edoanug dodgioed Arogor ou sutredarQ AI-TIT Mo90Irdp 02  Te 39 epewIyS
1eryelr edoaaug dogaroed u
gzl S 022,27 8982 M 96 7 wudrieH erudorrx dogaroed %60 V LU -BWERL] BUIBIHELITIOHRAL BRHRORO] | AI-TIT Mo90IrdR 06 ‘T 30 njdorwrpey
90JBh g WAWHOMEBIW rener edosaug dogroed u
[g9] ¥ QUHOKAL 9 (OBh, ) /Iri 0z BudieH erudoirx dogroed 960 LU[[-BINERI] | Bureredruia|y 111 ModOIroR 06 ‘[e 10 uewISeH
[%9] ¥ cg0c U 6Fge BudieH erudorrx dogroed %60 V IU[-BNERI] ] BUITRLHERIIIOHRAL BBHhORO] | AI-TIT MAEOIrdfR 09 ‘Te 30 Wiy
19Lurrodrydaie 1 HQY
19ITUOIIrOd U
[£9] I g'ygu .1z wudien erudorx dogroed o g0 Ierame edoanug dodaroed yom umdoruIeddona] — 19o1ad)y] 0g ‘Te 19 SrWY
[29] ¥ €900Bh § QMHORAL g /I Gg  BudieH erudorx dogaroed %60 LU -BINERL] ] JMIIId)) — 19o1ad)y] 09 ‘e 30 noyz
19€91r9X UOHAIrdLRLOTdL
pouerIIdoInI HOHHIILOIhRT
[19] 4 00s1 wudiex erudorx dogroed %60 Ierome edoanud dodaroed -odQol O IIHURKAW SI9ICHIKO] | -1 ModOIrdf €1 ‘Te 319 uyey
[09] I 000z BudieH erudoirx dogroed og‘0 QT LU[ -BINERI | 1andarogodgol arlggodorg 1 ModOIroR 21 ‘Te 19 Amypmoy)
BEHINHAGD EeHRORO]]
VSV unnexud
-HOJRI OII EUHed
(') HLIONTHX unnedoL gOLHIMITRIL BUHed -0Y/31rIdHU
ererexyy HOWHYO0ogd BEUHOHgRdD HoHHOUEADHH BTN AN ) -0X3Ir0HM  F0LMILO0 qIraNI
WII9Y) BIRAII] 09IJ9hUI0Y] enuid | rug BUNBIALIO]] MUMOOBMEHUP IMNILOQ 0d-I'0Y BRHIO0HI()

*[$S] 9102 “Te 319 I_[[dnuNI0}d Y ') doEg0 HMMIIhUIBWILIMD g XITHHIhOIINE ‘UHHRIOYJ1r0HU exulondoriedex seHarra1nnged) °G eluirgey,

tology.com 117

www.reanima

GENERAL REANIMATOLOGY, 2020, 16; 6



https://doi.org/10.15360/1813-9779-2020-6-105-128

Reviews

[89] ¢ (U3 /T g uonnjos ayejoe[ 3ury [Pworg A1931ns [eUTWIOPqQY — 31q 02 ‘T8 19 1qIY
[9¢] € G29¢ PUe 005¢ uonnjos spLoyd Wnipos %6°0 [PWoTq uonejuerdsuen [eusy AITIT uewing 0ST ‘Te 19 eImoq
uonnjos 1a3ury pue
uonnjos ajejoe[ 3ury pue
[29] i% B/U UOIIN[OS IPLIO[YD WINIPOS %60 uonnjos ajejade 1a3ury o0ys J13eyLI0WH — ey € ‘Te 19 uyoy
A10931ns wisLmoaue
[99] ¥ 08%¥ pPU® 190% uonnNjos dajeuoqredrq p3ury uonnjos ayejade 13ury J11I0B [RUTWOPqY AI-TIT uewIny 02 ‘[e 19 epeWIyS
uonnjos ajejoe[ o3ury pue
[82] [ 0..2 PU® 8987 PUB 9G/ ¢ UONIN[OS dPLIO[YD WINIPOS %60 Vv rT-ewse[d uonejuerdsuen [euay AI-IIT uewINy 06 ‘Te 1@ njSorwpey
A[[ewirxeur smoy ¢ uonnjos ajejoe[ 3ury pue
[s9l ¥ Surmp (y,3Y) /[W 0g uonnjos spLoyd Wnipos %6°0 W-ewseld uonerpiyaq 1I-1 uewing 06 ‘[e 3o uewiseH
[#9] ¥ £80€ PU® 6F2E UONIN[OS dPLIO[YD WINIPOS %60 vV rT-ewse[d uonejuerdsuen [euay AI-TIT uBWNY 09 ‘Te 39 Wy
$91A[01199[3 puUE Snje}s Iseq-pry
SpIO[[0d pue
(9] ¢ g'¥¢pue L'1¢ UONN[OS dPLIO[YD WINIPOS %60 uonnos 3eade I3ury Yooys J13eyII0WH — ey 0¢ ‘Te 19 SrWy
[29] ¥ smoy § Surmnp 3y/[w Gg UONN[OS dPLIO[YD WINIPOS %60 I -ewseld sisdag — ey 09 ‘e 19 noyyz,
erse[diadAy oneysoxd
[19] Z 00ST UONN[OS dPLIO[YD WINIPOS %60 uonnjos aejeoe Jury  udruaq YIm sofew A1ap[g -1 uewWINH €1 ‘Te 39 uyey
[09] S 0002 UONIN[OS dPLIO[YD WINIPOS %60 8y 1 I'T-ewWISe[d S199)UNjoA AYi[edH I uewIny Al ‘Te 19 AmypmoyD
uonJdunj feuay
VSV 01 Surpiodoe
Jeds sjuaned jo sjuedonaedjo  Apmsay) jo
qury pepef ([ur) pIngy o awnjop dnoi3 uosrreduro) Adexay) pmy yo adAL, uonemdog smejsedrsAyd 103[qng  IoqunN wIre urejy
*[#S] 9102 “Te 12 Id[[oNUNI0}] °V *D AQ MIIAAI I BUIISAS ) 0OJUI PIPNIUI SAIPNIS Jo Arewruuns daneredwo) °¢ I[qe],
*40JOI'OMEALIIHE 041IIITIQ0 d0MIHEANAIWY — S)SIS0[01SaISaUY JO A19100S UBIIIOWY — VSV *9OUHehaWHd]|
Y LU[ -BWERIT] U
1erelr edoaaug dogroed u
[28] 1 (Hum, 1) /rw 9 sudieH erudorrx dogroed %60 V LU[ -BWERL] ] yom umiooruIeddona] — UIHUE) 911  ‘[B 10 OSIdABI],
0002 ¥ 0002 WaLee ‘40deh
(18] G x1gadot ouHARAL € 00T U 0021 kudieH erudorrx doaroed %g‘0 Q¥ 1 LU -BWNERL | guredal BBHEUOHAIH]] BEL (0 18] 81272 ‘Te 10 3unog
[08] 2 92611 gc91 wudrieH erudorrx dogaroed 96 0 V IU[[-BIERI | BruIdAdUX BBHIIrBHUWOT QY /H MOFOIrdf 026 1€ ‘Te 39 meys
l62] Z 006% 1 G295 rewyerr edosnug dogioeg 1erone edoanud dogroed MOMI UI990I0¥ ) AIFIIT MI9OIrdR ov ‘T 39 91D
I9I'0XOH UMIOhMHHUIY]
(OB, I) /IFIN G WOLBE
821 Z ‘BOBR OI-T OMHORJL € I /I § renerr edorau dogroeg Ierome edoraud dogaroed su1dAdux BemmgQ -1 MOFOIrdf, 09 ‘Te 10 0JowIysey
eral edAredanmay,
(22 I r/u  BudieH erudoirx dogroed 960 V IU[[-BIERI] | 1qn4arogodgor aragodorg 11 MOFOIrdfy Gz ‘Te 10 L1018
MUIDIHAD 9I19HIUIUHIOY]
VSV unmexud
-MJRI O BUHed
(I'IN) LLIOAX MK unredaL dOLHIUIIeL BEMHed -0Y/3IrdOH
ererexy’ HOWHYOogd BUHOHARdD HOHHOUEAPHU JAIe1d  -OXAIPOH HOLMILOO0 qIrdNX
WD) BIRAI[] 09I09hHI'0Y] ennuid ] rng BEUNEBIAIO]] UMMIOhMEUPD IMILO(Q O09-Ir0Y ERHI0HI()

