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Postresuscitative Changes of Brain-Derived Neurotrophic Factor (BDNF)
Protein Expression: Association With Neuronal Death
Maria Sh. Avrushchenko, Irina V. Ostrova
V. A. Negovsky Research Institute of General Reanimatology,

Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia

Ilesb: BHISIBUTD B3aNMOCBsI3b Mesky ypoBHeM skcipeccrin BDNF u passurnem mocrpeaHuMaIfionHoi rube-
JIN HEIPOHOB B BBICOKOYYBCTBUTEIbHBIX K THIIOKCUN OT/I€/IaX MO3Ta.

Marepuasnst u Metozpl. Ha pasnbpix cpokax moctpeannMarmonHoro nepuosaa (1-, 4-, 7-, 14-e cytkm) nccaeno-
BaJIM COCTOSIHUE BBICOKOUYBCTBUTEJIbHBIX K THITOKCUM HEHPOHAJIbHBIX TTOIYJISINN (ITMPAMU/IHBIC HEHPOHBI THIITITO-
Kamma 1 kietku [TypkuHbe MO3Keuka) y GesbiX MOJI0BO3PEJIbIX KPbIC-CAMIIOB, TepeneciinX 10-MUuHyTHYIO ocTa-
HOBKY CHCTEMHOTO KpoBoOOpaieHusi (Iiepeskarve COCYAUCTOro Iydyka cepiana). KoHTposem ciryKuin
JIOKHOOTIEPUPOBaHHbIe kUBOTHBIE. [IpoBOAMIN MMMYyHOTHCTOXUMIUYecKoe BbisiBjienre BDNF-ummyHnopeaxTis-
HBIX HEHPOHOB C MOCJIELYIONINM OIpe/ieIeHneM ONTHYECKON TJIOTHOCTH, YNCJa KJIETOK C Pa3HbIM YPOBHEM 9KC-
npeccun BDNF u 061iero uncsia HelipoHOB Ha 1 MM JJIMHBL UX ¢J10s1. VICIIoIb30BaIM CUCTEMBI aHAIU3a U300paske-
Huii (komnbiorep Intel, mukpockon Olympus BX-41, nporpammbr ImadgeScopeM, Image] 1,48v, Excel 2007).
Crarucruyeckyro 06paboTKy JAHHBIX IIPOBOAMIN B mporpamme Statistica 7.0. ¢ ucnosib3oBaHueM Kputepres 4
Koamoroposa-Cmupnosa, U-kpurtepust Manna-Yutau u t-kpurepust CTbIoIeHTa.

PesyabraTel. YcTaHOBWIM AUHAMUKY TIOCTpeaHUMAaIMOHHBIX caBuroB BDNF-nMMyHOpeakTnBHOCTH Helipo-
HaJIbHBIX TOIYJISANMNA TMPAMUIHBIX KJIETOK TUIINOKaMIa U KJaeTok [Typkutbe Moskeuka. [Tokasanu, 4to B 00enx
HEeHPOHAIBHBIX MOMYJISIUSAX IPOUCXOAUT CHUXKeHMe YpoBHst aKcipeccurt BDNFE, uto conpososknaercst tubesbio
HEUPOHOB. YCTaHOBUJIM, UTO TIPOIlecC BbiiageHust (rubesn) kietok [TypKuHbe MO3KeuKa MPOUCXOAUT K 4-M CyT-
KaM I10CJIe PEaHUMAI[IH, 2 TIMPAMUIHBIX HEHPOHOB MUIIIIOKAMITA — TOJBKO K 7-M. CyIlecTBEHHO, 4TO B 00enx Heil-
POHAJIBHBIX MOIYJIstIusiX rubenu moasepraotcss BDNF- HeraTuBHbIe 1 €J1a00TIO3UTHBHBIE HEPBHBIE KJIETKL.

3akmoyeHne. Pe3ysbrarhl IPOBEIEHHBIX MCCIE/[0BAHNI CBU/IETEIBCTBYIOT O HAIMYUK B3aMMOCBSI3U MEKILY
casuramu srcripeccut BDNF u moctpeannmaiiionHol rrbesibio HeiipoHoB. [[okasaHo, 4To B BBICOKOYYBCTBUTE]b-
HBIX K THUIIOKCUM HEHPOHATBHBIX MOITYJISIUSAX THOENU TOIBEPraloTCs TOJIBKO HEIKCIIPECCUPYIOINIHE U ClIabosKe-
npeccupytoie BDNF ksetku. [TomydyenHble pe3ybsraTsl 1al0T OCHOBaHUE 3aKII0OYUTh, YTO YPOBEHDb BKCIIPECCUN
BDNF B neiiponax sgBisgercs ofHIM u3 (hakTOpPOB, OKa3bIBAOIINX CYINIECTBEHHOE BIMSHUE HA UX YCTOHYMBOCTD K
umemuu-perepdysun. O6eyskaaeTest BO3BMOKHOCTh AKTUBAIIMK YPOBHsT aKkcnpeccun suporentoro BDNF s npe-
JOTBpAIeHus THOen HelPOHOB.

Knoueswte crosa: moszosoil neiipompoguueckuii paxmop (BDNF), nocmpeanumayuoniwiii nepuoo; 2ubeis neii-
POHO8; nupamudnvle Kiemxku eunnokamna; xiemxu Lyprunve Mo3xceuka; UMMYHOZUCTIOXUMUSL; ONMUYECKAS, MO -
HOCMb; MOPPOMEMPUUECKUL AHATU3

Aim of the study: to evaluate expression level of BDNF and its association with the postresuscitative neuronal
death in highly hypoxia-sensitive brain regions.

Materials and methods. Cardiac arrest in adult albino male rats was evoked by intrathoracic clamping of
supracardiac bundle of vessels for 10 min. Pyramidal neurons of the hippocampus and Purkinje cells of the cere-
bellum were analyzed at various time points after resuscitation (days 1, 4, 7, 14). Shame-operated rats served as
controls. The expression of BDNF protein was immunohistochemically determined. The BDNF expression level
was determined by evalution on the base of the average optical density. The number of neurons with different
BDNF expression levels and the total number of neurons per 1 mm of the layer length were computed. Image
analysis systems (Intel personal computer, Olympus BX-41 microscope, ImageScopeM, Image] 1,48v and MS
Excel 2007 software packages) were used in the study. Data statistical processing was performed with the aid of
Statistica 7.0 program and Kolmogorov-Smirnov A-test, Mann-Whitney U-test and Student's t-test.

Azpec 115l KOPPECIIOH/ICHIMH: Correspondence to:
Mapust ABpyIIEHKO Maria Avrushchenko
E-mail: maria_avr@mail.ru E-mail: maria_avr@mail.ru
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BI(CHCPMMCHTQAI)HI)IC UCCACAOBAHU

Results. The dynamics of postresuscitative shifts of BDNF immunoreactivity in neuronal populations of hip-
pocampal pyramidal cells and cerebellar Purkinje cells was established. It was shown that the level of BDNF
expression within the two neuronal populations decreased, that was accompanied by neuronal death. In the
Purkinje cell population the neuronal death occurred by the 4th day after resuscitation, while in the hippocampus,
it occurs only by the 7th day. Notably, only BDNF-negative neurons or neurons with low level of BDNF expres-
sion died in both neuronal populations.

Conclusion. The results of the study indicate the existence of an interrelation between the shifts in
BDNF expression and the postresuscitative neuronal death. It was shown that only the cells with none or
poor BDNF expression underwent death in highly hypoxia-sensitive neuronal populations. The results sug-
gest that the level of BDNF expression is one of factors that have a significant effect on neuronal resistance
to ischemia-reperfusion. A possibility of induction of the endogenous BDNF expression in order to prevent
neuronal death is discussed.

Key words. brain derived neurotrophic factor (BDNF); postresuscitative period; neuronal death; pyramidal
cells of the hippocampus; Purkinje cells of the cerebellum; immunohistochemistry; mean optical density; morpho-
metric analysis
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BBenenne

Jliist pa3paboOTKH MaTOTeHETHIEeCKH 000CHOBAH-
HBIX TIOIXO/IOB K TIPO(UIIAKTUKE W KOPPEKITUH TTOCT-
TUTIOKCUYIECKUX dHIle(hATONaTHil HEOOXOAUMO HC-
CIeIOBATh 3aKOHOMEPHOCTH MTPOIIecca TIOBPEKICHUS
HEWPOHOB, a TaKKe BBISBJATH (haKTOPBI, CIIOCOOCT-
BYIOIIHE TOIEPKAHUI0 WX YCTOWUUBOCTU TOCTE
uieMun-penepdysun. ITo 00YCIOBICHO HATMUIEM
TECHON B3aMMOCBS3U MEXIY BOCCTAHOBJIECHUEM
(byHKITMT MO3Ta B TIOCTPEAHNMAITMOHHOM TIEPUO/IC 1
BBIPAKEHHOCTHIO M3MEHEHWH, TPOUCXOAINX Ha
YPOBHE HEHPOHATBHBIX MOy Jsiinii [ 1—3]. Basknyto
POJIb B 3alllUTe MO3Ta TOCJe UIeMUun-penepdysnn
UTPAIOT AHOTEHHBIE HEHPOTIPOTEKTUBHBIE (haKTOPHI.
PaHee Hamu OBIJIO MTOKA3aHO 3HAYECHUE YPOBHS DKC-
npeccuu psifia Takux (hakTopoB (OEJKU TETIOBOTO
moka cemeiictBa HSP70, rimoko30-peryanpyembrii
6esox GRP78, rumasibHbIil HeHpoTpohuIecKuit
(axrop GDNF, ocnosHoil akrop pocra ¢pubpobdia-
ctoB bFGF) B nipesynpeskIcHUHN MOCTPEaHUMAIOH-
HOU rubenu HelpoHOB [4—7]. Mo3roBoii HelipoTpo-
uaecknit pakrop (BDNF) HaspBaioT ogHuM U3
KJTIOYEBBIX MEAMATOPOB BBIKUBAHWS M BOCCTAHOBJIE-
Hus HelipoHOB (8, 9]. OH BOBJEYEH B PETYIAINIO
HEHPOHAJIBLHOTO Pa3BUTHS, CHHATHYECKYIO TLIac-
TUYHOCTB, (POPMHUPOBAHKE IPOIECCOB OOYUCHUS U
namstu [10—13]. Baxxnas poas BDNF B Heitponpo-
TEKIUW U BOCCTAHOBJICHUY (DYHKITMH MO3Ta TIPU Pas-
JIMYHBIX TATOJOTHYECKUX TIPOIeccax MIUPOKO 00-
cyxpmaercs [14—18, 11, 8, 9].

CymiecrBerno, uto BDNF xapakrepusyercs
HEHPOTPODUUECKUM IEHCTBUEM JIJISI CAMBIX PA3HbBIX
HEMPOHATBHBIX TIOMyJASIIINH (XOJWHEpTrudecKue u
nodamMuHepruuecKre HeWPOHbI, MOTOHEHPOHBI, CEeH-
COPHBIE HEHPOHBI), YTO OOYCJOBIUBAET €r0 TOTEH-
1uagbHbie 3(hHEKTH MPU MHOTOUNCIEHHBIX HEBPO-
sormdecknx 3abomesanusx [19]. Vimento moatomy
npumenenne BDNF cramo ocHoBol a1 axcrnepn-
MEHTAJIBHOM Pa3pabOTKY TTOAXO0I0B K 3alUTe MO3Ta
mpu GosiesHu AdbireiimMepa, G6osesru TTapKUHCOHA,

Introduction

The development of pathogenetically substanti-
ated approaches to the prevention and correction of
posthypoxic encephalopathies requires thoroughly
studying the regularities of the process of neuronal
damage and identifying the factors that contribute to
the neuron resistance to ischemia-reperfusion. The
reasons for these approaches are based on close rela-
tionship between the postresuscitative brain function
recovery and the severity of changes in neuronal pop-
ulations [1—3]. Endogenous neuroprotective factors
play an important role in the brain recovery after
ischemia-reperfusion. Earlier, we showed the signifi-
cance of the expression level of a number of such fac-
tors (heat shock proteins of the HSP70 family, glu-
cose-regulated protein GRP78, glial neurotrophic
factor GDNF, basic fibroblast growth factor bFGF) in
the prevention of postresuscitative neuronal death
[4—7]. Brain derived neurotrophic factor (BDNF) is
currently considering as the key mediators of neuronal
survival and recovery [8, 9]. This factor is involved in
the regulation of neuronal development, synaptic
plasticity, learning and memory processes [10—13].
The important role of BDNF in neuroprotection and
brain function recovery from various pathological
conditions has deen discussed [14—18, 11, 8, 9].

It is important that BDNF is characterized by a
neurotrophic effect for a wide variety of neuronal
populations (cholinergic and dopaminergic neurons,
motoneurons, sensory neurons), which causes its
potential effects in various neurological diseases
[19]. For this reason the use of BDNF has become a
basis for the experimental development of approach-
es to brain protection in Alzheimer's disease,
Parkinson's disease, Huntington's chorea, as well as
stroke, brain trauma, depression, drug addiction,
schizophrenia and multiple sclerosis [20—28, 9, 13].

Numerous experimental studies indicate that the
use of exogenous BDNF after ischemia reduces the
size of the cerebral infarction and improves functional
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xopee [eHTHHTTOHA, a TaKKe MPU WHCYJBTE, TPaBMe
MO3Ta, JIeMPecCuy, HapKOMaHWH, TMU30(pPEeHUN U
paccestHHOM ckJepose [20—28, 9, 13].

MHoroumcieHHbIe KCTIEPUMEHTAILHBIE HCCIe-
JIOBAHUS CBUIETEIBCTBYIOT O TOM, YTO TIPUMEHCHUE
aksorennoro BDNF nociie niieMun ymenolraer pas-
Mepbl MH(pAPKTa MO3Ta U yJydnraeT (HyHKIIMOHATh-
Hoe BoccTaHoByeHne [29—36, 8, 14]. Bmecte ¢ Tem,
UMEIOTNECS B INTEPAType JIAHHBIE O TTOCTUTIIEMUYe-
cKUX m3MeHeHUsX akcnpeccunn BDNF neomgmnosnau-
HBI U PA3JInYaioTCs MO HAPABJICHUIO, JTOKATU3AIINN
U TMHAMUKE BBISIBJICHHBIX cZIBUTOB [37—40]. B cBs-
31 C BBINMIECKA3aHHBIM TIEJIBI0 MCCJEIOBAHUS CTAJO
BBISIBJICHUE B3aUMOCBSI3U MEXKIY YPOBHEM JKCIIpeC-
cun BDNF u pazsutnem nocrpeannMarmoHHON TH-
6ei HEPOHOB B BBICOKOUYBCTBUTEIBHBIX K THITO-
KCHUW OT/IEJTaX MO3Ta.

Marepuan u METObI

HUccnenoBanm MO3T 25-11 GeJIbIX HEJTMHENHBIX [T0JI0BO3-
pesbIx Kpbic-camiioB Maccoit 190—250 t, meperectix 10-
MUHYTHYIO OCTaHOBKY cep/iia (BHYTPUTOpPaKaJbHOE TIepe-
JKaTHe cocyzucroro Imyuka cepaua) [41]. Uepes 1, 4, 7, 14
JTHEH 1ocyie peaHnMainu (HEmpsiMoOil Maccask cep/iiia B Co-
YeTaHUK € MCKYCCTBEHHOM BEHTUJISIIUEN JIETKUX BO3LYXOM
B DEXHME THMIEPBEHTUJISIIIMU  ammmapatoM  «Animal
Respirator> gupmbl «SMT Geratehandel» ¢ BuyTpuTpaxe-
AJTbHBIM BBEJICHUEM PacTBOpa ajipeHasnHa B 1o3e 0,1 mr/Kr)
SKUBOTHBIX BBIBOZIMJIM U3 9KCIIEPUMEHTA JIeKAITUTAIIUeH 10/
HApPKO30M (110 5—7 KUBOTHBIX HA KAXKBIH CPOK TIOCTPEAHH-
MaIMOHHOTO Tiepuozia). KoHTposeM CysKuim JIoxKHOOTIe-
pupoBanHble KpbICckl (n=10). IKCIIEPUMEHTHI MTPOBOIUIII
COTJIACHO peKkoMeHanusiM Jrudeckoro komurera OIBHY
HUWU o6uieii peanumaronoruu umenn B. A. Herosckoro B
cootBercTBun ¢ «IIpaBuiaMu nposeaeHust paboT ¢ UCTIOJIb-
30BaHUEM JKCIEPUMEHTANbHBIX JKUBOTHBIX» ([Ipukas
Munszpasa CCCP Ne755 ot 12.08.1977).

Wccenenosaim mocTpeaHNMaIIOHHbIE U3MEHEHHST BbI-
COKOUYBCTBUTEIBHBIX K I'MIIOKCUU HEHPOHAJIBHBIX TIOITY-
st kietok [TypxkuHbe Kopbl MO3skeuKa 1 TTIMPaMUTHBIX
HeliponoB rutnmokamna (cexkrop CA4). BoisiBiienue Mosro-
Boro Heliporpoduueckoro dakropa (BDNF) nmpoBoauiu ¢
MOMOIIBI0 MMMYHOTUCTOXMMUYECKIX HCCIEOBAHUI He-
IPSIMBIM TT€POKCHIA3HO-aHTUIIEPOKCHIA3HBIM METO/IOM C
MCTIOJIb30BAaHNEM TIOJUKJIOHATBHBIX aHTuTeal kK BDNF
(passenenue 1:50) (Santa Cruz Biotechnology Inc., USA)
n Buzyammaupyiomeit cucrempr LSAB Kit (DAKO,
Glostrup, Denmark). IMMyHOIIMTOXUMUAYECKYIO PEAKITIOS
KOHTPOJIMPOBAJIN MHKYOAIMEll CPE30B CO BCEMU peareHTa-
MU KpOMe TePBIYHBIX aHTHUTEJI.

WntencnsrocTts axcnpeccun BDNF B murtommazme
HEPOHOB OIEHUBAJIU C ITOMOIIBIO TIPOrPAMMBI aHAJIHM3A
uzobpaxenuii Image] 1,48v. VccnenoBamu usobpakenust,
MOJTyYeHHbIe TI0C/ie IMMYHOIIUTOXUMHYECKOTO BBISIBJIEHUS
BDNF 6e3 10HOJHUTEIBHON OKPAaCKHM TeMaTOKCUIMHOM
(puc. 1, a). Omnpenenann «cpejanee 3HAYEHUE CEPOTO»
(Mean Gray Value) u paccumThiBajiu ONTUYECKYIO ILJIOT-
HOCTbH (B YCJIOBHBIX eIMHUIAX — Y. €.) 110 dopmyse: OD =
log,, (255/Mean Gray Value). [l Bu3yasbHOI OIEHKE
MHTEHCUBHOCTH OKPACKHU CPE3bl JIOKPANIMBAJIN TCMATOKCH-
suroM (puc. 1, b). Ha ocHoBaHMM aHain3a THECTOTPAMM

recovery [29—36, 8, 14]. At the same time, the pub-
lished data on postischemic changes in BDNF expres-
sion are ambiguous and differ in the direction, location
and dynamics of the shifts observed [37—40]. In view
of the above, the aim of the study was to evaluate
expression level of BDNF and its association with the
postresuscitative neuronal death in highly hypoxia-
sensitive brain regions.

Materials and Methods

Male albino rats weighting 190—250 g (n=25) under-
went a 10 minute long cardiac arrest (intrathoracic clamp-
ing of the vascular bundle of the heart [41]). Animals were
resuscitated with the aid of chest compressions combined
with mechanical air ventilation by 'Animal Respirator’
(SMT Geratehandel) followed by intratracheal adminis-
tration of 0.1 mg/kg adrenaline solution. On the 1, 4, 7 and
14th day after resuscitation the animals were decapitated
under anesthesia (5—7 rats at each time point). Sham-
operated animals served as the controls (n=10).
Experiments were carried out according to the recommen-
dations of V. A. Negovsky Research Institute of General
Reanimatology Local Ethics Committee in accordance to
the 'Laboratory Animal Use Guide' (Order #755 of the
Ministry of Public Health (USSR), 12.08.1977).

Postresuscitative changes in the highly sensitive neu-
ronal populations of Purkinje cells of the cerebellar cortex
and pyramidal neurons of the hippocampus (CA4 region)
were studied. The detection of brain-derived neurotrophic
factor (BDNF) was performed immunohistochemically
with indirect peroxidase-antiperoxidase method using
polyclonal antibodies to BDNF (dilution 1:50), (Santa
Cruz Biotechnology Inc., USA) and LSAB TM +Kit visu-
alizing system (DAKO, Glostrup, Denmark). The
immunocytochemical reaction was monitored by the incu-
bation of the slices with all the reagents except for the pri-
mary antibodies.

The level of BDNF expression in the neuron's cyto-
plasm was assessed using image analysis software Image]
1.48v. The images obtained via BDNF immunocytochemical
visualizing without hematoxylin after-stain were analyzed
(Fig. 1, @). The Mean Gray Value was determined and the
optical density (in arbitrary units — a.u.) was calculated by
the following formula: OD = log,, (255/Mean Gray Value).
To assess visually the staining intensity, the slices were after-
stained with hematoxylin (Fig. 1, b). Based on the analysis
of histograms of neurons distribution by optical density
(Fig. 2) and on the visual assessment, the following rank
estimates were assigned to the neurons: BDNF-negative
(BDNF"), weak- and strong-positive (BDNF' and
BDNF**) neurons. In the pool of cerebellar Purkinje cells,
the rank limits of optical density include as follows:
0D<0.25 for BDNF-negative; 0.25<0D<0.31 for weak-
positive and OD>0.31 for strong-positive neurons. In the
pool of hippocampal pyramidal cells (CA4 field), the rank
limits of optical density were: OD<(0.24 for BDNF-negative;
0.24<0D<0.28 for weak-positive and OD>0.28 for strong-
positive neurons. The total density of the neuronal popula-
tion was determined, as well as the number of cells with cer-
tain levels of BDNF expression per 1 mm of the layer length.

Image analysis systems (Intel computer, Olympus
BX-41 microscope, ImageScopeM, Image] 1,48v and MS
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Puc. 1. Knerku Ilypkunbe ¢ pa3usiM ypoBHeM skcnpeccud BDNFE

Fig. 1. Purkinje cells with different levels of BDNF expression.

Note. Indirect peroxidase-antiperoxidase method. @ — X200; b — hematoxylin staining, X400.

White arrow — BDNF™ neurons; black thin arrow — BDNF" neurons; black thick arrow — BDNF** neurons.

ITpumeyanue. HenpsiMoil epOKCHAA3HO-aHTUIIEPOKCHAA3HBIN MeTozL. @ — X200; b — noxpacka rematokcminaoM, X400. Bemast crpes-
ka — BDNF™ neiiponsr; uepnas Tonkas crpenka — BDNF' neiiponsr; uepnas tosicras crpenka — BDNFTT neiiponsr.

OBITJAJA PEAHMMATOAOTI M, 2017, 13; 4 www.reanimatology.com




10

Ex

o

erimental Studies

DOI:10.15360,/1813-9779-2017-4-6-21

“UOIIRIIISNSAL J9Je SKBp — F] ¢/ F ‘T {[0IIU0D — () :G—7 "SI 10,] *9JON.

‘s8uel je pue Kyisuop [eorydo ueaw Yy Aq PIUTULIIIIP SE S[[99 JUNYINJ JO UOINPLISIP UI SUOT)RLIEA T "SI

MOLIIN OLrOMh — S[[99 JO IoquInN MIHed — s3ueY {ALOOHLOII BRNOIhULIO — AJSsuap [eonnd() ‘uunenmnnesd arroou uny — 47 ‘4 % ‘7 ‘arodinoy — () ‘renudds — dnoioy :6—g -oud sir]/ -ounenamwudy|

38888848

Number of cells

0 :dnoub

| :dnoib

‘WedHed ol ¥ ULOOHLOLI HOMOOhULO HOHIIdD ol 99HIMAAT] M01ar BUHArdTaduoed IawwedIolon] g “oud

¢ :dnoub

. :dnoib

0,1465

0,2174 ['S
: 0,2528
0,2882 [
! 0,3237
0,3591

0,4300 [f
0,4654 [
0,5009
0,5363

Aysuap [eandQ

0,5718
0,6072

0,3946 [/

¥L :dnoib

WWW.

reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 4



DOI:10.15360,/1813-9779-2017-4-6-21

9KCH€pV1M€HT3AbHH€ MCCACAOBAHMI

pacripeiesierivsi HefPOHOB TI0 WX OTI-
TUYeCcKOl mioTHocTu (puc. 2, a) n
BU3YAJIBHON OIEHKHU BBIIEJISIIN COOT-
BeTCTBYIOMNE panru (puc. 2, b) mist
BDNF-nerarusasix (BDNE"), cra-
60- u cuiabHonosutuBHbiX (BDNF*
u BDNF*) wneiiponos. B momyis-
muu kaetok I[lypkunbe Moszxkeuka
PaHTH ONTHYECKOI IIITOTHOCTH COCTA-
puan: g BDNF-mweratuBHbIx
0OD<0,25 ye.; mist caabomno3uTuB-
mbix 0,25< OD<0,31 y.e. u st cusb-
Horno3uTuBHbIX HeiipornoB OD>0.31
y.e. B momysisiimm nupaMuIHbIX Kiie-
Tok runmokama (cextop CA4): pan-
I'M ONITHYECKON TIJIOTHOCTU COCTaBU-
au: s BDNF-weratususix OD
<0,24 y.e.; mug caabono3UTUBHBIX
0,24<0D<0,28 y.e. u 151 cuibHOIIO-
3uTUBHBIX HeitponoB OD>0.28 ye.
Omnpegensiin - 06MIyI0  TIOTHOCTD
HEWPOHATBHON TOMYJISIINN, a TakKe
YUCJIO KJIETOK C PasHbIM YPOBHEM
akcnpeccun BDNF na 1 MM b
UX CJIOSI.

B pabore ucrosb3oBaiu cucre-
Mbl aHajM3a M300pakeHuii (KoM-
nbiorep Intel, Mmukpockon Olympus
BX-41, nporpammbr ImageScopeM u
MS Excel 2007). Crarucrideckyro
06paboTKY MaHHbIX TIPOBO/IILIIN C [0~
Moreio kputepust A Kosmoroposa-
CwmupnoBa, U-xputepusi Manna-
Yurau u t-kpurtepusi CTpiojieHTa B
nporpamme Statistica 7.0.

Pe3yabratsl
U 00CY3K/IeHHE

YcranoBuam, 9TO B TUIIIO-
KaMmIe Ha 1-e 1 Ha 4-e CyTKH TI0-
CTPEAaHNMAIIMOHHOTO  MEePUo/ia
006TMast TMIOTHOCTH TOMYJISATHHT
MTUPAMU/THBIX HEHPOHOB COOTBET-
cTBOBajia KoHTpoJiio (puc. 3, a).
Omnaxo cirycTst 7 qHeit moce pe-
AQHMMAIINN TIPOMCXO/INIIO Pe3Koe
CHIKEHUE 00IIel TJIOTHOCTH T10-
myssituu (puc. 3, a). K 14-m cyt-
KaM BBISBJICHHBIEC CABUTU He
YCUJINBATUCD. ITonyuennoie
JIAHHbIE CBUETEJIBCTBYIOT O
TOM, UTO B 9TOW HEHPOHATBLHOU
MOTYJISTNN THOETb KIETOK Pas-
BUBAETCS K 7-M CYTKaM TTocTpea-
HUMAaIMOHHOTO TIEPUO/Ia U Jlajiee
He TTPOTpeccupyer.

Borsgsuan, uto yepe3 1 cyTkm mocsie peaHmma-
muu uucao BDNFT, a taxkxke umcaio BDNFT u
BDNF** kieTok COOTBETCTBOBAJIO KOHTPOJHHOMY
ypoBHIO (puc. 4, a). K 4-M cyTkam mocTpeannmaru-

= = Median [] 25%-75% Min-Max
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Puc. 3. JlunamMuka u3MeHeHus: 061l IUIOTHOCTH TOMYJISAIMA IMPAMU/HBIX KJIETOK TUIl-
nokamna (a) u kretok Ilypkunse (b) B MOCTpeaHNMANMOHHOM NIEPHO/E MOCIE OCTAHOB-
KH CHCTEMHOTO KPOBOOGpaIeHusI.

Fig. 3. Dynamics of changes in the total density of pyramidal cells of the hippocampus
(a) and Purkinje cells () in postresuscitation period after cardiac arrest.

Note. a: * — P,<0.05 versus control; b — P,<0.025 versus control.

IIpumeuanue. /[ pric. 3—5: Number of neurons per 1 mm the length — uucsio neiiporos
Ha 1 MM mnbL a: * — p,<0,05 o cpaBHeHuIoO ¢ KoHTpOsIEM; b — p,<0,025 110 cpaBHEHNMIO
€ KOHTPOJIEM.

Excel 2007 software packages) were applied in the study.
Statistical data processing was performed using Statistica
7.0.The significance of differences was assessed by
Student's t-test, Mann-Whitney test, Kolmogorov-
Smirnov test.
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OHHOTO TIEPHO/Ia B CPABHEHWH C KOHTPOJIEM YHCJIO
BDNF~ HeitpoHOB He M3MEHsLIOCh, uncio BDNFT
HEHPOHOB B CPAaBHEHUW C KOHTPOJIEM BO3PACTAJIO, a
gucsio BDNF nefiporoB ymenbianocs (puc. 4, a).
ITockoJbKY, Kak GBIJIO OTMEUECHO BBIIIE, Ha 9TOM 3Ta-
e He IPOUCXoAUT rubenn HeHpoHoB (00mas MmIoT-
HOCTD TIOYJISATIAN COOTBETCTBYET KOHTPOJIO), TIOJTY-
YeHHBbIE JaHHBIE CBUJIETEIBCTBYIOT O <II€PeXojies
CUJIBHO-TTO3UTUBHBIX KJIETOK B KaTErOPHIO CI1aboro-
sutuBHbIX. B pesynsrare BDNF-ummynopeakTus-
HOCTH HEMPOHATLHON TOIYJISTINHI CHIKAETCS.

Ha 7-e cyTku mocTpeaHnMaIimoOHHOTO Tepro/ia
gucio BDNF* weitpoHoB He M3MeHSIJIOCH B CpaB-
HEHUW C 4-MW CyTKaMH, OCTaBasiCh HU)KE€ HOPMBI
(puc. 4, a). Yuciao BDNF* nefipoHoB yMeHbITAIOCH
B CPaBHEHWU C 4-MW CYTKaMH, OIyCKasCh 0 KOH-
TposbHOTO ypoBHSA. [Ipn aTom uncao BDNF-nera-
THUBHBIX KJIETOK PE3KO CHIKATOCH, KAK B CPAaBHEHUN
¢ KOHTPOJIEM, TaK U B CPAaBHEHWH C 4-MU CyTKaMU
(puc. 4, a). Mexny 7-mu n 14-Mu cyTkamu mmocTpe-
AHUMAIMOHHOTO TIEPUO/Ia MAThHEHIITNX U3MEHEHU
ypcsa HelpoHos ¢ pazandnoii BDNF-ummyHnope-
AKTHBHOCTBIO He BbIsABIeHO (puc. 5). Kak ObL10 01-
MEUEHO BBIIE, MMEHHO K 7-M CYTKaM Pa3BUBAETCS
npoiecc rubenn HeilpoHoB (CHUKeHME O00Ieil
MJIOTHOCTH HEWpOHATbHOU Tomyssnun). CymiecT-
BEHHO, UTO Ha HTOM 3Tare MOCTPEaHUMAIMOHHOTO
mporiecca MPOUCXOINUT YMEHBIIEHUE YUCTA TOJbKO
BDNF™ u BDNF* kaerok. CiaenoBaTebHO, MOKHO
moJjiaraTh, 4TO THOENW MOABEPraloTCsl WMEHHO
BDNF-neraTusHbie U ¢1a00N03UTUBHbIE HEAPOHDI.

Uccrenosanue kietok IlypkwHbe MO3KeuKa
MOoKa3aJio, 4To Ha 1-e CyTKM TOCTpeaHuMAaInOHHO-
o meproa ob1Ias IIOTHOCTh 3TON HelpOHATBHOM
MOMYJISIIIAY COOTBETCTBYET KOHTPOJIBLHOMY YPOBHIO
(puc. 3, b), 1. e. rubesit HEHPOHOB HE TIPOUCXONIIO.
Brimaserne HeTPOHOB Pa3BUBAIOCH K 4-M CyTKam
nocye peanuManuu. OO0 3TOM CBHIETEIHCTBYET
pesKoe CHUKeHUe 001Ieil MIOTHOCTH TOTYJISIUN B
cpaBHeHuu ¢ KoutposieM (puc. 3, b). B nanbueii-
IIeM TTPOIECC BBITIAJICHUS KJIETOK He MPOTPECCUPO-
Bax (puc. 3, b).

YctaHOBJIEHO, UTO Ha 1-€ CyTKM TIOCTpeaHnMa-
nrorHOTO Teprosa unciao BDNF-#weratuBabIX Heli-
POHOB, a Tak/Ke YUCII0 c1abo- 1 CUITbHOMO3UTHBHBIX
KJIETOK He M3MeHsI0ch. OHAKO K 4-M CyTKaM TIpo-
HCXO/IMJIO PE3KOe CHIDKEHNE B CPABHEHUU € KOHTPO-
siem uncia BDNF™ u BDNF' neiiponos (puc. 4, b).
CyT1ecTBEHHO, UTO TIPU 3TOM YUCJIO CUITHHOMTO3UTUB-
upix (BDNF*) kiieTok cooTBETCTBOBATIO KOHTPOJIH-
HOMY ypoBHIO (puc. 4, b). B nambreiinem (#a 7-¢ u
14-e cyTKM MOCTPEAHMMAIIMOHHOTO TIEPUOIA) BBISB-
JIEHHbIE U3MEHEHUs cOXpaHsiuch (puc. 4, b). [lomy-
YeHHbIE JJAHHbBIE CBUIETETHCTBYIOT O TOM, YTO Ha JTa-
e rrbesin HeHPOHOB (4-€ CYyTKHU MOCJIe PeaHUMAITNH )
TTPOMCXOIUT CHIKeHHe uncyia Toabko BDNF-nera-
TUBHBIX ¥ CJTa00TIO3UTUBHBIX KJeTOK. Ciie[oBaTe h-
HO, MOYKHO moJjiaratb, 4To ToJbKO BDNF-nerarus-

Results and Discussion

It was established that the total density of
pyramidal neurons corresponded to the control
value in the hippocampus on the 1st and 4th days of
the postresuscitative period (Fig. 3, a). However, a
sharp decrease in the overall density of the neuronal
pool occurred by the 7th day after resuscitation
(Fig. 3, a). By day 14, the revealed shifts did not
increase. The obtained data suggest that in this neu-
ronal population, cell death develops by the 7th
postresuscitative day and does not progress further.

It was revealed that the numbers of BDNF-,
BDNF*, and BDNF** cells corresponded to the con-
trol levels on the 1st day after resuscitation (Fig. 4, a).
By day 4, the number of BDNF- neurons did not
change in comparison with the control, the number of
BDNF* neurons increased, while the number of
BDNF** neurons decreased (Fig. 4, a). Since, no neu-
ronal death was determined (the total population
density corresponded to the control one), the
obtained data suggested a «transition» of the strong-
positive cells to the category of weak-positive cells. As
a result, the BDNF immunoreactivity of the neuronal
pool was reduced.

On the 7th day of postoperative period the
number of BDNF** neurons did not change in com-
parison with the 4th days and remained below the
baseline (Fig. 4, a). The number of BDNF' neurons
decreased in comparison with 4th day, dropping
down to the control value. The number of BDNF-
negative cells decreased sharply, both versus the
baseline and compared to day 4 (Fig. 4, a). Between
postresuscitation days 7 and 14, no further changes
in the number of neurons with different BDNF
immunoreactivity were detected (Fig. 5). As noted
above, the peak of neuronal death (a maximum
decrease in the overall density of the neuronal popu-
lation) was developed by the 7th day. Importantly, at
this stage of the postresuscitative process there is a
decrease in the numbers of BDNF~ and BDNF™ cells
only. Therefore, it can be assumed that only BDNF-
negative and weak-positive neurons undergo death,
in contrast to strong-positive cells.

The examination of the cerebellar Purkinje
cells showed that on the 1st post-operation day the
total density of the neurons corresponded to the con-
trol level (Fig. 3, b), i.e. neuronal death did not occur.
The neuronal loss developed by day 4 after resuscita-
tion. This is evidenced by a sharp decrease in the
overall density of the population in comparison to
the control (Fig. 3, b). Later, the process of neuronal
loss did not progress (Fig. 3, b).

It was found that on the 1st postresuscitation
day, the number of BDNF-negative neurons, as well
as the numbers of weak- and strong-positive cells did
not change. However, a sharp decline of the number
of BDNF™ and BDNF" neurons was oserved by the
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Puc. 4. i3meHeHue yucia HeiipoHOB ¢ pa3HbIM ypoBHeM akcnpeccun BDNF

B OIS MMPAMH/IHBIX KJI€TOK runnokammna (a) u knerok ITypkunbe (b) Ha pasHbIX CPOKaX MOCTPEAHUMAIIHOHHOTO MEPHO/A.
Fig. 4. The change in the number of neurons with different levels of BDNF expression in the pyramidal cells of the hippocampus (a)
and Purkinje cell population (b) in postresuscitative period.

Note. a: * — P,<0.05; # — P,<0.1 versus control; ** — P,<0.05 in comparison with 4th day of postresuscitation period. b — * — P,<0.025;
# — P,<0.1 versus control.

IIpumevanue. a: * — p,<0,05; # — p,<0.1 B cpaBHeHuu ¢ KouTposem; ** — p,<0,05 B cpaBHEHUHU C 4-U CYTKAMH IIOCTPEAHUMALINOHHOTO
nepuona. b: ¥ — p,<0,025; # — p,<0,1 B cpaBHEHUY C KOHTPOJIEM.
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“ 4th day (Fig. 4, b). Tt is impor-
tant that in this case the number
of strong-positive (BDNF*)
cells corresponded to the control
level (Fig. 4, b). Later (on postre-
suscitation days 7 and 14), the
revealed changes were preserved
(Fig. 4, b). The obtained data
suggest that at the stage of neu-
ronal death (the 4th day after
resuscitation), there is a decrease

. in the number of BDNF-negative
and weak-positive cells only.
i Hence, it can be assumed that

these neurons are dying, unlike
b strong-positive ones.

The results of this study
have revealed the relationship
between post-operative shifts in
the BDNF expression level and
the process of nerve cells death.
In both neuronal populations
studied, similar unidirectional
postresuscitative shifts occurred:
a decrease in the BDNF expres-
sion level, accompanied by neu-
ronal death. A comparison of the
dynamics of changes in the total
density of neuronal populations
and the number of neurons with

Puc. 5. BsaumMocBs3p mocrpeaHuMaIMOHHBIX N3MeHeHuil ypoBHsi saxcnpeccun BDNF ¢
NPOIECCOM U0 HEHPOHOB B MOMYJISIIIMK MMPAMU/IHBIX KJIETOK THINOKamna (a) v Kie-

tok Ilypkunbe (b).

Fig. 5. The relationship of postresuscitative changes in the expression level of BDNF
with the process of neuronal death in the population of pyramidal cells of the hip-

pocampus (a) and Purkinje cells (b).

Note. a: * — P,<0,05; # — P,<0,1 versus control; ** — P,<0,05; ## — P,<0,1 in comparison
with the 4th day postresuscitation. b: * — P,<0.05; ** — P,<0.01; # — P,<0.1 versus control.
ITpumevanue. a: * — p,<0,05; # — p,<0,1 B cpaBHenuu ¢ KouTpOsIEM; ** — p,<0,05; ## — p,<0,1
B CPaBHEHUH C 4-U CYTKaMI TOCTPEAHNMAIIMOHHOTO Treproza. b: * — p,<0,05; ** — p,<0,01;

# — p,<0,1 B cpaBHEHHN C KOHTPOJIEM.

Hble U CIa0ONO3UTUBHbBIE HEHPOHDBI MOABEPralOTCs
rubenu.

Pesyssrarel HacTosIeld pabOTHI TTO3BOJIMIN
BBISIBUTH B3aMMOCBSI3b MEXKIY TOCTpPeaHUMaIllnOH-
HBIMU c/IBUTaMu ypoBHS akcnpeccunn BDNF u mpo-
1eccoM rubesin HEPBHBIX KJIETOK. B o6enx uccieno-
BAaHHBIX HEHPOHATHHBIX MOMYJISIHSIX TPOUCXOVIN
OJ/IHOHATIPABJIEHHbIE TTOCTPEAHUMAIIMOHHbBIE CABUTH:
cHmkenne ypoBHs akcnpeccun BDNE compososk-
naBiieecst TrOebto HeiipoHoB. ComocTaBieHue [u-
HAMMKU M3MEHEHUI 00IIell II0OTHOCTH HeHpOHA/Ib-
HBIX TIOMYJSIUH W YUCIa HEHPOHOB € Pa3TMUHBIM
yposaeM axcrpeccuu BDNF (puc. 5) maer ocHosa-
HUE I0JIaraTh, YT0 B 00EUX MCCIELO0BAHHBIX HEHPO-
HAJIBHBIX MOMYJISIIUAX THOETU TOABEPTAOTCS TOJIh-

different levels of BDNF expres-
sion (Fig. 5) suggests that in
both neuronal populations stud-
ied, only BDNF-negative and
weak-positive cells died. It
should be noted that the death of
Purkinje cells occurs earlier than
that of the hippocampal pyrami-
dal neurons. This fact agrees
with the earlier obtained data on
the high vulnerability of
Purkinje cells in the postresusci-
tative period [42, 1].

According to the results obtained in this study,
the level of BDNF expression in the studied neuronal
populations decreased in the early postresuscitative
period and did not restored later. Although there is
evidence of an increase in BDNF™ immunoreactivity
in the brain after ischemia [37, 38], most studies indi-
cate a decrease in BDNF expression within the
postischemic period. Thus, a decrease in the expres-
sion of BDNF and its receptor TrkB was detected in
the CA1 region of the hippocampus four hours after
the induction of isolated cerebral ischemia in gerbils
[43], as well as in the cerebral cortex and hippocam-
pus one day after occlusion of the middle cerebral
artery in mice [40]. A decrease in the level of BDNF
mRNA expression in the frontal cortex, hippocampus
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k0 BDNF-HerarusHbie U ¢/1a00MO3UTUBHbBIE KIECTKU.
[Ipu 3TOM CJIEAYEeT OTMETHTD, YTO MPOIIECC THOETH
KkJIeToK [lypKuHbe TPOMCXOMUT paHbllie, YeM MHpa-
MUTHBIX HEHPOHOB TUITIOKAMIIA. DTO COTJIACYETCS C
MOJTYYeHHBIMUA HAMU PaHee JAHHBIMUA O BBICOKOM pa-
HUMOCTU KjeToK IlypkwHbe B TMOCTpeaHWMAIlNOH-
HOM Tiepuozie [42, 1].

CorylacHO TOJIyYeHHBIM B HacToOsIEei pabore
pesyabrataM, ypoBeHb akciipeccnn BDNF B uccae-
JIOBAHHBIX HEHPOHATBHBIX MOMYJSIUSIX CHUKAJICS
yiKe B PAaHHEM TIOCTPEAHUMAITMOHHOM TIEPUOJIE U TI0-
3/lHeEe He BOCCTAHABIMBAJICS. XOTS UMEIOTCS CBeJle-
Hust 06 yBesmuernn BDNF™ uMMyHOpeaKTHBHOCTH
B Mosre nocJie uiemun [37, 38], GOJIBIIMHCTBO HC-
CTIETIOBAHWH CBUAETETHCTBYET O CHIZKEHUU YPOBHS
€TO 9KCIPECCUN B TIOCTUIIEMUYECKOM Tiepuojie. Tax,
yMmenbinerne skcrpeccuss BDNF u ero pementopa
TrkB BoisBaeno B nojae CA1 runmokamia yepes 4 ya-
ca — 1 cyTKHU mocJie M30JIMPOBAHHON UTIIEMUN MO3Ta
y TlecuaHoK [43], a Takke B KOpe MO3Ta U THITIOKaM-
e yepes 1 IeHb TTOCsIe OKKITIO3WH CPEHE MO3TOBOM
aprepuu y Mbimeit [40]. OOHapyKeHO CHUKEHUE
ypoBHs akrcnpeccun MPHK Bo ¢dponTampHOll KOpe,
TUTITIOKAMITE ¥ MO3KeUKe TIoc/ie OumarepasbHON OK-
kao3un obmieit comnroit aprepun [39]. TTokasarno
TaK’Ke, UTO BPeMEHHAsT OKKJIIO3UsT CPe/THEH MO3TOBOA
apTepun y KPbIC BBI3bIBaeT CHIKeHMe ypoBHI MPHK
u 6enka BDNF, uto conpoBokaercs pasBUTHEM Ha-
pytrernii obydenust u mamstu [44]. aTepecHo, 4To
MTOJIOKUATETbHOE BO3/IEMCTBUE TPUUOATHPOHNHA,
MPUBO/ISATIEE K BOCCTAHOBJIECHUIO BBI3BAHHBIX HWIIIE-
MUel HapyIIeHni 0OyUeHUsT U TTaMsITH, aBTOPbHI CBsI-
3bIBAIOT ¢ pe3kuM yBesanuenuem yposusa MPHK u
6enka BDNFE. YmeHbIlleHHE YPOBHSI 9KCIPECCUU
BDNF noxazano n B 9KCIIEPUMEHTaX TI0 MOJIEJINPO-
BaHUIO TPaBMbI MO3Ta [45].

PesynbraThl IPOBECHHONW HaMU PabOThI TI03-
BOJTWJTA BBISIBUTD COTPSKEHHOCTh CHWKEHUS YPOB-
ns axcnpeccun BDNF ¢ nporeccom rubenn Helpo-
HoB. OKazanoch, 4YTO B TOCTPEAHUMAITMOHHOM
neprojie THOETN MOABEPTATUCH TOJBKO HEIKCITPEC-
cupyione win cirabo arcupeccupyime BDNF
kierku. Ciie[oBaTeIbHO, CIOCOOHOCTh K aKTUBHOM
skcripeccun BDNF gaBasgeTcs omHmM W3 BasKHBIX
(hakTOpoB, 00YCIOBIUBAMIINX YCTONYUBOCTD HEli-
POHOB K TUOEJIH MOCJIe UIlleMUuu — perepdysun. 3Ha-
yennie BDNF ns 3amuThl Mo3Ta Mpyu UIMEMAN aK-
TUBHO obOcyxnaaercss [46, 47]. TlokasaHo, YTO
BHyTprKemynoukoBast nadysuss BDNF npenorspa-
maer rubens Heitponos nojs CA1 rummokamia 1mo-
cJie TII00AIBHON WIIEMUN MO3Ta, BBI3BAHHON 4-X CO-
CYIUCTON OKKJfo3uel y Kpbic [48]. BoisiBieno, uto
BBesienne BDNF B ocTpom moctutemmaeckom mepu-
oJie TTocJie OKKJTIO3UN CPeIHEN MO3TOBOI apTepun y
KPBIC CITIOCOOCTBYET YMEHBINEHNUIO 30HbI HH(pApKTa U
CHIKEHWIO HeBpoJorndyeckoro aedurura [29, 49].
YcTaHoBIEHO, YTO WHTpaHA3aJIbHOE TPUMEHEHUE
BDNF npuBoanT K yBeITMUYEHNUTO €T0 YPOBHS B TKAHN

and cerebellum was observed after bilateral occlu-
sion of the common carotid artery [39]. It has been
also shown that the temporary occlusion of the mid-
dle cerebral artery in rats causes a decrease in the
levels of BDNF mRNA and protein followed by the
development of learning and memory disruptions
[44]. Interestingly, the authors associate the positive
effect of triiodothyronine, which leads to the restora-
tion of ischemia-induced learning and memory dis-
ruptions, with a sharp increase in the levels of BDNF
mRNA and protein. A decline of the BDNF expres-
sion level was also shown in the experiments that
emploed brain injury models [45].

Our findings allowed us to establish a fact of
association of the reduced BDNF expression with
the process of neuronal death. Only non-expressing
or weakly-expressing cells appeared to be exposed to
post-ischemic death. Consequently, the ability to
actively express BDNF is one of the important fac-
tors that determine the neuron's resistance to death
after ischemia-reperfusion. The importance of
BDNF for brain protection in ischemia is actively
discussed [46, 47]. An intraventricular infusion of
BDNF was shown to prevent the loss of CA1 hip-
pocampal neurons after a global cerebral ischemia
caused by the four-vessels occlusion in rats [48]. It
was found that an administration of BDNF in the
acute post-ischemic period after occlusion of the
middle cerebral artery in rats helped to diminish the
infarct area and to reduce the neurological deficit
[29, 49]. An intranasal administration of BDNF was
found to increase the BDNF level in brain tissue,
which was accompanied by a decrease in the number
of damaged neurons [35].

Interestingly, the effectiveness of a number of
influences that protect the brain in ischemia, such as
hypothermia [50], hyperbaric oxygenation [51], and
progesterone administration [52, 53], is usually
explained by an increase in the level of BDNE It is
also believed that the positive effect of drugs on the
structural and functional state of the brain in the mod-
els of Alzheimer's disease is due to an increase in the
BDNF content [54, 55]. It has also been established
that physical activity increases the level of BDNF
expression in the brain and improves structural and
functional state of the brain after ischemia [56—58].

The neuroprotective effect of BDNF is caused
by its anti-apoptotic, anti-inflammatory, and anti-
cytotoxic properties [59—64, 46, 35, 55]. It has been
also shown that BDNF promotes DNA repair under
oxidative stress [24].

Unfortunately, the use of BDNF in the case of
exogenous administration is substantially limited by
weak penetration through the blood-brain barrier,
short half-life in blood plasma, and side effects [65,
66, 14]. Creating various transport pathways to
deliver BDNF into the brain would solve these prob-
lems partially [67—69]. In addition, low molecular
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MO3Ta, YTO COMPOBOKIAECTCS CHIZKEHUEM UYUCTA TI0-
BPEKIEHHBIX HEMPOHOB [35].

WnTtepecHo, uto ahHeKTUBHOCTD Psijia BO3/EH-
CTBUH, 3aIUIIAIONINX MO3T TIPU UIIIEMUHU — THUIIOTEP-
must [50], tumepbaprueckast okenrenanmst [51], meii-
cTBUe mporecTepoHa [52, 53] — CBA3BIBAIOT C
yBesnuenueMm yposusg BDNE Ilosaraior, 4to u npu
MOJICJTUPOBAHUN 0O0JIC3HN AJbI[reiiMepa MOJIOKH-
TENIbHOE BJIMSHUE TIPETTaPaToOB Ha CTPYKTYPHO-(DYHK-
IIMOHATFHOE COCTOSTHUE MO3Ta OOYCIOBIEHO YBETH-
yenneM conep:xanusst BDNF [54, 55]. Ycranosieno
TakKe, 4TO (hU3nveckasi HarpysKa IMOBBIIIAET yPO-
BeHb akcnpeccnn BDNF B mosre u ysyumiaer ero
CTPYKTYPHO-(DYHKIIMOHATBLHOE COCTOSIHWE TIOCTe
urremun [56—58].

Heiiporporextusroe neiicreue BDNF o6yc-
JIOBJIEHO €T0 AHTHUATIONTOTHYECKUMMU, MPOTUBOBOC-
MAJTUTETbHBIMK, & TaK/Ke AHTUIUTOTOKCHYECKIMIU
cBoiictBamu [59—64, 46, 35, 55]. [lokazano Taxxe,
yro BDNF crocobcTByeT ycueHWo pernapamnuu
JIHK mipu okucsautepbHOM cTpecce [24].

K coxxanenuto, ncnombzoBane BDNF mpu ero
9K30TE€HHOM BBEIEHUU CYIIECTBEHHO OTPAHUIMBAET-
cs1 c1abbIM TIPOHUKHOBEHKEM depe3 reMarosHieda-
JITYEeCKUH Gapbep, KOPOTKIM BpeMeHeM MoJTypaciazia
B TIa3Me KPOBH, a Tak/Ke HAJTWYneM TOOOYHBIX a(h-
dextoB [63, 66, 14]. HacTiyno penmuth 911 mpobIe-
MBI TI03BOJISIET CO3AHNE PA3TMYHBIX TPAHCIOPTHBIX
cucteM 17151 octaBku BDNF B mo3r [67—69]. Kpome
TOTO, Pa3pabaThIBAIOTCST HUSKOMOJIEKYJ/ISIPHBIE MIME-
tukn BDNF, obnazaioniye ero ahGekrnBHOCTbIO, HO
JiutieHHbIe T060UHBIX adderTos [70, 71]. B uactHo-
CTU TIOKa3aHO, YTO TpuMeHeHne MuMeTnkoB BDNF
(munentuapr GSB-106 u GSB-214) cmocoGeTByer
YMEHBIIEHNIO Pa3MePOB MH(MAPKTA 1 KOPPEKIHH Ha-
PYIIEHWI TIOBEIEHNUST KPBIC, IEPEHECTITNX BPEMEHHYTO
OYaTOBYIO MUITEMUI0 MO3Ta (OKKJIIO3WS CpeHei MO3-
TOBOIT aprepun) [72].

