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Experimental Studies

Heiipo-rimo-cocyaucTbie KOMILUIEKCHI TOJIOBHOTO MO3ra MOCJe OCTPOii HIIeMUN

A. C. Crenanos, B. A. Akymmnum,
A. B. Mpmuk, C. C. Crenanos, /. b. ABrees

OMCKHiT TOCy TapCTBEHHBIH MeIUITMHCKUI yHnBepcuTeT Munaapasa Pocc,
Poccus, 644099, . Omck, yi. Jlenuna, 1. 12

Neuro-Glio-Vascular Complexes of the Brain After Acute Ischemia

Alexander S. Stepanov, Victor A. Akulinin,
Alexey V. Mysik, Sergey S. Stepanov, Dmitry B. Avdeev

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

Ies» uccaeqoBaHusA — CPABHUTEIBHOE U3YUYEHUE CTPYKTYPHO-(DYHKIIMOHAIBHOTO COCTOSHIS HEHPO-TII0-CO-
CYZICTBIX MUKPOCTPYKTYPHBIX KOMILTTEKCOB comaroceHcopHoii kopbl (CCK), CA1 runmokamna u MUH/IQJIEBUHOTO
tesia (MT) rosioBHOTO MO3ra GeJibIX KPbIC B HOPME U [OCJIE OCTPOU UIIEMUHU, BHI3BAHHO 20-MUHYTHO OKKJIIO3Uel
001X COHHBIX apTEPUIL.

MarepuaJiisl 4 METOABL. B aKcriepuMenTe ¢ TIOMOIIBIO 3JIEKTPOHHOI 1 (hJIyOpecieHTHOI MUKPOCKOTUN (OKpacKa
DAPT) 6bu11 u3yueHbl HEIPOHbL, ACTPOLIUTHL, IHAOTEIUOIMTHI, [IEPUIIMTHI, GazaibHas MeMOpPaHa MUKPOCOCYIOB TO-
JIOBHOTO MO3Ta B HOpMe (7=>5) u peniepdysuonnom nepuoze (1-, 3-, 7-, 14-, 21- u 30-e cyT.; n=30). Mopdhomerpuye-
CKUI1 aHAJIN3 TIPOBEJIH € TOMOIIBIO TIporpammbl Image] 1.46.

Pesyabrarel. B BoCcCTaHOBUTEIBHOM TIEPUOIE TIOCIIE UIIEMU OTMETUIIN PEAKTUBHBIE (OTE€K-HaOyXaHue, THHK-
TOpPUAJIbHBIC CBONCTBA KJIETOK) U KOMIICHCATOPHO-BOCCTAHOBUTEJIbHBIC (TUIIEpIIazus, rureprpodus, nposude-
parysi, yCuJaeHue TPAHCIIMTO3a) U3MEHEHUS HEHPO-TIN0-COCYAUCTBIX KOMILIEKCOB. [locse uieMun KoJimyecTBo
HEeHPOHOB yMeHbIaIoCh (Ha 8,7%—55,3%), a comepkanue rIHaJIbHbIX KJIETOK BO3PpACTAO B 2—3 pa3a. Y BeandeHne
Heiiporaunanabaoro uHaekca (HI'T) conpoBoxkianoce: 1) nosiBjieHneM MUKPOCOCY/IOB ¢ MHOTOUMCJICHHBIMU Pa3-
BETBJIEHHBIMU OTPOCTKAMU TIEPULIUTOB, 2) YCI0KHEHUEM IIPOCTPAHCTBEHHON opraHusanuu 6a3aibHbIX MeMOpaH,
3) CTPYKTYPHBIMU NPU3HAKAMU aKTUBAIMK [IPOIECCOB TPAHCIUTO3a (OOJIbIIOE KOJUYECTBO KABEOJI, IJIAMKUX U
KJIATPUHOBBIX BE3MKYJI, KPYITHBIX BE3UKYJI) B IEPUIUTAX U IH/IOTEIUATBHBIX KICTKAX.

3axmouenne. [losyueHHble TaHHbIE CBUIETEILCTBYIOT 00 KOMIIEHCATOPHO-BOCCTAHOBUTEIbHBIX U3MEHEHUSIX
KOMITOHEHTOB Helpo-rimo-cocyanctbix kKomiuiekcoB CCK, CA1 runmokammna n MT rosioBHOro Mosra GeJbix Kpbic
nocsie 20-MUHY THOI OKKJII031U OOIIIX COHHBIX apTepuii. Hanbosee noiHO peainsaius MEXaHU3MOB 3alllUThI U BOC-
CTaHOBJICHUSA MOBPEKACHHBIX HeHpoHOoB mponcxoaut B CCK u M T, obrapatonux soicokum HI'T.

Kniouesvie cno6a: 201106101 M032; HEUPOHDL; ACMPOUUMDL; KANULLSAPYL; Yavmpacmpyxmypa; gayopecuenvus DAPI;
2emamosnyedaruieckuti bapvep; mophomempus

The purpose of the study is to compare the structural and functional state of neuro-glio-vascular mi-
crostructural complexes of the somatosensory cortex (SSC), CA1 of the hippocampus and amygdala of the brain
of white rats under normal conditions and after acute ischemia caused by a 20-minute occlusion of common
carotid arteries.

Materials and methods. In this experiment, neurons, astrocytes, endotheliocytes, pericytes, basal membrane of
the microvessels were studied in the normal (n=5) and the reperfusion period (1, 3, 7, 14, 21 and 30 days, n=30)
using electron and fluorescence microscopy (DAPI staining). The morphometric analysis was carried out using the
Image] 1.46 software.

Results. During the recovery period after ischemia was noted reactive (edema-swelling, tinctorial properties of
cells) and compensatory-restoration (hyperplasia, hypertrophy, proliferation, increased transcytosis) changes in
neuro-glia-vascular complexes. After ischemia, the number of neurons decreased (by 8.7%—55,3%), and the glial cell
count 2—3 fold increased. Increasing neuroglial index (NGI) was accompanied by: 1) the emergence of microvessels
with numerous branched processes of pericytes, 2) the complication of the spatial organization of basal membranes,
and 3) the structural features of activation of transcytosis processes (large number of caveolae, smooth and clathrin
vesicles, large vesicles) in pericytes and endothelial cells.

Conclusion. These findings indicate the compensatory-restoration changes in the components of neuro-glio-
vascular complexes SSC, CA1 of the hippocampus and amygdala of white rat’s brain after a 20-minute occlusion of

Azpecc 1Jisi KOpPeCHOH/IeHIUH: Correspondence to:

Bukrop Akynunun Viktor A. Akulinin
E-mail: akulinin@omsk-osma.ru E-mail: akulinin@omsk-osma.ru
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the common carotid arteries. The most complete implementation of mechanisms for the protection and repair of
damaged neurons occurs in the SSC and amygdala exhibiting high NGI values.

Keywords: brain; neurons; astrocytes; capillaries; ultrastructure; DAPI fluorescence; blood-brain barrier;

morphometry
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BBenenue

M3BecTHO, 4TO B Tpolecce aMOpHOreHesa 1Ipo-
UCXOMUT Tiepexofi oT auddy3Horo Tpohudyeckoro
obecrieueHns Heiipo6IacTOB K MOAYJIbHOI OpraHusa-
UU COCYAMCTOrO PyCJa, CHaOKAIOIIEro HeHpOHbI
TOJIOBHOTO MO3Ta MJIEKOTUTAONUX. B 3pesiom Mo3re
(bopMUpYIOTCST  CJIOKHBIE YACTUYHO ABTOHOMHBIE
CTPYKTYPHO-(PYHKIIMOHAIbHbIE CHCTEMBbI (KJIETOK,
GazasbHBIX MEMOPaH U MEXKKJETOUHOrO IIPOCTPaH-
CTBa) €O crieuPUIecKUMU 1 HecleluuIecKuMu
BHYTPEHHUMH JIOKQJIbHBIMU CBSI3SIMU — HEHPO-TJINO-
COCY/IUCThIe MUKPOCTPYKTYPHbIE KOMTLITeKCHI [1—3].
B 3T1 KOMIITEKCHI BXOJISIT HECKOJILKO THUIIOB KJIETOK:
HEPOHBI, riinajbHble KaeTKU (DuOpUIIApPHbIE U
MPOTOIJIA3MATUYECKIE ACTPOIUTHI), MEPUIIUTHI U
AH/IOTENNOIUTHI [3—6].

[Tpu uzyuennu coiicts '9b B HOpMe 1 1ipu utITe-
MITYECKOH T1aTONIOrnu GOJIbIIoe BHUMAHUE YIEJISeTCs
MIEPUITATAM U SHJIOTEJTUAIbHBIM KIIETKaM, KOTOPBIE Pac-
CMaTPUBAIOTCST BAJKHOU YaCThIO HEWPO-TJINO-COCYIH-
CTBIX MUKPOCTPYKTYPHBIX KOMILJIEKCOB TOJIOBHOTO
MO3Ta. ITU KJIETKH y4acTBYIOT B CHHTE3€ MAaKPOMOJIe-
KyJ1, X Tpancnopte yepe3 ['9b (tpancuuros) [7—11],
00ecIeunBaOT KOMIIEHCATOPHYIO PeopraHu3alluio
MUKPOCOCY/IUCTOTO PYCJIa M HEOAHTHOTeHe3 B HOPME U
nipu natoJioruu [12; 13].

[To nawHBIM JTUTEPATYPHI, B IIPOIECCE U3YUEHUST
TparciuTosa B [OB Oblia BhIsSBJIEHA POJIb BE3UKYJIO-
TYOYJISIPHBIX CTPYKTYP KJIETOK — KaBeoJI, IIPOCThIX U
KJIATPUHOBBIX BE3UKYJI, CIIOCOOHBIX 0OPasOBbIBATH
TPAHCIH/IOTEJNAIbHBIE KAHAJIBI U TIEPEHOCUTD KPYITHbBIE
MaKpPOMOJIEKYJIbI. Y CTAHOBJIEHO, YTO TPAHCIIUTO3 U
06pas3oBaHue TPAHCOHAOTEINATBHbIX KAHAJIOB aKTHBH-
3UPYIOTCS TPU TPaBMax Mo3ra [ 14]. AKTyasbHbIM TakKe
SIBJISIETCST MICCIIEZIOBAHME COCTOSTHUST HEHPO-TJINO-COCY-
JIUCTBIX MUKPOCTPYKTYPHBIX KOMILJIEKCOB B 9KCIIEPH-
MEHTe ITPY MTOCTUIIIeMUIecKoi perepdysun [15].

[lenp HacTOSIIETO MCCAENOBAHUS — CPABHHU-
TeJbHOE M3YyYeHWe CTPYKTYPHO-(DYHKIIMOHATBLHOTO
COCTOSTHUS HEHPO-TJINO-COCYIMCTBIX MUKPOCTPYKTYP-
HBIX KOMILIEKCOB coMaTtoceHcopHoi Kopbl, CA1 tum-
MOKaMITa ¥ MUHIQJIEBUIHOTO TeJjia TOJIOBHOTO MO3Ta
OeJIbIX KPBIC B HOPME M II0CJe OCTPOl HINEeMHUH,
BBI3BaHHOIT 20-MUHYTHOI OKKJII03UEl 00IIMX COHHBIX
apTepuil.

MaTepI/IaJI U METOAbI UCCJIIENOBAHUA

PaGora Beinoarena Ha 6aze DI'BOY BO Omckoro ro-
CY/IapCTBEHHOTO MEJIUIIMTHCKOTO YHIUBepcuTeTa. JlaHHoe nc-
caeoBatue ogo6peHo atuyeckuM komurerom PTBOY BO
OMCKOTO roCcy/IapCTBEHHOTO METUITIMHCKOTO YHIBEPCUTETA.

Introduction

It is known that during embryogenesis there is a
transition from diffuse trophic supply of neuroblasts
to the modular organization of the vascular bed sup-
plying mammalian neurons to the brain. Complex, par-
tially autonomous structural-functional systems
(cells, basal membranes and intercellular space) with
specific and nonspecific internal local bonds are
formed in the mature brain. They are called neuro-
glio-vascular microstructural complexes [1—3]. These
complexes include several types of cells: neurons, glial
cells (fibrillar and protoplasmic astrocytes), pericytes
and endotheliocytes [ 3—6].

When studying properties of the blood-brain bar-
rier (BBB) under normal conditions and in the case of
ischemia, much attention is paid to pericytes and en-
dothelial cells, which are considered an important part
of the neuro-glio-vascular microstructure of the com-
plexes of the brain. These cells are involved in the syn-
thesis of macromolecules, their transport (transcytosis)
through the BBB [7—11], provide compensatory reor-
ganization of microvascular bed and angiogenesis under
normal and pathological conditions [12, 13].

According to literature data, studies of transcyto-
sis in the BBB demonstrated the contribution of vesi-
cle-tubular structures of cells (caveolae, simple and
clathrin vesicles capable of forming transendothelial
canals and transferring large macromolecules). It has
been established that transcytosis and the formation of
transendothelial canals are activated in brain traumas
[14]. Studies neuro-glio-vascular microstructural com-
plexes in experiments using postischemic reperfusion
models were focused on only local alterations [15].

The purpose of this study was to compare the
structural and functional state of neuro-glio-vascular
microstructural complexes of somatosensory cortex,
hippocampus and amygdala of the white rats brain in
norm and after acute ischemia caused by a 20-minute
occlusion of common carotid arteries.

Materials and Methods

The work was carried out at the Omsk State Medical
University. This study was approved by the institutional
Ethical Committee.

White outbred rats (males) weighing 180—200 g were
used as experimental animals. The animals were kept in the
usual vivarium under conditions regulated by the require-
ments of Resolution No. 51 of the Chief State Sanitary Doctor
of the Russian Federation as of August 29, 2014 «Sanitary and
epidemiological requirements for the construction, equipment
and maintenance of experimental biological clinics (vivar-
ium). «The qualitative and quantitative composition of the
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B xavecTBe 9KCIIEpIMEHTAIBHBIX JKHBOTHBIX HCIIOJIB30-
Bau GestbIx 6eciopOAHBIX KpbIc (camitbr) Maccoid 180—200 .
JKuBorHbie coziepKainuch B 0ObIMHOM BUBAPHUHU B YCIOBHSX,
PErJlaMeHTHPOBAHHBIX — TpebGoBanusiMu  [locTaHOBICHS
['maBHOTO TOCYIAPCTBEHHOTO CaHWTApHOTO Bpada Poccnii-
ckoit Mexeparun ot 29.08.2014 Ne 51 «CamnurapHo-ammzie-
MHOJIOTHYeCcKUe TPeOOBAHUS K YCTPOUCTBY, 060PYA0BAHIIO
U COZIEPIKAHIIO DKCIIEPUMEHTATLHO-OHOMOTHYECKUX KITMHIK
(BuBapueB)». KauecTBeHHBIH 1 KOTNYIeCTBEHHBIN COCTAB Pa-
IIMOHA OPe/IeJISIIN 0 HOpMaM, YTBEPKIeHHBIM [Iprkasom
M3 P® Ne 163 ot 10.03.96. VccieoBanust poBOIUIIN B CO-
orBercTBuH ¢ «[IpaBramu mpoBeieH st PaboT ¢ MCTOTB30-
BaHMEM 9KCIePUMEHTAIBHBIX JKUBOTHBIX» (IIpriokenue K
npukazy Muwuanctepctsa 3apaBooxpanenuss CCCP ot
12.08.77 Ne755) 1 ¢ pekoMeHIaIsIMi MesKIyHapOIHOTO KO-
MHTETA [0 HayKe 0 JIAG0PATOPHBIX JKUBOTHBIX, MO/ICPKAH-
weix  BOJ3, nupextnBoii EBpomeiickoro Ilapmamenta
Ne2010/63/EU ot 22.09.10 «O 3ammuTe ;KUBOTHBIX, HCITOJIb-
3YEMBIX [/ HAYIHBIX TIeJeis.

B axcrepuMeHTAIBHOM HCCIEAOBAHUM  ITPOBEJH
CpaBHEHHE CTPYKTYPHO-(GYHKINOHAIBHOTO — COCTOSTHUS
HeHPO-TIINO0-COCYMCTHIX MUKPOCTPYKTYPHBIX KOMIIJIEKCOB
comarocerncopnoit kopsl (CCK, cmon 111, V), runmoxammna
(CA1) u munnanesuanoro teaa (MT; cymmapho 6asanbHo-
JIaTePATbHBIN KOMILIEKC, TIEHTPAJIbHO-MeINAJIbHBIE Spa 1
KOPKOBO-MeINAJIbHBIE SIIPa) TOJIOBHOTO MO3Ta OEJIBIX KPbIC
(n=30) uepes 1, 3,7, 14, 21 u 30 cyT nocJie octpoii 20-MUHyT-
HOU HITIEMII MO3Ta, BBI3BAHHOM TIepeskaTieM OOIIIX COHHBIX
aprepuii (IBYX-COCYANCTas MOAE/b HENOJIHOM T100anibHON
uireMus Ge3 TUTITIOTOHUI ). DTa MOJIEJTb TO3BOJISIA OCTAHOBUTh
KPOBOTOK Ha JJIUTEJIBHOE BPEMs, 32 KOTOpoe (hOPMHIPOBATIOCH
YCTOIUYMBOE HATOJOTUYECKOE COCTOSTHIIE, AKTHBHIPOBAJIICH Me-
XaHM3MBI HEKPO32 U alloIT03a, PA3BIBATIACH BTOPUIHAST HITIe-
muist [ 16]. KoHTposieM citysKumi HHTaKTHBIE SKABOTHBIE (7=5).

TomoBHOI1 MO3T hrKcHpoBan mMyTeM nepdysnn cmecn
1% pacTBOpa TIIOTAPOBOTO ANB/ErHIa, 4% pacTBOpa mapa-
dopma Ha 0,1 M docdarnom 6ydepe (pH — 7,4) 1 5% pac-
TBOPA CaXapo3bl Yepe3 BOCXOJSIIYIO YaCTh yTH a0PTHI MOJ
nasrennem 90—100 MM pT. CT. B TedeHue 15 MUH 1 TyTeM UM-
MEepPCHH B aHAJIOTHYHOM PACTBOPe. 3aTeM N3BJIEKAIN TOJIOBHOM
MO3T, BBIZIEJISIIH, corsiacHo atiacy [17], dparmentst CCK, CA1
runmokamia u M T, paccexai Ha KOHEYHbIE OJIOKH, KOHTPa-
crupoBayit 1—2 4 B 1% He3abyhepeHHoM pacTBOpe YeThIpex-
OKHCH OCMUSI, TIPOMBIBAJIN, 00e3BOKUBAIN M 3AKTI0YATIN B
CMech 9TI0HA 1 apasiinTa. {J1s1 271eKTPOHHOI MUKPOCKOTINH HC-
niosib3oBany yabrparonkue (70—100 uM) cpesbl, KoTopble
OKPAIIMBAIN YPAHUIAIIETATOM 1 IATPATOM CBHHIIA Ha CETKAX
6e3 ToUIoKKH. J1JIsT TIOTyYeHUsT CPE30B MCIIOMb30BAIH YIIbT-
pamuxporomsl ¥ MTII-4 (Cymcxwmii 3aBoz, Ykpanna) u LKB-
8800 (IlIerus), a a1d WX TPOCMOTPAa — MHUKPOCKOITBI
IMB-100JIM (Yxpanna) u Hitachi-600H (Smommst). B kaxk-
noM cirydae dotorpaduposasu mmo 10 mosmett 3perns (Ha mia-
ctunbt 9X12 em) mpu yBesmaennn 12000. Ha ormdpoBannsix
AJIEKTPOHOTPAMMAaX MTPOBONIIN KaueCTBEHHYIO OIIeHKY Hell-
POHOB, aCTPOIINTOB, IHAOTEIHATBHBIX KJIETOK ¥ TEPHITITOB.

Oxkpacky o Hucestio nemmosb3oBastn 171st o61meit kave-
CTBEHHOIT OIIEHKHM HEPBHON TKAHU M3YYEeHHBIX OT/EJIOB TO-
JIOBHOTO MO3Ta 3KCIIEPUMEHTAJIBHBIX JKUBOTHBIX. Jliis
BU3YAJM3AIIH KIETOYHBIX si7iep HEPOHOB, aCTPOIUTOB, TTe-
PHIIUTOB 1 SHIOTEINATBHBIX KJIETOK UCIIOTb30BATIHN OKPACKY
DAPI (4',6-diamidino-2-phenylindole), kotopsiii npoxukaer
yepes HEMOBPEKICHHbIe MeMOPAHBI U H30UPATETHHO CBSI3bI-
Baercs ¢ sueproit IHK. TIpu obayuennn yabTpaduoaeTom
s7ipa ucmyckaiot cutee csedenne [ 18]. [Ipumensiim qyxka-
HAJIBHYIO )JIyOPECIIEHIINIO JIIsT OTHOBPEMEHHOTO BBISIBIIEHNS

diet was determined according to the regulations approved
by Order No. 163 of the Ministry of Health of the Russian
Federation as of 10.03.1996. The studies were carried out in
accordance with the «Guidelines for carrying out works using
experimental animals» (Appendix to Order No. 755 of the
USSR Ministry of Health as of 12.08.1977) and with the rec-
ommendations of the International Committee on Laboratory
Animals Science supported by WHO, and European Parlia-
ment Directive No. 2010/63/EU as of 22.09.2010 «On the
protection of animals used for scientific purposes».

In the experimental study, the structural and functional
state of neuro-glio-vascular microstructural complexes of the
somatosensory cortex (SSC, layers IIT and IV), hippocampus
(CA1) and the amygdala (AM; basolateral complex, central-
medial nuclei, and corticomedial nuclei) in the brain of white
rats (n=30) was compared 1,3, 7, 14, 21 and 30 days after acute
20-minute cerebral ischemia due to cross-clamping of common
carotid arteries (2-vascular incomplete model of global is-
chemia without hypotension). This model permitted to stop
the circulation for a long time enough to develop a stable patho-
logical condition due to activation of the mechanisms of necro-
sis and apoptosis and developing the secondary ischemia [16].
Intact animals were used as a reference group (n=5).

The brain was fixed by perfusion of a mixture of 1%
glutaraldehyde solution, 4% paraformaldehyde solution in
0.1 M phosphate buffer (pH 7.4) and 5% sucrose solution
through the ascending part of the aortic arch at a pressure
of 90—100 mm Hg for 15 minutes and by immersion in a
similar solution. Then, the brain was removed and fragments
of the SSC, hippocampus and AM were extracted according
to the atlas [17], dissected into final blocks, embedded in 1%
non-buffered osmium tetroxide solution for 1—2 hours,
washed, dehydrated and enclosed into an epon-araldite mix-
ture. Ultrathin (70—100 nm) sections were used for elec-
tronic microscopy; they were stained with uranyl acetate
and lead citrate on meshes without a substrate. Thin sec-
tions were performed by ultramicrotomes UMTP-4 (Sumy
factory, Ukraine) and LKB-8800 (Sweden); microscope Hi-
tachi-600H (Japan) was used for their inspection. Under the
microscope, in each case, 10 random fields were chosen and
photographed at a 12 000 magnification. A qualitative eval-
uation of neurons, astrocytes, endothelial cells and pericytes
was carried out on digitized electron diffraction patterns.

Nissle staining was used for general qualitative assess-
ment of the nervous tissue of the studied parts of the brain of
experimental animals. Neuron, astrocyte, pericyte and endothe-
lial cell nucleus visualization was performed using DAPI (4', 6-
diamidino-2-phenylindole), ~which  penetrates intact
membranes and selectively binds to nuclear DNA. When it is
irradiated with ultraviolet, the nuclei emit a blue glow [16].
Two-channel fluorescence was used to simultaneously detect
DAPI and NSE (neuron-specific enolase) in neurons. Immuno-
fluorescent stain for the NSE labeled the neuronal cytoplasm
(red), and the fluorescent color for DAPI emphasized the DNA
of the nuclei (various shades of blue) of all cells of the neural
tissue. Primary rabbit polyclonal antibodies (ImG) (Rabbit
Anti Human NSE Polyclonal Antibody; Spring Bioscience,
Pleasanton, USA, No. E3304) were used for determining the
NSE at a dilution of 1:300. The visualization was carried out
using the fluorescent stain Texas Red conjugated secondary
reagent goat polyclonal antibodies to Rabbit IgG — H&L
(Texas RedR), No. ab6719, Abcam, UK, in dilution 1:200.

The DAPI working solution at a concentration of 0.02 ug /
mL was placed on slides, exposed for 15 minutes at room temper-
ature, and then the glasses were washed twice with 0.05% phos-
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B HetipoHax DAPI u NSE (nefiponcnennduaeckas eHomasa).
NmmynodayopeciientHast okpacka Ha NSE mMapkupoBara
NUTOTIIa3My HeHpOoHOB (KpacHas), a QiyopecieHTHAT
okpacka DAPI seigsmsana JIHK sgep (pasnuanbie oTTeHKN
CUHETO) BCeX KIeTOK HepBHOH Tkanu. /[ omrpenenenuss NSE
VICITOJI30BAJIH TIEPBIYHBIE KPOJTWYbH TTOJIMKIOHAIBHBIE aH-
turesa (ImG) (Rabbit Anti Human NSE Polyclonal Anti-
body; Spring Bioscience, Pleasanton, USA, Ne E3304),
passezenne 1:300. Busyanuaaims ocyIecTBIIsIach ¢ TOMO-
MIBI0 KOHBIOTHPOBAHHOTO ¢ ()III0OPECIIeHTHBIM KPACUTeIeM
BTOPHYHOTO PeareHTa — MOJTUKJIOHATBHBIX aHTUTET KO3BI
nporus 1gG — H&L kposmka (TexasRed®), Ne ab6719,
Abcam, BenikoOpuranust, 8 pasbasiernu 1: 200.

Pabounit pactBop DAPI B konmentpanun 0,02
MKT/MJI TIOMETIAJIN Ha cJIaii/ibl, 9KCIIOHIPOBAJIH B TEUeHHE
15 MUH TIpH KOMHATHOI TeMIIepaType, 3aTeM CTeKJa
aBaxbl mpoMbiBasin 0,05% docharubim Gydepom, 3a-
KJTIOYAJIH B CMeCh TJIHIEePUHA € TUCTUIINPOBAHHON BOZIOM
1:9 n makpsIBasn mokpoBHBIME cTekaamu. 100, kamepoii Ha
CCD parunke — AxioCam MRc 1 o6bekriBom EC Plan-
Neofluar X40 (anmeptypa 0.9) mosywaau nudpoBbie MUKPO-
dororpadun (pasmep nzobpaxenns 1300x1030 nukceeii,
axTaecknit pazmep — 220X174 mxm). [lpumensmn 2
dbusbrpa npoussozactsa Karl Zeiss: Habop 00, Bo3Oy:kaeHue
BP 530—585, cseronenurens FT 600, ncmyckanue LP 615
mst Texas Red® u mabop 02, Bo3Oysxnenne G 365, csero-
nemurtens FT 395, ncnyckanne LP 420 mmst DAPI. TIpo-
rpamMMoi AxioVision pon3BONIN 3aXBaT M300PAKEHUSI C
Kax10r0 cpesa obmeit momaznbio 382800 mxm?2 (10 Mukpo-
(otorpaduit) yepes Bce ca0M HEOKOPTEKCA, ABAXKIBI IS
KaKI0TO H300pakeHsl, TTOCKOJIBKY HUCIIOIb30BAIICH J[Ba
nabopa GUIBTPOB, GOPMUPOBAIN IBYXCIONHBIE Tpadde-
ckue daiist [19]. Hefipormmaneusrit nngexe (HIM) pac-
CYMTBIBAIIM TIyT€M COOTHECEHWs OOIel YnCAeHHOI
TIOTHOCTH (B TiepecyeTte Ha 1 MM? 1107151 3peHns ) siep Tn-
QJIBHBIX KJIETOK U sifiep Heliponos (mpamuanbix B8 CCK n
TUTITIOKaMIle, MyJIbTUIOMAPHBIX B MT). 9Tt nocratouno
KPYTIHBIE HEHPOHBI JIETKO BePU(DUIINPOBAINCH, TAK KaK UX
uromnasMa Oblia okpaiena Ha NSE B kpacHblii 1Ber.

[Toyyenre OCHOBHBIX KOJTMIECTBEHHBIX ITOKa3aTeeH,
OIIpe/ieIeHIe XapaKTepa paclpesiesieHus] BapUallOHHBIX
PSIZIOB, TIPOBEPKY CTATHCTUIECKHUX THUIIOTE3 OCYIIECTBIISIIH C
nomoripio mporpamm MedCalc® u StatSoft Statistica 8.0. Hc-
I0JIP30BAJIN HellapaMeTpuueckue Kputepnn (Brikokcona,
Manna-YutHu, oqH0oMaKTOPHBIN ANCIIEPCHOHHBIN aHaINn3
Kpackena-Younuca, A2 — kpurepwuit [Tupcona). Marepuasn
npeacrasiaeH kKak Meauana (Me), auknuii (Qf) n BepxHUit
(Qu) xBaptuu. B Xoze mpoBeieHnst cTaTUCTUIECKOTO aHa-
JI3a HyJieByIo THIoTesy orseprasu mpu p<0,05.

Pe3yabraTel 4 00Cy:KIeHHE

DuKcaIys ToJI0BHOTO MO3Ta C TTOMOTIIBIO Tiepdy-
3UH TI0/T (DU3NOTOTUIECKIM JaBICHUEM TTO3BOJUIA
GoJIee TOTHO MOKA3aTh TIPOCTPAHCTBEHHYIO OPTaHN3a-
IIUI0 HEHPO-TJINO-COCYANCTOTO MUKPOCTPYKTYPHOTO
KoMmTTekca. Ha Takux mpemapartax Kalmuiispbl ObLIi
Pa3BEPHYTHI, UX TPOCBETHI WMEJU KPYTJIYIO WJIH
OBAJIBHYIO (hOPMY, TIOMUHAIBHAS TOBEPXHOCTH IHJIO-
TEJMOITOB He 00Pa30BhIBATIA CKIIAMIOK, 4 B TIUTOTLIA3-
Me OTCYTCTBOBAJH KPYIHBIC BaKYOJH, CKOTJICHUS
MEeJIKMX BE3WKYJI 1 KaBeoJbl (puc. 1, a, b).

CrpyKkTypa KanmmIsIpoB B HOPMe TTpecTaBIeHa
TOHKOII 6a3a/IbHOI MeMOPAHOIT 1 IBYMST THIIAMU KJIe-

phate buffer, enclosed in a mixture of glycerin with distilled water
(1:9) and covered with cover slips. 100, a camera on a CCD sensor
— AxioCam MRc and an EC Plan-Neofluar }40 lens (aperture
0.9) received digital micrographs (image size 13001030 pixels,
actual size: 220X 174 pm). Tvo Karl Zeiss filters were used: kit 00,
excitation BP 530—585, beam splitter FT 600, emission LP 615
for Texas Red® and kit 02, excitation G 365, beam splitter FT 395,
emission LP 420 for DAPI. The AxioVision software captured im-
ages from each section with a total area of 382,800 um? (10 mi-
crophotographs) through all the layers of the neocortex, twice for
each image, because two sets of filters were used, and two-layered
image files were formed [ 19]. The neuroglial index (NGI) was cal-
culated by correlating the total numerical density (per 1 mm2 of
the field of view) of glial cell nuclei and neuron nuclei (pyramidal
neurons in the SSC and hippocampus and multipolar ones in the
AM). Relatively large neurons were easily verified, as their cyto-
plasm was staining red with the NSE.

Basic quantitative parameters and statistical analysis
was performed with the aid of software MedCalc© StatSoft
Statistica 8.0. Nonparametric tests (Wilcoxon, Mann-Whit-
ney, one-way ANOVA Kruskal-Wallis, 12 — Pearson crite-
rion) were employed to determine the significance of
differences. Data are expressed as a median (Me), lower (Qf)
and upper (Qu) quartile. In the course of statistical analysis
the null hypothesis was rejected at P<0.05.

Results and Discussion

Perfusion under physiological pressure made it
possible to reveal the spatial organization of the neuro-
glio-vascular microstructural complex. Fig. 1, a, b
demonstrated that capillaries were unfolded, their lu-
mens were round or oval in shape, the luminal surface
of the endotheliocytes did not form folds, and there
were no large vacuoles, clusters of small vesicles and
caveolae in the cytoplasm.

The structure of capillaries is normally repre-
sented by a thin basal membrane and two types of cells:
endothelial cells lining the capillary from the inside
and pericytes located in the duplication of the basal
membrane (Fig. 1, b). Caveolae and vesicles (endoplas-
mic vesicles, organizers of macromolecular flows in the
cytoplasm) were normally small (Fig. 1, ). The cyto-
plasm of the cells contained a small amount of or-
ganelles; clusters of condensed chromatin were
observed along the periphery of the nuclei. Normally,
these cells lacked degradation products. Astrocytes
and neurons were located near the vessels (Fig. 1, a, b).

The spatial composition of the neuro-glio-vascu-
lar microstructural complex depended on the neuronal
distribution density and differed in the SSC, hippocam-
pus and AM. In the hippocampus, the neurons were
very densely distributed, not separated by neuropil, and
there were 2—4 or more pyramidal neurons per glial cell
(NGI=0.25—0.5). In the AM, neuro-glio-vascular mi-
crostructural complexes were separated by extended
areas of the neuropil (Fig. 1, @). There was one neuron
per up to 3 gliocytes (NGI=3.0). In the SSC, there was
one neuron per 1—2 gliocytes (NGI=2.0).

In the acute postischemic period (1 and 3 days)
structural changes associated with disturbances of en-
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Puc. 1. dnekTpoHOrpaMMa MUH/AJIEBH/IHOTO TeJIa TOJOBHOTO MO3ra Gelloii KPbIChI B HOpMe.

Fig. 1. The amygdala complex of a white rat is normal, e-gramma.

Note. a — neuro-glio-vascular microstructure complex, a capillary in a native state without folds of the endothelium, a multipolar neuron,
an astrocyte, dendrites and a neuropil; b — the ultrastructure of all components of the pericarion (nucleus, cytoplasm with organelles) and
neuropilia without signs of damage and swelling, mitochondria are dark compact. Ac — astrocyte; /T — dendrite; Hp — neuron (pericarion);
* — neuropil; ITK — capillary lumen; ITp — pericyte; arrow — endothelial capillary cell. Fixation by perfusion, staining with uranyl acetate
and lead citrate. Magnification X8000; scale — 3 pm (@); 2 um (b).

IIpumeyanue. a — HEMPO-TINO-COCYAUCTHII MUKPOCTPYKTYPHBIIT KOMILJIEKC, KAITMJLISAP B HATUBHOM COCTOSTHUY (€3 CKJIaZ0K 9HA0Te-
JIMst, MYJIbTUIOJAPHBINA HEPOH, aCTPOIUT, ICHAPUTHI U HEHPOIUIIL; b — yIbTPaCTPYKTypa BCEX COCTABJAIONIMX epUKapuona (sapo,
[UTOIIA3MA € OPraHe/IaMu) U Heldponnsist Ge3 NPU3HAKOB MOBPEXKIACHUS U OTeKa-HabyXaHust, MUTOXOHAPUH TEMHbIE KOMIIAKTHBIE.
Ac — acrporut; /I — nennput; Hp — Heiipon (nepukapnon); * — neitpornmib; [IK — npocser kanmisipa; [Ip — nepuiur; crpeska —
sHJIOTeNMAIbHAs KieTKa Kanuiisapa. Oukcauus nepdysueii, okpacka ypaHUJIaleTaToM U IUTPaToM cBuHia. Y seandenue X8000;

mkana — 3 MM (a); 2 MM (D).

TOK — 9HJIOTEJUATbHBIMU, BBICTUIAIOIIUMU KaITUJLIISIP
U3HYTPH, U IEPUITUTAMU, PACTIOTIOKEHHBIMU B Ty TLITH-
Katype OasajibHOIl MeMOpanbl (puc. 1, b). Kaseoa u
Be3UKYJI (H/IOTITIA3MATHYECKHUE TTy3bIPbKH, OPraHu3a-
TOPbI MAKPOMOJIEKYJISIPHBIX TIOTOKOB B IUTOTLJIA3MeE )
B HOpMe ObLi1o Majio (puc. 1, b). IluToriasma KieTok
cozepkajia HeGOJIbIIOE KOJUYECTBO OpPraHesuI, 110
nepudepun siiep OTMEYaINCh CKOTIIIEHUS] KOH/IEHCH-
POBAaHHOTO XpOMaTHHA. B HOPMe B 3TUX KJIETKaX MTPaK-
TUYECKH OTCYTCTBOBAJIU TIPOAYKTHI JIerPaJlalliu.
PsinoMm ¢ cocyamu pacriosiaraiuch acTpOIUTHI U HEl-
pomnbi (puc. 1, a, b).

[TpocTpaHcTBEHHAS KOMITO3UIINASI HEUPO-TJINO-
COCYIMCTOTO MUKPOCTPYKTYPHOTI'O KOMILJIEKCA 3aBH-
ceja OT TUIOTHOCTU PpacripejiejieHus HEMPOHOB U
otsmmyasiack B CCK, runmokamie u MT. B runnokam-
e HEHPOHBI PACIIOJIAraIUCh OY€Hb MJIOTHO, TPAKTH-
YECKU He Pas/ielisIuCh HEUPOTUIIEM, U I03TOMY Ha
OJIHY IVIMAJIbHYIO KJIE€TKY IPUXOAMIOCh 2—4 1 GoJiee
nupaMuaabix Heiipona (HIM=0,25—0,5). B MT
HEHPO-TJIMO-COCYUCTBIE MUKPOCTPYKTYPHbIE KOM-
MJIEKCHl  Pa3JIEISINCh TPOTSUKEHHBIMUA  yYaCTKAMU
Heviponuiist (puc. 1, a). Ha onnn Helipon npuxoan-
sock 110 3-x ramorutoB (HIM=3,0). B CCK Ha onun
HENPOH NMPUXOAUI0CH /10 2-X ranorutoB (HITM=2,0).

B octpom noctunemuyeckom riepuogie (1- u 3-e
CYT.) BBISIBUJIN CTPYKTYPHbIE MI3MEHEHWUSI, CBSI3aHHbIE
C HAPYUIEHUSIMU 9HEPTO3aBUCUMbBIX BOJIHO-3JIEKTPO-
JIUTHOTO ¥ 0EJIKOBOTO 0OMeHa, MPUBOJSIINE K U3Me-
HEHUIO KOJIOMIHO-OCMOTHYECKOTO JIABJICHUS B KJIET-

ergy-dependent water-electrolyte and protein metabo-
lism leading to a change in the colloid-osmotic pressure
in the cell and the development of cytotoxic edema-
swelling were observed. Fibrillar astrocytes around mi-
crovessels, protoplasmic astrocytes and other structures
of the neuropil (synaptic terminals, small dendrites)
were mostly damaged (Fig. 2, a). The death of neurons
occurred by necrosis and apoptosis (Fig. 2, b).

It was found that processes of detoxification and
utilization of irreversibly damaged (necrosis, apatosis)
cells of the brain were activated in the early recovery
period. Cells of the neuro-glio-vascular microstructure
complex (endothelial cells, pericytes, astrocytes) as
well as oligodendrogliocytes and microgliocytes were
major contributors to this process. Manifestations of
transcytosis significantly increased in endothelial cells
and pericytes (Fig. 3).

It is important that microcirculatory disorders
and insufficiency of draining and sanitizing mecha-
nisms due to edematous damage of a part of the glial
cells were preserved in all studied parts of the brain
not only 1 and 3 days after the reperfusion, but also
in the later recovery period (7 and 14 days). We
found out moderate edema of the processes of astro-
cytes, compression of the lumen of microvessels, al-
terations of erythrocytes, vacuolization of the
cytoplasm of endothelial cells, folds and outgrowths
of the laminar membrane of these cells, signs of
thrombogenesis (platelet aggregation) in the lumen
of the vessels (Fig. 3, a, b). Large number of mi-
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Puc. 2. daekrponorpamma u ¢GiryopuciieHTHast MUKpocKonus caos 11T coMaTtocencopHoii KOpbI TOJIOBHOTO MO3ra GeJ0i KPbICHI B MO~
CTULIEMUYECKOM MIEPHOJIE.

