www.reanimatology.com
ISSN 1813-9779 (print)
ISSN 2411-7110 (online)

[

OBIIIAA
PEAHUMATOJIOTUA
GENERAL REANIMATOLOGY

HAYYHO-TIPAKTMYECKIM M SJKYPHAA

Scientific-and-Practical Journal

Tom 12 Volume 12
Ne 6

Mocxksa
Moscow

2016






ISSN 1813-9779 (print) ISSN 2411-7110 (online)

OBIIIAA PEAHUMATOJIOIUA
HAYYHO-TIPAKTUYECKMUM KYPHAA

GENERAL REANIMATOLOGY

Scientific-and-Practical Journal

IJIABHbBII PEJTIAKTOP

EDITOR-IN-CHIEF

B. B. MOPO3,

Bacayocennwviil desimens nayxu PO, uren-xoppecnondenm PAH,
npogeccop, Hayunvlii pykosooumens
Hayuno-ucciedosamennckozo uncmumyma
obueti peanumamonozuu um. B. A. Hezoeckozo

Viktor V. MOROZ,

MD, PhD, DSc, Professor, Corr. Member of RAS,
Honored Scientist of Russia, Scientific Director,
V. A. Negouvsky Scientific
Research Institute of General Reanimatology

SAMECTHUTEJIN ITTABHOI'O PEJAKTOPA

DEPUTY EDITOR-IN-CHIEF

I. A. PABOB,
Arademur PAH, npogheccop, enasnwlii nayunoiii cCompyonux
Hayuno-uccredosamenvckoeo uncmumyma
obwetl peanumamonozuu um. B. A. Hezosckozo

A. M. TOJIYBEB,
Bacayocennviii dessmens nayku PO,
npogeccop, 3am. dupexmopa no nayunoi padome
Hayuno-ucciedosamennckozo uncmumyma oouwell
peanumamonozuu um. B. A. Hezosckozo

Gennady A. RYABOV,
MD, PhD, DSc, Professor, Member of RAS
Chief Scientist, V. A. Negouvsky Scientific
Research Institute of General Reanimatology

Arkady M. GOLUBEYV,
MD, PhD, DSc, Professor,
Honored Scientist of Russia,
Deputy Director (Science), V. A. Negovsky Scientific
Research Institute of General Reanimatology

PEAAKLIMOHHAS KOAAEI'MA

N. T. BOBPUHCKAA,

npogeccop Kagpeopol anecmeuoIouUL-peanumMamonozuil
Mocxoeckozo zocydapcmeentozo
MEOUKO-CIOMAMONOZUYECKO20 YHUBEPCUMEMA

JI. BOCCAPT,
npogheccop, unen KoHCYIbmamusnozo Komumema
Esponeiickozo cosema no peanumavyuu, beaveus

A. A. BYHATAH,

axademux PAH, npogheccop, 3asedyrouguii omoenom
anecmesuonozuu-peanumamonoeuu Poccuiickozo
Hayunozo yenmpa xupypzuu um. b. B. llemposckozo,
npogheccop KageopvlL anecmesuon02u-PeaHuMamonrozuy
Ilepsozo Mockosckozo 20cydapcmseninoeo MeOuUUnHcKozo
ynusepcumema um. U. M. Ceuenosa

0. A. IOJINHA,

npogeccop Kageopvl anecmesuon0euU -peaHuMamonozuy
Ilepeozo Mockosckozo zocyoapcmeennozo
meduyunckozo ynusepcumema um. M. M. Ceuenosa

A. A. 3BSITHUH,
npogheccop, enasuvlil nayunviil compyonux Uncmumyma
xupypeuu um. A. B. Buwnescrozo, (Mocxea)

B. JI. 3EJIbMAH,

axademur PAH, npogheccop,

3a68. omoeneHueM HelIPOAHeCMe3UoI0zulL, NPOPEccop HeBPOT0ZUU
u netipoxupypeuu, Meouyuncrkas wxora Keck, CIIIA

H. A. KAPIIVH,

0.M.1., Bamecmumeny 21a6H020 8PAUA MO MEOUYUHCKOT YACTIU
Topodckoii kiunuueckoil 60ipHULbL

Ne 68 Jlenapmamenma 30pasooxpanenus 2opooa Mockewl

H. A. KO3JI0B,

npogeccop, 3a8. HAYUHO-0P2AHUSAUUOHHDIM OMOETOM
Hayuno-uccredosamenvckoeo uncmumyma

obwett peanumamonozuu um. B. A. Hezosckozo

A. H. KOPHUEHKO,

0.M.H., HAUAILHUK omOereHus kapouopearnumayuu Ilenmparvnozo
B0EHN020 KAUHUUECK0Z20 2ocnumaisi Ne 3

um. A. A. Buwnescxozo Munucmepcmea o6oponst Poccuu

II. KOXAHEK,

npogeccop, pyxosodumenv Ilenmpa uccredosanuii

npobaem peanumamonozuu um. I1. Cagpapa, Ynueepcumem
ITummcoypea, CIIIA

B. B. IUXBAHIIEB,

npogeccop, 3as. peanumamonozuueckum omoerom Mockoeckozo
0611aCmIL020 HAYUHO-UCCIEA0BAMENVCKO20 KIUHUUECKOZO
uncmumyma um. M. @. Bradumupcrozo

EDITORIAL COUNCIL

Irina G. BOBRINSKAYA,

MD, PhD, DSc, Professor, Department of Anesthesiology
and Reanimatology, Moscow Medical

Dental University (Moscow, Russia)

Leo L. BOSSAERT,
MD, Professor, Member, Board of Advisory Committee, European
Resuscitation Council University of Antwerpen (Belgium)

Armen A. BUNYATYAN,

MD, PhD, DSc, Professor, Member of RAS, Head, Section

of Anesthesiology and Reanimatology, B.V. Petrovsky Russian
Research Surgical Center, Professor, Department

of Anesthesiology and Reanimatology,

1. M. Sechenov 1* Moscow

State Medical University (Moscow, Russia)

Olga A. DOLINA,

MD, PhD, DSc, Professor, Department of Anesthesiology
and Reanimatology, 1. M. Sechenov 1* Moscow State
Medical University (Moscow, Russia)

Alfred A. ZVYAGIN,

MD, PhD, DSc, Professor, Chief Scientist, A. V. Vishnevsky
Institute of Surgery (Moscow, Russia)

Vladimir L. ZELMAN,

Member of RAS, Professor, Director of Neuroanesthesia,
Keck School of Medicine, Professor of Neurology and Neurological
Surgery, Keck School of Medicine (USA)

Nikolai A. KARPUN,

MD, PhD, DSc, Vice-Chairman in Anesthesiology,

the 68" Moscow City Hospital

(Moscow, Russia)

Igor A. KOZLOV,

MD, PhD, DSc, Professor, Head, the Research managing Section,
V. A. Negousky Scientific Research Institute

of General Reanimatology (Moscow, Russia)

Andrei N. KORNIYENKO,

MD, PhD, DSc, Head, Cardiac Intensive Care Unit,

the A. A. Vishneuvsky Central Military Clinical

Hospital Ne3, Russian Ministry of Defence (Moscow, Russia)

Patrick M. KOCHANEK,

MD, FCCM, Professor, Director, P. Safar Center

for Resuscitation Research, University of Pittsburgh School
of Medicine (USA)

Valery V. LIKHVANTSEYV,

MD, PhD, DSc, Professor, Head, Reanimatology Department,
M. F. Viadimirsky Moscow Region

Clinical Research Institute (Moscow, Russia)




E. A. TYKHHUKOB,

axademurx PAH, npogheccop, 3a8. nayunvim omoerom ieuenus
ocmpoix ompagienuil Hayuno-uccredosamenvcrkozo uncmumyma
ckopotl nomowu um. H. B. Cxnughocosckoeo /lenapmamenma
30pasooxpanenus 20poda Mockeul

I0. B. MAPYEHKOB,

.M., 3a6. omoenenuem peanumamonozuu [opoocxkoii
Kaunudeckoi 6orvnuyvl um. C. I1. Bomkuna
Jlenapmamenma sopasooxpanenus 2opoda Mockevt

0. B. HUK®OPOB,

npogeccop, 3a8. KIUHUUECKUM OMOCTOM
Hayuno-uccredosamenvckozo uncmumyma
obuwetl peanumamonozuu um. B. A. Hezosckozo

H. ®. OCTPEIIKOB,

npogeccop, 3as. Kagedpou arecmesuon0euU, PeaHUMAmoI0Zuy
u mokcuxonozuu Poccutickoti meouyunckot axademuu
nocaeduniomnozo obpasosanus (Mockea)

I. B. IOPA/IUH,

unen-xoppecnondenm PAH, npogeccop, 3as. kagedpoii
namonozuueckou gpusuonozuu Poccuiickozo nayuonanwiozo
Ucce008amennrekozo MeOUUHCKo2o ynusepcumem um. H. U.
ITupozosa Munsdpasa Poccuu

B. . PEHIETHAK,

npogheccop, yuenvlil cexkpemapn
Hayuno-uccredosamenvckozo uncmumyma oouiet
peanumamonozuu um. B. A. Hezoecxozo

C. B. CBUPH1/10B,

npogeccop, 3as. Kagedpoi anecmesuon0eUU -PeaHUMAMOL0ZUU
Poccutickoz0 HauuOHaIbHOZ0 UCCIEO08AMENIHCKO20
Mmedunurckozo ynusepcumema um. H. U. Iupozosa, (Mockea)

C. E. XOPOIIINJIOB,

0. M., HAUATLHUK OMOeLeHUS 2eMOOUAIU3A
Tasno0z0 60em11020 KIUNUYECKO20 20CNUMATLS
um. H. H. Bypdenxo

A. M. YEPHDIIII,

npogpeccop, 3as. rabopamopueti GuopuauKu
MeMOPan KAemox npu KpUmuueckux coCmosiHusx
Hayuno-uccredosamenvckozo uncmumyma
obwetl peanumamonozuu um. B. A. Hezosckozo

I0. JI. IEBYEHKO,

axademux PAH, npogheccop,

npesudenm Hayuonaiwnozo Meouxo-xupypeuueckozo

uyenmpa um. H. 1. llupozosa

. B. IPEMA,

unen-xoppecnondenm PAH, npogeccop, 3as. kagedpoti xupypzuu
Mocxoeckozo zocyoapcmeeniozo

MeOUKO-CINOMATNOI0ZUYECKOZ0 YHUBEPCUMEMA

Evgeny A. LUZHNIKOV,
MD, PhD, DSc, Professor, Member of RAS, Head, Research Section
for the treatment of acute poisoning, N. V. Sklifosofsky Moscow
Research Institute of Emergency Medicine, Chief toxicologist,
Russian Ministry of Public Health (Moscow, Russia)

Yury V. MARCHENKOV,

MD, PhD, DSc, Head, Intensive Care Unit,

S. P. Botkin Moscow City Hospital

(Moscow, Russia)

Yury V. NIKIFOROV,

MD, PhD, DSc, Professor Head of clinical department
V. A. Negousky Scientific Research Institute of General
Reanimatology (Moscow, Russia)

Ivan E. OSTREYKOV,

MD, PhD, DSc, Professor, Head Department of Anesthesiology,
Reanimatology and Toxicology, Medical Academy

of Postgraduate Education, (Moscow, Russia)

Gennady V. PORYADIN,

MD, PhD, DSc, Professor, Corr. Member of RAS,

Head, Department of Pathological Physiology,

N. I. Pirogov's Russian National Research Medical

University (Moscow, Russia)

Vasily I. RESHETNYAK,

MD, PhD, DSc, Professor, Academic Secretary, V. A. Negovsky
Scientific Research Institute of General Reanimatology
(Moscow, Russia)

Sergey V. SVIRIDOV,
MD, PhD, DSc, Professor, Head, Department of Anesthesiology
and Reanimatology, N. I. Pirogov's Russian National Research
Medical University (Moscow, Russia)

Sergey E. KHOROSHILOV,

MD, PhD, DSc., Head, Extracorporeal Detoxication Unit,
N. N. Burdenko Main Clinical Military Hospital,

Russian Ministry of Defence (Moscow, Russia)

Alexander M. CHERNYSH,

PhD, DSc., Professor, Head, Laboratory of biophysics
of cell membranes of critical illness, V. A. Negovsky
Scientific Research Institute of General Reanimatology
(Moscow, Russia)

Yury L. SHEVCHENKO,

MD, PhD, DSc., Professor, Member of RAS, President,

N. I. Pirogov National Medical Surgical Center,

Russian Ministry of Public Health (Moscow, Russia)

Ivan V. YAREMA,

MD, PhD, DSc., Professor, Corr. Member of RAS,

Honored Scientist of Russia, Head, Department of Surgery,
Moscow Medical Dental University (Moscow, Russia)

HAYYHDIE PEJJAKTOPbI

SCIENTIFIC EDITORS

B. M. IIUCAPEB,

npogeccop, 3as. 1abopamopueit

MONCKYLAPHBIX MEXAHUIMOB

kpumuyeckux cocmosimuii Hayuno-uccredosamenvcrozo
uncmumyma oowen peanumamonozuu um. B. A. Hezoeckozo

. A. OCTAITYEHKO,

ILM.H., 3a6. OMOeIeHUeM PeaHUMAUUY U UHMEHCUBHOL MePanuy
Iopodckoil knunuueckoii 6onvruyor N1 um. H. H. [Tupozosa
Jenapmamenma 30pasooxpanenust 20poda Mockevt

Vladimir M. PISAREV,

MD, PhD, DSc, Professor, Head, Laboratory
of molecular mechanisms of critical illness,
V. A. Negousky Scientific Research linstitute
of General Reanimatology (Moscow, Russia)
Dmitry A. OSTAPCHENKO,

MD, PhD, DSc, Head, Intensive Care Unit
N. I. Pirogov Moscow City Hospital Ne1
(Moscow, Russia)

PEAAKLIMOHHBIN COBET

EDITORIAL BOARD

C. BAPAMU,

nogheccop, usbpaninviii npesudenm

Mexcoynapoonozo obuecmsa no usyuenuio woxa,

Hncmumym sxcnepumenmanrviol u KIuHUYecKo mpagmamonozuu
um. JI. bonvymana (Bena, Aecmpus)

I. A. BOJAPUHOB,

npogheccop, 3as. KaPeopoil anecme3uoL0ZUU-PeanuMamonozuu
Huoicezopodckoti 2ocydapcmeenioil

meduyunckoi axademuu (H.-Hoszopoo)

Soheyl BAHRAMI,

Professor, PhD, The International Federation

of Shock Society (IFSS) President-Elect,

Ludwig Boltzmann Institute of Experimental and Clinical
Traumatology (Vienna, Austria)

Gennady A. BOYARINOV,

MD,PhD, DSc, Professor, Head, Department of Anesthesiology
and Reanimatology, Nizhniy Novgorod State Medical Academy
(Nizhniy Novgorod, Russia)




M. A. BBI’KUTUHA,

npogeccop Kagpeopuvl arecmesuon0euy -peaHumMamonoeuy
IIepeozo Mockosckozo zocyoapcmeeniozo

medunuickozo ynusepcumema um. M. M. Ceuenosa

I. B.IBAK,

JLM.H., 3a6. 0MOeIeHUCM AHECME3UOTOZUU-PDEAHUMATNONIO2UN
Ob6nacmuoti demckoil kaunuveckou 6ovnuypt (Mprymcr)

I. A.TOPOJHUK,

npogheccop, 3as. Kagheopoii arnecme3uoiozui,

UHMEHCUBHOU MEPANUU U MEOUYUHDL HEOMILONCHBIX COCTNOSHULL
Jloneyrozo Hayuonanviozo0 MeOUYUNCK020 YHUBEPCUmema

um. M. Iopvkozo, 3a6. omoenenuem Hetpoxupypeudeckoll
unmencugnou mepanuu /[oneyxozo KIunu1ecKozo
meppumopuaIvi020 MeOuluncKkozo obsedunenus (/loneyx)

E. B. TPUTOPbEB,

npogeccop, 3am. dupexmopa no Hayunoi u ieuebnoil pabome
HUH komniexcrvix npobiem cepoeuno-cocyOucmvlx
sabonesanuti CO PAH (Kemeposo)

A. 1. TPUIIAH,

npogheccop, 3as. KAPeOPoii anecmesuoL02UU-PeaHUMaAmoI0ZUl
Kpacnospcrozo 20cydapcmeeniiozo MEOUUUNCK020 YHUGEPCUmMema
(Kpacnospck)

B. T. IOJITUX,

npogheccop, 3as. Kagheopoii NaMmoL0ZULecKOTi PUIUOLO0ZUU

€ KYPCOM KIUHULECKOT NAMOPUIUOL02UL

Owcxotl 2ocydapcmeennoii meduyunckor akademuu (Omck)
M. H. 3BAMSITHH,

npogheccop, 3as. Kaheopoii anecmesuoL02U-PeaHUMamoL0ZuL
Hncmumyma ycosepuencmeosanus epavet

Hauuonanviiozo mMeouxo-xupypeuteckozo yenmpa

um. H. U. Ilupozosa (Mocksa)

U. b. 3ABOJIOTCKUX,

npogheccop, 3as. Kapheopoil anecmesuoiozum, PeanuMamonouul
u mpancgysuonozuu Kybanckozo zocydapcmeeniozo
Mmeduunckozo ynusepcumema (Kpacrnooap)

JK.-M. KABAIOH,

Esponeiickoe 06uecmeo no udyuenuio woxa,

3a6. 1a00pamopuett Usyuenust YUMmoKuUHos u 60CNALCHUSL,
Hucmumym Hacmepa (Ilapuoc, Dpanyust)

B. b. KOIIIEJIEB,

npogheccop, 3as. Kapeopoii HOPMAILHOU U NAMOLOZUUECKOLL
pusuonozuu paxyrvmema Gynoamenmarsnoi MeOuyuHbL
Mockosckozo zocyoapcmeeniiozo ynusepcumema

um. M. B. Jlomonocosa (Mocksa)

I. A. IUBAHOB,

npogheccop, Beywuil HayuHvLil COMpPYOHUK

HUU cropoii meuuunckoi nomousu

um. U. 1. JTcanenudse (C.-Ilemepype)

B. H. JIVKAU,
npogeccop xageopol anecmesuoiozum -peanuMamonozuu
Owmcxoil 20cydapcmeennoii meduyunckotl akademuu (Omck)

1. M. CABUPOB,

npogeccop, pexkmop Tawkenmexozo uncmumyma
ycosepuiencmeosanus epauell, 3as. kageopoi
«Anecmesuonoeuu u peanumamonozuus TawlyB,

Tasnviil arnecmesuon0e peanumamonoz MuHUCMepcmea
s0pasooxpanenus Pecnybiuxu Ys6exucman,

IIpedcedamens Accoyuayuu arnecmesuonoeos

u peanumamonozo6 PecnyOauxu Ysbexucman

1. B. CATYUKOB,

npogeccop, 3a8. Kageopoil anecmesuon02UU -PeaHUMAMONOZUY
Tocydapemeennozo meduuunckozo ynusepcumema (Capamog)

I. CUJIBEH,
npogeccop xagedpui anecmesuonozuu,
Meduvyuncras wxona Mount Sinai, CIITA

Margarita A. VYZHIGINA,

MD, PhD, DSc, Professor, Department of Anesthesiology
and Reanimatology, 1. M. Sechenov 1* Moscow State
Medical University (Moscow, Russia)

Gennady V. GVAK,
MD, PhD, DSc, Head, Department of Anesthesiology
and Reanimatology, Regional Children's Hospital (Irkutsk, Russia)

Georgy A. GORODNIK,

DSc, Professor, Head, Department of Anesthesiology,
Intensive Care and Critical Care Medicine,

M. Gorky Donetsk National Medical University;
Head, Department of Neurosurgical Intensive Care,
Donetsk Territorial Medical Association

Evgeny V. GRIGORYEYV,

MD, PhD, DSc, Professor, Deputy Director (Science),
Research Scientific Institute of Clinical Studies

of complex problems of cardiovascular diseases,

Siberian Branch, RAS (Kemerovo, Russia)

Alexey I. GRITSAN,

MD, PhD, DSc, Professor, Head, Department of Anesthesiology
and Reanimatology, Krasnoyarsk State Medical University
(Krasnoyarsk, Russia)

Vladimir T. DOLGIH,

MD, PhD, DSc, Professor, Head, Department of pathological
physiology with the clinical course of pathophysiology,

Omsk State Medical Academy (Omsk, Russia)

Michael N. ZAMYATIN,

MD, PhD, DSc, Professor, Head, Department of Anesthesiology
and Reanimatology, Institute of Advanced Medical Studies,

N. I. Pirogov National Medical Surgery Center

(Moscow, Russia)

Igor B. ZABOLOTSKIH,

MD, PhD, DSc, Professor, Head, Department of Anesthesiology,
Resuscitation and Transfusion Medicine, Kuban State Medical
University (Krasnodar, Russia)

Jean-Marc CAVAILLON,

DSc, European Shock Society (ESS)

and the Head of the Citokines & Inflammation Unit,

Institute Pasteur (Paris, France)

Vladimir B. KOSHELEYV,

MD, PhD, DSc, Professor, Head, Department
of Normal and Pathological Physiology,
Faculty of Fundamental Medicine,

Moscow State University (Moscow, Russia)

Georgy A. LIVANOV,

MD, PhD, DSc, Professor, Chief Scientist, I. I. Dzhanelidze
Institute of Emergency Medical Care

(St. Petersburg, Russia)

Valery N. LUKACH,
MD, PhD, DSc, Professor, Department of Anesthesiology
and Reanimatology, Omsk State Medical Academy (Omsk, Russia)

Djurabay M. SABIROV;

DSc, Professor, Rector of Tashkent Institute

of Postgraduate Medical Education (TIPME),

Head of Department of Anesthesiology and Intensive Care TIPME,
Chief of Anesthesiology and Intensive Care of the Ministry

of Health of the Republic of Uzbekistan,

Chairman of the Association Anesthesiologists

and Intensive Care of the Republic of Uzbekistan

Dmitry V. SADCHIKOV,

MD, PhD, DSc, Professor, Head, Department of Anesthesiology
and Reanimatology, State Medical University (Saratov, Russia)
George SILVAY,

MD, Professor, Department of Anesthesiology,

Mount Sinai School of Medicine, (New York, USA)




JI. B. YCEHKO,

unen-xoppecnondenm YAMH, npogpeccop, 3as. kagheopoii
anecmesuonoeuu-peanumamonozuu /lnenponemposckoi
MeOUUUICKOU akademui,

(/Inenponemposck, Yxpauna)

H. 1. YHHAKOBA,

npogheccop, pyrosodumens omoeia
IKCIMPAKOPNOPATLHVIX MEMOIOB JIeUCHUS.

Pocmo6ckozo HayuHo-ucciedosamenvckoeo
onxonozuueckozo uncmumyma, (Pocmos-na-/lony)

A. M. XAI’KUBAEB,

0. m. 1., npoeccop, leneparvioiii dupexmop Pecnybiuxarnckozo
HAYUHO20 UEHMPA IKCIMPEHHOU MEOUUUNCKOL NOMOULU
Munucmepcmea 3pagooxpanenus. Pecny6nuxu Ysbexucman

H. B. IITATIOBAJIOBA,

npogeccop Kageopuvl anecmesuorozuu-peanumMamorozuil
Boponeaccrou 2ocyoapcmeenioi

medununckoil akademuu (Boponeac)

Ludmila V. USENKO,

Cor. Member of UAMS, MD, PhD, DSc, Professor,

Head, Department of Anesthesiology and Reanimatology,
Dnepropetrovsk Medical Academy

(Dnepropetrovsk, Ukraine)

Natalia D. USHAKOVA,

MD, PhD, DSc, Professor,

Head, Department of extracorporeal therapies,

Rostov Cancer Research Institute,

(Rostov-on-Don, Russia)

Abdukhakim M. KHADJIBAEY,

MD, Professor, Director General, Republician Research Center
of Emergency Medicine, Ministry of Health of the Republic

of Uzbekistan

Nina V. SHAPOVALOVA,

MD, PhD, DSc, Professor, Department of Anesthesiology

and Reanimatology, Voronezh State Medical Academy
(Voronezh, Russia)

Texunaeckuit cexperaps H. B. [oay6e6a

Technical Secretary: Natalia V. Golubeva

VupeanTeas u M3paTEAD SKypHaAAQ
«O611ast peaHUMMaTOAOTHST>
© Qoup «MeanynHA KPUTHIECKUX COCTOSIHUI»

Aapec peparumn:
107031, Mocksa, ya. [Terposka, 25, crp. 2.
Tea./daxc: +7-495-650-25-20; +7-495-694-17-73;
+7-495-694-27-08; +7-495-694-65-035

E-mail: journal _or@mailru.

The founder and publisher of the journal
«Obshchaya Reanimatologiya» (General Reanimatology)
© «Emergency Medicine» Fund

Editorial Office address
25 Petrovka St., Build. 2, Moscow 107031.
Tel./fax: +7-495-650-25-20; +7-495-694-17-73;
+7-495-694-27-08; +7-495-694-65-05

E-mail: journal _or@mailru

Pegensmpyembint sxypHaa «O0Igast peaHmnmaToAOIMs»>

saperncrpruposat QepepasbHoN cAy>K60M 110 HAA3OPY

32 COBATOACHMEM 3aKOHOAATCABCTBA B Cpepe MACCOBBIX

KOMMYHMKALWI 1 OXPAHe KYABTYPHOTO HACACAVSI
02 Hos16pst 2004 roaa.
CBHAETEABCTBO O PEIUCTPALIMM CPEACTBA MACCOBOTL MHPOPMALIIM
11 Ne ®C77-18690
© OpurnHas-makeT HOATOTOBACH B HAyIHO-OPTraHU3ALJOHHOM
oraeae HUM obrgent pearmnmarosornm um. B. A. Herosckoro

Bepcerxa C. B. [Huwxo8

Peer-reviewed «General Reanimatology» Journal is registered
in the Federal Inspection Service for the compliance
with the legislation regarding mass media communication
and cultural heritage protection
(November 2, 2004).

Registration certificate
PI No. FC77-18690
Artwork: Research-Organizational Department,

V. A.Negovsky Research Institute of General Reanimatology
Page-proof — Sergey V. Shishkov

000 Kunra-Cepsuc:

Mupexc 46338 — AAsT MHAMBUAYAABHBIX IOATIUCYMKOB.
Mupexrc 46339 — AAST IPEATIPUSITIIL 1 OPraHU3aLMIL.
ISSN 1813-9779 (print); ISSN 2411-7110 (online).
Veranosounsiit Tupask 3000 ak3.
Ornedaraso B Tunorpadun:

000 «Advanced Solutions»

119071, r. Mocksa, Aernnckuit np-T, A. 19, crp. 1.
E-mail: om@aov.ru

Index 46338 — for individual subscribers.
Index 46339 — for corporative subscribers.
ISSN' 1813-9779 (print);
ISSN 2411-7110 (online).
Circulation — 3000 copies.
Printed in printing house:
Ltd. «Advanced Solutions»
19, Leninsky Prospekt, Build. 1, Moscow 119071, Russia
E-mail: om@aov.ru

Peyensupyemuiit skypHas «O061yas peaHMMaTOAOI M
*  BKAIOYEH B pedepaTUBHbIC M CIIPABOYHBIEC M3AAHMS:
SCOPUS (c 2015 ropa),
Pocenricknit Miapexe nayanoro yurmposanus (PVHLL)
RSCI Ha maatpopme Web of Science
Index Copernicus International PLC,
Kataaor meproAndecknx nspauumn YAbpux,
Pedeparususiit sxypras BUHUTU (BUHUTIW PAH),
*  BxoAauT B Ilepeyens BAK meprnopmndeckmx HaydHBIX U
HAYYHO-TEXHUYCCKUX M3AAHUM, BBIITYCKAEMBIX B Poccuitckon
Depepaymn, B KOTOPBIX PEKOMEHAYETCS IIYOAMKALIMS OCHOB-
HDBIX PE3YABTATOB AVCCEPTALMIL Ha COMCKAHME YICHONM CTerre-
HV AOKTOPA MAY KaHAMAATA HAYK
°  umeer AByxAeTHMM umnakr-paxrop 8 PMUHL] — 1,374
*  mybamKkyer pykommcu OecriaaTHo

Peer-reviewed «General Reanimatology» Journal:
* Itis indexed and abstracted in:
SCOPUS (Sinse 2015),
Russian Science Citation Index (RSCI)
Index Copernicus International PLC,
Ulrich's Periodicals Directory Abstract Journal,
Russian Institute for Scientific and Technical
Information (VINITI RAS),
* Itisincluded in the Supreme Certifying Commission
List of Russian periodical and research issues in which
the publication of Postgraduate education works (PhD, DSc)
are recommended
*  Two-year Impact Factor 1,374 (Russian Science Citation
Index)
*  Manuscripts are published free-of-charge




OBIJAA PEAHMMATOAOT M, 2016, 12; 6 www.reanimatology.com



www.reanimatology.com GENERAL REANIMATOLOGY, 2016, 12; 6



OBIUJAS PEAHMMATOAOTMSA / GENERAL REANIMATOLOGY, 2016, 12; 6

COEPKAHUE

IKCIIEPUMEHTAJIBHBIE
HNCCIEIOBAHUA

Biusnne npekoHaAnIIMOHUPOBAHUS 1echIypaHoM
Ha cojiepskanrie GochopuIMpoBaHHOi (HOPMbI
TJINKOTEH CUHTETAa3bI-KNMHA3bI 3ﬂ B OKCIIEpUMEHTE
B. B. Jluxsanues, O. A. Ipebenuurxos,

P. A. Yepnarxos, 0. B. Cxpunxun, K. FO. bopucog

KPUTNYECKUE COCTOSAHUA
HOBOPOJKIEHHDbIX

PaccTpoiicTBa MUKPOIIMPKY TSN

[IPU PECITMPATOPHOM JUCTPECC-CUHPOME
HOBOPOJKIEHHBIX

(Mopdonornyeckoe uccaeI0BaHme )
C. A. llepenenuya, A. M. Ionybes, B. B. Mopos

OIITUMU3AIIVA PABOTBI OPUT
Orerka kauecTBa 6A30BBIX U PACHIMPEHHBIX
peaHNMaIMOHHBIX MEPOTTPUATUI

B MHOTOITPO(MUIBHOM CTaI[MOHAPE
(CUMyJIATIMOHHBIN KypC)

A. H. Kysoenes, C. H. A6oycaramos,

K. A. Kysvmuues

Peectp MUKpPOOPraHN3MOB KaK MHCTPYMEHT
aBTOMaTI/ISI/IpOBaHHOFO HJIaHI/IpOBaHI/IH
norpebieHrs aHTUOUOTUKOB U KOHTPOJIS
aHTI/I6I/IOTI/IKOI_)GSI/ICTCHTHOCTI/I B OTIEJIEHUAX
peaHuMaIuy U TPOMUIBHBIX OTAEICHUSIX

0. 3. Kapnos, B. I. [ycapos, H. H. Jlauenxosa,
H. B. Illemposa, M. B. /lemenmuenxo,

. H. Hunxun, E. E. Hecmeposa, M. H. 3amsmun

OB30PbI

TemoriobuH: MoaudUKAIINH,
KPUCTALIM3AM, HoJuMepusaius (0630p)
B. A. Cepeynosa, E. A. Manuenxo,

O. E. Iyokosa

OcTpble OTpaBIeHUS TUATIETHIMOP(MUHOM
(repounom) (0630p)

A. T. Jloraose, I. A. Jlusanos, b. B. Bamouwipernos,
A.JI. Kosanenxo, A. H. Jloosizun, C. U. Dywikos,

/l. B. bapanos, A. M. Aumonosa, T. B. Xapumonosa

CopOEenTBI 7T 9KCTPAKOPIOPAILHOTO
yIAAJTEHIS TOKCHIECKHX

BEIIECTB U MOJIEKYJI C HEJKEJIATETbHON
OMOJIOTUYECKOI aKTUBHOCTHIO (0630D)
A. C. Moposos, U. B. becconos,

A. B. Hyxcouna, B. M. ITucapes

16

27

39

49

64

82

CONTENTS

EXPERIMENTAL

STUDIES

Effect of Preconditioning with Desflurane

on Phosphorylated Glycogen Synthase Kinase 33
Contents in an Experiment

Valery V. Likhvantsev, Oleg A. Grebenchikov,
Rostislav A. Cherpakov, Yury V. Skripkin,

Kirill Yu. Borisov

CRITICAL STATES

IN NEWBORNS

Microcirculatory Disorders

in Infant Respiratory Distress Syndrome
(Morphological Study)

Svetlana A. Perepelitsa, Arkady M. Golubev,
Viktor V. Moroz

OPTIMIZATION OF ICU

Assessment of the Quality of Basic and Expanded
Resuscitative Measures in a Multifield Hospital
(Simulation Course)

Artem N. Kuzovlev, Sergey N. Abdusalamov,

Kirill A. Kuz'michev

Register of Microorganisms as a Tool

for Automated Antibiotics Consumption Planning
and Monitoring of Antibiotic Resistance

in Intensive Care Units and Specilized

Hospital Departments

Oleg E. Karpov, Vitaly G. Gusaroy,

Natal’ya N. Lashenkova, Natalia V. Petrova,

Maria V. Dementienko, Dmitry N. Shilkin,
Ekaterina E. Nesterova, Mikhail N. Zamyatin

REVIEWS

Hemoglobin: Modification, Crystallization,
Polymerization (Review)

Viktoria A. Sergunova, Ekaterina A. Manchenko,
Olga Ye. Gudkova

Acute Diacetylmorphine (Heroin) Intoxication
(Review)

Alexander T. Loladze, Georgy A. Livanoy,

Bair V. Batotsyrenov, Alexey L. Kovalenko,
Alexey N. Lodyagin , Sergey I. Glushkov,

Dmitry V. Baranov, Anna M. Antonova,

Tatiana V. Kharitonova

Sorbents for Extracorporeal Removal

of Toxic Substances and Molecules with Adverse
Biological Activity (Review)

Alexey S. Morozov, Ivan V. Bessonov,

Anastasia V. Nuzhdina, Viadimir M. Pisarev

OTxkpoTHit AocTyn K xypHaay/Home page: www.reanimatology.com



DOI:10.15360,/1813-9779-2016-6-8-15

. Experimental Studies

BinsgHue npeKOHIMIIMOHUPOBAHUS ec(PIypaHOM Ha co/iep:KaHue
dochopumpoBannoii GoOPMBI IIIMKOTeH CHHTETa3bI-KHHA3bI 3 B 9KCIIepUMeEHTe
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Effect of Preconditioning with Desflurane on Phosphorylated
Glycogen Synthase Kinase 38 Contents in an Experiment

Valery V. Likhvantsev'?, Oleg A. Grebenchikov'?,
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Ienb uccrenoBanuss — OIEHUTD BIUSTHUE TPEKOHANIIMOHIPOBAHUS echIypaHoM Ha cojep:kanue dhochopu-
JINPOBAHHOI (hOPMBI IIIMKOTEH CHHTETA3bI-KIHA3bI 3 THIIA.

Marepuaisl u MeToabl. Vccrenosanue poses Ha 56-u Gesibix GeCIIOPOAHBIX KPbICaX-camilaX, CIydalHbIM
obpasoM pacrpeseseHHbix Ha 6 rpymi. WMiemuio/penepdysuto Mopenuposanu 1o mMeroauke B. I Koprauesa.
KoHTposibHast TpyIIiia COCTOsIA U3 JIOKHO-OIEPUPOBAHHBIX KMBOTHBIX. BTopas rpyiina mnogsepriach raobaibHol
uiemMnn,/periepdy3un mocie aHeCTe3NN ¢ XJIOPAITUAPATOM. B clieyionux AByX rpyInax KpPbicaM MHTATUPOBAIN
1 MAK ceBodurypana min gecdirypana, a B IByX HOCJTEIHIX IPYIIIAX, 32 IIPIMEHEHNEM dTHX aHECTETHKOB CJIeI0-
Basa TiobanbHas wiemust/perepdysust. Comepskanne hochopraInpoBaHHON GOPMBI TJIMKOTEH CHHTETA3bI-KIHA-
361 33 B TOMOTE€HATaX MO3Ta OCYIIECTBISIIA METOZIOM BecTepH-OmoTTiHTa. CTaTHCTHYECKUI aHaJI3 TIPOBOIIIHN C
romotipto U-kputepust MaHHa- YUTHHU, JOCTOBEPHBIMU cUUTaIN pasyandnst npu p<0,05.

PesyabraTel. TpexMuHyTHas uilieMus ¢ nocJeayonei perepdysueii puBesa K 3HAYUTETbHOMY YBEJTMYCHUIO
coziepxkanust hochoprInpoBanioil HOPMbI IIMKOTeH CHHTETA3bI-KUHA3BI 30 10 CPABHEHUIO C KOHTPOJIBHOI IPyII-
moit (620437 orHOCUTENBHBIX euHUT] TPOTHB 304574 OTHOCHUTENBHBIX EAMHUI] cCOOTBeTCTBEHHO, p<0,05). Cxo/-
Hble pe3yJIbraThl HabJI0AANUCh B IPYIINAX, I/le TOJAbKO MHTrasupoBaau ceBoduaypan (743166 oTHOCHTENBHBIX €11~
uni) win gechaypan (667119 ornocutenpunix exmnaui) (p<0,05). B rpymme wmiemun/penepdysnn mocie
uHTAIANNN ceBodIypana comepskanie hochoprminpoBaHHoil (HOPMBI TIHKOTEH CHHTETAa3bI-KIMHA3E! 33 COCTABUIIO
922231 ornocurenbiyio exunnity (p<0,05 o cpaBHeHmo ¢ KouTpojeM). B rpytie ¢ coueranuem gechiypana u
utiemun,/periepdysnn, cogepskanue hepMeHTa MOBBIIAN0Ch 110 677084 orHOCUTEbHBIX ernuil (p<0,05 1o cpas-
HEHUIO ¢ KOHTpoJieM). Pazsnunii 1o cofep:kanuio uccyieryeMoro hepMeHTa MeKIy TPYIIaMu, Iie TPUMeHSIIChH
MHTJISIIMOHHbIE AHECTETHKK B COYETAaHNU ¢ uieMueil /penepdysueii nin 6e3 Hee, He ObL10. Kpome Toro, conepsxka-
HUSE HTOTO (hepMeHTa ObLIK COMOCTABMMBI ¢ Pe3yJIbTaTaMy B TPYIIIE U30JMPOBAHHOI UilleMun/penepdysun.

3axmouenue. O6a MCCIeJOBAHHBIX aHECTETUKA O0JIA/IAI0T BHIPAKEHHON U AHAJIOTUYHO [0 CTEIIEHU BhIPAsKEH-
HOCTH CIIOCOGHOCTBIO MOBBIIIATEH cojiepskatue (hochopuinpoBaHHON GOPMbI IJIMKOTEH CHHTETa3bl-KUHa3bl 3 B
rOMOTeHaTaX MO3Ta KPBIC.

Knmioueevte crnosa: npexonouyuonuposanue; cesopypan; decuiopai; eecmepn-610mmuiie; HeUponpomexuus;
KpblCbL

The purpose of this study is to determine and evaluate if the preconditioning with desflurane depends on level
of phospho-GSK-34.

Material and methods. White outbred male rats (56) were randomly allocated to 6 groups. Ischemia/reperfusion
modeling was performed using V. G.Korpachev's technique. The reference group consisted of sham (falsely-operated)
animals. The second group underwent global ischemia/reperfusion after anesthesia with chloral hydrate. The next
two groups were treated with either sevoflurane or desflurane at 1 MAC. In the final two groups, the use of same anes-
thetics was followed by global ischemia/reperfusion. The concentration of phospho-GSK-34 in brain homogenate was
determined using western blotting. A statistical analysis was performed using the Mann-Whitney U-test, and the dif-
ference was considered significant at P<0.05. A three-minute ischemia with subsequent reperfusion resulted in a sig-
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SKCHCPMMCHTQABHLIC UCCACAOBAHUI

nificant increase in the concentration of phospho-GSK-38 vs. the reference group (620437 relative units vs. 304574
relative units, respectively, P<0.05). Similar results were observed in groups where animals received inhaled sevoflu-
rane (743166 relative units) and desflurane (667119 relative units) alone (P<0.05). In the ischemia/reperfusion
group, the concentration of phospho-GSK-38 was equal to 922231 relative units after inhalation of sevoflurane
(P<0.05 vs. the reference group). In the group with a combination of desflurane and ischemia/reperfusion, the enzyme
concentration increased up to 677084 relative units (P<0.05 vs. reference group). No difference in concentrations of
the enzyme between groups receiving inhaled anesthetics with and without ischemia/perfusion was found. In addi-
tion, the concentration of this enzyme was comparable with that in the ischemia/reperfusion group.

Conclusion. Two anesthetics under testing possess similarly increased concentration of phospho-GSK-38 in

rat brain homogenates.

Key words: preconditioning; sevoflurane; desflurane; phospho-GSK-38; western blotting; neuroprotection; rats
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Beenenue

WHTaIs1mMoHHbIe aHECTETUKH SBJISTIOTCS OJTHIM
13 HanboJIee YacTo UCIOJIb3YEMBIX KJIACCOB JIEKapCT-
BEHHBIX cpeicTB. OTHAKO MEXaHU3MBI, TIOCPEICTBOM
KOTOPBIX 9TH TIPENapaThl BBI3BIBAIOT aHECTE3UIO, /10
KOHI[a He U3YYEHBI W BCE ellle MHTEHCUBHO UCCJIeTy-
foresd. /IBa npyrux adexTa 9TUX aHECTETHKOB Ha
IEHTPATBHYI0 HEPBHYIO CHUCTEMY, aHECTeTHYeCKast
HENPOTPOTEKINS U HEUPOTOKCUYHOCTD, TAaKKe B Ha-
CTOsIIIee BPEMsI SIBJISTIOTCSI TTPE/IMETOM aKTUBHBIX UC-
caenoBanuii [1]. MHTranmammonable aHECTeTUKN OKa-
3bIBAIOT MPEKOHUIIMOHUpYoNnii  adderT Ha
TOJIOBHOI MO3T (HEWPOIIPOTEKITUS BCIEACTBHAE aHeC-
TETUYIECKOTO TPEKOHANITMOHNPOoBanns) [2—4]. Pas-
BUTHE ITOM 3aMUTHI TPOJEMOHCTPUPOBAHO B KYJIBTY-
pe HEWPOHOB KPbIC, KYJBTYPe HEUPOHOIOI00HBIX
KJIETOK Y€JIOBEKA, Y B3POCJBIX KPbIC TTOCJE TPAH3H-
TOPHOHM 0YaroBOH WINEMUH TOJOBHOTO MO3Ta, MO3Te
HOBOPOK/IEHHBIX KPBIC TIOCJE TIOBPEXKAEHUS THIIO-
KCHeH-uIeMnel, WM y MbIIiel ocje BHyTPUMO3TO-
BBIX KPOBOMBJIUAHMIA. PaHee ObLIO MMOKa3ajo, u4To y
B3POCJIBIX KPBIC OTMEUYAETCS] MEHBIINN 00beM HH-
(hapkTa Mo3ra M Jydiiee HEBPOJIOTUIECKOE BOCCTa-
HOBJIeHNe (110 olleHKe Ha 14 nim 28 nHelt ocse nie-
MU TOJIOBHOTO MO3Ta), eCJii MHrajnposath 1,8 00.%
uzodaypana (1,4 MAK) B reuernme 50-MuHyTHOI
i 80-MUHYTHOW OKKJIIO3UN CepemHell MO3TOBOU
aprepun [5]. Dtu naHHbIe yOEAUTEIBHO JOKAa3hIBAIOT,
410 n30GIypaH 00eCeunBaET JOJTOCPOUHYIO HEHPO-
nporeknuio. HenaBHue uccaeoBaHUs MTOKA3aIn
MOIITHBIE HEITPOTIPOTEKTOPHBIE (D eKThI ceBodIypa-
Ha TI0cjIe 04aroBoii mepebpasiphoil nimemun [6]. Ko-
HEYHOU 1eJThi0 B KacKaJle PeakIuii, MHUITMUPOBAH-
HBIX WIIeMuel, sBjsieTcs Hecrenuuyeckas
MUTOXOHIpHabHas mopa (mitochondrial permeability
transition pore (mPTP)) [7, 8]. OTkpbITHE 3TOI TIOPBI
[IPUBOUT K BEIOPOCY (haKTOPOB, BHI3BIBAIOIINX ATIOI-
TO3, B TIepBYI0 ovepenb — 1utoxpoma C. [IpenoTrspa-
IIeHWEe OTKPBITUS MUTOXOH/IPUAIBHOM MOPBI 3allH-
1aeT KJIETKY OT HWIIEMUYECKOTO TIOBPEXKICHNUS.
KitoueBbIM (hepMEHTOM pETYJIUPYIONIUM TIPOHUIIAE-
MOCTb MUTOXOH/IPUATTBHON TIOPBI SIBJISIETCS TJIMKOTEH
cunrasza-kuHaza 36 (I[CK-383): dbochopunuposarue

Introduction

Inhalation anesthetics are the most commonly
used classes of drugs. However, the mechanism of
their anesthetic effect has not been specified to date
and is still being thoroughly studied. Two other
effects of these anesthetics on the central nervous
system, namely, anesthetic-induced neuroprotec-
tion and neurotoxicity, are also actively studied
[1]. Inhalation anesthetics produce preconditioning
effects on the brain (neuroprotection due to anes-
thetic preconditioning) [2—4]. This protection has
been demonstrated in rats' neuron cultures, human
neuron-like cell cultures, adult rats' brain after
transient focal brain ischemia, newborn rats' brain
after a hypoxia-ischemia injury, or mice's brain after
an intracerebral hemorrhagic stroke. Recent studies
have demonstrated smaller brain infarction volume
and better neurological recovery in adult rats (as
evaluated on Days 14 or 28 after brain ischemia), if
1.8% isoflurane (1.4 MAC) is inhaled after a 50-min
or 80-min middle cerebral artery occlusion [5].
These findings provide strong evidence that isoflu-
rane provides long-lasting neuroprotection. Recent
studies demonstrated potent neuroprotective
effects of sevoflurane after focal cerebral ischemia
[6]. The mitochondrial permeability transition
pores (mPTP) are the final target in the cascade of
reactions induced by ischemia [7, 8]. The opening of
mPTP results in release of factors triggering apop-
tosis, first of all, the cytochrome C. Inhibition of
mPTP opening protects cells from ischemic dam-
age. Glycogen synthase-kinase 38 (GSK-3p) is a
key enzyme regulating the mPTP permeability:
phosphorylation of this enzyme inactivates it and
prevents the pores from opening. Our previous
study demonstrated that preconditioning with
sevoflurane increases the concentration of the
phosphorylated form of glycogen synthase-kinase
3B (p-GSK-3B), and protects the mitochondria in
rats' brain neurons during ischemia/reperfusion
[9]. The purpose of this study was to determine, if
desflurane has neuroprotective effects, and to eval-
uate their potency.

OBINAA PEAHMUMATOAOTI M, 2016, 12; 6
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3TOTO (hepMeHTa MHAKTUBUPYET €T0 U MPENsTCTBYET
OTKPBITHIO MTOPBL. B TipeibIyiieM uccae[oBaHuy Ha-
MU [TPOJIEMOHCTPUPOBAHO, YTO MTPEKOHAUITMOHUPOBA-
HUe ceBO(IypaHOM yBeJUUYMBaeT cojep:kanue doc-
hopumuposannoit hopmbr TCK-36 (bocho-T'CK-35)
U 3alUIIAeT MUTOXOHJPUN HEMPOHOB B MO3TE KPbIC
o Bpems unremnn/periepdysun [9]. Lenvio HacTos-
IIETO MCCJEOBAHUS CTAJIO OIPEIEIUTh, 00JIaaeT JIn
nechypaH HeHpPOTPOTEKTOPHBIMHU CBONCTBAMU, U
OIIEHUTD WX BBIPAKEHHOCTb.

Marepuan u MeTObI

OcTaHOBKY CUCTEMHOTIO KPOBOOOPAIIEHUST MO -
pOBajl B COOTBETCTBUU C METOJ/IOM, BIIEPBBIE OMUCAH-
ubiM B. T. Kopniauessim u corp. [10], BocTpeGoBaHHBIM B
paborax 3apy6exHbix aBTOpOB [11]. AHecTe3upOBaHHBIX
KpbIC (hpUKCUPOBAIN HA TIPENAPOBAJBLHOM CTOJIE B T0JIO-
’keHun Jiexka Ha crirhe. [Tocisie cpepimHHOrO Hajxpesa Ko-
JKM Ha TPY/IM, OKKJIIO3UPYIONNIT KPIOK (IIPOBOJIOKA /1A~
MeTpoM 1 MM ¢ u30oTHYThIM 1o/ yriioMm 90° KoHIoM, JITIHA
KkoToporo 1 ¢cM) BBOAMJIN B cpe/loCTeHNEe Ha YPOBHE BTO-
poro MexpebepHOro MpoMeskyTKa. KpIiok 0cTOpoxkHO
[IOBOPAYMBAJIM IIyTEM IIEPEMEIICHUS] €ro UCTaJbHOTO
KOHIIA BJIOJTb 33/{HEH CTEeHKM TPyaHOH kieTku. Ilosnoe
npekpaiienue KpoBooOpaIleHus TOCTUTAIU MyTEM Iie-
peskaThsl OCHOBHBIX COCY/IOB CEp/illa U OJJHOBPEMEHHBIM
naBJeHneM Ha Tpyab manbiiamu. Ilocre 2—3 MunyT 1He-
peskaTus Kpiok yxausian. OcTaHOBKa CepAlla MOATBEPIK-
JlaJiach OTCyTCTBUEM cepialebuenus. [[iuTenbHOCTD OC-
TAHOBKHU Cep/lla COCTaBJsAIa 3 MHUHYTBI, IOCJE Yero
HaynHaau peanumanuio. [Iposoauan kommpeccuu rpy/-
HON KJIETKM U MCKYCCTBEHHYIO BEHTHJISIIMIO JIETKUX
(MBJI) Bo3myxom pecnupatopoM ajst KUBOTHBIX Ugo
Basile Gas Anesthesia System (Ugo Basile, Uranus).
Kommipeccun rpyiHoit KJieTKH IPOJOJIKAIN /10 BOCCTA-
HOBJIEHUS CIIOHTAHHON CepIeYHON [eATeJbHOCTH, HO He
6osee yem 5 MunyT, a UBJI mpekpainasiu mocie BoccTa-
HOBJIEHUSI CIIOHTAHHOTO JIbIXaHUSI.

Konrposbuas rpynna (C, n=12). JKubotHeix anecre-
3MPOBAJIU C IOMOII[bI BHYTPUOPIOIIMHHON UHBEKIIUK XJI0-
pasruzpara B f103e 300 Mr/Kr, KOTOPBIN OBLI HOATOTOBJIEH
Heriocpe/ICTBEHHO 1iepet BBegenueM. Ilocie noctuskenns
JOCTATOYHON TJIyOUHBI aHeCTe3NH KPbIC (DUKCHPOBATIN Ha
npemnapoBajibHOM crojie. [Toce uHTybaum Tpaxen yepes
POT TOHKOH CHJIMKOHOBOH TPYOKOii, )KHBOTHBIX BEHTHJIN-
poBaymu aTMOC(EPHBIM BO3ZYXOM C YACTOTON JIbIXaHUS
85emun" B Teuenue 25 munyt. 3arem VBJI npexpariasim,
KPbIC 9KCTYOMPOBAJIU U BHIBOJUJIN U3 SKCIIEPUMEHTA [Ty TEM
nekarnuran. Mosr Kpbic M3BJIEKaIU, TOMOTeHU3UPOBAIN
1 (PUKCHPOBAJIN B KUJIKOM a30Te.

Ipynna «umemus/penepdysusa» (U/P, n=8). Ku-
BOTHbIX aHECTE3UPOBAJIM BHYTPUOPIOUIMHHON HHbEKIINEl
xjiopanaruapara B 103e 300 Mr/Kr, KOTOPbIil TOTOBUJIN He-
ocpe/IcTBeHHO Tiepes BBejenueM. Ilocie poctmskenns
JIOCTATOYHON rIyOUHBI AHECTE3HH, KPbIC (PUKCUPOBAIH HA
npenapoBaibHoM crosie. [locse nuTyGanuy Tpaxer Havu-
nann VBJI atmochepHbIM BO3/IyXOM € 4aCTOTOH IBIXaHUST
120 emun" B Teuenne 25 muryT. OCTaHOBKY CEP/IA [JTH-
TEJBHOCTHIO 3 MUH MOJIEJUPOBAJINA paHee OIMCAHHBIM
c11oco6oM. 3areM JKUBOTHBIX peaHuMuposasu. [locse Boc-
CTAHOBJICHUS CEP/IEYHOM /IesITeJIbHOCTU 1 JIbIXaHUS, KPBIC

Materials and Methods

Systemic circulatory arrest was induced according to
the technique originally described by V.G. Korpatchev et
al. [10], which is also applied by international researchers
[11]. The anesthetized rats were immobilized in supine
position on a dissection table. After a midline skin incision
in the chest, an occluding hook (a 1 ¢cm wire having 1 mm
in diameter with a cranked end) was introduced into the
mediastinum at the level of the second intercostal space.
The hook was gently turned by moving its distal end along
the dorsal wall of the thorax. A complete circulatory arrest
was achieved by compression of major cardiac blood ves-
sels and simultaneous pressure on the chest with fingers.
The hook was removed 2—3 minutes after the compres-
sion. Cardiac arrest was confirmed by the absence of heart-
beat. The duration of the cardiac arrest was 3 minutes, and
then the resuscitation procedure was initiated. Chest com-
pressions and mechanical ventilation were performed
using an Ugo Basile Gas Anesthesia System animal respi-
rator (Ugo Basile, Italy). Chest compressions continued
until spontaneous cardiac activity and systemic blood cir-
culation recovered, but for not longer than 5 minutes, and
the mechanical ventilation was discontinued after recov-
ery of spontaneous respiration.

Reference Group (C, n=12). The animals were anes-
thetized using intraperitoneal chloral hydrate injection at
a dose of 300 mg/kg, which was prepared directly prior to
administration. After achieving a sufficient depth of anes-
thesia, the rats were fixed on a dissecting table. After oral
intubation with a thin silicone tube, animals were mechan-
ically ventilated using atmospheric air with a respiration
rate of 85+min™ for 25 min. When the MV was discontin-
ued, the rats were extubated and withdrawn from the
experiment by decapitation. Then, the rat brain was
removed and fixed in liquid nitrogen.

Ischemia/Reperfusion group (I/R, n=8). The animals
were anesthetized by intraperitoneal injection of chloral
hydrate solution at a dose of 300 mg/kg, which was pre-
pared directly prior to administration. When a sufficient
depth of anesthesia was achieved, the rats were immobi-
lized on a dissecting table. After oral intubation with a thin
silicone tube, animals were mechanically ventilated using
atmospheric air at a respiration rate of 120*min” for 25
min. Cardiac arrest was induced by the procedure described
previously. Then animals were then resuscitated. When car-
diac activity and respiration had been restored, the rats
were withdrawn from the experiment, and materials for
examination were sampled.

Sevoflurane group (S, n=9). Animals' heads were
placed in a 5 ml glass container containing a cotton swab
dipped in sevoflurane (Sevoflurane, Abbot Laboratories
Limited, United Kingdom). When a sufficient depth of
anesthesia was achieved, the rats were immobilized and
intubated, and the mechanical ventilation was initiated. At
the same time, sevoflurane was introduced into the venti-
lator circuit directly before the endotracheal tube at a dose
of 50 ul/min, providing an exhaled anesthetic concentra-
tion of 1 MAC. Sevoflurane administration lasted 25 min-
utes for each animal, and then the MV was discontinued.
The rats were then extubated, withdrawn from the experi-
ment, and materials for examination were sampled.

Sevoflurane + ischemia/reperfusion group (S+I/R,
n=9). The anesthesia was performed as in the S group.
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BBIBOJIMJIM U3 HKCIIEPUMEHTA, 3a0UPaJI MAT€PUAI JIJIs UC-
CJIeI0OBAHUSI.

Ipymma «ceBodmypans (S, n=9). TosoBy skmBOTHOTO
MOMEIIAIN B CTEKJISTHHBI KOHTeHep 06heMOM 5 MII, CO-
JIep>KalIi BaTHBIN TaMIIOH, CMOUYEHHBIM B CEBOPAHOM (ce-
Bo(aypan, Abbot Laboratories Limited, Besukobpura-
nus). Ilocse JAOCTWIKEHMS JOCTaTOUHON  TIyOUHBI
AHeCTe3MU KPbIC (GUKCUPOBAIN, MHTYOMPOBAIN U HAUYMHA-
s UBJL. B To ske Bpems ceBopaH HAYMHAIN BBOAUTD B JTbI-
XaTeJIbHBII KOHTYP HEMOCPEJCTBEHHO Tepe] 9HI0Tpaxe-
anbHOH TpyOKOil B 03¢ 50 MKJ/MHH, co3aaBas
KoHieHTpaiuio anectrerrka Ha Boiioxe 1 MAK. Beenenue
CeBOPaHA JIJINIOCH 25 MUHYT JIJIsI KaXKIOT0 JKHBOTHOTO, T10-
caie yero MIBJI npexpauan. Kpbic akcTyOrpoBaim, BbIBO-
JIAJTU U3 9KCTIEPUMEHTA 1 3a0UPasiil MaTepHal.

Ipymma «ceBodaypan-+uiemust/penepdysust» (S+U1/P,
1n=9). IHyKI1i0 aHeCTe3nn OCYIIECTBIISAIN KaK B TpyTie S.
ITocste 25 MUHYT UHTAIAIIHA CEBOPAHA MOJIETUPOBAIIH OC-
TAHOBKY Cep/la. 3aTeM JKUBOTHBIX PEAHUMHUPOBAIU U 3a-
Gupasi MaTepua.

Ipynma «gecdaypan» (D, n=9). lonoBy xnBotHOTO
MOMEIAIN B CTEKJIAHHBII KOHTEHHEP 06BEMOM 5 M, CO-
JlepsKaluil BaTHBIN TaMIIOH, CMOUEHHBIM B cylpaHe (jiec-
daypan, Baxter Healthcare Corporation, CIIIA). ITocue
JMOCTYIKEHUS JIOCTATOYHOU TJIYOMHDBI aHECTE3UU KPBIC
urcuposamm, naTybmpoBaan n Haunnaan VBJI. B arto
BpeMsi CyNpaH BBOJUJIM B JIbIXaTeJIbHBII KOHTYD HeIo-
CPEICTBEHHO Iepe/l AHI0TPaxeanbHO TpyOKOoii B 103¢e 170
MKJI/MUH, CO3/1aBasi KOHIIEHTPAIMIO AaHECTETUKA Ha BBIJIO-
xe 1 MAK. BBesnenue cympana JIuioch 25 MUHYT JIJist
kaxxzporo skuBotHoro. I[locie atoro MBJI mpekparmasny,
KPBIC 9KCTYOMPOBAIN U BBIBOJWJIM M3 9KCIIEPIMEHTA, 3a-
6upanu Matepua. Tak kak gecdrypaH KUIHAT TP KOM-
HATHOU TeMIIepaType, IIPUIL TIOMENaln B CIIeIUATBHYIO
KaMepy, B KOTOPOH TeMIieparypa TMoIep;KUBAIACh B THa-
nazone ot 0° no -4°C.

Ipynna «gechaypana + wuriemus/pernepdysus»
rpymna (D+W/P, n=9). Unayxnuio anectesmn ocyiie-
cTBJIsH, Kak B rpytie D. TTocie 25 MUHYTHON WHTAJIS-
IIUU CYNIPAaHOM, MOZIEJINPOBAJIA OCTAHOBKY CcepAala. 3a-
TEM JKUBOTHBIX PEAaHUMUPOBAJIU, 3a0Upajiun MaTepual
Ha UCCJe0BAHNE.

OGpasibl TOMOreHaTOB Mo3ra morpyxaiu B 15%
Tpuc-rimius moaunakpuaaMuanbii resab (10—20 Mkr 06-
mero Gesika Ha nosocy). [Tocae anekTpodopesa reib re-
perocuan Ha IIBA® (noausunnnageHdropum) memopa-
el (Amersham Pharmacia Biotech, Besmkobpuranus).
MewmbGpanbr 6okupoBanu B 3% (Bec/o0bem) 06e3Ku-
pernbiM MosiokoM B PBS ¢ 0,1% (06,/06) Tween 20, a 3a-
TeM UHKYOMPOBAJIK C TIEPBUYHBIMU aHTUTENAMU: KPOJIU-
ybK noJuKJAoOHanbHble aHTU-pP-GSK-3b B passenenun
1:1000 (Cell Signaling, CIIIA). Mem6patbi o6pabarbiBa-
JIN BTOPUYHBIMU KpoJuubuMu anturtenamu. Crenndu-
YeCKuUe M0JI0CHI OB BU3YaTM3UPOBAHBI ¢ TIOMOIIBIO Be-
crepu-6morTunr  Habopa ECL  Plus  (Amersham
Pharmacia Biotech, Benukobpuranus) (puc. 1). Ilocie
3aBeplICHUS CKAHUPOBAHUS IJIOTHOCTbH IMOJYYEHHOTO
OKpaIlllUBaHUst B MeMOPaHe U3MePSLIN JIJIst KaKI01l [0JI0-
CKU C HCIIOJIb30BAHUEM IIPOrPAMMHOTO ObeciieyeHust
ImageLab (Bio-Rad, CIITA).

[Tosydennsle MaHHBIE W3MEPUJIM B OTHOCHUTEJBHBIX
ennHnIaX (OTH. €/I.) W TPEJCTABUJIN B BUJE MEIMAHBI C
MEKKBAPTHJIBHBIM pa3dmaxoM. CTaTHCTUYeCKUi aHainu3
nposesin ¢ nomouibio U-kputepust Manna-YutHu B 1po-

Cardiac arrest was modeled 25 min after sevoflurane
inhalation. Then animals were resuscitated, and the mate-
rials for examination were sampled.

Desflurane group (D, n=9). Animals' heads were
placed in a 5 ml glass container containing a cotton swab
dipped in suprane (desflurane, Baxter Healthcare
Corporation, USA). When a sufficient depth of anesthesia
was achieved, the rats were immobilized and intubated,
and the mechanical ventilation was initiated. At the same
time, suprane was introduced into the ventilator circuit
directly before the endotracheal tube at a dose of 170
ul/min, providing an exhaled anesthetic concentration of 1
MAC. Suprane administration lasted 25 minutes for each
animal, and then the MV was discontinued. The rats were
then extubated, withdrawn from the experiment, and
materials for examination were sampled. Since desflurane
boils at a room temperature, the syringe was placed into a
special chamber in which the temperature was maintained
within the range from 0° to -4°C.

Desflurane + ischemia/reperfusion group (D+I/R,
n=9). The anesthesia was performed as in the D group.
Cardiac arrest was modeled 25 min after suprane inhala-
tion. Then animals were resuscitated and the materials for
examination were sampled.

Samples of brain homogenates were dipped into
15% tris-glycine polyacrylamide gels (10—20 mg of
total protein per strip). The gel was transferred onto
PVDF  (polyvinylidene  fluoride) = membranes
(Amersham Pharmacia Biotech, UK) after elec-
trophoresis. The membranes were blocked with 5%
(w/v) milk skimmed in PBS with 0.1% (v/v) Tween 20,
and then incubated with primary antibodies (rabbit
polyclonal anti-P-GSK-3b antibodies diluted at a ratio
of 1:1000) (Cell Signaling, USA). The membranes were
then treated with secondary rabbit antibodies. Specific
bands were visualized using ECL Plus Western blotting
kit (Amersham Pharmacia Biotech, UK) (Fig. 1). After
scanning, the density of the resulting stain in the mem-
brane was measured for each band using the Image Lab
software (Bio-Rad, USA).

The obtained data were expressed as relative units
(r.u.) and represented as medians and interquartile ranges.
Statistical analysis was conducted using the Mann-
Whitney U-test, and the difference was considered signifi-
cant at P<0.05 (Statistica 6.0, StatSoft, USA).

Results and Discussion

Median concentration of p-GSK-38 in sham
(falsely operated) animals in the C group was equal
to 304574 [169651—426472] r.u. (Fig. 2).

The three-minute total ischemia followed by
reperfusion in the I/R group led to a significant
increase in p-GSK-38 concentration as compared to
the C group (P<0.05), namely to 620437 [454993—
785880] r. u.

The same results were observed in rats treated
either with sevoflurane in in the S group or desflu-
rane in the D group, with a mean increase in the p-
GSK-3f concentration up to 743166 [742257—
990792] and 667119 [619735—790934] r.u.,
respectively. Although these levels were comparable
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Puc. 1. Ckan 6J10T-IICHOK.
Fig. 1. Blot scan.

Note. For Fig. 1, 2: C — Control; I/R — "Ischemia/Reperfusion”;
S — "Sevoflurane"; S+I/R — "Sevoflurane + ischemia/reperfu-
sion"; D — "Desflurane”; D+I/R — "Desflurane + ischemia,/reper-

fusion”.

Ipumeuanune. [l puc. 1, 2: p-GSK-38 — docdo-IT'CK-35;
Groups — rpynuns;; C — koutpoisb; 1/R — «uiemusi/pernepdy-
3ust»; S — «ceBodurypan»; S+1/R — «ceBodurypan + urremusi/pe-
nepdysusi»; D — necaypan; D+U/P — «mechaypan + wurmre-

musi/perniepdysusis.

rpamme Statistica 6.0 (StatSoft, CIITA), craTucTiyeckn
3HAUYMMBIMHE PasJInaust caurasu npu p menee 0,03.

PesyabraThl U 00CyK/IEHHE

Cpennee 3Hauenme (MeanaHa) COAEPKAHUS
hocdho-TCK-38 y 10KHO-0MEPUPOBAHHBIX JKUBOT-
upix B rpymme C cocraBuino 304574 [169651 —
426472] otH. ex. (puc. 2).

TpexMUHYTHasT TOTATbHAS UIEMUS C TTOCJEY-
forelt penepdysueit B rpymnme V/P npusena x 3Ha-
YUTEJBHOMY YBeJIUYeHUo cojepxanust docho-
I'CK-36 mo cpasuenuio ¢ rpymmoir C (p<0,05), no
620437 [454993 — 785880] orH. ef..

MbI HabIOfaIn aHAJIOTHYHBIE PE3YJIBTAThl Y
KPBIC, aHECTE3UPOBAHHBIX CeBO(IyPAaHOM B TPyTIEe S
um echrryparoM B rpytire D, ¢ yBesmuenwe conepska-
uust pocdo-I'CK-36 B cpennem o 743166 742257 —
990792] u 667119 [619735 — 790934] oTH.ex1. cooTBeT-
cTBeHHO. XOTSI 9TH IMOKa3aTe ObLIM COMOCTABIMbI
MeIy AByMst Tpymmamu (p>0,05), oru ObIM 3HAYM-
TeJIbHO Bbitme, yeM y rpytiist C (p<0,05).

B rpynme S+U /P cpennee conepxanue hocho-
I'CK-3p pasusiiocs 922231 [824201 — 1020261]
OTH. €]I., 4TO TaKKe OBLIIO 3HAYUTEJIBHO BBIIIE, UM B
rpymie C (p<0,05).

Ty ke TeHIeHIWIO HAOJIOJATM B TPYyIIIle
D+U /P rre conepxanue docho-I'CK-3f cocraBuio

Puc. 2. Me:xxrpynmnoBsie pa3inyus 10 KoHieHrpauuu dpocdopu-
JIMPOBAHHON (POPMBI IIIMKOTEH CHHTETa3bI-KUHA3bI-3f.

Fig. 2. Between-group differences in concentration of p-GSK-38.
Note. * — P<0.05 compared with the control group.
Ipumeuanue. r. u. — otH. ef,; * — p<0,05 110 cpaBHEHMIO C KOH-
TPOJILHON TPYIIIOLL.

between the two groups (P>0.05), they were signifi-
cantly higher than those in the C group (P<0.05).

In the S+I/R group, the median p-GSK-33
concentration was 922231 [824201—1020261] r.u,,
which was also significantly higher than that in the
C group (P<0.05).

The same trend was observed in the D+I/R
group, where the median p-GSK-38 concentration
was equal to 677084 [581352—742218] r. u. (P<0.05
vs. the C group).

There was no difference in p-GSK-34 concen-
trations between all four groups treated with inhala-
tion anesthetics, both alone or followed by
ischemia/reperfusion (P>0.05). Furthermore, levels
of this enzyme were comparable with the results in
the T/R group (P>0.05).

In 1979, D.R. Hunter and R.A. Haworth
observed the phenomenon of excessive mitochondrial
membrane permeability at increased Ca2* concentra-
tions in the matrix. They suggested that there were
mitochondrial permeability transition pores [12].
During reperfusion, a great amount of reactive oxy-
gen species (ROS) is released from ischemic cells,
thus leading to mPTP opening [13], water and dilut-
ed substances enter mitochondria through the
opened pores causing matrix swelling and outer mem-
brane disruption. Cytochrome C is released from the
intermembrane space and initiates apoptosis [14].

Inhalation anesthetics are known to trigger
preconditioning by releasing a small amount of ROS
from the mitochondria, thus leading to a significant
increase in the ROS sensitivity threshold for mPTP
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B cpenreMm 677084 [581352 — 742218] orH. en.
(p<0,05, o cpasuenuio ¢ rpymmoii C).

MbI He OOHAPYKUJIN HIUKAKUX PasJIndUil B CO-
nep:xanun dhocdo-I'CK-36 Bo Beex 4-x Tpyrmax, rie
MIPUMEHSIIN WHTAJISTIMOHHBIE AaHECTETUKH, KaK B OJTH-
HOUKY, TaK ¥ B COYETAHUU C MOCJIEYIONIEH HIeMU-
eii/penepdysueii (p>0,05). Kpome Toro, comepska-
HUe 9TOro ¢epMeHTa OBLIO COMOCTABUMO €
pesyasraramu B rpyiie /P (p>0,05).

B 1979 romy D.R. Hunter and R.A. Haworth ma-
Gurro1as (heHOMEH Ype3MePHOI TIPOHUIIAEMOCTH M-
TOXOH/IPUATIEHON MeMOPaHBI B YCJIOBHSIX MOBBIIICH-
Hoii konnenrpanuu Ca2™ B MaTpuKce M BbICKA3a/IM
MIPE/IIOJIOKEHe O CYIIeCTBOBAHUK Hecrenuduaec-
KO MUTOXOH/ipuansbHOU mopsl [12]. Bo Bpems pe-
nepdy3ur BBICOKOE KOJUYECTBO AKTHBHBIX (HOPM
kucsopoza (ADK) BbICBOOOKIAETCS U3 UIIEMUHUPO-
BAHHBIX KJIETOK, YTO MPUBOANUT K OTKpbITUI0O mPTP
[13]. Yepes oTKpBITYIO IIOPY B MUTOXOH/PUIO IIOCTY-
TaeT BoJIa M PACTBOPEHHbBIE B HEl BEIIECTBA, BHI3bIBAS
HabyxaHIe MaTpUKCa W Pas3pbiB HApyKHOU MeMOpa-
HbL. V13 MexkMeMOPaHHOTO MIPOCTPAHCTBA BBICBOOOK-
naetcs ruroxpom C, maUTIMUPY: anonTto3 [14].

WN3BecTHO, 4TO WHTAJISITUOHHBIE AHECTETHKH
3aIlyCKalOT MPEKOHIUIIMOHUPOBAHNIE 32 CUET BHIOPO-
ca masioro koimdectsa ADK u3 mMuToxoHapuii, 4to
MPUBOJIUT K 3HAYUTETHHOMY YBEJTMUEHUIO TOPOra
gysctBuTeabHocT mPTP k ADK [15, 16]. dto ne-
6oapiioe kosmmdecTBo ADK feficTByeT Kak cuTHAT
TS aKTUBAITIH KMHA3HOTO Kackaja, KOTOPbIH 3aKaH-
YUBAETCS TJIMKOTeH CHHTA30-KIHa30i 33, pacoJio-
JKEHHOH HeNOCPeICTBEHHO TIepell KOMILTEKCOM
mPTP [15]. @ochopunupoBanune (MHAKTUBAIINN)
ATOTO KJIOYEBOTO (hepMeHTa MPeIOTBPAIAET OTKPbI-
THE MHUTOXOHJPUAJBHOI TOPbHI, BbI3bIBAEMOE II0-
BpEK/IEHUEM BCJIE/ICTBUE UIIEMUN /periepdy3ui.

B 2009 roxy 6bLTH CyMMUPOBAHBI BCE TOCTYTI-
uple K ToMy Bpemenu jannple o mPTP, ee cBasu c
I'CK-38 u yuyactum obenx Kackaze denomeHa mpe-
KOHIUTIMOHUBapoBanus [17].

B mpeznpiyiemM rccieoBaHUN MbI ITPOJEMOH-
CTPUPOBAJIH, UTO TPEKOHUITUOHUPOBAHIE CEBODITY-
panom yBeauunsaer copepskanue dhocho-I'CK-36 u
3aIUINAeT MUTOXOHJPUU HEHPOHOB B TOJOBHOM
MO3T€ KPBIC OT MOBPEXKIEHNS aKTUBHBIMU (hopMaMu
Kucjaopoa npu utemun,/penepdysnn [9].

B mannom nccnenoBarny uiemust/penepdysns
B rpymmne V/P npusesa, Kak 1 ObLIO TPEACKA3aHO, K
3HAUNTETLHOMY YBeJW4YeHHUI0 cojep:xkanus ¢ocdo-
I'CK-38 mo 204% (p<0,05). DToT pesysbrar MOXKeT
OBbITH CBSI3aH CO CXOKUM C TIPEKOHAUIIMOHUPYIOIIM
CTUMYJIOM, BBI3BAHHBIM 3-X MUHYTHOM UIIIEMUN.

