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Iens uccnenosanusi. BoisiBiierne ructoMopdoyornuecKuxX U3MeHeHUH B Cep/IIe PU OCTPHIX OTPABJIEHUSIX
KJIO3AITUHOM ¥ KOMOMHUPOBAHHBIX OTPABJICHISAX 9TAHOJIOM U KJIO3aIIITHOM Yepe3 3 1 24 Jaca Mmocjie OTpaBIeHusL.

Martepuaist 1 MeToAbl. ONBITHI TOCTABUIM Ha OECIIOPOAHBIX Kpbicax-camitax maccoit 290—350 r. Knozamun
BBOAMIH B 103e 150 MumurpaMM Ha KMJIOTPAMM MACChI JKITBOTHOTO 1O/ HapKo3oM (xsoposiasa). Yepes 3 u 24
yaca JKMBOTHBIX BBIBEJIN U3 dKCIIEpUMeHTa jiekanuraieil. Yepes 3 yaca rocJie OTpaBJeHUsT UCCIEI0BAIN TUCTO-
JIOTHYECKHE CPE3bI CEP/IIA 5-1 KPbIC, MOJYUYUBIINX KJI03AIINH TTIeEPOPabHO B 103e 150 MT/KT, U 5 KPbIC, IOy Y1 B-
mux 3Tanos (2—2,5 mar 70 % aranosia B 3aBUCUMOCTH OT MAacChl ;KMBOTHBIX) ¥ KJIO3AIUH MIEPOPAJIBHO B BBIIIE-
YKa3aHHbBIX /103aX. TakKe UCCIIeI0BAJIN TUCTOJIOTHYecKe cpe3bl cep/ia 10-u KpbIc, MOIyYaBIInX aHAJIOTHYHbIE
mperapaThl B BbIIIEYKa3aHHBIX /032X U BBIBEJCHHBIX M3 OMbITA Yepe3 24 yaca IocJje BBeIeHUs TIPErnapaTos.
CpaBHeHne TPOBOANIIHN ¢ THCTOJOTHYECKUME CPE3AMU CEP/IIA 5-1 KPbIC, He MOJYUYaBITHX BHINIEYKA3aHHBIX Be-
mectB. OleHUBAAN Halu4Ke CJAEAYIOMMUX MOP(OTOrHYECKUX NPU3HAKOB: PAaCCTPONCTBA KPOBOOOpAIIECHUS
(MTOJTHOKPOBUE, KPOBOUBJIHUSHNUS ), 203UHOGMMINS, (DparMeHTAIUsT KapIHOMUOIIMUTOB, KJIETOUHAsT PEAKIIUs], TOMO-
renusaius utorsiazmpl. OneHKy npoBoauiu ¢ npumerenrieM kputepust Ouinepa. Hanuuue npusnaka caura-
JIN JIOCTOBEPHBIMU TIPU €TO TOSIBJIEHUN B 4—5 CJIy4asix B OJIHOM TPYIIIE U MTOJHOM OTCYTCTBUU B JIPYTON.

PesyabraTsl HecaeioBaHus. B KOHTPOJIBHOI IpyIIe ;KUBOTHBIX PU THCTOJIOTMYECKOM MCCJIE/JOBAHUU CEP/ITIa
KaKux-im00 paccTpoiicTB KpoBooOpallleHus, 303MHOMDUINY, (pparMeHTali KapIHOMUOIIUTOB, FTOMOTeHU3AIUN
IUTOTLIa3MbI He o6Hapy kuan. Hanbosiee paHHUM U3MEHUEM B CepALe TP BO3AEHCTBUN KJIO3alMHA SBJSIICDH Ha-
pyleHust KpoBOOOpaleHus, KOTOPbIe MOSIBJISLINCH YiKe Yepe3 3 yaca 1mocJjie BBeeH!s Mperapara u yCUJInBaJich K
24 yacy. Do3uHOPUINIO MUOKap/a, crienuuyHas 1 OTPaBIeHUI KJI03aIIMHOM, HaOII0AalN BO BCEX OIBITHBIX
rpymmnax. B rpyiiie, mosyyasiieil KJI03aluH 1 9TaHOJI, Yepes 3 yaca HabJIiojai TOMOTEHU3AI[KIO [[UTOIIA3MBbI, 4TO
CBUJIETEJIBCTBYET 0 THOEIH KJIEeTOK. B TpyIIiie, mo/ydaBiieil KI03aliMH Kak MOHOTIPEapaT, HoA00HbIX U3MEHeHU
He HabJmoganu. BoaMokHO, MOsiBJIeHUE NOA0OHBIX U3MEHEHUIT CBSI3aHO ¢ BIUSHUEM 9TaHoJa. B rpyiine, nosyyas-
meil KIo3anuH 1 9TaHou, Yepes 3 yaca HabJofaa paccTpoiicTsa KpoBoobpaiienus: (MOJHOKPOBKE BEH, BEHYI,
MeJIKHe TIepUKauIsipHbie kpoBousansinus ). K 24 yacy atu pacerpoiicTsa yensmsaiaich. Habmomanm aprepraiib-
HOE ¥ BEHO3HOE MTOJIHOKPOBHE, TEPUAPTEPUAJbHbBIE U TIEPUKATTUILISIPHbIE KPOBOUJIUSIHUSI.

3akimouenne. Vl3meHenus, BbIsBJICHHbIE TIPU THCTOJOTMYECKOM UCCJIEIOBAHUN CEP/IIIA Y JKUBOTHBIX, MOJYJYaB-
[UX KJIO3alMH ¥ KOMOWHAIIUIO 3TAHOJA U KJIO3allMHA, B COBOKYIIHOCTU C Pe3yJibraTaMu CyAeOHO-XUMUYECKOTO
aHa/an3a MOTYT OBITh MCIIOJIb30BAHbI /IS JUATHOCTUKU COOTBETCTBYIONIMX OTPABJICHUI ¥ A YCTAHOBJICHHS X
JTABHOCTH.

Kmouesvte cnosa: Moqumloeuuecxue USMEHEHUS 6 cepaue; KpUMUHaivrvle ompasilenust; KA03anut, 3manojl

Anpec 15 KOPPECIOHIEHITUU: Correspondence to:

Oubra Pomanosa Olga Romanova
E-mail: olgpharm@yandex.ru E-mail: olgpharm@yandex.ru
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SKCHCPMMCHTQABHLIC UCCACAOBAHUI

Objective: to identify histomorphological changes in the heart for acute poisoning with clozapine and com-
bined poisonings with ethanol and clozapine 3 and 24 hours after poisoning.

Materials and methods: the experiments were performed in mongrel male rats weighing 290—350 g. Clozapine
was administered at a dose of 150 mg/kg animal weight under anesthesia with chlorolase. After 3 hours and 24
hours the animals were sacrificed by decapitation. Histological sections of the heart of 5 rats that had received
clozapine orally at a dose of 150 mg/kg and of 5 rats that had received ethanol and clozapine orally in the above
doses 3 hours after the poisoning were examined. There was also a study of histological sections of the heart of rats
(n=10) that had received similar preparations in the above doses and were withdrawn from the experiment 24
hours after the administration of the preparations. The comparison was performed by evaluating the histological
sections of the heart of rats (n=>5) that had not received the above substances. The presence of following morpho-
logical signs was evaluated: circulatory disorders (plethora, hemorrhages), eosinophilia, fragmentation of car-
diomyocytes, cell reaction, and homogeneity of the cytoplasm. The evaluation was carried out using the Fisher cri-
terion. The presence of a sign was considered reliable when it appeared in 4—5 cases in one group and was
completely absent in another.

Results: in the control group of animals the histological examination of the heart showed no circulatory dis-
orders, eosinophilia, fragmentation of cardiomyocytes, or homogeneity of the cytoplasm. The earliest change in the
heart with the effect of clozapine was blood circulation disorders that appeared already 3 hours after the adminis-
tration of the medicine and increased by 24 hours. Eosinophilia of the myocardium, which is specific for clozapine
poisoning, was observed in all experimental groups. In the clozapine and ethanol group, homogenization of the
cytoplasm was observed after 3 hours, indicating cell death. In the group receiving clozapine as a monopreparation,
similar changes were not observed. Perhaps, the appearance of such changes is associated with the influence of
ethanol. In the group affected by clozapine and ethanol there were circulatory disorders (plethora of veins and
venules, small pericapillary hemorrhages) after 3 hours. By 24 hours these disorders intensified. Arterial and
venous plethora, periarterial and pericapillary hemorrhages were observed.

Conclusion. The changes revealed by histological examination of the heart in animals receiving clozapine and
a combination of ethanol and clozapine, together with the results of forensic analysis, can be used to diagnose rel-

evant poisonings and to establish their prescription.

Key words: morphological changes in the heart; criminal poisoning; clozapine; ethanol
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Beenenue

OrpaBJieHnsi, KaK CJydJaiiHble, TaK W CYWIIH-
JaJbHble, U KPUMUHAJbHBIE, SBJISIOTCS Ha CETO-
JHSITHWN JeHb aKTyaJbHOU 1pobaemoit. TIpu aToM
OTpaBJICHUST JIEKAPCTBEHHBIMU TTPerapaTaMyu BXOJST
B TPOHKY JIUIEPOB 10 YUCJY OTPABJIEHUN HAPSIY C
OTPaBJICHUSIMU AJIKOTOJIEM M €r0 CypporataMu U OT-
paBJIeHUSAMU HApKOTHYeCKUMMU BelljecTBamu [ 1—4].

JlocTaToOuHO dYacTo BCTPEYAIOTCS OTPABJIEHUS
ATUTTMYHBIM HEMPOJIENITHKOM — KJio3armmHoM. Kio3a-
mud (8-xmop-11-(4-metui-1-nunepazenmn)-5H-mnu-
6enso[b,e][1,4]anasenuH) 1m0 XUMHUYECKOMY CTpPOE-
HUIO [PEACTaBIsgeT U3 cebs  TPUIUKINYECKOe
COeIMHEeHNe; NMeeT CXOJICTBO C MPOM3BOAHBIMU 1,4-
6ensoauasernmta [5—10].

Haubosbliiee 4mcio OTpaBJeHUI OTpaBIeHNI
KJ03ammHOM OTMeueHo 3a mepuoz ¢ 2000 mo 2009 t.,
najiee HaGJTroasICst HeOOJIBIION CIIajl B CBSI3U YIKECTO-
YeHUeM TIPABUJT OTITYCKa IAHHOTO TIperapara U3 amnTek.

OrTpaBiieHHsT KJIO3AIMMHOM XapaKTePU3YIOTCS
TSDKEJIBIM TedeHreM. JIeTasbHOCTD TIPU TAKUX OTPaB-
JIEHUSIX BBICOKA M COCTaBJISIET, TIO JIAHHBIM Pa3jind-
ubx aBropos, 10—18% [11—13]. Tpaguumonno moy-
TH BCe CJIyyal, TOJO3PUTEJNbHbIE HA OTpaBJIEHUE
KJIO3AIMMHOM W KJIO3AIIMHOM B COYETAHUU C AJKOTO-
JIeM, TIOJLIEKAT CyeOHO-MEAUIINHCKOMY UCCIeI0Ba-
Huto. /[MarHocTHKa OTpaBJIEHUH KJIO3AITITHOM SIBJISI-
eTCst JJOCTATOYHO CJIOKHOH CyneOHO-MeUIIMHCKON

Introduction

Today the casual, suicidal or criminal poisoning
constitutes an urgent issue. At the same time poison-
ings with drugs are among the top three in terms of
the number of poisonings, along with poisoning with
alcohol and its surrogates and poisoning with nar-
cotic substances [1—4].

Poisonings with an atypical neuroleptic — clozap-
ine — occur quite often too. Clozapine (8-chloro-11-(4-
methyl-1-piperazinyl)-5H-dibenzo [b, e][1,4]diazepine)
is a tricyclic compound in the chemical structure similar
to 1,4-benzodiazepine derivatives [5—10].

The highest incidence of poisoning with cloza-
pine was observed during the period from 2000 to
2009, followed by a slight decline associated with the
tightening of the rules for dispensing this medicine
from pharmacies.

Clozapine poisoning tends to be severe.
Lethality with such poisonings is high and
amounts, according to the data of different
authors, 10—18% [11—13]. Traditionally, almost
all cases indicating a possibility of poisoning with
clozapine and clozapine combined with alcohol are
subject to forensic investigation. The diagnosis of
clozapine poisoning is a rather complex forensic
task. Tt is normally carried out in a complex man-
ner taking into account clinical, histological, and
biochemical data and a quantitative determination

OBPIIAA PEAHMMATOAOI'MA, 2017, 13; 2

www.reanimatology.com



. Experimental Studies

DOI:10.15360/1813-9779-2017-2-6-13

3a/ayeil ¥ TPOBOAUTCS OOBIYHO KOMILIEKCHO C yue-
TOM KJIMHUKO-aHAMHECTUYECKUX, CEKIIMOHHBIX, THC-
TOJIOTHYECKUX, OMOXUMIUYECKUX JTaHHBIX U KOJUUE-
CTBEHHOTO OMpE/eNeHUsT Co/lepKaHus TperapaTa B
OGUOJIOTMYECKUX cpesiax opranuama [12—15].

Kiozanua OTHOCUTCS K TaK Ha3bIBAEMbIM
ysxumonanbabm saaM. [Tatonmormueckue n3mene-
HUS BO BHYTPEHHUX OPraHax TpU OTPaBIEHUH WM
MIPENMYIIIECTBEHHO HeCTIETTM(UIHBI W TIPECTABJISIOT
€060l TIpesKIe BCEro MUCIUPKYIATOPHBIE PACCTPOIi-
CTBa U IUCTPODUUECKUE UBMEHEHUS TAPEHXUMATO3-
HBIX OPraHOB, YTO HAOIIOMAETCS W IPU OTPABICHHSIX
JIPYTUMU TIpeniapaTaMy, UMEONINMIA HeMPOTPOITHOE
nericreue. OT™MeUaroTCs, HAIPUMeEP, OTEK MO3Ta, Ova-
TOBBIE KPOBOMBIUSHIS B CJIU3UCTYIO 0O0IOUKY Ke-
JIyJIKA, OTEK JIETKNX, OYaroBble WHTPAAIbBEOJISIPHbIE
KPOBOUBJIMSHUS, JUCTENEKTa3bl, AUCTPOhHUIECKIE
u3MeHeHus moyek u Muokapza [12—15].

B siuteparype UMeIOTCS CBEJICHUS O TaK Ha3bl-
BaeMOM KJIO3AITMH-aCCOIMUPOBAHHOM 303MHOMDUITH-
HOM MUOKApP/UTE, YTO CHEM(MUIHO JIJIST OTPABJICHUS
KJIO3aITUHOM. BIliepBbie Ha 9T0 006paThIv BHUMaHUE
J. E. Meeker u K. Worm 8 90-X rozax mpoIiioro Be-
Ka [PH MCCIeI0BAHIK TPYIIOB JIUII, HOTUOIINX OT OC-
TPOTO CMEpPTEeIbHOTO OTPaBJIeHUs Kao3anmHoM [16].
S. J. Haas c coaBT. oTMe4aioT, 4TO MUOKAPUT MOKET
Pa3BUBATHCS Y OTHOCUTEITHHO MOJIO/IBIX MAIUEHTOB
BCKOPe MOCJIe Hauasa JIeueH T KITO3aIITHOM ¥ Hepe/l-
Ko ObrBaeT darampuniM [17]. O crydasx MHOKapan-
Ta, CBSA3AHHOTO ¢ TIPUMEHEHNEM KJI03alliHa coo01a-
ercs u B ipyTux paborax [18—23].

[To ganaeim HYU nm. H. B. Craudocosckoro,
pu MOPGOJOTHIECKOM UCCJIEIOBAHUHT Y BCEX YMEP-
[IAX OT OTPaBJEHUS KJIO3AIUHOM OBLIN BbISBICHBI
JIOCTATOYHO OJTHOTUITHBIE U3MEHEHUs TedeHn (oda-
roBbIT Wi AU bY3HBIN cTearos). JKuposast 1ucTpo-
(bust HOCMIIa KPYITHO— W MEJIKOKATeJbHBIH Xapak-
Tep. ABTOPBI TPEANONOKUIN, YTO €r0 Pa3BUTHE
CBSI3aHO C YHOTPEeOJIEHNEM TOKCHYHBIX J[03 TICHXO-
TPOITHBIX MTpenapaTos [24].

ITpr KOMOMHMPOBAHHOM OTPABJICHUI KJIO3aIlN-
HOM U STHJIOBBIM JIKOTOJIeM OBLIN BBISIBJIEHBI HECTIe-
nnduaHble MOphOTOTHYECKNE N3MEHEHNS B HePOHaX
TOJIOBHOTO MO3Ta. BBISBIISINCH TIPU3HAKHU OTEKA TOJIO-
BHOTO MO3Ta U HapylleHus reMoimHaMuku. PaccTpoii-
CTBa KPOBOOOPAIIIEHHUS XapaKTEPU30BAINCH BhIPAsKEH-
HBIM TIOJTHOKPOBUEM KaIllWJIIPOB U BeHyJI. Kpome
TIOJTHOKPOBHS, OTMEYAJIACh arperarysi IPUTPOIUTOB,
(hopMupoBaHue cTa30B U CJAKEN, BBISBISIOCH Kpae-
Boe cTostHMe JielikonnToB. [loBcemecTHO TIpUCYTCTBO-
BaJIi OTeYHbIe (POPMBI OJIUTOAEHIPOIIUTOB U ACTPOITH-
TOB. JlpyruM BWIOM TIOBPEXKICHWI  SBJSITUCDH
TUIpOTIMYEeCKe M3MeHeHWs HelpoHoB. K BbIsABIIIe-
MBIM MTOBPEK/ICHUSIM HEPBHBIX KJIETOK TOJIOBHOTO MO3-
ra OTHOCHJIOCH TaKKe CMOPIITBAHIE HEWPOHOB [25].

Coobiiaercst 0 crydasx pasBUTHHI arpaHyJIOLu-
TO3a, TIPEIMTOJIOKUTENbHO CBSI3aHHOTO C TIPUMEHEHM-
eM KJjio3anmHa [26].

of the drug content in the biological environment
of the organism [12—15].

Clozapine refers to functional poisons.
Pathological changes in internal organs during the
poisoning are mostly non-specific and are primarily
discirculatory disorders and dystrophic changes in
parenchymatous organs, which is also observed in
cases of poisoning with other drugs that have a neu-
rotropic effect. There are, for example, cerebral
edema, focal hemorrhages in the gastric mucosa, pul-
monary edema, focal intra-alveolar hemorrhages, dis-
telectases, and dystrophic changes in the kidneys
and myocardium [11—15].

In the literature there is numerous data on
clozapine-related eosinophilic myocarditis that is
specific for clozapine poisoning. This complication
was first noticed by J. E. Meeker and K. Worm in the
1990s in the study of the corpses of persons who had
died from acute fatal clozapine poisoning [16]. S. J.
Haas et al. noted that myocarditis could develop in
relatively young patients soon after starting the
treatment with clozapine and it is often fatal [17].
Cases of myocarditis associated with the use of cloza-
pine were reported in other works [18—23].

According to N.V. Sklifosofsky Research
Institute, a morphological study of all people who
died of clozapine poisoning has shown fairly similar
changes in the liver (focal or diffuse steatosis). There
was large and small-droplet fat dystrophy. The
authors suggested that the development was associ-
ated with the use of toxic doses of psychotropic
drugs [24].

With combined poisoning with clozapine and
ethyl alcohol, nonspecific morphological changes in
neurons of the brain were revealed. There were signs
of cerebral edema and hemodynamic disorders.
Circulatory disorders were characterized by pro-
nounced plethora of capillaries and venules. In addi-
tion to the plethora, there was an aggregation of ery-
throcytes, the formation of stasis and sludges; the
marginal standing of leukocytes was revealed.
Swelling forms of oligodendrocytes and astrocytes
were generally present. Hydropic changes in neurons
constituted another type of damage. Shrinkage of
neurons was also among detectable lesions of brain
nerve cells [25].

Agranulocytosis presumably associated with
the use of clozapine has been reported [26].

Morphological criteria for acute fatal poisoning
with clozapine should be considered in conjunction
with results of forensic studies [27]. At this stage,
objective and scientifically sound criteria for the
forensic diagnosis of fatal poisoning with clozapine
are required (according to the results of both mor-
phological and forensic studies). This necessitates
further research in this field.

The purpose of the study was to evaluate the
histomorphological alterations in the heart caused
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Mopdosornueckne KpUTepUn MPHU OCTPHIX
CMEPTEJIbHBIX OTPABJIEHUSX KI03AMMHOM TOJIKHBI
paccMaTpuBaThCS B KOMILJIEKCE C pe3yJibTaTaMu
cynebHo-xuMndeckoro wucciaepoBanus [27]. Ha
JAHHOM 3Tare TpedyTcss 0ObeKTHBHBIE U HAyYHO
000CHOBaHHbBIE KPUTEPUU CYIAEOHO-MEAUITNHCKON
JIUaTHOCTUKN CMEPTEJIbHBIX OTPABJIEHUN KJI03aTH-
HOM (COTJIACHO pes3yJbraTaM Kak Mopdosorndec-
KOTO, TaK W CyAeOHO-XUMUYECKOTO MCCae0Ba-
HUg). ITO 0O0yCHOBIMBAaEeT HEOOXOAUMOCTh
MPOBE/ICHUS JATbHENITNX WCCAEOBAHUN B JlaH-
HOIT 00J1acTH.

Henw nccrnenosanus: BoisiBienue mopdooru-
YeCKUX M3MEHEHUI B cep/ille TIPU OCTPBIX OTpaBJie-
HUSIX KJIO3AMMHOM ¥ KOMOMHUPOBAHHBIX OTPABJICHI-
SIX ATAHOJIOM M KJIO3AITMHOM uepe3 3 1 24 yaca rocJe
OTpaBJICHUSI.

Marepuan u MeTOIbI

B wuccrenoBanne BKIIOUUIN 4 HKCIIEPUMEHTATBHBIX
TPYIIIIBI TIO 5 KPBIC (OECIOPOIHBIE CAMI[BI) U 5 KOHTPOJIb-
HBIX KpbIC, HE MOJYYABIINX HU KJIO3AIMHA, HU JTAHOJIA.
Macca motonbITHBIX JKUBOTHBIX — 290—350 1. Kpbicsr 1-it
U 2-f TPYIII MOJTyYasiy Kro3anuH B fo3e 150 mMr/kr u Gbi-
JIN BBIBEJIEHBI U3 OITBITA Ty TEM JIEKATTUAIIH 10l HAPKO30M
(x7oposiaza) uepe3 3 u 24 yaca, COOTBETCTBEHHO. KpbICHI
3- m 4-1f TPyNI MOJyJ9aad CMech KjIo3amwHa (B TOH ke
nose) u atanosa (2—2,5 ma 70 % sTanoa B 3aBUCHMOCTD
OT MacCChl JKUBOTHBIX ) U OBLIIH IEKATTUTHPOBAHDL Yyepes 3 1
24 yaca rocJie HavyaJIa IKCIIEPUMEHTA.

JloCcTOBEPHOCTH MOSIBJIEHMSI TOTO MJIM HHOTO THCTOJIO-
IMYECKOTO TPU3HAKA OIEHMBAJIN C ITPUMEHEHHEM KpUTe-
pus @umepa. Hanmane mpusnaka c4uTaan JOCTOBEPHBI-
MU TIPH €TO TOSIBICHUN B 4—5 CAyYasix B OMHOM TPyTIIe u
II0JIHOM €r0 OTCYTCTBUU B JIPYTO.

PesybraThl 1 00CyKIE€HHE

Uepes 3 yaca 1mocJie BBe/IeHUS KJI03aMHA OTMe-
YaJIi 903MHODUIHIIO KapInOMHUOIUTOB. Takke BbISIB-
JISLT TIOJTHOKPOBHE COCYZIOB (BEH, BEHYJI), MEJKHe
MEPUKAMTUJIISIPHBIE KPOBOMBJIUSHUS M OT€K TKAHU
muoxkapza (puc. 1, a).

Karmiisaper ObLIM HEPaBHOMEPHO TIOJTHOKPOB-
HBI. B yacTi KapAHOMHIOIIUTOB He ObLIO 0OHAPYIKEHO
sanep. [Ipu aTom hparmMerTaIIT KapANOMHUOITUTOB HE
OTMEYAJIH.

UYepes 3 waca mocsie BBe/leHUs KI03alMHA KaK
MOHoIpenapaTa (IIpy CPaBHEHWH ¢ KOHTPOJIEM) J10-
CTOBEPHO Hab 011 203uHOGUINIO (5 CIydaes U3
5), B KOHTPOJILHOU TPYIITIE JaHHOTO U3MEHEHUs OT-
MEUY€eHO He ObLIO.

Yepes 24 yaca 1ocjie OTpaBJIeHNs B CyOaTIuKap-
JAAJIbHOM U CyO9HIOKAPAUATBHOM OTAEIaxX Cepila
HaGJIoaMl 903MHOMUINID KapAMOMUOIUTOB. B
YYacTKax 903MHOMDUINN OTMedaIach (hparMeHTaIus
MBIIIEYHBIX BOJOKOH (puc. 1, b). Perucrpuposanm
MTOJTHOKPOBYE BEH U BEHYJI. S/ipa yacT KapuoMUo-
LUTOB ObLIN TUIIOXPOMHBL.

S s

Pt g T
i - "n“;\] " _{5"‘7&,3 k. / T, 5

Puc. 1. Mopdonornyeckue usmMeHeHHs B cep/iie IMpH OTpaBlie-
HUH KJIO3aIHHOM.

Fig. 1. Morphological changes in the heart with clozapine poi-
soning.

Note. Increase X200; staining with hematoxylin and eosin. a — 3
hours, pericapillary hemorrhage; b — 24 hours, eosinophilia and
fragmentation of muscle fibers.

IIpumeyanue. a — HePUKANMIISIPHBIE KPOBOM3IUAHUS yepe3 3
Yaca Tocsie BBeleHus Kio3anuHa. OKpaliuBaHie TeMaTOKCILIN-
HOM U 903uHOM. ¥YB. X200; b — s03uHOGMINS U (hparMeHTanus
MBIIIEYHBIX BOJIOKOH 4epe3 24 yaca 1ocJie BBeACHUS KIIO3aIiHa.
OxpanBanue TeMaTOKCHJINHOM 1 903UHOM. YB. X200.

by clozapine poisoning and by combination of cloza-
pine with ethanol 3 and 24 hours after poisoning.

Materials and Methods

The study included 4 experimental groups, rats each
(mongrel males) and 5 control rats that did not receive
either clozapine or ethanol. The weight of the experi-
mental animals was 290—350 g. The rats in the first and
second groups received clozapine in a dose of 150 mg/kg
and were withdrawn from the experiment by decapita-
tion under anesthesia (chlorolase) at 3 and 24 hours,
respectively. Rats of the third and fourth groups received
a mixture of clozapine (in the same dose) and ethanol
(2—2.5 ml of 70% ethanol as a function of animal weight)
and were decapitated 3 and 24 hours after the start of the
experiment.

The reliability of the occurrence of a particular histo-
logical trait was assessed using the Fisher criterion. The
presence of the trait was considered reliable when it
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Yepes 24 vaca mocse BBe/leHNs KJI03anHa J10-
CTOBEPHO (CpaBHEHHWE C KOHTPOJIEM; OIIEHKA METO-
nom Dwuiiepa) MOATBEPIKIECHO HAINYNE CIIEALYIOIIX
THCTOJIOTUYECKUX U3MEHEHUT:

e Josunobpunug (puc. 1, b);

o (DparmMeHTaIus KapAROMHUOITOB (pHuc. 1, b);

* BeHosHoe MMOTHOKPOBHE;

* ApTrepuasbHOE MMOJTHOKPOBHE.

Bce BbIlIeyKazaHHble TUCTOJOTUYECKUE U3Me-
HeHUsT HaOJIIoMaIn B ONbITHOW rpymie (B 4 wim 5
cilydasix) ¥ He HaO/IoMaii B KOHTPOJIBHOM IpyIIIe.

[Ipu mccieoBaHUM TUCTOJOTHYECKUX CPE30B
cep/ia yepes 3 daca 1ocJie COYeTaHHOTO BBEICHUS
KJIO3alliHa U 9TaHOJIa HabIt01a/ Il BEHO3HOE TTOJTHO-
KpOBHE U 203MHOMDUINS KapAUOMHUOIIUTOB. BeTpe-
YaJuch ciaydan (hparMeHTaluy MBIIIEYHBIX BOJIO-
koH. Habsromanu 2 coydast caamxka. Habmomamn
apTepraibHOE MOJTHOKPOBUE U TOMOTE€HU3AIUS TIH-
TorIasMbl (5 ciydaeB u3 5). B KOHTPOJIbHON rpyTI-
Tl HU OJTHOTO U3 BHIIIEYKAa3aHHbBIX ITPU3HAKOB OTMe-
YeHO He OBLIO.

[Tpu wmccieoBaHUM TUCTOJOTHUECKUX CPE30B
cep/ra depes 3 yaca mocjie KOMOUHUPOBAHHOTO BBE-
JICHWST KJIO3allMHA U 9TAHOJA JIOCTOBEPHO (CcpaBHe-
HUe ¢ KOHTpoJieM; oierka metogom Durmepa) mo-
TBEPSKICHBI CJEAYIONINE TTPU3HAKU:

* BeHosHoe MOTHOKPOBHE;

o IlepukanuaaspHbie KDOBOUBIUSIHNS (PHC. 2,
a);

*  Jo3mHODUINS;

* TomoreHu3arms MUTOIJIA3MBL.

Bce BbIlIeyKazaHHble TUCTOJOTUYECKUE U3Me-
HeHUsT HaOJIIoMaIn B ONbBITHOW rpymie (B 4 wim 5
cilydasix) ¥ He HaO/IoMaii B KOHTPOJIBHOM IpyIIIe.

Yepes cyTKH MOCTe KOMOMHUPOBAHHOTO OTPaB-
JIEHUST KJIO3AITUHOM U HTAHOJIOM OTMEUaJTi BEHO3HOE
MOJTHOKPOBHE, 503MHOMD NS KapanoMuornuTos. O6a
pU3HaKa HaGJIOaIi BO BCEX 5 CIydasiX B ONMBITHOI
Tpymie u He HaGIOAATH B KOHTPONBHOM. Taxske
BCTPEYAJINCh CIy9an (DparMeHTaI[iy MBIIIIETHBIX BO-
JokoH. Habumoganu aprepuaibHOe MOJHOKPOBUE,
nepuaprepuasbHblil otek (puc. 2, b).

Yepes cyTKu 1ocje KOMOMHUPOBAHHOTO BBe-
JIeHUsT KJI03allMHA U 9TaHOJIA IOCTOBEPHO (CpaBHe-
HUE ¢ KOHTpoJieM; orfelka metogom Durmepa) mo-
TBEPKIECHbI:

* ApTepuasbHOE MOJTHOKPOBUE;

* BeHosHoe MOTHOKPOBHE;

*  J03UHODUINS.

Bce BbIlIeyKazaHHble TUCTOJOTUYECKUE U3Me-
HeHUsT HaOJIIoMaIn B ONBITHOW rpymie (B 4 wim 5
cilydasix) ¥ He HaO/IoMaii B KOHTPOJIBHOM IpyIIIe.

[Ipn cpaBrenuu rpynmbl 1 (kmo3ammiH, 3 yaca)
1 Tpynnbl 3 (KJI03aMWH U 3TAHOJ, 3 Yaca) BBIIBUIN
JIOCTOBEPHBIE PA3JTMUUs 110 TMPU3HAKY OMOTeHHM3a-
IIUS] [IUTOTIIA3MBI.

ToMoTeHM3aIMI0 [[UTOIIAa3Mbl HaOI0aIu B
rpymre 3, a B rpymie 1 ona He GbTa BHISTBIEHA.

appeared in 4—5 cases in one group and was completely
absent in another.

Results and Discussion

Three hours after the administration of clozap-
ine eosinophilia of cardiomyocytes was observed.
There were also plethora of veins and venules, small
pericapillary hemorrhages and edema of myocardial
tissue (Fig. 1, a).

The capillaries were unevenly full-blooded. In
the part of cardiomyocytes no nuclei were found. At
the same time, no fragmentation of cardiomyocytes
was observed.

Three 3 hours after the administration of
clozapine as a mono drug (when compared with the
control), eosinophilia was authentically observed
(5 cases out of 5); in the control group this change
was not observed.

After 24 hours since the poisoning eosinophilia
of cardiomyocytes was observed in the subepicardial
and subendocardial areas of the heart. In the areas of
eosinophilia there was fragmentation of muscle fibers
(Fig. 1, b). Plethora of veins and venules was record-
ed. The nuclei of some cardiomyocytes were
hypochromic.

24 hours after the administration of clozapine
the following histological changes were reliably
confirmed (compared with the control, Fisher's
evaluation):

* Eosinophilia (Fig. 1, b);

» Fragmentation of cardiomyocytes (Fig. 1, b);

e Venous plethora;

* Arterial plethora.

All the above histological changes were
observed in the experimental group (in 4 or 5 cases)
and were not observed in the control group.

In the study of histological sections of the
heart 3 hours after the combined administration of
clozapine and ethanol venous plethora and
eosinophilia of cardiomyocytes were observed.
There were cases of fragmentation of muscle fibers.
Two cases of sludge were observed. Arterial plethora
and homogenization of the cytoplasm were observed
(5 cases out of 5). None of the above signs were
noted in the control group.

In the study of histological sections of the
heart 3 hours after the combined administration of
clozapine and ethanol the following signs were reli-
ably confirmed (compared with the control,
Fisher's evaluation):

e Venous plethora;

* Pericapillary hemorrhage (Fig. 2, a);

» Eosinophilia;

* Homogeneity of the cytoplasm.

All the above histological changes were
observed in the experimental group (in 4 or 5 cases)
and were not observed in the control group.
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Puc. 2. Mopdonornueckrue u3MeHeHHs B cep/iiie pH OTpaBJie-
HHH KJIO3aIIUHOM U 3TAHOJIOM.

Fig. 2. Morphological changes in the heart with clozapine and
ethanol poisoning.

Note. Increase X200; staining with hematoxylin and eosin. a — 3
hours, pericapillary hemorrhage; b — 24 hours, periarterial edema.
IIpumevanue. ¢ — MHOTOUNCIIEHHbBIE KDOBOMBIMSHIS Yepe3 3 ya-
ca mocJsie BBeJeHUs KJo3annna 1 atanosa. OKpaisanue revMa-
TOKCHJIMHOM U 903MHOM. YB. X200; b — nepuaprepuaibHbIil OTeK
Yepe3 24 gaca 1ocJie BBeJEHNS KJI03amiHa u aTanosra. OKpanmsa-
HUe FeMaTOKCUJINHOM 1 903MHOM. ¥YB. X200.

[Tpu cpaBHenww rpymnmbl 1 (Kao3anuH, 3 4aca)
u 2 (xjposanui, 24 yaca) HaOJIOANN JOCTOBEPHbIE
PasINIMs 110 TPU3HAKAM:

e AprepuajibHOE ITOJTHOKPOBHE;

* [lepuaprepuaibHbie KDOBOUBIHUSHUS.

O06a BblllleyKazaHHBIX [IPU3HAKa HaOJ0faId B
rpymie 2 (kmosanus, 24 daca) 1 He HaGJIOaIM B
rpymre 1 (kiao3amuH, 3 yaca).

JloCTOBEpHBIX pasziuyuii Mexay Tpynnamu 3
(ko3anmuH+aTaHo, 3 4aca) u 4 (KIo3anuH+3TaHo,
24 uvaca) He HaOJIOJANHU; JOCTOBEPHBIX PasJINIUil
MEKy TpyTaMu 2 (KJao3amnuH, 24 yaca) u 4 (KJo3a-
MUH+9TaHOI, 24 yaca) He HaOJII0MaIIN.

HauboJjiee paHHUM U3MEHEHUEM B CepIle TPU
BO3/IEMCTBUN KJIO3AMMHOM SBJISJINCH HaPYIICHUS
KPOBOOOPAIIEHNUST, KOTOPbIE MOSIBJSIUCH YKe Yepes
3 yaca rocJie BBeJIeHUs TIperapara u yCUJInBaInuch K
24 qacy. BoisiBisieMoe TTOJTHOKPOBUE U KPOBOU3JIHSI-
HUS XapaKTePHBI JIJIsi THTTOKCHH.

[MosiBnenue (parmMeHTaIuu KapIUOMHUOIU-
TOB XapaKTEePHO IS TSKEJIbIX HapyNIeHU PUTMa.

Venous plethora and eosinophilia of cardiomy-
ocytes were observed a day after the combined poi-
soning with clozapine and ethanol. Both signs were
observed in all 5 cases in the experimental group and
were not observed in the control group. There have
also been cases of fragmentation of muscle fibers.
Arterial plethora and periarterial edema were
revealed (Fig. 2, b).

One day after the combined administration of
clozapine and ethanol the following traits were reli-
ably confirmed (compared with the control, Fisher's
evaluation):

 Arterial plethora;

« Venous plethora;

* Eosinophilia.

All the above histological changes were
observed in the experimental group (in 4 or 5 cases)
and were not observed in the control group.

A comparison of the Group 1 (clozapine, 3
hours) and the Group 3 (clozapine and ethanol, 3
hours) revealed significant differences in the homo-
geneity of the cytoplasm.

Homogeneity of the cytoplasm was observed in
the Group 3, but not detected in the Group 1.

A comparison of the Group 1 (clozapine, 3
hours) and the Group 2 (clozapine, 24 hours)
showed significant differences in the following traits:

 Arterial plethora;

 Periarterial hemorrhage.

Both of the above traits were observed in the
Group 2 (clozapine, 24 hours) and were not observed
in the Group 1 (clozapine, 3 hours).

There were no significant differences detected
between the Group 3 (clozapine + ethanol, 3 hours)
and the Group 4 (clozapine + ethanol, 24 hours);
there were no significant differences between the
Group 2 (clozapine, 24 hours) and the Group 4
(clozapine + ethanol, 24 hours).

The earliest change in the heart triggered by
clozapine was blood circulation disorders that
appeared already 3 hours after the administration of
the medicine and increased by 24 hours. The identi-
fied plethora and hemorrhages are typical for hypoxia.

The appearance of fragmentation of cardiomy-
ocytes is characteristic of severe rhythm distur-
bances. There are reports of the development of
arrhythmias with clozapine exposure in the litera-
ture available [10, 11].

Myocardial eosinophilia, which is relatively spe-
cific for clozapine poisoning, was observed in all exper-
imental groups. The results obtained are consistent
with the literature data [17—23]. Hypereosinophilia
with clozapine was observed in approximately two
thirds of patients [23] presumably due to
immunoglobulin-E-mediated reaction. Eosinophils in
large numbers were deposited in the myocardium,
were degranulated and released a large number of sub-
stances resulted in a toxic effect on membranes,
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B mocTymHOI JuTepatype CymiecTBYIOT cooblie-
HUSA O Pa3BUTUM apUTMUN [IPU BO3JeHCTBUU KJIO-
sanuna [10, 11].

903uHOoGUINI0 MUOKAP/A, OTHOCUTENBHO CIle-
MUGUYHYIO IS OTPABIEHWI KIO3aMTIHOM, HabII0-
JlaJii BO BceX OIBbITHBIX Ipyinax. ITosyuennsie pe-
3yJbTaTbl  COTJIACYIOTCS € JIUTepaTypHbIMU
nanupiMu [17—23]. Tunepsosunoduaus mpu npu-
MeHEHUN KJIO03amuHa HaGII0MaeTcss MPUMEPHO Y
nByx Tpeteil mammentos [23]. I[To mexanusmy pas-
BUTHUS 3TO MMMYHOTTOOYanH-E-omocpenoBannast
peaxiist. Jo3uHOMDUIBI B GOIBITOM KOJHIECTBE OT-
KJIa/IbIBAIOTCS B MUOKap/le, II0/{BEPraloTcs Jerpamy-
JIATIUY U BBIIESIOT GOJBIITOE KOJTHYECTBO BETIECTB,
KOTOpble OKa3blBalOT TOKCHUYECKoe jeiicTBue Ha
MeMOPaHbl, (hepMEHTHI, MUTOXOHAPUN KapANOMHIO-
nuToB. K IUTOTOKCHYECKUM BellleCTBaM, BbI/IEJISI0-
LIMMCS IIPY AeTPatyIaun 303MH0PUII0B, OTHOCST-
cs1 KaTHOHHbIE GeJIKH, OCHOBHON 203MHOMUIbHBIN
6eoK, HEHPOTOKCUHBI W JPYTHE BEIIECTBA, IO
BJIMAHUEM KOTOPBIX pa3BUBaeTCs IOBpexjeHue
MUOKap/ia ¥ 9HI0Kap/a.

B rpyuie, mnoJsyuyasuieil KaIo3allluH U 9TaHOJ,
gyepe3 3 waca HaOIOMANTN TOMOTEHU3AIUIO TIUTO-
TJTa3MBbI, YTO CBUETENHCTBYET O THOETN KIeTOK. B
rpylle, IoJydaBllell KJIO3allMH KakK MOHoIIpelia-
par, moao0OHBIX M3MeHeHni He Habuoganu. Bos-
MOKHO, TTOSTBITEHE TIOOOHBIX N3MEHEHUT CBSI3aHO
C BJIUSAHUEM 9TaHOJIA.

B rpynne, nosyyasiieil KJI03allMH U 3TaHOJL,
gepes 3 waca HabJIIOMATI PAcCTPOHCTBAa KPOBOOOPa-
nienus (IIOJIHOKPOBUE BeH, BeHyJl, MeJIKue lepuKa-
[IUJIISPHbIE KDOBOU3JIMSHUS ), YTO BbI3BAHO BO3/Leii-
CTBUEM IUPKY/IATOPHON I'MIIOKCUM U 1IOBBIIIEHHON
arpuranuei aspurpountos [7—10, 28]. K 24 yacy atu
paccrpotictBa ycunmBanuch. Habmomanu aprepu-
aJIbHOE 1 BEHO3HOe 110-JIHOKPOBUeE, lleprapTepualb-
Hble U [IePUKaIIUIAPHble KPOBOU3JIUAHNS, YTO CBSI-
3aHO € yCUJIEHUEM THIIOKCUU.
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enzymes and mitochondria of cardiomyocytes.
Cytotoxic substances released during degranulation
of eosinophils are known to include cationic proteins,
the main eosinophilic protein, neurotoxins and other
substances that contribute to the development of
damage in the myocardium and endocardium.

In the clozapine and ethanol group homogene-
ity of the cytoplasm was observed after 3 hours that
indicated cell death. In the group receiving clozapine
as a monopreparation, similar changes were not
observed. Therefore, the noticed alterations might be
due to influence of ethanol.

In the group receiving clozapine and ethanol
there were circulatory disorders after 3 hours (pleural
veins, venules, small pericapillary hemorrhages)
caused by circulatory hypoxia and the increased ery-
throcyte aggregation [7—10, 28]. By 24 hours these
disorders intensified. We observed arterial and venous
plethora, periarterial and pericapillary hemorrhages,
which were associated with increased hypoxia.

Conclusion

The changes revealed by histological examination
of the heart in animals receiving clozapine and a combi-
nation of ethanol and clozapine, along with the results
of forensic analysis, can be used to diagnose the corre-
sponding poisonings and to establish their prescription.

3akiaoyeHue

I/ISMQHGHI/I}I, BBIABJIEHHBIC TIPW THCTOJIOTMYeC-
KOM HCCJIEA0BaHNU CeEP/Ala y JKUBOTHBIX, IIOJy4aB-
HINX KJIO3allH 1 KOM6I/IHaHI/HO 9TaHOJIa 1 KJI03allnHa,
B COBOKYITHOCTU C pe3yJibTaTaMKn CyII€6HO-XI/IMI/I‘-IeC-
KOT'0 aHaJ/In3a MOTYT OBITH UCIOJIb30BAHbI JJIA INario-
CTUKHN COOTBETCTBYIOIINX OTpaB]IEHI/Iﬁ n U1 YCTaHOB-
JICHUA UX TaBHOCTMH.
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Critical States in Newborns
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The Effect of Perinatal Hypoxia on Red Blood Cell Morphology in Newborns
Svetlana A. Perepelitsa"*? Viktoria A. Sergunova', Olga E. Gudkova'
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Iexns paGorbl. BoisiBiienue ocobeHHOCTEN MOPMOIOTUY SPUTPOLIUTOB Y HOBOPOKIEHHBIX, IEPEHECHINX TI€PU-
HaTaJIbHYIO THIIOKCUIO, METOZIOM aTOMHON CUJIOBOI MUKPOCKOIIUH.

Marepuan u Metoasl. V3yuwin cocrosinie MeMGpat spuTpoiiutoB y 10 HOBOPOKIEHHDIX, [IEPEHECIINX TTePU-
HATAJIBHYIO TMIIOKCHIO. Bee HOBOPOSKIEHHBIE POJAMJINCDH ¢ HU3KON OIEHKOH 110 IKajge Amrap, Mpu poskKIeHUN UM
MIPOBEJIN PEAHNMAIIOHHbBIE MEPOIPUSITHST: NHTYOAIMIO TPaXeH, EPEBO/] HA UCKYCCTBEHHYIO BEHTUIISIIIUIO JTETKUX
(BJI). N3 poanbHOTO 32712 HOBOPOXK/IEHHBIX TPYIIIBI MCCIIEOBAHNS TIEPEBO/UIIH B MAJaTy peaHNMAINH, Tae X
nozksodanu K annapary UBJL. /s nosrydeHust u306pakeHust HOPMaJIbHbIX 3PUTPOIUTOB B [OJIE ATOMHOT'O CHJIO-
Boro mukpockorna (ACM) Bbigesun rpyiiy cpaBHeHust u3 14 0OHOIIEHHBIX HOBOPOKIEHHBIX ¢ GJIArOMPUSTHBIM
TeueHreM OepeMEHHOCTU 1 HOPMATbHBIMU CPOYHBIMU POJIAMHU.

Pesyubrarel. B ocraToynoil IyTOBUHHOI KPOBM HOBOPOXK/ICHHBIX, IEPEHECIINX TTEPUHATAIBHYIO THIIOKCHUIO, JINC-
KOLUTHI U IJIAHOIUTBI COCTABJSIN 36% OT 0OIIEro KOJIMYECTBa 9PUPOIIUTOB, OTMEUAIOCh CHUZKEHHOE COZiepKaHue HOP-
MaJIbHBIX ()OPM BPUTPOLIUTOB, YTO CBUAETENBCTBOBAIIO O HEOJIATOIPUATHOM BO3IEHCTBIU THIIOKCHU HAa MEMOPaHy 3pH-
TPOLUTOB HOBOPOKEHHBIX. [lJIst [IeTell, IepeHeCInX MePUHATATIbHYIO THUIIOKCHUIO, ObLI XapaKTepPeH IOUKIIOUTOS.,
BU3YATU3UPOBAINCH MIePEXOIHbIe (POPMBI APUTPOIUTOB: CTOMATOLUTBI U 3XUHOIUTBL. CTOMATOIUTO3 U 3XUHOIUTO3
6b1n XapakTepHbl 1ist 80% HOBOPOsKAEHHBIX. CTOMATOIMTO3 COXPAHSIICS Y JIOHOIIEHHBIX HOBOPOK/IEHHBIX, [IEPEHeC-
IIIMX TUTTOKCHIO, OCTOKHUBINYIOCS HEOHATAIBHON acTipaliiiell MEKOHEM. AHAIN3 HAHOCTPYKTYPbI MeMOpaH SpUTpo-
LUTOB MOKA3aJl, YTO TIPU POKAEHUU Y HOBOPOKIEHHBIX C TIePUHATAIBHON TUIIOKCHEN HaOOIbIINM U3MEHEHIM ObLa
nojBepskeHa Bbicota nepsoro nopsiaka (hy): ee BesmunHa B 4,2 pasa mpeBbllaia AHAJIOTUYHBIN OKA3aTeb 3I0POBBIX
HOBOPOKIEHHBIX. Bbicota BToporo nopsaka (h,y) nmpesbiiiana anaIoruuHbIi oKasaTesib B 2 pasa, T.e. CIIEKTPUHHDIN Ma-
TPUKC TaK’Ke U3MEHsICS! O] BJUsIHUEM TUIoKcuu. Besmunna Tperbero nopsizika (hs) takske ObLia 10CTOBEPHO BbIIIIE Y
HOBOPOJK/ICHHBIX, IEPEHECIITHX TEPUHATATIBHYIO THIIOKCHIO, 110 CPABHEHUIO CO 3/I0POBBIMU HOBOPOsKeHHBIMU. [TeprHa-
TaJlbHAS THIIOKCUSI BBI3bIBAJIA AHTEHATAJIHOE MIOJIHOE TIOBPEK/ICHIE HAHOCTPYKTYPhI MEMOPAH 9PUTPOIUTOB.

3akmouenne. [lepunaraabHas TUIIOKCHS BbI3bIBAaeT U3MeHeHre MOP(OIOTuI PUTPOIUTOB U HapyIlleHe HaHO-
CTPYKTYPbI MeMOpaH. BbisiBjleHHbIEC M3MEHEHUSI CBUETEIbCTBYIOT O BJAMSHUM CTEIICHH TUIIOKCHU Ha BCE UCCJIEI0BAH-
HbIe KOMIIOHEHTBI HAHOCTPYKTYPbI MeMOPaHbl 5pUTPOIITA: (GOChHOIUIUAHBINA OUCII0i, OEJTKOBbIE KOMIIOHEHTHI MEM-
GpaHbI, CIIEKTPUHOBBIN MaTPUKC. VI3MeHeHMe BICOT U IPOCTPAHCTBEHHBIX IEPUOJIOB OBepxHOCTel MeMmOpan hy u hy
APUTPOLUTOB, CBA3AHHOE C T'MIIOKCHUEH, TI0-BUMIMOMY, HAIIPABJICHO HAa KOMIIEHCATOPHOE yBEJIMYCHUE TOBEPXHOCTH
MeMOpaHbl SPUTPOIMTA, CIIOCOOCTBYIOIIEE YBEIUYEHHIO TIOMNIAH ra3o00Mena. JlaHHbie n3MeHeHst, BEPOSITHO, SIBJISI-
I0TCS IPUCTIOCOOMTENBHOI peakiiell, HalpaBJIeHHOI Ha coXpaHeHue (hYHKIIMOHAIBHOI CIIOCOGHOCTH 9PUTPOIUTA
1pu runokcun. Tedyenue paHHero repruoja azantarui (MOCTTUIOKCHYECKHI TIEPUOJT) XapaKTepU30BaIoCch HecTa-
OUIIBHOCTBIO BCEX MCCIIEOBAHHBIX KOMIIOHEHTOB HAHOCTPYKTYPbI MEMOPaH 3pUTPOLIUTOB, OOJIBIION BapruabebHOC-
TbI0 MOposornueckux hopm. IlociecTBUS EPUHATAIBHOTO BO3IEUCTBISI THIIOKCUM HAa MeMOPaHy SPUTPOIMTOB
COXPAHSIJINCH B TeYEHUE OITPE/IeIEHHOTO BPEMEHHM, U BBIXO/IMJIN 32 PAMKHM PaHHEro HEOHATAIbHOTO TIEPUO/IA.

Knmioueevte cnosa: nepunamanvhas eunokcus; MemMOopana spumpouumos; Hamocmpykmypa membpar; Ho6opoic-
dennwle
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Kpurnuyeckme cOCTOSIHUS HOBOPOSKAEHHBIX

Aim. To study the red blood cell (RBC) morphology in newborn infants with a history of perinatal hypoxia
using the atomic-force microscopy.

Material and methods. The state of RBC membranes of 10 newborns with a history of perinatal hypoxia was
studied. All infants were born with low Apgar scoring; the following resuscitative measures were carried out at
birth: tracheal intubation, mechanical ventilation (MV). The study group newborns were transferred from the
delivery room to the ICU, where MV was started. To obtain images of normal red blood cells in the field of the
atomic force microscope (AFM), 14 full-term newborns delivered after a favorable course of pregnancy and nor-
mal term labor were enrolled in a reference group.

Results. Discocytes and planocytes comprised 36% of the total red blood cell count in the residual umbilical
cord blood of newborns with a history of perinatal hypoxia; there was a decreased amount of normal RBC forms,
thus demonstrating an unfavorable effect of hypoxia on newborn's RBC membrane. Poikilocytosis was typical for
infants exposed to perinatal hypoxia; transitional forms of RBCs (stomatocytes and echynocytes) were visualized.
Stomatocytosis and echynocytosis were typical for 80% of newborns. Stomatocytosis persisted in full-term new-
borns exposed to hypoxia complicated with aspiration of neonatal meconium. The analysis of RBC membrane
nanostructure demonstrated that the first-order height (h,) experienced the greatest alterations at birth in new-
borns with perinatal hypoxia; it was 4.2 times as much as the similar parameter in healthy newborns. Estimations
of second-order height (h,) parameter values demonstrated a two-fold increase showing that the spectrin matrix
also changed under the effect of hypoxia. The third order value (hy) was significantly higher in newborns with peri-
natal hypoxia, than that in healthy infants. Therefore, perinatal hypoxia causes antenatal complete damage of
nanostructures of RBC membranes.

Conclusion. Perinatal hypoxia alters RBC morphology and impairs the nanostructure of membranes. These
changes confirmed the effect of the hypoxia degree on all nanostructures of RBC membranes: phospholipid bilay-
er, protein elements of the membrane, spectrin matrix. Changes in heights and spatial periods of the red blood cell
membrane surfaces h; and hy associated with hypoxia apparently are aimed at a compensatory increase in the red
blood cell membrane surface contributing to the increase of the gas exchange area. These changes may represent
adaptive responses to hypoxia aimed to preserve the functional capabilities of red blood cells. The course of an early
adaptation period (post-hypoxic period) is characterized by the instability of all nanostructures of red blood cell
membranes and a greater variability of morphological forms. Effects of perinatal hypoxia on the red blood cell

membrane persist for some time and go beyond the early neonatal period.

Key words: perinatal hypoxia; RBC membrane; nanostructure of membranes; newborns
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Beenenue

[Tepunarampras runokcus (111 ocraercs akry-
AJIbHOI 1TPO0JIEMOI TIEPUHATOJIOTHH, YTO 00YCIIOBIIE-
HO psiioM (baKTOPOB, OTSITOIIAMIINX TeueHre Gepe-
MEHHOCTH W POJIOB. YCWJIUS CHENUATUCTOB MHOTUX
CIEIUAIBHOCTEN HaIpaBJIeHbl Ha MPOPUIAKTHKY,
PAHHIO JMArHOCTUKY W JIeY€HUE ITOTO COCTOSHIS.
[Tpu pasBuTum mepuHaTaIbHOU achukcum KpaiiHe
Ba)KHA PAHHSS TMATHOCTUKA BO3MOKHBIX MTOBPEK/IE-
HUIl OPraHOB M CHCTEM HOBOPOJKIEHHOTO peOeHKA.
Wcrnosb3oBanme CTaHAAPTHBIX TTOCTHATATIBHBIX METO-
JIOB KOHTPOJIST ISl IMArHOCTUKU TTOBPEKICHUI He
BCET/IA TIO3BOJISIET BBISBJISATH UX B PAaHHWME CPOKH 3a-
6oJIeBaHS, B CBSI3H, C YeM HEOOXOAUMO YIITyOIeHHOE
u3ydyeHue MPUYUH W TOCTENCTBHI TepUHATAIbHOM
ac(hUKCUH y HOBOPOXKIEHHBIX [ 1—3].

OPUTPOIMTHI SABJSIOTCS Ba)KHEHIIUMU KJIETKA-
MU, KOTOPbIE, C OJHONW CTOPOHBI, OCYIIECTBJISIOT
TPAHCIOPT KUCTIOPOJIA, C IPYTOM — MOABEPraloTCs U3-
MEHEHUSIM TIpU BozzelicTBun runokcuu. CyiecTBy-
10T (QDU3NOJIOTHUECKUE OTIMUUS IPUTPOIIUTOB HOBO-
poskieHHOro peberka. IIoHnMaHue PasIndrii MexIy
HPUTPOIUTAMHI HOBOPOKJIEHHBIX U B3POCJbBIX OYECHb
BaKHO B OIl€HKE TIEPUHATAJILHBIX IOBPEXAECHUN Kile-
TOK. DTU Pa3JInyusl BKJIIOYAIOT U3MEHEHUS B pa3Mepe
1 (hopMax apUTPOIIUTOB, COCTaBE TIOOMHA ¥ KJIETOU-

Introduction

Perinatal hypoxia (PH) remains an urgent
problem of perinatology due to a number of factors
which complicate the course of pregnancy and labor.
Numerous studies are directed at prevention, early
diagnosis and treatment of hypoxia of neonates. If
perinatal asphyxia develops, early diagnosis of possi-
ble damage of newborn's organs and systems is
urgently needed. Despite standard postnatal moni-
toring methods, however, injuries may not always be
diagnosed during the early stages of the disease, and
therefore, thorough investigation of causes and con-
sequences of perinatal asphyxia in newborns is
required [1—3].

