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MeTta60u3M riyramMaTta B CTPYKTypaXxX rojioBHoro Moadra
IpH IKCIIEPUMEHTAJTIbHOM Ir€MOPPAri4€CKOM IIOKE

B. H. {xosnes', I1. H. CaBusios?, f1. B. Byarakosa'

' BopoHeskckuit rocymapeTBentbiil Meauinackuii yuusepeuret um. H. H. Bypaenko,
Poccust, 394036, . Bopounesxk, yi. Crynenyeckas, 1. 10
? TamboBckas Ilenrpasibias paiiontast GoJIbHMIA,
Poccust, 392524, TamboBckas obmacth, TamGosekuii p-H, ¢. [TokpoBo-tipuropoauoe, yi. Iomnesas, 1. 4

Glutamate Metabolism in Brain Structures in Experimental Hemorrhagic Shock
Viktor N. Jakovlev', Pavel N. Savilov?, Yaroslava V. Bulgakova'

"N. N. Burdenko State Medical University,
10 Studencheskaya Str.,Voronezh 394036, Russia
* Tambov Central District Hospital,
4 Polevaya Str., Pokrovo-prigorodnoe 392524, Tambov District, Tambov Region, Russia

Iexnp uccneaoBaHus — M3y4uTh 0COOEHHOCTU METAbOIU3M TiIyTaMara B (DUIOreHETUIECKH PA3JIUYHBIX OTIIe-
JIaX TOJIOBHOTO MO3Ta MJIEKONUTAIOMINX TP reMopparnyeckom moke (I'HI).

Marepuan u MeTo/Ibl. B orbiTax Ha 76 Kolkax ucce1oBaan GUIoreHeTHYeCKn pa3jinyHble OT/Ie/bl TOJOBHO-
ro Mo3ra (Kopa, TMMOUYeCKUH, IIPOMEKYTOUHBIN U 11poosiroBaThiii Mo3r) nipu ', BbI3BAHHBIM POOHBIM KPOBO-
nyckaHueM us OefpeHHON apTepu co cKopocThio 10Mi1/kre 10 MuH B cpegreM o0beme 24+0,8 MJ1/Kr, KOTOPOE TIpe-
Kpalain 1pyu CHIDKEHUN apTepraabHOro pasierns 10 yposus 60,0£1,5 mm pt. cr. VccnenoBanu coneprkarie
ammuaka, rayrtamata (It), a-xkerormyrapara (a-KI'), aktuBrocts raryramuncunretassl (1I'C), riryramMmHassl, TayTa-
Matzaeruzaporenassr (I/11).

Pe3ymnbraThl. Y WHTAKTHBIX KIBOTHBIX MAKCUMAJIBHYIO aKTUBHOCTD [/IT 06HAPYKUIN B TPOOJITOBATOM MO3-
re (bunoreHernyeckuii cambiit gpeBHui oten), 'C — B ceHCOMOTOPHOIT Kope ((hUIoreHeTHYECKN CaMblii MOJIO-
JIO¥ OT/IEJT), AaKTUBHOCTD IJIyTAMUHA3bI HE 3aBHUCEJIA OT CTeleHN (hUITOTEHETHYECKOI 3PEIOCTH CTPYKTYP TOJIOBHO-
ro mosra. [Ipu Tl usmenenust merabonausma I'T HaYMHAINCH B CEHCOMOTOPHOI KOPE M MPOSIBJISLINCH CHUMKEHUEM
aktuBHOCTU ['C, KOTOpOE TpoTpeccupoBaio k 70-it MunyTe moctremopparudeckoro nepuoza (I1T11) na dome ot-
cpouennoro ysesnndenus: aktunoctu I/IT, riyramunasst i nakormienusi IT. B 1uMOMYecKoM 1 TPOMERKYTOYHOM
Mo3re usMeHeHust Mmetabosuama It (HapylieHue ero BOBJI€YEHUs] B CUHTE3 IIyTaMUHa, CTUMYJISALIS 00pasoBaHus
I'r ipu nesamuaupoBaHuy raytamiHa U amuaupoBanuu a-KI') pazsuBasucs ua 70-it munyTe I1T'TI 1, kak B cenco-
MOTOPHOI KOpE, CONPOBOKAAMNCH HaKomieHueM Ir. [Ipu aronun Bo BceX MCCIIEyeMbIX OT/es1aX TOJOBHOTO MO3Ta
passuBaicst geunut ¢-KI' 13-3a ero noBbliieHHOT0 BoBJieueHus: B 06pasoBatue I't. OJIHOBPEMEHHO C 3TUM B CEH-
COMOTOPHOI KOpe, IMMOUYECKOM U IIPOMEKYTOYHOM MO3Te CTUMYJINPOBAIOCh 06pa3oBaHue It U3 riryraMuHa, HO
CHIZKAJIOCH BoBJiedenue It B o6pasoBanue raytamuna. Hakormernne ammuaka nezapucumo ot ctaguu T obnapy-
SKIJIK TOJIBKO B CEHCOMOTOPHOI KOPe, IMMOUYECKOM U [IPOMEKYTOUHOM MO3T€; B IIPOJIOJITOBATOM MO3Te — TOJBKO
IIPY AaTOHUH.

3axmouenue. [eMopparnyeckuii MoK, Hapyiast MeTaboJIu3M TJlyTaMaTa B CTPYKTypax TOJIOBHOTO MO3Ia, CO-
3/1a€T YCJIOBMS JIJISl €0 HAKOILJIEHNS B HEPBHBIX KJIeTKaX. XapakTep M HAIPABJIEHHOCTDb 3TUX HAPYIICHUIT 3aBUCAT
KaK OT UHTEHCHBHOCTU MeTab0JIM3Ma IIIyTaMaTa B (hHJIOreHETHYECKU PA3JIMYHBIX CTPYKTYPAX TOJIOBHOTO MO3Tra Ha
MOMEHT OCTPOH KPOBOIOTEPH, TaK ¥ OT CTAJIMH Pa3BUTHS TeMOPPArnyecKOro IoKa.

Kntoueevie cnosa: zemoppazuuecxud WOK; 20JI06HOUL MO32; aiymamanm, azomucmolii OéM@H,’ 2iymamurcurnmema-
3a, ziymamunasa

Purpose. To study glutamate metabolism characteristics in phylogenetically different parts of the mammalian
brain in experimentally induced hemorrhagic shock (HS) in cats.

Material and methods. Experiments were performed on 76 cats. HS was induced by intermittent bloodletting
from femoral artery at a rate of 10ml/kge 10 minutes, with the average volume of 24+0.8 ml/kg. The bloodletting was
discontinued after arterial pressure (BP) drop to 60.0+1.5 mmHg. We studied ammonia, glutamate (Gt), and a-ketog-
lutarate (a-KG) levels and glutaminase (GS) and glutamate dehydrogenase (GDG) activity in specimens harvested
from phylogenetically different parts of the brain (cortex, limbic system, diencephalon, and medulla oblongata).

Results. In intact animals, the peak GDG activity was found in the medulla oblongata (phylogenetically the
oldest part of the brain) and the peak GS activity was registered in the sensorimotor cortex (phylogenetically the

Azpec 1151 KOPPECIIOH/IEHIHH: Correspondence to:
[TaBen CaBuion Pavel Savilov
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SKCHCPMMCHTQABHLIC UCCACAOBAHUI

youngest part of the brain); the glutaminase activity did not depend on the phylogenetic age of brain structures.
In the case of HS, Gt metabolism changes began in the sensorimotor cortex manifested by decreased GS activity,
which progresses by the 70th minute of the post-hemorrhagic period (PHP) accompanied by delayed increase in
the GDG and glutaminase activity, as well as Gt accumulation. In the limbic system and diencephalon the Gt
metabolism was changing (impaired glutamine synthesis, stimuled Gt synthesis with glutamine desamidization
and a-KG amination) when developed by the 70th minute of the PHP. Similarly to sensorimotor cortex, changes
were associated with Gt accumulation. During the agony, «-KG deficiency developed in all parts of the brain as a
result of its increased contribution to Gt synthesis. At the same period of time, in the sensorimotor cortex, limbic
system and diencephalon the Gt synthesis from glutamine was stimulated, however, the Gt contribution tothe for-
mation of glutamine was decreased. The accumulation of ammonia regardless of the HS stage was detected only in
the sensorimotor cortex, limbic system and diencephalon; in the medulla oblongata ammonium increase was found
only during the agony.

Conclusion. HS creates conditions for glutamate accumulation in nerve cells by impairing the metabolism of
glutamate in the brain structures. The nature and scope of these disorders depend both on the intensity of gluta-
mate metabolism in phylogenetically different brain structures in acute blood loss and HS.

Key words: hemorrhagic shock, brain; glutamate; nitrogen metabolism; glutamine synthetase; glutaminase
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Beenenue

Buoxumirdeckre mporieccsl, TPOTEKAIOIIIE B TO-
JIOBHOM MO3T€, SBJISAIOTCS OOBEKTOM TIPUCTATHHOTO
uccseoBanus B peanumarosiornn [1—5]. Haunbosee
PacTpoCTPAaHEHHBIM BO30YIKIAIONIIM HEHpOTpaHC-
MHUTTEPOM HEPBHON CHCTEMBI TIO3BOHOTHBIX SIBJISETCS
riyramar [6], mpuHuMalonMil akTUBHOE ydyacTue B
(bopmupoBaHUM TaKNX KOTHUTUBHBIX (DYHKIHI, Kak
obydenne u maMsTh [7]. Trytamar yyacTByer B Kiiac-
CHUYECKOM ITPOBEIEHIH HEPBHOTO NMITYJIbCa OT Helpo-
Ha K HelipoHy 1 B 00bEeMHON HelipoTparcMuccui [8].
CoryiacHO cOBpeMeHHBIM JaHHBIM [9], oOpasoBanue
TJIyTaMaTa B TOJIOBHOM MO3Te TIO3BOHOYHBIX TIPOUCXO-
IIAT B pe3yJbTaTe /1e3aMUANPOBAHNs TJIyTaMIHA, Ka-
TATU3UPYEMOTO TIAyTaMUHA3aMHU, U aMIHWPOBAHUS
(-KeTorJyTaparta B IPUCYTCTBUM (epMeHTa TIyTa-
Mataernaporenassl. [lociemHsas peakius SBISETCS
obpatumoii. Helitpanmsamnus u3ObITKa riytamara
OCYTIIECTBIISIETCST €TO BOBJEYEHNEM B 00pa3oBaHue
TJIyTaMIHA, TTPOHCXOIIIIee B aCTPOINTAX IIPU ydac-
THW TJIyTAMIHCUHTETA3bl M COMTPOBOKAAETCST HeliTpa-
Jr3arel aMmuaka. TakuM o6pa3oM, MeTabom3M
ryTamMaTa B HeHpOHAX TOJIOBHOTO MO3Ta MO3BOHOY-
HBIX COTIPSKEH ¢ 00e3BPEKMBAHIEM aMMHUAKA, TTOBBI-
IIeHHAsT KOHIIEHTPAIMsI KOTOPOTO TaKKe OKa3bIBaeT
HEeHpOoTOKCHUecKoe jeiicTBre Ha HelpoHsl [10—12].

YeranoBieHo, 4To Hapyimenue MeTabosm3Ma
TJIyTaMaTa B Pe3yJIBTaTe €T0 MOBBIEHHOT0 00pa30Ba-
HUS WJIN TIOHIKEHHOTO CBSI3BIBAHWS, B YACTHOCTH
TIPU UIIEMIYIeCKOM MHCYJIIBTe TIPUBONT K €T0 HaKOI-
JIEHWIO B TKAHU TOJIOBHOTO MO3Ta 1 THOEN HEHPOHOB
[13]. IIpu remopparmdeckoM IoKe B HEHPOHAX CeH-
COMOTOPHOI KOPBI HAPYIIEeHe MeTab0IM3Ma TIyTa-
Marta ObIJIO COMPSKEHO € HAKOIUIEHWEM aMMUaKa
[14]. B martorenese MeTabOIMYIECKUX HAPYITEHUI
BOBHUKAIONINX TP HAPYITEHU MO3TOBOTO KPOBOOG-
paleHus, B TOM 9HCJIe U IPU TeMOPParndeckoM IIIo-
Ke, BEIYIIYIO POJIb UTPAET THIIOKCH, TTPH 3TOM (BIIIO-
TeHeTHYeCcKoe Pasjnune CTPYKTYP TOJOBHOTO MO3Ta

Introduction

The biochemical processes in the brain are the
subject of intensive studies in resucitation research
area [1—5]. Glutamate is as the main excitatory neu-
rotransmitter of vertebrates' nervous system [6] that
contributes to formation of cognitive functions, the
training and memory [7]. Glutamate participates
both in classical conduction of nervous impulse from
neuron to neuron and in volume neurotransmission
[8]. According to recent data [9], the glutamate for-
mation in the brain of vertebrates results from
deamidation of glutamine catalyzed by glutaminases
and amination of a-ketoglutarat with ammonia in
the presence of glutamate dehydrogenase. The latter
is reversible. Neutralization of glutamate excess
occurs by its involving in glutamine formation in
astrocytes with glutamine synthetase involvement
and is accompanied by ammonia neutralization.
Thus, the glutamate metabolism in brain neurons of
vertebrates is associated with ammonia neutraliza-
tion, whose increased concentration also produces
the neurotoxic effect on neurons [10—12].

It was found out that impairment of glutamate
metabolism as a result of its enhanced production or
reduced binding, for example, at an ischemic stroke,
leads to its accumulation in brain tissue and death of
neurons [13]. In case of hemorrhagic shock, impair-
ment of the glutamate metabolism in neurons of the
sensorimotor cortex was associated with accumula-
tion of ammonia [14]. In the pathogenesis of meta-
bolic disorders occurred as a result of disorders of
cerebral circulation, including hemorrhagic shock,
hypoxia played the leading role [15]. At that, the
phylogenetic difference between the structures of
the mammalian brain determines their different sen-
sitivity to oxygen deficiency [16], which, in turn, is
determined by the metabolism in the neurons [15,
16]. However, there is no information about gluta-
mate metabolism characteristics in phylogenetically
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MJIEKOITUTAIONUX JETEPMUHUPYET WX PA3IUIHYTO
YyBCTBUTEIBHOCTH K Aebuiiuty xKucaopoma [15], uro
orpesiesisieTcst 0COOEHHOCTHI0 MeTaboIM3Ma B WX
Hefiporax [15, 16]. OxHako cBemenust 06 ocobeHHoC-
TIX MeTaboim3Ma TayTamMaTa B (DUIOTEHEeTHIeCcKH
Pa3HOPOIHBIX CTPYKTYpPaxX MO3Ta KaK B HOPMe, TaK 1 B
YCJIOBHSIX TEMOPPArHIecKOro MoKa OTCYTCTBYIOT.

[Tesb viccmenoBamyst — U3yvdeHre MeTaboIM3Ma
ryTamMara B CTPYKTypax TOJIOBHOTO MO3Ta, (uiore-
HETHYECKH PA3JINYAIONINXCS MeKITY COOOM, Tpu re-
Mopparudeckom 1moke (I'TII), BbraBanHOM OCTpOI He-
BO3MEIIEHHON KPOBOTIOTEPEIA.

Marepuan u MeTObI

OnbIThl TpOBezieHbl HA 76 KomIKax (cpemHsia macca
3,240,07 xr), HapKOTU3NPOBAHHBIX THOTIEHTaIOM (20 MT/KT).
Temopparuyeckuil MoK BBI3BIBATN POOHBIM KPOBOILYCKAHN-
eM n3 6epeHnoi aprepun co ckopoctbio 10 Mur/kre 10 Mun B
cpenteM obbeme 24+0,8 MII/KI, KOTOpOE MPEeKpaliaiy [pe
cHWKeHUM apTepuasibHoro nasienus (AJl) mo yposus
60,0+1,5 MM pr. cr. JKuBoTHBIE OBLIN PaCTIpeesieHbl Ha 4 ce-
prn onbIToB. 1 cepust (KOHTPOJB) -3710POBblE JKUBOTHBIE
(A/1=154,5+3,0 MM PT. cT.); 2 cepust — KUBOTHBIE Yepe3 10
MUH TI0CJIE KPOBOITyCKaHus 1 cTabuiusanuu A/l Ha ypoBHe
60,0+1,5 mm pr. cT. (HavambHast haza KommeHcarmn, 10 Muty-
Ta TOCTTEMOPPAru4ecKoro nepuoa); 3 cepus — SKUBOTHBIE,
JKU3HECTIOCOOHbIe Yepe3 70 MUH [OCJ/ie KPOBOITYCKAHUSI TIPU
AJ1=54,7+2,3 MM PT. cT. (1IpOJOHTUPOBaHHAs (haza KoMITeH a-
1mH, 70-5 MUH TIOCTTeMOPParnyeckoro mepruosa); 4 cepust —
SKUBOTHbIE, Y KOTOPBIX B TedeHue 6014 MuH nocsie KpoBorry-
CKaHUs pa3Buiach aroHust Ha ore AJ[=9,8+1,5 MM pr. cT.
(dbaza nekomnencarun ). OGbEKTOM U3yYEHUS CIIYKILIA TKAHD
CEHCOMOTOPHOU KOPbI, JIMMOMYECKOr0 MO3ra (TUIIOKaMIT+
TMOSICHAST N3BIJIMHA), TPOMEKYTOUHOTO (TaslaMyC+TUIIOTaa-
MyC) ¥ TIPOZIOJITOBATOTO MO3Ta. MO3T 3aMOpaKMUBATIN B SKHUI-
KOM a30Te, roMoreHn3upoBasin oiny MunyTy B 0,6 N pactope
HCIO, B coornomenun 1:6. TomMorenar skcTparupoBajiu
Ha xononay 10 mun u ocaxpanu 1neHTpudyrupoBaHreM B
nentpudyre «[IBP-1» (t= 0—(-4°)C) npu 22000 g B Teue-
uue 15 mun. /[{s1s1 onpesiesieHusT a-KeTOTIyTapaTa u riayTa-
mata HCIO, yiasisiim u3 skcTpakTa B BUjie epxJaopara Ka-
Jns, aMMHUAK OIpeJessiIi B KHUCJIOM 39KCTPAKTe [0
neiirpammsanuun HClO,. Conepkxanve aMMuaka B TKaHU
TOJIOBHOTO MO3Ta OTIpeiesisii MUKPOANGh(MY3UOHHBIM Me-
TonoMm [12], a-ketorayTtapara u riyrtamaTa epMeHTaTHB-
HBIM METO/IOM C TJIyTaMaTaeruaporenasoit [13].

B MuToxonaprambHOil hpakiiy HepBHOH TKaHW OIpe-
JIeJIsI akTUBHOCTB Tty Tamataernzporenassl ([/1I) o cxo-
POCTH BOCCTAHOBUTEIBHOTO aMUHUPOBAHKS -KETOTITyTapa-
ta [14] u rayramunasel [15], B roMoreHate — akTUBHOCTD
roytamuacnnTerasel (I'C) [16]. Boiienenue mutoxonapu-
aJTBHOM (PpaKINN TTPOBOINIIN METOIOM A(phepeHTITATBHO-
ro nentpudyruposatus [17] Cogepxanue Geika B roMore-
HaTe ¥ MUTOXOH/IPUSIX ornpezessiyim 1o meroxy Jloypu [18].
PesynsraTbl 06paboTail CTATUCTHYECKH C TIPUMEHEHHEM
kputepust Bunkokcona-Manna- YutHn.

PesyibraThl U 00CyK/IEHHE

Kax BuzHo u3 taba. 1, y MHTAKTHBIX SKTBOTHBIX
coJiepskaHue riayTamMaTa B CEHCOMOTOPHOW Kope,

diverse structures of the brain under normal condi-
tions and in hemorrhagic shock.

The purpose of this investigation was to study
glutamate metabolism characteristics in phylogenet-
ically different parts of the mammalian brain in hem-
orrhagic shock (HS) experimentally induced by
acute uncompensated blood loss in experimental ani-
mals (cats).

Materials and Methods

The experiments were performed in 76 cats (median
weight: 3.2+0.07 kg) anaesthetized with thiopental (20
mg/kg). HS was induced by intermittent bloodletting
from femoral artery at a rate of 10ml/kg ¢ 10 min with the
average volume of 24+0.8 ml/kg. The bloodletting was dis-
continued after blood pressure (BP) drop to 60.0+1.5
mmHg. The animals were divided into 4 experimental
groups: group 1 (reference group), healthy animals
(BP=154.5%£3.0 mm Hg); group 2, animals 10 min after
bloodletting and BP stabilization at a level of 60.0+1.5 mm
Hg (initial compensation phase, 10th minute of the pos-
themorrhagic period); group 3, animals who were still alive
70 min after bloodletting with BP =54.7+2.3 mm Hg (pro-
longed phase of compensation, 70th min of the posthemor-
rhagic period); group 4, animals with agony occurred
60+14 min after bloodletting (BP=9.8+1.5 mm Hg,
decompensation phase). Tissues of sensorimotor cortex,
the limbic system (hippocampus + cingulate gyrus), dien-
cephalon (thalamus+hypothalamus) and medulla oblonga-
ta were examined. The brain was frozen in liquid nitrogen,
homogenized for 1 minute in 0.6N HCIO, solution at a
ratio of 1:6. The homogenate was cold extracted for 10 min
and precipitated by centrifugation using the CVR-1cen-
trifuge (t = 0—(-4")C) at 22000 g for 15 minutes. In order
to determine a-ketoglutarate and glutamate levels, HCIO,
was removed from the extract in the form of potassium per-
chlorate; the ammonia concentration was measured in an
acidic extract before HCIO, neutralization. The ammonia
level in brain tissue was measured using the microdiffusion
technique [17]; a-ketoglutarate and glutamate concentra-
tions were determined by means of the enzymatic method
with glutamate dehydrogenase [18].

The glutamate dehydrogenase (GDG) activity was
determined based on the rate of reductive amination of
a-ketoglutarate [19] and glutaminase [20] in the mito-
chondrial fraction of the nervous tissue; the glutamine
synthetase (GS) activity was determined in the
homogenate [21]. The mitochondrial fraction was isolated
by differential centrifugation [22]. The protein content in
the homogenate and mitochondria was measured by the
Lowry assay [23]. Data were analyzed using the
Wilcoxon-Mann-Whitney test.

Results and Discussion

Table 1 demonstrates that the glutamate level
in the sensorimotor cortex, limbic system and dien-
cephalon of intact animals was higher than that in
medulla oblongata (phylogenetically the oldest part
of the brain), by 41, 47 and 38%, respectively. No dif-
ference was found between ammonia and a-ketoglu-
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Ta6muna 1. Copep:ranne ammuaka, a-kerorayrapara (a-KI'), riyramara, riyraMuna B OT/ieJIaX TOJIOBHOTO MO3Tra KO-
HIeK MPH reMOpPpParniecKoM moke (MMOJIb/KT *J1 BIasKHOU TKanu, M+m).
Table 1. Content of ammonia, a-ketoglutarat (a-KG), glutamate, glutamine in cats brain departments under hemor-

rhagic shock (mM/kg*1 of the native tissue, M+m).

Indexes Values of indexes in the groups
15t (n=10) 20d (n=10) 3rd (n=9) 4 (n=9)
Sensomotor cortex
Ammonia 0.97£0.07 1.4+0.1* 1.45+0.1%# 1.7+0.12*
a-KG 59.7+8.54 50.0+£9.87 51.3+7.75 28.9+5.42%
Glutamate 9.11+0.32? 10.7£0.55*# 10.5£0.51%# 9.55+0.35%
Limbic brain
Ammonia 1.03+0.13 1.61£0.08% 1.53+0.13*# 1.58+0.17*
a-KG 51.1£9.72 49.3+£9.66 55.9+8.26 27.3£5.1
Glutamate 9.41+0.5% 12.0+0.46*# 11.1+0.6%# 10.4+0.28#
Intermediate brain
Ammonia 0.96+0.09 1.36+0.11* 1.35£0.11* 1.52+0.17*
a-KG 47.7%9.2 43.5+9.55 44.8+6.86 25.0+3.84*
Glutamate 8.82+0.39# 10.4+0.38*# 9.64+0.64% 8.43+0.46
Myelencephalon
Ammonia 0.93£0.11 1.18+0.17 1.15+0.1 1.45+0.09*
a-KG 48.3+6.92 49.1+£8.31 42.2+8.22 26.2+2.64*
Glutamate 6.44%0.23 7.87+0.5* 7.16%0.42 7.10+0.45

Note. Significance of differences at P<0.05 — * — in comparison with norm; # — in comparison with a similar index of myelencephaloin
the same experimental group; » — number of animals in the experimental group.

IMpumeyanue. /Iy Tabu. 1, 2: Indexes — nokasaresu; Values of indexes in the groups — smavenust mokasareseil B rpyrmnax; Sensomotor
cortex — CEHCOMOTOpHasi Kopa; Limbic brain — siumOuueckas cuctema mosra; Intermediate brain — npomexyTouHblii MO3T;
Myelencephalon — npozosrosatsiii MO3r; 7 — 4YKCI0 JKUBOTHBIX B TpyImax. JlocroBepHocTs pasamyuii mpu p<0,05 — * — mo cpasHe-
HIIO C HOPMOIi; # — 110 CPaBHEHNIO ¢ AHATOTHYHBIM ITOKA3ATeNEM MTPOIOJITOBATOTO MO3Ta TAHHON CEPHN OTBITOB.

JIUMOMYECKOM MO3Te ¥ [TPOMEKYTOYHOM MO3Te, TIpe-
BBIIIAJIO AHAJOTUYHBIN TIOKAa3aTeb B MPOIOJTOBA-
TOM MO3Te ((hUJIOTEeHETUIECKU CaMbIil CTapbIid OTIE
TOJIOBHOTO MO3Ta), COOTBETCTBEHHO, Ha 41, 47 u 38%.
Mesk/ly KOHIIEHTPAIUsIMU aMMUaKa U Q-KeTOTJIyTa-
paTa B MCCJIelyeMbIX CTPYKTYpaxX MO3Ta WHTAKTHBIX
KOIIeK pasimunii He oOGHapyskuiu (1adu. 1). B coto
ouepesib, akTUBHOCTH /[T, B mpomeskyTouHOM MO3Te
U CEHCOMOTOPHOW Kope Oblla HUKe aHAJTOIMYHOTO
MOKA3aTEJIsT TIPOJIOJITOBATOTO MO3Ta COOTBETCTBEHHO
Ha 33 u 51% (Tabu. 2). B orauune 0T 9TOr0 aKTUB-
HocTh 'C B HelipoHaX CEHCOMOTOPHOI KOPBI MO3Ta
KOIIIEK TOCTOBEPHO MPEBBIITAIa aHATOTUIHBIN TTOKa-
3aTesib B KJIETKaX JUMOUYECKOT0, TPOMEKYTOYHOTO
U TIPOIOJITOBATOTO MO3Ta Ha 32, 42 u 34% cOOTBETCT-
BeHHO (Tabur. 2). U3 aToro ciemyer, 4To 1o Mepe (-
JIOTEHETUYECKOTO PA3BUTHS TOJIOBHOTO MO3Ta ITPOKC-
XO[IUT CHUKEHUE CKOPOCTH 00Pa30BaHUs TIyTaMara
P BOCCTAHOBUTEJTHHOM aMWHWPOBAHUU ((-KETOT-
JiyTapaTa, HO yBeJIMYUBAETCS CKOPOCTb BOBJIEUEHUE
riytaMaTa B 00pasoBaHUe TJIyTaMITHA.

[TockoJIbKY T1e/TbI0 BOCCTAHOBUTEJIBLHOTO aMHU-
HUPOBAHUS ¢-KeTOryTapaTa 1 00pasoBaHUs IIyTa-
MUHA SBJISIETCS HEUTpANIU3aIus aMMHUaKa B KJIeTKe
[19], MmoxxHO 3aKk/I04NTD, YTO B IIpoliecce uorete-
TUYECKOTO PA3BUTHUS CTPYKTYP TOJOBHOTO MO3Ta U3-
MeHSeTCsT y/IeJIbHBIN BeC 3TUX PeakIuii B HeHTpain-
3alUM aMMHaka. Eciu B TPOJOJTOBATOM MO3Te
OCHOBHOW peakiell B HeUTpajn3ann aMMHuaKa siB-
JISIeTCSI BOCCTAHOBUTEIbHOE aMITHUPOBAHUE (-KETOT-
JiyTapara, TO y’Ke B TIPOMEKYTOYHOM MO3re, (huore-

tarat concentrations in the above brain structures of
intact animals (Table 1). In turn, the GDG activity
in the diencephalon and the sensorimotor cortex was
lower than that in medulla oblongata by 33 and 51%,
respectively (Table 2). On the contrary, the GS
activity in neurons of cats' sensorimotor cortex was
significantly higher than that in neurons of the lim-
bic system, diencephalon, and medulla oblongata by
32,42, and 34%, respectively (Table 2). It means that
the rate of glutamate formation in the reductive ami-
nation of a-ketoglutarate decreased during phyloge-
netic development of the brain, but the rate of gluta-
mate involvement in the glutamine formation
increased.

Since the purpose of the reductive amination of
a-ketoglutarate and production of glutamine is neu-
tralization of ammonia in a cell [24], it can be con-
cluded, that the contribution of these reactions in
neutralization of ammonia changed during the phy-
logenetic development of brain structures. In the
medulla oblongata, the reductive amination of a-
ketoglutarate is the primary reaction of ammonia
neutralization, whereas is in the medulla oblongata, a
phylogenetically younger structure, its dominating
role in the neutralization of ammonia begins to
decline. It disappears in the sensorimotor cortex,
where the evolution assigned it the role in glutamine
formation. It is not a mere coincidence that the GS
activity in the sensorimotor cortex of intact animals
was higher than that in the limbic system, dien-
cephalon and medulla oblongata (Table 2).
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Ta6mmnua 2. Aktusaocts rayramuncunrerassl (I'C), docdarsaBucumoii riryramunasst (D3I u ryramaTaernporeHa-
3p1 (I/IT) B oTZ€/1aX TOJOBHOIO MO3ra KOIIEK IPH FeMOPParn4eckoM moke (HMoJib/Mr Genka, M+m).

Table 2. Activity (nM/mg of protein) of glutaminsynthetase (GS), phosphate-dependent glutaminase and glutamate
dehydrogenase (GDG) in cats brain departments under hemorrhagic shock (nM/mg of protein, M+m).

Indexes Values of indexes in the groups
15t (n=10) 20d (n=8) 31 (n=10) 4% (n=10)
Sensomotor cortex
GDG 9.72+0.54# 10.7+1.2# 13.5+1.47* 12.3+0.82*#
GS 1.02+0.04 0.93+0.12 0.74+0.12* 0.65+0.15*
Glutaminase 7.83£0.75 8.95 +0.4% 8.98+0.46 11.2+0.8%#
Limbic brain
GDG 12.2+1.13 12.8+1.24% 16.3+2.2 16.2+£0.94%#
GS 0.77£0.06## 0.70+0.16 0.7£0.09 0.61+0.09
Glutaminase 7.07+0.48 9.10 +0.49*# 8.21+0.3 9.76+0.65*
Intermediate brain
GDG 10.7+0.88% 12.2+1.1# 16.0+1.84* 14.7+1.05%#
GS 0.72+0.06## 0.75%0.14 0.53+0.07* 0.52+0.07*
Glutaminase 7.54%0.5 8.33 +0.4% 8.66+0.49 9.93+0.9%#
Myelencephalon
GDG 15.8+1.4 18.2+1.34 18.3+£1.47 21.9+1.12*
GS 0.76+0.10%# 0.74+0.16 0.47+0.06* 0.59+0.09
Glutaminase 6.51£0.44 6.94 +0.4 8.05+0.32* 7.87+0.6

Note. P<0.05 — * — significance of differences in comparison with norm; # — significance of differences in comparison with a similar
index of myelencephalon in the same experimental group; n — number of animals in the experimental group; ## — significance of dif-
ferences in comparison with a similar index of sensomotor cortex in the same experimental group.

Ipumeuanue. [locroBepHocTs pasanuuii mpu p<0,05 — * — 10 cpaBHEHUIO ¢ HOPMOIT; # — O CPABHEHUIO € AHATOTMYHBIM TTOKa3aTe-
JIeM TIPOJIOJITOBATOTO MO3Ta IAHHOI CEPU OIBITOB; ## — 110 CPABHEHUIO C AHAJIOTHYHBIM [IOKa3aTeJeM CEHCOMOTOPHON KOPBI TaHHON

Cepuu OIIbITOB.

HeTHYecKr GoJiee MOJIOABIM TI0 CPaBHEHHUIO C IIPO-
JIOJITOBATBIM MO3TOM, €€ JIOMUHUPYIOIIas poJib B
HENTpaIN3ay aMMIaKa HAaYMHAeT CHUKATHCS, UC-
Ye3asl B CEHCOMOTOPHOI Kope ToJIoBHOTO Mo3ra. He
caydaiiHoO akTUBHOCTB ['C B cEeHCOMOTOPHOII KOpPe TO-
JIOBHOTO MO3Ta WHTAKTHBIX KWBOTHBIX ITPEBBITIATA
AHAJIOTUYHBIN MOKa3aTeab B JIUMOUYECKOM, TIPOMe-
JKYTOUHOM U MTPO0JITOBATOM MOo3re (Tabir. 2).

B otsmuue ot akturoctn I'C u I'/[1] y naTaKT-
HBIX KOIIEK He 0OHAPY KUIN JJOCTOBEPHBIX PasInInil
MEK/y aKTUBHOCTSIMU TJTyTAMITHA3bl B HEHPOHAX (-
JIOTEHETUYECKU PA3HOPOIHBIX CTPYKTYP TOJOBHOTO
Mosra (TabJr. 2). To yKasblBaeT Ha OMHAKOBYIO CKO-
POCTb JIE3aMUIUPOBAHUS B HUX IJIyTAMWHA, KaTaJH-
3upyemyio 3TuM (epmentom. /laHHOe sBIEHUE BbI-
3BaHO TeM, YTO Jl€3aMUUPOBAHUE TJIyTaMUHA B
TOJIOBHOM MO3T€ SIBJISIETCSI OCHOBHBIM HMCTOYHHUKOM
riytTamaTta Kak Heiipomenunaropa [9]. Hecaywaitno
AKTUBHOCTH TJIyTaMUHA3bI B TOJIOBHOM MO3Te CyTIe-
CTBEHHO TIPEBBINIAET AaHAJIOTHYHBII MTOKA3aTeNb B Te-
yenu [14]. Hefitpanusanus riyramara, Kak 1 aMMua-
Ka, TIPOMCXOIUT Yepes oOpasoBanue rirytamuta [10].

CorocraBiieHrie TMOJYYeHHBIX Pe3YJbTAaTOB
MTO3BOJISIET TOBOPUTD O TOM, UTO B IpoItiecce (uiore-
He3a BOCCTAHOBUTETBHOE aMUHWPOBAHUE (-KETOT-
JiyTaparta B HeHpPOHaX TOJIOBHOTO MO3Ta U3 OCHOBHO-
ro IyTH HEHTpaJnu3aiy aMMHUaKa TIPEBPAIaeTcs B
OJTHOTO U3 «TIOCTABIIMKOB» TJIyTamara /it HelTpa-
JIMBAlM aMMHUaKa depes oOpasoBaHUe TJIyTaMUHA.
Heciryugaiino, y MHTaKTHBIX KUBOTHBIX KOHIIEHTPA-
IUs rJIyTamaTa B CEHCOMOTOPHON KOPe TOJIOBHOTO

Unlike the GS and GDG activity, there was no
significant difference between the glutaminase activ-
ity in neurons of phylogenetically diverse structures
of the brain (Table 2), thus indicating the same rate
of glutamine deamidation, which is catalyzed by this
enzyme. This phenomenon is caused by the fact that
glutamine deamidation in the brain is the main
source of glutamate as a neurotransmitter [9]. Tt is no
coincidence that the glutaminase activity in the
brain is significantly higher than that in liver [14].
The neutralization of glutamate and ammonia occurs
through the glutamine formation [10].

A comparison of the results suggests that dur-
ing phylogenesis the reductive amination of ¢-ketog-
lutarate in neurons of the brain turns from the main
way of ammonia neutralization into one of the «sup-
pliers» of glutamate required for neutralization of
ammonia through the formation of glutamine. It is
no coincidence that in intact animals the glutamate
concentration in the sensorimotor cortex, the limbic
system and diencephalon was higher than that in the
medulla oblongata (Table 1).

Glutamate concentration in sensorimotor cor-
tex, limbic system, diencephalon and medulla oblon-
gata demonstrated a 18, 28, 18, and 22% increase,
respectively, by the 10th minute of HS (initial com-
pensation phase) (Table 1). At that, the prevalence of
this metabolite in the sensorimotor cortex, limbic
system, and diencephalon remained as compared to
the medulla oblongata, which is typical for the nor-
mal state (Table 1). However, the GDG activity
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MO3Ta, JUMOMYECKOM 1 TPOMEKYTOUHOM MO3Te TIpe-
BBINIAJIa AaHAJOTMYHBIN TTOKAa3aTeh B IIPOIOJTOBA-
ToM mosre (Tabu. 1).

Ha 10-it munyTe passutust [l (nauanpHas ¢a-
3a KOMIIEHCAIIMN ) OGHAPYKUIN YBEJIMYeHe KOHIIEH-
TpAIlUK IJIyTaMara B CEHCOMOTOPOH Kope, JTnMOmdec-
KOM, TIPOMEKYTOYHOM | ITPOIOJITOBATOM Mo3Te Ha 18,
28, 18 1 22% coorsercrsento (tab. 1). IIpu atom co-
XPaHSJIOCh, XapaKTePHOE JIJII HOPMBI, TIpeoliaiaHie
COIEPIKAHNST ITOTO METabOJINTa B CEHCOMOTOPHOM KO-
pe, TMMOUUYECKOM ¥ ITPOMEKYTOUHOM MO3Te HaJl aHa-
JIOTUYHBIM TTOKa3aTeJieM B TIPOOJTOBATOM MO3Te
(tabu. 1). OxHako, aktiBHOCTh TJIT B yKasaHHBIX OT-
JieJiaX TOJIOBHOTO MO3Ta OCTaBaslach B MpefiesiaX HOp-
Mbl (Tabi. 2), Kak ¥ cojepsKaHnue a-KeTorjyTapaTa
(tabu. 1). TIpu aTOM COXPAHSIOCh, XapaKTePHOE JJIs
HOpMBI mpeobaganue aktuBHoct [JIT B HelipoHax
MIPOIOJITOBATOTO MO3Ta HAJl aHAJIOTHYHBIM TTOKa3are-
JIEM B CEHCOMOTOPHO KOPE, TPOMEKYTOYHOM MO3Te 1
[IPOSIBJISITIOCH Pas3JIMyiie OTHOCUTEBHO JIUMOUYECKO-
ro mMoara (Tabir. 2). CieioBaTeIbHO, HAKOILIEHHUE TJTy-
Tamara HelpoHaMW TOJIOBHOTO MO3Ta B HAYAJbHYTO
(asy xomnencauuu [T ne cBg3ano ¢ yBesnyeHuem
ero o6pa3soBaHUs B Peaki[Mil BOCCTAHOBHUTEJIHHOTO
aMUHUPOBaHMS ¢-KeToryiyTapata. HecayvyaitHo KoH-
IEHTPAINs TOCIeHeTO B ToJ0BHOM Mo3re Ha 10-i
munyTe I ocraBaach B mpeeiax HopMbr (Tabir. 1)

Axrusnoctb I'C na 10-it munyte I'lll B uccaeny-
€MBbIX OT/IEJTaX TOJIOBHOTO MO3Ta TaKKe He M3MEHSLIACh,
HO WCYe3asi0, XapaKTepHOoe /IS HOPMBI, Pa3jindue
MEeXK/Iy ee aKTHBHOCTBIO B JIMMOWYECKOM, ITPOMEXKY-
TOYHOM ¥ TIPOJIOJITOBATOM MO3Te C aHAJIOTUYHBIM T10-
KasaTeJieM CEHCOMOTOPHOU KopbI (Tabr. 2). IT0 yKa-
3BIBAET HA BBICOKYIO UyBCTBUTENBHOCTD ['C KOPKOBBIX
HEPOHOB K TUTTOKCUW BHI3BAHHOU OCTPOI KPOBOTIOTE-
peii, 4TO MPUBOAUT K CHUKEHUIO CKOPOCTH 0Opa3oBa-
HUS B HUX TJIyTaMUHA JI0 YPOBHST XapaKTEPHOTO KJIET-
KaM (uioreHeTndecku GoJsiee APEBHUX CTPYKTYP
TOJIOBHOTO MO3Ta.

B orimune ot I'C, na 10-ii munyte I'lll B cenco-
MOTOPHOU KOpe, JUMOUYECKOM W MPOMEKYTOUHOM
Mo3re OOHAPY’KEHO yBeJUUeHe aKTUBHOCTH IJIyTa-
MUHa3bl OTHOCUTEJIbHO aHAJIOTUIHOTO TIOKA3aTeJsl B
npogorosarom mosre Ha 29, 31 u 20% (rabu. 2) co-
OTBETCTBEHHO. IIpu 9TOM B TUMOUYECKOM MO3TE aK-
TUBHOCTH TJIyTaMUHAa3bl Ha 29% IpeBbIlaia HOpMy
(tabu. 2). TosydyeHHbBIE PE3YJIBTATHI TIO3BOJISIOT TO-
BOPUTH 06 M3GUPaTEJbHOM YBEIUYECHUHU B YKa3aH-
HBIH MIEPUOJ CKOPOCTH JIE3AMU/IUPOBAHUS TJTyTaMHU-
Ha B (pUIIOreHETHYeCKH 00JIee MOJIOBIX CTPYKTypax
TOJIOBHOTO MO3Ta. DTO CJIEAYET PacCMaTpUBATh, KaK
OJIHY W3 NMPUYMH HAKOIIJICHUST HE TOJIbKO IJIyTaMara,
Ho n ammuaka. Ha 10-it muayrte I xortenTpamnms
aMMHaKa B CEHCOMOTOPHOI Kope, JTUMOHYECKOM U
MIPOMEKYTOYHOM MO3Te TIPEBBIIIaga HOpMY Ha 44, 56
u 42% coorsercrBenHo (TabJ. 1).

CormoctaBiieHne TOJYYEeHHBIX Pe3yJIbTaToB
MTO3BOJISIET TOBOPUTH O PA3JTMUYHBIX MEXaHW3MaX Ha-

(Table 2) as well as the a-ketoglutarate content
(Table 1) in the above brain structures remained
within the normal limits. At that, the prevalence of
the GDG activity in neurons of the medulla oblon-
gata over the same parameter in the sensorimotor
cortex and diencephalon remained, which is typical
for the normal state; and this difference was observed
with regard to the limbic system (Table 2).
Therefore, the glutamate accumulation by neurons
in the brain at the initial phase of the HS compensa-
tion is not associated with an increase in its forma-
tion as a result of reductive amination of a-ketoglu-
tarate. It is no coincidence that the concentration of
the latter remained within the normal range in the
brain by the 10th minute of HS (Table 1).

The GS activity did not change in the above
structures of the brain at the 10th minute of HS, but
the difference between its activity in limbic system,
diencephalon and medulla oblongata and the same
parameter in the sensorimotor cortex which was typ-
ical for the normal state disappeared (Table 2). It
indicates high sensitivity of GS cortical neurons to
hypoxia caused by acute blood loss, which reduces
the rate of glutamine formation to the level typical
for cells of phylogenetically older structures of the
brain.

Unlike GS, by the 10th minute of HS in the sen-
sorimotor cortex, limbic system, and diencephalon,
there was a 29, 31, and 20% increase in the glutami-
nase activity, respectively, vs. the same parameter in
the medulla oblongata (Table 2). At that, the gluta-
minase activity in the limbic system exceeded the
normal limits by 29% (Table 2). The obtained results
allow to conclude on a selective increase in the glut-
amine deamidation rate in phylogenetically younger
brain structures within the specified period of time.
It should be considered one of the causes of accumu-
lation of not only glutamate, but also ammonia. By
the 10th minute of HS, the ammonia concentration in
sensorimotor cortex, limbic system and diencephalon
exceeded the normal limits by 44, 56 and 42%,
respectively (Table 1).

The comparison of obtained results allows to
conclude on different mechanisms of the glutamate
accumulation by brain structures by the 10th minute
of HS. In medulla oblongata (a phylogenetically
older structure), transamination reaction takes
place, which unlike the glutamine formation does not
require the ATP presence, whose concentration in
the brain of anesthetized animals is reduced [25]. It
is no coincidence that the glutamate accumulation in
medulla by the 10th minute of HS occurred in the
absence of changes in ammonia concentration, as
well as in the GDG, GS and glutaminase activity. In
phylogenetically younger brain structures, gluta-
mate accumulation occurred as a result of increased
rate of glutamine deamidation and its reduced uti-
lization for glutamine formation. The latter is con-
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KOIUJICHWSI IJTyTaMara CTPYKTYPaMU TOJIOBHOTO MO3Ta
k 10-it munyTe I'TI. B mpogosroBaTom mo3sre (dusio-
reHeTHYeCKr OoJree IPEBHEM ) 9TO PEaKIIUH IiepeaMu-
HUPOBaHU, KOTOPbIE, B OTJIHMYKE OT 00pa3sOBaHIs
riaytaMuHa, He Tpebytor mpucyrcrBus ATD, kon-
IEHTPAINS KOTOPOTO B TOJIOBHOM MO3T€ aHEMUBHIPO-
BaHHBIX JKMBOTHBIX cHmkaercs [25]. Hakorurenue
rjlyTamara B I1pojoJirosatoM Mo3ary Ha 10-it munyte
I'lII mpoucxoanno Ha oHE OTCYTCTBUSI U3MEHEHUN
KOHITEHTpaIlN! aMMUaKa, a Takke aktuBHOCTH [/IT]
I'C u ryramunassl. B dunorenermdeckn 6oree Mo-
JIONBIX CTPYKTYpaxX TOJOBHOTO MO3Tra HAKOILJICHWE
rJlyTaMmarta MPOUCXONJIO B PE3yJbTaTe yBeJTMIeHUS
CKOPOCTH /Iea3MHUINPOBAHI TJIYTAMITHA, a TaKKe 3a
CUeT CHIKEHVS €T0 MCMOTb30BaHMs s 06pa3oBa-
Hus raytTamuHa. Ha 9To ykasbiBaeT pasimune cojep-
JKaHWST aMMUaKa U IJIyTaMara B CEHCOMOTOPHOM KO-
pe, IMMOMYECKOM U TIPOMEKYTOUYHOM Moare Ha 10-it
munyte [T

Ha 70-it munyte passutust 'l B cragun xom-
MEHCAINH B TPOJOJITOBATOM MO3Te OOHAPYsKEHO yBe-
JIMYeHne aKTUBHOCTH TJIyTaMHUHA3bl Ha 24%. B pe-
3yJbTate OHa He OTJAWYAJach OT AHAJIOTHYHOTO
MOKA3aTessT [T CEHCOMOTOPHON KOPBI, TMMOHYec-
KOTO U ITPOMEKYTOUHOTO Mosra (Tabu. 2). OgHako
KOHIIEHTPallUsl aMMMaKa OcTaBajach B IIpejesiax
HOPMBI, a KOHIIEHTPAIUsS TJIyTaMaTa, MOBBIIIEeHHAs
na 10-it munyte I'lll, x 70-if MunyTe HopManIU30Ba-
npach (tabu. 1). Aktusaocrs T/IT B npomosroBatom
mosre Ha 70-it munyte 'l B cTagmyu KommeHcaun
He M3MEHSJINCh, Tor/la Kak akTuBHOCTb I'C cHUKa-
nach Ha 39% (Tabu. 2). Henb3s MCKIIOYUTD, YTO OT-
CPOYEHHOE CTUMYJHMPOBAHUE TJAYTAMUHA3bl B TIPO-
posarosarom mosre k 70-it munyre I'IIl (kax u
TopMmoskerne aktuBHOcTH I'C) HampaBiieHO Ha Tpe-
NyTIpesk/ieHre Pa3BUTUS AeuIuTa TayTamaTa u3-3a
€T0 aKTUBHOTO BOBJICUEHUS B JIPYTH€ COTMPSIKEHHbIE
MeTaboJIiuecKe peakiiil, HApUMep MepeaMuHu-
poBanue ¢ nmupyBaToM. OTCyTCTBUE TIPU ITOM HAKOTI-
JIEHWsT B TIPOJOJITOBATOM MO3Te aMMHUaKa CJeLyeT
paccMaTpuBaTh KaK Pe3yJbTaT €ro TOBBIIIEHHOTO
BBIJIEJICHWST B KPOBOTOK, TaK W CTUMYJISIITAN aMUJIH-
POBaHUsT KapOOKCUJIBHBIX IPYIII TKAHEBBIX GEITKOB.
[Tocnemnasis sBasgeTcsT OMHUM U3 (PUIOTEHETHIECKN
JIPEBHUX MEXaHW3MOB YCTPaHEHUsT M30bITKA aMMHUa-
ka B kyretke [10].

MHuag kapruHa Habsogaercs B (huoreHeTnye-
cku 6osiee 3pesbIX CTPYKTYPax TOJOBHOTO MO3Ta
(CeHCOMOTOPHOIT KOpe, TUMOUYECKOM U TIPOIOJITO-
BAaTOM MO3Te) B CTa/IMIO KoMIleHcauu Ha 70-if muny-
Te I'lll. B 2TOT mepwo MPONUCXOANIO OTCPOUYEHHOE
yBesmuenue akrusnoctu I'/IT' B cencomoTophoil kKo-
pe U IIPOMEKYTOYHOM MO3Te, COOTBETCTBEHHO, Ha 39
1 50% oTHOCHTEIBHO HOPMBI (TabI. 2), 4TO YKa3bIBa-
€T Ha aKTUBAIMIO BOCCTAHOBUTEJIBLHOTO aMUHUPOBA-
nug a-keroriyrapara. OHako 9To He IIPUBOLUIIO K
VBEJTMYEHUIO KOHIIEHTPAIMK TJIyTamMara B yKa3aH-
HBIX OT/IeTaX TOJIOBHOTO MO3Ta 10 cpaBHeHUto ¢ 10-1i

firmed by the difference in ammonia and glutamate
concentration in the sensorimotor cortex, limbic sys-
tem and diencephalon by the 10th minute of HS.

By the 70th minute of HS at the stage of com-
pensation, a 24% increase in the glutaminase activity
in medulla oblongata was observed. As a result, it did
not differ from the same parameter of the sensorimo-
tor cortex, limbic system, and diencephalon (Table 2).
However, the ammonia concentrations remained
within the normal range, and the glutamate concen-
tration increased at the 10th minute of HS was nor-
malized by the 70th minute (Table 1). The GDG
activity in the medulla oblongata did not change by
the 70th minute of HS at the stage of compensation,
whereas the GS activity was reduced by 39% (Table 2).
It is possible that the delayed glutaminase stimula-
tion in the medulla oblongata by the 70th minute of
HS (as well as inhibition of GS activity) was intend-
ed to prevent the glutamate deficiency due to its
active involvement in other associated metabolic
reactions, such as transamination with pyruvate. The
lack of ammonia accumulation in the medulla is a
result of its increased release in the blood flow and
stimulation of the tissue protein carboxyl group ami-
dation. The latter is one of the phylogenetically
ancient mechanisms of neutralization of ammonia
excess in the cell [10].

The situation in phylogenetically older brain
structures (sensorimotor cortex, limbic system and
medulla oblongata) is quite different at the stage of
compensation by the 70th minute of HS. During this
period of time, there was a delayed increase in the
GDG activity in the sensorimotor cortex and dien-
cephalon by 39 and 50%, respectively, as compared to
the reference group (Table 2), thus indicating the
activation of the reductive amination of a-ketoglu-
tarate. However, this did not lead to an increase in
the glutamate concentration in these brain struc-
tures as compared to the 10th minute of the study. On
the contrary, in the diencephalon, it was normalized,
and in the sensorimotor cortex and limbic system it
remained above the normal limits by 11 and 18%,
respectively (Table 1). It should be noted that at the
70th minute of HS at the stage of compensation, the
glutaminase activity in the sensorimotor cortex, lim-
bic system and diencephalon remained within the
normal limits (Table 2). Since glutamate penetrates
through the cell membrane with difficulty [26], a
comparison of the obtained results indicates a selec-
tive increase in the consumption of glutamate by
neurons in the sensorimotor cortex and dien-
cephalon in the inhibition of this process in cells of
the limbic system.

Glutamine formation is one of biochemical
reactions associated with the glutamate consump-
tion. However, a decrease in the GS activity in the
sensorimotor cortex and the diencephalon by 27 and
25%, respectively (Table 2) demonstrates the impair-
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MUHYTOI nccaenoBanust. HaoG6opoT, B IpoMeKyToY-
HOM MO3T€ OHAa HOPMaJIM30Bajach, & B CEHCOMOTOP-
HOH KOpe U IUMOMYeCKOM MO3Te OHa OCTaBaJach Bbl-
nre HopMbl Ha 11 1 18% coorsercrBenno (tabi. 1).
Crenyer 3ametutsh, uto Ha 70-if munyte 'l B cTa-
JIUW KOMIIEHCAIIMY aKTUBHOCTH TJIyTaMUHA3bI B CEH-
COMOTOPHOH KOpe, TMMOUIECKOM U IIPOMEKY TOUHOM
MO3Te He OTJndanach ot HopMbl (Tabir. 2). TTocko/ib-
Ky TJIlyTamar ¢ TPYJIOM MPOHUKAET Yepe3 KIETOUHYTO
MeMOpany [26], To comocTaBIeHIEe TOMYIEHHBIX pe-
3YJIBTATOB YKasblBaeT Ha M30MpaTebHOE yBeJIrde-
HUe moTpebJIeHusT TIyTaMaTa HelipOHaMU CEHCOMO-
TOPHOM KOPBI M TIPOMEKYTOUHOTO MO3Ta IPH
TOPMOJKEHUH JAHHOTO IPOoIlecca B KJIETKAaX JUMOU-
YECKOTO MO3Ta.

OaHOIl U3 OMOXUMUYECKUX PeaKIUil CBsI3aH-
HBIX C TTOTpebJIeHueM IIyTaMaTa sIBJsIeTcst 00paso-
Banue raytamuHa. OJHAKO, CHUKEHNE aKTUBHOCTH
I'C B ceHCOMOTOPHO¥ KOpe W TPOMEKYTOUHOM MO3Te
Ha 27 u 25% coorBercTBeHHO (TabJ1. 2), yKasbiBaeT
Ha HapyllleHue JaHHOW PeakIuu B YKa3aHHBIH Mepu-
o/l HaOJTfoIeHMiT 1 0OBSICHSIET COXPaHEHNE B HUX T10-
BBIIIIEHHOI KOHIIEHTPAIIUU TJIyTaMaTa, HO He TIPUJH-
HY HECOOTBETCTBUS TMPUPOCTA KOHIIEHTPAIUU
raytamata u aktuBHocTu /[T Ilocrennee, ckopee
BCETO, BBI3BAHO TTOBBIIIEHHBIM BOBJICUEHUEM TJIyTa-
MaTa B PEaKInU epeaMUHUPOBAHNS.

ToBopst 0 mMpuYMHE HAKOIIEHWS TJIyTamara B
sumOmyeckoM Mosre Ha 70-it munyte T B craguu
komreHcaruu (tabi. 1), caeayer 3aMeTHTh, YTO ITO
MPOUCXOANT HAa (hOHE OTCYTCTBUS M3MEHEHUI CO
cropoubl I'C, I'IT u riyramunaspt. ITockombky, B 0T-
suune ot I/IT u Tmytamunasser, nesreasaocts I'C co-
npsukena ¢ pacxomoBanueM AT® [10], To ciemxyer
[oJIaraTh HapylleHHe BOBJICUCHUsT IJIyTamMaTa B 00-
pasoBaHue TIyTaMuHa us-3a gaeduiura ATD, o6Ha-
pyxkernoro B rosiosiom mosre npu ' [25]. Hapy-
mieHne  00pasoBaHWS  TJyTaMHUHA  CJIEAYeT
paccMaTpuBaTh KaK OJHY U3 MPUYUH COXPAaHEHUS K
70-it munyTe [l (cTazus koMTieHCAITMN ) TTOBBITIIEH-
HOTO CO/IEpsKaHus aMMHUaKa B CEHCOMOTOPHOI KOPE,
JIUMOMYECKOM ¥ IPOMEKYTOYHOM MoaTe (Tabir. 1).

Kaxk Bumno u3 tadu. 1, B cTaguy KOMICHCAINA
Ha 70-1t munyTe T'lll KOHTIEHTpaIMST C-KeTormyTapara
B UCCJIEYEMbIX CTPYKTYPax TOJOBHOTO MO3Ta COXpa-
HSJIach B Tpejiesiax HOPMbL. B yCc/IOBUSIX TIOBBITIEH-
Hoil akrusHocTu TJIT (Tabm. 2), KaTaausupyromei
€ro TpeBpallleHre B TJyTaMaT IIyTeM BOCCTAHOBH-
TEJTBHOTO AMUHUPOBAHUS, MOSKHO TOBOPUTH O CHUKE-
HUU B YKa3aHHBII MMEPUOJ UCTIOJIb30BAHUS Q-KETOT-
JIyTapara B IIUKJIe TPHKAapOOHOBBIX KUCJIOT.

CornocTaBiieHne TOJYyYeHHbIX Pe3yJIbTaToB I0-
KasbIBaeT, yTo K 70-11 MUHYyTe CTajini KOMIIEHCAINN
['TIT mporpeccupytoT HapylieHust MeTaboIu3Ma TJIy-
TaMara B (QUJIOreHeTHYeCKH Oojiee MOJIOIBIX CTPYK-
Typax rOJIOBHOTO MO3Ta (CEHCOMOTOPHAsT KOpa, JIUM-
OUYeCKMiT ¥ TIPOMEKYTOYHBIA Mo3r). IIpu aToM B
CEHCOMOTOPHOI KOPe U MPOMEKYTOUHOM MO3Te CHH-

ment of these reactions within the specified observa-
tion period and explains the maintenance of
increased glutamate concentration, but not the rea-
son for the incompliance of increasing glutamate
concentrations with GDG activity. The latter may be
caused by increased involvement of glutamate in
transamination reactions.

As for the reason for the glutamate accumula-
tion in the limbic system by the 70th minute of HS in
the stage of compensation (Table 1), it should be
noted that the accumulation occurs in absence of
changes in GS, GDG, and glutaminase. Since, unlike
GDG and glutaminase, the GS activity is associated
with ATP consumption [10], it may be concluded
that glutamate involvement in the glutamine forma-
tion is impaired due to the ATP deficiency detected
in the brain during HS [25]. The impairment of the
glutamine formation should be considered one of fac-
tors maintaining an increased ammonia concentra-
tion in the sensorimotor cortex, limbic system, and
diencephalon by the 70th minute of HS (the stage of
compensation) (Table 1).

Table 1 demonstrates that the a-ketoglutarate
concentration in the examined brain structures
remained within the normal range at a compensation
stage by the 70th minute of HS. In case of increased
GDG activity (Table 2) catalyzing its transforma-
tion into glutamate by reductive amination a-ketog-
lutarate consumption in the tricarboxylic acid cycle
during the specified period was reduced.

A comparison of results demonstrates that by
the 70th minute of the HS compensation stage, disor-
ders of glutamate metabolism are most progressive in
phylogenetically younger brain structures (sensori-
motor cortex, limbic system and diencephalon). In
sensorimotor cortex and diencephalon, the gluta-
mate involvement in the glutamine formation was
decreased following persistence of a-ketoglutarate
reductive amination stimulated earlier. In the limbic
system, the glutamate formation from a-ketoglu-
tarate increased previously was normalized due to
alteration of glutamate-to-glutamine formation. At
the same time, in the medulla, glutamine this com-
partment. This was due to the glutamate involve-
ment in coupled metabolic reactions such as
transamination and ammonia involvement in the
amidation of tissue protein carboxylic groups.

First of all, results show that in animals with the
HS agonic stage caused by acute uncompensated
blood loss a decrease in the a-ketoglutarate concen-
tration become evident in all investigated brain
structures: by 52% in the sensorimotor cortex, by 47,
48 and 46% in the limbic system, diencephalon and
medulla oblongata, respectively (Table 1). Since this
metabolite is an important component of the tricar-
boxylic acid cycle and related metabolic reactions
[24], its deficiency indicates severe metabolic disor-
ders, which develop during the agony in the investi-
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JKaeTcs1 BOBJICUEHHE IJIyTaMara B 00pasoBaHue IiryTa-
MUHa Ha (hOHE COXpaHEHWs, CTUMYJIUPOBAHHOTO pa-
Hee, BOCCTAHOBUTEJIHHOTO aMUHUPOBAHUS Q-KETOT-
Jgyrapara. B jumOudeckoMm Mosre oOpasoBaHue
ryyTaMaTa u3 ¢-KeTOTJIyTapara, MOBBIIIEHHOE paHee,
HOpMaJiM3yeTcsi Ha (hOHe HApYIIEHUs BOBJIECUEHUS
riyTamara B oOpasoBanue riryramuHa. OHOBpeMeH-
HO B TIPOJIOJITOBATOM MO3T€ CTUMYJIMPYETCS JIe3aMHU-
JIUPOBaHUE ITyTaMUHA, HE COTIPOBOK/IASICh HAKOTLIE-
HUEM B €ro KJIeTKaX TJyTamMaTa W aMMHuaka. JTo
00BSICHSIETCS KaK BOBJICUEHHMEM TJIyTaMara B COIpsi-
JKEHHbIe MeTabOINYeCKIe PEaKIInu, HalpuMep rnepe-
AMUHUPOBAHUS, TAK BOBJIEYEHUEM aMMHUaKa B aMUJTH-
poBatue KapOOKCUJIBHBIX TPYIII TKAHEBBIX OEJIKOB.