*G I9UIrge L dQUHIAKIrorod] |

GENERAL REANIMATOLOGY, 2020, 16; 6

tology.com

www.reanima

118



https://doi.org/10.15360/1813-9779-2020-6-105-128

O630pHI

's3s130701saISaUY JO A19100S UBILIOWY — VSV “910N

g rj-ewseld pue
uonnos are1oe[ Iedury pue

[28] 1 (urur,3y) /Jw 9 UOINN[0S IPLIOYD WNIPOS %60 V WT-ewse[d Yo0ys J13eYLIOWSH] — 31d 911 ‘[e 10 OSI9ARI],
000Z PUB 000¢ uatp ‘smoy ¢
[18] S 18113 o) 3uLmp 00T pPue 00z1 UONN[0S dPLIOTYD WINIPOS %60 8T WI-ewWISe[d 9IBD QAISUIU] uewny 8.2 ‘Te 30 Sunox
[08] Z 9/61 PUB 8691 UOoNN[0S IPLIOYD WNIPOS %60 V IT-ewse[d A1931Ms [eUTWIOPQY B/U uewny 026 1€ ‘Te 10 meyS
(62 4 006¥ pue 6299 uonn[os 91e)de[ PPIURY UONN[OS 1B 193URY Poys umg AI-IIT uewngy 0¥ ‘Te19 9D
S9UI0IINO [BITUI[D
(U3 /T G uay)
821 4 ‘anoy 1s1y 3uump 3y/w g uonnjos ayeloe[ redury uonnjos ajeade 1a3ury A10931nNS [RIDUID -1 uewng] 09 ‘Te 19 ojouwIysey]
amjeradwa) Apog
[22] ¢ B/U UOoNN[0S IPLIO[YD WNIPOS %60 V IT-ewse[d S1991UNJOA AYI[BIH] -1 uewny T4 Te 10 A101S
suonIuny IANIUS0)
[9.2] S $91€ pue 99.¢ UONN[0S dPLIOTYD WNIPOS %60 V WT-ewise[d A1a31ms Teurdg 111 uewny 0S ‘Te 10 Suog
(uoneuop uedio)
[¥el € LO¥E pPUe 20€E UONN{OS 91e)Ie] 123UnY VrT-ewse[d Awoydaredayruoy -1 uewngy 70T ‘Te 32 urys
uonenseod poojq pue UONIUNJ ISATT
SpIO[[0d pue
[S2] 4 B/U UONN[0S dPLIOYD WNIPOS %60 UoNN[OS 91B1J. I3Uny uonouny JBIpIL) — 31d eaumy 0€ ‘Te 10 31sneyz
s1noy § 3urmnp uonn[os ale1de[ Ie3ury pue
[¥2] z BAIE UIN( JO % //3 /W FEE0 UONN[0S IPLIOYD WNIPOS %60 UonN[oS 91B1adk 193ury Yooys uIng — 31d eoumon ZI1 ‘[e 10 ueyeUO)
uonn[os 91e1de[ I3UlY pue
(2] i $/,.2 PUe ¥/, pue 1892 UONN[0S dPLIOTYD WINIPOS %60 V IT-ewse[d Mooys 913y I1I0WH — 31d 81 ‘[& 39 TWOILION
[22] 1 990¥% pue 1H0¥% uonn[os aye)de| 193ury [L19150UO( A1931mMs [eUTWIOPQY -1 uewny 4 ‘Te 10 uuewjoH
s1ayourered orureuApowray
SpIO[[0d pue
[12] ¥ /W 170 UOoINN[0S IPLIOYD WNIPOS %60 uonN[oS d1e1ade 193ury sisdag — 1oy L2 JERER BRI
uonnN[os 91e1dL[ I3UlY pue
[02] i 3/ gL UOoNN[0S dPLIOTYD WNIPOS %60 UuonN[oS 91e)1aJk 193Ury sisdag — ey 0  ‘Te 30 193190513107
[62] € B[nuLIoj puepIed 0 SUIpIoddy uonn[os a1e)de| 103ury UONN[OS 91B13Jk 193ury Yooys uIng AI-TIT uewny 0z ‘Te 10 Djoy
UONEB[NIINOIINW PUR UOHBUIWIBU]
[€1] 4 (43 /[W 9"} PUB T'GT uonnjos apLIoyd WNIpos %60 8¥ 1 WT-eWISe[d A1931ms eurwiopgy I-1 uewng 0¢ ‘[e 30 dUBLIBIIN
[69] S 0006 PU® 00E0T UOoNN[0S dPLIO[YD WNIPOS %60 V IT-ewse[d ewnen Iofe AI-TIT uewny 9¥ ‘Te 30 3unox
VSV 01 Suipiodoe
Jeds sjuaned jo syjuedonaedjo  Apmsay) jo
Jury pepef ([ux) pIngy o dwnjop dnoi3 uosrreduro) Adexoy) pmyj yo adAL, uonemdog smejsedrsAyg 109[qng  Ioquuny wIre urejy

*G 9[q®e} JO UOTIBNUNIUO))

tology.com 119

www.reanima

GENERAL REANIMATOLOGY, 2020, 16; 6



120

https://doi.org/10.15360/1813-9779-2020-6-105-128

Reviews

[Tpu npoBeneHUN NHPY3NOHHON TepAUHU C IPU-
MEHEHMEM alleTar-CconepsKallyux pacTBOPOB He
HaOJIOaeTcsi  pa3BUTHE  MeTabOoJMYeCcKOro
ajkanos3a. lV3MeHeHus KHCJI0THO-OCHOBHOTO
cocrostausi (KOC) B OCHOBHOM HEWUTpaIbHbI WU
c/1aboIIIe/IOUHbIE, 8 YPOBEHD KaJ/IHsl B CBIBOPOTKE
KPOBH OCTaeTCs Ha IpeskHeM ypoBHe. CO CTOPOHBI
CeplleuHO-COCYyJUCTOU CUCTEMBI TAK)Ke OTMEYEHO
TIOJIOKUTEIbHOE BJIMSIHNE B OTHOILIIEHUN Ceped-
HOT0 BBIOpOCA ¥ COKPATUMOCTH, TP 9TOM JaHHbIE
0 TIOfiep>KaHUH [1eJIeBbIX 3HAUYEeHUH apTepuaIbHO-
ro naBaeHus (AJ]) BRIIAIAT He yOequTe TbHBIMI.

Bonpoc o cHuskeHHe JIeTaIbHOCTH Ha (pOoHe
IIPAMEHEHUs aleTar-cogepyKallluX KpUCTAION]I -
HBIX PacTBOPOB IO CPaBHEHUIO C pacTBOpaMu
0,9% xJstopua Hatpus u PuHrep jakrara TpedyeT
JaJIbHENIIero nu3yuyeHusi B BUAY HeJOCTaTOYHOIO
KOJIM4YeCTBA JaHHBIX.