Red blood cells (RBC) are the most important
cells that, on the one hand, perform the oxygen
transport, and on the other hand, they are subject to
changes when exposed to hypoxia. There are physio-
logical differences in RBCs morphology of a new-
born infant. Understanding the differences between
RBC of newborn infants and adults is very important
in assessing the perinatal cell damage. These differ-
ences include changes in the size and shapes of RBC,
globin composition, and cellular metabolism. A nor-
mal RBC membrane is composed of lipids and pro-
teins that interact to preserve RBC physiological
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Horo Merabosama. B HopMe MeMGpaHa apuTpOIUTa
COCTOUT U3 JIMITUIOB 1 OEJIKOB, KOTOPbIE B3aUMOIeli-
CTBYIOT TaK, YTOObI COXPAHUTH 3PUTPOIMTY (DUBHO-
JIOTHYECKYTO 1e(OPMUPYEMOCTh U THOKOCTD, obectie-
YUBAIONIUe IUPKYJSAINNAI0 KpoBU. KosmdecTBeHHbIE
WJIA KaueCTBEeHHbIE e(eKThl B MeMOPaHHbBIX OeJIKaX,
KOTOPbIE BO3HUKAIOT ITPU BO3AEHCTBUN HEOJIArOIPH-
SITHBIX YCJIOBUI Ha MeMOPaHy aPUTPOIIUTA, IPUBOST
K YMEHbIIEHUIO JeopMupyeMocTt MeMOpaHbl 1 He-
CTaGUIIBHOCTH, TIOCTIEAYIOIIEMY Pa3PyIIEHIO KIE€TOK
[4]. CriocobHOCTD BPUTPOIUTOB K AeOPMAIi MEM-
OpaH 00YCJIOBJIEHA COCTOSTHUEM caMuX MeMOpaH [5].
[Iporpeccupyioriue namMeneHust GopM IPUTPOITUTOB
COTIPOBOXKIAIOTCS HAPYIIEHUSIMHU ITHUTOCKeJeTa |
[JTa3MaTUIeCKON MeMOpaHbl, CHUKEHHEM BHYTPH-
kierounoit konientpaiun AT® [6—8], a Takke uz-
MeHeHreM (DYHKIIMOHAIBHBIX CBONCTB 9PUTPOIUTOB:
CHIKEHUEM TPAHCIIOPTHON (DYHKIIUH, TTOBBITIEHHON
nedopmupyeMocTbio MeMGpat [9].

MeMmGpaHa 3PUTPOIUTOB OCOOEHHO YYBCTBU-
TeJbHA K OKCUAATUBHOMY cTpeccy. MHbopmaius o
TOM, KaK 3aITyCKaeTcsl OKCUIATUBHBIN CTpecc, U 0 Me-
XaHW3MaX €r0 BO3JIEUCTBUS HA HPUTPOIUTHI MOXKET
JIaTh OTBET HA BOIIPOCHI O MPUYMHAX aHEMWH HEIOHO-
NIEHHBIX 1 O MEXaHU3Me ITOBPEKAECHUS IPUTPOITUTOBR
npu runokcuu. IlocaeHue THIIOTE3BI O MEXaHU3Me
OKUCJTUTENBHOTO TIOBPEKICHNSI KPACHBIX KJIETOK, U
JIOKA3aTeJIhCTBA CBSI3EH MEKYy HPUTPOIUTAMU, OK-
CUJIATUBHBIM CTPECCOM U TUTIOKCUEH TIPEOIaraioT,
YTO TIOBPEKIEHUE IPUTPOITUTOB Y HOBOPOKIECHHBIX
UHJYLUPYETCS TSKeJION TUIIOKCHel M aluio3oM B
nepuHaTaabHbIi iepuo [10].

B kauectBe moaTBepKAEHUS acHUKCUM TIPU
POXKAEHUU TIPEJIOKEHO MCCIE0BAHNE KOJNIECTBA
obpasosannbix azaep spurporuros (NRBC) B ocra-
touHoil mymnosuHHON KpoBu (OIIK). KomOunaris
NRBC u rumnokcudecku-uieMuueckas sHIedaso-
narust 00JIafaeT BHICOKOH TPeCcKasaTelbHON CHION
JUTSL OTIpe/Ie/IeHNsT TTPOTHO3a ac(hUKCUU Y HOBOPOXK-
JeHHbIX, T.e. aucbananc NRBC gapisercss nportoc-
TUYECKUM OMOMapKePOM IepeHeceHHOi achukcuu
HOBOpOXAeHHOTO [11].

Heb6maronpusithoe Teuerne 6epeMeHHOCTH, OC-
JIOKHEHHOE BHYTPUYTPOOHON THIIOKCHEH miioja,
BJIASIET HA MOP(HOTIOTUIECKYIO CTPYKTYPY PUTPOIIH-
TOB, BBI3BIBAET (DYHKITMOHAIbHbIE N3MEHEHMSI HAHO-
CTPYKTYPBI MeMOpaH, YTO MPOSIBJISETCS Y HEIOHO-
MIEHHbIX HOBOPOSK/IEHHBIX BBIPAKEHHBIM
MOWKUJIONUTO30M, YCUJIIEHHBIM (DIIMKKEPUHTOM MeEM-
OpaHbl 9PUTPOIUTOB ¥ UBMEHEHUSIMU CIIEKTPUHHOTO
MaTpUKCa. BpISBIeHHbIE MI3MEHEHUST CBU/IETEILCTBY-
10T O BJIWSTHUW CTETIEHW TUITOKCUU HA HAHOCTPYKTYPY
MeMOpaH 3PUTPONUTOB. TeueHWe pPaHHEro HeoHa-
TAJHHOTO MEPUOJIa XaPAKTEPU3YeTCs TIOCTHATAIBHOM
epecTpoiKoil  KpoBooOpalleHus, COXpaHeHUeM
MOMKMJIONUTO3a. MaKpoIUTO3 M TMJIAHOIUTO3 OTpa-
JKAIOT KOMIIEHCATOPHOE COCTOSTHIE HPUTPOIT093a, SIB-
JISTIOTCS (DU3UOTOTUIECKUM COCTOSTHUEM 9PUTPOITH-

deformability and flexibility and ensure the blood
circulation. Quantitative or qualitative defects in
membrane proteins that occur when the RBC mem-
brane is exposed to adverse environment result in
reduction of the membrane deformability and insta-
bility followed by the destruction of cells [4]. The
ability of RBC to deform is due to the state of the
membranes themselves [5]. Progressing changes in
RBC shapes are accompanied by impairment of the
cytoskeleton and plasma membrane, decreased intra-
cellular ATP concentration [6—8], as well as changes
in the functional characteristics of RBC: reduced
transport function and increased membrane
deformability [9].

The RBC membrane is particularly sensitive to
the oxidative stress. Information on how the oxida-
tive stress and mechanisms of its effect on RBC are
triggered will answer a questions about the causes of
anemia of premature newborns and the mechanism of
RBC damage in hypoxia. The latest concepts on the
mechanism of oxidative damage of RBC and evi-
dence of links between RBC, oxidative stress and
hypoxia suggest that the RBC damage in newborns
is induced by severe hypoxia and acidosis in the peri-
natal period [10].

Tests for the nucleated RBC (NRBC) count in
the residual umbilical cord blood (RUCB) are sug-
gested to confirm perinatal asphyxia. The combina-
tion of NRBC and hypoxic-ischemic encephalopathy
has a high predictive potential for determining the
prognosis of asphyxia in newborns, i.e. the NRBC
imbalance is a prognostic biomarker of neonatal
asphyxia [11].

The adverse course of pregnancy complicated
with intrauterine fetal hypoxia affect the morpholog-
ical structure of RBC, causes functional changes in
membrane nanostructures, which manifest them-
selves in premature newborns as severe poikilocyto-
sis, pronounced flickering of RBC membranes and
changes in the spectrin matrix. These changes con-
firmed the effect of the hypoxia degree on the nanos-
tructure of RBC membranes. The course of the early
neonatal period is characterized by postnatal
rearrangement of the blood circulation, active
process on RBC membranes, and persistence of poik-
ilocytosis. Macrocytosis and planocytosis reflect the
compensatory state of erythropoiesis and represent
the physiological state of RBC for premature new-
borns [12]. In the case of intrauterine hypoxia, the
permeability of newborns' red blood cell membranes
is increased. Studies of the diffusion of water mole-
cules in RBC demonstrated that the time of proton
exchange of «membrane» water with intra-and
extracellular water increased in newborns with a his-
tory of intrauterine hypoxia [13].

The greatest changes in the red blood cell mem-
brane structure were found in residual umbilical cord
blood (RUCB) of premature newborns with respira-
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Kpurnyeckme cocTOSAHMSA HOBOPOIKAECHHBIX

TOB /ISl HeoHouennblx geteii [12]. Ilpu BuyTpuyt-
POOHOI THTIOKCUH TIOBBITIIEHA TIPOHUIIAEMOCTH MEMO-
paH IPUTPOIUTOB HOBOPOXKAEHHBIX. [Ipn uzydenun
b dy3nr MoJIeKyJT BOJBI B 9PUTPONINTAX, YCTAHOB-
JIEHO, YTO BPeMsT OOMEHa TIPOTOHOB «MeMOPaHHOT»
BOJIBI C BHYTPU— ¥ BHEKJIETOUHOM BOJIOI TIOBBITIIEHO
y HOBOPOJKIEHHBIX, MEPEHECITIX BHYTPHYTPOOHYIO
runokcnio [13].

Hawuboumbiimiie M3MeHeHust CTPYKTYPBI MeMOpam
HPUTPOIMTOB BLISIBJIEHBI B OCTATOYHON TTYTTOBUHHOM
kposu OIIK HemoHOIMEHHBIX HOBOPOXKAEHHBIX C pec-
nupatopubiM auctpecc-cunazapomom (PIACH). [lna
MAIMEHTOB ITOH TPYIIIbI XapaKTePEeH BHYTPUYTPOO-
HBIH TIOWKUIOTINTO3, 00YCIOBIEHHBIN BO3IENCTBIEM
HeOIATOTPUATHBIX (haKTOPOB, YTO MOATBEPIKAAETCS
HaJIMIMeM MHOKECTBEHHBIX KOPPEJSITIOHHBIX CBS-
seit. IIpu aHaIM3e HAHOCTPYKTYPbI MeMOpaH apUTPO-
IIUTOB BBIABIEHO, YTO HambOJee UYBCTBUTETHHOI
SIBJISIETCS BETMTYMHA TIEPBOTO MTOPSIIKA, CBI/IETEThCT-
BYIOTI[asi O BHYTPUYTPOOHOM HAPYIIEHUN MHUKPOCT-
pykTypbl MeMOpa# [14]. Bo Bpemst HeOGIaronpusiTHO
[POTEKAIOIIENd MHOIOILIOAHON OGEPEMEHHOCTH IIPO-
WCXOJUT aHTEHATaJbHOE MOBPEKIEHNE HAHOCTPYK-
TYpBl MeMOpPAH IPUTPOIUTOB HOBOPOXKIEHHLIX. Te-
YeHHe PpaHHero Mepuoja afalTaluu y 1eTel
XapakTepuayercss cMeHol Mopdosiormueckux hopm
SPUTPOIIUTOB, U4TO OOYCIOBIEHO AKTHBHBIMHU TIPO-
reccamMu TpaHC(hOPMAIUU TTOBEPXHOCTH MeMOPAHDI
spuTpoiuTos [15].

[lens paboThl — BBISIBIEHHE O0COOEHHOCTEN
MOPGhOJIOTHH SPUTPOIIUTOB Y HOBOPOKJIECHHBIX, IIe-
peHecIInX MepUHATATBHYI0 TUIIOKCHIO, METOIOM
ATOMHOM CUJIOBON MUKPOCKOITUM.

Marepuan u MeTObI

B rpyrimy uccseoBaHus COCTOSTHUS MEMOPaH SpUTPO-
1uToB BKIOYNTH 10 HOBOPOXK/IEHHBIX, TTEPEHECITNX TTepH-
HaTaJgbHyIo Tuokcuio (rpynma 1). Bce nHoBoposkmennbie
POIMIINCH C HU3KOM OIIEHKOII 110 TITKaJsie ATnirap, Ipu posk/ie-
HUU MM IIPOBEJIM PEAHMMAIMOHHBIE MEPOIIPUATHS: UHTY-
Galio Tpaxeu, MEPEBOJ] Ha UCKYCCTBEHHYIO BEHTUJIAIIIO
serkux (UBJI). Ilpu poxkaennut y HOBOPOKIEHHBIX BBI-
SIBUJTA METabOJIMYECKIIT JTaKTaT — alli/03 PA3IMIHO cTe-
MEHN TSIPKECTH, YTO CBUETEIHCTBOBAJIO O TIEPEHECEHHOM
nepuHATAIbHON Tunokcuu. M3 poamiabHOro 3ajsa HOBO-
POKIEHHDBIX TPYIIIbI KCCJIEIOBAHNS TIEPEBEJH B ITAJIATY pe-
aHUMaInU, T7ie feTell noakaodanu K anmnapary VMBJI, ko-
TOPYIO TIPOBOAWJIU B PEXKUMe KOHTPOJIUPYEMOI
BEHTWJIATNY. TedeHre paHHETO HEOHATATBHOTO TIepro/ia y
HOBOPOJKIEHHBIX OCTIOKHUIOCH PA3BUTHEM TTIOJTHOPTAHHOM
HE/IOCTATOUYHOCTH, B TIEPBYIO OU€PE/ib, ABIXATEJbHON HE/l0-
CTATOYHOCTHIO, HAPYIIEHUSIMU T[EHTPAILHOM TeMO/IMHAMU-
KU, B CBSI3U C YeM, TIPOBO/IUIIN KOMILJIEKCHOE MHTEHCUBHOE
JIeYeHue.

J17151 mosryYennst HOpMATbHBIX PUTPOIINTOB BHIIETUIN
IPYIIITY CpaBHEHUs U3 14 JOHONIEHHBIX HOBOPOK/IEHHBIX C
6IaroNpPUATHBIM TedeHreM GEpeMEHHOCTH 1 HOPMAaJIbHBIMU
cpounbiMu poztamu (Tpymma 2). CpepHuil recTalmoHHbII
Bo3pact jiereil cocraBun 39,4+0,5 Hejiesb, Macca Teja mpu
poskaennn — 3131,7+588,8 rpamm, orierKa 110 mikage Amnrap

tory distress syndrome (RDS). Intrauterine poikilo-
cytosis caused by adverse factors is typical for
patients of this group, as evidenced by the presence
of multiple correlations. The analysis of RBC mem-
brane nanostructure demonstrated that the first-
order value indicating the intrauterine impairment
of membrane microstructure is the most sensitive
one [14]. Antenatal impairment of newborns' RBC
membranes occur during a multiple pregnancy with
an adverse course. The course of the early adaptation
period in infants is characterized by the change of
morphological forms of RBC, which is caused by an
active process on the RBCmembrane [15].

The aim of this study is to assess the morpholo-
gy of RBC in newborns with perinatal hypoxia using
the atomic-force microscopy.

Materials and Methods

The state of RBC membranes of 10 newborns with
perinatal hypoxia was studied (group 1). All infants were
born with low Apgar scoring; the following resuscitative
measures were carried out at birth: tracheal intubation,
mechanical ventilation (MV). At birth, different degrees of
metabolic lactate-acidosis were diagnosed at birth thus
confirming the perinatal hypoxia. The study group new-
borns were transferred from the delivery room to the ICU,
where MV in the controlled ventilation mode was started.
The course of the early neonatal period was complicated
with the multiple organ failure, first of all, with respirato-
ry compromise and central hemodynamic disorders, there-
fore, a complex intensive therapy was performed.

To obtain images of normal red blood cells in the field
of the atomic force microscope (AFM), 14 full-term new-
borns delivered after a favorable course of pregnancy and
normal term labor were enrolled in a reference group
(group 2). The median gestational age of infants was
39.4+0.5 weeks, the birthweight was 3131.7+588.8 g,
Apgar score at 1 minute of life was 8+0.4. The main clini-
cal characteristics of the newborns are presented in table 1.
No significant difference in the birthweight and gestation-
al age was found. The Apgar scoring of the study newborns
was significantly lower than that of healthy infants
(P<0.01). Lethal outcomes were registered in the study
group alone.

All newborns received professional care in accordance
with the procedure for rendering medical care in neonatol-
ogy [16].

The following methods were used in the study:

Clinical assessment of the infant's birth status, includ-
ing Apgar scoring (AS) at the 15t minute after the birth.

Catheterization of v. umbilicalis using a thermoplastic
catheter was performed for the infusion therapy and lab tests.

Newborns' red blood cells were studied using the
atomic force microscope (AFM). There were the following
study objects: residual umbilical cord blood (RUCB) of
premature newborns, central venous blood sampled 12
hours after birth and venous blood of newborns sampled on
Day 7 after birth. RUCB was sampled immediately after
cutting the umbilical cord. The blood is sampled to special
0.25 ml test tubes with the EDTA preservative added; the
blood was mixed with the preservative; it was left for 30
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OcHoBHbIE KINHUYECKHE XapaKTePUCTHKU HOBOPOsKEHHBIX (M+0).

Main clinical characteristics of newborn infants (M+0).

Parameters Values of parameters in groups

1 (n=10) 2 (n=14)
Gestational age, weeks 36.3£3.1 39.4£0.5
Body weight, g 290716875 3131.7:5888
Apgar score at the 15t minute 4(2;7)* 8(8;9)
The number of children on MV 10 (100%) -

Note. * — P<0.01 — significance of differences between groups.

IIpumeuanue. Parameters — nokasaresnu; Values of parameters in groups — sHauenus nokasareseil B rpymmnax; Gestational age, weeks
— CpoK TecTaiu, Hexelb; Body weight, g — macca teana, rp; Apgar score at the 15t minute — mkana Anrap wa 1-it mun., 6asr; The num-
ber of children on MV — kosmuectso aereii na IBJL * — p<0.01 — 10CTOBEPHOCTD PA3INYMil MEXK/LY TPYIIIAMHU.

Ha 1-it MuryTe xusnu -8,£0,4 6amma. OcHOBHbBIE KIMHITYEC-
KH€e XapaKTEePUCTUKN HOBOPOXKIECHHBIX ITIPEJACTABJIECHBI B
1abJ1. 1. J[oCTOBEPHBIX OTJIMUMIA 110 Macce Tesa P POK/Ie-
HUW, TECTAIIMOHHOMY BO3PAcTy He BBISBUJIHN. Y HCCIeye-
MBIX HOBOPOJKIEHHBIX OI[EHKA MO IKaje ATrap 0CTOBEPHO
HUIKe, TI0 CPaBHEHUIO co 3710poBbiMu fneThbMu (p<<0,01).
Tosbko B rpyiitie uccie0BaHust ObLIM JIETAIbHbIE UCXOJIBL.

BceM HOBOPOJK/IEHHBIM OKasaii KBaTH(DHUINPOBaH-
HYIO TOMOTI[b B COOTBETCTBHH C TIOPSI/IKOM OKa3aHUS Me/[U-
IIUHCKOI OMOIIH 10 TPOGUITIO «HeoHaToorus» [16].

KimHuueckast olleHKa cOCTOsIHUSL pebeHKa [IPU POIK-
neHuu BKJodana orenky 1o mkase Amrap (OA) ma 1-it
MUHYTE [10CJI€ POXKIEHUSI.

Jlist ipoBesiennst MHMY3MOHHON Tepanmuu u Jabopa-
TOPHBIX HMCCJIE/IOBAHMII BBITIOJHSAIN KAaTETEPU3AINIO V.
Umbilicalis TepmoriacTudHbiM KaTeTepoM.

W ccnenoBariie spuTPOIUTOB HOBOPOSKIEHHBIX TIPOBO-
i B osie ACM. O6beKTOM HCCIIeI0BaHNST SIBUJINCH: OC-
taToyHas mynosuHHas kpoBb (OIIK) HemoHOIIEHHBIX HO-
BOPOJK/IEHHBIX, II€HTPaJbHass BEHO3HAs KPOBb uepe3 12
YacoB TOCJIE€ POKIEHUS U BEHO3HAsk KPOBb HOBOPOJK/IECH-
HbIX 7-X cyTok skusnu. OIIK sabupanu cpasy mocie nepe-
CeveHUsI IIYOBUHBL. 3a60p OCYIIECTBIISLIN B CLIEIUAIbHBIE
npobupku o6bemom 0,25 Mit ¢ 1ob6aBIeHneM KOHCEpBaHTa
I/ITA, XxpoBb TIepeMennBaIN ¢ KOHCEPBAHTOM, OTCTAlBa-
s B Teuerrie 30 MIUHYT, 3aT€M TOTOBUJIM MOHOCJION 9PUT-
pPOIMTOB A1 AanbHeimmeir obpaborkn B moae ACM: 20
MKJI KDOBU HAHOCHJIA HA MTPEAMETHOE CTEKJIO U TIPUTOTAB-
JIUBAJIU MOHOCJIOH 9PUTPOITUTOB € TIOMOIIBIO TIeHTPUGYTH
Diff Spin 2 (CIIIA).

V3o6paskeHre apuUTPOIUTOR TIOXYyYaTd € MOMOIIBIO
ATOMHOTO CUJIOBOTO MUKPOCKOTIA

«NTEGRA primas (Poccusi) B IOJyKOHTaKTHOM pe-
KuMe. B kadecTBe 30HIOB MCMOJB30BATM KAHTUJIEBEPHI
NSGO01-A. Yucio Touek ckanuposanust 512 u 1024, mosst
ckaanpoBanus 100x100 mxm, 20x20 mxm. CraTuctuyec-
Kyl0 06pabOTKYy [MaHHBIX MPOBOMJIM C MOMOIIBIO CTaH-
nmaptHoit mporpamMmbl Origin 6.1, KoTopast BXOIUT B COCTaB
Microsoft Office (USA), creruaibHo npegHasHaueHHON
JUIst 0O6PabOTKY PE3YJIBTaTOB HAYYHBIX UCC/ICA0BAHUN. DTa
IpOrpaMMa MO3BOJISIET TOCTPOUTH THCTOTPAMMBI, OTIpesie-
JIUTD Cpejiliee 3HAUEHIIE, BEJTMYIHY CPeTHEKBAZPATHYECKO-
IO OTKJIOHEHUSI U TIOJIyYUTh MHTEPBAIBHYIO OIEHKY, OllEH-
Ky /IOCTOBEPHOCTH TOJYYEHHBIX Pe3yJBTaTOB, OIEHKY
JIOCTOBEPHOCTH pasyandnii. [0cTOBEPHOCTH pa3anuuii ore-
HUBAJIM C TIOMOIIBIO OJHO(GAKTOPHOTO AMCIHEPCUOHHOTO
aHasm3a (One-way ANOVA).

[Tosryyennbie pe3ybrarbl 00pabOTaHbl METOAAMU JIEC-
KPUIITUBHOI M HETTApAMEeTPIUYECKOIT CTATUCTUKY C FCIIOJTb-

min, and then an RBC monolayer was prepared for further
processing in the AFM field: 20 ul of blood was placed onto
a slide, and an RBC monolayer was prepared using a Diff
Spin 2 centrifuge (USA).

An image of red blood cells was obtained using an
NTEGRA Prima atomic force microscope (Russia) in a
tapping mode. NSGO1-A cantilevers were used as probes.
The number of scanning points was 512 and 1024, the
scanning fields were 100100 pm, 20x20 um. Data were
statistically processed using a standard Origin 6.1 soft-
ware, which is a part of the Microsoft Office software
(USA) specially designed for processing of scientific
research results. This software allows to make histograms,
determine the mean and the standard deviation, and
obtain an interval estimate, assess the significance of find-
ings and the significance of differences. The significance of
differences was assessed using single-factor analysis of
variance (one-way ANOVA).

The obtained results were processed by methods of
descriptive and non-parametric statistics using the
Statistica 6.0 software package. The differences were con-
sidered significant when the level of statistical significance
was P< 0.01.

Results and Discussion

Our previous studies have shown that 85% of
flat RBC (planocytes) and 15% of transformed RBC
circulate in the RUCB of newborn infants. This
study demonstrated that the newborns had red blood
cells whose characteristic did not comply with the
accepted classification, i.e. there are intermediate
forms of red blood cells associated with the peculiar-
ities of intrauterine poikilocytosis. Since a high RBC
count (intrauterine physiological erythrocytosis)
and a high hemoglobin level (including fetal hemo-
globin) are typical for newborns, planocytes in full-
term newborns are a transient form. No dependence
of the clinical state of newborns on the shape of red
blood cells was found in this group of infants [ 14, 15].

The morphological forms of red blood cells in
the RUCB of newborns with a severe PH are pre-
sented in Fig. 1. Discocytes and planocytes com-
prised 36% of the total RBC count, i.e. intrauterine
poikilocytosis, reduced number of normal forms of
RBC, was found, thus demonstrating an adverse
effect of intrauterine hypoxia on the membrane of
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30BaHMeM Tnakera mporpamm «Statistica 6.0». Otamuns
CUUTAJIN IOCTOBEPHBIMU [IPU YPOBHE CTATUCTUYECKOIT 3HA-
ynmoctu p<0,01.

PesybraThl 1 00CyKIEHHE

B wHammx mpempiIynmx Ccae0oBaHusIX ToKa-
3aH0, uTo B OIIK moHOIIEHHBIX HOBOPOKIAECHHBIX
MUPKYJUPYIOT 85% HPUTPOIUTOB MJIOCKOH (HOPMBI
(manornmtel) u 15% TpanchoOpMUPOBAHHBIX IPUT-
poruToB. [IpoBeeHHOE MccIeoBanne BBISBUIIO Ha-
JIMYe Y HOBOPOKIEHHBIX 9PUTPOIUTOB, KOTOPbIE O
CBOUM XapaKTEPUCTUKAM He BXOIAT B OOIIENPUHS-
TYI0 KJTacCU(PUKAIUIO, T.€. ONIPENESTIOTCS TTPOMEKY-
TOYHBIE (POPMBI HPUTPOLIUTOB, CBA3AHHBIE C OCOOEH-
HOCTSIMM ~ BHYTPUYTPOOHOrO  HMOUKHJIOIUTO3A.
YuuThiBas, 4TO JJII HOBOPOKICHHBIX XapaKTEPHO
MTOBBIIIIEHHOE KOJIMUECTBO IPUTPOITUTOB (BHYTPUYT-
POGHBII (DUBUOJIOTHYECKIIT SPUTPOIIUTO3) U YPO-
BEHb reMOorJI00MHa, BKII0YAONIUA (heTanibHbIA TeMOo-
rJI00MH, BO3MOKHO, ILJIAHOIUTHI Y MOHOIIEHHBIX
HOBOPO’KIEHHBIX SIBJISIOTCS TPAH3UTOPHON (hOPMOTI.
B aroit rpymnme nerell He BBISBIEHO 3aBUCUMOCTH
KJIMHIYECKOTO COCTOSTHUSI HOBOPOK/IEHHBIX OT (hop-
MbI 9puTponuTos |14, 15].

Mopdoaornueckunii coctaB IpUTPOIUTOB B
OIIK noBoposzaennblx, nepenectux Tsskenayio IIT
npencTaBieH Ha puc. 1. /IMCKONNUTHI U TJIAHOIIUTHI
cocTaBsgioT 36% OT 06I1Iero KoJIn4ecTBa SpUTPOIH-
TOB, T.e. OTMEYAETCS BHYTPUYTPOOHBIN MOMKUJIOIH-
TO3, CHIKEHHOE COflepKaHue HOPMATbHBIX (HOpM
SPUTPOIIUTOB, YTO CBUIETEJIBCTBYET O HEOIArompu-
SITHOM BO3JIE€HCTBUU BHYTPUYTPOOHOI THIIOKCHI Ha
MeMOpaHy apuTporuToB. CTOMATOIUTO3 U 9XUHOIH-
T03 XapakTepHbl 111 80% HOBOPOKIEHHBIX, POIIB-
MUXCSI ¢ HU3KOM OIleHKo 1Mo mkaje Anrap. Tak kak
MIPU POKIEHUN HOBOPOKIECHHBIE elle He TOJyJasn
HUKAKOTO JIEYEHW S, BBISBJICHHBIN TONKIIOITUTO3 SIB-
sisiies cnenctsueM 1T, koTopast okasbIBasia HeraTHB-
HOE BJIMSTHHE Ha MeMOpaHy SpUTPOIIUTOB, BhIPAKEH-
HOCTb TIpollecca 3aBuUcCeJa OT JJUTEJbHOCTH
TUTIOKCUH.

UYepes 12 vacos nocse poxaerns, Ha hoHe MTPo-
Boaumoro Jedennst n IBJI, kieTognbIil cocTaB apu-
TPOIUTOB W3MEHSJICS, YBEJUYMBAJICS TJIAHOIIUTO3,
CHUKAJICSI CTOMATOIIUTO3, T.€. TIOJT BO3/IEHCTBUEM Jie-
YeHUs U CTaOUIM3aINU KUCTIOPOIHOTO CTaTyCa, MOp-
(hosornuecknii coctaB IPUTPOIUTOB CTPEMUJICS K
HopMasn3auu (puc. 2).

K xon1y pannero HeoHataspHOTO Teproza (7-e
CYTKU KU3HW ) KOJTMYECTBO MJIAHOIIMTOB OCTABAJIOCH
CTaOMIIbHBIM, [TPOMCXOIUIIO AajIbHEIiIee yMeHbIIe-
HUE DXUHOIMTOB, HO ¥ OOJIBITIMHCTBA HOBOPOIK/AEH-
HBIX COXPAHSJICS CTOMATOIUTO3, T.€. He TPOUCXOIH-
JIO crabuiausanuy MeMOpaH ¥ HOpMau3alluu
MOPGOJOTUIECKOTO COCTaBa IPUTPOIUTOB (puc. 2).
CToMaTOIUTO3 COXPAHSJICS Y JOHOIIEHHBIX HOBO-
posknennbix, neperecimux [T, ocmoxkaMBITYIOCS He-
OHATAJIBHON acrupalueii MEKOHUEM, COXPAHSIONIN-

M Planocytes
M Other cell
i Echynocytes

M Discocytes
M Stomatocytes

Puc. 1. Mopdoioruuyeckune ¢hopMbl 3pUTPOIMTOB B OCTATOYHON
MYIOBHHON KPOBH HOBOPO3K/I€HHBIX, IEPEHECIINX THIIOKCHIO.
Fig. 1. Morphological forms of red blood cells in the residual
umbilical cord blood of newborns with hypoxia.

Ipumevanne. [nsa puc. 1, 2: Discocytes — AMCKOINTEI;
Stomatocytes — cromarounts; Echynocytes — axunonursy;
Planocytes — noanormtsr; Other cell types — apyrue KiaeTku.

RBC. Stomatocytosis and echynocytosis are typical
for 80% of infants born with a low Apgar score. Since
the newborns have not received any treatment yet,
the detected poikilocytosis is a consequence of PH,
which negatively affects the RBC membrane, and
the severity of the process depends on the duration
of hypoxia.

The cell composition of red blood cells changes
12 hours after birth due to the ongoing treatment
and MYV, planocytosis increases, stomatocytosis
decreases, i.e. under the effect of the treatment and
stabilization of the oxygen status, the morphological
composition of red blood cells tends to normalization
(Fig. 2).

By the end of the early neonatal period (Day 7
of life), the number of planocytes remained stable;
further reduction in the echynocyte count takes
place, but stomatocytosis persisted in most new-
borns, i.e. there was no membrane stabilization and
normalization of red blood cell morphology (Fig. 2).
Stomatocytosis persists in full-term newborns with
PH complicated with neonatal meconium aspiration;
the persistent changes in the red blood cell morphol-
ogy demonstrate the severity of hypoxia (Fig. 3).

A study of heights and spatial periods of red
blood cell membrane surfaces allow to obtain an indi-
vidual quantitative estimation of the parameter for
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Puc. 2. KiertouHslii cOCTaB 3PUTPOIUTOB Y HOBOPOIKIAEHHBIX,
NepPeHeCUNX THIOKCHIO.

Fig. 2. Cellular composition of red blood cells in newborns with
hypoxia.

Note. For Fig. 2, 4: RUCB — the residual umbilical cord blood.
IIpumevanue. Cell fraction — kirerounas dppaxims. J{as puc. 2, 4:
RUCB — ocrarounas nynosuttas kposb; 12 hours after birth —
12 gacos mocste poskenust; days — CyTOK.

ecst UBMeHeHUsI MOP(OJOTUH HPUTPOITUTOB CBUJIE-
TEJTHCTBOBAJIA O TSKECTU TEPEHECEHHOUW TUTTOKCUN
(puc. 3).

N3ydenne BBICOT W MTPOCTPAHCTBEHHBIX TIEPH-
0JIOB TIOBEPXHOCTH MeMOPAHbI PUTPOIUTOB MTO3BO-
JISIET TOJYYUTh WHIUBUAYATHHYIO KOJHWYECTBEH-
HYI0O  OIleHKy  [apaMmeTrpa Ui  KaKJIoro
nosopoxzaennoro, nepenecutero IIT [17, 18]. IIpu
aHa/M3e HaHOCTPYKTYPBI MeMOpPaHbl 3PUTPOIUTOB
37I0POBBIX HOBOPOXKIEHHBIX MOJTYYEHbI WHIUBHULY-
AJIbHbIE KOJIMYECTBEHHbIE XapaKTEPUCTUKH BBICOT U
EePUOIOB TOPsAKOB. Boicorta 1-ro mopsiaka (h,) co-
crasisiaa 1,2+0,3 um., 2-ro nopsigka (hy) — 0,8+0,3
HM, 3-To nopsizika (hy) — 0,2+0,04 HM, 4TO TIPUHATO
B UCCJIEJIOBAHUY 32 UCXOAHbIE BeanduHbl |14, 15].

AHaJin3 HAHOCTPYKTYPbI MeMOpaH 3PUTPOIH-
TOB TOKa3ay (puc. 4), 4To MPU POKIAEHUN y HOBO-
poieHHbIX ¢ TIT HauGoJMbITMM H3MEHEHMSIM Oblia
nozBepskeHa Bbicota nepsoro nopsiaka (h,), orpaka-
I011[er0 MeMOpaHHbII (QJIMKKEPUHL. Y3Ke [IPU POKIe-
HUU ee BEJWYMHA JOCTOBEPHO TIPEBBINIANA aHAJIO-
TMYHBI TIOKAa3aTelb Y 370POBBIX HOBOPOKICHHBIX
(p<0,01). Bsicora Broporo mopsinka (h,) y nereii ¢
[T mocToBEpPHO MPEBBINIAJA HTOT TTOKA3ATENb Y 3]10-
POBBIX HOBOPOXKIECHHBIX B 2 1 Oosee pasa (p<0,01),
T.€. CIIEKTPUHHBIN MAaTPUKC TaKyKe U3MEHSJICS TIOJ
BansiHueM runokcun. Y 50% meteil u3MeHeHusI clie-
KTPUHHOTO MaTPUKCA COUETANIUCH C SIBJICHUEM (hJIK-
KepuHra MeMOpaHbl 9pUTPOLUTOB. BesnunHa TpeTh-
ero mopsiaka (hy) ObLIa HOCTOBEPHO BHINIE Y
HOBOPOXIeHHBIX, TepeHectnx 1T mo cpaBHeHMIO CO
3710poBbIMI  HOBOpOskAeHHbIMU (p<0,01), T.e. mpn
POKIECHIH CTPYKTYPHOE COCTOSTHUE GEIKOB OBIIO HE
crabumpabiM (p>0,05). TlepuHaTaTbHas TUTOKCHS
BBI3bIBAJIA AaHTEHATAJIBHOE TTOJIHOE TTOBPEXKIEHNE Ha-
HOCTPYKTYPbI MEMOPAH apUTPOIIUTOB.

Puc. 3. JIakpHOUHUT CO CTOMATOLMTAMH Y HOBOPO3K/[€HHOTO, Tie-
peHecuiero runokcuio. Mzo6paskenue B nore ACM, ¢popmar 3 D
noJje 100X100 Mxm.

Fig. 3. Dacryocyte with stomatocytes in a newborn with
hypoxia. An image in the field of AFM, 3 D format, field
100X100 pm.

each newborn with PH [17, 18]. The analysis of the
RBC membrane nanostructure in healthy infants
permitted to obtain individual quantitative charac-
teristics of heights and order periods. The 1-order
height (h,) was 1.2+0.3 nm, the 2-order height (h,)
was 0.8+0.3 nm, the 3-order height (h,) was 0.2+0.04
nm, and these values were taken as a baseline value in
the study [14, 15].

The analysis of the red blood cell nanostructure
has shown (Fig. 4) that most changes occur in the
first-order height (h,) at birth of newborns with PH,
reflecting the membrane flickering: even at birth, its
value significantly exceeded the same parameter of
healthy infants (P<0.01). The second-order height
(hy) in infants with PH was significantly higher
(P<0.01) than that of healthy newborns by more than
twofold, i.e. the spectrin matrix had also changed
under the effect of hypoxia. In 50% of children,
changes of the spectrin matrix were combined with
flickering of RBC membranes. The third-order value
(h3) was significantly higher in newborns with PH
than that in healthy newborns (P<0,01), ie. the
structural state of proteins at birth was instable
(P>0.05). Perinatal hypoxia causes an antenatal com-
plete damage of the RBC membrane nanostructure.

The course of the early neonatal period was
characterized by instability of RBC membranes,
which became apparent in the form of persistent
changes in the heights (membrane flickering); the
spectrin matrix and the structural state of proteins
were not stabilized.

Perinatal hypoxia triggers the identified
changes in morphology and nanostructure of RBC
membranes. Changes in the RBC morphology differ
in newborn infants. For example, in infants with
RDS, an unfavorable course of pregnancy complicat-
ed with intrauterine hypoxia affects the morphologi-
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Teuenne paHHEro HEOHATATBHOTO TIEPHO/A Xa-
PaKTEPU30BATIOCH HECTAOMIBHOCTHIO MEMOPAH 9PUT-
POITUTOB, KOTOPOE TPOSIBIISIINCH COXPAHSIOITIIMUCS
HU3MEHEHUSIME BBICOT: MEMOPAHHBIM (DJIMKKEPUHTOM,
HECTaOUJIbHOCTBIO CHEKTPUHHOIO MaTpUKca U
CTPYKTYPHOTO COCTOSTHUST OETKOB.

ITyckOBBIM MOMEHTOM BBISIBJIEHHBIX H3MEHE-
HUIT MOPGOJIOTHI U HAHOCTPYKTYPBI MeMOpaH apuT-
POITUTOB SIBJISJIACh TlepUHATaIbHAs TUHOKcHs. V13-
MEHEHWUS MOPGhOJIOTUH SPUTPOIUTOB y
HOBOPOXKIEHHBIX JleTell OTIMJainch. Tak, y metel ¢
PIICH wneGiaronpusiTHoe TedeHue OepeMeHHOCTH,
OCTTOKHEHHOE BHYTPUYTPOOHOT TUTIOKCHEH, BIUAIO
Ha MOP(hOTIOTUIECKYIO CTPYKTYPY SPUTPOIUTOB, BbI-
3bIBAJIO (DYHKIIMOHAThHBIE M3MEHEHUSI HAHOCTPYK-
TYPbI MeMOPaH. DTO TPOSIBJISIIOCH Y HEIOHOIIEHHBIX
HOBOPO’K/IEHHBIX BBIPAKEHHBIM TTOWKUJIOIUTO30M,
HarOOJIBIIINM M3MEHEHUSIM ObLIa MOABEPIKEHA BEJIH-
girna h,. Teuenne PICH xapakTepusoBajoch BBICO-
KOH WHTEHCHBHOCTBIO 3TOTO TIpoIlecca y KasKZAOTO
TPeThero pederka BITOTH 10 7-X cyToK xusuu. Cre-
KTPUHHBII MaTPUKC MeMOpPaH 3PUTPOIUTOB OBLIT 13-
MEHEH BHYTPUYTPOOHO, HO B JaJbHEIIIIEM BeIUITHA
h, mocrenenno cunsnrach. CTPyKTYpHOE COCTOSTHIIE
6enkoB (h;) y HEIOHOIIEHHBIX HOBOPOXKIECHHBIX C
PZICH 6110 ctabuabubim [ 14].

Y HeIOHOIIEHHBIX HOBOPOKAEHHBIX TPU He-
GIArOMPUSATHO MPOTEKAIOIEN MHOTOTLTOAHON Oepe-
MEHHOCTH TaK’Ke ITPONCXOUJIO aHTeHAaTaJbHOE TI0-
BPEKIEHIE HAHOCTPYKTYPhI MeMOpaH SPUTPOIIUTOB.
Teuenre paHHETO TTePHO/A AJATITAI[IH XapaKTepH30-
BasIoCh cMeHo1 Mopdosorndeckux GopM 3pUTPOITH-
TOB: TVIAHOITUTO3 CMEHSIJICS CTOMATOIINTO30M, a TaK-
JKe OTpefessiIuch Apyrre (GOpMBI, IOSBICHIE
KOTOPBIX OOYCJIOBIEHO TMpoIeccaMu TpaHchopma-
[[UK [TOBEPXHOCTH MeMOPaHbl apUTPOIUTOB. MeMO-
paHHbII (hIMKKePUHT Gl HanboJiee BHIPasKEH y BTO-
poro pebeHka W3 MABOWHE, He 3aBUCHMO OT
XOPHATBHOCTH TIAIEHTHI, BTOPOTO M TPETHETO pe-
OeHKa M3 TPOWHH, TPUUYEM BEJUUYMHA TOKA3aTeJIst
YBeIMIMBAJIach OT MEPBOTO K TpeTheMy. Kosmmans
GITI3HETIOB COTIPOBOKAATACH MEMOPAHHBIM (hTHKKe-
PHHTOM BBICOKOW MHTEHCUBHOCTH Y 000MX JeTeil u
BBICOKHUM CTOMATOIUTO30M [15].

Vike BHYTPUYTPOOHO MPOUCXOAUIO HApyIIle-
HUe HaHOCTPYKTYPbI MeMOPaH Ha BCeX YPOBHsIX. Bbi-
SIBJICHHBIE UBMEHEHUS CBUIETEIbCTBYIOT O BIUSHUN
CTEIeHU TMIOKCHHU Ha BCe HAHOCTPYKTYPBI MeMOpa-
HBI apuTporuTa: HochONUIIIHbI GUCIoN, GeIKo-
BbIe KOMIIOHEHTHI MeMOpaHbl, CIIEKTPUHOBBIH MaT-
pukc. V3MeHeHHE BBICOT MOBEPXHOCTH MeMOpPaHbBI
apuTpoIuToB h; u h,, cBsIBaHHOE ¢ rUIIOKCHENd, TT0-
BUIMMOMY, HAIPaBJIEHO HA yBeJTMYEHUE TOBEPXHOC-
TH MeMOPAHBI APUTPOIINTA, CTOCOOCTBYIONIEE YBET-
YEHWIO TUIONaa ra3oo0Mena. J[aHHbie M3MeHeH s,
MO-BUANMOMY, SIBJISTIOTCST TPUCTIOCOOUTENHHOM peak-
1I1eif, HalpaBJIeHHO Ha coxpaHeHne (hyHKITMOHAb-
HOH CIOCOGHOCTH IPUTPOIIATA IPU THMOKCHH. [rrmo-

67
]I. Dhg .ll; -

5

4

3

«Controls 12 hours 7 days
after birth after birth

Height, nm

Puc. 4. Tucrorpammsi Boicor hy, h,y, hy noBepxuocrun memGpausI
IPUTPOLUTOB B Pa3IHYHBIE IEPHO/bI HCCIIE[OBAHMS.

Fig. 4 Histograms of heights hy, h,, h; of red blood cell mem-
branes during various periods of the study.

Note. *, # ** — P<0.01 vs. «Control» — RUCB group 2.
ITpumeuanue. «Control» — ocraTouHast IyMOBHHHAST KPOBb IPYII-
nbt 2. Height, nm — BbicoTa, HM. *, #, ** — p<0,01, 10cTOBEPHOCTD
OTJINYHIA, 110 CPABHEHUIO ¢ KOHTPOJIEM (OCTATOYHASI ITYIIOBUHHAST
KPOBB I'PYTIIIHL 2).

cal structure of RBC, causes functional changes in the
membrane nanostructure which manifest themselves
as severe poikilocytosis in premature newborns. The
h, value underwent the greatest changes; the course
of RDS was characterized by a high intensity of this
process in every third child up to Day 7 of life. The
spectrin matrix of RBC membranes changed in utero,
but then the h, value decreased gradually. The struc-
tural state of proteins (h;) in premature newborns
with RDS was stable [14]. Antenatal impairment of
RBC membrane nanostructure occurs in premature
newborns during a multiple pregnancy with an
adverse course. The course of the early adaptation
period is characterized by changes of RBC morpho-
logical forms: planocytosis is replaced by stomatocy-
tosis and other forms resulting from an active process
on the RBC membrane. The membrane flickering is
most pronounced in the second twin irrespective of
the placental chorionicity and in the second and third
triplets; at that, the value is increased from the first to
the third one. Twins collision is accompanied by a
high intensity membrane flickering in both children
and high stomatocytosis [15].

Impairment of membrane nanostructure at all
levels occur already in utero. These changes con-
firmed the effect of the hypoxia degree on all nanos-
tructures of RBC membranes: phospholipid bilayer,
protein elements of the membrane, spectrim matrix.
Changes in heights and spatial periods of the RBC
membrane surfaces h; and h, associated with hypox-
ia apparently are aimed at a compensatory increase
in the RBC membrane surface contributing to the
increase of the gas exchange area. These changes may
represent an adaptive response to hypoxia aimed to
preserve the functional ability of a RBC. Hypoxia
negatively affects the membrane of RBC, and the
severity of the process depends on the severity and
duration of hypoxemia. The course of and early adap-
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KCHsT OKa3bIBasla HETaTUBHOE BJIMsSIHUE HA MeMOpaHy
PUTPONUTOB. BeIpakeHHOCTH TIPOTIecca 3aBUCEIA OT
TSOKECTH W JIJIUTEJIBHOCTU THIOKceMuu. Tedenue
paHHETO Teproja afanTanui (TTOCTTUTIOKCUYECKU
MepUoI) XapaKTepU30BaJoCh HeCTAOUIbHOCTHIO
BCEX WCCJEJOBAaHHBIX 3JIEMEHTOB HAHOCTPYKTYPBI
MeMOpaHbl 9PUTPOIITOB, 0OJIBINONI BapuabesbHOC-
Thio Mopdosorudecknx (opm. [locaeacTue mepu-
HATAJIbHOTO BO3JEUCTBHS THIOKCHU Ha MeMOpaHy
PUTPOIUTOB COXPAHSJIOCH B T€UEHUE OIIPe/IeTIEHHO-
TO BPeMEHU U BBIXOJUJIO 32 PAMKU PAHHETO HeOHa-
TAJHHOTO MMEPUOJIA.

HoBopoxieHHble 04eHb 4yBCTBUTETHHBI K TH-
MOKCUH U OKCUJIATUBHOMY CTPECCY, KOTOPbIE OKa3bl-
BAIOT HETATUBHOE BJIMSTHIE HA MAIIMEHTOB B KPUTHYE-
CKOM COCTOSTHUM, BBI3bIBAsl TIOBPEKIEHUE OPraHOB U
cucreMm [11]. st 6Gotee rryGOKOTO MOHMMAHUST T1aTO-
reHe3a TePUHATAIBHON TMIIOKCUU ¥ TPOTHO3UPOBA-
HUS TEYEHMsI MOCTTUIIOKCHYECKOTO Tepruojia 0coboe
BHUMAaHUE YIEJISIeTCsT U3YUYeHNUI0 MeMOpPaH apUTPOIH-
ToB [10, 12]. ¥ HOBOpOX/IEHHBIX C TOJMOPTaHHON He-
JIOCTaTOYHOCTBIO CHIKEHO KOJIMUYECTBO TUCKOIIUTOB,
YBEJIMYEHO KOJMYECTBO HPUTPOITUTOB ¢ U3MEHEHHOI
dopmoii. Y HOBOPOKIEHHBIX C MTOJIUOPTAaHHON HEO-
cratounoctbio (ITOH) HanGosee yacTo BCTpevaionu-
MUCST AaHOMAJUSIMUA (DOPMBI 9PUTPOIIUTOB SBJISTIOTCS
AXUHOIUTBI, OBAJOIUTBI, C(PEPOIUTDI, IMUCTOIUTHI.
[TosiBnenwe B nieprepruueckoii KPOBU 9PUTPOIIUTOB C
M3MEHEHHO# (hOpMOIT MOKET ObITh OOYCJIOBJIEHO Pas-
JIMYHBIMU (DAKTOPaMU, B TOM UHCJIe BO3IEHCTBIEM Ha
SPUTPOLUTAPHYIO MeMOPaHy OKCHIATHBHOIO CTpecca
[19]. 7151 HOBOPOSKJEHHBIX OT MaTepel C TSKeTbIMU
(bopmamu recTo3a, XapakTepHa TEHIEHIIUS K HU3KIM
MOKA3aTeJIsIM TEKYYEeCTH PUTPOIUTAPHBIX MeMOpPaH,
OTCYTCTBHUE aalITUBHON AMHAMUKH OMO(DU3UIECKOTO
COCTOSTHUSI MeMOpPaH B paHHEM HEOHATAIBHOM IIEPHO-
JIe, 4TO coueraercst ¢ GoJiee TSKEIBIM KIMHIYECKIM
TeuyeHneM JaHHoro nepuosa [20].

3akaoyeHue

[Tpn BoznetictBun 11" Hapymenne HAHOCTPYK-
TYpbl MeMOpaH TIPOUCXOAUT YK€ BHYTPUYTPOOHO.
YpoBeHb MOBPEKIEHUS 3aBUCUT OT TSIXKECTU W JIJIN-
TEJIHHOCTY TUTTOKCHU. BbIsSIBIIeHHbIE MI3MEHEHWS CBH-
JIETEJLCTBYIOT O BJAUSHUU CTEIIEHU TUITOKCUU Ha BCe
HAHOCTPYKTYPbl MeMOpaHbl apuTporuTa: Gochom-
NUAHBI O1CI0M, OeJKOBble KOMIIOHEHTBI MeMOpa-
HBI, CIIEKTPUHOBBIN MaTpUKC. VI3MeHeHre BHICOT U
[IPOCTPAHCTBEHHBIX MEPUOJIOB MTOBEPXHOCTENH MeMO-
paH apuTpounToB h; u hs, CBS3aHHBIX ¢ THUIIOKCHEN,
MO-BUIUMOMY, HAIIPaBJIEHO HA KOMITEHCATOPHOE yBe-
JIMYEHUE TOBEPXHOCTH MEMOPaHbI 9PUTPOIUTA, CII0-
coOCTBYIOIIEE  YBEJIMUCHUIO IO Ia3000MeHa.
JlanHble U3MEHEHUs], BEPOSITHO, SIBJISIOTCS MPUCTIO-
cOOUTENBHOI peakiiueil B OTBET Ha I'MIIOKCHIO, Ha-
TIpaBJIeHHON Ha coxXpaHeHne (HYHKIMOHATBHOU CIIO-
COOHOCTU DPUTPOLIUTA.

tation period (post-hypoxic period) is characterized
by the instability of all nanostructures of RBC mem-
branes and a greater variability of morphological
forms. Effects of perinatal hypoxia on red blood cell
membrane persist for some time and go beyond the
early neonatal period.

Newborns are very sensitive to hypoxia and
oxidative stress, which have a negative impact on
critical illness patients, causing damage of organs and
systems [11]. Special attention is paid to studies of
RBCI membranes for a better understanding of the
pathogenesis of the perinatal hypoxia and prognosis
during the course of the post-hypoxic period [10, 12].
In infants with a multiple organ failure (MOF), the
number of discocytes reduced and the number of
RBC with modified shapes increased. In infants with
MOF, the echynocytes, ovalocytes, spherocytes, and
schistocytes are the most common forms of RBC
shape abnormalities. The presence of RBC with mod-
ified shapes in the peripheral blood may be explained
by different factors, including the effect of the oxida-
tive stress on the RBC membrane [19]. A tendency to
lowing the fluidity of RBC membrane, lacking the
adaptive dynamics of the biophysical patterns of
membranes in early neonatal period is typical for
infants born from mothers who experienced severe
forms of pre-eclampsia and eclampsia; this feature is
associated with a more severe clinical course of this
form of pathology of pregnancy [20].

Conclusion

Therefore, hypoxia results in impairment of the
membrane nanostructure. The degree of the alter-
ations depends on the severity and duration of
hypoxia. These changes confirmed the effect of the
hypoxia degree on all nanostructures of RBC mem-
branes: phospholipid bilayer, protein elements of the
membrane, spectrin matrix. Changes in heights and
spatial periods of the red blood cell membrane sur-
faces h; and h; associated with hypoxia apparently is
aimed at a compensatory increase in the RBC mem-
brane surface contributing to the increase of the gas
exchange area. These changes may represent an
adaptive response to hypoxia aimed to preserve the
functional ability of an RBC.

The course of early adaptation period (post-
hypoxic period) is characterized by the instability of
all nanostructures of RBC membranes and a greater
variability of morphological forms. Effects of perina-
tal hypoxia on RBC membrane persist for some time
and go beyond the early neonatal period that should
be considered in clinics.

Teuyenne parHero nepuo/a aganTaun (IOCTTh-
MOKCHYECKHI TEPUOJT) XapaKTEPU3yeTCst HeCcTaOuIb-
HOCTBIO BCEX HAHOCTPYKTYP MeMOPaH 3PUTPOIUTOB,
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Bausinue ITWIMETWITUAPOKCUIIUPUANHA CYRIIMHATa
Ha JUHAMHURY IMMAaTTEPHOB MO3TrOBOT0O KPOBOTOKA Yy IIOCTPaZaBHOINX
B OCTPpOM IIEPUO/AE COYeTaHHOM ‘IepeHHO-MOBI‘OBOﬁ TpaBMbl
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The Effect of Ethylmethylhydroxypyridine Succinate
on the Dynamics of Cerebral Blood Flow Patterns in Patients
with Acute Concomitant Traumatic Brain Injury
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Iesns uccaeqoBanus: N3yunTh BiusHe MHGY3UN aTuaeTuaruApokcumpuantacykiuiara (OMITIC) na au-
HaMUKY ITaTTEPHOB MO3rOBOTO KPOBOTOKA Yy TIOCTPA/IABIINX B OCTPOM IIEPUO/IE TSKEJION COYeTaHHOMN YeperHo-M03-
rOBOIi TPABMBbI.

Marepuaiisl 4 MeTObI HccaeaoBanust. O0cenoBanu 2 TPyIIbl GOJIbHBIX 0 25 YeJOBEK B KaxKIO0U ¢ TAKeTON
couetanroit UMT. Cpexnnnii Bozpact coctasun 41,5 (29; 51) ser. Bonbubim B 1-if Tpymie (KOHTPOTBHON) MTPOBO-
JIUJTA CTAH/IAPTHYI0 MHTEHCUBHYIO TEPAIINIO, a BO 2-i1 TpyIiie (MccaeyeMoii) JIOTIOJIHUTEIbHO K CTaH[aPTHOMY Jie-
yenuto npoBoauin nHdysuto IMITIC B noze 100 mr/gyac yepes nubysomar Ha npotszkennn 10 cyrok. Meronu-
KOl TpamnckpanuanbHoil gomnmiaeporpadun (TAT) usydanu mokasaTesn I1epedpaibHON MaKpOUMPKYJISINAN
(ITLIM): cucronmueckyto ckopocTb KpoBoTOKa (V. ), INACTOINIECKYIO CKOPOCTh KPOBOTOKA (V i, ), Ty JIHCAIIUOH-
nbril nagekce (P1) n wanexce conporusiennus (RI).

Pesyabrarpl uccaenoBanus. B obenx rpynmnax HanGosee JacThiM BUIOM HAPYIIEHUS MO3TOBOTO KPOBOTOKA
(MK) 11pu IEpBUYHOM MCCJIEI0OBAHIK ObLII ITATTEPH 3aTPyAHEHHOI 11epdysuu: 15 u 16 cayyaes B 1-if u 2-ii rpyn-
I1aX, COOTBeTCTBeHHO. B 1-ii rpymie B 4, a Bo 2-ii B 3 ciry4yasx OTMedan Hajlpuue MATKOTO aHTHOCIIa3Ma, a B 2 CIIy-
Yasix B KQKJIOU IPYIIe OTMEeYalu MPU3HAKK rpy6oro anruocnasma. Y 2 60JIbHBIX B KaXK/I01 IPYIIIe OTMEYaIH T1aT-
TepHbl runonepdysun u runepnepdysun. Y nanneHToB B 1-if rpyiine Ha 3-e CyTKU MCCIe/J0BaHNS HOPMaJIN3aIus
ITIIM nabsronamach B 6, Ha 5-e cyTki — B 8, Ha 7-e cyTku — B 12, a 10 cyTkm — B 18 caryvaes, B To BpeMsl, Kak y
HalueHToB Bo 2-if rpymnie Ha 3-e cyTku Hopmaimsaius [TIIM nabioganack B 12, Ha 5-e cytku — B 15, Ha 7-€ cyT-
k1 — B 16, Ha 10-e cyTkn — B 20 ciayuasx.