OnauM u3 Harbosiee ePCIeKTUBHBIX HAIIPaBJie-
HUI TIpU paspabOTKe MOAXOI0B K 3alllUTe MO3Ta SBJIs-
€TCsT TIOUCK BO3MOKHOCTEHN CTUMYJISIIIUH 9HIOTE€HHBIX
HEWPOTIPOTEKTUBHLIX (DAKTOPOB U UX PEIENTOPOB [§,
73]. Takast cTpaterusi 3anUThl MO3Ta OICHUBACTCS KaK
Yype3BbIYaitHO akTyasibHas [74, 75]. Ob6cyskmaercs mo-
TeHIaT (HapMaKOJIOTHIECKUX CPEICTB U MUMETHKOB
IUTST aKTUBAIINY 9HA0TeHHOi BoipaboTkn BDNF [14].
[Tokazana BO3MOKHOCTH aKTHUBAIUK 3IKCIIPECCUN
BDNF in vitro n ipu ncionb3oBaany HOBbIX BDNF-
Moy mpyiomux nerntusoB (Neuropep-1, Neuropep-4)
[76]. YcTanoBsieHo TaksKe, YTO AaKTUBUPOBATH IH/IOTEH-
nplit BDNF MoxHO IyTeM CHIDKEHUS aKTUBHOCTU
(baxropa tpanckpuriu EGR1 [77].

N3BecTHO TakXke, 4TO HEHPOTPOGUHBI MOTYT
BJIMSATH HA 3KCIPECCUI0 PYTUX HEUPOTpohUHOB,
y4JacTBys B ee perysiuu [ 78, 79]. [Tokaszano, B yact-
HOCTH, YTO TPUMEHEHUE MUMETUKA IMINaPHOTO
neliporpodudeckoro paxkropa (CNTF) npu mozenn-
poBaHuUU OOJIe3HU AJbITeiiMepa aKTUBUPYET 9KC-

weight mimetics of BDNF are developed. They have
the same efficacy, but have no side effects [70, 71].
For example, it has been shown that the use of BDNF
mimetics (dipeptides GSB-106 and GSB-214) con-
tributes to a decrease in the infarct area and helps to
correct the behavior disturbances in rats, which
underwent temporary focal cerebral ischemia (a
model of middle cerebral artery occlusion) [72].

One of the most promising directions in the
development of approaches to brain protection is a
search for possibilities of induction of the endoge-
nous neuroprotective factors and their receptors [8,
73]. This strategy of brain protection is assessed as
extremely topical [75, 76]. The potential of pharma-
cological agents and mimetics for activation of
endogenous production of BDNF is discussed [14].
The possibility of launching the BDNF expression in
vitro has been also shown after the use of new
BDNF-modulating peptides (Neuropep-1,
Neuropep-4) [76]. It has also been established that
am activation of endogenous BDNF synthesis can be
achieved by reducing the activity of EGR1 tran-
scription factor [77].

It is also known that neurotrophins may affect
the expression of other neurotrophins by participat-
ing in its regulation [78, 79]. For example, the use of
a ciliary neurotrophic factor (CNTF) mimetic in an
Alzheimer's disease model was shown to activate the
BDNF expression thus underpinning the effective-
ness of this drug [65]. Recently, the ability of the
nerve growth factor isolated from tears has been
shown to enhance the BDNF expression [80]. In rats
with experimental diabetes, this influence resulted in
an increase in the BDNF content in the tissue of the
prefrontal cortex and reduced the severity of brain
dysfunction.

One of the possibilities for stimulating the level
of expression of the endogenous BDNF in postresus-
citative period was revealed earlier when using the
dipeptide mimetic of the nerve growth factor GK2
[81]. Tt was found that GK2 launched BDNF expres-
sion in those cells which had not previously pro-
duced this factor, thus preventing their death. It
should be emphasized that the use of GK2 did not
affect the level of expression of other neuroprotec-
tive factors under study — FGFb and NT4.
Therefore, one can assume that the activation of
BDNF expression contributed to the prevention of a
postresuscitative neuron loss. These facts argue for
the association between the level of BDNF expres-
sion and the resistance of neurons to death after
ischemia-reperfusion.

Conclusion
In general, our findings indicate the existence

of an interrelation between the shifts in BDNF
expression and the postresuscitative neuronal death.
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npeccuio BDNE, ¢ uem cBsizbiBatoT ahpeKTUBHOCTD
aToro npemnapara [65]. HezaBHo Obliia okasaHa cIio-
COOHOCTD (haKTOpa POCTa HEPBOB, BLIAETEHHOTO W3
cies, yeummsath akcrpeccnio BDNF [80]. ¥ kpric ¢
SKCIIEPUMEHTANBHBIM [HabeTOM 3TO BO3jelCTBIE
TPUBOANIO K yBesndeHuio comepskannss BDNF B
TKaHW TPeh)POHTATHHON KOPBI M YMEHBIAIO BbIpa-
JKEHHOCTH HAPYIIEeHWH (QYHKITNN MO3Ta.

OpHa 13 BO3MOKHOCTEH CTUMYJISITIAU YPOBHS
akcmpeccun augorenHoro BDNF B moctpeannmanm-
OHHOM Tiepuojie OblJIa BBISBJICHA HAMWU paHee TPU
MPUMEHEHUN UTENTHAHOTO MUMETHKaA (akTopa
pocta HepBoB I'K2 [81]. Yceranosaeno, uto I'K2 wau-
nuupyet skcrpeccuio BDNF B kierkax, panee He
BBIPAOATHIBAIOIINX 9TOT (DAKTOP, YTO MO3BOJISET TIPe-
JNOTBpaTuTh WX rudeib. Cremayer TMOIYePKHYTh, YTO
npuMenenne 'K2 He BAMAI0 Ha ypoBeHb KCIpec-
CUU JIDYTUX WCCIEOBAHHBIX HEHPOMPOTEKTUBHBIX
(daxropos — FGFb u NT4. CienoBaTeibHO, MOKHO
moJjaraTh, 4TO WMEHHO aKTUBAIUS 3HKCIPECCUU
BDNF criocob6cTBOBaNA TIPEAYIPEKACHIO TTOCTPea-
HUMAI[MOHHOM rrbesi HelpoHOB. DT (HaKThl MOJ-
TBEPKIAIOT HAJTUYME B3AMMOCBS3U MEKIY YPOBHEM
skcrpeccun BDNF u ycToiunBoCTbIO HEPOHOB K
rubesu Tocsie UieMuu-penepdysuu.

3akiaouyenue
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casuramu akcnpeccnn BDNF u moctpeannmarinon-
HOIT THOeNbI0 HEHPOHOB. YCTaHOBIJIEHO, YTO TGN
TTO/IBEPTAIOTCS TOJBKO HE3IKCIPECCUPYIONIne M cia-
60 sxcnpeccupytorre BDNF kierku. TTonyueHHbre
PE3yJIBTATHI IAI0T OCHOBAHNUE MTOJIATaTh, YTO YPOBEHD
skcripeccn BDNF gaBisgeTcd omHUM W3 BasKHBIX
(hakTOPOB, OKA3BIBAIOIINUX CYIIECTBEHHOE BIIUSHUE
Ha YCTOWYMBOCTH HEWPOHOB K WIIeMHUH-penepdy-
3un. ITO O00YCIOBIUBAET MEPCHEKTHBHOCTD Jajib-
HeWIero MmoucKka BO3MOKHOCTENH aKTHUBAIUU €ro
9KCIIPECCUU [T TIaTOTEHETHYeCKH 000CHOBAHHOI
3aIUThl MO3Ta.

Agtopsl npunocst Gaarogapuocts T. H. Ba-
CHJIbEBOI 32 MPOBE/IEHIE DKCIEPHMEHTOB 1O pea-
HUMallUU ;JKUBOTHbIX.
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Iess uccaenoBanust: n3yveHue OOIIENATOTOTMIECKIX TPOIECCOB B JIETKUX B PA3JIMYHBIE CPOKH MTOCJIE OCTPBIX
OTPaBJIEHUI KJIO3AITMHOM 1 €r0 COYETAaHUEM C ITAHOJIOM.

Marepuajibl 1 METOBI. DKCIIEPUMEHTHI TIPOBOAMINCH Ha 25-1 OECOPOIHBIX Kpbicax-camiiax B Bospacre 20
Hezesb Maccoit 290—350 1. JKuBoTHble Oblin pasjie/ieHbl Ha 5 TPYIIL UHTAKTHbBIE KPbIChI — KOHTPOJIbHASL IPYIIIA
1; KpBICHI, BBIBEJICHHbIE U3 HKCIIEPUMEHTA Yepe3 3 U 24 yaca 1ocJjie OTPaBJIeHUs KJIO3AIMHOM — IPYIIILL 2, 3 COOT-
BETCTBEHHO; KPBICHI, BLIBEJICHHbIC U3 9KCIIEPUMEHTA Yepe3 3 1 24 yaca 1ocjie OTpaBIeHus KJI03alMHOM B cOYeTa-
HUW C 9TAHOJIOM — IPYIIIBL 4, 5 cooTBeTcTBeHHO. Kito3arit BBOMIIM T1epopasibHO B 03¢ 150 Musmrpamm Ha K-
JIOTPAaMM MacChl JKHBOTHOTO TI0J] HAPKO30M (XJI0pPOJa3a), CIUPT BBOAMIN C KJIO3AIMHOM MEPOPAJIBHO B 7103€ O
MUJLJIMJIUTPOB HA KUJIOTPAMM MAaCChl JKHBOTHOTO.

JKuBOTHBIE BCeX BbIILIEYKA3aHHbIX IPYIIIT BBIBOAUIKNCH U3 9KCIIEPUMEHTA I1yTeM jekanuTaiyu. OOpasiibl TKaHu
JIETKUX MCCIIEA0BAIMCH METOOM CBETOBOI MuKpockonuu Ha mukpockorne Nikon Eclipse E-400 ¢ Bugeocucremoii
Ha ocHoBe kamepbl Watec 221S (Anouwst) npu yBesudernnn X400.

O1eHIBAIOCH HAJIMYKE CIIEAYIONINX TIPH3HAKOB: PACCTPOICTBA KPOBOOOpaleH st (ITOJTHOKPOBIE, KPOBOU3JII-
SIHUST), HAJIMYKE aTeleKTa30B M JIMCTEIEKTA30B, HATMUne aM(U3eMbl, KIETOUHOI peakinn (yBeJUdeHne 4nucia
JIEHKOIIUTOB), CJIYIIUBAHNUE IIUTENHUS B IIPOCBET OPOHXOB, Hajnuue ciaika. MophoMeTpruuecKuii aHaius npoBo-
Juii ¢ ucnosibsopanuiem cetku LI Apranaunnosa. OuenuBanu (B 00beMHBIX IIPOIEHTAX, 00.%) coiepKaHue 110-
I3/Ib AJIbBEOJI, MEKAJIbBEOJISIPHBIX MEPErOPOIOK, COCY/I0B, JEHKOIUTOB, 10JII0 JEHKOIUTOB B MEKaIbBEOJISPHBIX
[IEPErOPOJIKAX, MJI0IIA/lb, 3AHATYIO OTEKOM 1 IUCTEJICKTa3aMHU.

Pesyabrarbl. Yepes 3 yaca mocJie 0TPaBIeHUs KJIO3AMUHOM ObLJIM BBISIBJICHBI Cle/Iyionme Mopdosornyeckue
U3MEHEHUS B JIETKUX: CITyLIIUBAHUE SIIUTENINS B IPOCBET OPOHXOB, KJIETOUHAsI PEaKlus — yBeJuueHue yucia Jei-
KOIIUTOB, HAJIMUNE ATEJIEKTA30B U IUCTEICKTA30B, YTOJIIEHUE MEKATIbBEOJIIPHBIX TIEPETOPOIOK 3a CUET OTEKA, MH-
(buprpanys MeskaIbBEOSIAPHBIX MEPEropoIOK JIEHKOIMTAMI; Yepe3 CyTKH T0CJIe OPABJICHUS OTMEUCHO Hajiuvue
ATEJICKTA30B U JINCTEJIEKTA30B B APEHXUME JIETKUX, a TaK:Ke MHQPUIBTPAIM JeHKOIUTaMu. B rpy1iie ;kiuBOTHBIX,
Y KOTOPBIX MOJEINPOBAIH OTPABJIEHUE KIO3AIUHOM B COYETAHUM € HTAHOJIOM, Yepe3 3 vaca ObLI OOHAPYIKEHBI
CJIeIyIoIue THCTOJOTHYECKHe U3MEHEHNST: CTYIINBAHUE JMUTEMS B TIPOCBET OPOHXOB, HAJIMYNE CEKPETa B MPO-
cBeTe GPOHXOB, KJIIETOYHAS PEAKIIUS, aTEIEKTa3bl U AUCTEEKTA3bl, IEPUBEHYJISIPHbIE KPOBOUSJIMSHUS, KPOBOUSJIU-
SIHUSI B QJIbBEOJIBI, KPOBOUBJIMSIHUSI B MEKAJIbBEOJISIPHbIE [IEPETOPOKH, PACIIMPEHIE IPOCBETa GPOHXOB, HAJIIMYKE
CJIAJIKA, YTOJIIIEHUE MEKaJIbBEOISIPHBIX TIEPEropo/IoK (3a cueT MH(MUABTPALUMHN JIEHKOIIMTAMU ), OTCJIONHKA H/I0Te-
JINS B COCY/IAX, @ 4epe3 CyTKU apTepuasibHOe MOJHOKPOBHE, KIETOYHYIO Peakins — yBeJndeHne Ynucia JeiKou-
TOB, aTEJIEKTA3bl U JIUCTEJNEKTA3bl, YTOIIEHUE MEKaIbBEOJISPHBIX IIEPETOPOIOK.

Bo Bcex OmnbITHBIX TPYIIIAX MPOCBET aJbBEOJI JOCTOBEPHO HUIKE TI0 CPABHEHUIO € TPYIIION KOHTPOJIS, a T1JI0-
I3/Tb TKAHU MEKaJIbBEOJISIPHBIX IT€PErOPOJIOK, HATIPOTUB, I0CTOBEPHO Bhiie. CyMMapHas 10T/ lb MUKPOCOCY/IOB
JIETKUX HE UMeeT JIOCTOBEPHBIX OTJUYNIT OT KOHTPOJIS Yepes3 3 yaca 1ocJie 0TpaBJieHus Kiao3annHoMm. OqHako ve-

Anpec 1151 KOPpPECHOHAEHIUU: Correspondence to:

Oupra Pomanosa Olga Romanova
E-mail: olgpharm@ya.ru E-mail: olgpharm@ya.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2017, 13; 4



DOI:10.15360,/1813-9779-2017-4-22-29

9KCH€PV1M€HT3ABHI’I€ MCCACAOBAHMI

pe3 24 yaca OHa CTAHOBUTCS JOCTOBEPHO Oouibiite. Takike OTMEUAETCs IOCTOBEPHOE YBeJMYeHNe JJAHHOTO TI0Ka3a-
TeJisl OTHOCUTEIbHO KOHTPOJIS [IPH COUETAaHNN KJIO3aIHA € 9TAHOJIOM, TIPHYEM Kak yepes 3, Tak U dyepe3 24 yaca
110CJIe BBE/ICHUS JIAHHBIX BEIIECTB B OPraHU3M >KHBOTHBIX.

3axumovenue. [1py OTpaBIeHUN KIO3AIIMHOM U €r0 COYETAaHHEM € HTAHOJIOM PA3BUBAETCST KOMILIEKC O0IIerna-
TOJIOTHYECKUX TIPOIECCOB B JIETKHX: AJIBTEPAIHSI ATTUTEI I OPOHXOB U IHIOTEJIHSI COCYIOB, PACCTPOIICTBO KPOBO-
obpaliieHusi, HOBbIIIEHEe IIPOHUIIAEMOCTU COCYIOB, UH(MUIIBTPALIUS MEKAIbBEOJSIPHBIX T1€PEropoiok. Mopdouio-
IUYECKUEe U UMMYHOPEAKTUBHbIE M3MEHEHUsI MOTYT OBITb UCIIOJIb30BAHbBI JJisl OLEHKU CTEIIEHU BBIPAKEHHOCTU
O0IIENAaTONOTMYECKUX MIPOIECCOB MPH OTPABJIEHHU KJIO3AIMMHOM M €r0 COYETAHMEM C ATAHOJOM M YCTAHOBJICHUS
CPOKa X JIJaBHOCTH.

Knroueevte cnosa: KJ103anuw,; ImanoJi,; o6menam0ﬂ02uecxue npoueccol 6 J1eZKux; Mopgbomempuuecrcuﬁ anatus;
Kpumunajivrivle ompasjilenust

The aim of the study: to study general pathological processes in the lungs in different time after acute clozap-
ine and combined clozapine+ethanol poisonings.

Materials and methods. The experiments were performed on 25 outbreed male rats. The animals were divided
into 5 groups: 1) reference (intact rats); 2) clozapine poisoning, 3 hours; 3) clozapine poisoning, 24 hours; 4) com-
bined clozapine and ethanol poisoning, 3 hours; 5) combined clozapine and ethanol poisoning, 24 hours. Clozapine
was administered orally at a dosage of 150 milligrams per kilogram of the animal weight under anesthesia (chloro-
lase); alcohol was administered with clozapine orally at a dosage of 5 milliliters per kilogram of the animal weight.

Animals of all these groups sacrificed by decapitation. Lung tissue samples were examined by light microscopy using
a microscope Nikon Eclipse E-400 with a video system based on camera Watec 221S (Japan) at a 400X magnification.

We evaluated the presence of the following signs: circulatory disturbances (hyperemia, hemorrhage), presence
of atelectasis and dystelectasis, emphysema, cellular response (increased white blood cells count), desquamation of
epithelium into the lumen of the bronchi, sludge. A morphometric analysis was performed using a grid developed
by G. G. Avtandilov. The following signs were evaluated (volume percent, vol.%): the area of the alveoli, intraalve-
olar septi, vessels, white blood cells, the percentage of white blood cells in the intraalveolar septi , the area of the
edema and dystelectasis.

Results. the following histologic signs were found 3 hours after clozapine poisoning: desquamation of epithe-
lium into the lumen of the bronchi; cellular response (increased white blood cells count); presence of atelectasis
and dystelectasis; thickening of intraaveolar septi due to edema; infiltration of intraalveolar septi by WBCs.
Atelectasis and dystelectasis in pulmonary parenchyma and infiltration with WBC were observed 24 hours after
clozapine poisoning. In the group of animals treated with ethanol and clozapine and decapitated 3 hours after the
poisoning the following histological signs were detected: desquamation of epithelium into the lumen of the
bronchi, the secret in the lumen of the bronchi, cellular response, atelectasis and dystelectasis, perivenular hemor-
rhages, hemorrhages into the alveoli, hemorrhages into intraalveolar septi, dilation of the lumen of the bronchi, the
presence of sludge, thickening of intraalveolar septi (due to infiltration with WBCs, detachment of the endotheli-
um in blood vessels. Arterial hyperemia, cellular response (increased of WBC count), atelectasis and dystelectasis,
and thickening of intraalveolar septi were found 24 hours after combined ethanol and clozapine poisoning.

In all study groups the lumen of the alveoli was significantly smaller as compared to the reference group, but
the area of the intraalveolar tissue, on the contrary, was significantly greater. The total area of pulmonary microves-
sels did not differ significantly from the reference group 3 hours after clozapine poisoning. It became significantly
higher 24 hours after the poisoning. A significant increase in this parameter vs. the reference group was found both
3 and 24 hours after the administration of the combination of clozapine with ethanol by animals.

Conclusion. In clozapine and clozapine + ethanol poisoning, a certain complex of general pathological process-
es in lungs develops. There are alteration of bronchial epithelium and the vascular endothelium, circulatory disor-
der, increased vascular permeability, infiltration of intraaveolar septis. Morphological and immunoreactive changes
can be used for valuation of severity of general pathological process in acute clozapine and clozapine + ethanol poi-
sonings and determination of the exact time of the poisonings.

Keywords: clozapine; ethanol; general pothological processes in the lungs; morphometric analysis; criminal poi-
sonings
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Beenenne

OcTpble OTpaBJeHNUS TCUXOTPOITHBIMH JIeKap-
CTBEHHBIMH TIpeTIapaTaMy TO-TIPEeKHEeMY MpPeCTaB-
JSTIOT c0O0I O/IHY 13 CepbesHemX mpodeM coBpe-
MEHHOTO 37ipaBooxpaHeHus [1—4]. B wactHOCTH, B
nocenane roael B Poccnu 6bl10 3ahuKCUpoBaHO
3HAUNTEIBHOE YNCJIO OTPABICHUI aTUIIYHBIM Heli-

Introduction

Acute poisonings with psychotropic drugs
remains the one of the greatest challenges of modern
healthcare [1—4]. Particularly, a great number of poi-
sonings with an atypical neuroleptic clozapine (lep-
onex, azaleptin, clozaril etc.) was observed in Russia
over the previous years. The peak number of such poi-
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POJIENITUKOM — KJIO3AITMHOM (JICTOHEKC, a3aJIelTHH,
KJI03apua 1 T.21.). IIuk aTnx oTpaBieHUi mputesncs
na 2006—2009 rr., onHaKo, Mo3Ke OBLT OTMEUCH He-
KOTOPBIH CITajl B CBSI3U C YCUJIEHNEM KOHTPOJIS 32 OT-
MyCKOM 3TOTO TpenapaTa u3 armTex.

JleTasibHOCTH TIPU OTPABJIEHUU KJIO3AMMUHOM
JIOCTaTOYHO BBICOKA M COCTABJISIET, IO JAHHBIM POC-
cuiickux aBTopos, 12—18% [5—8], mo manubiM 3apy-
6exubIx aBTopoB — 10% [9—11]. IIpu ogHOBpEMEH-
HOM TMpHeMe KJO3AMMHA C ITAHOJOM, UTO TaKKe
YaCcTO BCTPEUaeTCst B CyAeOHO-MEIUIIMHCKON MpaK-
TUKE, 0TMEYAETCsT BO3PACTAHUE TSKECTH CYIIPECCHB-
HOTO JIEUCTBUS KJIO3allMHA HA YeJTOBEYECKUIT opra-
Hu3M. Takue OTpaBjieHHs XapaKTePU3YIOTCs ele
6osee BLICOKOT setambrocThIo (30%) [12].

Kinnunueckue mposiBienust OTpaBIeHMil KJI03a-
MUHOM XapaKTePU3YIOTCs TIyOOKUM YrHETCHUEM
(hyHKIIMI 1eHTpasIbHON HEPBHOW CHUCTEMBI, CTETIEHb
BBIPAKEHHOCTH KOTOPOTO 3aBUCUT OT KOHIIEHTPATIHH
nperapata B kpoBu [13—17]. IIpu moporoBbix 3Have-
HUSIX OTMEYAETCS BSLTOCTD, COHJTUBOCTD, AINHAMUS, B
TO BPEMST KaK MPU KPUTHYECKUX U CMEPTENHHBIX —
KOMAaTO3HOE COCTOSIHVE PA3JIMIHON TITyOUHBI, HAPy-
nrenvie (hyHKIIUK BHETTHETO JBIXaHs, (HEPEIKO Tpe-
Gytoriee mposeeruss IBJT), HecTaOMIBHOCTh TEMO-
JIUHAMWKH, OOYCJOBJICHHAST MAaJjbIM CEPACUHBIM
BbIOpOoCcOM. KOMaTo3HOMY COCTOSTHUIO MOTYT TPeil-
[IECTBOBATH CITyTAHHOCTH CO3HAHUS, 3PUTETbHbIE
raJUTIOIMHAIIAH, TICHXOMOTOPHOE BO30YIKICHIE, TH-
nepcanuBaius [ 18, 19].

B cuity cBoell HeoueBUAHOCTH, BCE CITydau, OI0-
3PUTEJIbHBIE HA OTPABJEHUE KJIO3AMMHOM, MOJIERKAT
cyneOHO-MeMUTIMHCKOMY ccaenoBanmio [20]. Bmecre
¢ TeM, CyleOHO-MEIUIINHCKAsT TMAaTHOCTUKA OTpaBJIe-
HUI 9TUM TIPErapaTtoM 0 HACTOSIIETO BPEMEHU 3a-
TpysHeHa. OOBIYHO YCTAHOBJICHUE JIMArHO3a B TaKUX
CHUTYaIMSIX TPOU3BOIUTCS KOMILIEKCHO C YYETOM KJTH-
HUKO-aHAMHECTUIECKIX, CEKIIMOHHBIX, THCTOJIOTIYEC-
KIX, OMOXUMUYECKUX JIAHHBIX U KOJMUECTBEHHOTO OTI-
peeTeHtst COMEPKAHIS KI03aMHa B GHOMOTITIECKITX
cpemax opranusama. Mopdosorndeckue M3MeHeHNUsT
MIPU OTPABJIEHUSX KJIO3ATIMHOM HE SIBJITIOTCSI CITEITH-
(bUIHBIMU ¥ TIPOSIBJISTIOTCST B OCHOBHOM JIUCITUPKYJISI-
TOPHBIME PACCTPOHCTBAMU U AUCTPODUUECKUMU 13-
MEHEHUSIMU TTAPEHXUMATO3HBIX OPraHoB [21].

CorlacHO [MaHHBIM JIUTEPATYPBHI, KJIO3AMUH U
€ro MeTabOTNTDHI HAKATLIMBAIOTCS B JIETKUX [22—24].
Berpeuarorest uiib OTHETbHBIE PabOTHI 3apybesk-
HBIX aBTOPOB, B KOTOPBIX MPUBOASTCS JaHHBIE O Ta-
TOJIOTUYECKUX M3MEHEHWSX B JIETKUX TIPU OTPaBJie-
HUW  Kiao3amuHoM. Hampumep, coobmraercss o
pasBUTHH JTUMQOIUTAPHOTO ATHBEOJIUTA, TPEIIOIO-
JKUTETHHO CBSIBAHHOTO C CHCTEMATUYECKUM MpUMe-
Henne kiaozanuua [25]. Ommcan ciaydail pasBuThs
WHTEPCTUIIHATBHON THEBMOHWK Y TAllHeHTa, pabo-
TaBIIETO B TIPOU3BOJCTBEHHOM OT/IEJIE ATITEKU U KOH-
TaKTUPOBABIIIETO C MOPOIITKOM KJIO3AMUHA B TEYEHHUE
HECKOJBKUX JieT [26].

sonings was observed in 2006—2009, however, a slight
decrease was observed later due to increased surveil-
lance over the drug dispensing from pharmacies.

The mortality rate due to clozapine poisonings is
high and reaches 12—18% and 10% according to
Russian [5—8] and international authors, respectively
[9—11]. In case of simultancous administration of
clozapine and ethanol, which is often observed in foren-
sic practice, the severity of suppressive effect on the
human organism even increases. Such poisonings are
characterized by a higher mortality rate (30%) [12].

Clinical manifestations of clozapine poisonings
are characterized by severe depression of central ner-
vous system functions, the severity of which depends
on the drug concentration in blood [13—17]. At
threshold concentrations lethargy, drowsiness, ady-
namy are present, while in critical and fatal concen-
trations there may be coma of various depth, impair-
ment of external respiration function (often
requiring mechanical ventilation), hemodynamic
instability due to low cardiac output. Coma may be
preceded by confusion, visual hallucinations, agita-
tion, and hypersalivation [18, 19].

All the cases suspicious for poisoning clozapine
are subject to forensic examination because of their
non-obviousness [20]. However, forensic medical
diagnosis of poisonings with this drug is still chal-
lenging. A complex diagnostics including clinical-
anamnestic, sectional, histological, biochemical data,
and quantitative measurement of clozapine in body
fluids is usually performed. Morphological changes
in case of clozapine intoxications are not specific and
include mainly discirculatory disorders and degener-
ative changes in parenchymatous organs [21].

According to the literary data, clozapine and its
metabolites accumulate in the lungs [22—24]. There
are several studies describing pathological changes in
the lungs in clozapine poisonings. For example, a case
of lymphocytic alveolitis, presumably associated with
systematic use of clozapine [25] and a case of pneumo-
nia in a patient who worked in the pharmacy produc-
tion department and was exposed to clozapine powder
for several years were reported [26].

Thus, morphological changes in the lung were
studied presumably at late stages of the pathological
process. At the same time, the features of the mor-
phological changes in the lung at early stages remain
unclear, which makes it impossible to speak about
the mechanisms of their development and to estab-
lish the time and the sequence of their occurrence.

Aim — to study general pathological processes
in the lungs in different time after acute clozapine
and combined clozapine+ethanol poisonings.

Materials and Methods

The experiments were performed on 25 outbreed male
rats aged 20 weeks and weighting 290—350 g. The animals
were divided into 5 groups:
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Takum 006pasoM, MOp(hOJOrHIecKie H3MEHE-
HUS B JIETKUX U3yYEHBI B OCHOBHOM Ha TO3/HUX CTa-
JINSX Pa3BUTHA TTATOJIOTUIECKOTO TTpotiecca. B To ke
BpeMsT OCOOGEHHOCTH MOP(MOTOTHIECKUX M3MEHEHUI
JIETKUX HA PAaHHUX CTAANSIX U3yYeHBbI HEIOCTAaTOTHO,
YTO He JIaeT BO3MOKHOCTH CO BCEW OTpefiesIeHHOC-
THIO BBICKA3aThCSI O MEXaHM3MaX Pa3BUTHUS TATOJIO-
TUYEeCKUX N3MEHEHNH JIETKUX U YCTAHOBUTH CPOKU U
TTOCJIeIOBATETHPHOCTD NX BO3HUKHOBEHUS.

ITesb ucceoBalUsT — U3ydeHue 00IIENaToo-
TUYECKUX TIPOIECCOB B JIETKUX B PA3JNYHBIE CPOKU
TTOCJIe OCTPBIX OTPABJIEHNH KJIO3AMTHOM U €TO cove-
TaHWEM C 9TAHOJIOM.

Marepuan u MeTOIbI

IKCIepUMEHTbI POBOJAMIN Ha 25-u OecIopopHbIX
Kpbicax-camiax Bospacra 20 men. maccoit 290—350 r. JKu-
BOTHBIX PAs/IeJIUIN Ha 5 TPYIIN: MHTAKTHbIE KPBICHI — KOH-
TPOJIbHAS IpyTia 1; KPbIChI, BBIBEJECHHBIC M3 9KCIIEPUMEH-
Ta yepe3 3 u 24 yaca 1ocJje OTPaBJICHUS KJIO3AIMUHOM —
IPYIIIBI 2, 3 COOTBETCTBEHHO; KPHIChI, BBIBEIEHHDIE U3 IKC-
NepuMeHTa yepe3 3 1 24 yaca 1ocJie OTPaBJIeHUsT KI03aITH-
HOM B COYETAHWUU C ITAHOJIOM — TPYIIIbI 4, 5 COOTBETCT-
BEHHO.

Kiozans BBOAMIN TiepopasibHO B j03e 150 Musim-
rpaMM Ha KHJIOTPAMM MAcCChl JKHUBOTHOTO TIOJ[ HAPKO30M
(xJ10p0JIa3a); CUPT BBOJIMJIU € KJIO3AITIHOM I1EPOPATBHO B
J103€ 5 MIJIJIIJINTPOB HAa KUJIOTPAMM MacChl ;JKUBOTHOTO.

JKMBOTHBIX BCeX BBIMIEYKA3aHHBIX IPYII BBIBOIUIN
U3 9KCIepUMeHTa nyTeM jekamuranuu, OOpasiibl TKaHU
JIETKUX (DUKCUPOBAINCH B 4% HeHTpajbHOM mapadop-
MasibJieTi/Ie 1 Jajee 00pabaThiBasIy M0 OOIIENPUHATON Me-
ToziuKe. V3roTaBIMBaIM TUCTONOTMYECKUE CPE3BI TOJIIIH-
HOIT 5 MKM, HAHOCHJM Ha NpPeAMETHble CTeKJa U
OKpaIlIMBAJIN TEMOTOKCUJIMHOM ¥ 203MHOM. [Iperapatbi
HCCJIEIOBAJIN METO/IOM CBETOBOI Mukpockonuu B 10 10-
ssix 3penust Ha mukpockore Nikon Eclipse E-400 ¢ Buzeo-
cucteMoil Ha ocHOBe Kamepbl Watec 221S (Anonwus) npu
yBennuennn 400X,

OreHnBaI HATTMYWE CJIEIYIONUX MTPU3HAKOB: PACCT-
poiicTBa KpoBooOpaiieHust (IIOJTHOKPOBUE, KPOBOU3JIMSI-
HUsI), HAJUUME aTEJICKTa30B W JIMCTEJIEKTA30B, HaJIUune
aMDU3eMbI, KJIeTOYHOI peakiiuu (yBeJndyeHre Yucia Jei-
KOILIUTOB), CJIyIIIUBAHUE IUTEHUSI B IIPOCBET OPOHXOB, Ha-
Juuue craajpka. JlJist moATBepIKIeHusT 10CTOBEPHOCTH T10-
SIBJIEHWSI TOTO WMJIM WHOTO THCTOJIOTHYECKOTO IPH3HAKA
mosb3oBasuch kputeprem Duriiepa. [TostBrerue mpusnaka
CUMTAJIM JOCTOBEPHBIM, €CJIM OH HE BBISIBJISJICS HU B OJTHOM
cJTydyae B OJIHOW M3 TPYIIIT U MOSIBJISIICS B YETBIPEX WJIN TisI-
TH CJIy4asiX B IPYTOil.

MopdomeTpruecknii aHaIN3 MPOBOIIIN C UCTIOTH30-
parueM cetku I. I Aranguiaosa. OueHuBanu B 00beMHbIX
nporeHTax (00. %) cieayroliue OKa3aTesi: IPOCBET allb-
BEOJI, MEKAJIBBEOJISIPHBIC TIEPETOPOIOKHU, COCY/IbI, JIEHKO-
IIUTBI, JI0JIIO JIEFKOIUTOB B MEXKAJIBBEOJISIPHBIX TIEPETOPOJI-
Kax, IJI0TIA/Ih, 3AHSTYIO OTEKOM U JINCTETEKTA3aAMU.

Cogeprkarivie JKHBOTHBIX  pabOTy ¢ HUMU TIPOBOJINIIN B
cootBeTcTBUN ¢ Tiprkazom Mumsapasa CCCP Ne 755 or
12.08.1977 r. u Eporneiickoit KonBeniiueii o 3aiure mo3Bo-
HOYHBIX JKHBOTHBIX, HCIIOJB3YEMBIX /ST IKCIIEPUMEHTOB
WM B UHBIX Hay4yHbIX 1eqsx (CrpacOypr, 18.03.1986 1.).

1) reference (intact rats);

2) clozapine poisoning, 3 hours;

3) clozapine poisoning, 24 hours;

4) combined clozapine and ethanol poisoning, 3 hours;

5) combined clozapine and ethanol poisoning, 24 hours.

Clozapine was administered orally at a dosage of 150
milligrams per kilogram of the animal weight under anes-
thesia (chlorolase); alcohol was administered with clozap-
ine orally at a dosage of 5 milliliters per kilogram of the
animal weight.

Animals of all these groups sacrificed by decapitation.
The samples of lung tissue were fixed in 4% neutral
paraformaldehyde and then processed using a standard
technique. 5 pm thick histological slides were prepared; they
were placed onto microscope slides and stained with hema-
toxylin and eosin. The slides were examined by light
microscopy in 10 viewing fields using a microscope Nikon
Eclipse E-400 with a video system based on camera Watec
2218 (Japan) at 400X magnification.

We evaluated the presence of the following signs: circu-
latory disturbances (hyperemia, hemorrhage), presence of
atelectasis and dystelectasis, emphysema, cellular response
(increased white blood cell count), desquamation of epitheli-
um into the lumen of the bronchi, sludge. To confirm the sig-
nificance of the occurrence of histological characteristics,
Fisher's ratio test was used. The presence of a sign was con-
sidered significant, if it was not detected in any case in one of
the groups and appeared in four or five cases in the other.

A morphometric analysis was performed using a grid
suggested by G. G. Avtandilov. The following signs were
evaluated (volume percent, vol. %): the area of the alveoli,
intraalveolar septi, vessels, white blood cells, the percent-
age of white blood cells in the intraalveolar septi , the area
of the edema and dystelectasis.

The animals were kept and handled in accordance to
the Order No. 755 of the Ministry of Health of the USSR
as of 12.08.1977 and the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and other Scientific Purposes (Strasbourg, 18.03.1986).

The statistical data processing was conducted using
the MS Excel software. The mean value and the standard
error of the mean were calculated. To determine the signif-
icance of the data, the Mann-Whitney U-test was used
(the data were considered significant at P<0.05).

Results and Discussion

No pathological changes were observed in the
lungs of the animals from the reference group (Fig. 1, a).

Three hours after clozapine intoxication the
following histologic signs were detected:

e Desquamation of epithelium into the lumen
of the bronchi (Fig. 1, b).

* Cellular response: increased count of lym-
phocytes, WBC (segmented neutrophils) in
intraaveolar septis.

* Presence of atelectasis and dystelectasis.

» Thickening of intraaveolar septi due to
edema.

There were observed atelectasis and dystelecta-
sis in the lungs and infiltration of intraaveolar septis
with WBC 24 hours after poisoning with clozapine.
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CTaTucTUYeCKyIO 06 3.6OTK €3yJIbTAaTOB HCCJIe/[0Ba-
HHS POBOLII By 1 OleaMM ey &Sy Excel. Borau CIJII J— In the group of animals treated with ethanol and
cpeniee srauene, omm6Ky cpesrero. st onpenesrerms | Clozapine and decapitated 3 hours after the poisoning
JI0CTOBepHOCTH rosyuennbx Aannbix npumensin U-kpu- | the following histological signs were detected:
Tepuit Manna-YutHu (3a I0CTOBEPHOCTH TPMHUMAIK Pa3- » Desquamation of epithelium into the lumen
HocThb cpennux npu p<0,05). of the bronchi.
¢ The secret in the lumen of the bronchi.
PesyabraThl U 00CyK/IEHHE * Cellular response.
» Atelectasis and dystelectasis.
B rpyrine KOHTPOJIST MATOJOTHYECKIX U3MEHe- * Perivenular hemorrhages.
HUIT B JIETKUX JKUBOTHBIX He BbIsBUIM (puc. 1, a). * Hemorrhages into the alveoli.
Yepes 3 gaca mocsie OTPaBICHUS KIO3AMMMHOM * Hemorrhages into intraalveolar septi.
BBISIBUJIN  CJICAYIONTHE MOPMOTIOTHUECKUE M3MEHEe- * Dilation of the lumen of the bronchi.
HUS B JIETKHUX: * The presence of sludge.
o CuymuBaHue STUATEIUS B IPOCBET GPOHXOB » Thickening of intraalveolar septi (due to
(puc. 1, b); infiltration with WBCs).

P, ¥ g Q\ .
a. Reference group

P

b. 3 hours after clozapine poisoning

¢. 24 hours after clozapine+ethanol poisoning

IIpenapar 1erkoro KpbIChI.

Rat's lung tissue samples.

Note. Magnification: X400. Hematoxylin and eosin stain.

a: No pathological changes are observed. b: Desquamation of epithelium into the lumen of the bronchi. ¢: Cellular response (increased
WBC count), thickening of intraalveolar septi.

IIpumeuanne. YB. X400; okpacka reMaTOKCUINHOM M 903MHOM. a: IpyIiia KOHTPOJISI — IATOJOTMYECKIe U3MEHEHUsI OTCYTCTBYIOT.
b: 3 waca 1ocsie OTpaBJICHUS KJIO3AIMHOM — CJAYIMBAHUE DIUTEIUST B IPOCBET GPOHXOB. ¢: 24 vaca MocJe OTPaBJIeHUsT KI03aIt-
HOM+3TAHOJOM — KJICTOYHAs! peakins (YBeJuueHne YicIa JCHKOIUTOB), YTONIICHUE MEKaIbBCOJISIPHBIX TIEPETOPOJIOK.
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o Krerounas peaknus: yBeJudeHUE YUCJIA
JUM(OITUTOB, CETMEHTOSIZICPHBIX JIEHKOIUTOB B Me-
JKATTHBEOJISIPHBIX MTEPETOPOIKAX;

*  Hasmume aTeekTa3oB U UCTEIEKTA30B;

*  YTOmIeHne MeKaJTbBEOJISPHBIX TEPEropo-
JIOK 32 CYeT OTeKa.

[Tocsie oTpaBIeHMs KI03aTMHOM Yepes 24 Jaca
OTMEYAETCST HATTMYNE aTEJIeKTAa30B M JIUCTEJICKTA30B
B JIETKUX, a Takke WHOUIBTPAIIUS MeKaTbBEOSIP-
HBIX TIEPETOPOJIOK JIEHKOITUTAMU.

B rpymnme JKMBOTHBIX, Y KOTOPBIX MOJICTUPOBa-
HUU OTPaBJieHUE KJIO3ATMHOM B COUYETAHUU C TAHO-
JioM, yepe3 3 daca OGHAPY KN CIIEAYIONIHE THCTO-
JIOTUIECKIE NU3MEHEHUS:

o CuymmBaHue SMUTENS B TPOCBET OPOHXOB;

* Hasmuue cekpera B ipocsere GPOHXOB;

* Kierounas peakius;

* ATeJeKTa3bl U ANCTETEKTA3bI;

* IlepuBenHyAspHBIE KPOBOUBIHUSHUS;

*  KpoBou3IMSHUS B aJIbBEOJIBI;

* KpoBousmsiHus B MeKaJIbBEOJISIPHBIC Tie-
PETOPOIIKY;

* Pacmmpenue pocsera GPOHXOB;

e Hanwume caamxka;

*  YTOmIeHne MeKaTbBEOJSPHBIX TEPeropo-
MoK (3a cueT WHUABTPAITUN JIEWHKOITUTAMN );

e Orcrolika SHAOTENUS B COCYIAX.

UYepes 24 daca 1ocyie COYETAaHHOTO BO3JEHCT-
BHS KJIO3AlMHA W 9TAHOJA JOCTOBEPHBIM CUUTAJH
HaJIMIue CIEAYIONNUX THCTOOTMIECKUX N3MEHEHUI:

* ApTepuaibHOE IOTHOKPOBUE;

* Krerounas peaknus (puc. 1, ¢);

* ATeJeKTa3bl U ANCTETEKTA3bI.

Pesysbratel  MOp(hOMETPUUECKOTO aHaIN3a
MPEICTaBUIIN B TabJIHIIE.

W3 tabauiibl BUIHO, YTO BO BCEX OIBITHBIX
rpynmnax TPOCBET aJbBEOJ JOCTOBEPHO HUXKE IO
CPaBHEHUIO C TPYIIION KOHTPOJIS, a TIIOMAh TKAHH
MEKATbBEOJISIPHBIX TTEPETOPOIOK, HATIPOTUB, JIOCTO-
BEPHO BBITIIE.

MopdomeTpuyeckuii aHaIU3 r’HCTOJIOTHYECKUX CPE30B.
Morphometric analysis of histological slides.

* Detachment of the endothelium in blood
vessels.

24 hours after a combined ethanol and clozap-
ine poisoning the following histological changes can
be considered reliable:

 Arterial hyperemia.

* Cellular response (Fig. 1, ¢).

* Atelectasis and dystelectasis.

The results of the morphometric analysis
(table) demonstrate that in all study groups the
lumen of the alveoli was significantly smaller as com-
pared to the reference group, but the area of the
intraalveolar tissue, on the contrary, was significant-
ly greater.

The total area of pulmonary microvessels did
not differ significantly from the reference group 3
hours after clozapine poisoning. But it is significant-
ly higher 24 hours after the poisoning. A significant
increase in this parameter was found vs. the reference
group both 3 and 24 hours after the administration of
the combination of clozapine with ethanol by ani-
mals.

The WBC count estimated by their area in
intraalvolar septi tissue was considerably higher in
all study groups than in the reference group. A sig-
nificant increase in the area of dystelectasis was
found 24 after clozapine and 3 and 24 hours after
clozapine and ethanol intoxication.

Lung perivascular edema, plethora and hemor-
rhages were observed in the groups of animals treat-
ed with clozapine and a combination of clozapine and
ethanol. These disorders may occur due to increased
permeability of microcirculatory vessels caused by
hypoxia of a combined etiology. The destruction of
epithelium observed in clozapine and clozapine-
ethanol intoxication occurred due to direct toxic
effects of clozapine on epithelium cells which was
accompanied by the increase of lipid peroxidation
and impairment of antioxidant defense system of
blood [27, 28].

Parameters Values of parameters in groups
reference clozapine clozapine+ethanol
{st 9nd 3d 4th 5th
The lumen of the alveoli , vol.% 65.82%0.57 40.28+0.88* 33.01+0.88* 37.92+0.93* 34.07+0.89*
The tissue (intraalveolar septi), vol.% 23.97+0.43 49.36+0.69*  54.21+0.78*  47.84%0.82*  51.04+0.89*
Vessels, vol.% 5.04%0.23 5.47%0.16 7.05£0.27* 8.91£0.31* 9.07£1.09*
WBC, vol.%, 2.78+0.09 12.12+0.23* 12.16+0.27* 13.11+0.30* 8.59+0.19*
The volume share of WBC in the tissue 11.74%0.31 25.42+0.44*  23.15%0.44%  27.53+0.51* 18.72+1.90*
Dystelectasis, vol.% 0.027£0.027 0 4.80+0.23* 2.52+0.16 * 3.21£0.16*
Edema, vol.% 0.027+0.027 5.92+0.23* 5.36£0.31* 4.09+0.19* 5.36%0.28 *

Note. * — The parameters that significantly differ from the reference group 1 at P<0.05.
Ipumeyanne. Parameters — napamerpor;Values of parameters in groups — 3nadenus napamerpos B rpynmax; The lumen of the alveoli,
vol.% — mpocset anbBeod, 06.%; The tissue (intraalveolar septi) — Tkanb (MeskambBeossiprble eperopoakn ); Vessels — cocyas;WBC —
neiikonuter; The volume share of WBC in the tissue — oGbemuas nous aeiikonutos B Tkauu; Dystelectasis — naucrenexrassr; Edema —
OTeK. * — I0Ka3aTeJiu, JOCTOBEPHO OTJIMYAIONIMECS OT KOHTPOIIbHOI rpymmbt 1 mpu p<0,05.
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UYepes 3 yaca mocie OTPaBIEHUS KJIO3ATTIMHOM
CyMMapHasi TJIOTAb MUKPOCOCYIOB JIETKUX HE UMe-
€T IOCTOBEPHBIX OTJINYHH OT KOHTpOJsA. OmHaKo de-
pe3 24 yaca OHa CTAHOBWTCSI JIOCTOBEPHO OOJIBIIE,
Uepes 3 u 24 yaca 1ocyie BBe/IEHUS B OTPAHU3M K-
BOTHBIX KJIO3AMMMHA C 9TAHOJIOM TaK:Ke OTMETUJIN JI0-
CTOBEPHOE YBETUYEHNE JAHHOTO MOKA3aTesss OTHO-
CUTEIBHO KOHTPOJIS.

KosnuecTBO JIEHKOMTOB, OIlEHUBAEMOE TIO
TJTOIIA/IN, 3AHIMAEMON UMU B TKAHHT MEKATbBEOJISP-
HBIX MEPETOPOJIOK, OBLIO JOCTOBEPHO BBIIIE BO BCEX
OTIBITHBIX TPYIIAX 110 CPABHEHUIO C KOHTPOJHHOM.
Uepes 24 dwaca mocJie OTPaBIECHUS KJIO3AMMHOM, a
TaksKe yepe3 3 M 24 yaca Ipyu COYETAaHHOM BO3JIEHCT-
BUU KJIO3AMUHA C HTAHOJOM, OTMETUJIN yBEJNIEHUE
TIJTOTIA/IN TNCTEICKTA30B.

[TosiBenne B JIETKUX TEPUBACKYJISIPHBIX OTe-
KOB, MTOJTHOKPOBUSI U KPOBOUBJIUSHUIT HAOIIOIAIN B
rpyIax KUBOTHBIX, M30JUPOBAHHO TOJIYJIABIINX
KJIO3AIH, U KOMOWHAIMIO KJIO3AlMHA ¥ 9TaHOJA.
MOJKHO MTPEATTOIOKNATE, 4TO 3TO 06YCIOBIEHO TOBBI-
MIEHWEM TPOHUIIAEMOCTH COCYZOB MUKPOIIMPKYJIS-
TOPHOTO PYCJIa, B TOM YHCJIE TUITOKCHENH KOMOMHUPO-
BaHHOTO reHesa. Habmogaemoe mpu n301MPOBAHHOM
BBEJICHUN KJIO3allMHA U KOMOWHUPOBAHHOM BBeJE-
HUU KJIO3aITMHA U ATAHOJIA TTOBPEXKIEHNE AMTUTENS,
M0 BCeH BUAUMOCTH, OOYCIIOBIECHO HEMOCPEICTBEH-
HBIM TOKCUYECKUM BJIMSTHUEM KJIO3AITHA HA KJIETKH
AMUTEITUS, COMPOBOKIAIONIUMCS YCUJIEHUEM TIPO-
recca nepekncHoro okuciaerus gununaos (I1OJI) u
HApyIIEHNEM AHTHOKCUAAHTHON CHUCTEMBI 3alllUThI
KkpoBm [27, 28].

W3BecTHO, YTO TOBBIIEHNE WHTEHCHUBHOCTU
[TOJI n pazBuTHE OKCHIATUBHOTO CTPECCA IPUBOIAT
K YCUJIEHUIO AUCTPOPUIECKIX TTPOTIECCOB, TIOBPEK-
JIEHUEO0 GPOHXOATBBEOJISIPHOTO SMUTEIHSI, YTPATE €TO
GapbepHO (yHKIMK. TToBbBIIIEHNE arperannoHHON
AKTUBHOCTH SPUTPOIMTOB M TPOMOOIMTOB, HAOJIIO-
JIaeMble TIPU U30JIMPOBAHHOM OTPABJIEHIH KJIO3AITHN-
HOM ¥ KOMOWHUPOBAHHOM OTPABJICHUHU KJIO3ATIMHOM
U 9TAHOJIOM TIPETIONOKUTEIBHO CBSA3aHBI ¢ OJIOKA-
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It is known that the increase of lipid peroxida-
tion intensity and the development of oxidative
stress cause result in enhancement of degenerative
processes, damage of the bronchial epithelium and
loss of its barrier function. Increased aggregation
activity of RBCs and platelets observed in clozapine
poisoning and combined poisoning with ethanol and
clozapine occured presumably due to blockade of
5-HT3 receptors in platelets, according to pub-
lished data [14, 15, 29].

Conclusion

In clozapine and clozapine + ethanol poisoning,
a certain complex of general pathological processes
in lungs develops. There are alteration of bronchial
epithelium and the vascular endothelium, circulato-
ry disorder, increased vascular permeability, infiltra-
tion of intraaveolar septis. Morphological and
immunoreactive changes can be used for valuation of
severity of general pathological process in acute
clozapine and clozapine + ethanol poisonings and
determination of the exact time of the poisonings.

noi 5-HT3 penentopos B TpoMOOIMTAX, UTO COTJIA-
CYETCsi C PSIIOM JIMTEPATYPHBIX JlaHHbIX |14, 15, 29].

3akjaoyeHue

[Ipu oTpaByieHUH KJIO3ATIMHOM M €r0 COYeTaHu-
€M C 9TaHOJIOM Pa3BUBAETCSI KOMILIEKC O0IIENaToI0-
TMYECKUX TIPOIIECCOB B JIETKUX: ajbTepaiius dMuTe-
Jiust OPOHXOB W 9HAOTENUST COCY/IOB, PACCTPOICTBO
KPOBOOOPAIICHUSI, MOBbINIIEHUE MTPOHUIIAEMOCTH CO-
CYZIOB, WHMDUIBTPANNSI MEKATbBEOSIPHBIX TIEPETO-
ponok. Mopdomornyeckne M WMMYyHOPEaKTHBHBIE
U3MEHEHUSI MOTYT ObITh UCIIOJB30BaHBI JIJIST OIICHKU
CTETIEHU BBIPAKEHHOCTH OOIIENaTOJIOTHYECKUX TTPO-
IIECCOB MPHU OTPABJIEHU KJIO3AMMITHOM U €T0 COUeTaH!-
€M C HTaHOJIOM W YCTaHOBJICHUSI CPOKA WX IABHOCTH.
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The Effect of the Erythrocyte Suspension Temperature
on the Morphology and Nanostructure of Cell Membranes
Viktoria A. Sergunova', Olga E. Gudkova', Ekaterina A. Manchenko'?, Elena K. Kozlova'*?,
Irina G. Bobrinskaya'’, Alexander M. Chernysh'’, Alexander P. Kozlov*
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Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
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[Ipo6siema HenpeaHaAMEPEHHON THITOTEPMUK B [IEPHONEPAIIHOHHOM [IEPUOJIE OCTAETCS AKTYAIBHOI.
ITess paGoOTHI: OIEHUTD BJMSHUE TEMIIEPATYPbI i1 0it70 Ha MOPMOJIOTHIO U HAHOCTPYKTYPY MEMOPAH 3PUTPOIIUTOB.
Marepuan u Metoasl. Vcronb3oBanu 4 KoHTeliHepa apuTponuTapHoi B3Becu (IB) ¢ pasapiMu rpym-
IIaMu KPOBH, 3allaKOBAHHYIO B repMeTnunbie KoHTeiHephl (400 mur) ¢ remokoncepBanTom CPD. 9B xpa-
Huuu npu 4°C. Hpo6sr (15ma) nomemanu B tepmoctat Ha 20°C u 37°C u ycraHaBJAuBaIM HA POTATOP
(6—8 06/mun) BioRS-24 Mini-Rotator Bioscan (EU). AHanns KMCJAOTHO-OCHOBHOTO COCTOSHUS IPOBO-
JIMJIA € TIOMOIIBIO HOHOMeTpHuYeckoro npeobpasosarenst «M-510» (PD). Ananus MophOJOTHH ¥ HAHO-
CTPYKTYPBI MeMOpPaH 9PUTPOMUTOB KJIETOK MPOBOAMIN C MOMOIIBI0O aTOMHOTO CHJIOBOTO MHUKPOCKOTIA
(ACM) «<NTEGRA Prima», (NT-MDT, PD) B KOHTAKTHOM PEKUME Ha MOHOCIOSIX MPUTOTOBIEHHBIX C
MMOMOIIBI0 METO/IA OCENaHNs B KUAKOCTU 1 HA BO3/yXe.