Fig. 2. Layer III somatosensory cortex of a white rat in the postischemic period, e-gramma and fluorescence microscopy.

Note. a — 1 day after — there are pronounced hydropic changes, the appearance of free fluid in the perivascular and intercellular space (*),
intravascular aggregation of blood elements (erythrocytes, leukocytes). b — 3 days after — there are swelling, destruction of the processes of
astrocytes, apoptosis of the neuron. ¢ — 1 day after — there are formation of a large number of caveolae (white arrow) at the border with the
basal membrane (*) and vesicles (black arrow) in the cytoplasm of the capillary endothelial cell. d — of pericyte, ultrastructural preservation
of the basal membrane (*), endothelium and its zones of continuous dense intercellular contacts (white arrows). e, f — 7 days after — there is
a local increase in the number of protoplasmic astrocytes (arrows). e — fluorescence microscopy, astrocyte nuclei is bright oval, nuclei of
neurons is dark blue, cytoplasm is red. f — electron microscopy, a group of astrocytes (arrows). AH — apoptotic altered neuron; OA — processes
of astrocyte; K — capillary; Jleit — leukocyte; M — mitochondria; 9K — endothelial cell; 9p — erythrocyte; arrow — basal membrane. Staining
with uranyl acetate and lead citrate. Magnification x10500; scale — 2 pm (a, b) and 500 nm (¢, d); magnification x9500» scale — 2 pm (f).
Fluorescent staining of DAPT and immunofluorescent on NSE (e), the increase in lens x40; scale — 20 pm.

IIpumeuanue. a — uepe3 1 cyT. — BbIPAKEHHbIE THAPOIIMIECKUE U3MEHEHUS], TIOSIBIICHUE CBOOOHOI SKUAKOCTU B IIEPUBACKYJISIPHOM 1 MEK-
KJIETOYHOM TIPOCTPAHCTBE (*), BHYTPHCOCYANCTAsE arperartiist GOPMEHHBIX JJIEMEHTOB KPOBH (3PUTPOIIUTOB, JTEHKOIUTOB). b — Yepe3 3 cyT. —
oTek-HalyxaHue, pa3pylieHne OTPOCTKOB ACTPOIUTOB, AMOITO3 HeiipoHa. ¢ — yepes 1 cyT. — o6pasoBatue GOJIBIION0 KoIMuecTBa Kaseo (Oeast
cTpesika) Ha rpanuiie ¢ 6asaibHoii MeMOpaHoii (*) 1 Be3HKyJI (YepHas CTPEJIKa) B IIUTOIIA3ME SHAOTEUATIbHOI KIETKU KallMLIspa. d — OTeK-
HaOyXaHe MePHINTA, YIbTPACTPYKTYPHAST COXPAHHOCTD GasabHON MeMOpaHb! (*), SHAOTENS U €T0 30H HEMPEPHIBHBIX TIOTHBIX MEKKIIe-
TOYHBIX KOHTAKTOB (OesIble CTpesikm). €, f — yepes 7 CyT. — JIOKAIbHOE YBeJINIeHHe KOTMYeCTBA TPOTOIVIA3MATIHYCCKHIX ACTPOIIUTOB (CTPEJIKI).
e — duryopeciieHTHast MUKPOCKOIIUS, SIPA ACTPOIUTOB — SIPKUE OBAJIbHBIE, SIIPA HEIIPOHOB — TEMHO-CUHIE, [IUTOIIA3MA — KPACHast. f — aJieK-
TPOHHAST MUKPOCKOTIVS, TPYTIIa acTponuToB (cTpesikn). AH — anonrosno mamenenubiii Heliporr; OA — oTpocTku actponnTa; K — Kammisp;
Jleit — nefikonut; M — mutoxonzpust; DK — sHporesmanbHast KieTka; Ip — 9pUTPOINT; cTpesika — GasanbHast MeMOpana. OKpacka ypaHuia-
[IETaTOM U IIUTPaToM cBuHIfa. YBeindenue X 10500, mkana — 2 MM (@, b) u 500 uuM (¢, d); yesmuenne X9500, ukana — 2 mum (f). Dayopec-
nenrras okpacka DAPI u ummynodayopectentiast ia NSE (), o6bextns x40, mikana — 20 MKM.
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K€ U Pa3BUTHIO IUTOTOKCHYECKOTO OTeKa-HaOyXaHMUsL.
B nauGosbiineil creneHu MOBPEXKAATUCH OTPOCTKU
(hUOPUIISPHBIX ACTPOIUTOB BOKPYT MUKPOCOCY/IOB,
MPOTONIA3MATUYECKUX ACTPOIIUTOB M IPYTUX CTPYK-
Typ Heliponuiisg (CUHAITHYeCKe TEPMUHAIN, MEJTKIe
neHaputhl) (puc. 2, a). TuGenb HEHPOHOB OCYIIECTB-
JISLJIACh IyTeM HEKpo3a u aronTosa (puc. 2, b).

Hawmm BoIsIBIIEHO, uTO HA (hOHE IIUTOTOKCUYECKO-
ro oTeka-HabyXaHWsl B PaHHEM BOCCTAaHOBUTEJIbHOM
TeproJie aKTUBUPOBAJINCH ITPOTIECCHI IETOKCUKATINN U
YTUIU3AI[UU HeOOPATUMO MOBPEKACHHBIX (HEKPO3,

crovessels with richly branched processes of peri-
cytes (Fig. 3, a, b) and structural signs of activation
of the transcytosis processes (caveolae, simple and
clathrin vesicles) in pericytes and endothelial cells
were observed (Fig. 3, ¢, d).

Data demonstrate that the recovery period after
the occlusion of carotid arteries was accompanied by
reactive, compensatory and reparative reorganization
of neuro-glio-vascular microstructural complexes.

In a remote postischemic period (21 and 30
days), the manifestations of active transcytosis prac-

Puc. 3. duextpoHorpamMmma MuKpococyzoB B cioe III comaToceHCOPHOi KOPbI TOJIOBHOIO MO3ra GeJI0ii KPbICHI B IOCTHIIEMIYECKOM IIEPHO/IE.
Fig. 3. Microvessels in the layer III of somatosensory cortex of white rats in the postischemic period, e-gramma.

Note. a (7 days) and b (14 days) — moderate manifestations of edema swelling of perivascular processes of astrocytes; the accumulation
of platelets in the lumen of the vessel; complex spatial organization of the basal membrane (black arrows), a large number of powerful
branched processes of pericytes. ¢ — high density of caveolae (black arrows) in the process of pericyte on the border with the basal membrane
(*). d — asignificant accumulation (white arrows) of smooth and clathrin (fringed) vesicles in the cytoplasm of the endotheliocyte, the
appearance of large vesicles (KB), outgrowths and invaginations of the cytolemma, thickening of the basal membrane (*). OA — appendages
of astrocyte; OTIp — processes of pericytes; ITK — lumen of capillary; M — mitochondria; T — platelet; 9K — endothelial cell; 9p — ery-
throcyte. Staining with uranyl acetate and lead citrate. Magnification X10500; scale — 2 pm (&, b), 500 nm (¢) and 250 nm (d). b — is en-
larged fragment a; d — is enlarged fragment b.

Ipumevanue. a (7 cyr.) u b (14 cyr.) — ymMepeHHble IPOABJICHNSA OTeKa HaOyXaHUs IePUBACKYJISIPHBIX OTPOCTKOB aCTPOIUTOB; CKOILIEHUE
TPOMGOIIUTOB B TIPOCBETE COCY/IA; CI0KHAS IIPOCTPAHCTBEHHAS OPraHu3alist 6azaqbHON MeMOpPaHbl (YePHBIE CTPEJIKH ), OOJIBIIOE KO-
YECTBO MOIIHBIX PA3BETBJICHHBIX OTPOCTKOB MEPUIIMTOB; ¢ — BBICOKAS IJIOTHOCTh KaBEOJI (YEPHBIC CTPEJIKN) B OTPOCTKE MEPUIUTA HA
rpanmuiie ¢ GazaabHoi MeMOpaHoii (*); d — 3HaunTebHOE CKOTIeHe (Gesble CTPEJIKI) MIaKIX U KJaTPUHOBBIX (OKalMJIEHHDIX ) BE3UKYJI
B IIUTOTITa3Me 9HIOTETNOINTA, OSIBJIeHNE KPYTTHBIX Be3nKyJ1 (KB), BBIPOCTOB 1 MHBATMHAIIMI IINTOJIEMMBI, yTOJTIIEHIe 0a3albHOI MeM-
6paust (*). OA — orpoctku acrporuta; OIlp — orpoctku nepunutos; [IK — npocser kannisapa; M — muroxouapust; T — tpombonuT;
9K — sugorennanbHas Kiaerka; Ip — spurpoiut. OKpacka ypaHUIAIETATOM ¥ IIUTPAaTOM cBuHIA. Y Besmuenne X 10500, mkana — 2 MKM
(a, b), 500 1™ (¢) u 250 um (d). b — yBesmuenublii hparMenT a; d — yBearmdeHHbIi pparmMent b.
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amnanTo3) KJIeTOK FOJOBHOTO Mo3Ta. KioueByto poJib
MIPU 3TOM UTPAJIU KJIETKU HEHPO-TINO-COCYTUCTOTO
MUKPOCTPYKTYPHOTO KOMILJIEKca (9HAOTETNATbHbIE
KJICTKH, TEPUTTITBI, ACTPOIIATBI ), & TAKIKE OJIUTOECH/IPO-
TJIMOIUTBl U MUKPOTJIMOIUTLI. B aHI0TEIMaIbHBIX
KJIeTKaX W TMEPUIUTAaX 3HAYUTEJBHO YCUJIUBAJINCH
MIPOSIBJIEHUST TPAHCIINTO3a (PHC. 3).

CyniecTBEHHO TO, YTO MUKPOIUPKYJISTOPHBIE
HapymieHusT ¥ HEJ0CTaTOYHOCTD JIPEHUPYIONUX U
CAaHUPYIOINX MEXaHU3MOB, U3-32 OTEYHOTO TTOBPEK-
JIEHUST 4acTW TJUAJBHBIX KJIETOK, COXPAHSJIUCH BO
BCeX M3YYEHHBIX OTJIEIaX MO3Ta He TOJIbKO yepe3 1 u
3 cyT. penepdysui, HO 1 B 6oJiee Mo3HEM BOCCTAHO-
BUTETbHOM Tiepuojie (yepe3 7, 14 cyt.). Boiasumm:
YMEPEHHBIN 0TeK-HaOyXaHKe OTPOCTKOB aACTPOIIUTOB,
CIaBJIMBaHKE MIPOCBETa MUKPOCOCYIOB, HAPYIIEHWE
MPOXOJIUMOCTH IPUTPOIUTOB, BAKYOJIU3AIHS TTUTO-
MJIa3Mbl SHIOTEUAJIBHBIX KJIETOK, CKJIAIKUA W BBIPO-
CThI JIAMUHAJIBHOU MeMOPaHbI 9TUX KJIETOK, TPU3HAKI
TpoMbo0OpasoBanus (arperaiust TpPOMOOIIMTOB) B
npocsete cocynos (puc. 3, a, b). Ilpu stom HamMm
OTMEUYEHO OOJIBIIIOE KOJUYECTBO MUKPOCOCYIOB C
MOIITHBIMU PA3BETBIEHHBIMI OTPOCTKAMU MTEPUITUTOB
(puc. 3, a, b) v CTPYKTYPHBIMU ITPU3HAKAME aKTHBa-
IIUU TIPOIIECCOB TPAHCIINTO3a (KAaBEOJbI, TPOCTHIE U
KJIATPUHOBBIE BE3UKYJIbI) B TIEPUIIMTAX U HHIAOTEIH-
aJIbHBIX KJeTKax (puc. 3, ¢, d).

Takum 06pasoM, YCTAaHOBIJIU, YTO BOCCTAHOBH-
TEJILHBIN TIePUO]] TTOCJe OKKIIO3UN COHHBIX apTepuii
poTeKasa Ha (hoHe BTOPUIHON HETOJTHON UIEMUH U
COTIPOBOKJIAJICST PEAKTUBHOM, KOMIEHCATOPHOH W
pernapaTuBHON peopraHnu3aIeil Helpo-TIno-COCYIH-
CTBIX MUKPOCTPYKTYPHBIX KOMILTIEKCOB.

B GoJiee oTIaIeHHOM MTOCTUIEMITYECKOM TIEPHO-
ne (21-, 30-e cyT.) ycTaHOBUIIHN, UTO B KJIETKAX HEWPO-
TJINO-COCYIMCTBIX MUKPOCTPYKTYPHBIX KOMILTIEKCOB
MIPAKTUYECKU NCUE3aJTN TIPOSIBIIEHUS] aKTUBHOTO TPAHC-
IIUTO32, HO COXPAHSINCH YIBTPACTPYKTYPHBIE TIATOJIO-
IrUYeCKre U3MEHEHUS KIeTOK (B OCHOBHOM CKOTIIIEHUST
MTPOIYKTOB HemoJiHOW Aerpanarnyn) (puc. 4). Ckorte-
HUST OCTATOYHBIX TEJIET], BTOPUIHBIX JIN30COM, KPYITHBIX
U MEJKUX BaKyoJiel, Heo(OPMIEHHOTO CJIOUCTOTO
MaTepHaJia BBISIBUJIN TaKyKe B OTPOCTKAX TIEPUITUTOB U
ACTPOITUTOB.

[To manubIM hyopectierTrHol okpackun DAPI, B
HOPMe pacripe/ieJieHue TIUATbHBIX KIETOK B HEPBHOM
TKaHU 3aBUCENIO OT UX TUTA. ACTPOITUTHI PacTIpe/ieisi-
JIFICh PABHOMEPHO, PSAZIOM € cocyaamut ((pUOPIILISIpHBIE)
1 HelipoHaMu (TIPOTOTIA3MAaTHIECKUE ), OJTUTOEHPO-
TJIMOIUATHI — B MECTAX CKOTICHNST MUETTMHU3UPOBAHHBIX
AKCOHOB, MUKPOTJIHAbHBIE KIIETKU BCTPEYANCH PEITKO.
Anpa TMaTbHBIX KJIETOK UMETH OKPYTIIYIO VI OBAJIb-
Hy10 (hopMy raMeTpoM 6—8 MKM, IHIOTETMOIINTOB U
MIEPUITUTOB — BBITSHYTYIO (hOPMY, HO Siipa 9HAOTEIH-
AJILHBIX KJIETOK ObLy OoJiee IIocKumu (puc. 5).

Yepes 3-u n1 7-e CyT. TOCTUIIIEMITYECKOTO TT€PUO-
JIa BOKPYT KPOBEHOCHBIX COCY/I0B U HEHPOHOB ObLIN
BBISIBJICHBI OYarOBbI€ CKOTIJIEHUS TIPOTOIJIa3MaTiye-
CKHUX acTpOIMTOB (puc. 2, ¢, [).

tically disappeared in the cells of neuro-glio-vascular
microstructural complexes, but ultrastructural patho-
logical changes of cells (mainly accumulations of in-
complete degradation products) persisted (Fig. 4).
Accumulations of residual bodies, secondary lyso-
somes, large and small vacuoles, unformed layered ma-
terial have also been found in pericytes and astrocytes.

According to the fluorescent DAPI staining, the
normal distribution of glial cells in neural tissue de-
pended on their type. Astrocytes were distributed
evenly, near the vessels (fibrillar) and neurons (proto-
plasmic), oligodendrogliocytes were at sites of accu-
mulation of myelinated axons; microglial cells were
rare. Glial cell nuclei had a round or oval shape with a
diameter of 6—8 um, endotheliocytes and pericytes
had an elongated shape, but the endothelial cell nuclei
were flatter (Fig. 5).

Three and seven days after the postischemic pe-
riod, there were focal clusters of protoplasmic astro-
cytes around the blood vessels (Fig. 6, a, b).

According to our data, pyramidal neurons with
glial satellites were detected in the somatosensory cor-
tex (layers 11T and V), the maximum content (25—45%,
represented as 95% confidence interval — 95% CI) was
found 14 days after ischemia (Fig. 7, a, b). Under the
normal conditions, there were 10—15% (95% CI) of
such neurons. It should be noted that fourteen days
after ischemia, along with the satellites, a large number
of pyramidal neurons with a high NSE concentration
appeared in the SSC(Fig. 7, b).

Using the DAPI staining, we found that there
was one SSC pyramidal neuron per 1.6 (1.2;1.7) glial
cells, one hippocampal neuron per 0.5 (0.2; 0.7) glial
cells, and one AM multipolar neuron per 2.4 (2.1;2.6)
glial cells (Table).

After ischemia, the NGI values throughout the
recovery period were significant in all studied parts of
the brain, but the degree of these changes varied
(Table).

In the SSC, the maximum NGI value was reached
in 14 days, in the hippocampus and AM maximum val-
ues were observed in 7 days after the reperfusion. After
the peak increase in NGI (7 and 14 days), its subse-
quent recovery occurred only in AM (Table).

In the delayed recovery period (21 days later),
the total numerical density of stained DAPI nuclei of
pyramidal neurons in the SSC was statistically lower
than that in the reference group by 31.5% (95% CI:
8.7—55.3%, 100 fields of vision). There were SSC
zones with an insignificant 15.0 (8.7—23.5%), moder-
ate 25.0 (16.9—34.7%) and a severe 45.0 (35—55.3%)
neuronal deficiency. Similar changes were detected in
the hippocampus: the neuronal deficiency was 41.2%
(95% CI:31.5—51.5%) 21 days later. In these parts of
the brain, a decrease in the content of free glial cells
and satellite cells was observed, but the NGI did not
reach the reference level. Neuro-glio-vascular com-
plexes of SSC and hippocampus were reconstructed
after reperfusion so that glial cells numbers were in-
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Puc. 4. deKTPOHOrPaMMa YIbTPACTPYKTYPHBIX OCTATOUHBIX U3~
MEHEHHH B KJIETKaX HeHPO-TJINO-COCYUCTOTO MHKPOCTPYKTYP-
HOTO KOMIUIEKCA TUIIOKaMNa OeNoi KPbIChI B OTAAJEHHOM
HOCTHIIEMHYECKOM IIEPUOJIE.

Fig. 4. Ultrastructural residual changes in the cells of the neuro-
glio-vascular microstructure complex of the white rat hippocam-
pus in the distant postischemic period.

Note. 30 days after — there are accumulations of layered forma-
tions in the endotheliocyte (arrow). Hp — a neuropil; ITIK — a
lumen of a capillary. Staining with uranyl acetate and lead citrate.
Magnification X12500; scale — 2 pm.

IIpumeyanue. 30-¢ CyT. — CKOIJICHUS CJIOUCTBIX 0Opa3oBaHuil B
augotesauonure (crpesnka). Hp — neiiponuin; [IK — mpocser ka-
myisipa. OKpacka ypaHUJIAIlleTaTOM U IUTPATOM CBHHIIA. Y Be-
smyenne X12500; mkana — 2 MKM.

[To HaMIMM JTaHHBIM, B COMAaTOCEHCOPHOI KOpe
(corom 111 u V) makcumanbioe comepxanue (25—45%,
MPeJCTaBIeHO Kak 95% MOBepUTEIbHBIN HHTEPBAT —
95% W) mupaMuIHbIX HEHPOHOB C TIMAJbHBIMU
caTeJIJINTaM¥ BBISIBUJIN Yepe3 14 cyT. mocye uieMun
(puc. 6, a, b). B HopMe Takux HelipoHoB ObL10 10—15%
(95% ). Cuenyer oTMeTHTD, 4TO 4yepe3 14 cyT.
nocye wumeMnuu, Hapsaay c carteianutamu, B CCK
HOSIBJISIJIOCH GOJIBIIOE KOJIMUECTBO IIMPAMUIHBIX HEll-
POHOB C BU3YaJIbHO BBICOKUM cojiepkaHneM NSE
(puc. 6, b).

C nomombio okpacku DAPI ycranosuiu, 4yto B
HOpMe Ha ofinH nupamMuubiil Helipor CCK npuxonn-
gock 1,6 (1,2—1,7, nHTepKBapPTUIIBHBIN pa3Max ), FUI-
nokamma — 0,5 (0,2—0,7), a Ha 0IUH MYJIbTHIIOJISAP-
Hori Heitpon MT — 2,4 (2,1—2,6) riimaibHbBIX KJIETOK
(Tabsmia).

[Tocyre nunremMuw MokasaTean HEHPOTJINATbHBIX
orrommennit (HI' M) B amaamMmke BOCCTAaHOBUTETBHOTO
Mepuojia CTAaTUCTUYECKU 3HAYUMO U3MEHSJINCH BO
BCEX UBYUYEHHBIX OT/IeJIaX TOJIOBHOTO M0O3Ta, HO CTe-
IIeHb TUX U3MEHEeHUH pasimuasach (Tabauia).

B CCK makcumanbnaoro 3nauenns HI'U, gisa
NAHHOTO OTJIeJa, TOCTUTa Yepe3 14 cyT. TUTIToKaM-
ne 1 MT — uepes 7 cyT penepdysun. Ilocie yse-
anaenusi HTUW no makcumyma (7, 14 cyt.) ero
MOCJIeIyIoIee BOCCTAHOBJIEHME TTPOUCXO/IUIIO TOJTh-
ko B MT (Tabauna).

B oTmaseHHOM BOCCTAaHOBHUTEJBHOM MEPHUOJIE
(uepes 21 cyT.) obIast YHCAEHHAST MJIOTHOCTh OKpa-

Puc. 5. MostekyisipHblii €J10if COMaTOCEHCOPHO| KOPbI TOJIOBHOTO
Mo3ra 610l KPbIChI B HOPME.

Fig. 5. The molecular layer of the somatosensory cortex of the
white rat's brain is normal, fluorescence microscopy.

Note. Yellow arrows — astrocytes (nuclei) are located in small
amounts around the vessels; red arrows — endotheliocytes and per-
icytes; white arrows — microspoon lumen. Fluorescent staining of
DAPI and immunofluorescence on NSE. NSE is found in red blood
cells and serum, so staining on it, in addition to neurons, verifies
the vessels of the brain. The increase in lens X40, scale — 20 um.
IIpumeuanue. JKenTbie cTpeskn — acTpounThl (s1pa) B HEOOMb-
IIOM KOJIYECTBE PACTIOJIOKEHBI BOKPYT COCY/IOB; KPACHBIE CTPEIIKI
— 9HJIOTEJIMOIUTDI 1 TIEPUIIUTHI; OEJIbIE CTPEJIKI — MPOCBET MIK-
pococyna. Mayopectientrast okpacka DAPI 1 ummynodyopec-
nentHas Ha NSE. NSE cozepskutcst B 3puTpoIuTax u cbIBOPOTKE
KPOBH, MO3TOMY OKPacKa Ha Hee KPOMe HEIIPOHOB BepudUIINpyeT
cocybl Mo3ra. O0bexTuB X40, mkana — 20 MKM.

creased. In AM, the neuronal deficiency was only
14.2% (95% CI: 8.0—22.6%) in 21 days, the NGI in-
creased insignificantly and returned to the reference
level as early as 14 days after ischemia (Table).

Data demonstrate the reorganization of the
neuro-glio- vascular microstructural complexes in the
brain neocortex, hippocampus and AM after acute is-
chemia. According to the literature, such information
is of great importance for understanding the funda-
mentals of structural and functional recovery of the
brain after its damage [1—4].

The study of neuro-glio-vascular microstructural
complexes was carried out by electronic microscopy
and fluorescence staining of nuclear DNA using 4, 6-
diamidino-2-phenylindole (DAPT). This compound is
able to bind selectively to DNA on the A-T enriched
sites, demonstrating bright blue fluorescence with a
peak at 461 nm [18, 19]. DAPI reliably verified the nu-
clei of neurons, glial, endothelial cells and pericytes,
i.e. all components of the brain neuro-glio-vascular mi-
crostructural complexes.

Data on the organization of neuro-glio-vascular
complexes SSC, CA1 hippocampal AM under normal
conditions was of particular importance. Due to the
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a

Puc. 6. @ayopecuenTHast MUKPOCKONH €105t V MOTOPHOI KOPBI TOJIOBHOTO MO3Ta GEJI0i KPbIChI B IOCTUIIEMUYECKOM IIEPHOJIE.

Fig. 6. Into the layer V of the motor cortex of the brain of the white rat in the postischemic period, fluorescence microscopy.

Note. 14 days after — a — high content of pyramidal neurons (white arrows) with satellite gliocytes (yellow arrows); b — pyramidal
neurons (white arrow) with hypertrophied pericarion, a large number of NSE fluorescent granules; Clusters of glial cells, satellite cells,
there are 1,7 glial cells per 1 neuron. Fluorescent staining of DAPI and immunofluorescent staining on NSE. The Increase in lens x40,

scale — 25 pm.

IIpumeyanue. Yepes 14 cyT. a — BbICOKOE COIEPKAHUE TMPAMU/IHBIX HEHPOHOB (GeJIble CTPEJIKI) € CATe/UTUTAPHBIMU TIHOTIUTAMU (JKEJITBIE
crpeniku); b — nupamunbie Heliponbl (Oesast cTpesika) ¢ TUnepTpoUpPOBaHHBIM HEPUKAPUOHOM, OOJIBITIM KOJUYECTBOM (DIyopeciiu-
pyionux rparys NSE; cKorieHus TMaibHbIX KJIETOK, KJIeTKU-caTe/UinThl, Ha 1 Heiipon npuxoautcst 1,7 ramanpubix kiaerok. Diayopec-
nentnast okpacka DAPT u ummynodyopectientiast okpacka Ha NSE. O6bextu X40, mkana — 25 MKM.

menHbix DAPI axep nupamuaneix vHetiponos B CCK
ObL1a cratucTuyecku Huske KouTposis, 100% (95% JAU:
96,4—100%), ma 31,5% (95% AU: 8,7—55,3%, 100
nosieii 3pernst). [Ipu atom BeTpevasnmcs 30861 CCK ¢
HesuauureabubM 15,0 (8,7—23,5%), ymepennnim 25,0
(16,9—34,7%) u Boipaxkennsim 45,0 (35—55,3%)
neUIIUTOM HEHPOHOB. AHAJTOTUYHBIE MU3MEHEHUS
BBISIBUJIN B TUIITIOKaMIIe: leUITUT HEHPOHOB Yepes
21 cyr. cocrasua 41,2% (95% [AW: 31,5—51,5%). B
9TUX OT/IEJIAX MO3Ta YMEHBIIAIOCH COJIEPsKaHNE CBO-
GOJHBIX TJIMAIbHBIX KJIETOK U KJIETOK-CATEJJIUTOB, HO
HEHPOTrTMATbHBINA WHIEKC KOHTPOJIBHOTO YPOBHS HE
nocturan. To ecTb, HEWPO-TIUO-COCYIUCTBIE KOM-
mekcel CCK n runmokama mocsie peniepdysnu repe-
CTPaMBAJIMCh TAK, YTO B HUX MPOUCXOMIIO YBeJude-
HUe cojiepKaHue TauanbHbiX Kiaetok. B MT nedutur
Heltponos yepe3 21 cyT. coctaBus TosbKo 14,2% (95%
JIN: 8,0—22,6%), HI' yBemuuBasicst He3HAYNTEND-
HO ¥ BOCCTAHABJIUBAJICS JO YPOBHS KOHTPOJISI yiKe
yepes 14 cyr. mocJie uiremun (Tabaura).

B nacrosiem wccieoBaHUN MOJTy4eHbl HOBbIE
JIaHHBIE 00 OTHOHATIPABJICHHOI PEOpPraH3alii HHTET-
PUPOBAaHHBIX HEHPO-TJIMO-COCYAUCTBIX MUKPOCTPYK-
TYPHBIX KOMILJIEKCOB HeoKopTekca, CA1 rurimokammna u
MT romoBHOTO MO3ra T0ocJIe ocTpoii utemun. [lo gan-
HBIM JINTEPATYPBI, TOA00HAs MH(bOPMALHs UMeeT 6OJIb-

high neuroglial relations, complexes of AM and SSC
had a large compensatory and restorative potential at
the baseline (normal conditions). This demonstrated
that neurons of neuro-glio-vascular complexes of AM
and SSC were in the most favorable conditions during
ischemia and immediately after it. The influence of glia
on neurons in the postischemic period increased even
more. So, 14 days after ischemia, there was one SSC
neuron per 3.0—4.8 astrocytes (NGI). According to
the literature, these changes contributed to the pro-
tection and recovery of damaged neurons [8§—10]. In
the hippocampus, due to the high density of neurons,
positive impact of astrocytes expressed to a lesser ex-
tent (NGI: 0.9—1.5). Tt is likely that this is one of the
factors of selective damage of the neurons in the CA1
of hippocampus, as described previously [16].

Data shown that in the early postischemic period
manifestations of edema of astrocytes, necrosis and
apoptosis of neurons prevailed. At that, processes of
transcytosis in pericytes and endothelial cells were ac-
tivated, and the permeability of the blood brain barrier
increased. On this background, the percentage of mi-
crovessels with a richly branched processes of peri-
cytes and complexity of the spatial organization of the
basal membranes increased. It was evaluated as evi-
dences of compensatory activation of astrocytes and
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Experimental Studies

Heiiporamanbubie otnomenusi (HITH) B pasupIx oT€/1aX T'OJOBHOIO MO3ra GeJIbIX KPbIC B HOPME M IIOCJIe OCTPOI Ulle-

muu, Me (Ql—Qu)

Neuroglial relations (NGI) in different parts of the brain of white rats in norm and after acute ischemia, Me (Ql—Qu)

Indexes Values of indexes for parts of the brain ANOVA Friedman (d;=2)
SSC Hippocampus Amygdala

Control (n=5) 16(13-1.7) 05 (0.2-0.7)" 24 (21-2.6)7** 77=26.5, P=0.0001

Postischemic period. days (n=30)

I 15(1.2-20) 0.6 (0.3_08) 23(1.9 2.7) = %=24.8, P=0.0001

30 18(14_21)~ T1(0.7 12y 77 25 (21_2.6)7** %7=20.4; P=0.001

7th 2.4 (1.8—2.5)*#* 1.4 (0.9—1.5)%### 2.9 (2.4—3.2)*#%*5% 22=18.6; P=0.01

40 32 (3.0 48)7* 12(08 13y ## 26 (21 2.7y %  2=24.3; P=0.0001

27 22 (1.6 24)+ T1(0.6_14)~ 22 (1.7_25)7** 7 =14.6, P=0.02

30t 2.1 (1.7—2.3)% 0.8 (0.4—1.1)*### 2.3 (2.0—2.7)** 22=16.6; P=0.01

ANOVA (dg=5) H=38.4; P=0.0001 H=22.5; P=0.001 H=12.4; P=0.02 —

Note. NGI is the neuroglial index. The material is represented as the median (Me), the lower (Q/), and the upper (Qu) quartiles.
SSC — somatosensory cortex. * — Differences in comparison with SSC; ** — with hippocampus (Wilcoxon test); # — with previous
term; #* — with control (Mann—Whitney test) are statistically significant at P<0.05. ANOVA — one-way variance analysis; H —
Kraskel—Wallis criterion; y? — Pearson's criterion. The zero hypothesis for ANOVA was rejected at P<0.05.

Ipumevanue. HTV — neiipornmanprbiii nngeke. Matepuasn npejcrasied kak meauana (Me), musknuii (QI) u sepxuuii (Qu) KBapTuiim.
Indexes — nokazaresu; Values ... for parts of the brain — snauenus B otenax mosra; SSC — comarocerncopuast kopa; Hippocampus — ruri-
nokam; Amygdala — munnanesuanoe Teno; Postischemic period, days — noctunemuueckuii mepuo, gHu. * — pasinuust B CPABHEHUHN C
SSC; #* — ¢ runmokammoMm (kputepuii Buiikokcona); * — ¢ mpeAbI Iy M cpokoM; ## — ¢ koHTpoJsieM (Kputepuit ManHa— YWTHU) cTaTh-
cruveckn 3HaunMbl 1pu p<0,05. ANOVA — ogrodakropubiii guctneperonnsiii ananus; H — kpurepuit Kpackena—Yosmuca (K-Y); y? —
kpurepuii [Tupcona. Hynesast runoresa ipu ANOVA orseprasacs npu p<0,05.

roe 3HaYeHue /Ui MTOHUMAaHUST OCHOB 3aIUTBI U BOC-
CTAHOBJIEHUST TOJIOBHOTO MO3Ta TIpu peniepdysnn [ 1—4].

W3yuenne HENPO-TIINO-COCYTUCTBIX MUKPOCTPYK-
TYPHBIX KOMIIJIEKCOB MBI ITPOBOJIUIIN C TIOMOTITHIO JIEK-
TPOHHOM MWKPOCKONUH U (DJIYOPECIIEHTHOW OKPACKU
syepHoit JIHK 4',6-mumamuinno-2-denummngon (DAPT).
ITO coeMHEHNEe ceJeKTUBHO cBs3biBasioch ¢ JJHK Ha
A—T oboralieHHBIX y4acTKaX, IEMOHCTPUPYS SIPKYIO
CUHIOIO (hITyOPECIIEeHITUTO ¢ MaKCUMyMOM Ha 461 um [ 18,
19]. DAPI mazexxno Bepuduimposas sapa HeHPOHOB,
TJIMATBHBIX, 9HAOTETNAIBHBIX KJIETOK U MEPUITUTOB —
BCEX COCTABJISIONINX HENPO-TJINO-COCYIUCTBIX MUKPO-
CTPYKTYPHBIX KOMILJIEKCOB FOJIOBHOTO MO3Ta.

Ocoboe 3HaueHNE UMEJIH JaHHBIE 00 0COGEHHO-
CTSIX OPraHu3aIu HEHPO-TIIMO-COCYAUCTHIX KOMILTEK-
coB CCK, CA1 runmoxamna n MT B HOpMe. 3a cyer
BBICOKOTO HEWPOTJINATBHOTO OTHOIIEHUS KOMILIEKCHI
MT u CCK usHayasbHo (B HOpMe) 00/1a1a/11 GOIbIITIM
KOMTIEHCATOPHBIM W BOCCTAHOBUTEIBLHBIM MOTEHITHA-
JIOM. DTO CBUIETETLCTBOBAJIO O TOM, UTO TP UITIEMUH 1
cpasy MocJie Hee B HanboJiee BBITOIHbIX YCJIOBHSIX HAXO-
JTAJTACH HEPOHBI HEMPO-TIIMO-COCYMCTBIX KOMILTEKCOB
MK u CCK. Euie 6osblite yCUITUBATIOCH BJIMSTHIE HEM-
POTJIMN Ha HEHPOHBI B TIOCTUIIIEMUYECKOM Tiepurojie. Tak,
yepe3 14 cyT. mocsie ntiemun #Ha ogH Heiipon CCK mpu-
xoausiock 3,0—4,8 actpormuroB (HI'M). ITo muarepatyp-
HBIM JIAHHBIM, [I000HBIE U3MEHEHISI CIIOCOOCTBOBAIN
3alUTe U BOCCTAHOBJIEHUIO TIOBPEKIEHHBIX HEHPOHOB
[8—10]. B rurmmoxamrre, n3-3a BBICOKOM MJIOTHOCTH HEH-
POHOB, TTO3UTUBHOE BJIMSTHYAE HA HUX aCTPOIUTOB BhIPa-
skeno B Menpieil crerern (HTU: 0,9—1,5). Brosme
BEPOSITHO, UTO TO SIBJISIETCST OIHUM U3 (DaKTOPOB, OTIH-
caHHoll pasee [16], cesleKTMBHOW TOBPEXIAEMOCTU
yactyu HetlipoHoB CA1 rurnmokamra.

Hamu yctaHOBJI€HO, UTO B pAHHEM MTOCTHIIIEMU-
YEeCKOM IEPHUO/Ie TIPEBATUPOBAJIN ITPOSIBJICHUS OTEeKa-
HaOyXxaHUs acTPOIMTOB, HEKPO3a U aIlOITO3a Helipo-

angiogenesis [12, 13]. Similar results on possibility of
neoangiogenesis were obtained in the study of neuro-
glio-vascular complexes in other models of acute is-
chemia [8—10, 12, 14].

Currently there is a large number of works, indi-
cating the existence of functionally specific, complex,
integrated cellular systems. These include neuro-glio-
vascular microstructure complexes in the brain. They
provide protection of neurons and recovery of nervous
tissue after damage. Research in this direction is prom-
ising and has a practical value [3—8].

Conclusion

Data confirm multiple adaptive and compensa-
tory alterations within the neuro-glio-vascular com-
plexes of SSC, CA1 of the hippocampus and amygdala
of white rat’s brain after a 20-minute occlusion of the
common carotid arteries. Patterns demonstrating pro-
tection and recovery of damaged neurons were most
commonly observed in the SSC and amygdala that
both exhibited high NGI value.

HOB. IIpn 3TOM aKTHBUPOBAINCH MPOTIECCH TPAHCITH-
TO3a B TIEPUITNTAX W SHAOTENNATHHBIX KJIETKaX, yBe-
JMYNBAIACh TPOHUIIAEMOCTD TeMaTOaHIIe(aTITIecKo-
ro Gapsepa. Ha atom ¢one yBeamumsamach m0Js
MHKDPOCOCY/IOB C MOIIHBIMH  Pa3BeTBICHHBIMHU
OTPOCTKAM¥ MEPHUIINTOB, YCJIOKHEHNEM MPOCTPaH-
CTBEHHON opranmsanuu 6a3aTbHLIX MeMOpaH, 4TO
CBUETEIBCTBOBATIO O KOMIIEHCATOPHOH aKTHBAIINN
ACTPOTIMTOB N TIPOIlecCcOB aHTHoTeHe3a |12, 13]. Ana-
JIOTHYHBIE PE3yIbTaTHI, 0 BO3MOKHOCTH HEOarHIOTe-
He3a, OB TTOMYYeHbl TIPU W3YYeHNU HEeNpPOo-TIno-
COCYAMCTBIX KOMIIJIEKCOB Ha JPYTHX MOJIEJISX OCTPO
umemwn [8—10, 12, 14].

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 6



DOI:10.15360,/1813-9779-2017-6-6-17

9CH€pMMeHTaAbeI€ MCCACAOBAHMA

B Hacrostiiee BpeMst MOSBIIAETCS GOTBINOE KOJIH-
4ecTBO PaboT, CBUAETEIBCTBYOIINX O CYIIECTBOBAHIN
CTIOKHBIX (PYHKIMOHAJIBHO CIEeIaTU3MPOBAHHBIX
WHTErPUPOBAHHBIX KJIETOUHBIX cucTeM. VIMEHHO TaKo-
BBIMH SIBJISIOTCST HEHPO-TJINO-COCYANCTBIE MUKPO-
CTPYKTYPHBIe KOMILJTEKCHI TOJIOBHOTO Mo3Ta. OHH
06eCTeYnBaOT 3AMNTY HEHPOHOB U BOCCTAHOBJIEHUE
HEepBHOIT TKaHW TTocjIe oBpeskaAeHus. VceaenoBanus
B 9TOM HaIPaBJICHUH TIEPCIIEKTUBHBI U UMEIOT TIPaK-
Tryeckoe 3HaveHune [3—§].
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3akiaoueHue

TaKI/IM O6p330M, TIoJIy4YeHHbI€ JlaHHbI€ CBU/IE-
TeJIbCTBYIOT 00 aalTallMOHHBIX M KOMIIEHCATOPHBIX
N3MCHCHUAX KOMIIOHCHTOB HeflpO-I‘]IHO-COCyI[HCTbIX
xoMiutekcoB CCK, CA1 runmoxkamia u M T roJsiosro-
r0 MO3Ta OeJIbIX KPbIC Tocsie 20-MUHYTHON OKKJTIO3UN
o0mux connbIx aprepuit. HamboJee monHo peannsa-
YA MEXaHNU3MOB 3alllUThl 1 BOCCTAHOBJIEHU S TIOBPEK-
nennbix Heliponos npoucxoxut 8 CCK u MT, obia-
nparomux Boicokum HI'N.
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Experimental Studies

CpaBHuTe IbHbIE ACTIEKTHI PEryJIsAINU KOKHOU
Y MO3TOBOI MUKPOIMPKYJISIIIUU IIPH OCTPOIi KpoBoMoTepe

N. A. Peixxos, 10. B. 3apxenkuii, 1. C. HoBopep:xkuaa

HUU o6meit pearmmarosiornu um. B. A. Herosckoro @HKIT pearnnmartosioruu u peabuIuTonorum,
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Comparative Aspects of the Regulation of Cutaneous
and Cerebral Microcirculation During Acute Blood Loss

Ivan A. Ryzhkov, Yuri V. Zarzhetsky, Irina S. Novoderzhkina

V. A. Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia

ITesb vccregoBanmst — yCTAHOBUTH OCOOEHHOCTH PETYJISIIIUI KOKHOIT U 1IepeOpaibHON MUKPOTeMOIMPKY TSI
Ha PAaHHUX CTaISAX OCTPON PUKCHPOBAHHON 10 06beMy KpoBomoTepu ¢ omortbio JIJMD u BeiiBreT-aHamnsa KoJe-
GaHUIl MUKPOKPOBOTOKA.