ITepBoe, uTo GpocaeTcs B TJIasa IPU aHaJIM3e pe-
3yJIBTATOB MCCJIEIOBAHUS Y JKIBOTHBIX B arOHAJIbHYTO
craguio ['IIl, BrI3BaHHOTO OCTpPOIl HEBO3MEIIEHHOM
KPOBOIIOTEPEN, 9TO CHIIKEHUE KOHIIEHTPAIUU ¢-Ke-
TOTJTyTapaTa BO BCEX MCCIEyEMBIX CTPYKTYPax TOJIO-
BHOTO MO3Ta: B CEHCOMOTOPHO! KOpe Ha 52%, B JINM-
OUYECKOM, TPOMEKYTOUHOM U ITPOJIOJITOBATOM MO3Ie
Ha 47, 48 u 46% coorsercreenno (tabi. 1). Ilockoib-
Ky JIQaHHBI MeTabOJIUT SIBJISIETCST OHUM U3 BasKHBIX
KOMIIOHEHTOB IIMKJa TPUKAPOOHOBBIX KHUCJIOT U CO-
NPSKEHHBIX € HUM MeTaboInvecKux peakuuil [24],
TO €ro JAeUIUT yKasbiBaeT Ha riyOoKe MeTaboIu-
YecKue HapylleHus], KOTOpPble Pa3BUBAIOTCS TIPH aro-
HUU B WCCTEYEMBIX CTPYKTYypPax TOJIOBHOTO MO3Tra
He3aBUCUMO OT CTeTleHU WX (PUIOTeHeTHUeCKOU 3pe-
goctu. OIHOI U3 TIPUYHH TOTO CJIe/lyeT paccMaTpu-
BaTh CTUMYJISIIIIO BOCCTAHOBUTETHHOTO aMIUHIPOBA-
HUS a-KeTorayTapara. HecsrydaitHo y aroHUpyommx
JKUBOTHBIX akTUBHOCTH ['/II' B ceHCOMOTOPHOIT KOpe,
JIUMOUYIECKOM, MPOMEKYTOUHOM U IIPOAOJTOBATOM
Mo3re TipeBbiiiana Hopmy Ha 27, 33, 37 u 39% coor-
BercTBeHHO (Tabu. 2). OnHAKO, 9TO He TpeayTpeskKaa-
JIO HAKOTIJIEHUST aMMUaKa, KOHIIEHTPAIUST KOTOPOTO Y
ArOHUPYIONIUX KUBOTHBIX MTPEBbIINATA HOPMY B CEH-
COMOTOPHOII KOpE, TMMONYECKOM, TIPOMEKYTOTHOM U
IIPOOJITOBATOM MO3Te Ha 75, 53, 58 1 56% cooTBeTcT-
BeHHO (Tabu. 1). B oTimdre oT IpomoroBaToro Mos-
ra, B (puioreHeTIecKr 60JIee MOJIOJBIX OTIEaX Io-
JIOBHOTO MO3Ta OJIHOW W3 MPUYUH COXPaHEHUS
BBICOKOI KOHIIEHTPAIlUM aMMHaKa B aroHaJbHYIO
CTAINIO SIBJISIJIACH CTUMYJISIUS J1€3aMUTPOBAHUS
riyramMmiuHa. Ha 9To yKaspIBaeT MOBbITIIEHHAS OTHOCH-
TEJIBHO HOPMBI AKTUBHOCTH IJIyTAMUHA3BI B CEHCOMO-
TOPHOU KOpe, IUMOMYECKOM U ITPOMEKYTOTHOM MO3-
re Ha 43, 38 u 32% coorBercrBenHo (tabm. 2). Ipu
TOM aKTUBHOCTb TJIyTaMUHAa3bl B CEHCOMOTOPHO
KOpe MPEBBITIAa AaHATOTUIHBIH TTOKA3aTe b IS TIPO-
JIOJITOBATOr0 MO3ra, Torjga Kak aktuBHOcTb IJIT' B
MIPOIOJITOBATOM MO3T€ TIPEBBIIITAIA AHATIOTUIHBIH 1T0-
KasaTeJlb B CEHCOMOTOPHOI KOpe, JTUMOHYECKOM U
MIPOMEKYTOUHOM Mo3re (Tabr. 2).

B Heiiponax opiHOBpeMeHHas HeWTpaanu3arus
rJyTaMaTa 1 aMMHUaKa CBsi3aHa ¢ 00pa3oBaHUEM IJTy-
tamuna, kataausupyembim I'C [9]. ¥V aronupyiouux

gated brain structures irrespectively of their phyloge-
netic age. It may be explained by the stimulation of a-
ketoglutarate reductive amination. It is no coinci-
dence that in agonizing animals the GDG activity in
the sensorimotor cortex, limbic system, diencephalon,
and medulla oblongata exceeded the normal limits by
27, 33, 37% and 39%, respectively (Table 2).
However, it did not prevent the accumulation of
ammonia, which concentration in agonizing animals
exceeded the normal limits in the sensorimotor cor-
tex, limbic system, diencephalon and medulla oblon-
gata by 75, 53, 58 and 56%, respectively (Table 1).
Unlike medulla oblongata, stimulation of glutamine
deamidation was one of factors maintaining high
ammonia levels in the phylogenetically younger parts
of the brain. It was confirmed by a 43, 38 and 32%
increase in glutaminase activity in the sensorimotor
cortex, limbic system and diencephalon, respectively
(Table 2). At the same time, glutaminase activity in
sensorimotor cortex exceeded that of medulla oblon-
gata, whereas the GDG activity in the medulla was
higher than that in the sensorimotor cortex, the lim-
bic system and diencephalon (Table 2).

In neurons, simultaneous neutralization of glu-
tamate and ammonia is associated with the gluta-
mine formation of catalyzed by GS [9]. Agonizing
animals demonstrated a 36 and 28% reduction in the
GS activity in the sensorimotor cortex and the dien-
cephalon, respectively (Table 2), thus confirming a
reduction in the glutamine formation there. In the
limbic system and medulla, the GS activity in the HS
agonal stage remained within the normal range
(Table 2). However, the latter does not exclude
impairment of this metabolic reaction due to ATP
deficiency found in the brain during the HS agonal
stage [25].

The increased formation of glutamate during
reductive a-ketoglutarate amination and glutamine
deamidation, as well as impairment of glutamate
involvement in the glutamine formation should
increase the concentrations of this metabolite in tis-
sue. However, its concentration in all investigated
structures of the brain of agonizing animals did not
differ from the normal one (Table 1). It demonstrates
the increased involvement of glutamate in metabolic
reactions associated with its exchange, retaining its
high activity even at the agonal stage.

Conclusion

1. Phylogenetically diverse parts of the brain
of mammals do not differ in the rate of glutamate for-
mation from glutamine, whereas the rate of gluta-
mate involvement in the glutamine synthesis in neu-
rons of the sensorimotor cortex was higher than that
in limbic system, diencephalon and medulla oblonga-
ta. The rate of glutamate formation in reductive ami-
nation of a-ketoglutarate is the highest in medulla
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KUBOTHBIX OOHAPYsKeHO cHmkenne aktuBHocTh ['C B
CEHCOMOTOPHOH Kope M IPOMEKYTOYHOM MO3Te Ha
36 u 28% cooTBeTcTBEHHO (TabI. 2), 4TO YKA3HIBAET
Ha HapylieHnre o6pa3oBaHus B HUX TAyTamuba. B
JUMOIYECKOM MO3TE ¥ TIPOIOJITOBATOM MO3T€ aKTHB-
nocts I'C B aronanbuylo craguio I'lIl ocrasanach B
npegenax HopMbl (Tabir. 2). OmxHAKO, 9TO HE MCKIIIO-
YaeT HAPYIIEHWs JAaHHOH MeTaboIMIecKoi peakiun
us-3a geduiura ATD, uTo 6bLIO OOHAPYIKEHO B TO-
JIOBHOM MO3T€ B arOHAJBHYIO CTAINI0 TeMopparndec-
KOro 1mroka [25].

VBenuuenne o6pazoBaHust TIyTaMara B IPO-
Iiecce BOCCTAHOBUTEIBHOTO aMIHIPOBAHUS (4-KEeTOT-
JiyTapara u Je3aMUIUPOBAHNS TIyTaMIHA, a TaKKe
HapyIleHe BOBJIEUEHUsT TIyTaMaTa B 0Opa3oBaHue
TJIyTaMUHA JIOJDKHO TIPUBOJUTH K MOBBITIEHUIO KOH-
MeHTPAIIY TaHHOTO MeTabosinTa B KieTke. Mexmy
TEeM, ero KOHI[eHTPAIINs BO BCEX MCCIEAYEMbIX OT/ie-
JIaX TOJIOBHOTO MO3Ta arOHUPYIONINX KIMBOTHBIX HE
oTIMYaIach oT HOpMbI (Tabu. 1). DTo yKaspiBaeT Ha
MIOBBINIIEHHOE BOBJIEUEHHUE TJIyTaMaTa B COMPSIKEH-
Hble C €r0 0OMEHOM MeTaboINYecKue Peakiiu, Co-
XPaHSIOIINE CBOIO MTOBBIIEHHYIO aKTHBHOCTBD JIa’Ke B
aTOHAJIBHYIO CTAHIO.

3akiaouyeHue

1. DunoreHeTwyecKn pasHble OTAEIBI TOJIO-
BHOTO MO3Ta MJIEKOMUTAIOMNUX HE Pa3IudaroTcs
MesKLy cODOIl TI0 CKOPOCTH 00pa3oBaHMs TIyTaMara
13 TIyTaMUHA, TOT/a KaK CKOPOCTh BOBJICUEHUS TJTY-
TamMaTa B CHHTE3 ITyTaMUHa B CEHCOMOTOPHOI Kope
BBIIIIE, YEM B JIIMOUIECKOM, IIPOMEKYTOUHOM U IIPO-
nosrosaroM mosre. CKoOpocTh 06pasoBaHUsI IIyTa-
MaTa IPU BOCCTAHOBUTETHHOM AMUHUPOBAHUH ¢-Ke-
TOTJIyTapaTa MaKCUMaJibHa B MTPOJIOJTOBATOM MO3TE,
MUHUMaJbHA B MTPOMEKYTOYHOM MO3T€ W CEHCOMO-
TOPHOH KOpe.

2. IIpm reMopparnveckoM IIOKe paHHUE U3Me-
HeHUst MeTabosIn3Ma TJlyTaMara HauMHAITCS B Heli-
POHAX CEHCOMOTOPHOU KOPBI M MPOSBISIOTCS CHU-
JKEHMEM BOBJICUEHHUST TJIyTamara B oOpasoBaHue
rJlyTaMUHA JI0 YPOBHS, XapaKTePHOTO (hUIoreHeTH-
Yyeckn GoJjiee CTapbiM CTPYKTypaM T'OJOBHOIO MO3Ta
(muMOMYeCKU, IPOMEKYTOUHBINA U TIPOILOJITOBATHII
M03T). OTHOBPEMEHHO C 3TUM B CEHCOMOTOPHON KO-
pe, TMMOUIECKOM U TIPOMEKYTOUHOM MO3TE aKTHBH-
pyercst o6pasoBaHue riyTamMaTa Ipu Je3aMUAnpoBa-
HUW TJyTaMWHa. OJTO BBI3bIBAET HAKOIJIEHHE
rlyTaMara ¥ aMMHUaKa.

3. B mposnonrmpoBannyio (asy KoMIleHcalun
['TIT HapyuieHus MeTaboIM3Ma TJlyTaMaTa B CEHCOMO-
TOPHOW KOPEe W MPOMEKYTOUHOM MO3Te HapacTaioT:
HaOI0aeTCsT TOPMOIKEHIE BOBJICUEHHUS IJIyTaMaTa B
obpasoBaHue IJIyTaMUHA U3-3a CHUKEHUST aKTUBHOC-
™ I'C Ha doHe CTUMYISAIUU BOCCTAHOBUTETHHOTO
aMUHUPOBaHUS @-KeToryiyTapaTa. B mpomoaroBarom
MO3T€e OTCPOYEHHAS CTUMYJISIUS Je3aMUIUPOBAHUS

oblongata and the lowest in the diencephalon and
the sensorimotor cortex.

2. In case of hemorrhagic shock, early changes
in glutamate metabolism begin in neurons of the sen-
sorimotor cortex and are manifested by decreased
glutamate involvement in the glutamine formation to
the level typical for phylogenetically older brain
structures (limbic system, diencephalon, and medulla
oblongata). At the same time, in sensorimotor cortex,
limbic system and diencephalon, glutamate produc-
tion is activated during glutamine deamidation as
compared to similar process in medulla oblongata,
causing the accumulation of glutamate and ammonia.

3. Inprolonged HS compensation phase, disor-
ders of glutamate metabolism in the sensorimotor
cortex and diencephalon keep worsening: the gluta-
mate involvement in the glutamine formation is
inhibited due to decreased GS activity on the back-
ground of stimulation of the reductive amination of
a-ketoglutarate. In medulla oblongata, the delayed
stimulation of glutamine deamidation is accompa-
nied by the inhibition of its formation that does not
result in accumulation of glutamate and ammonia,
unlike in other parts of the brain,.

4. During the agonal state in animals with HS,
the reductive amination of a-ketoglutarate is stimu-
lated in all brain structures irrespective of their phy-
logenetic maturity and accompanied by a decrease in
an a-ketoglutarate concentration with no alterations
of glutamate concentrations. At the same time, in
phylogenetically younger brain structures (sensori-
motor cortex, limbicsystem and diencephalon) the
formation of glutamate by glutamine deamidation
reaction is activated due to selective inhibition of
glutamate involvement in glutamine formation in
neurons in sensorimotor cortex and diencephalon
compartments.

[JIyTaMUHa COIPOBOXKIAETCST TOPMOKEHUEM €ro 00-
pasoBaHus, YTO He TTPUBOJNUT, B OTJINYHE OT JPYTUX
OT/IEJIOB TOJIOBHOTO MO3Ta, K HAKOTJIEHNIO TJIyTaMara
1 aMMHUaKa.

4. Ilpu pa3sBUTHM aroHAJIBHOTO COCTOSTHUS Y
skuBoTHBIX ¢ ['TIl BoccTaHoBuTETBHOE aMUHMPOBA-
HUe ¢-KeToTJyTapaTta CTUMYJINPYeTCs BO BCeX HC-
cJielyeMbIX OT/leJlaX TOJIOBHOTO MO3Ta He3aBUCHMO
OT cTerneHn ux (pujIoreHeTUIeCcKoi 3pesIoCTH, COIpo-
BOXKIASICh CHUKEHWEM CO/IlepKaHns B HUX Q-KeTOr-
JyTapata Mpu OTCYTCTBUHM M3MEeHEHWIH KOHIIeHTpa-
1 raytamata. OJIHOBPEMEHHO B (PUIIOT€HETHYECKH
6oJsiee MOJIOZIBIX OT/Ie/IaX TOJIOBHOTO MO3ra (CEHCO-
MOTOpPHas KOpa, JUMOWYECKUI U TPOMEKYTOUHBII
MO3I') aKTUBHpPYeTCs: 0OpasoBaHUE TiryTamara IpU
Jle3aMUINPOBaHIe TJIyTaMiuHa Ha (hoHe M36upaTesib-
HOT'O TOPMOJKEHUST BKJIIOUEHUs TIyTamMmaTta B 00paso-
BaHMe TJIyTaMIHA HeHPOHAMU CEHCOMOTOPHOMN KOPBI
1 IPOMEKYTOYHOTO MO3Ta.
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Kpurnuyeckme cOCTOSIHUS HOBOPOSKAEHHBIX

Bimsinue takesnoi aC(l)I/IKCI/II/I B pOoaxX Ha CUCTEMY IreMOCTa3da
Y HOBOPOKAC€HHbIX B TCYEHHUH II€PBOI0 Yaca ;KU3HU

W. E. Tony6', A. A. 3apyoun'’, H. 1. Muxeesa’, A. C. Bauspkuna’®, O. I. anosa’

' IpkyTCcKuii rocy1apcTBeHHbII MeAUIIMHCKUN yHIUBepcuTeT Munsapasa Poccu,
Poccust, 664003, r. VipkyTck, yi. Kpacuoro Boceranus, . 1
> VIpKyTCKUiT TOPOJICKON TIEPUHATATIBHBIN TIEHTP,
Poccust, 664025, 1. MpkyTck, yir. Cypukosa, a. 16

The Effect of Severe Birth Asphyxia on the Hemostasis System
in Newborns During the First Hour of Life

Igor E. Golub', Aleksandr A. Zarubin'?, Natalia I. Micheeva?,
Anastasia S. Vanyarkina® Olga G. Ivanova’

! Irkutsk State Medical University, Russian Ministry of Health,
1 Krasnogo Vosstaniya Str., Irkutsk 664003, Russia
? Trkutsk City Perinatal Center,
16 Surikov Str., Irkutsk 664025, Russia

Y HOBOPOXK/IEHHBIX C TSXKEJION MHTPAHATAIBHOM achuKcHeil oTMeyaeTcsl HapyleHne ajaiTalii CUCTEMBbI re-
MOCTa3a, B CBSA3M € 3TUM OHU UMEIOT BBICOKMI PUCK KPOBOTEYEHUIT B TEYEHUE MIEPBBIX CYTOK KU3HU.

Iesnb vccieaoBaHus — OLEHWUTH BJMSHUE [IEPEHECEHHON TsKeJIoi achuKkecnu B posax 1 MeTaboJmIecKoro
aIn/103a HA COCTOSTHUE CUCTEMBI TEMOCTA3a Y HOBOPOSK/IEHHBIX.

Marepuaibl ¥ MeTOABI. [IpoBesn PeTpOCIeKTUBHBIN aHaIu3 ucTopuii 6oae3nn 40 HOBOPOKAEHHDIX, POK-
JeHHbIX B TsiKesoi achurcun (1-s rpymma), u 20 «3710poBbIX» HOBOPOKAeHHBIX (2-5 rpynna). McciaenoBanne
IPOBO/IUJIM B TeYEHUE TIEPBOTO Yaca KU3HU HOBOPOJKIEHHDBIX Ha OCHOBE HMCIOJIb30BAHUS MeTO/Ia TpoMbo3ac-
torpaduu (TIT).

Pesyubrathl. Y HOBOPOKIEHHBIX 1-0ff TPYTIDBI BBIIBUIN CHIKEHHYIO aKTUBHOCTH TPOMOOITUTOB U 9H3NMATH-
YECKOH YaCTH KOATyJISAIUKA. DH3UMATHYECKas 4aCTh KOarysiimonHoro remocrasza (p<0,001) u kuneTtnka yBesnye-
Hug npouynoctu crycrka (p<0,01) 3HaYMTENBHO CHUIKEHBI Y 1-i TPYIIIBI HOBOPOXK/IECHHBIX B CPABHEHUM CO 2-ii
rpynioii. Ckopocthb pocta GUOGPUHOBOIL ceTH U ee cTpyKTypoobpasosanue (p<0,05) y HOBOposKAeHHbIX 1-i rpyn-
1Bl HIKE, YeM Y HOBOPOJKIEHHBIX 2-i1 TPYIIIbl. AKTHBHOCTH TPOMOOIIUTOB Y HOBOPOKIEHHBIX 1-if rpyIIIIbI, CHITKe-
Ha 110 cpaBHeHuIo co 2-ii rpymmnoil (p<0,05). @ubpunonus xa 30-if MUHYTe UCCAEIOBAHU Y HOBOPOKACHHBIX HE
otsimuaetcst. KoppessiimoHHblil aHaim3 rmokasad, uto cuuskerrie pH, Be u runiepsiakraraliinios uMeioT KoppeJisiim-
OHHYO CB$I3b C M3MEHEHUEM TPOMOOIIUTAPHOTO U KOATYJISIIHOHHOTO TeMOCTa3a B CTOPOHY TUIIOKOATYJISIIH.

BeiBoabi. Tpombossactorpadguueckoe uccieoBaHue HATUBHON KPOBU TI0KA3aJI0 C/IBUT CUCTEMbBI TEMOCTA3a B
CTOPOHY THIIOKOATYJISIIIUHI, KaK TPOMOOIMTAPHON TaK 1 9H3UMATUYECKOI YacTh reMocTasa, 6e3 n3MeHeHUil 1po-
1[ECCOB JIM3UCA CI'YCTKOB Y HOBOPOSK/IEHHDBIX, POXK/ICHHDBIX B TSAXKEION aCHUKCHH.

Kntouesvte cnoea: zunokcuuecku-umemuueckas SHueDaionamust; majcerds acukcus 6 pooax; memaboiuuec-
KUll ayudos; mpomboanacmozpapust; Ho8OPOUCOeHHbIC; 2eMOCIA3

In newborns with severe intranatal asphyxia, the hemostasis system adaptation is impaired, thus increasing the
risk of bleeding during the first day of life.

The purpose of the work was to evaluate the effect of severe birth asphyxia and metabolic acidosis on the new-
borns" hemostasis system, based on the thromboelastography (TEG) findings.

Materials and methods. A retrospective analysis of medical records of 40 severely asphyxiated newborns
(group 1) and 20 healthy newborns (group 2) was performed. The study was carried out during the first hour of
life of the newborns.

Results. Infants in group 1 demonstrated a reduced activity of platelets and enzymatic components of the
coagulation. The enzymatic phase of the coagulation hemostasis (P<0.001) and the kinetics of clot strength growth
significantly decreased in group 1 newborns, as compared to the second group (P<0.001 and P<0.01, respective-
ly). The fibrin network growth rate and its structurization in group 1 newborns was lower than that in group 2
newborns (P<0.05). The platelet activity in group 1 infants was reduced as compared to group 2 (P< 0.05).
Fibrinolysis in newborns did not differ at the 30th minute of the study. The correlation analysis demonstrated that
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decreased pH and Be values and hyperlactacidemia correlated; platelet and coagulation hemostasis parameters

were altered with a shift to hypocoagulation.

Conclusion. Thromboelastographic study of whole blood samples demonstrated a shift of the hemostatic sys-
tem to hypocoagulation for both platelet and enzymatic components of hemostasis, without any changes in the clot

lysis in severely asphyxiated newborns.

Key words: hypoxic-ischemic encephalopathy; severe birth asphyxia; metabolic acidosis; thromboelastography;

newborns; hemostasis
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BBenenne

BaxHbIM HallpaBJIeHUEM B TIEPUHATOJIOTHH SIB-
JIIETCST MCCJIeIOBAHNE PA3JIMIHBIX TOKa3aTesel ro-
MeocTasa y HOBOPOK/IeHHBIX feTeil [1—3].

YacroTa BcTpeuaeMOCTH TSKeJIoN achUKCUM B
pPOJIaxX B Pa3BUTBHIX CTPAHAX OIEHNWBAETCS B UHTEPBa-
gie o1 0,5 10 6%o0 skuBoposkaeHHbIX [4—6]. B 10—15%
ciry4aeB acUKCHsI TIPUBOIUT K CMePTH, a B 25—30% —
K nHBasuaHocty aereii [3, 7—9].

Tsxesbril TeKOMITEHCUPOBAHHBIN CMeTlIaHHbBIN
aIUjIo3 KPOBU TIPU POXKAEHUU HCIOIb3YeTCs KaK
KPUTEPHH TSZKECTH TIepeHeCeHHO achuKeny 1 B3a-
MMOCBSI3aH C BBICOKOH CMEPTHOCTBIO W TSKEJBIMU
HeBposiornueckuMn paccrpoiictBamu [10—13]. Annm-
JI03 U HapylleHne MUKPOIMPKYJISIINH KPOBHU CIIO-
COGCTBYIOT CIBUTY TEMOCTa3a B CTOPOHY THUIIOKOATy-
asrsaiu |6, 14, 15].

Y HOBOPOXIEHHBIX, MEPEHECITUX WHTPaHa-
TAJbHYIO ac(UKCHUIO, OTMEYaeTCs] BBICOKMI PUCK
KPOBOTEUEHUII B TEUEHUU MEPBBIX CYTOK JKU3HU, 110-
3TOMY TpebyeTcst THIATeNbHBII KOHTPOJIb CUCTEMbI
reMocrasa 1ocJie poxxaenus [11, 16, 17].

Psj aBTOpOB OTMEUaeT U3MeHeHre TPOMOOIIU-
TAPHOTO ¥ TIA3MEHHOTO TeMOCTa3a B CTOPOHY TUTIO-
KOAryJIsIUuy TP JIeUeHUN HOBOPOKIEHHBIX JIeTel,
POKIIEHHBIX B TsDKeJIoif achukenu [ 14, 16, 17], B cB4-
31 ¢ 9TUM Hanbosiee 06 BEKTUBHBIM KOATryI0JI0rHIec-
KM TeCTOM siBJisieTcst Tpomboasactorpadus [18].

IToaToMy HEOOXOAMMO HajbHEIilee U3ydeHre
BJIUSIHUST TSIKEJION WHTPAaHATATBHON acUKCUU Ha
OPraHW3M HOBOPOKIICHHBIX.

e nccnemoBanmst — OIEHUTD BJIUSTHUE Tiepe-
HEeCEHHOM TsKeIoN achUKCHU B pojax 1 MeTaboJmyec-
KOTO aIli/103a Ha COCTOSTHUE CHCTEMBI TEMOCTa3a Y HOBO-
POKIIEHHBIX, HA OCHOBE NCIOJIb30BaHM: MeTozia TOT.

Marepuan u MeTObI

HcenenoBanue mpoBoamin Ha 6ase Kabeapbl aHecTe-
sunosiorun u peanumaronornu [BOY BIIO «Upkyrckmit
TOCYZIapPCTBEHHDBIN MEIMIIMHCKUI yHUBepcUTeT» Muns-
npasa PO (ITMY), oTresiennst peainMaIiii 1 MTHTEHCHB-
HOIi Tepanuu HOBOPOKAeHHbIX OTAY 3 «Mpxyrckuii ro-
POACKON  ImepuHaTaJbHbI HeHTp». MccaenoBanue
ono6peno atndyecknum komurerom UT'MY. Bo Beex caryda-
SX TOJY4€HO ICbMEHHOE COTJIace OT POJUTEJICH.

XapaxkTepucTuKa MCCJICAOBAHUS: PETPOCIIEKTUBHOE,
06cepBalOHHOE, TIPOIOJIBHOE, KOTOPTHOE, IPOBEECHHOE Y

Introduction

Determining the various parametres of home-
ostasis in newborns is an urgent task in contempo-
rary perinatology [1—3]. The incidence of severe
birth asphyxia in developed countries remains with-
in the range from 0.5 to 6 per thousand live births
[4—6]. In 10—15% of cases asphyxia causes death
and in 25—30% of cases it leads to disability in chil-
dren [3, 7-9].

Severe decompensated combined acidosis at
birth is used as the criterion for the severity of
asphyxia and is related to high mortality and severe
neurological disorders [10—13]. Acidosis and micro-
circulation disorders lead to the shift of hemostasis
to hypocoagulation [6, 14, 15].

In newborns with a history of intranatal
asphyxia, there was a high risk of bleeding during the
first day of life; therefore, careful monitoring of the
hemostasis system is required after birth [11, 16, 17].

Various studies describe the shift of platelet and
plasma hemostasis to hypocoagulation, when treat-
ing severely asphyxiated newborns, [14, 16, 17],
therefore, thromboelastography is considered as the
most objective coagulation test [18].

Therefore, further studies of the effect of severe
intranatal asphyxia on the newborn's organism are
required.

The purpose of the study was to evaluate the
effect of severe birth asphyxia and metabolic acidosis
on the newborns' hemostasis system, based on the
thromboelastography (TEG) findings.

Materials and Methods

The study was performed in the Department of anes-
thesiology and critical care medicine of the Irkutsk State
Medical University, Ministry of Healthcare of Russia and
in the neonatal ICU of the Irkutsk Municipal Perinatal
Center. The study was approved by the Ethics Committee
of the Irkutsk State Medical University. In all cases, par-
ent's written consent was obtained.

Study design. A retrospective, observational, longitu-
dinal, cohort study of 48 severely asphyxiated newborns
(Group 1) and 20 healthy newborns (Group 2). The study
was carried out during the first hour of life of the newborns.

Group 1 enrollment criteria: severe birth asphyxia;
severe acid-base balance impairment: pH<7.0; buffer base
deficiency (Be) <16 mmol/I; lactate >10 mmol/l in blood
collected during the first hour of life. Stage II or III Sarnat
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48 HOBOPO’KIEHHBIX, POKICHHBIX B TSIKEJNIOH achurcumn
(1-s rpynma) u 20 3710pOBBIX HOBOPOXKIAEHHBIX (2-51 TPyTI-
na). VMccnenoBanue mpoBOAMIIN B TeUYEHHE MEPBOTO dyaca
JKI3HI HOBOPOJKIEHHBIX.

Kpurepun BriodeHust B 1-10 Tpyriny: Tskesast ac-
(ukcus B ponax; Tsaikenoe HapylieHne KUCIOTHO-OCHOB-
Horo cocrostaust: pH < 7,0; medpurur 6ydepHbix ocHOBa-
nuit (Be) mmke -16 mmonb/n; makratr >10 Mmouab/n B
KpOBH, B34TOH B Teyenuu 1-ro yaca xuszuu. OreHka 110
mxkaste Sarnat — I nim 111 crenens. Onenka o mkase Arm-
rap Ha 5-if Munyte — Menee 6 Gasios. Kpurepuu uckiio-
4yeHHst U3 1-if TPYIIIBL recTallMoOHHbIN BO3pacT MeHee 35
HejleJib; Macca Tesia pu poxzaenuu MeHee 1800 r; BHyTpU-
JeperrHble KPOBOUBJIMSHIS; HOPOKU Pa3BUTHSI, He COBMEC-
THMBIE C JKU3HbBIO; TOPOKU PAa3BUTHsI, TPEOyIOIINE HEME/-
JIEHHO! XUPYPTUUECKOI KOPPEKIINH.

Kpurepun BKIIOUEHHS BO 2-10 TPYIILy HOBOPOXK/ECH-
HBIX: TeCTAllMOHHBII BO3PacT He MeHee 37 HeJleJib, OTCYTCT-
BUe acHUKCUU TIPU POKACHUN U OTKJIOHEHUIN B TeueHue
pamHero HeOHATATBHOTO TIEPUO/IA, IAHHAS TPYIINA JIeTell He
[oJiydana KoKoii-mmbo Tepariu, KpoMe KOPMJICHUS U Ha-
GurrozieHusI.

Kucnorno-ocnosnoe cocrosiiue (KOC) kpoBH o1ieHn-
Basu Ha aHasmsatope- Radiometr (/lanus) B Tedenue mep-
BOTO Yaca JKU3HU: onenuBasu pH, Harnpspkenue yriaekucio-
ro raza — pCO, u xuciaopoga — pO,, Be — medurur
6ydepubIx ocHoBanuil. ViaMepenne reMocTasa IPOBO/IILII
ma Tpomboamactorpade TEG-5000(CIITA). [lns ananmsa
Gpasii HATMBHYIO BEHO3HYIO KPoBb 1 B Tevenune 10—15 ce-
KYH/I HAYMHAJIN ccTeoBanne. 3a60p KPOBH OCYIIECTBIIS-
JI croco00M BEHOINYHKIIMU € UCIOJIb30BaHueM Vasofix
Certo (22GX1 (0.9%X25mm)) min 3a60pOM KPOBH 13 TIE€HT-
PaJIBHOTO BEHO3HOTO Karerepa. /[T WHTepIIpeTanyu rpa-
(buueckoit mrbGOPMAIIH, T3MEPSIIN OCHOBHBIE TTAPAMETPHI
06pa3oBaHms CTYCTKA 1 €ro Jin3uca: R — 9H3MMaTHYeCKyIo
YacTb KOATYJLAIMOHHOTO TeMOCTa3a, 3aBUCSIIYI0 OT KOJIU-
uecTBa (DAKTOPOB U HAJIMYUS WHTUOUTOPOB CBEPTHIBAHMS
kposu; K — kuneruky obpasosanust crycrka; a (Angle) —
oKasareJib CKOpOCTH pocTa (PHOPUHOBON CETH U ee CTPYK-
TypoobpasoBamiist; MA — MaKCHUMaJIbHYTO aMILIUTY LY, OTO-
OpaKaILYI0 MAKCUMAJIbHYIO IIPOYHOCTD CIYCTKA, XapaKTe-
PUBYIOIILY0 aKTUBHOCTB TpoMGoI1iToB; LY 30 — nokazaresb
smauca crycrka. Cl — xoarysiaiuoHHbII UHJIEKC, XapaKTe-
PUBYIINIA KOATyJISITMOHHBII ToTeHIuas kposu [19].

B Tabuuie 1 npusegena xapakrepuctuka 1-it u 2-it
TPYIHIL

Crparerust BMenareabcTBa B 1-if rpytie 6asuposa-
JIACh HA OOIIENPUHATHIX METOIMKAX 110 HEOHATAIBHBIN pe-
CYCIIUTAIIUU: BCE HOBOPOJKIEHHBIE IETH TPeOOBAJIU TIPOBE-
neavss VIBJI ¢ mepBbIX MUHYT JKU3HM; OGecriedeHus
aZieKBaTHOM cUCTeMHON Tepdy3uu, BOJIeMUYECKON MOI-
JIEP’KKHM ¥ KOHTPOJISI apTepPHAIBHOTO JABJICHUS U ceplied-
HOro BbIOpOCA (MHOTPOIIBI, Ba30IPECCOPbI); KOPPEKIUK
MeTaboJIMUeCKUX HAPYILIEHWIT; TPOTHUBOCYI0POKHOIL Tepa-
MUY, Ce/IAIINN U aJIeKBATHOM aHa/ITe3nn. 2-51 Tpyna aeTei
He nosryyasa crenuduyecKkoil Teparun.

Cratuctideckyio 06pabOTKY JaHHBIX HPOBOIMIN C
TTOMOIIBIO CTAaHAAPTHBIX TporpamMM Statistica v. 8.0. u
Microsoft office Access 2013. OcHoBHast 4acTh MOJIydYEH-
HBIX JIAHHBIX HE COOTBETCTBOBAJA 3aKOHY HOPMAJIbHOTO
pacrpesesieHust, B CBSI3U C Ye€M Pe3YJILTAThI ITPe/ICTABJIEHbI
B BUJ/Ie Me/IHAHbI, 25-T0 U 75-T0 nepiieHTuIeit. AHanius Jo-
CTOBEPHOCTH PA3JINYUIT OCYIIECTBIISIN C NCTIOIb30BAHUEM
MeTojia HemapaMeTpuyeckoil crarnuctnku U-tect MamnHa-

scoring. 6 according to the Apgar score by the 5th minute.
Group 1 exclusion criteria: gestational age less than 35
weeks; birth weight less than 1800 g; intracranial hemor-
rhage; congenital abnormalities incompatible with life;
malformations requiring immediate surgical correction.

Group 2 enrollment criteria: gestational age not less
than 37 weeks; absence of birth asphyxia and deviations
during the early neonatal period; this group of infants
received no therapy, except feeding and monitoring.

The acid-base state (ABB) was assessed using a
Radiometr analyzer (Denmark) within the first hour of
life: pH, partial pressure of carbon dioxide (pCO,) and
oxygen (pO,), and buffer base deficiency (Be) were ana-
lyzed. Hemostasis was analyzed using the TEG-5000
thromboelastograph (USA). Native venous blood was
taken for the analysis and the test was initiated in 10—15
minutes. Blood was sampled by means of venipuncture
using Vasofix Certo (22GX1 (0.9X25mm)) or it was taken
from the central venous catheter. Main parameters of clot
formation and lysis were measured for interpretation of
graphic information: R stands for the enzymatic compo-
nent of the coagulation hemostasis. It depends on the num-
ber of factors and the presence of blood coagulation
inhibitors. K stands for clot formation kinetics. a (Angle)
stands for fibrin network growth rate and its structuriza-
tion. MA is the maximum amplitudeindicating the maxi-
mum strength of the clot and characterizes the platelet
activity. LY30 represents the clot lysis. CI stands for the
coagulation index which characterizes the blood coagula-
tion potential [19].

The intervention strategy for newborns from Group
1 was based on generally accepted techniques in accor-
dance with the American Pediatric Association
Guidelines for neonatal resuscitation: all newborns
required mechanical ventilation from the first minutes
of life; adequate systemic perfusion, volemic support
and blood and cardiac output pressure monitoring
(inotropic and vasopressor agents), correction of meta-
bolic disorders, anticonvulsant therapy, sedation, and
adequate analgesia were performed. Newborns from
Group 2 received no specific therapy.

Statistical data were processed using standard
Statistica 8.0. (2007) and Microsoft Office Access (2013)
software. The major part of the data did not comply with
the normal distribution law, and therefore, the results were
presented as median, 250 (LQ) and 75th (UQ) percentiles.
The analysis of significance of differences between groups
was carried out using nonparametric Mann-Whitney U-
test.Value of P<0.05 was considered as a critical signifi-
cance level. The Spearman rank correlation coefficient (ry)
was calculated to identify a link between ABB and TEG
parameters. Relations were considered significant at a cor-
relation coefficient values (r,)>0.37.

Results and Discussion

Table 2 demonstrates key parameters of ABB
and TEG. [table 2]. The analysis of tabulated data
demonstrated the following: median pH of the
blood collected during the first hour of life from
group1 newborns was significantly lower than that
in group 2 newborns (p < 0.001). Mean pH values
in group 2 infants were more than 7.2, thus indicat-
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Ta6mmua 1. XapakrepucTuka HOBOPOKIEHHBIX 1-ii u 2-ii rpymiL.
Table 1. Characteristics of newborns in groups 1 and 2.

Parameters Values of parameters in groups (reference values)

{st 9nd
Apgar score (1 min) 4 (1-6)* 8 (7-9)
Apgar score (5 min) 5(2—8)* 9 (8—10)
Infants' body weight, g 3780 (3100—4250) 3560 (3050—3750)
Gestational age, weeks 39.7 (37—42) 38 (37—40)

IIpumeuanue. * — P<0.05 — the difference is significant as compared to group 2.

Ipumeuyanue. asa t1a6n.1—3: Parameters — nokaszarean. st taba. 1, 2 — 3navenus nokasaresieil B rpynmnax; reference values —
pedepenTHbIe 3HAUEHNST; Apgar score (min) — oreHKa 110 mKkasixe Anrap, 6amns (mun); Infants’ body weight, g — macca Tena nereii, rp;
Gestational age, weeks — recraruonnsiii Bospact, vezean. * — p<0,05 — pasamdus.

Ta6auua 2. Iokazareau KOC u TAT y HoBoposkaennsix 1-if u 2-it rpymn (Meauana (25-i; 75-i nepuentuiu)).
Table 2. ABB and TEG parameters in groups 1 and 2 (Me (LQ; UQ)).

Parameters (reference values) [7,17]

Values of parameters in groups

{st 9nd

pH (7.279+0.008) 6.966 (6.843—7.010)*** 7.245 (7.205—7.310)

pCO, (54.05+0.22) 64 (50_78)* 52 (4561)
Lactate (3.53£0.02 mmol /T) 17.3 (16—22.4)*** 2.5 (1.4—3.2)
Be (£3) 1958 (-16.1_-19.8)7* 31(-25_-39)
pO, (74.79%5.13) 60.4 (45_79)" 79 (68—85)
R (12—26 min) 15.5(11.8—19.1)*** 7.8 (6.1—10.9)
K (3_13 min) 87571 11.2)™ 245 (1.54.3)

@ (Angle) (14—46 deg)
MA (42—63 mm)
LY30 (0%) 0.3 (0.0—1.5) 02 (0.0-0.9)

CI(3) 334(-45—1.0) 13(-1-+2)

Note. For tables 2, 3: deg — degrees.* — P<0.05; ** — P<0.01; *** — P<0.001 — the difference is significant as compared to group 2.
IIpumevanue. deg — rpauycol. st Taba. 2, 3: Lactate — sakrar, MMOJIb/JT; 3HaueHUs1 aGOpeBUATYp B MaTepHaiax M MeTojax.* —

30.5(20.4—39.6)*
51.0(47.0—60.1)*

57.3 (48.9—65.2)
59 (50.4—64.6)

p<0,05; ** — p<0,01; *** — p<0,001 — pazjMuus JOCTOBEPHDI 110 CPABHEHUIO CO 2-i IPYIIION.

YurHu. 3a KPUTUYECKUN YPOBEHb 3HAYUMOCTH OBLIO MTPHU-
msato suadenne p<0,05. PaccumthiBamm Spearman rank
correlation coefficient (r,), ¢ 11e/IbIO BBISIBJIEHMST 3aBUCUMO-
ctu Mesxay nokazarensimu KOC u TOIL Craructuuecku
3HAYMMbBIMU TIPU3HABAIN CBI3U MIPU KO dUIlenTe Kop-
pesnsinuu (1,)>0,37.

PesyibraThl U 00CyK/IEHHE

Ocuosnpie niokazarean KOC n TOTI mpexcras-
JieHbl B Tabsmtle 2. AHATM3UPYS TAHHDIE, TPIBEIEH-
HbIe B TaGJHTIE 2, MOKHO OTMETHTD, 4TO CPEIHEe 3Ha-
yeane pH KpoBu, B3SATON B TeyeHWe TEPBOTO yaca
JKU3HH, Y HOBOPOJKAEHHBIX 1-1i TPYIIIIbI OBLIO 3HAYUMO
HIDKE, YeM Y HOBOpOXK/IeHHbIX 2-ii rpymisl (p<<0,001).
Cpennee 3navenne pH Bo 2-if rpyrie HOBOPOKIeH-
HBIX — Gostee 7,2, 9TO CBUIETENBCTBYET 00 YIOBIETBO-
putesbHOM cocTostHIN HOBOPOKIeHHBIX [ 10]. TTo nan-
HBIM PasHBIX aBTOPOB HOPMaJIbHOE 3HAUEHNeE JIaKTaTa
Y HOBOPOK/IEHHBIX B T€UEHNH TIEPBOTO Yaca SKU3HH KO-
nebrercst ot 4 o 8 mmounn/a [10, 12, 20]. Y nereit 1-it
IPYTIIbl BBISSBUJIM 3HAYMMBINA TUIIEPIAKTATAIII03
(p<0,001). pCO, B kpoBu B 1-ii TpyIITIe HOBOPOKIEH-
HBIX ObLJIO BBIIIIE, YeM BO 2-ii TPYIIIe HOBOPOKAECHHBIX
(p<0,05). Tunepkanaus y gereir 1-oit rpynmbl 00yc-
JIOBJICHA HEA/ICKBATHBIM BBIBE/ICHUEM U YBEJIUUECHHBIM

ing the satisfactory state of the newborns [10];
according to different authors, the normal lactate
values for newborns during the first hour of life
range from 4 to 8 mmol/1 [10, 12, 20]. Severe lactic
acidosis was found in group 1 children (P< 0.001).
pCO, in the blood of group 1 newborns was higher
than that in group 2 (P<0.05). Hypercapnia in
group 1 children was caused by inadequate breed-
ing and increased CO, formation. The presence of
combined acidosis in group 1 newborns confirms
the fact of asphyxia [11, 20, 21, 23].

Reduced Cl in group 1 newborns vs. group 2
parameters means that hypocoagulation devel-
oped. R (P<0.001) and K (P<0.01) were signifi-
cantly reduced in group 1 newborns vs. group 2
values. a (Angle) of group 1 newborns was lower
than that of group 2 newborns (P<0.05).
Reduction of R, K and « (Angle) values indicate
hypocoagulation of the enzymatic component of
hemostasis. MA in group 1 newborns was lower
than that in group 2 (P<0.05), thus indicating
reduced platelet activity in group 1 newborns.
Fibrinolysis in newborns did not differ at the 30th
minute of the study.

Hemostasis shift to hypocoagulation in new-
borns with a history of severe asphyxia was con-
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Ta6muua 3. Koppeusinust nokazareineit KOC u TAOT y HOBOPOKIEHHBIX, POKIEHHbIX B Ts:KeN0U achurcun (ry).
Table 3. Correlation of ABB and TEG parameters in severely asphyxiated newborns (r,).

Parameters Values of correlation

pH Be Lactate
R -0.761* -0.721* 0.717*
K -0.599* -0.523* 0.564*
@ (Angle) 0.495 0.478 0,513
MA 0.376* 0.391* -0.410*
LY30 -0.098 -0.012 0.010
CI 0.369 0.324 -0.253

Note. * — P<0,05 — statistically significant dependence between ABB and blood TEG parameters.
IIpumevanue. Values of correlation — snauenust koppessinun.* — p<0,05 — cTaTUCTHYCCKN 3HAYMMAs 3aBUCUMOCTb MEK/LY [IOKa3are-

samu KOC u TOT xposu.

obpasosarueM CO,. Hamuue cMeIanHoro aruiosa y
HOBOPOXK/IEHHBIX 1-11 TpyTIIIBI I0Ka3bIBaeT (hakT mepe-
Hecennoi achurcnn [11, 20, 21, 23].

Ymenbmenune Cly nopoposxkaennsx 1-it rpyi-
IIBl O3HAYAET Pa3BUTHE TUITOKOATYJISIINN B CPaBHe-
HUU ¢ 1okazaresasmu 2-i1 rpynibl. R (p<0,001) n K
(p<0,01) 3HAUMTEIBHO CHUKEHBI B 1-1i TpyTIIe HO-
BOPOXKIEHHBIX B CPaBHEHWW CO 2-W TPyHIou. «
(Angle) y HOBOpOKAEHHBIX 1-0i1 IpyNNbl HUKE,
4eM y HOBOpPOKAeHHBIX 2-it rpymmer (p<0,05). B
cBst3u ¢ ymenpiienueM R, K u ¢ (Angle) MoskHO T0-
BOPUTH O TUTIOKOATYJISIIINN AH3UMATUUECKON 4acTh
remocTtaza. MA y HOBOPOXXIeHHBIX 1-11 Tpymmsbl,
CHIDKEHA 110 cpaBHEHUIO co 2-1i rpyrmmoi (p<0,05),
YTO CBUAETEIbCTBYET O CHUKEHHOU aKTUBHOCTHU
TPOMOOIIUTOB B 1-ii rpytime HOBOPOKIeHHBIX. Du-
O6puHoan3 Ha 30-ii MUHYTE HCCIEIOBAHUST Y HOBO-
POK/IEHHBIX HE OTJIMYAETCS.

CaBur reMocTasa B CTOPOHY THITOKOATYJISIIAT
Yy HOBOPOXKIEHHBIX MEPEHECIINX TKeIYyIo achuk-
cuTo IOATBEPIKAAeT psif nceaenosanmii [11, 16, 17,
20, 21]. TosyueHHble JaHHBIE OOBSICHIIOT BBICOKUI
PUCK KPOBOTEUYEHUU Y HOBOPOXKIEHHBIX, POKIEH-
HBIX B aC(OUKCUU, B CBSI3H C 3TUM HEOOXOIUM TIIa-
TeJIbHBII KOHTPOJIb CUCTEMBI TeMOoCTa3a y AaHHOU
IPYIIIDL leTel.

B rabmuiie 3 mpencraBiena KOppeIsIns moKa-
3aresieit KOC c pesyasratamu TIT. [IpoBenennsiii
KOPPEJISIIIMOHHBII aHaIN3 TI0Ka3aJ 00PaTHYIO 3aBH-
cuMocTh Mexay konnentpaiueir BE, pH kposu n
R, K, a ¢ MA u a (Angle) BbisiBiieHa mpsiMast Koppe-
gauuonnas c¢BaA3b. Ilpamylo koppesanuonnyio
CBSI3b BBISIBUJIM MEXK/IY THUIIEPJAKTATAINI030M U R,
K, a ¢ MA u a (Angle) BbIABUIN OTPUIIATEIBHYIO
cBsa3b. TakuMm oOpasom, casur pH B kucayo cropo-
HY, TUTIepJaKkTaTanu/103 u camkenne BE nmpuBoaut
K C/IBUTY 9H3MMATHYECKON YacTW TeMOCTa3a B CTO-
pony runokoaryssannu (yamuaenne R, K) u canske-
HUIO aKTUBHOCTH (UOPUHOTEHA W TPOMOOIMTOB
(ymennierie MA u a Angle). Vsmenenme cucre-
MBI TeMOCTa3a B CTOPOHY TUIIOKOATYJISINY Ha (hoHe
MeTaboIMIEeCKOTO alli103a OTMEYAT U APyTrie uc-
caenoBatenu [16, 19, 22].

firmed in a number of studies [11, 16, 17, 20, 21]. The
data explained the high risk of bleeding in neonates
born with asphyxia, therefore careful monitoring of
the hemostatic system in this group of infants should
be performed.

Table 3 shows results of the correlation analysis
of ABB with TEG findings. The correlation analysis
demonstrated an inverse relationship between Be,
blood pH concentration, and R and K, whereas a
direct correlation was found for MA and a (Angle).
A direct correlation was found between hyper-
lactacidemia and R and K, whereas an inverse rela-
tionship was found for MA and « (Angle). Thus, the
pH shift to the acidity, hyperlactacidemia, and
decreased Be level lead to the shift of the enzymatic
component of hemostasis to hypocoagulation (pro-
longation of R, K) and to lower activity of fibrinogen
and platelets (decreased MA and ¢ Angle). The shift
of the hemostasis system to hypocoagulation with
underlying metabolic acidosis was found in several
studies [16, 19, 22].

Conclusion

Therefore, the hemostasis system in severely
asphyxiated newborns is characterized by a reduced
enzymatic and platelet activity. Thromboelastography
is a modern coagulation test to be used in newborns
with a history of severe intranatal asphyxia.
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mxcst B aCUKCHM, XapaKTePU3yeTCs CHUKEHHOM
9H3UMATUYECKON aKTHUBHOCTHIO M AKTHUBHOCTBIO
TpoMbGornTOB. TpoMboamacrorpadusi — 9TO Koary-
JIOJIOTMYECKHIA TECT, KOTOPbII HEOOXOAUMO UCIIOJIb-
30BaTh Yy HOBOPOK/IEHHBIX, TEPEHECHINX TSKETYT0
WHTPAHATAJIbHYIO aC(hUKCHIO.
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OBbIMIAA PEAHUMATOJIOI'UA

Hayuno-npaxkrudeckuii sxypran «O0Imas peaHuMaToJI0rusi»,
Bxomamuii B mepedeb BAK P®D, B Scopus u apyrie 6a3br TaHHDIX,
IIpe/IHa3HAYEH [T Bpadell aHeCTe310I0T0OB-PEaHIMATOIOTOB 1 HAYYHBIX COTPY/THUKOB.

TemaTuka JKypHaJa: maToretHes, KIMMHNKa, IMarioCTUKa, JieueHme, HpO(bI/I]IaKTI/IKa 1 IMaToJIorn4ecKasd aHaTO-
MUA KPUTUYCCKUX, TECPMUHAJIbHBIX 1 TTIOCTPEAHUMAITTOHHBIX COCTOHHI/IfI; OKa3aHune [[OFOCHI/ITaJI])HOI';I TIOMOIIY TIpr
KPUTUYECKUX COCTOAHUAX] 06yqu1/16 HaceJjieHA U MeJIMIUHCKOTO IepCoHaJla IpUeMaM OKa3aHUA HEOTJIOKHOMI
IIOMOIIHN TIPU KPUTUYECKUX COCTOAHUAX; ONITUMUIAI WA pa6OTbI OPI/IT, IopuandeCcKrue u 3TUYeCKrue BOIIPOCHI B

obactu AHECTE3NOJIOINN-PEAHNUMATOJIOTUU.

Ayl[PITOpl/[ﬂ: seuebHbIe yupeskaeHus; BbicHIe y‘{e6HbIe 3aBeJienusda MeJIMIIMHCKOTO HpO(bI/IJIH; MeJIUMIMHCKHE
yupexJeHunsd nocJe JUIJIoMHOTO 06paSOBaHI/ISI, CDeaepaJIbeIe 1 peruoHaJIbHbl€ OPTaHbl YIIPaBJE€HWA 3/[paBOOXPa-
HEHUEM, MEIUIINHCKNE HAYYHO-NCCJICA0OBATC/IbCKNE NHCTUTYTbI; MEIUITNHCKUE 6MOINOTEK.

IMOAIINCKA
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The Effect of an Anesthetic Support of Endoscopic Gastric Resection
on Intraoperative Hemodynamics in Patients with Morbid Obesity

Michael I. Neymark', Roman V. Kiselev*

! Altai State Medical University, Ministry of Healthcare of Russia,
40 Lenin Av,, 656038 Barnaul, Altai District, Russia
? Clinical Hospital, Barnaul Station, JSC «Russian Railways»,
20 Molodezhnaya Str., 656038 Barnaul, Russia

Lenp uccrenoBanusi — U3yYUTh BIUSHIE METOJA AaHECTE3UU U TTAPAMETPOB PECITUPATOPHON TOAIEPKKI HA
LEeHTPaIbHYIO 1 neprudepuieckyio reMOANHAMUKY Y MAUeHTOB ¢ MOPOUAHBIM OKMPEHIEM IIPU SHIOCKOINYECKON
PE3EKINY JKeTy KA.

Marepuadb u MeTo/bl. [IpoBen paHIOMU3MPOBAHHOE HCCIE[OBAHNE Y 43 TTAIIMEHTOB ¢ UHEKCOM MaCChl Te-
Ja >40 Kr/m’, KOTOPBIM BBITTOJHIIN SHIOCKOTHYECKYIO TIPOAOIBHYIO PE3EKITUT0 KeamyaKa. [anneHToB pasiesm-
JIM Ha iBe TpyTnbl. B 1-if rpymie (7=22) B kayecTBe aHECTE3MOJOIMYECKOTO ObecIedeH st TPUMEHSIIN KOMOUHM-
POBAHHYIO aHECTe3WI0 HAa OCHOBE HU3KOMOTOYHOW MHTAJSINY Jecdiiopana, ¢ ucnoab3zoBanueMm VBJI B pexxnme
VC-CMYV c niocrostmbiv yposieM PEEP, Bo 2-it pymime (n=21) B kKayecTBe aHECTE3UOTOTHIECKOTO 0OCCTIEUCHUS
MPUMEHSIJIM COYETAHHYIO aHECTEe3MI0 Ha OCHOBE HUBKOIOTOUHOM MHTANSAINN feciopaia ¢ MPOJITIEHHOM STHy-
panbHoit aHasnbresueit (ITDA) 0,2% pacTBOpoM poliMBaKarHa, i aHaJOTHYHBIM peskiuMoM VIBJI, ¢ ucrob3oBaHm-
€M 9CKaJIalnoHHoro crocoba nogbopa PEEP turposanuem, MHBEpCHE ABIXaTEIbHOTO MUKIA, U MOCTENEHHBIM
yBeJIMYeHNeM YacTOTbI Jbixanus. VIHTpaorepanoHHo MOHUTOPUPOBAJIU MTapaMeTPhI IIeHTPAIbHOI U nepudepu-
yecKol remonHaMuku, razsl Kposu 1 KOC.

Pesyubratel. Bo 2-it rpymime BoissBum 60J1ee cTabuIbHble TIOKA3aTeIH IIEHTPATBHOI 1 TTeprudepuIecKoil reMo-
JAMHAMUKN B MHTPAOTIEPAIIMOHHOM 1epuozie, yeM B 1-it rpynme, rae perncrpuposain nosbinenne CAJ, All,,
JAJl, YCC, CI, SVI, SVRI B cpaBHeHUN ¢ HOPMATUBHBIMU 3HaueHUsAMU. Kpome TOTO, BO 2-if rpyIie 3HaYeHUs
PaO, 6buu nocrosepho Bbiie, PCO, — HuKe IPpU HAJIOKEHUN KapOOKCUIIEPUTOHEYMA, U HE PETUCTPUPOBAIIH CY-
mectBennbix uamenenuii KOC.

3akmouenue. [pyaHas anuaypaabHas aHaabre3us Ha ¢oHe KapOOKCHIIEPUTOHEYMa, YBEJIMUEHUsT HHTPaab/10-
MUHAJIBHOIO JaBJeHus, sackaaanuortoro peskuma [IJIKB obecrieunBaer ctabuiibHOe TedeHne WHTPAOIIePALOH-
HOI IeHTPaJIbHON U T1epueprIecKoil reMOMHAMUKY [IPU 9HIOCKOIINYECKON PE3EKIH JKeyIKa Y OOJbHbBIX €
MOPOUIHBIM OKUPEHUEM.,

Kntouesvie caosa: mopouonoe oxcupenue; pecnupamophasi n0OOEPpIHCKa; UeHMpPAIvHas 2eMOOUHAMUKA; KapOOK-
cunepumoneym; KOC

The purpose of the study is to examine the effect of anesthesia and respiratory support parameters on central
and peripheral hemodynamics in patients with morbid obesity undergoing an endoscopic gastric resection.
Materials and methods. A randomized study of 43 patients with a body weight index of >40 kg/m’ who
underwent an endoscopic longitudinal gastric resection (sleeve gastrectomy) was performed. Patients were divid-
ed into two groups. In Group 1 (n=22), combined anesthesia based on the low-flow desflurane inhalation was
applied along with the mechanical ventilation in the VC-CMV mode with a constant PEEP level. In Group 2
(n=21), combined anesthesia based on the low-flow desflurane inhalation was applied along with the prolonged
epidural analgesia (PEA) with 0.2% ropivacaine solution and VC-CMYV respiratory pattern, with PEEP dose esca-
lation using titration, inverted respiratory cycle, and a gradual increase in the respiratory rate. The intraoperative
monitoring included central and peripheral hemodynamics, blood gases, and ABB.

Azpec 1Sl KOPPECTIOHIEHIIUM: Correspondence to:
Poman Kucenes Roman Kiselev
E-mail: fincher-75@mail.ru E-mail: fincher-75@mail.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2017, 13; 1



DOI:10.15360,/1813-9779-2017-1-24-33

IIpakTuKyonemy spady

Results. The study demonstrated that there was more stable central and peripheral hemodynamics in Group
2 during the intraoperative period as compared to Group 1, where increased systolic BP, median NMBP, diastolic
BP, HR, CI, SVI, and SVRI levels were registered. In addition, in Group 2, PaO, levels were significantly higher
and PCO, levels were lower during pneumoperitoneum; no significant changes in ABB were recorded.

Conclusion. Thoracic epidural analgesia with pneumoperitoneum, increased intraabdominal pressure, and
PEEP escalation mode provide stable intraoperative central and peripheral hemodynamics during endoscopic gas-

tric resection in patients with morbid obesity.

Key words: morbid obesity; respiratory support; central hemodynamics; pneumoperitoneum; ABB
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BBenenue

PacripocTpaHeHHOCTh OOJIBHBIX OJKUPEHIEM YBe-
JmanBaercs Bo BceM Mmupe. Ilo MaHHBIM 2KCIIEPTOB
BO3, B 2014 1. uncjio GOJIBHBIX OKUPEHUEM TIPEBBICH-
0 600 MJIH. 4esoBeK, mpuyeM B OOJIbLIEH CTeleHn
MMEHHO 32 cueT MopOuHbIX opm [1—3]. Kak ussect-
HO, MOPOUIIHOE OJKUPEHKE, OTHOCICH K YKCITY 5-U 0C-
HOBHBIX (haKTOPOB PHCKA CMEPTH [4 ], Ipe/iCcTaBIsieT co-
6Ol Cepbe3HyI0 Yrpo3y COCTOSTHUIO OOIIECTBEHHOTO
3II0POBbS M3-32 TIOBBIIIEHHOTO PHCKA PA3BUTHS COMYT-
crByrommx sabosesanuii. Ha atom hoHe mmpokoe pac-
[IpOCTpaHeHNe TIOMYIIIIN XUPYPIrUIecKrue METO/IbI Jie-
yenust oskuperust. OHa us Hanbosee a(hHEKTUBHBIX U
YacTO BBITIOJHSIEMBIX OapHaTPUUYECKUX Olepaliii —
9H/IOCKOITIYECKAsT TIPOIOTBHAS PE3eKINs JKeTyIKa.
[Tpu BBHIGOPE AHECTE3UOJIOTHYECKOTO 0OeCTIeueHuUst
STUX TPABMATHUYHBIX BMEIIATEIBCTB HEOOXOAUMO YUu-
THIBATh aHATOMHUYECKUE W (DYyHKIIMOHAJIBHbBIE U3MEHe-
HIISI y TAIHEHTOB ¢ MOPOUIHBIM OKUPEHUEM, B IIEPBYIO
o4epelib — CEep/leuHO-COCYIUCTON CUCTEMBI. YCJIOBUS
BBITTOJIHEHUST 9TUX ONIePAINi SHIOCKOITUUECKUM METO-
JIOM C TIPUMEHEHNEM KapOOKCUTIEPUTOHEYMA, YBEJIIe-
HIe BHYTPUOPIOIITHOTO JaBJICHNUS, aCOPOIHS YIIEKHC-
JIOTO Ta3a, HeOOXOAUMOCTh MaHeBpa PEKPYTHPOBAHMUST
aJTbBEOJI, HETaTUBHOE BJIMSTHUE HA TEMOJMHAMUKY BbI-
HY>K/IEHHOTO TIOJIOJKEHUST HA OTIEPAIlMOHHOM CTOJIe Ca-
M TI0 cebe yeyTryOJIsFoT UMEIOIecsT HapyIIeHUs re-
MO/IMHAMUKH, BEHTHJISIINE 1 razooO6MeHa. Kpome Toro,
TTPY BBITTOJTHEHUH 9TUX OTlepallnii B onpe/ieJIeHHON cTe-
MeHr HeoOXo[MMa peaymsaliust npuHina fast track,
MOCKOJIbKY PaHHSIST aKTHBU3AIINS 9THX OGOJIbHBIX — 3a-
JIOT GJIaTOTIPUSITHOTO TEYEHUST PAHHETO MOC/Ie0Tepali-
OHHOTO TIepro/a [, 6]. B atux ycioBusix unTpaonepa-
[MOHHBI MOHUTODPHHI CHCTEMbI KPOBOOOPAIEHS
SIBJISIETCS] HEOTEMJIEMBbIM KOMITOHEHTOM aHeCTe310JI0-
THYECKOro obecredeHrst abIOMIHAIBHBIX SHIOCKOITH-
yecknx oneparmil. [lesb umccnenoBanuss — M3y4nTh
BJIMSTHUE METO/Ia aHECTe3UN W MapaMeTPOB pPecIupa-
TOPHOI TIO/ZIEPKKU Ha TIEHTPAJIbHYIO U Tiepudeprdec-
KYI0 TeMOJAMHAMUKY Y MAI[EHTOB ¢ MOPOUIHBIM OKH-
PeHUeM MPH SHIOCKOTIMTIECKON PE3EKITUN JKETy KA.