[IpekouaMIIMOHUPOBaHUE CEBOMIYPAHOM B
rpymie S BBI3BAJIO yBeINUYeHne cofiepskaHus docdo-
I'CK-38 (p<0,05) mo 244% 10 cpaBHEHWIO C JIOKHO-
onepupoBaHHbIME KuUBOTHBIMH (Tpynmna C). Kak
YIIOMUHAIOCH paHee, 9TO HAOJIIONEHIE MOKET ellle
pa3 yKasbIBaTh HA aKTUBAIIMIO KACKa/a, BEAYIIETO K

[15, 16]. This small amount of ROS acts as a signal
for the activation of the kinase cascade which ends
with glycogen synthase-kinase 38, located directly
before the mPTP complex [15]. Phosphorylation
(inactivation) of this key enzyme prevents the mito-
chondrial pore opening caused by ischemia/reperfu-
sion injury.

In 2009, all available data regarding mPTP, its
relation to glycogen synthase-kinase 38 and the
involvement of both in preconditioning cascade phe-
nomenon were summarized [17].

Our previous study demonstrated that precon-
ditioning with sevoflurane increases the p-GSK-34
concentration and protects the mitochondria in rats'
brain neurons during ischemia/reperfusion [9].

In the current study, the ischemia/reperfusion
in the I/R group cause a significant increase in the p-
GSK-3f8 concentration up to 204%, as it had been
predicted (P<0.05). This effect can be attributed to
ischemic preconditioning-like stimulus, caused by
the 3-minute ischemia.

Preconditioning with sevoflurane in the S
group caused a 244% increase in the p-GSK-38 con-
centration (P<0.05) vs. sham animals (group C). As
it has been mentioned previously, this observation
may demonstrate an activation of the cascade, lead-
ing to augmented cell protection against ischemic
injury, even if such injury did not follow [9].

Apparently, anesthetic and ischemic precondi-
tioning have a limited ability to summarize their pro-
tective effects, as it has been evident from a 303%
increase in the p-GSK-38 concentration in the
S+1/R group. However, these findings did not differ
significantly from values in S group and I/R group
(P>0.05).

In the brain samples of animals preconditioned
with desflurane, either alone (D), or followed by
ischemia/reperfusion (D+I1/R), the p-GSK-38 con-
centrations increased by 219% and 223%, respective-
ly. This indicates that, like sevoflurane, desflurane
triggers anesthetic preconditioning; however; unlike
sevoflurane, it is not disposed to summation. In addi-
tion, we found no significant difference in p-GSK-34
concentrations between the groups treated with des-
flurane and sevoflurane, and that with
ischemia/reperfusion modeling without any inhala-
tion anesthetic (P>0.05).

Conclusion

This study again demonstrates the ability of
sevoflurane to increase the p-GSK-34 concentration
in rats' brains exposed to 3-minute of global ischemia
followed by reperfusion. Our data suggest that the
observed effect is typical both for sevoflurane and
desflurane. This result can be regarded as the evi-
dence that inhalation anesthetics under test produce
the effect of anesthetic preconditioning.
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MOBBINIIEHUTO KJIETOYHON 3aIUTBI OT WITEMIYECKOTO
MOBPEXKAEHUS, JaKe eCJTU UIEMUS B TIOCTIeLyToleM
He nocsiezioBada [9].

[To-BuMOMYy, y aHECTETUIECKOTO U UITIEMUYEC-
KOTO MPEKOHAUITMOHUPOBAHUS UMEETCST OTPaHUYEeH-
Hasl CIIOCOOHOCTh K CYMMMPOBAHUIO POTEKTOPHBIX
a(HEKTOB, YTO OTMEYATOCH IO YBEJTUIEHUIO CO/lePIKa-
uust docho-I'CK-3 mo 303% B rpymme S+1/P. Tem
He MeHee, 9TOT Pe3yJIbTaT CYIIeCTBEHHO He OTJINYaeT-
cs1 oT 3Havenuit B rpymmax S wim U /P (p>0,05).

B obpasiiax Mo3ra JKHBOTHBIX, TOJBKO MTPEKOHIN-
IIMOHUPOBAHHBIX jiechypanoM (D) nimm ¢ mociemnyio-
meit nmemwueli/pernepdysueii (D+U1/P), conepxanne
hocho-TCK-34 ysemmumnocs va 219% u 223% coor-
BETCTBEHHO. JTO YKa3bIBAET HA TO, UTO JlechrypaH Kak
1 ceBoTypaH, SBJSETCS TPUTTEPOM aHECTETHUECKOTO
MIPEKOH/IUTIMOHUPOBAHUS, B OTJINYKE OT TOCJEHETO,
OJTHAKO, He CKJIOHHBIM K CyMMUpPOBanuio. Kpome Toro,
MbI He OOHAPYIKUJIN CYIIECTBEHHOI Pa3HUIIBI B COEP-
xanun ocho-I'CK-3f mexay rpyiimamu, rie mpuve-
HAMCh ceBorypan wian aecdaypan u rpymion rie
MOJIEJIMPOBAJIach nieMusi/perepdysust 6e3 mpuMeHe-
HUST MHTAISIIMOHHBIX aHecTeTHKoB (p>0,05).

3akjaoyeHue
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The presented data may extend the range of
therapeutic indications for inhalation anesthetics in
clinical practice.

In addition, the long-forgotten, little-known,
but easy-to-perform V. G. Korpatchev's model of
ischemia/reperfusion could be deployed in further
experiments.

dhocdo-TCK-38 B Mo3re KpbiC, TEpeHECITUX 3-MU-
HYTHYIO TJIOGAIbHYIO UIIEMUIO ¢ TIOCIEAYIONIeN pe-
nepdysueii. Hamm gannabie CBUETENBCTBYIOT O TOM,
yT0 HabJIroaeMblil a(hPeKT XapaKkTepeH Kak IJIs ce-
Borypana, Tak u s gechirypana. ITOT pe3yabrar
MOKHO PacCcMaTpuBaTh Kak JI0Ka3aTeJbCTBO TOTO,
YTO UCCJIelyeMble MHTAJISIIUOHHBIE AaHECTETUKH JleHi-
CTBUTEJIHHO TPOSIBISAIOT 2P ((DEKT aHecTeTHUeCKOTO
MIPEKOH/IUITUOHUPOBAHUSL.

[TpencraBienHble JaHHBIE MOTEHIIUATBHO MO-
TYT PacHIUPUTh CIEKTP TOKAa3aHUN K MPUMEHEHHTO
WHTJISITIOHHBIX AaHECTETUKOB B KJIMHUKE.

Kpome Toro, MasonsBecTHas, JaBHO 3a0bITasdl,
HO MPOCTAst B BBITOJTHEHUN MOJIEJTh UIIIEMITH /Perep-
dysuu B. T. KoprnaueBa MoskeT ObITh MOJIE3HA B J1aJIb-
HEHUIINX 9KCTIePUMEHTAX.
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ObIMIAA PEAHUMATOJIOI'UA

Hayuno-nipaktiyeckuii skyprai «O61mas peaHnMaToI0THs >,
Bxozstiuii B nepeuenb BAK P, nipesinasnaven /7ist Bpaueil aHeCTe3M0JI0T0B-PEaHnMATOIOTOB
W HAYYHBIX COTPYZIHUKOB.

Tematuka JKypHaJa: 1aToretes, KJInHuKa, InariocTrkKa, JiedeHue, HpO(i)I/I]IaKTI/IKa 1 IIaTOJIOIMYEeCKasA aHaTo-
MU KPUTUYECKUX, TEPMUHAJIBHBIX W TIOCTPECAHNMAIITMOHHbBIX COCTOSTHUI. BO]'IpOCI)I OKa3aHusAd IIOFOCHHT&JIBHOﬁ 110~
MOMIU IIPU KPUTUYECKUX COCTOAHUAX. BOHpOCbI O6y‘{€HI/IH HaceJeHUA U MEJUITMHCKOTO ITepCOHaJIa IIpueMaM OKa-
3aHUS HEOTJIOKHOM TTOMOIIN TP KPUTUYECKUX COCTOAHUAX.

Aypmuropust: iedeGHbIe yIPeKIEHNUs; BBICITIE yIeOHbIe 3aBeleH ST MEAUTIMHCKOTO MPOMUIIS; MEIUITTHCKUE
YUPERIEHs OCJAeUILIIOMHOro oOpasoBanust, DenepalibHble U PErHOHATIbHbIE OPraHbl YIIPABIEHUS 31[PABO0OXPa-
HEeHUeM, MEJIUIIMHCKIE HAYYHO-UCCIIE[0BATEbCKAE HHCTUTYThI; MEIUIIMHCKITE OUOIMOTEK.

IMOAIINCKA

B 11060M IOYTOBOM OT/€JIeHHH CBS3H [0 KaTasory «PocneyaTss>

e uHeKc 46338 — g MTHANBU/IYaIbHBIX TIOJITUCYUKOB
* mHeKe 46339 — i mpeanpusATHIL U OpraHnu3aIit
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PaccrpoiicTBa MUKPOIUPKYJISIIUK TIPU PECIUPATOPHOM JUCTPECC-CUHIPOME
HOBOPO’KJIEHHOTO (MOP(OJIOrHYecKoe UCCIeOBaHHe )

C. A. Tlepenesmna'?, A. M. Tony6es', B. B. Mopos'

' HUU o6eii peanmarosiornn um. B. A. Herosckoro,
Poccust, 10703, . MockBa, yJi. [TetpoBka, . 25, ctp. 2
* Banruiickuii henepanbhbiii yauBepcuter uM. immanynina Kanra,
Poccust, 236041, r. Kannnuurpaz, yia. Arekcanapa Hesckoro, 1. 14

Microcirculatory Disorders in Infant Respiratory Distress Syndrome
(Morphological Study)

Svetlana A. Perepelitsa'?, Arkady M. Golubev', Viktor V. Moroz'

'V. A. Negovsky Research Institute of General Reanimatology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia
? Imannuel Kant Baltic Federal University,
14 Aleksandr Nevsky Str., Kaliningrad 236041, Russia

Iesas ucciaenoBanust — orenka MOPGOJIOrHYECKUX UBMEHEHUI COCY/I0B JIETKUX Y HEJIOHOMIEHHBIX HOBOPOXK-
JIEHHBIX C PecupaTopHbIM auctpecc-cuaapomoM (PACH).

Marepuaist 1 MeTozbl. [IpoBesieH aHainu3 UCTOpuii 6OIE3HU U POTOKOJIOB MATOJOTOAHATOMIYECKOTO HCCIe-
nosanust 70 HeIOHONIEHHBIX HOBOPOK/IEHHBIX, YMEPIINX OT TSPKEJIOH /IbIXaTeIbHOW HEJIOCTATOYHOCTH B PE3yJIbTa-
te pazsutusi PJICH. Bce HoBopoxkentbie pazaenens Ha 3 rpyrist: rpymna «PIICH» — 25 (35,7%) neteii, ymep-
mmx ot P/ICH, y koropwix cypdakTantsl He npuMmeHsiinchk, rpynmna «Kypocypd» — 26 (37,2%) nereii,
MOJIYYMBIINX B KOMILIEKCHOM Teparmuu 3abojeBaiust 9K30TeHHbIN cypdakrant «Kypocypd»; rpymma «Cypdak-
taut BJI» — 19 (27,1%) nereii, nosyuusinx «Cypdakrant BJI». [IpoBoauin rucrosorndeckue u Mopho-mMerpu-
YecKue UCCJIeJOBAaHUS COCYAOB JieTkuX. Omnpezernsin naaekce KepHorana (OTHOIIEHHe AnaMeTpa IPOcBeTa K TOJI-
ITIHE CTEHKU COCY/1a).

PesyabraTel uccaenoBanus. Y HoBoposkaeHHbIX rpymn «PJICH» n «Kypocypd» aprepuaibaoe pyc/io Jerkux
[IPEICTAaBIEHO COCYAaMK AuaMeTpoM 10 50 MrM. Aprepun 6oJee kpynHoro auamerpa 51—100 MxM 1 apTepun, 1u-
amerpoM Gostee 100 MKM pacripeiesisiioTesi pABHOMEPHO U COCTaBJISIOT 1/3 0T 00111ero KoindecTBa BU3yaausupye-
MbIX cocyoB. Jlost mereit rpymmbl «Cypdaxrant BJIl» xapakrepHo o6paTtHOe COOTHOIIEHNUE apTEPHATBLHOTO COCY-
JICTOTO pycJia: aprepun auamerpoM 10 50 MM coctaistior 30% OT BCex COCYOB, MPeobJIalaioT aprepun
auaMerpom bosiee 100 M. BeHo3HOE Pycsio HOBOPOXKIEHHBIX BCEX TPYIIIT MPEJACTABIEHO, B OCHOBHOM, COCYIAMU
muamerpom Meree 50 MM, Hauboubiiie usmenenust rosmtbl crenku aprepuii (TC,) XapakrepHbl st COCYI0B
¢ o6mmM auamerpoM 6osiee 51 Mxm. Y aereii rpynnb «PIICH» nanbosbime nusmenenus TC, XxapakTepHbl 17151 ap-
tepwuii ¢ amamerpom 51—100 Mxm. Miamerenue cteHok apTepwii iuamerpom 6osiee 101 MKM XapaKTepHBI 11T HOBO-
poxzaennbix rpynmsl «Cypdaxrant BJIs. B rpymnme «Kypocypd», o cpaBHeHuIo ¢ IpyruMu TPYTITIaMU, He BBISIB-
JIEHO TOCTOBEPHBIX M3MEHEHWH WCCaeIyeMbix Tokasateneit, (p>0,05). B aToit ke Tpymme, Mo CpaBHEHUIO C
rpynmamu «PIICH» n «Cypdakrant BJI», orMevyannch MUHUMAIbHbIE N3MEHEHMS MTOKA3aTe el BEHO3HBIX COCY-
JI0B, HauMeHbliast Tosuba credku Bed (TCy) Ben ¢ guamerpom Gosee 100 mxm. Muaexke Keprorana njist Ben mMa-
JIOTO IamMeTpa Oblll MUHUMAJIbHbBIM.

3akmouenue. VccienoBanre MUKpOIMPKYIgaTOpHOTO pyca gerkux npu PIICH sBisieTcs aktyanbHoi mpakTu-
4ecKol 3aj1aueil, T.K. HapyIieHue ra3000MeHHOH (YHKIUK JIErKUX Y HEAOHOIIEHHBIX HOBOPOJKICHHBIX 00y CJIOBIIC-
HO, B TIEPBYIO OYepe/ib, HapyIleHneM KPOBOOOPAIEHUsT U MUKPOLMPKYJISIUK PA3JIMYHOIl CTEIIeHN BHIPAKEHHOCTH
Ha (hoHe aHaTOMODYHKIIMOHATBHOI HE3PETOCTH MUKPOIMPKYJ/ISITOPHOTO pycJia Jerkux. [1pu HebmaronpusTHoM uc-
xoj1€ 3200JIeBaHUsI OCHOBHBIMU TIPU3HAKAMU HAPYLUIEHUI MUKPOLMPKYJISIIU B JIETKUX SIBJISIIOTCSI PACIIUPEHUE [TPO-
CBeTa apTepuil 1 BeH, yToJleHue cTeHku cocyioB. [Ipenapars cypdakTaHTOB OKa3bIBAIOT BJINSHUE HA U3MEHEHHE
[POCBETA COCY/IOB JIETKUX, OCOOEHHO InaMeTpoM Gosiee 50 MKM, UTO HAIPABJIEHO, BEPOSITHO, HA YJIy4IleHe KPOBO-
cHabskeHus B JierkuX. /171t HOBOPOKICHHBIX, MOJYYHBIIIX KypPOoCypd, XapaKTepHbl MUHUMAJIbHbBIE 3HAYCHUST HCCIIe-
JTyeMBIX TTIOKa3areJei, 1o cpaBHeHIo ¢ HoBoposkaeHHbIME Tpymil «P/ICH» m «Cypdakrant BJI».

Kntoueswvte crosa: mopdomempus cocyoos iezkux; MUKPOUUPKYIAUUS IeZKUX; HeOOHOUEHHbLE HOBOPOICOCHHVLE;
PecnupamopHbiil OUCMPecc-CUHOPOMOM; IK302eHHbLE CYPDHAKMAHMbL
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Kpurnuyeckme cOCTOSIHUS HOBOPOSKAEHHBIX

The purpose of the study is to evaluate morphological changes in lung vessels of preterm infants with the infant
respiratory distress syndrome (IRDS).

Material and Methods. Case history records and postmortem examination protocols of 70 preterm infants who
died because of severe respiratory compromise as a result of IRDS were analyzed. All newborns were divided into
three groups: the IRDS group included 25 (35.7%) infants who died due to IRDS (no surfactant); the Curosurf
group was composed of 26 (37.2%) infants who received an exogenous surfactant Curosurf as a part of a complex
therapy; the Surfactant BL group included 19 (27.1%) infants receiving Surfactant BL. Histological and morpho-
metric examinations of lung vessels were performed. The Kernogan index calculated as the ratio between the
lumen diameter and the wall thickness was determined.

Results. The arterial bed of newborns in the IRDS and Curosurf groups was composed of vessels having up to
several um in diameter. Larger arteries (51—100 pm in diameter) and arteries of more than 100 pm in diameter are
distributed uniformly and comprise 1/3 of the total number of visualized vessels. The invert correlation of the arte-
rial vascular bed was typical for the infants in the Surfactant BL group: arteries of 50 um in diameter comprise 30%
of all vessels, and arteries of more than 100 um in diameter prevail. The venous bed of newborns consisted mainly
of vessels having less than 50 um in diameter. The greatest changes in the arterial wall thickness (TC,) are typi-
cal for vessels with a total diameter of more than 51 pm. In babies of the IRDS group, the greatest (TC,) changes
were typical for arteries of 51—100 pm in diameter. Changes in arterial walls (>101 pm) were typical for the
Surfactant BL group. Unlike other groups, in the Curosurf group, no significant changes in the parameters under
the test were found (P>0.05). In this group (as compared to IRDS and Surfactant BL groups), there were minimal
changes in vein characteristics and the minimal venous wall thickness (TC,) (>100 um in diameter). The
Kernogan index for veins with small diameter was minimal.

Conclusion. Evaluation of the microcirculatory bed of lungs in IRDS patients is an urgent problem because
the pulmonary gas exchange impairment in preterm infants is primarily caused by circulatory and microcirculato-
ry disorders of various degrees of severity that result from anatomic and functional immaturity of the lung micro-
circulatory bed. In cases of unfavorable outcomes, dilation of arterial and venous lumen and vascular wall thick-
ening might be considered as principal signs of microcirculatory disorders. Surfactants affect changes in the
diameter of lumen of lung vessels, especially those with a diameter more than 50 pm, presumably improving the
blood supply of the lungs. Minimal changes of tested parameters were typical for newborns on Curosurf versus
IRDS and Surfactant BL groups of infants.

Key words: vascular morphometry; lung microcirculation; preterm infants; respiratory distress-syndrome; exoge-
nous surfactants
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Beenenue

KomMIuiekcHble cONUaibHO-9KOHOMUYECKUAE |
MEJIMITMHCKAE MEPbI, TPOBEJEHNE PeOopraHu3aluu
OKa3aHUsI MEAUIIMHCKOI TTOMOII GepeMeHHBIM, HO-
BOPOK/IEHHBIM U JIETSIM PA3JIMYHOTO BO3PACTa, BHE]I-
peHre COBPEMEHHBIX METOJIOB B MPAKTUKY JieUeHUS
HOBOPOJKJIEHHBIX CYIIECTBEHHO YIYUITHIN IeMOTpa-
(uueckue mokazarenmu. Hapsgy c yBeiandeHuem
POXKIAEMOCTH, TTPOUBOILIO CHUKEHNE TIepUHATATh-
HOU ¥ MJIaJIEHYECKON CMEPTHOCTH, KOTOPBIE OIpe/ie-
JISTIOT YPOBEHDb OKA3aHUS TIePUHATATBHON MTOMOIIN B
cTpaHe. AHAJOTWYHAS TEHIEHIIUS XapaKTepHa JJIst
MHOTHX cTpaH [1—3].

B nacrosiee BpemMs 6oJIblIIoe BHUMaHHUE Y/Ie-
JISETCS JIEYEHUIO W BBIXAKUBAHUIO HEJIOHOIIEHHBIX
HOBOPOJKJIEHHBIX, 0COOEHHO ¢ OY€Hb HU3KOI Maccoil
tesa (OHMT) u akcTpeMasibHO HU3KOM Maccoii Tesia
(OHMT) npu poskneHun, T.K. B 3TOI KaTeTOPUH TTa-
IIUEHTOB TIOBBIIIEH PUCK PA3BUTHUS PECITUPATOPHOTO
nuctpecc-cuaapoma (PIICH), a Takke HacTymienne
HeOIaropUATHOrO NCX0/a B PAaHHEM HEOHATAJbHOM
1 TTOCTHATAIBHOM Tlepuojax [3—7].

MozemipoBatue (OJIE3HU THAJTUHOBBIX MeMO-
pan (BI'M) B akcnieprMeHTe TTOKa3as0, 9TO B JIETKUX
HOBOPOJKJICHHBIX KPBICST YK€ C TIEPBBIX CYTOK 0OHa-
PYKUBAeTCsT TOBPEKIEHNE albBeoJIONNTOB. B vacTn

Introduction

Comprehensive social, economic, and medical
measures, improvement of medical care for pregnant
women and newborns, as well as children of various
ages, introduction of state-of-the-art treatment
methods into the routine neonatal practice have sig-
nificantly improved the demographics. Along with
the increased birth rates, a decrease in perinatal and
infant mortality rates was observed, i.e. in parame-
ters determining the level of the perinatal care in a
country. The same tendency is typical for many
countries [1—3].

At present, much attention is paid to the treat-
ment and neonatal care of preterm infants, especially
those with very low birth weight (VLBW) and
extremely low birth weight (ELBW), because the
risk of the infant respiratory distress syndrome
(IRDS) and unfavorable outcomes in early neonatal
and post-natal periods is higher in these groups of
patients [3—7].

Experimental modeling of the hyaline mem-
brane disease (HMD) demonstrated that alveolo-
cyte impairment was observed in the lungs of new-
born infant rats from the first day of life. Red blood
cells and homogeneous oxyphilic hyaline membranes
(HMs) were found in some alveoli. During the
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aJIbBEOJ OOHAPY KUBAKOTCS 9PUTPOIIUTHI, TOMOTEHHBIE
okcubuibHble rHannHoBbie MeMOpanbl (I'M). TIpu
VBEJIMYEHUN JJIUTENBHOCTH GOJIE3HU CTPYKTYpPHbIE
MU3MEHEHUS B JIETKUX YCYTYOJISIOTCS: B OOJIBIIEM KO-
JIMYECTBE BBISABJISIOTCS THAJIMHOBBIE MEMOPAHbI, 3Ha-
YUTEJbHAS YaCTh albBEOJI 3armojHeHa (hOPMEHHBIMU
aJIeMEHTaMU KPOBU, OTPEJIETISIOTCS OYaru aTesieKTa-
30B, BHOBb 00Pa30BaHHOM COEANHUTEIBHON TKaHH [8].

Pannne cpoxu reuenus PIICH compoBoskaator-
cs1 TyOOKMMHU HapyHIEHUSIMU MeTabon3Ma, 4To
00YCJIOBJICHO MEPEHECEHHOI aHTe- W WHTPaHATA b-
HOU runokcueil Ha pone ry6okoil Mopdoorniec-
KOl He3peJocTH HeloHOIIeHHOTO pebeHka [3, 6, 9,
11]. OcHOBHBIMU KJIMHUKO-MOPGhOJOTHIECKUMU
(hopmamu pecnipaTOPHBIX HAPYIIEHWH y HEIOHO-
NIEHHBIX HOBOPOXKIEHHBIX SIBJSIOTCS TIEPBUYHBIE
atenekrasbl 1 M. HebmaronpusitHbiM (hakTopoM
SBJISIETCS MHTPaHaTaTbHAS acTIUpalns OKOJOIION-
HBIX BOJI, TIPETSITCTBYTONIAST CTAHOBJIEHNIO HOPMAJTh-
HOTO Ta3000MeHa, CIMOCOOCTBYIOMAS MTOBPEKIECHNIO
AJTbBEOJISIPHOTO AMUTEJUS U MOBBIIEHUTO TPOHUIIAE-
MOCTHU KanmIsIpoB 1 pa3sutuio M. Xapaxrep mop-
(bosornyeckux M3MeHEHUN B JIETKUX 3aBUCUT OT
MHOTHX (PaKTOPOB: 0COGEHHOCTEN TeueHUsT GepeMeH-
HOCTHU, TECTAIIMOHHOTO BO3pacTa, IPUMEHEHUS Cyp-
(bakTaHTOB, TPOAOIKUTEIBHOCTH JKU3HU OOJIBHOTO.
IbPeKTUBHOCTD Tepanuu HK30TEHHBIMHU Cypdak-
TAaHTAMW 3aBUCUT OT KauyecTBa OKa3bIBAeMOI TOMO-
my pebGeHKy NPHU POKAEHWM, BPEMEHHU IepeBoja
6osbHOTO Ha VIBJI 11 cpoKOB BBeeHUs cypdaKkTaHTa
[IPU CTPOTOM COOJIFOJIEHUE PEKOMEHAAIMIT 110 MPH-
MeHeHno nipenapara [11—13].

CoBpeMeHHbIe METOJIbI JIEYeHUS TIPUBEJIN K 13-
MEHEHWTO KIMHUYECKUX U, OTYACTH, Mopdoormiec-
kux nmpusHakoB P/ICH, a Takke mosBiIeHNIO HOBOM
dopmbl GpoHxoJerouHoil ancriasun. CyliecTBeH-
Hast POJIb B 9TOM MPUHAJIECKUT TPUMEHEHNIO TIpeTa-
paToB cypdakTanTa st MPOPUIAKTUKI U JIeUeHUS
PIICH, pecnimpaTopHO# Tepanuu B Pa3JIMYHBIX MO-
mubukanusx [12, 14, 15]. Basxkuast posib B pa3Butuu
MATOJIOTUYECKOTO TIPOIecca B JIETKUX MTPUHAJIEKIT
paccTpoiicTBaM KpOBOOGpaleHusi, KoTopbie 06yc-
JIOBJIEHBI, B TOM YHCJ€, 1 MOP(HOTOTUIECKUMU U3Me-
HEHUSIMU B COCY/IaX JIETKIX.

[lens nccmemoBaHmsT — olleHKa MOPGhOJIOTHYIEC-
KUX M3MEHEHWI COCY/IOB JIETKUX Y HEOHOIICHHBIX
HoBopoxeHasix ¢ PIICH.

Marepuan u MeTObI

ITpoBesu anajm3 UCTOpuii 6OJE3HN ¥ IPOTOKOJIOB T1a-
TOJIOTOAHATOMUYECKOTO Mccae[0BaHust 70 HeIOHOTIEHHBIX
HOBOPOJKJIEHHBIX, YMEPIINUX OT TSIKEJION IbIXaTeTbHOM He-
JIOCTaTOYHOCTH. BceX HOBOPOJKIEHHBIX pas/esnin Ha 3
TPYIITID:

1 «PHCH» — 25 (35,7%) neteii, ymepiux ot PIICH,
KOTOPBIM JieueHne cypdhakTaHTaMu He TPOBOIUIIOCH.

2 «Kypocypd» — 26 (37,2%) nereii, moTy4InBIINX
B kommztekcHoit Tepanuu P/ICH cypdakrant xypocypd.

course of the disease, the structural changes in the
lungs worsened: greater amounts of hyaline mem-
branes were found; a significant part of alveoli was
willed with corpuscles; foci of atelectasis and newly
formed connective tissue were found [8].

Early stages of IRDS are associated with severe
metabolic disorders due to antenatal and intranatal
hypoxia with underlying severe morphological
immaturity of a preterm infant [3, 6, 9, 11]. Primary
atelectases and HMs are basic clinico-morphological
types of respiratory disorders in preterm infants.
Intranatal aspiration of amniotic fluid is an adverse
factor impairing a normal gas exchange and con-
tributing to impairment of alveolar epithelium and
enhancement of capillary permeability and HM for-
mation. The type of morphological changes in lungs
depends on multiple factors, namely: characteristics
of the course of pregnancy, gestational age, adminis-
tration of surfactant and patient's life span. The
effectiveness of the therapy with exogenous surfac-
tants depends on the quality of the neonatal care, the
time of switching to mechanical ventilation and the
time of surfactant administration, provided the pre-
scription instructions are strictly kept [11—13].

Application of modern treatment options led to
changes in clinical and morphological (in part) man-
ifestations of IRDS, as well as to emergence of a new
form of bronchopulmonary dysplasia. A significant
role is played by surfactants prescribed for preven-
tion and treatment of IRDS and different modifica-
tions of respiratory therapy [12, 14, 15]. Important
impact might have circulatory disorders caused by
morphological changes in pulmonary vessels.

The purpose of the study is to evaluate mor-
phological changes in lung vessels of preterm infants
with the IRDS.

Materials and Methods

Case history records and postmortem examination
protocols of 70 preterm infants who died because of severe
respiratory compromise were analyzed. All newborns were
divided into 3 groups:

e the IRDS group included 25 (35.7%) infants who
died due to IRDS (no surfactant);

*  the Curosurf group was composed of 26 (37.2%)
infants who received an exogenous surfactant Curosurf as
a part of a complex therapy of IRDS; usually, Curosurf was
administered within first 2—5 minutes of life.

e the Surfactant BL group included 19 (27.1%)
infants who received Surfactant BL as a part of a complex
therapy within 2—5 hours after birth.

In all cases, the following factors were observed: unfa-
vorable course of the pregnancy, maternal and fetal ante-
natal and intranatal risk factors, as well as inflammatory
changes in placenta and umbilical cord (chorioamnionitis,
deciduitis, intervillusitis, and funiculitis) with underlying
subcompensated and decompensated placental insufficien-
cy. Antropometric characteristics of experimental groups
of newborns are presented in Table 1.
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

Ta6auna 1. XapakrepucTuka HeJOHOUIEHHbIX HOBOPOKAeHHbIX (M*0; Me[LQ;UQ]).
Table 1. Characteristics of preterm infants (M+0; Me[LQ;UQ]).

Groups Values of parameters in groups

Gestational age, weeks Body weight, g Height, cm Life span, hours
IRDS (n=25) 27.0£0.5% 1035+91* 34.2+0.8* 55.0£8.4
Curosurf (n=26) 291427 1455.62521.6 39344 55[21; 145]
Surfactant BL (n=19) 31.7+£0.7 2071+1471 43+1.2 47+11.8

Note. * P<0.05 — significance of difference as compared to Curosurf and Surfactant BL groups.

Ipumevanue. /st tabau 1, 2: Groups — rpynms;; IRDS — PIICH, Curosurf — Kypocypd, Surfactant BL — Cypdakrant BJI (To &e
naist puc. 1, 2); Values of parameters in groups — sHauenus mapametpos B rpynnax. Gestational age, weeks — cpox recraiuu, Hezesnb;
Body weight, g — macca tena, rp; Height, cm — pocr, cm; Life span, hours — nipogoskut. skusmu, yacos. * — p<0,05 — 10cTOBEPHOCTD
passnunii mo cpasHennio ¢ rpynmnamu «Kypocypd» n «Cypdaxrant BJl».

Beeznenue kypocypda ocymiecTBisI0Ch, Kak IPaBUIo, Ha
2—5 MUHYTaX KU3HU.

3 «Cypdaxrant BJI» — 19 (27,1%) nereit, mony-
quBmUX cypdaktant BJI gepes — 2—5 9acoB mocse poK-
JIEHUsI B KOMILJIEKCHOU Teparinu 3a00J1eBaHusL.

Bo Bcex ciryuasix numesu Mecto HebJIAronpusiTHOE Te-
yeHre OepPeMEHHOCTH, AHTEHATAIbHbIE U MHTPAHATAIbHbIE
(haxTopbl pricka co cTOPOHBI MaTEPH U IJI0/1A, & TAKXKeE, BOC-
MaJMTebHble M3MEHEHUS B IIJIAlleHTe, TyNoBUHE (XOPHO-
AMHUOHUT, JCIU/YNUT, UHTEPBUILIY3UT, (QYHUKYJIUT) Ha
(one cy6- 1 TEKOMIIEHCMPOBAHHOM XPOHUYECKON TIIalleH-
TapHOI1 HEZIOCTATOYHOCTH. AHTPOIIOMETPUYECKAd XapaKTe-
PHUCTHKA HOBOPOXK/IEHHBIX UCCJIE/yEMbIX IPYIII ITPE/ICTaB-
JieHa B Tabr. 1.

Hosopoxaennsie rpyrinst «P/ICH» nmenu nocrosep-
HO MEeHbIIINe TeCTAl[HOHHBII BO3PACT, Maccy Teja U pocT
mpu poxaenun (p<0,05). B uccnenosanue Briaiounnn 44
(62,9%) peberka ¢ MaJIbIM TeCTAI[IOHHBIM BO3PACTOM 1 C
IHMT npu poxnenunn. B rpynme «PCIH» 21 (84%) Ho-
Boposkaennpiii numesr IHMT, B rpynne «Kypocypd» — 8
(30,7%) nereit, B tpynme «Cypdakrant BJI» Takux HOBO-
POKICHHDBIX HE OBLIO.

Bo Bpems: 11aTo/10roaHaTOMIUYECKOTr0 BCKPBITHS [IPOBO-
JIUJTA MAaKPOCKOTIMYECKYIO OIeHKY Jierkux. JlJis rucrosioru-
YECKOTO MCCJICIOBAHMSI GPaI KYCOUYKH U3 PA3HbIX CEIMEH-
TOB JIETKUX, KOTOpBIe ukcupoBaan B 10% HeliTpasbHOM
dopmanune u 3anuBasu B mapadun. [ucronmornyeckue cpe-
3bl OKpPAIMBAJIM TI'eMAaTOKCUJINH-D03UHOM, PEaKTUBOM
lIudda, cymanom, nmo Ban-Twsony. [mcronorunueckue u
MOpGhOMETPUYECKUE MCCJIe/IOBAHUS TPOBOANIN C IOMO-
mpto Mukpockona «Olympus BX 41> u KoMIbooTepHOIt
nporpammbl «Image Scope M». Perucrpaiiusi uameHenuii B
nperaparax JErkix y4uTbiBaIa COCTOsTHITE OPOHXOB Pa3HO-
ro Kasnbpa; albBeoJI, AIbBEOJISIPHBIX XO/0B; AJIbBEOJISIPHO-
r0 1 OPOHXUOJISIPHOTO SIHUTEJIHST; MEJKAIBBEOJISIPHBIX TIEpe-
TOPOJIOK; PAcCIIOJIOKEHUE, BHJI, KOJMYECTBO M CTEHEHb
BoIpakennoct I'M; orenuBaan cocrosinue KPOBEHOCHBIX
1 MMGATUIECKUX COCYIOB, COEMHUTEIBHOI TKaHU. Pe-
3yJILTaThl MOP(OJIOTNUECKOr0 UCCAEAOBAHIS COOCTABIIS-
JIML € TECTAIIMOHHBIM BO3PACTOM, COCTOSIHUEM PeOeHKa 1pu
POSKIEHVHU, KITMHUYECKUMU MTPOSIBJIEHUSIME 3a00JI€BAHUST 1
JUTUTEIBHOCTBIO Teverust Gosiesnn. [IpoBopnmiu omenky
3PEJIOCTH JIETOUHOI TKaHH, COOTBETCTBHUS ee TeCTAllMOHHO-
MY BO3pacTy.

B rucrosiornueckux cpesax JIErkux BbITOJHUIM MOP-
(omerpuueckoe namepenune BayTpeHtero auamerpa (DV)
n rosmmnbl crenku aprepuii (TC,), BHyTpenHero quamer-
pa Ber (DV) u tommunet crenku Ben (TCy). Ha octosa-

Newborns in the IRDS group had significantly less
gestational age, body weight and height at birth (p<0.05).
44 (62.9%) low-gestational-age and ELBW infants were
enrolled in the study. In the IRDS group, 21 (84%) new-
borns had ELBW, in the Curosurf group, there were 8
(30.7%) such infants; in the Surfactant BL group, there
were no such infants.

Macroscopic examination of lungs was performed dur-
ing the postmortem examination. Samples from different
lung segments were taken for the histological test; they
were fixed in 10% neutral formalin and embedded in paraf-
fin. The histological sections were stained with hema-
toxylin-eosin, Schiff's reagent, sudan, and Van Gieson's
stain. Histological and morphometric studies were per-
formed using the Olympus BX 41 microscope and Image
Scope M software. The registration of changes in lung
specimen took into consideration the state of bronchi of
various sizes; alveoli and alveolar ducts; alveolar and bron-
chiolar epithelium; alveolar septa; location, type, amount,
and severity of HMs; in addition, the state of blood and
lymphatic vessels and connective tissue was assessed. The
morpho-histological findings were compared with the ges-
tational age, infant's state at birth, clinical manifestations
of the disease, and the duration of the disease. The maturi-
ty of the lung tissue and its compliance with the gestation-
al age was assessed.

Morphometric measurements of arterial lumen diame-
ter (DA) and wall thickness (TC,) and venous lumen
diameter (DV) and wall thickness (TCy) were performed
in histological sections of lungs. Based on the data
obtained, a vascular index, Kernogan index, was calculated
as the ratio between the lumen diameter and the wall
thickness (DA/TC,, DV/TCy). Based on the measure-
ments, all vessels were subdivided into three groups
depending on the vessel diameter:

D, — the vessel diameter is more than 100 pm, D, —
51—100 um, D4 — less than 50 pym. DA — arterial lumen
diameter is more than 100 pm; DA, — 51—100 um; DA; —
less than 50 um. DV, — venous lumen diameter is more
than 100 pm; DV, — 51—100 um; DV, — less than 50 um.
The corresponding wall thickness is

TC,y, TC,y, TC,; for arteries, and TCy;{, TCyy, TCys
for veins. DA/TC,, DA,/TC,, DA;/TC, are correspond-
ing ratios for arteries and DV,/TCyy, DV,/TCy,,
DV;3/TCys for veins.

Thirty measurements were performed per each obser-
vation. Based on the data obtained, the arithmetic mean,
standard deviation, and median were determined.
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HUU TIOJYYEeHHBIX JAHHBIX MPOBEIEH MaTeMaTH4YeCKUui
pacuer cocyMcToro nnjiekca — unaekca Keprorana, orpa-
JKAIOIIET0 COOTHOIIEHVE BHYTPEHHETO IMaMeTpa 1 TOJITIH-
uel crenku cocyna (DA/TC,, DV/TCy). Ha ocnoBannm
IIPOBE/ICHHBIX U3MEPEHUIT BbIZIEJEHBI TPU TPYIIIBI COCY-
JIOB, B 3aBUCUMOCTH OT BEJIMYUHBI aMeTpa cocyaa: Dy —
muametp cocyna 6osee 100 mxm, Dy — 51—100 mxm, Dy —
menee 50 Mmxm. DA, — BHYTpeHHUIT [uameTp aprepuii 6o-
gee 100 mxm; DA, — 51—100 mMkM; DA5 — mMenee 50 MKM.
DV, — BHyTpeHHuii auamerp Ber 6osee 100 mxm; DV, —
51—100 mrMm; DVy — menee 50 Mxm. VM COOTBETCTBYIOT
tosmuHa cocyauctoit crenku aprepuii: TCyy, TCyy, TCys
n BeH: TCyy, TCyyy, TCys, a Takske cootHomenue DA /TCy,
DA,/TC,, DA3;/TC; pmna aprepuit u DV,/TCyy,
DV,/TCyy, DV3/TCy5 s Ben.

[TpoBommIoCh TPHUANIATH M3MEPEHUII B KaskKAOM Ha-
Guroziernn. Ha OCHOBaHUY TOJIyYeHHBIX [TaHHBIX OIpejie-
JIAJIach BeJIMYMHA CpejiHell apudMeTH4ecKoii, cpeiHee
KBaJ[paTUYHOE OTKJIOHEHNe 1 Mearana. [Ipu cratucruyaec-
KOil 06pabOTKe MOJTyYEHHbBIX [TAHHBIX TPUMEHSIIN METOIbI
JECKPUINITUBHOI 1 BAPUAIIMOHHON CTATHCTHKH, Hellapame-
TpUYECKKe MeTO/bI OlleHKU. OTJINYUs CUUTAIN JIOCTOBEP-
HBIME TIPU YPOBHE cTaTHCTHIeCKON 3HaunmMocTu p<0,05.

PesyabraThl U 00CyK/IEHHE

[lnsg BcexX HEMOHOIIEHHBIX HOBOPOJK/EHHBIX,
BKJIIOUEHHBIX B UCCJIE0OBAHNE, XapaKTePHO HebIaro-
npusaTtHoe Tedenne P/ICH. Bemymum cummntomom
SIBJISLTIACH JIBIXATEJIbHAS HEOCTATOUHOCTD, 00YCI0B-
JIEHHasT TIEPBUYHBIM JlehuniutoM cypdakranra. [lo-
cJie OKa3aH!s MIePBUYHON M peaHNMaIlMOHHOH TOMO-
T BCeX HOBOPOJK/IEHHBIX TIePEBOINIIHN B OT/eJIeHIe
peaHuManuu W WHTeHCUBHOW Teparmnu. HoBoposk-
JIEHHBIM BCeX TPYMI MPOBOAWIN WCKYCCTBEHHYIO
BeHTHIATINIO Terkux (MBJI).

Mopdomornueckoe mccieoBaHue JIETKUX HO-
BoposkaeHHbIX Tpymibl «P[ICH» BhigBuio Hammume
IMaJUHOBBIX MeMOpaH PasJUYHON JIOKATM3AIIH.
Brrsgsuim xapakTepHble 3MEHEHUSI MUKPOIIMPKY JIsi-
TOPHOTO PYyCJia: TIPOCBET apTepuii U BeH PacIInpeH,
DHIOTEJIHIT HAOYXIIUI, MECTAMU «CJIOUCTbIIT». ApTe-
puanbHasg CTeHKa yToJieHa. Bokpyr cocy/10B BbIpa-
JKeH OTeK TKaHel. MHorouncienHble apTepruosio-Be-
HO3HBIE aHACTOMO3bl pacuiupeHbl. B mupoxrmx
MeKaJTbBEOJSIPHBIX TEPEeropo/ikaX BBIPAKEHO MOJI-
HOKPOBHE KaIlMJLISIPOB, OOJIBIIOE KOJTUYECTBO aHAC-
TOMO30B, JUM(aTHYeCKre COCYbl NMEIT paclliu-
pennblii mpocset. Ilox mieBpoit, BOKpyr cOCysoB u
PECIUPATOPHBIX OPOHXOB BU3YATM3UPYIOTCS MEJIKO-
OuYaroBble CKOIJIEHUS 3PUTPOIUTOB. [[y11 HOBOPOIK-
nenabix ¢ JHMT, nmpoxusmmx 49—72 yaca, xapak-
TEPHO TIOJTHOKPOBUE KPOBEHOCHBIX COCY/IOB,
MHOKECTBEHHbIE MeJIKWe 1 KPYITHbIe KPOBOM3JIHSI-
HUS B TUIEBDY, CENTHI, BOKPYT COCYA0B 1 GPOHXOB. Y
HEKOTOPBIX OOJIbHBIX BHU3YaJU3UPYIOTCSI OYaroBble
KPOBOU3JIUSHUS B AJIbBEOJIBI.

Y Bcex HOBOPOKIEHHBIX Ipymiibl «Kypocypd»
TaKsKe BBISIBUJIM THAJWHOBBIC MEMOPAHbI, PA3JIMIHON
TOJIIIIMHBI 1 JIoOKanm3annu. PaccrpoiicTBa MUKpore-

Methods of descriptive and variation statistics, as well
as nonparametric methods were applied for the statistical
treatment of findings. The difference was considered sig-
nificant with a confidence level of P<0.05.

Results and Discussion

Unfavorable course of IRDS was typical for all
newborns enrolled in the study. Respiratory compro-
mise caused by primary surfactant deficiency was the
leading symptom. All newborns were transferred
into the intensive care unit after primary care and
neonatal resuscitation. Mechanical ventilation
(MV) was applied for newborns in all groups.

The morphological examination of IRDS group
newborns' lungs demonstrated the presence of hya-
line membranes in various locations. Typical changes
of the microcirculatory bed were found: the arterial
and venous lumens were dilated; the endothelium
was swollen and laminated in some areas. The arteri-
al wall was thickened. There was severe perivascular
tissue edema. Multiple arteriovenous anastomoses
were dilated. There were marked capillary plethora
and a great number of anastamoses in wide alveolar
septa; lymphatic vessels had dilated lumens. Small-
focal deposits of red blood cells were visualized
under the pleura and around vessels and respiratory
bronchi. Vascular plethora, multiple small and large
hemorrhages into pleura and septa and around ves-
sels and bronchi are typical for newborns with
ELBW at 49—72 hours of age. Focal hemorrhages
into alveoli were visualized in some patients.

Hyaline membranes of various thickness and loca-
tion were found in all Curosurf group newborns, as well.
Disorders of microhemocirculation depend on a num-
ber of factors: gestational and postnatal age and the
duration of MV. In very preterm infants with ELBW
who died within 6—16 hours after delivery, the lumen of
blood vessels was dilated, the wall was thickened, the
endothelium is loose, and there were red blood cell
aggregations in the lumen. The number of arteriove-
nous anastmoses varied. Hemorrhage of different sever-
ity and location were typical for this group of newborns:
large hemorrhage were detected around vessels and
bronchi, and the mall ones were located subpleurally.
When the life span expanded to 66 hours, capillary
plethora was found in alveolar septa; there was also a
great number of empty arteriolovenular anastomoses.
There were small single hemorrhages under the pleura,
into septa, and around vessels and bronchi.

In the Surfactant BL group newborns, circulation
disorders depending on the life span were found in addi-
tion to hyaline membranes of various degrees of severi-
ty. In the event of a lethal outcome within 6—12 hours
after the delivery, hemorrhages into the interlobular tis-
sue were found. Multiple RBC aggregations were locat-
ed around vessels and bronchi and in the interstitial
space. All vessels were dilated, the wall was thickened,
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

MOIIUPKYJISIIIAN 3aBUCAT OT Psijia (DaKTOPOB: TeCTaIH-
OHHOTO M TIOCTHATAJILHOTO BO3PACTa, JJIUTEIHLHOCTH
MBJIL ¥ riyGOKOHEIOHOIIEHHBIX HOBOPOKIEHHBIX C
IOHMT, ymepmmx yepes 6—16 wacoB mocse poxie-
HUSI, TPOCBET KPOBEHOCHBIX COCY/IOB PACIIUPEH, CTEH-
Ka YTOJIIEHA, 9HIOTEIUI PBIXJIbIH, B TPOCBETE — CJia-
JUKK 9puTponuToB. KoimyecTBO apTepro-BeHO3HBIX
aHACTOMO30B BapbupyeT. /I HOBOPOKIEHHBIX ITOM
TPYIIIBI XapaKTePHbI KPOBOUBJIUSHUS PA3JINIHOM cTe-
MEHW BBIPAKEHHOCTH W JIOKAJTU3AI[UH: BOKPYT COCY-
JIOB 11 OPOHXOB HAXOATCS KPYITHbIE KPOBOM3JIUSTHIIS;
MeJIKHe — pacioJiaraorcest cyoriespaibto. [Ipu yBe-
JIMYEHWH TTPOOKUTENTbHOCT! KU3HU /10 66 4acoB B
MeKaJTbBEOJISIPHBIX TIEPETOPO/IKAX BbIPAKEHBI KaIlNJI-
JISPHOE TIOJTHOKPOBHE, OTPEAESETCS OOJIBIIOE YHUCIO0
IIyCTBIX apTEPUOJIO-BEHYJISPHBIX aHACTOMO30B. BbI-
SBJISIOTCS MEJIKUE e/JAHMYHbIE KPOBOU3JIUSHUS TIO]T
ILJIEBDY, B CEIThI, BOKPYT COCY/IOB U OPOHXOB.

g HoBopoxknenubix rpymnmbl «Cypdakrant
BJI», B JIerkux Hapsiy ¢ THAIMHOBBIMU MeMOPaHAMU
Pa3JIMYHON CTEIeHN BbIPA)KEHHOCTH, BBISIBUJIN HapY-
[IEHUsT PAcCTPOiiCTBAa KPOBOOOPAIEHMs], KOTOPbIE
TaKIKe 3aBUCEJIN OT IPOIOJIKUTENbHOCTH Ku3HU. [Ipn
HACTYIJIEHUM JIeTaJIbHOIo ucxoja yeped 6—12 yacos
ocJie POKAEHUS BBISBJSIOTCS KPOBOWBJIUSHUS B
MEK/I0TIEBYIO TKaHb. MHOKECTBEHHbIE APUTPOITUTAP-
HbIe CKOTJIEHWS PACIIOJIATAIOTCS BOKPYT COCY/IOB, Tie-
PUOPOHXUATBHO, B HHTEPCTUIIHATBHOM IPOCTPAHCT-
Be. Bce cocynbpl pacuiupeHbl, CTEHKA YTOJIIEHA,
SHIOTENNI HAOYXIIU; BU3YaIU3UPYyeTCs: OOJIBIIOEe
KOJIMYECTBO TOJHOKPOBHBIX aHACTOMO30B, CJA/KH
ApUTPOIUTOB. [Ipu yBeMIeHnn MPOAOLKUTETHLHOC-
T sKku3HK 10 12—36 yacos paccrpoiictBa KpoBooOpa-
IIEHUsT yCyTyOIISIOTCS, TPOUCXOIUT JajbHEHIIast -
JlaTaiisi KPOBEHOCHBIX COCY/IOB, B TOM YHCJe
eprOPOHXHUATIBHO, B UX MPOCBETAX — CJIAJKK IPUT-
poruToB. CTEHKH apTepuil U apTepuoJi YTOJIIEHBI,
SHIOTEJINI COCYZI0B HAOYXIIHA, ¢ 3ePHUCTON IIUTO-
mazmMoit. [IoJTHOKpOBHBIE apTEPUOBEHO3HbBIE AHACTO-
MO3BI PACIOJIATAIOTCS TIPEUMYIIIECTBEHHO MePHOPOH-
XUaJbHO U cyOrieBpaibHo. IIporpeccupoBanue
3a00JIeBAaHUST COIIPOBOXK/IAETCS HAPYIIEHUSIMU MUK-
POTEMOITUPKYJISIINN, TTPOSIBISIONINAECS MTOJHOKPOBH-
€M BeHYJI ¥ KalluJJISIPOB, MIPOCBET COCY/IOB MTPH 3TOM
paciipet, GOJIbIIOe YKCIO apTEPHO-BEHO3HBIX aHaC-
TOMO30B. [IepuOPOHXHANBHO OTMEYaeTcst OOJIBIIoe
KOJIMYECTBO COCY/IOB PA3HOrO KauuOpa O CriIaKeH-
HBIM, TIOUTH TJIOCKUM aHzpoTeaneM. He XapakTepHbI
KPOBOMBJIUSHUS B CEIITHI BOKPYT COCYOB I OPOHXOB.

Takum 06pasoM, HE3aBUCUMO OT BHIA MPUMe-
HeMOTO cyp(haKTaHTa, y HeJJOHOTIEHHBIX HOBOPO:K-
JICHHBIX BBISIBUJI aHAJIOTHUHbIE 3MEHEHWST MUKPO-
MUPKYJISIUNA B JIETKUX: paclidpeHre IPOCBeTa
apTepuil M BeH, YTOJIIIEHUE CTEHKHU cocy/os. IIpo-
rpeccupoBanne PIICH compoBoxmaeTcs maabHEl-
11eit Jiusrataueil KpOBEHOCHBIX COCY/IOB JIETKHX.

PesymbraThl MOP(hHOMETPUUECKOTO UCCITEI0BA-
HUS apTepUabHOTO COCYIUCTOTO PYyCJa JIErKUX

and the endothelium was swollen; a great number of
plethoric anastamoses and RBC sludge were visualized.
When the life span was expanded to 12—36 hours, the
circulatory disorders worsened, further dilation of
blood vessels took place (including those located peri-
bronchially); there was RBC sludge in their lumens.
Arterial and arteriolar walls were thickened, the
endothelium was swollen, with polioplasm. Plethoric
arteriovenous anstamoses were located mainly peri-
bronchially and subpleurally. The diseases progression
was associated with disorders of microhemocirculation
in the form of plethoric venules; at that, the vascular
lumen is dilated; there were a lot of arteriovenous anas-
tamoses. In the peribronchial space, there was a great
number of vessels of various sizes with smoothened,
almost flat endothelium. Hemorrhages into septa and
around vessels and bronchi were not typical.

Therefore, irrespective of the type of the surfac-
tant applied, preterm infants presented similar
changes in the lung microcirculation that included
dilation of arterial and venous lumen and vascular
wall thickening. The TRDS progression was associat-
ed with further dilation of pulmonary blood vessels.

Results of the morphometric examination of
the pulmonary arterial bed are presented in Fig. 1.
The arterial bed of newborns in the TRDS and
Curosurf groups was composed of vessels having up
to 50 um in diameter. Larger arteries (51—100 pm in
diameter) and arteries of more than 100 pm in diam-
eter are distributed uniformly and comprise 1/3 of
the total number of visualized vessels. The invert
correlation of the arterial vascular bed was typical
for the infants in the Surfactant BL group: arteries of
50 um in diameter comprise 30% of all vessels, and
arteries of more than 100 um in diameter prevailed.

The venous bed of newborns consisted mainly of
vessels with a diameter less than 50 pm (Fig. 2). For
instance, in IRDS group newborns, 86.3% of vessels
were small-diameter blood vessels; in infants from
other groups, the percentage of venous vessels was
about 70%. Veins, diameter of which is 51—100 pm,
were significantly more common (P<0.05) in infants
from the Curosurf group, whereas the venous vessels
with a diameter more than 100 um were typical for
newborns from the Surfactant BL group (P<0.05).

TC, and the D,/TC, ratio is one of criteria for
assessment of the vascular bed (Table 2). In the
Surfactant BL group newborns, the DA, TC,, val-
ues differed significantly from those in IRDS and
Curosurf groups (P<0.05). In vessels of a smaller
diameter (51—100 pm), the morphometric parame-
ters changed as follows:

DA, was significantly higher in the IRDS group
infants; at that, TC,, was significantly lower as com-
pared to other groups (P<0.05). DA, was significant-
ly lower in Curosurf group newborns versus IRDS
and Surfactant BL groups (P<0.05). Irrespective of
the treatment type, the following general regularities
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npezicTaBeHbl Ha puc. 1. Y HOBOPOXKIEHHBIX TPYII
«PIICH» u «Kypocypd» aprepuanbHoe pycJo Jier-
KUX MPECTABIEHO, B OCHOBHOM, COCY/IaMU JTUAMET-
pom j10 50 MrM. Aprepun 6oJiee KPYITHOTO AHaMeTpa
51—100 mkMm 1 aprepun, guamerpom 6osee 100 Mkm
pacrpenessioTcsi paBHOMEPHO U cOCTaBAIoOT 1/3 ot
00IIeT0 KOJUYECTBA BU3YaJU3UPYEMBIX COCYIOB.
Mg nereit rpynmsl «Cypdakrant BJI» xapaktepHo
obpaTHOE COOTHOIIEHNE aPTEPUATBHOTO COCYIUCTO-
rO pycJjia: apTepuu quamMmeTpom 10 50 MKM cocTaBisi-
10T 30% OT Bcex cocy10B, IPeobIaatoT apTepun au-
amerpoM Gosiee 100 MKM.

BenosHoe pycio HOBOPOXKIEHHBIX BCEX IPYIII
MIPEJICTABIEHO, B OCHOBHOM, COCYZIAaMU JUAMETPOM
meree 50 MM (puc. 2). Tak, y HOBOPOKIEHHBIX
rpymibl «PICH» 86,3% cocynoB siBJsIIOTCS BeHaMu
MAaJIOTO IUaMETPA, Y IeTeH OCTAIbHBIX TPYII y/I€Th-
HBII BeC BEHO3HBIX COCYIOB COCTABJISIET OK0JIO 70%.
Bennr gmamerpom 51—100 MKM [0CTOBEPHO
(p<0,05) yamie BcTpevatorcs y aeteit rpymiibt «Kypo-
cypd», a BeHO3HbIe cocybl, qramerpom Gosee 100
MKM XapaKTePHBI JJIsi HOBOPOKIEHHBIX TPYIIIIBI
«Cypdakrant BJI» (p<0,05).

OnHuM #W3 KpPUTEPHEB OIEHKU COCYIUCTOTO
pycaa siisiercss TC, u coorromerue D, /TC, (Tabi1.
2). Y nereii rpynmsl «Cypdakrant BJI» BemunHb
DA,, TC,, cratnctuyeckn 3HAYNMO OTJINYAIOTCS OT
nereit rpymn «PIICH» u «Kypocypd» (p<0,05). Ilpu
yMeHbIlleHnn auamerpa cocya 1o 51—100 mxm, Mop-
(omerpuueckue mokazatesn uamensiorcs: DA, mo-
croBepHo Gouibiiie y gereit rpymmbl «PICH», tpu
a1oM TC,,y IOCTOBEPHO YMEHBIITAETCS TI0 CPABHEHUIO
¢ gerbmu apyrux rpyin (p<0,05). DA; nocrosepHo

Puc. 1. [luamerpsl (MKM) COCYZOB apTePUATIBHOIO PyCJia B Jier-
KHX HOBOPOJK/JI€HHbIX.

Fig. 1. Diameters (um) of arterial bed vessels in newborns' lungs.
Note. * — P<0.05 — statistically significant difference in diame-
ters of pulmonary arterial bed vessels in the Surfactant BL as com-
pared to IRDS and Curosurf groups.

IIpumevanue. * — p < 0,05 — craTUCTHYECKN 3HAYNMbIE PA3JIH-
YISl IIaMETPOB COCYZ0B apTEPHAIBHOIO PYCJIa JIETKUX HOBOPOXK-
nennbix rpymibl «Cypdaxrant BJl», o cpaBHEHUIO ¢ TpyIIIaMu
«PIICH» u «Kypocypd».

were found: despite the decrease in arterial diameter,
the DA,/TC,, and DA,/TC,, ratios were stable; only
in arteries of 50 pm in diameter, the DA,/TC,; value
became lower than DA,/TC,,. The changes are sta-
tistically significant (P<0.05).

Ta6auua 2. MopgomeTpuyeckas XapakTepPUCTHKA COCY/IOB JIETKUX y HoBoposkaAennbix ¢ PIICH (M+ag; Me[LQ;UQ)).
Table 2. Morphometric characteristics of pulmonary vessels in newborns with IRDS (M+0; Me[LQ;UQ]).

Parameters Values of parameters in groups

IRDS (n=25) Curosurf (n=26) Surfactant BL (n=19)
DA{, pm 91.3£47.3 100+58 109 [70.2; 340]*
TCyay, um 74.3£32.8 75.9£35.9 125+82.9*
DA,/TCy,y 2.3+1.5 1.8+0.7 2+1
DAy, pm 51.5+22.1* 38.4%+11.8 39.4+15
TC g pm 29.9+115* 35948 36.479.7
DA,/TCyy 2+1 1.4+0.5 1.9+0.7
DA3, pm 19.2+9.8 13.7+8.6* 16.3+4.8
TC s pm 201564 20.756.2 21552
DA,;/TCns 152097 12067 165037
DV, um 192.6+99.5 98.9£20* 102 [80.6; 183.5]
TCv1, um 42.7+18.2 18.1£7.4* 49.4%32.5
DV,/TCy, 57416 7253 51438
DVy, um 54.6£10.8 46.8+£5.4 58.9+14.6
TCvy, pm 14.9+6.9 11.4+2.6 15.9+6.7
DV,/TCy, 1852 48518 54523
DVj3, um 23.4%8.2 19.4£7.8 20.7£7.2
TCvs, pm 8.5+2.3 9.5+3.6 9.8+3.1
DV,/TCys EWESE] 28%1.177 325097

Note. For explanation of abbreviations see materials and methods.* — P<0.05 — statistically significant difference as compared to
other groups. # — P<0.05 — statistically significant difference as compared to DA;/TC,; and DV1/TCy;.

IIpumeuanue. Pacuidposka ab6peBHaTypsl B MaTeprasiax u Metogax. * — p<0,05 — craTHCTHYECKH 3HAUNMbIE Pa3INys [0 CPaBHe-
HUIO C OCTAIbHBIMK rpyrnnamu. ¥ — p<0,05 — crarncrnyecku 3HaunMble pasiandus 1o cpasiennio ¢ DA{/TCyq u DV1/TCy;y.
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Puc. 2. luamerpsl (MKM) COCYZI0B BEHO3HOTO PYCJa B JIETKHX
HOBOPOZK/I€HHBIX.

Fig. 2. Diameters (um) of venous bed vessels in newborns' lungs.
Note. *— P<0.05 — statistically significant difference in diameters
of pulmonary venous bed vessels in the Curosurf group as compared
to IRDS and Surfactant BL groups. # — P<0.05 — statistically sig-
nificant difference in diameters of pulmonary venous bed vessels in
the Surfactant BL as compared to IRDS and Curosurf groups.
Ipumeuanue. * — p<(0,05 — cTaTUCTUYECKY 3HAUNMbIE DAY
ZIMAMETPOB COCY/IOB BEHO3HOTO PYCJTA JIETKUX HOBOPOKIEHHBIX
rpyunbsl «Kypocypd», no cpasnenunto ¢ rpynnamn «PACH»> n
«Cypdaxrant BJI». # — p<0,05 — craTuCTHYECKN 3HAYNMbIE Pa3-
JIMYNST INAMETPOB COCYIOB BEHO3HOTO PYCJa JIETKUX HOBOPOXK-
nennbix rpynisl «Cypdakrant BJI», o cpaBHeHuio ¢ rpynmnamu
«P[ICH» u «Kypocypd».

MeHBbIIIe Y HOBOPOXK/IEHHBIX TPYTITHI «Kypocypd» mo
cpaBHeHUIO ¢ HOoBopoxkaeHHbIMU Tpyrm «PJICH» n
«Cypdakrant BJI» (p<0,05). HesaBucumo ot Buza
JIEUEHNsT, B ICCJIEIOBAHNH BBISIBJIEHA 00T 3aKOHO-
MEPHOCTB: HECMOTPS Ha yMEHblIIeHUe JuaMeTpa apre-
puit, cootnomerus DA, /TC,, u DA,/TC,, octatorcs
CTabOIBHBIMH, JIUIITH TIPU AUAMETPE apTepuil MeHee
50 MKM, TIPOUCXOJAUT YMEHbIIEHUE BEJIUIHMHbBI
DA,;/TC,; no cpaBrenuio ¢ Benmunaoir DA /TC,;.
Borasiennble U3MeHeHUs SBJAIOTCS CTaTUCTUYECKU
snaunmbiMu (p<0,05).

Bemuuuna DA;/TC,; mocTtoBepHO MeHbIIe y
neteil Tpynibl «Kypocypd» 1mo cpaBHeHHWIO ¢ HOBO-
poxzaennubivu rpynn «PIICH» u «CypdaxranTt BJI»
(p<0,05). MameHeHue TOJIMHBI CTEHKU COCYIIOB U
JIaMeTpa TIPOCBETA COCYOB OGYCIOBIEHO, BEPOST-
HO, pa3BUTHEM €€ OTeKa.

[L7151 BeHO3HOTO pycJia, KOTOPOe OTPasKaeT eMKO-
CTHYIO (PYHKIMIO OT/IeJIa JIETKUX, XapaKTepHbl CJIe/ly-
I0IIMEe U3MEHEHU: Y HOBOPOXK/IeHHbIX IpyIbl «Ky-
pocypd» Bemmuunbl DV, u TC,, craTuctmyecku
3HAYUMMO MeHblIe II0 CPaBHEHMIO C JAeTbMU Pyl
«PICH» u «Cypdaxrant BJI» (p<0,05). IIpu cpas-
HeHuu cocyzos juamerpom o 51—100 mxm DV, u
TCy, oTsinunii He BIABUIN. Y /1eTell BCeX TPYIII IpU

The DA,/TC,; value was significantly lower in
Curosurf group newborns versus IRDS and
Surfactant BL groups (P<0.05). Alterations in the
vascular wall and lumen diameter could be caused by
their swelling.

As for the venous bed reflecting the capacitive
function of a lung segment, the following changes
were typical: in the Curosurf group newborns, the
DV, and TC,, values were significantly lower as
compared to IRDS and Surfactant BL groups
(P<0.05). A comparison of vessels with a diamater of
up to 51—100 pm, no differences in DV, and TC,,
values was found. In all groups, in the event of a
decrease in a vein diameter, the DV,/TC, ratio was
lower than the DV,/TC,, ratio; in addition, the
DV,/TC,4 value was significantly lower in the
Curosurf group infants as compared to infants from
other groups (P<0.05).

Therefore, certain difference in morphometric
parameters of lung vessels was found. The most sig-
nificant changes in the arterial wall thickness (TC,)
and its swelling were typical for arteries with a total
diameter of more than 51 um, as evidenced from this
study. In babies of the IRDS group, the greatest
(TC,) changes were typical for arteries of 51—100
pm in diameter. Changes in walls of large arteries
were typical for the Surfactant BL group. In the
Curosurf group, no significant changes in the para-
meters under the test were found (P>0.05). In this
group (as compared to IRDS and Surfactant BL
groups), there were minimal changes in vein charac-
teristics and the minimal venous wall thickness
(TCy) (>100 pm in diameter). The Kernogan index
for veins with small diameter was minimal.

The gas exchange after the delivery depends on
the morphological maturity of lungs and biochemical
maturity of endogenous surfactant. These processed
are controlled by different mechanisms and transcrip-
tion bonds [16]. Any impairment of the gas-exchange
function of lungs in preterm infants is caused by fea-
tures of structural and topological maturity of the pul-
monary microcirculatory bed and depends on the ges-
tational age. Many factors affect the process of
morphological and biochemical maturity of lungs and
surfactant. Experiments in newborn rats demonstrat-
ed that chronic perinatal hypoxia affected the weight
of lungs and the number of alveoli at birth; these para-
meters were significantly lower in rats that underwent
hypoxia, than those in normoxia. Chronic hypoxia
regulates the expression of genes which are involved
in the pathogenesis of pulmonary hypertension and
postnatal lung remodeling [17]. The persisting pul-
monary hypertension, which complicates the course of
the IRDS, is associated with the increase of total
cross-sectional area and the thickness of the external
layer of blood vascular walls. Selection of a treatment
option based on the disease pathogenesis is essential.
MYV, non-invasive methods of respiratory support in
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yMeHbIIIeHnH inaMeTpa BeH cooTHotnerne DV, /TCy;,
YMEHBINAETCS, M0 CPAaBHEHWIO C COOTHOIIEHUEM
DV,/TCy, xpome Toro Bemmunnaa DV,/TCy4 mocTo-
BEPHO MeHbIe y zeTeir rpymmbl «Kypocypd», 1o
CpaBHEHUIO ¢ TarenTaMu apyrux rpym (p<0,05).
Takum 06pasoM, BBISIBUJIA HEKOTOPBIE OTIINYMS B
MOP(hOMETPUUECKUX TOKA3ATEJSIX COCY/IOB JIETKHX.
HawuGoupime msmererust TC,, ee 0TeK XapaKTepHbBI
JUIsT apTepuii ¢ oOImuM guaMerpoM Gosiee 51 MKM, 4TO
TIOJITBEP;KIAETCST TIPOBE/IEHHBIMU UCCIEOBAHUSMU. Y
neteii rpyrimbt « PIICH» nanGosbiiie nsmeHernst TCA
XapaKTepHbl /it aprepuii ¢ auamerpoM 51—100 Mim.
V3mMeHeHre CTEHOK KPYIHBIX apTEpUil XapaKTepHBI
2t HoBoposkaeHHbIX rpyiibl «Cypdakranta BJI». B
rpymnre «Kypocypd» He BBISIBUIN JOCTOBEPHBIX U3Me-
HeHUiT nccsenyeMbix mokasaresneit (p>0,05). B atoii sxe
rpyte, 1o cpaBHernio ¢ rpynmamu «P/ICH» u «Cyp-
dakxranT BJl», oTMeuamnn MUHUMAIbHBIE M3MEHEHWS
ToKasaTesiell BEHO3HBIX cOoCcyZioB, HamMmenbimasg TCy
BeH ¢ auamerpom Gostee 100 mrm. Mnpexe Keprorana
JUIST BEH MAJIOTO IHaMeTpa ObLI MUHIMAJIbHBIM.
Ta3006MeH mocJie POsKAEHNS TIOJTHOCTBIO 3aBHCHT
0T MOP(OJOrNYECKON 3PEIOCTH JIETKUX 1 OUOXUMUYE-
CKOI 3PeJIOCTH H/IOTEHHOTO cypdakTanTa. ITH Mpo-
1IECCHI KOHTPOJUPYETCS PA3TNIHBIMU MEXAaHU3MAMU U
TPAHCKPUIIIIHOHHBIMI cBsi3siMu [ 16]. Jlrobast dopma
HapyIeHNsT Ta3000MEHHON (DYHKI[MM JIETKUX Y HEI0-
HOIIIEHHBIX HOBOPOJKICHHBIX 00YCJIOBJIEHa 0COOEHHOC-
TSIMU CTPYKTYPHOTO M TOIMOJIOTUUECKOTO CO3PEBAHUS
MUKPOIMPKYJISSTOPHOTO PYCJIa JIETKUX U 3aBUCHT OT Te-
CTaIMOHHOTO Bo3pacTa. Ha mporecc mopdomormyec-
KO 1 GHOXUMIYECKON 3PeJIOCTH JIETKUX U CypdakTaH-
Ta BJUSIOT MHOTrHMe (hakTopbl. B skcmepuMenTte Ha
HOBOPOK/IEHHBIX KPbICAX MMOKA3aHO, YTO XPOHMUECKAsT
NepuHaTaIbHAsT THITOKCUST BJIUSIET HA Maccy JIETKUX,
KOJIMIECTBO aJIbBEOJI TIPH POKAECHUH, Y KPBIC, TOJIBEPT-
MIAXCST THTIOKCHUW, 9TH TIOKA3aTeH 3HAUNTETbHO MEHb-
11e, YeM TP HOPMOKCHH. XPOHUYECKAsT THIIOKCHS Pe-
TYJIUPYeT 9KCIPECCUIO T€HOB, KOTOPBIE yYacTBYIOT B
naroreHese JIETOUHOH TMIEPTEeH3UN U TIOCTHATATILHOTO
pemosiespoBanust erkux [ 17]. Ilepcuctupyromas Jie-
TOUHas TUTIEpTeH3UsI, ocaoxHsromas teuenue P/ICH,
COTIPOBOKIAETCST YBEJIITUEHNEM OOTIEH MITOIa/M MoTIe-
PEUYHOTO CEYeHUsI, TOJIUHBI HAPYKHOTO CJIOS CTEHKU
KPOBEHOCHBIX COCY/IOB. BaskHbBIM SIBJIsIETCS BHIOOP Me-
TOJIa JIEYEH NS, KOTOPBIi OCHOBAH Ha ITaToreHese 3aboJre-
Banust. Crangaprom B sreueranu PIICH saBmsrorest mpo-
Bezienne V1 BJI, HenHBa3nBHBIE METO/bI PECITUPATOPHON
TIO/UIEPSKKN B COUETAHUN C 3aMECTUTENIbHON Teparueit
cypdakranramu. [Ipn kpaiine TsKes10M BapraHTe Teve-
nusg PIICH nipumensieTcst 9KCTpakopriopaibHast MeMo-
panHast okcureHarusg (OKMO). [Ipuvenenne metoza
He TOJIBKO BOCCTAHABJIUBAET OKCUTEHAITHIO, HO U BITUSIET
Ha yMeHbBIIIeHNe TOJIIIUHBI CTEHKU KPOBEHOCHOTO COCY-
12, METMAJIBHON TLTOIIAJIA TTOTIEPEYHOTO CeYeHUs B ap-
TEPUSIX C HAPY/KHBIM THAMETPOM MEHee 75 MKM, U CHU-
JKEHWMe TOJIUHBI CTEHKU KPOBEHOCHOTO COCyla U
OOIILYIO0 CTEHKY IO b [IOTIEPETHOTO CEYEHNST B apTe-

combination with the surfactant replacement therapy
are standard options for the IRDS treatment. In
extremely severe IRDS, extracorporeal membrane
oxygenation (ECMO) is applied. This technique not
only restores oxygenation, but also affects the
decrease in the blood vascular wall thickness, the
cross-sectional medial area in arteries with an external
diameter of less than 75 pm, as well as the decrease in
the thickness of a vascular wall and total cross-sec-
tional area of arteries with an external diameter of
75—150 pm; therefore, the ECMO decreases the
severity of morphometric changes in small pulmonary
arteries. These results should be taken into considera-
tion in the clinical practice [18].

Chemotaxis activity, cytokines TNF-¢, IL-1,
IL-6, IL-11, VEGF, TGF-a and TGF-g, cause serious
impairment of capillary endothelium and alveolar
epithelium resulting in formation of hyaline mem-
branes [19]. The lung sonography demonstrated the
correlation between sonographic findings and all
oxygenation parameters irrespective of the gesta-
tional age; and it is the indication for prescription of
surfactants for preterm infants with the gestational
age of less than 34 weeks and respiratory support in
the continuous positive airway pressure mode [20].

