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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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Knunudeckue uccjaeqoBaHud U IIPpaKTUKaA

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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Puc. 3. [luHaMHYecKasA XapaKTePHCTHKA H3MEHEHHI COCTOAHNA 3/[0POBbs1, OPTaHHBIX HAPYIIeHHWH 1 ep(y3HH J0 H Iocje
reMocoponum.

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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Puc. 6. Coep:kanne 3JHJOTOKCHHA U IPOBOCIIATUTEIHHBIX OMOMapKePOB B KPOBH.
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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Puc. 7. KosimuecTBeHHbIE H3MEHEHHS COJIep>KaHM s KJIETOK MMMYHHOH CHCTEMBI B X0/1€ JIeYeHHU 1.

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

GENERAL REANIMATOLOGY, 2020, 16; 6

www.reanimatology.com



48

https://doi.org/10.15360/1813-9779-2020-6-31-53

Clinical Studies and Practice

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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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.
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