3axmouenue. Yaiie Bcero rmpu nepBUYHOM 00CJIEI0BAHUN BbISIBJISIUCH IATTEPHBI 3aTPYAHEHHOIT Iepdy3uu u
AHTHOCIIa3Ma, KOTOPbie TPaHCc(hOPMUPOBAINCH B MATTEPH HOpMOTiepdy3un yepes ctajiuio rurepiepdysun (peax-
TuBHOI runepemuin). Uudysusa IMITIC B gosze 100 Mr B yac criocobcTByeT HopMasusaiuy mapamerpos [T1TM
yiKe K 3—5 CyTKaMm.

Kntouesvte crnosa: uepenio-mo3z06as. mpasma; uyepeopaivias MaKpoOuUpKyIsyust; NAmmepHvl M03208020 KPOBO-
MOKA; SMUIMEMUIZUOPOKCUNUPUOUHA CYKUUHAM

The purpose of the investigation was to study the effect of the ethylmethylhydroxypyridine succinate
(EMHPS) infusion on the dynamics of cerebral blood flow patterns in patients during the acute phase of severe
concomitant traumatic brain injury.

Materials and methods. The study involved two groups of patients, each of 25 persons aged 41.5 (29; 51) years
on average, with a severe concomitant traumatic brain injury. The patients of the 15t (control) group were cured
with a standard intensive care while in the 20d (study) group the EMHPS infusion was added to the said standard
treatment in a dose of 100 mg per hour through an infusion pump within 10 days. By transcranial dopplerography
(TDG) testing the following cerebral macrocirculation parameters (CMP) were studied: systolic blood flow veloc-
ity (V) diastolic blood flow velocity (V,,;,), pulsation index (PI) and resistance index (RI).

Anpec 15 KOPPECIOHIEHITUU: Correspondence to:

Outer Boennon Oleg Voennov
E-mail: ovoennov@yandex.ru E-mail: ovoennov@yandex.ru
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Results. The most frequent type of the cerebral blood flow (CBF) disorder noted in the both groups during
the initial examination was a hindered perfusion pattern noticed in 15 and 16 patients from 15t and 2nd groups,
respectively. Mild vasospasm was recorded in four patients in the 15t group and in three cases in the 20d group.
Signs of gross vasospasm were noted in two patients from each group. In two patients of each group patterns of
hypoperfusion and hyperperfusion were noted. In the patients of the 1st group the CMP normalization was
observed in six cases on the third day, in eight cases on the fifth day, in 12 cases on the seventh day, in 18 cases on
the 10th day, while in the patients of the 2nd group the CMP normalization was observed on the 31 day in 12 cases,
on the 5th day in 15 cases, on the 7th day in 16 cases and on the 10th day in 20 cases.

Conclusion. The most common patterns identified during the initial examination included hindered perfusion
and vasospasm, which were transformed into a normoperfusion pattern through the hyperperfusion stage (reactive
hyperemia). The EMHPS infusion in a dose of 100 mg per hour usually aids to normalize parameters within 3—5 days.

Key words: traumatic brain injury; cerebral macrocirculation; cerebral blood flow patterns; ethylmethylhydrox-

ypyridine succinate
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Beenenue

W3yuyenne MexaHM3MOB 3alTUTHI TOJOBHOTO MO3-
ra TIPU eT0 TIOBPEXKIEHUSIX PA3IMIHOTO IreHes3a SIBJIseT-
csI aKTyasmbHoit mpobsemoit peanmmaronoruu [1, 2].
AXTyaZhHOCTb BOITPOCOB, CBSI3AHHBIX C JIeYeHNEM T10-
CTPa/IaBIINX C YeperrHO-M03roBoil TpaBMoii (YMT) He-
coMHeHHa |3, 4]. OganM 13 Ba)KHENTINX HaTIPaBJIeHNN
WHTEHCHUBHOU Teparun roctpagasimx ¢ YMT asiser-
¢ npodusIaKTUKA BTOPUYHOTO WIIEMHYECKOTO I10-
BPEKIEHMsI TOJIOBHOTO Mo3ra |5, 6]. MutiieHbio st Jre-
4eOHOTO BOBAEHCTBUS C IEJNbI0 NPOMUIAKTUKN U
JIGYEHUS SIBJISIETCST «penumbray — uieMudecKast mo-
JIyTEHb, WM 30Ha OOPaTUMBIX HApyIIeHUH (QyHKI[IA
MO3Ta BOKPYT €To IMePBIUYHOTO MoBpeskaenHns [ 7, 8].

[Ipu HopManM3aIy KPOBOTOKA B 3TOH 30HE BOC-
CTaHaBJIMBAETCsI 1lepebpabHbIil MeTabOMI3M C BOC-
CTaHOBJICHHEM YTPaueHHBIX IepeOpanbHbIX (DYHK-
1nii. B TpOTHBHOM ciiydae TPOMCXOIUT JabHeltee
CHUKEHME MO3TOBOTO KPOBOTOKA, I BOHUKAIOT HEO-
OpartrMble MOP(MOJOTHYECKIE M3MEHEHUsT MO3TOBOI
TKaHM ¢ pa3BuTneM nadapkra mosra [9, 10].

Tpanckpanmanpaas mgommieporpadus (TT)
SIBJISIETCST OOIIETPU3HAHHON METOAMKON OIEeHKU
MO3TOBOH TeMOJMHAMHUKHI IIyTeM YJIbTPa3BYyKOBOU
JIOKAITMU MarucTpasibHBbIX apTepuii Mosra. C momo-
IIbIO 9TON METONKY BO3BMOKHA OI[EHKA «11epebpaib-
HOW MaKpOIMPKYJISINN», TI0J] KOTOPOH TIOZpasymMe-
BaeTcs KPOBOTOK B MarvCTPAJIbHBIX COCY/laX MO3Ta.
Ompenenenne JIUHEWHOW CKOPOCTH KPOBOTOKA
(JICK) 1o MarucTpaibHbIM apTePUSIM, TTyJIbCAITMOH-
HOTO WH/IeKca W WH/IeKCA COTTPOTUBJIEHUST TTO3BOJISIET
OLIEHUTh HAPYIIEHUsT COCYANUCTOTO TOHyca Ieped-
panpHBIX aprepuii. Hapsimy ¢ Hopmorniepdysueii Bbi-
JEJISTIOT HECKOJIBKO THIIOB HapyHIeHUs liepebpasib-
HOll mepdysun: rtunonepdysus, rumneprepdysu,
AHTHOCIIa3M, 3aTpyaHeHHas nepdysus [12—14].

JluramMuKka maTTepHOB MO3TOBOTO KPOBOTOKA Y
nocrpagaBmux ¢ UYMT nox BimsinueM wuHQY3UiA
OMITIC B 3aBUCHMMOCTH OT WCXOAHOTO TaTTEpHA
MO3TOBOTO KPOBOTOKA He n3ydena [14—17].

B oroil cBa3u usydenue Buauganusg uHdysui
IOMITIC B mo3e 100 mr/yac B Teuenne 10 cyTox y mo-

Introduction

Studies of the mechanisms of brain damage pro-
tection of various genesis remains to be an urgent
problem of reanimatology [1, 2]. The urgency of the
issues related to the treatment of patients with trau-
matic brain injury (TBI) is beyond doubt [3, 4]. One
of the most important aspects in the intensive care of
TBI patients is the prevention of secondary ischemic
brain injury [5, 6]. The target for therapeutic pre-
ventive and curative actions is the ischemic penum-
bra or the area of reversible disorders of brain func-
tions around a primary cerebral damage [7, 8].

If the blood flow is normalized in this area, the
cerebral metabolism and lost cerebral functions
should be restored. Otherwise, further reduction of
the cerebral blood flow occurs and irreversible mor-
phological changes in brain tissue happen followed
by the development of cerebral infarction [9, 10].

Transcranial Doppler (TDG) examination is
a generally recognized method to assess cerebral
hemodynamics by ultrasonic location of the main
cerebral arteries. By using this method it is possi-
ble to assess the «cerebral macrocirculation», that
implies the blood flow in major cerebral vessels.
The determination of the linear blood flow rate
(LBFR) in the main arteries, the pulsation index
and resistance index enables the assessment of dis-
orders in the vascular tone of cerebral arteries.
Along with normoperfusion the following types of
cerebral perfusion disorders are singled out:
hypoperfusion, hyperperfusion, vasospasm, hin-
dered perfusion [12—14].

The dynamics of cerebral blood flow patterns in
TBI patients under effect of the EMHPS infusion
depending on the initial cerebral blood flow pattern
has not been studied yet [14—17].

In this connection, the study of the effect of
EMHPS infusions at a dose of 100 mg per hour with-
in 10 days on patterns of the linear blood flow rate in
concomitant TBI patients is of practical interest.

The Purpose of the Study was to assess the effi-
ciency of long-term EMHPS infusions on the
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crpazasmux ¢ couetannoit YMT na nmoxaszaresnn jin-
HEIHOI CKOPOCTH KPOBOTOKA TIPEICTABJISET TIPAKTH-
YeCcKUU WHTepPeC.

[lesb viccieoBaHUST — UBYYUTH BIAUSHUE WH-
(bysum ATUAETUATUIPOKCUTTUPUIMHACYKITUHATA
(OMTITIC) Ha awmHAMUKY TATTEPHOB MO3TOBOTO
KPOBOTOKA Y TTOCTPAJIABIINX B OCTPOM TIEPHO/IE TSI-
xesoit couetannoir YMT.

Marepuan u MeTObI

1.1. Meroauka (popMUPOBaHHS KOHTHHTEHTa GOJIb-
HbIX. B nccregosanue 6b110 BRII04EHO 50 GOJIBHBIX € Ts-
skesoit couetannoit UMT ¢ moBpexgeHMSMHI TOJOBEI,
JUIMHHBIX TPYOUaThIX KOCTEl, OpraHos OPIOIIHON 10JI0C-
Ti. BosibHbIE OBLIN TOCIUTAIU3UPOBAHBI B CTAIlUOHAD C
MecTa foposkHo-tpancrnopruoro npowuctiectsust (/[ TII)
WJIM TIEPEBE/IEHbl U3 IEHTPAIBHBIX PAHOHHBIX OOJBHUIL
(ITPB) Hwukeropoackoit obmactu. /laBHOCTh ¢ MOMEHTa
TpaBMbl He Oosiee 3 cyToK. [Ipu mocTymjieHun B CTaiuo-
Hap U OT/IeJIEHNEe PeaHUMAIlMu ¥ UHTEHCUBHON Teparmu
(OPUT) HuxeropoJckoro pernoHajibHOTO TPABMATOJIO-
ruyeckoro 1errpa (HPTIL) 6osbibie 06cae10Bagnuch co-
[JIACHO CTaH/APTaM, U TPOBO/IMJIACH CTaHAapTHAS UHTEH-
CHBHAsl TepaIusl C I1eJbI0 CTAOUIM3AIUN COCTOSHUSI
6osbHbIX. [Tociie BbIBEIeHUST TAIIMEHTOB U3 TPaBMaTHye-
CKOT'O WJIU FeMOPPAruvecKOro MoKa MalueHThbl ObLIN pas-
JIeJIEHBI HA 2 IPYIIIIbL.

BosbubiM 1-if Tpyiiibl (KOHTPOJIbHASL, 25 YeJIOBEK ) MPo-
BOJIMJIU CTAHZIAPTHOE JIeYeHHe, BKIIoyaolee B cebst 06e360-
JIMBaHUe ¥ Cealluio, PeCHUpPaToOpHyIo U IUPKYJIATOPHYIO
HOUIEPIKKY 110 TTOKA3aHUSM, aHTUOAKTEPUAIIbHYIO TEPAIIUIO,
MH(Y3MOHHO-TPAHC(Y3UOHHYIO TEPAIHIO C TIEJIBI0 KOPPEeK-
MU BOJIHO-3JIEKTPOJIMTHOTO OaJlaHCa, KUCIIOPOAHON eMKOC-
TH KPOBU, OHKOTHYECKOTO JIaBJIeHNs 1 TIPOUIAKTUKN CUH-
npoma /JIBC, snTepasbHOe M mapeHTepajbHOE MUTAHUE,
MPOGHUIAKTUKY CTPECC-I3B, KOPPEKIIMIO BHYTPUUYEPEITHOTO
nasienus (BU/).

BosbupiM 2-i Tpymmbl (Mccienyemas, 25 4esioBeK)
JIOTIOJIHUTEJbHO K CTAaHAAPTHOMY JIeYeHUIO HAYMHAJIN MH-
dysuio IMITIC B no3ze 100 mr/uac yepes nndysomar.

Ha 3, 5, 7, 10-e cyTK1 OleHMBaI ANHAMUKY TTOKa3a-
Tesiell MO3TOBOTO KPOBOTOKA METOJIOM TPAHCKPAHMUATBHOM
nommeporpadun (T/T).

1.2. KimHuyeckasi xapakrepucTiuka GoJbHbIX. B ric-
cyieoBanme BKouns 50 maeHToB B Bozpacte ot 21 ro-
na j1o 60 siet. Cpexnuii Bozpact coctaBui 41,5 (29; 51) ser.
W3 anx — 19 sxenmun n 31 My»KanH.

Kpurepuu BKJIIOUEHHSI B MCCJIE0BAHKE: BO3PACT OT
21 1o 60 set, YMT cpenneit u TsKe0l cTernenu (aemnpec-
cust cosHanust 4—13 GamwioB mo mkaise kom [masro —
IIIKT), coueranuoii ¢ BHEYEPENHBIMU IMOBPEKIEHUIMU
JUTHHHBIX TPYOUATHIX KOCTEH U/WIN OPraHOB TPYAHON U
OPIOIIHOI T10JI0CTH, HEOOXOAMMOCTh B IIPOBEIECHUN Jieue-
HUS B OT/ICJIEHUM PEeaHUMAIlnU, COoTJiacue TalleHTa Ui
€ro 3aKOHHBIX TIpejicTaBuTesieil Ha Hazuadernne JMITIC.

Kpurepun nckiodeHms: Hamuue TepMUHAIBHOTO CO-
crostaust (Menee 4 Gasos mo 1IKT), onrHoBpementoe wmc-
110JIb30BaN e JIPYTUX HEHPOTPOIHBIX MTPENapaToB, BJAUAIO-
IIMX HA TOHYC COCY/IOB F'OJIOBHOI'O MO3Ta, CaXxapHblii auader,
UHUBUyaJIbHASI HEIEPEHOCUMOCTb TIperapaTa, HeoOX01u-
MOCTb B ITPOBEJICHUN 9KCTPEHHOTO HEHPOXUPYPrUYECKOro
BMEIIATEIbCTBA.

dynamics of cerebral blood flow patterns in patients
with severe concomitant TBI.

Materials and Methods

1.1. Patient Population Formation Methods. The
study involved 50 patients with severe concomitant trau-
matic brain injury combined with head, long bones and
abdominal organs injuries. The said patients were admitted
to the Inpatient Department directly from road traffic
accident (RTA) sites or transferred from central district
hospitals (CDH) of the Nizhny Novgorod region. The time
from their injury did not exceed 3 days. At the admission
to the Inpatient Department and the Resuscitation and
Intensive Care Unit (RICU) of the Nizhny Novgorod
Regional Traumatology Center (NRTTS) the patients
were examined under the standard procedure and the gen-
eral intensive care was carried out to stabilize their condi-
tion. Upon the resuscitation of patients from a traumatic
or hemorrhagic shock they were divided into 2 groups.

The patients of the 15t (control) group of 25 persons
were under standard treatment including analgesia and
sedation, respiratory and circulatory support as per indica-
tions, antibiotics, infusion-transfusion therapy to correct
the water and electrolyte balance, arterial oxygen content,
oncotic pressure and the prevention of disseminated
intravascular coagulation syndrome, the enteral and par-
enteral nutrition, the prevention of stress ulcers and the
correction of intracranial pressure (ICP).

For patients of the 2nd (study) group of 25 persons an
EMHPS infusion was added to the said standard treatment
in a dose of 100 mg per hour through an infusion pump.

The dynamics of the cerebral blood flow patterns were
assessed on the 3rd, 5th, 7th, 10th days by using transcra-
nial dopplerography (TDG) method.

1.2. The Clinical Description of Patients. The study
involved 50 patients aged 21 to 60 years. The average age was
41.5 (29; 51) years. There were 19 female and 31 male patients.

The entry criteria were as follows: age between 21 and
60 years, a moderate and severe TBI combined with
extracranial damage of long bones and/or thoracic and
abdominal organs (with the consciousness depression to be
4—13 points according to the Glasgow Coma Scale —
GCS), the need of treatment in the resuscitation unit, the
consent of a patient or such a patient's legal representa-
tives for a EMHPS prescription.

The criteria for exclusion were as follows: the terminal
condition (lower 4 points of the GCS), the simultaneous
use of other neurotropic agents affecting the cerebral vas-
cular tone, diabetes mellitus, intolerance to the drug, the
need for urgent neurosurgery intervention.

In the group 1 (control) on admission the severe condi-
tion was stated in 18 patients whereas 17 patients were clas-
sified as very grave. In the studied group 2 the grave condi-
tion was diagnosed in 16 patients and the very grave
condition was stated in 9 patients. Patients at a very grave
condition experienced consciousness depression, the clinical
evidence of traumatic and hemorrhagic shock and possesses
indications for the mechanical pulmonary ventilation
(APV). On admission, the patients in both groups were com-
parable by age, gender and severity of the disease (Table 1).

1.3. Transcranial Doppler Sonography Procedure.
Transcranial Doppler sonography was performed by using a
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Ta6muua 1. XapakrepucTuka GOJbHBIX B rPyIIax.
Table 1. Characteristics of Patients in Groups.

Indexes Number of patients in groups
st 9nd
Male 15 16
Female 10 9
Grave condition 18 19
Very grave condition 7 6
Isolated TBI 5 5
Concomitant TBI with skeletal trauma 3 2
Concomitant TBI with skeletal trauma and thoracic and/or abdominal injury 17 18
Consciousness level of 11—13 GCS points 14 15
Consciousness level of 8—10 GCS points 8 8
Consciousness level of 4—7 GCS points 3 2
Condition severity acc. to APACHE-2, Me (P25; P75). 22 (18; 24) 23 (19; 25)

IIpumevanue. Indexes — nokasarenu (Taksxke ays 1abu. 2); Male — myskuun; Female — xxenmun; Grave condition — Tstkesioe cocto-
auue; Very grave condition — kpaiine-tsikesnoe cocrosuue; Isolated TBI — uzosnmposannas YMT, Concomitant TBI with skeletal
trauma — couerarnas YMT TosbKo co ckesmernoil Tpamoii; Concomitant TBI with skeletal trauma and thoracic and/or abdominal
injury — couerannass YMT co cKeJeTHOI TPAaBMOM U MOBPEKICHIEM OPraHOB TPYAHOIT KiIeTku u/umnn xkusota; Consciousness level of
... GCS points — yposenb coznanus ... 6anos 1o IITKT; Condition severity acc. to — TsKecTb COCTOSIHUS 110 TITKAJIE.

s taba. 1, 2 u puc.: Number of patients in groups — 4mcro GOTBHBIX B TPyIIIAx.

Cpenyt 60IbHBIX KOHTPOJIBHO# (1-i) rpyIIbl mpu mo-
CTYIUIEHUN B CTallMOHAp y 18 mammeHToB cocrosinue pac-
IIEHNBAJIOCh KaK TspKesoe, y 17 malmeHToB KpaiiHe-TsoKe-
goe. Cpenu manueHTOB wuccjaeayeMoi (2-if) TpyIibl
TsIKeI0€e coCcTosiHKeE ObLI0 Y 16 GOJIbHBIX, KpailHe-TsSIKeI0e
— v 9 60sibHBIX. Y TIAIMEHTOB B KpallHe-TsKEJIOM COCTOSI-
HUW OTMEYaJIU JIENPECCUIO CO3HAHMS, KINHUKY TPaBMaTH-
YeCKOTO WJIM TeMOPPArdyeckKoro IMOKa, MOKa3aHus s
TTPOBE/IEHNST NCKYCCTBEHHOW BeHTHIsnn jerkux (VBJI).
ITo Bo3pacty, HOIOBOMY COCTABY, TSIDKECTH COCTOSIHUS IIPU
HOCTYIUIEHUH B CTAIMOHADP MAIUEHTHI 0O6eUX rpyIi ObLIw
CONOCTAaBUMBI Mesky coboil (Tabur. 1).

1.3. Meroauka mpoBeaeHUs] TPAaHCKPAHUAJIbHOMU
nommieporpacduu. TpaHCKpaHWAJIbHYIO IOIILIEPOTpa-
(uto BBITIOJIHSAIN OTEYECTBEHHON YJIBTPA3BYKOBO# Jna-
raoctudeckoii cucremoit «Conomen 300B» mpousBoicTBa
upmor «Cnexrpomeny (r. Mocksa) natunkom 2 mIr. Vc-
oJIb30BaIM obIenpuHATyio Metoauky R. Aaslid et al.
[14] sonanpoBanuss CMA u 1pyTuX cOCy/10B BUJIIN3NEBA
KpyTa 4epe3 BIHCOYHOE «OKHO». VI3ydaun cuCTOInIecKyio
ckopocTh KpoBoToKa (V,,..), AMACTOINYeCKass CKOPOCTh
kpoBotoka (V,,i,), PI u RI. IIpu ananmze JICK 3a Hopmy
Gpanmu ciepytoue mokazarenn: V.. 80—100 cm/cek,
Vin 30—50 cm/cex, P1 0,7—1,0, R1 0,5 [13].

1.4. Perucrpauus u cratucrudeckas o6paGorka pe-
ayabraroB. CraTuctiyeckyio o6paboTKy MaTepuasa ocy-
MECTBJISIM C TIOMOIIbI0 TIporpaMmbl «Excel» mocse mpo-
BEPKHU TUIIOTE3bl HA HOPMAJbHOCTb PACIHpe/lecHUS B
BbIGOPKAX 110 o6menpunsaTeiM dopmysiam (Jlakuna [LO.,
1990, Mumxko I1.[., Bmaco M.IL,, 2003) [19, 20]. Cpen-
HUe 3HaueHus TpecTaBienbl B Buge M+o unn Me (Pos;
P;5). ZlocToBepHOCTH IIPE/ICTABIEHHBIX JIAHHBIX Hellapame-
TPUUYECKUX TIOKazareseil ornpesessin kputepuem Durire-
pa. Pagnuume cunrtanu gocroBepusiM mpu p<0,05.

PesyibraThl U 00Cy>KAeHUE

[Ipu mepBUYHOM MTPOBEAECHUH AOMILIEPOTpadH-
yeckoro uccaegosannsg MK Obuin BISBIEHBI TATOJIO-
rUYEeCKre OTKJIOHEHUS [TaPaMeTPOB JIOTILIEPOrPAMMbI
y Bcex OOJIbHBIX B oGerx Tpymnmax. PacrpenesneHust

domestic ultrasonic diagnostic system Sonomed 300V
(Spectromed, Moscow) with a 2 MHz sensor. The standard
method of R. Aaslid et al. [14] was used to probe the medial
cerebral artery (MCA) and other vessels of the circle of Willis
through the temporal «windows. The systolic blood flow
velocity (V,,,), diastolic blood flow velocity (V,,;,), PTand RI
were studied. When analyzing the LBFR the following para-
meters were considered as the norm: V. of 80—100 cm/s,
Vin 30—50 cm/s, P10.7—1.0 and RI1 0.5 [13].

1.4. Recording and Statistical Processing of
Findings. The statistical analysis of the material was car-
ried out by using Excel program after the hypothesis test-
ing for normality of the distribution in samples by the stan-
dard formulas (Lakin G.E, 1990, Shimko P.D., Vlasov
M.P, 2003) [19, 20]. Mean values were presented as M+o
or Me (P,s; P75). A difference between groups was consid-
ered as significant at P<0.05 (Fisher test).

min

Results and Discussion

During the primary CBF Doppler test some
abnormalities of Dopplerogram parameters were
found in all patients of both groups. The distribution
of patients according to the initial BF pattern in
patients is presented in Table 2.

The most frequent type of the CBF disorder
noted in the both groups during the primary exami-
nation was a hindered perfusion pattern: in 15 and 16
cases, in the 15t and 2nd groups, respectively. In these
patients, a decrease in Vmin was recorded, the aver-
age value thereof in the 15t group was 27.2£1.2 cm/s,
while in the 2nd group it was 28.8+0.9 cm/s. The
Vmax values were within the normal range, and the
pulsation index came to 0.94+0.02 units in the 1st
group and to 0.93+0.02 units in the 20d group.

A vasospasm pattern ranked the second to be
recorded: it was in 6 patients of the 15t group and in
7 patients of the 2nd group. Mild vasospasm was
recorded in four cases in the 15t group and in three
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Ta6umua 2. Pacnpeeienne GOJIbHBIX B IPYIIIAX B 3aBHCUMOCTH OT HCXOHOTO MATTEPHA MO3rOBOr0 KPOBOTOKA.
Table 2. Distribution of Patients in the Groups Based on the Initial Blood Flow Pattern.

Indexes Number of patients in groups
Initial BF pattern 15t (n=25) ond (=25)
Hindered perfusion pattern 15 16
Mild vasospasm pattern 4 3
Gross vasospasm pattern 2 2
Hypoperfusion pattern 2 2
Hyperperfusion pattern 2 2

ITpumeuvanue. Initial BF pattern — ucxonnsiit narrepu MK; Hindered perfusion pattern — narrepu sarpyanensoii nepdysun; Mild
vasospasm pattern — marrepH MArkoro anruocnasma; Gross vasospasm pattern — matrepu rpy6oro anrucnasma; Hypoperfusion pat-
tern — natrepu runonepdysuu; Hyperperfusion pattern — narrepn runeprepdysun.

GOJIBHBIX B 3aBHCUMOCTH OT UCXOAHOTO marTepHa MK
B IPYIIIaX MPeACTaBIeHbI B Ta0JL. 2.

B o6eux rpyimax Harbojiee YacThIM BUIOM Ha-
pyuierust MK 1ipu mmepBUYHOM HCCIE0BAHUN ObLI
maTTepH 3aTpyaHenHon nepdysun: y 15 u 16 maru-
€HTOB, COOTBETCTBeHHO B 1-i1 u 2-if rpynnax. Y atux
GOJIbHBIX PETUCTPUPOBAIN CHIDKeHME V., CpelHee
3HaUeHWe KOToporo B 1-if Tpymme coCTaBJsIO
27,2%1,2 cm/c, a Bo 2-1 rpyne 28,8+£0,9 cm/c. 3na-
yeHUs1 V.. ObIM B Mpejieiax HOPMaJIbHbBIX 3Haue-
HUM, a TMyJbCAIIMOHHBIN WHAEKC COCTaBysaa B 1-i
rpymte 0,94+0,02 en, a Bo 2-i1 rpynme 0,93£0,02 en.

BropbiM 110 yacToTe PETUCTPUPOBATM TIATTEPH
anrrocnasma — y 6 narmenTos B 1-if rpymie n'y 7 Bo
2-it rpynne. B 1-it rpynie B 4 ciayyasx, a Bo 2-i B 3
CITydasix OTMEYAIW HaJIudhe MSTKOTO aHTHOCTIa3Ma,
JUIST KOTOPOTO OBIJIO XapaKTePHO yBeJmdyeHre Vimax B
cpenaem no 141,3+24 cm/c B 1-i1 Tpynme u 1o
146,7£4,6 cm/c Bo 2-ii rpymnie. 3nadeHus IyJibcaly-
onnoro unziekca cocrasisiiu 0,95+0,02 ex B 1-it rpy1-
e 1 0,93+0,02 ex Bo 2-i1 rpymimie. B 2 coryyasix B Kax-
JIOH  Tpymme OTMeYajd TPU3HAKW  IpyboTro
AHTMOCIIA3Ma, 1T KOTOPOTO ObLIO XapaKTePHO YBEJIH-
yenne V. B cpenneMm a0 176,3+£3/4 cm/c B 1-ii rpymie
u jio 181,7£5,1 em/c Bo 2-ii rpyiirie. 3HAUEHUSI 1Ty IbCa-
nroHHoro mHjekca cocraBiasau 1,21+0,01 ex B 1-it
rpymme u 1,23+0,01 e Bo 2-it rpymme. Y 2 60MbHBIX B
KQK/IO¥ TPYIIIIe OTMEYaH TUTIONephy3nio — CHILKe-
uue V. Meree 50 cm/c 1 V,,;, Meree 20 cm/c. [lanHbii
narreps MK ormedasnn y GOJIBHBIX ¢ apTepUaIbHOI
runoTen3uneil. Takske B 2 cirydasix B KaK/I0H TPyTIe OT-
Medasd Tureprnepdysuio — MoBbIIeHUE V.. 10
117,8+€3,7 n 1231+4,1 cm/c, noBeimenue V., 10
59,9+2,7 1 63,3+3,1 cM/c, Iy IbCAIMOHHDIN HHIEKC CO-
crasisn 0,74%0,03 u 0,72+0,02, coorBeTcTBEHHO B 1-i1
u 2-11 rpynmax. /[aHHBIN TATTEPH acCOIUUPYIOT € Pas-
peleHneM aHTHOCIa3Ma 1 3aTPyAHEHHOM Tiephy3uin.

B nurammke perpecca HapylIeHWH JIMHEHBIX
nokasaresieit MK GbliIi BBISIBIIEHBI CJIEAYIOIINE 0CO-
GEHHOCTH.

VY GoJbHBIX ¢ TATTEPHOM THIoNephy3un (HU3-
Kasl CUCTOJIMYECKAsT CKOPOCTh, HU3KasT JIMACTOJINYEC-
Kast CKOPOCTb) ITPU apTepUaIbHON MMITOTEH3UH ObICT-
PO pa3BUBAJICA NATTEPH 3aTpyAHEHHON ntepdysnn (¢
npeobasaHreM HU3KOI acTOMNUECKON CKOPOCTH).

min

cases in the 2nd group; it was characterized by the
increasing V.. on the average up to 141.3+2.4 cm/s
in the 15¢ group and up to 146.7£4.6 cm/s in the 2nd
group. The pulsation index values were 0.95%0.02
units in the 15t group and 0.93%0.02 units in the 2nd
group. In 2 cases in each group there were signs of
gross vasospasm with the V.. increase up to
176.3£3.4 cm/s on the average in the 15t group and
up to 181.7+5.1 cm/s in the 20d group. The pulsation
index values were 1.21£0.01 units in the 15t group
and 1.23+0.01 units in the 20d group. In 2 patients in
each group hypoperfusion was noted with V.
decreasing lower 50 cm/s and V,,;, lower 20 cm/s.
This CBF pattern was recorded in patients with
arterial hypotension. In two cases in each group
hyperperfusion was also noted with the increasing
Viee up to 117.8£3.7 and 123.1+4.1 cm/s, the
increasing V,;, up to 59.9+2.7 and 63.3£3.1 cm/s,
the pulsation index was 0.74%0.03 and 0.72+0.02, in
the 15t and 2nd groups, respectively. This pattern is
associated with the resolution of vasospasm and hin-
dered perfusion.

We have found the following peculiarities in
the dynamics of regression changes in the linear BF
parameters.

In patients with a hypoperfusion pattern (low
systolic velocity, low diastolic velocity) under arter-
ial hypotension a pattern of hindered perfusion
rapidly developed (with low diastolic velocity pre-
vailing).

Upon the reduction of signs of cerebral edema
such a hindered perfusion pattern was transformed
to areactive hyperemia pattern with facilitated per-
fusion with a moderate increase of the vascular
tone. Vmax thereat increased up to 100—120 cm/s,
Vi up to 60—70 cm/s, the pulsation index values
were 0.55—0.7 units. Further normalization of cere-
bral macrocirculation indices occurred up to nor-
mative values (V,,, 80-100 cm/s, V,;, 50—60 cm /s,
PI10.7—1.0 units, RI 0.5 units).

In case of the cerebral edema progression the
said hindered perfusion pattern was transformed to
a severe hypoperfusion pattern with the critical
reduction in linear velocities with growing shunt-
ing phenomena upon the CBF reduction (V,,,, less

max

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 2



DOI:10.15360,/1813-9779-2017-2-24-31

Tpasma n xpoBomoreps

[MarTepr 3arpymHeHHON Tepdysnu mocie
YMEHBIIEHUST SIBJIECHUH OTeKa TOJOBHOIO MO3Ta
TpaHCHOPMUPOBAJICS B MATTEPH PEAKTUBHON THUIIE-
pemui ¢ 0bsierdeHHON Tepdysueii ¢ yMEePEeHHbIM T10-
BBIIIIEHNEM cocyaucToro Tonyca. [Ipu atom V. BO3-
pacrama 1o 100—120 em/c, V,,;,, — mo 60—70 cm/c,
3HAUEHUS TTYJbCAIMOHHOTO WHJEKCA COCTaBJISIN
0,55—0,7 en. [lamee MpPOMCXOMMIA HOPMATMU3AIINS
noKasareJieil 1epeObpaabHOil MaKPOIUPKYJISIUN 10
HopMmaTtuBHBIX BesmunH (V. 80—100 cm/c, V
50—60 cm/c, P1 0,7—1,0 ex, RI1 0,5 ex).

B caryuae mporpeccupoBaHusi OTeKa FOJIOBHOTO
MO3Ta TIaTTepH 3aTpy/AHeHHOH niepdy3nn Tpancop-
MUPOBAJICS B MATTEPH BbIPA)KEHHON TUTONephy3nn
C KPUTHYECKUM CHIKEHUEM JIMHEHHBIX CKOPOCTEH, ¢
HapacTaHueM sSBJIEHWH NIYHTUPOBaHUs Ha (one pe-
nykmmn MK (V.. menee 40 cm/c, V., meree 20
cm/c, P10,6—0,8, RI1 0,7—0,8 ex).

Paspernienne anruocmiasma (BbICOKast CUCTOJTH-
yeckas M racTomdeckast ckopoctu n 3Hauenus PT)
TaK’Ke MMPOVCXOJIMIIO Yepe3 CTAIUI0 PEaKTUBHOU TI'i-
nepeMun Ha GoHe obJerdeHust epdysun co CHIKe-
HUEeM cocyaucToro tomyca u noxasateseir JICK.
[TporpeccupoBanme aHTHOCTIA3Ma, HATTPOTHUB, TIPUBO-
o K pazsutuio peaykiuu MK. B atom corydae He-
CMOTPsI Ha BbICOKMe 3HaveHus mokazarteneil JICK
(Vax 001EE 200 CM/C, Vi, GOJTEE 60 cM/C, PI Gostee
1 en) snauenus RI Bcerga ObuIM OYEHDb BBICOKMMMU
(Bormze 0,7 en).

¥ nanmenTos B 1-1 Tpy1ie Ha 3-1 CyTKH MCCTeN0-
BaHUsI HOPMAJIM3AINIO JIMHEWHBIX TMoKasateseli MK
Habuoa B 6, Ha 5-€ CyTKi — B 8, Ha 7-€ CyTKI — B
12, na 10 cytkm — B 18 ciydaes, B To BpeMs, Kak y Ta-
IIMEHTOB BO 2-11 TPyTITIe HA 3-€ CYyTKU HOPMAJN30BAJICS
MO3rOBO KPOBOTOK B 12 , Ha 5-e cyTku — B 15, Ha 7-¢
cytkn — B 16, Ha 10-e cytku — B 20 cory4yaeB (puCyHOK).

[TaTTepHbl 3aTpyAHEHHOI TTePhY3UN U aHTHOC-
ma3Ma ObUTM HanboJiee YacTHIMU Y 0OCTeTOBAHHBIX
6osbHBIX. TlaTTepH 3aTpyAHEHHON Tepdy3un acco-
UUPYIOT C Pa3BUTHEM OTeKa rosoBHOTO Mo3ra (I'M)
U TIOBBIIIEHUEM BHYTPUYEPENTHOTO TaBJIEHUS
(BY/T), uTo MPUBOIKT K 3aMEJICHUIO 1iepedpabHO-
ro KPOBOTOKAa B OOJIbIIEH CTEIEHW B JHACTOJY,
BCJIE/ICTBUE KOMIIPECCHH cOCyAucToro pycia. Ilat-
TEPH AaHTUOCIIA3MA, TIO-BUIUMOMY, SIBJISIETCST TIPU3HA-
KOM TPaBMaTUYECKOTro CybapaxHOMIAJIbHOTO KPOBO-
uzmusHusg  (TCAK), oOycioBiuBamoliero crasm
aprepuosr. Yem Gosiee ObLI BBIPayKeH aHTHOCIIA3M,
TeM Oojiee ObLJIO BBIPAKEHO YIHETEHME CO3HAHMS,
00yCJIOBJICHHOE HE TOJIBKO MEPBUYHBIM TOBPEK/IE-
HueM — yimn6oM I'M, HO U BTOPUYHBIMIE [TOBPEK/IE-
Husimu — uttemueil T'M. Takum o6pasom, YUMT tpu
pasBuTHM oteka ['M conmpoBosKIaeTcst pa3BUTHEM 3a-
TPYAHEHHOU Tiepdy3un, a B cIydae TpaBMaTHUECKO-
ro cyb6apaxHOUAATbHOTO KPOBOM3JIMSIHUSL — aHTHOC-
[a3MOM ¥ BTOPHYHON wHIeMuUeii, 06yCI0BIeHHON
BAa30KOHCTPUKIIUEN, WHIYITMPOBAHHOW COCYAMCTHI-
MU U TeMUYECKUMHU (paKkTOpamu.

min
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CpoKH HOpMaJIM3aMU NAapaMeTPOB LepeGPaIbHOIl MaKpOLHp-
KYJISIMH B IPYIIAaXx.

Time of cerebral macrocirculation parameter normalization in
the groups.

Note. * — value is significantly different from the value in the con-
trol group at this stage of the study (P<0.05).

IIpumeyanne. Group — rpynma, Days — aim. * — snadenue 1octo-
BEPHO OTJIMYAETCsI OT 3HAYEHUsI B TPYIIIIE CPABHEHMS HA JAHHOM
atare uccuenoBanust (p<0,05).

than 40 cm/s, V
0.7—0.8 units).

The vasospasm resolution (high systolic and
diastolic velocity and PI values) also occurred
through the reactive hyperemia stage upon the per-
fusion facilitation with the decreasing vascular tone
and LBFR indices. On the contrary, the vasospasm
progression caused the development of the CBF
reduction. In this case, despite the high values of the
LBFR parameters (V,,,, above 200 cm/s, V,,;, above
60 cm/s, PI over 1 unit) the RI values were always
very high (higher than 0.7 units).

The normalization of the CBF linear parame-
ters was observed in the patients of the 15t group in
six cases on the third day, in eight cases on the fifth
day, in 12 cases on the seventh day, in 18 cases on the
10th day, while in the patients of the 2nd group the
CMP was normalized on the 3rd day in 12 cases, on
the 5th day in 15 cases, on the 7th day in 16 cases and
on the 10th day in 20 cases (Fig.).

The most frequent patterns identified in the
examined patients were hindered perfusion and
vasospasm. The hindered perfusion pattern is associ-
ated with the development of cerebral edema (CE)
and increased intracranial pressure (ICP) resulting
in slower cerebral blood flow to a greater extent in
diastole because of the vascular bed compression.
The vasospasm pattern is apparently a sign of trau-
matic subarachnoid hemorrhage (iISAH) causing
arteriolar spasm. The more pronounced was
vasospasm, the more severe was the consciousness
depression caused not only by the initial injury such
as the brain contusion but also by secondary dam-
ages such as cerebral ischemia. Thus, in case of the
cerebral edema development a TBI is accompanied
with hindered perfusion and in case of traumatic sub-
arachnoid hemorrhage with vasospasm and sec-

less than 20 cm/s, P10.6—0.8, RI

min

min
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B ocrpom niepuogie YMT ormevanach Tpancgop-
Malyst OJTHAX TIATTEPHOB B JIPyTHE. Y BCEX BBIKUBIINX
GOJIBHBIX B 0OEHX IPYIIIAX MATOJOTHIYECKUE TIATTEPHBI
MK tpanchopmupoBamich 4epes CTauio peakTUBHON
TUMIEPEMUN /10 HOPMAJbHBIX 3HAUEHWI TMoKa3aTesei
JICK. CaenoBaTenmbHO, TpaHCchHOPMAIUS MCXOTHOTO
MATOJIOTUIECKOTO TaTTepHa (rurornepdysust, 3aTpy/i-
HeHHast niepdy3us, aHTMOCIIa3M) B TIATTEPH THUIepIep-
(bysum siBiIsIeTCS yHUBEPCATIBHBIM BHE 3aBUCUMOCTH OT
HCXOJIHOTO MATTEPHA U MPOTHOCTUYECKH OJIArOIPHUsIT-
HBIM, U4TO COTJIACYETCsI ¢ OOIIEPUHSATHIMU ITPECTABIIE-
HUSIME O 3HAYeHUU 1[epeOpPasIbHOTO T1ephy3HOHHOTO
JIaBJIeHNs 71t IPoTHO3a y narenTo ¢ UMT.

¥ marnmenToB Bo 2-1i TpyTITie B MOJIOBUHE CTy9aeB
HOpMaJIn3aliys ToKasaresell pa3BUBaIach yxke K 3-M
CyTKaM, B TO BpeMst, Kak Y O0JIbHBIX 1-1 TPYIIITbI HOpMa-
JI3AIMST TIOKasaTesIel y TTOJIOBUHBI GOJIbHBIX Pa3BHBa-
JIach JIATIH K 7-M cyTkaM. CireioBaTeIbHO, TOCTOSTHHAS
urdysuss IMTITIC 1osBossieT GhICTPEe HOPMAJI30-
Barh MK y GoJIbIlIero KoJIMYecTBa MaleHTOB BHE 3a-
BUCUMOCTH OT ucxomHoro narrepa MK. Mexanusm
3TOTO JIEVCTBUS, BEPOSTHO, CBSI3aH C BAa30MOLYJINPYIO-
M addexkrom IMITIC Ha cocyMCTYIO CTEHKY, UTO
MO3BOJISIET JINOO YCTPAHSITh U30BITOUHbINH TOHYC COCY-
JIOB IIPH aHIMOCTIa3Me, JIMOO0 YBEJMIUBATH HUKHIA TO-
HyC TIpy rutioniepdysun U 3aTPyAHEHHON Tepdy3un.
Taxke, BOBMOXKHO, UMeET BasKHOE 3HAUEHUE TIO3UTHB-
HbIll THOTpOTHEINA addextr IMITIC. Bee aT0 B coBo-
KYITHOCTH C HETIOCPE/ICTBEHHO ITMTOTPOTEKTUBHBIM
cyberparabiv fefictreM IMITIC mpuBoguT K yryd-
MIEHWTO COCTOSTHUS TIeP(Y3UN 30HBI <TI0y TEHI».

BroiBoasl

1. TIpu mepBUYHOM 00CJIEOBAHUY TTOCTPAIAB-
mux ¢ couetanHo YMT BwIgBISINCH TATTEPHBI 3a-
TpyaHeHHo# nepdysun B 62% u anrrocmnazma B 22%
CJIy4aeB, YTO CBUETEJbCTBOBAJIO O Pa3BUTUM OTEKa
1 UIEeMUHN TOJIOBHOTO MO3Ta.

2. Tlartepust MK B octpom nepuoge YMT mo-
IyT TPaHC(HOPMUPOBATHCS OIUH B APYTOil. [JIaBHBIM
JiedeOHBIM MEXaHM3MOM TPaHC(OPMAIIUH TATOTIOTH-
YeCKOTo MaTTepHa C BBICOKUM COCY/IMCTBIM TOHYCOM
(aHTHOCTIa3M) SABJISETCS CHUKEHUE COCY/IUCTOTO TO-
Hyca ¢ Pa3BUTHEM YMeEPEHHOU runepredysunu, a ¢
HU3KUM COCYAMCTBIM TOHYCcOM (rumornepdysus, 3a-
TpyAHeHHas 1epdy3us) — MOBBIIIEHNE COCYANCTOTO
TOHYCA C Pa3BUTHEM YMEPEHHOU runeprepdysnmn.

3. Hocrosunas pmrenpras nadysus DMITIC
B 1o3e 100 mr B yac Ha poTsikernn 10 cyTok crmoco6-
CTBYEeT HOPMaJIN3aIMy TIapaMeTpoB JIMHEWHOHN CKO-
POCTH MO3TOBOTO KPOBOTOKA.
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ondary ischemia caused by vasoconstriction induced
by hemic and vascular factors.

In the acute TBI phase the transformation of
one pattern to another was noted. In all surviving
patients in both groups CBF pathological patterns
were transformed through a reactive hyperemia
stage to normal values of LBFR indices. Hence, the
transformation of the initial pathological pattern
(hypoperfusion, hindered perfusion, vasospasm) to
the hyperperfusion pattern is universal irrespective
of the initial pattern and is forecasted as favorable. It
is consistent with the general notions on the impor-
tance of the cerebral perfusion pressure for the pre-
diction in TBI patients.

The parameter normalization in a half of the
patients of the 2nd group has already developed by
the 3rd day, while the parameter normalization in a
half of the patients of the 15t group has only devel-
oped by the 7th day. Hence, the continuous EMHPS
infusion enables a faster normalization of the CBF in
more patients regardless of the initial CBF pattern.
The mechanism of this action is apparently associat-
ed with the EMHPS vasomodulating effect on the
vascular wall. Tt enables either the elimination of any
excess vascular tone in case of vasospasm or the
increase in the low tone in cases of hypoperfusion
and hindered perfusion. The positive inotropic effect
of EMHPS may also be quite important. All that
together with the directly cytoprotective substrate
action of EMHPS shall result in the improvement of
the penumbra area perfusion.

Conclusion

1. During the initial examination of TBI
patients the patterns of hindered perfusion were
identified in 62% and vasospasm in 22% of cases
proving the development of edema and cerebral
ischemia.

2. CBF patterns in the acute TBI phase may be
transformed one into another. The main therapeutic
mechanisms include: (a) transformation of the patho-
logical pattern with a high vascular tone (vasospasm)
to reduced vascular tone accompanied by develop-
ment of moderate hyperpefusion and (b) changing
the low vascular tone (hypoperfusion, hindered per-
fusion) to increased vascular tone associated with the
development of moderate hyperperfusion.

3. The continuous EMHPS infusion at a dose
of 100 mg per hour during 10 days shall favour the
normalization of parameters of linear cerebral blood
flow velocity.
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Effect of Perftoran on Membrane Nanostructure of Discocyte
and Stomatocyte after Acute Blood Loss
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Ilenn paGoOTHI: OIEHUTD BAMsIHUE TIepHTOPAHA HA HAHOCTPYKTYPY MeMOPaH AUCKOIUTOB U CTOMATOIUTOR MO~
CJIe OCTPOIi KPOBOIIOTEPH.

Marepuassl 1 MeTopl. PaboTa BBITIOTHEHA Ha OeJTbIX Kpbicax-camiiax. HemOyTasm B 103e 25 MT/KT BBOINIIH
BHYTPUOPIOIINHHO. MOZIE/IbIO CITysKIIa OCTPast KPOBOIIOTEPS € MOCJIEAYOIIe TUIIoTeH3uell B TedeHue 60 MUH pu
yaepxanuu AJl Ha yposte 40 MM PT. CT. ¢ TIoCeAyoMIell pertdysueii BbiynieHHON Kpou. [Ipo6bl KPOBY 13 XBO-
CTOBOI apTepuu 6pajiu 10 KpoBOIOTepH U yepes 2 yaca mocie perndysun. Iepdropan (ITMD) B nose 3 Mur/Kr Mac-
Cbl TeJIa BBOJIMJIN BHYTPUAPTEPUAIBHO, Cpa3y Mocjie BO3MENeHns KPoBooTepr. KoHTpoJieM Cary:Kuiin ;KuBOTHbIE
6e3 Bezerust [IMD. C MoMoIbIo aTOMHOTO CHIIOBOTO MUKpOcKoma «Femtoscans uccieoBaim cTpykTypy MeMOpaH
APUTPOIUTA B MANA30HAX C PAa3HBIMU ITPOCTPAHCTBEHHBIMY MEPUOIAMU. BbijieieHue Mana3oHoB BhITIOJIHSIN C
HOMOIIBIO CHEKTpasibHbIX OKOH Dypbe-1peobpasoBanuil. [yt KasKA0ro CHEKTPAJIbHOTO OKHA 110 BbIIEICHHBIM
POMUIAM TTIOBEPXHOCTH MeMOpaHbl paccunThiBanuch nepuoasl (T) u soicotsr (h) mepoxoBaTocTeii TOBEPXHOCTH
APUTPOIUTA.

PesyabraTel. [[MCKOIMTBI M CTOMATOIUTBI B MCXOZHOM COCTOSIHUM MMEIOT PA3JInYHble CTPYKTYPHbIE XapaKTe-
PUCTHKH KJIETOYHOM MEMOPAHBI SPUTPOITUTA B TPOCTPaHCTBeHHOM aAnara3ore 600—1200 mv B Bue GOIbIIETO Te-
puojia KosieOaHUil y CTOMATOLUTOB 110 CPABHEHUIO C IMCKOIMTaMU. [UII0BO/IeMUS U TIOCIeyonIast penHdy3ust ay-
TOKPOBU OKa3bIBAIOT BO3/EIICTBUE HA JAHHBII [OKA3aTe/ib, YBEJIUYUBAs [IEPUOJ] IPOCTPAHCTBEHHBIX KOJIeOaHUI
KaK y INCKOIUTOB, TAK U y CTOMATOIIUTOB 110 CPABHEHUIO C HCXOIHBIM cocTosiieM. Beezere I1MD npusoaut k cy-
I[IECTBEHHOMY YMEHBIIIEHHIO [IEPUOJIA IIPOCTPAHCTBEHHBIX KOJIeOaHMil KI€TOYHON MeMOpaHbl KaK y JIMCKOIUTOB,
TaK U y CTOMATOIUTOB [0 CPABHEHUIO C 9PUTPOIUTAMU KIBOTHBIX, TEPEHECIITIX TUITOBOJIEMUIO U penHbysuio 6e3
BBenennst [1M, a Takke 110 CPABHEHUIO € BEJIMYMHAMU ITOTO MOKA3ATEJISI B UCXOHOM COCTOSTHUM.

3akmouenue. Besmunna nepuoza Kosebanuii 8 npoctpanctBennom ananaszone 600—1200 mm, oTpakaioniero
COCTOSTHUE JIMTIUHOTO OUCJIOS KIIETOUHO MeMOPaHbl SPUTPOIMTA, He CBsI3aHa ¢ TpaHchopMalueil JUCKOIUTa B
croMaTonuT. BeicKasaHO IPEIIOIOKEHUE O TOM, YTO YMEHbIIEHHE TIePHOo/ia KoieOaHuil B JAHHOM [IPOCTPAHCTBEH-
HOM Jrariazote 1pu Bozgeictsrin 11D conpsiKeHo ¢ yBeslnyeHreM ClIocOOHOCTH 3PUTPOIUTA K 1ehOPMUPOBAHUIO.

Knioueevte caosa: zunosoiemuss; penephysuoniviii nepuoo; nepomopar; Crmomamoyum; OUcKOyum; Hamocm-
PYKMYpPa memoparn spmpouumos

The purpose of the study: to evaluate the effect of Perftoran (PF) on the membrane nanostructure of disco-
cytes and stomatocytes after acute blood loss.

Materials and methods. The study was performed in white male rats. Nembutal was administered intraperi-
toneally at a dose of 25 mg/kg. The study model was as follows: acute blood loss followed by hypotension for 60
min with the BP maintained at the level of 40 mm Hg with subsequent reinfusion of lost blood. Blood samples were
collected from the tail artery before the blood loss and 2 hours after reinfusion. PF was administered intraarterial-
ly at a dose 3 ml/kg of body mass immediately after the blood loss replacement. Animals who did not receive
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Tpasma n xpoBomoreps

Perftoran served as a reference group. The RBC membrane structure was studied using the Femtoscan atomic
force microscope at ranges with different spatial periods. The ranges were selected using the Fourier transform and
spectral windowing. Periods (T) and heights (h) of RBC surface corrugation were calculated for each spectral win-
dow according to the isolated profiles of the membrane surface.

Results. At a baseling; discocytes and stomatocytes exhibited different structural characteristics of RBC mem-
brane at a spatial range of 600—1200 nm in the form of a higher period of vibration of stomatocytes vs. discocytes.
Hypovolemia and subsequent reinfusion of autologous blood affected studied parameters by increasing the period
of spatial oscillation both in discocytes and stomatocytes as compared to the initial state. Administration of PF sig-
nificantly decreased the period of spatial oscillation of the cell membrane both in discocytes and stomatocytes as
compared to animal RBCs who underwent hypovolemia and reinfusion without PF administration and baseline
parameters.

Conclusion. The period of vibration within the range of 600-1200 nm reflecting the state of the bilayer of RBC
membrane is not related to the discocyte transformation into the stomatocyte. Data suggest that the PF-induced
shortage in vibration within this range was associated with the increased ability of a RBC to deform.

Key words: hypovolemia; reperfusion period; perftoran; stomatocyte; discocyte; nanostructure of RBC membrane
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Beenenue

W3BecTHO, 4TO OZAHUM U3 BaXKHBIX IIaTOI€HETH-
yeckux (pakTopoB HapylleHUs MUKPOLUPKYJIALUN
IIPY OCTPOI1 KPOBOIIOTEPU SIBJISIETCS U3MeHeHue KJle-
TOK KPacHOM KpoBH, TO ecTb MukpopeoJsoruu [1, 2].
Jst ocymecTsienns: oOMeHa Ha YPOBHE KallnJLIsipa
HeobOxozmMa siehopMaliiist 9THX KJIETOK, KOTOPast OIl-
pemesIIeTcs CoCTosTHIEM MX MeMOpar. 113 muorouric-
JIEHHBIX PAOOT TaKKe N3BECTHO, 4TO ep(TOpaH cro-
cOOCTBYET YJIydIIeHNI0 0OMEHA MEXK/y KallNIsIPOM
u TKaubio [3—5].

Henb uccnenoBanus: oleHUTh BiausHue nepd-
TOpaHa Ha HAHOCTPYKTYPY MeMOpaH IUCKOIUTOB 1
CTOMATOIIUTOB 110C]Ie OCTPOI KPOBOIIOTEPE.

Marepuan u MeTO/bI

Pabora Beimoarena Ha 20 HapKOTH3MPOBAHHBIX Oe-
JIBIX KpbIcax-caMifax Maccoit 250—350 rp. HemGyTan B 110-
3e 25 MI/KI' BBOAWJIM BHYTpUOpomuHHO. Moebio Tep-
MHUHAJIBHOTO COCTOSTHUSI CJIY>KIJIA OCTPast KPOBOIIOTEPSI C
rocJielytonieil rurnoTeH3ueil B tedenre 60 MUHYT 1pU
yaep:kanuu AJl na yposue 40 MM pr. cT. IKcDy3UIo Kpo-
BU NPOBOJIMJIN U3 XBOCTOBOW apTePUU C IPEBAPUTENb-
Hoii renapunusaiueii B 1o03e 50 ME/kr. [loce nepuona
TUTIOTEH3UHM OCYIIECTBISJIN PEeUHOY3UIO BBITYIIEHHOM
KpoBbio. [Ipo6bI KPOBU M3 XBOCTOBOI apTepun Opaiu 0
KpoBoOIIOTEpH U Yepes 2 yaca 1ocie penndysun. [epdro-
pan (ITM) B 103€e 3 MJI/KT Maccoii Tejia BBOAWIN BHYTPHU-
apTepuaibHO, CPa3y IOCJe BO3MEIEHUsS KPOBOMOTEPH.
Kourposiem caysxunu skuBoTHbie 6e3 Beegenus 11D.