Marepuasbl ¥ METObI. JKCIIEPUMEHTHI TipoBesn Ha 31 6ecnopoaHbIX Kpbicax-camiiax Maccoit 300—400 T mo
HapKo30M (HeMOyTas 45 Mr/Kr BHYTprOpiomuHHo). C 11e1pi0 u3Mepenus aprepuanbioro aasaenus (AJl) u 3abopa
KPOBH KaTeTEPU3UPOBAJIN XBOCTOBYIO apTePHIo. MUKPOTeMOITUPKYJISINIO B KOJKE IPABOTO YXa M MUATBHBIX COCYIAX
JIEBO TEMEHHOIT 00JIaCTH PErNCTPUPOBAJIN OHOBPEMEHHO METOIOM JIa3ePHOI 1onTiepoBckoii paoymerpun (JI1D)
(ammmapat JIAKK-02; HITIT «JTA3BMA», Poccust). Vlcrioib3oBann Moiesib OCTPOM, PUKCUPOBAHHOMN 0 00beMY KPO-
Bonorepu. LleneBoit 06bem kposororepu 6611 30% ot OLLK. B reyene 10 MuH mocsie OKOHYaHMsI KPOBOIIOTEPH (110~
cTreMopparudeckuii nepuos) mposoauan perucrpanuio A/l u 3armucs JIJID-rpammbt. [Tpu ananuze JIJ{D-rpamMmbr
OIIPeJIEJISLIIN CJIeTyTOlINe TAPAMETPBI: Cpe/iHee 3HaYeHne oKazaTe st Mukporupkysiiinu ([1IM); makcumasbaast am-
IMTYya Koaebanuii kpoBotoka (A,, ) U cooTBeTcTBYIoNas eif yactora (F,,,) B vacrorHom auanazone 0,01 — 0,4
I'n. CrarucTndeckyio 06paboTKy JaHHBIX TPOBOAMIIN B TporpamMe Statistica 7.0.

Pesyabratel. B ucxonnom cocrosuun [IM, A, u F, .. B Mo3re Bbillle ueM B Koke. B mocTreMopparmnyeckom re-
puoge A/l cuusuiocs, B cpegnem, co 105 10 41 mu pr. ct., Ha aToM hore TTM B Koke CHUBUIICS 110 CPABHEHUIO C UC-
xonoM Ha 65%, a B Mo3re Tosibko Ha 17% (p<0,0001). B aToT ke nepmos oTMedanach OJfHOHATIPABIEHHAS TUHAMIKA
u3MeHeHMiT (hiakcMonuil: B 06enx nccieyeMpix 06JacTsIX IIPOUCXOANIO Pe3KOoe yBelndenne Amax 1 CHUKeHe
Fmax. B moctremMmopparnueckom repuojie poNCcXOoANII0 He TOJIbKO «3aMe/lyieHnes (HIAKCMOINE, HO U UX CHHXPOHM-
3alMs B OTHOCUTEIBHO Y3KOH 10J10Ce YacTOoT: it Koskn okoJ10 0,04 Iy (Ha rpanuiie sH10TeMaIbHOTO U HeliporeH-
HOTO inara3ona), 17t Mmo3ra okoso 0,09 [ (Heiiporenublii 1uamna3on).

3axmouenue. Ocrpast kposonorepsi B o6beme 30% ot OLLK cornpoBoskaaercs oJiHOHAIPABIECHHON ANHAMUKO
U3MEHEHUH aMILIITYIHO-4aCTOTHBIX XapaKTEPICTUK KOJIEOAHUI KOKHOTO M MO3TOBOTO KPOBOTOKA: YBEJIMUEHUE aM-
IUTUTY [[bI, 3aMejIJIeH e U CUHXPOHU3AIHsE (DJIAKCMOTIUI B Y3KOM YaCTOTHOM [Haria3one. Pe3yibraThl COOCTBEHHBIX
WCCJIEZIOBAHUI U IAHHBIE JINTEPATYPbI MO3BOJISIIOT BHICKA3ATh ITPEOIOKEHIE O TOM, YTO B YCIOBUSIX FMIIOTEH3MH
MeXaHU3Mbl CHIDKEHUsT IOMUHUPYIOTIEN YacTOThl (pIaKCMOIINI CBSI3aHbI C YMEHbIIIEHIEM JIaBJIeHUs] Ha CTEHKH CO-
CY/IOB, & yBeJTMYeHNe aMIUIUTY/IbI — C AKTUBAIINEH CUMIIATOA/[PEHAJIOBOI CUCTEMBI.

Kantouesvte cnosa: kodichvlil KpOBOMOK; MO320801 KPOBOMOK; MUKPOUUPKYIAUUS; LA3ePHAs. 00NNIeposcKast (.uio-
YMempusi; 6elsIem-anaiu3; 0Cmpas Kpogonomeps

Objective. Using laser Doppler flowmetry (LDF) and wavelet-analysis of microvascular blood flow oscillations
to determine the features of regulation of cutaneous and cerebral microhemocirculation at early stages of acute fixed
volume blood loss.

Materials and methods. Experiments were carried out on 31 male outbred rats weighing 300 g to 400 g. The
animals were anesthetized by intraperitoneal injection of pentobarbital (45 mg/kg). The tail artery was catheterized
for invasive measurement of mean blood pressure (BP) and blood withdrawal. The LDF method (JIAKK-02 device,
LAZMA, Russia) was used to record microvascular blood flow simultaneously in the right ear and the pial vessels of
the left parietal region. An acute fixed-volume hemorrhage model was used. The target blood loss volume was 30%
of the total blood volume (TBV). Within 10 minutes after the end of hemorrhage (posthemorrhagic period), the
blood pressure and the LDF-gram were recorded. The following LDF-gram parameters were analyzed: the mean
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value of IP; the maximum amplitude of blood flow oscillations (Amax) and the corresponding frequency (Fmax) in
the frequency band 0.01—0.4 Hz. Statistical processing of the data was performed using Statistica 7.0.

Results. At baseline, the values of IP, Amax and Fmax in the brain were higher than in the skin. At posthemor-
rhagic period, BP decreased, on average, from 105 to 41 mm Hg. Against this background, IP in the skin decreased
by 65%, while in the brain it reduced only by 17%, as compared with the baseline values (P<0,0001). In the same
time these organs were characterized by a unidirectional dynamics of patterns of fluxmotion. In both investigated
organs, Amax increased sharply, and Fmax decreased. In posthemorrhagic period, fluxmotion not only «slowed
down», but was also synchronized in a relatively narrow frequency band: for the skin Fmax was about 0.04 Hz (at
the border of the endothelial and neurogenic band), for the brain about 0.09 Hz (neurogenic range).

Conclusion. Acute blood loss at a volume of 30% of TBV is accompanied by the unidirectional dynamics of
changes in the amplitude and frequency characteristics of cutaneous and cerebral blood flow oscillations: an increase
in the amplitude, slowing down and synchronization of the fluxmotion in a narrow frequency band. The results of
present study and literature data allow assuming that during hypotension, the mechanisms for reducing the dominant
fluxmotion pattern frequency are associated with a decrease in pressure on the vessel walls, while an increase in am-

plitude is associated with the activation of the sympathoadrenal system.

Keywords: skin; brain; microcirculation; laser Doppler flowmetry; wavelet analysis; acute blood loss
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BBenenne

B martorenese Tskenoil ocTpoil KpoBOIOTEpU
BBIJIEJIIIOT HECKOJBKO (haKTOPOB, BAKHENUITUMU W3
KOTOPBIX ABJISIOTCS TUIIOBOJIEMUS, CHUKEHHUE KICJI0-
PO/IHOI eMKOCTH KpoBH (aHeMus) u rurornepdysus
Tkaneii. [leficTBue atux (axToOpoB Be/eT K Pa3BUTHIO
TUTIOKCUHU U TIOBPEXKACHUS KIETOK C TOCAeYIONIei
opranHoii rucdynkimeit. C 1pyroii CrTopoHbl, IepBUY-
HbBIE TEMOJIMHAMUYECKUE 1 METAOOINYECKIe HAPYIITe-
HUS 3aIIyCKAIOT B OPraHU3Me KOMILIEKC KOMIIEHCATOP-
HO-TIPUCIIOCOOUTETBHDBIX PEAKIINN, HATIPABJIECHHBIX HA
BoccTaHoByienne romeoctaza [1]. Llentpanusamnus
KpoBOOOpallleHus, Hapsiy ¢ MOOMIM3alei JeOHu -
POBaHHOU KPOBU U ayTOTEMOIUTIONNEN, ABIAETCI
OJIHOW U3 PAHHUX KOMIIEHCATOPHO-TTPUCIIOCOOUTE -
HBIX peakIeil opranuaMa Ha Kposororepio. CyTb ee
3aKJI0YaeTCs B IepepacipesiesieHun  CepedyHoro
BBIOPOCA B MOJIb3Y JKU3HEHHO BAKHBIX OPTAHOB (Ccepi-
Ile ¥ MO3T), 32 CUET BAa30KOHCTPUKIIUUA B PETHOHAX
MeHee UyBCTBUTEIBHBIX K UIIeMUH (KOKa, MBIIIIIHI,
JKeJyZIouHO-KuIIeuHblid TpakT). Ilpu atom, ToHyc
COCY/IOB B TOM HJIK THOM COCYIUCTOM OacceiiHe orpe-
JiesigeTcs He TOJbKO aKTUBAIIME CUMITATO-aPeHAO-
BOI CHCTeMbl, HO I TECHBIM ee B3auMOjlefiCTBIeM C
JIPYTUMU PETyJAATOPHBIMU (DaKTOpaMu, TAKUMH KaK
HHJIOTETMAIbHAS, MECTHAST META0OIMIECKast U cOOCT-
BEHHO MUOTEHHAS PETyJANMsS COCYIAUCTOrO TOHYyCA.
[ToaTOMy WM3MeHeHUS PErMOHAPHOTO KPOBOTOKA WU
MUKPOIUPKYJIAIUN TIPU OCTPON KPOBOTIOTEPE MOTYT
3HAYNTEJBHO PA3JInYaThCsA B OPraHaxX ¢ Pa3HBIMU MOP-
dostormueckuMu 1 HyHKIMOHAIBHBIMU 0COOEHHOCTS -
MU KpoBOCHaGkeHus [2].

KpoBocHabskeHIe KOKH ITPU OCTPOii KPOBOIIOTEPE
3HAYUTEJBHO CHUKAETCS, YTO B KJIMHUYECKUX YCJIOBUSAX
nposiBsiercst 6J1eHOCTbIO (MHOIa MPaMOPHOCTbHIO)
KOKHOTO ITOKPOBA ¥ CHIKEHUEM 1TepruhepruiecKoil TeM-
neparypbl Tesa. B akcriepuMeHTaIbHbIX 1 KITMHITYECKUX
HCCJIEJIOBAHUAX TIPU TeMOPPArnYecKoM IIOKe B KOXKe
HaGJIIOIAJTNCE BHIPAsKEHHAST BASBOKOHCTPHUKITUS, CHIKE-
Hue nepdy3nu 1 MUKPOITUPKYJIATOPHbIE HAPYIIEHN [ 3,
4]. TomoBHOIT MO3T SABJIAETCS KU3HEHHO BasKHBIM Opra-

Introduction

Several factors have been identified in the patho-
genesis of severe acute blood loss. The most important
factors include hypovolemia, decreased oxygen-carry-
ing capacity of blood (anemia), and tissue hypoperfu-
sion. Impact of these factors leads to the development
of hypoxia and cell injury followed by organ dysfunc-
tion. On the other hand, initial hemodynamic and meta-
bolic alterations trigger a set of compensatory and
adaptive reactions in the body to restore the homeosta-
sis [1]. The centralization of circulation, along with the
mobilization of deposited blood and auto-hemodilution,
is one of the initial compensatory-adaptive body re-
sponses to blood loss. Its essence lies in the redistribu-
tion of cardiac output in favor of the vital organs (heart
and brain), through the vasoconstriction in regions
which are less sensitive to ischemia (skin, muscle, gas-
trointestinal tract). At that, vascular tone in a particu-
lar vascular region is determined not only by the
activation of sympathoadrenal system, but also close in-
teraction of this system with other regulatory factors,
such as endothelial, local metabolic and myogenic reg-
ulation of vascular tone. Therefore, regional blood flow
and microvascular alterations in the acute blood flow
can vary significantly in organs with different morpho-
logical and functional features of blood supply [2].

Cutaneous blood supply is significantly reduced
in acute blood loss. In clinical setting this is mani-
fested through pale (sometimes mottled) skin and de-
creased peripheral body temperature. In experimental
and clinical studies, severe vasoconstriction, decreased
perfusion and microcirculatory disturbances were ob-
served in the skin during hemorrhagic shock |3, 4].
The brain is a vital organ thence during acute hemor-
rhage its blood supply is maintained at a relatively
constant level. This is due both to a pronounced abil-
ity of cerebral vessels to blood flow autoregulation and
the centralization of circulation [5, 6]. Compensatory
possibilities, however, are not unlimited. In severe he-
morrhagic shock or under the influence of additional
aggravating factors the cerebral blood flow is reduced,
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HOM, TI09TOMY ITPH OCTPOIi KPOBOIIOTEPE €r0 KPOBOCHAG-
JKEHUE TTOJIEP;KUBAECTCST HA OTHOCUTETBHO MOCTOSTHHOM
ypoBHe. DT0 00YCJIOBIEHO KaK BBIPAKEHHON CI10CO6-
HOCTbIO 11epeOPaIbHBIX COCY/IOB K ay TOPETYJIAIIN KPO-
BOTOKa, TaK ¥ [[eHTpaIn3alieil kpopoobpaiieHus |5, 6].
O/HaKO pe3epBbl KOMIIEHCATOPHBIX BO3MOKHOCTEH He
GesrpaHnaHbl. [TpH TSIKEJIOM TeMOPParnIeckoM IOKe
WJTW JIGWCTBUY JIOTIOJTHUTETBHBIX OTSTYAIONTUX (haKTO-
POB MO3TOBOI KPOBOTOK CHUZKAETCS, YTO COITPOBOK/IA-
eTcs pa3BUTHEM 3IHIEhATONATHH U TUITOKCHUECKUX
ToBpesk/IeHnH Mo3ra [7, 8].

Jlazepuas nomuteposckast hroymerpus (JID)
MO3BOJISIET HE TOJIHKO UCCIIEI0BATH BEJTMUNHY KPOBO-
TOKa HA YPOBHE MUKPOIUPKYJISIIAN, HO U C TIOMOIIHIO
MareMaTHIeCKOTo aHajIu3a ero Kojebanuii ((rakemo-
1uii, ot anrir. fluxmotion) orieHUTH AKTUBHOCTD MeXa-
HU3MOB PeTyJsIum MUKporupkyadiuu [9]. Panee B
DKCIIEPUMEHTE YsKe OBLIO MOKa3aHO, 4TO OCTPasi KPo-
BOTIOTEPSI U TIOCJeAyIonias pernepdysust COmpoBOK-
JIATOTCST CYTIECTBEHHBIMU UBMEHEHWSIMU aMTLIATY/THO-
4acTOTHOIO cuekTpa duakemonuii B koxxe [10] u
moare [11, 12], uTo oTpaskaeT n3MeHeHNe aKTUBHOCTH
(baxTopoB perymsiun MuKponupkKyJasiiiun. OHaKO B
JIOCTYITHOM JIUTepaType He HaliieHo paboT, IOCBSIIEH-
HBIX U3YYEHUIO CPAaBHUTEIBHBIX ACMIEKTOB KOKHOW 1
MO3TOBOU MUKPOIUPKYJISAIINN € AaHAIN30M (DJIaKCMO-
1A TIPU OCTPON KPOBOTIOTEPE.

[LesTh HACTOSITIETO HKCIIEPUMEHTATBHOTO HCCJIe-
JIOBAHUST: YCTAaHOBUTH OCOOEHHOCTH PETYJISIIUN KOXK-
HOII 1 11epeOpaIbHON MUKPOTEeMOITUPKYJISIIIN Ha PaH-
HUX CTaJsIX OCTPOi (DUKCHPOBAHHOH 1O 0Obemy
KpoBotoTtepu ¢ momotisio JIJM u BeiiBrer-aHamm3a
KoJiebaHNii MUKPOKPOBOTOKA.

MaTepI/IaJI U METO/1bl

IKcrepuMeHTbI poBesin Ha 31 GecropoIHbIX KPbIcax-
camitax Maccoit 300—400 r o HapkozoM (HemOyTas 45 MI/Kr
BHYTPUOPIONIMHHO), B YCJIOBUSIX CIMIOHTAHHOTO JABIXaHUsT ¥
TemMIepaTypsl okpy:katorieir cpexbl 20—22°C. Arectesmnio
MOUIEPIKUBAJIN TIOBTOPHBIMU BHYTPUOPIONIMHHBIMU MHBEK-
siMu aHecrerrka (HemOyTan 10 Mr/kr no tpebosanuio). C
11eJIbI0 MHBA3MBHOTO M3MEPEHNUST CPETHETO apTepPHaTbHOTO
nasnenust (AJl) u 3a60pa KPOBU KaTeTepU3KHPOBaI XBOCTO-
ByIO apTepuio. Katerep meproaecKkyt IpOMBIBAJIN PACTBO-
pom Hedpakmnornposartoro remapuna (0,1 v, 50 EJT/mor).

TonoBy kMBOTHOTO (UKCHPOBATH B CIIEIHMAIBHOM
cranke. [Tocire cperHHOTO paspe3a KOKU M MATKNX TKaHeH
rOJIOBBI, C MOMOIIBIO Oypa BBITIOJHSIN KPAHUOTOMUIO B
JIEBOM TeMEHHOM 06J1acTh (JinaMeTp OTBEPCTHS 2 MM, KOOP-
JITHATHI IIEHTPA: 3 MM KayJaJbHO OT JuHUN bperma, 2 MM
JieBee OT CaruTTaJIbHOTO 1Ba). TBepayio MO3TroByi0 000-
JIOUKY W TOHKWIT BHYTPEHHUH CJIOI KOCTH OCTaBJISIIN UH-
TAKTHBIMHU, YBIAKHIIN GU3UOTOTHIECKUM PACTBOPOM.

KpoBOTOK B HEOKOPTEKCE M KOXKe yXa KPbICHI PETH-
CTPUPOBAJIN METOJIOM JIA3€PHOM JIONTIIIEPOBCKOI (huroymeT-
puu (JII®D). Cyrp merona JIJD coctout B ONTUYECKOM
HEWHBA3UBHOM 30H/IPOBAHNUN TKaHEH MOHOXPOMAaTHUECKUM
JIa3ePHBIM M3JIyYeHUEeM U aHAJIN3€ U3JIYIEHNST, OTPAKEHHOTO
OT IBVWZKYTIUXCS B TKaHAX aputporntos |13, 14]. Otpasken-
HOE OT IOJBYKHBIX YacTUI[ (9PUTPOIUTOB) HU3JIyUeHHE
“MeeT JONIJIEPOBCKOE CMEIeHNe YaCTOThl OTHOCHTETBHO

which is accompanied by the development of en-
cephalopathy and hypoxic brain damage [7, 8].

The laser Doppler flowmetry (LDF) allows not
only to investigate the microcirculatory blood flow,
but also to assess the regulatory mechanisms of micro-
circulation by means of a mathematical analysis of
blood flow oscillations (fluxmotions) [9]. Previously
in experimental settings it had been already shown
that the acute blood loss and subsequent reperfusion
were accompanied by significant changes in the am-
plitude and frequency of fluxmotions in the skin [10],
and brain [11, 12], which reflected a change in activity
of the regulatory factors of microcirculation. However,
no studies on the comparative aspects of cutaneous
and cerebral microcirculation with fluxmotion analy-
sis in acute blood loss have been published.

The purpose of the study was to characterize the
features of cutaneous and cerebral microcirculation in
the early stages of acute fixed-volume blood loss using
LDF and wavelet analysis.

Materials and Methods

Experimental studies were started after the approval
by the Ethical Committee of the V. A. Negovsky Research
Institute of General Reanimatology. Experiments were car-
ried out on 31 male outbred rats weighing 300g to 400g dur-
ing spontaneous breathing, at a room temperature of
20—22°C. The animals were anesthetized with an intraperi-
toneal injection of pentobarbital (45 mg/kg). Anesthesia
was maintained by additional intraperitoneal injections of
the anesthetic (pentobarbital 10 mg/kg as required). The
caudal artery was catheterized for invasive measurement of
the average blood pressure (BP) and blood withdrawal. The
catheter was flushed intermittently with saline solution
(0.1 ml) containing 50 IU/ml of unfractionated heparin.

Heads of anesthetized rats were firmly fixed using a
special device. After a midline incision of skin and soft tis-
sues of the head, a craniotomy was performed in the left site
of the parietal bone using a drill (the hole diameter was 2
mm, the coordinates of the center were as follows: 3 mm cau-
dal from Bregma and 2 mm to the left from the sagittal su-
ture). The dura mater and a thin inner layer of the bone
remained intact and were moistened with the saline.

The cerebral blood flow in rat’s neocortex and cuta-
neous blood flow in the rat’s ear were recorded by LDFE. The
purpose of the LDF is a non-invasive optical tissue sensing
using monochromatic laser and analysis of the radiation re-
flected from moving red blood cells [13, 14]. The reflected
radiation from moving red blood cells has a Doppler shift
relative to the probe beam. This variable component of the
reflected signal is proportional to the number of red blood
cells in the investigated area and to their velocity. Then the
computer software calculates the index of perfusion (IP)
that reflects the tissue perfusion level in the tested volume
of the tissue (about 1 mm?) per time unit and is measured in
arbitrary perfusion units (PU).

Variations of the IP represent a complex function that
includes different harmonic components. Using mathemat-
ical analysis based on Fourier transforms, one can identify
these harmonic components. For this purpose, the wavelet
analysis with high resolution have been used [15]. Spectral
decomposition of LDF-gram into harmonic components en-
ables one to determine the amplitude and frequency charac-
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30H/IUPYIOIIETO CUTHAJIA. JTa TePeMEeHHAsI COCTABIISIONIAS
OTPa’keHHOTO CUTHAJIA ITPOIIOPI[OHATbHA KOJIMYECTBY 9PUT-
POIINTOB B 30HANUPYEMOIT 00IACTH 1 UX CKOPOCTH. B pesyib-
Tare KOMIIBIOTEPHOI 00PAabOTKH OTPasKEeHHOTO CHTHAJA
opmupyetcs mokazaTesns Mukporupkystin (1IM), otpa-
JKAIONMH yPOBEHD mepdy3un nccyaeyeMoro oobeMa TKaHu
(okomo 1 MM®) B eIMHUITY BpEMEHU U N3MepSIEMBII B OTHO-
CUTENbHBIX 1Tephy3NOHHBIX efnHNTaX (TId. e71.).

Kounebanus [IM BO BpeMeHU IpPEACTABJIAIOT COOON
CJIOKHYIO (DYHKIINIO, B KOTOPOI IPUCYTCTBYIOT Pa3Hble rap-
MOHWYeCKHe cocTaJrtontre. [Ipi MatemaTiaeckoM aHasImse,
OCHOBaHHOM Ha npeobpasoBatiy Dypbe, MOKHO BBISIBATH
9T TapMOHHUYeCKHe cocTapistionue. [[ist aTux 1eseil nc-
MOJTB3YETCsT MAaTEMATUYECKHIT allapar BelBJeT-peobpaso-
Banust [15], oTyiMyalomuiicss BBICOKOI paspemnraionieit
crioco6HOCTBI0. CriekTpasnbhoe pasnoxenue JIJID-rpammb
ZIaeT BO3MOKHOCTD OTIPE/IEJIUTD aMILTATY/THO-9aCTOTHBIE Xa-
PAKTEPUCTUKY KOJIeOaH!iT KPOBOTOKA HA MUKPOITHPKYJISITOP-
HOM ypoBHe (hIaKCcMOIii ).

B paunoii paboTe MCIIOIB30BAIN TOAXO/ K AaHATIU3Y
dbraxemonuii, TOPa3yMeBaOMINIT BbI/IeIEHIE MAKCUMATTh-
HOW aMIUTHTYAbI KOJIebaHuit MUKPOKPOBOTOKA (A ) ¥ CO-
orBetcTByIomeir et uactorel (F,,.). Taxoit momxoxm
TI03BOJISIET BBISIBUTD IOMUHHPYIONLYIO aMILJIITYTHO-4aCcTOT-
HYIO COCTaBJISIONTYI0 (DJIAKCMOIINIT TIPY M3MeHeHN! (DyHK-
IMOHAJIBHOTO COCTOSIHUSI OPTaHu3Ma, OCOOEHHO MpPHU
PErUCTpPallNy TaK HA3bIBAEMBIX <«MeJJIEHHO-BOJHOBBIX»
durakemonuii (anen. slow-wave flowmotion) [16], koTopsie
YaCTO BBIIBJLINCH B HAIIMX 9KCIEPIMEHTAX B IIOCTTEMOP-
parmIeckoM mepuoe.

ITo naHHbBIM JIUTEPATYPBI NCITOJIB3YETCS TAKKE JIPyTast
MeToInKa aHaym3a duakcMonuil. B ocHoBe ee JieskuT BbIe-
JIEHVE HECKOJIbKUX YaCTOTHBIX /[UAITa30HOB, B PAMKaX KOTO-
PBIX C TIOMOIIBIO BEUBJIET-AHAIN3A  OIPEAETSIIOTCS
COOTBETCTBYOIIIIE MAKCUMAJIbHbIE aMILIUTY/bl KOJIeOaHuii
MHUKPOKPOBOTOKA [9, 15]. [paHuirs! 0T1ebHOTO 4aCTOTHOTO
JIMaria3oHa OIMPe/IeNIIOTCST TIPUPOION KOHKPETHOTO MeXa-
HU3Ma PEeryJIsiui MUKPOIMPKYJISIIH, 2 MAKCUMAJIbHAS aM-
IJIMTYA OTPAKAET aKTMBHOCTH JAHHOTO MeXaHW3Ma BO
Bpemst JI/TD-merpum. T.e. crieKTpaIbHbIiN aHaim3 GrakeMo-
U TI03BOJISIET OLEHUTD COCTOSIHUE MEXAHU3MOB PETYJIsI-
IIUU MUKPOTEMOIINPKYJIAINN U U3MEHeHNe UX aKTUBHOCTH
0/I BJIMSHUEM Pa3anyHbIX (haxTopoB. Cpeir MeXaHu3MOB
PEryJISIiini MUKPOTeMOIMPKYJISIIIUT PA3IMYaloT aKTUBHBIE
u raccuBHble (haKTOPbl. AKTUBHBIE (DAKTOPBI MOJIYJISIIII
KPOBOTOKA — 3TO SH/I0TEIUAJIbHBIN, HEHPOreHHbII 1 cOOCT-
BEHHO MMOTEHHbIII MEXaHU3MbI PETYJISIUH TPOCBETA COCY-
J0B. AT (GaKTOPBI MOAYJIUPYIOT TIOTOK KPOBH CO CTOPOHBI
COCYIIMCTON CTEHKH, PEANN3YIOTCS Yepe3 ee MBIIEUHbII
KOMITOHEHT ¥ CO3/IAI0T KOJIeGaHUsI KPOBOTOKA IIOCPEACTBOM
Yepe/I0BaHUs ATHM30/I0B BA3OKOHCTPUKIINY U Ba30UJIaTa-
. B ranHOM ciryuae putMudeckie KoiebaHus KPOBOTOKA
B MUKPOIMPKYJAATOPHOM pyciie ((uakemonnn) o6ycaos-
JIEHbI PUTMUYECKUMHE KOJCOAHUSIMU IHaAMETPa MUKPOCOCY -
JI0B, IIPEXK/Ie Bcero, apreprost (Bazomonusmu). [laccuBhbre
akTopbl, BbI3bIBaIONINE KOJIeOAHMSI KPOBOTOKA BHE CHU-
CTEMbI MUKPOIIMPKYJISIIIH, — 9TO IIyJIbCOBAsi BOJIHA CO CTO-
POHBI aPTEPHii U IIPUCACHIBAIONIEE IENCTBIE «/IbIXATETBHOTO
Hacoca» CO CTOPOHBI BEH.

VY 1a6opaTopHbIX JKUBOTHBIX JIJISI KAJKAOTO U3 ISATH
NPUBEIEHHBIX MEXAaHU3MOB PETYJISIIINI KPOBOTOKA (B KOXKE)
XapaKTePHBbIMU JIMAIIA30HAMHU YaCTOT SBJISIOTCS CJIE/YI0-
nme: augorenuanpubiii — 0,01—0,04 [, neitporenusiii —
0,04—0,15 I';, Muorennsrit — 0,15—0,4 ', ApIXaTEIBHBIN —
0,4—2 T'ui, mysibcoBoit — 2—5 T [17]. B uccnenosanuu B. B.
Anexcanapuna [ 18] KosebaHmst MO3TOBOTO KPOBOTOKA Heli-

teristics of blood flow oscillations at the microcirculatory
level (fluxmotion).

In this study, we applied an approach to fluxmotion
analysis that involved an allocation of a maximum amplitude
of microvascular blood flow oscillations (A,,,) and the cor-
responding frequency (F,,,.). This approach allows identi-
fying the dominant amplitude and frequency component of
fluxmotion during changes in the functional state of the or-
ganism, especially during the registration of so-called «slow
wave» fluxmotion [16], which is often detected in our ex-
periments in the posthemorrhagic period.

According to the literature, the other method of flux-
motion analysis is also used. It is based on the selection of
multiple frequency bands within which the corresponding
maximum amplitudes of microvascular blood flow oscilla-
tions are determined using wavelet analysis [9, 15]. The
boundaries of a single frequency band are determined by the
nature of the specific mechanism of blood flow regulation,
and the maximum amplitude reflects the activity of this
mechanism during LDF registration. Thus, the spectral
analysis of fluxmotion allows assessing the state of regula-
tory mechanisms of microcirculation and changing their ac-
tivity under the influence of various factors. The regulatory
mechanisms of microcirculation include active and passive
factors. Active blood flow modulation factors are endothe-
lial, neurogenic and myogenic mechanisms of vascular lumen
regulation. These factors modulate the blood flow affecting
the vascular wall, are released through muscular component
of the latter creating oscillations in the blood flow through
vasoconstriction and vasodilation alternation. In this case,
rhythmic blood flow oscillations in the microvasculature
(fluxmotion) are caused by rhythmic oscillations in the di-
ameter of microvessels, primarily, arterioles (vasomotions).
Passive factors cause oscillations of blood flow outside the
microvasculature. These are a pulse wave from the arteries
and the «respiratory pump» from the veins.

In laboratory animals, for each of five mentioned
blood flow regulatory mechanisms (for the skin), the char-
acteristic frequency bands were as follows: endothelial
(Ae) — 0.01—0.04 Hz, neurogenic (An) — 0.04—0.15 Hz,
myogenic (Am) — 0.15—0.4 Hz, respiratory (Ar) — 0.4—2 Hz,
pulse (Ap) —2—5 Hz [17]. A study by V. V. Alexandrin
[18] demonstrated that the cerebral blood flow oscilla-
tions of neurogenic (sympathetic adrenergic) origin were
recorded within the band 0.04—0.126 Hz.

Probe No.1 of device LAKK-02 (SPE «<LAZMA», Rus-
sia; wavelength: 0.63 pm) was set over the inner surface of
the right ear and probe No.2 was mounted above the trephine
opening prepared in advance with a minimal clearance. Care
was taken to place the probe at areas with minimal vascular-
ization. The LDF-gram registration was performed simulta-
neously in the skin and brain for 8—10 min at each stage of
the experiment. When there were significant «noise factors»
(due to the movements of the rat, external noise etc.) LDF-
gram fragments that lasted at least for 4 minutes (without
«noise») were allocated. The following LDF-gram parame-
ters were analyzed: the mean value of IP within the registra-
tion time interval; the maximum amplitude of blood flow
oscillations (A,,,,) and the corresponding frequency (F )
within the frequency band of 0.01—0.4 Hz.

We employed an acute fixed-volume hemorrhage
model that allows evaluating the natural course of the
pathological process in posthemorrhagic period [19]. The
circulating blood volume (CBV) was calculated as 6.5% of
rat’s body weight [20, 21]. The target blood loss volume was
30% of CBV. Blood was withdrawn by means of a syringe in
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POTreHHOTO (CUMITATHYECKOTO a/[peHEPrnYecKoro) reHesa pe-
ructpupoBaiuch B quanazone 0,04—0,126 T

CsetoBoil 30H1 Nel JByXKaHAJIBHOIO arniapara
JIAKK-02 (HIIIT «JIA3BMA», Mocksa, Poccusi; nnuna
BoJtHBI 0,63 MKM) yCTaHABJINBAJIM HAJl BHYTPEHHEI TOBEPX-
HOCTBIO ITPABOTO YXa, 30H/1 Ne2 — Ha/l OATOTOBJIEHHBIM Tpe-
MaHAIMOHHBIM OTBEPCTUEM C MUHUMAJIBHBIM 3a30POM, 110
BO3MOKHOCTH, u3berasi onaJanus B 00JacTb PerucTpaiun
KPOBOTOKA KPYMHBIX cocyoB. 3anuch JI/[D-rpammbr ocy-
LIECTBJISJIN OJJHOBPEMEHHO B KOXKE ¥ MO3Te Ha KaXK/IIOM M3
3TaroB akciiepuMenTa B reyenuie 8—10 mun. [Ipu nanmunn
BBIPAKCHHBIX apTedakToB (BCJACNCTBHE JABUIKECHUI KPbICHI,
BHEIMHUX ToMex) Boieasan dparmentst JI/{D-rpammpr
[IPOJOJIKUTEIbHOCTBIO He MeHee 4 MuH (e3 apTedakTos.
[Tpu ananuze kaxoit JIJIMD-rpaMMbl ONIpeessiig CIenyio-
e mapameTpsl: cpegHee 3HadeHue [IM B unrepsase Bpe-
MEHU PETHCTPAIINM; MAKCUMAJIbHAS aMILIUTY/a KoJieGaHui
KpoBoTOKa (Amax) u cooTBeTcTBYM0MIad eii yactora (Fmax)
B yacroraoM juanasone 0,01—0,4 I

B sanHOii paboTe UCIIOIb30BAIM MOJIE]Ib OCTPO (DUK-
CUPOBAHHOI 110 00bEMY KPOBOIOTEPHU, O3BOJISIOIIEN Ol1e-
HUTb €CTECTBEHHOE TEUYEHHE TTaTOJIOTHYECKOTO Ipoliecca B
nocrremopparudeckom repuozie [19]. OILK kpwbicht paccun-
ThiBaIM Kak 6,5% ot maccet Tesa [20, 21]. TeneBoii 06bem
kposonorepu cocrasua 30% or OIIK. Kposb 3abupanu
LIITPULIEM M3 XBOCTOBOI apTEPUH, TPEMS PABHBIMU TIOPIUAMU
(110 10% OILK) B Teuenwe 20 mut (1-s1, 10-51 11 20-51 MUHYTBI).

Peructpanuio cpeanero A/l u 3armice JIJID-rpammbr
[IPOBOJIMJIM B UCXOAHOM cocTosiiuu (uepe3 20 MuH crabu-
JIN3AIMY TIOCJIE TTOJITOTOBUTEIBHBIX IPOIIE/YP) U B TCUCHUE
10 MuH nocse TpeTbero 3abopa KpoBu (IocTreMoppariye-
CKUII Iepuoz).

DBTAHA3UIO OCYIIECTBJISIN JIETATTHHON /103011 aHecTe-
tuka (HemOyTas 150 mr/kr).

Craructudeckyo 06pabOTKy JaHHBIX MPOBOAUIU B
nporpamMe Statistica 7.0 /L5 oleHKu J0CTOBEPHOCTH pas-
JIMYUI COOTBETCTBYIONINX TT0Ka3aTesel B KOKe U MO3Te UC-
noab3oBasn kputepuit U Bunkokcona—Manna—YurtHu,
M3MEHEHUS [T0Ka3aTe sl 10C/Ie KPOBOIIOTEPH 110 CPABHCHUIO
¢ ucxojioM — napHsbiil kpurepuit T Bunkokcona. Paznuuus
CYUTAIN IOCTOBEPHBIME TTPH ypoBHe 3Haunmoctu p<0,05.
AHanu3upyeMble BEJTMIUHBI TIPe/IcTaBu/In B Buzie: Me (25%;
75%). O6beM KPOBOLOTEPU TIPEACTABUIIM B BUJIE CPEAHETO
suavenus (M) u ommbku cpeameit (m).

Pe3yibraTel 1 00Cy:KIeHHE

O6beM kpoBomnorepu cocraBusn 6,5+0,2 ML
OcHOBHBIE Pe3yJIbTAThI JAHHOU PaBOThI TPUBE/IEHBI B
tabsmiie. B ucxoHOM cocTostHuM, Ha POHE HOPMAJTh-
HOTO 17151 KpBIchl cpesinero A/l snauenus [IM B Mmosre
ObLIH TTOYTH B 3 pa3a BhIIIIE, 4eM B KOKe. [TosryueHHbIe
pazinuus B Iepdy3ur KOKU U MO3Ta OKUIAEMbI U
COOTBETCTBYIOT N3BECTHBIM aHATOMO-(hYHKITMOHAIb-
HBIM 0COOEHHOCTSIM KPOBOCHAOKEHMSI 9TUX OPTAHOB
[2]. B wacTHOCTH, MO3TOBOII KPOBOTOK TO/I/IEP/KIBA-
eTcs Ha OTHOCHUTEJBHO BBICOKOM YPOBHE Jla’ke B
COCTOSTHUYM (PYHKIMOHAJIBLHOTO TOKOS W HapKo3a,
BBUJLY IIOCTOSIHHO BBICOKUX 9HEPTETUYECKUX MOTPED-
HOCTeN MOo3Ta. DHEPreTUuIecKue MoTPeGHOCTH KOKU
3HAYNTETHHO HUXKE, @ yBeJIMYCHIE KOKHOTO KPOBOTO-
Ka 00BIYHO SIBJISIETCSI TIPOSIBIEHUEM TEPMOPETYJISIIIUT
[IPY TUTIEPTEPMUN W OCYIIECTBISETCS 32 CYET OTKPDI-
THS APTEPUOBEHO3HBIX AHACTOMO30B (IIIYHTOB).

three equal portions (10% of the CBV) during 20 min (1%,
10% and 20" minute).

Registration of mean blood pressure (BP) and LDF-
gram was performed at a baseline (20 min after animal sta-
bilization) and within 10 minutes after the third step of
blood loss (posthemorrhagic period).

The animals were euthanized by an injection of a
lethal dose of pentobarbital (150 mg/kg).

Statistical processing of the data was performed using
the Statistica 7.0 software. To assess the significance of dif-
ferences between the same parameters in the skin and the
brain the Mann-Whitney U test was used. To assess the sig-
nificance of parameter changed after the blood loss as com-
pared to the baseline, a Wilcoxon signed-rank test was
employed. Differences were considered significant at
P<0.05. The analyzed values were reported as median and
25% and 75% quartile ranges: Me (25%, 75%). The amount
of blood loss was reported as a mean (M) and a standard
error of the mean (m).

