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KOPPERIINA HQﬁKHJIOHHTOBA U BUOXUMHNYECKUX
ITIORA3ATEJIEN KPOBUA I1PU OCTPOU KPOBOIIOTEPE

B. B. Mopos, 1. C. HoBoxep:xxkuna, E. M. AaTommnHa,
A. B. Adanacees, 1. A. Perxkos, [O. B. 3apxenkmnit

HUMW obmeit peanmmaTosornu uM. B. A. Herosckoro, Mocksa
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Correction of Poikylocytosis and Blood Biochemical Indicators in Acute Blood Loss

V. V. Moroz, I. S. Novoderzhkina, E. M. Antoshina, A. V. Afanasyev, I. A. Ryzhkov, Yu. V. Zarzhetsky

V. A. Negovsky Research Institute of General Reanimatology, Moscow
25, Petrovka St., Build. 2, Moscow 107031, Russia

Ilenv uccnedosanus. O6ocHoBaHue npuMeHeHHs nepdropana st KOppeKnun MOp(dOIOrnyecKnx HU3MEHEHNIT SPUTPOLUTOB
U GMOXUMHMYECKUX II0Ka3areJieil KPOBU IIPH OCTPOii KpoBonorepe. Mamepuanvl u Memoovl. IKCIEPUMEHTDI IPOBEAEHBI HA
HeJIMHENHBIX KpbIcax-camuax BecoM 250—300 r mox HeMOyTaI0BbIM HapKo30oM. KpoBonmoTepio ocyIecTBIsim M0CpeacTBOM
aKcdy3un aprepuanbHoil KpoBH 10 goctikeHust AJI=40 MM pr. CT., HOCJIE Yero AaHHbIii yPOBEHb apTEPHAIBHON IHIIOTEH3UH
nojyiep kuBajy B Tevenue 60 munyr. 3ateM nposoauiu peundysus 3aépansoro oobema kposu. Ilepdropan B 1o3e 3 mir/kr
BBO/IJIM BHYTPHAPTEPHAIHHO 3a 45 MUH /10 Hauasa kposonorepu. Ha cirexyronue cyTku npoBoaui 3a60p npod aprepuaib-
HOH u BeHO3HO# Kposu. Mccaenosamm nokasarean oomena semects (KOC, Hb, Ht, Gnoxuvuyeckuii anaaus KPoBH), MOp-
donornyeckne xapakTepHCTUKU IPUTPOLUTOB (pa3Mep AUCKOLUTOB, NPOLEHTHOE COJeP:KaHHe CTOMATOLUTOB M DXUHOIHU-
TOB) H COJEepPKaHHe PETHUKYJOIMTOB B nepudepuyeckoii kpoBu. Pesynvmamot. Ilepdropan okaspiBajl HOpMaaH3ylollee
neiicteue Ha nokazatesn KOC kposu. Uepes cyTku nocie KpoBonotepu u penndysuu B rpynmne 1 (6e3 Beenenns nepdropa-
Ha, n=8) oTMeyay cumzkenne nokasareneii Hb, Ht u cbIBOPOTOUHOTO 3KeJie3a B CPaBHEHHH ¢ TPYNNOi 3 (MHTAKTHBIE KMBOT-
ubie, n=12). B rpymmne 2 (c BBenenuem nepdropana, n=10) 3Tu mokasaTesy CHH:KaJINCh B MeHbIIel crenend. B atu ke cpo-
KM B rpynme 2 MeHble ObUia BbIPaskeHa THIIEPX0JIeCTEPHHEMHS 110 CPaBHEHUIO ¢ rpynmoii 1. B rpynme 2 cpeanuii iuamerp
JMCKOIHTA GBI GOJIbIIIE, YeM Y SKUBOTHBIX JIBYX APYyrux rpynn. Cozepskanne 3XuHOUMTOR B rpynmne 1 Bo3pacrano 10 32% npu
HX NPAKTHYECKH NTOJHOM OTCYTCTBUHM Y HHTAKTHBIX SKUBOTHBIX. Y SKUBOTHBIX IPYIIIbI 2 COJePIKaHUe 9XUHOIMTOB He OTJIHYA-
J0ch ot MHTaKTHBIX. [0 cpaBHeHMIO ¢ rpynmnoi 3 B rpynme 1 MponeHTHOe co/iep:KaHne PETHKYJIONUTOB CHU3WIOCH B 4,5 pa3a
(p<0,05), B TO BpeM: Kak B rpyiiie 2 HabI01aJ0Ch yBeIMYeHHe ITOro nokasarens B 2,2 pasa (p<0,05). 3axaiouenue. Bre-
nenue nepdropana B 103€ 3 MJI/KI Macchl TeJia 3a 45 MUH /10 KPOBOIIOTEPH CHOCOGCTBYET MOBBINIEHUIO IOKA3aTeNel TeMOIII0-
OuHa, reMaTOKPHUTA, CHIBOPOTOYHOTO 3KeJie3a M CHIKEHUIO 00uiero xojuecreputa. Beesenne nepdropana yseanuuBaer Tak-
’)Ke CpeJHUHl JAMaMeTp SPUTPOLMTOB; NpeayNpesk/JaeT pa3BUTHE HX DXMHOIUTAPHONH TpaHcoOpMamMu U yIyylmaer
pereHepaTopHbIe CIOCOOHOCTH KOCTHOTO MO3Ta Yepe3 CYTKH nocJie KpoBonorepu u peundysun. Knrouesvie crosa: ouoxumu-
YyecKHe IoKa3aTesy, SPUTPOLHT, PETHKYJIOLUT, KPOBONOTEPsl, peuH(y3usi, nepPropaH.

Objective: to provide a rationale for the use of perfluorane to correct erythrocyte morphological changes and blood bio-
chemical indicators in acute blood loss. Material and methods. Experiments were carried out in outbred male rats weighing
250—300 g under nembutal anesthesia. Blood loss was induced by arterial blood exfusion until blood pressure (BP) reached
40 mm Hg, following which this BP level was maintained for 60 minutes. Then the amount of blood withdrawn was rein-
fused. Perfluorane was injected intraarterially at a dose of 3 ml/kg 45 min before the start of blood loss. On the following
day arterial and venous blood samples were harvested. The values of metabolic parameters (acid-base balance (ABB),
hemoglobin (Hb), packed cell volume (PCV), and blood biochemistry), the morphological characteristics of erythrocytes
(the size of discocytes and the percentage of stomatocytes and echinocytes), and the levels of reticulocytes in peripheral
blood were studied. Results. Perfluorane exerted a normalizing effect on the values of blood ABB. Twenty-four hours after
blood loss and reinfusion, Group 1 (a non-perfluorane group; n=8) showed reductions in Hb, PCV, and serum iron as com-
pared to Group 3 (intact animals; n=12). In Group 2 (a perfluorane group; n=10), these indicators were decreased to a less-
er extent. In these time periods, hypercholesterolemia was less marked in Group 2 than in Group 1. In Group 2, the mean
diameter of a discocyte was larger than that in the animals of the two other groups. Group 1 displayed as high as 32%
increases in the count of echinocytes with their virtually complete absence in the intact animals. At the same time, the lev-
els of echinocytes in Group 2 animals were similar to those in the intact animals. As compared to Group 3, Group 1 exhib-
ited a 4.5-fold drop in the percentage of reticulocytes (p<0.05) while Group 2 showed a 2.2-fold rise in this indicator
(<0.05). Conclusion. The injection of perfluorane at a dose of 3 ml/kg body weight 45 min prior to blood loss causes an
increase in the values of Hb, PCV, and serum iron and a reduction in total cholesterol. The administration of perfluorane
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also increases the mean diameter of erythrocytes, prevents their echinocytic transformation, and improves the regenera-
tive capacities of bone marrow following blood loss and reinfusion. Key words: biochemical indicators, erythrocyte, retic-
ulocyte, blood loss, reinfusion, perfluorane.
DOI:10.15360/1813-9779-2015-3-6-15
BBenenue Introduction

C xonma XX Beka oTMeYaeTcsT TeH/IEHITUS K OTpaHu-
YEHUIO MCIIOJIb30BAHMS MTPETIAPATOB IOHOPCKOI KPOBU TSI
KOPPEKIIMU aHEeMUHU, B YACTHOCTHU, TIOCTTEMOPPArnYeCKOi
[1]. DTO BO MHOTOM 00YCIOBJIECHO JYYIHIUM MOHUMAHUEM
matoU3NOJOTUN OCTPOIT KPOBOIOTEPH, pe3yJIbTaTaMu
KPYITHBIX KJIMHUYIECKUX HCCIeloBaHuil [2, 3], a Takke Bce
60bIIIel HACTOPOKEHHOCTHIO B OTHOIIECHUN CEPHE3HBIX
ocnoxkHeHui remorpancdysuu. Ha aTom one npuobpera-
10T aKTYaJIbHOCTh Pas3JIMYHbIE TEXHOJIOTHU KPOoBOcHepeKe-
HUs, U B YaCTHOCTH, ayTOTeMOTPaHC(hy3Ust U UCTIOIb30Ba-
HUE KpOBE3aMEHHTeJeil KOMIIJIEKCHOTO  JIeHCTBHUSI.
IIpencraBuresiem mocjaeHUX SIBJSIETCS TIpernapar nepdro-
paH, KOTOPBbIi He TOJIbKO YaCTHYHO ITPOTE3UPYET ra30TpaH-
CIIOPTHYIO (DYHKIIMIO KPOBH, HO M 00JIalaeT PSIIOM APYTHX
M0JIE3HBIX (hapMaKOJMHAMUYECKUX CBOMCTB (peosiorunyec-
Kue, TeMOJMHAMUYECKUE, MeMOPaHOCTAOUIU3UPYIOIIIE 1
1p.) [4, 5]. IIpu aTOM BaskHOE 3HAYEHIE UMEET He TOIBKO
ra3oTPaHCIIOPTHASL CIIOCOOHOCTh CaMOI0 KPOBE3aMeHUTe-
Jisl, HO ¥ €T0 BKJIA/] B ONTUMHU3AINIO IOCTABKU KMCJIOPO/A K
KJIETKAM B 11EJIOM.

W3BecTHO, 4TO B AaTOreHe3€e TSKEI0i KPOBOIIOTEPH 1
penepdy3MOHHBIX OCTIOKHEHUT BAXKHYIO POJIb UTPAIOT U3Me-
HEHUSI PEOJIOTHYECKUX CBOWCTB KPOBH, KOTOPbIE B 3HAUMU-
TEJILHOI CTeleHn 3aBUCAT OT MOP(hOMYHKITMOHATILHOTO CO-
CTOSTHUSL 9puTpoluToB [6, 7]. B psge KimHUYeCKUX
uccaegoBanuii [8, 9] yxke nokazano, 4To rnep@TopaH B KOM-
1ieKkce MH(Y3NOHHO-TpaHC(hY3UOHHOI Teparun y HnarueH-
TOB C TSIKEJION TPABMOUN U KPOBOIIOTEPEH OKa3biBaeT MeMO-
paHocTabuiusupyeriee
YMEHbIIIEHUEM I'eMOJIn3a, COXpaHeHneM Jie(hopMUPYEMOCTH

JilelicTBHE, MPOSBJILIONIEECs
U arperupyeMoOCTH APUTPOITUTOB, UTO, B CBOIO OYEPE/Th, TTPe-
MYTIPEKIACT PA3BUTHE TSLKETBIX MUKPOTIMPKYJISITOPHDIX Ha-
pyuiennit. B akcnepumente taxke [10, 11] nokasano, uto
KPOBOIIOTEPs ¢ Toceyonieil penHgysueit KpoBU COIPo-
BOJK/IAeTCS M3MEHEHHEeM MOP(hOJIOTMUECKUX XaPAaKTEPHCTHK
APUTPOIUTOB (M3MEHEHNe pa3mepa U GOPMBI KIETOK), UTO
yKa3bIBaeT Ha HapyIIeHne uX (HyHKITMOHATBHOCTH. Comn-
30BaHMe PA3TNIHBIX PEKUMOB BBEIEHIST TephTOpaHa B ATHX
YCTIOBUSIX YMEHBIITAIO BHIPAKEHHOCTD TPAHCHOPMATTIH [THC-
KOITUTOB B IpyTHe (hOPMBI KPACHBIX KPOBSTHBIX KITETOK.

Ocrpasi mocrtreMopparnyeckasi aHeMUs SIBJISIETCSI
HOPMOTIUTAPHON W HOPMO- WJIM THIIEPPEreHepaTOPHOiL.
IIpu aTOM KOCTHO-MO3TOBast (haza KOMIIEHCATOPHBIX Peak-
U TIPF KPOBOTIOTEPE HACTYMAET Ha 4—5-€ CYyTKH, a KPH-
TEpUeM PEreHePaTOPHbBIX CIIOCOOHOCTEN KOCTHOIO MO3Ta K
APUTPOIIOAZY SIBJISETCS KOJIMYECTBO PETUKYJIOIUTOB B Tie-
pudeprdeckoit kposn (HOpMa st desaoBeka — 5—10 Ha
1000 aputporurtos) [12]. OnHaKO, KaK B 9KCIIEPUMEHTAX C
JKUBOTHBIMU [ 13, 14], Tak ¥ B KIIMHUYECKUX UCCJIE/OBAHU-
sx [15] oTMeuaeTcst cympeccust SpUTPOIIOI3a M CHIKEHITE
00111€ero cofepKaHusl KIETOK B KOCTHOM MO3Te B II€PBbIE
CYTKH T10CJIe OCTPOIT KPOBOIIOTEPU U penHDy3uu.

Since the end of the XX century there has been a
tendency to restrict the use of blood products for the cor-
rection of anemia, in particular post-hemorrhagic [1]. This
trend is mainly due to improvements in understanding the
acute blood loss pathophysiology, re-thinking of the results
of large clinical trials [2, 3], as well as the increased alert-
ness on serious complications of blood transfusion. Against
this background, various bloodsaving measures are becom-
ing more popular, in particular, the autotransfusion and the
use of blood substitutes with complex action.
Representative of the latter group of substitutes is
Perftoran («Perftoran», Russia), which not only performs
the gas transport function of blood, but also has a number
of other useful pharmacodynamic properties (rheological,
hemodynamic, membrane stabilizing and others) [4, 5].
Wherein, the gas transport capacity of the blood substitute
is becoming not the only important feature of a substitut-
ing agent. General contribution to the optimization of oxy-
gen delivery to the cells, in addition, has become the most
desired feature of a novel blood substitute.

Alterations in blood rheology are known to play an
important role in the pathogenesis of severe blood loss and
reperfusion. Rheological properties of blood mainly
dependt on the morphofunctional state of erythrocytes [6,
7]. In numerous clinical studies [8, 9] it has been shown
that the use of Perftoran in patients with severe trauma
and blood loss possesses protection of the cell membrane
manifested in decreasing the hemolysis and preserving the
preservation of red blood cells deformability and aggrega-
tion. These features of the drug prevented the develop-
ment of severe microcirculatory  disturbances.
Experimental studies [10, 11] have shown that a blood loss
followed by autotransfusion is accompanied by alterations
of morphological characteristics (size and shape) of ery-
throcytes indicating a disturbances that may lead to cell
from disfunctions [10, 11]. The use of different modes of
Perftoran administration in these settings had reduced the
severity of discocytes transformation into other forms of
red blood cells.

Acute posthemorrhagic anemia is usually normocytic
and regenerative. However, «<bone marrow phase» of com-
pensatory reactions in a blood loss occurs on 4—5th day
post-hemorrhage, when the number of reticulocytes in the
peripheral blood (normal range for a man is 5—10 per 1000
erythrocytes) is becoming the criterion of regenerative
(erythropoietic) ability of bone marrow [12]. However,
both in animal experiments and in clinical studies the sup-
pression of erythropoiesis and the reduction of total cells
quantity in the bone marrow were observed in the first days
after acute blood loss and autotransfusion [13—15].

Given the above, the aim of this experimental study
was to investigate the effect of preliminary administration
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YauTeIBas BBIIECKA3aHHOE, IIEJIBIO JAHHOTO JKCIIe-
PUMEHTATBHOTO MCCIIEOBAHUS CTATO N3YyUEHUE BJIUSHUS
MIPEIBAPUTEIbHOTO BBeIeHUs Tiepdropana Ha MophoIoTH-
yecKkre 0COOEHHOCTH APUTPOIMTOB U GHOXUMUYECKHE T10-
KasaTeJy KPOBH depes3 24 4 mocjie OCTPON KPOBOTIOTEPH T
penHbY3UN.

Marepuan u MeTObI

IKcHepruMeHTHI TpoBesn Ha 30 HesTMHeTHBIX KPbIcax-caMIjax
Becom 250—300 1 moa HeMOYTalIOBBIM HAPKO30M (45 MT/KT, BHYT-
PUGPIONINHHO) B YCJIOBUSAX CAMOCTOSITENLHOTO JIbIXaHIISI 1 TEMIIE-
parypbl okpyaiorieii cpeapl 22—24°C. JKuporHble Oblii pasje-
JIeHbl HA TPU TPYHIbL. Y JKUBOTHBIX IEPBON TPYIIIIBI
(KOHTpOJIbHAsT, «KpoBoMoTepst 6e3 nepdropatnar, n=8) 1mocie BBe-
JIEHVST B aHECTE3NIO KaTeTePU3NPOBAIN XBOCTOBYIO apTEPHIO, IIPO-
BOJIMJIN TIpe/iBapuTesibiyio remapuausanmio (50 EJ[/kr nedpax-
[IMOHNPOBAHHOIO TelapuHa BHyTpuaprepuaibio). Kposororepio
OCYIIECTBJISIIIN TIOCPEACTBOM 9KC(DY3UH apTepHAIbHO KPOBHU /10
noctrkenust A/l = 40 MM pT. CT., TIOC/IE Yero JJaHHBII YPOBEHbD ap-
TepHaIbHOI TUIOTEH3UN TTOIEPKUBAIIU € TIOMOIIBIO TIOBTOPHBIX
JT03MPOBAHHBIX 9KChy3uii/perHdy3uii KpoBu B Tedenne 60 MITHyT
(mozenp kposororepu 110 Wiggers C. J., moaudunnpoBanHas B
HUWU o6meii peanumarosiorun um. B. A. Herosckoro) [16]. 3a-
TeM TMPOBOIIN perHbY3HIo 3a6panHoro o6beMa KpoBH (ayTore-
MoTpaHcdysust), yaajnenne Katerepa 13 XBOCTOBOW apTepuu, Me-
CTHBIII FeMOCTa3, MOCJIe Yero KPbIC TepeMeliain B BUBAPUI [1Jist
BOCCTaHOBJIEHUST. YKUBOTHBIX BTOPOII TPYIIIbI (OIBITHASI, <KPOBO-
norepsi ¢ epdropanoms», n=10) 1moaBepraiu TEM e CaMbIM M1PO-
Helypam, 3a UCKJIIOYEHHEM TIPeABAPUTENIBbHOTO (32 45 MUHYT 710
Havaja KPOBOIIOTEPH) BHYTPUAPTEPHATIBLHOTO BBeEHHs T1ephTO-
pana B so3e 3 MJuI/KT. Tperbio rpytiy (MHTAKTHbIE JKUBOTHBIE,
n=12) cocTaBUI¥ KPLICHI, KOTOPbIE B TIEPBBII JI€Hb IKCIIEPUMEHTA
He TO/IBEPTAICh HUKAKIM MPOTIELypaM U OBLIN «HOPMOM» st
JTAHHBIX YCJIOBUH 9KCIIEPUMEHTA.

Yepes 24 vaca nocsie penHdy3uu KPOBU MO/l HEMOYTATOBBIM
HApKO30M (45 MI/Kr BHYTPUOPIONINHHO) HPOBOAUIN TIOBTOPHYIO
KaTeTepu3alfio XBOCTOBOW apTepun (JIJIsi MHTAKTHBIX KPbIC —
[EPBIYHYIO), TeNApUHU3AIINIO U 360D MPO6 apTepUaIbHOi KPOBU
15T TaGOPATOPHOTO MCCTEI0BAHNUS (KICIOTHO-OCHOBHOE COCTOSI-
uue [KOC], anekrponutsi, Hb, Ht, MUKPOCKOINS Ma3KOB KPOBH).
[Ipo6bI cMelaHHOIl BEHO3HON KPOBU JJist GOXUMUYECKOTO aHa-
si3a (TI0K03a, CBIBOPOTOYHOE JKeTe30, OO GeTOK, MBI
11pod b, MOYEBNHA 1 KPEATHHIH ) TTOJIYYaJIH TIOCPEACTBOM ITyHK-
11K [IPaBbIX Kamep cepaia. [locse aToro sKUBOTHBIX MO/BEPrasIn
HeMe/IJIEHHOI 9BTaHa3UM € MOMOIIIBIO BHY TPUAPTEPHATBHOTO BBe-
JIEHUS JIETATLHON J03bI HeMOyTaa.

Mopdosiornueckuii aHa M3 IpUTPOLUTOB IIPOBOANIH B CY-
XMX HEOKPAIIeHHbIX Ma3KaX KPOBHU, B MOHOCJIOE C TIOMOIIIBIO CBe-
tooro mukpockona Olimpus BX-50. ITpu ysesnuenun X1000
(10x100), moxcunrsiBanu 1000 kaeTok Ha Mazok. Vcnosb3oBa-
s kraccudukammio Bessis M. [17], corsiacHo KOTOPO# BBIIES-
10T TPU OCHOBHBIE (hOPMBI HPUTPOIUTOB, & IMEHHO: TUCKOIUTHI,
AXUHOIUTHI U CTOMATOIUTLL. PaccunThIBaIM IPOIEHTHOE COIEP-
JKaHue BblJeseHHbIX Gopm aputponnToB. [lutomerpuio mposo-
JIUJTH € TIOMOIIBIO iporpammbl ImegeScopeM. OrnennBasnn mpo-
[EHTHOE COJIepKaHue JUCKOIUTOB Majoro (MeHee 5,5 MKM) U
6oabioro (G6osee 6,7 MKM) pasMepa, CPeHUI AUaMeTp ANCKO-
UTa. YBeJIn4eHue MPOIeHTHOTO CoepyKanist OOJIBIINX M0 pa3-
Mepy AMCKOIUTOB U UX CPEIHETO AnaMeTpa IIPH IOCTreMOppari-
YeCcKOW aHeMHMM PAacCMaTPUBAIM KaK IPU3HAK IOBBIIIEHHOTO
COJIepyKaHUsT B KPOBU «MOJIOABIX» (hopm apurporutos [18]. s
orpejie/ieHusl KOJMYECTBA PETUKYJIOIUTOB Ma30K IOJBEPrasu
CYTPaBUTANBHON OKpacke GPUIIHHTOBBIM (KPE3UTOBBIM) CH-
HUM B ipo6upke. [IPOBOANIN PacyeT KOJMIeCTBA PETUKYIOIM-
toB Ha 1000 apuTporuToB. Ha moptaTuBHOM IIPOTOYHOM aHAJIU-
sarope i-Stife-300 (Abbott, CIITA), kaprpumxe cepun CG+8
onpenensiu nokasarean KOC, anexrpoauts, Hbu Ht. Buoxu-
MHUYECKUI aHaln3 KPOBU MPOBOANIN HA ABTOMATHYECKOM aHa-

of Perftoran on the morphological characteristics of red
blood cells and the biochemical parameters of blood 24
hours after acute blood loss and autotransfusion.

Materials and Methods

Studies in animals were performed in accordance to provi-
sions recommended by the Committee on the science of laborato-
ry animals (WHO), requirements of the European Convention
for the Protection of Vertebrate Animals used for Experimental
and Other Scientific Purposes (Strasbourg, 1986) and require-
ments of the Committee on Animal Research and Ethycs of the V.
A. Negovsky Research Institute of General Reanimatology.
Experiments were carried out in 30 male outbred rats 250 g to
300g body mass at the conditions of spontaneous breathing and
room temperature of 22—24°C. The animals were anesthetized by
intraperitoneal injection of pentobarbital (45 mg/kg). Animals
were divided into three groups. In the animals of the first group
(control, n=8) a polyethylene catheter was advanced through the
tail artery for blood shedding and reinfusion and a preliminary
heparinization with 50 U/kg of unfractionated heparin intraarte-
rially was conducted. Blood loss modeling was carried out by the
exfusion of arterial blood until the blood pressure of 40 mm Hg,
then this level of hypotension was maintained by repeated exfu-
sion/reinfusion of blood for 60 minutes (Wiggers model of hemor-
rhagic shock, modified in V. A. Negovsky Research Institute of
General Reanimatology [16]). Then, withdrawn blood volume
was reinfused (autotransfusion), the catheter was removed from
the tail artery, local hemostasis was applied and the rat was trans-
ported to animal facility for recovery. The animals of the second
group (test group, n=10) were subjected to the same protocol,
except preliminary (45 minutes before blood withdraw) intraar-
terial administration of Perftoran at a dose of 3 ml/kg. Intact ani-
mals (n=12) which were not under any manipulations during the
experiments were included in the study as group 3.

In 24 hours the repeated tail artery catheterization,
heparinization and arterial blood sampling for laboratory testing
(acid-base status [ABS], electrolytes, Hb, Ht, blood smear
microscopy) were carried out under pentobarbital anesthesia (45
mg/kg, ip) in rats from groups 1 and 2. Samples of the mixed
venous blood for biochemical analysis (glucose, serum iron, total
protein, lipid profile, urea and creatinine) were obtained by the
puncture of the right heart. Then, animals were euthanized with
pentobarbital at a lethal dose (150 mg/kg).

Morphological and morphometric analyses of monolayers of
dried unstained blood smear slides were performed with the aid of
Olympus BX50 (Japan) light microscope at a magnification of
1000 (10x100); 1000 cells per smear were counted. We employed
the classification of Bessis M., according to which there are three
main forms of red blood cells, namely discocytes, echinocytes and
stomatocytes [17]. Numbers of small (less than 5.5 micrometers)
and large (more than 6.7 micrometers) discocytes were determined
in each sample, and average diameter of discocytes was computed.
Increased proportion of larger discocytes and their average diame-
ter in post-hemorrhagic anemia is considered as a sign of elevated
blood level of «young» forms of erythrocytes [18]. To determine
the number of reticulocytes, a smear was subjected to supravital
staining with Brilliant Cresyl Blue stain. Reticulocyte proportion
was calculated as a number per 1000 erythrocytes. With the aid of
a portable clinical analyzer i-STAT-300 (Abbott, USA) and car-
tridges CG+8, the parameters of ABS, electrolytes, Hb and Ht
were determined. Routine biochemical analysis of blood was per-
formed using an automated analyzer Miura ONE (Italy).

Statistical processing of the data were performed using
Statistica 6.0. The significance of differences between the
groups was assessed by ANOVA test and Mann-Whitney U-test.
Data were presented as medians (Me), 25% and 75% per-
centiles. Differences between groups were considered signifi-
cant at P<0.05.
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Ta6.7mua 1. KHCIOTHO-OCHOBHOE COCTOSIHIE U OMOXHMMHYECKHE II0Ka3aTe M KPOBH y KPbIC UEPEI 24 4 mocae KpoBOIIO-

tepu u penHdy3uu kposu [Me (25%; 75%)].

Table 1. Acid-base status and blood biochemistry in rats 24 hours after the blood loss and autotransfusion Me (25%; 75%).

Parameters Values of parameters in the groups

1 2 3
pH 7.41 (7.37; 7.44)* 7.40 (7.38; 7.40)* 7.37(7.37;7.38)
pCO,, mm Hg 46.2 (43.1; 49.0)* 43.3 (40.5; 45.0)** 50.2 (48.2; 53.3)
pOs, mm Hg 81.5 (76.0; 88.5) 93.0 (81.0; 96.0)* 81.5 (80.0; 86.5)
BE, mmol/I 5.5 (4.0;6.7) 1.0 (0.0; 1.0)*# 4.0 (4.0; 5.5)
HCO3, mmol/1 30.0 (28.4; 30.9) 26.3 (25.9; 28.2)** 29.1 (28.4; 31.6)
Sa0y, % 96.0 (94.0; 97.0) 97.0 (96.0; 97.0) 96.0 (94.5; 96.5)
Na*, mmol/I 143.0 (141.0; 144.0) 142.0 (141.0; 143.0) 144.0 (142.0; 144.0)
K*, mmol/1 3.9 (3.8 4.1) 3.7 (3.6;3.7) 42 (4.0;4.2)
Ca2*, mmol/1 1.32 (1.26; 1.39) 1.35 (1.34; 1.39) 1.34 (1.32; 1.38)
Ht, % 26.0 (24.5; 27.5)* 29.0 (27.0; 31.0)*# 38.9 (34.9; 39.0)
Hb, g/dL 8.7 (8.2; 9.4)* 9.9 (9.2; 10.8)** 12,5 (11.1; 12.6)
Glucose, mmol/I 9.1 (8.7; 10.0) 9.3(7.8;9.8) 8.7 (8.4;9.9)

Serum iron, pmol/1
Total protein, g/L
HDL, mmol/I
Triglycerides, mmol/1

Total cholesterol, mmol/I

Creatinine, pmol/I
Urea, mmol /1

13.6 (8.4; 16.8)*
57.2 (54.0; 60.2)
0.97 (0.9; 1.0)
0.58 (0.40; 0.74)
2.60 (2.36; 3.06)*
58.0 (44.0; 64.0)
45(3.9;5.7)

18.0 (17.9; 20.1)*#
54.6 (54.0; 55.0)
0.83 (0.8; 0.9)*
0.4 (0.36; 0.54)
2.12 (2.08; 2.35)*#
57.0 (54.0; 60)
5.6 (5.5;6.1)

27.9 (25.4; 30.5)
56.5 (53.9; 60.0)
0.9 (0.8; 0.9)
0.18 (0.16; 0.54)
1.74 (1.71; 1.84)
47.0 (46.0; 60.0)
5.0 (4.7:5.6)

Note (npumevanue): ¥ — P<0,05 mexxay rpynmamu 1 u 2; * — P<0,05 110 cpaBHenuio ¢ rpymioii 3; parameters — mapamerpsl; values
of parameters in the groups — snauenus nokasareseii B rpynmax; 1 — control — konTposbnast; 2 — test — onprTHast; 3 — intact —
unraktHbie; pCO, — partial pressure of carbon dioxide (napuuanproe nasienue aByokucu yriepoza); pOy — partial pressure of oxy-
gen (mapuuanbhoe aasienne kuciopoaa); BE — base excess/deficit (usboitok/mnenocrarok ocnosanuii); HCO3 — bicarbonate con-
tent (comepskanne 6ukapbonara); SaO, — oxygen saturation of arterial blood (xmcopoaHoe HachimeHne apTepHaIbHOIT KPOBH);
HDL — high-density lipoprotein (Jumnonporentsl BbICOKON II0THOCTH); glucose — riokosa; serum iron — ChIBOPOTOUHOE JKEJE30;
total protein — o6uuii 6esok; high deusity lipoproteins — smumonporenibl BoIcOKo# moTHocT; triglycerides — tpuriimepust; total
cholesterol — o6mmnit xosectepns; creatinine — kpeatnHuH; urea — MoueBnHa; mm Hg — MM pr. ct.; mmol /1 — mmous /o1; pmol /1 —

mMkMoab/m; g/dL — r/nm; g/L — /.

suzatope Miura ONE (Urtamust). Craructudeckast o6paboTka
Pe3yJIbTaTOB MCCJIEOBAaHUSA [IPOBOANIACH € HMCIOJIb30BAHUEM
rnakera mporpamm «Statistica 6». /loctroBepHOCTD pazauymii uc-
cJIe/lyeMbIX MOKazaTes el MesK/ly TPYIIaMi OleHUBAIN 10 KPH-
tepuio ANOVA, U xpurepuio Buskokcona-Manna-Yutnu. Pas-
JINYUST CYUTATUCH JOCTOBEpHBIME T1pu p<0,05. DKCIIepUMEHTHI
IIPOBEJIEHBI C YYETOM TI0JIOXKEHHIT, PEKOMEH/I0BAHHBIX KOMHTE-
TOM MO HayKe O JabOPaTOPHBIX SKUBOTHBIX U TOIEPKAHHBIX
BO3, cormacno tpebosanusam Esporeiickoii konsenimu (Crpa-
cOypr, 1986) 1o comepskanuio, KOPMIEHHUIO U YXOLY 3 MOIOIBIT-
HBIMU JKUBOTHBIMU.

PesyubraThl 1 00CyKAEHUE

[Ipu anammze mapamerpoB KOC apTepnaibHOil Kpo-
Bu (Tabs. 1) B KOHTPOJIBHOW W MHTAKTHOIT IPYIIIaX OTMe-
YaJIi TEHEHIINIO K KOMIEHCHPOBAHHOMY MeTa00IIMIeCKO-
My aznkasnosy (yBemmuenue BE mpn HopmasbHOM 3HaUeHIT
pH) u ymepenHoii runepkamnany, B TO BpeMsI KaK B OTIBIT-
Hoii rpynme pH, pCO, u BE 6buin B npesesax HopMaiib-
HbIX 3Hadenuit, a pO, Ha 10% Bbile, YeM B OCTAIBHBIX
rpynmnax. JlaHHble pasinaust MLy TPYIIIaMHU COTIacyIoT-
€51 € YK€ M3YYEHHBIM OIarompUsTHBIM BIHsTHIEM mepdTo-
pana na napamerpsl KOC [4]. He BrioJiHe sicen renes oTMe-
YaBIleiicss TEHAEHINN K MeTabOJTNYeCKOMY alKalio3y B
KOHTPOJIbHOII ¥ MHTaKTHOM rpynmnax. Haubosee Beposit-
HON TIPHYMHON SBJISJIOCH HCIIOJNB30BAHHUE /TSI HapKO3a
Gap6uryparos (HemGyTain), pacTBOPbI KOTOPBIX 00JIAAAI0T
BBIPKEHHOH TeTOUHOH peaknueil. /lanHoe BimsgHMe HAp-

Results and Discussion

When analyzing the ABS of arterial blood (Table 1),
the control and intact groups showed a trend toward com-
pensated metabolic alkalosis (increased BE values at nor-
mal pH) and moderate hypercapnia, while in the test group
(group 2) the values of pH, pCO, and BE were within the
normal range and pO, values were 10% higher than in the
other groups. These differences between the groups are
consistent with studied positive effects of Perftoran on
ABS [4]. Reason for the trend toward metabolic alkalosis
in the control and intact groups is not clear. Most likely,
the cause is the use of barbiturate (pentobarbital) for anes-
thesia, since barbiturate solution has a pronounced alka-
line reaction. This influence of anesthesia apparently was
leveled out in the test group due to the complex action of
Perftoran.

Despite the autotransfusion, Hb and Ht values in the
control and test groups on the second day of the experi-
ment were lower in comparison with intact animals,
although the severity of anemia in the test group was lower
(Table 1). The development of anemia might be resulted
from the blood loss at stages of the experiment (artery
catheterization, blood sampling, bleeding in the postopera-
tive period) and/or suppression of erythropoiesis and
increased hemolysis. However, hemolysis is characterized
by elevated serum iron concentration. In our experiments,
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KO3a B OIBITHOW TPYIIIIE, MO-BUIMMOMY, HUBEJIUPOBATIOCH
KOMILTIEKCHBIM fieficTBHeM mepdTopana.

Hecmotpst Ha penHby3nio KpoBH, Yepe3 CyTKH Ha-
Gumoau Gostee Huskue Besmuuabl Hb u Ht B KOHTpOIIB-
HOI 1 ONBITHON TPYIIAX B CPABHEHUU C MHTAKTHBIMU JKHU-
BOTHBIMH, HO TIPH ATOM BBIPA)KEHHOCTb AHEMHH B OTIBITHOM
rpymme Gbiia Menbiie (tabs. 1). Pazsutre aneMun MOKHO
0OBSICHUTD TIOTEPEil KPOBY HA dTAIlax dKCrepuMeHTa (Ipu
KaTeTepusaIu aprepu, 3abope mpod KPOBU, KPOBOTOUN-
BOCTb B ITOCTICOIEPAIIIOHHOM IIEPHO/Ie), a TAKXKe YTHETCHH-
€M 3PUTPOII093a U TOBBIIICHHBIM reMon3oM. OHAKO It
reMOoJIN3a XapaKTePHO HOBBIIIEHNE CBIBOPOTOYHOI KOHIIEH-
TPAIWN JKeJIe3a, a B IAHHON CepUH 9KCIIePIMEHTOB, HAIIPO-
THUB, IPOUCXOIUJIO CYIIECTBEHHOE CHIKEHHE CBIBOPOTOY-
HOH KOHIIEHTPAIlNX ’Kesie3a B KOHTPOJIBHOH U, XOTSI M B
MEHbIIIel CTeleHu, B ONbITHON rpyrmax (Tabu. 1). Bmecre ¢
TEeM CHIDKEeHHE KOHIIEHTPAIINH HOHU3MPOBAHHOTO sKesle3a B
CBIBOPOTKE KPOBH HE OTpakaeT €ro IiepepaclipesiesieHIe
MEKY crennduyecKUMN TPAHCIIOPTHBIMU U JIETIOHUPYIO-
mumMu Gesikamu (heppurut, Tpacdepput u ap.) [12]. Tak,
B 9KCIepUMeHTaIbHOI pabote [19] mokasano, 4ro mpu
TpaBMe C KPOBOTIOTepeil TPOUCXOANTIO CHIDKEHNE KOHIIEHT-
paIy CBIBOPOTOUHOTO JKejle3a € OHOBPEMEHHBIM ITOBBI-
IIeHUeM KOHIleHTpaluu Tpancdeppruta 1 GpepputuHa, npu
aTOM 00IIee co/iepKanue JKeie3a B UPKYJIUPYIOel Kpo-
BU yBesnunBanoch. CXoHbie HapyIieHusi 0OMeHa JKejesa
OTMEUAIUCh Yy OOJIbHBIX XUPYPIUYECKOro Npousist B Mo-
CJICOTIECPAIIIOHHOM IIepHOJie, KOTOPbIe COXPAHSINCH Ha
MIPOTSIKEHUM 4-X HeJlesib rocse oneparuu [20].

Uepes cyTkH mocsie KPOBOIOTEPH U penH(pYy3UH Co-
Jeprkanue 06OIIero XoJectepuHa B KPOBU JTaGOPATOPHBIX
SKMBOTHBIX BO3PACTAJIO KAK B KOHTPOJIbHOM, TAK 1 B OIIBIT-
Hoii rpymie. B rpyme ¢ BBesiennem nepdropana yBesmue-
HHe IAaHHOTO 1T0Ka3aTeJIst IPOUCXOMIIO B MEHBIIIEH cTere-
Hu (taba. 1), uto corsacyercss ¢ COPOLMOHHBIMU U
JMNOMGUIBHBIMUA CBOMCTBAMU TIpETiapata U ero BIUsSHUEM
Ha ob6men BetectB [21]. VIHTEpECHO COMOCTaBUTDH MOJY-
YeHHBIE JIAHHbIE C pe3yJIbTaTaMi KJINHIYeCKOTO UCCIIe0-
BaHusi [22], B KOTOpOM u3ydasicsi OOMEH XOJIeCTepPUHA Y
GOJIBHBIX C TSIKEIOU MEXaHUYECKOI TPAaBMOI U KPOBOIIO-
tepeit. Ha ¢done pazsutus aucaunugemunt (TIOBbIIIEHUE
KOHIIEHTPAIIMU aTepPOreHHbIX (hpaKIMil XoJaecTepuHa) oT-
Meuasach JAByxdasHas AWHAMUKA OOIINEro XoJecTeprHa
(cumwkenne Ha 1—2-e CyTKU U TOBBITIEHNE Ha 5—8-¢ CyT-
k1). [Ipumenenne nepdropana B KOMIIJIEKCE MHTEHCUBHOM
Tepanuu TSDKETOH TPaBMBI OKa3bIBATIO HOPMAJIHU3YIOIIee
JieiicTBUe Ha JIMTTUHBIH TPOhUIIb B KPOBH MAIMEHTOB.

[Tpn paccMOTpeHMM TPUBEJEHHBIX PE3YJbTaTOB B
KOMILJIEKCE, MOKHO 3aKJIOYHUTh, YTO B TPYIINE JKUBOTHBIX,
KOTOPBIM IIPeIBAPUTEILHO BBOIIIN MephTOpaH, MoKa3arte-
s Hb, Ht 1 KoHIIeHTpaIuu CbIBOPOTOYHOTO JKeJle3a CHU3H-
JIUCH B MEHbIIIEI CTENEHN, YeM B KOHTPOJIbHOM IPYIIIE, XOTS
1 He JIOCTUTJIN 3HAYEH W1, XapaKTEPHBIX JIJIsI MHTAKTHBIX JKU-
BoTHBIX. O6paraer Ha cebst BHUMaHIE OJHOHATIPABICHHOE
M3MeHeHHNe KOHIIEHTPAINY CBIBOPOTOYHOTO JKeJle3a C BesIi-
yunamu Hb 1 Ht, 4To 1103BOISET BBICKA3aTh MPE/IION0KE-
HIE O COIPSDKEHIH YPOBHS CBIBOPOTOYHOTO JKeJie3a CO CTe-
MEHbI0 CHIDKEHMS JIAaHHBIX TIOKasaTeJeill KPacHOH KPOBH.

by contrast, there was a significant reduction in serum iron
concentration in the control and test groups, though to a
lesser extent in the latter (Table 1). At the same time,
decrease in concentration of ionized iron in serum does not
reflect its redistribution between the specific transport and
depot of proteins (ferritin, transferrin and others) [12]. For
example, experimental study has demonstrated that the
injury with blood loss was accompanied by a decrease of
serum iron concentration with simultaneous increase in
the concentration of transferrin and ferritin, and the total
content of iron in the circulating blood was increased [19].
Similar disturbances of iron metabolism were observed in
surgical patients in the postoperative period and persisted
for 4 weeks after surgery [20].

The day after the blood loss and autotransfusion,
total cholesterol level in the blood of laboratory animals
increased both in the control group and test one. Again, in
the group with Perftoran administration this parameter
was increased to a lesser degree (Table 1) that is consistent
with the sorption and lipophilic properties of the drug and
its effects on the metabolism [21]. It is interesting to com-
pare the data obtained with the results of a clinical study,
in which cholesterol metabolism has been studied in the
patients with severe mechanical trauma and blood loss
[22]. On the background of dyslipidemia (increased levels
of atherogenic fractions of cholesterol) the biphasic
dynamics of total cholesterol (a decrease on the 1—2th days
and an increase on the 5—8th days) was observed.
Perftoran administration in the complex intensive therapy
of severe trauma had a normalizing effect on the blood lipid
profile of the patients.

Results of performed experiments in this study sug-
gest that in the test group values of Hb, Ht and serum iron
concentration decreased to a lesser degree than in the con-
trol group, but not reached the values typical of intact ani-
mals. It is noteworthy an unidirectional change in serum
iron concentration and indices of Hb and Ht that suggests
an association of serum iron concentration and degree of
reduction of red blood cells indices. Hypothetically, these
results are related to the change in the qualitative compo-
sition of red blood cells after reperfusion. In this connec-
tion, it was appropriate to investigate the morphological
characteristics of red blood cells and functional activity of
bone marrow day after blood loss and autotransfusion.

When analyzing the morphological characteristics of
red blood cells we revealed significant differences between
the study groups of animals (Table 2). In the animals of a
test group the average size of discocytes and the percent-
age of these cells with a diameter greater than 6.7 microm-
eters were higher than in other two groups of animals. This
fact may indicate a predominance of relatively «young»
red blood cells, which are characterized by a larger cell
diameter, in circulating blood [18].

The analysis of altered erythrocyte forms showed a
sharp increase in the percentage of echinocytes (up to
32%) in the control group, while they are virtually absent
in the blood of intact rats (Table 2). At the same time in
the animals of test group the percentage of echinocytes
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Ta6auna 2. CpaBHUTEIbHASI XAPAKTEPHCTUKA IPUTPOIMTOB Y KPbIC Yepes 24 4 mocjie KPOBOMOTEPH U peuH(y3UuH KpPo-

BU [Me (25%; 75%)].

Table 2. Comparative characteristics of red blood cells in rats 24 h after blood loss and autotransfusion Me (25%;

75%).
Group Discocytes distribution The average size The percentage of reticulocytes
according to their size, % of discocytes, um and red blood cells modified forms, %
less than 5.5 um  more than 6.7 um reticulocytes stomatocytes echinocytes
1 2.2 47.6 6.6 0.2 0.0 321
(1.4; 2.4) (44.1;51.1) (65;66)*  (0.1;035)*  (0.0;0.0)*  (27.5;37.8)*
2 1.65 60.6 6.8 2.0 2.1 0.0
(1.3;1.8) (57.0; 66.0)*# (6.7; 6.8)*# (1.8;2.1)*# (0.0; 3.1)*# (0.0; 1.2)*#
3 1.4 50.6 6.7 0.9 3.0 0.0
(0.6;2.7) (41.5; 58.6) (6.6;6.7) (0.7;0.9) (2.6;3.1) (0.0;0.0)

Note (mpumeuanue): # P<0,05 mexxny rpymmamu 1 u 2; * P<0,05 no cpasHenuto ¢ rpymmoii 3; group — rpymmna; 1 — control —
KOHTpOJIbHast; 2 — test — ombiTHag; 3 — intact — wmurakrhbie; discocytes distribution according to their size — pacnpenenenue
JIACKOITMTOB T10 padmepy; the average size of discocytes — cpeanuii auamerp auckonnTos; the percentage of reticulocytes and red blood
cells modified forms — npouenTHoe copepskanue peTHKYJIONUTOB U M3MEHEHHBIX 9pUTPOIUTOB; reticulocytes — peTuKyIonnTh; stoma-
tocytes — cromarouutsl; echinocytes — axunonutsr; less than — 0; more than — Gosee; pm — MKM.

ITH Pe3yJbTaThl, BO3MOXKHO, CBSI3aHBI € OCTperepdy3HOH-
HBIM U3MEHEHMEM KaueCTBEHHOTO COCTaBa IPUTPOIUTOB. B
CBSI3U € ATHM MPEJICTABISIIOCH TENeCO0OPA3HBIM HCCIE0-
BaTb MOP(OJIOTHYECKIE XaPaKTEPHUCTHKH SPUTPOLUTOB 1
(byHKIIMOHATBHYIO aKTUBHOCTH KOCTHOTO MO3Ta 4epe3 CyT-
KU TI0CJIe KPOBOTIOTEPH U PEMHDY3HIL.

[Tpn anammse MOp}OTOrNIeCKUX XapaKTePUCTUK
APUTPOIUTOB BBISBUJIN CYIIECTBEHHbBIE PA3JIUUUS MEKILY
HCCJIELyeMBIMHU TPYTIIIAMHU KUBOTHBIX (TabuI. 2). Y JKUBOT-
HBIX OTIBITHOH IPYIIIBI CPEJHNI Pa3Mep AUCKOIMTA U MTPO-
IIEHT 3TUX KJICTOK ¢ AnaMeTpoM Oosee 6,7 MKM ObLIN BbI-
111e, YeM y JKMBOTHBIX JIBYX APYTUX rpymir. [lauubrii (axr
MOJKET YKa3bIBaTh Ha MpeobJajianie B KPOBOTOKE OTHOCHU-
TEJIBHO «MOJIO/IBIX» SPUTPOIUTOB, JJIS KOTOPBIX XapaKTe-
pen Goubimii auamerp Kiaerku [18].

AHann3 M3MeHEeHHBIX (HOPM IPUTPOIUTOB ITOKA3AI
pe3Koe BO3pacTaHHMe MPOIEHTHOTO COMAECPIKAHUS IXUHO-
1uToB (710 32%) y JKUBOTHBIX KOHTPOJIBHON TPYIIIIBI TIPU
UX MPAKTUYECKU MOJHOM OTCYTCTBUM B KPOBU MHTAKT-
HbIX Kpbic (Tabs. 2). IIpu 9TOM y JKUBOTHBIX OIBITHOI
TPYIIIBL B Te JK€ CPOKHU HKCIIEPUMEHTA IPOIIEHTHOE CO/IEP-
JKaHNe HXUHOIUTOB HE OTJIMYATIOCH OT UX COAEPIKAaHUSI Y
KPbIC MHTAKTHO¥ rpymbl. Copepskanne CTOMaTOIMTOB B
KOHTPOJIbHOI ¥ OTIBITHOM TPYIIIAaX CHU3UJIOCH 10 CPaBHE-
HUIO C UHTAKTHBIMU JKUBOTHBIMH, OJTHAKO HTH NU3MEHEHUS
y GOJIBITMHCTBA JKUBOTHBIX OCTaBAJINCH B ITpe/esiax Hop-
Mbl (tabsr. 2). Hapsigy ¢ 9TUMH M3MEHEHUSIMH B KOH-
TPOJILHOI TpyIinie HabJIoAai arperatbl 9PUTPOIUTOB,
COCTOSIIIIE U3 4—5 KJIETOK.

QDusnosornyeckoe 3HAYCHIE MOHKUIONNTO3a BO
MHOTOM €Ille¢ He U3YYEHO, & IPUUNHBI eT0 MOSIBJIECHUS HO-
caT HecnermduIeckuit xapaktep. B mMaszkax xkposu, mpu
(buKcanmn KJIeTOK CIUPTAMU WU aJIbJIeTHIAMHI, TIpeolJia-
naiomieit GopMoil IPUTPOIUTOB SIBJISIIOTCS JTUCKOIUTHI
(80—95%) n axunormtet (0—6%), a cromarorutst (0—2%)
u apyrue opmbl Berpeuatotes pexke [23]. IIpu aTom apu-
TPOTpaMMa CBEKHUX Ma3KOB KPDOBU MOJKET OTJINYAThCS OT
MIPUBE/IEHHON BBIIIE, HAIIPUMED, MTOBBIINIEHHBIM CO/IEPIKA-
HUEM 3XUHOIMTOB U cToMaronuToB. [Iporpeccupyiorue

did not differ from their content in the rats of intact
group. Stomatocytes content in the control and test
groups decreased compared to the intact animals, but
these changes remained within normal limits in most ani-
mals (Table 2). Along with described changes, erythro-
cyte aggregates composed of 4—5 cells were observed in
the control group.

The physiological significance of poikilocytosis have
not yet been clarified, and its causes seem nonspecific. In
smears of blood fixed with aldehydes or alcohols, the pre-
dominant erythrocytes forms are represented by disco-
cytes (80—95%) and echinocytes (0—6%), while stomato-
cytes (0—2%) and other forms are less common [23].
However, in fresh blood smears the erythrogram may differ
from the aforementioned one, for example, there may be a
higher content of echinocytes and stomatocytes.
Progressive changes of cell shape are accompanied by sig-
nificant alterations of erythrocytes ultrastructure
(cytoskeleton, plasma membrane), metabolism (decrease
in intracellular ATP concentration, the dysfunction of ion
pumps) [23, 24] and functional properties (oxygen trans-
port, deformability and aggregation) [6]. In particular,
echinocytosis is accompanied by the formation of high
density aggregates [25] caused by changes in the physico-
chemical properties of the erythrocyte membrane.
Echinocytes are the main form of red blood cells in a long-
time stored blood and considered as erythrocyte forms pre-
ceding to hemolysis. With the aid of atomic force
microscopy it was revealed that increasing blood storage
period was accompanied by the development of destruc-
tive changes in the membrane surface of echinocytes that
included multi-level protrusions and recesses (numerous
membrane defects including those on the spicules), reach-
ing a depth of 25—30 nm on day 10 of storage [26, 27].

The poikilocytosis commonly occurs in severe ane-
mia of any origin [12]. Both stomatocytes and
echinocytes appear in blood samples when the erythro-
cytes are exposed to various physical and chemical fac-
tors: change in ionic composition, osmolality and pH of
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n3MeHeHust GOPMbI KJIETOK COMTPOBOXKAAIOTCS 3HAYUTEIIb-
HBIMU HAPYIIEHUSIMU UX YIBTPACTPYKTYPBI (IIUTOCKEJIETA,
IJ1a3MaTuuecKoil MeMOpaHbl), MeTaboinsMa (CHUKEHUE
BHYTPUKJIeTOUHOH KoHIeHTpannun AT®, nuchynxims
MOHHBIX HacocoB) [23, 24| n (HyHKIMOHAIBHBIX CBOICTB
(KMCJIIOPOATPAHCIIOPTHAS CIIOCOOHOCTD, AedopMupye-
MOCTbB ¥ arperupyeMocTs) [6]. B wacTHOCTH, 9XUHOIIUTO3
COIIPOBOKIAETCS 0OPAa30BAHMEM arperaTtoB MOBBIIIEHHO
MIOTHOCTH [25], 9TO ¢BSA3aHO ¢ M3MeHeHneM (GU3NKO-X1-
MUYECKUX CBOWCTB MeMOPaHbI SPUTPOLUTA. DXUHOLUTHI
SIBJITIOTCST OCHOBHOH (DOPMOIT 3PUTPOIIUTOB B KOHCEPBU-
POBAHHOIT KPOBH JIJTUTEJbHBIX CPOKOB XPAHEHUS U CUNTA-
foTcd TpeareMosim3Hoi ¢opmoit. [Ipn aTom ¢ momotbio
aTOMHO-cU10B0i Mukpockonuu (ACM) oGHapysKeHO, 4TO
C YBEJIMYCHMEM CPOKA XPaHEHUsI KPOBU IIPOTPECCUPYIOT
JIECTPYKTHBHbIE U3MEHEHUsI [TOBEPXHOCTU MeMOpaH aXu-
HOIIMTOB, B BUJIE TIOSIBJIEHUSI MHOTOYPOBHEBBIX BBIPOCTOB
u yruy6Gaenuii (zedektoB MeMOpaHbl, B T. 4. Ha CIHKY-
Jax), pgocruraromux riayounsl 25—30 um k 10-M cyTkam
xpanenus [26, 27].

3BeCTHO, 4TO MONKUJIOIUTO3 HAOIIOAAETCS IIPU TSI~
JKEJIOM TeueHun aHeMmuu Jitoboro reresa [12]. Kak croma-
TOIUTBI, TAK W XUHOIUTHI MOSIBJSIOTCS B IIPOOAX KPOBU
IIPY BO3/IEHICTBUM HA SPUTPOIMUTHI PA3JINYHbIX (pusndec-
KHMX M XUMHUYECKUX (DAKTOPOB: UBMEHEHUSI HOHHOTO COCTa-
Ba, ocMoJisipHocTH 1 pH 11a3Mbl, 1eficTBUSI TOKCUYHBIX Be-
mectB. Comepkanue sTUX (HOPM KJIETOK B KPOBH Yy
YeJsIoBeKa YBEJIMYMBAETCS TAKXKE TPH OHKOJIOTHUECKUX 3a-
GosieBaHUSAX (9XMHOIMTHI), BUOPAIMOHHON (o0Je3HH, Tia-
PEHTepaIbHOM IUTaHuu |23, 24].

B 1esiom, onucaHHbie B JaHHOI paboTe U3BMEHEHUs
MOP(hOJIOTHH SPUTPOIUTOB FOBOPSIT O IPyObIX HAPYIIEHU-
SIX UX CTPYKTYPbI Uepes CyTKH TOCJIe KPOBOMOTEPU U PEHH-
(bysun («crapennes KpoBn) u 0 BHICOKOI 3(D(HEeKTUBHOCTH
nepdTopana B IpeIOTBPAIEHUN PA3BUTHS ITUX HapylIiie-
nnit. Hanbosee BeposATHBIM MEXaHU3MOM TOAO0OHOTO Jeii-
cTBUs 1Iep(TOpaHa SBJISIETCs ero MeMOPaHOCTAOUIMBHPY-
Iolllee U IIUTOIIPOTEKTOPHOE JIEHCTBUE HA IPUTPOIUT, YTO
COIIPOBOJK/IAETCS yJIydIlIeHUeM ero iehopMUpyeMocTH, ar-
perainoHHbIX CBOWCTB, YCTOHUYMBOCTHU K THITOKCHH ¥ T€MO-
amzy [8, 9, 28] u, cienoBaTesbHO, IPUBOJUT K YIYUIICHUIO
MUKDOIUPKYJISIIUNA KPOBU.

Cyl1iecTBeHHbIE OTJIMUYUS MEXK/IYy KOHTPOJIbHOW U
OIIBITHOIT TPy IIaMyu HaGJIIOIAIUCH U IIPU OIIEHKE PereHepa-
TOPHOII CIOCOOHOCTU KOCTHOTO MO3Ta 10 COAEPIKAHUIO Pe-
TUKYJIOIUTOB B 1iepudepuueckoil kposu (Tabu. 2). Tak, 110
CPABHEHMIO C MHTAKTHBIMHU SKUBOTHBIMU B KOHTPOJIBHOM
IpyIIe TPOUCXOMIIO CHUKEHHME IPOIEHTHOTO COJIeprKa-
HUST PETUKYJIONUTOB B 4,5 pasa, B TO BpeMsI Kak Ha (oHe
BBejieHUs TIepdTOpaHa — ATa BeJIMYUHA YBEJINYUBAIACH B
2,2 paza. MexaHM3Mbl Pa3BUTHS CYIIPECCUU IPUTPOIIOI3A B
1IepBbIe CYTKH 10CJIe KPOBOIIOTEPU PA3JIMYHBI U BKIIOYAIOT
B ce0st: JecTabuM3aluio TeHOMa TeMONOITUYECKUX KJe-
TOK, CXOKYIO 110 CBOUM TIPOSIBJIEHUSIM C JIEHCTBUEM HA HUX
paamnaionHoro obuyuenus [13]; yeusieHue arnonrosa Kie-
TOK-TIPE/IIECTBEHHUI] 9PUTPOIOI3A 110/l BO3JEHCTBUEM
MTPOBOCTIAJIUTEIBHBIX IUTOKUHOB; 3aMe/lIEHNe MX TPOJIU-
deparun u guddepeHIPOBKY B 3peiibie (hOPMbI IPUTPO-

plasma, toxins actions. Content of these cells in human
blood is increased in cancer (echinocytes), vibration dis-
ease, parenteral nutrition [23, 24].

In general, the changes of erythrocyte morphology
described in this paper disclose serious structural alter-
ations («aging» of blood) a day after the blood loss and
autotransfusion and the high efficiency of Perftoran in
preventing these disorders. The most probable mechanism
of this action of Perftoran is its membrane- and cytopro-
tective effect on erythrocytes, which is accompanied by
improvement of their deformability, aggregation proper-
ties, resistance to hypoxia and hemolysis [8, 9, 28] that
result in improved microcirculation.

Evaluation of bone marrow regenerative ability
revealed significant differences between the control and
test groups. Specifically, the content of reticulocytes in the
peripheral blood was 4,5 times decreased compared to the
intact animals from control group (Table 2). Perftoran
administration increased this values 2.2-fold. The mecha-
nisms of erythropoiesis suppression on the first days after
blood loss varied and include: tdestabilization of the
genome of hematopoietic cells similarly to manifestations
following radiation exposure [13]; increased apoptosis of
progenitor cells induced by proinflammatory cytokines;
slowing progenitors proliferation and differentiation into
mature erythrocytes; accelerated output of immature prog-
enitor cells into peripheral circulation; alterations of iron
metabolism in bone marrow [14, 29]. It should be noted
that these pathogenic factors act on the background of
increased serum erythropoietic activity (increased produc-
tion of erythropoietin and up-regulation of erythropoietin
receptors) [14, 30]. First days after trauma and blood loss
there is an increased DNA damage and apoptotic and
necrotic white blood cells death [31]. In addition, the
increased sympathetic nervous system activity and excess
of catecholamines significantly contribute to development
of bone marrow dysfunction after trauma and hemorrhage
[29]. Under these conditions, both prophylactic and ther-
apeutic use of nonselective beta-blockers prevented devel-
opment of erythropoiesis suppression and anemia. It can be
hypothesized that preliminary administration of Perftoran
not only stabilizes the erythrocyte membrane in the
peripheral blood, but also protects the bone marrow cells
from hypoxia and other adverse factors associated with
blood loss and autotransfusion (systemic inflammatory
response, metabolic disorders, catecholamines excess).
Thereby Perftoran might contribute to improving the
functional activity of bone marrow.

Conclusion

1. The day after the blood loss and autotransfusion
there is a reduction in levels of hemoglobin, hematocrit
and serum iron concentration. Total cholesterol level is
increased. Administration of Perftoran at a dose of 3 ml/kg
prior to blood loss improves the values of hemoglobin,
hematocrit and serum iron, and reduces the severity of
hypercholesterolemia.
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IIUTOB; YCKOPEHHBII BBIXO/l HE3PEJBIX KJIETOK-TIPE/IIIeCT-
BEHHUI] 9PUTPOII033a B Hepudepudeckoe pycsio; Hapylie-
Hute oOMeHa sKesiesa B KocTHoM mosre |14, 29]. Crenyer ot-
METUTh, YTO TIEPEUYHCJICHHBIE TTaTOreHeTnYecKne (hakTopbl
JeHCTBYIOT Ha hOHE YBETMICHHO 9PUTPOIIOITUIECKOI aK-
TUBHOCTH CBIBOPOTKM KPOBH (BO3PACTAET MPOLYKITHUS 9PHU-
TPOTIO9TUHA U IKCIPECCUST IPUTPOIOITUHOBBIX PEIEITO-
poB) [14, 30]. B nepBbie HM TTOCIE TPABMBI U KPOBOIIOTEPH
otmederno ysemmuenue /IHK-moBpexzgennit n ycuienue
MPOTIECCOB THOEHN GETBIX KJIETOK KPOBHU TI0 HEKPOTHYECKO-
My u anontoruueckomy mMexanusmy [31]. Takske nokazana
Ba)KHAS POJIb MOBBIMEHUS AKTUBHOCTH CUMIATUYECKOI
HEPBHOI CHCTEMbI U TMIIEPKATEXOJAMUHEMUN B PAa3BUTHH
MUCHYHKIINN KOCTHOTO MO3Ta TI0CJIe TPABMBI M KPOBOIIOTE-
pu [29]. IIpu aTOM Kak TpodriakTHIecKoe, TaK 1 Tepares-
THYECKOE ITPUMEHEHUE HECEJEKTUBHBIX OeTa-0JI0KaTopoB B
3HAYMTEJIBHOW CTENIECHU MPEAYIPEKIAET PA3BUTHE CYTIPEC-
CUU HPUTPOTIOd3A U aHEMUU B ATHUX yCJI0BUsIX. Vcxozs us
CKa3aHHOTO MOKHO TIPEJIITOJIOKUTD, YTO TIPE/IBAPUTEIbHOE
BBe/leHKe 1ep(TopaHa He TOJIbKO CTabumsupyer MeMopa-
HBI 9PUTPOIMTOB B TIeprhepruuecKoii KpoBH, HO U B HEKOTO-
POIl CcTerneHu 3aluIaeT KJIEeTKH KOCTHOTO MO3Ta OT THUIO-
KCUM ¥ JIPYTUX HEOIAronpusiTHbIX (haKTOPOB, CBSI3AHHBIX C
KpoBoroTepeii 1 penHbysueil KpoBH (CUCTEMHAs BOCHAIN-
TeJIbHAS PEAKIINs], MeTabOIMYeCKIe HAPYIIIeHNSs, THIIepKa-
texonmamuHemust). Ilpu aTom yiydinaercss (QyHKIMOHAIb-
Hasl aKTUBHOCTb KOCTHOTO MO3Ta.