Pesyabratel. Ha 19-¢ cytku xpanenus 9B 1pu uccienoBanny KpoBH, COXpPaHABIICHCS 1PU TeMIlepaType
20°C, uepe3 1 wac u 12 yacoB poTaiii B MOHOCJIOSIX KPOBH TIPUCYTCTBOBAM AncKOUTH (12+3%). KosmyectBo
AXUHONUTOB nocse 1 yaca potanun cocrasisiyio 14£2%, mocse 12 yacos poraiuu — 40+7%. KosmuectBo chepos-
XUHOIMTOB Tocje 1 yaca poraiun coctasisiio 74+2%, nocie 12 wacos poramn — 42+8%. ITpu 37°C nocste 1 ga-
ca poTaluu B MOHOCJIOE TIPUCYTCTBOBAJIO YeThipe Bua (hOpM APUTPOITUTOB, TaKKMe KAK TUCKOIUTBI, 9XUHOIUTHI,
chepoaxuHouThl, oBasonuThL. [Tocie 12 yacoB poraruu paciipezesierne (hopM KJIeTOK M3MEHUJIOCH, KJIETKH BOC-
CTAaHOBUJIM CBOIO (hOPMY /10 AMCKOIUTOB (97£2%).

3akmouenue. [losyuennble pe3ysbraThl JOKa3bIBAIOT BIMSHUE OXJIAKICHNUS IIPYU KOHCEPBUPOBAHUH 3PUTPO-
uToB. Mamenserca ¢gopma spurponnton. Boccranosiene Mophos0Trnueckoil CTPYKTYPbI 3aMOPOKEHHBIX PUT-
POIUTOB TIPOUCXOJIUT MeJITIEHHO — B TedeHue 12 yacoB. ITo o3HAYAET, UTO TPaHChY3US HPUTPOIIUTOB, TEMIIEPATY-
pa koropbix Huke 37°C, He MoxeT ObITh 3hGhEKTUBHOI B TeueHue, 110 KpaiiHeil Mepe, 12 yacoB u Tpebyercst
corpeBaHue TpaHC(HY3MOHHOI CPeibl, UTOOBI YMEHBIIUTH PUCK TPAHC(HY3UU MIPENaPATOB KPOBU.
Kmouesvie crosa: spumpoyumot; Mop@oiozus; memnepamypa; AmomMHas CUi08as MUKPOCKONUSL
The problem of unintentional hypothermia in the postoperative period is still an urgent one.
The purpose of the work: to assess the effect of the in vitro temperature on the morphology and nanostructure
of erythrocyte membranes.
Material and methods. 4 containers with erythrocyte suspensions with different blood groups were used; the
suspension was packed in sealed containers (400 mL) with CPD blood preservative. The erythrocyte suspension
Anpec 1151 KOPpPECHOHAEHIUU: Correspondence to:
Bukropus Ceprynosa Viktoria Sergunova
E-mail: orbf@mail.ru E-mail: orbf@mail.ru
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was kept at 4°C. Samples (15 ml) were placed in a thermostat at 20°C and 37°C; then they were placed on the
BioRS-24 Mini-Rotator Bioscan (EU) rotator (6—8 rpm). The analysis of the acid-base balance was carried out
using the 1-510 ionometric converter (Russian Federation). The morphology and nanostructure of erythrocyte
membranes were analyzed using an atomic force microscope (AFM) «<NTEGRA Prima» (NT-MDT, Russian
Federation), in a contact mode, on monolayers prepared using a method of sedimentation in liquid and air.

Results. Discocytes were present in monolayers of blood after 1-hour and 12-hour rotation (12+3%) on Day
19 of ES storage at temperature 20°C. The number of echinocytes was 14£2% after a 1-hour rotation and 40+7%
after a 12-hour rotation. The number of spheroechinocytes was 74£2% after a 1-hour rotation and 42+ 8% after a
12-hour rotation. At a temperature of 37°C, after a 1-hour rotation, four forms of erythrocytes were present in a
monolayer: discocytes, echinocytes, spheroechinocytes, and ovalocytes. The distribution of cell forms changed
after a 12-hour rotation, and the cells recovered their shapes to discocytes (97+2%).

Conclusion. The obtained findings confirm the effect of cooling during erythrocyte preservation. The shape of
erythrocytes was changed. The morphological structure of frozen erythrocytes recovers slowly, within 12 hours. It
means that the transfusion of red blood cells whose temperature is below 37°C may not be effective for at least 12

hours and the transfusion medium should be warmed to reduce the risk of transfusion of blood products.

Keywords: erythrocytes; morphology; temperature; atomic force microscopy
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BBenenne

CrpyKTypHbIE H3BMEHEHUST 9PUTPOIIUTOB UTPaA-
0T BaKHYIO POJIb B PasBUTHM HapyIICHUI Ta3000-
mera [1, 2]. TIpobrema HempemHaMepPEHHON THTIO-
TEPMUU B TEPHUONEPANMOHHOM IE€PUOLe U B
HACTOsIIIEe BPEMSI OCTAETCSI aKTYaJIbHOW U HIMPOKO
obcysKkmaeTcs B HayIHO# tuTeparype. B ncemenosa-
HUSX TIPOBOAMTCS OIEHKA BJIUSHUS Pa3IUIHBIX
c1roco60B corpeBaHust (AKTUBHBIX 1 MACCUBHBIX) Ha
dbyHKIIMOHATBHBIE, MeTaboNWUeCKWe ¥ JpyTHe
dbyuxiun opranusma. llpwdunamu HempeaHaMe-
PEHHOU THUIIOTEPMUU SIBJISIIOTCSI PACKPBITUE TTOJIOC-
Tell TPW BHYTPUIOJOCTHBIX XUPYPTHUECKUX BMe-
[IaTeIbCTBaX (HAIPUMED, JATaPOTOMUS ), BIUSHUE
AHECTE3WN HAa TEPMOPETYJISINIO, [JIUTENbHbIE XH-
pPyprudyecKrue BMEIIAaTeIbCTBA, IEPEJUBAHIE PaC-
TBOPOB U TIPENAPaTOB KPOBU U MCIIOTIH30BAHIE TIPO-
MBIBHBIX KUAKOCTEH [3—5].

Biusitne mepuomnepannoHHON TUIIOTEPMUN HA
(yHKIIMKM OpraHOB M cHcTeM MHOrooGpasHo. B pe-
3yJIBTaTe ATOTO BJIMSIHUS MOTYT Pa3BUBATHCS MH(EK-
IIMOHHBIE OCIOKHEHVISI, TPUBOISIIIE K YBEJIUIEHUIO
JUTHTEJIBHOCTH TIPEOBIBAHNSI B OT/CJCHUSIX PeaHnMa-
TOJIOTWW U TIOBBINIIEHUIO JIETATHHOCTH.

Cpenn GOJIBHBIX, OMEPUPOBAHHBIX MO MOBOIY
TSIKENION 4epernto-M0o3roBoil TpaBMbl, moutu B 11%
CJIyYaeB UMeJia MECTO HellpeIHaMePEeHHAs THIIOTep-
must (<35°C). JletanbHOCTb Y 3THX OOJIBHBIX ObLTa
JIOCTOBEPHO BBIIIIE, YeM B TPYTIe OOJIBHBIX ¢ HOPMO-
Tepmueii [6]

Cpennt GOJIBHBIX, KOTOPBIM BBITIOJIHSIJIHCH T10-
Joctable omneparu runorepmus (<35°C) Berpeda-
jack B 15% caydaes. B at1oii rpyiie 60JIbHBIX HMeTa
MECTO JI0CTOBEPHO OOoJIblIas KpoBonoreps — 2,624
JI B CPaBHEHUH € TPYIIIOi OOJIBHBIX ¢ HOPMOTEPMHUEH
— 1,7+1,8 J1; ieTarbHOCTD y OOJIBHBIX ¢ THITOTEPMUEH
Oblyia TAKIKE 3HAUUTELHO BBITIE -35% TI0 CPABHEHUIO
¢ 8% GOJIBHBIX ¢ HOpMOTEpMUE [7]

Nccenenosanust Sessler D.I. ¢ coaBTopamu mo-
KasaJli, 4TO TMIOTEPMHUS CIIOCOOCTBYET CHUKEHUIO

Introduction

Changes in the erythrocytes structure lead to
gas exchange disturbance [1, 2]. The problem of unin-
tentional perioperative hypothermia is still an urgent
one and is widely discussed in scientific literature. The
study assesses the impact of different ways of warming
(active and passive) on functional, metabolic, and
other body functions. The causes of unintentional
hypothermia include the opening of cavities during
intracavitary surgical interventions (e.g. laparotomy),
the impact of anesthesia on the thermoregulation,
duration of surgery, transfusion of fluids and blood
products and use of lavage liquids [3—5].

The effect of the perioperative hypothermia on
functions of organs and systems is diverse; and infec-
tious complications, increased ICU stay and
increased lethality are the results of this effect.

Among the patients operated for severe cranio-
cerebral injury, nearly 11% experienced an unintend-
ed hypothermia (<35°C). The mortality rate in this
group of patients was significantly higher than that
in the group of patients with normothermia [6]

Hypothermia (<35°C) was diagnosed in 15% of
patients who underwent abdominal operation. In
this group of patients, there was a significantly large
blood loss (2.6+2.4 1) as compared to the group of
patients with normothermia (1.7+1.8 L); the mortal-
ity in patients with hypothermia was also signifi-
cantly higher (35%) as compared to 8% in patients
with normothermia [7]

The study of D.I. Sessler et al. has shown that
hypothermia contributes to the reduction of the oxy-
gen uptake by tissues [8] and the oxyhemoglobin dis-
sociation curve shift to the left [9].

Therefore, the state of transfused erythrocytes
without ES preheating up to 37°C is of a special
interest. The temperature gradient can impair the
spectrin matrix of the membrane, which leads to the
change of the membrane nanostructure and the cell
morphology.
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noTpebIEHIS KICIOPo/ia TKaHsaMu [8], caBury Kpu-
BOW INCCOITHAIIAN OKCUTeMOTJIOONHA BJIeBO [9].

[TosToMy OTHENBHBINT WHTEPEC TPECTaBJISIET
COCTOSIHME BBE/IEHHBIX B KPOBSTHOE PYCJIO APUTPOIH-
TOB 6e3 WX TpefBapuTeNsHOTO TomorpeBa IB 10
37°C. I'pasiieHT TeMIiepaTypbl MOJKET BbI3BATh HAPY-
[IEHNE CIIEKTPUHOBOTO MAaTpPUKCa MeMOPaHBI, KOTO-
poe MPUBONUT K U3MEHEHUIO HAHOCTPYKTYPbI MEMO-
paHbl ¥ MOPGOJIOTUN CAMOI KJIETKH.

9B xpanntes pu 4°C [10]. Ilepen mpoBenenn-
eM reMoTpaHchy3un ee HeOOXOMMMO TOMOTPETH IO
(pusnonormueckoii remmepatypst 37°C [11].

CorpeBanue CHUKAeT BSI3KOCTH OXJIAXK/IEHHOMN
KPOBH B 2,5 pasa. 3a4acTyio Mo/lorpeBaHue IPOU3BO-
JISIT, TIOTpysKast maket ¢ DB B Boxy, ¢ Temneparypoii
+37°C na 20—30 mun [12]. [Ins nogorpeBaHust KOM-
MOHEHTOB HPUTPOIUTAPHOIN B3BECU PEKOMEHIYETCST
HCTIOBb30BATH CIEHATbHBIE TPUCTTOCOOTEH ST, TI03-
BOJISTIONITIIE OCYIIECTBJISATh KOHTPOJb 32 TIPOIIECCOM
corpeBanus [13].

ITesb paboTHI — OIEHUTH BJIUSHIE TEMIIEPATY-
PBI in vitro Ha MOPMOIOTHIO U HAHOCTPYKTYPY MeMO-
paH 9PUTPOIIUTOB.

Marepuan u METObI

Ucnonb3oBanu 4 KoHTeitHepa apUTPOIIUTAPHOI B3Be-
CH C Pa3HBIMU IPYIIIIAMU KPOBH, 3aIIAKOBAHHYIO B repMe-
trynbie Konteitneps! (400 M) ¢ remokoncepBanTom CPD.
SputponuTtapuyio B3Bech xpanuiau 1npu 4°C. Vamepenus
MIPOBOJIUJIN TI0 CXeMe, TIpejicTaByienHoit na puc. 1. M3 xax-
JIOr0 KOHTelHepa oTéupanu npobbl 1o 15 mur. IIpo6sr 1mo-
Merasu B TepmocTaT Ha 20°C u 37°C u ycranaBiauBaau Ha
porarop (6—8 06/mun) BioRS-24 Mini-Rotator Bioscan
(EU) mig momenupoBaHus IIpoliecca KPOBOOOPAIEHUSI.
[Tocsie pocTuskeHMs: yCTaHOBJIEHHOH TeMmieparypel OB
6pasiu ipoby 1Uist IpoBeieHust uameperuil. B rabu. 1 npen-
craBieHbl 0603HAYEH s TPOO.
OO61uii aHaM3 KPOBH TIPOBOJINIIA HA TeMATOJIOTHYEC-
koM anasmzarope «<ADVIA 60» (Germany), GuoxuMudecKuii
aHaym3 — Ha aHaymsarope «Miura One» (I.S.E. Group, Italy).

ES is stored at 4°C [10]. Before the transfusion
blood should be warmed to the physiological tem-
perature of 37°C [11].

Warming reduces the viscosity of cooled blood
by 2.5-fold. Usually the blood is warmed by emerging
the bag with ES in water at a temperature of +37°C
for 20—30 min [12]. Special devices permitting to
monitor the process of warming should be used for
heating of erythrocyte suspension components [13].

The purpose of the work was to assess in vitro
the effect of the temperature on the morphology and
nanostructure of erythrocyte membranes.

Materials and Methods

4 containers with erythrocyte suspensions belong to
different blood groups were used; the suspension was
packed in sealed containers (400 mL) with CPD blood
preservative. The erythrocyte suspension was kept at 4°C.
The measurement was performed according to the flow-
chart presented in Fig. 1. 15 mL was sampled from each
container. The samples were placed in a thermostat at
20°C and 37°C; then they were placed on the BioRS-24
Mini-Rotator Bioscan (EU) rotator (6—8 rpm) for simu-
lating the blood circulation process. When the ES reached
the established temperature, a sample was taken for mea-
surements. Table 1 presents the sample description.

The complete blood parameters set was analyzed
using the ADVIA 60 hematologic analyzer (Germany),
and the blood chemistry test was performed using the
Miura One analyzer (L.S.E. Group, Italy).

The analysis of the acid-base balance was carried out
using the 1-510 ionometric converter (Russian
Federation). For pH measurements, ES-10603 electrodes
were used along with a reference electrode (ESr-10103).
The concentration of potassium ions was measured using a
potassium-selective electrode HS-K-001.

The morphology and nanostructure of erythrocyte
membranes were analyzed using an atomic force micro-
scope (AFM) «NTEGRA Prima» (NT-MDT, Russian
Federation), in a contact mode, on monolayers prepared
using a method of sedimentation in liquid and air. The sed-

Erythrocyte suspension (ES)

‘—
fe— I2R [«—
Thermostat
20°C

> | OLE
L > I2R. |5
Thermostat
37°C

Puc.1. Cxema npoBe/ieHHs1 IKCIIEPUMEHTA.
Fig. 1. Flow-chart of the experiment.

Note. 01 R — 1-hour rotation; 12 R — 12-hour rotation. AFM images obtained in the semicontact mode in air.
IIpumevanue. Erythrocyte suspension — apurtpormraptas B3sech; 01 R — poranusa 1 yac; 12 R — poranusa 12 wacos; Thermostat — rep-
mocTar. ACM 1306paskeH s IOy IeHHbIE B TOTYKOHTAKTHOM PEKIIMe Ha BO3/yXe.
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Ta6auna 1. Uccaeayempie npoosI.
Table 1. Study samples.

Sample name Rotation time t°C
01R-20 1 hr 20°C
12R-20 12 hrs 20°C
01R-37 1 hr 37°C
12R-37 12 hrs 37°C

IIpumeuyanue. Sample name — HazBarnue npoowl; Rotation time — Bpemst porammu; hrs — yacsr.

AHaJTN3 KUCJIOTHO-OCHOBHOTO COCTOSIHUST TPOBOJIM-
JIU C TOMOIIBIO MOHOMETPUYECKOTO MpeobpasoBarerisi
«1-510» (PD). It uamepenns pH mcmonb3oBaim aex-
tpoant IC-10603 ¢ anexrpomom cpasuenuss DCp-10103.
KowtieHTpaIiio MOHOB Kajus U3MEPSIN KaJIuii-cesek-
TuBHBIM 2siekTposoM XC-K-001.

Anamuz MopGhOJIOTHH ¥ HAHOCTPYKTYPbI MeMOpaH
HPUTPOIUTOB KJIETOK IIPOBOJMJIN C IIOMOIIBIO aTOMHOTO
cunooro Mukpockoma (ACM) «<NTEGRA Primas, (NT-
MDT, PD) B KOHTAKTHOM PEXUMe Ha MOHOCJIOSIX TIPUTO-
TOBJIEHHBIX C MOMOIIBIO METO/IA OCEAAHMS B JKUIKOCTH U
Ha Bo3ryxe. MOHOCJIOH ocelaHusI [IeJIaiu 110 CXeMe, KOTO-
past mpezicTaBsiena Ha puc. 2. B 5 Mo PBS (pH7,4) nobas-
s 50 MKJT apuTponuTapHoil B3secu. Ilomydenmyio cyc-
[IEH3UI0 HAHOCUJIM HA CTEKJIO C HOJUIN3uHOM Ha 20
MuHyT. OceBine kiaetkn pukcuposasiu, B reuenue 10 cex
B 1% pacTtBope TimoTapoBoro anpaeruaa. [locie dbukcarnun
obpasell MpOMBIBAJIN MOBTOPHO B Oydepe u 0CTaBIIsIM HA
40 MuHYT 71711 GOPMUPOBAHIS MOHOCJIOST.

V300paskeHust B pacTBOPE MOJIyYajii KaHTUIEBEPAMU
tuna SD-R150-T3L450B-10. Yucso ToYek cKaHUPOBa-
nust — 512. Toma cxanuposanms: 100X100 mxm, 50X50
MKM, 10X10 Mrm. TToapo6HO METOAMKA TONYyYEHUST 1 aHa-
JI3a HAHOM300PaskeHH MeMOPaH aPUTPOIUTOB OIKCaAHA
Hamu B pabore [14, 15].

PesyibraThl 1 00CyK/1€HUE

B kauecTBe mipuMepa pUBEN PE3YIIBTATEI, IT0-
JiydeHHbIe Tpu xpaHeHun JB B Teuenue 19 cyTok.
Ha xaxmom o6pasite morydanu 1o 2 ckara. Ha xax-

imentation monolayer was made using the scheme present-
ed in Fig. 2. 50 uL of the erythrocyte suspensions is added
to 5 mL of PBS (pH7.4). The resulting suspension was
applied onto glass with polylysine for 20 minutes. The set-
tled cells were fixed in 1% solution of glutaralaldehyde for
10 sec. The sample was washed again in the buffer after fix-
ation and left for 40 minutes to form a monolayer.

Images in the solution were obtained using SD-R150-
T3L450B-10-type cantilevers. The number of scanning
points was 512. Scan fields: 100X100 pm, 50X50 pm,
10x10 um. The detailed methodology for obtaining and
analyzing nanoimages of erythrocyte membranes was
described by us in [14, 15].

Results and Discussion

Results obtained after a 19-day ES storage are
presented as an example. 2 scans were obtained for
each sample. The morphology (70—80 cells) was
analyzed in each scan. To study the membrane nanos-
tructure, 15—18 cells of each scan obtained earlier
were used. In total, 450 fragments for temperatures
t=37°C and 20°C were scanned.

The morphology of donor erythrocytes is the
main indicator of their state. Table 2 shows the per-
centage ratio of different cell forms on the 19th day
of storage after 1-hour and 12-hour rotation at a tem-
perature of t=37°C and 20°C.

Discocytes were present in monolayers of blood
after 1-hour and 12-hour rotation (12+3%) on Day

. Fixation
The suspension (S) Rinsing in glutaralal- ~ Rinsing
is applied into a glass with in the buffer  dehyde (GA) in the buffer
polylysine (PL) for 20 min : luti
solution for 10 sec i Monolayer
formation
2 - for 40 min
Mono

Puc. 2. Cxema noxy4yeHHs MOHOCJIOSI METO/IOM OCEIaHus.

Fig. 2. Scheme of production of monolayer using a sedimentation technique.

Ipumevannue. The suspension (S) is applied into a glass with polylysine (PL) for 20 min — cycnensust HAHOCUTCS Ha CTEKJIO € TIOJUIHU-
sunoM Ha 20 mun; Slide with PL dry — cyxoe npeamertoe crexsio ¢ nosmnusutom; Rinsing in the buffer solution — npombika B 6yde-
pe; Fixation in glutaralaldehyde (GA) for 10 sec — duxcaiusa B roraposom asnbaeruge 10 cex; Monolayer formation for 40 min — cop-
mupoBatue MoHocsos 40 mun; PBS — Gydep.
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Ta6auna 2. Mopdosorus KJIeTok IpUTPOIMTaPHON B3BeCH Ha 19-€ CyTKH XpaHeHus1.
Table 2. Cell morphology of erythrocyte suspension on Day 19 of storage.

t°C Cell morphology
1-hour rotation 12-hour rotation
d e sph ov d e sph ov
20°C 12+3% 14+2% 74+2% 18+4% 40+7% 42+8%
37°C 28+7% 32+7% 24+7% 16+£7% 97+2% 3£1%

Note. d — diskocytes; e — echinocytes; sph — spheroechinocytes; ov — ovalocytes.
ITpumeuanue. Cell morphology — mopdosorus knerok; hour rotation — wacos poranuu. d — auckounTsr; e — axuHOIUTHE; sph — cde-

POSXUHOILUTDI; OV — OBaJIOIUTDHI.

JIOM cKaHe aHanusupoBasu mopdosoruio 70—80
KJIeTOK. J[JIsT McCie/IoBaHNsT HAHOCTPYKTYPhI MeMO-
pan ncrnob3oBaiu mo 15—18 kreTok ¢ Kaxmoro mo-
JIy4eHHOTO panee ckana. Beero mpockanuposaii 450
(parmenToB st Temmeparyp t=37°C u 20°C.

OCHOBHBIM TIOKa3aTeIeM COCTOSTHHS JJOHOPCKUX
BPUTPOIIUTOB SABJIsIeTCsT UX Mopdosorust. B tabu. 2
MIPUBEJTH TIPOTIEHTHOE COOTHOTIIEHNE PA3TUUHBIX (hOpM
KJIeTOK Ha 19-e cyTkm xpanenust st 1 n 12 yacos po-
tarmu ipu Temriepatype t=37°C u 20°C.

Ha 19-e cytku xpanenust 9B nipu nccreoBannn
KpOBH, coxpansBinetics mpu temreparype 20°C, uepes
1 yac u 12 vacoB poraiuu B MOHOCJIOSIX KPOBU TIPH-
cyrcrBoBasu auckoruTsl (12+3%). Kosmaectso axu-
HOIMTOB Tocae 1 waca poranum coctaBsio 14+2%,
mocyie 12 wacos porarn 40+7%. Komraectso chepo-
9XMHONUTOB Tocje 1 Yaca poTaluy COCTABJISIIO
74%2%, nocie 12 yacos poranyu 42+8%. Ilpu 37°C
moce 1 gaca poTaruu B MOHOCJTIOE TPUCYTCTBOBAJIO
YeThIpe BUIA (hOPM IPUTPOIUTOB, TaKKe KaK JTMCKO-
IIUTBI, 9XUHOIUTHI, C(HEPOIXUHOIUTHI, OBATOIUTHI.
[Tocne 12 wacoB poranuu pacrpezeseane (GopM Kie-
TOK M3MEHUJIOCh, KJIETKA BOCCTAHOBUJIN CBOIO (hOPMY
710 muckonuToB (97+2%). T M3MEHEHUST TTPOCIEIN-
JIM, CPAaBHUBAsl COOTBETCTBYIOIINE M300PaKEHUSI 110
TOPU3OHTAIN (PUC. 3, TOKA3aHbBI CTPETKAMMT).

Ha puc. 3 mpusenerst ACM uzobpaskeHust KJie-
Tok Ha 19-e cyTtku xpanenns ansg 1 n 12 gacos pora-
1uu ipu Temmepatype t=37°C u 20°C.

[l aHamM3a HAHOCTPYKTYPHI CKAHUPOBATH
(bparment xaetku pazmepom 1,5X1,5 MKkM ¢ paspe-
mreaueM 1024X1024 touex na ckane ACM. Ha
puc. 4 a B popmare 3D mnokazana HaHOIIOBEPX-
HOCTB 9pUTpONHTA mocje 12 gacoB poTanuu npu
t=37°C. IloBepxXHOCTHh KJIETKU HE MMeJa TOTIOJIO-
TUYeCKUX e(EeKTOB, a BBICOTA ee TMePOXOBATOCTH
He TTpeBbInasa 3 HM. Ha moBepXHOCTH pUTPOTIUTA
nocse 12 wacos poramuu npu t=20°C Habaoxa-
JINCHh TOTOJIOTHYECKHE JeheKThl B BUE TOMEHOB.
XapakrepHbie paszmepbl gomenoB 120—200 uwm.
Tny6una morpyskenns: nomena 8—10 um. Kommye-
CTBO <«3€PeH» B 00JACTH JOMEHA COCTABJSIOT OT
4—5 710 HECKOJIBKUX JeCATKOB. TaKkume TOMeHbI BO3-
HUKAJIW TPAKTUIECKN HA BCEX KIETKAX 9PUTPOIU-
tapHoii B3Becu. [Togobublii addext Mbl HabMO1A-
JIV TIPY IEMCTBUYM TOKCUHOB Ha KPOBb.

19 of ES storage at temperature 20°C. The number of
echinocytes was 14+2% after a 1-hour rotation and
40+7% after a 12-hour rotation. The number of
spheroechinocytes was 74£2% after a 1-hour rota-
tion and 42£8% after a 12-hour rotation. At a tem-
perature of 37°C, after a 1-hour rotation, four forms
of erythrocytes were present in a monolayer: disco-
cytes, echinocytes, spheroechinocytes, and ovalo-
cytes. The distribution of cell forms changed after a
12-hour rotation, and the cells recovered their
shapes to discocytes (97+2%). These changes can be
traced by comparing the corresponding images hori-
zontally (Fig. 3, arrows).

Fig. 3 shows the AFM images of cells on the
19th day of storage after 1-hour and 12-hour rota-
tion at a temperature of t=37°C and 20°C.

Fig. 3 Images of native erythrocytes in the field
of the AFM on Day of storage. Flat 100X100 um
scans. a) ES after a 1-hour rotation at t=37°C; the
arrow points to the ES after a 12-hour rotation at
t=37°C; b) ES after a 1-hour rotation at t=20°C; the
arrow points to the ES after a 12-hour rotation at
t=20°C.

To analyze the nanostructures, a 1.5X1.5 pum
cell fragment was scanned with a resolution of
1024x1024 pixels in an AFM scan. Fig. 4 (a) demon-
strates a 3D image of the erythrocyte nanostructure
after a 12-hour rotation at t=37°C. The cell surface
had no topological defects and the roughness height
did not exceed 3 nm. Topological defects in the form
of domains were observed on the erythrocyte surface
after a 12-hour rotation at t=20°C. Typical sizes of
domains were 120—200 nm. The domain immersion
depth was 8—10 nm. The number of «grains» in the
domain ranges from 4—5 to several dozens. Such
domains appeared in practically all cells of the ery-
throcyte suspension. A similar effect was observed
during the effect of toxins on the blood.

Metabolic parameters did not depend on the
temperature during the ES storage. During the ES
storage the concentration of K* ions in the suspen-
sion increased. On the 5th day of storage, it was
2.7+0.1 mM, and by the end of the storage period it
increased to 17.1+£3.7 mM. The pH value decreased
from 7.1£0.08 in the beginning of the storage period
to 6.6+0.08 at to the end of it. The lactate concentra-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 4



DOI:10.15360,/1813-9779-2017-4-30-37

91(CH€pV1M€HT3AbeIC MCCACAOBAHM

a

Puc. 3. U300paskeHust HATUBHBIX PUTPOLUTOB B nojie ACM.

Fig. 3. Images of native erythrocytes in the field of the AFM.

Note. On Day 19 of ES storage. Flat 100X100 pm scans. a — ES after a 1-hour rotation at t=37°C; the arrow points to the ES after a 12-
hour rotation at t=37°C; b — ES after a 1-hour rotation at t=20°C; the arrow points to the ES after a 12-hour rotation at t=20°C.
IIpumeuanue. 19-e cytku xpanenns IB. Ckanbr 100X100 Mmxm B mtockom dopmare. a — B uepes 1 wac poranuu ipu t=37°C cTpeskoii
nokazana B — yepes 12 wacos porarmn npu t=37°C; b — 3B uepes 1 yac poranuu nipu t = 20°C crpesikoii mokazana DB yepes 12 yacos
poraruu 1ipu t=20°C.

Puc. 4. Hanonosepxuocts MemGpanbl apurpoiutos II nopsinka 8 popmare 3D B moae ACM na Bo3ayxe.

Fig. 4. 3D image of the nanosurface of second-order erythrocyte membranes in the AFM field in air.

Note. On Day 19 of ES storage. 100X100 pum scans. a — after a 12-hour rotation at t=37°C; b — after a 12-hour rotation at t=20°C.
Ipumeyvanue. 19-e cyrku xpanenust IB. Ckansr 100X100 Mmrm. a — uepes 12 wacos poraiuu nipu t=37°C; b — uepes 12 yacos poraiuu
mpu t=20°C.

IMokasatesn mMerabosmama mpu xpanernn DB | tion increased from 8+1.3 (the first day of the ES
He 3aBUCENH OT TeMrepatypbl. 1o mMepe xpatnenus | storage) up to 20+1.2. The glucose level decreased
9B nossimanack KoHIeHTparys noHoB KT B cycren- | from 27£2 on the first day of storage to 14.6+1.2.
sun. Ha 5 cytku xpatenust oHa cocrasisiia 2,7£0,1 | Other biochemical parameters were within normal
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mM, a K OKOHYaHWIO CPOKAa XpPaHEHWS YBEJTUYNBa-
gack 10 17,1+37 mM. [Tokazarens pH ymenbimascs
ot 7,1£0,08 BHavase xparenus 10 6,6+0,08 k KoHITY
cpoka xpaHenus. KoHileHTpanus Jaktata yBeJndn-
Basach ¢ 8+1,3 (mepBbIii feHb XpaHeruss IB) mo
20+1,2 mMmousb/m. Imokosa ymenbmanach ¢ 27+2
(mrepBbIii 1eHb Xpanenns) 1o 14,6+1,2 mmoun /1. Oc-
TaJIbHbIe OMOXUMITUYECKIE TTOKa3aTeI HAXOAUINCh B
npeziesiax HOPMbI. [IpousBoamin 1o 3 MU3MepeHwust
Uit Kask ol mpoos (p<0,05).

[lo BBejIeHUS B KPOBSTHOE PYCJIO HE TTOI0TPETOH
(20°C) 9B wJsieTKH KPOBU MOTJIN MEHSITH CBOIO MOP-
(osornro m HanocTpykTypy. [Ipnm atom psam dopm
KJIETOK (Takue Kak SXUHOIWTHI, C(hePOIXUHOIUTHI,
OBAJIOIUTHI ) M UBMEHEHUS X HAHOTIOBEPXHOCTH CTa-
HOBUJIMCH HeoOpatuMbiMu. [Tpu poTariiu B TeueHme
12 yacoB WX HAHOCTPYKTYpa U MOP(GOJIOTHS HE BO3-
Bpalajach B UCXOAHOE cocTosiHue (puc. 3, a).

[Tocsie poraiuu IB B Teuenue 12 yacoB mpu
temmeparype 37°C 6osiee 97% KIE€TOK BOCCTAHABJIH-
BaIoOT CBOIO (hOPMY 10 AUCKOTUTOB (puc. 3, b)

Bo3MoskHO, UTO M3MEHEHUS B IPUTPOIHTAX, A
TaK/Ke WM3MEHEHUs MeTabojim3Ma ¥ KHUCIOPOAHOTO
obecrieueHrst OpraHu3Ma OTBETCTBEHHBI 32 PA3BUTHE
MOCJIEONEPAITMOHHBIX OCJOXHEHUI Yy TaIMeHTOB,
UMEBITUX Ty WA WUHYIO CTENEHb W TPOIOJIKUTETh-
HOCTb HeNpeIHAMEePEHHOUW TUTIOTEPMUU B WHTPAO-
MEPIIMOHHOM TIEPUO/IE.

C nomotpio ACM mokasasu, 4To TIpu HarpeBa-
Huu 110 37°C Mopdodorust kieTok namensercs. Ko-
JINYECTBO DPUTPOIUTOB PasHbIX (opm (TOJUMOP-
(pm3m) ymMeHbITaeTcst MM TaKue KJIeTKU TTOJTHOCTHIO
TparchopMupyIoTcs B IUCKOUTHL. Ha moBepxHocTn
MeMOpaHbl 9PUTPOIMTOB TIPU HarpeBanuu OB 10
37°C romosormueckue AedeKTH OTCYTCTBYIOT. llo-
norpesatve kposu 10 37°C gBsieTcst HeOOXOUMbIM
METOJIOM [IJIsI CHVKEHUSI PUCKA BBEJCHUS M3MEHEH-
HBIX (hOPM HPUTPOIIUTOB JIJIST TATTUCHTA.

3akjaoyeHue

[Tonydenublie pe3yabTaThl TOKA3BIBAIOT BJIWSI-
HUE OXJaKIeHWS TTPU KOHCEPBUPOBAHWH HPUTPO-
IIUTOB Ha u3MeHeHue ux Gopwmbl. [losBisiercs
6OJIBIIIOE KOJTMYECTBO HXUHOIUTOB, CHEPOIXUHO-
IIUTOB ¥ JIp. BBISABIEHBI HAPYTIEHUS HAHOCTPYKTY-
pBI MeMOpaH 9PUTPOIIUTOB, MOSBJIECHUE TOTOJIOTH-
yecKUX JeheKTOB B BUJE JTOMEHOB. OITHU
U3MEHEHUST MOTYT OBITh NMPUYMHON HapyIIeHUs
KHCJOPOZO-TPAHCIIOPTHON (YHKIIMU SPUTPOIIU-
TOB W Pa3BUTHS TUMOKCUYECKUX HAPYIIEHUN B TIO-
cJieoTiepallioOHHOM Tepuose. BocctanoBienue
MOP(HOJTOTUIECKON CTPYKTYPHI 3aMOPOKEHHBIX
PUTPOIUTOB TTPOUCXOIUT METICHHO — B TeUEHUE

JlurepaTtypa

1. Mopos B.B., Hosodepackuna U.C., Aumowuna E.M., Ajpanacves A.B.,
Powrckos U.A., 3apaceyxui 10.B. Koppekimst MOHKUIONNUTO3a 1 GHO-
XUMUYECKUX TT0Ka3aTeseil KpoBH MpH 0cTpoil Kposonorepe. O6uas

limits. 3 measurements were performed for each sam-
ple (P<0.05).

When the unheated ES was transfused (20°C)
blood cells could alter their morphology and nanos-
tructure. At that, a number of forms (such as
echinocytes, spheroechinocytes, and ovalocytes) and
their nanosurface became irreversible. After a rota-
tion of 12 hours their nanostructure and morphology
did not return to their initial state (Fig. 3, a).

After a rotation of the ES for 12 hours at a tem-
perature of 37°C, the cells restore their shape to dis-
cocytes (over 97%) (Fig. 3, b)

It is possible that erythrocyte surface nanos-
tructure, as well as changes in metabolism and oxy-
gen provision of the body are responsible for the
development of postoperative complications in
patients who were exposed to some degree of unin-
tentional hypothermia in the intraoperative period.

Using AFS, we demonstrated that heating to
37°C changes the morphology of the cells. The num-
ber of different forms of erythrocytes (polymor-
phism) is reduced or such cells completely transform
into discocytes. There were no topological defects on
the erythrocyte menbrane surface of after ES heating
up to 37°C. Warming the blood up to 37°C is a nec-
essary technique to reduce the risk of injection of
modified forms of erythrocytes to the patient.

Conclusion

The obtained findings confirm the effect of cool-
ing during erythrocyte preservation. The shape of
erythrocytes was changed. A great number of
echinocytes, spherochinocytes, etc. appeared. Defects
of erythrocyte membrane nanostructure were detect-
ed, as well as the emergence of topological defects in
the form of domains. These changes may impair the
oxygen transport function of erythrocytes and cause
the development of hypoxic disorders in the postop-
erative period. The morphological structure of frozen
erythrocytes recovers slowly, within 12 hours. It
means that the transfusion of red blood cells whose
temperature is below 37°C may not be effective for at
least 12 hours and the transfusion medium should be
warmed to reduce the risk of transfusion of altered
forms of erythrocytes to the patients.

12 gacoB. ITo 03HAUAET, 9TO TPpaHC(hY3U IPUTPO-
IIUTOB, TeMIlepaTypa KOTOpbix HUxe 37°C, HE MO-
sKeT ObITh d(P(PEKTUBHON B TeueHue, 10 KpaitHei
Mepe, 12 wacos u Tpebyercst corpeBaHue TpaHcdy-
3UOHHO# cpe/bl, YTOObI YMEHBIIIUTh PUCK TPaHC-
(bysnm mpenapaTtoB KpoBH.
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HpHMeHeHHe IK30Ir€HHOro (l)OC(l)OeraTI/IHa Y NalfME€HTOB IMMOKNJIOT0
H CTAPUYECKOT0 BO3pacCTa, ONIE€EPUPYEMBDIX I10 MMOBOAY KOJIOPEKTAJIbHOI'O paKa

B. H. lep6yros, A. JI. IToranos, B. 1. IToruesckas, J. M. XmeneBckuii
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Exogenous Phosphocreatine Application in Elderly
and Senile Patients Operated for Colorectal Cancer

Viktor N. Derbugov, Alexander L. Potapov, Vera 1. Potievskaya, Yakov M. Khmelevski

A. E Tsyba Medical Radiological Research Center, National Medical Radiological Research Center, Ministry of Health of Russia,
4 Korolev Str., Obninsk 249036, Russia

Iens: onenka ahhexTuBHOCTH TIpUMeHeHusT ak3oreHHoro dhocdokpearnna (DDKp) y nmarueHToB mMoKIIOTO
1 CTapYecKOTro BO3PACTa, OTIePUPYEMBIX TI0 TIOBOY KOJTOPEKTATBHOTO paKa.

Marepuas u MeTozbl. 80 ManeHToB ¢ OOBITHBIM BEIEHUEM TIEPUOTIEpAIIMOHHOTO Tieproaa (1 rpymma) u 56 ma-
[EHTOB, Y KOTOPbIX 00bIYHOE BeJeHue ObLIo Ao1oaHeHo HasHaueHnem DMDKp. B o6enx rpyiinax oleHeHbl 4acTo-
Ta OCJIOXKHEHUN U JIJTUTEJbHOCTD TOCITUTAIM3AIUN TI0C/Ie OTIePAIUU.

Pesyabratel. YacToTra mocseonepanMoHHbIX OCJAOKHEHHN Oblia Huke B rpymmne 2 — 7,2% mportus 35%
(p=0,001; OII1=0,18; 95% /I1: 0,07—0,49), IpenMyIiiecCTBEHHO 3a CUET YMEHBIIIEHUS] YHCJIa CJIydaeB OCTPOrO KO-
POHAPHOTO CHH/IPOMA U HECOCTOSATENbHOCTH aHACTOMO30B. J[TUTeTbHOCTh TOCTIMTAIN3AIINH TTIOCTe OTIepaIliy Tak-

ke Obljla HIDKE BO 2 TpyIIIe.

3akmouenue. [Ipumenenne DDKp moxer ObITh 9P HEKTUBHOI MEPOI A1 CHUKEHUA YACTOTHI TIOCIE0TIepa-
ITMOHHBIX OCJIOKHEHUI Yy HareHTOoB MOKUJIOTO U CTapPYECKOT0 BO3PacTa C KOJIOPEKTAJIbHBIM PAaKOM.

Kntouesvie cnosa: xonopexmanvhulii pax; Xupypeusi; 3xk302eHnvlil pocghokpeamun

Objective: to evaluate the efficacy of exogenous phosphocreatine (EPCr) application in elderly and senile

patients operated for colorectal cancer.

Material and methods. 80 patients with routine perioperative management (Group 1) and 56 patients in
whom routine perioperative management was supplemented with EPCr administration (Group 2). Postoperative
morbidity and duration of hospitalization after surgery have been assessed in both groups.

Results. Postoperative morbidity was lower in Group 2: 7.2% vs. 35% (P=0.001; OR=0.18; 95% CI: 0.07—0.49),
mainly due to decreasing the incidence of acute coronary syndrome and anastomotic leakage. The duration of hospi-

talization after surgery was lower in Group 2 as well.

Conclusions. Application of EPCr might be an effective measure to decrease the postoperative morbidity in

elderly and senile patients with colorectal cancer.

Keywords: colorectal cancer; surgery; exogenous phosphocreatine
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BBenenne

KomopekTaabHbIl pak SABASETCS OMHUM U3 HaU-
6oJiee YacTO BCTPEUAOTIIXCSI OHKOJOTHIECKIX 3a60-
JICBaHUH, 0COOEHHO CPe MAIMEHTOB TOKUIOTO U
crapyeckoro Bosdpacta [1]. B mociennee mecstuie-
THE MOCTOSIHHO PACTET YUCJIO MAIMEHTOB CTapiieit
BO3PACTHON TPYIIIIBI, KOTOPBIE TIOBEPTAIOTCST XUPYP-
TUYECKUM BMEITATEILCTBAM 10 TIOBOY 3TOTO 3a60-
JIEBAHUSL.

Introduction

Colorectal cancer is a most frequent oncologic
disease, especially among elderly and senile patients
[1]. In recent decades, the number of aged patients
undergoing operative interventions for this disease
has been continuously growing.

One of the ways to improve the quality of colorectal
cancer operative treatment is to improve the periopera-
tive management of patients. Hemicolectromies, sigmoid
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KapamnonporekTOopsbI .

OpHnM U3 myTeil MOBBINIEHNsT KAYeCTBA XUPYP-
TMYECKOTO JICUECHHST KOJOPEKATHHOTO PaKa SBIISCTCS
YCOBEPIIIEHCTBOBAHUE TIEPUOTIEPAIIIOHHOTO BEIEHISI
MAIMEHTOB. [eMUKOIDKTOMUN, PE3EKITMI CUTMOBH/I-
HOH KWIIKW, PE3CKIUN U OPIONIHO-TIPOMEKHOCTHBIE
SKCTUPTIAIIN TTPSIMOE KUTITKNA OTHOCSITCST K OTIepaIli-
sIM BBICOKOW CTENeHW TPaBMATHYHOCTHU, MTOITOMY
obecrieueHre 6E30TAaCHOCTH TAIIMEHTOB TIPY JaHHOM
BUJI€ XUPYPIUIECKUX BMEIIATETHCTB SIBJISIETCST aKTy-
aJbHON 3a/1auell COBPeMeHHO aHecte3nosoruu. 13-
BECTHO, YTO YaCTOTA OCTIOKHEHUN Y TTAIIUEHTOB TTOKHU-
JIOTO U CTapyeCcKOrO BO3PACTa, OTEPUPOBAHHBIX TIO
MOBO/LY KOJIOPEKTATHHOTO PaKa COCTABJSET MO JlaH-
HBIM PA3HBIX aBTOPOB OT 44 10 69% U TOBBIIAETCS C
yBesmyenneM Bospacta [2, 3]. [Ipu atom puck passu-
THUST OCJIOKHEHUH B IEPHOTIEPAITHOHHOM TTEPUOJIE YBe-
JINYUBAETCS TIPU HAJTMYUK COIYTCTBYIONIEN Cepied-
HO-COCYIUCTOH U 11epeOPOBACKYJISIPHOM TTATOIOTNH
[4—6]. [l manuenToB cTapiuimxX BO3PACTHBIX TPYTII
yKazaHHast TIpobJieMa uMeeT 0cob0e 3HAUCHUE 3a CUeT
MOBBITIIEHIST YACTOTHI BCTPEIAEMOCTH KaK OHKOJIOTH-
YECKUX, TaK U KapAUOJOTHUYECKIX 3200 IeBAHUIL.

OcobeHHOCTH BeIeHUs TepUOIePaIHOHHOTO
mepuoa MPHU COMYTCTBYIOMIEN KapAHOJIOTUIECKO
MATOJIOTUU pa3paboTaHbl U U3JI0KEHBI B COOTBETCT-
BYIOIINX KJINHUYECKUX PEKOMEHIAIUSIX y HAC B
cTpare u 3a pybexom [7, 8]. Oxrako TOT haxT, uTO
CPeIHMIT BO3PACT HaceJeHUsT B GOJBITHHCTBE Pa3BH-
TBIX CTPAH MUPa HEYKJIOHHO BO3PACTAET, 3aCTABJISIET
MCKATh HOBBIE IYTH CHIZKEHIST IMCJIA OCTOKHEHUHT Y
MAIMEHTOB CTAPIINX BO3PACTHBIX TPYIII, B TOM YHUC-
Jie CO CTOPOHBI CEeP/IIIa.

[TepcrieKTHBHBIM MTOAXOOM K PEIIEHHUIO TIPO-
GJIEMBI 3AITUTHI MUOKAP/IA B TIEPUOTIEPAIIMOHHOM T1e-
PHO/IE SIBJISIETCST MMOBBINIEHUE 9HEPTETUIECKOTO 06ec-
mevennsl KapAMOMHUOINTOB 3a CUYET IIPUMEHEHUs
sk3orenHoro ochorpearnna (IDKp) [9]. [ammbie
HegasHero Meta-ananusa Landoni G. u coasrt. (2016)
CBUJIETEJLCTBYIOT, YTO €T0 Ha3HAYEHNE COMTPOBOK/IA-
€TCsI TIOBBLINIEHNEM KPATKOCPOYHON BBIKMBAEMOCTH
MAIMEHTOB € WIIEMUYECKOi OOJIE3HBIO cepila
(UBC), XpoHWUECKOH CepAeTHON HEeIOCTaTOUHOC-
THIO U B Kapauoxupypruu. Cpean BaKHBIX BTOPHUY-
HBIX KOHEYHBIX TOUEK TAKKE YKa3bIBAETCS TO3UTHB-
HOe BJIMSHWE Mpelapara Ha YacTOTy apUTMUI,
dpaxmmto BeIGpoca sesoro keryaouka (DBJIIK) u
QUHAMUKY criennuaeckux GepMeHTOB Y KapaHOXu-
pyprudeckux maiuenTos [10]. Mbr mpeamosaraem,
qro nogo6HbIe addexrer IDKp MoryT okasars mo-
JIOKUTEJLHOE BJIVMSIHUE HA TEYEHUE MOCIIe0TepaIin-
OHHOTO TIEPUOJIa Y MAIMEHTOB CTAPIINX BO3PACTHBIX
TPYIII [IPYU HEKAPAUOXUPYPTUIECKUX OTIEPATIHSIX BbI-
COKOM TPaBMaTHIHOCT.

[enmpio HACTOSIIETO WCCJAEOBAHUS SBJSETCS
otteHKa 3(OPEKTUBHOCTH TTEPUOTIEPAIIMOHHOTO TIPH-
MEHEHUST 9K30TeHHOTO hochOKpeaTHHa y MAIHEHTOB
MOKUJIOTO U CTAPYECKOTO BO3PACTA, OTEPUPYEMBIX
0 TTOBOJTY KOJIOPEKTATBHOTO paKa.

colectomies, rectum and abdominoperineal resections are
highly traumatic operations; hence, ensuring the patient's
safety at this kind of operative interventions is a critical
task of contemporary anesthesiology. It is known that the
incidence of complications in elderly patients operated for
colorectal cancer is 44 to 69% according to different
authors and increases with the age [2, 3]. The risk of com-
plications during the perioperational period grows if there
is a concomitant cardiovascular and cerebrovascular
pathology [4—6]. For aged patients, this problem is par-
ticularly critical due to increased incidence of both onco-
logical and cardiologic diseases.

The specifics of perioperational management in
case of a concomitant cardiologic pathology have
been developed and worded in respective clinical rec-
ommendations both in this country and abroad [7, 8].
However, the fact that the mean age of population
steadily increases in the majority of developed coun-
tries of the world makes on finding new ways of
decreasing incidence of complications in elderly
patients, including cardiac complications.

A promising approach to address the issue of
myocardium protection during the perioperational
period is to increase the energy supply to cardiomy-
ocytes through application of exogenous phosphocrea-
tine (EPCr) [9]. Recent meta-analysis by Landoni G.
et al. (2016) evidences that its prescription is accom-
panied with increase of short-term survival of patients
with ischemic heart disease (IHD), chronic heart
insufficiency, and in cardiosurgery. Among important
secondary endpoints, the drug's positive effect on fre-
quency of arrhythmia, left ventricular ejection fraction
(LVEF), and dynamics of specific enzymes in cardio-
surgical patients are noted [10]. We assume that such
effects of EP may render positive influence on the
course of postoperative period in elderly patients dur-
ing highly traumatic non-cardiosurgical operations.

The objective of this study is to evaluate effica-
cy of exogenous phosphocreatine (EPCr) application
in elderly and senile patients operated for colorectal
cancer.

Materials and Methods

The topic of this study is included in public assign-
ment No.11505610009 and approved by the local Ethics
Committee. An open cohort prospective non-randomized
study was carried out that comprised 136 patients operat-
ed for colorectal cancer in A. Tsyb NMRRC since 2008
until 2013.

The inclusion criteria were:

— age 66 years and older;

— at least a 5-year anamnesis of a concomitant car-
diac pathology;

—  systematic administration of cardiac drugs that
does not require correction prior to an operative treat-
ment;

—  compensation of concomitant cardiovascular dis-
eases.

The exclusion criteria was type 11 diabetes mellitus.
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Marepuan u METObI

Tema raHHOTO WCCITEIOBAHMS BKJIIOYEHA B TOCYIAPCT-
BenHoe 3aganne Ne11505610009 u ogoOpeHa JIOKabHbIM
ATHUYECKUM KOMUTETOM. [IpoBesn OTKpBITOE KOTOPTHOE
MIPOCIIEKTUBHOE HEPAHOMU3NPOBAHHOE HCCJIC/IOBAHUE, B
KOTOpoe BKJounan 136 manneHToB, onepupoBaHHbBIX 110
oBOY KoJiopekTanbHoro paka 8 MPHIL um. A. ®. I[pi6a
¢ 2008 110 2013 TozbI.

KpurepusiMur BRITIOYEHUST ObLIN:

— Bo3pact 66 set u crapre;

—  aHamHe3 COIYTCTBYIOIEeH Kap/uasbHOii 11aT0JI0-
MU He MeHee 5 JIeT;

—  CHCTEMATHYeCKWil IpueM KapIHOTPOITHBIX Ipe-
[apaToB, He TPEOYIOIMH MPOBEAEHUS KOPPEKIUU TEpPe/]
OTIePATHBHBIM BMEIIATETbCTBOM;

—  KOMIIEHCAIUSI COMYTCTBYIOIUX CEPIEYHO-COCY-
JIUCTBIX 3a00J1eBaHMil.

KpurtepueM uckiodenuss Obla caxapHbiii auader 11
THTIA.

Bcex manmenTtoB pasmesnuau Ha 2 Tpymmbl rpymnma 1
(n=80) — cranmapTHOe Be/ieHNe TTePUOIIEPAITIOHHOTO Tie-
puona, rpymma 2 (n=56) — cTaHZapTHOE BEIEHUE, TOT0J-
HEHHOe NpUMeHeHueM IDKp («Heoron»,
AlfaWassermann, Utamus). B obenx rpyrmimax mepez ome-
patimeii mpoBesin aXxoKapanorpaduieckoe Uccae[0BaHueE 1
xonrepoBckoe MouutopupoBanue IKI, ormennam puck
Pa3BUTHUST KaPAMOJIOTHIECKUX OCTOKHEHMI 110 1Kasie Lee
[7, 11]. Bce omnepaiuu BbIoJIHUIN 101 0011l KOMOUHY-
pOBaHHOII 2HOTpaXeaabHOU aHecTe3ueil (ceBodJiopaH,
denranmnn) ¢ muopenakcantamu 1 UBJI. Unnykimio ocy-
IIeCTBJISJIM BHYTpUBeHHO Tpornodosom B no3e 0,9—1,3
MT/KT 1 henTanusaoM B no3e 1,6—1,9 mxr/xr. [lng monzaep-
SKQHWST aHECTE3UN MCIIOJIb30BAM BHYTPUBEHHO (DEHTAHWII
B no3e 1,3—1,7 MKr/Kr/4, HHTaJISAIUOHHO ceBO(IypaH B
kounentpanun 0,8—1,2 MAK, B kauecTBe MUOpeakcaHTa
npumensiicst TpakpuyM B no3e 0,2—0,4 mr/xr/4. Vcmomnb-
30BaHHbIE HAMU METO/IbI TIO/IIEPKAHNUST aHECTE3UN He Tpe-
OYIOT TIOPOOHOTO UBJIOKEHMS, TAK KaK MOAPOOHO onuca-
Hbl B TIPAKTUYECKUX PYKOBOJACTBAX TI0 AHECTE3UOJIOTHH
[12]. OMKp mpuMeHsIIH BHYTPUBEHHO IO CJEAYIOINIEH
cxeme: 2 r/cyT. 5 jiHel 10 oniepaiuu, 4 r BO BpeMs oriepa-
1w, 2 r/cyt. 3 aud nociue oneparuu. lannyio cxemy pas-
paboTaji ¢ y4eTOM JIMTEPATYPHBIX JAHHBIX: /1032 BBOJIM-
MOro Impemapara OblIa MeHbIE, 4YeM IpU Psije
Kapauoxupyprudeckux Bmemarenabets ¢ UK [13—16] u
COTIOCTaBUMA C /10301, BBOAMMON IPU MPOTE3UPOBAHUU
kuananos 6e3 VK, iedyennn nnbapkTa MHOKap/a U XpOHU-
YeCKOI cep/ieqHOIl HeJIOCTATOYHOCTH Y TIOKUJIBIX MalieH-
ToB [17, 18].