Results and Discussion

The volume of the blood loss was 6.5+0.2 ml. The
main results of this study are presented in the Table. At
the baseline, against the background of a normal mean
BP for rats, the values of IP in the brain were almost 3
times higher than that in the skin. The obtained differ-
ences in the skin and brain perfusion are expected and
correspond to known anatomical and functional features
of the blood supply of these organs [2]. Particularly, the
cerebral blood flow is maintained at a relatively high
level even at a rest and anesthesia, due to constantly high
demand of the brain in energy. The energy demand of
the skin seems much lower. The increase in skin blood
flow is generally a manifestation of thermoregulation
during hyperthermia and carried out through the open-
ing of arteriovenous anastomoses (shunts).

The frequency band (0.01—0.4 Hz) used in this
study for spectral analysis of fluxmotion contains infor-
mation about all three factors of active regulation of mi-
crocirculation (endothelium, neurogenic influence and
intrinsic activity of smooth muscle cells). The use of
such a «generalized» band was justified among others
by data on the relative conventionality of correspon-
ding subbands delimitation. For example, sympathetic
denervation in an experiment on rats led to a change in
fluxmotion amplitudes not only in the neurogenic band,
but also in the whole «active» one [22].

Wavelet analysis of LDF-grams at the baseline re-
vealed differences between the amplitude and frequency
characteristics of perfusion oscillations in the skin and
brain. Both A, and corresponding F,. in the brain were
higher than those in the skin (Table). Subtle differences
of skin and brain in A, is apparently due to the fact that
the absolute value of A, is largely determined by the
anatomical and functional characteristics of the investi-
gated organ and the heterogeneity of its perfusion.

It was noteworthy that the studied organs dif-
fered in the dominant fluxmotion frequency at the
baseline: 0.06 (0.03; 0.17) Hz in the skin vs 0.16 (0.1;
0.24) Hz in the brain. Given the above frequency bands
for rats (see the section «Materials and Methods» ), we
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3meHeHus mapaMeTpoB KOKHOI 1 MO3rOBON MUKPOLMPKYJISIMH IPU 0CTPOii KpoBonotepe. Me (25%; 75%).
Changing the parameters of cutaneous and cerebral microcirculation in acute blood loss. Me (25%; 75%).
Stage of experiment Skin Brain BP, mmHg
P, PU A, PU F, .o Hz P, PU Apar PU F, .o Hz
Baseline 6,5 0,11 0,06 18,6* 0,19* 0,16* 105
(4,6;8,2) (0,07:0,13)  (0,03017)  (17,0;23,0)  (0,16;023)  (0,1;0,24)  (100;115)
Posthemorrhagic period 2,3%%* 0,41%* 0,04*% 15,4%** 1,0%** 0,09%* 41%*
(1,8;4,3) (0,19;0,75)  (0,04;0,04)  (13,5;20,0) (08; 1,5) (0,08,0,1)  (35;46)

Note. * — P<0.0007 vs corresponding parameter in the skin at the same stage of the experiment; ** — P<0.0001 vs Baseline; * — P<0.005

vs Baseline.
PU — perfusion unit; IP — the index of perfusion, PU; A

max

— the maximum amplitude of fluxmotion in the band of 0,01—0,4 Hz, PU;

F .« — fluxmotion frequency, corresponding to A, Hz; BP — blood pressure.

ITpumeuanue. Stage of experiment — atam axcneprmenta; Skin — koxa;
— MakcuMasbHas aMiutyza dhiakemoruii B uarnazone 0,01—0,4 I F

10Ka3aTesIb MUKPOLMPKYJIALMN, T1ep(y3UOHHbBIE eMHUIbE A,

Brain — mosr; BP — cpennee aprepnanpaoe nasienne; [P, PU —

max

gacTota (hIIAKCMOIIHH, COOTBETCTBYIONIAS A, ['T; Baseline — rcxomroe cocrostrue; Posthemorrhagic period — moctremoppariraeckii meproz.
* — p<0,0007 110 CpaBHEHHIO € COOTBETCTBYIONINM MOKa3aTesIeM B KOJKe B TOT ke reprioz Habsmozenst; ** — p<0,0001 1o cpaBHEHUIO ¢ HCXOHBIM
3HAYEHHEM HTOTO MokazareJist; * — p<0,005 110 cpaBHEHUIO ¢ HCXOHBIM 3HAYEHITEM ITOTO OKA3aTeIsI.

Yactoraserit auanaszon (0,01—0,4 '), ncmoms-
30BaHHBIN B IaHHOH paboTe [JIsl CIIEKTPAIbHOIO aHa-
Ji3a (hIrakeMoluii, Hecet B cebe nHMOPMAIIIIO O BCeX
3-X (hakTOpax aKTUBHON PETYJISINA MIKPOTEMOITIP-
KyJasinuu  (3HJ0TeTNi, HeWpOoreHHble BJIWSHUS U
cOOCTBEHHAs aKTUBHOCTD TJIaJIKOMBIIIEYHBIX KJIETOK).
OnHuM W3 apryMEHTOB B TI0JIb3y HCIIOJTH30BAHUS
TaKOro «06OOIIEHHOTO» AUATIa30Ha OCTYKIIN JIaH-
Hble 00 OTHOCUTEJILHOI YCIIOBHOCTH BBIJICJICHUST TPa-
HUI[ COOTBETCTBYIONIUX MO//InanazoHoB. Hanpumep,
CUMTIATUYeCKas JeHePBAIUs B 9KCIIEPUMEHTE HA KPbI-
cax MPUBONIIA K U3MEHEHWIO aMTIITUTY/T (hJIaKCMOITAN
BO BCEM <«aKTUBHOM» YaCTOTHOM [Malla3oHe, a He
TOJILKO B COOCTBEHHO HEHporeHHOM [22].

BeiiBrer-anamua  JI[DO-rpaMM B UCXOTHOM
COCTOSTHUU BBISBUJI PA3TUUUS MEKIY aMILIATYIHO-
YACTOTHBIMU XapaKTEPUCTHKAMHU KOJeOaHUI MUKPO-
KPOBOTOKaA B KOke 1 Mo3re. Kak A, ,,, TaK 1 COOTBeT-
cTByIOMIad eii F, .. B MO3Te OKa3aJich BbIIIE YeM B KOXKe
(tabmia). Cnabo BbIPasKEHHOE pasjuuue KOXKU U
MOBTa 110 A, TO-BUINMOMY, CBsI3aHa C TeM, 4TO abCo-
JIOTHAS BeJIMIUHA A, BO MHOTOM OTIPE/IeJISIeTCS aHa-
TOMO-(DYHKIIMOHAJIBHBIMI 0COOEHHOCTSIMU CCIIE/ye-
MOT0O OpTraHa M reTepOreHHOCTHIO ero nepdysnm.

[TprmevarebHBIM OKA3aT0Ch PA3JIUIUe HCCTe-
JIlyeMbIX OPTaHOB TI0 JIOMUHUPYIOTIEl yacToTre rakc-
Mottt B ucxogaoMm coctosuaum: 0,06 (0,03; 0,17) I'm B
koxe vs 0,16 (0,1; 0,24) I'it B mosre. C yueTom nipuBe-
JIEHHBIX BBITIIE (CM. paszesn «Marepuasbl 1 METOBI» )
YACTOTHBIX JIUATTA30HOB JIJIST KPBIC, MOKHO 3aKJIIOUUTh,
YTO JOMUHUPYIONUM (DAKTOPOM PEryJIsInU MUKPO-
IUPKYJISIIIN B KOXKE SBJSIOTCS CUMIIaTUYECKUE ajipe-
HEepruvecKue BAUSHUS, B TO BPEMS KaK B MO3Te JIOMH-
HUPYIOIIeH  sBJsieTcst  COOCTBEHHO — MHUOTEHHAst
peryJsIus cocyaucToro Touyca. [lomydyeHnbplie 1aHHbIe
B II€JIOM COOTBETCTBYIOT OOIIEPUHATHIM TIPEICTaBIe-
HISIM 00 0COOEHHOCTSIX PETYJISIIUE COCYAUCTOrO TOHYCaA
B Koke 1 moare [23, 24]. Ha pucynke, a npuBesieH
xapakrepubiii mpumep JIJID-rpaMMbr MO3rOBOTO Kpo-
BOTOKA U ee BelBJIET-aHAIN3a B UCXOJTHOM COCTOSTHHH.

B moctremopparnueckoM mepuojie OTMeuain
pPa3BUTHE BBIPAKEHHOW apTepUaTbHON TUIIOTEH3UN

can conclude that the sympathetic adrenergic influ-
ences are the dominant factor in the regulation of cu-
taneous microcirculation, while in the brain the
dominant is the intrinsic myogenic regulation of the
vascular tone. The findings are consistent with the gen-
erally accepted ideas about the peculiarities of vascular
tone regulation in the skin and brain [23, 24]. Figure
shows a typical example of cerebral blood flow LDF-
gram and its wavelet analysis at the baseline.

In the posthemorrhagic period, severe arterial hy-
potension developed (see Table), the severity of which
corresponded to the volume and rate of blood loss in the
selected experimental model. Against this background,
IP in the skin decreased by 65%, while in the brain it
reduced only by 17%. These results indicate a relative
preservation of cerebral microcirculation in the early
posthemorrhagic period. Tt is in good agreement with
the results of another experimental study in which mi-
crocirculation in the pial vessels and the mucosa of the
cheek was compared using orthogonal polarization
spectroscopy (a kind of video microscopy) [20]. Inter-
preting TP changes in the brain one should take into ac-
count that according to different authors the lower
limit of cerebral blood flow autoregulation is at the level
of 50—60 mm Hg (for mean BP) and depends on a
number of factors [24, 25]. Tt is interesting to note that
the use of barbiturates in the experimental model of
acute blood loss reduced the lower limit of autoregula-
tion to 40 mmHg, i.e. barbiturates increased the resist-
ance of cerebral blood flow to hypotension [26].

Despite the obvious differences in the ability of
skin and pial vessels to autoregulate blood flow (differ-
ent degrees of IP decrease at the same level of hypoten-
sion), in the post-hemorrhagic period these organs
were characterized by the unidirectional dynamics of
fluxmotion changes. In both investigated organs, A,
increased sharply, and F,,, decreased. The LDF-gram
in this period was characterized by the appearance of
high-amplitude («slow wave») perfusion oscillations,
which during the wavelet analysis were manifested in
the form of high «peaks» usually within the neurogenic
frequency band [10, 12, 27, 28].
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IIpumep JI/ID-rpaMMbI TOKaJIBHOTO MO3TOBOTO KPOBOTOKA KPBICHI (CJIeBa) U ee BeiiBieT-aHaIm3a (crnpasa).

An example of LDF-gram of rat’s local cerebral blood flow (left side) and its wavelet analysis (right side)

Note. a — at the baseline; b — in posthemorrhagic period against decrease in BP. For the LDF-gram: The abscissa — time, minute (M) and
seconds (¢); the ordinate — the index of perfusion (IP), perfusion units (PU). For LDF-gram wavelet analysis: The abscissa — fluxmotion’s
frequency, Hz; the ordinate — fluxmotion’s amplitude, perfusion units (PU).

HpnMeanne. a — B UCXOIHOM COCTOSAHMU; b—

B nocrreMopparudeckom repuoje na doue cruwkenus A/l s JIID-rpammbr: 110 ocu

abernmee — BpeMst, MUHYTBI U CEKYH/IBI; TI0 OCH OPJMHAT — MOKas3aTelb MUKPOIMPKY s, 1i.ex. Jlyst Beiier-ananusa JIJ[D-rpammer:
1o ocu abenmee — yactora durakemonuii, LIt o ocu opanHaT — ammntyza haakeMoIui, mnd.ex.

(Tabmnuua), TKeCTh KOTOPOil COOTBETCTBOBaAJIA 00be-
MY ¥ CKOPOCTH KPOBOIIOTEPU B BHIOPAHHOI SKCIIEPHU-
MeHTaTbHOI Monienu. Ha atom ¢one IIM B Koxe cHE-
3uJIcst Ha 65%, B TO BpeMst Kak B MO3Te TOJIbKo Ha 17%.
OTH Pe3yJIbTaThl YKa3bIBAIOT HAa OTHOCHTEIHHYIO
COXPAHHOCTD IepedpabHON MUKPOIMPKYJISAIIA B
PaHHEM ITOCTTEMOPPArnYecKoOM IMEPUoJie U XOPOIIOo
COTJIACYIOTCSI € Pe3yJibTaTaMU JIPYTOH AKCIIEPUMEH-
TabHOI paGOTHI, B KOTOPOU € TIOMOIIbIO OPTOrOHAJb-
HOU MOJIIPU3AITMOHHON CIIEKTPOCKONMHN (Pa3HOBU/IL-
HOCTb BU/IEOMUKPOCKOTINN ) CpaBHUBAJIACH
MUKPOIUPKYJISIIIHS B THAJIBHBIX COCYAX U CAUZUCTOM
meku [20]. Unrepnpetupys namenenns [IM B mosre
CJIeJIyeT YUUTBIBATH, YTO 110 TAHHBIM PA3HBIX AaBTOPOB
HUZKHSISI TPAHUTIA 2y TOPETYJISIIIME MO3TOBOTO KPOBO-
TOoKa HaxomauTcs Ha ypoBHe 50—60 MM pr. cT. (st
cpexnnero AJl) u 3aBucur ot psiza daxtopos [24, 25].
VHTEepeCcHO OTMETHTD, YTO UCIIOJIb30BaHue 6apOuTy-
pPaToOB B AKCIIEPUMEHTAJILHOM MOJIETT OCTPOI KPOBO-
MOTEPHU CMENTAI0 HUKHIO TPAHUILY ayTOPEryJIsInu

What are the causes and functional significance
of fluxmotion amplitude increase in the posthemor-
rhagic period? According to modern concepts, fluxmo-
tion enhances during the development of tissue
hypoxia (hypoxemia, metabolic acidosis, arterial hy-
potension, etc.) [29]. Its activation is aimed at optimiz-
ing the perfusion and oxygenation of tissues under the
conditions of reduced oxygen delivery [30—32]. This
allows considering the fluxmotion a local adaptive tis-
sue reaction. In particular, under conditions of vaso-
constriction that are typical for an acute blood loss,
vasomotion can provide intermittent perfusion despite
the fact that the average diameter of the arterioles will
be significantly smaller than the red blood cell diame-
ter [30]. This mechanism is particularly relevant to
conditions of shock associated with altered red blood
cell deformability and increased aggregation.

Precise mechanisms underlying the occurrence,
maintaining and changing of fluxmotion are not fully un-
derstood. At present, the viewpoint prevails that cyclic
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110 40 MM PT. CT., T.€. TOBBIIIAJIO YCTOWIUBOCTb MO3TO-
BOTO KPOBOTOKA K TUToTeH3un [26].
HecMmoTpst Ha 0UeBHIHBIE PA3INYHUS B CIIOCOOHO-
CTHU KOKHBIX W MMUAJIBHBIX COCY/IOB K ayTOPETyJISIINN
KpoBOTOKa (pa3Hast crerienb cHkenns: [IM mipu onn-
HAaKOBOM yPOBHE THIIOTEH3WH ), B TIOCTTeMOpparnye-
CKOM TIEPHOJIe OTMEYaJIN OJIHOHATIPABIEHHYIO AMHA-
MUKY U3MEHEHHUHT (hITaKCMOTIHIT: B 060UX MCCTETyeMbIX
OpraHax IpOMCXO/INJIO Pe3Koe yBesndeHue A, i CHU-
skenne F .. JIIMD-rpamMma B 9TOM TIeprojie Xapakre-
pU30BaJaCh  TOSBJIECHUEM  BBICOKOAMILIMTYIHBIX
(«MeJIJIEHHO-BOJTHOBBIX»)  KosiebaHuil  1epdysun,
KOTOPBbIE ITPY BEHMBJIET-aHAIN3E TPOSIBJISLINCH BBICOKH-
MU <«[IHKaM#i» OOBIYHO B paMKax HEHPOTEHHOTO
YacTOTHOTO Auanasona (puc. b) [10, 12, 27, 28].
KakoBbl IpUunHbI 1 (DYHKITMOHAJIBHOE 3HAYEHUE
YBEJUUEHUST aMIIJTUTY/IbI (DITAKCMOIIHIT B TTOCTTEMOpPpa-
rudeckoM rieprozie? CoriacHO COBPEMEHHBIM TIPE/ICTaB-
JIeHUSIM, (QITaKCMOTIMK  YCUJIMBAIOTCS TIPU PAa3BUTHUU
TUITOKCHN TKaHel (THITOKCeMHUst, MeTabOIMIeCKHUiT ariy-
103, apTepuasibHas runorensud u 1p.) [29]. VIx akrusa-
ITUsT HAITPaBJieHa HAa ONTUMU3AITHIO TIeP(Y3UU U OKCUTE-
HAIlMW TKaHEH B YCJIOBUSX OTPAaHWYEHHON JI0CTABKU
kucsopoaa [30—32], uto mo3BossieT paccMaTpuBaTh UX
KaK MECTHYIO a/IAIITUBHYIO PEAKITUIO TKaHeil. B acTHo-
CTH, B YCJIOBUSIX BA3OKOHCTPUKITMH, XapPaKTEPHOM JIJIsT
OCTPOIT KPOBOIIOTEPH, Ba3OMOI[MH MOTYT 00€CIeYnTh
MIPEPBIBUCTYIO e y3nio HECMOTPST HA TO, UTO CPETHIIA
JIaMeTp apTeproJT OYIET 3HAUNTETBHO MEHbIIIE AHaMET-
pa spurpormTa [30]. ITOT MeXaHU3M PHOOPETAET OCO-
OY10 aKTYaJIbHOCTb B YCJIOBHSIX HAPYIIEHHOIT 1ehopMu-
PYEMOCTH ¥ arperupyeMOCTH SPUTPOIIUTOB TIPH ITTOKE.
TouHble MEXaHU3MBI, JIe;Kallle B OCHOBE BO3HUK-
HOBEHUS, TTOJIIEP;KAHUST M UBMEHEHWST XapaKTEePUCTUK
(praxcmornii B MosTHOM Mepe He n3ydyeHbl. B HacTos-
1iee BpeMsi IOMIUHUPYET MPeCTaBJIeHIE, YTO IUKJITH-
YecKre U3MEHEHHS TOHYCa MUKPOCOCYI0B 00y CIIOBJIE-
HBI KoJebaHmeM ypoBHs BHyTpuKaeTounoro Ca2t B
COCYJIUCTBIX TJIAJIKOMBITIEYHBIX KJIETKAX U SIBJSIOTCS
[POSIBJICHUEM COOCTBEHHO MUOTEHHOI peryJisiinu
cocyaucTtoro Tonyca [29]. OxHako B psize aKcrepn-
MEHTaIbHBIX PaboT Gblja JOKa3aHa KJItoueBast POJIb
HEHPOTEHHBIX (CUMIATHUECKUX a/[PEHEPTUYECKIX ) U
HEKOTOPBIX T'YMOPAJIbHBIX (DAKTOPOB (KaTEXOJAMIHBI,
Ba30MPECCUH) B MHUITMAIIMK U MOJYJISIINN (DIAKCMO-
nmii. Hampumep, mepepeska ceiaqniHoTro HepBa Win
(hapmaxosornyeckas eHepBaIyst MBI KOHEYHOCTH
B 9KCIIEPHMEHTE Ha KPbICaX MPUBONIIA K 0CTA0IEHIIO
WJTH MICYE3HOBEHUIO «MEIJIEHHO-BOTHOBBIX» (hJTAKCMO-
W, MHAYIIMPOBAHHBIX MIlleMuell kKoneuHocTH [33]. U
Ha000pOT, 3JIEKTPUYECKAs CTUMYJISIIHS IEITHOTO CHM-
MATUYECKOTO TAHTJIUS TIPUBOJUIA K YBEJIUIEHUIO
aMIIIIUTY /1Bl (DITAKCMOTIMH B KOJKe yXa KPOJIUKA, TPU-
yem wux dvacrtora (F,,) ocraBamach MOCTOSTHHON
HECMOTPSI Ha pa3Hble PEKUMBI CTUMYJISAINN [32].
Ectb sKCcTIEprMEHTATBHBIE TAHHBIE, YTO YBEJIUe-
HIE aMILIATY/IbI (hTAKCMOIMI MOKET ObITh 00y CIIOBIE-
HO He TOJIbKO aKTUBU3AIMell BA30MOIINIA B OT/IETTHHBIX
apTepuoax, Ho M X CHHXPOHU3AINEH 1Mo (haze BO MHO-

changes in the microvascular tone are due to the oscilla-
tion of intracellular Ca2* level in vascular smooth muscle
cells. This is a manifestation of the intrinsic myogenic reg-
ulation of vascular tone [29]. However, in a number of ex-
perimental studies, the key rtole of neurogenic
(sympathetic adrenergic) and some humoral factors (cat-
echolamines, vasopressin) in the initiation and modulation
of fluxmotion have been demonstrated. For example, sci-
atic nerve transection or pharmacological denervation of
limb muscles in an experiment in rats resulted in the at-
tenuation or disappearance of «slow wave» fluxmotion
that had been induced by limb ischemia [33]. Conversely,
electrical stimulation of the cervical sympathetic ganglion
resulted in an increase in fluxmotion amplitude in the skin
of rabbit's ear, while fluxmotion frequency (F,,,) remained
constant in spite of the different stimulation modes [32].

There are experimental data that an increase in
fluxmotion amplitude may be not only due to the ac-
tivation of vasomotion in individual arterioles but
also to the phase synchronization of many arterioles
in the organ under the influence of enhanced sympa-
thetic output [34]. In the present study, in the pos-
themorrhagic period, fluxmotion not only «slowed
downy, but was also synchronized in a relatively nar-
row frequency band: for the skin F, . was about 0.04
Hz (at the border of the endothelial and neurogenic
band), for the brain about 0.09 Hz (neurogenic
range). The coefficient of variation for F,,, in the skin
and brain at the baseline was 83+0.9% and 53+1.2%,
respectively, and in the posthemorrhagic period it de-
creased to 35£0.2% in the skin and 21+0.3% in the
pial vessels (P<0.001).

In the study of Morita Y. et al [35], sympathetic,
parasympathetic and sensory denervation of rat pial
vessels was not accompanied by a change in cerebral
perfusion or amplitude and frequency characteristics
of the fluxmotion (before the development of blood
loss and hypotension). However, in denervated ani-
mals, the ability to autoregulate cerebral blood flow
was severely impaired. At a condition of hemorrhagic
hypotension, this was manifested by decreasing the
brain perfusion at higher values of blood pressure than
in intact animals. In the study of these authors, the de-
velopment of hemorrhagic hypotension led to a de-
creased frequency of fluxmotion in both denervated
cerebral vessels and intact vessels (with intact inner-
vation), i.e. the denervation of cerebral vessels did not
affect the phenomenon of «slowing down» of fluxmo-
tion during blood loss. In another study, high-ampli-
tude fluxmotion in the rabbit ear was induced by
electric stimulation of the cervical sympathetic gan-
glion, but its frequency remained constant over a wide
range of stimulation frequency [32]. The results of this
work and discussed data demonstrate that under hy-
potension conditions, the mechanisms contributing to
reduced dominant fluxmotion frequency are associated
with decreased pressure on the vessel walls, whereas
increased fluxmotion amplitudes are associated with
the activation of sympatho-adrenal system.
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Experimental Studies

TUX apTepPHoJIaX OpraHa Ioj JIeHCTBUEM YCUJIEHHOM
cuMIaTndeckoil mmmymabcanun [34]. B HacTosmeit
paboTe B MOCTreMOPParnieckKoM MeprUojie TPOUCXOAUIO0
He TOJTBKO «3aMme/jieHre> (pIakcMoInii, HO U UX CHUH-
XPOHU3AIHS B OTHOCUTETBHO Y3KOI ITOJIOCE YACTOT: JIJIsST
ko1 okojio 0,04 I'p (Ha TpaHuIle SHAOTETHATHHOTO U
HeWPOTEeHHOTO [uarmasoHa), 17 Mo3ra okoso 0,09 I'n
(metiporenHbIil muanason). Tak koadduimenT Bapua-
uu s Fo . B KOJKe U MO3re B MCXOJHOM COCTOSTHUN
coctaBui 83+0,9% u 53+1,2% COOTBETCTBEHHO, a B
MOCTTEMOPPATHYECKOM Tepro/ie CHU3UIICs 10 35+0,2%
B Koke u 21+0,3% B rmasbHbIX cocymax (p<0,001).

B pabote Morita Y u coasr. [35] cummarudeckast,
HapacuMIaTHYECKas: U CEHCOPHAsT JIeHePBAIIMsl TTUab-
HBIX COCYJIOB KPbIC HE COMPOBOK/IATACH U3MEHEHUEM
nepdys3un Mo3Ta W aMIJIUTYIHO-9aCTOTHBIX XapaK-
TePUCTUK (pIaKkcMOINiA (0 Pa3BUTUS KPOBOIIOTEPU 1
rutiorersun ). OTHAKO y IEHEPBUPOBAHHBIX JKHBOTHBIX
BBIPAKEHHO HAPYIIAIACh CIIOCOOHOCTD K ayTOPEryJisi-
U 11epeOPaIbHOTO KPOBOTOKA, UTO B YCJIOBHSIX FeMOP-
paruyecKoi TUIIOTEH3UM IPOSIBJISJIOCh CHIKEHHEM
nepdysnuu Mo3ra pu 6oJiee BBICOKUX 3HaueHusIX A,
YeM y MHTaKTHBIX KUBOTHBIX. B mccienoBannm atux
ABTOPOB Pa3BUTHE TeMOPPATNYECKOIN TMITOTEH3UH TIPU-
BOAMJIO K CHMIKEHUIO 4acTOThl (hJIaKCMOIMI KaK B
JICHEPBUPOBAHHBIX 1lepeOpaibHbIX COCYIaX, TaK U B
WHTAKTHBIX (C COXPaHHOI WHHEPBAIUE), T. €. JIeHepBa-
ITUST COCY/IOB MO3Ta He BJIMsiIa Ha (DEHOMEH «3aMejiiie-
HUs» hrakeMOoIIi ipy KpoBotoTepe. B mpyrom ncce-
JIOBAHUU BBICOKOAMILIUTYIHBIE (DJIAKCMOITUU B yXe
KPOJIMKA WHILYITUPOBAJINCH AJIEKTPUYECKOM CTUMYJISTIH-
el MeHHOTO CUMIIATUYECKOTO FAHTJIMSI, HO UX 4acTOTa
ocTaBaJach MOCTOSTHHOM B IIMPOKOM JIMalla30He 4acTOT
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Conclusion

Acute blood loss at a volume of 30% of CBV is
accompanied by the development of severe arterial hy-
potension, a decrease in perfusion of the skin, and
preservation of cerebral blood flow presumably due to
autoregulation. Unidirectional dynamics of changes of
cutaneous and cerebral blood flow oscillations pat-
terns include increase in the amplitude and slowing
down and synchronization of the fluxmotion in a nar-
row frequency band.

crumyisiiian [32]. Pesyibrarhl HacToseil paboThbl 1
TIPUBE/ICHHBIE BBITIE IAHHBIE JINTEPATY Pl TTO3BOJIIN
BBICKA3aTh IIPE/AIIOJIOKEHUE O TOM, YTO B YCJIOBMIX
TUTIOTEH3UN MEXaHW3Mbl CHUKEHUS JOMUHUPYIOIIen
YacTOTBI (hITAKCMOTINH CBSI3aHBI C YMEHBIIIEHNEM JIaBJie-
HIS HA CTEHKH COCY/IOB, a YBeJNYeHNe aMIIIUTY /Il — C
aKTUBAIMel CUMITATO-a/[PEHAIOBON CUCTEMBI.

3akiaoyeHue

Octpas xposomnorepss B oobeme 30% or OIK
COITPOBOJK/IAETCST PA3BUTHEM TSIKEJION apTePHAIbHOM
TUITOTEH3WUH, CHUKEHUEM Tiephy3nun KOKH, HO OTHOCH-
TEJTHHON COXPAHHOCTHIO MO3TOBOTO KPOBOTOKA BCJIE/I-
CTBWE XOPOIIIO PA3BUTHIX MEXAHU3MOB &y TOPETYJISIINN.
[Tpu aTOM OTMEUaeTcs OJHOHATIPABJIEHHAS THHAMHUKA
W3MEHEHWI aMIINTYTHO-9aCTOTHBIX XapaKTePUCTUK
KOJIeOaHUIT KOKHOTO M MO3TOBOTO KPOBOTOKA: yBe-
JIMYEHNE aMIJIUTY/IbI, 3aMe/IJIeHre U CHHXPOHW3AIUST
(brakcMOTIMIT B y3KOM YaCTOTHOM JIMATa30He.
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[Tcuxnyeckue paccTpoiicTBa y MalMEHTOB € CENICUCOM BCTpedaioTest B 23—32% cydyaeB u SIBISIOTCS MIOXUM
[POTHOCTHYECKUM MTPU3HAKOM. B HacTOsiee BpeMsi IPUYUHbI PA3BUTUS 9TUX HAPYIIEHUIT J0CTaTOYHO MOJHO 00b-
SICHSIET TEOPHS HEHPOBOCTIATIEH ST, YUUTHIBAIONIAS [TATOTEHETUYECKOE BIUSIHUE CUCTEMHON BOCITATUTETbHON PEAKITUI
1 COMYTCTBYIOTIEN aH0TeTMaTbHON quchynkimn Ha pyrkmmo [{THC.

ITesb paGoOTHI — OllEHKA Ba)KHOCTH BbIPAKEHHOCTH CHCTEMHOTO BOCIIAJIUTEIBHOTO OTBETA, MHTEHCHMBHOCTH OKKC-
JIATEJIBHOTO CTPECCa U TS3KECTH OOIIEero COCTOSHUS MAIMEHTa J1JIsT TPOrHO3UPOBAHUS TIPOJOJIKUTEIBHOCTH JA€IUPUS
U MCXO/IOB TEPAINH Y TTAIIUEHTOB € CETICUC-aCCOIIMUPOBAHHOM JIEJTUPUEM.

Marepuabl 1 METO/BI. BbITIOJHUIN TUJIOTHOE OJHOIEHTPOBOE MPOCIIEKTUBHOE KOTOPTHOE UCCJIEI0BAHNE,
BKJnovaioniee 187 B3pOCIbIX MAIMEHTOB € JIMATHO30M: «CEIICHCy», KOTOPbIE MTPOXO/IUJIN JIeueHe B OT/IeJIEHIH pea-
auMarn Fopoackoit kiamandeckoit 6oabautiel Ne 67 nm. JI. A. Bopoxobosa. O1ieHnBam moka3aTesm Ba30aKTHBHO-
MHOTPOIHON MIKajel (vasoactive-inotropic score — VIS), mxamsr oprannoit auncynkmnn npu cerncuce (SOFA),
Intensive Care Delirium Screening Checklist (ICDSC), koHTpospoBaiu cofepKaHie KapOOHUINPOBAHHBIX eIl
Tn/0B, npokanbimTonnna (PCT), HelipoMapkepos B TTa3Me KPOBU M UX CBSI3b C MTPOJIOJIKUTETBHOCTHIO JTUPHSL.

Pesyabrarbl. OGHapy KM KOPPEJISAIMOHHYIO CBSI3b CPe/IHell crenenu Bbipaskennoctn (R=0,68; p<0,05) mexy
[JIa3MEHHON KOHIleHTpalell KapOOHUIMPOBAHHBIX TEITUAOB M NPOJOJIKUTEIbHOCTBIO Aenupust. ComeprkaHue
6enka S100b — Mapkepa HelipoHAIBHOTO OBPEKAEHUS, TaKKe TecHO Koppeauposano (R=0,75; p<0,05) ¢ npomo-
JKUTEJIBHOCTBIO fiesiupust. B rpymie napamerpos ICDSC, SOFA u VIS Haubosiee 3HAUNMbIM TIPEAUKTOPOM JIJITE b=
HOCTH JIeJIUpUsl OKazajcs mociaexauii mokasarenb (p=0,02). B rpynme mapamerpoB SOFA, coxmep:kanme
KapGoHunuposaHtbix nentunos 1 PCT — onenka 1o mkasie oprantoii guchynkiu (p=0,02).

3akmouenune. VIS apngerca Gosee 3Ha4MMbBIM MPEAUKTOPOM JuntenbnocTy aeanpus, yem ICDSC u SOFA;
OlleHKa 110 TIKaJIe OPTaHHO# AuchYHKIMU B OOJIbIIEN CTENEeHH, YeM cojlepyKaHne KapOOHUIMPOBAHHbIX TIEIITU0B 1
PCT koppenupyer ¢ IpoAoJKITENbHOCTbIO Aeupust; VIS B Hanbosiblieii cTeneHu mo3BoJisieT IPOrHo3upoBaTh Jie-
TAJBHOCTD Y MAIMEHTOB C CETICUCOM.

Knmoueewte cnosa: amupuﬁ; cencuc, Heﬁpoeocnaﬂeﬂue; nocaeonepavuuonnvle OCLOMCHEHUS

Mental illnesses in patients with sepsis occur in 23—32% of cases and are an unfavorable prognostic sign. At pre-
sent, the causes of these disorders are adequately explained by the theory of neuroinflammation that takes into ac-
count the pathogenic influence of the systemic inflammatory reaction and related endothelial dysfunction on the
central nervous system function.

The purpose of the study was to evaluate the relevance of the severity of the systemic inflammatory response,
the intensity of oxidative stress and the severity of patient's general state to prediction of the duration of delirium
and therapy outcomes in patients with sepsis-associated delirium.
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Ouer Tpebenunkos E-mail: oleg.grebenchikov@yandex.ru Oleg Grebenchikov E-mail: oleg.grebenchikov@yandex.ru

www.reanimatology.com GENERAL REANIMATOLOGY, 2017, 13; 6



DOI:10.15360,/1813-9779-2017-6-28-37

IIpeAMKTOPBI, MAPKEPHI U MOHUTOPUHT KPUTUIECKHUX COCTOSTHUM

Materials and methods. A pilot, single-center, prospective, cohort study was performed in 187 adult patients
diagnosed with sepsis who were treated in the intensive care unit of L. A.-Vorokhobov Municipal Clinical Hospital
No. 67. The following tests and examinations were performed: Vasoactive-Inotropic Score (VIS), Sepsis-related
Organ Failure Assessment score (SOFA), Intensive Care Delirium Screening Checklist (ICDSC); plasma levels of
carbonylated peptides, procalcitonin (PCT), and neuromarkers were monitored; and a correlation analysis with the
severity of the sepsis, its duration and therapy outcomes was performed.

Results. A moderate correlation (R=0.68; P<0.05) between the plasma concentration of carbonylated peptides
and the duration of delirium was found. The S100b protein level, a marker of neuronal damage, also closely correlated
(R=0.75; P<0.05) with the duration of delirium. In the group of ICDSC, SOFA, and VIS, the latter turned out to be
the most significant predictor of the delirium duration (P=0.02). In the group in which SOFA, carbonylated peptides
and PCT levels monitored, the organ failure scale was the leading one (P=0.02).

Conclusion. The vasoactive-inotropic score (VIS) is a more relevant predictor of the delirium duration than
ICDSC and SOFA; the organ failure scale assessment has a greater correlation with the delirium duration than car-
bonylated peptides and PCT level monitoring; the VIS is the best predictor of the mortality in patients with sepsis.

Keywords: delirium; sepsis; neuroinflammation; postoperative complications
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BBenenue

Cericuc-accolMUpOBaHHbIN  JIEIUPUH, WA
«JIMXOPAIOYHBIN JIeTUPHit> GBI BIEPBBIE OTMUCAH
nokropom K. Izxonc B 1903 romy, kak «moBpesx/ieHme
BBICIIUX (DYHKIIMIT TOJTOBHOTO MO3Ta, KOTOPbIE MOTYT
PasBUTHCS BO BPEMSI WJIH 110OCJIE JIMXOPAIKU, BBI3BAH-
HOU nH(eKunoHHbIM 3a0oseBanuems [1]. Torga xe
noktop /[)KOHC BBIZIBIHYJI THTIOTE3Y, YTO TOT JKe (ax-
TOP, KOTOPBIiT BBI3BIBAET JIMXOPAIKY, MOKET SIBJISTHCS
MPUYMHOM PA3BUTHST MO3TOBOH AMCHYHKITUHN («JIMXO-
PAIOYHOTO JIETUPHS» ).

B HacTosiiee BpeMst U3BECTHO, UTO JIeJTHPUIT OT1a-
CEH He TOJIBKO caM TI0 cebe, HO U TeM, 4TO MOJKET CyIIie-
CTBEHHO TIOBJIUATH Ha Pe3yJbTaThl JieueHus [2, 3].
V3MeHEeHHOE TICMXUYECKOe COCTOsTHIE HaBIIoIaeTest y
23% maruenTtoB ¢ cencucoMm [4]. Ilcuxuveckue pac-
CTPOICTBA MOTYT IPEIIIIECTBOBATh PA3BEPHYTOMN KJIH-
HUYECKOI KapTHHE CEICHca, a MOTYT ObITh U TIEPBBIM
MPU3HAKOM €T0 Pa3BUTHUs; HO, B JIOOOM Cllydae, WX
HaJIMYHe aCCOTMUPOBAHO € TUIOXUM TIPOTHO30M 3260-
nesanus [5, 14]. B paGore Sprung et al., metasbHoCTb
MAIMEeHTOB C CETICUCOM U M3MEHEHHBIM BCJE/ICTBUE
9TOTO IICUXUYECKUM COCTOSTHUEM, COCTAaBMIA 49%, B TO
BpeMsI Kak B rpyrie 6e3 HeBPOJOTHYECKUX CHMITTOMOB
— 26% [4]. B HenaBueM anmieMMOJIOTHI€CKOM MHOTO-
IIEHTPOBOM MCCJIE/IOBAHNN, BKITIOUAIONNM 497 naruen-
TOB (76 MaIMeHTOB C CENCUCOM ) PacIPOCTPAHEHHOCTh
Jesupust coctaBuiia 32,3%. Y NMaIMeHToB ¢ IeJTMpUeM
YPOBEHb TOCIIUTAIBHON JIeTaJIbHOCTHU ObLI Bbille [6].

B macrosiiiee BpeMst Beylleii, Ipu OMUCAHUT
9THOJIOTUN JIEJTUPUS, SBJISIETCS TEOPUST HelipoBocHa-
nernsi. CucTeMHast BOCIIAJIUTEIbHAS PEAKIIUS — 9TO
KJII0UeBOI (heHOMEH TIPU KPUTUYECKUX COCTOSTHUSX,
KOTOPBIII MOXKET TIepeiiTH B OPraHHYyI0 HeJ0CTaTOY-
HOCTB, BKJIOYas U MO3TOBYIO HEIOCTATOYHOCTB.
CucTeMHOe BocTaIeH e U AHI0TeTNaIbHAs TUCHYHK-
151 YaCTO BO3HUKAIOT Y MAIIMEHTOB IIPU KPUTHYECKUX
COCTOSHUSIX U COIPOBOXKIAIOTCS HapyIIeHUEeM
[EJIOCTHOCTH — TeMaToaHIedamndeckoro  6apbepa
(I'ob), yBemmuenrieM TPOHMKHOBEHUST TIPOBOCTIAIIN -

Introduction

Sepsis-associated delirium; or «febrile deliriums»
was described for the first time by Dr. K. Jones in 1903
as «a prejudice of the brain's higher functions trig-
gered by a febrile infectious disease that could occur
during or after fever» [1]. At the same time, Dr. Jones
has put forward the hypothesis that the same factor
that causes fever may be a cause of the brain dysfunc-
tion («febrile delirium»).

At present, it is known that delirium is danger-
ous not only per se, but also because it may signifi-
cantly affect the treatment results [2, 3]. Altered
mental state is observed in 23% of patients with sepsis
[4]. Mental disorders can both precede an expanded
clinical presentation of sepsis and be the first sign of
its development; but, in any case, their presence is as-
sociated with a poor prognosis [5, 14]. The work of the
Sprung et al. demonstrated that the mortality in pa-
tients with sepsis and associated mental disorders was
49%, while in the group without neurological symp-
toms it was 26% [4]. In a recent epidemiological, mul-
ticenter study including 497 patients (76 patients
with sepsis) the prevalence of delirium was 32.3%. The
hospital mortality rate was higher in patients with
delirium [6].