BoiBoasl

1. UYepes cyTkn mocse KpOBOHOTEPH M ayTOTe€MOT-
paHcdysur MTPOUCXOAUT CHUKEHKE YPOBHsI T€MOIJIOOKMHA,
TeMaTOKPUTA U KOHIIEHTPAIIH CBIBOPOTOYHOTO Kemesa. Co-
JiepKaHne 00IIero X0JIeCTepUHA MIPH 9TOM YBEJIMINBACTCSL.
Baenenne nepdropana B 103e 3 MII/KT Macchl Tesra 710 Mojie-
JIPOBAHMST KPOBOTIOTEPH CIIOCOOCTBYET MOBBIIEHHIO OKA-
3aresieil reMOTJIOONHA, TEMATOKPUTA U CBIBOPOTOYHOTO JKe-
Jle3a, ¥ YMEHbBINAeT BbIPAKEHHOCTD TUIIEPXOJICCTEPHHEMIH.
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2. Preliminary administration of Perftoran increas-
es an average diameter of discocytes and prevents the
development of their transformation to echinocytes the
day after blood loss and autotransfusion, indicating a lower
severity of destructive changes in the cell membrane.

3. The day after the blood loss and autotransfusion
the suppression of erythropoiesis becomes evident in bone
marrow that is manifested by a significant reduction in the
content of reticulocytes in peripheral blood. Preliminary
administration of Perftoran improves the regenerative
capacity of bone marrow, which is manifested by increasing
reticulocytes content in the peripheral blood in compari-
son with intact animals.
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2. IlpenBapuresnbHoe BBe/eHME epTOpaHa yBeau-
YUBAET CPEAHWH IraMeTp AMCKOIWTOB U TPeryTpeKIaeT
pasBUTHE MX HXUHOIUTAPHON TpaHchopMalu yepes CyT-
KM TI0CJIe KPOBOIIOTEPU U ayTOreMOTpaHC(hy3HH, YTO yKa-
3BIBaeT Ha MEHBINYIO BBIPA)KEHHOCTH JIECTPYKTUBHBIX W3-
MEHEHUIT KJIeTOUHOU MeMOPaHBbL.

3. UYepes cyTku mocisie KpOBOIOTEPU U AyTOTEMO-
Tpancdysun oTMevaeTcs I0AaBICHIe 9PUTPOII0I3A B KO-
CTHOM MO3T€, TIPOSIBJIAIONICECS 3HAYUTEIBHBIM CHIUKE-
HUEM COJIepP)KaHNs PETUKYJIOIUTOB B IepuepuiecKoi
xposu. [IpeaBapurenpnoe BBesenue nepdropana yiayd-
[IaeT pereHepaTropHbie CIOCOOGHOCTH KOCTHOTO MO3Ta,
YTO TPOSIBIISACTCS YBEJUUCHUEM COJIEP/KANNS PETUKYJIO-
IUTOB B Iepudepruveckoil KpOBU 10 CPABHEHUIO C WH-
TaKTHBIMU KUBOTHBIMH.

BaarogapHocTb. ABTOPBI HCKPEHHE NPH3HATEIbHbI
Maunaxosoii C. B. 3a noMomup B npoBeieHun aaboparop-
HBIX MCCJIEIOBAHUI B X0/I€ IKCIIEPUMEHTAIBHOMH PaGOThI.
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U3MEHEHUN PUTMA CEPIUA U IBIXAHNSI
ITP1 OCTPOUM OBHIEN X0OJIO10BO TPABME

/1. 1O. Konnos, T. I0. Konnosa, C. A. JIykpauos, K. I [IlannoBasnos

YuTHHCKas rocyJapcTBEHHAs MEAUIIMHCKasT AKaIeMust
Poccus, 672090, . Yura, yi. [opbkoro 39-a

Changes in Heart Rhythm and Breathing in Acute Systemic Injury Due to Cold

D. Yu. Konnoy, T. Yu. Konnova, S. A. Lukyanov, K. G. Shapovalov

Chita State Medical Academy
39-a, Gorky St., Chita 672090, Russia

Ilens pabomo: — BHISBATH 3aKOHOMEPHOCTH H3MEHEHHSI PHTMA CEP/ILA U [IbIXaHHs Y OOJBHBIX C OCTPOii 0011el X0I010BOi TPaBMOii
B THIIOTEPMUYECKOM M PaHHEM [IOCTTHIIOTEPMUYECKOM nepuojax. Mamepuanvt u memoovt. O6cnenosano 30 nauyeHToB B Bo3pacre
ot 18 10 60 ser (3 rpymbi no 10 GOJBHBIX — € JETKOM, CPeHEN U TKeJIOH CTENeHbIO X0I00BO TPaBMbI) B THIIOTEPMUYECKOM U
PaHHEM IIOCTIUIOTEPMIYECKOM [epHozaX. IPyImibI GOIbHBIX HE OTIIMYAIICH 110 MOy, BO3PACTy i Macce Tesia. Beem manmenram npu
TOCTYIUIEHHH IPOBO/IIH DJIEKTPOKapANOrpaduio BbICOKOT0 pas3penieHus o XoJurepy B TeUeHHe NepBbIX 24-4acoB, € IOMOIIbIO, KO-
TOPOIi 3apernCTPUPOBAHDBI HAPYIIIEHHS] PUTMA CePALA U [bixanust. Pesyiomamot. Ha one npoBoiMoii Tepanyu, ycraHOBJIEHO, YTO
y HAIFIEHTOB [0 MePe BO3PACTAHHUS CTENEHH TSKECTH OCTPOIi 001Iel X0JI0I0BOI TPABMBbI, CHIKAJIACH YACTOTA CEPAEYHBIX COKpAIILe-
nuii (ot 102 [90; 122] ynapos B munyTy B 1 rpynme 10 49 [38; 58] yzapos B MumyTy B 3 rpynme), 1 BO3pacTai UPKa/IHbLi HHIEKC (0T
105 [88; 125]% B 1 rpymme 0 210 [185; 223]% B 3 rpymnme). C yBelmyeHHeM cTeleH: THIIOTEPMUHN Y MOCTPA/IABIINX BBISBJISLIN IPO-
rPecCcUpyIOlIHe HapyIeH!s] PUTMA U 9JIEKTPUYECKOI IPOBOIMMOCTH CEPALA: MUTPALMIO HA/[KEJTY/I0UKOBOTO BO/IUTEJISI PUTMA, O/IH-
HOYHBIE U IAPHbIE HAJKEITYI0UKOBbIE IKCTPACKCTOIbI, TAPOKCU3MbI IPEICEPAHOM TaxXuKapuH, PUGPUILIAIMY NPEICEPIHii, JKery-
JIOYKOBbIe IKCTpacucTONbl. OTMEYa n CHUKEHHE BapuaGelbHOCTH CEPAEYHOr0 PUTMA BO BCEX HCCIEAYEMbIX IPYINIax, B
HanOoJIbIIel CTeNeHN Y GOJBHBIX C TSKEJION 001eil X010/10B0ii TpaBMoii. [To3/iHITe TOTEHIMAIDBI JKeTyJ0YKOB ObLIH 00HAPY KEHbI
Y 2 NalyeHToB €O cpe/iHeli CTeNeHbIo U y 7 NAIMEeHTOB C TSKeJIOi CTeneHbIo X0J10/10B0i TpaBmbl. HapyieHus pIxaHusi perucrpu-
POBaJIM BO BCEX IPYIIAX HCCIEI0BAHKS, IPHYEM MaKCHMAJIbHOE MOBbIIIEHHE YACTOTbI H JUIMTEIbHOCTH DIH30/[0B AIHOI/TUIIOITHOI
oTMeYai y O0JbHBIX € TsKeI0i HpopMoii runoTepmun. JleTaabHbIil MCcXo HaCTynuI y 4 u3 10 nanmeHToB ¢ KPUTHYECKOH runoTep-
MHeil B pe3yJibTaTe BOSHUKHOBEHHSI HMOBEHTPHKYJISIPHOTO PHTMA C TIEPEX0/I0M B acucToimIo. 3aknouenue. CucreMHasi runorep-
MHsI CONPOBOZK/IAETCSI HAPYIIEHHEM PUTMA U DJIEKTPHYECKOii IPOBOIMMOCTH CEP/IIA, a TAKIKe JeNpeccrell IbIXaHHsi, KOTOpbIe po-
IPECCHPYIOT N0 Mepe BO3PACTaHMsSI TSKECTH OCTPOil 00mIel XOJI0/10BOi TPAaBMBI U B CIydYae KPHTHUECKOIl [MIIOTEPMHH MOTYT
NPUBECTH K JieTabHOMY ucxony. Kntouesvte cnosa: octpas o6uias xono1osas pama, cyrounoe Mmouuropuposanre KT, IKT Boi-
COKOro pa3speleHusi, BApHabeIbHOCTh CEPIEYHOr0 PUTMA, TIO3[HHE OTEHIUATIBI KENYJOYKOB, PEONHEBMOrPAMMA.

Objective: to reveal the patterns of a change in heart rhythm and breathing in patients with acute systemic injury due to
cold in hypothermic and early posthypothermic periods. Subjects and methods. Thirty patients aged 18 to 60 years (3 groups
of 10 patients with mild, moderate, and severe cold injury) were examined in hypothermic and posthypothermic periods.
The patient groups did not differ in gender, age, and weight. Within the first 24 hours after admission, all the patients under-
went high-resolution Holter electrocardiographic monitoring that recorded cardiac arrhythmias and breathing disorders.
Results. During the therapy performed, as the degree of acute systemic cold injury increased, the patients were found to
have a heart rate reduction (from 102 [90; 122] beats/min in Group 1 to 49 [38; 58] beats/min in Group 3) and a circadian
index increase (from 105 [88; 125]% in Group 1 to 210 [185; 223]% in Group 3). With increased hypothermia, the victims
were detected to have progressive cardiac rhythm and cardiac electrical conduction disturbances, such as supraventricular
pacemaker migration, single and paired supraventricular premature beats, paroxysmal atrial tachycardia, atrial fibrilla-
tions, and ventricular premature beats. There was decreased heart rhythm variability in all the study groups, to the great-
est extent in the patents with severe systemic cold injury. Late ventricular potentials were found in 2 and 7 patients with
moderate and severe cold injury, respectively. Breathing disorders were recorded in all the study groups, the greatest
increase in the frequency and duration of apnea/hypopnea episodes was noted in the patients with severe hypothermia. A
fatal outcome occurred in 4 of the 10 patients with critical hypothermia due to the occurrence of idioventricular rhythm with
transition to asystole. Conclusion. Systemic hypothermia is accompanied by cardiac rhythm and cardiac electrical conduc-
tion disturbances and respiratory depression, which progress with the higher degree of acute systemic cold injury and, in
case of critical hypothermia, may lead to a fatal outcome. Key words: acute systemic injury due to cold, 24-hour ECG mon-
itoring, high-resolution ECG, heart rhythm variability, late ventricular potentials, rheopneumogram.
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BBenenue

3BeCTHO, YTO XOJOMOBASI TPABMA YaCTO BCTPEUIACTCST
B pernonax Cubupu u Ha Kpaiitem Ceepe, r/1e opaskeHue
OpraHm3Ma XOJIOIOM SIBJIIETCST KpaeBoil marosorueit. Eske-
TOJIHO PETHCTPUPYETCST 3HAYNTETBHBIN YPOBEHD JIETATHHOC-
TH B pesyJibrare AedcTBus Xomoaa (10 JaHHbBIM 00JIaCTHOTO
cyneGHO-MeUIUMHCKOTOo 610po 1. Yursl, B iepuoz ¢ 2001 r. o
2010 r. noru6o 1472 yenoseka) [1]. Bmecre ¢ tem, narore-
He3 U TAHATOTeHE3 XOJIOI0BOI TPaBMbI TPEOYET YTOUHEHUS.

[Ipu ocrpoii obuieit xonoxosoii TpaBme (OOXT)
MHUHUMAIbHAS TEMIepaTypa Tejla, COBMECTUMast C JKU3-
HbIO, cocTaBsieT +24 — +26°C [2]. Teuenue nanHoil naTo-
JIOTUU 3aBUCHUT OT (DYHKITMOHATHLHOTO COCTOSTHUS HEPBHBIX
1IeHTPOB (TIyOOKME CTPYKTYPHI TOJTOBHOTO MO3Ta, PETHKY-
JITpHast (hOPMAITHS CTBOJIA MO3Ta, TIEHTPHI CUMITATHIECKON
WHHEPBAINN) pasfpaskeHiie KOTOPLIX MPOUCXOAUT TIOJ
BJIMSIHUEM TJTyOOKHUX PELEenTOPOB (COCPE0TOUEHHBIX B I~
MoTaIAMyCe, TaTAMYCe, CPEIHEM, TTPOIOJITOBATOM MO3TE, B
BEPXHUX OT/IEJAaX CIIUHHOTO MO3Ta), TEPMOPEIETTTOPOB KO-
KU, CJIMBUCTBIX 000JI0UEK, TEPMUIECKHUX PEIIEIITOPOB COCY-
108 [3]. Xos10710B01#i (haKTOP TIPUBOIUT K HAPYIIECHUSIM Be-
TeTATUBHOTO CTATyCa, MPOSIBISIONNUXCS BETETATHBHLIM
JcOATaHCOM, B TOM YHUCJIe, HAPYIIEHUSIMU PUTMA U 9JI€K-
TPUYECKON MPOBOANMOCTH cepana [4,5]. TIpu rumorepmun
30°C BO3HMKAIOT: CHUHYyCOBasi OpaiMKapus, yIJUHEHUE
nnrtepBana PQ, kommiekca QRS, unrepsana QT, unsep-
cust 3y6ua T, nossienune 3y6ua U, MOKET Pa3BUThCS Mep-
MaTeqbHAS APUTMUSI, ATPUOBEHTPUKYJSIPHBIN y3J0BON
PHUTM, JKETYIOYKOBAST TaXUKAP/ANSI, CMEIIEHNE CETMEHTa
ST BBepx u nosiienue 3ybia OcGopHa — | wave, a npu
temrieparype 29°C — 28°C pesko Bo3pacrtaer OIacHOCTh
pasBuTHs GUOPUIUIAIMU JKEJIYA0UYKOB CEpALa, KOTOpast
MOKET BO3HUKHYTD HE TOJHKO B THIIOTEPMUYECKOM TIEPUO-
Jie, HO U B TIpoliecce corpeBanus [6, 7].

B ycsioBusix riyGOKOM THIIOTEPMUK NEPBUYHON TIPHU-
YUHOI cMepTH siBjisieTcst ocTaHoBKa jibixanus [8]. TTo mepe
CHIKEHVST TEMIIEPATYPBI Tela BO3PACTAET CPOJICTBO TE€MO-
rJ1001MHA ¢ KUCIOPOJIOM, MIOBBILIAETCS BSA3KOCTb KPOBU, CHU-
JKAETCST HACOCHAST (DYHKITHST CEPATA M JIETOUHAsT BEHTUIISI-
1Us1, YTHETAETCSI aKTUBHOCTD JIbIXaTeJIbHBIX 1eHTPOB [8§, 9].

CiielyetT OTMETUTh, UTO TIPOBEIEHHBIE KOMILTIEKCHBIE
MCCIIEIOBAHUST HAPYIIEHUH CEPAEYHOTO PUTMA U IBIXAHUS
KacaroTCsl, MPEsKIE BCETO, KAPAMOTOTHIECKUX U MTYJTbMOHO-
JIOrUYecKuX GOJIbHBIX. Y MAIMEHTOB ¢ OCTPOl obmiel xo-
JIOZIOBOI TPaBMOM TOAOOHbIE MCCIEA0BAHUS ¢ IMHNYHBL. B
CBSI3U C 9TUM, 11€JIb JAHHOI pabOThl — BBISABJIEHUE 32aKOHO-
MEPHOCTEl U3MEHEHUsSI PUTMa CePALA U JbIXaHus1 y 60Jib-
HBIX C OCTPOI 06IIel XOI00BOI TPABMOM B TUIIOTEPMUYE-
CKOM ¥ PaHHEM TMOCTTUITOTEPMHUYECKOM TIEPUOaX
TIPE/ICTABIISIETCST BECHMa aKTyaTbHOI.

Marepuan u MeTObI

B uccrenosanme Briounsm 30 marmentos B Bo3pacTe oT 18
110 60 Jiet (3 rpyrrbt o 10 60JIBHBIX — € JIETKOIA, Cpe/iHelt 1 TsKe-
JIOW CTEMEHBIO TUIIOTEPMUH ), TOCITUTAJIU3MPOBAHHBIX B OT/E/IEHUE
peaHrMAaIK EHTPA TEPMUYECKOI TPABMBI TOPOJICKON KJIMHIYeC-
koit 6osbruiel Nel 1. Hurer B runiorepmuyeckom repuojge OOXT.
Ipymiibl GOMBHBIX HE OTJIMYAINUCD [0 MOJTY, BO3PACTY U Macce TeJla.

Introduction

Injury due to cold (IDC) occurs frequently in the
Siberian and Far North areas where it is defined as a
regional pathology. A significant mortality level due to
cold exposure is registered annually. According to Chita
Regional Forensic Bureau, 1472 persons died because of
cold injury during the period of 2001—2010 [1]. At present
the pathogenesis and thanatogenesis of IDC has not been
studied properly despite of numerous research works.

In acute IDC the temperature limits for the human
body are 24—26 °C. [2]. The course of this pathology
depends on the functional condition of the nerve centers
(deep brain structures, reticular formation of the brain
stem, sympathetic innervations centers) irritated by
deep receptors (concentrated in hypothalamus, thala-
mus, midbrain, medulla, and in the upper part of the
spinal cord), skin and mucosa thermal receptors and
those of the blood vessels [3]. It leads to vegetative sta-
tus disturbance revealed by the vegetative imbalance
and cardiac rhythm changes [4]. At the beginning of
exposure to low temperature, the changes in autonomic
tone type revealed by sympathicotonia are initiated.
Cardiac activity increases at the beginning of body cool-
ing and then gradually decreases with lowering of body
temperature up to 32—30 ° C. Marked bradycardia,
decreases of systolic blood pressure and minute and
stroke volumes are becoming evident [5, 6]. Various car-
diac rhythm disturbances occur when the body tempera-
ture falls to 30°C including sinus bradycardia, prolonga-
tion of PQ and QT intervals, prolongation of QRS
complex, T-wave inversion, emerging of U-wave. Atrial
fibrillation, atrioventricular nodal rhythm, ventricular
tachycardia are also developed. When the body temper-
ature is 29—28°C, a danger of ventricular fibrillation
sharply increases, which may occur not only during the
lowering of body temperature, but also during body
warming. The shift of ST segment and emerging of
J-wave are an evidence of cardiac fibrillation [6, 7].

Respiratory arrest is an initial cause of death in deep
hypothermia [8]. Since the body temperature decreases,
the oxygen affinity of hemoglobin as well as blood viscosi-
ty increases. Decrease of cardiac activity and pulmonary
ventilation is observed. It depresses the respiratory cen-
ters, pulmonary ventilation and reduces the blood oxygen
saturation and respiratory arrest [8, 9].

It is worth of noting that deep investigations of
the changes of heart rhythm concern predominantly the
pathology of cardiological and pulmonological profiles.
As for the investigations of marked impairments of car-
diac activity and respiration in patients with cold
injury, there are only some of them. Most of studies
dealing with the peculiarities of blood circulation in
cold injury consider only the periods of the localized
injury to body parts — peripheral cold injury. The pur-
pose of this study was to identify patterns of changes of
heart rhythm and respiratory changes in patients with
IDC of various severity.
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Ta6auua 1. OcHOBHbIE KIMHUYECKHE II0Ka3aTe M ALUEHTOB ¢ 0011eil ocTpoii X01010B0ii TpaBmoii (00XT).
Table 1. Main clinical parameters in patients with acute systemic hypothermia (IDC).

Main clinical parameters

Mild IDC

Moderate IDC Severe IDC

Rectal temperature (°C)

35.3 [34.2; 36.1]

33.6 [32.4; 35.0] 31.0 [30.1; 32.3]

Consciousness clear sopor coma [—II
Systolic arterial pressure (mm Hg) 136 [122; 145] 112 [101; 120] 75 [63; 88]
Diastolic arterial pressure (mm Hg) 98 [88; 104] 68 [60; 73] 33 [30; 38]
Heart rate (beats per minute) 102 [90; 122] 88 [65; 104] 52 [38; 66]
Respiration rate (breaths per min) 24 119; 27] 15 [12; 18] 11105 14]
Glycemia (mM/L) 4.2[3.3;5.7] 2.6[2.2;3.2] 1.7 [1.5; 1.8]

Note (npumeuanune): Main clinical parameters — ocHOBHbBIE KIMHITYeCKHEe TTOKa3aTesy; rectal temperature — Temieparypa Teja B Ipsi-
MOl KUIITKe; CONSCIOUSNess — CTeNeHb YTPATHI CO3HAHUS; clear — sicHoe; sopor — comop; coma — koMa; systolic arterial pressure — cucro-
JmyecKoe aprepuanbroe gasaenue; diastolic arterial pressure (mm Hg) — nuacronmnueckoe aprepuasnbhoe gasierue (MM pr. ct.); heart
rate (beats per minute) — yacrora cepednbiX cokpaiienuii (yu./Mum.); respiration rate (breaths per min) — yacrora apixanust (BLOXOB
B MunyTy); glycemia (mM /L) — yposens rimkemun (Mmoub/n); mild IDC — serkas crennb OOXT, moderate IDC — cpeansisi crernenn

OOXT; severe IDC — tsxenas crenieib OOXT.

Bo Bcex rpy1imax nccsie[oBaHus aKOroIbHOE OITbsTHEHUST INArHO-
crupoBasiu B 100% HabmoAeHN; B TPYINAX CO CPEIHEN U TsKe-
noit creniedplo OOXT — 1o 2 HaOMOeHUS ATTKOTOJIBHOTO OIIbsI-
HEHHMs B COYETAHWHU C YePerHO-MO3TOBOII TPaBMOil; B rpyiiie ¢
TSIKEJION CTEeNeHpio TUIoTepMuy — 1 HabJIoIeHne ATTKOTOIBLHOTO
OIbSIHEHUSI B COUETAHUHU C HHOTEHHDBIM IICUXOTHYECKUM PACCT-
poiictBoM. Kpurepun MCKIIOUEHISI 113 NCCIET0BAHNST: TyOEpKyIe3
JIETKUX, CaxapHbIil Anaber, KaxeKkcus pPasjuvHOil 3THOJIOrUH,
XOBJI, UBC, 3aboseBatust COCYI0B, PEBMATU3M C TIOPAsKEHIEM
CepAIa, TPeMOPOU/IHbIE HAPYIIEHHSI CEPIEYIHOTO PUTMA, HCXOHOE
ymaenne natepBaia QT, octpoe HapyleHe MO3rOBOTO KpOBO-
06pallleHus, CETnCcuc, XPOHNYECKasr aIKOTOIbHAST MHTOKCUKAIIHSI.
[Ipo10/KUTENIBHOCTD JIOTOCITUTAIBHON THIIOTEPMUH COCTABJISIA
10 4 vacos. /luarnos un crenens Tskectn OOXT ycranasiuBa-
JIFCh HA OCHOBAHWHU KJIWHUYECKOIT KaPTUHbI 3a00I€BAaHUS U OTle-
HuBasmch 110 mkane Cuzonenko B. A., 2010 [1] (taba. 1).

Jlig uccsesioBaHust pUTMa U 3JIEKTPUYECKON TIPOBOIMMOCTH
Cep/iIa y MOCTPAJABIINX B THIIOTEPMUYECKOM U PAHHEM MOCTTHIIO-
TEPMIYECKOM TEPHOZIAX OCTPOI OOIIell XOTOMOBONH TPaBMBI FIC-
[0JIb30BAJIN  JTIEKTPOKAPAHOrpauio BBICOKOTO pas3pelieHus 110
XoJaTepy B TeueHUe MepBhIX 24-4acoB. [1JIst 9TOro MpUMEHsIITH HOCHU-
MBbIii TIOPTATHBHbIN KAPJAMOPETNCTPATOP — aIapaTHO-TIPOrPaMM-
ubiii kKomiieke «Kapaunorexauka-04» — Vs 3419. OKT perucrpupo-
Ban B 12 OGIIENPUHSATHIX OTBEIEHUSIX 1 OTBeleHNsX 10 DpaHKy.
JLu1s1 iceaietoBanyst IbIXaH U BBITOJIHSIIN peorHeBMorpammy. Dop-
MHPOBaHNE KJINHUYECKOTO 3aKJIIOYEHUs IPOBOINIIN TI0 JIAHHBIM
xoarepoBckoro mouutopupoBanus [10]. Ilamuentam mpumensin
PECIMPATOPHYIO TePAINIO, MH(MY3UIO TEILIBIX PACTBOPOB, BBE/IEHNE
[JIIOKO3BI U Ba30IpeccopoB (1Ipu runotonun). B cayuae octanoBKu
CEPIEYHOIT IeSITETHOCTH BBITIOHSIIN PEAHNMAIIMOHHOE TI0COOHE B
cootBercTBIN ¢ pekomeHarmssvu ECP (2010).

PaCI_HI/I(prBKy 1 aHaJIN3 IOJIYYCHHBIX JJAHHBIX ITPOBOJANJIN C
nomotipio mporpammbl KTResult 2, Bepensa 2.4.143. Cratuctuye-
CKy10 06pabOTKY TAHHBIX BBITIOIHSIN METOAMH HeTlapaMeTprye-
CKOIl CTaTUCTHKU C UCHOJb30BaHueM Kpurtepus Manna- YuTHu
JUISL KOJIMYECTBEHHBIX TTOKas3aTesell, kpurepus xu-kBaapar [lup-
COHA — JUUISI KAYeCTBEHHBIX. PacueTsl OCYIECTBIISIN ¢ OMOIIBIO
nporpamM SPSS 11.0 u Statistica 7.0 [11]. YucnoBsle panHble
[IPe/ICTaBJIEHbI B Bujie Mefuanbl [25; 75 nepuentusnb|. CraTucTu-
YeCKH 3HAUMMBIMU PA3IMunsl MoKa3aTeJaeil B UCCIIe/lyeMbIX IpyTI-
nax cyutaarch npu yposue p<0,05.

PesyibraThl U 00CyK/IEHAE

[Tpu omenke cpemreit YCC n mmpragHON TUHAMUKI
BBIABIISIIN TaxuKapzanio 10 102 [90; 122] yrapoB B MUHYTY
U CHIDKEHWe TIpKaaHoro nHmekca 1o 105 [88; 125]% y 10
narueHToB | rpymmer. Y 6 marmenTos 11 rpynmer otmevammn
taxukapzauio 10 91 [83; 104] ynapa B MUHYTY CO CHUKEHU-

Materials and Methods

The study included 30 patients (18—60 years old) subdivided
into three groups of injured patients, 10 patients per group, with
mild, moderate and severe course of IDC hospitalized in Intensive
Care Unit (ICU) of Regional Thermal Injury Center of the First
city clinical hospital of the Chita city. Groups did not differ in age,
gender and body mass. In a group with a mild hypothermia in 100%
of cases the alcohol use was defined; in patients with moderate and
severe IDC two cases/each group with alcohol use combined with
brain trauma were diagnosed. Excluded from the study were
patients with tuberculosis, diabetes mellitus, chronic obstructive
pulmonary disease (COPD), ischemic heart disease, cachexy of dif-
ferent etiology, vascular disorders, neuritis, rheumatism, premorbid
alterations of the heart rhythm, acute impairment of the cerebral
circulation, sepsis. Pre-hospitalization period was established as up
to four hours post-hypothermal insult. The severity of IDC was
estimated on the basis of V.A. Sizonenko scale [1] (Table 1).

The method of electrophysiological high definition instru-
mental diagnostics, the ECG Holter monitoring was employed to
study the heart rhythm and observe the cardiac activity. The
observation lasted for 24 hours. For these purposes a portable car-
diorecorder for daily recording of ECG «Kardiotekhnika-04» Vs
3419 was used at a ECG data were routinghly recordered in 12
abductions [10]. Patients were receiving respiratory therapy, infu-
sion of warm solutions, glucose solution and vasopressors as need-
ed in hypothony. In cases of cardiac arrest the resuscitation proto-
col and recommendations of ECP (2010) was employed.

The interpretation and analysis of the data was were assist-
ed by the program CTResult 2, version 2.4.143. Statistical treat-
ment of all data was perfomed with the aid of non-parametric sta-
tistics using Mann-Whitney criterium for quantitative indices
and Chi-square for qualitative indices. Data were computed with
the aid of SPSS 11.0 and Statistica 7.0 programs [11]. The numer-
ic data were presented as medians (Me) and [25, 75 percentile].

Results and Discussion

Tachycardia up to 102 bpm [90, 122] and a decrease
of circadian index up to 105% [88, 125] were revealed in 10
patients of the group 1. Tachycardia was 91 bpm [83, 104]
in 6 patients of the group 2. Circadian index decreased up
to 116% [98%, 133%]. Normocardia (77 bpm [65, 85]) and
a decrease of circadian index (150% [122%, 176%]) were
revealed in 4 patients of the group 2. Difference between
the daily heart rate and circadian dynamics in patients of
the and groups 1 and 2 was significant (P=0.039 and
P=0.02, correspondingly.
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Tabauua 2. HapyuieHust putMa U npoBoAUMOCTH cepaua y nanuentos ¢ OOXT.
Table 2. Alterations of cardiac rhythm and conductivity in IDC patients.

Alterations of cardiac rhythm and electrical conductivity

Mild degree  Moderate degree Severe degree

Migration of supraventricular pacemaker
Supraventricular extrasystoles
Paroxysmal supraventricular tachycardia
Paroxysmal atrial fibrillation

Ventricular extrasystoles, 2-grade (Ryan)
Ventricular extrasystoles, 5-grade (Ryan)
Idioventricular rhythm

Asystole

+
+

+ o+ o+ o+ o+
I

+

Note (npumeuanue): Alterations of cardiac rhythm and electrical conductivity — napymiennst puT™a u 2JI€KTPHYECKOI TPOBOANMOCTH
cepaita; migration of supraventricular pacemaker — Murpanust HaKeIyI0UKOBOTO BOAUTENS pUTMa; supraventricular extrasystoles —
OJIMHOYHbIE U MAPHbIE HAKELYIOYKOBbIe SKCTpacucToubl; paroxysmal supraventricular tachycardia — nmapokcusambl HajiKe Ty 109KOBOI
taxukapauu; paroxysmal atrial fibrillation — napoxcusmbr pubpusisiinm pegcepaunii; ventricular extrasystoles, 2-grade (Ryan) — xe-
JIy/IOUKOBBIE AKCTPACUCTObI 2 Tpafianiuu o Ryan; ventricular extrasystoles, 5-grade (Ryan) — Kesy104KOBbIE 9KCTPACUCTOIIBI 5 TPajia-
uu 1o Ryan; idioventricular rhythm — wauoBenrpukyasapublii puts; asystole — acucrosust; mild IDC — nerkas crennp OOXT, mod-
erate IDC — cpennssa crenienb OOXT; severe IDC — tsrenas crenmens OOXT.

em mmpkaaHoro nHmekca 10 116 [98; 133]%. ¥ 4 manumen-
TOB 3TOI JKe TPYIIIBHI — HOpMOKapamio 77 [65; 85] yaapos
B MUHYTY U TIOBBIIIEHNE IIPKAAHOTO HWHAeKca 10 150 [122;
176]%. Borasasnu pasuuiy 1o cpeanecyrouroit YCC u
nnpkagHoi quHamnke Mexxay I n I rpymmamm: p=0,039 n
p=0,02 cooTBETCTBEHHO.

¥ 8-u nanmenros 111 rpymibt peructpuposasiu Gpau-
kapzanio 710 49 [38; 58] ynapoB B MUHYTY U TOBBITIEHIE TIHP-
kajiHoro uHaekca o 210 [185; 223]%, B To e Bpems y 2-X
TIAIeHTOB IAHHON TPYTIIIBI OTMeYaI HopMoKapauio 63, 66
VIApOB B MUHYTY € TIMPKaAHbIM uHaekcoM 151, 156%. Taxmm
obpaszom, 1ipu Tskesnon OOXT BBIABASIN CKJIOHHOCTh K
6pamnkapann (p=0,015) 1 yBeMIEHNTO TNPKATHOTO UHCK-
ca 1o cpaBHeHHIO co cperneil crenenpio OOXT (p=0,04).

Murpaiuio Ha/KeayI04KOBOTO BOJUTENSI PUTMA
BBISIBUJIN Y 3-X TAIMEHTOB | rpymimbl. Y 3-X MaeHToB ¢
JIETKOH  (DOPMOII THUIIOTEPMUU PETHCTPUPOBATN TAKIKE
OJIMHOYHBIC U TAPHBbIE HAJ/KETYI0YKOBbIe (CHHYCOBBIE,
MpeICeP/HbIE) HKCTPACUCTONBI. Y TOCTPAJABIINX CO
cpenneit u Tsikenoin crenenbilo OOXT BisiBUIIM TIPO-
rpeccUupoBaHMe HApyHIEHWH PUTMA U 9JIEKTPUYECKOI
MPOBOJIMMOCTHU CEPJilla TI0 Mepe BO3PACTAHUS TUIOTEp-
MUK MUTPAINS HAJIKEJTYJOYKOBOTO BOJUTEJS PUTMA,
OJIMHOYHBIE M TIAPHbIE HAJKEJYI0UKOBBIE HKCTPACHCTO-
Jibl (CUHYCOBBIE, TTPEJICEP/IHBIE), TTAPOKCU3MBI TTPE/ICEP/I-
HOH TaxwKapAn# (C 4acTOTOH CepAeYHBIX COKpPANeHUH
or 140 no 180 B MuHyty), pubpusIsALUs Tpeacepauii
(6panucucTosnueckoii (hopMbl IIUTETBHOCTBIO OT 30 cex.
o 1.5 9acoB ¥ 9aCTBIM PEIUINBUPOBAHNEM ), JKETYT0U-
KOBBIE 9KCTPACUCTOJBI 2, 5 Tpaganuu mo Ryan. ¥ 4-x ma-
IIUEHTOB C KPUTUUYECKOH TUroTepMueii Ha poHe TUIIOTO-
HUU u WHOY3UH Ba30IPECCOPOB PErUCTPUPOBAIHI
WUJIMOBEHTPUKYJISPHBIN PUTM C IIEPEXOJIOM B ACHUCTOJIUIO.
Hapymienusi putMa 1 a9JeKTPUUYECKOH MPOBOAUMOCTH
cepala, OOHApysKEHHbIE Y MAIMEHTOB C Pa3JIMYHOI cTe-
nenpio Tsskeetn OOXT, npusegennr B Tab. 2

BoisiBun ypsmmuenue xoppurupoannoro QT-un-
tepBaia cseiie 450 Mc y 4 manmentos I rpymmst 8 50 [34;
66]% Bpemern, y 7 manmentos 11 rpymmsr B 80 [58; 90]%

Bradycardia up to 49 bpm [38; 58] and an increase of
circadian index up to 210% [185%, 223%] were revealed in
8 patients of the group 3 whereas normocardia of 63—66
bpm and circadian index of 151—156% were determined in
two patients of this group. Therefore a clear trend toward
bradycardia and circadian index increase were revealed in
patients with a severe acute general cold injury compared
to the patients with a moderate disease (P=0.015 and
P=0.04, correspondingly).

Sinus rhythm with pacemaker migration was
revealed in three patients with mild IDC. The abnormal
number of supraventricular arrhythmias was also identi-
fied in three patients of this group. In all patients with
moderate and severe forms of the disease various heart
rhythm disturbances were associated with progression of
other disorders, such as pacemaker migration, abnormal
number of supraventricular arrhythmias (single, pair),
ventricular tachycardia paroxysms, paroxysms of atrial fib-
rillation of a tachysystolic form combined with sinus
rhythm, monomorphic ventricular 28d Ryan grade
extrasystoles, ventricular 5th Ryan grade extrasystoles
were determined. Idioventricular rhythm transitting to
asystole was revealed in four patients with a severe acute
general cold injury (Table 1).

Corrected QT-interval prolongations for more than
450 ms were revealed in 4 patients in group 1 of 50 [34; 66]
time%, 7 patients in Group 2 of 80 [58; 90] time%, and in 9
patients of group 3 during the whole observation period
that was more often than in patients of groups 1 and 2
(P=0.019 and P=0.033, respectively.. There was an alter-
ation of T-waves in three patients in group 1 during 5 [4;
8]% of the time, in three patients in group 2 — 10 [6; 12]%
of the time and in 6 patients in group 3 — 15 [11; 18]% of
the time. In patients of group 3 alteration of T-wave
observed more frequent compared to groups 1 and 2
(P=0.015 and P=0.041, respectively.

A reduction in a heart rate variability (SDNN <100
ms) was found in three patients with a mild degree and in
six patients with a moderate degree of IDC. Significant
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Puc. 1. Buza u o61uiee KOIMYECTBO aPUTMUIA, U3MEHEHHUS 3K eNyI04K0BOro komiuiekca QRST, perucTpupoBaHHbie y GOJIBHBIX C Pa3iny-
Hoii crenenbio TskecTn OOXT.

Fig. 1. Arrhythmia types and alterations of QRST complexin patients with IDC of various severity.

Note (npumeuanue): Mild IDC — serkas crenib OOXT; moderate IDC — cpennsist crenenb OOXT; severe IDC — Tskesnas cTeleHb
OOXT: tachycardia — cunycosast Taxukapzaus; normocardia — Hopmokapaust; bradycardia — cunycosas 6pagukapaust; arrhythmias —
Hapyuenust putMma; asystole — acucrosust; QT prolongation — ymmnenne QT, T — wave alternation — ansrepuanus Bosmsl T; reduction

of variability — cauxenue Bapuabensroct; LVP (late ventricular potentials) — ITTIK (1103/1H1€e MOTEHIUAIIBI JKETYI0OYKOB).

Bpemenn n 'y 9 marmmenTtos 111 rpymms! Ha mpoTskeHNN Bee-
ro nepuoia HabJoIeH s, uTo vaie, yem B I u 11 rpynmax
nccaenoBarmst: (p=0,019) u (p=0,033) coorBeTcTBEHHO.
Aussreprartimio Bosusl T BeIABUIN B Tevenue 5 [4; 8]% Bpe-
Menn y 3-x manwmentos I rpymms, B Tederne 10 [6; 12]%
Bpemern — y 3-x manumenToB II rpymmst u B 15 [11; 18]%
BpeMmenu — y 6-n manmentos 111 rpynmer. ¥ nanuentos 111
TPYIIIBI Yalie OTMeYaIn albTePHAINIO T-BOIHEL IO CPaB-
Henwio ¢ I (p=0,015) u 1T (p=0,041) rpymmamn.

YeranoBuim CHUKeHHE BapHaGebHOCTH CepIedHO-
ro putma (BCP) (SDNN<100 mc) y 3 marueHToB ¢ JTerKoit
CTENEHbIO, Y 6-11 MAIlMEHTOB CO CPEeHEH CTEIeHbIO U 3HA-
YUTEIBHOE CHUKEHNE BApUaOeIbHOCTH CEPACYHOTO PUTMA
y 10-n marmenToB ¢ Tsprenoii crerenbio OOXT.

Y manuenTos [II rpymmer yarme oTmevyanan cHUXKe-
nue BCP no cpasuenuio ¢ I (p=0,0049) u IT (p=0,0293)
IpyIITaMH.

[Mospame morennmansr xemaynoukos  (ITIIFK)
(TotQRS>114 mMc) obHApysKEHbBI Y 2 MAIMEHTOB CO CPe/l-
HeHl CTeneHblo M y 7 MallMEHTOB C TAXKEJIOH CTEeIeHbIo
OOXT (p=0,0246) Buz u obuiee KOJIUYECTBO apUTMHUIA,
M3MEHEHM JKeslyJoukoBoro kommaekca QRST, perucrpu-
posasmmxcst y 60bHbx ¢ OOXT, B 3aBrCHMOCTH OT CTe-

reduction in heart rate variability was noted in 10 patients
with severe acute general cold injury. In patients of group
3 a decrease of HRV was more frequently observed than in
groups 1 and 2 (P=0.005 and P=0.029, respectively) d.

Ventricular late potentials (LVP) (TotQRS> 114ms)
were found in two patients with moderate ASH and in
seven patients with severe IDC (Fig. 1, P=0.025). The
types, numbers of arrhythmias and alterations of QRST
complex depending on the severity of IDC in patients are
shown as a percentage in a Fig. 1.

Patients with IDC displayed breathing respiratory dis-
orders including the episodes of apnea/hypopnea
Apnea/hypopnea index (AHI) was 6 [4; 9] in patients of group
1,10 [8; 14] in group 2 and 20 [16; 24] in patients of group 3.
The differences in frequency of episodes of apnea / hypopnea
between groups 1 and 2 and between groups 2 and 3 were sig-
nificant (P=0,047 and P=0,023, respectively) (Fig. 2).

Changes in a heart rhythm is a universal rapid
response of the human body to any exogenous signals
mainly implemented through the influence on the sinoatri-
al node of the pacemaker system of the heart [12]. Cardiac
rhythm regulation appears to be the multilevel one com-
bining intracardiac and extracardiac mechanisms. The
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IIEHN TSDKECTUTPABM, MIPEACTABJICHBI B IIPOIEHTHOM COOT-
HOIleHN! Ha puc. 1.

VY nanueHToB ¢ 0CTpoii 06IIel X0J010BON TPaBMOI
PEruCTPUPOBATH HAPYIIEHUS AbIXaHUs, XapaKTePHbIE /IS
SMHU30/I0B aITHO3/TUIIOIHO3. VIH/eKC alHO03/TUIIOIHO?
(MAT) cocrasui: 6 [4; 9] — B I rpynme, 10 [8; 14] — Bo 11
rpynre, u 20 [16; 24] — B rpymne ¢ KpUTHUECKOH THIIOTEP-
Mueil. BeisiBiena pa3aniia mo 4acToTe aNM30/10B alTHO3 /TH-
nornod mexkay I u Il rpynmamu (p=0,047) u mesxay 11 n 111
rpynmnamu cootBeTcTBeHHO (p=0,023) (puc. 2).

Wsmenenune putMa cep/iia — yHUBEPCAIbHasl peak-
5T OPraHu3Ma B OTBET Ha JII060e HK30TEHHOE BO3/EHCT-
BHe, IPENMYIIECTBEHHO peasnsyeMas 3a cueT BINSHUI Ha
CUHOATPUATIBHBIN y3es cepieunoi mbimist [12]. V3Bect-
HO, 4TO PEryJISAIUs CEepP/IeYHOr0 PUTMA SABJSETCS MHOTO-
YPOBHEBOH, BKJIIOUAOIIEHl MHTPA- U 9KCTPAKapAUaIbHbIE
MeXaHU3MBI. BeIcImii KOHTYP yIIpaBIeHUS MOXKeT BO3/ieli-
CTBOBATh KaK HEHPOHAJIBHO (Uepe3 BereTaTHBHYIO HEPB-
HYIO CHCTEMY ), TaK ¥ TYMOPAJIBHO, TOCPEICTBOM CTHMYJISI-
MU BBIOPOCA B KPOBH KATEXOJAMUHOB ¥ IPYTHX TOPMOHOB
[13, 14]. BosBIINHCTBO UMITYJILCOB € Nepudepun, 10X/
JI0 TaJlaMyca, BBI3BIBAIOT OTBETHYIO PEAKINIO Yepe3 TUIIO-
Tasamyc. Bosnukaer unreHcuBHOe pasjipaskeHue IHIIOTa-
JIAMUYECKHUX sijiep, 00yCIOBIUBAIOIIEE MOCTATPECCUBHYIO
BETeTaTHBHO — 9HJOKPUHHYIO OTBETHYIO PEAKIINIO: BBIJE-
JleHue TOPMOHOB 3ajiHell 70 Tunodusa, MOBLbIICHUE
YPOBHSI KaTeXOJTaMIHOB B KPOBH, UTO Be/leT K N3MEHEHHIO
JaCTOTHI CEPIEYHBIX cokpartienuii [15, 16].

B pesyabrare ucciezoBaHus yCTaHOBIJIEHO, YTO 110
Mepe BO3PACTaHUsT CTEMEHN TSIKECTH OCTPO 001Iieit X01o-
JIOBOI TPaBMBI, Y MOCTPAJABIINX CHIDKATIACH YaCTOTA Cep-
JICYHBIX COKpAIIeHUI 1 BO3pacTal MUpKagHbIi nHekc. C
YBEJMUCHUEM CTElleHW TMIIOTEPMUH, Y IAIMEHTOB BBISAB-
JISIU IPOTPECCUPOBAHIE HAPYIIEHUI pUTMA U dJIeKTpude-
CKOII IPOBOJMMOCTH CEePAlla: OT MeHee OIACHBIX (MUIpa-
s pHUTMa,
HA/[KEJTyI0YKOBbIE 9KCTPACUCTOJIBI) 10 JTeTAJIbHBIX (UIHN0-

HaJKETYT0IKOBOTO BOJIUTEJIA
BEHTPUKYJISIPHBII PUTM, aCUCTOJIMS ). SHAYUTETIBHOE CHU-
JKenne BapuaGeNbHOCTH CEPAECYHOTO PUTMA, TOSBICHUE
MO3HUX TTOTEHITHAJIOB JKETYI0IKOB, TETPECCHUTO ABIXAHUS
yale oTMevaiu y OOJIbHBIX ¢ TSKEJI0i GopMoii rumnorep-
MUU. HO BC61>'I BUANMOCTH, HapyH.[eHI/IH pI/ITMa Cepz[ua n
JIBIXaHMS TPU 001el XOT00BON TpaBMe MMEIOT MPSIMbIE 1
KOCBEHHbIE B3aMMOCBSI3H, PEATN3yeMbIe Ha PA3TNIHBIX Pe-
(h1eKTOPHBIX W PeryJsTOPHBIX YPOBHSX. BosHukaiome
HAPYIIEHVST PUTMA 1 9JIEKTPUUECKOT TIPOBOIMMOCTH CEPJI-
11a y TAIMEHTOB C THTIOTEPMUEH OTPAKAIOT TSIKECTH MATO-
JIOTHH, a WX MPOTPECCUPOBAHUE SIBJISIETCST MAPKEPOM He-
OHako, BO3MOJKHO,
YCTAHOBJIEHHBIE HAPYIIEHUS OTPEIENSIOTCS He TOJHKO

6MaronpuATHOTO  MCXOJA.
CTEIICHbIO TUIIOTEPMUH, HO 1 MHOJKECTBOM TTPOYNX CI)aKTO-
POB, HIMPOKOTO BCTPEUAIOIIUXCS Y JaHHOW KaTeropuu
60]II)HBIXI AJIKOTOJIbHBIM OIIbAHEHHEM, ‘{CpeHHO-MOSI‘OBOﬁ
'l'leBMOI7Iy METOAUKaMU COTpeBaHUA, MEANKAMEHTO3HbIM
BO3/IEHICTBIEM, XPOHMUYECKOH MaTOJIOTHEN ceptia.

BwMmecTe ¢ T€M, HYKHO IIPpU3HATh OTCYTCTBUE B Ha-
crosIee BpeMsa HeoOX0ANMOTo 00beMa CBEJCHMIT 0 Me-
MUKaMEeHTO3HOW KOPPEeKINN JaHHOTO COCTOsIHUA. V3me-

N
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(31
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AHI, points
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I
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I

>

Mild Moderate Severe

IDC degree

Puc. 2. Muaekc annos/runontod (UAT) y 6oababix ¢ OOXT, B
3aBUCHMOCTH OT crenenn Tskectn OOXT.

Fig. 2. Apnoe/hypopnoe index (AHI) in patients with IDC
depending on severity of the disease.

Note (npumeuanue): AHI, points (Less than 5 — norm; 5—14 — mild
degree of respiratory disorders; 15—29 — moderate degree of respira-
tory disorders; > 30 — severe degree of respiratory disorders) — AT
(Menee 5 — nopma; 5—14 — nierkas crenenb; 15—29 — cpesist cre-
[IeHb HapyIIeHust Ibixanust; 6osee 30 — TspKemas CTeleHb HapyIiie-
must gibixanus ); mild IDC — serkast crenmnb OOXT; moderate IDC —
cpensis crenieib OOXT; severe IDC — tsikenast crenienb OOXT.

supreme control loop includes both neuronal (through the
autonomic nervous system) and humoral (due to the dis-
charge of catecholamines and other hormones into the
blood) regulatory mechanisms [13—14]. Most of the
impulses reaching thalamus cause the response through
hypothalamus. The intensive irritation of hypothalamic
nuclei causes hormone excretion from the hypothysis pos-
terior lobe and increase of catecholamine levels in blood.
This may result in a heart rate increases [15—16].

The perfomed study demonstrated that with increas-
ing severity of IDC post-trauma, patients experienced
decreased heart rate and increased circadian index. With
increasing degree of hypothermia, the progression of
arrhythmias and electrical conduction of the heart were
detected, from less dangerous (supraventricular pacemak-
er migration, supraventricular arrhythmias) to lethal
(idioventricular rhythm, asystole). A significant reduction
in a heart rate variability, the occurrence of ventricular late
potentials, respiratory depression became more common in
patients with IDC. Apparently, cardiac arrhythmias and
breathing with the common cold injury have direct or indi-
rect relationship, implemented in various reflex and regu-
latory levels. Emerging arrhythmias and electrical conduc-
tion of the heart in patients with hypothermia reflect the
severity of diseases, and their progression is a marker of
poor outcome. However, perhaps these alterations are
determined not only by the degree of hypothermia, but
also by a variety of other factors that are commonly found
in these patients and include alcohol intoxication, trau-
matic brain injury, rewarming techniques, medication
exposure, chronic heart disease.

At the same time, we must recognize the current lack
of the required amount of information about drug correc-
tion of this condition. Changes in sensitivity of the recep-
tor apparatus, properties of biological membranes, the
activity of enzyme systems of the body determine the dubi-
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HEHWUS YYBCTBUTEJIBHOCTH PEIENTOPHOTO amlapara,
CBOMCTB GuoMeMOpaH, aKTUBHOCTU (PEPMEHTHBIX CHUC-
TeM OpPTaHM3Ma OTPeIeNII0T COMHUTETbHOCTD TPAAUIIN-
OHHOH JIEKapCTBEHHOHN Tepamnn HapyIIeHWH cepaeaHoi
NeITeIbHOCTH, BBISIBICHHBIX Y TTAIMEHTOB C KPUTHYEC-
KOH TUTIOTepMUEH.

Kax caezncrBue, 3aTpyansercs nNpuMeHeHHUE ajieK-
BATHBIX MTO/IXO/I0B K YCTPAHEHUIO KU3HEYTPOSKAIONINX Ha-
PYyIUIEHUT, BO3HUKIIKX Y GOJNBHBIX C TsKeN0i (popmMoii Tu-
MTOTEPMUH.

BorisiBennble HapyIIeHUsT cepAeyHON W JBIXATesb-
HOII ZIESITEJIBHOCTH Y TIAIIMEHTOB ¢ OCTPO 00Ieil X010/10-
BOH TPaBMOI1 ITPOTPECCUPYIOT 110 MEPE BO3PACTAHUS €€ TSI~
JKeCTH W B CJydae KPUTHIECKONW TUTOTEPMHUU MOTYT
TIPUBECTH K JIeTATbHOMY MICXO/TY.

BoiBoasl

1. ¥V manueHToB ¢ JIETKOI CTEeIeHbIO TSIKECTH OCT-
poil o6miel XOM0A0BOI TPaBMbI B I'MIIOTEPMUYECKOM U
paHHeM ITOCTTUIIOTEPMHUYECKOM MEPUO/IaX PErUCTPUPYET-
cst cunycoBast Taxukapaus go 102 [90; 122] ynapos B mu-
HYTY CO CHIJKEHHEM IMpKaaHoro muaexca no 105 [88;
125]%. Y GosbHBIX ¢ TSKET0H HOPMON MUIIOTEPMUN OT-
MeuaeTcst cuHycoBas Opaaukapaus 10 49 [38; 58] yaapos
B MUHYTY C TIOBBIIIEHHEM IIHPKAZHOTO nMHAekca 1o 210
[185; 223]%.

2. Tlo mepe Bo3pacTaHus CTENEHH TSKECTH OCTPOI
o01eil X0J010BON TPAaBMBbI, Y TOCTPAAABIINX B TUIIOTEP-
MUYECKOM M PAHHEM MOCTTUIIOTEPMUYECKOM TIEPHO/IaX pe-
THCTPUPYIOTCS HAPYIIEHUS JIEKTPUUIECKOI TIPOBOANMOC-
TH Ccep/iia: yJInHeHne koppuruposannoro QT-unrepsana
cBbiiie 450 Mc, Bo3pactaHue IPOIeHTa BPEMEHN ajibrepHa-
muu BosiHbl — T u QT-unrepBasna IKI. Boisgsisiercs npo-
rpeccupoBaHye HapyIIeHuil pUTMa Cep/Iia OT MeHee orac-
HBIX /IO JIETAJIbHBIX.

3. Tlo Mepe Bo3pacTaHus CTEIIEHU TSKECTH OCTPOI
00111eii X010/10BO#i TPaBMbI, Y MAIMEHTOB B TUIIOTEPMUUEC-
KOM M PaHHEM TOCTTUIIOTEPMUYECKOM TT€PUO/IaX YCTAHOB-
JIEHO CHUKeHUE BapuabeJSbHOCTU CEPAEYHOro pUTMa
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ousness of traditional drug therapy of cardiac activity
detected in patients with critical hypothermia.

As a result, the limitations occur in implementing
adequate approaches to the elimination of life-threatening
disorders that arose in patients with severe hypothermia.

The described disorders of the heart and respiratory
activity in IDC patients are progressing with increasing of
its severity, and in the case of critical hypothermia might
lead to death.

Conclusion

1. In patients with mild IDC and alcohol intoxica-
tion during hypothermia in the early post-hypotermia
periods the sinus tachycardia occurs (up to 102 [90; 122]
beats per minute) accompanied by a reduction of circadian
index to 105 [88; 125]%. In patients with severe hypother-
mia sinus bradycardia is defined (up to 49 [38; 58] beats
per minute) that is accompanied by increasing the circadi-
an index to 210 [185; 223]%.

2. With the increasing severity of ASH, patients
affected in the hypothermia and early post-hypothermia
periods the alterations of the electrical conductivity of the
heart became evident and include the lengthening of a cor-
rected QT-interval of more than 450 msec, increase in the
percentage of time of a wave alteration — T- and QT-inter-
vals on the ECG. The progression of cardiac arrhythmias
in IDC patients from less hazardous to the death threaten-
ing revealed.

3. With the increasing severity of the IDC in
patients in the hypothermia and early post-hypothermia
periods a decrease in a heart rate variability (SDNN < 100
ms), an increases in both the incidence of ventricular late
potentials (Tot QRS > 114 ms) and episodes of apnea /
hypopnea became evident.

(SDNN < 100 mc), yBesauueHre 4acTOThl BOSHUKHOBEHUST
MO3/THUX TTOTEeHINATOB keTy109KkoB (TotQRS > 114 mc) n
3TN30/[0B AITHO?/TUIIOITHO?.
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MOJIERYJIAPHO-TEHETUYECKHUE MAPKEPBI
HO3OKROMHMAJIBHOU ITHEBMOHHNN
N OCTPOTIO PECIITMPATOPHOTO IUCTPECC-CUH/IPOMA
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Search for Common Molecular Genetic Markers
of Nosocomial Pneumonia and Acute Respiratory Distress Syndrome

T. V. Smelaya', A. N. Kuzovlev', V. V. Moroz!, A. M. Golubev', O. B. Belopolskaya?, L. E. Salnikova'?

'V. A. Negovsky Research Institute of General Reanimatology, Moscow
Russia, 25, Petrovka St., Build. 2, Moscow 107031
2 V. N. Vavilov Institute of General Genetics, Moscow
Russia, 3, Gubkin St., Moscow 117971

Puck pas3BuTusi, 0COGEHHOCTH Te€YeHUs1 HO30KoMHaabHOU mHeBMonun (HII) U 0CTPOro pecnupaTopHOro AUCTPECC-CHHAPOMA
(OPIIC) 3aBHCHT HE TOJIBKO OT CBOICTB BO30YUTEJIS, HO U OT TEHETHYECKUX 0COOEHHOCTEN G0abHOrO. I3BECTEH 3HAUHTEb-
HbIii BKJIaJI TeHETHYECKUX (DaKTOPOB B PEIPACIIOI0KEHHOCTh, 0COGEHHOCTH T€YEHHS M HCXO0/[a IIPH HH(EKIMOHHBIX OCI0K-
HEHUSIX KPUTHYECKUX cocTosiHMii. Ilesb JaHHOTO HCcIe10BaHus — BbISIBJIEHHE T€HOTUIIOB, CONPSIPKEHHBIX C PUCKOM Pa3BUTHS
HII u OPIIC. Mamepuanvt u memoosvi. Bouii udyuyeHbl 0qHOHYKI€OTHIHbIE NoMMopdubie BapuanTbl (SNPs) B reHax 1eTok-
CHKAIMH KCEHOOUOTHKOB M OKcuaaTuBHOro ctpecca (CYP1A1 (tpu caiita), AhR, ABCB1, SOD2, GCLC, CAT), a rakke B re-
Hax cocyaucroro romeocrada (ACE, AGT, AGTR1, NOS3, VEGFan MTHFR) c noMomipio TeTpa-npaiMepHoii ajuiesibCcreiy-
duueckoii mosmmepasuoii nenuoii peakuuu (IIP). Boum renotunuposanbl 750 yenosek: 419 GOJABHBIX W MOCTPAJABIIAX
(81,1% myskuuH, B Bo3pacte 42.9+0,9 roza), rocnuTaiu3upoBaHHbIX B KiuHu4Yeckue 6azpl HUU o0uieii peanuMaToI0rum UM.
B. A. Herosckoro (Mocksa, Poccust). Pesyavmamot. B rpynne 6oibHbIx 3aperucrpupoBansi 268 ciayyaes HIL. Unausumy-
anbubiii SNPs ananus nokasai, uro cpeau 6ombubix HII puck passutust OPIIC conpsizkeH ¢ HOCHTEIbCTBOM CJIELYIONIUX Te-
HotunoB: CYP1A1 rs2606345-T/T (p=0,0027, OR=2,38, 95% CI: 1,35—4,17) u AhR rs2066853-G/A-A/A (p=0,0012,
OR=2,94, 95% CI: 1,54—5,60). Yacrora Bcrpeyaemoctu C-amnensi rena AGTRT rs5186 Gbliia 3HAUMTEIHHO BBILIE CPE/H BbI-
skuBmux (B rpymne HIT). Ounenka MyJIbTHIUIMKATUBHOM reHETHYECKOIl MO/ie/I TeHOB, KOTOPbIE IPOIEMOHCTPHPOBAJIN HaH-
Gousbune oqHONMOKYcCHbIE 3¢ deKTbI B ¢Bsi3H ¢ prckoM passutust OPIIC, 1 rocnuTaipHOi JeTaIbHOCTH, O3BOIIIA YCTAHOBUTH
KOMIIIEKCHBIIf TeHOTHII, BKJIIOYAIONIMI COYeTaHHEe PUCKOBBIX ajlieJiell TeHOB CUCTEMBbI IeTOKCHKAIMH U COCYAMCTOTO TOMeo-
craza (CYP1A1 rs2606345-T — AhR rs2066853-A u ACE rs4340-D — AGT rs699-C — AGTR1 rs5186-C), accouuupoBaHHblii
¢ noBbIeHHbIM prckoM passutus kak HII, tak u OPIIC, a Tak:ke ¢ BEPOSITHOCTDBIO JETAJILHOIO UcXoa. Bbieod. Psa annens-
HBIX BAPHAHTOB T€HOB JIETOKCHKAIMH KCEHOOMOTHKOB CONPSIKEH C PUCKOM Pa3BUTHS HO30KOoMHaIbHOH muesmMonnu u OPIIC:
CYP1A1 rs2606345-T/T, AhRrs2066853 G/A-A/A u AGT rs699 C/C AhR rs2066853-G/A-A/A. Coueranue nByx u Goaee
puckoBbIx ajieneil B renax CYP1A1, AhR, ACE, AGT u AGTR1 y oxHoro u Toro ke GoJbHOTro noBbinaer puck passurus HIL.
VBeauuenne KoIM4ecTBa PUCKOBBIX auiesieil 10 yerbipex u Goaee y Goapubix HII conpsizkeno ¢ puckom passurus OPIIC.
Knioueevie co6a: nonumMop@usm reHoB, TEHbI OKCHIATUBHOTO CTPECCA, TEHBI IETOKCHKAIMA KCEHOOMOTHKOB IETOKCUKAIIUH
KCEHOOUOTHKOB, OCTPBIi PECIMPATOPHDIIl UCTPECC-CHHAPOM, HO30KOMHAIbHASI THEBMOHHSL.