[py1mbl manueHToB GbLIKM COMOCTABUMBI IO TOJLY, BO3-
pacry, GU3MKaJIbHOMY CTATYCY U XapaKTepy BbIITOJHEHHbBIX
oneparuii (tabsr. 1).

IIpoBenentoe TpeporepalioHHOe  00CIe0BaHNEe
(TabJ1. 2) He BBISIBUJIO 3HAYNMOTO PA3JINYUST B PacIpeee-
HUKU GOJIBHBIX MO TSKECTH COMYTCTBYIOIIEH MaTOJOTHH.
Hawubouee pactpocTpaHeHHOI COMyTCTBYIONIEH 1aTOI0TU-
eil B IAaHHBIX IPYIINAX CPAaBHEHUS SBJISJIACH apTepuaIbHast
TUIIEPTEH3MUS.

B mocneornepaiiionnoM mepuojie GUKCUPOBAIHN KJIU-
HUYECKH 3HAYMMBIE OCJIOKHEHUSI, KOTOPBIMU CUUTAIH CO-
CTOSTHUSI, TOBJIMSIBIIINE HA JITTUTEJIBHOCTD TOCITNTAIU3AIINH,
noTpeGOBaBIIKE JIONOJHUTEIbHBIX JIeUeOHBIX MEPOIIPHS-
TUI WJIN TIPUBE/IIINE K JIETATTBHOMY UCXOLY.

All patients were split into 2 groups: Group 1 (7=80)
— standard perioperative management, Group 2 (n=56) —
standard management supplemented with EPCr (Neoton,
AlfaWassermann, Italy). In both groups, the operation was
preceded by echo-cardiography and Holter ECG monitor-
ing, and Lee assessment of the risk of cardiologic complica-
tions [7, 11]. All operations were done under general com-
bined endotracheal anesthesia (Sevoflurane, Fentanyl)
with muscle relaxants and ALV. Induction was made using
Propofol 0.9—1.3 mg/kg i./v. and Fentanyl 1.6—1.9 pg/kg
i./v. Anesthesia was maintained with Fentanyl 1.3—1.7
ug/kg/hri./v., Sevoflurane by inhalation at minimal alve-
olar concentration 0.8—1.2; as a muscle relaxant, Tracrium
0.2—0.4 mg/kg/hr was used. The methods that we used to
maintain anesthesia do not require expansion since they
are detailed in anesthesiology practice guidelines [12].
EPCr was administered intravenously as follows: 2 g/d 5
days before operation, 4 g during operation, 2 g/d 3 days
after operation. This regimen was developed by the
authors taking into account data from literature: the
administered drug dose was smaller than in a number of
cardiosurgical treatments with IVC [13—16] and compara-
ble to the dose administered during valve replacement
without IVC, treatment of myocardium infarction and
chronic heart insufficiency in elderly patients [17, 18].

The groups of patients were comparable by sex, age,
physical status, and nature of surgeries performed (Table 1).

Pre-operative screening (Table 2) found no significant
difference in the distribution of patients by concomitant
pathology severity. Arterial hypertension was the most
common comorbidity in the compared groups.

During the post-operative period, record was taken of
clinically significant complications, which were conditions
that affected inpatient hospitalization period, required
additional treatment measures, or had lethal outcome.

Statistic processing of the data obtained was conduct-
ed using STATISTICA 6.0 and MedStat 4 software. In
case of normal distribution of data, the findings were
reported as M*m and reliability of differences in the
groups was assessed by Student's t-test for independent
samples. In case of other data distribution than normal,
non-parametric statistics (F-test) was used. Odds ratios
(OR) were calculated for occurrence of an adverse event
(complication), as well as the number of patients who
needed treatment to prevent one case of complications
(NNT — number need to treat) with 95% confidence inter-
vals (CI). Differences were considered statistically signifi-
cant at P<0.05.

Results and Discussion

In the course of the study, findings were
obtained, which evidenced that perioperative EPCr
application in elderly patients operated for colorectal
cancer could affect the incidence of complications,
what's more — not only cardiovascular (Table 3).

The total incidence of complications and mor-
tality in Group 1 corresponded to average figures for
elderly patients operated for colorectal cancer [2—5].
The reasons for lethal outcome in that group were
acute myocardium infarction and peritonitis at the
background of anastomotic leakage.
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Ta6mma 1. Kivnuueckas xapakrepucTuka 00cC/eI0BaHHbIX MAIIMEHTOB M CBE/IEHHS O BHINOJHEHHBIX OIEPATUBHBIX
BMeIIaTe bCTBaX.
Table 1. Clinical Characteristics of Study Patients and Surgeries Performed.

Index Values of index in groups

{st 9ond
Number of patients, n 80 56
Sex, M/F 29/51 17/39
Mean age, years (M*m) 72.4%+0.55 78.06=0.58
Lee index, points (M+m) 2.48+0.1 2.98+0.09
LVEEF, % (M=m) 63.82+0.98 65.5+0.92
Laparoscopic/open operations, n 45/35 30/26
Hemicolectomy, 7 29 28
Sigmoid colectomy, 7 21 8
Rectum resection, n 25 18
Abdominoperineal resection, n 5 2

ITpumevanue. Index — nokazarenn; Values of index in groups — sHauenune nokasaress B rpynmax; Number of patients — umncsio naru-
entos; Sex, M/F — noux, M/7K; Mean age, years — cpeanuii Bo3pact, rojbl; Lee index, points — unzgekc Lee, 6amnn; LVEF — OBJIK;
Laparoscopic / open operations — Jlarapockonudeckue / oTkpbiThie oneparyu; Hemicolectomy — remukomnakromun; Sigmoid colec-
tomy — pe3eKIuu CUTMOBU/IHOI KuinKy; Rectum resection — pesexunn npsimoit kumiki; Abdominoperineal resection — GproutHo-1po-
MEKHOCTHBIE SKCTUPIIAIIY TPSIMON KUK,

Ta6anua 2. BpisiBIeHHasI IATOJIOTHS CEPAEUYHO-COCYAMCTON CHCTEMBI.
Table 2. Diagnosed Cardiovascular Pathology.

Cardiovascular pathology Number of patients with recorded complications in groups, (%)

1st, n=80 2nd =56

[HD, effort angina FC 2(CCS) 30 (38) 25 (45)
THD, effort angina FC 3(CCS) 3 (4) 5(9)

THD, postinfarction cardiosclerosis 3 (4) 8 (14)
CHI — FC 2 (NYHA) 17 (21) 20 (36)
CHI — FC 3 (NYHA) 4 (5) 5(9)

Hypertensive disease 52 (65) 44 (79)
Atrial fibrillation, permanent 9 (11) 8 (23)
Changes on Echo-CG EF less than 50% 5(6) 6(11)

Ipumeuvanue. Cardiovascular pathology — marosorus cepaeuno-cocymucroii cucremor; Number of patients with recorded complica-
tions in groups — YKCJIO MAUEHTOB ¢ 3aUKCHPOBAHHBIMU OcJoxkHeHsiMu B rpymnax; IHD, effort angina FC — BC, crenokapst
nanpsokernuss DK; postinfarction cardiosclerosis — nocrundapkTabiii Kapanockaepos; CHI — XCH; Hypertensive disease —
runepronndeckas 6Gosesnb; Atrial fibrillation, permanent — ¢pubpuinsnus npencepanii, nocrosunas dpopma; Changes on Echo-CG —

nsmenenust mpu Ixo KI; EF less than — @B menee.

Crarucrideckyio 06pabOTKy MOJTyYeHHbIX pe3yJibra-
ToB npoBoauH 1ipu momony mporpamm STATISTICA 6.0
u MedStat 4. Ilpu HOpMaJIbHOM pacHpeeseHun TaHHbIX
pe3yJIbTaThl IPECTaB/IsIn B Buge M=*m, 10CTOBEPHOCTD
pa3IuYnil B TPYTINAX ONEHUBAJI IIPU TOMOIIHN t-KPUTEPHUST
CrpiofienTa 1151 He3aBUCUMbIX BbIOOPOK. [Ipu pacripesere-
HUW JAHHBIX, OTJUYHOM OT HOPMAJBHOTO, MCIIOJIb30BAJIN
HerapaMeTpUYecKie CTaTHCTHIeCKUe MeTOIbl (KpUTepUit
O@urepa). Paccunrann 3HaueHnsi OTHOIICHUS IIAHCOB
(OIIl) nacrymienust HeGIATONPUATHOTO coObiTUs (OC-
JIOXKHEH), & TaKyKe YHCTIO TAIMEHTOB, KOTOPBIX HYKHO
[IPOJIEYUTD JIJIsI TIPEIOTBPAIIEHUST OIHOTO CJIydasi OCJIOXK-
neruii (NNT — number need to treat) ¢ 95% nosepuresin-
npiMn untepsasamu ([I1). Paznnunda cunranu cratuctu-
yeckn 3HauMMbIME 11pu p<0,05.

PesyubraThl 1 00CyK/1€HUE

B xome HacTosIIeTO WCCTEAOBAHWS MOMYIIIN
PE3yIBTAThI, CBUIETEIBCTBYIOINHE O TOM, YTO TPUMe-
neare IDKp B mepuorepaiioHHOM EPUOIE Y T0-

In total, 17 coronary events were recorded: 14
in the control and 3 in the study group.
Asymptomatic myocardium ischemia that rendered
no influence on treatment tactics or inpatient period
duration was recorded on ECG in 7 patients of the
control group and 3 patients of the study group.
Acute coronary syndrome developed in 6 patients of
the control group during the first postoperative 24
hrs.: 4 cases — unstable angina; 2 cases — acute
myocardium infarction, one of them had a lethal
outcome. In one case, acute myocardium infarction
developed on day 4 after the patient was discharged
from the hospital (perioperative day 12) and ended
lethally. In general, coronary events related to
myocardium ischemia were recorded in 17% in the
control group versus 5 % in the study group
(P=0.06, F-test). Mortality due to surgical compli-
cations was 0.74%, mortality due to coronary com-
plications was 1.47%, and postoperative mortality
amounted to 2.21%.
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Ta6auna 3. CTPYKTypa KIMHUYECKH 3HAYMMBIX OCJIOKHEHHH Yy 00CIe/I0BaHHBIX MAIMEHTOR.
Table 3. Structure of Clinically Significant Complications in Examined Patients.

Complications Number of complications in groups, n (%) P (F-test)
{st Ind

Acute coronary syndrome 7(8.7) 0 0.0412
Asymptomatic myocardial ischemia (according to ECG on p/o day 1) 7(8.7) 3(5.4) 0.52
Thromboembolic complications 2(2.5) 0 0.51
Anastomotic leakage 6 (7.5) 0 0.042
Postoperative delirium 6 (7.5) 1(1.8) 0.24
Total 28 (35) 4(7.1) 0.0002
Lethal outcome 3(3.8) 0 0.27

ITpumeuanue. Complications — ocioskuenus;; Number of in groups — uucso B rpynmax; Acute coronary syndrome — ocTpsiii Kopo-
HapHbIil curapom; Asymptomatic myocardial ischemia (according to ECG on p/o day 1) — 6eccumnromuas uiiemust Muokap/a (1o
manubiv OKT B 1 /0 cytiu); Thromboembolic complications — TpomboambGosnueckue ocaoxuenus; Anastomotic leakage — Heco-
CTOATEBHOCTH aHacToMo3a; Postoperative delirium — mocieonepannonnsiii gesupuii; Total — Beero; Lethal outcome — neranbrbrii

ucxo; F-test — kpurepuit Quriepa.

JKUJTBIX TIATTMEHTOB, OMEPUPYEMBIX 110 TTOBOY KOJIO-
PEKTATHHOTO PaKa, MOKET BJIUATH HA YACTOTY OC-
JIO)KHEHU, TPUYEM He TOJBKO CO CTOPOHBI cepiied-
HO-COCYIMCTO cucteMbr (Taba. 3).

OO61as 9acToTa OCIOKHEHUI 1 JIETATbHOCTh
B rpymime 1 COOTBETCTBOBAJIU CPEJHUM ITOKa3aTe-
JISIM Y TIAITUEHTOB TTOKUIOTO W CTapYeCKOTO BO3pa-
CTa, OMEPUPOBAHHBIM TIO TIOBOY KOJOPEKTATHHOTO
paka [2—35]. [IpuumnamMu JieTaJIbHBIX MCXOIOB B
JTAHHO rpymnie OBLIN OCTPBINH MHPAPKT MHOKapaa
U TIEPUTOHUT Ha (DOHE HECOCTOSATETbHOCTH MEKKHU-
MIEYHOTO aHACTOMO3a.

B mesiom 3adukcupoBamm 17 ciydaeB KopoHa-
POTEHHBIX COOBITHIT — 14 B KOHTPOJIBHOI U 3 B OC-
HOBHO Tpy1ITie. beccnMIITOMHYI0 HIITEMHUTIO MUOKap-
Jla, He TOBJUSBIIYI0 HW TAaKTUKY JieUeHUS HU Ha
MPOJIOJKUTETIBHOCTD TPeObIBAHNUS B CTAIIMOHAPE, 3a-
(pukcupoBasnu Ha IKI y 7-Mu manneHTOB KOHTPOJTh-
HO TPyTIBl My 3-X MAaIMEHTOB OCHOBHOM TPYTITIHI.
OcTpbliii KOPOHAPHBIN CUHPOM Pa3BUJICS y 6-TH mMa-
IIUEHTOB KOHTPOJBHOI IPYTIIHI B 1-€ mocsieornepar-
OHHBIE CYTKU: B 4-X CJIydasix HecTaOWIIbHAsl CTEHO-
Kapwst, B 2-X CIAydasix OCTPHIN WH(PAPKT MUOKAP/Ia,
B OJIHOM CJiydae ¢ JIeTAJbHBIM MCXOZOM. B omHOM
cydae ocTphIii MHMAPKT MUOKap/ia Pa3BUJICsS Ha 4-¢
CYTKM TIOCJIE BBITTMCKN TTalteHTa n3 ctarmonapa (12-
e /0 CyTKN) W 3aKOHYUJICS JIETATbHBIM NCXOZ0M. B
1[eJIOM, KOPOHAPOTEHHBIE COOBITHSI, COMPSIKEHHBIE €
urremuei Muokap/a saduxcuposanu y 17% manuen-
TOB KOHTPOJIBHOW TPYTIBI TIPOTUB 5% OCHOBHOIM
rpymmst (p=0,06, kpurepuit Ouepa). JletambHOCTD
32 CYET XUPYPTUUECKUX OCTOKHEHUN COCTABUJIA
0,74%, meTambHOCTH 3a CYET KOPOHAPOTEHHBIX OC-
goxuennit — 1,47%, mocieomnepaioHHast JTeTalb-
Hocth — 2,21%.

B rpynme 2 3ahuKcUpoBaIN CTATUCTHYECKU
3HAYMMOE CHUKEHHE OOIIeil 4acTOThl OCJIOKHEHUN
(OI=0,18; 95%/111: 0,07—0,49) ipenmyIecTBEHHO
3a CYeT YMEHBIEHUS YHUCJIA CIyY4aeB OCTPOTO KOPO-
HAapHOTO CUHAPOMA W HECOCTOSTENBbHOCTH MEXKKH-
MIEYHBIX aHACTOMO30B. [losryueHHbIe TaHHBIE TaKKe
CBUJIETEJLCTBYIOT O TOM, uTo npumenenne DDKp

In Group 2, a statistically significant reduction
of the total incidence of complications was observed
(OR=0.18; 95%CI: 0.07—0.49), mostly due to inci-
dence reduction for acute coronary syndrome and
enteroenteroanastomosis leakages. The findings also
evidenced that EPCr application allowed preventing
any complication in every fourth patient (NNT=3.2;
95%CI: 2.3—5.7). More favorable postoperative
course resulted in a shorter mean inpatient period
after surgery from 18.16+1.38 to 13.07£0.78 days in
case of laparotomy access (P=0.006) and from
11.99£1.17 to 7.77+0.45 days in case of laparoscopic
interventions (P=0.004). There were no deaths in
Group 2.

The role of phosphocreatinine in the body and
the influence of its exogenous analog on the functional
cardiac status are well known [10, 19]. The 'phospho-
creatinine shuttle' function consists in providing con-
tinuous ATP resynthesis to support myocardium vital-
ity and inotropic function. Besides, the said
mechanism is important for contraction of cross-striat-
ed muscle myofibrils, cellular capture of glucose, and
promotion of microsomal protein synthesis. EPCr pro-
tective effect is realized thanks to intracellular pene-
tration of some amount of the drug and maintenance of
high ATP concentration. EPCr stabilizing influence on
cellular structures due to direct interaction with mem-
brane phospholipids is described, too [19].

In postoperative THD patients may develop the
so-called 'delivery ischemia' in myocardium when
unstable stenosis of coronary artery entails reduced
supply of oxygen and energy to cardiomyocytes [20].
With time, the dissociation between the cardiac
muscle's demand for energy and its availability may
aggravate so that unstable angina or myocardium
infarction will develop. Therefore, it can be assumed
that optimization of energy metabolism in the heart
at the background of EPCr application will help
reduce the incidence of such complications thanks to
decreased bioenergy deficit [21].

Hypoxia is accompanied with decreased ATP
concentration in tissues resulting to energy deficit.
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MO3BOJIAJIO TIPEIOTBPATUTH KAaKOE-JTHO0 OCJIOKHEHIE
y kaxzporo yerBeproro marmenta (NNT=3,2; 95%
JN: 2,3—5,7). Tlogo6GHoe Gosiee OIaronpusiTHOE Te-
YeHue TOCJAeONEePAIMOHHOTO TIePUo/ia TIPUBENO K
CHWKEHWTO CPETHETO CPOKA TOCTTUTATU3AIUHN TTaTlH-
eHTOB Tocsie oneparuu ¢ 18,16%£1,38 no 13,07£0,78
nHS Tpu jgamapotoMHoM noctyme (p=0,006) n c
11,99+1,17 no 7,77%0,45 qHs TIpK TAaTTaPOCKOTIITUEC-
kux BMmermaTeabeTBax (p=0,004). JleTaabHBIX MCXO-
JIOB BO 2 IpyIIIie He ObLIO.

Pouib pochokpearia B opranusaMe U BIUSTHUE
€T0 HK30TEHHOTO aHaJora Ha (DyHKITMOHATBHOE CO-
crostaue cepana xopotio u3sectuot |10, 19]. Oynk-
s «(hochOKpPeaTHHOBOTO YETHOKA» 3aKIIOUACTCS B
obecrieueHnr MOCTOSTHHOTO pecurTesa ATD s
MO/IEPsKAHNS JKU3HEEATETbHOCTH W WHOTPOITHOM
¢ysrnmm muokapaa. Kpome toro, ykazaHHBIN Mexa-
HU3M WMeeT 3HaueHue I COKpalleHust Muoduo-
PUJLT TIOTIEPEYHOIIOIOCATON MYCKYJIaTyphl, 3aXBaTa
TJTIOKO3BI KJIETKAMU U CTUMYJISIIIMA MUKPOCOMAJTh-
HOTOo cuHTe3a Oeska. 3amutHoe jaeiictrue IDKp pe-
aJM3yeTcs 3a CYET MPOHUKHOBEHMST HEKOTOPOTO KO-
JIMYECTBa Tperapara B KJIETKY W TOJJepPsKaHus
Boicokoi KoutenTparu AT®. Omucano Taxkke cra-
ounusupyiomee BiausiHue IDKp Ha KieTouHbIE
CTPYKTYPBI 32 CUET TIPSIMOTO B3aMMOJIEHCTBUS C MEM-
6parnbiME hochosmmumamu [19].

Y marmmenToB ¢ UBC B ocsreotiepalfioHHOM Tie-
pHoZie B MUOKAp/ie MOXKET Pa3BUBAThCS TaK Ha3bIBae-
Mast <HIIeMUsI JIOCTaBKU», KOT/a HeCTAOUIbHBIN cTe-
HO3 KOPOHAPHOI apTepuy MPHUBOAUT K CHIZKEHHUTO
obecrieyeHusT KapAHOMUOIIUTOB KHCTIOPOIOM U 9HEpP-
ruett [20]. C TedeHMEeM BpeMeHN CCOTTHAIIT MEKLY
HHEPTETHYECKON TOTPEOHOCTHIO CEPAETHON MBI 1
BO3MOYKHOCTBIO €e 00eCTIEUCHIST MOKET YCYTYOUThCS
JIO TAKOM CTETIEHH, YTO PA3OBbETCS HeCTaOIbHAS CTe-
HOKap/vs nian wH(papKT Muokap/a. [Toatomy MOKHO
MIPETTONOKUATD, YTO ONMTUMU3AINS SHEPTETHIECKOTO
MeTtabosinama B cepaile Ha dote mpumerennst DD Kp
Oyner crnocobCTBOBATh CHUKEHWIO YaCTOTHI JTAHHBIX
OCJIOKHEHU! 32 CUeT yYMEHBINEHWS BBIPAKEHHOCTH
6rosmepreTnyeckoro aedurmra [21].

[Tpu rumokcum MPOUCXOIUT CHUKEHNE KOHIEH-
tparuu AT® B TKaHsIX, YTO IPUBOAUT K SHEPreTHYE-
ckomy neduruty. BocrosHenne aToro nedurmra 3a
cYeT HK30TEHHOTO TMOCTyTUIeHus KpeaTuHdochara
MOKET OBITh WCIIOJIB30BAHO [ MPEIOTBPAIICHIIS
HETATUBHBIX 3(h(PEKTOB KUCTOPOAHOTO TOJOMAHWS.
N3BecTHO, 9TO yXy/IIIEHNE CUCTOINIECKON (DYHKITAT
MUOKap/ia TpH JEKOMIIEHCAIIUN XPOHWUYECKON cep-
JIEYHON HEIOCTATOYHOCTU MOXKET MPUBOAUTH K Me-
3eHTepHaIbHOI niemun [22, 23]. MoKHO THTIOTETH-
YEeCKH MPEANOJNOKUTD, YTO YJIyUIIeHuEe WHOTPOITHOM
(byHKIIMM cepzlia MO3UTHUBHO BJIUSIET HA COCTOSTHUE
neprdepruIeckoro KpOBOOOpaIleHnst B KUIIKE U sIB-
JISETCST OJTHUM U3 BEPOSTHBIX MEXaHU3MOB TEHJIEH-
1IN K CHUZKEHWTO YaCTOThI HECOCTOSTEIbHOCTH aHac-
TOMO30B BO 2 TpyTIIIE.

Making up that deficit through exogenous creatine
phosphate may be used to prevent negative effects of
oxygen deficit. Tt is known that worsening of
myocardium systolic function during decompensa-
tion of chronic heart insufficiency may lead to
mesenteric ischemia [22, 23]. It can be hypothesized
that improvement of the cardiac inotropic function
renders positive influence on bowel peripheral blood
circulation and is one of the probable mechanisms of
the trend towards reduced incidence of anastomosis
leakage in Group 2.

There by, contemporary literature analysis and
findings of this study evidence that EPCr applica-
tion is a promising direction of improving the quali-
ty of treating elderly patients operated for colorectal
cancer. Use of this drug is pathogenically justified
and effective in terms of reduced incidence of post-
operative complications and shorter inpatient time.
The data obtained also support conducting larger
randomized clinical studies in this field.

Conclusion

EPCr application in elderly and senile patients
operated for colorectal cancer is followed by a reli-
able decrease of the incidence of postoperative com-
plications from 35 down to 7.2% (P<0.001).

Decreased incidence of complications is
observed mostly thanks to the reduced incidence of
acute coronary syndrome and anastomosis leakages
(correspondingly, 7/80 vs 0/56, P<0.05 and 6/80 vs
0/56, P<0.05).

Perioperational EPCr application in elderly
and senile patients with colorectal cancer is associat-
ed with a shorter inpatient time in case of both open
and laparoscopic interventions.

TakuM 00pa3oM, aHAJIN3 JTaHHBIX COBPEMEH-
HOU JTUTEPaTyPhl U PE3YIbTAThI HACTOSIIETO UCCTe-
JIOBaHUS CBUJIETEJIBCTBYIOT O TOM, UTO TTPUMEHEHME
ODOKp sBsieTCST MEPCIEKTUBHBIM HAMPaBIEHIEM
VAYUIIEeHWST KauyecTBa JIEYCHUST TTOKUJIBIX TTallueH-
TOB, ONEPUPYEMBIX IO MOBOAY KOJOPEKTATHLHOTO
paka. Mcrorp3oBanre JaHHOTO TIperapaTa sSBJseT-
Cs1 aTOTEHETUYECKU 0OOCHOBAHHBIM U 9(HEKTUB-
HBIM € TOUYKU 3PEHUS CHUKEHUS YUCTIa Toceonepa-
IIMOHHBIX OCJOXHEHUH W COKpAIIeHUs CPOKOB
rocriutanusaiuu. [lomyueHHbie TaHHBIE TakxKe Je-
JIATOT 11e7Ieco00pasHbIM MPOBEAcHUE 0ojiee KpyTi-
HBIX PAaHJIOMU3UPOBAHHBIX KIMHUIECKUX UCCIEO0-
BaHUI B 3TOH o6JsacTu.

3akJjouyeHmne
[Tpumenenve DDKp y marmeHToB MOKUIOTO U

CTap4Y€CKOTO BO3pacCTa, OMEPUPYEMBIX T10 TTIOBOTY KO-
JIOPEKTAJbHOTO pPaKa, COIIPOBOXIACTCA JOCTOBEP-
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HbIM CHVZKEHMEM YKCJIa IOCIEOIEePALMOHHBIX OC-
JoskHeHni ¢ 35 10 7,2% (p<0,001).

YMmeHnbIeHre 9acTOThl OCIOKHEHUIA Ha6JHOlIa-

€Tcsl MPEMMYIIECTBEHHO 32 CYET CHWKEHMS JHhca
CIIy9aeB OCTPOTO KOPOHAPHOTO CHHIPOMA U HECOCTO-
STEJLHOCTH aHacTOMO30B (cootBercTBeHHO 7/80 Vs

0/56, p<0,05 1 6/80 vs 0/56, p<0,05).
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JlekcMeIETOMUINH KaK KapAHONPOTEKTOP B KapAHOXupypruu (00630p)
1. A. Koznos!, T. B. Knbiia?, 1. O. Autonos?
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Dexmedetomidine as a Cardioprotector in Cardiac Surgery (Review)
Igor A. Kozlov', Tatiana V. Klypa®, Igor O. Antonov’

' M.E. Vladimirsky Moscow Regional Research Clinical Institute
61/2, Shchepkin Str., Moscow 129110, Russia
? Federal Research and Clinical Center of Federal Medical and Biological agency of Russia,
28 Orekhoviy Av,, Moscow 115682, Russia

B nanzoM 0630pe JimTepaTyphl IPeCTABIIIN aHAIN3 Iy OJIMKAIIUEL, TIOCBSIIIEHHBIX HCIIOIb30BAHUIO CEJIEKTUBHOTO
ArOHKCTA (Ly-aJIPEHEPTNYECKUX PEIENTOPOB (ay-AP) iekeMeieToMuInHa B KauecTBe Kap/inopoTeKTopa Ipu Kap/mo-
XUPYPIUIECKUX OTeparusax. KpaTko nsiouim neTopuiyeckre aCeKThl BHEJIPEHHS aTOHNUCTOB y-AP B TpakTuKy aHe-
CTe3N0JIOTUN-peannmarosioruy. [IpoananmanpoBam BO3MOKHBIE MEXaHU3MbI KAPANOIIPOTEKTOPHOTO JEHCTBUS JIEKC-
MezileToMuHA (IIEHTPAJIBHBIN CUMIIATOIN3U3, OJIArONPUSTHOE BJIMSHUE HA I KOPOHAPHOTO KPOBOTOKA U
yMeHblieHre 3dhdeKkTa KOPOHAPHOTO «00KPAIBIBAHUS» MCXOIHO UIIIEMU3UPOBAHHBIX 30H MHOKAP/A, TPOTUBOBOCIIA-
JINTEJIbHBIN 1 aHTHOKCHIAaHTHBIHN 3 deKT, peyTpesk/ienne akTuBalnm anonrosa). [Ipoanansuposain anibie 9Kc-
MIePUMEHTAILHBIX UCCIIEI0BAHMIA, TIOCBAIIEHHDIX IeKCMe/IeTOMIIMHOBOM Kap/imonpoTteknnu. Paccmorpernu pesyaisra-
ThI KIMHMYECKUX UCCJIEI0BAHUN, BKIFOYAst JaHHbIE METa-aHAIU30B. V3/10KUIN JaHHbIE O OJIArONPUATHOM BJIMSHUN
JIeKCMeZIeTOMH/IHA Ha pasJIMyHble ToKa3aTe Iy T0CIeoNepallMoHHOr0 1Iepro/ia, BKII0Yas CHIDKeHUe PUCKA Pa3BUTHS
Jenupst, 00111e OCJOKHEHMSI KAPAUOXUPYPIUYECKUX BMELIATEBCTB ¥ JIETATLHOCTD O0JIbHBIX. [IpecTaBuiiv jaHHbie
0 Kap/IMOIPOTEKTOPHBIX CBOUCTBAX JIEKCMEETOMUINHA Y XUPYPIrUYeCKX OOJIbHBIX, KOTOPBIM BBIIIOJIHSIOT HEKAP/IH-
aJIbHbIE BMEIATENTBCTBA, OCOOEHHO COCY/IMCTBIE, BKIIOYAsT OTIEPAIINI BHICOKOTO PUCKA Ha aopTe. BoImorHmm cpaBHu-
TeJIbHBIN aHAJIN3 Pe3yJIBTaTOB KIIMHUIECKUX MCCIEIOBAHIH, N3YYaBIINX A€KCMEIeTOMUMHOBYIO KapAHOTPOTEKITHIO
[PH OIEPAIMSIX ¢ UCKYCCTBEHHBIM KpoBooOpatieHneM. OIicain KOMIUIEKC MOJIE3HbIX (hapMaKoJIorndeckKux s¢dek-
TOB JIEKCMEIETOMU/IMHA [IPU aHECTE3UO0JION0-PEAHUMATOIOIMYECKOM 00€CIIeYeHUH KapIUOXUPYPIHUECKIX OTIePalluii,
B TOM 4HCJie Y OOJIbHBIX TIOKUIIOTO U CTapuecKoro Bo3pacra. Clenaiiy BbIBOJI, YTO JIEKCMEIETOMUIINHOBAsI KAPAUOIIPO-
TEKI[US B PA3JIMYHBIX 00JIACTSX XUPYPIHU, HECOMHEHHO, IMEET XOPOIIIHE TIEPCIIEKTUBDL

Knioueevte cnosa: dexcmedemomudui; adsiosanmnas Kapouonomexuyust; azoHUCmyl &y-A0PEHePeUteckKux peyen-
MOPOB; CUMNATNOIUIUC; UCKYCCMBEHHOE KPOBOOOPAUEHUe; OCIONCHEHUSL KAPOUOXUPYPZUUECKUX ONePaulL

The literature review presents an analysis of publications on the use of a selective a,-adrenergic receptor agonist (cy-
AR) dexmedetomidine as a cardioprotector in cardiosurgical interventions. It summarizes historical aspects of the intro-
duction of a,-AR agonists in the intensive care practice. It analyzes possible mechanisms of the cardioprotective effect of
dexmedetomidine (central sympatholysis, favorable effects on the coronary circulation and relief of the coronary steal syn-
drome in originally ischemized areas of the myocardium, anti-inflammatory and antioxidant effects, and prevention of apop-
tosis activation). Data from experimental studies of dexmedetomidine cardioprotection were analyzed. Results of clinical
studies, including data of meta-analyses, were discussed. It dwells on data on the favorable effect of dexmedetomidine on
various parameters of the postoperative period, including a decreased risk of delirium, general complications of cardiosur-
gical interventions, and the mortality rate in patients. It presents data on cardioprotective properties of dexmedetomidine
in surgical patients who undergo non-cardiac interventions, particularly vascular ones, including high risk surgeries in the
aorta. A comparative analysis of results of clinical trials studying the dexmedetomidine cardioprotection during surgeries
with extracorporeal circulation was performed. A range of pharmacological effects of dexmedetomidine during anesthesio-
logical support of cardiac surgeries, including those in elderly and senile patients, was described. It has been concluded that
the dexmedetomidine cardioprotection in the various fields of surgery is obviously very promising,

Keywords: dexmedetomidine; adjuvant cardioprotection; a,-adrenergic receptors agonists; sympatholysis; extra-
corporeal circulation; complications of cardiac surgery
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Beenenne

[Tpo6rema KapAMOMPOTEKITN B KapANOXUPYP-
WY U KaPANOAHECTE3NOJIOTUN UMEET HETTPEXOISIITY IO
HAyIHO-TTPAKTHIECKYT0 akTyasbHocTh [1]. Hanboee
paspabOTaHHBIM BapMaHTOM HWHTPAOIEPAIOHHON
3alIUTBI MHOKap/a siBJsierTcst kapauorierus. [1pu 3a-
mpoce «kapauoruierusi> PubMed mpemmaraer Gosiee
15 TBICSY CCHLITOK HA WCC/IEIOBAHUS, BLITTOJHEHHDIE B
1955—2016 rr. [Tpuyem B TIoCI€IHIE TOIBI HHTEPEC K
npobaemMe He TONHKO He CTHXAET, HO BO3PACTAET: B
1986 r. Gb1710 oMy bIMKOBaHO 297 pabot, B 2005 — 326,
aB 2014 — yxe 544. B HemaBHo omyOIMKOBAHHOM JTe-
TaJIBHOM 0030pe [2], MOCBSIEHHOM KapMOILJIeIUH,
ABTOPBI TIPUBOJSAT UCTOPUIO METOMA, YKA3hIBas, UTO
oH Geper Hauaso emie B 1883 1., korma S.Ringer mpo-
JIEMOHCTPUPOBAJ MOIIHOE Kap/HOJENPECCUBHOE
nevictBre noHOB K+. PazBuTie mpuHIIUIIOB 3aIUTHI
cep/iiia BO BpeMsi KaJ[MOXMPYPrHUYECKUX Oreparnit
Havasoch B 1950-x ronax, xkorma D. G. Melrose u co-
aBT. OIUCATH «ILJTAHOBYIO» OCTAHOBKY CEpJlia C T10-
MOIIBIO THUTIepKaneMudeckoit kposn [3],a C. R. Lam
U COABT. 4] BBeM TEPMUH «KAPAUOILJIETHSI>, OTTNCAB
AIETHJIXOJIMHOBYIO OCTAHOBKY CEP/IIIa MPU KOPPEK-
I[IH BPOJKJIEHHOTO [TOPOKA CEP/IIA B YCJIOBHSIX UCKYC-
crBernoro kposoobOparienuss (MK). 1960—1970-¢
TO/IbI O3HAMEHOBAJINCH AKTUBHBIMU UCCJIE0BAHIISIMI
B 00J1aCTH XOJI0A0BOI 1 (hapMaKOJOrMYeCKOI 3allu-
TBI MUOKap/a [2], TeM He MeHee TTIOTHOTO Y/I0BJIETBO-
PEHUsT Pe3yJITaThl TIPUMEHEHUsT PA3IUYHBIX METO-
JIVK He 00eCTIETNIIN.

B 1972 1. D. A. Cooley u coasr. [5] omucanu Ts1-
JKesioe periepdy3noHHOE TMOBPEXKIEHNE MUOKap/a,
KIMHIYECKYI0 KapTHHY KOTOPOTO OOPa3HO HA3BAJM
«KaMeHHoe cepiiries. B aToM jke HoMepe JKypHata ObI-
Jja omybsmkoBana cratbs A. M. Katz u M. Tada [6],
3aroJIOBOK KOTOPOI MOKHO TiepeBecTr Kak «Kamen-
HOe cepire»: BBI30B OmoxmMmuky». K mactosmiemy
BpPeMEHN HAKOILIEH OTPOMHBIN MACCUB HAyYHO-TTPAK-
THYIECKOH MHHOPMATINH, KACATOTIENCsT TPOOIeMDI 3a-
MINTHI MUOKap/ia oriepupyemMoro cepzia. Cyiecrsen-
HO PACIIUPIINCH TPEACTABIEHIS O MATO(DU3HOTOT I
" OHOXWMHUHU WIIEMUYECKU-Perep(y3noHHOTO 1M0-
BpeskaeHus cepaednoit Mprmist [7—10]. Chopmymm-
POBAHbBI TIPUHITUIILI KAPAMOTLIETHH, KOTOPBIE JTOJIK-
Hbl ~ 00eCcreuynTh  MaKCUMAJbHO  HaJEKHYIO
MpOGUIAKTUKY HIEMUYECKU-Penep(y3nOHHbBIX Ha-
pymrennti B muokapre [11, 12]: ymenbirerme motped-
HOCTH B KHUCJIOPOJIE, YMEHDIIEHNE TIePerpy3KN NOHa-
MU KaJIbI[UsI, YMEHBIIEHUE OTeKa, IO/IepKaHme
JOCTaBKHU U WMCTOJb30BaHUS CyOCTPATOB, OMTUMUI3a-
st MeTabosmama. HecMoTpst Ha pazpaboTKy 1 BHEJT-
peHre Pa3IuIHbIX MPOIHCEN KapAUOTLIETHIECKUX
PaCcTBOPOB, HCIIOJH30BAHUE YCOBEPIIEHCTBOBAHHDBIX
BapUaHTOB UX JIOCTABKU K MUOKAPIY, ONTHMU3AIIIO
TEMITEPATYPHOTO PEKUMA MOCTEAHETO, B OTAETBHBIX
KJINHUYECKIX CUTYAIUSIX MAKCUMATIbHO d(hherTms-
HOU TIPOMPUIAKTUKN TOCTEACTBUI NIIEMUU-PETIeP-

Introduction

The problem of cardioprotection in cardiac
surgery and cardiac anesthesiology has permanent
scientific and practical relevance [1]. Cardioplegia is
the most well-developed option of the intraoperative
myocardial protection. The PubMed search request
«cardioplegia» offers more than 15 thousand links to
studies performed from 1955 until 2016. At that, the
interest to the problem has not decreased; on the
contrary, it has been increasing: in 1986, 297 works
were published, while in 2005 there were 326 works
and already 544 publications in 2014. In a recently
published detailed review [2] on cardioplegia the
authors presented the history of the method and
mentioned that it dated back to 1883, when S.
Ringer demonstrated a potent cardiodepressive
effect of K* ions. The development of principles for
the heart protection during cardiac surgeries began
in 1950s, when the D. G. Melrose et al. described a
«routine» cardiac arrest using hyperkalemic blood
[3], and C. R. Lam et al. [4] introduced the term
«cardioplegia» by describing the acetylcholine car-
diac arrest during correction of a congenital heart
defect using extracorporeal circulation (EC). 1960s
and 1970s were marked by active researches in the
field of cold and pharmacological myocardial protec-
tion [2], however, application of different techniques
have failed to provide satisfactory results.

In 1972, D. A. Cooley et al. [5] described a
severe reperfusion damage of myocardium, whose
clinical presentation was metaphorically called a
«stone hearts. The same issue of the magazine pub-
lished an article by A. M. Katz u M. Tada [6] entitled
«The «stone heart»: a challenge to the biochemist.»
A great amount of theoretical and practical informa-
tion related to the myocardial protection during car-
diac surgeries has been accumulated to date. The
view on the pathophysiology and biochemistry
ischemic reperfusion damage of the myocardium has
expanded greatly [7—10]. Principles of cardioplegia
were formulated, which should provide the most reli-
able prevention of ischemic-reperfusion myocardial
damage [11, 12]: reducing the need for oxygen,
reducing the overload of calcium ions, reducing
swelling, maintaining the delivery and use of sub-
strates, metabolic optimization. Despite the develop-
ment and introduction of various formulations of
cardioplegic solutions, the use of improved versions
of their delivery to the myocardium, and optimiza-
tion of myocardial temperature regime, maximum
possible effective prevention of effects of ischemic-
reperfusion in certain clinical situations could not be
reached [12]. That is why the possibility of addition-
al pharmacological (adjuvant) cardioprotection pro-
vided by different drugs that are (less often) or are
not a component of cardioplegic solutions has been
always attracting the attention of clinicians. The use
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¢ysnun moctmups He ymaercs [12]. VimeHHO TOaTOMY
BO3MOKHOCTH JIOTIOJTHUTENBHON (hapMaKoormiec-
KO (abI0BaHTHAS ) KAPAMUOIIPOTEKIINH, OOecIieunBa-
€MOIl TeMU WJIN WHBIMU JIEKAPCTBEHHBIMU CPEJICTBA-
MW, He BXOSIINMHU WU BXOASIINME (pPeske) B COCTaB
KapAWOTJIETMYECKUX PACTBOPOB, TIOCTOSTHHO TIPUBJIE-
KaloT BHUMaHWe KIMHUAIIICTOB. OCOOEHHO aKTyalbHO
HCIIOJIb30BaHNE TaKUX a[BIOBAHTHBIX KapUOIPO-
OTEKTOPOB B TeX KJIWHUYECKUX CHUTYAIMsIX, KOT/a
TPAJUITMOHHBIE MEPbI 3alIUTHl MUOKap/a 3aTpy/IHe-
HBI WU HE TIOCTATOYHO A(D(HEKTUBHBL.

OpHUM 13 TIEPBHIX 0OPATHJI BHUMaHKE HAa BO3-
MOJKHBIE CJIOKHOCTH 3alUThl MUOKApP/a, JTeTEPMHU-
HUPOBAHHBIE eT0 TUTIEPTPODUEH 1 MopakeHueM KO-
poHapubix aprepuii, D. A. Cooley, koropsrii ¢
cBoumu koseramu B 1975 . mcaun [13]: «Kamennoe
CepIIIe» OCTOKHSIET TOTHKO A0PTATHHOE TPOTE3NPO-
BaHWe /WM KOPOHapHOe TyHTHpoBanue. [Ipeapac-
nosraraforye (GhakTopbl — XPOHUYECKAsT CepleuHast
HEIOCTaTOYHOCTh, TUTIEPTPODUST MUOKapaa u/Win
OKKJIIO3MOHHOE TOPAKEHUE KOPOHAPHBIX apTepHiis.
ITH jKe aBTOPBI TPEIOKIIN YIIYUIIaTh 3aIATY MU-
OKap/ia ¢ TTOMOTITBIO «BHYTPUBEHHOTO BBEICHMUS TTPO-
MIPAHOJIOJIA TIEPE IepeKaTHeM a0PThI», T.€., TI0 CYTH,
HCTIOJIb30BAHUE MEPbI 3TbIOBAHTHOM KapINOTPOTEK-
. [l mocsieiHelt B HacTosiIee BpeMsi paccMmar-
PUBAIOT UCIMOJb30BAHUE PA3JIUYHBIX IMPErnapaToB, B
YACTHOCTH ¢ -aiPEHOOIOKATOPOB, WHTAJISIIIMOHHBIX
AHECTETUKOB, JeBOCUMeH/aHa, ¢dochoKkpeaTnHa u
psifia IpyTux npemnapatos [14—18].

[MTupoko o6CysKaaeMbIM HaMpaBICHUEM TEPU-
OTIEPAITIOHHON KapAMOTPOTEKIINH SBJISIETCST CTIOJTh-
30BaHME arOHUCTOB Qy-A/[PEHEPTUIECKUX PETENTOPOB
(ay-AP). Nurepec aHecTe3nosioroB-peaHnuMaTOIOTOB
K HazHaueHutio kiroruamHa [19, 20] cmermics onpene-
JICHHBIM Pa3ovapoBaHueM, 0OYCIOBJICHHBIM IETBIM
pstoM o6ouHbIX ahdeKToB aToTo Tpenapata [21, 22].
Kpome Toro, pyTrHHOE MCTIOTh30BaHWE KIOHWINHA B
HACTOSIIIIEE BPEMsI TIPEICTABJISIETCS TIPOOIEMATHUHbIM,
TaK KaK 3TOT Mpenapar KiacCuuimpyercst Kak THITO-
TEeH3WBHOE CpecTBO. Vcmonb3oBanme ero BHYyTPUBEH-
HOW (hOPMBI CUNTAIOT TIOKA3aHHBIM TOJIBKO MTPH THUTIEP-
TOHWYECKNX KpW3ax, T.e. €ro Ha3HaueHue B
AHECTE3MOIOTHI-PEAHIMATOJIOTHN OTPAHITYEHO Jieue-
HIIeM OOJTBHBIX TUITEPTOHIUYECKO OOIE3HBIO.

B mocseame TOBI MHTEPEC K JIEKAPCTBEHHBIM
CpEeICTBAM HTOM TPYIIIBI CYIIECTBEHHO BO3POC B CBSI-
31 € BHEIPEHUEM KIMHUYECKYIO TIPAKTHKY JeKCMe-
neromuanHaa [23, 24]. DTOT BBICOKO CEIEKTUBHBINA
aroHUCT a,-AP, ncxomHO TTpeiHa3HaYeHHBIN TS ce-
JIAIlIH, 3aBOECBBIBACT BCE GOJIBIINYIO TIOMYJISIPHOCTD B
KauecTBe OPTaHOMPOTEKTOPA W aIbIOBAHTA TIPU Kap-
JMOXUPYPTUYECKUX oriepanusix [25—28].

KapanonpoTekiis 3a cueT epruorepamoHHo-
TO Ha3HAYEHUS IEKCMEIETOMUIITHA B OT€YE€CTBEHHOM
KJIMHIYECKOW TPAKTUKE TaKKe MOKET UMETh Tep-
CIeKTUBbI, Tak Kak B 2016 1. ncrob3oBaHue mpera-
paTa paspemnieHo B OTAEICHUSX aHECTE3NOJIOTHH.

of such adjuvant cardioprotectors is particularly
important in those clinical situations where tradi-
tional measures of myocardial protection are difficult
to use or are not effective enough.

D. A. Cooley was one of the first researchers
who paid attention to potential difficulties in
myocardial protection determined by its hypertro-
phy and injury of coronary arteries and wrote with
his colleagues in 1975 [13]: «Stone heart has
occurred only during aortic valve replacement
and/or coronary artery bypass procedures.
Predisposing factors are chronic congestive heart
failure and myocardial hypertrophy with fibrosis sec-
ondary to longstanding aortic valve disease and/or
coronary artery occlusive disease.» These authors
has also proposed to improve the cardioprotection by
means of an «i.v. bolus of propranolol just prior to
aortic occlusion», i.e. to use an adjuvant cardiopro-
tection. The use of various drugs, particularly the a;-
blockers, inhaled anesthetics, levosimendan, phos-
phocreatine, and a number of other drugs is being
considered for the latter [14—18].

The use of a,-adrenergic receptors agonists (a,-
AR) is a widely discussed option of the perioperative
cardioprotection. The interest of anesthesiologists
and resuscitation specialists to the prescription of
clonidine [19, 20] was replaced by a certain disap-
pointment resulting from a number of side effects of
this drug [21, 22]. In addition, the routine use of
clonidine is currently problematic, since this drug is
classified as a hypotensive agent. It is believed that
its intravenous form should be prescribed for hyper-
tonic crisis alone, i.e. its prescription in anesthesiolo-
gy and reanimatology is limited to the treatment of
patients with essential hypertension.

The interest to medicines of this group has
increased significantly recently due to the introduc-
tion of dexmedetomidine in the clinical practice [23,
24]. This highly selective a,-AR agonist originally
intended for sedation is gaining in popularity as an
organ protector and an adjuvant during cardiosurgi-
cal surgeries [25—28].

Cardioprotection due to perioperative pre-
scription of dexmedetomidine in the national clinical
practice can also have prospects, because the use of
the drug in the ICU has been allowed in 2016.

The above information prompted the authors
to analyze in details the cardioprotective effects of
dexmedetomidine in an experiment and in the clini-
cal practice. Physiology of «,-AR, mechanism of
action and pharmacological effects of a,-AR ago-
nists, as well as their clinical application for sedation
were analyzed in detail earlier [23, 24]. Therefore we
only briefly recap the main principles.

The mechanism of action of dexmedetomi-
dine. Central presynaptic receptors regulating the
central sympathetic activity and peripheral nora-
drenaline excretion are the main points of applica-
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N3noskeHHOE TIO0YANIO aBTOPOB OoJIee eTaib-
HO TIPOAHATM3WPOBATH KapAUONPOTEKTOPHBIE AD-
(bexTBI TeKCMeIeTOMU/TNHA B 9KCTIEPUMEHTE 1 B KJTH-
uuke. Ousnonorns a,-AP, MexaHusMm aeicTBUS 1
dapmakosnordyeckue ahGeKTbl aroHucToB a,-AP, a
TaKKe 0COOEHHOCTH MX KJIMHUYECKOTO MPUMEHEHIIS
C TIEJTBIO CeIAIlK MOAPOGHO TIPOaHATM3UPOBAHBI Pa-
Hee [23, 24]. [ToaTomMy HUZKE JTUITH KOPOTKO HATIOM-
HUM OCHOBHBIE TIOJIOKEHUSI.

Mexauu3M JeicTBUSI JeKCMedeTOMHU/IUHA.
OcHoBHOIT TOUKOH TipuJoxkeHust adderra a,-aape-
HEPTUYECKUX ArOHUCTOB SBJSIOTCS IEHTPAJTbHbIE
MPECUHATITUYECKUE PEIENTOPDI, PeTyIUPYIOIIne
MEHTPAIBHYIO CUMITATUIECKYI0 aKTUBHOCTD U TIE€PH-
¢epuueckoe BbijiesieHe HOpaipeHaanHa. a,A-AP B
neHTpasbHoil HepBHOU cucteme (ITHC) mpenmymie-
CTBEHHO PACIOJIOKEHBI B TOIyOOM TIsITHE (SIAPO B
CTBOJIE TOJIOBHOTO MO3Ta Ha ypoBHE MocTa). Kpome
TOTO, OHU BBISBJICHBI B JIPYTUX S/IpaX CTBOJIA, B KOPE
GOJBINIUX TOJMYIIAPUH, B IIEJIOM Psijie TIOAKOPKOBBIX
CTPYKTYP, B MO3keuke u p. [29]. OcHoBHBIME 2(h-
(bexTaMU AarOHUCTUIECKOTO BO3/IEHCTBUS HA ¢y~ AP B
ITHC sBastorest [30, 31]: marunbupyioiiee aeicTame
Ha BBIOPOC HEHPOTPAHCMUTTEPOB, MPEKIE BCETO HO-
pajipeHaJIHa, TUIIEPIIOJISPU3AINs MeMOPaH, WHIH-
OGupoBaHUe aJlcHUTATIIMKIA3bl, YMEHBIECHUE HAKOTI-
JIEHWST TUKJINYECKOTO afeHo3uHMoHodochara, B
pesyibrate 4ero yraeraercs ¢hochopuIupoBanme
PETYJISATOPHBIX OETKOB.

HauboJiee 3HaunMbIM (hapMaKOIHHAMUUECKIM
a(heKTOM eKCMeIeTOMUAMHA SBISIETCS CEIATUB-
HBIH, B OCHOBE KOTOPOTO JIEKUT aKTUBAITUS (y-a/ipe-
HOPEIENITOPOB B TOJyOOM MSITHE CTBOJIA TOJIOBHOTO
MO3Ta, B Pe3yJIbraTe Yero OTKPhIBAIOTCS TPaHCMEMO-
paHHbIe KaJIUeBble KAaHAJIbI 1 PAa3BUBAETCS TUTIEPIIO-
JIIpU3AIns MeMOpaH HOPAJAPEHEPTUYECKUX HEHpo-
HOB. OJHOBPEMEHHO, WHTUOUPOBAHUE KaJIbIIHEBBIX
kaHasoB N-Tuma GJOKUPYET MPEeCUHANTHYECKOE BbI-
cBOOOKIeHIe HopaapeHanuHa [32, 33]. B aToii cBsi-
3W BaJKHO, 4TO TOJIy0OE TSTHO SIBJISIETCS YACTBIO Pe-
TUKYJSIpHOW  dopmanuu,  KoTopash  WUTpaer
BAKHEUTITYIO POJTb B PETYJSANNUHM TPOIECCOB CHa-
6oapcrBoBanus [33].

Mexanuam cefaTuBHOTO a(eKkTa aroHuCTOB
ay- AP TIPUHIIUTIHATIBHO OTJIMYaeTCs 0T (hapMaKo -
HaMU4ecKuX 3(hdEKTOB OEH30[HA3CITHHOB U MTPOTIO-
(hosa, B ocHOBEe KOTOPBIX JIEKUT BO3/AEHCTBUE HA
FAMK-sprudeckue HePOHBI: cealisl, BEI3bIBaeMast
JIEKCMEIETOMUTTHOM, HATIOMUHAET 2-10 CTaJNio ec-
TECTBEHHOTO CHa 03 MeJJICHHBIX JBVKCHUN TJras-
HBIX 516J10K [32, 33].