Currently, the theory of neuroinflammation is the
leading one in describing the etiology of delirium. A sys-
temic inflammatory response is a key phenomenon in
critical states which can progress into organ failure, in-
cluding brain failure. Systemic inflammation and en-
dothelial dysfunction often develop in critically ill
patients and are accompanied by the impairment of the
blood-brain barrier (BBB) integrity, increased penetra-
tion of proinflammatory cytokines through the BBB, im-
pairment of the BBB and subsequent infiltration of CNS
leukocytes and cytokines [7—9]. The above events can
lead to ischemia of cerebral neurons and their apoptosis;
the latter may clinically manifest itself as delirium [10].

A recent clinical study of Ogino Y. et al. showed
that serum concentrations of procalcitonin and IL-6
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TeJBHBIX IIUTOKMHOB 4epe3 ['IbB, n mocaemyromeit
nHOUIBTpauell JeHKONTOB 1 MUTOKNHOB B I[THC
[7—9]. OnucatHbie cOOBITHSI MOTYT IPUBECTH K HITIE-
MWW HEHPOHOB M MX alloMNTO3y, TOCAEIHUH MOKET
KJIMHUYecKN MaHuGecTupoBaTh Kak aesupuii [10].
Henasuee kimmandeckoe nccaenosanne Ogino Y.
et al. mokasasio, 4T0 KOHIEHTPAIMA IPOKAIBIIUTOHNHA
1 N1JI-6 B cbIBOPOTKE KPOBU TAIINEHTOB IPU Pa3BUTUN
JIeJIUPUs 3HAYUTEIBHO BbIIE, YeM Yy OOJIbHBIX 06e3
nespus [ 10]. BakHo oTMeTHTB, 4TO 9Ta paboTta mpo-
JIEMOHCTPUPOBAJIA CBSI3b MEXK/LY PA3BUTHEM JICJIUPUST
U IMPKYJUPYIONUME OMOMapKepaMu CHCTEMHOTO
BOCTIATICHUSI, KaK B cJiydae WH(MOEKIIMOHHBIX, TaK U
HeMH(EKIMOHHBIX 3a00J1eBaHMIA.
Ha ceromusininuii 1eHb UMeeTCsi OYeHb OrpaHYeH-
HOE YKCJIO KJIMHIYECKUX NCCIEI0BAHIII, OITACHIBAOINX
cB43b cercuc-accoruupoBannoro gesaupusi (CAJl) c
OGuoMapKepam, XOTsI MHOTO TI0JJ00HbIX JAHHBIX HAKOII-
JIEHO Ha MOJIEJISIX Cericuca y >KUBOTHBIX [ 12, 13].
Takum 06pa3oM, OCTAETCS HESCHBIM, HACKOJIbKO
BBIPAKEHHOCTh CCTEMHOTO BOCIIAJIUTEILHOTO OTBETA,
TAKECTD OOIIEro COCTOSIHUSA MAljeHTa, THTEHCUBHOCTD
OKHCJIUTEJIBHOTO CTPecca U T.JI. IPEONPEIEISIOT IPo-
JIOJKUTEJNbHOCTD  JICJTUPHST, C OJHOU CTOPOHbBI, U
HACKOJIbKO BBIPAKEHHOCTD JIEJIUPUST TTPEOTIPEIEISIET
HeOJIaronpUsITHBII MCXOJL JICUEHHUs CETICKCa, C IPYTOi.
JIJ1s1 BBISICHEHMSI YKa3aHHBIX OOCTOSITEIbCTB |
ObLIO  HPEAIPUHATO HACTOSAIIEe UCCIIEI0BaHUE.
Ilesbio paGoTHI ABJSAIACH OLEHKA BaKHOCTU BbIPa-
JKEHHOCTH CHCTEMHOTO BOCIAJUTEIbHOTO OTBETA,
MHTEHCUBHOCTH OKMCJIUTEIHBHOTO CTPECCa U TSKECTH
001I[ETO COCTOSIHUS MAlMEeHTa /I IPOTHO3UPOBAHUS
MPOJOJCKUTELHOCTH IETTUPHST U UCXO/IOB TEPATTUH Y
MAIMEHTOB C CECITUC-ACCOIMUPOBAHHOM JIEJTUPUEM.

MaTepI/IaJI U METO/1bl

BeimosiHuIM nuaoTHOE OIHOIEHTPOBOE TTPOCTIEKTHB-
HOe KOTOPTHOE MCCJIeOBAHWMe BJIUSHUS WHTEHCUBHOCTH
CBP, okucMTEHHOTO CTpecca Ha MHTEHCUBHOCTD U MTPO-
JOJKUTETLHOCTD JICJTUPHUS Y CETTTHYECKUX OOTBHBIX.

3a 11epuoJI UCCJIEI0BAHS B OT/IETIEHUN XUPYPTHUECKOM
peanmmvar 'KB Ne 67, B cootBeTcTBHE ¢ KpuTeprsamu «Cerr-
cuc-3» JaHHBIN ArarHo3 ObLI ycTaHoBIeH y 187 naieHTos.

B cootBeTcTBIE € IOCTABIEHHOM 1EJIbI0, ObLIK CHOpMY-
JIMPOBAHBI CJIE/LYIONIHE KPUTEPUH BKITIOUEHUST /UCKIIIOUEH S

Kpurepuu BriioyeHust:

1. Bospacrt 18—75 ner.

2. AGIOMMHAIBHBIN NI THHEKOJOTUYECKHUI CeTICHC,
YCTaHOBJIEHHBII B CPOKK He GoJiee 2 CyTOK ¢ MOMEHTA BO3-
HUKHOBEHUS.

3. Panngs camamms mepBudHOTrO ouara (Omeparus
BBITIOJIHEHA He T03/IHee 2-X 4acoB T0CJIe TIOCTAHOBKHM JIfar-
HO3a 1 BU3yaJIM3AIMHU IEPBUYHOIO 04ara).

Kpurepuu nckiiouenusi:

1. Hammuwme CIIV/l, BUpyCHBIX TeNAaTUTOB B aKTHUB-
HOTI dase.

2. Hammuwe B anamue3e (/10 BO3HUKHOBEHUS Cell-
cuca) OCH; OITH; O/IH, ocTpoii meueHOYHOI HeZIOCTATOU-
HOCTH, JTI0O0TO TICUXMYECKOTo 3a00IeBaHu.

3. Hasmame ankororbHOI MM HAPKOTHYECKOH 3aBH-
CHMOCTH.

in patients at delirium development were significantly
higher than those in patients without delirium [11]. Tt
is important to note that this work has demonstrated
the link between the development of delirium and cir-
culating biomarkers of systemic inflammation, both in
the case of infectious and non-infectious diseases.

There have been a very limited number of clini-
cal studies performed to date describing the relation-
ship between the sepsis-associated delirium (SAD)
and biomarkers to date, although a lot of data have
been accumulated in animal sepsis models [12, 13].

Therefore, it remains unclear how the severity of
the systemic inflammatory response, the severity of
patient's state, the intensity of the oxidative stress, etc.
affect the duration of delirium, on the one hand, and
how the severity of delirium predetermines the ad-
verse outcome of sepsis treatment, on the other.

In order to assess the above factors, the present
study was undertaken. The purpose of the study was
to evaluate the relevance of the severity of the sys-
temic inflammatory response, the intensity of oxida-
tive stress and the severity of patient's general state to
prediction of the duration of delirium and therapy
outcomes in patients with sepsis-associated delirium.

Materials and Methods

A pilot, prospective, single-center, cohort study was
performed to assess the influence of the severity of systemic
inflammatory reaction and the oxidative stress on the sever-
ity and duration of delirium in septic patients.

During the study period, sepsis was diagnosed in 187
patients treated in the surgical ICU of hospital No. 67, in ac-
cordance with the «Sepsis-3» criteria.

In accordance with the study objectives, the following
inclusion/exclusion criteria were formulated:

Inclusion criteria:

1. Age: 18—75 years.

2. Abdominal or gynecological sepsis diagnosed
within not more than 2 days from the onset.

3. Early treatment of the primary lesion (the surgery
was performed no later than within 2 hours after diagnosis
and visualization of the primary lesion)

Exclusion criteria:

1. Active phase AIDS and viral hepatites.

2. A history (before sepsis) of acute heart failure,
acute renal failure, acute respiratory failure, acute hepatic
failure, and any mental illness.

3. Alcohol or drug addiction.

Primary diagnosis in sepsis Abdominal

Diverticular-spastic disease.
Diverticula of the sigmoid colon.
Perforation of the diverticulum.
Purulent peritonitis

Stomach peptic ulcer complicated by perforation.
Purulent peritonitis

Peptic ulcer of duodenum, complicated by perforation.
Common purulent peritonitis
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OcHOBHbIE JUATHO3bI IPH CENCUCE a0 OMHHAIBHOM
JMBepTUKYJISPHO-CIIACTHYECKAST O0JIE3HD.
JIMBepTUKYIIBI CHTMOBUIHOM KUIITKH.
Ilepdopanms nusepTukyma.
Paznutoil rHONHBIH TEPUTOHUT

SIssennast 6osestb sxenyaka u JITK.
A3Ba xxemrymka ocoxkHeHHAS TTepdopartieii.
Paznutoil rHONHBIH TEPUTOHUT

SIssennast 6osestb sxenyaka u 11K,
Aszsa [IIK, ocnoxxnennas nepdoparueii.
PacmpocTpaneHHbI THOWHBIN TTEPUTOHUT

Koutoro-pesanoe npoHuKaiolee paHeHne OPIONHON TTOJI0CTH.
MHoOsKecTBEeHHOE paHeHNe TeTeb TOHKON KHIITKH.
Paznutoit rHONHBIH TEPUTOHUT

OcHOBHbBIE THarHO3BI IPU CEINCHCce THHEKOJOTHYeCKOM
OcCTphIii ABYCTOPOHHWH CATBITUTHTOO(OPUT.
[IBycTOpOHHNIT THOCATBITITHKC.
[TespBHOTIEPUTOHUT.

Cpounble ortepaTHBHBIE PO/IBI Ha 38 Hezere.
Omneparust KecapeBo ceuenme.
[TocrepomoBEIil THOWHBII 9HIOMETPUT.
Cermncuc.

JleueHnvie TAIMEHTOB MPOBOIUIIOCH B COOTBETCTBHE C
OOTIEeNPUHATHIME cTaHgapTamu [15]:

1. CraproBasi aHTUMUKPOOHAS TEpaIusi HECKOJIb-
KIMMU TIperaparami, Jaiie Bcero, KoMObuHarumeil Mepore-
HeMa U BaHKOMWIMHA, IO BBIIETCHUsT BO30OYIUTENS W
OTpeieJIeHIsT 4yBCTBUTEILHOCTH K aHTHOUOTHKAM. Peskum
AHTUMHUKPOOHOI TEPATTNH JIJIsT BO3MOKHOM /IEICKATIAIIUI T1e-
PecMaTPHUBAIIH €KeTHEBHO, C YUYETOM aKTyaJTbHOTO CO/lepsKa-
HUS TPOKJIbIMOTOHWHA. [Ipm HyJseBoM cozepkaHNH
MPOKAJIBIOTOHNHA BBEJICHIE aHTHOUOTUKOB TIPEKPATIAIIIL.

2. VHdy3HOHHYIO TepaInio OCYIECTBIIN COATAHCH-
POBaHHBIMH PACTBOPAMH KPUCTAIONAOB (cTepodyHINH,
noHocrepun) B o0beme 30 MJI/KI' B TIepBbIe Yachl MOCIE 10~
CTAHOBKH JINarHO3a. B mociexytomnem — mocsie mpoBeieHust
TecTa Ha MOTPEOHOCTD B NHGY3UH (TECT ¢ TOAHSATHEM HOT).
ITo Mepe HeoOxoMOCTH HCTOb30Bau 10% p-p abOyMIHa.

3. Hopanpenammn B HavambHOI 1o3e 0,02 MKT/KT/MUH
(maxkc. 0,3 MKT/KT/MUH ) UCTIOJIb30BAJIN TIPU PAa3BUTHH CETITH-
YeCKOTro MIOKa JIJIst oJyIepskaHust cpegHero AJ[265 MM pT. CT.

4. B ciyuae mucdyHKITNIT MUOKAP/A, BBIPAsKAIOIEcst
B BHUJIE HU3KOTO CEPAEYHOr0 BBIGPOCA U/WIM COXPAHSIO-
MIUXCS CUMIITOMOB rumonepdy3un, HeCMOTPST HA JIOCTUTHY -
THII aJIEKBATHbII BHYTPICOCYIUCTBIN 00beM 1 HOPMAJIBHOE
Allcp, k Teparmu obasisim nHdy3Mo 106y TaMIHa B CTap-
TOBOII 103€ 5 MKT/KT/MUH (MaKc. 12 MKr/Kr/MuH).

5. IIpu BO3HUKHOBEHUU [[BIXaTEJbHON HEOCTATOY-
HocTH (MHAEKC okcureHarmu mMeree 250 MM pr. ct., Y/
Gozee 30 B 1 Mu; SpO,<90% ), MHTYOUPOBAJIU TPaXelo 1 Ha-
yHasm VIBJI Bo BcioMoratesibHOM pesKUMe, PYKOBOJICTBY -
sICh TPUHITUTIaMK «6e30TTacHOW» BEHTUIISTINNT JieTKuX [ 16].

6. Ilpu BO3HMKHOBEHMM ITOYEYHON HEJIOCTATOYHOCTH
MIPOBOJINIIN 3aMeCTUTeIbHYIO TToueunyio Tepanuio (311T),
Jalriie BCETo, MPOJIJIEHHYIO IIEHTPAIBHYIO BEHO-BEHO3HYIO Te-
mouacdumsTparuio (CVVHDF)

MuHIMaIbHBIN 00beM MOHUTOPHHTA MAIHEHTOB, KO-
TopbIM npoBomin VIBJI, BKJTIOWAT KapANOCKOTIHIO C MO
cuetrom UCC, onpenenenne A/l HeMHBAa3WBHBIM METOJIOM,

Chopped cut penetrating wound of the abdominal cavity.
Multiple wound of the small intestine loops.
Purulent peritonitis

Primary diagnosis in sepsis Gynecological
Acute bilateral salpingo-oophoritis.
Double-sided pyosalpinx.
Pelvioperitonitis.

Urgent operative labor at 38 weeks.
Cesarean section.

Postnatal purulent endometritis.
Sepsis.

The treatment of patients was performed in accor-
dance with generally accepted standards [15]:

1. The initial multi-drug antimicrobial therapy (more
often, a combination of vancomycin and meropenem) was
prescribed before identification of the pathogen and tests for
the antibiotics sensitivity. The antimicrobial therapy regime
was reviewed daily for possible de-escalation, taking into ac-
count the current procalcitonin level. Antibiotics were dis-
continued in the case of a zero level of procalcitonin.

2. The infusion therapy was performed using bal-
anced crystalloid solutions (sterofundin, jonosteril) at a dose
of 30 mL/kg within the first hours after the diagnosis. It was
continued after the infusion requirement test (PLR test). A
10% albumin solution was used when necessary.

3. Noradrenaline at an initial dose of 0.02 pg/kg/min
(max. 0.3 pg/kg/min) was used in the case of septic shock
in order to maintain the average AD>65 mm Hg.

4. In the case of myocardial dysfunction in the form
of growing filling pressure and low cardiac output and/or
persistent hypoperfusion symptoms despite adequate in-
travascular volume and normal BPav, dobutamine infusion
at a dose of 5 pg/kg/min (max. 12 ug/kg/min) was added
to the therapy.

5. In the case of respiratory failure (oxygenation
index less than 250 units, RD more than 30 per 1 min;
Sp0,<90%), the patient was intubated and the assist/con-
trol-mode ventilation was started guided by the principles
of «safe» ventilation [16].

6. In the case of renal failure, renal replacement ther-
apy (RRT) was performed (more often, continuous venove-
nous hemodiafiltration (CVVHDF).

The minimal amount of monitoring tests for patients
on the MV included cardioscopy with HR evaluation, non-
invasive BP measuring, SpO,, RR, FiO,, and respiratory
minute volume. Transpulmonary thermodilution was per-
formed in patients with septic shock using the PICCO Plus
apparatus.

To diagnose delirium, a daily screening was per-
formed using the CAM-ICU scale [17]. In the case of posi-
tive test findings, a quantitative assessment of the delirium
severity was carried out using the ICDSS scale [18].

To be included into the second phase of the study the
patients should meet two conditions:

1. Overactive or mixed form of delirium requiring se-
dation;

2. Mechanical ventilation (in any mode) or the need
in switching to the MV due to development of delirium
among other reasons.

In order to eliminate the manifestations of delirium,
intravenous propofol sedation or sevoflurane inhalation se-
dation were applied to the -2 — -4 level according to the
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SpO,, Y/, FiO,, MO/I. ¥ marnmeHTOB C CENTUYECKIM
IIOKOM HCITOJIb30BAJH TPAHCIYIBMOHATBHYIO TEPMO/IHIIIO-
o npubopom PICCO Plus.

Jl71s1 IMarHOCTUKY JIeTNPHST €KeTHEBHO TTPOBO/UIIH
ckpununr 1o mraxe CAM-ICU [17]. IIpu monoxuTessHOM
pe3yJbTaTe TeCTHPOBAHUS, TPOBOJUIN KOJTHMYECTBEHHYIO
OTIeHKY BhIpaskeHHOCTH fnesmpus o mrkase ICDSC [18].

[lns BKIIOYEHUsT BO BTOpYIO a3y HccieoBaHus
JOJIKHBI ObLITM GBITH COBTIONEHDI JIBA YCJIOBHUS:

1. Hanmmume rtHUmepakTUBHONW WM CMEITaHHOM
dbopmbl esmpust, TpeGyIonieil MTPOBEeAEHUS Celalim;

2. Haxoxnenne mannenta Ha VUBJI (B mobom pe-
JKIMe ) Wi HeoOX0AMMOCTb TtepeBoia Ha IBJI, B ToMm uwmcire,
B CBSI3U C Pa3BUTHEM JIETUPUSL.

JL1s1 KynpOBaHW SIBJIEHUIT IeJTMPUST NCTIOIB30BATH
BHYTPUBEHHYIO CEIAIII0 TPOMOMOTIOM MU NHTAISIHOH-
HYIO ceflaniuio ceBodrypaHoM 10 yPOBHS —2—4 GaJiia 1o
urkasie Pramony [ 19]. ExxenneBno B ycTaHOBIEHHOE BpeMs
CeIAITHIO TIPEPBIBAJIH 15T OTIEHKH IICHXO0-HEBPOJOTUIECKOTO
craTyca TmarpenTa. VceaenoBanne copep:kaHis TPOKATIbITH-
tounna (PCT) B miazme xpoBu (MOJTYKOJINYECTBEHHBIN
METOJ), COofiepsKaHusl KapOOHMJIMPOBAHHBIX TENTHIOB B
n1asme Kposu; conepxkanust 6enka S100b u pacuer vasoac-
tive-inotropic score (VIS) mpoBoaniu Takke B cTporo k-
CHUPOBAaHHOE BpeMs, KaKIbI 1eHb [20].

Haburoziervie 3a marieHTaMu MpoJI0JIKAIN B TEUCHUE
1 roga. B panmpHeimmil anaans BKIIOYAIN CIIEAYIONE T1a-
paMeTphL:

1. Bpemsi mpeGbiBaHWsl B MajaTe peaHUMAIUUH
(cyTKnM).

2. Bpewmsa npeboiBanus B crariionape (CyTKI).

3. Bpewma UBJI (cytkm).

4. TocnmrampHAs T€TATBHOCTD (CYTKH).

5. JleranbHOCTH B T€UEHNUE TO/A.

Crarucruyeckuii anaaus. KosmdecTBeHnble mapa-
METPBI IPe/IBAPUTEIBHO AaHATH3UPOBATIN HA HOPMATbHOCTD
pacmpenenenus Tectamu JInmmuepopca u [lanmmpo—
Yunka. Cpennne 3Ha4eHUST HOPMAJIBbHO PacIlipe/ieleHHBIX
KOJIMYECTBEHHBIX IapaMeTPOB IIPE/ICTABJICHBI CPETHIM
apudmMeTudecKuM co CTanapTHLIM OTKIoOHeHueM (M *0), a
HEHOPMAJTBHO Paclipe/ieIeHHBIX — Me/INaHON ¢ MeXKKBap-
TribHBIM mHTepBasoM (Me [25%—75%]). [lst cpaBHeHMs
KOJIMYECTBEHHBIX BEJIITIIH C HOPMATbHBIM PACTIpeieIeHIeM
ncnosb3oBann kpurepnit CreiofenTa. /17 cpaBHEHUS KO-
JIMYECTBEHHBIX BEJNYNH, He MMEIONTIX HOPMAJIbHOTO Pac-
nipesiesierwst, npuMensin U-kputepnit ¥ ntnu—ManHa.

J171s1 OTIeHKY KavyecTBa IPEANKTOPOB KINHUIECKHX HC-
XOJIOB OIePAIH NCIIOJIb30BAJIN METOJI PAHTOBOI KOPpeJIs-
1y CrimpMeHa 1 MHOKECTBEHHYIO PETPECCHIO.

[Tpm ananm3e JaHHBIX TOBTOPHBIX M3MEPEHUIT /75T MH-
TerpasbHOIT OI[eHKH 3HAUEHTISI HCCIIE[yeMOTO TTapaMeTpa pac-
CUNTBHIBAJIN CHEIUAJIbHBII CTAaTHCTHYECKNI TTOKA3aTelb —
«TIJIOTA/Th IO KPUBOM /IS CEPUMHBIX M3MepeHmii» (Area
Under Curve for Serial Measurements — AUCSM) [21].

Pazmmuns mpuHUMAaIN CTATHCTHYECKN 3HAUNMBIMU
mpu yposue p<0,05. [[1s1 pacyeToB MCIOTB30BATH MPO-
rpammel Statistica 10.0 (StatSoft, Inc.) u MedCalc 12.5.0.0
(MedCalc Software bvba).

Pe3yabraTel 1 00Cy:KIeHHE

B nccaenyemotii koropTe cpeHIi BO3pacT Naru-
€HTOB cocTaBuI 54+12 jiet, B Hell IpeobIagali My K-
ynnbl (75%). Jlantbie 110 JIOKaIU3AUK TEPBUIHOTO
ouara rpuBeieHbI Ha puc. 1.

Richmond scale [19]. The sedation was interrupted every
day at a fixed time for evaluation of patient's psycho-neuro-
logical status. Tests for plasma procalcitonin (PCT) level
(semi-quantitative method), plasma carbonylated peptides
level, the S100b protein level and vasoactive-inotropic score
(VIS) calculations were also conducted at a strictly fixed
time every day [20].

The patients were followed up for 1 year. The follow-
ing parameters were included in the further analysis:

1. The ICU stay (days);

2. The hospital stay (days)

3. MV duration (days)

4. The in-hospital mortality (within 30 days, or ac-
tual time, if the patient stayed in the hospital for more than
30 days)

5. One-year mortality rate

Statistical analysis. Quantitative parameters of were
preliminary examined for the normality of distribution using
the Lilliefors test and the Shapiro—Wilk test. The mean val-
ues of normally distributed parameters are presented in the
form of the arithmetic mean with the standard deviation of
(M+0) and abnormally distributed parameters in the form of
the median with the interquartile range (Me [25%—75%]).
To compare quantitative values which have a normal distri-
bution, the independent samples t-test was used. To compare
quantitative values which do not have a normal distribution,
the Whitney—Mann U-test was used.

To assess the quality of predictors of clinical outcomes
of the surgery, the Spearman's rank correlation and the mul-
tiple regression were used.

When analyzing the data of repeated measurements
for the integral evaluation of the level of the studied param-
eter was calculated ad hoc statistical indicator — the Area
Under Curve for Serial Measurements (AUCSM) [20].

The differences were considered statistically signifi-
cant at P<0.05. Calculations were performed by Statistica
10.0 (StatSoft, Inc.) and MedCalc 12.5.0.0 (MedCalc Soft-
ware bvba).

Results and Discussion

In the investigated cohort, the average age of the
patients was 54+12 years; it consisted predominantly
of men (75%). Data on the location of the primary le-
sion are shown in Fig. 1.

Septic shock developed in 67% of patients. The
incidence of delirium in the group of patients with sep-
sis was 27.9%. The hospital mortality was 17.5%; the
one-year mortality was 25%. The study included two
patients with a fail of the delirium therapy: because of
the progression of the underlying disease, the level of
consciousness impaired to the coma from which the
patients failed to recover. Both patients died.

In this study we were interested in possible
mechanisms responsible for the development of delir-
ium in septic patients. The level of carbonylated pep-
tides was assessed as an indicator of the severity of the
oxidative stress (OS). The OS apparently makes a
contribution to the mechanisms of development of
sepsis-associated delirium. It is confirmed by the ex-
istence of a moderate correlation (R=0.68; P<0.05) be-
tween the parameter being discussed and the duration
of delirium (Fig. 2, a)
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Centnveckuii MoK pa3BuiICs y 67% MaIMeHToB.
YacToTa pasBUTHS JAETUPHS B TPyIIIe GOJBHBIX C Cell-
cucoMm coctasuia 27,9%. TocnmutanmbHas JIeTaIbHOCTD
cocrasuia 17,5%; rogosag — 25%. B uccaenosanue
BOIILJIN 2 MAIUEHTa, Y KOTOPBIX TIPOBOIUMAST TePATTUST
JeTNpUsT OKasarach HeaPpMEeKTUBHON: B CBSI3H C TIPO-
IPECCUPOBAHUEM OCHOBHOTO 3a00JI€BaHUS YPOBEHD
CO3HAHUS CHU3UJICS JIO KOMBI, U3 KOTOPOI BBIBECTH
HarueHToB He yaanoch. O6a 60IbHBIX TTOTHOIN.

[Ipu mpoBe/leHUN HACTOSIIIETO HMCCJETOBAHUS
HaC MHTEPECOBAJU BO3MOKHbIE MEXaHU3MBbI, OTBET-
CTBEHHbIE 32 BOSHUKHOBEHUE IETTUPUS Y CENITHUECKUX
6osbHbIX. Copepikanne KapOOHUIMPOBAHHDIX TIEIITH-
JIOB OIEHUBAJIM, KaK MMOKa3aTeh BBIPAKEHHOCTH
okucautenbHoro crpecca (OC). OC, no Bceit Bunn-
MOCTH, UTPAET OIpe/ieJIEHHYIO POJIb B MeXaHU3Max
PasBUTHS CETCUC-accollmupoBanHoro aeupusa. 06
9TOM CBUJIETEJBCTBYET HAJTUYME CPEJHEH CTerneHu
BBIPDA)KEHHOCTU KOPPEJSIIMOHHON  CBSI3U  MEXKIY
00Cy K IaeMbIM [TOKa3aTeJIeM U TIPOI0JIKUTETBHOCTHIO
nemupus (r=0,68; p<0,05, puc. 2, a)

Conepxanue 6esnka S100b — mapxepa neiipo-
HAJIBHOTO TIOBPEK/ICHWS, TAK)KE TECHO KOPPEIUPOBa-
JI0 ¢ TIpofoJKuTeabHOCTRIO Aeaupus (r=0,8; p<0,05,
puc. 2, b).

Conepsxkanne PCT, B ompesesieHHON CTeIeHH,
oTpakaeT BbIpakeHHOCTH SIRS mpm cemcuce. B
HalleM HWCCTIeIOBAaHUM, OJHAKO, KOPPEJSIIUMOHHON
cBs3u Mexkay cogepskanueM PCT u npogosxuTesnb-
HOCTBIO JIETTMPUST He TTPOCIEKNBATOCH (puc. 2, ¢).

O/HaKOo HEeNTb3sT UCKIIOUUTD, UTO TIPU UCTIOJTH30-
BaHUW KOJMYECTBEHHOTO (2 HE TIOJYKOJIUIECTBEHHO-
ro) meroja onpeenenns cogepxanus PCT, Mor ObITh
110JIy4y€eH UHOH pe3yJibTar.

Ouenka 10 1Kajge OpraHHoM auchyHKINAU
(SOFA), B cootBetcTBue kputepusimn «Cerncuc-3»,
SIBJISIETCST OJTHOBPEMEHHO, I OCHOBHBIM JIHarHOCTUYE-
CKUM KPHUTEPHUEM CeTICHca, W MOKa3aTeJIeM TKeCTH
coctosTHUS manuenTa [22]. B nacrosmem nccenosa-
HUM TSKECTh COCTOSIHUS MTalleHTa Ha MOMEHT Havasia
JIETUPUST UMeJTa YMEPEHHYT0 KOPPEJSIITUOHHYIO CBSI3b
c ero (menupwusi) mponoskuTesbHOCTHIO (1=0,42;
p<0,05). ITo Mepe mporpeccupoBaHMs TPOIIECCa, CBSI3h
cTaHOBHJIACh Bce 0oJjiee OYEBUIHOM, M K 4 JHIO OT
Havasa qeupust KoahGUIMEeHT KOPPersInu cocTa-
Bt 0,80 (p<0,05, puc. 2, d).

KoppeJsiiimoHHblii aHATU3 BBISBUJ CPEIHION0
MPSIMYIO CBSI3h MEKIY TTPOAOKUTETHHOCTBIO -
pus ¥ TSPKeCThIo OpraHHON ANChYHKITNN, OTIeHeHHON
no uHTterpasbuomy mnokazatenio AUCSM (=0,65;
p<0,05). CBsi3b MEK/IY TPOIOJKUTETBHOCTDIO e~
pust u mokazateseM AUCSM n71s olieHKH 10 TITKaje
ICDSC 6buta cumbroit (7=0,79; p<0,05), npuuem
caMmasi CUJIbHAs KOppeJisinst oOHapysKeHa Ha 5-¢ U 6-
€ CYyTKH OT HauaJia Pa3BUTHS ITUPUST (COOTBETCTBEH-
Ho =0,83; p<0,05 u r=0,86; p<0,05).

VIS paccmarpuBanu, Kak KOCBEHHBIN TTOKa3a-
TeJTh TSKECTH CENCUC-aCCOTTMUPOBAHHON MUOKap/U-
abHON aucdyHKInu. B Hatem rccregoBanmm 6oJiee

Pancreatogenic peritonitis
[] Pancreatitis
B Peritonitis

| Pelvic peritonitis

Puc. 1. Pacnpenesienue naiieHToB B 3aBUCHMOCTH OT 3THOJIOTHH
cerncuca.

Fig. 1. Distribution of patients depending on the etiology of sep-
sis.

IIpumeuanue. Pancreatogenic peritonitis — maHKpeaToreHHbIii r1e-
purtonut; Pancreatitis — nmankpeartut; Peritonitis — meputonur;
Pelvic peritonitis — mesbBUOTIEPUTOHUT.

The level of S100b protein is a marker of the neu-
ronal damage also closely correlated (R=0.8; P<0.05)
with the duration of delirium (Fig. 2, b)

The level of the PCT, to some extent, reflects the
severity of SIRS in sepsis. In our study, however, the
correlation between the level of PCT and the duration
of delirium was not observed (Fig. 2, ¢).

However, it cannot be excluded that a different
result may be obtained when a quantitative (rather
than semi-quantitative) method for evaluation of PCT
levels is used.

Organ failure scale (SOFA) scoring in accor-
dance with the «Sepsis-3» criteria is both the main di-
agnostic criterion for sepsis, and an indicator of
patient's state severity [22]. In this study, the severity
of the patient's state at the time of the onset of delir-
ium had a moderate correlation with its duration
(R=0.42; P<0.05). As the process progressed, the re-
lationship became increasingly apparent; and by the
4'h day after the beginning of delirium the correlation
coefficient was 0.80 (P< 0.05) (Fig. 2, d).

The correlation analysis revealed a medium di-
rect correlation between the duration of delirium and
severity of organ dysfunction, assessed by a combined
index AUCSM (R=0.65; P<0.05). The relationship
between delirium duration and increased AUCSM to
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R=0.68; P<0.05 a
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Puc. 2. KoppensunoHHas cBs3b HCCIeAyeMbIX IIOKa3aTeseil ¥ IPOJ0IKUTETbHOCTH CENICHC-aCCOIMHPOBAHHOTO JICIUPHUsI.
Fig. 2. The correlation between study indexes and the duration of the sepsis-associated delirium.
Note. b — Sepsis & Sedation2 57v*40c; Delirium duration=1,6652+11,5032*x. d — Sepsis & Sedation2 57v*40c; Delirium

duration=2,7194+0,5709*x.

ITpumeuanue. Delirium duration, days — npogosskutensaocts aequpus, nau; Study indexes — uccaenyembie noxasarenu; carbonylated
peptides — kapbornnnposanbie nentubl; PCT — npokaabIUToHUH; score — Gabl. b — cerncuc u cepaims2 57v*40c; Ipo0KUTENbHOCTD
nemmpusi=1,6652+11,5032*x; d — cerncuc n cepanms2 57v*40c; Npopo/KUTENbHOCTD Aenpusi=-2,7194+0,5709*x.

MOJIOBUHBI TAIMEHTOB B KAXKJO0W W3 TPYNI MMeJN
MPU3HAKK CENTUYECKOTO ITOKA, M U3y4aeMblii ITOKa3a-
tesb coctaBuit 13 [2; 27]. OGHapyKuau KoppeJssi-
IIMOHHYIO CBSI3b cpefiHell crerenn Mexay VIS u pm-
TeapHOCTRIO Heanpus (=0,62; p<0,05).

st BoIABIIEHTS (DAaKTOPOB, OKA3BIBAIOIINX HAU-
GoJiblliee BAUSIHUE HA IPOAOJIKUTETIbHOCTD JIEIUPHSL,
ObLJI TIPOBEJIEH PErPeCCHOHHBIN MYyJIbTH(hAKTOPHBII
AHAJTH3.

B rpynme n3 mapamerpos ICDSC, SOFA u VIS
HarboJiee 3HAYUMBIM TPEIUKTOPOM [TUTETBHOCTH
Jlesiupus okazasics nocsenui nokasaress (p=0,02).

B rpynmne u3 napamerpoB SOFA, conepskanue
kapOonuauposanubix nentugos u PCT 3HaunMbIM
6bLT KO3 OUITUEHT PErpeccui I MIKaIbl OPraHHON
muchynknmum (p=0,02).

WHTepecHo, 4To Kak Obl HE (GOPMUPOBATIICH
TPyNIbL, HE YIAJ0Ch [0Ka3aTh MPOTHOCTUYECKU
3HAUMMOTO TIPEUMYIIECTBA OIEHKW COMEPIKAHUS
6emka S100b wan KapOOHUIMPOBAHHBIX TIEMNTH/IOB.
Bo3M0OskHO, 4TO POJIb BBIPAKEHHOCTH OKUCIUTETHLHO-
TO cTpecca y MaIlueHToOB ¢ TPOIOJIKAIOIIINMCS CETICH-
COM B OTIpeJIeJIEHUH CTETIEHH TSKECTH HEMPOHATBHOTO
MOBPEXKIEHUS HE CTOJIb W BEJIUKA.

assess on a scale ICDSC was strong (R=0.82; P<0.05),
with the strongest correlation is found on the 5th
(R=0.83; P<0.05) and 6th (R=0.86; P<0.05) day from
the delirium onset.

The VIS was considered an indirect marker of
the severity of the sepsis-associated myocardial dys-
function. In our study, more than a half of the patients
in each group had signs of septic shock and the studied
parameter was 13 [2; 27]. A moderate correlation was
found between the VIS and the delirium duration
(R=0.62; P<0.05).

To identify factors that have the greatest influ-
ence on the duration of delirium, a regression multi-
factor analysis was performed.

In a group of ICDSC, SOFA, and VIS, the latter
turned out to be the most significant predictor of the
delirium duration (P=0.02).

In the group of SOFA, level of carbonylated pep-
tides and PCT, the regression coefficient was signifi-
cant for the scale of organ dysfunction.

It is interesting that no matter how the groups
were formed, the prognostically relevant benefits of
evaluation of S100b protein or carbonylated peptides
levels were not confirmed. It is possible that the con-
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OreHKa HEPOHATBHOTO TIOBPESK/ICHIS 110 TLIa3-
MeHHOH KoHuenTpaiuu 6eaka S100b noarsepxaaer
nanubie Pierrakos et al. o HemocTarounoil criennduy-
HOCTHU 3TOTO METO/a IPU OIpeesieHus] CTeleHu
nospeskaenns [[THC [23].

WcxoHast cTerneHb TSPKeCTH COCTOSTHUS Tal[ieH-
TOB CYIIIECTBEHHO BJIMSIET HA YaCTOTY BOSHUKHOBEHUS,
TSIKECTh TEUEHUST W TTPOJOJIKUTENBHOCTD JIE€JIUPHs,
YTO TIOJITBEPIKIAETCS U JTUTEPATYPHBIMU JIAHHBIMU
[24]. Takum 0OpasoM, BbICOKast KOPPEJISIIUS C OII€H-
koit o mrase SOFA BriosiHe 3akoHOMepHa. HOBBIM
SIBJISIETCST TO, YTO TOKazaresu VIS okazamnuch Gojiee
3HAYMMbBIM IIPOTHOCTUYECKUM KPUTEPUEM TTPOIOJIKH-
TeJIbHOCTH JACJIUPUSL. DTO MOKHO OOBACHUTD TE€M, YTO
9Ta MiKaja B OOJIBIION CTENEHW OTPaskaeT CTEIEeHb
CETICHC-aCCOIMUPOBAHHOTO MOBPEKICHUS MUOKAp/1a
U TSDKECTh CENTUYECKOTO MoKa. TU (DaKkTOpbI, BEPO-
SITHO, IPUBOJST K TUTIONEPdY3UH, B TOM YHUCTE, U
BEIeCTBA TOJIOBHOTO MO3Ta, CHAYaJIa MPOBOIUPYS, a
3areM ¥ yeyryOJisis e TupHil.

C npyroii CTOPOHBI, €CJIM paccMaTpUBaTh Cell-
CUC-aCCONMUPOBAHHYIO CEPJCUHYTO HEIOCTATOYHOCTD
U CENTUYECKUN IMOK, KaK OJHY U3 COCTaBJISIONIUX
MOJTMOPTAHHON ANCHYHKINHU, TO ToKazatesab VIS
MOJKET CBUJETEJIbCTBOBATH 00 00IIeM HapyHIeHUU
MIPOIECCOB Ay TOPETYJISIUU TIPU ceTicrce, U GyHKINN
ITHC, B wacTHOCTH.

BeilieckasaHHOe MOKeT OOBSICHHUTD, IOYEMY
umenno VIS mokasana HanboJblnyie MPOrHOCTHYE-
CKWe BO3MOKHOCTU. B TpyTTie BBKUBITUX MeIruaHa
VIS cocraBuia 8 |0; 15]; B rpytiie ymepimx — 32 [25;
38] (p<0,0001). Xorenoch ObI OTMETHTD, YTO MOKa3a-
e VIS onpenensiiu He B Tepuo, KOT/Ia NCXOT CTa-
HOBUJICST OUEBH/IHBIM, a 32 O0JIee M MEHee JIJIUTeIb-
HOE BpeMsl JI0 HaCTYIIJIEHUsI 9TOT0 cocTostHus. [Ipassa,
¢ yueToM (hoKyca McCieIoBaHUS Ha JIeJTUPUH, TPYIHO
OTIPE/IETTUTH ONITUMAJILHOE BPEMsI IIPOBEIEHUST TECTA.