B npocnekTrBHOM ABOIHOM CJIETIOM PAHIOMU-
3upoBaHHOM ucciienoBanuu C. A. Pfortmueller et al.,
2018 [55] mpoBomguiock cpaBHEeHMe ITpruMeHeHns 0,9%
pacTBOpa XJI0puia HaTpUs U aneTar-CoIepsKallero
KPHUCTA/VIOMIHOI0 pacTBOpa 310MeJ1b® B UHTpaoIIe-
PaLMIOHHOM IIEPHOZE ITPU OllePaTUBHBIX BMeIllaTe Ib-
CTBax Ha OpraHax OpIOITHOM MOJIOCTH y 240 maryieH-
TOB, OJHAKO WCCJEI0BaHUE OBIJIO0 JOCPOYHO
3aBepITeHo 1mocje Habopa 60 maIrueHToB 1o coodpa-
skeHusIM 6e301mmacHOCTH. [IepBUYHOI KOHEYHOM TOY-
KOU OBLJIO MCIIOJTb30BAHNE KATEX0JITAMITHOB JJT5 IO/ -
JlepyKaHusA 1esieBbIX 3HaueHWil AJl, BTOpUYHBIMU
TOYKAMH — Pas3jn4usA B J03aX KaTeXOJIAMUHOB U
obbeMax, HeOOXOMUMBIX [IJIS TIOIEPSKAHIST COTepsKa-
HUSA JKUAKOCTA B COCYIUCTOM pycJjie. Pe3ymsrarbl
WCCJIeIOBAHNUA II0KA3aJId, YTO ITalleHTaM B IPyILIe
0,9% pacTBOpa XJI0pUIa HaATPHsA MOTPeOOBAIOCH
OoJIbIllee KOJTMYIECTBO pacTBopa — 3427 MJI (MHTep-
KBapTWIbHBIN UHTepBaJ ((inter-quartile range, IQR)
2732-4130) o cpaBHeHuIO ¢ 3144 mut (IQR 1673-4926)
(p=0,19). CratrcT4YeCKN 3HAYNMOEe OTTNYNe OBLIO
TI0JIy4Y€HO B OTHOLLICHUY Y1 CJIA TAIIEHTOB, KOTOPBIM
oTPeO0BaIOCh NPUMEHEHNE Ba30IPECCOPOB, B TPYII-
e 0,9% pactBopa xsioprga HaTpusi — 97% 110 CpaBHe-
HUIO € 67%, p=0,033. AHAJIN3 C IPUMEHEHUEM MeToIa
Kartana-Meiiepa noaTBepAuI, U4To B X0Ze Ollepalyn
nanuenTam B rpyne 0,9% pacrsopa xJ10pyja HaTpys
3HAYMTEJIHHO Yallie TpebyeTcsi MpUMeHeHre KaTrexo-
JIaMUHOB (p=0,019). TTpu aTom, OBL7I0 TOKA3aHO, YTO
npumenenue 0,9% pacrBopa xJ10pyia HaTpUs acco-
[IMAPOBAHO € 00Jiee BHICOKMMY 3HAYEHUSIMU KOH-
LICHTPalyy XJIOpHUIA B CBIBOPOTKE KPOBU (MaKCH-
MaJlbHasA KoHIeHTparnysA 115 (108-122) o cpaBHEHUIO
¢ 108 (105-108) mmous/1! pu p<0,0001), KOTOpHIE
BIIOCJICICTBUY IIPUBOIWJIN K PA3BUTHIO TAIIEPXJI0pe-
MMYECKOI0 alui03a.

B mpocnektuBHom PKW E. Potura et al,
2015 [56] npoBOAUJIOCHE CpaBHEHME IIPUMEHEHUA
0,9% pacTBOpa XJIOpUIA HATPUSA U alleTaT-Ccomep-
sKalllero KpUCTAJIOUIHOIO PacTBOpa JJjioMess® y
150 marueHToB ¢ (pUHATBHOU CcTarel ToYeuHon

The study results showed that most of the pa-
rameters were within the reference ranges at all
time points. No intergroup differences in changes
in blood pH, bicarbonate, chlorine and lactate an-
ions were found. At the same time, differences in
blood cations revealed at the end of the operation
were noted. At this time point the level of sodium
in patients who received Sterofundin® was signifi-
cantly higher than in patients who received Jonos-
teril® (139.4+1.06 vs. 138.0+1.56 mmol/l at P<0.05),
but the clinical significance of this observation is
questionable. The results are presented in Table 6.

Statistically significant differences also were
registered in the base excess, one of the most in-
formative parameters of acid-base disorders; neg-
ative values of this parameter indicate base deficit,
which accompanies metabolic acidosis [31, 83]. In
patients who received Sterofundin®, at the mo-
ment of the operation termination, base deficit was
noted (-1.92+0.836 mmol/l); in patients who were
administered Jonosteril®, base deficit was less
marked (-0.41+2.079; p<0.05). Despite similar
changes in anion deficit reduction, patients who re-
ceived Jonosteril® had higher values of this parame-
ter than those who were administered Sterofundin®,
but it was rather a trend, than a dignificant difference
(19.8+2.87 vs. 17.7+2.20 mmol/l; P=0.0561).

The study demonstrated the comparability of
the effects of two balanced crystalloid solutions of
Sterofundin® and Jonosteril® with respect to the
changes in AB status with no significant differences
in the parameters of systemic hemodynamics, which
confirms successful achievement of the objectives of
fluid therapy with both crystalloid solutions.

Simple blind prospective RCT by D. A. Kazant-
sev et al., 2019 [58] was carried out with participa-
tion of 56 male patients aged 18-55 years who were
to undergo an elective abdominal surgery (liver re-
section, open bowel resection, duodenopancreate-
ctomy). Patients from the 1%t group received Jonos-
teril® solution as fluid therapy, patients from the 274
group were infused with an unbalanced 0.9%
sodium chloride solution. As a primary endpoint
the acid-base parameters were chosen (base excess
and chloride level). Other acid base parameters
measured during the study were bicarbonate con-
centration, pH and lactate level.

The study results showed that in the 24 group
of patients the severity of hyperchloremia and con-
comitant metabolic acidosis during the postoper-
ative period was significantly higher than in Group 1
patients: chloride level was 96.0+0.59 [91-101]
mmol/lin Group 2 vs 108.0+1.38 [97.1-121] mmol/I
in Group 1 (P<0.05). The bicarbonate level during
the administration and within 36 hours after the
end of infusion in the 2 group was 25.7+0.40
[23.1-28.8] mmol/l. In the 1%t group of patients
there was a gradual increase of this parameter to

22.7+1.21 [19-25.3] mmol/l (P>0.05).
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HEeJIOCTATOYHOCTH, KOTOPBIM MMOKa3aHa ITouyevyHasi
TpaHCIIaHTayA. Peayjnbrarel HCCIef0BaHUA
IIOKa3aJi¥, YTO Pa3JIMuhsA MesKAy IPyHIlaMu II0
KOJINYECTBY IIOJIyYeHHOH SKUJKOCTU CTAaTUCTUYe-
CKM He OTInYaauch — 2625 mJj (2000-3100 mi1) B
rpymne 0,9% pacTBopa XJ10pyuaa HaTpUA 110 CpaBHe-
HU10 ¢ 2500 M (2000-3050 mu1) (p=0,83). Hacrora
BO3HUKHOBEHUA IullepranneMun (yposeHb K B
CbIBOPOTKE KpPOBHU >5,9 MMOJB/JI) OTINYaJIaCh
MesKay I'pynnaMu MeHee dyeMm Ha 17% (17 u 21%,
p=0,56). MuHUMa/JIbHBIH YpPOBEHb HeIOCTaTKa
ocHoBaHmi (base excess, BE) Ob111 HU3KE B TpyIIIe
0,9% pactBOpa xyIopuaa HaTpus — -4,5 MMOJIb/JI
(-6—2,4) IO cpaBHEHUIO C -2,6 MMOJIb/J (-4—-1),
p<0,001, mpy 3TOM MAaKCUMaJIbHBIN YPOBEHB XJIO-
PHIOB Takske ObLIT OTMedeH B rpymire 0,9% pacTBo-
pa xsopuaa Hatpusa — 109 mmoss/g (107-111) o
cpaBHeHUIO ¢ 107 Mmmouib/ g1 (105-109), p<0,001. Cra-
TUCTUYECKU 3HAYUMOU Pa3HUIIbI KOHIIEHTPAIUU
KpeaTuHWHA U KOJIMYeCTBea BhIJeJasIeMON MOYHU
I0CJIe OTIepaIy He ObLIO YCTAHOBJIEHO.

B my6smkanmu C. A. Pfortmueller et al.,
2017 [57] 6BLT TIpeCcTaBEH MOATPYIIIOBON aHa-
J¥3a JAaHHBIX K3 IpeibIayllero MuccjaegoBa-
HUA [56]. [lepBUYHBIMU TOYKAMU CTAJIM OLleHKa
HeoOXOIMMOCTH MCITOJIb30BaHUsI Ba30IIPECCOPOB
n 3HayeHusA AJl. B rpynne 0,9% pactBopa xaopupa
HaTPUs NaleHTaM 3HAYNTEeILHO Jalle TpeboBa-
JIOCh Ha3HAaueHue KarexojJamuHOB — 30% 110
cpaBHeHuio ¢ 15%, p=0,03. CpenHee 3Ha4YeHUe
MUHHMaJbHOro AJl ObLJI0 3HAYUTEJHLHO HUKE B
rpymie 0,9% pacTBopa xjaopuga HaTpud — 57,2
(cpennee orkjoHenue (CO) 8,7) MM pT. CT. IO
cpaBHenwuio ¢ 60,3 (CO 10,2) MM pT. cT., p=0,024.