Mopdonorndyecknii aHATNU3 dPUTPOIUTOB TTPOBOIH-
JIV B CYXUX Ma3Kax, B MOHOCJIOe, 6e3 OKPaliBaHusI, C UC-
oJb30BaHueM cBeToBoro Mukpockona Olimpus-BX-50.
[IuTomeTpuueckoe Mccae0BAHIE TPOBOMIIN TIPU TTOMO-
mu nporpamMmbl ImageScoupe npu yBesunuennu 1000
(100x10). [TopcunTeiBamu 1000 k1eTok Ha MA30K ¥ Ha OC-
HoBanmm kiaccupuranun Bessis M. [6] paccunTsiBamm
IIPOIIEHTHOE CO/lePKaHMe TMCKOIUTOB U CTOMATOIIMTOB.
OO6bIYHBIN BUJ CTOMATOIUTA — (GOPMA CIYLIEHHOTO MsT4a
C OJIHUM WJIU HECKOJIbKUMU yriyOuenusimu (ctomamu). B
3aBUCUMOCTH OT TIOJIOKEHUS B CYXOM Ma3Ke OHU MOTYT
BBITJISIICTh KAK OKPYTJIbIe KJIETKU ¢ GOJBIINM IIeJIeBU/-

Introduction

It is known that red blood cells (RBC) change
is an important factor in the pathogenesis of micro-
circulatory disturbances in acute blood loss [1, 2].
The RBC deformation is required for capillary
exchange, and it is determined by the state of the
membranes. Numerous studies have shown that
Perftoran contributes to improving the transcapil-
lary exchange between blood and tissue [3—5].

The purpose of the study: to evaluate the effect
of Perftoran on the membrane nanostructure of dis-
cocytes and stomatocytes after acute blood loss.

Materials and Methods

Experiments were carried out on 20 narcotized male
white rats weighing 250 g to 350 g. Nembutal was adminis-
tered by intraperitoneal injection at a dose of 25 mg/kg. As a
model of a critical state, we used acute blood loss followed by
hypotension within 60 minutes while keeping the blood pres-
sure at 40 mmHg. Blood was sampled from the tail artery
after pretreatment with heparin at a dose of 50 1U/kg. The
collected blood was reinfused after the period of hypoten-
sion. Blood samples were withdrawn from the tail artery
before blood loss and 2 hours after the reinfusion. Perftoran
(PF) was administered intraarterially at a dose of 3 ml/kg
body weight immediately after blood reinfusion. Animals
without PF administration served as a reference group.

A morphological analysis of RBCs in monolayer dried
unstained blood smear slides was performed using the
Olympus BX50 (Japan) light microscope. Cytometry was
carried out using the ImageScope software at a 1000 mag-
nification (10x100); 1000 cells were counted per smear.
Using the classification of Bessis M. [6], the percentage of
discocytes and stomatocytes was calculated. Stomatocyte
generally has a shape of deflated ball with one or more
recesses (stoma). Depending on the position in a dry smear
it may appear as a rounded cell with a large slit-like pellor
(top view), or as a <helmet» cell [7].

The images of fragments of RBC membrane surface
were obtained using an atomic force microscope (AFM)
(NTEGRA Prima, NT-MDT, Russia) and Femtoscan soft-
ware. Three orders of surfaces were determined: the struc-
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HBIM T13JI0POM (BUJ[ CBEPXY ), T1OO0 KaK «IJIEMOBUHbBIE>
KJIeTKH [7].

N3zo6paskenne (HparMeHTOB CTPYKTYPBI MOBEPXHOCTH
MeMOPAHBI HPUTPOIUTOB TOTYIATH C TIOMOIIBIO AaTOMHOTO
cusioBoro Mukpockorna (ACM) (NTEGRA Prima, NT-MDT,
Poccust) 1 mporpammioro obecriedenust «Femtoscan». Boi-
JIN BBIJIEJICHBI TTOBEPXHOCTU TPEX TIOPSIKOB: CTPYKTYPBI €
npoctpancTBenHbiMU Tiepuogamu 600—1200 um cootBeTcT-
BoBasn 1-My mopsiaky, ¢ mepuogamu 250—350 Hv — 2-My 110-
psiaky u ¢ meprogamu 50—250 um — 3-My TOpsizKy. Boimeme-
Hue mnoBepxHocTeill 1, 2 u 3 THOPSJAKOB BBITOJTHSIIN C
HOMOIIBIO ClIEKTPaIbHbIX OKOH Dypbe-1ipeobpasoBanuii [8].
BbI60p MUAIa30HOB OPENEISICS. U3BECTHBIMU B JIMTEPATY-
pe JIAHHBIME O pa3Mepe KoJieGaHuii JIMITHHOTO GUCIIOsT Kile-
TOYHOI MeMOpatbl apuTponuta (harkkepa) — 1-if opszIoK,
0 KOH(DUTYPAIMHU CTIEKTPUHA — 2-11 TIOPSIZIOK ¥ TPOTEMHOBBIX
Y3JI0B coestnHenus: — 3-it mopsiiok [9—11]. [lisg cratucruye-
CKOTO aHAJIN3A MCIIOJIb30BA/IH YCPEJHEHHbIE 3HAYEHHS TIepU-
Ola ¥ BBICOTBI KOJIEOAHUII 110 TPEM YYacTKaM MOBEPXHOCTH
OJTHOTO PUTPOIINTA.

Cratucrideckyio 06pabOTKY MAHHBIX TPOBOANIN B
nporpamme Statistica 7.0 /[J1s1 o1ieHKH J0CTOBEPHOCTH pas-
JINYMIL MeKLy TPyIIIaMu Ucob3oBaiu kpurepuii U Bui-
kokcoHa-MaHnHa-YuTHH. Pasianuns cuutaauch J10CToBep-
HBIMU TIpU ypoBHe 3HaunMoctn p<0,05. AHajusupyembie
BeJIMYUHBI TIpe/icTaBienbl B Bue: Me (25%; 75%).

PesyabraThl 1 00CyK/IEHHE

B rcxomHOM COCTOSTHUM TIPOTIEHTHOE COJlepKa-
HIE CTOMATOIUTOB B KPOBU cOCTaBUIO 4,0% (2; 4). Y
KPBIC KOHTPOJIBHOH I'PYNIIBI K 2 yacaM periepdy3non-
HOTO TIepro/Ia MTPOUBOIIJIO YBEJIUIEeHUE TPOIEHTHOTO
coJlepsKaHus B KPOBUM CTOMATOIMTOB 10 22,5% (20;
28) (p<0,01). Taxue e U3MeHeHUs1, HO GoJiee BbIpa-
JKEHHbIe, HabJIIOII Y JKUBOTHBIX ¢ BBeseHeM 1M,
B aToii rpymnie mpolieHTHOE cofiepKaHue CTOMAaTOI -
toB B KpoBu coctasuiio 90,0% (75; 92) (p<0,01 mpu
CpaBHEHUH C MCXOIOM U KOHTpoJieM) (puc. 1, 2).

B ucxXoMHOM COCTOSIHUM CTPYKTYPHBIE Pa3Jiv-
YUST TIOBEPXHOCTHU JMCKOIUTOB U CTOMATOIIUTOB IO
HCCJIeyeMbIM —MTapaMeTpaM  XapaKTepPU30BaJIUCh
Menblledl Besuuunoil T1 y AucKouUTOB 110 CpaBHe-
HUIO co croMaTtoruTamu (Tabu.). Takoe e pasiuuue
MEKIY AMCKOIUTaMK ¥ CTOMATOIMTaMU HaOJII01aIn
Y KPbIC KOHTPOJILHOI IPYTIITHI Yepe3 2 yaca BOCCTaHO-
BUTEJIHHOTO Tlepro/ia. BMecTte ¢ TeM, Kak IUCKOIUTHI,
TaK W CTOMATOIIUTBI JKUBOTHBIX IPYTIITBI KOHTPOJIS Ye-
pe3 2 yaca mocjie periepdysun XapakTepu30BaJCh
yBesmueHreM 3HadeHust T1 1Mo cpaBHEHUIO ¢ MCXO-
oM. Takum o6pasoM, 60-MUHYTHasT THITOTEH3US C
nocJsreytonieit perepdysneil B TeueHne 2 4acoB BOC-
CTAaHOBUTEJBHOTO TIEPUOJIA TIPUBOAMJIA K YBeJde-
HUIO TIPOIIEHTHOTO COJIEPKAaHUST CTOMATOIUTOB U K
U3MEHEHUIO CTPYKTYPHOH TOBEPXHOCTH KJIETOUHOM
MeMOpaHbI SPUTPOIMTOB B BUjE BospacTaHus T1 kak
Y IUCKOIIMTOB, TAK M Y CTOMATOITUTOB.

B rpymre ¢ BBenenunem 1D, B orsiume ot KOH-
TPOJIBHOI TPYIIIBI U ICXOIHOTO COCTOSTHUS, K 2 4acam
perepdy3MoHHOTO TIepuoia MEKIY JAUCKOIUTAMU U

tures with the spatial period of 600—1200 nm correspond-
ed to the surface of 15t order (T1), the period of 250—350
nm corresponded to the surface of 2nd order (T2), and the
period of 50—250 nm to the surface of 3rd order (T3).
Selection of the surfaces of 15t, 2nd and 3rd orders was per-
formed using appropriate spectral windows of Fourier
transform [8]. The choice of the spectral windows was
determined by data known from the literature regarding
the extent of fluctuations of RBC membrane lipid bilayer,
i.e. flickering (15t order), the configuration of spectrin
matrix (20 order) and protein junction sites (3¢ order)
[9—11]. The averaged values of the period and heights of
oscillations in three areas of one RBC membrane surface
were used for statistical analysis.

Statistical processing of the data was performed using
the Statistica 7.0 software. The significance of differences
between the groups was assessed by the Wilcoxon-Mann-
Whitney U test. The difference was considered statistical-
ly significant at P<0.05. The analyzed values are presented
as Me (25%; 75%).

Results and Discussion

At a baseline, the percentage of stomatocytes in
the blood was 4.0% (2; 4). In reference group the per-
centage of stomatocytes in the blood increased to
22.5% (20; 28) (P<0,01) 2 hours after reperfusion.
Similar and even more pronounced changes were
observed in the animals of the PF group. In this
group, the percentage of stomatocytes in the blood
was 90.0% (75; 92) (P<0.01) as compared to baseline
or reference group (Fig. 1, 2).

At a baseline, the structural differences in dis-
cocytes and stomatocytes membrane surface parame-
ters were characterized by lower value of T1 in dis-
cocytes compared to stomatocytes (Table). The same
difference between discocytes and stomatocytes
were observed in the reference group rats 2 hours
after reperfusion. At the same time, both discocytes
and stomatocytes in animals of the reference group
were characterized by increased value of T1 2 hours
after reperfusion vs. the baseline. Thus, a 60-minute
hypotension followed by reperfusion during the 2
hours of recovery period resulted in an increase in
the percentage of stomatocytes and changes in the
structure of the RBC membrane surface in the form
of T1 rise both in discocytes and stomatocytes.

Unlike the reference group and baseline values,
in the PF group there were no differences between
discocytes and stomatocytes for all investigated
parameters two hours after reperfusion (Fig. 3, 4).
The comparison of the reference group with the PF
group showed that T1 values both in the discocytes
and stomatocytes of the reference group rats were
greater than those in the corresponding forms of
RBCs in the PF group. At the same time, the h1 and
h2 values in the stomatocytes of reference group rats
were higher than those in the stomatocytes of the PF
group (Table), indicating an increase in corrugation
of stomatocytes 2 hours after reperfusion. It should
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Puc. 1. Mopdouoruyeckne u3aMeHeHHsI IPUTPOIMTOB Ha (pone
nepdropana u 6e3 Hero.

Fig. 1. Morphological changes in red blood cells on the back-
ground of perftoran administration and without it.

Notes. a — Baseline; b — 2 hours after reperfusion; ¢ — 2 hours
after reperfusion with perftoran administration; C — stomatocyte.
Ipumeuanue. a — vcxox; b — yepes 2 yaca 1ocJie penephysuu;
¢ — 4epes 2 yaca rocJie periepdysun 1 BBegeHns nepdropana; C —
CTOMATOIINT.

CTOMATOIMTAMU OTCYTCTBOBAJIM PA3JINYUS 110 BCEM
uccyeyeMbiM ToKazatessim (puc. 3, 4). CpaBHeHue
IPYIIIIBI KOHTPOJIsI U Tpyiibl ¢ BBesienneM 11D noka-
3a710, 4yTo 3HadeHus T1 KaK y IUCKOIUTOB, TaK 1 Y CTO-
MAaTOIUTOB KPBIC TPYIIBI KOHTPOJS GOJIbINE, YeM Y

Puc. 2. U306paxkenus auckonura (a) u cromaronura (b) B no-
e ACM B dpopmare 3D.

Fig. 2. Images of discocyte (a) and stomatocyte (b) in the field
of atomic force microscope in 3D.

also be noted that the values of T2 in discocytes and
T1 in stomatocytes of the animals after PF adminis-
tration were lower than the corresponding values in
rats at baseline. The results demonstrate the effect of
PF on the membrane structure of RBCs exposed to
hypoxia and subsequent reperfusion.

Thus, the results of this work showed: a) at a
baseline, the value of T1 in discocytes is less than
that in stomatocytes; b) hypoxic and subsequent
reperfusion exposure leads to alteration of RBC
membrane surface in the form of T1 increasing both
in discocytes and stomatocytes compared to the
baseline; ¢) PF administration in the early reperfu-
sion period has an effect on RBC membrane surface
reducing the value of T1 in stomatocytes and disco-
cytes as compared to the data acquired from the
baseline and the discocytes of a reference group.
However, hypovolemia and subsequent reperfusion
lead to an increase in the percentage of stomatocytes
in the blood.
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Puc. 3. HanoctpykTypa MeMOpanbl quckonura yepes 60 MunyT
[UNIOTEH3UH, /10 BBeleHus1 nepdropana.

Fig. 3. Membrane nanostructure of discocyte 60 minutes after
hypotension, before perftoran administration.

Note. a — the surface of 2nd order; b — the surface of 3t order.
IIpumeyanue. ¢ — BTOPOIl MOPSNOK; b — TPETHI MOPSIZIOK.

COOTBETCTBYIONUX (POPM IPUTPOIUTOB KUBOTHBIX C
seegenvem 1D, TIpu sTtom Beamuunnbt hl u h2 croma-
TOIKUTOB, CBUIETEIbCTBYOIIIE 00 YBEJTUUCHUH TIIEPO-
XOBaTOCTH CTOMATOIIUTOB K 2 4acaM perep(y3noHHO-
TO MEPUO/IA, Y KPBIC KOHTPOJBHON TPYTIIIBI BITIIE, YeM
y kpbic ¢ Beegerrem I[TMD (Tabu.). Criemyer Takke OT-
METUTD, 4yTO 3Hauenud T2 puckouuros u T1 cromaro-
IIUTOB JKUBOTHBIX TIocje BBemeHust 1M oxazanuch
MEHbIIIE, YeM COOTBETCTBYIOIINE BETUUYNHBI Y KPBIC B
HCXOJTHOM COCTOSTHUH. Pe3yJIbTaThl CBUIETENBCTBYIOT
o Biustnuu [1MD Ha cTPyKTYypy MOBEPXHOCTH IPUTPO-
IIUTOB, MOJIBEPKEHHBIX TMIIOKCUYECKOMY U TIOCTIE/LY-
fo1emMy periepdy3noHHOMY BO3/IEHCTBHIO.

Wrax, pesysbraThl HacTosiIeld paboThl MOKa3a-
JIM, 9TO: a) B UICXOJTHOM COCTOSTHUM Y TUCKOITUTOB Be-
smunra T1 MeHblIle, 4eM y CTOMATOIUTOB; 6) THITO-
KCcU4yeckoe W Tmocjeayioiiee pernepdy3noHHOe
BO3/ICHCTBYUE TTPUBOUT K U3MEHEHWIO TTIOBEPXHOCTH
KJIETOYHOI MeMOPaHbl 9PUTPOIMTOB B BU/E YBEJIH-
YeHWs mepuojia 1-ro mopsijika Kak y TUCKOITUTOB, TaK
Uy CTOMATOIIUTOB TIO CPABHEHUIO C UCXOIHBIM CO-

Puc. 4. HanoctpykTypa MeMOpaHbI IMCKOLMTA Yepes 2 yaca no-
cae penepdysuu u BBeaeHus nepdropana.

Fig. 4. Membrane nanostructure of discocyte 2 hours after
reperfusion and perftoran administration.

Note. a — the surface of 2nd order; b — the surface of 3rd order.
IIpumeuanue. a — BTOPOIi OPSANOK; b — TpeTuii MOPSIoK.

It is noteworthy, that stomatocyte membranes
in the reference group and the PF group were char-
acterized by opposite changes of T1 vs. the baseline
(Table). These results, as well as the lack of differ-
ences between discocytes and stomatocytes for all
investigated parameters in the PF group, allow to
conclude that the parameters of RBC membrane sur-
face investigated in the present study are not associ-
ated with changes in RBC shape, i.e. with the trans-
formation of discocyte into stomatocyte.

On the other hand, the differences between dis-
cocytes and stomatocytes in T1 values, which char-
acterize the state of lipid bilayer, allow to suggest
that changes in the lipid bilayer occur during the
transformation of discocyte into stomatocyte and
RBC exposure to hypovolemia and reperfusion.

We can assume that PF effect on the membrane
lipid bilayer is associated with increased NO oxida-
tion [12, 13], that reduces the rate of NO transport
into a RBC [14, 15] and the process of transforma-
tion of Fe2* into Fe3* [16, 17]. It is confirmed by a
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Iepuoant (T, um) u BbicoThl (h, HM) MWEpoxoBaToCTEil KIeTOUHOI MeMOpanbl apurpouura [Me (25%; 75%)].

Periods (T, nm) and heights (h, nm) of RBC membrane corrugations [Me (25%; 75%)].

Stage RBC forms T1 T2 T3 hi h2 h3

of experiment

Baseline Discocytes 774.0 266.0 55.0 2.8 1.7 0.2
n=7 (751.0; 840.0)  (257.0; 304) (41.0; 74.0) (2.0;4.1) (0.9; 2.2) (0.1; 0.4)
Stomatocytes 894.5% 259.0 44.0 5.8 1.0 0.3
n=6 (817.0; 964.0)  (236.0; 276) (40.0; 52.0) (1.8;8.3) (0.7, 2.2) (0.1;0.7)

2 hours after Discocytes 904.5% 250.0 50.0 7.9 1.4 0.55

reinfusion, n=4 (855.0;989.0) (228.0;267.0)  (48.0; 52.0) (4.8;8.2) (1.1; 2.6) (0.15; 1.45)

reference group  Stomatocytes 1011.5%* 256.0 50.5 8.2 1.6 0.25
n=8 (966.5; 1043.0) (250.0; 264.0)  (44.0; 63.5) (6.8; 12.5) (1.1; 2.0) (0.2; 0.3)

2 hours after Discocytes 764.0%## 240.0## 49.0 1.6 1.1 0.4

reinfusion, n=>5 (752.0; 782.0)  (235.0; 253.0)  (41.0; 49.0) (1.4;2.1) (0.6; 2.0) (0.4; 0.5)

PF group Stomatocytes 797.0%##% 250.0 49.0 2.1%## 1.0%# 0.3
n=7 (742.0; 836.0) (235.0;282.0)  (39.0; 62.0) (1.4;3.7) (0.6; 1.5) (0.2, 0.5)

Note. T1, T2, T3 — the periods of 1st, 2nd and 3rd orders, respectively; h1, h2, h3 — the heights of 1st, 2nd and 3rd orders, respectively;
n — number of animals; * — P<0.05 vs. the corresponding value at the baseline; ## — P<0.05 vs. the corresponding value in the refer-
ence group; # — P<0.05 vs. the value of T1 of discocytes in the same group.
Ipumeuanue. Stage of experiment — sran nabsoaenus; Baseline — ucxoanoe cocrosiaue; 2 hours after reinfusion, reference group —
2 yaca nocJie perHdysuu, KonTpoabhas rpynmna; PF group — rpymmna ¢ BBegenneM nepdropana; RBC forms — ¢opma apurponnTos;
Discocytes — muckonuts; Stomatocytes — cromarorutsl. T1, T2, T3 — nepuogst 1, 2 u 3 nopsiaka coorsercrserno; hi, h2, h3 — soi-
coTbl 1, 2 1 3 OPSIZIKA COOTBETCTBEHHO; 72 — YHCJIO JKUBOTHBIX; * — p<0,035 110 CpaBHEHUIO C COOTBETCTBYIONINM TIOKa3aTeIeM B CXOJI-
HOM cocTostHum; ## — p<0,05 Mo cpaBHEHUIO ¢ COOTBETCTBYIOIINM TTOKa3aTeleM B KOHTPOJIbHOI rpyte; # — p<0,05 1m0 cpaBHEHHIO ¢

nokasareseM T1 AuCKOUTOB B TOII e TpyIe.

crostnuem; B) npumenenue [1MD B pannem penepdy-
3MOHHOM TIEPHO/Ie OKA3bIBAET BO3/ICHCTBUE HA IO-
BEPXHOCTh KJIETOYHOI MeMOpaHbl DPUTPOIUTA,
yMeHblnas 3Hadenns T1 y AUCKOIUTOB M CTOMATO-
IUTOB KaK 10 CPAaBHEHWIO € MCXOJIOM, TaK U MO CPaB-
HEHUIO C JUCKOIUTAMU SKUBOTHBIX KOHTPOJIHHOM
rpynmbl. [Ipu 9TOM rUMOBOIEMUS] W TTOCJIEYIOTIAS
periepdy3ust IPUBOJIAT K YBETUYEHUIO TIPOIIEHTHOTO
coJIepKaHUsT CTOMATOIIUTOB B KPOBU.

Oo6pariaer Ha cebst BHUMaHUE TO, YTO MOBEPX-
HOCTb CTOMATOITUTOB B IPYTITIE KOHTPOJISI U B TPYTITIE
¢ BBenenueM 1M xapakTepu3oBaiach pa3HOHATIPAB-
JIEHHOCTBIO n3MeHeHnit T1 oTHOCUTEIbHO MCXOHO-
ro cocTosiHus (Tabur.). DTH Pe3yJIbTaThl, a TAKKE OT-
CYTCTBYWE PA3JUUUH MEXKAY AUCKOIUTAMU W
CTOMATOIUTAMU TI0 BCEM UCCJIElyeMbIM MTapaMeTpam
B rpymre ¢ BBezenueM 1M, MO3BOISIOT c/esaTh 3a-
KJTIOYEHWE O TOM, UYTO PETUCTPUPYEMBIE B HACTOSIIEM
WCCTIE/IOBAHUN ITOKA3ATENN COCTOSHIS TTOBEPXHOCTH
KJIETOYHOI MeMOPaHBI SPUTPOIIUTA HE CBSA3AHBI C U3-
MeHeHueM (OPMBI APUTPOINTA: TpaHChOpMaIIeit
JIUCKOITUTA B CTOMATOIIUT.

C ipyroli CTOPOHBI, PA3IUYUS MEKITY TUCKOTIH-
TaMU ¥ CTOMATOIUTAMU B BEJIMUYMHAX TIEPUOIOB 1-TO
TTOPSIIKA, XapaKTePU3YIONIEeT0 COCTOSTHIE JIMTTH/HOTO
OUCIIOs, TIO3BOJISIET TIPETIONIOKITE, YTO MIPU TPAHC-
(hopmaru AMCKONUTA B CTOMATOITUT, BO3/IECTBUN
Ha 9PUTPOIUT TUTIOBOJIEMUN U periepdy3nun mpouc-
XOJISAT U3MEHEHUSI B JIMITHUIHOM OHCJIOE.

Moskno mosarath, uto Biwsiare [1D wa mumm-
HBII GUCJI0I MeMOpaHBI CBSI3aH C YCUJICHHEM OKHCIe-
nus NO [12, 13], B ¢BsA31 ¢ yeM yMeHblUIaeTcs HOCTYII-
sernie NO B aputporturt |14, 15], u mportecc nepexoza

decrease in the severity of anemia during PF admin-
istration [18].

Changes in the membrane lipid bilayer are like-
ly to lead to an improvement in the ability of cell
deformation; this fact has been supported by S.M.
Radaev's study [19]. It studied the ability of RBC to
pass through the cylindrical pores at a diameter com-
parable to the diameter of the capillary. This work
demonstrated that PF improved the RBC filterabili-
ty, despite the fact that the amount of stomatocytes in
patients after trauma and blood loss significantly
increased after PF administration. The literature data
cited above lead to the assumption that changes in T1
values in discocytes and stomatocytes during PF
administration found in this study are associated
with changes in the membrane lipid bilayer, which
increased the RBC deformability. PF prevents
changes typical for hypoxic exposure and reperfusion.

Conclusion

The study showed that at baseline discocytes
and stomatocytes possess different structural charac-
teristics of RBC membrane in the spatial period of
600—1200 nm in the form of a longer period of space
oscillations in stomatocytes vs. discocytes.
Hypovolemia followed by the reinfusion of autoblood
affects this parameter increasing the period of space
oscillations both in discocytes and stomatocytes vs.
the baseline. PF administration immediately after
autolblood reinfusion at a dose of 3 ml/kg body
weight leads to a significant reduction in the period of
RBC membrane space oscillations both in discocytes
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Fe2 B Fe3 [16, 17] O6 9TOM CBUIETETBCTBYET CHUKE-
HUe BeIpakeHHOCTH aneMuu ripu BBegenuu 11D [18].
M3MeHeHne JTUIHAAHOTO OKMCI0sT MeMOpaHbI, Be-
POSITHO, BEJIET K YJIYUIIECHUIO CIIOCOOHOCTH 9PUTPOILH-
TOB K jiepopMaliny, 4To HAXOAUT MOATBEPKICHNE B
pa6ore Pamaesa C.M. [19] o uccnenoBatuto crnocob-
HOCTH KJIETKH ITPOXOIUTH Uepes3 MUIUHIPIIECKIE TT0-
PBI, THAMETP KOTOPBIX COMOCTaBUM C JMAMETPOM Ka-
muLispa. Tak, B 910l pabore ObLI0 oKazaHo, yto I1MD
yJIydniaeT (OUIBTPYEMOCTb HPUTPOITUTOB, HECMOTPSI
Ha TO, YTO KOJIMYECTBO CTOMATOIIUTOB Y OOJIbHBIX, ITe-
PEHECITUX TPaBMy M KPOBOIOTEPIO, TIPU BBEICHUN
[1D 3naunTebHO yBETMIMBAIOCH. [ [prBeIeHHbIE BbI-
11e TAHHbIE JTUTEPATYPBI TIO3BOJISAIOT C/IEIATH MIPEITIO-
JIOJKEHWE O TOM, YTO YCTAaHOBJIEHHBIE B HACTOSIIEH pa-
6ore uameHeHust T1 JUCKOIMTOB W CTOMATOIIMTOB
npu BoszeiictBun 1M cBsi3aHbl ¢ U3MEHEHHEM JIU-
MIUTHOTO GUCJIOS KJIETKH, YTO CIIOCOOCTBYET yBeInde-
uuio ee gedopmupyemoctu. [1D mpexorsparaer us-
MEHEHUs, CBOMCTBEHHbIE TUIIOKCUYECKOMY W
perepdy3nOHHOMY BO3/IEHCTBUIO.

3akjaoyeHue

[IpoBesenHoe wucciepoBaHe I10KA3aja0, 4TO
JIUCKOIUTBI U CTOMATOLIMTBI B MCXOJ{HOM COCTOSIHUU
UMEIOT Pa3MyHble CTPYKTYPHbBIE XapaKTePUCTUKU
KJIETOUHOI MeMOpaHbl dPUTPOLUTA B IIPOCTPAHCT-
BenHoM auanasone 600—1200 uM B Buge 6OJIbIIErO
nepro/a KoebaHuil y CTOMATOIUTOB 10 CPAaBHEHUIO
C IUCKOIUTaMU. [UITOBOJIEMIS U TIOCTIEMYIOIIAS PEer-
HY3UsI ayTOKPOBU OKA3bIBAIOT BO3JEHCTBYE HA JlaH-
HBII TTOKa3aTesb, yBEJIUIWBAsT TIEPUOJ] TPOCTPAHCT-
BEHHBIX KOJEOAaHUH KaK y AMCKOIUTOB, TaK W Y
CTOMATOIUTOB 110 CPABHEHUIO C UCXOAHBIM COCTOSTHH-
em. Beenenne I1M B 103e 3 MJI/KT Macchl TeJia cpasy
nocJie pewH(py3Un ayTOKPOBU K 2 yacam penepdysu-
OHHOTO ITEPHOJIA MPUBOUT K CYNIECTBEHHOMY YMEHb-
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and at stomatocytes. This effect was observed not
only in comparison with the RBCs of animals who
underwent hypovolemia and blood reinfusion with-
out PF administration, but also in comparison with
the values of this parameter at the baseline.

The results allowed to conclude that the value
of the spatial period of oscillations in the range of
600—1200 nm reflecting the state of the lipid bilayer
of RBC membrane was not associated with the trans-
formation of discocyte into stomatocyte.

The literature data and findings of the present
study led to the assumption that the reduction of the
period of RBC membrane oscillations in the
described space range was associated with a change
in the lipid bilayer of the cell under the effect of PF,
thus improving the deformability of the cells.

HIEHUIO IIEPUOJA IIPOCTPAHCTBEHHBIX KoJeOaHuii
KJIETOYHOUH MeMOpaHbl KaK y JAUCKOIMTOB, TaK U Y
CTOMATOIUTOB HE TOJILKO T10 CPABHEHUIO C 9PUTPOILIH-
TaMU JKUBOTHBIX, TIEPEHECIIINX TUITOBOJIEMUIO 1 PENH-
dysuto 6e3 Beegerus [1M, HO U IO CPaBHEHUIO ¢ Be-
JIMYMHAMU 9TOTO ITOKA3aTe Il B MICXOIHOM COCTOSTHIN.

COBOKYITHOCTD PE3yJIbTaTOB TIO3BOJIMJIA Clie-
JIaTh 3aKJII0YEHUE O TOM, YTO BEJIMYNHA ITPOCTPAHCT-
BeHHOTO TTepuoza B auamnaszone 600—1200 um, otpa-
JKAIOIIETO COCTOAHNE JIUTTNHOTO OUCIOA KIeTOYHOM
MeMOpaHbl 9PUTPOLUTA, HE CBg3aHa ¢ TpaHchopMma-
[Mel JUCKOIMTA B CTOMATOI[UT.

[lanHble TUTEpaTyphl U PE3yJIbTaThl HACTOSIIE-
IO MCCJIe/IOBAHUS TTO3BOJIMJIN C/IEJIATh TIPEIII0I0Ke-
HHE O TOM, YTO YMEHbIIIECHHUE TIePUo/a KoJeGaHuil mo-
BEPXHOCTU KJIETOUHOU MeMOpaHbl 9PUTPOLUTOB B
JIAHHOM IIPOCTPAHCTBEHHOM JIMalla30He TIPU BO3/Ei-
crun 1M compsukeHbI ¢ M3MEHEHNEM JTUITHIHOTO
OUCITIOS KJIETKH, Y4TO CIIOCOOCTBYET YJIYUIIECHHUIO Je-
(hopMUpyeMOCTH KJIETOK.
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Functional Activity of Neutrophils in Burn Sepsis

Igor V. Obraztsov', Mikhail A. Godkov?, Vladimir V. Kulabukhov’, Galina A. Vladimirova‘,
Dmitry Yu. Izmailov*, Elena V. Proskurnina‘
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TenpeHnys K pasBUTHIO U FeHepaIU3ay UH(EKINHN Y TallneHTOB € TSKEJIO0H TePMUYECKON TPaBMOI peaii-
3YETCs 3a CYET KOMILJIEKCHOTO BJIMSIHYST TEPMUYECKO TPaBMbI Ha UMMYHHYI0 cucteMy. Ocoberno crpajiaet daro-
IUTapHAs CUCTEMA, ITPEJICTABIEHHAs, B IEPBYIO 04Yepe/ib, HeUTPO(hUIbHBIMU IPAHYJIOIUTAMU.

Iess uccaegoBanus: orpe/iesieHNe INHAMIKY U3MEeHEHHs (DYHKIIMOHAIBbHON aKTUBHOCTH HEHTPO(DUIOB y Na-
IIIEHTOB C TEPMUUECKON TPAaBMOH, a TaK’Ke ee IIPOTHOCTUYECKON 3HAUMMOCTH TIPU Pa3BUTUU THOHHO-CEIITUYECKUX
OCJIOKHEHUI 03KOTOBOI GOJIE3HU.

Marepuassi u MeTopl. DyHKIIMOHATBHYIO AKTUBHOCTD HEUTPOMUIIOB OIIEHUBAJIN HA OCHOBE CIIOHTAHHOTO 1 UH-
JYIIMPOBAHHOTO XeMIJIIOMUHECT[EHTHOTO OTBETa 1eJbHON KPOBU TIPH MOCIE0BATEIbHON cTuMyisiimu (hopGos-12-
mupucrar-13-anerarom (OMA) u N-hopmui-mernonu-neinui-penunatanuiom (GMJID). Beuio obcienosaHo
34 nanueHTa ¢ 03K0roBoii 60JIE3HBIO IPU PA3HON TSIKECTU TEUEHUS! 0KOTOBON GOJIE3HU U B IMHAMUKE HAOJIIO/ICHYS,

Pesyabrarsl. PazpaboTannas HOBasi METOIMKA ObLIA UCIIOJIb30BAHA i1 HCCJIEOBAHUS 11eJIbHON KPOBU MAllU-
€HTOB € 0KOT0BOII GOJIE3HBIO, TIOJIYYEHDI JIAaHHbIE O (DYHKIIMOHAIBHON aKTUBHOCTH HEUTPOGhUIIOB IIPK PasHOIL Ts1-
JKeCTH Tedenusi O0JIE3HN U B IMHAMUKE. B pe3ysibraTe aHainza XeMUJTIOMUHECIIEHTHBIX KPUBBIX PA3BUTHUST PECITH-
paTopHOTo B3pbIBa HEHTPOMUIOB BBIABIEHBI TIOKA3ATENN, XapaKTePUIYIOIe COCTOSTHUE NMMYHHON CHCTEMBI, a
UMEHHO: OIHO— WJIU ABYX(Da3HBII OTBET Ha CTUMYJI, Y/leJbHAsI aKTUBHOCTh HeUTpoduia «ObicTpoii hasbl», yiesb-
Hasl aKTUBHOCTH HEHUTPodUIa «MeIJIeHHOI (Has3bl».

3akimouenne. Pe3ysbraThl O3B0 BBIICTUTD TEHACHIIMN U3MEHEHUS (DYHKIIMOHAIBHON aKTUBHOCTH Heli-
TPOMUIIOB TIpK 03KOroBoil Gosie3ru. IIpeioKeHbl TMarHOCTHYeCKe U IPOrHOCTUYECKUE TTOKa3aTe i (yHKIUO-
HAJIBHON aKTHBHOCTU HEWTPOMUIIOB /IUIsI OIEHKHU TSDKECTH OOJIE3HN U TIPOTHO3a CEITHYECKOrO TPOIEcca.

Kntoueevie cnosa: XEMUTTOMUNECUCHUUSL; qbyumguouaﬂbuaﬂ AKmueHocms H@ﬁmp0¢uﬂ06; ojicozosast mpasma,
cencuc

A complex effect of thermal trauma on the immune system triggers the tendency to develop and generalize
infection in patients with severe thermal trauma. The phagocytic system, which is represented, first of all, by neu-
trophilic granulocytes, is significantly altered.

Objective: to determine the dynamics of changes in the functional activity of neutrophils in patients with thermal
trauma, as well as its prognostic significance in the development of purulent-septic complications of a burn disease.

Materials and methods. The functional activity of neutrophils was assessed by spontaneous and induced
chemiluminescence responses of whole blood sequentially stimulated with phorbol-12-myristate-13-acetate
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(PMA) and N-formyl-methionyl-leucyl-phenylalanine (fMLP). 34 patients with a burn disease of different sever-

ity were dynamically examined during observation.

Results. The newly developed technique was applied to study the responses of whole blood of patients with
burn disease to stimuli; data on the functional activity of neutrophils depending on various severities of the disease
and response dynamics were obtained. Analysis of chemiluminescent curves of the development of respiratory explo-
sion of neutrophils helped to reveal parameters of the immune system state, namely: a one— or two-phase response
to a stimulus, a «rapid phase» neutrophil specific activity, and a «slow phase» neutrophil specific activity.

Conclusion. The results revealed trends in alterations of functional activity of neutrophils in burn disease.
Diagnostic and prognostic indices of the functional activity of neutrophils for assessing the severity of the disease

and the prognosis of the septic process were suggested.

Key words: chemiluminescence, neutrophil functional activity; burn injury; sepsis
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Beenenue

ITpoGiieMa JiedyeHHsT 0KOTOBO GOJIE3HU U ee
OCJIO’KHEHU He TepseT aKTyaJbHOCTH JI0 HACTOSI-
mero Bpemenu [1]. B crpykrype netanbHOCTH TSI-
JKeJO0O0DOKIKEHHBIX BeEAYyIee MECTO 3aHMMAaeT WH-
(bexmmst, mpuBOASAIIAas K Pa3BUTUIO MTHEBMOHUU U
cericrca [2]. PazBuTne u renepanusans nHQeKIun
V TSKET0000KKEHHBIX PeaJU3yeTcs 3a CUET BJIUSI-
HUS TEPMUYECKOI TPaBMbI HA UMMYHHYIO CHCTEMY;
B 0COOGEHHOCTH CcTpajaeT (haroruTapHOe 3BEHO MM-
mynurera [3—5]. Juchynkmmsa dharoruTos mposis-
JISIETCS B HAPYIIEHUN YHUUTOKEHMS OaKTepHii, n3-
MEHEHUW YPOBHS CEKpEeINU WHTEPJIECHKWHOB WU
IIUTOKMHOB Makpodaramu, akTUBAIIUN U JleTPaHy-
AU HEUTPOGUIOB ¢ Pa3BUTHEM OKUCJIUTEIHHO-
ro crpecca [6—8]. Omucannbie MexaHU3MBI 00yC-
JIaBJIMBAIOT CHUCTEMHOE TMOBpEKJeHNe TKaHell,
MIPUBOJISIIEe K PA3BUTHUIO TIOJUOPTAHHON HepocTa-
TOYHOCTHU 1 rOen TalueHTa.

[Toaromy orenka hyHKITHH (HaromTapHOTO 3Be-
Ha UMMYHUTETa IieJiecoo0pasHa Ha BCeX CTAUAX 0KO-
roBoii 6ostesnu. ITpu aToM 0c06Y10 POJIb UTPAET OIpe-
JleJileHe aKTUBHOCTU HEUTPOMPUIOB KaK KJIOUEBBIX
2(pDEeKTOPHBIX KJIETOK, OTBETCTBEHHBIX 3a Pa3BUTHE
BOCHAJIEHWS] U THOWHO-CENITUYECKUX OCJOKHEHUI
pu 05k0roBoit 6osesrn [1—3]. BoisiBiieHue HelTpo-
(brrbHOI TUCHYHKITN TTO3BOJIUT CBOEBPEMEHHO TTPO-
THO3UPOBATh T€UEHHE 0KOTOBON OOJIE3HN U PasBUTHE
THOWHO-CENTUYECKNX ocJioskHenHnit [9—11].

Cy1iecTByer 1eJIblil PsiJi METOVK OIlEHKH Gak-
tTeputuHocTH HenTpoduios [12, 13]. BomapmmaCcT-
BO M3 HUX WJIH TPYAOEMKH, WIH CYOBEKTUBHBI, UYTO
UCKJII0YaeT UX UCTI0Jb30BaHNE B KAUeCTBE CKPIHIH-
TOBBIX TE€CTOB IIPU UCCIIEAOBAHUM OOJIBIINX KOHTHH-
reHTOB OOJIBHBIX WJIM MOCTPaAaBIIMX. B KiumHUYeC-
KUX HKCHEPUMEHTATBHBIX HMCCAEIOBAHUIX YaCTO
HCTIOTb3YeTCsT MeTol XeMumioMuHectieHTHOTo (XJT)
ananuza metirtpodusos |14, 15]. Takoit moaxox mos-
BOJISIET PETUCTPUPOBATH KJIETOUHYIO aKTHBAIUIO B
[polriecce ee PasBUTHs; OH 06J1a1aeT BICOKOI 4yBCT-
BUTEJBHOCTBIO M UCKJIIOUaeT CyObheKTUBHBIN (hakTop
paboThl orepaTopa. ABTOpaMu paHee pazpaboTaH HO-
BBIH Tmoaxon XJI-anamm3a 1ebHON KPOBU, OCHOBAH-
HBII Ha aKTHUBAIUW HEUTPODUIOB TOCIEI0BATENb-

Introduction

Treating the burn disease and its complications
remains a current task [1]. In the lethality structure
of severely burnt, the major role belongs to an infec-
tion causing the development of sepsis and pneumo-
nia [2]. Infection in severely burnt patients develops
and generalizes thru the influence of thermal trauma
on the immune system, particularly, to the phagocyt-
ic link of immunity suffers [3—5]. Dysfunction of
phagocytes is manifested by damage and destruction
of bacteria, changes in the level of secretion of inter-
leukins and cytokines by macrophages, activation
and degranulation of neutrophils followed by the
development of oxidative stress [6—8]. The
described mechanisms cause systemic tissue damage
that results in the development of multi-organ fail-
ure and death of a patient.

Therefore, the phagocytic function of immuni-
ty should be assessed at all stages of the burn disease.
It is particularly important to determine the activity
of neutrophils as key effector cells responsible for
developing inflammation and purulent-septic com-
plications of burn disease [1—3]. The established
neutrophilic dysfunction facilitates a timely predic-
tion of the course of burn disease and development of
purulent-septic complications [9—11].

There is a number of methods for evaluating
bactericidal activity of neutrophils [12, 13]. Most of
them are either laborious or subjective, which
excludes their use as screening tests for the study of
large populations of patients or victims. In clinical
experimental studies, the method of chemilumines-
cent (CL) analysis of neutrophils is often applied
[14, 15]. This approach allows recording cellular
activation in during its development; it has a high
sensitivity and excludes the subjective factor of the
operator's work. The authors have developed a new
approach for the whole blood CL analysis based on
the activation of neutrophils by sequential applica-
tion of two stimuli, phorbol-myristate acetate
(PMA) and N-formyl-methionyl-leucyl-phenylala-
nine (fMLP), possesing different mechanisms of
action [16]. This approach involves time-dependent
registration of superoxide radical synthesis by neu-
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HBIM BHECEHWEM JIBYX CTUMYJIOB C Pa3JIMYHBIM MeXa-
HU3MOM  jleficTBUs:  (hopOOI-MUpHCTAT-aI[eTaTa
(OMA) u N-bopMuI-MeTHOHMII-TeRInI-PeHnia-
gaamaa (GMJID) [16]. ITOT MOAXOMI, UCHOIHIYIO-
LU perucTpanuio CUHTe3a CylepoKCU/-pajuKaia
HelitpodmimamMu Bo Bpemenn (kunetnmdeckas XJI),
MO3BOJIMJI TIOBBICUTH MH(MOPMATUBHOCTD METO/Ia 32
cYeT HOBOU KoJmdecTBeHHOU nH(bopMaru (yaemib-
HOU pajinKaJI-IpoLy I PYIOIell akTUBHOCTH HENTPO-
(bua, obreil pagnKaIbHONW aKTUBHOCTH HEUTPOdU-
JIOB, TIOKazaTeJeill CIIOHTAHHON aKTHBHOCTH,
mokasateJsieil CTUMYJINPOBAHHON aKTUBHOCTH, K03(-
(unmenTa akTuBaiumu, KoapduimenTa 3aTyxaHus),
a Takyke YJIY4IIUTh TOYHOCTh METO/IA 32 CUET TTOBbI-
MIEHUST BOCTTPOU3BOIMMOCTH TIpU paboTe ¢ OTHOBpe-
MEHHOH perucrpaiieil mpod B 12-KaHAJIBHOM MPH-
6ope. B macrosmieii pabote oreHeHa KIMHITIECKAS
3HAYMMOCTD 3TOTO METO/IA Y TIAINEHTOB C 0KOTOBOI
TPABMON B 3aBUCUMOCTHU OT TSI’KECTU TPABMBI, COCTO-
SIHUS W UCXO/Ia, B TOM YHCJIE U [Tl PAaHHEN JInarHoc-
THUKW THOWHO-CENTUYECKUX OCTOKHEHUIA.

Marepuan u MeTObI

B uccrenoBanuu yyactBoBasu 34 naruenTa us oT-
nesenunii oskoroBoit peannmarun HUW ckopoit momo-
mu M. H.B. Cxkmudocosckoro n Uacturyra Xupyprun
uM. A.B. Bumaesckoro. Kpurepuu BrJOYeHUs: maiu-
EHTBI C OXKOTaMHU IJIaMeHeM, Bo3pacT menee 70 ier.
Kpurepuu uckioyenus: Bospact 6osee 70 jet, OHKOJIO-
rUYyecKasi Wik reMaToJoTHYecKast aToioTust, TyOepKy-
se3, BUY-undexnusa. Cpeanuit Bospact obcienoBan-
HBIX cocTaBuJ 32,4 rojia Ipu CTaHAPTHOM OTKJIOHEHUH
11 ser (rkoapdunment Bapuanuu V=35%), 410 Xapak-
TEPU3yeT TPYIITY KaK YMEPEHHO HEOJHOPOAHYIO MO BO3-
pacty. Coornomienuie MykunHbl/skeHmuHabi=10:7. Cxe-
Ma MCCJIe/IoBaHMs npuBejiena Ha puc. 1.

Cymmaprasi miom@ans 0xkoros cocrasuiaa 10—54%
(35,2% B cpejiHeM) MOBEPXHOCTHU TeJIa, TIONIajb IyOOKNX
oxoroB — 0,5—40% (12% B cpexnem), ungexc Opanka
(D) — 10—130 (64,5 B cpeanem). Bee manuenTsr mouy-
YaJIU CTAHIAPTU30BAHHYIO TEPAITHIO.

[lrannpoBanne 1 OPraHu3aIyst IKCIIEPUMEHTA TIPOBO-
JINJTH B COOTBETCTBUY € TPEOOBAHUSMU HAIEKAIIEH KIIH-
HUYECKON npakThku. OnpesiesieHie MUHUMAJIbHOTO pa3Me-
pa BBIOOPKU TIPOBOMIIN TAKUM 00Pa3oM, YTOObI B KasKIOM
ciydae 0becrieunuTb MPUMEHUMOCTh OOBEKTHBHBIX KPUTE-
pHEB CTATHCTUYECKON MOIHOCTH M KJIWHUYECKON IPaBO-
MEPHOCTH HCCIIe0BaHUsI. BbIOOPKY peaHMMAIMOHHBIX
6OJIBHBIX CPOPMUPOBAIIU TIPOCTHIM CJIETIBIM METOIO0M (OT-
cyTcTBUE CyOBEKTUBHOIO BJIMSIHUS MCIBITYEMOTO Ha pe-
3YJIBTAThI UCCJIEN0BAHUS; 0OEKTUBHO U3MeEpsieMble T1pubo-
paMu pe3yJsibraThl J1abOpaTOPHBIX TecToB). B manHOM
cilydyae 3HaYeHIe MPOCTOTO CJIENIOT0 METOIA ONPeeISIeTCsT
TEM, 4TO Pe3yJbTaThl u3Mepenmii XJI orBera sBIASIOTCS
O0OBEKTUBHO M3MeEPSeMbIME MPUOOPOM OOBEKTUBHBIMIE
OIIEHKAMH, B OTJINYHE OT KAYeCTBEHHBIX KPUTEPUEB MCXO/A
sKcIlepuMeHTa (TakuX, HalpuMep, Kak 0O0Jib, BbIPasKEH-
HOCTDb OTEKOB MJIM KAYeCTBO KU3HU TAIMEHTA), OTIeHKA KO-
TOPBIX POBOJUTCS MCCIefoBaTesneM cyObekTuBHO. CpoKu
obcienoBanmst coctaBman 1—2 cyTtiu, 3—7 cyTtku, 8—15
CYTKH, 15+ CyTKM TTOCTIE€ TPABMBI.

trophils (kinetic CL) that allowed to enchance the
informative value of the results due to increased
quantitative data (specific radical-producing neu-
trophil activity, total radical neutrophil activity,
spontaneous activity, stimulated activity, activation
coefficient, attenuation coefficient) and improved
accuracy of the method due to increased repro-
ducibility because of simultaneous recording of sam-
ples by a 12-channel instrument. In this study the
clinical significance of this method has been evaluat-
ed in patients with burn injury, depending on the
severity of the injury, condition and outcome.

Materials and Methods

The study included 34 patients from burn resuscitation
departments of N.V. Sklifosovsky Research Institute of
Emergency Care and A.V. Vishnevsky Institute of Surgery.
Inclusion criteria: patients with flame burns, less than 70
years age. Exclusion criteria: age over 70 years, presence of
oncological or hematological diseases , tuberculosis, HIV
infection. The average age of the examinees was 32.4 years
with a standard deviation of 11 years (coefficient of varia-
tion V=35%), which characterized the group as moderately
heterogeneous in age. The ratio of male/female=10:7. The
design of the study is shown in Fig. 1.

The total area of burns was 10—54% (35.2% on
average) of the body surface, the area of deep burns
was 0.5—40% (12% on average), the Frank index (FT)
was 10—130 (64.5 on average). All patients received
standard therapy.

The experiment was designed and arranged in compli-
ance with the requirements of good clinical practice. The
definition of the minimum sample size was performed so
that in each case the applicability of objective criteria for
statistical power and clinical validity of the study could be
ensured. The sample of resuscitation patients was formed
by a simple blind method (no subjective influence of the
subject on the results of the study, laboratory tests that are
objectively measured using instruments). In this case, the
value of a simple blind method is determined by the fact
that the results of measuring the CL response are objective
evaluations objectively measurable using instruments, in
contrast to qualitative criteria for the experiment outcome
(for example, pain, severity of edema or quality of the
patient' life). The terms of the examination were 1—2 days,
3—7 days, 8—15 days, and 15+ days after injury.

All subjects were divided into groups according to the
severity of the thermal injury according to the Frank Index
and by gender (Table 1). Diagnosis of burn shock was per-
formed based on the values of the shock index adjusted for
age [17]; shock was observed in all patients with FI>70.
The systemic inflammatory response syndrome (SIRS)
was clinically determined according to the criteria [18];
the dynamic assessment of multiple organ failure was per-
formed using the SOFA (Sequential Organ Failure
Assessment) scale. SIRS developed in 18 patients, whereas
diagnosis of sepsis was established in six of those patients
based on an increase in the SOFA value by 2 or more asso-
ciated with a persistent infection [16].

The following reagents were used in the chemilumi-
nescent analysis: luminol (Sigma-Aldrich); Hanks solution
with glucose without dye (Chumakov Polymyelitis and
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41 patients were
admitted during the study

e T e

Did not meet Met the inclusion
the inclusion criteria: 34
criteria: 7

\l" A\ 4

Chemical burn, 34 patients
old age —1 \were examined
Burn with boiling
water — 3

HIV infection — 2
Rectum cancer,
after radiotherapy — 1

3a nepuoj uccae0BaHUS
nocrymui 41 manueHT

He coorBercrBOBaIM CooTBeTCTBOBAJIH
KPHUTEPHSAM KPHUTEPHSIM
BKJIIOYEHHS: 7 BKJIIOYeHUs: 34

v \’

XuMHUYeCKHH 0KOT, Ob6cnenosano
MosKHI0i Bo3pact — 1 . 34 nanmenra
Oskor KUISATKOM — 3
BUY-undexuusa — 2
Pak npsmoii kumkwu,
COCTOSIHHE TI0CJIe
JyueBoii Tepanmuu — 1

Fig. 1. The scheme of the patients' inclusion in the study.

Puc. 1. Cxema BKIIOYeHHS GOJBHBIX B HCCJIEI0BAHUE.

Ta6auua 1. O6cae0BanHbIe TANUEHTHI C TEPMUYECKOH TPaBMOii.

Table 1. Examined patients with thermal trauma.

Patients Frank Index Total (n=34)
<70 >70

Men 12 8 20

‘Women 6 8 14

IIpumevanue. [ns ta6a. 1, 3: Patients — Gosbabie; Women — skenmunb; Men — myskuntsr; Frank Index (FI) — unpexe @panka

(1 D); Total — Bcero.

COBOKYIHOCTh OOCJIEIOBAHHBIX PA3JIENIN HA TPYII-
Il B COOTBETCTBUN C TSXKECTBIO TEPMUYECKON TPABMBI 110
ungekcy OpaHka U 10 reHgepHomy TpusHaky (tabu. 1).
JIMarHOCTHKY OKOTOBOTO IIOKA MIPOBEJN HA OCHOBAHWUU
3HAUEHUN IIIOKOBOTO MHJIEKCA C IOIPABKOW Ha BO3PacT
[17]; mox Habonam y Beex naruenTon ¢ UMD > 70. Kiu-
HUYECKU OIPEIE/ISJIN CUHAPOM CUCTEMHOTO BOCIIAJINTEIIb-
noro orBeta (CCBO) cormacuo kputepusm [18]; munamu-
YeCKyIo OlleHKY Ttosinoprannoii nepocratrounoctu (IIOH)
BoinosiHuan 110 mkaie SOFA (Sequential Organ Failure
Assessment). [Tpu atom CCBO pazsuiics y 18 nanuenTos,
Cpelli KOTOPBIX JIUATHO3 «CEICUC» ObLI YCTAHOBJIEH Y 6
6OJbHBIX HA OCHOBaHWUM yBeandenust 3Hadenuss SOFA Ha 2
u GoJiee Mpu nepcucTupyoniem odare uudexiyn [16].

[l mpoBezieHNsT XEeMHUJIIOMIHECIIEHTHOTO aHA/IN3a
WCIIOJIb30BAJIH CJIEAYIONINE PEAKTUBBIL: JIOMUHOJ (Sigma-
Aldrich); pacrtBop Xenkca ¢ T/0K030i1 6e3 KpacuTess
(HCTUTYT HOJMOMUENINTA U BUPYCHBIX 9HIIE(ATUTOB UM.
M.II. Yymakoa PAMH), crabuimsupoBanubii 2 MM
HEPES; N-dopmui-mernonunmn-ieinuia-dennaaaanun
(PMJID), popboa-12-mupucrar-13-amerar (PDMA) (Bce
Sigma-Aldrich).

XeMUJIIOMIHECIIeHTHAs] MEeTOJIMKA OlleHKH (PYHKIIMO-
HaJbHOW akTUBHOCTU HelTpodmios [16]: Ouenky dyHk-
IIMOHATBHON aKTUBHOCTH HEHUTPO(HUIOB TPOBOAMIN B CO-
OTBETCTBUM ¢ pa3pabOTaHHBIM paHee ITOIXOIOM,
OCHOBAHHBIM Ha IBYXCTaANNHON CTUMYJISIIAN HeHTpodu-
J10B TIpu nocsreioBatesbioM Biaecennu GMA u GMJIO.

Bo Bcex orpITax B3saTHE 5 MJI KDOBU OCYIIECTBJIISLITH 13
KyOMTaJIbHOW BEHbI B BAaKyTEHEPHI C rellapuHOM (KOHeY-

Viral Encephalitis Institute, RAMS), stabilized with 2
mM HEPES; N-formyl-methionyl-leucyl-phenylalanine
(fMLF), phorbol-12-myristate-13-acetate (PMA) (all
Sigma-Aldrich).

Chemiluminescent method for assessing the function-
al activity of neutrophils [16]: the functional activity of
neutrophils was evaluated following the previously devel-
oped approach that included two-stage stimulation of neu-
trophils with the sequential application of PMA and fMLFE.

Briefly, in all the experiments, 5 ml of blood was taken
from the cubital vein to the vacueners with heparin (the
final concentration of heparin was 5 U/ml). The blood
samples were stored for up to two hours before analysis.
450 ml of medium, 25 ml of 1 mM luminol solution (final
concentration ¢;=45 mM), and 25 ml of whole blood were
injected into the chemiluminometer cuvette and sponta-
neous chemiluminescence was recorded for 10 minutes. 50
ml of 0.5 mg/ml PMA (cppx=0.081 nM) was added. After
20 minutes of incubation 55 ml of 100 mg/ml fMLP
(cipyp=10 nM) was administered and the CL response was
recorded for at least 60 minutes.

The form of kinetic curves and analytical index (the
amplitude of the CL signal after stimulation of PMA +
fMLF (Fig. 1) normalized by the number of neutrophils
were studied . The data were compared with clinical obser-
vations and laboratory results.

Statistical processing of the data and graphical repre-
sentation of the results was performed by standard soft-
ware products, Excel packages with StatPad application
(Microsoft, USA) and STATISTICA (StatSoft, USA).
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Hast KoHIleHTpalust renaputa — 5 EJ[/mir). O6pasiisl Kpo-
BU AIMEHTOB XPAHUJIM J[0 aHAJII3a He HoJiee JIBYX 4acoB.