Marepuan u MeTObI

[IpoBesnu panpomusupoBantoe ucciegaopanue y 43-x
MAIMEHTOB ¢ MHIEKCOM Macchl Tesa > 40 Kr/M*, KOTOPhIM
6blsIa BBITIOJTHEHA HHIOCKOITHYECKAsT TIPOJIOJIbHAST PE3eK-

Introduction

The prevalence of obesity is increasing world-
wide. According to WHO experts, in 2014 the num-
ber of obese patients exceeded 600 million people,
and to a greater extent it was due to its morbid forms
[1—3]. Being one of five key risk factors for death,
the morbid obesity is known to be a serious threat to
the public healthcare due to increased risk of comor-
bidities [4]. On this background, surgical treatment
options for obesity have been widely applied.
Endoscopic sleeve gastrectomy is one of the most
effective and commonly performed bariatric surg-
eries. Anatomical and functional changes in patients
with the morbid obesity, first of all, in the cardiovas-
cular system, should be taken into account during
selection of the anesthetic support for these invasive
interventions. On the other hand, the conditions of
these endoscopic surgeries using pneumoperi-
toneum, increased intraabdominal pressure, adsorp-
tion of carbon dioxide, the need for lung recruitment
maneuver, and the negative effect of the forced posi-
tion on the operating table on hemodynamics worsen
existing hemodynamic, ventilation, and gas
exchange disorders. In addition, the fast track princi-
ple should be applied during these surgeries, because
early activation of these patients is the key to a favor-
able course of the early postoperative period [5, 6].
Under these conditions, intraoperative monitoring of
the circulatory system is an essential component of
anesthetic management of abdominal endoscopic
surgeries. The following study was carried out to
evaluate the effect of anesthesia and respiratory sup-
port parameters on the central and peripheral hemo-
dynamics in this patient population during the endo-
scopic sleeve gastrectomy.

Materials and Methods

A randomized study of 43 patients with a body weight
index >40 kg/m”’ who had undergone the endoscopic
sleeve gastrectomy was performed. The patients were
divided into two groups depending on the choice of the
anesthetic technique and respiratory support tactics. In
group 1 (n=22), a combined anesthesia based on the low-
flow desflurane inhalation using a routine mode of
mechanical ventilation (MV) was applied as an anesthetic
management: VC-CMV mode, V, 7—8 mL / kg of ideal
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st JKesryzika. B 3aBucumocTy ot BbiG0pa MeTojia aHecTe-
3UU U TAKTUKHU PECIMPATOPHOIT MOIEPKKY OOIbHbIE Obl-
s pasjiesniensl Ha 2 Tpymmbl. B 1-t rpymime (n=22) B kaue-
CTBE aHECTE3UOJOTHYECKOTO 0OCCTICYeHUST TTPUMEHSLIH
KOMOMHMPOBAHHY 0 AHECTE3UI0 HA OCHOBE HU3KOTIOTOUHOI
MHTAIAIMN Jecdiropata, ¢ UCIoJIb30BaHUEM TPaUIIOH-
noit UBJI: pesckum — VC-CMYV, V, 7—8 Mi/Kr oT nieasin-
noi maceol Tesa (MaMT), f 12—14 B mun., Ti: T — 1:2, mo-
crosuubIl ypoBenb PEEP — 7 c¢m BomH.cT., Bo 2-if rpymnme
(n=21) B KayecTBe AHECTE3MOJOTHYCCKOTO OGECTICYCHNUsT
MIPUMEHSIJIN COYETAHHYIO aHECTE3MI0 HA OCHOBE HU3KOIIO-
TOYHOH MHTAIAIY JlechiopaHa ¢ POJICHHO STy PaJib-
Hoit amasbresueit 0,2% pacTBOPOM pOIUBAKAWHA, € UC-
nosb3oBanueM monauduimposannoit UBJI: pexum —
VC-CMV, V, 5—6 ma/kr ot UnMT, f — 12 B MuH., ¢ TocTe-
meHHBIM yBesndenneM 1o 18 B mun., T Ty — 1:1, ¢ ackamna-
HUOHHBIM c1ioco6oM nogbopa PEEP tutpoBaHuem, Hauu-
Hast OT 7 CM BOJH. CT. TIOCTEIeHHO 10 1—2 ¢M BOAH. CT.,
yBesinuuBaiau yposeub PEEP, kontponmpys moxaszartesnu
razoobmena u remoguHamuky. [Tpu noseimenun ITIJIKB 1o
3HAYEHWI{, PN KOTOPHIX HAYMHAIA CHIKATHCSI OKCHTEHA-
IIUs1 KPOBM U Pa3BUBAIICH HAPYIIEHWUS TeMOIMHAMIKH,
nampHeiee ysesndenne yposas PEEP npexpamasmm. 1o-
cie atoro PEEP cumskanu vHa 1—2 cM BojIH. CT. /10 TIpeiie-
CTBYIOIIETO ONTUMasibHOTO 3HadeHud [7]. Ilo mectn oc-
HOBHBIM [IPU3HAKAM CPaBHUBAEMbIE TPYIIIbl ObLIH
pernpe3eHTaTHBHBL 10, Bo3pacT, IMT, xapakrep comyTcT-
BYIOIIEl TTATOJIOTUH, OTleHKa TTo ASA, TUIT onepaTUBHOTO
BMEIIATE/IbCTBA.

3a cyTKu 10 oneparuu B ycsosusx Y 31 — accuctupo-
BaHUS MOPTaTUBHOI cucremoit Mindray M5 (Shenzhen
Mindray Bio-Medical Electronics Co., Ltd. PRC) ocymie-
CTBJIsLIM KareTepusanuio vjugularis interna. Karerepusa-
IIUIO AIMYPAIBHOTO TIPOCTPAHCTBA BBIIOJNHAIN B Ollepa-
IIUOHHOM B TTOJIOKEHUU CUJISI CPEJIMHHBIM JIOCTYTIOM, TAKKe
B ycioBusix Y 3W — accucTupoBaHust HOPTAaTUBHON cuCTe-
moit Mindray M5. YpoBeHb IyHKIMU 31Uy PATILHOTO TIPO-
crparcrBa — Th5—7. TIpumensm crangapTHbie HaOOPBI
«Perifix» (B. Braun) ¢ katerepom 20G. Karerep npoBozn-
JIN KPaHWATBbHO HAa 3 ¢M 1 (DUKCHPOBAIN CIIEIINATbHBIMI
(puxcaropamu «EpiFix»(Unomedical). B oneparmonnoit
BBOJIMJIM TECT-7I03y MECTHOTO aHeCTeTHKa (pOonuBaKanH
0,5% — 3 mur). Uepes 5 MutyT (IIpu OTCYTCTBUU MTPUZHAKOB
CIIMHAJIBHOI aHecTe3un) HAYMHAJIM TOIIAroBOe BBeIEHIe
0,33% ponusakauna Gomocamu 110 3,0 MJI 10 BBeIEHMs
mostHoit 10361 11,5+1,5Mmr B Tevenne 20—30 mumyT. Yepes
1 yac HaumHAMM BBe/IeHNE B PE)KIIMe TIOCTOSTHHON NHDY3UHN
nojyiepskuBatomeii o3pr 0,33% pormBakamHa co CKOPO-
crbio 7,0£2,0 mu/gac [8]. KarerepusnpoBasin MOu€eBoOii 11y-
3bIpb 0HOPa30Boii cucremoii PreKon™ (Unamedical
Danmark) /i KOHTPOJIS AMype3a 1 u3MepeHust HHTpaad-
JOMUHAIBHOTO JIABJICHISI HEIIPSIMBIM CITOCOOOM.

VHAYKIMIO B aHECTE3UI0 B 00EUX IPYIIIAX IIPOBOAUIN
denranmmom 2,5+0,07 mxr/xr UaMT wu mpomodosom
2,5+0,03 mr/kr akryanbHoii Maccesl Tesa (AMT). ury6a-
IO TPaxen BBIOJIHSIIN HA (hOHe MUOPENAKCAIUN POKY-
poamymom 0,6+0,04 mr/xr UaMT, ¢ BbICOKOTIOTOUHOI
[IPEOKCUTEHAITEN Yepe3 HOCOBbIE KAHIONN B MO3WIINU C
MIPUITO/IHSITBIM TOJIOBHBIM KOHIIOM [IJISI JIADUHTOCKOITHH
(Head Elevated Laryngoscopy Position) [9]. Basosyto
anecresnio noaaepskusanu low flow urransnueii gecdo-
pana B go3e 5,2%1,7 06% no uenesoro suavenuss MAK
4,1%1,4 B koMOuHaiu ¢ hpakMOHHBIM BBeJeHreM (heH-
tanuia 4,3+0,6 mxr/xr/a UMT, B couetarmnu ¢ [19A po-

body weight (IBW), f = 12—14 per min, TI.TE — 1:2, a
constant PEEP level — 7 em H,O. In group 2 (n=21), a
combined anesthesia based on the low-flow desflurane
inhalation with the prolonged epidural analgesia with
0.2% ropivacaine solution using a modified MV mode was
applied as an anesthetic management: VC-CMV mode, V,
5—6 mL/ kg IBW, f=12 per min, gradually increasing up to
18 per min, TI.TE — 1:1, with the PEEP escalation start-
ing from 7 ¢cmH,O and increasing gradually by 1—2
c¢cmH,0. The PEEP level was increased under monitoring
of gas exchange and hemodynamic parameters. When the
PEEP was increased to the point when blood oxygenation
began to decelerate and hemodynamic disorders devel-
oped, further increase of the PEEP level was discontinued.
After that, PEEP was reduced by 1—2 ¢cmH,O to the pre-
vious optimal value [7]. The compared groups were repre-
sentative for the following 6 key parameters: gender, age,
BWI, comorbidity nature, physical state (according to
ASA), and the type of a surgical intervention.

Catheterization of vjugularis interna was performed a
day before the surgery under ultrasound assistance using
the portable Mindray M5 system (Shenzhen Mindray Bio-
Medical Electronics Co., Ltd. PRC). Epidural catheteriza-
tion was performed in the operating room in a sitting posi-
tion via midline approach under ultrasound assistance
using the portable Mindray M5 system. The epidural cav-
ity was punctured at the Th5,7 level. Standard Rerifix kits
(B.Braun) with a 20G catheter were applied. The catheter
was introduced cephalad to the depth of 3 ¢cm and fixed
using specialized EpiFix clamps (Unomedical). A test dose
of alocal anesthetic (3 mL of 0.5% ropivacaine) was inject-
ed in the operating room. Step-by-step bolus introduction
of 0.33% ropivacaine, 3.0 ml per step, was initiated in 5
minutes (if no signs of spinal anesthesia were observed)
until the full dose of 11.5£1.5 ml was introduced within
20—30 minutes. A continuous infusion of the maintenance
dose 0.33% ropivacaine at a rate of 7.0£2.0 mL/hour was
initiated in 1 hour [8]. Bladder catheterization was per-
formed wusing the disposable PreKonTM system
(Unamedical Denmark) for monitoring of the urine output
and indirect measuring of the intraabdominal pressure.

The induction of anesthesia was performed in both
groups using 2.5+0.07 pg/kg IBW of fentanyl and
2.5£0.03 mg/kg of actual body weight (ABW) of propofol.
Tracheal intubation was performed on the background of
myorelaxation using 0.6+0.04 mg/kg IBW of rocuronium,
with a high-flow peroxygenation through nasal cannula in
the head elevated laryngoscopy position [9]. The basic
anesthesia was sustained with a low-flow inhalation of des-
flurane at a dose of 5.2+1.7 vol% to the target MAC value
of 4.1+1.4 in combination with fractional introduction of
fentanyl at a dose of 4.3+0, 6 ug/kg/h IBW combined with
ropivacaine-containing PEA at a rate of 5—8 mL/h. The
myorelaxation was sustained using intravenous infusions
of rocuronium at a rate of 0.4+0.05 mg/kg/h IBW under
the TOF stimulation [10]

The infusion therapy in patients of both groups
included a balanced water-electrolyte solution and a
gelatin-based colloidal solution; the infusion volume
depended on the intraoperative blood loss and perspiration
losses.

The intraoperative monitoring of peripheral hemody-
namics was provided using the Hewlett-Packard 56S
device. Noninvasive systolic blood pressure (NSBP), mean
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[IpakTukyromemy Bpauy .

MTUBAKAMHOM CO CKOPOCTBIO 5—8 Mu1/d. Muopesakcariio
MOJIIEP’KUBAJIN BHYTPUBEHHON HHGY3MeNl POKYPOHUYMa
co ckopocteio 0,4%£0,05 mr/kr/u UMT, nox xonTposem
TOF-crumymsamun [10].

VHdysnoHHass Tepaius y NAIMEHTOB 00€UX TPyII
BKJIfOUasia cOAJAHCUPOBAHHBIA BOIHO-3JIEKTPOJUTHBIIL
DPaCTBOP U KOJUIOUIHBIA PACTBOP HA OCHOBE JKENATHHA,
obbeM uHbY3UN ONMpPeesIsiICs MHTPAONEPAIMOHHON KPO-
BOTIOTEPEIT U MEPCITUPATMOHHBIMU TIOTEPSIMU.

VuTpaonepalimoHHbIil MOHUTOPUHT TIeprdeprnIecKoit
reMoaMHaMUKKN obecneunBann annapatom Hewlett-
Packard 56S. Perucrpuposanu Hewnsasusuoe CAJI,
Allcp., A1, HCC, OKT B mectukanaabHoM pexxume. Mo-
HUTOPUHT IEHTPATBHON TIeMOAMHAMUKK OCYIIECTBIISIN
METOJIOM YAaCTHYHOI DPENMPKYJISIIK YTIEKUCIOTO Tas3a B
3aMKHYTOM JIBIXaTeJbHOM KOHTYPE C TIOMOIIBIO CHCTEMBI
NICO 7300 (Novametrix Medical Systems Inc. USA), oc-
HoBbIBasick Ha npuHiuine Muka. Konrpoauposanu, cep-
neunbiii ungexc (CI), uagekc yaapuoro oobema (SVI), un-
nekc cucreMHoro cocyzaucroro comnporusienusi (SVRI),
B/l ¢daeboronomerpom Bampamana; KOC (pH, BE,
HCOs), maxrat n rassr kposu (PaO,, PaCO,) — razoana-
sm3atopoM i-STAT (Abbott USA). Monutopusr riryOuHb!
AHECTE3NH OCYHIECTBISIIN € TIOMOIILI0 GUCIEKTPATHHOTO
ungexca Moxynaem BISXTM | nopgepskusas mokasaresb
BIS na yposue 50—60 [11]. HeiipombiiieuHblii MOHUTO-
PHHT BBITIOJTHSIJIN METOJIOM aKCeJepoMHIorpadun ¢ IoMo-
mpto ammapara TOF-Watch® SX (Organon, Ireland). Uc-
CJIeJIOBAHUST TIPOBOJIMJIN HA 4-X JTalax: mocJje NHAYKINN B
aHecresuto, Ha stare nocie uncyddusuu CO, B Gproli-
HYIO MOJIOCTh, HAJIOXKEHUST CKPEIIOYHOTO 1ITBa, MOCTe Jie-
cybdasmnum.

Craructideckyio 06pabOTKy MOJTyYeHHbBIX pe3yJibra-
TOB HCCJECOBAHUS TIPOBOJMJIN METOOM BapHAIlMOHHON
CTATUCTUKHU C €TI0 ONEHKN M aHAJIN3a CTATUCTUYECKOM
COBOKYITHOCTH ITyT€M COCTaBJICHUS BAPUAIIMOHHBIX PSJIOB,
BBIYUCIEHUS CpeHnX Besnaut (M), CTaHAapTHOTO OTKJIO-
nenust (SD), menuannt (Me), 25-it (LQ) n 75-it (UQ) npo-
nenTueil. KagecTBeHHbIE TIPIU3HAKI OMCBIBAIIH TIPOCTHIM
YKa3aHMeM KOJIYeCTBA 1 10U (B IIPOIIEHTAX ) JJIsT KasK/I01
kareropuu. [IpoBepKy /IaHHBIX HA COOTBETCTBUE HOPMAJIb-
HOMY 3aKOHY PacIpeieJIeHUs ITPOBOMIIN € TIOMOIIIbIO KPH-
tepust Kosmoroposa. B Tom ciydae, e pacripeziesemie
COOTBETCTBOBAJIO HOPMAJIBHOMY, [IJIsI OTIEHKH JIOCTOBEPHO-
CTU PA3JIMIUN MEKIY BBIOOPKAMH HCIIOJIB30BAIN KPUTE-
puit CteionenTa. B mpotuBHoM ciyuae ncromp3oBamn U-
kpurepuii MaHHa—YUTHHU, a CBs3aHHBIX BbIGOpKax W-
kputepuii Buikokcona. YpoBeHb CTaTUCTUYECKON 3HAYN-
MOCTHU TIPH TTPOBEPKE HYJIE€BOU TUIIOTE3bI PUHIUMAIN CO-
orBercTByionmii p<0,05 [12]. O6paboTKy maHHBIX TPOBO-
JIAJIU C TIOMOTI[BIO KOMITBIOTEPHBIX TIporpamMM Statistica 6.0
u MS Excel 2010.

PesyubraThl 1 00CyKAEHUE

CpenHsist MPOJOKUTETHHOCTh OTIEPATUBHOTO
BMelnaresbcTBa B 1-1 rpymme co-ctaBuna 146,4+37
MUHYTBI, BO 2-if Tpymie — 148,1£4,1 munyter. O6b-
eM KpoBoriotepu B 1-ii rpynmne — 181,2+17,8 mu, BO
2-ii rpymmne — 178,5+18,1 myr. CooTBeTCTBEHHO 00B-
eM MH(Y3MOHHOI Tepanun B 1-i1 rpyIie cocTaBu:
kpuctamaonasl — 17,2424 mu/xr UnMT, xommon-
el — 6,8 22,1 ma/xr UaMT, Bo 2-i1 rpynme: kpuc-

blood pressure (NMBP), diastolic blood pressure
(NDBP), heart rate (HR), and six-channel ECG were reg-
istered. The central hemodynamics was monitored by
means of a partial carbon dioxide recirculation in the
closed respiratory circuit using the NICO 7300 system
(Novametrix Medical Systems Inc. USA) based on the
Fick principle. Cardiac index (CI), stroke volume index
(SVI), systemic vascular resistance index (SVRI), and
central venous pressure (CVP) were monitored using
Waldman's phlebomanometer. ABB and blood gases
(PaO,, PaCO,, pH, BE, HCOs, lactate) were monitored
using the i-STAT gas analyzer (Abbott USA). The depth of
anesthesia was monitored using a bispectral index by
means of a BISXTM module, the BIS index being main-
tained at the level of 50—60 [11]. Neuromuscular monitor-
ing was performed using the acceleromyography by means
of the TOF-Watch ® SX device (Organon, Ireland). The
tests were performed at 4 points: after induction of anes-
thesia; after CO, insufflation in the abdominal cavity; after
application of staples; and after desufflation.

The statistical processing of the obtained results was
performed using variation statistics to evaluate and ana-
lyze the statistical population by means of grouping of
variation series, mean values (M), standard deviation
(SD), median (Me), 25 (LQ) and 75 (UQ) percentiles. The
qualitative parameters were described by means of mere
indication of the amount and the proportion (in percent-
age) for each category. Verification of data for compliance
with the normal distribution law was performed using
Kolmogorov's criterion. In that case, if the distribution
complied with the normal one, the z-test was used to assess
the significance of the differences between samples.
Otherwise, the Mann—Whitney U-test was used, and the
Wilcoxon rank sum test was used for linked samples. The
level of statistical significance at verification of the null
hypothesis was equal to P<0.05 [12]. The data were
processed using Statistica 6.0 (StatSoft, USA) and MS
Excel 2010 software.

Results and Discussion

The average duration of a surgical interven-
tion was 146.4+3.7 minutes in Group 1 and
148.1+4.1 minutes in Group 2. The blood loss vol-
ume was 181.2+17.8 mL in Group 1 and
178.5£18.1 mL in Group 2. Therefore, the volume
of the infusion therapy in Group 1 was as follows:
crystalloids =17.2£2.4 mL/kg IBW, colloids =
6.8%£2.1 mL/kg IBW;, in Group 2, it was as follows:
crystalloids = 16.8%2.3 mL/kg IBW, colloids =
9+1.8 mL/kg IBW.

At the first stage of the study, NSBP, NMBP,
and NDBP values did not differ significantly in both
groups (Table 1). No rhythm disorders or ST seg-
ment depression were registered in any observation.
A study of central hemodynamics demonstrated a
decrease in CI and SVI to the lower normal limits;
and no significant differences between groups were
registered (Table 1); there also was a significantly
lower CVP in both groups as compared to the nor-
mal limits (P<0.05) SVRI values did not differ sig-
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Ta6auua 1. CpaBHHUTEIbHAS XapPAKTEPUCTUKA MHTPAONEPAIMOHHBIX ADAMETPOB reMOJAUHAMUKU MEKIY IPyniaMu

Me (LQ; UQ).

Table 1. Comparative characteristics of intraoperative parameters of hemodynamics between groups Me (LQ; UQ).

Parameters Groups Values of parameters on the stages of the study
{st 9ond 3rd 4th
HR, per/min 1 69.4 (65.1;76.4) 763 (67.588.3)** 849 (76.1;92.5)**  71.2(63.3;79.3)**
2 71.2 (66.3; 82.4) 63.1 (57.4; 71.8)*** 62.5 (56.8;73.2)* 63.4 (55.8; 72.9)*
NSBP, mm Hg 1 119.2 (102.5; 144.2)  140.8 (131.3; 162.4)** 149.7 (134.6; 166.4)** 132.8 (125.1; 138.9)**
2 121.8 (105.2; 126.7) 118.3 (102.4; 128.7)*  119.4 (103.6; 126.5)*  120.8 (105.1; 129.2)*
NMBP, mmHg 1 83.7 (71.2;96.8) 95.7 (81.2; 102.3)** 104.7 (89.9; 109.7)** 92.2 (85.1; 98.2)**
2 81.1 (75.2; 104.9) 79.8 (68.9; 94.1)* 80.2 (63.7;92.1)* 80.9 (64.6; 93.4)*
NDBP, mmlig 1 75.3 (61.8; 80.7) 885 (78.8; 102.3)* 959 (84.2; 104.9)"* _ 85.7 (78.9; 92.3)**
2 73.7 (59.1; 80.5) 71.1 (50.8; 79.4)* 72.3 (67.2; 81.7)* 71.9 (58.2; 80.1)*
CVP, mm H,0 1 18.5 (15.8; 36.8) 428 (19.3; 61.7)** 848 (754, 97.6)* 85.3 (76.7; 98.2)
2 20.2 (17.8; 38.4) 444 (20.4; 67.4)**  55.2 (46.1; 67.4)*** 54.1 (42.8; 66.1)*
CT, [/min/m’ 1 2.7 (1.8, 3.5) 39 (2.1; 3.9)* 49 (3.7,5.1)* 39 (3.4; 5.4)**
2 2.8 (1.9;3.7) 3.7 (2.0; 4.1)** 3.9 (2.7;5.2)* 3.8 (2.8;5.1)
SVI, ml/m’ 1 431 (37.2,57.3) 57.2 (47.1; 61.3) 73.8 (64.4; 79.9)* 58.9 (46.8; 67.5)*
2 42.7 (36.4; 56.1) 55.5 (46.4; 69.7)** 59.7 (49.1; 568.4)* 574 (42.7; 57.8)
SVRI, dynesmes’sm?’ 1 21211 24311 3134.3 2025.3
(1915.3; 2465.3) (1994.1; 2818.1)** (2786.3; 3484.1)** (1678.7; 2242.4)**
2 2152.2 1932.9 1941.5 1971.2

(1918.1; 2586.7)

(1749.3; 2217.7)***

(1618.3; 2268.4)*

(1536.2; 212854)

Note. Significant differences at P<0.05: * — between the two groups;
— as compared to the previous stage and between the two groups.

8k ok

are marked with bold type;

** — as compared to the previous stage; versus normal limits

Ipumeuanue. [[ns Taba. 1, 2: Parameters — mokaszareawn; Groups — rpynmnsr;Values of parameters on the stages of the study — sna-

YyeHus nokasaresieil Ha aranax ucciaepoBanus. HR, per/min — YCC, ya/mun; NSBP, mm Hg — CA/l, mm pr. ct.; NMBP — AJ|

L[)’

NDBP — JIA/l; CVP mm H,O — B/, mm Bogs. cT.; CI, |/min/m* — cepaeunsiii numekc, i/mun/m% SVI, ml/m* — urgekc ynapto-
ro o6bema, mar/m% SVRI, dynesm es’sm? — MHIEKC CHCTEMHOTO COCYAMCTOTO COMPOTUBJIEHUS, IH * cM * ¢’ * M. JIOCTOBEpHbBIE Pa3n-

upst ipu p<0,05: * — Mesxay AByMs rpynmamu; **

MIeHWTI0 HOpMe; ***

tamnonasl — 16,8+2,3 mu/kr UaMT, xonmonasr —
94+1,8 ma/xr UnM'T.

Ha 1-m srane nccienosanus nokasartenun CAJL,
Allep., TAT mocToBepHO B 00€UX TPYIIIaxX He PasJjiv-
yascs (Tabu. 1). Hu B ogHOM HaGJmfoieHIM He 3ape-
TUCTPUPOBAJIN HApPYIIEHUN pPUTMa cep/iia WiIn Jie-
npeccun cermenta ST. Ilpm wuccaemoBanun
MoKazaresei eHTPATbHON reMOINHAMUKY BbISBUIIN
camkenne Cl, SVI o ypoBHS HUKHUX TPaHUIT HOP-
MaJTbHBIX 3HAYEHU U IOCTOBEPHBIX PA3IMUNN MEXK-
Ny Tpylnamu He sapeructpuposanu (tabm. 1). Ha-
GJIoIaT TaKyKe JOCTOBEPHO MEHbIee 3HAYeHUe
IIB/I B o6erx rpymiax B CPaBHEHUH ¢ HOPMaIbHBIMU
nokaszarensamu (p<0,05). 3nauenus SVRI B obenx
IPYIIIax JOCTOBEPHO MEKILY c0o0O0il He pasindarch,
U HAXOJIUJIUCH B Npejieiax pehepeHCHbIX 3HAYCHMH.

Ha 2-m arare uccienoBanus B 1-if rpymme 3a-
perucrpuposanu ysenndenne snadenmiit CAJI, A/l
JTA/l B cpaBHEHUU € TIPENIBIAYIIINM 9TAIIOM HUCCIe/0-
BaHWS W TIOKA3aTessIMU 2-1 TPYTIIBI, TIPU 9TOM BO 2-
11 TpyIllle JOCTOBEPHOW Pas3HUIBl IOKasaTesen
CAI,Allcp., A/l mexxny 1-m m 2-M aTarom ucciie-
posanuii He Borasuau (tabs. 1). Kpome toro, Bo 2-it
IpyTITie 3aperuCTPUPOBAIN JIOCTOBEPHOE CHUKECHUE
YCC B cpaBHEHNU € TIPEBILYIIINM 3TAITOM MCCIIE/0-
BaHUs ¥ ¢ nmokazareiasamu 1-it rpymmsr (p<0,05). He
3apEruCcTPUPOBAIIN TAKKe HAPYIIEHUI PUTMA CePIa
nin penpeccun cermenta ST. [Ipu amanmmse mokaza-
TeJiell [EeHTPATbHON TeMOIMHAMUKN OBLT BBISBJIEH

— II0 CpaBHEHUIO C IIPEAbIAYUINM ITAIIOM; JKUPHBIM LL[pl/I(bTOM BbI/I€JIEHO 110 OTHO-
— II0 CpaBHEHUIO C IPEAbIAYIIUM STAaIllOM U MEXKIY ABYMA IPYyTIITaMU.

nificantly between groups and were within reference
limits.

At the second stage of the study, the increase in
NSBP, NMBP, and NDBP values was registered in
Group 1 as compared to the previous stage of the
study and Group 2 parameters; at that, no significant
difference in NSBP, NMBP, and NDBP values in
Group 2 between the 15t and 20d stage of the study
was registered (Table 1). In addition, in Group 2, a
significant reduction in the heart rate was registered
as compared to the previous stage of the study and to
Group 1 parameters (P<0.05). Besides, no rhythm
disorders or ST segment depression were registered
in any observation. The analysis of central hemody-
namic parameters demonstrated a significant
increase in CI, SVI, CVP values in both groups as
compared to the 15t stage of the study (Table 1). In
addition, increased SVRI values were registered in
Group 1 as compared to the previous stage of the
study. On the contrary, in Group 2, a significant
reduction in the SVRI values was registered as com-
pared to the previous stage of the study and Group 1
values (P<0.05).

At the third stage of the study, in Group 1 the
growth in NSBP, NMBP, and NDBP values continued
as compared to the previous stage of the study and
Group 2 values (P<0.05); at that, 1 case of ST depres-
sion in two leads and 3 cases of single supraventricular
extrasystole were registered. In Group 2, no signifi-
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nocrosepubiii poct suavenuit CI, SVI, IIB/I Bo o6e-
UX IPyNIax B CPaBHEHUU C 1-M 3TaroM mccienoBa-
Hust (Tabu. 1), poct SVRI B 1-ii rpymiie B cpaBHEHUN
C TIPEIBIYTIAM 3TATIOM HccaeoBanus. Bo 2-ii Tpy1-
e — 7ocToBepHOe cHuKeHne 3HaveHns SVRI, kak B
CPaBHEHWW C TIPEABIYIIUM HTAIOM WCCIE[OBAHMS,
Tak U B cpaBHern ¢ 1-it rpymmnoit (p<0,05).

Ha 3-m arane nccienoBanug B 1-#1 rpytiie mpo-
nomxnicsa poct snadenmit CAJL, AL, IAL, 9YCC B
CPaBHEHWHW C MPEbIIYTUM HTAIIOM MCCJIeI0BAHUS 1
suavenusmMu 2-ii rpymmnet (p<0,05), mpu aTOM 3ape-
TUCTPUPOBaAJIH OAUH HHIIHAEHT fHenpeccun ST Goliee,
4YeM B JIBYX OTBEJEHUSX, U TPU WHITUIEHTA eJMHIY-
HOW Ha/KeJyJ0YKOBOH 3KcTpacuctonmmn. Bo 2-i
rpyTe JOCTOBEPHONM pasHunbl nmokasarenein A/l
JAL, YCC mexmy 2-M 1 3-M 2TAroM uccyae0BaHni
He BbIABUIM (Tabu. 1), HU B OHOM HaOJIOJIEHIN He
3apETUCTPUPOBATN HAPYIIEHWEH PUTMa CEpAIa WJIH
nenpeccun cermenTta ST. IIpu ananuse nokasateseit
MEHTPAIBLHON TEeMOJIMHAMWKN BBISIBUJIN JOCTOBEP-
weiii poct 3uavenunii CI, SVI, SVRI, IIB/l B 1-i
IpyTIIie B CPABHEHUN € TIPEBIAYIIIM 9TAIIOM HCCie-
JIOBaHUsI W TOKazaTeqsiMu 2-i rpymmbl (tabi. 1),
npudeM 3uadenus CI, SVI, SVRI 6bLiu 10CcTOBEPHO
BBIIIE BEPXHUX 3HAYEHWH pedepeHCHBIX ToKasaTe-
seit (p<0,05). Bo 2-ii rpymiie ObLI BBISBJIEH JOCTO-
BepHbIil poct IIB/] B cpaBHenun co 2-m aramowm, 110-
crtoBepHOl pasuutlsl nmokaszatenein CI, SVI, SVRI B
CPaBHEHUU C TIPEABIIYITUM HTATIOM HE BBISBUJIN
(tabm. 1).

Ha 4-m arare ncciegoBanust B 1-if rpyrmie oT-
metrn nocroseprnoe cukenne CAJL, AL, JA/L
YCC B cpaBHeHNY € 3-M 3TANIOM UCCJIEOBAHNS, TIPU
stom snavennsa CA/l, A/l,, TAl, HCC ocraBammch
JIOCTOBEPHO BbIIe, YeM Bo 2-if Tpytie (p<0,05). Bo
2-11 rpymnie AOCTOBEPHOW pasHUIBI TMOKasaTesein
CAL, AL, IAJl, YCC B cpaBHEHNU C TIPENBITY-
[IMM 9TAlOM KMCCIeA0Banuii He BbisiBuaun (tabm. 1),
HU B OJHOM HaGJIFOJIEHII HE PErMCTPUPOBAIM HAPY-
IMeHni puTMa cep/ia nian gernpeccun cermenta ST.
[Tpu amanuse mokazaTesielt EHTPATBHON reMOINHA-
MUKW BBISIBUJIM [IOCTOBEPHOE CHIKEHUE 3HAYEHUI
CI, SVI, SVRI B 1-ii rpymirie B cpaBHEHUHA ¢ 3-M 3Ta-
oM uccaegosanus (tabu. 1) (p<0,05), Bo 2-it rpym-
me mocTtoBepHOU pasuursl mokasateneit CI, SVI,
SVRI B cpaBuenuu ¢ IpeiblLyIIUM 9TallOM He Bbl-
saBuy. Bo 2-i1 rpymme BBIIBUJIN TOCTOBEPHBIN pOCT
[IB/I B cpaBHEHWH CO 2-M 3TAIlOM, HO ITPUA 2TOM 3Ha-
yenue ITB/I Bo 2-if rpymiie OBLIO JOCTOBEPHO HUIKE,
yeM B 1-if rpyiie.

[Tosydyennble HaMU PE3YJIBTATBI UCCIETOBAHUS
CBUJIETETHCTBYIOT O TOM, YTO COYETAHNUE MUY PATHHOM
AQHAJIbTE3WH POMTMBAKAMHOM C HI3KOIIOTOYHON MHTAJIS -
mn geciiopata obecriednBaoT 6ojiee cTabUIIbHbIE
[apaMeTpbl IIEHTPAIBHOI TeMOIMHAMUKH, YeM KOMOH-
HUPOBAaHHAS aHECTe3WsT Ha OCHOBE JiechIIIopaHa.

[Tpwm nccnenoBanny napaMeTpoB Ta30B KPOBU U
KOC Ha ucxozxtom ataie (tabi. 2) B 06enx rpymiax

cant difference in NSBP, NMBP, NDBP, and HR were
registered between the 20d and 31d stages of the study
(Table 1). No rhythm disorders or ST segment depres-
sion were registered in any observation. The analysis
of central hemodynamics revealed a significant
growth in CI, SVI, SRVI, CVP values in Group 1 as
compared to the previous stage of research and Group
2 values (Table 1). At that, CI, SVI, and SVRI values
were significantly higher the upper reference limits
(P<0.05). In Group 2, there was a significant CVP rise
as compared to the 20d stage. No significant difference
in CI, SVI, and SVRI values was found as compared to
the previous stage (Table 1).

At the fourth stage of the study, in Group 1,
there was a significant drop of NSBP, NMBP, NDBP,
and HR as compared to the 31 stage. At that, the
NSBP, NMBP, NDBP, and HR values remained sig-
nificantly higher than those in Group 2 (P< 0.05). In
Group 2, no significant difference in NSBP, NMBP,
NDBP, and HR values was found as compared to the
previous phase of the study (Table 1). No rhythm
disorders or ST segment depression were found in
any observation. The analysis of central hemody-
namic parameters also demonstrated a significant
reduction in CI, SVI, and SVRI values in Group 1 as
compared to the 374 stage of the study (Table 1). In
Group 2, no significant difference in CI, SVI, and
SRVI values were found as compared to the previous
stage (P<0.05). In Group 2, there was a significant
growth in CVP values as compared to the 2nd stage;
but at that, the CVP value in Group was significant-
ly lower than that in Group 1. No significant differ-
ence in CI, SVI, SVRI values was registered in
Group 2 as compared to the previous stage of the
study (Table 1).

Thus, the obtained results indicate that the
combination of ropivacaine-containing epidural
analgesia with a low-flow inhalation of desflurane
provide more stable parameters of central hemody-
namics, than the desflurane-based combined anes-
thesia. This fact indirectly confirms a better anes-
thetic protection of the combined technique.

The study of baseline gas homeostasis and ABB
parameters (Table 2) in both groups demonstrated a
significant reduction in the PaO, level and an
increase in the PaCQO, level as compared to normal
values (P<0.05). Lactate, pH, BE, and HCO,, levels
were within reference values at the 15t stage and did
not differ significantly.

At the 2nd stage, there was a PaO, level rise in
both groups; at that, in Group 2, it was significantly
higher as compared to Group 1 values (P<0.05).
Elevation of PaCO, levels in Group 1 continued as
compared to the previous stage of the study. In
Group 2, hypercapnia persisted; however, no signifi-
cant differences in PaCO, levels were found as com-
pared to the 15t stage of the study (Table 2). Lactate,
pH, HCO,, and BE concentrations did not differed
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Ta6suua 2. CpaBHHUTEIbHAS XaPAKTEPUCTUKA HHTPaonepanuoHHbix napamerpoB KOC u razoB KpoBu MeKIy rpyn-

mamu (Me (LQ;UQ).

Table 2. Comparative characteristics of intraoperative parameters of ABB and blood gases between groups (Me

(LQ; UQ).
Parameters Groups Values of parameters on the stages of the study
{st 9ond 3rd 4th
PaO,, mm Hg 1 82.1 (75.4; 85.3) 89.2 (87.5;94.1)** 91.5 (88.7; 95.2) 92.1 (89.3; 95.8)
2 82.9 (78.5;86.4)  94.7 (92.5; 99.3)*** 98.1 (95.9; 99.4)* 98.3 (96.2; 100.2)*
PaCO,, mm Iig 1 51.3 (48.5;57.5) 577 (51.2; 61.3)"  64.1(56.7; 67.4)"*  64.9 (57.5; 69.5)
2 52.4 (58.1; 58.2) 52.3 (48.1; 57.5)* 51.9 (47.5; 57.2)* 49.7 (44.1; 53.2)*
Lactate, mmol,/1 1 13(08; 1.5) 14 (0.9; 1.8) 16(0.7;2.1) 15 (0.6, 1.9)
2 1.4 (0.9; 1.6) 1.3 (0.8; 1.7) 1.4 (0.9; 1.9) 1.3 (0.8; 1.5)
pHl 1 7.35 (1.32; T42) 7.34 (7.30; 7.39) 7.22 (7.11;7.36)**  7.26 (7.12; 7.40)
2 7.36 (7.33; 7.41) 7.35 (7.31;7.38) 7.34 (7.30; 7.39)* 7.35 (7.32; 7.39)*
BE, mmol/] 1 12(-16,12) 13(-1.9; 1.6) 18 (16, 1.6)* 19 (-2.2,0.8)
2 13 (-1.7; 1.1) 1.2 (-2.1; 1.3) 1.3 (-1.3; 1.3)* 1.2 (-1.9; 1.0)*
HCO,, mmol/1 1 234 (20.5; 25.1) 259 (24.2; 27.8) 26.1(23.1; 29.5) 5.8 (22.7; 28.1)
2 24.1 (21.6; 27.3) 23.8 (20.1; 26.4) 24.5 (21.8; 26.1) 24.3(21.2;27.1)

Note. Significant differences at P<0.05: * — between the two groups; ** — as compared to the previous stage; versus normal limits

8k ok

are marked with bold type;

MEXAY ABYMS I'pyIITaMu.

3apernucTpupoBaIn N0cToBepHOe cHuKeHne PaO, n
yBenmuenne PaCO, B cpaBHeHWN € HOPMaJbHBIMU
sHaueHnsamu (p<0,05). KoHieHTparms JakTata u 3Ha-
yennst pH, BE, HCO, na 1-M atane ucciegoBanns Ha-
XOUJINCH B TIpefiesiax pehepeHCHBIX 3HAUeHNT.

Ha 2-m aTarne nccieoBanust HabJItoaam poct
sHaueHuit PaO, B o6eux rpymmnax, npuyeM BO 2-ii
rpyIie oH OB JOCTOBEPHO BBIIIE B CPABHEHUU CO
suavenussmu 1-it rpymms (p<0,05). Hapocio PaCO,
B 1-¥ TpyIIie B CpaBHEHUU C MPEIBIAYITIM 9TAIOM
WCCIe/IOBAHNS, BO 2-11 TPYIINIe TaKyKe COXPaHsIach
TUTIEPKAITHUS, HO IOCTOBEPHBIX PA3JINIUil 3HAYEHUI
PaCO, B cpaBHeHn™ ¢ 1-M aTaioM MccaeOBaHUS He
BoistBN (Tabsr. 2). KoHlleHTpalus JakTaTa, 3Haue-
wusg pH, BE, HCO, na 2-m arare ncciegoBanus j1o-
CTOBEPHO MeK/y TPyTTamMu u ¢ 1-M aTarmom uccieso-
BaHWS HE PA3/INYaIICh.

Ha 3-m aTame uccseoBanus OTMETHIN POCT
PaO, Bo 2-i1 rpynme B cpaBHEHUW C TPEABILY M
sranom (tabu. 2). Ipogomskuics poct PaCO, B 1-ii
IpyIlie B CPaBHEHWW C MPEABIAYIIAM HTANIOM HC-
caenoBanug. Kpome TOoro, OTMETHIIN I0CTOBEPHOE
cHmxeHne 3Havennii pH B 1-11 rpymine B cpaBHeHUN
C MPEBIYIIAM HTATIOM U CO 3HAUEHUSIMU 2-1i TPYTI-
el (p<0,05).

Ha 4-m ararne B 06eunx rpyimax mnocJje gecydd-
JISINA HE PETUCTPUPOBAJIN JIAJTbHENIIETO pocTa T'-
nepkanuuu (tabu. 2). He pasnnyanocs PaO, B cpas-
HEHUW C TIPEABIIYIIUMHU ATallaMU UCCIeI0BaHUS,
pu aToM PaO, Bo 2-ii rpyrie ObLT JOCTOBEPHO BbI-
e, ueM B 1-11 rpymie, a PaCO, — noctoBepHO HIKe
(p<0,05). OT™Mernau JTOCTOBEPHO MeHbIee 3HaYe-
nue pH B 1-if rpynme B cpaBHeHUY cO 2-i1 TPYIIION.

Takum 06pasoM, MOAU(DUIIMPOBAHHBIA PEKIM
N BJI obecrieunBaJt Iy dliiiie MapaMeTpbl Fa30BOTO CO-

— as compared to the previous stage and between the two groups.
ITpumeuanue. Lactate mmol/l — naxrat, mmous /1. JloctoBepHbie pasanuus npu p<0,05: * — Mex Iy ABYMS FPYTIIAMIE;
HEHUIO € IPEBLAYIIUM 9TAIIOM; KUPHBIM HIPUGDTOM BbIIEAEHO [0 OTHOLIEHUIO HOPME;

** — 110 cpaB-

##¥ — 110 CPABHEHUIO C MPELIIYIUM ITAOM U

significantly; there was also no significant difference
with the 15¢ stage of the study.

At the 34 stage, there was also an elevation of
the PaO, level in Group 2 as compared to the previ-
ous stage; in Group 1, there was no significant differ-
ence in PaQ, levels (Table 2). The elevation of the
PaCO, level in Group 1 continued as compared to
the previous stage of the study; in Group 2, no sig-
nificant differences in PaCO, levels were registered.
In addition, there was also a significant reduction in
the pH concentration in Group 1 as compared to the
previous stage and Group 2 values (P<0.05). No sig-
nificant differences in the lactate, HCO,, and BE lev-
els were found as compared to the 2nd stage of the
study and between groups.

At the 4th stage, after desufflation, no further
elevation of hypercapnia was recorded in both
groups (Table 2). PaO, levels did not differ signifi-
cantly as compared to the earlier stages of study; at
that, the level of PaO, in Group 2 was significantly
higher than in Group 1, and the level of PaSO, was
significantly lower (P<0.05). The pH concentration
was also significantly lower in Group 1 as compared
to Group 2; no significant differences with the data
acquired from the previous stage of the study were
found. The analysis of lactate, HCO, and BE para-
meters demonstrated no difference between groups
and stages of the study.

Therefore, a modified MV mode provided bet-
ter blood gas composition, ABB, and tissue perfusion
parameters than the routine ventilation mode.

At the initial stage of the study, after the
induction of anesthesia and before pneumoperi-
toneum, the key central and peripheral hemody-
namic parameters in the patients of both groups did
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craBa kpoBu, KOC u TKaHeBoii mepdy3nn, yeM Tpa-
JIUITUOHHBIN BAaDUAHT BEHTUJISAIINN JIETKUX.

Ha navasbHOM aTane uccieloBaHus MocJie WH-
NYKIIUW B aHECTE3UIO W JI0 HAJOKEHUs TTHEMOTIEPH-
TOHEyMa OCHOBHbBIE TTOKa3aTeJ TIeHTPAJIbHON U Tie-
pudepruecKoil TeMOINHAMUKHN Y TAIUEHTOB 00enX
IPYTIIT CTATUCTUYECKH IOCTOBEPHO He Pa3INJIafCh 1
HaXOJUJIUCh B Tpejiesiax HOPMAJbHBIX 3HAYCHUI.
Huskue snauenust [IB/] B 06enx rpyImmnax BEpOSITHO
CBSI3aHBI C WCXOJHOW THUIIOBOJIEMUEH, TOoKa3aTesn
CI, SVI Ha ypoBHe HWXHUX TPaHUIl HOPMAJTbHBIX
3HaueHWl 00YCJIOBJIEHBI COUYETAHUEM HCXOIHOM TH-
MTOBOJIEMUHN M MeINKaMEHTO3HOH Jieripeccueii TeMo-
JMMHAMUKHY TIOCJIe UHAYKITUU B aHecTe3uio. [Iporpec-
cupytomuii poct smavennit CAJI, AL, TAJL, UCC,
SVRI B 1-i1 rpymie Ha TTOC/IEAYIONINX ATANaX UCCIe-
HIoBaHUsT 00ycJIOBJIeH codyetaHueM ad(eKTUBHON
HMITYJIbCAIIUIH ¢ 6apOPEIENTOPOB GPIOIINHBI, POCTOM
BHYyTpuOpromHoro Aasierus [13]. Bo 2-it rpyrie 3a
cuer 3(GOEKTUBHON BereTaTuBHON GJIOKaAbl U MOJ-
HOIIEHHOTO aHaJbreTudeckoro apdekrta Ha ¢oHe
MIPOJIIEHHON MH(MY3UU POIMBAKAUHA B SMH/yPalTh-
HOE ITPOCTPAHCTBO COXPAHSINCH CTaOUJIbHbIE TTOKA-
sateqm CA/L, A/l,, TA/1 9CC, SVRI na Beex aramax
nccrenoBanus (Tabi. 1, 2) [14]. Ilosbimenne 3Have-
uuii ITB/I, CI, SVI B o6eux rpyiimax Ha 2-M aTarie uc-
CTIEIOBAHWS CBSI3aHO ¢ KOPPUTUPYIONTNM BJIUSTHUEM
undysnonnoit tepanuu. Ha 3-m stame 3HaueHUs
OB/, CI, SVI Bo 2-ii rpymiie coOXpaHUJINCH HA TIPEXK-
HEeM YpOBHe, a B 1-i TpyTime mpoaosKaid yBeandn-
BaThCsI, BEPOSITHO, 32 CYET HEJIOCTATOYHOW aHECTe3 -
osormueckoir 3amuTel [15]. Ha saximounresbHoM
aTare uccaenoBanus cHmKeHne 3Hadennin CA/JI,
AL, AALl, HCC, SVRI, CI, SVI B 1-ii rpynme cBa-
3aHHO ¢ gecybdusimein CO, u3 OPIOLIHOI MOJIOCTH,
nosbineHHoe 3Hauenne [[B/l, BeposTHo, cBsI3aHO C
COXPAHSIONIUMUCS «CABUTAMU» TIOKa3aTesell ra3o-
BOTO cOCTaBa KPOBHU Ha (hOHE TPAMUITNOHHOTO PEKH-
ma UBJI (tabur. 2) [16]. Ha 4-M aTale uccieqoBaHist
nocsie gecybdsiun 3navenus CA/l, A, JAJL
SVRI, CI, SVI Bo 2-i1 rpymiie uMenn cXoxXuili ypo-
BEHb C MIOKA3aTeJISIMU TTPEBIYIINX ATATIOB UCCIIE/10-
BaHWs, YTO TOBOPUT 00 OTCYTCTBUU HEraTHBHOTO
BIMSTHUST Mo uInpoBaHHbIX mapametpoB M BJI Ha
HEHTPAIBHYIO0 TEMOJIMHAMUKY. Borbilioe 3HaUeHne B
obecrieueHny cTabUIIBHBIX MOKaszaTesell mepudepu-
YeCKOH W TeHTPAJbHONH TeMOJUHAMUKU CHITPAJIO
MIPUMEHEHNEe BBICOKOW TPYAHON MUY PaTbHOM aHa-
JITE3UH, KOTOpasi BbI3bIBast 9 MEKTUBHYIO OJIOKaLy
CUMITATUYECKOTO CTBOJIA, CIIOCOOCTBYET YIIyUIICHIIO
KOPOHAPHOTO KPOBOTOKA M YCHJIEHUIO COKPATUTETh-
Holl hyHKImu Muokapza [17, 18].

BrorsiBiienHast yMepeHHasi TUTIOKCEMUS W TUTIEP-
KallHKs Ha MCXOAHOM 3Talle MCCIeA0BaHUS B 00enX
IpyIIax cBs3aHa HEMOCPEACTBEHHO € aHATOMO-
(byHKITMOHAIbHBIMA M3MEHEHUSIMU PECTTUPATOPHOI
cucTeMbl y GOJIBHBIX ¢ MOPOUMIHBIM Oskuperrem. Ha
2-M aTare uccega0BaHus B 06erx rpyiiax ObLI 3ape-

not differ significantly and were within the normal
limits. Low CVP values in both groups were proba-
bly associated with the baseline hypovolemia; CI
and SVT values at the level of lower normal limits
were associated with a combination of the baseline
hypovolemia and drug-induced depression of hemo-
dynamics after the induction of anesthesia. The
progressing elevation of NSBP, NMBP, NDBP, HR,
and SVRI values in Group 1 at subsequent stages of
the study was caused by a combination of affective
impulses from peritoneal baroreceptors and
increased intra-abdominal pressure, [13]. as com-
pared to Group 2, where stable NSBP, NMBP,
NDBP, HR, and SVRI retained at all stages of the
study due to an effective autonomic blockade and a
full analgesic effect on the background of prolonged
infusion of ropivacaine into the epidural cavity [14]
(Tables 1, 2). Increased values of CVP, CI, SVI in
both groups at the 2nd stage of the study were asso-
ciated with a corrective effect of the infusion thera-
py; at the 31 stage, CVP, CI, and SVI in Group 2
remained at the same level; in Group 1, they con-
tinued to increase, probably, due to the insufficient
anesthetic support [15]. At the final stage of the
study, decreased values NSBP, NMBP, NDBP, HR,
SVRI, CI, SVI in Group 1 were related to CO,
desufflation from the abdominal cavity; at that, ele-
vated CVP values persisted, perhaps, due to contin-
uing shifts of gas homeostasis parameters on the
background of a routine MV mode (Table 2) [16].
At the 4th stage of the study, after desufflation,
NSBP, NMBP, NDBP, HR, SVRI, CI, and SVI val-
ues in Group 2 were similar to those during the pre-
vious stages of the study, thus indicating that there
was no negative effect of modified MV parameters
on the central hemodynamics. High thoracic
epidural anesthesia, which causes an effective
blockade of the sympathetic trunk, improves the
coronary blood flow and enhances the myocardial
contractile ability, significantly contributes to
maintaining the stable central and peripheral hemo-
dynamic parameters [17, 18].

Moderate baseline hypoxemia and hypercapnia
in both groups were directly related to anatomic and
functional changes in the respiratory system of
patients with morbid obesity. At the 2nd stage of the
study, elevation of pO, associated with increased
alveolar ventilation (MValv) and functional residual
capacity of lungs (FRC) resulting from the use of
PEEP and inversion of the respiratory cycle was reg-
istered [19]

Continued elevation of hypercapnia in Group 1
at the 31d stage of the study was probably associated
with the lack of its elimination, while in Group 2, the
efficiency of elimination of CO, improved as a result
of a gradual increase in the respiratory rate (RR) and
mediated respiratory minute volume (RMV), thus
suppressing elevation of the pCO, level in Group 2.
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ructpupoBal poct pO,, CBS3aHHBINA yBeJIUYECHUEM
asbBeosisipoil Bertmisiuu (MValv) u dyskimo-
HaJbHOI ocTaTouHOi emkocTH Jerknx (DOE) B pe-
gymasrate npuMmenenust [IJIKB m mHBepcun mpixa-
TespHOTO TTMKJa [19].

[Iponomxkarommutics poct pCO, Ha 3-M 3Tare
uccaenoBanus B 1-it TpyIie cBsi3aH, BEPOSITHO, ¢ He-
JIOCTATOYHON HIIMMWHAIIMEN YTJIEKUCIOTBI, B TO Bpe-
Msl Kak BO 2-i1 rpylIiiie B pe3yJibTaTe IIJIaBHOIO yBeJIt-
yeHnst 4dactoTel abixanus (Y/1) m, omocpemoBaHo,
MUHYTHOTO O6beMa abixanus (MO/) yuaydimiaack
smuvuHanusg CO,, UTO MPUBEJIO OTPAaHUIEHUTO POCTa
pCO, Bo 2-ii rpymme. Poct pCO, crocobeTBoBaX
Pa3BUTHIO HAYATHHBIX TIPOSIBIEHUI PECTTUPATOPHOTO
anuio3a B 1-ii rpymie ¢ OCTOBEPHBIM CHIKEHUEM
snadennii pH (tabu. 2). JloctoBepHbIil pOCT OKCUre-
HaIlM KPOBU BO 2-i TPyIIe MPU HCHOJb30BAHUN
MOJIUDUITUPOBAHHOTO PEKMMA BEHTHJISIUU HA 2-M
JTare UCCJAE0BAHNUS CBI3aH C YBEJNIEHUEM AJIbBEO-
gspHoit BenTwisiimn MValv, @OE B pesyibrate
cryrenyaroro nosslienus yposusa [IJIKB, a Takxe ¢
WHBepcHeil aprxaTeabHoro ukia [20].

Ha 4-m arane nocie mecyddasamnuu B obenx
rpynmnax ganpHeiero pocra pCO, He 3aperucTpu-
POBAHO, YTO CBSI3aHO C IpeKpalieHreM abcopOIuu
CO, 13 GPIOIIHOM MOJIOCTH, HO IIPU 9TOM KOHIIEHTPa-
nust pCO, ocraBajach Bbile peePeHCHBIX 3HaYe-
HUii, 0COOEHHO Y MAIMEHTOB 1-i IPYIIIBI, YTO CBS3a-
HO ¢ pauTenbHol sanumuHalneit CO, 13 cuCTeMHOTO
kpoBotoka. Ilo aToil ke npuunne y nanuenTos 1-ii
TPYIIIBl COXPAHSINCH SIBJIEHUS PECTTUPATOPHOTO
anuaosa [21]. OrcyrerBue pasinyuil B KOHIIEHTpa-
i Jtakrata, sHauernii HCOs, BE B 00enx rpymax
Ha BCEX Talax MCCJAeI0BaHUS B CPAaBHEHUU C HOP-
MaJIbHBIMI 3HAYEHUSIME, WCKJIIOYaeT MeTaboIndec-
KUl KOMITOHEHT alu03a.

3akjaoyeHue

1. I'pynHas ammaypasnbHas aHATbre3Ws HUBe-
JUPyeT HeraTuBHOE BIMSAHUE HeGIATOMPUSITHBIX
(hbakTOPOB, IPUCYIMNX SHIOBUIEOCKOIIMIECKIM TeX-
HOJIOTHSIM, Ha TeMOJNHAMUKY ¥ OOTBHBIX ¢ MOPOHUI-
HBIM OKMPEHUEM.

2. Ipynnas snuaypasibHas aHaable3usl B coue-
TaHUW € HU3KOIIOTOYHOU MHrasisiiueil jgecdropana
obecriedrBaeT CTAOUIBHYI0 WHTPAOTIEPATHOHHYIO
IEHTPAJIBPHYI0 M TIepu(epniecKyo TeMOANHAMHUKY
pu Beicokux iudpax IIKB, B ycioBusax kapOoKcu-
mepuToOHeyMa, Ha (hoHe BHYTPUOPIONTHON TUIepTeH-
3, U JIyUIIyI0 aHECTe3NOJOTHYECKYIO 3aIINUTY, IeM
M30/IMPOBaHHAS aHECTe3WsI Ha OCHOBe JiecriopaHa.

Jlurepartypa

1. Finucane M.M., Stevens G.A., Cowan M,J., Danaei G., Lin J.K., Paciorek
C.J., Singh G.M., Gutierrez H.R., Lu Y., Bahalim A.N., Farzadfar F., Riley
L.M., Ezzati M.; Global Burden of Metabolic Risk Factors of Chronic
Diseases Collaborating Group (Body Mass Index). National, regional,
and global trends in body-mass index since 1980: systematic analysis of
health examination surveys and epidemiological studies with 960
country-years and 9.1 million participants. Lancet. 2011; 377 (9765):

At that, the pCO, elevation contributed to the devel-
opment of initial symptoms of respiratory acidosis in
Group 1 with a significant decrease in the pH con-
centration (Table 2). A significant growth of oxy-
genation in Group 2 using the modified ventilation
mode at the 20d stage of the study is associated with
increased alveolar ventilation, MValv, FRC as a
result of a stepwise elevation of the PEEP level and
the inversion of the respiratory cycle [20].

At the 4th stage, after desufflation, no further
growth of hypercapnia was registered in both groups
that was associated with the cessation of CO,
absorption from the abdominal cavity; however, the
concentration of pCO, remained above the reference
limits especially in patients of Group 1, in which it
was associated with prolonged elimination of CO,
from the systemic blood flow. For the same reason, in
patients of Group 1 manifestations of respiratory aci-
dosis persisted in the form of decreased pH concen-
trations [21]. The absence of differences in the con-
centrations of lactate, HCO; and BE between the
groups at all stages of the study as compared to the
limits rules out the metabolic component of acidosis.

Conclusion

1. Thoracic epidural analgesia provides a par-
tial blockade of the sympathetic trunk, thus elimi-
nating the adverse effect of unfavorable factors asso-
ciated with endovideoscopic technologies on
hemodynamics of patients with morbid obesity.

2. A better anesthetic protection was achieved
by the thoracic epidural analgesia combined with a
low-flow inhalation desflurane provides a stable cen-
tral and peripheral hemodynamics at a high PEEP
level during pneumoperitoneum with underlying
intraabdominal hypertension as compared to the
desflurane-based isolated anesthesia.

3. Being a part of anesthetic support of
bariatric surgeries, the modified MV mode provided
optimal blood gas composition and ABB parameters
during pneumoperitoneum as compared to conven-
tional ventilation settings.

3. Momudurnuposannbiii peskum MBJI, kak
KOMITOHEHT aHeCTEe3MO0JIOTNIECKOro obecreyenns Oa-
PHATPUYECKUX OTepaliii, 06ecedrt JydIine moKa-
3aTesn ra3oBoro coctaBa KpoBu 1 KOC B ycimoBusax
KapOOKCHUIIEPUTOHEYMa, YeM TPaAUIIMOHHBIE Iapa-
METPbI BEHTHUJISIIAMN.
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Pathogenetic Factors Contributing to the Development
of Delayed Complications of Acute Destructive Pancreatitis

Anton V. Ershov, Vladimir T. Dolgikh, Olga V. Korpacheva,
Vladimir V. Rusakov, Nikolay N. Nikolaev, Sergey V. Palianov

Omsk State Medical University, Ministry of Healthcare of Russia,
12 Lenin Str., Omsk 644099, Russia

IMeap — packppITh naToreHeTnyeckue GakTopbl Pa3BUTHS OTNATEHHBIX OCJOKHEHUH BlIepBble BO3HUKIIETO OC-
TPOTO IECTPYKTUBHOTO MAaHKPEATUTA.

Marepuax u Metozpl. [IpoBesn KoMIieKcHOe 06c/IeIoBatNe, JiedeHne 1 5-ietHee HaboeHe 83-X manueH-
TOB, TIEPEHECIINX BIIEPBbIE IIPUCTYII OCTPOTO eCTPYKTUBHOTO ITAHKpeaTHTa. KOHTPOJIBHBIMY dTAallaM1 HCCJIe/[0Ba-
HIST BBIOPAJIN JIeHb MOCTYIIIEHUST TAIHEHTa B CTAIIMOHAP, 24 Jaca OT HauaJa MHTEHCHBHOI TePAITiH, a TaKXKe 3-1
u 5-e cyTku. [ToBTOPHO NOJIHBIIT 06bEM AMATHOCTUYECKUX MAHUITYJISIIIUI [TPOBOJIMIIN Yepe3 Kaskible 6 MecsiieB co
JTHS TOCTIUTAJIU3AIMN HA TIPOTSDKEHUU S JieT. KOHTPOJIb COCTOSIHUST MAIIMEHTOB OCYIIECTBIISIIIN KasK/blil Mecsiil. B
3aBUCHMOCTH OT JIaJIbHEIIIEH 9BOJIOINN OCTPOro IECTPYKTUBHOTO ITAHKpPeaTHTa HallueHTOB Pas/ie/uin Ha 4 rpyI-
bl B rpymimy I (#=27) BKITIOYMIIN TAIMEHTOB, Y KOTOPBIX OCTPBIN MAHKPEATUT B XO/I€ HAOIIOEHISI 9BOIIOINOHN -
POBAJ ¢ Pa3BUTHEM TICEBIOKUCT MOJIKENYI0UHOI Kee3bl. B rpytmy 11 (7=43) BKIOUNIN MAIMEHTOB ¢ XPOHIYE-
ckuM mankpeatutoM, B rpymiy III (#=8) — maiueHToB, Yy KOTOPBIX B TeUYEHHE MOCTEAYIONNUX 5-U JIeT He
HAOJII0/IAJIU [TATOJOTHYECKUX IIPOIECCOB, CBSI3aHHBIX CO CTPYKTYPHO-(DYHKIIMOHAIbHBIMUA U3MEHEHUSIMU TIOJIKe-
JIZIOYHO KeJie3bl, ¥ B rpyIiy [V (n=5) BKIIIOYNIIN TAIIMEHTOB € TAHKPEATOT€HHBIM CaXapHBIM [HabeTOM.