ArOHUCTBI ¢ty- AP TIOTEHIIMAIBHO CIIOCOOHDBI BbI-
3BIBATh HE TOJHKO CEAAINI0, HO U MHOTOYUCJIEHHbIE
pertenTtop-3aBucuMbie 3((PEKTI B PA3JTUIHBIX CUCTE-
Max opranuama. [1pu ncnosib3oBanuu TepameBTHYEeC-
KHUX /103 JIEKCMEACTOMUMHA HarboJee OTYETIHBO
nposBrstiorest aeiictsre Ha [ITHC u Ha cepredno-co-
cynuctyio cuctemy. OcranbHbie 3(hheKTh BhIpaxke-

tion of the a,-adrenergic agonist. @,A-AR in the cen-
tral nervous system (CNS) is predominantly located
in the locus coeruleus (nucleus in the brainstem at
the level of the pons). In addition, they were identi-
fied in other nuclei of the brainstem, in the cortex of
cerebrum, in a number of subcortical structures, in
the cerebellum, etc. [29] . The main agonistic effects
on the a,-AR in the central nervous system include
the following [30, 31]: inhibitory effect on the release
of neurotransmitters, particularly noradrenaline,
hyperpolarization of membranes, inhibition of
adenylate cyclase, reduced accumulation of cyclic
adenosine monophosphate resulting in suppressed
phosphorylation of regulatory proteins.

A sedative effect is the most significant phar-
macodynamic effect of dexmedetomidine, which is
based on activation of the a,-adrenoceptors in the
locus coeruleus of the brainstem, resulting in open-
ing of transmembrane potassium channels and
hyperpolarization of membranes of noradrenergic
neurons. At the same time, the inhibition of N-type
calcium channel blocks the presynaptic release of
norepinephrine [32, 33]. In this regard, it is impor-
tant that locus coeruleus is a part of the reticular for-
mation, which contributes greatly to the regulation
of processes of sleep and wakefulness [33].

The mechanism of the sedative effect of a,-AR
agonists differs fundamentally from the pharmacody-
namic effects of benzodiazepines and propofol, based
on effects on GABAergic neurons: sedation caused
by dexmedetomidine is similar to that of the 2nd
stage of natural sleep without slow movements of
eyes [32, 33].

a,-AR agonists can potentially cause not only
sedation, but also numerous receptor-dependent
effects in various systems of the body. The use of
therapeutic doses of dexmedetomidine demon-
strate most clearly the effect on the central nervous
system and the cardiovascular system. Other
effects are mild thus determining the possibility of
a wider use of the drug without a great risk of
adverse reactions [28, 34—36].

Dexmedetomidine cardioprotection in an
experiment. Possible mechanisms of the develop-
ment of the cardioprotective effect of dexmedetomi-
dine were well studied by experimental trials. The
design of the latter differs, but the drug property to
reduce myocardial ischemia lesion area and enhance
the potential of its recovery in coronary reperfusion
draws close attention of authors. First of all,
researchers noted that the cardioprotection can be
achieved through sympatholysis and systemic hemo-
dynamic effects of the drug and has a beneficial effect
on the oxygen balance of the myocardium [37].
Potentially beneficial hemodynamic effects of sym-
patholysis are evident when dexmedetomidine is
used in anesthesia as an adjuvant [38, 39]. It is in the
experimental studies when the expediency of includ-
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HBI HE3HAYUTENBHO, UYTO OTPEIEseT BO3MOKHOCTD
MIUPOKOTO UCIIOIb30BaHMsI Iperapata 6e3 60IbIIoro
pHCKa HesKeIaTeMbHBIX peaknuii |28, 34—36].

JexcMeneTOMUIMHOBAas KapIUONPOTEKIUs B
aKcrepuMenTe. Bo3MOKHbBIE MEXaHU3MBI Pa3BUTHS
KapAMOIPOTEKTOPHOTO adderTa meKcMeIeTOMUIN-
Ha XOPOIIO U3YYEHBI TyTeM 9KCIIEPUMEHTATBHBIX HC-
caenoBannil. J(mM3aiiH mocaefHUX pasandeH, 0THAKO
OCHOBHOII WHTEpeC aBTOPOB TPUBJIEKAET CBOHCTBO
mperapara yMeHbIIaTh 001acTh MOPasKeHUsT MUOKap-
Jla TIPY WTIIEMUH U PACTITUPSATH BOBMOKHOCTH €T0 BOC-
CTaHOBJIEHUS TIPU KOPOHAPHON perepdysn. [Ipexk-
Jie BCETO, OTMETUJIU, UYTO KapAUOTPOTEKITUS MOXKET
JIOCTUTATBCS 32 CYET CUMMIATOJU3NCA U CUCTEMHBIX
reMofinHaMnIecknx a¢hdEKToB mpemnapara, 0jaro-
MPUSATHO CKA3bIBAIOIIIXCSI HA KUCJIOPOAHOM GastaHce
cepzeunoit Mpimsl [37]. [loTermmanpHO TOTE3HBIE
reMOJMHAMUYECKUE TOCTECTBUS CUMIATOJU3NCA
OTYETJIUBO TIPOSIBJSIOTCS TIPU UCTIOJB30BAHNUN JIEKC-
MeIETOMU/INHA KaK aJbloBaHTa anecte3uu [38, 39].
VIMEHHO B 9KCTIEPUMEHTAIBHBIX UCCICTOBAHUSIX ObI-
Ja 060CHOBAHA 1eIeCO0OPA3HOCTD BRIIOYEHS TIpe-
rmapara B CXeMbl aHECTE3UN.

[Tpu cpaBHEHNT BIVSTHUS PA3JIMUHBIX IO3UPOBOK
JIEKCMEIETOMUINHA Ha KPOBOOOPAIICHHE Y KIMBOTHBIX
B TeUeHHe aHecTe3H M30(IIIOPAHOM YCTAaHOBILIIN, UTO
HU3KHe 103upoBKy mpenapara (0,5 MKT/KT B Tederve 6
MUH ¢ riocsieytoreit uadysueii 0,5 MKr/Kr/4 Ha ¢dome
BBenenust 1,3 MAC usodiniopana) He U3MEHSIIOT Cep-
JICUHBI BBIGPOC M KUCTOPOAOTPAHCIIOPTHYIO (DYHK-
W10, CHWKAIOT YaCTOTy CEPJEYHBIX COKPAIeHU
(UCC), ysemmuuBaior aprepuanbHoe gaBienue (A/l),
[[EHTPAJIbHOE BEHO3HOE JIABJICHIE 1 PAOOTY JIEBOTO JKe-
gynouka [38]. Ha aHaTOTHYHON 2KCIIepUMEHTATBHOM
MOJIETTH TToKa3asu 1o303aBrcumoe ypeskerne YHCC mipu
crabubHbIX AJl, cepaedHoM BbIOpoce 1 00IIeM TIepH-
(bepraeckom cocymmcTom conpotuBiieann [40].

BoinostHeHbl  yriyOJieHHbIE 9KCIIEPUMEHTAb-
HbIe WCCIEeIOBaHWS, HApPaBJICHHBIC HAa BBISICHCHWE
(D HEKTOPHBIX MEXAaHW3MOB BJIUSHUS JIEKCMEIETO-
MUJIMHA Ha TeMOJIMHAMUKY. BbITO ycTaHoBJIEHO, Ha-
MpUMep, YTO UCXOAHAS OpajuKapiIust MOCIe Havasa
BBEJIEHIsT TIPemapaTa OTOCPeayeTcs: depes Gapope-
(brexTopHBIe MexaHU3MBI, Takke cHKeHne YCC
MOKeT OBITh 0OYCIOBIEHO IEHTPATBHBIM YIHETCHM-
€M CUMMATHYECKON CUCTEMBbI. ApTeprasibHas THUTIO-
TEH3WUsI TIPH 9TOM MOJKET OBITh 00yCI0BIICHA TIeprde-
PUUYECKUMU COCYAUCTBIMU 3 derTamMmu, BRIOUAS
CTUMYJISITINIO TTPECUHATITUYECKNX a,-AP, a He TosbKo
MEHTPAILHON CUMTIATIUECKOH fietpeccreii [41].

[Ipu BBemeHUU MEKCMEIETOMUIMHA OIKCAHA
MpoUIAKTHKA TUTIEPANHAMITYECKOTO OTBETa Ha XH-
pyprudeckyto arpeccuto [40]. IaTerpasbHOi XapakTe-
PUCTUKOI KapMOTIPOTEKTOPHBIX CBOMCTB Ipenapara
SIBJISICTCST CHUKEHNE KOJIMYECTBA CEPIETHO-COCYINC-
TBIX OCJIOKHEHWIT TIPU TIOCJICOTIEPAIIMOHHOM BOCCTA-
HOBJICHUW JKWUBOTHBIX, €CJIU B CXEM€ aHECTE3UN WC-
TIOTH30BAJICS IEKCMEIeTOMIIH [42].

ing the drug in anesthesia schemes has been con-
firmed.

Comparison of the effect of different dosages of
dexmedetomidine on blood circulation in animals
during isoflurane anesthesia demonstrated that low
doses (0.5 pg/kg over 6 min with subsequent infu-
sion of 0.5 pg/kg/h on the background of introduc-
tion of 1.3 MAC isoflurane) did not change cardiac
output and the oxygen delivery function, reduced
the heart rate (HR), increased blood pressure (BP),
central venous pressure and the work of the left ven-
tricle [38]. A dose-dependent HR deceleration with
a stable BP, cardiac output, and overall peripheral
vascular resistance has been demonstrated in a simi-
lar experimental model [40].

Detailed experimental studies aimed to specify
the effector mechanisms of the dexmedetomidine
effect on hemodynamics were performed. For exam-
ple, it was found that the baseline bradycardia after
the beginning of drug administration was mediated
through baroreflector mechanisms; the reduced HR
may also be due to inhibition of the central sympa-
thetic system. At that, arterial hypotension may be
caused by peripheral vascular effects including stim-
ulation of presynaptic «,-AR, not by central sympa-
thetic depression alone [41].

The prevention of the hyperdynamic response
to the surgical aggression has been described after
administration of dexmedetomidine [40]. Reduction
of the number of cardiovascular complications in the
postoperative recovery of animals is an integral fea-
ture of the cardioprotective properties of the drug, if
dexmedetomidine was used in anesthesia [42].

The experiment demonstrated that dexmedeto-
midine causes specific changes of the coronary circu-
lation in the ischemized heart by redistributing it in
endocardial layers of the myocardium, retaining per-
fusion of ischemized areas and reducing the oxygen
deficit [43, 44]. It can be explained by the fact that
ay-AR-mediated coronary vasoconstriction in the
non-ischemized areas of the myocardium is more
severe than that in ischemized ones, where it is weak-
ened by vasodilation caused by local autoregulation
factors [45]. Therefore, dexmedetomidine can signif-
icantly reduce or even eliminate the effect of coro-
nary steal syndrome in ischemized areas of the heart
muscle.

Experiments on the isolated heart model show
that dexmedetomidine administered before ischemia
protects form ischemic-reperfusion damage. The car-
dioprotective effect manifests itself through a signif-
icantly better recovery of the left ventricular func-
tion after reoxygenation. It is believed that this
effect is receptor-dependent, so cardioprotection dis-
appears after introduction of &,- AR antagonist called
yohimbine [46]. Experiments in the isolated heart
model also confirmed the decrease of the size of the
myocardial infarction area on the background of the
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B akcmepuMmenTe TMOKa3aHO, YTO JIEKCMEIETO-
MUJITH BBI3BIBAET B MIEMU3UPOBAHHOM CEpIIe Cie-
nupudeckre M3MEHEHNS KOPOHAPHOTO KPOBOTOKA,
repepactpeiesisis ero B 9HAOKApANATbHbBIE CTTON MU-
oKap/ia, CoXpaHssl mephys3uio UIEeMU3UPOBAHHBIX
30H U CHIKaS KUCTOPOAHBIH fednnnT [43, 44]. DTOT
(hakT MOKHO OOBICHUTD TEM, 4TO &y~ AP-omocpeno-
BaHHas KOPOHAPHAS Ba30KOHCTPUKIIUS B HEHUTIIEMHU-
3MPOBaHHBIX 30HaX MHOKap/a BbIpakeHa B OOJIbIIEH
CTEIEeHH, YeM B MIIIEMU3UPOBAHHBIX, T7Ie 0CTabIsIeT-
¢S Ba3oMyIaTaIel, KOTOPYIO BBI3BIBAIOT (DAKTOPBI
MecTHOI aytoperyssiiinn [45]. TakuMm 06pasoMm, Jek-
CMEIETOMUTTH MOKET 3HAYUTETBHO YMEHBITATD VTN
Jaske JINKBUANPOBATH 3((HEKT KOPOHAPHOTO «00Kpa-
JIBIBAHWST»> WIIEMU3UPOBAHHBIX YIACTKOB CEPJICUHOM
MBITIITIDL,

Ha mojnenmm m30anpoBaHHOTO cepjiiia ToKa3a-
HO, 9TO JIECKCMEJIETOMUINH, BBEJICHHBIN JI0 TIEPUO/IA
UIIEMUH, 3alUIIaeT OT UIeMUYecKu-pernepdysn-
OHHOTO TOoBpexaeHus. KapauonporekTopHbiii a¢-
(hext mposiBIISIETCS OCTOBEPHO JIYYITUM BOCCTa-
HOBJIEHWEM (DYHKIIUU JIEBOTO JKEJyJ0YKa TMOCTe
peokcurenanuu. llonaraior, 4To maHHbBIN ahdeKT
SIBJISIETCST PETEeNTOP-3aBUCUMBIM, TaK KapIuOTPO-
TEKITUS MCYe3aeT MPU BBEJICHUH aHTaTOHUCTA ay- AP
ftoxumbuna [46]. Takke, Ha MOIENTN U30JUPOBAH-
HOTO cep/Ia, ObLIO0 I0Ka3aHO YMEHBIIEHIE pasMe-
POB 30HBI MH(pAPKTa MUOKap/a Ha (hoHE BBEICHUS
JIEKCMEJICTOMUINHA, TTPUYEM HTOT MPOIECC HOCHI
JI0303aBUCUMBIH Xapakrtep [47].

[IpsiMoe TTPOTEKTOPHOE JEHWCTBUE IEKCMETETO-
MUJIMHA B YCJTOBUAX perepdy3uu MIeMU3UPOBaH-
HOTO MWOKapjia TOKa3aHO B Psjie HMCCIeTOBAHUI.
Ocoberto moguepkuBaeTcst 3 GEeKTUBHOCTD 3a0J1a-
TOBPEMEHHOTO BBEIEHUS JEKCMEICTOMUIMHA /10 Ha-
CTYTJICHUST WieMuu Muokap/a. [lokazano, 4to wH-
TpakopoHapHast WHOY3Us Tpernapara 3HAYUTENbHO
VIyUIIaeT KOHTPAKTUIILHOCTD B 30HE UIIEMUH W TIO-
creytolneit penepdysun 10303aBUCHMBIM 00Pa30M,
a Tak)Ke TTOJIABJISeT yBeJWdeHe KOHIIEHTPAITUU HO-
pajipeHaJINHA B Tia3Me Tocie perepdysun. Bosee
TOTO, IEKCMEJICTOMUIMH TTPOJEMOHCTPUPOBAJ BBIPaA-
JKEHHBIE aHTHAPUMTHUYECKNE CBOMCTBA Ha aTare mo-
ctumemudeckoil penepdysuu. Ilomarator, uro atn
MPOSIBJICHUST KapJMOMPOTEKIINU Pa3BUBAINCDH 32
CYeT TIPSIMOTO BO3/IEHCTBUS HA MUOKap/, a He B pe-
3yJIbTaTe MEHTPAIBHBIX 2 dekToB mpemapata [48].

Eme omHoO aKcmepuMeHTaIbHOE HCCIeIOBAHIE
MIPOZIEMOHCTPUPOBAIIO A(PHEKTUBHOCTD IEKCMETETO-
MUJITHA B TOPMOKEHUU TPOIecca aromnTo3a KJIETOK
MuoKap/ia. Bo3aMoxHbIM 3()(hEKTOPHBIM MeXaHU3-
MOM SIBJISIETCS PEIENTOP-0MOCPE/IOBAaHHAS aKTHBa-
IS CepIeTHbIX KuHa3. HyKHO OTMETUTH, UTO Kap-
JINOTIPOTEKTOPHBIE CBOMCTBA GOJTBITHHCTBA
MIPerapaToB CBS3aHbI C aKTHBAIMEH CUTHAIBHBIX 1TY-
Tell, HalIPaBJIEHHBIX HA BBUKWBaHUE KJIETKUA. B Tom
qucye BCeT/ia TIPU Pa3BUTUU UTIEMUU-penepdys3nn
AKTUBUPYIOTCS Takue (hepMEHTBI KaK MPOTENHKIHA-

introduction of the dexmedetomidine, and the
process was dose-dependent [47].

A direct protective action of dexmedetomidine
in reperfusion of ischemized myocardial is shown in a
number of studies. The efficiency of early introduc-
tion of dexmedetomidine before the onset of myocar-
dial ischemia is especially emphasizes. It has been
demonstrated that the intracoronary drug infusion
improves the contractility in the area of ischemia and
the subsequent reperfusion in a dose-dependent
manner, and also suppresses the increase of nora-
drenaline plasma concentration after reperfusion.
Moreover, dexmedetomidine demonstrated antiar-
rhythmic properties at the stage of postischemic
reperfusion. It is believed that these manifestations
of cardioprotection have developed due to the direct
impact on the myocardium, rather than as a result of
systemic effects of the drug [48].

Another experimental study demonstrated the
effectiveness of dexmedetomidine in inhibition of
apoptosis of myocardial cells. Receptor-mediated
activation of cardiac kinases is a possible effector
mechanism. It should be noticed that the cardiopro-
tective properties of most drugs are associated with
the activation of signaling pathways aimed at cell
survival. At that, such enzymes as protein kinase B,
mitogen-activated protein kinase, endothelial NO-
synthase are activated during ischemia-reperfusion,
but the degree of this activation is usually not suffi-
cient for the implementation of the cardioprotective
effect. Dexmedetomidine is a pharmacological agent
causing a receptor-mediated activation of cardiac
kinases [49].

The inhibiting effect on the expression of cas-
pase-12 and glucose-regulating protein 78 (GPR78)
is one of possible cardioprotective mechanisms of
dexmedetomidine . Caspase-12 contributes to cell
damage, primarily through due to the development
of dysfunction of the endoplasmic reticulum (EPR)
and is activated as a result of the EPR-stress in acute
pathological conditions; it is one of the mechanisms
that increase cell resistance to adverse conditions.
However, the prolongation of the EPR-stress can
lead to further release of GPR78, caspase-7, caspase-
12, and progression of apoptosis of myocardial cells.
It is the activation of caspase-12 is the triggering fac-
tor of apoptosis, and contributes significantly to the
cell death [50, 51].

The experiment demonstrated and confirmed
anti-inflammatory properties of dexmedetomidine.
In particular, it was shown that the drug reduced
leukocytosis, as well as production of the tumor
necrosis factor @ (TNF-a) and cyclo-oxygenase-2.
There are also signs of the influence of dexmedeto-
midine on level of interleukin (IL) -6. The suppres-
sive effect of dexmedetomidine may be caused by
inhibition of the nuclear factor kappa B-, a universal
transcription factor controlling the expression of the
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3a B, Murtoren-akTuBUpyeMas MpOTENHKITHA3A, IHIIO-
tesranbHass NO-cUHTa3a, HO CTETeHb ATOW aKThBa-
UU OOBIYHO HEAOCTAaTOYHA JIJIST OCYIIECTBICHMS
KapauonpotekTopHoro adderra. JlexcmemeTromu-
JIUH SBJIIETCST (PapMaKOJOTHYECKIM areHTOM, TIPHU-
BOIINM K PEIENTOP-OMOCPEIOBAHHON aKTHBAIIIN
cepleuyHbIX KuHa3 [49].

OnHUM 13 BO3MOXKHBIX KapAUOTPOTEKTOPHBIX
MEXaHU3MOB JIEKCMEIETOMU/INHA SBJSIETCS €ro WH-
rubupyroliee BIUSHIE Ha 9KCIIPECCHIO Kacasbl-12 u
TIIF0K030-peryaupyioriero oenaka 78 (GPR78). Kac-
maza-12 urpaer BasKHYIO POJIb B TIOBPEKIECHIN KII€T-
KM, B TIEPBYIO OYEPE/Ib, 32 CUET PA3BUTHUS TUCHYHK-
[N 9HJOMIA3MaTnYeckoro perukynayma (I1IP) n
aktuBupyetcs Beienctsue JIIP-cTpecca, KOTOpbIi B
OCTPBIX MATOJOTUIECKUX COCTOSHUSX SIBISETCS OfI-
HUM U3 MEXaHU3MOB, MOBBIMAIONINX YCTOUIHBOCTD
KJIETKM K HeOJIaronpusaTHbIM yeaoBusiM. OIHAKO YiI-
sunenne IIP-cTpecca MOKeT IPUBECTH K JAajbHET -
memy BbicBoOOIeHNI0 GPR78, Kacmasbi-7, kacma-
3bl-12 W TPOTPECCUPOBAHUIO AMONTO3a KJIETOK
MuoKap/a. ViIMeHHo akTuBarmms Kacrasbi-12 sBiser-
ST TIYCKOBBIM (haKTOPOM aIoNTo3a U UTPAET KiTfode-
BYIO POJIb B TIporiecce rubesn kaerku [50,51].

B akcmepumenTe BbISIBJIEHBI ¥ MOATBEPIKIEHDI
MIPOTHBOBOCIIAJIMTEBHBIE CBONCTBA JEKCMEIETOMU/IH-
Ha. B uacTHOCTH, OBLIO TIOKA3aHO, Y4TO MTPENapaT yMeHb-
IaeT JIEHKOIUTO3, a TaKsKe MPOLYKIINI0 TYMOPHEKPO-
tudeckoro (axropa o (TNF-a) u iukiookcurenasbi-2.
Taxke CyIeCTBYIOT YKa3aHUS O BAUSHUU JEKCMETETO-
MUMHA Ha ypoBeHb wHTepreiikuna (1L)-6. Cympec-
CUBHBI 9P HEKT AEKCMEAECTOMUANHA MOKET OBITh
00yCJIOBJICH WHTUOUPOBAHUEM SIIEPHOTO (hakTOpa
kappa B — yHHBepcaibHOTO (haKTopa TPAHCKPHUITIIHH,
KOHTPOJIUPYIOIIETO 9KCITPECCUIO TEHOB UMMYHHOTO OT-
BETa, aronTo3a M KJIETOUHOTOo KA. [IpoTrBoBoca-
JIATEJTBHBII 3 (HEKT MOKET OBITH OCHOBOM JIJISI €ITIE O/l
HOTO MeXaHM3Ma KapAWONPOTEKIINH, OCOOEHHO Ha
(homre cucTemMHON BoCAIUTEILHON peaknuu [52, 53].

[TokazaHo, 9TO AEKCMENETOMUINH yMEHbIIAET
BBIPAKEHHOCTD MTPOOKUCAAHTHBIX TIPOIECCOB U TIEpe-
KUCHOTO OKVCJIEHVIS JIMTTUIOB TIPY UIIEMUH-perepdy-
3un. B yacTHOCTH, YMEHBIAETCST COMEP/KAHNE B TKAHU
cep/ilia MaJIOHOBOTO JIMATIBJIETH/IA W CYTIEPOKCHINC-
MyTasbl [52]. B yKkazaHHBIX 9KCIIEPUMEHTATBHBIX HC-
CITEIOBAHMSIX OTMETHJIA TPOTHBOBOCTIATIUTEIHHBIE W
AHTHOKCHU/IAHTHbIE CBONCTBA AEKCMEIETOMU/TIHA.

Hapsiy ¢ kKapanompoTeKTOPHBIME CBOHCTBAMI, Y
SKCIIEPUMEHATBHBIX JKUBOTHBIX OBLIH M3YUYEHBI Cella-
TUBHBIE U QHAJITETHYECKUE CBOWCTBA IMPETapaTa, ero
BJIMSTHUE HA TeMOJIMHAMUKY U [ibixamue [54—56]. Basx-
HBIM CBOHCTBOM JIEKCMEIETOMUINHA, KAK KOMIIOHEHTA
AHECTE3UN B HKCIIEPUMEHTE, SIBIJIOCH CHIKEHWE 03U -
POBOK JIPYTHX AHECTETHYECKHX TIPernapartoB Ha ¢ome
6oJiee CTabMIIBHOI TTyOMHBI AHECTE3UH U YCKOPEHHOTO
MOCTHAPKO3HOTO BOCCTAHOBJIEHMSI JKUBOTHBIX |42, 56].

OO6GBEKTOM MCCICIOBAaHUN B 9KCIEPUMEHTAIb-
HOU M BeTePWHAPHOW MEUIINHE SBIISIOTCS U JAPyTHe

immune response genes, apoptosis, and the cell cycle.
The anti-inflammatory effect could be the basis for
another mechanism of cardioprotection, particularly
in the case of underlying systemic inflammatory
reaction [52, 53].

It has been demonstrated that dexmedetomi-
dine reduces the severity of pro-oxidizing processes
and lipid peroxidation in ischemia-reperfusion. In
particular, the malonic dialdehyde and superoxide
dismutase levels in heart tissue decrease [52]. In
these experimental studies, anti-inflammatory and
antioxidant properties of dexmedetomidine were
demonstrated.

In addition to the cardioprotective properties,
sedative and analgesic properties of the product and
its effects on hemodynamics and respiration were
studied in experimental animals [54—56]. Reduction
of dosages of other anesthetic drugs on the back-
ground of a more stable depth of anesthesia and accel-
erated postanesthetic recovery of animals became an
important characteristic of dexmedetomidine as a
component of anesthesia in the experiment [42, 56].

Other organ protective effects of dexmedetomi-
dine, its positive effects on the neurological and kid-
ney function are the objects of research in experi-
mental and veterinary medicine [57, 58]. Reduction
in inflammation and relief of oxidative distress man-
ifestation in lung tissue during ischemic-reperfusion
damage on the backdrop of the drug introduction
were also demonstrated [59].

Dexmedetomidine cardioprotection in non-
cardiac surgical interventions. Surgical aggression
increases the tone of the sympathetic nervous sys-
tem, which manifests itself through hypercate-
cholaminemia, episodes of arterial hypertension and
tachycardia, hypercoagulation and hyperthermia.
These changes predispose to myocardial ischemia,
particularly in patients with coronary artery disease
(CAD) with reduced coronary reserve, increase the
risk of myocardial infarction and severe postopera-
tive complications [60]. Shortly after the introduc-
tion of dexmedetomidine in the clinical practice, its
prescription has been considered as a prevention of
such complications. In the non-cardiosurgical prac-
tice, especially in vascular surgery, the cardioprotec-
tive effects of dexmedetomidine are undoubtful and
confirmed by various studies, including the meta-
analyses.

The largest of the presented analyses have
demonstrated similar results in the perioperative
application of a,-AR agonists, including dexmedeto-
midine in non-cardiosurgical patients. Meta-analy-
ses included: 1) 31 studies (4578 patients), 2) 23
studies (3395 patients), 3) 20 studies (840 patients),
4) a large analysis, summarizing randomized trials
from the MEDLINE and Cochrane database from
1980 until 2006. They confirmed that dexmedetomi-
dine reduced the overall mortality, the incidence of
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KapanonporexkTopsr .

OPraHOMPOTEKTOPHBIE CBOUCTBA I€KCMEIETOMUIINHA,
€r0 TIOJIOKUTETbHOE BJIUSIHIIE Ha HEBPOJOTUIECKYIO
u noveunyo (yukinuu [57, 58]. Ilokazanbr Takxke
CHIKEHUE BOCIATEHUST W yMEHbBIIIEHNE TTPOSIBIEHUE
OKCHIATUBHOTO JUCTPECCA B TKAHU JIETKUX MPU UX
UIIeMUYECKU-Pernepdy3nOHHOM TOBPEKICHIN Ha
(hone BBemenus mpenapara [39].

JexkcMeneToMUIMHOBAST KapAHONPOTEKIIMH
OpH HEKAPAHOXUPYPTUYECKUX ONEPATUBHBIX BMeE-
HIATEeJbCTBAX. XUPYPTrUYECKAsT arPECCHUST TOBBIIIAET
TOHYC CUMIATHYECKUN HEPBHOM CHCTEMBI, YTO TPO-
SIBJISIETCST THIIEPKATEXOJAMUHEHEMUEH, SMU301aMu
apTepPUANbHON TUTIEPTEH3UN W TAXUKAPAWUU, THIIEP-
KOAryJIsnuedl W TUMepTepMueil. ITU W3MEHEHUS
MIPEAPACIOIATAIOT K UIIIEMITH MUOKaP/a, OCOOEHHO Y
6obHBIX HIeMudeckoil 6osesubio cepana (MBC)
CO CHUJKEHHBIM KOPOHAPHDBIM PE3EPBOM, MOBBIIIAIOT
pucK nH(bapKTa MHOKap/a U TSLKETbIX MOCTIeoTepa-
IMUOHHBIX ocyioskHeHuit [60]. Beckope moce BBese-
HUSL JIECMEIETOMUINHA B KJINHUYECKYIO MPAKTHKY
€ro Ha3HAYeHWe CTAJM OIEHUBATH B KAYECTBE MEPDI
NpOoUIAKTUKY TaKUX OCJTOKHeHni. B Hekapanoxu-
PYPrudeckoil MmpakTHKe, 0COOEHHO, B COCYAMCTON
XUPYPIrUn, KapANOIPOTEKTOPHBIE d(DHEKTDI TeKCMe-
JNETOMU/INHA HE BLI3BIBAIOT COMHEHUN U TTOATBEPIK-
JIEHBI PA3JTMYHBIMU MCCIEOBAHUSIMI, BKJIIOYAs Me-
Ta-aHaJIU3bI.

Camble KPYITHBIE U3 TIPECTABIEHHBIX AaHAM30B
MPOIEMOHCTPUPOBAIA CXOJHbIE PE3YJIBTAThl TEPH-
OTIEPAIIMOHHOTO TIPUMEHEHUsT arOHNCTOB y-AP, B
TOM YHCJIE IEKCMEIETOMUINHA, Y HEKapANOXUPYPTHU-
yecKuX OOJIbHBIX. MeTa-aHaausbl, BRIounBime: 1)
31 uccneposanue (4578 60sbHBIX), 2) 23 ucciaenoBa-
nus (3395 Goabubix), 3) 20 wuccaepoBanuii (840
GOJIbHBIX), 4) KPYIHBI aHa3, 0O00IMBIINN PaH-
nomusupoBannble nccaenoBanus n3 MEDLINE n
6asbl gannbix Koxpeitna ¢ 1980 xo 2006 — moarsep-
JIAJTN, 94TO JIEKCMEIETOMUINH OCTOBEPHO YMEHbIIIa-
10T OOIIIYIO JIETATBHOCTD, YaCTOTY PA3BUTHSI UIIEMUN
MHUOKapa B IOCJTIEONEPAIIIOHHOM TEPUOJIE, Kapau-
AJIbHYIO JIETATLHOCTD, YACTOTY Pa3BUTHs HehaTaIb-
HBIX OCTPBIX HH(PAPKTOB MUOKAP/IA, JEMOHCTPUPYIOT
GJIArOTIPUSITHOE BO3ICHCTBIE HA TEMOAUHAMUKY TIPU
HEKapINOXUPYPrAUecKUX BMeTaTe beTBax [60—63].

B xopoimo oprann3oBaHHbBIX PAHIOMU3UPOBAH-
HBIX KJIMHUYECKUX WCCJECIOBAHUAX GBI MOTyYEHBI
JIAHHBIE O TOM, UTO Y HEKAPAUOXUPYPIUICCKUX HOJIb-
HBIX JIEKCMEIETOMUIIMH YMEHbBITAeT YPOBEHb HOPAI-
PEHaIMHA B KPOBHU, MOTPEOHOCT MUOKAP/A B KICJIO-
pozme [64, 65], a Takke TIA3MEHHOE COIEP/KAHUE
MB-dpaximn kpeatuadochokunazsr (KOK MB),
tporionuna I, [L-6 u rmkorendochopurassr BB [66].

B kagectBe 0HOTO M3 MEXAHM3MOB JIEKCMeIe-
TOMUZMHOBON KapANOMPOTEKITMI MOKHO PaccMaT-
puBarth 1 3hHeKTUBHOE TIOfABJIEHIE CTPecca, T0Ka-
3aHHOE Ha PA3JUYHBIX KIUHUIECKUX MOJEJISX:
CHIKEHHE BBIPAKEHHOCTU TUIEPANHAMUYECKON pe-
aKI[M U PUCKA HAPYIIECHUH PUTMa TP WHTYOAINN

myocardial ischemia in the postoperative period, car-
diac mortality, the incidence non-fatal acute myocar-
dial infarctions, demonstrated a beneficial effect on
hemodynamics in non-cardiac surgical interventions
[60—63].

Well-designed randomized clinical studies
demonstrated that dexmedetomidine reduced the
noradrenaline blood levels, the myocardium oxygen
requirements [64, 65], as well as plasma concentra-
tions of MB creatinine phosphokinase (CPK MB),
troponin I, IL-6 and glycogen phosphorylase BB in
non-cardiac patients [66].

Effective suppression of stress confirmed in var-
ious clinical models may be considered one of the
mechanisms of dexmedetomidine cardioprotection:
reduction of severity of the hyperdynamic reaction
and the risk of arrhythmias during tracheal intuba-
tions and surgical stress [67], ensuring stable anes-
thesia in combination with or without regional anes-
thesia for high risk patients and [68] newly identified
property of the drug to reduce the level of glucose in
stress hyperglycemia [69].

Dexmedetomidine cardioprotection in car-
diac surgery. At present, there are studies describing
a positive effect of dexmedetomidine on the stability
of the cardiovascular system during cardiosurgical
interventions [26, 70]. In various studies prescrip-
tion of dexmedetomidine in surgeries with extracor-
poreal circulation for the coronary artery disease
(CAD), a number of positive effects which can result
in cardioprotection was determined: decrease of
noradrenaline blood level, reduction of circulatory
responses to tracheal intubation and surgical stimuli,
prevention of episodes of tachycardia and hemody-
namic instability [71—73].

However, data on the implementation of the
cardioprotective effect of dexmedetomidine in
assessment of clinical endpoints of the cardiosurgical
treatment are still quite ambiguous. A meta-analysis
(2003) has identified a reduced risk of myocardial
ischemia due to of ,-AR, including dexmedetomi-
dine without any effect on the risk of myocardial
infarction and mortality in cardiosurgical patients
[62]. An expanded cohort study demonstrated a
reduced overall risk of complications and mortality
after myocardial revascularization with extracorpo-
real circulation and did not demonstrate a reduced
incidence of myocardial infarctions. The authors
examined 1134 cardiosurgical patients and demon-
strated that prescription of dexmedetomidine right
after discontinuation of the extracorporeal circula-
tion and its administration for the next 24 hours
reduced hospital (from 4.59 to 1.23%), 30-daily
(from 5.12 to 1.76%) and one-year (from 7.95 to
3.17%) mortality and reduced the incidence of post-
operative complications [74]. Similar data were
obtained in a cohort study which analyzed the effica-
cy of dexmedetomidine as an adjuvant of general
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Tpaxeu ¥ XUPYPruueckoM crpecce [67], obectieuerne
CTaOUIBHOTO TEUCHMSI aHECTE3UH B KOMOUHAITHH VTN
6€3 peroHapHON aHeCTe3UH 17Tt GOJBHBIX BBICOKOTO
pucka [68] 1 BHOBB BBISIBIIEHHOE CBOWCTBO TIpeTapa-
Ta CHIZKATh YPOBEHb TJIIOKO3BI MIPU CTPECCOBON T'H-
nepraukemun [69].

JexcMeneTOMUIMHOBAas KapIUONPOTEKIUs B
KapuoXupyprum. B HacTosIee BpeMst CyIeCcTBYIOT
WCCTIe/IOBAHWS, ONMUCHIBAIONINE TMO3UTUBHOE BJIUS-
HUE JICKCMEICTOMUINHA Ha CTaOUIBHOCTD CEPIAETHO-
COCY/IMCTON CUCTEMBI TPHU KapAMOXUPYPTUIECKUX
BMernaTesabeTBax [26,70]. B pasnnuHbIX nccienoBa-
HUSIX, TIOCBSTIEHHBIX HA3HAYEHUTO IEKCMEIeTOMUJIH-
Ha mipu omeparuax ¢ VMK no moBoxy umremMmmyaeckoit
6osesnbio cepaua (BC), Gbln oTMeueH 1eablil psj
MOJIOKUTETHHBIX 3(h(HEKTOB, KOTOPHIE MOTYT PE3YJTh-
THUPOBATLCS B KapAUOMPOTEKIUN: CHIKEHUE CO/IEP-
JKaHWUST B KPOBU HOPAJIPEHATIHA, YMEHBITIEHNE Peak-
MUH cUCTEeMBl KPOBOOOpAIEHUST Ha WHTYOAIIUIO
Tpaxew W XUPYPrudecKue CTUMYJIBI, TPODUIAKTHKA
BTN30/I0B HECTAOUIBHOCTU TeMOJANHAMUKN U TaxXu-
Kapuu [71—73].

OnHako, TaHHbBIE O PeATN3aINN KapINOTPOTEK-
TopHOTO 3(hdeKTa JeKCMeIeTOMIINHA TIPU U3yde-
HUU KJIMHWYECKUX <KOHEUHBIX TOYEK» KapAHOXMU-
PYPTrUYECKOTO JIEYeHUSI OCTAIOTCS He BIIOJIHE
onmHO3HAUYHBIME. MeTa-arann3 2003 T. BBISBUI y Kap-
JIMOXUPYPTHUECKUX GOJBHBIX CHUKEHUE PUCKA UIITe-
MUU MHOKap/ia B Pe3yJibTaTe NCTOJIb30BaHUS Qy- AP,
BKJIIOUAST JIEKCMEICTOMUINH, Ge3 BIUSHUS Ha PUCK
pasBuTHs WH(pAPKTAa MUOKAp/a W JETaTbHOCTD [62].
PasBepHyTOE KOTOPTHOE WCCTEIOBAHME, KOHCTATU-
poBaBIliee CHIZKEHUE OOIIEro PUCKa OCIOKHEHWI 1
JIETAIBbHOCTH TTOCJIe PEBACKYJISIPU3AIINTN MUOKap/ia ¢
UK, #e mokazaso yMeHBITEHUS YaCTOTH MH(MAPKTOB
Muokapza. ABTopsl obcienosarenu 1134 kapanoxu-
PYPruvecKux OOJBHBIX ¥ MPOAEMOHCTPUPOBAIH, UTO
HazHAYeHWE IEKCMEeIETOMU/INHA, HAYUHAS ¢ MOMEH-
ta okonvyanust UK u nanee B Teuenme 24 4 CHUXKAET
rocrimranpiyio (¢ 4,59 no 1,23%), 30-cyrounyio (c
5,12 no 1,76%) u rommunyio (¢ 7,95 no 3,17%) Je-
TAJIbHOCTD, a TaKJKe YMEHbIITaeT 00IIYI0 YacTOTy 10-
CJIEOTIEPAITMOHHBIX OCJIOKHEeHNI [ 74 ]. CxoHbIe 1aH-
Hble TIOJYYEeHBI B KOTOPTHOM WCCJIEIOBAaHWH,
MPOAHAU3NPOBABIEM 3(h(MEKTUBHOCTh TTPUMEHE-
HUS JICKCMEJICTOMUINHA B KaueCTBe aJbloBaHTa 00-
med anHectesun npu omeparusax ¢ MK mo mosoxy
NBC nmm kianaHHbIX TOPOKoB cepaia [28]. Ipu mc-
MOJIb30BAHUH TIPETIApaTa aBTOPHI ONICATN YMEHbIIIe-
HU€ Y9aCTOThI HEBPOJIOTUIEKUX OCTOKHEHWUI W CJIy-
YaeB YIJUHEHUS TOCIHUTATU3AIUM, a TaKKe
cHkeHne 30-cyTogHOoH JetarbHOCTH. OfHAKO yKa-
3aHUI Ha KJIMHUYECKHE WJIH TabopaToOpHbIE TPOSIB-
JIEHUST CHeU(pUIECKOi KapUONPOTEKIINA B ITUX
HCCTIE/IOBAHMSX HET.

B oHOM U3 TIesieHATIPaBIE€HHBIX NCCTEOBAHNIA
y 60sbHbIX UBC, onepupyembix ¢ K 1 kapauoruie-
TMYECKOM OCTAHOBKOW Cep/IIia, BBEJCHUE JEeKCMee-

anesthesia during surgeries with extracorporeal cir-
culation for CAD or valve heart defects [28]. The
authors described the reduction of incidence of neu-
rological complications and cases of prolongation of
hospitalization, as well as a reduction of the 30-day
mortality due to the use of the drug. However, no
signs of clinical or laboratory manifestations of spe-
cific cardioprotection has been demonstrated in
these studies.

In one of the targeted studies in CAD patients
operated with EC and cardioplegic heart arrest,
administration of dexmedetomidine did not provide
significant differences from placebo in the degree of
postoperative increase of CPK MB and cardiac tro-
ponin T [75]. In another, the authors described a sig-
nificantly smaller increase in troponin T after
myocardial revascularization with EC using general
anesthesia on the basis of racemic ketamine and
dexmedetomidine vs. sevoflurane-sufentanil anes-
thesia [76]. A well-designed modern study based on
assessment of the dynamics of Troponin I, CPK MB
and markers of renal damage demonstrated distinct
cardioprotective and nephroprtective effects of the
drug that was administered 5 min prior to EC and
continued for 6 h [77].

As it has been noticed above, dexmedetomi-
dine is a drug with anti-inflammatory properties.
Obtained clinical data on the systemic anti-inflam-
matory effect of the drugs in surgeries with extra-
corporeal circulation. Tt has been demonstrated that
dexmedetomidine infusion during EC reduces post-
perfusion increase of plasma concentrations of an
inflammatory mediator of DNA-bound protein
HMGB1 and Interleukin-6 [78]. Prescription of the
drug reduces the growth of IL-1, IL-6, TNF-a¢ and
interferon y after the extracorporeal circulation
using a mini-circuit [79]. The anti-inflammatory
effects of dexmedetomidine may be significant for
organ protection, in general, and cardioprotection,
in particular. Researchers who demonstrated a cer-
tain parallelism between the manifestations of car-
dio- and nephroprotection and decreased levels of
proinflammatory IL-1 and TNF-« [77] expressed a
similar opinion.

Numerous data were published on the hemody-
namic effects of the drug that indirectly demonstrate
its cardioprotective properties. Almost all
researchers point to a lower heart rate when compar-
ing dexmedetomidine with other sedatives [36, 80—
83]. On the other hand, there is a risk of bradycardia
[83, 84].

The contribution of dexmedetomidine to the
prevention of postoperative atrial fibrillation which
is described in some studies and not described in oth-
ers remains unclear [34, 83, 84]. The same meta-
analyses demonstrated a significant reduction in the
risk of ventricular tachycardia [34, 84]. A more than
fivefold reduction in the incidence of ectopic nodular
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TOMUMHA He 00ECIeunIo 3HAYMMBIX OTJIUYUN OT
mrarebo B CTEMEHU MOCTEONePAlHOHHOTO TTOBBITIE-
uust KOK MB u kapauansnoro tponoruna T [75]. B
JIPYTOM — aBTOPbBI OMUCAIN 3HAYUTETBHO MEHBITTHIA
mpupocT TponioHnHa T mocse omepannii peBacKyJisi-
pusanuu Muokapzaa ¢ VK mpu ucnosib3oBannu 006-
ITeft aHecTe3NN Ha OCHOBE PAI[eMUIeCKOTO KeTaMITHA
1 IeKCMeZIeTOMUIMHA TI0 CPAaBHEHUIO ¢ ceBo(IypaH-
cybeHTaHIIOBOI anecrtesneii [76]. B xoporio opra-
HU30BAHHOM COBPEMEHHOM WCCJICIOBAHUN HA OCHO-
Be omenku auHamuku Tpornonmna I, KOK MB u
MapKePOB MOYEYHOTO MOBPEKACHUS TTPOIEMOHCTPH-
POBAHBI OTUYETJIUBBIE KaPAUONPOTEKTOPHbIE U Hed-
porpTekTopHbie ah(eKThI TpemapaTa, KOTOPbIi Ha-
suavasu 3a 5 mun 10 MK u mpogosskamn BBOAUTD B
teuenue 6 4 [77].

JlexcMereToMUIH, Kak 0TMEYaJIoCh BBIIIE, OT-
HOCAT K TIperapaTtaM ¢ TPOTHBOBOCTATUTEIbHBIMA
cBotictBamu. [TosryueHbl KITMHIYECKNE TaHHbIE, CBH-
JIETEJIbCTBYIONINE O CHCTEMHOM TIPOTHBOBOCIIAJIU-
TebHOM adderTe mpenaparta pu omneparusax ¢ UK.
[TpogemonrcTpupoBano, 4T0 WHGPY3US TEKCMEIeTO-
muaraa Bo BpeMst MK camkaeTt moctnepdy3noHHbIN
MPUPOCT TJIA3MEHHBIX KOHIIEHTPAIUI MeIuaTopa
sBocmasienus I KH-csasannoro 6erka HMGB1 u nn-
tepJelikaa-6 [78]. Haznauenue mpenapara yMeHb-
mraet pupoct 1L-1, IL-6, TNF-a n waTepdepona y
nocsie IK ¢ ncrosrb3oBarmeM «<MUHI»-KOHTYpa [79].
[TpotuBoBOCTATUTENbHBIE 9P DEKTHI IEKCMETECTOMU-
JITHA MOTYT OBITh 3HAYMMBIMHU B PAaMKaX OPraHoIpo-
TEKIUHW W KapAMOMPOTEKIINU, B YACTHOCTH. AHAJIO-
TUYHOE MHEHWE BBICKA3BIBAIOT WCCIE0BATENH,
MIPOZIEMOHCTPUPOBABIITNE OTPE/IeTICHHBIN TapaJiie-
JIU3M MEKIy TIPOSIBICHUSIMU Kapino- 1 Hepompre-
KWW U CHUJKEHWEM YPOBHS MPOBOCTATUTENbHBIX [1.-
1 u TNF-« [77].

Omny6/IMKOBaHbl MHOTOYKCJICHHBIE TAHHBIE O
reMofimHaMudecknx addekTax mnperapara, KOTOpble
KOCBEHHO CBH/IETEIBCTBYIOT O €TO0 KapAMOIIPOTEK-
TOPHBIX cBolicTBax. [IpakTnueckn Bce mccenoBarte-
JIW YKa3bIBAIOT HA MEHBIITYIO YACTOTY CEPJEYHBIX CO-
KpalmeHuit Mpu CpaBHEHUU EKCMEJIETOMUINHA C
NIIPYTUMHU CeJaTUBHBIMU Tipenapatamu [36, 80—83].
C apyroii CTOPOHBI, CYIIECTBYET PUCK Pa3BUTHST Opa-
nukapany [83, 84].

OcTtaeTrcst He BITOJHE SICHBIM BOTIPOC O POJN
JIeKCMeIETOMU/INHA B TPOGUIAKTHKE TOcyeomnepa-
[MUOHHOW (DUOPUJUIAIINN TIPEACEPANH, KOTOPYIO B
OJTHUX MCCJIEIOBAHUSX OTMMCHIBAIOT, B IPYTUX — HET
[34, 83, 84]. B Tex ke mMera-aHanmM3axX MPOJIEMOHCT-
PHPOBAHO CYIIECTBEHHOE CHIDKEHHME PHCKA JKemy-
JOYKOBBIX Taxmkapanii [34, 84]. B pesymisrare mnc-
MOTBb30BAHUST JEKCMEIETOMUINHA OIHCAHO Ooee
YeM TISATUKPATHOE CHIZKEHUE YaCTOThI HKTOTTMUECKUX
V3JIOBBIX TaXWKapAWi TOcTe KOPPEKINN BPOKIEH-
HBIX TIOPOKOB cepara y aeteit [85]. To ects, ogaum us
BAKHBIX KapIIMOTPOITHBIX CBOMCTB MperapaTa, BUIH-
MO, SIBJISIETCSI €70 AaHTUAPUTMOTEHHAST aKTHBHOCTD.

tachycardias after correction of congenital heart
defects in children was described as a result of the
use of dexmedetomidine [85]. That is, its antiar-
rhythmogenic activity is one of important car-
diotropic properties of the drug, apparently.

Data on the risk of arterial hypotension during
dexmedetomidine sedation in cardiosurgical patients
are ambiguous. Some authors note its more frequent
incidence as compared to other drugs [36, 86]. A
meta-analysis performing a comparative evaluation
of dexmedetomidine and other options for sedation
including propofol did not confirm the increased risk
of arterial hypotension [83, 84]. No increased risk of
arterial hypotension due to administration of
dexmedetomidine as an adjuvant of general anesthe-
sia in adult [34] and pediatric cardiac surgery was
demonstrated [85]. In a group of patients who under-
went robot-assisted direct revascularization of the
myocardium, dexmedetomidine reduced not only the
incidence of tachycardia as compared to propofol,
but also episodes of arterial hypotension [87].

It has been noted that stable cardiac output
retains and pulmonary circuit hemodynamic para-
meters change slightly after introduction of
dexmedetomidine, and the need in vasopressors does
not increase, although the BP may be slightly
decreased [71, 75, 88, 89]. Less frequently CAD
patients presented the decreased pressure in the pul-
monary artery during the postperfusion period [75].
In mitral valve replacement in patients with pul-
monary hypertension administration of dexmedeto-
midine started before the induction of anesthesia and
continued until the skin incision provided not only a
moderate BP drop, but also an effective reduction of
pulmonary circuit hemodynamic parameters, includ-
ing pulmonary vascular resistance and pulmonary
artery occlusion pressure as compared to the refer-
ence group [90]. Tt should be noted that in valve
surgery dexmedetomidine had not yet found a wide
application, although studies that demonstrated that
in this clinical situation positive clinical effects of the
drug in coronary artery interventions were demon-
strated had been already published [28].

Studies of the organ protective effects of
dexmedetomidine used as an adjuvant of the general
anesthesia and as a postoperative sedative in cardio-
surgical patients of elderly and senile age has been
initiated recently [91]. Optimization of the thera-
peutic strategy in this clinical situation is very
important, because the number of cardiosurgical
interventions in geriatric patients is constantly
increasing. The first results are ambiguous. On the
one hand, facilitation of early postoperative patient's
activation, some reduction in the number of pul-
monary complications and reduced incidence of
tachyarrhythmia were found; on the other hand, the
increased risk of arterial hypotension was detected
[91]. A meta-analysis (2016) determined that peri-
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He BmiostHe 0THOPOTHBI CBEJICHNS O PUCKE apTe-
PHAILHON TUMIOTEH3UN TIPU JAEKCMEIETOMIIUHOBOM
celalluy y KapAnOXupyprudeckux GosabHbIx. Heko-
TOPbIE aBTOPbI OTMEUAIOT ee DOJIeE YaCThIE DTU30/IbI
IIPU CPaBHEHUU C IPYTUMHU Tipeniapatamu |36, 86]. B
MeTa-aHajan3e PN CPaBHUTEIBHON OIeHKe JeKcMe-
JETOMUIHA W IPYTUX BAPUAHTOB CEMAlUU, B TOM
yucse TpornodoI0BOiA, TOBBIIIEHHBIN PUCK apTepH-
aTBHOM THMOTeH3UN He moAaTBepanics [83, 84]. He
YCTAHOBJIEHO TIOBBINIIEHUE PUCKA apTePUATBHON TH-
MOTEH3UN TIPU UCIIOJIb30BAHUN JIEKCMEIETOMIINHA
B Ka4ecTBe abIoBaHTa 00IIeil aHecTe3un BO B3POC-
Joi [34] u metckoit kapauoxupypruu [85]. B rpyme
GOJIBHBIX, TIEPEHECITIX POOOTUZUPOBAHHYIO TIPSIMYTO
PEBACKYISIPU3AIINIO MHOKAp/ia TeKCMeIeTOMIINH He
TOJIBKO YMEHBITTAJ YaCTOTY TaXUKapIWH MO CpaBHe-
HUIO C POTTO(MOTIOM, HO W CHUKAJ AMTNU30IbI apTePH-
aJbHON TUTIoTeH3uN [87].

YKa3bIBaloT, 4YTO Ha (hOHE BBEJCHUS AeKCMere-
TOMUJIMHA COXPAHSETCS CTaOWJIbHBIA CepAeYHbII
BBIOPOC U MAJIO MEHSIFOTCSI TIOKA3aTeI TeMOIITHAMY-
KW MaJIOTO KPYTa, a TTOTPEOHOCTH B Ba30ITPECCOPHBIX
mperapaTax He BO3pacTaeT, XOTsI ypoBeHb A/l Mmoxet
ObITh HECKOJIbKO cHuzKeH [71, 75, 88, 89]. Pexe y
60abHBIX MIBC oTMeuaoT CHUKeHUe JaBJICHUS B Jle-
TOYHON apTepuy B MOCTHePhY3NOHHDIN TIeproz [75].
[Ipu omrepanusix TPOTE3NPOBAHNS MUTPATHLHOTO KJTa-
nana y G0JIbHBIX C JIETOUHOU THTIEPTEH3NEH BBE/ICHIE
JIEKCMEIETOMUINHA, HAYMHABIIEECS 10 WHIYKIIUU
aHeCTe3WH M MPO/I0JIKABIIIEECs 10 KOKHOTO Pa3pesa,
00€eCTIeUnIIO TT0 CPABHEHUIO ¢ KOHTPOJIBHON TPYITION
He TOJIBKO yMepeHHoe cHinkeHne AJl, HO 1 addexk-
TUBHOE CHWKEHME TIOKa3aTesell TeMOIMHAMITKN Ma-
JIOTO KPyTa, BKJIIOYAsl JETOYHOE COCYANCTOE COTPO-
THUBJIEHVWE U [aBJE€HUE 3aKJUHUBAHUS JIETOYHOM
aptrepuu [90]. CremyeT OTMETHTH, YTO B KJIAMTAHHOM
XUPYPIUU [€KCMEIETOMUINH ellle He HAIIes MIHUPOo-
KUX TTOKA3aHUH, XOTS yKe OMyOIMKOBAHBI UCCTEN0-
BaHU, PE3YJILTATH KOTOPBIX IEMOHCTPUPYIOT, UTO U
B TOW KIWHWYECKOU CUTYAIUN TTPOSIBISIOTCS TTOJIO-
JKUTENbHbIE KIMHIMYecKue a(h@eKTh mpenapara, yc-
TAHOBJIEHHBIE [T BMEMIATENHCTB HA KOPOHAPHBIX
aprepusx [28].