Genetic predisposition partially accounts for the clinical variability of the course of an infectious process. A total of 750
people, including 419 (81.1%) male patients aged 42.9£0.9 years, admitted to the clinics of the V. A. Negovsky Research
Institute of General Reanimatology (Moscow, Russia), were genotyped to establish the influence of genetic factors on
their susceptibility to critical conditions. Materials and methods. Tetra-primer allele-specific polymerase chain reaction
was used to investigate single-nucleotide polymorphisms (SNP) in the xenobiotic detoxification and oxidative stress
genes (CYP1A1 (three sites), AhR, ABCB1, SOD2, GCLC and CAT) and in the vascular homeostasis genes (ACE, AGT,
AGTR1, NOS3, VEGFa and MTHFR). Results. A total of 268 nosocomial pneumonia (NP) cases were registered in a
patient group. Individual SNP analysis has shown that among the patients with NP the risk of acute respiratory distress
syndrome (ARDS) is associated with the carriage of the following genotypes: CYP1A1 rs2606345-T/T (p=0.0027,
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OR=2.38; 95% CI: 1.35—4.17) and AhRrs2066853-G/A-A/A (p=0.0012, OR=2.94; 95% CI: 1.54—5.60). The frequency of
the C allele of the AGTR1T gene (re5186) was much higher among the survivors (in the NP group). The assessment of a
multiplicative genetic model of genes that had demonstrated the highest single-locus effects because of a ARDS risk, as
well as in-hospital mortality, could establish the complex genotype including a combination of risky alleles of the detoxi-
fication and vascular homeostasis genes (CYP71A1 rs2606345-T — AhR rs2066833-A and ACE rs4340-D — AGT rs699-C —
AGTR1 rs53186-C), which was associated with the increased risk of both NP and ARDS, as well as with the likelihood of a
fatal outcome. Conclusion. An understanding of the risk factors of NP and ARDS will aid in predicting the outcome of the
underlying disease and in developing possible preventive measures. Key words: gene polymorphism, oxidative stress
genes, xenobiotic detoxification genes, acute respiratory distress syndrome, nosocomial pneumonia.
DOI:10.15360,/1813-9779-2015-3-24-38

BBenenue

Y marnmenToB B oTeseHusax peanumarosnorun (OP)
Ccpean OCJIOKHEHMI Ho3okomuasnbHas nHesmonus (HIT)
HO-TIPEKHEMY 3aHUMAET JUAUPYIOLINE TIO3ULIUK, 00y CIIaB-
JINBast TEM CaMbIM BBICOKYIO JieTanbHOCTb [1—3]. U3Bect-
HBI JIAHHBIE UCCJIEOBAHMIT 110 U3YUEHUIO BEHTUJISTOP-AC-
COIIMMPOBAHHON THEBMOHUH [4 ], 0CTPOTO pecrinpaTopHOro
nuctpecc-cunzpoma (OP/[C) u mHeBMOHUM HOBOPOXK/ICH-
HBIX, TJIe OTMEYEHO, YTO 9TH 3a00JIEBaHUST OTHOCSITCS K
My asTHdhakTOpHanbHbiM (1in mosureHabiM) [5]. Cospe-
MEHHBIE TIPE/ICTABIECHUSI O TEHETHYECKON COCTABJISIONIEH
Mysibrudaxkropuanbibix 3a6onesanuii (MM3) Bo MHOTOM
CBS3aHBl C KOHIIETIIMEH TO/IBEPKEHHOCTH TOPOTOBOTO
nposiByieHus: MHOTO(akTopHoro ¢enoruna |6, 7]. Cormnac-
HO JIAaHHOUM KOHIIETIIIUU TPEIPACTIONIOKEHHOCTh K BO3HUK-
HOBEHUIO 3a00JI€BaHVsI HACIEACTBEHHO O0YCIOBJIEHa, HO
peanusaius ee BO3MOXKHA TOJIbKO TIPH B3aUMOJICHCTBUU C
dakTopaMu cpebl.

B pasButuu pasanuHbix 6oJie3Heil ocoboe 3HaueHue
UMEIOT MCCJIE[IOBAHUE CUCTEMbI TEHOB MeTaboJM3Ma Kee-
HOOUOTHKOB, NOCKOJIbKY (DEPMEHTAME 9TOU CHCTEMbI OCY-
HECTBISIETCST METAOOIN3M He TOJBKO GOJIBITHHCTBA Pas-
HOOOPa3HBIX O XUMUYECKOI CTPYKTYpe IK30TEHHBIX
MOJIEKYJI, HO U MHOTOYHCJIEHHBIX SH/IOTEHHBIX BEIECTB,
Harpumep, MeAuatopoB BocnaneHus: [8]. Mexrenubie
B3aUMO/ICHCTBUST 00YCJIOBJIEHBI B3AMMHbBIM BJIMSIHUEM I'e-
HETUYECKUX BAPMAHTOB B KOHTEKCTE OJIHOTO (hU3nosoTn-
geckoro myTH. [Ipumenntensio k MM 3 mpeamotaraercs,
YTO OTHEJbHBIH I'€HETHUYECKUII BapUaHT uMeeT Cabblil
WHAMBUYaIbHbIH 9 dekT B oTHOmEeHnn dheHoTumna, of-
HAKO B CHHEPrU3Me C J[PYTUMU BapuaHTaMu aToT addexr
MOXKeT 3aMeTHO yBennunBathes [9]. B cryuae MD3 Ba-
PUAHTHBII TeHOTUI 00JaaeT HEMOJIHOU MeHEeTPAHTHOC-
ThIO (T.e. HeToTHOe (heHOTUITHYECKOE COOTBETCTBUE TEHO-
THUITY), U PUCK, ACCOIMUPOBAHHBIN C TAKUM BapUaHTOM,
npesbimiaeT cpepnenonysinonabit [10]. [Tockoabry B
MOBPEXK/ICHUN CYP(HAKTAHTHONH CUCTEMbl U HApyIIECHUH
KPOBOOOpAIleHUsT B JIETKUX PUHUMAIOT y4acTHE Pa3HO-
00paszHble MeUATOPbI BOCIIAJIEHUSI 1 PEIYJISITOPbI COCYAU-
CTOTO TOHYCQ, MOJIEKYJISIPHO-TeHeTHUECKOe UCCIIeIOBAHIIE
PUPO/IbI 0COOEHHOCTEN TeUEHSI ITHEBMOHU M Pa3InUHO-
ro reHe3a HarboJee MOJIHO, KOT/Ia B AHAJIN3 BRIIOYAETCS
MHOKECTBO TeHOB, 3(hdeKT KOTOPBIX MOAUGUIINPOBAH
BHEIIHeCPeIOBbIM BaustaueM [11, 12].

B Hacrosiiee Bpemsi BBITIOJTHEHO e/IMHCTBEHHOE T10JI-
HOTEHOMHOE HUCCJIeIOBaHIE, TIOCBSIIIIEHHOE TOUCKY TeHeTH-
yeckoit gerepmuHanTbl pazBuTs OP/[C, B KoTOPOM BbISIB-
geHn onwH reHetmdeckuii maprkep (PPFIA1) pwucka

Introduction

Among the complications in patients in the intensive
care units nosocomial pneumonia (NP) still holds a leading
position, thereby causing a high mortality [1—3]. Known
research data for the studies of ventilator-associated pneu-
monia [4], acute respiratory distress syndrome (ARDS)
and pneumonia of newborns noted that these diseases are
multifactorial (or polygenic) [5]. Modern understanding
of the genetic component of multifactorial diseases (MD)
includes the concept of exposure threshold manifestations
multivariate phenotype [6, 7]. According to this concept of
predisposition the disease is due to hereditary factors, but
its realization is possible only in the interaction with envi-
ronmental factors.

Xenobiotic metabolism gene system significantly
contribute to the development of various diseases since
this enzyme system is involved in the metabolism of not
only different in the chemical structure exogenous mole-
cules, but also numerous endogenous substances, such as
inflammatory mediators [8]. As applied to MDs it is
assumed that a single genetic variant has a weak effect
on an individual phenotype, but in synergy with other
variants this effect can be markedly increased [9]. In the
case of MDs the variant genotype has incomplete pene-
trance (i.e., incomplete phenotypic matching to geno-
type), and the risk associated with such variant is more
than average in a population [10]. Since various media-
tors of inflammation and regulators of vascular tone are
involved in the surfactant system damage and circula-
tion disturbances in the lungs, molecular genetic study
of NP predisposition would be complete when the analy-
sis included many genes which effect is modified by envi-
ronmental influence [11, 12].

Currently the only performed full genome study of
genetic determinants of the development of ARDS,
includes as a one genetic marker (PPFIA1) risk of acute
lung injury (the first stage of ARDS) [13]. The results of
our previous studies further indicated the role of genes
detoxification of xenobiotics (particularly CYP1A1) gene
and the hemostatic system in susceptibility to pneumonia
of various origins [14, 15].

The purpose of this study was the identification of
genotypes under a risk of nosocomial pneumonia and acute
respiratory distress syndrome.

Materials and Methods

The sample consisted of 419 patients (81,1% of men aged
42,9%0,9 years) who were hospitalized at the V. A. Negovsky
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Pa3BUTUS OCTPOTO HMOBPEKICHUS JETKUX (IIepBasi CTaus
OP/C) [13]. PegysbraThl HAIIMX TPEIBIAYIIAX UCCIENO0-
BaHMIT YKa3bIBAIOT JIONIOJHUTEIBHO Ha POJIb T€HOB JETOK-
cukanny Kcenoonotukos (ocobernno CYP1A1) u reHos
CHCTEMBI I'eMOCTa3a B IPEeIPACIIONOKEHHOCTH K ITHEBMO-
HUW pa3InaHoro reresa [14, 15].

Taxkum 06pa3zoM, MeJIbI0 TAHHOTO UCCTe0BaHUsT Obl-
JIO BBISIBJICHHE TEHOTHIIOB, COIPSKEHHBIX ¢ PHCKOM Pa3BH-
THST HO30KOMUATBHON ITHEBMOHIHU W OCTPOTO PECTINPATOP-
HOTO INCTPeCC-CHHAPOMA.

Marepuan u MeTObI

Boibopka coctasuita 419 GospHbix 1 octpagasimix (81,1%
MykunH B Bo3pacte 42,9+0,9 roga), rocrnuTamn3sMpoBaHHBIX B
kanHnueckue Gazsl HUUW o6meii peanumaronorun uM. B. A. He-
rosckoro (Mocksa, Poccust). TToapoGHast XapaKTeprcTuKa nece-
JOBaHHBIX TPYIII NpecTaBieHa B Tabur. 1.

Kpurepusamu uckmodenus ObLim: Bospact MeHee 18 set, or-
cyTcTBre nH(MDOPMUPOBAHHOTO COTJIACHS, JTUTETBHbII TIPHEM KOpP-
THKOCTEPOWIOB, XPOHMYECKHE 3a00JIeBAaHUS OPraHOB [IbIXAHUS
(6GpoHxuasbHast acT™Ma, XpOHUYecKast 00CTPYKTUBHASA HOJIE3Hb Jler-
KHX, TyOEpKYyJIe3, paK JIErkux), JoOble XpOHUYecKne 3a00J1eBaHust
B CTQJNM JEKOMIICHCAIINH, TSKEJIBIH HeBPOJIOrnIecKnil fepuiut
(<8 o mkane koMbl [1asro), Hapkomanusi, ankoroyausm, CITN /L u
GepeMeHHOCT. B 06enx rpyrimax ObLM MAlMeHThl ¢ COMYTCTBYIO-
muMu 3a60J1eBaHMAME, CPeM HanboJIee 4acTo BCTPEYAIOIUXCS:
aTepoCKIEepO3, UllleMudeckasd OOJe3Hb cepilla, apTepuaibHast Ii-
neprensust 1—2 crenenn — 10, 6% u 14,9%, coorBercTBeHHO; ANa-
6er 1—2 tuna — 2,0% u 4,5%; alMMeHTapHO-KOHCTUTYIIMOHAIIBHOE
oxupenne 1—2 crenenn — 1,3% u 3,7%; si3BeHHast 60JE3Hb JKeJIy /-
ka 1/ 12 mepernoit kumkn — 2,0% u 3,7%; MouekamMeHHasT 1
sKeTdexaMenHas 6omesns — 4,0% u 3,4%.

Kimnnueckue aanmbie Gblin coOpaHbl MPOCIEKTUBHO. B Xoe
sedenns y 268 marpenTtos Obia auarnoctuposara HII. /luarios
HII Gblur yeTaHOBJIEH HA OCHOBE KIMHUYCCKUX JAHHBIX M HHCTPY-
MEHTAJIBHBIX METO/IOB JUArHOCTUKY (peHTreHorpauu OpPraHoB
IPYAHON KJIETKHU, TPU HEOOXOAMMOCTH — KOMITBIOTEPHON TOMOTpa-
dbun serknx). dust Bepudukaryn BosOyantenss HIT Bormosmsiim
6GaKTepHOJOTHYECKOE HCCAe0BaHe OGPOHXO0AIbBEONSPHON Ja-
Baxkroit skuakocT (BAJIK). [TosmoxuTesaM cunTamm pesyasraT
npu KourerTpanuu narorena 1X10° koe/mur un 6oaee. [luarnoc-
tuka OP/[C ocyiecTBisiiach ¢ HMCIOJb30BaHUEM KPUTEPUEB
HWU o6ueit peannmarosiornn um. B. A. Herosckoro (2006) [16].

Bcee 6oabubie ¢ HIT mostyyany jedenne B COOTBETCTBUM ¢ Pe-
KoMeHzanusamu Poceuiickoro pecripatopHoro obiectsa u Mesk-
PErnoHaIbHON acCOMMAIUHI 10 KINHUYECKOW MUKPOOMOJOTHI 1
aHTUMUKPOOHOI xumunoreparuu [17]. B kauectBe KOHEUHBIX TO-
yek uceaenoBanus Obimn onpenesens: OP/IC, mosmoprantast He-
nocrarounocts (ITOH), cenTimueckuii MoK u JTeTaTbHBII HCXO/ OT
J0GOTT TIPUYMHBL.

MuororpaHHocTh (hYHKIUN JIETKUX, UX 3HAYEHUE JIJIS TIO/I-
JlepsKaHus roMeocTasa TpebyeT riryboKoro aHajimsa U paccMoTpe-
HYSE TTIOJMMOP(U3MA TEHOB, YYACTBYIONMX BO MHOTHX MeTab0JIu-
4yecKHUX  TpoieccaXx. B KayecTBe  reHOB-KaH/UAaTOB
MPEPACTIONOKEHHOCTH K PHUCKY Pa3BUTUSI HO30KOMHAJIbHOI
[THEBMOHUY ObLJIM BBIOPAHbBI TEHbI, YYACTBYIONIUE B PEryJIsIIHN
Pa3INYHBIX 3BEHBEB FOMEOCTa3a: FeHbI JETOKCHKAIMHU KCeHOOO-
tukoB (CYP1AT (tpu caiirta); AhR, GSTM1; GSTT1; ABCB1); re-
HBl OKHCJINTENbHO-BOCCTaHOBHUTEIbHOTO cTatyca (SOD2, CAT,
GCLC); rennt cocymucroro romeoctasa (ACE, AGT, AGTR1, NOS3,
VEGFa), a Take TeH, OTBETCTBEHHBII 32 CHHTE3 W METUJINPOBA-
nue JHK — MTHFR).

JIHK Bbinesisiiiv U3 BeHO3HOU KpoBU. MeToauueckoii 0CHO-
BOIT T€HOTUITUPOBAHUS SIBUJIACH aJllesb-crieninduveckas: TeTpa-
npaiiMepHasi Tosimmepastast tennast peaxius [18]. Auzaiin nc-
CJIeJIOBAHUSL: CJydail — KOHTPOJIb, T. €. CPABHEHME YaCTOTBI
pacrpeiesieHusi TeHOTHIIOB CPer OOJBHBIX U 37I0POBbIX. Bria/bt

research institute of general reanimatology (Moscow, Russia).
Detailed characteristics of the studied groups are presented in
Table 1.

Exclusion criteria were: age less than 18 years, lack of
informed consent, long term administration of corticosteroids,
chronic respiratory diseases (asthma, chronic obstructive pul-
monary disease, tuberculosis, lung cancer), any chronic diseases in
the stage of decompensation, severe neurological deficit (on a
scale of coma Glasgow <8), drug addiction, alcoholism, AIDS and
pregnancy. In both groups there were patients with concomitant
diseases, including the most common: atherosclerosis, coronary
heart disease, arterial hypertension of 1—2 degrees — 10, 6% and
14,9%, respectively; Type 1—2 diabetes — 2 and 4,5%; alimentary
and constitutive obesity — 1,3 and 3,7%; peptic ulcer and / or duo-
denal ulcer 12 — 2,0 and 3,7%; urolithiasis and cholelithiasis — 4,0
and 3,4%.

Clinical data were collected prospectively. In the course of
treatment, 268 patients were diagnosed with NP. The diagnosis of
NP was put up on the basis of clinical and instrumental methods
of diagnostics (chest X-ray, if necessary, CT scan). To verify the
cause of NP bacteriological examination of bronchoalveolar lavage
fluid (BALF) was done. A positive result was considered at a
pathogen concentration of 1X10° cfu / ml or more. Diagnosis of
ARDS was carried out using the criteria of the V. A. Negovsky
research institute of general reanimatology (2006) [16].

All patients with NP were treated in accordance with the
national guidelines [17]. As the study endpoints were determined:
acute respiratory distress syndrome, multiple organ dysfunction
(MODS), septic shock and death from any cause.

The versatility of lung function, their importance for the
maintenance of homeostasis requires a thorough analysis and
consideration of polymorphisms of genes involved in many meta-
bolic processes. As a candidate genes the following were selected:
genes of detoxification of xenobiotics (CYPTA7 (three sites);
AhR, GSTM1; GSTT1; ABCB1); genes of redox status (SOD2,
CAT, GCLC); genes of vascular homeostasis (ACE, AGT, AGTR1,
NOS3, VEGFa), genes responsible for synthesis and methylation
of DNA — MTHFR).

DNA was extracted from venous blood. Methodical basis of
genotyping was allele-specific tetra-primer polymerase chain reac-
tion [18]. Study Design: case — control (comparing the frequency
distribution of genotypes among patients and healthy controls).
Contributions of different genotypes in the risk of disease was
determined by the traditional indicators such as «odds ratio»
(OR). The results were interpreted as follows: OR=1 — no corre-
lation between genotype and disease; OR>1 — increased risk of
disease; OR<1 — protective effect of genotype on the risk of devel-
oping the disease. A comparison was carried out in three models:
dominant, recessive and additive.

Statistical analysis included: for the distribution of geno-
types — test to comply with the distribution of the Hardy-
Weinberg equilibrium; binary parameters: two-sided Fisher's
exact, multiple logistic regression; for quantitative indicators: lin-
ear regression, Mann-Whitney test. Effects haplotypes examined
by regression analysis using the maximum likelihood estimate.
The multiplicative effects assessment alleles within the pathways
carried out using an approach based on the calculation of the
cumulative genetic risk score. These studies were interpreted tak-
ing into account the power of the test and statistical significance
for multiple comparisons [19—23]. The following software was
used:  WinSTAT  (http://www.winstat.com/), SNPStats
(http://bioinfo.iconcologia.net/SNPstats) and WinPepi (http:
//publichealth.jbpub.com/book /gerstman /winpepi.cfm).

Results and Discussion
A group of patients with NP and without NP were

comparable in age, sex, ethnicity (Table 2). In each of the
groups dominated caucasoids, mainly Eastern Slavs
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Ta6auna 1. XapakrepucTuka 60JbHbIX.
Table 1. Characteristics of patients.

Indicators Values of indicators in the groups
without NP, with NP,
n (%) n (%)
Total number 151 268
Age (years) 42.5%1.5 43.1+1.2
Sex
Male 116 (76.8) 224 (85.6)
Female 35(23.2) 44 (16.4)
Underlying diseases
Severe combined trauma/wounding 91 (60.3) 143 (53.4)
Bowel obstruction 7 (4.6) 14 (5.2)
Inflammatory diseases of the abdominal cavity 38(25.2) 66 (24.6)
and retroperitoneal space complicated by destruction’
Purulent-inflammatory diseases of the skin, 8(5.3) 34 (12.7)
subcutaneous tissue, head and neck®
Other® 7 (4.6) 11 (4.1)
Comorbidity*:
No 121 (80.1) 189 (70.5)
Yes 30 (19.9) 79 (29.5)
Solid tumors 13 (8.6) 18 (6.7)
Cardiovascular diseases’ 16 (10.6) 40 (14.9)
Type 2 diabetes 3(2.0) 12 (4.5)
Obesity 2(1.3) 10 (3.7)
Neurological pathology® 1 (0.66) 8(3.0)
Gastric/duodenal ulcer 3(2.0) 10 (3.7)
Urolithiasis/cholelithiasis 6 (4.0) 9 (3.4)
Days before NP development — 5.2+0.2
Acute Respiratory Failure (ARF)
No 89 (58.9) 16 (6.0)
Yes 62 (41.1) 252 (94.0)
Mean intensive care unit stay, days 44.9+3.4 64.5+3.5
Mortality 4 (2.6) 92 (34.3)

Note (npumeuanus): Indicators — npusnaku; total number — umncsno Goububix; age (years) — Bospact (romb); sex (Male,
Female) — noa (myskumnpl sxkenmuibl); underlying diseases — nepsuunasi Hozoqorus; severe combined trauma/wounding — Ts-
JKeJlast codeTanHast TpaBma/panensi; bowel obstruction — kumeuynas menpoxoanmocts; inflammatory diseases of the abdominal
cavity and retroperitoneal space complicated by destructiona — BocnanurenbHbie 3a601€BaHIs OPraHOB GPIOIIHOL MOJI0CTH, OC-
JsoxkHenbie gectpykuueii; purulent-inflammatory diseases of the skin, subcutaneous tissue, head and neckb — ruoiino-socmanu-
TeJbHbIE 3200T€BAHIS KOXKI, TTOAKOKHON KI€TUYATKH, TOJMOBHI 1 men; other — apyrue; comorbidity — comyTcrByomtie 3a6osesa-
HUS; NO — HeT; yes — aa; solid tumors — omyxouu; cardiovascular diseasese — cepaeuno-cocyauctsie 3abonesanust; type 2 diabetes
— nuaber 2 THNA B CTalK KOMIIeHcaIni; obesity — alnMeHTapHO-KOHCTUTYIIMOHATbHOE O)upenue; neurological pathology —
HeBposornyeckoe 3aboseBanue; gastric/duodenal ulcer — as3Benmnas 06ose3ub Keayaka/12-u TMepCTHOW KHUIIKY;
urolithiasis/cholelithiasis — Mmouekamennas/;kenmunokamennas 6osestb; days before NP development — auu g0 passutus HIT,
acute Respiratory Failure (ARF) — ocrpas apixarenbias negocratrounocts (OJ[H); mean intensive care unit stay, days — cpe-
HSIST TPO/IOJUKUTENBHOCTD TOCITUTANMBAINH, CYTKI; mortality — rocniuranpnas getamprocts. Values of indicators in the groups —
3HaueHus B rpynnax; without NP — 6es HII; with NP — ¢ HIIL.

! Pancreatonecrosis, acute phlegmonous and gangrenous appendicitis, destructive cholecystitis, renal carbuncle, hollow organ per-
foration — maHKpeOHEKPO3, OCTPHIIl (HIErMOHO3HO-TAHTPEHO3HBIN AMMEH/NIINT, TeCTPYKTHBHBIN XOTEINCTHT, KAPOYHKYJI MOUKH,
nepdoparust nosoro oprana. > Lacunar tonsillitis, retropharyngeal abscess, suppurative submandibular lymphadenitis, purulent
sphenoiditis, purulent pansinusitis, purulent otitis — JakyHnapHas anruma, 3arJoTouHbIi abciece, MoA4eI0CTHON THOWHBIN JuMba-
JICHUT, THOHHBIH c(heHOUANT, THOHHBII MaHCUHYCUT, rHOIHBIT oTuT. * Acute violation of cerebral circulation, pericarditis — ocTpoe
HapylleHne MO3roBoro Kposoobparenus, nepukapaut. * Some patients had more than one disease — HecK0IbKO NaIEHTOB UMEIN
He OJIHO, a HECKOJILKO COTyTCTBYOIuUX 3aboaesanuii. ° Ischemic cardiopathy, essential hypertension, widespread atherosclerosis,
coronary artery bypass — VBC, runeronmdeckast 601€3Hb, aTePOCKIEPO3, A0PTO-KOpoHapHoe myHTupoBanue. * Consequences of
earlier stroke — mocsiecTBUS paHee MEPEHECEHHOTO OCTPOTO HAPYIIeHUs MO3TOBOro KposooGpammenus (OHMK).

Pa3JIMYHBIX T€HOTUTIOB B PHCK PA3BHUTHSI OOJIE3HI OTPEIENSIIN C
HOMOIIBIO TPAJUIIMOHHOTO /LIS TAKUX MCCJI/0BAHNIT T0Ka3aTe st
«odds ratio» (OR — coorHomenue marcos). [Tomydentbie pe-

(85,6% and 80,4%), which included Russian (73,7% and
68,2%), The most frequent complication in the study

3YJIBTATBI TPAKTOBAIM cireayonmm obpasom: OR=1 — ykassiBaer
HA OTCYTCTBUE KOPPEJISIIIUI MEXK/Ly TEHOTUIIOM U 3a00JIeBaHNEM;
OR>1 — nospimennblii puck 6osesnn; OR<1 — nporekTUBHbIN
addeKT TaHHOTO TEHOTHIIA OTHOCUTENBHO PUCKA Pa3BUTHS 3200-
sieBannst. CpaBHEHUeE MTPOBO/INIIN 1O TPEM MOJIEJISIM: JIOMUHAHT-
HOI1, peIleCCUBHHON ¥ aJ/TUTHBHOI.

CratuCcTHYEeCKUIT aHAIN3 BKJIOYAIL: /TS PACIIPe/iesIeH s re-
HOTHUIIOB — IIPOBEPKY Ha COOTBETCTBUE PacIpe/ieJieHUsT 3aKOHY

group — NP was detected in 268 (63,9%) cases. It was also
clear that in the group with NP the incidence of critical
states are significantly higher than patients without NP
(Table 2), particularly ARDS was — 69 (25,8%) and 3
(2,0%) of respectively. Therefore, in the group with respi-
ratory support pneumonia was more common and the
duration of mechanical ventilation was longer compared to
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Ta6auua 2. XapakTrepucTHKa OCI0KHEHHIA.
Table 2. Complications in groups.

Indicators Values of indicators in the groups
without NP N (%) with NP N (%)
Complications (of basic disease)'
No 54 (35.8) —(0.0)
Yes 97 (64.2) 268 (100.0)
Major complications
Nosocomial pneumonia (NP) —(0.0) 268 (100.0)
Sepsis 3(2.0) 77 (28.7)
Multiple organ failure 4(2.7) 105 (39.2)
Acute respiratory distress syndrome 3(2.0) 69 (25.8)
Peritonitis 32 (21.2) 51 (19.0)
Intra-abdominal abscesses 8(5.3) 10 (3.7)
Anastomotic failure —(0.0) 9 (3.4)
Lung abscesses/empyema —(0.0) 32 (11.9)
Wound suppuration 3(2.0) 5(1.9)
Posttraumatic osteomyelitis 2(1.3) 5(1.9)
Secondary meningoencephalitis 2(1.3) 4 (1.5)
Mediastinitis 1(0.7) 9 (3.4)
Tracheoesophageal fistula —(0.0) 2(0.7)
Pleurisy 4(2.7) 48 (17.9)
Pulmonary thromboembolism 2(1.3) 6(2.2)
Ttraumatic bullets 9 (6.0) 24 (9.0)
Pneumothorax 5(3.3) 19 (7.1)
Other? 9 (6.0) 13 (4.9)
Combined pulmonary and extrapulmonary complications 7 (4.6) 151 (56.3)
Yes 62 (41.1) 252 (94.0)
No 89 (58.9) 16 (6.0)
Acute Respiratory Failure (ARF)
Days before NP development — 5.2+0.2
Use of mechanical ventilation
No 134 (88.7) 146 (54.5)
Yes 17 (11.3) 122 (45.5)
Duration of mechanical ventilation. (days) 6.0+1.7 15.8+0.8
ICU admission
No 16 (10.6) 11 (4.1)
Yes 135 (89.4) 257 (95.9)
Length of ICU stay (days) 5.7£0.6 20.2%1.8
Hospital mortalityg 4(2.6) 92 (34.3)

Note (npumeuanus): Indicators — npusnaku; complications (of basic disease) — ocnokHeHuss; no — Het; yes — na; major complications
— OCHOBHbIE OCTOKHeHMsT; nosocomial pneumonia — HO30KOMIATbHAsI MTHEBMOHNS; sepsis — cercuc; multiple organ failure — mosmop-
raHHasl HeJIOCTaTOYHOCTh; acute respiratory distress syndrome — ocTpblii peclpaTopHbIil AUCTPECC-CUHIPOM; Peritonitis — HepuToHuT;
intra-abdominal abscesses — a6Gcnecent GpiontHoil mosocTy; anastomotic failure — HecoctosTeBHOCTL paHee HANOKEHHOTO AaHACTOMO3A,;
lung abscesses/empyema — aberiecc /ammnmema Jerkrx; wound suppuration — HarHOeH¥e MOCJIEOTEPAIMOHHON paHbl; posttraumatic
osteomyelitis — nocrrpaBmarnueckuii ocreomuenut; secondary meningoencephalitis — Bropudmbiii Menunrosnnedaint; mediastinitis —
meauactunut; tracheoesophageal fistula — rtpaxeo-nmmesoanbiii csuuy; pleurisy — maesput; pulmonary thromboembolism —
TpombGoamboJist Jterounoii aprepun (TAJIA); traumatic bullets — TpaBmarmueckuii myabMonuT; pneumothorax — nmueBMoTopakc; other
— napyrue; combined pulmonary and extrapulmonary complications — coueTanne JIETOUHBIX W BHEJETOYHBIX OCJIOKHEHWH; Acute
Respiratory Failure (ARF) — octpast abixaresbHast HefoctatouHocth; days before NP development — Bpemst pazBuTiist HO30KOMUAIBHOI
nesmonnu (HIT), cytku; use of mechanical ventilation — npumenenne MBJI; duration of mechanical ventilation, days — pmrensiocts
UBJI, cyrku; ICU admission — rocnuraiusaigs B OTAeJdeHnH peanuManun 1 narencusroii teparmu (OPUT), cytku; length of inten-
sive care unit (ICU) stay, days — amureasHocts npeGoisanust 8 OPUT, cytiu; hospital mortalityg — rocniuranbHas setaibHocTh; values
of indicators in the groups — 3nauenust B rpynmax; without NP — 6es HIT; with NP — ¢ HII. ' — a few patients who had not one, but sev-
eral complications — HECKOJIBKO [TAIIMEHTOB UMEJIH HE O/[HO, & HECKOJIBKO 0CJI0kKHeHuil; * — acute cerebrovascular accident, purulent lym-
phadenitis, gemomediastinum, endomyocarditis, fat embolism, pansinusitis, seizure, secondary pyelonephritis, acute limb ischemia, early
adhesive ileus, post-operative / post-traumatic pancreatic necrosis — ocTpoe HapyuieHue Mo3roBoro KpoBooOpamieHust, THOWHbII TuMba-
JICHUT, FeMOME/IMACTUHYM, SHIOMHUOKAPIUT, KUPOBas 9MOOIHsI, TAHCHHYCHT, STTHJICTITUYECKUH IIPUTIa0K, BTOPUIHBIN ITHeI0HedPUT, 0C-
Tpast UIIEMUS HUKHUX KOHEYHOCTEH, PAHHsIsI CIAeUHAs KUIIEYHAsI HEPOXOIUMOCT, TI0CJIEOEPAOHHBIN /TIOCTTPABMATHIECKUIT TaH-
KPEOHEKPO3.

Xapau-Baitnbepra; 1y OMHAPHbBIX [IOKa3aTeleii: TOYHbIN ABYCTO- . . .
- pra; 2 P By the group without the NP, which in turn led to an
pounuii kpurepuit Duiepa, MHOKECTBEHHYIO JIOTHCTHYECKYIO

DErpECCHIO; LIS KOJHUECTBEHIbIX HoKasaTenedi: mnneiinyio per- | ncreased time in the ICU and length of hospitalization.

peccuio, kputepuit Manna-Yutnu. h@eKTsl TalJIoTHIIOB pac- The frequencies of genotypes of studied genes in
CMaTPHUBAJIN C HOMOIIBIO PErPECCHONHOTO alajiu3a ¢ ucnoib3osa- | groups is presented in Table 3. We then compared the dis-
HHEM METOJfd MAaKCHMAILHOTO mpasjonoaobus (maximum | tribytion of genotypes in patients with NP among those
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Ta6muua 3. Pacnpenenenne renorunos B rpynie ¢ HIT u KOHTpos1bHOI BBIOODKE.
Table 3. The distribution of genotypes among patients with NP and without NP.

Genes and genotypes At-risk control NP P-value'? (genetic model)?,
Number (%) OR (95% CI)

CYP1A71 152606345 n=150 n=266 0.30 (dom)
T/T 53 (35.3) 107 (40.2) 0.80 (0.53—1.22)
T/G 77 (51.3) 129 (48.5)
G/G 20 (13.3) 30 (11.3)

CYP1A1 154646903 n=150 n=263 0.40 (dom)
T/T 124 (827) 208 (79.1) 1.25 (074—2.10)
T/C 26 (17.3) 54 (20.5)
c/C 0 (0.0) 1(0.4)

CYP1A1 151048943 Tle462Val n=151 n=265 0.83 (dom)
A/A 139 (92.1) 245 (92.4) 0.92 (0.44—1.95)
A/G 12 (7.9) 20 (7.6)
G/G 0(0.0) 0(0.0)

AhR 152066853 Arg554Lys n=147 n=261 0.42 (dom)
G/G 122 (83.0) 208 (79.7) 1.24 (0.73—2.10)
G/A 23 (15.7) 51 (19.5)
A/A 2 (1.4) 2(0.8)

ABCB17 151045642 Tle1145 = n=150 n=264 0.28 (dom)
T/T 51 (34.0) 90 (34.1) 0.75 (0.44—1.27)
T/C 70 (46.7) 133 (50.4)
c/C 29 (19.3) 41 (15.5)

SOD2 rs4880 Ala16Val n=151 n=268 0.077 (dom)
c/C 50 (33.1) 68 (25.4) 1.49 (0.96—2.33)
T/C 63 (41.7) 132 (49.2)
T/T 38 (25.2) 68 (25.4)

CAT 1517880664 n=146 n=260 0.42 (rec)
T/T 62 (42.5) 104 (40.0) 0.78 (0.44—1.41)
T/A 62 (42.5) 124 (47.7)
A/A 22 (15.1) 32 (12.3)

GCLC rs17883901 n=148 n=262 0.84 (dom)
c/C 120 (81.1) 214 (81.7) 0.95 (0.56—1.59)
C/T 26 (17.6) 45 (17.2)
T/T 2 (1.4) 3(1.1)

ACE 154340 Alu-287 bp n=150 n=266 0.35 (rec)
D/D 36 (24.0) 70 (26.3) 0.80 (0.50—1.27)
/D 73 (48.7) 136 (51.1)
I/1 41 (27.3) 60 (22.6)

AGT 15699 Met235Thr n=148 n=264 0.30 (rec)
T/T 41 (27.7) 70 (26.5) 1.31 (0.79—2.18)
T/C 80 (54.0) 135 (51.1)
c/C 27 (18.2) 59 (22.4)

AGTR1 rs5186 n=149 n=264 0.26 (rec)
A/A 79 (53.0) 144 (54.5) 1.56 (0.71—3.45)
A/C 61 (40.9) 95 (36.0)
c/C 9 (6.0) 25 (9.5)

MTHFR rs1801133 Ala222Val n=147 n=261 0.57 (dom)
c/C 65 (44.2) 124 (47.5) 0.89 (0.59—1.34)
C/T 70 (47.6) 110 (42.2)
T/T 12 (8.2) 27 (10.3)

NOS3 1799983 Glu298Asp n=150 n=264 0.97 (dom)
G/G 76 (50.7) 135 (51.1) 1.01 (0.67—1.51)
G/T 65 (43.3) 109 (41.3)
T/T 9 (6.0) 20 (7.6)

VEGF-a 15833061 n=148 n=264 0.29 (rec)
T/T 40 (27.0) 69 (26.1) 0.87 (0.55—1.39)
C/T 69 (46.6) 132 (50.0)
c/C 39 (26.4) 63 (23.9)

Note (npumeuanus): Genes and genotypes — rensl u rerorunsr; at-risk control — xoutposns; NP — HII; number — uuciio; P-value
(genetic model) — P-gnauenue (reHernyeckas Moziesinb); ' — multivariate logistic regression adjusted for age, sex, co-morbidity, and dura-
tion of mechanical ventilation — MHOKeCTBEHHBII PerpecCHOHHBII AHATIN3 C YIETOM BO3PACTA, TI0JIa, HATMYHSI I OTCYTCTBUS COITYTCT-
BYIOIEH IaToJI0ruy, ipuMeHenys u amrensaoct BJT; 2 — genotypes associated with response in the accordance with OR (protective,
if OR<1, susceptible, if OR>1) — renorumnsl, accoruuposannbie ¢ puckom passutus HIT u OPZ[C B coorserctsun ¢ OR (1ipoTeKTHBHbII
addext, ecoit OR<1, npeapacnonoxernocts, ecait OR>1); * — the genetic model: rec (recessive), dom (dominant) — renernyeckast Mo-
nenb: rec (peneccusnas), dom (romunanTHas).
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likelihood estimate). MyJbsruiuinkaTuBHoe orenuBanue agdex-
TOB ajuiesiell B paMKax MeTaboIMYecKuX myTeil 0CyIecTBIISIIN ¢
UCIOJIb30BAHUEM TI0/IX0/1a, GA3UPYIONIETOCs Ha TOCUETE KYMY-
JATUBHOTO a(hdekra puckoBbIX ajeneil (cumulative genetic risk
score, CGRS). /lannble nccse1oBannii MHTEPIPETHPOBAIIH C yue-
TOM MOIIHOCTH TECTA U CTATUCTHYECKON 3HAUMMOCTH MHOKECT-
BeHHBIX cpaBHeHuil. [19-23] Bplin ncmoab30BaHbl TPOTPAMMBI 1
pecypes: WinSTAT  (http://www.winstat.com/), SNPStats
(http://bioinfo.iconcologia.net/SNPstats) " WinPepi
(http://publichealth.jbpub.com/book/gerstman/winpepi.cfm).

PesyibraThl U 00CyK/IEHHE

Ipyuner 6oabubix ¢ HIT u 6e3 HII 6biin cpasHu-
MBI TI0 TOJIY, BO3PACTY, STHUYECKOU MPUHAJIEKHOCTH
(tab. 2). B kax 0 U3 rPyIIN NPeBaNnpPOBaIi KaBKa30-
UIBI, TPEUMYIIECTBEHHO BOCTOUHbIE ciaaBsane (85,6 u
80,4%, COOTBETCTBEHHO), K KOTOPLIM OTHOCSITCS PYC-
ckue (Ha 73,7 u 68,2%, coorBercTBeHH0). Haubosee ua-
CTOE OCJOKHEHMEe B uccaefoBaHHoil rpynne 268
(63,9%) cayuaes — HII. OueBumen ToT (akT, 4TO B
rpynme ¢ HIT gactota pa3BuTns KpUTUUECKUX COCTOSI-
HUI OblIa CYIIECTBEHHO BbIIIE, YeM y HAIMEHTOB 6e3
HII (ra6n. 2), 8 wactnoctu, OP/JC cocrasun — 69
(25,8%) u 3 (2,0%) cayuaes, cooTBeTCTBEHHO. [ToaTOMY
B rpynme ¢ HII npumensann pecniupaTopHyIO MOAAEPIK-
Ky 4atie, a mpojIoJIKUTENbHOCTh HCKYCCTBEHHO BEHTH-
asinun gerkux (MBJI) 6bia Gosbleil o cpaBHEHUIO €
rpynmoii 6es HII, uro, B cBOWO ouepesib, IPUBOAUIO K
yBesndeHnto Bpemenn npebpisanus 8 OPUT u rocnu-
TAJN3AIUK B I[EJIOM.

YacToThl TEHOTUIIOB 110 U3YYEHHBIM I'€HaM B TPYIITIe
¢ HIT u rpynne 6e3 HIT npezncrasiena B Tabur. 3 (1711 Beex
IeHOTHUIIOB cOOJI0IeHO paBHOBecue Xapau-BaiinGepra B
o6eux rpynmnax). CpaBHUIM TaKKe pacipe/ieJieHe TeHO-
TunoB B rpynie 6osbHbix ¢ HIT cpeau Tex, y Koro passui-
cs1 6o ne passuacsa OP/IC, a Takike cpein BbIKUBITNX U
yMepiux (Tabu. 4).

Nupusupyanbubiii SNP-anamus (0QHOHYKIEOTH]I-
HbIe TIOJTMMOP(hHbIE BADUAHTBI) TEHOB CHCTEMbI JIETOKCHU-
Kallui KCEeHOOMOTUKOB MOKa3ajd, YTO PHUCK PasBUTHUS
OPIIC B rpymie 6osbHbIX 1 nocTpagasinux ¢ HIT acconu-
MPOBaH ¢ MAKOPHBIM reHoTu oM rera CYPTA T rs2606345-
T/T (p=0,0027, OR=2,38, 95% mOBepUTETBHBIN MHTEPBAI
[CI]): 1,35—4,17).

JlaHHble pe3ysIbTaToOB T€HOTUITMPOBAHUS T€HOB CHC-
TEMbI COCY/ITUCTOTO TOMEOCTA3a TTO3BOJINJI YCTAHOBUTD, YTO
yactora renotunoB AhRrs2066853 G/A-A/A n AGT rs699
C/C AhR 152066853-G/A-A/A 3na4uresbHO BBIIE CPEIN
nanuentos ¢ OP/IC B rpynmne HII o cpaBHeHMIO ¢ TeMu, y
KOTO He pPasBUJIOCh AaHHoe ocjoxHeHue (p=0,0012,
OR=2,94,95% CI: 1,54—5,60). P-3HaueHue mocJje mpoBep-
ki 1o Bondepponn ocraBasoch 3HAUMMBIM JIsI TEHOB
CYP1A1 (1s2606345) u AhR (Ppopferroni=0,038 u
Pponferroni=0,017, cCOOTBETCTBEHHO). AHAIN3 B3aNMOCBSI3eii
MoKasaJj, 4To Hocutesjeil MuHopHoro G-ajjenst reHa
CYP1A1 T/GG/G (rs2606345) 3HAYNTENHLHO PEKE PETHC-
TpupoBanau B noarpyne, rae passuicst OP/C, uro moz-
TBEp/MJIA OIIEHKA TallJIOTUIIOB. B xozie uccsenoBanust ObL
BBISIBJICH TallJIOTHUII, TIPOJIEMOHCTPUPOBABIITHI TIPOTEKTUB-

who developed and did not develop ARDS, and among the
survivors and dead in this group (Table 4).

Individual SNP-analysis (single nucleotide polymor-
phic variants) of genes of detoxification of xenobiotics
showed that the risk of ARDS in patients with NP was asso-
ciated with a major gene genotype CYP1A1 rs2606345-T /
T (P=0,0027, OR=2,38, 95% CI: 1,35—4,17).

The results of genotyping of the genes of vascular
homeostasis revealed that the frequency of genotypes
AhRrs2066853 G / AA / A and AGT 15699 C / C AhR
1s2066853-G / AA / A was significantly higher among the
patients with ARDS in the NP group compared to those
who did not developed this complication (P=0.0012,
OR=2.94, 95% CI: 1.54—5.60). P-value after Bonferroni
test was significant for gene CYP1A7 (rs2606345) and AhR
(Pgopferroni=0,038 and Pgpreroni=0,017, respectively). An
analysis of the relationships showed that carriers of the
minor allele of G-gene CYP1AT1 T / GG / G (rs2606345)
were recorded significantly less frequent in the group in
which ARDS developed, which was further confirmed by
the assessment of haplotypes. The study identified a haplo-
type demonstrated the protective effect on the risk of
developing ARDS: CYP1A7 rs2606345-G-rs1048943-A-
rs4646903-T (P=0.0024, OR=0.44, 95% CI 0.26—0.74).

Bacteriological examination of BALF in the subgroups
showed that there were no significant differences. Gram neg-
ative flora dominated, accounting to 60% and 52.4%.

A strong association with the probability of death
was associated with the C-allele of the gene AGTRTY
(rs5186), and this result remained significant even after
adjustment for multiple comparisons (P-Bonferroni).
Among the survivors, we observed protective effect of
other site of the gene CYP1A7, namely — minor C allele of
the gene CYP1AT (1s4646903) (under dominant model).

To search for risk genotypes on the development of
sepsis and MODS in NP group multiple regression analy-
sis was used. But none of the SNPs were significantly of
associated with these complications. The frequency distri-
bution of genotypes of the genes studied, adjusted for the
primary nature of nosology, age, sex, use and duration of
mechanical ventilation showed no difference among
patients and survivors with respect to the risk of NP and
critical conditions such as sepsis, ARDS and MODS.

Next, we analyzed the 14 SNPs for association with
the duration of stay in the intensive care unit. It was
revealed that carriers of ABCB1 rs1045642-T allele stayed
significantly longer in the ICU (Fig. 1; U-test [Mann-
Whitney] T / CC / C vs. T / T, P=0.04). Given the pro-
nounced additive effect (one allele risk against two risk
alleles), we tested the other SNPs (linear regression analy-
sis, adjusted for age, sex, use of mechanical ventilation and
length), then the accuracy of Association T-allele of the
gene ABCB17 (1s1045642) with duration of stay in the
intensive care unit became more pronounced (P=0,0045)

Next the multiplicative genetic model was assessed
in the framework of the metabolic pathways that demon-
strated the greatest effects in connection with the risk of
ARDS and mortality: detoxification of xenobiotics
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TaGmiua 4. Pacnpenenenue reHorunos B rpynne 6ombubix HIT otHocuTensHo pucka passutust OPIIC u jieTaibHOro uexozna.
Table 4. The distribution of genotypes among NP patients with ARDS and poor outcome and in at-risk controls.

Genes and genotypes NP patients ARDS P-value'? NP NP non- P-value
without ARDS (genetic model)’, survivors survivors (genetic model),
Number (%) OR, 95% CI Number (%) OR, 95% CI
CYP1A1rs2606345 n=198 n=68 0.0027 (dom)* n=166 n=91 0.53 (dom)
T/T 69 (34.9) 38 (55.9) 0.42 64 (38.5) 39 (42.9) 0.85
T/G 102 (51.5) 27 (39.7) 0.24—0.74 84 (50.6) 42 (46.1) 0.50—1.42
G/G 27 (13.6) 3 (4.4) 18 (10.8) 10 (11.0)
CYP1A1rs4646903 n=195 n=68 0.26 (dom) n=163 n=91 0.03 (dom)
T/T 151 (77.4) 57 (83.8) 0.66 121 (74.2) 78 (85.7) 0.48
T/C 43 (22.1) 11 (16.2) 0.32—1.37 41(25.1) 13 (14.3) 0.24—0.95
C/C 1(0.5) 0(0.0) 1 (0.6) 0(0.0)
CYP1A1rs1048943 Tle462Val n=197 n=68 0.22 (dom) n=165 n=91 0.56 (dom)
A/A 180 (91.4) 65 (95.6) 0.48 151 (91.5) 85(93.4) 0.75
A/G 17 (8.6) 3(4.4) 0.13—1.69 14 (8.5) 6 (6.6) 0.28—2.03
G/G 0(0.0) 0(0.0) 0(0.0)
AhR 152066853 Arg554Lys n=193 n=68 0.0012 (dom)® n=163 n=89 0.32 (dom)
G/G 163 (84.5) 45 (66.2) 2.94 132 (81.0) 68(76.4) 1.38
G/A 29 (15.0) 22 (32.4) 1.54—5.60 30 (18.4) 20(22.5) 0.73—2.60
A/A 1(0.5) 1(1.5) 1(0.6) 1(1.1)
ABCB1 151045642 Tle1145 = n=196 n=69 0.32 (rec) n=164 n=91 0.18 (dom)
T/T 65 (33.2) 26 (36.8) 0.66 51 (31.1) 37 (40.7) 0.69
T/C 98 (50.0) 35(51.5) 0.29—1.52 87 (53.0) 39 (42.9) 0.40—1.19
c/C 33 (16.8) 8 (11.8) 26 (15.8) 15(16.5)
SOD2 rs4880 Ala16Val n=199 n=69 0.084 (rec) n=167 n=92 0.079 (rec)
c/C 46 (23.1) 22 (31.9) 0.55 44 (26.4) 22(239) 0.58
T/C 97 (48.7) 35 (50.7) 0.27—1.11 75 (44.9) 33 (57.6) 0.31—1.08
T/T 56 (28.1) 12 (17.4) 48 (28.7) 17 (18.5)
CAT rs17880664 n=193 n=67 0.25 (dom) n=161 n=90 0.25 (dom)
T/T 73 (37.8) 31 (46.3) 0.72 68 (42.2) 32(35.6) 1.37
T/A 99 (51.3) 25(37.3) 0.41—1.26 74 (46.0) 47 (52.2) 0.80—2.36
A/A 21(10.9) 11 (16.4) 19 (11.8) 11 (12.2)
GCLC 1517883901 n=194 n=68 0.58 (dom) n=162 n=95 0.94 (dom)
c/C 160 (82.5) 54 (79.4) 1.22 133 (82.1) 75(82.4) 0.97
C/T 31 (16.0) 14 (20.6) 0.61—2.45 28 (17.3) 15(16.5) 0.49—1.91
T/T 3(1.6) 0(0.0) 1 (0.6) 1(1.1)
ACE 134340 Alu—287 bp n=198 n=68 0.43 (rec) n=166 n=91 0.60 (dom)
D/D 50 (25.2) 20 (29.4) 1.30 42 (25.3) 26 (28.6) 0.86
I/D 106 (53.5) 30 (44.1) 0.68—2.46 86 (51.8) 45 (49.5) 0.48—1.53
I/1 42 (21.2) 18 (26.5) 38(22.9) 20(22.0)
AGT 1s699 Met235Thr n=196 n=68 0.028 (rec) n=164 n=91 0.67 (dom)
T/T 57 (29.1) 13 (19.1) 2.03 43 (26.2) 26 (28.6) 0.88
T/C 102 (52.0) 33 (48.5) 1.09—3.80 83 (50.6) 44 (48.4) 0.50—1.57
c/C 37 (18.9) 22 (32.4) 38(23.2) 21(23.1)
AGTR1 15186 n=196 n=68 0.07 (dom) n=164 n=91 0.0023 (add)‘
A/A 100 (51.0) 44 (64.7) 0.59 97 (59.1) 41 (45.0) 1.83
A/C 79 (40.3) 16 (23.5) 0.33—1.05 57 (34.8) 35(38.5) 1.24—2.72
C/C 17 (8.7) 8 (11.8) 10 (6.1) 15 (16.5)
MTHFR 151801133 Ala222Val n=193 n=68 0.21 (dom) n=162 n=90 0.23 (dom)
c/C 87 (45.1) 37 (54.4) 0.70 71(43.8) 47(52.2) 0.73
C/T 85 (44.0) 25 (36.8) 0.40—1.22 69 (42.6) 39 (43.3) 0.43—1.23
T/T 21 (10.9) 6(8.8) 22 (13.6) 4 (4.4)
NOS3 51799983 Glu298Asp n=196 n=68 0.88 (dom) n=164 n=91 0.48 (dom)
G/G 100 (51.0) 35(51.5) 0.96 86 (52.4) 43 (47.2) 1.20
G/T 81 (41.3) 28 (41.2) 0.55—1.67 64(39.0) 42 (46.1) 0.72—2.02
T/T 15(7.7) 5(7.3) 14 (8.3) 6 (6.6)
VEGF-a 1833061 n=196 n=68 0.30 (dom) n=164 n=91 0.055 (dom)
0.72 0.57
0.39—1.33 0.32—1.01
T/T 48 (24.5) 21(30.9) 36(21.9) 30(33.0)
C/T 101 (51.5) 31 (45.6) 88 (53.7) 38(41.8)
c/C 47 (24.0) 16 (23.5) 40 (24.4) 23(25.3)

Note (npumeuanusi): Genes and genotypes — rensr n reHotunsr; NP patients — nmanuentst ¢ HIT; without ARDS — 6e3 OP/IC; with
ARDS — ¢ OPJIC; P-value (genetic model) — P-znauenue (renerudeckas mojeb); NP survivors — Boikusinue ¢ HIT; NP non-survivors
— ymepurre ¢ HIT; number — uncino; ' Adjusted analysis by age, sex, use and duration of mechanical ventilation — muoskecTBenHbIit per-
PECCHOHHBIIT aHAIN3 C MONPABKON Ha BO3PACT, MOJI, IPUMEHEHNE U [JINTEIbHOCTD MeXaHn4ecKoil BenTuysiny; © Genotypes associated
with response in the accordance with OR (protective, if OR<1, susceptible, if OR>1) are highlighted in grey; significant P-values are in
bold — rexorunsr B coorsercrsun ¢ OR (nporextusibiii npu OR<1, acconnuposanubrii ipu OR>1) Bble/IeHBI CePBIM IIBETOM; 3HAYU-
Mble P-3HaueHns BbieseHn Kupabiv mpudrom; * The genetic model: rec (recessive), dom (dominant); add (additive) — renetnueckme
Mozesu: rec (penteccusnast), dom (nomunanthas); add (aaaunsnasn); © — Py reroni=0,038; ° = Pgonferroni=0,017; ° Propferroni=0,032.
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HBIH (3aIUTHBIN) 3(dEKT OTHOCUTENTBHO PUCKA Pa3BUTHSI
OP/IC: CYP1A1 1s2606345-G-151048943-A-1s4646903-T
(p=0,0024, OR=0,44, 95% CI 0,26—0,74).

Baxrepuomorndeckoe ucciemosanne BAJIIK y 60ib-
ubix HII B moarpynmax ¢ OPIC u 6e3 OP/IC nokasai or-
CYTCTBUE 3HAUUMBbIX pas/inuuii. B kauecte Bo3OyauTest B
obenx moarpymmnax npeobiagana Ipam (-) duiopa, cocra-
BuB 60% 1 52,4% COOTBETCTBEHHO.

CuiibHast CBSI3b € BEPOSITHOCTBIO JICTATBHOTO UCXO/IA
6bira acconuuposana ¢ C-amenem rena AGTRT (1s5186),
U 3TOT PE3YJIbTaT OCTABAJICS 3HAYMMBIM JIaKe MOCJe T0-
TIpaBKH Ha MHOKeCcTBeHHbIe CPaBHEHUS (Ppoyeroni)- CPEAN
BBIKUBIIUX [AIMEHTOB NCCIIEA0BAHHBIX IPYII Mbl HabJI10-
JlaJid IPOTEKTUBHBIN ahdexT ppyroro caiita rena CYP1AT,
a umenno — wmuHopHoro C-ammenss rema CYPT1AT
(rs4646903) (110 1OMUHAHTHOI MOJIENIN).

J171s1 moncka pruCKOBBIX TEHOTUTIOB Pa3BUTHS CETICH-
ca u ITOH B rpynmne ¢ HII 61 ipuMeHeH MHOKECTBEH-
HbIiT perpeccuoHHbli ananus. Ho v omut uz SNPs He ObLt
JIOCTOBEPHO aCCOIUPOBAH C ATUMH OCJOKHeHUsAMU. Hac-
TOTA PACIpEIeJIeHUS] TEHOTUIIOB 110 M3YYEHHBIM I'€HaM C
TIOTIPABKOI Ha XapakTep IePBUYHOI HO30JI0TUHU, BO3PACT,
I0JT, TpUMeHeHue U iuTerbHocTh VIBJI He BeIgBUIIA pas-
JMKid cpesin GOJIBHBIX W MOCTPAAABIIMX OTHOCUTEIBHO
pucka pasutust HII ¥ Takux KpUTHYECKUX COCTOSTHMUIA,
kak cerncuc, OP/IC u ITOH.

asnee anamusupoBasu 14 SNPs 1151 BoIsiBIeHUst ac-
CONMAIii ¢ TPOAOKUTENbHOCTEIO pebbiBarms B OP. Ye-
tanosuau, 4ro Hocureaun ABCB7 rs1045642-T amnens
3HAYUTEJILHO JIOJIBIIIE OCTABAJIICH B OT/IC/IEHUN NHTEHCUB-
Hoii Tepanuu (puc. 1; U-rect [Mann-Whitney] T/C-C/C
npotus T/T, p=0,04). YuanursiBas BeIpaskKeHHBIH aINTHB-
Hblii addexT (oAnH ajesib prucKa MPOTUB JIBYX aJliesieit
pHCKa), TeCTUpOBasn 9TOT U Jipyrue SNPs (suHeitHbiii pe-
IPECCHOHHBIN aHATM3 ¢ MONPABKOI HAa BO3PACT, 110JI, TIPHU-
MeHeHue U npojorkuTesbHocTh VIBJI), mocae wero focro-
BepHocTb accormarnun T-amnens rena ABCB1(rs1045642)
¢ muTenbHOCThIO npebbiBanus B OP crana Gosee Bbipa-
sxennoit (p=0,0045).

[lanee ObLIa NPOBEEHA OLEHKA MYJIBTUILIMKATHB-
HOM TeHETUYECKON MOJIEN B paMKaxX TeX METabOTMIECKUX
nyTel, KOTopbie IPOAEMOHCTPUPOBAIN HauboJibInue 3¢-
(extsl B cBsizu ¢ puckom pazsutus OP/IC u netanbHOCTH:
netokcrkamu kcenoouotukos (CYPTAT u AhR) v renb
pennH-anrunoten3nnoBoii cucrembl (ACE, AGT, AGTRT)
JUUIST BCeX KOHEUHBIX TOYeK pucka. Ha pucynke 2 nmokazaHa
BocripuumunBocth K HIT u OPI[C a1 HocuTeseit pazHoro
KOJIMYECTBA PUCKOBBIX asuiesieil. OrpesiesieHo oporoBoe
3HaUEHMeE JIUIST IPOTEKTUBHBIX U PUCKOBBIX T€HOTHIIOB, CO-
npsikennbix ¢ HIT u OPIIC. Coueranue aByx u 6osee aj-
JieJiell pUCKa B YKAa3aHHBIX T€HAX Y OJIHOTO U TOTO 3Ke Maliu-
eHTa moBbIalOT puck passutus HII (puc. 2 BepxHwmii.
p=0,017, OR=2,04, 95% CI 1,16—3,57). YBesuueHue Ko-
JIMYECTBA PUCKOBBIX aJljiefieli 10 uetbipex u 6osee y 60Jib-
ueix ¢ HII conpsizkeno ¢ passutuem OP/IC (puc. 2 Hu-
sxrmit. p=0,0012, OR=2,56, 95% CI 1,46—4,49).

Takum 06pa3oM, CO3laHUE TeHETHMYECKUX MaHesael
MOJKET TOMOYb BbIJIEJIUTD TPYIIIBI BBICOKOTO PUCKA Pa3BU-

35
30
25

20 §

15

Days in ICU = SE

10

c/C T/C

genotypes

T/T
ABCB1

Puc. 1. Tenorunsl rena ABCB1, accouuupoBaHHbIe C /IJITENb-
HOCTBI0 ipeObiBanusi B OPUT.

Fig. 1. ABCB1 genotypes associations with the number of days
in ICU.

Note (npumevanus): Days in ICU — uucio aueit B OPUT; geno-
types — TeHOTHIIBI.

(CYP1A1 and AhR) and the genes of the renin-angiotensin
system (ACE, AGT, AGTRT) for all endpoints risk. Figure 2
shows the sensitivity to NP and ARDS for different num-
ber of carriers risk alleles. Threshold values for protective
and risk genotypes associated with NP and ARDS.
Combining two or more risk alleles in these genes in one
and the same patient increases the risk of NP (upper panel;
P=0.017, OR=2.04, 95% CI 1.16—3.57). Increasing the
number of risk alleles and four more patients with NP asso-
ciated with the development of ARDS (lower panel;
P=0.0012, OR = 2.56, 95% CI 1.46—4.49).

Thus, the creation of genetic panels can help to iden-
tify groups at high risk for certain critical conditions.
Nominally significant relationship was found for the same
risk score (the threshold for the four genotypes of risk) to
predict the outcome of the disease with the development of
nosocomial pneumonia (P=0.041, OR = 1.77, 95% CI
1.04—3.00). However, we found no association between
the same multiplicative genetic model for sepsis and
MODS in patients with NP.

This study evaluates the effects of SNPs in the xeno-
biotics detoxification and vascular homeostasis genes on
the development and progression of critical illness (noso-
comial pneumonia, ARDS, sepsis, MOF and mortality) in
a relatively homogeneous group of patients of the same
ethnicity.

The most intriguing finding is the cumulative effect
of risk alleles in genes containing genes partner (detoxifi-
cation of xenobiotics: CYPTA7T and AAR and the renin-
angiotensin system: ACE, AGT, AGTRT) on the risk of NP
and ARDS. Taking into account that cytochrome P450
enzymes play an important role in the metabolism of
endogenous and exogenous chemicals identified CYPTA1
gene effects do not seem random. The enzyme CYP1A1 is
involved in the regulation of the functions of the bronchial
and alveolar epithelium; moreover, P450 enzymes, includ-
ing CYP1A1, are involved in the formation and further
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TUSI KOHKPETHBIX KPUTUYECKUX COCTOsTHMIT. HoMuHambHO
3HAUMMas B3aUMOCBSI3b ObLIa BBISBJICHA JJIs1 OJHOTO U TO-
r0 ke 6asuta pucka (Mopor ISt 4eThIPEX TEHOTUIIOB PUCKA)
JUIST TIPOTHO3UPOBAHUSI MCX0/a 3a00JI€BaHNsT TIPU PA3BH-
TUU HO30KOMHayibHOU mHeBMoHuu (p=0,041, OR=1,77,
95% CI 1,04—3,00). OznHako MbI He BBISTBIIN aCCOTTUATIAN
MEXKIY TEeMU Ke MYJBTUILTMKATUBHBIMU TEHETUUECKUMU
Mozessivu st cericrca u ITOH y Gonprpix HIT.