Surfactants used for prevention and treatment
of IRDS are known to increase the functional resid-
ual capacity by improving the blood flow in regions
with increased ventilation [21, 22]; they enhance
oxygenation [22, 23] and decrease the pulmonary
vascular resistance [24, 25]. The normalization of
infant's oxygenation status helps to eliminate the tis-
sue hypoxia; the regulation of the vascular tone,
including that in pulmonary vessels, is restored thus
leading to improved blood supply of lungs. At the
same time, the persistent hypoxia sustains decreased
pulmonary vascular lumen. It is caused by a cascade
of pathological reactions typical for IRDS.

Conclusion

Evaluation of the microcirculatory bed of lungs
in IRDS patients is an urgent problem because the pul-
monary gas exchange impairment in preterm infants is
primarily caused by circulatory and microcirculatory
disorders of various degrees of severity that result from
anatomic and functional immaturity of the pulmonary
microcirculatory bed. In cases of unfavorable out-
comes, dilation of arterial and venous lumen and vas-
cular wall thickening might be considered as main
signs of microcirculatory disorders. Surfactants affect
changes in the diameter of lumen of pulmonary vessels,
especially those with a diameter more than 50 pm, pre-
sumably improving the blood supply of the lungs.
Minimal changes of tested parameters were typical for
newborns on Curosurf versus IRDS and Surfactant BL
groups of infants. Due to administration of surfactants,
the improved tissue oxygenation triggers the mecha-
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

PUSIX € HAPY/KHBIM fuameTpoM 75—150 MM, Tem ca-
MbIM DKM O ymeHbIaer creresb BBIPAKEHHOCTH MOP-
omeTpruecKknX U3MeHEHNH B MEJIKUX JIETOYHBIX apTe-
pusix. OITU Pe3YJbTaTbl HYKHO YUYUTHIBATH B
KJIHITYecKko pabote [18].

AxtuBHOCTD XemoTakcuca, 1uTokuHbl TNF-a,
IL-1, 1JI-6, NJI-11, VEGF, TGF-a u TGF-f, Bbi3bi-
BaIOT cepbe3HOe HOBPeXK/IeHIe SHI0TeU KalluJLis-
POB U 3MUTEJNS aTbBEOJI, B Pe3yJIbTaTe Yero Impouc-
X0UT (DOPMHUPOBAHUE TMAJMHOBBIX MeMOpaH [19].
YiIBTpa3sByKOBOE UCCIEeJ0BAHNE JIETKUX [10KA3aJ10 Ha-
Jiyye KoppeJsiuu Y 3 — [IPU3HAKOB CO BCeMU [10Ka-
3aTesIIMU OKCUTEHAINH, He3aBUCUMO OT TeCTal[MOH-
HOIO BO3PacTa, 4TO 4BJIAETCS IIOKasaHueM [
MpUMeHeHUs Cyp(haKTAHTOB Y HEJIOHOIIIEHHBIX JleTei
C TeCcTallMOHHBIM BO3PAcTOM MeHee 34 Henesb U pec-
MMUPATOPHON MOAJIEPKKU B PEKMMeE TIOCTOSTHHOTO T10-
JIOKUTETBHOTO IABJIEHUS B IbIXaTeTbHBIX Ty TX [20].

W3BectHO, uTO TIpenapaTsl CypdakTaHTOB, IPH-
MeHsonecs 1 mpodunaktuku u gedenus PIICH,
YBETMYUBAIOT (QYHKITHOHATLHBIH OCTATOUHBIN 00HEM
JIETKUX, BBI3bIBAS YJIyUlIeHre KPOBOTOKA B PETMOHAX
yBesueHHol Bentusanuu [21, 22]; nosplaior ox-
cureHanuio [22, 23] u cHmXKaloT Jero4Hoe Cocy/iuc-
Toe conporusienue |24, 25]. Hopmanusaiius Kucio-
pojHoro cTaryca pebeHka cocoOCTBYeT TMKBUAATTIT
TKaHEBOM I'MIIOKCUM, BOCCTAHABIMBAECTCS PEryJIsaIus
COCYJIUCTOrO TOHYCa, B TOM YHUCJIE, COCY/IOB JIETKUX,
YTO HAINPaBJIEHO Ha yJydllleHrne KPOBOCHAOKEHUS B
Jerkux. B To ke BpeMs, coXpausomasics rUIoKCus
MO/I/IEPKUBAET yYMeHbIeHNe IPOCBeTa COCYZOB B
JIETKUX 06YCTOBIIEHO 3aMyCKOM KacKajia aToIornye-
CKUX peakInii, XxapakTepHbIX Ay Teuenns PICH.
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3akiouyeHue

WccenenoBanue MUKPOLUPKYJIATOPHOIO pyciia
serkux nipu P/ICH siBisieTcst akTyasbHOM MTpaKkTHye-
CKOIT 3aj1aueil, T.K. HapyIenne ra3000MeHHON (hyHK-
MU JIETKUX y HEeJOHONIEHHBIX HOBOPOKIEHHBIX
06yCTOBJIEHO, B TIEPBYIO OYEPE/Th, HAPYIIEHIEM KPO-
BOOOPATIEHST I MUKPOTIUPKYJISITIAT PA3IMIHON CTe-
TeHN BBIPAKEHHOCTH Ha (hOHE aHATOMO-(YHKINO-
HaJIbHOI HE3PeJoCTH MUKPOLUPKYJISITOPHOIO pycJia
serkux. [Ipn HeGIArOMPUATHOM UCXO/€e 3a60T€BAHIST
OCHOBHBIMU TIPU3HAKAMU HapyNIEHUS MUKPOIMPKY-
JSIMM B JIETKUX SBJIAIOTCS PacLIMpeHue [IPocBeTa
apTepuil u Bew, yToJllleHue cTeHku cocynos. Ilpena-
patel CyphaKTaHTOB OKA3bIBAIOT BIMSIHIE HA I3MEHe-
HIIe TTPOCBETA apTePHil U BEH JIETKUX, OCOOEHHO [Ha-
MeTpoM Gostee 50 MKM, 4TO HATTPABIEHO, BEPOSTHO, HA
yIIydIenne KpoBOCHaGKeHnsT B JeTKuX. J[st HoBo-
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MUHUMAaJIbHBIE 3HAUEHUs ITOKa3aTesell, 10 CpaBHe-
Huto ¢ HoBopoxkaeHHbIMU Tpymn «PIACH» n «Cyp-
¢akrant BJl». Ha done npumenenus cypdaktanToB
yJIydlleHue OKCUIeHallMM TKaHell 3alyckaeT Mexa-
HU3M PEryJIsaluyu COCYUCTOIO TOHYCa, 4TO TaKKe MO-
KET CTOCOOCTBOBATD YIYUIIEHNIO KPOBOCHAOKEHIIST
JIETKUX ¥ OIATOTIPUATHOMY TeYeHUIO 3200 T€BAHIS.
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Ha BoikmBaeMocTh GOJBHBIX TIPU BHE3AMHON ocTaHOBKe KpoBoobpaienust (BOK) Biuser He TOIbKO HeMe-
JIEHHOE HAYaJI0 PEAaHNMAIMOHHBIX MEPONIPUATUH, HO U X Ka4eCTBO.

Hens uccnenoBanusi. O1EeHUTh B paMKaX CUMYJISIIIMOHHOTO Kypca COOTBETCTBUE COBPEMEHHBIM HAIMOHAJIb-
HBIM U MEK/yHAPOJHBIM PEKOMEHIAIMAM Ga30BbIX U PACIIUPEHHBIX PEAHMMAIMOHHBIX MEPOIIPUSATHIA, TPOBOIU-
MbIX MEJUIMHCKUMU PaGOTHUKAMU B CTAIIUOHADE.

Martepuaibl 1 MeToApl. VccenoBanue poBeieHo B MHOTONPOGUIbHOM craronape r. Mocksbt B 2016 1. 1
OpraHu30BaHoO B /Ba atana. Ha mepBom arare B paMKax CUMYJISIIOHHOTO Kypca IIPOBOINIIACH OIIEHKA BIIAJIeHUS
MeAMIMHCKUMU PabOTHUKaMK HaBblKaMu 6a3oBOM cepaeuHo-aerounoii peannmaiuu (CJIP) u kayecTBa BBIIOJ-
Henust KoMmmpeccnii rpyanoit kiaetku (KTK); ma BTopom — HaBbikamu pacurnpennoit CJIP 1 paboTsl B cocTase pe-
AHUMAIMOHHBIX Opuraj. Bo Bpems BbinosiHeHust Opuragamu yueOHOro ClieHapusi IIPOBOAMIACH ay/IUO- 1 BUIEO-
3aIMch, a Takke peructpuposainck napamerpbl KI'K ¢ momompio gatunka kontposg kadecrsa KI'K (nanee —
JIATYMK) ¥ ayJANOBU3YaJbHBIX MOJCKa30K mpubopa. B kadectBe pehepeHCHBIX KPUTEPUEB UCIIOIB30BAIN PEKO-
Menzanuu EBporeiickoro coera o peannmaiiu 2015 1. AHaIN3 IOy Y€HHBIX JAHHBIX TPOBOJIIICS C OMOII[BIO
nporpammuoro obecniedernst ZOLL RescueNet Code Review®. Craructuueckuii aHau3 JaHHbIX ObLI BHITIOJHEH
npu 1omMolny nakera Statistica 7,0 (tect ManHa- YurHu), gaHtble ObLIU TIPEACTABICHBI B BUJIE CPEIHEl, Meua-
ubl + 25—75 neprentuneii (25-75 IQR), MUHUMATBHBIX 1 MAKCUMATHHBIX 3HAYEHUH. [[OCTOBEPHBIM CIUTATIOCD
passmune 1ipu p<0,05.

Pesyabrarel. [Ipu nposenerun CJIP 6e3 MCHOIb30BaHUST IATYNKA U ayMOBU3YaJIbHBIX MOJCKA30K Y 00JIb-
IIUHCTBA MEIUIITHCKUX PabOTHUKOB Pe3yJIbTaThl ObLIN HEYA0BIETBOPUTENbHBIMIL 1TpoleHT 1esteBbix KI'K cocra-
Bt He 6osiee 10% y 72% meanuuHckux paboraukos (n=18). Ilpu nposenernn CJIP ¢ ucnonb3oBaHueM JaTunKa
U ayJIMOBU3yaJibHbIMU nozickaskaMu 1o kayectBy KI'K mporent nesessix KI'K cocrasuit 65,7%, uto 6b110 10CTO-
BEPHO BbIIlIE, ueM 1pu pabore 6e3 gaTunka u nojickazok (p=0,0000). Eciiu 6e3 ucronb3oBaHust JaTynka 1 MOACKa-
30K 11esieBbie KI'K BBIIOIHUI TOJIBKO OUH MeAUIIUHCKUE paboTHUK (4% ), TO ¢ naTurkom — 12 (48%) (p=0,0000).
Bo Bcex peaHMMAIMOHHBIX OpHrajiaX ObLIO 3aPErHCTPUPOBAHO HECOOTBETCTBHE MOCIENOBATENBHOCTU IeUCTBUIT
ajroput™y paciiupentoii peanumanu ECP 2015 1. u HeaddexkTusHast komanaHas pabora. Komipeccuu rpyaHoit
KJIETKU HE COOTBETCTBOBAJIM PEKOMEHIOBAHHBIM MapaMeTpaM, May3bl 0 U [0CJe HaHeceHus paspsiaa aehubpu-
JIITOPA — JUIUTEIbHBIMU; B OOJIBIIMHCTBE CJIYYaEeB IPH IIPOBEACHUH UCKYCCTBEHHOM BEHTUIISIIIUY JIETKUX OblLila TH-
nepBeHTUIIsIUs. B 0iHOI 13 peaHuMalnoOHHbIX Gpuraj ObLI HAPYIIEH HPUHIUIT GE30IACHOCTH [IPU IIPOBEAEHUN
nepUOPUILIAIIIN,

3axmouenue. [Tosyyennble HAMU JIAHHBIE CBU/IETENCTBYIOT O HEJIOCTATOUHOM BJIAJIEHUU MEUIIMHCKUMHU Pa-
GOTHUKAMU CTalMOHAPa TPAKTHYCCKUMU HaBbiKamu 6a30Boii u pacimpernoil CJIP. B ¢Bsi3u ¢ 9TUM akTyanbHBIM
SABJIAETCS 00yYeHUe U PEryJIIPHbBI PETPEHMHT MEAMIIMHCKUX PabOTHUKOB B (pOpMaTe CUMYJISIIIUOHHBIX KYPCOB
1o 6azoBoii u pacumpennoir CJIP (B COOTBETCTBUU ¢ PEKOMEHIANUAMU EBPONEiCKOTO COBETa 110 PeaHnMalum
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2015 r. 1 HanmonaspHOTO coBeTa 1Mo peanumaiinu). Ha mannbix Kypcax u npu nposenernu CJIP B cranuonape
11eJ1ec000Pa3HO UCIOJIb30BATh TEXHUYECKUE CPEICTBA KOHTPOJISI KAYeCTBA KOMIIPECCHI TPYJIHON KieTku. Bask-
HBIM SIBJISIETCSI NTPOBEJIEHNEe PETYJISIPHBIX PETPEHUHTOB JIJIS MOJ/IEPsKAHUST TIPAKTIHYECKOTO HABBIKA HA [OJDKHOM
ypoBtHe, a Takxke aedprdunr o kavecty CJIP mocsie Kaxaoro cydast IPOBEACHUS PEaHMMAI[HOHHBIX MEPOTIPH-
SATHUH B CTallMOHAPE.

Kntouesvie cnosa: cepOeuno-iezounas peanumayust; Kauecmeo PeaHumMayull; PeanuMayuOHHble MepOnPUIMUS;
KoMnpeccuu zpyonoil Kiemku,; 0epuopuiiayus

The survival of patients after the sudden circulatory arrest (SCA) depends not only on immediate onset of
resuscitative measures, but also on their quality.

The purpose of the study. The purpose is to assess the compliance of basic and expanded resuscitative mea-
sures carried out by healthcare providers in hospitals with modern national and international guidelines within the
frames of a stimulation course.

Materials and Methods. The research was perfomed in a multifield hospital in Moscow, in 2016. It consisted
of two phases. During the first phase, within the frames of a simulation course, providers' skills in the cardiopul-
monary resuscitation (CPR) and chest compression (CC) technique mastership were evaluated. During the sec-
ond stage, their skills in expanded CPR and ability to work as a part of resuscitation teams were assessed. During
the simulation, all team activities were recorded (both audio and video); CC parameters were also registered using
a CC pressure control sensor (hereinafter referred to as a sensor) and audiovisual tips. The European Resuscitation
Council Guidelines for Resuscitation 2015 were used as reference criteria. The analysis was performed using the
ZOLL RescueNet Code Review® software. A statistical analysis was performed using the Statistica 7.0 software
(Mann-Whitney U-test). The data were presented as a mean, median + 25—75 percentiles (25—75 IQR), minimum
and maximum values. The difference was considered significant at P<0.05.

Results. Test results of most healthcare providers were unsatisfactory when the CPR was performed without
sensors and audiovisual tips: the percentage of target CCs was not more than 10% in 72% of providers (n=18).
When the CPR was performed with sensors and audiovisual tips regulating the CC quality, the percentage of tar-
get CCs was 65.7%. i.e. it was significantly higher than that during the CPR without the sensor and the tips
(P=0.0000). While only one provider was able to perform the target CC without the sensor and the tips (4%), 12
providers were able to do it with the sensor (48%) (P=0.0000). In all resuscitation teams, there was a lack in com-
pliance with the ECR 2015 guidelines for expanded CPR, as well as ineffective team work was revealed. Chest
compressions did not comply with recommended parameters; pauses before and after defibrillator discharge were
too long. In most cases, there was hyperventilation during the artificial lung ventilation. The safety principle was
not followed by one of resuscitation teams during the defibrillation procedure.

Conclusion. The obtained data demonstrate that healthcare providers have poor skills in basic and expanded
CPR. Therefore, it is important to train and retrain healthcare providers in basic and expanded CPR within the
frames of simulation training courses on a regular basis (in accordance with European Resuscitation Council
Guidelines for Resuscitation 2015 and National Resuscitation Council). During training, the use of technical
means of monitoring of the chest compression quality control in CPR should be warranted. It is important to
arrange regular retraining in order to keep the skills up-to-date, as well as regular debriefings on the CPR quality
after each case of resuscitation measures in a hospital.

Key words: cardiopulmonary resuscitation; resuscitation quality; resuscitation measures; chest compression;

defibrillation
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BBenenne

BHesanmHasg — ocTaHOBKa — KPOBOOGpAICHMS
(BOK) B crarmmonape paspuBaetcst B 1—5 ciryuasix Ha
1000 rocimranuzanuii. B kayecTBe EPBUYHBIX PUT-
MOB B 18% ciyuyaes perucrpupyercst GpuOPUILISAIISL
JKEJIYZI0UKOB WJIM JKEJTy[0YKOBas Taxukapausi 6e3
yJIbCa, M U3 HUX IO BBITUCKU U3 CTAI[MOHAPA JTOKH-
BalOT 44% OGOJBHBIX; 1I0C/E IEKTPOMEXaHUYECKOI
JIACCOTIHAIIAN WM acUCTO MK — 7% GoJbHBIX [1—2].

YeTbIpe MEPONIPUSATHS CEPIEUYHO-JIETOYHOI pe-
aanmannu (CJIP) mpu BOK saBasioTcs mpuHIUIN-
AJIbHBIMH, T.€. 00eCIeYNBAIOIIMI MTOBBIIIEHIE TPO-
[[eHTa BBIKUBAEMOCTH OOJBHBIX /0 BBIIUCKU W3
crarnoHapa (puc. 1): HeMe/JIeHHAS IMATHOCTUKA OC-

Introduction

The sudden circulatory arrest (SCA) in hos-
pitals occurs in 1—5 cases per 1,000 hospitaliza-
tions. Primary rhythms included ventricular fibril-
lation or pulseless ventricular tachycardia in 18%
of cases; of these, 44% of patients survived to the
discharge from the hospital, whereas 7% of patients
survived after electromechanical dissociation or
asystolia [1—2].

Four steps of the cardiopulmonary resuscita-
tion (CPR) are crucial for the SCA, because they
improve the survival rates (Fig. 1): immediate diag-
nosis of the circulatory arrest and call for help; imme-
diate initiation of effective chest compression (CC);
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Puc. 1. Ilenp BorkuBanust (MPUHIMNIHAIbHBIE DIEMEHTHI PEAHUMAMOHHOTO airoputma) [1].

Fig. 1. The chain of survival (principal elements of the resuscitation algorithm) [1].

Ipumevanne. Early recognition and call for help — Pannee pacnosmaBarnue u BbI30B momoriy; to prevent cardiac arrest — 4rto0Obr
npenynpeanth octaHoBky cepana; Early CPR — paunsa CJIP; to buy time — uto6s Beiurpars Bpemst; Early defibrillation — panmssa
nepubpumisanus; to restart the heart — wro6bl 3amycturs pabory cepaia; Post resuscitation care — MeponpusTus B
MoCTpeaHnMaImoHHOM Hepuojie; to restore the quality of life — uToGbr BoccTaHOBUTH KauecTBO JKU3HH.

TAHOBKHU KPOBOOOPAIIIEHUS U BbI30B IIOMOIIH, HEME/I-
JieHHO€e Havasro 3(h(HEeKTUBHBIX KOMITPECCHI IPYIHOM
kinerku (KTK), nemeanennas neduOpuiisiius, co-
BOKYITHOCTb MEPOIIPUSTUI B TIOCTPEAHUMAITHOHHOM
nepuoge [1—7].

Pannee Hauasmo KoMIpeccuil TPYMHOU KJIETKHU
yBesimunBaeT BeikuBaeMocth 1pu BOK B 2—3 pasa.
Komrmpeccuu rpyaHoil KieTku ¥ aeGuOpUILIsIus,
BBITIOJTHEHHBIE B IepBbie 3—5 MuH. oT Havanta BOK,
obecrieunBaloT BbIKUBAeMOCTbh 49—75%, a kaxmas
MUHYTa TPOMEJIeHHsI ¢ AeUuOPUIIueil yMeHb-
[raeT BepPOSATHOCTHh BbkuBanus Ha 10—15%. Kowm-
MIPECCUU TPYAHOU KJIETKU TO3BOJISIOT TOJIEPIKI-
BaTb MaJIbIil, HO JIOCTATOYHO 3P HeKTUBHBIHI
KPOBOTOK B COCYZIaX Cep/lla U ToJI0BHOM Mo3re. Bce
JvTIa, okasbiBatommue momots npu BOK, BHe 3aBu-
CHMOCTH OT YPOBHST 00pa3oBaHUsI U MOATOTOBIECHHO-
ctr, pomxHbl mpoBoanTh KIK. Ilpm mposemenun
CJIP MO3roBoii KpOBOTOK AOJIKEH ObITh He MeHee
50% OT HOPMBI [IJIsT BOCCTAHOBJIEHWST CO3HAHIS, U He
MeHee 20% OT HOPMBI IS TIOIEP/KAHNS JKI3HEIes -
TeJTHHOCTH KJIeTOK. KopoHapHoe nepdy3noHHoe 1aB-
sienne ipu iposeiennn CJIP 10JKHO GbITh He MeHee
15 MM pr. ct. [IpoBenenne HepepuIBHBIX 3 (HEKTHB-
HBIX KOMITPECCUI IPYIHOUM KJIETKH YBEJNIMBAET Be-
POSITHOCTB TOTO, YTO MOCJIEAY oA 1eHuOPUILIAIIL
yerpanut DK u BoccTaHOBUT reMOAMHAMHUYECKH
acdexTuBHBI puTM. HempepbiBHBIE KOMIIpecCUn
IPYAHON KJIETKM OCOOEHHO BasKHbI, KOTJa HET BO3-
MOZKHOCTH TIPOBECTH AeDUOPUILIAIINIO, U B PAaHHUI
Tepuo/l Tocje Hee, KOT/la COKpAIeHus cep/a ere
Me/iieHHbIe 1 cabbie [3—9)].

Ha BokuBaemocts 6osbhbix ipu BOK Biuser
HE TOJIbKO HEMEJJIEHHOE HAYal0 peaHnMallmOHHbBIX
MEPONPUATHI, HO M UX KaUeCTBO: BHITIOJIHEHNE KOM-
[IPeCCUil TPYAHOI KIeTKN U Ae(UOPUISAIIIT B COOT-

immediate defibrillation; and therapeutic measures
taken in the post-resuscitation period [1—7].

Early initiation of chest compressions
increases the survival rate at SCA by 2—3-fold.
Chest compression and defibrillation performed
within the first 3—5 minutes after SCA provides a
49—75% survival; for every minute that defibrilla-
tion is delayed, survival decreases by 10% to 15%.
Chest compressions permit to sustain a minor but
quite effective blood flow in cardiac and cerebral
vessels. All persons involved in rendering medical
aid for SCA should perform CC irrespective of
their education and skills. During the CPR, the
cerebral blood flow should comprise not less than
50% of the normal one to regain consciousness and
not less than 20% of the normal one to sustain the
vital functions of cells. Coronary perfusion pres-
sure during the CPR should be not less than 15 mm
Hg. Continuous effective chest compressions
increase the chances of subsequent defibrillation to
eliminate VF and to restore a hemodynamically
effective rhythm. Continuous chest compressions
are especially vital, when it is impossible to per-
form defibrillation; they are also important imme-
diately after the defibrillation, because the heart-
beat is slow and weak [3—9].

The survival of patients after the SCA depends
not only on immediate initiation of resuscitative mea-
sures, but also on their quality: chest compression and
defibrillation should be performed in accordance with
international guidelines, the resuscitation algorithm
should be followed, and every member of the resusci-
tation team should understand his role. In-patient
SCA care algorithms are specified by current
European (ECR 2015) and National Resuscitation
Council guidelines (NCR 2015) [1, 10].
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BETCTBUM C MEXAYHAPOAHBIMU PEKOMEH/AINSIMH,
cobJII0/IEHIE PEAaHUMAIIMOHHOTO aJITOPUTMa, YeTKOe
pacnpejiesieHre posjell MekIy yJYacTHUKaMHU PeaHu-
MAIMOHHON OpUTajbl. AJITOPUTMBI OKa3aHUS TTOMO-
m ipu BOK B cranimonape periaMeHTHPOBAHBI CO-
BPeMEHHBIMU PeKoMeHjanusiMu u EBporeiickoro
(ECP, 2015 r.) 1 HanmoHaIhHOTO COBETOB IO PeaHu-
manmu (HCP, 2015 1) [1, 10].

[Hesp nccnenoBannst — OIEHUTh B paMKaxX CH-
MYJISIIIMOHHOTO Kypca COOTBETCTBUE COBPEMEHHBIM
HaIlMOHAJIbHBIM U MEXKIYHAPOHBIM PEeKOMeH/1aIln-
siM 6a30BBIX U PACITMPEHHBIX PeaHMMAIIMOHHBIX Me-
POTIPUATHIA, TPOBOANMBIX MEAUITUHCKUMU PAabOTHI-
KaMu B CTal[MoHape.

Marepuan u MeTObI

[lannoe OHOIIEHTPOBOE HCCJIE0OBAHNE TIPOBETH B
MHOTOTIpoUIBHOM cTanroHape T. Mockssl B 2016 1., B co-
OTBETCTBUM C TNPHUHIUIAMHU XeJTbCUHCKOH /Jlexmapaiuy,
HammonanpueiMu ctangapramu, pexomenmanusiMmun HUU
obmieit peanumarosorun um. B. A. Herosckoro.

UccaenoBanue opranusosasu B 2 atana. Ha 1-m arare
[IPOBEJI OIIEHKY BJIAJIEHNsT MEIUIIMTHCKIMHI PAaOOTHIKAMI
Hasbikamu 6azoBoit CJIP Ha yuebrHoMm Marekene (oTeHmBa-
Ju HauboJiee BaKHbBI 9JIEMEHT PeaHUMAIMOHHOTO aJro-
PUTMa — KauyecTBO KOMIIPECCHUIl TPY/IHOI KJIETKH), Ha 2-M
aTare — OICHKY BJaJileHus HaBbIiKamu pacipernoit CJIP
u paboThI B COCTAaBE PeaHMMAIMOHHbIX Gpuraz. Bee yuacr-
HUKK OblIM 3apanee TPOMHMOPMUPOBAHBL O [H3aliHe HC-
CJIe/IOBAHMS M JIAJIN COTJIACHE HA YYacTHe B HEM.

Irtan 1. OteHky KadecTBa MPOBEIEHUS KOMIIPECCHIT
IPYIHON KJIETKY IIPOBEJIU HA BHIOOPKE U3 25 MEIUIIMHCKIX
paboraukoB craiponapa (10 myskuwH/15 JKeHIIWH; BO3-
pact 36,5£5,5 JieT, cpeiHuii cTak paboThl MO CIEHaTbHOC-
T 8,7%4,3 rona). 3 nux 10 Bpaueit (anecteanosoru-pea-
HUMATOJIOTH, KapAWOJIOTH OTHeJeHHs] HEOTJIOXKHON
Kap/IMOJIOTUH, TEPATIEBTHI, HEBPOJIOTH) U 15 MEAUITIMHCKIX
cecTep OT/IeJIeHHIT aHeCTe3M0JI0THN-PEaHUMATOJIOTHH, IKC-
TPEHHON U TJIAHOBOW KapIUOJIOTHU, TEPAITMY, HEBPOJIOTHH.

O11eHKy KadyecTBa KOMITPECCUI TPYIHON KJIETKU BbI-
nosHuan Ha yuebHom manekene Laerdal Resusci Anne 110
CTIEYIOTIEMY AJITOPUTMY:

* 2 MUHYTbI KOMIIPECCUI TPyIHON KiaeTKu 6e3 06-
patHoii cBa3u 1o kauectBy CJIP (matumk KOHTpOJIS Kave-
crea KTK u ayauoBusyasbHble 110JCKa3Ku IpuOOpPa BbI-
KJTIOYEHBI ).

* 2 MUHYTBI KOMITPECCUH TPYAHON KIETKH ¢ 0O6part-
HOIt cBsa3bio 110 KauectBy CJIP o1 nedpubpusistopa ZOLL
R Series (natunk kontposst kauectBa KI'K u ayzanosusy-
aJIbHbIE MOJICKA3KU TPUOOPA BKIIOUYEHDI ).

*  coxpaHeHUe W AHAJIWU3 JAHHBIX C BbIIEJIEHUEM
CJlydaeB IOTAJAHMS YYACTHUKOM B PEKOMEH/IOBAHHBIE
napameTrpbl CJIP (¢ IOMOIIbIO IIPOrpaMMHOTO obectieye-
Hust ZOLL RescueNet Code Review®), craTucruueckuii
aHaJIN3.

Iran 2. O11eHKY KauecTBa MPOBEICHUS PACIIMPCHHOM
cepaeuno-jerounoil pearumanun (Advanced life support)
MIPOBEJIN C MCIIOJIb30BAHIEM YUeOHBIX CIIEHAPUEB OCTAHOB-
K1 KpoBooOpaiienus Ha pobore-cumyJstope Laerdal Kelly.
BoimosHum 4 yueGHbBIX ClIeHApUst B 4-X KOMAH/IaX, Kak/1as
13 KOTOPBIX COCTOSI/IA U3 2-X Bpayeil aHeCTe3n0JI0r0B-pea-

The purpose of the study. The purpose is to
assess the compliance of basic and expanded resusci-
tative measures carried out by healthcare providers
in hospitals with modern national and international
guidelines within the frames of a stimulation course.

Materials and Methods

This single-center research was performed in a multi-
field hospital in Moscow in 2016. It was carried out in
accordance with principles of the Helsinki Declaration,
National Standards, and guidelines of the V. A. Negovsky
Research Institute of General Reanimatology.

The research consisted of two phases. During the first
phase, providers' skills in the cardiopulmonary resuscita-
tion (CPR) technique mastership were evaluated using a
training manikin (at that, the most important element of
the resuscitation algorithm, namely the quality of chest
compression, was assessed). During the second stage, their
skills in expanded CPR and ability to work as a part of
resuscitation teams were assessed. All participants were
informed about the study design beforehand and expressed
their consent.

Phase 1. The quality of chest compressions was
assessed in a sample of 25 healthcare providers (10 men/15
women; the median age: 36.5£5.5 years; median occupa-
tional experience: 8.7£4.3). Of them, 10 subjects were
physicians (anesthetists/resuscitation specialists, emer-
gency care cardiologists, general practitioners, neurolo-
gists) and 15 ones were nurses from [CUs, emergency and
planned cardiology units, medical unit, and neurology unit.

The quality of chest compressions was assessed using a
Laerdal Resusci Anne training manikin according to the
following algorithm:

*  two minutes of chest compression without any
feedback on the CPR quality (a CC quality control sensor
and device's audiovisual tips were switched off).

*  two minutes of chest compression with a feed-
back on the CPR quality from a ZOLL R Series defibrilla-
tor (a CC quality control sensor and device's audiovisual
tips were switched on).

e registration and analysis of data and detection of
cases when a study subject managed to meet the recom-
mended criteria for CPR (using ZOLL RescueNet Code
Review® software), statistical analysis.

Phase 2. The expanded CPR (advanced life support)
quality was assessed by means of training scenarios of cir-
culatory arrest using the Laerdal Kelly training manikin.
Four training scenarios were performed by 4 teams. Each
team consisted of two anesthetists/resuscitation special-
ists and two ICU nurses (from multifield, cardiosurgical,
cardiological and medical hospitals; n=16; 9 men/7
women; median age: 39.4+6.5 years; median occupational
experience: 9.7+4.5 years).

During the simulation, all team activities were record-
ed (both audio and video) in order to analyze the quality of
the expanded CPR and the effectiveness of the team work;
CC parameters were also registered using a CC pressure
control sensor placed on the manikin before each simulation.

ECR 2015 guidelines were used as reference criteria
[1, 10]. The chest compression parameters were assessed
using the following criteria:
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HUMATOJIOTOB U 2-X MEMIIUHCKUX CeCTep OT/AeJIeHui pea-
HUMATOJIOTUU cTaloHapa (00IIero, KapAuoXupypruuec-
KOTO, KapIMOJIOTHYECKOTO ¥ TePAIIEeBTUYECKOTO TTPOMUIIS;
n=16; 9 mysxunm/7 xenmun; Bo3pact 39,4+6,5 e, cpen-
HUit cTak paboTh o cnenuanbaocT 9,7+4,5 roza).

Bo BpeMsi BBINOJIHEHMST KOMAHION yueOGHOro clieHa-
Pl TIPOBOJIMJIN Ay/THO- U BUIEO3AITHCH (C 1EJbI0 aHAIN32
KayvecTBa BbITIOJHEHUsT asropuTMa pacimpentoit CJIP u
3G GEKTUBHOCTH KOMaHHOW paboThl ), a TAK/KE OLIEHKY Ka-
yectBa KI'K ¢ momMoripio 1aTamka, pasMenaeMoro Ha MaHe-
KeHe T1epesi KaKaoil cumyianueit.

B kauectBe pedepeHCHBIX KPUTEPUEB UCIIOIHL30BAIN
pekomengar ECP 2015 1. [1, 10]. [TapameTpst KoMIipec-
CHIi TPY/THOI KJIETKH OIEHUBAJIN O CJIELYIOUM KPUTEPH-
M

*  yactoTa KoMmrpeccuii rpyaaoi kiaetkn — 100—120 B
MUHYTY;

e rayOMHA KOMIIPECCHH IPYAHON KJAETKH — He Me-
Hee 5 cM, HO He Gouiee 6 cm;

*  OTCYTCTBWE HAJETAHUSI WJIW TIOJHOE pacIipaBJe-
HUe TPYIHOI KJIETKI;

e dpaknusa CJIP — munumym 60% ot Bcero Bpeme-
HU peaHnMaroHHbX Meponpugruii (dpakius CJIP —
[POLIEHT BPeMeHH OT OOIIero BPEMEHU PeaHUMAIlUH, 3a-
TPAUEHHOTO TOJBHKO HA KOMIIPECCUH IPYAHON KIETKN); Tie-
PEPBIBBI B KOMIIPECCHSX TPYAHON KieTkn — He Gosee 10
CEeK. IS BBIIIOJIHEHUSI MCKYCCTBEHHBIX BJIOXOB U He GoJiee
5 CeK. /ISt BBIIOJIHEH s 1eDUOPUILISIINY;

*  OTCYTCTBUE TUIEPBEHTUJANNUN (PEKOMEH/IOBAH-
Has YacTOTa MCKYCCTBEHHBIX BHIOX0B — 10—12/Mum.)
[11—12].

CHUMYJISIIIMOHHBIN KypC TPOBOANIN HAa MaHEKEeHAaX
Laerdal Resusci Anne u Kelly (Laerdal, Hopserust). Ana-
JIN3 TIOJIyYEHHBIX JIAHHBIX MTPOBOJMJIA C TIOMOIIBIO TIPO-
rpammHoro obecniedenuss ZOLL RescueNet Code
Review®. CratucTuveckuii aHaau3 IaHHBIX TIPOU3BOIIN
mpu moMornn makera Statistica 7,0. Vcmosb3oBaim obiie-
IIPUHATBIE MATEMATHKO-CTATHCTHYECKIe METObI pacueTa
OCHOBHBIX XapaKTEPUCTUK BBIOOPOUHBIX PaCIIpe/leJIeHHil:
HerapaMeTpUuecKue MeTOJ[bl CTATHCTUYECKOTO aHAIM3a
(trect ManHa-YuTHHI), aHHbIE OBLIU TIPECTABIEHDI B BU-
lle cpefHeil, Mexuanbl + 25—75 mnepuentuieii (25—75
IQR), MuUHUMATHHBIX 1 MAaKCUMaJIbHBIX 3HaUeHn. /locTo-
BepHBIM cunTasu pasinaue pu p<0,05.

PesyubraThl 1 00CyKAEHUE

Iran 1. AHamu3 3¢ HEeKTUBHOCTH BBINOJTHEHUS
KOMIIPECCHii TPYTHOM KJIETKH (C JaTYUKOM KOHTPO-
a5 kayectBa KTK u aynnoBuayajibHbIMH NO/CKa3-
Kamu npubopa u 0e3 HUX).

ITpu BeimosHeHnn KTK 6e3 KOHTpOJIst KauecTBa
CpeHss TIyOrHA ¥ YacTOTa KOMIIPECCHil ObLIN B pe-
KOMEH/[OBAaHHBIX IpejiesiaX y OOJBIIHHCTBA MEIH-
[UHCKUX PabGoTHUKOB. OIHAKO TIPOIEHT IEJEBBIX
KOMIIPECCUI TPYAHON KJIeTKU (T.e. BBITOJTHEHHBIX C
PEKOMEH/IOBAHHOI TIyOUHOI M 4acTOTOi) He Tpe-
soiman 10% y 72% mexaunuHckux paGoTHUKOB. Pas-
6pOC MUHUMAJIBHBIX 1 MAaKCUMAaJIbHBIX TIOKa3aTeIei
ray6unnt u dactotel KIK Ob1 3HaYnTeIbHBIM. Y
IBYX MEAUIMHCKUX paboTHUKOB KayecTBO KI'K mc-
XOAHO OBLIO 70CTaTOUHO BbICOKUM (55% 1 79%) u

«  therate of chest compressions is 100—120 per min;,

* the depth of chest compression is not less than 5
cm, but not more than 6 cm;

e no overlying or complete chest stretching;

e chest compression fraction comprises minimum
60% of time spent for resuscitation measures (chest com-
pression fraction is the percentage of time spent for chest
compressions alone); intervals between chest compressions
are not more than 10 sec for artificial breathing and not
more than 5 sec for defibrillation;

e absence of hyperventilation (the recommended
artificial breathing rate is 10—12/min) [11—12].

The simulation course was performed using Laerdal
Resusci Anne and Kelly manikins (Laerdal, Norway).
The analysis of the obtained data was performed using
the ZOLL RescueNet Code Review® software. The sta-
tistical analysis of data was performed using the
Statistica 7.0 software. Widely-accepted mathematical
and statistical methods were used for the analysis of prin-
cipal characteristics of sampling distribution: nonpara-
metric methods of statistical analysis (Mann-Whitney
U-test) were applied. Besides, the data were presented as
a mean, median + 25—75 percentiles (25—75 IQR), min-
imal and maximum values. The difference was considered
significant at P<0.05.

Results and Discussion

Phase 1. The analysis of chest compression
quality (with and without a CC quality control
sensor and device's audiovisual tips).

When CC was performed without quality con-
trol, the median depth and rate of compressions were
within the recommended limits in most providers.
However, the percentage of target chest compres-
sions (i.e. those done with the recommended depth
and rate) did not exceed 10% in 72% of healthcare
providers. The dispersion of minimal and maximum
CC depth and rate values was significant. Two
providers demonstrated sufficiently high quality of
CC skills (55% and 79%) at baseline, and they
insignificantly improved them using a controller
(65% and 95%, respectively). Most healthcare
providers demonstrated poor quality of chest com-
pression skills. Data on the CC quality without a
controller are presented in Fig. 2.

When the chest compression was performed
with the quality control, the median depth and
rate of compressions were within the recommend-
ed limits; at that, the dispersion of minimal and
maximal values of CC depth and rate was less pro-
nounced. When the CPR was performed with sen-
sors and audiovisual tips regulating the CC qual-
ity, the percentage of target CCs was 65.7%, i.e. it
was significantly higher than that during the
CPR without the sensor and the tips (P=0.0000).
While only one provider was able to perform the
target CC without the sensor and the tips (4%),
12 providers were able to do it with the sensor
(48%) (P=0.0000).
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HEZIOCTOBEPHO YJYUIINUJIOCH MPU KCIOJb30BAHUN
kouTpoJtepa (65% u 95% coorBerctBenno). Kaue-
CTBO JIEKOMIIPECCUM TPYAHOU KJETKU CTPAJao Y
GOJIBIIMHCTBA MEIUIMHCKUX PabOTHUKOB. JlaHHBIE
no KauectBy KI'K 6e3 KOHTpoJLIepa TPeICTaBICHbI
Ha puc. 2, a.

[Ipn BBITIOSTHEHNN KOMITPECCHH TPYHON KJIET-
KI ¢ KOHTPOJIEM KaueCcTBa CPEeIHssS IIyOrHA U 4acTo-
Ta KOMIIpeCCUil ObLIM B PEKOMEHIOBAHHBIX IPee-
Jax, TpU 9TOM pasdpOC MUHUMAJbHBIX U
MaKCUMaJIbHBIX IMOKazareseil TiiyOUHBI U YacTOTHI
KOMITPECCUH TPYAHON KJIETKU ObLIT MEHEe BbIPasKeH-
HbIM. [1pu ucop3oBaHNM aTYMKA KOHTPOJIS Kade-
crBa KTK u ayanoBusyanbHbIX TOACKa30K TPHOOpa
npouent nenesbix KI'K cocrasun 65,7%, uro GbL10
JIOCTOBEPHO BbIllle, YeM TIpu pabore Oe3 garyMka u
nozckasok (p=0,0000). Ecoiu 6e3 gaTunka u mojCcKa-
30K TIeJIeBble KOMIIPECCUM TPYAHOM KJIETKU BBITIOJ-
HUJI TOJIBKO OJIMH MEAUIUHCKUN paboTHUK (4%), TO
¢ xkourposiepom — 12 (48%) (p=0,0000).

[laHHbIe TT0 KavyecTBY KOMIIPECCHH TPYIHOU
KJIETKW C JIATIYNKOM W TIOJCKA3KaMU TIPECTABJIEHBI
Ha puc. 2, b. O600IIeHHbIE JaHHbIE 110 BCEM YYaCTHI-
KaM JIAHHOTO JTala WCCIeIOBAHNS TIPECTABIEHDI B
tabmure 1.

Takum 00pasoM, TIPU MPOBEIEHUN KOMITPECCHI
IPYyAHON KJeTKH 0e3 JaTyrKa KOHTPOJISI KauyecTBa
KTK u ayanoBu3yaJbHbIX TTOACKA30K Y OOJIBIINHCT-
Ba MeaunuHcKuX pabotarkoB CJIP He cooTBeTCTBO-
BaJla PEKOMEHIOBAHHBIM TIapaMeTpaM: MPOIEHT Iie-
gesbix KTK cocrasun He 6Gosee 10% y 72%
MeAUIMHCKUX paboTHukoB (n=18). Ilpu ucnoan3o-
BaHuU JaTynKa koutpoJis kadecrsa KI'K u ayauosu-
3yaJIbHBIX MOJACKa30K TPUOOpa IPOIEHT IEJIEBBIX

Puc. 2. Pacnpezenenne MEAUIMHCKUX PAOOTHUKOB 110 KAY€CTBY
CJIP npu BbimosHenun komnpeccuii rpyaHoi kiaetku (KI'K).
Fig. 2. Distribution of healthcare providers according to the
quality of the CPR while performing the chest compressions
(CO).

Note. a — without a CC quality control sensor and device's audio-
visual tips; b — with a CC quality control sensor and device's
audiovisual tips.

IIpumeyanue. a — Ge3 gatunka KonTposs KauectBa KI'K u ayau-
OBHU3YAJbHBIX TTO/ICKA30K MPHO0Pa; b — ¢ TATIMKOM KOHTPOJIST Ka-
yectBa KTK 1 ayimoBusyaibHbIX MOACKa30K npudopa. % of target
chest compressions — % I11eJIeBBIX KOMIIPECCHIT TPYAHON KIETKU;
The number of healthcare providers — uucio meaunmucknx pa-
GOTHUKOB.

TaGauna 1. Pe3ybraTsl BHIIOJHEHHUS AITOPUTMA PACUIMPEHHO peaHuManiu 1 paGoThl B PEaHUMAIIMOHHBIM OpUrajax.

Table 1. Advanced life support algorythm in groups.

Parameters of advanced Controls Values of parameters in groups Mean
life algorythm ERC UCSD 1st 2d 3d 4th in groups
Compression fraction >80% 91% 83,90% 67,80% 65,59% 57,08% 68,59%
Rate per min 100—120 123 87 124 132 109 113
Depth, cm 5—6 6,6 3,6 4,9 4,4 4,4 4,34
% of compressions in target 0% 7,52% 1,97% 12,97% 6%
Pre-shock pause, sec. (min—max) <5 (total time 2,6 4,7 (3—7) 17,0 11,0 (7—15) 12,7 (4—19) 11,3
Post-shock pause, sec. (min—max) for shock 3,6 4,0 (3—5) 3,0 25(2-3) 2,7(2-3) 3,2
delivery)
Ventilation rate per min 8—10 9,7 55 (mask) 9 10 30 26
50 (after
intubation)

Notes. ERC — European resuscitation council. UCSD -San Diego University Clinic (example of effective CPR quality control imple-

mentation).

IIpumeuanue. ERC — Epomnefickuii coBet o peannmaruu. UCSD — YuuBepcurerckas knaunnka Can-/{uero (mpumep KINHUKH, TIe
OblJIa yCIENHO BHEAPEHA MPOrpaMM KOHTPOJIsE Bhicokoro kayecta CJIP). Parameters of advanced life algorythm — mapamerpsr pea-
HuMarontoro aaropurma; Compression fraction — gpaxuuns kommpeccuit; Rate per min — yacrora B mu; Depth — rury6una; of com-
pressions in target — 1eseBbix Kommpeccuii; Pre-shock pause, sec. (min—max) — naysa 1o pa3psiia, cex (MUH.—MaKc. 3Haudenis ); Post-
shock pause — naysa nocise paspsna; Ventilation rate per min — uwactora BeHTussauu jerkux B8 Mut; Controls — KOHTposbHbIE
snauenns; Values of parameters — 3HaueHust mapaMeTpoB; in groups — B rpymmax; Mean — cpegnue 3Hauenust; total time for shock
delivery — obuiee Bpemst Ha HaHecenue pa3psiia; mask — macka; after intubation — mocsre unTy6arm.
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Ta6auna 2. O6001eHHbIE JaHHbIE 10 KAYECTBY KOMIPECCHI IPY/IHON KJIETKH HA IIEPBOM 3TaIle UCCIIe0BAHUSI.
Table 2. Summarized data on the CC quality during the first phase of the study.

Study subject No Phases of assessement of the chest compression quality
Without CPR Quality Feedback With CPR quality feedback
Chest compression parameters
Depth, cm Rate, 1 permin ~ CPR Quality, % Depth, cm Rate, 1 permin  CPR Quality, %
1. 4.5 81.7 0 5.0 107.5 49.1
2. 5.5 117.9 55.0 5.1 104.4 63.0
3. 4.0 96.6 1.5 5.7 117.3 76.4
4. 5.8 83.4 0.5 6.9 85.9 5.4
5. 4.9 133.3 0.3 5.7 119.8 63.0
6. 3.2 132.3 0 5.2 118.8 64.3
7. 4.3 112.5 0.8 5.2 123.2 34.3
8. 5.8 112.2 79.6 5.6 111.0 95.5
9. 4.5 119.7 15.7 5.6 105.4 76.1
10. 3.7 129.9 0 5.3 108.0 88.0
11. 5.0 127.7 9.2 5.5 117.9 67.0
12. 7.2 94.5 0 7.5 107.3 0.0
13. 5.4 133.5 0.3 5.6 118.8 68.8
14. 6.5 119.5 5.1 5.9 107.1 74.8
15. 4.3 112.5 2.1 5.5 106.6 93.5
16. 4.9 114.9 36.9 5.1 115.0 70.7
17. 6.5 94.9 4.2 5.7 107.8 79.5
18. 6.6 79.9 0 5.6 114.6 88.2
19. 6.3 133.6 1.1 5.9 112.2 60.5
20. 4.6 135.8 0.3 5.3 107.3 90.7
21. 6.3 106.4 11.2 5.4 111 93.4
22. 5.1 128.6 3.1 5.3 1121 74.8
23. 3.7 107.3 2.7 5.0 11.7 441
24. 4.4 1171 10.7 5.2 116.4 56.7
25. 5.9 134.2 0 5.5 120.3 59.2
Mean+o 5.1+1.0 113.6+17.4 10.0+19.7 5.6+0.5 111.1+7.4 65.7+25.0
(25—751QR) 4.9 116.0 1.8 5.4 111.3 69.7
(4.4-6.0) (101.5—129.2) (0.3-10.0) (5.2-5.6) (107.3-116.8) (58.6-83.7)
Min 3.2 79.9 0 4.9 85.9 0
Max 7.2 135.8 79.6 7.4 123.2 95.5

Ipumeuvanue. Study subject No — Ne uccienyemoro; Phases of assessement of the chest compression quality — sransl onenku
KauecTBa Komrpeccuit rpyanoit kaerku; Without / with CPR quality feedback — 6e3 / ¢ o6paTroii cBsizbio mo CJIP; Chest compres-
sion parameters — mapaMeTpbl KoMIpeccuil rpyaHoil kaerku; Depth, cm — roy6una, cm; Rate, 1 per min — wacrora, 1/mun; CPR
Quality — kauectBo CJIP. Mean — cpennee snauenue; Median — Meauana.

KTK cocraBun 65,7%, 410 OBLIO ZOCTOBEPHO BbILIE,
yeM 1pu pabote Ge3 kouTposutepa (p=0,0000). Eciu
6e3 JaTuYnKa W ayJHOBU3YaJbHbIX MMOJCKA30K IeJie-
Boie KI'K BBITTOTHIIT TOTBKO OMTH MEAWIINHCKII pa-
6oTHUK (4%), TO ¢ JaTYNKOM M IHOACKasKamu — 12
(48%) (p=0,0000).

Iran 2. AHamm3 3¢ HEeKTUBHOCTHU BBIOJTHEHUS
aJropuT™Ma pacuIMpeHHON peaHuManuu u padboTbl B
peaHNMaNMOHHbIX OpHUragax.

AHa/IM3 KOJMYECTBEHHBIX MTOKa3aTeseil mpoBe-
nenust paciupernoit CJIP B peaHUMaIl[MOHHbBIX OPH-
rajlaXx CBUETEJIbCTBYET 00 X HECOOTBETCTBUH PEKO-
menparuaym ECP 2015 . u HCP 2015 1.

Inyoura KTK Obuia HuKe IeIeBbIX 3HAUYCHUI
BO Bcex Opurajax, 4acToTa HaxOWJach B IEJIEBOM
Jquanasone Tosibko B Opurage Ned. Dpaxius KI'K
ObljIa JIOCTATOYHO BBICOKOI BO BCEX PEAHUMAI[HOH-
HbIX Opuragax. Bo Bcex peaHuMannoOHHbIX GpuUragax
KTI'K npepsiBasiich Ha ITINTETHHOE BPEeMS /I aHATH-
32 pUTMa W HAHECEHUs paspsiia: May3bl COCTABJISIIN

Data on the CC quality with a sensor and tips
are presented in Fig. 2. Summarized data on all par-
ticipants of this stage are presented in Table 1.

Therefore, test results of most healthcare
providers were unsatisfactory when the CPR was per-
formed without sensors and audiovisual tips: the per-
centage of target CCs was not more than 10% in 72%
of providers (n=18). When the CPR was performed
with sensors and audiovisual tips regulating the CC
quality, the percentage of target CCs was 65.7%, i.e. it
was significantly higher than that during the CPR
without the controller (P=0.0000). While only one
provider was able to perform the target CC without
the sensor and the audiovisual tips (4%), 12 providers
were able to do it with the sensor (48%) (P=0.0000).

Phase 2. The analysis of the effectiveness of
following the expanded resuscitation algorithm
and resuscitation teamwork.

The analysis of quantitative parameters of
expanded CPR in resuscitation team demonstrated

OBIUAA PEAHMUMATOAOTI M, 2016, 12;
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ot 8,7 no 20,0 cek, 4TO He COOTBETCTBYET PEKOMEH/IA-
usim ECP 2015 1., ymenbimaer a¢hheKTUBHOCTD T10-
CJIETYTONIETO Pa3psiia AebUOPUIISITOPA U YBETUIN-
Baet JetasbHOCTh [13—17].

B 6puranax 1 u 4 Obljia 3aperucTpupoBaHa 3Ha-
YuTENbHAS TUIIEPBEHTUIISINS, YTO ACCOTIMIUPOBAHO C
MOBBIIIEHHOM JieTasbHOCTBIO [1]. B Opuragax 2 u 3
BEHTUJISIINS JIETKUX MTPOBO/INJIACH C PEKOMEH/IOBAH-
weiMu ECP napamerpamu.

[ToapobHbIA aHaNIM3 KadyecTBa PaCIIUPEHHON
CJIP B ka)/J0# peaHMMalMOHHON Opuraje Ipej-
cTaBJieH B Tabmuiie 2.

TakuM 006pasoM, BO BCEX pPEAHUMAI[MOHHBIX
Opuragax ObLIO 3apernCTPUPOBAHO HECOOTBETCTBUE
TIOCJIe/IOBATETHHOCTU JIEWCTBUIN QJITOPUTMY pacIliv-
pennoii peanumar ECP 2015 1. u neadhdexrubnas
KoMaHAHas paGora. KoMmpeccuu TPyIHON KIETKH
HE COOTBETCTBOBAJHM TapaMeTpaM, PEKOMEH/IOBaH-
ueiM ECP 2015 1, rayssi /1o 1 110cJie HaHeCeHUsI pas-
psga neubpUIIATOpa — JJIATEJTbHBIMI; B 0OJIb-
NIMHCTBE CJIyYaeB MPU MPOBEIECHUU MCKYCCTBEHHOM
BEHTUJISIN JIETKUX ObLJIa 3apEruCcTPUPOBAHA THITEP-
BEHTUJIAIMS. B 0HOIl 13 peaHMMaIlMOHHBIX OpHUTraj
ObLI HapYIIIEeH TIPUHIIAI GE30MTACHOCTH TIPH TIPOBE/IE-
HUY 1eDUOPUIIISIIAN,

Komrmipeccuu rpyiHOM KJI€TKYU SIBJISTIOTCST TTPUH-
IUTTHAJBHBIM 9JIEMEHTOM PEaHUMAIMOHHOTO aJITo-
PUTMa, JOJKHBI ObITh HAuyaThl B TIPeleax MepBOi
MUHYTB OT MoMenTa pazsutusg BOC u 1oJkHbL co-
OTBETCTBOBATh ONPEIEJEHHBIM TTapaMeTpaM (JacTo-
ta 100—120 B MUHYTY; TIyOUHa MUHUMYM 5 CM, MaK-
cuMyM 6 C€M; OTCYTCTBUE HaJIETaHWS WM IOJHOE
pacnpaBienue TpyaHoil kietku; dpakmus CJIP —
6osiee 60% OT BCero BpeMeHM peaHMMaIlMOHHBIX Me-
pornpusThii, MUHUMabHbIe TTepepbiBsl |1, 10]. Kak-
JIbIif M3 YKAa3aHHBIX [MApaMeTPOB BJIMSIET HA MCXOJBI
PEaHNMAIMOHHBIX MEPOTIPHUATHI.

Iokasano, uto Tryouna KT'K accorumrposana ¢
Gousbiieil yacroroii oxusiaenus pu BOK (B cpen-
HeM 53,6 MM y BBUKHMBIINX MPOTUB 48,8 MM y yMep-
mnx; yrayosaene KTK ma xkas/pie 5 MM acCOTMUpO-
BAHO C yBeJIMYEHNEM 9acTOThI oxknByenns) [18—19].
CxoftHble TaHHbBIE TIOJYYeHbI B OTHOIIEHUN YaCTOTHI
KTI'K: makcnMasibHast 4acTOTa O’KUBJIEHUS JIOCTUTAET-
Ccs TIPU 4acTOTe KOMIIPECCHH TPYAHON KJIEeTKU
125/MuH.; Ipy OOJIBIINX WM MEHBIINX 3HAYCHUSIX
yactoTel KI'K wactora okuBJeHUST CHUKAETCST; Jac-
tota KI'K He accommmpoBaHa ¢ BBIKHBAEMOCTHIO
6ompabix [20]. Huskas cKOpOCTh IEKOMIIPECCHUH
rpyaHoi kiaerku yxyauaer ucxonant CJIP: ornoue-
HUeE TMaHCOB JIJISi BBICOKOW M CPe/lHeil CKOPOCTH Jie-
rommpeccrnu 2400 mm/c m 300—399,9 MmM/c cocTaBu-
ado 4,17 u 3,08 COOTBETCTBEHHO; CKOPOCTHh
JleKkoMIpeccun TpyaHon kiaetkn =400 MmM/c accoru-
upoBaHa ¢ 6oJiee BEICOKOW YacTOTOM GIarompusiTHIX
HEBPOJIOTMYECKUX UCXOJ/IOB; yBEJIWYEHHE CKOPOCTU
JIEKOMITPECCUU TPYAHON KJIeTKU Ha Kaskapie 10 MM/c
ACCOITMUPOBAHO € YBEJNYEHNEM BbIKUBAEMOCTH TIPU

that they failed to comply with ECR 2015 and NCR
2015 guidelines.

The CC depth was lower than target values in
all teams; the rate was within the target range only
in team No. 4. The CC fraction was high enough in
all resuscitation teams. In all teams, the CC was
interrupted for a long period of time for the rhythm
analysis and discharge: the intervals were equal to
8.7—20.0 sec, which did not comply with ECR 2015
guidelines and decreased the effectiveness of a sub-
sequent defibrillator discharge and increased the
mortality rate [13—17].

In teams 1 and 4, significant hyperventilation
was registered, and it was associated with the
increased mortality rate [1]. In teams 2 and 3, the
lung ventilation was performed in accordance with
guidelines recommended by ECR.

A detailed analysis of the expanded CPR in
each team is presented in Table 2.

Therefore, in all resuscitation teams, there was
a lack in compliance with the ECR 2015 guidelines
for expanded CPR, as well as ineffective team work
was revealed. Chest compressions did not comply
with parameters recommended by ECR 2015; pauses
before and after defibrillator discharge were too long.
In most cases, there was hyperventilation during the
mechanical ventilation. The safety principle was not
followed by one of resuscitation teams during the
defibrillation procedure.

Chest compression is a crucial element of the
resuscitation algorithm; CC should be initiated
within the first minute after SCA and should comply
with certain parameters (the rate is 100—120 per
minute; the minimal depth is 5 ¢m, the maximum one
is 6 cm; there should be no overlying or complete
chest stretching; the CC fraction comprises 60% of
the total time spent for resuscitation measures; the
intervals are minimal) [1, 10]. Each of the above
parameters affects the outcomes of resuscitation
measures.

It has been demonstrated that the CC depth is
associated with higher resuscitation rates at SCA (at
the average, 53.6 mm in survived patients vs. 48.8
mm in died patients; increased CC depth by 5 mm
was associated with the increased resuscitation
rates) [18—19]. Similar data were obtained on the
CC rates: the maximum resuscitation rate was
achieved at the CC compression rate of 125/min; the
resuscitation rate decreased with higher or lower CC
rates; the CC rate was not associated with patient's
survival [20]. A low rate of chest decompression
worsens the CPR outcomes: the odds ratio for high
and medium decompression rates of >400 mm/s and
300—399.9 mm/s was equal to 4.17 and 3.08, respec-
tively; the chest decompression rate of >400 mm/s
was associated with a higher incidence of unfavor-
able neurological outcomes; an increase of the chest
decompression by each 10 mm/s was associated with
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BOK [21—22]. ITayssl B KTK gosmKkHbBL GbITH MIHU-
MU3UPOBAHbI, YTO OmpeneseT ahdOEeKTUBHOCTD TMO-
CIIeYIONIero paspsiaa aeubpuiIsTopa U BbIKIBae-
MocTh GoJbHBIX [13—19]. Hacrora MCKyCCTBEHHOI
BEHTHUJIAINN JIeTKuX 1pu riposesieHun CJIP He momk-
Ha npeBbimarh 10/MUH, Tak Kak TUTIEPBEHTUJISIINS
MIPUBOJUT K YBEJTUYEHUIO BHYTPUTPYIHOTO JlaBjie-
HUSI, CHIKEHUIO KOPOHAPHOTO 1ephy3NOHHOTO aB-
JieHns ¥ noBbIeHnto JetagbHoctr ipu BOC [23].
[TosrydyenHbie HAMW JJaHHBIE AHAJOTHYHBI pe-
3yJIbTaTaM MEK/IyHAPOJIHBIX UCCIEI0BAHNN, B KOTO-
PhIX OBLIO JOKazaHO, 4To 6e3 (DyHKIMKU 0OpaTHON
cBs13u 1o kavectBy KIT'K B cpentem menee 40% menu-
1uHCcKuX pabotHukos Buinonnsger KI'K gocratounoii
rIyOUHBI M 9aCTOTHI, a GOJIBITMHCTBO MONAAAET B
rpyiity, BbiosHsionyo juiib 0—20% komipeccuit
B cooTBercTBUHU ¢ pekomenpamusamu ECP 2015 r.
[Tpu mpoBeneHnn o0yueHus HaBbikaM Oazosoil CJIP
6e3 marumka kadectBa KI'K u ayanoBU3yanbHBIX
[OJCKA30K 1pubopa OOJbIHIMHCTBO MeJUIUMHCKUX
PabOTHUKOB IEPEOIeHNBAET TJIYOUHY BBITOJIHSIE-
Mbix KI'K 1 HemootniermBaet nx dpakmuio. Mcmoanb-
30BaHNe CPEACTB 0OPATHON CBSI3U BO BpeMst oOyue-
uus  Gaszooit  CJIP  mo3BoJisieT  yAYUIIUTH
cyb6mektuBHoe BocmpusTue Tayomnnr KK [24].
[Tpumenenmne maTynkoB KOHTpoJisg kadectBa KIK
npu nposeseranu CJIP BHe cranmonapa maet BO3-
MOKHOCTD YBEJUYNTH TIYOMHY ¥ CHU3UTH YACTOTY
KT'K, He uamensietr ux ppakiuuio u yBeJTNIMBAET Yac-
TOTY OJKUBJICHUsI, O€3 BJIMSHUS Ha OTHaJeHHBIC HC-
XOJIbI B TIOCTPEAHUMAIIMOHHOM Ttepuoe [25].
Boicokokauectsertbie KI'K HeoGxoamnmo uHTer-
puposath B anroputm pacimpennoit CJIP, kotopwrii
BKouaer B cebs auddepeHIupoBaHHblil MOAX0/ B
3aBUCUMOCTH OT HApYIIEHWS CEPJEYHOTO PUTMA, Ha-
BBIKI Ge30TacHON 1eUOPHILISAIIN, UCTTOIb30BAHMS
JIEKAPCTBEHHBIX MPENapaTtoB U CKOOPAUHUPOBAHHOM
paboThl B peaHMMaloHHoi Opuraje. OcBoeHue gaH-
HOTO HaBbIKa TPeOYEeT MPOXOsKACHUE CUMYJISIINOHHO-
r0 0OYYEeHNUsT M PEryJISIpHOTo perperuHra. [To gaHHbIM
HCCIIeIOBAaHNI BHEPEHNE B CTal[IOHApe o0pasoBa-
TeJIHHBIX TIPOTPAMM T10 HaBbIKaM pactmpenHoit CJIP
U TEXHUYECKUX CPEACTB KOHTPOJIS 3(DHEKTUBHOCTU
KTI'K npuBoaut k yayumenuto kadectsa CJIP (ymyu-
menne kadectBa KT'K mo wacrore, riy6uHe u (pak-
uu; ymenbieare nay3 B KI'K; cHukenne yacToTe
HCKYCCTBEHHOUN BEHTUJISIIIUU JIETKHX ), BBIKUBAEMOC-
T (061as BoiKUBaeMocTb — ¢ 8,7 10 13,9%; BbIKMBa-
€MOCTb ITPU PUTMaX, TPEOYIONMX AeuOpHLIAIn, —
¢ 26,3 10 55,6%) 1 KauecTBa (HYHKITMOHATIBHBIX UCXO-
noB tocste BHeGopHIUHO BOK [26]. Kpowme Toro, B
3HAUMTETHHON CTeTleHn Ha BbIKuBaeMocTh mpu BOK
OKasbIBaeT BJIMSHUE TIPOBe/ieHre aeGpuduHra mocie
kaxkoro ciydas CJIP B crarmonape [27].
[TosrydyeHnHbie HAMU JIAaHHBIE CBUJIETEIBCTBYIOT
0 HEJOCTATOYHOM BJIAJICHUU MEIUIIMHCKIMU PaboT-
HUKAMM CTal[MOHapa MPAaKTHYECKUMHU HaBbIKaMu Oa-
3oBoil n pacmmperHoir CJIP, coorBercTByonmmMn

increased survival rates at SCA [21—22]. Intervals in
CC should be minimized, thus determining the effec-
tiveness of the subsequent defibrillator discharge
and patient's survival rate [13—19]. The artificial
ventilation rate during the CPR should not exceed
10/min, because hyperventilation leads to the
increased intrathoracic pressure, decreased coronary
perfusion pressure and increased SCA-associated
mortality rate [23].

The obtained data were similar to the results of
international studies, which confirmed that, at the
average, less than 40% of healthcare providers per-
formed CC with sufficient depth and rate without
any feedback on the CC quality, whereas most
providers performed only 0—20% of compressions in
accordance with ECR 2015 guidelines. Most health-
care providers overestimate the CC depth and
underestimate their fraction. Feedback during the
CPR training permitted to improve the subjective
perception of the CC depth [24]. The use of CC qual-
ity control sensors during the CPR outside hospitals
permits to increase the CC depth and decrease its
rate, but does not affect their fraction and decreases
the resuscitation rates, without any effect on delayed
outcomes in the post-resuscitation period [25].

CC of high quality should be integrated in the
algorithm of the expanded CPR which includes a dif-
ferentiated approach depending on the impairment
of the cardiac rhythm, safe defibrillation, drug thera-
py, and coordinated resuscitation team work.
Mastering of these skills requires simulation training
and regular retraining. Based on research data, intro-
duction of training in basic and expanded CPR and
the use of CC effectiveness controllers improve the
CPR quality (improved CC quality in the rate, depth
and fraction; decreased intervals between CC;
decreased artificial ventilation rate), the survival
rate (overall survival rate was 8.7—13.9%,; survival in
rhythms requiring defibrillation was 26.3—55.6%),
and the quality of functional outcomes after out-of-
hospital SCA [26]. In addition, debriefing after each
CPR case in the hospital significantly affected the
survival rate at SCA [27].

The obtained data demonstrate that healthcare
providers have poor skills in basic and expanded
CPR specified by corresponding current interna-
tional and national guidelines. Therefore, it is impor-
tant to train healthcare providers in basic and
expanded CPR within the frames of simulation
training courses on a regular basis (in accordance
with ECR 2015 and NCR 2015 guidelines). During
this training, effective CC, safe and effective defibril-
lation, expanded CPR algorithm, and team work
skills should be mastered. During training, the use of
technical means of monitoring of the chest compres-
sion quality control in CPR should be warranted. It
is important to arrange regular retraining in order to
keep the skills up-to-date, as well as regular debrief-
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COBPEMEHHBIM MEXKIYHAPOIHBIM U HAIMOHAJIBHBIM
pPeKOMeHANMSAM. B CBSI3U ¢ 3TUM aKTyaJIbHBIM SIBJISI-
eTcst oOyueHre MeUIIMHCKUX pabOTHUKOB B (hopMa-
Te CUMYJISIIIHOHHBIX KYPCOB 10 6a30BOW ¥ PacIIui-
pennoit CJIP (B cOOTBETCTBUU C PEKOMEHAAITUSIMU
ECP 2015 r. w HCP 2015 r.). Ha gannbix Kypcax
JOJKHBI OBITH OTPA0OTAHbI HABBIKW BBIITOJHEHUS
abdexrusabix KT'K, GesomacHoil u ahdekTuBHOI
npedubpuisnmu, anroputm pacimmpennoit CJIP, na-
BBIKK PabOThl B peaHMMaIlMoHHON Gpurame. Ha cu-
MYJSIIIMOHHBIX Kypcax u npu nposenennn CJIP B
cTal[oHape 1e1eco00pasHo MCIOIb30BaTh TEXHIUE-
ckure cpenctBa KOHTpoJst kKadectBa KI'K. Kpome To-
O, B)KHBIM SIBJISIETCS TPOBE/ICHIE PETYJISIPHBIX PET-
PEHMHTOB JIJIST TIO/I/IEPKAaHUST TIPAKTUYECKOTO HABbIKa
Ha JIOJDKHOM YPOBHE, a TaksKe 1eOpUMUHT 10 KayecT-
By CJIP mocie kaxmoro ciaydast TpOBe/ieHUsT Peanu-
MAI[MOHHBIX MEPOTIPUATHI B CTAI[HOHAPE.

BoiBoasl

ITpu nposeneruu CJIP 6e3 MCIoIb30BaHMsI JaT-
YKKa ¥ ayIHOBU3YaIbHBIX MOACKA30K Y OOJIBIIMHCTBA
MEIUIMHCKIX PabOTHUKOB TIpotieHT reseBbix KTK co-
crasu He 6osiee 10% y 72%. Tpu nposenern CJIP ¢
HCTIOJTb30BAHKEM JIATYNKA 1 ayINOBU3YATbHBIMU MO/
ckazkamu 110 KauecTBy KIT'K mporent nemessix KI'K
cocraBuil 65,7%, 4To OBLIO JOCTOBEPHO BBIIIIE, YEM ITPU
pabote Ge3 JaTurKa 1 oJICKa30K. Bo Becex peaHnMaru-
OHHBIX GpuTagax ObLIO 3aPErHCTPUPOBAHO HECOOTBET-
CTBUE TIOCJIEeZI0BATEIbHOCTH JIEVCTBII aJITOPUTMY pac-
mupennoii  peanmmanuu  ECP 2015 r wm
HeadekTuBHas KoMaHIHast pabora. Kommpeccuu
TPY/IHOM KJIETKH HE COOTBETCTBOBAJIM PEKOMEH/IOBAH-
HBIM MapamMeTpaM, May3bl /10 U 1MocJie HAaHeCEHHS pa3-
psina aeuOpUIIATOPa — JTUTETbHBIMU; B GOJIBIIINH-
CTBE CJIyyaeB TIPU TIPOBEJEHUM WCKYCCTBEHHOM
BEHTHJISIINH JIETKUX ObLJIa THIIEPBEHTUIISIISL,

[TosryuyeHHbIe Pe3yIbTATBl TTOATBEPKIAIOT aK-
TYaJbHOCTh CHCTEMaTU3MPOBAHHOTO OOYYEHUST Me-
JMIIMHCKIX PaOOTHUKOB CTallMOHAPa HaBbIKaM (Ga30-
Boii u pacmupennoin CJIP, cooTBeTcTByIONMM
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ings on the CPR quality after each case of resuscita-
tion measures in a hospital.

Conclusion

The percentage of target CCs during CPR
without sensors and audiovisual tips in most health-
care providers was not more than 10% in 72% of
providers. When the CPR was performed with sen-
sors and audiovisual tips regulating the CC quality,
the percentage of target CCs was 65.7%, i.e. it was
significantly higher than that during the CPR with-
out the sensor and the tips. In all resuscitation teams,
there was a lack in compliance with the ECR 2015
guidelines for expanded CPR, as well as ineffective
team work was revealed. Chest compressions did not
comply with recommended parameters; pauses
before and after defibrillator discharge were too long.
In most cases, there was hyperventilation during the
mechanical ventilation.

The obtained data confirmed the urgency of
regular training of healthcare providers in basic and
expanded CPR skills complying with current inter-
national guidelines, the use of CC quality control
sensors during the training and in clinical practice,
regular retraining and debriefing after each case of
resuscitation measures in the hospital. Introduction
of this comprehensive approach in hospitals will
improve the treatment outcomes in patients with
sudden cardiac arrest.

COBPEMEHHBIM MEXKIYHAPOJIHBIM PEKOMEH/IAINSIM,
MCTIOJIP30BAHMUS TaTYNKOB KOHTPOJS KadecTBa KI'K
BO BpeMsI OOYUYEHUS U B KJIMHUYECKOI TPaKTHKE, pe-
IYJISIPHOTO PETPEHUHTA U AeOPUQHUHTA 110 KaXKIOMY
CIIyJaro MPOBEJEHUS PEAaHUMAITMOHHBIX MepOTpHsi-
TUI B cTaiuonape. Buegpenue B craiuonape 1mog00-
HOTO KOMIIJIEKCHOTO TIOZXO/[A TIO3BOJIUT YJIYUIIUTh
pesyJsibTaThl JiedeHHsT GOJBHBIX C BHE3AIHOM OCTa-
HOBKOI cepAtia.
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IUIAHMPOBAaHKS OTPEOJICHUS aHTHOHOTHKOB
1 KOHTPOJISI aHTHOMOTHKOPE3HCTEHTHOCTH B OT/IEICHUSX PEaHUMATOJIOTHH
1 IPOUIbHBIX OTAENEHHSIX
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Register of Microorganisms as a Tool for Automated Antibiotics Consumption
Planning and Monitoring of Antibiotic Resistance in Intensive Care Units
and Specilized Hospital Departments

Oleg E. Karpov, Vitaly G. Gusarov, Natal'ya N. Lashenkova, Natalia V. Petrova,
Maria V. Dementienko, Dmitry N. Shilkin, Ekaterina E. Nesterova, Mikhail N. Zamyatin

N. I. Pirogov National Medical&Surgical Center, Ministry of Health of Russia,
70 Nizhnyaya Pervomayskaya Str., Moscow 105203, Russia

Iexnb ucciaeoBanusi — OLEHUTH BOSMOKHOCTD YIIPABJIEHHs YPOBHEM aHTHOMOTHKOPE3UCTEHTHOCTHU U TIOTPED-
JIeHHeM aHTUMUKPOOHBIX TIPEMAPATOB B CTAIOHAPE HA OCHOBE aHAIN3A HHIEKCA JIEKAPCTBEHHOM YCTONYNBOCTL.