[1pu mouicke oTe4eCTBEHHBIX UCC/IEJOBAaHNI
obHapyxknIH 2 rcciaenoBanns [58, 59]. B uccieno-
Banuu Kasannena /. A., u 1p., 2018 [59] npoBoam-
JIaCh PETPOCIIEKTUBHAsA CPaBHUTEJIbHAS OIleHKA
BJIMSIHWS YaCTO Ha3HA4YaeMbIX alleTaT-cojepsKa-
X KPUCTAJIJIIOUTHBIX pACTBOPOB I/UIOHOCTepI/IJ'I®
u CrepodyHANH® Ha KUCJIOTHO-OCHOBHBIE U TeMO-
JIUHAMU4YEeCKHe IlapaMeTphbl y IIaleHTOB IIpU
NIPOBEIEHNN XUPYPrA4eCKUX BMeIIaTe/IbCTB Ha
OPIOIITHOM ITOJIOCTH.

HabJtromare1bHOE KOTOPTHOE MCCJIeIOBAHIE
ObLTO TIPOBeAeHO Ha 6a3e OTAe/IeHUsI peaHuMa-
MU U HTeHCUBHOM Tepanuu ['BY3 «BoJsrorpaj-
ckas obJacTHasd KJAMHUYECKas: 0oJibHUIa» Nel,
r. Boarorpaza. B ucciaenoBanme ObIJI BKJIIOYEH
51 MyX4yrHa B Bo3pacre 18-55 JjeT, KOTOpbIM
OBLJIO TPOBEIEHO IIAHOBOE OTIEPaTUBHOE BMeIIIa-
TeJIbCTBO Ha OpTraHax OPIONTHOM OJIOCTH (Pe3eK-
LM IIEYEHU, OTKPBITAS PE3CKIUA KUIIKY, Tyoe-
HOITAaHKPeaTaKTOMMUsI). [ lalieHThI, BKJIIOYeHHbBIE B
HccaeqoBaHue, OB PETPOCIEKTUBHO paseJie-
HBI Ha JiBe TPYIIIIbI B 3aBUCUMOCTH OT [10JIy9aeMON
nH(QY3UOHHOU Tepanuu. [larueHTH U3 IepBOU
rpynnsl (rpymnmna 1, n=23) moJjiy4yaau B KayecTBe

nHpysnonHo Tepanuu CrepodpyHaua® (b. bpayn

In patients of the 2" group the base excess de-
creased in parallel with decreasing of bicarbonate
level: the parameter reached the minimum (-
2.5+0.39) mmol/l at the moment of the operation
end (P<0.001), increased up to -1.2+0.72 mmol/l in
12 hours from the moment of the operation end
(P<0.01), and then leveled off, reaching 1.1+0.29
mmol/l. In patients, who received Jonosteril®, dur-
ing the postoperative period there was a tendency
to increasing the base excess up to 1.3+0.21 [-1-3.3]
mmol/l, which apparently was caused by acetate
intake and its antiacidotic effect. No statistically
significant differences in lactate level, ScvO,, SaO,,
Pa0,, or hemoglobin level were found.

Thus, the study showed that metabolic acido-
sis in the 24 group of patients was due to hyper-
chloremia and the resulting base deficit. The intra-
and postoperative changes in serum creatinine
and cystatin C levels were also assessed, the nega-
tive effect of hyperchloremia on kidney function
was revealed.

The use of acetate-containing balanced elec-
trolyte solutions containing inorganic ions (cal-
cium, potassium or magnesium), molecular glu-
cose, and buffer components (acetate, bicarbonate)
with reduced chlorine usually does not cause acid-
base disorders which is an important criterion for
choosing agent for fluid therapy.

It should be taken into account that the avail-
able information has been obtained in studies
comparing the majority of both acetate and lactate
containing solutions with 0.9% sodium chloride so-
lution, which is currently not recommended for
fluid therapy. Most studies use acid base status, he-
modynamic parameters, and renal function as pri-
mary and secondary endpoints, which allows to
draw conclusions about efficiency in relation to
several biochemical parameters. At the same time,
the issue of mortality reduction on acetate-contain-
ing crystalline solutions have not been fully eluci-
dated and require further study.

It should be noted that we analyzed the effects
of solutions from the List of Essential Medicines for
2020 [84], which currently includes 2 acetate-con-
taining crystalline solutions out of 5 included solu-
tions, which are marketed under several trade
names such as Acesol, Sterofundin® isotonic, and
only 1 lactate-containing solution (Ringer's lactate
solution). In November 2019, at a meeting of the
Commission of the Russian Ministry of Health on
lists of drugs for medical use and the minimum
range of drugs required for medical care in 2021,
another acetate-containing crystalline solution
(Jonosteril®) was included in the List of Essential
Medicines.

Several studies [49, 59] have demonstrated
comparable efficacy of various balanced solu-
tions which prompts cost-effectiveness issues
and more convenient formulations use. For ex-
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Table 6. Results of the study by D. Kazantsev, 2018 [59].

Parameters Groups Time point
Baseline After surgery After 12 hours
pCO,, mm Hg I 46.3+1.47 46.9+2.68 42.7+1.25
II 46.8+1.51 48.6+2.61 42.3+1.29
pH 1 7.40+0.006 7.42+0.015 7.42+0.009
1I 7.391£0.011 7.42+0.026 7.42+0.012
Bicarbonates, mmol/l I 20.4+3.29 23.4+2.72 25.7+1.79
1I 19.2+1.73 21.9+1.95 25.4+1.11
Base excess, mmol/l 1 0.17+1.039 -1.92+0.836 2.00+£1.279
II -0.11+2.168 -0.41+£2.079* 2.6+0.537
Lactate, mmol/l I 0.86+0.135 0.90+0.283 0.74+0.097
1I 0.93+0.149 0.90+0.220 0.71+0.158
Sodium, mmol/1 I 138.5£1.27 139.4+1.06 139.6+0.67
1I 137.3+2.52 138.0+1.56* 138.9+0.52
Chloride, mmol/1 I 96.8+3.35 98.3+2.01 98.8+1.48
II 96.2+4.05 96.8+2.65 97.1£1.95
Anion gap, mmol/l I 20.3+3.25 17.7+2.20 15.1+2.44
1I 22.2+3.47 19.8+2.87% 16.2+1.54

Note. The data are presented as mean + standard deviation; I — group of patients who received Sterofundin isotonic (1=23); Il — group
of patients who received Jonosteril (n=28); * — P<0.05 vs values in patients from group I; * — P=0.0561 vs values in patients from group I.
ITpumeuanue. Groups — rpyninsl; time point — nepuoz HabmoneHus; baseline — ncxonno; after surgery — mnociie onepanuy;
after 12 hours — uepes 12 y; base excess — U30bITOK OCHOBAHUI; anion gap — AedUIIUT aHHOHOB. [laHHbIe IIPeCTABJIECHbI B BUIE
cpeHero apugMeTH4ecKoro 3Ha4yeHus U CTaH1apTHOI0 OTKJIOHeHH; | — rpyna nanueHTos, noay4dasuux CrepodyHIuH 130-
ToHUYeCKU# (n=23); Il — rpynna rnanueHTosB, I0JIy4aBIINX I/UIOHOCTepI/IJI (n=28); * — p<0,05 npu cpaBHEHUU C IIOKa3aTeJseM, Io-
JIy4€HHBIM Y ITalfMeHTOB U3 rpymnsl I; # — p=0,0561 npu cpaBHEHNHU C IIOKA3aTesieM, II0JYyYeHHBIM Y MAaIlMeHTOB U3 IPyNkI 1.

MebaynreH Al TepmaHnus), ariieHThl 13 BTOPOH
rpymel (rpymmna 2, n=28) — Monocrepus® (dpeae-
Huyc Kabu Jloitumans I'm6X, Tepmanus).

JIBe rpymiibI ManreHToB ObLIA UCXOIHO COIIO-
CTaBHUMBI 10 TSYKECTU COCTOSHUS, OI[eHUBAEMOMY
Ha OCHOBAHMU IIKaJIbl ASA, BO3pacTy, Macce TeJsa
U IpyruM nokasaresisiM. CpaBHUTEJIHLHYIO OIIEHKY
a(pderToB nBYX cOATAaHCHPOBAHHBIX KPUCTAJLIIO-
HIHBIX PACTBOPOB IPOU3BOAUINA HA OCHOBAaHUH
anajsmm3a nokasateseil KOC 1 KJII04eBbIX TEMOIH -
HaMHUYeCKUX [TapaMeTpOB.