PesyabraTel. /lokasann poiib ayTOMMMYHHBIX MEXaHU3MOB M JIOKAIM3AIIMK [TATOJOIMYECKOTO oyara B XBOCTE
HOJIKETYIOYHOI JKeJie3bl B Pa3BUTHH TTAHKPEATOTEHHOTO CaXapHOTO Anabeta; poJib MUIOINIAAN BOCIAIUTETEHOTO
mpoliecca B pa3BUTUHU MOCTHEKPOTUYECKUX MCEBOKUCT MOPKEIY0UHOMN JKeIe3bl; 3HAUNMOCTDb IIPUBEP/KEHHOCTH
BpadeOHbIM HA3HAYEHUSIM JIUIsI BEPOSITHOCTH PA3BUTHsI XPOHUYECKOTO TTAHKPeaTHTa Ha (oHe TepeHeceHHoro 06-
HIMPHOTO MMOPAYKEHUS TOJIPKEIYI0YHOM JKeJIe3bl.

3axmoueHue. Ha ocHOBaHWMM PE3YJIbraToOB CTATUCTHYECKOTO aHAJIM3a MHOTOJIETHETO HaOJIIOIEH ST 3a MallHeH-
TaMM yCTAHOBJICHO OTHOIIEHUE TAHCOB 9BOJIIOIIMKM OCTPOTO AHKPEATUTA B 3aBUCHUMOCTH OT €r0 NCXO/IHBIX XapaK-
tepucTtuk. [Ipu aTOM yunTbiBasnch napamMeTpbl XapakTepUCTHK, UCCJAeI0BAHNE U MHTEPIIPETalns KOTOPbIX BO3-
MOJKHBI B II€PBbI€ THU FOCIIUTATU3AIIUH.

Kntouesvie caoea: ocmpoiii 0ecmpykmugHoiil NAHKPEAMuUm; XPOHUUECKUL NAHKPEAmum; noCmHeKpOmuyuecKue
KUCTMbL NOOJNCENYOUHOTL JCCLe3bl; NAHKPEAMOZEHHIL CAXAPHbLIL Ouabem

Purpose. To evaluate pathogenic factors contributing to the development of delayed complications of newly
diagnosed acute destructive pancreatitis (ADP).

Materials and methods. A comprehensive examination, treatment and 5-year follow-up of 83 patients who
underwent the first attack of ADP have been conducted. The day of admission to the hospital, 24 hours from the
beginning of the intensive care, and Days 3 and 5 after the attack were selected as the timepoints of the study.
Complete diagnostic procedures were performed once every six months after hospitalization for five years. The
patients were followed-up every month. Depending on the further progression of ADP, the patients were divided
into four groups. Group I included 27 patients with acute pancreatitis which evolved into pancreatic pseudocysts.
Group 11 (n=43) was comprized of the patients with chronic pancreatitis; group III (n=8) included the patients
who presented no pathological processes associated with structural and functional pancreatic changes over the
next 5 years; and group IV (n=5) included the patients with pancreatogenic diabetes mellitus.

Results. The study confirmed the role of autoimmune mechanisms and abnormal foci localization in pancreas
in the development of pancreatogenic diabetes mellitus, contribution of inflammation to formation of post-necrot-
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ic pancreatic pseudocysts, as well as the significance of the patient compliance for development of chronic pancre-

atitis with extensive pancreatic lesions.

Conclusion. Statistical analysis of the long-term monitoring of patients allowed to set the odds ratio evolution
acute pancreatitis depending on its initial characteristics. At the same time we take into account the parameters
and interpretation of the study which is possible in the first few days hospitalization.

Key words: acute destructive pancreatitis; chronic pancreatitis; post-necrotic pancreatic cysts; pancreatogenic

diabetes
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BBenenue

Y Kaskmoro 4—>5-T0 TMaInneHTa ¢ OCTPBIM TTaHKpe-
aTUTOM pasBuBaeTcs lankpeonexkpos [1—3]. Ilpu
9TOM TIMK 3a00I€BAEMOCTH TTPUXOIUTCS Ha JIUIL aK-
TUBHOTO TPYAOCTIOCOOHOTO BO3PACTA, a JIETATHHOCTD
[P MTAHKPEOHEKPO3e KaK B OTEYECTBEHHBIX, TAK W B
3apyOesKHBIX KANHUKaAX gocturaetr 85% [1, 4]. Cpemn
BBUKUBIINX GOTBHBIX B 73% CIyUaeB BO3HUKAET CTOM-
Kast yrpaTa TpyzaocrnocobHocTH [4, 5]. Bee mepeunc-
JIEHHOE TIPU/IAET JIAHHOU IPobJieMe HEOCTIOPHMYIO Me-
JIMKO-COTMANBHYIO 3HaunMocTh. K HaunGosee gacto
BCTPEYAIOIINMCST OCTIO’KHEHUSIM OCTPOTO TTaHKpeaTH-
Ta, BBI3BIBAIOIIMM BIOCJEACTBUN WHBAJHUIU3AIIIIO
GOJTBHOTO, OTHOCSTCST TICEBAOKICTDI TTOKETYTOTHOI
JKeJIe3bl, MaHKPeaTOTeHHBIH caxapHblii auaber u
TpaHchOopMaIrs ero B XpOHUYECKUT TAHKPEaTHT.

[TceBaOKMCTHI IOKEITY IOUHOM JKeJIe3bl — Hau-
6oJiee pacTipocTpaHeHHOe MECTHOE OCTOKHEHNE OCT-
POro MaHKPeaTHTa, YaCTOTa Pa3BUTUS KOTOPOTO TIPH
necTpyKTUBHBIX (hopmax mocruraer 50—92% [5, 6].
B 81% HabmtofeHnil TICEBAOKICTBI UMEIOT OCJIOK-
HEHHOE TeYeHNe, a JIeTATHHOCTh TPU 9TOM JIOCTHUTAET
12%. Ilpu ux uHGUIMPOBAHUH JIETATHHOCTD YBEJIH-
guBaercst 10 41%. Bo MHOTOM 9TO CBsI3aHO ¢ HENO-
CTaTOYHOU Pa3spabOTaHHOCTBIO METOMOB IPOrHO3M-
pPOBaHWSI PAa3BUTUS JAHHOTO OCJHOKHEHUS W
OTCYTCTBHEM KPHUTEPUEB BHIOOPA TAaKTUKU JICUEHIIS
TakuX OOJIbHBIX. [IPaKTHYECKH Y KaikKOr0 TPETHETO
MaIrueHTa B OTJAAJIEHHOM MEPHOJIe PA3BUBAECTCS TTaH-
KpeaToTeHHbIN caxapHbiil maber [7].

B orsnume oT XpOHWYECKOrO TaHKpeaTuTa
P TAaHKPEOHEKPO3e /10 HACTOSIIET0 BPeMeH! 13-
BECTHBI JIUIIb HEKOTOPbIE (DaKTOPBI, OMpeessio-
e BEPOSTHOCTD JATbHENIIero HapymeHusi 9K30-
1 9HAOKPUHHOHN QYHKITNH MTOKETY/TOTHOM Kee3bl
U Pa3BUTHS TTAaHKPEATUIECKUX W BHETTAHKpeaTnyec-
KIX OCJIOKHEHWIT B OJimsKaiiiieM U OTAaJleHHOM Iie-
puogax sabosieBanus. HensBecreH W UCTUHHBIN
MIPOIIEHT BCTPEYAEMOCTU OTAAJEHHBIX OCIOKHEHUI
OCTPOTO JIECTPYKTUBHOTO TTAHKPEATUTA.

CornacHo JUTEpaTyPHBIM JAHHBIM, HapYIIEHUS
AHIOKPUHHOM (DYHKITIH TIOJKETY IOTHO JKeJIe3bl T10-
cJle TIePEHeCEeHHOTO OCTPOTO BOCTIATIEHWS TIO/IKETy-
JIOYHOM JKeJIe3bI BCTPEYAroTCs B OT/IAIEHHOI ITepCIIeK-
tuBe y 20—80% maruentoB [8—11]. Cromub
CYIIECTBEHHBI pPa3Opoc JaHHBIX PasHbIX ABTOPOB
06yCTOBTIEH HEOXHOPOAHOCTHIO KOTOPTHI OONBHBIX,

Introduction

Each out of 4—5 patients with acute pancreati-
tis develops pancreatic necrosis [1—3]. At the same
time, the peak incidence is registered in the working-
age population, and the mortality rate due to pancre-
atic necrosis reaches 85% both in Russian and for-
eign hospitals [1, 4]. Permanent disability has been
reported for 73% of survivors [4, 5]. The above fac-
tors are of medical and social relevance. The most
frequent complications of acute pancreatitis fol-
lowed by disability of patients include pancreatic
pseudocysts, pancreatogenic diabetes mellitus and
transformation of the latter into chronic pancreatitis.

Pancreatic pseudocysts belong to the most
common complications of acute pancreatitis; their
incidence is about 50—92% in destructive pancreati-
tis [5, 6]. In 81% of cases, pseudocysts demonstrate a
complicated course, and the mortality rate reaches
12%. In case of infected pseudocysts, the mortality
rate increases to 41%. This is largely due to failure of
deployed methods to predict complications and lack
of criteria for the selection of treatment tactics.
Pancreatogenic diabetes develops in almost every
third patient [7].

Unlike chronic pancreatitis, only few factors
determining the probability of further impairment of
exocrine and endocrine pancreatic functions and
development of pancreatic and extrapancreatic com-
plications in early and late periods of the disease are
known for the pancreatic necrosis.

According to published data, disorders of pan-
creatic endocrine function after acute inflammation
of the pancreas are registered in 20—80% of
patients in the delayed period [8—11]. This signifi-
cant variability of data in various studies is
explained by significanr heterogeneity of patient
cohorts. For example, in one study, data on patients
with both complicated and uncomplicated acute
pancreatitis, pancreatitis with various localization
and severity were included in one group; the inci-
dence of the underlying disease had not benn prop-
erly not consideredand contribution of surgical
interventions had not been analyzed. The impact of
the latter on disease outcome seems significant: in
patients with calcification of the pancreas and a his-
tory of extensive pancreatic necrosis various
endocrine dysfunctions are detected on average in
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BKJTIOYEHHBIX B CTATUCTUYECKUIT aHamu3. Tak, Harnpu-
Mep, B OJHOW TPYIITe YUUTBHIBAIOTCS TTOKA3aTeNN Ta-
IIUEHTOB C OCTIOKHEHHBIM U HEOCTIOKHEHHBIM OCTPhIM
MAHKPEATUTOM, C TTAHKPEATUTOM PA3JINIHON JIOKAJH-
3aI[UU U Pa3JIMIHON PACcIPOCTPAHEHHOCTHIO ITPOIIeCca,
HE YYUTBIBAETCS TAK/Ke KPaTHOCTh OCHOBHOT'O 3a00J1e-
BaHUsI, HE TIOJBEPTAIOTCS aHAIU3Y W BBITOJHEHHbIE
XUPYPTrUYECKe BMENIaTeIbCTBA. BJMsSHUE TOJIBKO
nocJiesiHero (hakropa Ha MCX0[ 3a00JieBaHKsT BEChMa
CYIIECTBEHHO: Y OOJIBHBIX € KAJBIIMHO30M MOKETY-
JIOUHOIA KeJIe3bl, IEPEHECHINX OOMIMPHBIN TAaHKPEOHEe-
KpO3, HapylIeHns 3SHIOKPUHHOW (DYHKIIMHM Pa3HOU
CTeTIeH! BBISIBIISTIOTCS B cpefireM B 90% ciyuaes, B TO
BpeMsI KaK y MallMeHTOB, KOTOPHIM Oblila TIPOBEIEHA
TOJIBKO KOHCEpBAaTHMBHAS Tepanus, HeZIOCTAaTOYHOCTD
AH/IOKPUHHON (DYHKIINU B OT/IAJIEHHOM TIepHUojie BO3-
HuKaet He 6osiee ueM B 10% ciydaes [9, 12, 13]. C yue-
TOM M3JI0;KEHHOTO, T1eJIb HACTOSIIIEr0 NCCIEe0OBAHUST —
PACKPBITDH MaToreHeTnyeckue (hakTopbl Pa3BUTHUS OT-
JTAIEHHBIX OCTIOKHEHUH BIIEPBBIE BO3HUKIIIETO OCTPO-
TO ZIECTPYKTUBHOTO MTaHKPeaTuTa.

Marepuan u MeTObI

BbInosinuim OTKPBITOE OJIHOIEHTPOBOE TTPOCIIEKTHB-
HOEe PaH/IOMU3UPOBAHHOE KOHTPOJIMPYEMOE CPaBHUTENb-
HOE KPOCC-CEKI[HOHHOE HMCCJICIOBAHUE, BKIIOUABIIEE KOM-
jieKcHoe 00ciefioBanme, JiedeHue U JUHAMUYECKOE
HabuozieHne 3a 83 HalMeHTaMu, B YUCJIe KOTOPBIX 52 MysK-
qunbl (62,6%) u 31 skenmmna (37,4%) B Bogpacre ot 21 10
53 ner (cpennuii Bospact 33,0£2,9 rozga). OcHoBaHMeM J1Jist
BKJIIOYEHUSI TIAIIMEHTA B MCCIIEI0BATENBCKYIO KOTOPTY ObI-
JIO BO3HUKHOBEHHE TIEPBOTO MPUCTYNA OCTPOTO AECTPYK-
TUBHOTO TTaHKpeaTuTa. Kputepnu BKIIOUEHNS U UCKITIOYe-
HUSI U3 UCCHIeI0OBaHMsl ObLIN PAHKMPOBAHbI HA OCHOBHbIE,
XapaKTepHbIe /7151 BCeX TPYIIL U TOATPYILIL, U I0NOJHUTE b=
Hble, COBIIAJIEHUE 10 KOTOPBIM OBLIO HEOOXOIMMO [IJist
BKJIIOYEHUST TOJIBKO B CTPOTO OIPE/IEIEHHYIO IPYIIILY.

OcCHOBHBIC KPUTEPUH BKJIIOYECHUS: THCHMEHHOE J100-
POBOJIbHOE MH(MDOPMHUPOBAHHOE COTIACHE HA YIACTHE B UC-
cJIeJoBaHNY; BIIEPBbIe Pa3BUBIINIICS IIPUCTYII OCTPOTO Jie-
CTPYKTUBHOI'O IIaHKpeaTuTa; IroCHUTAJIU3allUuA B TEUEHUE
MePBBIX 24 YACOB C MOMEHTA MOSIBJIEHMSI TIEPBBIX CUMIITO-
MOB 3a00JieBaHUs; COOTIONEHNE B TeueHne 5 JieT Bpayed-
HBIX Ha3HAYEHWI 11 OTHOe MHGMOPMUPOBAHIE UCCIIET0BA-
TEJIST O COCTOSTHUY €TO 37I0POBDSI.

OcHOBHbBIE KPUTEPUH UCKTIOUEHUST: OTKA3 MallueHTa
HoznucaTh A00pOBOJIbHOE MH(POPMUPOBAHHOE COIJIACHE;
HEMOHMMAaHUe TIAIMEHTOM 1€ UCCJEeIOBAHUS; BO3PACT
naienTa Metee 20 win 6osiee 53 JieT; HATUYME Y MAIHeH-
Ta MPU3HAKOB XPOHIMYECKOTO MAHKPEATUTa B aHAMHE3E; 10-
OGPOKAYECTBEHHOTO UJIM 3JI0KAY€CTBEHHOTO HOBOOOPa3oBa-
HUI, 6epeMeHHOCTI/I Ha MOMEHT BKJ/IIOUCHUA B
uccje0Banne i ee HaCTyIJieHrue B X0/ie UCCJAeI0BaHuA;
coMaTnyeckux 3aboJieBaHUil ¢ HEOJIArONPUSITHBIM UJIH
6JIarONPUSTHBIM [TPOTHO30M; MTPOTUBOIIOKA3aHUN K IIPHU-
MEHEHUIO, OO U3BECTHAS HEIIEPEHOCUMOCTD IIPENaparos,
IPUMEHSAEMbBIX B UCCAEAOBAHNM, MO0 MPUEM 3arperieH-
HBIX B XOJI€ UCCJIETOBAHUS IMPEMAapaTOB; HAPKOTUIECKAS
n/niam ToKcnveckas (B T. Y. aJIKOTOJIbHAS) 3aBUCUMOCTD,
YCTaHOBJIEHHASI HA OCHOBAHUU AHAMHECTUYECKIX JTAHHBIX,
6O BBISIBJICHHASI HA JIIOOOM 9TaIle UCCIIEI0OBAHNUSL.

90% of cases. However, in patients underwent only
conservative therapy the endocrine dysfunction in
the delayed period occurred not more than in 10%
of cases [8, 11, 12].Thus, the objective of the study
was to determine the pathogenic factors for the
development of delayed complications of primary
acute destructive pancreatitis (ADP).

Materials and Methods

An open, single-center, prospective, randomized, con-
trolled, comparative, cross-sectional study was carried out.
It included a comprehensive examination, treatment and
follow-up of 83 patients, including 52 men (62.6%) and 31
women (37.4%) aged 21 to 53 (median age: 33.0£2.9
years). The first episode of acute destructive pancreatitis
was the inclusion criteria. Inclusion and exclusion criteria
were ranked on the basic criteria, which were typical for all
groups and subgroups, and additional ones, their matching
was necessary to include a patient into a certain group.

Main inclusion criteria included a written voluntary
informed consent to participate in the study; the first
episode of ADP; hospitalization within the first 24 hours
from the onset of first symptoms of the disease; following
medical recommendations over 5 years and presenting the
complete information about the health to the investigator.

Basic exclusion criteria included refusal to sign the
consent; misunderstanding of the objective of the study;
age less than 20 or more than 53 years; signs of chronic
pancreatitis in history; benign or malignant tumors; preg-
nancy at the time of inclusion into the study or during the
study; somatic diseases with unfavorable or favorable
prognosis; contraindications for or known intolerance to
the drugs used in the study, or administration of drugs for-
bidden during the study; drug and/or toxic (including
alcohol) abuse, detected as per anamnesis data, or identi-
fied at any stage of the study.

Participation of a subject who had given his/her writ-
ten informed consent to participate and had been enrolled
in the study could be discontinued at any time, if the inves-
tigator considered the participation of this subject undesir-
able, if the subject refused to continue the study, and if any
exclusion criterion had been developed during the study.

Group I was included 27 patients (16 men and 11
women) diagnosed with severe acute destructive pancre-
atitis at admission, which later evolved into pancreatic
pseudocysts. Group II (n=43) included 27 men and 16
women with severe acute pancreatitis developed into
chronic pancreatitis. In this group, signs of chronic pan-
creatitis have been confirmed by laboratory and instru-
mental tests for five years. Group III (#=8, 6 men and 2
women) consisted of patients, who had no indications of
pathological process related to structural and functional
changes in the pancreas after the first episode of acute
pancreatitis over 5 years. It should be noted that a gall-
stone caused the hypertension in the ductal system and
became an etiological factor of acute pancreatitis in all
patients in this group. No new episodes of pancreatitis
were observed in this group, perhaps, due to cholecystec-
tomy and diet restrictions. Group IV (n=5) consisted of 3
men and 2 women, in whom the episode of acute pancre-
atitis resulted in pancreatogenic diabetes between the sec-
ond and third year of follow-up.
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YyacTue B uccieJoBaHNN JINIA, PaHee BbIPA3UBIIIETrO B
nucbMeHHoi (opme nHOOPMUPOBAHHOE COTJIacue Ha Ta-
KO€ y4acTre U BKJIIOYEHHOTO B BBIOOPKY, MOTJIO OBITH TIpe-
KpaIeHO Ha JII0OOM JTarle: TP PEIICHUH UCCIe0BATEs,
YTO MPOJIOJKEHNE YUACTHS B CCIIEIOBAHU SIBJISIETCS He-
JKeJIaTeJIbHBIM JUUISL JAHHOTO HallleHTa; OTKa3e y4acTHUKA
OT IIPOJIOJIKEHUS YYaCTUsl B UCCJICAOBAHUM; TOSBJICHUN
i yeyry6OJIeHun IIPU3HAKOB, OTHOCUBIINXCSI K KPUTEPU-
SIM MCKJIIOYEHUS.

Ipymma I mpencrasrena 27 nammentamu (16 mMysxann
n 11 )KeHIINMH) ¢ ANATHO30M IIPU TOCTYIIEHUU <OCTPBI
JIeCTPYKTHUBHBIN MAHKPEATUT TSKEJIOH CTelleHNn», KOTOPBIH
B XO/le HaOJOeHNs] 3BOJIIOIUOHUPOBAI C Pa3BUTUEM
MICEBIOKUCT TOJKeTy10unoi xemne3bl. B rpymmy 11 (n=43)
BRJIOUMIN 27 MY>KYUH U 16 JKeHIH, Y KOTOPBIX OCTPBIi
MTAHKPEATUT TSKEJIOH CTeleHN 9BOJIIOIMOHNPOBAJ B XPO-
HUYeCKUH MaHKpeaTuT. B 1anHolT rpynme Ha MPOTSKeHNN
5 JIeT BbIsIBJIsM JTaGOPATOPHBIE U WHCTPYMEHTAJIbHBIE
IIPU3HAKM XPOHUYECKOTO BOCIAJIUTEIBHOTO IIpoliecca B
noyukesyounoit sxesesde. [pynmna 11 (n=8, u3z aux 6 myx-
YUH ¥ 2 JKEHIIUHDI) TIPe/ICTaB/IeHa TTAIMeHTaMH, Y KOTO-
PBIX TI0CJIE BIIEPBbIE IIEPEHECCHHOTO AIU30/[a OCTPOTO T1aH-
KpearuTta B TedeHue TOCHAELyIONuX 5 JeT He HabJIoaIm
IIPU3HAKOB NIATOJIOTMYECKUX IPOLECCOB, TaK WM HHAde
CBA3aHHBIX CO CTPYKTYPHO-(YHKIMOHATIBHBIMU M3MCHE-
HUSAMU TIOJUKEJIYZIOYHO# Kesie3pl. IIpumeuaresen ToT
(haxr, 4yTO Y BCex MaIenToB JaHHO IPYIIIBI THOJIOTHYE-
CKUM (haKTOPOM OCTPOTO IAHKPEATUTA MOCIYKHUJI SKEU-
HBIII KOHKPEMEHT, BBI3BABIIHI THIIEPTEH3UIO B IPOTOKO-
Boll cucteme. BeposiTHO, BcCJeACTBUE BBITOJHEHHON
XOJIEIIUCTIKTOMUN, & TAKKE CTPOTO COOJIONEHUS [IUETHI,
HOBBIX TIPUCTYIIOB TIAHKPEATUTA, PA3BUTUS JAPYTUX OCJIOK-
HeHuii B JaHHOii rpyiie He Habmoganu. [pymnmna IV (n=5)
COCTOsIIIA U3 3-X MY;KYMH U 2-X JKEHIIUH, Y KOTOPBIX 1epe-
HECEHHBII AMU30/] OCTPOTO MAHKPEATUTA TIPUBEJ K Pa3Bu-
THIO MTAHKPEATOTeHHOTO caxapHoro anabeTa B WHTEPBAJe
MEXK/Iy BTOPBIM U TPETHUM TO0M HAOJIIOIEHUSL.

B uccriesoBatie 6b1in BKIIOYEHBI HAIIUEHTBI, Y KOTO-
PBIX IMArHO3 OCTPOrO JAECTPYKTHBHOIO MAaHKpeaTHuTa Ha
MOMEHT TIOCTYIJIEHHS ObLJI YyCTAHOBJEH Ha OCHOBAHUU
KJIUHUYECKUX ¥ JabOPaTOPHBIX JaHHbBIX, PE3yJIbTaTOB
VJILTPa3BYKOBOT'O HCCJIEIOBAHUS, KOMIIBIOTEPHOH TOMO-
rpacdun u ganapockonuu. MudumpoBanHocTh HEKPOTH-
YeCKUX 30H U JKUIKOCTHBIX MaparnaHKpeaTuyecKux obpa-
30BaHMUIl OIEHMBAJM 110 KJIWHUYECKOW KapTHUHE U
pesyJibTaTaM 0aKTepHOJOTHYECKOTO UCCIC0BAHMS CO-
JIePKUMOTO TICEBIOKUCT.

BosibHble HAXOMITMCH HA JICYCHUU B OT/IEJIEHUSIX pea-
HUMAIUU U MHTEHCUBHOW Tepanuu, XUPypruu U rHOMHOM
xupypruv TopoJAcKoil KIMHUYECKOW GONBHUIIBI CKOPOH
MeuiHekoil momoru Ne 1 n Kimanueckoro Meinko-xu-
pypruueckoro nentpa r. Omcka. ITpuynnamu, BbI3BaBIIN-
MU OCTPBIil JIeCTPYKTUBHBII MAaHKPEATUT Y MAIlMEeHTOB,
BKJIIOUEHHBIX B HCCJIEOBAHUE, SBJISJIUCH SKETIYHOKAMEH-
Hast 60JIe3Hb, 3JI0YIIOTPEOIEHNE AJIKOTOJIEM 1 HAPYIIEHUE
muetsl (taby. 1). TsakecTb 06IEro COCTOSTHUSI MAIMEHTOB
Ha MOMEHT TIOCTyTIeHus B cranioHap 1o nkane APACHE
IT B rpymme I cocramsina 24,1+2,2 Ganna, B rpynme 11 —
24,3%2,7 Gamna, B rpynie 111 — 26,7+2 8 6anios, B rpyiine
IV — 23,8+1,6 (p>0,05).

MuHuMaIbHAsL JIJIUTEIBHOCTD HAOIIOIEHNUS COCTABUIIA
5 JieT, MaKkcMasbHast — 9,5 JreT. JTanbl UCCIIeI0BAHUS: MO-
MEHT HOCTYIIJICHH MallleHTa B CTAIlMOHap, 24 yaca oT Hava-
Jla MIHTEHCUBHON Teparuu, 3-u 1 5-e CyTKu npeOblBaHus B

The study included patients, whose diagnosis of acute
destructive pancreatitis was confirmed at admission by
clinical and laboratory data, sonographic, computed
tomography and laparoscopic findings. Infection of necrot-
ic areas and liquid parapancreatic lesions were assessed
based on the clinical manifestations and the results of bac-
teriological study of the pseudocysts content.

Patients were treated in the intensive care unit and in
surgery and contaminated surgery wards of Municipal
Clinical Emergency Hospital No. 1 and Omsk Clinical
Surgical Center. ADP in patients enrolled in the study was
caused by cholelithiasis, alcohol abuse and diet violation
(Table 1). The severity of patients' general state at admis-
sion according to APACHE II Scoring was 24.1£2.2 in
group 1, 24.3£2.7 in group 11, 26.7+2.8 in group III, and
23.8%1.6 in group IV (P>0.05).

The minimum follow-up duration was 5 years; the
maximum follow-up was 9.5 years. The study consisted of
the following stages: the day of admission to the hospital,
24 hours from the beginning of the intensive care, and
Days 3 and 5 of hospitalization. Complete diagnostic pro-
cedures were repeated once every 6 months after hospital-
ization for five years. The patients were followed-up every
month. The period of time upon completion of which the
patient was assigned to one group or another and a deci-
sion was made to exclude the patient from the study was
equal to 5 years from the first day of hospitalization.

The long period between the date of hospitalization
and sampling of biological material (6 months) was associ-
ated with the fact that post-necrotic pancreatic pseudocyst
had the tendency to spontaneous regression in 42% of cases
within 6 weeks after the onset; the regress of pseudocysts
after 7 weeks from the onset was possible only in 8% of cases
[13—15]. The 6-month interval allowed to avoid the regress
of pseudocysts during the examination or immediately
before/after it, therefore, to increase the reliability of the
results. Moreover, since patients with chronic pancreatitis
presented an increase in pro-inflammatory cytokines induc-
ing necrosis and apoptosis even in remission [14—16], this
methodological approach allowed prolonging the study,
without losing the relevance of immunological changes in
the nosological forms under consideration.

The performed studies complied with the ethical stan-
dards of the Institutional Bioethics Committee, designed
in accordance with the World Medical Association
Declaration of Helsinki «Ethical Principles for Medical
Research Involving Human Subjects», as amended in 2000
and «Guidelines for Clinical Practice in the Russian
Federation» approved by Order No. 266 of the Ministry of
Public Health of the Russian Federation as of 19.06.2003.
All study subjects voluntarily signed an informed consent
to take part in the study.

Due to the considerable duration of the study, as well
as peculiarities of the disease, the mortality rate depended
on the underlying disease, comorbidities, and accidents.
During the observation period (5 to 9.5 years), 4 lethal
outcomes were registered in group I (14.8%); 2 patients
(4.4%) with the symptoms of progressing multiple organ
failure died in group II.

In accordance with the study design, clinical (CBC,
urinalysis, coprogram), immunological (the titer of
autoantibodies against B cells of Langerhans islets, B, cell
count and glycated hemoglobin blood level), hemostatic
(D-dimer concentration and antithrombin activity),
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Ta6umua 1. Pacnpeeiienne NagueHTOB ¢ OCTPBIM JI€CTPYKTUBHBIM HAHKPEATUTOM B 3aBHCUMOCTH OT IPUYHHBI.
Table 1. Distribution of patients with acute destructive pancreatitis depending on the cause.

Etiological factor

Number of patients in groups, abs. (%)

1st 2nd 3rd 4th Total
Cholelithiasis 13 (48.2) 22 (52.4) 8 (50.0) 3(60.0) 46 (55.4)
Alcohol abuse 7(25.9) 12(23.8) 0(0) 1(20.0) 20 (24.1)
Diet violations 7(25.9) 9 (238) 0(0) 1(20.0) 17 (20.5)
Overall 27 43 8 5 83

IIpumeuanue. Etiological factor — atuonornueckuii pakrop; Cholelithiasis, abs. — sxenunokamennas 6osesnn, ade.; Alcohol abuse —
3oynorpebaenue ankorosem; Diet violations — mapymenue auers; Overall — Beero; Number of patients and severity of their gener-
al state in groups — KoOMYECTBO GOMBHBIX U TAKECTh UX OOUIETO COCTOSTHUA 1o rpyTam; Total — cymmapHo.

craronape. [1oBTopHbIe [MarHocTH4ecKe HCCaeJOBaHUs B
HOJIHOM 00BeMe BBITIONHSUIN Yepe3 6 MeCsIeB OT TIepBOro
JHS TocnuTanusan. KOHTPOJIb COCTOSIHUSI MAIlMEHTOB
MTPOBOIVIIN KXKBIN MecsIl. BpeMeHHOI Tiepno/, o ucreve-
HUHM KOTOPOTO MaIfeHTa OTHOCUJIM K TOH MJIM WHOM TPyIIIe,
a TaKKe [IPUHUMAJIN PellieHre 00 UCKIIOYEeHNN 13 UCCIIe0-
BaHUST — 3 JIET C MOMEHTA [1ePBOTO JIHS FOCITUTATU3AINN.

Croub cymiecTBeHHbIIT HHTEpBAN 3a00pa GHOJIOTHYEC-
KOTO Marepraja OT MOMeHTa rociuTanusainu (6 Mecsies)
CBSI3aH C TeM (DAKTOM, UTO TIOCTHEKPOTHUYECKIE TICEBIOKHC-
ThI MOJKEJLYIOUHOM JKeJIe3bl CIIOCOOHBI TI0/IBEPraThCst CIIOH-
TaHHOMY perpeccy B 42% cirydaeB B Tedene 6 Heflesb ocse
TIOSIBJICHUS, PETPECC JKe TICEBIOKKCT T10c/Ie 7 He/leslb OT Ha-
vasia 3ab60JIeBaist BeposiTer b B 8% ciydaes [14—16].
IToyromoBoit HHTEPBAT TIO3BOJIAIT M30€KaTh BEPOSITHOCTH
perpecca IMCeBIOKUCT BO BpeMsi 00C/IeIOBaHUSI WU HETIO-
CPEJICTBEHHO JI0/TI0C]IE HETO, CJIC/IOBATEIBHO, TOBBICUTD J10-
CTOBEPHOCTDb Pe3yJibratoB. Bosiee TOro, yuuTbIBas, 4to y
GOJIbHBIX XPOHUYECKIM [AHKPEATUTOM JIa’Ke B [IEPUOJL Pe-
MHUCCHU OTMEYAETCS MHOTOKPATHOE MOBBIIIEHUE YPOBHS
ITPOBOCHIATIUTENbHBIX TIUTOKMHOB, MOTEHIUPYIONINX HEKPO3
U aTonTo3 MaHKpeaTonuToB [15—17], mamnubrii MeTommec-
KMIi TI0/IXO0/] TIO3BOJINJI TIPOJIOHTUPOBATH MCCJICI0BAHNE, HE
Tepsid 1PU 3TOM aKTYaJbHOCTH MMMYHOJIOTHYECKUX U3Me-
HeHWI IPY BBIOPAHHBIX HO30JI0TNYECKIX (hOpMax.

Boinosnenmnele ncesesoBanus COOTBETCTBOBAIN 9TH-
YeCKUM CTaHAapTaM OGMOITHIECKOTO KOMUTETA 3a/IeHCTBO-
BaHHBIX JIEUeOHO-TIPOPUIAKTUIECKIX YUPEKICHUN, pas-
paboTaHHBIM B COOTBETCTBUM €  XEJIbCHHCKON
nexnapanueili BcemupHoil accoruaiuu  «ITHUYECKUE
IIPUHIIUIIBI TPOBE/IEHUS HAYYHbBIX MEJAUIIMHCKUX UCCIIEI0-
BaHWH c ydyacTneM desnoBekayr ¢ mompaskamu 2000 r. m
«IIpaBusmamu kiuHUYeckoil mpaktuku B Poccuiickoit Me-
nepanun», yreepxkaeHubiMu [Ipukazom Mumnsapasa PO
ot 19.06.2003 r. Ne 266. Bce smiia, yyactBoBaBlime B nc-
caeoBaHuy, 10OPOBOJIBHO HOAIKMCAIN MHMDOPMUPOBAH-
HOE COrJIacHe Ha y4acTHe B UCCJIC/IOBAaHUMU.

B cBa3u co 3HaunTENBHON TPOOJIKUTEIBHOCTHIO MC-
CJIEJIOBaHMsI, & TAKKe C OCOOEHHOCTSIMH HO30JIOTHYECKOT
(hopMbI, KOJIMUECTBO JIETATBHBIX UCXOIOB 3aBUCEJIO KAaK OT
OCHOBHOTO 3200JIEBAHUS, TAK U OT COIIYTCTBYOIIEH I1ATOJIO-
IV U HECUYACTHBIX CJIydaeB. 3a nepuojl Habmoxenus (ot 5
10 9,5 siet) B rpyiie I 6610 4 sreranbrbix uexona (14,8%),
B rpynme Il mpu cuMmToMax HapacTalomiel MoJIMOpranHol
HEIOCTaTOYHOCTH yMepJio 2 nanuenta (4,4%).

B cootBercTBnN € 1M3aitHOM MCCIEIOBAHNS KINHIYEC-
kue (00Ul aHau3 KPOBU M MOYH, KOIIPOIPaMMa), UMMY-
HoJIoTMYecKre (TUTP ayTOAHTHUTEJ NPOTUB B-KieTok oct-
poBkoB Jlanrepranca, copepxxanue Bi-nmumdorutoB u
[JIMKAPOBAHHOTO TeMOTIOONHA B KPOBH ), FEMOCTAa3U0JIOT U~
yeckue (KoHIeHTparus D-mumepa M aKTUBHOCTb aHTH-

genetic (Leiden and MTHFR mutation), and biochemical
(blood and urine glucose levels, lipase, amylase, and
trypsin activity in plasma) tests were performed for all
patients at admission, in 24 hours, on Days 3 and 5 after
hospitalization, and in 6 months.

Statistics data processing was carried out using
Statistica 6 software, as well as Excel software package for
Windows. The normality of distribution of the results
obtained in variational series was assessed using the
Kolmogorov-Smirnov test. To determine the form of the
distribution, the histogram method and frequency analysis
were applied. The critical level of the statistical hypothesis
significance P for this study was equal to 0.05 or less.

Correlation analysis of parameters was performed
using Spearman's correlation coefficient [17]. The lack of
correlation between the values was observed at /=0+£0.25,
the direct correlation was observed at positive r values, and
the inverse correlation was observed at negative 7 values.
In order to determine the probability of any event in the
group vs. the reference group, the odds ratio was deter-
mined. The sample of relevant observations, the sample of
the number of cases, the proportion of significant cases in
the cohort (in percentage), and the odds ratio in cohort 1
vs. that cohort 2 were used as a tool of statistical control.
The odds ratio was interpreted as follows: when a numeri-
cal value was less than 1, the chance for event realization in
the selected cohort was less than the chance for event real-
ization in the alternative cohort; when a numerical value
was more than 1 the chance of event realization in the
selected cohort was more than that in the alternative
cohort; when OR was 1, the chances of event realization
were equal in both cohorts.

Results and Discussion

Patient's compliance after the disease was
taken into account in determining the prognostic
criteria for development of delayed complications
after acute destructive pancreatitis. The data pre-
sented in Table 2 demonstrate a relatively high aver-
age percentage of patient's compliance (25%).

In general, the dynamics of patients' compli-
ance with medical recommendations concerning
administration of enzymes reflected the increased
frequency of adequate therapy of enzyme pancreatic
insufficiency. The functional insufficiency of intact
pancreocytes may have been progressively growing
due to the growth of connective tissue structures
caused by gradual transformation of the primary dis-
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[IpakTukyromemy Bpauy .

TpoMOUHA B KpoBuU), reHernyeckue (Mmyraist Jleiijena u
MTHFR) u 6uoxumudeckrie (KOHIEHTPAIUS TIIOKO3bI B
KPOBH U MOU€, aKTUBHOCTb JINTIA3bl, AMUJIA3bI 1 TPUIICHHA B
Ia3Me) MCCIe/IoBanus GrnoMarepuasia GbUIH BBITOJHEHBI
BceM GOJIBHBIM TIpH oOpalenny, uepes 24 yaca, Ha 3-u u 5-¢
CYTKU 1IPeOBIBAHMS B CTALMOHAPE, & TAKsKe uepes 6 Mecsiiies.

CrarucTuueckyio 00paboTKy TaHHBIX IPOBOIIIN C UC-
MoJIb30BaHMEM TIporpaMMbl Statistica-6, a Takske mpu 1o-
MOIIM TTaKeTa IPUKIAAHBIX mporpamM Excel (umensust
Ne 1e69b3ee-da97-u21f-bed5-abece247d64e) nsa Windows
(munensust Ne 00346-OEM-8949714-96117). Hopmaiis-
HOCTb pacIpe/ieJieHus MOJYYeHHbBIX Pe3yJIbTaToOB B BapHa-
IIHOHHOM PSI/TY OEHUBAJIH C TIOMOIILIO KpuTepust Kosvoro-
poBa-CMMPHOBA, & TAK)Ke COIJIACHO TPABUJY IBYX M TPeX
curM (0). Jlns onpeznenenns hopMbl pactipesieleHusT ToKa-
3atesiell UCIOTb30BATN METOJ TMTOCTPOEHHS TUCTOTPAaMM 1
YACTOTHOTO aHasm3a. Kpuruveckuii ypoBeHb 3HAUMMOCTH
CTaTUCTUYECKHUX TUNOTE3 B JAHHOM HCCJIEOBAaHUN TIPUHU-
masiu paBabiM 0,05 (BepositHOCTD pasinyust 6osee 95%).

Koppessinonnplit anajina rokasaresieil MpOBeTH €
ncrosb3oBanneM Koadunmenta koppessinnu Crimpmena
[18]. OTcyTcTBUE KOPPEMSAIIMOHHON CBI3U MEKIY BETIUN-
Hamu Habmogamu npu =0+0,25, npsMy0 KOppeJsIuOH-
HYIO CBSI3b — IIPH IOJIOKUTEJNbHBIX 3HAYEHUSIX 7, 00par-
HYIO CBSI3b — MIPH OTPHUIATENBHBIX 3HAYeHusAX 7. C 1ehio
orpejieIeH sl BEPOSITHOCTH Pa3BUTHSI TOTO WUJIM UHOTO CO-
OBITHSI B IPYIIIIE [0 OTHOIIEHWIO K CPABHUBAEMOII IPYIIIie
OTIpEeZIeTISIIN OTHOIIIEHHUE MAHCOB. B KayecTBe MHCTPYMEH-
TOB CTATUCTUYECKOTO KOHTPOJIS MO 9TOMY TPU3HAKY HC-
[0JIb30BAJIU BBIGOPKY 3HAUMMBIX HAOJIOIEHUI; BHIOOPKY
KOJIMYECTBA CJAYIAEB; IOJII0 3HAYNMBIX CJIYYaeB B KOTOPTE,
BBIPAJKEHHYIO B IIPOIEHTAX, M OTHOIIIEHUE TIIAHCOB B KOTOP-
Te 1 mo orHomeHuIo K 1mancaMm B Koropre 2. OTHolrenne
[IAHCOB MHTEPIPETUPOBAIU CJIEAYIONIUM 00pasoM: IpH
YKCI0BOM 3HaUeHUU MeHee 1 aHe peanusanuu coObITUS B
BBIOPAHHOM KOrOPTE MEHBbIIIE IAHCA Peau3aluu COObITHS
B QJIbTePHATHBHON KOTOPTE; IPU OTHOIIEHUH IIAHCOB 0O-
see 1 nranc peanmsaiu coObITHSI B BBIOPAHHOI KOropre
6oJIbIIIe TIAHCA PeATN3AIUU COOBITUSI B aJIbTePHATUBHOI
KOTOPTE; IPU OTHOTIIEHUH IITAHCOB PAaBHOM 1 IaHChI peasin-
3aiu coObITHIT B 00€MX KOrOPTaX PaBHbI.

PesyubraThl 1 00CyKAEHUE

PaccunTbiBass mporHOCTHUUYECKWE KPUTEPUU
Pa3BUTHUS OTAAJEHHBIX MTOCTIEACTBUH MTepeHeCeHHO-
TO OCTPOTO /IECTPYKTUBHOTO MaHKPeaTuTa, YUuThI-
BaJIN TIPUBEP;KEHHOCTD MAIlMEeHTOB Ha3HAYEHUSIM U
peKOMeHIAUusAM, TPEeANUCaHHBIX BpauyoM IIOCJIe
nepeHeceHHoro 3aboseBanust. Kak cieayer us gaH-
HBIX, IPUBEAEHHbIX B TabauIe 2, CPeJHUN IIPOLEHT
cobmogenns BpadeOHbIX PEKOMEHIAIUI OKa3aIcs
JIOCTATOYHO BHICOKUM — 25%.

B 1nesom munamuka coOI0eHus maluenTaMy
BpaueOHBIX PEKOMEHIAINI 110 TIpUeMy (DEPMEHTHBIX
MpenapaToB oTpaxkaja yBeJMUYeHHe YacTOThl ajeK-
BaTHOW Tepanmuu (epMEHTHOW HEIOCTAaTOYHOCTHU
TTO/IKEJTYZIOUYHON Kese3bl. BeposiTHO, B yCJIOBUSX
paspactaHusi COeINHUTEJHHOTKAHHBIX CTPYKTYP,
00YCJIOBJIEHHOTO TIOCTENEHHOU TpaHcdopMalimeit
XapakTepa TedeHHs OCHOBHOIO 3a00JIeBaHUS B XPO-
HUYECKUH, U CAABJIEHWS WHTAKTHBIX MAaHKPeaTOIN-

ease into a chronic one and compression of the intact
pancreocytes. The growth was confirmed by clinical
manifestations and required more accurate compli-
ance with therapy. One can assume the involvement
of the same mechanism in the increase in the per-
centage of patients who have begun to keep diet.
During the first months or even yearsfailure to keep
the diet did not lead to the worsening of the disease
each time, and the relapses were mild.

The number of patients quitting bad habits
(alcohol and smoking) has been increased during the
follow-up period. At that, over one third of patients
gave up drinking alcohol completely in 5 years, but
only one of ten patients quit smoking during the same
period of time. In our opinion, this is due to the fact
that the patients associated occurrence and recur-
rence of the primary disease and its complications
with alcohol intake, based on their medical history
and clinical manifestations. The percentage of patients
who quit smoking corresponded to the average per-
centage of people who quit this habit at this age.

The analysis of patient's compliance allowed
concluding that the initial percentage of patients
who were following the recommendations had been
grown with the lapse of time. This was probably due
to the desire of patients to avoid the recurrence of
the primary disease and/or its complications.

Figure 1 demonstrates that the peak probabili-
ty of relapse occurrs in the case of poor patient's
compliance. Only 10% of medical recommendations
resulted in almost 100% probability for relapse with-
in 6—12 months. In this study, the critical level of
patient's compliance related to prevention of compli-
cations and relapses was 25—35% of the total num-
ber of medical recommendations. When a half and
more recommendations were followed, the probabil-
ity of relapse was more than 50%.

On the contrary, in case of 45—65% patient's
compliance with recommendations for prevention of
relapses of the disease and/or its complications, the
risk of their development was not higher than 33%.

The long-term follow-up of the patients with a
history of severe ADP permitted to make the prog-
nostic tables allowing to predict a long-term evolu-
tion of the pancreatic inflammation. Among the cri-
teria analyzed only those with the highest diagnostic
value were chosen for the tables.

The statistical significance of this or that crite-
rion was calculated by determining the odds ratio. At
that, the following criteria were taken into consider-
ation: presence/absence of the pancreas tail damage;
a lesion area of the pancreas more than 50—75%,; the
titer of autoantibodies against -cells of Langerhans
islets more than 1:5; patient's compliance with less
than 30% of recommendations in the late period
(Table. 3). Odds ratio were calculated for the group
of patients with no signs of complications and/or
recurrence of the primary disease.
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Ta6auua 2. /lunaMuKa CTeneHH BbIOJHEHHS BpaYyeOHbIX PEKOMEH AN 00CIeyeMbIX NallHeHTOB.

Table 2. Dynamics of patient's compliance.

Medical recommendations

Patient's compliance, %

<1 year 1—3 years 3—5 years >3 years
Administration of enzymatic agents 20.3 241 23.6 52.8
Keeping the diet 33.5 24.5 37.2 61.5
Refusal to drink alcohol 15.6 21.3 25.4 38.4
Cessation of smoking 3.1 5.2 8.4 10.2
IIpumeuanue. Medical recommendations — Bpaue6ubie pekomenganuu; Administration of enzymatic agents — npuem GpepMeHTHBIX

npenapatos; Keeping the diet — cobmmonenue muersr; Refusal to drink alcohol — orkas ot npuema ankorosst; Cessation of smoking —
oTka3 ot kypenus; Patient's compliance — BeimosHeHIe BpaueOHBIX PEKOMEH/IAIINIT; years — TOIBI.

TOB (DYyHKIIMOHAIbHAS HEAOCTATOUHOCTD ITOCTIEAHIX
NPOrPECCUBHO HAPACTAJIA, YTO TIPOSBIISIOCH KIMHU-
yecKd 1 TpebOBaIo OT maireHTa 6ojree KOpPEeKTHOTO
cobmoaenus Teparu. MoKHO MPeAIION0KATH ydac-
THE TOTO K€ MEXaHU3Ma B YBEJMYCHUHN J0JIH MallueH-
TOB, KOTOPBIE CO BPEMEHeM Ha4MHAIU IOJTHOCTBIO
cobmoaath aueTy. B mepBble MeCSIbI U JasKe TOJIbI
MOTPEINIHOCTH AUETHI TAJeKO He KasKAbIi pa3 MpUBO-
JJIA K 0O0CTPEHUIO OCHOBHOTO 3ab0sieBanus, a 000-
CTPEHUST TIPOTEKaAIN B GoJiee JIeTKOoil (hopme.

YacToTra 0TKa3a OT BPEAHbBIX IIPUBBIYEK (aJIKO-
TOJIb M KyPEeHHUe) B IMHAMUKE HaOJIIOACHNST yBETNYn-
Bazack. I1pu aToM, ecim yepes 5 JieT Gosee TpeTH Ta-
IMEHTOB CyMEJNM OTKA3aThCs OT NPHUEMa aJKOTOJIs
MOJIHOCTBIO, TO OT KYPEHHsI 4epe3 aHaIOTHIHBIN PO~
MEKYTOK BPEMEHHU OTKA3AJICS TONBKO KasKbII JeCsi-
ThI M3 Habmopasmuxcs. Ha Haim B3raisiz, 9To cBsisa-
HO C TeM, YTO ITaIMeHTHl B OGOJbIIeH CTermeHu
CyOBEKTHBHO aCCOMMUPYIOT BOSHUKHOBEHNE U PEIIU-
JIMBUPOBAHKME OCHOBHOTO 3a00JIEBAHUS U €TI0 OCJI0K-
HEHUI ¢ IPHeMOM aJKOTOIbHBIX HamnTKOB. OTKa3 OT
KypeHUs B IIPUHIUIIE COOTBETCTBYET CPEAHECTATHC-
THUYECKMM M3MEHEHUAM, HaOIOAA0NUMCS B Oy~
JIAMA TIPU B3POCJIEHUHN JIOJEH, MMEIOIUX TaHHYIO
NPUBBIUKY.

AHann3 IUHAMUKK BBIOJIHEHW IMAlleHTaMH
BpaueOHbIX PEKOMEH/IAIUI B 11€IOM TTO3BOJISIET KOH-
CTaTHPOBaTh, YTO JOJIST IIPUBEP/KEHHBIX K HIM ITalIli-
€HTOB CO BpEMEHEM YBEJIMIMBAETCS. ITO, BEPOSITHO,
CBSI3AHO C JKeJanneM GOIbHBIX N30€KaTh PEIUINBOB
OCHOBHOTO 3a60JI€BAHUS 1/UJIN €T0 OCJI0KHEHI.

Kax npencrasieno na pucyHke, MakCUMaabHast
BEPOATHOCTDh Pa3BUTHUS PELUANBOB BO3HUKAET IIPU
MUHIMAJbHOM BBIOJTHEHUN BpadeOHBIX PEKOMEH-
Januii. B ciydae BBIOTHEHUS JTMIIb JECATON 4acTh
0011ero yKc/a BpaueOHbIX peKoMeHaluii Hab/1o/1a-
JIV TIPAKTUYECKU CTONPOIEHTHYIO BEPOSTHOCTD Pas-
BUTHS peruauBa B Ommkaiiimue 6—12 mecsies. Ha-
NPOTUB, TIPH YBEJIWYECHUU IIOJHOTHI BBIMOJTHEHUS
pexoMeHAanit 110 TPOGHUIAKTHKE PENUANBOB 3a60-
JIEBaHUS U/WUJIM €ro OCJIOKHEHUIT 10 45—65% u 60-
Jiee PUCK X PasBUTHS He mpeBbIan 33%.

ITo pesy/braTamM MHOTOJIETHETO HAGTIOAEHUS 32
HanyeHTaMH, IIepeHeCInME BIEPBbIE OCTPBIN eCT-
PYKTHUBHBII HaHKPEATUT TSKENON CTEreHu, ObLIn
c(hOPMUPOBAHEI IIPOTHOCTUYECKUE TaO IHIIEL, TI03BO-
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Bausinue BbINOJHEHUS BpayeOHBIX PEKOMEHAAUMHA HA BEpPOsT-
HOCTh Pa3BUTHsSI PEIMINBA OCHOBHOTO 3a00JI€BaHMs W/WIH €ro
OCJIOKHEHHUIi T0CIe NEePEHECEHHOr0 OCTPOro eCTPYKTHBHOIO
NaHKPEaTHTa B TEYEHHUE 3 JieT.

Impact of patient's compliance on the probability of relapses of
the underlying disease and/or its complications after acute
destructive pancreatitis within 5 years.

ITpumeuanue. Medical recommendations fulfilment — Bbimosnse-
HUe MeAMIUHCKUX pexoMenmaiuii; Probability of recurrence
development — BeposATHOCTD IIOBTOPHOTO PA3BUTHSL.

It was found that the incidence of endocrine
complications in patients with a history of the first
attack of acute pancreatitis was 6—10%. At the
same time, pancreatogenic diabetes confirmed by
WHO criteria was observed in 4.2% of cases, and
impaired glucose tolerance was detected in 4% of
patients in 5 years.

According to the published data [18, 19], the
significant pathogenetic factors for pancreatogenic
diabetes included considerable reduction of the num-
ber of islets of Langerhans and /or impairment of their
function; a reduced incretory effect on the pancreatic
elements, structural and functional consequences
after the surgical treatment of acute pancreatitis.

According to our data, development of autoim-
mune mechanisms for pancreatic tissues damage is
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Tabmuua 3. Puck pasBuUTHs OTJAJEHHBIX OCJIOKHEHHI OCTPOro JECTPYKTUBHOTO NMAHKPEATHTA TSKEJIOW CTENEeHH 110
napameTpam, onpezesisieMbiM B Teuenue 30 qHeif oT MoMeHTa 3260 1eBaHusl.
Table 3. OR for the development of delayed complications of severe acute destructive pancreatitis according to para-

meters determined within 30 days of the disease.

Parameters Without delayed Post-necrotic Chronic Pancreatogenic
complications pancreatic cysts pancreatitis diabetes
(n=8) (n=27) (n=43) (n=5)
Presence OR Presence OR Presence OR

Involvement of the pancreatic tail (n=24) 1 8 2.9 12 2.7 3 10.5
12.5% 29.6% 27.9% 60.0%

The area of the pancreatic lesion >50—75% 4 22 4.4 35 5 3 1,5
50.0% 81.5% 81.4% 60.0%

Titer of autoantibodies against 1 2 0.56 10 2.1 3 10.5

B-cells of Langerhans islets > 1:5 12.5% 7.4% 23.3% 60.0%

Medical compliance with less than 1 18 14.0 40 93.3 1 1.75

30% of medical recommendations 12.5% 66.7% 93.0% 20.0%

IIpumeuanue. Parameters — mapamerpsri;Involvement of the pancreatic tail — nopaskenue xBocta MOAKENYTOUHON KeIE3bl;
The area of the pancreatic lesion — momaas nopaxenus nopkeayRounoii sxemesnl; Titer of autoantibodies against B-cells of
Langerhans islets — tutp ayroanTturen mpotus B-kieTok octpoBkos Jlanrepramca; Medical compliance with less than 30% of
medical recommendations — BbIOIHEHNE BpaueGHBIX PEKOMEHAAINIT B OTCPOUYEHHBIN mepuon MeHee yeM Ha 30%; Without
delayed complications — 6e3 oTganeHHbIX Oca0KHEHUIT; Post-necrotic pancreatic cysts — MOCTHEKPOTHYECKITE KICThI TTO/Ke-
syounoii xkesesbr; Chronic pancreatitis — xponunuecknii mankpearut; Pancreatogenic diabetes — mamkpeartoreHnbiii caxapHubiii

nuabet; Presence — nanuune; OR — oTHoNIeHUe 1IAHCOB.

Jistiorie ¢ GOJIBIION 10J1eil BEPOSITHOCTH TIPOTHO3H-
POBaTh I0OJITOBPEMEHHYIO 9BOJIOIIIO PaHee TTepeHe-
CEHHOTO BOCTIAJIeHNSI OJIKeTyI0THOI Kese3bl. Cpe-
I MHOKECTBA aHAJIM3UPOBAHHBIX KPUTEPHUEB OBLIN
OTOGPAHDI 75T BKIIOYEHNSI B TPOTHOCTUYECKTE Tab-
JIUIIBI JIUMIb T€, Ubs AMATHOCTUYECKAS 3HAUMMOCTD
OKa3aJTach MaKCUMaJTbHOIL.

CTaTuCTUYECKYI0 3HAUUMOCTD TOTO WJIU UHO-
TO KPUTEPHST PACCUMTBIBAIHN 4epe3 OIpeiesieHIe
oTHOIIEeHU MmaHcoB. [Ipu 3TOM BO BHUMaHUE TIPH-
HUMAaJINCh CJeIYIONe aHAIN3NPyeMble KDUTEPHUH:
HaJn4re,/0TCYTCTBUE TMOPakKeHMsT XBOCTa IOKe-
JIyTOYHOH ’KeJe3bl, TJIONA/lb MOPaKeHUs TOKe-
JIYIOYHON skese3pl >50—75%, TUTP ayToaHTUTEJ
mpoTuB B-KIeTOK ocTpoBKOB Jlamrepramca Goiee
1:5, BBITIOJTHEHNE BpaueOHBIX PEKOMEHAAIUN B OT-
cpoueHHbIN nepuox Menee yeM Ha 30% (Tabi. 3).
OTHoIIeHNe TMaHCOB PACCUYMTBIBATIU 10 OTHOIIE-
HUIO K TPYIIIIe HAIlMEeHTOB, Y KOTOPIX He HabIto/1a-
JIM Pa3BUTHS TE€X WU WHBIX OCJOXHEHWH W/Mjin
PEIUINBOB OCHOBHOTO 3200I€BAHUS.

YcTaHOBJIEHO, YTO YacTOTa Pa3BUTHUS DHIO-
KPUHHBIX OCJOKHEHUI y MAIlMeHTOB, TePEeHEeCITX
BIIEPBBIE OCTPBIl MaHKpeaTuT, coctaBmia 6—10%.
[Tpu aTom moaTBepskaeHHBbIN 10 cTangapTam BO3
MAHKPEATOreHHbII caxapHbIil anaber HaGJIOAaIN B
4,2% ciydaeB, HApyIIeHNE TOJIEPAHTHOCTH K TJIIOKO-
3e uepes 5 JIeT OTMeYIN Y 4% TallieHToB.

ITo panubiv smteparypsl [19, 20], 3naunmbiMu
MaTOTeHeTHIeCKNMHU (haKTOpaMH Pa3BUTHS TTaHKpea-
TOTEHHOTO CaXapHOTO AHabeTa sIBISIIOTCS CeTYIONINe:
3HAUNTEIBHOE YMEHBIIeHHE KOJIMIeCTBA OCTPOBKOB
Jlanrepranca n/nmm ux GyHKIINNA, CHUKEHHOE WHKpe-
TOPHOE BO37IEICTBHE HA 3JIEMEHTHI MO/IKETyI0THOM
JKeJie3bl, CTPYKTYPHbIe 1 (DYHKITMOHATIBHBIE TOCJE-
CTBWS OTIEPATUBHOTO JIEIEHST OCTPOTO MTAaHKPEaTUTa.

one of the factors determining the high probability of
pancreatogenic diabetes in patients with a history of
the first episode of severe acute pancreatitis.
Detection of a high titer of antibodies against B-cells
of Langerhans islets and high CD5+, CD19+ B1 cell
count in the acute stage of the disease increases the
development of endocrine pancreatic insufficiency
by more than 10-fold. The peak probability of the
pancreatogenic diabetes was observed in patients
with a titer of autoantibodies against B cells of
Langerhans islets of more than 1:5. The highest risk
of this endocrine complication was observed in
patients with a combination of autoantibody synthe-
sis and a damage of the pancreatic tail. The percent-
age of so-called «forbidden» B-lymphocytes generat-
ing the autoantibodies was an additional
independent predictor for the development of pan-
creatogenic diabetes. The number of CD5+, CD19+
B, cells in the blood correlated with the antibody
titer (#=0.91 P=0.016) demonstrating a strong link
between these parameters.

Other significant prognostic factors for pan-
creatogenic diabetes in patients with a history of
acute pancreatitis included the localization of the
pathological process in the tail of the pancreas, the
area of the pancreatic necrosis; and the volume of
tissue detritus and pancreatic tissue removed during
the surgical treatment of the underlying disease
(Table. 3). This fact is explained by the anatomical
features of the pancreas: the endocrine part of the
pancreas is presented by Langerhans islets, most of
which are located in the tail of the pancreas, the
smallest number is in its head [19, 20].

Thus, the patients with the involvement of the
pancreatic tail in the pathological process with a high
level of autoantibodies against B-cells of Langerhans
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[To mamum gaHHBIM, OTHUM U3 (HAKTOPOB, OII-
PEeNEeNSONNX BBICOKYIO BEPOSTHOCTb Pa3BUTHS
MaHKPEaTOreHHOTO caXapHoro auabera y HallleH-
TOB, MEPEHECHINX BIEPBbIE OCTPHI MaHKPEATUT
TSIKEJION CTEINeHU, SIBJISIETCS Pa3BUTHE ayTOUM-
MYHHBIX MEXaHU3MOB MOBPEXKICHNUS TKAaHU KeJe-
3bl. OOHaApyKeHUE YKe B OCTPOM MEPHUOLE OCHOB-
HOro 3a00JIeBaHUS TIOBBIIIEHHOTO TUTPA aHTHTE]
MIPOTUB KOMIOHEHTOB B-kieTok octpoBkoB JlaH-
repraica, BbICOKOW KOHIleHTparuu B -mmmdporn-
toB (CD5+/19+) yBennuymBaer MIaHC Pa3BUTHUS
HJIOKPUHHOM HEIOCTATOYHOCTHU TOKETYTOUHOM
xene3nl 6omee uem B 10 pa3. MakcumanibHyto Be-
POSITHOCTD Pa3BUTHS MAHKPEATOTEHHOTO CaxapHO-
ro auabera HabGJIIOMAIN Y TAIIUEHTOB C TUTPOM ay-
TOAHTUTEJ  TPOTHUB  B-KJIEeTOK  OCTPOBKOB
Jlanrepranca 6osiee 1:5. OcoGEHHO BBICOK PHUCK
Pa3BUTHUS JAHHOTO HHIOKPUHHOTO OCJIOXKHEHUS Y
HAIMEHTOB ¢ COUeTaHEeM BBIPAOOTKHU ay TOAHTHTE]
U MOpa)keHWeM XBOCTa IOJKETYIOYHON Kese3bl.
JlonoTHUTEIbHBIM HE3aBUCHMBIM TTPOTHOCTUYEC-
KUM KPUTEPUEM BBICOKOU BEPOSTHOCTH Pa3BUTHS
MaHKPEaTOreHHOTO caxapHOTro auabera OBLI MPO-
IEHT TaK Ha3bIBAEMbIX «3aIPeNleHHbIX> B-mumdo-
IIUTOB, TeHepupylomux ayroantutena. Comepska-
uue B-nmumponuros (CD5+/19+) B KpoBuU 4eTKO
koppeauposano (r=0,91 mpu p=0,016) c Turpom
AHTHUTEJN, YKa3bIBask HA CYIIECTBEHHYIO CBS3b JlaH-
HBIX TIPOIECCOB.