[TpoBesienHOE HMCCIEIOBAHNE OIEHUBACT BJIUSHHE
moJIMMOP(HBIX BAPMAHTOB B TE€HAX JETOKCUKAINK KCEHO-
OGMOTHUKOB 1 COCYMCTOTO TOMEOCTa3a Ha PA3BUTHE U Teue-
ure HII m OP/IC B cpaBHUTENBHO OHOPOAHBIX TPYIIIAX
6OMBHBIX OMMHAKOBON HAIMOHATHHOCT.

CaMbIM UHTPUTYIOIUM PE3yJIBTATOM HCCJIEI0BAHUS
SIBJISIETCST COBOKYITHOE BJIMSIHUE PHCKOBBIX ajljiesieil B re-
HaX, CO/IEPIKAIINX TeHbI-TIAPTHEPDI (JIETOKCUKAIMN KCEHO-
6uorukos: CYP1A1 u AhR v peHUH-aHTMOTEH3UHOBOIA CHC-
tembl: ACE, AGT, AGTRT) na puck passutus HIT u OP/[C.

[TpunuMas Bo BHUMaHUe, 4YTO (DEPMEHTbI CUCTEMBI
nuroxpoMa P450 urparor BakHYIO posib B MeTaboJM3Me
9K30T€HHBIX U DH/IOTEHHBIX XUMHUUYECKUX BEIIECTB, BbISIB-
sernble a¢dekTsl reHa CYPTAT xaxyTcs He CIydaiiHBIMU.
®epment CYP1A1l npunmMmaer ydyactue B PeryJssiiun
(yHKIUIT OPOHXMANBHOTO U AJbBEOJISIPHOTO DIUTENNUS;
KpoMe TOTo, ¢epMenTsl cucteMsl P450, B ToM dncie
CYP1A1, BoBJieuenbl B hopMHUpPOBaHUE U JlajibHElIIee pe-
IYJIMPOBAHUE PEAKIUIT aKTUBHBIX (DOPM KUCTIOPO/IA, B TOM
qucae, U TOKCHUeCKux ahdexktoB kucaopoma [24, 25].
DOyuxrorambHbil TosuMophusm 1s2606345G/T pacrio-
soxken B uHTpoHe CYP1A1 n Biiusiet Ha ypoBeHb 9KCIIpec-
CUU JIAHHOTO TeHa [26, 27]. B Hammx npeapiiynmux uccie-
poBanusx [14, 15] MBI MoOKasajgu posib BAPHAHTOB TeHA
CYP1A1 (uckmounTesnbio uin B couetannu ¢ SNPs B iipy-
I'UX TEHOB) B CBSI3U C PUCKOM Pa3BUTUsI BHEOOJIbHUUHOI 1
HO30KOMHUAJTBHONH MHEBMOHUU. OKUCIUTENbHBIN CTpecc
WUTPaeT BAKHYIO POJIb B MATOr€HE3€ 3HAUUTEJIBHOTO YHCJIa
3a60JieBaHNi. BaKHBIMU KOMIIOHEHTAME 3all[UThl KJIE€TOK
OT OKUCJIUTEIBHOTO CTPECCa SIBJISIIOTCS AaHTHOKCUIAHTHBIE
(hepMeHTBI, aKTUBHOCTH KOTOPBIX TEHETHUUYECKH JIeTEPMU-
HUpoBaHa. AKTUBHBbIE (DOPMbBI KHUCJIOPOAA HEOOXOAUMBI
JUIST QHEPTETHYECKOTO 0OeCTIeYeH s, a TaKKe /7151 G0PbOBI ¢
UHQEKIIMOHHBIMU areHTaMH, JeTOKCUKAI[MKU KCEHOOMOTH-
KOB, PEryJsiiiuu CTPYKTYPHBIX ITPOIECCOB Tposineparmu,
nubdepeHIMpoBKU U aronTosa). Bmecte ¢ TeMm, BbicoKast
PEeaKIMOHHAs CIIOCOOHOCTh KUCIOPO/Ia, OCOOEHHO €ro aK-
TUBHBIX (DOPM, yUACTBYIONIUX B Pa3HOOOPA3HBIX 1ATOJIOTU-
YecKuX Ipoleccax (BocHaleHHe, JIXO0Pa/iKa, UIMIeMUs 1
JIPYTHE), OMPE/IENSET 1eJ1ecO00Pa3ZHOCTD BKIIOYEHUST MHO-
TOYPOBHEBOW CHCTEMBI aHTHOKCUAAHTHON 3ammThl. [lomm-
MOp(hHbIE BAPUAHTHI T'€HOB AHTHMOKCHAHTHON CHCTEMbI
(AOC), obycnoBuBas GyHKIIMOHAIBHYIO BAPUATUBHOCTD
6EeJIKOBBIX IIPOAYKTOB, BJAUSIOT HA IUPOKUIL CrieKTp GUo-
XUMUYECKUX PeaKINil, HAIPABJICHHBIX HAa AKTUBAIUIO
AOC, 1eTrepMUHUPYSE TEM CaMbIM PUCK PEATH3AIIH HIHPO-
KO0 CHEKTpa I1aTOJIOrMYeCKUX cocTosiHuil. PesysbraTbl
MouckKa reHetndyeckux jerepmuHanToB AOC yKasbiBaOT
Ha HaJIW4KMe HACJIEACTBEHHON IIPEIPACIIONOKEHHOCTH K
mucbanancy AOC [28]. Jlerkue HanGoJiee YsA3BUMBI B OT-
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Puc. 2. OTHOCUTEIPHAS YaCTOTA PACIIPEAETIECHHUS YHCIA PUCKO-
Bbix ajwteneid npu HII (Bepxumii pucynox) u OPIC (nuskHuit
PUCYHOK) U COOTBETCTBYIOIUiI KOHTPOJb no reHam CYP1A1,
AhR, ACE, AGT u AGTR1.

Fig. 2. Relative frequency distribution by the number of risk
alleles in the SNPs associated with NP (upper figure) and
ARDS (lower figure) and matched control in CYP1A1, AhR,
ACE, AGT and AGTRT1 genes.

Note (npumeuanus): Relative frequency — yacrora Becrpedaemo-
ctu; number of risk alleles genes — umcso puCKOBBIX aslesieil B re-
Hax; controls (without NP) — koutpous (6e3 HIT); NP — HIT; At-
risk controls (NP patients without ARDS) — koHTposb
(nmarentst 6e3 OPIIC); ARDS — OPJIC. Mean values and stan-
dard errors of relative frequencies are plotted by the number of
carried risk alleles, so bars represents proportions of patients or at-
risk control subjects carrying specified number of risk alleles.
Genotype distribution of SNPs was compared using additive
model: homozygous risk — 2 risk alleles, heterozygous — 1 risk
allele, homozygous protective — 0 risk alleles. Risk alleles are:
CYP1A1 1s2606345-T, AhR 1s2066853-A, ACE rs4340-D, AGT
rs699-C and AGTR7 rs5186-C. My IbTUIIMKATUBHBIN PUCK Olle-
HUBAJIN C MCIOJb30BAHNEM INTUBHOIN MOJEJI: TOMO3UTOTHBII
FEHOTHII 110 PUCKOBOMY aJIJIEJIIO — /[Ba PUCKOBBIX aJIIEJIs], FeTePO-
3UTOTHBIII TEHOTUII — OJMH PUCKOBBIN aJlJIeJib, TOMO3UTOTHBIN
IIPOTEKTUBHBII TeHoTHI — () pUCKOBBIX asteseil. PruckoBbre ame-
g CYP1A1 rs2606345-T, ALR rs2066853-A, ACE 1s4340-D, AGT
1rs699-C u AGTR7 rs5186-C.

There are only two subjects in the group with eight risk alleles
(lower figure) — B rpymnme ¢ BOCEMBIO PUCKOBBIMU AJLIEJISIMHE
TOJIBKO /1B OOJIBHBIX (HIKHUN PUCYHOK).
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Pneumonia. Acute Respiratory Distress Syndrome

HOIIIEHUN OKCUIAHTHOTO MOBPEK/ICHUS, TAK KaK HETlocpeI-
CTBEHHO TIO/IBEPTAIOTCST JICHCTBUIO KMCJIOPO/IA U €T0 aKTUB-
HBIX (DOPM, YTO OOYCIOBIEHO ANCHATAHCOM B CHCTEME OK-
CUJIAaHTBI-aHTUOKCUIAHTBI.  Hapylnenue paBHOBecus
MEJK/y MOHOOKCUTE€HA3HOI CHCTEMOI 1 CUCTEMOI aHTHOK-
CUTEHA3HON 3aINTHl OPTAaHU3MA SIBJISICTCS TIYCKOBBIM Me-
XaHU3MOM TI0BPEK/IeHMsT OPOHXOB IIPU XPOHUUECKON 06CT-
PYKTUBHO#T GOJIE3HU JIETKUX.

Xopo11o M3BeCTHO, YTO aKTUBHOCTH TeHa CYPT1A1
peryupyercst TpaHckpunnonabiM haxropom AhR. ITo-
BbllleHUe 0aszajibHOTO ypoBHs1 mutoxpoma P450 (CYP)
MOZKET ObITh 00YCJIOBJIEHO, B YACTHOCTH, IOJUMOPMOUIMOM
rera penentopHoro 6eaka AhR. Beisisieno 10 naubosee
PaCIIPOCTPAHEHHDBIX BapUaHTOB TeHa AAR, BAUSOMNX Ha
aktuBHOCTh CYP. B wacTHOCTH, MOBBIIEHHYIO aKTUBHOCTH
oOHApyKMBAIU [IPU HAJMYUKM BapUaHTa B KOAUPYIOIIEil
obmactt AhR (amnens G1721 A), npudem y My)KYUH B
GoJIbIIel cTereH , YeM y skeHmH [29].

Mpb! JIOTIOJIHUTENBHO TIPOTECTUPOBAIN (DYHKIHNO-
HanpHbIH BapuanT (rs2066853) B joMeHe TpaHCAKTHBATINN
rena AAR [30]. BoisBienve acconmaruu nojumopduama
AhR ¢ puckom passurust OP/IC nopuepkuBaeT runoresy
0 MPUYACTHOCTU 0OOUX F€HOB K PEryJisilU CUIHAJIbHbIX
KaCKa/[0B, KOHTPOJIMPYIONINX IIPOrPECCUPOBAHNE BOCIIAJIE-
HUS B JIETKUX BIUIOTH 710 pazButus OPC nan BO3HUKHO-
Benue HII na done yxe passusierocss OP/IC. [Toatomy
MBI [I0JIaTaeM, 4TO MOJUMOP(HBIE BapUAHTHI TEHOB
CYP1A1 u AhR moryT ObiTh reHeTHYECKMMU (DaKTOpamMu
pucka passutust OP/[C.

V3HauasibHO cumtanioch, uto AhR yuactByer B oC-
HOBHOM B MeTab0JIM3Me XUMUYECKUX BEIECTB U3 OKPYIKa-
1o1ieii cpesipl. Terepb U3BECTHO HECKOJIBKO (hU3HOJIOrYec-
Kux Jjuravaos [y AhR, Hanpumep, MeanaTopbl 0CTPOro
BOCIIAJIEHUST: JIEHKOTPUEHBI M npocTarianintbl [31]. Jkc-
npeccusi AhR B GOJIBIIMHCTBE TUIIOB KJIETOK UMMYHHOIL
CHCTEMbI BJIMSIET Ha aKTUBHOCTh MHOKECTBA KCEHOOMOTHK-
WJIN IMOKCUH-IyBCTBUTENbHBIX a71eMeHTOB (XREs/DREs),
KOTOPbIE PEryJIMPYIOT MMMYHHBINH OTBET, YTO MOYEPKUBA-
€T BaKHOCTh HTOTO PEIeNTopa B UMMYHOJIOTHYECKUX T1PO-
1ieccax, B YaCTHOCTH TIpK Bocmasiernn [32—35].

B psane mccmenoBanuii moxasaHo, YTO TPUMeHEHNE
MBJI nepeaxo mpuUBOIUT K Pa3BUTHIO BOCIIATICHUS B JIET-
KHX, YTO MHIYIUPYET OKUCJUTEJbHBII CTPecc, KOTOPbIi
yeyrybuisieT TeueHue naToJ0rudeckoro nporecca. Boiiie-
YKa3aHHbIE TUIIOTE3bI O POJIM METa0OJMUYECKOrO MyTH C
yuactuem CYP1A1 u AhR B nporpeccupoBanuu Bocnase-
HUSL JIETKUX, COOTBETCTBYIOT HKCIIEPUMEHTAJIbHBIM JIaH-
HBIM, TTIOJTyY€HHBIM Ha JKMBOTHBIX, ¥ TTOKa3bIBAIOIIUM, YTO
akcrpeccust CYPTA71 3HauWTENbHO YBEIWYMBACTCS IPU
runepokcun [24]. Pe3yssTaTsl IPOBeIEHHOTO UCCIIEI0Ba-
HUst yOeIUTEIbHO J0Ka3bIBAKOT TO, YTO FEHETUYECKH JIeTep-
MUHUPOBaHHas M3MeHYMBOCTh B aktuBHOCTH CYP1A1 1
AhR moxet cioco6ctBoBath pazsutio OP/IC.

B pesysbrate 1pOBEJEHHOTO MCCIEMOBAHUS yCTa-
HOBJICHO 3HAYEHKE F€HOB ellle OJHOIO BaKHOTO MeTaboIu-
YecKoro myTH (peHMH-aHTHOTEeH3UHOBOH crcteMbl — PAC)
st pucka BosuukHoBerunst OP/[C. N3BectHo, 4TO (hyHK-
IMOHATbHAS AKTUBHOCTH KOMIIOHEHTOB PAC, B ToM vmciie

control the reaction of reactive oxygen species, including
oxygen and toxic effects [24, 25]. Functional polymor-
phism rs2606345G / T located in intron CYP1A1 and
affects the expression level of the gene [26, 27].

In our previous studies [14, 15], we showed the role
of the gene variants of CYP1A1 (exclusively or in combi-
nation with SNPs in other genes) due to the risk of com-
munity-acquired and nosocomial pneumonia. Oxidative
stress plays a significant role in the pathogenesis of dis-
eases. Important components protect cells from oxidative
stress are antioxidant enzymes, whose activity is genetical-
ly determined. Reactive oxygen species are needed for
energy security and to combat infectious agents, detoxifi-
cation of xenobiotics, structural regulation of proliferation,
differentiation and apoptosis). However, the high reactivi-
ty of oxygen, particularly the active forms involved in a
variety of pathological processes (inflammation, fever,
ischemia, etc.) determines the appropriateness of including
multilevel antioxidant defense system. Polymorphic vari-
ants of genes of antioxidant system (AOS), causing func-
tional variation of protein products affect a wide range of
biochemical reactions, aimed at activation of the AOC,
determing the risk of implementing a wide range of patho-
logical conditions. Results of genetic determinants of the
AOC indicate the presence of a genetic predisposition to
an imbalance of the AOC [28]. Lungs are most vulnerable
to oxidative damage because they are directly exposed to
oxygen and its active forms resulting from imbalance in the
oxidant-antioxidant.

It is well known that the activity of the CYP1A71
gene is regulated by the transcription factor AhR.
Increased basal levels of cytochrome P450 (CYP) may be
due, in particular, to the receptor protein gene polymor-
phism AhR. Ten most common variants of the gene AAR,
affecting the activity of CYP, are revealed. In particular,
increased activity was found in the presence of variations
in the coding region of AAR (allele G1721 A), and in men
more then in women [29].

In addition, we further tested a functional variant
(rs2066853) in the gene transactivation domain AiR [30].
Identification of AhR polymorphisms association with the
risk of ARDS supports the hypothesis of the involvement
of both genes in the regulation of signaling cascades that
control the progression of the inflammation in the lungs
until the development of ARDS or the occurrence of NP
on the background of already developed ARDS. Therefore,
we believe that polymorphic variants of the genes CYP1A1
and AAR may be genetic risk factors for ARDS

Initially it was believed that AhR was involved pri-
marily in the metabolism of chemical substances from the
environment. Now, there are several physiological ligands
for AhR, e.g., acute inflammation mediators: leukotrienes,
prostaglandins [31]. AhR expression in most cell types of
the immune system are influenced by the activity of many
xenobiotic- or dioxin-sensitive elements (XREs / DREs),
that regulate immune response, emphasizing the impor-
tance of this receptor in immunological processes, particu-
larly during inflammation [32—35].
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reHoB anrnorensnnoreda (AGT), anrmorensmH-TIpeBpa-
maiorntero dpepmenta (AIID) u pereniropa 1 Tuma anruo-
tenzuHa [I (AGTR1), Busger na aprepnanbHoe 1aBieHne
1 TOHYC COCY/IOB, M BasKHA JIJIsT Pa3BUTH Bocnanienus [36].

Anrnorensun II (Angll) saBigercsas ocHOBHBIM ad-
dexropom PAC n, kak m3BeCcTHO, HJIATOAPsT COCYAOCY K-
BaioreMy a(hheKTy BbI3bIBACT 3HAYMTEIBHOE YBETMYCHUE
CUCTEMHOTO M JIOKAJIBHOTO apTepuajbHOro aasjaeHus. [lo-
MHUMO TIpsiMoro BiustHust Angll Ha cucTeMHbBIIT KPOBOTOK,
BO3MOKHO TaKsKe ONOCPEN0BaHHOE BO3AeHCTBIE OejiKka Ha
COCY/IUCTBIN TOHYC TIPU TPABME B YCIOBUSAX OKUCTUTEIBHO-
ro crpecca [37]. st KpUTHUECKUX COCTOSTHUI XapaKTepHa
u30bITOUHAS TIPOAYKIIUST CBOOOIHBIX PAIUKAIOB, UCTOIIE-
HUE aHTUOKCUJAHTHON 3aIlUTBI, YTO, B CBOIO 0Y€Pe/b, MO-
JKET MOCITYKUTD ITYCKOBBIM MEXaHU3MOM Pa3BUTUSI CUCTEM-
HOTO BOCTIAJICHUST U TIOJIMOPraHHOI HegoctaTouHocTH [38].
BosbimuHeTBo  (husmosornyeckux u marodusnoornyec-
kux ahdexros Angll peanusyercst npu B3anMojiecTBIM €
AGTRT [39]. BorsaBiiennast B HaCTOSIIEM UCCIE0BAHIN ac-
conmanys moanmopusama AGTRT ¢ Heb1aronpusiTHBIM UC-
xoztoM cpenu maimentos ¢ HIT koppesmpyer ¢ simteparyp-
HBIMU JIAHHBIMU 1 OHOJIOTHYECKH OTIPABAHA.

MpbI curTaem, 4TO KacaeTcsl CONPSIKEHHOCTh Bapua-
6eaproct rera ABCB1 ¢ pasButreM 0CJI0KHEHHOTO Te-
yeHust ocHoBHOTO 3aboseBanust (HII, OP/IC) o6bscHsier-
csl ero 3HaueHWeM B (DapMaKOKMHETHKE JIEKapPCTBEHHBIX
[penaparoB yepes KJIeTOUHbie MeMOpPaHbl, TAK KaK MHU-
BUJlyaJIbHble OCOOGEHHOCTU PaCIpe/eJieHUus] 1 CKOPOCTH
BO3HUKHOBEHMS TEPAleBTUYECKOTO a(hherTa KOHKPETHOTO
JIEKAPCTBEHHOTO CPEACTBA y GOJIBHOTO TAKIKE TEHETUUECKU
netepmeHnposansl [40, 41].

Bce mmpe npusHaeTcs, 4To, aHATM3UPYST CyMMapHOe
BJIMSIHUE TE€HOB PA3JIMYHBIX CHUCTEM, IPEANOJOKUTETHHO
YUACTBYIOLIUX B IIATOT€HE3€¢ PasBUTHs 3a00JI€BAHMS WU
KPUTHYECKOTO COCTOSIHUSI, MOKHO NPUOJIUBUTHCST K [TOHU-
MaHHMI0 MEXaHU3MOB Pean3alii TeHETHYECKUX JIeTEPMU-
HaHT [42, 43]. YuuTbiBast 5T0 COOOPasKEHIE, Mbl CTPYIIITUPO-
Basin SNPs B MeTab0oIMUECKUX 1Ty TSIX, 8 3aTeM TECTUPOBAJIK
COBMECTHOE BjiusiHMe KomOuHanuil. /[Ba Habopa reHOB-
HapTHEPOB ObLIM aHAIM3UPOBAHBI HA OCHOBE UX BKJA/IA B
pasBUTHE BOCIAJIEHUS U KPUTHUYECKOTO COCTOSTHUSI.

Ito mepsoe coobmenne 06 accormanmu HIT u
OP/IC ¢ mysasrumiukaTuBHbIMU a(hdeKTaMi TeHOB Jie-
TOKCUKALUU KCEHOOMOTUKOB U PEHMH-aHTUOTEH3UHOBOIL
cucreMbl. Pacnipesesienue ajesneii pucka B Metaboudec-
KHUX TYTSX JeTOKCUKAIMK,/OKCUJATUBHOTO CTPecca 1 co-
CYJIUCTOTO TOMEOCTa3a MOKa3bIBAET, UTO yBEJIUYEHHUE KO-
JIMUECTBA PUCKOBBIX ajliesieil HabJofaeTcss UMEHHO B
rpytre HIT u OP/IC.

[TosryyeHHbie pe3yJIbTaThl MO3BOJISIOT CYJAUTh O TOM,
YTO CYIIECTBYET TECHAsI CBSI3b MEXK/LY JIBYMsI M3YYEHHBIMU
MyTSIMM B OTHOIIEHUM YCUJIEHUSI BOCHAJINTEJIBHON pPeakx-
LUK B JIETKUX, KOTOPasi B 0OCOOEHHOCTU 3aBUCUT OT BJIUSI-
HUS BBIPA)KEHHOCTH OKUCJIUTETIBHOTO cTpecca n InchyHK-
1MW 9H/IOTEJINST JIETOUHBIX KAlMJLISIPOB [44].

WccnenoBanne mMesno HECKOJIBKO OTpaHUYEHMIT. BbI-
Gopka ObljIa CPeIHeil, 1 He Y BCEX BBISIBICHHBIX aCCOIMAIINiT
CTaTHCTUYECKash MOIIHOCTh Tecta Oblia Gosee 80%. [lasb-

Several studies showed that the use of mechanical
ventilation often leads to the development of inflamma-
tion in the lungs that induces oxidative stress, which
exacerbates the disease process. The above hypothesis
about the role of the metabolic pathway involving
CYP1A1 and AhR in the progression of inflammation of
the lungs, the experimental data obtained in animals,
showing the expression of CYP1A71 significantly
increased by hyperoxia [24]. The results of this study
clearly demonstrate that the genetically determined
variability in the activity of CYP1A1 and AhR may con-
tribute to the development of ARDS.

The study is set of genes of another important path-
way (renin-angiotensin system — RAS) in connection with
the risk of ARDS. It is known that the functional activity
of components of the RAS, including genes of
angiotensinogen (AGT), angiotensin-converting enzyme
(ACE) inhibitors and angiotensin type 1 receptor II
(AGTR1), influence on the blood pressure and vascular
tone is important in connection with the development of
inflammation [36].

Angiotensin II (Angll) is the primary effector of
RAS and, as is known, thanks to the vasoconstrictor
effect causes a significant increase in local and systemic
arterial pressure [37]. For critical conditions character-
ized by excessive production of free radicals, depletion
of antioxidant protection, which in turn can serve as a
trigger for the development of systemic inflammation
and organ failure [38]. Most of the physiological and
pathophysiological effects of Angll are realized in the
interaction with AGTR7 [39]. Identified association of
the polymorphism of AGTRT gene with a poor outcome
in patients with NP correlates with literature data and
is biologically justified.

With regard to the variability of gene ABCB1 conju-
gation with complications of the underlying disease (NP,
ARDS), we believe that this is due to its value in the phar-
macokinetics of drugs across cell membranes, as the indi-
vidual characteristics of the distribution and rate of occur-
rence of the therapeutic effect of a particular drug in a
patient are also genetically determined [40, 41].

It is increasingly recognized that by analyzing the
total effect of the genes of different systems, involved in
the pathogenesis of the disease or a critical state, can
bring us closer to the understanding the mechanisms of
realization of genetic determinants [42, 43]. Given this
consideration, we have grouped the SNPs in the meta-
bolic pathways, and then tested the joint effect of combi-
nations. Two sets of partner genes were analyzed based
on their contribution to the development of inflamma-
tion and critical state.

This is the first report of an association between NP
and ARDS and cumulative effects of xenobiotics detoxifi-
cation and RAS family genes. Our results suggest that
there is a significant crosstalk between two studied path-
ways in the aggravation of lung inflammation, which par-
ticularly depends on strong oxidative stress and pul-
monary capillary endothelial dysfunction [44].
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HeHmmil aHamm3 cTpaTuduKamu (HarpuMep, BEHTUIISTOP-
acconMupoBaHHas MHeBMoHus, cpokn paszsutust OP/IC mo
OTHOIIIEHUIO K HO30KOMHAJIbHON ITHEBMOHWH, YaCTOTA BCTpe-
vyaemoctu cericuca u [IOH B Kask0ii moarpyie) ObL1 orpa-
HUYEH CTATUCTUYECKOI MOIITHOCTBIO ¥ HEZIOCTATOYHBIM YHC-
JIOM CJIy4aeB JJI CPAaBHEHNS B NCCIICZI0BAHHbBIX IPYIITIAX.

3akjaoyeHue

Takum 06pasoM, TIOKA3aHO, UTO PsiJ| A/LIETbHBIX BapH-
AHTOB TCHOB JICTOKCUKAIINN KCEHOOMOTUKOB COIPSIKEHO C
PHICKOM Pa3BUTHS HO30KoMHuarbHOW mHeBMoHNN 1 OP/C:
CYP1A11s2606345-T/T (p=0,0027, OR=2,38, 95% noBepu-
TesibHbIl uHTepBAT: 1,35—4,17), AhRrs2066853 G/A-A/A u
AGT 13699 C/C AhR rs2066853-G/A-A/A (p=0,0012,
OR=2,94, 95% moseputrenphbiii uarepsar: 1,54—>5,60). Co-
yeTaHue JABYX 1 GoJjiee PUCKOBBIX ajuienieil B reHax CYPTAT,
AhR, ACE, AGT u AGTR1 y 0iiHOTO 1 TOTO K€ OOJIBHOTO MO~
Bormaet pruck passutust HIT (p=0,017, OR=2,04, 95% CI
1,16—3,57). YBemmueHne KoJImyecTBa PHCKOBbIX ajljiesiei 10
yerbipex 1 Gosiee y 6ombHbIx HIT conpsizkeHo ¢ pruckoM pas-
sutust OP/IC (p=0,0012, OR=2,56,95% CI 1,46—4,49). Boi-
SIBJIEHHbIE ACCOIMAIIY OY€Hb BAYKHBI /IJIsI TOHUMAHUS My Tei
n MexauauamoB BosnuknoBenust HIT u OP/IC, nporrosupo-
BaHUsI UCXO/a 3a00JIeBaHNUs, OCOOEHHO B TOM CJIyYae, eCJIU B
Gumokaiitem GyiyIeM pesyJIbTaThl HOTOOHBIX TeHETHIYECKIX
uccaeoBaHUi GyAyT TIPUMEHSITBCS ISt [IEPCOHAIM3UPO-
BAHHOTO MOAXO/IA K IEYCHUIO GOJTHHBIX.
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The study has several important limitations. Our
sample size was modest, and not all estimated associations
had > 80% power to detect a moderate OR. Further strat-
ification analysis (e.g., ventilator-associated pneumonia
and others) was limited by the statistical power in stratifi-
cation analysis. We could not estimate the associations in
non-NP group as there were only a few subjects with
ARDS, sepsis and MOF in this group.

Conclusion

Thus, it is shown that a number of allelic variants
of genes of detoxification are associated with the risk of
NP ad ARDS: CYP1A7 rs2606345-T / T (P=0.0027,
OR=2.38,95% CI: 1.35—4.17), AhRrs2066853 G / AA /
A and AGT rs699 C / C AhR rs2066853-G / AA / A
(P=0.0012, OR=2.94, 95% CI: 1.54—5.60). The combi-
nation of two or more risk alleles in the gene CYP1A7,
AhR, ACE, AGT and AGTR1 the same patient increases
the risk of NP (P=0.017, OR=2.04, 95% CI 1.16—3.57).
Increasing the number of risk alleles up to four and more
in NP patients is associated with the risk of ARDS
(P=0.0012, OR=2.56,95% CI 1.46—4.49). The identified
association is very important for understanding the ways
and mechanisms of NP and ARDS, predicting disease
outcome, especially if in the future the results of these
genetic studies will be used for a personalized approach
to the treatment of patients.
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N3MEPEHUE YIIPYTO-9JIACTUYHBIX CBOMCTB MEMBPAHbBI
HATHUBHBIX O9PUTPOIIITOB IN VITRO
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In Vitro Measurement of the Elastic Properties
of the Native Red Blood Cell Membrane
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ITens uccredosanus. BoipaGorats METOAUKY TOMyY€eHUS] N300 pakeHHil HATHBHBIX KJIETOK B (PU3NOJIOTHYECKOH Cpesie, u3Me-
PHUTD JIOKQIBHYIO 3KeCTKOCTh (PUKCUPOBAHHBIX MEMOPAH SPUTPOLMTOB B 3KH/IKOCTH B ONBITAX in vitro. Mamepuan u memooot.
3a60p KPOBH NPOU3BOIWIN Y YEThIPEX 30POBbIX JOHOPOB B Npolecce npoduiakTuyeckux ocMoTpos. Kposb nomemanu B
mukpoBertsl ¢ DJITA. Ipurpouutsl puKcupoBaiu B cpeae 0y(depHOro pacTBOpa Ha MOMJIONKKY C MOKPHITHEM IOJHIH3HHA.
U3zo6paskenue knerok noxyyaau ¢ nomonbio ACM NTEGRA Prima, (NT-MDT, P®). JKectkocts MeMOpaH OlleHHBAIH €
MOMOIIBIO METO/Ia AaTOMHO-CHJIOBOH cniekTpockomuu. Pezyavmamot. Ilonyyenst 3Havenus apdexrusnoro moay:st FOura st
CTATHCTHYECKOii BHIGOPKH PHKCHPOBaHHBIX MeMOpaH aputTpouuTos. IIpu aeiictBun Bepanamuia Ha KpoBb Moyab FOura Gour
pasen 528+21kII. ITpu feiicTBUM Ha KPOBb HOHOB TSIKEJIbIX METAIUIOB CPEIHSIS JIOKAIbHAS JKECTKOCTb BBICYLIEHHONH MeMOpa-
HbI OblIa yBeaudeHa 10 942+56 Ha riayoune 35 uM. Bot600vt. I3MepeHus CHIIOBBIX XapaKTEPUCTHK SPUTPOIMTOB B KUAKOCTH
M03BOJISIIOT 0JIyYaTh BOCIHPOM3BOAMMbBIE PE3YJITATbl HCCIEAOBAHUI YIPYTO-3JaCTUYHBIX CBOiCTB MeMOpaH. C nomoupio
MeTOo/]a AaTOMHOM CHJIOBOH MUKPOCKOIIUH U ATOMHO-CHJIOBOH CIIEKTPOCKOIIMH MOXKHO aHAJM3HPOBATh CBOICTBA *KUBOM KJIETKU
B (dusnonornyeckoii cpene. Knrouesvie ciosa: MmeMOpaHpl, HATHBHbIE KJIETKH, YIIPYTO-3JIACTHYHbIE CBOCTBA, ATOMHO-CHIIO-
Basi CIEKTPOCKOINS.

Objective: to develop a procedure to image native cells in a physiological medium and to measure the local stiffness of fixed
red blood cell membranes in liquid in vitro experiments. Material and methods. Blood was taken from 4 healthy donors dur-
ing prophylactic examinations and placed in EDTA-containing Microvette tubes. The red blood cells were fixed in buffer
solution onto a polylysine-coated substrate. Cell images were obtained using an ACM NTEGRA Prima microscope (NT-
MDT, the Russian Federation). Membrane stiffness was estimated by atomic force spectroscopy. Results. The values of
effective Young's modulus were obtained for a statistical sample of fixed red blood cell membranes. Under the action of ver-
apamil on blood, Young's modulus was equal to 528+21 kP. Under the action of heavy metal ions on blood, the mean local
stiffness of the dried membrane was increased up to 942+56 at a depth of 35 nm. Conclusion. The measurements of the force
characteristics of red blood cells in liquid can yield reproducible results of examining the elastic properties of the mem-
branes. Atomic force microscopy and atomic force spectroscopy can be employed analyze the properties of a live cell in the
physiological medium. Key words: membranes, elastic properties, atomic force spectroscopy, erythrocytes.
DOI1:10.15360,/1813-9779-2015-3-39-44

BBenenue Introduction

OHO#T U3 BayKHBIX 33144 PEAHUMATOJIOTUU SIBJISIETCS One of the important problems of reanimatology is
olpe/ieJieHIe YIPYTro-aJacTUYHbIX CBOUCTB apurpounToB | determining the elasticity patterns of erythrocytes in crit-
[IPU KPUTUYECKUX COCTOSTHUSIX. DT cBolictBa oGecnieun- | ical illness. These properties ensure efficient cell transfer in
BaroT 9(pPEKTUBHOCTD TPAHCIIOPTA KJIETOK B cucteMe cocy- | vascular microcirculation and effective tissue oxygenation.
JIOB MUKPOILUPKYJISIIUK U OKcureHanuto tkaveil. {us uc- | Different techniques are used to investigate the deforma-
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creoBaHus 1eOPMIPYEMOCTH 9PHUTPOIMTOB HCIIOJIb3Y-
0T Pa3Hble METOIBbL: (DHIIBTPAIINIO Y€PE3 MOPBI C ANaMeTpa-
MU OKOJIO 5 MKM, METO/IBI JIa3epHoi audpakromerpun [1].
OzHAKO 3TO KOCBEHHbBIE METOBI M3y4YeHus nedopmupye-
MOCTH 3PUTPONUTOB. IIPSIMBIM METOZOM M3ydeHHE YIIpy-
rO-9JIACTUYHBIX CBONCTB 9PUTPOIUTOB SIBJISIETCS] ATOMHO-
cunoBasi criekrpockonus (ACC) [2]. Aromuas cuyoBast
mukpockonusi (ACM) u ACC 1103BOJISIIOT HENTOCPE/ICTBEH-
HO HaGIIOaTh GUOJIOTHYECKHE OOBEKTHI B PEATbHOM BpE-
MEHH ¥ M3y4aTh WX MeXaHumdeckue cBoiictBa. IIpm atom
ACM obecrieanBaet mosydenue n300pakeHuii moBepxHoC-
T MeMOpaH B HaHoAuanasowe |3, 4], a ACC 1nosBosister uc-
caien1oBarh 1eOPMHUPYEMOCTh U SKECTKOCTH OMOJIOTHYeC-
Kux 00beKTOB [5, 6], B TOM umciie MeMOpaH KJIETOK U X
(dbparmentos [7, 8].

Oba 11 MeTozIa PEATU3YIOTCsI € HOMOIIBIO ATOMHO-
ro cuoBoro Mukpockona (ACM) Ha ozHOI annaparype u
Ha OJIHUX U TeX e 06pasiax. Mameperue jECTKOCTH MPO-
BOJIUTCSI TTOCJIE TOJIYYeH st n300paKeHIi MeMOPaH UITH 1X
dparmenTos B mosie ACM [9]. Ha BoiOpanubie yuacTku us-
MepeHus KECTKOCTH JeHCTBYIOT 30HJOM C 3aJaHHON CH-
a0, TTo pedpopmariim GHOJTOTHYECKOil CTPYKTYPBI iesaeT-
cs  3aKJIOYEHHE O JKeCTKOCTH MarepHaja M ero
MexaHmuecknx cBolicTBax. [ledopmmpyemocTs 1 KECT-
KOCTh MeMOpaH 3PUTPOIUTOB MEHSIETCS TIPH 3a00JIeBaHNI-
SIX — TIPU caxapHOM juabere, UIIEMUH MUOKap/a, THIep-
[10,
3aboseBanusivi [12, 13]. Vdydenne HaTUBHBIX GHOJIOTH-

TOHUH 11], y OGOJBHBIX € OHKOJOIMYECKUMU
gyecknx 00bekToB Ha ACM B JKHIKOCTH MTPEICTABISET CO-
GOl TEXHUYECKU U METOAUYECKU CJIOKHOE HAIPaBJICHUE
[14, 15], HOCKONBKY JKUBbIE KJIETKH — MSTKHE 0OBEKTHI,
KOTOpBIE TIJIABAIOT B pacTBope. JlJIs IpoBeieHnst necieo-
BaHMii MX HEOOXOAMMO 3a(PUKCHPOBATH Ha MOMMOKKE U
chopmupoBaTh MoHOCJION [16].

ACM n ACC pacimpsieT BO3MOKHOCTH TIOJTyUeHUST
undopmalu 06 IPUTPOIUTAX, [IOTOMY UTO 0ba MeToAa
TIPUTO/THBI JIJIST UCCIEIOBAHMST XapaKTEPUCTHK JKUBBIX KJIe-
TOK B Oyepe Ha HAHOPA3MEPHOM YPOBHE.

[lesb paboThl — pa3paboTaTh METOAUKY HOIYUEHHUST
u300pakeHUI HATUBHBIX KJIETOK B JKUIKOW cpejie, u3Me-
PUTH JIOKAJIbHYIO JKECTKOCTh MeMOPaH 9PUTPOLMTOB TIPH
Pa3IMYHBIX YCJIOBUAX B KUIKOCTU B OIBITAX i1 Vilr0.

Marepuan u MeTObI

3a60p KPOBH MTPOM3BOJINIIN ¥ YETHIPEX 37I0POBBIX IOHOPOB. B
COOTBETCTBUY ¢ TpebOBaHUAMHU HTUUECKOro Komuteta HUU 06-
1ieit peannmarosoruu uM. B. A. HeroBckoro GbLIo TIOJyYeHO CO-
rjace BceX JIOHOPOB Ha IpoBejieHune uccienoBanuii. Kposb B
obwbeme 200 Mk nomentaan B MukposerThl ¢ I/ TA (Sarstedt AG
and Co., Germany).

[LesbHYIO KPOBb Pa3/IesIsiyii Ha TJIa3My U 9PUTPOIMTHI C MO-
Mombio nentpudyruposanus (nentpudyra «Hettich Mikro
220R» (Tepmanus) B Tedernne 10 munyt, 1000 06,/Mun). Hagoca-
JIOYHYIO JKU/IKOCTb, COAEPIKAIIYIO MIA3MY, YAAJISIIN U K 9PUTPOIIU-
Tam nobasisin pactop Oydepa (dochatro-conesoit Gydep
(PBS, pH 7,4) s BoccTaHOBJICHHS HCXOHOTO 0ObeMa.

Jlnst crabusmsaniy MeMOpaHbl B IPUTOTOBIEHHYIO CYCITEH-
3110 noGasasn 100 M1 1% Ty TapOBOTO ATbETHAA U MHKYOUPO-
Basn B TeyeHue 30 MUHYT, HOCJIE Y€r0 APUTPOLUTHI OTMBIBAJIH
JUCTIJUTIPOBAHHO BOMION. B OTMBITBIE 9PUTPOIMTHI TOOABISIN

bility of erythrocytes: filtration through pores with diame-
ters of about 5 micron, methods of laser diffraction [1].
However, all of this are indirect methods for studying the
deformability of red blood cells. Direct method to study
the elasticity of erythrocyte membrane is an atomic force
spectroscopy (AFS) [2]. Atomic force microscopy (AFM)
and AFC allows both direct observing the biological
objects in real time and determining their mechanical
properties.

AFM allows to obtain images of the membranes sur-
face in the nano range [3, 4]. AFS allows to investigate the
deformability and rigidity of biological objects [5, 6]
including cell membranes and its fragments [7, 8].

Both of these methods are realized using atomic
force microscopes (AFM) on the same equipment and on
the same samples. Measurement of rigidity in the AFM
field is conducted following acquisition of imagesof the
membranes or their fragments by AFM [9]. Probe with a
given force affects the selected areas of interest to deter-
mine local rigidity. Deformation of biological structures is
informative for a rigidity determining of the material and
evaluating the mechanical properties of the object.
Deformability of erythrocyte membranes and rigidity are
changing in various diseases including diabetes, myocar-
dial ischemia, hypertension [10, 11], cancer [12, 13].

Studying native biological objects in fluid with AFM
is technically complecated [14, 15] since living cells repre-
sent soft objects that float in the solution. For research
purposes it is necessary to fix them on the substrate and
use a cell monolayer [16]. Therefore, the AFM and AFC
expand possibilities of gathering information about ery-
throcytes making possible to study membrane properties
of living cells in the buffer at the nanoscale

The goal of the study was developing a technique for
obtaining images of native cells in a physiological environ-
ment, to measure the local rigidity of the erythrocytes
membranes in fluid in experiment iz vitro.

Materials and Methods

Blood samples were harvested from four healthy donors follow-
ing obtaining the informed consent from each donor in accordance to
requirements of the Ethics Committee of the V. A. Negovsky
Institute of General Reanimatology.. Blood was placed in microvet-
ty with EDTA (Sarstedt AG and Co., Germany). Whole blood
was divided to plasma and erythrocytes by centrifugation for 10
min at 1000 rpm (centrifuge <«Hettich Mikro 220R»,
Germany).Supernatant containing plasma was discarded and the
original volume was restored with phosphate buffered saline
(PBS, pH 7,4). For erythrocyte membrane 0,1 ml of 1% glu-
taraldehyde was added for 30 minutes anderythrocytes were
centrifuged in the presence of distilled water added.

The resulting slurry was aliquoted onto a glass coated with
polylysine (0,5 mg/ml for one hour in a Petri dish followed by dry-
ing on air during 2 hours) and allowed to adhere for 10 minutes,
then dipped in a 1% glutaraldehyde for 5 seconds to fix the cells to
the glass surface. The resulting sample was washed in PBS and
scannned by AFM.

Images were acquired by AFM NTEGRA Prima (NT MDT,
Russia) in a liquid using an insert (model AU028NTF) with open
liquid cell. Scanning was performed in a contact mode. The num-
ber of scan points were 512. Rigidity was evaluated by AFC. This
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OPMI‘TAHQ,ABHI)IC MCCACAOBAHM I

6ydep PBS (pH 7,4) B kosmuectse 5 M. DuKcanmio spuTporu-
TOB K CTEKJY B cpezie Oy(hepHOTO PacTBOpa, MPOBOININ C TIOMO-
IO TOMMIU3UHA. [[JIsT 5TOTO YUCThbIE 003 KUPEHHbIE TIOKPOBHbIE
creksia nomeranu Ha 1 gac B vamky Ilerpu ¢ pactBopom nosmim-
3uHa 0,5 mMr/Mir. Tlocste dero BbICYIIMBAIN HX HA BO3/yXe B TeUe-
Hue 2 4acos.

[Tosyuennyio cycreH3nIo HAHOCUJIM HA CTEKJIA C MOJIIJIN3N-
HOBBIM TIOKPBITHEM U OCTABJISIIN /17 ajre3un Ha 10 MuHYyT, 3aT€M
oryckaau B 1% riryTapoBblil ajberuj] Ha 5 CEKYH/L ISl yrydiie-
Hitst pUKcaIni KIETOK K cTek.ry. [lomyyenHblii oGpaserr mpoMbiBa-
B PBS (pH 7,4) 1 npucTynany K CKaHMPOBAHUIO IAHHOTO 00-
pasita ¢ omortibio ACM.

Jls nostyyenust usobpaskenuii ¢ momonbio ACM NTEGRA
Prima (NT MDT, Poccust) B sKuAKOCTH MCHOTB30BAIN U3MEPH-
testbublil BRazbi Mmogein AUO28NTF ¢ oTKpbITOI KUAKOCTHOT
sueiikoil. CKkaHMpPOBaHMe MPOM3BOANIN B KOHTAKTHOM PEKUMe.
Yucno Touek ckannpoBanust — 512. JKectkocts MeMOparsl orte-
HUBQJIM C HOMOIIBIO METOJa aTOMHO-CHUJIOBOI CIIEKTPOCKOIINN.
Mertoz 1103BOJIIeT U3MEPSTh BETMYNHY JeopManini IoBepXHOC-
T MeMOpaHbl U KaHTHJIEBEPa B 3aBUCHMOCTH OT BEPTUKAILHOTO
CMeEINeH s TIhe30CKaHepa, Ha KOTOPOM IoMeleHa MemOpaHa [2].

Jlnst mosydeH st n300paKEHIsI U M3MepeHust eopMarinn
MeMOpatbl B Oydepe ucnosb3oBaii Kantuaesepst tuia SD-R150-
T3L450B-10. Pagnyc soua kautuaesepa 150 1M, koaddunment
yupyroctu 0,15 H/m.

VI3MepeHst TOKAIBHOIT JKECTKOCTH MeMOPaHBI CYXHUX JPHT-
poruToB mposoansn Kautuiesepamu SD-R150-NCL-10. Paguyc
3on1a kantuieBepa 150um. KoadduimenT ynpyroctu kanTue-
Bepa 30 H/m.

PesyibraThl U 00Cy>KA€HUE

JlJIst OLIEHKK YIPYTo-2JaCTUYHBIX CBOKCTB MeMOpa-
HbI nocrpousin 3asucumocts F (h), rae F — cuma, h — ruy-
OuHA MHIEHTALUK 30HAa B MeMOPaHy.

[l onpenenerns momyss IOura (E) ncrmosnszosanu
Mojiesib Tepria (1), koTopast oruchiBaeT 1ehopMaIiio MeM-
OGpaHbI TIPH IEHCTBUN Ha Hee chepUuecKoTo 30H/a:

F=(4/3)ER0>h®? (1),

rine: F — Cuna; E — monyss FOura mem6pansr; R —
pazuyc 30Hz1a; h — rirybuHa uHIEHTAIMN.

ITo 3aBucumoctu F(h), MokHO otieHuTs Bennunny E
JUISI Pa3HbIX TJIyOMH TIOIPY/KEHUS 30H/1a.

V300paskeHrst 3PUTPOLIUTOB, OJTYIEHHBIE B JKIIKO-
ctu, 1 3D npoduap ykazaHHOHW CTPETKOHN KJIETKH, Tpe-
crasiyieHbl Ha puc. 1. [{uamerp apurporura 8517 HM, BbICO-
ta 1125 1M, ryGuna Bagunbl 468 HM.

Wsnayanbio ACM usobpakeHust KIETKU IPU CKa-
HUPOBAHUK B KUAKOCTH MMEIOT Gojiee HU3KOE MPOCTPaH-
CTBEHHOE paspelieHne 110 CPABHEHUIO ¢ U300paKeHneM Cy-
Xux KieTok. KauecTBO T110/yueHHBIX M300pakeHuii
SPUTPOLIUTOB B KUIKOCTH 3aBUCUT OT 00pasiia, OT BbIOOpa

nm
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Puc. 1. U306paskenne HATUBHBIX DPUTPOILMTOB B KUAKOCTH U
npoduib SPUTPOUTA, YKA3AHHOTO CTPEIKON.

Fig. 1. Image of native erythrocytes in a liquid and the profile of
the erythrocyte, indicated by the arrow.

method allows measuring the deformation of the membrane and
cantilever depending on the vertical displacement of a piezoscan-
ner, on which the membrane is placed [12]. To acquire images and
measure the deformation of the membrane the type SD-R150-
T3L450B-10 cantilever was used. The radius of the cantilever
probe was 150 nm, coefficient of elasticity was 0.15 N/m.

Measurement of local stiffness of the dry membrane of ery-
throcytes was performed with cantilevers of SD-R150-NCL-10
type. The radius of the cantilever probe was 150 nm, coefficient of
the cantilever elasticity was 30 N/m.

Results and Discussion

For evaluation of elastic properties of the membrane
the dependence F (h) was plotted, where F — force, h —
depth of probe indentation into the membrane.

Determination of the Young's modulus was performed
using the Hertz model (1), which describes the deformation
of the membrane under the action of its spherical probe:

BsiGopka /i1 u3aMepeHust tg CHIOBOI KPUBOIi sl CTEKJIA U MEMOPaHDBI PUTPOLUTA B KUKOCTH.
Determining tg of force curve for glass and erythrocyte membrane in liquid microenvironment.

Conditions Number Number Number scans Number of Number of All objects
of donors  of samples of on sample studying local measure- cells points
cells on sample  ments on cell
Glass 5 3 15
Sample with erythrocytes 4 4 2 5—15 6 120 720

Note (npumeuanue): Conditions — yciosus; glass — crexio; sample with erythrocytes — obpasert ¢ aputporuramu; number — umco:
donors — goropos; samples scans on sample — ckaros Ha o6pasiie; studying cells on sample — uccnenyempix kaerok ma o6pasiie; local
measurements on cell — JokambHBIX M3Mepenuii Ha kieTke; all objects — Beero 06bekToB; cells — kieTok; points — Tovex.
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Fig. 2. The curves in measurement of rigidity in liquid: glass (a) vs. erythrocyte membrane (b).

F,nN -
25 2)

] /"'.

E=576 kPa ,u

154

10

120 140 160 180  h.nm

Puc. 3. Imnupuueckas sapucumoctb F(h) (1) u reopernyeckas
annpokcuManus (2) st MeMOpaHbl PUTPOIUTA B KUIKOCTH.
Fig. 3. Empirical relationship F (h) (1) and theoretical approx-
imation (2) for the erythrocyte membrane in the fluid.

Note (npumeuanue): h (depth of indentation probe, nm) — ruy-
6una nugentanuu sou1a , um; F (h) (empirical dependence) — am-
npudeckast 3aBrucuMocThb; kPa — kITa; nN — uH (HanaHbIOTOH).

ONTUMAJIBHBIX Crenn(UIecKux pesknMoB paborer ACM n
KBaJM(PUKAIUT UCCITIE0BATEIS.

Ha puc. 2 mpuBezieHbI CUIIOBBIE KPUBbIE, TIOTyYE€HHbIE
B JKUIKOCTH: /7151 cTekaa (tgp = 6) (puc. 2, a), n cumoBas
KpuBas s MeMOpanbl aputponuta (tgp=3,3) (puc. 2, 6).

O61mee KOMM4ecTBO U3MEPEHU JTOKaIbHOM JKECTKO-
cTi MeMOpPaHbl 9PUTPOIINTA PEACTABICHO B TaOI. 1.

[TpousBoanan npeobpasoBaHnue NCXOAHON IMITMPH-
veckoil dyuxmun [ (AZ) B 3aBucumocts F(h), rne AZ —
oj/rbeM nbe3ockanepa (im); I — tok paccornacoBanms ¢o-
toanona (HA); h — ruy6una nnaeHTamu 30012 (HM).

F=K(I,/1,)* AZ

I, u I, — TOKHW paccoriacoBaHmsI ST MEMOpaHbI 1
CTEKJIa COOTBETCTBEHHO.

[Tosyuennas smrupudeckas sagucumocts F(h) mpexn-
cTaBJieHa Ha puc. 3. DTa aMIIUpPUYECcKas 3aBUCUMOCTb ObLia
aIMpOKCUMIPOBAHHA TEOPETIUECKOH 3aBUCUMOCTHIO (1).

F=(4/3)ERO5h®? (1)

F — force; E — Young's modulus of the membrane;
R — probe radius, h the depth of indentation.

We can estimate E for different depths of probe
immersion according to the dependence of F (h).

Images of erythrocytes obtained in liquid and the 3D
profile of cells are shown in Figure 1. The diameter of the
erythrocyte was 8517 nm, height was 1125 nm, the depth
was 468 nm.

AFM images of the cells originally scanned in the
fluid have a low spatial resolution compared to the images
of dry cells. Quality of red blood cells images in a liquid
depends on the sample, depends on optimum operating
conditions of the AFM and experience of a researcher.
Figure 2 (a) shows the power curve obtained for the glass
in the fluid (tgp=6), and Figure 3 (b) illustrates the power
curve for the erythrocyte membrane, (tgp=3.3).

The total number of local rigidity measurements of
the erythrocyte membrane is shown in Table 1.

Original empirical function I (AZ) was converted
into dependence F (h), where AZ — rises of a piezoscanner
(nm), I — differential current of photodiode (nA), h —
depth of indentation probe (nm).

F=K(I,/I,,)* AZ

Im u Icr — differential currents for membrane and
glass, correspondingly.

The resulting empirical dependence F (h) is shown
in Figure 3. These empirical relationships were approxi-
mated by theoretical dependence (1).

It was assumed that the mechanical properties of the
erythrocyte membrane are uniform. The average values of the
Young's modulus of the membrane of red blood cells in the
fluid were 310—680 kPa. The specified dispersion was defined
as different objects of measurement (cells) and difference of
the local properties of the erythrocyte. The Young's modulus
on the torus of the cell membrane was 576 kPa (Fig. 1).

Dry erythrocyte membrane is not uniform, and the
modulus E for different values of h are different. Empirical
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Puc. 4. Imnupuueckas 3apucumocts F(h) 1y memGpanpl apuT-
pouura Beicyniennoro Ha Bosayxe; Eef i — rpaduxu moxesmn (1)
JUTS pa3JIMYHBIX 3HaYeHui a¢dexruBHoro moxys IOnra.

Fig. 4. Empirical relationship F (h) for the dry erythrocyte
membrane on air; Eef i — graphic model (1) for different values
of the effective Young's modulus.

Note (mpumeuanue): h (depth of indentation probe, nm) — rury-
6una nngenTarmn 3ouza, iM; F (h) (empirical dependence) — am-
nupuueckas 3aBucuMocTb; NN — HH (HaHanblOTOH).

[Ipu sTOM mpeanonaraeTcs, 4To MeXaHUYECKHe
CBOIICTBa MeMOPaHbl PUTPOIUTA OJHOPOAHBI. 3HAYCHMUS
Moyt HOHra (ukcupoBaHHBIX MeMOpaH HOPMAJbHBIX
HPUTPOIUTOB U3MEPEHHbIE B JKUIKOCTH JIEKATU B TIpejie-
nax 310—680 klla. Ykasanubiii paz6époc OMpesessicsa Kak
pasayHbIME 00beKTaMu (KJIETKaMU) M3MEPEHUs], Tak |
pas3iamuneM JIOKAJThHBIX CBOHCTB aputpormrta. Momyrsb
IOmra ma Tope MeMOpaHbI KJIETKN yKazaHHo# Ha puc. 1 co-
crasu 576 klla.

MemOpaHta cyxoro spuTpoiuTa HEOAHOPOIHA, 1 MO-
nyab E s pasHbix BennuuH h pasiumded. IMnupudeckast
sapucumocth F(h) mMemGpaHbl cyxoro spurporura mnpesi-
CTaBJIeHA HA PUC. 4, T/Ie TPEJICTABIEHBI M3MEHEHUST MOJLY JIst
FOHra suis pasinuHbIX TIyOUH MHAEHTAUMK 30H1a. TOUYKM
nepecedenus rpadukos Mojesnn lepra ¢ aMOupudeckoit
KPUBOH AIOT KOJMYECTBEHHYIO OIEHKY 3(h(hEKTHBHOTO
Moyt FOHra MmemOpanbl Ha riy6unax hi.
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dependence F (h) of the dry erythrocyte membrane is
shown in Figure 4, which displays changes of Young's mod-
ulus for different depths of indentation probe. The point of
intersection of the graphs of the Hertz model with empiri-
cal curve provides a quantitative estimation of the effec-
tive Young's modulus of the membrane at depths hi.
Measuring the elasticity of the membrane of dry red blood
cells was performed by a cantilever SD-R150-NCL-10.
The radius of the probe cantilever was 150 nm. The coeffi-
cient of elasticity of the cantilever was 30 N/m.

The empirical dependence of F(h) under the action
of verapamil on the blood was approximated by a model
(1), as in control cells (Fig. 3), and the average value of
Young's modulus was 528+21kP. During action of heavy
metal ions on the blood the empirical dependence F(h) for
the dried cells was close to the function shown in Figure 4.
The average value of local stiffness was increased
(942+56kP at a depth of 35 nm). Therefore, measuring the
power characteristics of red blood cells in the fluid allows
obtaining reproducible results when determining the elas-
ticity patterns of membranes.

Using the methods of AFM and AFS it is possible to
analyze properties and morphology of living cells directly in a
physiological environment.

Imnupuueckas 3asucumoctb F(h) mpu geiictuu
BepanamMuia Ha KpoBb alllpoKCUMUPOBasiach Mojesbio (1),
KaK U 'y KOHTPOJIbHBIX KJIETOK (puc. 3), a cpe/iHee 3HaYeHNE
mozyast FOura cocraBusio 528+21kI1. Tlpu geiicTBum Ha
KPOBb MOHOB TSIKEJIBIX METAJJIOB AMITMPUYECKAST 3aBUCH-
moctb F(h) asst BbicynieHHBIX KieTOK Oblia OJu3Ka K
(ynkuu, npeacraBaeHnoil Ha puc. 4. CpeHsis BeJuUnHA
JIOKQJILHOI KeCTKOCTH Obljla yBeJMYeHa U COCTaBUJIA
E=942+56 na riybune 35 vM. MI3MepeHue CUIOBbIX XapakK-
TEPUCTUK HPUTPOIUTOB B JKUIKOCTH TO3BOJISIET TIOTYYaTh
BOCIIPOM3BO/IMMbIE PE3YJIBTAThI MCCJAEOBAHUIT YIIPYTO-
ANACTUYHBIX CBOMCTB MEeMOpaH.

Takum 06pasoM, ¢ OMOIIbIO METOJa ATOMHOU CHU-
JIOBOIT MUKPOCKOTIMH M ATOMHO-CHJIOBOI CIIEKTPOCKOITUN
MOKHO aHAJIM3UPOBATH 2JACTUYHO-YIPYTHE CBOMCTBA
JKUBOH KJIETKH, HEIOCPEICTBEHHO B (GUBHOJOTHUECKOI
cpeje.
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1. B. Octposa, M. III. ABpyiieHko

HUU obmeit peanmmaTonorun uM. B. A. Herosckoro, Mocksa
Poccus, 107031, Mocksa, yii. IlerpoBka, 1. 25, cTp. 2

Expression of Brain-Derived Neurotrophic Factor (BDNF)
Increases the Resistance of Neurons to Death in the Postresuscitation Period

1. V. Ostrova, M. Sh. Avrushchenko

V. A. Negovsky Research Institute of General Reanimatology, Moscow
25, Petrovka St., Build. 2, Moscow 107031, Russia

OxunM U3 HanOolee aKTyaJlbHBIX BOPOCOB B COBPEMEHHOH HEHPOOHOIOTHY 1 MEUIIMHE OCTAETCS MOKMCK BEIIECTB, CII0CO0-
HBIX 3alIMTHTD KJIETKU FOJIOBHOTO MO3Ta OT IIOBPE:K/IAaI0Iero el cTBH runoKcuu. B nacrosiee Bpems B iuTepaType mupo-
KO 00CY3K/1aI0TCS BO3MOKHOCTH IPUMEHEHNS HeiipoTpoduyeckux $Hakropos, B yactHoctH, 6eaxa BDNF (brain-derived neu-
rotrophic factor), nisa neyeHus HeBposornyeckux 3aGoseBaHuii. OZHAKO OCTaeTCs] HESICHBIM, KAaK H3MEHSIETCS YPOBEHb
9KCIPECCHH JaHHOTO GelKa B HEHPOHAX rOJIOBHOIO MO3ra B NOCTPEAHUMALOHHOM [IEPUO/IE TOC/HE OCTAHOBKH CHCTEMHOTO
kpoBooGpamenus. [eav uccredosanus. Oupenenursb yposenb sxcnpeccud BDNF B BbICOKOUYBCTBUTEIbHOM K HIIEMAH HEH-
POHaJbHOIT nomy sy kjaeTok IlypkuHbe Mo3:KeuKka U OIIEHUTDh €ro 3HaYeHHe B YCTOIHYNBOCTH HEf{POHOB K HIIEMHH-penep-
dysun. Mamepuanvt u memoosvt. Y m0JI0BO3PENbIX GEbIX HEINHEHHBIX caMIOB Kpbic (n=11) 1107 9pUPHBIM HAPKO30OM BbI-
3bIBAJI OCTAHOBKY cep/iua Ha 12 MUH IyTeM BHYTPUTOPAKAJIbHOTO MEPesKaThsl COCYAUCTOrO IyYKa CepAla ¢ Nocje yIonHM
o:kuBiIeHHeM. KOHTPOJIbHYIO IPYIITy COCTaBHIIU JIOSKHOONIepHPOBaHHbIe :kuBoTHbIe (n=11). Ha 7-e cyTku nocie peannmaiyu
MeTo10oM MOpGOMETPHYECKOro aHaINu3a Ha oKpameHHbIx 1o Hucceio napaduHOBBIX cpe3ax TOMUMHON 5—6 MKM onpezes-
1 obuiee ynciao kiaerok Ilypkunbe Ha 1 MM JUIMHBI HX €105, FIMMYHOTHCTOXHMUYECKOE MCCIEOBAHUE DKCIPecCcHn Oelka
BDNF B kixetkax Ilypkunbe npoBoauiM HeNPsAMbIM NePOKCHAA3HO-aHTHIIEPOKCHIA3HBIM METO/IOM C HCIOJIb30BaHHEM Iep-
BUYHBIX NOJHKIOHAMBHBIX aHTUTe] IpoTUB BDNE. IloacuntsiBamu yucio kiaetok Ilypkunbe ¢ pasHoii MMMyHOpeaKTHBHOC-
110 K 0enxy BDNE. Hurencusnocts axcnpeccud BDNF olenuBany no nokasareaio cpeneii onTuueckoii miornocru. Pe-
3ynvmamol. 12-MUHYTHAS OCTaHOBKA CHCTEMHOTO KPOBOOOpAUIeHHs y KPbIC NPHBOAWIA K YMEHBIIEHHIO YHCJIA KJIETOK
ITypkunbe na 12,5%. [Ipy MMMYHOTHCTOXUMUYECKOM UCCIIEI0BaHUN OOHApY KeHO, uTo uncio BDNF~ HeiipoHoB y peanumu-
POBaHbIX KpbIiC 0bLI0 cHUKkeHO. IIpu aToM uncao BDNF* u BDNF*+ HeilipoHOB COOTBETCTBOBAJIO KOHTPOJILHOMY YPOBHIO.
CaenosaresbHo, moru6amu 1oapk0 BDNF-neratusHbie, 1. €. He akcnpeccupyomue 6eaok BDNF Heliponsl. Ananus cpeaneit
ONTUYECKOH ITIOTHOCTH MIOKA3aJl, YTO CPeM OCTABIIMXCS HEHPOHOB ypoBeHb skcnpeccuu Genka BDNF 6bu1 moBbilieH B cpaB-
HEHHH ¢ KOHTPoJIeM. BoisiBiieHHbIe (DaKThI CBUNETENHCTBYIOT O HEHPOIPOTEKTUBHOM JIEHCTBUM 3TOTO O€JKa B IOCTPEaHnMa-
IIOHHOM 1repuozne. 3axatouenue. CrnocoGHoCTh K 9Kcnpeccun Oeaxa BDNF sBisiercs: BakHbIM (HaKTOPOM, MOBBINIAIONIAM
YCTOHYHBOCTH HEHPOHOB K THOEH B IOCTPEAHUMAIIMOHHOM TE€PUOie. ITO 0GYCIABIMBAET NEPCIEKTUBHOCTH UCIIOIb30BAHMS
BDNF 151 pa3paGoTKi HOBbIX OAXO0/I0B K 3al[uTe MO3ra npu unemun-penepdysuu. Knouesvte crosa: 6enoxk BDNF, nocr-
peaHHMAIMOHHBII Teproz, rndeipb HeiipoHoB, kiaetkn Ilypkunbe Mo3:keuka, MopdomMeTpuyecKuii aHaIN3, IMMYHOTHCTOXH-
MHs, CPEIHsAA ONTHYECKast IIOTHOCTD.