Peaysnbrarsl Mcc/ie[OBaHUS TOKAa3aJH, YTO
OOJIBIIMHCTBO MTOKAa3aTe el HaXOAUJIOCh B TIpefie-
Jiax pehepeHTHBIX 3HAYEHHI1 BO BCEX BPEMEHHBIX
TOYKax. MeKTPYNIOBbIX PAa3INYui B JUHAMUKeE
nameHeHus pH KpoBwH, copeprkanus 6mkapOoHa-
TOB, aHMOHOB XJIOpa 1 JIAaKTaTa He ObLJIO BBISBJIEHO.
B 10 sxe Bpemsi, oTMeYasIu pas3indus B KATHOHHOM
COCTaBe KPOBU, BbIABJIEHHbIE B MOMEHT OKOHYa-
HUA oniepariiu. B TaHHOI BpeMeHHOH TOuKe coiep-
sKaHMe HaTpHsA y HaIMeHToB, mosay4yaBmux Crepo-
(pyHarH®, OBLJIO CTATUCTUYECKU 3HAYHUMO BBIIIIE,
4eM y TaldeHToB, KOTOPLIM BBOAWIM VoHOCTe-
pui® (139,4+1,06 nporus 138,0+1,56 MMoJIb/J1 IpU
p<0,05), ojHAKO KINHUYECKast 3HAYUMOCTD TaHHO-
ro HabJII0/IeHNsI COMHUTeIbHA. Pe3y/bTarsl mpe/I-
CTaBJIeHBI B TA0JI. 6.

CraTucTHYeCKU 3HAaYMMBble Pa3/Inuns TaKKe
3aTpPOHY/IM N30BITKA OCHOBAHUM, OJTHOTO U3 HaW-
6oJs1ee MH(MOPMATUBHBIX ITOKa3areJseil Ipyu Hapy-
IIeHUsIX KIUCJIOTHO-OCHOBHOTO COCTOSIHUSA; OTPH-
narejgbHble 3HAUYEeHUs [JaHHOIO IIOKasaTesis
CBHUJIETEILCTBYIOT O le(DUINTe OCHOBAHU, KOTO-
PBIH COIIPOBOSKIAET PA3BUTHE META00INYECKOTO

ample, Jonosteril® is available in the form of self-
sealing bags (containers), which are «closed» in-
fusion systems. The use of closed systems lowers
the cost of treatment by reducing the need for an-
tibacterial drugs and the duration of hospitaliza-
tion, therefore, drugs in flexible self-sealing con-
tainers are the standard therapy in the United
States and Europe.

The review of domestic literature has shown
that to date there have been no cost-effectiveness
studies that would compare medical costs for fluid
therapy with various balanced acetate-containing
crystalline solutions. In several papers specific issues
of use of different compositions of balanced crys-
talline solutions were considered. Thus, R. I. Yagud-
ina, M. M. Murashko, 2013 [85] performed phar-
maco-economic analysis of different variants of
balanced crystalloid solutions, including acetate-
containing solutions such as Reamberin®, Ringer's
solution, Plasma-Lit® and Sterofundin® in patients
with acute peritonitis. However, the study has a num-
ber of methodological limitations. To confirm the re-
search hypothesis, the «cost-effectiveness» method
of pharmaco-economic analysis was used, where the
evaluation of efficiency criteria plays an important
role. The paper by R. I. Yagudina, M. M. Murashko,
2013 [85] proposed to use the proportion of peritonitis
patients who survived as a criterion of efficacy, while
the authors did not provide any references to the lit-
erature used and did not demonstrate the signifi-
cance of differences between the evaluated drugs.

Given the widespread use of fluid therapy, its
significant economic burden for the health care sys-
tem, conduction of clinical and economic studies to
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anunosa [31, 83]. ¥V nanueHTOB, nosay4aBmnx Cre-
podyHIUH®, B MOMEHT OKOHYAHUA OIlepanuu
OTMeYaJI BOSHMKHOBEHME Jle(pUITiTa OCHOBAaHUH
(-1,92+0,836 MMOJIB/J1); Yy MALIUEHTOB, KOTOPBIM
BBOIUJINA I/UIOHOCTepI/IJ'I®, neduIuT OCHOBAHUU
ObLT MeHee BbIpaskeHHBIM (-0,41+2,079; p<0,05).
HecMoTpss Ha CXOOHYI0O OWHAMUKY CHUYKCHUS
Jeduiyra aHUOHOB, Y AllMeHTOB, IIOJy4YaBIINX
I/UIOHOCTepI/IJ'I®, OTMeTHUIU 00Jiee BLICOKUE 3HaYe-
HU JaHHOTO II0Ka3areJisi, 4eM B IpyIIle [anyueH-
TOB, KOTOPBIM BBOAU/IN CTepOoyHIUH®, OOHAKO
pasiuuusg  HOCWJIMW  XapaKTep  TeHJAeHIUU
(19,8+2,87 nporus 17,7+2,20 Mmmouib/J1; p=0,0561).

[IpoBenenHOEe wmcciieqOBaHWE TIPOJEMOH-
CTPUPOBAJIO COMOCTAaBUMOCTb 3(P(PEKTOB IBYX
cOaJTaHCUPOBAHHBIX KPUCTAJIJIOUIHBIX PACTBOPOB
Crepodyuaun® u MoHocTepua® B OTHOLIICHHH
JIuHaMuKu nokasatesneidr KOC mpu OTCyTCTBUU
CTaTUCTUYECKU 3HAYUMBbIX PA3JIMUUi B IapaMeT-
pax CUCTeMHOM reMOJIMHAaMUKH, YTO MOJTBEPsK/Ia-
€T BO3MOYKHOCTb YCIIEIITHOTO TOCTHYKeHUs Iiesiel
WH(QY3UOHHOU Tepamuu NOpPU HCIOJIb30BAHUU
000UX KPUCTAIJIOUTHBIX PAaCTBOPOB.

[Ipoctoe cienoe npocnektuBHoe PR 1. A.
Kasanmesa u nip., 2019 [58] 661710 TPOBEIEHO C y4a-
cTueM 56 ITalMeHTOB MY>KCKOIO I10J1a B BO3pacTe

18-55 jeT, KOTOPBIM MPEACTOSJIO TIJIAHOBOE OTle-
paTuBHOE BMEIATeTbCTBO HAa OpraHax OpPIOITHOMN
MMOJIOCTH (pe3eKINsI NeYeHH, OTKPBITASl Pe3eKIHs
KHIIIKY, JyO4eHONIaHKpearakToMus). IlanyuenTsl
13 1-1 rpynnsl Mo/ay4yaau B KauecTBe HH(PY3UOH-
HOU Tepanuu pacTBOP I7IOHOCTepI/IJI®, namueHThbl
n3 2-i Tpynnbl — HecOamaHcupoBaHHBIN 0,9%
pacTBOp xJ10pHU/ia HaTpus. B kauecTBe mepBUYHON
KOHEYHOUW TOYKHU OBLIM BBIOpAHBI ITOKa3aTesu
KOC — mu30bITOK OCHOBAHWH U YPOBEHb XJIOpE-
muu. [Ipyrumu napamerpamu KOC, perucrpupye-
MBIMHU B XOJle MCCJIeJOBAaHUs, OBIIN KOHIIEHTPA-
nus 6ukapOoHara, pH u comepskaHue JJakTara.

Pesyserare! ncciaenoBaHus NIOKa3asd, 4To BO
2-1 rpymiIe NanueHToB BbIPaskeHHOCTh TUIIePXJIO-
pPEMUHM U COIYTCTBYIOIIETO METa00JIMIECKOTO
anmI03a B X0Jle MOCJe0nepanoHHOro nepuoaa
Obl7Ia CyIIeCTBEHHO BBIIIE, YEM Y TAIEHTOB 1-i
TPyl — CONEp)KaHue XJOPHUIOB COCTABUJIO
96,0+0,59 [91-101] MMoJb/a BO 2-U rpynme u
108,0+1,38 [97,1-121] mMoab/a B 1-i rpymnme
(p<0,05). Conmepsxanue bukapOoHarTa Ha (poHe BBe-
JleHUs1 U B TedyeHue 36 4 11ocjie OKOHYaHUsI UHQY-
3UM BO 2-U rpymiie cocTaBuio 25,7+0,40 [23,1-28,8]
MMOJIb/JI, B 1-Ii IpyIlle NalueHTOB 0TMeYaJloCch
IIOCTEIICHHOE YBeJUYCHNUE JAaHHOTO ITI0Ka3areJss
o 22,7+1,21 [19-25,3] mmous/a (p>0,05).