JlpyruMu IPOTHOCTUYECKU 3HAYUMBIME (haKTo-
pamMy Pa3BUTHSI TAHKPEATOTEHHOTO caXapHOTo auabe-
Ta y MAI[MeHTOB, TIEPEHECINX OCTPHIN MaHKPEATHT,
OKa3aJIMCh JIOKATU3AIHS TTAaTOJOTHIECKOTO MpoIiecca
B XBOCTE TIO/[KEITYIOTHON JKeJIe3bl, TII0Nah HeKpo3a
HOJKETY IOUHOI JKeJIe3bl 1 00beM yIaJIeHHOTO TKaHe-
BOTO JIETPUTA U TKAHU TIOJIKEJTYIOTHOM KeJle3bl ph
XUPYPIUYECKOM JICYEHUH OCHOBHOTO 3a00JIeBaHIIs
(tabu. 3). Itor (PaKT, O4EBUAHO, OOBICHIAETCA AHATO-
MIYECKIMHU OCOOEHHOCTSIME TTOJIKETYI0UHOM JKete-
3b. 9HJIOKPUHHAS YaCThb TOJKENYTOUYHON >KeJe3bl
IpejicTaBIeHa OCTPOBKaMu JIaHTrepraHca, moaBJisio-
1ee GOJIBIITMHCTBO KOTOPBIX HAXOAUTCS B XBOCTOBOI
YaCTH MOJKETYZI0UHON Kesle3bl, HAMMeHbIIlee — B ee
rosnoBke [20, 21].

TakuMm o6pazoM, HauOOJBIIYIO BEPOSITHOCTDH
PasBUTHUSI MAHKPEATOTEHHOTO caXapHOTO amadera
HMEJIA T€ TAIUEHTHI, Y KOTOPBIX HAOJII0ali BOBJIE-
YeHWe B MaTOJOTHIECKUH TTPOTECC XBOCTA MO/KEY-
JIOYHON JKeJie3bl TIPU JI0CTaTOYHO BBICOKOM YDPOBHE
AyTOAHTHUTEJ TIPOTUB KOMIIOHEHTOB B-KJieTOK ocCT-
poskoB Jlanreprarca. HesbimosiHeHHEe BpadyeOHBIX
pekoMenganuii B oobeme 6osee 70% ¢ 60JbIION 10-
Jielt BEPOSITHOCTH B OT/IAJIEHHON MTEPCITEKTHBE MOXKET
MIPUBOJIUTH K PAa3BUTUIO XPOHUUYECKOTO TAHKPEATUTA
U MOCTHEKPOTHYECKUX TICEBIOKUCT MOJKEITYI0OUHOM
skesie3bl. OCcOOGEHHO BO3PACTAET PUCK PA3BUTHS 9THX
OT/IAJIEHHBIX OCTOKHEHUN Y MAHEHTOB ¢ OOMBIIOi
TIJTOIIA/IBIO TTOPAKEHNUST TOKETYIOUHOI JKeTe3hl.

islets had the highest probability for the development
of pancreatogenic diabetes. Fail to comply with more
than 70% of medical recommendations more likely led
to the development of chronic pancreatitis and post-
necrotic pancreatic pseudocysts in the delayed period.
The risk of the delayed complications is higher in
patients with a larger area of pancreatic lesion.

Additional factors for the development of pan-
creatogenic diabetes in patients with acute pancre-
atitis with a destruction area of more than 75%
included the peculiarities of the course of chronic
pancreatitis. The latter, in case of total and subtotal
destruction of the pancreas during the 5-year follow-
up developed 4 times more frequently, than in
patients with a smaller lesion area. Systematic non-
compliance with medical recommendations by more
than one fourth contributed to the development of
chronic pancreatitis, increasing the chances of evolu-
tion of the acute form into a chronic one.

Fibrous process formed a vicious circle on the
background of the hypoxic activation of fibroblasts,
logically led to a decrease in the endocrine cell count
in the pancreas; the latter also occurred due to a
higher hypoxia sensitivity of B cells as compared to
A cells [19, 21—23]. As a result, progressive fibrosis
of the pancreatic parenchyma along with inflamma-
tory and degenerative changes lead to a significant
reduction of B-cells of Langerhans islets and natural
decrease of endogenous insulin secretion [24, 25].

The pathogenic factors for pancreatocyte
destruction in acute and chronic pancreatitis are dif-
ferent. In acute destructive pancreatitis, the enzy-
matic destruction of pancreatic cells (autolytic
process) is observed, followed by autoantibody
release, aggravating the destructive processes in the
pancreas. In chronic process, the key factor for pan-
creocytes destruction is hypoxia due to compression
of the cells, blood vessels and nerve endings by the
connective tissue structures.

Key factors, increasing probability for post-
necrotic pancreatic pseudocysts development, in
decreasing order of importance, include patient's com-
pliance with less than 30% of medical recommenda-
tions in the late period; the area of pancreatic lesions
of 50—75%, and involvement of pancreatic tail.

Conclusion

Results demonstrate the dependence of severe
ADP development in the delayed period on a number
of pathogenetic factors. Data confirm: (i) the role of
autoimmune mechanisms and localization of the
pathological foci in the pancreatic tail in the develop-
ment of pancreatogenic diabetes; (ii) the role of the
inflammation area in the progression of post-necrotic
pancreatic pseudocysts; (iii) the importance of
patient's compliance in development of chronic pan-
creatitis due to extensive destruction of the pancreas.
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JlomnosinurenbHbIMU  (DaKTOPaMKU  Pa3BUTHS
[AHKPEaTOreHHOTO caXapHoro jauabera y GOJbHBIX,
[epeHecInX OCTPIN MAHKPEATUT C IJIOIA/IbIO Topa-
JKEeHUs JKeqesbl Gojiee 75%, SABUIMCH 0COOEHHOCTH
TeueHUsT XPOHNUECKOTo maHkpeaTtuta. Ilociennuii B
cilydae TOTAJIBHOTO W CyOTOTAIbHOTO TOPAKEHIIS
O/PKEJTYI0UHOM JKeJIe3bl B TEY€HHUE TOCTEYIONINX 5
JIET pa3BUBAJICS B 4 pasza vallle, YeM Yy TAIlUEHTOB C
MEHBIIMM TI0 IJIOIaAKX MopaxkeHueM. Pa3zBuTHio
XPOHUYECKOTO MaHKPEaTUTa TaKKe CIocoOCTBOBAIO
cucTeMaTnyeckoe HecoOogeHe BpaueOHbIX PEKO-
MeH 1aluii 6oJiee YeM Ha YeTBEPTh, YBEJINUNBAs IaH-
CHI TAJTbHEHTIIEH 9BOTIOIUH OCTPOH (hOPMBI BocITase-
HUS B XPOHUYECKYIO.

DubposHbIii mporece, hopMupyoluii Ha hoxe
IMIIOKCHYECKON akTuBaiuu (GubpobIacToB 1mMopod-
HBIH KPYT, 3aKOHOMEPHO MPUBOINJ K YMEHbBIICHITO
KOJIMYECTBA HHIOKPUHHBIX KJIETOK MOJKENTyI0UHOM
JKeJIes3bl, 4eMy CrtocoOCTBOBaIA TakKe OOJIbIIIast 4yB-
CTBUTEJIBHOCTb B-KJIETOK K TUIIOKCHH, 4eM A-KJIETOK
[20, 22—24]. B wurore mporpeccupytoinii ¢hpudbpos
MAapPEeHXUMbI MTO/KETYIOUHOI JKeJie3bl HapsiLy ¢ BOC-
MaJUTETBHBIMI W IeT€HEePATUBHBIMU M3MEHEHUSIMI
MIPUBOMI K CYIIECTBEHHOMY YMEHbIIEHHIO OOIIEro
KoJimdyecTBa B-kieTok ocTpoBKOB JlaHTepranca u 3a-
KOHOMEPHOMY CHUZKEHUIO CEKPEIUU HHIOTEHHOTO
uHcyauHa [25, 26].

[IpuHIMIIMAIBLHO Pa3IMYalOTCs TaTOreHeThYe-
ckre (haKTOPbl JIECTPYKIUU TAHKPEATOIUTOB TIPH
OCTPOM M XPOHMUYECKOM TIPOIECCe B MOKENTyIOUHOM
xkesese. IIpu oCTPOM IECTPYKTUBHOM TMaHKpPeaTUTE
“MeeT MeCTo (hepMEHTATUBHAS JECTPYKIUS KJIETOK
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opraHa (ayTOJUTUYECKUH TpoTecc) M, KaKk CJIeCT-
BHe, BBIPAOOTKA ayTOAHTUTE, YCYTYOJISIONINX eCT-
PYKTUBHBIE TIpoIiecchl B skejiese. [Ipu xpoHusanum
mpoiecca KJI0YEBBIM (DaKTOPOM JIECTPYKIIUK TIaH-
KPeaToIUTOB SIBJISIETCSI TMIIOKCUSI BCJIEJCTBUE ClIaB-
JIEHUSI KJIETOK, COCY/IOB M HEPBHBIX OKOHYAHWI CO-
€/IMHUTEbHO-TKAHHBIMU CTPYKTYPAMH.

KiioueBbiMu (hakTOpaMu, ITOBBIIIAIONIUMHY Be-
POSITHOCTDH Pa3BUTHsI TIOCTHEKPOTUYECKHUX 1CEBIO-
KHUCT TIOJKEJTYIOUHON JKeJie3bl B TOPSIIKE YMEHb-
MEeHNUsT 3HAYUMOCTH, SBJISIOTCSI BBINOJHEHUE
BpauyeOHbIX PEKOMEH/IAIUI B OTCPOYEHHBIH IEePUO/IL
MmeHee ueM Ha 30%, TI0MIa/b TOPasKEHUST TIOKeIY-
JOouHO# sKeme3bl >50—75%, mopaskeHHe XBOCTa
TTO/IZKEJTY IOUHOM JKeJIe3bl.

3akiaouyeHue

TaxrM 06pasoM, PE3yJIBTaThl BBITOJHEHHOTO HC-
CTIEJIOBAHWS CBU/IETETBCTBYIOT O 3aBUCUMOCTH XapaK-
Tepa ABOJIIOIMH OCTPOTO JIECTPYKTUBHOTO MAaHKPEATH-
Ta TSKEJION CTelleH B OTAQJIEHHOM ITE€PHOJIe OT Psijia
TMaToTeHeTHYeCKUX (hakTOpoB. B gacTHOCTH, TOKa3aHA
POJIb AyTOMMMYHHBIX MEXaHU3MOB U JIOKAJIM3AINN
MATOJIOTUIECKOTO Ouara B XBOCTE MOJKETYIOUHOM
JKeJie3bl B Pa3BUTHUU [MAHKPEATOTEHHOI'O CaxXapHOTO
JrabeTa; poJib ILIOMAAN BOCIAINTEIHLHOTO MIPOIecca
B Pa3BUTUN ITOCTHEKPOTUYECKUX TICEBIOKUCT MOJIKE-
JIYIOYHOM JKeJie3bl; 3HAYMMOCTb TPUBEPKEHHOCTH
BpayeOHbIM HA3HAYEHUSIM B BEPOATHOCTH Pa3BUTHUS
XPOHHUYECKOTO HaHKpeaTuTa Ha (hoHe IepeHeceHHOTo
OOIIMPHOTO TTIOPAKEHISI IOKETYI0OUHON JKeJIe3bl.

References

1. Ismailov E.L., Eralina S.N., Tekesbaev B.B., Abdrasulov R.B.
Extracorporeal detoxification methods in the treatment of destructive
pancreatitis. Obshchaya Reanimatologiya = General Reanimatology.
2015; 11 (3): 65—74. http://dx.doi.org/10.15360,/1813-9779-2015-3-
65-74. [In Russ., In Engl.]

2. Savelyev V.V., Vinokuroo M.M., Gogolev N.M., Potapov A.F. An analysis
of effectiveness of application of various methods of artificial detoxica-
tion in patients with sterile phase of pancreatic necroses. Vestnik
Khirurgii Imeni L1.Grekova. 2012; 171 (3): 35—38. [In Russ.]

3. Skutova V.A., Abrosimov S.Yu., Kasumyan S.A., Chaikovsky Yu.Ya.
Diagnosis, treatment strategy, and predictors of septic complications in
necrotizing  pancreatitis.  Klinicheskaya ~ Mikrobiologiya i
Antimikrobnaya Khimioterapiya. 2012; 14 (4): 351—357. [In Russ.]

4. Kolotushkin I.A., Balnykoo S.I, Shubin L.B. Assessing the impact of
octreotide on mortality and the development of septic complications in
patients with initially severe pancreatic necrosis. Annaly Khirurgii.
2014; 2: 41—47. [In Russ.]

5. Mironov PI., Ishmukhametov 1.Kh., Bulatov R.D., Timerbulatov V.M.
Advantages and limitations of neu-roreticular prognostic model for
course and outcomes of acute pancreatitis. Annaly Khirurgii. 2011; 1:
43—47. [In Russ.]

6.  Balnykoov S.1., Petrenko T.F. Prediction of the outcome in patients with
necrotic pancreatitis. Khirurgiya. Zhurnal Imeni N.I.Pirogova. 2010; 3:
37—40. PMID: 20517265. [In Russ.]

7. Morozov S.V., Poluektov V.L., Dolgikh V.T., Reis A.B., Khomyakov V.D.,
Tropina 1.V., Ershoo A.V. Shortinvasion technologies in treatment of
postnecrotic pseudocysts of pancreas. Vestnik Uralskoi Meditsinskoi
Akademicheskoi Nauki. 2010; 1: 80—83. [In Russ.]

8. Baskakova D.V., Khaldin A.A., Briko N.I. Clinical and epidemiological
characteristics of diseases caused by the herpes simplex virus. Rossiisky
Zhurnal Kozhnykh i Venericheskikh Boleznei. Prilozhenie «Gerpes». 2006;
2:26—30. [In Russ.]

9.  Savelyev V.S., Filimonoo M. 1., Burnevich S.Z. Pancreonecroses. Moscow:
Meditsinskoe Informatsionnoe Agentstvo; 2008: 264. [In Russ.]

OBIIAA PEAHMMATOAOI'MA, 2017, 13; 1

www.reanimatology.com

43



44

For The Practitioner

DOI:10.15360,/1813-9779-2017-1-34-44

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

MTabynun A.B., Apabaunckuii A.B., Jyxun A.JO. Tlankpeonekpos. [lna-
raoctrka u jgederue. M.: TOOTAP-Menuna; 2014: 89.

Weber M., Stallmach A. Resistant enterococci in infected pancreatic
necrosis. Dtsch. Med. Wochenschr. 2014; 139 (50): 2603.
http://dx.doi.org/10. 1055/5-0034-1387471. PMID: 25469696

Topckuii B.A., Aeanos M.A., Xopesa M.B., Jleonenxo U.B. Ilatorenern-
uecKas Tepalus HAYAJIbHOTO MePUoja NaHKPeoHekposa. Kybanckuil
nayun. med. secmnux. 2013; 7: 73—78.

Cagponosa H.H., Tapacos A.H. IIpriMenenye npoToKoJa MHTEHCUBHOIT
Teparmi Cencuca Ipu MaHkpeoHekpose. Meduyunckas nayxa u o6paso-
sanue Ypara. 2013; 14 (4): 39—42.

. Maes HU.B., Kyuepssvui [0.A. Bonesnn 1opKeny0uHoil Keaesbl.

ITpakrnueckoe pykosoactso. M.; 2009: 736.

Toncmoii A /L., Torvyos P.B. Bo3MOKHOCTH «OOpBIBAa» [€CTPYKTUBHOTO
polLiecca Ha PAHHUX CTaNsX aHKpeonekposa. O0was peanumamoio-
eusi. 2003; 1 (3): 58—60. http://dx.doi.org/10.15360,/1813-9779-2005-
3-58-60

Xopowunos C.E., Hukynun A.B., Mapyxoe A.B. IlpumeHeHne miasma-
(depesa B hepmenTaTuBHOI (hase TsKEN0r0 OCTPOTO NanKpeatnta. 06-
wasn peanumamonozus. 2013; 9 (6): 53—60. http://dx.doi.org/
10.15360,/1813-9779-2013-6-53

Ipunesuu B.b., Cac E.H., Epumos O.H., Illep6una H.H. Cuctemuas Boc-
MAJITEBHAST PEAKIINST B [TATOTEHE3e PA3BUTHSI XPOHUYECKOTO TTAHKPE-
atuta. @apmamexa. 2012; 10: 68—74.

Saiiyes B.M., Jlupanockuii B.I., Mapunxun B.J. Tlpukiaanas Mean-
nunckas crarucruka. CI16.: Moamant; 2003: 432.

Malka D., Hammel P., Sauvanet A., Rufat P., O’Toole D., Bardet P., Belghiti J.,
Bernades P., Ruszniewski P., Lévy P. Risk factors for diabetes mellitus in
chronic pancreatitis. Gastroenterology. 2000; 119 (5): 1324—1332.
http://dx.doi.org/10.1053 /gast.2000.19286. PMID: 11054391

Wakasugi H., Funakoshi A., Iguchi H. Clinical assessment of pancreatic
diabetes caused by chronic pancreatitis. J. Gastroenterol. 1998; 33 (2):
254-259. http://dx.doi.org/10.1007 /s005350050079. PMID: 9605958

Quaumonos M., Ienvpand B.P., Bypuesuy C.3. JlecTPyKTUBHbBII MaH-
KPEaTuT — KOMILJIEKCHAsS! IMarHOCTUKA 1 Jieuene. Hoawviil med. acypnal.
1997; 3: 10-13.

Jlumeun A.A. Nndurmposanusiii nankpeonekpod. M.: Vnrerpanus;
2011: 240.

@upcosa B.I, Ilapuwuxos B.B., Ipadycos B.II. OcTpblii maHKpeaTut: co-
BPEMEHHBIC aCIIeKTHI aroreHesa u kiaaccudukarn. Cogpem. mexnono-
2uu 6 meOuvune. 2011; 2: 127—134.

Wu B.U., Pandol S.J., Liu I.L. Simvastatin is associated with reduced
risk of acute pancreatitis: findings from a regional integrated health-
care system. Gut. 2015; 64 (1): 133—138. http://dx.doi.org/10.
1136/gutjnl-2013-306564. PMID: 24742713

byxauc 3.P., Meawkun B.T. XpoHnueckuii TaHKPeaTUT: THOJIOTHS, T1a-
TOQUIMOIOTHsS U KOHCEPBATUBHAS Teparuist. Poc. dacypn. eacmposnme-
poa. zenamoa. kononpoxmoi. 2006; 16 (6): 79—86.

Govindarajan M., Mohan V., Deepa R., Ashok S., Pitchumoni C.S.
Histopatology and immunohistochemistry of pancreatic islets in fibro-
calculous pancreatic diabetes. Diabetes Res. Clin. Pract. 2001; 51 (1):
29—38. PMID: 11137179

IMocrymuna 25.12.2016

11.

12.

13.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

Shabunin A.V., Arablinsky A.V., Lukin A.Yu. Pancreonecrosis. Diagnosis
and treatment. Moscow: GEOTAR-Media; 2014: 89. [In Russ.]

Weber M., Stallmach A. Resistant enterococci in infected pancreatic
necrosis. Dtsch. Med. Wochenschr. 2014; 139 (50): 2603.
http://dx.doi.org/10. 1055/5-0034-1387471. PMID: 25469696

Gorsky V.A., Agapov M.A., Khoreva M.V., Leonenko 1.V. Pathogenetic
therapy of the initial period of sever acute pancreanecrosis. Kubansky
Nauchnyi Meditsinsky Vestnik. 2013; 7: 73—78. [In Russ.|

Safronova N.N., Tarasov A.N. The application of the protocol of inten-
sive care sepsis by pancreanecrosis. Meditsinskaya Nauka i Obrazovanie
Urala. 2013; 14 (4): 39—42. [In Russ.]

Maev I.V., Kucheryavyi Yu.A. Disorders of the pancreas. A practical
guide. Moscow; 2009: 736. [In Russ.]

Tolstoi A.D., Goltsoo R.V. The potentialities of abolition of a destructive
process in early pancreonecrosis. Obshchaya Reanimatologiya =
General Reanimatology. 2005; 1 (3): 58—60. http://dx.doi.org/10.
15360,/1813-9779-2005-3-58-60. [In Russ., In Engl.]

Khoroshilov S.E., Nikulin A.V., Marukhov A.V. Use of plasmapheresis in
the enzymatic phase of severe acute pancreatitis. Obshchaya
Reanimatologiya = General Reanimatology. 2013; 9 (6): 53-60.
http://dx.doi.org/10.15360,/1813-9779-2013-6-53. [In Russ.]

Grinevich V.B., Sas E.IL, Efimov O.1., Shcherbina N.N Systemic inflam-
matory response in the pathogenesis of chronic pancreatitis.
Farmateka. 2012; 10: 68—74. [In Russ.]

Zaitsev V.M., Liflyandsky V.G., Marinkin V.I. Applied medical statistics.
Sankt-Peterburg: Foliant; 2003: 432. [In Russ.]

Malka D., Hammel P, Sauvanet A., Rufat P, O’Toole D., Bardet P., Belghiti J.,
Bernades P., Ruszniewski P., Lévy P. Risk factors for diabetes mellitus in
chronic pancreatitis. Gastroenterology. 2000; 119 (5): 1324—1332.
http://dx.doi.org/10.1053/gast.2000.19286. PMID: 11054391

Wakasugi H., Funakoshi A., Iguchi H. Clinical assessment of pancreatic
diabetes caused by chronic pancreatitis. J. Gastroenterol. 1998; 33 (2):
254-259. http://dx.doi.org/10.1007 /s005350050079. PMID: 9605958

Filimonoo M 1., Gelfand B.R., Burnevich S.Z. Destructive pancreatitis —
a comprehensive diagnosis and treatment. Novyi Meditsinsky Zhurnal.
1997; 3: 10-13. [In Russ.]

Litvin A.A. Infected pancreonecrosis. Moscow: Integratsiya; 2011: 240.
[In Russ.]

Firsova V.G., Parshikov V.V., Gradusov V.P. Acute pancreatitis: current
aspects of pathogenesis and classification. Sovremennye Tekhnologii v
Meditsine. 2011; 2: 127—134. [In Russ.]

Wu B.U., Pandol S.J., Liu I.L. Simvastatin is associated with reduced
risk of acute pancreatitis: findings from a regional integrated health-
care system. Gut. 2015; 64 (1): 133—138. http://dx.doi.org/10.
1136/gutjnl-2013-306564. PMID: 24742713

Buklis E.R., Ioashkin V.T. Chronic pancreatitis: etiology, pathophysiol-
ogy and conservative treatment. Rossiisky Zhurnal Gastroenterologii,
Gepatologii i Koloproktologii. 2006; 16 (6): 79—86. [In Russ.]
Govindarajan M., Mohan V., Deepa R., Ashok S., Pitchumoni C.S.
Histopatology and immunohistochemistry of pancreatic islets in fibro-
calculous pancreatic diabetes. Diabetes Res. Clin. Pract. 2001; 51 (1):
29—-38. PMID: 11137179

Received 25.12.2016

YUYEHBIX CTeleHei.

»  Obwas peanumamonozus.

Jluccepranuy Ha COMCKaHME YYEHOH CTENEHH JO0KTOpa HayK 6e3 omyou-
KOBaHHS OCHOBHBIX HAYYHbBIX PE3yJIbTATOB B BEAYIIUX KYPHAJIAaX U U3JAAHUSX,
nepeueHb KOTOPhIX YTBEP:KAeH Bbicuiell arTecTanMOHHO KOMHCCHEH, OyayT
OTKJIOHEHBI B cBA3U ¢ HapymeHueM 1. 10 [lono:keHus o nopsaake npucy:kaeHust

[Tepeuens sxypuamos BAK, uzgaBaembix B Poccuiickoii Deepaiiuu 1o cre-
mranbHocTh 14.01.20 « AHecTe3moI0THs 1 peaHUMAaTOJIOT US>, B KOTOPBIX PEKOMEH-
Jyercs yOJIMKalusl OCHOBHBIX Pe3yJIbraToOB [MCCepTaliii Ha COMCKaHUe YYeHOI
CTETIeH! JIOKTOPA U KaHIU/IaTa MEUITMHCKUX HAYK:

*  AHnecmesuonozusi u peanumMamosozusl,

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 1



DOI:10.15360,/1813-9779-2017-1-45-56

Kamaudeckoe HabAXOAEHUE

IKCTpaKopHopajbHasi MeMOpPaHHASI OKCUTEHAIMS H COBPEMEHHBIE METO/IbI
JETOKCHKAIIUY B JIeYeHHH BUPYCHO-0aKTePHATbHOI ITHEBMOHHH,
o0ycaosiennoit Bupycom rpunna A(H1N1) y poauabHUIbI
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Extracorporeal Membrane Oxygenation and Modern Detoxification Techniques
in a Puerpera with Viral and Bacterial Pneumonia Caused
by Flu A(H1N1) Virus

Roman A. Kornelyuk"?, Dmitry L. Shukevich'?, Boris L. Hayes', Leonid E. Shukevich?,
Sergey V. Vostrikov?, Evgeniy V. Grigoriev'’, Georgy P. Plotnikov'
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Benbliky BUPYCHBIX MHOEKIMI B TIOCIEHEE IECSTUIETHE CTAIN CEPE3HOI TIPOOIEMO /ISt MUPOBOTO 371pa-
Booxpanenus. Mosnunenocnoe pacripoctpanenue rpumma A (H1N1) 8 2009—2010 rr. , xapakTepusytotieecs BbICO-
KOii 3260J1eBAEMOCTBIO U CMEPTHOCTBIO, I0CTUTaoIIElH 31%, TIPUBEJIO 10 CYTH K AHAEMUH, 3aTPOHYBIIEl BeCh 3eM-
Holl miap. ITosropHast nangemusi rpunma A (HIN1) nabmogamacs B 2015—2016 1T, ¥ ¢ BBICOKOU o€l
BEPOSITHOCTH MOJKET MOBTOPUThCs B OyayiieM. OcoGeHHOCTBIO JaHHOI HHMEKIMY SBJISIETCST BBICOKAsI 4aCcTOTa 3a-
6oJsieBaeMOCTH cpe/it GepeMeHHbIX JKEHIUH. B sinreparype uMeroTcst COOOIIEHUS O 10CTaTOUHON 3(hdDEKTUBHOCTH
1 6e30IIaCHOCTY TPUMEHEHUST BEHO-BEHO3HOU HKCTPAKOPIIOPAIbHOIT MEMOPAHHON OKCUTEHAIMH Y TTAIIUEHTOB C T51-
JKEJIBIM OCTPBIM PECITMPATOPHBIM JIUCTPECC-CUHAPOMOM, pepakTepHOM K CTAHIAPTHBIM TEPAEBTHYECKUM MEPO-
NpUsTUSIM. B craTbe JeMOHCTPUPYETCS KIMHUYECKUIA CJIydail yCIHEeNHOrO NPUMEHEHHUsS] 9KCTPAKOPIIOPAIbHOIM
MeMOPaHHON OKCUTEHAIUY B COYETAHUU ¢ METOJaMU MHTEPMUTTHPYIOIIEH 3aMeCTUTEIbHON IOYeUHOIT Teparun y
POIMJIBHUIIBL ¢ OCTPHIM PECIMPATOPHBIM JAUCTPECC-CUHAPOMOM, 00YCIOBJIEHHOM TSIKEJION BUPYCHO-OaKTepHasib-
noit nueBmonueii Ha one rpurma A (H1N1). /lokazanbl nosioskutesbibie 3pdeKTbl COUeTAHHOTO TPUMEHEHUS Be-
HO-BEHO3HOIT 9KCTPAKOPIIOPATBHON MeEMOPaHHOIT OKCUTeHAIIY U COBPEMEHHBIX METO/I0B JeTokcuKarmu. O6o3Ha-
YeHbl TIPOOJIEMbI OPraHU3AIMOHHOTO XapaKTepa, BOSHUKINNE KaK MPU ONMpPEICIeHNH MOKa3aHUil K MPOBEIAEHUIO
HKCTPAKOPIIOPATIbHOTO Ta3000MeHa, TaK M CBS3AHHBIE C €r0 BBIIIOJIHEHUEM B YUDPEKACHUM, HEe UMEIOIIEM OIbITa U
COOTBETCTBYIOIIETO TEXHUYECKOTO OCHATIECHUS.

Kntouesvte cnosa: epunn A (H1N1); ocmpoiil pecnupamopuiii 0ucmpecc-cunopom; NHEEMOHUSL; IKCMPAKOPNO-
PANHASL MEMOPAHHAS. OKCUZEHALUSL; OEPEMEHHOCTL; 3AMECTUMENVHAS. NOUeUHAS, MEePANUsL; OeMOKCUKAULUS

Outbreaks of viral infections have become a global healthcare challenge over the last decade. The 2009—2010
flu A (HIN1) outbreak resulted in global pandemia, associated with high morbidity and mortality reaching 31%.
Another flu A (HIN1) outbreak occurred in 2015—2016. There is a strong probability that it may be repeated in
the future. This infection is associated with its high incidence among pregnant women. There are some published
reports describing the efficacy and safety of veno-venous extracorporeal membrane oxygenation (ECMO) in
patients with severe acute respiratory distress syndrome that is refractory to standard therapeutic options. The
article presents a clinical case of a successful use of extracorporeal membrane oxygenation and intermittent renal
replacement therapy in a puerpera with acute respiratory distress syndrome caused by flu A (H1N1)-related severe
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viral and bacterial pneumonia. The positive effects of the combination of veno-venous extracorporeal membrane
oxygenation and modern detoxification techniques have been demonstrated. Revealed organizational problems
were related to selection criteria for prescription of extracorporeal gas exchange, as well as to carrying out the pro-
cedure in an institution in the deficiency of the experienced staff and corresponding equipment.

Key words: flu A (H1N1) virus; acute respiratory distress syndrome; pneumonia; extracorporeal membrane oxy-
genation; pregnancy; renal replacement therapy; detoxification
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BBenenne

PaspaboTtka 9h(EKTUBHBIX METOLOB JICUYCHUS
[THEBMOHWUIT SIBJISIETCST aKTYaJIbHOI TPpoOIeMoii arec-
Te3uoJIoruu-peanumarosnoruu [1—4].

Benprimku BUpycHBIX WHGMEKIUN B TIOCTeHee
JeCATHJIETHE CTAJI CEPbe3HOI MPOOIEeMOil It M-
POBOTO 3/IpaBOOXpaHeHNst. MOJHUEHOCHOE PaCIpoO-
crpanenne rpunma A(HIN1) 8 2009—2010 rr., xa-
paKTepUsyoleecss BHICOKOH 3a60/1eBaeMOCThIO U
CMEPTHOCTBIO, ocTHraoIiell 31%, MpuBesio 1mo cyTu
K TIaH/IeMUN, 3aTPOHYBINIEN BeCh 3eMHOI 11ap. B ator
MEPUOJT B CPEJTHEM IO MHUPY CMEPTHOCTH COCTABWJIA
31% (95% CI 28—34), ogHako B 3aBHCUMOCTH OT Te-
orpaduu, ypoBHS KM3HU, COMMAIBHBIX TPYIII, 9TOT
ToKasaTesb ObLT oueb Bapuabeabunim [5]. B 2011 ro-
ny Van Kerkhove M. D., Vandemaele K. A, Shinde V.
U JIp. mpeacTaBuTen paboueit rpynisl BO3 mo usy-
yenuto pakropos pucka rpunma A (HIN1) ngemonct-
PUPOBAJIH [aHHbIE TJI00AIBHOTO aHAN3A, B KOTOPBII
ObLIM BKJIIOYeHbI 6oJibHbIe B iepuoj ¢ 1 anpens 2009
roga o 1 staBapsa 2010 roxa 3 19 crpan. CorsacHo
1M JanHbIM, 13 70000 GOIbHBIX ¢ 1a00PATOPHO 1101
tBepskaeHHbiM Bupycom A (HIN1) 9700 (13,8%) —
9T0 GOJIbHbIE, IOCTYIIUBIIE B OT/CJICHISI PeaHUMAIlN
(OP) ¢ xmmAMYeCKO KapTUHOI OCTPOTO PECTTUPATOP-
Horo auctpecc-cunapoma (OPC), ¢ rumokcemueii,
pedpaxTepHOl K MICKYCCTBEHHON BEHTUJISIINN JIETKUX
(BJI). CornacHo TONy4YeHHBIM JIaHHBIM, PUCK He-
GJIArOTIPUSITHOIO UCXO/A TOW BUPYCHOM MH(EKIINU
ObLJI 3HAUNTEILHO BbIIIE CPEAM JIUIL cTapiie 64 jer, a
TaKIKe y JIUI] C XPOHUIECKIMU 3a00JIeBAaHUSIMI BHY T-
PEHHUX OPraHoB (XpOHWYECKHe 3a00JI€BAHUS TIeue-
HU, JIETKKX, Auabet, ummyHoaeduiutsr). Kpome To-
0, PUCK TSAKEJIOTO TeueHuUsT 3a00JIeBaH st ObLIT BhIIIIE
cpen OepeMeHHBIX JKEHIINH, OCOOEHHO B TPEThEM
TpUMecTpe OepeMEHHOCTH, a TakKe y HalHeHTOB C
oxkupennem (UMT > 30) [6].

DBepementbie keHIUHBI cocTaBiastan 15% ot
BCEX TOCIUTATN3UPOBAHHBIX 00JbHBIX B OP, a noJist
yMepiux coctaBuia 6,9% B cpennem mo mupy. bosee
MOJIOBUHBI BCEX TOCIUTAJU3UPOBAHHBIX OepeMeH-
HBIX JKEHIUH HaXOAWJINCh HA TPETbeM TPUMECTpe
6epemeHHocTH. TIpr 9TOM Takue He PeCupaToOpHbIe
OCJIOJKHEHUsT OEPEeMEHHOCTH KaK apTephaibHast Ii-
MEPTEH3MS U MTPEIKTAMIICUS YBEJTMUNBAJIN PUCK TOC-
MATAIN3AINH, HO He TIOBBITIAIN PUCK cMepTH [6].

B sureparype mMe0TCS HEMHOTOYHCJEHHBIE
COOOIIEHHS O I0CTATOUHON (P HEKTUBHOCTH U 6E30-

Introduction

Developing the effective methods for the treat-
ment of pneumonia is an argent problem in contem-
porary anesthesiology and intensive care of patients
with critical illness [1—4].

Outbreaks of viral infections have become a
global healthcare challenge over the last decade. The
2009—2010 flu A (HIN1) outbreak resulted in glob-
al pandemia associated with high morbidity and
mortality. The overall worldwide mortality was 31%
(95% CI 28—34) during that period. However,
moratality rate varied depending on the geographi-
cal region, living standards, and patient's social sta-
tus [5]. In 2011, Van Kerkhove, Vandemaele K. A.,
Shinde V. and other representatives of the WHO
Working Group for Risk Factors for Severe
H1N1pdm Infection performed a global analysis of
the data, collected in 19 countries from April 1, 2009
until January 1, 2010. According to these data, out of
total 70,000 laboratory-confirmed hospitalized
HiN1pdm patients, 9,700 patients (13.8%) were
admitted to intensive care units (ICUs) with acute
respiratory distress syndrome (ARDS) and hypox-
emia that is refractory to mechanical ventilation
(MV). The acquired data had demonstrated that risk
of unfavorable outcomes of the viral infection was
significantly higher in patients older than 64 years,
and in patients with chronic conditions (chronic
liver disease, chronic pulmonary disease, diabetes,
immunodeficiency). In addition, pregnant women,
especially in their third trimester, and patients with
obesity (BMI > 30) were at a higher risk of severe
disease course [6].

Fifteen percent of all patients admitted to the
ICU were pregnant women, and 6.9% of patients
died. More than half of all pregnant women admitted
to the ICU were in their third trimester. Non-respi-
ratory complications of pregnancy including arterial
hypertension and pre-eclampsia increased the risk of
hospitalizations, but did not increase the risk of fatal
outcomes [6].

There are limited reports in the medical liter-
ature describing the sufficient efficacy and safety of
veno-venous extracorporeal membrane oxygena-
tion (ECMO) in pregnant and puerpera with severe
ARDS refractory to standard therapeutic options.
However, some authors reported on an increased
risk for postpartum uterine bleeding associated
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KamHnueckoe HabaOAEHUE .

MACHOCTU TIPUMEHEHUST BEHO-BEHO3HOH 9KCTPaKOP-
nopajibHOil MemOpanHoil okcureHanun (OKMO) y
GEepPEeMEHHBIX JKEHIIMH W POJUIBHUI] C TSKEIbIM
OPIC, pedpakTepHOM K CTaHAAPTHBIM TepaIeBTHU-
YECKUM MEPOIPUSATUSIM. B TO e BpeMsi HeKOTOpbIe
aBTOPBI YKa3bIBAIOT Ha BBICOKUI PUCK ITOCIEPOIOBO-
TO MAaTOYHOTO KPOBOTEUEHUSI, CBSI3aHHOTO C aHTHKO-
aTyJISTHTHOM Tepanuei, HeoOGXOANMOiT 7T TIpoBeIe-
nusg nepdysuun [7—10]. IIpumenenue panHoi
METOIUKN HKCTPAKOPIOPATHLHOTO Ta3000MeHa y
00b1yHbIX GosbHBbIX ¢ Tskesnoit OJIH, acconuupo-
BarHOM ¢ Bupycom rpunmna A (HIN1), raxxke moka-
3aJ10 HEIJIOXWe Pe3yJbTaThl, COMPOBOKIAIOIINECS
yIIydIieHueM BbIKUBaeMOCTH. [Ipu aToM oTMeueHo,
yto panHee Havano DKMO nHapsamy c npoBesennem
NBJI B «6e30MaCHBIX> PEKUMAX YJIYUIIATI0 HCXOIBL.

Crout OTMETHTD, 4TO caMa 1o cebe MeTOIHKa
IKMO 6buia usBectHa etie ¢ 70-x rogos XX Beka,
Ho ee mpuMenenne 7 gedenus O/IH no 2009 ro-
na, r.e. 1o nangemun rpunima A (H1N1) 6bu1o Bech-
Ma OrPaHUYEHHBIM B CBSI3M C OTCYTCTBHEM yOemu-
TEJNIbHOM JJ0Ka3aTebHOi 6asbl ee 9 (HEKTUBHOCTH U
6€e30IaCHOCTH.

JlpIxaresibHast HEOCTATOYHOCTh — HE e[UHCT-
BEHHBIN (haKkTOp ONpeNesIoNnil TSKeCTh peaHnMa-
uonnbix maientos ¢ HIN1. Ocoboe mecto cpeau
9TUX (haKTOPOB 3aHUMAET M OCTPOE MOBPEKIEHUE TI0-
yek (OIIIT), koropoe pasBuBasoch y 60% GOJBHBIX.
[Tpu atom B 18—25% Bo3HUKaIa TOTPEOHOCTH B IIPO-
BeJIEHNH 3aMecTuTesbHON 1touednoi teparmu (311T).
Kax passutue OIIII, tak u morpebrocTh B 3TIT ObLitN
CBsI3aHbl € IIOBbILIeHreM Jetaibioctu [11—13]. Bume-
CTe C TeM, U3BECTHO, YTO HEKOTOPbIE KJIMHUKHU TIPe/l-
MIPUHUMAJI TIOTIBITKU TIPOBE/IEHUsT TIPOJIJIEHHON Te-
MOGMUIBTPAIIA 10 «BHEIMOYEYHBIM» TIOKA3AHUSV C
1EJTBI0 JIETOKCUKAITMH, KOTOPbIE XapaKTePU30BAIUChH
comuuTesbHON aexTuBHOCTLIO [ 14].

Takum 00pasoM, Ha JaHHBIH MOMEHT HeT ybe-
JIIUTEJHHBIX 0KA3aTeIbCTB 3(MHEKTUBHOCTH Kak
IKMO, tak u Kakux-1u60 METOM0B AETOKCUKAI[HI
B sevennn Tsokeaoit OJIH, obycioBientoi Bupy-
com rpunmna A (HIN1). XoTs npumenenne gaHHBIX
METO/IUK SIBJISIETCSI BIIOJTHE JIOTUYHBIM U MaTOTeHe-
THYECKH 0OOCHOBAHHBIM C TIO3UIUH TOAIEPIKAHIII
JKUBHENIESATENbHOCTH W TIPEYIPEKICHIS Pa3BUTHUS
nosmoprantoii Hegocrarounoct (ITOH). Heobxo-
MO HAKOILIEHHE KJIMHIUYeCKUX HaOM01eHuil 11 00-
MEH OIBITOM, 0COOEHHO C YYeTOM TOTO, YTO TIOBTOP-
Hast mangemust rpunmna A (HIN1) wabiaoganach B
2015—2016 rT. 1 ¢ BLICOKOI 10JIElT BEPOSTHOCTU MO-
JKeT TIOBTOPUTHCS B GYIYIIEM.

ITesb maHHOI PabOTHI — JIEMOHCTPALUST OIBITA
ycnerrHoro npuMenennst IKMO B couerannu ¢ me-
TOJAMU WHTEPMUTTUPYIONIEH 3aMeCTUTENbHON 10-
YEYHOU Tepanuu ¢ UCIOJIh30BAHUEM COBPEMEHHBIX
JAJI3HBIX MEMOPaH Yy POAUIBHUILBI C TSKEJION BU-
pycHO-GaKTepHaIbHOIl THEBMOHHEH Ha (hOHE IPHIl-
ma A (HIN1).

with anticoagulation therapy required for the per-
fusion [7—10]. The use of the extracorporeal gas
exchange technique in normal patients with acute
respiratory failure (ARF) associated with influenza
A (H1N1) also resulted in good clinical outcomes
and improved the survival. At that, early implemen-
tation of ECMO using a protective ventilation
strategy improves clinical outcomes.

ECMO has been known since the 1970s, but its
use for ARF has been limited until the 2009 influen-
za A (HIN1) pandemic due to the lack of evidence of
its efficacy and safety.

Respiratory failure is not the only factor deter-
mining the severity of the ICU patients with HINT.
However, acute kidney injury (AKI) played an
important role among these factors and was also
found in 60% of patients. Of these, 18—25% patients
required renal replacement therapy (RRT). The
onset of AKI and the need for RRT were associated
with increased mortality [11—13]. Thus, some clinics
had an experience of prolonged hemofiltration for
detoxification based on extrarenal indications, but
its efficacy remained debatable [14].

Therefore, there is no convincing evidence sug-
gesting the efficacy of ECMO, as well as any detoxi-
fication methods for treating severe ARF, caused by
flu A (HIN1), although their use seems reasonable
and pathogenetically justified for life support,
because they are able to prevent the development of
multiple organ dysfunction syndrome (MODS). The
accumulation of clinical observations and experience
exchange are still required, since the second flu A
(H1N1) pandemic occurred in 2015—2016 and
might occur in the future.

The purpose of the article is to present the first
experience of the successful use of ECMO with inter-
mittent renal replacement therapy using modern dial-
ysis membranes for puerpera with severe viral and
bacterial pneumonia with underlying flu A (HIN1).

Case presentation

A 26-year-old female patient presented with fever
without catarrhal signs, dry cough, and shortness of breath
at physical stress was admitted to Kemerovo Regional
Perinatal Center on January 19, 2016. The patient was
diagnosed with community-acquired right polysegmental
pneumonia (S3, S10), 38 weeks of pregnancy, gestational
thyrotoxicosis at 10 weeks of pregnancy, preeclampsia
(gestational hypertension at 24 weeks of pregnancy, pro-
teinuria). The patient had been feeling unwell for 5 days
prior to hospitalization. She had signs of acute viral respi-
ratory infection (AVRI) with a fever (a temperature of
38.5°C) and severe intoxication with worsening shortness
of breath. She received antibiotic therapy with
azithromycin and ampicillin combined with sulbactam.

On January 22, 2016, the patient was transferred to
the ICU, because pneumonia was complicated with wors-
ening respiratory failure, and right-sided pleural effusion.
Flu A (HIN1) pdm09 RNA was confirmed by PCR. After
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KanHuueckoe Ha0MOaeHIE

IManumentka [I. 26 set, ¢ )kajmobaMu Ha TUIEPTEPMUIO
6e3 KaTapaJbHbIX SIBJIEHII, CYXOH KallleJsib, OBIIIKY TIPH
dbusnueckoii Harpyske 19.01.16 r. 6bl1a TOCIUTATIN3UPOBA-
na B KemepoBcknii 061acTHON NepuHATANTBHBIA HEHTP C
JIMATHO30M: BHEOOJIbHMYHAS TIOJMCErMEHTapHAS TTHEBMO-
Hust cripasa (S3, S10), 6epemennocTs 38 Heelb, recraiu-
onnblil runotupeos ¢ 10 nexenu, npeakaammcus (recrarm-
OHHAsl THUNEPTEH3Us C 24-X He[eNb, TPOTEUHYPHUST).
Cunrasa cebs 6oJIbHOI B TeueHue 5 AHel 10 TocnuTainsa-
. Orvevanucs ssiaenuss OPBU ¢ runeprepmueit 10
38,5°C, BbIpayKEHHOW MHTOKCHKAIIMEH, YCUIUBAIONIENCS B
IMHAMKKe obIKoi. Havata antubakrepuanbHas Tepa-
[¥s A3UTPOMUIIMHOM ¥ aMIIUIMJINHOM B KOMOMHAIIUY C
CyJIbOAKTAMOM.

22.01.16 1. TeueHre MTHEBMOHUH OCJIOKHUJIOCH Hapac-
TaHUEM [IbIXaTeJIbHON HEeJOCTATOYHOCTH, TJI€BPATHHBIM
BBIIIOTOM CIIPaBa, 110cJIe Yero 6osibHast Oblia IepeBeieHa B
otzesenne peanumaiuu. Torma ke metonom I[P Bbize-
sen PHK Bupyca rpunma A (HIN1) pdm09. Hauara crie-
muduyeckass MPOTHBOBUPYCHAST TePAIHs 3aHAMIBHPOM.
Ha moment rocrmmrammsarnun UMT — 31.

Cocrosinue Ha MOMeHT noctyrienust B OP tsikenoe,
00YyCJIOBJICHO [BIXATEJIbHON HEIOCTATOUHOCTHIO, CUHIPO-
MOM CHCTEeMHOTro BocnaauteapbHoro orsera (CCBO), npe-
aksamriicueit. Temrepatypa Tesna — 37,6 °C. Co3nanue sic-
Hoe. Ko’XKHble TIOKDOBBI TEJIECHOTO IIBETA, YMEPEHHO
BJIQKHBIE, TEILTbIE, TACTO3HOCTH TOJIeHeN. /Ipixanue CroH-
tannoe, Y/ mo 23/mun. SpO, — 95—97% mpu aprxanun
yBIaxkHEeHHBIM O,. AyCKyJBTaTUBHO [bIXaHHE >KECTKOE,
ocabJieHo B HWJKHUX OTesiax ¢ obeux cropon. AJl —
140/90 mm pr. ct., HCC — 98 ynapos B munyty. Juypes
nocratounbiii. Kupor ysennuen za cuer GepeMeHHON
MaTKH, najablanus 6e3bonesnerna. KicioTHo-ocHOBHOE
cocrosinne (KOC) xamwmmsipuoit xkposu: pH — 7,447,
pCO, — 20,5 mm pr. cT.; pO, — 78,6 MM pr. cT.; BEb — 7,6;
SpO, — 96,4%. Yucyo neiikoruros — 5,3X10°/1 ¢ /s
casurom 110 15%. Onenka mo mkane SOFA — 4 6ana.

[TpoBesit KOHCHIIMYM, TIO Pe3YJIbTaTaM KOTOPOTo, yuu-
TBIBAsI JOHOIIEHHBII CPOK OEPEMEHHOCTH, BBICOKHN PUCK
nporpeccupoBanus [{H, pazsurust [IOH u aknamicun, pe-
KOMEH/IOBAJIM POJIOPa3pellieHre Iy TeM KecapeBa CeueHMs.

B ycnoBugX KOMOMHUPOBAHHON CIMHO-3IULYPAIb-
HOW aHeCcTe3Un BBIMOJHIIN HIKHECPEIUHHYIO JIAapoTo-
MHUIO C OCJIEIYIONIM KeCaPEBBIM CeUeHUEM B HIDKHEM Ma-
TOYHOM cerMeHTe. VI3 mosiocTn MaTky M3BJEKIN KIUBOTO
JTIOHOIIIEHHOTO MaJIbYMKa C OIEHKOI 1o 1mKajie Amnrap 7/8
6anos. Macca tena pebenka — 3,23 kr, gmHa Tena — 46
cM. OCcOBGEHHOCTBIO OTIEPAIUY SIBUIOCH OOJIBIIOE KOJIUYe-
CTBO CBETJIBIX OKOJIOTJIONHBIX BoJI. KpoBomoTepst coctaBu-
sa 500 M1

[Tocremytonue 1Boe CyTOK TOCJE POAOPA3PEIICHHS
(23—24.01.16 1.) xapaKTepU30BAJIMCH OTPUIATEILHOM /M-
HAMKOIi B BU/IC HAPACTAHUS /IbIXaTeJIbHOI HeI0CTaTOUHOC-
™ 1 yxymamenus rnokasaresneit KOC, yro nociy:xuio 1o-
BojloM K repeBoay mnanuentku nHa KWBJI. C yyerom
YXVAIIAIONIEr0Cs COCTOSTHUS, TIPIHSIJIN PEIIEHNE O IIePEBO-
Jie 60JbHOIT B 00JIACTHOI TIEHTP WHTEHCHBHON Teparuu
AKYIIEPCKOIi MOJIMOPraHHON HelocTaTouHOCTH Ha Oase Ke-
MEPOBCKON 061aCTHOM KIMHUYIECKON OOTbHUIIBL.

25.01.16 BBITIONIHUIN CMeHY clienn(UuecKoii mpoTu-
BOBUPYCHOI Teparnm Ha OCeJbTAMUBUD, & TAKKE CMEHY
aHTHbaKTEepUaNbHOI Tepanuu Ha apTaneHeM. CocrosiHue

that, she received specific antiviral therapy with zanamivir.
BMI was 31 at admission.

The patient was critically ill at the time of admission
to the ICU due to severe respiratory failure, systemic
inflammatory response syndrome (SIRS), and preeclamp-
sia. The body temperature was 37.6°C. She had clear con-
sciousness. The skin was of flesh color, moderately moist,
and warm. Peripheral edemata of legs were observed. The
patient breathed spontaneously (respiratory rate up to 23
breaths per minute). SpO, was 95—97% while breathing
humidified O,. Auscultation demonstrated harsh breath
sounds, weakened in the lower part of the lungs. Her pulse
rate was 98 bpm, blood pressure was 140/90 mmHg. She
had sufficient urine output. The abdomen was dilated due
to the uterus with a fetus. The palpation was painless. The
acid-base balance (ABB) in the capillary blood was as fol-
lows: pH = 7.447; pCO, = 20.5 mmHg; pO, = 78.6 mmHg;
BE =7.6; SpO, = 96.4. A white blood cell count was
5.3%10° / L. There were stab cells suggesting 15% shift to
the left. The patient had 4 scores on the SOFA score.

Taking into account the full-term gestational age, high
risk of progressive respiratory failure, the development of
MODS and eclampsia, she underwent emergent caesarean
delivery recommended by the council of physicians.

A lower (uterine) segment caesarean section was per-
formed through a lower midline incision under combined
spin-epidural anesthesia. A full-term newborn with an
Apgar of 7.8 scores was delivered. The birth weight was
3.23 kg, and the length was 46 cm. The total blood loss was
500 mL.

Two days after delivery (January 23—24, 2016), the
patient demonstrated a negative dynamics due to worsen-
ing respiratory failure and altered ABB parameters.
Therefore, she was switched to mechanical ventilation.
Taking into account her state, the patient was transferred
to the Obstetric Intensive Care Center for Multiple Organ
Dysfunction Syndrome in the Kemerovo Regional
Hospital.

On January 25, 2016, the patient has started to receive
oseltamivir and ertapenem being in critical illness without
any improvements. She had acute respiratory distress syn-
drome evolving into respiratory failure accompanied by
SIRS and MODS progression. The body temperature was
38.0—39.0°C. The patient was on mechanical ventilation:
FiO, = 100%, f = 20/minute, Vt = 8.5 mL/kg, MV = 12
L/min, PEEP = 15 ¢cm H,0, Pplat = 32 ¢cm H,O, SpO, =
82%. BP= 120/80 mmHg, pulse rate = 100 bpm. Urine
output was sufficient due to minimal furosemide stimula-
tion. The abdomen was soft by palpation; peristalsis was
auscultated. The ABB in capillary blood was as follows: pH
= 7.2; pO, = 55.6 mmHg; PaO, / FiO, = 55 with
Fi0,=100%; PaCO, = 77.8 mmHg; BE = 0.5. The WBC
count was 4.4x10° / L. Stab cells were found suggesting
32% shift to the left. Chest X-ray showed worsening in the
form of infiltration in the left lung tissue and its worsening
in the right (Fig. 1 a). Prone positioning could not be used
since the patient underwent caesarean section. Thus, it
became obvious that more aggressive ventilation strategy
was not effective and could lead to barotrauma. The
patient had decompensated respiratory acidosis, worsen-
ing over time.

Taking into account clinical and laboratory data, signs
of severe progressive respiratory failure caused by viral
pneumonia, which was resistant for 24 hrs to all methods of

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 1



DOI:10.15360,/1813-9779-2017-1-45-56

KamHnueckoe HabaOAEHUE

MAIMEHTKI OIEHUBAIN KaK KpaiiHe TsKeJIoe, ¢ OTPHIla-
TeJbHOU AUHAMUKON B Buje napactanus /[IH na done
OPIC, nmporpeccuposarus CCBO u I[TOH. Temnepaty-
pa Tera — 38,0—39,0°C. PectmpaTopnas moaaep:kka co
caenyronumu apamerpamu: FiO, — 100%, f — 20/mMumy-
Ty, Vt — 8,5 mu/kr., MV — 12 1/munyty, PEEP — 15 cm
H,0, Pplat — 32 cm H,0. SpO, — 82%, AJl — 120/80 mm
pt. c1., YHCC — 100 B Mmunyty. /luypes mocratouynbrii Ha
done MUHUMATBHON cTUMYJIAIIUU pypoceMunom. ;Ku-
BOT TIPU MAaJbIIAINN MITKHI, TePUCTATBTHKY BBICIYIIN-
Basm. KOC kammstproit kposu: pH — 7,2; pO, — 55,6 MM
pt. ct.; PaO,/FiO, — 55 mMm pT. cT., ipu FiO, — 100%;
PaCO, — 77,8 mm pt. c1.; BE — 0,5. Hnciio jieiikomuTos
4,4X10°/n ¢ /g cupurom 10 32%. Pentrenosornyecku-
OTpUIIATeIbHAS IMHAMUKA B BUJIE MOSIBJIEHUS NHOUIBT-
paluy JIETOYHOM TKAHW CJIeBa M YCUJIEHUS yKe NMero-
meticst cripasa (puc. 1 a). IIpon-mosuiuio He mpuMeHs-
JIM, T.K. TIAIMEHTKA HaKaHyHe IepeHecja KecapeBo
ceuenne. Takum o6pazom, 6110 04eBUAHO, yTo MBJI na-
JKe B «KECTKUX» pesknuMax Oblia HeabekTUBHA U [JakKe
ofacHa € MO3WIUH pucKa 6apoTpaBMbl. Y MaIUEHTKH
chopmupoBacss IeKOMIEHCHPOBAHHBIN PeCINpaTop-
HBIH aln/103, HapacTaIoNNi B IUHAMUKE.

[TpoBes KOHCHIIMYM, 10 Pe3yJIBTaTaM KOTOPOTO, Y4H-
THIBAsl KJIMHUKO-JIA00PATOPHbIE MPU3HAKU TSIKEJIOU IPO-
IPeCCUPYIOIIEli IbIXaTeIbHOI HEJIOCTATOUHOCTH BCJIE/ICTBIE
BUPYCHO-0aKTePUATILHON ITHEBMOHUH, PE3UCTEHTHOIT B Tede-
Hie 1 cyTOK KO BceM MeTofIaM PECIIPATOPHOI MO/IEPsKKH,
PEKOMEH/IOBAJIN ITPOBE/IeHNE BeHO-BeH03HoiT IKMO.

25.01.16 . 1o metorke CebIUHTEPA, C UCTIOTH30BA-
HEeM Habopa JAUJIaTaTOPOB KaHIOJUPOBAIN HUKHIOK 10~
JIYIO BeHY 4epe3 001yio Oe[[pPEHHYI0 BEHY CJIeBa apMUPO-
Bannoi kauioseit 22Fr. Taxxe mo metommke CenpamHrepa,
C WCIOJIb30BaHMeM Habopa AUIaTaTOPOB KAHIOIMPOBAJIH
BEPXHIOIO MOJIYIO BEHY Yepe3 BHYTPEHHIOIO SIPEMHYIO BEHY
cripaBa apmupoBanHoil kautoseir 18Fr. [loaksounin cuc-
Temy st iposionrupoBanioit IKMO (Maquet PLS, Tep-
MaHusi) 1o cxeme: Oej[peHHasi BeHA-BHYTPEHHSIS speMHast
BeHa ¢ 0OBEMHOW CKOPOCTBHIO TIepy3un 5 Ji/MUH ¥ TTOTO-
KOM CBeKuX Ta3os 4 ji/mMuH, FiO, — 100%. B nunamuke B
nepsbie 10 MunyT o1 Havasma nporerypst SpO, BO3pocio ¢
83 110 94%. TTocjie peHTreHOIOTHYECKOTO KOHTPOJIST TI0JI0-
JKEeHUST KAHIONb BBITIOJHUIN UX (DUKCAINIO K KOJKE JIUTATy-
pamu. AHTUKOATYJISIIAIO HOJJIEPKUBAIE GOJIIOCHBIM BBE-
JeHIeM HedPaKIIMOHIPOBAHHOTO remapuHa  u
KOHTPOJINPOBAJIN IYTeM OIpEeTeHIsT aKTHBIPOBAHHOTO
Bpemenu ceprhiBanus (activated clotting time — ACT) ¢
ero 1esieBbiMy 3HaueHusIMU 140—180 cexyHt.

Uepes Heckosbko yacoB nocie Havasa IKMO orme-
JaJ HopMasiuaaius razoBoro coctasa kposu 1 KOC, uto,
B CBOIO OY€pe/lb, TIO3BOJIIIIO U3MeHUTh peskumbl VIBJI ot
«KeCTKUX» 110 «Oesonacubix»: Fi0, — 50%, Vt — 6 mii/kr,
PEEP — 10 cm H,O, Pplat — 22, f — 8 /munyry. Perysip-
HO C MHTEPBAJIOM OJIMH pa3 B 3—4 yaca, a Takxke I10CJe
KaK/IOTO MTU30/Ia PA3TEPMETHIAIINH JbIXaTETbHOTO KOHTY-
P BBITIOJTHSIJIN «<MaHEBPBI PACKPBITHST aJIbBEOJI».

YaureiBasi HEOOXOAUMOCTD [JIUTENbHOM BEHTUIISIITN
u akTuBu3anuy manuentku, 27.01.16 — #Ha TpeThU CTYKH
ot Havana VIBJI BBITOJHUIN MTYHKITMOHHO-INJIATAIUOH-
HYIO TPaXeoCToMHt. B cxeMy aHTuGAKTEpUATBHON Tepa-
muu Ha (oHe TPOIOJIKAIONIETOCST MPUEMa 3dpPTareHeMa
Bryounan uHesosnt. /1o 30.01.16 cocrosinue naineHTKy
OIIEHUBAJIN KaK KpaliHe TsiKeioe, 0e3 CyIecTBEHHOMN nHa-
MUKH, 910 661710 00ycaosaeno OP/IC #a dote AByCTOPOH-

Puc. 1. PenrreHorpamMma rpy/iHoii KJIeTKH.

Fig. 1. Chest X-ray.

Note. The worsening in the form of infiltration in the left lung tis-
sue and its worsening in the right (a). The worsening in the form
of bilateral darkening of the lung tissue (b).

IIpumevanue. /InHaMiKa yXy/IIIeHNsT COCTOSTHNS GOTBHOM: B BU-
J1€ TOSIBJICHUST NHMDUIBTPAIIMH JIETOYHOT TKAHU CJIEBA U YCUTICHUS
ysKe UMEIOIIelicst cripaBa (a); B Bu/e GMIaTepaibHOTO 3aTEMHEHNST
sierounoit Tkaru (b).

respiratory support, the medical councilum recommended
the initiation of veno-venous ECMO.

On January 25, 2016, using a standard Seldinger tech-
nique and a set of dilators, a 22 Fr sheath was placed in the
inferior vena cava via the left femoral vein. Using the
Seldinger technique using a set of dilators, a 18 Fr sheath
was also placed in the superior vena cava via the right
internal jugular vein. The prolonged ECMO (Maquet
PLS, Germany) with the femor-jugular approach was ini-
tiated at the perfusion flow rate of 5 L / min and the sweep
gas flow of 4 L/min, with FiO, = 100%. During the first 10
minutes after the ECMO initiation, SpO, increased from
83 to 94%. After the X-ray control, the cannulas were
securely fixed to the skin with multiple ligatures. Bolus
administration of unfractionated heparin was started and
adjusted to reach a targeted activated clotting time (ACT)
of between 140 and 180 s.