B camoe mociesiHee BpeMsI HaUaTo U3ydIeHne Op-
TaHOTIPTEKTOPHBIX 3(h(HEKTOB eKCMeIeTOMUINHA,
MPUMEHSIEMOTO KaK a[blOBaHT 00IIeH aHeCTe3nn 1 B
KavecTBE TIOCJCOTIEPAITIIOHHOTO CEIaTUBHOTO TIpeTia-
paTa y KapAuOXUPYPrUdeCcKuX OOJNBHBIX MOKUIOTO U
crapueckoro Bozpacta [91]. Onrumusarus sedeGHOI
TAKTUKY B 9TOW KJINHIYECKOW CUTYaI[IH UMEET IPe3-
BBIUAITHYIO aKTyaJbHOCTh, TAK KaK YHCJO OTepariuii
Ha Cepiie y repuaTtpudeckKux OOJBHBIX MOCTOSTHHO
yBesmumBaetcs. [lepBbie pe3ybTaThl HE BIOJHE Of-
HOpoziHbl. C OHOIT CTOPOHBI, OTMEYAT 00JIErYeHIe
paHHEH MOCIe0ePAIIHOHHON aKTHBU3AIN OOJTbHBIX,
HEKOTOPOE YMEHBITIEHUE YNCIA JIETOYHBIX OCJIOKHE-
HUW W CHIZKEHUE YaCTOTBI TAXMAPTUMUH, C IPYTOH —
MOBBITIIEHIE PUCKA apTepuasibHoi rumoTensun [91]. B

operative prescription of dexmedetomidine reduced
the incidence of strokes and delirium, reduced hospi-
tal mortality in patients aged 65 years and older who
underwent revascularization of the myocardium
and/or correction of valve heart defects. [35]
Clinical and/or laboratory manifestations of specific
cardioprotection were not examined in these studies.

Therefore, data on the implementation of the
cardioprotective effect of dexmedetomidine in surg-
eries with extracorporeal circulation are still not
completely clear. This is probably due to the differ-
ent variants of coronary lesions and surgeries, fea-
tures of cardioplegia and myocardial protection dur-
ing aortic clamping, as well as dexmedetomidine
infusion protocols.

Level A evidence demonstrate stabilization of
circulation alone reducing the risk of tachyarrhyth-
mia and non-fatal myocardial ischemia. The contri-
bution of these factors to improvement of treatment
outcomes requires further study. At the same time,
there is a sufficiently extensive evidence base con-
firming the improvement of outcomes in the cardiac
surgery after prescription of dexmedetomidine in the
perioperative period.

However, an obvious cardioprotective effect of
dexmedetomidine was identified in high-risk opera-
tions for thoracoabdominal aortic aneurysm per-
formed without EC. The researchers noticed that the
incidence of episodes of myocardial ischemia and the
release of cardiospecific troponin into the circulation
reduced after the drug prescription; echocardio-
graphic signs of impairment of the contractile func-
tion of left ventricular walls were found less often
[27]. Tt can be assumed that cardioprotective effects
of dexmedetomidine, in particular those caused by
sympatholysis, more early manifested themselves in
clinical situations when EC and cardioplegia were
not used, i.e. there was no influence of a cardioplegic
solution on the ischemic-reperfusion changes of the
myocardium and the blood circulation was support-
ed by spontaneous work of the heart. Prospects of
drug application in surgeries without extracorporeal
circulation or with but with a beating heart need fur-
ther research. There is reason to believe that in such
cardiosurgical interventions the dexmedetomidine
cardioprotection will be particularly important.

Application of dexmedetomidine for cardio-
protection. Different schemes of intraoperative
introduction dexmedetomidine in cardiosurgical
interventions have been described. Some authors
begin infusion of the drug immediately before induc-
tion of anesthesia and continued it until the end of
the intervention, while others prescribe the drug
directly before the EC, at the end of EC or while
suturing the sternum. The duration of infusions
started in this way ranges from 6 to 24 hours [28, 34,
75,77, 91]. Recommended dosing methods also vary,
ranging from 0.2 to 0.7 ug/kg/h during the surgery.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 4



DOI:10.15360,/1813-9779-2017-4-46-63

KapanonporexkTopsr .

MeTa-arammse 2016 1. ycTaHOBJIEHO, YTO TIEpHoIepa-
IIMOHHOE HAa3HAUEHUE IEKCMEIETOMUIITHA YMEHBITIAeT
YacTOTy WHCYJIBTOB W JIEJTUPUS, CHIKAET TOCITUTAIb-
HYIO JIETaJIbHOCTh y GOJIBHBIX B Bo3pacte 65 JieT u
CTapIiie, KOTOPBIM BBITTOJHSIOT PEBACKYJISIPU3AITIIO
MHUOKap/la /WM KOPPEKINIO KJIAAHHBIX TTOPOKOB
cepana [35]. Kuuanueckne u/mnn nabopaTopHbIE
MIPOSIBIIEHUS  CTIEITN(DUUECKO KapIUONPOTEKIINN B
ATUX WCCTETOBAHMAX HE N3YUAJHCh.

Takum 00pa3oM, MaHHBIE O PeATU3AINUU Kap-
JINOTIPOTEKTOPHOTO 3 deKTa JeKCMeIeTOMUTINHA
mipm onteparugx ¢ MK mo cux mop ocrarorcs He BITOJ-
HE OTHO3HAYHBIMI. BeposiTHO, 5T0 06YCIIOBIEHO pas-
JIMYHBIMU BapWaHTaMU MOPAKEHUS KOPOHAPHOTO
pycJia ¥ BBITIOJHSIEMbBIX OIeparinii, 0cOOEHHOCTSIMU
KapauoIierni 1 3(hhEeKTUBHOCTH 3aIUTHI MUOKAP-
Jla B TIEPUO/I TIepesKaTUs A0PTHI, a TaKKe MPOTOKOJIa-
MU UHDY3UH JIeKCMeIETOMUTITHA.

[lokazarerbcTBa YPOBHST A CBUIETETHCTBYIOT
TOJIBKO O CTaOUIM3ANN KPOBOOOPAIIEHUSI, CHIKE-
HUW pUCKA TaXMapUTMUN W HedaTaTbHOU WUIEMUN
MHOKap/a. PoJib 9TuX (haKTOPOB B yJydlleHUn 00-
MIUX PE3YJbTATOB JICUEHUS HYKIAeTCS B JlajbHel-
neM n3ydeHun. Bmecrte ¢ Tem, CymiecTByeT B 0CTa-
TOYHOU cTenmeHn oOmMMpPHas JoKasaTesibHas 0Oa3a,
MO/ITBEPSKATONIAS YIIYUIIeHNE PE3YTBTaTOB Kap/Ino-
XUPYPrAYECKUX OTIepaIlnii Tpyu Ha3HAYCHWH JIeKCMe-
JIETOMUIHA B TIEPUOTIEPAITMOHHBIN TIEPUO/IL.

BwmecTe ¢ Tem, BIOJTHE OTYETIUBBIN KapAnOTIPO-
TEKTOPHBIN 3(h@EKT AeKCMeIeTOMUIMHA BbISBUIN
MIPY OTEePAIASX BEICOKOTO PUCKA TIO TTOBOY TOPAKO-
abIOMUHABHBIX AHEBPU3M AOPThI, BBITOTHSIEMBIX
6e3 UK. VccaemnoBarenn OTMETHIN, YTO TP Ha3HA-
YEHWH TIpernaparta CHIKAETCS YacTOTa AMU30/I0B MU-
OKapAMaJbHOW HIIEMWH, YMEHBINAETCST BBIOPOC B
KPOBb KapAuOCIENn(pUIecKOro TPOITOHMHA U PeXe
BO3BHUKAIOT 3XOKapAuorpapuieckie MpU3HAKA Ha-
PYIIEHNH COKPATUTENbHON (DYHKIINH CTEHOK JIEBOTO
xeymouka [27]. MoXHO TIPEATTOI0KUTD, YTO Kap-
JIMONPOTEKTOPHBIE 3((DEKTI TeKCMeIETOMUINHA, B
YACTHOCTH OOYCJIOBJICHHBIE CUMITATOJIU3MCOM, JIyd-
11 MPOSIBIISIOTCS B KIMHUYECKUX CUTYAIIUSIX, KOT/IA
He ucnonbayercs MK n kapanonierus, T.e. OTCyTCT-
ByeT BJUSHUE KapAMOIJIETUYECKOTO PacTBOPa Ha
umeMuYecku-pernepy3noHHble U3MEHEHUS MUO-
Kap/a, a KpoBoOOpallleHre TIOCTOSTHHO MOIEP/KUBA-
eTcs caMOCTOSTeIbHOU paboroit cepana. Iepcrek-
TUBBI MPUMEHEHUsSI MIperapara Mpu omepaiusax 6e3
VK win ¢ UK, Ho Ha paGoratorieM cep/iie, HysK/a-
I0TCST B IAJIbHEHINIUX Uccae[oBaHnsX. EcTh ocHOBa-
HUS TI0JIaraTh, 9TO MPU TaKUX BapUaHTaX KapaHOXH-
PYPTUYECKUX BMEIIATETHCTB AEKCMECTOMUIMHOBAS
KapIUOTIPOTEKIUsE OyAeT 0000 3HAUMMA.

BapuanTtsl npuMeHeHNs IeKCMeIeTOMHIUHA C
neJpbl0 Kapauonporekmuu. OTMCAaHBl pa3JIudHbIe
CXeMBI HHTPAOTIEPAITIMIOHHOTO BBEIEHUS JIEKCMEIETO-
MUJIMHA TIPU KapAMOXUPYPTUIECKUX BMEIIATEIbCT-
Bax. HexoTopbie aBTOPHI HAUMHAIOT WH(Y3WTO TIpeTa-

Undoubtedly, the optimal protocol of dexmedetomi-
dine prescription needs further confirmation and
clarification; the administration rate may and should
be adjusted in accordance with the hemodynamic
parameters of patients. In the case of postoperative
introduction of dexmedetomidine, prescribers take
into account target levels of sedation according to
scales accepted in resuscitative practice [74, 92, 93].

Conclusion

Therefore, dexmedetomidine, an a,-AR agonist,
produces a complex of beneficial pharmacological
effects in the anesthesiological support of cardiac
surgeries. Cardioprotective properties of the drug
were demonstrated in numerous experimental stud-
ies and non-cardiac surgeries, especially in high risk
patients. Beneficial effects of dexmedetomidine on
various parameters of the postoperative period and
general complications of cardiosurgical interven-
tions was shown in level A and B studies.

Cardioprotective properties of dexmedetomi-
dine in surgical patients who underwent non-cardial
interventions, particularly vascular ones, were
demonstrated in level A and B studies. Various
aspects of dexmedetomidine cardioprotection has
been thoroughly studied in level B studies.

The possible cardioprotective effect of the drug
is associated with:

o sympatholysis, whose manifestations
include a negative chronotropic effect, a moderate
reduction of blood pressure and, consequently,
reduced oxygen and macroergic phosphates require-
ments of the myocardium;

¢ increased coronary circulation as a result of
the lengthening of the diastole, NO- and mediated
coronarodilation;

* reduction of the coronary steal effect of orig-
inally ischemized areas of the myocardium;

* anti-inflammatory effect;

» antioxidant effect;

 prevention of apoptosis activation.

The analysis of the current literature data gives
grounds to conclude that dexmedetomidine cardio-
protection has good prospects in the various fields of
surgery.

para HeTIOCPEACTBEHHO Tiepe/l UHAYKINEH aHeCTe3nn
U TIPOJIOJIKATIH €€ /0 OKOHYAHUS OMEePaTUBHOTO BMe-
MIaTeThCTBA, APYTHE HA3HAYAIOT TTPeTrapaT HeMoCpes-
ctBenHo mepen MK, mpu oxonvanun VK wmm mpn
CBeJIEHUN TPYAUHBL. [IpOM0IKUTEIbHOCTD HAUaThIX
TakuM 00pasom mH(DYsuil Bappupyercs ot 6 10 24 4
[28, 34, 75, 77, 91]. PekomeH10BaHHbIE CITOCOOBI 10-
3UpoOBaHMsS Takxke orianvaiorcs — ot 0,2 mo 0,7
MKT/KT/4 B TedeHue omnepainn. HecomrerHo, ontu-
MaJTbHBIHN TIPOTOKOJI HA3HAYEHUST IEKCMEIETOMUIMHA
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HY/KIaeTCsT B JATBHEHITMX 000CHOBAHUSAX U yTOUHE-
HUSIX; CKOPOCTH BBEJICHUS] MOKET M JI0JDKHA M3Me-
HSITHCSI B COOTBETCTBHUU C MOKA3ATEISIMUA TEeMOJIMHA-
MUKH TalneHToB. B ciyyae mocseornepannoHHOTO
BBEIEHUsT [EKCMEIETOMUIITHA OPUEHTUPYIOTCS Ha
1eJIEBbIE YPOBHU CEAIINHU, COTJIACHO TIPUHSATHIM B Pe-
AHUMATOJIOTUIECKON MpaKTHKe IKamam [74, 92, 93].

3akjaoyeHue

Takum 00pa3oM, aroHUCT a,-AP nekemeeromu-
JIH 00JTa/IaeT KOMIIEKCOM MOJIE3HBIX (hapMaKOJIOTH-
YecKnX 2(pheKTOB P aHECTE3N0JI0TO-PEAHNMATOTIO-
TUYeCKOM  O0ECTIEYeHUH  KapAMOXUPYPrHUECKITX
omeparuii. KapamompoTtekTopHble cBOICTBA TIperapa-
Ta TIPOJIEMOHCTPUPOBAHBI B MHOTOUNCJICHHBIX KCITE-
PUMEHTAJILHBIX MCCJIE/IOBAHUSAX U TP BBITOJHCHUN
HEKapAUMOXUPYPIrUUECKUX OTepannii, 0CoOeHHO Y
GOJIBHBIX BBICOKOTO PHCKA. BJiaronpusiTHoe BJIUSHIE
JIEKCMEZIETOMU/INHA Ha PA3IMYHbIe TIOKA3aTen TI0-
CJICOTIEPAIITHOHHOTO TIEPHOIa M OOIIHE OCJIOKHEHIIST
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MOJTHSTIOT HEKapAnalbHble BMEITATeIbCTBA, 0COOEHHO
COCYZINCTBIE, TIPOIEMOHCTPUPOBAHBI B MCCJIEOBAHN-
X ypoBHA A 1 B. PasnmuHble acleKTs 1eKCMeIeTo-
MUIITHOBOW KapAHOIPOTEKIINU JOCTATOYHO TIIyOOKO
M3y4YeHbl B NCCIIEOBAHMUSX YPOBHS B.

Bo3MOKHBINT KapAHOTPOTEKTOPHBIN 3 dekT
rpernapara CBsI3bIBAIOT C:

*  CUMIIATOJIM3WCOM, TTPOSIBJICHUSIMI KOTOPOTO
SBJISTIOTCST OTPUIIATEJLHBIH XPOHOTPOTHBIN a(deKT,
yMepeHHOe CHUXeHNe apTephabHOTO /AaBIEHUS W,
KaK CJICJICTBUE, YMEHbIIEHNE MOTPEOHOCTH MUOKap-
7la B KUCJIOPOJie T MaKpOapTruiecknx ocdaTax;

* yBeJMYEeHWeM KOPOHAPHOTO KPOBOTOKA B pe-
3yJibTate yaJauHeHus auactoibsl, NO- U afeHO3uH-
JIeTEPMITHUPOBAHHOW KOPOHAPOANIATAINN;

o yMeHbIleHHEM 3(hdeKTa KOPOHAPHOTO «00-
KPaJbIBAaHUST» MCXOIHO NTIEMU3UPOBAHHBIX 30H MU-
oKapla;

* TIPOTHBOBOCHATUTETHHBIM 3 heKTOoM;

* AHTUOKCUIAHTHBIM 3(PDeKTOM;

*  TIpemynpesk/eHneM aKTHUBAINN alfonTo3a.

AHanm3 COBPEMEHHBIX JIUTEPATYPHBIX JTAHHBIX
JTaeT OCHOBAHUS 3aKJIOYNTD, YTO JIEKCMEIeTOMUIN-
HOBas KapIUOIPOTEKIINS B PA3JIHUHBIX 00JIACTIX XU~
PypTuM, HECOMHEHHO, IMeeT XOPOIITHe IePCTIeKTHBHI.
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Insufficiency of Medical Care for Patients with Acute Respiratory Failure
Andrei V. Dats, Ludmila S. Dats, Igor V. Khmel'nitskii

Irkutsk State Medical Academy of Postgraduate education,
Russian Medical Academy of Continuing professional education, Ministry of Health of Russia
100 Yubileyny microdistrict, Irkutsk 664049, Russia

Iens uccaenoanusi. Ananus jgedeKToB OKa3aHust MeIUIITHCKON TOMOTIH MAI[HEHTaM € OCTPOIl JbIXaTeJbHOM
HEIOCTATOYHOCTHIO B OT/IEJEHUSIX PEAHUMAIIUY U UHTEHCUBHON Teparuu.

Marepuaist 4 MeToabl. VccaenoBanne HOCHIO PETPOCTIEKTUBHBIH XapaKTep U 3aKJII0YATOCh B M3YUECHUN UC-
topuii 6osesrn 160 HAIMEHTOB ¢ OCTPOIL IbIXaTEJIbHON HEJOCTATOYHOCTBIO B Bogpacte ot 15 10 84 set, rocuura-
JIN3UPOBAHHBIX B OT/EJNEHUs peaHUMaIliKi U MHTEHCUBHON Teparnun 24 pailOHHBIX U TOPOACKUX 6obHUI VIpKyT-
ckoil obact. Victopun 6osie3Hn mpemocTaBiaeHbl TeppuTopuanbHbIM (HOHIAOM 00SI3aTEIBHOI0 MEIUIUHCKOTO
cTpaxoBaHus rpaxaan VIpKyTckoil obmacTi.

Pesyabrarbl. OcHoBHBIE JeeKThl 00CIe10BAHNST IPU TPOBEAEHUI UCKYCCTBEHHON BEHTUJISIIIUM JIETKUX CBSI-
3aHbI C OHCHKOﬁ JICFO‘{HOIL/'I (l)yHKLII/H/I, MI/IKpO6I/IOJIOI‘I/I‘{CCKI/IM nuccjae10BaHneM MOKPOTBI U ]Iy‘{CBOﬁ [[HaI‘HOCTHKOﬁ.
O/TH ue nuarnoctuposana y 32 u3 160 marmentoB OPUT, uto coctaBumo 20%, a Takke B 23% cydaeB He THATHO-
ctuposanbl mpruunnbsl O/TH.

Bosbiire Beero nedeKToB B JIEUEHUH TTAIHEHTOB ¢ OCTPOH BIXaTeIbHON HEJOCTaTOYHOCTHIO OBIJIO BBISBIEHO
[P YCTPAHEHUH THUIIOKCEMUM: OTCYTCTBUE BOCCTAHOBJIEHMS TIPOXOIUMOCTH JIbIXaTEIbHBIX MTyTEM, OTCYTCTBIE Ha-
3HA4YCHUSA KUCJIOPO/ia ITPU TUITOKCEMUU, OTCYTCTBUE ITPOBEACHUA I/ICKyCCTBeHHOﬁ BEHTUJIAIINN JIETKUX IIPU COXPa-
HAIOTIEHNCS TUTIOKCeMNT Ha JOHe MaKCHMaJIbHOM MO/[aui KUCJIOPO/a U TI03/[THNH TIepeBO/l Ha NCKYCCTBEHHYTO BEH-
TUJISIUIO JIETKUX HA CTA/[MU TUIIOKCUYECKOI OCTAHOBKH Cep/lia.

3akimouenne. lcrob3oBaHue TOJBKO MyJbCOKCUMETPUHU MPU OTCYTCTBUHU aHAJIM30B TAa30B apTepPHAIbHOMN
KpoBH Y 98% MaIimeHToRB ¢ OCTPOIi IbIXaTeIbHOM HEOCTATOYHOCTDIO, OTCYTCTBUE PEHTTEHOTPADUH U,/ UK MYJTBTH-
CIUPATIBHOI KOMITBIOTEPHOI ToMorpadun jierkux y 21% corpoBOKAaI0Ch BBICOKUM YPOBHEM THITOJIMATHOCTUKY
OCTPOTO pecnupaTopHoro aucrpecc-cunapoma (78%), ymuba nerkux (60%), TpoM6aMOOINN JIETOYHON apTepun
(40%), kaparoreHHOro oreka jierkux (33%), HozokoMuanbHOI THeBMOHNY (28% ). JleeKThl JieueHust TalneHToR
¢ O/IH B 46% ciryuaeB 00yCIOBJIEHBI HEAJIEKBATHBIM YCTPAHEHHEM TUIIOKCEMUN, CBSI3aHHBIM C BOCCTAHOBJIEHUEM
[IPOXO/IUMOCTH JIbIXaTeJIbHbBIX ITyTell, Ha3HaUeHneM KICJI0pojia, poseaeHrem VBJI.

Knmioueevte caosa: depexmol okasaniis MEOUUUHCKOTE NOMOUL; OCIPAs ObIXAMENbHAS HEOOCTAMOUHOCTD; 6bl-
HCUBACMOCTIL, MEOUYUHCKUE OUUOKU

The purpose of the research: to analyze insufficiency of medical care for patients with acute respiratory fail-
ure in the ICU.

Materials and methods. It was a retrospective study of 160 patients' medical records (age from 15 to 84 years) with
acute respiratory failure (ARF) hospitalized in the ICUs of 24 regional and municipal hospitals of the Irkutsk Oblast.
Medical records were provided by the Territorial Fund of Compulsory Medical Insurance of citizens of Irkutsk region.

The results. The basic defects in conducting mechanical ventilation were associated with improper lung func-
tion evaluation, microbiological tests of sputum and radiology. ARF was not diagnosed in 32 of 160 ICU patients
(20%). In 23% of cases the causes of ARF were not diagnosed.

The greatest part of the defects in the treatment of patients with acute respiratory failure was found during the
treatment of hypoxemia: no recovery of the respiratory tract patency, no prescription of oxygen for hypoxemia, no
mechanical ventilation for persistent hypoxemia on the background of maximum oxygen supply and late switch-
ing to mechanical ventilation at the stage of hypoxic cardiac arrest.

Conclusions. The use of pulse oximetry alone in the absence of arterial blood gas analysis in 98% of patients
with acute respiratory failure and failure to perform the lung X-ray and/or MSCT imaging in 21% of patients were
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accompanied by a high level of undiagnosed acute respiratory distress syndrome (78%), lung contusion (60%), pul-
monary embolism (40%), cardiogenic pulmonary edema (33%), and nosocomial pneumonia (28%). Defects of
treatment of patients with ARF in 46% of cases were caused by inadequate management of hypoxemia associated
with the recovery of the respiratory tract patency, prescription of oxygen, and mechanical ventilation.

Keywords: defects of medical care; acute respiratory failure; survival; medical errors
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BBenenne

OcTpasi  mbpIxaTejqbHas  HEIOCTATOYHOCTD
(OTH) sBisiercst ofHON M3 HawboJee aKTyaabHbBIX
mpobsieM B MHTEHCUBHOI TEPAIii U UMeeT OOJIBIIoE
CONMAIbHOE 3HAUYEHNE B CHITY CBOEH PacIpOCTPaHEH-
HOCTH, TSKECTH, BBICOKOH JIETAILHOCTA ¥ CTOMMOC-
T Jeyerns [1—3].

CorylacHO pesyJibraTaM aHajm3a cylaeOHO-Me-
MUIMHCKUX JKCIEPTU3 OCHOBHOW MPUYHMHON CMep-
TEJILHBIX HCXO/I0B U HEOOPATUMBIX TIOPAKEHHIA TOJI0-
BHOTO MO3Ta BO BpPeMsS AHECTE3UW SBJISIOTCS
aKcTpeHHble cutyary, cesszanubie ¢ OH [4, 5].

B GOJIBIIMHCTBE CJIyYaeB aHECTE3UOJIOTHYEC-
KHUe OCJIOKHEHUS SBJSIOTCS YCJIOBHO TIPEIOTBPATH-
MBIMHU TIPU BBHITIOJHEHNY KJIMHUIECKUX PEKOMEH/Ia-
MU W aHAJTUTHYECKOM TOAXo[e K gedeKrTam
OKa3aHMS MEUITUHCKOH Tomortn [6—8].

OCHOBHBIMY TIPUYMHAMY BO3HUKHOBEHUS [Ie-
(hexTOB OKa3aHMT HEOTIOKHON MTOMOIIH Y TTAIMEHTOB
¢ O/IH sBistioTcst: HEOCTATKA OPTaHU3AINK TTOMO-
IIIH, HECTTOCOOHOCTh OIEHUTh CPOYHOCTH KJIMHIYEC-
KOH CHUTyaluu, HU3KUH YPOBEHb OCBOEHUSI MAHUILY-
JIIIIMOHHDBIX HABBIKOB, HEIOCTATKU TEOPETHYECKON
TIO/ITOTOBKY Bpaueit [6—8].

[ledexTsl oOkazaHWS MeIUITUHCKOW TTOMOIIN
MOTYT BOBHHUKHYTH MpU cOOpe aHaMHe3a, TPOBeje-
HUW KJIMHIYECKOTO 00CIeI0BaHMs, TabOPaTOPHOTO U
WHCTPYMEHTAJIBHOTO OOCJICIOBAHNS, a TakKkKe MPU
agedenun O/IH [6, 7].

YauThiBast, 9TO MPHU MPOBEAEHUN HUCKYCCTBEH-
noit BenTussimn serkux (MBJI) ¢ ncnompzoBannem
MHUOPETaKCAaHTOB BCET/Ia CYIECTBYET OTTACHOCTD Pa3-
BUTHS TUTIOKCUY W THIIEPKAITHUN, HEOOXOIUMO YII-
PaBIISITD IBIXaHUEM U ITPOBOUTD €70 B COOTBETCTBHUE
¢ OTPeOHOCTSIMI GOJIBHOTO, JIJIsT TOTO HEOOXOAUMO
MPOBOAUTH JAMHAMUYECKUIT KOHTPOJIb 3a HamboJiee
Ba)KHBIMU TTapaMeTPaMiU JIbIXaHUsT GOJBHOTO, BKJIIO-
qast cofiepsKaHue Ta3o0B apTepuaIbHON KPOBH U JIaB-
JIEHVE B JIBIXaTEJIbHbBIX My TsiX. Vconb30BaHme TOMb-
KO TYJbCOKCUMETPUU TIPU OTCYTCTBUM aHAJIN32
ra3oB apTePUATbHON KPOBU MPUBOJIUT K HEAIEKBAT-
HOM OT[eHKe OKCUTEHAIINH KPOBU U TTApaMeTPOB BEH-
THAImA, K Heahderrtusaoit UBJI naxe coBpemen-
HBIMU arapaTamu.

[ToJTHOCTBIO UCKITIOUUTD BEPOSTHOCTH /1€(hEKTOB
B MHTEHCUBHOW T€PAMU HEBO3MOKHO. /15T X MumHu-
MU3aI HEOOXOIMMBI COBPEMEHHBIN YPOBEHb 3Ha-
HUii, aIeKBaTHBII MOHUTOPUHT, BBITTOJTHEHE CTaHIAP-
TOB JICYEHUS W KIMHUIECKUX PeKOMeHarmii [7, 8]. A

Introduction

Acute respiratory failure (ARF) is one of the
most topical problems in the intensive care and has a
significant social impact because of its prevalence,
severity of complications, mortality, and cost of
treatment [1—3].

According to the results of the analysis of foren-
sic examinations performed by E.G. Gavrilova, et al.
(2014), N.A Borovskikh, et al. (2014), the main
cause of lethal outcomes and irreversible brain
injuries during anesthesia are emergencies associated
with ARF [4, 5.

In most cases, anesthesia complications are
conditionally preventable when clinical recommen-
dations and analytical approach to the defects of
medical care are followed [6—8].

The main causes of defects of the intensive care
of patients with ARF are as follows: poor organiza-
tion, inability to assess the urgency of the clinical sit-
uation, low level of manipulation skills, lack of theo-
retical training [6—8].

Defects in providing medical care occur in
examination of patient's history, clinical examina-
tions, laboratory and instrumental examinations, as
well as in the treatment of ARF [6, 7].

Taken into account that there is always the
risk of hypoxia and hypercapnia during mechani-
cal ventilation and prescription of muscle relax-
ants, the respiration should be managed and
adjusted with the needs of the patient. For this
purpose, it is necessary to conduct dynamic mon-
itoring of the most important parameters of
patient's respiration, including the arterial blood
gases and respiratory tract pressure. The use of
the pulse oximeter alone withoud blood gases test
leads to inadequate oxygenation and ventilation
assessment and ineffective mechanical ventilation
even when modern devices are used.

It is impossible to completely eliminate the risk
of faults in the intensive therapy.

To minimize the risk, doctors' awareness should
be updated be adequate monitoring, implementation
of standards of care and clinical guidelines should be
established [7, 8]. The analysis of all defects of med-
ical care in the ICU is required to draw lessons from
others' mistakes and to avoid their repetition.

The purpose of this study was to analyze
defects of medical care of patients with acute respira-
tory failure in the ICU.
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TaKKe HeOOXOAUM aHaJIM3 BeexX JNe(eKTOB OKazaHUs
MemuimHckoi momort B OPUT, utoObl M3BJEKaTh
YPOKH U3 OMMOOK APYTUX U HE TIOBTOPSITH CBOU.

[esib uccnenoBanust — aHajau3 JeeKToB OKa-
3aHUS MEAWITNHCKON TTOMOITN MAIMEeHTaM ¢ OCTPOM
JIBIXaTeTbHOM HeIOCTaTOYHOCTHIO B OT/ICICHUSX pea-
HUMAaIINU U THTEHCUBHON TEPaTii.

Marepuan u METObI

WccenenoBanne HOCUIIO PeTPOCIEKTUBHBIN XapakTep 1
3aKJII0YAI0Ch B M3YYeHUHN UCTOpHit bosesrn 160 marmenTon
C OCTPOI JIBIXaTelbHOM HEOCTATOYHOCTBIO, TOCTIUTAIII3H-
posatHbix B OPUT 24 pailoHHBIX U TOPOACKUX GOJIBHUIL
Upkyrckoii obmactu B iepuog ¢ 2010 no 2016 rr. Bospacr
obcremyeMbix — ot 15 10 84 stet. Victopun 60ie3H1 TIpeio-
crasiietbl TeppuropuasibibiM (HOHIOM 00sI3aTELHOTO Me-
JWIIMHCKOTO CTPAaXoBaHust rpaskaan VpkyTckoit obractu. B
HCCIIeI0OBAHNE BKJIIOYEHDBI HCTOPHN OOJIE3HH, C Pe3yJIbraTa-
MH 9KCIEPTU3bI KOTOPBIX COIVIACUJIUCD IIPE/ICTABUTEIH aJl-
MuHUCTparuu 6oabHUIBL V3 nccienoBanust ObLIM UCKIIO-
YeHbI KCTOPUHU DOJIE3HY MAIIMEHTOB, KOTOPbIE HYKIAINUCH B
HaJIMaTUBHOI 1oMomu. [IpoTokos uccieoBanust ObL
ono6pen drudyeckum Komurerom MTMATIO (3acenanue Ne
1, 14 smBaps 2010 r.). OkcrepTU3a KauecTBa OKAa3aHUs Me-
JQUIMHCKOH IIOMOIIM IPOBOAMJIACH coryiacHO IIpmkasa
Mumnzapasa Poccun ot 07.07.2015 N 422an «OG6 yrBepxie-
HUM KPUTEPUEB OLIEHKN KayecTBa MEUIIMHCKON TOMOIIN»
[9], TIpukasa Mwunsapasa Poccunm ot 15.11.2012 N 919u
«O06 yrBepskaennu TTopsiika OkasaHUsT MEAUIUHCKON M0~
MOIIH B3POCJIOMY HACEJIEHHIO 110 TIPOQIIIIO «aHEeCTe3U0II0-
rus u peaHumarosoruss [10], u KIMHIYeCKUM peKoMeH/a-
M OB1epoccuiickoil  06IecTBEHHONW OpraHu3annm
«Dezepanust aHECTE3MOJIOTOB U PEAHNMATOJIOTOBY, «/l1a-
THOCTMKA U MHTEHCUBHAS TePaIlns OCTPOTO pecupaTopHO-
ro amcTpecc-cuHApoMar, «IlepmomnepannonHoe BezeHMe
GOJIBHBIX € COIYTCTBYIOIIEH JIbIXaTeJIbHOM HEJOCTATOUHOC-
TbI0», «ObecrieyeHrie MPOXOAUMOCTH BEPXHUX J[bIXATEb-
HBIX ITyTel B cTarionapes [11].

PesyabraThl U 00CyK/IEHHE

B mavase mccseoBaHNS BBIIBUJIN TIPHUNHBI
BosHMKHOBeHNsT O/IH y manmeHTOB 0 MOCTYIIIEHNS
u B ieprozt Haxoxkaenus B OPUT u npencraBumm ux
B Tabm. 1.

YcTaHOBJIEHO, YTO OCHOBHBIMHU TNPUYMHAMU
BozHMKHOBeHNs OJ/IH B mepmox HaxoXaeHWS B
OPUT cranu HO30KOMUAbHAS TTHEBMOHMUS, OCTPBII
pecriupaTtopubIil auctpecc-cuaapoM (OPIC), Tpom-
60ambosust srerounoit aprepun (TDJIA), a 1o mo-
crymirenust B OPUT — Tsokernas depermrHo-Mo3ToBas
TpaBMa, BHEOOTLHIIHAS THEBMOHUST.

o mocrymaennn 8 OPUT npranaamu OP/IC
CTaJIN: CETICUC — Y TIEeCTH MAIFeHTOB U TaHKPeoHe-
Kpo3 — y mBoux. B mepuwox waxoxmenuss 8 OPUT
OP/IC nosBuicS y 4eThIpeX MAITMEHTOB MTPU acupa-
I[N U Y TIEeCTH TIPU TIPOTPECCHPOBAHII CETICHCA.

B nanbueiiiieM BbIABUIN CTPYKTYPY AedEKTOB,
MOTYTIEHHBIX TTpn 06creoBannn marentos ¢ O/TH
B OPUT u nipeacrasuiu ee B TadI. 2.

Materials and Methods

It was a retrospective study of 160 patients’ medical
records (age from 15 to 84 years) with acute respiratory
failure (ARF) hospitalized in the ICUs of 24 regional and
municipal hospitals of the Irkutsk Region. Medical records
were provided by the Territorial Fund of Compulsory
Medical Insurance of citizens of Irkutsk Region. The study
included only those medical records, whose expert evalua-
tion was accepted by the hospital management. Medical
records of patients requiring palliative care were excluded
from the study.

The study protocol was approved by the Ethics
Committee of the Irkutsk State Medical Academy of
Postgraduate Education (meeting No.1, January 14, 2010).

The expert examination of the medical care quality
was carried out according to Order No. 422au of the
Ministry of Health of Russia as of 07.07.2015 «On the
approval of criteria for assessing the quality of care» [9],
Order No. 9191 of the Ministry of Health of Russia as of
15.11.2012 «On approval of the procedure for providing
medical care to the adult population according to the pro-
file «Anesthesiology and reanimatology» [10], and nation-
al clinical guidelines of the All-Russian Public
Organization <«Federation of Anesthesiologists and
Resuscitation Specialists» on «Diagnosis and intensive
care of acute respiratory distress syndrome»,
«Perioperative management of patients with concurrent
respiratory failure», «To Ensuring patency of the upper
respiratory tract in hospital» [11].

Results and Discussion

In the beginning of the study, the causes of ARF
in patients before admission and during the ICU stay
were identified. They are presented in table 1.

It was established that nosocomial pneumonia,
acute respiratory distress syndrome (ARDS) and
pulmonary embolism (PE) were the main causes of
ARF during the ICU stay, and severe brain injury,
community-acquired pneumonia, and stroke before
admission to the hospital.

Prior to admission to the ICU, there were the
following causes of ARDS: sepsis in six patients and
pancreatonecrosis in two patients. During the ICU
stay the ARDS developed in four patients with aspi-
ration and six with the progression of sepsis.

Then, we have identified the structure of
defects in management of ARF patients in the ICU.
The data are presented in table 2.

In total, defects of the examination have been
detected in 56% of patients with ARFE. Our study
demonstrated that basic defects were related to gath-
ering a medical history, physical examination, radiol-
ogy and assessment of fluid balance. It was also found
that in the diagnosis of PE arterial blood gases were
not examined, the alveolar-arterial oxygen difference
was not calculated, and echocardiography was not
performed resulting in underdiagnosis and late diag-
nosis. In the case of ARDS echocardiography was
not performed, arterial blood gases were not tested,
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Ta6auna 1. [I[puYNHBI BO3HUKHOBEHHUST OCTPOH /IBIXaTENbHON HEIOCTATOYHOCTH Y NAIMEHTOR OT/EJCHUN PeaHUuMAIUH U
MHTEHCUBHOM Tepanuu.
Table 1. Causes of acute respiratory failure in patients in the intensive care units.

Diagnosis Number of ARF cases
Before joining the ICU While at the ICU

Community-acquired pneumonia 24 —
Nosocomial pneumonia 12 17
Pulmonary embolism 4 6
Acute respiratory distress syndrome 8 10
Severe craniocerebral trauma 28 —
Spinal trauma 1 —
Lung contusion 5 —
Cardiogenic pulmonary edema 2 4
Stroke 4 10
An overdose of narcotic drugs 6 —
The use of anesthetics, analgesics and muscle relaxants 4
Pneumothorax — 1
Status epilepticus 2 —
Laryngospasm — 1
Meningitis 1

Burn injury 2 —
Poisoning 4 —
Pulmonary tuberculosis 1

Polyneuropathy — 3

Note. ARF — acute respiratory failure.

Ipumevanne. Diagnosis — anarnos; Number of ARF cases — uncsio ciydaes ocTpoii gbixaresbHoil HegoctarounocTy; Before joining the
ICU — no mocrymnennst 8 OPUT, While at the ICU — B nepuon naxoxnerns 8 OPUT. [lna tabaun 1, 4: Community-acquired pneu-
monia — BHeGOIbHUYHAS THeBMOHsT; Nosocomial pneumonia — Ho30koMUanbHas THeBMOHMsT; Pulmonary embolism — tpomGoamboins
slerounoil aprepun; Acute respiratory distress syndrome (ARDS) — octpbiii pecripatopHblii aucrpecce cunapom; Lung contusion —
yiu6 serkux; Cardiogenic pulmonary edema — kapanorenusiii otex serkux; Stroke — uncyusr. Severe craniocerebral trauma — Tske-
JIast YeperHo-Mo3roBas Tpasma; Spinal trauma — criuHasibHas tpaBMma; An overdose of narcotic drugs — nepeao3upoBKa HAPKOTHYECKH-
mu mperaparami; The use of anesthetics, analgesics and muscle relaxants — mprumenenne aHecTeTHKOB, AHAIBIETHKOB U MUOPETAKCAH-
ToB; Pneumothorax — mueBMoTOpakc; Status epilepticus — asnmrenTuueckuii ctatyc; Laryngospasm — sapuHrocnasm; Meningitis —
MeHuHruT; Burn injury — oskorosas tpaBma; Poisoning — orpasienus; Pulmonary tuberculosis — Ty6epkyiies serkux; Polyneuropathy
— MOJIMHENPOTIaTusI.

Ta6auna 2. Crpykrypa AedeKToB 00ceJ0BaHus NAMEHTOB C OCTPOil ABIXaTEIbHON HEJOCTATOYHOCTBIO B OTAEICHAH
peaHuMaIi ¥ MHTEHCHBHOI Tepamum.
Table 2. Structure of defects of examination of patients with acute respiratory failure in the intensive care units.

Defects of examination The number of defects, n (%*)

The work of respiratory muscles was not assessed 45 (28)
Incomplete medical history 39 (24)
Respiratory tract patency was not assessed 36 (23)
Incomplete measurement of daily fluid balance 34 (21)
No lung X-ray and /or MSCT was performed 21 (13)
Plasma electrolytes were not analyzed 20 (13)
Pulse oximetry was not performed 8(5)

Note. For tabl. 2, 5: * — % of the total number of patients with acute respiratory failure (n=160).

Ipumeuanue. [Ius tabaui 2, 3: Defects of examination — aedexror o6cnenoBanus. Jaa Tabauu 2, 3, 5: The number of defects — ua-
crora nederros. The work of respiratory muscles was not assessed — e orennBamach paboTa ApIxateabHON MyCKyIaTyphl; Incomplete
medical history — Hemosubiii anamues; Respiratory tract patency was not assessed — He OIleHMBAJIACh TIPOXOAMMOCTD JIBIXATETbHBIX
nyteii; Incomplete measurement of daily fluid balance — nenonnbiii yuer cyrounoro 6ananca skuakoctu; No lung X-ray and /or MSCT
was performed — ne mpoBeiena penTreHorpadust u/ MM MyJIBTHCTHPATbHAS KOMITbIoTepHast ToMorpadist merkix; Plasma electrolytes
were not analyzed — ne onpe/esnensl 21eKTponTh! 1a3Mbl; Pulse oximetry was not performed — He 1poBoANIACH MYIBCOKCUMETPUSL.
Jlns rabaun 2, 5: % — % ykaszan ot obuiero uncaa nanuentos ¢ OJH (n=160).

Iedektrr B 06ciei0BaHN BhISIBIIN Y 56% ma-
uentos ¢ OJIH. OcHoBHble 1edeKTbl ObLIN CBs3a-
HBI CO cOOPOM aHaMHe3a, (PUBUKAIBHBIM 00CIeI0BA-
HueM, JIy4eBOH [UarHOCTUKON U OLEHKOH BOAHOTIO
Gasmatrca. Takke yCTAaHOBJICHO, UTO JIJIST TUATHOCTHKU
TIJIA He ucce0BaINCh ra3bl apTEPUAbHON KPO-
BW, HE PACCUNUTHIBANIACH ATbBEOJIO-apTepuaiIbHas

and the ratio of the partial oxygen pressure in arteri-
al blood to the inhaled oxygen fraction (PaO,/FiO,)
was not assessed.

The structure of examination defects in
patients with acute respiratory failure in the ICU
during MV was investigated separately and is pre-
sented in table 3.
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Ta6mmna 3. Crpykrypa nedexTos o6cie10BaHys MAUEHTOB C OCTPOIi IpIxaTesbHOi HegocTatounocTbio B OPUT npu

npoBE€A€HUN PICKyCCTBeHHOﬁ BEHTWIALUU JIETKUX.

Table 3. Structure of defects of examination of patients with acute respiratory failure in intensive care units during

mechanical ventilation.

Defects of examination

The number of defects, n (%*)

Alveolar-arterial oxygen difference was not determined 66 (100)
Pa0,/Fi0O, was not assessed 66 (100)
Arterial blood gases were not analyzed 65 (98)
Microbiological examination of sputum was not performed 50 (76)
No follow-up lung X-ray and/or MSCT was performed 45 (68)

Note. * — % of the total number of patients who had MV (n=66).

IIpumeuanue. Alveolar-arterial oxygen difference was not determined — He onpenesieHa abBeo0-apTepuabHas PA3HUIIA [0 KUCJIO-
poxy; was not assessed — He omennsaiock; Arterial blood gases were not analyzed — #e ompereseHbr Taspl apTepuaNbHON KPOBH;
Microbiological examination of sputum was not performed — He TPOBOAMIOCH MUKPOOHOIOTHUECKOE MCCTe0BaHne MOKPOTHI; No fol-
low-up lung X-ray and/or MSCT was performed — He npoBeziena peHTreHorpadus rpyIHON KIETKU U/ WM MyJIBTUCTIUPATbHAS KOM-
mbIOTepHAsT TOMOTpadist TETKUX B IUHAMUKE. * — % yKazaH OT 00IIero 4ncia maiuenToB, KoTopsiM mposoanaacs IBJI (n=66).

pasHuUIla 0 KUCJIOPOAY W HE MPOBOIMIACH HXOKAP-
muorpadust (IxoKTI'), uto mpuBoANMIIO K TUTIO- U TIO-
aaaeit auarnoctuke. IIpu OPC ne mpoBoamnmiach
Ix0KT, He onpeiesistch Ta3bl apTEPUATBHON KPOBU
U He OTIEHUBAJIOCH COOTHOIIEHNE HAMPSLKEHUS KHUC-
JIOpOZla B apTepUabHONW KPOBU K WHCITMPATOPHOM
dbpaxunu kucaopoaa (PaO,/FiO,).

Crpykrypa nedekrtoB o0CIe0BaHNST TAIUCH-
TOB C OCTPOW JIbIXaTEJbHOW HEIOCTATOYHOCTHIO B
OPUT npu nposepenun NBJI nccnenoBana otaesnb-
HO ¥ TIpeJicTaBjieHa B TabJr. 3.

W3 Tabuiibl BUAHO, 4TO OOJIbINE BCeTo Aedek-
TOB CBSI3aHO C OIEHKON JIETOYHON (DYHKIIUH TTPH TIPO-
Bezernn VIBJI: He mccaenoBasmch Tasbl apTepuaib-
HOM KpoBu B 98% CiydaeB W, COOTBETCTBEHHO, He
paccunThiBasach A-a pa3HUIIA IO KUCJIOPOLY U HE OTI-
PEEJISIIOCh COOTHOIIIEHNE MEKY HAIPSKEHUEM KUC-
JIOpOJIa B apTepUaIbHOM KPOBU U (DpaKIIMeil BibIxae-
moro kuciopoaa (PaO,/FiO,). Ha Bropom mecte —
Je(heKThI CBSI3aHBI ¢ OTCYTCTBUEM MUKPOOUOJIOTIYEC-
KOTO MCCJIEJIOBAHUS MOKPOTBI M HA TPETHEM MECTe — C
OTCYTCTBHEM JIy4€BOI IUATHOCTUKN B TMHAMUKE.

O/lH ne mmarHoctmpoBana y 32 n3 160 mamm-
enatoB OPUT, uto cocrasuio 20%, a takxe B 23%
ciaydaeB He amarHoctupoBanbl npuunabl OJ/[H.
Crpyxkrypa nedektoB auarsoctuku npwund O/[H,
npejcTaBiieHa B TabJL. 4.

OtMedaeTcsl BBICOKMH YPOBEHDb TUIIO[UATHOC-
tukn OPIIC (78%), yumba nerkux (60%), TIJTA
(40%), kKapamoreHHOTOo oTeKa eTKuX (33% ), HO30K0-
MHUaIbHOI THeBMOHNT (28%).

Ocnoxuenns OJIH (runoxkcuyeckoe moBpex-
JleHUEe TOJIOBHOTO MO3Ta U TUTTOKCHUYECKast OCTaHOB-
ka cepana) B OPUT ne nuarnoctuposanuck. Ina-
THO3 <«TOCTTUTIOKCUYECKasi aHIlehaTonaTus»,
YCTAaHOBJIEHHBINT HEBPOJIOTOM B 4-X CJIydasx, B 3a-
KJTIOUUTETHHOM IMaTHO3€¢ U3MEHEH Ha «IUCIIUPKY-
JIATOPHYI0», «TOKCHYECKYI0» WM <«MeTabosmuec-
KyTo 2HIIe(haJoTaTHIO>.

Bce nedexTs! meueHnsT manmeHToOB ¢ OCTPOH
AbIXaTeJbHON HemocTaTouHOoCThbi0 B OPUT MBI

It is clear from the table that most defects relate
to assessment of lung functions during the MV: arte-
rial blood gases were not analyzed in 98% and, there-
fore, the A-a difference in relation to oxygen was not
calculated and the ratio between inhaled oxygen
fraction and oxygen partial pressure in arterial blood
(Pa0,/Fi0,) was not determined. Defects associat-
ed with the absence of microbiological tests of are on
the second place sputum and failure to perform fol-
low-up radiation examination on the third.

ARF was not diagnosed in 32 of 160 of ICU
patients (20%), and ARF causes were not diagnosed
in 23% of cases. The structure of defects of the diag-
nosis of ARF causes is presented in table 4.

There was a high incidence of ARDS under-
diagnosis (78%), lung contusion (60%), pulmonary
embolism (40%), cardiogenic pulmonary edema
(33%), and nosocomial pneumonia (28%).

Complications of ARF (hypoxic brain damage and
hypoxic cardiac arrest) were not diagnosed in the ICU.
Post-hypoxic encephalopathy diagnosed by a neurolo-
gist in 4 cases was called «discirculatory»,» toxics, or
«metabolic encephalopathy» in the final diagnosis.

All defects of treatment of patients with acute
respiratory failure in the ICU were divided into
defects associated and not associated with the man-
agement of hypoxemia. They are presented in table 5.

The table shows that in 46% of cases the defects
of treatment of patients with ARF are caused by
inadequate management of hypoxemia associated
with the recovery of the respiratory tract patency,
prescription of oxygen, and MV.

Lack of adequate laboratory examinationsr, for
example, the use of pulse oximetry instead of arterial
blood gases tests may be associated with inadequate
oxygenation and ventilation control, which may
cause complications during MV and may be masked
by the critical state, as well as lead to underdiagnosis
of ARF and later switching to MV.

In this study we found that the use of pulse
oximetry alone without arterial blood gas analysis in
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Ta6auna 4. CTpykTypa AedeKTOB JHATHOCTUKH IIPUYHH OCTPOH JAbIXaTebHoii Hegocratoynoctd B OPUT.
Table 4. Structure of defects of diagnosis of causes of acute respiratory failure in intensive care units.

Not diagnosed, n (%*)

The number of patients for each nosological form, n

ARDS, n=18 14 (78)
Lungs contusion, n=5 3 (60)
Pulmonary embolism, n=10 4 (40)
Cardiogenic pulmonary edema, n=6 2(33)
Nosocomial pneumonia, 7=29 8 (28)
Community-acquired pneumonia, n=24 4 (17)
Stroke, n=14 2 (14)

Note. * — % of the total number of patients for each nosological form.
IIpumeuanue. The number of patients for each nosological form — uucao nanuenTos s kax ol Ho30M0THUECKOIT hopmbl; Not diag-
nosed — He IMATHOCTUPOBAHBL. * — % yKazaH OT 0OIIEro Yucia MAIUeHTOB Ut KaskI0H HO3010rNYeCKON (hOPMBI.

Ta6auna 5. CTpykrypa nedeKToB JeyeHus MAIUEHTOB ¢ OCTPOH JAbIXATEIbHON HEJOCTATOUYHOCTDIO.
Table 5. Structure of defects of treatment of patients with acute respiratory failure.

Defects of treatment The number of defects , n (%)

Defects associated with management of hypoxemia

MV was not performed for persistent hypoxemia on the background of maximum oxygen supply 28 (18)
Oxygen was not prescribed for hypoxemia (SpO,<93%) 26 (16)
Late switching to mechanical ventilation (at the stage of hypoxic cardiac arrest) 14 (9)
Defects that are not associated with management of hypoxemia
Hypovolemia was not eliminated 12 (8)
Hypokalemia correction was not performed 8 (5)
Prescription of nitrates on the background of arterial hypotension 8 (5)
Prescription of b-blockers on the background of arterial hypotension 6 (4)
Antibiotics were not prescribed for pneumonia 6 (4)
Prescription of vasopressors before hypovolemia was corrected 5(3)
The patency of the upper respiratory tract was not restored 4 (3)
Prescription of furosemide before hypovolemia was corrected 3(2)
Antibiotics were not prescribed for sepsis 2(1)

Ipumeuanue. Defects of treatment — nedekrol nevenus; Defects associated/ that are not associated with management of hypoxemia
— nedeKThI, CBSI3aHHbIE / He CBSI3aHHbIE ¢ ycTpaHeHeM rumokcemmn; MV was not performed for persistent hypoxemia on the back-
ground of maximum oxygen supply — menposesenne BJI npu coxpansiiomieiics runokceMnn Ha (GoHe MaKCUMAJIbHON mopadyn
kucsopoza; Oxygen was not prescribed for hypoxemia — nenaswauenue kuciopoja 1pu runokcemun; Late switching to mechanical
ventilation (at the stage of hypoxic cardiac arrest) — nosauuii nepesoa na UBJI (#a craguu runiokcndeckoil octanosku cepana); The
patency of the upper respiratory tract was not restored — He NMPOBEAEHO BOCCTAHOBJIEHHE MPOXOAUMOCTH JIBIXaTEJIbHBIX myTeit;
Hypovolemia was not eliminated — ne ycrpanena runososemus; Hypokalemia correction was not performed — we nposoaunach
Koppekius rurnokanuemun; Prescription of nitrates on the background of arterial hypotension — wasnauenue HUTpaTOB Ha (hoHE
aprepuaabHOil runotonun; Prescription of b-blockers on the background of arterial hypotension — nasnauenue b-anpeno6rokaTopos
Ha (dhoHe aprepuaibHOil runotonun; Antibiotics were not prescribed for pneumonia — He HazHaueHbI AHTUOMOTUKH MTPU THEBMOHUT;
Prescription of vasopressors before hypovolemia was corrected — nasnauenme Ba3ompeccopoB pu HEYCTPAHEHHOIT THIIOBOJIEMIN;
Prescription of furosemide before hypovolemia was corrected — HasnaueHuwe Qypocemuma pU HEyCTPAHEHHOW TUIIOBOJIEMUN;
Antibiotics were not prescribed for sepsis — He HazHaueHbI AaHTUOMOTHKY IIPU CETICUCE.