VY manueHToB 2-1 TPyIITbl BeJTMYrHa N30BITKA
OCHOBaHUI CHIYKAJIACh OJTHOHAIIPABJIEHHO C YMEHb-
IIIeHNEM COfiepyKaHusl OuKapOoHaTa: MoKasaTeshb
Jocruraj MuUHIMyMma (-2,5+0,39) MMOJIB/J1 B MOMEHT
OKOHYaHUA olepauuu (p<0,001), moBeIIANCA [0 -
1,2+0,72 MmMoOJIB/ 1 4epes 12 4 ¢ MOMEeHTa OKOHYAHUS

develop an optimal approach to organizing medical
care for patients is highly relevant nowadays.

Conclusion

Our systematic review show that a balanced
fluid therapy does not interfere with the physiolog-
ical water-electrolyte and acid-base balance, helps
to maintain homeostasis, leads to a decrease in in-
traoperative blood loss and reduces the risk of renal
dysfunction. The use of acetate as a buffer compo-
nent has a positive effect on renal and hepatic mi-
crocirculation and does not associate with the de-
velopment of metabolic alkalosis or does not cause
significant alterations in acid base status, and helps
maintaining the potassium level constancy in
blood. At the same time, the use of various acetate-
containing balanced crystalline solutions exhibited
comparable clinical efficiency.

Participation of the authors: . S. Krysanov—
development of the research concept, scientific ad-
vice, editing the text of the manuscript; V. S. Krysa-
nova — literature review on the topic, analysis and
interpretation of the results, writing the article;
V. Y. Ermakova — collection and processing of
material.

onepanuu (p<0,01), a 3aTeM BbIpaBHUBAJICH, TOCTH-
ras 1,1+0,29 MMoJIBb/J1. ¥V AIUEeHTOB, ITOJTy4YaBIINX
MonocTepun®, B XOme IOCJIEONEepPAIMOHHOTO
nepuoga orMeva/jd TEHOEHIWIO K IMOBLIIIEHUIO
n30bITKA OCHOBaHui 10 1,3+0,21 [-1-3,3] MMOJIB/J1,
YTO, MO-BUIAMOMY, 00YCJIOBJIEHO MOCTYILIEHUEM
arerara ¥ ero anThuanuaoTmdeckomy apdexry. Cra-
TUCTNYECKU 3HAYUMBIX paSJII/I‘{I/Iﬁ B CoAepRaHnNn
JlaKTaTa, BeJIMYMHax Imokaaarejen ScvO,, Sa0,, PaO,
Y CONlepsKaHNU TeMOTI00MHA He OBITIO BBISIBJIEHO.

Takum 06pa3oM, B MPOBEIEHHOM HCCJIE0BA-
HUM ObLJIO II0KAa3aHO0, YTO MeTa0O0JIMYECKUN allu-
J103 BO 2-1i TpyIIIie MaIlfueHTOB sIBJISLICS CJIEICTBU-
€M rUIepXJI0PEMUHN 1 BOSHUKAIOIIETO BCJIEICTBUE
nedwururta ocHoBaHUN. Takske ObLIa MpoBeaeHa
CpaBHHUTeJbHAsI OIleHKA JUHAMUKA HWHTPa- H
MTOCTOTIEPAIIMOHHOT0 U3MEHEHUST KOHIIEHT DAl
CbIBOPDOTOYHOI'O Kp€aTMHWHA W IUCTaTHUHA C,
KOTOpasi MoKasaJia HeraTUBHOE BJIUSIHUE TUTIEP-
XJIoOpeMuu Ha (PYHKIIMOHATBHOE COCTOSTHUE TI0YEK.

Hcmonb30oBaHMe arerar-coiepskammx coa-
JIAHCUPOBAHHBIX 3JIEKTPOJIUTHBIX PAacTBOPOB,
coJlepsKaIiX HEOPTraHUYECKe UOHBI (KaJIbIIHH,
KaJIMU WJIM MarHuii), MOJIEKYJISIPHYIO TUIIOKO3Y, 1
Oy(epHBbIe KOMIIOHEHTHI (arieTar, GmkapHoHAT) CO
CHI)KEHHBIM COJIEpPsKaHUEeM XJI0pa, Kak MPaBUJIO,
He BbI3bIBAET HAPYIIIEHUH I€JI0YHO-KUCIOTHOTO
OaJsiaHca, 4YTO SIBJISIETCST BAYKHBIM KPUTEPUEM TIPU
BbIOOpE JIEKAPCTBEHHbBIX IIPErapaToB JJisI IPOBe-
JeHn s NH(PY3NOHHOH Tepanuu.

CJIe,IIyeT NPpUHATH BO BHUMAHUE, YTO UMEIO-
[AsICSI Ha HACTOSIIUHA MOMEHT WH(pOpPMaIHsI
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IoJIydyeHa Ha OCHOBAHUM MCCJEJOBAaHUM, B X0OJie
KOTOPBIX CpaBHEHME OOJBIIMHCTBA KaK alleTar,
TaK M JIAaKTaT — COJiepsKallliX PacTBOPOB IIPOBO-
JHJIOCH 10 OTHOIIEeHUIO K 0,9% pacTBOpy XJ10puja
HaTpusl, IpUMeHeHWe KOTOPOro B HacToslIlee
BpeMs He peKOMeHAyeTCsI B KaueCcTBe UH(PY3UOH-
HOU Tepanuu. B OOJBITUHCTBE UCC/IETOBAHUN B
Ka4yeCTBe€ IIePpBHUYHBIX W BTOPHUYHBIX TOYEK
HCIIOJIB3YIOTCA okasaresau KOC, reMoguHamMuKy
1 MOYeYHOU (PYHKIMHU, UTO MO3BOJsIET JeJiaTh
BBIBOJIBI 00 3(h(EKTUBHOCTH B OTHOIIIEHUH T1€JI0-
ro psga OMOXMMUYECKHX IToKa3aresieil. [Ipu atom
BOIIPOC O CHUKEHUe JIETAJIbHOCTU Ha (pOHe Npu-
MeHeHMUs1 alleTaT-CoJepsKalluX KPpHUCTaIIONIHbBIX
pacTBOpPOB B HACTOsiIIlee BpeMsl OCBeIlleH HeJlo-
CTaTOYHO ¥ TpeOyeT qaabHEeNIIero n3y4eHusl.

OT,ZIe.J'IbHO CTOUT OTMETUTD, YTO MbI aHAJIN3U-
poBaJsin 3¢pPeKrThl pacTBOPOB U3 IlepeyHs sKku3-
HEHHO HeOOXOUMBIX U BayKHEHUIIINX ITperapaTon
(*KHBJIIT) 1a 2020 rog, [84], B KOTOPBII HA HACTOS-
I MOMEHT U3 5 BKJIIOUEHHBIX PACTBOPOB BXOJUT
2 aneTaT-cofepsKaluxX KpUCTAIIIOUAHBIX PACTBO-
pa, KOTOPBIM COOTBETCTBYET HECKOJIBKO TOPTOBBIX
HauMeHOBaHUH, HallpuMep, Attecosib, CTepodyH-
IUH® N30TOHUYECKUH, U TOJIBKO 1 JIaKkTaT-Ccofiep-
skamui (pactBop Punrepa stakrar). B HosiOpe 2019
roja Ha 3acefaHuu komuccuu Munsapasa Poccun
10 (POPMHUPOBAHUIO IlepeyHel JIeKapCTBEHHBIX
IpernaparoB i MEAUIIMHCKOTO IpPUMeHeHUs U
MUHUMAJIBHOTO aACCOPTHUMEHTA JIEKAPCTBEHHBIX
IpernapaToB, HEOOXOMUMBIX /TSI OKa3aHUsA MEeIH-
WHCKOU oMoty Ha 2021 roj, OBIO MPUHSTO
pellleHVe O BKJIOUYEHWM ellle OJHOIo arerar-
COoZlepsKalllero  KPUCTAJJIOUJHOTO  pacTBOpa
(Monocrepua®), B mepedyess YKHBJIIL.