Marepuaibsl 1 MeToibl. B MHOTOIIPO(UIBHOM XUPYPTUUECKOM CTAIMOHAPE HA OCHOBAHUH €JIMHOTO PeecTpa
MUKPOOPraHM3MOB, BKJIIOUAIOLIEro B cebst AaHHbie 0 25581 mramMe, TOJMyYeHHOM OT MAIMEHTOB ¢ HH(EKIel B
OT/IEJICHUSIX PEAHUMATOJIOTUY U TPOMUIIbHBIX OT/IEIEHUSIX, BHEPEHA CUCTEMA IVIAHUPOBAHUS OTPeOJIEHSI aHTU -
6UOTHKOB, pa3pabOTaHbl IIPOTOKOJIbI IMITUPUIECKON aHTUMUKPOOHOIT Teparuu (AMT). B ocHOBY cucTembl mosio-
JKeH aBTOMATHU3UPOBAHHBIN PacyeT MHIEKCA JEKAPCTBEHHON YCTONYNBOCTH HO30KOMHUAIBHBIX MUKPOOPIaHU3MOB.
BelmosrHeHO cpaBHEHME JIAHHBIX, TIOJYYeHHBIX B cJe/yolie neproas: 2012 ro — npenHTepBEHIIMOHHBIN TIepH-
o, 2014 u 2015 rox — UHTEPBEHIIMOHHBIN TEPHO.

Pesyabrarsl. JlocTUrHYTO CHIZKEHNE WH/IEKCA JIEKAPCTBEHHOI ycToitunBoctn Pseudomonas aeruginosa c 0,721
B 2012 roxy 1o 0,596 B 2015 roxny, Acinetobacter baumannii ¢ 0,96 B 2012 roxy 1o 0,889 B 2015 roxy, Klebsiella pneu-
moniae ¢ 0,728 B 2012 roxy o 0,595 B 2015 roxy 3a cueT yMeHbIUIEHUSA aHTUOMOTUKOPE3UCTEHTHOCTH, COKpalile-
Hus norpebienus nedanocnoputos [II—IV nokoseHus 1 aHTHCUHETHOWHBIX KapOalleHEMOB, a TaKKe yBeJude-
HUS TIPUMEHEHUS dpTareHeMa JJis JedeHrs nHbekimii, BosBanubix Klebsiella pneumoniae. Tlpousotiena poct
UHJEKca JIeKapCTBeHHOU yeroituusoctu Escherichia coli ¢ 0,325 B 2012 roxy n0 0,382 8 2015 roy, 4To CBS3aHO ¢
yBeJInueHneM oTpebieHrs 3alUIeHHBIX TIEHUIINHOB 1 11e(haJociopuHOB | IIOKOIeHUsT, IPUMEHSIEMBIX JIJIS
AHTUOMOTUKONPOMUIAKTUKY B aOJOMUHAIBHON XUPYPIUU U YPOJIOTUH, U BO3PACTAHUEM PE3UCTEHTHOCTU BO30Y-
JIATEJIS] K YKa3aHHBIM IPYIIaM aHTUOHOTUKOB.

3akmouenne. QopmMIpoBaiie eMHOTO PEECTPA MIKPOOPTaHI3MOB JIEYeOHOTO YUPEKIEHS], & TAKIKE HCITOJIb-
30BaHKe TAKUX HHCTPYMEHTOB MaTEMATHYECKOTO MOJIEIMPOBAHKS YPOBHS PE3UCTEHTHOCTU BO30YIUTE e, KaK WH-
JIEKC JIEKAPCTBEHHON YCTONUMBOCTH, [O3BOJISIET CBOEBPEMEHHO KOHTPOJIMPOBATh U3MEHEHSI aHTUOMOTUKOPE3UC-
TEHTHOCTU HO30KOMHMAJIBHBIX MUKPOOPTaHM3MOB B OT/EJICHUSAX PEAHUMATOJOTHU U APYTUX TPOGMUIbHBIX
OT/IEJIEHUSIX CTAIIMOHAPA U HA OCHOBAHUU TUX [JAHHBIX YIPABJISATH IIPOIECCOM HA3HAYEHWS] aHTUOMOTUKOB.

Kniouesvte cnosa: peecmp Mukpoopzanusmos; uHOeKc 1eKapcmeenoll Ycmouuueocmu; KOHmpoib U NiaHUPOsa-
Hue aHMUMUKPOOHOT Mepanuu; AaHmubUOMuUKope3UCmenmmuocmy

The purpose of the study is to assess the possibility of managing the antibiotic resistance level and consump-
tion of antimicrobial agents in a hospital based on the analysis of the drug resistance index.

Material and methods. The antibiotic consumption planning system was employed at the multidiscipli-
nary surgical hospital based on the unified Registry of microorganisms (ROM). ROM included data on 25.581
strains obtained from patients with infections admitted to the intensive care units (ICU) and specialized
departments. Protocols of empiric antimicrobial therapy and perioperative antibiotic prevention were devel-
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oped. The ROM-based system allowed automated calculation of drug resistance indices for nosocomial microor-
ganisms. Data obtained during the pre-intervention period (2012) and intervention period, (2014—2015) were
compared.

Results. Decreases in the drug resistance indices for Pseudomonas aeruginosa from 0.721 in 2012 to 0.596 in
2015, Acinetobacter baumannii from 0.96 in 2012 to 0.889 in 2015, Klebsiella pneumoniae from 0.728 in 2012 to 0.595
in 2015 were achieved due to reduction of antimicrobial resistance, reduced consumption of III—IV generation
cephalosporins and antipseudomonal carbapenems, and more frequent use of ertapenem for treatment of infections
caused by Klebsiella pneumoniae. There was an increase in the drug resistance index of Escherichia coli from 0.325 in
2012 to 0.382 in 2015 due to increased consumption of protected penicillins and first generation cephalosporins for
prevention in abdominal surgery and urology and increased pathogen resistance to these antibiotics.

Conclusion. A development of a unified hospital ROM and application of the drug resistance index for math-
ematical modeling of the pathogens resistance level allows to perform timely monitoring of changes in antibiotic
resistance of nosocomial microorganisms in ICU setting and other hospital departments and proper managing e the
antibiotics prescription.

Key words: register of microorganisms; drug resistance index; monitoring and planning of antimicrobial therapy;
antimicrobial resistance
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BBenenne

[Tporpecc nHGOPMAIMOHHBIX, TEJTEKOMMYHHU-
KAIlMOHHBIX W MEAMIIMHCKUX TEXHOJOTUN OKasal
CyIeCTBEHHOE BJIUsSHUE Ha Pa3BUTUE COBPEMEH-
HBIX HAINPaBJEHUN OPTaHU3AINU OKa3aHUS MeJU-
nnHckoi momomnu [1]. IIpumeHenne HOBBIX WH-
(bopMaITMOHHBIX TEXHOJIOTHI B MEIUIIMHE CBI3aHO
¢ yJIydlIeHueM KauecTBa MeIUITUHCKOH TTOMOTIU U
IOBBIIIEHNEM €€ 9KOHOMUYECKOH 2 (heKTUBHOCTH
[2—4]. Opnum u3 BapuanToB UHGOPMALMOHHOTO
obecrieyeHNs] B MEIUIMHE SIBJSETCS CO3JaHUe
enHbIX (a3 JAaHHBIX, PEryJSIPHBIA aHAJIU3 KOTO-
PBIX 1M03BOJIsIeT 3P (HEKTUBHO YIPABJIATH Jeuel-
HbIM TIpotteccoM. MopmupoBaHue Takol 6asbl gaH-
upix (peectp wmukpoopranusmoB) B OIBY
«HanmonanpHBINT MeIMKO-XUPYPTUUECKUN TIEHTP
um. H. . I[luporosa» Munsapasa Poccuu (masee
— IlenTtp) cTamo OCHOBOU JsT TPOEKTHUPOBAHUS
CHCTEeMbl KOHTPOJISI 32 HasHaYeHWEeM aHTHOHOTH-
KOB M CO3/IaHUs MPOTOKOJOB ammupuieckoirt AMT
(nanee — IIpoTokossr). B ycinoBusax yBeandeHus
4acTOThl MHPEKIIMOHHBIX OCI0XKHeHn |5, 6] u mo-
BCEMECTHOTO POCTa aHTUOUOTHKOPE3UCTEHTHOCTH
OHMITMPUUYECKOE HazHAUYeHHEe aHTUMUKPOOHBIX Ipe-
napatoB (AMII) cranoBuTcst Bce 6Gosiee CIOKHON
3a/1aueil 11T MPaKTUKYIONUX Bpavyel, T03TOMY OcC-
HOBHOI 1es1b10 co3manus [Iporokoios 66110 GHop-
MUPOBAaHUE €JIUHOTO AJTOPUTMA TPUHSTUS pelire-
HUS O Ha3HAuYeHUU ajiekBaTHOU crtapToBoii AMT,
Tak Kak oT 3((hEKTUBHOCTU TOCJHEIHEN 3aBUCUT
ucxo JedeHust OoNbHBIX uHpeknuein [7—14].
Oxaszasnocs, uto BHegpeHue [IpoTokos0B TO3UTHB-
HO MOBJIUAJIO Ha (papMaKOIKOHOMUYECKUe 1ToKa3a-
TEJIW U KauyecTBO JieueHUust OOJbHBIX UH(DEKIei B
entpe [15, 16]. Leaio maHHorOo WCCIETOBAHUS
OBLIT aHAJIM3 MH/EKCa JTeKapCTBEHHON YCTONYNBOC-
™™, Kak kputepus apdexrnsaoctn AMT n nHeT-
PyMeHTa yrpaBJieHus aHTHOMOTHKOPE3UCTEHTHOC
THIO B CTAI[MOHAPE.

Introduction

The progress of information, telecommunica-
tion, and medical technologies has had a significant
impact on the development of modern trends in med-
ical care [1]. The use of new information technolo-
gies in medicine is associated with improved quality
of medical care and its increased cost-effectiveness
[2—4]. Development of unified databases is one of
options of the informational support in medicine,
and their regular analysis permits managing the ther-
apeutic process. Generation of a database, the
Registry of Microorganisms (ROM), at N.I. Pirogov
National Medical Surgical Center, Ministry of
Health of Russia (hereinafter referred to as the
Center) became the basis for designing the antibi-
otics prescription monitoring system and developing
protocols for empiric antimicrobial therapy (AMT
(hereinafter referred to as the Protocols). Since the
frequece of the infectious complications has become
increased [5, 6] and the antibiotic resistance has
become widespread, empirical prescription of antimi-
crobial agents is a challenge for practitioners.
Therefore, the main purpose of the Protocols was to
create a unified algorithm of decision-making on the
appointment of an adequate initial AMT, since treat-
ment outcomes of patients with infection significant-
ly depend on AMT effectiveness [7—14].
Implementation of the Protocols proved to improve
pharmacoeconomic parameters and the quality of
care for patients with infection at the Center [15,
16]. The purpose of this study was to analyze the
drug resistance index (DRI) as a criterion of AMT
efficacy and antibiotic resistance management tool
in a hospital.

Materials and Methods

A single-center observational study was conducted in
a 600-bed multidisciplinary surgical hospital. The unified
ROM was developed. The ROM included data on 25,581
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Marepuan u MeTO/bI

OpHOIIEHTPOBOE 0OCEPBAIIMOHHOE UCCIIE[OBAHUE ITPO-
Besin B 600-koeuHOM MHOTOTIPOPUIBLHOM XUPYPrHUYECKOM
craronape. Co3auyn eMHBIN peecTp MIKPOOPTaHI3MOB,
BKJIIOYAIONIHNiT B cebst anubie 0 25581 mramme, MosydeH-
HBIE IIPH MOCEBAX M3 PA3JIMYHBIX 0Y4aroB MH(MEKIUU Y Ta-
IIUEHTOB, TPOXOAUBIINX JIeYeHNE B PEAHUMATOJOTTIECKUX
u npodubabIX oTnenenusax llentpa B mepuoxn ¢ 2011 mo
2015 Tompl.

Ha ocHoBe peecTpa MUKPOOPTaHU3MOB TIOCTIE aHAIN3A
YPOBHsI MUKPOOHOiT pesucreHTHOCTH B LleHTpe cospanu
IIpoTrokosbl ajist unbeKIUil Pa3audHONl JOKATU3AIIH.
Crangaprabiii [IpoTokos BkitouaeT B cebst JOMUHHUPYIO-
IyI0 MUKPOOUOTY IPH ONpeAeJieHHON WH(EKIMT U cTe-
[EHb ee YCTOYUBOCTH K aHTUOHOTHKAM, OI[EHKY (haKTOpOB
PUCKA HAMUKS PE3UCTEHTHBIX BO30YyAUTEIell y nalerTa
M, B 3aBMCUMOCTH OT HaJn4us TakuX (haKTOPOB PHCKA,
mubdepentmpoBantbie cxembl amnupuaeckoir AMT. [Tpu-
Mmep Ttakoro IIporokosa mus unbeKIUi pecnupaTopHOro
TpPaKTa Ipe/cTaBeH Ha puc. 1.

[Ipu cozmanum peecTpa MUKPOOPraHU3MOB B GaKTepH-
oJiornyeckoii raboparopun LleHTpa Nemob3oBaIu METO/IBI
aBTOMATUYECKOU BHIOBON ueHTU(DUKAIUU U OIpe/eie-
HUSI YYBCTBUTEILHOCTH K aHTUOUOTUKAM C IOMOIIbIO GaK-
Teprosornyeckux ananuszaTopo « Walk Away 40» n «Vitek
2» ¢ mpuMeHenneM MexayHapoaHbeix kputepres EUCAST.

Jlist OlleHKU TPEHJ0B aHTUOMOTUKOPE3MCTEHTHOCTH
nocsie BHeapenus [IpoTokosoB 1 aBTOMATU3UPOBAHHOTO
MIPOEKTHPOBAHKS POIECCOB TOTPEOICHIA aHTUOMOTUKOB
HCHOJIb30BAJIN UHIEKC JIEKaPCTBEHHOW YCTONYMBOCTU
(MJ1Y), koTopsIil o6beauHsieT B cebe MHPOPMAIHIo 0 Ya-
CTOTE PE3UCTEHTHOCTH MUKPOOPTaHu3Ma M MOTpebIeHu
AMII, noreniuanbio 9hHEKTUBHBIX B OTHOIIEHUU JIaH-
Horo Bo30yauresst [17]. ITo cBoeit cytu WJIY orpaxkaer
HACKOJIbKO panuoHaabHo npumensiorcs AMIT mpu neue-
Huu uHGEKIUN oIpeiesieHHoi aTrosnorun. [Ipu nHnekce
paBHOM 0 MHUKDOODPraHW3M CUUTAETCS YYBCTBUTEIBHBIM
KO BceM ToTeHIManbHO addexktuBHbiM AMII, ecam wH-
JieKkce paBeH 1, Bo3OyAuTeb yCTONYMB KO BCeM MMEOIIM-
cs B apceHase aHtuOmorukam. MNJIY paccuurtbiBanu B
JIBYX BapUaHTax:

— agantupoBanubiii MJIY = antubuotrukopeswuc-
TEHTHOCTh AHAJIU3MPYEMOTo Mepuoga X TmoTpedreHue
AMII ananmmsupyeMoro mepuoza;

—  ¢durcupoBanubiii IJIY = aHTUOHOTHKOpE3UC-
TEHTHOCTh AHAJU3UPYEMOro Iepuoia X ImoTpedieHue
AMII cpaBauBaemoro mepuosa.

Pasnuia mexay GUKCHPOBAHHBIM U a/IalITHPOBAH-
HBIM MHJIEKCOM ITOKa3bIBAET, KAKOW BKJIAJ BHECTO M3Me-
HeHue norpebaenust AMII B aHanus3upyeMom epuojie B
YPOBEHb aHTUOUOTUKOPE3UCTEHTHOCTH KOHKPETHOTO MU-
KPOOpraHu3ma.

CpaBHUBaeMbI€ TTEPUOJIBL:

NJTY paccuuran st cieyionux mepuooB:

— 2012 ron (4303 mTamMMa) — TpEMHTEPBEHITNOH-
HBIN TTePUO/I,

— 2014 rox (3613 mrammos) u 2015 rox (4190
IITAMMOB) — WHTEPBEHIIMOHHBII TTEPHO/I.

IIpu onpenenenun nocroBepruoctu paziauunii 1JIY B
ncce[yeMble MepUObl MPUMEHSIM TOYHBI KPUTEPUN
ODumrepa 171 MEPBUYHBIX JIAHHBIX, WCIOJIb3YEMBIX IIPH
pacyere mH/ieKca. JLOCTOBEPHBIMYM NPUHSINA OTIUYHS TIPU
yposue p<0,05.

strains obtained from patients with infections admitted to
the intensive care units (ICU) and specialized depart-
ments over the period from 2011 to 2015. Protocols of
empiric antimicrobial therapy were developed in the
Center based on the ROM after the analysis of microbial
resistance. A standard Protocol includes dominant micro-
biota in a certain infection and a degree of its antibiotic
resistance; evaluation of risk factors of resistant pathogens,
and differentiated regimens of empirical AMT depending
on presence of the risk factors. An example of this Protocol
for respiratory tract infections is presented in Figure 1.

Methods of automatic species identification and
antibiotic susceptibility testing using bacteriological ana-
lyzers WalkAway 40 and Vitek 2 according to EUCAST
international criteria for antimicrobial susceptibility test-
ing were applied while developing the ROM in the bacte-
riological laboratory of the Center.

The DRI was used to evaluate trends of antibiotic
resistance after implementation of the Protocols and auto-
mated management of antibiotics consumption processes.
The DRI combines information on the incidence of micro-
bial resistance and AMAs consumption which are poten-
tially effective against this pathogen [17]. The DRI
demonstrates how efficiently the AMAs are applied to
treat an infection of a certain etiology. If the index is 0, a
microorganism is considered sensitive to all potentially
effective AMAs; if the index is 1, the pathogen is resistant
to all available antibiotics. The DRI was calculated in two
variants:

— Adapted DRI = antibiotic resistance during the
analyzed period X AMA consumption during the analyzed
period;

—  Fixed DRI = antibiotic resistance during the ana-
lyzed period X AMA consumption during the comparison
period.

The difference between the fixed index and the adapt-
ed one indicates the contribution of AMA consumption
changes to the antibiotic resistance degree of a particular
microorganism during the analyzed period.

Comparison periods:

The DRI was calculated for the following periods:

— 2012 (4,303 strains) — pre-intervention period,

— 2014 (3,613 strains) and 2015 (4,190 strains) —
intervention period.

The significance of differences in the DRIs during the
analyzed period was determined by means of Fisher's exact
test for the raw data used in the calculation of the index.
The difference was considered significant at the P<0.05.

Results and Discussion

Special attention was paid to ESKAPE
(Enterococcus  faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Enterobacter species)
Gram-negative pathogens in the study of the antibi-
otic resistance degree and calculating the DRI [18],
since infections caused by these microorganisms pre-
sent the greatest difficulties in choosing empiric and
targeted AMT:

Klebsiella pneumoniae CP+ — K. pneumoniae
producing carbapenemases;
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Puc. 1. Cranpaprubiii nporokos smmupuyeckoit AMT undexuuii aprxareibHbIX myTeii.
Fig. 1. A standard Protocol of empirical AMT for respiratory tract infections.

Note. Protocol of empirical AMT in respiratory tract infections

General structure of respiratory tract infection pathogens

Most common pathogens Incidence, % % of strains sensitive to antibiotics

Streptococcus spp. (n=48) 23.5 Linezolid=Vancomycin=Amoxicillin/clavulanate=Ampicillin=I—IV CS 100%;
Fluoroquinolones (Cypro, Levo) 80%; Erythromycin 37.5%

MSSA (n=40) 19.6 Amoxicillin/clavulanate=Piperacillin /tazobactam=Tigecycline=

Ampicillin/sulbactam=Azithromycin=Gentamycin=Imipenem/cilastatin=
Fluoroquinolones=Clindamycin=I—IV CS 100%; Ampicillin 0%

Klebsiella pneumonia (n=31) 15.2 Colistin 100%; Doripenem=Imipenem/cilastatin=Meropenem 96.8;

ESBL + 64.5% Ertapenem 87.1%; Tigecycline 78.5%; Cefoperazone/ sulbactam 58.6%;
Fluoroquinolones (Cypro, Levo, Moxi) 51.6%;
Ticarcillin/clavulanate=Tobramycin 50%;
Amoxicillin/clavulanate=Ampicillin/sulbactam= I—IV CS 35.5%;
Piperacillin/tazobactam 34.6%; Aztreonam 33.3%; Ampicillin 0%

Pseudomonas aeruginosa (n=17) 8.3 Colistin 100%; Amikacin=Tobramycin 64.7%; Gentamycin 62.5%;
Cefoperazone/ sulbactam 52.9%; Doripenem=Fluoroquinolones (Cypro, Levo) 47.1%;
Cefepim=Meropenem 37.5%; Imipenem/cilastatin 32.5%;
I1I CS=Piperacillin /tazobactam 0%

Acinetobacter baumannii/ 7.3 Colistin=Tigecycline 100%; Cefoperazone/ sulbactam 37.5%;

haemolyticus (n=15) Imipenem/cilastatin=Meropenem=Doripenem 18.7%; Ticarcillin/clavulanate 15.3%;
Fluoroquinolones (Cypro, Levo) 11.7%; Amikacin=I11—1V CS 0%

I. Stratification of patients according to the risk of resistant pathogens
Type I Type 11 Type 111
I1. Sampling of biological materials for a bacteriological test
II1. Empirical therapy
Choice: Amoxicillin/clavulanate! Choice: Ertapenem+Colistin® Choice: Meropenem®+Tigecycline’+Colistin®
Alternative: Levofloxain' Alternative: Levofloxain'+Colistin® Alternative: Ciprofloxacin+Amikacin®+Colistin®

' — oral administration should be preferred for patients in a satisfactory and moderately severe state; > — inhalation, 1—2 million TU
bid; * — the drug should be introduced in the form of a prolonged infusion. Loading dose (2 g) is introduced via an iv bolus injection
before the first infusion of the drug. Prolonged infusion of 2 g of meropenem over 3—4 hours follows the loading dose tid; * — NB! The
loading dose is 100 mg, then 50 mg is introduced once every 12 hours; > — inhalation, 1—3 million TU bid; ® — amikacin is introduced
once daily at a dose 15 mg/kg bw (with normal renal function).
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Puc. 2. i3amenenus unmekca jekapcreennoit ycroitunsocru (MJIY).

Fig. 2. Drug resistance index (DRI) changing.
Note. ASP — Antibiotic Stewardship Program.

Ipumeyanne. ASP — crparterusi KOHTPOJIsT aHTUMUKPOOHOI Teparii; value — 3uadenue; years -rojpl; fixed — dukcuposannbrii; adap-
tive — aganruposanusiit; Contribution to reduce — Bkiaz cHusKeHus; Tesistance — yeroitunBoctu; antibiotic consumption — norpebae-

HUS aHTUOUOTHKOB.

PesyubraThl 1 00CyKAEHUE

IIpr u3y4YeHUU YPOBHS aHTHOHOTHKOPE3HC-
teHTHOCTH u pacuete MJIY ocHoBHOe BHUMaHMe
VACJTUIM  IPaMOTPHUIATENbHBIM — BO30YAUTENSIM
ESKAPE [16], Tak kak nndexiuu, BbI3BaHHble JaH-
HBIME MUKPOOPIaHU3MaMH, BbI3bIBAIOT HAOOJIbIIIIE
TPYAHOCTH TIPY BHIOOPE IMITMPUUYECKON U IleJIeHa-
npaByenHoit AMT:

Klebsiella pneumoniae CP+ — K. pneumoniae,
MPOAYIUPYIOIIas KapbareHeMasbl;

Acinetobacter baumannii MDR — A. baumannii,
00IaIATOIIIN I TTIOJIUPE3UCTEHTHOCTBIO;

Pseudomonas aeruginosa MDR — P. aeruginosa,
obJalaroast oJIUPE3UCTEHTHOCTHIO;

Enterobacteriaceae ESBL* — asnTepobakrepun
(B matnHoM ciy4ae Escherichia coli), nmponytupyioriie
B-TakTaMasbl PaCITUPEHHOTO CIIEKTPA JIEHCTBUS.

Jmnamuka usmenennit IJIY mpencrasiena Ha
puc. 2 u B Tabi. 1—4.

Acinetobacter baumannii MDR — multidrug-
resistant A. baumanni;

Pseudomonas aeruginosa MDR — multidrug-
resistant P. aeruginosa;

Enterobacteriaceae ESBL"™ — Enterobacteriaceae
(in this case, Escherichia coli) producing wide-spectrum
beta-lactamases.

The dynamics of DRI changes is presented in
Fig. 2 and in Tables 1—4.

The P. aeruginosa DRI decreased from 0.721 in
2012 to 0.596 in 2015. Figure 2 a shows that the
decrease in DRI of P. aeruginosa was mainly caused
by reduction of antibiotic resistance and, to a small
extent, by reduction of AMA consumption. These
changes were achieved due to the reduced resistance
to all AMA groups in 2015, as well as to reduced con-
sumption of ineffective IIT—IV generation
cephalosporins, including the inhibitor-protected
cephalosporins. In 2015, increased consumption of
fluoroquinolones, protected penicillins  with
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Ta6mmua 1. Pacuer uniexca aekapcrsenHoii ycroituusocru (UJIY) P. aeruginosa.
Table 1. The calculation of drug resistance index (DRI) P. aeruginosa.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 P. aeruginosa Aminoglycosides 0,55 0,05 0,026 0,721
Fluoroquinolones 0,61 0,42 0,256
Piperacillin / tazobactam 0,97 0 0
Cephalosporins 11 0,97 0,31 0,304
Cefoperazone / sulbactam 0,58 0,07 0,041
Cephalosporins TV 0,71 0,04 0,027
Carbapenem group 2 0,61 0,11 0,067
Colistin 0,00 0,00 0,000
2015 P. aeruginosa Aminoglycosides 0,51)] 0,0 0,012 0,596
Fluoroquinolones 0,57] 0,501 0,287
Piperacillin / tazobactam 0,83) 0,011 0,005
Cephalosporins TIT 0,76 0,25 0,191
Cefoperazone / sulbactam 0,49) 0,02 0,008
Cephalosporins TV 0,60/ 0,00} 0,002
Carbapenem group 2 0,54 0,17 0,091
Colistin 0,00 0,03 0,000

IIpumeuanue. Period — nepuog; Microorganism — mukpoopranusm; Antibiotics — antumnkpo6usie npenaparsi (AMIT);The fre-
quency of resistant isolates — yacrora pesucrenTHbIx u30J10B; The frequency of antibiotic use — yacrora norpebaenust AMIT; Drug
resistance — jiekapctBennast peaucrentHocth; DRI — WJIY; Aminoglycosides — amunorinkosuasl; Fluoroquinolones — dpropxunosio-
uor; Piperacillin/tazobactam — numeparnummmn/Taso6akram; Cephalosporins — nedamnociopunsr; Cefoperazone/sulbactam — nedo-
nepasoH,/cyabbakram; Carbapenem group — kap6Ganeremsr rpymmsi; Colistin — xosuerus (10 ke st taba. 2—4).

Ta6auua 2. Pacuer unjexca jekapcrBeHnoii ycroitunoctu (UJIY) A. baumannii.
Table 2. The calculation of drug resistance index (DR)I A. baumannii.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 A. baumannii Aminoglycosides 0,87 0,05 0,040 0,96
Fluoroquinolones 0,99 0,41 0,411
Piperacillin / tazobactam 1,0 0,0 0,0
Cephalosporins 11 0,99 0,31 0,307
Cefoperazone / sulbactam 0,77 0,07 0,054
Cephalosporins TV 0,99 0,04 0,037
Carbapenem group 2 0,97 0,108 0,105
Tigecycline 0,55 0,01 0,006
Colistin 0,00 0,00 0,000
2015 A. baumannii Aminoglycosides 0,94 0,02221 0,021 0,889
Fluoroquinolones 0,94) 0,491 0,462
Piperacillin / tazobactam 0,91) 0,01 0,005
Cephalosporins 11 0,97) 0,25 0,238
Cefoperazone / sulbactam 0,75 0,02 0,012
Cephalosporins TV 0,95 0,00) 0,003
Carbapenem group 2 0,90) 0,161 0,147
Tigecycline 0,02 0,025 0,001
Colistin 0,00 0,026 0,000

Ipumeuanue. Tigecycline — turennkaun (1o ke s Tabu. 3, 4).

WNJTY P. aeruginosa canznics c 0,721 8 2012 ro-
ay 1o 0,596 B 2015 roxy. V3 pucynka 2 a Buzano, 410
ocHOBHOI BkJaj B ymenbluenue VJIY nua P. aerugi-
70Sa BHECJIO UMEHHO CHIKEHME aHTHOMOTUKOPE3UC-
TEHTHOCTW W B HE3HAUYUTETHHON CTEIIEHU COKpare-
Hue norpebmernss AMII.

JlaHHble W3MEHEHUsI JOCTUTHYTHI Ojaromapst
YMEHBIIEHUIO YPOBHS PE3UCTEHTHOCTH KO BCEM
rpymmam AMII B 2015 roxy, a Tak:ke 3a CUeT CHYKe-
Hus norpebiaenns ManodpdEKTUBHBIX 11edaIocIio-
putos IT11—IV mokoJjieHUs1, B TOM 4nCjie HHTHOUTOP-
samuiieHapx  nedanocnopuaos. B 2015 roxy

antipseudomonal activity, "big" carbapenems and
colistin was registered, but it did not cause an
increase in the resistance of P. aeruginosa to these
groups of drugs (Table 1).

Similar changes in the DRI were achieved for
A. baumannii. Introduction of ATCS also con-
tributed to the DRI decrease from 0.96 in 2012 to
0.889 in 2015 (see Fig. 2 b). It is apparent that the
index decrease was due to both the decreased antibi-
otic resistance of A. baumannii and the decreased
consumption of inefficient antibiotics. Analysis of
the structure of these changes (see Table 2) shows
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Ta6muua 3. Pacuer uniexca gekapersenHoii ycroitunsocru (UJIY) K. pneumoniae.
Table 3. The calculation of drug resistance index (DRI) K. pneumoniae.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 K. pneumoniae Aminoglycosides 0,510 0,033 0,017 0,728
Fluoroquinolones 0,770 0,294 0,226
Aminopenicillins 0,980 0,034 0,034
Inhibitor-protected Penicillins 0,780 0,160 0,125
Cephalosporins T 0,880 0,093 0,082
Cephalosporins IIT 0,800 0,220 0,176
Cefoperazone / sulbactam 0,720 0,049 0,035
Cephalosporins TV 0,800 0,027 0,021
Carbapenem group 1 0,260 0,004 0,001
Carbapenem group 2 0,120 0,076 0,009
Tigecycline 0,170 0,008 0,001
Colistin 0,000 0,001 0,000
2015 K. pneumoniae Aminoglycosides 0,35) 0,01) 0,004 0,595
Fluoroquinolones 0,61) 0,27) 0,165
Aminopenicillins 1,00 0,01) 0,015
Inhibitor-protected Penicillins 0,68 0,281 0,193
Cephalosporins T 0,79 0,141 0,108
Cephalosporins IIT 0,66 0,14) 0,089
Cefoperazone / sulbactam 0,52) 0,01) 0,005
Cephalosporins TV 0,66 0,00) 0,001
Carbapenem group 1 0,24 0,0071 0,002
Carbapenem group 2 0,09) 0,017 0,004
Tigecycline 0,13) 0,091 0,008
Colistin 0,01 0,014% 0,002

IMpumevanue. Aminopenicillins — amunonenunununer; Inhibitor-protected Penicillins — samuiennpie meHunmaInHbl (TO Ke s

Tabi. 4).

[IPOM30IIE POCT MOTpebJIeHUsT (DTOPXUHOIOHOB, 3a-
MIUIIEHHBIX TTEHWITUITUHOB ¢ aHTHCUHETHOWHOM
AKTUBHOCTBIO, «O0JIBIITNX> KapOalleHEMOB U KOJIHC-
TUHA, OJTHAKO 3TO HE BBI3BAJIO POCTA YCTOWUUBOCTH
P. aeruginosa x ykasaHHBIM TPYIIIaM IIPeNapaToB
(tabu. 1).

[Toxoxue namenenus: MJIY momyunnu nnsa
A. baumannii. B pesynprate Buenpenuss CKAT takixe
nocturayTo ero cHmkenne ¢ 0,96 8 2012 roxy 1o 0,889
B 2015 toxmy (cm. puc. 2 b). Tlpu aTOoM BHIHO, Y4TO
YMEeHbBIIIEHNe WHIEKCA TPOU3OIIIO B PABHON CTEMEHN
3a CYET YMEHBIIEHMs AaHTHOUOTUKOPE3UCTEHTHOCTH
A. baumannii v coxpaItieHnsT MUCIIOJb30BAaHNS MaJo-
3(hdEKTUBHBIX aHTUOHOTHKOB. AHAJIM3 CTPYKTYPBI
JIAHHBIX M3MeHeHui (cMm. TabJ1. 2) 1mokasaj, 4To CHU-
JKeHue Pe3ucTeHTHOCTU A. baumannii KOCHYJIOCh BCEX
rpyn AMII 3a uckioyenueM aMUHOITIMKO3UIOB.

CHuskenne norpebeHus 1edasocnopuHoB
[TI—IV noxosiennst 1 aMUHOTIINKO3UI0B BHECJIO OC-
HOBHOU BkJaaj B ymenbienue MJIY B 2015 romy.
[Tpu 3TOM MOBBIIIIEHUE TTOTPEOJIEHUST TUTEIMKINHA 1
KOJINCTHHA, aHTHOMOTHKOB, Hambosee shdekTuB-
HBIX B OTHOIIEHUN A. baumannii, 3aKOHOMEPHO He
MPUBENIO K YBEJTUYEHUIO PE3UCTEHTHOCTH JAHHOTO
MUKPOOPTaHU3MA.

Buezpperne CKAT naubosee adexTuBHO oTpa-
sunock Ha cHwkennu WJIY K. pneumoniae, manexc
camsuiicst ¢ 0,728 8 2012 romy 0 0,595 B 2015 roxy (cm.
puc. 2 ¢). OCHOBHOI BKJIA/l B IOCTUTHYTbIe MI3MEHEHUST
BHECJIO COKpallleHne aHTHOMOTUKOPE3UCTEHTHOCTH,

that decreased resistance of A. baumannii has
occurred in relation to all groups of AMA, except
aminoglycosides. Reduced consumption of II1—-IV
generation cephalosporins and aminoglycosides had
the greatest contribution in the DRI decrease in
2015. At the same time, increased consumption of
tigecycline and colistin, the most effective antibi-
otics against A. baumannii, as it had been expected,
did not increase the resistance of this microorganism.

Introduction of ATCS had the greatest effect
on the DRI reduction for K. pneumoniae, the index
dropped from 0.728 in 2012 to 0.595 in 2015 (Fig. 2
¢). The achieved changes were rather due to the
decrease in antibiotic resistance than the reduced
consumption of AMA potentially effective against
this bacterium. There was a significant decrease in
resistance of K. pneumoniae to all AMA groups
except aminopenicillins. As for the types of AMA,
there was a significant decrease in the use of III—IV
generation cephalosporins and group 2 carbapenems,
whereas the use of aminoglycosides, fluoro-
quinolones and aminopenicillins decreased insignifi-
cantly. On the contrary, the consumption of protect-
ed penicillins and generation I cephalosporins
(mainly because they were included in many regi-
mens of perioperative antibiotic prophylaxis), as well
as ertapenem, tigecycline and colistin, highly active
drugs against K. pneumoniae with low potential for
antibiotic resistance, increased (see Table 3). Of
course, the reduced consumption of antipseudomon-
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Tabmmua 4. Pacuer unexca jgekapersenHoii ycroituusocru (UJIY) E. coli.
Table 4. The calculation of drug resistance index (DRI) E. coli.

Period Microorganism Antibiotics The frequency The frequency Drug
of resistant isolates of antibiotic use resistance DRI
2012 E. coli Aminoglycosides 0,180 0,033 0,006 0,325
Fluoroquinolones 0,350 0,294 0,103
Aminopenicillins 0,700 0,034 0,024
Inhibitor-protected Penicillins 0,330 0,160 0,053
Cephalosporins T 0,490 0,093 0,046
Cephalosporins TIT 0,350 0,220 0,077
Cefoperazone / sulbactam 0,120 0,049 0,006
Cephalosporins TV 0,350 0,027 0,009
Carbapenem group 1 0,000 0,004 0,000
Carbapenem group 2 0,000 0,076 0,000
Tigecycline 0,250 0,008 0,002
Colistin 0,000 0,001 0,000
2015 E. coli Aminoglycosides 0,2 0,01 0,0024 0,382
Fluoroquinolones 0,37¢ 0,27 0,1002
Aminopenicillins 0,67 0,01 0,0098
Inhibitor-protected Penicillins 0,461 0,281 0,1305
Cephalosporins T 0,611 0,141 0,0837
Cephalosporins TIT 0,39 0,14 0,0527
Cefoperazone / sulbactam 0,14 0,01) 0,0013
Cephalosporins TV 0,391 0,00 0,0008
Carbapenem group 1 0,01 0,017 0,0002
Carbapenem group 2 0,00 0,09 0,0000
Tigecycline 0,01 0,014 0,0001
Colistin 0,01 0,015 0,0001

Hekesln yMeHbInenne norpebiaenuss AMII, moreHim-
aIbHO 3((MEKTUBHBIX B OTHOILIEHUM JaHHOU OakTte-
pun. OTMEUYEHO 3HAYNTENBHO CHUKEHIE YCTOHUNBO-
ctu K. pneumoniae xo Bcem tpynmam AMII 3a
UCKJIIOYEHUEM aMUHOIIEHUITUJINHOB, B CTPYKTYpe
norpebsernss AMII cyIecTBeHHO COKPATUJIOCh HC-
nonb3oBanue 1edanocmoputos [II—1V rerneparun u
KapOarieHeMOB 2 TPYIIIIBI, MOTpebIeHe aMUHOTINKO-
3UJ10B, (PTOPXUHOJIOHOB M aMUHOTIECHUIIUJJIMHOB
YMEHBITUJIOCHh HecylecTBeHHo. HarpoTus, moBbicH-
JIACh YaCTOTa MCIOJIb30BAHUS 3alIUIICHHBIX TI€HU-
IJITHHOB ¥ TiehasiociopuHoOB | mokoaenns (B OCHOB-
HOM 32 CYeT BKJIIOYEHWS WX BO MHOTHUE CXEMBI
HEePUOTIEPAIIMOHHON aHTHOMOTUKONPOMUIAKTAKHN), a
TaK)Ke apTarieHeMa, TUTEINKINHA U KOJIMCTUHA — TIpe-
apaToB, 00JIAJAOIINX BBICOKOI aKTUBHOCTHIO B OTHO-
menun K. pneumoniae i UMEIOTIINX HU3KWI TIOTEHITAIT
pocTa aHTUOHOTHKOPE3UCTEHTHOCTH (CM. TabJL. 3).

BesyciioBHO, cokpaiiieHe oTpedIeHrst aHTH-
CUHETHOIHBIX KapOarneHeMOoB JJist JieueHust MHpeK-
Ui, BeisBaHHOU Enterobacteriaceae, u yBesnuenue
WCTIOJIb30BAHUS JIJIST ATUX 1eJieil apTarnenemMa 1mo3u-
TUBHO OTPA3WJIOCh HA CHWKEHUM PE3UCTEHTHOCTH
HeepMEHTUPYIOMIMX TPAMOTPUIATEIBHBIX OaKTe-
puii (em. puc. 2 a, b).

EnvHCTBEHHBIM MUKDPOOPTaHU3MOM, JIJIST KOTO-
poro otMeTnH oBbienne MJIY, kak hukcupoBan-
HOrO, Tak M aJalTHPOBAHHOrO, oKasanach E. coli.
Anarrruposanubsiii IJIY Bospoc ¢ 0,325 B 2012 roxy
1o 0,382 B 2015 rozy, GUKCHMPOBAHHDIN HHIEKC OKa-
3aJICsl HECKOJIBKO HIDKE aallTUPOBAHHOTO W COCTa-
Bt 0,372 (em. puc. 2 d). Poct jekapcTBeHHOI yc-

al carbapenems for the treatment of infections caused
by Enterobacteriaceae, and an increase in the use
ertapenem for this purpose positively affected the
decrease of resistance of non-fermenting Gram-nega-
tive bacteria (see Fig. 2 a, b).

E. coli was the only microorganism, whose fixed
and adapted DRI increased. The adapted DRI
increased from 0.325 in 2012 to 0.382 in 2015, the
fixed index was slightly lower that the adapted one
and was equal to 0.372 (see Fig. 2, d). The growth of
drug resistance of E. coli is associated primarily with
the growth of resistance to the protected penicillins
and generation I cephalosporins, as well as with an
increase in the consumption of these AMA groups (see
Table 4), which were mainly used for perioperative
antibiotic prophylaxis in abdominal interventions in
general surgery, gynecology and in the urinary tract
operations. Analysis of the ROM demonstrated that
approximately 50% of the strains of E. coli were iden-
tified in patients in general surgery and urology units.
Thus, a revision of perioperative antibiotic prophylax-
is regimens in the mentioned units may be one way to
constrain the growth of antibiotic resistance of E. coli
at this stage, with the replacement of protected peni-
cillins and cefazolin by antibiotics less affecting the
resistance of E. coli, perhaps, by aminoglycosides, fluo-
roquinolones and generation IT cephalosporins.

Conclusion

A development of a unified hospital ROM and
application of the drug resistance index for mathe-
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Ontmummnsagms paborsr OPUT

toitunBocTH E. coli cBsi3aH, B TIEPBYIO OU€PE/Ib, C POC-
TOM PE3UCTEHTHOCTU K 3al[UIIEHHBIM eHUIINLIN-
HaM U 1edanocriopuHaM | MoKoeHus, a Takke ¢ yBe-
JmdeHneM MOTpeOeHns yKazauusix Tpymn AMIT
(cM. Tabu. 4), KOTOpble NPUMEHSIUCH B OCHOBHOM
JUISE IEPUOTIEPAIIHOHHOM aHTHOHOTHKOPOMIIAKTH-
KM 1Ipyu a0JJOMUHAIBHBIX BMEIIATEIbCTBAX B 0011eit
XUPYPruy, THHEKOJIOTUH ¥ TIPU OTI€PAINsAX Ha Move-
BBIBOJSATINX My TsX. [[pw ananmse peecTpa MUKPOOP-
rannamMoB lleHTpa BHISIBIEHO, YTO OKOJI0 50% TITam-
MOB E. coli GbLiv BbIJI€JIEHBI Y TAIIMEHTOB OT/ACJICHUI
o011ell XUPYPruK U ypoJoruu. TakuM o6pasoMm, o1-
HUM U3 MyTeil cAepKIUBaHUSA POCTa aHTUOMOTHKOPE-
sucrerrtHoctu E. coli na gannoM araie MOXKeT ObITh
[IEPECMOTP CXEM MEPUOIIEPALMOHHON aHTUOUOTUKO-
MPOMGUTAKTUKY B YKa3aHHBIX OT/IEJIEHUSIX C 3aMEHO
3aIIUINEHHBIX TTEHUIUIJINHOB U 1leha30oMHa Ha aH-
TUOMOTUKY, 00JIafaloie MEHbIIMM BJUSHUEM Ha
yeroitunBocth E. coli, BO3MOKHO, 3TO MOTYyT ObITh
AMUHOIJIMKO31/1bI, PTOPXMHOJIOHBI U 1edasiocopu-
uol [1 mokoneHus.
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matical modeling of the pathogens resistance level
allows to perform timely monitoring of changes in
antibiotic resistance of nosocomial microorganisms
in ICU setting and other hospital departments and
proper managing of the antibiotics prescription.

3akiouyeHue

DopMupoBanue eIUHOTO peecTpa MUKPOOPTa-
HU3MOB JIe4eOHOTO YUPEKICHUS, a TAK/KE MCIIOIb30-
BaHUE TAaKUX MHCTPYMEHTOB MaTeMaTUIECKOTO Mo/ie-
JIUPOBAHUsI YPOBHSI PE3MCTEHTHOCTH BO30OYAUTENIEH,
kak WJIY, mo3BossieT CcBOEBPEMEHHO KOHTPOIUPO-
BaTh U3MEHEHM aHTUOMOTUKOPE3UCTEHTHOCTH HO30-
KOMUAJIBHBIX MUKPOOPraHM3MOB B CTallOHApe U Ha
OCHOBAHWW 3TUX JTAHHBIX YIIPABJIATH MTPOIECCOM Ha-
3HAaYEHUS AaHTUOUOTUKOB.
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Hemoglobin: Modification, Crystallization, Polymerization (Review)
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[Lesp 0630pa: prBecTH HarbOIee 3HAYUMbIe MOAMMUKAIMY U TIPEBPAIEHIS] MOJIEKYJIBI TEMOTTIOOMHA, KOTO-
pble MOTYT OBITH MCIIOJIb30BAHBI JIJIsI BRIPAOOTKHU CTPATEINN PEAHUMAIIIOHHBIX MEPOTIPHUSITUIL U JICUEH ST KU3HEH-
HO OTIACHBIX BU/IOB aHEMUT.

Temoryiobun — ouH 13 HanboJiee XOPOIIO U3YUeHHbBIX GesKoB. B 0630pe mmokasaHa UCTOPUsE UCCIEI0OBAHS Te-
MorsiobuHa, HaurHas ¢ 1839 r. 1o HacTostiiee BpeMst. IIpuBeeHbl METO/IBI UCCIIEA0BAHUST TeMOTJIOOMHA: 3JIEKTPO-
dopes, criekrpodoToMeTPUIECKUIT METO/, METOJ PEHTIEHOCTPYKTYPHOTO aHAJIN32, ATOMHO-CHJIOBAS MHKPOCKO-
must. Onrcanbl OCHOBHBIE (hOPMbI TEMOTIIOONHA: OKUTEMOTIIOONH, J€30KCUTEMOTIOONH, METTEMOTIOONH, a TAKKe
[POIIECChl KPUCTAIU3AINI 1 MOJUMePHU3aIiui 9Toro Geska. MHorre (hopMbl TeMOriodrHa 00Ja/1aoT coco6HOC-
THIO K 06PA30BAHIIO KPUCTAJIIOB HJIH TTOJIMMEPOB i1 0itro, HEKOTOPbIE MaToMoTHIecKue GopMbl MOTYT MOHMUIIHI-
poBarbcst in vivo. VicemeoBanne MEXaHN3MOB CTPYKTYPUPOBAHHISI PA3JIMIHBIX (hPOPM reMOTTIOONHA SBJISIETCST KTy~
AJBHON U BaXKHOH 3a/1aueil PyHIaMeHTaIbHON HayKH.

Knioueewvie cnoea: oxuzemoziobun; 0esokcuzemoznobum; memeemoziobum; 2emoznobun S

The purpose of this review is to present the most significant modifications and transformations of a hemoglo-
bin molecule potentially related to developing a strategy of resuscitation and treatment of life-threatening forms
of anemia.

Hemoglobin is one of the well-studied proteins. The paper reviews the history of hemoglobin studies from
1839 untill present. Methodically, the hemoglobin studies included electrophoresis, spectrophotometric
method, X-ray diffraction method, atomic-force microscopy. The basic forms of hemoglobin include oxyhemo-
globin, deoxyhemoglobin and methemoglobin. Data on protein crystallization and polymerization are discussed.
Many forms of hemoglobin have the ability to form crystals or polymers in vitro, some pathological forms can be
modified in vivo. The studies of structural features of various hemoglobin forms represent a contemporary task
for fundamental researches.

Key words: oxyhemoglobin; deoxyhemoglobin; methemoglobin; hemoglobin S
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BBenenue Introduction

Temormobun — GelOK IPUTPOITUTOB, KPACHBIX Hemoglobin is a protein in erythrocytes, red
KPOBSIHBIX KJIETOK, TepeHocsinii mosekyaspabiii | blood cells, which carries molecular oxygen from
KUCJIOPOJT OT JIETKWX K TKAHAM B OpTaHmM3Max mo3Bo- | lungs to tissues in the organisms of vertebrates [ 1, 2].
HOUHBIX JKUBOTHBIX [1, 2]. Ctpykrypa, cBotictBa u | The structure, properties and functions of hemoglo-
dbyHKIMKM reMoryo6ruHa Ha MpoTskeHun mocieanux | bin have been thoroughly studied over the last 150
150 jier HarboJIee TIOTHO U3YYEHBI TI0 cpaBHeHMO ¢ | years as compared to other proteins [3]. Linus
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npyrumu Oerakamu [3]. TlrnonepaMu ncciemoBaHnit
remorsiobuna sipasttorest Jlaitnyc ITosmar, Make ITe-
pyt, Bepron Wurpam, Kaps Cunrep n nx nocieso-
Baresu [4].

Hapymienue cTpyKTYypbl, MOAU(UKAINU U
CBOJICTB TeMOTJIOONHA MOKET TIPUBONTH K OCTOK-
HEHUSIM TPU KPOBOIIOTEPE B TMOCTPEAHUMAITIOHHOM
nepuojie. BoO3HUKHOBEHUE PA3IMYHBIX TSIKEJIBIX
(bopm aHemwm, HaNpUMep TaKUX, KaK CEPIIOBUIHOK-
JIETOUHAS, TEMOJIUTUYECKAsT aHEMUHW U JIPYTHE, MO-
JKET MPUBOJUTD K JieTaiabHoM ucxony [5]. Tloaromy
H3yUYEHUE CTPYKTYPhI U CBOMCTB reMOTJI00HHA MMeeT
Ba)KHOE 3HAYEHNE B TIPAKTHUECKOHN MEIUIIUHE U B pe-
AHUMATOJIOTHH.

Iesnb 0630pa — 1puBectu HanboJiee 3HAYUMbIE
MOIUDUKAIINY U TTPEBPAIIEHUS] MOJIEKYJIBI TEMOTJIO-
OuHa, KOTOPbIe MOTYT OBITh MCIOJIb30BAHbI JIJISI BbI-
paboOTKH CTpaTerny pPeaHUMAIMOHHBIX MEPOIpHUsI-
TUH 1 JIeYeHUS SKU3HEHHO OTACHBIX BUIOB AaHEMUIA.

Hcropus ucciaeoBaHusi reMOrioonHa

Buepsbie remoryiobuH O6bi1 o6HapyskeH B 1839
rofy HeMellknM nccienosaresem P. XioHedesbiom B
KPOBHU OOBIKHOBEHHOTO 103K AeBoro uepss [3]. Cryc-
Ts1 12 jier apyroit Hemenkuii yaensiit O. OyHK ommy6-
JINKOBAJI CEPUIO CTaTeH, B KOTOPBIX OH TPEJIOKII
METOJI TIOJIy4eHUs] YCTOWYMBBIX KPUCTAJIOB T'eMO-
rJI00MHA WM, KaK WX TOT/la HasblBaJil, KPUCTAJJIOB
kpoBu. OH HccieoBa KPOBb U3 CeJIE3EHKH JIOIA/IH,
cobaku 1 pasHbix pbid. B 1864 roy nsBecTHBIN He-
Mmerknit pusnonor @. Xormrme-3aitrep TPEITOKILT
HazBaHue «remoryooun». Kinog Beprap nokasai, 4ro
reMOTJIOONH B KPACHBIX KPOBSIHBIX TEJIbIIaX MEPEHO-
cut Kucjaopos, u uto O, B reMOTIIO0MHE MOKET 3aMe-
AThCsT HA MOHOOKCU/T yTaeposa [6].

B 1909 romy A. Xusmom Oblia TpemoskeHa
nepBast Mozesib cBs3biBanuss O, ¢ TeMOIJIOOUHOM,
OTIMCHIBAIOIIAS AKCIIepUMEHTaTbHBIE ganable. Co-
[JIACHO HTOMN MOJIeJIN TIeHTPBI cBsi3biBanus O, Ha MO-
JIEKYJIaX TeMOTJIOOWHA He SIBJISTIOTCS HE3aBUCHMBIMHU.
A mMeHHO, TprcoeinHeHNEe OHOH MOJeKyabl O, K
OTHOMY W3 TIEHTPOB yBeJIWduBaeT cpoactso Kk O,
JIPYTUX TIEHTPOB, a CBs3bIBaHUE ABYX MoJiekya O,
etfe 6osiee obJeryaeT CBA3bIBaHUE C TPeThel. YpaBs-
HeHUe, OTMHCchIBaloIlee mpoiecc cBsidbiBanust O, re-
MOTJIOGMHOM, HasblBalOT ypaBHeHneM XuJa [7].

B 1910 r. Xeppuk oGHApPYKIJI CEPIOBUAHYIO
dopmy sputpornTos [3, 8]. Pemmaroriyo posb B 61o-
XUMUYECKOM W TeHETUYECKOM aHaJh3e CEPIIOBUI-
HOKJIETOYHOI aHEeMUH chirpajia paboTa BbIIAIOIIEro-
ca xumuka JI. [losmnra [3, 8, 9]. B 1949 r. Jlaiinyc
[ToswHT BBISIBUJ, YTO KpacHble KPOBSHBbIE KJIETKU
GOJIbHBIX 9TON OOJIE3HBIO CTAHOBSITCSI CEPIIOBUIHbI-
MU TOJIBKO B BEHO3HOU KPOBH, T/ie HU30K YPOBEHD
cojiepkaHust Kucsaopoza. Ha ocHOBe 3HaHUS XUMUN
remorsiobuta JI. TIOJMHT BBIABUHYJ TIPEIIIONOKE-
HUeE, 9TO ceprioBuaHas (popMa KPACHBIX KJIETOK BbI-

Pauling, Max Perutz, Vernon Ingram, Karl Singer,
and their followers were the first to study hemoglo-
bin [4].

Impairment of hemoglobin structure, modifica-
tion and properties can lead to complications of
blood loss in the post-resuscitation period during
resuscitation activities. Development of different
forms of anemia, for example, sickle cell anemia,
hemolytic anemia and others can lead to a lethal out-
come [5]. Therefore, studies of hemoglobin structure
and properties are important for practical medicine
and reanimatology.

The purpose of this review is to discuss signifi-
cant modifications and transformations of a hemo-
globin molecule potentially related to developing a
strategy of resuscitation and treatment of life-threat-
ening forms of anemia.

History of hemoglobin studies.

Hemoglobin was first discovered by a German
researcher R. Hiinefeld in the blood of ordinary
earthworm in 1839 [3]. 12 years later, another
German scientist O. Funk published a series of arti-
cles, where he proposed a method of production of
stable crystals of hemoglobin, or blood crystals as
they were called back then. He studied the blood
from spleens of a horse, a dog, and different fishes. In
1864, a famous German physiologist F. Hoppe-Seyler
supposed the term "hemoglobin". Claude Bernard
showed, that hemoglobin in red blood cells carries
oxygen, and that O,, in hemoglobin is replaced by
carbon monoxide [6].

In 1909, the first model of O, binding to hemo-
globin was proposed by A. Hill; this model described
the experimental data. According to this model, the
sites of O, binding on hemoglobin molecules are not
independent. In particular, binding of one molecule
of O, to one of the sites increases the affinity to O, of
other sites, and binding of two O, molecules further
facilitates binding to the third. The equation describ-
ing the process of O, binding to hemoglobin is called
Hill equation [7].

In 1910, Herrick discovered the sickle shape of
red blood cells [3, 8]. The work of a famous chemist
Linus Pauling played a decisive role in the biochem-
ical and genetic analysis of this illness [3, 8, 9]. In
1949, Linus Pauling learned that red blood cells of
patients with sickle-cell anemia become sickle-
shaped only in venous blood, where the level of oxy-
gen is low. Based on his knowledge of hemoglobin
chemistry, L. Pauling supposed that the sickle shape
of red blood cells is caused by a genetic defect in the
depth of cell hemoglobin. In 1952 he proved that
normal hemoglobin and hemoglobin taken from
patients with sickle-cell anemia can be separated by
electrophoresis, a method used for division of differ-
ent proteins in a mixture. The discovery confirmed
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3BIBAETCSI TEHETUIECKUM JIe(PEeKTOM KJIETOUYHOTO Te-
Morsio6uHa. B 1952 r. oH joKaszast, 4To HOpMaJIbHBII
reMOTJIOONH U TeMOTJIOONH, B3AThINH Y OONBHBIX cep-
[TOBU/IHOKJIETOUHON aHeMuel, MOKHO pasjinyarh C
MTOMOIIIBIO 3JIeKTPOhopesa, MeTo/1a pa3esieHusT pas-
JIMYHBIX 0enKoB B cMeck. Crelannoe OTKPbITHE TI0/-
TBepANIIo yoexaernue JI. TlosmHra B TOM, 4TO MIPHYK-
Ha aHOMAJIUHU KPOeTCst B GEIKOBOIM YacTH MOJIEKYJIbI
remorsiobuxa [6, 8].

TouHast CTPYKTypa reMoryioOMHa cTajia U3BecT-
Ha IJIaBHBIM 00pasoM Ouarogapss paboTaM aHIJIUii-
ckoro 6uodusuka Maxca ITepyia. OH BriepBbIe PoO-
BeJ PEHTTeHOCTPYKTYPHBIM aHAJU3 MOJIEKYJIbI
remorsiobuna B kKouie 40-x rogos XX Beka. 3a o1
uccaenosanus B 1962 roay ox 6eu1 yaoctoen Hobe-
JIeBcKo# mpemun |2, 3, 6, 7, 9.

CrpyKTypa reMorioonHa
U ero MoIH(PUKAIIUU

MoJtekyia reMOTJIoOOMHa COCTOUT 13 YeThIPeX
cyObeIMHUI] U BKJIOYaeT 574 aMUHOKICIOTHI Kaxk-
nast cyObeANHUIIAa TeMOTIOONHA COMEPIKUT OHY He-
GenkoByto Tpymiy — reM. [em mpeacrasisier coboit
MIPOTONOP(MUPHH, COMEPIKAIINIT TIEHTPATBHO PaCIo-
JIOKEHHbII MOH JByXBajaeHTHoro sxenesa (Fe2™)
(puc. 1) [1, 2].

CyIecTByeT HECKOJIBKO BUIOB T€HOB, KOIUPY-
IOIUX TJI0OMH — OEJIKOBYIO YacTh remMorsioonHa. B
caMoM JieJie, TIOC/IeI0BATEIbHOCTh AMUHOKUCTIOT Te-
MOTJIOOMHA HEMHOTO OTJIMYAETCS OT OTHOTO Y€I0BEKa
K Apyromy. PasHble KOMOMHAIINU TIIOOMHOBBIX €TI0~
ek (hOPMUPYIOT PasHble CTPYKTYPbI TeMOTJIOONHA.

CymiecTByIOT (husmosiorndeckie M IMaTtoJIoru-
yeckue Bubl reMoriobuHa. K (Gusnosornyeckum
OTHOCST TPU OCHOBHBIX THITA TeMOTJIOOUHA: TPUMIE-
tusHblii — HbP, derampubiii — HbF, B3pocibrii —
HbA [6].

IMoMuMO (PUBNONOrMUECKUX, BBIAEIAIOT Oojiee
200 GopM 1ATONOTMUECKUX FeMOIIOOUHOB, OT/IMYa-
IOMIUXCS JIPYT OT IpyTra (PU3UKO-XUMUIECKUMU CBO¥-
CTBaMU, B YACTHOCTH Pa3JIMYHOI aJieKTpodopernye-
CKOM TOJBUXHOCTBIO U Pa3HBIM OTHOIIEHWEM K
nresiodam. [IpuanHOI BOSHUKHOBEHUS MATOJIOTHYEC-
KX (GOPM TeMOTJIOOMHA SIBJISIETCST MOBPEsKACHUE Te-
HOB, OTBEUAIOINX 3a CHHTE3 TOI WJIM MHOM IeTTH Te-
Moryio6uHa [6, 7].

Cpeznt reMOrIOOMHOTIaTHIT Harboiee N3BECTHA
CEPIIOBUHOKIETOYHAST aHEMUS, CBSI3aHHAS C TaKWM
HapyIIeHEM CTPOEHUST OeJIKa reMOTI001Ha, TIPH KO-
TOPOM OH mpuoOperaerT 0coboe KPUCTALIUIECKOE
cTpoeHne — Tak HasbiBaeMblil remoriooun S (HbS)
[10—12]. CepnoBuanokieTouHas aleMusl SABJsIETCS
HACJIeJICTBEHHBIM 3a00JIeBaHIIeM, KOTOpoe HanboJiee
YacTO BBISBIISETCS y Jojiell ahpUKaHCKOTO MPOKC-
xoxkaennst. HbS orimuaercst ot o6praHoro HbA 1o
CBOEl 3JIeKTPODOPETUIECKOI MOABMKHOCTH ¥ 110
AMUHOKHUCJIOTHOMY COCTaBY, NMPUYEM HU3MEHEHWe

Puc. 1. Mouekyaa reMorio0uHa.
Fig. 1. A hemoglobin molecule.

L. Pauling's belief that the cause of the abnormality is
in the protein part of the hemoglobin molecule [6, 8].

The exact structure of hemoglobin has become
known mainly due to works of an English biophysi-
cist Max Perutz. He was the first to perform an X-ray
diffraction analysis of a hemoglobin molecule in late
1940s. In 1962, he was awarded the Nobel Prize for
these studies [2, 3, 6, 7, 9].

The structure of hemoglobin
and its modifications

A hemoglobin molecule comprises of four sub-
units and includes 574 amino acids. Each subunit of
hemoglobin contains one non-protein group called
"heme". The heme is a protoporphyrin containing cen-
trally located ion of ferrous iron Fe2* [1, 2] (Fig. 1).

There are several types of genes encoding the
globin, i.e.a protein part of hemoglobin. In fact, the
amino acid sequence in hemoglobin slightly varies in
different persons. Different combinations of the glo-
bin chains form different structures.

There are physiological and pathological forms
of hemoglobin. Physiological ones include three
main types of hemoglobin: a primitive (HbR), fetal
(HbF), and adult (HbA) [6].

In addition to the physiological forms, there are
more than 200 pathological forms of hemoglobin,
which have different physical and chemical proper-
ties, in particular, different electrophoretic mobility
and different relationship with alkalis. The patholog-
ical forms of hemoglobin are caused by damage of the
genes responsible for the synthesis of a particular
hemoglobin chain [6, 7].

The sickle-cell anemia is the most well-known
hemoglobinopathy. It is associated with impairment
of hemoglobin protein structure: it acquires a specific
crystalline structure, a so-called hemoglobin S (HbS)
[10—12]. The sickle-cell anemia is a hereditary dis-
ease, which is diagnosed most often in people of
African descent. Hbs differs from conventional HbA
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AMITHOKHCJIOTHOTO COCTaBa KAacaeTcs TOJBKO IBYX
OCTATKOB TJTIOTAMITHOBOM KUCIOTHI TpuMepHO 13 600
AMUHOKHUCJIIOT, BXOJSIINX B COCTaB MOJIEKYJIBI TeMO-
rio6uHa. Y reMorsiobuHa S Ha IECTOM MECTe BMECTO
OCTaTKa IJTI0TAMUHOBOW KHUCTOTBI HAXOIUTCS HJIEKT-
puvecKr HeNTPaIbHBIN BajdnH. Takas 3aMeHa MOBBI-
IIAeT CKJIOHHOCTh MOJIEKYJI TeMOTJIOOMHA K TIOJIMMe-
pusary nin kpuctammusarun |10, 13—15].

Jlns matosornueckux (opM reMoryiobuHa Xa-
PaKTEPHO M3MEHEHUE CTPYKTYPbI TOJUIETTHIHON
Henu rI00uHa, KOrjla OJlHAa WJIM HECKOJBKO aMUHO-
KHUCJIOT 3aMEHEHBI IPYTUMU UJTH OTCYTCTBYIOT.

¥ remorsiobuna C Ha IIECTOM MeCTe BMECTO OT-
PUIATEJNbHO 3apPSyKEHHOM TIyTaMUHOBOH KHCJIOTBI
HaXOJIUTHCS TIOJOKUTENBHO 3apsKEHHBIN JU3UH
[16]. dToT BapmanT remoriobmna HazBaH «C» 1o Ha-
3BAHUIO TOPOJIA, Y JKHUTENst KOTOPOTo ObLIa BIIEPBbIE
obuapyskena mytaiuss — Christchurch (Hosast 3e-
JIAHJIVS ), XOTSI BCTPEYAETCS MPEUMYIIECTBEHHO B 3a-
nagHoit Adgpuke. Ita MyTaHTHas (hopMa CHUXKAET
[JTAaCTUYHOCTH HpuTpornToB opranusma. HbC o6pa-
3yeT KPUCTAJIIBI BHYTPU KPACHBIX KPOBSHBIX KJIETOK.
O6paszoBaHre KPUCTALIOB MOKET IIPUBECTH K yBe-
JIMYEHWTO BSIBKOCTH KPOBH, K YBEJTUYEHUIO KECTKOC-
TH KJIETOK, COKPAIIIEHUIO CPOKA KU3HU 3PUTPOIUTOB.
ITpucyrcreue remorsobuta C B KPOBH YeJIOBEKA MO-
KeT CIPOBOIMPOBATH TaKoe 3a00JIeBaHIe, KaK Xpo-
HUYecKas reMouTHdeckas anemust [17—21].

Temorsiobun E (HbE) BosHukaer, korna Ha 26
MecTe TJIyTaMUHOBas KUCJIOTa 3aMeHeHa Ha JIM3WH.
ITOT MyTAIMOHHDIN TUTI TeMOTIO0MHA HanboJiee va-
CTO BCcTpevaeTcsl y KopeHHoro HaceseHust IOro-Boc-
TOYHON A3uM.

B Tex ciyuasx, Korja IpUCyTCTBYeT KOMOMHA-
st reMorsioouHoB C 1 S, y yesioBeKa MOTYT BO3SHUK-
HyTb GoJiee TsiKesbie (OPMbI AHEMUH.

Mero/bI HCCIEI0BAHUA

O[HUM U3 TMUPOKO PACIPOCTPAHEHHBIX METO-
JIOB, TTO3BOJISTIONINX BBISSBUTD TaToorudeckue ¢Gop-
MBI TeMOTJIOOMHOB, SIBJISIETCST BIEKTPOPOPETHUECKUI
meton [16].

JnexTpodopes — 3NTeKTPOKNHETHYECKOe SIBJIe-
HUe TiepeMeleHrsl YacTull aucrepcHoii (asbr (Ha-
npumep, 6EJKOBBIX PACTBOPOB) B JKUIKON Cpele o/
JIECTBUEM BHEIIHETO 3JIEKTPUUECKOTO ToJist. [lpu
ompe/iesleHHOM 3HaYyeHUn pH u MoHHOW cuibl pac-
TBOpPa GEJKN JABUKYTCS B IJEKTPUUECKOM TIOJE CO
CKOPOCTBIO, 3aBUCAIIEH OT MOJIEKYJISIPHON Macchl 1
CyMMapHOTo 3apsija. besku, umeronue cyMMapHbIii
OTPHUIATEBHBIN 3apsi/l, ABMKYTCS K aHOMIY, a MO0JIO-
JKUTEJbHO 3apsKeHHbIe OeIK — K KaTomry [7].

draektpodopermaeckas MOABMAKHOCTD U ompe-
nessteTcst GopMyJIOLt:

U=v/E,

T7le ¥ — CKOPOCTb JIBVKEHUST MOJIEKYJIBI [eM/c;

E — HanpskeHHOCTD a1eKTprudeckoro mosst [B/cm].

hemoglobin in its electrophoretic mobility and amino
acid composition; at that, changes in the amino acid
composition are related only to two glutamic acid
residues of approximately 600 amino acids in the
hemoglobin molecule. In hemoglobin S, electrically
neutral valine is situated in the sixth place instead of
the glutamic acid residue. This replacement increases
the predisposition of hemoglobin molecules to poly-
merization or crystallization [10, 13—15].

Changes in the structure of globin polypeptide
chain are typical for the pathological types of hemo-
globin; at that, one or more amino acids are replaced
by others or absent.

In hemoglobin C, there is a positively charged
lysine in the sixth place instead of negatively charged
glutamic acid [16]. This variant of hemoglobin was
called "C" after the name of the city, whose resident
had the first discovered mutation, Christchurch
(New Zealand), but this variant occurs mainly in
West Africa. This mutant form reduces the plasticity
of the body red blood cells. HbC forms crystals inside
red blood cells. Crystal formation may cause
increased blood viscosity, increased cell rigidity, and
shortens the life span of RBCs. The presence of
hemoglobin C in human blood can cause such disease
as chronic hemolytic anemia. [17—21].

Hemoglobin E (HbE) occurs when glutamic
acid is replaced with lysine in the 26th place. This
type of hemoglobin mutation is most common in
indigenous population of Southeast Asia.

In the event of a combination of hemoglobin C
and S, there may be more severe forms of anemia.

Methods

Electrophoresis is one of the most common
methods, which permit detecting pathological forms
of hemoglobin [16].

Electrophoresis is an electrokinetic phenome-
non of movement of particles of the dispersed phase
(e. g., protein solutions) in a liquid medium under
the effect of an external electric field. At a certain pH
value and ionic strength of the solution, proteins
move in an electric field at a rate depending on the
molecular weight and total charge. Proteins with a
total negative charge move toward the anode and
positively charged proteins to the cathode [7].

The electrophoretic mobility U is calculated
using the following equation:

U=v/E, where

v is the molecule motion speed [cm/s]; E is the
intensity of the electric field [V /cm]

There are many variations and modifications of
this method, which are carried out on a variety of media:
paper, starch gel, polyacrylamide gel (PAGE), etc. Each
of these methods is characterized by different resolution
abilities. For example, in electrophoresis of human
serum proteins on paper, only 5 main fractions are deter-
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Cy1iecTByeT MHOXKECTBO Pa3HOBU]I-
HOCTel 1 MomuGuUKaInii JaHHOTO METOJIa,
KOTOPBIE TIPOBO/JISIT HA PA3JTUYHBIX HOCUTE-
Jix: Oymare, KpaxMaJbHOM TeJie, TIOJIU-
akpumamugaoMm rese (ITAAT) n np. Kax-
IbIIl 13 METOMOB  XapaKTepU3yeTcs
Pas3INYHON pasperramiieil crrocoOHOCTHIO.
Hanpumep, tpu anexrpodopese GelrKoB
CBIBOPOTKH KPOBH YeJIOBeKa Ha Oymare 00-
HAPYKUBAIOT TOJBKO 5 TJIABHBIX (DPAKITUI,
a st tex ke O0enkoB B ITAAT BO3MOKHO
pazpemmTh A0 18 pasmmuHBIX (paKInuil.
Jlnst oGHapyskeHUsT GeJTKOBBIX (hpaKIiii
MOJIOCKK OyMaru Wi CTOJOMKHU TeJist 00-
pabatbiBaior KpacureseM. OKpalneHHbIA

KOMILJIEKC OEJIKOB ¢ KPAaCHTE/IEM BBISIBJISIET
pacroJyiokeHne pa3IuIHbIX (paknmii Ha
HOCHTETIE.

IDAeKTpoPOPETHIECKUIT METOM TPHU-
MEHSIETCSI B MOJICKYJISIPHON OUOJIOTHY [1JIst
pasjiesieHnsT MAaKPOMOJIEKYJI, a TakKke WX (hparMeH-
TOB, UCITOJIb3YETCS B KIMHUYECKOI TNAarHOCTHKE, TT0-
MYJISIIIOHHOM GUOJIOTHHU (JIIS1 M3YYEHS TeHEeTHIeC-
KOW M3MEHYUBOCTH) U JIP.

[l u3yueHust coctaBa Pa3iWIHBIX COeUHE-
HUM TPUMEHSTIOT CIIeKTPO(OTOMETPUYECKI METO/I,
KOTOPBII 3aKTI0UAETCS B U3YYEHUH CIIEKTPOB TIOTJIO-
menus B yabrpaduomnerosoit (200—400 um), Buan-
Mol (400—760 um) 1 undpaxpactoi (>760 um) 06-
gactsax crmekrpa. OH OCHOBaH Ha U3MEPEHUH
ocabJieHrst CBeTa U pacueTe KOHIEHTPAI[UH TTOTJI0-
MAIONIeT0 MaTepraia IO HaHAeHHOW ONTHYEeCKOU
IJIOTHOCTU PAcTBOPA B COOTBETCTBUE C 3aKOHOM bBy-
repa-Jlambepra-Bbepa:

I=Le k% (1)

T7le X — CJIOH, KOTOPBIH MPOIILJIa YacTUIla B Be-
IecTBe B HanpaBjieHun ocu X; k; — yIIeJIbHBIN TOKa-
3aTeJIb TIOTJIONIEH NS, 3AaBUCSIINI OT TIPUPO/IBI Belle-
CTBa W JJIMHBI BOJHBI wu3aydyeHus; C —
KOHIIeHTpaius BemniecTBa [16]. 3apeructpuposas I
Ha BXoJie U I Ha BBIXOJIE, MOSKHO OTIPEIETUTH KOA(D-
(utmenT TPONyCcKaHWs T U ONTUYECKYIO TIOTHOCTD
D, xoTopbie CBSI3aHBI COOTHOTIEHUEM:

r=I/1,, D=Ig(1/7) =ECx, (2)

riae E(r) — MOJAPHBIN MMOKa3aTesb MOTJIOIIE-
HUS, TO €CTh OTITHYECKAS TIOTHOCTH BEIECTBA CIOEM
1 em ipu € = 1 MMOJIB /71, 3aBUCUT OT BUIA BEIECTBA
U JUTUHBI BOJIHBL

Ha pucynke 2 mpeacrtaBiieH CcTaHAapTHBIN
CreKTp okcuremMoriobuHa. Onruyeckast IIOTHOCTh
pacTBopa reMorjoOWHa IMpeJCTaBieHa Ha JJIHHAX
BosiH 500—650 uMm [22], rae 4 — 5T0 AJUHA BOJIHBI,
D — onrTudeckas MIOTHOCTD PACTBOPA.