MHorwue uccieloBaTesn CBSA3BIBAIOT TPYAHOCTD
MOJIYYeHUsT IOCTOBEPHBIX PE3YJIbTATOB Y TAIIUEHTOB C
CETICHUCOM C HEBO3MOXKHOCTHIO (DOPMUPOBAHUS JIOCTA-
TOYHO OJIHOPOJHBIX TPymI. HecMoTpst Ha TipenprHs-
ThIE YCUJIMsSI, HAM TaKKe He yIaJoch U3bekaTh 9TOU
norperrHocTH. CPOKM HavyaIa JAeTUpUs Pa3HUJIUCH Ha
HECKOJIBKO CYTOK, YaCTh TTAIIMEHTOB ITPOXOINJIA CTATHTO
JIEJTUPUS TI0 Mepe BbIXO/Ia 3 KOMATO3HOTO COCTOSTHUS,
YacTh MEPEHOCHUIIA IETTUPUE B TIEPBBIE CYTKH MTPOTPEC-
cupoBaHus cericrca. Bplia oOHapyKeHa KOPPEISIIHOH-
Hasl CBSI3b MEK/Y COZICP/KaHeM KapOOHUITUPOBAHHBIX
MENTH/IOB ¥ TIPOJIOJIZKUTEIbHOCTH JAE€JTUPHSI, U, BMECTE C
TeM, KapOOHWJIMPOBAHHbIE MENTH/IBI HU Pasy He OKasza-
ek Hanbosiee MHMOPMATUBHBIMU TIPH OIIPEIEICHUN
[IPOrHOCTUYECKU 3HAYNMBIX MAPKEPOB ITPOIOJIKUTEb-
HOCTH JICJIUPHSI MM HACTYTJICHUST HeOIarompusiTHbIX
HCXOJIOB. DTOT PE3YJIbTAT MOKHO O0BSICHUTD HE[OCTA-
TOYHOW MOIIHOCTBIO WCCTEIOBAHUST U HEOIHOPO/I-
HOCTbBIO KOrOpThI. JJaHHON OIHOKK TPYIHO N30EKaTh B
pPaMKax MUJIOTHOTO UCCJIE/IOBAHUSI.

Takum 00pasoM, B pesyJsbTare MPOBEIeHHOTO
McCJIe/IOBAaHMS yIaioch Moka3ath, 4to VIS m SOFA

tribution of the oxidative stress severity in patients
with ongoing sepsis to the evaluation of the neuronal
damage severity is not so great.

The neuronal damage assessment based on the
plasma S100b protein concentration confirms data ob-
tained by Pierrakos et al. on the lack of specificity of
this method in evaluation of the extent of the CNS
damage [23].

The baseline severity of patient's state signifi-
cantly affects the incidence, severity and duration of
delirium and this fact is confirmed by literary data
[24]. Therefore, a high correlation with the SOFA
scoring is completely logical. The fact that the IS has
proved to be a more relevant prognostic criterion of
the delirium duration is a new one. This can be ex-
plained by the fact, that the VIS, to a large extent, re-
flects the degree of sepsis-associated myocardial
damage and the severity of septic shock. Probably,
these factors lead to hypoperfusion, including that of
the brain, first triggering and then worsening the
delirium.

On the other hand, if we consider the sepsis-as-
sociated heart failure and the septic shock one of com-
ponents of the multiple organ failure, the VIS
parameter may indicate an impairment of autoregula-
tion processes in sepsis, in general, and CNS function
impairment, in particular.

The above facts may explain why the IS has
demonstrated the greatest predictive value in relation
to its effect on mortality. In the survivors' group, the
median VIS was 8 [0; 15]; in the group of the deceased
it was 32 [25; 38]. It should be noted that the VIS was
not determined at the time point, when the outcome
became clear, but rather before the onset of this condi-
tion. However, it is difficult to determine the best time
to conduct the test given the study focus on delirium.

Many researchers attributed the difficulty of ob-
taining reliable results in patients with sepsis to the
impossibility of formation of sufficiently homogeneous
groups. Despite these efforts, we were also unable to
avoid this error. The time of the delirium onset varied
for several days; a number of patients passed the stage
of delirium while recovering from coma; another part
of patients experienced delirium on the first day of the
sepsis progression. A correlation was found between
the level of carbonylated peptides and the duration of
delirium, and, at the same time, carbonylated peptides
had never proved to be the most informative parame-
ter when determining significant prognostic markers
of the duration of delirium or the onset of adverse out-
comes. This result can be explained by insufficient
power of the study and heterogeneity of the cohort.
This error is hard to avoid in a pilot study.

Therefore, the study was able to demonstrate
that the VIS and SOFA are important prognostic
markers of the duration of delirium and the clinical
outcome of sepsis, in general.

The contribution of evaluation of oxidative
stress or the systemic inflammatory response to pre-

GENERAL REANIMATOLOGY, 2017, 13; 6

www.reanimatology.com



36

DOI:10.15360,/1813-9779-2017-6-28-37

Predictors, Markers and Monitoring of Critical States

ABJIAIOTCA Ba)KHBIMU ITPOTHOCTUYECKHUM MapKepaMu
TIPOIO/IKUTEJIbHOCTHU ACJINPUA N KITMHUYECKOTO NCXO0-
Jla CeIIiCcrca, B I1€JIOM.

He YaaamoCh NOATBEPAUTD Ba)KHYIO POJIb OIICHKN
OKUCJIUTEJIbHOTO CTpecCa NI CUCTEMHOI'O BOCITAJIN-
TEJIbHOI'O OTBETA B IIPOTHO3MPOBAHUN TAKECTH U TIPO-
JOJIZKUTETBHOCTU CETICUC-aCCOITMUPOBAHHOI'O CJIMPUA.

3akiaoyeHue

[Toxazarenu mkan VIS nu SOFA apnsiorcst Hau-
6ojiee 3HAYMMBIMM IPEJUKTOPAMU JJINTEIBHOCTH
JeJpHs Y GOJIBHBIX C CEIICHCOM.

[TokazaTesn 1mkaabl OPpranHON AUCHYHKIUN B
GOJIbIIEI CTelenn, 4yeM cojepKanne KapOOHUIPO-
BauHbIX nentuoB u PCT xoppesupyer ¢ mpoosnKu-
TEJIbHOCTBIO JIETTUPHUSL.

[ITxana VIS B HanbGospinell creneny mo3Bossger
MIPOrHO3UPOBATH JIETATHHOCTD Y IMAIIMEHTOB C CeTICH-
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diction of the severity and duration of sepsis-associ-
ated delirium could not be confirmed.

Conclusion

VIS and SOFA are the most informative predic-
tors of delirium duration.

The organ failure scale scoring values correlates
with the duration of delirium better than the level of
carbonylated peptides and PCT.

The evaluation by VIS permits predicting the
mortality in patients with sepsis. In the survivors' group,
the VIS was 8 [0; 15]; whereas in the group of patients
deceased later the values increased to 32 [25; 38].

coMm. B rpymie BepkuBmux Meauana VIS cocraBuia
8 [0; 15]; B rpymme ymepuiux — 32 [25; 38].
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I[I/IHaMI/IKa MapKe€POB OCTPOro NMMOY€YHOIO IMOBPEKRACHUA
IIPpHU PE3EKIUU ITOYKH 110 ITIOBOAY pPaKa

E. M. ®pannusun, H. /[. Ymakosa, O. U. Kur, /I. A. Pozenko, C. H. /lumutpuasny,
A. H. IlleBuenko, O. A. IToropesiosa, H. /. Yepsipuna, JI. C. Kosnosa

PocToBcknii HayuHO-HCCIE0BATENBCKUI OHKOIOTIYecKUil nHcTHTYT Munsapasa Poccnn,
Poccust, 344037, r. Pocros-ua-/lony, yi. 14-a aunns, 1. 63
The Dynamics of Acute Renal Impairment Markers
During a Surgery for Kidney Cancer

Elena M. Frantsiyants, Natalia D. Ushakova, Oleg 1. Kit, Dmitry A. Rozenko, Sergey N. Dimitriadi,
Aleksey N. Shevchenko, Yulia A. Pogorelova, Natalia D. Cheryarina, Larisa S. Kozlova

Rostov Scientific Research Oncological Institute, Ministry of Health of Russia,
63 14" Line Str., Rostov-na-Donu 344037, Russia

Iesnb uccaenoBaHus — U3YYKUTh BJIUSHIE SIULYPATbHON GJI0KAAbI HA (DYHKIMOHATIBHOE COCTOSIHUE TTOYEK Y
GOJIbHBIX JIOKAIM30BAHHBIM PAKOM TIPU [TOBEIEHNU PE3EKIMU [T0YKU B YCJIOBUSIX TEILIOBOU UIEMIH.

Marepuain u metoabt. O6cnenoBanu 45 60abHBIX (25 My:KUKH U 20 JKEHIIH ) JTOKAIU30BAHHBIM PAKOM TTOYKH
T N,M, B Bozpacre 56,5+8,7 roza. Bcem G0JIbHBIM BBITIOJHIIN PE3EKIUIO TIOYKU B YCJIOBUSIX TEILIOBON UIIEMUN
(15—20 munyT). BoJbHBIX pa3ziesin Ha 2 TPYIIIbL: OCHOBHYIO (25 4e0BeK), B KOTOPOIT B IEPHOTIEPAITHOHHOM ITe-
pHo/ie IPUMEHSIIH STIUYPAIbHYI0 OJIOKALY, U KOHTPoJbHYO (20 naiuenToB) — 6e3 anupypaibHoil 6okansl. B
kposu 1 Moue metogom MDA uccnenosam — nucratud C, L-FABP, KUM-1, 1JI-18, a takske CK®D. O6¢enosanne
npoBoauiK 3a 1 yac s10 oneparuy, yepes3 20 MUHYT 110CJIe 9TaNa TEII0Boii uieMun, B 1-e u 3-u cytku. [lo nucxoanoit
KoHIeHTpaiuy iuctatiia C B KpoBu GOJIbHBIE KaK [0 IPYIIIIbI ObLIM Pa3/ieieHbl Ha 2 TIOATPYIIbL: 1 — KOHIleHTpa-
st uerarina C 1000 vr/mun u vuske, 2 — Boite 1000 #r/mit. CratucTudeckyo 00paboTKy Pe3yIbTaToB MPOBOAUIIN
C UCIOJIb30BaHUEM MakeTa Iporpamm «Statistica 6.0» 110 ¢-kpurepuio CThofeHTa 1t 2-X He3aBUCUMBbIX BHIOOPOK.
Paznuuaust cautanu cratuctudecku sanaunmbivu npu p<0,05.

Pe3yabrarel. Y CTaHOBUJIN, UTO IIPH BBIIOJHEHNN PE3EKIIMK ITOYKU B YCJIOBHAX TEIIOBOI MIlleMUu (DyHKIINO-
HaJIbHbIE [TOKA3aTeJN TI0YEK K 3-M CYTKaM I0ocJIe oneparuy Ha (hoHe TPOBOAMMOI B IEPUOTIEPAIIMOHHOM [1E€PUOJIE
SIUYPATBHOI OI0Ka/(bl COOTBETCTBOBAJIU UCXOAHBIM. B KOHTPOJIbHOIT rpyIiiie HaOII0a I HAPYIIEHHSI CO CTOPOHBI
TYOYJIOMHTEPCTHUIIUS U TIOMepYJisipHoro amnmapata. 3uadenuss CKD y 6oJbHBIX OCHOBHOI IPYIIIIbI K 3-M CyTKaM
COXPAHSLIKCh B [IPe/leIax HOPMAJIbHBIX 3HAUYEHUIT, TOT/Ia Kak Y 60JIbHBIX KOHTPoJIbHOU rpyiinbl CK® 6buia cHukeHa
OTHOCHUTENLHO NCXOAHBIX 3HaYeHuit Ha 38,8% (p<0,05).

3akmouenne. [IpuMeHeHye B IepUOIIEPAIIMOHHOM [IEPUOJIE MY PATILHOTO 010K Y OOJIBHbIX JIOKATM30BAHHBIM
PaKOM IOYKH, TIOJBEPrHYTHIX PE3EKIIMN OPraHa B YCJIOBHAX TEIJIOBOI MIIEMUHN, OKa3bIBaeT HEPPOIPOTEKTUBHOE
BJIMsTHUE, OOecieunBasi coxpanenue (hyHKIIMOHAIBHBIX MOKa3aTelell TI0YeK Ha HCXOJIHOM YPOBHE.

Kantoueevte cnosa: 10xanu3o8annblil pax noukiL; menjiogas uuemusl; 0Cmpoe noueuHoe nospeicoeHue; Maprepbl
0CMPOZ0 NOUEUHO20 NOBPENCOCHUSL; INUOYPALLHAS 610KA0A

The purpose of the study is to investigate the effect of epidural block on the functional state of the kidneys in
patients with localized cancer during kidney resection under the conditions of warm ischemia.

Materials and methods. We examined 45 patients (25 men and 20 women) with a localized kidney cancer
(TNyM,) aged 56.5+8.7 years. All the patients underwent kidney resection performed under conditions of warm
ischemia (15—20 minutes). Patients were divided into 2 groups: the main group (25 subjects) in which the periop-
erative epidural block was applied and the reference group (20 patients) without the epidural block. The following
parameters were tested in blood and urine using the ELISA technique: cystatin C, L-FABP, KIM-1, IL-18, and GFR.
The test was carried out 1 hour prior to surgery, 20 minutes after the warm ischemia stage, and on Days 1 and 3.
Based on the baseline cystatin C level, the patients in each group were divided into 2 subgroups: subgroup 1 — cys-
tatin C is 1000 ng/ml and lower; subgroup 2 — more than 1000 ng/ml. The statistical processing of the findings was
performed using the Statistica 6.0 software based on the t-test for two independent samples. Differences were con-
sidered to be statistically significant at P<0.05.

Results. It has been demonstrated that functional parameters of kidneys were recovered to the baseline values
by the 3 day after the kidney resection under the warm ischemia due to perioperative epidural block. Impairment
of the tubulointerstitium and glomerular apparatus were observed in the reference group. GFR values in the patients
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of the main group were within normal limits by Day 3, whereas in the patients of the GFR was lower by 38.8% as

compared to the baseline (P<0.05).

Conclusion. The use of the perioperative epidural block in patients with localized kidney cancer who underwent
the organ resection under the warm ischemia demonstrated the nephroprotective effect, while maintaining the func-

tional parameters of kidneys at the baseline level.

Keywords: localized kidney cancer; warm ischemia; acute renal injury; markers of acute renal damage; epidural

block
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BBenenne

OCHOBHBIM METO/IOM JIeYeHNS JIOKAIM30BAHHOTO
paka IIOYKHU OocTaeTcsl Xupyprudeckunii. B nacrosiee
BpeMs JIOKAa3aHO, YTO He(PIKTOMUS WU PE3EKITUs
MOYKW, BBIMOJHEHHbIE TIPU JIOKAJU30BAHHOM Pake,
00€eCTIeunBaIOT OIMHAKOBYIO OHKOJIOTHYECKYIO BBIKU-
BaeMocTb [1]. IIpr 9TOM OZIHUM M3 BaXKHBIX TIPEUMY-
MIECTB PE3EeKINU TOYKN B CPABHEHUU C PAUKAIBHOM
HedPIKTOMUEN ABJISETCS MAKCUMATHHO BO3MOKHOE
COXPaHeHUE MMaPpEHXUMBbI OTIEPUPYEMOTO OPTaHa, YTO
MO3BOJISIET CHU3UTDH BEPOSITHOCTD PA3BUTUS OCTPOTO
novyeynoro nospesxaenus (OIIIT) B mocieonepannon-
HOM Tiepuojie. Bmecre ¢ TeM, HEOOXOIMMO OTMETHUTD,
YTO B OCHOBHOM DPE3EKIIM MOYKH TIPU OITYXOJIECBOM
MOPAKEHUN BBITIOJHAECTCS B YCJIOBUAX TOTATBHOM
UIIEMUN C TIepeskaTieM OYeTHbIX cocy0B. Vccaeno-
BaHUA PE3YJIbTATOB PE3EKITUH MTOYEK, BHITIOJTHEHHbIX B
YCJIOBUSIX TEIJIOBOU UIIeMUU 1 Oe3 UIIeMUU, TPOBe-
nennbie R. H. Thompson et al. (2010) nokazanu, uro
BepositHOCTh pasButust OTIT] Gbuia 3HAYUTENHHO
BBIIIIE B TPYIIIIe OOJIbHBIX, IEPEHECITIX BMEIIATEb-
CTBO B YCJIOBUSIX UINEMUH, TIPU HTOM KaK/[asg MUHYTa
nepekaTus MOYeYHbIX COCY/IOB YCUIUBAJIA HTOT PUCK
[2,3]. O. U. Kur, E. M. @pannusn, C. H. /lumurpua-
1 v coaBT. (2015) B aKCIIEPUMEHTE JOKA3AIIH, YTO TIPU
MO/IEJTUPOBAHUY UllleMUH /periepy3un OJIHON TTOYKU
npustaaku OTIII ObLIM BBISBJIEHDI KAK CO CTOPOHBI
UIIEMU3UPOBAHHOTO, TAK ¥ KOHTPJIATEPAIbHOTO Opra-
Ha. Y CTAaHOBJIEHO, UTO CYIIECTBEHHYIO POJIb B (hopMI-
poanuu OIIII nmpuHamIeKUT peanusauu Helpory-
MOPaJIbHBIX MEXaHU3MOB, «OKHCJIUTEIBLHOTO CTPEccas,
YCUJIEHUIO TPAHCKPUIIIIMOHHON aKTUBHOCTHU I1PO- U
aHTuanonTo3ubix renos [4—7]. F Porpiglia et al.
(2012) nzyunsin oTaieHHble MOCAEACTBUSA MepeHe-
CEHHOM TEeIJIOBOM MIIIeMUH 1T0YeK. ABTOPBI OTMeYan
CTOIIKOE CHUKEHUE CKOPOCTHU KIyOOUKOBOM (huIbTpa-
1IN Yepes3 3 MecsIia mocJie oTeparyu, YTO CBUIEeTe b=
CTBOBaJIO O (POPMUPOBAHNUU XPOHUYECKOU TTOYEUHOM
HEJIOCTATOYHOCTH Y JIAHHOU Kateropuu GOJIbHBIX [8].

Takum 06pazoM, HUBEJIUPOBAHUE OTPUIIATEIb-
HbIX 3(P(HEKTOB TEILIIOBO UIIEMUU B [TIEPUOTIEPAIINOH-
HOM TIepHo/ie SIBISEeTCS BecbMa aKTyaJabHOU 3a1avdeit
[PU MPOBEIEHUH OPraHOCOEPeranIux Xupypruie-
CKUX BMEIIATEIHCTB Y OOJbHBIX JIOKATM30BAHHBIM
pakoM 1o4Yku. B HacTosiiee BpeMst B KIMHUYECKON
meuiie auargocruka OTIIT Tpagumonto 6asupy-
€TCs Ha POCTe YPOBHS KpeaTUHUHA KPOBU, CHUYKEHUN

Introduction

The surgery remains the main treatment option
for localized kidney cancer. At present, it has been con-
firmed that nephrectomy or kidney resection due to lo-
calized cancer ensure the same cancer survival rate [1].
At that, the maximum possible preservation of the
parenchyma of the operated organ is one of important
benefits of kidney resection as compared to radical
nephrectomy, thus helping to reduce the likelihood of
acute kidney injury (AKI) during the postoperative
period. However, it should be noted that kidney resec-
tion due to tumoral lesions is basically performed
under conditions of total ischemia with cross-clamping
of renal vessels. Studies of results of the kidney resec-
tion performed under warm ischemia and without is-
chemia conducted by R. H. Thompson et al. (2010)
demonstrated that the likelihood of AKI was signifi-
cantly higher in the group of patients undergoing in-
tervention under conditions of ischemia; at that, each
minute of cross-clamping of renal vessels increased the
risk [2, 3]. O.I. Kit, E. M. Frantsiyants, S.N. Dimitriadi
etal. (2015) proved in an experiment that signs of AKI
were found in both the ischemized and contralateral
organ in modeling ischemia/reperfusion of one kidney.
It has been demonstrated that implementation of neu-
rohumoral mechanisms, oxidative stress, enhancement
of the transcription activity of pro- and antiapoptotic
genes contribute significantly to the development of
AKI [4—7]. F. Porpiglia et al. (2012) have studied the
long-term effects of the warm ischemia of kidneys. The
authors noted the persistent decrease of the glomerular
filtration rate 3 months after the surgery, thus indicat-
ing the formation of chronic renal failure in this cate-
gory of patients [8].

Thus, correction of negative effects of the warm
ischemia in the perioperative period is a very topical
task in conducting organ-saving surgical interventions
in patients with localized kidney cancer. At present, the
AKI diagnosis in clinical medicine is traditionally based
on the growth of blood creatinine, decreased glomerular
filtration rate, and the volume of daily urination. How-
ever, azotemia and oliguria is usually a sign of already
occurred renal tissue damage. Early and adequate diag-
nosis at the stage of structural-functional abnormalities
permits to prevent the development of the AKT. At that,
it must be timely, functional, pathophysiologically sub-
stantiated, thus requiring an assessment of organ func-
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CKOpPOCTH KJIyOOYKOBOH uiabTpannu u obbeMe
cyTouHoro auypesa. OpHaKO HaJIu4yue a3oTeMUu U
OJIUTYPUM, KaK IIPABUJIO, SABJISAETCS IIPU3HAKOM YoKe
COCTOSIBIIETOCS TTOBPEKIEHNS TOYeTHOU TKaH!. Pan-
HsSI M aZleKBaTHAas AMArHOCTUKA HA 9Tare CTPYKTYP-
HO-(DYHKIIMOHAJIBHBIX HAPYIIECHUN MTO3BOJISIET TIPE]I-
yrpeauth pazsutue OIIIL. IIpm atom ona mosxaa
OBITH CBOEBPEMEHHOI, (DYHKIIMOHAIBHOM, TaTodusno-
JIorMYeckr OOOCHOBAHHOI, 4TO TpebyeT OIEHKU
(bysKIIMN OpraHa B paHHEM TIOCJEONepalnOHHOM
nepuojie. B mocseiHme TobI /7151 paHHEH 1MarHoCTh-
ku OIIIl wmcmosnp3yloT HOBBIE MapKepbl paHHEro
MMOYEYHOTO TIOBPEXK/IEHNS,KOTOPbIE TPEeCTABIISIOT
co001i COeTMHEHST, 9KTTPECCUPYIONINECS B KAHATDITE-
BOM arapare Mo4eK U B YCJOBUSIX OCTPOTO MOBPEsK-
JICHUSI OpraHa B TOBBINIEHHBIX KOJUYECTBAX BBIJE-
JagioTcd B Mouy. K HUM, B TOM 4HcJe, OTHOCSTCS
muctatua C, KMIM-1 (monexysna-1 moBpeskmenust
nouex), L-FABP (skupoBoii KMCTOTHBIN CBSI3BIBAIO-
muit 6esok neuenn), NJI-18 (mpoBocmagnTeabHbIi
IIUTOKUH — UHTepselikuH-18) [9].

B nocsieame rosl MpoOBOAUTCST GOJIBIIIOE YKCIIO
MCCIeIOBAaHUN TI0 HUBEJTMPOBAHUIO 3((hEKTOB HIIre-
Muu/perniepdysnn: unemMndeckoe, hapMakogornye-
CKOE KOHINTTNOHNPOBAHNE, IMCTAHTHOE NIIIEMITYECKOe
MPEKOHUTTMOHUPOBAHUE U JIPYTHE BADUAHTHI TTPOTEK-
topuoro Hanpasierus [ 10—15]. B atoii cBsi3u nnTepec
TIpe/ICTaB/IsIeT u3yyeHne HepoOTPOTEKTUBHOTO BITHSI-
HUS 9IUALYPaTbHON OJIOKa/Abl TIPU XUPYPTUH MOYEK,
COTIPOBOJK/IAIONIEICS MHTPAOIIEPAIIIOHHON UTIIeMUe
oprana. [lesp HacTosIIIETO MICCTEIOBAHUS — U3YUNTh
BJIMISTHYE DITUYPaTbHON OT0Kabl Ha (DYHKIIMOHATb-
HOE COCTOSIHUE TTOUYEK Y GOJIbHBIX JIOKAJIU30BaHHBIM
PaKOM TIPH TIOBEJICHWH PE3EKIIUU TOUYKU B YCTOBUSIX
TEeTJIOBON UTIIEMUH.

MaTepI/IaJI H METO/1bl

[IpoBe/ieHIE TAHHOTO HAYYHOTO HCCIIEI0BAHNUS 0/100-
pero Ituueckum Komurerom DIBY «Pocrosckoro na-
YUHO-MCCIe[oBaTeJbCKOro  uncturyra» M3 Poccun
(mportokosr Ne24 ot 27.11.2015). OcHoBy cocTaBuan 45
60sbHBIX (25 MyskunH 1 20 JKEHIIMH ), HAXOAMBIINXCS HA
JIe4YeHNH IO TIOBO/LY JIOKAJIM30BAHHOTO PAKa IIOUKHU B TIEPUO]L
¢ 2015 o 2017 roma. Cpennuii Bospact — 56,5£8,7 rozna
(45—67). Bcem 60sibHBIM ObLIO IPOU3BENEHO XUPYPriuye-
CKOe JiedeHre B 00beMe Pe3eKIN TT0YKK (OTKPBITON HJIH Jia-
TMapacKOMMYeCKON ), BBITIOJIHEHHON B YCJIOBUSIX TETIOBOM
WIIEMUH TTPOAOJIKUTETBHOCTHIO 15—20 MIUHYT MO TOBOLY
JIOKAJIM30BAaHHOTO paka mouku B ctazmn T{NyM, ¢ xapakre-
PUCTHKAMHU OIIYXOJIM 10 HePPOMETPUIECKOMY HHEKCY
R.EN.AL. —7,11£1,02 6anios (5—10). Bce GoabHbie gaju
1106pOBOJIbHOE HHMOPMUPOBAHHOE COTITACHE HA OTIEPAIHIO,
POBE/IEHIE AHECTE3MOJOTHYECKOTO TTOCOOMSI U yIacTre B
HCCJIe/IOBAaHNN.

Kputepnn BKJIOUEHHSI B HCCIEOBAHUE: BO3PACT
crapire 18 Jiet; mpoBe/ieHNe OIIePaTUBHOTO BMEIIATEIbCTBA
110 MOBOJLY JIOKAJIM30BAHHOTO PaKa MOYKU B 0ObeMe Pe3ek-
MU OPTaHa, IIPOBOUMOI B YCIOBUSIX TEIIIOBON MIIEMHUH
IUTATENbHOCTBIO 15—20 MUHYT; HOpPMAJIbHBIE HCXOIHbBIE
3HAYEHUS YPOBHsI KPEaTHHIHA KPOBHU; 0ObEM MHTpaoTiepa-
IMOHHOIT KpoBomoTepu He bosee 6,5—7% 0T Macchl Tesia

tions in the early postoperative period. New markers of
kidney damage have been employed for early diagnosis
of AKT, including those expressed in the tubular appa-
ratus of kidneys and excreted with urine in acute organ
injury. These markers include cystatin C, KIM-1 ( kid-
ney injury molecule-1), L-FABP (liver-type fatty acid
binding protein), IL-18 (proinflammatory cytokine: in-
terleukin-18) [9].

Numerous studies of correction of ischemia,/reper-
fusion effects had been conducted lately that included
ischemic, pharmacological conditioning, distant is-
chemic preconditioning, and other protective options
[10—15]. Nephroprotective effects of the epidural block
in kidney surgery with intraoperative organ ischemia
remain underexplored. The purpose of the study was to
investigate the effects of epidural block on the func-
tional parameters of the kidneys in patients with local-
ized cancer during kidney resection under the condition
of warm ischemia.

Materials and Methods

The study was approved by the Ethical Committee of
the Rostov Scientific Research Institute, Ministry of Health
of Russia (Protocol No. 24 as of 27.11.2015). Fourty five pa-
tients (25 men and 20 women) who underwent treatment
for localized kidney cancer in 2015—2017 were enrolled in
the study. Median age was 56.5£8.7 years (45—67). All the
patients underwent surgical treatment in the form of kidney
resection (open or laparoscopic) performed under warm is-
chemia for 15—20 minutes; the surgery was performed for
localized kidney cancer at the T;N;M, stage with tumor
characteristics of 7.11+1.02 scores (5—10) according to the
R.E.NN.A.L. nephrometry scoring system. All patients signed
the voluntary informed consent form for surgery, anesthetic
support, and participation in the study.

Inclusion criteria: 18 years of age or older; surgery for
localized kidney cancer in the form of organ resection carried
out under warm ischemia minutes 15—20 minutes; normal
baseline values of blood creatinine; the volume of intraoper-
ative blood loss is no more than 6.5—7% of the body weight
(12% CBV). Exclusion criteria: below 18 years of age; warm
ischemia duration is less than 15 minutes and more than 20
minutes; initially elevated blood creatinine; the volume of
intraoperative blood loss is more than 6.5—7% of body
weight (12% CBV).

All patients are randomly divided into main and ref-
erence groups,. The main study group included 25 subjects
(13 men and 12 women) who underwent the epidural block
as a part of a complex anesthetic/intensive care support. The
reference group consisted of 20 patients (12 men and 8
women) for whom no perioperative epidural block was ap-
plied. The groups of patients were comparable by sex, age,
nosological forms of cancer, type and scope of surgical inter-
vention, history of clinically significant concomitant somatic
diseases, and risks of anesthesia according to the ASA
(American Association of Anaesthetists) scale. In all cases,
the combined endotracheal anesthesia was performed using
noninhalation and inhalation anesthetics and muscle relax-
ants. The complex of anesthetic/intensive care support for
patients in the main group in the perioperative period in-
cluded epidural blockade. Directly before the surgery, the
epidural space catheterization was performed at the Th, g
levle followed by intraoperative introduction of a mixture
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(12% OLK). Kputepun nckiodenus: Bo3pact 10 18 set;
JUTATETTLHOCTD TETUIOBOM nilleMun Meree 15 MuHyT 1 GoJiee
20 MUHYT; UCXOJHO TOBBIIIECHHBI YPOBEHb KpeaTHHITHA
KPOBH; 00bEM HHTPAOTIEPAIIMOHHON KpoBotoTepu boiee 6,5-
7% ot Maccel Tena (12% OLLK).

Bcex 60/1bHBIX ci1ydaliHbIM 00pasoM pasiesinim Ha 2
TPYIIIBI NCCIEZ0BAHNST — OCHOBHYIO M KOHTPOJIbHYI0. Oc-
HOBHYTO TPYIITY cocTaBuian 25 demosek (13 mysxanm u 12
SKEHIINH ), KOTOPBIM B KOMIIJIEKC aHECTE3MO0JIOTO-PeaHMa-
IIMOHHOTO obecTiedeHus Obla BKJIIOYEHA HTIULYPabHAast
6s0kana. B kouTposbHyto rpynny Borwm 20 6oabHbIX (12
MY>KUUH ¥ 8 JKEHIIIH ), KOTOPBIM B IIEPHOIIEPAITIOHHOM I1e-
pHo/ie MUAYPATBHON OIOKAIBI He MPUMEHSIH. [ pyIimst
GOJILHBIX 110 TI0JTY, BO3PACTY, HO30J0THYeCKUM (hOPMaM OH-
KOJIOTHYECKOTO [IPOTIECCA, XapaKTepy 1 00beMy XUpypride-
CKOTO BMeIIATeJbCTBA, HATIMYUIO B aHAMHe3€e KIMHIIeCKN
3HAYMMBIX COTMYTCTBYIONINX COMATHYECKUX 3200 I€BaHNI
PUCKY aHECTE3HOJIOTHYECKOT0 Tocobust mo mikame ASA
(American Association of Anaesthetists) 6bL11 COITOCTABIMBL.
Bo Beex ciryyasx mpoBoANI KOMOUHUPOBAHHYIO 9HIOTPA-
XeTbHYIO aHECTEe3HIO C NCTIOTb30BAHIEM HEMHTAISIINOHHBIX
U MHTASIIIMOHHBIX aHECTETUKOB, MUOPEJIAKCAHTOB. Y 6OJIb-
HBIX OCHOBHOH TPYIHIIBI B IE€PUOIIEPAIINOHHOM TI€PHOJIE B
KOMILJIEKC aHEeCTE3U0JI0T0-PEAHMAIIMOHHOTO 00eCIeueH st
BKJIIOYAI  SIUAypasibHyio Osokany. HemocpenctBenHo
riepe]; HadyasioM OTIE€PAIH OCYIIECTBIISIIN KaTeTePU3AINIO
AU PATBHOTO IpocTpancTBa Ha yposre Thy_¢ ¢ mocienyio-
M WHTPAOIIEPAIIIOHHBIM BBE/IEHHEM C TIOMOIIIBIO 3JIACTO-
MepHOI MUKPOJO3HOH MOMIIBI CMeCH POIMBAaKanHa B 103€
2—3 MT/MJI 1 /peHaJTIITHA B 7I03€ 2 MKT,/MJI CO CKOPOCTBIO 6—
14 M /gac. B mocieonepaiinoHHOM Tieprojie B TeueHue 3-X
CYTOK B 3TIHIyPAJIBHOE IPOCTPAHCTBO BBOANIIN CMECh POIIH-
BakanHa B JI03€ 2 MI/MJI U aJIpeHaIHa B /103€ 2 MKI/MJI CO
ckopocthio 6—10 mu/gac. VaTpaonepammonnyio wHDY-
3MOHHYIO TEPATTNIO TIPOBOVIIN C YI€TOM METO/IIKH aHecTe-
3UH,  JEeHCTBUM  IPHUMEHSIEMbIX U aHeCTe3WH
JIEKAPCTBEHHBIX MIPETIApaToB, HOTEPSIX KUAKOCTH BO BPEMS
XUPYPTIYECKOTO BMETIIATETbCTBA, 0COOEHHOCTET XapaKTepa
TEYEHUsT COMYTCTBYIONMX COMATUYECKUX 3a00JIeBaHUIL.
[Iporpamma wHbY3WMOHHON Tepanmuu Kak WHTpaolepa-
IIMOHHO, TaK U B TeYeHHe 3-X CYTOK ITOCIEOTEePAIMOHHOTO
nepuosia OblIa HAEHTHYHA B 06eUX TPYIIax HaOII0ICHIS.
Hedporoxcuunsie mpemapatsl (antubmotnku, HIIBC u
TIp.) B TIEPUOTIEPAIIMOHHOM IIepHO/ie He TIPIMEHIIH.

Hapsizy ¢ obuiekamanaeckiuM o0cIe[oBaHueM orpe-
JeJISITA KOHIIEHTPAIIH B KPOBH 1 MOYe MapKepOB PAHHETO
OIIIl — mucratun C, L-FABP, KUM-1, 1JI-18. Conep:xa-
nue mapkepos OIIII uccaenoanu meromom MMDA: rucra-
tua C (BioVendor, Yexus), KUM-1 (BCMDiagnostics,
CIIIA), 1JI-18 (BenderMedsystems, CIITA), L-FABP (Hy-
cultbiotech, Huzuepaanzapr). CorsacHO MeIyHapOAHBIM
KJIMHIIECKIM PEKOMEH/IAIINSIM TI0 IMarHOCTHKe, KIacCuu-
KAl ¥ JIeYeHnio XpoHmdeckoit 6osresnn mouek (KDIGO,
2017) ckopoctb kryboukoBoii pumabrparmn (CKD) ompe-
nensii o popmyJie E. Hoek et al. (2003): CKD=80,35/1u-
crata C — 4,32. CienyeT mom4epKHYTh, YTO B HACTOSIIEE
BpeMs nuctatue C IpU3HAH CaMBIM TOYHBIM 9H/[OT€HHBIM
Mapkepom CK®, o cBoMM IMarHOCTHYECKUM XapaKTepH-
CTUKAM 3HAUUTETBbHO TIPEBOCXO/ISIINM KPEATHHIH. JTO CBsI-
3aHO C T€M, YTO MOKa3aTeIHN CBIBOPOTOUYHOTO KpeaTHHUHA
BapbUpPYIOT B 3aBUCHMOCTH OT MHOTUX HEPEHATBHBIX (ak-
TOPOB (BO3pACT, MOJI, MBIIIIEYHAS MACCa, OKUPEHNE, CTETIEHb
06€e3BOKIBAHMUS U JIP.); €TO MOBBIIIEHIE HE BCET/a CIeln-
dbuuno 7Ist 3a60JI€BaHI TT0OYEK (MOXKET MOBBIIATHCS TIPH
Pa3JIMYHBIX XPOHUYECKUX 3a00JEBAHUAX, YIIOTPEOICHUH

of ropivacaine at a dose of 2—3 mg/mL and adrenaline at a
dose of 2 ug/mL at a rate of 6—14 mL/h using an elas-
tomeric microdose pump. A mixture of ropivacaine at a dose
of 2 mg/mL and adrenaline at a dose of 2 ug/mL at a rate of
6—10 mL/h was introduced into the epidural space during
the postoperative period for 3 days. The intraoperative in-
fusion therapy was carried our taking into account the pro-
cedure of anesthesia, effects of drugs used for anesthesia,
fluid loss during surgery, and characteristics of the course of
concurrent somatic diseases. The infusion therapy program
was identical in both observations groups both intraopera-
tively and within 3 days of the postoperative period.
Nephrotoxic drugs (antibiotics, NSAID'S, etc.) were not ap-
plied in the perioperative period.

Along with the general clinical examination, the con-
centration of markers of early AKI in the blood and urine
were studied: cystatin C, L-FABP, KIM-1 and IL-18. The
AKI markers concentration was tested using the ELISA
technique: cystatin C (BioVendor, Czech Republic), KIM-
1 (BCMDiagnostics, United States), IL-18 (Bender-
Medsystems, United States), L-FABP (Hycultbiotech, the
Netherlands). According to the international clinical guide-
lines for diagnosis, classification and treatment of chronic
kidney disease (KDIGO, 2017) the glomerular filtration rate
(GFR) was calculated according to the formula by E. Hoek
et al. (2003): GFR=80.35/cystatin C — 4.32. It should be
noted that currently cystatin C is considered the most ac-
curate endogenous GFR marker based on its diagnostic
characteristics which are significantly superior to those of
creatinine. This is due to the fact that the levels of serum
creatinine vary depending on different extrarenal factors
(age, gender, muscle weight, obesity, dehydration degree,
etc.). The elevation of creatinine is not always specific for
kidney diseases (increased levels are obvious for various
chronic diseases and eating meat). Creatinine as a GFR
marker has a «blind spot»: in the GFR range from 40 to 90
mL/min per 1.73 m? there is no correlation between the el-
evated blood creatinine and decreased GFR; and within this
range creatinine levels provide false negative results with no
indications of the onset of renal disorder in the early stages
of AKT; informative rise in creatine level begins only after at
GFR decrease of 50% and more [16—18].

Values of studied parameters obtained in 13 relatively
healthy men and women without cancer, whose average age
was comparable with the age of described patients were con-
sidered as the normal values. The test was conducted one
hour prior to the intervention (baseline values), 20 minutes
after the warm ischemia phase, as well as on the 15t and 3%
day of the postoperative period. Based on the baseline cys-
tatin C level, the patients in each group were divided into 2
subgroups: 15t subgroup: cystatin C concentration is 1000
ng/mL and below, which corresponds to its normal values
(healthy people: 871.7+89.1 ng/ml); 22 subgroup: the con-
centration is more than 1000 ng/ml.

The statistical processing of the findings was per-
formed using the Statistica 6.0 software based on the ¢-test
for two independent samples. Differences were considered
to be statistically significant at P<0.05.

Results and Discussion

The study findings are presented in the table. As
it can be seen from the table, at the baseline (1 hour
prior to the surgery), in patients of the 15t subgroups
of main and reference groups (cystatin C is 1000
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MSICHO¥I TIMIITN ); Y KpeaTnHuHa, Kak y Mapkepa CK®, ectpb
«cnemas 3ona» (B auanazoHe CK® or 40 ngo 90
mi/MuH/1,73 M? HET MPOTOPIIMOHATBHOCTH MEKTY TIOBBI-
IIeHIeM KOHIIEHTPAIMN KPeaTHHNHA KPOBH 1 CHIKEHUEM
CKO, B aTOM [Hana3oHe KpeaTHHUH JIaeT JIOKHOOTPHIIA-
TeJIbHBIE PE3YJIbTAThl U HE YKA3bIBAeT Ha HAUAJIO PA3BUTHUS
peHaTpHBIX HapymeHuii npn panaux craamsax OIIII, a mo-
BBINIIEHNE JAHHOTO MOKa3aTess] HAYMHAETCST TOJIBKO 1OCIe
camkennst CKO® na 50% u nmke) [16—18].