A search for substances that are able to protect brain cells from the damaging effect of hypoxia remains one of the most rel-
evant issues in modern neurobiology and medicine. Whether neurotrophic factors, brain-derived neurotrophic factor
(BDNF) protein in particular, can be used to treat neurological diseases is the subject of wide speculation in the literature
now. However, how the expression of this protein in the brain neurons changes after systemic circulatory arrest in the
postresuscitation period remains uncertain. Objective: to estimate the level of BDNF expression in the highly ischemia-sen-
sitive neuronal population of cerebellar Purkinje cells and the value of BDNF in the resistance of neurons to ischemia-reper-
fusion. Materials and methods. In mature outbred male albino rats (n=11), the heart was stopped under ether anesthesia
at 12 minutes via intrathoracic ligation of the vascular fascicle, followed by revivification. A control group included pseu-
do-operated animals (n=11). On days 7 after revivification, a morphometric analysis of Nissl-stained paraffin sections 5—6
pum thick was used to determine the total number of Purkinje cells per 1 mm of their layer length. The expression of BDNF
protein in the Purkinje cells was immunohistochemically examined by an indirect peroxidase-antiperoxidase test using pri-
mary polyclonal antibodies against BDNF. The count of Purkinje cells with different immune responses to BDNF protein
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was calculated. The intensity of BDNF expression was estimated from the mean optical density. Results. 12-minute sys-
temic circulatory arrest in the rats resulted in a 12.5% reduction in the number of Purkinje cells. The immunohistochemical
examination revealed a lower numbers of BDNF™ neurons in the resuscitated rats. In this case, the count of BDNF+ and
BDNF+* neurons corresponded to their reference level. Consequently, only BDNF-negative neurons, i.e. those that failed
to express BDNF protein, died. Analysis of the mean optical density indicated that the remaining neurons had a higher
BDNF protein expression than those in the controls. The found facts suggest that this protein has a neuroprotective effect
in the postresuscitation period. Conclusion. The capability for BDNF expression is an important factor that enhances neu-
ronal resistance to death in the postresuscitation period. This offers promise for BDNF use to elaborate novel approaches
to protecting the brain in ischemia-reperfusion. Key words: BDNF protein, postresuscitation period, neuronal death, cere-
bellar Purkinje cells, morphometric analysis, immunohistochemistry, mean optical density.
DOI:10.15360/1813-9779-2015-3-45-53

BBenenne

OcTaHoBKa cep/lla YacTO COIPOBOXKIAETCSI Hapy-
HIEHUSIMU (DYHKITMU MO3Ta, U4TO SIBJISIETCS OJIHOM U3 oc-
HOBHBIX TMPUYMH CMEPTHOCTU CPEIM PEaHMMAIIMOHHBIX
G6ombbIx [1, 2]. Mmemus-penepdysust BbI3bIBaeT I10-
BpEK/EHUE HEPBHBIX KJIETOK B Pa3/MYHbIX 00JACTSAX TO-
JIOBHOTO MO3ra — CEHCOMOTOPHOH KOpe, TUIIOKaMIIE,
cTpuatryMe, Tajamyce, MoO3jKeuke. BoccraHoBienue
(byHKIIMN MO3Ta TIOC]IE peaHUMAIMU TECHO B3aUMOCBSI3a-
HO C COCTOSIHUEM BBICOKOUYBCTBUTEJBHBIX K THIOKCHH
HefpoHabHbIX nonyssnuii [3]. [ToaTomy uccrenoBanme
MEXaHU3MOB Da3BUBAMOIINXCS HAPYIIEHUN HEe0OXO0AUMO
JUUTSE TOHUMAHUSI IPUYUH MOCTTUIIOKCUYECKUX dHIehaio-
naruii, a Takke noucka a(hOEKTUBHBIX CIOCOOOB UX TPO-
(bunmakTUKM U KOPPEKITHH.

Hamu BbisiBeHBI (DaKTOPBI, CIIOCOOCTBYOIINE 110~
BBIIICHUIO YCTOMYMBOCTU HEHPOHOB K TOCTPEAHNMAIIH -
OHHOIl THOENU U ABJIAOIUECS <MHIUKATOPAMU» I10-
BpeX/JeHUsS Mo3ra. Tak, YCTaHOBJIEHO 3HadyeHHe
MOCTPEAHUMAIMOHHBIX M3MEHEHUN YPOBHS 3KCIIpec-
cun 6esKoB TemnoBoro moka cemeiicrsa HSP70, ruio-
Ko30-perysupyemoro 6eaka GRP78, rimanbHoro Heii-
porpodugeckoro daxtopa GDNF [3—5].

B Hacrostiiee BpeMst B JiUTEpaType MUPOKO 0OCYIK-
JaeTcs TepaneBTHUECKUH MOTeHIINA HeHPOTPOhIIecKNX
(haxropoB B kauectBe HeiiporiporekTopoB [6—10]. Heiipo-
TPO(UHBI — HTO YHUKAJIBHOE CEMEHCTBO MOJUTIENITH/IHBIX
pocTOBBIX (hAaKTOPOB, KOTOPbIE BJAMSIOT Ha mHposudepa-
o, 1ndHEPEHIIPOBKY, BbIKMBaHMUE 1 THOE/Ib HEPOHOB.
Onu HEOGXOANUMBI JIJISI HOPMAJIBHOTO (hYHKIIMOHUPOBAHUS
HEPBHOI CHCTEMBI, YUYACTBYIOT B BbICIIIEIl HEPBHOU Jes-
TesibHOCTH. VI3MeHeHust ypPOBHS HEHPOTPOPUHOB CBSI3AHbI
C PSIZIOM HEUpOzIereHePaTUBHBIX 3a00JIeBaHUM, TAKUX KaK
6osiesHb Asbiireiimepa, 6osiesnb [lapkuncoHa, xopest XaH-
TuHrToHa [11].

B nocsieinne rozibl nprcTasbHOe BHUMAaHKE Clielna-
JINCTOB PA3JIMYHBIX MPOMUIIEH TIPUBJIEKAET OJIUH U3 TJIaB-
HBIX TIpe/icTaBUTesIel cemMeiicTBa HEHPOTPODUHOB — Hell-
porpoduueckuii pakrop romosHoro mosra (brain-derived
neurotrophic factor — BDNF).

BDNF — 310 Gesiok ¢ MOJIEKyJISpHOiT Maccoii 14
k/la, mpunamiexamuii K Kaaccy HUTOKUHOB, CEMEHCTBY
(haxropoB pocra m nozpcemeiicTBy HeiiporpodunoB. OH
AKCIPECCUPYETCS B PA3BUBAIOIIEMCS U 3PEJIOM MO3Te MJie-
konuTaomux [12]. Ero mHoro B rumnmokamie, Kope, MO3-
JKeuKe, CTpUaTyMe, MUHIQJIEBU/IHOM TeJle U TUIIoTaIaMyce
[13, 14]. BDNF cunresupyercs, riaaBHbiM 06pa3oMm, B Heii-

Introduction

Cardiac arrest is commonly accompanied by distur-
bances of brain function that are considered as one of the
main causes of death of critically ill patients [1, 2].
Ischemia-reperfusion causes nerve cell damage in various
regions of the brain including sensorimotor cortex, hip-
pocampus, striatum, thalamus and cerebellum. Recovery of
brain functions after resuscitation is closely linked to the
conditions of neuronal populations highly sensitive to
hypoxia [3]. Studies of mechanisms of developing brain dis-
orders are urgently needed to reveal the causes of posthy-
poxic encephalopathies, as well as to determine more effi-
cient approaches to their prevention and correction.

Previously we have identified factors that can
improve the sustainability of neurons to post-resuscitation
death and which are considered as «indicators» of a brain
damage. They include heat shock protein HSP70, glucose-
regulated protein GRP78, glia-derived neurotrophic factor
GDNF differentially expressed in brain compartments
post-resuscitation [3—5].

Currently the therapeutic potential of neurotrophic
factors as neuroprotective agents is thoroughly discussing
[6—10]. Neurotrophins belong to unique family of
polypeptide growth factors affecting proliferation, differ-
entiation, survival and death of neurons. Neurotrophins
are indispensable for normal functioning of the nervous
system and involved in activities of CNS. Quantitative
changes of neurotrophins have been shown to be associat-
ed with a number of neurodegenerative diseases including
Alzheimer's disease, Parkinson's disease, Huntington's
chorea [11].

In recent years, attention of scientists has been
attracted by one of the main representatives of neu-
rotrophins, the brain-derived neurotrophic factor(BDNF).

BDNF is a 14 kDa protein that belongs to the class
of cytokine family of growth factors and neurotrophins
subfamily. It is expressed in the developing and adult mam-
malian brain [12]. There is a large amount of this protein in
the hippocampus, cortex, cerebellum, striatum, amygdala
and hypothalamus [13, 14]. BDNF is synthesized primari-
ly in neurons. It has been also found in platelets, astro-
cytes, microglia, endothelium, hepatic cells, muscle [6].
BDNF is indispensible for learning and memory processes,
promotion of growth and differentiation of new neurons
and synapses [8, 15—17]. BDNF has revealed its anti-
hypoxic properties [18], anti-inflammatory activity [6]
and capabilities to inhibit apoptosis [19, 20], stimulate the
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ponax. OH Takke 0OHAPY/KEH B TPOMOOIMTAX, ACTPOIIUTAX,
KJIETKaX MUKPOTJINH, 9HAOTEJNS, IeYeHH, MBIIIETHON TKa-
Hu [6]. BDNF Baker st nporieccoB 0OyYeHUs 1 HaMATH,
criocoberByer pocty 1 aAudGepeHInPOBKe HOBBIX HEHPO-
HOB 1 cuHancos [8, 15—17]. Ycranosaeno, uto BDNF 06-
JIaJlaeT aHTUTUTIOKCUYEeCKMHU cBoiicTBamu [ 18], mporuso-
BOCTIAJTUTENBHBIM JlelicTBUeM [6], yrHetaeT amonTos |19,
20], a TakyKe CTUMYJIMPYET PEreHepaIuio U PoCT MOBPEK-
JICHHBIX HEPBHBIX BOJIOKOH [6]. B MHOTOUMC/IEHHBIX BKCITE-
PUMEHTAJIbHBIX HCCJIELOBAHUAX IPOAEMOHCTPHPOBAHO
HeitporiporektusHoe neiicrsue BDNF [§, 21—26].

B akcmepuMeHTe Ha Pa3IMYHBIX MOJETSIX U30JIUPO-
BaHHOW MIIEMUH MO3Ta OB BbISIBJICHBI U3MEHEHUS DKC-
npeccut BDNFE Ozinako sanHbie 3THX UCCJIEI0OBAHUN He-
OTHO3HAYHBI ¥ PA3IMIAIOTCS 110 JIOKAJIU3AINN 1 IUHAMUKE
BBISIBJIEHHBIX ¢/IBUTOB [27—30].

B cBs3U ¢ 9TUM 11€1b10 HACTOSIIIElH PabOThI OBLIO HC-
cienoBaTh ypoBeHb akcmpeccnu BDNF B BeicokouyBcTBH-
TEJIBHONM K WINEeMUM HEHPOHAIbHON MOMYJAINN KJIETOK
ITypKuibe MO3KeUKa U OTIEHUTD €r0 3HAYCHIE B YCTONIN-
BOCTU HEWPOHOB K nilleMuu-perepdysnn.

Marepuan u MeTOIbI

IKCIIEPUMEHTDI TIPOBOANIIICH Ha OENBIX HEJTNHEHBIX KPbI-
cax-camiax maccoii 190—250 r corsacHo peKoMeHAanusaAM JTide-
ckoro komutera OTBHY HUU o6iieil peaHUMaToOJIOTHH UMEHH
B. A. Heroscxkoro B cootBetctBuu ¢ «IIpaBmimamu mpoBenens pa-
GOT ¢ UCIOJIB30BAHUEM DKCIIEPUMEHTAIBHBIX KUBOTHBIX> (IIpu-
ka3 Munszapasa CCCP Ne755 or 12.08.1977). Y 11 kpsic 1o
2(UPHBIM HAPKO30M BBI3BIBAJIM OCTAHOBKY cep/iia Ha 12 MuH my-
TEM BHYTPUTOPAKAIBHOTO MEPEKATUS COCYANCTOrO TIy4YKa CePAIa
[31]. OskuBieHne IPOBOANIIM HENIPAMBIM MACCAKeM Ceplia B CO-
YeTaHny ¢ UCKYCCTBEHHOI BEHTUJISIIINEN JIETKNX BO3YXOM B pe-
JKUME TUIepBeHTH MY armnapatom «Animal Respirator» («SMT
Geratehandel») ¢ BHyTpuTpaxeanbHbIM BBEJI€HUEM PACTBOPA aji-
penasimia B mo3e 0,1 mMr/kr. KoHTposbHYIO TPYIITy COCTABUIII
JIOKHOOIIEPUPOBAHHBIE JKUBOTHBIE (n=11).

Ha 7-e cyTku mocsie peaHumarnuu 3abupajim o6pasibl MO3ra,
KoTOpbIe hrKcIpoBanu 60 B pactBope Kapiya (715 ructomnoru-
YECKOTO MCCeA0Banns ), inbo B popMaiie (1J1si MMMYHOTHCTO-
XUMHUYECKOTo uccyeoBanust). VecnenoBaauch mocTpeannMariu-
OHHBIE W3MEHEHUs COCTOSIHUSI BBICOKOUYBCTBUTENbHOH K
TUIIOKCUY TIOIYJIAIun KaeTok Ilypkunbe kopsl Mo3keuka. [ncTo-
JIOTUYECKUET aHAJIN3 TTPOBOJIUIIN HA MapadUHOBBIX CPe3ax TOJIIH-
HOW 5—6 MKM, OKpaIleHHbIX KPe3nIoBbiM (GrosreToBsiM 110 Huc-
cmo. Omnpenensiiin obiiee yncso kiaetok Ilypkunbe Ha 1 MM
JUIUHBI MIX CJIOST.

VIMMyHOTHCTOXUMIYECKOE HCCIIEI0BAHIIE IKCITPECCHTT GesTKa
BDNF B knerxax Ilypkuiibe mpoBoauin HEPSMBIM MTEPOKCHA3-
HO-aHTUIIEPOKCHU/IA3HBIM METO/IOM C MCIIOJIb30BAHUEM TIEPBUYHbBIX
noJMKIOHANBHBIX antutes npotuB BDNF (passenenme 1:100)
(Santa Cruz Biotechnology Inc., USA) u Busyanusupyiomeii cuc-
tembl LSAB*Kit (DAKO, Glostrup, Denmark). ImmyHoImroxu-
MIYeCKasi PEAKIIsi KOHTPOIMPOBATACH MHKYOAIell Cpe3oB co
BCEMHU peareHTaMH KpoMe IepBUYHbIX aHTuTes. [loacumnreiBasm
yucsio k1etok [lypKiHbe ¢ pasHOil UMMYHOPEAKTUBHOCTBIO K Ge-
ky BDNE Ilpu atom Boimesnsimn BDNF-neratususie (BDNF ),
BDNF-nosutusneie (BDNF*) u BDNF-cunbnonosutusmbe
Heitpons! (BDNF**) (puc. 1).

B pabore WCIOMBb30BAII CHCTEMY aHAIM3a H300PaKeHMiT
(vukpockonr Olympus BX-41 (Japan), doroxamepa Olympus
500UZ (Japan), nporpammbl Image Scope M (SMA, Russia) u
Excel).

WNurencusnocts akcnpeccun BDNF onenusanu mo moxa-
3aTeJI0 Cpe/iHell ONTHYeCKON MIOTHOCTH, KOTOPYIO OIpeesisi-

Puc. 1. Knerxu Iypkunbe ¢ pasHbIM yPOBHEM 9KCIPECCHH MO3-
roBoro Heiporpoduyeckoro dpaxropa BDNF. Ilepokcumasno-
AHTHIIEPOKCH/IA3HBIH METOJI, TOKPAacKa reMaTOKCHINHOM. X400.
Fig. 1. Purkinje cells with different levels of BDNF expression.
Peroxidase-antiperoxidase method, hematoxylin staining.
x400.

Note (npumeuanue). Here and fig. 2, 3 (31ech u na puc. 2,3):
BDNF — brain-derived neurotrophic factor (neiiporpouuecknii
(dakrop romosHoro mosra); BDNF -neurons — white arrow
(BDNF~-Heiiporbl — Genast crpenka), BDNF-neurons -black
thin arrow (BDNF*-ueiipoHbl — uvepHas TOHKasi CTPEJIKA);
BDNF**-neurons — black thick arrow (BDNF**-ueiiponnr —
yepHasl TOJICTasl CTPEJIKa).

regeneration of damaged nerve fibers [6]. Numerous exper-
imental studies have demonstrated neuroprotective action
of BDNF [8, 21—26].

The BDNF expression changes have been revealed in
various models of isolated cerebral ischemia. However,
these studies were ambiguous and the BDNF expression
varied depending on localization and dynamics of the
changes [27—30].

The aim of this study was to investigate the level of
BDNF expression in hypoxia-sensitive neuronal popula-
tion of cerebellar Purkinje cells and reveal the contribu-
tion of BDNF to the resistance of neurons to ischemia-
reperfusion.

Materials and Methods

Experiments were carried out on male albino rats (190—250 g
body mass) according to the recommendations of the Ethics
Committee of V. A. Negovsky Research Institute of General
Reanimatology in accordance to the «Rules of the work using
experimental animals» (Order Ne755 of the Ministry of Public
Health (USSR), 12.08.1977). Rats (n=11) were anesthetized with
an ether and cardiac arrest was evoked for 12 min by intrathoracic
clamping of the supracardiac bundle of vessels with a special hook
[31]. Animals were resuscitated with the aid of chest compressions
combined with mechanical air ventilation by «Animal Respirator»
(SMT Geratehandel) accompained by intratracheal administra-
tion solution of adrenaline at a dose of 0,1 mg/kg. Sham-operated
animals served as control (n=11).

On the 7th day after resuscitation brain samples were collect-
ed and fixed in Carnoy's solution (for histology) or formalin (for
immunohistochemical studies).

Histological study was performed using the slices 5—6
microns thick prepared from paraffin-embedded brain tissue spec-
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Puc. 2. Yucio kiaerok Ilypkunbe Mo3:kedka ¢ pa3HOil HMMYHO-
peaktuBHOCTHIO K BDNF y KOHTPOJIBHBIX ¥ ONIBITHBIX KPBIC.
Fig. 2. Number of cerebellar Purkinje cells with different
BDNF immunoreactivity in control and experimental rats.
Note (npumevanue): * — P,<0,05; ** — P,<0,01 — vs. control (1o
cpaBHEHHIO ¢ KoHTpoJieM). Data are presented as mean + standart
error of mean JaHHbIE TPEJCTABJICHBI B BUJE CPEIHETO + CTaH-
naprtHas ommbKa cpennero. Number of neurons per 1 mm lenght —
YHCJI0 HEWPOHOB Ha 1 MM Bl control group — KOHTpObHAS
rpyia; experimental group — aKcrepuMeHTANIBHAS TPYIIIIA.

s B iporpamme Nis Elements 3.2. (Nikon, Japan) na ocHosa-
HUM BU3YaJbHOW OIIEHKM M aHAJN3a ONTHYECKOI MJIOTHOCTH
Bce 00bekThl (KaeTku Ilypkunbe) Oblau pasaesieHbl Ha 3 Moj-
rpynmnsl: BDNF™ (cpennss ontmueckas nimotnocts <0,3 y. e.),
BDNEF* (0,3 y.e. <cpeansst ontuueckas miotoctb <0,36 y. e.)
u BDNF** meitponst (cpenusst ontudeckas mrotHocts >0,36 y.
e.). Boruncasiin 0THOCUTEIbHYIO YacTOTY TPU3HAKA B KaXK/10H
rpy1ie.

Cratucrideckyio 06paboTKy JaHHbBIX TPOBOJIUIIN B TPOTPaM-
Me Statistica 7.0. [locToBepHOCTD Pa3numii OIEHUBAIN C TIOMO-
mpio t-kputepust CTblojienTa, a Takke KputepreB ManHa- YuTHn,
Kosmoroposa-Cmuprosa. IIpu cpaBHeHHM YacTOTHBIX BEJUYHH
ncnosbp3oBaiu kKputepuii [lnpcona.

PesyibraThl U 00CyK/IEHHE

B xone rucronornyeckoro MoppoMeTpIIecKoro uc-
CJIEZIOBAHUS BBISIBJICHO, UTO Y PEAHUMHUPOBAHHBIX KPbIC HA
7-e CyTKHU TIOCTPEAHNMAIIMOHHOTO MePUo/ia B MOTTYJISIITI
KJeToK [IypKuHbE MPOUCXOAUT CHUZKEHHUE OOIIEero 4nca
HellpoHoB Ha 12,5%, 4TO CBUAETEABCTBYET 00 UX TUOEIH
(16,6+0,6 n 13,6+0,6 B KOHTpOJIE U OTIBITE, COOTBETCTBEH-
Ho, p;<0,001).

[Ipr IMMYHOTHCTOXUMUYECKOM UCCIIEI0BAHUI OOHA-
PYJKCHO, YTO Y peaHNMIPOBaHBIX KpbIc uncio BDNF™ nefi-
ponos cakeno Ha 50%. Yncao BDNF u BDNF** meiipo-
HOB COOTBETCTBOBAJIO KOHTPOJBHOMY YPOBHIO (puc. 2).
Cure10BaTeIbHO, MOKHO MIPE/NOJIOKNUTD, YTO THOEIH MO/-
Beprasmch Tombko BDNF-HeratuBHbIE, T.e. He aKCIIpeccu-
pyloiue aToT 6eI0K HeliPOHBbL.

[Ipu cpaBHEHUM MHTEHCUBHOCTH KCIIPECCUE OeJKa
BDNF B kierkax Ilypkunbe B AByX rpyiiax ObLio oOHa-
PYKEHO, YTO PEaHUMUPOBAHHbBIC JKMBOTHBIC OTJINYAIOTCS
OT KOHTPOJBHBIX IO PACTIPE/IETICHIIO CPEeHEH OTTHIeCKOH
motHoctn (p,<0,001) (puc. 3).

imens, stained with cresyl violet by the Nissl procedure. The total
number of Purkinje cells per 1 mm of their layer length was deter-
mined.

Immunohistochemical examination of BDNF protein expres-
sion in Purkinje cells was performed by indirect peroxidase-antiper-
oxidase method using polyclonal primary antibodies to BDNF at a
1: 100 dilution (Santa Cruz Biotechnology Inc., USA) and
LSAB'Kit (DAKO, Glostrup, Denmark). Immunocytochemical
reaction was monitored by incubating the sections with all reagents
except the primary antibody. Purkinje cells with different BDNF
immunoreactivity were counted. Neurons were separated on
BDNF-negative (BDNF~), BDNF-positive (BDNF*) and BDNF-
strong positive (BDNF**) (Fig. 1).

We used image analysis system that included microscope
Olympus BX-41 (Japan), camera Olympus 500UZ (Japan), the
program Image Scope M (SMA, Russia), and Excel.

The intensity of BDNF expression was evaluated in terms of
mean optical density as defined by the program Nis Elements 3.2.
(Nikon, Japan). Based on visual assessment and analysis of the
optical density, the objects (Purkinje cells) were divided into 3
subgroups: BDNF~ (mean optical density <0,3), BDNF* (0,3 <
mean optical density <0,36) and BDNF** neurons (mean optical
density > 0.36). The relative frequencies of each pattern in each
group were calculated.

Statistical data processing was performed using Statistica 7.0.
The significance of differences was assessed by Student's ¢-test,
Mann-Whitney test, Kolmogorov-Smirnov test. When comparing
the frequency values we used Pearson criterion.

Results and Discussion

The histological study revealed the decreased total
number of neurons in the population of Purkinje cells of
resuscitated rats: on the 7th postoperative day, it was
12.5% less vs. control indicating cell death (16.6+0.6 u
13.6+0.6 in control and experimental groups, correspon-
dently, P<0.001).

Immunohistochemical study revealed that the num-
ber of BDNF™ neurons in resuscitating rats was reduced
by 50%. The number of BDNF* and BDNF™* neurons did
not differ compared to the control (Fig. 2). Data suggest
that the BDNF-negative neurons were subjected to death.

When comparing the intensity of BDNF protein
expression in Purkinje cells in the two groups it was found
that resuscitated animals differ from the control in distrib-
ution of a mean optical density (2,<0.001) (Fig. 3).

Relative frequency distribution of the mean optical
density in groups demonstrates that in resuscitated animals
the sharing of BDNF™ cells among surviving neurons is
decreasing with the increase in proportion of BDNF* neu-
rons (by 5.96% and 7.34%, P<0.05 vs. controls) (Fig. 4).

These data demonstrate that the level of BDNF
expression increases within the population of Purkinje
cells in resuscitated rats compared to control.

Overall, the results of our study suggest that the
death of BDNF™ cells occurs post-resuscitation. At the
same time in the population of survived neurons BDNF
expression level increases.

According to this study, the 12-minute systemic cir-
culatory arrest in rats leads to reduction in the number of
cerebellar Purkinje cells. Analysis of the number of neu-
rons with different BDNF immunoreactivity showed that
BDNF™ neurons, i.e. not expressing the protein, die,
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Puc. 3. Pacnpenenenue cpenneii ontuuyeckoii miorioctd BDNF B HeliponanbHoii momyisinun kiaetok Ilypkunbe B KoHTpOJIE (a) U
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Fig. 3. Distribution of the mean optical density of BDNF in neuronal population of Purkinje cells in control (a) and experimental

(b) groups.

Note (npumeuanue): mean optical density — sHauenme ontimdaeckoit nmotHoctn; number of cells — umceno kaeTok.

AHann3 OTHOCUTEJBHBIX YaCTOT PacIpe/iesieHust
cpemHel ONTHYeCKOH MJI0THOCTH B TPYTITIAX MOKA3aJl, 4TO y
pPEaHUMUPOBAHHBIX JKUBOTHBIX TI0 CPABHEHUIO C KOHTPO-
JIeM Cpelll COXPAHMBIIUXCS HEHPOHOB CHUKAIACH OIS
BDNF™ krerok (#a 5,96%, p<<0,05) 1pu MOBBIIICHUH 10JTH
BDNF* netiponos (#a 7,34%, p<0,05) (puc. 4).

[Tosyuentbie JaHHBIE YKA3bIBAIOT HA TO, YTO B MOIYJIS-
1K KIeTOK [IypKuHbe y peaHMMUPOBAHHBIX KPbIC B CPaBHE-
HIU ¢ KOHTPOJIEM BO3pacTaeT yposeHb akcnpeccnn BDNE

B 11e510M, pe3yJibraThl HAIIETO UCCIEIOBAHMS CBU/IE-
TEJBCTBYIOT O TOM, YTO B OCTPEAHUMAIMOHHOM MTE€PUOJIE
npoucxoaut rubesb BDNF ™ kierok. Ipu a1oM B 110mmyJisi-
1IN BBUKUBIIUX HEHPOHOB ypoBeHb akcmpeccun BDNF
TTOBBITIACTCSI.

CorjacHO JaHHBIM HACTOSIIETO MCCJe/0BAHUS,
12-MUHYTHas1 OCTAaHOBKA CUCTEMHOIO KPOBOOOPAILCHHS Y
KPBIC IPUBOJIUT K CHUZKEHUTO YK CIa KIeTOK [lypKkuHbe Mo3-
skeyka. IMMYHOTHCTOXUMUYECKUI aHATIM3 YNCJIa HEHPOHOB
¢ pa3Hoii mMMyHOpeakTnBHOCTEI0O K BDNF mokasas, daro
rubayr BDNF™, 1. e. He aKcIpeccupymolye 10T OeIoK
kietkn [Typxkuabe. [Ipr aToM cpean ocTaBumxcst HeMPOHOB
yposenb skcnpeccun Oenka BDNF nosbiiaercs. Boisigien-
HbI€ (DAKTBI CBUJIETETIBCTBYIOT O HEHPOTIPOTEKTUBHBIX CBOI-
CTBax 9TOTr0 GEJIKA B IIOCTPEAHMMAIIMOHHOM TIEPHO/IE.

AHaJloTuHbIe Pe3yJBTaThl ObLIM IOJIyYeHbl U Ha
NIPYTUX MofiesisIx nieMnn. Tak, nmossienne yposast BDNF
ObLIO BBISBJIEHO B TUIIIIOKaMIIe KPbIC yepe3 12—24 u nocie
8-MUHYTHOII OCTAHOBKH CEp/Ila, BbI3BAHHON achukcuei
[24]. 3maunTenproe yBemmuenue uncaa BDNF-ummyHo-
MO3UTUBHBIX HEPOHOB ObLIO HAWIEHO B UePHOI cyOCTaH-
mu 4epes 1 megemo nocae 90-mMuu GokanbHON 1Eped-

(] Highly positive Il Positive [[] Negative
100 -
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Neurons, %
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Puc. 4. Conep:xanue HeiipOHOB C Pa3HOl cpeaHell ONTHYECKOH
IUIOTHOCTHIO B TONYJIsiiuu KieTok Ilypkunbe y KOHTPOJIBHBIX U
OIIBITHBIX KPBIC.

Fig. 4. Content of neurons with different mean optical density
in the population of Purkinje cells in control and experimental
rats.

Note (mpumeuanue): Control group — KOHTPOJbHAS TPYIIa;
experimental group — ombITHAas rpyIma; neurons — HEHPOHBI,
highly positive — cuibHO Mo3UTHBHbBIE; POSitive — TO3UTUBHBIE;
negative — HeraTUBHBIE.
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PaJIBHOIT UIIEMWH, BBI3BAHHOM IepeskaTHeM COHHOM apTe-
puu [30]. MukposMOOIHsi TOJOBHOTO MO3ra BBI3bIBAJIA
yBesmyenue yposHs Geiaxa BDNF B rumnmokamme wa 7-e
cyTtku nocJse nmemun [29]. dxcnpeccuss BDNF u ero pe-
nentopa TrkB B mome CA1 runmmokamma cHMKajzach Ha
PaHHUX cpoKax (4 yaca — 1 CyTKM) MoCJse UIeMUn MO3ra y
[IeCYaHOK, O/THAKO BOCCTAHABJIMBAIACH B BBUKUBIINX Heli-
pOHax K 3-1M cyTKam [26].

Y 60JIbHBIX B KPUTHYECKOM COCTOSTHUH ObLJT BBISIBJICH
noBwIIeHHBIH ypoBeHb BDNF B ma3me kpose 1o cpaBhe-
HUIO CO 3/I0POBBIMU BOJIOHTepamH [32]. ABTOPBI TIPeIoo-
SKILJIH, YTO /17151 Bocctanossienus Gyukuuii [ITHC tpebytor-
yposun BDNE a
HOJIEP/KUBATD aIeKBATHBIN YPOBEHb 9TOTO Oesika CBsI3aHa

cs BBICOKHE HEeCTOCOOHOCTD
¢ muchyukmmeii mosra. [Toatomy BDNF MoxkeT 65ITh XOpO-
UM MapKepoM AUC(YHKIMU MO3ra y GOJIbHBIX B KPUTHYE-
CKOM COCTOSIHUU, U B I[EJIOM — MMETh BasKHOE TTPOTHOCTHU-
4yeckoe 3HaueHue B KianHuKe. HeaBuue vccsiegoBanus aTo
MOATBEPKAAIOT. Tak, y MalMeHTOB € BETreTOCOCYANCTOM
JIMCTOHUEH U 3aKPBITON YePeITHO-MO3TOBOI TPAaBMOH TTOBBI-
menne KoHreHTpanmu BDNF B chiBopoTke KpoBU KOppe-
JINPOBAJIO C YMEHbBIIEHUEM BBIPA)KEHHOCTH TPEBOTU W
yJIydIieHneM KOHTHUTHBHBIX (yHkuuii [33]. Huskwuii ypo-
Beb BDNF B n1azme KpoBu OblLil CBSI3aH ¢ BBICOKOU CMepT-
HOCTBIO CPe/iU TIAIMEHTOB OT/EJIeHUsI NHTEHCUBHOI Tepa-
Care Unit) [33]. B
uccnenosanun Pikula et al. [34] Gbuio 0OHAPYKEHO, UTO

mun  (Intensive 10-neTHem
Huskue KoHteHTparuu BDNF B chiBOpoTKe TOKUIIBIX JTTO-
JIeii CBSI3aHbI C OBBIIIIEHHBIM PUCKOM BHE3AITHOTO MWHCYJIb-
ta. Huskue u KkpaifHe BBICOKHME 3HAYEHUS] CBIBOPOTOYHOM
konuerrpanun BDNF gsisitorest poraoctuuecku Hebiia-
TOTIPUSTHBIMU [171s1 (DOPMHUPOBAHUST CTPYKTYPHBIX TTOPaKe-
HUI TOJIOBHOTO MO3Ta Y HOBOPOKJIEHHBIX IPYIIIBI PUCKA
[35]. Ompenenenne yposusi BDNF B cbIBOpOTKE KPOBH
MOJKHO HCITOJIb30BATh ¥ B KIIMHUYECKOW HEOHATAJIOTUN JIJIsT
JIMATHOCTUKU TSIKECTH MOPAYKEHUS U TIPOTHO3a Pa3BUTHS Y
nereit oprannyecknx (opm nopakenust [THC [36].

Cy1ecTByIOT 9KCIIEPUMEHTAJIbHBIE JI0KA3aTeIbCTBA
samutHoTo AeiictBus BDNF Ha HelipoHBI TIPU €ro 9K30-
reHHOM BBejieHnu. Tak, mocTuieMudyeckass BHYTPYIKETY-
noukosas uHdysuss BDNF npenorspaiana rubesb Helpo-
1oB mnosist CA1 rumnmokamMiia u aKTUBAIUIO ACTPOTIUU TIPH
rio6anbHON uieMun Mosra y Kpoic [37]. Beegernne BDNF
B OCTPOM IOCTHUIIEMUUYECKOM TIEPHOJIE TIOCTIE OKKIIO3UHI
cpeanneit mo3rosoit aprepun (MCAQ) y KpbIC IPUBOJIUIIO
K YMEHBIIEHUIO 30Hbl HH(MAPKTA U CHIYKEHUIO HEBPOJIOTH-
yeckoro gedurnmra [21, 22].

[To MEEHWIO MHOTHX HICCTIeTOBATENEH, HEHPOTIPOTEK-
TUBHBIN A(HEKT PA3INUYHBIX BO3/IEHCTBUIA, TAKMX KaK, TH-
MOTEPMHUsI, HMIIEMUYECKOe ITPEKOHIUIIMOHUPOBAHNE,
TPAHCIJIAHTAIIMS MUKPOTJIMHU, BBEJIEHUE IPOTECTEPOHA,
JIBUTATEJIbHAS aKTUBHOCTB, ortocpeioBad nMmeHHO BDNF u
ero perenrropom TrkB [7—9, 24—26, 38].

3amuTnoe aeiictBue BDNF 06bsacHAIOT ero anTu-
aroNTOTUYECKUMH, TTPOTUBOBOCIAIMTENbHBIMK, & TaKKe
AHTUIIMTOTOKCUYECKUMHU CBOiicTBamH [2, 6, 19, 23].

B smurepatype mmpoko 00CYKIAATCS MEePCIEKTHBbI
npumerernss BDNF B kiunanke. B macTos1ee Bpems pas-

wherein the expression level of BDNF protein increases
among the remaining neurons. These findings demonstrate
neuroprotective properties of BDNF post-resuscitation.

Similar results were obtained in other models of
ischemia. Thus, the increased BDNF level was detected in
rat hippocampus 12—24 hours after 8-minute — cardiac
arrest caused by asphyxia [24]. Significant increase in
BDNF-immunopositive neurons were found in the sub-
stantia nigra one week after a 90-min focal cerebral
ischemia induced by clamping the carotid artery [30].
Brain microembolia evoked increases in BDNF protein
expression in the hippocampus 7 days after ischemia [29].
Expression of BDNF and TrkB receptors in the hippocam-
pal CA1 field decreased 4 hours — 1 day after cerebral
ischemia in gerbils, but restored in surviving neurons in 3
days [26].

Elevated levels of BDNF in blood plasma were
detected in critically ill patients compared to healthy vol-
unteers [32]. The authors suggested that the restoration of
the central nervous system requires high levels of BDNE,
and failure to maintain adequate levels of this protein is
associated with dysfunction of the brain. Therefore, BDNF
may serve as a promising marker of a brain dysfunction in
critically ill patients, and in general might possess a prog-
nostic value in the clinics. Recent studies confirm the lat-
ter suggestion. In patients with vascular dystonia and
closed traumatic brain injury the increased BDNF concen-
tration in serum was correlated with a decrease in the
severity of both anxiety and cognitive functions improve-
ments [33]. Low levels of BDNF in blood plasma were
associated with high mortality in ICU (Intensive Care
Unit) [33]. A 10-year study of Pikula et al. [34] have been
found that low serum concentrations of BDNF in the
elderly are associated with increased risk of sudden stroke.
Low and very high values of serum BDNF were found to be
prognostically unfavorable for the formation of structural
brain damage in newborns at risk [35]. Determining the
level of BDNF in the serum was suggested to be employed
in clinical neonatology for the diagnosis and prognosis of
the severity of the development of organic forms CNS
lesions in children [36].

There is an experimental evidence for the protective
effect of BDNF in neurons when administered exogenous-
ly. Postischemic intraventricular infusion of BDNF pre-
vented neuronal death of hippocampal CA1 neurons and
astroglial activation after global cerebral ischemia in rats
[37]. The administering of BDNF in the acute post-
ischemic period after middle cerebral artery occlusion
(MCAO) in rats decreased infarct aria and reduced neuro-
logical deficits [21, 22].

According to numerous studies, the neuroprotective
effects of various conditions, such as hypothermia,
ischemic preconditioning, microglia transplantation, prog-
esterone administrating, physical activity, are mediated by
BDNF and its receptor TrkB [7—9, 24—26, 38].

Protective effect of BDNF was explained by its anti-
apoptotic, anti-inflammatory, as well as anti-cytotoxic
properties [2, 6, 19, 23].
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pabaThIBAIOTCST PA3IMUHbIE CTPATETHN ISl PEIICHUS TTPO-
6J1eMbl I0CTABKK HEHPOTPOMUHOB B MOBI (CHCTEMBI Iepe-
HOCA C TOMOII[BIO BUPYCHBIX BEKTOPOB, CTBOJIOBBIX KJIETOK
KOCTHOTO MO3Ta, CHHTeTHYECKUX W HATyPAJbHBIX HOJNMe-
POB; CHHTETHYECKUE TIENTH/IHbIe MUMETHKH 1 T.11.) [6, 10].

3akiaouyeHue

OcraHOBKAa CHCTEMHOIO KPOBOOOPAIIECHUS PUBO-
JIUT K CYIIECTBEHHOMY TIOBPEKICHUIO MO JISIITTH KIETOK
[IypKuHbE MO3KEUKa — CHUKEHUIO OOIIEero Yrcia Helipo-
HoB. [Ipu aTom ruGuyT BDNF-neratusubie kiaerku. Crio-
cobrocTh K akcnpeccnn 6enka BDNF aBasgercs BaKHBIM
(haxTOpPOM, MTOBBIIAIONIMM YCTOHYNBOCTD HEITPOHOB K TH-
6esii B TIOCTPEaHUMAIIMOHHOM TIeproe. DTo 00yCaaBIu-
BaeT MepPCIeKTUBHOCTD ncmosib3oBanusd BDNF mis paspa-
GOTKM HOBBIX [OJAXOJAOB K 3allUTe MO3Ta [pH
uieMuu-pernepdysun.
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The perspectives of BDNF use in clinics are com-
monly discussed. Currently different strategies are being
developed to solve the problem of delivering neu-
rotrophins to the brain (transfer systems with viral vec-
tors, bone marrow stem cells, natural and synthetic poly-
mers, synthetic peptide mimetics, etc) [6, 10].

Conclusion

Systemic circulatory arrest leads to significant dam-
age to the cerebellar Purkinje cell population, i.e. reduc-
tion of the total number of neurons whereas BDNF-nega-
tive cells die. The ability to express the BDNF is
indispensible for increasing the resistance of neurons to
death in the postoperative period. The data open new per-
spectives of using BDNF as a main component when devel-
oping novel approaches to brain protection from the
ischemia-reperfusion-induced damage.
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BJIMSAHUE ITEJIEHAIIPABJIEHHOI TEPAIIN
PA3JIMYHBIMH NH®Y 3MOHHBIMU CPEJAMUA
HA COAEP;RKAHUE BHECOCYIUCTOU BO/IbI JIETKUX
Y KAPANOXUPYPITNYECKUX BOJIbHbBIX

I. b. Mopos, E. B. ®omunckuii, A. H. [1Innosa, A. M. Kapacbkos,
N.A. Kopuunos, M. I. ITycroserosa, B. B. JlomruBopoToB

Hosocubupckunit HUUW naronornu kposoobparenns nm. akagemuka E.H. Memankuna Munszapasa Poccun
Poccust, 630055, . HoBocubupck, yi. PeukyHosckast, 15

Impact of Goal-Oriented Therapy with Different Infusion Media
on Pulmonary Extravascular Water Levels in Cardiac Surgery Patients

G. B. Moroz, E. V. Fominsky, A. N. Shilova, A. M. Karaskov,
1. A. Kornilov, M. G. Pustovetova, V. V. Lomivorotov

Academician E. N. Meshalkin Novosibirsk Research Institute of Circulation Pathology, Ministry of Health of the Russian Federation
15, Rechkunovskaya St., Novosibirsk 630055, Russia

Ilenv pabomor. U3yuntdb BIMsIHEE lleJ€HANPABICHHONH HH(Y3NOHHOI TEPANNH € UCIIOIb30BaHHEM COATAHCHPOBAHHOTO COJIE-
BOTO PacTBOpa, 4% CYKIMHUIMPOBAHHOrO jKejatuHa U 6% pacTBopa ruipokcusTHianpoBanHoro kpaxmana 130/0,42 ua co-
Ziep:KaHue BHECOCYAUCTOI BO/IBI JIETKUX Y GOJbHDBIX HIIEMIYECKOIT 60IE3HBIO CEPLa, ONEPHPOBAHHBIX B YCIOBUAX HCKYCCT-
BEHHOTO KpoBooOpameHnusi. Mamepuanvt u memoos:. IIpoBeieHO NPOCHEKTHBHOE, PAHAOMH3HPOBAHHOE, IPOCTOE CIIETNOE,
KJIMHUYECKOE HCCIIeIOBAHNE, N3yYalollee BINsAHNE IleJeHANPABIeHHOI NH(DY3HOHHON TepaNuu ¢ UCTIOJIb30BaHHEM cOaNaHCu-
POBaHHOTO COJIEBOTO PACTBOPA, 4% CYKIMHHJIMPOBAHHOIO >KeJaTHHA M 6% pacTBOpa rMIPOKCHITHIMPOBAHHOTO Kpaxmasa
130/0,42 Ha comepskaHue BHECOCY/IUCTON BObI JIETKHX Y OOJbHBIX UIIEMHYECKOI 00JIE3HBIO CEPIlia, ONEPUPOBAHHBIX B yC-
JIOBHSIX HCKYCCTBEHHOTO KPOBOOoOpanienus. IleeBbM nokasareaeM reMoAMHAMAKH ObLT HHIEKC [I100aIbHOT0 KOHEYHOTO JIU-
aCTOJIMYECKOro 00beMa, OH MoJIep;KuBaics B npeaeaax 680—850 mu/m>. Baecocyaucras Bo/a Jerkux U3Mepsiach IpH 110-
MOIIY METO/Ja TPAHCILYJIbMOHAJIBHON TEPMOJMIIOLMH, TAKKe MCCIEA0BANM THAPOOATIAHC, JAaKTaT, CaTypPaLHI0 CMEMIAHHON
BEHO3HOI1 KPOBH, IIapaMeTPbl FeMOIMHAMUKY, KOHIIEHTPAIHIO TponoHuHa 1. Pe3yaiomamoi. AHanu3 3HaYeHuil HHIEKca BHe-
COCY/IUCTOM BO/IbI JIETKUX Ha NPOTSI?KEHUH MCCIIeI0BAHUS He BBISIBUJ PAa3JINYHil B COJEPKAaHUH BHECOCYAUCTON BOJIbI JIETKUX
Meskay rpynmamu. s moaneprkaHus TeMOAMHAMIKY B MHTPOOIEPAIMIOHHOM U [OCJIE0IEPALMOHHOM [epHo/e TPeGoBaIiCh
Goubue 00beMbl COANIAHCHPOBAHHOTO KPHCTAJUIOM/IHOTO pacTBopa. B rpynme kpucraaiongos Gajanc 3a onepauuio Gbur
3HauuTeNbHO Bbiie U coctasmwi 2000 [1415—2200] mur; B rpynne ¢ npumeHenueM xkesnatuaa — 1020 [650—1563] mur; B rpynme
C NIPEMEHEHHEM PACTBOPA THAPOKCHITHIMPOBaHHOrO Kpaxmana — 1070 [550—1675] ma (p=0,001). Carypanusi cMemanHoOi
BEHO3HOI KPOBH, JIAKTAT, KOHIIEHTPAIMsl TPONOHUHA | GbLIN COMOCTABMMbI HA dTaNax HCCJIEOBAHMS MESKIY rpynnamMu. 3a-
Katouenue. Boisiieno, 4yro uHQy3uoHHas Tepanus ¢ HCIOJIb30BAaHNEM COATAHCHPOBAHHOTO COJIEBOTO PACTBOPA HE IPUBOUT
K YBEJIMYEHHUIO CO/JEPIKAHKsI BHECOCYUCTOI BOJIBI JIETKUX Y GOJbHBIX HIIEMHYECKOH GOJIE3HbIO CepAla, ONePHPOBAHHBIX B
YCJOBUSIX HCKYCCTBEHHOTO KPOBOOGpalenusi, HapaBHe ¢ uH(Y3UOHHOI Tepanueil Ha OCHOBE KOJUIOMIHBIX PAacTBOPOB. s
IOCTIZKEHHS 1eJIeBbIX TOKa3aTeseil TeMOIMHAMUKH TpeOyeTcs: 60obumnii 06beM KPHCTAIOHTHOTO PACTBOPA, YeM MPH HC-
NOJIb30BAHHU KOJIOMAHBIX MH(Y3UOHHBIX cpen. Kniouesvie cnosa: nndysnonHas tepanusi; KpUCTALIOHIHBIE PACTBOPBI;
KOJUIOU/THbIE PACTBOPbI; TPAHCIYIbMOHAIbHAS TEPMOIUIIONMS; BHECOCYIUCTAs! BO/IA JIETKUX; HHEKC II00aIbHOTO KOHEUHO-
r0 INACTOIMYECKOT0 00becMa; THAPOGATIAHC.

Objective: to study the impact of goal-oriented infusion therapy using balanced salt solution, 4% succinylated gelatin, and
6% hydroxyethyl starch 130/0.42 solution on pulmonary extravascular water levels in coronary heart disease patients oper-
ated on under extracorporeal circulation. Materials and methods. A prospective, randomized, single-blind clinical study
investigating the impact of goal-oriented infusion therapy using balanced salt solution, 4% succinylated gelatin, and 6%
hydroxyethyl starch 130/0.42 solution on pulmonary extravascular water levels was conducted in coronary heart disease
patents operated on under extracorporeal circulation. The hemodynamic target was the global end-diastolic volume index
which was maintained in the range from 680 to 850 ml/m’. Pulmonary extravascular water was measured by a transpul-
monary thermodilution technique; hydrobalance, lactate, mixed venous oxygen saturation, hemodynamic parameters, and
troponin I concentrations were also investigated. Results. Analysis of the values of the pulmonary extravascular water
index revealed no differences between the groups in pulmonary extravascular water levels throughout the study. Large vol-
umes of balanced crystalloid solution were required to maintain intraoperative and postoperative hemodynamics. Balance
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after surgery was considerably higher and amounted to 2000 [1415—2200] ml in the crystalloid group, 1020 [650—1563] ml
in the gelatin group, and 1070 [550—1675] ml in the hydroxyethyl starch solution (p=0.001). Mixed venous oxygen satura-
tion, lactate, and troponin I concentrations were comparable between the groups at the study stages. Conclusion. It was
found the infusion therapy using balanced salt solution failed to result in an increase in pulmonary extravascular water lev-
els in coronary heart disease patients operated on under extracorporeal circulation as did colloid solution-based infusion
therapy. Achieving hemodynamic targets requires a large volume of crystalloid solution than the use of colloid infusion solu-
tion. Key words: infusion therapy, crystalloid solutions, colloid solutions, transpulmonary thermodilution, pulmonary
extravascular water, global end-diastolic volume index, hydrobalance.
DOI:10.15360/1813-9779-2015-3-54-64

BBenenue

WNubdysnonnas Tepanus sBJASETCS BaXKHBIM U He-
OTHEMJIEMBIM KOMIIOHEHTOM O0€CIIeYeHnsT KapAnOXU-
PYPrUYeCcKHX OIepalnii 1 PaHHETO MOCTIe0NePaAIMOHHO-
[ noppep:RaHus
roKasareJieil TeMOJIMHAMUKHU Ba’KHBIM 3BEHOM SIBJISIETCS

ro mepuoja. OTITUMAJTHHBIX
aZiekBaTHbIN BosieMuuecknii craryc. Ha cerogusmnnii
JIeHb CcylecTByeT GOJbIIOl BEIOOP pasauuHbIX UHGY3U-
OHHBIX CPEJl, KOTOPbIE 3aBUCUMOCTH OT CBOUX (DU3UKO-
XUMHWYECKUX Pa3AeaATOTCS Ha ABE OCHOBHBIE TPYIIIDL:
KOJIJIOUIHBIE W KPUCTAIOUAHBIE PAaCTBOPHI. VI3BecTHO,
YTO KOJUTOWAHDBIE PACTBOPHI UMEIOT P MPEUMYIIECTB
HaJl KPUCTAJJIOUTHBIMIL JIJIsl BOCIIOJIHEHUS 0O0beMa BHY -
TPUCOCYAUCTON JKUAKOCTH TpebyeTcsi 3HAYUTEJIbHO
MeHbIINIT 00beM PacTBOpPa, OHU CIIOCOOCTBYIOT GoJee
OBICTPOMY BOCIOJHEHUIO BHYTPUCOCYAUCTOTO OObEMa 1
He TIPUBOJSIT K PA3BUTHIO TKaHeBOro oTteka [1—4]. Cun-
Taercs, 4To GOJbIIHE 0GBEMBI KPUCTAIIIOUIOB CIIOCO0-
HbI TPUBOJUTH K TKAHEBOMY OTEKY, B TOM YHCJIE U OTe-
Ky JIETOYHO TKaHu [5]

VI3BeCTHO, UTO TIOJIOKUTEIbHBII BOAHBIA GalaHC U
00yCJIOBJICHHDIII UM OTEK TKaHEl B MOCJAEONEepPaMOHHOM
Mepro/ie YBETMIMBAIOT KOJUYECTBO OCAOKHEHUH U YPO-
BeHb JieTasbHOCTH [6—7] C mpyroii cTOPOHBI KPUCTAILIO-
UJIHBIE PACTBOPHI HE OKA3BIBAIOT OTPUIATETLHOTO BIUSHUS
Ha QYHKIUIO TI0YEK, HE CIOCOOCTBYIOT HAPYLICHUSIM KOa-
TYJISIIINAH, He BBI3BIBAIOT AJJIEPTUUECKUX PEAKIINH, B OTJIH-
e oT Kosuonios [8—12].

B ncceoBanmsax MOCAEHNX JIET CTaBITCST TIOJ CO-
MHEHUS TPUIHCICHHbIC TIPEUMYIIECTBA KOUIONI0B. 11o-
Ka3aHo, YTO BOBHUKHOBEHNE OTEKA JIETKUX U PECTTUPATOP-
Hble HapyLIEHUS HE CBsI3aHbl KaKUM-Ju00 00pasoM ¢
TUIIOM TIpUMeHsieMoro pactsopa [13]. B uccienoBanusix y
MAIMEHTOB C CETICHCOM U CENITHYECKIM TMOKOM BBISIBIIEHO,
YTO JIUIST TOCTUKEHUS TEIEBBIX TEMOAMHAMUIECKUX TTapa-
MeTpoB Tpedyercst yuiib Ha 30% MeHblii 06beM KOJLIO-
UAHBIX PACTBOPOB TIO CPABHEHWIO € KPUCTAJTOUIHBIMH,
P 9TOM PHUCK Pa3BUTHsI TKAHEBOTO OTEKa COTIOCTABUM
[PU UCIIOJAb30BaHUK 00erX TPyl UH(GY3UOHHBIX CPE/l
[13—15]. lanuble 0 mperMyIecTBax KOJJIOMIOB HAJl KPH-
CTAJTOUIAMU Y KapAUOXUPYPTUIECKUX MANEHTOB TAKKe
HeojiHO3HauHbI [16].

ITpunnmast BO BHUMAHIE TepeIrCIeHibie GakThl 1
UX MPOTUBOPEUNBOCTD, TIETHIO HACTOSIIETO UCCTETOBAHMUS
ObLIO U3yYeHUE BAUSHUS UH(DY3UOHHOI TepaIiy Ha OCHO-
B€ COBPEMEHHBIX PACTBOPOB Ha GOPMUPOBAHIE OTEKA TKA-
Hell y 60sbHbIX TBC, KOTOPBIM OblLiIa BBINOJHEHA PEBACKY-
JISIPUBAINST MHOKap/la B YCJIOBHUSX HCKYCCTBEHHOTO
KPOBOOOpAIIEHNS.

Introduction

Infusion therapy is one of the important components
of anesthetic management in cardiac surgery and early
postoperative period. The volume status of patient is
important to support hemodynamic goals. The fluids are
divided into two main groups: colloids and crystalloids.
Colloids possess several advantages over crystalloids. The
main advantage is that colloids cause less tissue swelling
[1—4]. It is believed, that large amounts of crystalloids can
lead to tissue edema, including pulmonary edema [5].
Positive water balance and tissue swelling in postoperative
period increase the number of complications and mortality
rates [6, 7]. However, crystalloids do not affect renal func-
tion, do not promote coagulation disturbances and do not
cause allergic reactions, unlike the colloids [8—12].

Data from recent studies have called into question this
advantage of colloid solutions. It is shown that the occur-
rence of pulmonary edema and respiratory disorders is not
related in any way to the type of the used solution [13]. In
studies in patients with sepsis and septic shock it is revealed
that in order to achieve hemodynamic goals it requires only
30% smaller volume of colloids compared to crystalloids,
with the risk of tissue edema comparable in both groups
[13—15]. Data about benefits of colloids over crystalloids in
cardiac surgery patients are also ambiguous [16].

Taking into account these facts and their inconsis-
tency, the purpose of the present study was to investigate
the effect of infusion therapy based on modern solutions on
the formation of edema in patients with coronary artery
disease who underwent myocardial revascularization with
cardiopulmonary bypass.

Materials and Methods

During period from January, 2013 to June, 2014 a prospec-
tive, randomized, single-blind clinical trial was performed.
Informed consent form was signed by all participants in the study.
Inclusion criteria: patients with coronary artery disease with
strong indications for CABG with CPB. Exclusion criteria: emer-
gency surgery, patients age above 75 years, left ventricular ejec-
tion fraction less than 40%, myocardial infarction less than 6
months ago, glomerular filtration rate less than 60 ml/ min, the
patient's body mass index less than 20 or more than 35 kg/m*

The study included 91 patients with coronary artery disease.
All patients underwent coronary artery bypass surgery with car-
diopulmonary bypass. Patients were randomly allocated by sealed
envelopes into 3 groups: balanced crystalloid solution group
(ster), gelatin-group (gel), HES 6%-group (tetr). In every group
patients received appropriate solution for CPB prime and to pro-
viding the hemodynamic goals (Global end diastolic volume index
(GEDVT) — 680—850 ml/m?). Infusion therapy for physiological
fluid requirements, compensation for loss of water and electrolytes
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Marepuan u MeTObI

B mepuon ¢ suBaps 2013 r. mo mions 2014 r. mpoBeneHo
[IPOCIIEKTUBHOE, PAHAOMU3NPOBAHHOE, TPOCTOE CJIETIOe, KITIHH-
yecKoe nccieioBatne. Bblio moyueHo 0106peH e JT0KaIbHOTO
9TUYECKOT0 KOMHUTETa Ha rpoBefenue ncciaenopanns. Dopma
nHMDOPMUPOBAHHOTO COTJIACHST TTO/IIINCAHA BCEMHU YYaCTHUKAMMU
uccaenoBanus. Kpurepnu BKIIOUEHMS: TAIMEHTHI ¢ HIIEMUYeC-
koii 6osesnpio cepaia (MBC), koropbim Obliia TTOKazaHa peBac-
KyJISIPU3AIHsl MUOKap/ia B YCJAOBUSX HCKYCCTBEHHOTO KPOBOOG-
pamenus (UK).

KpurepusiMu NCKIIOYEHNS SIBJISIITUCH: 9KCTPEHHOE XUPYPri-
YeCKOe BMEIIATEIbCTBO, BO3PACT MAIMEHTa CTapiie 75 JeT, Ghpak-
1ust BBIGPOCa JIEBOTO sKemyouka MeHee 40%, repeHeceHHblil UH-
(apkT MHOKapJa JaBHOCTbIO MeHee 6 MecsieB, CKOPOCTb
KJIy60uKOBOIT hustbrparn Meree 60 MJ/MUH, HHAEKC MACChI TeJIa
narenta Metee 20 wiu 6onee 35 kr/m%

B uccaemoBanmy npuasa yuactre 91 marmment ¢ MIBC. Beem
nauenTam ObLIa TPOBE/IEHA OTIEPAI A0PTOKOPOHAPHOTO Iy H-
THUPOBAHUs B YCJIOBUSIX UCKYCCTBEHHOrO KpoBooOpaiieHus. B
ZIEHb OTIEPATHBHOTO BMEIIATETCTBA TAIIMEHTHI OBUTH PAHIOMIT-
3UPOBAHBI TIPH TOMOIIU METO/IA 3aIleYaTaHHbIX KOHBEPTOB HA TPH
IpyIIIbE: TPyIina Ster — uHby3HMOHHAsI TEPAIHs C UCIIOIb30BAHH-
eM cHaTaHCHPOBAHHOTO cOIeBOTO pacTBopa (CrepodyHIIH 130-
rtonnyeckuii, B.Braun, Tepmanus); rpynmna Gel — undysuonnas
Teparnus ¢ UCI0JIb30BaHueM 4% PacTBOPA CYKIIMHUINPOBAHHOTO
skenaruna (Temodysun, B. Braun, lepmanus); rpymma Tetr — nm-
(bysunonnas Tepanust ¢ ucnosab3oBaHueM 6% pacTBopa THIPOKCH-
sTuspoBantoro kpaxmana (I'9K) 130/0,42 B cHhanmancupoBan-
Hom cosxeBom pactBope (Terpacmam, B. Braun, lepmanms).
Wudysnonnyo Tepanuio Amnst obecrieueHnst GU3MOIOrmIecKoit
HOTPEOGHOCTHU B KUAKOCTHU, BO3MEIEHHSI TIOTEPb BOJIbI 1 3JIEKTPO-
JIUTOB, CBSI3AHHBIX C HPE/IIECTBYIONMM OrpaHUYeHIeM ITpreMa
SKUIKOCTHU ¥ TIUIIH, TIEPCIIPAIei, NCIIapeHreM, a TAKKe [y pe-
30M, BO BCEX TPYIIAX MPOBOAUIN C UCHOIb30BAHIEM COATAHCH-
pOBaHHOTO cosieBoro pacTBopa (CtepodyHANMH H30TOHIMYECKHUIT ).
J171s1 5THX 1iesieil pacTBOP BBOJMJICS BO BPEMsI ONIEPATHBHOTO BMe-
MIATEIBLCTBA CO CKOPOCTBIO 3—4 MJI/KT/4, B IOCJIEOIEPAIIMOHHOM
Hepro/ie 10 OKOHYAHUS TTEPBBIX CYTOK CO CKOPOCTHIO 2 MJI/KT/4.
Jlst texnomorndeckoro obecredenus MK, a takxke ycrpanenns
nedunuTa BHYTPUCOCYAUCTOTO 00BEMA JKUAKOCTU B KaKIOU
IpyIIIe UCHOIb30BAIN COOTBETCTBYIOINIHIT HCCIeyeMBbIil PACTBOP
(Ster — Crepodyuaun uzorornueckuii; Gel — 4% Tenodysun; B
rpyriie Tetr — Terpacnamn).