98% of patients with ARF and lung X-ray and/or
MSCT in 21% of patients resulted in underdiagnosis

pasgesanan Ha [LE(I)GKTI)I, CBA3aHHbIEC M HE CBA3aH-
HbI€ C YCTPAaHEHUEM TUIIOKCEMUN U TTPEACTABUIIN

B TabJI. 5.

W3 Tabuibl BUAHO, 9TO AeEKThHI JICUCHHUS T1a-
muentoB ¢ OJIH B 46% ciydaeB 00yCJIOBJICHBI He-
AJIEKBATHBIM yCTPAaHEHUEM TUTTOKCEMUH, CBSI3aHHBIM
C BOCCTAHOBJICHWEM IPOXOJAMMOCTH JIbIXaTCIbHBIX
myTell, HazHAauYeHWEM KHCJIOPO/a, TPOBEIECHUEM
NBJI.

OTcyTcTBIE aeKBATHOTO JTabOPaTOPHOTO 06-
CTIeTOBAHWST, HATTPUMED, UCTTOTH30BAHIE TTYJIbCOKCH-
METPUH BMECTO OIPe/IeIeHNs Ta30B apTepUaIbHOM
KPOBHU, MOKET COTTPOBOKIATHCS HEAEKBATHBIM KOH-
TPOJIEM BEHTHUJISAINN JIETKUX W OKCUTEHAITMH KPOBH,
YTO MOKET BBI3BATh OCJOKHEHWS MMPU MPOBEICHUN

of ARF and its causes: ARDS, lung contusion, PE,
cardiogenic pulmonary edema, nosocomial pneumo-
nia. Late switching to MV at the stage of hypoxic
cardiac arrest was found in 14% of cases.

Taking into account the fact that the saturation
correlates with the partial pressure of oxygen in arter-
ial blood (Pa0,) not directly but as an oxyhemoglobin
dissociation curve, the pulse oximetry cannot monitor
hyperoxia. Hyperoxia is associated with an increased
mortality rate due to increased production of free rad-
icals and enhancement of hyperoxic vasoconstriction
[12]. The level of hyperoxia that can result in compli-
cations is PaO, of above 200—300 mm Hg, according
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NBJI, xoTopble MaCKUPYIOTCS KPUTHIECKUM COCTOSI-
HUEM, a TakKe MPUBOANTD K Tunioguarnoctuke OJIH
n o3iHeMy riepeBoay Ha BJI.

B HamreM mcce1oBaHUY YCTAaHOBJIEHO, UTO UC-
MOJIb30BAHME TOJHKO MYJIbCOKCUMETPUU TTPU OTCYT-
CTBUH aHATN30B TAa30B apTepPHAILHON KpoBU ¥ 98%
naruenToB ¢ O/[H n peatrenorpadvy u/mim Myib-
TUCTTUPATBHON KOMITBIOTEPHON TOMOTpahUm JIETKUX
y 21% npusomut k runoguarsoctuke O/IH u ee mpu-
yira: OP/IC, yuuba snerkux, TDJIA, KapAnOoreHHOTO
OTeKa JIeTKNX, HO30KOMUAJIbHON TTHeBMOHUN. [lo37-
Huit epeBon Ha MBJI (Ha cTtagmm TMTTOKCHYeCKON
OCTaHOBKM Cep/illa) OTMedeH HaMu B 14% cirydaes.

YunreiBas, uto SpO, KOppenmpyer ¢ HarpsiKe-
HUEM Kucjopoja B aprepuasibhoii kposu (PaO,) we
MIPSIMO, TTYJIbCOKCUMETPHEN HEb3sT KOHTPOJIUPOBATH
TUTIEPOKCHTO. [WITEPOKCHsT CBs3aHA € TIOBBIIEHHOM
CMEPTHOCTBIO 32 CUET YBEJMUCHHsT 0OPA30BAHUS CBO-
GOJIHBIX PAJUKAJIOB U YCUJICHHSI THITEPOKCUYECKON Ba-
3okoHCcTpukimu [12]. PaO, Berme 200—300 MM pT. CT.
GOJIBIIIMHCTBO WCCJIEA0BATENIEi CUMTAIOT YPOBEHEM,
IIPA KOTOPOM THITEPOKCHS MOKET TIPUBECTH K OCJIOXK-
HernusM [13]. IlpopommknTebHAs THIIEPOKCHS MOXKET
MIPUBECTH K ATEJIEKTA3MPOBAHUIO AJIbBEOJ W JIETOYHO-
MY TIOBPESKIEHUIO TIPH Cercrce u moymrpasme |14, 15].
Yro6bl MUHUMHU3UPOBATh OCJOKHEHUST THITEPOKCUN
npu iposeietnn VIBJI, HeoOX0IMMO KOHTPOIUPOBATh
MOKA3aTe A Ta30B apTePUATLHON KPOBHL.

ITo pannpiM E. Damiani et al., (2014) runep-
BeHTW IsIMST TTpu tipoBenennn VIBJI mpuBoant
YBEJTMYEHUIO JICTAIbHOCTU TIAIIMEHTOB € MOJUTPaB-
Moti [12]. IleseBoe HaMpsKeHME YTIEKUCIOTO Ta3a B
aprepuanboii kposu (PaCO,) noxHO ObITH paB-
HbIM 35—40 MM PT. CT.

[umokanmuuss BCJAEACTBUE TUTIEPBEHTUJISIIS
MPUBO/IUT K TTOBBINIIEHUTO BA30OKOHCTPUKITAH, CHUMKE-
HUIO MO3TOBOTO KPOBOTOKA W HAPYIIEHUIO 1tepdy3nn
riepebpanbHbIil TKaHu. JIaKToaI103 1epedpaTbHbII
TKaHW BO3HWKAET CPa3y MOCJe WHAYKIIMM THTIOKATI-
Hum y feteit u B3pocabix ¢ UMT u remopparngecknm
mokoM [13]. [laske yMepeHHBIII YpOBEHb THITOKAI-
Hun (PaCO, <27 MM PT. CT.) MOXKET MIPUBECTH K YCY-
ryGJIEHUI0 TEPBUYHOTO MOBPEKACHUS TOJOBHOTO
MO3Ta yepes anonTos. IIpu abcoMoTHON Wl OTHOCH-
TEJTHHON TUTIOBOJIEMUH, THTIOBEHTUIISATINS € TTOJIOKH-
TEJTHHBIM JIaBJIEHUEM B KOHIIE B/I0Xa MOKET CHUBHUTD
BEHO3HBIM BO3BpAT M MPUBECTH K TUIIOTOHUU U CEP-
JIEYHO-COCYIUCTON HepocTaTouHocTH [13].

B Hnamem wcciiefoBaHUUM Ta3bl apTepUATbHOMN
kposu 1ipu iposeneHnn VIBJI onpenesieHbr TOTBKO y
OIHOTO maruenTa u3 66, urto cocraBuio 2%, y HETO
OTMeYaJICs aJeKBAaTHBIH KOHTPOJb TIPOBEIEHUS
MBJI. B orHOmIEHNH OCTaJbHBIX 65 MMaIMEHTOB,
MO3KHO MPEJITOJIaraTh BEICOKYIO BEPOSITHOCTD BBITITE-
MEPEYNCACHHBIX OCTOKHEHUN TPU MPOBEACHUU
WBJI 6e3 KOHTPOJISE F'a30B apTepUaibHOi KPOBH.

[TpobsieMbl TIPU  OTIPE/IETICHUST TA30B apTepH-
aJbHON KpoBH cBsizanbl ¢ HasnuuemM B OPUT coot-

to most researchers [13]. Prolonged hyperoxia can
result in atelectasis and pulmonary damage in sepsis
and polytrauma [14, 15]. To minimize the complica-
tions of hyperoxia during the MV, oxygenationshould
be monitored using parameters of arterial blood gases.

It should be taken into consideration that pulse
oximetry measures oxygenation, but not ventilation.
According to E. Damiani et al., (2014) hyperventila-
tion in the MV leads to increased mortality of
patients with polytrauma [12]. The target partial
pressure of CO, in arterial blood (PaCQO,) should be
equal to 35—40 mm Hg.

Hypocapnia due to hyperventilation leads to
increased vasoconstriction, decreased cerebral circu-
lation and impairment of cerebral tissue perfusion.
Lactoacidosis of cerebral tissue occurs immediately
after the induction of hypocapnia in children and
adults with craniocerebral trauma and hemorrhagic
shock [13]. Even moderate hypocapnia (PaCO,< 27
mmHg) may lead to the enhancement of the primary
brain damage through apoptosis. In the case of
absolute or relative hypovolemia, positive-pressure
hypoventilation reduces venous return and leads to
hypotension and circulatory insufficiency [13].

In our study the arterial blood gases during MV
was tested only one of 66 patients (2%); in this case,
the adequate control of oxygenation and ventilation
during MV was observed. For the remaining 65
patients, in 98% of cases the assumption of a high
probability of the above complications in the MV
without monitoring of arterial blood gases had been
performed.

The problem of evaluation of arterial blood gases
depends on the availability of the corresponding
equipment in the ICU and doctor's professional skills.
According to international and national clinical
guidelines, in order to assess the degree of hypoxemia,
hypercapnia, acid-base balance while determining the
indications for MV and its carrying out in ICU
patients, it is necessary to study the parameters of
arterial blood gases [10, 13, 14]; and gas analyzers are
included in the list of required equipment ICU [9].

The problem of treatment defects in patients
with ARF and concurrent complications is also relat-
ed to the logistics and doctor's professional skills and
has a legal solution [9, 10]. According to the analysis
of forensic examinations performed by N.A.
Borovskikh et al. (2014), the main cause of a high
mortality among patients with rapidly progressive
ARF was late diagnosis of respiratory dysfunction,
which made it impossible to perform a timely and
adequate intensive care [5]. The authors also found
that erroneous diagnosis of ARF and a high inci-
dence of iatrogenic complications confirmed the
deterioration of doctors' professional skills.

Death or severe disability due to failure to pre-
scribe oxygen in hypoxemia, non-compliance with
the list of contraindications while prescribing medi-
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Ontummsagusa paborsr OPUT

BETCTBYIOMIETO OOOPYMOBaHUS U TPOGheCCHOHATD-
HBIM ypoBHeM Bpada. COTIacHO MEXIYHAPOAHBIM 1
HAIMOHATBHBIM KIMHUYIECKIM PEKOMEH/IATIAM IS
OTIEHKN CTETeHN TUIOKCEMUH, THTEPKAITHNN, KHC-
JIOTHO-OCHOBHOTO COCTOSTHUST HEOOXOIUMO HCCIIEN0-
BaHWE TIapaMEeTPOB Ta30B apTepuaibHON KpoBHu |10,
13, 14] ipu omnpenieieHUN MOKA3AHWH W TIPOBEIECHUS
NBJI y mannentoB OPUT, rasoBele aHAIM3aTOPHI
BKJIOUECHBI B IepedeHb HEOOXOAUMOTO 000pYI0Ba-
nus OPUT [9].

ITpobmema nedekTOB JTedeHmsT TMAIMEHTOB C
O/IH v BOBHUKIITMY TIPA 9TOM OCJIOKHEHUSIMU TaK-
K€ CBSI3aHA € MaTepPHaTbHO-TEXHUUECKUM obecrede-
HUeM U TTpodeccoHaTbHBIM YPOBHEM Bpada 1 nMe-
eT 3akoHOozartesnbHOe pertenne [9, 10]. Ilo mamHBIM
aHanm3a CymaeGHO-MeIUIIMHCKUX IKCTEPTH3 OCHOB-
HOU TIPUYUHOI BBICOKOH JIETaTbHOCTH CPeAn OOJIh-
HBIX ¢ ObicTpomporpeccupytorieii OJIH sBisiercst
TTO3/THAST AMATHOCTUKA HAPYNIEHNWI PecimpaTopHOn
(yHKIINN, UTO MesaeT HEeBO3MOKHBIM TIPOBEIECHHE
CBOEBPEMEHHOHW W a/IeKBAaTHON WHTEHCUBHOW Tepa-
mun [5]. Takxke aBTOpaMu yCTaHOBJEHO, YTO OIIH-
6ounas guarnoctrnka OJIH u BbicoKkast 4acToTa SITpo-
TeHHBIX OCJOXHEHNH SBISETCS MOATBEPIKACHUEM
HU3KOTO MTPO(hECCHOHAIBFHOTO YPOBHS Bpayeti.

CMepTh Wi TsoKesast MHBATNAHOCTD BCJIE/CT-
B HEHa3HAUEHMS KUCIOPO/a TP THTTOKCEMIN, He-
ydeTa MPOTHBOIIOKA3aHIH PN Ha3HAUEHWH JTeKapCT-
BEHHBIX CPETICTB, & TAK/KE OTCYTCTBIE JTaGOPATOPHBIX
1 JIy4eBBIX METOJIOB AMATHOCTUKY BXOIUT B CITHCOK
MENTIMHCKIX COOBITIH, KOTOPbIe HUKOT/IA He TOJIK-
HBI pOUCXoanTh «List never events»[16]. /lanHbrii
cmcox BrepBhie omybamkoBan The National
Quality Forum B 2002 r., B mociennuit pa3 om mepe-
cvotpen B 2016 roxy. Cricok Briiowaet 29 nebmaro-
TOPUSATHBIX COOBITUH, KOTOPBIE, KAk TMPABIIIO, MOKHO
MIPEIOTBPATHUTb.

[TpencraBmsieTcst 11e1€CO06PA3HBIM TATbHEN-
MW aHAIN3 CTPYKTYPHI U MPUIMH AeeKTOB oKasa-
HIST MEZIUTTITHCKON TTOMOTITN € TIETHIO BRIPAOGOTKH pe-
KOMEHIAINI TI0 X YCTPAHEHHIO.

BroiBoasl

Wcnonb3oBanme TOMBKO IIYJIbCOKCUMETPUU
[IPY OTCYTCTBUU aHAIM30B TA30B aPTEPUATHLHON KPO-
Bu y 98% mamnmentoB ¢ O/[H u penrrenorpadum
/NN MYJBTUCIUPATbHON KOMIBIOTEPHON TOMO-
rpadun jgerkux y 21% mpUBOAUT K TUIOANATHOCTH-
ke ipu: OPIIC B 78% cayuaes, ymmbe JeTKux — B
60%, TOJIA — B 40%, KapAMOTEHHOM OTEKE JIETKUX
— B 33%, HO30KOMUAILHON THEBMOHUN — B 28%.

Jedextsr meuenns marmerTtos ¢ O/IH, B 46%
cirydaeB 00YCJIOBJICHBI HEaJleKBaTHBIM yCTPAaHEHIEM

Jlurepartypa
1. Stefan M.S., Shieh M.S., Pekow P.S., Rothberg M.B., Steingrub J.S.,

Lagu T., Lindenauer P.K. Epidemiology and outcomes of acute res-
piratory failure in the United States, 2001 to 2009: a national sur-

cines, as well as the lack of laboratory and radiation
diagnostic methods are included in the list of medical
events that should never occur (List of Never
Events) [16]. This list was firstly published by the
National Quality Forum in 2002 (revised for the last
time in 2016). The list included 29 adverse events
that were usually preventable.

Further analysis of the structures and causes of
defects of medical care is required in order to make
recommendations for their exclusion in future.

Conclusion

The use a pulse oximeter alone without arterial
blood gas analysis in 98% of patients with ARF and
lung X-ray and/or MSCT in 21% of patients result
in underdiagnosis of ARDS (in 78% of cases), lung
contusions (60%), pulmonary embolism (40%), car-
diogenic pulmonary edema (33%), and nosocomial
pneumonia (28%).

Defects of treatment of patients with ARF in
46% of cases were caused by inadequate management
of hypoxemia associated with the recovery of the res-
piratory tract patency, prescription of oxygen, and
mechanical ventilation.
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THUITIOKCEMHWH, CBA3aHHBIM C BOCCTAHOBJIEHMEM IIPO-
XOAMMOCTHM AbIXaTE/JIbHbIX HyTefI, Ha3Ha4YCHUEM KUC-
Jopona, mpoeaerueM MBJI.

Koudumkr unrepecoB. ABTOPBI 3asBJSIOT 006
OTCYTCTBUH KOH(PJIUKTA HHTEPECOB.

IIpo3paunocts ucciaenosanus. VcecrenoBannme
He UMEJIO CITIOHCOPCKON moiep:kku. ViceemnoBatenn
HECYT TIOJIHYI0 OTBETCTBEHHOCTD 32 MPe/I0CTaBICHIE
OKOHYATEJbHOI BEPCHUU PYKOIMCH B T€YaTh.

Jlexnapanusi 0 pUHAHCOBBIX U UHBIX B3aHMO-
JNedcTBUSIX. ABTODPBI OCYIIECTBJSIN Pa3pabOTKy
KOHIIETIIUN, CXEMbI UCCJACAOBAHUA U HalTMCAHUE Py~
kommcu. OKOHYATesJbHAsT BEPCUsT PYKOMUCH Oblia
0/I06peHa BCeMU aBTOpaMU. ABTOPBI HE TOTydYaId
TOHOPAp 3a NCCIeIOBAHTE.
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B03M0KHOCTH JieyeHust JTIeKapCTBEHHBIMU MPenapaTamMu, MIpHoOpeTeHHbIMH
3a cyeT MalleHTa, B OT/leJIEeHUSIX peaHuMallui MeIUIIUHCKUX OpraHu3anmii
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The Possibility to Use Medications Purchased at the Expense
of a Patient in Intensive Care Units of Healthcare Institutions
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Iexb nccetoOBaHuSE: BBISIBUTH 3aKOHO/IATEILHO 0OOCHOBAHHYIO BOBMOKHOCTB TalieHTa (POICTBEHHUKOB T1a-
1reHTa) npruobpecTy JekapcTBeHHbId npenapar (JIIT), KoTopblil He 3aKyIaeTest B MEANIIMHCKOl OpraHu3alium, Oji-
HAKO PEKOMEH/[OBAH JIEYAIUM BPAUOM «II0 KM3HEHHBIM IIOKa3aHUsIM» Kak HarOosiee a(hdeKTUBHBIIL.

Marepuaist u Metoapl. [Iposenn ananmus Degepanbroro 3akona «O6 OCHOBaX OXPaHBI 37I0POBbsI TPAK/IAH B
Poccuiickoit Meneparuns» ot 21.11.2011 N 323-D3 u psaza aeficTBYONUX HOPMATHBHO-TTPABOBBIX akToB (HITA),
PEryJaupyonmx MeANIINHCKYIO 1eATEIbHOCTD.

PeayabraTel. BoissBrn OTCYTCTBUE B HOPMATUBHO-TIPABOBBIX AKTAX OTIPE/IETIEHUS MTOHATHS <110 JKU3HEHHBIM
MTOKa3aHUSIM». YCTAaHOBUJIM, YTO COCTOSTHUE 3/I0POBDSI NTAIMEHTA, [P KOTOPOM MEAMIIMHCKAs TOMOIIb (HazHaye-
HII€ JIEKAPCTBEHHBIX MPENapaToB) A0JIKHA ObITh OKa3aHa «I10 KU3HEHHBIM TIOKa3aHUSIM», Olpe/iesisieT BpaueOHast
KOMUCCHS MeUIMHCKON opranudanuu. Ona ke HazHayaeT JIII «110 KU3HEHHBIM MOKa3aHMSAM>, HE BXOJSIINE B
crangapt MeauiuHckoit momoru (CMII), B Ilepeyenb KU3HEHHO HEOOXOAUMBIX U Ba)KHEHIINX JIEKAPCTBEHHBIX
npenaparos (FKHBJIIT) u He nozuieskarine oniate n3 JUYHBIX CPEJICTB.

3akmouenue. [Ipumenenne JIII «11o ;KM3HEHHBIM [TOKa3aHUSAM» [IPU OKA3aHUU MEIUIIMHCKON TTOMOIIN B 9KC-
TPEHHOIT 1 HEOTIOKHOI (hopMax He MOKET CTaBUTHCS Ha IJIATHYIO OCHOBY. B cirydae, ecoin manneHT (PoACTBEeHHN-
K1) obpatsitest ¢ TpeboBaHMEM BO3MEIEHNS] MATEPUAILHOTO Bpeja (CTOUMOCTH IPUOOPETEHHOTO JIEKAPCTBEHHOTO
npemnapara) B cTpaxoByio koMmianuio B cucreMe OMC nin B ¢y, fannoe TpeGoBate GyIeT yI0BIETBOPEHO.

Kmoueevte cnosa: onnama Meaummcxux Ycuye; HUSHEHHbLE NOKA3AHUSL; uuaueuayaﬂbnaﬂ HeNneperHocumocnv,
epaue6uaﬂ KOMUCCUs, HA3HaYeHue U 8blnucbleanie J1eKapcmeennbly npenapamos; (ﬁOprl Meéuuuucxoﬁ nomouwiu,
msicecmnp epeaa 380p06mo yejlosexka

The purpose of the study: to identify a legally justified possibility for a patient (patient's relatives) to purchase
a drug product (DP), which has not been purchased by a healthcare institution but is recommended by the doctor
in charge «by life-saving indication» as the most effective one.

Materials and methods. Federal Law N 323-FZ «On the Fundamentals of Health Protection in the Russian
Federation» as of 11/21/2011 and a number of current normative legal acts (NLA) regulating medical activities
were analyzed.

Results. The analysis demonstrated the absence of a concept of «life-saving indications» in the normative legal
acts. It demonstrated that the patient's illness that may require the prescription of DP by the «life-saving indica-
tions» should be diagnosed by medical consultants' board of the healthcare institution. It also prescribes DPs «for
life-saving indications» not included in the standard of care (SC) and in the List of Essential Medicines (LEM)
and not payable «out-pocket of> (personal) funds.

Conclusion. The use of DPs «for life-saving indications» in urgent and emergency medical care should not be
arranged on a fee-paying basis. If a patient (or patient's relatives) would demand compensation for material dam-
age (cost of purchased drug) by applying to a Obligatory Medical Insurance Company or bringing the case before
the court, this demand should be satisfied.

Keywords: payment for medical services; life-saving indications; idiosyncrasy; medical consultants' board; pre-
scription of drugs; forms of care; the severity of harm to human health
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BBenenne

B MemutnHcKoil mpakTUKe HEPeAKO BCTpeJacT-
CsI CUTYyaIus, KOT/[a AIueHTy, HaXOSAIIeMycs B OT/e-
JICHUW PEaHVMAIH, MOKa3aH HOBBIA 2(hheKTUBHBII
JIEKApCTBEHHBIM TIperapar, 3aperucTPUPOBAHHBIN B
P® B opurmmambHOM mTopsiake, He Bxosmmit B CMII,
B niepeuerb JKHBJIII n B kiimHUYeCKHEe peKOMEH Ta-
nun (KP). [lannwni JIIT #He 3akymaeTcss B MeANIINH-
CKOHW OpraHW3aIlny, OJHAKO Jiedyallnii Bpad peKOMeH-
JIyeT marueHTy (POACTBEHHUKAM) €ro TprodpecTu
Kak HarOostee aheKTUBHBII. B TakoM cirydyae BO3HU-
KafoT CJIEYIONIIe BOTIPOCHI:

1. BoamoskHO 711 manueHTy (POJACTBEHHUKY
nanuenTa) npuobpectu ganubiii JITT 3a cyer MUUHBIX
CPEeJICTB [IJIs JIeueHns MalieHTa B ePUo/] HaXoxXIe-
HUSI B PEAHWMAIMOHHOM OT/EeJeHWW CTalnoHapa
(T.e. BRIOUNTH TpuMeHenne panHoro JIII B otmesre-
HUU PeaHnMaIlii B TJIATHYIO YCIYTY)?

2. B0O3MOXXHO 71 BO3MeINIeHUEe MEIUITIMTHCKOM
opranusaieil maenty croumoctu JITI, mpuobpe-
TEHHOTO TTAIIMEeHTOM, B CJIy4ae, ecyii MmanuedT (Poj-
CTBEHHUKI) 0OpaTsITCS ¢ TakKuM TpeOGOBaHUEM B
cTpaxoByio koMmnanuio B cucreme OMC wiu B cyz?

[esp mccemoBaHMs: BBIIBUTH 3aKOHO/ATEITh-
HO 0GOCHOBAaHHYI0 BO3MOKHOCTH TralfieHTa (POACT-
BEHHUKOB maruenTa) mpuodpectu JIII, KOTOpbIid He
3aKyIaeTcss B MEAUIMHCKOW OPTaHW3aIlnM, OTHAKO
PEKOMEHIOBAH JIeYallliM BPAYOM <0 JKU3HEHHBIM
MOKa3aHUSAM» Kak HanboJsee a(h(HeKTUBHBINI.

Marepuan u METObI

Marepuasiom uccienosanus sisusch DeepanbHblit
3akoH «O6 0cHOBaxX OXPaHbI 3JI0POBbs rpakian B Poccuii-
ckoit Mepepannny ot 21.11.2011 N 323-D3 u psing neiicr-
BYIOIIMX HOpMaTHBHO-TpaBoBbiXx akToB (HIIA), perymu-
pyoOIUX MEIUIIUHCKYIO NesaTelbHOCTh B Poccuiickoit
Depepari. V13 1aHHBIX TOKYMEHTOB BBIIEINII U AHAJIN-
3UPOBAJIN CJIEJIYIONINE TOHATUS: <OIJIaTa MEIUITMHCKUX
YCIIYT»; <110 KU3HEHHBIM HOKA3aHUAM»; <[1PU NHAUBUILY-
aJIbHOIT HENepeHOCHMOCTH»; <IeATeJbHOCTh BpaueOHO
KOMHUCCUU MEUITMHCKON OPraHN3aIun»; <IOPSI/IOK Ha3Ha-
YeHMS M BBIIMCBIBAHMS JIEKADCTBEHHBIX IIPEIapaToB»;
«(opmMbl OKazaHUs MEIUIMHCKON TTOMOIINY; «MEIUIIH-
CKHE KPUTEPUH ONPEIETICHNs CTeleHN TSXKEeCTH BPEa,
IIPUYMHEHHOTO 3/10POBBIO YETIOBEKAY.

PesyabraThl U 00CyK/IEHHE

Demepanpibiii 3akoH «O6 0CHOBAX OXPAHBI
370pOBbs TpaxkaaH B Poccuiickoit Demeparums» oT
21.11.2011 N 323-®3 (D3 «O6 ocHOBaX OXpaHbI
3710pOBbsi») [1], BIiepBbIe B POCCUIICKOM 3aKOHO/A-
TEJBCTBE 3aKPEMHJ TPABO TPAKIAH Ha TOTyIeHHE
MTAaTHBIX MequIMHCKUX yeayT. Cratea 84 «Omata
METUITITHCKIX yeayT» [1] rmacut:

«1. Iparkmane mMelOT TpaBO HA TOJyYeHUE
MTATHBIX METUTIMHCKUX YCIIYT, TPEOCTABIISIEMBIX 110

Introduction

There is a common trend in the clinical prac-
tice, when a patient in the ICU needs a new effective
drug product officially authorized in the Russian
Federation but not listed in the SC, the LEM, and
clinical guidelines (CG). This DP is not purchased
by the healthcare institution, but the attending
physician recommends the patient (relatives) to buy
it as the most effective one. In such a case, the fol-
lowing questions arise:

1. Can a patient (a patient's relative) purchase
the DP at their own expense for the treatment of the
patient during the ICU stay (i.e. include the use of
this DP in the intensive care as a paid service)?

2. Can the healthcare institution reimburse the
cost of the DP purchased by the patient, if the patient
(relatives) applies to the CMI company or to the court?

The purpose of the study is to identify a legally
justified possibility for a patient (patient's relatives)
to purchase a drug product (DP), which has not been
purchased by a healthcare institution but is recom-
mended by the doctor in charge «by life-saving indi-
cation» as the most effective one.

Materials and Methods

The study materials included Federal Law N 323-FZ
«On the Fundamentals of Health Protection in the
Russian Federation» as of 11/21/2011 and a number of
current normative legal acts (NLA) regulating medical
activities in the Russian Federation. The following terms
were identified and analyzed in these documents: «pay-
ment for medical services; «life-saving indications»; «in
case of drug idiosyncrasy»; «the activities of the Medical
Consultants' Board of the healthcare institution»; «the
procedure for prescription of drug products»; «forms of
medical care»; «medical criteria to determine the severity
of the harm incurred to human health».

Results and Discussion

Federal Law N 323-FZ «On the Fundamentals
of Health Protection in the Russian Federation» as
of 11/21/2011 (FL «On the Fundamentals of Health
Protection») [1] has introduced patients' rights to
receive paid medical services for the first time in the
Russian legislation. Article 84 «Payment for medical
services» [1] reads as follows:

«1. Citizens have a right to receive paid medical
services provided at their request while receiving
medical care, and paid medical services (domestic,
service, transport and other services) provided addi-
tionally while receiving medical care.»

Paragraph 5 of article 84 [1] additionally regu-
lated the provision of paid medical services by
healthcare institutions involved in the implementa-
tion of the programs of State guarantees of free med-
ical care for citizens:

www.reanimatology.com
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DTuKa u HOPMATUBHO-IIPABOBASI 6asa AHECTE3MOAOTUN-PCAHMMATOAOT U

WX JKEJIAHWIO TIPU OKa3aHWHM MEUITMHCKOHN TTOMOTITH,
U TUJTATHBIX HEMEIWIIUHCKUX YCayr (OBITOBBIX, cep-
BHCHBIX, TPAHCTIOPTHBIX ¥ UHBIX YCJIYT), TIPEOCTaB-
JISEMBIX JIOTIOJTHUTEIHHO TP OKA3aHWW MeTUIH-
CKOW TTOMOTITN...>

B . 5 crarbu 84 [1] onoiHUTENBHO PeraMmen-
THPOBAHO OKa3aHWE TUIATHBIX MEIUITUHCKUX YCJIYT
MEIMTIMHCKUMU OPTAHU3AIMSMU, YIaCTBYIOIIUMHU B
peau3ary MporpaMM TOCY/IaPCTBEHHBIX TapaHTUA
GECIIATHOTO OKa3aHUs TPasKJaHaM MEIMITHHCKON
TTOMOTIIH:

«5. MepunuHcKe OpraHM3aIlud, y4acTBYIO-
e B peain3allii TMPOTPAMMBI TOCYapCTBEHHBIX
rapaHTHI OECTIATHOTO OKa3aHWUs IPasKJaHaM Me[H-
IIMHCKON TIOMOTIT ¥ TEPPUTOPHAIBLHOM MPOTPAMMBI
rOCYIapCTBEHHBIX TapaHTUI GECTIJIATHOTO OKa3aHIsI
rpak/laHaM MEIWITMHCKOM TTOMOIINA, WUMEIOT MPaBO
OKa3bIBATD MAIMEHTAM TIIATHBIE MEUITHTHCKUE YCITY-
TH:

1) Ha WHBIX YCJIOBUAX, YeM TIPELYyCMOTPEHO
MIPOrpaMMON TOCYAAPCTBEHHBIX TapaHTUH OecriaT-
HOTO OKa3aHWs TPakJaHaM MeIUITMHCKON TTOMOTITH,
TEPPUTOPUATBHBIMU TIPOTPAMMaMi TOCY/IaPCTBEH-
HBIX TapaHTHii OEeCIIATHOTO OKa3aHWsI IPasKaaHaM
MEIUITIHCKOM TTOMOTITH U (VT ) TI€JIEBBIMU ITPOTPaM-
Mami;» [1].

B cootBerctBum ¢ 1.7 ctathu 84 [1] mopsimok u
YCJIOBUS TIPEIOCTABJIECHUS MEAUIIMHCKUMU OpTaHU-
3aIMSIMU TITATHBIX MEIUIIMHCKUX YCIYT MalueHTaM
ycranaBiuBaiotcs IIpaButensctBoM Poccuiickoit
Denepannm.

4 oxta6ps 2012 r. [TpasuresbeTBo Poccniickoii
Depepanuu mpuHsIo moctaHoBeHHe «O06 yTBEpIK-
JICHWW TIPABWIT TTPEIOCTABICHUS MEAUITMTHCKUMU OP-
TaHU3AIUSMA TITATHBIX MEIUIIUHCKUX YCIYyT» OT 4
okTsiOpst 2012 1. Ne 1006 [2], KOTOPBIM YTBEPANIO
HOBBIe [IpaBmyia mpenocTaBjieHUS METUITUTHCKUMA
OPTaHU3AIUSMHA TIJIATHBIX MEIUTTMHCKUX YCIIYT.

B 1.7 pasnemna 11 [lpasua [2] onpeneneno:

«7. MenmunuHCKAE OPTaHU3AINN, YYaCTBYIO-
e B PeaU3aIui TIPOTPAMMBI 1 TEPPUTOPUATBHOM
MIPOTPaMMbI, UMEIOT TIPABO MPEIOCTABJSATH TITATHbIE
MEINTIMHCKUE YCTYTH:

a) Ha WHBIX YCJIOBUSX, YeM IMPEILyCMOTPEHO
MIPOTPAMMOM, TEPPUTOPUATBLHBIMUA MTPOTPAMMaMK 1
(nm) 1esIeBBIMI TIPOTPAMMaMH, TI0 SKEJIAHWTO TI0-
TpebuTesIs (3aKa3unKa), BKIOYas B TOM YHCIE:

YCTaHOBJICHUE WHANBUAYATHHOTO 1TOCTA MEH-
[[MHCKOTO HAOIOCHUsT TIPU JICYCHUH B YCIOBHSIX
CTaIMOHAPA;

MPUMEHEHNE JIEKAPCTBEHHBIX TPENaparoB, He
BXOJAIINX B IEPeYeHb JKU3HEHHO HEOOXOMMMBIX U
BKHEHIINX JIEKAPCTBEHHBIX TPENApaToB, €CIW UX
HasHaYeHHEe W TPUMEHEHUEe He OOYCJOBJIECHO JKU3-
HEHHBIMU TTOKA3aHUSMW WM 3aMEHOM M3-3a WHIIH-
BUAYAJIBHON HETEPEHOCUMOCTH JIEKapCTBEHHBIX
MIpPerapaToB, BXOASMINX B YKAa3aHHBINA TlepeueHb, a
TaK)Ke TMPUMEHEHNe MEAUIIMHCKUX U3JeNHi, jeued-

«5. Healthcare institutions involved in the
implementation of the program of State guarantees
of free medical care for citizens and regional pro-
grams of State guarantees of free medical care for cit-
izens have the right to provide paid medical services
for patients:

1) on other terms than those provided for in the
program of State guarantees of free medical care for
citizens, regional programs of State guarantees of
free medical care for citizens and/or targeted pro-
grams.» [1].

In accordance with paragraph 7 of article 84
[1],the procedure and conditions for the provision of
paid medical services to patients by healthcare insti-
tutions are established by the Government of the
Russian Federation.

October 4, 2012. The Government of the
Russian Federation adopted resolution No. 1006
«On Approval of the Guidelines for Provision of Paid
Medical Services by Healthcare Institutions» on
October 4, 2012 [2], which has approved new
Guidelines for provision of paid medical services by
healthcare institutions.

Paragraph 7 of section IT of the Guidelines [2]
says:

«7. Healthcare institutions involved in imple-
mentation of the program and regional programs
have the right to provide paid medical services:

a) on other terms than those provided by the
program, regional programs and/or targeted pro-
grams, upon customer's (consumer's) request,
including but not limited to:

arrangement of an individual medical monitor-
ing post during the in-hospital treatment;

the use of drugs not included in the list of essen-
tial medicines if their prescription and use are not jus-
tified by life-saving indications or replacement due to
idiosyncrasy of drugs included in the list, as well as
the use of medical devices, clinical nutrition, includ-
ing specialized clinical nutrition products not cov-
ered by the standards of medical care» [2].

Therefore, drug products not listed in the LEM
may be included in the list of paid medical services
except cases of the use of DP «for life-threatening
indications» and «idiosyncrasy».

The above regulations [2] correspond to the
standards listed in article 80 «Program of State guar-
antees of free medical care for citizens» [1]:

«2. Citizens are provided with drug products
for medical use included in the list of essential med-
ications while rendering medical care under the pro-
gram of State guarantees of free medical care for cit-
izens, namely primary health care in a day hospital
and emergency medical care, specialized medical
care, including high-tech emergency medical care,
and palliative in-patient medical care. ...

3. The following services should not be ren-
dered at patients' expenses while rendering medical

OBIIAA PEAHMMATOAOI'NA, 2017, 13; 4
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HOTO TIMUTAHUS, B TOM UYHUCJE CIEIUATU3NPOBAHHBIX
MPOJAYKTOB JIe4eOHOTO MUTAHUSI, HE MPELYCMOTPEH-
HBIX CTAHJAPTaM¥U MEIUITUHCKOM MOMOIIH...> [2].

TakuM 06pasoM, Ha IJIATHYHO OCHOBY MOJKET
CTaBUTHCS TPUMEHEHHE JIEKAPCTBEHHBIX MPETapaTos,
He BXOJSIINX B IEPEYEHb JKU3HEHHO HEOOXOAUMbIX 1
BUKHEHINNX JIEKAPCTBEHHBIX TPEMapaToB, KpoMe
ciaydaeB ipuMeHenns JIII «1mo JKU3HEHHBIM TTOKa3a-
HUSIM» W «THIUBUIYATHHON HETTEPEHOCUMOCTH .

BermreykaszanHBle HOPMBI [2] KOPpeCIOHANPY-
10T ¢ Hopmami cT. 80 «IIporpamma rocyiapcTBEHHBIX
rapaHTUI OECTJIATHOTO OKa3aHWs IPasKAaHaM Mer-
IUHCKOH oMoty [1]:

«2. Ilpu okazaHnyu B paMKax MIPOrpaMMbl TOCY-
JMAPCTBEHHBIX TapaHTUIl OeCIIaTHOTO OKa3aHUs
TpasklaHaM METUITMHCKON TTOMOIIN TIEPBUYHON Me-
JINKO-CAHUTAPHON TOMOIIU B YCJOBUSX JHEBHOTO
CTallMOHapa W B HEOTJIOKHOU (hopme, Criennaainsm-
POBAHHOI MEAUIMHCKON MTOMOIIN, B TOM YKCJIE BbI-
COKOTEXHOJIOTUYHOMN, CKOPOW MEIUITMHCKON TTOMO-
M, B TOM YHCJIE CKOPOHW CHEeNnaIu3upOBaHHOM,
MAJTMATUBHON MEAUTIMHCKOW TIOMOTITH B CTAITHOHAP-
HBIX YCJIOBUSAX OCYIIECTBIISIETCST 00eCTIeUueHre Tpak-
JIaH JIEKaPCTBEHHBIMU TIpenapaTaMu JIIT MeTUIIH-
CKOTO TPUMEHEHUs, BKJIIOUEHHBIMU B TIEpPeYeHb
JKM3HEHHO HEOOXOMUMBIX U BaKHEHIINX JIEKapCT-
BEHHBIX TTPENapaToB....

3. Ilpn okaszaHWW MeTUIIMHCKOW TIOMOIIN B
paMKax TMPOTPaMMBl TOCYAapCTBEHHBIX TapaHTHA
GeCIIATHOTO OKa3aHUsT TPasKJaHaM MEIMITHHCKON
MTOMOIIUA U TEPPUTOPUATHHBIX MIPOTPAMM TOCYAAPCT-
BEHHBIX TapaHTHil GECIIATHOTO OKa3aHWs Tpaxkiaa-
HaM MEIUIIMHCKON MTOMOIIN He MOJJIEKAT OTIaTe 3a
CYET JIMIHBIX CPENICTB TPAKIAH:

1) oxazanue MEIUITMHCKUX YCIYT, Ha3HAUYEHUE 1
MIPUMEHEHHE JIEKAPCTBEHHBIX TIPETTapaToB, BKIIOUECH-
HBIX B [I€PEYEHb JKU3HEHHO HEOOXOAUMbBIX 1 BaKHEI -
IITUX JIEKAPCTBEHHBIX TPENApaToB, MEIUIIMHCKUX 13-
JIeJIAi, KOMIOHEHTOB KPOBH, JIeueOHOTO TUTAHUS, B
TOM YICJIe CTEIUATN3UPOBAHHBIX TIPOAYKTOB Jieued-
HOTO MTUTAHWS, 0 MEUITTHCKUM TIOKA3aHUSM B COOT-
BETCTBUH CO CTAHAPTAMH MEJUIIMHCKON TTOMOIIIN;

2) HazHaueHWe U TPUMEHEHUEe TI0 MEeIUIUH-
CKMM TIOKA3aHUSM JIEKAPCTBEHHBIX TPENapaToB, He
BXOJSIIUX B IIE€PEYEHDb KU3HEHHO HEOOXOAMMBIX U
BOKHEHINX JTEKAPCTBEHHBIX TIPENapaToB, — B CJIY-
Yasx WX 3aMEHBbI U3-3a UHAUBUIAYAJTbHON HeTlepeHo-
CUMOCTH, TI0 KUBHEHHBIM MTOKa3aHusIM...» [1].

Taxum o6pasom, pumererne JITT <110 JKusHeH-
HBIM TIOKa3aHUSIM»> He TIOJIJIEXKUT OTLIaTe CO CTOPOHBI
Tpask/iaH.

B cootBerctBum ¢ 4. 5 crarbu 37 M3 «O6 ocHo-
Bax OXPaHbI 3710POBbs»: «HazHaueHwme 1 mpruMeHeHe
JIEKAPCTBEHHBIX MPETapaToB, MEIUITTHCKUX U3EITHIA
U CIEIUATIU3UPOBAHHBIX MPOAYKTOB JIEUeOHOTO TIH-
TaHWSI, HE BXOJSAIINX B COOTBETCTBYIONTUH CTaHAAPT
MEIUTTUHCKOM TTOMOTITH, IOTTYCKAETCS B CIydae HaJH-
YU MEINTIMHCKNX MTOKa3aHWH (MHANBUIYATbHOH He-

care within the frames of the program of State guar-
antees of free medical care for citizens and regional
programs of State guarantees of free medical care for
citizens:

1) medical services, prescription and use of
medicines included in the list of essential drugs,
medical devices, blood components, clinical nutri-
tion, including specialized clinical nutrition prod-
ucts, for life-saving indications in accordance with
the standards of medical care;

2) prescription and use (for medical indica-
tions) of drugs that are not included in the list of
essential medicines in cases of their replacement due
to idiosyncrasy, and for life-saving indications... «
[].

Therefore, the use of DP «for life-saving indica-
tions» should not be paid by the patients.

In accordance with part 5 of article 37 of the FL
«On the Fundamentals of Health Protections:
«Prescription and use of drug products, medical
devices and specialized clinical nutrition products
that are not included in the corresponding standard
of care is allowed in the case of medical indications
(idiosyncrasy, for life-saving indications) by the
decision of the Medical Consultants' Board.»

The concept of «life-saving indications» is also
used in the subordinate legislation.

According to Order No. 502 of the Ministry of
Health and Social Development of the Russian
Federation as of May 5, 2012 «On Approval of the
Procedure of Formation and Activities of the
Medical Consultants' Board of the Healthcare
Institution» [3], the Medical Consultants' Board
performs the following functions:

«.. 4.7. making decisions on prescription of
drugs if there are medical indications (idiosyncrasy,
for life-saving indications):

not included in the corresponding standard of
care;

according to trade names;

(paragraph 4.7 was introduced by Order No.
886u of the Ministry of Health of Russia as of
02.12.2013 [4]).

Order No.1175 of the Ministry of Health of the
Russian Federation as of 20.12.2012 «On Approval
of the Procedure of Prescription of Medicines, as
well as Prescription Forms, the Procedure of Issuing
of These Forms, Their Accounting and Storage» [5],
Annex 1 «Prescription of Medicines» says:

«...3. Drug products are prescribed in accor-
dance with the standards of care.

Prescription of drug products that are not
included in the corresponding standard of care is
allowed in the case of medical indications (idiosyn-
crasy, for life-saving indications) by the decision of
the Medical Consultants' Board...» [5].

But despite the fact that the term «for life-sav-
ing indications» is used in the Federal Law «On the
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MEPEHOCUMOCTH, TI0 JKU3HEHHBIM TOKA3AHUSIM ) TI0 Pe-
[IEHNUIO BPaueGHON KOMUCCHI».

[TousiTvie «0O KU3HEHHBIM TTOKA3aHUSIM» YIIO-
Tpebaserca 1 B noaszakoHHbIX HITA.

B Ilpukaze M3 CP PD ot 5 mast 2012 . Ne 502
«O6 yTBepKIEHNN TIOPSIAKA CO3MAHMS U IESITENHHO-
cTH BpaueOGHON KOMUCCUE MEIMIIMHCKON OpraHu3a-
mn»> [3] BpaveGHAsT KOMUCCHST OCYIIECTBIISIET CIe-
myfornne (pyHKITAN:

«..4.7. mpuHATHE pernieHnsI 0 Ha3HAUYECHUM Jie-
KapCTBEHHBIX TIPEMApaToOB MPU HAJUYNU MEIUINH-
CKMX TOKaszaHuil (MHAUBUIyaJbHAsT HEMePeHOCH-
MOCTb, TI0 JKU3HEHHDBIM ITOKA3AHIISIM ):

HEe BXOMAIIMX B COOTBETCTBYIONIMIA CTAHAAPT
MEIUITTHCKON TIOMOIIIH;

[0 TOPTOBBIM HANMEHOBAHIISIM;

(mimn. 4.7 BBenen Ilpukazom Munsnpasa Poccrm
ot 02.12.2013 N 886H [4]).

B Ilpuxaze Munszgpasa P® or 20.12.2012
Ne1175 «O6 yTBep:KAeHUN TOPSAAKA HA3HAYEHUS 1
BBITMMCHIBAHNUS JIEKAPCTBEHHBIX MTPEMAPATOB, 4 TAKIKE
(hopM PeTIeNTYpPHBIX HIAHKOB, TIOPSIIKA O(OPMITEHTIST
9TUX OJIAHKOB, UX yueTa u xpaHeHus» [5] B Ipuio-
xenun 1 «Ilopsimox HazHaueHWs] W BLIMUCHIBAHUS
JIEKaPCTBEHHBIX TIPETIapaToB» CKa3aHo:

«..3. Haznauenmne u BBIMUCHIBAHUE JIEKAPCT-
BEHHBIX TIPENapaToB OCYIIECTBISETCS] B COOTBETCT-
BUU CO CTAHIAPTAMU METUIITHCKON TOMOTITH.

Hasmuavyenne JsiekapCTBEHHBIX IIPETIApaToB, He
BXOJISIIIUX B COOTBETCTBYIONINI CTAHAAPT MEIUIINH-
CKOI TTOMOTITH, JIOTTyCKAeTCS B CAydae HAIUUNS Me-
JMUTIMTHCKAX TOKa3aHUN (MHAMBUYATHHONW HeTepe-
HOCUMOCTH, TI0 JKU3HEHHBIM MOKa3aHUSIM) II0
pelieHnto BpaueOHOI KOMUCCHT...> [5].

Ho, HecMOTpst Ha TO, YTO MOHSATHE <TI0 JKU3HEH-
HBIM TIOKa3anmsimM» yrmotpebisercst B D3 «O6 ocro-
Bax OXPaHbl 3[0POBbLsI» U B oa3akonubix HITA, om-
pellesieHrsT TaHHOMY MOHSTUIO HU B 3aKOHe, HU B
nonzakonHbIx HITA wHer.

B ®3 «O6 ocHOBax OXpaHbl 37I0POBbsT» BBO-
TUTCS KIACCUMUKAIIS METUITITHCKON MOMOIIH TI0
dopme okazanus (Crarbs 32. «MeaunuHcKas 1o-
Motb») [1]:

«@DopmMaMn OKa3aHUSA METUITIMHCKON TOMOIIN
SIBJISTIOTCST:

1) axcTpeHHAss — MEAWIIMHCKAS MOMOIIIb, OKa-
3bIBaeMasi MPU BHE3AIHBIX OCTPBIX 3a00JIEBAHUSIX,
COCTOSTHUSIX, OOOCTPEHUN XPOHMYECKUX 3aboJeBa-
HUT, TIPEICTABIISIONIIX YTPO3Y KU3HU TAINEHTA,

2) HEOTJIOKHAST — MEUIIITHCKAsT TTOMOIIb, OKa-
3bIBaeMasi MPU BHE3AIHBIX OCTPBIX 3a00JIEBAHUSIX,
COCTOSTHUSIX, OOOCTPEHUN XPOHMYECKUX 3aboJeBa-
HUiT 63 SIBHBIX TIPU3HAKOB YIPO3bI JKU3HU MAINEHTA;

3) miraHoBass — MEAWIMHCKAs MOMOIIb, KOTO-
past OKa3bIBaeTCs TIPU TIPOBECHUH TTPODIIaKTIIeC-
KUX MEPOTIPUATHIA, TIPU 3a00IE€BaHNUSX U COCTOSHI-
IX, HE CONPOBOXKAAIINXCSI YTPO30H KU3HU
MaIenTa, He TPeOYIONIX SKCTPEHHON 1 HEOTIOK-

Fundamentals of Health Protection» in the subordi-
nate legislation, the definition of the term is not spec-
ified in either the law or the subordinate legislation.

The FL «On the Fundamentals of Health
Protection» introduced the classification of medical
care based on its form (article 32. «Medical care») [1]:

«There are the following forms of medical care:

1) urgent medical care rendered in life-threat-
ening sudden acute diseases, conditions, exacerba-
tion of chronic diseases;

2) emergency medical care rendered in sudden
acute diseases, conditions, exacerbation of chronic dis-
eases; without obvious signs of threats to patient's life;

3) planned medical care while performing pre-
ventive measures, in the case of diseases and condi-
tions not associated with a threat to patient's life and
not requiring urgent and emergency care, and the
delay in which will not lead to worsening of the
patient's state, a threat to his/her life and health» [1].

According to the above definitions, the planned
medical care differs from emergency and urgent ones
in the fact that its rendering may be delayed for an
indefinite period of time without any harm to life and
health of the patient. Urgent and emergency care is
considered a type of so-called priority medical inter-
ventions. <A priority medical intervention is an
intervention requiring compliance with certain
requirements to the time of its initiation starting
with the moment of patient's referral to a healthcare
institution for urgent or emergency medical care»
(Letters of the Ministry of Health of Russia and the
Federal Fund of CMI [6, 7] containing a «Guidelines
on Emergency Care in the CMI System. Formation
stage, prospects of developments).

In accordance with paragraph 2 of art. 11
«Inadmissibility of Refusal to Render Medical Care»
of the FL «On the Fundamentals of Health
Protection» [1]:

«...2. Emergency medical care is rendered by a
healthcare institution and a healthcare professional
without any delay and free of charge. There should
be no refuse to render this aid...» [1].

Responsibilities of healthcare institutions (all
institutions, including private ones) in accordance
with paragraph 1 of article 79 of the Federal Law
«On the Fundamentals of Health Protection»
include «emergency medical care for citizens» [1].

The main criterion for urgent medical care is
the presence of life-threatening conditions, accord-
ing to the definition given in art. 32 [1]. Life-threat-
ening conditions are listed in Order No.194u of the
Ministry of Health and Social Development of the
Russian Federation as of April 24, 2008 «On
approval of Medical Criteria of the Severity of Harm
Incurred to Human Health « [8].

In accordance with this order:

«6.2. Life-threatening health damage impairing
vital functions of the human body which could not
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www.reanimatology.com

77



78

DOI:10.15360,/1813-9779-2017-4-73-81
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HOW MeIUIIMHCKON TTOMOINH, W OTCPOYKA OKA3aHMS
KOTOPOIT Ha OTTpeie;IeHHOE BpeMs He TTOBJIeYeT 32 CO-
60i1 yXyIIEHE COCTOSTHUS TMAIlMEHTa, YTPO3y €ro
’KU3HU U 3[0POBBIO» [1].

[LranoBast MEAUIIMTHCKAST TIOMOTITb OTJIMYAETCS OT
9KCTPEHHON W HEOTJIOKHOU, MCXOJIS U3 BLIMIEyKa3aH-
HBIX OTPEIEJICHUIT TEM, UTO €€ OKa3aHhe MOKET ObITh
OTCPOYEHO HA HEOTIPEIEJICHHBII CPOK €3 Bpeaa Ki3-
HU U 3[I0POBLIO TAITHEHTa. IKCTPEHHAS 1 HEOTIOKHAST
MEIMITTHCKAST TIOMOIIb OTHOCUTCST K TaK HA3BIBAEMbBIM
CPOYHBIM MEIUIIMHCKUM BMemareabcTBaM. «Cpod-
HBIM SIBJISIETCSI MEUIINHCKOE BMEIITAaTEIbCTBO, TPeOy-
fotiiee cOOITIOICHIS OTIPEIe/ICHHBIX TPEOOBAHUIT K CPO-
KaM Havyaja €ro TPOBEIEHWs, HCYUCISIEMBIM C
MOMEHTA 00OpaIlleHUsT MAllHeHTa, HY/KIAFOIIErocst B Me-
JTUTIMHCKOM TTOMOTITH B 9KCTPEHHON MM HEOTTIOKHOMN
¢opwme, B mMeaummHCKy0 opranusarmio» (Ilucema
Munsnpasa Poccun nu Denepansinoro Mommga OMC
[6, 7], comepxamntie «MeTommaeckue peKOMEHIATTN
«Cxopast MemunuHcKass nomorib B cucteme OMC.
Irar CTaHOBJIEHNSI, TIEPCIIEKTUBLI PA3BUTHSI ).