B pamkax HeCKOJIbKUX HccaegoBaHui [49, 59]
ObLTa TPOJEMOHCTPHpPOBAHA COMOCTAaBUMAas
3¢ HEeKTUBHOCTL TPpUMeHEeHUSI COATaHCUPOBAH-
HBIX PaCTBOPOB PAa3HOI'0 COCTaBa, IPU 3TOM BO3-
HUKAaeT BOIIPOC ONITUMU3AIUHY 3aTpar Ha TePaInIo,
a TaksKe MCI0JIb30BaHue HoJiee yIoOHBIX (hopM
BBITycKa. Hampumep, MloHOCTepuia® BhIMyCcKaeTcs
B (popMe caMocTiaIatoIUXCs MEIITKOB (KOHTEHHe-
pPOB), TIPEACTABJSIONINX COOON «3aKPBITHIE»
MH(]Y3MOHHBIE CUCTEMBIL. VICII0/Ib30BaHNe 3aKpbI-
THIX CUCTEM ITI03BOJISAET CHU3UTH CTOUMOCTD JIeue-
HUS 33 CUeT COKpaIleHNsI HeOOXOIUMOCTH IpuMe-
HeHUsI aHTHOAKTEepHWaJbHBIX IIPEernapaToB H
IJTATETFHOCTU TpeObIBaHNsI O0JIBHOTO B CTAIHO-
Hape, I09TOMY IIpeTaparkl B THOKUX caMOCIagalo-
IIAXCSI KOHTeHepax sABJISIIOTCS CTaHAAPTOM Tepa-
muu B CIIIA u EBpore.

O0630p OTeYeCTBEHHOM JINTEPATYPHI MTOKA3aT,
YTO Ha HACTOSIIIINI MOMEHT He ObLIIO ITPOBEIEHO KJTH-
HUKO-9KOHOMUYECKUX HCCJIEJOBAHUM, B KOTOPBIX
IMPpOBOOUJIOCH ObI CpaBHEHHME MEIUITUHCKUX 3aTrpar
Ha MH(Y3MOHHYIO TEPAITHIO C TIPYMEHEeHEeM Pas3JIny-
HBIX cOaTaHCUPOBAHHBIX alleTar-CofepsKaliiX KpH-
CTaJIIONIHBIX PACTBOPOB. B psime pabdor Ob11H pac-

CMOTPEHBI OT/Ie/THHBIE BOITPOCHI TPYMEHEHsT Pa3yIid-
HBIX IO COCTaBy COATAHCHPOBAHHBIX KPHCTA/IJIONTHBIX
pactBopoB. Tak, frymunoii P M., Mypaiiko M. M.,
2013 [85] O6b11 mpoBeaeH (hapMaKOIKOHOMUYECKUHI
aHaJIM3 ITPUMEeHEeHNs Pa3JIMYHbIX BApUAHTOB, cOa-
JIAHCHPOBAHHBIX KPHCTA/IJIOMIHBIX PACTBOPOB, B TOM
YHCJIe U alleTar-coiepykammx — PeambepuH®, pac-
TBOpa Punrepa, I1nasma-J/Iut® u Crepodpynaun® y
MAI[EHTOB C OCTPBIM ITEPUTOHUTOM. OTHAKO, TIPOBe-
JleHHOe WCCefoBaHe MMEET Psifi OTPaHUYeHUH,
CBSI3aHHBIX C METO/IOJIOTHEN ero IPoBeleHNs], I
TIOJITBEPIKIEHNS MCCIIe]0BATEIbCKON TUIIOTE3HI B
pabore ncmob3yercs MeTor (papMaKkOIKOHOMMUYE-
CKOT0 aHAJIN3a «3aTPaThI-a(p(PEeKTUBHOCTH», B paM-
KaX KOTOPOTO BayKHAsI POJIb OTBOJIUTCS OIIEHKE KPU-
TepueB addexTuBHOCTU. B padore Arynunoii P 1.,
Mypamko M. M., 2013 [85] B KauecTBe KpuUTepus
a(pderTrBHOCTH OBLIO MPEJTIOSKEHO MUCIOJIH30BATh
JIOJTIO BEKUBIIIVIX AI[IEHTOB C IEPUTOHUTOM, TIPU
9TOM B paboTe He TPUBOAUTCS CCHIJIOK Ha MCIIOJIB30-
BaHHYIO JIUTEPATYPY, a TaKsKe HET YKA3aHUsI O TOM,
YTO MpUMeHeHNe aHATM3UPyeMBbIX IIPEIapaToB 00J1a-
JTaeT CTaTUCTUYECKU JOCTOBEPHBIMU OINYNAMU.

C y4eToM HIMPOKON PacHpOCTPAaHEHHOCTHU
NIpYMeHeHUs1 MHQY3UOHHOU Tepanuy, ee 3Ha4U-
TEJIbHOTO0 9KOHOMHUYECKOT0 OpeMeHH JIJIsI CHCTe-
MBI 3JPAaBOOXPAHEHMUS], B HACTOsIIIlee BPeEMsI BO3-
HUKAeT BBICOKAsl aKTyaJbHOCTb IIPOBEIEHUsI
KJINHUKO-3KOHOMHYECKUX M CCIeI0BaHUN, T03BO-
JITIONTVX pa3paboTarb ONTUMAaJIBHBIA MTOAXOM K
OpTaHU3aIX MEeTUIIMHCKOHN TOMOIIIH aI[1eHTaM.

3akJrouenue

B xofe crucTremMaTieckoro o63opa rmokasaJiu,
4yTO cOAJTAaHCUPOBAHHBIN PEKUM WH(OY3NOHHOHN
Tepanuu He HapyuiaeT pU3N0JIOTUUYECKUN BOITHO-
asiekTpoauTHBIN Oamanc u KOC, cnocobcTByeT
COXpaHEeHUI0 TOMeOoCTas3a, a TaKkyKe MPUBOIUT K
YMEHBIIIEHUIO 00'beMa NHTPaOoTIePaIlMOHHOHN KPO-
BOIIOTEPU U CTEeNEeHU IOYeYHOU MUCPYHKIUU.
Vcnonb30BaHMe arerara B kayecTBe OydepHOro
KOMIIOHEHTa OKa3bIBAET IOJIOKUTEIbHOE BJIUSI-
HUe Ha [I0YeYHYI0 U IeYeHOUYHYIO0 MUKPOIIUPKYJISI-
IIMIO, HEe CBSI3aHO C Pa3BUTHEM MeTa00JIMYECKOTO
aJKaJio3a, He TPUBOAUT K 3HAYUMbBIM H3MEHEe-
HusAM KOC 1 cnoco6CTByeT COXpaHEHUIO CO/iep-
SKaHMS Kajusl B CBIBOPOTKE KPOBU Ha MPEKHEM
ypoBHe. [Ipu 3TOM IpruMeHeHVe pa3/INYHbIX alle-
TaT-CojlepsKaInX cOaIaHCUPOBAaHHBIX KPUCTAJI-
JIOUTHBIX PACTBOPOB 00JIaaeT COIIOCTaBUMBIMU
MOKa3aTeJIIMUA KIMHNYECKON 9 (HEKTUBHOCTH.

Yuacrue aBTopos: 1. C. KpricaHoB — paspa-
00TKa KOHIIENIINH MCCIelOBaHNsA, Hay4YHOe KOH-
CyJIETUPOBaHUE, peJaKTUPOBaHUe TEKCTa PyKOIIN-
cu; B. C. KppicaHoBa — 0030p JiuTepaTyphl IO
TeMe, aHAJIM3 U HHTEpIpeTanusi pe3yJbTaToB,
Hanucanue cratby; B. 0. EpmakoBa — cbop u

oOpaboTka marepuaJsia.
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HexpoJuor

IMamsaTu TostoBOM
Caer1anbl BajiepisstHOBHBI

In Memory of Svetlana V. Tolova

5 Hos10ps 2020 roga Ha 93-M roay yuuia us
sxkn3HU CeemiaHa BanepuanosHa TosioBa —u3BecT-
HBIH yUeHbIl U 3aMeuaresbHbIN YesioBek. CTapeii-
muii corpygHuk HIU o0iiell peaHnMaro10ruy,
OHa CTOs1J1a Y UCTOKOB 3apOKIeHN HAaYKU peaHu-
MaToJI0ruy, Obljla BepHbIM COpAaTHUKOM Buagu-
Mmupa Anexkcanaposrnya Herosckoro.