Ornpesiesienne BOJEMUYECKOTO CTATyCa MPOBOAMIM IyTEM
U3MEepPEHNsT MH/AEKCA TI0OATbHOTO KOHEYHOTO AUACTOJMYECKOTO
obvema (UTK/IO) 1ipu moMoInu MeToga TpaHCIyIbMOHATIbHOM
tepmoniionnu. Omnpenesnenrie UTK/IO nponsBoanam kak cpej-
Hee 3HaueHWe, MOJYYEeHHOEe MPH TPOEKPATHOM GOJTIOCHOM BBeEsie-
Hun oxstaskaenHoro pacrtsopa 0,9% NaCl. PactBop TepMOuH/nKa-
TOpa BBOJIMJIN B TIPABOE IIPeJicep/iyie Yyepes IMPOKCUMATbHBII OPT
[[EHTPATBHOTO BEHO3HOTO KaTeTepa, HaXO/SIIErocsi BO BHYTPEH-
Heil sspeMHOiT BeHe. 3nauenrst 680—850 mit/M? ABJISIICH eJIEBbI-
mu st UTKO. TTpu UTK/IO nmske 680 mur/mM* mpoBOAMIN MH-
(hysnio oHUM U3 TPeX PacTBOPOB B 3aBUCUMOCTU OT TPYIIIOBOI
npuHagiekHocty B oobeme 500 mu B Teuenue 30 mun. Ilpu
NTK/TO Boime 850 Mi/mM* ncnonbzoBaau Gypocemust, oo mpo-
BOJIMIIN NH(DY3UIO HUTPOTJINIIEPUHA B 3aBUCHMOCTH OT KJIMHUYEC-
kux ocobernocreii. [Ipu CU menee 2,2 j1/Mut,/M? IPUMEHSAIIH J10-
OGyramun B crapToBoil 03¢ 3,0 MKr/kr/muH. Ilpu 3HaueHUsX
NOTICC < 600 aumececm?/M* IPUMEHSII HOPapeHannt. Ane-
cresnosiornueckoe obecrevenue: cesodaiopan 0,5—1,0 MAK,
dhenranmn 2,5—3,5 MKr/Kr/4, anexyponst 6pomuz (0,1 Mr/Kr Bo
BpeMst nHAyKImn), nporodona 2—4 mr/kr/a (o Bpems VK). B
MHTPA- U TI0CJIEONEPAINOHHOM MePHO/ie UCIOIb30BAIN UIEHTHY-
Hblii iporokos UBJI ¢ KOHTpoJIeM 10 06beMy: JAbIXaTeIbHbIN 00b-
em 8 Mu1/Kr 10JKHOH Maccest Tesia, Y/1/] 12—14 /mMun (st noaep-
skanust HopMokanauu) u IIJIKB ¢ ypoBHeM HEOOXOIMMBIM [IJIst
noctmskenst SpOy >95% (Fabius Tiro u Evita XL, Drager, Tepma-
nust). Pesepsyap MK sanosssiim 1500 M1 oHOTO M3 Tpex mpe-

associated with the prior restricted intake of fluid and food, per-
spiration, evaporation and diuresis in all groups were carried out
using a balanced crystalloid solution. For these purposes, the solu-
tion was introduced during the surgery — 3—4 ml/kg/hr, first day
postoperatively — 2 ml/kg/h. For CPB prime and for elimination
of the intravascular volume deficit in each group appropriate test
solution was used (Ster — Sterofundin isotonic; Gel — gelofusin
4%; in the group Tetr — Tetraspan). To control the volume status
GEDVI was measured by transpulmonary thermodilution
method. The aimed values of GEDVI were 680—850 ml/m* If
GEDVTI was below 680 ml/m’ patient received bolus (500ml) of
one of the test solutions. If CI was less than 2.2 1/min/m? dobut-
amine was used in initial dose — 3.0 mkg/kg/min. The anesthetic
management was the same in all groups. GEDVI, ELIWI and
hemodynamic parameters (HR, MAP, CVP, mPAP, PCWP, SVI,
CI, SVRI) were measured at: T1 — before surgery (after induc-
tion); T2 — 5 minutes before CPB; T3 — 5 minutes after CPB; T4
— the end of surgery; T5 — 2 hours after CPB; T6 — 4 hours after
CPB; T7 — 6 hours after CPB; T8 — 12 hours after CPB; T9 —
after the first postoperative day (POD). Measurements of CI,
ELWI, GEDVI and SVI were done by PiCCO Plus (Pulsion
Medical Systems AG). PAP and PCWP were measured using a
Swan-Ganz catheter (Corodyn TD, B Braun).

To assess the extent of myocardial damage the level of tro-
ponin I (Tn I) in circulation was examined; it was carried out in
patients with the disease at stages T1, T3, T7, T9 and on the sec-
ond POD. Balance was calculated at the end of surgery as the dif-
ference between the volume of infusion, diuresis, CPB balance and
ultrafiltration, to the end of the first post-operative day — as the
difference between the of amount infusion, diuresis and blood loss.
To evaluate the acid-base status, water-electrolyte metabolism,
SvO, and lactate the Rapidlab 865 (Bayer Corporation, UK) was
employed. To assess the type of the distribution of variables
Kolmogorov-Smirnov test was used. Comparative analysis of
quantitative traits in cases of normal distribution of variables was
performed by one-way ANOVA. In cases of distribution of the
variables far from normality the Kruskal-Wallis test was used.
Intergroup comparisons were performed using the criterion of
Tukey-Kramer. For comparison of qualitative traits Chi-square or
Fisher exact test were used. For all statistical tests the Type I error
was set as 0.05. The null hypothesis (no difference) was rejected if
the probability (P) did not exceed the Type I error. For statistical
analysis MedCalc Statistical Software v12.1.4 (MedCalc
Software, Mariakerke, Belgium) was employed.

Results and Discussion

Data of all patients who were included into the study
(Ster-31 patients; Gel-29 patients; Tetr-31 patients) were
used in the statistical analysis. Demographic and clinical
characteristics are presented in Table 1; there is no any dif-
ference between groups. Significant difference was
revealed among the parameters of intraoperative period in
CPB time, aortic cross clamp time and in the number of
grafts (data presented in Table 2). Length of stay in the
intensive care unit (ICU) and hospital stay were similar in
all groups (Table 3)

Measured hemodynamic parameters (HR, MAP,
CVP, MPAP, PCWP, SVI, CI, SVRI, PVRI, GEDVTI) did
not exhibit any significant difference in all stages of the
study (Table 4). Analysis of ELWT during the study also
demonstrated no difference between groups (Table 5,
Figure 1). Analysis of SvO, and lactate showed no differ-
ence between groups. Moreover, there was no difference
between groups in Tn I concentration. Initial values (T1)
in all groups were equal to 0£0 mkg/l, then Tn I concen-
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cTaBjieHHbIX pactBopoB. IIposesenne nopmorepmudeckoro MK
OCYIIECTBJISITION B HEITYJIBCUPYIONIEM PEsKIME ¢ 00bEMHOIT CKOPO-
croio epdysun 2,4—2,5 ji/mMun/M* u yposaem cpenero A/l 50—
70 MM pt. cT. C 11€J1bI0 3aIUTBI MHOKAP/Ia AHTEPOTPAHO ITPUMeE-
Hsn (hapMaKkoxos10710By1o (4°C) KpUCTAITIONTHYIO Kap/HOILIIETHIO.
Bo Bpemsi K «110 TpeGOBaHUIO» HCIIOJIb30BAIM CTAHAAPTHBIN
MPOTOKOJ yJisTpaduibrpanu. [TIOKOKOPTHKOCTEPOH/IHBIE TOP-
MOHBI HE MPUMEHsIN. AHTH(OUOPUHOIUTUYECCKUM TPENapaToM
ObLJT PACTBOP aMUHOKAIIPOHOBOH K1ca0ThI (20 T).

V3mepenne WHIEKCA BHECOCYIUCTOI BOJAbI  JIETKUX
(UBCBJI), UTKAO, a rtaxxke mokasarejieil TeMOAMHAMUKU
(UCC, CALl, IIB/, c[IJIA, I3JIK, UYO, CU, unpekca cucrem-
noro cocyaucroro conpotuBienus (M1CCC)), npousBoanian ua
caexyronmx atamnax (T): T1 — ucxoano (mocse MHAYKIINN aHec-
teaun); T2 — 5 mun go vHayana UK; T3 — 5 mun nocie UK; T4 —
koner oniepanuu; T5 — 2 4 ocse VIK; T6 — 4 4 nocie UK; T7 —
6 utocste VIK; T8 — 12 u mocsie IK; T9 — o ncrevennn 1-wix cy-
Tok nocsie omneparuu. /s usmepenuss CU, UBCBJI, UTK/O,
NYO npumensiin cucremy PiCCO Plus (Pulsion Medical
Systems AG, Iepmanns). JIA u /I3JIK onpenessinnm, NCHoab3yst
karerep Csan-Tanca. [[yis1 BOJIOMETPHUYECKOTO U CTATHYECKOTO
reMO/IMHAMIYECKOTO MOHUTOPUHTA KaTeTePU3UPOBAJIU JIEBYIO
Genpernyio aprepuio 5F  TepMOAMIIONMOHHBIM KATETEPOM
(PV2015L.20N PULSOCATH; Pulsion Medical Systems AG,
Mionxen, Tepmannst), a Takxke MPaByI0 BHYTPEHHIO SIPEMHYIO
BeHYy 7F TpexImpocBeTHBIM IIEHTPATBbHBIM BEHO3HBIM KAaTETEPOM
(Certofix, B Braun) u 8F untponsiocepom (Intradyn, B Braun),
yepes nocaeannii Boguan 7F karerep Cpan-Tanca (Corodyn
TD, B Braun).

J1J1st O1IeHKHM CTeTeHN OBPEsKIEHUST MOKap/Ia TPOU3BOINIIN
onpeznenenuie Tporionnna I (Tn T), 3a60p KpoBU NMPOBOAMIN Ha
aramax T1, T3, T7, T9Y, a Takske Ha BTOpBIE CYTKH TOCJIE OTIEPAIINN.

Tuapobanane K OKOHYAHHMIO ONEPAI[MK PACCUNTHIBAIN KAK
PasHUILYy MEKIY 0ObeMOM BBEIEHHBIX MH(BY3UOHHBIX CPEJl 1 [Hi-
ypesom, ¢ ygetom Gananca K u yasrpaduasrpanun, K OKoHYa-
HUO 1-TO MOCIEONEPAIIMOHHOTO IHsT — KaK PAsHUILY MEKIY 00b-
eMOM BBeJeHHbIX MH(BY3MOHHBIX CPell U [IYyPe30M, a TaKKe
KPOBOTIOTEPEIi.

JlIs1 OIleHKHM KUCJIOTHO-OCHOBHOTO COCTOSIHUS, BOJIHO-
9JIEKTPOJNUTHOTO oOMeHa, onpenenenus SvO, U JakTaTa mc-
mosp30Baan  razoanasmsatop Rapidlab 865  (Bayer
Corporation, BenukoGpuranus).

Jliist olleHKH XapakTepa pacipe/iesieHnst B COBOKYITHOCTH 110
BBIGOPOYHBIM JIAHHBIM HCTIOJIb30BaM TecT Kosmoroposa-Cmup-
HoBa. CpaBHUTEIbHBII AHAIN3 KOJUYECTBEHHbIX TPU3HAKOB TIPH
UX TIPaBUJILHOM pacHpejiesieHud MPOBOAMJCI IPU TTOMOIIH
ANOVA. Tlpu nempaBuIbHOM pacHpeae/seHny HCHOab30BaIN
Kruskal-Wallis test. Tlocaenyrormume MeKrpynioBble CpaBHEHUs
MPOBOIMIIH ¢ ToMOTIbIo KpuTepuist Tukey-Kramer. [list cpaBrenust
Ka4eCTBEHHBIX MPU3HAKOB Hcrosb3oBaan Chi-square tect wmmm
Fisher's exact tect. [[Jist Bcex CTaTHCTUUECKUX KPUTEPHEB OMIUOKY
nepBoro poja ycranasiusaiu pastoit 0,05. HyseBast rumnoresa
(OTCyTCTBUE PA3M4uil) OTBEprajach, €CJN BEPOSTHOCTDL (p) He
npeBbIaja omuoKy 1epBoro poga. Jljist CTaTUCTHIECKOTO aHAIN-
3a ucnosb3oBasu nporpammy MedCale Statistical Software
v12.1.4 (MedCalc Software, Mariakerke, Besbrust).

PesyubraThl 1 00CyKAEHUE

[lepBuunble MaHHBIE BCEX TMAIMEHTOB, BKIIOUECHHBIX
B nccaenosanne (Ster-31 manument; Gel-29 maumenr; Tetr-
31 marenT), ObLIN KCIIOIB30BaHbI B CTATHCTHYECKOM aHa-
mmse. [lemorpaduieckre M OCHOBHbBIE KJIMHUYECKHE Xa-
PaKTepUCTUKK TpeAcTaBaensl B Tabm. 1. Cpenm Hux mHe
BBISIBUJIN KAaKUX-THO0 MEKTPYMTOBLIX OTIUINH.

Cpenu mokazaTeseil HTPAOIIEPAIIMOHHOTO TTeproia
JTOCTOBEPHBIE Pa3Indus BBIABUIN BOo BpeMenn MK, Bpeme-
HU OKKJIO3UM AOPTBl W KOJWYeCcTBe IMYHTOB (/laHHBIE

tration was increased 6 hours after surgery to 2.1£0.7
mkg/l, and then to 2 POD accompanied by gradual
reduction of troponin I concentration to 0.8+0,6 mkg/I
(Table 6).

Total volume of infusion during the surgery was
higher in group Ster — 1400 [1400—1900] ml compared
with Gel-1400 [1000—1650] and Tetr — 1400 ml [1000—
1600] ml (»p=0.005). However, the amount of solution
required to maintain goals of GEDVI and the need for
their administering were comparable in all groups. Balance
during CPB was also higher in the Ster group — 1150
[880—1430] ml; Gel — in 500 [30—1432] 550 ml; Tetr —
[0—1250] ml (p=0.029), diuresis during CPB was signifi-
cantly higher in the Ster group too — 1200 [900—1500] ml,
the volume of urine output during CPB in Gel group —
600 [400—663] ml; in Tetr group — 700 [400—1075] ml
(»p=0.001). In all groups, the ultrafiltration volume was
comparable, but the requirement for its performance was
significantly lower in the Ster group (16%) than in the Gel
(59%) and Tetr (61%) groups (p=0.001).

The total urine output during the surgery was signif-
icantly higher in the Ster group — 2000 [1600—2200] ml
than in the Gel and Tetr, 1400 [1175—1713] and 1500 ml
[1000—2000] ml, respectively (p=0.016). Even against the
backdrop of higher rates of diuresis in Ster group, balance
during the surgery in it was 2 times higher and made up
2000 [1415—2200] ml; Gel — in 1020 [650—1563] 1070 ml
Tetr — [550—1675] ml (p=0.001).

There was no difference between groups in balance
for POD-1. Patients in the group Ster, however, required
greater volume of infusion to maintain hemodynamic
goals. In the Ster group patients received 2690 [2243—
4328] ml, in Gel-group — 2150 [1610—2650] ml, in Tetr-
group 2100 [1925—2623] ml (p=0.005). In the Ster Group
there were also higher rates of diuresis (p=0.005). It should
be noted that the total balance (during the study), sum-
mary infusion volume and summary diuresis were signifi-
cantly higher in the Ster group.

In this study we investigated only balanced types of
infusion fluids were studied because they do not lead to a
hyperchloremic acidosis and possess higher safety profile
in comparison with other solutions employed in surgical
patients [17—19] Volumetric monitoring with transpul-
monary thermodilution technique was chosen due to the
fact that the commonly used indicators CVP and PCWP
limit appreciated level of filling of heart chambers, and
because they could not predict increasing of stroke vol-
ume following administering of intravenous fluids [17,
20, 22]. Global end diastolic volume index was chosen as
a goal because it adequately characterizes the filling of
heart chambers and is correlated with the data obtained
by transesophageal echocardiography and accurately
shows the correlation between the stroke volume and
preload [17, 23, 24]. Pulmonary extravascular water
index is a specific and sensitive indicator of volumetric
monitoring, reflecting the liquid content in the lung tis-
sue [25—27]. There is a dependence between ELWI and
severity of respiratory dysfunction, and outcomes in ICU
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Ta6auna 1. [lepuonepanonHas XapaKkTepUCTHKA NAIIUEHTOB.
Table 1. Demographic and clinical characteristics.

Indicators Values of indicators in the groups

Ster (n=31) Gel (n=29) Tetr (n=31) P value
Age (years) 62+6 62+6 617 0.74
Female, n (%) 8 (25) 3(10) 8 (25) 0.23
Body weight index (kg/m?) 29+3.5 29+3.4 29+2.7 0.99
LV ejection fraction (%) 61+8.4 63+8 61+6 0.50
Postinfarction cardiosclerosis, 7 (%) 18 (58) 19 (65) 18(58) 0.79
Chronic heart failure (NYHA) 2.8+0.4 2.7+0.6 3.4%22 0.60
Brachiocephalic Trunk atherosclerosis, 7 (%) 13 (41) 16 (55) 19 (61) 0.29
Stroke in anamnesis, 7 (%) 1(3) 5(17) 1(3) 0.65
diabetes mellitus, 7 (%) 9(29) 8(38) 11 (35) 0.77
Angina, n
1FC, n (%) 10 (32) 3(10) 7(22)
1 FC, n (%) 5(16) 9(31) 6 (19)
1L FC, n (%) 15 (48) 14 (48) 14 (45)
IV FC, n (%) 1(3) 0 1(3) 0.31
EuroSCORE 32 3£2 3£2 0.65

Note (npumevanue): Indicators — nokasaresy; age (years) — Bospact (toapr); female — sxenckuii mor; body weight index (kg/m?) — un-
nekce macenl tesia (kr/m*); LV (left ventriculator) ejection fraction — dpakius BoiGpoca JieBbiil skenypouek; postinfarction cardiosclero-
sis — nocrundapkrabii kapauockiaepos; NYHA (chronic heart failure) — xponnyeckas cepaeunast nepocrarounocts; brachiocephalic
trunk — Gpaxuonedanbubie aprepun; stroke in anamnesis — ocTpoe HapyIeHe MO3TOBOTO KpoBooOpaleHus: B anamuese; diabetes mel-
litus — caxapublii guabet; angina — crenokapaus Hanpsukenns; FC (functional class) — dynkimonansubiii kiaace; EuroSCORE — espo-
TeficKast IKasa OIeHKH PICKA KAPANOXIPYPIHIECKOIT OTIepaIiii.

TaGauna 2. [lokazaTen MHTPAONIEPAIIMOHHOTO TIEPUOJIA.
Table 2. Parameters of intraoperative period.

Indicators Values of indicators in the groups
Ster (n=31) Gel (n=29)  Tetr (n=31) P value

Number of grafts 2.5%0.5 2+0.5 3+0.6 0.01
Endarterectomy, 7 (%) 4(13) 1(3) 4(13) 0.42
CPB time (min) 60=15.5 52+12 65+19 0.007
Aortic cross clamp time (min) 36 [28-45] 28 [24-35] 37 [29-48] 0.004
Ventilation time (h) 5+2 5.5%2 6+3 0.79
Inotropic support, 7 (%) 6 (19) 4 (13) 4(12) 0.74

Note (npumeuanue): Indicators — mokasaresu; number of grafts — komuyectso mynTos; endarterectomy — sumaprepakromusi; CPB
time (min) — Bpems MK (nckyccerBerntoe kpoBooOpalienne, MiuH); aortic cross clamp time (min) — BpeMst OKKJIIO31K a0PThI (MUH); Ven-
tilation time (h) — pmureapHocTs UBJI (MCKyCCTBEHHAS BEHTUIIAIMS JIETKUX, 4); inotropic support — moTpeGHOCTh B MHOTPOITHOM MO/~
nep:ke; values of indicators in the groups — 3nayenus nokasaresneil B rpynnax; value — snauenue P.

Ta6auna 3. /laurensHocTb Haxoskaenus nanuentos B OPUT u cranuonape.
Table 3. Length of ICU-stay and hospital stay.

Indicators Values of indicators in the groups

Ster (n=31) Gel (n=29)  Tetr (n=31) P value
Length of ICU-stay (days) 1.3+0.4 1.4+0.8 1.6+0.8 0.24
Length of hospital stay (days) 16£3.4 17+£2.7 18+4 0.11

Note (npumeuanue): Indicators — noxaszarenu; Length of ICU-stay (days) — mimreabHocTh IpeOBIBAHNS B OT/IEJICHUI PeaHUMAIUN
u uHTeHCUBHOU Tepanuu (xHu); length of hospital stay (days) — anurensrocts rocnutamusaru (nuu); Values of indicators in the
groups — 3HaYeHUs rokKaszatesieil B rpynmax; value — snauenue P.

npencrasiaedsl B tabs. 2). Bpemss UK B rpynme Tetr
(65+19) mun 6b10 Gosbiie yem B rpymie Gel (52+12)
muH (p=0,007). Bpemst OKKITI0311 20pTHI OBLIO TOCTOBEP-
HO MeHbIie B rpytie Gel u cocraBuio 28 [24—35] muH 110
cpasuennio ¢ Ster — 36 [28—45] mun. u Tetr — 37 [29—48]
muH (p=0,004). B rpyrme Tetr marmenTam GbITO BBITOJTHE-
HO GoJiblIIee KOJIMYecTBO MyHTOB ueM B rpyine Gel (3£0,6
n 2+0,5 coorsercrenno; p=0,01). JlmurenbHoCTb MpeObI-

patients [28—31]. We choose a cohort of patients with
CAD due to the fact that it is the largest group of cardiac
patients around the world [32]. The main result of the
present work is that regardless of the type of solution
used, content of extravascular lung water did not differ
between the groups in all points of study. According to
the data to maintain the hemodynamic goals it required
more infusions with the balanced crystalloid solution in
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Ta6auna 4. [TokazaTenu reMOJMHAMHKH.
Table 4. Hemodynamic parameters.

Indicators Values of indicators in the groups during the study
baseline 5 min 5 min End of After CPB 1-POD
before CPB after CPB  surgery 2h 4h 6h 12h

HR/min

Ster 59+8 58+10 78+11 80+11 80+10 81+11 84+10 86+11 86+10

Gel 57+13 61+13 80+12 77+12 78+12 75%9 7610 80+11 82+11

Tetr 55+10 61+12 78+11 77+10 80+12 80+12 79+12 81+11 81+11
CI (I/min/)

Ster 2+0.4 2.4+0.4 3.0x0.5 2.6+04 2.9+0.4 2.9+0.5 3+0.5 3%0.6 3.1+0.4

Gel 2+0.3 2.3+0.4 3.3+£0.6 2.7+0.6 2.8+0.5 2.8+0.5 3+0.4 2.9+0.4 3%0.4

Tetr 2.1+0.3 2.5+0.5 3.3+0.7  3.0+0.4 3.0+0.7 3.1£0.6  29+05  29+04  3.0£0.5
SVI (ml/m?/beat)

Ster 35+8 36+6 38+8 33+6 36+7 37+7 36+7 37+8 37+8

Gel 37+7 39+10 42+9 35+8 36+8 38+5 39+7 37+7 377

Tetr 38+8 40+11 43+7 39+5 39+8 39+5 37£6 37+ 38+6
MAP (mm Hg)

Ster 83+13 79+10 70+9 70+8 738 74+8 76+8 797 80+8

Gel 82+15 7710 73%9 7410 72+11 76+9 79+8 85+11 83+9

Tetr 78+13 79+13 70+8 68+8 76+10 76+10 78+10 80+10 80+8
SVRI (dynese®sec/cm?/m?)

Ster 3017+850 2408+672 1661+414 1846384 1756+388 1773+353 1804%332 1757326 1751%11

Gel 2937+702 2243%£831 1579+412 1841%£345 1866=530 1809+345 1843+258 2040+432 1947+362

Tetr 2937702 2243+£831 1579+412 1841£350 1803+£574 1716+528 1870+£384 1930+442 1874+442
PCWP (mm Hg)

Ster 12+3 11£3 12+3 12+3 12+2 12+3 11£3 12+4 12+4

Gel 12+3 12+2 13+3 14+3 13+3 12+3 13+4 13+3 13+3

Tetr 11£3 134 14+3 13£3 13£2 12£2 12+3 12+3 12+3
mPAP (mmHg)

Ster 19+5 18+4 18+3 19+4 21+4 21+4 21+4 23+4 23+4

Gel 18+5 164 20+5 20+4 20+4 19+4 20+5 21+6 20+5

Tetr 18+5 18+5 19+4 19+4 20+3 19+3 21+4 20+4 22+4
PVRI (dynes*sec/cm”®/m?)

Ster 2224158 22199 155£108  206+99 233+101 250+99  230+102 248+126  275+119

Gel 221175 240110  222+176 160£127  214+119  215+138 198111 193110 209+136

Tetr 213138  188+137  215+171  150+88 207+63 176£96  242+130  229+110 258+125
CVP (mm Hg)

Ster 9+3 9+3 9+3 11£3 12+3 12+3 11£4 11+4 14

Gel 9+3 8+2 10+2 12+3 11+3 11+3 11+3 12+3 12+6

Tetr 9+4 9+4 11£3 12+3 11£3 10£3 11£3 104 114
GEDVI (ml/m?)

Ster 735+122  717+93 726£106 697107 691125 693118 709+103 768123  767+94

Gel 770126  776+133  827+160 784+741  779+179  810+178 838+144 870156 876*176

Tetr 745+112  748+131  756+114  737+87 712+93 726+88 729495 767£89  813+137

Note (npumeuanue): Indicators — nokaszaresnn; HR (heart rate)/min — sacrora cepaeunnix cokpamenuii/mun; CI (cardiac index,
1/min/m*) — cepmeunsriii naaexc, 1/mun/m% SVI (stroke volume index, ml/m?/beat) — unnekc ynapaoro oobema, ma/m*/ynap; MAP
(mean arterial pressure, mm Hg) — cpeanee aprepuaibHoe aasienue, MM pr. cr.; SVRI (systemic vascular resistance Index,
dynesesec/cm?®/m*) — HHIEKC CUCTEMHOTO COCYAMCTOTO CONpoTHBIeHus, AnH*c*cm”/M% PCWP (pulmonary capillary wedge pres-
sure, mm Hg) — maBieHne 3aKIMHIBAHI JETOYHBIX KAMIIAPOB, MM PT. ¢T.; mMPAP (Mean Pulmonary Artery Pressure, mmHg) —
cpejHee AaBienue B Jerounoii aprepuu, mm pr. cr.; PVRI (Pulmonary Vascular Resistance Index, dynesesec/cm?®/m?) — unjekc
JIETOYHOTO COCYAMUCTOro cotnporusienus, aurececm’/m% CVP (Central Venous Pressure, mmHg) — uenTpasbHoe BeHO3HOE
nasaenue, MM pr. cT.; GEDVI (global end diastolic volume index, ml/m*) — mHmekc r106aapbHOTO KOHEUHOTO AMACTOJMIECKOTO
obbema, mii/m?% Values of indicators in the groups during the study — snauenus nokasaresieil B Tpyrnax B Xojie uccjiegobanus; base-
line — ncxonno; before CPB (cardiopulmonary bypass) — no uckyccrsennoro kposoobpauienust (MK); after CPB — nocaie K; End
of surgery — kowerr onepaini; POD (postoperative day) — mocsieonepaiinonusiii ieHp; min — mun; h — .

BaHUS MAIMEHTOB B OT/IEJICHUN PEAaHUMAINN U UHTEHCUB-
noit teparmu (OPUT) n ammreapHOCTD TOCTIUTATN3ATTIT
ObLIK COMOCTABMMBI MEsKy rpymmamu (tabir. 3)

Cpemn moxazateneii remogunamukn (HCC, CA/],
UBA, cIJIA, [A3JIK, UYO, CU, NCCC, NJICC,
NTK/O) He BBIABUIN TOCTOBEPHBIX PA3ININI HA dTANax
uccenosanust (tabu. 4). Ananus sHauenuit UBCBJI Ha
TIPOTSIKEHUN NCCIIEIOBAHNS TaKKe He MOKa3as Pa3Imanit

patients, as well as during the first postoperative day. It
was accompanied by more intensive urine output.
Summary balance for the operation was significantly
higher in balanced crystalloid solution group. However,
there was no any influence on the content of extravascu-
lar lung water and there were no any respiratory disor-
ders. It should be noted that in this study reported a suf-
ficiently short CPB time, in which any changes that may
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Ta6auua 5. Tunamuka UBCBJI (Mi/Kr).
Table 5. Dynamic of ELWI (ml/kg).

Groups Values of indicators in the groups during the study
baseline 5 min 5 min End of After CPB, h 1-POD
before CPB after CPB  surgery 2 4 6 12
Ster 8.6+1.6 8.5%1.2 8.2+1 8.1£1.3 7.0+1.5 7.0+1.3 7.0=1.3 7.1£1.5 7.3£1.6
Gel 9.0£1.6 8.8%1.6 8.1£1.0 8.2t1.5 6.8+1.4 6.6+1.2 6.7+1.2 7.1+1.3 7.4%1.5
Tetr 8.7£1.8 8.6x1.8 8.4+1.3 8.0£1.4 7.1x1.3 8.0+1.3 7.1£1.1 6.8+1.0 7.1+13

Note (mpumeuanue): Groups — rpynmsr; values of indicators (ml/kg) in the groups during the study — sHauenus moxasaremneii (m/Kr)
B IpymIax B xojie uccaenoanust; baseline — nexonno; before CPB (cardiopulmonary bypass) — 10 nckyccTBeHHOTO KpoBOOOpalieHust
(UK); after CPB — nocaie IK; end of surgery — xonert onepannu; POD (postoperative day) — nocsieoneparmonnbiii genb; ELWT (extra
lung water index) — BCBJI (nnzeKc BHECOCYAMCTON BO/bI JIETKKX); Min — MuH; h — .

[] Crystalloid solution B Gelatin ] HES

12

10 1T

1 TT+

ELWI (ml/kg)
[=7]

0 .

Baseline 5 min 5 min End 6h 12h 1-POD

before CPB after CPB of surgery

Jlunamuka unaexca BHecocyaucroii Boasl Jerkux (MBCBJI) (ma/kr).

Dynamic of extra lung water index (ELWTI) (ml/kg).

Note (npumeuanue): Crystalloid solution — crepodynann; gelatin — renodysun; HES — terpacnan; baseline — ncxonno; before CPB
(cardiopulmonary bypass) — 1o uckyccrsentoro kposoobpaienust (MK); after CPB — nocsie UK; end of surgery — xonern oneparuu;
POD (postoperative day) — mocsieoneparioHHblii eHb; min — MuH; h — .

Ta6auua 6. lunamuka Tpononuna I (Mkr/a).
Table 6. Troponin I concentration (mkg/1).

Groups Values of troponin I concentration (mkg/1) in the groups during the study
baseline 5 min after CPB 6 h after CPB 1 POD 2POD
Ster 0£0 0.9+0.5 2.0£0.7 1.5£0.6 0.9+0.6
Gel 0=0 0.7+0.5 1.7£0.9 1.5+1.0 0.9£0.6
Tetr 0+0 0.7+0.5 2.1+0.7 1.5+0.5 0.8+0.6

Note (npumeuanue): Groups — rpymisr; values of troponin I concentration (mkg/1) in the groups during the study — snauenus Tpormo-
nuna I (MKr/a) B TpyIiax B Xoze uccienosanust; baseline — uexonuno; after CPB (cardiopulmonary bypass) — nociie nckyccTBeHHOTO
kposoobpamnienst; POD (postoperative day) — mocsieonepaitnoHnbIii ferb; min — mum; h — q.

B COJIEPKAHUU BHECOCYINUCTOH BOBI JIETKUX MEXKIY TPYII-
mamu (tabu. 5, puc. 1). IIpu anamuse SvO, u jakrara He
BBISIBUJIM MEKTPYIIIOBBIX PA3JINUNil Ha MPOTSKEHUN BCe-
ro wucciepoBanus. He HaGM0OAaTOCh PAsHUIBI MEKLY
rpymmamu 1ipu orierke Tn I. Mexonubie 3navenns (T1) Bo
Beex rpynnax Obuin pashbl 0£0 MKT/J1, KOHIleHTpauus Tn
I yBenmmumBanace x 6 wacam mocie oneparuu go 2,1+0,7
MKT/JI, 3aT€M, KO 2-M CyTKaM OTMeJaJIi IIOCTEIIeHHOEe CHU-
skernune yposast Tn I go 0,8+0,6 mkr/a (tabu. 6). O6muit
o6beM nHdYy3UN 32 BpeMst orepaiiui Ol Bbitie B [pymme

lead to increased vascular permeability are not so much
expressed. Therefore, we can not exclude possibility that
if CPB time had been much longer the result would have
been different.

Lactate level during surgery and in the postoperative
period did not exceed 4 mmol/l. It is known that the
exceeding this level in cardiac surgery patients is associat-
ed with a higher risk of complications, increased length of
ICU stay and hospital stay [33]. In all groups there was
adequate blood supply of tissues and organs, evidenced by
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Ster- 1400 [1400—1900] mu no cpasuenuio ¢ Gel-1400
[1000—1650] ™M wu Tetr- 1400 [1000—1600] wmu
(p=0,005). TIpr 9TOM KOJUYECTBO BBOAUMBIX PACTBOPOB
HEOOXOAUMBIX ISl TIOJJIEP/KAHUST TIeJIeBbIX MOKasaTeeil
WTK/IO B onepannonHoi, a Takke moTpeOHOCTD B UX BBE-
JEHNUN OB COTTOCTABUMBI MEK/Y TPYTITIAMI.

Basanc Bo Bpemst MK 6bLt Bbite B rpyiime Ster u co-
crazsin 1150 [880—1430] mur; 8 Gel — 500 [30—1432] mut
Tetr- 550 [0—1250] Mt (p=0,029), iput aTOM IMYpE3 BO Bpe-
mst MK moctoBepro Boire B rpymie Ster — 1200 [900—1500]
M1, 00beM auypesa Bo Bpemst K B rpymie Gel cocrasui 600
[400—663] M, B Tetr — 700 [400—1075] M1 (p=0,001). Bo
BCEX TPyMIax 0ObeM yJabTpapuIBTPaIH, TIPOBOAUBIIEHCS
Bo Bpemsi UK, comocTaBiM, OIHAKO HEOOXOANMOCTD B €€
npoBeeHnn Obljla 3HAYNTENbHO HUKe B rpyte Ster (16%),
yem B Gel (59%) u Tetr (61%) (p=0,001).

CyMMapHbIil Inype3 K KOHITY OTeparini COCTABUIT B
rpymie Ster — 2000 [1600—2200] mu1, uto GbLIO 3HAYHU-
TesbHO Bbilie yeMm B rpynmax Gel m Tetr, 1400 [1175—
1713] M m 1500 [1000—2000] M CcOOTBETCTBEHHO
(p=0.016). Ha one GoJiee BBICOKUX MTOKazaTeiell Juypesa
B rpyiiie Ster GasaHc 3a oneparuio ObLI Bbillle B 2 pasa U
cocraBu 2000 [1415—2200] mu; 8 Gel — 1020 [650—
1563] mut B Tetr — 1070 [550—1675] mur (p=0,001).

OTcyTCcTBOBAIM pasiuuust B THAPOOATAHCE MEKILY
rpymnmamu K kKoHity [TO/[-1. Oxnako nmainueHTam B rpyiiie
Ster norpeGoBasicst Gosbiuii 00beM UHPY3UU AT TO/-
Jleps>KaHns TIeJIeBbIX ToKa3aresell reMoanHaMuKN. B rpyti-
ne Ster manueHTsl nosyuman 2690 [2243—4328] mi, B
rpymie Gel — 2150 [1610—2650] mut, B8 rpynne Tetr —
2100 [1925 —2623] M (p=0,005). B rpymnme Ster taxske
ormeuanu GoJiee BbicOKHe nokasaTesu auypesa (p=0,005).
CJielyeT OTMETHTB, Y4TO CyMMapHbIii GasaHc (3a Bpems
BCEr0 UCCJIEN0BAHNS), & TAK/KE CyMMapHbIil 00beM BBe/ICH-
HOTO MH(PY3MOHHOTO PACTBOPA U CyMMaPHBbIii 1uype3 ObLIu
JIOCTOBEPHO BBITIE B TpyTie Ster.

B npescrasieHHoil pabore uccienosany coOaaHCcu-
pOBaHHbIE BUBI NH(MY3HOHHBIX PACTBOPOB B CBSI3U C TEM,
YTO OHU He TIPUBOST K THIEPXIOPEMIIECKOMY AIlHI03Y 1
umeroT 6oJiee BbICOKHIT Pouib GE30IIaCHOCTU B CpaBHE-
HUW ¢ IPYTUMU PACTBOPAMH Y XUPYPTUIECKUX TAIMEHTOB
[17—19]. Bostomerpudeckuii MOHUTOPUHT, KOTOPbIi BbI-
HOJIHSJICS. B JIAHHOU paboTe IIPK MOMOIIN METOUKY TPAHC-
IyJIbMOHAJIbHO TepMOZIeNIoNuK, Obll BBIOPAaH B CBSA3U C
TEM, YTO PACIPOCTPAHEHHBIE MOKA3ATENN MOHUTOPUHTA
cepaeuno-cocynuctoii cucremst (I1B/I, /I3JIK) ne nosso-
JISTIOT B TIOJTHOW Mepe OIeHUTDh CTETeHDb HATIOTHEHUST KaMep
Cep/Illa, a TAaKKe He SBJISIOTCS MPEAUKTOPAMHU YBeJTMYeHUs]
yaapHoro obbeMa cepilia Ha BHYTPUBEHHOE BBEJIEHUE
skuzikoctu [17, 20—22]. TlesieBbIM 1oKasaTesieM, Ha KOTO-
Pblii GbLIA B IAHHOM MCCJIEI0OBAHUN OPUEHTUPOBAHA UHDY-
suoHHast tepanus Obu1 BoiGpan UTK/O. 1o gaHHBIM MHO-
rux coBpemennbix uccienosareneii UTKIO mnosBossier
a/IEKBATHO OIEHWBAThH HATIOJHEHUE TOJOCTEN cepana. B
psizie uccaenosanuii nokazano yro KO koppesupyer
C JTAHHBIM, TTOJYJaeMbIMU TIPH IPECITHUIIEBOIHOM 9XOKap-
muorpadun. UTK/O manbGosee TOUHO TTOKa3bIBAET 3aBU-
cumoctb CB ot nnpennarpysku [17, 23, 24]. Inaekc BHeco-

satisfactory SvO, (62—76%) at all stages of the study.
Gradual increase of troponin I concentration to 6 after
operation (T7), and then decrease towards the end of
POD-2 can be associated with mechanical action on the
myocardium during the surgery as well as aortic cross
clamping. This fact was not accompanied by any clinical
manifestations and was not associated with any dynamics
of CI at this stage.

The present study has several limitations. Above all,
it is a single-center study. It is also necessary to take into
account the fact that patients included in this study have
normal ejection fraction and there was no long CPB time
in all cases. Consequently, these results cannot be com-
pared with more severe category of patients with CAD
who exhibit lower left ventricular ejection fraction and
prolonged CPB perfusion time.

Conclusion

The goal-directed therapy with balanced crystalloid
solution allows maintaining hemodynamic goals in
patients with coronary artery disease undergoing cardiac
surgery with cardiopulmonary bypass, as well as colloids.
To achieve the intravascular volume sufficient for main-
taining optimal hemodynamic and oxygen delivery in tis-
sues significantly increased volumes of crystalloid solution
than colloid are required. Goal-directed therapy with the
balanced crystalloid fluid does not increase the extravas-
cular lung water, as well as colloid-based infusion therapy.
larger volumes of crystalloid saline are compensated by
more intensive urine output. Administering the infusion
fluids used in this study does not affect the troponin I con-
centration, which serves as a biomarker of absence of any
myocardial damage. The absence of differences in clinical
course of postoperative period between groups administer-
ing with different fluids makes balanced crystalloid solu-
tion preferable in CABG surgery patients.

CYZIICTOI BOJIBI JIETKUX SIBJISICTCS CHEIU(UUHBIM U YYBCT-
BHUTEJBHBIM TOKa3aTeseM BOJIOMETPUYECKOTO MOHHUTO-
PHUHTA, OTPAKAIOIIUM CO/EPKAHNE KUIKOCTH B JIETOYHOM
TRaHu [25—27]. Bosee Toro, BhIsIBICHA KOPPEJISIIMOHHAS
cBa3b Mexxay UBCBJI u TsxecThio pecimpaTopHOi auc-
(ynkuu, a takxke ucxomom Jjedenus mnaimeHToB OPUT
[28—31]. BbiGop momyisiiuy naiueHToB 00y CI0BJIEH TeM,
YTO OHA IpeJcTaBisger co0oi Hanboee MHOTOUNCIEHHY IO
IPYIITY KapJAMOXUPYPrUYECKUX TAIMEHTOB BO BCEM MUPe
[32]. OCHOBHBIM pe3yJBTaTOM IPEACTABJICHHOI PabOThI
SIBJISIETCS TO, YTO HE3aBUCHMO OT BH/IA UCIOJB30BAHHOTO
pacTBopa cojiepskaHue BHECOCYIUCTON BOJIbI JIETKUX HE OT-
JINYAJIOCH MEK/LY TPYTIIIAMU BO BCEX TOYKAX MCCIICTOBAHMS
[IPY TIPOBEIEHNN NH(MY3UMOHHON Teparuu, OCHOBAHHON Ha
nmocTmkeHnn 1eseBbix mokasateneir MT'K/1O. CormacHo
MIPE/ICTABJICHHBIM JJAHHBIM BO BPEMsI OTIEPAIINH, TAK JKe KaK
1 BO BpPeMs MEPBOTO MOCIEOTIEPAIIMOHHOTO JIHS ISl TIO/I-
JIepKaHMsl 11eJIeBbIX 3HAYCHUN TeMOAMHAMUKU 1OTPebo-
Basicst GOJIBIITNI 06beM cOATAHCHPOBAHHOTO KPHCTAILIION/I-
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HOTO PacTBOPa, Ha (hoHe GoJiee BBICOKKX TTOKa3aTeell Auy-
pesa. CymmapHbIil GajaHe 3a BCIO ONEpaiuio Obll 3HAUN-
TEJIBHO BBIIIE B IPYIINE C IPUMEHEHUEM KPHCTAJION/IOB.
Tem He MeHee, He OTMEYATOCh KAKOTO-TNO0 BIUSHUS HA
cojiepsKaHue BHECOCY/IMCTOI BOJIBI JIETKUX, & TAKKe He Ha-
6JI01a710Ch HAPYIIEHUIT CO CTOPOHBI JBIXATEbHON CHCTe-
MbL. OJIHAKO CJIe/IyeT OTMETUTb, YTO B IAHHOM HCCJIeI0BA-
HUU 3aPETUCTPUPOBAHO IOCTATOUHO HEIIPOAOJIKUTEIbHOE
Bpemst VK, 1ipr KOTOPOM MasioBEpPOSITHBI Kakue-au00 u3-
MEHEHUsI, KOTOPbIE MOTYT MPUBECTH K YBEJIUUYEHHIO COCY-
JIMCTOU TIPOHUIIaeMoCTH. Helb3st MCKIIIOUnTh, 4To 11pH 60-
see puuresnbHoM MK gantbie MOTIN Obl OTINYATHCSL.
YpoBeHb JIakTaTa Ha TPOTSKEHUU OTEPaTHUBHOTIO
BMEIIIATEJNBCTBA U B TIOCJICONIEPAITIOHHOM TTEPUOJIE HE TIpe-
BBIMIAT 4 MMOib/n. VI3BecTHO, UTO TPEBBINIEHUE ITOTO
YPOBHS Y KapAUOXUPYPrUYeCcKuX MalMeHTOB CBA3aHO ¢ 60-
Jiee BBICOKMM PHUCKOM OCJIOKHEHWIi, YBEJUUECHUEM [IJIN-
TEJIBHOCTHU MPEOBIBAHUS B OT/CJCHUM PEAHUMAIIUK U JJIU-
TeqpHOCTH Tocmurtanusaiun [33]. Bo Bcex rpymmax
obecreunBaioch aJleKBaTHOE KPOBOCHAOKEHME TKaHel U
OpraHoB, 00 9TOM CBUIETEILCTBYIOT YIOBIETBOPUTEIbHBIE
mokazaresan SvO, (62—76%) Ha Bcex aTamax MCCIeI0Ba-
Hust. [TocrenienHoe HapacTaHye KOHIEHTPAIIUK TPOITOHNHA
I x 6 moce onepanmu (T7), a 3arem cHMIKEHME KO 2 CyTKaM
MOJKHO CBSI3aTh ¢ MEXaHUYECKUM BO3/IEHCTBUEM HA MHO-
Kap7l BO BPEMsI OTI€pallni, a TaKKe ¢ TPOBOAUMOIT BO BCEX
cIIydasix OKKJo3ueil aoptol. [lanHblil (hakT He COMPOBOK-
JAJICST KAaKUMU-JTNO0 KIMHUYECKUMUE TIPOSIBICHUSIME 1 HE
CBsI3aH ¢ IuHaAMUKON Tokaszareseil CU Ha janHOM arare.
[TpezcraBienHoe uccae[oBaHIE UMEET Psifi OTPAHH-
yenuil. [Ipeskiie Bcero, OHO SIBISIETCST OTHOIEHTPOBBIM. Tak-
JKe HEeOOXOAMMO YUUTBIBATH TOT (DAKT, YTO MCCIIeLyeMast
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rpymmna mpeacTaBisiia coboil TANHeHTOB ¢ HOPMAIbHOI
(dbpakipeil BBIGPOca U HENMPOIOJIKUTENbHBIM UCKYCCTBEH-
HBIM KpoBoobparierreM. ClieoBaTeIbHO, MOIYYeHHBIE Pe-
3yJIBTATBI HEe MOTYT OBITH OTHECEHBI K GoJTee TSKETON Kare-
cepiia,
HMEIONINX HU3KYIO (DPAKINIO BBIOPOCA JIEBOTO JKEMYI0UKA
WJIU K TIAIIMeHTaM, KOTOPBIM ITPOBOINIIOCH aynTerbHoe K.

ropur  GOJIbHBIX ~HUIIEMUYECKOU OOJIE3HBIO

3akjoyeHue

[lenenanpasiennas HHGY3UOHHAST Teparst cOaTaH-
CHPOBAaHHBIM COJIEBBIM PACTBOPOM ITO3BOJISICT ITOJIEPIKU-
BaTh IleJIEBbIEe ITIOKA3ATeNN TEeMOJAMHAMUKUA Y OOJBHBIX
UIITEMIYECKOiT OOJIE3HBIO CEPIA, OTIEPHPOBAHHBIX B YCJIO-
BUSIX MCKYCCTBEHHOTO KPOBOOODAIEHHsI, HApaBHE € KOJI-
JIOUIHBIMEU pacTBopamu. [lJist gocTuKeHns: o0beMa BHYT-
PHUCOCYANCTOH KUIKOCTH, TO3BOJIIONIETO MOALEPKUBATD
OTITUMAJIbHBIE TOKA3aTeJN TEeMOJAMHAMUKU U JIOCTABKY
KHCJIOPOJa K TKAHsIM, TPEOYETCsT 3HAYMTETHHO OOJBIINIT
06beM KPUCTAJIIOMHOTO PACTBOPA, YeM TIPH HCIIOIb30Ba-
HUH KoJutonzioB. LlemenanpasienHas nHPY3UOHHAs Tepa-
nust cOaNaHCUPOBAHHBIM COJIEBBIM PACTBOPOM HE MPUBO-
AT K YBEJMYCHUIO COJEPsKaHMS BHECOCYANUCTOH BOJBI
JIETKMX, KaK 1 PU MHQPY3UOHHON Tepary KOJIOUIHBIMU
pactBopami. VIcroib30BaHHbBIE B UCCIIE0BAHUN PACTBOPbI
He TIPUBOJIAT K YBEJUUYEHUIO MapKepa MOBPEKICHUS MHO-
Kap/ia — TPOMOHKWHA [, 4TO cBUETETBCTBYET 06 OTCYTCT-
BUM KaKOTO-JIMOO MOBPEK/IAIONIEr0 BO3IEHCTBIST AAHHBIX
MHOY3UOHHBIX cpejl Ha MUOKapA. OTcyTcTBUE Pasinduii
KJIMHUYECKOTO TEUEHMs IIOCJEOIePAlOHHOTO IIePHOoJa
MEXK/Ly TPYIIIaMU IeJIaeT IIPUMEeHeHne COaTaHCUPOBAHHbIX
KPUCTAJJIOUIHBIX PACTBOPOB MPE/IIOUTUTEbHBIM.
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Extracorporeal Detoxification Methods in the Treatment of Destructive Pancreatitis

E. L. Ismailov, S. N. Eralina, B. B. Tekesbaev, R. B. Abdrasulov

Department of Anesthesiology and Reanimatology with Course of Emergency Care,
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Pocr 3a00€BaeMOCTH A€CTPYKTHBHDBIM IIAHKPEATHTOM 32 TOCTIE/IHEE AECATUIETHE U BHICOKHE NOKA3aTe I JIeTaIbHOCTH (10 20—
45%) TOBOPAT O BBICOKOI CONUAIBHOI, MEIMIMHCKON M 9KOHOMHYECKOH 3HAYMMOCTH 9TOro 3aboneBanust. Ienv uccaedosanus
— u3yuyuTh 3(H(PEKTHBHOCTh IKCTPAKOPHOPAIBHBIX METO/IOB IETOKCHKAIUH B KOMILIEKCHOM JIEYEHUH IECTPYKTHBHOTO MAHKpea-
THTa. MaTtepuasbl ¥ METOIbI HccaenoBanus. B nccnenosanme Gbu1o BKI0OYEHO 20 GOJBHBIX € ECTPYKTUBHBIM TAHKPEATUTOM, Ha-
XO/IUBIINXCSI HA CTAIMOHAPHOM JIeUeHHH B OT/IeJIeHHH peaHnMaiiu u nnrencusHoii tepamiu I'KB Ne4 r. Asmatsi, B Bo3pacte oT
40 no 53 ner. Pesyavmamot u ux oécymncoerue. Ilpu aHaiu3e MOJTYyYEHHBIX PE3YJILTATOB HCCIIE0OBAHMS BbISBJICHO, UTO PaHHEe
BKJIIOYEHHE METO/IOB 9KCTPAKOPNOPAIbHON IETOKCHKAIMN B KOMILIEKCHOM JIEYE€HHH I€CTPYKTHBHOTO ITAHKPeaTHTa 00eceynBa-
€T CHW)KEHHE KJIMHUYECKUX NPU3HAKOB HHIOTOKCHKO3a, 4TO B 61% ciryuyaeB MO3BOIMIIO PEYNPeUTh PASBUTHE AHYPHIECKON
(opMbI TIOYEUHOIT HEOCTATOYHOCTH, a B 22% cilyyaeB U BOBCE H30eKaTh Pa3BUTHsI OJIMOPraHHoi HemocratounocTd. [lokasana
Heo0X0aMMOCTh U 3 HEKTHBHOCTH PAHHETO NPUMEHEHHsT AJIbOYMUHOBOTO IMAIN3a, TeMOAUa(IIbTPAINN B KOMILIEKCHOM Jieye-
HMH CeIICHCa Y CENTUYECKOrO0 IOKA NPH IeCTPYKTUBHBIX IIAHKPEATHTAX, YTO IPHBO/IHT K [0CTOBEPHOMY CHIKEHUIO JIETAJIbHOCTH.
MakcuMaabHbIi eTOKCHKAIMOHHbIN IIOTEHIUAJ aJlbOYMHUHOBOTO JMAIM3A IPH CEIICHCE, OCIOKHSIONIEM TeUeHHE eCTPYKTUBHO-
IO MaHKpeaTHTa, PeaIn3yeTcs G1aroaaps COYETaHNIO Pa3IMYHbIX MEXaHN3MOB DJIMMHHAINN TOKCHYECKUX BEIIECTB — KOHBEK-
uH, copoumu u 1 Py3un B IKCTPAKOPHOPATLHOM KOHTYpe. BbIBOI: paHHee HCIOIb30BaHIE METO/IOB 9KCTPAKOPIOPAIbHOI /e-
TOKCHKAIMH IIPH IECTPYKTUBHOM ITAHKPEATHTE MPUBOIUT K JIOCTOBEPHOMY CHIKEHUIO JieTaibHocTH. Kntouesvie cnosa: MARS —
MOJIEKYJISIPHAS aJICOPOIMOHHAS PEMPKYJISIMOHHas cuctema, [JIM-remouaduabrpaipys, IaHKPEOHEKPO3.

The rise in the incidence of acute necrotic pancreatitis in the past decade and high mortality rates of as high as 20—45% all
suggest that the disease is of high social, medical, and economic importance. Objective: to study the efficiency of extracor-
poreal detoxification methods in the combination treatment of patients with severe destructive pancreatitis. Subjects and
methods. The investigation enrolled 20 patients aged 40 to 53 years with destructive pancreatitis treated in the intensive care
unit, Almaty City Clinical Hospital Four. Results and discussion. Analysis of the findings over time could reveal that early
incorporation of extracorporeal detoxification methods in the combination treatment of pancreatic necrosis provides a
reduction in the clinical signs of endotoxicosis, which could prevent anuric acute renal failure in 61% of the cases and com-
pletely safeguard against multiple organ dysfunction in 22%. The investigation showed the necessity and efficiency the early
use of albumin dialysis, hemodiafiltration in the combination treatment of sepsis and septic shock in destructive pancreati-
tis, leading to a significant reduction in mortality rates. The maximum detoxification potential of albumin dialysis in sepsis
complicating the course of destructive pancreatitis is achieved by a combination of different mechanisms for elimination of
toxic substances, such as convection, sorption, and diffusion, in the extracorporeal circuit. Conclusion. Early use of extra-
corporeal detoxification methods in patients with severe destructive diseases of the pancreas results in a significant reduc-
tion in mortality rates. Key words: molecular adsorbent recirculating system, hemodiafiltration, pancreatic necrosis.
DOI:10.15360,/1813-9779-2015-3-65-74

BBenenue Introduction
HecMoTps Ha 3HAYMTEIbHBIC JOCTHAKEHUS COBpE- Despite considerable achievements in modern medi-
MEHHOI MEMIIMHBI, a0JOMUHAIBHBII CEIICUC OCTACTCS O/l cine, abdominal sepsis remains one of the most severe com-

HUM U3 HauboJsiee TPO3HBIX OCJHOKHeHuiT xupyprideckoii | plications of surgical infections and has the highest mor-
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UHOEKITTT 1 TMeeT HamOOIBIINH TTOKa3aTeNb JeTATbHOC-
TH, KoTopbiii Hocturaer 70—90%, He ¥MMest OTYETIUBOIL
TEHJICHIINN K cHUzKeHuo [1].

OnHoll U3 TIPUYUH, TIPUBOAAIINX K Pa3BUTHIO ab10-
MUHAQJIBHOTO CETICUCA, SBJSIETCS OCTPbIH JIeCTPYKTUBHBII
NAaHKPeaTuT, WM MaHKPeOHeKpo3. Poct saboseBaeMocTH
JIECTPYKTUBHBIM ITAHKPEATUTOM 32 [TOCTIeTHEE AeCATIIETHE
[2], oTHOCHTEIBHO MOIOZON M TPYAOCIIOCOOHBIN BO3PACT
GospiHCTBa GOTBHBIX — OT 25 0 60 Jer [3], mrurens-
HOCTb JIeYeHUsT 1 OOJIbIIIIE IKOHOMUYECKUE 3aTPAThl Ha €ro
npoBejicHne [4—6], BbICOKHE TTOKA3aTeNN JIETAIbHOCTH —
1o 20—45% [7, 8] — Bce 9TO CBUAETENBCTBYET O BBICOKOMN
COIMAJIBHOM, METUIIMHCKON I 9KOHOMHUYECKON 3HAYNMOCTHI
uzydaeMoro 3aboseBanust. OCOOEHHOCTBIO MAHKPEOHEKPO-
3a SIBJISIETCS. MHOTOOOpasye KJIMHMYECKUX BaPUAHTOB €ro
OCJIOKHEHMH, HanGoJIee OMACHBIMU U3 KOTOPBIX SIBJISIFOTCS
nosimoprantast Hegocratounocts (IIOH), nepuronwur, cern-
cuc, (uerMoHbl 3a0PIONIMHHON KJIETYATKU, apPO3UBHbBIE
kpoBoreueHust [9]. Haubosiee onacHbIM SBJISIETCS EPUO/L
reMOJIMHAMIYECKHUX PACCTPOICTB U TTAHKPEATOreHHOTO 1110~
Ka. BbIcOKast JIeTalbHOCTh 00YCJIOBJIEHA TTATOTEHETUYECKHU -
ME 0COOEHHOCTSIMU TEYEHMUsT JeCTPYKTUBHOTO TTAHKPeaTU-
Ta, 4 UMEHHO YCHJICHMEM WHTOKCUKAIMK, BBIOPOCOM B
KPOBb OOJIBIIIOTO KOJMYECTBA MEIMAaTOPOB BOCHAJICHUS
(MJ1-6, NJI-8, MJI-10, DHO-), TpaHcaoKalueil B KpoBb
HU3KO- U CPEIHEMOJIEKYJISIPHBIX TOKCHUYECKHUX BEIECTB U3
JKEJTYIOYHO-KHUIIIEYHOTO TPaKkTa. B uTore passuBaercs: «me-
nuatopubiii xaocy» u [TOH. Jledenne ITOH saBastercst mipo-
6J1eMOii peaHUMATOJIOTHK JAJIEKOH OT ee pernenus. Heemo-
Tpst Ha yriayOJeHue 3HaHWH 1aTO(U3HONOTMYECKUX
[POIIECCOB, MOSBIEHUE HOBBIX TeHepaluil aHTHOaKTepu-
AJIbHBIX TIPENApaToOB, COBEPIICHCTBOBAHME TEXHOJIOTHI
sKU3HeoOecieueHust U xupyprudeckoi rexuuku, IIOH oc-
TAeTCsl OJTHOM M3 TJIABHBIX PUYMH JIETATBHOCTH B OT/IEJIe-
HUSIX PeaHUMAIMU U MTHTEHCUBHON Teparnuu, 0COOEHHO IpH
Pa3BUTHHM CETICHCA M CENITUYECKOTO MoKa. B rnocieanue ro-
JIbl HAYYHO-MCCJIE/IOBATEIbCKUIT MHTEPEC BHI3IBAET OlEHKA
MEPCIIEKTUBHOCTH PAHHETO0 Havasa MPO/JIEHHON 3aMecTH-
tesibHOI noyeunoit Teparuu (3I17T) 1ipu cerncuce, He 105U~
JIasiCh Pa3BEPHYTON KJIMHUKO-1a60PATOPHON KapTUHbBI
ITOH, ¢ nesbio npeaytnpesxaeHus ee pazsutusi. OJHAKO B
JIATEPATYPE HEIOCTATOUHO YETKO C(POPMYJIMPOBAHBI O0b-
extuBHble KpuTepun pannero Havasa 3I1T. C ognoii cropo-
nbl, Havasio 31T npu cerncuce (1o pazsurus [IOH) Bieuer
BBICOKHE HKOHOMUYECKHE 3aTPAThl, TAK KaK HEBO3MOKHO
JIOCTOBEPHO TIPOrHO3UPOBAThH JaJibHelliee TeueHue 3a00J1e-
BaHUSI, C JIPYTON CTOPOHDI, HAYAJIO B YCJIOBUSIX CENITHYECKO-
ro 1moka 1 paszsepuyToii kapruubl [IOH He o6iazaer opra-
apdexktom u He
CHIZKEHMIO 3aTpat Ha Jiedenue [10].

HOTIPOTEKTHBHBIM croco6eTByeT
[TpumeneHre HKCTPAKOPIIOPAIBHBIX METO/IOB JIETOK-
CUKAIlMM B KOMIJIEKCHOM JIEYEHUH JIECTPYKTUBHOTO TIaH-
KPeaTuTa, OCJ0KHEHHOTO CEIICUCOM U CENITUYECKUM TIOKOM,
MI03BOJISIET YCTPAHUTD MMCTOTOKCHUYECKYIO THUIIOKCHIO U SIB-
JISIETCS CPe/IcTBOM Tipeynpeskaenus pazsutus [TIOH [11].
[lenp uccnenoBanuss — u3yyuthb 3(HGHEKTUBHOCTD
AKCTPAKOPIIOPATbHBIX METO/0B JIETOKCHKAIIUKM B KOM-
IIJIEKCHOM JICYEHUHU JIECTPYKTUBHOTO MAaHKPEATUTA.

tality rate, which reaches 70—90%, without a distinct
downward trend [1].