A few hours after the ECMO initiation, blood gases
and the ABB normalized, allowing to switch the ventilation
strategy to the «safe» one (FiO, = 50%, Vt = 6 ml/kg,
PEEP = 10 cm H,O, Pplat = 22, f = 8/minute). Lung
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Hell mosicerMeHTapHoOl NMHeBMOHUU. B IiesoM KIMHUKO-
JiaboparopHasi KapTUHa COOTBETCTBOBAJIA KPUTEPUSIM Tsi-
JKEJIOTO ceTicuca. MennKkaMeHTOo3Hast ceflaliist — JleKeMe-
JETOMIJITHOM C TIePUOANYECKIM MPUMEHEHNEM CHCTEMBI
AnaConDa (Sedana Medical AB, I1Isenus) u cesodropa-
Ha 11pu U36BITOYHOM TICHXOMOTOPHOM BO30YsK/eH!H. Tem-
nepartypa Tesa B tedenue cyTok — 10 39,0°C. 9KMO mpo-
JOJKAIU ¢ 0ObEMHOI CKOPOCTBIO — 5 JI/MUH, TIOTOKOM
CBEKUX Ta30B 4 JI/MUH 1 OTCYTCTBHEM BO3MOKHOCTH PELy-
IIIPOBAHI IOTOKOB B CBSI3U C HEYZOBIETBOPUTEIBHOI Jie-
rouHoil okcurenanueil. IIpoposmkunun UBJI B «besonac-
HBIX» PeKUMaX. AYCKYJbTaTMBHO B JIETKUX JIbIXaHUE
BBICJTYIITUBAJIN PABHOMEPHO BO BCEX OT/IENIAX, TIPOBOJIHbIE
xputbl. [Ipu cananuu TH/ — ymepennoe komuecTBo -
3MCTON MOKPOTBI.

[To jaHHBIM MHBa3UBHOTO MOHUTOPHHTA TeMOJITHA-
MUKH METO/IOM TPAHCITYJIbMOHAJIbHOW TEPMOMIIONNN:
cepmeunniit ungexc 3,0—3,5 a/(MuH*M*), BHECOCYTHCTAS
Bozia jerkux 14—21 mut/xr (1npu pedpepeHCHBIX 3HAYEHUSIX
3,0—7,0 ma/xr). Cpennee A/l e npesbiinano 60 MM pT. CT.
[pU ajleKBaTHON NH(Y3MOHHOI HArpy3Ke, 4To oTpeGoBa-
JIO UCIOJIb30BaHUsT HopaapenanmuHa B mpose 0,05—0,2
MKT/Kr/MuH. Kpome TOro, oT™Meuanu CHUKeHUe TeMIia Jiu-
ypesa (menee 0,5 Mi/xr/4ac) Ha doue nndysun dypoce-
muga — 10—40 mr/gac. Jlaboparopuo: KOC aprepuasib-
noit kposu pH — 7,493, pCO, — 39,5 mm pr. cT., pOy —
87,7 MM pT. CT.; KOJUYECTBO JIEWKOIINTOB CMEHUJIOCH C
JIEHKOTICHNY Ha HopMajbHOe 3HadeHme — 6,5X10°/m.
PentreHosornyecky HabJ0/aln OTPULIATEIbHYIO JIMHA-
MUKY B Bujie OUJIaTePabHOrO 3aTEMHEHUST JIETOUHON TKa-
Hu (puc. 1 b). YuurbiBasi COXPaHSIOIIYIOCS KAPTUHY Cell-
cuca, ITOH u npusHakoB CenTUYECKOro 110Ka, MPUHIN
pellleHue O TTPOBE/IEHUH CeaHca reMOoIMa3a Ha Uaji3a-
Tope ¢ BbIcOKONponuiaemoin membOpanoin Ultraflux
EMiC2 (Fresenius Medical Care AG & Co. KGaA, Tepma-
HUA) B TedeHue 8 4acoB U reMoinauIbTpaIiy Ha JAUajiu-
3aTope ¢ BBICOKOH azcopbupyioleii crocobnoctbio Toray
BK-2.1P (Toray Medical Co., Ltd., Anonus) yepes cyTku.
Ha ¢domne 2-x ceancoB 3amecTuTeIbHON TTOYEUHO TEpATUN
(3IIT) ormeuanu cHUIKEHUE TeMTIepaTyphl Tesa, CHUKe-
HUE JI03MPOBKU HOPAJPEHAIINHA BIJIOTD /IO MTOJIHOTO OTKA-
3a OT HErO BO BPeMs IIPOBEJIEHUS MPOIEyPbl U B TEUCHUE
MOCJIEYIONUX CYyTOK mocye Hee. OTMeYaTn HEKOTOPOEe
yJIydilieHne ra30Boro COCTaBa KPOBH, YMeHbIIIEHUe TPOsIB-
sernii sHnedanronatui. OJHAKO MONBITKU YMEHBIIHTDH
Braag OKMO B razoo0MeH B 5TOT IepUOZ HAOMIOIEHNS
COMPOBOKAATNCH cHIDKeHeM SpO, mo 70—80%, uTto Tpe-
6oBaJIo Bo3Bpara K MpeKHUM pexknMam paboter IKMO.

C 30.01.16 1. (5-e cytku IKMO u aBa ceanca 31I1T) ot-
MeYaJI TIOJIOKUTEIbHYIO IMHAMUKY B BUJIE YIIyUIIEHUS Ta-
30BOTO COCTaBa KPOBH HA (hOHE MOSIBUBITIENCS BO3MOKHOCTI
camkenns Braaga IKMO B razoobmen. Kpome Toro, mpe-
KPaTUJIN CEJIAITIIO, BOCCTAHOBHJIOCH SICHOE CO3HAHME, & TAKIKE
GblIa JIOCTUTHYTA CTAOMJIN3AINS TeMOJANHAMUKK (e3 Baso-
IIPECCOPHON MOIEPKKU. BBLT ycIel o BbIIoIHeH 11epexos
OT NIPUHYUTETLHON BEHTUJISIN JIETKUX K BCIIOMOTATeJb-
Hoit. JlabopaTopro otMedasn JetikonuTos go 10,8X10°/1 ¢
yBeJIMUEeHIEM KOJIITIecTBa I0HBIX (hopm 110 19%.

02.02.16 r. (7-e cyrku nipoenenus IKMO) Ha done
nepdy3un ¢ MUHUMAJIBHOH CKOPOCTHI0 — 1,5 J1/MUH U BbI-
KJIIOYEHHBIM TIOTOKOM CBEKHIX Ta30B B TEUEHUE MSITU JaCOB
He OTMevasn yXy/IIIeHus: ra3oBoro cocraBa Kposu. U npu
nngexce okcurenaruu PaO,/FiOQ, — 230 MM pT. cT. Ha do-
He mpexxHNX pesknmoB VIBJI mporenypa BeHO-BeHO3HOM

recruitment maneuvers were performed once every 3—4
hours as well as after the breathing circuit depressurization.

The need for prolonged ventilation and patient activa-
tion required to perform percutaneous dilation tracheosto-
my (January 27, 2016) on day 3 after starting mechanical
ventilation. Linezolid was added in the antibiotic treat-
ment scheme in addition to ertapenem. The patient's state
was considered very grave without any improvements due
to ARDS with underlying polysegmental bilateral pneu-
monia. In general, symptoms and laboratory data suggest-
ed the onset of sepsis. Dexmedetomidine-induced sedation
combined with the use of the AnaConDa system (Sedana
Medical AB, Sweden) and sevoflurane were applied in case
of excessive psychomotor excitement. The body tempera-
ture was 39.0°C for 24 hrs. The ECMO was continued at
the flow rate of 5 L/min and the sweep gas flow of 4 L/min.
Poor pulmonary oxygenation limited the reduction of the
flow. A protective ventilation strategy was continued.
Despite rales on auscultation, breathing sounds were heard
well in all lung segments. A moderate amount of mucous
expectoration was found during sanitation of the tracheo-
bronchial tree.

According to the invasive hemodynamic monitoring
performed with transpulmonary thermodilution, the
patient's cardiac index was 3.0—3.5 1/min/m? and
extravascular lung water was 14—21 ml/kg (the reference
range in healthy adults is 3.0—7.0 ml/kg). The median
blood pressure did not exceed 60 mmHg after adequate
fluid infusion load. Thus, it required administration of
0.05—0.2 g/kg/min norepinephrine. Urine output
decreased up to 0.5 ml/kg/hr despite a furosemide infusion
of 10—40 mg/hr. Laboratory data were as following: arteri-
al ABB: pH=7.493; pC0O,=39.5 mmHg, pO,=87.7 mmHg;
white blood cell count normalized (6.5%10°/L). However,
there was a bilateral darkening of the lung tissue on the
chest X-ray, thus indicating the worsening of the disease
(Fig. 1 b). Taking into account sepsis, MODS and signs of
septic shock, the decision was made to perform a 8-hour
hemodialysis session using a high-permeability dialysis
membrane Ultraflux EMiC2 (Fresenius Medical Care
AG&Co. KGaA, Germany) followed by hemodiafiltration
using a dialyzer with a high absorptive capacity, Toray BK
-21P (Toray Medical Co., Ltd., Japan) 24 hrs later. Two
sessions of renal replacement therapy (RRT) decreased the
body temperature. They also allowed to reduce the norepi-
nephrine dosage, even up to its total discontinuation during
the procedure and the day after it. There was some
improvement in the blood gases. Signs of encephalopathy
were relived. However, attempts to reduce the impact of
ECMO on the gas exchange during this period were accom-
panied with a decrease in SpO, up to 70—80%. These val-
ues required to switch to the previous ECMO modes.

On January 30, 2016 (the fifth day on ECMO, two ses-
sions of RRT), the patient's state improved: we had an
opportunity to reduce ECMO contribution to the gas
exchange, leading to blood gases improvement. In addition,
sedation was stopped, and the patient was in clear con-
sciousness. Hemodynamic parameters improved without
vasopressor support. The patient was successfully trans-
ferred from the control ventilation mode to the assist one.
Laboratory data showed leukocytosis (up to 10.8x10°/L)
with increased count of immature cell (up to 19%).

On January 2, 2016 (the seventh day on ECMO),
there were no marked deterioration in the blood gases dur-
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Puc. 2. KomnbiorepHasi tomorpacdusi OpraHoB rpyJHOM KJIeTKH (OIMCaHUE B TEKCTE).
Fig. 2. Chest computed tomography (for more information refer to text).

IKMO 6buia npekpalieHa, BBITOJHIIN YaJleHne BEHO3-
HBIX KaHIOJIb.

B mepron 03—08.02.16 1. xmuHIYIECKN OTMEYaJH T10-
JIOKUTENbHYIO AMHaMUKY. [lanueHTKy mnepeBesn Ha
CIIOHTAHHOE JIbIXaHUE Yepe3 TPaXeoCTOMUUYECKYI0 TPyO-
Ky, a B HocJie/tyIonieM JiekantonunpoBain. OHAKO oTMe-
YyaJIi HapacTaHue azoreMuu (MoyeBHMHA — 22 MMOJIb/ I,
KpeaTHHWH — 232 MKMOJIb/J), THIEPOUTUPYOUHEMITO
10 41 MKMOJB/JT, a TakyKe U3 KPOBU BBIIETUIN BO30YIHU-
tesib posta Corynebacterium. [Tposenu ouepentoii (3-it) ce-
aHc remoaraduisrpanum Ha quanusatope Toray BK-2.1P B
TeyeHUe 8 YaCOB C IOJIOKUTEIbHOU KJIMHUKO-I1abopa-
TOPHOI TUHAMMKOI.

ing perfusion at a minimum flow rate of 1.5 L/min and a
five-hour discontinuation of sweep gas flow. When the
PaO,/FiO, ratio was 230 on the previous ventilation
modes, veno-venous ECMO was discontinued. The venous
cannulas were removed.

During the period from February 3 until February 8,
2016, positive changes were observed. The patient was
transferred to spontaneous breathing through a tra-
cheostomy tube. Later, this tube was removed. However,
the patient had azotemia (urea = 22 mmol/L, creatinine =
232 mmol/l) and high bilirubin levels (41 mol/1).
Corynebacterium was found in blood. The patient under-
went the third session of hemodiafiltration using the dia-
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Kaunuyeckue u J1a60paT0prle IaHHbIE B NI€PUOJ HAXOKIAECHUSA B OP.

Clinical and laboratory data in the ICU.

Clinical data

Clinical data and values of parameters on ICU days

and Parameters gst  2-3rd  4th 5th 6th 7th 8th gth  qoth  q4th  42th  43th {14 {8th
Delivery +

Sedation + + + + + +

Mechanical ventilation + + + + + + + + + + +

ECMO + + + + + + + + +

RRT EMiC2 +

RRT Toray BK-2.1P + +
Norepinephrine + + + + + + +

pH 7.4 7.3 71 7.5 7.4 7.5 7.4 7.5 7.4 7.4 7.4 7.4 7.4
FiO, MV 100 100 40 40 40 40 40 40 40 40 40

PaO, 76 66 53 105 88 108 125 123 128 116 105 87 104
PaCO, 20 23 77 29 40 32 36 30 35 34 35 31 37
SpO, 96 88 82 98 95 98 97 98 98 97 96 97 97
SOFA score 4 4 11 7 12 11 9 9 9 7 6 5 2

IIpumeuanue. Clinical data and values of parameters on ICU days — kiunndeckue JaHHble U 3HAYCHHsI TAPAMETPOB 110 JTHIM TpeObl-
panuss B OP; Delivery — pomopaspemenue; Sedation — cepanus; Mechanical ventilation — WBJI; ECMO — 9KMO; RRT —
3aMecTuTeIbHad oyedHas tepanus; Norepinephrine — nopazapenanui; MV — UBJI; score — 6abl.

Cnyctsas 18 cyrok unrtencusHoil tepanuu B OP,
08.02.16 1. manmenTKa B cTabMIBHOM COCTOSIHHN CPeIHeit
CTelleHN TSKeCTH Obljla IIepeBeieHa B My IbMOHOJIOTUYEC-
KOe OT/IeJIeHNe, T7ie TPOXO/IIIIA TaJIbHelIee JedeHre 1 pe-
abuimTarmio B reuenue 10 cyToK, I1OCIIe Y€To BhINUCAHA 13
CTallMOHAPA B Y/IOBJIETBOPUTEIIBHOM COCTOSIHUU.

[Tepen mepeBosoM B oT/eseHUE IYJbMOHOJOIUU
08.02.16 T. BBITIOJHUIN KOMIBIOTEPHYIO TOMOTpaduio
rpyaHoil kiaeTku. OTMevuaan KapTUHY ABYCTOPOHHEH 110-
JINCETMEHTAPHOI MHEBMOHUM B BHJIE YYACTKOB HEOJHO-
POMHOI MHPUIBTPAIIMK JIETOUHOI TKaHU CIIPaBa Helpa-
BUJIbHOI (POPMBI B CErMEeHTaX BEPXHEN U CPeHelt /1011, a
Takke ciaesa B cermenTax S12, S5 u Bo Bcex cermMeHTax
mwkneit goan. Ilosocredl pecTpyKIuu He BBISABUIIN,
6ponxu npoxoauMbl (puc. 2). CTOUT OTMETHUTD, YTO JaH-
Hble BU3yaJU3al[ii He COBIAIANN C KIMHUKO-T1abopaTop-
HOW KapTHHOM, KOTOpast BBITJIAAEa Goee ONTUMUCTHY-
Ho (cM. TabsuiLy)

Crycrd 6 MecslieB 1oc/ie BBIITUCKA COCTOSTHUE Talin-
enTkn He crpazaaet. [Ipossrennit JJH ner. Bener aktus-
HbIiT 00pa3 )KU3HM, 3aHUMAETCSl BOCITUTaHUEM peOeHKa.

OO6cyskaenne

[TarmenTKa, HAXOSACH HA CTAIIMOHAPHOM Jiede-
HUU, TIOJIydasa crennuuiecKyio MpOTUBOBUPYCHYTO
Tepanuio COrJacHO peKoMeHJanusM MuH3apasa
PO®. Crenyer orMeTuTbh, 4T0 HEdHHEKTUBHOCTD TaH-
HOW crierrIecKoil Tepanuu u TSKECTh COCTOSTHUS
B KOHKDETHOM CJiydae OObsICHSIOTCS (DakraMu He-
CBOEBPEMEHHOTO Havasa JiedeHus (crmyctsi 6 CyTok
OT Hauasa 3a00JIeBaHNs), 0COOEHHOCTSIMU BO30Y/IH-
Tesst (BBICOKAs BUPYJIEHTHOCTD), HATUYUEM KOMOP-
6ugnoCcTH (6EpeMEHHOCTD, Oxkuperue) [6].

Beno-senosznas OKMO sBisiercs BapuaHTOM
PeCTIUpaToOpHON TOAAEP:KKU TIPHU TSKEJION OCTPOU
JIBIXaTeJbHOW HEeIOCTATOUHOCTH Y TAIMEeHTOB C
OP/IC. CymecTBylonie pyKOBOJCTBA TIPEIaraoT
OTJIMYATONIUeCs JPYT OT Jpyra KPUTEpUU Hadaja
IKMO, 4To, B cBOIO OYepeib, CO3/IAeT IMyTaHUIY U

lyzer Toray BK-2.1P for 8 hours with a positive clinical
and laboratory dynamics.

Eighteen days later, after the intensive care in the
ICU, the patient was transferred to the Department of
Pulmonary Medicine in a stable, moderately severe state
on February 8, 2016. She underwent further treatment and
rehabilitation for 10 days, and then she was discharged
from the hospital in the satisfactory state.

Before transferring to the Department of Pulmonary
Medicine, the chest computed tomography was performed
on February 8, 2016. It demonstrated bilateral polyseg-
mental pneumonia with heterogeneous infiltration of
irregular shape in the right upper and middle lobes and in
the left S12, S5 segments and all segments of the lower
lobe. There were no destruction cavities found; bronchi
were clear (Fig. 2). It was worth noting that the imaging
findings did not correspond to the clinical and laboratory
data, which seemed to be more optimistic (Table).

Six months after the discharge, the patient state was
stable without any signs of respiratory failure. She was
continuing an active lifestyle and raising her child.

Discussion

In the hospital, the patient received specific
antiviral therapy recommended by the guidelines of
the Ministry of Healthcare of the Russian
Federation. Tt should be noted that inefficiency of
this treatment and, particularly, the severity of the
patient's state may be explained by the untimely
treatment (6 days after the onset of symptoms), the
pathogen with a high level of virulence, and comor-
bidities (pregnancy, obesity) [6].

Veno-venous ECMO is an option of choice for
respiratory support in patients with severe acute res-
piratory distress syndrome. Existing guidelines list
contradicting criteria for ECMO, thus, leading to
confusion in decision-making process in the clinics
with a small number of such patients. For example,
according to the guidelines of the Extracorporeal

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 1



DOI:10.15360,/1813-9779-2017-1-45-56

KamHnueckoe HabaOAEHUE .

CJIOKHOCTD B IPUHSITUN PEIIEHNH B IEHTPAX, T7I€ MO-
TOK TIAIIMEHTOB, HYKJIAIONUXCS B IAHHOW METOTUKE,
Hu3knii. HampumMmep, corsacHO peKoOMeHIAIUSIM
Extracorporeal Life Support Organization (ELSO),
MMOKA3aHUAMU [IJIST PelleHus Bolipoca o Hadase JK-
MO mpu [IH sBrgerca PaO,/FiO, < 150 MM pT. cT.
pu Fi0,>90% u/uimi KoJridecTse OJIOB TI0 TITKAJe
Murray — 2—3. IloBozom xe aua Hadanra IKMO
mpu /IH, cormacao pexkomenganusm ELSO, aBiser-
¢ PaO,/FiO, < 100 mm pr. cr. mpu FiO,>90%
U/WIH KoJtndecTBe 6aJioB 1o mikage Murray — 3—4.
Taxsxke ELSO mpennaraer xkputepun WHUIIHAIUA
IKMO mnpu OPJIC na done rpunna HIN1, rae
ysKe BBIIIEYITOMIHYTHIM KPHUTEPUSM HT00aBJIEHBI
Pplat > 30 cm H,O u/unu noTpebHOCTh B Basoak-
THUBHBIX IperapaTax. KpoMe TOro, 0OCHOBOTIOJIATA0-
UM KPUTEPUEM SIBJISIETCS IOTEHIMaIbHasT 0OpaTH-
MOCTb MaToJOTUYECKOTO npoiecca nin
BO3MOJKHOCTD TPaHCILIAHTAIINH JIeTKuX |15, 16].

CorylacHO MarepuajaM COTJACUTETbHOW KOH-
(depeninu, npomreameir Bo MpaHiuu B Jekabpe
2013 roma u OMyOINKOBAHHBIM B OTKPBITOM JIOCTYIIE
Ha Springer, naunmainusgs IKMO pexkomenmyercs
TOJIBKO B CJIydae, eCJid B MOJHOM Mepe Oblia peasii-
30BaHa crparerust «OesomnacHoii> VMBJI (abixaTesib-
HBII 06beM 4—8 MJI/KI WjIealbHON Macchl TeJIa, Bbl-
cokoe PEEP, Pplat<30 cm H,O, npon-mosuius,
muopemakcarus). Kpurtepunm nmagama IKMO, co-
rmacHo aTuM pekoMenmanuam: PaO,/Fi0,<50 mm
pr. cr. npu FiO,>100% Gosee Tpex dYacoB uau
Pa0,/Fi0,<80 mm pr. ct. npu Fi0,>100% 6oee 6-
1 9acoB, pecriupaTopHbiil anuao3 ¢ pH<7,20 [17].

B pexomenarusix MuHucTepcTBa 3/[paBooXpa-
Henusi Poccniickolt demepary 1o AUArHOCTUKE U
JIEYEHUTO TPUIITIA TIPE/JIAratoTCs CJeAyIoNIe KpuTe-
pun Havasma DKMO npu rpunme A (H1N1): pedpax-
tepHag runokcemus: PaO,/FiO, < 50 MM pT. cT. ipnt
FiO, > 80% + PEEP < 20 cm H,O, Pplat = 32 cm
H,O B couyetanuu ¢ POH-TIO3UIIHEHFEUHTAISITTOH-
mbiii NO. Min se Pplat > 35 em H,O ipu PEEP =5 cm
H,O u cHuKeHun AbIXaTebHOrO 00beMa 10 MUHU-
MasibHoro 3uavenus (4 mi/xr), u pH > 7,15 [18].
CTOUT OTMETUTB, YTO TAKUE KPUTEPUH, B CHITY CJIOXK-
HOCTHU, MOTYT CTaTh HEMMOHATHBIMU JIJISI KITMHUITCTA
1 BBI3BATh HEKOPPEKTHOE UX TPAKTOBAHUE.

B nipencraBieHHOM ciydae TpeANPUHAMATIACH
MOMBITKA TIPUAEPKUBATHCSI KOHIENIUN <«be3omac-
Hoit» IBJI, omHako B TeueHne CyTOK 3TOT MO/XO/] He
MpUBEJ K 3HAYMMOMY YJIYUIIEHWIO OKCHTEHAIUH,
4TO TPEGOBAIO «Y/KECTOUECHUS» PEKUMOB BEHTUIISI-
UK ¥ CocoOCTBOBANO (hOPMUPOBAHUIO BEHTUIISI-
TOP-UHAYIIUPOBAHHOTO TOBPEXICHUS JIETKUX WU
ITOH npu coxpansolieiicst ruokceMun. TakuM 00-
pasoM, y 9TOH TMalMeHTKW TTOKa3aHUueM JIJIs Hadaja
IKMO o6buin xkpurepun, npeiioxeHusie ELSO.
OpiHaKo, Ha HAII B3TJIsi, OBLITO Obl TPEANOYTHTENBHO
GoJiee paHHee HAYAIO IKCTPAKOPIIOPATHHON OKCHTE-
Halny ¢ 1eJIbi0 He TOoJbKo npeaynpexaenns [TOH

Life Support Organization (ELSO), ECMO in
patients with RF should be considered if a PaO, /
FiO, < 150 with FiO,> 90% and / or Murray score
2—3. ECMO is indicated if a PaO, / FiO, < 100 with
FiO,> 90% and / or Murray score 3—4. ELSO also
proposes to initiate ECMO in patients with H1N1-
induced ARDS and Pplat > 30 ¢cm H,O and / or need
for vasoactive drugs in addition to the above criteria.
Besides, the fundamental criterion is the potential
reversibility of the disease or a possibility of trans-
plantation [15, 16].

According to the report of a Consensus
Conference (France, December, 2013) available in
Springer, the ECMO is not recommended unless a
protective ventilation strategy has been implement-
ed (the breathing capacity of 4—8 ml/kg of the ideal
body weight, high PEEP, Pplat < 30 cm H,O, prone
positioning, myorelaxation). The criteria for the
ECMO initiation are as follows: PaO,/FiO, ratio is
below 50 mmHg with FiO,=100% for at least three
hours or the PaO,/FiO, ratio is below 80 mmHg
with Fi0,=100% for more than six hours, respirato-
ry acidosis with a pH < 7.20 [17].

The guidelines of the Ministry of Health of the
Russian Federation for the diagnosis and treatment
of influenza suggest the following indications for
ECMO in patients with flu A (HIN1): refractory
hypoxemia, the PaO,/FiO, <50 mmHg with FiO,>
80% + PEEP < 20 cm H,0, Pplat = 32 cm H,O in
combination of prone position * inhaled NO or Pplat
> 35 cm H,O on PEEP = 5 c¢cm H,0, decreased
breathing capacity to 4 ml/kg), and pH > 7.15 [18].
It should be noted that these criteria are complicat-
ed may be misinterpreted by clinicians.

In the present case, a protective ventilation
strategy was employed. However, the chosen strate-
gy failed in 24 hrs and did not lead to any improve-
ments in oxygenation. We had to change mechanical
ventilation mode because it caused ventilator-
induced lung injury and MODS with persistent
hypoxemia. We initiated ECMO in this patient
according to the indications in the ELSO guidelines.
In our opinion, it would be preferable to start ECMO
earlier in order to prevent MODS of hypoxic genesis
and ventilator-induced lung injury. Apparently,
there is a need for revision of the existing guidelines
to define optimal timing for ECMO treatment.

Considering the use of ECMO in this case, it
was important not only to assess the indications for
it, but also all risks. There were serious organization-
al problems because the hospital, where the patient
was admitted to, had no ECMO program. In
Kemerovo, ECMO service can be provided only in
the Research Institute for Complex Issues of
Cardiovascular Diseases, which possess all necessary
equipment and qualified ECMO team, but the focus
on obstetrical and gynecological patients in the insti-
tute is lacking. Health Care Department of the
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TUTTOKCUYECKOTO reHe3a, HO ¥ MTPOMUIAKTUKY BEHTH-
JISTOP-UH/IYIIMPOBAHHOTO TIOBPEXKIeHUS JieTkuX. [1o
BCell BUAMMOCTH, BO3HUKAET HEOOXOAUMOCTD J0pa-
GOTKM CYIIECTBYIOIINX MPOTOKOJIOB € IO OITH-
MU3AIM CPOKOB Havyaja CBOEBPEMEHHOTO BBICOKO-
TEXHOJOTUIECKOTO JIEUEHUS.

ITpy OPUHATHE pelieHusT 0 HEOOXOAUMOCTH
nposezerrst DKMO B aHHOM ciydae BasKHOUN Oblia
HE TOJIBKO OlleHKa HAJIW4YUs TOKa3aHWW M CTeTleHU
pucka. BosHukaim cepbe3Hblie OpPraHU3alMOHHBIE
poOJIeMbl, CBSI3aHHBIE C TEM, YTO JieueOHOe YUpeK-
JIeHHe, B KOTOPOM HaxoAujIach GOJIbHAsSI, HE NMEJIO
Bo3MokHOCTH TIpoBeneHnss DKMO. Ha Tor MomenT
B I. KeMepoBO TexHMUYeCKre BO3MOKHOCTU MTPOBE/Ie-
HUSI IAHHOI ITPOIIEYPBI, B TOM UKCJIe U 00yYEHHBII
KBaJIN(UIUPOBAHHBIA MEPCOHAN, OBLIA TOJBKO B
DOIBHY «HUW KoMILIEKCHBIX TPOGJIEM CEPAEYHO-
COCYIUCTBIX 3a00JIeBaHUIl», B KOMIIETEHIINIO KOTO-
POTo He BXOJWUT OKa3aHue TIOMOTIN aKyIIepCKO-THHE-
KOJIOTMYeCKUM OOJIbHBIM Ha cOOCTBEHHOH Oase, a
TaK/Ke€ OTCYTCTBOBAJ OIBIT BBIE3AHONH PabOTHI IO
MPOBEAEHIIO MOAOOHBIX TIporieayp B apyrux JIITY.
BwMmecte ¢ Tem, Ipu yyacTuu JienapTaMeHTa OXpaHbl
3/10pOBbsl HacesieHus: KemepoBckoii obsactu ObLIM
[IPEOI0JICHbI a[MIUHUCTPATUBHbIE TIPOOJIEMBI 11 OpTa-
HU30BaHA HE TOJBKO OpUraja, KOTopasl BBITOJHHUIIA
nogkmodenne anmapata DKMO, HO U oTAeabHBIN
BpauyeOHBIN TTOCT Ha BCE BPEMSI TIPOBEJCHUS TPOILE-
mypsl (7 cyTOK).

OpranusainotHbie MPOGJIEMbl, CBSI3aHHbBIE C
nposesenneM DKMO 3a mpezeramu yupeskneHns,
HMMEIOIIETO OTTBIT AKCTPAKOPIIOPATbHOU Tiepdy3nu u
KOMaH/Ly, ObLJIN BEAYIMMHU B IIJIAHE CPOKOB MHUI[HA-
MU, DTO MPUBEJIO K OTCPOUKe Tojkaodenus K-
MO Ha 8 yacos. anHast po6iieMa TpedyeT MpUHS-
THUSI OT/IEJIbHBIX PEIIeHU, KaK, HAl[PUMep, CO3/IaHue
neiTpa OKMO ¢ BO3MOXHOCTBIO TPAHCIIOPTA <HA
cebsi» WM OpraHusaliK BBIE3IHON GPUraibl ¢ COOT-
BETCTBYIOIIUM OCHAIlEHUEM W BO3MOKHOCTBIO He
TOJIBKO BbBI€3/Ia TI0 MECTY HaXOKIEHUS TSKEJIOTO
GOJIBHOTO, HO ¥ JUIUTEJBHOTO MPeObIBAHUST KaK M-
HUMYM OJIHOTO JIEKYPHOTO Bpavya Ha BCe BPeMsI TIPO-
BEJICHUS TIPOTIE/Y DB

CJieyer moHUMATh, YTO cama 1Mo cebe MeTOMKA
OKMO ne gBigerca 1e4eOHOM, a JIMIIb TTO3BOJIIET
BPEMEHHO MOJIEPKATh 0OPATHMO YTPAUYEHHYO Ta3000-
MeHHYI0 (DYHKIIUIO JIETKUX W TO3BOJIUTH MOCJETHIM
BOCCTAHOBUTHCS TIPU CHIDKEHHON (DYHKITMOHATBHOM
Harpyske. [Ipr 9ToM OCHOBHOIT aKIIEHT OCTAeTCS HA WH-
TEHCUBHOM Tepaiy MPUIMHBI OCTPOTO JIETOYHOTO TI0-
BPESKJICHISI — BUPYCHO-OAKTEPHATbHON TTHEBMOHUM U
CBSI3aHHBIX C HEW CUCTEMHBIX OCJIO;KHEHUN. YUNTBIBAST
KJIMHUKO-Tab0PaTOPHYIO KapTUHYy cericuca (U3BecT-
HbIIT BO3OyauTesb, rureprepmust > 38°C, THIIOTOHUS,
TpeOyIoliasi BBEIEHUS Ba3OIPECCOPOB, JIEUKOIEHHsT ¢
npeobirazanueM HbIX hopm, SOFA > 2 6aios) oboc-
HOBaHHBIM OBLJIO VICIIOJIb30BAHHE METOIOB HKCTPAKOP-
HOPAJIbHOTO OUHIIEHNsS KPOBU. B aHHOM cirydae ObLIO

Kemerovo Region, however, was helpful in overcom-
ing administrative issues of high concern and sup-
ported the work of the ECMO team in the other hos-
pital. The team started ECMO and used a separate
doctor's station to monitor the procedure (7 days).

Organizational issues related to the initiation
of ECMO outside the institution which had an expe-
rience in extracorporeal perfusion and a skilled team
were leading problems delaying the ECMO initia-
tion. Therefore, the delay in the ECMO initiation
was 8 hrs. This problem requires certain decisions,
such as the establishment of an ECMO center, which
will either admit patients or send a team with the
corresponding equipment which can visit a critically
ill patient domiciliary or arrange the stay of at least
one doctor to monitor the procedure.

It should be noted that ECMO is not a cure
for the underlying cause of failure, but it is used for
temporary replacement of temporarily lost gas
exchange function of lungs and allows the lungs to
recover due to reduced functional load. At that, we
focused primarily on the underlying cause of acute
lung injury: viral and bacterial pneumonia and
other associated systemic complications. We used
extracorporeal blood purification modalities
because the patient had sepsis (known pathogen,
temperature >38°C, hypotension, which required
vasopressor administration, leukopenia with a pre-
dominance of young cells, SOFA score > 2). In this
case, we preferred intermittent hemodialysis and
hemodiafiltration using modern highly permeable
polysulfone-based (EMiC2, Fresenius Medical
Care, Germany) and polymethylmethacrylate
membranes (BK-2,1P, Toray, Japan), which have
high capacity for clearance of inflammatory media-
tors. In addition to sepsis, the patient had acute
kidney injury and hypoxic SIRS (RIFLE class I),
which required the use saluretics. We suppose that
the use of filtration membranes with high sorption
and filtration capacities ensured us to manage effec-
tively systemic inflammation, sepsis and septic
shock, and to restore kidney function.

Some researchers reported on a high risk of
postpartum uterine bleeding in obstetric patients
who received ECMO. These risks were mainly
associated with the use of anticoagulants to pre-
vent clotting of the extracorporeal circuit and
infection [7—10]. In this case, the patient had san-
guineous fluid from the internal genital organs
during the first few days, which later changed to
lochia. Abdominal and pelvic ultrasound was per-
formed daily. Red blood parameters were continu-
ously monitored. Our concerns about bleeding
were not realized. Reaching a targeted activated
clotting time (ACT) of between 140 and 180 s
allowed us to avoid bleeding. It corresponded to
the low threshold for ECMO using the supplies of
the above manufactures.
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KamHnueckoe HabaOAEHUE .

OTJIAHO TIPEINIOYTEHNEe WHTEPMUTTUPYIOIUM METO/IH-
KaM IeMOJINa/in3a U reMoJinauiIBTpaIiui ¢ IpuMeHe-
HIIEM COBPEMEHHBIX BBICOKOIPOHUIAEMBIX MeMOpaH
Ha ocHoBe nosucyJibhoHa (EMiC2, Fresenius Medical
Care, Iepmanms) n nosmmmernamerakpuiata (BK-2,1P,
Toray, SAnonust), KOTOpble OOJALAIOT MOBBIIIEHHBIM
KJIMPEHCOM BOCTIAJIUTENILHBIX MeIMaTopoB. Kpome To-
TO, TIOMUMO TIPOSIBJIEHUI CETICHCA Y TIAITMEHTKH UMEJO
MECTO OCTPOE TIOUYeYHOe TIOBPEK/IeHne Ha (hoHe TUTIO-
keu 1 CCBO (cragus I no RIFLE), uro Tpe6osaiio
HCTIOJTb30BAHUST CATypeTUKOB. Ha Hatll B3TJISIT MCTIOJb-
30BaHue (DUIBTPAIIMOHHBIX MeMOpPaH € BBICOKMMU
COPOIMOHHBIM ¥ (DUJIBTPAIIMOHHBIM TTOTEHIIMATIAMU
TIO3BOJIAJIO HE TOJIBKO 3(h(EKTUBHO KYITUPOBATH SIBJIE-
HUST CHCTEMHOTO BOCTIAJIEHUST, CETICHCA W CETTTUIECKOTO
II0Ka, HO U JIOCTATOYHO OBICTPO BOCCTAHOBUTH (DYHK-
IIUIO TIOYEK.

Psan aBTOpOB yKasbIBalOT HA KpaliHe BBICOKHUI
PHUCK TOCJEPOZOBOTO MAaTOYHOTO KPOBOTEUEHUS Y
POKeHUTI, KOTOPBIM TIpoBoanaack IKMO. Itu puc-
KI OOBSICHSUTICH AHTUKOATYJISIIIUEH ¢ IIeJTbI0 TPodu-
JIAKTHKE TPOMO03a SKCTPAKOPIIOPAIBHOTO KOHTYPA,
a Takxke wHbpekueir [7—10]. B mpencraBienHoM
cJydae B IEPBBIX HECKOIBKO CYTOK OTMEYAJIOCh CYK-
POBHYHOE OT/IEJIsIEMOE U3 MOJOBBIX ITyTel, BIIOCTE-
CTBUU CMEHUBIIeecs Ha JIOXUU. ExXeHEeBHO BBITION-
Hstioch Y 3V GPIONIHOI MOJIOCTH U OPTAHOB MAJIOTO
Taza, KOHTPOJIb TTOKa3aTesieil KpacHoi kpoBu. Kpo-
BOTEUEHUST He BO3HUKJIIO. MBI CBSI3BIBAEM 3TO C TEM,
yto ACT nopnepsknsanocsh B mpesenax 140—180 ce-
KYH/I, 4TO COOTBETCTBYET HWKHEW TPaHUIle HOPMBI
rpu niposesiennn IKMO c ncronb3oBaHeM cucTeM
BBIIIEYKA3AHHOTO MTPOU3BOIUTEIIS.
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Conclusion

This clinical case demonstrates positive effects
of veno-venous extracorporeal membrane oxygena-
tion and modern methods of detoxification in puer-
pera with severe viral pneumonia caused by flu A
(HIN1) virus. Organizational problems related to
selection of criteria for extracorporeal gas exchange
and to its implementation in an institution inexperi-
enced and unequipped for the procedure were speci-
fied. The accumulation of clinical experience in
treating these patients and development of standard-
ized protocols taking into account data on safety and
efficacy of extracorporeal techniques are required.

3akiaouyeHue

JlanHoe HabJIf0IeHNe IeMOHCTPUPYET MOJIOKHU-
TesbHbIe A(D(MEKTBI COYETAHHOTO TIPUMEHEHUS BEHO-
BeHO3HOIT IKMO 1 coBpeMeHHBIX METO/IOB JIETOKCH-
Kal[iy B JICYEHUH TSKETON BUPYCHO-OGaKTeprabHON
IMHEBMOHWHU y POMUJIBHUIIBI Ha (oHe Tpumnma A
(H1IN1). O6o3nauenbl 11pobieMbl OpraHu3aliOHHO-
TO XapaKTepa, BO3HUKIIINE KaK IIPU OMPEIeJICHIH T10-
Ka3aHWI K MPOBEIEHUIO HKCTPAKOPIIOPATHLHOTO Ta30-
oOMeHa, TaK W CBSI3aHHbIE C €ro BBIIOJHEHUEM B
VUPEKJIEHUM, HE WMEIOIIEM OTIBIT U COOTBETCTBYIO-
Iiee TexHuueckoe ocHarenue. Heo6xoamMo Hakor-
JICHUE OTIbITA JIeYEHUSsT OAO0OHBIX MAIIMEHTOB JIJIST BbI-
pabOTKM €MHBIX MPOTOKOJIOB € YYE€TOM JaHHBIX 00
3 dEKTUBHOCTH 1 GE30IIACHOCTH 9KCTPAKOPIIOPAJIh-
HBIX METOJIOB.
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B 0630pe siuTepaTyphl peCcTaBIeH aHATN3 1Ty OJINKAIUH, TOCBSIIIEHHBIX HCIOJIb30BAHIIO HHCYIMHO-TTIOK03-
HOI CMeCH B KauecTBe KapIHOIMPOTEKTOPA IIPU OCTPOM MH(MAPKTEe MUOKAp/a ¥ TIPH KapAMOXUPYPIUIECKUX Olle-
panusx ¢ ucKyccTBeHHbIM kposooOpaiieruem (MK). KpaTtko ns/iokeHbl HCTOPUYECKHE aCTIEKThl BHEAPEHUS MH-
CYJIMHO-TJIIOKO3HOM Teparuy B KapInoJIOTUN U KapAnoxupypruu. IIpoanann3npoBaHbl BO3MOKHbIE MEXaHU3MbI
JeHCTBH IJII0KO30-UHCYINH-KaJINeBOI CMeCH IIPU OCTPOI UIlleMUH U nH(MAPKTe MUOKapAa (HOPMaIU3anus sJie-
KTPUYECKUX TIPOIECCOB HAa MeMOpaHe KapAUOMUOIUTOB, [OMOJIHEHHE MeTaboIMYecKuil cyOCTPaToB 1 yBeJde-
HUe TJINKOJUTUYECKON TIPOYKIIUYN aieHO3MHTPU(GOCHOPHOI KUCIOTHI, CHI)KEHIE NHTEHCUBHOCTH OKUCJIEHUS
HeacTepeUIINPOBAHHBIX JKUPHBIX KUCJIOT, YMEHbIIEHHE allONTo3a U JP.). PacCMOTPEHBI Pe3yJIbTaThl KIMHIYEC-
KHX MCCIEe0BAHMII 110 HA3HAUEHHIO CMECH IIPU OCTPOM MH(MAPKTe MHOKAP/Ia, BKIIOYAs JJAHHBIE MeTa-aHaIN30B.
[IpoieMOHCTPUPOBAHO, YTO POJIb ¥ KIMHIYECKast 9 PeKTUBHOCTH paccMaTpUBaeMOil JTedeGHO-TTPodUIaKTHIeC-
KOI1 MepbI IpU OCTPOM HHMAPKTE MUOKAP/AA OCTAIOTCS IIPEAMETOM IUCKYCCHU U TPeOYeT MaibHEMIINX UCCIIEN0-
BaHuil. TakyKe IIPOAHAIU3UPOBAHBI COBPEMEHHbBIE KOHIEIIMU, O0bSICHSIONINE KaPAUOIPOTEKTOPHBIE 3(dEKTHI
[JIIOKO3BI ¥ MHCYIMHA 1pu onepanusx ¢ MK (ymenblieHne WHCYTMHOPE3UCTEHTHOCTH, AaKTHBU3AIIMS aHATIEPO-
31Ca, CTUMYJISIIIUST BHYTPUKJIETOUHBIX CUTHAJIBHBIX I1yTeil, 06ecnednBaionnuX CoXpaHeHne KU3HeCIToCOOHOCTH
KJIETOK, CHUIKEHME BBIPAKEHHOCTH CUCTEMHON BOCITAJIMTENIBHON PeaKiinu, UMMYHOMO/LYJIUPYIOIiee JeiicTBIe, 1
np.). Ilpencrasiienpbl pe3yabTaThl KINHUYECKUX UCCJIE0OBAHUN, BKJIIOYAs JIAHHbIE PAHIIOMU3UPOBAHHBIX KJINHU-
YEeCKUX UCCIEIOBAHNN U METa-aHATM30B, BBITIOJHEHHDIX 32 TOCTEIHUE 5 JIET 1 MTPOEMOHCTPUPOBABIITIX OTTCYT-
CTBUE BJIUSTHUS [JIIOKO30-MHCYJINHOBOI TEPAIIMU HA TOCITUTAJIbHYIO JIETalbHOCTD. BMecTe ¢ TeM, B psijie paboT Bbi-
SIBJIEHBI ¥ 0OCYKIAI0TCST €€ MOJIOKUTENbHble 3(D(EKTh: CHUKEHNE YaCTOTHI MEPHOTEPAIIMOHHBIX HH(MAPKTOB
MHUOKap/ia, yMeHbIIIeHuEe MHTEHCHBHOCTH WHOTPOITHOH MOIEPKKH, JIyUIINe 3HAUYEHHST TOCIe0NePAIIOHHOTO cep-
JIEYHOTO MHJIEKCA U YKOPOUYEHNE [TUTEIbHOCTH MOCIEOePAIIMOHHOM NCKYCCTBKHHOM BEHTHIISIIINN JIETKHX, IIpe-
ObIBaHUS B OT/IE/IEHUU UHTEHCUBHOI Tepanuu u ap. CHeaHo 3aKJIKUYEHNe, YTO B IIOCIEIHUE TOAbl OTMEUAECTCS
BO3pAT UHTEPeca K JiedeOHO-TPOGUIAKTUIECKOMY UCII0JIb30BAHKIO TIIOKO30-UHCYIMHOBOI CMECH KaK B 9KCTPEH-
HOU Kap/IMOJIOTHH, TaK U B KAPIUOXUDYPIHH.

Kntouesvte cno6a: 2110K030-UHCYIUH-KATUEBAS, CMECH; A0BIOBAHMHAS KAPOUONOMEKUUSL; UHCYTIUH; 2II0K03d; Y-
N€600HDLU MEMAGOIUSMA NPU OCIPOM UHDAPKME MUOKAPIA; 2UNePLIuKeMUsl 8 KapOUOXUpypeuu

The literature review presents an analysis of publications describing the use of a glucose-insulin mixture as a
cardioprotective agent in acute myocardial infarction and in cardiac surgeries with extracorporeal circulation
(ECC). It summarizes historical aspects of implementation of the glucose-insulin therapy in cardiology and car-
diac surgery. Possible mechanisms of action of the glucose-insulin-potassium mixture in acute ischemia and
myocardial infarction were analyzed (normalization of electrical processes on the cardiomyocyte membrane,
replenishment of metabolic substrates and increased production rate of adenosine triphosphoric acid due to gly-
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colysis, decreased intensity of non-esterified fatty acid oxidation, decreased apoptosis, etc.). It discusses results of
clinical studies evaluating prescription of the mixture for acute myocardial infarction, including data from meta-
analyses. It demonstrated that the role and the clinical efficacy of the preventive and therapeutic measure under
consideration in acute myocardial infarction are still the subject of discussion and require further research. It also
analyzed modern concepts explaining the cardioprotective effects of insulin and glucose during surgeries with
ECC (decreased insulin resistance, activation of anaplerosis, stimulation of intracellular signaling pathways main-
taining the viability of cells, reduction of the severity of systemic inflammatory response, immunomodulating
effect, etc.). Review discusses results of clinical studies including data from randomized clinical trials and meta-
analyses performed over the last 5 years that demonstrated the absence of the effect of the glucose-insulin therapy
on the hospital mortality. Various studies demonstrated its positive effects including decreased incidence of peri-
operative myocardial infarctions and intensity of inotropic support, increased values of postoperative cardiac
index, decreased duration of postoperative mechanical ventilation and ICU stay, etc. Review concludes that the
interest to the therapeutic and preventive use of the glucose-insulin mixture in both emergency cardiology and

cardiac surgery has been revived recently.

Key words: glucose-insulin-potassium mixture; adjuvant cardioprotection; insulin; glucose; carbohydrate metab-
olism in acute myocardial infarction; hyperglycemia in cardiac surgery
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BBenenne

[moko30-uHCYIMHOBAsT KapAMOTPOITHAS Tepa-
U, TIO-BUUMOMY, SIBJISIETCSI OJIHOM M3 cTapeinimx
JiedeOHBIX Mep, COXPAHUBIIUX aKTyaJbHOCTH 0 Ha-
NIVX THEH W TTPOIOJIKAIOIINUX MTPUBJIEKATh BHUMAHWE
uccaenosareneit. boree 100 jer Hasax B British
Medical Journal A.Goulston omucan ycneriHoe mpu-
MeHeHre GOJIBIITIX KOJUYECTB TPOCTHUKOBOTO caxa-
pa s JiedeHus TUIaTalluOHHON KapAnOMHUOIIATHH,
KJIAIMaHHBIX TTOPOKOB CEPAIla U HEKOTOPBIX APYTUX
ATUOJIOTUYECKUX BapUAHTOB XPOHUYECKON HEIOCTa-
TOYHOCTH KpoBooOpamieHus [1]. Bo BBeaeHuu aBrop
yKa3aJl, 4TO MOCBIIKOH K TaKOMY JIEYeHWI0 HapyIie-
HUil QYHKIMK cepiilla SBUJINCH JaHHbIe 0 GOJIBIION
poau raumkoreHa B pabore wmbimn. B 1927 1.
M.B.Visscher u E.A.Muller [2] npoxemoncTpupoBa-
JI, 9YTO WHCYJINH TIOBBITIAET COKPATUTETHHYIO (PYHK-
U0 U30JIMPOBAHHOTO CEP/Ila MJIEKOMUTAIONINX, He
OKa3bIBasi TPSIMOTO JIeHCTBUS HA WHTEHCHUBHOCTD
OKMCJIUTEJIbHBIX TIpoileccoB B Muokapze. B 1933 r.
C.L.Evans 11 coaBT. B 9KcIIepuMeHTe MPOJIEMOHCTPH-
POBAJIN, YTO B MIIEMU3UPOBAHHOM MUOKap/a BO3pa-
cTaer oTpebieHne rKoss [ 3].

Ha nauanbHOM aTare pa3BUTHS KapIUOXUPYP-
MU € MCKYCCTBEHHBIM KpoBooOparieHuem (MK)
BO3MOKHOCTb MeTabOJIMYecKON 3allluThl MHOKapa
ot maryOHbIX a9 hEKTOB HileMUK-penepdysun ¢ mo-
MOIIBI0 €CTECTBEHHOTO OMOIHEPTETHYECKOTO CyOCT-
para TJIOKO3bl U aHAOOJINYECKOTO0 TOPMOHA MHCYJIH-
Ha, PEryJHPYIONIero yIJAEBOAHBIA MeTabogu3M,
BHOBb IIPUBJIEKJIa BHUMaHNe nccyenoBaTeneil. [1pe-
BEeHTHBHAs WH(PY3US TIIOKO3bI U MHCYJINHA, HATIPAB-
JIEHHAsT Ha yBeJWYEeHWE WHTPAMUOKAPANAIbHBIX 3a-
[ACcOB TIJIMKOTE€Ha, JOJKHA Oblia MOJAEPKATh
OGUMO9HEPTETUKY CeP/illa BO BPEMsT MePesKaTHst a0PTh
3a cyer aHaspobHoro rimkoausa. B 1959 r. H.L.Conn
1 COaBT. [4] Mokazann B 9KCIIEPUMEHTE, UTO TIPH OT-
CYTCTBUM CIIEIIMAJLHBIX MEP 3alTUThI MUOKap/a yBe-
JIMYEHHBIH 32 CUYET MTOATOTOBKU TJIIOKO30H 1 MHCYJIU-

Introduction

The glucose-insulin cardiotropic therapy is
apparently one of the oldest therapeutic options that
have preserved their relevance to the present day
and continue to attract the attention of researchers.
More than 100 years ago, in the British Medical
Journal, A.Goulston described an experience of the
successful use of large quantities of sugarcane for the
treatment of dilated cardiomyopathy, valvular heart
defects and other etiological variants of chronic cir-
culatory failure [1]. In the introduction, the author
stated that data on a significant role of glycogen in
muscles functioning became a precondition for the
treatment of heart dysfunctions. In 1927,
M.B.Visscher and E.A.Muller [2] demonstrated that
insulin increased the contractile function of an iso-
lated mammal's heart without any direct effect on
the intensity of oxidative processes in the myocardi-
um. In 1933, the experiment of C.L.Evans et al.
demonstrated that the consumption of glucose
increased in the ischemic myocardium.

In the earliest period of the development of
cardiac surgery with extracorporeal circulation
(ECC), researchers' interest in the possibility of
metabolic protection of the myocardium from harm-
ful effects of ischemia-reperfusion using a natural
bioenergetic substrate, glucose, and an anabolic hor-
mone, insulin, which regulates the carbohydrate
metabolism, revived. A preventive infusion of glu-
cose and insulin to increase intramyocardial stocks
of glycogen was supposed to support heart's bioen-
ergetics during the aortic cross-clamping due to
anaerobic glycolysis. In 1959, H.L.Conn et al. [4]
demonstrated the cardioprotective effect of glyco-
gen stocks augmented due to administration of glu-
cose and insulin had a limited duration without spe-
cific protective measures for the mycardium.
Lactate accumulation and acidosis quickly become
the main factors affecting cardiomyocytes.
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HOM 3aI1ac TJIMKOTe€Ha B YCIOBUSIX MOJHON aHOKCHUH
obsajlaeT OYeHb OrPAaHUYEHHBIM IO BPEMEHU Kap-
JUOIMPOTEKTOPHBIM 3(HPEKTOM; OCHOBHBIMH MOBPEIK-
JAIOIUMY KapAHOMHUOIMTHI (hakTopaMu OBICTPO CTa-
HOBSITCSI HAKOITUBINUICS JIAKTAT ¥ AI[U103.

B nauase 1960-x rogos Sodi-Pallares D. u co-
aBT. B cepur paboT TPEANPUHSIIN TTOMBITKY 060CHO-
BaTh Ha3HAYEHHUE TJIIOKO3bI, MHCYJINHA U KAJIUST Ha Te-
pareBTHYECKON MOenu uieMun-pernepdysnn —
ocrpom mHpapkre muokapaa (OUUM) [5—10]. Un-
¢ysus rmokozo-uHcymH-kameBoil cmecu (ITMKC),
KOTOPYIO aBTOPbLI HA3bIBAIU  <«IIOJISIPUIYIONIEiT>,
JOJIKHA ObLIIA, TPEKIE BCETO, 00ECTIEUNTh DIEKTPUYE-
CKYI0 CTaOUIBHOCTh MUOKAP/IA, HACKIIIAS KapANOMI-
orutbl K 1 HopMasusyst MeMOpaHHBIN TTOTEHITHAI
JEeVCTBHS, 4 TAK/KE MPEAOCTABUTD CEPAILY AOIMOTHNU-
TEJIBHBIA MeTaboIMIecKuii cyocTpat, KOTOPBIH Tpe-
GyeT MEHBIIIETO KOJMUUYECTBA KUCTOPO/IA TPH UIIEMUH.
Wucymun B 9TON CUTyaluu CIIYKUJI, TIO MHEHUIO aB-
TOPOB, B OCHOBHOM, «MecceHrepom» 17ist KT u rutio-
K03bl. VlccaemoBarein MpogeMOHCTPUPOBAIHN, YTO
ITMKC ywmenbimaer aJjeKTpoKapanorpabudeckue
npusaak OVIM u camskaet yactoty apurmutii |5, 7].

IMocre my6aukaruu padot Sodi-Pallares D. u
COaBT. HAMETUJINCH JIBA OCHOBHBIX HAIIPABJIEHUS
npumenenns [IKC: nnrtencusnoe nederne OVIM
U aIbIOBAHTHASI KAPAUOTPOTEKITUS B CEPAEIHON XH-

pyprum.

I'moxo3a u uacyaun npu OUM

Mexanuam aeiictBus. OOCyKaaIl HECKOIBKO
apdexroB TMKC nipu octpom uHdapkre Muoxkapaa
[11, 12]. AnTHapuTMIYecKHe CBOHCTBA OODBICHIIN
MeMGpaHocTabuIn3aImeil KapAnOMHUOIIUTOB. 3Ha-
YUMBIM TaK/Ke CUUTATIOCH OJIATOMPUATHOE BIUSHIE
Ha MeTaboJIN3M UIEMU3UPOBAHHOTO MIoKap/a. M3-
BECTHO, YTO B YCJTOBUSIX UIIEMUN OOMEH HeacTepe-
¢unmpoBannbix xupHbix Kucaor (HIKK) mpote-
KaeT ¢ 06pa3oBaHWeM TOKCHUYHLIX MeTabOJIUTOB U
CBOOOMHBIX PATINKATOB, CHIKAIONIINX COKPATUMOCTD
Y BBI3BIBAIOIINX JKEJY/TOYKOBbIE apuTMUH. Kpome
toro, HIJKK, yBenmmunBast ypoBeHb allMIKapHUTH-
Ha, MOTYT OKa3bIBaTh MeMOPaH-TTOBPEsKAAIOIIEe Tei-
crBue [13]. YBesnyenue riuKoJNTHYECKON 1IPOYK-
mun AT®O 3a cyer TOCTYIJIEHUST 9K30TEHHOM
TJIIOKO3BI JIOJPKHO CHIKATh MHTEHCUBHOCTD OKHCJIE-
Hust HOJKK. Kpome TOTO, HHCYJIUH, MHTUOUPYST JIK-
MOJIU3, CHVKAET B KPOBU YPOBEHD HTUX COEIMHEHUT.
PaccmarpuBasmn Taxkke Takme MOTEHIINATBHO BO3-
MozkHbIe 3 dextsr [TKC, kak ymeHbIIeHe UIIeMn-
YeCcKOI KOHTPaKTYPbl MIOKaP/a, TPOTEKTOPHBIE 3-
(bexTBl Ha TIAAKYI0 MYCKYJIaTypy KOPOHAPHBIX
aprepuii ¢ TPOPUIAKTUKON aHTHOCTIA3Ma, YCUIeHHe
CIIOHTAaHHOTO (PMOPUHOIN3A, YMEHbIIeHMe perepdy-
3WIOHHOTO TIOBPEXAEHUS M MPODUIAKTHKY (heHoMe-
Ha «no-reflows» mocse peBackymsgpusanun MHOKapaa
u ap. [11, 14]. BoamMoxxHbIM KapAHOIPOTEKTOPHLIM

In early 1960s, in a number of works, Sodi-
Pallares D. et al. made an attempt to provide reasons
for prescription of glucose, insulin, and potassium
using a therapeutic model of ischemia-reperfusion,
i.e. an acute myocardial infarction (AMI) [5—10].
An infusion of glucose-insulin-potassium mixtures
(GIPM) called a «polarizing» one by authors, first of
all, should ensure the electrical stability of the
myocardium by saturating cardiomyocytes with K*
and normalizing the membrane action potential, as
well as provide an additional metabolic substrate for
the heart which requires less oxygen in ischemia.
Authors thought that in this situation insulin served
mainly as a «messenger» for K™ and glucose.
Researchers demonstrated that the GIPM relieved
electrocardiographic AMI symptoms and reduced
the incidence of arrhythmias [5, 7].

When the works of Sodi-Pallares D. and col-
legues were published, the GTPM was applied by two
principal ways, the intensive AMI treatment and
adjuvant cardioprotection in cardiac surgery.

Glucose and Insulin in AMI

The mechanism of action. Several effects of
GIPM in acute myocardial infarction have been dis-
cussed [11, 12]. Tts antiarrhythmic properties were
attributed to cardiomyocyte membrane stabilization.
Its favorable effect on the metabolism of ischemic
myocardium was also considered relevant. The
metabolism of non-esterified fatty acids (NEFA) in
ischemia is known to take place with the formation
of toxic metabolites and free radicals impairing the
contractility and causing ventricular arrhythmias. In
addition, NEFA may damage membranes by increas-
ing the acylcarnitine level [13]. Increased glycolytic
ATP production due to administration of exogenous
glucose should reduce the intensity of the NEFA oxi-
dation. In addition, insulin reduces the blood levels
of these compounds by inhibiting lipolysis. The
potential effects of the GIPM (such as the reduction
of ischemic myocardial contracture, protective
effects on smooth muscles of coronary arteries,
angiospasm prevention, increased spontaneous fibri-
nolysis, reduction of reperfusion damage, and pre-
vention of the no-reflow phenomenon after myocar-
dial revascularization, etc.) have been discussed [11,
14]. Reduction of cardiomyocyte apoptosis which is
activated after the ischemic-reperfusion damage may
represent the another possible cardioprotective
effect of GIPM. Significant reduction in apoptosis
mediators in blood of AMI patients underwent coro-
nary angioplasty and GIPM injections was also
described [15].

Results of clinical studies. Increased number of
studies was dedicated to the prescription of GIPM or
its components in AMI. B. Mittra's articles published
in 1965—1967 were the first reports describing a sig-
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mexarm3mMoM TMIKC moxeT OBITh W yMeHbIeHUe
arorTo3a Kap[UOMHUOIIUTOB, aKTUBAIUS KOTOPOTO
HACTYIIAeT TIPU HUIeMIYeCKU-pernephy3nOHHOM T10-
BpeskaeHnn. OnucaHo 3HAYNMOE CHIDKEHUE COlep-
JKaHUS B KPOBU MEIHATOPOB aIonTo3a y OOJBHBIX
ONM, KOTOpPBIM BBITIOTHUJIN KOPOHAPHYIO aHTHO-
mwractuky u Beogmu [TMKC [15].

Pe3yabraThl KJIMHHYECKUX HCCIETOBAHUI.
Haznauenuio TVIKC wnam ee KOMIOHEHTOB TIpHU
OUM mnocBsIieHo OOJIbIIOE YUCIO KCCTeI0BaHMIL.
ITepBbIME COOOIIEHUSAME O CYIIECTBEHHOM CHUKe-
Hun JetambHOocT oT OVMIM 3a cuer HaszHaueHUs
GOJIbHBIM TJIFOKO3bI M KaJiusl (TIepOpPabHO) ¥ HHCY-
JimHa (TOAKOKHO) SIBUJIMCH cTaTthil B.Mittra, omy6-
smkosanubie B 1965—1967 rr. [16, 17]. [lo uroram
CBOMX WCCJIEIOBAaHUI aBTOP PEKOMEHIOBAJ U3yUYeH-
HYIO JiedueOHYI0 MepPy B KaueCcTBe CTaHIapTHOM.

OrnpenieIeHHbBII U'TOT MHOTOUNCJICHHBIM HCCJIe-
JIOBAaHWSIM, BBITIOJIHEHHBIM B WHTEPBAJE MEXK/Y
1965—1987 1., GBI TOABE/IECH B METa-aHaIN3€e, OXBa-
tuBtieM 1932 6ompubix [11]. ABTOpBI clemanu BbI-
Boj, uro MIKC croco6CcTByeT CHHKEHUIO TOCIIH-
TagbHOM JeTanbHocT ipu OMM Ha 28%. B Hauaze
2000-X ro/10B GBLIO BBITOJHEHO PA3BEPHYTOE KJINHI-
yeckoe uccaenoanue (GIPS-I), kotopoe mpogemon-
ctpupoBasno, 9to 8—12-yacoBast mHpysus TIKC
Bisier Ha 30-HEBHYIO JIETATbHOCTD y OOJBHBIX (€3
MIPU3HAKOB XPOHWYECKOH HEIOCTATOYHOCTH KPOBO-
obpallieHusT, KOTOPBIM BBITOIHSIIOT KOPOHAPOAHTHO-
mactuky 1o nosogxy OWM, ogHako He oka3biBaeT
3HAYMMOTO BJIMSIHUSI Ha 9TOT IOKasaTeJb B 00IIei
HOMYJISAIAKA 1 Y OOJIBHBIX C CEPAEYHON HEI0CTaTOu-
HOCThIO [ 12]. 3aTem OBLTO TTOKA3aHO, UTO 24-4acoBast
undysusa TMKC Goapusiv OMM ¢ mogbeMoM cer-
MeHTa ST obecriedyrBaeT yMEHbIIEHTE PEMOIETUPO-
BaHU JIEBOTO JKeIyZ0UKa depes 6 MecsIieB IocIe aH-
ruoriactuky [ 14].