Haub6oJiee nHMOPMATUBHBIM METOAOM B HCCJIe-
JOBaHUU OEJIKOB M TeMOTJIOOWHA, B YACTHOCTH, SIBJIs-
eTcsl MeTOJI PEeHTTeHOCTPYKTYpHOro aHaimsa [23].
[lenpi0o aHHOTO MeETO/A SIBJSETCS yCTaHOBJIEHUE
[IPOCTPAHCTBEHHON CTPYKTYPbI OeJiKa, T. €. onpee-

Puc. 2. CrieKkTp noromeHus reMorio0uHa.
Fig. 2. Hemoglobin absorption spectrum.

mined; and in the same proteins in PAGE, up to 18 dif-
ferent fractions may be found. Paper strips or gel
columns are treated with stain for detection of protein
fractions. The colored protein+stain complex demon-
strates the location of different fractions on the carrier.

The electrophoretic method is used in molecu-
lar biology for separation of macromolecules and
their fragments; it is also used in clinical diagnostics,
population biology (for assessment of genetic vari-
ability), etc.

In order to study the structure of various
compounds, a spectrophotometric method is used.
It studies absorption spectra in the ultraviolet
(200—400 nm), visible (400—760 nm) and infrared
(>760 nm) areas of spectrum. It is based on mea-
surements of light attenuation and calculations of
the concentration of absorbing material based on
obtained absorbance of the solution in accordance
with the Beer-Lambert-Bouguer law:

I=Le k% (1)

where x is the layer passed by a particle in a
substance in the direction of the X axis, k, is a specif-
ic absorption coefficient, which depends on the
nature of the substance and the radiation wave-
length, C is the substance concentration [16]. After
registration of I, at the entry and I at the exit, we can
determine the transmission factor 7 and absorbance
D, which are expressed by the following equations:

z=1/1,, D=lg(1/7) =ECx, (2)

where €(7) is the molar absorption coefficient,
i.e. the absorbance of the 1 ¢cm substance layer with
C = 1 mmol/l, depending on the type of the sub-
stance and the wavelength.

Figure 2 shows an oxyhemoglobin standard
spectrum. The absorbance of the hemoglobin solu-
tion is shown at wavelengths of 500—650 nm [22],
there 4 is the wavelength and D is the solution
absorbance.
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JIeHUE PACTIOJIOKEHUST aTOMOB B TPEXMEPHOM ITPOCT-
paHCTBE MOJIEKYJbl. JTO JAOCTUTAETCS HMCIOJIH30BaA-
HUeM Iu@PaKIUN PEHTIEHOBCKUX JIydyell Ha KpHC-
TAJIMYECKON cTpykType Genka. JIudpaxiumoHHast
KapTa T03BOJIIET TOJIYUYUTh pacipeieieHnue JJeK-
TPOHHOI TJIOTHOCTU P(T) B KPUCTAJIIIE U BBIYUCTUTD
MIPOTPAMMHBIMKM ~ METOJAMU  MPOCTPAHCTBEHHYTO
CTPYKTYPY reMoryio6uHa [24].

Paccessnre Ha KpUCTAJIMYECKON CTPYKType
omrchiBaeT hopmyJia Bysbda-bperros:

2d sin © = k4 (3)

rje A — JJIMHA BOJIHBI M3JTyueHust, d — mepuoj
KPUCTAJIMYECKON PEeIeTKU, © — YTroJI CKOJIbKEeHMUS,
k — mopsiIok MakcuMyMa. ITOT METOJL TIO3BOJISIET T10-
JIYIUTh AUGBPaKIHOHHBIE PehIEKCHI PA3IUYHBIX OeI-
KOB, B TOM YKCJI€ TeMOIJIOOHHA. 3aTeM 10 BULY N-TO
KOJImYecTBa MU(MPAKIIMOHHBIX KapTUH BOCCTAHABJIH-
BaeTcst 0ObeMHAs CTPYKTYpPa M3ydaeMOU MOJIEKYJIBL.
VIMEHHO TaKiM METOJOM ObLIM TOIYUYEHbI CTPYKTYPa
remoryiobuHa 1 ero Mogudukarmii [28, 29].

Hapsany c penTtrenoBckoii kpuctasmorpadueit
JUISL MCCJICIOBAHMST CTPOEHUST GENKOBBIX MOJIEKY.JI
HCTIOJIB30BAJICST METOJ 9JIEKTPOHHON MUKPOCKOIIUH,
KOTOPBII peasin3yeTcsi ¢ TOMOIIbI0 CKAaHUPYIOTIETO
anekTpoHHOTO MuKpockora (CIOM).

B Hem peanusyoTcss KBaHTOBO-BOJHOBBIE
CBOICTBA AJIEKTPOHOB:

As=h/mv (4),

rae Ay — nauna Bosnbt e Bpoiins, A — nocro-
SIHHASI TJIAHKA, M W ¥ — Macca U CKOPOCTbH 9JIEKTPOHA.

B COM mnoBepxHOCTh 06pasiia CKaHUPYETCs
IIyYKOM 3JIEKTPOHOB C TIEPBUYHON SHEPTHEH OKOJIO
10 kaB. O6iryyaemasi Ipu TAKOM CKaHUPOBAHKU T10-
BEPXHOCTh HAUMHAET U3JIydaTh JNOO TaK Ha3bIBaeMble
BTOPUYHbIE 3JIEKTPOHBI, JTMOO KBAHTBI CBETA, KOTOPbIE
PETUCTPUPYIOTCS, YCUIIMBAIOTCS, TPEOOPA3YIOTCS IO
WHTEHCUBHOCTH, TIOCJIE Y€TO MOJIAf0TCS Ha 9KPaH aJie-
KTPOHHO-JIyUeBOU TPYOKH, cO3/aBast BUANMOE HU300-
paskenue nosepxuocru [14].

B HacTosiee BpeMst HAHOCTPYKTYPY W CBOKCT-
Ba TeMOIVIOOMHA M3YYalT ¢ TOMOIIbI0 CKaHUPYIO-
el 30H0BOI MUKPOCKOTINN, B YaCTHOCTH, aTOMHOM
cusioBoi mukpockonuu [30].

OCHOBHOIT IPUHIIUATT PAOOTHI AaTOMHO-CIJIOBOTO
mukpockorma (ACM) 3akiodaeTcss B CUJIOBOM B3au-
MO/IEICTBUY TOHKOW CKAaHMPYIONIel Uribl (30H1a) C
MOBePXHOCTHIO obpasia (puc. 3) [31, 32]. dueprus
B3anmozeiictsust U MoJieKyJ (aToMOB) 0Opasiia ¢ ur-
JIOW 30HJA ompeessieTcss ToTeHIaniom Jlenapaa-
JlxoHCa:

U@ =U, [(Ry/1)"~(Ry7)*] (5),

rJie ¥ — PACCTOSTHUE MEXKLy UTJIOi U 06pasiioM,
R, — xapaxTepHOe pacCTOsTHUE MEKIY UIJIONH 1 00-
pasitom, ipu kotopom U(1)=0.

Cuna Ban-nep-Baamnbca, reficTByroniast Ha 30H]]
CO CTOPOHBI MOBEPXHOCTH, IIPUBOAUT K U3THOY KOH-
COJIM. 3aperucTpUpOBaB BEJUYUHY WM3THOA, MOKHO
c/leJlaTh BBIBOJ O TPEXMEPHOM pefbede mccemye-

Puc. 3. IIpuniun paGoTsl aTOMHOTO CHJIOBOrO MUKpPockon ACM
NTEGRA Prima [33—38].

Fig. 3. The operating principle of the atomic force microscope
AFM NTEGRA Prima [33—38].

Note. Fz — the force acting on the sample when is piezoscanning.
IIpumevanue. Fz — cuia, geiicTByiomas Ha 06pasell Ipu Mbe30-
ckanuposannu. A movement direction of the cantilever and the
sample — HanpasJenue ABIKEHNS KaHTUIIeBepa 1 00pasia.

X-ray diffraction analysis is the most infor-
mative method for testing of proteins and hemo-
globin, in particular [23]. The aim of this method
is to establish the spatial structure of the protein,
i.e. to determine the location of atoms in a three-
dimensional space of the molecule. It is achieved
by using X-ray diffraction on the crystal struc-
ture of the protein. Diffraction map allows to
obtain the electron density distribution p(r) in a
crystal and to compute the spatial structure of
hemoglobin [24].

Scattering in the crystal structure is described
by the Bragg's law:

2d sin © = k4 (3)

where 4 is the wavelength, d is the crystal lat-
tice period, @is the slip angle, k is the grating order.
This method allows to obtain diffraction reflexes of
different proteins, including hemoglobin. Then,
based on n diffraction pattern, a three-dimensional
structure of the molecule is restored.

The structure of hemoglobin and its modifica-
tions have been obtained using this method [28, 29].

In addition to the X-ray crystallography, a
method of electron microscopy is used for studies of
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Puc. 4 Cnextpsl norsionienus aesokcuremorioouna (1), okcu-
remoro6una (2) u metremoraoGuna(3) [2].

Fig. 4. Absorption spectra of deoxyhemoglobin(1), oxyhemo-
globin (2) and methemoglobin (3) [2].

Mol moBepxHocTH. Kpome atoro ACM mosBosser
MIPOU3BOIUTL M3MEPEHUS B BO3AYIIHOM atMocdepe,
B JKUJIKOCTH, B BaKyyMe, YTO OTKPBIBAET IMTUPOKHE
BO3MOKHOCTH JIJIST M3YUEHUST OOMOJIEKY T

OcHoBHbie (POPMbI TEMOTIO0NHA

TemoryioOMH 1PU HOPMAaIbHOM (DYHKI[OHUPO-
BaHUM OPraHU3Ma MOKET HaXOAUTHCS B OJHON M3 3-X
(hopM: 1€30KCUTeMOTIOONH, OKCUTEMOTJIOONH 1 MET-
reMoryioOnH. B 1€30KCUTEMOTTIOONHE JKeJIe30 Haxo-
muThbes B 3akucHon opme — Fe(Il), B koTopoii riio-
OWH NpeNoXpaHsSIeT JKele30 TeMa OT OKHCJICHUS.
OxcureMoryioGNH — 9TO PE3YJIBTAT COEANHEHIS TEMO-
[JIOOMHA ¢ MOJIEKYJISIPHBIM KHCJIOPOIOM, MPU KOTO-
POM TIEPEHOC 3JIEKTPOHA HA KHCJIOPOJL
MIPOMCXOJIUT HE OT JKeJie3a, a OT MMHU/Ia-

protein molecule structure. For this purpose, a scan-
ning electron microscope (SEM) is used.

It realized the quantum-wave properties of
electrons:

As=h/mv (%),

where 4 is the de Broglie wavelength, A is the
Planck constant, m u v are the weight and velocity of
an electron, respectively.

In SEM, the sample surface is scanned by a
beam of electrons with a primary energy of about 10
keV. The radiated surface begins to radiate either so-
called secondary electrons, or light quanta which are
registered, amplified, converted in intensity, and
then sent to a cathode ray tube screen, creating a vis-
ible image of the surface [14].

At present, the nanostructure and properties of
hemoglobin are studied using a scanning probe
microscopy, in particular, atomic force microscopy [30].

The basic principle of action of atomic force
microscope (AFM) is the force interaction between a
fine scanning needle (probe) and the surface of the
sample (Fig. 3) [31, 32]. The energy of interaction U
molecules (atoms) of the sample with the probe nee-
dle is determined by the Lennard-Jones potential:

Um)=U, [(Ry1)"—(Ry/7)’] (5),

where 7 is the distance between the needle and
the sample, R, is a typical distance between the nee-
dle and the sample at which U(r)=0.

Van der Waals forces acting on the probe from
the surface results in bending of the console.
Registration of the degree of bending permits to con-
clude on a three-dimensional pattern of the surface
investigated. In addition, AFM allows to perform
measurements in atmospheric air, in a liquid, and in
vacuum, and it opens great opportunities for studies
of biomolecules.

30JIbHOTIO KOJIbLIA IIPOKCUMAJIbHOIO TUC-
tyuanHa. B3aumoneiictBue MOJIEKyJISAp-
HOTO KHCJIOPOZIA CO CBOOOMHBIM TEMOM
[IPUBOAUT K HEOOPATHMOMY OKHUCJICHUTO
aroMa Jkese3a IeMma, IIPU KOTOPOM
Fe(1T) nepexonut B Fe(11T), TO ecth 06-
pagyercst MeTremorobud. Ha pucyrke
4 TIOKa3aHbI CTEKTPbI MOTJIOIEHUs OC-
HOBHBIX (hOPM TeMOTIO0HHA.

[leficTBUE pasIMIHBIX TOKCUHOB
MPUBOIUT K MOJM(UKAIUU TEMOTJIO-
6una. Hanpumep, 1ox BosgeiictBuem
NaNO, okcUreMOTIOOMH MEePexXOauT B
dopmy Metremorobmnna [22]. Vismerie-
HIe CTIEKTPa MOTIONIEHUsT TEMOTIO0N-

Ha OTpasKaeT 9T0 BosaelicTee (puc. 5).

Ha pucynke 6 cxematnyecku 1o-
Ka3aHbI 3JIEKTPOHHAS CTPYKTYpa JKeJie-
3a rema, MOJIOJKEHNEe aToMa JKeJjie3a OT-
HOCHUTEJIBHO TOJIOCKH TOPGUPUHOBOIO

NaNO,.

NaNO,.

Puc. 5. I3amMenenue CIIEKTPa NOIJIOIEHUuA OKCHUIeMOorJa00H1Ha 110cIe BO3/IEHCTBUS

Fig. 5. The change of oxyhemoglobin absorption spectrum after exposure of
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KOJIbI[a TeMa, CIIEKTPAThbHbIE U MATHUTHbBIE XapaKTe-
PUCTHKU MOJIEKYJT B PA3JIMYHBIX COCTOSTHUSX MOJie-
KYyJIbI TeMOIJIOOMHA: Je30KCUTeMOIIOONH, OKCHTe-
MOTJIOOUH W MeTreMoryioouH. Ilepexos 13 OAHOTO
COCTOSIHHSI B IPyroe TpeOdyeT 3HAUUTETbHOTO BpeMe-
HU, B TeYeHNE KOTOPOTO CUCTEMA TPOXOIUT Yepe3 He-
CKOJTPKO HEPABHOBECHBIX COCTOSTHUI, 3aMETHO OTJIH-
YaIONUXCs 110 CBOUM (DU3NIECKUM W XUMUYECKUM
CBOMCTBAM OT PaBHOBECHBIX COCTOSTHUIA.

B Moutekyite 1e30KCUTeMOTIOONHA JKeIe30 He
HaXOJUTCS B IJIOCKOCTH MOP(MUPUHOBOTO KOJbIIA.
N3 mectu 3d-snexrponos xenesa Fe(1l) asa anek-
TPOHA CITAPEHbI Ha OHOW U3 HU3HmMX d-opbuTasnei,
WX CITUHOBBIE MOMEHTHI S=2. MarauTHBIIT MOMEHT
reMa B 9TOM COCTOSHUU PaBeH ~5,5 GOPOBCKOTO
marHetoHa (BM), a ciekTp morsonenus B 3esieHON
00JTacTH UMEET XapaKTEPHYIO MOJOCKY € A,.~556
uM. [lpucoenuuenue Kucjioposa BeieT K 3HAYM-
TeJbHBIM U3MEHEHUSIM. ATOM JKeJie3a B OKCUTEeMOT -
JIOOVHE JIEKUT MPAKTUYECKH B IJIOCKOCTH MOPdU-
puHOBOro KoJibla. Bce 1mects d-21eKTPOHOB
CIIapeHbl Ha TPeX HU3MINUX ypoBHsX d-opburasei,
S=0, okcuremMorIO6MH AaMarHuTeH. B 3eseHoii 06-
JIACTHU CIIEKTPa UMEIOTCS JIBE XapaKTePHbIE MOJOCHI
norsomenust: a (A,,, ~576A) ub (A, ~5424).

B Merremorio0uHe pu HeHTPaIbHbIX 3HAYCHU -
sax pH Mecto Kucmopoja 3aHNMAaeT MOJIEKYJa BOJIBI,
JKEJIe30 HaXOUTCsI 3HAUUTENBHO OJIMIKE K TIOCKOCTH
remMa, 4eM B JIEB0KCUTeMOIJIOONHe, Bee 5 d-aiekTpo-
HOB HE CHapeHbl ¥ 3aHUMAioT msaATh d-opOuTaseil.
S=5/2 u maruutHbIit MOMenT paBen 5,91 BM [2].

CrpyKTypHble U3MEHEHWS B aKTHBHOM IIEHTPE
MIPUBOJIAT K 3HAYNUTETHHBIM U3MEHEHUSIM TIPOCTPAHCT-
BEHHOM CTPYKTYpbl Bcero Oesika. IIpu okcureHarmn
CMEIIEHUST OTETbHBIX aMIUHOKUCJIOTHBIX OCTATKOB JI0-
cruraer 7A. Uersepridnast CTPYKTYpa reMOrio0nHa Xa-
PAKTEPU3YeTCsT HAINYNUEM YEThIPEX TMOJTUTIENTHIHBIX
1ereii, o6pasyroIux ase « u ase B-cyGobeauHutipl. Tle-
pexoz ot T k R hopme conpoBokIaeTcst ToBOPOTOM O/1-
HOTO JINMEPA OTHOCUTEJIBHO APyroro Ha 12—15° u B Ko-
HEYHOM CYETE MMPUBOJIUT K YBEJIMUEHUIO «KaPMaHOB», B
KOTOPBIX HAXOJSATCS TeMbL. JTH CTPYKTYPHbIE U3MEHe-
HUST THUITUUPYIOTCST TPUCOEMHEHNEM TIEPBOI MOJIEKY-
Jibl O, K OZTHOMY 13 CBOOOHBIX TeMOB ¥ PaCIIPOCTPAHSI-
ercst Ha BCro 17100yJ1y. VIMEHHO T109TOMY B PABHOBECHOI
cMecu Beerza IpucyTersyior Tosbko T u R dopmst [2].

max

Kpucrammusanus
U OJIMMepU3anus 0eJKOB

Muorue dopmbl reMorsobrHa 06T CIIo-
COOHOCTHIO K 06PA30BAHMIO KPUCTAIIOB VI TOJH-
MEPOB i vitro, HEKOTOPBIE TTATOJOTHYecKre (hOPMBI
MOTYT MOUMUIIIPOBATHCA in vivo [39].

Opanako B psje crareil OTCYTCTBYIOT 4YeTKHe
pasTpaHNYeHUsT MEKAY KpHUCTAIU3aIuell 1 MoJu-
Mepusatueii remorso6una [40]. Heobxomumo pas-
JIMYATh 3TH TTOHITHSL.

Puc. 6. OcHOBHBIE XapaKTEPHCTHKH T€MOIJIOOUHA B Pa3INYHBIX
COCTOSIHUSX.
Fig. 6. Basic characteristics of hemoglobin at various states.

The main forms of hemoglobin.

Hemoglobin with normal functions can exist in
one of following three forms: deoxyhemoglobin, oxy-
hemoglobin and methemoglobin. In deoxyihemoglo-
bin, iron exists in the form of iron protoxide Fe (IT),
and globin protects the heme iron from oxidation.
Oxyhemoglobin is a compound of hemoglobin with
molecular oxygen, in which electron transfer to oxy-
gen occurs not from iron, but from the imidazole ring
of proximal histidine. Interaction of molecular oxy-
gen with free heme leads to irreversible oxidation of a
Fe (II) iron atom in heme to Fe (III), i.e. methemo-
globin is formed. Figure 4 demonstrates their spectra.

The effect of different toxins, such as NaNO,
modifies the hemoglobin spectrum [22]. This is
shown in Figure 5.

Figure 6 shows a schematic depiction of an
electronic structure of heme iron, the iron atom posi-
tion in relation to the strips of the porphyrin ring of
heme, spectral and magnetic characteristics of mole-
cules at different states of hemoglobin molecules:
deoxyhemoglobin, oxyhemoglobin and methemoglo-
bin. To transition from one state to another requires
a significant amount of time during which the system
goes through several nonequilibrium states which
physical and chemical properties differed from those
of the equilibrium states.

In a molecule of deoxyhemoglobin, iron is
located outside the plane of the porphyrin ring. Of
six 3d electrons of Fe (II) iron, two electrons are
coupled on one of lowest d orbitals, and their spin
moments are S=2. The magnetic moment of heme
at this state is ~5.5 Bohr magneton (uB), and the
absorption spectrum in the green area has a typical
band with 4,,,~556 nm. Addition of oxygen leads
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Kpucramiusaiuss — 310 (a3oBbIil 1epexoj Be-
MIeCTBA U3 JKUJKOTO COCTOSIHUS B TBEPJOE KPUCTAT-
JIMYecKoe ¢ 06pazoBaHUEM KPUCTALIOB.

IMosmmMepusaryist — 9To Tpolece 00pa3oBaHIs
BBICOKOMOJIEKYJISIPHOTO COEINHEHUS MyTeM MHOTO-
KPaTHOTO TMPUCOEIUHEHUST MOJEKYJ HU3KOMOJIEKY-
JISPHOTO BelrecTBa (MOHOMEPA, OJIUTOMepa) K aKTHB-
HBIM IIEHTPaM B PACTYIIel MOJIEKyJie TOJIMMepa.

Yrobbl HavYaach KPUCTAJIM3AINST, HEOOXOIM-
MO CO3/IaTh TaKWe YCJIOBUsL, B KOTOPBIX OEIKOBBII
PacTBOP CTAHOBUTCS MEPEHACHIINEHHBIM, UYTO TIPUBO-
T K Oestok-6enkoBoil arperaumu. i aroii neau
HCTIOJIL3YIOT OCAAUTENN (BEIIECTBa, YMEHbIIAIOITHe
PacTBOPUMOCTD): CyJb(aT aMMOHUS, TTOJTHITUJICHT-
sukoub (II9T), opranuyeckue pacrsopuresn. QOObru-
HO TpebyeTcs TIaTebHOe H3ydeHUe YCJIOBUIT KpUc-
TAJLIM3AIK KOHKPEeTHOTo Genka: pH, KOHIleHTparun
Oydepa 1 ocaauresist, HOHOB MeTaioB [41—43].

Benku mpUHIMTIHATIBHO OTIMYAIOTCS OT XOPO-
110 U3yYEHHBIX JIETKO PACTBOPUMBIX, HU3KOMOJIEKY-
JIIPHBIX KPHUCTAJIOB. BO-TIepBbIX, OGEJIKU HMEIOT
GOJBIION PasMep MOJIEKYJT (CIe0oBaTebHO, 0OJIb-
ITOI pa3Mep CTPOUTETTHHBIX e/TUHUIT). BO-BTOPBHIX, NX
MOJIEKYJIbI TUAPATUPOBAHBI, TO €CTh UMEIOT BOIHYTO
000JI0UKY, TIPEISATCTBYIONIYI0 UX COJKEHUIO B Pac-
TBOPE, TTOTOMY KPUCTAJLJIU3AINS BOZMOKHA TOJIHKO
B IIPUCYTCTBUU HU3KOMOJIEKYJISIDHBIX COJIEH, pasOu-
Baloux 060J04Ky. B-Tperbux, (opma OeJKOBBIX
MOJIEKYJI BECbMa CJIOKHA, UM HYKHO JIOTIOJIHUTEITh-
HOe BpeMsl ISl M3MEHEHUsT KOH(pOPMAIMU, YToObI
BBICTPOUTHCST B KPUCTAIINIECKYIO petieTKy [43].

CKopocTh pocTa KPUCTAJIIOB 3aBUCUT OT pac-
TBOPUMOCTH O€JIKa, T. €. OT KOHIIEHTPAIUU PacTBO-
puresst. VIHorma 4To6bl BRIPACTUTH GOJBIINE KPUC-
TaJLJIBI, B PACTBOP O€JIKa BHOCAT 3aTPaBKy — MEJIKHE
KpHCTaLIbl 3TOT0 Oesika. Kpucraimn Oejka MOXKeT
XPaHUTBCS TOJITO/IA B CIIENMAJIILHOM PacTBOPE, KOTO-
pblii He comepxkut Genka. ITogbupaercss Takast KOH-
HEHTPAINAS OCAAUTENS, TIPU KOTOPOI KPUCTAILI He
pacTBOpsiiics Obl 1 He TpecKascs [41].

TeMOTTO0MH YesIOBEKA KPUCTAJIIU3YETCSI C TPY -
JIOM, TaK KaK OH OYeHb XOPOIIIO PACTBOPUM U OOBIYHO
HE OCAKIAETCS TIPY yIAJIEHUH COJIU, KaK ATO YAAeTCs
cllesIaTh B caydae reMoraobmna jormaan [24]. [loaro-
MY ISl KPUCTAJLIM3AINN TeMOTJIOONHA B KauecTBe
OCaIUTeJIs Yallle BCETrO UCIIONb3YIOT COJIH ¢ 100aBie-
nueMm (13T, B pesysbrare mosydaoTcs miockue Kpu-
CTAJIBI PA3IMIHON (DOPMBI B 3aBUCUMOCTH OT BHUIA
reMOTrJI00nHa.

B nactosiee Bpemst /ISl KPUCTAJIN3AINH Te-
MOTJIOOMHA YeJIOBeKa M3 KOHIIEHTPUPOBAHHBIX Pac-
TBOPOB (hochaToB MK CyibdaTa aMMOHUS Pa3JINd-
HBIMW UCCJIE/IOBATESIMUA TIPEJIOKEH PSIJi METO/IOB,
CXOJIHBIX MEKIY c000il B TOM OTHOIIEHUH, UYTO BCE
OHWM OCHOBaHbBI Ha UCIIOJIb30BAHUM SIBJIEHUS BBICAJH-
Banust [42]. Temormo6un Gbika, Tak jke Kak W TeMO-
[JIOOWH 4YeJIOBEKa, OUYeHb XOPOIIO PACTBOPUM U MO-
JKeT OBbITh BBIJEIEH B KPUCTAJIMIECKOM COCTOSTHUH,

to significant changes. The iron atom in oxyhemo-
globin lies almost in the plane of the porphyrin
ring. All six d-electrons are coupled at three lowest
levels of d-orbitals, S=0; the oxyhemoglobin is dia-
magnetic. Two typical absorption bands are seen in
the green part of the spectrum: a (4,,,~576A) and b
Apar~542A).

In methemoglobin, a water molecule replaces
oxygen at neutral pH values; iron is much closer to the
plane of the heme, than in deoxyhemoglobin, all 5 d-
electrons are not coupled and occupy five d-orbitals.
S =5/2 and the magnetic moment is 5.91 uB [2].

Structural changes at the active site lead to sig-
nificant changes in the spatial structure of the whole
protein. Displacement of individual amino acid
residues reaches 7A during oxygenation. The quater-
nary structure of hemoglobin is characterized by the
presence of four polypeptide chains forming two «
and two f -subunits. Transition from T to R form is
associated with rotation of one dimer relative to the
other by 12—150 and ultimately leads to an increase
in the pockets, where hemes are located. These struc-
tural changes are initiated by attachment of the first
O, molecule to one of the free hemes and spreads to
the whole globule. That is why only T and R forms
are present at the equilibrium state [2].

max

Crystallization
and polymerization of proteins

Many forms of hemoglobin have the ability to
form crystals or polymers in vitro, some pathological
forms can be modified in vivo [39].

However, a number of articles do not differenti-
ate between crystallization and polymerization of
hemoglobin [40]. However, these terms should be
differentiated.

Crystallization is a phase transition from liquid
to solid crystalline with the formation of crystals.

Polymerization is a process of formation of high
molecular weight compounds by repeated attach-
ment of molecules of low molecular weight sub-
stances (monomers, oligomers) to active sites in a
growing polymer molecule.

To begin the crystallization, there should be
conditions under which the protein solution
becomes supersaturated, thus leading to protein-pro-
tein aggregation. For this purpose, precipitators are
used (substances that reduce the solubility): ammo-
nium sulfate, polyethylene glycol (PEG), organic
solvents. A thorough study of the crystallization
conditions for a specific protein is usually required:
pH, buffer and precipitant concentrations, metal ion
concentrations [41—43].

Proteins are fundamentally different from well-
studied, easily soluble, low-molecular crystals. First,
the proteins have large molecules (and therefore
large construction units). Second, their molecules

OBINAA PEAHMUMATOAOTI M, 2016, 12; 6

www.reanimatology.com

57



58

Reviews

DOI:10.15360,/1813-9779-2016-6-49-63

Puc. 7. dpurpouur cepnoBuaHoii popmsi [45].
Fig. 7. Red blood cells: sickle-shaped cell [453].

KaK 9TMMHU METOJ[aMU, TaK U OCAK/I€HUEM U3 BOJHO-
TO pacTBOpa 3TUIOBBIM criupToM [24, 41]. PactBoOp
reMorio0uHa o6pabaTbhIBaIOT HEOOIBIIMM KOJIUYECT-
BOM CIIMPTa JIJIsl TOHUIKEHUsI PACTBOPUMOCTH U OC-
TaBJsIoT Ha 2—3 Hemenu mipu 0°C.

CunTaercst, 4TO CEPIIOBUIHOKIETOUHAS AHEMUST —
9TO Pe3yJIbTaT KpUcTajnsanuy remoraobuHa. Cep-
[TOBU/IHOKJIETOUHAsT aHEMUsT — HaCJIe/ICTBEHHOE 3a-
GoJsieBaHUE CUCTEMBI KDOBH, XapaKTEPU3YIOIIeeCs Te-
HETHYECKUM J1e(heKTOM, B pe3yJbrare KOTOPOTO
HapyIaercs: 00pasoBaHue HOPMAJIBHBIX Iereil TeMo-
rio6uHa B apurporutax. OOpasyoIuiicst pu 9ToM
AHOMAJIbHBII TeMOIrJIOOUH OTJNYAETCS 110 CBOMM
2J1eKTPO(U3UOJOTHIECKUM CBOHCTBAM OT Te€MOTJIO-
OUHa 37I0pPOBOTO YeTOBEKA, B PE3YJIBTATE YEro U3Me-
HSIIOTCST M CaM¥l OPUTPOIIUTHI, TIPHOGPETast YATMHEH-
HyI0 (OpMY, TOJ MHKPOCKOIIOM HAIOMWHAIOTLYTO
ceptt (puc. 7). CepHoBUAHBIE SPUTPOIATEI OBICTPO
pa3pylaoTcs B OPraHU3Me, a TaKXKe 3aKyIOPUBAIOT
MHOKECTBO COCYJIOB TI0 BCEMY OPTaHU3MY, YTO MO-
JKET CTaTh IPUYMHON TSIXKEIbIX OCJIOKHEHUH U ke
CMEpPTHU.

ITponumaemoctb MeMOpPaHbl CEPIIOBUIHBIX
KJIETOK JIJIsI Pa3JIMYHbIX MOHOB IIOBBIIIEHA, YTO
HPUBOAUT K HEOOPATHMbBIM M3MEHEHUSIM (HOPMBI
APUTPOIIUTOB.

[TnacTryeckue criocoGHOCTH CEPIIOBUHOIO PUT-
POLTA BHAYNTEIHLHO CHIKEHDI, OH He CII0co0eH 00paTu-
MO J1e(hOPMHUPOBATHCS TIPH ITPOXOKAECHUN Yepe3 KarinJi-
JIAPbI, W MOJKET 3aKyrnopusath ux. MemGpaHa
CEPIIOBU/IHBIX APUTPOIUTOB OTJIMYAETCST TTOBBIIIEHHOM
JIOMKOCTBIO, B Pe3yJIBTaTe Yero MpoJI0JLKATENTBHOCTD WX

are hydrated, i.e. have an aquatic shell which pre-
vents their approaching in a solution, therefore, the
crystallization is possible only in the presence of low-
molecular salts, which can disrupt the shell. Third,
the shape of protein molecules is very complicated;
they need additional time to change the conforma-
tion, in order to line up in the crystal lattice [43].

Crystal growth rate depends on the solubility
of the protein, i.e. on the solvent concentration.
Sometimes, seed is introduced in the protein solution
(i.e. small crystals of this protein) in order to form
large crystals. A protein crystal can be stored for six
months in a special protein-free solution. The precip-
itant concentration is selected so that the crystal
would not be dissolved or cracked [41].

Human hemoglobin crystallizes with difficulty,
because it is very soluble and is not usually precipi-
tated after salt removal, as it is possible to do with
horse hemoglobin [24]. Therefore, salts with PEG are
usually used as precipitants for crystallization of
hemoglobin. As a result, flat crystals of various shapes
are formed, depending on the type of hemoglobin.

At present, different researchers proposed a
number of similar methods to crystallization of
human hemoglobin from concentrated solutions of
phosphates or ammonium sulfate; all of them are
based on the salting out phenomenon [42]. Bovine
hemoglobin, as well as human hemoglobin, is very
soluble and may be isolated in the crystalline state
both by these methods and precipitation from an
aqueous using ethanol [24, 41]. A hemoglobin solu-
tion is treated with small amounts of alcohol in
order to reduce the solubility and is allowed to stand
for 2—3 weeks at 0°C.

It is believed that sickle cell anemia is the result
of crystallization of hemoglobin. Sickle cell anemia is
an inherited disease of the blood system, character-
ized by a genetic defect, which resulted in impaired
formation of normal chains of hemoglobin in RBCs.
Properties of abnormal hemoglobin formed as a
result of this process differ from those of healthy per-
son's hemoglobin. As a result, red blood cells also
change getting an oblong shape resembling a sickle
under a microscope (Fig. 7). Sickle-shaped red blood
cells break down quickly in the body and occlude
many blood vessels throughout the body, and it may
cause severe complications and even death.

The membrane permeability for different ions is
increased in sickle cells, thus leading to irreversible
changes in the shape of red blood cells.

Plastic properties of a sickle cell are significant-
ly reduced; it is not capable of deforming reversibly
when passing through capillaries and can occlude
them. The sickle cell membrane is very fragile, there-
fore its life span is shortened considerably. The
decrease in the total RBC count stimulates the pro-
duction of erythropoietin in the kidneys. It enhances
erythropoiesis in the red bone marrow and may par-
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JKU3HM  3HAUUTETTbHO YKOPAuYMBAETCSI.
VYMeHbleHre 06IIero KOJIMIecTBa dpUT-
POIIMTOB B KPOBHU, CTUMYJIUPYET 00Pas0-
BaHMe 9PUTPOIIOITHHA B TOYKAX. ITO YCU-
JINBAeT 9PUTPOTI03 B KPACHOM KOCTHOM
MO3Te I MOKeT YaCTUIHO MJIH TIOJTHOCTBIO
KOMIIEHCUPOBATh TPOSIBJIEHNS aHEMUL.
Ha ceromgmsimmmii eHb CepIOBUIHOKIIE-
TOYHAST aHEMUST Henaneunma |4, 5.
IMonuMepusanuo remMoraobuHa
HCTIOJIb3YTOT B TIPON3BOICTBE KPOBE3a-

MenuTeseir. Ilomumepusanusi remo-
r06uHa in vitro NPOUCXOAUT C IIOMO-
IIN) Pa3JIUUHBIX areHToB:
TJIyTapoOBOTO AJBJIETH/IA, TIOJTUITUIICH-
TJIMKOJIS, JIEKCTPaHa, TUAPOKCHITHII-
kpaxmana [14—16]. [Torumepusarms
remorsiobuHa (puc. 8) HPOUCXOAUT
OJIMHAKOBO B pacTBOpax u B KieTkax. Dopmuposa-
HUE BOJIOKOH M3 MOJIEKYJI FeMOIJIOOUHA BO3MOKHO
TOJIBKO JUIst Je30kcuremoriobuna. MopMuposanue
BOJIOKHA TTPOXOAUT 2 OCHOBHBIX aTara. Ha 1-M aTtarme
[IPUMEPHO CeMb MOJIEKYJI TeMOTJIOOUHA TOJKHBI CO-
Gparbest BMecTe, 94ToObl ¢(hOPMUPOBATH SIAPO, KOTO-
poe GyeT TOUKOI oTcueTa st OyAyIIero BOJOKHA.

[Marosorndeckue (HOPMbI reMOTTIOOMHA MOTYT
MOJIMMEPU30BATHCS B 9PUTPOIIUTE, TO €CTh MOJIEKY-
JIBl TeMOTJIOOMHA CJIMIMAIOTCS 1 00PasyoT [ITHHHbIE
BostokHa wiwm crepxun |15, 39]. Hanpuwmep, werms S,
COefuHsIeTCST ¢ By W 3TOT MPOIECC OTHOCHUTETHHO
ME/IJIEHHO TIOBTOPSIETCsT, (POPMUPYST OCHOBY st OY-
mymeir Hutr (Ha puc. 8 mokazano crpeskoit). [Tocre
TOTO, Kak oOpasyercsl spo, HauWHaeTcst 2-if sTai
nporiecca. Ha aToit 2-ii cTagum BosioKHA (HOPMUPY-
I0TCST OTHOCUTEJIBHO OBICTPO, ITOTOMY UTO MOJIEKYJIBI
MIPUCOEIMHSIOTCS K YK€ CYIIECTBYIOIIEH CTPYKTYpe.

Koaryssiiiust reMoryiobuHa Wiad TeMoryioOnHO-
Basg JlereHepanusi IJpJnuxa — 3TO HEPAaBHOMEPHOE
pacrpejieJieHie B 9pPUTPOIMTAX TeMOTIO0MHA KaK pe-
3YyJIBTAT MPOIECCOB, BEAYIIUI K KOATYJSITUU TeMO-
rio6uHa. TIpu BBIPasKEHHON KOATYJISIUA TeMOTJIO-
OuHa BHYTPH KJIETKU (DOH SPUTPOIMTA CTAHOBUTHCS
6osiee cBeTsibIM. Koaryssiimio reMoriobnHa MoKeT
BBI3BATh BBICOKAs KOHIIEHTPAIUS WOHOB TSIKEJBIX
MeTaJnoB, HampuMmep HKa. Ha prucynke 9 noka3za-
HBbl M300pakeHus1 (ParMEHTOB KOATYJISAIHE TeMO-
rI00MHa, KOTOpble OBLIM IMOJYYEHBI € MOMOIIBIO
aTOMHO-CUJI0BO# Mukpockonuu. DparMeHTs TemMo-
[JIOOMHOBBIX KOATYJITHTOB BKJIFOYAIOT B Ce0OsT OT/IE b-
Hble 3epHa (puc. 9, @), ybn pasMepbl BapbUPYIOT OT
20 no 70 mm. ITocse 30 MUHYT BO3/1€ICTBUS PACTBO-
pom nuHka (puc. 9, 6) sepHa 0ObEAMHUIUCH U UX
pa3mep yBemmunics [46].

SHAUNTENbHBIN BKJIA/A B M3Y4YeHHe KPUCTAJIIN-
yeckux ocobenHocreil remornobunos sHec I. /Ipa6-
xutl [47]. 3yuus kpucrasiorpadudeckue cBoiicTsa
OKCHUTEMOTJIOOMHOB Ye/I0BeKa, JIOIIaH, COOAKI, aBTOP
MIPUIIeS K BBIBOLY, YTO (hopMa KPHUCTAJJIOB 3HAYH-

Puc. 8. Tlommmepusanusi reMorIo0uHa.

Fig. 8. Hemoglobin polymerization.

Note. Arrows show the connection of 85 and 8 chains in hemoglobin molecules.
IIpumeyanue. CTpesku MOKa3biBAIOT coequHenue (o u By 1eneil MoJeky.
reMoryo6uHa.

tially or completely compensate manifestations of
anemia. To date, sickle cell anemia is incurable [4, 5].

Polymerization of hemoglobin is used in the
manufacture of blood substitutes. Hemoglobin in
vitro polymerization occurs via various agents: glu-
taraldehyde, polyethylene glycol, dextran, hydrox-
yethyl starch [14—16]. Polymerization of hemoglo-
bin (Fig. 8) does not differ in solutions and in cells.
Formation of fibers from hemoglobin is possible for
deoxyhemoglobin alone. Fiber formation occurs in
two main phases. At the first stage, about seven
hemoglobin molecules should be gathered together
to form a nucleus, which is the starting point for the
future fiber.

Pathological hemoglobin forms can polymerize
in a RBC, i.e. hemoglobin molecules stick together
and form long fibers or rods [15, 39]. For example, 8,
chain connects with 8, and this process is repeated
to form a fiber. An arrow in Fig. 6 points to this
process. It occurs relatively slowly. Once the nucleus
is formed, the second phase of the process begins. At
this second stage, fibers are formed relatively quick-
ly because the molecules are attached to the existing
structure.

Coagulation of hemoglobin or Erlich hemoglo-
bin degeneration is a heterogeneous distribution of
hemoglobin in RBCs as a result of processes leading to
the hemoglobin coagulation. Red blood cell back-
ground becomes lighter in case of marked hemoglobin
coagulation inside a cell. The hemoglobin coagulation
can be caused by a high concentration of ions of heavy
metals, such as zinc. Figure 9 shows images of frag-
ments of the hemoglobin coagulation, which were
obtained using the atomic force microscopy.
Fragments of hemoglobin coagulants include individ-
ual grain (Fig. 9, a), whose sizes range from 20 to 70
nm. The grains merged and their size increased within
30 minutes of exposure to zinc solution (Fig. 9, b) [46].

G. Drabkin made a significant contribution to
the study of the crystalline characteristics of hemoglo-
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Puc. 9. ACM-u300pakeHus KOaryJsiiusi reMoriIo0uHa.

Fig. 9. AFM images of the hemoglobin coagulation.

Note. a — 30 min; b — 90 min after addition of Zn (C = 6 mm) to
the hemoglobin solution.

Ipumevanue. a — 30 mun; b — 90 Mun nocae pobapienust Zn
(C=6 MM) B pacTBOp TeMOrI00HHA.

TEJIbHO BapbUPyeT OT Bua K BULY [44]. VIM ke ObLIO
MOKA3aHO, YTO TeMOIVIOOUH KPUCTALJIM3YETCS B TPEX
(opMax: MOHOKJIMHHOI, POMOMYECKON M TreKcaro-
HaJibHOU. BujoBasi criennuyHOCTh KpHUCTAJIYEeC-
KX (hOPM TeMOTJIOOMHOB TIOATBEPIKAACTCS pabOTaMU
Bb. Cyxomunnosa, 1. /IBopuukosoit u apyrumu [48].

Psin aBTOPOB OTMEYATOT, UTO KPUCTAJIIBI OKCH-
U JIE30KCUTEMOTJIOOMHA OTJIMYAIOTCS CBOEi (DOPMOIA.
Hampuwmep, P. Xupir B cBoeil cTaTbe MOKa3bIBAET, UTO
okcuremorsiobur C MoskeT 00pa3oBBIBATh TETPAro-
HaJIbHbIE KPUCTALIBL, a jAe3okcuremorniobmns C —
mmockue [40]. P. Hamken ormeuaer, uto TeTparo-
HaJIbHbIE KPUCTALIBI okcuremorsiobutaa C MoryT 06-
Pa3oBBIBATHCS KaK i 0itro, Tak U in vivo [39].

ITo muenuto KeHzappto GoJibllioe BAMSIHUE Ha
(hopMy KPHCTA/LIOB UMEIOT OOKOBBIE TIEITH MOJIEKY.JI,
B YaCTHOCTH, TPOU3BOIHBIE UMUIA30JIa.

Kopskyes B cBoeii mororpaduu «IleMorio6uH»
CYMMHUDPYET JTUTePaTyPHBI MaTepuas M0 KPUCTaJ-
JM3aIuy reMorobnnoB, HaunHaga ¢ 1839 roma. On

bins [47]. He studied the crystallographic properties
of human, horse, and dog oxyhemoglobins and con-
cluded that the shape crystals varies greatly between
species [44]. He also demonstrated that hemoglobin is
crystallized in three forms: rhombic, monoclinic and
hexagonal. The species specificity of the hemoglobin
crystalline shapes were confirmed by works of B.
Sukhomlinov, D. Dvornikova and others [48].

Some authors point out that shapes of crystals
of oxy- and deoxyhemoglobin differ. For example, in
his article R. Hirsch shows that oxyhemoglobin C
can form tetragonal crystals and deoxyhemoglobin C
forms flat ones [40]. R. Nagel reports that tetragonal
crystals of oxyhemoglobin C may be formed in vitro
and in vivo [39].

According to Kendrew, side chains of mole-
cules, in particular, imidazole derivatives, have a
great influence on the shape of the crystals.

In his monograph "Hemoglobin", Korzhuev
summarizes the literary data on crystallization of
hemoglobins, starting from 1839. He noted species
differences of the chromoprotein crystals in different
animal species.

Such researchers as French and Perutz [14]
investigated individual polymer fibers of deoxyhe-
moglobin S using electron microscopy.

They showed that the fiber diameter is 200A
[14, 15]. In their research, D. Pumphrey and
J. Steinhardt found that deoxyihemoglobin S may
grow up to 1 mm in length, and it may be dissolved
completely when the temperature drops to 0°C [49].

Conclusion

Hemoglobin is one of the most well-studied
proteins. Decades of researches of hemoglobin in
many laboratories worldwide contributed to a signif-
icant progress in the description and understanding
of the mechanisms of its crystallization and polymer-
ization. Currently, evaluating the mechanisms of var-
ious forms of hemoglobin structure formation repre-
sents an important task for fundamental studies and
practical medicine. The growth process of individual
crystals for X-ray diffraction analysis is of a great sci-
entific interest, and it is being studied worldwide.
Fibrous structures, microtubules, and tiny crystals of
various shapes may be formed at various stages of
growth before the final crystal is formed.

These data are needed to understand the mech-
anism of origin of fibers, microtubules or crystals in
RBCs containing pathological forms of hemoglobin
(HbS, HbC). The formation of such structures can
contribute to lysis of cells, thus leading to impair-
ment of the rheological properties of blood, as well as
metabolic processes in the body. The formation of
crystals inside the RBC may lead to severe forms of
hemolytic and sickle cell anemia. Such types of ane-
mia can cause lethal outcomes. Therefore, gathering
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OTMEeYaeT BU/IOBBIE Pa3JINunsl KPUCTAJIOB 3TOTO
XPOMOTIPOTEN/IA Y PA3JTNIHBIX BUOB KUBOTHBIX.

Openy, [Tepy [14] mokazanu ¢ TOMOIIBIO 3J1e-
KTPOHHON MUKPOCKOIIMHU OT/IeJIbHbIE TIOJNMEepPHBIe
BOJIOKHA JI€30KCUTEMOTIOONHA-S. ABTOPBI OTperte-
JTHITH, 9TO JHaMeTp BooKHa paBer 200A [14, 15]. 1.
[MTamdbpu n [/[. CremHxapT B CBOUX HCCIETOBAHUIX
YCTaHOBWJIU, YTO JE€30KCUTEMOTIIOONH S MOJKET BbI-
pactu 710 1 MM B JIIMHY ¥ TIOJTHOCTBIO PACTBOPSIETCS
1pu najgenun remuneparypst 1o 0°C [49].

3akiaouyeHue

Temormo6uH — ofinH U3 HaubOJIEe XOPOTITO U3y-
YeHHBIX GeMKOB. [leCSTKU JIET MCCIEMOBAHIN TeMO-
rI00UMHA BO MHOTHX JTAOOPATOPHUSIX MUPa TTPUBETN K
3HAUNTEIHBHOMY TIPOTPECCY B OMMCAHUN 1 TOHIMaHIH
MEXaHM3MOB €T0 KPUCTAITI3AINHT U TOJTNMePHU3aINH.
Ceiiuac nccnenoBaHe MEXaHU3MOB CTPYKTYPHPOBa-
HUST Pa3TUIHBIX (HOPM TeMOTTIOOWHA SIBJISIETCST aKTy-
AJbHOM M BaKHOU 3ajaveil sl dyHIaMeHTaIbHbIX
WCCTIeIOBAaHUH M TTpakTrdeckoil meauimHbl. [Tporece
pocTa OT/eJBHBIX KPHUCTAIIOB [IJISI PEHTTeHOCTPYK-
TYPHOTO aHaIM3a TMPEICTABISET OOJBIION HAYJIHBII
MHTEpeC U NCCIIeyeTcsT BO BCEM MUPe, TOCKOJIBKY Ha
PA3IMYHBIX CTAANSIX BBIPAIIUBAHS 10 TOTO, Kak 06-
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knowledge of the mechanisms and properties of crys-
talline and polymeric forms of hemoglobin might
impact choosing a correct resuscitation strategy and
treatment options.

pasyeTcsl KOHEUHbBIH KPUCTAJLI, MOTYT (hPOPMUPOBATH-
Cs1 U BOJIOKHKICTBIE CTPYKTYPBI, I MUKPOTPYOOUKH, U
MeJIKUe KPUCTAJLIIBI Pa3IMIHON (hOPMBI.

ITU 3HAHWI HEOOXOIMMbI JUJIS TTOHUMAHMS
MeXaHU3Ma 3aPOsKIAEHUsI BOJIOKOH, MUKPOTPYOOUYeK
WM KPUCTAJJIOB B APUTPOIMTAX, COJEPIKAIINIX TIa-
tosoruueckue ¢opmbl remorsobuna (HbS, HbC).
O6pasoBaHue TaKUX CTPYKTYP MOXKET CIIOCOOCTBO-
BaTh JIU3UCY KJIETOK, UYTO TIPUBOJANUT K HAPYIIEHUTO
PEOJIOTHYECKHUX CBOMCTB KPOBH, a Takke MeTabo-
JIMYECKUX TIPOIECCOB B opraHusMe. Bo3HUKHOBe-
HUe KPUCTAJJIOB BHYTPHU IPUTPOIIUTA MOKET TIPH-
BOJIUTH K TSKEJIBIM BUJAM TeMOJUTHYECKOU WU
CepIIOBUIHOKIETOUYHOW aHeMWUH. Takue BUBI aHe-
MWW MOTYT BBI3BIBATH JieTaJAbHbII rcxo. [ToaTomy
3HaHUE MEeXaHU3MOB 00Pa30BaHuUs U CBOWCTB KPHC-
TAJJINIECKUX W TOJUMEPU30BAHHBIX (OpM Temo-
rJ1I00MHA MOKeET CIIOCOOCTBOBATH IPABUIbHOMY BbI-
6OpY CTpaTeruu peaHuMaIMOHHBIX MEPOIIPUITHI U
JIeYEHII0 GOIbHBIX.
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Acute Diacetylmorphine (Heroin) Intoxication (Review)
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Alexey L. Kovalenko, Alexey N. Lodyagin, Sergey I. Glushkov,
Dmitry V. Baranov, Anna M. Antonova, Tatiana V. Kharitonova

' I. I. Dzhanelidze Saint-Petersburg Research Institute of Emergency Medicine,
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*1. 1. Mechnikov North-Western State Medical University, Ministry of Health of Russia,
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B 0630pe npecTaBieHbl COBPEMEHHbBIE JIaHHbIE O MEXaHU3ME JeHCTBUsT, U30MPATETbHON TOKCUYHOCTH, TOK-
CUKOKMHETHKE U TOKCUKOAMHAMUKE auaneruamopduna (reponna). Ocrpble oTpaBieHUs IUAETHIMOPOUHOM
paccMOTpeHbI B acrekTe (hOPMHUPOBAHUS KPUTHYECKOTO COCTOSTHUSI, TIPH KOTOPOM TSI’KECTh OTpaBJieHust 00yc-
JIOBJICHA Pa3BUTUEM BBIPAsKEHHBIX METAOOINYECKUX PACCTPONCTB, CBSIBAHHBIX C IPOTPECCUPOBAHUEM IMITOKCUH,
Onucanbl OCHOBHbIE JKM3HEOIIACHBIE OCJIOKHEHUS, KOTOPbIE BO3HUKAIOT BCJIEICTBIE OCTPHIX OTPABJICHUIL Jatie-
Tunmopdunom co cropoust [ITHC, cucrembl abixaHusi, KpOBOOOPAIIEHNUS, MOYEBbIIETUTENLHON CUCTEMBI. Ydu-
TBIBasl, YTO OCHOBHBIM (PaKTOPOM MOpAKEHUS SBJLECTCS THIIOKCHS, PACCMOTPEHBI MEXaHW3Mbl HapyIICHU
TPAHCIIOPTA KUCJIOPOJIa, & TAKKE MATOTeHe3 AKTHBAINN CBOOOTHOPA[NKATIBHOTO OKUCJIEHHSI [TPU OCTPBIX OTPaB-
JleHusix auaietuaMopuroM. JlaHo 060CHOBaHUE HalpaBIeHUN COBEPIIEHCTBOBAHUS MHTEHCUBHOW Tepanuu
TSKEIIBIX (POPM OCTPBIX OTPABJICHUIT AUAIETUAMOPMUHOM [yTeM HCIOJIb30BaHUSL, IOMUMO 001ePEaHUMATOJIO-
UYECKUX MEPOIPUSATHIL, CyOCTPATHOTO AaHTUIMIIOKCAHTA peaMbepuHa.

Knmiouesvte cnosa: ocmpuvie ompasienust; OUauemuimMopQum; 2epout; 2UnoKcust; HAL0KCOH; cy6cmpammubie anmu-
ZUNOKCANMbL; peambepun

This review presents current data on the mechanism of action, selective toxicity, toxicokinetics and toxi-
codynamics of diacetylmorphine (heroin). Acute diacetylmorphine poisoning is considered under taking into
account the developing a critical state, in which the poisoning severity is determined by severe metabolic dis-
orders associated with the progression of hypoxia. The main life-threatening complications of acute diacetyl-
morphine poisoning are described including those associated with the nervous system, respiratory, circulato-
ry and urinary systems. Since hypoxia is the principal damaging factor, the the mechanisms of oxygen
transport disorders and the pathogenesis of activation of free radical oxidation in acute diacetylmorphine poi-
soning are discussed. The improvement of intensive care strategy for severe forms of acute diacetylmorphine
poisoning by the inclusion of a substrate antihypoxant Reamberin into the list of routine critical care pre-
scriptions is emphesized.

Key words: acute poisoning; diacetylmorphine; heroin; hypoxia; naloxone; substrate antihypoxants; Reamberin
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BBenenue

OcTpble OTpaBIeHUsS] HAPKOTUIECKIMHI BEIIECT-
BaMM B HACTOSIIIIEE BPEMSI SIBJISIIOTCS OJIHOM U3 Hanho-
Jiee aKTyaJbHBIX MPOOIeM COBPEMEHHON KJIMHUIEC-
KOW TOKCHUKOJIOTUU, BOTIPOCAM pPEIleHUs] KOTOPOii
MOCBSIIEHO 3HAYMTEIHHOE KOJUYECTBO HMCCJIEIOBA-
nuit [1-10]. Ilo smTepaTypHbIM JaHHBIM, B MuUpe
npubsmsurenbHo 69 000 YeT0BEK €KeroHo yMupa-
10T OT rtepe1o3upoBky omonamu [11]. Beicokas ak-
TYaJIbHOCTh TIPOOJIEMBI OCTPBIX OTPABJIEHMI HAPKO-
TUYECKUMHU BEIECTBAMU OTPakKeHa W B TPOBOIUMOIA
B Poccutickoit Depepariiy cTpaTerni rocy1apcTBeH-
HOI aHTUHAPKOTUYECKOH MOJTUTUKN, OCHOBAaHHON Ha
VYkaze IIpesuzmenta Poccuiickoit Memeparm Ne690
ot 9 utons 2010 roga «O6 yreepkaernn Crpateruu
TOCYZIAaPCTBEHHON AHTMHAPKOTUYECKOUW TOJUTUKU
Poccwnitckoit Deneparn 10 2020 rogas.

Oco6oe MecTo B TIOTOKE MOCTYTAIINX € OCT-
PBIMU OTPABJIEHUSIMU HAPKOTHYECKUMU BET[ECTBAMA
3aHMMAIOT OCTPbIE OTPABJICHUS TUAIETHIMOP(PUHOM
(reponnom) [12—16]. Tlo mamumM garaBIM (OTAENA
KJnHIYeckoil Tokcukonornu I'BY «CII6 HUNM CIT
um. U. N. [Ixxanenuasze»), 60AbHBIE ¢ OCTPbIMU OT-
PaBJIEHUSMU HAPKOTHUECKUMU BENECTBAMU COCTAB-
ssitotT 6ostee 50% OT BCeX TOCIUTATU3UPOBAHHBIX B
TOKCUKOJIOTMYECKKE LEeHTPbI, 11pu 9ToM Gosee 30%
13 HUX HAXOJUTCS B TSIKEJIOM U KPaiiHe TSKEJIOM CO-
crostuuu. B mocenane roast (¢ 2013 o 2015 romsr)
COXPAHSIJIACH BBICOKAsI 4acTOTa ITOCTYILIEHUS OOJIb-
HBIX C OCTPBIMH OTPABJIEHUSMU HAPKOTUKAMU OTIH-
atHoll rpynnel. Tak, B 2013 roxy uncsio moctynms-
MIUX C OTPaBJEHUSIMU OIMATaMU COCTaBUJIO 516
60sbHBIX (yMepiio 8). B 2014 roxy us 690 mocTymnms-
[INX ¢ OTPABICHUSIMU OIIMATAMU YMEPJIO 4 GOJIbHBIX.
B 2015 romy ¢ oTpaBiieHHSIME OIIATAMK ITOCTYIIAJIO
233 6osbHBIX (YMEPIIO 2).

OTU JAHHBIE CBUJIETENBCTBYIOT O TOM, YTO OT-
paBJIeHNS] HADKOTUYECKUMHU CPEICTBAMU U3 TPYIIIIEI
OTIMATOB SBJISIOTCS CEPbE3HON COMMAIBHOM, KITIHU-
KO-9KOHOMUYECKOI U MEAUIUHCKO IPOBIEMOI.

Tepmunosiorus

TepMUH «OMUOW/IBI> MCIIOTB3YETCS JJIsI XUMU-
YeCKWX COeJIMHEHUI, KOTOPble BO3AEUCTBYIOT Ha
OTIMATHBIE PEIENTOPBL.

[Mox «ommataMuy TOHUMAIOTCS ATKAJTOW]IbI,
BBIJleJIsIeMble M3 OMUYMHOTO Maka (MopdhuH, Koje-
uH, tebaun). TTonycuHTeTHYeCKHEe OMUOUIBI (Tre-
POMH, OKCHKOOH) OBLIM CO3/IaHbl IIyTEM XUMUYe-
ckoit mommduranum onuatoB. CUHTETHUYECKUE
OTIMOU/IBI — ITO XUMHUYECKHE COeMHEHUS, HE UMe-
OII[Me OTHOIIEHKS K ONUaTaM, HO CIIOCOOHbBIE CBSI-
3BIBATHCS C ONMUATHBIMKM PEIENTOPAMU U OKa3bI-
BaTh cxoxHoe gerictBue [7, 10].

[TpousBoHbIE ONUS WJIA OMUATBI OTHOCSITCS K
rpyTIIie HAPKOTHYECKUX aHAJIbIeTUKOB U BKJTIOUYAIOT

Introduction

Acute drug poisoning is one of the most urgent
problems of current clinical toxicology. Considerable
number of research teams have been intended to
solve it [1—10]. According to the published data,
approximately 69,000 people die worldwide each
year from opioid overdose [11]. The topicality of the
problem of acute drug poisoning is reflected in the
Russian Federation State anti-drug policy strategy
based on Presidential Decree No.690 as of June 9,
2010 "On Approval of the Russian State Anti-Drug
Policy Strategy till 2020".

Patients with acute diacetylmorphine poison-
ing (heroin) are a special group among other
patients with acute drug poisoning [12—16].
According to our data (Department of clinical tox-
icology, I.I. Dzhanelidze Saint-Petersburg Research
Institute of Emergency Medicine), patients with
acute drug poisoning constitute more than 50% of
all patients admitted to toxicology centers, more
than 30% of them are in a critical state and
extremely critical state. Over the last years (from
2013 to 2015), the admission rate of patients with
acute opiate poisonings remained high. For
instance, in 2013, 516 patients were hospitalized
with opiate poisoning (8 patients died). In 2014, 4
of 690 patients admitted with opiate poisoning
died. In 2015, 233 patients were admitted with opi-
ate poisoning (2 patients died).

These data suggest that the opiate poisoning is
a serious social, clinical, economical, and medical
problem.

Definitions

The term "opioids" stands for chemical com-
pounds affecting opiate receptors.

The term "opiate" refers to alkaloids, isolated
from the opium poppy (morphine, codeine, the-
baine). Semisynthetic opioids (heroin, oxycodone)
were created by a chemical modification of opiates.
Synthetic opioids are chemical compounds that are
not related to opiates, but capable of binding to opi-
oid receptors and produce a similar effect [7, 10].

Opium derivatives or opiates belong to the
pharmacological group of narcotic analgesics and
include a large list of pharmaceutical products that
are produced from various species of opium poppy or
synthetically. The word "opium" comes from a Greek
word opto, which means "juice". Opium has been
known to the humankind since ancient times.
Products of poppy processing have been used as
analgesics, sedatives, and antidiarrheals for several
millennia.

In the XIX century, a chemical analysis of
opium demonstrated that most of its effects can be
attributed to two alkaloids: morphine and codeine.
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o0UIMPHYIO TPyIIy (hapMaKOJOTHUECKUX ITperapa-
TOB, TIOJIyUYAEMbIX M3 PA3HBIX COPTOB CHOTBOPHOTO
Maka, a TakKe CHHTeTWuecKMM myTeM. HasBanwme
«OMUI» TPOUCXOIUT OT TPEUECKOTO CI0BA 0PLO, KO-
TOpOe B TIepeBOjie O3HAYaeT PACTUTEJHHBIN COK.
Onuii U3BeCTEH YeJ0BEYECTBY ¢ TIyOOKOI ApeBHOC-
Ti. TIpoAyKTHI TIepepaboTKi MaKa Ha MPOTSIKEHUU
HECKOJIBKUX ThICSUYEJeTHI UCTIOMb30BAIICh Kak (0-
JIeyTOJIIONINe, YCIOKanBalolie 1 TPOTUBOINApei-
HbIE CPe/ICTBA.

B XIX Bexe mmpoBeieHHbBINT XUMUYECKUH aHATTN3
OITUyMa BbISIBIJI, YTO GOJIBINYIO YacTh €ro a(h(HeKTOB
MOKHO OTHECTH K JIBYyM aJKaJOUAaM — KOJIENHY U
MOphUHY.

Huanernamopdun (repouH) ObLI BIEPBbHIE
cunTesuposad B 1874 roxy B AHrimu, te Oblia mpo-
usBezieHa Oosiee CuJIbHasT, alleTUIMPOBaHHast (hopMa
MophWHa, Ha3zBaHHAs [UAETUIMOPGUHOM WJIN
Mopdura auareratoM. [llmpokoe pacrnpocTpanenue
auaneTnaMophuH TOMydns ciycts 23 ropa moce
ero cuareza O. XodhbMaHHOM, KOTOPBINA 3aHUMAJICST
AleTUIMPOBAaHUEM MOP(UHA C TIeJbI0 MOJydeHUS
KoJerHa. BesrencTBre aneTumpoBaHust Oblia moJry-
yeHa Oosiee MoliHas (Gopma MOpGUHA, TPEBBIIIAI0-
1ast CUJTy HapKOTUIECKOTO JIEHCTBUST NCXOHOTO Be-
mecTBa B MoJTOpa-Ba pa3a. HasBanume mpermapara
«TE€POVH» IPOMCXOAUT OT HeMelkoro <heroischs,
YTO O3HAUYAET «T€PONUYECKUN, CUIbHBINY (OT IpeBHe-
IPEYECKOTO CI0BA «IPO 7PWE»).

[mnarnetnamopdun (TeponH) NCTIOTH30BAJIC B
MEJIMTITMTHCKON TTPOMBITIIIIEHHOCTH KaK TIPOTHBOKAIII-
JIeBO€ CPEJICTBO, HE BBI3bIBAIOIIEe MPUBBIKAHWS, KaK
3amena Mopduo (Mopdury). OnHako 1oske GbLIO
00HAPY/KEHO, YTO FePONH MeTabOJU3UPYETCST B MOP-
¢uH B meuenn. B cBA3U ¢ MMUPOKNUM pacrpocTpaHe-
HUEM 3JI0y1oTpebeHrst reponHoM B TedeHure 1913
u 1914 roga B 3amagroit EBpome m CeBepHoii Ame-
puKe ObLIN MPUHSTHI 3aKOHbBI, KOTOPbBIE Paspeliann
HCIIOJIb30BaHNE TUANETUIMOP(UHA TOJIBKO B MEJIH-
nnHCKUX 1essax. B 1924 rogy Konrpece CIIIA 3a-
MPETUJIM €r0 MPOJAKy, UMIOPT U IPOU3BOICTBO.
Komurerom 3apaBooxpanenus Jlurn Hamuit quare-
TusMopduH ObL1 3anpelier B 1925 roxy, xors mo-
TpeboBaIOCh GoJlee TPEX JIET I BHEAPEHS 3armpe-
Ta. B HacTosee BpeMs 1uareTHAMOPGUH SIBISIETCS
HE3aKOHHBIM JIJISI WCIOJb30BAHUS B HEMEIUIIMH-
CKUX IeJISIX B CTPaHaX, MOAMKUCABIINX EMNHYIO KOH-
BEHITIO — JIOTOBOP O HAPKOTUYECKUX cpe/cTBax. B
mupe ¢ 1925 1o 1930 rosl 6bLT0 TPOAAHO 34 TOHHBI
npenapata. C 1920 no 1930 roxs! repoun B psje
CTPaH MPUMEHSIIICS B 3aMECTUTETHHON TEPATTHH JIJIsT
GOJIBHBIX, CTPAAAIOIINX MOP(HUHOBOI 1 KOKAHOBOI
napkomanusmu. B wemerkux (DOPI') anrekax repo-
WH MOKHO Ob1I0 KyriTb 10 1971 rozga [17]. B Hacro-
sriee BpeMsl HU offHa (hUpMa MUpa He TPOU3BOIUT
TepOMH KaK JIeKapCTBeHHOe cpe/cTBO. JleraspbHO OH
B OY€Hb HEOOJIBIIIX KOJTMUYECTBAX MPOU3BOIUTCS U
IIpoJlaeTcs TOJIbKO /Ul MCCJIe[0BATENbCKUX lieseil

Diacetylmorphine (heroin) was first synthesized
by Alfred Wright in England in 1874. Wright pro-
duced a stronger, acetylated form of morphine called
diacetylmorphine and morphine diacetate. However,
diacetylmorphine became popular 23 years after its
synthesis by another researcher, EFHoffmann, who was
studying acetylation of morphine to produce codeine.

Due to the acetylation, a more potent form of
morphine was developed with a narcotic effect
exceeded the effect of the original substance by 1.5-
2-fold. The name of the drug, "heroin" comes from a
German word "heroisch", which means "heroic,
strong” (from the Greek word "fpwC").

Diacetylmorphine (heroin) was used in medical
industry as an antitussive agent to substitute mor-
phine, and it was considered non-addictive.
However, later heroin was found to be metabolized
in the liver to produce morphine. Due to the wide-
spread heroin abuse, in 1913 and 1914, new laws
were adopted in the Western Europe and North
America allowing the use of diacetylmorphine for
medical purposes only. In 1924, the US Congress
banned its distribution, import and production. The
League of Nations Health Committee banned
diacetylmorphine in 1925, although it took more
than three years for the implementation of the ban.
Currently, diacetylmorphine is illegal for non-med-
ical purposes in the countries which have ratified the
Single Convention on Narcotic Drugs. Over the
period from 1925 and 1930, 34 tons of heroin were
sold worldwide. From 1920 to 1930, heroin was used
in some countries as a replacement therapy for
patients with morphine and cocaine addiction. In the
German pharmacies heroin could be bought until
1971 [17]. At present, no company in the world pro-
duces heroin as a medication. It is produced and sold
legally in very small quantities for research purposes
only or for the use in the palliative care (to relieve
suffering of patients in fatal cases) [18, 19].

Semisynthetic opiate diacetylmorphine (heroin)
is a morphine derivative. Its synonyms are acetomorfin;
3,6-diacetylmorphine; (5a,6a)-7,8-dihidro-4,5-epoxi-
17-methilmorfin-3,6-dioldiacetat; heroin; morphine
diacetate; heroin hydrochloride. According to its physi-
co-chemical properties, it is a solid crystalline or solid
powder-like substance. The chemically pure substance
is a white crystalline powder. The crude product is a
bitter, gray-brown powder which consists of small crys-
tals with an unpleasant smell [20—22]. Acetylation is
associated with the replacement of hydrophilic hydrox-
yl groups by more hydrophobic acetyl groups; it makes
heroin less soluble in water than morphine, but better
soluble in lipophilic solvents.

Toxicokinetics and toxicity

From the clinical point of view, diacetylmor-
phine is a morphine precursor, but with different
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WJIN JIJISE €TO UCIIOJIb30BAHUS B TTAJLTMATUBHOM Jiede-
Hun (st obJieryeHusT cTpafaHuil Oe3HaLeKHO
6ospHbIX) [18, 19].

[MosycuaTETHYECKWI ONMMAT UATETUIMOP-
¢un (repouH) sABILETCS MPOMU3BOJHBIM MoOpdhUHA.
Cunonumsl: anteromMmopdun; 3,6-nuareTuaMopduH;
(5a,6a)-7,8-mumernapo-4,5-amoxcu- 1 7-MeTHIMOp-
$un-3,6-1uosnguamerar; repouH; MopguH auaie-
TaT; TUAPOXJIOpU TeponHa. Ilo ¢pusnko-xumnyec-
KUM CBOMCTBaM 3TO TBEPAO-KPUCTAIINIECKOE WJIH
TBEP/IO-TIOPOIIKOOOpa3Hoe BerecTBo. Umcroe Be-
ecTBO — GeJIblil KpucTajinyeckKuii moporok. He-
OUMIIEHHBIH TPOAYKT — TOPBKOBATHIN, CepoBaTO-
KOPUYHEBBIN  MOPOIMIOK B  BUJE  MEJKHX
KPUCTAJVIMKOB C HeNpUATHBbIM 3araxoMm [20—22].
AlleTUTMpOBaHWe, CBI3aHHOE C 3aMelleHNeM THU]I-
POGUIBHBIX THAPOKCUJIBHBIX TPYII Ha OoJiee THjI-
PohOOHBIE AlleTUIbHBIE TPYIIIBI, IPUBOIAUT K TOMY,
YTO TEPOUMH XyKe MOp(UHA PacTBOPSIETCS B BOJIE,
HO Jiy4iiie B TUNO(MUIBHBIX PACTBOPUTESX.

TokcukOKHHETHKA M TOKCUYHOCTh

C JsieueOHOIT TOYKU 3pEHUsT AUALETUIMOPHOUH
SBJISIETCS TIPEKYPCOPOM MOPGhUHA, HO € OTIUIUSIMHA
1o (papMaKOKWHETHKEe W KIMHWYECKOH KapTuhe. B
TOJIOBHOM MO3T€ TePOWH TOCJe JealleTUITHPOBAHUS
npeBpamaercs B 6-MOHOAIETHIMOPGUH U MOP(UH.
JuanerrnaMopdhuH rUAPOXIOPH] B HEKOTOPBIX CTpa-
nax (Ho #e B Poccutickoit Deepanun) UCIoOIb3yeT-
s KaK aHAJIbTETHK U uMeeT GoJiee CUIIbHBIN ahdeKT,
yeM y MopduHa, HO ¢ 60jiee KOPOTKUM MEPUOIOM
netictBus. B psze cTpan auaneTnaMopduH UCIOb-
3yercst st JIYeHUs] XPOHUYECKON 00U B TepMHU-
HAJIbHBIX COCTOSTHUSIX, B aKYIIEPCTBE U VIS JIeUeHUST
6onm npu uHbapkrax. TepameBTUdyecKue I03bI Y
B3POCJIBIX COCTABISAIOT 5— 10 MT [P BHYTPUMBIIIIEY-
HBIX, TOJIKOKHBIX U BHYTPUBEHHbBIX UHBeKIUsX. Ha-
puMep, MPHU OTIepaIi KecapeBa CeYeHUs UCTIOIhb-
3yercst B cpeateM 5 Mr auaneruiaMopduna. OxHako
Y JIMII, 3JI0YHOTPEOISIIONINX HAPKOTHYECKUME CPe/l-
crBamu, a(h(eKTUBHAs TepaneBTUYecKas /103a MO-
JKeT cocTaBAaTh 10 200 MT B fieHD. Y AeTelt per os 70-
3a cocraBager 0,6 wMr/kr B CyTKW, TIpH
BHYTPUBEHHOM BBegenuu jno3a cocrasisger 0,01
Mr/Kr B cyTku [10].

CyIiecTBYIOT pasjinyHble YT TOCTYTIEHUS
nuatetnaMopduna B opranusM [23]. Ilepopanbabrii
MyTh WCIIOJB3YETCS OTHOCUTEJNBbHO PEIKO BCJIENCT-
BHe YMEHbBIIEHUST HApKOTHYeCcKnX adekros. Nara-
JISTIAOHHBIM — TIyTeM KypPeHUs WJIU BIBIXaHUS TIO-
pomika. IlapenTepanbublli (MHBEKIIMOHHBIN) IIYTh
BBEJICHUsI SIBJISIETCsI Hanbosree PaciipoCTPaHEHHBIM,
OJTHAKO 3TOT MyTh CBSI3aH ¢ HAMOOJIBIINM KOJIYECT-
BOM OcCJIOKHeHUH. BoJiee peskne myTn BBeleHNsS —
peKTabHbIil niau Barutaabubiii [7]. [To gannbiv jm-
TepaTyphl, U MO OIBITY Hallleil paboThl, BCTPEYAOTCS
OTpaBJICHUST BCJIEICTBUE Pa3repMeTH3aIluu KOHTel-

pharmacokinetics and clinical effects. In the brain,
heroin is converted to 6-monoacetylmorphine and
morphine after deacetylation. Diacetylmorphine
hydrochloride is used as an analgesic drug in some
countries (but not in Russian Federation); it pos-
sesses more potent effect than morphine, but with
a shorter period of action. In some countries,
diacetylmorphine is used to treat chronic pain in
terminal conditions, in obstetrics, and for the
treatment of pain in myocardial infarctions.
Therapeutic doses in adults are equal to 5—10 mg
in intramuscular, subcutaneous and intravenous
injections. For example, an average of 5 mg
diacetylmorphine is used during cesarean section.
However, in patients with drug abuse, the effective
therapeutic dose may be as much as 200 mg/day. A
pediatric oral dose is 0.6 mg / kg/day; an intra-
venous dose is 0.01 mg / kg/day [10].