One of the reasons that lead to the development of
abdominal sepsis is the acute destructive pancreatitis or
pancreatic necrosis. Increased incidence of pancreatitis in
the last decade [2], a relatively young and working age
majority of patients — from 25 to 60 years [3], the
increased duration of treatment and costs [4—6], and high
mortality rate (up to 20—45% [7, 8]) testify for the high
social, medical and economic importance of this patholog-
ic condition. The increased variability of clinical patterns
including complications, the most dangerous of which
include multiple organ failure (MOF), peritonitis, sepsis,
pyogenic cellulitis of retroperitoneal fat and arrosive
bleeding [9]. The most dangerous period includes hemody-
namic disorders and pancreatogenic shock. The high mor-
tality rate is due to pathogenic features of destructive pan-
creatitis accompanied by increased intoxication, release of
a large number of inflammatory mediators (IL-6, IL-8, IL-10,
TNF-a) into the blood, translocation of middle and low
toxic substances from the gastrointestinal tract into the
blood. As a result, a «<mediator chaos» and MOF are devel-
oping. Treatment of MOF is far from solving problem of
resuscitation. Despite the increasing knowledge of patho-
physiological processes, the emergence of new generations
of antibacterial drugs, improving of life support technolo-
gy and surgical techniques, MOF is a major cause of mor-
tality in the intensive care units, mainly because of devel-
opment of severe sepsis and septic shock. In recent years,
research interest has been aroused with the evaluation of
perspectivity of the early onset of extended renal replace-
ment therapy (RRT) in sepsis with no need in waiting for
the expanded clinical and laboratory MOF picture, in
order to prevent its development. However, the objective
criteria for the early start of RRT have not been thori-
ugthly clarified. On the one hand, the beginning of RRT in
sepsis (before the development of MOF) results in high
economic costs, since it is impossible to reliably predict the
further course of the disease; on the another hand, a start
of renal replacement therapy in septic shock and detailed
MOF picture has no organ protective effect and does not
contribute to reduction of treatment cost [10].

The use of extracorporeal detoxification methods in
the complex treatment of destructive pancreatitis complicat-
ed by sepsis and septic shock eliminates histotoxic hypoxia
and is direced to prevent the development of MOF [11].

The research objective of the study was to evaluate
the effectiveness of extracorporeal detoxification methods
in the complex treatment of destructive pancreatitis.

The research tasks included:

1. Evaluation of the severity of endotoxemia in
destructive pancreatitis.

2. Assessment of hemodynamic parameters in
patients with destructive pancreatitis.

3. Assessment of the effectiveness of extracorporeal
detoxification methods.

4. Determining the impact of a small volume infu-
sion therapy on the clinical picture of the disease.
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3a1aum UCCIIEOBAHMS:

1. Omupenenenne CTemeHn TSKECTH IHAOTOKCUKO3a
TIPH JIECTPYKTUBHOM TTAHKPEATUTe.

2. Omenka TeMOAMHAMHWYECKWX TIIOKazaTesneil y
GOJIBHBIX JIECTPYKTUBHBIM ITAHKPETATUTOM.

3. Ormenka a(hhHeKTHBHOCTH HKCTPAKOPIIOPATBHBIX
METO/IOB JIETOKCHKAITHH.

4. OrleHKa BAUSHUST MAT000BEMHOI HHBY3NOHHOIT
Tepanyy Ha KIMHUYECKYI0 KapTUHY 3a00JI€BaHus.

Marepuan u MeTO/bI

B nccaenoBatme Brmiounin 20 60IBHBIX € AECTPYKTHBHBIM
ITaHKPeaTUuTOM, HaXO/IUBIINXCA Ha CTAIITMOHAPHOM JICYUCHUH B OT/I€-
Jiennn peannmanuu v uatencuBHoil tepanuu KB Ne4 r. Anmatsr,
B Bospacte o1 40 10 53 set. Cpent 06ce[oBaHHbIX OOJIBHBIX GBIITO
14 mysxunn (70%) u 6 xermun (30%). ITo xapakrepy HeKpoTHye-
CKOTO TIOPAKEHUST — C TEMOPPAruYeCKUM TIAHKPEOHEKPO3OM OBLIO
9 6osbHBIX (45%), € JKUPOBBIM TTAHKPEOHEKPo3oM 7 (35%), 1 cMe-
mannast hopma Berpedasach B 4 (20%) ciydasx. OCHOBHBIMU MTPHU-
YMHAME JIECTPYKTUBHOTO MAaHKpeaThTa ObLIN: aJMMEeHTAPHbIN
axrop — 35%, 3moynorpebrenie amkoroaem — 30%, JKeTIHO-Ka-
Mennas Gosesnb — 15%, npuuuna ne ycranosiaena B 20%. 75%
GOJIBHBIX MOCTYIINIIO Yeped 12—24 yaca oT Havasa 3a60J1eBaHusI.

BceM 60JIBHBIM TIPOBOJIIIN KOMILTEKCHOE KINHUKO-Ta60-
PaTOPHOE M MHCTPYMEHTATbHOE OOCJAE0BAHNE, BKJIIOYAIOIIEE
c60p aHAMHECTHYECKUX [TaHHBIX, (DU3UKAIbHOE 0OCJAeN0BAHUE,
OIEHKY KIMHUYECKUX U OMOXMMUYECKUX MOKasareseit, Mopdho-
JIOTHYECKOE HCCIIe0BAHMS TIPU BBIIIOJHEHUN XUPYPTHYECKOrO
BMEIIATENbCTBA, A TAKXKe exejHeBHOe BbinoyHenne Y3U mpu
MOCTYTIJIEHUH U B IMHAMUKE.

Yasrpaconorpaduio mposoin Ha arnmnaparax SonoAcePico
(Kopes), Vivid-7 (Generalelectrics, CIITA), Toshiba Xario. Onpe-
Jesisiuch (hopMa, KOHTYPBI, Pa3MEPBI MO/UKENTYI0YHON JKee3bl B
1IEJIOM M KaJK/IOTO U3 €€ OT/IEJI0B, 9XOTeHHOCTh, U COCTOSTHUE TTaH-
KpeaTn4ecKoro MpoToKa, HaJIndue U OTCYTCTBUE MaparaHKpeaTn-
YecKnX MHOUIBTPATOB, abCIeCCOB, KUCT, a TAKXKE COCTOSTHUE Ha-
YAJIBHOTO OT/leJIa TOHKOM KUIIKK (Iapes3, HaJIW4He SKUIKOCTH B
IIPOCBETE KUIIKK C Xa0THYECKUM [IBUKEHUEM VJIN Bsljiasi aHTHUIIe-
PUCTAJIBTHKA), THAPOTOPAKCA, PACIIMPEHHE PETPOracTPagbHOrO
IIPOCTPAHCTBA U [IP. OI.IeHKy YaCTOThI BCTPEUYACMOCTH YJIBTPa3By-
KOBBIX IIPU3HAKOB MPOBOANIN 3 pa3a B CJIEAYIONINE CPOKH C MO-
MeHTa 3aboeBanust: 10 12 yacos, ot 12 10 24 4 u Gosee 1 cyr.

Kpurepnu BKIIOUEHUS B HCCII€I0BAHIE:

1)  Hanuuwme Tsixesoro cercuca / CEnTUIecKoro MmoKa;

2)  Tsaxects cocrosinusg mo mkare APACHE-II ot 12 1o
26 6aoB;

3) Oumnenka tskectu [TOH mo mkane SOFA ot 12 no
21 Ganna.

B s3aBucumocTn ot xapakrepa IpoBOMMON HHTEHCUBHOII Te-
parnuu 60JIbHbIE ObLIK Pa3/IeeHbl Ha 2 TPYIIIIbL.

1 rpynma (ocHOBHAsI) — € IeCTPYKTUBHBIMU (hOPMaMU TIaH-
kpearuta (n=10, 6 My>KUWH, 4 JKEHIIUHBI ), TOJIyYaOIINe CTaHAaPT-
HYI0 HHTEHCUBHYIO Teparuto (6JI0KaIa CEKPELu MOKETYA0UHON
JKeJie3bl, 0becTeveH e CHCTEMHON 1 PErMOHAPHON MIKPOITHPKYJIsi-
i, IBJI, nurokunosas 610kaza, antTnbakTepraibias Teparns,
BO3MEIIEHIE BOIHO-3JIEKTPOJUTHBIX U METa00JIUYECKUX TIOTEPD,
XUpypruvecKast JAeTOKCHUKAIMSI, JPEHHPOBAHHUE), JOMOTHEHHYIO
METOJ[AMH HKCTPAKOPIIOPATIBLHON JIETOKCUKAIINI: aTbOyMUHOBBII
qanus Ha annapare MARS (Gambro, Tepmanns ), remoinaduiibr-
parust (IIM) — na anmapare Multifiltrate (dpupmbr Fresenius,
Tepmanust), mmasmacdepes — na anmnapare Haemonetics (CIIA),
BHYTPHCOCYAICTOE JazepHoe obyderne kposu (BJIOK) — na an-
napatre Jazeproii teparn «Marpuke-BJIOK» (Adamant Group,
Kazaxcran), yiasrpaduosetoBoe obydenne KpoBr — Ha arrapare
«Marpukc-BJIOK» ¢ wusmyuarwreii rososkoir MC-BJIOK-365.
Wudysuonmyio Tepanuio 00N TpenapatamMi CopOMIakT u
Peocopbunakt (I0ms Mapm, Ykpanna).

Materials and Methods

The study enrolled 20 patients (40—53 years old) with
destructive pancreatitis hospitalized in the Intensive care unit of
CCH No. 4 in Almaty city. The cohort of examined patients includ-
ed 14 men (70%) and 6 women (30%). Nine patients (45%) were
with hemorrhagic necrotizing pancreatitis, 7 (35%) patients had a
fatty pancreatonecrosis, whereas mixed forms were found in 4
(20%) cases. The main causes of destructive pancreatitis were the
following: dietary factor — 35%, alcohol abuse — 30%, cholelithia-
sis — 15%, the cause has not been specified in 20%. —Most patients
(75%) were admitted in 12—24 hours after the disease onset.

All the patients underwent complex clinic and laboratory
and instrumental examination including the collection of
anamnestic data, physical examination, evaluation of clinical and
biochemical parameters, morphological studies following per-
formed surgery, as well as ultrasound at admission and on an
every-day base.

Ultrasonography was performed on the following devices:
SonoAcePico (Korea), Vivid-7 (General Electrics, USA), Toshiba
Xario (Japan). They determined the shape, contours, size of the
pancreas as a whole and each of its departments, echogenicity, and
the state of the pancreatic duct, the presence and the absence of
parapancreatic infiltrates, abscesses, cysts, as well as the condition
of the initial compartments of the small intestine (paresis, the pres-
ence of fluid in the lumen of the intestine with a random movement
or sluggish antiperistalsis), hydrothorax, expansion of the retrogas-
tral space, etc. Evaluation of the incidence of ultrasound patterns
was carried out three times (before 12 hours, from 12 untill 24
hours and more than 24 hours) from the time of the disease.

Criteria for enrollment into the study:

1)  presence of severe sepsis / septic shock;

2) severity by APACHE-II scale equals from 12 to 26
points;

3) assessment of the severity of MOF by SOFA scale
equals from 12 to 21 points.

Depending on the nature of ongoing intensive care the
patients were divided into 2 groups.

Group 1 (study group): patients with destructive forms of
pancreatitis (n=10, 6 men, 4 women), receiving standard intensive
therapy (blockade of pancreatic secretion, providing systemic and
regional microcirculation, mechanical lungs ventilation — MLV,
cytokine blockade, antibiotic therapy, compensation for
water/electrolyte and metabolic losses, surgical detoxification,
drainage), supplemented with extracorporeal detoxification meth-
ods: albumin dialysis on MARS apparatus (Gambro, Germany),
hemodiafiltration (HDF) — with a Multifiltrate apparatus
(Fresenius, Germany), plasmapheresis — with Haemonetics appa-
ratus (USA), intravenous laser blood irradiation (ILBT) — with
Matrix-VLOK laser therapy apparatus (Adamant Group,
Kazakhstan), ultraviolet irradiation of blood — with Matrix-
VLOK apparatus with MS-VLOK-365 radiation head. The infu-
sion therapy was supplemented with Sorbilact and Rheosorbilact
(Yuria-Pharm, Ukraine).

Group 2 (control) — patients with destructive forms of pan-
creatitis who received standard therapy — 10 patients (8 men and
2 women) and traditional infusion therapy (HES medications,
gelofusine, crystalloids). Extracorporeal detoxification was car-
ried out by plasmapheresis, intravenous laser blood irradiation
(ILBI), ultraviolet irradiation (UVT) of blood, enterosorption.

The severity by APACHE 1T scale in group 1 was estimated
to be 24.2%1.2 points, in a group 2 it was 23.4+2.3 points. The
severity by SOFA scale was 12.3+0.1 points (group 1) and,
12.1£0.1 points (group 2). There were no differences between the
groups in severity at admission to hospital.

Extracorporeal detoxification program in the patients of
group 1 (study group) was as follows:

1)  Surgical correction;

2) ILBI and UVI of blood in 3—4 hours after the surgical
correction;
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2 rpynna (cpaBHeHus1) — OOJIbHbIE € JeCTPYKTUBHBIMU (hOp-
MaMU [TAaHKPeaTuTa, TToJIyJYaBIiiie cCTaHapTHyo Teparnmio — 10 ge-
J10BeK (8 My>KYMH M 2 JKEHIIMHBI) U TPAANIHOHHYI0 MH(DY3NOH-
nyio Tteparmio (npernaparbl ['DK, rerodysun, KpucTaiIonb).
[TpoBoaNIN HKCTPAKOPIOPAIBHYIO A€TOKCHKAIINIO 1 I€3UHTOKCH-
Karuo (riasmadepes, BHYTPUCOCYANCTOE JIa3ePHOE OOIyUeHe
kposu (BJIOK), yibrpaduosnerosoe obiydenue kposu (YDO)),
BHTEPOCOPOIHISL

Tsaxects 1no mkane APACHE II cocraBuna B 1 rpymne
24,2%1,2 6ajna, Bo 2 rpymie 23,4+2,3 Gasra. TsokecTb 1O 1IKasie
SOFA cocrasuia B 1 rpymme 12,3+0,1 6asura, 8o 2 rpyrme 12,1+0,1
Gasia. Pasiuuuii Mexry TPYIIAMU 110 TSZKECTH COCTOSIHUST TIPU
MOCTYTIIEHHH B CTAIIMOHAD He OBLIO.

ITporpamMmma 9KCTPaKOPIIOPATBHOI IETOKCHKAIMN Y OOJIBHBIX
B 1 rpymnme (uccie/yemMast) COCTOSIA B CJIE/LYIOIEM:

1)  Xwupypruyeckast KOppPEKIHs

2)  Yepes 3—4 yaca mocsie XUPYPrudeckoil KOPPEKITNI —
BJIOK u YOO kposu

3) Ilnasmadepes naunHamau ITpoOBOANTH Yepe3 6—8 yacos
ocJIe OTIepalnm

4) TIADu ajlb6yMy1ﬁosbu71 JINan3 — TOAKJI0YAIN Yyepes
8—12 yacoB 1ocJie oreparn

ITporpamMmma 9KCTPaKOPIIOPATBHOI IETOKCHKAIMN Y OOJIBHBIX
€ HEKPOTHYECKOil opMoil naHkpeaTnTa Bo 2 rpyriie (KOHTPOJIb-
HasT) BKJTIOYAJIA:

1)  Xupyprudeckyio KOppeKInio

2) Uepes 3—4 uaca 1ocsie XUPYPruyeckoil KOppeKInu
BJIOK u YDO kposu

3) Ilmasmadepes HaumHAIN TPOBOANTDH Uepe3 6—8 yacos
10CJIE OTIePaAIH

ITposenenune TID u anbOyMUHOBOTO AMAIM3a OCYIIECTB-
JISLTA B IEPUOJT MEXK/LY OTIePATHBHBIMI BMEIIATEJbCTBAMI U Ha
7 nenb nedenns B OPUT, 1 pas B cyTKH, IPOIOJIKUTEIBHOCTHIO
8—12 vacos, 3—5 ceancos I'/ID u 1—2 cearca aabOyMUHOBOIO
nuannsza. OCHOBHBIMM TIOKA3aHUSIMU SIBJISITIOCH YXYAIIEHHE
KJIMHUYECKOTO COCTOSIHUSL, POCT 3H/IOTEHHOI MHTOKCHUKAIUK C
yeyrybaennem ITOH, orpaxkaionieil TskecTb cercuca.

ITepsoie cearcol TJID 1 ambOyMUHOBOTO ANAIN3a HAYNHAIIM,
Kak MUHMMYM, yepe3 6—8 u rocsie 3aBeplleHus: OlnepaTHuBHOIO
BMeraresnbetBa. COCYyAMCTBIH OCTYIT — ABYXIIPOCBETHBIN BEHO3-
ubrii katerep Certofix DuoHFE. CkopocTb 10TOKa KPOBH Yepes re-
MOAUADUIIBTD IS TEMOMHAMUYECKH CTAOUIBLHBIX OOJNBHBIX YC-
TanaBauBaau paBHbiM 150—200 mii/MuH. Y GOJBHBIX, KOTOPbIE
HYKIQINCH B MHGY3UN cuMnaToMuMeTnkoB — 80—100 /v ¢
[IOCTEIIEHHBIM HapallliBaHUEM CKOPOCTU U IPOJIOHTAlNell ceanca
neTokcukanuu 10 12 4.

II® semosnnsanu va amnmapare «Multifiltrate» (Fresenius,
@PT’) ¢ npuMeHeHNeM CTaHAAPTHBIX MAKETHPOBAHHBIX CTEPHJIb-
HBIX PaCTBOPOB Ha OcHOBe GukapboHaTHOTO Oydepa. 3amerneHre
B 00beme 2000—4000 M1/gac TPOBOIIIN METOAOM HPEANIIIOINT
Ha remoanacduiasrpax AV600S. [Torok auanusupyoiero pacTso-
pa cocrasua 2000—4000 mur/gac.

AnpOyMUHOBBII Arann3 mpoBogmian Ha ammapatre MARS
Monitor 1 TC B komGunaiuu ¢ annaparom «Multifiltrate». Kon-
Typ anmapara MARS samosasiin 600 Mot 20% pactBopa anbOymiu-
na. Cxopocts nepdysun ansdymuna — 150 mor/mMuH. AHTHKOArY-
JISIINIO OCYIIECTBIIS/IN TEIIaPMHOM IPU MOCTOSTHHOM MH(DY3UN CO
ckopoctbio 8—10 E/I /krod moz koHTpoJsieM IokasaTesieii Koaryio-
rpammer. Ckopocts yasrpadmisrparnnu coctapuia 50—150 mir/q.

JleueHnue GbLIO IOTONHEHO TPOBEIEHUEM IUCKPETHOTO 13-
Macdepesa na anmapare «Haemonetics PCS-2», ¢ 1iesibio yaienust
AHTUTEHOB, aHTHUTEJ, GHOTEHHBIX AMIHOB, UMMYHHBIX KOMILIEK-
COB, IIPOJIYKTOB PAacCIiajia TKaHeil THOIHO-BOCHAINTEIBHOTO IPO-
ucxoxjaenus |5, 8].

Jluckpernsiit mrazmacdepes MPOBONIN € MEPBBIX CYTOK T10-
cJie XUPYPrUYecKON caHaluu ovara WHGEKIMU U aHTHOAKTepH-
aspHol Tepanui. Ilepes miazmadepesom poBOANIN KOPPEKIUIO
TUTIONIPOTEMHEMUHN, TUIIOTJIMKEMUH, AHEMUH, BOTHO-3JIEKTPOJINT-
HpIX Hapymennit. [Ipn neycToitunBoil reMojinHaAMUKe UCIIOIb30-
Basm Bazomnpeccopbl (nodavun, me3aton u T.h.). OXHOKPATHBIIT

3)  plasmapheresis was conducted in 6—8 hours after the
surgery;

4) HDF and albumin dialysis were started 8—12 hours
after the surgery.

Extracorporeal detoxification program in the patients with
necrotizing form of pancreatitis in group 2 (control) included:

1)  Surgical correction;

2) ILBI and UVI of blood in 3—4 hours after the surgical
correction;

3)  plasmapheresis was conducted in 6—8 hours after the
surgery.

HDF and albumin dialysis were started in the period
between the surgical interventions and in the 7th day of the treat-
ment in the resuscitation and intensive care unit, once a day, with
a duration for 8—12 hours; 3—5 sessions of HDF and 1—2 sessions
of albumin dialysis were performed. The main indications were
worsening of the clinical condition, the growth of endogenous
intoxication with aggravation of MOF that reflected the severity
of sepsis.

The first HDF sessions and albumin dialysis started at least
6—8 hours after completion of the surgery. The vascular access
was performed through Certofix DuoHF double-barreled venous
catheter. The blood flow rate through a hemodiafilter for hemody-
namically stable patients was established as 150—200 ml/min. In
the patients who needed infusion of sympathomimetics the blood
flow was 80—100 ml/min with a gradual gathering the speed and
prolongation of detoxification session up to 12 hours.

GDF was performed by means of Multifiltrate apparatus
using standard packaged sterile solutions on the basis of bicarbon-
ate buffer. Substitution in volume of 2000—4000 ml/h was carried
out by predilution with AV600S hemodiafilters. The dialysis fluid
flow was 2000—4000 ml/h.

Albumin dialysis was performed by means of MARS Monitor
1 TS apparatus combined with Multifiltrate apparatus. MARS
flow section was filled with 600 ml of 20% albumin solution.
Albumin perfusion rate was 150 ml/min. Anticoagulation was car-
ried out with heparin at a constant infusion of 8—10 U/kgoh
under the control of coagulation parameters. Ultrafiltration rate
was 50—150 ml/h.

The treatment was complemented by carrying out a discrete
plasmapheresis by Haemonetics PCS-2 machine to remove anti-
gens, antibodies, biogenic amines, immune complexes, the decay
products of tissue purulent-inflammatory origin [5, 8].

Discrete plasmapheresis was performed from the first day
after surgery rehabilitation of the focus of infection and antibiotic
therapy. Before the plasmapheresis hypoproteinemia, hypo-
glycemia, anemia, fluid and electrolyte abnormalities were cor-
rected. In unstable hemodynamics vasopressors were used
(dofamine, mesaton etc.). Single volume of plasma exfusion was
600—1200 ml. Exfused plasma volume in patients of group 1 was
filled up with donor fresh frozen plasma (40%), 10—20% solution
of albumin (20%), colloid-crystalloid solutions (40%). Depending
on the initial severity of the condition, the effectiveness and toler-
ance of treatments 3—6 plasmapheresis sessions were performed
every 24—48 hours.

Quantum therapy methods were employed in both groups
according to the following procedure:

— Intravenous laser blood irradiation (ILBI) — emission
wavelength 635 nm, radiation power at the fiber end 1.5—2 mWt,
exposure time was 20 min, within 7—10 days to decreasing the
inflammatory responses and improving microcirculation.

—  Ultraviolet irradiation (UVT) of blood was performed
at wavelength of 365 nm, at radiation power at the fiber end of 1.0
mWt and exposure time of 5—7 min within 10 days to stimulate
cellular and humoral immunity [4, 6, 9].

Infusion support was provided with Sorbilact and
Rheosorbilact solutions (Yuria-Pharm, Ukraine), which both
belong to the low-volume infusion means and have been injected
intravenously by drop infusion of 30—40 drops/min. In patients
with shock the volume of infusion was 600—1000 ml (10—15
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o6beM akedysun mrasmbl coctapisn 600—1200 mir. O6bem aKe-
(hy3npoBaHHOM T71a3MbI Y GOTBHBIX 1 TPYIIITB BOCIIOIHSIIIN IOHOP-
CKOH cBeske3aMoporkeHHON iazmoit (40%), 10—20%-pacTBopom
ampOymuHa (20%), KOJUIOMAHO-KPUCTATIOUAHBIMEI PACTBOPAMU
(40%). B 3aBHCUMOCTH OT UCXOJIHOI TSIKECTH COCTOsTHUS, addek-
THUBHOCTHU U IEPEHOCUMOCTH IIPOIIE/LY PbI IIPOBOMIN 3—6 ceaHcoB
mazmadepesa Kaxble 24—48 4acos.

MeTozibl KBAHTOBOH Tepanny MPUMEHSINCh B 00ENX TPyT-
I1ax 110 CJIe/yIOIel MeTO/IIKe:

—  Buyrpucocymucroe JasepHoe o06iydeHHe KPOBH
(BJIOK) — jumHa BOJIHBI U3JydeHust 635 HM, MOTIIHOCTD U3JIy4e-
HUsI Ha KOHILe cBeToBoza 1,5—2 MBT, Bpemst BozzeiicTBust cocTan-
ssmo 20 muH, B Tedenne 7—10 maHell, ¢ TPOTUBOBOCHIATUTETHHOM
1EJIBIO 1 IS YJIy4IIeHNST MUKPOIIMPKYJISIITUN.

—  Yasrpaduonerosoe obnyuerue kposu (YDO) — pinna
BOJIHBI 365 HM, MOIIIHOCTD U3JIyYeHust Ha KoHIle cBeToBozia 1,0 MBT,
BpeMst BoazielicTBist 5—7 MuH B Tedervie 10 e, ¢ HMerbio CTHMY-
JISIIUN KJIETOYHOTO ¥ TYMOPAJIbHOTO nMMyHuTeTa [4, 6, 9].

Wndysnonnyio moJiepsKKy OCYIIeCTBIISLIA TIperapaTamMmu
Cop6unakr n Peocopbunakr (Vipaunna, [Omaa ®apwm), KoTopbre
OTHOCSITCST K Malo0ObeMHbIM MH(DY3HOHHBIM cpefcTBaM. [Iperna-
paTbl BBOAWJIM BHYTpuBeHHO KameabHo 30—40 karm./mum. [Tpm
moke o6bem uHpysnu coctasun 600—1000 ma (10—15 mir/kr
MacChl TeJIa), CHavasa CTpyHHoO, TOTOM KareJbHo. OCHOBHBIMM CO-
CTaBJISIIONMMU TIPETIAPATOB SIBJISIIOTCS COPOUTOJ Ul HATPUST JTAKTAT.
O6a TmpernapaTta coaepsKat dJeKTPOMUT (HATPHUIL, Kasuii, Kaib-
Ui, MarHuii) B cOaTaHCUPOBAHHOM COOTHOMIeHNH., HaTpus ak-
TaT UMeeT HEHTPAIbHYIO PEaKInIo, HO NIPU BBEJIEHUU B COCY/IHC-
TOE PYCJIO JAMCCOIMUPYET HA HOHBI HATPHS U MOJIOUHYIO KHCJIOTY,
KOTOpast MeTaboIM3UPYETCS B MEYEHU 10 HATpus OuKapOoHaTa,
YTO TIOBBIMIAET PE3EPBHYIO M TUTPYEMYIO IIEJI0YHOCTh KPOBH.
Koppexmust MeTaboImaecKoro anngo3a mpy 9TOM OCYIIECTBIISIET-
Cs1 IOCTETIEHHO 1 HE BBI3bIBAET Pe3KuX Kosebauuii pH, B otsinure
OT Bo3zielicTBYst HATpus GukapboHaTa.

Cop6urorn (CgH4Og) — mIecTHATOMHBII CIHPT, KOTOPBIiT
GBICTPO BKJHOYAETCst B 00IIMiA MeTaboJIM3M, UCIOMB3YETCS ISk
CPOYHBIX 9HEPTETUYECKIX TTOTPEGHOCTET, TOBBIIIAET IHEPTETHIE-
CKM GalaHc, YCUINBAET MPOIECCHI PEreHEPAINI TelaTONITOB,
006J1a/1aeT aHTUKETOTeHHbIM JieficTBreM. Tunepronnyeckuii (20%)
PacTBOp COPOUTOIA MMEET BBICOKYIO OCMOJISIPHOCTD 1 OKA3bIBAET
myperrdecknii ahdekr, a nzororndeckuii (6%) obiasaer ges3ar-
peranTHbIMU cBoiicTBamu [12, 13].

Jliist olleHKH reMOJMHAMUYECKUX T10Ka3aTeseil MPOBOANIN
nsmepenne A/l (cucTomueckoe, ANACTOIIMYECKOE, CpeiHee), TIeH-
TPAJILHOTO BEHO3HOTO JIABJIEHUs], YACTOTHI CEPeUHBIX COKpallie-
Huit, mysbca. OleHKy TPaHCHOPTa KUCJI0PO/A OCYIIECTBIISIIH 110
ra30BOMY M KHCJIOTHO-OCHOBHOMY COCTABY KPOBH, I1yJIbCOKCHMET-
puM 1 KarnHorpaduu.

3ab0p KPOBH IS HCCIIEOBAHNUSI OCYIIECTBIISLIN OITAITHO B
TeyeHue BCero neprojia Haxosxkaenus Gompuoro 8 OPUT wa 1, 3, 5,
7 CyTKH JI0 ¥ TIOCJIE CEAaHCOB 3KCTPAKOPIOPATIBHON I TOKCHKAIIUH.

Jlaboparopubie oGcseoBatist GOMBHBIX BKIIOYATNA OO
AHAIN3 KPOBU M MOYM, GHOXUMMYECKUIT aHaum3 KpoBu (0O
6eJloK, anbOYMUHBI, MOYEBUHA, KPEATHHIH, OUINPYOUH 0OmIuii,
npsimoit, nenpsimoii, AJI'T, ACT, rimoko3a, a1eKTpoJIuTh, aMIIIa3a,
JIakTar), cocrosinue crucrems remoctasa (IITH, dubpuHoren).

PesyubraThl U 00CyKA€eHUE

Bosbuble mocTymanu B TSKETIOM U KpaliHe TSKETIOM
COCTOSTHUU C KJIMHUIECKON KapTHHON OCTPOTo TTaHKpeaTH-
Ta ¥ MHTOKCUKAuy, pu Y 3V opranos GpIoIHoi mo10cTh
TIO/ITBEP’KEH JIECTPYKTUBHBIN TMAHKPEaTUT — yBeJIMUeHUe
pa3MepoB KeJe3bl, CHUKEHUE HXOTEHHOCTH TMapeHXUMBI,
(hopMupoBaHme 04aroB IECTPYKIIUH, TOSIBJICHUE JKUTKOCTH
B CAJIbHUKOBOI cyMKe, (hOPMHUPOBAHUE KUCT.

«[emopnHamMuyeckuii npoduab> B 06enx rpyImnax
COOTBETCTBOBAJI TUTIOJIMHAMMYECKOMY THITY KPOBOOOpaIie-

ml/kg of the body weight), first by stream infusion, than by drop
infusion. The main components of the drugs included sorbitol and
sodium lactate. Both drug formulations contained electrolytes
(sodium, potassium, calcium, magnesium) in a balanced ratio.
Sodium lactate has a neutral reaction, however, when introduced
into the bloodstream it dissociated to sodium ions and lactic acid
metabolized in the liver to sodium bicarbonate that increased
alkalinity of the blood. The correction of metabolic acidosis is
then carried out gradually and did not cause sudden fluctuations
of pH unlike the exposure of sodium bicarbonate.

Sorbitol ( CgHy40g), the hexabasic alcohol, that is quickly
included in the overall metabolism, was employed for immediate
energy needs, increasing the energy balance, strengthening the
processes of regeneration of hepatocytes, and to ensure antiketo-
genic effect. Hypertensive (20%) sorbitol solution has high osmo-
larity and has diuretic effect, and 6% isotonic one has antiplatelet
properties [12, 13].

To evaluate the hemodynamic parameters the blood pressure
(systolic, diastolic, mean), central venous pressure, heart rate and
pulse were measured. Assessment of oxygen transport was carried
out on the basis of gas and acid composition of the blood, pulse
oximetry and capnography.

Blood samples were harvested on days 1, 3, 5, 7 before and
after sessions of the extracorporeal detoxification during the
patient' stay at the ICU.

Laboratory examination of the patients included routine
blood and urine tests blood biochemistry (total protein, albumin,
urea, creatinine, total, direct and indirect bilirubin, ALT, AST, glu-
cose, electrolytes, amylase, lactate) and status of the hemostasis
system evaluation (PTI, fibrinogen).

Results and Discussion

The patients were admitted in severe and critical
condition with a clinical picture of acute pancreatitis and
intoxication, ultrasound of the abdomen confirmed
destructive pancreatitis — an increased size of the pan-
creas, decreased echogenicity of the parenchyma, the for-
mation of foci of destruction, the appearance of the liquid
in the peritoneal omental sac, formation of cysts.

Hemodynamic profile in both groups corresponded
to hypodynamic type of blood circulation, which was
caused by sepsis and hypovolemia related not only to the
redistribution of the liquid, but also to its increased losses
(perspiration, secretion into the gastrointestinal tract,
etc.). Increases in heart rate, in some cases up to 150 per
minute, were considered as an important element of com-
pensatory mechanism aimed to maintain a sufficient blood
supply to organs and tissues. The hemodynamic stabiliza-
tion required large doses of sympathomimetics (dofamine
6—12 mcg/kg/min, mesaton 200—2000 mg/kg/min,
adrenalin 200—2000 mg/kg/min).

Group 1 patients demonstrated no improvements of
hemodynamics during the first two hours after starting the
extracorporal detoxification session. By three hours of
HDF and albumin dialysis an increase of the systolic blood
pressure was evidenced by 12.5% in the setting of the decel-
eration of heart rate by 8%. Beginning from hour 7 the sta-
bilization of systemic hemodynamics allowed to stop the
administering of catecholamines in 10% of cases, and in
45% of patients the initial dose of dofamine and/or adrena-
lin was reduced to 25% or even less dose, or completely
rejected. The average dose of dofamine was 1.4 mcg/kg/h
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Ta6auna 1. Yucao 60JbHBIX B IPOLEHTAX, MOIYYaBIIMX HHOTPOIHYIO MOIIEPKKY.
Table 1. Percent of patients receiving inotropic support during the study.

Patient groups

Percent (%) of patients after the admittance to ICU at the stages of study, days

{st 3d 5th 7th gth 12th
1 83.3 40 14.8 — — —
2 80 80 64 50 36.8 28.6

Note (npumeuanue): patient groups — rpymibsl 6osbHbIX; percent (%) of patients after the admittance to ICU at the stages of study,
days — nportent 6osbHbIx mocse nocryruienust B OPUT Ha aTanax uccieoBaHus, HU.

HUsI, 4TO OBLIO 0OYCIOBJIEHO CEICUCOM M TUIIOBOJIEMUEIT,
CBSI3AHHOI HE TOJIBKO C IepepacripesieJieHneM SKUAKOCTH,
HO U C TIOBBIIIIEHHBIMY €€ TIoTepsiMu (TIepCrnpausi, cexpe-
1IN B JKETYZ0YHO-KUIIEYHBIH TPAKT M T. /I.). YBEJTHMUEHUE
YCC, B paze caydaes g0 150 ya. B MUH, paccMaTpuBain
KaK Ba)KHOE 3BEHO KOMIICHCATOPHOTO MEXaHU3Ma, HaIpaB-
JIEHHOTO Ha TIOJIIePKaHKe 0CTaTOYHOTO KPOBOCHAOKEHMS
OpraHoB U TKaHei. /[y cTabuamMsauy reMoMHAMUKH TPe-
60oBasI0Ch BBeIeHNE GOJIBIIIX /103 CUMIIATOMUMETHKOB (10~
damun 6—12 wmxr/xr/mun, mesatona 0,02—-0,2 mkr/
kr/MuH, aaperannaa 0,02—0,2 MKr/Kr/MUH).

VY 60JbHBIX 1 IPYIIIIbI, B TEUEHUE TIEPBBIX 2 U [IOCIIE HA-
yajia ceaHca dKCTPAKOPIOPATBHON JIETOKCUKAIH, YIIydIiie-
HIS TIOKasaTesIel reMoInHaMUKN He oTMedanoch. K 3 I/
u anbOYMUHOBOIO sinajiusa otMedeHo yBennderne CAJl Ha
12,5%, na one ypesxernst YCC Ha 8%. K nauany 7 u crabu-
JIM3AITHST CHCTEMHON TeMOMHaMIKY To3Bosmia B 10% ciy-
YaeB [PEKPATUTh BBEJIEHNE KATEXOJAMUHOB, Y 45% GOJIBHBIX
Y/IAJI0Ch CHU3UTD MCXOJIHBIE 103bI I0o(haMUHa 1/ Win ajipeHa-
JIVHA B YeThIpe 1 GoJiee pas, WJIK TIOJTHOCTIO OT HUX OTKA3aTh-
csi. B cpennem mosupoBka nodamuba coctaBuiaa 1—4 mMxr/
KT/d K KOHITy TIepBBIX CyT. B 1 rpymnme muoTpomHyto mos-
JEPIKKY Y BeeX GOJBHBIX MOJHOCTBIO MPEKpAIiain K 7 CyT,
TOr/Ia KaK BO 2 TPyIIe TOJAbKO K 15 cyT (Tabir. 1).

Takum 06pasoM, IPOBEJEHUE IKCTPAKOPIIOPATBHBIX
METO/IOB JIETOKCUKALUK TIPUBOANIO K CTAOMIM3AI[UU Te-
MOAMHAMUKHU B 60Jiee PaHHUE CPOKH, 9TO CBA3AHO C OBICT-
poii aIMMUHAINEH TTUTOKIHOB, KOPPEKINell 0CMOTHYeC-
KOTO PAaBHOBECHS M TIPOTE3MPOBAHNEM TOMEOCTATUIECKO
¢ynxmun mouek. Ilo mokasaTemsiMm «KpacHOW KpPOBU» W
TPOMOOTINTOB JIOCTOBEPHBIX CTATHCTUYECKIX M3MEHEHUH B
rpyIax He OTMEYEHO.

[locToBepHO cHIIKAJCS YPOBeHb JeikonuTos, JIV,
JUM@ONNUTOB, TATOUYKOSAEPHBIX 1 IOHBIX (hOpM HelTpodn-
si0B. Ha momenT noctymienusi B OPUT yposens Jieiikoriu-
TOB B 000MX IPYIITAX TMPEBHINIAT HOPMATHHDIE TOKA3ATETN
(ot 9 mo 16X10°/m). CHmkenne mefikorurosa B 1 rpymme
110 HOpMaTbHBIX TGP (cpepnee 3HaueHUE 8,6£2,6) oT™me-
4YeHo K 7-M cyTkaM. Bo 2 Tpyrine KommuecTBo JIeHKOIUTOB
COXPAHSJIOCh MTOBBIIIEHHBIM B T€UEHHE BCETO aHAJN3UPYe-
MOTO CpoKa. B GMOXMMIYECKOM aHaIM3€e KPOBU OTMEUAJIH
CTATUCTUYECKU JOCTOBEPHbIE M3MEHEHUs YPOBHs OeJiKa,
anbOyMIHA, MOYEBUHBI, KpeaTuHuHa, Ouimupyouna, AJIT,
ACT, ammniassl 1 JaKrara.

B Teuenue 7-X cyTOK KOJIMYECTBO OOIIEro Oeska Kpo-
BU Y GOJIbHBIX BCEX IPYIIIT OCTABAJIOCH HUKE HOPMAJIbHbIX
sHaueHuil. Ha 3—5-e cyTKu 0TMEU€eHO, uTO KOJIMYeCTBO 06-
mmero Geska y 60sibHbIX 1 rpymns Bbiire Ha 10,3% 1o cpas-

to the end of the first day. In group 1 the inotropic support
in all patients was completely stopped by 7 days, whereas in
group 2 it was continuing up to 15 day (Table 1).

Slightly elevated CVP as a result of the PTA was
normalized on day 3. Thus, the extracorporeal detoxifica-
tion methods resulted in hemodynamic stabilization at an
earlier date, this is due to the rapid elimination of
cytokines, osmotic balance correction and prosthetics of
homeostatic kidney function. There were no significant
differences between groups in values of parameters of «red
blood» and platelets. The level of white blood cells, leuko-
cyte index of intoxication and lymphocytes, stab and
young forms of neutrophils was significantly reduced.

At the time of admission to the ICU the levels of
white blood cells in both groups exceeded normal levels
(from 9 to 16x10°/1). Decrease in white blood cells in
group 1 to normal values (mean of 8.6+2.6) was observed
on day 7. In group 2, the number of leucocytes remained
elevated during the entire period of staying of patients in
the ICU. Biochemical testing of blood revealed statistical-
ly significant changes in the level of protein, albumin, urea,
creatinine, bilirubin, ALT, AST, amylase and lactate.

Within seven days the total protein in the blood of
patients from both groups remained below normal values.
On days 3—5 the amount of total protein in patients of
group 1 was 10.3% higher compared to group 2. On day 7
an increased albuminuria (21.6% more than norm) was
observed in group 1 compared to group 2 (Table 2).

On day 3 patients from group 1 experienced a
decrease of total bilirubin by 46.2%, ALT — by 33.3%,
AST — 34.4%, urea — to normal values by 49.3%, creati-
nine — to normal values by 23.4%, amylases by 49% com-
pared to group 2 followed by normalization of values on
day 7. At all stages of the study, blood glucose levels in
both groups remained within the normal range, but in
group 1 the blood glucose level was kept at a lower values
correspondent to lowest limits of norm. In 3—5 days in
group 1 fibrinogen levels decreased to normal values by
27.9% compared to group 2. By day 3 in group 1 an
increase in platelet counts to normal values by 10.5% was
noted compared with group 2.

The LII exceeded the norm by 5 times already from
the first day of the ICU admittance, that, according to the
literature, demonstrates lacking of immunity and
expressed endogenous intoxication. The LIT high values
indicate the need of more active disintoxication therapy
and, on the other hand, confirmed the presence of patho-
logical changes of the immune system.
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B momomp mpakTuKyomemy spauy

Ta6muua 2. IlunaMuKa OMOXMMUYECKHX NTOKa3aTeaeH.
Table 2. Dynamics of biochemical parameters in patients.

Parameters Groups Parameters Parameters after the surgery at the stages of study, days
prior to surgery {st 3d 5th 7th
Blood protein, g/1 2 63.1£3.4 56.1£2.4 53.2%1.5 54.4%0.7 52.1%1.4
1 60.2+2.3% 56.3£2.1* 58.6£1.3* 57.2+1.7* 58.2+1.5*
Albumins, g/1 2 36.9+3.1 29.2+0.2 26.8£1.3 30.9+3.2 31.5£2.1
1 35.7£3.2*% 28.7+0.4* 32.4+1.1* 35.2+2.1* 36.1£2.4*
Total bilirubin, mmol/1 2 19.1+1.4 26.5£2.1 35.1+2.4 25.4%1.2 16.2+2.6
1 23.3+1.1* 29.1+1.4% 18.9+2.7% 12.1+1.5% 9.4+1.3%
ALT, mem*h 2 0.59+0.11 0.54%0.21 0.57%0.12 0.53%0.11 0.47%0.17
1 0.63£0.1* 0.46+0.19* 0.38+0.14* 0.23£0.21* 0.21£0.13*
AST, mem*h 2 0.57%0.15 0.56+0.14 0.61+0.17 0.55+0.15 0.43£0.12
1 0.60%0.12* 0.50+0.18* 0.40=0.12* 0.28+0.23* 0.24%0.21*
Blood urea, mmol/I 2 8.5+0.6 10.1+2.4 14.2+3.1 9.1+£0.4 8.3£1.2
1 8.6+1.1* 8.9+2.2% 7.2+1.6* 5.8+1.8*% 4.2%1.2%
Creatinine, mmol /1 2 0.098+0.02 0.120+0.05 0.128%0.06 0.118%0.01 0.110£0.02
1 0.115+0.01* 0.119£0.04* 0.110+0.03* 0.075+0.02 0.049+0.05*
Glucose, mmol/1 2 7.1+0.4 6.8+0.4 6.3+0.5 5.7+0.7 5.9+0.9
1 7.3+0.3% 6.0+£1.2% 5.1x0.4* 4.7%0.4* 4.6x0.8*%
Amilase, mmol /I 2 2063.1+£3.4 2056.1£2.4 1853.2+1.5 1854.4+0.7 1652.1+1.4
1 2160.2£2.3*  2056.3£2.1*  1058.6+1.3* 257.2+1.7* 58.2+1.5%

Note (npumeuyanue): * — significant differences compared to the 2 group — g0cTOBEpHOCTD pasiUUMii 10 CPABHEHHIO CO IPYIIION 2
(P<0,05); parameters — mokasaTesib; groups — TPYIIIbL; parameters prior to surgery — 3Hav4eHHsI MOKa3aTesell 10 OTepaInir; parameters
after the surgery at the stages of study, days — snauenust noxasareseii 1mocJie onepanun Ha atanax uccaegosanust; blood protein — 6enox
kposw; albumins — anpGymunbr; total bilirubin — Gunupy6un o6muii; ALT — AJIT; AST — ACT; blood urea — moueBuHa KpoBu; creati-
nine — kpeaTuHuH; glucose — rumoko3a; amilase — amunasa; g/l — r/m; mmol/l — mmob/o1; mem*h — MkM*u.,

HeHuto co 2 rpynmnoit. Ha 7-e cytku B rpynie 1 ¢bukcupo-
BaJIM POCT aIbOYMUHEMUU 10 HOPMAJIbHBIX 3HAYEeHUH (Ha
21,6% mocrtoBepHo Goabiie, p<0,05 10 CPABHEHUIO C TPYII-
noit 2) (tabm. 2). /lanee Bce MBMEHEHUS B % IIPUBEICHBI
TaK’Ke 110 CPABHEHUIO C IPYIIIOi 2.

K 3-M cyTram B 1 rpyrime oT™Medasu cHIKeHue 001ie-
ro 6unupybuna Ha 46,2%, AJIT — na 33,3%, ACT — Ha
34,4%, MOYEeBMHBI — JI0 HOPMaJbHBIX 3HaueHWH (Ha
49,3%), KpeaTHHWHA — 0 HOPMAJbHBIX 3HaYeHuil (Ha
23,4% ), amumassl — Ha 49% ¢ mocsenyiomeit HopMa3a-
mnueit K 7-mM cytkam. Ha Bcex aramax ucciegnoBaHus ypo-
BEHb TIHKEMHUN B 00EWX TPYIIMAX OCTABAJCS B TMPEesax
HOPMAaJIbHBIX 3HAUEHUI, HO B 1 TPyIIIe YPOBEHb TJTIOKO3bI
KPOBH MOCTOSTHHO HAXOMJICST HA HYKHEN IPAHUIlE HOPMBIL.
Ha 3—5-¢ cytku B 1 rpyrme oTMeqaan CHIDKEHNE YPOBHSI
(bubpuHoreHa 10 HOpMaIbHBIX 3HaUeHuit (Ha 27,9%). K 3-m
cyTkaMm B 1 TpyIIe OTMETHUJIM yBeJUYEeHUE KOJIUYEeCTBA
TPOMOOIUTOB 10 HOPMaJIbHBIX 3HaueHuil (Ha 10,5%).

JINIU mipeBbimiag HOpMY B 5 pa3 yike ¢ 1-x cyTok 3a-
6oJIeBaHMS, UTO, 110 JAHHBIM JIUTEPATYPbI, CBUAETENbCTBY-
€T 0 HeIOCTATOUHOCTH UMMYHHUTETA ¥ BbIPDAKEHHON 9H/I0-
TeHHONM WHTOKcUKanmu. Beicokne 3nHauenus JIWU
CBUIETEJIBCTBYIOT O HEOOXOAUMOCTU GoJiee aKTUBHOI j1e3-
MHTOKCUKAIIMOHHON Teparnm, ¢ JIPYyroil CTOPOHBI, TOJ-
TBEPIKAAIOT HAJIMYKE MTATOJTOTNYECKUX UBMEHEHU I UMMYH-
HOH CHCTEMBI.

K 3-m cytkam B 1 rpyrime oTMETUJIM yMEHbIIEHUE
JINM na 59,2% 1o cpaBHEHHIO €O 2 rpymioil. Boissuim,
YTO paHHee BKJIIOUYEHUE METO/I0B 9KCTPAKOPIIOPAJIBLHOM Jie-
TOKCHKAIIMM B KOMIJIEKCHOM JIEUEHUH TTaHKPEOHEKPO3a
CHUJKAET TSKECTh 9HIOTOKCUKO3a Ha 2—3-e CyTKH Tocie-
OTIEPAIIMOHHOTO TIEPHO/IA, BO 2 TPYIIEe — TOJBKO Ha 15-¢
cyTku (1abu. 3).

On day 3 a decrease of the LII pattern by 59.2% was
noted in a group 1 compared to group 2. It was revealed
that early inclusion of methods of extracorporeal detoxifi-
cation in the complex treatment of pancreatic necrosis
reduces the severity of endotoxemia in 2—3 postoperative
days, in group 2 — only in 15 days (Table 3).

The analysis of the data showed that in group 1 lac-
tate level came back to norm in 7 days (mean 1.8+0.5
mmol/1), in group 2 — in 15 days (mean 1.7+0.2 mmol/1).

It was found that early extracorporeal detoxifica-
tion in the complex treatment of pancreatic necrosis
reduced clinical manifestations of endotoxemia in
group 1 by 30—50% compared to group 2. Thus,
patients in group 1 experienced a two-fold decrease in
APACHE II scoring and a decrease in the severity of
endotoxemia in 2—3 postoperative days were observed,
whereas in a group 2 the same changes were observed
only on day 15 (Table 4).

Using the SOFA scaling the patients of group 2
remained longer in a critical condition resulted in higher
mortality (41.1%), whereas in group 1 all patients survived
(Table 5).

Alterations of vital functions in destructive pancre-
atitis are due to a decreased organ perfusion. This study
demostrate that early inclusion of complex extracorporal
detoxification treatment of destructive pancreatitis leads
to reduction of clinical patterns of endotoxemia by 30-50%
in concert with a decreased APACHEII point values in a
group 1 compared to the control (group 2). Hemodynamic
stabilization, the ability to reduce the doses of agonists and
recovery of renal function suggest a possible normalization
of all visceral blood flow, which in 61% of cases prevented
the development of anuric form of acute renal failure, and
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Ta6auua 3. /lunaMuKa JeHKOIMTAPHOTO HHAEKCA HHTOKCHKAIIMY.

Table 3. Dynamics of leukocyte index of intoxication.

Patient groups

Leukocyte at the stages of study, days

1st 3d 5th 7th 9th 12th 15th 18th
1 5.7+1.05 337x04  27+0.3 1.6+0.5 — — — —
2 5.7+1.07 52404 5.7+0.5 5.5+ 04 5.7+0.4 5.8+0.6 3.9+0.2 —

Note (npumeyanue): patient groups — rpynmnbl 6oabHbIX; leukocyte at the stages of study, days — 3Hauenust mokasareseil Ha aTanax

ncc/sieoBanmsd, CyTKU.

Ta6anua 4. /IaHaMUKa TSSKECTH COCTOSIHUS GOJIbHBIX ¢ HEKPOTHYECKO# opMoii nmankpearura (M+m).
Table 4. Dynamics of severity of necrotic pancreatitis forms (by APACHE II scale) of the patients with (M+m).

Index Groups Value of index on study investigation, days
on admission 3d 7th 9th 12th 15th
APACHE 11, points 2 23.4+2.3 22.2+1.3  21.6*x14 19.6%14 17.6+1.3  11.6x1.4
1 24.2+1.2 13.1+1.3 10.7+£1.2 — — —

Note (npumeuanue): index — nokasaresib; groups — rpyrisl 60abHBIX; on admission — pu nmocryrennu; value of index on study inves-
tigation, days — sHaueHwe mokasateseil Ha sramax uccienosanus, cytkum; APACHE II, points — TsKeCTh COCTOSHUSI 110 IIKaJIe

APACHEII, 6anmbL.

Ta6anua 5. BeipakeHHOCTh OJMOPTaHHON HexocTaTouHoCTH 1o mKane SOFA.

Table 5. Evaluation of multiple organ failure by SOFA scale.

Patient groups Value of SOFA scale (points) index on study investigation, days Mortality,
{st 3d 5th 7th 9th 12th 15th dayl 8
12—14 13—14 15—16 17—18 18—19 18—19 20—21 41.1%
1 12—14 6—7 3—4 1-2 — — — —

Note (npumeuanue): patient groups — rpymmbt 60sbHbIX; value of SOFA scale (points) index on study investigation, days — qunamuka
nokasareseii 1o mkamie SOFA (6asibl) Ha aTanax nceseoBanust, cyTky; mortality — JetasbHOCTb.

AHau3 1oJTyYeHHbIX JAHHBIX TIOKa3aJl, uTo B 1 rpyri-
e YpOBEHb JIaKTaTa MPUXOAUJ K HOPME K 7-M CyTKam
(cpenmee 3mavenne 1,8+0,5 MMouTh/T), BO 2 pymie — K 15-M
cytkaMm (cpeznee 3nadenne 1,7+0,2 Mmmosb /).

BeisiBUIM, YTO paHHee MPOBeIEHUE IKCTPAKOPIIO-
PAJIbHOI IETOKCUKAIIUU B KOMILJIEKCHOM JICUCHUH TTAaHKpe-
OHEKPO3a 00ECIIeUNBACT CHUKEHUE KIMHUYECKUX TIPOSIB-
JeHuil sumorokcnko3a B 1 rpymme ma 30—50% 1o
cpaBHeHUo co 2 rpymmoil. Takum oOpasom, y 6oJbHBIX 1
IPYIIIBI OTMETHJIM ABYKPATHOE CHUKEHME CPeHEro dasiia
no mkase APACHE II u ymeHbIIeHrE TSIKECTH 9HIOTOK-
CUKO3a yKe Ha 2—3-¢ CYTKU MOCIe0NePAnOHHOTO TIEPHO-
14, BO 2 IpyIie — TOJIbKO Ha 15-e cyTku (Tabu. 4).

[To mkane SOFA 6osibHbIe 2 TPYIIIIbI OJIT0E BPeMst
OCTABAJIMCh B TSIKEJIOM COCTOSIHUU, UTO OTPA3UJIOCh Ha Jie-
tasmpHocTH (41,1%), Torma Kak B 1 TpyIITIe TeTaTbHBIX CITy-
yaes He 6b110 (Tabo. 5).

Takum 06pa3oM, HAPYIIEHUST BUTATbHBIX (DYHKIIUI,
Pa3BUBAIOINIMECS TIPU JECTPYKTUBHOM ITAHKPEATUTE, SIBJIS -
I0TCS OTpakeHNEeM HapyTeHn opranHoi nepdysnn. [Ipn
aHaJIM3e MOJYYEHHBIX Pe3yJIbTATOB UCCJIe/IOBAHNS B INHA-
MHUKE YJIaJI0Ch BBISIBUTb, YTO PaHHEe BKJIIOYEHUE IKCTPa-
KOPIIOPAJIbHON JIETOKCUKAIIMKM B KOMILJIEKCHOE JieUeHUe
JIECTPYKTHBHOIO MAaHKpeaTuTa 00ecredynBaeT yMeHblie-
HUE KJINHUYECKUX MPU3HAKOB 9HJIOTOKCUKO3a B 1 TpyIie
ma 30—50% 1o cpaBHEHUIO CO 2 KOHTPOJIBHO TPYITIOi. Y
6osibHBIX 1 TPYNIBI OTMETHJIM JABYKPATHOE CHUIKCHUE
cpennero 6asna mo mkane APACHE 11 u ymenbinenue Tsi-

decreased the number of developed MOF in in 22% of
cases. Most importantly, the extracorporeal detoxification
methods aided significantly to reducing the mortality. The
use of low-capacity fluid therapy (Sorbilact and
Reosorbilact) allowed to restore peristalsis at an earlier
time point (prioe to day 2 or 3) and reduce edema.

Conclusion

1. Eearly inclusion of extracorporal detoxification
in a comprehensive treatment protocol of destructive pan-
creatitis reduces clinical signs of endotoxemia by 30-50%.

2. Hemodynamics in a destructive pancreatitis cor-
responds to a hypodynamic type of circulation caused by
sepsis and reactions to hypovolemia. Extracorporeal
detoxification resulted in hemodynamic stabilization at an
earlier date presumably due to the rapid elimination of
cytokines, osmotic balance correction and prosthetics of
homeostatic kidney function.

3. Inclusion of albumin dialysis and hemodiafiltra-
tion in the complex intensive therapy of severe sepsis and
septic shock in destructive pancreatitis makes it easier to
stabilize hemodynamics, reduces the need in adrenoceptor
agonists, significantly decreses the symptoms of severe
intoxication. Maximum capacity of detoxification by an
albumin dialysis is implemented through a combination of
different principles of elimination of toxic substances —
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B momomp mpakTuKyomemy spauy .

JKECTH dHAOTOKCHKO3a yoKe Ha 2—3-e CyTKH MoceoTepa-
LIOHHOTO [EPUO/IA, BO 2 IpyIie — TOJAbKO Ha 15-e cyTku.
Crabunnsanusi TeMOJMHAMUKI, BO3MOKHOCTH YMEHbIIIe-
HUS /103 a/[peHOMUMETHKOB U BOCCTaHOBJIEHHE (QYHKIIUN
TMOYCK CBUCTETLCTBYIOT O BO3MOXKHON HOPMATH3AI[IH
BCETO BHUCI[EPATBHOTO KPOBOTOKA, UTO B 61% cirydaes 1mos-
BOJINJIO TIPEYIPEANTh Pa3BUTHE aHypPUIeCKOil (hopMmbl
OCTPOIT TIOUEUHON HEAOCTATOYHOCTH, a B 22% ciydaeB —

usbexarp passutus [TOH. IIpoBeseHne 3KCTPaKopIo-
PaJIbHBIX METO/IOB JIETOKCUKAIIUU MTO3BOJIUJIO IOCTOBEPHO
CHM3WTH JIETAJIbHOCTD. VICIO/Ib30BaHue Malo0OGbEMHOIT
undysuonnoii teparuu (Copbunakr u Peocopbuiakr)
M03BOJMIIO B GoJiee PaHHUE CPOKM BOCCTAHOBUTH ITIE€PU-
CTAJIBTUKY KO 2—3-M CYTKaM, a TaKKe YMEHBIINUTDb OTeu-
HBIN CUHAPOM.

BoiBoasl

1. Tlpu necTpyKTUBHOM MaHKPEATUTE OTMEYAeTCs
BBIPAKEHHBIN 9HIOTOKCUKO3 C TTOBBITIIEHUEM JIEHKOIIATAp-
HOTO MHEKCa MHTOKCHKAIU. PaHHee BKITIOUeHNe aKCTpa-
KOPHOPAThHON ETOKCUKAINN B KOMIIJIEKC JICUeHNS eCT-
PYKTUBHOTO mHaHKpeatuTa o0ecreynBaeT CHUKEHUE
KJIMHUYECKHUX MTPU3HAKOB HHI0TOKCHKO3a Ha 30—50%.

2. lemommuamMndeckne MOKa3aTeJn TIPU JECTPYK-
TUBHOM IAHKPEATUTE COOTBETCTBYIOT TMITOJIMHAMUYECKO-
My TUIy KPOBOOOpALIEHMUSsT, YTO 0OYCIOBJIECHO CEIICUCOM 1
peaxiieii opranusMa Ha rumnososemuio. [Iposenenmne axc-
TPAKOPITOPATBHBIX METOMOB JETOKCUKAINKA TMPUBOANUT K
cTabUIN3aluy FeMOJIMHAMUKY B 00Jiee paHHKe CPOKHU, UTO
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convection, diffusion and sorption within the extracorpo-
real circuit of MARS. The use of extracorporeal detoxifica-
tion in destructive pancreatitis leads to a significant reduc-
tion in mortality.

4. Inclusion of hexahydroxyl alcohols in formula-
tions of Sorbilact and Reosorbilact helps to normalize
hemodynamic parameters, reduces edema and stimulates
intestinal peristalsis.

CBSI3aHO € OBICTPOI SIMMUHAIIMEN [INTOKMHOB, KOPPEKIIU-
eil OCMOTHYECKOTO PABHOBECHUS M TPOTE3MPOBAHUEM TO-
MEOCTaTUIECKOI (DYHKITUU TTOUEK.

3. Bruouenue anbOyMUHOBOIO [IMAIN3a U TeMOUA-
(pusbrpanum B KOMILIEKCHYIO MHTEHCUBHYIO TEPAIIHIO Cell-
cHuca U CENTUYECKOTO MIOKA TIPU JECTPYKTUBHOM MaHKpea-
THTE MO3BOJISIET ObICTPEE CTAOMIM3MPOBATH TeMOANHAMUKY,
YMEHBIIUTh MOTPEOHOCTh B aPEHOMUMETHUKAX, a TaKkKe
3HAYUTEIBHO CHU3UTD MPOSIBICHUST MHTOKCUKAIMU. Mak-
CHMAJIbHBIII JI€TOKCUKAIIMOHHBINA TIOTEHIIUAA aJIbOyMIHO-
BOI'O IMAJIN3a peannsyercs O6Jarofapsi COUeTaHUIo Pasjind-
HBIX TPUHIUIOB HIMMUHAIINA TOKCUYECKUX BEIECTB —
KOHBeKIuH, copounn u 1udGysun B 9KCTPAKOPIOPATBHOM
koHType MARS. Hcnonbp3oBaHue METOZOB 9KCTPAKOPIIO-
PAJIBHO IETOKCHKAIIMY TIPU JIECTPYKTUBHOM MAaHKPETATHE
MIPUBOJIUT K IOCTOBEPHOMY CHUKEHUIO JIETAIbHOCTH.

4. Ilpumenenwue mecTUaTOMHBIX CIIUPTOB B COCTaBE
Copbuiakra u PeocopbuiakTa o3BoJisieT HOpMain3oBaTh
reMOJIMHAMUYECKUe TT0Ka3aTeJNn, YMEHBIIAeT OTEUHbIH
CUHJIPOM U CTUMYJIUPYET MEPUCTAIBTUKY KUITEUHUKA.
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ITPO®ECCOP
IAYAPI BJATUMUPOBUY
HEJAIIKOBCRNUA

K 75-n1etH1o co HS posKaeHus

8 anpesist 2015 roja ncnosmumoch 75 siet mpodeccopy kade-
JIPbI aHECTEe3MOJIOTHK U peaHuMaTosiornn CeBepHOro ToCyAapCT-
BenHoro Mezauimuckoro yuusepcutera (CI'MY), Boipaiomemycst
yueHoMy, Bpady ¥ nejarory dayapay Biagnmuposnuy Hepamnkos-
ckomy. [Touernerit gokrop CI'MY, npencenarens Acconnannun Bpa-
Yeil aHecTe3MOIOTOB-PeaHNMATOIOT0B APXaHTeNbCKOi 06JIacTH,
IJIABHBII BHEIITATHBIN aHEeCTe3HoJIor-peaHnmMarosior Munucrep-
CTBa 37paBOOXPaHEHM APXaHTeNbCKOW 00acTh, MOYETHDIH YieH
Beepoccuiickoit Denepaiinii aHECTE3NOIOTOB-PEAHIMATOJIOTOB,
MOYETHDIH IPE3UIEHT ACCOIUAINK aHECTE3NO0JIOTOB-PEAHNMATO-
soroB CeBepo-3ariajia, JIOKTOP MEAMIMHCKUX Hayk, mpodeccop,
Anyapa Baagumuposuy BeTpedaer CBoii 106uieil B Kpyry MHOTO-
YHCJIEHHBIX YYEHUKOB M KOJIJIET, IIPO/IOJIKAST AKTUBHO TPY/IUTHCS 1
repeiaBaTh CBOM OOraTeiImii ObIT HOBBIM MOKOJIEHUSIM BPayeil.