OnHako, HECMOTPSI Ha 3HAYUTENbHOE YUCJIO
MyOJUKAIMN, OMICHIBAIONIINX OJATONPUSATHBIE KJIH-
nuveckue apdexrsr TMKC, B HacTosiiee BpeMs ¢
MO3UINI JOKA3aTeTbHON MEIUIIUHBI €€ HeJIb3s1 PEKO-
MEHJIOBaTh B KQUECTBE CTAaHIAPTHOI TeueOHOI Mepbl
npu OVIM. B 2010 r. Gl BBITIOJIHEH MeTa-aHaJ M3,
OXBATUBINHUI Pe3yabTaThl Jederust 28 374 60MbHbBIX
3a 40-ymetunii mepuoz [18]. ABTOpBI TpOIeMOHCTPH-
poBad HUIEHTUYHYIO 30-IHEBHYIO JIETATHbHOCTH B
rpymiax GOJBHBIX, MOJYYABIIUX U HE MOJYYaBIITHX
I'MKC na rociutanbHOM aTatne. beii cienan BBIBO,
YTO MIPHU PeATU3aAUNA COBPEMEHHBIX TTPOTOKOJIOB Jie-
yeHust ONM, Brirouyast GUOPUHONUBNUC U TIEPBUY-
HYI0O KOPOHapHYI0 aHTHOILIACTUKY, Ha3HaueHWe
I'MKC ne BausgeT Ha KIMHUYECKHE pe3yabTaThl. bo-
gee Toro, He orMeTwin abhderrusnocTn [MKC B
nozarpyine GOJbHBIX, Y KOTOPHIX He ObLjIa JOCTUTHY-
Ta periepdysns Muokapaa. TakuM 06pa3oM, Teseco-
obpasHoctb mpuMmenernst [MIKC B npotecce rocrm-
taapHOTO JeueHuss OVIM B HacTosIinee BpeMs
cunTaeTcsl He MoKazaHHOH. OJHAKO BpeMs OKOHYA-

nificant reduction in the AMI-related mortality due
to prescription of oral glucose and potassium and sub-
cutaneous insulin [16, 17]. Based on the results of his
research, the author recommended the therapeutic
measure under consideration as a standard.

A meta-analysis including data on 1932
patients summarized clinical trials carried out over
the period from 1965 till 1987 [11]. The authors con-
cluded that the GIPM contributed to a 28% reduc-
tion in AMI-related hospital mortality. In early
2000s, a detailed clinical study (GIPS-I) was per-
formed. It demonstrated that a 8—12-hour GIPM
infusion affected the 30-day mortality in patients
with no signs of chronic circulatory failure, who
underwent coronary angioplasty for AMI; however,
it had no significant effect on this parameter in the
general population and in patients with heart failure
[12]. It then demonstrated that a 24-hour GIPM
infusion to patients with STEMI contributed to the
decrease in the left ventricle remodeling 6 months
after the angioplasty [14].

However, despite a large number of publica-
tions describing a favorable clinical effect of the
GIPM, it could not be recommended as a standard
therapeutic option for AMI from a position of the
evidence-based medicine. In 2010, a meta-analysis
summarizing treatment outcomes of 28,374 patients
over 40 years was carried out [18]. The authors
demonstrated similar 30-day mortality rates in
patient groups receiving and not receiving the
GIPM during their hospital stay. They concluded
that prescription of the GIPM did not affect clinical
outcomes when modern AMI treatment protocols
including fibrinolysis and primary coronary angio-
plasty were applied. Moreover, the studies demon-
strated no effect of the GIPM in the subgroup of
patients, in which myocardial reperfusion was not
achieved. Therefore, the appropriateness of the
GIPM prescription in the hospital AMI treatment is
considered unproven. However, no final conclusion
on the prescription of GIPM in the clinical situation
under consideration has been drawn.

It cannot be not excluded that the time interval
between the development of acute ischemia and the
beginning of mixture administration is the factor
determining the effect of the GIPM. Results of a
multi-center IMMEDIATE study were published
recently. It demonstrated that prescription of the
GIPM to patients with acute coronary syndrome
during the pre-hospital treatment provides a number
of positive effects. The GIPM did not affect the 30-
day mortality, but it reduced the incidence of cardiac
arrests and hospital mortality rates. In addition, the
infarction area was equal to 10% of the left ventricle
myocardial mass in the reference group patients by
the 30th treatment day and only 2% when using the
GIPM (P<0.01) [19]. The analysis of delayed results
after a one-year treatment demonstrated that the
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TeJIbHOTO pelieHus Bompoca o HazHauennu [IKC B
paccMaTpUBaeMOll KJIMHUYECKON CUTyallu elle He
HACTYITUJIO.

He uckmioueno, uto omnpenensoniuM 2¢hhexT
ITNKC daxropoMm sBisieTcss BPeMEHHON WHTepBal
MEK/y Pa3BUTHEM OCTPOU UIIEMUU W HAYAJIOM BBe-
IeHust cMecu. B camoe mocieiiee BpeMst OmyOJanKo-
BaHbBI PE3YJIbTAaThl MHOTOIIEHTPOBOTO MCCIIEIOBAHUS
IMMEDIATE, mnokasaBuiero, 4To Has3HaueHUe
TIKC 60/bHBIM ¢ OCTPBIM KOPOHAPHBIM CHUHIPO-
MOM Ha JIOTOCIUTAJIbHOM dTalle JledeHuss 0OecIeyn-
BaeT P MOJOXKUTETbHBIX 2 dekToB. He Bmss na
30-mHeBHYIO JeTanbHOCTD, BBeneHne [ IKC camska-
JIO 9aCTOTY OCTAHOBOK CEP/IIla U TOCITUTAIBHOM Jie-
tanbHOCcTU. Kpome Toro, pazmep 30HBI WH(pAPKTA K
30-M cyTKaMm JiedeHUs B IpyIIie KOHTPOJS COCTaB-
sistt 10% Macchr MUOKap/Ia JIEBOTO JKeJTyI09Ka, a TIPU
ucnoabzoBarnu [ TKC — toabko 2% (p<0,01) [19].
[Tpu ananuse OTAAJEHHBIX PE3YJBTATOB 4Yepe3 TOJ|
MOCJTe TIeYeHusT YCTaHOBUIIH, 4TO ¥ 6oabHbIx OVIM ¢
nogbemoM cermerTa ST, mosygasmux [TMMKC, coso-
KyIHasi 4acToTa HeGJaronpusiTHBIX HCXOA0B (TO0-
JIIUYHAsl JIETAJbHOCTh W/WJIW OCTAaHOBKU CepJIla
U/WJIW TOCHUTATU3ANNK 110 TTOBOLY XPOHUYECKOI
HEJOCTATOYHOCTH KPOBOOOpalleHrst) Oblja 3HAYM-
MO HMKe, yeM B KoHTpoJsbHoi rpyiie [20]. Takum
00pasoM, posib U KjiauHWYecKas 3(PQHEKTUBHOCTD
I'MKC npu ONM ocraroTcst mpeiMeToM U TUCKYC-
CUM, U JATbHENIITNX UCCIIeOBAHUII.

I'moko3a ¥ MTHCYJIMH B KapUOXUPYPIrUH

Borpoc 06 ucnosbzoarnu TMTKC B kapaunoxu-
pypruu etie 6ojiee CJIOKEH U AUCKYCCHOHEH, YeM ee
HazHauenue ipr OVIM. B 1969 r. M.V.Braimbridge u
coaBT. [21] ony6ukoBai coobiieHne 00 yCHenHbIX
OTIEPAIUSIX TPEXKJIATIAHOTO MPOTE3UPOBAHNS, B KOTO-
poM yrnoMuHaIM 3(GHEKTUBHOE MOCIe0TIePAIHOHHOE
nasnavernne [MIKC (50 En. uncysmmna, 50% pactBop
rmoko3bl 1 50 MakB K1) 171st siedeHust sKesryi09KoBbIX
apUTMUIT 1 HUBKOTO CePAEYHOro BhIOPOCa, He KOPPH-
THPYIOIIETOCS MHOTPOITHBIMU CPEICTBAMYL.

B panbneiimem, coobuieHus O HPUMEHEHUU
TMKC y Kapauoxupypruaeckux OOJbHBIX HEOIHO-
KpaTHO MyOJMKOBANIUCh Pa3IUYHBIMU ABTOPAMHU.
[Tpuuem, B oT/IMYMe OT KapAUOJOTUU, HAPSIY C UC-
MTOJTh30BaHNEM <«KJjaccumueckoro» Bapmanta [VIKC,
MHOTHE KJIWHUIUCTHI ONMUCHIBATN Ha3HAYEHUE TJIIO-
ko30-nHCcynHOBON cMmecu (I'MIC), mcnosb3yst pac-
TBOP KaJIUS XJTOPU/IA JIJIsT KOPPEKITNU YPOBHS Kajue-
MU 110 ToKazanusiM. Iloatomy B najibHeiiem Gyiem
ucronb3oBath abopesuatypy I'VIC.

B nagane 1980-x romoB cepuio mccieaoBaHUN
sormosau W.Haider u coasr. [22-27]. ABTOpPSI 011~
ceIBasm ycnernrHoe ucrnosb3oBanue ['1IC ¢ noswiien-
HBIMW JI03aMW WHCYJIMHA JUIS YJIyYIIeHUs] Kapauo-
MIPOTEKITNN BO BPEMs TIEPEsKaTUSI aOPThI, a TakKe B
KOMIIJIEKCHON Teparuy OCTPON CepledHOl HepocTa-

cumulative frequency of adverse outcomes (1-year
mortality and/or cardiac arrest, and/or hospitaliza-
tion for chronic circulatory insufficiency) was signif-
icantly lower in STEMI patients receiving GIPM
than that in the reference group [20]. Therefore, the
role and the clinical efficacy of the GIPM for AMI
remains a subject of discussions and further research.

Glucose and Insulin in Cardiac Surgery

The problem of using the GIPM in cardiac
surgery is even more complicated and disputable than
its prescription in AMI. In 1969, M. V. Braimbridge et
al. [21] published a report on successful tricuspid
valve replacement surgeries that included an effective
post-operative prescription of GIPM (50 U of insulin,
50% glucose solution and 50 meq of K*) for treatment
of ventrical arrhythmias and low cardiac output irre-
sponsive to inotropic agents.

After that, several studies demonstrated the
use of GIPM in cardiosurgical patients. In addition
to a «classic» variant of the GIPM, many clinicians
have reported on prescription of glucose-insulin
mixture (GIM) using a potassium chloride solution
for correction of the potassemia level, when indicat-
ed. Therefore, hereinafter the mixture will be
referred to as GIM.

In early 1980s, W.Haider et al. carried out a
series of studies. [22—27]. The authors described a
successful use of the GIM with increased doses of
insulin to improve cardioprotection during aortic
cross-clamping, as well as a part of combined treat-
ment of acute heart failure. According to their data,
the improved myocardial bioenergetics due to GIM
administration allowed to reduce the doses of car-
diotonic agents significantly; at that, the cardiac out-
put increased and clinical outcomes improved.

National studies during the same period have
also demonstrated favorable effects of the GIM and
elevated doses of insulin on myocardial function and
severity of perioperative hyperglycemia [28—31].
One experimental studydemonstrated that an
insulin infusion increased the pumping ability of the
heart and velocity characteristics of contractility
[29]. Hypothesis was suggested that autoimmune
factors contributed to genesis of perioperative
hyperglycemia, and possible prevention of the latter
with GIM was due to a lower titer of autoantibodies
against insulin [30, 31]. In addition, the authors
demonstrated that ultrahigh doses of insulin could
provide the recovery of myocardial sensitivity to
sympathomimetic drugs in case of persistent acute
heart failure and inability to discontinue the car-
diopulmonary bypass [28].

The mechanism of cardioprotection. Positive
clinical effects of the GIM relevant for cardiosurgical
patients were explained not only by the improve-
ment of myocardial bioenergetics, but also by sever-
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TouHOoCTH. [T0 UX JIAHHBIM yJIydllieHue OUOIHEPreTH-
ku Muokapza Ha ¢one Begenust I'V1C mosBossiio cy-
IIECTBEHHO CHIDKATDH JJO3MPOBKY KapAMOTOHNIECKNX
[IPernaparoB, MPU HTOM TOBBIIIAICS CEPAEYHBIN BbI-
6pOC 1 yIYIIIATNCEH KIMHAYECKITE UCXOIbL.

OteuecTBeHHBIE HCCIEIOBAHUS 9TOTO TIEPHO/IA
BPEMEHU TaKyke MOKa3au GJIarompUsaTHOE BIISTHIE
I'MC wm moBBIIEHHBIX JO3WPOBOK WHCYJWHA Ha
(yHKIIMIO MUTOKAP/IA, @ TaKKe Ha BBIPA)KEHHOCTH I1e-
puotniepaniioHHoN runeprankemun [28—31]. B ake-
nepuMeHTe ObLJIO YCTAHOBJIEHO, YTO HH(Y3UI HHCY-
JINHA TIOBBIIIAET HACOCHYIO (YHKIMIO cepiara u
CKOPOCTHBIE XapaKTEPUCTUKHU cokpaTuMocTu [29].
Boina BhIcKa3aHa rumoTes3a 06 ayTOMMMYHHOM KOM-
MMOHEHTE B Te€He3€e TepUOTEePAIIMOHHON TUTIeprinKe-
MUU ¥ BO3MOXKHOCTHU MPOMPUTAKTUKY TIOCTIeTHEH TIPU
ncriorb3oBanny [ VIC 3a cueT cHUIKEHUS TUTPA ayTo-
anturen k nacyauny [30, 31]. Kpome Toro, aBTopbI
MIPO/IEMOHCTPHPOBAJIH, YTO CBEPXBBICOKHE [03UPOB-
KM WHCYJHHA MOTYT OGEeCIeYrTh BOCCTAHOBJIEHUE
YYBCTBUTEJBbHOCTH MUOKap/Ja K CUMIATOMUMETHYE-
CKUM TIpemapaTaM Tpu pedpakTepHON OCTPOI cep-
JIEYHOI HEJOCTaTOUHOCTU W HEBO3MOXKHOCTHU TIpe-
kparuth K [28].

Mexanuam Kapauonporeknuu. llomosknTess-
Hele kmHndeckue acdexrsr [NC, BaskHbIE 1715 Kap-
JIMOXUPYPIrUIECKUX OOJIBHBIX, OOBSICHSIIN He TOJBKO
yIIydIenneM GHOIHEPTETHKH MUOKAP/Ia, HO U PSIIOM
JIPYTUX TTaTO(hU3NOIOTHIeCKUX MexaHu3MoB. [Ipesxie
BCero, 00Cy KIa/m onvcaHHoe ete B Kouie 1950-x ro-
J0B [4] yBesinyenue MHTpaMUOKapAUAIbHBIX 3aI1aCOB
rimkorera. [loceanit MoskeT B TedeHNE HEKOTOPOTO
BPEMEHH TIOJIIEPKUBATh B aHAOPOOHBIX YCITOBUSIX CHH-
te3 AT® u dochorpearnna. [Tomaramm, uro yBenn-
YeHHbIe 3aMachl TJIKOTeHA YIIyJIIaioT ITIePeHOCHMOCTh
MUOKAp/IOM HIIEMUN U OOJIETYAIOT BOCCTAHOBJIEHTE
€ero cokparuteabuoil pyukiuu [26, 32, 33]. Boickasbl-
BaJIOCh TaKKe MHEHIIE, YTO IPOTEKTOPHYTO POJIh UTPa-
IOT He BHYTPUKJIETOUHBIE 3aachl IIMKOTEHA, a WHCY-
JIMHOBas CTUMYJISIIIUS MeTaboIn3Ma TiinKoreHa [34].
3HAYUMOCTH ITOTO TPOTEKTOPHOTO MEXaHU3Ma B pe-
AJTTBbHBIX KJIWHWYECKUX YCJIOBUSX, OUEBHU/IHO, OTPAaHU-
YeHa, TeM 0oJiee, UTO BO BPEMST TEPESKATHST A0PTHI TI0-
CTyIUJICHe WHCYJIMHA K MHOKapAy TPaKTHIeCKH
mpekparaercss. boee TOro, BBICKa3BIBAINCH oOlace-
HIIST, 4TO Ype3MepHast aKTUBHU3AINST aHadPOOHOTO T~
KOJIM3a MOJKET BBI3BIBATh JIAKTAT-aIlM/[03, COMIPOBOXK-
JAIOTIUIICS TIOBPEXKIeHNeM KapauoMuoiuTos | 16, 35].

MemOpaHCTaOMIMBUPYIOLIIE U aHTHAPUTMIYE-
ckue adpdexrer TIC (TUKC) obcyxaamich Ha Ha-
YaJIBHOM 3Tale KINHIYeCKOTO BHEAPEHUST METONKIL
[IpuMeHUTENBbHO K KapAUOXUPYPTUN TIPEITIOIATalIH,
YTO YBEJMUEHHOE TTOCTYIIEHNE KaIrs B KapANOMHUO-
IATHI 06JIETYAET BOCCTAHOBIEHNE CHHYCOBOTO PUTMA,
CHITDKAET PUCK TMOCJTEONePAMOHHBIX JKeTyT0IKOBBIX
apuT™Muil u GuOpHILIAIIN peacepauii [22, 32, 33]. B
GoJtee TO3IHUX MCCIAEMOBAHISX POJb ITOTO MPOTEK-
TOPHOTO MeXaHM3Ma Toj[Beprasiach cOMHeHm o [36].

al other pathophysiological mechanisms. First of all,
the increase in intramyocardial glycogen stocks was
discussed in late 1950s [4]. Glycogen was shown to
sustain the ATP and phosphocreatine synthesis
under anaerobic conditions for limited time. Tt was
believed that increased glycogen stocks improved
the myocardial tolerance to ischemia and facilitated
the recovery of its contractile functions [26, 32, 33].
There was also a theory that intracellular glycogen
stocks were not the factors playing a protective role,
but the insulin stimulation of glycogen metabolism
did [34]. The significance of this protector mecha-
nism under actual clinical conditions is obviously
limited, taking into account that the flow of insulin
to the myocardium virtually stops during aortic
cross-clamping. Moreover, there were fears that
excessive activation of anaerobic glycolysis could
cause lactate acidosis accompanied by damage of car-
diomyocytes [16, 35].

Membrane stabilizing and antiarrhythmic
effects of the GIM (GIPM) were discussed at the ini-
tial stage of clinical implementation of the proce-
dure. Tt was assumed (similarly for cardiac surgery)
that an increased inflow of potassium to cardiomy-
ocytes facilitated the restoration of the sinus rhythm
and reduced the risk of postoperative ventricular
arrhythmias and atrial fibrillation [22, 32, 33]. In
later studies, the role of this protector mechanism
was challenged [36].

Improved glucose utilization in the myocardi-
um during GIM administration takes place due to
the effect of insulin on transmembrane glucose trans-
porters (GLUT). GLUT-4 typical for myocardium is
insulin-dependent; under the effect of the hormone,
its expression can be increased several times; as a
result, the activity of Na-K-ATPases increases and
the myocardial contractility improves [16, 22, 28].
Data demonstrated that the glucose utilization in
the myocardium increased by more than 50% during
reperfusion after warm blood cardioplegia under the
effect of GIM [37].

Decreased blood NEFA level due to GIM
administration is an important effect because the
surgical stress inevitably leads to hypercate-
cholaminemia resulting in lipolysis. Adverse effects
of the NEFA metabolism in ischemic myocardium
have been discussed above. Systemic insulin admin-
istration is believed to reduce lipolysis due to direct
inhibition of hormone-sensitive lipases in fat tissue,
as well as due to activation of mitochondrial acetyl-
CoA-carboxylase directly inhibiting the NEFA oxi-
dation [16]. In an experimental model of cardiac
surgery, it has been demonstrated that reperfusion
with GIM after cardioplegia reduces utilization of
NEFA in the myocardium by more than 1.5-fold [37].

Reduced insulin resistance typical for cardio-
surgical operations with ECC is discussed as one of
possible effects of GIM [29—31, 38]. Apparently,

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 1



DOI:10.15360,/1813-9779-2017-1-57-72

O630p

Yiydienue yTHIN3aIuu TIIOKO3bI B MHOKap/Ie
mpu BeegeHnn TVIC 06ycIoBIeHO BIUSHIEM HHCYJIU-
Ha Ha CHCTeMYy TpaHCMeMODaHHBIX EPEHOCYUKOB
rimoko3bl (GLUT). GLUT-4, xapakTepHblie 7151 MUO-
Kap/ia, SBJSIOTCS WHCYJIUH-3aBUCUMBIMU; TIO/ BJIHS-
HUEM TOPMOHA UX 9KCIIPECCUST MOXKET YBEJTUUNBATHCS
B HECKOJIBKO Pa3, B Pe3yJIsTaTe BO3PAcTaeT aKTHBHOCTD
Na-K-AT®a3 u yiydimaercst KOHTPaKTUIBHOCTD MUO-
Kapza [16, 22, 28]. B akcrieprMeHnTe TTOKa3aHo, YTO TIPA
peniepdysnn Tocse TEMIOoBOH KPOBSHON KapAnoILTe-
rin 1ozt BaustHeM [VIC yTunmsanmst rioKo3bl B MU-
okapjie Bospacraer bosee, ueM Ha 50% [37].

Cauxenue yposast HO/KK B kxpoBu B pesyib-
tate BBesiennst [MIC npencraBisaioch BaKHBIM 3¢-
(hexTOM, Tak KaK OTEPATTMOHHBIN CTPecC HEM3OEKHO
[IPUBOJINT K MMITEPKAaTEX0JTaMIUHEMUHN, METabOIIec-
KM KOMITOHEHTOM KOTOPOII sIBiIsieTcst aumonn3. He-
Oanaronpusaribie addexror Meraboauzma HIKK B
UITEMU3UPOBAHHOM MHOKAap/ieé PACCMOTPEHbBI BHIIIIE.
CunTarot, 4TO CUCTEMHOE BBEJeHHE WHCYINHA 0bec-
MeYnBaeT yMEHbIIEHUE JIUTIOIU3a 32 CUYET MPSIMOTO
WHIMOUPOBaHUsT TOPMOH-YYBCTBUTEIBHBIX JIMIIA3
JKUPOBOH TKaHW, a TaKXKe 32 CUET aKTHBAI[UU MUTO-
XoHApuaabHol aneruna-KoA-kapOoKcuiasl, IpsMo
unrubupyioreit okuciaenne HIKK [16]. Ha akcre-
PUMEHTAJIBLHOM MOJIENTN KapAMOXUPYPIHUECKOIT ore-
panny MoKasaHo, YTO TOCje KapAUOIIerny perep-
dysust ¢ TUC obecrieanBaeT CHIDKEHNE YTHIH3AINT
H3KK B Mmuokapae 6osee, uem B 1,5 pasa [37].

B xauecTBe 0mHOTO M3 BO3MOKHBIX 9(D(HEKTOB
TUC obcyKaaoT Takke YMEHbIIEHUe HHCYINHOPe-
3UCTEHTHOCTHU, XapaKTEPHON /I KapAMOXUPyprude-
ckux onepauuit ¢ UK [29—31, 38]. [lo-Bunumomy,
nogo0Hast KOHIEIIINST He JIMIIeHa OCHOBaHUI. Bae-
nenne ['MIC B HacTosIee BpeMs MPOAOJLKAIOT pac-
CMATPUBATh B KauecTBe MOTEHIIUAIbHO 3(D(PEKTUB-
HOW Mepbl TNPOMPUIAKTUKUA TTepUOoTeparmOHHON
WHCYJMHOPE3UCTEHTHOCTH W TUTEPTJIUKEMUN Y
6ompHBIX Auabetom BTOporo THma [39]. TTomyders:
JlaHHBIE, YTO HWHTPAOINEpPAllMOHHOE Ha3HauyeHue
I'MKC mpy BBITIOJIHEHWH PEBACKYJISIPU3AIUNA MUO-
kapaa ¢ UK GoibHBIM 1abeToM [IEPBOTO U BTOPOTO
THITa 06JIeryaeT KOPPEKIIIO THIEPIIMKEMUI 1 CHI-
JKaeT moTpebHOCTh B HHCynHe [40].

Bwmecre ¢ TeM, BBICKa3bIBAIOT OITACEHUST, UTO BBE-
nerne TYIC MoskeT yCyrybsiTh TEPHOTIEPAITOHHYIO
runepraukeMuio [16]. B nacrosiiee Bpems He BbI3bl-
BaeT COMHEHUH, UTO THIEPTIMKEMHS «3aIyCKaeT» U
yeyry0JisieT MHOTOUMC/IEHHbIE TTATOJOIHYECKHE TTPO-
1ecchl. [umepriimkeMust yCUIMBAET aronTo3 Kapano-
MHUOIIUTOB U IHIOTETMATBHBIX KJIETOK KOPOHAPHBIX
apTepHii 32 CUET PA3TMUHBIX MEXaHIU3MOB, B YaCTHOC-
TH YBEJIWYEHHS ceKpelnn (akTopa HEKpPo3a OIyXo-
qnert (TNF-a) m skcmpeccun ero perenTopoB, BIUS-
HIIST Ha MeTabo3M OKenzia a3ota u ip. [41—44]. Tlpu
TUTIEPTAUKEMUN HAPYIIAIOTCS (HapMaKoJIOTHIECKOe
MIPEKOHIUITUOHUPOBAHUE W TTOCKOHAUIITMOHUPOBAHHE
MHUOKap/la WHTAJSIMOHHBIMU aHECTEeTUKAMU U JIEBO-

such a concept is not without reason. At present,
administration of GIM is still considered as a poten-
tially effective preventive measure of perioperative
insulin resistance and hyperglycemia in patients
with type 2 diabetes [39]. There are data that intra-
operative prescription of the GIPM during myocar-
dial revascularization with ECC in type 1 and 2 dia-
betic patients facilitates correction of hyperglycemia
and reduces the need for insulin [40].

However, some fears were expressed that
administration of the GIM could worsen the periop-
erative hyperglycemia [16]. At present, there is no
doubt that hyperglycemia «triggers> numerous
pathological processes and worsens them.
Hyperglycemia enhances the apoptosis of cardiomy-
ocytes and endothelial cells of coronary arteries via a
variety of mechanisms, particularly, via increased
secretion of tumor necrosis factor (TNF-a) and the
expression of its receptor, or affecting the metabolism
of nitric oxide, etc. [41—44]. In case of hyper-
glycemia, pharmacological preconditioning and post-
conditioning of myocardium is deployed through
inhalation anesthetics and levosimendan. This effect
is based on inhibition of the activity of ATP-depen-
dent potassium channels in cardiomyocyte mitochon-
dria [45—47]. Hyperglycemia induces impairment of
immunity by increasing the secretion of TNF-a and
other proinflammatory cytokines including inter-
leukin-18 due to increased expression of pro-inflam-
matory transcription factors [48]; it also impairs
hemostasis system predisposing the patient to hyper-
coagulation [49], affects the endothelium-dependent
vasodilation and worsens the oxidative stress [42,
50]. In the liver, heart, and kidney cells, the excess of
glucose causes toxic effects due to impairment of
mitochondria and reduces autophagy, a process
intended to eliminate damaged organelles and toxic
protein disintegration products [42, 51]. Finally, high
blood concentrations of glucose can provoke osmotic
diuresis causing hypovolemia and reduced cardiac
output [52]. Hyperosmolarity can also predispose to
cerebral complications [16].

Currently, the need for correction of hyper-
glycemia in cardiosurgical patients is undisputed
[53]. Experts believe that introduction of insulin,
which provides «rigid» control of hyperglycemia in
the postoperative period, significantly reduces the
mortality in this patient population. There are data
demonstrating that the achievement of normo-
glycemia using insulin provides an effective cardio-
protection [54]. During an elective myocardial revas-
cularization, the infusion of insulin and glucose in
modes that support normoglycemia reduces the post-
cardioplegic increase in blood troponin T and inhibits
the AMP-activated protein kinase, indicating a
decrease in cellular consequences of ischemia [55].

A number of other mechanisms of the cardio-
protective effects of the GIM or insulin were also dis-
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cuMeHIaHoM. B ocHOBe aToro addekTa JTekxuT TopMo-
xetne aktuBHOCTH AT@-3aBUCUMBIX KaJHEBLIX Ka-
HAJIOB MUTOXOH/IPUI KapAUOMUOIUTOB [45—47]. ['u-
MEPrIIVKEMIST BBI3bIBAET HAPYIIEHUS MMMYHUTETA,
yBesmuuBas cexperuio e Tobko THD-a, Ho u 1py-
IUX TPOBOCHAINUTENBHBIX ITUTOKUHOB, WHTEPJIEHKH-
Ha-18 m mpoBocnanmTeNbHBIX (haKTOPOB TPAHCKPHII-
n [48], okasbiBaeT HeGIATOMPHUITHOE BIMSHUE Ha
cucTeMy remocrasa, IIpejpaciiosiarast K ruiepKoaryJis-
1uu [49], Hapylaer sHI0TeIUNH3aBUCUMYIO Ba3o/Mla-
TAINIO U yCYTYOIsIeT OKCUAAaTHBHBIH cTpecc [42, 50]. B
KJIETKaX TeYeHH, MUOKap/a U MoYek U3ObITOYHOE CO-
JiepsKaHre TITIOKO3bI BBI3bIBAET TOKCHIecKue a(h(eKTh
3a CYET IOBPEK/IEHUST MUTOXOH/IPHIA, a TAKIKE CHUKAET
ayTtoaruio, HarrpaBJIeHHYIO Ha yIaJieHne TIOBPEKIEH-
HBIX OpraHe/ul M TOKCHYHBIX TIPOAYKTOB paciaza Oe-
KOB [42, 51]. Hakomer, BbICOKast KOHIIEHTPAIIUST TJTIO-
KO3BbI B KPOBU MOJKET TIPOBOIUPOBATH OCMOTHYECKHIA
JIAYPE3, TPUBO/IS K YMEHbIIIEHUIO 00beMa IINPKYJIAPY-
IOIIeil KPOBH, TUTIOBOJIEMUH ¥ CHUZKEHHUTO CEPEYHOTO
BeIOpOca [52]. THIIEPOCMOISIPHOCTD TaKKe MOXKET
TIpepacrioyiaraTh K MO3TOBBIM OCIOKHeHUsIM [ 16].

B nHacrosiee BpeMsi HEOOXOAUMOCTb KOPPUTH-
pPOBaTh BBIPAKEHHYIO TUIIEPIIMKEMIIO Y KapAHOXH-
Pypruveckux GOJbHBIX HE BbI3bIBAET COMHEHMIT [53].
[To kosrernasbHOMY MHEHWIO 9KCIIEPTOB BBEJIEHUE
HHCYJINHA, 00eCTIeYnBAoIIee «KEeCTKHiT» KOHTPOJIb
TUTIEPTIINKEMUN B TTOCJIEOTIEPAIIMOHHBIN TIEPUOI, CY-
MIECTBEHHO CHUKAET JIETAIbHOCTD Y 9TON KaTeropuu
60sbHbIX. [ToJTyueHbl TaHHbIE, YTO JOCTHKEHNE HOP-
MOTIJIMKEMUH 32 CYeT WHCYJMHa obecrieunBaet ag-
(hexTuBHyI0 Kapanonporekiuio [54]. Bo Bpemst mia-
HOBOI DeBaCKyJSApU3aIUU MHUOKapaa WHQY3Us
WHCYJIMHA U TJOKO3bl B PEKMMAX, MOJIEPKIBAIO-
IIMX HOPMOTJIMKEMUIO, CHIKAET TTOCTKAPAUOTLIEr -
YEeCKUI MPUPOCT COIEP;KAHMS B KPOBU TPOMOHUHA |
u uHrn6upyer AM@-akTHBUPYeMYtO TIPOTENHKUHA-
3y, Y4TO CBUIETEJIbCTBYET 00 yMEHbBIIECHUH KJETOY-
HbIX 3¢ deKTOB uiemMun [55].

O6cyskmaeTcs ere psii MEXaHI3MOB, 00bSICHS-
omnxX KapauonpoTtektopuble addextor TNMC nan
nacyaunHa. [Ipeanonararot, yto M C BBI3BIBAET aK-
TUBU3AIUIO aHAIJIEPO3uca — MPOMEKYTOUHBIX
(bepMEHTATUBHBIX PEAKIHii, 06ECIIEUNBAOIINX BOC-
CTaHOBJIEHHE JOCTATOYHOTrO IyJa cyOCTpaToB ISt
dyHkIMOHUpOoBaHua K2 Kpebca, W MOBbIIIAET
JIOCTYITHOCTh aMUHOKUCJIOT, HEOOXOAUMBIX JIJIsT
6eJIKOBOTO CHHTe3a B Kapauomuoiurtax [56—57].
YcTaHOBJIEHO, UTO WHTPAOTIEPAIlMOHHOE BBe/eHUE
I'NC ctumynupyer cuHTe3 rOpMOHa U (HaKTOPOB
pocTa IocJjie TJIAHOBON PeBACKYJISIPU3ANH MUO-
kapaa [58]. OTiesnbHbIe HCCEA0BATEH OOBSICHSIOT
yBeJIMYEHHEe CepAeYHOro BhIOpoca B pesyibrare
BBesiennst [MIC ymeHbIieHreM ITOCTHATPY3KH 3a
cUeT CHUXKEHUs nepudeprieckoro cocyIucToro co-
nporusienus [59—60].

Kpome Toro, B 9KcriepuMenTe JI0Ka3aHo, 4TO UH-
CYJIMH TOBBINIAET TOJEPAHTHOCTD KapPHOMHUOIIUTOB K

cussed. It is assumed that the GIM activates
anaplerosis, intermediate enzymatic reactions ensur-
ing the restoration of a sufficient pool of substrates
for the functioning of the Krebs cycle and increases
the availability of amino acids needed for protein
synthesis in cardiomyocytes [56—57]. It has been
established that the intra-operative introduction of
the GIM stimulates the synthesis of hormones and
growth factors after an elective myocardial revascu-
larization [58]. Several studies demonstrated an
increase in cardiac output as a result of the GIM
introduction to decreased afterload due to reduced
peripheral vascular resistance [59—60].

In addition, an experiment demonstrated that
insulin increased cardiomyocytes' tolerance to
ischemia by direct activation of specific intracellular
signaling pathways ensuring preservation of the cell
viability under the effect of different adverse factors
[61—62]. The influence of the GIM on intracellular
signaling pathways, in particular, on those regulating
the functions of mitochondria-associated proteins
has been also demonstrated in clinical trials over
recent years [63]. At that, the direct insulin stimula-
tion of intracellular signaling system regulated by
the O-linked S-N-acetylglucosamine (O-GlcNAc)
[63] was emphasized; the latter is an integral compo-
nent of the system which provides a cellular response
to physiological and pathophysiological stimuli, in
particular, protection against the oxidative stress. In
addition, the ability of O-GlcNAc to regulate the
GLUT system by supporting the transportation of
glucose and providing cellular effects of insulin was
considered.

Relief of the severity of a systemic inflammato-
ry reaction is an important aspect of organ-protec-
tive (in general) and cardioprotective (in particular)
effects of insulin, which is confirmed by a decrease in
blood levels of proinflammatory cytokines [54, 64].
Finally, insulin enhances the phagocytic activity of
neutrophils, thus reducing the risk of infectious com-
plications [65].

Results of clinical studies. A meta-analysis pub-
lished in 2004 and covering data on 468 patients was
the first study with the highest level of evidence
evaluating the GIM effectiveness in cardiosurgical
patients [66]. It demonstrated that the use of the
GIM provides a higher post-perfusion growth of the
cardiac output and a 1.8-fold decrease in the inci-
dence of postoperative ciliary arrhythmia. The
authors noted that only 11 of 35 works dedicated to
the problem carried out in 1970—2002 were suitable
for the analysis.

J.D. Schipke et al. [ 16] explained the small num-
ber of studies with a high level of evidence dedicated
to the GIM clinical effectiveness in cardiac surgery
despite the 40-year experience of its use using a num-
ber of reasons. First of all, in most studies, clinicians
did not perform a proper randomization to study
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UIIEMUH, TIPSIMO aKTUBUPYS Clie(puIecKne BHYTPH-
KJIETOUHBIE CUTHAJIBHBIE IyTH, 00€CIIEUNBAOIINE CO-
XpaHeHHe KU3HECIOCOOHOCTH KJIETOK IPU Pas/Iid-
HBIX TaTOJIOTMYEeCKUX Bo3zeiicTBusix [61-62]. B
riocsteztane rofpl Biusinne ['11C Ha BHyTpUKIIETOUHBIE
CUTHAJbHBIE TIYTH, B YACTHOCTHU, PETYJIUPYIOIIHe
(DYHKIIMU MUTOXOHAPHIA-aCCOIMMPOBAHHBIX OEIKOB
TOJIy9eHbl W B KJIWHWYECKUX HCCIeoBaHMUSAX [63].
[Tpu 5TOM aKIEHTUPYIOT BHUMaHWE HA TMPSIMON CTHU-
MYJISITIAA UTHCYJIMHOM BHYTPUKJIETOYHON CUTHATIBHOM
cucreMbl, perysmpyemoii O-cBsizannbimM [-N-areTu-
riokozamMuHoM (O-GleNAc) [63], koTopslii siBiisieTcst
MHTErPAJbHBIM KOMIIOHEHTOM CHCTEMBbI, 0GecieunBa-
TOIIell KJIeTOYHBIN OTBET Ha (DU3NOJIOTUYecKue 1 Ta-
TO(PU3NOJOTTUECKIE CTUMYJIbI, B YACTHOCTH, 3AIUTY
OT OKCH/IATUBHOTO cTpecca. Kpome Toro, paccMaTpu-
BaioT ciocobrocth O-GleNAc perymuposars crictemy
GLUT, noajep:kuBasi TpaHCIOPT TJIIOKO3bI U 0Gecie-
yuBas KJaeTouHble 3(h(heKThl MHCYIIHA.

BaXHbIM acmeKTOM OpraHoONpPOTEKTOPHBIX, B
1IEJIOM, U KapAMOMPOTEKTOPHBIX, B YaCTHOCTH, Ah-
(exTOoB NHCYIMHA SBJSETCS CHIKEHIE BbIPAKEHHO-
CTU CUCTEMHOU BOCIIATUTENbHOM PEAKIINH, YTO IO -
TBEP)K/IEHO YMEHbBIIEHWEM YPOBHS B KDPOBH
MIPOBOCHAUTENBHBIX IIMTOKUHOB |54, 64 ]. Hakowmerr,
WHCYJIMH TIOBBIINAET (haromuTapHyio aKTUBHOCTD
HEUTPODUIOB, YTO CHUKAET PUCK WMHMDEKITMOHHBIX
ocaoxHenui [65].

Pe3ysbTaThl KIMHUYECKUM UCCIIEI0BaHUI

[lepBbIM McCCTETOBAHMEM C BBICOKUM YPOBHEM
JIOKA3aTeJTbHOCTH, MOCBSIIEHHBIM OIleHKe 2(D(heKTHB-
Hoctu TYIC y kapanoxupypruueckux 6OJIbHBIX, SBUJI-
cs MeTta-aHanus, onyosukoBanHbiil B 2004 T. 1 oxBa-
tuBIHit 468 GobHbIX [66]. B0 yeTaHOBIEHO, UTO
ucnosibzoBarue I'VIC obecrieurBaeT GOJIBIIAI TTOCT-
1epdy3UOHHBIN TPUPOCT CEPAEUHOTO BHIGPOCA ¥ CHU-
skerme B 1,8 pasa 4acToThI OCIE0NEepainoHHON Mep-
[ATEJLHON apuTMUN. ABTOPBI OTMETHJIN, U4TO U3 35
pabot 1o Teme, BoinosHeHHbIX B 1970—2002 rr., moj-
XOJISTIIUMHE JIJIS aHAJIA3a OKA3aJIMCh TOJIbKO 11.

Majioe KoJIM4ecTBO UCCAEOBAHUI C BBICOKUM
YPOBHEM [[OKA3aTETbHOCTH, TTOCBSTEHHBIX KJIMHU-
yeckoil apdextusrocTn TC B Kapamoxupyprum,
HecMOTps Ha Gosiee yeM 40-j1eTHMIT OIBIT ee uc-
nonb3oBanus, J. D. Schipke u coasr. [16] 06bsicru-
Jin psagom npuunH. TIpeskie Bcero, B GOJBIINHCTBE
WCCIeIOBAHWH KJIMHUTIMCTHI HEe BBITTOJTHSIJIN Y€TKOM
PaHIOMU3AIUK TPYIII, YTO JleJlaeT MaJoloKa3a-
TEJLHBIMU TIOJIydeHHbIe pe3yJbraThl. Kpome Toro,
OUYeHb 3HAUMTENHHO BaPbUPOBAJINCH CXEMbl Ha3Ha-
yerns komnonentos I'MIC 1, 0cobeHHO, JO3UPOBKU
nacymrHa: ot 10 Ex no 1 Ex/xr/4 nam 400 En/cyr.
B omHOM M3 mccnenoBanuii O3UPOBKA TIpernapara
nocruria gake 600 Ex B Buze 60ioca ¢ mocaenyo-
et uagysuei ene 600 Ex. OTcyrcTBoBasa cran-
naprusanus aranos BBegeHus: [IC ndysuposann

groups, thus providing poor evidence for the findings.
In addition, the GIM ingredient dosing regimens dif-
fered greatly, especially the insulin dosage: from 10 TU
to 1 TU/kg/h or 400 IU/day. In one study, the dose
was as high as 600 IU as a bolus dosing followed by
an infusion of 600 IU more. There was no standard-
ization of introduction steps: GIM was infused
before, during and/or after the surgery. The patient
population, performed surgical interventions, ECC
and aortic cross-clamping duration, myocardial pro-
tection methods and other characteristics of the
surgeries demonstrated high variability of laboratory
data. Finally, the protocols of the carried out trials
differed significantly. For example, of 38 studies car-
ried out in 1981—2003, creatine phosphokinase-MB
(CPK-MB) was evaluated in 8 (21%), and troponin
I only 3 (8%) studies. All the above factors made it
difficult to analyze the results from the point of view
of the evidence-based medicine.

After that, randomized clinical studies demon-
strated contradictory results. For example, it was
shown that in elective myocardial revascularization
with ECC, an intra-operative GIM introduction
provided the cardioprotective effect in the form of
improved pumping ability of the heart and oxygen
transport optimization after ECC [67]. At that, the
effect was pronounced when high (2 TU /kg per 1 L of
30% glucose solution) and low (32 TU/L of 10% glu-
cose solution) insulin doses were used.

In another study, it was demonstrated that the
intraoperative GIM infusion of (80 TU of insulin in 500
ml of 5% glucose solution) improved the systolic func-
tion of the left ventricle and had no cardioprotective
effect during the elective myocardial revascularization
with ECC in patients with type 2 diabetes [68].

Similarly to the clinical studies, the conclusions
of the meta-analyses performed in 2010—2011 are
contradictory. One of them analyzed data from 20
studies over the period 1978—2006 (2943 patients
who underwent revascularization of the myocardium
with ECC) and showed that the GIM did not affect
the hospital mortality and the incidence of postoper-
ative ciliary arrhythmia. It was concluded that the
GIM should not be prescribed as a standard medical
measure because it produced no positive effect and
no evidence of its safety were obtained [69]. The fea-
ture of this study was the analysis of the endpoints in
the general observation group, which included
patients with and without diabetes, as well as
patients receiving insulin only during cardioplegia.
Of 1498 observations in the GIPM group, 857
patients were treated in 4 studies where insulin at a
dose of 10 TU/L was included in the cardioplegic
solution used during emergency revascularization of
the myocardium. Results of these studies did not
show any benefits of insulin-containing cardioplegia.
It is unlikely that the latter can be characterized as a
full-fledged therapy using GIM.
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MIpeIoNEePAIMOHHO, BO BpeMs WJIU/U TOCJe omnepa-
1. Bosibmioi BapuabesbHOCTHIO OTIMYATICH KOH-
TUHTEHT OOJIbHBIX, BBIIIOJHEHHbBIE OIEPaTUBHBIE
BMeNIaTeTbCTBa, anTenbHocTh VK m mepexatus
A0PTHI, METOJIMKY 3ATUThI MUOKap/a U JAPyrue Xa-
pPaKTepUCTUKH ofeparuii. HakoHel, MPOTOKOJIBI
BBITTOJTHEHHBIX MCCJEIOBAHUN TaKKe CYIIECTBEHHO
otanyanuch. Hampumep, n3 38 nccienoBanuii, BbI-
nosHeHHBIX B 1981—2003 rr., MB-dpakmnuio kpea-
turdochorunass (MB KOK) onennBam B 8 (21%),
a TpornonuH I — Tospko B 3 (8%). Bee aT0 3aK0HO-
MEPHO 3aTPY/IHSIO aHAJINU3 C MO3UITUI JOKA3aTeb-
HOUW MEUTTUHBI.

B nasbHeiinem, paHIOMU3UPOBAHHbBIE KJTHH-
YecKue MCCIe/JOBAHUS IaBaIv TPOTUBOPEYAIie Apyr
Ipyry pesysbratel. Hanpumep, ObLIO TIOKa3aHO, YTO
IIPY TIJTAHOBBIX PEBACKYJISIPU3AIUSX MUOKAp/A B yC-
gousix MK wunTpaonepammonnoe BBenenne [MC
obecrieyrBaeT KapAHOIPOTEKTOPHBINA 3(hdeKT, mpo-
SIBJIIIOIINICS yJIydIlieHreM HaCOCHOH (hyHKITNH orie-
PUPOBAHHOTO CEplla M ONTUMU3AIMEN TPaHCIIOPTa
kuciopoa ocie MK [67]. TIpuuem addexT ObLT BbI-
paskeH TIpU MCTOIb30BaHnM BbICOKNX (2 En/kr B 1 o1
30% pacrBopa rmokosbl) u Huskux (32 Ex/n 10%
pacTBOpa TITIOKO3bI ) I03UPOBOK WHCYJINHA.

B apyrom wuccieoBaHWM aBTOPBI TTOKA3aJIH,
yto nHTpaoneparnonnas nadysus ['MC (80 Ex nn-
cyimna B 500 M1 5% pacTBopa IJIIOKO3bI) He yJIyd-
[1aeT CUCTONUIEKYT0 (DYHKIIHMIO JIEBOTO JKETYA0UKa 1
HE OKa3bIBaeT KapAMOMPOTEKTOPHOTO addeKrTa BO
BpeMsI TJIAHOBOW PEBACKYJSPU3ANNKM MHOKapia ¢
WK y 60omnbHbIX guaderom 1T Tumna [68].

Takske Kak pe3yabTaThl KINHUIECKUX UCCITE0-
BaHWIi, TPOTUBOPEYAT JPYTY BBIBOABI MeTa-aHaJM-
30B, BeIMoTHEHHBIX B 2010—2011 rr. ABTOpBI OTHOTO
13 HUX Ha OCHOBE aHa/IN3a JaHHbIX 20 nccaeoBanmii
3a 1978—2006 rr. (2943 6OJIBHBIX, KOTOPHIM BBIIOJI-
HUJIM PEBACKYJSAPUBAIMIO MUOKap/a B YCJIOBUSIX
UK) moxazanu, uto [MIC He BAMSAET HA TOCTTUTAb-
HYIO JIETAJbHOCTb W YacTOTYy IOCJIEONEePAITMOHHOM
MepIAaTeThHON apuTMUU. Dbl ciiesiaH BBIBOJ, UTO
I'IC ne cienyer Ha3HAUaTh B Ka4eCTBE CTAHAAPTHON
JiedeOHOI MePBI, TaK KaK MOJOKUTENbHBIX 3((HEKTOB
OHa He BBI3BIBAET, a JI0Ka3aTeIbCTBA e He30IIacHOCTH
He morydersl [69]. Oco6eHHOCTSIMHU 9TOTO UCCTEN0-
BaHs ObLJI aHAJI3 KOHEYHBIX TOYEK B 00IIEH IpyIie
HabJIIONEHNH, Kyla OB BKIIOYEHBI GOMbHDBIE Oe3
mabeTa v ¢ HAIMYUEM 3TOTO 3a00JIeBaHNS, a TaKKe
MOJTy4YaBIie WHCYJIUH TOJIBKO BO BPEMsI KapauoILie-
run. W3 1498 nabmonenuii «rpymmbsr TUTKC» 857
GOJIBHBIX OTHOCHJIUCH K 4 paboTaM, B KOTOPBIX HHCY-
sauH B no3e 10 Ex/mn Bxoanst B coctaB Kapauorieri-
YECKOTO PacTBOPA, MCIIOJIH30BAHHOTO BO BPEMS 9KC-
TPEHHBIX PEBACKYJISAPU3ANUI MUOKapaa. ABTOPBI
9TUX KCCJIEOBAHMI HEe BBIIBHJIN KaKUX-JTU0O TIpe-
UMYIIECTB WHCYJTUH-COJEPKAIIell KapAHOIJIETH.
Bpsin nm mocsieHIorn MOXKHO KBaJIU(MUITUPOBATH,
KaK MOJTHOIIeHHY0 Tepanuio ¢ momortisio [NC.

Another meta-analysis examined data from
2113 patients published in 33 studies carried out
over the period from 1977 till 2008. [70]. Patients
with and without diabetes who underwent surgeries
with ECC for the coronary heart disease and valve
defects were enrolled in the studies. The analysis was
performed in both general population and subgroups
(with and without diabetes, before and after 2000,
etc.). The authors identified a number of positive
effects of the GIM: decreased incidence of periopera-
tive myocardial infarctions, decreased intensity of
the inotropic support, better values of postoperative
cardiac index and decreased duration of postopera-
tive mechanical ventilation, and decreased ICU stay.
Favorable effects of the GIM administration were
observed in various subgroups; at that, in patients
with diabetes, they were registered only when a care-
ful control of glycemia was provided.

Another meta-analysis published in 2012 con-
firmed that the GIM reduced the incidence of peri-
operative myocardial infarctions and reduced the
need for inotropic support in patients who under-
went revascularization of the myocardium. At the
same time, postoperative ciliary arrhythmia occured
more frequently in the GIM group [71].

Well-designed clinical studies performed over
recent years demonstrated clear clinical advantages
of the GIM in different categories of cardiosurgical
patients, including those at high risk. GIPM infu-
sions (40 IU of insulin, 500 mL of 10% glucose and
40 meq of KCI at an infusion rate of 1 mL/kg/h)
started 10 hours before the surgery and continued
until removal of the aortic clamp during revascular-
ization of the myocardium in patients with a low left
ventricular ejection fraction provided almost a two-
fold decrease in the postoperative growth of natri-
uretic B-type peptide and a significant reduction of
the postoperative mechanical ventilation [72].
During elective myocardial revascularization of the
myocardium in diabetic patients, the intraoperative
GIM infusion provided a greater of postoperative
stability of the cardiac output, lower incidence of cil-
iary arrhythmia and a better control of glycemia with
less insulin requirements as compared to the refer-
ence group [40]. Satisfactory results were obtained
with GIM in emergency revascularization of the
myocardium without AC. The GIM infusion (325 TU
of insulin, 500 mL of 50% glucose and 80 meq of
potassium at an infusion rate of 0.3 mL/kg/h) in the
intraoperative and early postoperative period after a
multivessel coronary artery bypass graft surgery pro-
vided a significant relief of biochemical signs of
myocardial damage: decreased blood level of MB-
CPK and troponin T [73]. Recently published data
confirming the essential role of hyperglycemia cor-
rection during prescription of the GIM to AMI
patients undergoing coronary bypass surgery
attracted much attention [74]. Based on the
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B npyrom mera-ananuse uzyuuiau panube 2113
6oJbHBIX U3 33 paboT, BbIMoIHeHHBIX B 1977—2008 rr.
[70]. B uccrenosanue Gblin BKIIOUEHBI GOJIBHBIE, OTIe-
puposantbie ¢ VIK 110 moBojty uiiieMudeckoi 6oie3Hu
Cep/IIia 1 KJIATTAHHBIX TIOPOKOB, ¢ AnabeToM i 6e3. Ara-
JI3 BBITIOJTHIUTH KaK B OOIIEN OIS, TAK U B TIO]T-
rpynmnax (¢ auaberom u 6e3, g0 u nocie 2000 roga u
1Ip.). ABTOPBI BBIIBUJIN TIEJIBIH PSIZT TIOTOKUTETHbHBIX
apdexroB TMC: cHIZKEHME YaCTOTHI TEPUOTIEPATTTOH-
HBIX MH(MAPKTOB MUOKap/a, YMEHbIIIEHUE WHTEHCHB-
HOCTH WHOTPOITHOH TOIEPIKKH, JIYUIe 3HAUeHs
110CJIE0IIEPALIMOHHOIO CepleuHOoro UHeKca U yKOpo-
YeHue TUTETbHOCTH MOCTEOTIEPAIIMOHHOTO TPebhIBa-
HUS B OT/IeJICHUA WHTEHCUBHOI Tepanuu. biaromnpu-
aTHble TocsencTBus BBeaeHuss [MIC mposasasauch B
PasJIMYHBIX HOATPYINAX, IprHYeM Yy GOJbHBIX auade-
TOM WX DErHCTPUPOBAIN TONBKO TOTAA, KOTAAQ OLLT
obecTieyer TIATeTLHBIN KOHTPOITh TIIMKEMHH.

Emte oxnm Mera-amanms, omyOINKOBAaHHBIN B
2012 r.,, moarBepani, uto 'MC cHmzkaeT 9acToTy re-
PHONEepaOHHBIX MHGAPKTOB MHOKapAa W yMeHb-
MmaeT TOTPeOGHOCTHh B WHOTPOTHON TOANEPIKKE Y
GOJBHBIX, KOTOPBIM BBITIOJHSIOT PEBACKYJISPU3AIIAIO
Muokap/a. Bmecrte ¢ Tem, B «rpymme ['TIC» vare pe-
THCTPUPOBATIH TTOCIIEOTIEPAIINOHHEYT0 MepIaTeIbHYTO
apurmuio [71].

B mociieHIIe TOABI BBITTOTHEHO HECKOJIBKO XO-
POITIO OPTaHW30BAHHBIX KJIMHWYECKUX HCCIET0Ba-
HU, TPOJIEMOHCTPUPOBABIITUX OTUETIUBBIE KITIHH-
yeckne npenmymiectBa [MIC y pasubix karteropuii
KapANOXUPYPTIHIECKUX GOTBHBIX, B TOM YHCIIE BBICO-
koro pucka. Uudysus TMKC (40 Ex uncynuna, 500
i 10% rmokoser u 40 MmIks KCl co ckopoctbio 1
MJI/KT/q), KoTopyto HaunHaau 3a 10 4 1o oneparun
1 TIPOJIOJIKAJIH /IO CHATHS 3aKMMa C aOPTHI, TIPH pe-
BACKYJISIPU3IIUN MHUOKapiia y OGOJbHLIX € HU3KOI
(bpakimeit n3rHaHNS JIEBOTO JKEMYA0UKA OOecTIednia
MPaKTUYeCKN BYKPAaTHOE CHIDKEHHe IIocJeornepa-
IIMOHHOTO TPUPOCTAa HATPUHYPETUIECKOTO MeNTH/Ia
B-tuma u cymecTBeHHOe yKOpOYeHHe Iocaeorepa-
nuonnoit VIBJI [72]. Ilpu BbllojHeHUU ILIaHOBOM
PEBACKYIAPU3AIINN MHUOKapAa OONLHBIM AuabeToM
nnaTpaonepannonnasg nHdysusa [MIC B cpaBHeHNN C
KOHTPOJIBHON TpyImoil obecreunsia OOJIBIIYIO T10-
CJTEOTIEPATTNOHHYIO CTaOUIBHOCTD CEPIETHOTO BBI-
6poca, MEHBIITYIO YACTOTY MEPIATETHHON APUTMU 1
JIydIIui KOHTPOJIb TTHKEMUH € MEHBIITEN moTpeGHO-
crblo B uncyiune [40]. Bronne yaosieTBoputesib-
HbIH pesyssraT nosyder ot npumenenus I'IC npu
9KCTPEHHBIX PEBACKY IIpU3ANusIx Muokapa 6e3 K.
Wudysus TUC (325 Ex urcynuna, 500 mu 50% ririo-
k036l 1 80 MOKB Kasust co ckopocThio 0,3 Mi1/Kr/4) B
WHTPAOTIEPAIIMOHHBI W PAaHHUH ITOCJIeoneparuon-
HBIH MEPUOJl MHOTOCOCYIUCTBIX KOPOHAPHBIX IIMyH-
THPOBAHU# 0GECTIEUNIIA CYIECTBEHHOE YMEHBITIEHTE
OGUOXNMUYECKUX TTPUBHAKOB MOBPEKIECHNST MUOKAP-
na — cumwkenne yposers B kposu MB KOK u tpo-
nouuna T [73]. Boubioil unTepec npejacraBuIn He-

immunohistochemical study of stem cells, myocytes
precursors and proliferation markers in myocardial
bioptates obtained from the peri-infarction area dur-
ing the surgery, the authors found that a «rigid» con-
trol of glycemia provided the best regenerative
potential of the cardiac muscle after the infarction.

Adjuvant cardioprotection in the surgical
treatment of patients with severe myocardial hyper-
trophy is an individual aspect of the GIM application
in cardiac surgery. In 2011, results of a randomized
clinical trial of clinical and metabolic effects of the
perioperative GIM introduction in the surgical
treatment of aortic stenosis were published [63].
After examination of 217 patients randomized in 2
groups the authors found that the GIPM reduces the
incidence of low cardiac output episodes after aortic
valve replacement by more than 3-fold; it also signif-
icantly reduces the need for inotropic medications.
This study confirmed the assumption about the
potential effectiveness of the GIPM in the surgical
treatment of aortic stenosis published in early 1980s.
Then it was shown that increased sensitivity to
insulin and high glucose utilization regressing after
aortic valve replacement was typical for patients
with myocardial hypertrophy [75—76]. The authors
interpreted the obtained data as manifestations of
metabolic heart adaptation which created a basis for
prescription of the GIPM in the perioperative peri-
od. Modern researchers [63] suggest the involve-
ment of the cardioprotection mechanism provided
by O-GlcNAc. The latter affects the function of the
mitochondria-associated proteins that increase car-
diomyocyte resistance to ischemia-reperfusion, stim-
ulates the transport of glucose through the GLUT
system, etc. [77, 78].

Conclusion

Threrfore, there is a more than 50-year experi-
ence in the use of GIM (GIPM) as a cardioprotective
measure. Large number of randomized clinical trials
and meta-analyses carried out over the recent years
allows to consider the use of GIM (GIPM) in cardiac
surgery and pre-admission intensive treatment of
AMI as a clinically effective preventive measure
which can be prescribed at a clinician's discretion.
However, the use of GIM (GIPM) cannot be consid-
ered a routine and standardized technique of adju-
vant cardioprotection so far. Recently, the interest to
the therapeutic and preventive use of the GIM
(GIPM) in both emergency cardiology and cardiac
surgery has been revived. Further research in this
field is undoubtedly reasonable.

JIABHO OITyOJMKOBAaHHbIE JaHHbIE, TOATBEPIKIAIOIIIE
BKHEHIIYIO POJIb KOPPEKIINH TUTIEPTIINKEMUN TIPU
naznaderny [YIC 6oababim OVIM, KOTOPBIM BBIILOJI-
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HSIOT KOpoHapHoe myHTHupoBanne [74]. Ha ocroBa-
HUU TUCTOXMUMWYECKOTO M3yUEHUSI CTBOJIOBBIX KJie-
TOK — MPEAINIeCTBEHHUKOB MUOITUTOB U MapKepOB
nposndepaiu B OHONTaTaX MUOKap/a, MOJIyYeH-
HBIX BO BpeMs oTiepalinii u3 mepunH(apKTHON 30HbI,
ABTOPBI YCTAHOBUJIN, UTO <KECTKUIT» KOHTPOJb TJIH-
KeMu# 0GecriedrnBaeT JIyUIlnil pereHepaTBHBbIA 110-
TeHITHAJI CEPIeYHON MBITIIIIEI, TIepeHecTell MHpapKT.