B kioBeTy xemuoMuHoMeTpa BHocusin 450 MK cpe-
161, 25 Mxar 1 MM pactBopa somuHOMA (KOHETHAST KOH-
MEHTpaIus ¢,=45 MKM), 25 MKJI 1IeTbHON KPOBH U PETHC-
TPUPOBAJIU  CIIOHTAHHYIO XEMHJIIOMUHECIEHIIUI0 B
teuenrie 10 munyt. J{ob6asisiiu 50 M 0,5 Mmrr/mia OMA
(conma=0,081 uM). TTocse 20 MuHYT HHKYOAIUN BBOAUIN
55 M1 100 MkM dMJID (cypnep=10 MKM) 1 perucrpu-
poBasim XJI-oTBeT B Teuenue He MeHee 60 MIUHYT.

Nayyann $HopMy KMHETHYECKUX KPUBBIX M aHATUTH-
yeckuii mokasaresb — amintyy XJI-curnamna nocse cru-
mysistiinn OMA+OMIID (puc. 1), HOpMHUPOBAaHHYIO Ha
KOJINYEeCTBO HEUTPODUIOB. /laHHbIE COMTOCTABIISIN C KITH-
HUYECKUMU HAOJIOJICHUSIMU W Pe3yJibraTaMu J1abopaTop-
HBIX WCCJIEOBAHNI.

Jlna cratueTnyeckoit 06paboOTKM JaHHBIX U rpaduyec-
KOTO TIPE/ICTABJICHUS PE3YJIBTATOB UCIIOJIb30BAJIN CTAH/IAPT-
HbI€ TIPOrpaMMHbIe TIPOYKTHL: takeTbl Excel (¢ npuioxkeru-
em StatPad) (Microsoft, CIIIA) u STATISTICA (StatSoft,
CIIA). /1551 onipeieieHusT OIHOPOAHOCTH N3Yy9aeMbIX ITOKa-
3aresieil aHAJTM3UPOBAIN TIOJyYeHHbIE BEJIMYUHBI TI0 OTHO-
MIEHUIO K HOPMAIbHOMY OKHJIAeMOMY PACIPEEICHUIO C UC-
nosib3oBanueM kputepus Illanupo-Yuika. [l cpaBHeHus
IPYII UCHOJIB30BAJIH TTApAMETPUYECKHe (C TOMOIIBIO {-KPH-
tepust CThIOZIEHTA) U HerapaMeTpruyecKue (¢ MOMOIIBIO KPH-
Tepust MaHHa- YUTHI) METOZbI CTATUCTUYECKOI 0OpabOTKH.
PesysibraTel nccesioBanus s IEPEMEHHBIX ¢ HOPMaJIbHBIM
pacrpeziesieHreM 1pezicTaBiensl B Gopmare Mo (M —
cpenHss apudMeTHdecKasl, ¢ — CTaHAAPTHOE OTKJIOHEHHUE).
J17151 IepeMEHHBIX € MHBIM PACTIPEIe/IEHIEM YKA3AHbI Me/THa-
Ha ¥ MHTEPKBAHTHJIBHBIN pasmax. Kpurnueckoe 3maueriiie
YPOBHSI 3HAYUMOCTH P IPUHUMATIOCH paBHBIM (),05.

PesyabraThl 1 00CyK/IeHHE

g onenkn (yHKIIMOHAJIBHON AaKTUBHOCTU
HEUTPODUIOB Y HMAIUEHTOB ¢ 0KOTOBOIl HOJIE3HBIO
Obla TIpuMeHeHa paspaboranHast Hamu XJI-Mero-
JIMKa C ABYXCTQIUIHOW CTUMYJSINell HeWTpohu-
JIOB, TIPH MOMOIIH KOTOPOii patee OBLIO 06CIen0Ba-
"o 90 TmpakTHUYeCKU 3MO0POBBIX MOHOPOB. Bo Bcex
cilydasx JUIsl JJOHOPOB MOJyYald eAnHOOOpasHbIe
KUHEeTHYeCKre KpuBbie pazsutus XJI, aHaTormuHbre
KkpuBoii Ha puc. 1, a. [Tocie npencrumyssiiiun OMA
u BBegenus GMJID Habaoganu peskuii pocT caede-
HUSI, KOTOPBI MOKHO HasBaTh «OBICTPOIT» BCITBIII-
Ko#. /{5 KOMM4ecTBEHHOTO OTMMCAHWS Pa3BUTHS
DOMA+OMIID-crumynuposannoit XJI paccuntoi-
BaJl HOPMUPOBAHHYIO aMILIUTYAy CUTHaia OBICT-
poit BembKKH A*y\q (MaKCMManbHass MHTEHCUB-
HOCTb, [eJeHHas Ha YNCJI0 HEUTpodpuIon).
PedeperncHplii mHTEpPBAT A 3TOTO TIOKAa3aTeJs
npuBezieH B TabI. 2.

ITpu o6eenoBannn OOJBHBIX HAOIIOAAM TPU
BapuaHTa pas3BuTng XJI-kpuBoi. Y mHanuMeHToB C
JIETKUMU HEOCJIOKHEHHBIMU 0’KOTaMU WJIM Ha dTare
PEKOHBAJECIIEHIINM KUHeTHKa pa3utus XJI coot-
BETCTBOBAJIA MPOGMUIISM, TTOJYIEHHBIM OT 37I0POBBIX
moHopoB (puc. 1, a). OmHako B OCTOKHEHHBIX U TSI-
JKEJIBIX CJIydasx HaOJfofadil pasBUTHE KUHETHKU

Normality of distribution of variables were analyzed by
Shapiro-Wilk test. To compare the groups, parametric
(Student's ¢-test) and non-parametric (Mann-Whitney
test) were used. For variables with normal distribution
data were calculated as M+o (M is the arithmetic mean, o
is the standard deviation). For variables with a different
distribution, the median and the interquartile range were
calculated. The critical value of Pto determine significance
between groups was 0.05.

Results and Discussion

To assess the functional activity of neutrophils
in patients with burn disease we applied the devel-
oped CL method with two-stage neutrophil stimula-
tion, which was previously used to examine 90 prac-
tically healthy donors. In all cases uniform kinetic
curves for the development of CL were obtained for
the donors (analogous to the curve in Fig. 1, a). After
the pre-stimulation of PMA and the introduction of
fMLP a sharp increase in luminescence was observed
that can be called a «rapid» flash. To provide a quan-
titative description of the development of PMA +
fMLF-stimulated CL, the normalized amplitude of
the rapid flash signal A*,, » (the maximum intensity
divided by the number of neutrophils) was calculat-
ed. The reference interval for this indicator is pre-
sented in Table 2.

Three ways of developing the CL-curve were
observed when examining the patients. In patients
with mild uncomplicated burns or at the stage of
convalescence, the kinetics of CL development cor-
responded to the profiles obtained from healthy
donors (Fig. 1, a). However, in complicated and
severe cases the development of kinetics of another
type was observed: after a «rapid» flash an addition-
al intense «slow» flash occurred (Fig. 2, a). In some
cases, the intensity of the «slow» flash of CL was so
high that it made it impossible to determine the
amplitude of the «rapid» flash (Fig. 2, ¢).

The development of a «slow» flash of CL in
burnt patients was recorded in only 20 of 34 patients
(60%). In patients with the systemic inflammatory
response syndrome (SIRS) and persistent infection
slow kinetics was recorded in 14 of 18 (80%), in
patients without SIRS — in 6 of 16 (38%). In gener-
al, in half of men with FI<70 the slow kinetics of the
CL response was identified starting from the 3d day
of the disease and it reached the highest amplitude
values on the 31d—7th day after the trauma. In women
with FI<70, the slow kinetics was not determined. In
the group of severely burnt men and women with
FI>70 the slow kinetics of the CL response was
recorded in all patients starting from Day 3 of the
disease, and in some patients from Day 1 (Table 3).

The normalized amplitudes of the rapid and
slow responses to fMLF (A*; v, and A*y ) Were
calculated for the examined patients. For men and
women with an FI<70 the normalized amplitude of
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Ta6amna 2. CraTHCTHYECKHE IaHHbIE TTOKa3aTens A* yip, XapaKTepU3yoniero GyHKIHOHAIbHYIO aKTHBHOCTD HEHT-

poduios (n=90).

Table 2. The statistical data of the A*;  index characterizing the functional activity of neutrophils (72=90).

Index Median value

Interquartile range

Reference interval (2.5—97.3, percentile)

Afpnip, V/cell 4.13+10°

2.31+10° — 5.9510°

0.70-10° — 14.20-10°

Mpumeyanue. Jlns ra6a. 2, 3: Ay p, V/cell — A*g\ip, B/xr; Index — mokasarens; Median — menuana; Interquartile range — nn-
TepKBapTUIbHbII pa3dMax; Reference interval — pedepencubiii uarepsas; percentile — nponenrnm.

Ta6amua 3. [lokasarenu GpyHKIHMOHAIbHON AKTHBHOCTH HEHTPO(DUIOB y ITAMEHTOB C 03KOTOBOM TPaBMO.
Table 3. Indicators of the functional activity of neutrophils in patients with burn injury.

Index Values of index at the day of study
{st—2nd 3d—7th 8—15th 15th+ days
Men, FI<70, n=12
A pnpp, V/cell Decreased in 2 patients Within RI Within RI Within RI
SF 0 6 6 6
Men, FI>70, n=8
A pnpp, V/cell Decreased in 4 patients Decreased in 2 patients Within RI Within RI
SF 2 6 8 8
‘Women, FI<70, n=8
Nnpips V/cell Within RI Within RI Within RI Within RI
SF 0 0 0 0
‘Women, FI>70, n=6
A pnppp, V/cell Decreased in 4 patients Decreased in 2 patients Within RI Within RI
SF 2 6 6 6

Note. RI — Reference Interval; SF — «Slow» Flash.

Ipumeuyanue. Values of index at the day of study — smauernus nokasarest o cyrkam uccienobanus; Decreased — cumker; Within —
B npezenax; RI — pedepencusrit unrepsan; SF — «Me/yieHHass» BCIBIIIKA.

JPYTOTo THIIA — MOCJIe «ObICTPON» BCIBIIIKH BO3H-
KaJia JIOTIOJHUTETbHAST WHTEHCUBHAS «MEJIJIEHHAS>
BerbimiKa (puc. 2, a). B HEKOTOPHIX cIydyasX WHTEH-
CUBHOCTb <«MeJJIEHHOI» Berbimku XJI Oblra Ha-
CTOJIBKO BBICOKOIA, UTO Jiesiajia HEBO3MOKHBIM OIlpe-
JleJIeHre  3HAUYEeHUs]  aMIUITUTYIbl  «OBICTPOii»
BCTbIIKY (puc. 2, 8).

PasBurne «MeaieHHOI» Benbimkn XJI y 060-
JKOKEHHBIX 3a(DUKCUPOBAIU Beero B 20 HaOIOAeHUSIX
u3 34 (60%). IIpu 9ToM y GOJIBHBIX ¢ CHHAPOMOM CH-
cremMHOTO BocmasmTesbHoro orBeta (CCBO) mpn
MEPCUCTUPYIONIEM ovare MHMEKITNN MeJJIeHHAsT KH-
HeTHKa Oblia 3aperucTpupoBata B 14 HabJoAeHISIX
us 18 (80%), y 6omphbix 6e3 CCBO — B 6 u3 16
(38%). B mestom, y mosoBunbl Myskunn ¢ MD<70
MejieHHast Kuaetnka XJI-oTBeTa ompeiesisiiach, Ha-
YiHast ¢ 3-X CyTOK 3a00JIeBaHMsl, 1 AOCTUTaMa Hak-
BBICITNX 3HAUEHWH aMTIJTUTY/IbI Ha 3—7 CyTKHU 1TOCe
TpaBMbL. Y skenms ¢ UD<70 mepyiennast KUHETUKA
He ompe/essiiach. B rpyiime TsaKeno 000KKEHHBIX
myskuH 1 xkeniud ¢ MMO>70 mensennas KUHETHKA
XJI-oTBeta ObliTa 3aperucTpUPOBaHa Y BCEX TAllUeH-
TOB, HAUMHAsI ¢ 3-X CYTOK 3a00JI€BaHUsl, a Y HEKOTO-
PBIX MAIMEeHTOB U ¢ 1-X cyTok (Tabu. 3).

Paccurtanbl HODMUPOBAHHbIE aMILIUTY/IbI Obl-
cTporo u MezieHHoro orseta Ha GMJID (A* 46 1
A np) Y OOCTICIOBAHHBIX 000KKEHHBIX. JIJIsT MysK-
gyuh 1 skeHud ¢ TD<70 HopMupoBaHHAST aMILIUTY -
na 6picTporo oTBeTa A*y, 4 5 HAXOAUTCS B Mpejiesax
pedepeHTHOTO MHTEePBaJIA, /TSI MYKYWH U JKEHIIIUH C

the rapid response of A*yr, Was within the refer-
ence interval, for men and women with FI>70 in sev-
eral cases in the first 7 days of the disease this index
decreased and then returned to normal (Table 3).

The mean values of the normalized amplitude of
the slow flash (A*pr..) were as follows: 1.02 10°
W /Cl for patients with sepsis and 0.85 10° W /Cl for
patients without sepsis ; the differences were statisti-
cally significant by the nonparametric Mann-
Whitney test (U=236, z=5.7, P<0.001).

The analysis of normalized amplitudes of rapid
and slow response (A*uprp and A¥pp.,) Was per-
formed depending on the number of neutrophils in
the blood of patients. The nature of the connection
between A*y;r, and the neutrophil count in burnt
people corresponded to that of healthy donors: with
an increase in the neutrophil count from 2 to 10 mil-
lion/ml, the normalized amplitude of the rapid CL
response («specific» activity of the «rapid»> neu-
trophil) remained constant.

The correlation field for A*y;r.,, and the neu-
trophil count in the blood of the examined patients is
shown in Fig. 2. The main part of the points of indi-
vidual observations forms a cloud with low entropy
modeled by linear dependence (R’=70.28%). All out-
lier values were thosedetermined in patients with
sepsis (total of six people, two of whom died).
Pearson correlation of A*n; and the neutrophil
count in the blood of the examined patients was
+0.84, demonstrating a trend to be statistically sig-
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ND>70 B HECKOJIBKUX CJIydYasix B IiepBble 7 aHeit 60-
JIEBHU ITOT TIOKA3aTeJIb CHIKEH, a TIOTOM TIPUXOJNT
B HOpMY (Tabu1. 3).

a
; N,
=
£
w
[~
Y w
2
£
-
[ 5 B
Time, min
b
"
Ty
H
i *y
>,
z
w
a .,
u
2
£
=ty
o
A v
sp Acmia | [Amaie-tast | Amace-siow
x o] v
o F: 20 m' “ ) 0 ) “w ] ® w
Time, min
c
o
L ,-." F's
> |
= ' !
] | ki
G i IS
c [ M,
1]}
E* f
= |
| R o
A Appa l/ Amap-siow
| _] A J
" o .-., = | = » A w .
Time, min

nificant (¢=0.1%). In other words, the «specific»
activity of the <«slow» neutrophil almost linearly
grows with the increase in the number of neutrophils
in patients without the diagnosis of sepsis by the cri-
teria of Sepsis-3.

Comparison of CL data with other immunolog-
ical parameters in burnt patients demonstrated sig-
nificant decrease in the number of T-lymphocytes.
The level of a decrease in most observations depend-
ed on the severity of the injury, severity of toxemia,
and burn infection. In a favorable disease course, the
absolute numbers of T-cells were restored. The con-
tent of B-lymphocytes in the examined patients was
within the limits of normal values or was reduced. All
subjects had a significant increase in the total CEC
content at all stages of the disease. This excess was
due to an increase in the number of medium and
small-sized CECs; the number of large CECs, to the
contrary, was reduced or was within the range of nor-
mal values. The increase in the content of large
CECs was observed only in three of the examined
patients. Statistical analysis (Pearson correlation
coefficient) showed no association between studied
immunological parameters and neutrophil CL
response index.

The observed deviations of the CL-response in
burnt patients are confirmed by literature data on a
serious dysfunction of phagocytosis in patients with
burn disease. A significant increase in the non-stan-
dardized amplitude indices at various stages of the
analysis was due to a massive release of neutrophils
from the bone marrow into the bloodstream due to
burn toxemia and septicotoxemia. It is indicative of
an increase in the overall level of production of reac-
tive oxygen species (ROS) by blood stream cells.
Therefore, experimental data are in agreement with
the published data on the induction of severe oxida-
tive stress in patients with thermal trauma that con-
tribute to systemic disturbances of homeostasis and
organ dysfunction [1, 17].

On the other hand, the registered cases of nor-
malized indices of CL-grams of burnt patients with-
in the limits of the reference interval or below the
norm indicate the presence of normergic and even
hypoergic oxidative metabolism of neutrophils. This

Puc. 2. XeMumioMHHOTpaMMBI KPOBH IIAI[IEHTOB C 05KOTOBOI TPAaBMOIi IPH ABOIHOI TOCIEI0OBATEIbHOI CTUMYJISIIHHA.

Fig. 2. Chemiluminograms of blood of patients with burn injury with double consecutive stimulation.

Note. A, — the amplitude of the spontaneous CL response; Apyy — the amplitude of the response induced by PMA (priming);
Apyp — the amplitude of the rapid response induced by fMLp after priming. a — the «rapid» kinetics prevails (flame burn 2—3AB
at 50%, 3B — 40%, Day 3 of the disease); b — both «rapid» and «slow» kinetics of neutrophils are expressed (flame burn 2—3AB at
40%, 3B — 20%, Day 21 of the disease); ¢ — the «slow» kinetics of CL-response of neutrophils prevails (flame burn 2—3AB at 25%,

3B — 10%, Day 5 of disease).

IIpumeuanue. Cl intensity, V — unrencusnocts XJI; Time, min — Bpemst, mu; fast — GoicTpast; slow — mentennas (takke amst puc. 3).
A, — ammutyna ciontannoro XJI oteeta; Apyy — amrntyaa otseta, nntyuuposainoro OMA; Agypp — aMILIMTy1a OTBETa, UHLY-
posanioro GMJID nocse npaiiMuira. a — npeBanupyer «Opictpas» kuHernka (oxor miamenem 2—3ADb cr. 50%, 3B — 40%, 3-e cyT-
Ku 3a60s1eBaHusA ); b — BbIpAKEHA KaK «ObICTPasi», TaK U «MeUIEHHas» KMHeTuKa Heiitpodmios (oxor miamenem 2—3AB cr. 40%, 36 —
20%, 21-e cyTku 3ab0JieBaHus); ¢ — MPEBATUPYET «MelIeHHas» KiHeTuka XJI-oTBera Helirpodunos (oxor mwiamerem 2—3AB cr. 25%,

3B — 10%, 5-e cyTku 3a60/€BaHIIST).
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Cpennrie 3HaYEHUST HOPMUPOBAHHON aMILINATY-
Il MEJLTEHHON BCIBIIKN (A 4.,) cocTaBumm 1,02
10° B/xn mna centmueckux marmerToB u 0,85 107
B/kJ1 1u1st mareHToB 0e3 Celcuca; pasiniust CTaTh-
CTUYECKH 3HAYMMBI TI0 HelTapaMeTPUIeCKOMY KpuTe-
puto Manna- Yutanu (U=236, z=5,7, p<0,001).

[TpoBesn aHain3 HOPMUPOBAHHBIX AMILTHTY/]L
OBICTPOTO U MeZIEHHOTO 0TBeTa (A* 46 T A i)
B 3aBUCUMOCTH OT 4HCJa HEUTPOGUIOB B KPOBU
GospHBIX. XapakTep CBA3U MeKITY A*y 45 1 COIEP-
JKaHUeM HeHTPO(DUIOB Y 000KKEHHBIX COOTBETCTBY-
€T TAKOBOMY Y 3/I0POBBIX JIOHOPOB: NIPU YBEJNIEHUN
conep:kanust HeiTpoduaos ¢ 2 1o 10 MuH/MI HOP-
MHUPOBaHHAsT aMIInTyAa ObicTporo XJI-oTBeTta
(«ymesnbHast» aKTUBHOCTD <«OBICTPOTO» HeHTpodmIa)
0CTaeTcsl TOCTOSTHHOM.

[Tone koppenauuu A*y, 4. 1 COAEPKAHUA HEli-
TPOGHUIOB B KPOBU 0OCJIEIOBAHHBIX OOJIBHBIX TIPEI-
craByeHo Ha puc. 2. OCHOBHAsS 4YacTb TOYEK MHANBU-
IyaJbHbIX HaOoeHuid (dopMupyer o00Jako ¢
HU3KOW 9HTPOTIHEH, Mo/ieJTupyeMoe JTMHEeIHO! 3aBU-
cumocthio (R?=70,28%). Bce BBImenstomuecs Ha-
GJIFOJIEHIS TIPEACTABIISIOT CO00 U3MEPEHUs Y Talfi-
€HTOB C JIMarHOCTUPOBAHHDLIM CelcucoM (BCero
1ecTh YesI0BeK, U3 HuX jiBoe ymepsan). [Tocse ynamne-
HUS JAHHBIX AIMEHTOB, HAXOASAIIMXCS B HECTaOU/Ib-
HOM COCTOSTHIH, KO3 duImeHT Koppesiun 1o [Tup-
comy MesKIy A* 14, ¥ COTEPIKAHNEM HEHTPODUIIOB B
KpoBu 00cIef0BaHHbIX 00JbHBIX cocraBus 0,84 —
9TO CBUJIETETHCTBYET O TECHOW CTAaTHCTUYECKU 3Ha-
qumoit (¢=0,1%) momoxuTeabHON cBsizu. HbIMU
CJIOBAMH, <«yJeJbHAs» AKTUBHOCTH <«MEJIEHHOTO»
HelTpoduIa MPaKTUIECKU JIMHEHHO YBEJINIHMBAETCS
C yBeJWYEHUEM YHCIa HEUTPOMUIOB y TAIMEHTOB
6e3 muarnosa cercuc 1o kpurepusm Cencuc-3.

Beio mposeseno cpaBaenme XJI-maHHBIX €
JIPYTUMH UMMYHOJIOTUYECKUMU TTOKa3aTeasaMu. Y
00CJIeIOBAaHHBIX 000KKEHHBIX OTIPEIEISIIOCh 3Ha-
YUTENbHOE CHIDKEHUE KosindecTBa T-TUM(pOIUTOB,
[IpUYEM CTeleHb CHUMKEHUs B OOJIbIIMHCTBE HAOJIIO-
JIEHWH 3aBUCENa OT TSYKECTH TPaBMbI, BRIPAsKEHHOC-
TU TOKCEMUU U 0xK0roBoil undexuuu. Ipu Giaro-
NPUATHOM TeudeHUH 3abojieBaHus  HaGJI0AAIN
BOCCTaHOBJIEHHE a0COMIOTHBIX TOKasaTeeil T-Kie-
tounoro orBera. Comepskanne B-mumboiuros y 06-
CJIeIOBaHHBIX 000/KKEHHBIX HAXOAMIOCH B IIPEiesiaX
HOPMaJIbHBIX 3HAYEHUIT MU ObLIO CHUMKEHO. Y BCex
00cIel0BaHHbIX HAOJIIOAMN 3HAYUTEIbHOE [OBbI-
nrenue obuiero cogepxanns MK Ha Beex cragusix
3abosieBaHust. ITO TPEBbIIEHNE OBLIO 00YCIOBIEHO
yBesmuenueM uuciennoctu IHIWK cpenuero u maso-
ro pasMepa; uncjaeHHocTb 6obiux VK, Hanporus,
Oblyla CHUJKEHA WJIM HaXOAMJIACh B IIpejiesiaxX Jama-
30HA HOPMAJTbHBIX 3HAUEHUH. YBeIUUeHNEe CoeprKa-
aust 6opmux [TUK Habmogann TOMbKO y TPeX 13
obcaieoBaHHbIX nanuenTos. CrarucTuyeckuii ana-
sau3 (koaddunuent koppessiuu o Iupcony) mo-
Ka3ajJl OTCYTCTBUE CBS3U MEXKAY HTHUMH UMMYHOJIO-
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Puc. 3. Ilose koppensinuu mexay A*bmiud-m u comep:raHueMm
HeUTpodUIOB.

Fig. 3. The correlation field between A*fmph-m and the content
of neutrophils.

Note. a — all observations; O — observations of patients who
stayed in the hospital for a long time because of the development
of serious purulent-septic complications; the number marks the
observations received of one of the subjects during the dynamic
observation; the arrows mark the dynamics of the indices of
patient number. 4 (Day 3, Day 7, Day 14, Day 19, Day 27); + —
observations of deceased patients, patient number 3 died on Day
19 of the disease, patient number 2 — on Day 7; ® — observations
of patients in a stable state. Outstanding observations are circled.
b — outstanding observations are removed, linear regression, its
equation and coefficient of determination are shown.
IIpumevanue. Neutrophil count — kosimuectBo HeHTpOhUIOB;
Deceased and critically ill patients are excluded — 6e3 ymeprnx n
TMaMeHTOB B KPUTUYECKOM COCTOAHUN. d — BCE Ha6HIOHeHHH; O—
HalJoIeHNs GOJIbHBIX, JTUTENbHO PEOBIBABIINX B CTAIIMOHADE B
CBSI3H C PA3BHUTHEM CEPbE3HBIX THOIHO-CENTHYECKNX OCJIOKHE-
HUI; HOMEP MapKUpyeT HaOJIOIEeHNUs, TIOIYyYeHHbIE OT OJHOTO W3
06cJIeyeMbIX B IIPOTIECCE IMHAMUYECKOTO HAGIIONEHNUST; CTPETKI
OTMEYAIOT AMHAMUKY MoKa3aTesiell marmentku Ne4 (3-u; 7-¢; 14-¢;
19-¢; 27-e cyTKn); T — HAOMTIOIEHNS, TIOJYYEHHBIE OT YMEPIIHX Ia-
1enToB, 6ombHol Ne3 ckonuasics Ha 19-e cyTku s3aboseBanus,
Gosbas Ne2 — 1a 7-¢; @ — HaGJIIOI€HNUS, TTOYYEHHBIE OT MAIIeH-
TOB B CTaOMJIBHOM COCTOSTHUN. Bbiaessiomuecs nHabmoaeHns 06-
BEJIEHBL. b — BIMMUHUPOBAHBI BBIIEISIONINECs HAOMIOIEH s, 110~
KaszaHa JMHEHHAs perpeccus, ee ypaBHeHWe U K0IDOUIHEHT
JieTepMUuHaInn.

data is consistent with the concept of the most active
neutrophils migrating to an inflammatory focus if
there is a less active population in the systemic cir-
culation [20]. Given the above, it can be assumed
that oxidative stress in burn disease is characterized
by an increase in the absolute amount of neutrophils
in the bloodstream as a substrate for the synthesis of
ROS in the absence of a qualitative enhancement of
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IMYECKUMU TIOKa3aTeJsIMU U TToKa3aTesieM XJI-0TBe-
Ta HeUTpoPuIIOB.

Hab6Jrromaembie oTKIOHEHUs MoKaszaTeeir XJI-
oTBeTa y 0GO0K/KEHHBIX TOATBEP/KAAIOT JUTEPATYP-
Hble JJaHHBIE O cepbe3Hoi auchyHKIMN daromuTap-
HOT'O 3BEHA IPHU 0KOrOBOI 00JIe3HU. 3HAUUTETBHOE
yBeJTMYeHne HEHOPMUPOBAHHBIX TMOKa3aTesei aMil-
JIUTY/IBI HA PA3JIMYHBIX dTANax aHauu3a 00ycIoBJIe-
HO MaCCWBHBIM BbIXOJIOM HEUTPO(DUIOB U3 KOCTHOTO
MO3Ta B KPOBSTHOE PYCJIo Ha (hoHE 0XKOTOBOI TOKCe-
MUM ¥ CENTUKOTOKCEMUY ¥ CBUIETEIBCTBYET 00 yBe-
JINYEHUU OOIIEero YPOBHS TPOAYKIIMKM aKTHBHBIX
dopm kucmopoga (ADK) kreTkaMu, HaXOSIUMUCST
B CHCTEMHOM KPOBOTOKe. TakuM 00pas3oM, sKCIepH-
MEHTAJIbHbIE JJAHHBIE TIOATBEPKAAIOT JaHHbIE JIUTE-
pPaTypPHBIX UCTOYHUKOB O HAJTMYUU TSKEJIOTO OKHUC-
JINTETHHOTO CTPecca y TAIMEeHTOB € TEPMUYECKOM
TPABMOIi, CIIOCOOCTBYIONIET0 CUCTEMHBIM HapYIIEH-
sIM TOMeocTa3a 1 opranHoi aucynkmmu [1, 17].

C npyro#l CTOPOHBI, 3apETUCTPUPOBAHHBIE CJTY-
yau HOPMHUPOBaHHbBIX ToKazaresieil XJI-rpamm 060-
JOKEHHBIX B IpaHuIax pedepeHTHOro WHTepBaJia
WJIW HYZKE HOPMBI CBUIETETCTBYIOT O HAJTMUNUU HOP-
MIPTUUYECKOTO U Jla)Ke TUMOIPTUUECKOTO OKHUCJIH-
TEJBHOTO MeTaboM3Ma HEHTPODUIOB. ITH JaHHbIE
COTJIACYIOTCS C TIPEICTABICHIEM O MUTPAIK Hanbo-
Jiee aKTUBHBIX HEUTPO(MUIOB B 04YaT BOCTIAIEHUS TIPU
HAJIMYUK MeHee aKTUBHOM TTOMYJISIIINT B CUCTEMHOM
kpoBoToke [20]. YunTbiBas BbINIEN3I0KeHHOE, MOJK-
HO TIPEATIOTIOKUTH, YTO OKUCTUTEIBHBIN CTPeCcC TIph
0’KOTOBOI OOJIE3HU XaPAKTEPU3YETCS YBETUICHIEM
abCOTIOTHOTO KOJMUYECTBA HEUTPODUIOB B KPOBOTO-
Ke Kak cyOcTpata cunTesa ADK mpu oTcyTeTBUM Ka-
YeCTBEHHOTO YCUJIEHUST MX OKUCIIUTENLHOTO MeTabo-
Jin3ma. Takoit BbIBOJI TIOATBEPIKAAET TIPEACTABICHUS
0 HapylieHn#n (QYHKIUN HeHTpoduia 1 IMMYHOCY-
MIPECCUN TTPU OKOTOBOH Gomesmm [21].

OTebHOTO paccMOTpeHHst TpeOyeT KUHETUKa
MmezienHoro orsera Ha GMJID u ee GrOIOrMYeCKuii
cmbicst. [lo HAMM JTaHHBIM, TTOSIBJIEHUE METIEHHOTO
orBera Ha GMJID He TUIMIHO TSI TPAKTIIECKH 3710~
POBBIX Jfofieil. Hasmune akTHBHOTO BOCHAJIUTEILHOTO
mporiecca TIpU Pa3BUTUU OKOTOBON TOKCEMUU WJIH
CEeNTUKOTOKCEMUH WHJYIUPYET TOsIBJIeHNEe Me/lJIeH-
uoro orseta Ha GMJID na XJI-rpamme, ipudeM mpu
GJIaronpUATHOM HcXoje 3abosieBaHus ake Ha (poHe
CCBO wunTeHncuBHOCTH MezyieHHOro XJI-oTBeTa B
CUJIBHOW CTETIEHU KOPPEJUPYET ¢ Co/iepsKaHueM HenT-
pocduos B kpoBu narienToB. C ApyToil CTOPOHBI, Ha-
Jnyue cencuca 1 nporpeccupyiomeii ITOH y mecru
MAI[EHTOB 0Ka3aJI0Ch aCCOIMUPOBAHO ¢ OCTA0IeHIEM
MereHHoro oTBeta Ha (MJIM, BIIOTH M0 MOTHOTO
€r0 OTCYTCTBHS Y TIOTHOMINX OOMBHBIX. DTO HabIIOE-
HUE JIAeT OCHOBAHUE TIPE/IIONOKUTD, YTO MeJJICHHAS
knHetrka XJI peanusyercst Oyaroapst BBIXOLY B CHC-
TEMHBII KPOBOTOK CYOIOIYJISIN HEUTPODUIOB, 00-
JIAJIATOTITUX TTOBBIIIEHHOH (DYHKIIMOHATBHOM aKTUBHO-
crpio. Ilo pannbiM HekoTopbix aBTopoB [20, 21]

their oxidative metabolism. This conclusion con-
firms the idea of a violation of neutrophil function
and immunosuppression in case of burn disease [21].

The kinetics of a slow response to fMLF and its
biological meaning should also be considered.
According to our data, the slow response to fMLF is
not typical for healthy people. An active inflammato-
ry process with the development of burn toxemia or
septicotoxemia induces a slow response to fMLF on
CL-gram, and with a favorable outcome of the dis-
ease and even with the SIRS, the intensity of a slow
CL-response strongly correlates with the neutrophil
count in patients’ blood. On the other hand, sepsis
and progressing multiple organ dysfunction syn-
drome in six patients were associated with a weaken-
ing of a slow response to fMLE, up to its complete
absence in patients prior to death. This observation
suggests that the slow kinetics of CL is due to the
release into the systemic bloodstream of a subpopu-
lation of neutrophils with increased functional activ-
ity. According to published data [20, 21], a slow CL
response to the introduction of fMLF is formed due
to the activation of phagocytosis and intracellular
ROS production. Therefore, the high intensity of a
slow flash can be interpreted as a sign of effective
intracellular destruction of bacteria. The normergic
response of the organism to burn toxemia and septi-
cotoxemia followed by reconvalescence is fulfilled
due to a subpopulation of neutrophils with high
activity of intracellular bacterial killing.

An increase in the level of CRP, the acute phase
protein, starts in the blood 4 hours after tissue dam-
age and reaches a maximum in 24—72 hours. The
absence of slow kinetics in the early stages of the dis-
ease with an extremely high level of CRP indicates
an anergic response of cellular immunity with a high
activity of the inflammatory response and an
extremely unfavorable prognosis for the develop-
ment of sepsis. This model of response was observed
in four patients included in the study: two of them
died (on Days 7 and 19), two stayed in the intensive
care unit for more than 30 days due to the develop-
ment of complications (abscessed pneumonia).

Patients with insufficient intensity of slow
kinetics generally experienced a severe long-term
course of the disease with two cases of a fatal out-
come. This observation can be explained by the
absence of functionally active neutrophils in such
patients, with an increase in the number of neu-
trophils in the bloodstream only through functional-
ly inferior forms with predominantly extracellular
ROS. Functionally inferior neutrophils are unable to
effectively kill pathogenic microorganisms inside the
phagosome. In our opinion, the described deficiency
of neutrophil function provides a pathogenetic basis
of the complicated course of the disease with the
development of purulent-septic complications. It
should be noted that the normalized amplitude of the
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Cencuc

mestentbiii XJI-orBet Ha Baecerne OMJID bopmu-
pyeTcs 3a cueT aKTHBAINN (DAroIUTo3a N BHYTPHKJIE-
tounoil HapaboTke ADK. Takum 06pasoM, BBHICOKYIO
WHTEHCUBHOCTb M€JIJIEHHON BCITBIIIIKH MOYKHO MHTEp-
MIPeTUpoBaTh, Kak MPH3HAK 3(DGHEKTUBHOTO BHYTPH-
KJIETOYHOTO YHIYTOKeHUsT Oakrepuit. Vimento 6maro-
Iapst  CyOHOMMyJISAIUE  HEWTPODUIOB € BBICOKOU
AKTUBHOCTBIO BHYTPHUKJIETOUHOTO OaKTEPUaTIbHOTO
KWJUTMHTA peajn3yeTcss HOPMIPTHIECKHH OTBET opra-
HHU3Ma Ha 0KOTOBYIO TOKCEMHIO U CETTUKOTOKCEMUIO C
HocJIeayIonell peKoHBajlecLeHIue.

IMossienne ypostst CPB, Gesika octpoii (hass,
B KPOBI HAYMHAETCS Uepe3 4 uaca Mocyie TKAaHeBOTO
TTOBPESK/IEHUS, IOCTUTAaeT MaKCUMyMa uepe3 24—72
yaca. OTcyTCTBHE MeJIJIEHHOW KUHETUKW HAa PAaHHUX
cpokax 3a0b0/ieBaHUsI TIPU Kpaiiie BHICOKOM YPOBHE
CPD cBuzetebeTByeT 06 aHEPTIHIECKOM OTBETE KITe-
TOYHOTO UMMYHUTETA TIPUA BBICOKOW aKTUBHOCTHU BOC-
MAJUTETBHOTO OTBeTa W KpaiiHe HeOJIaronpusaTHOM
IIPOTHO3€e Pa3BUTHS cericuca. Takyio MoOJesh OTBeTa
HAOMIOMAIN Y YeThIPeX MAlUEHTOB, BKJIIOYEHHBIX B
nccaeloBaHme: IBOe M3 HUX cKOHYasnch (Ha 7 u 19
CYTKU 3a60JI€BAHN ), TBOE MPEOBIBAN B PEAHNMATIH-
OHHOM oTziesieHn Oosiee 30 THEN M3-3a PA3BUBIIMX-
cs1 OCJIOKHEHNH (abCcieanpyoIas THEBMOHMS ).

B 1esiom, y manueHToOB ¢ HEJOCTATOYHON WH-
TEHCWUBHOCTBIO MEJIJIEHHOW KWHETUKU OTMEYaJH Tsi-
JKeJloe JUTUTENhHOE TedeHne 3a00JeBaHusl; B JBYX
Cy9asix C JETATLHBIM MCXOAOM. JTO HabIofeHue
MOZKHO OOBSICHUTD OTCYTCTBHEM Y TaKUX ITAI[HEHTOB
(byHKITMOHAIILHO aKTUBHBIX HEUTPOMUIOB, TIPU yBe-
JIMYEHUW YMCJIEHHOCTH HEUTPO(PUIOB B KPOBOTOKE
TOJIBKO 32 CYeT (DYHKINOHATHHO HETOJTHOIIEHHBIX
(hopM ¢ MPEeNMyIIECTBEHHO BHEKIETOUHON HapaboT-
kot ADOK. OyHKIIMOHATBHO HEMTOJHOIEHHbIE HENT-
poGUIIBI HecTocOOHb! 3(MHEKTUBHO YHIUTOKATD Ma-
TOTEHHble MWKPOOPTAHW3MBbl BHYTPHU (harocom.
Ommcannpii ebuuT GYHKIUN HEUTPOGUIOB, 110
HallleMy MHEHWIO, SIBJISETCS MaTOTeHeTHIecKoi oc-
HOBOH OCJIOKHEHHOTO TeueHusT 3a00Ie€BAHUS ¢ Pas-
BUTHEM I'HOIHO-CENTHUECKUX ocIokHenuit. [Ipume-
YaTeJbHO, YTO HOPMHWPOBAHHAs  aMILIUTYy/a
mejierHoro oreera Ha GMJID curnamusupyer o Ha-
pylIeHusX (QYHKIUN HEUTPOhUIOB yXKe B TepBbIe
TPOE CYTOK 3a00JI€BAHUS, CJETOBATETBHO, HTOT Map-
Kep MOJKeT ObITh IEPCHEKTUBEH B KAUECTBE PAHHETO
MPEMKTOPA TeYeH s 0KOTOBOH Gose3nu. Takum 06-
pasoM, oOHAPYKEHHAST 3aBUCUMOCTD MHTEHCUBHOCTH
MeJIJIEeHHOU KWHETHKH OT COZIepKaHus HeUTPO(hUIOB
XapakTepuayeT ONTUMAJbHBI (HOPMAPIUYECKUH )
BapUaHT OTBETa OpPTaHW3Ma Ha BHeApeHue WH(hEK-
[[UK [IPU OKOTOBOM GOJIE3HH, KOTOPBIA MOKET CIy-
JKUTh MHANKATOPOM GJIarOTPUATHOTO MTPOTHO3A.

3akaouyeHue

[Ipumenenne 1mMoaxo/a, OCHOBAHHOTO HA JIBYX-
CTAIUIHON CTUMYJISIIUN HEHTPO(PUIOB, TTO3BOJIIIO

slow response to fMLF signals violations of neu-
trophil function already in the first three days of the
disease, therefore, this pattern can serve as a promis-
ing candidate biomarker for early predicting the
course of burn disease. Threfore, the observed depen-
dence of the intensity of slow kinetics on neutrophil
counts features the optimal (normal) variant of the
organism's response to the infection in a burn dis-
ease, which can serve as an indicator of a favorable
prognosis.

Conclusion

The use of developed method of two-stage stim-
ulation of neutrophils made it possible to significant-
ly improve the CL analysis. The increased signaling
contributed to more enchaced sensitivity of the
method. In addition, the priming effect of PMA on
neutrophils promoted standardization of the kinetics
of the CL response to the main secondary stimulus
(fMLF). As a result, a system of standard indicators
for the evaluation of the functional activity of neu-
trophils in burn patients was proposed.

The developed method enabled new informa-
tion on the generation of active forms of oxygen by
neutrophils in burn disease. In a number of cases, a
second phase («slow» flash) occurs after the first
phase of a respiratory explosion («rapid» flash). A
slow flash can be explained either by the variety in
populations of neutrophils («rapid» and «slow» neu-
trophils), or by two different processes of ROS pro-
duction in one population (extracellular and intra-
cellular).

A «slow» flash of CL-response is typical for
patients with severe thermal trauma (from the first
day of the disease). The intensity of the normalized
amplitude of a «slow» flash with a normergic
response of the body is directly proportional to the
number of neutrophils. A low intensity of slow kinet-
ics with a low content of neutrophils is typical for
patients with an easier progression of burn disease.
High intensity of slow kinetics at a high content
indicates a favorable prognosis for the development
of burn disease in severe patients. With a high con-
tent of neutrophils, the insufficient intensity of slow
kinetics enables a prediction of a severe long-term
course of the disease with a likely lethal outcome and
purulent-septic complications.

Thus, it can be argued that the proposed tech-
nique is promising laboratory method for evaluating
the functional activity of neutrophils. It can provide
valuable information in terms of the prognosis of
development and severity of purulent-septic compli-
cations in patients. It can also be applied to obtain
early indicators of the treatment efficacy. In the long
term, it seems advisable to increase the number of
subjects and also to test the technique on patients
with sepsis of various etiologies.
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3HAYUTEJLHO YIIYUIIATh AHATUTHYECKIE XapaKTePUC-
tnkn XJl-anammsa. Tak, ycuseHne WHTEHCUBHOCTU
CHTHaJla CrocOOCTBOBAJIO TIOBBINIEHUIO Pasperiaro-
1ieit crrocoGHOCTH METO/IA |, KaK CJIEJICTBHE, €ro TyB-
CTBUTEIBHOCTH; KPOMe TOro, ahdeKT mpaliMiuHTa Heil-
tpoduios MMA crocobeTBOBaAI CTaHAPTU3AMN
kuHeTnkn XJI-oTBeTa Ha OCHOBHOW CTUMYJ
(dMJID). B pesysbrare mpeniokeHa CUcTeMa CTaH-
JIAPTHBIX TIOKa3aTesrelt 71 OleHKY (hyHKITUOHATBHOM
AKTUBHOCTH HEUTPO(UIOB Y 0KOTOBBIX OOJIBHBIX.
Pa3paboTanHbIii METO TO3BOJMI TTOJYIHUTH
HOBYIO MH(MDOPMAIIHIO O TPOAYKITUU aKTUBHBIX (hOPM
KHCJIOPO/Ia HEUTPOGUIAMK [IPU 0KOTOBOI HOJIE3HH,
a IMEHHO, B psjie cIydaeB 1ocye TepBoii dhasbl pec-
[UPATOPHOTO B3PbIBA («ObICTPasi» BCIIBIIIKA) TIPOUC-
XOZUT BTOpas (asza («MeJIeHHast» BCIIbIITKA). Mej-
JIEHHas BCIIBIIIKA MOXeT ObITh 00bsICHEHA JOO
HAJIMYMEM PasHbIX TOMYJISIINA HeUTpohuios («Obi-
CTPBIE» W «MeJJIEHHbIe» HEUTPOUIIbL), THOO ABYMS
pasubimu iporteccamu mpoaykinu ADK B oxHoil 110-
MyJISTUN — BHEKJIETOYHOTO W BHYTPUKJIETOUHOTO.
[TosBrenmne «MenmeHHON» BCHbIKu XJI-0TBe-
Ta XapaKTepHO st GOJBHBIX ¢ TSIKEIOM TepMudec-
KO¥1 TpaBMOIi, IPUYEM C TIEPBBIX CYTOK 3200/ I€BAHMSL.
WHTEHCHBHOCTH HOPMUPOBAHHOM aMILTUTY/IBI «MeJl-
JIEHHOW» BCITBITITKY TIPY HOPMAPIHUECKOM OTBETE OP-
raHn3Ma MPsIMO TPOTIOPIIMOHATIbHA KOJTMYECTBY Heli-
TpoduaoB. Huskasd WHTEHCUBHOCTh MeAJTE€HHON
KUHETUKHU TPU HU3KOM COJIePsKaHUN HEUTPO(PUIOB
XapaKTepHa jJis1 GOJIBHBIX ¢ 60JIee JIETKUM TeYeHIeM
03KOTOBOI O0JIe3HU. BhICOKAass MHTEHCUBHOCTh MeJI-
JIEHHOW KWHETWKU TPU BBICOKOM COJIEPKAHWHU CBU-
JIETEJILCTBYET 0 GJIATONPUSATHOM [IPOTHO3E Pa3BUTHS
0’KOTOBOIT 6OJIE3HN Y TSIKEJIBIX 00IbHBIX. [Tpu BBICO-
KOM COJIepKaHUN HENTPODUIOB HEJOCTATOUHAS WH-
TEHCUBHOCTDb MEJIJIEHHON KUHETUKHU MTO3BOJISIET TIPO-
THO3MPOBATh  TsXKeJOe JITUTeJbHOE TedeHue
3a00JI€BaHUSI ¢ BEPOSITHOCTBIO JIETATBHOTO MCXO/Aa U
THOWHO-CENTUYeCKUMU OCTIOKHEHUSIMU.
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The Effectiveness of Combined Use of Antioxidant and Glutamine in
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Ienp uccnenoBanus: BorsBieHre 3G HOEKTUBHOCTY COUETAHHOTO TPUMEHEHNST AaHTUOKCUIAHTHO Tepauy MeK-
CHJIOJIOM U JIOTIOJTHITEIBHON HY TPUTUBHOM MOIEPIKKHU Ty TAMIHOM OOJTBHBIX 11pu abnomunaibioM cercuce (AC).

Marepuain u Metoabl. B uccienoBanue Brouniu 170 6osibHBIX ¢ aGIOMUHAIBHBIM CENICHCOM, KOTOPBIX pas-
nesuii Ha 2 rpyinsl. Bosbabie rpymibt 1 (rpyina cpasHenus, n=70) noJyyanu 6azoBoe jedeHre. BoabHbIX rpyIi-
bl 2 (ocHoBHast rpynna, n=100) pasgesnuiu Ha 2 noarpynust. B noarpymie 21 6osbHbie (1=70) B 10110JHEHNE K
6a30BOMY JIEYEHUIO TIOJTyYaIi BHYTPUBEHHO KareabHo Mekcuao (2000 mr/cyT) u qunentuser (27,5 v/cyT), 60J1b-
uble oarpymisl 22 (n=30) ete u rayTaMuH per 0s. AHaIN3 BbIKMBAEMOCTH MTPOBOANIN MeTo/ioM Karrana-Meii-
epa ¢ MCIOJIb30BaHNEM /UL IPOBEPKHU cratncTnieckux runore3 F-kpurtepus Kokca n xpurepusa Kokca-Menresna.

Pesyabrarpl. AHATN3 PE3yJIbTaToOB JeUeH NS TI0Ka3aJl, YTO B OCHOBHOI TPyIITIe 2 JIETATLHOCTD OblTa HIKE, YeM
B TpyIiiie cpaBHeHust 1. BoIgBUIIM CcTATCTHYECKN 3HAYMMOE YBEJTMUCHIE KYMYJISTUBHOM 10/ BBIKMBIIUX ITPU UC-
10JIb30BAaHUK MEKCHU/10J1a 1 TJIIOTAMUHA.

3akmouenue. CoveTanioe BHYTPUBEHHOE BBEJIEHIE TIPETIAPATOB MEKCUIOJIA 1 UTENTUBEHA OKA3bIBAJIO MO-
JIOJKUTEJIbHOE BIIMSHUE Ha Pe3YJIBTAT JieueH st OOJIBHBIX ¢ aGlOMUHATILHBIM cericucoM. OCHOBBIBASICH HA PE3YJIbTa-
Tax aHaJIM3a MOJKHO MPEMONOKUTD, YTO 9Ta Tapa MPEPhIBACT KaCKa/l Pa3BUTHsI abIOMUHAILHOTO CETICHUCa H CIIO-
€OOCTBYET BBIXO/LY M3 KPUTHYECKOTO COCTOSIHUSL.

Kntouesvie cnosa: uenosex; ab00MUHAILHYILL CENCUC; MEMAOOIUYECKAS. MEPANUSL; AHAIU3 BUINCUBACMOCTIU, Me-
mod Kannana-Meiiepa

Aim of the study: the effectiveness of concomitant use of antioxidant therapy with antioxidant 2-ethyl-6-
methyl-3-hydroxypyridine succinate (mexidol) and intensive nutritional support with glutamine in patients with
abdominal sepsis (AS).

Materials and methods. 170 patients with abdominal sepsis (AS) involved in the study were separated into
two groups. Patients of group 1 (control group, n=70) received basic treatment. Patients from group 2 (n=100)
were divided into 2 subgroups. Patients from the subgroup 21 (#=70), in additon to the basic treatment, received
intravenously, by drop infusion, mexidol (2000 mg per day) and dipeptiven (27.5 g per day), patients from sub-
group 22 (n=30) additionally to that received per os glutamine. Survival analysis was carried out according to the
Kaplan-Meier method with using of the Cox's F-test and Mantel-Cox test for testing of statistical hypotheses.

Results. Treatment outcomes analysis showed that in the basic group 2, mortality was lower than in the control
group 1. A statistically significant increase of cumulative part in the survivors was revealed using mexidol and glutamine.

Conclusion. Concomitant intravenous administration of medications had positive effects on treatment out-
comes. Following on from the analysis results, we may suggest that the pair mexidol + dipeptiven interrupts the
cascade of development of abdominal sepsis and contributes to avoiding a critical condition during sepsis.

Key words: human; abdominal sepsis; metabolic therapy; survival analysis; Kaplan-Meier method
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Cencuc

BBenenue

AOJOMUHAJIBHBIN CEIICUC — TSXKeAast OJU0P-
raHHas IaTOJIOTUS, MPOSBISIONASICS CUCTEMHOM
BOCIAJINTEIbHON Peakiuell ¢ HEKOHTPOJUPYEMbIM
BBIOPOCOM 9HJIOTEHHBIX MEAMAaTOPOB BOCIAJECHUS U
nmcMeTabomdeckuMu namenenusiMu [1—4]. 3a mo-
caenane 20 et gvacrora AC BO3pocia, a IeTaTbHOCTh
yBesmumiach Ha 90% [5—9]. B ocHoBe «darambHoit
nupamu/ibl> AC JniexaT aHeprocTpyKTYpHBIH aedu-
AT U 9HI0TeJNnaTbHas TUCHYHKIINAS C TIEPEXO/IOM B
AH/IOTEJINAIBHYIO HeJIocTaTOuHOCTh [ 1, 3, 14, 16, 24].
[Tpo6aema medernmst AC ocTaeTcss akTyanbHOM U B
XXI Bexe [10, 11].

WsBectHO, uTO B ocHOBe maToreHe3da mpu AC
JIESKUT TOBPEsKACHNE KJIETOYHBIX MeMOpaH, aromTos
1 HeKpo3 kJeTok [ 13, 14, 16]. Ito mo3BosisgeT ocyiiie-
CTBJISITH II€JICHANIPABJIECHHBIN MOMCK TPENapaToB Mo
OUOXMMUYECKOMY BEKTOPY € MOTEHIMPOBAaHUEM HX
NEHCTBUS U C MOCHEYIONEN MHOTO(AaKTOPHOT O11eH-
Koil. B aTOM 11aHe Hambosiee WHTEpecHa KOMOWHA-
1ust Mexcuzosa (2-sTuia-6-MeTun-3-ruipoKCUIpu-
JIMH 1 sTHTapHas kucaorta) u aunentusera (N (2) —
L-amanna — L-tayramMuH ), Kak KOMIIOHEHTOB HYT-
putuBHOU Tepamu. VImMeloTcst 1anHble 0 KIMHNYecC-
KO 3HAYMMOCTU TIPUMEHEHUs HTUX TPernapaToB
(cHIXKeHne 4acTOThl MH(MEKIIMOHHBIX OCJIOKHEHUH,
MIPOZIOJKUTENbHOCTH TOCTTUTAIU3AIUH, CTUMY JISITUS
nmmynutrera) [19—24]. Oanako ananus BbLKHUBae-
MOCTH TIPU WCIIOJb30BAHUM ITUX IIPENapaToB He
TTPOBOJIMJICSL.

[Hess nceseoBanmst — BbisiBIeHNE 3(hhEKTUB-
HOCTHU COYETAHHOTO MPUMEHEHUS aHTUOKCHIAHTHOTO
JIEYEHUST MEKCH/IOJIOM W JIOTIOJTHUTEThHON HY TPUTHB-
HOU MOIEPKKU TJIyTaMIUHOM IPU abIOMUHATBHOM
cericuce.

Marepuan u MeTO/bI

Pa6ora Beimosrena B BY3 Boponeskckoit obmacti
«Bopomeskckast ropojickast KimHndecKast G0JIbHUIA CKOPOi
MeauiHeKoit momotm Nel». O6caenosam 170 GOTbHBIX ¢
aboMuHAIBHBIM cericucoM. VcenenoBanue 0100peHo Jo-
KaJIbHBIM aTH4eckuM KomurtetoM. [Tpuunnoit AC aBisimch
[AHKPEOHEKPO3, epdopalust MoJbiX OPraHOB OGPIOLIHOL
nosoctr (mpoboxubie s38b1 JKKT), TpaBmarmueckoe 1mo-
BPEXK/ICHIE OPraHOB GPIOIIHON MOJOCTH, KUTIIEYHAsT HETIPO-
XOZIMMOCTb. BoJibHbIE, Bolue/ne B UCCAe0BaHue, ObLIK
pas/iesieHbl Ha 2 TPYIIIBI B 3aBUCUMOCTH OT CXEMbI JICUEHUSI.
Bosbupre rpymmsl 1 (rpynna cpaBuenus, n=70, n,=51,
n,,=19) nosyuanu 6azoBoe jieyerue: 1) aHTnbaKTepuaIbHAS
Tepans (COrJIacHO UATIO30HY YYBCTBUTEILHOCTH TI0 TT0CE-
BY OUOJIOTMYECKUX CPeft) 2) BEHTUIISAIIMOHHAS MOIEPIKKA
na ocuose koHTposst KOC (VPC, VAC, SIMV, anmapatom
Belavista), 3) nnorpormnas nmogaepsxkka (nodamun or 0,04
MKT/KTI/4ac) ¢ BBIXOJIOM Ha Ba3OIPECCOPHYIO IOAIEPIKKY
(HopazipeHaMH 10 6—9 MKI/Kr/yac ¥ Me3aToH JI0 3—5
MKT/KI'/4ac) OCHOBBIBASICh HA MOCTOSTHHOM MOHMTODWHIE
HUA/, 4) undysnonnas rtepanus (KpPUCTATIIOWbI), 5)
npodumakTKa TPOMOOIMOONNYECKIX OCTOKHEHWIT 1

Introduction

Abdominal sepsis (AS) is a serious multisystem
pathological condition that manifests itself as infec-
tion accompanied by uncontrolled discharge of
endogenous inflammatory mediators and dysmeta-
bolic changes [1—4]. For the last 20 years, AS fre-
quency has been increased, and mortality sometimes
is risen to 90% [5—9]. Structural energy deficit and
endothelial dysfunction lie at the bottom of the «fatal
pyramid» of AS, with result of endothelial insuffi-
ciency [1, 3, 14, 16, 24]. In the XXT century, the prob-
lem of AS treatment remains a challenge [10, 11].

It is known that damage to cellular membranes,
apoptosis and necrosis of cells form the basis of AS
pathogenesis [13, 14, 16]. This allows a target search
for medications according to biochemical vector,
with potentiation of their effect and with following
multifactorial estimation. In this regard, combina-
tion of mexidol (2-ethyl-6-methyl-3-hydroxypyri-
dine succinate) and dipeptiven (N (2) — L-alanine —
L-glutamine), as components of nutritional therapy,
appears as one of most promising. There are data on
the clinical significance of the effect of the use of
these medications (decrease of infectious complica-
tions frequency, length of hospitalization, stimula-
tion of immunity) [19—24]. However, surviving
analysis of the use of these drugs in combination in
abdominal sepsis patients has never been performed.