There are several routes of administration of
diacetylmorphine [23]. The oral route is relatively
rare due to attenuation of the narcotic effects.
Inhalation is done by smoking or inhalation of the
heroin powder. Parenteral (injectable) administration
route is the most common one, but this way is associ-
ated with the largest number of complications. Rare
routes include the vaginal or rectal administration [7].
According to literary sources and own clinical experi-
ence, sometimes poisonings are caused by opening of a
container in drug smugglers' stomach [7].

The main effects of diacetylmorphine are deter-
mined by its agonist metabolites: 6 monoacetylmor-
phine (6-MAM), morphine (MOR) and morphine-
6-glucuronide (of M6G), therefore the studies of
toxicokinetics and toxicodynamics should take into
account their mechanisms of action [10, 18, 24].

Speed and effector mechanisms of diacetyl-
morphine depend on ways of its administration
[25]. After an oral administration, diacetylmor-
phine undergoes rapid biotransformation (deacety-
lation) and may be detected 3—7 minutes after
administration, whereas following an intravenous
administration, diacetylmorphine does not pass the
first stage (acetyl groups make the drug more
lipophilic than morphine) and immediately enters
the brain by crossing the blood-brain barrier. In the
brain, diacetylmorphine is deacetylated to inactive
3-monoacetylmorphine and active 6-monoacetyl-
morphine (6-MAM), and then to morphine.
Morphine and 6-monoacetylmorphine are opioid
agonists that bind to opioid receptors located in all
structures of the brain, and are also present in the
spinal cord and the intestine. The morphine-3-glu-
curonide metabolite has no effect on the opioid
receptors; however, after a long-term abuse, it can
produce a neurotoxic effect [26].

After an intravenous injection, a rapid increase
of diamorphine blood concentration is followed by its
precipitous decrease, and the drug cannot be detect-
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HEPOB BHYTPHM OPTraHW3MOB JIWII, 3aHUMAIOINXCS
KOHTpabaH0i HAPKOTHYECKUX CPEICTB [7].

OcHoBHbIe 9PEKTDI AEHCTBUS AUATIETUIIMOP-
(buHa ompemesdoT ero MeTabGoJUTHI-aTOHUCTBL: 6-
MoHoaretuiMopduH (6-MAM), mopdua (MOP) u
Mopdur-6-Taokyponus (M6G), moatomy npu nsy-
YEeHWH TOKCUKOKUHETUKN U TOKCUKOIMHAMWKA BaXK-
HO M3yJeHne MexaHu3MoB nx jerictsus [10, 18, 24].

Cxopoctb, ahdeKTopHble MeXaHU3MBI Juale-
TUIMOP(UHA 3aBUCAT OT MyTel ero BBemeHus [25].
[Ipu mepopaibHOM BBeIEHWHU AWAIETUIAMOPDOUH
nozBepraercst ObIcTPoii GuorpaHcopmaiun (reare-
TUJINPOBAHUIO) U OOHAPYKUBAETCs uepe3 3—7 Mu-
HYT TIOCJIe BBEIEHUS, TOT/Ia KaK TIPU BHYTPUBEHHOM
WCIIOJIb30BAHUN TUATIETUIMOPGUH HE TTPOXOIUT
[epBOro atara (aleTuaIbHbIe IPYIIIBI AETAI0T ero 6o-
Jiee TUTIOGUIBHBIM HeXXeJTn MOp(UH) 1 cpasy mona-
JlaeT B TOJIOBHOM MO3T 4epe3 reMaTodHIedarndec-
Kuii Gapbep. B rooBHOM Mosre auaneTuaMophuH
JlealleTUJINPyeTcss B HEAKTUBHBINH 3-MOHOAIETHJI-
MOpdUWH W aKTUBHBIN 6-MoHOametunamopdun (6-
MAM), a 3atem B Mmopcun. VI Mmopdua 1 6-moHOaIIE-
TUJAMOP(MUH SBJSIOTCS OMMONUIHBIMU arOHUCTaMHU,
KOTOpBIE CBS3BIBAIOTCS C PEIENTOpaMu, PacroJio-
JKEHHBIMU MTPAKTUIECKH BO BCEX OT/IEJAX FOJIOBHOTO
MO3Ta, a TaKyKe MPUCYTCTBYIOT B CTUHHOM MO3T€ U B
kutredHuke, O6pasyonuiicst MeTaboguT MOphUH-3-
[JIIOKYPOHU/T He JIEHCTBYET Ha OIUOW/IHBIE PEIENTO-
PbI, OZHAKO TIPH JJTUTEJILHOM 3JI0yTTOTPEOJEHUN MO-
JKeT OKa3bIBaTh HEMPOTOKCHUecKoe aeiicTBue [26].

[Tpu BHYTPUBEHHOM BBE/IEHUH TIOCJIE PE3KOTO TI0-
BBIINEHUST KOHIIEHTPAIIUHU JUATIETIIIMOP(MUHA B KPOBU
B JIAJIbHENIIIEM OTMEYAETCs TIyOOKOe CHIKEHIE, U YiKe
yepes 45 MUH HapKOTHK MOKET ObITh He OOHApYsKEH.
CHuKeHne KOHIIEHTPAIH AUAIeTHIMOP(MIHA B TLTa3-
Me WMeeT ABYX(a3HyIO IMHAMUKY: HauajbHas dasa
CBEPXOBICTPOTO pacipeiesicHus, a 3ateM (daza ObICTPO-
ro BoiBezienust [25]. B Teuenuie 24 yacos nocie BBejie-
Hust okosio 80% auarieTnaMopdrHa BEIBOAUTCS U3 Op-
raHu3aMa ¢ MOYOH B Bujie MOPGhUH-3-TIIOKYPOHUIIA,
MopduHa 1 6-MoHOateTHIMOphUHa [23].

Toxcukoaunammka

CymecTByeT HECKOTBKO OCHOBHBIX THUIIOB OTIH-
ATHBIX PEIENTOPOB, KAKIBIN 13 KOTOPHIX BKJIIOYAET B
cebs Heckoubko moaTutios [ 10]. Kaxsrii cocronT us
ceMH TpaHCMeMOPaHHBIX CETMEHTOB ¢ aMUHO- 1 Kap-
6okcurpymamu [27].

OTMegaeTcst CXOICTBO MEKIY TpaHcMeMOpaH-
HBIMHM YYaCTKaMH PEIENTOPOB U Pa3indue MeKIy
BHYTPU- W BHEKJETOYHBIMH YaCTSIMU pPeIenTopa.
ITH HEeTOXO0XKHe YaCTH PEIeNTOPOB OTBEYAIOT 3a CO-
e/IMHEHUE € JIUTAHIOM W Tiepejiadeil curHaia u, Ta-
KM 00pa3oM, OTIPEIEIISIOT PA3HUILY MEXKIY PasHbI-
MU PEIENTOPAMH.

Kuacenukarust onatHIX PEenTopoB HeOTHO-
KPaTHO MEHSINCh. [IpebiiyTnas HoMeHKIaTypa OCHO-

ed in 45 min. The reduction of plasma concentrations
of diacetylmorphine has a two-phase dynamics: the
initial phase of ultrafast distribution followed by a
rapid elimination phase [25]. Within 24 hours after
administration, about 80% of diacetylmorphine is
excreted with the urine as morphine-3-glucuronide
and morphine-6 monoacetylmorphine [23].

Toxicodynamics

There are several main types of opioid receptors,
each of them include several subtypes [10]. Each
receptor contains seven transmembrane segments
with amino and carboxyl groups [27].

There is a similarity between the transmem-
brane segments of the receptors and a difference
between the inner and outer parts of the receptor.
These different parts of receptors are responsible for
binding to ligand and signaling, and thus determine
the difference between the different receptors.

Classifications of opioid receptors has been
changed many times. The previous nomenclature was
based on the name of the ligands (KOR — cletocincla-
zocin, MOR — morphine) or product name (DOR —
prepared from the mice), which were used to identify
the receptor [28]. The current classification is based on
the chronology of the discovery of the receptor and the
endogenous ligands bound to opioid receptors (OP)
[27]. Tt was adopted by the International Union of
Pharmacology. This was done in order to synchronize
receptor names with the name of neurotransmitters.

Morphine type mu-receptors (u-receptors)
(MOP receptors, OP; receptors). Almost all
endogenous opioids bind to p-receptors, but they
also affect other receptors. There are two subtypes
of p-receptor (u; and u,), but this fact has no clini-
cal significance. p-opioid receptors are located in
the brain, in the spinal cord, and in the intestine. In
the brain, they are concentrated in the gray matter
of the midbrain around the aqueduct of Sylvius, in
the olfactory bulb, in the nucleus accumbens, in
some layers of the anterior cerebral cortex, and in
some nuclei of the amygdala and neurons of the
solitary tract. They are mainly located presynapti-
cally. They are GPCR-metabotropic receptors, i.e.
the receptors coupled to G-proteins that normally
activate endorphins. Endorphins are the part of the
body intrinsic analgesic system which is intended
to control the level of pain.

Diacetylmorphine metabolites bind to opioid
receptors. They can cause changes in the excitability of
neurons by stimulating the presynaptic release of
gamma-aminobutyric acid (GABA). Although GABA
is an inhibiting mediator, its final effect depends on the
part of the nervous system where its receptors are
located, and on the state of the postsynaptic neurons.
In addition, with regard to p-opioid receptors, the
effect depends on the specific agonist [29].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 6



DOI:10.15360,/1813-9779-2016-6-64-81

O63opm

BBIBasIach Ha HazBanuu JmurauaoB (KOR — kietork-
nazora, MOR — mMopduH) nnm Ha Ha3BaHWM TIperia-
pata (DOR — mpenapupoBaHmie 13 MBIIIEN ), KOTOPbIE
WCTIONIBb30BAJINCH TSI UACHTU(DUKAIUU PEIETTOPOB
[28]. CoBpemennas kiaccuduKalysg OCHOBaHa Ha XPo-
HOJIOTUU OTKPBITUST PEIENTOpa W Ha SHIOTEHHBIX JIU-
TaH/IaX CBSI3AHHBIX ¢ ortnoniHBIME pertenitopamu (OP)
[27] u GbLna npuHsATa MeKIyHAPOIHBIM COI30M (hap-
MaKOJIOTOB. DTO C/EJIAHO C TeJThI0 CHHXPOHU3AIINH Ha-
3BaHUSI C Ha3BaHUEM HEMPOTPAHCMUTEPOB.
p(mio)-perterrtops MopuHOBOTO THTTA (M OP-
pettenitopel, OP;-perientopsl) — MOYTH BCe IHOTEH-
HbIEe OMUOW/IBI, KOTOPBIE CBA3BIBAIOTCS C -PEIENTO-
paMu, HO TpPU ITOM JAEHCTBYIOT W Ha JpyTHe
pettenitopel. MI3BecTHB! 2 moaTHIA U-PenienTopoB (1,
U ), OJHAKO ITOT (DaKT He MMeEeT KIMHUYECKOTO
3HAUEHUSI. -OMUOW/IHbIE PEIETITOPhI PACIOJIOKEHBI
B TOJIOBHOM M B CTUHHOM MO3T€, a TAaKXKe B KUIIETHH-
Ke. B ToI0BHOM MO3Te OHM COCPENOTOYEHBI B CEPOM
BEIeCTBE CPEHET0 MO3Ta BOKPYT CHJIbBUEBA BOJIO-
IPOBO/IA, B OOOHITEIBHBIX JIYKOBUIIAX, TPHJIEKATIIEM
S7ipe, HEKOTOPBIX CJIOSX KOPBI TIePeIHETO MO3Ta, a
TaK)Ke B HEKOTOPBIX s/[paX MUHAJIWHBI U HEHPOHAX
COJIUTAPHOTO TPaKTa. B OCHOBHOM OHM pacriosioxe-
Hbl TIpecuHanTHyecku. OHU MPEACTABIAIOT cOOOI
metaborponnbie GPCR-penientopsl — peLenTopsl,
conpskenHbie ¢ G-6eIKaMu, KOTOPbIEe B HOPME aKTH-
BUPYIOTCS 3HAOPGUHAMU. IHAOPDUHBI SBISIOTCS
YacThi0 MPOTUBOOOJEBOII CHCTEMBI, TIPU3BAHHON
KOHTPOJIUPOBATH YPOBEHD GOJIEBBIX OIIYIIEHUI.

MetabosuThl AuaneTuaMopprHa CBSI3bIBAIOT-
¢ ¢ onmouaHbIME pertenitopaMu. OHU MOTYT BBI-
3bIBaTh WM3MEHEHUS B BO30YAMMOCTH HEHPOHOB,
CTUMYJIUDYST TIPECHHANITUYECKOE BBIJETEHUE TaM-
Ma-amMmuaOMacasgaolr kuciaotrel (AMK). Xorsa
TAMK topMo3HOii MenuaTop, KoOHedHbIH 3 derT
3aBHUCHUT OT OT/I€JIa HEPBHON CUCTEMBI M COCTOSTHUS
MMOCTCUHANITHYECKNX HellpoHOB. KpoMme ToOTO, B CITy-
qae U-OTMOUIHBIX PEIENTOPOB OH 3aBUCUT OT KOH-
KpeTHoro aroHucra [29].

K (Kara)-perenTopbl KeTOMUKIA30IIUHOBOTO
tuna (KOP-penerrropsr, OP,-penienitoper) — Haxo-
JISITCSI, TJIaBHBIM 0OPa3oM, B CIIMHHOM MO3Te, aHTHHO-
IUTIENTUBHBIX I[EHTPaX TOJOBHOTO MO3Ta U YepPHOI
cybcraniun. IIpu UX CTUMYJISIIIUM PasBUBAETCS
00e300/1MBaHIe HA YPOBHE CIIMHHOTO MO3Ta, MHO03 U
nosmypusi. B oTiimune or CTUMYJISIIAN |U-PETenTo-
POB UUISI K-PENENTOPOB HE XapaKTePHbI yrHETCHUE
nbrxanus u 3amopsr [10].

Od(nensra)-penerrropel (DOP-pernentopsi, OP;-
PeLenTopbl) — 00 ATUX PEIENTOPax U3BECTHO MajIo. Ix
SH/IOTEHHBIMU JINTAHIAMU SIBJISTIOTCS SHKE(DaTNHBI.

NOP-penenropsr (ORL,-pentenitopsr, OP-pe-
IENTOPbI) — YYacTBYIOT B aHKCHOJUTUYECKOM W
obesbosmBaIIX a(deKrTax, OMHAKO KIMHIIECKAs
3HAUMMOCTD 3TUX perenTopoB He onpenesnena [10].

o(curma)-SKF10047 perenrtopsl animaMeTa-
30IIMHOBOTO THUIIA HE MOJIyYn 0603HaueHusT Komu-

Ketocyclazocine type kappa-receptors (k-recep-
tors) (KOR receptors, OP, receptors) are located main-
ly in the spinal cord, brain antinociceptive centers, and
substantia nigra. Their stimulation causes analgesia at
the spinal cord level, myosis, and polyuria. Unlike p-
receptors, respiratory depression and constipation are
not typical for stimulation of x-receptors [10].

Delta-receptors (d-receptors) (DOP-receptors,
OP,-receptors). Little is known about these recep-
tors. Enkephalins are their endogenous ligands.

The NOP receptors (ORL, receptors, OR;-
receptors) are involved in the anxiolytic and anal-
gesic effects, but the clinical significance of these
receptors is not clear [10].

Allilmetazotsin type o(sigma)-SKF10047 were
not classified by Committee on Nomenclature of the
International Union of Pharmacology [10].

Toxicometry

The toxic and lethal doses of diacetylmorphine
depend on the individual tolerance. 20 mg of
diacetylmorphine are considered to be an absolutely
lethal dose. Deaths after administration of 10 mg
were reported. Morphine plasma concentration after
lethal poisoning varied from 0.01 to 0.09 mg/l. In
experimental studies, the diacetylmorphine lethal
dose for mice was the following: LD;, subcutaneous-
ly — 261.6 mg / kg, LD;, intravenous — 21.8 mg /
kg. In experiments on dogs, the LD,,;,, subcutaneous-
ly was 25 mg / kg; in pigs, the LD, subcutaneously
was 400 mg / kg; in cats, the oral LD,;, was 20 mg /
kg; in rabbits, the LD,,;, subcutaneously was 150 mg
/ kg and LD, intravenously was 9 mg / kg [7].

Chemico-toxicological identification

In order to diagnose acute diamorphine poison-
ing, a toxico-chemical analysis should be performed.
Major metabolites of diamorphine, 6-monoacetylmor-
phine, morphine, morphine-3-glucuronide, morphine-
6-glucuronide can be quantified in the blood, urine and
plasma. Most of the tests available may demonstrate the
cross-affinity to these metabolites, as well as to 6-
acetylcodeine and codeine. In the interpretation of
these tests it is very important to know patient's histo-
ry of drug abuse. In long-term abusers, high levels of
metabolites are usually detected. In methods based on
hydrolysis, the results can be higher than with methods
that allow to check each metabolite individually [10].

Mechanism of action

The mechanism of action of diacetylmorphine is
determined by the effect of morphine as a typical (refer-
ence) opioid, which has a high affinity to p,- and py-opi-
ate receptors [30]. Diacetylmorphine itself has relative-
ly low affinity to the p-opioid receptor. However, when
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TeTa MO HOMEHKJaType MeXAYHapOIHOTO C€Ooi03a
¢apmaxomnoros [10].

Tokcukometpus

Toxkcudeckre W JieTaJbHbIE 03Bl 3aBUCIT OT
WHUBUYaTbHONW TOJIEPAHTHOCTH K JMAIETUIIMOP-
duny. 20 Mr auaneTHaAMOPdUHA cCYrTAETCS AbCOTOT-
HO cMepTesbHOH 1030i. VI3BecTHbI ciyyan cMepTu
mocse nipuema 10 mr. [lrasmMenHas KOHIIEHTpAIIWS
MophuHa Tocie cMepTeTbHON NHTOKCUKAIIUMK Baph-
uposanack ot 0,01 10 0,09 mr/m1. B axcriepumeHTaNb-
HBIX HCCTEOBAHUSX JIeTAJbHbIE [03bI TUAIETHUJI-
Mopduna Ha Mbimax: LD5, moakoxkao — 261,6 MT/KT,
LDs, BuyTpuBerno — 21,8 Mr/kr. B ombiTax Ha coba-
kax: LD,,;, TOAKOKHO — 25 MT/KT; Ha cBUHBSX LD
nogkokao — 400 Mr/KkT; Ha Komkax LD, ;, mepopaib-
HO — 20 Mr/Kr; Ha Kposmkax LD, ;, moakoxuOo — 150
mr/kT, LD,;, BHyTpuBeHHO — 9 Mr/KT [7].

min

XHUMHKO-TOKCUKOJIOTHYECKAs
AUArHOCTHKA

C 11eJ1h10 AMATHOCTUKY OCTPBIX OTPABJIEHUH 1~
aneTnaMopUHOM HCTIOJB3YETCs TPOBe/leHNne TOK-
CUKO-XUMUYecKoro aHasiusa. OCHOBHbIE MeTaboJIH-
Thl auamopduna: 6-moHoareTuaMopduH, MOpdUH,
MOPGhUH-3-TIHOKYPOHI, MOPHOUH-6-TIIOKYPOHU
MOTYT OBITh OTPE/IeJIeHbl KOJIMYEeCTBEHHO B KPOBH, B
Moue ¥ B IasMe. Y GOJIBITMHCTBA TECTOB MMEETCsI
nepekpecTHbiil apGUHUTET K 9TUM MeTaboJIuTaM, a
Takke K 6-ameTnikosienHy u konenny. [Ipu mHTEp-
TIPeTaIy 3TUX TECTOB OYeHb BAKHO 3HAHNE aHAMHe-
3a ynorpebJIeHUsT HAPKOTUKOB. Y [JIUTEJIBHO YIIO-
TPeGJIAIOIUX JIIL OOBIYHO BBICOKOE COJEPKAHIE
MetabosutoB. IIpu MeToax, OCHOBaHHBIX Ha THPO-
JIU3e, TTOKa3aTes i MOTYT OBITh BBIIIE, UM TIPH METO-
J1aX, KOTOPBIE MO3BOJIIIOT MTPOBEPUTH KaK/bIH MeTa-
6osuT 10 otTHeabHOCTH [10].

Mexanu3m aeicTBus

Mexaansm geficTBUS AWAIETUIMOPMUHA BO
MHOTOM OIpeJesisieTcs ieficTBueM MOpgrHa Kak TH-
MIYHOTO (3TAJIOHHOTO) ofnaTa, 00JIaJAMIIEro BICO-
KuM cpojcTBOM [30] K - ¥ Yy-OTTMATHBIM PEIerTo-
pam. Cam auareTraMophuH 06J1a1aeT CPaBHUTETBHO
HU3KUM CPOJICTBOM K M-OTIMATHBIM pertentopam. Of-
HAKO TP BHYTPUBEHHOM BBE/IEHUH, B OTJIMYNE OT I'H-
jgpomopduna u oxkcumopduHa, AuaneTuaMopduH
BBI3bIBAET GoJiee CUJIbHBIN BBIGPOC THCTAMUHA, TIPH-
BOJS K OoJiee BBIPAKEHHOMY YYBCTBY <«IIOIbEMa», a
HEKOTOPBIX CJIydasx Takke K 3yny [31].

Bce onmaTel, B TOM Ynciie W IUANETHIMOPQUH,
UMEIOT OIpe/IeIeHHOE CTPYKTYPHOE CXOJCTBO C 9H-
nopduHamMu. Y 9HIOTEHHBIX, TO €CTh MPOU3BE/IEH-
HBIX CAMUM OPTaHU3MOM OIHMATOB, CTPYKTypa MoJie-
KyJbl TI03BOJISET TOYHO B3aUMOJEHCTBOBATH C

administered intravenously, unlike hydromorphine and
oxymorphine, diacetylmorphine produces a more pro-
nounced release of histamine, resulting in greater eupho-
ria sensations and in itching (in some cases) [31].

All opioids including diacetylmorphine have
certain structural similarities with endorphins.
Endogenous, i.e. produced by the body, opiates has a
structure of the molecule that allows interacting pre-
cisely with the desired receptor. The affinity of
exogenous opiates molecule with receptor is relative-
ly low, and this fact affects the efficacy and selectivi-
ty of their action greatly. Depending on their type,
endorphins affect a strictly predetermined group of
receptors, but opiates affect all of them at once. In
comparison with endorphins, higher doses of opiates
are needed to achieve the same effect [25].

Morphine also binds to the 8- and «-opioid
receptors. There is evidence that 6-monoacetylmor-
phine is associated with a subtype of p-opioid recep-
tor, which binds to a metabolite of morphine, mor-
phine-6-3-glucuronide, but not morphine itself [10].

Opioid receptors belong to the family of receptors
associated with G-protein. Activation of opioid recep-
tors results in the activation of G, protein. Activation of
opioid receptors inhibits adenylate cyclase, thus
decreasing the concentration of cell cyclic adenosine
monophosphate (cAMP). Electrophysiologically volt-
age-gated Ca2* channels are blocked, and K* channels
are activated by internal rectification [32]. As a result,
the activation of opioid receptors reduces neuronal
excitability. Additionally, opioids contribute to the
growth of arachidonic acid concentration using the
protein kinase mechanism that leads to the activation of
free radical processes in the cell.

In a toxico-dynamic aspect, the effect of
diacetylmorphine is similar to that of morphine and
is determined by the route of administration of a
toxic agent, dose, and patient tolerance.
Diacetylmorphine, being highly lipophilic analog of
morphine, has more rapid and intense effects on the
central nervous system.

Diacetylmorphine and 6-monoacetylmorphine
(6-MAM) have a low affinity for opioid receptors in
the brain [7]. Absorption of diacetylmorphine is 1.5
times as fast as that of morphine and it is 2.5 times as
strong and 200 times as soluble as morphine. The
effect occurs faster, has a shorter duration, causes nau-
sea and vomiting less frequently, but produces a more
pronounced sedation [10]. For example, 3 mg of
diacetylmorphine administered subcutaneously, intra-
muscularly or intravenously, produce an effect similar
to that of morphine at a dose of 10 mg as an intra-
venous injection or 60 mg administered orally [7].

Heroin addiction

Diacetylmorphine became very popular among
drug addicts, as compared to other opioids, due to
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HY>KHBIM DPeIenTOpoM. Y 9K30T€HHBIX COBTAJICHUE
MOJIEKYJIBI U PEIEenTopa OTHOCUTENIBHO HEBEJIUKO,
YTO 3HAUYUTETHHO CKA3bIBAETCS HA CEJIEKTUBHOCTU W
a2 hEKTUBHOCTY UX JeHCTBUA. DHAOPPUHBI, B 3aBU-
CUMOCTHU OT THIIA, JAEUCTBYIOT Ha CTPOTO 3a/IaHHYTO
IPYyTITy PEEenTOpoB, a omuathl Ha Bce cpasy. Ilo
CPaBHEHMIO ¢ SHIOPMUHAMY [T TOCTUKEHUS OJTH-
HakoBOro ahdekra HeOOXOAMMbI HoJIee BBICOKHUE J10-
3Bl OITKATOB [25].

Mopohun Takke CBSI3bIBAETCS C O- U K-OTTHON]I-
HBIMU perienitopamu. EcTb nammbie, 4To 6-MOHOAIE-
TUIMOP(MOWH CBI3BIBAETCS C TOATUTIOM -OTTHON/I-
HBIX PEIENTOPOB, € KOTOPBIMH CBSI3BIBACTCS
MetabouT MopduHa MOPGUH-6-F-TIIOKYPOHU, HO
He cam MopdwuH [10].

Ornuon/iHBIE PEENTOPDI TPUHAIEKAT K ceMeki-
CTBY PEIENTOPOB, CBsI3aHHBbIX ¢ G-OGenkoM. AKTHBa-
1IUST OTIMOU/IHBIX PEIENTOPOB TPUBOIUT K aKTHBAITH
6enka G;. AKTUBAIINST OMUOM/IHBIX PEIEITOPOB UHTH-
OUpYyeT afleHNIaTIINKIa3y, KaK CJIEACTBUE CHUKAETCS
cofiepskaHue KJAeTOYHOTO IIUKIMIECKOTO aJIeHO3MHMO-
noochara (TAMD). DyekTpohU3NOIOrTIECKH TI0-
Tenuman-sapucumble Ca2*-kanaanl GJ0OKUpYyIOTCs, a
K*-kaHasmbl BHYTPEHHETO BBINIPSIMIIEHUST aKTUBUPY-
forcst [32]. Kax cirezictBre, mpy aKTUBAIAN OTTHONT-
HBIX PEIENTOPOB BO3OYAUMOCTD HEMPOHOB CHIIKAET-
cs1. Kpome Toro, ommounzabl crnocoOCTBYIOT POCTY
KOHIIEHTPAIINN apaXxuIOHOBOM KUCIOTHI TI0 TIPOTEUH-
KMHA3HOMY MEXaHU3MY, 4TO BelleT K aKTHBAIUU CBO-
GOIHOPAINKATBHBIX TIPOIIECCOB B KJIETKE.

B ToKcHKOAMHAMUYECKOM acleKkTe IeicTBHe
nuateTnaMopduHa MOXosKe Ha fieficTBre MopdrHA 1
00YCJIOBJICHO IIyTeM MOCTYILIEHUsI TOKCHYECKOTO
areHTa, 0301 M TOJIEPaHTHOCTBIO GosibHOTO. [l1arie-
TUIMOP(MWH, SBJSSACH BBICOKO JUMO(MUIbHBIM aHa-
JloroM Mop(UHa, BbI3bIBAET GoJiee OBICTPOE 1 HHTEH-
cuBHoe Bo3jeiictBue Ha ITHC.

[unaneruamopdun m 6-MoHOAIETUIAMOPGDUH
(6-MAM) uMeroT HU3KOE CPOJICTBO K OMUOUIHBIM
perienitopaM Mosra [7]. AGcopOiust auareTuaMop-
(duna B 1,5 pasa 6bicTpee, ueM y MopduHa, B 2,5 pasa
cusbhee n oH B 200 pas 6ojiee PacTBOPUM, HEKEJIH
MopduH. IhPeKT Bo3HUKAET ObICTPee, UMEET MEHb-
YO TIPOAOJIKUTENBHOCTD, META0OIUT MEHBIIE BbI-
3bIBAET TOIIHOTY M PBOTY, HO GoJiee CUJIBHYIO cela-
umio [10]. Hampumep, 3 mr amanetusmopdusa,
BBEJICHOTO IMOJKOKHO, BHYTPUMBIIIEUHO UM BHYT-
pPUBEHHO, BBI3bIBaeT 3(heKT aHATOTHIYHBIN MOPGhU-
Hy B o3¢ 10 MT TIpy BHYTPUBEHHOM BBEIEHUU WJIH
60 MT BBEIeHHOTO TTIepOPaJIbHO [7].

I'epounoBasi 3aBUCUMOCTD

SHAYHUTETHHYIO TIOMYJSIPHOCTDh B Cpelie HapKO-
MaHOB, TI0 CPAaBHEHWIO C JPYTMMU ONUATAMU, JHalle-
TIJIMOP(UH TIOy4nT Orarogapst 6osiee BhIPasKeHHO-
MYy HapKOTHYECKOMY JIeCTBUIO, 4eM y MopduHa [33].
B xmHnyeckoit kapTuHe OCHOBHBIE 9(D(hEKTHI 1uaiie-

more apparent narcotic effects than that of morphine
[33]. The main clinical effect of diacetylmorphine on
the CNS is mediated by its action on the opioid p-
receptor, and, to a lesser extent, on opioid 6- and k-
receptors. The use of diacetylmorphine is associated
with the relief of anxiety, a feeling of well-being, and
mood changes with euphoria caused by the release of
dopamine in the mesolimbic system after acting on the
u- and d-receptors. Diacetylmorphine has a more pro-
nounced euphoric effect unlike morphine, which has
analgesic, anxiolytic and sedative effects due to its
high lipophilicity; besides, these substances have dif-
ferent abilities to cross the blood-brain barrier [10].

Prolonged abuse leads to addiction, which is
manifested by increased tolerance, physical and psy-
chological dependence [34], which are more pro-
nounced in the abuse of diacetylmorphine, as com-
pared to morphine [26, 35]. It should be noted that
the endogenous opioid system participates in regula-
tion of important and complex forms of social behav-
ior, which is involved in the formation of stable, emo-
tionally committed social relationship [36].

The logical consequence of the heroin intake is
the formation of physical addiction of the drug [37].
The withdrawal syndrome develops, if a drug addict is
unable to take the next dose in time. This feature is
directly related to the mechanism of action of
diacetylmorphine. By interacting with opioid recep-
tors, it inhibits the synthesis of endorphins and, thus,
reduces the sensitivity of receptors. In case of drug
withdrawal, a full or partial shutdown of the own anal-
gesic system occurs. After a period of decompensation,
the intrinsic analgesic system restores its function.
Duration of decompensation depends on the state of
the body, the history of drug addiction, and the drug
dose. Physical dependence decreases or in some cases
completely disappears. Severity of psychological
addiction remains the same or increases [38].

When patient's state is normalized, a gradual
reduction of clinical manifestations and subjective
discomfort takes place. In fact, all clinical manifesta-
tions of addiction could be observed, but in reverse
order. The duration of withdrawal syndrome may
range from 3 to 15 days and depends on the treatment;
in the absence of treatment this duration can signifi-
cantly increase. The longer the abuse, the more severe
and prolonged is the withdrawal syndrome [39].

A period of withdrawal is followed by the peri-
od of recovery, a strong psychological dependence
retains, and there is growing fear of a repetition of
this condition in the future [40].

Despite the severe symptoms and subjective
extreme discomfort of the abstinence for the addict,
this syndrome itself is not actually life threatening.
Violent actions, which a drug addict suffering with-
drawal symptoms may perform against himself or
against the others, are dangerous, as well as possible
deterioration of health in the event of comorbidities

OBINAA PEAHMUMATOAOTI M, 2016, 12; 6

www.reanimatology.com

71



72

Reviews
[ |

DOI:10.15360,/1813-9779-2016-6-64-81

TisiMopduta Ha ITHC o0yciioBieHbl AeHCTBIEM Ha
OIUOW/THBIE [-PEIETITOPDI, a TAKXKE B MEHBIIIEH cTere-
HU OHUOUAHBIX O- U K-PElenTopoB. YnorpebjeHue
JIATIETUIIMOP(MITHA COTTPOBOK/IAETCST CHITHEM UYBCT-
Ba TPEBOTH, OIILyIIeHNEM OJIATOTIONY ST 11 H3MEHEH-
sIMU HaCTPOEHHsI ¢ aiiopreil 3a cuer BBICBOOOIKIE-
HUS JohaMiuHa B ME30JIMMOUYECKOI crcTeMe MmyTeM
BO3JIEHCTBUS HA - W O-PEIENTOPhL. Y JAUAIEeTHIMOD-
(una Gosee BbIpaKkeHHbI diipopuueckuii apdexT B
ormane ot MopduHa, obJagaroIero 06e360aMBak0-
MMM, aHKCUOJIUTUYECKUM U CEJATUBHBIM JIEHCTBHEM,
4T0 0OYCJIOBJICHO €r0 BBICOKO JIUITOMUIBHOCTHIO U
PasHOI CIIOCOGHOCTBIO ITHX BEIIECTB MPOHUKATH Ye-
pes remaroatiiedamnueckuii 6Gapsep [10].

ITpu anuTeIbHOM 3710yTIOTPEOIeHUT PAa3BUBAET-
ST 3aBUCUMOCTb, KOTOPAst IPOSIBJISIETCS TTOBBITIEHUEM
TOJIEPAHTHOCTH, (PU3UUECKON 1 TICUXOJIOTTYECKON 3a-
BucuMocTsIME [34], KoTopbie Gojiee BBIPasKEHBI MPU
3710y TIOTPEOJICHUN TUAIETUIMOP(MUHOM, TI0 CPaBHe-
uuio ¢ Mmopdurom [26, 35]. Ciemxyer OTMETHUTD, UTO
AHJIOTEHHAST OTIMOM/IHAS CUCTEMA CIMTACTCS BAsKHOM 1
CJIO’KHOW (DOPMOM B COIMATHFHOM TMOBEIEHWH, KOTO-
pas ydacTByeT B (hOPMHPOBAHUU YCTOWYUBBIX, IMO-
IIMOHAJIBHO COBEPIIEHHBIX OTHOTIEHNT [36].

3aKOHOMEPHBIM CJIEJICTBUEM TPHEMa TePOMHA
saBysieTcss (hopMupoBaHne (GU3NIECKON 3aBUCUMOCTH
ot nipuema cpezictsa [37]. [Ipu HeBo3MOKHOCTH CBOE-
BPEMEHHOTO MOJIyYeHNUsT 103bl HAUWHAET Pa3BUBATHCS
aOCTHHEHTHBIN CHHAPOM. DTa 0COOEHHOCTD HATIPSIMY1O
CBsI3aHA C MEXaHU3MOM JICHCTBUS JUAIleTUIMOPhIHA.
BaaumosieiicTByst ¢ OMMOMIHBIMU PETETITOPAMU, OH YT-
HeTaeT CUHTE3 SHAOP(MOUHOB M, TEM CAMBIM, CHIKAET
YyBCTBUTEILHOCTD PEIENTOPOB. B cirydae mpekparrie-
HUS IpUEMa Tpernapara IPOUCXONT TIOJTHOE WJTH Jac-
THYHOE OTKJIIOUEHKEe MPOTHBOOOIEBON cucteMbl. T1o-
cle  HEeKOTOpOTO  TepHozia  JIeKOMIIEHCAINH
cobcTBEeHHAs TIPOTUBOGOJIEBAST CHCTEMA HAUMHAET BOC-
CTaHABJIMBATH CBOIO (DYHKIHIO. J[JINTETHHOCTD IEKOM-
TIEHCAIIH OTIPe/IeTIAeTCs COCTOSTHHEM OPTaHN3Ma, CTa-
JKeM HapKOMaHWW W 10301 HapkoTuka. lIponcxomut
YMEHbBIIIEHNE UM B HEKOTOPBIX CIyYasix TOJHOE yCT-
paHenue (HU3MUECKOH 3aBUCUMOCTH. BBIpaKeHHOCTD
TICUXOJIOTUYECKON 3aBUCUMOCTA OCTAETCS HA ITPEXK-
HeM ypOBHe nin ycuanBaetcst [38].

B mporiecce HOpMaII3aIIu COCTOSTHHS TIPOMCXO-
JIAT TIOCTETIEHHOE YMEHbINEHe KIMHUIECKUX TPOSIB-
JIEHUI 1 CyObeKTUBHO HENPUSATHBIX omtymieHuil. 1o
CYTH, HAOJIOMIAIOTCS BCE Té JKe KIMHITIECKIE TIPOSTBIIe-
HIISI, YTO W TIPH €r0 PA3BUTHH, TOJBKO B OGPATHOM TI0-
pstake. JmiTebHOCTD aGCTHHEHTHOTO CHHAPOMA MO-
JKeT ObITh PA3JIMYHOIL: pu JiedeHur ot 3 10 15 nHeid,
IIPU €TO OTCYTCTBUH JJTUTEILHOCTD MOXKET CYITIECTBEH-
HO BospacTtarh. YeM GoJIbllie CTasK IpUeMa 1 033, TeM
TsKeJIee U JIiTeIbHee abCTHHEHTHBIH cuHapoMm [39].

[Tocste epereceHHON aOCTHHEHITMH HACTYTIAET
MepHo/] BOCCTAHOBJIEHUS, COXPAHSETCS CHUJIbHAs
MICUXOJIOTUYECKAsT 3aBUCUMOCTD, HapacTaeT CTpax
MOBTOPEHIS MOJ0OHOTO B HayibHeimeM [40].

(cardiovascular, neurological, infectious and other
diseases). The main medical intervention at this
stage is sedation of a drug addict [39].

The clinical signs of poisoning
and their intensive care

Despite some variability, the clinical picture of
acute opioid poisoning is known as an opioid syn-
drome, which includes mental confusion, disorders of
respiratory function and hypoventilation, myosis
and intestinal motility disorders [3, 4, 6, 7, 10].

The CNS depression is one of the most typical
and common features of the acute diacetylmorphine
poisoning [41—43]. Most common, it is clinically
manifested as a toxico-hypoxic encephalopathy,
resulting in loss of consciousness from mild torpor to
atonic coma [7, 10, 44]. Sometimes the development
of coma may be associated with hypothermia.
Cerebral edema is the most severe form of the CNS
injury; as a result, hypoxic injury is added to the
direct toxic damage. Other lifethreatening CNS
complications include seizures, which frequently
may be caused by impurities (strychnine, cocaine,
dextropropoxyphene). The late CNS complications
in long-term abusers include infectious complica-
tions, such as bacterial meningitis, mycotic
aneurysm, cerebral, subdural or epidural abscesses,
ventriculitis. They can be caused by opportunistic
infectious agents in patients with HIV infection [30]

After the central nervous system, respiratory sys-
tem is the second most commonly affected vital organ.
Clinically its injury is manifested as acute respiratory
failure, one of the major life threatening complications
of acute diacetylmorphine poisoning [45].

In the initial stage, it is neurogenic and manifests
itself as a decrease in the depth and frequency of
breathing, which is caused by a decrease in the sensi-
tivity of the respiratory center to carbon dioxide [29].
Blood gas analysis of arterial blood and acid-base sta-
tus in these patients demonstrates hypoxemia, hyper-
capnia, respiratory and metabolic acidosis.

Development of pulmonary hypertension con-
tributes significantly to gas exchange disorders,
which results in worsening of hypoxia, development
of cardiac arrhythmias (atrial fibrillation), function-
al respiratory failure and lung damage. During pro-
longed exposure of poison in some cases pneumonia
may develop, which has either aspiration or hyposta-
tic origin. After that, the central mechanisms of acute
respiratory failure become accompanied by pul-
monary lesions and development of noncardiogenic
pulmonary edema. Its pathogenesis involves several
mechanisms: anaphylactic reaction, bronchospasm,
arterial hypoxemia, increased capillary permeability
and interstitial edema. The existence of a direct toxic
impact of diacetylmorphine and its impurities on the
lung tissue cannot be excluded.
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HecmoTpst Ha crsTbHO BBIPAXKEHHYIO CUMITTOMA-
TUKY 1 CyObEeKTUBHO KpallHe TATOCTHOE JJIST HApKO-
MaHa aOCTMHEHTHOE COCTOSHHME, OHO caMo 110 cebe
akTHUecku He yrposkaeT ero ku3Hu. OmacHbI JUIIH
JeICTBUS, KOTOPBIE MOKET COBEPITUTD CTPAIATONTNI
abCTUHEHIMel HapKOMaH 110 OTHOIIEHHIO K cebe Wiin
K OKPY/KAIOMIMM, ¥ BO3MOKHBIE TIOCJEICTBUS IS
3/I0POBBSI IPU HAJIMYUHN COTTYTCTBYIOIIEH TaTOJOTUN
(cepieyHO-COCY/IMCTBIX, HEBPOJOTNYECKUX, MHMEK-
[MOHHBIX U APYTUX 3abojeBanuii). TaBHbIM JieueO-
HBIM MEPOTIPUSATHEM Ha JaHHOM JTalle SIBJISETCS ce-
JlaIyst HapKo3aBucuMoro [39].

Kaunnyeckas kapTuHa
Y MTHTEHCHBHAS Tepanus

HecmoTpst Ha HEKOTOPBIE OTJIWYNS, KIMHUYE-
CKast KapTUHA OCTPBIX OTPABJIEHUN ONMUOUTAMU Xa-
paKTepu3yeTcss KaK ONMWOWHBIN CUHIPOM, KOTO-
pBlii BKJIOYaeT B cebsi yrHETEHUE CO3HAHUS,
HapylneHus: (GYHKIIUU BHENTHETO JIBIXaHUS B BUJIE
TUTOBEHTUJISAIIUA, MUO3 U HapyIIeHUsT MOTOPUKH
KumieyHuka |3, 4, 6, 7, 10].

Yraetrenne [THC sBasieTcs omHOM 13 XapaKTep-
HBIX ¥ 00s13aTeIbHBIX 0COOEHHOCTEH OCTPBIX OTPaB-
Jennit auaneruamopdurom [41—43]. Kak nmpasuio,
KJIMHWYECKU ITO MPOSBISETCS PAa3BUTHEM TOKCHKO-
TUTIOKCHYECKOI 9HTIehaTONaTHH ¢ Pa3BUTHEM Jledu-
[UTAPHBIX HAPYIIEHWH CO3HAHWS OT JIETKOTO OTJIy-
meHust 10 aToHndeckon komel [7, 10, 44]. Nrorna
pPa3BUTHE KOMATO3HOTO COCTOSTHUSI MOKET COTIPO-
BOXIaThes runorepmueit. Haubosee Taxenoin gop-
moit nopaskennst IITHC asasgercst passutne oreka-Ha-
OyxaHWsI TOJIOBHOIO MO3Ta, KaK CJEACTBUE
MIPUCOEIMHEHNS K TOKCHYECKUM MeXaHU3MaM TUTIO-
KCHYECKUX TopaskeHuil. V3 apyrux Hanbosiee Kus-
HEHHO OMACHBIX OCTIOKHEHIH CO CTOPOHBI TOJIOBHOTO
MO3Ta MOKHO OTMETHTH Pa3BUTHE CYIOPOKHOTO
CUHJIPOMA, 3aYacTyi0 Pa3BUBAIONIETOCS BCJENCTBUE
Hasnuus npuMecell (CTPUXHUH, KOKaWH, J€KCTPO-
nporiokcuden). M3 mo3iHuX OCI0KHEHWH CO CTOPO-
el ITHC y Jmi, AIMTeNbHO 3710yIOTPEOISIONNX
HAapKOTHYECKUMU BEIECTBAMU, BBISBISIOTCS WH-
(bexImoHHBIE OCTOKHEHMS, KOTOPbIE BKJIIOYAIOT B
cebst GakTepPUATBHBIT MEHUHTUT, TPUOKOBYIO AHEB-
pusMmy, 1epebpaTbHBIN, CYyOAYPATHHBIN TN ITHIY-
pasibHBbIil abciiecchbl, BeHTPUKYIUT. OHU MOTYT ObITh
BBI3BAHBI YCJIOBHO-TTATOTEHHON HHMEKIeN y 60Db-
Hbix ¢ BUY-undexrueii [30].

IMoce ITHC, nanboiee yacto nopakaeMoii u3
CHCTEM JKU3HEOOECTICUEHNUST SABJISIETCS [bIXaTeIbHAs
cucrema. KIMHUYECKH 9TO MPOSIBJISIETCS B BUJIE Pa3-
BUTHS OCTPOI IbIXaTeJbHOM HEIOCTATOYHOCTH — OfI-
HUM U3 OCHOBHBIX JKU3HEOTACHBIX OCJIOKHEHUN OCT-
PBIX OTpaBJIEHMIT AraeTHMopbuHoM [45].

B HavaspHOI cTajiuM OHA HOCUT HEBPOTE€HHBII
XapaKTep U MPOSIBJISETCS] YMEHbIIEHUEM TJIyOUHBI U
YACTOTHI IBIXaHUs, YTO 00YCITOBJIECHO YMEHBIICHUEM

Acute diacetylmorphine poisoning also impair
the cardiovascular system [46, 47] in the form of
arterial hypotension. Cardiac arrest usually is sec-
ondary and occurs due to hypoxia or due to hyper-
kalemia. According to ECG, patients may have
bradycardia, tachycardia, atrial fibrillation, the QT
interval prolongation, QRS widening, T-wave eleva-
tion. In addition, venous dilatation, reduced periph-
eral resistance (associated with the release of hista-
mine), inhibition of baroreceptor reflexes, and
vasoconstriction decrease in response to the increase
in carbon dioxide partial pressure may occur. These
effects lead to a drop of blood pressure.

Persons with a long-term drug abuse can also
have infectious complications such as infective
endocarditis, cerebral embolism, or heart embolism.
Bacterial endocarditis may be complicated by sep-
tic embolism [7, 10]. Splenomegaly, bacterial peri-
tonitis, visceral abscesses may complicate angio-
genic sepsis [48].

Gastrointestinal signs are associated with
exposure of p- and o-receptors to diacetylmor-
phine. The signs may include decreased motility of
the gastrointestinal tract, gastrointestinal reflux,
reduced secretion of bile, pancreatic and intestinal
secretions. Gastric stasis may last up to 12 hours.
Increased Oddi sphincter tone leads to increased
pressure in the biliary tract, which becomes equal
to that in the intestine. The most common symp-
toms are nausea and vomiting, which can lead to
aspiration complications. In patients with the his-
tory of chronic drug abuse constipation sometimes
leads to intestinal obstruction.

Liver damage develops, as a rule, as a result of
long-term intravenous administration of drugs. Tt is
known that most of the persons abusing drugs have
viral hepatitis [7, 10, 48].

Lesions of the urinary system are caused by the
direct ability of diacetylmorphine to increase the
tone and contraction amplitude. In renal impair-
ment, there are acute episodes in the form of oliguria
to anuria [49, 50]. The most common and severe form
of renal damage in acute diacetylmorphine poisoning
results from positional compression during coma fol-
lowed by toxic nephropathy. The severity of the
patient's state can be considerably aggravated by the
development of metabolic acidosis, hypovolemia, and
hypoxia [50]. Rhabdomyolysis with myoglobinuria
in the early stages is manifested by urine color turn-
ing black; lab tests show increased CPK activity and
hyperkalemia; clinical signs include acute renal fail-
ure of various degrees of severity up to anuria [10,
50]. In addition to acute renal impairment in drug
abusers, a chronic impairment in the form of
glomerulonephritis (mostly due to the immunologi-
cal conflict), glomerulosclerosis, segmental hyali-
nosis, nephrotic syndrome and renal amyloidosis
may be observed [48, 51].
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YYBCTBUTEJBHOCTU JIBIXaTEJIHHOTO IIEHTpPa K yrJie-
kucsomy razy [29]. IIpu uccieroBanuu razoBoro co-
CTaBa apTepUAIBLHOI KPOBU U KUCJIOTHO-OCHOBHOTO
COCTOSIHMSI Y TaKUX OOJIBHBIX OTMEUAIOTCS THIIOKCE-
MU, THIIEPKAITHIS, PECIIUPATOPHBINA 1 MeTaboJImye-
CKUH aIuos.

CyliecTBEHHBIH BKJIajl B HAPYIIIEHUS ra3000Me-
Ha BHOCUT Pa3BUTHE JIETOYHON TUTIEPTEH3UH, YTO Be-
JIeT K yeyryOJIeHNI0 THIIOKCHH, PA3BUTHIO CEPAETHON
aputMun (GUOPUIISINAS TIpeAcepanii), HYHKIINO-
HAJIbHOW JIBIXaTebHON HEIOCTATOYHOCTH U TIOBPEK-
JeHuto jerkux. [Ipu amre pHON AKCTO3UIINN SIj1a B
psifie cilydaeB pPa3BUBAETCS ITHEBMOHUS, WMEIOTIAsT
6O acIUPalMOHHBIH, 100 TMIIOCTATUYECKUI Xa-
paktep. B manbpHelilieM K IIEHTPATbHBIM MEXaHW3-
MaM Pa3BUTUS OCTPON JBIXATETHbHON HETOCTATOUHO-
CTU MOTYT MPUCOEMHUTHCS JIETOUHbBIE TOPAKEHUS B
BHJIe Pa3BUTHSI HEKAPIUOTEHHOTO OTeKa JieTKuX. B
€TO MaToreHe3e MPUHUMAET ydacThe HECKOJbKO Me-
XaHU3MOB: aHa(pUIAKTHYECKasT Peakius, GPOHXOC-
1a3M, apTepuaibHas TUIIOKCEMUS, YBeJIUIEHIE TTPO-
HUTIAEMOCTHU KaIlUJJISIPOB W WHTEPCTUITUAJIbHBINA
otek. Henb3st UCKIIIOYUTH HATTMYUE MPSIMOTO TOKCH-
YEeCKOro JIeHCTBUS auareTuiiMopduHa 1 ero mprume-
cell Ha JIETOYHYIO TKaHb.

K npyrum hopmam nmopakeHuil cucteM Knu3He-
obecrieueHrs TIPH OCTPBIX OTPABJIEHUSAX IHAICTHII-
MOP(UHOM OTHOCSTCS HApyIIEHUS CepAedHO-COCY-
UCTON CUCTEMBI [46, 471, KJIMHAYECKU
MIPOSIBJISIONINECS B Pa3BUTHH apTepUaTbHON TUIIO-
tTeH3nun. OcTaHOBKA cepila, KakK IPaBUJIO, HOCUT
BTOPUYHBIN XapaKTep W HACTYIIAET BCJIEJICTBHUE TTPO-
IPECCUPOBAHUS TUTTOKCUHN WJIH BCJIE/ICTBUE TUTIEPKa-
suemun. ITo manabiM IKT-uccmenoBanus y 60Jib-
HBIX OTMeuaercst OpajuKapiAust, TaxUKapAus,
bubpuIALMS IpeacepAnit, IIPOAJIEHHBII HHTEPBAJI
QT, pacmmpenue QRS, aneparus 3y6ia T. Kpome
TOTO, HAOJIIOAIOTCSI BEHO3HAS IUJTATAIINST, YMEHbIIe-
Hue nepuhepruIecKoro COMpoOTUBIEHUS (CBSI3aHHbIE
¢ BBICBOOOJKIEHUEM THCTaMUHA), WHTHOUPOBAHUE
pediiekcoB 6apoperenTopoB, YMEHbIIEHNE OTBETHOI
BAa30KOHCTPUKIIUK Ha YBeJWUYEHUE MapIuajbHOTO
HATPSKEHWS YTIAEKUCIOTro Taza. ITu 3(PheKTsl mpu-
BOJISIT K CHVUZKEHUIO apTEPUATLHOTO JIaBJIEHUSI.

Y Sl ¢ UTATETbHBIM HADKOTHYECKUM CTakeM
OCTpbIe OTPABJICHUS UATIETUIMOP(MUHOM MOTYT CO-
MIPOBOK/IATHCS PA3BUTHEM TAaKMX OCJOKHEHUH, KaK
UHGEKITMOHHBINA 9HIOKAPAUT, 9MOOIUU COCYI0B T0-
JIOBHOTO MO3Ta WJIM cepjilla. bakTepuaabHbIil 9HI0-
Kap/UT MOKeT ObITh OCJIOKHEH CENMTHYECKUMU 9MO0-
gusmu [7, 10]. CrureHomerasust, GakTepuabHbIN
MEPUTOHUT, BUCIepaibHble a0ciecchl y OOJBHBIX
Pa3BUBAIOTCS BCJEACTBUE HAJTWUUS AHTHOTEHHOTO
cericuca [48].

lactpounTecTnHambabie 3(h(EKT CBI3aHBI C
BO3/IelICTBUEM AMAlleTUAMOp(UHA HA U-U O-Perler-
Topbl. OTMEYatoTCsl yMEHbIEHWE TePUCTATBTHKA
KKT, yxyaneane muiieBapuTesbHOTO pediriokca,

An analysis of the mortality rate in patients
with acute opioid poisoning admitted for treatment
to a specialized toxicological department in 2009—
2014 identified the following features: 28—37% of
deaths due to severe acute opioid poisoning were
observed within the first 24 hours as a result of the
direct toxic effect of high doses of narcotic sub-
stances and impurities of surrogate components. The
second peak in mortality (32—46%) was observed on
days 5—9 and was associated with the development
of sepsis. Patients with fatal outcome demonstrated
signs of systemic inflammation as early as on day 1;
these mechanisms along with multiple organ failure
and the presence of bacterial infection led to the
development of severe sepsis [5].

Impairment of the oxygen homeostasis has
essential pathogenetic significance for acute
diacetylmorphine poisoning. The leading factor in
triggering the development of hypoxia in acute opi-
ates poisoning is neurogenic respiratory failure. In
the early stage of acute poisoning, the immediate
cause of death is a failure of the oxygen-transporting
systems [13].

In most cases of severe acute opiate poisoning,
hypoxia has a systemic effect and involves almost all
chains of oxygen transport. According to leading
toxicologists, in acute opiate poisoning, hypoxia is
one of the leading causes of irreversible changes [4, 5,
6]. There are reports describing impairment of differ-
ent parts of the oxygen transport in the body follow-
ing acute drugs poisoning [55, 56]. Disorders of oxy-
gen-transporting systems include neurogenic,
obstructive, aspiration, pulmonary and combined
types [4, 6, 57].

Thus, the most frequent and severe manifesta-
tion of acute opiates poisoning is the development of
a combined hypoxia due to hypoxic hypoxia, which
results from disorders of external respiration, circu-
latory hypoxia as a result of disorders of general and
regional circulation and microcirculation, hemic and
secondary tissue hypoxia [58].

Ultimately, hypoxia is the leading factor for
various metabolic disorders that have their effect at
the cellular, sub-cellular and molecular levels.

The leading role in the therapeutic interven-
tions in acute opiate poisoning belongs to restoration
of oxygen delivery to the cells. However, it should be
noted that the recovery of oxygen delivery during
hypoxia may have a positive effect only under the
condition of normal function of the respiratory
chain. At the same time with the development of
hypoxia, other pathological processes related to the
energy deficiency and disorders of intracellular
homeostasis develop. Taking into account the fact
that impairment of free radical metabolism is an
important mechanism in the formation of critical
states [59], as well as recognizing the importance of
depression of the systems of antioxidant and anti-
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YMeHbIIIEHUE BBIZIEJIEHUS JKeTUH, TAaHKPEeATHIECKOTO
1 KUIIEeYHOTO cekpeTta. sKemyIouHbIil 3aCTOH MOKET
npoposkarbest 10 12 uacos. IloBeimenne ToHyca
churkTepa OiM MPUBOAUT K MOBBIIIEHUIO JIaBJIe-
HUS B JKEJTYEBBIBOJISTINX TTYTSX JI0 YPOBHS JIaBJI€HUS
B kuieynrnke. Hanbosiee THIMYHBIMU CUMIITTOMAMU
SIBJISIETCSI TONITHOTA W PBOTA, KOTOPBIE MOTYT TIPUBEC-
TH K aCMUPAITMOHHBIM OCJIOKHEHUSM. Y JIUIL C XPO-
HUYECKUM YHOTPeOIEHIEM HAPKOTHKA OIUCHIBAIOT-
Cs1 3aIIOPbI, UHOT/IA IPUBOJISIINE K HETTPOXOIUMOCTH.

[TopaskeHust neyeHn pa3BUBAIOTCST, KAK TIPABHLIO,
B pe3yJibraTe JIJIUTEIbHOTO BHYTPUBEHHOTO BBEIEHUS
HAPKOTHUYECKHX BelecTB. 3BecTHO, 4TO Y OOJIBIINH-
CTBA JINLI, 3JI0YTIOTPEOISIOIIIX HADKOTHYECKIME CPEl-
CTBaMM, MeeT MecTO BUPYCHbIN Teratut |7, 10, 48].

[MopaskeHUsT MOYEBBIIETUTETHHON CUCTEMBI
00YCJIOBJIEHBI HETIOCPEACTBEHHBIM BIIMSTHUEM JIHAlle-
TUAMOP(hUHA HA MOBBIIIEHNE TOHYCA W aMILIATY/IbI
ckarus. B mopajkeHUM mouek OTMEYAIOTCS OCTpbIe
(D HEKTDI, KITMHITYECKU TTPOSIBISIONINECST OJIUTOYPH-
eit (mo anypun) [49, 50]. HaubGosiee yacrast u TsiKe-
Jiast (hopMa MopaskeHust TIOY€EK TIPU OCTPBIX OTpaBJIe-
HUSX JUHANETHIMOP(MOIHOM Pa3BUBAETCS BCJIEICTBHUE
JUTUTESTHHO TIePEHECEHHOTO KOMATO3HOTO COCTOSTHUS
U Pa3BUTHS CUHPOMA TIO3WIIMOHHOTO C/IABJIEHUS C
ToKcudyeckoil Hedponartueil. TsaKecTh COCTOSHUSA
GOJIHOTO MOJKET OBITh 3HAUUTEIBHO yCyTyOIeHa pas-
BUTHEM MeTab0JINYECKOTO alli/I03a, THIIOBOJIEMHEH 1
runokcueit [50]. Pabmomnonns ¢ MHOTIOOHHYpHEit
Ha PAHHUX CTA/IMSIX BBISBJISETCS M3MEHEHUSIMU 1TBETA
MOYH JIO YE€PHOTO, ITPU JTaGOPATOPHBIX UCCIIEA0BAHK-
sx B Buzie yBeanuenns aktuHoctu KOK, runepka-
JIEMUH, ¥ KIWHUYECKW B BUJI€ OCTPOI TIOYETHON He-
JIOCTATOYHOCTH PABJIMIHON CTETIEHU TSIKECTH BILIOTh
1o anypui |10, 50]. [TomumMo ocTpeix nopaskeHuii 1mo-
YeK y JIUI, 3JI0yIOTPEOISIONINX JUAeTHIMOPQH-
HOM, OTMEYAIOTCSI M XPOHWYECKHUE MTOPAKEHUS B BUJIE
riioMepyJionedputa (4arie BCETO BCIEICTBUE UMMY-
HOJIOTHYECKOTO KOHMJIMKTA), TIOMEPYJI0CKIEPO3a,
CEeTMEHTapHOTO THUATMHO3a, He(POTUIECKOTO CHUH/I-
poMa U MoYevHoro amuaonao3a [48, 51].

B xoze mipoBezieHHOTO aHA/IM3a JIeTaTbHBIX UC-
XOJIOB y GOJIBHBIX C OCTPBIME OTPABJIEHUSIMU BEIIECT-
BaMM HAPKOTUYECKOTO JIEHCTBUST OTMUUHON TTPUPOJIBI,
MOCTYIIUBIINX HA JIEYeHUE B CIelNaTN3UPOBAHHOE
TOKCHUKOJIOTYecKoe otienerne 3a mepuon 2009—
2014 rT. BBISBJIEHBI CJEyoIIne 0COOEHHOCTH: OT 28
10 37% JIeTaJIbHBIX MCXO0B TIPU OCTPBIX OTPABJIEHNU-
SIX BeIeCTBAMU HAPKOTUYECKOTO JIEHCTBUS OMIMITHOMN
[IPUPOJIBI TSKEJION CTeleHn HabIIoIaIuCh B TIEPBbIE
24 yaca B pe3yJibraTe TOKCHYECKOTO JIEHCTBUS BBICO-
KOH /I03bI HAPKOTUYECKOTO BEIeCTBA U IPUMeCeit
CyppOraTHBIX KOMIIOHEHTOB. BTOpPOI MK JieTasbHOC-
i1 (32—46%) Haburopascst Ha 5—9-e CyTKY 1 acCoIu-
MPOBAJICS ¢ Pa3BUTHEM cericuca. Y TalueHToB ¢ Jie-
TaJbHBIM HCXOJAOM yiKe deped 1 cyTku ObLin
BBISIBJICHBI TIPU3HAKU CHCTEMHOTO BOCTIAJIEHNS, UTO B
COYETAHWW C Pa3BUTHEM TIOJMOPTaHHON HEeI0CTaTOY-

radical protection and activation of free radical
processes in the accumulation of toxic intermediates,
such as malondialdehyde, we can assume that the
activation of lipid peroxidation, along with other
mechanisms, plays a significant role in the develop-
ment of metabolic disorders in acute severe opiates
poisoning [60]. Tt should be noted that at present the
importance of free radical (FR) processes in the
functioning of cell membranes, their role in the adap-
tation to hypoxia, in deadaptation, and in direct
destruction of the body cells of the patient is gener-
ally accepted [58].

Treatment of acute drug poisoning traditionally
includes measures to prevent further accumulation
and accelerate the elimination of the poison, the use of
antidotes, and a set of measures for the maintenance of
vital functions and the body homeostasis, and preven-
tion and treatment of complications [6, 56, 61].

According to the literary sources, the most com-
mon care of acute diacetylmorphine poisoning includes
the use of antidote therapy, i.e. opioid receptor antago-
nist naloxone administration [7, 10, 62—67]. According
to its pharmaceutical properties, naloxone is an opioid
receptor antagonist. It acts using the competitive antag-
onism mechanism by blocking the diacetylmorphine
binding to the receptor or by washing the receptor off it.
It has the greatest affinity to p-receptors.

Naloxone has been introduced into clinical
practice in late 1960s. There were reports about its
side effects (increased heart rate and blood pressure)
and more serious complications (pulmonary edema).
It is known that the removal of opioids effects by
naloxone is accompanied by hemodynamic shifts,
mediated by mechanisms such as pain, or a rapid
awakening and activation of the sympathetic ner-
vous system, which is not always associated with
pain. It was also found that patients treated with
naloxone for blocking of opioid effects experienced
hypothermia due to intraoperative heat loss, accom-
panied by rapid (two- to three-fold) increase of oxy-
gen consumption and minute tidal volume [68]. The
increase in metabolic demands leads to overload of
the cardiovascular system due to increased cardiac
output. Because of a short half-life of naloxone the
central respiratory depression may relapse. The
rebound effect occurs more frequently after the use
of naloxone for removing the effects of long-acting
opioids [69, 70]. It is reported, that administration of
opioid receptor blockers may aggravate withdrawal
symptoms. Sometimes administration of naloxone
may trigger acute lung injury syndrome, hyperten-
sion and arrhythmias [10]. We think, that the data
on the effectiveness of naloxone in intensive therapy
of acute diacetylmorphine poisoning in critical states
and severe hypoxia is uncertain. The intensive ther-
apy of severe acute diacetylmorphine poisoning in
cases of complications in the form of acute respirato-
ry failure, hemodynamic disorders, impairment of the
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HOCTH ¥ HAJIMYKEM 04aroB OaKTeprajbHOI HH(pEKITNT
MIPUBO/IIIIO K PA3BUTHIO TSLKEJIOTO cercrca |5].

Cy1mecTBeHHYIO TTaTOTEHETUYECKYIO 3HAUU-
MOCTb B KJIWHHUKE OCTPBIX OTPAaBJIEHWIT JUAIETUII-
MOpP(UHOM MMEoT HapyIleHUs KHCJIOPOIHOTO TO-
MeocTaza. Beaynmm mycKoBbIM (haKTOPOM Pa3BUTHS
TUTIOKCUM TIPU OCTPBIX OTPABJIEHUSX ONUATAMU SIB-
JIIeTCsl HeBPOTEHHbIE HAPYIIEHUS JbIXxanus. B paH-
Hell CTaJiuy OCTPOTO OTPABJICHIS HETTOCPE/ICTBEHHOM
MPUYUHON CMEPTU SIBJSETCS HECOCTOSTETHHOCTD
KHCJIOPOIOTPAHCIIOPTHBIX cucteM [13].

Yarrie BCero mpy OCTPBIX TSKEJBIX OTPABJIECHUSIX
ONUATaAMU TUTIOKCHSI HOCUT KOMTIIEKCHBIN XapaKTep C
MopaskeHNeM MPAKTIUYECKN BCEX 3BEHBEB TPAHCIIOPTA
kucaopoza [60]. [To MHeHMIO Beaymux crieruamc-
TOB-TOKCUKOJIOTOB, TIPU OCTPBIX OTPABJIEHUSIX OIMHUa-
TaMW TUTIOKCHS SIBJISIETCS OJTHON U3 BEAYIIUX TTPUIIH
PasBUTHs HeoOPATUMBIX M3Menennii [4—6]. B mure-
paType MMEIOTCsT COOOTIEHNS, KACAIONINECsS] HapyTITe-
HUIT 3BEHBEB CHUCTEMbBI 00ECIICUEHHSI OPraHi3Ma KUC-
JIOPOJIOM TIPH OCTPBIX OTPABIEHUSX HAPKOTHYECKIMU
cpencrBamu |55, 56]. BoisiBieHbl HapyIIeHUsT KICTIO-
POZIOTPAHCIIOPTHBIX CHCTEM: HapylieHus (DyHKIUu
BHEIITHETO JIBIXaHW, B CTPYKTYPE KOTOPBIX OTMEYAIOT
HEBPOTEHHBIH, 00TYPaIMOHHO-aCTIUPAIIOHHBIH, Jie-
TOYHOI U CMeNIaHHbIi THIID [4, 6, 57].

Takum o6pazom, HanboJiee YaCThIM U TSKEIbIM
MIPOSIBJIEHUEM OCTPBIX OTPABJIEHUIT OTMAaTaMU SIBJIsI-
eTcsT Pa3BUTHE CMEMIAHHOM THTIOKCHH, 00YCIOBIIEH-
HOH I'MIIOKCUYeCKO TUTIOKCHEN BCJIEACTBIE HApYIIe-
HUSI BHETITHETO JIBIXaHUsl, UPKYJISITOPHOM THITOKCHE
B Pe3yJbTate pacCTPOICTB OOIETO U PETHOHAPHOTO
KPOBOOOPAIIEHNST 1 MUKPOTIUPKYJISIIIAHN, TeMIUYECKOTT
U BTOPUYHOW TKaHEBOI runokcuei [58].

B xoHeYHOM cyeTe, THIIOKCHS SIBJSETCS BELy-
muM (HaKTOPOM IIPU PA3TMUHBIX HAPYIIEHUSAX 0OMe-
Ha BEIECTB, MPOSBISIONNXCS Ha KJIETOYHOM, CYO-
KJIETOYHOM U MOJIEKYJISIPHOM YPOBHSIX.

Beayumm GakTopoM B JiedeOHBIX MEPOTTPUSITH-
SX TPU OCTPBIX OTPABJIEHUSX OMMATAMU SIBJSETCS
BOCCTAHOBJIEHNE TOCTABKU KNCIOPo/a K KiaeTke. Of1-
HAKO CJIef[yeT OTMETHUTh, YTO BOCCTAHOBJIEHHUE JO-
CTaBKM KHUCJIOPO/IA TIPU TUTTOKCUN MOKET UMETD T10-
JIO)KUTENbHOE JefiCTBUe TOJBKO B  YCJIOBHAX
COXpaHHOCTH JbIxaTesrbHOU 1enu. IlapammesnbHo c
Pa3BUTHEM TUITOKCUU PAa3BUBAIOTCS MTPOIECCHI, CBSI-
3aHHbBIE C 9HEPTO/IC(UITUTOM W HAPYIIEHUSIMUA BHYT-
PUKJIETOYHOTO roMeocTasa. [IpuHnMast Bo BHUMaHWe
MOJIOKEHIE 0 HAPYITEHUH TPOIECCOB CBOGOMHOPA-
JIKATBHBIX TPOIECCOB KaK BA’KHOTO MeXaHM3Ma B
(bopMupoBaHUN KPUTHUYECKHUX cocTosHMil [59], a
Tak)Ke TPU3HABash 3HAUMMOCTH YTHETEHUS CUCTEM
AHTUOKCU/IAHTHOW W aHTUPAIUKAJIBLHON 3aIlUThl U
aKTUBAIMK CBOGOMHOPAAMKAIBHBIX IPOIECCOB B
Pa3BUTHM HAKOIJIEHUS] TOKCUIHBIX WHTEPMEINATOB,
B YaCTHOCTU MaJIOHOBOTO JHAJbIETHIa, MOKHO
TIPEANONIOKATh, YTO akTuBanust mpoiecco [1OJI,
Hapsily ¢ APYTUMU MeXaHU3MaMU, UTPAET CYIIEeCT-

urinary system must follow the routine critical care
management of patients. It is necessary to use meth-
ods for the early elimination of the toxicant from the
body [3, 6].

It should be noted that in the majority of the
patients admitted to the intensive care unit, the
severity of the metabolic derangements is related to
the duration and severity of hypoxic lesions deter-
mining the outcome of poisoning in addition to the
specific mechanisms of action of diacetylmorphine.
Therefore, therapy of the severe complicated forms
of acute diacetylmorphine poisonings should include
elimination of universal pathogenetic mechanisms.
The importance of such approach to the treatment of
critical states in acute poisoning is emphasized by
leading Russian experts [1—3, 6].

The most promising approach of intensive care
of acute drug poisoning is represented by a complex
pathogenetic treatment, which combines rapid and
effective reduction of exogenous toxicosis, restoration
of efficiency of oxygen delivery systems, reduction of
the impact of existing hypoxia, relief of endotoxemia
manifestations, improvement of microcirculation and
rheological properties of blood, and the use of
immunomodulators.

One of the leading trends of intensive care of
acute diacetylmorphine poisoning is the most rapid
and effective correction of metabolic disorders asso-
ciated with hypoxia. Substrate succinate-containing
antihypoxants are used in modern clinical practice
[6, 56, 70, 71]. It should be noted that succinate oxi-
dase-mediated oxidation is the most rapid alterna-
tive in correction of hypoxia, which is achieved by
increasing the activity of succinate dehydrogenase
and improvement of exogenous succinate penetra-
tion into mitochondria [71—74].

Modern conception of biochemical mechanisms
of cellular death describes a very important role of
the acute energy deficiency. Therefore, studies of the
succinate effect in acute narcotic poisoning are of a
great interest.

Reamberin is the most widely used succinate-
containing medication in critical care medicine,
which is a balanced infusion solution containing the
active ingredient, mixed sodium N-methyl glu-
camine salt of succinic acid, magnesium chloride,
potassium chloride, sodium chloride. According to
its pharmacological properties, sodium succinate
belongs to the substrate (metabolic) antihypoxants
[6, 70, 73, 74]. The clinical practice of critical care
has demonstrated anti-hypoxic, antitoxic, antioxi-
dant properties of the drug.

Conclusion
In conclusion, it should be noted that the

urgency of acute diacetylmorphine poisoning
remains high. Deep understanding of the mecha-
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BEHHYIO POJIb B Pa3BUTHHM MeTabOJIMYECKUX PaCCT-
POVICTB TIPW OCTPBIX TSZKETBIX OTPABJIEHUSIX OMUATA-
mu [60]. Ciieryer oTMETHUTD, YTO B HacTO1ee BpeMs
00IIeNPU3HAHO 3HAUEHKME CBOOOMHOPAIIKATIBHBIX
(CP) nporieccoB B (hyHKIIMOHNPOBAHNYN KJIETOYHBIX
MeMOpaH, UX PoJib B alalTallii OPraHu3Ma K THIT0-
KCWHW, B ZIe3a/IalITAI[IN W TIPSIMOM Pa3pyIleHnun KJiie-
TOK GOJIBHOTO Opranuama [58].

JleueHue OCTPBIX OTPaBJIEHUII HAPKOTUYECKU-
MU CPEJCTBAMU TPAAUIIHOHHO BKJIIOUYAET B ceOs1 Me-
POIIPUSTHS 1O TIPEKPANECHITO AAJIbHEHIIIEr0 MOCTYTI-
JIEHUSI ¥ YCKOPEHHOMY BBIBEJIEHUIO si/1a, TPUMEHEHHEe
AHTUJIOTOB, a TaKKe KOMILJIEKCa Mep TOo MoJiep:Ka-
HUIO BUTAJIBHBIX (DYHKIIMH ¥ TIOCTOSTHCTBA BHYTPEH-
Hell cpefibl OpraHu3Ma, MPOMPUIAKTUKY U TEPaTTHio
ocaoxuenui |6, 56, 61].