OtnenpHbIM acriekToM ucnonb3oBarus [IC B
KapAMOXUPYPTUU SIBJISIETCS AIBIOBAaHTHAS Kap/auo-
MPOTEKITUS TIPH XUPYPIUUECKOM JiedeHUH OOJIBHBIX €
BbIpa)KeHHOU Turneprpodueii Muokapaa. B 2011 r.
OIyOIMKOBaHbI Pe3YJIBTaThl PAHIOMU3UPOBAHHOTO
KJIMHUYIECKOTO MCCJIEIOBAHNS KIMHUYECKIX U MeTa-
6osmuecknx a(hMOEKTOB MEPUONIEPAIIMOHHOTO BBEJIE-
vy [VIC mpu XupypruueckoM JiedeHun a0pTaTbHOTO
crerosa [63]. B pesyJbrare obcaenoBanust 217 60J1b-
HBIX, PAHIOMU3UPOBAHHBIX HA 2 TPYIIIIBI, aBTOPBI yC-
tanoBuan, 4o TMTKC Gosee, uem B 3 pasa cHuKaeT
YaCTOTY BIU30/I0B HU3KOTO CEPAECYHOTO BhIGpOCA T10-
cJie TIPOTE3NPOBAHMS a0PTAIBLHOTO KJIAMaHa, a TaKKe
3HAUMMO YMEHbIIaeT MOTPEOHOCTh B WHOTPOITHBIX
mpernaparax. dTO MCCIeIOBaHUE MOITBEPAUIIO TIPe-
MOJI0’KeHNne O TOTeHNHaIbHONW 3(h(heKTUBHOCTH
ITMKC mpu xupyprudeckoM JedeHUH aopTajbHOTO
CTeHO03a, BbICKazaHHoe ere B Hauase 1980-x romos.
Tora 6bLIO TTOKA3aHO, YTO /it GOJIBHBIX ¢ TUIIEPTPO-
(bueit MroKapa XapakTepHbI MOBBIIIEHHAS TYBCTBH-
TEJIBHOCTh K WHCYJIUHY U BBICOKAsT YTHJIU3AIIUHN TJIIO-
KO3bl, perpeccupyiolire TIOocjae  aopTaTbHOTO
npore3upoBanusi [75—76]. ABTOPbI TPAKTOBAJIH T10-

Jlurepartypa

1. Goulston A. A note on the beneficial effect of the ingestion of cane sugar
in certain forms of heart disease. Br. Med. J. 1911; 1 (2620): 615.
http://dx.doi.org/10.1136/bmj.1.2620.615. PMID: 20765508

2. Visscher M.B., Miiller E.A. The influence of insulin upon the mammalian
heart. J. Physiol. 1927; 62 (4): 341-348. http://dx.doi.org/
10.1113 /jphysiol.1927.5p002364. PMID: 16993855

3. Evans C.L., De Graff A.C., Kosaka T., Mackenzie K., Murphy G.E., Vacek
T., Williams D.H., Young F.G. The utilization of blood sugar and lactate
by the heart-lung preparation. J. Physiol. 1933; 80 (1): 21-40.
http://dx.doi.org/10.1113 /iphysiol.1933.5p003068. PMID: 16994482

4. Conn H.L., Wood ].C., Morales G.S. Rate of change in myocardial glyco-
gen and lactic acid following arrest of coronary circulation. Circ. Res.
1959; 7 (5): 721-727. http://dx.doi.org/10.1161/01.RES.7.5.721.
PMID: 13811523

5. Sodi-Pallares D., Testelli M.R., Fishleder B.L., Bisteni A., Medrano G.A.,
Friedland C., De Micheli A. Effects of an intravenous infusion of a potas-
sium-glucose-insulin solution on the electrocardiographic signs of
myocardial infarction. A preliminary clinical report. Am. J. Cardiol.
1962; 9 (2): 166-181. http://dx.doi.org/10.1016/0002-
9149(62)90035-8. PMID: 13914751

6. Sodi-Pallares D., De Micheli A., Medrano G., Fishleder B., Bisteni A.,
Friedland C., Testelli M. Effect of glucose-insulin-potassium solutions
on the electrocardiogram in acute and chronic cornary insufficiency.
Mal. Cardiovasc. 1962; 3: 41-79. PMID: 13989829

7. Sodi-Pallares D., Bisteni A., Medrano G.A., Testelli M.R., De Micheli A.
The polarizing treatment of acute myocardial infarction. Possibility of
its use in other cardiovascular conditions. Dis. Chest. 1963; 43 (4):
424-432. http://dx.doi.org/10.1378 /chest.43.4.424. PMID: 13993178

8.  Calva E., Mujica A., Bisteni A., Sodi-Pallares D. Oxidative phosphoryla-
tion in cardiac infarct. Effect of glucose-KCl-insulin solution. Am. J.
Physiol. 1965; 209: 371-375. PMID: 14321136

9. DeMicheli A., Medrano G.A., Sodi-Pallares D. Effects of some elec-
trolyte solutions on the electrocardiographic course in experimental
acute myocardial infarct. Rev. Investig. (Guadalajara). 1964; 4: 53—63.
PMID: 14322700

JIyY4eHHBIE JTaHHBIE KaK MTPOSIBJICHUSA METabOTNIECKON
aJIaTITalliy Ceplla, CO3JAoIiell OCHOBAaHUS IS aK-
tuBHOrO HazHaueHus1 [VMIKC B nHTpaonepannoHHbIii
nepuoza. CoBpemeHHbIe HccsenoBaTesn [63] mpesmro-
JIATAIOT PEATM3AINI0 MEXaHNU3Ma KapIHOMPOTEKIINH,
obecrieunBaemoro O-GleNAc. TTocentuii Bivsier Ha
(DYHKIIUE MUTOXOHAPHUH-aCCOIMMPOBAHHBIX OEJIKOB,
MOBBITIAIOINX YCTOWYMBOCTh KapAMOMUOITUTOB K
unieMun-pernepdysun, CTUMYJIUPYeT TPAHCIIOPT TJII0-
ko036l uepe3 cuctemy GLUT u ap. [77, 78].

3akjoyeHue

Ompit ncnonpzoBanus [MC (IT'MKC) B kavect-
Be KapAMONOTEKTOPHON Mepbl HAacUUTHIBAET OoJjiee
50 ser. 3HaymMTebHAS YACTD BBIMTOJHEHHBIX 32 T10-
cJieTHUe TOJbI PAHAOMU3UPOBAHHBIX KJIMHUYECKUX
UCCTIEIOBAaHUI U MeTa-aHAJIN30B JlaeT OCHOBAHUS
cuutath npuMeHenne [IC (TUKC) Bo Bpems kap-
JIMOXUPYPTUYECKIX OTEPAINii, 2 BO3MOKHO W Ha JIO-
TOCTIUTAJIBHOM 3Talle MHTeHCUBHOTO JeueHnst OVIM,
KJInHIYeCKH 3(h(MEKTUBHON JiedueOHO-TIPOdDUIaKTH-
YEeCKOI MepOI 1 JITaeT OCHOBAHMS HAa3HAYaTh ee 110 yC-
MOTPEHUIO KJIWHUIIUCTOB. TeM He MeHee, pUMeHe-
nue [MC (TUKC) no HacTos1ero BpeMeH! HeJb3st
CUMTATh PYTUHHOM W CTaHIAPTU30BAHHON MeEpOii
AIbIOBAHTHOM Kap/uornporekinuu. Bmecre ¢ Tem, B
MOCJIE/IHAE TO/IBI OTMEUYAEeTCs OTYETJIUBBIH BO3pat
HHTEpeca K J1edeOHO-TTPOPUIAKTHIECKOMY HCIIOJIb-
3oBanuio [MC (I'MKC) kak B axcTpeHHOI Kapano-
JIOTUH, TaK U B Kapauoxupypruu. HecomHeHHo, 1e-
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CobprTna

O VIII Kourpecce MeskayHapoaHOro 00IIeCTBa M0 H3YYEHHIO II0Ka

On the VIII Congress of the International Federation of Shock Studies

VIII Konrpece MeskayHapogHOTro o6ImecTsa 1o
U3YYEHHIO TIOKa cocTosinest 3—5 okTstopst 2016 1. 8 To-
kuo (Anonus). B Hem npuHsyin yyacTre pejicTaBuTe-
JIM BCEX MEKYHAPOIHBIX O0IIECTB 110 N3YUYEHHIO 1110~
ka (Poccuiickoe, EBpomelickoe, AMepHKaHCKOE,
slnonckoe, Bpasuibckoe u ap.). Poccuiickoe Obiect-
BO TI0 M3y4eHHto moka (www.russianshocksociety.ru)
npencrasasi: npesugeHT OOIIecTBa, YWieH-Koppec-
nouaerT PAH, mpodeccop B. B. Mopos, noktop Mean-
[IMHCKUX Hayk, podeccop H. B. Benoboponosa, 10k-
Top MeauimHCKnX Hayk A. H. Kysones.

B nmewnn otkpreitus Konrpecca [1neraproe 3acena-
HUe OBLIO MOCBSIIEHO JIOCTUKEHUSIM PErHOHATBHBIX
ob1iecTs 10 usyvenuio moka. IIupoko mpeacraBieHa
MUPOBasi CTATUCTHKA, POJIb HarboJIee TSHKEIbIX 3a00-
JIEBAHWI U COCTOSTHUIA B CTPYKTYPE JIETATbHOCTH B pe-
AQHUMATOJIOTHH, STTU/IEMUOJIOTHS CETICUCa U CEeTThYeC-
koro moka. IIpesugent Poccuiickoro O6miectsa 110
n3y4deHuro MokKa, 4ieH-koppecnongenT PAH, mpodec-
cop B. B. Mopos BeicTymmit ¢ noknanom «Poccuiickoe
OOG11ecTBO 10 M3YUYEHHIO IOKA — HACTOSIIIee COCTOsI-
Hue u nepcrnekTuBbl passutusty> (Doro 1).

ITporpamma Konrpecca Oblia 4Ype3BbIYaitHO WH-
TEPECHOI /ISt KITMHUIIMCTOB, YIEHbBIX W HCCIIeI0BaTe-
Jieii pasHbIX CIeluagbHOCTel, paboTaIux B 06ac-
TU PEAHUMATOJOTUM U WHTEHCUBHOW Teparuu.
[LreHapHble JEKIUK OBLIA TIPOYUTAHBI BELYIIUMI
VUIEHBIMH 110 TeMaM <«BpoKIeHHBIE UMMYHUTET W
Bocnasenne» (Shizuo Akika, dAnonust), «Momeky-
JIAPHBIE OCHOBBI OHO3JIEKTPOHHOM MEIMITITHBI»
(Kevin J.Tracey, CIITA). 3a 3 HACHITIIEHHBIX PaOOUNX
nHg B pamkax Konrpecca mposesieHo 12 cummosny-
MOB, MTOCBSIIIIEHHBIX TAKUM aKTyaJbHBIM [IPOOIEeMaM,
KaK: CENCUC U CENTUYECKUI TOK, TPaBMa, KPOBOIIOTE-
pst, KoaryJonaTusi, UMMYHOCYIIPECCHsI, POJIb KUTITey-
HOU MUKPOOHOTHI IIPU KPUTHUYECKUX COCTOSTHUSX, Be-
JeHue OOJIBHBIX B IIOCTPEAHUMAIIMOHHOM TIEPUO/IE,
HKCTPAKOPIIOPaJIbHbIE METOIBI JiedueHus u 1p. Kpome
TOTO, B 00€/IEHHBII TIEPEPHIB U B BEUEPHHUE Yachl ydya-
crauku KoHrpecca nmesn BO3SMOKHOCTh OECIIATHO
[IPUHATH ydyacThe B 0OyYaoIMX CeMUHapax 10 ca-
MBIM HOBBIM TEXHOJIOTUSIM B PEAHUMATOJIOTHH.

Boubimas ocreprast ceccust IpoBeieHa 5 OKTSI-
Ops1 B LIECTH 3aJ1aX [0 TeMaM: CEIICHUC, MIOK, BOCIIale-
Hue, opranHas auchyHkius. COOTBETCTBEHHO Te-
MaM, OBLJIO CO3/IaHO TIECTh KOMUCCHIA, TpeIceaTes
Komuceuii — pykooauten oraenos Critical Care
Medicine B ymHWBepcuTeTax SMOHCKUX TOPOIOB
Tokyo, Fukuoka, Gifu, Okayama, Yamanashi. ®op-
MaT y4acTus B TIOCTEPHOI CecCUU BKITIOYAJ IEMOHCT-
pamuio GOJIBIIOTO MJTIOCTPUPOBAHHOIO TOCTEPA
(90x180), ycTHOe TIpesicTaBIeHre OCHOBHOTO COJIEP-
JKaHUST JIOKJIaja Tepesl KOMUCCHeH W y9acTHUKAMU

®oro 1. Jloknan Ilpesunenta Poccuiickoro o6mecTBa mo
H3yYeHHIO II0Ka, yieHa-koppecnonaenra PAH, npodeccopa
B. B. Mopoasa.

Konrpecca, ¢ oTBeTaMi Ha BOIIPOCHI, 0OCYKICHUEM 1
3aKJIIOUYEHUEM TIPE/ICEIATENST KOMUCCHUIA

Poccwuiickast mesieraiust IpUHSIA caMOe aKTHB-
Hoe y4actue B pabore Konrpecca o mmoky. Ha ycrmoit
cekimnu ¢ gokaanom «Hosbie MostekyJisipHblie GHoMap-
KepPbI IOBPEKACHNSI ad9POTeMaTHIeCcKoTo bapbepa mpu
OPIIC y GOMBHBIX CEMTUIECKUM TTOKOM» BBICTYTIIIT
a. M. 1. A. H. Kysosiies. /IBa nlocTepHbIX 0KJIa/a OT
Poccwuiickoro o6IiecTsa 10 U3y4YeHHO [I0Ka ObLIN yC-
nemHo npejcrasieHst: npodeccopom H. B. Benobo-
pozoBoii ¢ coaBTopamu («CBs3b MeXXIy apoMaThyec-
KMMU MUKPOOHBIME MeTaboJMTaMUu, FOPMOHAME U
GroMapkepamMi y OOJIbHBIX B KPUTHUYECKOM COCTOSI-
HUM ¢ THOEKIUIMU U apTEePUATbHON TUTIOTEH3UeH» )
u 1. M. H. A. H. Kysosnessim ¢ coaBropamu («Ickyc-
CTBEHHAsT BEHTHJISIUS JIETKUX B GE30MACHOM PEKUME
C TeJTbI0 TPOMUIIAKTUKHI PA3BUTHUST OCTPOTO PECTIpa-
TOPHOTO JHUCTpecc-cuHApoMas). Ilo pesynbratam
KOHKypca MoJiozibix yueHbix A. H. Kysosies 6bL1 yi10-
croen Harpazabl Oprromutera Konrpecca.

B pamkax Konrpecca cocTosiich BCTpeun U 1ie-
perosopbl 1npesugenTa Poccuiickoro OO6riecTBa 110
nzyuennio moka B. B. Moposa ¢ npe3ngentrom Mex-
JIYHapPOJHOTO O0IIeCTBa 10 U3yUYEeHUIO I0Ka Tpodec-
copom Soheil Bahrami (Doro 2), npesugerrom Es-
poreiickoro  o0iiecTBa [0 HW3YYEHHUIO  II0Ka
mpodeccopom Jean-Marc Cavaillon, npesumerrom
slonckoro 06IIecTBa M0 M3YYEHHIO IIoKa Tpodec-
cop Hiroyuki Hirasawa, riaBHBIM PeIaKTOPOM KYP-
nasa Shock, mpodeccopom Irshad H. Chaudry u apy-
rumMu yuactTHukamu Konrpecca B pamkax BcTped
OBl 00CYsKIECHBI TPUHITUITHAIBHBIE BOIIPOCHI Ja/Ih-
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®Doto 2. Ha VIII Kourpecce MexayHapogHoro oomecTsa no

HU3YYEeHHIO LIOKA.

Ipumeuanue. Ciesa nanpaso: 1. M. H. A. H. Kysosues, k. 6. H.
T. JI. Aneiinukosa, ui.-kopp. PAH B. B. Mopos, npod. Soheil
Bahrami, npodeccop H. B. Beio6oponosa.

Helllero coTpyAHuYecTBa, COBMECTHBIX MCCJIe/l0Ba-

HUH, HAYIHBIX TTyOJUKAINI U KOHTPECCOB.
Matepuans KoHrpecca TpaguiiioHHO MyOImKy-

forest B skypHasie Shock. PemakIiMOHHbINA COBET 9TOTO

JKypHasa BKrodaet Oosiee 150 yUeHBIX €O BCeX KOHTH-
HeHTOB. JKypHasI UMeeT I0CTaTOYHO BBICOKUIA MIMITAKT-
(bakTop, npucTaHHbIe PAOOThI MOTEHIIUATIBHBIX YIacT-
HUKOB  IIPETEPIEBAlOT  cepbe3Hblii  orO0p. B
okTsi6pbekoM Homepe 2016 1. sxypraia Shock mo uro-
ram VIII KoHrpecca 10 10Ky 0myGJIMKOBaHO HECKOJIb-
Ko pabort, oinosHentbix B HUMOP um. B. A. Heros-
CKOTO, KpPOME IEPEYNCTIEHHBIX BBIIIE B TOM YHCTIE
paGora M. III. AspyuieHko ¢ coaBropamu («IIporek-
TUBHAs POJib MuMeTHKa (paktopa pocta HepBoB GK-2 B
MMOCTPEAHUMAITMOHHOM TIEPUOJIE TTOCJI€ OCTAHOBKU
cepatia y Kpbicy). IToapoGHee ¢ marepuaiamu Kos-
rpecca  MOXKHO  O3HAaKOMHUTBCS — TI0  CCBLIKe
http://www.congre.co.jp/ifss2016 /papers/pdf/
list_of abst.pdf u http://journals.lww.com /shockjour-
nal /toc/2016,/10002

Curepyioriee 3ariaHUPOBAHHOE MEPOTPUSTHE:
XVII konrpecc EBporeiickoro obiecTsa mo usyde-
uuto moka (Ilapmxk, @panmmsa, 13—15.09.2017,
http://www.essparis2017.org/)

I. M. H., npodeccop H. B. Bero6opoaosa,
. M. H. A. H. Ky3osieB
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KW JIaHHBIX Ha YCJIOBUSAX KOH(DHUICHIIMATBHOCTH 32
UCKJIIOUEHUEM BbISIBIIEHUST (DaTbCU(DUKAINN TaHHDIX.

— Penkosnerust octasier 3a coboi MpaBo co-
KpAIaTh ¥ PEIAKTUPOBATH PYKOITHCH.

IHpuvunvt cuamus ¢ nevamu u 3adepicku nyouu-
Kayuu pyxonucu

— Pykomucu, He cooTBeTCTBYIOIINE MTPODUITIO
KypHaJa, He MPUHIMAIOTCS.

— Pykomucu, patee omyOJIMKOBaHHBIE, & TAKKE
HAIpaBJIeHHBIE B JPYTOH JKypHAT Wi COOPHUK, HeE
MPUHUMAIOTCSI.

— 3a HekoppekTHOe 0hOpPMJIEHHE U HE0CTO-
BEPHOCTH TIPEACTABJISIEMbIX OUOIMOTPabUIECKIX
JIAHHBIX ABTOPHI HECYT OTBETCTBEHHOCTH BILIOTH /IO
CHSITHSI DYKOITUCH C [IeYaTH.

— Hapyuenne npaBun ohOpMIIEHUST PYKOTIH-
CH, HECBOEBPEMEHHBIH, a TAKIKE HEaJleKBATHDII OTBET
HA 3aMCUYaHUsT PEIIEH3EHTOB U HAYYHBIX PEIaKTOPOB
NPUBOJAT K 3a/I€PIKKe TyOIUKAIUH 10 UCTIPABJIECHUS
YKasaHHBIX HEeZ0CTATKOB. [Ipy HTHOPUPOBAHKUK 3aMe-
YAHUI PEIEH3EHTOB M HAYYHBIX PEJAKTOPOB PYKO-
MUCh CHUMAETCSI C JATTbHEHIIEr0 PaCCMOTPEHMSL.

— Pyxommcy OTKIOHEHHBIX paboOT pemaximei
HE BO3BPAIIAIOTCS.

Humepecor cmopon: Aemop,/Pedaxuus

Pepaxius ocrassisier 3a cobo0ii TIPaBO CYUTATH,
YTO aBTOPBI, MPEOCTABUBINUE PYKOTIUCH JJIsT TYOJIH-
Karuu B ykypHai «O061as peaHuMaToJIO0r s>, COTJIac-
HBI C YCJIOBUSAMU MyOIUKAIIMU U OTKJIOHEHUS PYKO-
MUCH, & TAKJKE C TIPABUJIAMU ee 0(hOPMIIEHMSI.

Pepakuus ocrapisier 3a coOoil 1IpaBO CYUTATD,
YTO aBTOP, OTBETCTBEHHBIN 32 IEPETTUCKY C PEAKIIAEH,
BBIPA’KAET IMO3UIIUIO BCETO ABTOPCKOTO KOJIJIEKTHBA.

ABTOp mosyvyaer WHQPOpPMAIMOHHBIE 3IJIEK-
TPOHHbBIE THCbMa 000 BCEX aTamax MPOBUKEHUS
PYKOITMCH, BKJIIOYAsi yBEJIOMJIEHNE O HECOOTBETCT-
BUU PYKOMUCH TPODUII0 KypHajsa W IpaBUIaM
oopmIIeHns; TEKCTHI PelleH3nit; PellleHne peiKoJ-
JIETUH O TyOJUKAIMKY W OTKJIOHEHUH PYKOIUCH;
BEPCTKY OTPEJIaKTMPOBAHHOTO BapuaHTa PYKOIMCH
JIJIS TIOJTyYeHUs aBTOPCKOTO JIOMycKa K medatu. [o-
MOJTHUTEJbHYI0 WH(MOPMAIIIIO O TIPOABUKEHUT PY-
KOTIMCH aBTOP MOJKET TOJIYUYUTh 10 aJ[pecy: jour-
nal_or@mail.ru; www.reanimatology.com.

lapanmuu Asmopa

[IpemocraByienHas B peflakiiio pyKOIUCH T10JI-
HOCTBIO OpUTHHAJbHA. VICTI0/Ib30BaHUE JTTOOBIX MaTe-
pHUAJIOB JIDYTUX aBTOPOB JIOMYCKAETCS TOJBKO C WX
paspelieHuss ¥ TpU 00s13aTeJBbHOI CChIJIKE HAa 9THX
aBTOPOB.

Crrcox aBTOPOB CO/IEPIKUT TOJTBKO TEX JIUII, KO-
TOPbIE BHECIN OLTYTUMbBIN BKJIAJ] B KOHIEIIINIO, TIPO-
€KT, WCIIOJTHEHNE WU WHTEPIPETAINI0 3asIBIEHHON
paboThl, TO €CTh TEX JIUI], KOTOPbIE COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pykomnuce He conep:kuT MaTepuasioB, 3arpe-
MEHHBIX B OTKPBITON TTeYaTH JAEUCTBYIONIUM 3aKOHO-
naterbcTBOM Poccun.

Tapanmuu pedaxyuu

JIi00ble pYKOIIMCH, IIOJIyYeHHbIE PefaKIeil 11
pelleH3UPOBaHust, OYAyT BOCIPUHUMATHCS KaK KOH-
ugennmanbbie 10KyMeHTbl. OHU He MOryT OBITh
[OKa3aHbl APYTUM JIMIAM U 00CYsKAEHbI ¢ HUMH, 32
HCKJIIOUEeHUEeM JINIL, YIIOJTHOMOUYEHHBIX Pe/laKIiiei.

HeormnybimkoBaHHbIE MaTepUaIbl, HAXOISIINECS
B MPEIIOCTABJICHHOI cTaThe, He OYAYT UCIOTb30BAHBI
B COOCTBEHHOM HCCJIEJOBAHIK HAYYHOTO PeJaKTopa 1
PEIeH3eHTOB 6e3 MUCbMEHHOTO PaspelIeH s aBTopa.

Peniensent He OyeT AOIYIEH K PACCMOTPEHMIO
PYKOTIUCH, eCJTH UMeET MeCTO KOH(JINKT MHTEPECOB B
€T0 KOHKYPEHTHBIX, MAPTHEPCKUX JIUOO APYTUX OTHO-
[IEHHUX ¢ KeM-JIN00 13 aBTOPOB, KOMIIAHWI MU Op-
raHU3alni, CBI3aHHBIX C MATEPUATIOM Ty OIMKAIIUH.
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[IpaBmaa pAas aBTOpOB .

Kongpnuxm unmepecos cmopon: Asmop,/Pedaxuus

Konduukr unrepecoB cropon Asrop/Penak-
11 PelaeTcs My TeM IIePerOBOPOB CTOPOH B COOTBET-
CTBUU C [eHWCTBYOIUM 3akoHomarerbcTBoM PD u
MEXAYHAPOAHBIMNU HOPMATUBHO-IIPABOBBIMU aKTa-
MU, PEryJIUPYIONIMMH MTyOJUKAIMIO PYKOTIUCEN B Me-
JUIMHCKUX JKypHaJax.

Corsacue uin Hecorjacue Ha myOIUKAINI OT-
PENaKTUPOBAHHOTO BapUAHTA PYKOITUCH BBIPAKAETCS
B 9JIEKTPOHHOM ITHCbME aBTOPA, OTBETCTBEHHOTO 32
TIEPEeTNCKY C peakiine.

Dopmwvt nucoma:

1) ABTOpBI He UMEIOT 3aMEYaHUIl TTOCTe O3HA-
KOMJICHUST ¢ BEPCTKOW U COTJIACHBI Ha MyOJIUKAIIO
MaTepuajia B MPe/ICTABICHHOM BUIE.

2) ABTOpBI COTJIACHBI HA MYOJUKAIMIO MaTepH-
ajia 1mocJjie BHECEHUSI B BEPCTKY CJIENYIONINX TPABOK
1/UN 3aMedaHnii (J1asiee cyeyeT mepedeHb).

3) ABTOpBI HE COTVIACHBI HA TyOIMKAIIUIO MaTe-
puajia B MPEACTaBJIEHHOM BUJE B CBS3M... (00bsICHE-
HUe IPUINHBI 0TKA3a).

Penakiys n m3naTenbcTBO HEe HECYT OTBETCT-
BEHHOCTH 32 MHEHUSI, U3JI0)KEHHbIE B ITyOJHKAIHSIX, &
TaKJKe 32 COZlePyKaHMe PEKTAMBI.

CpoKH NpOABUKEHUS PYKOIHCH

— IJKcrepTh3a Ha COOTBETCTBHE TPOGMUIIIO
JKypHasia 1 TpaBmiaM odopmiieHns — He 6osee 3-X
pabounx jHEi ¢ MOMEHTa MOCTYIJIEHUST PYKOTINCH B
PeNaKIio.

— PenensupoBanue — He Gosiee 20-u pabounx
JTHEW ¢ MOMEHTA 9JIEKTPOHHON OTIIPABKU PEIleH3EeHTY
PYKOIIHCH.

— Otser aBropa peliensentaMm — He Oojee 7-u
pabounx sHel ¢ MOMEHTA 9JIEKTPOHHOI OTIIPABKY aB-
TOPY peleH3un.

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

— OmnoBerieHne aBToOpa O PEMIEHNN PETKOJLIe-
T W 03HA-KOMJIEHUE C BEPCTKOM OTPeIaKTUPOBaH-
HOT'O BapHaHTa — He mo3jHee 3-X pabounx JaHeil ¢ Mo-
MEHTa BBIXO/Ia COOTBETCTBYIOIIEN MH(pOopMaInm.

OTnpaska MaTepUaIoB ISl My OJIMKanuu

Marepuanbl st MyOJUKAIMA HA PYCCKOM U
AHTJINICKOM S3bIKaxX CJIe/lyeT HalpaBisTh B BUJIE
AJIEKTPOHHBIX (haliJIOB HA CAlT JKypHATIa: WwWw.reani-
matology.com, wmjaum 1m0  agpecy  peAaKIlUH:
journal or@mail.ru. Mopmar noamucu daiinos: da-
MUJIMSI TIEPBOTO aBTOPa, 00O3HAUeHUE MaTephaja
(TexcT, WITOCTPAIIK U [Ip.), AaTta (YUCI0, MECSII,
roz1). BEMMaHue: OJHOCTHIO aBTOMATU3MPOBAHHBIN
TIepeBo/l ¢ PYCCKOTO sS3bIKa HAa AHTJIMHCKUN WMeeT
HU3KOoe KauecTBO W He mpuHnMaercss. HKO ®omn
«MeaunHa KPUTUIECKUX COCTOSTHUII» OKa3bIBaeT
cozieficTBHE B MEpeBO/le MaTepUaIoOB Jist yOJMKa-
1Y C PYCCKOTO S3bIKa HA aHTJMUCKNN (CIIPABKU TI0
azipecy peakmuu: journal _or@mail.ru).

Marepuasn crareil BkiiovaeT: 1) TUTYJIbHbBLH
JicT; 2) pe3ioMe U KJIIOYeBbIe CJIOBA; 3) IOJIHBII
TEKCT PYKOIUCHU C TIOATMCIMU BCEX aBTOPOB, MOI-

TBEPIKIAIOMINMMU y4aCTHUE B BBITIOJIHEHUU IIPEACTAB-
JIIEMOIT PabOTHI U YIOCTOBEPSIIOIIMMHU COTJIACHE C CO-
JiepsKaHreM PYKOTHCH (B BUe CKaHA CTPAHUIIBI); 4)
TabuIel U woctpaiuu (TpaduKu, [arpaMmbl,
ororpacdun, pucyHku u T. 1.) ¢ HOMEPOM, HA3BAHU-
eM ¥ TIpuMedanueM; 5) 6ubanorpaduaecKuii CIucox;
6) compoBOAUTETHHOE TUCHMO HA PYCCKOM SI3BIKE Ha
WMS TJIABHOTO PEAKTOPA JKYPHAJIA, OAITUCAHHOE PY-
KOBOJIUTENIEM YUPEKAEHUs, B KOTOPOM BBITIOJHEHA
pabora.
Dopma conpogooumenviozo nucoma
[naBHOMY pemaxTopy *KypHajia
«O0b1Iast peaHMMaTOIOTHSI»
3acayskeHHOMY niesiTesio Hayku Poccun,
yieH-koppecnonzenty PAH, npodeccopy
B. B. Moposy

ITpocum paccMOTPETh BOIIPOC O MYOJUKAIWH ...
(Bun pyxonucu; Oavusmnn, Mmena, OTuectBa Beex
aBTOPOB; Ha3BaHNE PYKOIIHCH ).

ABTODPBI pyKomucu o3HakomsieHbl ¢ MHbopMma-
uel A aBTOPOB, TPEAOCTABIEHHOW pemaKIineit
sKypHasa «O0Iast peaHMMaTOJOTHsI», U COTJIACHBI C
paBUJIaMyu MOATOTOBKH, MOJAYN U Hy6JII/IKaLII/II/I py-
KOIIUCH.

JlaHHas pyKONUCh He JyOIupyer mpeablayIine
myOJIMKaIiy, B HEll He 3aTParduBalOTCs WHTEPECHI
TPETHUX CTOPOH U HE HAPYIIAIOTCST ITHIECKUE HOPMbI
My OIMKATTIT.

OTBETCTBEHHBIN 32 MEPENUCKY C pelaKiuei:
Nwmst, OtuectBo, DamMuiinst OIHOTO U3 ABTOPOB PYKO-
nucu, e-mail, Tenedon.

[Moamuce pykoBOAUTENS YIPEKICHUS.

ConpoBoauTeNbHOE MTHCHMO JOJIKHO OBITH Ha-
reyataHo Ha OJIaHKe YIPeKICHUsT, B KOTOPOM BBITIOJI-
Hena pabora.

TpeOoBaHus K IeYaTH

Buo: opueHTaIusl KHIKHAsI, BRIpaBHUBaHUE 110
mmpune, opmat A4.

HIpugm: Times New Roman 12-ro pasmepa
YepHOTO TIBETA.

Humepeanvt u omemynvi: MEKCTPOYHBIIN WHTEP-
BaJI B TeKCTe — 1,5; MESKCTPOUHBIN MHTEPBA B MTOIIIHN-
CSIX K TaOJIMIAM ¥ MJLTIOCTPAITHSIM, B TIPUMEYaHusIX — 1;
MHTEpBaJ [0 U TIocjie ab3alla — HET; OTCTYII MepPBOM
cTpokn — 1,25 eM; TTosist — 2,5 ¢M €O BCEX CTOPOH.

Hymepayus cmpanuy,: B TpaBOM HIKHEM YTJIY.

@opmam aiinos: TEKCT, TaOIUILbI, MOAINUCH K
tabsmiaM 1 wimoctpanusy — Word; rpaduxu, amua-
rpammbl — Exel; pucyrku — jpeg; hotorpaduu — BbI-
COKOTO paspeleHns1, COXpaHeHHbIE B JII060M hopMmare.

Pexomendyemoe paspewenue npu ckanuposa-
Huw: N300paKEHUST C UCIOTb30BaHUEM JIMHUI 1 PU-
cyuku — 1200 dpi; pororpaduu, paguorpaduu — He
menee 300 dpi; ¢ororpadum, paguorpadumn ¢ Texc-
ToM — He MeHee 600 dpi.

Eounuuypt usmepenuss TOIKHBI COOTBETCTBOBATh
Mesxnaynapoanoii cucreme enunui; (CIN), Temmepa-
Typa — mkasue [eabcus.
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Dopmyvl TOJKHBI MMETh YETKYIO Pa3METKy
BCEX JIEMEHTOB: CTPOYHBIX M MPOMUCHBIX, & TaKKe
JIATHHCKUX ¥ TPEYECKUX OYKB; TOACTPOYHBIX U HAJICT-
POUHBIX WHJIEKCOB. B cayuae mudp v 6yKB, CXOIHBIX
no Hanucanuio (0 — mudpa, O — Gyksa), LOIKHBI
OBITH CJIETTAHBI COOTBETCTBYIOIHE TIOMETKH.

Haszsanusa

[Tpu onucaHuM anmaparypbl B CKOOKax yKa-
3BIBATOTCS (DUPMa U CTpaHa TPOU3BOIHUTEb.

IIpumep: CBeToBOIl 30HI OJHOKAHAJBHOTO
anmnapara JIAKK-02 (HIIII «JTA3MA», Poccus).

[Ipn ynomMuHaHUM JIEKAPCTB U MPENapaToB UC-
MOJIB3YIOTCST MEKyHAPOIHbIE HEMTAaTeHTOBAaHHbBIE Ha-
3Banust (INN). Toproseie (TaTeHTOBaHHBIE) Ha3Ba-
HUs, TIOZ KOTOPBIMH TIPENapaThl BBITYCKAOTCS
Pa3IMYHBIMU (PUPMAMHU, MPUBOAATCI C YKa3aHUEM
(bUPMBI-U3ro-TOBUTEJIST 1 UX MEKIYHAPOAHOTO Herla-
TEHTOBAHHOTO (TEHEPUYECKOTO) HAa3BAHMUS.

IIpumep: tapusuza (odaokcarun, «Xexct Ma-
puon Pyccemb»).

JlaTrHCKMEe HA3BaHWSI MUKPOOPTAHW3MOB TIPHU-
BOJISITCSI B COOTBETCTBUU C COBPEMEHHON Kiaccudu-
kanueit, kypcusoMm. IIpu neppom ynommHanmuu HasBa-
HUE MUKPOOPraHW3Ma JIAeTCs TOJHOCTBIO — PO U
BH/I, TIPX TTOBTOPHOM YIIOMWHAHWK POJIOBOE Ha3Ba-
HI€ COKPAITAETCST IO OTHO GYKBDL.

IIpumep:

Escherichia  coli, Staphylococcus — aureus,
Streptomyces lividans; E. coli, S. aureus, S. lividans.

HasBanusg reHeTHYecKuX 3JIEMEHTOB MAIOTCH B
TPeXOYKBEHHOM 00O3HAYEHNH JIATHHCKOTO ajihaBuTa
CTPOYHBIMK OYKBaMH, KypCUBOM (et); KOAUPYEMBIMU
COOTBETCTBYIOIUMU TEHETUYECKUMU dJIeMEHTaMMU
HPOAYKTHI — IpOoIKCHbIME IpsiMbivu OykBamu (TET).

Buasi u pekoMeHiyeMbiii 00beM PyKOIHCH

Obsopnas cmamwvs: He Gojee 25-U CTPAHMIL
CIUCOK IUTUPYyEMON iuTeparypbl — He Meree 100-a
HanmMEHOBaHU.

3axazannas cmamovs: M0 TOTOBOPEHHOCTH.

Opuzunanvras cmamos: e O6onee 17-u crpa-
HUII, BKJTIOYast 0611ee KOJIMIecTBO TabIuil U ULTIOCT-
panuii e 6oJiee 7-u; CIMCOK IIUTUPYEMOIL JIUTEPaTYy-
pBI — He MeHee 25-1 HAaMEHOBAHUI.

Kpamxas cmamws: rie 6omee 8-1 cTaHuIl, BKITIO-
gast 061iee KOJMYECTBO TabJIUIl U WILTIOCTPAIUI He
6ouee 2-X.

Jluckyccuonnass cmamosi (exmouaem 1—2 6o-
npoca 0ns obcyncdenus): ne OGojaee 5-M CTpPaHUI,
BKJIIOUAst 0011Iee KOJUUECTBO TAOIUI] U UILTFOCTPAIIAN
He GoJiee 2-X; CIIMCOK [UTHPYEMOU JINTEPAaTyPhl — He
6osee 20-u HAMMEHOBAHUIL.

Pestome (uacmo cmamou): He 6onee 260-u cJI0B.

ITucomo 6 pedaxuyuio: we 6Gosee 600-a cioB.
[TucbMma, azipecoBaHHBIE COTPYAHUKAM PEaKINH, He
myOIUKYIOTCST.

CtpykTypHBIE pa3aeisl cTaTei
W PeKOMEH/IalluH N0 UX HANHCAHUIO

Bce cTpykTypHBIE pas/iesibl HAUMHAIOTCS C HO-
Boro ab3ara. VX Ha3BaHWS BBUIEJSIOTCS SKUPHBIM
mpugTom.

TUTyIbHBLI JIUCT COLEPHKUT:

1) moHOE Ha3BaHUeE CTAaTHhW, KOTOPOE IOJLKHO
Ob1Th MH(GOPMATUBHBIM, KpaTkiM (0k0J10 80 3HAKOB),
He BKJII0UYaTh ab0peBuaryp (3a MCKIUYeHHEM 001Ie-
NIPUHATBIX B Hay‘{HOf/,I JII/ITepaType), HalledyaTaHHbIM
KaK MPe/IJIOKEeHHe: ¢ IPONUCHOI OYKBHI, lajiee CTPOY-
HBIMI OYKBaMI;

2) Vnunmaibl UMeH, OTYeCTB U (DaMUJINU BCEX
aBTOPOB;

Buumanue: B aHTJIMIICKOM BapuaHTe NMsT yKa-
3BIBAETCS TTOJTHOCTBIO.

3) kpatkyio uadopMmaimio 06 apropax (I10JIHbIe
MMeHa, OTYecTBa M (DaMUWJINU BCEX aBTOPOB OJIXK-
HOCTB, yU€HOe 3BaHNe);

4) moJsiHOe Ha3BaHMe 1 MOYTOBBIN a/[pec yupex-
JIeHUI, OTKy/Ia Tipe/icTaBsieTcst paboTa, BKIOUast WH-
TIeKC;

Buumanue: B aHTJTMIICKOM BapuaHTe ajipec yKa-
3bIBAETCS B 0OPATHOM MOPSIZKE, IS Ha3BaHUE YJIHIL
MIPUMEHSIETCS TPAHCIUTEPAITHUS.

5) aapec 2JEKTPOHHON MOYTHI, HOMED Tesredo-
Ha, (paMUJIUIO, UM, OTYECTBO aBTOPA, OTBETCTBEHHO-
TO 32 TIEPENUCKY C PeAaKIneit.

IIpumep odopmienus o. m. 1, 2, 4:

I'M0K030-MHCYIMHOBAsI CMECh KaK KapHONpOTeK-
TOP B KapAMOJIOTHH ¥ KapAuoXupypruu (00630p)
1. A. Kosznos'?, T. B. Kupma?®
! MockoBcKnii 061aCTHOR
HAYIHO-UCCIIEN0BATEIbCKII KIMHUIECKUN
uuctutyt um. M.D. Bragmvupckoro,
Poccus, 129110, r. Mocksa, yor. [lenkuna, 1. 61,/2
? HUMU obuieil peaHuMaToI0r K
nMm. B. A. Herosckoro,
DenepanbHbIll HAYYHO-KINHUYECKUN TIEHTP
PEaHNMATOJIOTHY 1 PeabUIUTOIOTHH,
Poccus, 10703, 1. Mocksa, yur. IletpoBka, 1. 25, cTp. 2
* DepepaybHbIN HAYIHO-KIAUHITIECKIH IIEHTP
DeepanbHOrO MEAUKO-OMOJOIMYECKOTO
arenrcTBa Poccun,

Poccust, 115682, 1. Mocksa, OpexoBbiii OysibBap, 1. 28

Glucose-insulin Mixture as a Cardioprotective
Agent in Cardiology and Cardiac Surgery (Review)
Igor A. Kozlov"? Tatiana V. Klypa®
' M. F Vladimirsky Moscow
Regional Research Clinical Institute,

61/2 Shchepkin Str., Moscow 129110, Russia
2 V. A. Negovsky Research Institute
of General Reanimatology, Federal Scientific and
Clinical Center of Reanimatology and Reabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia
* Federal Scientific and Clinical Center,
Federal Medico-Biological Agency of the Russia,
28 Orekhoviy bulvar, Moscow 115682, Russia

Pestome — Haubosiee unTaemMast 4acTh PabOTHL.
OHO He JIOJKHO cofiepkaTh abOGpeBuaTyp u coKpariie-
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[IpaBmaa pAas aBTOpOB .

HI/Iﬁ, 3a UCKJIIOUYEHUEM €IVMHUI] U3MEPEHNA, MaTeMa-
TUYECKUX BEJTMINH U TEPMUHOB. Pe3tome BKitovaeT 4
obsi3aresbHbIX pasgena: 1) wenb uccaepoBanus; 2)
MaTepuabl U METO/bI; 3) Pe3yabraThl (M3JI0KEHIE
OCHOBHBIX ITOJTYYEHHDIX PE3YJIbTATOB U UX CTAaTUCTU-
YeCKON 3HAUMMOCTN); 4) 3akjioueHne (BBIBO/BI, OC-
HOBaHHbIE Ha COOCTBEHHBIX Pe3yJIbTaTaX HCCJIeI0Ba-
HUS /KIMHUYECKOro HaOMI0AeHU ).

Kuouesoie crosa (110 6), nipejaHaznadeHHble JJist
NHAEKCUPOBaHUA CTaTbU B I/IHCl)OpMa]_II/IOHHO-HOI/IC-
KOBBIX crcrtemMax. OHM Pa3MeIaioTcs Ha CTPAHUIIE C
pe3toMe KyPCUBOM, Uepe3 TOUKY ¢ 3arsaToi u 6e3 Tou-
ku B KoHie. OT aJleKBaTHOTO MOAOOPa KJHOUEBBIX
cI0B 3aBUCIT 3(D(PEKTUBHOCTD MOUCKA CTATHU U €€
MOCJIeIyIolee UTHpoBanue. B ¢Bsi3u ¢ aTuM pexo-
MeHjiyercst u3berath JIEKCHKU, PEAKO yrmoTpebJisie-
MO B HAyYHOU JUTEpaType.

Besedenue packpbIBaeT aKTyaJlbHOCTb HCCJIEI0-
BaHUST U OCBEIIAET COCTOSTHIE BOIIPOCA CO CCHLIKAMU
Ha HauboJsiee 3HaUNMMBbIe MyOauKanuu. B KoHIle BBe-
JeHust OPMYJIUPYETCsI 1eJib, OTPasKatoIas HeoOXo-
JIUMOCTD TIPOBeIeHusT uccjaenosanust (popMyaupos-
Ka IeJld BO BBEIEHNUU [OJUKHA COBIAJATh C
(opMyIMPOBKOIL 1€/ B pe3iome).

Mamepuanvt u memodvt copepaT 060CHOBaHUE
BBIOOpA MaTepHajia U METOJIOB MCCIEI0BAHIS; BKIIIO-
qaoT nHOOPMAIIIO 0 (HAKTOPAX, OrPAHIMIHBAIOIIIX
nccaegoBanne (KpUTepUU BKIIOUEHUS/UCKIIOUe-
uus). Ecim ncenenoBanme mpoBoAnIn B paMKax OTI-
pelleJIEHHOM MPOrPaMMBbI, TO 3[€Ch YKA3bIBAETCS €e
nassanne. Ecim KaumHIMYecKas ¥ HaydHAs 4acTU pa-
60THI OBLIM BBIMIOJHEHBI HAa Gase PasHBIX YUpex/e-
HUI, TO B 9TOM pasjiesie YKa3bIBAIOT Ha3BAHIE YIPesK-
JieHus1, Ha 6aze KOTOPOro OBLIT MTOJIYYeH MaTePUaI JJIsT
uccienoBanus. B 9ToM pasjiesie ONMCHIBAIOT KOJINYE-
CTBEHHbBIEC M KaUECTBEHHBIX XaPaKTEPUCTUKAX BKJIIO-
YEHHbIX B HCCJIEAOBaHUE 6OJILHLIX/O6CJIGI[OB3HHBIX
NJIN OKCIIEPUMEHTAJbHDBIX JKMBOTHBIX] I[HSaﬁH uccJie-
JIOBaHWs, WCIIOJb30BaHHbIE KJIMHUYECKUE, Jabopa-
TOpHbIE, THCTPYMEHTAJ/JIbHbIE, IKCIIEPUMEHTAJTbHDbIE 1
IIpoyne METOANKHU, B TOM YHMCJI€ METO/IbI CTAaTUCTUYEC~
CKOi1 00pabOTKH JAHHBIX.

Pesynvmamvr — OCHOBHas 4acTb PYKOIIWCH.
VX ciemyer mpeaCTaBisiTh B JIOTHYECKON TTOCTIEN0-
BaTeJIbHOCTU B BUJE TEKCTA, TAOJIWIL U MILIIOCTPA-
ruit. IIpu aTom ay6upoBaHue JaHHBIX B TabJIMIIAX
U WLTIOCTPAIUSIX He A0IycKaercs. B Tekcre cieny-
€T YIIOMUHATh TOJBKO HarboJiee BaKHbIE TaHHbIE 13
Tabiaun ¥ uanocrpauuil. Mecro, rge B TeKcTe
JOJKHBIL OBITH PACTIOIOKEHBI TAOIUIIBI TN UJLITIOC-
Tpamuu, OTMEYaeTCs Ha CTPAHUIlE ITyCTON CTPOKOH,
B cepeiHe KOTOPbIi TOMeIaeTcss HoMep TabJInIIbI
WJIU WJLTIOCTPAIUH.

IIpumep:

Puc. 1.

CobOctBennbie pesysbrarhl HacrositebHO HE
PEKOMEH/IYEeTCsI ONUCHIBATD B Oe31naHOl hopme, Ko-
TOpast IPUMEHSIETCST JIJIsI OIIMCAHUS PE3YJIBTATOB, TIO-
JIY4EHHBIX IPYTUMU aBTOPaMU.

IIpumep ucnoab30BaHHUS [JIATOJIOB:

MOTY9UITH, OOHAPYSKUIHN, TOKA3AIN U T. JT. — IS
COOCTBEHHBIX PE3YJIBTATOB; OBLIO TIOIyUeHO, OOHAPY-
JKEHO, TIOKA3aHO 1 T. JI. — JIJISI 4yKUX PE3YJIBTaToB.

Obcyacdenue BrIouaeT B cebst MHTEpIIpeTa-
ITUIO CO6CTB€HHBIX PE3YJAbTATOB N UX 3HAYUMOCTHU
TP COMOCTAaBJEHUN C COOTBETCTBYIOMIMMU JITaHHDBI-
MW IpyTuX uccaenosareseir. He ciemyer moBTOPSTH
CBezleHNs, y/Ke MPUBOAUBIIHNECS B pasnese «Bsene-
HUe», U MoAPOOHbIE JaHHbIe U3 paszena «Pesyibra-
Tb». He0OX0[UMO OTMETUTD OTPAHUYEHISI UCCIIE/I0-
BaHUA W €ro MNPAKTUYECKYI0 3HAYUMOCTD. B
00CyKIEHUE MOKHO BKJIOYMTH 0GOCHOBAHHBIE pe-
koMmeHanuu. Bunmanue: B sxypHasie «O0mas pea-
HUMATOJIOTUA» TIPUHATO O6'be[[I/IHeHI/Ie pas3zaenoB
«Pesynbratei» u «O6¢cyxIeHTE> B pasnen «Pe3yib-
TaThl 1 00CYKICHUE.

3axmouenue CONEPKUT BBIBOALL, OCHOBAHHBIE
Ha cOOCTBeHHBIX JaHHBIX. OHO JOJLKHO OBITH KpaT-
KUM U He CBOAUTHCS K TIEPEUNCIEHIIO PE3YIIBTATOB.

Hngpopmavust o kongpauxme unmepecos (1ipu Ha-
JIMYUN ) TIPUBOJIUTCS TIOCTIE 3aKITFOUEHNS.

Brazodaprnocmu noJKHBL OBITH MOMEIEHBI B
KOHIe TeKCTa. B 9TOM pasesie MOTYT GBITh OTMETEHDI
JIMIIa, BHECIIINE CYIECTBEHHBIN BKJIA/ B paboTy, HO He
OTBEYAIOIINE KPUTEPUSIM aBTOPCTBA.

Tabauypl TOJKHBL TOTMOJHATH, HO He AyO0JIi-
poBath TekcT. Kaxmas tabuania M0/KHA UMEThH
MOPSIIKOBBINI HOMEP COOTBETCTBEHHO IIEPBOMY
VIOMUHAHWIO €€ B TEKCTe U KPATKUU 3ar0JIOBOK,
pasMmeliaeMble HaJ TabJuieil W HaleyaTaHHbIe
KUpHBIM 1mpudToM. Odopmienre HyMepaluu u
3aroJioBKa TaGJIMIBl TIOKA3aHO B NPUBEIEHHOM
npumMepe. Eciu MaTepuas cOIepKUT TOJABKO OTHY
TabauIy — ee HOMep He ykazbiBaercs. Kasmabrit
cToJbeIr U CTPOKa TaGJUIIBI OJKHBl IMETh KpaT-
KUl 3ar010BOK. MOKHO UCIIOJb30BaTh abbpeBua-
TYPbI, KOTOPbIE JOJKHBI OBITH pacurmdpoBaHbl B
pasgesie «<MaTepuaabl 1 METOAbI» NJIN B IIpUMeYa-
HHUMN K Ta6]II/I]_[e. B IIpuUMeEYaHnH TaKXe IMPUBOJAAT-
€S BCE TMOSICHEHUSI W CTATUCTUYECKUE KPUTEPUU
IoCcTOBepHOCTHU pazamunii. [Ipumevanme Ha aHT-
JUHCKOM SI3bIKE PACIOJIATAETCS TOCTe TAGIUIIDI.
3a HUM cJeyeT MpUMedaHre Ha PYCCKOM SI3bIKE.
BuuManue: MOCKOJbKY TaOJUIIBI U HJIIOCTPAIUT
nyGJUKYIOTCS B JKypHAJe Ha aHTJIMIICKOM SI3BIKE,
NMpUMedYaHre Ha AHTJIUUCKOM SI3BIKE TPUBOIUTCS
TOJIBKO MPU HEOOXOMUMOCTH PACIIU(POBOK; IPU-
MeuaHue Ha PYCCKOM sI3bIKe — 00513aTeNbHO, T.K. B
HEM COJIEPIKUTCS TEPEBOJI C AHTITUHCKOTO SI3bIKA.

IIpumep:

Cwm. Ta6imua 1. Hecneuuduyeckue reMocop-
OeHThI.

WMmoctpanuu (rpaduku, auarpaMMbl, GhoTo-
rpacdun, pucyHKn)

Dotorpaduu U PUCYHKH HE JOJIKHBI OBITh I1e-
perpyskeHnl TeKCTOBBIMU HaamucsaMu. Hymeparms,
3aroJI0BOK U MPUMEYAHUS K UJLTIOCTPAIUIM 0OpM-
JISLIOTCS 110 IIPABUJIAM, IPUBEIEHHBIM /I TaOIULL, HO
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Ta6mmua 1. Hecnenuduyeckue reMocopOeHTBI.
Table 1. Nonspecific hemosorbents.

Name of the application system Manufacturer

Composition References

Hemocleanse,
HemoTherapies, USA

Liver dialysis unit
BioLogic-DT, BioLogic DTPF

Charcoal + Cation-exchange resin

(7]

Albumin dialysis unit MARS Teraklin, Germany

Ino-exchange resin, Activated charcoal

[8]

BetaSorb Renal Tech Hydrophilic styrene-divynil benzene copolymer — [9]
International, USA

Plasorba BR-350 Asahi Medical, Japan Anion-exchange resin [10]

Hemodialysis system:

SHD, system REDY RenalSolutions, USA Charcoal, non-organic ion-exchange resins [12, 13]

Hemoperfusion system:

Hemosorba CH-350 Asahi Medical, Japan Charcoal [11]

Adsorba 150C, Adsorba 300C Gambro, Sweden [14]

YTS Aier, China (18]

Biocompatible hemoperfusion Clark R&D, Inc., USA [15]

system Clark

Selecta Bellco SpA, Ttaly Charcoal + polystyrene [16]

Detoxification systems based University of Krems, Ton-exchange resin, activated charcoal, [17]

on MDS microspheres Austria

cellulose anion-exchange resin

Ipumevanue. /[ tabmmi 1—4: Name — manvenosanne; Manufacturer — mpousBoautenn; References — mpumepst my6umkariit;
Japan — SInonust. Composition — cocras; of the application system — cucrembr npumenenus; Liver dialysis unit — 60k nedeHoOuHO-
ro auasnusa; Albumin dialysis unit — anmapar ampbymunosoro auasnusa; Hemodialysis system — cucrema remojunasinsa;
Hemoperfusion system — cucrema remorniepdysnu; Biocompatible hemoperfusion system — 6rnocosmectumast cucrema remornepdysu;
Detoxification systems based on MDS microspheres — cucremsl gerokcukaiu va mukpocdepax MDS. Germany — Tepmanust (10 ke
st tabar. 2, 3); USA — CIIA, Sweden — IlBerus (1o ke muast taba. 3); Italy — Uranus; Austria — Ascrpus; China — Kuraii.
Charcoal — npesecusiii yrosin; Activated charcoal — akTusuposanusiii yrosip; Ino-, Cation-, Anion- exchange resin(s) — nono-, karu-
OHO-, aHUOHO- oOMenHast(bie) emosia(bl); Hydrophilic styrene-divynil benzene copolymer — runpodusiisoBaHHbIN CTUPOJI-IUBIHHUII-
GEH30JIBHBIN COTIOMIMED; NON-organic — Heoprauuveckue; polystyrene — mosmcrupor; cellulose — mesmonosnast.

MOPSAIKOBBINT HOMEP U 3aT0JIOBOK MOMEMIAIOTCS TI0/L
WJTIOCTpAIeil. 3a HUMU cJielyeT puMedanue (CM.
npuMepsbl). CtaTucTudeckre KpUTepuu JI0CTOBEPHO-
CTU Pas3JUYUil MOTYT OBITH TIOMEIIEHBI UJIH B TPUMe-
YaHWU, UK B TI0JIe MITIOCTPAIuu. B oanmmcsax Kk Mu-
kpodoTorpadugam ciaeayeT yKa3blBaTh CTENEHb
YBEJIMYEHUsT U METOJ[ OKpaIiuBanust (ecjau Mpume-
Hsicst). Jlist rpaukoB 00sI3aTEIBHO OTMEYAETCS,

p-GSK-3B, r. u.
1100000

o Median [J25%-75% T Min-Max

*

1000000

900000

100000
D+R S+IR c S

Groups

Puc. 2. MexXrpynnoBsie pa3inyus 10 KoHieHrpauuu gpocdopu-
JMPOBaHHOMN (HOPMBI IIIMKOTEH CHHTETa3bI-KUHA3BI-3[.

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

YTO JJAHO TI0 OCSIM KOOPAMHAT; /LIS PUCYHKOB — MPU-
BOAIUTCS OObsICHEHNE JleTasiel 1 0603HAYAIOTIMX CUM-
BOJIOB (CTPEJIOK, KPYTOB H [Ip.).

p-GSK-3p = =
— » e e - -

C IR S S+I/R
Groups

D D+I/R

Puc. 1. CkaH GJI0T-IUIEHOK.

Fig. 1. Blot scan.

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

Ipumeuanne. [l puc. 1, 2: p-GSK-38 — docdo-IT'CK-3p5;
Groups — rpynub;; C — koutposs; I/R — «umemus/penepdy-
3usi»; S — «ceBodurypan»; S+1/R — «ceBodurypan + uiemus/pe-
nepdysusi»; D — nechaypan; D+U/P — «mechmypan + wurre-
mus/penepdysus».
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[TpaBmaa pArs aBTOPOB

Pseudomonas aeruginosa

DRI value

0,65

Contribution to
reduce resistance

Acinetobacter baumannii

DRI value

0,95

Contribution to reduce

antibiotic consumption * _ P<0.0001
* — P<0.0001
0,85 T 1
0,55 T i
= = »5  yoars p—— 2012 2014 2015 Years
a b
Klebsiella pneumoniae +e- D fnad Escherichia coli
—— DRIl adaptive
DRI val

0,75 0,728"

0,65

K *
0,595

* — P<0.0001

0,55

2012 2015 Years

2014

0,45

0,35

0,25

*-p<0.0001

2012 2015

Years

Puc. 2. i3amenenus unmekca jekapcreennoit ycroitunsocru (MJIY).

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

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

HUS aHTUOUOTHKOB.

Ipumep:

Cwm. Puc. 2. I3meHeHus1 nHIeKCa JI€KapCTBEH-
Hoi1 ycroituuBoctu (UJIY).

Cucremarnyeckue 0630pbl U MeTa-aHAJIN3 Pe-
KOMeH/yeTcsl TOTOBUTH 1o crtaHgapram PRISMA
(mozxpobHee Ha caiite www.reanimatology.com).

Bubauoepagus (Crcox JuTepaTyphl) Iedyara-
eTcs yepes 2 MHTepBajia, KKl HCTOYHUK C HOBOM
CTPOKH IIOJI IOPSIZIKOBBIM HOMepoM. B crivcke Bee pa-
GOTBI TIEPEYNCIISIOTCS B TIOPSI/IKE TIUTHPOBAHUS (CChI-
JIOK Ha HUX B TEKCTe), a He 1o adaBuTy haMuinit
MepBbIX aBTOPOB. [Ipn ymommHanum oTae/pHBIX (da-
MUJIMIT aBTOPOB B TEKCTE UM JIOJIKHBI TIPEIIECTBO-
BaTh MHUIMAIBl ((HaMUIUM MHOCTPAHHBIX ABTODPOB
MIPUBOAATCS B OPUTUHAIBHON TPAHCKPUIIIIN ).

B texcre crathu 6ubamorpadudeckue cChLIKu
naiorcst apabekuMu IdpaMu B KBaJPaTHBIX CKOO-
Kax.

B cnucox mmreparypst HE JJOITYCKAETCA
BKJIIOUEHUE JINCCEPTAIMOHHBIX PaboT 1 aBTopedepa-
TOB [UCCEPTAINl, OCHOBHOE COJIep;KaHNEe KOTOPBIX

M3JI0KEHO B TIPUBOJMMBIX TaM mybukarmstx. Cebli-
KU Ha JaHHble TyOJIUKAIUU TPEACTABISIOTCS Goiee
koppektHbiMu. HE IOITYCKAIOTCA taxske ccbii-
KU Ha Te3WChI JIOKJIAI0B M MaTePHAJIbl KOH(epeHInii,
cofiepsKaHue KOTOPBIX, KaK MPABUJIO, SIBJISETCS TIOJ-
TOTOBUTEJIBHBIM WJIM 3aKJIIOUYUTETbHBIM ITAlOM Ha-
MUCAHUS CTAThH, CChLIKA HA KOTOPYIO TIPE/CTABJISET-
cs1 6osiee YMECTHOI. DTH TONOKEHHST COOTBETCTBYIOT
MEXK/IYHAPOIHON MPaKTHUKe TPUBeeHUs Gubrorpa-
(pruecknx cChLIOK.

[Topsimok cocraBiienust crmcka cJeayonuii: a)
aBTop(bl) KHUTU WU cTaTbu (KypcuBoMm). Bxuroua-
iorcst BCE (1) aBropsl (¢ unuimasamu mocJe (amu-
snii); 6) HasBaHMe KHUTU WJIM CTaThU; B) BBIXOJHbIE
IaHHble. B HEKOTOPBIX CJydyasx B KauecTBe aBTOPOB
KHUT BBICTYNAIOT UX PEIAKTOPBI MJIM COCTABUTEJN.
[Mocse hamMuuu TOCTIEAHEr0 U3 HUX B CKOOKaX ciie-
ayer cTtaBuTh (Pel.), B MHOCTPAaHHBIX cchlikax (ed.).

B 6ubmorpadudeckom onucaHuy KHUTH MOCTIE
ee Ha3BaHUs IPUBOJISITCS: TOPO/I, T/Ie OHA U3/IAHA, TI0-
cJie BOETOYMsS — HA3BAaHWE WU3JATEJIbCTBA, II0CJE
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TOUKM C 3aMSITON — TOA U3manHus (Iocje roa usza-
HUS CTaBUTCS IBOETOUNE), CTPAHUIILL. [opos, Tae us-
JlaHa KHUTQ, TIPUBOAUTCS TIOJTHOCTHIO 32 UCKJIIOUEHU-
em Mocksbt (M.) u Cankr-Ilerepbypra (CII6.). Ecin
CCBIJIKA JIA€TCS Ha TJIaBy M3 KHUTH, CHAYajIa yIIOMH-
HAIOTCS aBTOPBI ¥ Ha3BaHUE TJIAaBbI, TIOCTE TOYKH — C
3aryaBHO OyKBBI cTaBuTCs «B KH.:» («In»:) u hamu-
susi(u) aBTopa(0oB) WM BBICTYIAIOIIETO B €T0 Kade-
CTBE Pe/laKTOPa, 3aTeM Ha3BaHWE KHUTH U ee BhIXO/I-
HBI€E JIaHHbIE.

B OubimorpaduueckoM OMUCAHUKM CTAThbU W3
JKypHAJTa yKa-3bIBalOTCS (HaMUIUU U WHUITUAJDI
BCEX (!) aBTOpoB KypCcHMBOM, Ha3BaHUE CTaTbH,
JKypHasa (Ha3zBaHUe JKypHaJIa — KYPCUBOM ), TOJl, TOM
(ykaspiBaercs Tosbko APABCKUMM mudpamvn),
HOMED KypHaJla, HOMepa CTPAHUI] «0T» U «710». [lo-
cJie Ha3BaHUI CTaThW W JKypHAJIA CTaBATCS TOYKH.
CokpaliéHHble Ha3BaHUS WHOCTPAHHBIX KYPHATOB
OPUBOJISATCS B COOTBETCTBUH ¢ 0a30il JaHHBIX
PubMed (cm. mpumepst).

CChIUIKM HAa WHOCTPAHHBIE UCTOYHUKHU JIOJIKHBI

co/lepKaTh AJEKTPOHHBIM ajpec pa3MelleHus
(PMID) u uudposoii uiaeHTU-QUKATOP OOBEKTA
(doi), koropble omnpezensioTcs Ha  calitax

http://www.ncbi.nih.gov/entrez/query.fcgi?db=Pub
Med u http://www.crossref.org/guestquery/, coot-
BETCTBEHHO. DTHU K€ PEKBU3UTBI JOJKHbBI OBITH MTPHU-
BeJIEHBI TAK)KE JIJISI OTEYECTBEHHBIX M3IaHWii, BKJITO-
YaeMbIX B MEXK/[yHapPOIHbIe Oa3bl JaHHBIX. [IpuMephL:
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