Study objective: the effectiveness of concomi-
tant use of antioxidant therapy with mexidol and
intensive nutritional support with glutamine in
abdominal sepsis (AS).

Materials and Methods

The work was perfomed in the Budgetary Healthcare
Institution of the Voronezh Region, Voronezh City
Clinical Emergency Care Hospital No. 1. 170 patients with
abdominal sepsis (AS) were examined. The study was
approved by the local Ethics Committee. The causes of AS
were pancreonecrosis, perforation of the hollow organs of
the abdominal cavity (perforated ulcer of GIT), traumatic
injuries of the abdominal cavity organs, and intestinal
obstruction. Content of procalcitonin exceeded 10 ng/ml
in all patients. Content of procalcitonin was only estimat-
ed from the point of view of criterion confirming AS. In the
basic group and in the control group, the differentiation
was not statistically significant. Estimation of the condi-
tion's severity was carried out in accordance with the
scales of SOFA (13—14 scores) and RANSON (5—6
scores). According to these indicators, compared groups
did not distinguish. Control group 1 (n,,=51, n,=19); sub-
group 21 (n,,=47, n,=23). Patients entering the study were
divided into two groups depending on the scheme of treat-
ment. Patients of group 1 (control group, n=70) received
basic treatment: 1) antibacterial therapy (according to the
range of sensitivity by inoculation of biological environ-
ment) 2) ventilation support on the basis of acid-base bal-
ance monitoring (VPC, VAC SIMV, Belavista apparatus),
3) inotropic support (dofamin from 0.04 mkg/kg/h) with
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CTPECC-5I3B JKeJTyI0UHO-KUIIEYHOTO TPAKTa. BosbHbIe rpyTi-
bl 2 (ocroBHas, 7=100) ObLIN paszesIeHbl Ha 2 MOATPYIIIbI
B 3aBHCHMOCTH OT criocoba BBeJeHUs rirytamuHa. B mos-
rpymie 21 (n=70, n,=47, n,,=23.) 60JbHbIE B JOIOJHEHNE K
6a30BOMY JICUCHHIO TI0JTyYa/Ii BHYTPUBEHHO KalleJbHO MEK-
cumon (2000 mr/cyT) u aumentusen (250 MJ1/CyT) B KauecT-
Be HyTPUTUBHON Tepanuu. Bosbable noarpymibt 22 (n=30)
JIOTIOJTHUTEITBHO TIOJTYYaJIH TIIyTaMUH per 0s (CyMMapHo 27,5
r/cyT). HyrputuBHas TO//IepKKa: apeHTepaybHOe TTHTA-
nue (Kobusen, Hyrpuduiekc), surepanbroe nuranue (Hyr-
pusoH) — npu Boccranosyienne Gyukiun KKT. Coneprxa-
HUEe TPOKAJIBIMTOHUHA Y BCeX OOJIbHBIX TpeBbimano 10
ur/mi. Cojiepskanie TTPOKAIbIIETOHNHA OIIEHUBAIN TOJIBKO
¢ TOYKM 3peHust kpurepwus, noareep:xkaaiomero AC. B oc-
HOBHOI1 TpyIIle W TPYIIe CPaBHEHUSI OH CTATHCTUYECKU
3HAUMMO He pazinyaics. OIeHKY TSPKeCTH COCTOSTHUS TIPO-
Boaun 1o mkanam SOFA (13—14 6amnmos) 1 RANSON
(5—6 6amsoB). 1o aT1M TI0KA3aTEJISIM CPABHUBAEMbIE IPYII-
ITBI He PA3JINYAIUCD.

Habuonerue 3a pe3yisratoM JiedeHust GOJIbHbBIX PO-
BOJIJIN ¢ MOMeHTa nocTymtenus narurenta B OPUT no e-
peBozia B Ipo(UIbHOE OT/EICHNE UK JIETATBHOTO ICXO/IA.

Craructuueckyto 06paboTKy pe3yJIbTaToB HCCIeI0Ba-
HUS TIPOBOJIMJIN C TTOMOIIBIO TIporpaMMHOTO 11akera STA-
TISTICA 8.0 (StatSoft, Inc. 2007) [15]. locToBepHOCTD
pasymuumii BIGOPOYHBIX COBOKYITHOCTEH OIEHUBAIM C UC-
M0JIb30BAaHMEM HerapaMeTpuieckux kpurepuen. OleHKy
Pa3IMUMil KaueCTBEHHBIX TPU3HAKOB ITIPOBONJIHN ITyTEM
HOCTPOEHUsT TAbJIMI[ COIPSIKEHHOCTU U BBIUUCJIECHUEM
kputepueB 2 u z, ornouienus mancos (OIIl) u orHocu-
teabHoTO prcka (OP), a takike nx 95% 10BEPUTETBHBIX
MHTEPBAJIOB. AHAJIN3 BBLKUBAEMOCTH U JIOKUTHSI JIO OTIPe-
JIETIEHHOTO KPUTHYECKOTO COOBITHsI (TIepeBOjl U3 OTiesie-
HUS PeaHUMalnu B IPOMUIbHOE OT/IC/ICHIE, CMEPTh) MPO-
BOJMJIN TIYTEM IMOCTPOEHUsT KPUBBIX BBIKIBAEMOCTH IO
Metony Kartana-Meiiepa. AHanu3 cTaTUCTHYECKON 3HA-
YUMOCTH Pa3JIMYMsl KPUBBIX BBIKIBAEMOCTH MEXKIY IPyII-
aM¥ TIPOBOJVJIN HAa OCHOBaHWM pacyera F-Kpurepwus
Kokca n kpurepust Kokca-Mentena. Hynesyto runoresy
OTBEpTaJii, a AJBTEPHATUBHYIO NPUHUMAJN [PU YPOBHE
sHaunmoctu p<0,05.

PesyabraThl 1 00CyK/IeHHE

I[Ipu gonosHenny 6a3MCHOTO JIEYEHNST B OCHOB-
HOM IPyIIIIe COYeTaHHBIM UCIOIb30BAHNEM MEKCHU/I0-
JIa U IUNENTUBEHAIeTa JeTaIbHOCTD 32 BECH EPHOJ
HabmoeHust (25 cyT.) Obliia CTaTUCTHYECKU HIKE Ha
18,4%, uem B Tpymie cpaBHeHus (Tabur. 1).

the following vasopressor support (noradrenalin up to 6—
9 mkg/kg/h and mesaton up to 3—5 mkg/kg/h) on the
basis of continuous monitoring of NIBP, infusion therapy
(crystalloids), 5) prophylaxis of thromboembolic compli-
cations and stress-ulcers of gastroenteric tract. Patients of
group 2 (basic, n=100) were divided into 2 subgroups. The
basic group was divided into 2 subgroups according to the
method of glutamine introduction. In subgroup 21 (n=70),
in addition to the basic treatment, patients received intra-
venously by drop infusion mexidol (2000 mg per day) and
dipeptiven (250 ml per day) as nutritional therapy.
Patients of subgroup 22 (n=30) additionally received per
os glutamine (in total 27.5 g per day). Nutritional support:
parenteral feeding (Kabiven, Nutriflex), enteral feeding
(Nutroson) — in recovery of GIT function.

Monitoring of the patients' treatment outcomes was
conducted from the moment of a patient's admission to the
ICU until transfer of the patient to a specialized depart-
ment or lethal outcome.

Statistical processing of the study results was carried
out using the software package STATISTICA 8.0
(StatSoft, Inc. 2007) [15]. Significance of differences of
sampling populations was determined by non-parametrical
criteria. Differences of qualitative characters were evaluat-
ed by construction of cross tables and calculation of 2 and
z criteria, odds ratio (OD) and risk ratio (RR), and their
95% of confidence intervals. Survival and surviving until a
certain critical event (transfer from an intensive care unit
to a specialized department, death) was analyzed by con-
struction of survivalship curves according to the Kaplan-
Meier method. Analysis of statistical significance of differ-
ences in survivorship curves between groups was carried
out on the basis of calculation of the Cox's F-test and
Mantel-Cox test. The null hypothesis was discarded and
an alternative hypothesis was accepted at the significance
level of P<0.05.

Results and Discussion

When administering the basic therapy with
concomitant use of mexidol and dipeptiven in the
basic group, mortality, for the entire period of study-
ing (25 days), was statistically lower by 18.4% than
in the control group (Table 1).

The method of construction of the Kaplan-
Meier curves was used in the study process for
detailed survival analysis. It was revealed that the
use of mexidol and dipeptiven (basic group, n=100)

Ta6auua 1. JIByxBxom0Bast TaGiauIa CONPSIKEHHOCTH JIJIsi CPABHEHHS JIETAIbHOCTH y GOJbHbIX rpynm 1 u 2.
Table 1. Two-input contingency table for comparison of mortality in the patients of groups 1 and 2.

Groups Result

Survived Dead Comparison
1, n=70 27 (38.6%) 43 (61.4%) Difference: 18.4% (CI=2.3—33.5%); 5'=4.87; P=0.027*
2, n1=100 57 (57%) 43 (43%) OR: 2.11 (CI=1.13—3.93); z=2.4, P=0.02*

RR: 1.48 (CI=1.1-2.1); z=2.4, P=0.02*

Note. * — Difference between groups are statistically significant when P<0.05 (y* and z criterion), CI 95% confidential interval, OR

— odd ratio, RR — risk ratio.

Ipumeuanne. Groups — rpymmbr; Result — pesysbrar; Survived — sookuino; Dead — ymepaio; Comparison — cpasrenne; Difference —
pasnnuue; CI — IU; OR — OIL; RR — OP. * — pagiuuust Mesk/ly TPyIIaMy cTaTucTudeckn 3uadnmMol ipu p<0,05 (kpurepwuii y* u z);
I 95% —noBepurenbnbiii untepsar; Ol — otnommenne mancos; OP — oTHOCHTENIBHbII PUCK.
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Puc. 1. CpaBHeHne KyMyJISATHBHOMN 10J1M GOJBHBIX ¢ a0OMUHAIBHBIM CENICHCOM, BHIKMBINMX B TPYNNaX U NOATPYNNAX.

Fig. 1. Comparison of cumulative part of patients with abdominal sepsis survived in groups and subgroups.

Note. o —Dead; + — Withdrawn. * — Differences between groups and subgroups are statistically significant when P<0.05 (Cox's F-test).
IIpumeuanue. las puc. 1—4: Cumulative part of the survived, c. u. — kymynATHBHAS 107151 BBUKMBIINX, y. €.; Days — cytku; Group —
rpymia; Subgroup — MOArpyIa; 0 — yMepiine; + — U3bsIThie. * — PA3AMUUSA MEK/IY IPYITIAMU U MOATPYIINAME CTATHCTUYECKU 3HAUM-

mbt ipu p<0,05 (F-xpurepuii Kokca).

[l eTanbHOTO aHaIM3a BBIKMBAEMOCTUH B
mporiecce HaOJIIOEHUST UCIIONb30BAIN METOJ MOCT-
poenns kpuBbix Kammana-Metiepa. YctaHoBuau, 94T
BKJIIOUEHHUE B JIeYeHWEe MEKCUONAa W JUTeNTHBeHa
(ocnoBHag rpymma, n=100) nmpuBoAMIO K CTATUCTH-
YECKH 3HAYUMOMY YBEJTUYEHUIO KYMYJISTHUBHON JI0-
JIM BBUKUBINNX OOJIBHBIX TI0 cpokam. Kpome Toro,
6OJIbHBIE OCHOBHOU TPYIIIBI 2 B OTAAJIEHHOM TIEPHO-
ne He ymupasu (puc. 1).

B nmoarpynme 2, ocHOBHOU Tpynmnbl TpaHCdy-
3UOHHYTO TEPATTHUIO JIOTIOJHSIN TePOPATHHBIM BBe-
JneHueM riayramuHa. /lokazaHo, 4TO MeKay TpyI-
mol cpasHenus 1 w moarpynmamu 2, 2,
CYIIECTBOBATN CTATUCTUYECKW 3HAUYUMbBIE Pa3Jiv-
qus. [Tonoxutempbubrii a(hherT TOTOTHUTETHHOTO
MEePOPANIBHOTO BBEJIEHUS TJIyTaMWHA MPU UCIIOJIb-
30BaHHBIX pas3Mepax BbIOOPOK J0Ka3aTh He yia-
JIOCh, Pa3JINYUil MEXJIY MOATPYIIIaMu OCHOBHOM
rpymiel He BoigBuau (puc. 1).

[Tor u Bo3pacT sBASIOTCS (haKTOpaMu, KOTO-
pble MOXKHO paccMaTpUBaTh KaK MPEJAUKTOPHLI pe-
3yJsibrara Jedenus. OMHAKO, IPU CPaBHEHUU KyMY-
JISTUBHOU IOV BBIKUBIITUX MY;KUUH U JKEHIIUH, a
TaK)kKe BO3PACTHBIX T'PYII Mbl HE BBISBUJIU CTATHUC-
TUYeCKU 3HAYNMBIX paziuuuii (p>0,05) (puc. 2, 3).

in the treatment caused statistically significant
increase by terms of cumulative part of the surviving
patients. In addition, patients from the basic group 2
did not die in a remote period (Fig. 1).

In subgroup 2, of the basic group, transfusion
therapy was complemented with oral introduction of
glutamine. Between control group 1 and subgroups
2,, 2, statistically significant differences were found.
Positive effect of additional oral introduction of glu-
tamine in used sampling sizes was not proved; differ-
ences between subgroups of the basic group were not
revealed (Fig. 1).

Gender and age are factors, which may be con-
sidered as predictors of the treatment outcome.
However, between the cumulative parts of survived
males and females, as well as age groups, no statisti-
cally significant differences were revealed. P level was
significantly higher than 0.05. Therefore, gender and
age did not affect the treatment outcome (Fig. 2, 3).

For construction of the prediction model, the
dependence between variables «treatment modifica-
tion», <«age» (independent ones) and lifetimes
(dependent ones) is of concern. Model of Cox pro-
portional intensities is the most general regression
model that does not impose constraints upon the
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Puc. 2. CpagHeHne KyMyJISATHBHOMN /I0JIM BbIKMBIIMX MYSKYHH U JKEHIIMH ¢ a0I0MUHAIBHBIM CeTcucoM B rpymnme 1 u noarpymme 21.
Fig. 2. Comparison of cumulative part of the surviving males and females with abdominal sepsis in group 1 and subgroup 21.

Note. Group 1 (nm=>51, nf=19); subgroup 21 (nm=47, nf=23). Differences between groups are statistically insignificant (P>0.05,
Mantel-Cox test).

IIpumevanue. males — myxkunibl (M); females — sxenmunpt (k). Ipynma 1 (nm=51, nsk=19); noarpynma 21 (nmM=47, nx=23). Pazimuus
MESK/Ly TPYIIaMi cTaTicTiHdeckn Hesnaunmbl (p>0,05, kpurtepuit Kokca-MenTemna).

C]IQZIOBaTeJIbHO, 10T 1 BO3PAaCT HE BJMAJIN Ha pe-

3YyJIbTaT JieueHusd. ==

[l cosmanmss Mojiesin TIPOTHO3a TIPE/ICTABIIS- ot ~eee 249
35-49
JI MHTEPEC NepeMEHHbIe «MOAM(pUKAII JIETCHNST>, 0s i, e
«BO3pacT» (He3aBUCUMBIE) 1 BpeMeHa KU3HM (3aBU- Gragp.2
o & 4 <36 w 3840 (Cox's F-Tust: F{24, 30) =

cumbie). Haubosiee o6rieil perpecCHOHHON Moje-
JIbIO, HE HaKJAJbIBAOIIeil orpaHndeHust Ha (GhopMy
(byHKITMY BBIKUBAHUS, SIBJISETCS MOJIENb TIPOTIOPIIH-
OHaBHBIX NHTeHcuBHOCTe Koxca. [TosTomy nmen-
HO C ee MOMOIIBIO OIeHUBAIN KOA(hDMUIIUEHTHI Per-
peccuu It 9TUX 2-X HEe3aBUCUMBIX TIEPEMEHHBIX C

<36 w >89 (Cox’s F-Test: F(20, 30] = 1,27, p =0
o -1 384940 (Cox's F-Teat: F{20, 24) = 1,30, p = 0,27)

08 : A S e e ¥

0.5

04

Cumulative part of the survived, c.u.

1eJIbIO TIPEICKa3aHusT BpeMeH sku3Hu (Tabir. 2). Days
3HaveHne CTATUCTUKY KPUTEPUsI )y IJIsT JaHHON
pPerpecCuoHHON MOJENIN CTAaTUCTUIECKU 3HAYNMO
(p=0’04)’ IIO3TOMY MOJKHO 3aKJIIOYUTD, UTO, 110 Kpaf/’l- Puc. 3. CpaBHeHue KyMyJIﬂTl/lBHOﬁ 210U GOJIBHBIX pa3/imyHoro
BO3pacra ¢ HGZIOMMHHJI])H])IM CEIICHCOM, BBIUKUBIINUX B OCHOBHOM

Hel Mepe, O/lHa He3aBHUCHUMasd IIepeMeHHaA ﬂeﬁCTBH-
. rpynme.

Te]IUBHO CBSI3aHa C BBIKHBACMOCTBIO. JTOH Tepemen Fig. 3. Comparison of cumulative part of patients of different
HOM  ABJIAETCA  JOIIOJIHUTEJAbHOE  COYETAHHOE  age with abdominal sepsis survived in the main group.
HUCIIOJIb30BaHUE IIperapaToB MEKCUJI0JA U JUIIEIITH- Note. The differences between groups 1 and 2 are statistically
Ber (p=0,03). Mogenb moarBepskaata pesysbraThl  insignificant (P>0.05, Cox's F-test).
CPaBHEHUS! KYMYJIATHBHOM /1011 BBUKHBLINX GOJb- IIpumeuanue. Years — siet. Pazimuus mesky BOSPACTHBIMH HCPH-

ofamu craructnaeckn HesHaunMmsl (p>0,05, F-kpurepnit Kokca).
HBIX 110 Bo3zpacty (puc. 3). CrenoBaTesnbHO, MOTY-

YEHHbIC JaHHbIEC CBU/CTE/JILCTBOBAJIN O TOM, YTO Ha-

Tabauua 2. PerpeccuonHnasi MOJeJb /ISl IIEH3yPUPOBAHHBIX JAHHBIX (BbIKUBLINE GOJIbHBbIE, EPEBEIEHHbIE B MPO-
dunbHOE OTACICHUE).
Table 2. Regression model for censored data (survived patients transferred to specialized department).

Parameters Beta Standard error t level Ex-beta Wald test P level
Age 0.01 0.009 1.34 1.01 1.79 0.18
Additional drugs -0.33 0.15 -2.14 0.72 4.57 0.03

For the model in general: y* =6.28, df=2, P=0.04*

Note. * — Parameter estimation (regression model) is considered as statistically significant (at the level of P<0.05).

IIpumevanue. Parameters — mapamerpbl (Takke mias taba. 3); Age — Bospact; Additional drugs — gomosHuTEBHBIE TIPEMTAPATSHI;
Standard error — crangapruas omubka; level — yposenn (taxke s taba. 3); Wald test — kpurepuii Banbaa; For the model in gen-
eral — 11 MOZIeNIN B 1IeJIOM. * — olleHKa napameTpa (PerpeccuoHHOl MOJIeN) PacCMaTPUBACTCS KaK CTATUCTHYECKH 3HaYnMast (Ha
yposue p<0,05).
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Puc. 4. CpaBHenre GyHKINM BbIKUBAHUS [ GUHAPHBIX (IOMOJHATENbHOE JIEYEHHE — /1A WM HET) HE3aBMCUMbIX E€PEMEHHbIX M0~

JIy4YeHHOI1 perpecCuoHHOiT MoJienu.

Fig. 4. Comparison of survival function for binary (additional treatment — with or without) independent variables of the obtained

regression model.

Ipumeyanne. Without/ with an additional treatment — 6e3/c JOTOMHUTETLHBIM JICYCHEEM.

JInYye TOTIOJTHUTENbHBIX TIPENaparoB, a He BO3PaCT
narueHTa HanboJiee BaxKHbIA IPEAUKTOP ISt (DYHK-
1M1 MTHOBEHHOTO PUCKA.

Mojiesib TT03BOJIHIIA TIOJMYYUTD OTIMYAIOIIAECS
rpacduku HYHKIIMY BBKUBAHUS IS YCJIOBHO 33/1aH-
HBIX 3HAYEHWH He3aBUCUMBIX TTePEMEHHbBIX (JIOTI0JI-
HUTEIbHOE JedeHne: fa uian Het) (puc. 4).

CoracHO TOJy4YeHHOW MOJIen, TIPU JIeUeHNH
60sbHBIX ¢ AC 6e3 MeKCHI0/Ia U JUIENTHBEHA Yepes
S CyT YHCJIO BHIKUBIIKX, TEPEBEAEHHBIX M3 OT/EJIe-
HUS peaHVMAIlNK B IPyroe MPopuIbHOE OTAeIeHIEe
coctaBuT 63% OT BCeX IMOCTYIUBIIUX B OT/E/IECHHIE
peaHrMaIid, a IPY UCIIOJIb30BAHUK ATUX Iperapa-
toB 80%. Yepes 10 cyt 40 u 65%, yepes 15 cyt 35 u
58%, COOTBETCTBEHHO. JTO MPOTHO3UPYET MOJIOKHU-
TeTHHBIN (P eKT feficTBUS TpermapaToB.

JlabopartopHble TokazaTeu (comepskanue Gu-
6putorena, annOymuna, CPB u TNF) mexmy rpyr-
mamu 1 1 2 craTncTryecky 3HAYNMO Pa3IHIaInCh M0
BceM cpokaM HaGyoneHus, B auHamuke (ANOVA
Opuamana, df=4, y* >11,0, p<0,02), a Takxe B apre-
puajbHOU 1 BeHO3HOI KpoBu (Tabir. 3). Bee a10 cBU-
JIETEJILCTBOBAJIO O BJUSHUU BHYTPUBEHHOTO BBejle-
HUSI MEKCUIONA + UTIeNTUBEHA Ha (DY HKITMOHAIbHbIE
CUCTEMbI OPTaHU3MA.

BuyTpuBeHHOE BBeieHUE MEKCHU/I0JIA U JTUTIETT-
THBEHA OKA3bIBAJIO BJIVSHNE HA TIPOIECCHI, TIPOSIBJIS-
tomecs: usmerenrieM CPB (a), pubpunoreHa (a) u
TNF (a) — npuBoauso k nossiernio yposus CPB,
TNF u cHIKeHNIO YPOBHS (GUOPUHOTEHA B apTepH-
ambHON KpoBu. M3BecTtHO, uyTOo B TaHatorenese AC
MOZKHO BbIIEUTE: 1) KaTabosnuecKuii B3pbiB — (-
3MOJIOTMYECKU HeOOXOAMMbI, HO Ae(EKTHBI, ¢ uc-
MOJIb30BAHMEM BCEX JIOMYCTUMBIX PE3epPBOB, 2) OT-
CPOYEHHYI0 aKTHBanuio KatabGosiusMma. Iloaromy
TUOATbOYMUHEMUST SIBJISIETCST TSKETICHIIUM CHH/I-
POMOM, OTPAXKAIOTINM KaTacTPOPUIECKOe CHIKEHHE

form of survival function. Therefore, this model was
used for estimation of regression coefficients for
these two independent variables in order to predict
lifetimes (Table 2).

The value of statistics of y* criterion for this
regression model is statistically significant (P=0.04),
therefore, it may be concluded that, at least, one
independent variable is actually connected to sur-
vival rate. Additional concomitant use of mexidol
and dipeptiven drugs is variable (P=0.03). The
model confirmed the results of comparing the cumu-
lative proportion of patients surviving by age.
Therefore, the obtained data testified that the pres-
ence of additional medications, and not the age of a
patient, is the most important predictor for the
immediate risk function.

The model provided significantly different
graphics of survival function for relatively specified
values of independent variables (additional treat-
ment — yes or no) (Fig. 4).

According to developed model, treatment of
patients with AS without mexidol and dipeptiven
resulted in surviving of 65% of patients, transferred
from an intensive care unit to other specialized
department in, of all patients admitted to the inten-
sive care unit. When mexidol and dipeptiven were
applied surviving was increased to 80%. After 10
days and 15 days the differences remained compara-
ble: 40% vs. 65% and 35% vs. 58%, respectively. Data
demonstarate the positive effects of medication on
patients' surviving.

Laboratory findings (fibrinogen, albumin, CRP
and TNF content) in groups 1 and 2 show statisti-
cally significant difference determined during all
periods of the study and in follow-up (ANOVA of
Friedman, df=4, y* >11.0, P<0.02), with comparable
differences when using arterial and venous blood
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Ta6muua 3. CpaBHeHue 1a60paTOPHBIX HOKa3areseii y namuentos rpymnnst [ u II, Me (QL—QU).

Table 3. Comparison of laboratory findings in patients of group I and II, Me (QL—QU).

Parameters Values of parameters in groups on the days of the study Plevel
1 (n=70) 21 (n=70)

{st
Fibrinogen (a), g/ 6.3 (3.4-6.3) 3.17 (3.12-6.32) <0.001*
Fibrinogen (b), g/1 45 (25 46)™ 2.68 (263 4.65)"" <0.025
Albumin (a) 262 (25.7—39.8) 30.27 (26.30—30.42) <0.001*
Albumin (b) 33.6 (28.733.9) 28.35 (27.10—33.90) <0.001*
CRP (a), mg/1 88(86_194) 13.60 (8.7913.69 >0.05
CRP (b), mg/1 12.3 (11.7—13.7) 12.20 (12.10—12.30)** <0.001*
TNF (a), ng/ml 495.7 (489.7—504.2) 712.4 (496.5_713.8) <0.001*
TNF (b), ng/ml 3234 (320.4350.3)"" 683.3 (324.5_686.4)"* <0.001*

5th
Fibrinogen (a), g/1 4.7 (4.7—7.6) 3.80 (3.78—3.92) <0.001*
Fibrinogen (b), g/1 33(32 48)" 342 (340 _35)* <0.001*
Albumin (a) 343 (22.0-35.7) 27.64 (27.50—27.73) <0.001*
Albumin (b) 27.3(25.7-30.9) 25.3 (25.20_25.6)"* <0.001%
CRP (a), mg/1 247 (10.2—25.75)% 221 (22.10—22.39) >0.05
CRP (b), mg/1 16.2 (15.8—16.7)*** 23.09 (22.90—23.23)* <0.001*
TNF (a), ng/ml §74.2 (494.2_881.5)" 685.9 (684.60_637.4) <0.001*
TNF (b), ng/ml 610.7 (3459 620.4)**# 623.8 (621.60_625.3) <0.001*

10th
Fibrinogen (2), g/1 83 (81 98) 462 (4.60_4.64) <0.001%
Fibrinogen (b), g/1 57 (5.67.0)** 410 (4.09_4>15)** <0.001%
Albumin (a) 34.4 (18.7—37.8) 28.22 (28.1028.4) <0.001*
Albumin (b) 245 (235_26.9)" 25.7 (2560 25.9)* <0.005*
CRP (a), mg/1 33.1 (16.8_34.0) 215 (21.4021.6) <0.001*
CRP (b), mg/1 237 (22.9_23.9)"*F 233 (23.20—23.5)** <0.005*
TNF (a), ng/ml 1173 (892_1203)% 530.7 (530.60_533.7) <0.001*
TNF (b), ng/ml 836 (354.6_838.3)*** 486.5 (484.70—489.2)* <0.001*

Note. * — Differences between the groups are statistically significant at P<0.05 (Kolmogorov-Smirnov test). ** — Differences
between arterial and venous blood (within a group) are significant at P<0.05 (Wilcoxon test). # — Differences in comparison with the
previous period are significant at P<0.001 (Wilcoxon test), ANOVA of Friedman. Me — median; (QL—QU) — interquartile range.

IIpumeuanue. Values of parameters in groups on the days of the study — snauenus mapaMerpoB B rpyIiiax rmo JaHsM UCCIEA0BAHUS;
Fibrinogen, g/l — ¢ubpunoren, r/mx; Albumin — ams6ymun; CRP, mg/l — CPB, mr/a; TNFE ng/ml — ur/miu. * — Pasmuuust Mexy

rpymmamu cratuctiudeckn 3nadnuMbr npu p<0,05 (kpurepuii Kosmoroposa-Cmuprosa.

** — Pagmuunst MEXIy apTepuasibHON U

BEHO3HOI KpoBbio (BHYTpu rpymin) 3Haunmbl npu p<0,05 (kpurepuit Buikokcona). # — Paznuuus B cpaBHEHUU € MPEBILYITIM
cpokom 3uaunMmel 1ipu p<0,001 (kpurepuit Bunkokcona), ANOVA @Opuamana. Me — meanana; (QL—QU) — uHTEpKBapTHUIBHBII

pasmax.

6eJIOK-CUHTETIYEeCKOW (YHKIIMU MeyeHH. B Harreit
paboTre AMHAMUKA TeyeHUsT abIOMUHAIBHOTO CEICH-
ca, orieHKa 3(h(HEKTUBHOCTH TPUMEHEHUST MEKCHI0JIA
1 TJIyTaMWHA TIPOBOINIIACH C TTO3UITUHN OTIPe/IeTeHNST
anpOymuHa, pubputorena, CPB, TNF B aprepualib-
HOW U BEHO3HOW KPOBW. AKIIEHT Jejlajicsl Ha apTe-
pUO-BEHO3HYIO PA3HUILY IO JAaHHBIM TTOKA3aTeJIsIM.
AnbOyMuUH — peryssiTop oOMeHa JUIOMPOTENIOB
KPOBH, UTPAIOIINUX 3HAYUTETHHYIO POJIb B PA3BUTUN
CeTicrca, MEePeHOCUYNK TOPMOHOB, BUTAMUHOB, MUK-
poasemenToB [1, 2, 16, 18]. Bersinennoe vamu, mo-
sIBJIEHWE CTAaTUCTUYEeCKN 3HAYMMOU apTepHOBEHO3-
HOU pasHUIIbI 110 aIbOYMUHY — Hadaslo KatacTpodbl
C paspylleHreM KU3He0OeCTIeunBaroIIell nepapxum:
KOJIJIOMTHO-OCMOTHUYECKOe /laBlIeHre — KalluJIIsp-
HOe JlaBJieHne — TPAHCKAMJLIAPHBIH o6Mmen [18].

B nureparype CPB paccmarpuBaercs Kak WH-
TETPabHBIIN ITOKa3aTeJb PEe3yJIbTaTOB NHTEHCUBHOM
tepanuu [12]. Ocnosnas pynkuus CPb — posb no-
cuTtetst maToGpU3UOJIOTHUECKOTO cyOCcTpaTa aHEPruu
K KJIeTKaM PBIXJION COeIMHUTEeNbHON TKaHMU, T/ie He-
TTOCPEZICTBEHHO OCYIIECTRIISIeTCs BocTiasenne. ApTe-

(Table 3). The results confirmed the positive thera-
peutic effect of intravenous administration of mexi-
dol + dipeptiven on functional systems of organism.

Intravenous administration of mexidol and
dipeptiven affected the processes that manifest
themselves in alterations of concentrations of CRP
(a), fibrinogen (a) and TNF (a): an increase of CRP,
TNF levels and a decrease of fibrinogen level in the
arterial blood.

It is known that in thanatogenesis of AS the
following elements might be distinguished: 1) cata-
bolic burst — physiologically necessary but defective,
with using of all acceptable reserves, 2) suspended
activation of catabolism. Therefore, hypoalbumine-
mia is the most severe syndrome reflecting a cata-
strophic decrease of protein-synthetic function of
liver. Dynamics of abdominal sepsis and estimation of
effectiveness of use of mexidol and glutamine were
performed in our work from the perspective of deter-
mination of albumin, fibrinogen, CRP, and TNF in
arterial and venous blood. The focus was on arteri-
ovenous difference of these indicators. Albumin is a
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proBeHO3Has pazHuia co cHmkenneM CPB — xpu-
TEPUil HHEPreTUYEeCKOro TMpejiesia Pa3BUTHS KPUTH-
yeckoro creHapust [ 14].

/luHamMuKa apTepUOBEHO3HOW Pa3HUIILI 110
TNF-a n ero nuskuil yposenb 3Ha4uMbl /IS OlIpe/ie-
Jienust: 1) majieHust TpaHCMeMOPaHHOTO TTOTEHITHAA,
2) mpezea JecTPYKIMN MeMOPaH 9HI0TEIHOIITOB,
3) mpeaesIbHOTO MOAABJIECHUST CUHTE3a albOyMITHA, 4)
npeaena Boiopoca AKTT [1, 3, 8]. TToatomy cHiKe-
Hue TNF-¢ B rpyine ¢ HeOIaronpusiTHBIM HCXOA0M
Ha 1 CyTKM — CBUJETEILCTBO TOTO, YTO CTEIEHb JIeC-
TPYKIIMU HEKOHTPOJMPYEMa, a aBapUIHBIN dHEPro-
pecypc ucuepriaH.

Tomeocras (hpubprHOTEHA 3aBUCUT OT HOPMAJIb-
HOU (byHKITMYU mevyenn, a oHa Bo Bpemst AC cyitecT-
BeHHO cTpajaer. OpraHuaM He pacrojiaraeT 3amacom
(bubpuHOTEHA 1 MOTOMY HYJKAAETCSI B €r0 MOCTOSH-
HOM 00HOBJIeHUU T1e4eHblo. DaKTOphl BOCHAIEHUS
CTUMYJIUPYIOT CUHTEe3 (UOPUHOIEHA U WCTOIIAOT
OUOCHHTETHYECKUI MoTeHIaa medeHn. OubpuHo-
reH — ocTpodasHblil GeTOK ¥ IPU BBICOKUX IH(pax,
BBISIBJIEHHBIX HAMM, IPEBPAIIAETCS B OMOJHUTEh-
HBIH (haKTOp TOBPEKIECHUS SHAOTENUS. ITO CBI3AHO
¢ TeM, 4TO OOJIBIIMHCTBO JOMEHOB (HUOPHUHOTEHA
MIPOTEOJUTUIECKH OTIIETISSCh BBI3BIBAIOT A(heKT
JnecTpyKIuu sup0Te s . OT COCTOSTHUST MOJIEKYJT
(bubpuHOTEHA TaKKe 3aBUCAT IIPOIECCHI BOCIAJE-
HUS, CBEPTBIBAHWS U JIEHATYPAIlUU KPOBH, KPOME TO-
ro, GUOPUHOIENTH/IBI 00JIafal0T BBIPAKEHHOI MPO-
THBOBOCTTAJINTEIBHON aKTUBHOCTHIO.

3akiaouyeHue

PesyssraThl IPOBEIEHHOTO WCCJIEIOBAHNUS CBUJIE-
TEJBCTBYIOT O CTATUCTHIECKH 3HAYUMOM TTOJIOKHUTEI -
HoM aderre MHPY3UU MEKCUIIOA U TUTIENITHBEHA Ha
(oHe GaswcHOTO JieyeHUsT abGIOMUHATIBHOIO CETICHCA.
[Tpy wCnob30BaHUK HTUX TIPENAPATOB JIETATLHOCTD
caKamach Ha 18,4% (95% JIU: 2,3 33,5%). AHammi3 1o
Karuran-Meiiepy mokasast Haimare CTaTUCTIYeCKN 3Ha-
YUMBIX Pa3/MIMii KPUBOW BBLKUBAEMOCTH B TPYIIIE
cpaBHenns 1 1 ocHoBHOM Tpyte 2. [Tapa aumenTrusen +
MEKCHJIOJ TIPUBJIEKATEJIbHA TPUITEPHON TPAHCMUCCH-
eif: TUIyTaMUH BOCIIOJIHSIET HeUITUT dHEProcyoeTpara,
MEKCHJIOJI TIOBBIITIAET aKTUBHOCTh KJIFOYEBBIX (hepMeH-
TOB aHTUOKCUIAHTHOH 3aIuThl. VIX cyMMapHOe KoppH-
rUpyfolee U aHTHOKCHIAHTHOE JIEHCTBUE TIPEPHIBAET
pa3BUTHE TTATOTEHETHYECKOTo Kackaza. C oHOH cTopo-
HbI, 9TO JIA€T BO3MOKHOCTD M30€raTh BHIPAKEHHBIX 10~
60uHBIX 2(D(DEKTOB, MPUCYIMX MpernapaTaM ¢ OIHO-
3HAYHBIM JICHCTBUEM, C IPYTOI — ONPEIETTATD 3TY Mapy,
KaK MMEIOTIYI0 TIPOMOYTEPMO/IY/ISITOPHBIN THTI JIEICT-
BUSI M YHUBEPCATBHYIO aKTUBHOCTD.

Jlureparypa

1. Iyces E.IO., Yepewnes B.A. CucreMHOe BOCIIaJICHUE: TEOPETUYECKUE U
METO/10JIOTUYECKUE 110/1X0/1bl K OITMCaHUIO MO/IeJIN 06LI.],C113T0./101‘H‘1CC’
koro mpoiecca. Yacrb 1. O6mas xapakrepucrtuka mpoiecca. [lamoa.
@usuonoeus u sxcnepum. mepanusi. 2012; 4: 3—14.

regulator of blood lipoproteins exchange playing a
significant role in the development of sepsis and
transferring hormones, vitamins, microelements [1, 2,
16, 18]. We found a statistically significant arteri-
ovenous difference in level of albumin that was a
start of catastrophe with destruction of life-sup-
porting hierarchy: colloid osmotic pressure — capil-
lary pressure — transcapillary exchange [18].

CRP is considered an integral indicator of
results of intense therapy [12]. The arteriovenous
difference with a decrease of CRP is a criterion of
energy limit of development of critical scenario [14].

Dynamics of the arteriovenous difference by
TNF-a and its low level are significant for estimation
of: 1) drop in transmembrane potential, 2) limit of
destruction of endotheliocytes membranes, 3) termi-
nal suppression of albumin synthesis, 4) limit of
ACTH discharge [1, 3, 8]. Therefore, the decrease of
TNF-a in the group of unfavorable outcome on Day
1 is an evidence of the fact that the destruction level
is uncontrolled and energy reserves are exhausted.

Homeostasis of fibrinogen depends on normal
liver function that suffers considerably during AS.
There is no fibrinogen reserve in the body, hence it
requires continuous renewal by the liver.
Inflammation factors stimulate the synthesis of fib-
rinogen and exhaust the biosynthetic potential of
liver. Fibrinogen is an acute-phase protein and when
the values are high, it becomes an additional factor of
endothelium damage because proteolytically cleaved
domains of fibrinogen might cause endothelium
destruction. Processes of inflammation, coagulation,
and denaturation of blood also depend on the condi-
tion of molecules of fibrinogen since some fibrinopep-
tides might exhibit anti-inflammatory activity.

Conclusion

Results of the study demonstrate statistically
significant positive effects of transfusion of mexidol
and dipeptiven on surviving of patients with abdomi-
nal sepsis receiving basic treatment. When these
drugs were used, mortality was decreased by 18.4%
(95% of CI: 2.3—33.5%). Analysis by Kaplan-Meier
plots showed statistically significant differences in
survival curves between the control group 1 and basic
group 2. The combination of dipepriven + maxidol
seems benefitial presumably due to the trigger trans-
mission: glutamine renews the deficit of energy sub-
strate, mexidol increases activity of key enzymes of
antioxidant defense. Their cumulative action resulted
in corrective and antioxidant effects that interrupted
the pathogenetic cascade of sepsis development.
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OTUKa B pEaHUMATOAOTUN

Kiaunuuyeckas 3THKa 3anpoca «He peaHUMHPOBaTh»> M JIPYTUX JUMUTHPYIOIUX

JMPEKTUB B paboTe Bpaya aHECTE3NOJI0Ta-PEAHNMATOJIOTa
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Clinical Ethics of the Do-Not-Resuscitate (DNR) Order
and Other Advanced Directives in Anesthesia and ICU
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Ycenenrnoe npuMenenue cepaedHo-yierounoit peanumaiuu (CJIP) kak pyTHHHOI MPAKTUKK CIACCHUS JKU3HU
MAIIMEHTOB B ONEPAIMOHHBIX BO BPEMs aHECTE3UU 1T03BOJIMIIO TIEPEHSTD ee /IS UCII0Ib30BAaHUS B ITAjlaTaX MHTEH-
CUBHOH Teparnu, 3aTeM BO BCEX JAPYTUX OTAEJEHUAX TOCIUTAJICH, 1, B KOHEYUHOM UTOTe, BHEJPEHUTH OBCEMECTHO
Jlaske BHE TOCIUTAJICH. JTO IIPUBEJIO K BO3HNKHOBEHUIO THYECKON JINJIEMMBI JIJIS TAIIMEHTOB, KOTOPBIE TEHephb ca-
MU JIOJDKHBI 3alPAIIBATH OTKJIIOYEHNsT TIPUOOPOB TOIEPIKAHST JKI3HH, a TAKJKE JUIST UX POJICTBEHHUKOB, TOCTAB-
JIEHHBIX B CJIOKHYIO CHTYAIUIO TIPU MIPHHSATHI PEIIEHIsT BMECTO HAXOJISIIErocs Ge3 CO3HAHMsI CTPAJIAIONIEro 6Jim3-
KOro uesioBeka. B 9ToM 0630pe paccMaTpuBalOTCS STHYECKKE [IPUHIIUIIBL, HA KOTOPbIE OIIUPAOTCS aJIMUHICTPATOPBI
rOCIIUTAJIElT, BpauH, AIMEHTHI ¥ PYTHE JIUIA, BBIIOIHSIONIE MOPaJIbHbIe 00s13aTeIbeTBa 00eciedeHust He30IacHO-
cru, komdopra u Hajeskantero jgedernnst. Ocoboe BHnManue B 0630pe obparaercst Ha Tepmu — 3arpoc «He pea-
HUMUPOBaTh» (B aHTIOSI3BITHON JuTepatype Do-Not- Resuscitate orders nnm cokparernno DNR). OueBuino, 4To 3a-
npoc «He peaHnMupoBaTh» He paBHO3HAYEH OTKA3y OT JICUEHUS TTAIUCHTA.

Kniouesvie caosa: CJIP; DNR; smuueckue npunyunvl; smudeckue Oupexmusnl

Closed chest cardiopulmonary resuscitation (CPR), having been so successful after its introduction in the
operating room for saving lives of anesthetized patients, was adopted for use in the intensive care units, then hos-
pital-wide, and finally to out of hospital patients. This has lead to ethical dilemmas involving patients who must
themselves request discontinuation of artificial organ function devices and treatments, or placing family members
in the difficult positions of having to make those decisions for their unconscious and suffering relatives. In this
review, the Ethical principles on which physicians, hospitals, patients, and surrogate decision makers rely in order
to apply their perceived moral obligations to provide patient safety, comfort, and treatment are examined with par-
ticular emphasis on do not resuscitate orders (DNR). It is clear that DNR does not equate with do not treat.

Key words: CPR; DNR; Ethical Principles; Advanced Directives
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Beenenne

Introduction

CJIP mipu 3aKpBITOl TPYMHON KJIETKE BIIEPBBIE
Oblla MCIOJIb30BaHa y MAIEHTOB € OCTaHOBKOM
cepzilia BO BpeMs olepaluii oz oo1eil anecresuei,
U TepBbIe COOOIIEHNST TOBOPUIN O GOJBIIOM yCIeXe
aroii iportenypsl [1]. B 1961 roxy /[>xyxa u coasr. co-

Closed-chest Cardiopulmonary Resuscitation
(CPR) was first employed for patients who suffered
cardiac arrest during surgery under anesthesia and
initially reported to have high success [1]. In 1961
Jude et al reported on the use of CPR in 118 patients
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oburu o npumenernn CJIP y 118 maimeHToB ¢ oc-
TAHOBKOM cep/iia B roctiutane /[»xkona Xonkunca [2].
C000I1aI0Ch, YTO XOTSI CEPIEUYHAsT IeITEIBHOCTD BO-
306HOBUIACh ¥ 78% MalueHToB, ToJabKO y 60% BoC-
CTAaHOBUJICS TIEPBOHAYATBHBIN HEBPOJIOTHMUECKUN
cratyc [2].

K 1963 rony moBcemecTHOE PYTUHHOE UCITOJTb-
3oBarme CJIP mpuBemo K BO3HUKHOBEHUIO HOBOM
pOOJIEMBI JIJIst TIAIMEHTOB, TIEPEKUBIINX OCTAHOBKY
cepana [3]. PesysbraToM ycrenrsHon cepjiequHO-Je-
TOYHOI peaHnMaIluy, B 0COOEHHOCTH y GOJIBHBIX B
KPUTUYECKOM COCTOSTHUH, YacTO CTAHOBUJICS TIPO-
JUTEHHBIH TTPOIleCC YMUPAHUS U TPOJIJIEHHBIE CTPa/ia-
nus [3, 4]. Ho B Mmegununckoii mureparype 10 1976 r.
HE BCTPEYAIOCH YIOMUHAHUN O paspenieHuu s
Bpaya COCTaBUTH JIJId maiuenTa 3amnpoc «He peann-
mupoBath» (DNR) [3]. [loctaTouno sicHO, 4TO B Te
panrame cpoku cranoBieHuss CJIP 1 DNR muOrmM
BpadyaM ¥ PabOTHHUKAM 3[PaBOOXPAHEHUs OBLIO
CJTOKHO OOBEANHUTD CBOM MOPAJIbHbIE 00SI3aTEIbCT-
Ba, 8 UMEHHO — BBITIOJIHEHUE BCETO BO3MOXKHOTO JIJIST
CTIACeHUs W TIPOJIJICHUS KU3HU MTAIlUEHTOB, U 9THYe-
CKMe TIPUHIIAITBI, KOTOPble (POPMUPYIOT OCHOBY JIJISI
3aKOHO/IATEIBHOTO BHEAPEHMS 9THX 00513aTEIbCTB.

Cy1iiecTByeT 4YeTbipe OCHOBHBIX 3ITUUECKUX
MPUHIIKAIIA: HEBPEAUTENbCTBO [5], AeiicTBre Bo 6jaro
[6], aBToHOMUS MTanenTa [7] n cipaBenIMBOCTS [8].

B mpenpiaymmx crathsax aBTOpamMu 00CYysKia-
JIOCh, UTO, BHEAPsISt 0603HAUECHHbIE BBIIIE TPUHITAITBI
B JKU3Hb, BPa JOJUKEH OaITaHCUPOBATH MEKIY TPEMSI
nuxoromugmu [9]:

* [lorenruanpHasi TIOJb3a OT JICUEHUS TOJIK-
Ha GbITh COTIOCTAaB/IEHA € TOTEHI[UAIBHBIM BPEIOM OT
Hero, T.e. — He Bbizoser Jiu CJIP Gosblie Bpea, uem
TTOJTh3bI?

* CrpemiieHne COXPaHUTH KU3Hb — COXPAHUT
su CJIP sxusHb? Vi HeoOXOAUMO CBOEBPEMEHHOE
Oco3HaHue ee OeCIoNe3HOCTH U HeOOXOANMOCTH
JIUIIh obecriedeHnst KoM(MOopTa Mpolecca yMUPaHus ?

 TlorpeGHOCTH MHAUBHUAA COMOCTABJISIOTCS C
HOTPEOHOCTSIMU BCEro 00IIecTBa — HEBO3MOKHO U
HETIPUEMJIEMO TIPEJOCTABISATh BCIO BO3MOKHYIO Me-
JUITTHCKYIO TIOMOIIH KayK/IOMY, KTO €€ 3alpaiinBaer,
Brutovast CJIP.

Ipuk [Ixx. Kaccn B cBoeit crathe «IIpupoma
CTPaaHUil W [eJIM MEIUIIUHBI> MUIIeT <...00Jerde-
HUe CTpajlaHuil 1 usJjiedeHne 3a60JeBaHUS JOJIKHBI
paccMaTpUBaThCs Kak JBa 00s3aTeIbCTBA, KOTOPbIE
JEeHCTBUTENBHO TIPeIHa3HAYEHBI JIJIsl JTeueHnst 00JIe3-
Hell. Bpau, He TOHMMAIOMWI TPUPOLY CTPaAJAHUI,
MOJKET BBITIOJIHATH TaKMe MeIUITUHCKIE BMEIaTeh-
cTBa (JlaXke ecJii OHU TEXHUYECKH aJleKBATHBI ), KOTO-
pbl€e He TOJIbKO HE YCTPAHSIOT CTPAJaHNs, & CAMU SIB-
JISIOTCA IPUYMHON cTpasanuii» [10].

Kak yxaswiBaior Tor, bpart u @peiinep, nsna-
yanbHO TexHojoruu CJIP GbLIn mpeHasHAYEHbI /15T
CITaCeHUsT JKU3HU MAIIMEHTOB ¢ 00PaTUMBIMK CEPJIeY-
weiMu aputmusivu [11]. Ograko B 1992 romy, yoke

with cardiac arrest at The Johns Hopkins Hospital
[2]. They reported that although seventy— eight
percent had cardiac action restored, only 60% were
returned to pre-arrest central nervous system (CNS)
and cardiac status [2].

By 1963, the routine use of CPR on all patients
throughout the hospital lead to new problems for
those who survived the arrest [3]. Prolonged suffer-
ing and a prolonged dying process was often the
result of successful cardiac resuscitation, particular-
ly in terminally ill patients [3, 4]. But it was not until
1976 that the concept of a hospital policy permitting
a physician to write an order to not resuscitate a
patient appeared in the medical literature [3].

It is clear that in those early days of CPR and
DNR orders, many physicians and health care work-
ers found it difficult to reconcile what they believed
to be their «Moral Obligations» to do everything
possible to save and extend the lives of their patients
with the «Ethical Principles» that form the basis for
the legal implementation of those moral obligations.

These Four Basic Ethical principles are:
Nonmaleficence [5], Beneficence [6], Patient
Autonomy [7] and Justice [8].

As discussed by this author in a previous man-
uscript [9], implementing the above principles the
physician has to balance «Three Dichotomies» [9].

» The potential benefits of treatment must be
balanced against its potential burdens; will CPR
cause more harm than benefit?

 Striving to preserve life; will CPR preserve
life? Or must we recognize that it would be biologi-
cally futile, and we must only provide comfort in
dying.

 Individual needs are balanced against those
of society; it is not possible or medically acceptable
to offer everything to everyone who requests it
including CPR.

Eric J. Cassel, in his article the «Nature of suf-
fering and the goals of medicine,» stated «...The relief
of suffering and the cure of disease must be seen as
twin obligations of a medical profession that is truly
dedicated to care of the sick. Physicians' failure to
understand the nature of suffering can result in med-
ical intervention that (though technically adequate)
not only fails to relieve suffering but becomes a
source of suffering itself> [10].

As stated by Truog, Brett, and Frader, the
techniques of CPR were originally intended to
attempt to save the lives of patients with reversible
cardiac arrhythmias.11 But in 1992 when their
paper was written , the current practice was to use
CPR in all situations unless there is a direct physi-
cian order not to resuscitate [11]. «Since cardiac
arrest is the final event in all terminal illness,
everyone is eventually a candidate for this medical
procedure..and therefore ..DNR orders were
developed to spare patients from aggressive
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nocje MyGJAUKAMKM WX CTaThH, CYIIECTBYOMIAs
MpakTUKa TpeanuchiBaia ncrnosab3zoBat CJIP Bo
BCEX CJIy4YasiX OCTAHOBKH CEP/IA, €CIM TOJBKO He
6bL10 IpsiMOTO yKazanust «He peannmuposaTh» [11].
«IlockompKy ocTaHOBKA cepaiia — 3TO (PUHATIBHOE
COOBITHE BCEX TEPMUHAIBHBIX COCTOSTHUI, KayKIblil, B
KOHIIe KOHI[OB, SIBJISIETCS KaHAUAATOM JIJIsI 3TOH Mpo-
HEeAyPhL.. ¥, TaKUM 06pasoM, sanpoc «He peannmu-
poBatb» ObLIT paspaboTaH ¢ Iebio yoepeub MmarueH-
TOB OT arpecCUBHBIX MOIBITOK OKUBJIEHUS, KOT/A
CMepTh O)kiaeMa 1 Hensbesxma.» [11].

3avactyio TPOUCXOAUT TaK, YTO MAITUEHT WJIN
JIIOJIM, TIPUHUMAIOIIE PEIICHUE 32 HEro, TPeOyIoT,
4qT00BI OBLIO MPOBEAEHO BCE BO3MOKHOE JICUCHHE,
Brutouas CJIP, naxke B Tex ciaydasix, Korja Bpad Cuu-
taer, uto CJIP Gecroje3Ha U MOXKET IIPUYUHUTD
Gourbliie Bpe/a, ueM 1moJib3sl [9, 11]. B mogo6HbIX ciry-
Yyasgx MOXHO YTBEP)KIATh, UTO Bpay JOJIKEH UMETh
BO3MO’KHOCTH TIPUBECTH B JeiicTBre 3aripoc DNR 6e3
coryiacust MaIenTa, ero POACTBEHHUKOB WJIH JPYTUX
stt, npuHUMatomux pemierne [11, 12]. Hekoropsre
MAIUEHTHI U/WJIN YJIeHbl X ceMell He COTJIAIaroTCs
Ha 70, 4roO6b61 DNR-3a1poc ObL1 3anucan MMcbMeHHO
M3-3a CTPaxa, 4YTO OCTATbHAS MEIUIIIMHCKAS TTOMOIITb
Takxke OyjgeT OTMeHeHa. J[pyrue BepsiT, 4TO OHU
JOJKHBI CJIEJIaTh BCE BO3MOYKHOE, Y4TOOBI TIPOAOJI-
JKaTh JKUTh [0 PEJIUTHO3HBIM TpuurHam. OGmnpHast
IpyIINa MarueHToB HAXOAUTCS T0J] BJIUSHUEM TOTO,
YTO OHU BUJIEJTH 10 TEJIEBUICHUIO UM B KITHO.

B 1996 rony menuumacknii sxypraaa Hosoit An-
rmvn (NEJM) omyGrnkoBast UccaeoBaHye 0 9acTo-
Te ycriexa CJIP B momysigpHBIX Tesiecepraiax, Takmx
kak <ER», «Chicago Hope» u «Rescue 911». Ha re-
JIEBUIEHUH aKTePhl YCIIEITHO CIACAIOT 75% <Iaiu-
eHToB». HO B peaslbHOCTH 3Ta YacToTa COCTABJSIET
TOpa3/I0 MeHbIIle TT0JOBUHBI ciryvaes [13].

Uccnenosanme 2009 roga mpesmmnosaraet, 4To
gacrora ycrexa CJIP Ha TeieBuaeHUM Morjia Obl
ObITh GOJIee pPEANMCTUYHON; OJHAKO, B cepuajiax
JnanbHelmas cyapba CllaCeHHBIX TaKuM 06pasoM
MTaIlMeHTOB PEJIKO SABJISIeTCS YacThio ciieHapus [14].
Bosee Toro, B cepmasax peiko MOKa3bIBAIOT, Kak
BoimoJtHsieTcst CJIP y moKnmIbIX, «TepMUHATBHBIX>
narmenToB B OPUT, vaie aTo MoJiofibie marineHTo
€ TPaBMOii, y KOTOPBIX OOJIbIIIE IMAHCOB Ha BHIKUBA-
uue nocae CJIP [14]. Umest nesno ¢ peasbHBIMU T1a-
[[HEeHTaMH1, Bpadu, Korja OHU OepyT WHPOPMHUPO-
BaHHOe corsacue Ha DNR, 1osxHbI mpyHUMATh BO
BHuManune Mud o6 ycrexe CJIP, mocessHHBIN Macc-
Mmeaua [14].

Yr006bI IPOTUBOCTOSATH 9TOMY ME]Y HCCITE0Ba-
tesm usyunnu yenermHocts CJIP (6e3 mcmomb3osa-
HUSI aBTOMATHYECKOro AeuOpuIsTopa) mpu pas-
JIMYHBIX  00cTosiTenberBax [15]. OOHapyskui, 4to
CJIP 6pbina ycrenmroit B 2—30% ciydaes, eCim BbI-
MOJTHSJIACh BHE TocuTasist, B 6—15% — B rocimrale,
U B YIPYYAIOIIUX 5% — Y HOKUJIBIX MAIIUEHTOB C MHO-
JKECTBEHHBIMU MeUIINHCKUMHU TIpobiemamu [15].

attempts at revival when imminent death is antici-
pated and inevitable» [11].

It is often the case that patients or their surro-
gate decision makers request that everything should
be done including CPR even when the physician
believes that CPR would be futile and only cause
more harm [9, 11]. In such cases it can be argued
that the physician should be able to enact a DNR
order in the absence of consent from the patient,
surrogate, or family [11, 12].

Some patients and /or family members will not
consent to having a DNR order written because of
fear that all measures of care will also be withdrawn.
Others simply believe for religious reasons that they
must have everything done to continue to live.
Others still are swayed by what they have seen on
television and movies.