Inyapa Brnagumuposua porumcs B 1940 rony, B 1963 romy
OKOHYMJT JTeYeOHBII (haKkyJIbTeT APXaHTEIBCKOTO TOCYIAPCTBEHHO-
ro meaunnHckoro naerutyra (ATMU). [Tocite okoHuanust KaInHU-
YeCKOH OpAMHATYPBI ¥ MPAaKTHYeCKOii paboTsl xupyprom B 1967
rozty 6T M36paH MO0 KOHKYPCY aCCHCTEHTOM Kadeapbl o0meil Xu-
pyprun ATMI. B 1974 roxy samurni KaHAnAaTCKyO guccepra-
miio Ha Temy «IIprMeHeHue naporepugona u GbeHTaHmIa B oomeit
aHecTe3nn y 6OTBHBIX cTapiie 635 JeTs.

B 1975 roxy Hepamkosckuii 9. B. crain HenmocpeacTBeHHbIM
OPraHu3aToOPOM Kypca aHecTe3UO0JOTHN 1 PEaHUMATOJIOTUH, KOTO-
poiii B 1979 romy Botes B coctas Kadeapsl hakyIBTeTCKOM XUPYp-
run, a B 1994 roxy peopranuszoBan B Kadeipy aHECTE3NOJOTNN 1
peaHnMaTooTHi. B 911 Tozbl GblIa cO3/[aHa HOBAs KIMHUYECKAsT
6aza ATMU B aHecTe310J0r0-peaHnMaIliOHHOM TIeHTpe Ha Oase
FOPOJICKO# KInHMUecKoii GosbHuIbl Nel CKOpPOW MeIUIUMHCKOI
nomortu. C 1977 o 1984 roasr Hepamkosckuit O. B. coBmemnian
[eIATOTNYECKYI0 PaboTy ¢ OOSIBAHHOCTSIMU 3aBEIYIONIETO IIEHT-
pom. B aToT 1Ieprozt oH Havas pazpabaThiBaTh MIPUHIUIIBL YIIPABIIE-
HIISI AHECTE3MOJIOTO-PEAHNMAIIHOHHOM CJIy:K0O0il, co3man 1 BHEJ-
PUJI B JIEATENBHOCTb MHOTMX CTAllMOHAPOB aJMUHUCTPATHBHbIE
KOMITbIOTEPHbBIC ITPOTPAMMbI «AHCCTCSI/IOJIOI‘I/IED) un «Peanumaro-
JIOTHsT». JTa paboTa Jieryia B OCHOBY €0 JOKTOPCKOM JIMCCepTaIum
Ha Temy «OnepaTHBHOE YIIpaBJIeHHEe AHECTE3HOJIOT0-PeaHMAIH-
OHHOH ¢J1yK60i MHOTOMPODIIBHOT GOJIBHUIIBI (CHCTEMHBII aHa-
JIV3, MOJIEJTPOBAHIIE, KOMITHIOTEPUSAIIHST ) >, KOTOPast ObLIa yCIieri-
Ho samuniena B 1994 roxy, B ¢Bg3u ¢ 4eM eMy NPUCBOEHA yUeHast
CTeIeHb JIOKTOPa MEANIIMHCKUX HAYK, a B 1995 rogy — yuenoe 3Ba-
Hue mpodeccopa.

Mmuorue yyennku npod. HeankoBekoro Bo3riaBisior aHe-
CTE3U0JIOTO-PEAHUMAIOHHBIE CITYKObI KPYITHBIX GOJBHUIL B TOPO-
nax CeBepo-3araza, paboTaioT B pa3JIMvHbIX pernoHax Poccun u 3a
py6exom. C 1996 r. kadeapa aHeCTE3UOJIOTUN ¥ PEAaHUMATOJIOTHN
OTKPBLJIA KYPC MOBBIIIEHIS KBAIHM(PUKAINT Bpadeil 1 cTajla OHUM
U3 TIEHTPOB TIPEI- 1 MOCJIEANTIIIOMHOTO 00y YeH st Bpadeil aHecTe3n-
ostoroB-peannMaTosioros Ha Espomneiickom CeBepe Poccun n pac-
MIIPUJIA CBOKO KINHUYECKYIO 0a3y 3a cueT 8 OCHOBHBIX CTAIlMOHA-
poB Apxanrenbcka, CeBepoziBrrcka 1 HoBogsumHcKka.

C 1990 no 1993 rox Hemamkosekuii . B. ucnosmsia 06s-
sannocTn popekropa ATMU 1o sneue6Hoii paboTe, r/1e OCHOBHbBIE
YCHJIHST €TO JIESITENbHOCTH ObIIM HATIPABJIEHBI HA PEOPTaHU3AIHIO
1 COBEPIIEHCTBOBAHIE COBMECTHON PaGOThI KIMHIYECKNX Kabeap
u kanHndeckux JIITY B HOBBIX 9KOHOMUUECKUX YCIOBUAX.

[Tpu yuactun npod. Hemamkosckoro 3. B. u Bosriasisie-
Mmoro uM ¢ 1994 o 2011 rox kosutekTHBa Kadeapbl yCIEnTHo pas-
BUBAIOTCS] HOBbIE HANIPABJICHNU JICUeOHOI 1€ TEIbHOCTH, CO3/[AI0T-
Cs1 HOBBIE CTPYKTYPHBIE MOJ[PA3/IeJIEHUs U YJIYUIIAIOTCST OCHOBHbIE
MOKA3aTeJMN JIeATEJIbHOCTH AHECTe3NO0JIOr0-PeaHnManOHHON
cayKObI CTAIMOHAPOB APXaHTeIbCKOI 001aCTH, OCBANBAOTCS BbI-
COKHe TeXHOJIOTHH 9KCIIPeCcC-IHarHoCTHKI, WHTEHCHBHOM Tepa-
v, 06e360TUBAHNST 1 KIMHITYECKOTO MOHUTOPUHTA.

Anyapa Bragnmuposny — pykoBoautesb 30 3aBepuieHHbIX
KaHJUJIATCKUX U 5 JOKTOPCKUX jauccepranuit. Vimeer cebite 560
HAYYHBIX ITyOJUKAINiT, SBJASETCS PENAKTOPOM Psiia HAYUHBIX
c60pHUKOB, B ToM unciie 20 BbinyckoB «OCBEKAONIETO KyPCa JIEK-
1nuii» mo MaTepuaiaM BeceMupubIX 1 EBporelickux KOHTpeccoB o
crenraabHOCTH (TIep. ¢ aHTJL.) U sKypHasita Beemupnoii dhemepannn
obmects anecresnonoros «Update in anaesthesia», aBrop u coas-
Top 16 Monorpaduii 1 pykoBo/CTB, BKIoYass HarmonanbHoe py-
KOBOJICTBO 110 MHTEHCUBHOM TePAITHH.

B teuenue uetsipex get Jayapa Baagumuposuy ObL1 mpe-
3UIEHTOM AcCCOIMaIK aHeCTe3n0JI0roB-peannmaTosioros Cese-
po-3amnazna. B 2003 roxy mposes B Apxanresibcke 2-if cbe3/1 9Toi
acconuarmu, a ¢ 2005 roja — 5 BCEPOCCUIICKIX HayYHBIX KOH(]e-
PEHIHiT ¢ MEXXYHAPOAHBIM yyacThueM «besoMopekuii cuMIosu-
yM». SBJSIeTCS 4JIE€HOM pPeIaKIMOHHBIX COBETOB JKYPHAJIOB
«AHCCTCSI/IOHOFI/IH " peaHuMaToJIoruda» n «BecTHuk nHTEHCUB-
HOU Teparnums.

Hepamxosckuit 9. B. marpakmen 3HakoM <«OTJINYHUK
3/lpaBOOXpaHeHUs», Mejanbio «Berepan Tpyaa», 3BaHneM «3a-
cayxennpiit Bpay PM», meanbio umenn H. M. AmocoBa, mMezia-
JIBIO «32 yKpPEIJIeHe aBTOPUTETA POCCUICKON HAYKU», IPaMOTa-
MU ¥ GJArOAapHOCTAMKU AJAMMHHCTpPAIMU ApXaHreabCKON
obusacTit, ApXaHTeIbCKOro 06JIaCTHOTO COOPAHUSI IETTy TATOB, M3-
puM I. ApXaHresbCKa, JABYKPATHO JUIIOMOM JlaypeaTa HpeMun
umM. M. B. Jlomonocosa.

BourbIioit Tpy:keHuK, BBIIAIOMIUICS YIYEHbBIH U OPTaHU3aTOD
3[PaBOOXpAHEHNs, B JIMYHOM OOuieHnn Jayapa Braammuposmd
ONTUMUCT, A0OPbIN, 3a00TIMBBIA U OT3BIBYMBLII YesoBek. IIpo-
heccop HepamkoBekuii siiisteTcst IPUMEPOM JIJIs1 Y9€HUKOB U KOJI-
JIET ¥ TI0JIb3YeTCsl CPeji HUX HEeOCIIOPUMBIM aBTOPUTETOM U yBa-
skeHueM. Y Dayapza Biajmmuposnya 3aMeyatesibHasi CeMbst: ChIH,
JIBOE BHYYEK.

Pedakyus xcypnara «Obwas peanumamonozus», KOILeK-
mue xagedpuv anecmesuonozuu u peanumamonozuu CTMY, opy-
3bsl, YUeHUKU, KoJlezu cepoeuno nosopasnsiom . B. Hedawxos-
CK020 C 100UlIeeM U HCeLam eMy KPenKozo 300poevs, 001zux aem
HCUBHU, OQILHETUUX MBOPUECKUX YCNEX08, XOPOULE20 HACMPOCHUS.
u yoavu 60 6CeM.

OBIJAA PEAHMUMATOAOTM, 2015, 11; 3

www.reanimatology.com



76

Undopmaius s aBTopoB skypHaia «O01mas peaHMMaToIOTHsI»

IIpaBuia nojgayu U Iy GAMKANMH PYKONUCH, AOIOIHEHHbIE B COOTBETCTBHU
¢ pexomenaausmu ICMJE (International Committee of Medical Journal Editors)
IS HAY4YHBIX M3/IaHUi, BXOAAIIMX B MEKIYHAPOIHbIE 0a3bl JaHHbIX

IIpaBoBbl€e acHEKThI IIyOJMKAIMH PYKOIUCH

Yenosus nybauxayuu pykonucu

— Pyxomucn my6ankyiotest npu 06s3aTenbHoM cobIiioze-
HUM aBTOPOM STUKU U NIPaBUI myOJmKanin (oapobHee Ha caiite
JKypHasa www.reanimatology.com ).

— Pyxkomucu myGanKyioTest ¢ cobIoieHneM HopM aBTop-
CKOTO TIPaBa 1 KOHMUAEHIMATBHOTO OTHOIIEHHS! K [TEPCOHATBHBIM
JIAHHBIM aBTOPOB.

—  Pyxomucu my6anKyoTest 6ecIiaTHo.

— Pykomnucu, IPUHATBIE B 5KYPHAJ, TIPOXOAAT PELEH3HPO-
BaHIe Ha OPUTHHAIBHOCTD, STHIHOCTD, 3HAYMMOCTD, aleKBATHOCTD
CTATUCTUYECKON 06pabOTKN JaHHBIX HA YCJIOBHUX KOH(MUICHIIU-
QJIBHOCTH 32 UCKJIIOYEHHUEM BbIsIBIeHNs! (haibeuduKaiim JaHHbIX.

— Peznkosuternsi octapiisieT 3a co60ii PABO COKpAIIATh 1
PEIAKTHPOBATH PYKOIHCH.

Tpuunvl cisimust ¢ newamu u 3a0epicku nyoRuKauuU PYKONUCU

— Pykomucn, He coorBeTcTBYIONIME NPOGUIIIO JKypHAIa,
He ITPUHUMAIOTCA.

— Pykonucn, panee oryGIMKOBaHHBIE, @ TAK/Ke HAlPaB-
JIEHHBIE B JIPYTOIi 5Ky PHAI HJIH COOPHHUK, He TIPHHUMAIOTCS.

— 3a HekoppekTHoe O(GOpMICHNE W HEIOCTOBEPHOCTDH
HPe/ICTaB/IsIEMbIX GHOIMOrpadUUecKiX TaHHBIX aBTOPbI HECYT OT-
BETCTBEHHOCTH BILIOTH /10 CHSITHS PYKOIMCH C TI€YaTH.

— Hapymenue npasua ohopmIeHnsT PYKOIUCH, HECBOE-
BPEMEHHBIIT, a TakKe HeaJeKBATHBI OTBET HA 3aMeUaHUs PelleH-
3€HTOB 1 HAYYHbIX PEAKTOPOB MPUBOAT K 33/[EPIKKeE Iy CTHKaI[HIT
JI0 MCTIPABJICHMs] YKa3aHHBIX HEAOCTATKOB. IIpy UrHOPUpPOBaHUK
3aMeYaHUil PEIeH3EHTOB U HAyYHBIX PEJAKTOPOB PYKOIKMCH CHHU-
MaeTcsi ¢ JIAJIbHEHIIIero pacCMOTPEHHSI.

— Pyxkomnucu OTKJIOHEHHBIX paboT pefakiueii He Bo3Bpa-
IIAFOTCSI.

Humepecvr cmopon: Aemop,/Pedaxyus

Pepakims octayisger 3a co00ii MpaBo CYUTATh, YTO aBTOPHI,
[PEJOCTABUBIINE PYKOIUCH st TyOauKannu B sKypHan «Oomas
PEAHMMATOJIOTHST>, COTIACHBI C YCJIOBHSIMU ITYOIMKAINH U OTKJIO-
HEHUsI PYKOIIMCH, & TAKJKE € IPAaBUIaMK e 0hOPMIICHHSI.

Pepakiust octaBiisier 3a co0oif IIPaBo CUUTATB, YTO ABTOP,
OTBETCTBEHHbII 32 MEPENICKY ¢ PEAAKIIEN, BBIPAKAET MO3UIHIO
BCEro aBTOPCKOTO KOJLIEKTHBA.

ABTOp nosyuaer HHGOPMAIMOHHbIE HJIEKTPOHHBIE THCHMa
000 Beex aTanax IPOJBIKEHNUSI PYKOIIHCH, BRIIOYAs! yBeAOMIIEHIe
0 HECOOTBETCTBUM PYKOIUCH MPOGUII0 KypHala U IpaBUIaM
0(OPMIIEHHST; TEKCTBI PELIEH3HI; PElIeHIE PEAKOJIETHH O Iy Ou-
KaIMi WK OTKJIOHEHIH PYKOIIMCH; BEPCTKY OTPEIAKTHPOBAHHOTO
BapuanTa PyKOIUCH /ISl OJLyYEHUsI aBTOPCKOTO JIONYCKA K Ieva-
Ti. JlONOJIHUTEbHYI0 HHDOPMAIINIO O [POABHKEHUH PYKOIUCH
aBTOD MOJKeT MOJY4YHTb 10 ajpecy: journal_or@mail.ru;
www.reanimatology.com.

Tapantuu ABTOpa

ABTOpBI JIOJDKHBI TapaHTUPOBATD, YTO OHM HANNCAJIHN TI0JI-
HOCTBIO OPUTMHAIBHYIO paboTy. VIcnosnb3oBanue Jo0bIX MaTepra-
JIOB JIPYTUX aBTOPOB JIOILYCKAETCS TOJIBKO C MX paspelieHus 1 Ipu
00513aTeIbHOIT CCHIIKE Ha ATHX aBTOPOB.

ABTOPBI JIOJIKHBI TAPAHTHPOBATD, YTO CIIICOK ABTOPOB COJIEP-
SKUT TOJIBKO TeX JIMII, KOTOPbIe BHECJIN ONTYTUMBIIl BKJIA/l B KOHIIET-
IUT0, TIPOEKT, MCIIOJIHEHNEe WM HHTEPIPETAIIIIO 3asSBJIEHHON pabo-
TBI, TO €CTh TeX JIMI], KOTOPbIE COOTBETCTBYIOT KPUTEPHSIM aBTOPCTBA.

ABTOp])I JOJIKHBI TaPpaHTUPOBATH COOTBETCTBUE KadeCTBa I1e-
PeBOZa CTAaTbU HA AHTJIMICKUI SI3BIK MEKTyHAPOIHBIM Tpe60BaHI/IHM.

lapantuu pegakmum

Penakiust 10KHA TapaHTHPOBATD, YTO JOObIE PYKOIUCH,
TOJIYYEeHHBIE [UIST PENeH3MPOBAHNMS, GYIYT BOCIPHHIMATHCS KaK
I{OH(bI/IZ[CHL[I/IaJIbHI)IC JAOKYMCHTBI. OHI/I HE MOTYT 6bITb IIOKa3aHbI
JPYTHM JIUIAM 1 00CYKAEHBI ¢ HIM, 32 HCKIIOYEHUEM JIUIIL, YOI -
HOMOYEHHBIX PeIaKIHeil.

Pepakiusg jo/KkHa rapaHTUPOBATD, YTO HCOHy6JII/IKOBaHHbIC
MaTepHabl, HAXOSIIUECS B MPEJOCTABIEHHON CTaThe, He OyAyT
MCIIOJIB30BAHBI B COOCTBEHHOM HCCIEIOBAHNHI HAYIHOTO PEIAKTO-
pa 1 pereH3eHToB 6e3 MMCbMEHHOTO PAa3pelIeHs ABTOPA.

Peakiust [OJKHA TapaHTHPOBATh, YTO PEIEH3EHT He GyieT
JIOTIYIIEH K PACCMOTPEHMIO PYKOIIMCH, €CJIM MMeeT MeCTO KOH-
amkT MHTEPECOB B pe3yJibrate ero KOHKYPEHTHBIX, MapPTHEPCKUX
60 APYTUX OTHOIIEHWH WJIH CBsI3€il ¢ KeM-TH00 13 aBTOPOB, KOM-
MAHUT TN OPTaHN3AIHIH, CBSI3aHHBIX ¢ MATEPHATIOM TTYOIMKAIINIL

Kongpnuxm unmepecos cmopon: Aeémop,/Pedaxuust

Kondaukr narepecos cropon ABTop/Pemaxius peraercst
IIyTeM I1eperoBOPOB CTOPOH B COOTBETCTBHH € JIEHCTBYIOIINM 3aK0-
HozaresbetBOM PD 1 MEK/yHAPOAHBIMI HOPMATHBHO-IPABOBbI-
MU aKTaMH, PEryJUPYIOMUMHI TTyGIUKAINIO PYKOIUCEl B Meu-
IIMHCKUX JKypHAJIaX.

Coryracuie wiy Hecorjiacue Ha MmyOJIMKAIIO OTPEAAKTHPO-
BAHHOTO BaPUAHTA PYKOITMCH BBIPAKAETCSI B 9JIEKTPOHHOM ITHCHME
ABTOPA, OTBETCTBEHHOTO 3a HEPENNCKY C PeaKIHeii.

PC[[B.KLII/IH 1 M3/1aTCJbCTBO HC HECYT OTBCTCTBCHHOCTU 3a
MHEHVIsI, M3JI0KEHHbIE B MyOIMKAIMSAX, a TAKXKe 3a COJlepKaHue
PEKJIaMBI.

Cpoxu npoABUKEHUs pyKOIIUCH

— IKCIepTHU3a Ha COOTBETCTBHE TIPOMUIIIO JKypHAIA U IIpa-
BuIaM oopMITeHNsT — He 6ostee 3-X IHEl ¢ MOMEHTa TIOCTYTLIEH ST
PYKOIIUCH B PEIAKIIHIO.

— Penensuposanue — He 6osee 20-u aHell ¢ MOMEHTaA 9JIeK-
TPOHHOI OTIIPABKY PEIEH3EHTY PYKOIICH.

— OrBer aBTOpa pereHsenTaM — He 6osiee 7-u aHel ¢ Mo-
MEHTA 3JIEKTPOHHOI OTIIPABKU aBTOPY PEIleH3UMU.

— 3acemanne pezikosiern — 1 pa3 B 2 MecsIa He TO37iHee,
4yeM 3a 1 MecsiIr /10 BBIITyCKa THpaska »KypHaJa.

— OrnoBelieHne aBTopa O pPelleHuy PeJIKOJIIErny 1 O3Ha-
KOMJIEHE C BEPCTKOI OTPeZIaKTHPOBAHHOTO BapuaHTa — He T0371-
Hee 3-X JHel ¢ MOMEHTA BBIXO/Ia COOTBETCTBYIONIEH nHMOpMaIun.

Marepuasbl st myOIUKAIMU PYKOICH TOAAIOTCS B Pe-
MAKIMIO HA PYCCKOM U aHTJIMICKOM SI3BIKAX B BH/IE OYMasKHBIX JIH-
CTOB M WJIEHTHYHBIX UM TI0 COJEP/KAHUIO HJIEKTPOHHBIX (DAIIIOB.
Marepuaut craTeil BKJIIOYaeT 10-0T/[e/IbHOCTH:

1) THUTYJBHBII JHCT;

2) pesioMe U KII0YeBBIE CIOBA;

3) HasBaHME U HOJIHBII TEKCT PYKOIIUCH C IOIICSIMU BCEX
aBTOPOB, Kak B OYMasKHOI, Tak M B 9I€KTPOHHOI Bepcun (B BUJE
CKaHa CTPAHMUIIBI), TTOJTBEPSKAAONINMHI YYacTHE B BBIITOJTHEHNN
[PEICTaBISIEMON PAGOTBI U YIOCTOBEPSIONIUMU COTJIACKE C COJIEP-
JKaHueM PyKOMHCH;

4) TabaMIbl ¢ HOMEPOM, Ha3BaHUEM ¥ TTPUMEYaHneM (ecan
OHO MMeeTCs );

5) wurioctpanun (rpacduku, auarpamMmsr, ¢dororpacdun,
PUCYHKHM) — ISl KaKIOW WILTIOCTPAMK OTAETbHBIN OyMasKHBII
JIUCT U 9JIEKTPOHHDIN (haii;
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[TpaBmaa pArs aBTOPOB .

6) TOANUCHU K MJLTIOCTPAIIUSIM;

7) O6ubmarorpaduueckuii CrmucoK;

8) compoBoaUTENbHOE MTUCHMO HA PYCCKOM SI3bIKE HA MMSI
[JIABHOTO PeIaKTOpa JKypHAJIA, MOAMNCAHHOE PYKOBOJIMTENEM Y-
PEKIEHNST, B KOTOPOM BBITIOJTHEHA paboTa.

®Dopma COnpoOBOUTETHHOTO MUCHMA
K MaTepuaiy s myOauKanuu

TnaBHomy penaktopy skypHaia « O61as peaHIMaToIOT s>
3acuykeHHOMY AesiTeno nayku Poccun,
yien-koppecnonzienty PAH, npodeccopy B. B. Moposy

[TpocrM paccMOTpPeTh BOTIPOC O MyOIUKAINN ... (BII PYKO-
nucn; Gamusmn, Vimena, OtyecTBa Bcex aBTOPOB; HA3BaHUE PYKO-
TUcH).

ABTOpBI pyKomnucu o3HakoMeHbl ¢ Vndopmareit 1ist aB-
TOPOB, TPEAOCTABICHHON KypHaToM «O0IIast peaHuMaToIOTHsI»,
U COTJIACHBI € MTPABUJIAMHY TIOJTOTOBKHU, TIOIAUK ¥ TTyOJIUKAIUY PY-
KOTINCH.

Jlanuast pykonuch He ayOJupyeT Tpeabiyime myoaiKa-
1Y, B HEll He 3aTParuBaloTCs NHTEPECH! TPEThUX CTOPOH U HE Ha-
PYIIAIOTCST ATHYECKHE HOPMbI Ty OINKAIIIH.

OTBeTCTBEHHBIIT 32 Tepenucky ¢ pepakimeit: s, OTtyect-
B0, Mamuiust oHOTO U3 aBTOPOB pyKomucH, e-mail, TesedoH, moy-
TOBBII ajpec.

IToarnuch pyKOBOIUTEST yUPEKIECHHS.

ConpoBoAUTENBHOE TIUCHMO JIOJIKHO OBITh HAIlEYaTaHO Ha
GJTaHKe yIpeskeHrisi, B KOTOPOM BBITIOJTHEHA paboTa.

Azpec oTIIpaBKU MaTepHAJIOB
UL Ty OIIMKAIAH PYKOIHCH

Jlns 6Gymaskroii Bepenu: Pocenst, 107031, Mocksa, ya. Iler-
poBKa, 25, ctp. 2, Pepaxims xypnana «OBIIAA PEAHUMATO-
JIOTUS».

Jlist 91K TPOHHON Bepeuu: cailT JKypHaia: www.reanimatol-
0gy.COm; WJIM peakiius sKypHaa: journal or@mail.ru.

Tpe6GoBanus K neyaTu

Ileuamuv

OHOCTOPOHHSIS, OPHEHTAIINS KHUKHAS, BbIDABHIBAHME 110
HUpuHe

bymaza

bBemas, dbopmar Ad

Hlpugm

Times New Roman 12-ro pa3mepa uepHoro msera

HUnmepsanvt u omemynovi

MeskeTpOUHBII HHTEPBAT 1,5; MHTEPBAI /10 1 ToCJIe ab3ara —
HET; OTCTYII 11epBoi cTpoku 1, 25 cM

Iona

2,5 ¢M €O BCexX CTOPOH

Hymepayus cmpanuy,

B npaBoM HIKHEM YTty

Dopmam aiinos

Texer, TabauIbl, TOANUCH K UimocTpanusam — Word,;

I'paduku, guarpammbr — Exel;

Pucynkn n ¢potorpadun — jpeg BBICOKOTO pa3pemnienus

Paspewenue npu cxanuposanuu

PucyHKY 1 IpyTie H300paKeHNsI ¢ HCIOIb30BAHUEM JIHITH
— 1200 dpi;

®dororpadus, paguorpadus — He meree 300 dpi;

®Dororpadus, paauorpapus ¢ rekctom — He Menee 600 dpi.

Edunuypt usmepenus

Bemmuunsl n3MepeHuil Z0JBKHBI COOTBETCTBOBATL Mex/y-
napoauoii cucreme exunui] (CU), remmepartypa — mkase Ileabers.

Dopmynot

B dopmyiax f101KHBL ObITh YE€TKO PA3MEUYCHBI BCE 9JIEMEH-
TBI: CTPOYHBIE ¥ MTPOIUCHbIE, & TAKKE JATHHCKUE U IPeYecKre OyK-
BbI; MOJICTPOYHBIE U HAJCTPOUHBIE MHJEKCHL B caydae mmdp n
6ykB, cxonHbIx 110 Hartmcanno (0 — mudpa, O — GykBa), 10IKHbL
GBITH C/IEJTAHBI COOTBETCTBYIOININE TIOMETKH.

Haseanus

ITpu ynoMuHaHWK ammapatypbl B CKOOKAaX YKa3bIBAIOTCS
(bupma u crpaHa IPOU3BOUTED.

Hanpumep: CBeroBoil 30H] OJHOKAHAJIBLHOTO alapara
JIAKK-02 (HIIII «JTABMA», Poccust).

B skypHajie UCI0Ib3YIOTCsT MEK/Ly HAPO/IHbIE HEITATEHTOBAH-
uble HazBanus (INN) rekapers u npenaparos. Toprosoie (maren-
TOBaHHbIE) HA3BAHUs, 1OJI KOTOPBIMHU IPENapaThl BBITYCKAIOTCS
pas3anYHBIMK (DUPMAMH, PUBOSATCS € yKa3aHueM (hUpMbI-U3ro-
TOBUTEJISI U UX MEXK/YHAPOAHOI0 HElaTeHTOBAHHOTrO (TeHepuyec-
KOTO) Ha3BaHWUSI.

Hamnpumep: tapusuz (odiokcanms, «Xexer Mapuon Pyc-
ceb» ).

JlaTrHCKMe Ha3BaHNUS MUKPOOPTaHIU3MOB ITPUBOJISITCS B CO-
OTBETCTBUM C COBPEMEHHOIl kiaccudukaipeit, kypcusom. Ilpn
MepBOM YIIOMUHAHUN Ha3BaHUe MUKPOOPraHM3Ma J[A€TCsl TTOJHO-
CTHIO — POJL U BUJI, IPH TIOBTOPHOM YIIOMUHAHUHU POJIOBOE Ha3Ba-
HIE COKPAIIAETCsI /10 OJIHO¥ OYKBBL

Hanpumep: Escherichia coli, Staphylococcus aureus,
Streptomyces lividans; E.coli, S.aureus, S.lividans.

HasBaHusi reHeTUUYECKUX JIEMEHTOB [AI0TCS B TPEXOYKBEH-
HOM 0603HAYEHNH JTATHHCKOTO aihaBUTa CTPOYHBIMU OYKBAMIL, KYP-
cuBoM (tet), KOAMPYEMBIMU COOTBETCTBYIONMMHI T€HETUYECKUMNI
AJIEMEHTAMU TIPOJYKTHI — TIPOIUCHBIMU TIpsiMbiMu OykBamu (TET).

Buspl 1 00beM pykonucu

Obsopnas cmamvs

He 6onee 25 crpanutl. ClMcoK IUTUPYEMON JIMTEPATYPhI —
ne menee 100 HarMeHOBaHUIL.

3axasannas cmamosi

ITo noroBopennocTu.

Opuzunanvras: cmamsi

He 6osiee 17 crpanuil, BKIoYas TabIUIBI U UITIOCTPATIAH.
Ob61u1ee KoaMUeCTBO TAOMUIL 1 WTIOCTpaluii — He 6osee 7. Cicok
MUTUPYEMOIl JINTEPATYPBI — HE MeHee 25 HauMeHOBaHMiL.

Kpamxas cmamos

He Gonee 8 cranmi, BKIoYas TaGIMIbl U WIIIOCTPAIINN.
O61ee KomnmuecTBO TabJIMI U WILTIOCTpaIii — He GoJiee 2.

Jluckyccuonnas cmamvsi (8xmouaem copmyauposantoie
s 0bcyacdenus 6onpocoL)

He Gosiee 5 crpanuil, BKIOYast TaOJUIbI ¥ UJIIOCTPAIIUU,
O61ee KOIMYECTBO TabJIMI] U MIUTIOCTPaAIHii — He GoJiee 2.

Cricok nuTUpyemoii sinreparypbl — He 6osiee 16 Hanmeno-
Banuil. KosimuecTBo BOpocos s o0cyKiaeHus — ne Goee 3.

Pesiome (vacmv cmamou)

He 6Goutee 250 ciioB.

ITucomo 6 pedaxiyuio

He Gostee 600 ciioB. ITucbma, agpecoBaHHbIe COTPYHUKAM
pesakium, He myoJInKyoTcs.

Cmpyxmypa cmamet:

1) TUTYIBHBLIL JTUCT; 2) Pe3IoMe U KJIF0UYEBbIe CJI0Ba; 3) TEKCT
CTaTbhH, COCTOSIIIUI U3 pa3ziesioB: «Beenennes, « MaTtepuasbt u Me-
To/bl>, «PesynbraTely, «OQ0CyKaCHNEe>, «3aKm0ueHne>; 4) Tabu-
1Bl U TIOITUCH K HUM; 5) MJUTIOCTPAIIMN U TIOANUCH K HIM; 6) 6m6-
smorpadus.

Cucremariyeckue 0630pbl PEKOMEH/TY€TCsI TOTOBUTb 110 CTaH-
napram PRISMA (tiospo6GHee Ha caiite www.reanimatology.com)

Tpebosanus k cmpyxkmypuvim pazoeiam cmamei

Tumynvnviil aucm COREPKUT:

1) noJiHoe HazBaHue CTaThi, KOTOPOE AOJIKHO OBbITH HHPOP-
MaTHBHBIM, JIOCTATOUHO KPATKUM, He BKJIOUaTh aO0peBHaTyp;

2) MHATHMAITB 1 GaMIINN BCeX aBTOPOB;

3) 1oJIHOe Ha3BaHUe U [OYTOBBIN aJipec YUpek/eHuil, OTKy-
Jla TpejicTaBisieTcst paboTa;

4) azipec 3JIeKTPOHHOIT 1T0YTHI, HOMep TesiehoHa, (haMuInio,
WMSI, OTYECTBO ABTOPA, OTBETCTBEHHOTO 32 MEPETTUCKY C PEIAKITHIEN.

Pestome — naubosiee untaemas 4acTh pabOThI, OCHOBLIBAIO-
mascs Ha (akrax. TekeT pesiome He J0JKeH coaepKath abOpeBy-
aTtyp n COKpaHIeHVTf/i, 3a UCKJTI0OUeHnueM eIMHNI] I/]3MepeHI/IH, Marte-
MAaTUYECKUX BEJNYNUH U TEPMUHOB.
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Pesiome 10KHO BKITIOYATH 4 06513aTeIbHBIX Pa3/ieia, Bblje-
JIEHHBIX KyPCUBOM: 1) T1eJ1b MCCITIeIOBaHNS; 2) MaTepruasbl 1 METO-
JIbI; 3) Pe3yIbraThl (M3JI0KEHNE OCHOBHBIX TTOJIyYeHHBIX Pe3yJIbTra-
TOB M UX CTATUCTHYECKON 3HAYUMOCTH ); 4) 3aKJiouerye (BBIBO/IBI,
OCHOBaHHBIE HA COOCTBEHHBIX PE3YJIbTaTaX NCCIEOBAHNS).

Kmouegvie cnosa (110 6), npeHasHaueHHbIE 1T HHIEKCUPO-
BaHMUSI CTAThU B MH(DOPMAIIMOHHO-TIOUCKOBBIX crcTeMax. OHu pas-
MEIAOTCsT B OT/ebHOM ab3alie Ha cTpanuile ¢ pesiome. OT ajek-
BATHOTO T0A00Pa KJIOYEBBIX CJIOB 3aBUCAT 3(GHOEKTUBHOCTD
MOKMCKA CTaThl U ee IocJjIe/yloliee uTnposanne. B ¢Bs3u ¢ aTum
PEKOMEH/LYETCs UCIIOJIb30BATh B KAUeCTBE KJIOUEBBIX CJIOB 00IIe-
NPHUHATBIE B HAYYHOU U MPAKTHYECKOI cpejie TepPMUHbI 1 136€eraTh
JIEKCUKH, PEJIKO YIOTPEOIISIEMOiT B HAYYHOMU JITEPATYPE.

Bsedenue packpbIBaeT akTyalbHOCTD MCCJIEOBAHNS  OCBE-
[[AET COCTOSIHKE BOMPOCA CO CCHUIKAMHU Ha HauboJiee 3HAYUMbIE
ny6sikarui. B KoHie BBeeHns HOPMYTHPYETCS e, OTPAKAIO-
mast HeoOXOAMMOCTh MPOBEIEHHS NCCTeI0BAHMS.

Mamepuanvt u memoowvt conepxat 060CHOBaHUE BhIOOPa Ma-
Tepraja U METOJIOB MCCJIE0BAHUS; BKJIOYAIOT MHMOPMAIHUIO O
(hakropax, orpannunBaMMX rccaenoBanue. Ecin nccnenosanme
MIPOBOJINJIN B PAMKaX OITPe/IeJIeHHON ITPOrPaMMBI, TO 3/1€Ch YKa3bi-
BaeTcsl ee HasBaHue. Ecim KIMHITYECKas U HayYHast 4acTu paboTh
OBLTN BBITIOJIHEHBI Ha (a3e PasHBIX YIPEKIEHNH, TO B 9TOM pasfe-
Jie YKa3bIBAIOT Ha3BaHUE YUPEKICHMUs, Ha Hasze KOTOPOTO ObLI T10-
JIydeH Martepuail JUisl uccjieloBanus. B aToM pasjiesie ommchBaioT
KOJINYECTBEHHbIE N KAYECTBEHHBIX XaPaKTePUCTHKAX BKIIOYEHHBIX
B HCCIIe0BaHNE OOMBHBIX/00CIEI0BAHHBIX MU IKCIIEPUMEHTAIb-
HBIX JKUBOTHBIX; JIN3AIH MCCJIE0BAHNS, UCIIOJIb30BAHHbIE KINHH-
yeckne, 1ab0paTOpHbIE, MTHCTPYMEHTANbHBIE, 9KCTIEPUMEHTATbHbIE
U TIpoYUe METOAUKH, B TOM UHCJIE€ METO/IbI CTATUCTUYECKOIT 06pa-
OOTKH JJaHHBIX.

Pesynvmamor — ocHOBHast 4acTh pykormcn. VX ciemyer
HPE/ICTABISATH B JIOTHYECKON MOCJIE0BATEILHOCTH B BUJIE TEKCTA,
tabsui u wmoctpanuit. [Ipu atom ny6impoBatne JaHHBIX B Ta0-
JIUTAX ¥ WIITIOCTPAINSIX He J0oTycKaeTcst. B rexcre caeayer yrmomu-
HaTh TOJIbKO HanboJiee BaKHbBIE [aHHbIE U3 TaOJIMIl U UILTIOCTPA-
uit. MecTo, r7ie B TEKCTE TOJKHBI OBITh PACIIONOKEHD! TaOIHIIbI
WJT MJTIOCTPAITAHN, OTMEYAETCS Ha CTPAHUILE IIYCTON CTPOKOM, B Ce-
pejIrHe KOTOPbI MOMEIAeTest HoMEP TaGJIUIbI WK HJLTIOCTPAITUHL.

Hanpuwmep:

Puc. 1.

Ob6cyncdenue BrIOIaeT B ce0sl MHTEPIIPETALNIO Pe3yJibTa-
TOB M UX 3HAYNMOCTH CO CCBITKOW Ha COOTBETCTBYIONIHE PabOTHI
npyrux aBropos. Cozep:kanue pasjiesia JOJKHO ObITh YETKUM W
kpatkuM. Hato BbIessITh HOBbIE U BayKHbIE ACTIEKTBI PE3YJILTATOBR
CBOEr0 MCCJE0BAHMS U 110 BO3MOKHOCTH COIOCTABJISITD MX C JIaH-
HBIMU JIPYTHX HccyenoBatesneil. He cienyer moBTopsiTh CBejleHNs,
yiKe MPUBOAUBIINECS B pasziesie «BpeneHue», 1 moapoOHble JaH-
Hble 3 pasziea «Pesyibrarsy. Heo6X0AMMO OTMETHTH OTpaHiTye-
HUST MICCITEIOBAHUS M €T0 MPAKTHIECKYI0 3HAUMMOCTb. B o6cysxke-
HI€ MOKHO BKJIIOUUTH 0OOCHOBAHHbIE PEKOMEH/IAITHN.

3akmouenue ColepKUT TE3UChl M BBIBOJbI MCCJIEJ0BAHNS,
OCHOBAaHHBIE HA COOCTBEHHBIX TAHHBIX.

Brazodapnocmu 3a (GUHAHCOBYIO WJIM JIMYHYIO MOMOIIb
JIOJKHBI GBITH TIOMETIEHB! B KOHIle TekcTa. JInia, BHeCIIe cyiie-
CTBEHHBIII MHTEJUIEKTYATbHBIN BKJIA/ B PaOOTY, HO HE OTBEYAIoNIne
KPHUTEPHSIM ABTOPCTBA U HE BOIIE/IIINE B CITUCOK COABTOPOB, MOTYT
GBITH OTMEYEHBI B 9TOM pasjielie.

Tabnuypt TOIKHBI IOTIOJHSTH, HO He yOampoBaTh TekeT. Kak-
nast Tabimia JI0JKHA MMETh TOPSIIKOBBI HOMEP COOTBETCTBEHHO
1IEPBOMY YIIOMUHAHUIO €€ B TEKCTE U KPaTKHIl 3ar0JI0BOK, pa3Meliae-
MBIt Ha Tabsmmeit. Kaxkzblii crosGent B Tabmme 0JKeH MMETh Kpar-
KUl 3aroJI0BOK (MOKHO HCTIONb30BaTh ab0pesuaryps). Bee pasbsic-
HeHVst U 00si3aTelbHast paciimpoBKa UCIOIb3YEMbIX B TabJMIIax
ab0peBUaTyp NPUBOJSITCS B IPUMEYAHUH HA PYCCKOM U aHTJIMIICKOM
si3bIkax. TaM jke Ha PyCCKOM M aHIVIMHCKOM $I3bIKaX YKa3bIBAIOTCSI
CTaTHCTHYECKHE METO/IbI, UCIIOJIb30BAHHbIE JIUIsI TIPEJICTABJIEHNS Ba-
PUaGesIbHOCTH IAHHBIX ¥ IOCTOBEPHOCTH Pa3JInUMIi.

Unmocmpauuu (rpaduku, nuarpammbl, (ororpacduu, pu-
CYHKH)

B 6ymaskHoii Bepcuu Ha 060POTHOI CTOPOHE WILIIOCTPAIM
MSATKAM KapaH/aIioM JTOJKHBI OBITh TIOMEIIeHbI (haMUJIUST TEPBO-
IO aBTOPA, TEKCTOBBIN HOMEP WJLIIOCTPAIK, 0003HAYECHUE BEpXa
nzobpaskerusi. Gororpadun 1 PUCYHKH He TOJUKHbBI OBITH mepe-
IPY’KEHBI TEKCTOBBIMU HAIITUCSIMI.

[Moamucy K MTIOCTPAIUSAM 1 TAOIUIAM [EYaTAIOTCs HA OT-
nesibHOI crpanuile yepe3 1,5 unrepsana. [loamues k kaxoi ni-
JIOCTpany U TabJIuIe COCTONT U3 ee HOMepa, Ha3BaHUs 1 TIPUMe-
yanust (0ObCHEHUs yacTeil u300pakeHsl, CHMBOJIOB, CTPEJIOK U
JIpyTUX ero jetaseir). B moanucsx k Mukpodororpadusiv ciemnyer
YKa3bIBaTh CTENeHb yBeandenus. Jlist rpadukoB 00si3aTesbHO OT-
MeyaeTcs, YTO JIaHO 10 0CSIM KOOPJIMHAT.

Haspanne TabJIiIl 1 MIUTIOCTPAILIII, @ TAKKE TIPUMEYAHHsT K
HUM O(OPMIISIOTCST B aHTJIO-PYCCKOM BapuaHTe. AHIJIO-PYyCCKUI
BapHUAHT TEKCTa MoJiell TabJIHIbl U PUCYHKA CJIELyeT Pa3MeNiaTh B
MPUMEYaHUN TIePE]] APYTUMU HEOOXOAMMBIMHU Pa3bsCHEHISIMIL

Hanpuwmep:
Ta6iuna 2. [Tokasarenn HHTPAONEPAMOHHOTO NIEPHOAA
Table 2. Parameters of intraoperative period

Indicators Values of indicators in the groups
Ster Gel Tetr P value
(n=31) (n=29) (n=31)
Number of grafts 2.5+0.5 2+0.5  3+06  0.01
Endarterectomy, n (%) 4(13) 13) 4(13) 0.42
CPB time (min) 60+15,5 5212 65+19  0.007
Aortic cross clamp time (min) 36 28 37 0.004
[28-45] [24-35] [29-48]
Ventilation time (h) 5+2 5.5+2 6+3 0.79
Inotropic support, n (%) 6(19) 4(13) 4(12) 0.74

Note (npumeuanue): Indicators — ITokasarenu; Number of
grafts — Kommaectso mynTos; Endarterectomy — 9npaprepakTo-
must; CPB time (min) — Bpems MK (uckycerBenHOe KpoBooOpaiie-
Hue, MuH); Aortic cross clamp time (min) — Bpems okkJos3nu aop-
ol (MumH); Ventilation time (h) — dmurtensnocts UBJI
(MCKyCCTBEHHAs! BEHTHJISAINA JIeTKUX, 4); Inotropic support — Ilo-
TpebHoCTh B MHOTpOIHON Tozzepskke; Values of indicators in the
groups — 3HavyeHus nokasareseil B rpymnax; P value — 3nauenue P.

anee ¢ maxoii sce popme, npu 1eo6X00UMOCTIU, NOMEUATOM -
51 KOMMenmapuu k madnuyge.

35
30 A
25 4
20 4

15 A ¢
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0 T T

c/C TIC
ABCB1 genotypes

Days in ICU + SE

T

Puc. 1. Ienotunsi rera ABCB1, acconmupoBaHHbI€ C IJIMTEIbHO-
cTb10 pebbiBanus 8 OPUT.
Fig. 1. ABCB1 genotypes associations with the number of days
in ICU.
Note (mpumeuanusi): Days in ISU — Yucio gueit 8 OPUT, geno-
types — T€HOTHIIbI.

anee 6 maxoii yxce popme, npu HeobX00UMOCIU, NOMEUAIOM. -
CSL KOMMENMAPUU K PUCYHKY.

Bubanorpadust (CIUCOK JUTEpPaTyphl) MeyaTaeTcss Ha OT-
neTbHOM(BIX) JcTe(ax) yepes 2 MHTEePBAJIA, KAK/IbIH NCTOYHUK C
HOBO# CTPOKU TIOJI TIOPSIZIKOBBIM HOMEPOM. B crincke Bce paGoTh
MepevyrcIsAIoTCs B IIOPS/IKe INTUPOBaHUS (CCBHIIIOK HA HUX B TEKC-
Te), a He 1o andasuTy dhaMuanii mepBeIx aBTOpoB. [Ipn ymomuma-
HUU OT/IEJIbHBIX (haMUIINit aBTOPOB B TEKCTE MM JIOJIDKHBI TIpe/Iiie-
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CTBOBATh MHUIMAIBI ((haMUINN HHOCTPAHHBIX ABTOPOB IIPUBOAAT-
¢S B OPUTUHAIBHOM TPAHCKPHIIIINN ).

B rtekcre crarbu GubauorpaduuecKue CChUIKH AAROTCS
apabekrME TndpamMu B KBaJIPATHBIX CKOOKaX.

B criucok mmreparyper HE JOIIYCKAETCA sriodenue
JIUCCEPTAIMOHHBIX PaboT U aBTopedepaTos ArccepTaiuii, OCHOB-
HO€e COePKaHIe KOTOPBIX U3JI0KEHO B MPUBOJANMBIX TaM My0Jin-
Kaiusix. CebUIKM Ha JAHHBIC MyOIMKAIMU IPEJCTABIISIOTCs Oosiee
koppektHbiMi. HE JIOITYCKAIOTCSI Takske CCBUIKM HA TE3UCHI
JIOKJIAJIOB 1 MaTepraJIbl KoH(epeHIuii, cofepkanne KOTOPBIX, KaK
MPABUJIO, SIBJISIETCS TIOATOTOBUTEIBHBIM HJIM 3aKJIIOUNTEIbHBIM
3TAINlOM HAIMCAHUS CTAThH, CCIKA HA KOTOPYIO IPE/ICTABISAETCS
6oJtee YMECTHOI. ITH MOTOKEHHUSI COOTBETCTBYIOT MEKIYHAPOJI-
HOIT TIPAaKTHKe TIPUBEIEHIsST ONOINOrpahUIECKIX CCHIIOK.

Ilopsitox cocraBieHus crmcka cieayomuit: a) aBTop(br)
kHUTH W cratb (Kypcusom). Briouaiores BCE (1) aBropsl (¢
MHAIMATAMH Tocste hamninit); 6) HazBaHie KHUTH WM CTAThH; B)
BBIXO/IHbIE JIaHHBIE. B HEKOTOPBIX cilydasX B KayecTBe aBTOPOB
KHUT BBICTYTIAIOT UX PelaKTOpbl mim coctaButenu. Ilocie dammu-
JIVH TIOCJIE/THETO M3 HUX B CKOOKAX CJIeyeT CTaBUTD (Pez.), B MHO-
crTpaHHbIX ceblikax (ed.).

B 6ubnmorpadnyeckoM OIMCAHNN KHUTH TIOCJe ee Ha3Ba-
HUS TIPUBOIATCSE: TOPOJI, T7le OHA M3JIaHa, TTOCJIe JIBOETOUNS — Ha-
3BaHNeE U3/IaTe/IbCTBA, [10CJIE TOUYKHY C 3alsATOI — Toj u3/1aHus (110-
cJle Tofla W3/IaHMs CTaBUTCS JIBOETOUYME), cTpaHHUILL lopon, rie
M3/IaHa KHUTA, TPUBOIUTCS TTOJTHOCTBIO 32 NCKIII0YeHHeM MOCKBBI
(M.) u Cankr-IlerepGypra (CII6.). Ecaut ccblika gaercst Ha riiaBy
13 KHUTH, CHA4YasIa YIIOMUHAIOTCS aBTOPBI 1 HAa3BaHIE IJIaBbl, 110-
cJie TOYKN — C 3aryaBHOIT OYyKBBI cTaBuUTCS «B ki» («In»:) u da-
Munsi(1) aBTopa(oB) M/ BBICTYIAIONIETO B €r0 KAYeCTBE Peslak-
TOpA, 3aTeM Ha3BaHMe KHUTH 1 BBIXOJHBIC JAHHbBIE ee.

B 6ubsmorpadndeckoM OIICAHNN CTAThU U3 JKyPHATA yKa-
3biBatores (pamuimn u nannmansl BCEX (1) aBropos kypcusoMm,
HasBaHMeE CTATbH, )KypHasa (Ha3BaHUe XKypHasa — KyPCHBOM), TO/I,
ToMm (yxaspBaercs Toabko APABCKVIMU mmdpamm), HOomMep
JKYPHAJIa, HOMepa CTPAaHUIL <OT» U «/10». [lociie Ha3BaHmil ctaTbu
JKypHasa craBaTcs Toukn. CokpaliéHHble Ha3BaHUs MHOCTPAHHBIX
JKYPHAJIOB TIPUBOSATCST B COOTBETCTBUM ¢ Ga3oii manubix PubMed
(cm. IIpumepsr).

CcBIZIKM HAa MHOCTPaHHbIE MCTOYHUKH JIOJDKHBI COJIEPKaTh
a1eKTpoHHbIi azpec pasmenienns (PMID) n nndposoit ngentn-
duxarop obbekta (doi), KOTOpbIE ONpeAessioTesa Ha caiitax
http://www.ncbi.nih.gov/entrez/query.fcgi?db=PubMed 7
http://www.crossref.org/guestquery/, COOTBETCTBEHHO. IJTH Ke
PEKBU3UTBI JOJKHBI ObITh IPUBEICHBI TAKKE ISl OTEUECTBEHHBIX
U3/IAHIIA, BRIFOYAEMBIX B MEXKTYHAPOIHbIE Ha3bl TAHHDIX.
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CrepotyHAMH N30TOHUYECKUY

HoBoe nokoneHue aneKTponUTHbIX pacTBOPOB
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CrepohyHAUH U30TOHUYECKMM — MOMHOCTbIO
c6anaHCMpOoBaHHbI INEKTPONUTHbLIN PacTBOp,
VMEIoLMIA WIMPOKME NOKa3aHWA K NPUMEHEHUIO,
0CO6EHHO ANA NpOBeAEHNA NHAY3NOHHOW Tepanum
TAXENbIM peaHUMaLMOHHbLIM NaLMeHTaM, KoppPeKLnK
rMNoOBONEMUN NPU KPOBOTEYEHWM, LLIOKE, AN
3aMnofHEeHNA KOHTypa annapata UCKYCCTBEHHOTO
KpoBooOpalLeHus.

flBnaerca npenapatom Bbi6opa:

= B C/lyYae 3KCTPEHHOro Hayana UHgY3MoHHON
Tepanuu,

" B YCNOBUAX OTCYTCTBMA NabopaToOpHOro KOHTPONA
BOAHO-3MEKTPOSIUTHOTO W KNCIIOTHO-OCHOBHOTO
6anaHca nauueHTa,

* 1pu HeobXo[MMOCTU BBEEHNA 3HAUUTENBHOIO
KonnuyecTBa MHAY3MOHHbLIX PacTBOPOB.
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* VIHy3nOoHHbIN pacTBOp, MaKCUMarnbHO
Npu6NMKEHHbIW NO COCTaBy K nyia3me
KpOBM, cnoco6CTBYHLLMI HOPpManu3awum

U NOAAEPXKaHUK BOAHO-3/IEKTPOSTUTHOTO
6anaHca u KUCNOTHO-OCHOBHOIO
COCTOAHMA NauueHTa
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SRXHEOTOH

POCAHOKPEATUH

TPU yposHa 3ALLLATDI mnokappa

B NepvionepalioHHOM BeieHNMN 60/IbHbIX
C nwemMmmnyeckKkon 6onesHbIO cepaua

HEOTOH (ochokpeatnn). KPATKAA UHOOPMALINA AN1A MEANLIMHCKAX CNELIMATINCTOB. PernctpauumonHbiii Homep: [1N014030/01-2002. Toprooe Ha3gaHue npenapara: Heotox. MHH: pocdokpeatuH. JlekapcteHHas Gopma: NOPOLLOK ANA MPUToTOBAeHNA

pactBopa fins uyswit. Cocras: 1 pnaKoH CofepuT: ochokpeatuHa Hatpua TeTparanaﬂ 1. OnucaHue: nopowIoK 6enoro ugeta B BuAe rpaxyn. O nyeckas rpynna: me Koe cpecTBo. Ko ATX: COTEBOG. Mokasanua K npumerexmio.
Heoto npumensetca B cocrase p Tepanuu cneaylouiux 3a6 1 OCTPOro MH(ApKTa MUOKApAa; XPOHUYeCKoit cepueuHou HelOCTaTouHOCTH; I it HIDKHX
KOHEYHOCTeiA, a Takxe B COPTUBHOI ANA NPOGUAAKTUKY P CMHAPOMA OCTPOrO U Xp KOO GU3NYECKOro NepeHaNpPAXEeHIA 1 ynydlLeHna ajantauum CNOPTCMEHOB K SKCTEMaNbHBIM QU3MdECKIM HarpyaxaM MpoTnBonokasaHua:
NOBbILIEHHAA YyBCTBUTENbHOCTb K Mpenapary; Xp Kas HeJl0CTaToYHOCTb (MU NpUMeHeHn npenapata B o3ax 5 — 10 r/ feHb); Bo3pacT Ao 18 neT (3¢heKTUBHOCT M 6e30MacHOCTb He YCTaHOBNEHbI). bepeMeHHOCTb 1 Nepuos nakTaluy:
KnuHuuecknx AaHHbIX 0 npumeHeuu HeotoHa npu 6 TV HeT. OfiHaKo mcc Ha XVBOTHbIX He NOKa3aNi TOKCUYECKOro AeiCTBUA NpenapaTa Ha GepTUAbHOCTb KpbIC 1 MOPUOdeTanbHoe pasBuTme Kp HeoToH MOXHO NpUMeHATL Npy
6epeMeHHOCTU TObKO TOTA, KOr/ia Nofib3a AN MaTepm npeBbilLaeT NoTeHLManbHbIit puck Ana nnopa. lpu Heob ™ pata B nepioz NaKTaLyu, TpyAiHoe BCKaf (noco6 1 po3bl: TONIbKO

BHYTPUBEHHO (kanenbHo unw B Bipe 6bIcTpoii ukdy3un). OCTpbIi MHGapKT MioKapAa 1 cyTKI: 2-4 T npenapara, paaseneuuoro B50Mn BOﬂbI ANA NHBEKLNIA, B BUAe B/B ObICTPOI MHY3uM CocneytoLLeit B/B MH¢y3MeM 8-1678200 M1 5% pacTBopa eKCTpo3bl
(rnioKo3bl) B TeyeHme 2 4.2 CyTKIL: 2-41 850 Mn BoAbI ANA MHbEKLWIA B/B KanenbHO (ANUTENbHOCTL MHY31M He MeHee 30 MUHYT) 2 pa3a/cyT. 3 CyTKu: 2T B 50 MN BoAbl ANA MHbEKLVIA B/B KaneNnbHO (ANNTeNbHOCTL MHPY3UN He MeHee 30 MuHyT) 2 pasa/cyT. pu
TUKYPCUHO 10 2 r npenapata 2 pa3a/cyT. MOXHO NPOBOAUTH B TeyeHue 6 AHeil. Xpouuuecxaﬂ cep/ieyHas HeloCTaToYHOCTb B 3aBUCMMOCTI OT COCTOAHNA NaLIMEHTa MOXHO HauaTb fieyeHie «yAapHbIMU» 403amn no 5-10 npenapara 200 mn
5% pacTBopa ieKCTpo3bl (rmoKosu) B/B KanesibHO c0 CKOPOCTbIo 4-5 /4 B TeueHue 3-5 AHel, a 3aTem nepeiiTit Ha B/B KanenbHoe BBe/eHMe (ANUTeNbHOCTb MHY31M He MeHee 30 Mtur) 1-2rnpenapata, pa3BefieHHoro B 50 M BOAbI ANA MHbeKLWiA, 2 pasa/cyT. B
TeyeHue 2-6 Hefleb WK Cpasy HauaTb B/B noa 703 npenapata HeotoH (1-2 B 50 Mn BoAbl A HbEKLWIA 2 pa3a/cyT. B TeueHne 2-6 Hepienb). NHTY MuoKapza P 7IyeTcA KypC B/B K
WHY3Wii AAUTENbHOCTbIO He MeHee 30 MUHYT M0 2 T npenapara B 50 M BOb! ANA IHEKLMiE 2 pasa/cyT. B TeueHue 3-5 JHeil, NpeALLIECTBYIOLLIMX XUPYPruYeckoMy BMeLLaTeNbCTBy, U B TeueHue 1-2 fHedi nocne Hero. Bo BPeM#A X1PYPriyeckoro BMeLLIaTeNbCTBa
penapat HeotoH B C0CTaB 06 0 M4eCKOT0 PACTBOPa B KOHLIEHTPaLK 10 MMONb/N UK 2,5 T/N HeNOCPeACTBEHHO Nepea [ HIDKHUX KOHEUHOCTeiA: 2-4 r npenapata HeoTow B 50 mn Boabl Ana
MHbeKLMi B BUAe B/B 6bICTPOIA ELY xmpypruuecxoro BMelLUaTeNbCTBa C NoCNeAyIolLMM B/B BB 8-10r npenapara B 200 mn 5% pacTBopa JleK(TpOSbI (FMI0KO3bI) CO CKOPOCTbHO 4-5 /4 BO BPEMA XUPYPritueckoro BMeLLIaTenbCTa v B
nepuog penepdysun. B c nanpoo TUIKH P CUHAPOMA OCTPOTO 1 XP! KOT0 GU314ecKoro nep CMIOPTCMEHOB K IKCTPeManbHbIM (U314ecKUM Harpy3kam npenapar Heotou cnepyet
npuMeRATb B jo3e 11/cyT B 50 M1 BOZbI ANA MHBEKLNI iB/B KanenbHo (ﬂnVITEﬂbHOCTb MHOY3N He MeHee 30 MUHYT) B TeYeHVe 3- 4Henem> Mo6 neﬁcmue il 4yBC Tb K Npenapary, CHIKeHue apTey 0 (npu 6bICTPOM
BHYTP ). Mepenosup B HacToALLee Bpems 0 Cllyyasx nepesosup penapata HeoToH He ¢ ACTBUE C APYrAMY NIeKAPCTBEHHbIMY CPEACTBAMM: TIpYA NP B (0CTaBe /i Tepanuu npenapar
HeoToH cnoco6cTByeT NoBbILIEeHNI0 3($eKTUBHOCTU AHTUAPUTMUYECKNX, AHTUAHTUHANBHBIX CPEACTB U CPEACTB C NONOXKUTENbHBIM MHOTPONHBIM JeficTBIEM. HeoTOH coXpaHsAeT CTabunbHOCTb B BOZE ANA MHbeKLWiE, pacTBope 5% JeKCTpo3bl (FMioKo3bl) 1 B
Kapavonnernyeckinx pactBopax. 0cobble ykasanua: llpenapar cieayet BBOAUTb B MaKCUMabHO KOPOTKIE CPOKI C MOMEHTa NOABIIEHA NPU3HAKOB ULLEMUH, 4To 0becrieunBaeT Gonee GnaronpuATHbIit NporHo3 3abonesatxus. MpumeHekue npenapata HeotoH

B BbICOKMX 03X (5-10 r/cyT) conpoBoX/aeTcsl NOBbILLEHHbIM 3aXBaToM GOCHaToB B MOYKaX, UTO BAMAET HA 06MeH A, CEKPeLnio rop perynup romeocras, ¢ noyeK 1 06MeH MypuHoB, TI03TOMY He PeKOMEHAYETCH ANUTeNbHoe
npUMeHeHVe npenapara HeomH B BbICOKUX JJ03aX. Oopma Bbimycka: Mop AnA npur pacTBopa ana j i 1r:1rnop BO 13 HeilTy 0 6ecuBeTHoro cTekna Tuna ll cp "
noz 06KaTKy  oTf i.MoTum4d BMecTe ¢ VHCTpYKLWeii no nauke. Ycnosus xp XpaHuTb npu patype e Bbiwe 30 °C. Cpok ronHocm 3 ropa. Yenosua oTnycka u3 antek: o peuenry.

MpoussoguTens: Anbcba BaccepmaHH Cn.A, Bma E Oepmu 1, 65020 AnaHo (I'IeCKapa), MTaHI/Iﬂ Alfa Wassermann S.p.A. Via E. Fermi n. 1, 65020 Alanno(Pescara), Italy.
ALFA WASSERMANN bonee nogpo6Hyio MHGOpMaLMI0 CMOTPUTE B MHCTPYKLMM N0 KOM! wnu obpawaiirecs B 000 «<Anbda Baccepmauu» no agpecy:
115114 1. Mocksa, [lepbeneBckan HabepexHan 11 A, cekrop 2, oduc 74 Ten: (495) -913-68-39
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