CBetriiana BasmepuaHoBHa popujach B IO-
ponie IOpbeBert MiBaHOBCKOU 00J1acTu 25 heBpasis
1928 roma. B 1951 rogy okonumsa 1-i1 MoCKOBCKUi
MeIUIIMHCKUUA UHCTUTYT uM. V. M. CeueHoBa 1o
CITENTUATBHOCTH Bpad-sieueOHuK. C 1951 mo 1956 rop,
paborana B r. Kaparanze, cHauasa BpauoM-Tepa-
TIEBTOM B 00JIACTHOM OOJTLHUIIE, 3aTEM aCCCTEHTOM
kadeapbl HopMaJibHOU puauooruu Kaparanams-
CKOTI'0 MEeIUIMHCKOro nHeTuTyTa. [locse Bo3Bpaitie-
Husi B Mocksy C. B. TosioBa padorasna B (pm3nosioru-
yeckoy rpynme npu AMH CCCP, pykoBogumoii
wi.-kopp. AMH CCCP npod. A. 1. CMmupHOBBIM. B
1961 rony oHa Obla mpurIalieHa B Jlaboparopuio
9KCIEPUMEHTATbHOMN (PU3MOJIOTUH 10 05KUBJIEHUIO
opranusMa ipu AMH, Bo3miasisiemyto B. A. Heros-
CKUM, TJle MHOTO JIET YCIIENTHO paboTasta of pyKo-
BOJCTBOM Ipoeccopa Anekcanapa MaproBuua
I'ypsuua. C. B. TosioBa usyuasna npobseMbl UCKyC-
CTBEHHOU BEHTHUJISIIUU JIETKUX, UCKYCCTBEHHOIO
KpOBOOOpaIeHusi, HuccaenoBaga IMOCTpeaHnMa-
LIMOHHBbIE HapylleHUsl (QPYyHKIUN [eHTpaJIbHOU
HEPBHOU CHCTEMBI, Obl1a COAaBTOPOM M300peTeHMsI
«YCTpOMICTBO AJIs1 peryJIupoBaHusi CEPAEUYHO-COCY-
nucroil nesitesbHOCTIY». B 1968 romy C. B. TostoBa 3a-
IIUTHAJIA KaHJUOATCKYI0 OUCCEePTaliui0 Ha TeMy:
«CTpyKTypa ObIXaTeJIbHOI'O aKTa IIPU YMUPAHUU U
oskuBJeHNUN opranuama». C. B. TosmoBa — aBTOp
60 rmeyaTHBIX padbOT 10 (PU3WOJIOTUH U TATO(PU3NO-
JIOTUM BHEIIHEro IbIXaHUS U KPOBOOOpallleHus,
00IIIMM BOTIPOCaM PeaHNMAaTOJIOTHH.

Ha nporsayxkennu mHorux jet CeemiaHa Baiie-
pUaHOBHA YCIELIHO COBMelllaja Hay4YHyIo padoTy
C Ile1aroru4ecKod NesITeJIbHOCTBIO (UUTaJa JIeK-
nuu caymaresiaM LlearpansHoro MHCcTUTYTa YCO-
BepiieHcTBoBaHusA (LINY) Bpaueii, momorasia Mo-
JIOABIM y4YEeHBIM WHCTUTYTA), PeJaKI[MOHHOU
paboroii (MpuHUMaJa y4acTue B COCTaBJIEHUH U
penakTupoBaHuu 2-ro U 3-ro u3gaHusa «OCHOB
peaHuMaroJIOrun»), a TaKKe y4acTBOBaJIa B OCY-
IIeCTBJIEHUH MEKAYHAPOLHOI0 COTPYAHUYECTBA.

B cepenune 80-x rogos C. B. Tosoa nieperiia B
Hay4YHO-OPTraHU3allMOHHbIA oTaen Muactutyra. U
3J1eCh OHA OKa3aJ/lach He3aMEHUMBIM COTPYIHUKOM,
NIpUHUMAJIA yYaCTHE B OpraHu3anyu U IpoBeeHnun
KOH(pEpeHIINIT ¥ CHMITO3UYMOB, BBITIOJTHsIIa PaboTy
TI0 PETAKTIPOBAHUIO COOPHUKOB PabOT COTPYTHIUKOB
WHcTrTyTa, TE3UCOB ¥ COOPHUKOB TOKJIA/IOB MEKTY-

HapOIHBIX KOH(pepeHIH U CHMITO3UyMOB I10 BOITPO-
caM 9KCIepUMeHTAIbHOM 1 KIMHNYECKOU peaHnMa-
ToJiorun. baaromapsa ycnnuam Ceewianbl Basnepua-
HOBHBI OBIJT CO3/IaH U COXpaHeH apxuB MHCTUTyTa
obr1ieit peannMaroJioruu um. B. A. Herosckoro.

Caemrany BasiepnaHOBHY OT/IYAI0 HEOOBIKHO-
BEeHHOe TPYI0JI001e, OTBETCTBEHHOCTh, MHUIIATHB-
HOCTB, IPEIaHHOCTH K CBoeMy JeJry. OHa I10JIb30Ba-
JIach 3aCJTy>KEHHBIM YBa’KEHHEM U JTIOO0BBIO BCEX,
KTO ee OKPY>KaJl, ¥ TeX, KTO C Hell paboTaJl, He TOJIbKO
3a BBICOKUH ITpodeccruoHaIN3M, HO U 32 CBOU He-
OOBIKHOBEHHBIE YeJI0BeYeCKHe KadyecTBa — YyT-
KOCTb, OT3bIBUNBOCTB, JIOOPOTY, UHTEJUINTEHTHOCTb.

Ceemrana BasmepmnanoBHa Obl1a YIUBUTETh-
HBIM, IyXOBHO OYeHb CUJbHBIM 4YeJjIoBeKOM. Eil
IIPULJIOCH [IePEHEeCTH HEeCKOJIBKO TAYKeJIbIX OIle-
paIuii, Ho 0OHa MY’KECTBEHHO 00pOJIach C Hemy-
ramu. Jlo koHIIa cBoux nHel CBeTiaHa Banepua-
HOBHA COXPaHsJa OTPOMHBIN NHTEpeC K YKU3HHU, K
ycIiexaM CBOMX OBIBIITUX KOJIJIET U K HAYYHOU JIesi-
TeJbHOCTH WHCTUTYTA, 32 KOTOPBI OHA BCeM
cepaueM nepeskusasia. CBeriaHa BasepuanoBHa
OblJ1a OYEeHBb CBET/IBIM, JIOCTOMHBIM YE€JIOBEKOM.
Omna HaBcernaa ocTaHeTcsl B Halllel NaMsATH.

Pedaryus scypranra «Odbujas peanumamoJo-
2us», Koaaekmue Hayuno-uccaedosamenbCckozo un-
cmumyma obwetl peanumamoao2uu um. B. A. He-
206ck020 ®HKI] PP, 0py3vs u koanrezu Céemaanbl
Banepuaroenvt — Moavuanos H. B., boaakuna Il K.,
Aspyuwienko M.III., Bracenko A.B., bpamuujes H. B.,
Henesa B. B., Kamenckas B. H., Anarnvesa C. K., Tpy-
6una H. E., Kupcarosa A. K., Hosodepackuna H. C.,
Bacunvesa T. H., Bacuaenkxo H. H., 3anaam-
KuHa A. H. — evlpaxcarom uckpeHHue coboes-
Ho8aHusi poOHvIM U Oau3kum Ceemaarvt Bane-
pPUAHOBHDBL U CKOPOSIM 8mechnie ¢ HUMU.
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WNoHocTepun

Kanua aueTar + Kanbums aLerar + MarHua auertat + Hatpus auerat + Hatpus xnopug

COanaHCc1pOBaHHBI BOGHO-3MEKTPOMUTHLIN
PACTBOP gNa NHY3UI

« COQgep)XuT NOHBI B (DN3MOMNOTNYECKM ONTUMAanbHOM
COOTHOLLIEHWM, NPUOMMMEHHOM K Niasme Kposn!

B 500mn
Wonoctepun
Aana wwy:ni:

« {BNAeTCa U30TOHMUYHBIM?

« CogepxaHue aLetata obecrneymsaet
aHTMALIMGOTUHECKII SCDADEKT?
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HDEQCTGBHGHH:M Matepuan npegHasHa4eH UCKNKYNTENbLHO gna Cneuwanucros 3QDBBOOXD&HE-MQ, He MOXET UCNonb30BaTtbCa UHBIMK NMUAMK, B TOM 4Yucne
gna 3aMmeHbl KOHCYMbTauuu C BPa4YOoM U gnd MNPUHATUS peLleHus O NPUMEHeHUU YKa3aHHOM B Matepuane HDOQW\LMVI KoMnaHuu. HDOQ\/KL\MQ, YKa3aHHas
B gaHHOM MaTtepuane, ABnyaeTca nekapcrBeHHbIM CPpegcTBOM, UMEEeT NPOTUBOMNOKA3aHUSA K MPUMEHEHUIO N UCMOMNb30BaHMIO. ﬂepeg \/"IOTDGGJ'IGHV\EM HEOGXOQV\MO
03HAKOMUTBLCSH C UHCTPYKLIKEW MO NMPUMEHEHWIO.
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