B kauecTBe HOPMAIBHBIX 3HAUEHHI NCCIIETyEMBIX 110~
KazaTeJell MPUHSIIN 3HAYEeHs], TToIydenHbie y 13-u obcire-
JIOBaHHBIX OTHOCHTEJIBHO 3/[0POBBIX MY KUNH U SKEHITHH (e3
OHKOJIOTHYECKHX 3a00JI€BAHNIT, CPETHNI BO3PACT KOTOPHIX
COTIOCTABUM C BO3PACTOM OIICHIBAEMBIX O0sbHBIX. OOCIIe-
JOBaHUe TIPOBOINIIN 3a 1 yac 710 Havasa orepaTnBHOTO BMe-
mraTesbeTBa (MCXoaHble 3HaYenns ), yepes 20 MUHYT TOCJIe
3aBepIIEHI ITala TeIJIOBON HIeMUH, a Takxke B 1-e 1 3-u
CYTKH HOCJIeolepaiioHHoro nepuozaa. Ilo ncxognomy co-
nepxanuio muctatiia C B CBIBOPOTKE KPOBH (OJbHBIE
06erx TPy ObLIN pasjieleHbl Ha IBE TOATPYIIb: 1-5 —
rxontenTparus nuctatuaa C 1000 Hr /Mt 1 HIKe, 9TO COOT-
BETCTBOBAJIO €70 HOPMAJIBHBIM 3HAYEHIAM (3710POBBIE JIIOH
— 871,7£89,1 ur/mn); 2-a — Beimte 1000 ar/mI1.

Crarucrudeckyio o6paboTKy pesyJbTaToB MPOBO-
JINJTH C MCTTOJTB30BaHUEM TTakeTa ImporpaMM «Statistica 6.0»
110 ¢-kpurtepuio CTHIOIEHTA JIJIsT IBYX HE3aBUCHMBIX BHIGOPOK.
Pazmirans canTamm craTucTnaeckn 3HaanMbiMu ipu p<<0,05.

Pe3yabraTel 1 00Cy:K1eHHE

PesynbraTel IpoBeIeHHOTO MCCIe0BAHNS TTPeI-
craBuiin B Tabsmiie. Kak cieyer us tabJIuiibl, B HCXO/I-
HOM cocTOsTHIHY (3a 1 uac /10 TpoBejieHrs oTlepaTuBHO-
ro BMeIlarenbcTBa) y OOJBHBIX 1-X MOArPYI
OCHOBHOH ¥ KOHTPOJIBHOI rpyIin Hab/roxeHnst (1ucTa-
tur C 1000 ur/ma u nuske) nokasarean CKO Bapb-
MPOBAJIH B TIPeiesiaX HOPMaJIbHBIX 3HAUEHWH, TOT/[a KaK
B0 2-x noarpynmnax (nmucratud C oimre 1000 Hr/Mir) Ha
(hone HOpMATIBHOTO COJlEP;KAHMST KpeaTUHUHA KPOBU
peructpupoBain B cpeareM Ha 30,2% CTaTHCTHYECKH
3HaunMoe cHrskenne nokasaresneit CK® 1o cpasHe-
HIIO CO 37I0POBBIMU JIFOAbMU (IIOATPYIIITbI HAG IO ACHIS
— ot 56 ma/mur/1,73 M2 10 66 Mi1/MuH /1,73 M2; 310-
posbie sioan — 85,5£5,2 mur/Mun/ 1,73 M2 p<0,05). It
YKa3bIBAJIO Ha HaJuKe y GOJNBHBIX ¢ UCXOIAHON KOH-
nenTparmeit ructatuia C kposu Beime 1000 \r /M
xpoHndeckoii bosresun nmouek (XBIT), He BBIABICHHON
[0 JIAHHBIM AHAMHECTHYECKOTO OO6C/Ie0BaHU TIPU
MOCTYTIIIEHN! B cTarmonap [17].

TosbKo y GOJIBHBIX ITPU UCXOIHO THArHOCTUPO-
BaHHOM B ripesioneparmonaom nepuosie X b1 B ncxoze
BBISIBIJIN TTIOBBINIIEHHBIE YPOBHU MAPKEPOB TIOYETHOTO
nospesxaenns: L-FABP B kposu — B cpegrem B 1,9 pas
(3moposbie moan — 0,42+0,03 ur/mr; p<0,05), a B
Moue — B 2,3 pa3za (3moposbie soan — 0,3+0,02 ar/m;
p<0,05); KUM-1 B kpoBu — B 1,8 pas (370poBBIE JTIOAN
—0,2%0,01 1r/mur; p<0,05); IL-18 B kpoBH — B 2,6 pasa
(3mopossie Joan — 32,7+2 .6 nr/mir;, p<0,05). Tomy-
YEeHHbIE PE3YJIbTAaThl YKAa3bIBAIOT HA TO, UTO PAa3BUTHE
OTTYXOJIU TIPU KJIWHWYECKH JIOKAJTU30BAHHOM paKe
MOYKHY | cTajium He OKa3bIBAJIO CYIECTBEHHOTO BJIMSI-
HUS Ha (DYHKIIMOHATBHOE COCTOSTHUE TTOYEK.

ng/mL and lower), the GFR values vary within the
normal range, while in the 27 subgroups (cystatin C
is above 1000 ng/ml) on the background of blood nor-
mal creatinine there is an average of 30.2% statistically
significant decrease of the GFR as compared to
healthy subjects (observation subgroups — from 56
ml/min/1.73 m2 up to 66 ml/ min/1.73 m?; healthy
subjects — 85.5+5.2 ml/min/1.73 m% P<0.05). Data
demonstrate the presence of a chronic kidney disease
(CKD) that has not been diagnosed on admission
based on case history taking in patients with baseline
concentration of blood cystatin>1000 ng/ml [17].

Elevated levels of markers of renal damage were
found only in patients with initially diagnosed CKD
in the preoperative period: L-FABR in blood — by an
average of 1.9-fold (healthy subjects — 0.42+0.03
ng/ml; P<0.05), and in the urine — by 2.3-fold
(healthy subjects — 0.3+0.02 ng/ml; P<0.05); KIM-1
in blood — by 1.8-fold (healthy subjects — 0.2+0.01
ng/ml; P<0.05); IL-18 in blood — by 2.6-fold (healthy
subject — 32.7£2.6 ng/ml; P<0.05). The findings in-
dicate that the development of tumors in clinically lo-
calized stage I kidney cancer did not have a significant
influence on the functional state of kidneys.

Cystatin C is one of the main indicators of an is-
chemic damage of kidneys; it is produced by all nucle-
ated cells; it has a low molecular weight and freely
passes through the basal membrane of a glomerule, en-
ters the circulation at a constant rate, is reabsorbed in
tubules, is not secreted in renal tubules, and 99% of it
is excreted by the kidneys. The elevation of this bio-
marker concentration in blood serum reflects reduc-
tion of the GFR, and its elevation in the urine
indicates a tubular dysfunction [17, 21].

The analysis of changes in AKT markers in blood
and urine during the intra- and postoperative period
demonstrated that the cystatin C blood concentration
was elevated in all patients of the main group on the
background of epidural block on day 1 after surgery in
response to the warm kidney ischemia: in the 1st sub-
group — by 1.5-fold, in the 2nd one — by 1.2-fold
(P<0.05) with the return to the baseline values by day
3. In the reference group patients, elevated concentra-
tions of blood cystatin C by 1.5-fold were found dur-
ing the postoperative period: in the 15t subgroup, by
day 3 of the postoperative period, in the 22 subgroup
(with concurrent CKD) — by day 1. Unlike the main
group, cystatin C blood level was significantly higher
in all patients of the reference group by day 3 as com-
pared to the outcome (P<0.05).

Elevated concentrations of cystatin C urine con-
centrations in the main group were found only in pa-
tients of the 2 subgroup with concurrent CKD. The
values of this parameter were 2.6 times as high as the
baseline ones on day 1 of the postoperative period, and
this level persisted by day 3 of the study (P<0.05). In
a reference group of patients, the urine cystatin con-
centration increased by 2.7-fold by day 1 of the post-
operative period in the 22 subgroup alone (P<0.05).
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||
Junamuka nokazatereit CKM u mapkepos paunero OIIII B KpoBH 1 MOY€ MAIEHTOB.
The dynamics of GFR and markers of early ARI in blood and urine of the patients.
Parameters Value of parameters in subgroups on the study stages (M+m)
Before 20 minutes after After the surgery
the surgery the warm ischemia Day1 Day3
1 2 1 2 1 2 1 2
Blood cystatin C (ng/mL)
I 787.4+£110.32  1284.0+113.7 927.7+£86.5° 1062.0+101.3° 1200.0£94.2'23 1592.0£131.2'% 989.6+121.4% 1245.0£110.6°
11 889.9+£92.72 1226.6+£106.5 1003.1£88.3 1089.3£89.1 1098.3+89.4 1894.2+120.3" 1315.2+89.6'  1955.8+87.1!
Urine cystatin (ng/mL)
I 2154.1£223.62 1088.2+86.4  2362.2+241.8 1080.1+213.9 1928.5+123.7 2850.4+241.5" 1972.6+148.6 2828.8+614.4!
IT  1768.2+187.1 1238.8+112.1  924.4+98.6! 1315.2+202.3 1490.9£222.1 3396.3+204.0! 3737.3+198.2! 3256.2+201.6!
GFR (mL/min/1.73mI)
94.7£ 1.5 58.3£1.6 92.6+1.7 63.3£1.5 92.7+1.5 58.4%1.23 90.9+1.13 60.2+1.43
11 91.6+1.4 61.0+1.4 89.5+1.6 57.5£1.8 90.2+1.92 40.5+1.91 56.8+1.8! 36.8+1.8!
Blood IL-18 (pg/mL)
20.0£1.82 90.7+8.6 40.4%4.0! 85.9£8.8 41.3£3.912 81.6+£7.9 19.5+1.82 85.2+8.3
11 20.5£1.72 77.6+£9.6 69.7£2.11 749+ 2.7 63.7+£212 100,6+6.71 68.7£6.62 102.3+8.11
Urine IL-18 (pg/mL)
18.0£2.4 17.6£1.8 107.5£9.812 185.2+17.6'3 23.6+3.42 37.4+3.8 11.8%1.2 15.6+1.3
11 26.6+2.4 30.2+1.3 91.8+6.8'2 116.4+9.9! 53.0+2 34.7+2 29.4+2 16.9+
Blood KIM-1 (ng/mL)
0.18+0.022 0.14%0.01 0.18+0.022 0.13£0.013 0.20£0.03%3 0.11£0.02° 0.20£0.0223 0.12+0.023
11 0.17+0.022 0.04+0.02 0.16+0.022 0.50+0.02! 0.68+0.0312 0.70£0.04! 0.45+0.0412 0.67=0.04!
Urine KIM-1 (ng/mL)
1.3£0.1 1.5£0.2 2.2+0.213 3.3x£0.4"3 2.1£0.213 2.9+0.312 2.8+0.3123 4.4%0.513
11 0.93+0.2 0.9+0.3 0.96+0.3 0.9+0.3 1.0£0.32 2.2+0.41 1.9+0.4! 1.9£0.3!
Blood L-FABP (ng/mL)
0.37£0.072 0.92+0.09 1.70£0.15123 2.5+0.2013 0.53+0.0923 0.76%0.8013 0.27%0.20 0.28+0.30
11 0.40=0.082 0.65+0.09 1.3£0.13!2 0.95%0.211 2.7+2.10! 2.1£2.211 0.30+1.70 0.30£2.10
Urine L-FABP (ng/mL)
I 0.30£0.03? 0.69£0.05 16.10£1.50"23  10.40+1.10'3 2.40%2.00? 7.60£0.6913 1.01+0.9812 3.30=0.321
11 0.40=0.072 0.70£0.08 4.31£1.20! 4.60+1.30! 2.70+£2.10! 2.91+2.30! 2.80£0.9112 2.90+2.20!

Note. ! — P<0.05 as compared to the baseline value; 2 — P<0.05 as compared to the value in subgroup 2; 3 — P<0.05 as compared to the
value in the reference group (1I).

IIpumevanue. Parameters — nmapamerpsr; Value of ... in subgroups on the study stages — 3nauenus B moArpymax Ha sranax uCCJIe0BaHus;
Before the surgery — o onepaiim; minutes after the warm ischemia — munyT ocsie rerosoit niemun; After the surgery — nocure ore-
parum; Day — cytiu; Blood — xposw; cystatin — mmerarun; Urine — moun; GFR — CK®; TL-18 — TJI-18. ' — p<0,05 110 0OTHOMmEHNIO K
MCXO/HOM BestnuuHe nokasarelis; 2 — p<0,05 110 oTHOIeHMIo Ko 2-ii oarpymie; * — p<0,05 1o ornoiennio k KonTposisHoii rpymie (1I).

OHUM 13 OCHOBHBIX MTOKa3aTeJel HIeMuyecKo-
IO TIOBPEKEHUS TIOUEeK siBJisteTcst nuctata C, KoTo-
PBII TPOLYITUPYETCS BCEMU SIPOCOIEPKAIIIMMU KJTET-
KaMu, o0OJajgas MaJod MOJIEKYJISIPHOW Maccoil
CBOOOJIHO TIPOXOJIUT uepes OazabHY 0 MeMOpaHy KJIy-
60uYKa, TTOCTYIaeT B KPOBb € TIOCTOSTHHON CKOPOCTBIO,
peabcopbupyeTcst B KaHAJIBIAX, HE CEKPETHPYETCs
KaHa/IblaMK TT04eK 1 Ha 99% BBIBOAUTCS MOYKAMMU.
[ToBbilieHHEe KOHIEHTPAIMK 9TOr0 OGuoMapkepa B
CBIBOPOTKe KpoBu oTpaskaet camkenne CKD, a B Mmoue
— yKasbIBaeT Ha KaHa/bIleByIo quchynkimio [17, 21].

Anamm3z mamenennii Mmapkepos OIIIT kpoBu n Moun
B MHTPA- U TIOCJIEONEPAITMOHHOM TIePHO/IE TTOKA3aJ, YTO
y Bcex OOJIbHBIX OCHOBHOI TPYIIITI Ha (hOHE SITHLYPasib-
Horo 6JI0Ka Ha 1-e CyTKH TocjIe onepalyi B OTBET Ha
MepeHECEHHYTO TETITIOBYIO MIIEMUIO TIOUYKK YBEJTMINBA-
Jiock coziepxkanne nincratraa C kposu: B 1-0i1 mogrpytime
— B 1,5 pasa, Bo 2-oi1 — B 1,2 paza (p<0,05) ¢ Bo3Bpaiie-
HIEM K UCXOHBIM TIOKasaTesIsiM K 3-M cyTKaM. Y 60JIb-
HBIX KOHTPOJIBHOM TPYIIbI B TOCTEONEPATTMOHHOM
MepHo/Ie TAKIKE OTMEYAITU POCT KOHIIEHTPAITMHN IICTATH-
Ha C kpoBu B cpezireM B 1,5 pasa: B 1-oii oarpytme — K
3-M CyTKaM TTOCIE0TIEPAITMOHHOTO TTEPUO/IA, BO 2-01 MOJI-
rpyie (1pu coryrersytomteit XBIT) — k 1-m cytkam. B

By day 3 after the surgery, there was a more than 2-
fold increase of this parameter in all patients in the ref-
erence group in both subgroups as compared to the
baseline values (P<0.05).

Therefore, the data presented above indicated
the impairment of the glomerular and tubular appara-
tus in patients of the reference group by day 3 of the
postoperative period, whereas in the postoperative pe-
riod, in the main group possible signs tubular dysfunc-
tion were registered only in patients with concurrent
chronic kidney disease.

L-FABP is another AKI marker in ischemia. Ac-
cording to the literature data, it belongs to a class of
cytoplasmic proteins, whose expression occurs pre-
dominantly in the liver and kidneys. Due to their
small size, L-FABP quickly leaves dying cells damaged
by ischemia, thus increasing its level in the blood
serum. The presence of this protein in the convoluted
and straight portion of the renal tubules indicates that
the growth of its level in the blood and urine can char-
acterize the ischemic damage of the structures of the
tubular apparatus in kidneys [22].

The analysis of the dynamics of this renal dam-
age marker demonstrated that in all patients of both
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OTJIYME OT OCHOBHOH TPYTITHI, K 3-M CyTKaM TI0CJIe OTe-
paruu y Beex 60JIbHBIX KOHTPOJIBHOIT IPYIIITBI TIOKa3aTe-
yit rrcrartiuia C KPoBU OBLTH CTATHCTIYECKH 3HAUYNMO
BbIIIIE, yeM B ucxoze (p<0,05).

[ToBbinenne KoHIEHTpay IucTatnia C Moun
B OCHOBHOII TPYTITIE BBISIBUJINA TOJIBKO Y GOJBHBIX 2-0i
noarpynnsl ¢ conyrerpyomeil XBII. B 1-e cyTtku
110CJIe0IIePAL[MOHHOTO [I€PHO/Ia 3HAYEH M 9TOIO II0Ka-
3aTeJid IPeBbIIIAIN UCXO/IHble B 2,6 pa3a ¢ coxpaHe-
HUEM 9TOTrO YPOBHA K 3-M CYTKaM MCCJIELOBAHUS
(»<0,05). ¥ 60JIbHBIX KOHTPOJIBHOM TPYITITHI KOHIIEHT-
pamus nuctatrnaa C MOYHW TOBBITIIATOCH B 2,7 pa3a K
1-M cyTkaMm 1ocsIe011epaoHHOrO IEPHo/ia TOJILKO BO
2-oit moarpymme 6oabHbIX (p<0,05). K 3-M cyTkam
HocJIe OTepaIii y BCexX GObHBIX KOHTPOJIBHOI TPyTI-
Il PETUCTPUPOBAIN YBeJIMUYeHNE 3TOTO TTOKa3aTest
6oJiee ueM B 2 pa3a OTHOCHTEIBHO MCXOHBIX 3HAUE-
HUiT B 00enx moarpynmax (p<0,05).

Taxm 06pasoM, Ipe/ICTaBICHHbIE BbIIIE JaHHbIE
CBUIETEJBCTBYIOT 0 (DOPMHUPOBAHUH Y GOJIBHBIX KOHT-
POJIBHOM TPYIITIBI K 3-M CyTKaM TI0CJI€0TIePaIinOHHOTO
nepro/ia HapyiieHni (hyHKIIMOHAIBHOTO COCTOSTHUS
[JIOMEPYJISIPHOTO M KaHAJIbLIIEBOIO allapara [104exk,
TOT/Ia KaK B OCHOBHOI I'PYIIIE BEPOSITHBIE TIPU3HAKA
KaHaJIbIIeBON AUCGhHYHKIINHU B TOCJIE0NepPalnOHHOM
HepPHo/ie PETUCTPUPOBAJIH TOJIBKO ¥ GOJIBHBIX € COTTYT-
CTBYIOTIEN XPOHUUECKON HOE3HDBIO TIOYEK.

[ pyrum maprepom OIIII mpu nmemun ssBsteTcst
L-FABP. Ilo ganabpiM uTepaTypsl OH TPUHAJIEKUT K
KJIACCY TMTOTLIA3MATHYIECKUX GETKOB, 9KCIPECCUsT
KOTOPBIX peaynsyercst GOJIbIIeH 4acThio B TIEYeHU U
nmoukax. M3-3a cBomx wmanpix pa3mepoB L-FABP
OBICTPO BBIXOIWT U3 MOBPEKACHHBIX MIIEMUEH YMU-
paloIKX KJIETOK, YTO MPUBOJUT K TOBBIIIECHUIO €TO
YPOBHSI B CBIBOPOTKE KpOBU. [IprcyTcTBrE TaHHOTO
6eJiKa B U3BUTON U MTPSIMOIL YaCTH MOYEUHBIX KaHAIb-
IEB CBU/IETEJILCTBYET, UTO POCT €TI0 YPOBHS B KPOBU U
MOY€ MOKET XapaKTepPU30BaTh UIIIEMITYECKOe TIOBPEIK-
JleHue CTPYKTYP KaHAJIbIIEBOTO arapaTa rmodex [22].

AHanm3 TUHAMUKHU 9TOTO MapKepa MOYEeYHOTO
TOBPEXKAEHNST TTOKA3aJ, 9TO ¥ BCEX OOTBHBIX 06enx
TPy CO3/IaHME TETIOBOH WIEMHUU TIPU PE3EKIINU
IIOYKM COIIPOBOXKAAJIOCH Pa3BUTHUEM KJIETOYHOTO
HOBPESKAEHNST TOYeYHOTro TyOymonHTeperuims. Yepes
20 MUHYT MTOCJIe 3aBepIeHS dTala TeTIOBOH UIIEMHUN
1 BOCCTAHOBJIEHWSI KPOBOTOKAa B OINEPUPOBAHHON
HOYKe Y Bcex GOJIBHBIX 00eHX IPYIIT OTMEUATN PE3KUI
POCT TI0 CPABHEHUIO € UCXOIHBIMI 3HAYEHUSIMHU YPOB-
Hs L-FABP: B kpoBu — 6GoJiee uem B 3 pasa, B MOYE — B
20 pas (p<0,05). ITpu aTOM GoJIee 3HAUUTETBHBIE U3ME-
HeHUst HabJfofai y OOJbHBIX, UCXOAHO MMEBIIIX
HapYIIEHWS MOYEUHBIX (DYHKIUI B TIPEIOTTEePAIINOH-
HoM Tiepuozie (oarpynmet 2). [Ipu otcyTeTBUnM Ccytie-
CTBEHHBIX MEKTPYITIOBBIX OTJIMYUI CO CTOPOHBI M3Me-
HeHwit conepxanvst L-FABP B kpoBH, y BcexX GOTBHBIX
OCHOBHOM TPyTITbI 4epes3 20 MUHYT MTocJie 3aBepIeHNsT
JTara TerIOBOI UIEMUH M BOCCTAHOBJICHUS TOYETHO-
TO KPOBOTOKA PETUCTPUPOBAIN GOJIee BHIPAKEHHOE €T0
HOBBIIIEHHE B MPOHAX MOUH 110 CPAaBHEHUIO ¢ KOHT-

groups warm ischemia during a kidney resection was
accompanied by the development of the cellular dam-
age of renal tubulointerstitium. 20 minutes after the
end of warm ischemia and restoration of the circula-
tion in the operated kidney, a sharp increase of L-
FABP levels was observed in all patients of both
groups as compared to the baseline: in the blood — by
more than 3-fold, in the urine — by more than 20-fold
(P<0.05). At that, the most significant changes were
observed in patients with baseline renal impairment
in the preoperative period (subgroup 2). In the ab-
sence of significant inter-group differences in the
changes of the L-FABP levels in blood, there was a
more pronounced elevation of L-FABP in urine sam-
ples of all patients of the main group 20 minutes after
the warm ischemia phase and renal blood flow recov-
ery compared with the reference group: in the 1st sub-
groups — by 53.7-fold vs.10.8; in the 2nd subgroups —
by 34.7-fold vs. 11.5 (P<0.05). One day later, L-FABP
blood levels in all patients of both groups decreased to
the baseline and did not increase by day 3 of the post-
operative period. The concentration of this peptide in
the urine in both study groups also decreased signifi-
cantly, but in the main group of patients this dynamics
was more pronounced. In the main group patients
without concurrent CKD (1%t subgroup), the L-FABP
level decreased compared with the intraoperative
stage of the study by 15.6-fold vs. decrease by 1.5-fold
in the reference group (P<0.05); in the main group pa-
tients with CKD (2" subgroup) by 3.2-fold, and in the
reference group by 1.6-fold (P<0.05). The obtained re-
sults demonstrate the positive impact of the epidural
block used in the perioperative period in patients of
the main group on the detoxification function of the
kidneys: excretion of metabolic substrates produced
in case of impaired tissue metabolism during organ is-
chemia/reperfusion.

KIM-1 is a cell adhesion molecule that contains
an immunoglobulin domain; it is expressed at low lev-
els by a normal kidney, but dramatically increases in
case of renal ischemia and indicates a damage of prox-
imal tubules [23].

The nature of KIM-1 changes throughout the
study had principal differences in both study groups
and was more optimistic in the main group. In all pa-
tients of the main group, values of this parameter in
blood at all study stages did not differ significantly
and remained at the baseline level. At that, the KIM-
1 concentration in urine increased during the surgery
(after completion of warm ischemia): in the 15t sub-
group — by 1.7-fold, in the 2 subgroup — by 2.2-fold
(P<0.05). In the postoperative period, the level of this
parameter in patients of the 15t subgroup remained un-
changed as compared to previous findings; in patients
of the 2" subgroup (concurrent CKD), there was fur-
ther elevation of its level by 2.9-fold by day 3 of the
postoperative period (P<0.05).

Unlike the main study group, in the reference
group there was a significant increase of KIM-1 blood
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POJILHON rpymmoil: B 1-x moarpymmax — B 53,7 pasa
mpotus 10,8; Bo 2-x — B 34,7 pasza mporus 11,5
(p<0,05). Yepes cytku 3uavenuss L-FABP kposu y
Bcex GOJIBHBIX 00€UX TPYI YMEHBIIUINCH 0 HCXOJI-
HOTO YPOBHSI U HE MOBBIIAJINCH K 3-M CYyTKaM IocJie-
orrepalimonHoro epuoza. Cojiepskanue aTOro MenTHIa
B MOue B 00€UX TPYIIIAX UCCIEIOBAHUS TaKKe CylIe-
CTBEHHO CHU3HUJIOCH, HO Y OOJIBHBIX OCHOBHOIT TPYITITBI
aTa JMHaMKKa Oblia Oojiee BHIPasKEHHOI. Y OOIbHBIX
OCHOBHOW Tpymsl 6e3 comyrerByionieit XBIT (1-s
noarpyuina) snadenus L-FABP cuusuiucs 110 cpaBHe-
HUIO C MHTPAOTIEPAITMOHHBIM ATAIIOM UCCIIEIOBAHUS B
15,6 pas, KouTpoJbHOI — B 1,5 pasa (p<0,05); y 6oJib-
HbIX ocHoBHOM Tpymbl ¢ XBII (2 moarpymnma) — B 3,2
pasa, kouTposbHoi — B 1,6 pas (p<0,05). [loyuentibie
pPe3yabTaThl CBUETENBCTBYET O TIOJOKUTETbHOM
BJISTHUY SIMYPAIbHOI OJIOKabI, IPUMEHSIEMON B
[EepPHOIIEPAIIMOHHOM TIeprojie Y GONBHBIX OCHOBHOI
TPYIIIbI, B OTHONIEHUH JIETOKCUKAIIMOHHON (DYHKIINN
MOYEK — BBIBEACHUM METadOJIMYeCKUX CyOCTparos,
MPOYIIUPYEMBIX B YCJIOBUSX HAPYIIEHUS] TKAHEBOTO
MeTabo3Ma TPy UieMuw,/perepdysun opraHa.

KUM-1 npescrasisier coboil MOJIEKYJIY KJIeTou-
HOII ajire3nu, cojiepskaliieil JoMeH UMMYHOTJIO0YJIHa,
9KCIIPECCUPYETCS Ha HU3KOM YPOBHE B HOPMAJIbHOM
MOoYKe, HO PE3KO BO3pacTaeT MpPU UIIEMHUHU TIOYEK U
OTpa)kaeT TOBPEKIECHNE TTPOKCUMATHHBIX KaHAIBIIEB
oprana [23].

Xapakrep mamenenniit KMM-1 B aunamwmke
WCCJIE/IOBAHUS WMEJ TPUHIUITHATBHBIE OTIWYUS B
rpynmax HabIoeHyst U GBIT GoJiee OMTUMHUCTHYEH B
OCHOBHOM rpyrie. Y Bcex 60JIbHBIX OCHOBHOM TPYIIIIBI
3HAYEHUS ITOTO MMOKA3aTessi B KDOBHM Ha BCEX Tarax
MCCJIEeTOBAHUS CYNIECTBEHHO HE MEHSIIUChH U COXPAHSI-
JINCh HA WCXOJHOM ypoBHe. IIpu aTom comep:kanme
KNM-1 B MoYe MOBBICUJIOCH y>Ke WHTPAOTIEPAITNOHHO
(Tocie 3aBepIIeHNST aTara TETIOBOM UIleMun ): B 1-1i
nozarpymie — B 1,7 pasa, Bo 2 — B 2,2 pasa (p<0,05). B
MOCJICOTIEPAITIOHHOM TIEPUO/Ie 3HAYEHUST ITOTO TIOKa-
3aresist y 6OJIbHBIX 1 MOATPYIIITBI 10 CPABHEHMUIO C TIpe-
JBILYIIAMEI OCTaBAJIMCh HEU3MEHHBI, Y OOJIbHBIX 2-i
noarpymisl (comyterBytomas XBIT) peructpruposaim
JaTbHelIee TIOBBINIIEHNEe ero 3HaueHuH B 2,9 pa3 Kk 3-M
CyTKaM Trocjeoneparrontoro neproma (p<0,05).

B otmmune oT OCHOBHOW IPYTITIBI HCCIEIOBAHUS
B KOHTPOJILHOW I'PYTITIe PETUCTPUPOBAIN 3HAUNTEITh-
Hoe noBeInenne cozepskananss KMM-1 kpoBu y Bcex
GOJIbHBIX Ha PasHbIX dTanax ucciaepoBanus. B 1-if
MOJITPYIITIE POCT €ro CoJIePKaHusT B KPOBH B 3,8 pasa
OTHOCHUTEJBHO HCXoja Habmomamun K 1-M cyTkam
MOCJICOTIEPAIIMOHHOTO MTEPUOIA TIPU OTCYTCTBUU CHHU-
JKEHUS K 3-M CyTKaM; BO 2-1 MMOATPYIITIE eT0 3HAYeHU ST
B KpoBM yBesmuuianch B 13,8 pa3 yske nHTpaonepa-
IIMOHHO, TIPOJIOJIKAIN HApacTaTh K 1-M CyTKaM, I0CTH-
ras 3HaYeHWH BbINe NCXOAHBIX B 17,5 pasa, ¢ coxpa-
HEHUEM ATOTO YPOBHS K 3-M CyTKaM TIOCJIe Olepaiiu
(p<0,05). Bmecre ¢ Tem, oBbitenust KMUM-1 moun y
GOJIbHBIX KOHTPOJIBHOI IPYIIIBI MHTPAOTIEPAI[HOHHO
He HabGuroganu. B 1-e cyTku mocjie omepanuu pocTt

level in all patients at different stages of the study. In
1st subgroup, a 3.8-fold increase of its blood level (as
compared to the outcome) was observed by day 1 of
the postoperative period and it did not decrease by
day 3; in the 22 subgroup, its blood levels increased
by 13.8-fold intraoperatively, continued to grow by
day 1 reaching values 17.5 times as high as the baseline
ones; this level persisted by day 3 after the surgery
(P<0.05). However, no elevation of the KIM-1 level
in the urine in the reference group patients was ob-
served intraoperatively. On day 1 after the surgery, a
2.3-fold increase of its level was found in the 2 sub-
group alone; only on day 3, the 2.3-fold increase in the
KIM-1 urine level was registered in patients of the 1st
subgroup without concurrent CKD (P<0.05).

IL-18, a proinflammatory cytokine, is produced
by proximal tubular epithelium of the kidneys. It is
now believed that most nephrotoxins, CKD, urinary
tract infection, nephrotic syndrome, or prerenal
azotemia do not affect its production. Elevated levels
of IL-18 in the urine allow to predict the development
of the AKI 24 hours before the elevation of serum cre-
atinine [24, 25].

The analysis of changes of TL.-18 levels demon-
strated its elevation in the blood of only patients from
the main group without concurrent CKD (13t sub-
group). Intraoperative values of this parameter doubled
(P<0.05) and returned to the baseline values on day 3
of the postoperative period. In the reference group, the
blood level of IL-18 increased in patients of the 1t sub-
group by 3.4-fold intraoperatively, and in patients of the
2vd subgroup by 1.3-fold be day 1 after the surgery
(P<0.05). Unlike the main group, in all patients of the
reference group, IL-18 levels were still significantly
higher than those at the outcome by day 3 of the post-
operative period. At that, no significant inter-group dif-
ferences in the IL-18 urine level dynamics were
registered. All patients in the studied groups demon-
strated a sharp statistically significant increase in the
levels if this parameter 20 minutes after the warm is-
chemia phase with subsequent progressive decrease and
return to the baseline in the postoperative period.

Therefore, it is clear that the status of the
glomerular filtration rate remained unchanged for 3
days if the postoperative period after the organ resec-
tion under warm ischemia in patients with localized
cancer in case of application of the epidural block dur-
ing the perioperative period. This is confirmed by the
GFR dynamics determined in study groups based on
cystatin C (see table). As it can be seen from the table,
in all patients of this parameter remains within normal
values by day 3 after the surgery, whereas in the refer-
ence group patients (both in the 15t and 2" subgroups)
it is decreased as compared to the baseline values by
the average of 38.8% (P<0.05).

The effect of the epidural block in the study sub-
jects was associated, in our view, with its well-known ef-
fects: marked neurovegetative protection, increased
blood flow in the microcirculation system, including that
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9TOTO TIOKa3aTess B 2,3 pa3a BLISBUIN TOJBKO BO 2-i1
HoArpyIe GOJBHBIX, U JIAIIb HA 3-U CYTKH PETUCTPHU-
poBasnu yBesnuenue KoHieHTparun KNMM-1 moun B
2,3 paza y 60JIbHbBIX 1-i MOArPyIIIBI 6€3 COMyTCTBYO-
meit XBIT (p<0,05).

NJI-18 — mpoBocnanuTebHBIN ITUTOKWH, TTPO-
NYIUPYETCST SMUTETUEM TIPOKCUMATTBHBIX KaHAJTBIIEB
modek. B HacTosIee BpeMsi CUMTAETCS, YTO Ha €ro
IPOAYKIIMIO HE BJAUSET GOJNBIIMHCTBO HE(POTOKCH-
HoB, XBII, nadexnmns moueBwx myTeit, HepoTryde-
CKUI CUH/IPOM WJIN TIpepeHanbHas azoremusi. Ompe-
Jesenue mnospleHHoro yposus WJI-18 B moue
no3BoJisteT mpezcka3aTh pazsuTue OIIII 3a 24 aca o
POCTa YPOBHST CHIBOPOTOYHOTO KpeaTHHWHA |24, 25].

Anamms namenennii 11J1-18 BeisiBus noswileHmne
€ro COlEPKAHUSI B KPOBU TOJBKO Y GOJBHBIX OCHOB-
HO¥T rpyTiet 6e3 comyteryiorieit X BIT (1-s moarpy-
na). MInTpaornepainonHoO 3HAUEeHMST 3TOTO TOKA3aTeJst
yBesnuninch B 2 pada (p<0,05) 1 BepHYyJINCH K UCXO/I-
HBIM 3HAYEHUSIM HA 3-M CYTKH TTOCJIEOTIEPAITUOHHOTO
neproza. B KoHTposbHOM TpyTiie KoHteHTparmst NJI-
18 kpoBU Bo3pacrtasa y 60JbHbIX 1-if moArpyIs: B 3,4
pasa HHTPAOTIEPAIIOHHO, a Y GOJBHBIX 2-i TTOATPYII-
el B 1,3 pasa k 1-M cyrkam nocste oneparmu (p<0,05).
B orsnune oT OCHOBHOI TPYIIIBI Y BCeX OOJBHBIX
KOHTPOJIbHOU rpynbl 3HaveHust MJI-18 kposu x 3-M
CyTKaM TIOCJIeOTIePAIlMOHHOTO TIepPHo/ia COXPaHIIN
CTaTUCTUYECKH 3HAYMMBbIe (GoJiee BBICOKIE 3HAUCHIIS
3TOTO TIOKa3aTeJssd 10 cpaBHEHWIO ¢ ucxozoMm. [Ipn
9TOM CYIIECTBEHHBIX MEKTPYIIIOBBIX OTIIUYUIN U3Me-
Heauit MJI-18 Moun He permctpupoBasm. ¥ Bcex
GOJIBHBIX HCCJEAYEMbBIX TPYIIN HAOMOAAI PE3SKUI
CTaTUCTUYECKHW 3HAYUMBII POCT 3HAYEHUH TOTO MOKa-
3aTestst yepe3 20 MUHYT TTOCJIe 3aBepIeHNs ATamna Tel-
JIOBOHM HWIEMUU C TOCJAEAYIONIIM TPOTPECCUBHBIM
CHU;KEHHMEM W BO3BPAIEHNEM K MCXO/HBIM TTOKa3aTe-
JISIM B TTOCJIEOTIEPAITMOHHOM TIEPHOJIE.

Takum 06pazoM, OUEBUIHO, YTO TIPU PE3EKIIUN
opraHa B YCJOBHSX TEIJIOBOW uIimeMuu GOJbHBIM
JIOKQJIbHBIM PAaKOM TIPW NMPUMEHEHUN B TIepHoIiepa-
[IHOHHOM TIEPHO/Ee MUY PAIBHON GJIOKaIbl CTATyC
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in the kidneys, which may in turn contribute to modula-
tion of the transcription activity of pro-and antiapoptotic
genes under ischemia/reperfusion conditions.

Conclusion

The use of the perioperative epidural block in pa-
tients with localized kidney cancer who underwent
the organ resection under the warm ischemia demon-
strated the nephroprotective effect while maintaining
the functional parameters of kidneys at a baseline.

CKOPOCTH KJIyOOUKOBOI (DUJIBTPAIIMH Ha TPOTSKEHUN
3-X CyTOK I1/0 Tiepro/ia coXpaHsiicss 6e3 U3MeHEHIA.
Iro noarsepxaaercs u aunamukoit CKO, ompee-
JIIeMOU B Tpymmax ucciepoBanus mo nucratuay C
(cMm. Tabauity). Kak ciemyer us Tabimiisl, y Beex 60J1b-
HBIX OCHOBHOH I'PYIIIBI K 3-M CyTKaM I10cJIe Ollepaliuu
ATOT MTOKA3aTeh COXPAHSJICS B IIpefiesiax HOpMaJsb-
HBIX 3HAYEHWIT, TOra KaK y GOJbHBIX KOHTPOJbHON
TpyMNIbl Kak 1-if, Tak ¥ 2-1 TOATPYIIT OH CHUKAJICS
OTHOCUTETbHO WMCXOJHBIX 3HAUYEHUI B CPEJHEM Ha
38,8% (p<0,05).

HedponporekTopHoe BiansHMe annypasbHON
GJIOKA/IBI Y MCCIIeyeMbIX OOJIBHBIX CBSI3aHO, HA HAlIl
B3IJISI]I, C U3BECTHBIMU ee a(hheKTaMu — BbIPasKEHHOI
HelpOBeTeTaTUBHON 3aIINTOH, yCUIeHNEM KPOBOTOKA
B cHCTeMe MUKPOITUPKYJISAIUN, TOM YHCJIe B TIOYKAX,
YTO, BEPOSATHO, B CBOKO OUEPE/lb CIIOCOOCTBYET HUBE-
JINPOBAHUIO B YCJIOBUSX UIIEMUN/periepdy3un Bbipa-
JKEHHOCTH TPAHCKPUIIIMOHHOW aKTUBHOCTHU MPO- U
AHTUATIONTO3HBIX TEHOB.

3akjoyeHue

[Tprmenenme B TmepuoneparimoHHOM TIEPHOIE
AIHYPATBHOTO GJI0Ka Y GOJNBHBIX JIOKATU30BAHHBIM
PaKOM TIOUKH, TTO/IBEPTHYTHIX PE3EKIINN OpraHa B yCJIO-
BUSX TETJIOBOUW MIIEMWH, OKa3biBaeT HePOIPOTEK-
TUBHOE BJINsIHIE, 00eCTIeurnBasi COXpaHeHne (QyHKINO-
HaJIbHBIX TIOKa3aTesel mouek Ha NCXOJHOM YPOBHe.
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Genetic Markers of Systemic Inflammatory Response in Cardiac Surgery
(Review)

Anastasia V. Ponasenko!, Maxim Yu. Sinitsky'2 Maria V. Khutornaya!, Olga L. Barabash!