In June 1996, the New England Journal of
Medicine published a study about the success rates
of CPR as shown on the television medical shows
«ER», «Chicago Hope» and «Rescue 911». On tele-
vision the actors successfully resuscitated 75% of the
pretend patients. But according to the study, the
real-life estimates were less than half [13].

A 2009 study suggested that the success rate of
CPR on television may be more realistic; however, on
television the long term survival of these resuscitated
patients is rarely a part of the script [14]. In addition,
we are rarely shown CPR being performed on older,
sick, terminally ill patients in the intensive care unit
on television, but rather young trauma patients with
a better chance of surviving CPR [14]. In dealing
with real patients, physicians must take into account
the media myth of CPR success rates in obtaining
informed consent to write a DNR order [14].

To counter this medical myth, researchers
have studied the success rates of CPR (without the
use of automatic defibrillators) in various settings:
they found that CPR was successful in 2—30% of
victims when administered outside of the hospital,
in 6—15% for patients in the hospital, and a dis-
couraging 5% or less for elderly victims with mul-
tiple medical problems [15].

With these statistics in mind, one must look
back to the 4 basic principles of medical ethics for
guidance in determining whether an individual
patient should be a candidate for attempted CPR
should a cardiac arrest occur while in the hospital; or
whether a complete informed discussion should take
place with the patient and/or surrogate decision
maker as to placing a DNR order on the chart in
order to avoid a catastrophic outcome and increased
suffering for the patient.

First, «Do No Harm» implies that assessment
of patients should be conducted in advance, when
possible, to avoid causing more harm and suffering to
patients who have little to no chance of surviving the
brutality of the CPR process.
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Case Law Example (Court Ruling Limits Rights of Patients, New York Times, By GINA KOLATA, Published: April 22,

1995)

1995 Gilgunnv  Suffolk Physician and hospital discontinued ~ Court ruled there was The right of physicians to make indepen-
Mass. County life-sustaining therapy and issued a no negligence dent judgments about withdrawing life
General Superior  do not attempt resuscitation order on the part of the support against the wishes of the patient
Hospital ~ Court, despite objections of the patient and  physician or hospital. or surrogate had not yet been tested in

Boston surrogate when they deemed that fur- appellate court.

ther care was futile.

IIpumep ropuanueckoro ciyyas. («Pemenue cyaa orpannunsaer npasa nanuentos» The New York Times, [xuna Kosa-

Ta, omy6mKoBano 22 ampess 1995 roza).

Cyne6ublit
opran

Ton Curyvaii Onucanue ciayyast

1995 Karepuna  Bwicumii cys Bpau u rocnimuranb octaHOBUIN

. T'm- OKpyTa SKU3HETIO/IEP;KUBAIOIILY IO TEPAITHIO
rans; [lent- Cyddorxk, u Bbiasin DNR-3armpoc, HecmoTps
pasIbHbIT Bocron Ha TpebiLyIme TpeboBaHusT alu-
TOCTIMTAJTh €HTKH U e POJICTBEHHUKOB, KOT/IA
Maccauy- IMOCUMTAJIN, YTO JaJbHeNIIee jeue-

cerca Hue Oyzer 6eCroIe3HbIM.

ITocranosienne BoiBog

cyna

Cyz moCcTaHoOBUII,
YTO CO CTOPOHBI
Bpaya Wjim ToCIuTa-
Jist He ObLIO S0y -
MIEHO XaJaTHOCTH.

[IpaBo Bpaueil BBIHOCUTDH He3aBHCHMBbIE
CY’KIEHHUS 10 TIOBOAY MPEKpaIeHns
MOJJIePsKaHMs JKU3HH, [TPOTHBOpeYaline
JKeJIAHUIO TAIlMEeHTOB (POJCTBEHHUKOB)
erie He GBUIO MOATBEPKIECHO B ATesIsi-
LHOHHOM CY/I€.

[TaMsATyst 3Ty CTAaTUCTHKY, CIEAYET OTJISTHYThCS
Ha 4 6a30BBIX MPUHIIAIA MEAUIIHCKOW STHKHU IS
ompenenenus Heobxoaumoct Boamosxkuoi CJIP y
WHUBUYAJTbHOTO TAIUEHTA, €CJIN Y HETO CIYUUTCS
OCTAaHOBKA Cep/IIa B TOCITUTAJE, WJIN JKe ¢ HUM (WJIH
C JIPYTHMU JIIOABMY, MPUHUMAIOIUMU PeEIieHue)
crepyer obcymurb DNR-3ampoc 1 pesynbrarbl 00-
cyskaeHusi (GUKCUPOBATh B KapTe TalMeHTa IS U3-
GeKaHU «KaTaCTPOMUIECKUX TTOCTEACTBIIT» U yCu-
JIEHUSI €TO CTPaJIaHui.

[Tepseorit npunnmn «He naBpean» npeamnosara-
eT, 4To Gecea ¢ TMAIMEHTOM TIPOBOANTCS 3a01aTOB-
PEMEHHO, eCITH 9TO BO3BMOKHO, YTOOBI M30EKAThH yBe-
JIMYEHUST CTPAJaHUil U Bpela /IS TOTO MAIUeHTa,
KOTOPBIII MMeeT KpaiiHe HU3KHe IMIAHCHI TePeKUTh
nporiecc CJIP.

Bropoit npunnnn «/lenait xoporio, ecan Mo-
xemrby (mpuniun Bocxoaut K Cesaromy Dome Ak-
BUHCKOMY, hrmocody U TEoJOry TPUHAIIATOTO Be-
Ka) TpeGyeT mpeaycMoTpeTh TO ke camoe. Ha camom
neie, cyx CIITA yke MOCTaHOBIIL, 4TO Bpauu He 06s1-
3aHbI MpeJJIaraTh WU TPOBOIUTD TO JieUeHUE TaIu-
€HTY, KOTOpPOEe, TI0 UX MHEHWIO, He TIPUHECET eMy
MOJIb3BI, asKe €CJIN MAIIMEHT WU €T0 CEMbsT TPEOYIOT
aTOTO JeueHust. TakuM 06pa3oM, BOTIPOC O TIIETHOC-
TH MEAUIITHCKOTO BMEIIATEIbCTBA Y7Ke OblJI BBEIECH B
cyzne6HbIe ipotieayps [16].

[TpunsaTHE pelieHrst 0 GECIONIe3HOCTH MeI-
[UHCKOTO BMEIIATEIbCTBA BCETAa OBLIO CIOKHON
npobaemoii aag Bpadeil. B oaxHOM u3 apeBHUX
TPaKTaTOB I'MIITIOKPATOBCKOTO Kopmyca «VckyceT-
BO HAayKW W MEIUIMHBI» BpayaM W MallMeHTaM pe-
komenayercs: «Korma O6bl 9e0BeK HU CTpagiald OT
6oJie3tu, KOTOpas CAUIMKOM CHUJIbHA JIJIsI CPEJICTB,
UMEIONUXCST B PACIOPSIKEHUW MEIUIIUHBI, OH OTI-
peziesenHo He TOJIKEH HANEATHCS, 9TO 9Ta 6OIE3Hb
MOJKET ObITh TPEO0JIEHA ¢ TIOMOIIBIO MEIUIIHHBI>
[17]. Tlogo6HO 3TOMY, ApEBHETPEUYECKIE BpavyeBa-

Second, «Do Good If You Can» (a concept orig-
inating from Saint Thomas Aquinas of the 13th cen-
tury) requires the same forethought. In fact the
courts in the United States have already ruled that
«physicians are not obligated» to offer or provide
treatments to patients that they feel would not be
beneficial, even if the treatment is demanded by the
patient or family. Thus the issue of futility of care was
entered into court proceedings [16].

Decision making in medical futility has always
been a problem for physicians. In one of the ancient
Hippocratic, The Art treatises, physicians and patients
are admonished: «Whenever a man [sic] suffers from
an illness, which is too strong for the means at the dis-
posal of medicine, he surely must not expect that it can
be overcome by medicine» [17]. Similarly the ancient
Greek healers suggested that «among the 3 goals of
medicine were cure, relief of suffering, and the refusal
to treat those overmastered by their illness» [18].
Hippocrates discouraged the sick from asking their
physicians to attempt cures that had no possibility of
success. And likewise, he (Hippocrates) reminded
physicians «to attempt a futile treatment was to dis-
play an ignorance that is allied to madness» [17].

In the 215t century both ethicists and intensive
care specialists have come to opine that physicians
must accept the responsibility for recognizing the
futility of certain interventions (like CPR), and to be
granted the legal privilege to decide to limit care,
even against the objections of the patient or the
patient's legal representative [19, 20].

In his review article on medical futility, Fine
gives examples of the development of the concept of
futility of care, including CPR, which culminated in
legislation such as THE TEXAS ADVANCE
DIRECTIVES ACT OF 1999 [17].

Fine explains that this legislation integrated
multiple previous laws dealing with terminal care
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OTuKa B PCaHUMATOAOTNUN -

TeJn coBeToBaNN: <« Tpu 111 MEUITUHBI — ITO U3-
Jedenne GoJsiesHeil, uszbasieHue OT CTpajaHuii u
OTKa3 JIEYNTh TeX, Y KOTo GOJE3Hb 3allljia CAUITKOM
nasnexo» [18]. Tunmokpat npu oTCyTCTBUM BEPOSIT-
HOCTH YCIIEIITHOTO JIEYEHUST OTTOBapUBal GOJBHBIX
paccopammBarh 0 HeM Bpaua. 1 Gosee toro, Tur-
[OKPAT TOBOPHJI, YTO <«UCIBITBIBATH OECIOJIE3HOE
JiedeHne — 3TO OTpakeHue HeBeKecTBa, TpaHUYa-
mero ¢ cymacuiectsueM» [17].

B mBamnarp nepBoM Beka CIEIUATUCTBI MO ATH-
Ke, a TaKyKe BpayW OT/IeJIeHNH NHTEHCUBHOW Teparnn
MIPUIILTA K BBIBOJLY, YTO BPAYM JOJLKHBI TIPUHSATD OT-
BETCTBEHHOCTH 32 PACIIO3HAHWE TIIETHOCTH OTIpejie-
JIeHHBIX BMentarenabeTB (Taknx kak CJIP) u momyants
ouIMaTbHOE Pa3pelieHne onpeaeuTh JTMMUAT ITOMO-
I, JajKe ecyid 9T0 OyIeT BOIPEKN TPeOOBAHMIM Ia-
IMeHTa WJIN eTo 3aKOHHBIX TipeactaButeneii [19, 20].

B 0630pe cTarteii Ha TeMy TIETHOCTH M€ TAIITH-
ckux mporenyp, Daiin maer TpUMEPHl Pa3BUTHS
MPEJICTABIEHUIT O THIETHOCTU TOMOIIHU, BKJIOYAs
CJIP, xoTopeie yTBepauInch 3akoHozaresnbHo. Ha-
npumep, B «PacimmpenHoM IUPEKTUBHOM akTe Texa-
ca 1999 rozas» [17]. Daiin 06bsICHSIET, YTO ITOT 3aKOH
00beINHIET MHOKECTBO TIPEABILYIINX 3aKOHOB, Ka-
CaABIIVXCST TPUHATHUS PENIEHUS B OTHOIIEHUN TEPMHU-
HaJIbHBIX OOJIbHBIX, 1 JIETAET HECKOJIBKO BasKHBIX T10-
MPAaBOK B OTHOINEHWH 3aBelIaHUs, OINpeeTeHus
TEPMUHATBHOCTH U HEOOPATHUMOCTH 3a00JI€BaHMsI, U
HOBBIX TPEOOBAHUI O TOM, KaK IMEHHO JIOJIKHO ObITh
3aCBU/IETETBCTBOBAHO coTJacue ¢ jedennem [17].

Hogsas Texacckas aupextusa 1999 roxa npu-
3HAET, YTO MAIUEHT MOXKET MCIIOJb30BATh 9TOT J[0-
KYMEHT, 4TOGBI OTIPEAETUTh, KaKOE JIeUeHUE OH XO-
yeT TPHUHATH WJIU OTKJIOHUTH B CUTyalluu
TEPMUHAJIBHOIN WM HeoOpaTuMoil Gosesnu [17].
CrenmnanbHO yCTAHOBJIEHHBIE JIUIA TaKKe MOTYT
MIPUHUMATH TaKOe PellieHne, eCJii MallueHT He B CO-
crostaun (OyaeT 00CyKAAThCS TTO3HEE) CAMOCTOSI-
TeJIbHO ero MpuHATH [17].

OmHaKo, TEXacCKU aKkT TakKe BKIIOYAET YCJI0-
BUS JIEMCTBUI Bpaveil BOIIPEKW IMPEKTUBE TMaIlleH-
Ta, €CJIU OHU MTOHUMAIOT, YTO 3aMPOIIEHHOE UM Jieue-
HUEe THIETHO. JTO TaKKe SIBJSETCS YCJIOBUEM JIJIS
3arpoca srtudeckoil koncyssranuu [17]. Cormnacno
3aKOHOAATENbCTBY Texaca, Bpaun MOTyT HaliTu «be-
30IIACHYIO MTPABOBYIO T'aBaHb» CJELys MPeITuCaH!-
sIM, yKa3aHHbIM B AxTe [17].

[TonoxkeHusi TEXaCCKOTO 3aKOHA MPUBEIEHBI
HUJKe B TOI hopMme, KaKk OHU (HOPMYJIUPYIOTCS B 00-
3ope Daiina, MOCKOIBKY OHM OYEHD MOXOKU B YCTa-
Bax Bcex [1lTaToB 1 paccMarpuBaloTcst Kak pyKOBOJI-
CTBO B PelIeHUH 9TUYeCKUX KOHDIUKTOB [17]. DTH
MOJIOKEHUSI IBJISTIOT c000#1 «6e301MacHy 0 PaBOBYIO
raBaHby I WHCTUTYTOB, 3TUYECKUX KOMHTETOB,
Bpavell 1 mepBbie B cBoeM pojie B cTpane [17].

1. Cembe [0JKHA OBITh BbIJAHA HChMEHHAsI
nHGOpPMAITUS O TMOJUTUKE TOCITUTANS B OTHOIIEHUH
MIPoIecca HTUUECKON KOHCYIBTAIINH.

decision making into a one statute, and made several
important changes to the living will, the definition of
terminal and irreversible illness, and new require-
ments for how consents should be witnessed [17].

The new Texas advance directives of 1999 rec-
ognized that patients may use this document to spec-
ify which treatments they want to reject or request
in the face of terminal or irreversible illness [17].
Designated surrogates could also make such deci-
sions if the patient lacked capacity (to be defined
later) to make the decisions himself or herself [17].

However the Texas Act also included a provi-
sion for the treatment team to challenge the patient's
directive, if the physicians feel the treatment
requested is «medically futile> [17]. There is also a
provision for requesting an ethics consultation [17].
Under the Texas law, physicians could find «a legal
safe harbor» by following the process as outlined in
the Act [17].

The provisions of the Texas Law are reproduced
below as taken from Fine's review article because
they are similar to those of most States Statutes, and
serve as guidelines for the resolution of Ethical con-
flicts [17]. These provisions as reproduced below
provide the «legal safe harbor» for physicians, insti-
tutions, and ethics committees, the first of its kind in
the country [17].

1. The family must be given written informa-
tion concerning hospital policy on the ethics consul-
tation process.

2. The family must be given 48 hours' notice
and be invited to participate in the ethics consulta-
tion process.

3. The ethics consultation process must pro-
vide a written report to the family of the findings of
the ethics review process.

4. If the ethics consultation process fails to
resolve the dispute, the hospital, working with the
family, must try to arrange transfer to another
provider physician and institution who are willing to
give the treatment requested by the family and
refused by the current treatment team.

5. If after 10 days, no such provider can be
found, the hospital and physician may unilaterally
withhold or withdraw the therapy that has been
determined to be futile.

6. The party who disagrees may appeal to the
relevant state court and ask the judge to grant an
extension of time before treatment is withdrawn.
This extension is to be granted only if the judge
determines that there is a reasonable likelihood of
finding a willing provider of the disputed treatment
if more time is granted.

7. If either the family does not seek an exten-
sion or the judge fails to grant one, futile treat-
ment may be unilaterally withdrawn by the treat-
ment team with immunity from civil or criminal
prosecution.
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Case Law Example (Salgo v. Leland Stanford etc. Bd. Trustees, 154 Cal.App.2d 560 [Civ. No. 17045. First Dist., Div. One.

Oct. 22, 1957 ]

OLGA SALGO, as Administratrix, etc., Respondent, v. LELAND STANFORD JR. UNIVERSITY BOARD OF

TRUSTEES et al., Appellants.

1957 Salgo v Calif. Salgo became paraplegic following
Trustees Appeals a translumbar aortography. The
of Leland ~ Court patient was not informed of the
Stanford risks.
Hospital

The Court ruled that
Physicians must inform
patients of the risks, benefits
and alternatives of treatment.

Enforced right to
informed consent

IIpumep ropuguueckoro ciaydas. Osnbra Casnpro B Jlunang Crandopa rocnurane, 154 Cal. App. 2d 560; [Civ. No. 17045.

First Dist., Div. One. Oct. 22, 1957.].

Ton  Cayuaii CyneGusiii Omnucanue ciyyas ITocranoBienue BeiBox
oprai cyna
1957 Ouibra Kamudop- Y nanuentku passuiace naparie-  Cy/J1 OCTaHOBII, IIpuBenero B uctosHeHne MpaBo Ha UH-
Cauibro B HUHACKII IUst IOCJIE TPAHCIIOMOAPHOiT a0p-  4TO Bpaun 00si3aHbl  (HOPMUPOBAHHOE COTJIACHE.
Jlnnana aTeJIsIn- torpadun. Ouna re O6bi1a HGOPMHU-  HHGOPMUPOBATD TIa-
Crandops  OHHBII CyJl  POBaHA O PUCKAX. IIMEHTOB O PUCKAX,

rociurasie

110JIb3€ 1 aJIbTepHa-
TUBaX JIeYEeHHA.

2. Cembe paercd 48 4acoB i U3ydyeHus UH-
(opmarm m 3areM ee MPUTJIANIAIOT K YYacTHUIO B
MIpoIecce ATUYECKOI KOHCYJIBTAIINN.

3. Bo BpeMs aTHuecKoil KOHCYJIBTAIlUN COCTaB-
JISTETCST TUCBMEHHBIN OTYEeT 000 BCEX ee 3aK/I0UEH-
SIX, aKT 3aT€M OTIAETCST CEMbe.

4. Ecim nipu aTMYeCKOl KOHCYJIBTAINN He ya-
JIOCh Pa3PENINTh BOSHUKINUIA IUCITYT, TOCITATAIb, Pa-
GoTtaromuii ¢ ceMbeil, 06sI3aH TOTBITAThCST OPraHU30-
BaTh IEPEBOJ TMalMeHTa B JPYroe YuypexkaeHue,
KOTOpPO€ TOTOBO MPEJOCTABUTh TO 3alpaliiBaeMoe
ceMbeil JieueHue, KOTopoe ObLIO OTBEPTHYTO TEKY-
el BpaueOHOIT KOMaH/I0M.

5. Ecum nocie necsitu 1Hed TONCKOB TaKoe yd-
pexjieHne He GyIeT HallJIeHO, TOCITUTA/b M BPAYK MO-
TYT B OJTHOCTOPOHHEM IOPSI/IKE OTMEHWUTDH JieUeHUE,
oTIpeieJIeHHOE KaK TIETHOE, He MMeoIee CMbICJIA.

6. Hecormacuast cTopoHa MOKET TOJIATh ared-
JISTIUIO B COOTBETCTBYIONIUIN CYJl U 3aIPOCUTH CY-
JIBIO O TIPO/IJIEHUN JIMMUTA BPEMEHU JI0 OTMEHBI Jie-
yeHus. 3anpoc OyIeT YIAOBJIETBOPEH, TOJIBKO €Ciu
CyZlbsl CIMTAET, UTO €CTh BECKME OCHOBAHUS IOJA-
raTh, 4TO [IPY IPOJJIEHUN OyAeT HaliIeHO HOBOE Me-
CTO JIEUEHWSI.

7. Ecam ceMbs He TIOJIAeT ameJISIAI0 WIN CY-
JIbsI HE BBIJIAET pa3pelleHre Ha MPoJJIeHre Tepalny,
TIIETHOE JIEYEHIE MOKET ObITh OTMEHEHO BpaueGHOI
KOMaH/I0Ol B OJHOCTOPOHHEM TOPsIIKE ¢ abCOIOT-
HBIM UMMYHUTETOM K TPAKIAHCKOMY MJIN YTOJIOBHO-
MY TIpecJieIOBAaHUIO.

OpHaKO, BEPOSITHO, YTO MOA00HAST «aBTOHOMIIS
Bpaya» BCTYIAET B IPOTUBOPEYNE C TPETHUM OCHOB-
HBIM 9THYECKUM TPUHITUTIOM <«aBTOHOMWH MaIlUeH-
tay. C KOHIIA COPOKOBBIX TO/IOB [[BAJIATOTO BEKa
IpaBa TMaIMEeHTOB WM MX POACTBEHHUKOB HAa ydac-
THE B MIPUHSATUU MEIUIUHCKIX PEIeHUN PacIimpsi-

However, this «physician autonomy» given to
physicians seems to be in conflict with the Third
Ethical Principle, «Patient Autonomy.» Since the
late 1940's the rights of patients or their designated
surrogates to participate in medical decisions has
grown and matured into the concept of «true
informed consent» [7, 21, 22].

In Canterbury v Spence, 1972, the D.C. Court
ruled that disclosure must include information that a
«reasonable man» would consider important to make
an informed decision [22]. Thus the Concept of «rea-
sonable person» was established in obtaining
informed consent [22].

It is clear however, that physicians are poor in
communicating the true implications of CPR and the
risks versus the benefits to individual patients or sur-
rogate decision makers; and therefore situations of
ethical dilemmas still occur.

DNR is a physician order. It is written into the
patient's chart only after full disclosure to the
patient or surrogate decision maker has been com-
pleted, including a discussion of the risks and bene-
fits of CPR as well as the alternatives to CPR, and
the risks and benefits of the alternatives have been
disclosed [23]. The DNR order prevents the patient's
right to refuse treatment, specifically CPR, from
being violated; but does not prevent the patient from
receiving other medically appropriate interventions,
such as intravenous medications or antibiotics,
unless they also are specifically declined by the
patient [23].

Based on the report [«Universal Out-of-
Hospital DNR Systems,» Opinion 2.225 Optimal Use
of Orders-Not-to-Intervene and Advance Directives,
adopted June 2005, (www.virtualmentor.org Virtual
Mentor, July 2010 — Vol 12 555) the AMA Code of
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OTuKa B PCaHUMATOAOTNUN

Case Law Example (Canterbury v. Spence (464 F2d 772) 1972) United States Court of Appeals for the District of

Columbia Circuit

1972 Canterbury v D.C.
Spence Circuit ing a laminectomy surgery.
Court

munity at the time.

Canterbury became quadriplegic follow-

The Surgeons had disclosed information
in accord with the standard in the com-

Concept of «reasonable
person» established.

The court ruled that disclosure
must include information that a
«reasonable man» would consider
important to make an informed
decision.

IIpumep ropuauueckoro ciayyas. Canterbury v. Spence (464 F.2d 772) 1972.

Ton Ciryuaii Cyne6unprii Omnucanue ciayyast ITocranoBienue BoiBox
opras cyna
1972 KarenGypu Denepann- Y muce KarenOypu xupyprudeckas Cyn nocranosu, uto urngop-  Chopmuposanach
B TOCIINTA-  HBIIl OKPYK- JTAMHHOKTOMUS OCJIOKHIIIACH KBa-  MaIlUs IOJUKHA OBITH MOJIAHA B KOHIIETIHST <OOBITHOTO
sie CrieHe HOIT Cyl OK-  Aporuierueii. Xupypr npeocTaBusl  TAKOM BUJIE, YUTOObI «OOBIYHBII  YETOBEKaY.
pyra uHMOPMAIHIO B COOTBETCTBUM € 00- YeTOBEK» TTOCYUTAT €€ I0CTa-
Komymbust  I1eCTBEHHBIMU CTAHAAPTAMHI TOTO  TOYHOM JIUIST IPHHSITHS HHMOP-

BpEMEHH.

MMUPOBAHHOTO pelleHus.

JINCH ¥ B UTOTE BBI3PEJH B COBPEMEHHYTO KOHI[ETIIINIO
nHGopMuUpoOBaHHOTO coryacust |7, 21, 22].

B Cuence B 1972 rouy, cyn oxkpyra KomymOus
MTOCTAHOBWJI, YTO HWHMOpPMAIusg I TalHeHTOB
JIOJDKHA BKJIIOYATh TO, 9TO <«Pa3yMHBIH UYeJIOBEK»
CUMTAET BAKHBIM MPU MPUHSATUU B3BEIIEHHOTO pe-
mennst (Tabsmia 3), [21]. Takum 06pasoM, KOHIET-
s «0OLITHOTO YeTOBeKa» ObIa BHEApPEHA B TIPO-
Iecc MoJrydeHnst THPOPMHUPOBAHHOTO coracus [22].

OJIHaKO OYEBW/IHO, YTO BPAYM <«HE CUJIbHBI> B
06CYRIEHNN ¢ TAIHEHTAMU PEATHHBIX TIOCTECTBUIT
CJIP, a Tak:ke ee PHUCKOB U BBITOJBI B OTHOIIEHWH
KOHKPETHOTO MallueHTa WU JAPYTUX JIHIL, TPUHUMA-
IOIUX PeIeHe, TOITOMY CUTYallnst dTHYeCcKOH Tu-
JIEMMBI COXPaHIETCs 710 CUX TOP.

DNR — aro BpauebHbIii 3ampoc. OH 3amucaH B
METUITMTHCKON KapTe MalfeHTa MOocje TOTOo, KaK BCs
undopmarust o CJIP moaHOCTBIO TTpeiocTaBIeHa ma-
[UEHTY WJIW JAPYTUM JIUIaM, TIPUHUMAIOIIUM periie-
HITe, BRII0Yast 00cyskaenne prckos u Buirost CJIP, a
TaKKe BOBMOKHbBIE aJIbTEPHATUBBI, X PUCKH U BBITO-
ny [23]. DNR — 3ampoc mpenoxpassieT oT Hapyiie-
HUS TIpaBa TMAIMeHTOB Ha OTKa3 OT JIeYeHUs, B 0CO-
6enroctu or CJIP, HO TIpU TOM He TIPEISITCTBYET
MOJTYIEHUT0 JTOOBIX MEAUITUHCKI 000CHOBAHHDBIX
BMeEIIATeIbCTB, TAaKWX, HAIPHUMepP, KaK HHBEKIINH
MpenapaToB Win aHTHOMOTHKOB, /IO TEX TOP MOKa TIa-
IIMEHT HaMePEHHO He OTKa3aJICs OT HUX.

PykoBoacrso, usnannoe Amepukanckoil Me-
nuruHcKol Accommanmeit (AMA), mpeamomaraer,
YTO BHUMAaTEJIbHOE OTHOIIEHNE K SKeJTaHUsM W IO-
TPeGHOCTSIM MaleHTa B (PMHAIBHOI cTaguu 3a60J1e-
BaHMUS HAa OCHOBAaHMU OTYeTa [24]| BemeT K yJryuliie-
HUIO Kau4ecTBa ITOMOIIM GOJIbHBIM B TEPMUHAIBHBIX
cocrosgausax [24]. Pekomenmarun AMA Briogaror
HECKOJIbKO 3asIBOK 1 abOpeBUATYP, KOTOPbIE MOTYT
OBbITh BHEAPEHDI JJIs1 BBISBJICHUS MPEANOUYTECHUN Ma-
IIE€HTA TIPY COTJIACHH JIHO0 OTKa3e OT JIEUeHNUsT, KO-
TOpbIE B 9KCTPEHHBIX CUTYaIUSIX MOTYT TOMOYb M3-
6exaTh HEKeIATeTHHOTO JeUYeHUsa JUIAMU, He

Medical Ethics Opinions on Seriously Il Newborns
and Do-Not-Resuscitate Orders], the AMA guide-
lines propose that paying closer attention to patients'
wishes and desires during end stage disease can lead to
better end-of-life care [24]. The AMA opinion state-
ment goes into multiple aspects of end-of-life care
planning but specifically addresses the DNR orders
[24]. The AMA recommendations include a series of
orders and abbreviations for those orders that could
be employed to designate patients' preferences for
treatment or non treatment and to help avoid such
treatments being given during emergencies by person-
nel not aware of the patients' status [24].

The AMA «Treatment avoidance orders might
include, along with a Do Not Resuscitate (DNR)
order, some of the following: Full Comfort Care Only
(FCCO); Do Not Intubate (DNI); Do Not
Defibrillate (DND); Do Not Leave Home (DNLH);
Do Not Transfer (DNT); No Intravenous Lines
(NIL); No Blood Draws (NBD); No Feeding Tube
(NFT); No Vital Signs (NVS); and so forth» [24]. In
order to avoid confusion the designation Do Not
Treat (DNT), is discouraged, since it implies that no
care should be given including unintentionally the
comfort care that the dying patient requires; Full
comfort care only (FCCO) serves the same purpose
without the likely misinterpretation [24].

Since the condition of patients tend to change,
particularly with patients in the intensive care unit,
all treatment avoidance orders including DNR,
should be reviewed frequently to ensure that they
still conform to the patients' wishes [21].

Mr. Bartling's case confirmed that an adult who
has «capacity» (which is different from «competen-
cy» in the context of medical decision making) may
refuse medical treatment even if, in so doing, refusal
of treatment may lead to death [25].

Capacity means that at the time of the discus-
sion about DNR, the patient is able to understand
the risks and benefits and alternatives of treatment
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YCTaHOBUBIITUMU 3apaHee CTaTyC MaMeHTa Mo 3ToMY
Boupocy [24].

[To mpensoskennio AMA, oTka3 oT HesKes1aTeb-
HOTO JIEYEHMSI MOKET BKJIIOYATh He TOJBHKO 3aIpoc
«He peanumuposath» (DNR), a Taxke soboe us
CIIETYIOTIETO:

«Tospko yxox u kombopts> (Full Comfort Care
Only — FCCO)

«He unty6uposars tpaxeio» (Do Not Intubate
— DNI)

«He upumenars apepubpumnarop> (Do Not
Defibrillate — DND)

«He ocraBasars noma» (Do Not Leave Home —
DNLH)

«He Tpancnopruposath» (Do Not Transfer —
DNT)

«He mncnonbp3oBath Benosuble guHUN» (No
Intravenous Lines — NIL)

«He 6patp kpob» (No Blood Draws — NBD)

«He craButs xemynounsiit 3ou1» (No Feeding
Tube — NFT)

«He ocmarpusate» (No Vital Signs — NVS) u
Tak fasnee [24].

Yrober n3bexaTh myTaHuisl, sanpoc «He me-
yuth> (Do Not Treat — DNT) 6bl1 orMeHeH, 10-
CKOJIBKY OH TIPEIoJaraji, 4TO HUKAKOTO JiedeHUs
B0OOIIE HEe MOXKET ObITh IPUMEHEHO, BKJIIOYAs YXO/
1 co3zpanre KoMpopTa, B KOTOPOM HYKIAIOTCS YMHU-
parorue manueHTsl. 3amnpoc «ToIbKO yXOa U KOM-
(hopT» CIYKUT TEM JKe TeJIsIM, HO 6e3 BO3MOKHOCTH
ObITh HEBEPHO UCTOJKOBAHHBIM [ 24].

[TockoJIbKYy cOCTOSTHUE TMallueHTa MOMKET Me-
HATBCsI, 0cobeHHo y mareHToB B OPUT, Bee 3ampo-
CBbI HA OTKA3 OT JieueHus, BkIrovuast «He peanmmupo-
Bath» (DNR), momxHBI yacTo TepecMaTpuBaThCH,
yT00BI YOEANUTCS, YTO OHM BCE €llle COOTBETCTBYIOT
JKeslaHuaM Itanuenta [21].

Cayyaii r-na bBaptimara moaTBepIKIaeT, uTo
B3POCJIBII YeJIOBEK UMEET TIPABO OTKA3AThCS OT Jieve-
HUs, Jake ecJM TaKOH OTKa3 MOKeT TPHUBECTU K
CMEPTH, €CJI UMEET TaKyto CIIOCOOHOCTD, (3TO He TO
JKe caMoe, UTO «ITPAaBOMOYHOCTb» B KOHTEKCTe MPH-
HATUS MeIWIMHCKOro pemerus). [25]. B cayuae
MIPUHSTUS PEIIEHUs] «HEe PEaHMMHUPOBATH> TEPMUH
«CIIOCOOHOCTY 03HAYAET, YTO MALUEHT MOCTIE ajleK-
BAaTHOTO Pa3bsCHEHUS OCO3HAT PUCKH, BBITOIBI U
aJIBTePHATUBBI JICUCHMs, ¥ IPUHSJ pelieHne 06 oT-
kaze ot jgedenusd [9]. Juaa onpenenenus IIpaBomou-
HOCTU peIleHuil MalueHTa, BKIoYas (hUHAHCOBBIX
00s13aTeIbCTBA U HEJBHKUMOCTD, 0OBIYHO TpeOyeTcst
oTleHKa rcuxnarpa uian cyzapu [9]. Yemosex moxker
obsaiaTh CIIOCOOHOCTHIO PEIEHNUST B OTCYTCTBHE €TI0
npaBoMoyHOCTH [9].

[TpaBo oTKa3a OT JieueHUsT OTITMYAETCS OT TTPaBa
TpebOBaHIs BCEr0 BO3MOKHOTO JleueHust [25]. dtoit
pOOJIEMbI KacaeTcst YeTBEPThIi IPUHIIAIT MEAUI[IH-
CKOW 9TWKHW. JTO TMPUHIUIT CIIPABEJINBOCTH, KOTO-
PBIIi TOBOPUT O YECTHOM PaCIpeieIeHUN PeCypcoB

offered adequately to make a decision about refusing
treatment [9]. Tt does not require memory of that
conversation later, and it is determined by the judg-
ment of the physician.9 Competency usually requires
evaluation by a psychiatrist or Judge to determine if
a patient can make decisions about his/her financial
affairs or estate [9]. One can have Capacity without
having competency [9].

The right to refuse medical treatments is differ-
ent from the right to demand all treatments [25]!
The forth principle of medical ethics deals with this
issue. That is, the principle of «Justice» deals with
the fair distribution of resources between the indi-
vidual patient and society at large [8]. In their study
entitled «Do Not Resuscitate Orders and the Cost of
Death,» Maksoud and his associates examined
whether implementation of advance directives lead
to reductions in health care costs near the end of life,
depending on when the orders were written and
applied [26]. They reviewed the hospital charts of
852 of the 953 deaths that occurred in the hospital.
The data they reviewed included resuscitation sta-
tus, timing of DNR orders, participants in decision
making, and physician and hospital charges [26].

Of the 852 patient records they reviewed, 73%
had a DNR order at the time of death [26].
Interestingly, they found a wide range of use of DNR
orders according to hospital service, 97% of those
who died on the oncology service, while only 43% of
the deaths on the cardiology services [26]. Seventeen
percent of the patients who died in the hospital had
DNR orders in place prior to admission [26].
Patients who died with a DNR order had longer hos-
pital stays (median, 11.0 days) compared with those
who died without a DNR order (6.0 days), indicating
that implementing a DNR order does not lead to ear-
lier deaths [26].

Overall average hospital charges for all patients
who died were $61,215. But the average hospital
charges for those who were admitted to the hospital
with a prior DNR order were $10,631and $73,055
for those who had a DNR order instituted in hospital
[26]. This study provides support for having discus-
sions about DNR and advanced directives for
patients with end stage diseases who might likely be
admitted to the hospital. It clearly also demonstrat-
ed that patients with DNR orders prior to admission
had lower overall hospital charges, it was not due to
shorter length of stay or earlier deaths [26].

It is clear that obtaining consent from patients
for DNR orders has not been used nor should it be
used to decrease hospital costs but rather to decrease
utilization of interventions such as CPR for cases in
which cardiac arrest can be anticipated. In this light,
as a final consideration in any discussion of DNR
orders one must examine the maintenance or suspen-
sion of the DNR order when a severely ill or termi-
nally ill patient must undergo a surgical procedure
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OTuKa B PCaHUMATOAOTNUN -

Case Law Example (Bartling v. Glendale Adventist Medical Center) (1984) [Civ. No. B007907. Court of Appeals of
California, Second Appellate District, Division Five. December 27, 1984.]

1984 William Calif. 70 y/o male on ventilator support for pul-
Bartling Appeals monary aspiration. He had a history of
Court terminal cancer. He signed a living will
and medical durable power of attorney
requesting withdrawal of life support. His
Family concurred. The Hospital and care-
givers refused claiming the patient's mood
changed according to his degree of
depression.

The Appeals Court
upheld Mr. Bartling's
right to self — deter-
mination reversing a
lower court support
of the hospital.

This decision actually Upheld an 1891
Supreme Court Decision upholding com-
mon law right of self-determination; every
individual has possession and control of his
own person. An adult who has «capacity»
may refuse medical treatment even if in so
doing, refusal leads to death.

Different from right to demand all treat-
ments!

IIpumep 1opuauueckoro ciaydas. Buibsam Bapriunr, 1984 [Civ. No. B007907. Court of Appeals of California, Second

Appellate District, Division Five. December 27, 1984.].

Ton Cayyaii Cyneoubiii Omnucanne ciayyas IToctanoBiaenue BoiBog
opraH cyna

1984 Buibsam Kamdop- 70-tn setHuit my>xunna Ha V1BJI ATeJIAIOHHBII ITO pellleHne B JICHCTBUTEIBHOCTH OC-
Bapraunr B auiickmit 110 TTOBOJLY ACTTUPAITUH C TEPMHU- Cy[l TIOCTAaHOBWJI OC- TaBJISIET B cujie perrenue Boicrrero cyzma
ANIBEHTHCT-  ATICJIISATIN- HAJIBHOU CTaJIMeN paKa B aHaMHe3e. TaBWUTh B cuiie ipa- ot 1891 rosa, ycranasimBaiotiee 1mpaBo
ckoM Me-  omnblii cyn  OH nojmucas 3aBeliaHyie 1 MeJii-  BO I'-Ha bapTiiMHra  Kak/0oro Ha camoolpe/iesieHue.
JMIAIIMHCKOM IIUHCKYTO JIOBEPEHHOCTD Ha OTKJTIO- HA OTKJIIOUEHWe afl-  Kaskplil 4esloBeK MMeeT PaBo pacmopsi-
Ilentpe B YeHNUe alapaToB MO/IePKAHIS mapata VIBJI, BTo  KaTbCsi ¥ KOHTPOJUPOBATH CBOIO JINY-
Tnenpeiine, sku3HH. CeMbsl TaKKe COIJIaclach. BPeMsl Kak CyJI HU3- HOCTb U Tesio. Bapociiblil uesioBek, cro-
Kamudop- B rocriurane otkazanuch yTBep:K- Il WHCTAHITII COOHBII OTKA3aTbCS OT JIEYEHUSsI, MOKET
HUST JIaTh 3aIPOC, CCHIIASICh HA TO, YTO  TOJUIEPIKUBAJI TOC-  9TO C/IEJIaTh, JaKe €CJIU TO BeJeT K He-

60JILHOrO HaCTpOeHUE ITOCTOAHHO
MEHAETCA B 3aBUCUMOCTU OT YPOB-

Hs ICTIPECCU .

IINTAJIb. MMHyEMOPL CMEpPTH.
B orimyme or IpaBa Tpe60BaTb BCe BO3-

MOJKHBIE TIPOIIE/Ty PbI!

MESK/Ly WHAUBUAYaTbHBIMU TIAI[IEHTAMU W O0IIeCT-
BoM B 1esoM [8]. B cBoeM uccienoBanum «3aipoc
«He peanmmupoBaTb» ¥ IleHa cMepTu» Marcyn u
KOJIJIETH OTIEHUBAJIH, BeJleT JIM BHEJPEHIE 3aIIPOCOB
DNR « y™meHbIIEHNIO 3aTpaT 3/[paBOOXPAHEHUST Ha
JledeHne Oe3Ha/eKHBIX MAIUEHTOB B 3aBUCUMOCTU
OT CPOKOB UX HaNMCaHWUs 1 TpuMeHenns [26].

bBour poBezien ananus 852 MEIUITMTHCKIX KapT
B 953 ciryyasix CMepTHU B TOCIIUTAJIE., AHATU3UPOBAJIH
yactoty npumeHenus CJIP, Bpemsi momaum 3asiBKA
«He peannMupoBaTh», ydactre ManeHToB B IPUHS-
THU PEIIEHNs U PACXO/IbI HA OTLJIATY BpayaM U FOCITH-
Taso [26].

N3 852-x mamnmenTtoB 73% chopMmyaupoBaiu
3anpoc «He peaHuMupoBaTb» K MOMEHTY CMEPTH
[26]. MnTepecHoii Hax0AKON SIBUJIOCH TO, YTO YACTO-
Ta 3arpoca «He peaHuMupoBaTh» MUPOKO BapbUpy-
€TCsl B 3aBUCUMOCTU OT MECTa HaXOKEHUS MallueH-
ta. OHa cocraBuya 97% y NAIMEHTOB, YMEPIIUX B
OT/IeJIEHNH OHKOJIOTUH U TOJIBKO 43% Y YMEPIINX B
otienennn Kapauosoruu [26]. 17% mnanuenTtos,
yMeplIMX B rocriutale, umeau sanpoc DNR eme 10
MOCTYIIeHnsT B rocuTaib [26]. TanmenTsl, moru6-
mue u nMmesimrue DNR-3ampoc, B cpemneM mosbime
HaXOAWINCH B rocriuTase (Menuana 11 qHeir), gem Te,
KTO He MMeJIN 3TOTOo 3ampoca (Meanana 6 1aei). 1o
ToKa3bIBaeT, 4yTo Hasmmune 3arpoca DNR He Bezer k
6oasee panteil cmeptu [26].

CpenHss cymMa, CIFICAaHHAsI TOCTIMTAIeM 3a Jie-
YeHre YMEPIIUX MalMeHToB, cocTaBuia 61 Thicsay
215 mommapos CIIIA. OmgHako, CpeaHsIsT CTOMMOCTD

with general anesthesia with or without regional
anesthesia.

In his review article Robert M. Walker exam-
ined the question of whether DNR orders should be
routinely suspended when terminally ill patients
undergo palliative surgery, as the situation existed in
1991 [27]. If the orders were to automatically be dis-
continued, he opines that patients (in 1991) would
be forced to balance the benefits of having palliative
surgery against the risks of unwanted resuscitation
[27]. On the other hand, if physicians were con-
strained to honor DNR orders intra-operatively, they
may also feel unacceptably restrained from correct-
ing adverse effects for which they felt responsible for
creating. [27].

Truog, Weisel, and Burns, in their article in the
journal Anesthesiology in 1999, discussed the new
guidelines of the American Society of
Anesthesiology (ASA) dealing with the suspension
or continuance of DNR orders when patients came
for surgery and anesthesia [28]. The ASA guidelines
were put forward because of «concerns that auto-
matic suspension of DNR orders in the operating
room did not sufficiently address a patient's rights to
self determination in a responsible and ethical man-
ner» [28]. The American College of Surgeons also
addressed this same issue [28].

According to Truog, Weisel, and Burns the
DNR status of patients requiring surgery needs to be
better categorized to different scenarios which may
occur in the operating room [28].
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JIEYEHUS JIJIS TeX, KTO MOCTYTWJI B TOCITUTANb, UMesT
DNR — sampoc, cocrtaBuma 10 teicsu 631 mommap
CIIA, n 73 Teicstun 55 posmapos CIIIA ms manven-
TOB, TToaBIuX 3ampoc DNR, Haxo/s¢ch B TocinTaie
[26]. D10 mccmemoBaHe MOATBEPKAAET HEOOXOIH-
MOCTH TTPOOJIKEHNUST TUCKYCCHU O TIeTeco00pasHoc-
i ogaun 3arpoca DNR u gpyrux 3ampocos st ma-
[[UEHTOB B TEPMUHAJBHOU cTaguu 3ab0JIeBaHuUs,
KOTOpBIE ¢ GOJIBIIOI BEPOSTHOCTBIO MOTYT ITOIIACTH B
rocrnuTaib B Omxaiinee spems. Kpome Toro, uccie-
JIOBaHME SICHO TOKAa3bIBAET, UTO PaHHSS Mojavya 3a-
mpoca «He peaHuMUpoBaTb» YMEHbBIIAET 3aTPATHI
3/IpaBOOXPaHEHMS, HE BIMS HA CPOKHU FOCITUTAIN3a-
1MW WJIW HaCcTyTieHust cmeptu [26].

Koneuno xe, coryacue Ha 3anpoc «He peann-
MHUPOBaTh» HE MOJIYYatOT U OHO HE JIOJKHO OBITh 10-
JIYUEHO C TeJThI0 SKOHOMUU CPEJICTB, & UCITOIb3yeTCs
MIPEVMYIIIECTBEHHO [I7IT YMEHBINEHUS YaCTOThI HC-
nosb3zoBanust tietHo CJIP, B Tex ciyuasax, korza
O’KH/IaeMa OCTaHOBKA cep/Ia. B cBere aToro, OKOH-
yaTeJbHOE PellieHne Ipu JII00H aucKyccun o Gop-
Mysmposke 3anpoce DNR mo/mkHO mpuHIMaThes Ha
OCHOBaHUU MTOCTOSTHHOTO MIepecMOTpa He0OXOANMOC-
TH TOJIZIEPKAHMS WU OTMEHBI 3TOTO 3a1IPOca B CJIy-
qae, ecJIM MalueHTy TITAHUPYETCs MIPOBEIeHNE Orle-
panumu 1oz obuiel anecresueil u/uan peruoHaIbHOM
aHecTe3nen.

B cBoem 0630pe Pobept Baskep usyuaer — cro-
WT JI PyTUHHO ITpruocTanaBanBaTh 3arpoc DNR, kor-
Jla TIAIUEHTY TIPOBOUTCS TAJTHATUBHOE OePaTHB-
HOE BMEIIaTeJIbCTBO, KaK 9TO ObLIo ommucano B 1991
rofy [27]. PoGept Baskep momaraer, 4to ecyiu Obl Ta-
KHe 3aITPOChl aBTOMATHUECKN OTMEHSIJIHICh, TO 9TO 3a-
CTaBUJIO OBl MAIMEHTOB CPABHUBATh BBITOLY OT Taj-
JINATUBHOW XUPYPrUW C PUCKAMU HEKeJATeNbHOM
CJIP [27]. C apyroit CTOPOHDI, eCTi Bpaun OYIyT OT-
panudensl 3anpocoMm DNR wmHTpaomnepanmonHo, To
OHU MOTYT 4yBCTBOBATh ceOst HEIIPUEMIIEMO TIPH KOP-
PEKITUH TE€X OCJOKHEHWH BO BPeMsI OTIepaIliH, 3a KO-
TOpPbIE OHU YYBCTBYIOT cebst OTBeTCTBEeHHBIMMI [27].

Tpyor, Beiizenb 1 Bephe B cTaThe, 0myOanKo-
BaHHOI1 B kypHaie Arecresnosiorust B 1999 romy, 06-
CYKJIAI0OT HOBBIE PEKOMEHJAINU AMEPUKAHCKOTO
O6miectBa Anecte3nooroB (ASA), B KOTOPBIX TOBO-
purcsa 06 ormene wiau 1upojsieHun s3anpoca DNR,
KOTJIa TAIlMEeHThl TOCTYMAIOT B ONEpPaANMOHHYTO
u/um posoauTes anectesust [28]. ASA nybankyer
PEKOMEH/IAIINH C «...0€CTIOKOHCTBOM, YTO aBTOMATH-
yeckas orMeHa 3arnpoca DNR B omepannonnoii He
OTBevyaeT TPaBy IMallMeHTa Ha CaMOOTIpejiesieHues
[28]. Amepurkanckmit Kosteasx Xupypros takike 06-
cyskaan aty mpobaemy [28].

B cooTBeTCTBUM € MHEHWEM aBTOPOB, CTaTyC
DNR y nanuenTos, HyKAQIOIIUXCS B XUpypruyec-
KOM JIEYE€HUH, I0JKEH TTPelyCMaTPUBATh PA3TUUHbIE
CIleHapuH, BO3MOKHbBIE B OTTePAIMOHHOM [28].

B 2009 rony B uccienoBanun Baiizens u apy-
rux O0OHapy’KEHO, YTO TOJBKO IMOJOBHHA OT OIPO-

In a 2009 study, Waisel et al found that only
half of the anesthesiologists they surveyed were
familiar with the ASA's current guidelines requiring
reconsideration of DNR orders for patients coming
to surgery [29]. Furthermore, unless it were possible
to honor the DNR order intraoperatively at the
request of the patient or surrogate, rescinding the
order would eliminate its expressed intentions-to
support patient autonomy and to prevent non-bene-
ficial interventions [29].

These failures lead to serious consequences.
Patients are deprived of the opportunity to make
informed decisions regarding resuscitation, and CPR
is performed causing harm to patients who would not
have wanted it [29]. Waisel et al, highlight the per-
sistent problems with today's use of inpatient DNR
orders. For example DNR discussions do not occur
frequently enough, or occur too late in the course of
patients' illnesses to allow their participation in
resuscitation decisions [29]. Furthermore, they
maintain that many physicians fail to provide ade-
quate information to allow patients or surrogates to
make informed decisions and inappropriately apply
the DNR orders to limit other treatments [29].

Jung et al proposed «strategies to target these
factors including changing the hospital culture,
reforming hospital policies on DNR discussions,
mandating provider communication skills training,
and using financial incentives» [30]. These sugges-
tions are designed to promote the application of the
Patient self-determination Act of 1990.

Now it is obvious that the induction of gener-
al anesthesia including endotracheal intubation
may be necessary in order for surgeons to perform
palliative surgical procedures, and chemical resus-
citation may be necessary to combat the effects of
anesthesia ~ and  the  surgical  trespass.
Anesthesiologists and surgeons feel uncomfortable
about not treating something they feel they may
have caused. But anesthesiologists and surgeons
accept the wishes of Jehovah's Witnesses who
refuse transfusions and are willing to die rather
than accept blood [27]. They also are aware that
not resuscitating a patient in the operating room in
accordance with the patient's wishes, is not tanta-
mount to physician assisted suicide [27].

It is also possible that the patient may not be
able to be extubated at the end of the surgery. The
patient, family, and or surrogate must be informed
that these measures alone do not constitute car-
diopulmonary resuscitation. It therefore requires full
discussion with the patient, family or surrogate deci-
sion makers and the surgeon, anesthesiologist, and
primary care physician about informed consent, and
whether CPR would be used intraoperative if a car-
diac arrest were to occur. How long a patient would
remain intubated post-operatively if the condition of
the patient were to deteriorate to a persistent vege-
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OTuKa B PCaHUMATOAOTNUN

Case Law Example (The Patient Self-Determination Act (PSDA), United States Congress 1990)

1990 The Patient U.S. All institutionalized adults receiv-
effec- Self-deter- Congress ing medical care supported by fed-
tive  mination eral funding such as Medicare or
asof Act Medicaid, must be given informa-
Dec. tion explaining their legal rights
1991 under State law to accept or refuse

medical /surgical treatments and

the right to formulate advance
directives.

Confirms every
adult's right to pri-
vacy, not to be
invaded or treated
against his/her
will. This includes
feeding tubes.

NOT ABSOLUTE

The State may limit the right of personal liber-
ty on the basis of several concepts:
a) Preservation of life

b) Prevention of suicide

¢) Protection of innocent third parties (minor

children)

d) Protection of ethical integrity and profes-

sional discretion of the medical profession

IIpumep 1opuamyeckoro ciyyasi. AKT 0 TIpaBe NaIMeHToB Ha camoonpesenenue, mpuaaT Konrpeccom CIIIA B 1990 rony,

BCTYNUI B cuty ¢ ekabpst 1991 roza.

Tox Ciyuaii Cyne6unprii Onucanue ciayvasi
opran
1990 Akt o mpa- Konrpecc Bce B3pocabie rpaskiane CIIIA, no-
e maruen- CIITA JTydalore MeIuIHCKYT0 TTOMOIIIb
Ta Ha caMo- 3a cueT heepaIbHbIX CPEICTB, Ta-
ornpese kux kak Medicare nimn Medicaid

JIeHnue

JIOJKHBI TTOJIYYUTh NH(MOPMAIHIO,
00BSACHSIONIYIO MX 3aKOHHBIE [Pa-
Ba, corsracHo 3akony IllTara, corna-
CHUTBHCS WJIN OTKA3aThCs OT M-
IIMHCKOTO / XUPYPIrHYECKOTO
JleYeHNUs U [1PaBa HA BbIHECEHUE
TaKUX 3a1pocoB, kak «He peam-

ITocranoBienune
cyna

ITonTBepskaeno mpa-
BO KaK/I0T0 WH/IUBU-
Jla Ha HETTPUKOCHO-
BEHHOCTb YaCTHOI
JKU3HU, MHAWBUJL He
MOJKET TIO/IBEPTaTh-
Cs1 JIEYEHUIO TPOTHB
€ro BOJIM, 9YTO BKJIIO-
YaeT YCTAaHOBKY JKe-
JIyIOYHOTO 30H/A U
HCKYCCTBEHHOE TIH-

BoiBog

He abcomorHo!

IITaT MOXET OrpaHMYNTH CBOGOAY Ma-

[MEeHTa HA OCHOBAaHUN HEKOTOPBIX
MPUHIUTIOB:

1. Coxpanenue KU3HU.

2. [IpenoTBpartienne cyunuia.

3. 3anmra TpeTbeil CTOPOHBI.

4. 3ammTa 9THIeCKOI 1eJTOCTHOCTH 1
poheCCHOHATBHOTO GIarOpasyMus B
MEJIUIMHCKON CpejIe.

MUPOBATb»

TaHue.

I[IIEHHBIX UMY aHECTE3MOIOTOB Oblila 3HAKOMA C TEKY-
[UME peKoMeHmasamM ASA, TpeOyoImMy mepe-
cmoTpa 3ampoca DNR a1 Bcex marmeHTOB Tiepen
omeparueii [29]. Bosee Toro, ecain He GBLIO BO3MOK-
HocTH TosyunTh coriacue DNR oT mammenTa nim
POJZICTBEHHUKOB WHTAOINEPAIIMOHHO, TO OTMEHa 3a-
poca MOKET TTPOTHBOPEYNUTh UX HAMEPEHUSIM TIOJI-
JIEPKKM aBTOHOMWM TIAIIMEHTa W TPEOTBPAIleHUs
HEHY’KHBIX BMeNIaTeabCTB [28].

Takoii «ITpoBaJi» BEJIET K CEPbE3HBIM MTOCJIE/ICT-
BUsM. [larieHThl OrpaHUYeHbl B BO3MOKHOCTH TIPH-
HATh WH(hOopMupoBarHoe pemtenns, u CJIP npuym-
HSIeT BPeJL Tal[ieHTaM, KOTOPbIil OHU He XOTesau Obl
UCTIBITBIBATE [29].

Baiizesb mouepKuBaeT akTyaJbHOCTh IPobJie-
MBI ¢ ucrnob3oBanneM 3ampoca DNR B rocmmrare.
Hanpumep, B mpotiecce passutust 3abojieBaHust 00-
cyxknenne 3anpoca DNR npoBogutcs HepocTaToqHO
YacTO WJIM MPOBOAUTCS CJMIIKOM ITO3HO, YTOOBI
TIPUHATH B3BeneHHoe perrenne [29]. bBonee Toro, aB-
TOPBI OTMEYAIOT, YTO MHOTHE BPAYK HE MOTYT IIPEJO-
CTaBUTh aJ[CKBATHYIO, HEOOXOAUMYIO JIJIsl IPUHSATIIS
OCO3HAHHOTO peleHwss MHHOPMAIIUIO TAITUEHTY WJIH
JIIPYTUM JIUIAaM, TIPUHUMAIONUM pelleHre; Bpaun
TaKKe He BCerja TPaBUJIBHO MPUMEHSIOT 3ampoc
DNR, orpannumnBas npyroe jedenne [29].

[OHT u ApyTHe MPeNIoKNIN «CTPAaTeTnH, Halle-
JIEHHbIE HA Pa3audHble (DAaKTOPBI, BKIOUAsT U3MeHe-
HU€e BHYTPEHHEH KyJIbTYypbl rocmuTaseli, pedopmu-
poBaHUE TOJUTUKH TOCHUTANSI B OOCYKIACHUU
3armpoca DNR, mpoBeserne KOMMYHUKaIIMOHHBIX
TPEHWHTOB JIJISI TIePCOHAJA ¥ NCTI0JIb30BaHue (hpruHaH-

tative state must also be clarified before proceeding
to surgery.