B coorserctBum c 1.2 ¢T. 11 «Hemgomyctmmocts
OTKa3a B OKa3aHUU MeIUIUHCKON momormy» D3
«O0 ocHOBax OXpaHbl 30pOBbs»> [1]:

«...2. MemuimHCKast TIOMOIIb B 9KCTPEHHO# (hop-
Me OKa3bIBaeTCsS MEUITMHCKONW OpraHW3aIel u Mezu-
[IMHCKUM PabOTHUKOM TPaKIaHUHY GE30TIaraTeIbHO U
Gecrimarno. OTKa3 B ee OKa3aHUI He JOTycKaeTcs...» [1].

K 06st3aHHOCTSIM MEIUIMHCKUX OpPTaHU3aInil
(Bcex, BKJIIOYAsT MEIUITMHCKIE OPraHm3allii JacT-
HOW CHCTEMBI 37PAaBOOXPAHEHNsI) B COOTBETCTBUU C
.1 cratu 79 D3 «OO6 ocHOBaX OXPaHBI 30POBbSI»
OTHOCHUTCST «0OecreunBaTh TpaskIaHaM OKasaHUe
9KCTPEHHOI MeINIIMHCKOM TToMotmn» [ 1].

[maBHBIM KpuTEpueM 3KCTPEHHOI MEIUIINH-
CKOII TIOMOIITH, KaK CJIeyeT U3 OnpeeIeHrs, TaHHO-
ro B cT. 32 [1], sABAseTcs HaIWIME YTPOKAIONIUX
JKUBHU COCTOSTHUM. YTPOXKAIONINE JKU3HU COCTOSTHUS
nepeunciensl B [Ipukaze MunucrtepctBa 3apaBoo-
XpaHeHus U cormanbHoro pazsutust PO ot 24 ampe-
g5t 2008 1. N 1941 «O06 yrBepskaeHIN MeIUIIMHCKUX
KPUTEPUEB OIPEIeSeHUs] CTENEHN TSUKECTH BPEJa,
MIPUYUHEHHOTO 3/I0POBHIO UesoBeKas [8].

B cooTBeTCTBUY € TAHHBIM TPIKA30M:

«6.2. Bpen 3mopoBbI0, OMACHDBII 7S KU3HU Ye-
JIOBEKA, BBI3BABIIUI PACCTPONCTBO KMU3HEHHO BaK-
HBIX (DYHKIINI Opranu3Ma 4eioBeKa, KOTOPOe He MO-
&KeT  OBITh  KOMIICHCHPOBAHO  OPraHU3MOM
CaMOCTOSITEJIBHO U OOBIYHO 3aKaHUYUBACTCS CMEPTHIO
(mamee — yrposkarolee JKU3HU COCTOSTHHE):

6.2.1. mok tspxesoit (IIT—IV) crenenwy;

6.2.2. koma IT—III crernenu pasjindHOM THOJIO-
N1

6.2.3. ocrpast, 06MIbHAS UJIK MACCUBHAS KPOBO-
moTepu;

6.2.4. octpast ceprieuHast U (MJIN) COCYAMCTAS
HEIOCTaTOUYHOCTD TSKEJION CTETeHU, WA TsKeJiast
CTeIeHb HaPYIIEHST MO3TOBOTO KPOBOOOPAIIEHNST;

be compensated by the body alone and usually ends
in death (hereinafter referred to as a life-threatening
condition):

6.2.1. severe (ITT—1V degree) shock;

6.2.2. TI-T1T degree coma of various etiologies;

6.2.3. acute, abundant or massive blood loss;

6.2.4. severe acute cardiac and/or vascular
insufficiency or severe stroke;

6.2.5. severe acute kidney or acute liver or acute
adrenal failure or acute pancreatic necrosis;

6.2.6. severe acute respiratory failure;

6.2.7. purulent-septic state: sepsis or peritoni-
tis, or purulent pleuritis, or phlegmon;

6.2.8. impairment of regional and/or organ cir-
culation leading to infarction of an internal organ or
limb gangrene; embolism (gas, fat, tissue, or blood
clot) of cerebral or lung vessels;

6.2.9. acute poisoning with chemical and bio-
logical substances for medical and non-medical use,
including drugs or psychotropic substances, or hyp-
notics, or drugs acting primarily on the cardiovascu-
lar system, or alcohol and its surrogates, or technical
liquids, or toxic metals, or toxic gases, or food poi-
soning that caused a life-threatening condition,
described in paragraphs 6.2.1 to 6.2.8 of the Medical
criteria;

6.2.10. various types of mechanical asphyxia;
effects of general exposure to high or low tempera-
ture (heatstroke, sunstroke, general overheating,
hypothermia); the effects of exposure to high or low
atmospheric pressure (barotrauma, decompression
sickness); effects of technical or atmospheric elec-
tricity (electrical trauma); consequences of other
forms of adverse effects (dehydration, overexertion,
exhaustion of the body) caused life-threatening con-
ditions described in paragraphs 6.2.1 to 6.2.8 of the
Medical criteria» [8].

All of the above conditions cannot be compen-
sated by patient's body and usually end in death.

In these cases healthcare institutions must pro-
vide emergency medical care (regardless of whether
the patient is a citizen of the Russian Federation or
not, or whether he/she is insured in the CMT system
or not), according to paragraph 1 of article 79 [1].

Therefore, if the DP is used in any of the above
conditions, it should be clearly interpreted as appli-
cation «for life-saving indications» and charging for
the DP is IMPOSSIBLE. If it is necessary to use the
DP in the absence of the DP in the healthcare insti-
tution, the DP should be purchased by the institu-
tion in accordance with a specially provided proce-
dure.

But the question cannot be closed completely.
It should be understood that the DP is used for «life-
saving indications» not only when there are clear
signs of threat to patient's life.

On the basis of the classification of medical care
(art. 32 of the FL «On the Fundamentals of Health
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6.2.5. ocTpast moyedHasr WM OCTPast MeYeHOd-
Hast, WM OCTPast HAIMOYETHIKOBAS HEJIOCTATOYHOCTD
TSKETION CTETIeH!, NI OCTPBIN TAaHKPEOHEKPO3;

6.2.6. ocTpast abIXaTesbHAsT HEIOCTaTOYHOCTD
TSIKEJION CTeIleHn;

6.2.7. THOWHO-CENTUYECKOE COCTOSTHUE: CETICHC
WJIW TIEPUTOHUT, WJIM THOWHBIN TIJIEBPUT, WK (hrer-
MOHZ,;

6.2.8. paccTpoCTBO PETHOHATIBHOTO 1 (WJTH ) Op-
TaHHOTO KPOBOOOPAIEHNsT, IPUBOJSIIEE K HH(PAPKTY
BHYTPEHHETO OPraHa WM TaHTPeHe KOHEYHOCTH; HM-
Gounst (TazoBast, JKUPOBasi, TKAHEBasT, UK TPOMOOIM-
GOJINIT) COCYIOB TOJIOBHOTO MO3Ta WJIH JIETKUX;

6.2.9. octpoe oTpaBjieHre XUMUYECKUMU U OHO-
JIOTHYECKUMU BEIECTBAMH MEIUITMHCKOTO U HEMe/U-
IIMHCKOTO TIPUMEHEHUS], B TOM YHCJIE€ HAPKOTHKAMU
WJTA TICUXOTPOITHBIMU CPE/ICTBAMU, VI CHOTBOPHBIMU
CPEICTBAMU, WJIU TIPETTapaTaMi, JeHCTBYIOMNUME TIpe-
UMYIIECTBEHHO Ha CEPJEYHO-COCYANCTYIO CHUCTEMY,
WJTA QJTKOTOJIEM W €TO CyPPOTaTaMMU, WJIN TEXHUIECKH-
MU JKUIKOCTSIMU, VT TOKCUIECKUMU METaJIAMH, UJTH
TOKCUIECKUMHU Ta3aMH, FJIN TTUTIEBOE OTPABJICHIIE, BbI-
3BaBIllee YrpoKaroliee KU3HNU COCTOSTHIE, TTPUBEIEH-
Hoe B TyHKTaX 6.2.1—6.2.8 MeuImHCKIX KpUTEpHEB;

6.2.10. pasmmyHble BUIBI MEXaHMIECKON achuK-
CHIU; TIOCTIEICTBHUST OOIIET0 BO3ICHCTRIST BBICOKOM HITH
HU3KOW TemmepaTypbl (TeTIOBON y/ap, COJHEYHBIN
yaap, o0Iiiee TieperpeBatme, MepeoXIaskICHIE OPTaH3-
Ma); TIOCJIE/ICTBUST BO3/IEHCTBUST BBICOKOTO MJTA HU3KO-
ro arMocepHOTo JaBieHus (bapoTpaBMa, KeCCOHHAsI
60JIe3HB); MOCJCACTBUS BOBACHCTBUS TEXHUUYECKOTO
UM aTMOC(EPHOTO JIEKTPUIecTBa (3JIeKTPOTpaBMa);
MOCTIEACTBUST APYTHX (GOPM HEOIArOMPHUSITHOTO BO3-
neiictBust (06e3BOKMBAHUE, UCTOIIECHUE, TEPEHATIPSI-
JKeHUe OpraHW3Ma), BBI3BABIINE YTPOKAIONIEe KU3HU
COCTOSTHYE, IPUBe/IeHHOE B MyHKTax 6.2.1—6.2.8 Menu-
IITHCKUX KPUTEpHeB» [8].

Bce BoIeniepevncieHHbIE COCTOSTHUSI HE MOTY'T
OBITH KOMIIEHCHPOBAHbBI OPTAaHU3MOM CAMOCTOSITE Th-
HO ¥ 00BIYHO 3aKAHYNBAECTCST CMEPTHIO.

VIMEeHHO TIpH ATUX COCTOSHUSAX MEIUIINHCKHE
opraHusaiuu B coorBeTcTBuE ¢ 1.1, cT. 79 [1] 06s13a-
HBI OKa3bIBATh HKCTPEHHYIO MEIUITUTHCKYIO TOMOIIIH
(HE3aBUCUMO OT TOTO, ABJISTIOTCS JIM HYKAAIONIIECS B
takoit momoru rpakaanamu PM win wer, 3actpaxo-
BarHbiMu B cricteme OMC uin Her).

Takum obpaszom, eciu JIIT mpuMeHsieTcst mpu
KaKOM-JTH00 U3 BBIIEYKA3aHHBIX COCTOSTHHUIA, 3TO OI-
HO3HAYHO JIOJDKHO TPAKTOBATHCS KaK MPUMEHEHHE
<TI0 JKU3HEHHBIM TTOKAa3aHUSAM»>, U B3UMaHUE TIJIAThI
3a gannbiii JITT HEBO3MOJKHO. TTpu Heobxoam-
MocTH TipuMeHeHus aanubix JIII, mpu oTtcyTcTBUM
maxHoro JIIT B MeanTImHCKOM OpraHW3annuy, TaHHBINA
JITT oJkeH OBITH 3aKyTIJIEH MEAUITITHCKON OpraHu3a-
1uelt Mo CIeaiTbHO MPELYCMOTPEHHON TTPOTIEyPe.

Ho Bompoc Ha 3TOM He MOXKeT OBITh 3aKDPBIT
okoHUareTbHO. Heo6XoauMo TIOHUMAaHUE TOTO, YTO
HE TOJBKO MPU HAINYWH SIBHBIX TPU3HAKOB YIPO3BI

Protection» [1]) emergency medical care is a care
rendered in cases without obvious signs of threats to
patient's life. However, the healthcare institution de
fakto cannot avoid rendering not only urgent med-
ical care in obvious life-threatening cases, but also in
conditions without obvious signs of danger to life at
the time of medical aid, but when the refusal to ren-
der medical care can lead to a life-threatening condi-
tion. For example, myocardial infarction (a life-
threatening condition) has not yet developed, but
the untreated progressive angina will lead to
myocardial infarction.

There is a very large number of such diseases
and conditions. It is most likely impossible to change
their names. Moreover, the same illness may be com-
pensated by the body for quite a long time, but later
start to progress rapidly and result in death. Or the
progression of the disease may be associated not with
the disease itself, but with the weakening of the
organism by comorbidities.

Therefore, in everyday medical practice, there
may be patients with a variety of diseases and condi-
tions that could not be compensated by the body
alone and usually end in death without treatment.

There are also many patients with serious ill-
nesses, whose organisms cannot compensate the dis-
ease despite the treatment and death occurs as a
result of a severe progressive disease.

Thus, the term «for life-saving indications» is
used in the everyday medical practice, especially in
healthcare institutions that provide medical care for
patients with severe progressive diseases.

It should be reminded that failure to provide
medical care for a patient without a valid reason by a
person obliged to provide it in accordance with the law
or with a special regulation, if it is resulted in the death
of a patient through negligence or infliction of a severe
or moderate injury to patient's health is considered a
crime (article 124 of the Criminal code [9]). And no
matter how this medical care is qualified (either urgent
or emergency), the result (patient's death or severe or
moderate health) is that what matters.

Taking into account the above facts, in the
absence of the term «for life-saving indications» in
normative legal acts, we should take into considera-
tion the definitions specified in the legislation. In our
view, the concept of medical care «for life-saving
indications» should not be limited to the urgent
medical aid (i.e. in the presence of obvious life-
threatening conditions listed in Order No.194H [8]).
In the cases when there are no obvious signs of
threats to patient's life, medical care is still should be
rendered for life-saving indications,, when fail to ren-
der it can lead to a life-threatening condition, i.e. the
delay in the medical intervention for an indefinite
period of time is impossible because this condition
(disease) cannot be compensated with no proper
medication, and usually ends in death.
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kusan JIIT mpuMeHsTIoTCsT <110 JKU3HEHHBIM TTOKa3a-
HUSIM>.

Wexons ns kraccuUKaInl MeIUIIMHCKON TT0-
Mot (c1. 32 M3 «O6 ocHOBaX OXPaHbI 3I0POBbSI»
[1]) HEoTMOXHAS METUITITHCKAST TOMOTIb — 3TO Me-
JIMIIMHCKAsT TIOMOIIb €3 SIBHBIX MPU3HAKOB YTPO3bI
susnu. OgHako MeauimHcKast opranusaius de fakto
HE MOJKET He OKa3aTh MEAUIINHCKYIO TOMOIIb He
TOJIBKO 9KCTPEHHYIO, TIPY SIBHBIX TPU3HAKAX YTPO3DI
JKU3HU, HO ¥ IIPU COCTOSTHUAX Oe3 ABHBIX IPU3HAKOB
YTPO3bI JKU3HU HA MOMEHT OKA3aHUsST MEIUITIMHCKON
MTOMOIIH, HO KOT/Ia HeOKa3aHe MeIUITMHCKON TTOMO-
A MOKET MIPUBECTH K YTPOIKAIOIIEMY JKU3HH COCTO-
sunio. Hampumep, nabapkT Muokapaa (yrposxaro-
mee JKM3HU COCTOSTHME) ele He pasBUJICS, HO
HeJleYeHHas TIPOTPECCUPYIONIAsi CTEHOKAPANS MPH-
BeJleT K MH(papKTy MHUOKap/a.

CyitiiectByeT 0ueHb GOJIBIIOE YHUCIO TaKUX 3a60-
JeBaHUM U cocTosgHU. [lomMmeHOBaTh UX BCe, CKOpee
BCETr0, HEBO3MOKHO. MaJjio TOro, 0JIHO 1 TO JKe 3200-
JIeBaHME MOKET KOMIIEHCHPOBATHCS OPTAHI3MOM JI0-
BOJIbHO JIIUTEJIbHOE BPEMS, a 3aTeM HadaTh ObICTPO
MIPOTPECCUPOBATH M 3aKOHUUTHCST CMePThIO. Mu po-
rpeccupoBatue 3a00JeBaHUS MOKET ObITh CBSI3aHO
BOOOIIIE He ¢ caMuM 3a00JIeBaHIEM, a ¢ Oc1abIeHueM
OpraHu3Ma COMYTCTBYOIUMU 3a00I€BAaHUSIMHU,

TakuM 00pa3oM, B HPAKTHUYECKOU MeIUIUH-
CKO¥1 [IeSITeJIbHOCTH €KEeTHEBHO MOTYT BCTPEYATHCST
HAIMEHTHl ¢ CAMBIMU Pa3JINYHBIMU 3a00/IeBAHUSAMU
U COCTOSTHUSIMI, KOTOPBIE HE MOTYT OBITh KOMIICHCH-
POBaHbl OPraHU3MOM CaMOCTOATENbHO U 0e3 Jieue-
HUsE 00BIYHO 3aKAHYMBAIOTCSI CMEPTHIO.

Tax ;ke MHOTO TAlMEHTOB C TSKeIbIMU 3a00J1e-
BaHUSIMU, Y KOTOPBIX, HECMOTPSI Ha TTPOBOIMOE Jie-
YyeHue, OpraHusM He MOKET KOMIIEHCUPOBaTh 3a00-
JIEBaHWE U HACTYIAET CMEPTH BCJIEACTBUE TSIKEIOTO
MPOrPECCUPYIOIIET0 3a00ICBaHNSI.

Takum 06pa3oM, MOHATHE <II0 KU3HEHHBIM 110~
Ka3aHUSIMI» MCIIOJAb3YETCS B KAKIOAHEBHON MeIH-
IUHCKOMU [TPAKTUKE, 0COOEHHO, B MEUITMHCKIX OpTra-
HU3AIWSAX, B KOTOPBIX OKAa3bIBACTCS MEIWITITHCKAST
MOMOIIb GOJIBHBIM € TSIKETBIMU TIPOTPECCHPYIOTITH-
MU 3a00JI€BAaHUSAMMU.

HamomumM, 4To HeoKasaHue OMOIIH OOJBHOMY
6e3 YBaKUTEJIBHBIX TTPUYUH JIMIIOM, OOSI3aHHBIM €€
OKa3bIBaTh B COOTBETCTBUH C 3aKOHOM WJIU CO CTIEI[H-
aJIbHBIM TIPABUJIOM, €CJIM 3TO TOBJEKIO 1O HEOCTO-
POKHOCTU CMEPTH OOJILHOTO, JIMOO IPUYMHEHUE TSK-
KOTO WJIM CpeaHEeH TSKeCTH Bpeda €ro 370POBHI0
sBsteTcst pectyiuerveM (cratbsa 124 YK PO [9]). U
HEBa/KHO, KaK JaHHAS MEIWIIMHCKAS TTOMOIIb KBaJIH-
(ummpoBaach — Kak SKCTPEHHAST WM HEOTIOKHAS.
BaskeH pesyssraT — cMepTh OOJIBHOTO, WM TSIKKUI
WA CPeHEH TSKEeCTH BPE/l, TPUIMHEHHbI BUHOBHO.

B cBs13u ¢ BBITIIEN3I0KEHHBIM, TIPH OTCYTCTBUU B
HOPMATHUBHO-TIPABOBBIX aKTaX OTPEIECHNST MOHSTHS
«II0 JKU3HEHHBIM TOKA3aHUSIM» MOKHO OPHEHTHPO-
BaThCs Ha 3aKpeTyIeHHbIEe B 3aKoHe Aeduauium. Ha

The question arises who determines the health
status of the patient when the medical care (pre-
scription of drugs) should be provided «for life-sav-
ing indications.

Normative legal acts regulating medical activi-
ties provide an unambiguous answer: Medical
Consultant's Board of the healthcare institution.

It is the Medical Consultants' Board of the
healthcare institution that prescribes the DP not
listed in the SC «for life-saving indications» (p. 5 art.
37 FL «On the Fundamentals of Health Protection»
[1]). Tt is the Medical Consultants' Board of the
healthcare institution that prescribes the DP not
listed in the LEM and not payable by the patient
«for life-saving indications» (p. 2 art. 80 FL «On the
Fundamentals of Health Protection» [1]).

The healthcare institution where the Medical
Consultant's Board operates is legally responsible for
the prescription (non-prescription) of the DP «for
life-saving indications».

Even in the case when the patient (relatives)
agree to buy the DP required for medical care «for
life-saving indications», even in the case of patient's
recovery, the patient may demand the reimburse-
ment of material losses (the cost of the medication at
patient's own expense). This requirement may be
satisfied taking into account the above facts.

Conclusion

The use of DPs «for life-saving indications» in
urgent and emergency medical care should not be
arranged on a fee-paying basis.

If a patient (or patient's relatives) demands
compensation for material damage (cost of pur-
chased drug) by applying to a Obligatory Medical
Insurance Company or bringing the case before the
court, this demand should be satisfied.

HaIll B3IJISI/, MOHSTHE MEIUIIMHCKON ITOMOIIM <IIO
JKU3HEHHDIM TTOKA3aHUSIM» He JIOJIZKHO OTPaHNYNBaTh-
CsI TIOHSITHEM 9KCTPEHHON MEUITMHCKON TTOMOTITH (T.€.
HAJIMIMEM SIBHBIX TIPU3HAKOB YTPO3bI JKU3HU, Tiepe-
yrcaeHHbIX B [Ipukase 194# [8]). Ilo skusaeHHDBIM TTO-
Ka3aHUSIM OKAa3bIBAETCST M MEIUIIUHCKAST TIOMOIIIb, KOT-
Jla B MOMEHT ee OKa3aHWsl HeT SIBHBIX IPU3HAKOB
YTPO3BI JKU3HM, HO KOTJIAa HEOKa3aHWe MeTUIMHCKOM
TTOMOIII MOSKET MTPUBECTH K YTPOKAIOMIEMY KU3HU CO-
crostamio. T.e. 0TCPOUKA MEIUITUHCKOTO BMETIATEbCT-
Ba Ha HEOTIPe/IeJIEHHbII CPOK HEBO3MOKHA B CBSI3U C
TEeM, 4TO JIaHHOE cocTosHue (3a00JIeBaHNE) HEe MOKET
ObITb KOMIIEHCUPOBAHO OPTAaHU3MOM CAMOCTOSITE/IHHO
1 00BIYHO 3aKAHYNBAETCS CMEPTHIO.

Bosnukaet BoIpoc, a KTO OIpeJessieT COCTOsTHIE
3/I0POBbsI MAI[MEHTA, KOTIa MEAUITMHCKAsT TOMOIIH (Ha-
3HAYEHUE JIEKAPCTBEHHDIX IIPENapaToB) JOJIKHA ObITh
OKa3aHa «I10 KU3HEHHBIM TIOKA3aHUSIMY.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 4



DOI:10.15360,/1813-9779-2017-4-73-81

DTuxka u HOPMATUBHO-IIPABOBASI 6asa AHECTE3MOAOTUN-PCAHMMATOAOT U

OTBeT B HOPMATUBHO-TIPABOBBIX aKTaX, PETYJIH-
PYIOINUX MEAUIMHCKYIO JIeSITeIbHOCTD, OJHO3HAYCH
— BpaueOHast KOMUCCHUST METUITHNHCKOM OpraHM3aI[iiL.

VMeHHO BpaueOHOM KOMUCCHENH MEeIUIIMHCKON
opranm3aruu HazHadaioTcs JIIT «1mo sKu3HeHHbIM TT0-
KasaHusMy», He Bxomamme B CMII (u. 5 ct. 37 @3
«O06 ocHOBax oXpaHbI 3710poBbst» [1]). IMeHHO Bpa-
4eOHOU KOMUCCHEN MEAUIIMHCKOM OpraHu3ainy Ha-
sHavaorcs JIII «mo Ku3HeHHBIM TMOKa3aHUSIM», HeE
TofIIesKaIie omiare n3 JUIHbIX cpenacts JIII, we
xozsmme B Ilepeuens JKHBJIIT (u. 2 cr. 80 D3
«O06 ocHOBax OXpaHbl 3710pOBbsi» [1]).

MeauinHcKast OpraHusaliiisi, B KOTopoil pabo-
TaeT BpaueOHast KOMUCCHSI, HECET IOPUANICCKYIO OT-
BETCTBEHHOCTDH 3a HazHaueHne (He HazHadeHue) JIII
<TI0 JKUBHEHHBIM MTOKA3AHWUSIM ».

[laxke B corydae coryiacus maruenTta (POJICTBEH-
HUKOB) mpuoGpectu JITI, HeoOXOAMMBIH TSI OKasa-
HUS MEJTUTTITHCKON TTOMOTITH «IT0 JKU3HEHHBIM MTOKa3a-
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Mocrymuna 02.05.17

HUSIM», JTa)ke B CJIydae BBI3IOPOBJICHUS TAIIEHTA,
BO3MOKHO BO3HUKHOBEHHE TPEGOBAHIS CO CTOPOHDI
TarreHTa 0 BO3MENeHNN MaTepualbHOTO Bpena (CTo-
HUMOCTH JIEKAPCTBEHHOTO TIPETapaTa, TpUoGPeTeHHOTo
MAIMeHTOM 32 CBOW cuer). [laHHoe TpeGOBaHIe MOKET
OBITH Y/IOBJICTBOPEHO B CBSI3U C BBIIICOMCAHHBIM.

3akoyeHue

[Ipumenenne JIII «10 KM3HEHHBIM TTOKA3aHU-
sSM» TIPU OKa3aHWW MEAWITMHCKON TTOMOIIN B 39KC-
TPEHHOU W HEOTJIOXKHON (hopMax HE MOKET CTaBUTh-
Cs Ha TIJIATHYIO OCHOBY.

B cayuae, ecam manmeHT (POACTBEHHUKH) 06-
parsarcs ¢ TpeGoBaHuEM BO3MEIEHIS MaTePUaIbHO-
ro Bpesa (CTOMMOCTH NPUOOPETEHHOTO JE€KAPCTBEH-
HOTO TIperapaTa) B CTPaxXoBYIO KOMITAHUIO B CHCTEMe
OMC wiu B ¢y, faHHOE TpeboBaHMe OyAeT YIAOBIIE-
TBOPEHO.
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YYeHBIX CTelleHeii.

o Obwas peanumamonozus.

Jluccepranuu Ha COMCKaHHE YYEHOU CTENEHH JOKTOPa HAyK 6e3 omyoJu-
KOBaHMSI OCHOBHBIX HAYUYHBIX Pe3yJbTaTOB B BeAYIIUX KypHAJIaX U U3aHUSAX,
nepevyeHb KOTOPbIX YTBEP:KieH Bricuiell arrecTaniMmoHHON Komuccueil, OyayT
OTKJIOHEHBI B CBsI3U ¢ HapymieHueM 1. 10 ITosxokeHus: o mopsike npucy:sKIeHHs

[Tepeuens sxypuanoB BAK, uzgaBaembix B Poccuiickoit Denpeparuu 1o cre-
nuanbiocTu 14.01.20 «AHecTe3noorns 1 peaHuMaToJIOTUsI», B KOTOPBIX PEKOMEH-
Jyercst yOJIMKaIusl OCHOBHBIX PE3YJbTaTOB JMCCEPTAIINI Ha COMCKaHUE YUeHOI
CTeTIeH! IOKTOpa W KaHAUAaTa MeUINHCKUX HAYK:

*  Anecme3uonozus u peanumMamonozusi;
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which is available at http://www.ICMJE.org.

ITpaBoBbBIE acEKThI MyGIMKAIUHE PYKOTHCH

Yenosust nybnuxayuu pyxonucu

— Pyxkonucu my6imKkyioTes mpu 00s3aTebHOM
COOJIIONEHNH aBTOPOM STHKU ¥ IIPABUJI IIyOIMKALIAN
(mogpobHee Ha caiite KypHasia: www.reanimatol-
ogy.com).

— Pykonucu nybankyiorcs ¢ cobaiogeHneM
HOPM aBTOP-CKOTO TIPaBa U KOH(MUAEHIIUATBHOTO OT-
HOIIEHUSI K IEPCOHATIBHBIM JITAHHBIM aBTOPOB.

— Pykonucu ny6imukytoTest GecriaTHo.

— Pykornucu, npuHsiThIe B JKYyPHAJI, TPOXOAST
pEleH3UPOBaHNE HA OPUTHHAJIBHOCTH, 3TUYHOCTD,
3HAYMMOCTD, aJIEKBATHOCTH CTATUCTUYECKON 06paboT-
KU JIaHHBIX Ha YCJIOBUSAX KOH(DHUICHIIMATBHOCTH 32
HCKJIIOUEHUEM BbIsIBIIEHUST (DaTbCU(DUKAINN TaHHbIX.

— Penkosmerust ocTasieT 3a coboi mMpaBo co-
KpaIlath U PEJAKTHPOBATH PYKOIHUCH.

Ipuvuno: cuamus ¢ newamu u 3a0epicku nyouu-
Kayuu pyxonucu

— Pykoricu, He COOTBETCTBYIOIINE TTPODOUIIO
KypHAJa, He MPUHIMAIOTCS.

— Pykormicu, panee omyOIMKOBAaHHDIE, 2 TAKKE
HaIpaBJIeHHbIE B JPYTON JKYPHAJI WM COOPHUK, He
MPUHUMAIOTCSI.

— 3a HekoppekTHOEe 0(OPMIIEHNE U HEOCTO-
BEPHOCTH TIPEACTABJISIEMBIX OUOIMOTPAGUIECKIX
JIAHHBIX ABTOPbI HECYT OTBETCTBEHHOCTH BILIOTH /IO
CHSATHUS PYKOITHCH C TTEYATH.

— Hapyuierne npaBusn ohOpMIIEHUST PYKOTIH-
CH, HECBOEBPEMEHHDIH, a TAKIKE HEaJleKBATHDII OTBET
HA 3aMEUYAHUST PEIIEH3EHTOB U HAYYHBIX PEIaKTOPOB
NPUBOJIAT K 3a/I€PIKKe TyOIUKAIIUHI JI0 UCTIPABJICHVSI
YKasaHHBIX HeZIOCTATKOB. [Ipy NTHOPUPOBAHKUK 3aMe-
YaHUI PEIEH3EHTOB M HAYYHBIX PEJAKTOPOB PYKO-
MUCh CHUMAETCST C JIATTbHEHIIEro paCCMOTPEHMSI.

— Pyxonmcy OTKIOHEHHBIX pabOT perakineit
He BO3BPAIIAIOTCSL.

Humepecor cmopon: Aemop,/Pedaxuus

Pepaxnus ocraBaisieT 3a co60i TIPaBO CYUTATH,
YTO aBTOPBI, MPEOCTABUBINUE PYKOTIUCH JIJIsT TTYOIIH-
Karuu B kypHasi «O061as peaHuMaToIOTHs», COTJIac-
HBI C YCTIOBUSAMU TyOIUKAIIMN U OTKJIOHEHUS PYKO-
MUCH, & TAKJKE € TTPaBUIAMU ee 0(hOPMITEHHMSI.

Pepakius ocrapisier 3a coOoil 1IpaBO CYNTATD,
YTO aBTOP, OTBETCTBEHHBIN 32 IEPETTUCKY C PelaKIIneid,
BBIPAKAET MO3UITUIO BCETO aBTOPCKOTO KOJIJICKTHBA.

ABTOp TOJIyyaeT HWHGOPMALMOHHbBIE 3JIEK-
TPOHHbBIE THCbMa 000 BCEX aTamax MPOIBUKEHUS
PYKOIMCH, BKJIOYAs yBeJOMJEHUE O HECOOTBETCT-
BUU PYKOMUCH TPODUII0 KypHajsa W TIpaBUIaM
ohopMIIeHNS; TEKCTBI PelleH3nii; pelieHue peiKo-
JIETUH O TyOJUKAIMKY W OTKJIOHEHUH PYKOIUCH;
BEPCTKY OTPEJlaKTUPOBAHHOTO BapuaHTa PYKOIIMCH
JU1S TIOJIyYeHUs aBTOPCKOro Jioltycka K revyatu. [lo-
MOJTHUTENBbHYIO WHMOPMAIIWIO O MPOABUKEHUN PY-
KOIIMCU aBTOP MOJKET IOJYYUTh 110 aJpecy: jour-
nal_or@mail.ru; www.reanimatology.com.

lapanmuu Asmopa

[IpenocraByiennas B peflakiiuio pyKoOIUCDh I10JI-
HOCTBIO OpUTHHAJbHA. VICII0/Ib30BaHue JTHOOBIX MaTe-
pHAJIOB JIPYTUX aBTOPOB [IOIYCKAETCS TOJBKO C UX
paspelieHusT 1 Tpu 00s13aTEJIBHOM CChIJIKE HAa 9THUX
ABTOPOB.

Criicox aBTOPOB CO/IEPIKUT TOTBKO TEX JIUII, KO-
TOpBIE BHECJIH OIYTUMBIN BKJIAJ B KOHIIEIIIUIO, TIPO-
€KT, UCIIOJIHEHNe WU MHTEPIpPeTAlUIO 3as8BJIeHHOM
paboThl, TO €CTh TEX JIUI], KOTOPbIE COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pykomnucp He conepkUT MaTepuajioB, 3arpe-
MEHHBIX B OTKPBITON TeYaTu AeUCTBYIONIUM 3aKOHO-
natesancTBoM Poccnn.

Tapanmuu pedaxyuu

JIto6bie PyKOTINCH, TTOJTYYEHHbBIE PEAAKITHEH /115t
pelleH3UPOBaHusl, OYIyT BOCIPUHUMATHCS KaK KOH-
(dunenimanbubie 10kyMeHT. OHE HE MOTYT OBITH
MOKa3aHbl JAPYTUM JIMIAM U 00CYsKAEHbI ¢ HUMH, 32
HCKJIIOUEeHNEeM JINIL, YIIOJTHOMOUEHHBIX pe/lakIiiei.

Heony6imikoBaHHbIE MATEPUABI, HAXOSAIIIHECS
B MPEIOCTABJIEHHOI cTaThe, He OYIYT UCIOTb30BAHBI
B COOCTBEHHOM HCCJIEIOBAHUN HAYYHOTO PEAAKTOPA U
PelleH3eHTOB 6e3 MUCbMEHHOTO PaspelIeH s aBTOPa.

PerienseHT He Oy/IET AOTMYIIEH K PACCMOTPEHHIO
PYKOIIUCH, eI UMeeT MeCTO KOH(JIIMKT UHTEPECOB B
€r0 KOHKYPEHTHBIX, MAPTHEPCKUX JIUOO IPYTUX OTHO-
MIEHUSAX € KeM-JIM00 U3 aBTOPOB, KOMIIAHUN WU Op-
raHU3alnil, CBSI3aHHBIX ¢ MATEPUATIOM TTYOTMKAIIUH.
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IlpaBuaa AAsT aBTOpPOB .

Kongnuxm unmepecos cmopon: Asmop,/Pedaxuus

Kouduukr unrepecoB cropon Asrop/Penak-
IIUS PelraeTcs My TeM TIePeroBOPOB CTOPOH B COOTBET-
CTBUU € JEHCTBYIOINM 3aKOoHOAaTreabcTBoM PD n
MEXKAYHAPOAHBIMU HOPMATUBHO-IIPABOBbIMU aKTa-
MU, PEryJIUPYIONIUMH TYOJUKAIMIO PYKOTIICEN B Me-
JUIIMHCKAX JKypHAJIAX.

Coryacue uiin HecorJiacue Ha MyOIUKAIUI0 OT-
PENAKTUPOBAHHOTO BaApUAHTA PYKOITMCH BBIPAKAETCS
B 9JIEKTPOHHOM ITHCbME aBTOPA, OTBETCTBEHHOTO 32
TIEPENNCKY C PelaKilnel.

Dopmwvt nucoma:

1) ABTOpBI He UMEIOT 3aMEYaHUIl TTOCTE O3HA-
KOMJICHUST C BEPCTKOW U COTJIACHBI HA MyOJUKAIIIO
MaTepuasa B MPe/ICTAaBJICHHOM BU/IE.

2) ABTOpPBI COTJIACHBI HA MYOJUKAIMIO MaTePH-
ajia 1mocJjie BHECEHUSI B BEPCTKY CJIEIYIONINX TTPABOK
1/WJIN 3aMeYannii (fasiee ciaeyeT mepedeHb).

3) ABTOpBI HE COTJVIACHBI HA TYOIMKAIIUIO MaTe-
puajia B MPECTaBJIEHHOM BUJIE B CBSI3M... (00bsICHE-
HUe IPUINHBI 0TKA3a).

Penmakims n m3naTesbcTBO HE HECYT OTBETCT-
BEHHOCTH 33 MHEHUSI, U3JIOKEHHbIE B MyOJIUKAIIIX, &
TaKJKe 32 COZIePIKAHNE PEKITAMBI.

Cpoku npoABU:KEeHUs PYKOIUCH

— IJKcrepTu3a Ha COOTBETCTBHE TPOGMUIIO
JKypHaia U 1paBuiaM odopmieHnus — He Oosiee 3-X
pabounx jiHEl ¢ MOMEHTa MOCTYIJIEHUST PYKOTIUCH B
PElaKInio.

— PenensupoBanue — He Gosiee 20-u pabounx
JTHEH ¢ MOMEHTA 9JIEKTPOHHON OTIIPABKU PEIIeH3EHTY
PYKOIIHCH.

— Otser aBropa pelieHseHTaM — He Oojiee 7-u
pabounx jHel ¢ MOMEHTA 9JIEKTPOHHO OTIIPABKY aB-
TOPY peTeH3UN.

— 3acenanue pejkosierui — 1 pa3 B 2 Mecsiia He
no3/Hee, 4eM 32 1 MecsIl /10 BhIITyCKa TUPaka sKypHasa.

— OrmoBerieHne aBTOPa O PEIIEHNN PEIKOJLIIE-
UM W 03HA-KOMJIEHUE C BEPCTKOM OTPelakTUPOBAH-
HOTO BapHaHTa — He mo3jiHee 3-X pabounx JaHeil ¢ Mo-
MEHTa BbIXOJIa COOTBETCTBYIOMIEN MH(pOPMAIIUN.

OTnpaBka MaTepUaIOB ISl My OJIMKauu

Marepuasbl st MyOJUKAIIMA HA PYCCKOM U
AHTJINHICKOM SA3bIKaxX CJe/lyeT HalpaBJsATh B BUJIE
AJIEKTPOHHBIX (halJIOB HA CANT JKypHAIA: WwWWw.reani-
matology.com, wmjgum 10  agpecy  peAaKIIUU:
journal or@mail.ru. @opmar noxnucu daiinos: da-
MUJIHST TIEPBOTO aBTOPa, 00O3HAUEHUE MaTephaja
(TexcT, WITIOCTPAIINU U [Ip.), Aata (YUCI0, MECHII,
roj1). BHMMaHue: OJHOCTHIO aBTOMATHU3MPOBAHHBIN
TepeBOJl C PYCCKOTO sI3bIKa HAa AHTJIUHUCKAN WMeeT
HU3Koe KauecTBO W He mpuunMaetcss. HKO ®omp
«MemuimHa KPUTHYECKUX COCTOSIHWIT» OKa3biBAeT
cozieficTBIE B MepeBojle MaTePHAJIOB Jist TTy0JMKa-
IIUM C PYCCKOTO 3bIKA HA aHTJIMUCKUN (CIIPABKU TI0
azipecy peakiyu: journal or@mail.ru).

Marepuasn crareii Bkiodaer: 1) THUTYJIbHBIN
JICT; 2) pe3ioMe W KJIIOYEBbIE CJIOBA; 3) IOJIHBII
TEKCT PYKOIUCHU C TIOATMCIMU BCEX aBTOPOB, MOI-

TBEPK/AAIOMMMN Y4aCTUE B BBIMIOJITHEHUN TIPEACTaB-
JIIEMOIT PabOTBI U YIOCTOBEPSIIOIIMMHU COTJIACHE C CO-
JepsKaHueM pyKomucH (B BUE CKaHA CTPAHUIIDI); 4)
Tabuiel U wuroctpaiuu (Tpaduku, arpaMmbl,
dotorpaduu, pUCYHKU U T. I1.) C HOMEPOM, HA3BAHU-
eM ¥ IpuMedaHueM; 5) 6ubimnorpaduuecKuii CICoK;
6) COMPOBOAUTENBHOE TIHCHMO HA PYCCKOM SI3BIKE HA
UMSI TJIABHOTO PENAKTOPA JKyPHAJIA, TIOAIMUCAHHOE PY-
KOBOJUTEJEM YUPEXKIEHUs, B KOTOPOM BBITIOJTHEHA
pabora.
Dopma conposooumenbHo20 NUCbMA
[maBHOMY pemaxkTopy *KypHaja
«O0b1ast peaHMMAaTOIOTHSI»
3aciy;keHHoMY zesitesio Hayku Poccun,
uneH-koppecnongenty PAH, npodeccopy
B. B. Moposy

ITpocum paccMOTPETh BOIPOC O MYOJUKAINH ...
(Bun pyxorucu; Oavusann, Mmena, OTuectBa Beex
aBTOPOB; Ha3BaHNE PYKOIUCH ).

ABTOpBI pyKoTcH 03HaKoMJIeHb! ¢ MHbopmariu-
eli JIJIsT aBTOPOB, TIPEJIOCTABIECHHON pelakIinelt JKypHa-
Jsa «OO01Iast peaHUMATOJIOTHSI», ¥ COTJIACHBI C TIPABUIIa-
MU IOAIOTOBKHU, TIOAAYM Y IIYOJMKAIUN PYKOIICH.

JlanHast pyKonuch He ayOaupyer IpeblayIine
myOJIMKaIiy, B HEHl He 3aTParduBalOTCS WHTEPECHI
TPETHUX CTOPOH U HE HAPYIIAIOTCST ITUIECKUE HOPMbI
myOJIUKATAH,

OTBETCTBEHHBIN 3a TEPENUCKY C PelaKilhei:
Nwmst, OtuectBo, DamMuiinst OHOTO U3 ABTOPOB PYKO-
nucu, e-mail, Tesedon.

[Toamucs pyKOBOAUTEIST yUPEKTEHII.

ComnpoBofuTEbHOE MTHCHMO JOJIKHO OBITH Ha-
reyataHo Ha OJlaHKe YUPeKICHUsT, B KOTOPOM BBITIOJI-
HeHa pabora.

TpeOoBaHus K meyaTH

Buo: opueHTAaINsT KHIKHASI, BRIDAaBHUBAHUE 110
mpune, opmat A4.

Hpugm: Times New Roman 12-ro pasmepa
YEepPHOTO I[BETA.

Hnmepsanot u omcmynvl: MEKCTPOIHBIN HHTEP-
BaJI B TeKcTe — 1,5; MEKCTPOUHBIN MHTEPBA B MO~
CSIX K TaOJTUTIAM U MJUTFOCTPAIIUSIM, B IPMEYaHusX — 1;
MHTEpBaJl 10 U Tocsie ab3alla — HET; OTCTYIl MepPBOM
ctpokn — 1,25 eM; Tosist — 2,5 ¢M €O BCEX CTOPOH.

Hymepayus cmpanuy,: B IpaBOM HUIKHEM YTIIY.

@opmam (aiinos: TEKCT, TaOIUIbI, MOAINNUCH K
tabsmiam 1 winoctpanusM — Word; rpaduku, amua-
rpammbt — Exel; pucyrku — jpeg; hororpaduu — BbI-
COKOTO pas3peleHust, COXpaHeHHbIe B JIF0OOM (hopmate.

Pexomendyemoe paspewenue npu cKanuposa-
Huw: N300pPAKEHUS C UCIOJTH30BAHUEM JIMHUI W PU-
cyuku — 1200 dpi; ¢pororpaduu, paguorpadbun — He
menee 300 dpi; ¢ororpadum, paguorpadumn ¢ Texc-
ToM — He MeHee 600 dpi.

Eounuuypt usmepenuss TOJKHBI COOTBETCTBOBATh
Mesxaynaponnoit cucreme enunui; (CIH), Temiepa-
Typa — mkazue [leabcus.

Manee cm. www.reanimatology.com

OBIIAA PEAHMMATOAOI'NA, 2017, 13; 4
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O6ecneunBaeT KOM(pOPTHYIO ceaaumio
W ynydllaeT KNIMHUYeCKUn ucxopn,

Oekcoop’

JeKkcMeneToMuaunH

lNaymeHT criokoeH
M rOTOB COTPYQHUYaTE

DEX-003/05.2015

OeKcoop

CkauaiiTe HOBblE e ObecneynBaer KOMGPOPTHYIO cegaunio n
npunoxexuna ana OPUT! oo COTPYAHUYECTBO C naumeHTom "2

* VYmMeHbLIaeT BpemA [0 akcTybauymn '?

» Cokpaiyaet pacxogbl Ha ne4yeHune B OPUT >4

www.dexdor-apps.eu

W | no MY npenaparta * 1, TOMUAWH], PerscTpay i HOMED: I!I'! 001597 or 22.03.2012. NekapcTeenHan hopma: KOHUEHTPAT ANA NPATOTOBNEHWA pacTeopa
anR undJyanu ﬂosuposxa 100 mirimn. CocTae: aKTHEHOR BRLLECTEO! A — 118 mer, HElit gekcmeneromugudy — 100 mxr. BenomoratensHsle seu.recma HATpWA XNOpKa, Boaa Ana
HHbekyui. DapMakoTepanesTHYECKaA rpynna; cenatmeHoe cpeacTeo. Kog ATX: NOSCM18. Elapuamauﬂemxa AEKCMEOETOMWANH ABNABTCA CENEKTHBHLIM ar aZ-agpeHop pOE; CHMNETONMTHYECKIAM,
CEAaTMEHEIM W ananbreaupyiowmm sdichexramun. MpakTuueckn He 06nagaer cnOCoGHOCTLIO YIHETATE 1! K np : ¥ B3POCNLIX NALMEHTOE, A B 0T/l HH i

: ryBuHa LMK KOTOPEIX HE Mp npofiyAeHHE B OTBET KA FONDCOBYH CTUMYARLMIO (cooTRETCTRYET AManazowy ot 0 ao -3 Gannoe no wxane Il Py na). NMp mnep-
YYBCT K npenapara, atp T lI-1Il crenenu (npu OTCYTCTBMN MCKYCCTEEHHOMO BOAWTENA PUTME), HEKOHTPONUPYEMER a;nepnam,nan FUNOTEH3NA, DCTPan UepelpoBaCKYRADHAR
NatonorwA, AeTckwin Bospact ao 18 ner. Mobounsie athhexTor: YACTHIE — WaK apTi oro i W fipa Ocobeie yKasaHuA: ANA NaUMEHTOE C NOMEYHOR HEJOCTATONHOCTEIO

KOPPEKTHROBKE AOIMPOBKK HE TReBYeTCA, C NBYEHOYHON HBAOCTATOMHOCTLIO ~ PEKOMEHAYETCR YMEHBIWEGHNE CKOPOCTH WHIDY3WM NOAABPXRABaIWEA 036, Dopma BeInyCcKa: amnynsl n3 GecuseTroro crekna Twna | no 2mn. Mo §
wnn 25 amnyn B kaprokHoi nauke. Cpok rogHocTy: 3 rofa. YCnoBuA XpaHesnn; XxpaHnTs Npu Temnepatype we ssiwe 25 °C. Nocne paseenesna pacTeop XpanaT npu Temnaepatype o 2 go 8°C 8 Teyenwe 24 vacos. [ina Gonee nonwoi
wHIopMaLMK, NOKNYACTE, CMOTPHTE WHCTPYKLMIO NO ME y penapata. na 0B f

1. Riker et al. De ding vs. midezols
Randemized Coy 5. JAMA 2012.30
Clinice! and economic impact of substitu

e

ine vs Midazolam or propofol for Sedation dunng Prolonged Mechanical Via 1on. Two
¢ long-term sedation in the intenswve car t. Crit Care Med 2010;38:497-503 4, Thoma e1 2l
tients at an urban medical centre.PharmacoEconomics 2014:32,149-57

for sedation of ennically ill patents: a randomized trel. JAMA 2009,301:489-99. 2. Jakob et al. Dexmedat
11581-60. 3. Dasta et al. A cost-minimization 15 of dexmeds compared with I
ng dexmedetomiding for propofol due to 2 US drug shortege: examination of coronary arigry g

Npowseopurens: «0puon Kopnopeiwn Opuon @ap 02200 3cnoo, Puunanana. 000 «0pwon Dapman, 6 rRI o Pag
119034, r. Mockea, CeyenoBckwii nep., anom 6, crp. 3 en.: (495) 363-50-73, dhaxc: (495) 363-50-74, e-mail: orion@orionpharma.ru www.orionpharma.ru PHARMA
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7 orlepau,vm I'IepeHOCVITCFI ferue;

@ [loctoBepHo yMeHblUaer OﬁlI.WIO NeTanbHOCTb N0 JAHHBIM MeTa-aHanu3a'

e [lpeaynpexpaaer KapAnanbHbie 0CNOKHEHUA B NepHONepaLMOHHOM nepurofe’

Kpatkaa uHpopmauna gna MeguLMHCKAX CNEYNannCToB. PerucTpaumonnsiil Homep: I N014030!D1 2002. Toprosoe HaseaHwe npenapara: Heoton. MHH: ¢oc¢ot<peamr+ MNokazaHuA K
NpUMEHEHNIo: HEOTOH NPUMEHAETCA B COCTABE KOMBMHMPOBAHHON TEpanuy 3a6onesanmi: uHTpar JHHON MMOKaPAa; OCTPOro MHGAPKTa MUOKAPA; XPOHUUECKO CEPAEUHON HEAOCTATOUHO-
ctw. MpoTueonokasanua;: MoBbLILEHHAA YYBCTBUTENBHOCTL K NPENapaTy; XPOHWYECKan NoYeyHan Henac'rawwom (npw npumerenvn npenapara B fo3ax 5-10 r/aexb); Bospact go 18 net (3pdekTnsHOCTL M
He30nacHoCTb He yCTaHoBneHbl). BepeMeHHOCTL v Neproa nakTaLum: KnuHuyeckux AaHHbix o npumerernin HeotoHa npu 6epemenHocTit Het. OAHaKo MCCNBAOBAHUA Ha MMBOTHBIX HE NMOKA3aNK1 TOKCMHMECKOTO
[AEiCTBNA Npenaparta Ha epTUNBHOCTL KPbiC 1 3MGpUodeTanbHOe Pa3BMTIE KPONWKOB. HEOTOH MOKHO NPUMEHATS NP GePEMEHHOCTY TONBKO TOTa, Koraa ANA MATEPY Np T NOTEHUNANBHbIA
puck ana nnoga. Mpv HeoGXoAUMOCT NPUMEHEHWA NPENapaTa B NEPUO NAKTALMK rPYAHOE BCKapMAKBakue Heobxoanmo npekpatuts. MobouHoe aeicTere: MoBbllueHHaR YyYBCTBUTENLHOCTD K Npenapary,
CHWKEHWE apTepHanbHOro fasnexna (npn GbicTPOM BHYTPUBEHHOM BBeAeHNM). Mepeao3nposka: B HacToAWee BpemA O ciydyanx Nepefo3npoBkA npenapata HeotoH He coobwanock, Biaumogeicrame ¢
DPYTVMA NEKapPCTBEHHBIMK CpeacTBamu: Mpu NpUMeHeHWA B cocTaBe KOMBMHWPOBAHHOI Tepanuu npenapat HeoToH cnocoBCTBYeT NOBbILEHWIO SGGEKTUBHOCTH aHTUAPUTMUYECKUYX, aHTUAHTMHANBHBIX
CPEACTB M CPRACTE C NONOMMTENbHBIM MHOTPONHLIM AedcTBKeM. HeoToH coxpaHaeT cTabunbHOCTb B BOAE ANA MHBEKUWIA, pacTBope 5% AekcTpossl (rniokosbl) u 8 KapaMonnernieckux pacteopax. Ocobbie
yKa3aHuaA: [penapar cnefyeT BBOAWT B MAKCHMANbHO KOPOTKME CPOKM C MOMEHTA NOABNEHWA MPWIHAKOB WWEMWM, YTo obecneuwsaer Gonee GnaronpuATHbIA Nporko3 3abonesaxuA. MpumeHeHue
npenapata HeoToH B BbICOKMX A033X (5-10 r/cyT.) coNpoBOKARETCA NOBLILWEHHBIM 3aXBaTOM (HOCHATOB B MOYKAX, HTO BAWAET Ha OBMEH KaNbLIWA, CEKPELMIO FOPMOHOB, PErYMPYIOLINX rOMEOCTas, GyHKUMIO
nouex i 0BMeEH NYPUHOB, NO3TOMY HE PEKOMEHLYETCA AAuTeNbHOE NPpUMeHeHme npenapara HeoToH 8 Bbicokmx go3ax. Qopma ebinycka: NMopowWoK ANA NPUroTOBNEHWA pacTBopa AnA MHGy3uit 1. Mo 1 nan 4
(naKkoHa BMECTE € MHCTPYKLMEN NO NDUMEHEHMIO B KAPTOHHOM nauke. YCNosuA XpaHeHnA: XpaHuTs npu Temnepatype He euiwe 30 °C. Cpok ropocty: 3 roga. Mpowssogurens: Anba Baccepmann C.nA,
Buwa E. ®epmu 1, 65020 Ananno (Meckapa), Mranua / Alfa Wassermann 5.p.A. Via E. Fermi n. 1, 65020 Alanno (Pescara), Italy. bonee nogpo6Hyio uHGOpMaLMIo CMOTPUTE B MHCTPYKLWK NO NPUMEHEHMIO MK
obpawaitecs 8 000 «Anbda Baccepmanns no agpecy: 115114, Mocksa, [lepbenesckan Habepemnan, 4. 11A, cextop 2, oduc 524, Ten. (495) 913-68-39.

* Givanni Landoni, Alberto Zangrillo, Viadimir V. Lomivorotov, Valery Likiwantsev, Jun Ma, Francesco De Simone and Evgeny Fominskiy. Cardiac protection with phosphocreatine: a meta-analysis, Interactive CardioVascular and Thoracic Surgery (2016} 1-10; doi:10.1093/icvts/vw 171,
“bapaes 0.8. et al. PeaynbTars: npimeHeHIA Ix30reHHOrD GordoKPeaTHHa NP DNEPaLIMAY OPTOKOPOHIPHOTD LYHTMPOBHMA Y NaLIMEHTOB CO CHILKEHHBIMM pe3epaamu Muokapaa. Becrrik HMXL um. HH. Nnporosa 2012;7.7, W04, AW-RLU-NED-04 {07/16) PEKTAMA
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