[To maHHbBIM JTUTEPATYPBI, TIPU OCTPbIX OTPaBJie-
HUSX JuaneTuaMophuHOM HauboJiee IUPOKOe pac-
MIPOCTPaHEHNEe TMOJIYYNJIO0 UCTOJIb30BAaHUE AHTUIOT-
HOU Tepanuy ITyTeM WCIOJb30BAHUS AHTArOHUCTA
OTIMOW/THBIX PerenTopoB Hajokcona [7, 10, 62—67].
DapMaKoIOTHYECKH HAIOKCOH SIBJISIETCST YMCTHIM aH-
TAarOHMCTOM OMMOUIHBIX perentopos. OH neicTByeT
10 MEXaHU3MY KOHKYPEHTHOI'O aHTarOHM3Ma, OJI0KH-
pys CBS3bIBaHUWE JAMANETUIMOPGUHA C PEIENTOPOM
WJIM OTMBIBast OT Hero perternrrop. HanGobimmm cpos-
CTBOM HAJIOKCOH O0JIajIacT K [-PEIENTOPaM.

Hastokcon GbLT BBEIEH B KJIMHIYECKYIO TPAKTH-
Ky B KoHIte 1960-X rr., MesICh COOOIIEHNUS O €ro To-
60uHBIX d(erTax (yBeJHUeHIe YaCTOThI CEePAETHBIX
COKpAIIleHUH 1 apTepUabHOTO JaBJieHus ) 1 GoJiee ce-
PBE3HBIX OCJIOKHEHUSX (OTEK Jierkux). VI3BecTHO, 4TO
CHSITHE JIEUCTBUS OTMOM/IOB HAJIOKCOHOM COITPOBOXK-
JIaeTCs TeMOJIMHAMUYECKUMU C/IBUTAMU, TTyTeM OIO-
CPEIOBaHHBIX MEXaHU3MOB, TAKUX Kak 00Jb, OBICTPOE
poOysKIEHIE U AKTUBAIIUS CUMIIATOAPEHATIOBON CH-
CTeMbI, KOTOPOE He BCErla CBsi3aHo ¢ 60J1bto. Takske yc-
TAHOBJIEHO, YTO Y OGOJIbHBIX, MOJTYYABIINX HAJTOKCOH
JUTS KYTIUPOBAHUS JIEUCTBUS OMUOUIOB, OTMEYAIach
TUITOTEPMUST U3-32 UHTPAOIIEPAIIIOHHBIX ITOTEPD TETl-
Jia, TIPA 9TOM Pe3Ko (B JBA-TPU pa3a) BO3PACTAJIO TO-
TpebJieHIe KUCJIOPO/ia U MUHYTHASI BEHTHJISAIIMS JieT-
kux [68]. Takume MeTabommdeckne MOTPEGHOCTH TaK/Ke
MIPUBOJISAT K HAIIPSIKEHUTO CEPAETHO-COCYIUCTOM crc-
TEMbI 34 CYET YBEJMUYEHUsST CepAeYHOro BhiOpoca. B
CBSI3U C KOPOTKUM TIEPHO/IOM TIOJTYBbIBEJIEHUST HAJIOK-
COHA BO3MOJKHO TMOBTOPHOE IEHTPAJIBHOE YIHETEHUE
JIbIXaHust. «PeHapKoTh3anust> BO3HUKAET Jalle Toce
WCTIOJTh30BAHNST HAJIOKCOHA I CHATUS 3(hderTon
OTMOUJIOB JJATETbHOTO fleticTBus [69, 70]. Omnucano,
YTO BBe/IeHUE OI0OKATOPOB OIMATHBIX PEIEITOPOB MO-
JKET TIPUBECTH K 000CTPEHIIO PasBUTHsST aOCTUHEHTHO-
ro cuHpoMa. VIHOT/Ia TTocie BBe/IEHHS HATIOKCOHA MO-
JKET Pas3BUTHCS CHHJIPOM OCTPOTO TOBPEKICHUS
JIETKUX, apTepuasibHasg rutieprorns n aputmun [10].
Ha nam B3ryaz, qanubie 06 9(hHEKTUBHOCTH HAJIOKCO-
Ha B MHTEHCUBHON TE€PAITUU OCTPBIX OTPABJIEHNI /ina-
HETUIMOPMUHOM B CJIYYasX Pa3BUTHS KPUTHUECKOTO

nisms of the toxic action of this drug makes it possi-
ble to determine main goals of the intensive care:
routine critical care (maintenance of vital systems),
rational antidote therapy (morphine receptor antag-
onists), elimination of hypoxia and its consequences
(to ensure efficient delivery of oxygen by the use of
substrate antihypoxants).

COCTOSTHUSI W THIIOKCUM BBI3BIBAIOT cOMHeHUs. [Ipu
WHTEHCUBHON TePaNnu TSLKEJIbIX (hOPM OCTPBIX OTPaB-
JIeHUN naneTuiMOpUHOM B CJIydasix pa3BUTHS OC-
noxkaennii B Buzie O/IH, remopnaaMmnyecknx Hapyiire-
HUI, HApPYIIEHUH CO CTOPOHBI MOYEBBIETUTETbHON
CHCTEeM HEOOXOANMO TIPUEP/KUBATHCS OOIIepeaHMa-
TOJIOTUYECKON TaKTUKU BeleHust O0JIbHBIX. IIpu aTOM
HEO0OXO/IMMO HMCIIOJIB30BaTh METO/bI [0 CKOpPEHIIeMy
BBIBE/IEHUIO TOKCMKAHTA 13 oprannama [3, 6].

Ciiezryer OTMETHTB, YTO Y GOJIBITMHCTBA TTOCTY -
HAIINX B PeaHNMAIMOHHBIE OT/e/IeHUsT GOJbHBIX,
MTOMHMO CITETUDUUECKUX MEXaHU3MOB JIEHCTBUS JTH-
ANeTUIMOP(MUHA, TSKECTb COCTOSHUS ONPENESIOT
riyOuHa MeTaboIIMYeCKUX PACCTPOUCTB, CBA3AHHBIX
C JUTUTETHHOCTBIO U TSKECTHIO THTIOKCHUECKUX TI0pa-
JKEHWH, OMpe/esISIonuX ncxoi orpasienus. [1oaro-
MY TEpaNus TSKETBIX OCHOKHEHHBIX (hOPM OCTPHIX
OTpaBJIEHUI AUAeTHIMOPMUHOM H0JIKHA ObITh Ha-
MpaBJieHa, B TOM YHCJe, HAa KyIUpOBaHUE YHUBEP-
CaJIbHBIX MEXaHW3MOB TopaxkeHuit. O BakHOCTH
CUHIPOMHOTO TIOJIX0/Ia K TEPANUN KPUTUIECKUX CO-
CTOSTHUII TIPU OCTPBIX OTPABJIEHUSIX MUIIYT B CBOUX
paborax Bemymume creruanuctsl PO [1-3, 6].

HauboJsiee mepcreKTUBHBIM HalpaBJIeHUEM B
JiledeOHBIX TIPOrpaMMax KPUTHYECKUX COCTOSTHUM
IIPU OCTPBIX OTPABJIECHUSAX HADKOTUIECKUMHU CPEJICT-
BaMU CTAHOBUTCS KOMILJIEKCHOE TATOT€HETHYECKOe
BO3/elicTBIE, BKJOYaIlee B ceOs MaKCHMAJIbHO
ObicTpoe 1 9 HEKTHUBHOE CHUKEHME YPOBHS 9K30-
TOKCUKO32, TOBbIIeHNe 3(PHEKTUBHOCTH KUCIOPO-
JIOTPAHCIIOTHBIX CUCTEM WM CHYWKEHUS MTOCJIEICTBUIMA
yiKe UMeIoTelcsl TUTTOKCUH, YMEHbIIIEHEe TTPOosiBJie-
HU 9HIOTOKCUKO3a, BO3/IEUCTBUE HA MUKPOIUPKY-
JISITIAIO W PEOJIOTHYECKIE CBOHCTBA KPOBH, MCIIOJb-
30BaHNE€ UMMYHOMOJYJISITOPOB.

OnHUM 13 BeyNIMX HAIlPaBIeHWIT WHTEHCUB-
HOI Tepanuy OCTPBIX OTPABJIEHUN [uaneTnaMophu-
HOM SIBJISIETCSI MAKCUMaJIbHO ObIcTpast 1 9 heKTHB-
Hasi KOPPEKIMs MeTabOJUYeCKIX PacCTPOICTB,
CBSI3aHHBIX C TIEPEHECEHHON U MPOJI0JIKATONIEHCS T'H-
nokcueil. B HacTosIee BpeMs B KIIMHWMYECKON TTPaK-
THKEe TPUMEHSIOT CyOcTpaTHble aHTUTHUIIOKCAHTHI,
cozepskarue cykmunar [6, 56, 70, 71]. Cremyer ot-
METHUTb, YTO B KOPPEKIIMN TMITOKCUN Harboree GbicT-
PBIM aJTBTEPHATUBAHBIM ITyTEM KOPPEKIINH SBJISETCS
CYKIIMHATOKCH/IA3HOE OKUCJIEHNE, KOTOPOE JIOCTHUTA-
€TCs Yyepe3 TOBbBIIIEHNEe aKTUBHOCTH CYKIIMHATIET -
JIPOTEHA3bl W YJIyUlIeHUs] IPOHUKHOBEHMS 9K30T€H-
HOTO CyKIMHAaTa B MUTOXOHAPUU KieTku [71—74].
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CoBpeMeHHbIE TIPEJCTABIEHUS O OUOXUMUYEC-
KHX MEXaHU3MaX KJIETOUHOU THGEJIH OTBOASAT OCTPOMY
HEpPreTUIeckoMy JepUIUTy OYE€Hb BasKHOE MECTO.
TToaTomy GOJIBIION MHTEPEC TIPEACTABJISECT U3yUEHIE
MOZIM(UITMPYIOIIEN aKTUBHOCTH CYKIIMHATA TIPH OCT-
PBIX OTPaBJIEHNSIX HADKOTHUYECKUMU BELECTBAMHU.

Haubosiee mmpoko B MeAUIMHE KPUTUUECKUX CO-
CTOSTHUH WCIOJIb3YeTCst peaMOEPUH, KOTOPbINA ITpe/-
craBisier co60l cOATAHCUPOBAHHBINA MH(DY3UOHHBII
pacTBOp, COAEPIKAIIIT AKTUBHOE BEIECTBO — CMeEIIaH-
Hast HaTpuil N-MeTHJITJIIOKAMUHOBASI COJIb STHTAPHOU
KHUCJIOTBI, MATHUS XJIOPU/I, KAJINsI XJIOPH/I, HATPHSI XJI0-
puza. CykimHat HaTpust 1Mo (hapMaKoJIOTHIecKUM CBOH-
CTBAM OTHOCHUTCSI K CyOCTPaTHBIM (MeTabOoINUECKIIM)
anTUTHNOKCcaHTaM |6, 70, 73, 74]. B ximmHMKe KpUTHUe-
CKHX COCTOSTHUI BBISIBJIEHBI aHTUTUITOKCAHTHBIE, AaHTI-
TOKCHYECKHe, aHTHOKCH/IAHTHbIE CBOMCTBA TIperapara.
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Sorbents for Extracorporeal Removal of Toxic Substances
and Molecules with Adverse Biological Activity (Review)
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B 0630pe paccMoTpeHbI cOPOEHTB M MEAUIMHCKIE M3/IeIUS Ha MX OCHOBE, IPUMeHsSeMble B KIMHIYECKON
IPaKTHKE I 9KCTPAKOPIIOPATbHON JAETOKCUKALMK ¢ TIOMOIIBIO MPOIeAypbl TeMocopOimn. IIpeacTaBiensl gamn-
HbIe WCCTeloBaTeNel, CBUETEbCTRYIONIE 00 3P MEKTHBHOCTH TaKOTO MOAXOAA C HEJIbI0 yAANEHIs OaKTeprab-
HbBIX O9HAOTOKCHUHOB, JIMIIOIIPOTEMHOB HHSKOﬁ IIJIOTHOCTH, 6I/I]II/Ipy6I/IHay a TaKyKe IIpU JIeYeHN ayTOI/IMMyHH])IX 3a-
6osieBaruii. OCHOBHOE BHMMAHHUE Y/EJEHO IPUMEHEHUIO IeMOCOPOILUU IIPY JIEYEHUU TSIKEJIOrO Cercuca u
cernrtyeckoro moka. O60CHOBBIBAETCA HEOOXOAUMOCTD PaspabOTKH U IPUMEHEHUS HOBBIX «MYJILTHMOAAIbHBIX>
COpOEHTOB, COYETAIONINX CBOICTBA KaK «CEJIeKTUBHBIX>, TaK U «HeCceJeKTHBHBIX» copbenToB. B 0630pe mpusese-
HbI CBEJICHNUST O KJIMHNYECKOi 9(p(heKTUBHOCTH TeMOCOPOIMN U MOJIEKYIIPHOM B3aMMOJEHCTBUN COPOEHTA C TP~
KyJINPYIOUIUMU MOJIEKYJIaMU, ITATOTEHETUYCCKN 3HAYNMbIMU VIS Pa3BUTUA KPUTUYECKUX COCTOHHI/Iﬁ " TAMXKEJIbIX
sabonesannii. Bubamnorpadus — 137 cepLiok.

Kntoueswvte cosa: zemocopbenm; niasmocopbenm; copoupyrowuil NOIUMEePHbILL MAMEPUAIL; CENCUC; IKCMPAKOP-
nopatvHas mepanusi

The review devoted to sorbents and sorbent-based medical devices used in clinical practice for extracorporeal
detoxification using a hemoperfusion technique. Clinical data have confirmed the effectiveness of this approach for
removal of bacterial endotoxins, low-density lipoproteins, and bilirubin. Other studies demonstrated successful
application of sorbents to treat autoimmune diseases. Special attention is paid to hemoperfusion in as a possible
treatment for severe sepsis and septic shock. The review justifies importance of development and application of
novel multimodal sorbents, which combine both properties of selective and nonselective sorbents. The review dis-
cusses clinical efficacy of hemoperfusion and key molecular interactions between the sorbent and circulating mol-
ecules pathogenetically relevant to developing critical illness and severe diseases. The reference list: 137.
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undekinonno-Tokcuueckuit mox; JIINHIT — sunomnpore-
unabl UKol tirotnoctu; JIIIC — nunonosmcaxapun;
YCC — ygacrora cepaeunsix cokpamiennit; O TOK — ake-
TPaKopHopaibHasl TEXHOJOTHS OYUCTKI KPOBU.

BBenenue

TeMocopOIHs SIBJASIETCS COBPEMEHHBIM METO-
JIOM yJaJeHWsT TOKCUYHBIX JITIST KJIETOK OpraHu3Ma
BellecTB M3 KpoBM manueHTa. OCyIIecTBIsSeTCS
mpolle/lypa BHE OpPTaHU3Ma ITyTeM TPOKAYNBAHUS
[IOTOKA KPOBU Yepe3 MaTPOH, 3aIll0JTHEHHBIN COPOeH-
Tom (mporeaypa remorepdysun). Kak mpasuiio,
BeCh 00bEM IUPKYIUPYIOIIEH KPOBH IIPOITYCKAETCs
yepe3 cOpOIMOHHBINA TaTpoH. KpUTHYHBIMU T1apa-
MeTpaMu st JiedebHoi 9(PhHEKTUBHOCTH ABJISIOTCS
U copbenTa, ero 00beM, KOJUYECTBO IOBTOPHBIX
MIPOIle/lyp; OHU WHAWBUAYAJIUIUPYIOTCS B 3aBUCH-
MOCTH OT BBISIBJIEHHBIX TATOJOTUYECKUX Hapylie-
HUI U COCTOSHUS OOJIBHOTO, OIIEHUBAEMOTO B Jie-
yebHOM yupexaennn [1].

[t u3BJeYeHrsT U3 KPOBU HU3KOMOJIEKYJISIP-
HBIX TUAPOGUIBHBIX BENIECTB, TAKUX KaK KpeaTu-
HUH WM MOYEBUHA, C YCIIEXOM NMPUMEHSIETCS TeX-
HUKa Jauannsa. Ee MNpUHIMT OCHOBAaH Ha
[PUMEHEHUN TIOJYTIPOHUI[AEMOT MeMOpaHbl ¢ 1M0-
paMu OIpeeJIEHHOTO AMaMeTpa, CIIOCOOHBIMU TIPO-
MyCKaTh TOJBKO MaJible MOJIEKYJIBI U He MPOITyCcKa-
OII[HE MOJIEKYJIbI ¢ GOJIBIIMM THAPOJUHAMUIECKUM
paguycoM: GeJIKH, TOIMCcaXapy/bl, U APYTHE BbICO-
KOMOJIEKYJISIPHBIE PACTBOPUMbIE KOMITOHEHTBI KPO-
BU. OHAKO METOJ [uajn3a IJIOXO TPUTONEH IS
yAJIeHUsT U3 KPOBU THAPOMOOHBIX MOJIEKYJI, IIPOY-
HO CBSI3BIBAIOIUXCST C aIbOYMUHOM ILJTa3Mbl KPOBH,
a TakKe TOKCHHOB OEJKOBOW HPUPOABI M APYTHX
BBICOKOMOJIEKYJISIPHBIX TOKCUYHBIX BelecTB. [ljis
yAaJleHus] U3 KPOBEHOCHOU CHUCTEMBI BEIIECTB TO-
J00HOro crpoerus ObLId paspaboTaHbl aacopoOIu-
oHHble MeToAbl. IlepBbiMU copOeHTaMU B paHHUE
roJibl GBI MaTepuajibl Ha OCHOBE aKTHBUPOBAHHO-
ro yrJjisi, CHOCOOHBIE YAANSTh PasHOOOPasHbIe TOK-
CUYHBIE MOJIEKYJIBI — dK30TOKCUHBI (SI7IbI), IUTOKU-
HBI, TTPOBOCIAJUTENbHBIE MEIUATOPBI, TPOJAYKTHI
GakTepUaJbHON TIPUPOJBI, a TaKKe, BOSHUKAOIINE
pu pacrajie KjaeTok. dPdekTuBHOCTh W CcIelnu-
buuHOCTH X OBLIA HEBEJIUKA, XOTSI OHU U [TO3BOJISI-
JIA YJISTH TOCTATOYHO MIMPOKWH KPYT TOKCUIHBIX
BelecTB. B mocienyrornine To/bl HaYa I BO3pacTaTh
uHTEepec K pazpaboTke Gojiee CeeKTUBHBIX COPOeH-
TOB, MPU3BAHHBIX U30UPATETBHO YAAISATh MOJIEKY-
JIBI OTIPE/IEJIEHHOTO CTPOEHMUSI, BKJITOYasT TOKCUUHbIE
MeTaboJIUThI, CYIIECTBEHHO HE 3aTparuBasi IMpu
3TOM KM3HEHHO HEOOXOIUMbIE KOMITOHEHTBI KPOBH.
OCHOBHOU MPUHIIUIT CO3aHUST TIOAO0OHBIX MaTepUa-
JIOB 3aKJIIOUAETCST B KOBAJIEHTHOM MMMOOUIU3AIINY
Ha MMOBEPXHOCTH WHEPTHOTO HOCHUTENSI OpraHudec-
KUX MOJIEKYJI-JTUTaH/I0B, 00JIaflalolnX BbICOKOM
ahOUHHOCTHIO K TOKCHMYECKUM MOJIEKYJaM M T0-
3TOMY 00PasyoIINX ¢ HUMHU TIPOYHBIE KOMILIEKCHI.

lipopolysaccharide; HR — heart rate; EBPP — extracor-
poreal blood purification procedure.

Introduction

Hemoperfusion is a modern procedure for
removal of toxic substances from patient's blood.
The procedure is performed outside the body by
pumping blood through a cartridge filled with sor-
bents (hemoperfusion procedure). As a rule, the
whole circulating blood volume passes through the
sorption cartridge. The type of the sorbent, its vol-
ume and the number of repeated procedures are cru-
cial for the therapeutic efficacy; they are selected on
an individual basis depending on diagnosed abnor-
malities and patient's state evaluated in the hospital
setting [1].

Dialysis is successfully applied for removal of
low-molecular-weight hydrophilic substances from
blood, such as creatinine or urea. Its principle is
based on the use of a semipermeable membrane with
pores of a certain diameter, which lets small mole-
cules and does not let molecules with a large hydro-
dynamic radius (proteins, polysaccharides, and other
high-molecular weight soluble blood components)
pass the membrane. However, the dialysis is not
effective enough in removal of hydrophobic mole-
cules, which are strongly bound to plasma albumin,
as well as toxins of protein origin and other high-
molecular toxic substances. Adsorption techniques
were developed for removal of such substances from
the circulatory system. In those early days, there
were activated charcoal-based sorbents, which were
capable of removing various toxic molecules: exotox-
ins (poisons), cytokines, proinflammatory mediators,
bacterial products, and cell disintegration products.
Their efficacy and specificity were low, although
they permitted to remove a relatively wide spectrum
of toxic substances. Next years much attention was
attracted to developing more selective sorbents,
which were to remove molecules of a certain struc-
ture selectively, including toxic metabolites; at that,
vital blood components were not affected. The basic
principle of development of such materials consists
in covalent immobilization on the surface of an inert
carrier of organic ligand molecules with high affinity
to toxic molecules, which, therefore, form strong
complexes with them.

At present, two principal types of sorbents are
used as media for hemoperfusion columns.
Nonselective sorbents represent the first type, and
activated charcoal is its classical representative. It can
absorb many organic compounds simultaneously.
Depending on the pore characteristics, such materials
produce their sorption activities to "medium mole-
cules” (peptides with a molecular weight of 500—5.000
Da) and larger protein molecules whose molecular
weight may reach 10.000—50.000 Da). This class of
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B macrosiiee BpeMsi B KadecTBE OCHOBBI TSI
pas3paboTKi COPOEHTOB MEIUIINHCKOTO HA3HAYEHIIST
HCTIOJIB3YIOTCS COPOEHTHI JIBYX OCHOBHBIX THIOB. K
[EPBOMY TIPUHAJJIEKAT HECETEKTUBHbBIE COPOEHTHI,
KJIACCUYIECKUM IIPEICTABUTENEM KOTOPBIX SBISETCS
AKTUBUPOBaHHBI yrosb. OH criocobeH copOupoBaTh
OJTHOBPEMEHHO MHOTHE OPraHWYECKUEe COEIMHEHMUS.
B saBucumocTu oT 0coOeHHOCTEH TOp, MoA00HbIE
Marepuasbl MPOSIBJISIIOT COPOIMOHHYI0 aKTUBHOCTh
10 OTHOIIEHUIO W K «CPETHUM MOJIeKyJIaMy (TenTH-
bl MOJIEKYJIsIpHO Maccewl ot 500 1o 5000 [Ta), u k 60-
Jiee KPYITHBIM OETKOBBIM MOJTEKYIAM, MOJIEKYJIISIPHbIE
maccebl Kotopbix MoryT gocturatb 10000—50000 [la.
K aromy ke TUIY OTHOCST W TIEJIBII PSIl TIOJUMED-
HBIX copOerToB [2—4]. Ko Bropomy THILY OTHOCSTCS
ceneKTHBHBIE COPOEHTHI. OHU TPEACTABISIIOT OO0t
CHHTETHYECKIE MaTepHasibl ¢ IMMOOUTM30BAaHHBIMU
HA WX TIOBEPXHOCTH JIMTaHAaMK, 00JIaaloI[UMI BbI-
cokoii ah(IHHOCTBIO TIPOTUB YAATSIEMOTO COe/INHe-
HYIST WJTA CJIOKHOT MOJIEKYJTBI, B T. 4. GaKTepHaIbHO-
ro 9HIOTOKCHMHA — JIHMIonoucaxapuma [5—6].
HVcnosib3oBaHue B KauecTBe COPOEHTA OPTAaHUIECKUX
MOJIUMEPOB OTKPBIBAET NMIMPOYAIIIE BOSMOKHOCTH
[0 UX XUMUYECKON MOAU(MDUKAINN C IIEJbI0 TTpua-
HUSI CeJIEKTUBHOCTHU U IPYTUX TPeOYEMBIX CBOMICTB.

Cop06eHTDI, UCTIOMb3yeMble TSI HKCTPAKOPIIO-
PaAJIbHOI OYUCTKU KPOBHU, JIOJZKHBI YIOBJIETBOPSTDH
JIBYyM OCHOBHBIM TpeboBaHUsIM. Bo-TiepBbIX, OHU
JOJEKHBI 9(h(DEKTUBHO U3BJIEKATH 1IEJIEBbIE BENECTBA
13 TeJbHOM KPOBY WJIM TLIA3Mbl, & BO-BTOPBIX, OHU
JIOJKHBI OBITH TeMOCOBMECTUMbBIMU. TePMUH «TeMO-
COBMECTUMOCTb» 0O3HAUYAET, YTO KOHTAKTUPYIOIINIA C
KPOBOTOKOM COPOEHT He BBI3BIBAET CYIIECTBEHHOTO
U3MEHEHUsT cojiepKaHus (POPMEHHBIX 2JIEMEHTOB
KPOBH, HEe aKTUBUPYET KOMIIJIEMEHT, HE BbI3bIBAET
TpoMO00GPA30BAHNS W He HAPYITAeT COCTaB KPOBH
(HampuMep, He M3BJIEKAET HEAOMYCTUMO OOJIbIIne
KoJmdecTBa anbOymuna, nonos K+, Ca2* u np.). Jlo-
BOJIBHO YACTO MCTIOMB3YETCs U Goiee TMUPOKUH Tep-
MUH <«OrocoBMecTUMOCTh>. OH O3HaYaeT crnocob-
HOCTb MaTepHualja BCTPAUBATBCS B OPTAaHU3M
HaleHTa, He BbI3bIBAs MOOOYHBIX KIMHUYECKIX
[IPOSIBJIEHIIT, HO BBITIOJIHSISI B OpraHU3Me HeOOXOH-
Myt0 (GyHKIu. COpOEHTHI JOJKHBI TAaK/Ke BBIAEP-
JKMBATh TOT WJIM UHOIH METOJ[ CTEepUIN3aIiuu Oe3 1mo-
TEPU OCHOBHBIX CBOICTB, JIUIIEHBI TIPUMECU MEJTKUX
YACTHI[ WU CIIOCOGHOCTH TIPOAYIIMPOBATD UX B IIPO-
Iiecce aKCILTyaTalnn.

1. «<Hecneunuduueckue» reMocopOEHTbI

B rabmuie 1 mpuBeseHbl pa3nuuHble <«Hece-
JIEKTUBHBIE> AICOPOEHTHI, NCTTOMB3yEeMbIE B HACTOS-
Tee BPeMs JIJIsT JIEUeHUsI MHPOKOTO CTeKTpa 3a00-
JeBaHuil.

ITo cBOEMY XMMUYECKOMY COCTaBY alCOPOEHTHI
MEIMIIUHCKOrO Ha3HAYeHUs I0/JPas3/ie/idloT Ha TPU
rpymst [12]:

sorbents also includes a number of polymer sorbents
[2—4]. The second class includes selective sorbents.
These are synthetic materials with ligands immobilized
on their surfaces, which have high affinity to the com-
pound or a complex molecule (including a bacterial
endotoxin, lipopolysaccharide) to be removed [5—6].
The use of organic polymers as sorbents open wide per-
spectives for their chemical modification in order to
add selectivity and other required properties.

Sorbents used for extracorporeal blood purifi-
cation should meet two principal criteria. First, they
should extract the target substances from the whole
blood or plasma effectively; and second, they should
be hemocompatible. The term "hemocompatibility"
means that a sorbent which is in contact with the
blood flow does not cause significant changes in the
blood count, activate the complement, cause clot-
ting, and impair the hemogram (e.g., it does not
extract inadmissibly high amounts of albumins, K,
Ca?* ions, etc.). A wider term "biocompatibility” is
also used quite often. It describes the ability of a
material to incorporate into patient's body without
adverse clinical manifestations; at that, it produces a
required function in the body. Sorbents should also
stand this or that sterilization method without losing
its principal properties, be free from small particles or
an ability to produce them during the procedure.

1. Nonspecific Sorbents

Table 1 presents different non-selective adsor-
bents used for treatment of a wide spectrum of dis-
eases at present.

The medical adsorbents may be divided into
three groups according to their chemical composi-
tion [12]:

— activated charcoals;

— synthetic and natural organic polymers;

— non-organic adsorbents.

Activated charcoal is a potent adsorbent with a
surface area up to 2000 m?/g. The term "activated
charcoal” covers a great number of various materials
with different shapes and sizes of granules or fibers,
pore structures, chemical properties of the surface,
mechanical properties, chemical structure, and the
nature of the original material. The charcoal surface
structure depends on the type of polar or ionogenic
functional groups located on it. In general, the
adsorption mechanism of this material is linked to
the ion exchange, hydrogen binding, formation of
surface complexes, molecular adsorption, and
hydrophobic interactions [19]. As a result, this
adsorbent is a universal one and suitable for solving
of a great number of sorption problems; however, its
relatively low selectivity is its major defect, thus lim-
iting its application.

Synthetic organic polymers used for extracorpo-
real treatment techniques are created mainly based on
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Ta6auna 1. Hecnenuduueckue reMocopOeHTsI.
Table 1. Nonspecific hemosorbents.
Name of the application system Manufacturer Composition References
Liver dialysis unit Hemocleanse, Charcoal + Cation-exchange resin [7]
BioLogic-DT, BioLogic DTPF HemoTherapies, USA
Albumin dialysis unit MARS Teraklin, Germany Ino-exchange resin, Activated charcoal [8]

RenalTech
International, USA

BetaSorb

Hydrophilic styrene-divynil benzene copolymer — [9]

Plasorba BR-350 Asahi Medical, Japan

Anion-exchange resin [10]

Hemodialysis system:

SHD, system REDY RenalSolutions, USA Charcoal, non-organic ion-exchange resins [12, 13]
Hemoperfusion system:

Hemosorba CH-350 Asahi Medical, Japan Charcoal [11]
Adsorba 150C, Adsorba 300C Gambro, Sweden [14]
YTS Aier, China (18]
Biocompatible hemoperfusion Clark R&D, Inc., USA [15]
system Clark

Selecta Bellco SpA, Ttaly Charcoal + polystyrene [16]
Detoxification systems based University of Krems, Ton-exchange resin, activated charcoal, [17]

on MDS microspheres Austria

cellulose anion-exchange resin

IIpumevanue. [[us tabann 1—4: Name — nanmenosanue; Manufacturer — npoussoauresn; References — npumepsl mybankanmuii;
Japan — SInonust. Composition — cocras; of the application system — cucrembr npumenenus; Liver dialysis unit — 60k neyeHOUHO-
ro auasnusa; Albumin dialysis unit — amnmapar ampbymunosoro auasnusza; Hemodialysis system — cucrema remoanasiusa;
Hemoperfusion system — cucrema remornepdysnu; Biocompatible hemoperfusion system — 6rnocosmectnmast cucrema remorepdysnu;
Detoxification systems based on MDS microspheres — cucremsl nerokcuxaiuu va Mukpocdepax MDS. Germany — Tepmanust (T0 ke
st tabar. 2, 3); USA — CIIIA, Sweden — IllBenus (1o ke must taba. 3); Italy — Uranus; Austria — Ascrpus; China — Kurai.
Charcoal — npeBecubiii yrosip; Activated charcoal — aktuBuposanusiii yrosb; Ino-, Cation-, Anion- exchange resin(s) — nono-, katu-
OHO-, aHUOHO- oOMeHHast(bie) emosa(bl); Hydrophilic styrene-divynil benzene copolymer — rugpoduiisoBaHHbIi CTUPOJI-AUBUHUII-
GEH30JIbHBIN COTOMIMED; NON-organic — Heopranuveckue; polystyrene — mosmmcrupor; cellulose — mesmonosnast.

— aKTHUBHUPOBAHHbBIE YIJIN;

— CHHTETHYECKHe U HaTypaJbHble OpraHmyec-
KHe MOJIMMEpD;

— HeopraHwyeckue agcopOEHTHL.

AKTUBUPOBAHHBIH YTOJIb SBJISIETCS] MOIITHBIM al-
copOeHTOM ¢ ILI0M@Abio moBepxHoctu 10 2000 m?/r.
TepMuH «aKTUBUPOBAHHBII YTOJIb» OXBaThIBAaeT GOJIb-
I110€ KOJIMIECTBO PA3HOOGPA3HBIX MATEPUATIOB, PA3JIH-
qarornmxcs (opMONl U pa3MepoM TPaHyJl WK BOJIO-
KOH, CTPYKTYpPOH TOp, XNUMHWYECKUMHU CBONCTBAMHU
MTOBEPXHOCTH, MEXaHUYECKUMU CBOMCTBAMH, XUMHUE-
CKOH CTPYKTYPOI U TIPUPOJION UCXOHOTO MaTepuaa.
CrpyKTypa MOBEPXHOCTH aKTUBUPOBAHHOTO YTJIS 3a-
BHCHUT OT BU/IA TIOJISIPHBIX WJIM NOHOTEHHBIX (DyHKITH-
OHAJIBHBIX TPYIII, HAXOSATIMXCS Ha Hell. B 1esiom, me-
XaHM3M aJCOPOIUU [TaHHOTO MaTepHaia CBs3aH C
HMOHHBIM 0OMEHOM, BOJIOPOJIHBIM CBSI3bIBAHHEM, 00pa-
30BaHUEM TTOBEPXHOCTHBIX KOMILJIEKCOB, MOJIEKYJISIP-
HOI ajcopOumeil u ruapoGOOHBIMU B3aUMOIEHCTBYSI-
M [19]. Kax crenctsue, 3TOT  amcopOeHT
MIPEJICTABIISIETCST TPAKTUYECKU YHUBEPCATHHBIM U
[IPUTOHBIM JIJIsT PEIIEeHUsT MHOKECTBA COPOIIOHHBIX
3aj1a4, OTHAKO €r0 CYIIECTBEHHBIM HEIOCTATKOM SIB-
JISIETCSI CPABHUTEIBHO HU3KAS CEJIEKTUBHOCTD, UTO, B
CBOIO OY€pe/lb, HAJaraeT Psifi OTPAaHUYEHWIT Ha €ro
MIPUMEHEHME.

CuHTeTHYeCKre OpTaHWdYecKHe TOJUMEpPHbIe
MaTepHUaJbl, UCIOJb3yeMbIe Ui 9KCTPAKOPIIOPATIh-
HBIX METOJIOB JICUECHUST, TTaBHBIM 00PA30M COB/IA0TCS
Ha OCHOBE CIIUTOTO MOJUCTUPOJA ¢ (HYHKIIMOHAIb-
HbIME TpyTamMu win 6e3 Hux [20]. HedynkunoHa-

cross-linked polystyrene with or without functional
groups [20]. Non-functionalized polymers are nonpo-
lar; they adsorb mainly hydrophobic, organic, dis-
solved components. At the same time, functionalized
polymers act as cation- and anion-exchange resins and
adsorb mainly ionized molecules and ions. Agarous
and cellulose sorbents are also used as matrices for
biospecific and immune adsorbents [12].

The ability of non-organic adsorbents to bind
different ions is important when they are used for
medical purposes. However, non-organic matrices
are significantly inferior to other adsorbents in bio-
compatibility, and they are not used for direct con-
tact with blood [13].

2. Selective Sorbents

Selective sorbents, i.e those which can remove
certain toxicant from the circulation, include sor-
bents with confirmed ability to remove certain
adverse biologically active molecules. At that, the
removal of certain molecules may be based on the fol-
lowing principles:

(a) highly specific affine interactions between a
specific ligand (e.g., an antibody) and a molecule to
be removed (selective sorption); and

(b) various less specific, but sufficiently affine
physico-chemical interactions ("semi-selective
sorption™).

2.1. Sorbents for removal of low-density
lipoproteins. Increased concentrations of choles-

OBINAA PEAHMUMATOAOTI M, 2016, 12; 6

www.reanimatology.com

85



86

Reviews
[ |

DOI:10.15360,/1813-9779-2016-6-82-107

JIM3UPOBAHHBIE OJIMMEPbHI HEMOJISIPHBI U aICOPOUPY-
0T TIPEUMYIIECTBEHHO IUAPOhoOHbIE OPraHUYECKIe
pacTBOPEHHbIE KOMIIOHEHTHI, B TO BPeMs KakK (hyHK-
[IMOHATN3UPOBAHHbIE TOJUMEPBI AEHCTBYIOT KaK Ka-
THOHO- WJI aHHOHOOOMEHHBIE CMOJIBI U aICOPOUPY-
10T B OCHOBHOM MOHU3UPOBAHHBIE MOJIEKYJIBI U HOHBI.
Takske mprMeHeHHe HAXOSIT arapo3Hble W IIEJLIIO-
JIO3HBIE COPOEHTBHI B KAUECTBE MATPHIL JIJIs1 OUOCTIEIH-
(uuHbIX 1 UMMYHOaACOPOEHTOB [12].

CriocoOHOCTh HEOpPTaHMYECKUX aACOPOEHTOB
CBSI3BIBATD PA3JINYHDIE HOHBI MTPECTABJISIET MHTEPEC
[IPY UCIOJIB30BAHNN UX B MEAUIUHCKUX T1esisix. Of1-
HAKO HEOPTaHUYECKUE MATPUIII 3HAYNTENHHO YCTY-
HAT JAPYTUM ajcopOeHTaM B IIaHe GHOCOBMECTH-
MOCTH U He TIPUMEHSTIOTCS [IJIsI IPSIMOTO KOHTAKTa C
kposbio [13].

2. CejleKTHBHBIE TEMOCOPOEHTDI

K cesleKTHBHBIM, T.€. CIIOCOOHBIM YAJISITh KOH-
KpPETHBIE TOKCHUKAHTBI M3 TOKa KPOBH, MOI'YT OBITh
OTHECEHBI COPOEHTHI € JOKa3aHHOI CIIOCOOHOCTHIO
VIQIATh OIpe/e/IeHHbIE HeKeJIarebHble OMOIOrH-
YecKM aKTHUBHBIE MoJieKyJsbl. [Ipm atom ymanenue
KOHKPETHBIX MOJIEKYJI MOKET OBITh OCHOBAHO Ha:

(a) BeIcOKOCTIEITN(DUIHBIX aHUHHBIX B3aUMO-
JIENCTBUSIX MeXAY criennriecknM Jurangom (Ha-
TIpuMep, aHTUTEJIOM) W yAaJIsieMoi MoJieKysoil (ce-
JIEKTUBHAs COPOIHs), U

(6) Menee crienuUIHBIX, HO JOCTATOYHO ad-
(bUHHBIX, PasHOOOPA3HBIX (PUBUKO-XMMUYECKIX B3a-
UMOEHCTBUAX («IOJIyCEIeKTUBHAS COPOIIHS» ).

2.1. CopOeHnTbl 151 yAaIeHHs! IMIONPOTEHHOB
HU3KOH MIIOTHOCTH. VI3BeCTHO, 9TO MTOBBINIIEHE KOH-
IEHTpAIMN XOJeCTeprHa B aTEPOTeHHBIX aIlOJIUIIO-
nporen B100-comepkanmx JUMONPOTENHAX HU3-
kot motHoctu (JIITHIT) yBenmwumBaer puck
BO3HUKHOBEHUSI CEPIEYHO-COCYANCTBIX 3a00jieBa-
Huil. [Toxokue BUJIbI TUTIEPJIUTTUIEMUN, BEI3BAHHbIE
HasmuueM jieeKkTa B TeHe, KOAMPYIOeM PerenTop
JIITHII, siBnsitoTcs ente ogHOM (hOpMOI HapyIIeHUS
JIUTAAHOTO 0OMeHa. BiiokupoBaHue perenTopa, omo-
cpenytotero augoruto3 JINTHII, mpuBoauT k Hakor-
sennto JIITHII B kpoBu u pasBuTHio THIIEpPIUTINIE-
muu tuna Ila, Koropasg crnocoOCTBYyeT pPasBUTUIO
TSKEJIBIX (DOPM aTepocKJepo3a MW TOCTenyomnen
paHHeH JeTaabHOCTU. KIMHWYECKUI OIBIT MTOKA3HI-
BAET, UTO JIJIst TAKUX OOJIBHBIX JIaske BBEIECHIE MaKCH-
MQJIBHBIX /103 THUMOJUNIHNIEMUYECKUX IpernapaTon
oKa3biBaeTcss Hea(h(PEKTUBHBIM, TTPUYEM HEPEIKU
cJrydan, Kor/la BBeJleHue TpernapaTa HeJIoIyCTUMO TI0
MEUIIMHCKUM TIOKa3aHWsIM. B Takux cuTyarmsax
npuectu obmmuii xonecrepud 1 JITTHIT k HopMaib-
HBIM 3HAYeHUSM BO3MOKHO TOJBKO TIOCPEICTBOM
AKCTpaKkopIiopaitbHoi Tepanuu [21].

Kak 1mokasblBarOT UCCAEOBAHMUSI, CIIOCOOHOCTh
copbeHTOB ¢Bsi3biBaTh aTeporentbie JITTHIT pasym-
4aeTcs B 3aBUCUMOCTH OT TUTIA OYUIaeMoil (husno-

terol in atherogenic apolipoprotein B100-containing
low-density lipoproteins (LDL) are known to
increase the risk of cardiovascular diseases. Similar
types of hyperlipidemia caused by a defect in the
gene encoding the LDL receptor represent another
form of lipid metabolic disorders. The blocking of a
receptor mediating LDL endocytosis leads to accu-
mulation of LDL in blood and development of type
ITa hyperlipidemia, which, in turn, contributes to
development of severe forms of atherosclerosis and
subsequent early mortality. The clinical experience
demonstrates that administration of high doses of
hypolipidemic products is ineffective in such
patients. At that, there cases when administration of
the drug is impossible because of medical contraindi-
cations. In such cases, the extracorporeal therapy is
the only option to restore normal cholesterol and
LDL levels [21].

Studies demonstrated that the ability of sor-
bents to bind atherogenic LDL differed depending on
the type of the physiological fluid to be purified. For
instance, they demonstrated that LDL sorption from
plasma was more effective using Liposorber L,
Liposorber D, LDL Lipopak, and LDL TheraSorb
systems (Table 2) than sorption from the whole blood
using DALI, LDL 300 and LNP 45 systems [21].

Besides, plasmasorbents can regenerate during
the apheresis procedure; therefore, they have virtual-
ly limitless LDL capacity (the capacity is limited
only by the duration procedure). At the same time,
sorbents may be used in one cycle only. For this rea-
son, despite the simplicity and cost-effectiveness of
the hemoperfusion procedure, its effectiveness is
insufficient when used in patients with very high
LDL levels (more than 300 mg/dl) [25].

In general, the comparison of different plasma-
sorbents and sorbents intended for removal of LDL
permits to conclude that the use of antibodies as lig-
ands is the most appropriate option because it
increases the selectivity, biocompatibility, and stabil-
ity of the sorption system [21, 25].

2.2. Sorbents for treatment of autoimmune
diseases. Autoimmune antibodies or antibody-con-
taining immune complexes play a pathogenetic role
in development of different autoimmune diseases
related to primary impairment of the nervous system,
bone, muscular, and connective tissue [26—31].
Therefore, removal of autoantibodies from the circu-
lation is an effective way to treat patients with such
diseases and myasthenia gravis, rheumatoid arthritis,
systemic lupus erythematosus, and others.
Immunoadsorbtion column systems for selective
plasma perfusion or hemoperfusion available for the
clinical use are presented in Table 3 [32—39].

A Japanese company Asahi Medical produces
two types of plasmaperfusion: Immusorba TR and
Immusorba PH. Extraction of immunoglobulins
takes place due to hydrophobic and electrostatic
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Ta6auna 2. Temo- u masmacopOenTsl i yaanenus JIMHIIL.
Table 2. Hemosorbents and plasmasorbents for removal of LDL.
Name of a hemosorbent Manufacturer Matrix Ligand References
Liposorber L Kaneka, Japan Cellulose Dextran sulfate [22]
Liposorber D —
LDL 300 State Scientific Research Institute Cellulose Polyclonal antibodies [21]

of Very Pure Biological Products, against LDL

Federal Medico-Biological Agency,

Russia Cardiological Scientific

and Industrial Complex, Ministry

of Health of Russia
LDL Lipopak POKARD, Russia Agarose Polyclonal antibodies

against LDL

LDL TheraSorb Miltenyi, Germany Agarose [23]
DALI Fresenius, Germany Polyacrylimide Polyacrylates [24]

Ipumeyanue. /s rabaui 2—4: Matrix — marpuiia; Ligand — smrana. of a hemosorbent — remocop6enra; LDL — JIHII; Lipopak —
Jlunonak; Russia — Poccus; State Scientific Research Institute of Very Pure Biological Products — Tocynapcrsennsiit HUM oco6o
yucteix Ouonpenaparos, Federal Medico-Biological Agency — @enepanbhoe meauko-6uomornueckoe arenrcerso; Cardiological
Scientific and Industrial Complex — Kapauosornyeckuii Hay4HO-IPOU3BOACTBEHHbINA KoMmILIeke, Ministry of Health — Munsapas;
POKARD — ITOKAPI; Cellulose — nemmonosa, Agarose — araposa (To ske st Tabur. 3); Polyacrylimide — mosmaxpumamu; Dextran
sulfate — cyabdar nekcrpana (to ke aas tabm 3); Polyclonal antibodies against LDL — moauknoHanbHbie anTuteaa K JIITHII,

Polyacrylates — mosmakpusiaThbl.

JIOTUYECKOH sKUAKOCTH, Tak, MoKasaHo, 4To cOPOIUs
JITTHII 3 rnasMbl ¢ oMotibio cucteM Liposorber L,
Liposorber D, JIHIT Jlunonak 1 LDL TheraSorb
(tabu. 2) 6bita aheKTUBHEE, UeM COPOIHS U3 11EJIb-
HOM KPOBH, MMPOBOAMMAS C UCIOJb30BAHUEM CHUCTEM
DALI, JIHIT 300 u LNP 45 [21].

Kpome Toro, miasmMacopOeHThl ClIOCOOHBI pere-
HEPUPOBATh B TeUeHWE MPOIeayphl adepesa, TaKuM
006paszoM, OHU 006J1aJAI0T IPAKTHYECKI HEOTPAHUYEH-
Hoit emxoctbio 1o JIITTHII (emKrocTh orpanmumBaeTcs
JIVTITB TIPOJIOJIKUTEIbHOCTBIO TTpoTieypbl). B cBoto
ouepejib, TeMOCOPOEHTHI MOTYT OBITh UCIOJb30BaHbBI
JIAITh B OftHOM TuKJie. [1o aToit mpuunne, HECMOTPS
Ha MPOCTOTY W IKOHOMHYHOCTDH IMPOIEAYPHI I'eMO-
copbuun, ee ahHEKTUBHOCTD SBJSETCS HEAOCTATOU-
HOU IIPU UCIIOJIb30BAHUU Y OOJIBHBIX C OY€Hb BBICO-
kuM yposaem JITTHIT (6osee 300 mr/min) [25].

B 1enom, cpaBHeHME Pa3IMIHBIX TJIA3MO- U Te-
MOCOPOEHTOB, TPEJHASHAUYCHHBIX IS  YAQJICHS
JITIHII, no3BoJsisteT caeath BBIBOL O TOM, YTO HC-
MOJIb30BAHKE B KAYECTBE JIMTAHIOB AHTUTEJ SIBIISICTCST
HanboJiee 11e1eco000PasHbIM ITOCKOJIbKY CIIOCOOCTBYET
VBEJIMYECHUIO CEJIEKTUBHOCTH, OMOCOBMECTUMOCTH U
CTabMIBHOCTH COPOITMOHHOMN crcTeMsr [21, 25].

2.2. CopOeHTSHI /IIsl TeYeHNs] Ay TOMMMYHHbBIX
3a0oJieBaHuil. AyTOMMMYHHBIE QHTHUTEIA WJIH CO-
JiepsKalie UX MMMYHHBIE KOMIIJIEKChI UTPAIOT TaTO-
TeHETUYECKYIO POJTb B PA3BUTHH PA3TMUHBIX Ay TOMM-
MYHHBIX 3a00JIeBaHUI, CBSI3AHHBIX C IEPBUYHBIM
TTopakeHneM HEePBHON CHUCTEeMBI, KOCTHOM, MBIIIEY-
HON n coenuHUTENbHON TKaHU [26—31]. IloaTtomy
yAaJeHue ayTOAHTUTEN W3 IUPKYJISIAN SBJSETCS
9 PEKTUBHBIM CIIOCOOOM JledeHrs GONBHBIX € TAKK-
MU 3a60JIeBAaHUSIMU, KaK MUACTEHHsI TPABUC, PEBMa-
TOW/HBIN apTPUT, CUCTEMHAas KpacHas BOJYAHKA W
apyrue. VIMMyHOa1cOpOIIMOHHBIE KOJIOHOYHbIE CHC-

binding between the adsorbent and autoantibodies.
Columns where tryptophan and phenylalanine
amino acids immobilized on the hydrogel basis were
used as ligands were effective in treatment of myas-
thenia gravis, Guillain-Barré syndrome, and Fischer
syndrome [32].

The Kaneka (Japan) produces a plasmasorption
system Selesorb for treatment of the systemic lupus
erythematosus [33]. Dextran sulfate used as a ligand
may be selectively bound to anti-DNA and anti-cardi-
olipin antibodies due to electrostatic interactions [40].

The Cypress Bioscience (USA) Company man-
ufactures a plasma perfusion system called Prosorba.
Protein A from S.aureus bacteria is used as a ligand.
Highly-affine interactions between a ligand and a
IgG fragment permit to extract IgG and circulating
immune complexes selectively. This system under-
went clinical testing for treatment of rheumatoid
arthritis [34, 35].

Protein A is also present as a ligand in a plasma
perfusion system Immunosorba manufactured by a
Swedish Company Excorim. The system is used for
treatment of patients with myasthenia and other
immunopathological disorders [36].

The principle of action of a Japanese column
Medisorba MG with a synthetic protein is based on
the antibody-antibody interaction. The column is
intended for patients with myasthenia [37, 38].

Ig-Therasorb, a column with a similar mecha-
nism of action, manufactured by a German Company
Therasorb Medical Systems contains sheep polyclon-
al antibodies and is a universal treatment option for
patients with different autoimmune diseases [32, 39].

Ig Adsopak, a column produced by a Russian
Company Pokard, should also be mentioned. The
column is based on a plasmasorbent containing poly-
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Ta6mmna 3. TeMo- 1 IIa3MacOPOEHTHI IS JIEYeHHs] Ay TOUMMYHHBIX 3200JI€BaHUIA.
Table 3. Hemosorbents and plasmasorbents for treatment of autoimmune diseases.

Name Manufacturer Matrix Ligand References
Immusorba PH Asahi Medical, Japan Hydrogel PVOH Phenylalanine

Immusorba TR Tryptophan [32]
Selesorb Kaneka, Japan Cellulose Dextran sulfate [33]
Medisorba MG Kuraray, Japan Cellulose Cholinergic receptor 137, 38]
Ig-Therasorb Therasorb Medical Systems, Germany Cellulose Sheep polyclonal antibodies  [39]
Prosorba Cypress Bioscience, USA Silicagel Protein A [34, 35]
Immunosorba Excorim, Sweden Agarose [36]

Ipumeuanue. Hydrogel PVOH — rugporens I[IBC; Silicagel — cusnmkaresns; Phenylalanine — dennnananum; Tryptophan — tpumnro-
(an; Cholinergic receptor — xosmuopenentop; Sheep polyclonal antibodies — mosmknoHanpHbIE aHTHTETA OBelr; Protein — Genok.

TEMBI JIJIS CEJIEKTUBHON TIIa3Mo- WU TemMoriepdy-
3UH, TOCTYITHBIE JIJIST KIMHUIECKOTO UCTIOTb30BAHUS
npejcraBiieHsl B Tabr. 3 [32—39].

SInonckas komnanus Asahi Medical npezara-
€T JIBa THWIa KOJOHOK JJis riagMonepdysum —
Immusorba TR u Immusorba PH. WsBieuyeHue mm-
MYHOTJIOOYJIMHOB ITPOMCXO/INT 3a CYeT THAPOGOOHO-
TO U AJIEKTPOCTATUYECKOTO CBI3BIBAHUS MEKIY ajl-
copbeHTOM 1 ayToaHTUTeaMu. KOJIOHKH, B KOTOPBIX
B KauecTBe JINTAH/IOB HA TH/POTEJIEBOI OCHOBE M-
MOOUJTM30BAaHbI AMUHOKIC/IOTHI TPUIITO(AH ¥ (heHM-
JIAJIAHWH, YCIENTHO WMCIIOJb30BATUCH IS JieUeHUSs
MUACTeHUN TpaBuc, cuaapoMa Initena-bappe n cun-
npova Qumrepa [32].

Komnanust Kaneka (SIionust) BbilycKaer 1ias-
MocopOInoHHyI0 crcteMy Selesorb st reuenust cu-
creMHOI kpacnoii Bosyanku [33]. Mcnosnb3yemblil B
KauecTBe JIMTaHAA CyJbdar JeKcTpaHa CeTeKTUBHO
cBa3biBaeTcs ¢ antutenamu K JJHK u kapanonnmnm-
Hy Osrarofiapsi 3JI€KTPOCTATUYECKUM B3aUMOJEHCT-
BusiM [40].

®upma Cypress Bioscience (CIIA) pacmoma-
raetT CHUCTeMOW TMiazmMorepdysun 1o Ha3BaHWEM
Prosorba. B kauecTBe Jiurania ucrmosibayercst GeIok
A (Protein A) Gaxrepuii S.aureus. Boicokoaddun-
HOE B3aMMOJIENICTBUE MEXKILY JIUTAHIOM U (hparMeH-
ToM 1gG mo3BosioT cenekTuBHO u3BJeKarth [gG n
[UPKYJIUPYIONINE UMMYHHBbIE KOMILIEKCHI. JlaHHas
crcteMa OblTa YCIIEITHO KIMHUYECKH allpoOupoBaHa
[IpY JIeYeHU N PEBMATOUIHOTO apTpuTa |34, 35].

Besox A taxike mpucyTcTByeT B BHUjE JUTAH/A
B cucreMe 1maazmornepdysun Immunosorba miem-
ckoil kommanuu Excorim, ucrosibdyemoit s jede-
HUs1 GOJIBHBIX C MHACTEHUEH W IPYTUMHU MMMYHOIIA-
TOJIOTHUECKUMU 3a00steBanusiMu [36].

B ocHOBe gelicTBUS SMOHCKOW KOJOHKH
Medisorba MG ¢ cunTeTnueckum 6eJIKOM B KauecT-
Be JIMTAaH/A JIEKUT B3aMMOJIECTBAE aHTUTEH-aHTH-
tesio. KosloHKa npesHasHayeHa aJist OOJIbHBIX, CTpa-
Jaronmx muacrenueit [37, 38].

KosoHka ¢ aHaJOTUYHBIM TIPUHITUIIOM JI€HCT-
Busi Ig-Therasorb memerkoit xommanuu Therasorb
Medical Systems comepsKuT JHUTaHI — ITOJUKJIO-
HaJbHbIE AHTUTEJA OBEIl W SIBJISETCS YHWBEPCAJh-

clonal antibodies against human IgG. Spherical
granules of the matrix containing antibodies have an
ability to pass human plasma and bind immunoglob-
ulins G (IgG 1, IgG 2, IgG 3, IgG 4), immunoglobu-
lin M (IgM), and immune complexes. All other plas-
ma components return to patient's circulation. The
labeled capacity of the Ig Adsopak® 200 column is
equal to 3.6—4.0 g of immunoglobulins. The use of
these columns permits to remove up to 30 g of
immunoglobulins per procedure; at that, the concen-
tration of all other plasma components is not affect-
ed [41]. Technical characteristics of the column
demonstrate its good therapeutic potential, which
should be confirmed in clinical trials.

2.3. Sorbents for removal of bilirubin.
Bilirubin is a product of gem-containing protein
catabolism. It is toxic for mitochondria at high
concentrations, thus leading to disorders in the
central nervous system [42]. It has been demon-
strated that the endoplasmic reticulum stress (ER
stress) led to inflammatory reactions and apoptot-
ic death of neurons under the effect of excessive
bilirubin concentrations [43]. Recent studies
demonstrate high neurotoxicity of high bilirubin
concentrations, at least, for nervous system cells
including brain cells [44—45]. Numerous studies
evaluating the relevance of excessive bilirubin con-
centrations for impairment of nervous system func-
tions in newborns (especially, in the event of
preterm delivery) keep drawing attention of many
clinicians worldwide [46—49]. There are some
reports on the relevance of hyperbilirubinemia in
the postnatal period for hearing impairment in
countries with insufficient economic resources
[50]. These findings confirm the toxic effect of high
bilirubin concentrations, at least, on the most sen-
sitive sphere: immature nervous system of new-
borns. There is not enough evidence confirming
hypersensitivity of other patient populations with
an increased risk of antioxidant protection failure
(the elderly, critical states, post-septic patients) to
the neurotoxic effect of bilirubin.

Different liver diseases, such as biliary cirrho-
sis, liver cirrhosis, fulminant hepatitis, toxic hepati-
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HBIM CPEJICTBOM JieueHUst GOJIbHBIX € PasiMYHbIMU
AyTOMMMYHHBIMI 3a60meBanmsivu [32, 39].

Cremyer OTMETHTD OTE€UECTBEHHYIO Pa3paboTKy
kommanm HITD Tlokapx — xomonky Ig Adsopak
(Poccus). OcHOBY KOJIOHKH COCTaBJISIET TIJIa3MOCOP-
GeHT, cofep kAN TOMUKIOHATHHbIE AHTUTENA TIPO-
tnB [gG mnasmel kpoBu uesoBeka. Cdepuueckne
TPAHyJIbI MATPUIIBI, COMEPIKAIINE AHTUTENA, 00TaIa-
10T CMTOCOGHOCTHIO TIPOTTYCKATD TIa3My KPOBHU YeJio-
BeKa, cBsa3biBast Bce mmmyHormobyannsr G (IgG 1,
IgG 2, IgG 3, IgG 4), a Takike UMMYHOTTIOOyTHH M
(IgM) u ummynnble KoMmiLlekcbl. Bce ocraibHble
KOMTIOHEHTBI TIJIa3MBI BO3BPAIIAIOTCSI B KPOBOTOK
ranuenTa. 3asBJIeHHas eMKOCTh KOJOHKN 1g Agmco-
mak® 200 cocrasisier 3,6—4,0 rpaMM IMMYHOTJIO0Y -
JUHOB. lIpnMeHeHMe MaHHBIX KOJOHOK ITO3BOJISET
yaaaaTh 10 30 T UIMMYHOTJIOGYTMHOB 32 TIPOTIEAYPY,
IIPA 3TOM KOHIIEHTPAIMSI BCEX OCTAJIBHBIX KOMIIO-
HEHTOB Tma3Mbl He MeHsiercs [41]. Texuuyeckwue
JTAaHHbIe KOJIOHKU CBH/IETETBCTBYIOT O XOPOIIEM Te-
PaTIeBTHYECKOM MOTEHTINAE, KOTOPBIH TOJIKEH OBITH
BePUMUITIPOBAH B KIMHIMYECKIX HCCIETOBAHNIX.

2.3. CopOeHnTbl i ynajeHus: OuiupyOuHa.
Bunupy6us — TPOAYKT KaTaboim3Ma TeM-ComepsKa-
mux 6eTKOoB. B OueHb BLICOKMX KOHIEHTPAIUSIX OH
TOKCHYEH JIJISI MUTOXOH/IPUIA, UTO, B IEPBYIO OUEPE/Ib,
puBOANT K HapyireHussM Ha yposae [LTHC [42]. ITo-
KAa3aHO, YTO BO3HUKATOIIHNIT TIOJT BO3/IEHCTBIEM M30bI-
TOYHBIX KOHIEHTPAIMH OMIMpyOuHa CTpecc JHI0-
mrasmatndeckoit cetm (ER cTpecc) mpuBommm x
IIPOBOCTIAIUTEIBHBIM PEaKINsAM U allONTOTHYECKOMH
rubesn HeiipoHoB [43]. HepaBHue ucciieoBaHust CBH-
JIeTeJIbCTBYIOT B TIOJTb3Y BBICOKOH HEHPOTOKCIYHOCTH
BBICOKOTO COIEPyKAHNS OUIUpyOnHa, o KpaiHel Me-
pe, IS KJIeTOK HEePBHOM CHCTEMBI, BKIIOUAsT KJIETKH
Mo3ra [44—45]. MuoroducienHbie MCCIeI0BAHS,
MOCBSIIIIEHHbIE 3HAUYEHUIO U30BITOYHBIX KOHIIEHTPA-
it GuanpyOuHa 1T HapyieHns: (GyHKIMOHIPOBa-
HYIsSI HEDBHOMN CHCTEMBI Y HOBOPOKIEHHBIX (B 0COOEH-
HOCTH — TIPU TIPEK/IEBPEMEHHOM POZIOpPa3pPeIIeHNN ),
CETONHS CHOBA IIPUBJIEKAOT BHUMAaHNe MHOTHX KJIHU-
nunuctoB B mupe [46—49]. Ilogasiaioresa oraenbble
COOOIIEHUST W O 3HAYECHUM TUIEPOUINPYOMHEMUN B
MOCTHATATIBHOM TIEPHO/IE TIPU PA3BUTHH PACCTPOICTB
cilyXa B CTpaHaX C HEOCTATOUYHOCTHIO 9KOHOMIYeEC-
kux pecypcos [50]. Bee ato cBUIETENBCTBYET B 110JIH-
3y TOKCHYECKOTO JIEHCTBHS BBICOKUX KOHIIEHTPAIHI
OuimpyOuHa, 1o KpaiiHell Mepe, Ha HanboJee TyBCT-
BUTEJIBHYTO chepy — He3peIyIo HEPBHYIO CHCTEMY HO-
BOopok/JIeHHBIX. [loka HeT mocTaToyHOI /TOKa3aTesb-
HOU 6a3bl, CBUAETENBCTBYIONIEH O MOBBINIEHHOI
YYBCTBUTEJIBHOCTH K HEHPOTOKCUIECKOMY HEHCTBUIO
OuMpyOMHA APYTUX IPYII OOJBHBIX C TIOBBIIIEHHBIM
PHICKOM HETOCTATOUHOCTY aHTHOKCHIAHTHOM 3aIIThI
(cTapyecknit BO3pacT, KpUTUIECKHE COCTOSTHUS, TTIOCT-
cenTmyeckue GOTBHLIE).

Pasmunnie 3a607€BaHUS TTEYEHH, TaKue Kak
[EPBUYHBIN OWJIMAPHBII [UPPO3, MUPPO3 IEUYEHH,

tis, viral hepatitis, postoperative hepatitis and other
diseases are associated with hyperbilirubinemia.
Being a biomarker of liver impairment severity, its
pathogenetic relevance for these diseases is still
unclear. Besides, a medium increase in the bilirubin
concentration is considered a part of a protective
response in diseases associated with the oxidizing
stress; it is also linked to its ability to suppress the
immune system, inhibit protein phosphorylation and
modulate signal cascades, first of all, in vascular
endothelium [51]. However, too high bilirubin con-
centrations are obviously toxic for body cells, and
removal of bilirubin using specific sorbents might
improve the course of different diseases associated
with extra amount of bilirubin in circulation.
However, removal of both bilirubin and unidentified
toxic substances associated with bilirubin increase in
blood could be the actual reason of improvement of
clinical parameters after the sorption.

The excess of bilirubin is known to bound to
albumin easily thus contributing to bilirubin elimi-
nation. Therefore, plasma or albumin transfusion is a
widely applied method of treatment of conditions
associated with hyperbilirubinemia. However, in this
case, there is a risk of viral infections and hypersensi-
tivity. Dialysis against albumin solution is another
high-tech detoxification technique. MARS [52],
SPAD [53], and Prometheus [54] are examples of
such systems. However, this technique has its short-
comings, and its wide application is limited, first of
all, by its high price.

Japanese adsorption columns Plasorba BR-350
(Asahi Medical) [55] and Medisorba BL-300
(Kuraray) [56] were proposed as a perspective alter-
native. Positively charged quaternary ammonium
salt serves as a ligand in these systems which permits
to capture bilirubin which has a negative charge on
carboxylic groups. However, this ligand has a rela-
tively low selectivity. Hydroxyethyl methacrylate
coating improving the selectivity was applied onto
the Medisorba BL-300 adsorbent in order to
decrease the non-specific sorption. Characteristics of
plasmasorbents decreasing bilirubin blood levels are
presented in Table 4 [55, 56].

The effectiveness of sorption for decreasing biliru-
bin blood levels has been confirmed in clinical trials
[55]. However, it should be noted, that these columns
extract not more than 30—50% of bilirubin per proce-
dure; at that, their volume is quite great: 300—350 ml.

2.4. Sorbents for treatment of sepsis. A
number of studies demonstrated that hemoperfu-
sion through special adsorbents stabilized the state
of patients with sepsis [57—60]. Clinical trials
demonstrated the potential of sorption columns for
removal/decrease in blood of bacterial endotoxins
(BE) — lipopolysaccharides (LPS), cytokines
involved in the pathogenesis of sepsis, microorgan-
isms, and WBCs from blood [58—60].

OBINAA PEAHMUMATOAOTI M, 2016, 12; 6

www.reanimatology.com

89



90

Reviews
[ |

DOI:10.15360,/1813-9779-2016-6-82-107

(byTbMUHAHTHBIN TenaTUT, TOKCUYECKWI TenaTuT,
BUPYCHBIN TEMATUT, TIOCIEONEPATMOHHDBIN TETaTUT 1
IPYTHE ACCOIMUPYIOTCS € TUIEPOMINPYOMHEMHEI.
Bunpy6u siByisteTcst 6OMapKepOM TSKECTH Topa-
JKeHust QYHKIIUN TT€YEHH, HO €T0 ITaTOT€HETHIeCKOe
3HAUEHVE [IJIsI [IePEUNCIIEHHbBIX 3a00JIeBaHUI ocTaeT-
cs1 10/ BOIIPOCOM 10 cux 1op. bosiee Toro, cpesrue
3HAYEHVS [TOBbIIIEHUS YPOBHS OUIMPYOHHA paccMa-
TPUBAIOTCS KaK YaCTh MPOTEKTHBHOTO OTBETA TP 3a-
60JIeBAHUSX, aCCOIMUPOBAHHBIX C OKUCJIUTEIBHBIM
CTPECCOM, U CBSI3BIBAIOTCS C €70 CITOCOOHOCTHIO TO-
JIaBJSATh MMMYHHYIO CHCTeMY, MHrHOMpoBaTh (oc-
dopusmpoBate GEJIKOB ¥ MOLYJIUPOBATH CUTHAJb-
Hble KacCKaj/bl, B IIEPBYIO OYEPedb B IHIOTENUN
cocynioB [51]. OgHaKo CAMITKOM BBICOKNE 3HAYEHUE
O6unpy6OuHa, BUAMMO, AEHCTBUTEIBHO TOKCHYHBI
IS KIIETOK OPTaHU3Ma, TIOTOMY 4TO y/aageHie Ouim-
pyOuHa crieruuIecKuMU cCOpOEHTAMI TPUBOIUIIO K
VIYYIIEHNIo TedeHnsT pasHbix 3aboseBanuii. Bpo-
yeM, yaaJieHre BMecTe ¢ GUInpyOHHOM HEU3BECTHBIX
TOKCHYECKHUX BEIIECTB HA CAMOM JieJie MOTJIO OBbITh
UCTUHHO TIPUYUHON yIydIIeHUs KIMHUIECKUX T10-
KasareJieil ocJie Takoi copoimu.

M3BecTHO, uTO M30BITOK OHIMPYOUHA JIETKO CBSI-
3bIBAETCSl ANbOYMITHOM, YTO CIIOCOGCTBYET BbIBEIE-
HUO OMMpyOrHa 13 opraHuaMa. 110aToMy pacrpoct-
PaHEHHBIM  METOJIOM  JiedeHHs]  OOJIBHBIX €
3a60I€BAHUSIME, COTTPOBOKAAIOTMMICS THTTEPOTLITH-
pyOrHeMUEH, SBJISIeTCsT TIepeIMBaHIe MJIasMbl JIHOO
pactBopa ampOymuna. OMHAKO B 9TOM CJIyYae BO3HHU-
KaeT PUCK BUPYCHOM MHMEKITNHN HIIN PA3BUTHUS TUTIEP-
YyBCTBUTEJNHHOCTH. JPyTHM, BEICOKOTEXHOIOTUYHBIM
€oco60OM JIETOKCHKAITN OPTAHM3Ma, SIBIISIETCST JTa-
JIM3 MPOTUB pacTBopa aabOymuHa. IIpumepamu 1mo-
nobubix cuctem simstiorest MARS [52], SPAD [53] u
Prometheus [54]. OxHako JaHHDLINT METOM He JIMIIEH
HEJJOCTATKOB, HO B IEPBYIO OYEPE/IH €0 IIMPOKOE TIPH-
MeHeHHe OTPAHNYEHO BBICOKOH TTeHOM.

B kauecTBe MEPCIEKTUBHON aJIbTepHATHBBI Obl-
JIV TIPEJIOJKEHDT SITTOHCKIE afCOPOITMOHHBIE KOJTOH-
ki Plasorba BR-350 (Asahi Medical) [55] u
Medisorba BL-300 (Kuraray) [56]. Jluraux B gaH-
HBIX CHCTEMaX IMPEACTaBJISIeT COOOH MOJOKUTENbHO
3apSUKEHHYIO YeTBEPTUYHYIO COJIb aMMOHUS, KOTO-
past mo3BoJIsieT 3(D(PEKTUBHO 3aXBaThIBATh OWJIUPY-
OVH, UMEOIINI OTPUIATEIBHBIN 3apsii Ha KapOOK-
cuibHBIX rpynnax. OAHAKO TOT JuraHa obJagaer
CPaBHUTEIBHO HU3KOW cesieKTUBHOCTBIO. C 11esbio
CHUKeHUS Hecnenn(puueckoid copOuumu Ha aacop-
6ent Medisorba BL-300 HaHeceHO TOKPBITHE U3 TH-
JPOKCUITUIMETAKPUIATA, CIIOCOOCTBYIONIEE MOBDI-
HIEHTIO CEeJIEKTUBHOCTH. XapakTepucTuku
MIa3MOCOPOEHTOB, CHIKAIONTIX YPOBHU OMIHPYOH-
Ha B KPOBH, MpejicTaBieHbl B Tabie 4 [55, 56].

IddexTuBHOCTD COPOLMMU I CHUIKEHUS
YPOBHsT OUIMPYOHHA B KPOBHU MMOKA3aHA B KJIMHUYEC-
Kux uccaepoBanusax [55]. Oxpmako ciemyer mpu-
3HATh, YTO JaHHble KOJOHKW W3BJIEKAOT He GoJee

2.4.1 Toraymyxin. At present, several hemoper-
fusion columns are used in clinical practice world-
wide. Historically, the Toraymyxin™ column (Toray
Medical Co., Ltd Japan) was the first column for
extracorporeal therapy of sepsis. It had been used in
Japan for treatment of sepsis since 1994 [61]. In
2014, these columns were used for treatment of more
than 100,000 patients with sepsis with low incidence
of adverse effects (less than 1%) [63]. The cartridge
is constructed as follows: polymyxin B is covalently
immobilized in threads from polystyrene/polyethyl-
ene, thus permitting to remove BE selectively avoid-
ing elution of ligand. Immobilization is carried out
due to a reaction with the amino group of a
diaminobutyric acid fragment [64]; at that, polymyx-
in B concentration is 5 mg per 1 g of polystyrene [5,
65]. The company web-site specifies the column
parameters: the volume is 135 ml, and the sorbent
weight is 56 g; it is sterilized by pressurized super-
heated vapor; the flow rate is 80—120 ml/min (opti-
mal flow rate: 100 ml/min); the run time is 2 h [66].

The mechanism of action of the device includes
the removal of BE [67—71]; at that, proinflammato-
ry cytokine/factors (IL-6, HMGB1, sRAGE) blood
levels also decrease [72—74]. The column permitted
to remove up to 64,000 ng (64,000 EU) of BE from
bovine plasma per hemoperfusion procedure [68, 69].
In a clinical setting, the IL-6 level was reduced by
2.5-fold in patients within 24 hours after stating the
procedure [75].

The effectiveness of the column was tested in
vivo in dogs for treatment of E.coli-induced sepsis. It
has been demonstrated that the survival of animals
after hemoperfusion increased from 12.5% to 83%
[76]. There were reports on phase II clinical trials
with Toraymyxin™ (70 patients in the study group
vs. 33 patients receiving standard therapy in the ref-
erence group). It was noted that a two-week survival
rate in the Toraymyxin™ was equal to 54.1% vs.
36.4% in the reference group (P<0.05) [77]. The sub-
sequent phase IIT of the clinical trial has no purpose
to evaluate the survival rate of patients; attention
was paid to evaluation of BE and cytokine concen-
trations changes [78, 79]. 1 425 patients participated
in 28 trials; 978 patients underwent extracorporeal
therapy using Toraymyxin™ cartridges, 447 patients
received conventional therapy [79]. Most studies
were performed in Japan. Principal parameters of
treatment effectiveness using Toraymyxin™ are pre-
sented in Table 5 (according to [77, 80—102]).