In 2013 American Society of Anesthesiologists
issued revised «Ethical guidelines for the anesthesia
care of patients with do-not-resuscitate orders or
other directives that limit treatment». Authors pos-
tulate that despite the variety of opinions, Do-Not-
Resuscitate (DNR) orders or other directives that
limit treatment, are an essential element of preopera-
tive care and should be communicated among
involved parties. Furthermore, guideline emphasizes
that policies automatically suspending DNR orders
or other directives that limit treatment prior to pro-
cedures involving anesthetic care may violate a
patient's rights to self-determination and they
should be reviewed and revised. Prior to procedures
requiring anesthetic care, any existing directives to
limit the use of resuscitation procedures should,
when possible, be reviewed with the patient or desig-
nated surrogate. The patient's decision should be
documented. The special attention is paid to a moral
dilemma for anesthesiologist. Guideline says: «When
an anesthesiologist finds the patient's or sur-
geon's/proceduralist's limitations of intervention
decisions to be irreconcilable with one's own moral
views, then the anesthesiologist should withdraw in
a nonjudgmental fashion, providing an alternative
for care in a timely fashion» [32].

Some hospitals developed unilateral DNR poli-
cies when a conflict arises because a family declines
to sign DNR order even though CPR would be med-
ically inappropriate. Massachusetts general hospital
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cOBBIX cTUMYJOB» [30]. DTH pexomeHmannu co3za-
HBI JIJIST BBITIOJIHEHUST AKTa O TpaBe TallMeHTa Ha ca-
mootnpenenenue (1990).

OueBUIHO, YTO MHAYKIIUS B aHECTE3UIO, BKJITIO-
yast UHTYOAIMIO Tpaxew, MOXKeT ObITh HeoOXoanMa
NI TIPOBEJIEHUS] TANIMATUBHOTO XUPYPrAYECKOTO
BMENIATEbCTBA, JJISI YCTPAHEHUS TIOCTE/ICTBUN aHe-
CTE3UHU U OIePAIUK TPEOYIOTCS XUMUIECKUE areHThI.
AHeCTe3noJIoTH U XUPYPrH OIILYNAIOT 3HAUYNUTEITh-
HBIN 1uckoMOPT, KOT/Ia OHU He BIIPaBe JIEYUTh OC-
JIOKHEHU s, BO3HUKIITHE, KAK OHU CYMTAIOT, TTI0 X BU-
He. Ho anecreswmosorm u XUPYpPrH TaKKe
BOCIIPUHUMAIOT, Hampumep, skemanune Csupjereseit
WeroBbl, 0TKa3bIBAIOIINXCS OT TEPEJTUBAHUS KPOBU
U TOTOBBIX CKOpPEE YMepeTb, YeM IPHUHSTH UYYKYTO
KpoBb [27]. OHM Takke 0CBELOMJICHBI, YTO «HeIIpo-
BeJICHVE» PEaHNMAIIUH TTAIMEHTA B OTIEPAIIMOHHOM B
COOTBETCTBUU C €ro JKeJaHWeM He PaBHO3HAYHO
Bpay-acCUCTUPOBAHHOMY camoybuiictBy [27].

Kpome TOTO, BO3MOKHO, YTO Heib3st Oymer
9KCTYOMPOBATh TPaxelo IalieHTa M0 OKOHYAHUIO
onepanuu. IlanmeHt, ero ceMbs W JIpyrue JIOIH,
MPUHUMAROIINE PEIleH e, T0JKHBI ObITh MH(POPMHE-
POBaHbI, YTO MOJOOHBIE MEPHI caMi 110 cebe He sB-
gstorest CJIP. TloatoMy nmpu oTAebHOM 00CYKIe-
HUW W C XUPYPrOM, aHECTE3MOJIOTOM, TEPaTeBTOM
Tpebyercst THPOPMUPOBAHHOE COTJIACHe MAIMeHTa,
B TOM YHCJIe ¥ Ha TO, CTOUT Ju nucnojab3oBaTh CJIP,
ec/ii BO BpPEMs OIlepanyu CJHYYUTCS OCTAHOBKA
cepana. To, Kak OJITO MAlMEHT OyAeT MOJy4aTh
WNBJI nocsie onepaiinu, ecam pa3oBbETCS TIEPCUCTHU-
pyloliieee BEreTaTUBHOE COCTOSTHIE, TaKKe JTOJKHO
06CYKIATHCS IO OTIEPATTHTL.

B 2013 roxy Amepuranckoe o6IIecTBO aHec-
TE3MO0JIOTOB BBIIYCTUIO OOHOBJIEHHbBIE PEKOMEH/Ia-
WY TI0 AHECTE3UN Y TAITUEHTOB, MOAABITUX 3aIIPOC
«He PeaHMMHUPOBaThb». B peKoMeHIaNUsIX oTMeua-
eTcsl, YTO, HECMOTPsI Ha Bce pasHooOpasne MHEHUI
U CYKIEHUI O 3armpoce «He PeaHMMHUPOBATH», OH
SIBJISIETCS CYIIECTBEHHOM YacThIO JieYeHUs U JI0JI-
JKeH 00s13aTeIbHO 00CYKIAThCS € MAIMEHTOM (POJI-
ctBeHHUKamu). Kpome Toro, npyrume pekomeHja-
MW, aBTOMAaTHYECKU OTMEHSIONUE 3TOT 3aIpoc,
OPSIMBIM 00Pa3oM HapyIIalT MpaBo MalleHTa Ha
caMooIIpe/Ie/IeHUE U IOJIZKHBI ObITh TIEPECMOTPEHBI.
OCHOBHBIMH JIeHCTBUSIMH, 0003HAUEHHBIMU B pe-
KOMEH/IAIMAX SABJISIOTCS 00CYKACHUE W JTOKYMEH-
TUPOBaAHUE.

[Tpeparaercst 00CYKIaTh 3alPOC «HE PEaHU-
MUPOBATB» U JIPYTHE OTPAHUIUBAIOIINE TUPEKTHBBI
Ha BCEX dTarax JedyeHus ¢ ManueHToM, ¢ ero 3aK0H-
HBIMU TIPEJICTABUTEISIMI U ¢ BpaueGHON KOMaH/IOM.
A Takke JOKYMEHTHPOBATD PENIEHUS MOCTe KasK/10-
ro obcysxiaerus [32]. OTmenbHBIM MYHKTOM BBIZE-
JISIOTCST CUTyalMu KOH(MJIUKTA, B TOM YUCJE MO-
pajpHOTO. ECau aHecTe3moJoT TOHUMAET, 4TO
OrpaHUYEHMS B JIeYeHUH, 0003HAUECHHBIE Tal[HeH-
TOM, TIPOTUBOPEYAT MOPAJHM Bpaya, TO OH JIOJUKEH

has had such policy since 2006. Ethical conflicts nor-
mally referred to ethics committee for its recommen-
dation. Between 2006 and 2014 there were 147
investigations regarding disagreements about DNR
status. The committee recommended writing a DNR
order without family consent in about 35%, and
physicians followed most of the recommendations
(85%). Most of the recommendations involved irre-
versible fatal conditions, and most of these patients
died before discharge [33].

In Russian Federation a DNR order and other
advanced directives are regulated by Federal law
Ne322 «About the health care for Russian citizens»
and in particular, article Ne20 «Informed consent to
medical intervention and a refusal of medical inter-
vention». This article defines that patient and /or des-
ignated surrogate have a right to deny medical inter-
vention or to stop it in any time except some cases.
Those «some cases» include emergency medical treat-
ment aimed to eliminate life threat of an unconscious
patient. Thus, regardless the previous expressions of
will done by patient his right to decline CPR are vio-
lated in this situation [34]. It looks like a misconcep-
tion regarding the ASA guideline.

In conclusion, if early DNR policies tended to
restrict the DNR order to terminally ill patients,
newer policies acknowledge the first role of patients
in decision-making in DNR order regardless the
severity of illness or the situation if imminent death
[33]. This conclusion is relevant for American clini-
cal practice.

Neville Goodman stated that «Words are all we
have to describe what we do, the way we do it, and
what we infer from clinical research. We must use
them carefully and properly» [31]. Ethical conduct
in medicine is all about communicating with our
patients, their families, and our colleagues.

HEMEJIJIEHHO OTKAa3aThCs OT JIEUEHUS TaKOTO TMaliu-
€HTa, MPEJIOCTABUB JIOCTATOYHO BPEMEHU JIJISI TIOVC-
Ka 3aMensl [32].

Hexkotopbie rocmuranst paspaboTaiu OHMIA-
TEPaJbHYIO TMOJUTUKY 3alpoca <HE PeaHNuMUPO-
BaTh», KOr/a KOH(MJIUKTHI B OCHOBHOM BO3HUKAIOT
13-32 HesKeJIAHUS CEMbH TIO/IITUCHIBATD 3AIIPOC, XOTS
CJIP He nmeeT cMbICa.

Kak omucano B OJIHOM [OPUIUYECKOM WU3Ja-
uuu, [imaBHbIil rociutans MaccauycceTrca mmeer Ta-
kyto nomutuky c¢ 2006 roma. Bosnmkaiomme KoH-
(bUKTBI paccMaTPUBAIOTCS ATHYECKUM KOMUTETOM
rocrTans. Tak, mexay 2006 u 2014 ronom KomuTe-
TOM OBLJIO paccMOTpeHO 147 pasHOTIIACHI OTHOCH-
tesibHO DNR craTtyca. KomuteT pekomenmoBan Ha-
HUcaHWe 3ampoca <«He pPeaHuMHUPOBaTh» 0e3
coryiacusi ceMbu B 35% CJlydaeB U Bpauu CJIe0BAIN
9TUM PEKOMEHAANMSAM B OOJBIIMHCTBE CJIydYaeB
(85%). BobIINHCTBO PACCMOTPEHHBIX CIyYaeB Ka-
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OTuKa B PCaHUMATOAOTNUN -

CaJI0Ch MALUEHTOB ¢ HEOOPATUMBIMU COCTOSTHUAMMU,
KOTOpBIE YMePJIH 10 BBITMCKU U3 rocruTansd [33].
B Poccuiickoit Memepaninn BOpoc 0TKasa OT
peaHmMaIi 1 IPYTUX OTPAHMYUBAIONIUX TUPEKTUB
peryaupyercsi  (emepaTbHbIM  3aKOHOM  OT
21.11.2011 N 323-D3 «O6 ocHOBaX OXPaHbI 310PO-
Bbs rpaxkaan B Poccuiickoii Depepanuns», a UMeH-
Ho, ero crarbeil 20 <«Vudopmuposanuoe 100po-
BOJIBHOE COTJIacHe Ha MEeIUITMHCKOE BMEIIaTeTbCTBO
W Ha OTKa3 OT MEAHWIIMHCKOTO BMeEIIaTeJbCTBaY.
[TyHKT 3 MaHHON CTaThU TOBOPUT O TOM, 4TO «Ipaxk-
JMaHUH, OIWH W3 POAUTENel WJIN WHOH 3aKOHHBIN
MIPE/ICTaBUTENb...,, UMEIOT TIPAaBO OTKa3aThCsS OT Me-
JUIMHCKOIO BMeEIATeNbCTBA WK 1IOTpeboBaTh ero
MpeKpalierHnsi, 3a NCKIIUYeHNEeM CJIydaeB, Tpejyc-
MOTPEHHBIX JacTbio 9 HacTosIel ctaTbu. Takmmu
UCKJIIOUEHUSIMU SBJSETCS MEAWIIMHCKOEe BMeIa-
TEJIbCTBO, HEOOXOAUMOE 110 IKCTPEHHBIM OKa3aHM-
SIM JIJIST YCTPaHEHUs YIPO3bl )KU3HU YeJI0BeKa, eCJn
€ro COCTOSTHUE He TI03BOJISIET BBIPA3UTh CBOIO BOJIIO
WJIN OTCYTCTBYIOT 3aKOHHBIE TIPE/ICTABUTENH, a TaK-
’Ke B OTHOIIIEHUHM oTIpe/iesieHHoTo Kpyra jull [34]. To
€CTh, HE3aBUCUMO OT BOJIEU3BSIBJICHUS TAIleHTA 70
MOMEHTa HACTYIUIEHHS (GecCO3HATENbHOIO COCTOSI-
HUSI, eMy aBTOMAaTHYeCKU OTKa3bIBaeTcsl B IMpaBe Ha
YZIOBJIETBOPEHME 3a1TPOCa «HE PEAaHUMUPOBATH>.
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HALWOHAABHBIM COBET
no PEAHUMALWMK

Rypcsoi EBponeiickoro coBera no peanmmaiuu

KprI)I 110 HaBbIKaM OKa3aHU:A NOMOIITH

NIpU BHE3aIHOi cepieyHoii CMepTH NPOBOAATCA

Ha peryJsIpHOil OCHOBe

B HUWU o6meii peanumarosiorun um. B. A. Herosckoro
coBMmecTHO ¢ Poccuiickum HaiiioHaIbHbIM COBETOM TI0 peaHuMAaIiu
u EBponeiickuM coBeToM o peaHuManyumn

KonTakTHOE IMII0 — UPEKTOP KypCa,
1. M. H. KyzoBneB Aprem HukonaeBuy

Texn.: 8 (926) 188-76-41
E-mail: artemkuzovlev@gmail.com

www.niiorramn.ru/council/courses.php

Anpec: 107031, Mocksa, ya. IlerpoBka, mom 23, ctp. 2
Caiit Hanmonaspaoro CoBeTa o peaHuManum

www.rusnrc.com
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CoOpIiTHU A

O 18-ii Bcepoccuiickoii KoH(pepeHIN ¢ MeK/TYHAPO/IHbIM yYacTHeM
«/KusHeobecnevyenue npu KPUTHYECKUX COCTOSTHUSIX>

On 18th All-Russian Scientific Conference with International Participation
«Life Support for Critical States»

Exeromnast 18- Beepoccutiickas koHbepeHIns
¢ MeskayHapoaHbiM yuactueM <« KusHeobecrieueHue
MIPY KPUTUUYECKHUX COCTOSTHUSIX»> COCTOsIACh B MOCKBe
1—2 nexabps 2016 1.

OpranuzatopamMu KoH(MEPEHIIUNU BBICTYTUJIN:
QDenepasbHoe areHTCTBO HAYYHBIX OPraHU3AINil,
Poccutickast akanemust nayk, OTBHY «Hayumno-uc-
CJIeIOBATEIbCKUIT MHCTUTYT 00IIel peaHuMaTOJIO N
M. B. A. Herosckoro», HammmoraIbHBII COBET IO pe-
anmnMarnnu, Poccuiickoe 06IIECTBO 110 U3YYEHUIO II10-
Ka, Kadeapa aHeCTE3WOJOTUU-PEAHUMATOJIOTUN
OI'BOY BO «MockoBckuii rocyiapCTBEHHBINA MeIN-
Ko-cToMaTosiornyecknii yansepcuter um. A. 1. Esno-
kuMoBay» Munucrepcrsa sapaBooxpanenust PDO, Coer
MOJIOZIBIX Y4eHbIX Haydno-uccienoBaTebckoro uH-
cruryTa obirelt pearmmarosoruy uM. B. A. Herosckoro.

B xoHbepeHmu npuHsaian ydacrtue Gosee 700
HAYUYHBIX ¥ MPAKTHYECKUX CIIEIUATUCTOB B 00JacTh
aHeCcTe3noJIOTHH-peannmarosioru u3 Poccun, beno-
pyccun, YkpauHbl 1 Y30eKucTaHa.

Y4acTHUKOB KOH(pEPEHIIMU MPUBETCTBOBAJIU:
pyKOBOAUTENh OTAeNa (PyHIAaMEHTAJIbHOW W TIPH-
KJIaaHOM Heltpobuosornu [ocy1apcTBEHHOTO Hay Y-
HOTO TEHTPa COMUATHHOMN 1 cyneOHOI TCUXIATPIH
uM. B. TI. Cepb6ckoro, 3aBeaytomnuii kadeapoir Me-
NUIMHCKUX HAHOOMOTEeXHOJ0TUI Poccuiickoro ro-
CYJIlapCTBEHHOTO MEJIUIIMHCKOTO YHUBEDPCUTETA,
akamemuk PAH, akamemuk-cexperapb OTAeIeHUs
Menuko-6monorndeckux vayk PAMH B. TI. Yexo-
HUH; 3aBEYIOMWI OTAeJIOM aHeCTe3UO0JOTHH-pea-
HUMATOJOTUNU PoccHiicKoro HAyYHOTO TeHTpa XW-
pyprun um. b. W. IlerpoBckoro, mpodeccop
kadenpspl aHecresmosornu-peanumaronorun Ilep-
BOro MOCKOBCKOTO TOCY/apCTBEHHOTO MEIUIIHH-
ckoro yausepcutera uMm. 1. M. Cevenosa, akaje-
muk PAH, A. A. Bynsarsan; 3aseayromuii kadenpoit
XUPYPru MOCKOBCKOTO TOCY/IapCTBEHHOTO MeJIH-
KO-CTOMAaTOJIOTHYECKOTO YHUBEPCUTETA, YIEH-KOP-
pecrionsient PAH, npodeccop U. B. dpema; nupek-
top DOIBHY «Hayuno-ucciaemoBaTeabCKuit
HHCTUTYT o0meit peanmMaronorun uM. B. A. He-
FOBCKOTO», 3acayKeHHbI JesTesnb Hayku PO,
yien-koppecrougedt PAH, npodeccop B. B. Mo-
pos (doro 1 6, 2).

[Tpodeccop B. B. Mopos B cBoem gokmaze «Co-
BpeMEHHasi PpeaHUMAaTOJIOTHST: IOCTVKEHUS U TTEPCIIeK-
TUBBI» OTMETUJI KJIIOUEBOE 3HAYEHUE AHECTE3NOTIOTHH -
PEAHNMATOJIOTUU B MEMIIMHE, 0O03HAYMI OCHOBHbIE
HayYHbIE JIOCTVMKEHUS W TEPCIEKTUBBI PA3BUTHS
OTBHY «HaydHo-HCcmenoBaTeabCKii WHCTUTYT 00-
et peannMatosornu uM. B. A. HeroBckoros.

6

®Doro 1. Ha 3acexanusix u B Kyayapax koHdepennuu: npodec-
cop P. H. Axkanaes (a); uiren-koppecnouaentr PAH, npodec-
cop U. B. fIpema (6); npodeccop B. M. Iucapes u npodeccop
A. M. TonyGes (6); unen-koppecnonaent PAH, npodeccop
B. B. Mopo3s u akagemuk PAH, npodeccop B. I1. Uexouun (2).
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[Iporpamma xKoH(bepeHIINN BKITIOYATA:

* TUUTeHapHbIe W CEKIIMOHHBIE IOKIAMBI 110 aKTy-
aJIbHBIM BOTIPOCAM aHEeCTe3M0JI0T NN -PeaHMAaTOIOT N,

* JIeKITMOHHBIE KYPCHI, HAllpaBJeHHbIE Ha TIO-
BbIIIEHNE KBAIM(DUKAIIN B 00JIACTH aHECTE3HOJIOTHI-
PEaHnMaToJIOTH;

* Mmacrtep-kiacce HarmonanbHoTO coBera 110 pe-
annMaiun «Cep/iedHo-IerouHas peaHuMaIus: coBpe-
MeHHbIe anropuTMbl» (DoTo 2), B paMKax KOTOPOTO
ObLI TIPOYUTAH JIEKIIMOHHBII KYPC 0 COBPEMEHHBIM
AJITOPUTMAaM CEPJETHO-JIErOUHOI PeaHUMAIMK 1 ObLITH
MIPOZIEMOHCTPUPOBAHbBI AJITOPUTMbI 0a30BOIi, paciy-
PEHHOI peaHuMAIlMW W HUCIIOJIb30BAaHUST YCTPOHCTBA
JI7IST MEXaHUYIEeCKIX KOMITPECCHH TPY/IHOH KJIeTKH;

* KOH(EPEHITNN MOJIOZLIX yueHbIX «CoBpeMeH-
HBbIE METOJIbI IMATHOCTUKH 1 JIEYeHNS B PEaHNMATOJIO-
TUM» COBMECTHO C 3aCe/ITaHEM CTY/IEHYeCKOTO HAyIHOTO
Kpy’KKa KadeZpbl aHeCTe3MOJIOTHI-PEaHuMATONOT N
MIMCY mm. A. 1. EBmokumoBa «AHecTe3noIor-pea-
HUMATOJIOT ¥ TIeHTPaJIbHAST TeMOIMTHAMUKAY;

* JIEKITMOHHBIN IUKJ BELYIUX CIEIHATICTOB
AQHEeCTe3M0JIOTOB-PEAHNMATOIOTOB M HEBPOJIOTORB: TJI0-
TaHWe, TOCTPEAHUMAITMOHHBIE TTOBPEKIEHUS CTPYKTY-
PBI MO3Ta: UHAMUKA, MEXaHU3Mbl, 3aKOHOMEPHOCTH;
HOBBIE AaHTHOMOTUKY JIJISI JICYECHUST CETICUCA;

* remoTrpaHcdy3us: MOKA3aHUS W aJbTepHATH-
BBI; THTEHCUBHOE JIeYeHNe TSKeJI0N COueTaHHON TpaB-
MBI, UPECTTUIIEBOIHAS 9XOKapAuorpadust B aHECTE3HO-
JIOTUU-PEAHUMATOJIOTHH; COBPEMEHHbBIE TIOIXO/bBI K
JICYEHUI0 HO30KOMUAJIbHOU ITHEBMOHWM; MpodseMa
Cep/IeyHO HEeI0CTAaTOYHOCTH B HEKApAMAJIbHOH XU-
PYPTHUH U JIp.

* BBICTaBKY MEIUIIMHCKOTO OGOPYAOBaHUS U
PacXoHOTO MaTepuaIa.

CekIMOHHbIE 3acelaHrst KOH(pEPEHIUN ObLIn
MOCBSIIIEHBI TIPOOIeMaM OCTPOIl JIbIXaTeJIbHON HeI0-
CTaTOYHOCTH, OCTPBIM PACCTPOICTBAM FeMOJMHAMUKH,
COBPEMEHHBIM aCMeKTaM aHecTe3MOJIOTHN U JKCTpa-
KOPIOPAJIbHON JIETOKCUKAIINN, TPaBMe U KPOBOTIOTe-
pe, IMarHOCTHUKE W JieUeHUI0 MH(MEKITMOHHBIX OCJIOXK-
HEHUN KPUTUIECKUX COCTOSTHUH, TeMOCTa3NOJIOT .

[To muenuto B. T. [loarux, 3aBemytoriero xkaden-
poii kimHIYecKoi atodusnosorn OMCKOTo rocyzap-
CTBEHHOT'O MEIUIIUHCKOTO YHUBEPCUTETA, 11eJIecO000pas-
HO W B JIAJIGHEWIIIEM TIPOBOJAUTH TMTUPOKOGMOPMATHBIE

®Dorto 2. Macrep-kinacc HannonaipHoro copera 1mno peaHuma-
muu «CepyieyHo-eroyHasi peaHuManysi: COBPEMEeHHbIE aJiro-
PUTMBI»>.

KoHpepenny o TeMe «;KusHeobeceueHye pu Kpi-
THYECKIX COCTOSTHUSIX> C TIPUBJIEYEHNIEM MOJIOZIBIX yUe-
HbIX. HerocpencTBeHHbIil 0OMEH HaydHbIM U Bpaued-
HBIM OIIBITOM B PaMKax KOH(EpeHINN I03BOJISIeT He
TOJIHKO TIOBBICUTD KBATH(DHKAIIIO CIEINATNICTOB, HO 1
MOJIYYUTh ATTECTAIMOHHBIE OAJIIBI, TOCKOMBKY 18-51
Bcepoccwniickast KoH(hEpeHIST ¢ MeXK/LyHapOAHbBIM yda-
crieM «YKusmeobecredennie mp KPUTHIECKITX COCTOST-
HUSIX» BKJIIOYEHA B CHCTEMY HElPePBIBHOTO MeINITIH-
CKOTO 0OPa30BaHMSI.
[Tporpamma 1 KoH(pEpEHIIUY OCTYTTHA Ha calTe
www.niiorramn.ru.
. M. H. A. H. Ky3osieB
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CobprTna

IIpurnamenue Ha XIII Beepoccuiickyio KoH(pepeHIUIo
C Me>KIyHAPOHbIM yYacTHeM
«IIpo6aema uH(pEKIUN PH KPUTHIECKUX COCTOSTHHSIX >

Invitation to XIII All Russian Scientific Conference
with International Participation
«The Problem of Infections in Critical States» (in Rus)

IiyGokoyBazkaembie KoJLeru!

IMpuriamaem Bac npussars ydacrue B pabore
XIII Bcepoccuiickoit exerogHoil KoHgpepeHIun ¢
MEKIYHApPOAHbIM yuacTreM <«IIpobiema wHbEKIMN
pu kputudeckux cocrostHusx» (IIpobiaema «MKC»),
kortopast coctontes 1 n 2 urons 2017 rona.

Obwast ungopmavus:

Yuacrue 19 Bpaueii GeciiiaTHoe

Mecmo nposedenus: Axrosbiii 3an1 OHKII pea-
Humarosorun u peabusmronorun, HUM O6eii pea-
Hnmatosornu uM. B. A. HeroBckoro

Adpec: . Mockga, yii. ITerposka 25, cp. 2

IIpoesd: metpo «UexoBckasi» win «ITymikuH-
CKast», JIaJiee MeTKOM.

Opranusatopbl KoHdepeniuu npodiaema «MTKCx:

DeprepabHbIN HAYIHO-KIMHUIECKUI TIEHTP pe-
AQHUMATOJIOTMH W PeabUIuTONOTHI (IUPEKTOP, MPo-
deccop A. B. Tpeuxo),

HUNNOP um. B. A. Herosckoro (pyKoBOIUTETh,
npoceccop U.B. Mosraanos)

MI'MCY nm. A. 1. EBmokumoBsa (3aB. kad. aHe-
CTe3MOJIOTUN-PeaHuMarToorny, uieH-kopp. PAH,
npodeccop B. B. Mopo3)

Poccutiickas Accormariust 1eTCKIX XUPypron

PHUMY wum. H.U. ITuporosa (3aB. kad. 1eTCKOI
xupyprun, 4ieH-kopp. PAH, nmpodeccop A. 1O. Pa3zy-
MOBCKHIT)

HUM HAXuT 13 r. MockBbI (TIpe3ueHT, Ipo-
deccop JI. M. Pormasn)

Koopounamop mnayunoic. npozpammol: I.M.H.,
npod. H.B. Benoboponosa. Temr: +7 (916) 131-74-54.
E-mail: nvbeloborodova@yandex.ru

Omeemcmeennvlil 3a €653b C PEZUOHAMU:
k.m.H. O. C. Topbaues. Ten.: +7 (499) 254-29-17,
+7 (903) 176-27-50. Daxc: +7 (499) 254-29-17.
E-mail: raps@telemednet.ru

Omeemcmeennviil 3a NYOIUKAUUIO MAMEPUALOE
xongpepenyuu: .0.1. E. A Yepuesckast. Teu.: +7 (906)
792-70-41. E-mail: problema-x@yandex.ru

Omeemcmeennviti 3a UHDOPMAUUOHHYIO U
cnoncopckyio noddepacky: k.m.H. O. H. Xaou6. Ter.:
+7 (903) 755-73-53, +7 (495) 755-73-53. E-mail:
alchemist755@yandex.ru

Omsemcmeennwviti ucnornumenn: OO0 «Pede-
perc» E. A. Maxkapenko. Temn.: +7 (903) 500-75-10.
E-mail: buhaudit@gmail.com

Hngpopmayuonnas noddepacka: Pycckuii Meau-
unckuii Cepsep. http://rusmedserv.com

OcHoBHbBIE TEMBI KOH(DEPEHITUN
«IIpo6iaema UKC-2017»:

Teopemuueckue gonpocwi

* Cercuc-3: OIbIT BHEJIPEHVSI HOBBIX KPUTEPUEB

* MexaHU3MBI TTOJTMOPTAHHON HE0CTAaTOUYHOC-
tn (IIOH)

e CenTnuecKkuii MoK

* Crpareruut aHTUOUOTHKOTEPAITUH B PEaHMa-
TOJIOTAN

* HoBoe B nmpodumakThKe TOCTTUTATHHBIX MH-
dextuii

Hosonozuu

e VBJI-accorumnpoBanHas MTHEBMOHUS

* Cericuc-accormuupoBantas 2HIeGaToOnaTus
(SAE)

e AGIOMUHAJIBHBII CEIICUC

o Mudeximn MATKUX TKaHel, paHeBast THMEKIHs

o WHbermn npy TSOKETOH 1/ Wi COYeTaHHOM
TpaBMe

e Tlommoprannas HenoctatouHocts (IIOH)

IIpobnemmvie 6030ydumenu ungexuyuil

° Iruosorusd  UHQPEKITNOHHBIX
HUI1/cericuca

*  BosOyaurenu, yctoiiunBble K KapbOarieHeMaM

* Hedepmentupyomue TpamMoTpHUIaTeNbHbIE
Gakrepun

* TIpoGJieMHBIE TPAMITONOKUTEIbHbIE KOKKU
(MRSA, MRSE, VRE)

o Tlonumpesucrentunie Candida spp.

Jluaznocmuxa

*  MuKpOOHOTIOrHIECKU MOHUTOPUHT B pea-
HUMaTOJIOTUN

* Buomapkepsr cericuca

e OMHUK — Ttexnonorun (merabosoMuUKa,
I'’XMC)

o [IIIP auarHocTuKa rocnTaabHbIX HH(MEKITII

Anmumuxpobnas mepanust

e Hosble anTrOMOTHKK A1 Jledenns rpam(+),
rpamMm(-) 1 TPUOKOBBIX MHMEKIHI

 TIporuBorpuOKOBbIe TIpenaparbl — OIeHKa
addexTuBHOCTI

*  VIHTraJsaIuOHHbBII MyTh BBeAECHUS aHTUOHO-
THUKOB

* AJITOpUTMBI JIEUEHHUST MO KOHTPOJIeM Ouo-
MapKepoB

*  AHTHCENTHKY JIJISI MECTHOTO JIEYECHUST

Pov muxpobuomuot

* Yuactue B MeXaHU3Max Pa3BUTHS KPUTHUEC-
KUX COCTOSTHUH

OCJIOJKHE-
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*  Muxpo6uoTa 1 cercuc

*  Muxpo6noTa Kak TepaleBTHIecKas MUAIIEHb

Memabonuueckas xoppexuust

» Koubloranms u 5KCKpenusl TOKCUYECKIX Me-
TabOJINTOB

e DKCTpaKOpHOpaIbHas JeTOKCHKAII

* IlpemapaThl A7 1e9€6HOTO MUTAHUS

Mdopwmbi npoBeeHns KoHpepeHIumn

Iepevui dernv — 1 uons (wemeepe)

o Jleknu: A.Kumar (Canada), J.-M.Cavaillon
(France), J.Odarjuk (Germany)

* VHTepaKTUBHbIE CUMITO3UYMBIL.

*  Hayunsle 1oxmapt

* DBpicraBka

Bmopoii denv — 2 wions (nsammuuya)

Macrep-kmacc: OnTumMusaius AUATHOCTUKU U
JledeHns MHGMEKITi

* Hosble TexroJIOTHI 1 060PYIOBAHUE

o UHTeprperalys pe3yJsraToB JabopaTopHOI
JINATHOCTUKHU

o Pazb0p KIMHUIECKHX CIyYaeB

Mopmbi yyacTus B KondepeHnun

* Ilocemenwe 3acemannii

* OO6yuenue Ha Macrep-Kiacce

* 3asiBKa HA HAYYHBIN JOKJIAL

* JlemMoHCTpaIys KIMHUIECKOTO CIIydast

o Tly6aukanus B cooparke — Tesucsl (1—2 cp.)
u /unn crarbs (He 6osee 5—10 crp.)

TpeGoBanus K Te3ucam

Tesucor 00beMOM He GoJiee 2-X CTpaHMI] TEKCTa
(dbopmat A4, mpudt Times New Roman pasmep 12 1,
yepes 1,5 MHTEpBaJIa, MOJIS IO KpasiM 2,5 ¢M) TIPUHU-

matores B popmare Word for Windows 1o sznexrpon-
HO#T ouTe problema-x@yandex.ru B Buie BIOKEHHOTO
datina:

Hasanne

Dammmns, 11.0. aBTopos

Yapexaenne, ropoj, CTpaHa

Mesnb. Marepuaibt u MeTo/ibl. Pesynbrarol. Bol-
BO/IBL.

DU O, mouToOBKII aZpec OTBETCTBEHHOTO aBTOPA,
tesiedo, ¢axc, e-mail

TekcT m0JKeH OBITH TIIATEIBHO BBIBEPEH aBTO-
POM U ITPaBUIBHO OT(HOPMATHPOBAH.

Daiin ¢ Te3ncoM HA3BIBAIOT (DaMUJINE IEPBOTO
aBTOpA.

Jlnst yuactust B KOH(EPEHIMH HeoOXOANMO Ha-
mpaButh B Oprkomurer 3as18Ky, ykazatb OO, opranu-
3al1Io, opaszeenue, aapec, rejedon, E-mail s 06-
PaTHOII CBSI3M, a TAKKe XKeJlaeMyto (hopMy yuacTust.

Ecom aBropy tpebyercst obuiManibHOe TIPHria-
IeHne — npoch0da yKasarh.

[TpaBwibHO odopmiiernbie, npuHsThIe OPrKo-
MHUTETOM TE3UCHI W CTaTbu OYAYT OIMYOIMKOBAHBI
BECIIJIATHO B opunuansiom Coophuke KoHde-
pennnn. Coopruky Oyaer nprcsoer kozx ISBN, obec-
nevyeHa paccbiika B 6ubiaorekun PMD u Poccuiickyto
KHIDKHYIO TTaJiaty.

BHUMAHUE!
JdnexrponHas noura Oprkomurera —
JUISI TE3UCOB M 3asIBOK HA yUacrue:
problema-x@yandex.ru

HamnpasJisieMbie MaTepraJibl 10JIKHBI ObITH OJTY-
yerbl OprrkomureToM He no3zanee 17 ampesss 2016 1.

ObIMIAA PEAHUMATOJOI'UA

HayuHo-npaktuueckuii sxypran «O011ast peaHuMaToJOrUsI»,
Bxozstmuii B iepededb BAK PO, B Scopus u apyrue 6a3bl 1aHHBIX,
Ipe/iHas3HavyeH /Ui Bpadeil aHeCTe3n0JI0r0B-PeaHMaTOI0rOB U HAYYHbBIX COTPY/IHUKOB.

Temarnka KypHaja: naToreHes, KIMHUKA, [UATHOCTHKA, JieueHre, TPohUIaKTUKA U TTATOJIOTHYecKas aHaTo-
MU KPUTHYECKUX, TEPMUHAIBHBIX U TOCTPEAHNMAIIMOHHBIX COCTOSHMI; OKa3aHue 0roCnTalIbHOM HOMOIIN IPU
KPUTHYECKUX COCTOSTHUSIX; 00yUYeHNe HACeNeH s U MEAUIIMHCKOTO MepCcoHaia MpHeMaM OKa3aHUsl HEOTIOKHOI
HOMOIIU TIPH KPUTUUYECKUX COCTOSIHUSAX; onTumusaiust paborel OPUT, opugndueckue U sTu4ecKre BOIPOCH B

obmactu AHECTE3NOJIOTUN-PEAHUMATOJIOT U,

Aynutopus: siedeGHbIe YUPEKIEHNS; BICIIE yueOHbIe 3aBeleHNs MEAUIIMHCKOTO TTPOMUIIST; MEAUTIHHCKITE
YUPEKIEHUS IOCIEUIITIOMHOTO 0OpasoBanusi, DeepaiibHble U PErMOHAIBHBIE OPTaHbl YIIPABJIEHUS 3[PAaBOOXPa-
HeHUEM, MEJIUIMHCKIE HAYYHO-UCCIIE[0BATECKAE HHCTUTYThI; MEJAUIIMHCKITE OUOIMOTEK.

MOINMUCKA

B mo60M nouToBOM OT/J€JIEHNH CBSA3U 110 KaTaJIory «KHI/II‘a-CepBI/IC»

e unjiekc 46338 — it UHIUBU/IYQJIbHBIX TIOITUCUNKOB
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IIpaBuaa AAsT aBTOpPOB

Hndopmanus aus aBTopoB xkypHaia «O0uias peaHnMaToIOTHsI»

[TpaBuJia TOATOTOBKY, MOAAYN W TYOIMKAIIUN PYKOIIUCH, IOMOJTHEHHBIE B COOTBETCTBUN
¢ pexomergarsivu AHPU (Accormmanuu Hayunsix Pegaxropos u Usmareneii, PD)
n ICMJE (International Committee of Medical Journal Editors) amst nayunsix uspanut,
BXOJAIINX B MEKIYHAPOAHbBIE Gasbl JaHHBIX, B pepakiuu ot 17.02.2017 1.

Information for English-Speaking Authors

Requirements for publication in the journal General Reanimatology based
on «International Committee of Medical Journal Editors. Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in Medical Journalss,
which is available at http://www.ICMJE.org.

ITpaBoBbBIE aceKThI MyOIMKAUE PYKOTHCH

Yenosus: nybnuxayuu pyxonucu

— Pykonucu myGJauKyOTCs TIPpU 00s13aTETbHOM
COOJIIOIEHII aBTOPOM 9TUKK U TIPABUJI IyOJIUKAL[II
(mogpobHee Ha caiite KypHasa: www.reanimatol-
ogy.com).

— Pyxkonucu 1my6aukyorcss ¢ cobuogeHrneM
HOPM aBTOP-CKOTO TIpaBa U KOH(DUIEHIMATHHOTO OT-
HOIIIEHUSI K IEPCOHAIBHBIM JIJAHHBIM aBTOPOB.

— Pykomnucu my6anKyoTCst GECIIaTHO.

— Pykonucu, npuHsITHIE B KYyPHAJI, TTPOXOST
pelleH3UPOBaHe Ha OPUTHHAJIBHOCTH, 3TUYHOCTH,
3HAYMMOCTb, JIEKBATHOCTH CTATUCTHYECKOI 06paboT-
KW JIaHHBIX Ha YCJOBUSAX KOHMDUIEHIMAJIbHOCTH 32
UCKJIIOUEHUEM BbISIBIIEHST (DaTbCU(DUKAIINT TaHHBIX.

— Penkosnerust octaBisiet 3a co6oi MpaBo co-
KpAIaTh 1 PETAKTUPOBATH PYKOITHCH.

Ipuvunol cuamus ¢ nevamu u 3adepicku nyou-
Kayuu pyxonucu

— Pykomnucu, He cooTBeTCTBYOIINE TTPODUITIO
KypHaJa, He MPUHIMAIOTCST.

— Pykomnucu, patee omyOJIMKOBaHHBIE, @ TAKKE
HAlpaBJeHHble B JPYroil JKypHAT Min COOPHUK, He
MIPUHUMAIOTCSI.

— 3a HekoppekTHOe 0(hOpMIIEHUE U HEIOCTO-
BEPHOCTH TIPEACTABJISEMbIX OuOAMOTpahuIecKux
JIAHHBIX ABTOPHI HECYT OTBETCTBEHHOCTH BILIOTH /IO
CHSITHSI DYKOIIUCH C TIeYaTH.

— Hapymenne npaBusi ohOPMIEHUST PYKOIIH-
CH, HECBOEBPEMEHHBIH, a TaKIKe HeaJleKBATHbII OTBET
HA 3aMEUYaHUsT PEIEH3EHTOB U HAYYHBIX PEIaKTOPOB
HNPUBOJAT K 3a/I€PIKKe TyOIUKAIIMHI 10 UCTIPABJICHUST
YKasaHHbIX HeZOCTATKOB. [Ipyu nTHOPUpPOBaHIY 3aMe-
YAHUI PElEH3EHTOB M HAYYHBIX PEIAKTOPOB PYKO-
[TUCh CHUMAETCSI C JAJTbHEHIIEr0 PaCCMOTPEHMSL.

— Pyxormmic OTKIOHEHHBIX paboT pemaximeit
He BO3BPAIIAIOTCSL.

Humepecvr cmopon: Aemop,/Pedaxuus

Pepiakiust ocrasisier 3a cOOOH 1PaBO CUNUTATD,
4TO aBTOPBI, IPEIOCTABUBIINE PYKOIUCH JJIsT Ty OJIH-
Karu B kypHa «O611ast peaHuMaToJIOTHsI», COTJIac-
HBI C YCJIOBUAMU MyOJIUKAIMNA W OTKJIOHEHUS PYKO-
[IUCH, & TAKKE C TIPAaBUJIAMU ee 0POPMIIEHHUSI.

Penakuus ocraBisier 3a coOOil IIPaBO CYUTATD,
YTO aBTOP, OTBETCTBEHHBIN 32 MIEPEITUCKY C PelaKInel,
BBIPAKAET MMO3UITUIO BCETO aBTOPCKOTO KOJIJIEKTUBA.

ABTOp mnosyuyaer uHMOPMALMOHHDBIE 3JEK-
TPOHHBIE THCbMa 000 BCEX 9Tamax MPOBKEHUS
PYKOIIKCH, BKJIIOYAs yBEJIOMJIEHUE O HECOOTBETCT-
BUU pyKoOMUcH Tpoduiio KypHaja W TpaBUIaM
ohopMIIeHNS; TEKCTBI PElleH3Nii; peleHne peaKo-
JIeTHH 0 TyOIUKAIIMY UM OTKJIOHEHUN PYKOIHUCH;
BEPCTKY OTPElaKTMPOBAHHOTO BapuaHTa PYKOIIUCH
JLJISL TTIOJTy4eHUsl aBTOPCKOTO JIoTycKa K revyaTu. [lo-
MOJTHUTEJbHYI0 WH(MOPMAIINIO O TIPOABUKEHUH PY-
KOIIMCU aBTOP MOJKET IIOJYYHUTh 10 ajpecy: jour-
nal_or@mail.ru; www.reanimatology.com.

lapanmuu Asmopa

[TpenocraBiennas B pelakiifio PyKOINCH 110JI-
HOCTBIO OpUTHHAJbHA. VICII0/Ib30BaHuE JTIOOBIX MaTe-
pHAJIOB JIPYTUX aBTOPOB [IOIYCKAETCS TOJDBKO C UX
paspeleHnss 1 Ipu 00s3aTEJBHON CCBIJIKE Ha 9THUX
aBTOPOB.

CIH1COK aBTOPOB COIEPIKUT TOJIBKO TeX JINIL, KO-
TOPBIE BHECN OLYTUMbBIN BKJIAJ] B KOHIEIIINIO, TTPO-
€KT, UCIIOJHEHNE WU MHTEPIPETAINIO 3asBJICHHOM
paboThl, TO €CTh TEX JIUI], KOTOPbIE COOTBETCTBYIOT
KPUTEPUSM aBTOPCTBA.

Pykomnuce He comep:XKUT MaTepuasioB, 3arpe-
MEHHBIX B OTKPBITON TIEYaTH AEHCTBYIONIUM 3aKOHO-
naresabcTBoM Poccun.

Tapanmuu pedaxyuu

JTio0ble PYKOIIHCH, TTOJyYEeHHbIE PEJAKITUE 115t
pelleH3upoBaHus, OYAYT BOCIPUHUMATHCS KaK KOH-
dbupenimanbubie 1oOKyMeHTbl. OHE He MOTYT ObITh
MOKA3aHbl IPYTHM JIUTAM U OOCYKAEHBI ¢ HUMH, 3a
HCKJIIOUEeHHEM JINIL, YITOJTHOMOUYEHHBIX PelaKIlie.

Heomy6mKkoBaHHBIE MAaTEPUAITBI, HAXOSATIHECS
B MPEIOCTABJIEHHOI cTaThe, He OYAYT UCIOIb30BAHBI
B COOCTBEHHOM HCCJIEJOBAHUN HAYYHOTO PEIAKTOPA U
PeIeH3eHTOB 6e3 MUCbMEHHOTO PaspelieH s aBTOPa.

PerienseHT He OyJIET JOTYIIEH K PACCMOTPEHHIO
PYKOIIUCH, €CJId UMeeT MeCTO KOH(JIMKT UHTEPECOB B
€r0 KOHKYPEHTHBIX, MAPTHEPCKUX JIUOO APYTUX OTHO-
HMIEHUSAX C KeM-JIM00 U3 aBTOPOB, KOMITAHUH WU Op-
raHU3alni, CBA3aHHBIX C MATEPUAJIOM ITyOJIMKAIIUH.

OBPIIAA PEAHMMATOAOI'MA, 2017, 13; 2
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Kongnuxm unmepecos cmopon: Asmop,/Pedaxuus

Kouduukr mnnrepecoB cropon Asrtop/Penak-
U PEITaeTCs Iy TeM TIePETOBOPOB CTOPOH B COOTBET-
CTBUH C JIeWCTBYOIUM 3akoHOomarerbcTBoM PD u
MEX/AYHAPOAHBIMN HOPMAaTUBHO-IIPABOBBIMU aKTa-
M, PETYIUPYIONUMHI MTYOIUKAIIIO PYKOIICEH B Me-
AUIHCKUX JKypHaJax.

Corylacue min Hecorjiacue Ha IyOJIMKAIIUIO OT-
PEeNaKTUPOBAHHOTO BapUAHTA PYKOIMCH BBIPAKAETCS
B 9JIEKTPOHHOM ITHCbME aBTOPA, OTBETCTBEHHOTO 32
TIePEeTNCKY C pefaKIned.

Dopmwvt nucoma:

1) ABTOpBI He UMEIOT 3aMeYaHUil TTOCse O3Ha-
KOMJICHUST C BEPCTKOU U COTJIACHBI HA ITyOJIMKAIIIO
MaTepuaja B MPe/ICTaBJICHHOM BU/IE.

2) ABTOpPBI COTJIACHBI HA MYOJUKAIINIO MATEPH-
ajia rmocJjie BHECEHUS B BEPCTKY CJEAYIONINX TPABOK
1/WJ 3aMedaHnii (f1aziee cyeyeT mepedeHb).

3) ABTOpBI HE COTJIACHBI Ha TTyOJIMKAIIUIO MaTe-
puajia B MPEICTaBJIEHHOM BUJIE B CBSA3H... (00bsICHe-
HUe IPUINHBI OTKA3a).

Penaknust m m3naTesbCTBO HE HECYT OTBETCT-
BEHHOCTH 32 MHEHUSI, U3JI0)KEHHbIE B MyOJUKAIIIX, &
TaKJKe 3 COZlePKaHUEe PEKITAMBI.

Cpoku npoABM:KeHUs PYKOIUCH

— IJKcrepTH3a Ha COOTBETCTBHWE MPOMUITIO
JKypHasia 1 mpaBuiaM ohopmiieHnuss — He 6osee 3-Xx
pabounx maHed ¢ MOMEHTA TIOCTYTIEHUST PYKOTINCH B
PeNaKInio.

— Penensuposanue — He Gosiee 20-u pabounx
JIHEN C MOMEHTA 3JIEKTPOHHON OTIIPABKU PEIeH3eHTY
PYKOIIUCH.

— OtBer aBropa pelieHsenTaM — He 6osiee 7-u
paboumx JHEH ¢ MOMEHTA 3JIEKTPOHHOI OTITPABKY aB-
TOPY peleH3un.

— 3acenanue pejkosierni — 1 pa3 B 2 Mecsiiia He
To3/1Hee, 4eM 32 1 MecsIT JI0 BBITyCKa THPaka JKypHaa.

— OrmoBerieHre aBTOpa O PEIEHNN PEIKOJLIIe-
MW W 03HA-KOMJIEHUE C BEPCTKOM OTPEIaKTHUPOBAH-
HOT'O BapHaHTa — He 1mo3Hee 3-X pabouux jaHelt ¢ Mo-
MEHTa BBIX0/Ia COOTBETCTBYIOMNIEH HH(pOPMAIUH.

OTnpaBka MaTepHaIoB ISl My OJMKanuu

Marepuasbl st MyOJUKAIIMA HAa PYCCKOM U
AHTJIMHCKOM S3bIKaxX CJelyeT HarpaBJisTbh B BUJIE
AJIEKTPOHHBIX (haliJIOB HA CANT JKypHAIa: Www.reani-
matology.com, wmaM 1O  ajApecy  peaaKIIHu:
journal or@mail.ru. Mopmar noanucu daiiios: da-
MUJIMSI TIEPBOTO aBTOpa, 00O3HAUeHHE MaTephaja
(TexcT, WLTIOCTPAIIK W 7P.), Aata (YUCI0, MECSII,
roz). BEMMaHue: TOJHOCTHIO aBTOMATHU3MPOBAHHBIN
TIepeBoJl C PYCCKOTO $3bIKa HA AHTJIMHCKUN MMeeT
HU3Koe KauecTBO u He mpuHnMaeTcss. HKO @omp
«MenuimHa KpUTUYECKUX COCTOSHUI» OKa3bIBaeT
cozieiicTBIE B TepeBojie MaTepHasioB Jist y0JmKa-
IIUH C PYCCKOTO S3bIKa HA aHTJINUCKNM (CIIPABKU 110
ajpecy pefakiuu: journal _or@mail.ru).

Martepnan craTeil BKJOUaeT: 1) THUTYJIbHBIN
JiicT; 2) pe3ioMe W KJIIOYEBbIE CJIOBA; 3) IOJIHBII
TEKCT PYKOMUCHU C TIOANUCSIMHU BCEX aBTOPOB, MOJI-

TBEPIKAAIONIMMU YyIaCTHUE B BBITIOJIHEHUU IIPEACTAB-
JITIEMO#T PaGOThI M YIOCTOBEPSIOIUMU COTJIACHE C CO-
JepsKaHreM PYKOTHCH (B BUE CKaHA CTPAHUIIBI); 4)
Tabauipl U wioctTpaiui (TpaduKu, HarpaMmbl,
(ororpadun, pucyHKHN U T. 1.) ¢ HOMEPOM, HA3BaAHU-
eM ¥ IpuMedaHueM; 5) 6ubinorpaduueckKuii CIcoK;
6) compoBOUTETHHOE TUCHMO HA PYCCKOM SI3BIKE Ha
MMS TJIABHOTO PEAKTOPa KypHAJIa, OAITICAHHOE PY-
KOBOJIUTENIEM YUPEXKIEHUsS, B KOTOPOM BBITIOJTHEHA
pabora.
Dopma conposooumensHozo nucLMa
ImaBHOMY pemakTopy KypHasia
«O0b11ast peaHNMaTOIOTHSI>
3acayskeHHOMY Jiesitesio Hayku Poccun,
yieH-koppectnongenty PAH, npodeccopy
B. B. Moposy

ITpocum paccMOTPETh BOIIPOC O MYOJUKAINH ...
(Bun pykormcu; Mavunun, Vmena, OtdecTBa Beex
aBTOPOB; Ha3BaHNE PYKOIIHCH ).

ABTOpBI pyKoTcH 03HaKOMJIeHbI ¢ MHbopmariu-
el /17151 aBTOPOB, ITPe/IOCTABIEHHON pe/laKIinel KypHa-
Jsia «O01I1ast peaHUMAaTOJIOTHSI», U COTJIACHBI ¢ TIPABUJIA-
MU TIOJITOTOBKH, MOAYM ¥ TyOJIUKAIIUH PYKOITKCH.

JlaHHast pyKoTuch He JyOnupyer mpeablayIime
myOJUKaIiK, B HEll He 3aTParuBalOTCs WHTEPECHI
TPETHUX CTOPOH U HE HAPYIIAIOTCS ITUIECKUE HOPMbI
My OIMKAIIHT.

OTBeTCTBEHHDBIN 3a MEPENUCKY C pelaKiuei:
Nwmst, OtuectBo, DamMuiinst OHOTO U3 ABTOPOB PYKO-
nucwy, e-mail, resedo.

[Tommuch pyKOBOANUTEIST yUPEK TEHILS.

CornpoBoauTeabHOE MUCHMO JOJIKHO OBITh Ha-
neyataHo Ha OJlaHKe YUPEKICHUsT, B KOTOPOM BBITIOJI-
Hena pabora.

TpeOoBanus K nmeyaTu

Bud: opueHTanus KHUKHAsI, BIPABHUBAHUE TI0
mmpune, opmat A4.

Ilpugpm: Times New Roman 12-ro pasmepa
YEepHOTrO I[BETA.

Humepesanvl 1 omcemynvi: MeKCTPOUHBIN MHTEP-
BaJI B TeKcTe — 1,5; MEXKCTPOYHBIN MHTEPBAI B TIO/ITN-
CIX K TaOJIUIAM U MJUTFOCTPAIIHSIM, B IPEMeYaHusx — 1;
MHTEpBasl [0 1 Tocsie ab3alla — HET; OTCTYII MePBOM
ctpokn — 1,25 eM; ot — 2,5 ¢M €O BCeX CTOPOH.

Hywmepayus cmpanuy,: B TpaBOM HIKHEM YTJIY.

Dopmam aiinos: TeKCT, TaOJIUIDBI, MOANNCH K
tabumiam 1 winoctpanusM — Word; rpaduxu, amua-
rpammbr — Exel; pucyrku — jpeg; dhororpadun — BbI-
COKOT'0 pa3pelieHust, CoOXpaHeHHbIe B JIF0O0M (hopMate.

Pexomendyemoe paspewenue npu ckamuposa-
Huw: M300PaKEHUS C UCIOIb30BaHUEM JIUHUI 1 PH-
cyuku — 1200 dpi; dpororpaduu, paguorpaduu — He
menee 300 dpi; dororpadum, paguorpadumn ¢ Texc-
ToM — He Menee 600 dpi.

Edunuypt usmepenust TOJKHBI COOTBETCTBOBATH
Mesxnynapoanoii cucreme enunui; (CH), Temmepa-
Typa — 1ikase [eabcus.

Manee cm. www.reanimatology.com
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XIIT Becepoccuiickas eskerojiHast KOH(MEPEeHIIUs ¢ MEK/YHAPOIHbIM y4acTHeM
«IIpobrema nHMGEKIMHT TIPU KPUTUIECKUX COCTOSTHUSIX>

01.06.2017

(ITPOOIKUTEIBHOCTD: 2 JIHS)

CepTuduKallmOHHBIN 1K TTOBBINIIEHNS KBaTU(UKAIINN Bpadyei
10 CTIEIUATBbHOCTU « AHECTE3UOJIOTUSI-PEaHNMAaTOJIOT US>

20.11.2017
(mpomoskuTeNnbHOCTD: 144 yaca = 20 gHeir)

XIX Bceepoccuiickast KoHpepeHIS ¢ MEXIYHAPOAHBIM ydacTHeM
«;KusneobecreueHre mpu KPUTHIECKUX COCTOSTHISX>

30.10.2017
(MIPOJIOJIKUTENIBHOCTD: 2 THS )

Exxeromnass KoH(epeHIUsT MOJIO/IBIX YUEeHBIX
«CoBpemeHHbIe METO/IbI IMATHOCTUKU U JIeYeHUsT B PeaHUMaTOJOTUN»

01.11.2017

Nuctutyt Ilacrepa (Ilapu:xk, @panums)
MPOBOMT OTKPBIThbIE OeCILIaTHbIE KYPChI IO TEME:
BposkaeHublii HMMYHHTET U HH(PEKIMOHHbIE 00JI€3HH

(Innate immunity and infectious diseases)

Cpoxk npoBeaenus kypcon: 02 mag 2017 r. — 11 uions 2017 r.
IIpoaoKuTeIbHOCTh 00yUeHus: 2,5 yaca B Hejlelo, 6 HeJeb
Mdopma npoBeaeHus KypcoB: online, si3bIK — aHIJIMIICKUI

Ilo 3aBepiieHNIO KypCOB yYaCTHHKAM BbICbLIaeTCA
Cepruduxar uncruryra Ilacrepa.

O3HAKOMHUTHCS C IPOrPaMMOii KypCcoB
¥ MOJIyYUTh 60JIee MoaApOoOHYI0 HH(POPMAIHIO MOKHO 10 CChLIKE:
https://www.fun-mooc.fr/courses/course-v1i:pasteur+96004+session01 /about
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Good or bad gases

Hemorrhagic shock

Non-bacterial sepsis

Biomarkers of infection

Resolution of inflammation

New tracks for new therapies

Physiopathology of sepsis and MODS
Antibiotics and anti-microbial strategies
Consequences of shock and sepsis on brain
Animal models for human shock and sepsis
Long term consequences of trauma and sepsis
Metabolic changes during sepsis/critical illness
Immmune dysregulation during sepsis and shock
Revisiting sepsis definitions: impact and
consequences

Role of comorbidities in the danger responses to
shock

p R R An ESS Summer school on sepsis
@ Zm‘ﬁ. WCTUAT : FIRST TIME during the World Sepsis Day

MERGITUR Mt

XVIIth CONGRESS OF L e

THE EUROPEAN SHOCK SOCIETY

A joint session with the
US shock Society

A joint session with the
Chinese Shock Society

http://www.essparis2017.org