A multicenter randomized trial of the extra-
corporeal treatment of sepsis using Toraymyxin™ in
European countries started only in 2005. First tri-
als were performed in 35 patients with severe
abdominal infections (17 subjects in the
Toraymyxin™ group and 18 subjects in the refer-
ence group). It was demonstrated that hemody-
namic and cardiac function parameters improved in
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Tabmuua 4. IlnazamacopOeHTs! i yaaneHus: GuipyouHa.
Table 4. Plasmasorbents for removal of bilirubin.
Name Manufacturer Matrix Ligand References

Plasorba BR-350

Asahi Medical, Japan Styrene/divynil benzene copolymer

Quaternary salt of ammonium

[55]

Medisorba BL-300  Kuraray, Japan

Styrene/divynil benzene copolymer

Quaternary salt of ammonium
and hydroxyethyl methacrylate coating [56]

Ipumevanue. Hydrogel PVOH — runporeas ITIBC; Silicagel — cunukarens; Phenylalanine — ¢pennmananun; Tryptophan — tpunro-
(an; Cholinergic receptor — xomunopenenrtop; Sheep polyclonal antibodies — nosmkaonanbibie anturena osely; Protein — 6enok.

30—50% Gupy6rHa 3a OfHY TIPOLEAYPY, IPUA 9TOM
ux o6beM JocTaTouHo Beuk: 300—350 mur.

2.4. CopOenrbl AJs Jedyenus cencuca. B psje
HCCJIeIOBAHUH TTOKA3aHO, YTO MCIOJIb30BAHNE JIETOK-
CHKAI[MOHHOI TeMOCOPOIINH CTAOIIM3HPOBATIO COCTO-
stare GoMbHBIX Tipu cemncuce [57—60]. Kaumnaeckie
HCCJIEIOBAHMSI BBISIBUJIM OTEHIIAAT COPOIIMOHHBIX
KOJIOHOK JIJIsT YIaJIeHUsT U3 KPOBU GOJIBHOTO GakTepu-
IbHBIX 9HAOTOKCHHOB (BJ) — numonosnmcaxapuaos
(JITIC), ygacTByIOIMX B MATOTeHE3€ CETICHCa ITMTOKN-
HOB, MUKPOOPTaHU3MOB, JIeHKOIuTOB | 58—60)].

2.4.1 Toraymyxin. Ha HacTOSAUN MOMEHT B
KJIMHWYECKON TPAKTUKE HCIOJb3YETCS HECKOJIBKO
KOJIOHOK JIJISI TeMOCOPOIINE KaK OTEYeCTBEHHOTO, TaK
U UMITOPTHOTO TTPOM3BoicTBa. MlcToprudecku mepBoii
KOJIOHKOI JIJIs1 9KCTPAKOPIIOPAJIBLHON TEPAITUU CETICH-
ca sistiercss Toraymyxin™ (Toray Medical Co., Ltd
Amonus), kotopas mpuMeHseTcs B AMOHNN 1S JTe-
yenusg cercuca ¢ 1994 roga [61]. K 2014 r. B Mupe atu
KOJIOHKU OBLIM HCIIOJb30BaHbI TIPK JieueHuu GoJiee
100 000 GOJBHBIX € CENICUCOM C HIU3KON YacTOTOMN He-
GaaronpusaTHeIX addexToB (MeHee 1%) [63]. Kapt-
PHIIK ITOCTPOEH CIIEAYIONUM 06PasoM: TIOJTUMUKCHH-
B KoBaJeHTHO HUMMOOWMJIM30BAaH Ha HUTSAX U3
MTOJIUCTUPOJIA/TIONIUATUIIEHA, YTO TO3BOJISIET CeJeK-
TUBHO yIAJsATh B W Mpu 3TOM He TPOUCXOIUT BbI-
MBIBaHUsT TuraHaa. VIMMOOUIHN3AIHST OCYIECTBIISET-
cs1 Oaromapsi peakiuy MeKAy aMUHOTPYIIION
(parmenTa auamMunoMacssAHON Kuciaorbl [64]; npu
9TOM cojiep:Katne ToJIMMUKCHHa-B cocraBisier 5 Mr
ua 1 r mosmcrupoda |5, 65]. Ha caiite komnanuu yka-
3aHBI TAPaMETPhI KOJIOHKH: 06beM — 135 M1, Bec cop-
GeHra — 56 T, cTepUIM3AIs — MEPErPEThIM MapOM
o7 aBJeHuEeM, cKOpocTh Toka — 80—120 mur/mMun
(ontumanbHO — 100 Ma/MUH), BpeMs TIPOTIe/LypPhI Te-
Mocopbiu — 2 4 [66].

Mexanusm JeiicTBUs yCTPOHCTBA 3aKII09aeTCs
B ymamenun B [67—71], mpu atom Habiomaercs
CHUKEHWE COJIEPKAHUS B KDOBU U ITPOBOCTIAJIUTEh-
weix nurtoknHoB: 1L-6, HMGB1, sRAGE [72—-74].
Kosonka 1mo3Bosisiia yIaisTh myTeM reMornepdys3un
10 64000 nr (640000 ED) BD u3 Oblubeil 11a3mbl
[68, 69]. [Ipu aTom Yepe3 cyTKHU 1TOCTe TPUMEHEHUS
KOJIOHKH y GOJIbHBIX cojepskanue IL-6 cHUKaIoch B
2,5 pasa [75].

IDPEeKTUBHOCTD UCIOIb30BAHNS KOJTOHKH Obl-
JIa MCcCIeloBata TakkKe 1 in vivo Ha cobakax st Jie-
yenus: E.coli-unmynupoBaHHoro cercrica. Bblio mo-

the Toraymyxin™ group, however, the survival rate
did not differ significantly in both groups on Day
28. There was also no visible decrease in LPS con-
centration in the Toraymyxin™ group [94]. Then,
there was a multicenter trial in Ttaly in patients
with septic shock caused by abdominal infections
after surgical interventions (64 subjects: 34 —
Toraymyxin™group, 30 — reference group) [107].
This study demonstrated a greater effectiveness of
treatment with Toraymyxin™ as compared to the
standard therapy according to the following crite-
ria: increased BP, decreased vasopressor support,
relieved multiple organ failure (according to the
SOFA scale), and increased overall survival on Day
28. However, a number of authors criticized the
study design [108, 109]. It should be noted, that the
trial was discontinued pretermly for ethical reasons
because of the difference in the mortality rate
between the two groups.

A number of studies specifying the mechanism of
operation of the Toraymyxin™ column was performed,
however, the results were to a considerable extent
inconsistent [94, 110—113]. Nevertheless, clinical
results demonstrated that the most significant effect
of Toraymyxin™ was evident in septic shock patients
accompanied by systemic inflammatory reaction
[114]. However, the insufficient sample did not pro-
vide clear evidence for precise recommendations.

It should be noted, that no advantages of
Toraymyxin™ over the standard treatment could be
found in several studies. In a study [115] performed
in Japan in one hospital in 2006—2012, 10 lethal out-
comes were registered in a group of 16 patients with
septic shock caused by Gram-negative bacteria and
hematological disorders; this mortality rate was con-
sidered as unusually high. Therefore, the authors
concluded that the hematological disorders repre-
sented contraindications for the wuse of
Toraymyxin™. Another clinical study [116] seems
quite promising. Despite a decrease in the BE con-
centration on the average by 74.4% after the treat-
ment with Toraymyxin™, the mortality rate was rel-
atively high (47%). At that, even removal of 98.8% of
LPS did not result in patient's recovery in one case.

Therefore, researches anticipate results of new
expanded clinical trials, which are intended to specify
the actual effectiveness of treatment of severe sepsis
and septic shock using polymyxin-containing columns

OBINAA PEAHMUMATOAOTI M, 2016, 12; 6
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Ta6muua 5. Uccnenosanue addexrusnoctu repanun Toraymyxin™.
Table 5. Studies of the effectiveness of treatment using Toraymyxin™ .

The number of studies
(the number of subjects)

Mean values during the extracorporeal therapy using
Toraymyxin™ (or standard therapy)

Test parameter

Mortality' 15 (920) 33.5% (61.5%)

LPS concentration 17 (455) decrease by 21.2 pg/ml

Median BP 12 (275) increase by 19 mmHg

Required dose of vasopressors® 4 (96) decrease by 1.8 pg/kg/min

Pa0,/FiO, 7 (151) increase by 32

Note. ' — The mortality rate was assessed on Days 14 [76], 28 [80, 82, 87,91—93], 30 [79, 83—84], and 60 [86]. In a number of cases,
the day when this parameter has been assessed remains unspecified [81, 85, 88, 90]. * — Dopamine/dobutamine.

Ipumeuanue. ' — CmeprHoCcTh otteHuBasu Ha 14-i [76], 28-11 [80, 82, 87, 91—93], 30-ii [79, 83—84] u 60-ii neun [86]. B psize cayyae
He SICHO, B KaKOW IeproJ BpeMeHu olleHen aanublii mapamerp [81,85, 88, 90]. * — lodamun/mobyramun. Test parameter —
uccnenyembiii napamerp; The number of studies (the number of subjects) — kommuectBo nccresosanmii (qucno nanueHtos); Mean
values during the extracorporeal therapy using Toraymyxin™ (or standard therapy) — cpentee snayenue napamerpa Ipu IpoBeAeHUN
HKCTPAKOPIOPATBHON Tepannu ¢ uenoabzoparrem Toraymyxin™ (uiau crangaptHoro Jedens ); Mortality — cmeprrocts; LPS con-
centration — conepsxkanue JITIC; Median BP — cpennee AJT; Required dose of vasopressors — tpebyemast 103a Basonpeccopa; decrease

by — ymenbIenue Ha; increase by — yBennuenue Ha.

Ka3aHO, UTO BBIKMBAEMOCTD JKHBOTHBIX IIOCTE TIPO-
BEJIEHUN TPOTIEAYPHI TEMOCOPOIINHU MTOBBICUIACH C
12,5 10 83% [76]. Coobranoch o poBeseHUN (haszbl
Il kaMHWYECKWX WCHBITAHUNA C HMCHOJIb30BAHUEM
Toraymyxin™ (70 GOJbHBIX IPOTHB T'PYIINbI CPaB-
HeHnnst — 33 GOJBHBIX, MOJTYYABIINX CTAHAAPTHOE
Jgeyenne). OTMedeHo, 4TO IByXHe/le/IbHas BblKUBa-
emoctb B rpynie Toraymyxin™ cocraBuia 54,1%
npotuB 36,4% B KouTposbHOU Tpymie (p<0,05)
[77]. B nmocaenyromeii daze I11 kmmHnyeckux mnc-
IBITAHNI He CTaBUJIACh 3ajada OIeHUTh BBUKIBAe-
MOCTDH TAI[MEHTOB, BHUMaHWE Y/EIATI0Ch OIleHKe
n3MeHeHus KoHIeHTparuu B3O u murokuHoB [78,
79]. B 28 uccnenoBanusix mpunsiio ydactue 1425
yesioBek, 978 Mosydnsan aKCTPaKOPIOPATBHYIO Te-
pamnio ¢ WCHOJh30BaHMEM  KapTpPUIKei
Toraymyxin™, 447 — KOHBEHLMAJbHYIO Tepaluio
[79]. BoapmuHCTBO ncciaeroBaHWN TPOBEIEHO B
Anonmu. OcHoBHBIE TOKazateaun 3(HGEKTUBHOCTH
Tepanuu ¢ nomolpio Toraymyxin™ npuseseHbl B
tabmure 5 (1o ganHbv [77, 80—102]).
MysbTHIIEHTPOBOE PAaHIOMU3UPOBAHHOE HC-
cjie/loBalye 9KCTPAKOPIIOPAJILHOM Tepanuu celcuca
¢ nomornipio Toraymyxin™ B eBpomelcKNX CcTpaHax
nagasoch jmmb B 2005 1. IlepBbie mcciemoBanust
[POBOIUIIN HA 33 MAIIMEHTAX C TSIKEJIBIMU HHDEKIH-
ssmu GpiomHoit mosoct (17 dYenmoBex B TpyTme
Toraymyxin™ un 18 — B KoHTpoJIbHON TpyTITIEe). BbI-
JI0 TIOKa3aHo, 4To B TpyTe Toraymyxin™ y 60TbHBIX
VIAYUIMIAI0TCS (DYHKIINN TeMOIUHAMUKY U CEePAeTHOI
JlesITeJIbHOCTH, OJJHAKO BBIKMBAeMOCTh Ha 28-11 JileHb
B 00€UX TPYMIax CTATHCTUIECKN 3HAYNMO HE OTJIH-
yasack. Taxke He OTMEYEHO 3aMETHOIO CHUIKEHUS
koutmentparmu  JIIIC B rTpymnme OGOJBHBIX ¢
Toraymyxin™ [94]. 3arem GbLJIO TPOBEXEHO MYJIBTH-
IIEHTPOBOE Hccie0BaHNe B VITaamy Ha maluenTax ¢
CENTUYECKUM TIMOKOM, BBI3BAHHBIM WHQEKIUIMU
GPIOITHOI TIOMOCTH TIOCTE XUPYPIUUECKOTO BMETIIa-
TesiberBa (64 yesoseka: 34 — rpymna Toraymyxin™,

for extracorporeal application. One of these studies ini-
tiated in 2010 will be completed in the USA in July,
2017 (Safety and Efficacy of Polymyxin B
Hemoperfusion (PMX) for Septic Shock —
EUPHRATES) [117]. The first results of another
study performed in Europe (EUPHAS 2) in 57 centers
with participation of 357 patients (305 of them had
septic shock) will be published in December, 2016
[118]. The analysis of patient's register hospitalized
with sepsis or septic shock over the period of 5 years
(2010—2014) demonstrated that despite prescription
of extracorporeal hemoperfusion using the PMX-HP
column (1 or 2 cycles), the 28-day survival rate was
low and equal to 54.5% (47.5% in lung infection and
60.4% in abdominal infection). Only in patients with
significant improvement of cardiovascular symptoms
after extracorporeal hemoperfusion, the survival rate
was relatively high (75% vs. 39% in patients without
improvement of cardiovascular symptoms after the
procedure). No serious life-threatening complications
were registered. As for the mortality rate, the results
complied with the studies demonstrated a 48.7% hos-
pital mortality rate due to septic shock in France and a
44% mortality rate in Asian countries over the same
period of time [119, 120]. The 28-day mortality rate in
patients with septic shock in abdominal infections esti-
mated in the EUPHAS 2 study (64.5%) complied with
that in earlier EUPHAS (68%) studies. Therefore, the
trial did not demonstrate any difference in the survival
rate as compared to other patient cohorts with diag-
nosed severe infectious complications. As a matter of
fact, the study design was not intended to perform a
comprehensive analysis of the effect of hemoperfusion
using polymyxin-containing columns on the patient's
survival rate. This analysis is expected within the
frames of the EUPHRATES study, whose results are to
be published during the second half of 2017.

Since clinical data on the use of this column in
severe sepsis and septic shock are contradictory, atten-
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30 — xonTpoapHag rpynma) [107]. Jarnroe nuccaeno-
BaHME BBISIBUIIO OOMBITYIO 3(h(hEKTUBHOCTD JIETEHST
¢ ucnosib3oBanneM Toraymyxin™ 1Mo cpaBHEHUIO CO
CTaHAAPTHOH Tepamueil Mo CIeAYIONNM TIPU3HAKAM:
noBbimienne AJl, cHUKeHNe Ba30TPEcCOPHON TOJ-
JIePsKKH, YMEHBIEeHUe ITTOJNOPTaHHON Hel0CTaTou-
Hoctu (1o mkase SOFA) u yBennuenue o01ieil BbI-
sKuBaeMocTn Ha 28-e cyTkn. O1HaKo y psijia aBTOPOB
JTAaHHOE WCCJIe/IOBaHNE BBI3BATIO KPUTHIECKUE 3aMe-
YaHWS K OPTaHU3AIUN MPOBECHUS WCCIIeJOBAaHUI
[108, 109]. Caenyer oT™MeTUTh, UTO HCCJIEOBAHNE
OBIJIO OCTAHOBJIEHO PAHbIIEe HAMEUEHHOTO CPOKa TI0
TUYECKUM COOOPAKEHVSIM M3-32 PA3HUIIBI B CMEPT-
HOCTHU B JIBYX I'PyTITIax.

Bein mpoBenien psz miccae[oBaHMI, HallpaBJIeH-
HBIX Ha YTOYHEHNE MeXaHW3Ma JEHCTBHUS KOJOHKH
Toraymyxin™, ogHako pe3yJ/ibTaTbl, B 3HaYUTEIbHON
Mepe okazanuch nporuBopeunBbiMu [94, 110—113].
Brpouem, KIHIYECKIE Pe3yJIbTaThl TIO3BOJISIIN T10-
Jlarath, 4T0 HauOOJBIIHIA 2(dEKT IpU TPUMEHEHUN
Toraymyxin™ MOKeT GBITH TOCTUTHYT, €CJTH TTPUMe-
HSETCS C TeJTHI0 TTPEAOTBPAIIEHST PA3BUTHS HAnbO0-
Jiee OIIaCHOI'0 OCJIOKHEHUSI — CEITUYECKOIo 1I0Ka Y
GOJIBHBIX C CHCTEMHOI BOCIAJUTEIbHON peakIeit
[114], omHako siBHAST HEIOCTATOYHOCTh pa3Mepa BbI-
GOPKU He TIO3BOJINIIA ABATH YETKHE PEKOMEHTAITH.

Criemyer OTMETHTD, UTO B HECKOJIBKUX MCCIIE0-
BaHUSIX He YIAT0Ch OOHAPY/KUTD TIPENMYIIECTBA TIPHU-
MeHeHus1 Toraymyxin™ miepes; cTaHZIAPTHBIM JIeUeHN-
em. B uccaenosanuu [115], mposenentiom B Sltonun B
pamkax oxnHoro crairoHapa B 2006—2012 rr, u3 16
MAIMEHTOB € CENITUYECKUM IIOKOM, BbI3BAHHBIM I'Da-
MOTPUTIATETEHBIMUA  GAKTEPHSIMHU, ¥ T€MATOJOTHYEC-
KUMU HapymieHusiMu, Habmonanoch 10 meTambHbx
HCXOJIOB, YTO SIBUJIOCH HEOOBIYHO BHICOKMM TTOKa3aTe-
siem. [ToaToMy aBTOpaMu OBLIT CI€TaH BBIBOJ, UTO TTPO-
6JIEeMBI  TEMATOJIOTHIECKOTO XapaKTepa SIBISTIOTCS
MTPOTHUBONIOKa3aHneM K Teparu Toraymyxin™. Yme-
PEHHO OOHAIEKUBAIONINM CIEyeT TPU3HATDL MCCITe-
nosanue [116]. HecmoTpst Ha cHMKeHue KOHIIEHTPa-
min B3O B cpemHem Ha 74,4% Tmocie TIPOBENEHUS
Tepanuu Toraymyxin™, cMepTHOCTb OKasaslachb J0-
BOJIBHO BBICOKOI — 47%. IIpu atom paske ynasneHue
98,8% JITIC He nMpuBEJIO K BBI3IOPOBIEHUIO OOJIBHOTO
B O7IHOM CJIydae.

[ToaToMy cTOB OXMTAEMBI PE3YIIBTATHI TPOBO-
JSTIAXCS HOBBIX PACHIUPEHHBIX KJIWHUYECKUX HC-
CJIeIOBaHU, TTPU3BAHHBIX MPOSICHUTH MOJTUHHYTO
3 GEKTUBHOCTD JIEYEHNS TSKEJIOTO CETICHCca 1 Cell-
TUYECKOTO IMIOKA C ITOMOTIBIO MOJNMUKCHH-COZIEP-
JKALIMX KOJOHOK JJIsl 9KCTPAKOPIOPAJbHOIO HC-
mosib30BaHuA. OIHO M3 TaKWX MYJBTHIIEHTPOBBIX
KJIMHUYECKIX MccenoBannii, Hauatoe B8 2010 1, Gy-
net 3akomueno B mioe 2017 r. 8 CIITA (Safety and
Efficacy of Polymyxin B Hemoperfusion (PMX) for
Septic Shock — EUPHRATES [117]. Ilepssie pe-
3YJIBTATHl JIPYTOTO WCCIEIOBAHUS, TTPOBOANMOTO B
Esporie (EUPHAS 2) ¢ yuactrem 57 1IeHTPOB U OX-

tion should be paid to the time of column application.
As a rule, they were used relatively early, within the
first 24 hours after admission of patients in the ICU. In
particular, this was done in the EUPHAS 2 study.
Only in one study published less than 6 months ago,
even more early timeframes for the onset of extracor-
poreal hemoperfusion using polymyxin-containing
columns were specified. For instance, in a limited study
in Japan (47 patients) demonstrated that the mortali-
ty rate in the group of patients who underwent hemo-
perfusion within the first 8 hours after prescription of
vasopressors (catecholamines) was nearly thrice as low
as that in the group of patients who underwent hemo-
perfusion later (15.4% vs. 42.8%, P=0.03, n=23 u n=24,
respectively) [121]. At that, the groups did not differ in
subjects’ age, sex, APACHE IT and SOFA scores, infec-
tion location (lungs, abdomen, urogenital system,
mediastinum, blood), and isolated microorganisms (E.
coli, P. aeruginosa, K. pneumonia, Enterobacter spp.).
The two patient groups who underwent hemoperfu-
sion (early procedure or later procedure) differed sig-
nificantly in the time passed from administration of
cathecholamines to admission in the ICU (1.8 h vs. 9.9
h, P=0.0004), and the time from admission to the ICU
to the beginning of hemoperfusion (4 h vs. 13.1 h,
P=0.0001) [121]. Therefore, the time factor (decision
making — beginning of the procedure) is crucial for
determining the clinical efficacy of column hemoperfu-
sion. Of course, a limited sample deteriorate the value
of the conclusions of this small, simple, but promising
study; it seems reasonable to continue it in other cen-
ters, including those in Russia.

2.4.2 LPS Adsorber. At present, there are other
hemoperfusion  columns in  addition to
Toraymyxin™, which are adapted for treatment of
septic patients. First, LPS Adsorber column should
be mentioned (Alteco Medical AB, Sweden). Its
basic principle is removal of LPS, therefore LPS
Adsorber, as well as Toraymyxin™ is suitable for
treatment of sepsis caused by Gram-negative bacte-
ria. The device consists of a frame filled with poly-
ethylene plates on which an LOS-specific protein
was immobilized. There are insufficient data on its
clinical application, but there is a number of reports
on its successful use [122, 123].

2.4.3 oXiris. The Gambro Lundia AB Company
presented another interesting solution for treatment
of sepsis: an 0Xiris™ hemofilter, which is intended for
removal of highly molecular compounds, in particu-
lar, BE. Membranes oXiris™ are constructed as fol-
lows. A well-known dialysis membrane AN69 was
used as a basis; it consists of poly(acrylonitrile-co-
sodium methallyl sulfonate) [124], therefore, it con-
tains no negatively charged sulfonate groups on its
surface. A polyethyleneimine layer was applied onto
the AN69 membrane; the layer firmly attached to the
membrane due to electrostatic interactions. Heparin
serves as an external layer, which provides membrane
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BaTuBiIero 357 6osbHbIX (13 HUX 305 GOJBHBIX C
CENTUYECKUM IIOKOM), OIyOJUKOBaHbI B JeKabpe
2016 r. [118]. Aranmm3 perncrpa MaMeHToOB, TOCIN-
TaM3UPOBaHHBIX B Teyenwue 5 et (2010—2014 rr.)
Uy KOTOPBIX OBLIO BBISIBIEHO COCTOSIHIE TSIKEIOTO
CeTicrca UM CeNTUYeCKOro 10Ka, BBISIBUI, UTO, He-
CMOTPST Ha Ha3HAUeHHNe dKCTPAKOPIOPAIbHON reMo-
copbumu ¢ ucrnospsoBanreM Kook PMX-HP (1
nim 2 1uKia), 28-1HeBHas BBIKMBAEMOCTh OCTaBa-
Jach HU3KOM — 54,5% (47,5% tipu wHbeEKIUn Jer-
kux u 60,4% npu abaoMuHaIbHON MH(OEKIUN).
ToJIbKO BBIKMBAEMOCTH GOJIBHBIX, Y KOTOPBIX OBLIO
BBISIBJIEHO 3HAUUTEJbHOE YJydllleHWe MoKasaTeJsen
CO CTOPOHBI CEPIEYHO-COCYIUCTON CUCTEMBI TOCJIe
9KCTPAKOPIOPaIbHOI remMocopbiiuu, Oblia JocTa-
TOYHO BBICOKON — 75% (1o cpaBHeHnio ¢ 39-mpo-
[EHTHON BBKMBAEMOCTHIO GOJIbHBIX O€3 YIIyUIIeH st
(byHKIIMU cepieyHO-COCYINCTON CUCTEMBI TOCJe
MIPOBe/IEHUS TIPOIeAyphl). HUKaKuX cepbe3HbIxX Oc-
JIOKHEHUI, YTPOKAOMINX KU3HU OOJIBHOTO, BBISIB-
JieHo He ObLT0. IT0 TOKasaTesNo JIETAIbHOCTH pe-
3yJIBTAaTbl  COOTBETCTBOBAJU  MCCJEOBAHUSM,
BBIABUBINNX 48,7-TIPOIEHTHYI0 TOCTUTAJIBHYIO Je-
TAJIBHOCTD OT cenTudeckoro moka Bo Mpaniun u
44-TIPOIIEHTHYIO JIETAIBHOCTD B a3MATCKUX CTPaHaXx
B TOT e mepuoj Bpemenn [119, 120]. Yposens 28-
JTHEBHOM JIETAJIbHOCTH TAIMEHTOB C CENTHYECKUM
[IOKOM IIPU abIOMUHATIBHBIX MHPEKIMIX, BHISBJICH-
ubrii B uccaenosannn EUPHAS 2 (64,5%), cooTseT-
CTBOBAJI TAKOBOMY IIpU O0JIee PaHHIX UCCJIeI0OBaHM-
ax EUPHAS (68%). Takum 06pa3oM, [IPOBOIUMOE
uccaeoBaHue He BBISSBUJIO PA3HUIIBI 110 BbIKUBae-
MOCTH TTAIIUEHTOB IPU CPABHEHUU C [PYTUMH KOTOP-
TaMU TAIMEHTOB C BBISBICHHBIMU TSKEJIBIMU WH-
(bexknmonubiMu  ocyokHeHUsIMU.  [IpaBna, cam
XapakTep MCCIeA0BaHUs M3HAYAIbHO He ObLI Mpejl-
Ha3HaveH /7151 MOJTHOIIEHHOTO aHAIn3a BJINSHUS Te-
MOCOPOIIMHU ¢ UCIOJIb30BAHNE KOJOHKH € TIOJTMMUK-
CUHOM Ha BBIKHMBAEMOCTb TAIlMEeHTOB. Takoro
ananusa xayT ot uccaegosanuss EUPHRATES, pe-
3YJIBTaThl KOTOPOTO OYAYT AOCTYITHBI BO BTOPOII 1M0-
sosuHe 2017 1.

B cBsi3W ¢ TPOTUBOPEYNBOCTHIO KIMHUYECKUX
JIAHHBIX B OTHONIEHUW HCIIOJB30BAaHUS JIAHHOHW KO-
JIOHKH TIPU TSKEJIOM CETICHCe W CeITUYeCKOM IIOKE,
cieyer o0paTUTh BHUMAaHUE HA BPEMsI HCIIOJIb30Ba-
HUe KoJIOHOK. Kak mpaBuiio, X cTapajauch MUCHOJIb-
30BaTh JIOCTATOYHO PAHO — B TE€UEHUE MTEPBBIX CYTOK
ocJie MOCTYTIIEHUS TTAIIUEHTOB B OT/eJIEHUS HHTEH-
CUBHOTO JiedeHus1. B gacTHOCTH, Tak OBLIO B MCCJIe-
nosanun EUPHAS 2. Tosbko B 0lHOM HCCJ€EIOBa-
HUHM, ONyOJMKOBAaHHOM MeEHee TIOJIyroja Hasall,
HCIIOJIb30BAJIK ellle Oojiee YeTKHE PaHHKME BPEMEH-
Hble KPUTEPUU TIPU HA3HAUEHUU HKCTPAKOPIIOPATH-
HOHU TeMOCOPOIMHY € MCIIOIb30BAHUEM MOJTMMUKCHH-
cofiep:Kalnx KOJOHOK. Tak, B OrpaHMYEeHHOM
uccaenoBanun B JdnoHun (47 nanueHToB) OBLIO 1MO-
Ka3aHo, YTO MOKa3aTesb JIeTAJIbHOCTA B TPYIIIIe

hemocompatibility [125]. Polyethyleneimine partici-
pates in the BE adsorption due to positively charged
amino groups and can interact with LPS phosphates.
Polyethyleneimine can extract BE from plasma
almost as effectively as polymyxin B [126]. According
to manufacturer's data, the capacity of one cartridge
is more than 13,000 EU for the bovine blood contam-
inated with BE, which is significantly less than for
the Toraymyxin™ (640,000 EU). The dynamics of
adsorption of BE and clinically relevant cytokines are
presented on the company website figures [66, 125].

Clinical trials with the oXiris™ hemofilter were
carried out (25 patients). No significant adverse
events were registered; however, there were no data
on the treatment efficacy. In vivo sepsis model test-
ing was performed in pigs having 35 kg in weight and
infected with P. aeruginosa. Hemofiltration using a
ANG69 membrane was performed as a reference thera-
py. In general, hemodynamic parameters improved
and BE blood level decreased. However, no signifi-
cant changes in the cytokine levels were observed,
except IL-18, whose level decreased during the use of
oXiris™ [125]. A clinical trial of oXiris™ was per-
formed in Hong Kong recently. Sixty-two patients
with acute renal insufficiency and clinically con-
firmed sepsis (a complication of an infectious disease
caused by Gram-negative bacteria) were enrolled in
the study. It demonstrated that hemofiltration low-
ered median SOFA scoring significantly as compared
to the reference group. The mortality rate was the
same in both groups [127]. Further clinical trials will
permit to verify the effectiveness of 0Xiris™ in treat-
ment of sepsis and to determine patient groups and
hemofiltration conditions which will allow to deter-
mine all clinical criteria for sepsis therapy to the
greatest extent.

2.4.4 Diethylaminoethyl cellulose-based sor-
bents. Diethylaminoethyl cellulose (DEAE-cellu-
lose) is another sorbent used for removal of BE from
plasma of patients with sepsis (15 patients) [128].
Decreased LPS, cytokine (IL-6), C-reactive protein,
and fibrinogen plasma levels were registered. At that,
no significant adverse events were observed; however,
there were no improvement in patients' state accord-
ing to the state assessment scale (APACHE 1II), HR,
BP, and body temperature. The mortality rate was
26.7% on Day 28. The authors consider their find-
ings moderately encouraging; however, there are not
enough data to conclude on the effectiveness of the
proposed treatment option for sepsis.

2.4.5 Liposorb. Novel sorbents are developing in
Russia and CIS for treatment of sepsis by hemoperfu-
sion. First, a Byelorussian invention Liposorb should
be mentioned. Liposorb was made based on hemo-
compatible polyacrylamide hydrogel with covalently
cross-linked polymyxin B/colistin included in the
original mass-exchange unit. No decreases in blood
corpuscle counts and hemoglobin level, as well as sig-
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GOJIbHBIX, KOTOPBIM TIPOBOJMIN FeMOCOPOIIHIO B Te-
yeHue MePBBIX 8 YacoB TOCe Ha3HAYEHMS Ba3OIpec-
copoB (KaTexoJaMIHbI), ObLT TIOYTH B 3 pasa HUIKE,
4yeM B TPYIIIe MalueHTOB, KOTOPHIM ITPOBOINJIN Te-
mocopbiuio nosxe (15.4% uporus 42.8%, p=0,03,
n=23 n n=24, coorsercrsenno) [121]. IIpu arom
TPYTIIIBI He Pa3JIUJasiCch 1O BO3PACTY, O, TOKa3a-
tensm APACHE II u SOFA, nokanuzannu nHbeEK-
uu (Jierkue, abaoMuHaIbHast 00J1aCTh, MOYe-TI0JI0-
Basg CUCTEMa, CPENOCTEHUE, KPOBb), BBIETEHHBIM
mukpoopranuamaM (E. coli, P. aeruginosa, K. pneumo-
nia, Enterobacter spp.). JlaHHBIE [BE TPYIIIIbI AIUEH-
TOB, KOTOPBIM IPOBOAWINA TeMOCOPOINIo (paHHSI
poteypa uin 6oJjiee TO3AHS TIPOIEAyPa), 3HAUM-
TEJTHHO OTJINIATUCH TOJBKO 10 BpEMEHH, TIPOIIe/IIie-
MY OT BBEJIEHUS KaTEXOJAMUHOB /IO MOCTYTIIEHUS B
nasaTy naTeHcuBHOTO Jedenns (1,8 yaca mpotus 9,9
yacoB, p=0,0004), a Tak:ke BpeMeHH, MTPOTIEIIEM OT
MOCTYTIJIEHUS] B TAJaTy WHTEHCUBHOTO JIEYEHUS /10
Hayasa Ipoleaypa remocopbin (4 vaca HPOTUB
13,1 waca, p=0,0001) [121]. Takum o6paszom, parrop
BpPEMEHMW: IPUHSTHE PENTeHMs-HAauaJI0 TTPOTIe/LyPbl —
SIBUJICSI CAMBIM CYIIECTBEHHBIM (haKTOPOM [IJIsI BbI-
SIBJIEHUST CTOJIb 3HAYMMOTO 3hPeKTa KOJOHOUHO Te-
Mocop6unu. EcTecTBEHHO, OrpaHUYeHHOCTh BBIOOP-
KU CHWXKAIOT I[EHHOCTHh BbIBOJIOB, HO HE yMAJISIOT
JOCTOMHCTB 3TOTO HEOOJIBIIIOT0, HECJIOKHOTO M CTOJIb
MEPCIIEKTUBHOTO UCCIIEIOBAHMS, KOTOPOE MPe/ICTaB-
JISIETCST 11e1eCO0OPAa3HBIM MIPOIOJIKATD B IPYTUX [IEH-
Tpax, B TOM uncJye B Poccun.

24.2 LPS Adsorber. Tlomumo Toraymyxin™ nHa
CETOJHSNIHUIA JIeHb CYIIECTBYIOT U JAPYTHE KOJOHKH
IUISE TeMOCOPOIINH, aAalTUPOBAHHBIC JJISI JI€UCHUST
cenTuyeckux GOJIbHBIX. B 1epByto ouepeib, ciaemayer
yrmomstyTh LPS Adsorber (Alteco Medical AB,
[MTsenust). OCHOBHON TPUHITUIT PabOThI — yAaJECHUE
JITIC, moatomy LPS Adsorber Tak ke, kak u
Toraymyxin™ npurojen sl JiedeHUsl CellCuca, Bbl-
3BaHHOTO TPAMOTPHIATETbHBIMU OGAKTEPUSIMU. YCT-
POICTBO COCTOMT U3 KOPITYCa, 3aTI0JTHEHHOTO TLIACTH-
HAMU W3 OJUITIICHA, Ha KOTOPbIe IMMOOUIN30BaH
JITIC-criennuueckuii 6e0K. JJaHHbBIX 110 KIUHIIEC-
KOMY HCITOJIb30BAHUIO HA HACTOSIIUN MOMEHT HAKO-
[TUJIOCH TIOKA HEJOCTATOYHO, HO €CThb s/l COOOIIEHNI
06 yemermHom pumenernn [ 122, 123].

2.4.3 oXiris. Komnanusgs Gambro Lundia AB
MIpe/ICTaBUIA Ha PHIHOK ellle 0JJHO MHTePeCHOoe pere-
HUe JJIsT JiedeHus cercuca — reModuiasrp oXiris™,
KOTOPBII TIpeIHa3Hau€eH JIJIs YIaJTeHUsI BLICOKOMOJIe-
KYJISIDHBIX COeIMHEHMIT, B yacTHocTH, BI. MembGpa-
HbI 0Xiris™ mocTpoeHsl cireaytomum odpazoM. B ka-
YecTBe OCHOBBI UCTIOTh30BaHA N3BECTHAS TUATM3HAS
memOpana AN69 npezacrasisionas coboi monn(ax-
PUJIOHUTPUJI-CO-HATPUS METAJJIUI  CyTb(oHaT)
[124], nosToMy OHa COLEPKUT OTPULATENILHO 3aps-
JKEHHbBIE CYJIb(OHATHBIE TPYIIbI HA TTOBEPXHOCTH.
Ha memGpany AN69 HaHeceH C10ii O TUICHIMU-
Ha, KOTOPBIN TIPOYHO YAEPKIBaeTCsT Ha MeMOpaHe 3a

nificant changes in lipid peroxidation parameters,
blood coagulation system, and aggregating properties
of RBC and platelets were observed during its use
[129]. In addition, in vivo studies demonstrated that
Liposorb had a satisfactory sorption capacity in rela-
tion to E. coli, which became apparent in relieving
endotoxin shock symptoms and severe hemodynamic
disorders after introduction of sorbent-pretreated BE
test dose to rabbits [130].

A clinical trial of the sorbent was performed to
determine the effectiveness of treatment of patients
diagnosed with a septic shock [131]. Hemoperfusion
significantly improved the patient's condition and
course of the infection. An increase of overall periph-
eral vascular resistance in the form of increased max-
imum and minimal BP was a relevant sign of positive
effects of the hemoperfusion. Positive hemodynamic
changes led to reduction of doses of drugs providing
the increase of the peripheral vascular tone and
stroke volume. Along with these changes, almost all
patients in this group experienced gradual relief of
tachycardia during hemoperfusion. Repeated hemo-
perfusion permitted to switch patients to the auxil-
iary ventilation mode with further discontinuation
of MV (83% of cases). The clinical effect of hemop-
erfusion using anti-lipopolysaccharide sorbent
Liposorb was observed in the form of a significant
increase of hourly urine output from 2510 ml/h to
45%10 ml/h. In 22 patients, severe hemodynamic
disorder persisted despite the reduction of doses of
drugs providing the increase of the peripheral vascu-
lar tone; therefore, this procedure was to be repeated
several times (6-8 procedures). In 4 patients, the
complex therapy according to the proposed scheme
proved to be ineffective, and they died as clinical
manifestations of the multiple organ failure wors-
ened [131]. Therefore, the mortality rate related to
this sorption method was only 13.8. A small size of
the main patient group does not permit drawing con-
clusions. However, the obtained results demonstrate
that Liposorb is a promising sorbent to be further
tested as an adjuvant in clinical setting in patients
with severe sepsis/septic shock.

2.4.6 Sferocell $80. Sferocell S80 belongs to the
other group of sorbents. It was developed in the State
Scientific Research Institute of Especially Purified
Biological Products (Saint Petersburg). According to
its chemical characteristics, Sferocell S80 is cellulose-
based macroporous microspheres with hydrophobic
ligands attached to the surface, i.e. unlike most well-
known products (Toraymyxin™, oXiris, Liposorb), in
this case, interactions between lipid-A fragment is
determined mainly by hydrophobic interactions, but
not by electrostatic force [132]. Only results of an in
vitro trials of the sorbent have been known to date.
The maximum sorbent capacity in relation to LPS
against albumin solution is more than 37,000 ng/ml
of sorbent; protein loss does not exceed 5%; hyper-
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cUueT 3JEKTPOCTAaTUUEeCKUX B3amMoseiicTBuii. Ha-
PY/KHBIM CJIOEM SIBJISIETCS TelapuH, KOTOPBII obec-
MeYnBaeT TeMOCOBMECTUMOCTL MeMGpanbl [125]. B
ajgcopbunu B yyacTByeTr MONMATUIIEHUMUH, KOTO-
PBIIi 32 CYET TOJOXKUTENBHO 3apPsyKEHHBIX aMUHO-
IpyIIl crocobeH B3anMozeiicTBoBaTh ¢ (dochaTamu
JITIC. TMonwsTrieHUMIH criocobeH usBjekath B
13 TIJTa3Mbl PAKTUYECKU TakKe 3 (PEeKTUBHO, KaK U
nosumukcu B [126]. ITo ganubiM 11pousBopuTeis,
€MKOCTh OJIHOTO KapTpHKa COCTaBjsieT Gojee
13000 ED mist Gbrubeil KpoBH, 3arpsisHeHHON BI,
YTO 3aMETHO MeHbIe, 4YeM [ KOJOHKHU
Toraymyxin™ (640000 EJ). Tunamuka aacopOuuu
B9 u KIMHNYECKN 3HAYNMBIX IIUTOKUHOB TIPEICTAB-
JIEHBI Ha PUCYHKaX caiita koMmmauuu |66, 125].

g remoduiasrpa oXiris™ ObLid IPOBEJEHDI
KJInHuYecKkue wucciepoBanus (25 marumenton). He
ObLIO OTMEYEHO 3HAYUMBIX TOGOYHBIX 9P HEKTOB, O/1-
HaKo /IaHHble 110 3(h(PeKTUBHOCTU Teparuu OTCYTCT-
BoBaJsiu. VcribiTanus in 0ivo Ha MOZIENU cercrca ObLIn
MIPOBEJIEHBI JIJIsT CBUHEH Macchl 35 KT, 3apa’KeHHBIX
cuHerHolHOH nanmoukoit (P. aeruginosa). B xayectse
Tepanuy CPaBHEHUS TPOBOIMIIACH TeMO(DUIBTPAITUS
Ha MemGpare AN69. B merom wabmomanocsh yiuyd-
nieHue MapamMeTpoB TeMOJAWHAMUKW, CHYXKEHUE
yposast B B KpoBu. OHaKO He HabGJIOIAI0Ch 3HA-
YUMOTO U3MEHEHUS] YPOBHS IIUTOKWHOB, 32 MCKJIO-
yenneM [L-1f3, ypoBeHb KOTOPOTO CHIKAJICS TPHU
npoBenenun tepanuu oXiris™ [125]. HenaBuee
KJIWHUYECKoe nccaeaoBanme oXiris™ mMpoBOANIOCH
B Tonr-Kownre. B nccienosanne sriounan 62 maiu-
€HTa C OCTPOH MOYEeYHON HE0CTATOUHOCTHIO U KJIN-
HUYECKU JIOKA3aHHBIM CEICUCcOM (OCJIOKHEHWe WH-
(exmmonnoro 3a60JIeBaHMS, BBI3BAHHOTO
rpaMoTpHIaTebHbIMK OakTepusiMu ). BoLTo mokasa-
HO, 4TO TeMO(UIbTPAIUS JOCTOBEPHO CHU3UJIA
cpenee 3Hauenne nokasaresss SOFA o cpaBHeHnO
C TPyIIoii cpaBHeHust. JleTalbHOCTh B 00EUX TPYII-
max Obima ogmHakoBoit [127]. JomomHuTembHbie
KJIMHUYECKUE MCCIE0OBAHNS MTO3BOJISAT BEPU(UIIH-
poBath ahheKTUBHOCTD 0Xiris™ /sl JTeYeHus cerl-
CHCa, & TaK)K€ YCTAHOBUTD TPYIIIIBI TTAITUEHTOB U yC-
JIOBUSI TIPUMEHEHUST TeMO(UIbTPaIlui, KOTOPbie B
HarOOJIbIIel CTEIIEHU MO3BOJISAT BBISIBUTH BCE KJIM-
HUYECKUEe KPUTEPUH TePAu CeTCHca.

2.4.4 Copbenm na 0crose OUIMUNAMUHOIMULUEIL-
1107103bt. JIpyroil copOeHT — AUATHIAMUHOI THJIIIE-
monoza (DEAE-cellulose) — 6bL1 ucnobzoBan st
yaaneHuss BD us masmer 6oJibHBIX cericrcoM (15 ma-
nuentoB) [128]. Ormevanu cumskenue yposus JITIC,
utokunos (IL-6), C-peakrusHoro Geska u hubpu-
HOreHa B miasme. IIpu 9ToM He HabJIoManoch 3HauK-
MBIX MOGOYHBIX 2(MOEKTOB Tepalni, OJHAKO He Ha-
GJIOIAIOCh U YJIYYIIEHUST COCTOSIHUSI OOJIBHBIX IO
riokaszaTtesisiM otteHKN cocTtostHns (1kasia APACHE IT),
YCC, AJl, temniepatypa Tesa). JletasbHOCTD cOCTaBH-
ga 26,7% wa 28-i1 mennb. PesysbraTel camMu aBTOPbBI
[PU3HAIOT YMEPEHHO OOHAIEKUBAOIINME, OJHAKO

cross-linked polystyrene contributes to a faster
removal of BE from the solution [133].

2.4.7 Toxipak. The Toxipak column was devel-
oped and manufactured by the Closed Joint-Stock
Campany "Scientific and Industrial Company
POKARD" (Moscow). The Toxipak column is
intended for removal of endotoxins (Gram-negative
bacteria lipopolysaccharides) from the circulation
during the extracorporeal hemoperfusion procedure.
Therapeutic indications include treatment and/or
prevention of sepsis and/or septic shock caused by
Gram-negative bacteria. The column was authorized
for clinical application in the Russian Federation in
2015. The active ingredient of the column is a sorbent
synthesized on the basis of a polysaccharide granulat-
ed matrix and chemical ligand specific to the Gram-
negative bacterial lipopolysaccharide. The sorption
capacity is not less than 20,000 EU [133]. Clinical
trial of the Toxipak column was reported [134]. It was
performed in 10 patients with severe sepsis. No pro-
cedure-related serious adverse reaction were regis-
tered. A positive clinical effect (improved clinical
state according to the SOFA scale, decreased body
weight and HR, increased PO,/FiO, index and urine
output, decreased endotoxin, C-reactive protein, pro-
calcitonin, ALT, and D-dimer blood levels) was
obtained in all 10 patients. All patients were trans-
ferred from the ICU. However, three patients died
later (on Days 8, 10, 21 after LPS adsorption) [135].
The absence of expanded clinical trials does not per-
mit a comprehensive evaluation of this sorbent; how-
ever, available data (reduced inflammation signs, LPS
concentration, improved clinical state according to
the SOFA scale, absence of complications) suggest
the advisability of such studies.

3. Multimodal sorbents combining
properties of selective and nonselective
sorbents: new perspectives

The extracorporeal blood purification (EBPP)
from circulating toxic endogenous and exogenous
substances using selective hemoperfusion technique
has been applied in a worldwide clinical practice for
several decades. However, multicenter trials often
demonstrated a limited effectiveness of EBPP, for
example, in the treatment of sepsis. For example,
recent studies of the ABDOMIX group demonstrat-
ed that even early application of the column hemop-
erfusion using immobilized polymyxin B for removal
of bacterial LPS from the circulation in peritonitis
did not reduce the mortality rate due to septic shock
[135]. At the same time, application of hemoperfusion
leads to improvement of hemodynamic parameters in
patients with septic shock [136].

These and other data demonstrate that EBPP
based solely on development of highly-selective
hemoperfusion sorbents does not permit to stabilize
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JAHHBIX HEIOCTATOYHO, YTOObI CyAuTh 00 ahPeKTrB-
HOCTH TTPEJIJIAraeMOTO MeTo/Ia JIEYeHUs CeTIChCa.

2.4.5 Jlunocop6. B Poccun u CHT Takske BemyT-
¢s1 pabOTHI TI0 CO3AHUIO COPOEHTOB JIJIst ICYEHHS CETl-
crica MEeTOI0M TeMocopOini. B mepsyto ouepess, cie-
IyeT VIOMSHYTh OGeJIOPYCCKYl paspaboTKy —
copbent Jlunocop®. JIuocopd co3gan Ha OCHOBE Te-
MOCOBMECTUMOTO TTOJTMAKPUJIAMUIHOTO THIPOTEJIS C
KOBJIEHTHO CIIUTBIM TOJUMUKCUHOM-B/KoaucTu-
HOM, BKJIIOUEHHBIX B OPHUIMHAJIBHBIIN MaccOOOMEH-
HBI MOy ib. [Ipw €ro ncnob30BaHUM HE MTPOUCXO-
JIIUT  YMEHBIIEHUS  KOJMYecTBa  (POPMEHHBIX
9JIEMEHTOB KPOBHU, TEMOTJIOOHHA, JOCTOBEPHBIX U3Me-
HEHUI CO CTOPOHBI OCHOBHBIX MTOKa3aTeJiel mepeKuc-
HOTO OKUCJICHWS JINTTU/IOB, CBEPTHIBAIOIIEH CUCTEMBI
KPOBH, a TaKKe arperaroHHbIX CBOWCTB 3PUTPOITH-
ToB 1 TpombonuToB [129]. Kpome Toro 6bLIO ycTa-
HOBJIEHO i1 0iv0o, uTo JInmocops obIasaeT yAOBIeTBO-
PUTEJBHOI COPOIIMOHHON €MKOCTBIO OTHOCHTETBHO
B3 E. coli, uto MposiBISIOCh B KYIIMPOBAHUN Pa3BU-
THS CHMITOMATHKN 9HIOTOKCUTHOBOTO MIOKA U BbIPa-
JKEHHBIX TeMOJMHAMUYECKIX HApYIIeHWIT mocJie BBe-
JIeHUsT KPOJIMKaM TecT-I03bI BJ, TpeaBapuTesbHO,
obpaborantoro remocopberTom [130].

Bbrto mpoBeieHo KITMHUYECKOe UCCIelOBaHIe
copbenTa st onpezeeHust ahHOEKTUBHOCTH Jiede-
HUSI TTOKOBBIX cocTogHui mpu mHbexknuu [131].
[TpoBeneHre reMOCOPOIMT 3aMETHO YJIYUIITIIO CO-
crostire GosibHBIX. CyIEeCTBEHHBIM IIOKa3aTeeM
MOJIOKUTETBHOTO a(hdeKrTa 0T TeMOcOpOIHK OBLIO
MOBBIIIEHKE 001Iero meprudepuIeckoro CoCymcTo-
T'O COITPOTHUBJICHUS, TIPOSIBJISIONIEECS B TOBITIEHUH
MakcuManabHoro n MuHuMamabHoro AJl. Ilo3utws-
Hble M3MEHEHUST TeMOAMHAMUYECKON CUTyarnu Obl-
JI OCHOBAHWEM JIJISI CHVKEHUS 103 JIEKAPCTBEHHBIX
CPEZCTB, 06ECIIeYNBAIINX TOBbIIIEHHE epudepu-
YeCKOTO COCYAUCTOTO TOHYCAa W YAAPHOTO 00beMa.
Hapsny ¢ aTum B mporiecce remonepdy3nu MpaKkTu-
YeCKHM y BCEX TMAIMEeHTOB ITOH TPYMIIBI OTMEUEHO
MOCTETIEHHOE YMEHbIIEHNE BBIPAKEHHOCTH TaXMH-
kapauu. [IpoBezieHre TOBTOPHBIX MPOIEAYP TEMO-
cOpOIMHU TIO3BOJIMIIO TEPEBECTH TAIllMEHTOB Ha
BCIIOMOTATETbHBIM PEXUM BEHTHUJISIIIUUA JIETKUX C
nocsepyionum otiaydenveM ot MBJI (83% ciyua-
eB). Knnnnyeckuit apdexr or remocopOuuu Ha aH-
TUJIMIONONUCAXapUAHOM remMocopbente Jlunocop6
MIPOSIBJISJICST TaKKe B BUJIE TOCTOTOBEPHOTO YBEJIH-
YEeHUsT TI09acoBOro auypesa ¢ 25110 mut/4 mo 45+10
MJI/4. Y 22 manueHToB, HECMOTPS Ha CHUKEHUE J0-
3Bl JIEKAPCTBEHHBIX CPEJACTB, 00ECIEeUYNBAIOIIUX M0-
BBINIIEHWE TTePU(PEPUIECKOr0 COCYAUCTOTO TOHYCA,
rpyOble HapylleHUs] FeMOAMHAMUKN COXPAHSIINCH,
4TO TOTPeHGOBAJO MHOTOKPATHOTO HPUMEHEHMS
nanHoro Metona (6—8 mporenyp). Y 4-X marimeHToB
KOMILJIIEKCHAS TePaIus 10 TPEI0KEHHON cxeme He
Jlasia 3aMeTHOro addeKrTa, 1 OHU yMepJIH TP Hapa-
CTAaHUW KJIWHWYECKUX TIPOSBICHUN MOJTUOPTaHHOM
megocratounoctn [131]. Takum obpasom, JTeTann-

patients state in all cases of critical states due to a
great variety of "conditional endotoxicants", i.e. sub-
stances whose excessive concentrations in the circu-
lating blood may impair the integrity of vascular
endothelium, RBC structure and functions, immune
system cells, and cells of vital organs. Such circulat-
ing molecules (proinflammatory cytokines, dying
cell products, in particular, HMGB1, chemokins,
immunosuppressing molecules, mitochondrial DNA,
circulating DNA and its oxidized forms, etc.) may
significantly contribute to the multiple organ failure
and immune deficiency. The latter can increase the
bacterial load and, as a result, concentrations of bac-
terial endotoxins, eliminate positive but short-term
effects of specific hemoperfusion. On the other hand,
nonspecific hemoperfusion is ineffective in decreas-
ing BE levels. Since proinflammatory factors, bacte-
rial products toxic for cells (endotoxins and metabo-
lites), and immunosuppressive factors coexist and
sustain each other's production, we can hardly
believe that removal of only one group can break the
vicious circle. Removal of a great variety of sub-
stances requires universal sorbents. Therefore, an
ideal sorbent should combine the properties of both
selective and nonselective sorbents, i.e. it should be a
multimodal sorbent.

Such multimodal sorbents may be developed
using methods of superficial modification of porous
polymer materials with biospecific ligands, which do
not impair the porous structure. New polymer materi-
als capable to effectively adsorb cytokines, relatively
small toxic molecules and at the same time equipped
with ligands to remove endotoxins and, perhaps, other
"large" molecules (circulating DNA molecules,
alarmins, immunosupressive factors, pathogenic
microflora metabolites, etc.) might serve as promising
candidates. Styrene/divinyl benzene copolymer might
represent one of polysorbent matrix candidate. This
polymer type is a representative of a new class of poly-
mer materials, highly cross-linked macroporous poly-
mers armed with surface-linked BE-specific ligands
[137]. Recently, one of potentially multimodal sor-
bents was developed and manufactured by the "JSC
Advanced Medical Technologies”, Moscow, Russia.
The sorbent was used to manufacture the Gemos-DS
hemoperfusion column (manufactured by Biotekh-M,
approved for clinical practice by Roszdravnadzor in
2013). A combination of hydrophobic interactions
between LPS molecule fragments and nonpolar poly-
mer matrix and polar interactions between negatively
charged phosphate groups of lipid A and inner LPS
fragment with positively charged ligand covalently
immobilized on the sorbent pore surface have been
employed to sorb LPS molecules.

The initial styrene/divinyl benzene copolymer
represent solid granules having 0.3—0.8 mm in diame-
ter with a sufficiently dense surface and highly porous
inner structure. The size of large cavities of this struc-
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HOCTh TIPH KCITOJIb30BaHIK JAHHOTO METoJa COpo-
1uu, cocrasuia seero 13,8%. Hebonboi pasmep
BCel OCHOBHOM TPYIIIHI HOMHLHBIX TOKA He MO3BOJISI-
€T JIeTaTh BBIBOBI. OIHAKO PE3yIbTAThl CBU/ETEh-
cTByIOT, uTo Jlumocopbd obJagaer MOTEHIIMAIOM B
KavyecTBe BCIIOMOTATEJHbHOTO CPEJCTBA TIPH Jieve-
HUW CEeTcuca.

2.4.6 Cpepouenn C80. K napyroii rpyrire copbeH-
toB orHocutrcst cepouesn C80, paspaboraHHbIl B
Canxr-Tlerep6ypre 8 TocHUU oco6o uucThix Guo-
npenaparoB. Ilo xumuueckoii mpupoze cheporest
C80 npeacrasisieT coboii 1etor03y (MUKpochepu-
yeckas popma, MaKPOIIOPUCTHIN BapUaHT), C IPUBU-
TBIMU Ha TIOBEPXHOCTH IMAPOMOOHBIMU JIMTAHIAMH,
T.e. B OTJIYKE OT OOJIBIIMHCTBA U3BECTHBIX PEIIEHUI
(Toraymyxin™, oXiris, JIumocop0), B TAHHOM CJIydae
B3anmoyetictsue ¢ qunua-A dparmentom JIIIC orm-
pezensieTcst, B IEPBYI0 ouepesib, THAPO(MOOHBIMU B3a-
MMOJIEVICTBUSIMU, a He aJjieKTpocTtatndecknmu [132].
Ha manubiii MOMEHT N3BECTHDI JINIIID 72 Vitro UCIIbITa-
Hust copOerTa. MakcumaibHash eMKOCTh COPOEHTa TI0
JITIC us pacrBopa anbOymuHa npesocxoaut 37 000
HI/MJI copOeHTa, oTepu OesKa He TIPEBOCXOAAT 5%,
U CBEPXCHIUTBIH HOJUCTUPOJ obectieunBaer GoJiee
6bicTpoe ynaneHe B us pactsopa [133].

2.4.7 Toxcunax. Komonka «Tokcumaks» paspa-
6orana u npoussoautcss 3AO «HayuHo-nponsso-
crtBennas ¢upma [IOKAP/l» (Mocksa). Komonka
Tokcumak npegHazHaveHa Uit yAAJTeHUS [IUPKYJIH-
PYIOIUX B KPOBW JHJOTOKCHHOB (JTUIOTOJINCAXA-
PUIOB IPaMOTPUIIATENbHBIX OaKTepuii) B aKCTpa-
KOPIOPATbHOM npoieaype remMocopOIuu.
[TokazanusiMu JIJIsi IPUMEHEHUS SIBJISIIOTCS Jieue-
HUe u/nam npopuIaKTUKA Pa3BUTUS CeTCHca
U/WJTA CETITUYECKOTO MTOKA, BBI3BAHHOTO IPaMOTPH-
HaTeabHbIME GakTepusiMu. KoloHKa 3aperucTpupo-
BaHa B PD mra krmHMIeckoro mpuMmenenns ¢ 2015
roza. AKTUBHBII MHIPEAMEHT KOJOHKU — COPOEHT,
CUHTE3UPOBAHHBII HAa OCHOBE TOJHMCAXAPUIHOM
IPaHyJIMPOBAHHONW MATPUIIBI U XUMUYECKOTO JIH-
ranza, cuernu@uIHOro K JIUIMOMOJNCAXapuay rpa-
MoTpulareabubix Oakrepuii. CopbuuoHHAs eM-
kocth — He Menee 20000 ED. Coobuianoch o
KJIUHUYECKOM WCCJIeIOBAaHUM KOJOHKU <«Tokcu-
nak». Ouo 66110 HpoBeseHo Ha 10 nanuenTax ¢ Ts-
sKeJbiM cericicoM. CephesHbIX TTOOOUHBIX PEAKI[UI
Ha mpolieaypax He Ha00aaa0ch. T1010KUTENbHBIIT
KIUHUYeCKUil a(dekT (YMeHbIIEHNE TSIKECTH CO-
crostaus o SOFA, cHmKeHMe TeMiepaTypsl Tesa u
YCC, ysemmuenne nnaexkc PO,/FiO, u muypesa,
yYMeHBIIeHE YPOBHS dHI0TOKCHHA, C-peakTUBHOTO
OeJika, NpokaibLUTOHNHA, Kpeaturuna, ArAT, /1-nu-
MEpPOB B KPOBM) TiosrydeH y Beex 10 marmeHnToB — BCe
ObLIN TIEPEBEICHBI 13 OT/e/eHrst peaHuMariui. OJiHa-
KO TPH TaIueHTa BriocseicTsun ymepsn (Ha 8, 10, 21
cytku mocse JITIC amcopbumm) [134]. OtcyrerBue
PACIIUPEHHBIX KJINHUYECKUX WMCCIEOBAHNN 3aTPy/I-
HSIET ITOJTHOIIEHHYIO OIEHKY JaHHOTO TeMOCOpPOEHTa,

Buyrtpennsisi ctpykrypa cop6enta Jlecenta-JITIC , anekTponHas
MHKPOCKOIUSL.
Inner structure of the Decepta-LPS sorbent, electron microscopy.

ture may reach 100 nm, however, channels that connect
them are significantly smaller. Such structure of the
sorbent provides a high rate of mass-exchange for small
protein toxins (cytokines) having up to 30—40 kDa in
weight ad prevents albumin loss whose molecular
weight is 66 kDa. The method of chemical modification
of granules using ligands that are affine to LPS impairs
neither the inner structure of the material, nor physico-
chemical parameter of the porous structure (Fig.). The
affinity to LPS is the only factor affected by the modifi-
cation due to covalent immobilization of a specific lig-
and on the sorbent surface, including the inner surface
of large pores. An extremely large specific surface (more
than 700 m*/g) should provide conditions for sorption
of additional ligand molecules which should be
removed from the circulation (in addition to LPS) in
order to break the "vicious circle" supported by multi-
ple factors in critical illness complicated by infections.

Clinical trials of existing sorbents and further
development of multimodal sorbents, as well as
expanded clinical trials to select most clinically effi-
cient EBPP should result in decreasing mortality
rate of patients with severe sepsis and septic shock,
the most life threatening conditions in the ICUs.

The work was carried out with a financial sup-
port of the Ministry of Education and Science of the
Russian Federation (Agreement on provision of
funds No. 14.577.21.0165 as of 10/28/2015within
the frames of a Federal Program "Research and
Development in  High-Priority = Fields of
Development of the Scientific and Technological
Complex in Russia in 2014—2020").

OJTHAKO MMEIOIINECs JlaHHble (CHU)KEeHUE TToKa3aTeei
Bocriasierus, cogepxannst JITIC, ymenbienne Tsokec-
TH cocTostHYsT 6obHBIX 110 Tikare SOFA, otcyTeTBue
OCJIOKHEHUIT) y7Ke CBUIETEICTBYIOT O Ieiecoodpas-
HOCTH TIPOBEJIEHMS TAKUX MCCJIEJOBAHMIA.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 6



DOI:10.15360,/1813-9779-2016-6-82-107

O63opm

3. «MyabTuMOIaJIbHBIE> COPOEHTHI,
coyYeTalole CBOMCTBA CEJIEeKTUBHBIX
U HECEJEKTUBHBIX COPOEHTOB:

HOBbI€ NIE€PCNEeKTUBbI

Wctopusi mpuMeHeHUsI 3KCTPAKOPIOPATHHOM
texHosorun ounctku KpoBu (ITOK) ot nupkymnm-
PYIOIINX TOKCUYECKUX HHAOTEHHBIX M HK30TEHHBIX
BEIECTB C MOMOIIBI0 TEXHUKHM CEJTEKTUBHOU reMo-
copOIUU TIPOJOJIKAETCS B MUPOBON KJIMHUYECKON
MIPaKTHKe y’Ke HEeCKOJBKO JecATKOB JieT. OpHakKo
MYJIBTUIIEHTPOBBIE MCCIEIOBAHNS YaCTO BBISBJISIIN
orpannuernyio ahdexrusaoctb ITOK, B yacTHOC-
TH TIPU Teparinuy cercuca. Tak, HeJlaBHUE HCCIe0Ba-
nug rpynnsl ABDOMIX BbigaBuiy, uTo faske paniee
[IpUMEHEHKEe KOJIOHOYHON FeMOCOPOITUE C UCITOJIB30-
BaHMEM UMMOOUIM30BAHHOTO MOJMMUKCHHA-B 1715t
yaaleHust U3 MUPKyJsaiuu OakrepuanbHoro JITIC
[Py TMEPUTOHUTE HE TPUBOJIUJIO K YMEHBIIEHHUIO
CMEPTHOCTHU OT cenTudeckoro moka [135]. B o xe
BpeMs, TIpUMeHeHue TeMorepdy3ruu MPUBOAUT K
VIAYYIIEHUT0 TeMOJMHAMUYECKUX TIoKa3aresaei y
GOJIBHBIX ¢ cenTriecKuM 1mokom [136].

ITU ¥ IPYTHE TaHHBIE TOKA3bIBAIOT, YTO CTpaTe-
rust ITOK, ocHOBaHHAsT MCKITIOYNTETHHO HA CO3/a-
HUM BBICOKOCEJEKTUBHBIX COPOEHTOB [JIs TeMOIIep-
(bysum, ©He Bcerma IMO3BOJSAET  JIOCTUTHYTH
CTaOUIIU3AIII COCTOSTHYST GOJIBHBIX MPH KPUTHIEC-
KX COCTOSTHUSIX BCJIEACTBUE MHOTOOOPA3ust «yCJIOB-
HBIX 9HIIOTOKCUKAHTOB» — BEIIECTB, M30BITOUHOE CO-
JepsKaHue KOTOPBIX B IHUPKYJIUPYIONEH KPOBH,
MOKET OBITh CYIIECTBEHHBIM (DaKTOPOM HapyIIEHIS
IIEJIOCTHOCTH HHJOTEJUSI COCYAOB, CTPYKTYPbI H
(byHKIIMW 9PUTPOITUTOB, KJIETOK UMMYHHOM CHCTEMBI,
KJIETOK JKM3HEHHO Ba)KHBIX OPraHoB. Takue MUpKyJIu-
pyIoIire MoJIeKYJIbl (ITPOBOCIIATUTENbHBIE TUTOKH-
HBI, MPOAYKTHI TMOHYIIUX KJIETOK — B YaCTHOCTH,
HMGB1, xeMOKNHBI, IMMYHOCYITPECCOPHBIE MOJIe-
KyJsibl, MutoxoHapuanbiag [IHK, nupkyaupyromnias
JJHK u ee oxucnennsie (HopMbl, U T.JI.) MOTYT BHO-
CUTH CYIECTBEHHBI BKJIA/L B Pa3BUTHE TOJHOPTaH-
HOM HEJOCTATOYHOCTH W WUMMYHOKOMITPOMETAIUH.
[Tocremiee cOCTOsSTHIE, YPEBATOE YCHUIEHEM GaKTe-
PHUAbHOM HArPY3KH W, KaK CJEe/CTBUE, YBETUUEHUEM
cojiepskatie GakTepUaTbHbIX 9HIAOTOKCHHOB, MOKET
«CBOJIUTH HAa HET» IMOJIOKUTEThHbBIE, HO KPAaTKOBpE-
MeHHbIe, 3 deKThI creruuueckoil remocopouuu, C
JPYToii CTOPOHBI, Hecmenuduueckass reMocopOIus
Masoa(heKTHBHA JJIST CHUKEHUST YPOBHS OGaKTepH-
AJIbHBIX 9HIOTOKCUHOB. [TOCKOJIBKY Y GOJIBHBIX TsKe-
JIBIM CETICICOM U CETITUYECKUM IIIOKOM TTPOBOCTIAJIH-
TeJbHble (DAKTOPBI, TOKCUYHBIE [IJII KJIETOK
GakTepuasbHble MPOAYKTHI ¥ HMMYHOCYIPECCOPH-
HbIe (DaKTOPBI COCYIIECTBYIOT W MOIEP;KUBAIOT TIPO-
JYKITHTO ZIPYT ZIPYTa, TO TPYAHO HAAESTHCS HA TO, 4TO
pasopBaTh TMOPOYHBII KPYT MOKET JIMIIb YAaJeHue
KaKoii-1160 OJHOI 13 3TUX IPYIII. YIaJeHUE PasHO-
06pa3HOTO MHOXKECTBA BEINECTB, CKOpee, Tpehyer

COpPOEHTOB € YHUBEPCAJIbHBIMU COPOIMOHHBIMU
cBoiictBamu. TakuM 00pasoM, MEaNbHbIII TEMOCOP-
OEHT JIOJIKEH coueraThb B cebe CBOMCTBA CEJIEKTUBHO-
IO M HECENEKTHBHOTO COPOEHTA, T.€. SIBJISITHCST MYJIb-
TUMOJAJIBHBIM COPOEHTOM.

Cosanre TakuxX MYJBTUMOJAIBHBIX COPOEH-
TOB BO3MOJKHO 32 CUET METO/IOB MIOBEPXHOCTHON MO-
MuUKAIM TOPUCTBIX MOJMMEPHBIX MaTepPUAJIOB
6rocnerupuIecKUMHU JIUTAHIaMH, He OKa3bIBAIOIINX
HETATUBHOTO BJIMSHUS HA UX TIOPUCTYIO CTPYKTYPY.
Kanaugatamu MOTYT OBITH HOBBIE TOJIMMEDPHbBIE Ma-
Teprasbl, crocoOHble 3(hMOEKTUBHO aAcopOUPOBATh
IIUTOKUHBI ¥ OTHOCUTETHHO «MaJIbI€» MOJIEKYJIbI, HO
B TO K€ BPeMsI CO/IEP’KaTh HA MOBEPXHOCTHU JOCTa-
TOYHO JIUTAH/0B, 3(PHEeKTUBHO YHATIIONUX IHIIO-
TOKCHHBI 1, BOSMOKHO, IpyTHe «O0JIbIINIe» MOJIEKY-
abl (nupkysaupytomue Monexyabst JJHK, amapmuasr,
HMMYHOCYTTPECCOPHbIE (haKTOPbI, METAOOIUTHI [IATO-
reHHOU MUKPOMIOpsI U 1p.). OXHIM 13 KaHANIATOB
MATPHIIbl TAKUX TIOJTUMEPHBIX COPOEHTOB MOJKET BbI-
CTYINaTh COMOJUMEDP CTUPOJANBHHUIOEH30/MAa —
MIPECTaBUTEb HOBOTO KJIAcca MOJUMEPHBIX MaTe-
PUAJTIOB — CUJIBHO CIMUTBIX MAaKPOTIOPUCTHIX TTOJIH-
MEPOB C TIPUBUTHIMU HA MMOBEPXHOCTH CIIEIU(DUIHDI-
MU 1[I0  OTHOIIEHHID K  OaKTepuaJbHBIM
spjotokcunam Juranjgamu [137]. Ilpencrasurens
TAaKUX TOTEHITUATBHO MYJBTUMO/ATBHBIX TeMOCOP-
OGEHTOB HeIaBHO pa3paboTaH U BBITYCKAETCS KOMIIa-
Hueit «IlepcrieKTUBHBIE METUTTTHCKUE TEXHOJIOT U,
U TIPUMEHSIETCS TIPU U3TOTOBJIEHUH TeMOCOPOIOH-
Hoit kosionkn lemoc-/IC (mpousBoamrens HIIII
«brorex-M», paspentena PocanpaBHaz3opoM K Ipu-
MEHEHUIO B MeIUITMHCKON mpaktuke ¢ 2013 1.). Jla
copbuun mostekys JITIC wucmonb3yercst codetaHue
ruapodOOHBIX B3aMMOIEHCTBUN (hparMeHTOB MOJIe-
kysbl JIIIC ¢ HemosisgpHON MaTpuilell mojmmepa u
TTOJISIPHBIX B3aWMOJIEMCTBUN OTPUIIATEIbHO 3apsi-
JKEHHBIX (pochaTHBIX TPy JUnuga A U BHyTPEeHHe-
ro ¢pparmenTta JITIC ¢ 110J10KUTENBHO 3aPSIKEHHBIMU
JIUTaHIaMH, KOBAJEHTHO MMMOOU/IM30BAaHHBIMU Ha
[HOBEPXHOCTH HIOP COpOEeHTa.

M cXOnHbI CTUPOJI-AUBUHUIOEH30JbHBIN CO-
MOJIMMED TIPECTaBAsteT co0O0il MPOUYHbIE TPAHYJIbI
muametpom oT 0,3 10 0,8 MM ¢ 1O0CTaTOYHO TIOTHOM
MMOBEPXHOCTBIO U BBICOKOTIOPUCTON BHYTPEHHEH
CTPYKTypoil. KpymHble TOJIOCTH 3TON CTPYKTYPBI
MOTYT flocTuraTh pasmepa B 100 HM, XOTS KaHAIbBI, NX
COEJIMHSIONINE, 3aMETHO MeHbIe. Takas cTpyKTypa
copbeHTa 00€eCIeunBaeT BBICOKYIO CKOPOCTh Macco-
obMeHa I Masibix GENKOBBIX TOKCUHOB (I[MTOKH-
HoB) ¢ Maccoit 10 30—40 x/la n mpegoTBpaIaeT mo-
Tepro aJbOYMHUHA, MOJIEKYJISIPHAs Macca KOTOPOTO
cocrasusger 66 k/la. PaspaGoTaHHbII METOZ XUMUYE-
ckoit Mmomupukanuu rpanya abdunabivu k JIIIC
JIUTAHJITAMU CYIIECTBEHHO He MeHsSeT HU BHYTPEH-
HIOIO TEKCTYPYy MaTepuasa, Hi (pU3UKO-XUMUIECKHEe
rapamMeTpbl TOPUCTON CTPYKTYphI (PUCYHOK). YBe-
JnunBaetcs Toabko cpozactBo K JIIIC 3a cuet koBa-
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JICHTHOH MMMOOUJIM3AINN CrIelu(MUIecKoro 1mo oT-
HOIIEHNIO K HEMY JINTaH/a Ha TIOBEPXHOCTH COPOEH-
Ta, BKJIOYAash BHYTPEHHIOIO MOBEPXHOCTH KPYITHBIX
nop. OueHb BBICOKAs yieIbHast TIOBEPXHOCTH (boJiee
700 M*/r) npusBaHa 00eCIeUnTh CO3aHIe YCIOBUI
JUIsE COPOIM JIOTIOJTHUTEIBHBIX MOJIEKYJI-JTUTAH/IOB,
kotopsie (momumMo JITIC) 66110 GBI JKeJIaTeTbHO yaa-
JIUTD U3 MUPKYJISIIAN JIJIST Pa3pbIBa <[TOPOYHOTO KPY-
ra», OJ/IEPKUBAEMOTO MHOKECTBEHHBIMU (haKTOpa-
MU TIpU WHGEKITMOHHO-0CI0KHEHHBIX KPUTUYECKUX
COCTOSTHUSIX.

Knvnnueckne nccaea0oBainmnAa CoO3JaHHbIX T€EMO-

copOEHTOB U JajibHeliIIe pazpaboTK COPOEHTOB Ha
MYJIBTUMOJIAILHON TIaThOpPME, a TaKKe PaCIIipeH-
Hble KIMHUYECKUE UCTIBITAHUS 1 MOAO0P ONTUMAIb-
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