! Research Institute of Complex Problems of Cardiovascular Disease
6 Sosnovy boulevard, Kemerovo 650002, Russia
2 Federal Research Center for Coal and Coal Chemistry, Siberian Branch of RAS,
10 Leningradskiy Pr., Kemerovo 650065, Russia

Cucremnas BocnanutesnbHas peakuus (CBP) — tunosas cucremHuas peakius opraHu3Ma Ha TKaHEeBOE 110-
BPEKEHIE U HEOOXOAUMOE YCIOBUE CTPYKTYPHO-(DYHKIIMOHAIBHOTO BOCCTAHOBJICHUS TOBPEKIEHHON TKAHU.
CBP, Bo3HuKaromas y naneHToB B MHTPA- U MOCJICONEPAITMOHHOM MEePUO/IaX KapJAnOXUPYPTUYECKUX BMeEIIa-
TEJIbCTB, SABJSETCH €CTCCTBEHHO peakiueil OpraHn3Ma, OJIHaAKO B P/l CIy4yaeB UMEET MECTO Ype3aMepHas re-
Hepalus MPOBOCHAIUTENbHBIX UMITYJIbCOB, U3MEHSIOIIAsE XapaKTep BOCHAJIEHUs U yCYryOsoiias TKaHEBOe
nospeskaeHue. MaccuBHoOE BBICBOOOKICHIE MEAMATOPOB BOCHAICHUS IPUBOANT K ANCHYHKINN Pa3IUIHbBIX OP-
TaHOB M CUCTEM 1 MOJKET CJIYKUTH OZ[HOI‘;I 13 OCHOBHBIX ITPUYUNH JIETAJIbHBIX UCXOJZO0B B ITOCJICOIIEPAIIMOHHOM II€-
puoze. CymecTBYIOT CBUAETEALCTBA POJIU CUCTEMHOTO BOCIIAJIEHUSI B IaTOTeHe3e aTepockKyepos3a. Takum
06pa3oM, OIleHKa TTPEIPACIOTOKEHHOCTH TTAIMEHTOB K XapaKTepy Pa3BUBAIONIETOCS B TTOCTEONEPAIHOHHOM ITe-
pHOJIe CUCTEMHOTO BOCIIAJIUTEIBHOTO OTBETA TIOMOKET IIPOTHO3UPOBATH PUCK PA3BUTHS TTOCIEONEPAIMOHHBIX
OCJIOKHEHUIT BOCIIAJIMTEIBHOTO TEHE3a UJIK TSKECTh UX TeUeHUs, U 1o400paTh CIeluduIecKyo Tepamnuo 1Jjst
KOHKPETHOTO nanueHTa. B janHoM 0630pe aHainsupoBaHa nHGOpMaIus 0 POJIU MOJAUMOPGU3MA FEHOB, KOJIU-
PYyOUINX NUTOKUHBI 1 6eJIKI/I, BOBJICUCHHDIC B IIaTOr¢HE3 CUCTEMHOTI'O BOCIIQJIUTE/TIbHOTO OTBETA, B (bOpMI/IpOBa—
HUU MHAUBUILYAJIbHON IPEPACIIONOKEHHOCTH K PAa3BUTUIO CUCTEMHOTO BOCIIAJIEHUS HEMH(EKIIMOHHOTO TeHe3a
Yy HalMEeHTOB, MEPEHECHINX KapANOXNPYPruieCKrue BMeEIIaTeJbCTBa, a TaKKE B MO[[I/I(l)I/IKaI_II/II/I €ro TAXeCTH n
MOCJIeICTBUH.

Kniouegote cnosa: cucmemmviii 60CNAIUMENbHBITL OMEEM; B0CNANCHUE; PEBACKYIAPUSAUUSL; UUMOKUHBL; UHOUBU-
Oyarvras npeopacnoioNCeHHOCb

The systemic inflammatory response syndrome is a typical systemic reaction to tissue injury and an important
factor for structural and functional regeneration of the damaged tissue. The systemic inflammatory response
syndrome developed in patients in the postoperative period after cardiac surgeries is a natural body reaction;
however, in some cases there is an excessive generation of pro-inflammatory factors that can change the nature
of inflammation and worsen the tissue damage. The massive release of inflammatory mediators leads to dysfunc-
tion of various organs and systems and can become one of main causes of lethal outcomes in the postoperative
period. There is evidence of the contribution of the systemic inflammation to the pathogenesis of atherosclerosis.
Therefore, an assessment of patient’s susceptibility to the systemic inflammatory response may contribute to
predicting disease risks and severity as well as choosing a specific therapy for a given patient. This review analyzes
the information about the contribution of the polymorphism of genes encoding cytokines and proteins involved
in the pathogenesis of the systemic inflammatory response in the development of individual susceptibility to the
non-infectious systemic inflammatory response in patients after cardiac surgeries, as well as in modification of
its severity and consequences.

Keywords: systemic inflammatory response syndrome; inflammation; revascularization; cytokines; individual sus-
ceptibility
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Crparerusi noucka

B anHbIl 0630p BKIIOUEHDI JaHHBIE PEJIEBAHT-
HBIX CTaTeH, OMMUCBHIBAIONIUX TEHOMHBIE MapKephbl
CUCTEeMHON BocnammuTesnbHol peakiun (CBP) nenn-
(bexnmoHHOTO TeHe3a, BOZHUKAIONIETO B Pe3yabTaTe
Kap[IHOXUPYPTUUYECKUX BMEIIATEIBCTB, OMyOJINKO-
BaHHbBIX /10 jekabpst 2016 r. u mpeicTaBIeHHBIX B
6azax mantbix PubMed u Google Scholar. TTorckoBbie
3aIPOCHI 33/[aBATTUCH TTOCPEICTBOM CJICYIONUX cCoue-
TAHWIl CJIOB: JJIsI PYCCKOSI3BIYHBIX MyOJUKAIUi —
«CHCTEMHBIN BOCIIAJINUTEIbHBIN OTBETY, «CUCTEMHOE
Boctiasienues, «CBO», «mmomumopdusm(-bl)», «<reHo-
TUTI(-BI)»; JIJIST AHTJIOSI3BIYHBIX MTYOJUKAIIUI — «SyS-
temic inflammatory responses, «systemic inflamma-
tion», «SIRS», «polymorphism(-s)», «genotype(-s)».

BBenenne

Corsacio BcemupHoii opraHusaiuu 3/paBo-
OXpaHEHUsl, CEPAEUHO-COCYIUCThIe 3a00JIEBAHIS
(CC3) gaBag10Tcss OCHOBHON MPUYMHON CMEPTHOCTH
BO BceM Mupe [1]. B Poccun B cTpyKType cMepTHOCTH
CC3 3anumMaioT iepBoe MecTo (yeJabHas CMEPTHOCTD
cocrasiageTr 57%, noutu 20% o€l 13 3TOro yucia
YMUPAIOT B TPyHococobHOM Bospacte). HauboJiee
3HAYMMBIMU (DOPMaMU CEPACTHO-COCYIUCTOMN MATOJIO-
run (¢ mo3uiuii 3a60J1€BaeMOCTH M CMEPTHOCTH)
SIBJISIIOTCST MiieMuveckast 6ousesnn cepaia (MBC) u
HHCYJIBT — ¢ HUME CBsi3aHO Oostee 70% Bcex cmepTeit
CEP/IETHO-COCYAUCTOrO TeHesa [2].

B mpakTuke KapAHOXUpypruu HauboJiee 4acto
BBITTOJIHSIEMOI OTIePAIINEN SIBIISIETCST OTKPBITAsT PEBAC-
KyJISIPU3AIns MUOKAp/a — KOPOHAPHOE IYHTHPOBA-
nue (KI) ¢ ucnosb3oBanreM pa3indHbIX TPAHCTLIAH-
TaToB (apTepuajbHBIX W BeHO3HBIX) [3]. Takme
BMEIITATeNbCTBA BHITOTHSIOTCS KaK € NCIOIb30BAHUEM
uckyccrBeHHoro kposoobOparenus (1K), tak u Ha
paboraiomem cepaiie [4]. IIpoGaema paspurus CBP
npu KII gBasercd kpaiiHe akTyaJbHOH, TaK Kak
CUCTEMHOE BOCIAJIeHNEe 3aKOHOMEPHO Pa3BUBAETCSI
[IPU BBIITOJHEHUY XUPYPIrUYECKUX BMELIATEIbCTB, 0CO-
Genro 1ipu uctosbp3oBanuu VK. B panaem mocieore-
panronnom nepuojie CBP — 310 KOMIIeHCAaTOPHBIN
MEXaHU3M aJalTallui B OTBET Ha KapAUOXUpypruye-
CKO€ BMEIIATEIhCTBO, BHE 3aBUCHMOCTH OT CIOCO6a
ero obecrieueHist | 3], 1 €ro MpOsIBJIEHNSI PETPECCUPYIOT
B cpesiHeM depe3 12 gacoB mocsie OKOHYaHUS Orepa-
. Oxnako Hanbostee Tskenbie popmbl CBP moryT
MPUBOANTD K JeTanbHOMY ucxony [5]. Passutnie CBP
Opu orepanusx, TpoBojsmuxcs B ycaosusax UK,
00YCJIOBJIEHO MIMPOKUM CHEKTPOM MOBPEKIAIOIIIX
(haKTOPOB: KOHTAKTOM KPOBU C UY;KEPOAHON HEIHIO-
TeJM3UPOBAHHON MoBepxHocThio ammapara UK,
XUPYPIUYecKol TpaBMOii, UIIeMUeil 1 Toceiyolen
pertepdysueil  OpraHoB, IOBPEKIEHUEM JIETKUX,
BBI3BaHHBIX ammapatoM MK, rumorepmueii, Bo3zeii-
cTBUEM MH(DY3NOHHBIX CPEJT, YaCTBIM MCTIOTB30BaAHHIE
JIOHOPCKUX TpaHcy3uil, TpaHcaoKauein MUuKpoJio-
PBI U3 JKEJTyIOUHO-KUIIIeYHOTO TpakTa |5, 6]. Kpome

Search strategy

This review includes the data from relevant arti-
cles describing genomic predictors of the non-infec-
tious systemic inflammatory response syndrome
(SIRS) resulting from cardiac surgeries, published be-
fore December, 2016, and archived in the PubMed and
Google Scholar databases. The search was performed
by the following word combinations: for articles in
Russian — «cucTeMHBI BOCIIAIUTEIbHBIN OTBETS, «CU-
cTeMHoe Boctiasieaney, «CBO», «mosmmopduaM(-br)»,
«rerorut(-oi)»; for articles in English — «systemic in-
flammatory response», <«systemic inflammations,
«SIRS», «polymorphism (-s)», «genotype (-s)».

Introduction

According to the World Health Organization re-
port, cardiovascular diseases (CVD) are the most com-
mon cause of death worldwide [1]. In the Russian
Federation CVD take the first place among all diseases
(the mortality rate is 57%, almost 20% of these patients
die in the working age). Coronary artery disease
(CAD) and stroke are the most important forms of
CVD related to morbidity and mortality, because they
comprise at least 70% of all CVD-related deaths [2].

Open myocardial revascularization, coronary ar-
tery bypass grafting (CABG) using different grafts
(arterial and venous) is the most common interven-
tion in the cardiac surgery [3]. Such interventions are
performed using both cardiopulmonary bypass (CPB)
and off-pump coronary artery bypass surgery [4]. The
problem of the SIRS in CAD patients is very urgent,
because the systemic inflammation is a natural phe-
nomenon in surgical interventions, especially those
applying the CPB. In the early postoperative period,
the SIRS acts as a compensatory mechanism of adap-
tation as a result of a cardiac surgery regardless of the
intervention method [3] which persists for up to 12
hours after surgery; however, the most severe forms of
the SIRS may lead to lethal outcomes [5]. In surgeries
performed with CPB, the SIRS may be triggered by a
wide range of factors such as blood contact with for-
eign non-endothelial surfaces of the heart-lung ma-
chine, surgical trauma, ischemia and reperfusion
injury, lung injury caused by the heart-lung machine,
hypothermia, exposure to infusion fluids, frequent
donor transfusions, flora translocation from the gas-
trointestinal tract [5, 6]. In addition, the intravascular
systemic inflammation contributing to the pathogen-
esis of atherosclerosis underlying the coronary heart
disease is discussed.

Therefore, the problem of assessment of individ-
ual susceptibility to the SIRS development is very
topical and important for evaluation of the prognosis
in the postoperative period in patients with CVD.

Pathogenesis of systemic inflammatory re-
sponse. The development of systemic inflammation is
determined by several factors, including systemic al-
teration of the systemic inflammatory response, deple-
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TOrO, aKTHBHO OOCYKIaeTcsl BHYTPUCOCYIUCTAsT
CUCTEMHAsI BOCTIAJINTEIbHAS PEAKITHST, UTPAIONAst BaK-
HYTO POJIb B TTATOTE€HE3€ aTEPOCKIIEPO3a, JIEKAIIETO B
OCHOBE KOPOHAPHOI GOJIE3HHU cepia.

Takum 06pasom, TpobeMa OIeHKI WHANBUILY-
aJIPHON TIpeZipacIioyiokeHHocTn K passutuio CBP
[PEeACTaBIsIeT 0COOBIH MHTEPEC W SIBJISETCS BasKHON
NIST OIIEHKW TIPOTHO30B B  TIOCJEOTIEPAIIMOHHOM
nepuoze y namuentos ¢ CC3.

IIaTroreHe3 cuCTEMHOTO BOCIIAJIUTEIHHOTO OTBE-
ta. TUTIOBOI TATOJOTUYECKHUIT TTPOIIECC CUCTEMHOTO
BocTasieHust (pOPMUPYIOT HECKOJbKO (HEeHOMEHOB:
CUCTEMHAs BOCTIATTUTETbHAS PEAKIIUN CUCTEMHOMN aJTh-
Teparuu, UCToIeHre (haKTOPOB AaHTUBOCTIATATETbHOM
PE3UCTEHTHOCTH, IUCTPECC-PEAKITNN HEHPOIHOKPUH-
HOH CUCTEMBI M CUCTEMHOE MUKPOTPOMO00GPasoBatue
[7]. [Tomumo TKaHEBOTO MTOBPEKIAECHMS, HA XapaKkTep 1
BbIpaxkeHHOCTs CBP MoryT BauaTh uiemus (¢ rnocJie-
nytornei periepdysueii) u JUMONOIMCaXapu/Ibl Kie-
TOYHOW CTEHKU MUKPOOPTAHU3MOB.

OTiesTbHbBIE aBTOPBI KITIOUEBYIO POJIb B ITATOTEHE3e
CBP oTBoAAT 9HIOTOKCUHY WJIM JIUIIONOJUCAXAPULY
(JITIC), mCTOUHNKOM KOTOPOTO SIBJISIETCST carTpouTHAST
rpaMoTpHIaTeIbHAst MUKPO(DIOpa JKeTy I0UHO-KHTITeY-
HOro TpakTa. HeKoTopoe KoJMuecTBO KUIIEYHOTO 9H/I0-
TOKCUHA TIOCTOSIHHO TIPOHWKAET B JTUM(PATHIECKYTO
CUCTEMY U KPOBb U3 BOPOTHOI Benbl [8]. OrcyrcrBue
TOKCHYECKHX PEAKITUI Ha HAJTWMIME B CACTEMHOM KPO-
BoToke (CK) JITIC 00bsICHSIETCST HAIMYMEM B OpPraHns3-
Me aHTUIHJIOTOKCUUECKUX CUCTEM, CBSI3BIBAIONINX U
3HAUNTEBbHO CHIDKaonmxX akTuBHOCTH JIIIC. I1pu pas-
BUTHH WH(MEKITMOHHBIX TPOIECCOB, CTPECCE, TATOJIOTH-
YeCKUX Tpoleccax HenH(MEKITMOHHOTO TeHe3a, YBeJNUH-
BaeTcs nmponnkHoBeHne natectunaabHoro JIIIC B CK|
YTO MPUBOIUT K UCTOTIEHUIO (DAKTOPOB aHTUIH/IOTOK-
CUHOBOTO MMMYHUTETA W CHYKEHWIO TUTPA aHTHIH/I0-
TOKCWMHOBBIX aHTuTesN [9].

[Mupkynupyronmii B CK JITIC B3anmozeiicTByeT
€ HAXOJSIIUMCS B MJIa3Me JIMTIOTIOJINCAXapUICBSI3bI-
Batorum nporerHom (LBP), 06pasys komruieke LBP-
JITIC. Pemenrtopom mist komiiekca LBP-JITIC n
JITIC sasaserca xknacrep muddepertmposkn (CD),
cpojicTBO KoToporo ¢ komtmekcom LBP-JITIC mamuo-
ro cuibHee, yeM ¢ HecBasanabMm JIIIC. CD B Toit nin
UHOHU CTENeHn 9KCIPECCUPyeTcst Ha MeMOpaHe Beex
KJIETOK OpraHi3Ma, 0cOOEHHO OOMIIBHO Ha MeMOpaHe
MOHOIIUTOB, Makpodaros, HelTpodumos. laHHBIN
perenTop MPUCYTCTBYET B IJIa3Me B PACTBOPUMOM
Buze. 3agadeit CD aBasercs npesentanus JIIIC u
LBP-JIIIC caenytomeMy pernentopy KOMIIJIEMEHTA,
KOTOPBIi 0becreurBaeT TpaHCMEMOPaHHYTO [Tepeaady
CUTHAJA BHYTPb KJIeTKH [9].

NsBectro, uto JIIIC maAynmMpyeT cexpenuio
IIUTOKIHOB, SIBJISIONNUXCS HEOTHEMIEMON COCTABIISIO-
TIell BOCITAIUTEThHOTO TIpotiecca. IIuTokuHbI orocpe-
JIOBaHHO BJIUSTIOT Ha (DYHKIIMOHATBHYIO aKTUBHOCTD U
CTUMYJISAIIIO /MHTHOUpoBaHue Kiaetok. Hakormienne
IIUTOKUHOB B KPOBU MHOTUMHU YYEHBIMHU PACCMATPH-
BaeTcs Kak ¢axtop pazsutusg CBP. Poab 1iutoknaoB

tion of anti-inflammatory resistance factors, distress
response of the neuroendocrine system and systemic
microthrombogenesis [7]. In addition to the tissue
damage, ischemia (followed by reperfusion) and
lipopolysaccharides (LPS) of bacterial cell wall can af-
fect the SIRS nature and severity.

Some authors attribute a key role in SIRS patho-
genesis to the endotoxin, or LPS, the source of which
is gram-negative saprophytic flora of the gastrointesti-
nal tract. Some quantity of the intestinal endotoxin
continuously penetrates into the lymphatic system
and blood from the portal vein [8]. The absence of
toxic reactions to LPS in the systemic circulation can
be explained by the presence of anti-endotoxin sys-
tems in the body that binds and significantly reduces
the activity of LPS. With the development of infec-
tious processes, stress, non-infectious pathological
conditions, the penetration of intestinal LPS into the
systemic circulation increases leading to the depletion
of anti-endotoxin immunity and reduction of the anti-
endotoxin antibodies titer [9].

Circulating LPS interacts with a lipopolysaccha-
ride binding protein (LBP) in plasma and forms an
LBP-LPS complex. A cluster of differentiation (CD)
volecule, the CD14, affinity of which with the LBP-
LPS complex is much stronger than that with un-
bound LPS, is the receptor for the LBP-LPS complex
and LPS. CD14 at varying degree is expressed on the
membrane of all cells, especially on the membrane of
monocytes, macrophages and neutrophils. This recep-
tor is present in a soluble form in plasma. The function
of CD14 is to present LPS and LBP-LPS to the next
complement receptor, which provides a trans-mem-
brane transmission of signals inside the cell [9].

It is known that LPS induces the secretion of cy-
tokines, which are an essential component of inflam-
mation. Cytokines indirectly affect the functional
activity and stimulation/inhibition of cells. The accu-
mulation of cytokines in blood is considered a factor
of contributing to the SIRS development. The contri-
bution of cytokines to the pathogenesis of the SIRS is
complicated and ambiguous: they may demonstrate
both synergistic (most likely in pathology) and antag-
onistic effects. Interaction of different cytokines and
complicated synchronization of their entering in the
circulation contribute to the development of a wide
variety of pathological changes in the case of SIRS.
Functional states of target cells, organs and systems
of the patient before the development of the patho-
logic process, the individual ability to produce certain
cytokines contribute greatly to the development of
these changes [9—12].

Cytokines induce the migration of immune cells
into an inflammation focus. In this case cytokines acti-
vate vascular endothelium. Activated endothelial cells
produce large quantities of heat shock proteins (HSP)
as well as cytokines and other inflammatory mediators.
HSPs are represented by various inhibitory proteins,
produced as a result of the intracellular dissociation of
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B natorerese CBP ciyokHa 1 HeoHO3HAUYHA — OHU
MOTYT TPOSIBJISATh CUHEPTHYecKuil (uro Hambosee
BEPOSITHO B YCJOBUSX TTATOJIOTHN ) M aHTAaTOHUCTHYE-
cknit appexThl. BaanmoaeiicTBUE pa3IMUHBIX ITUTO-
KWHOB M CJIO’KHASI CHHXPOHUBAIIUS UX TIOCTYTIJICHUS B
CK c¢rmocoOCTBYIOT PasBUTHIO MIHPOKOTO CIIEKTPa
natosiorndecknx namenenuii mpu CBP, Baskayto posb
B TIOSBJIEHUM KOTOPBIX HUMeeT (PYHKIIMOHAIbHOE
COCTOSTHWE KJIETOK-MUIIIEHEH, OPTaHOB M CHCTEM
MaIMEHTA JI0 PAa3BUTHS MATOJOTHUECKOTO MPOIECcca,
UHAWBUYalbHbIE CIIOCOOHOCTH TPOAYIUPOBATH T€
WJIN UHblE IUTOKUHBL [9—12].

[IUTOKMHBI BBI3BIBAIOT MUTPAITUIO0 UMMYHOKOM-
METEHTHBIX KJETOK B ouar Bocmajenus. IIpw aTom
IUTOKMHAMHU aKTUBUPYETCS DHHAOTETUN COCYIOB.
AXTUBUPOBAHHAST SHAOTEIMATBHAS KJIETKA, KPOMe
IIUTOKWHOB W MIPOYUX BOCTTAJIUTETTHHBIX MENATOPOB,
B GOJIBIIIOM KOJIMYECTBE TPOAYIUPYET OEJIKH TETLIO-
Boro moka (BTII). BTII npexcraBiers pa3anyHbI-
MU WHTUOUTOPHBIMHU OeJIKaMu, 0OpasyonnMUcs B
pes3yJibTaTe BHYTPUKJIECTOYHON AMCCOTMAIINN aKTHBH-
posanHoro augoreanonura. BTII, nogo6uo JIIIC, B
CBOIO ouepejb CIOCOOHBI MHUIMMPOBATH MPOIECC
MTPO/LYKIITNH TTPOBOCTIAJIUTEbHBIX IIMTOKWHOB [ 13].

CyIIecTBYIOT HCCJEOBAHUS, JEMOHCTPUPYTO-
Te 3HaunMyTo poJib B pa3Butuu CBP takoro matodn-
3UOJIOTUYECKOTO TPOTIECCa, KaK UIIEeMHUSI, COITPOBOK-
natomeit KIII, mpoBoiMOTO B yCIOBUSIX allliapaTHOTO
nckyccTBeHHoro Kposoobpaienus (1K), B mporiecce
MIPOSIBJIEHUST UIIIEMUN PETHCTPUPYIOTCS TTOBBIIIEHHAS
tpancaokarus JITIC, yBemmuenHas mpoyKIns uTo-
KUHOB, JIEIKOCTa3, TUTIEPAKTUBAIUS TPAHYJIOIUTOB,
AKTWBAIUST CUCTEMbl KOMILJIEMEHTA, MOBPEKICHUS
9HIOTENNS, YTO YACTO TTPUBOJIUT K BOSHUKHOBEHHIO
MOJIMOPTAHHOM TUCHOYHKINH, PA3BUTHUIO TUCCEMUHM-
POBAHHOTO BHYTPUCOCYIUCTOTO CBEPTHIBAHUS KPOBH,
HEPEIKO 3aKaHUNBAIOIIUXCS TIOJTMOPTAaHHON Hel0CTa-
TouHOCTHIO. OJIHUM U3 MEPBBIX B 00PBOY ¢ FUMOKCHER
BKJTIOUAETCST MEXaHU3M TIPOIYKIIMH SHIOTEJIUHOB. B
OTBET Ha TUIMOKCUIO HHIOTEIUATBHBIMU KJETKAMU
BBICBOOOKIAIOTCS 9HAOTEMHBI (COCYI0CYKUBAIOIIIE
BelleCTBa), a HaUOGOJBIINM Ba3OKOHCTPHUKTOPHBIM
addexrom obmagaer sumoresuH- 1. OH CBA3BIBAETCS CO
crermMUIeCKUMI PEIENTOPaMH, HaXOSITUMUCS Ha
MOBEPXHOCTHU KJIETOK IJI/IKON MYCKYJIATYPbI, BBI3bIBaST
Ba30KOHCTPUKIINIO. HecMOTPst Ha TO, UTO 9HIAOTEJNHBI
6bicTpo BhiBoAsATCS 13 CK, MecTHas KOHCTPHKIIHS
COXPaHSIETCSI M3-32 MEJITIEHHOTO Paciia/ia 9HI0TETNHOB
Ha KJIeTOYHOM ypoBHe [12].

AKTUBUPOBaHNE MTPOBOCTIATUTETHHBIMI ITUTOKH-
HaMU 9HIOTEIMATBHBIX KJIETOK BJIeUeT 3a co0oii Hapy-
IIEHUE B CBEPTBHIBAIOIIEH CHCTEME KPOBU: U3 9HIOTEIH-
AlbHBIX  KJIETOK  BBICBOOOKIAETCS — TKAHEBOU
tpombormactud (111 hakTop cBepThIBAHUST KPOBU) U
AKTUBHPYETCST BHENTHUN MeXaHU3M (hOPMUPOBAHUS
nporpoMOuHasbl pu yuactuu VII miasmeHHOro (hak-
topa 1 noHos Ca*. IToj BivsiHEEM IPOTPOMOMHASHI B
IpUCYTCTBUM (hakTOpa V TPOUCXOUT MTPOTEOTUTIYE-
CKOe pacllierieHne poTpoMOrHa, Gjarogapss yemy

activated endotheliocytes. Like LPS, HSP can initiate
the production of pro-inflammatory cytokines [13].

There are studies demonstrating a significant
contribution of ischemia accompanying CABG con-
ducted under CPB to the development of SIRS. Dur-
ing ischemia, increased translocation of LPS,
production of cytokines, leukostasis, hyperactivation
of granulocytes, activation of the complement system,
endothelial damage can be registered that often leads
to MODS and the development of disseminated in-
travascular coagulation. The mechanism of endothelin
production is the first factor to fight the hypoxia. In
response to hypoxia endothelins (vasoconstrictors)
are expressed by endothelial cells, and the endothelin-
1 has the most pronounced vasoconstrictor effect. It
binds to specific receptors on the membrane of smooth
muscle cells and initiates vasoconstriction. Despite
the fact that the endothelins are promptly eliminated
from the circulation, the local constriction retained
due to the slow degradation of endothelin at the cel-
lular level [12].

Activation of endothelial cells by pro-inflamma-
tory cytokines leads to dysfunction in the blood coag-
ulation system: endothelial cells express tissue
thromboplastin (11T coagulation factor); the external
mechanism of prothrombinase generation (involving
plasma factor VII and Ca*) is activated. Prothrombi-
nase in the presence of factor V induces proteolytic
disintegration of prothrombin and its transformation
into thrombin which has a coagulating activity.
Thrombin participates in many reactions such as poly-
merization of fibrin, activation of thrombocytes, and
generation of nitric oxide by endothelium. The excess
of thrombin is removed by antithrombin ITI, but most
of it is bound with specific endothelial receptor,
thrombomodulin. Thrombomodulin determines the
rate and direction of the hemostasis process. Throm-
bin binds with thrombomodulin forming antiplatelet
and antithrombotic complex that prevents coagula-
tion and inhibits fibrinolysis [ 14].

Under physiological conditions, the endothelial
cells maintain the thromboresistance of vascular wall
not only due to thrombomodulin, but also due to the
formation of other natural anticoagulants. If the SIRS
develops, activated endothelial cells lose thrombo-
modulin due to high concentration of thrombin in the
blood. At that, there is a decreased expression of other
important natural anticoagulants, which is accompa-
nied by disseminated intravascular coagulation of
blood, which leads to the hypercoagulation phase fol-
lowed by hypocoagulation [14—15].

Therefore, the severity of the SIRS and compli-
cations caused by discoordination of stimulated in-
flammatory signals in response to the damaging
agent depends on not pro-inflammatory mediators
alone, but also on a chain of pathological events in-
cluding changes in the inflammation, hemostasis, en-
dothelial and neuroendocrine systems. The SIRS
model is presented [16].
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nostBisieTcst (hepMeHT TPOMOWH, 00JIaIaroIINil CBEPTHI-
BafoIell akKTHBHOCTBI0. TPOMOWH yJacTByeT BO MHOTUX
peakIuaX, HauMHasg ¢ ToJuMepusau (GuOpHHa U
AKTUBAIMN TPOMOOIIUTOB JI0 BBIIEJICHUS DHIOTETHEM
okcua asora. VI30bITOK TPOMOWHA YIaJIsieTcsl aHTH-
tpoM6OuHOM 111, 0/1HAKO €ro GOJIbIIIAs YaCTh CBA3bIBACT-
Cs1 CO CIIEIUATbHBIM 9H/IOTEJINATBHBIM PEIETTTOPOM —
TPOMOOMOLYIMHOM. TPOMOOMO/LYTHH ONPEIEIISIET CKO-
POCTh U HalpaBJIeHKe TIpoliecca reMocTasa. TpoMOuH,
[PUCOEIMHUBIIICH K TPOMOOMOJLYJIMHY, IPHOOPETaeT
HOBBIE KauecTBa, 06pasysl aHTHArPEraHTHbIA 1 aHTH-
TPOMOOTHUYECKUIT KOMITJIEKC, TIPEISATCTBYIONIMI CBEp-
TBIBAHUIO U TOPMO3SIIA hubprHomus [14].

B dusnonornuecknx yciaoBrsx aHAOTeINATHHBIC
KJIETKH MOJIEPKUBAOT TPOMOOPE3UCTEHTHOCTD COCY-
JIACTO¥ CTEHKH He TOJIBKO GJ1aroapst TpPOMOOMO/LYJIHY,
HO ¥ 3a cueT 00pasoBaHust JIPYTHX €CTECTBEHHBIX aHTH-
KoaryJgHTOB. B ciyyae passutus CBP aktnBupoBan-
HbIe DHIOTETHABHBIE KJIETKH TEPSIOT TPOMOOMOJLYJINH
13-3a MOBBIIEHHON KoHIeHTpalu TpomOuHa B CK.
ITpu aToM HabIIOAAETCS CHUIKEHNE DKCIIPECCUH U [IPY-
TMX Ba)KHBIX €CTECTBEHHBIX AHTHKOATYJSHTOB, YTO
COITPOBOK/AETCST TUCCEMUHUPOBAHHBIM BHYTPUCOCY-
JIICTHIM CBEPTHIBAHNEM KPOBH, UTO IIPUBOIUT K BO3HHK-
HOBEHUIO (hasbl TUTIEPKOATYJSIIIUU € TOCJIELYTONIei
TUIoKoaryJionaTueil morpebienus [14—15].

Takum 06pasoM, BBIPasKEHHOCTh U MHTEHCHB-
Hocth CBP 1 ociioskHeHUs1, 00y CJI0BIEHHBIE IUCKOOD-
JIUHAIMEN  CTUMYJUPOBAHHBIX  BOCTAJIUTEIbHBIX
HUMITYJIbCOB B OTBET Ha TIOBPEK/IAIONINIA areHT, 3aBH-
CSIT HE TOJIBKO OT TIPOBOCTIAIUTEIbHBIX MEIUATOPOB,
HO 06eCeYnBaeTCs IEMbIO TaTOJIOMMYECKUX COOBITHIA,
BKJIIOUAIONIUX ~ U3MEHEHUS  (DYHKIIMOHUPOBAHUS
CUCTEMBI BOCTTAJIEHHSI, TeMOCTA3a, 9HI0TETUATBHON 1
HENPOIHTOKPUHHON CUCTEM.

Cxema dpopmuposanus CBP mpenoctaBiena mo
ccouike [16].

Kpaiineii cTerneHbio BBIPA)KEHHOCTH OCJIOKHEH-
Horo CBP saBisieTcst mosmopranHast He/JoCTaTOYHOCTB,
pasBuBaoiiasicst B 1 —2% ciydaeB Bcex KapIHOXUPyP-
TMYECKUX BMETIATENBCTB C JIETATBHOCTHIO, IOCTHTATO-
meit 78%. Ilouku u Jjierkue SBJSIIOTCS TJIABHBIMU
MuteHsMu it toctoriepatTuBaoil CBP. Hapymmenne
(bYyHKIIMOHUPOBAHWS JAHHBIX OPTAHOB TIPOSIBJISIETCS
HocJie MPAKTHYECKH JIIOOBIX KapANOJOIHIeCKUX OIle-
paiuii, a TmovyeyHass W JIeTOYHAasT HEJIOCTATOYHOCTD
SIBJISTFOTCSI TIPHYMHOM OOJTBIIMHCTBA TTOCIE0TePaTHB-
HBIX JIETATBHBIX MCXOA0B [5] M accOMUUPYIOTCS C
HeOJTaronpPUSATHBIM KapAHOPEHAIbHBIM MTPOTHO30M
nocJte orteparun KIIT [17].

Acconuanyuyu CHCTEMHOTO BOCHAJIEHHS C TIOJIU-
MOpP(}U3MOM reHOB TUTOKUHOB y nmanueHTos ¢ CC3.
KirfoueBbIMy GHOJIOTMYECKIMHU MapKEPaMU C JIOKa3aH-
HOW KJIMHUYECKOW MPOTHOCTUIECKON 3HAUYNMOCTBIO
s pazsutuss CBP npusnanst nutokunsr (116, ILS,
IL10, TNF-a) u octpodasubiii C-peak THBHBIN OEJIOK
(CPD) [18,19]. Taxum o6pasom, Hanboee meperek-
TUBHBIMU TIPEUKTOPAME TTOBBIIIEHHOTO WHIUBU/LY-
asmpHOTO prcka pazsutus CBP aBisercst mommmop-

Multiple organ failure, which develops in 1—2%
of all cases of cardiac surgery with mortality rates
reaching 78%, is an extremely severe manifestation of
SIRS. The kidneys and lungs are the main targets of
the post-operative SIRS. Disorders in these organs de-
velop after almost all cardiac surgeries; and renal and
pulmonary failure are the most common causes of post-
operative lethal outcomes [5] and are associated with
anegative cardio-renal prognosis after CABG [16, 17].

Associations of cytokine gene polymorphisms
with SIRS in CVD patients. Such cytokines as IL6,
IL8, IL10, TNF-alpha and acute-phase C-reactive pro-
tein (CRP) represent the key biomarkers of the SIRS
with a confirmed prognostic significance for SIRS de-
velopment [18, 19]. Therefore, polymorphic variants
in the genes controlling activity of cytokines are the
most promising genome predictors of the increased in-
dividual risk of SIRS development. Their study may
help in prediction of the risk of the disorder or its
severity, as well as in selection of a specific treatment
of a certain patient [19].

It is necessary to differentiate between the infec-
tious SIRS from the noninfectious one, which devel-
ops as a response to an injury, including that during
cardiac surgery. Plenty of data on the effect of poly-
morphic variants of the genetic polymorphism on the
development and severity of septic events [20—30]
was accumulated; however, studies investigating ge-
nomic predictors of the noninfectious SIRS (including
results of CABG results with CPB in CVD patients)
are limited and contradictory.

Available studies are mainly based in the clinical
data parameters. Pathogenetic studies intended to con-
firm the contribution of the genetic variability of genes
controlling the main levels of pathogenesis in the risk
of quick SIRS progression after CABG with CPB are
few. H. Tomasdottir et al. [31] studied the relationship
between cardiovascular risks with altered pro-inflam-
matory mediator levels (interleukins and cytokines)
and the variability in the intron region of the TNF-4
+252G>A gene (biallelic loci TNFB1B2). In this re-
search 95 donors undergoing routine cardiac surgery
were investigated. It demonstrated that patients ho-
mozygous for the TNFB2 allele displayed larger peak
concentrations of TNF-alpha (11.3%1.3 versus 7.8+0.7
pg/ml; P=0.013) and IL6 (153+27 versus 87+7 pg/ml;
P=0.010) when compared with patients homozygous or
heterozygous for TNFB1. At the same time, the TNFB2
homozygotes had a higher incidence of left ventricular
dysfunction (31% versus 9%; P=0.029; OR=3.84 [95%
CI, 1.40—24.3]), postoperative pulmonary dysfunction
(24% versus 6%; P=0.016; OR=5.21 [95% CI, 1.49—
18.3]), and a lower pulmonary oxygenation index
(29+1.9 versus 36.1£1.8; P=0.013). Therefore, patients
homozygous for the TNFB2 allele may develop a severe
SIRS with an increased risk of cardiopulmonary com-
plications after cardiac surgery.

Similar results were obtained by British re-
searchers investigating 96 patients who underwent
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(buaM reHoB, KOHTPOIMPYIONUX AKTUBHOCTD ITUTOKH-
HOB. VX n3yueHne MOXeT MOMOYb TTPOTHO3UPOBATH
PHUCK Pa3BUTHS MATOJOTUU WU TSKECTh €€ TeUeHUs,
U ToAGUPATh CIEU(MUIECKYIO TEPATTHIO ISt KOHKPET-
HoTo nanuenTa [19].

Crenyet muddepentinposars CBP nadekmmon-
HOTO TeHe3a, oT HemHpeknuonuoit CBP, passusaro-
nieiicsi B OTBET HA TPAaBMY, B TOM YHUCJIe, U TIPU TIPO-
BE/lCHUW KapAUOXUPYPIrUUECKUX MaHUITYJISIIHH.
Haxonmero 1ocTaTouHO JaHHBIX O BIAWSHUE TEHETU-
YeCKOTO MoTuMop(hu3Ma Ha pa3BUTHE U TSKECTD CeTl-
trnyeckux sassenunit [20—30], B To BpeMs Kak UCCIes10-
BaHUs, OMNUCHIBAOIINE TEHOMHbIE TIPEIUKTOPBI
pazsutust CBP nHewmndexnmonnoii npupoasr (kKak
pesyapTar KII, mpoBosnmoro B yenosusax MK y namu-
enToB ¢ CC3), BecbMa OrpaHUYeHbI 1 TPOTUBOPEYNBHI.

Nmeroniecst nccae/JoBaHus, B OCHOBHOM, OTIH-
paloTcs Ha TIOKa3aTe i KIMHIUECKUX MaHHbIX. [laTo-
TeHEeTHYECKUX MCCIIe/IOBaHNI, HAIPABJIEHHBIX Ha TIOI-
TBEPIKACHUE POJU T'€HETHYEeCKOH BapuabeabHOCTH
TeHOB, KOHTPOJHMPYIOINUX OCHOBHbIE 3BEHbS MaTOTe-
He3a, B PUCKAX BBICOKMX TEMIIOB TIPOTPECCUPOBAHUS
CBP nocse onepantmu K B ycnosuax UK kpaiine
maio. Hampumep, H. Tomasdottir et al. (2003) [31]
OTIEHWJTM B3aUMOCBSI3b PUCKOB PAa3BUTHS CEPAEUHO-
JIETOYHBIX OCJIOKHEHUIT ¢ UIBMEHEHUEM KOHIICHTPAIINN
MeIMaTOPOB BOCTaIeHNsT (ITMTOKIMHBI M MHTEPJICHKI-
HBI) 1 BapuabebHOCTBIO B UHTpoHe reHa TNF-f
+252G>A (6uamnenvusiii jgokyc TNFB1B2). B
HCCJIeIOBaHNE BKJIIOYEHO 95 TOHOPOB, MEPEHECITNX
PYTUHHYIO OTIE€PAIHIO HA ceP/Ile. Y CTAHOBJIEHO, UTO Y
MMaIlMeHTOB, TOMO3UTOTHBIX 110 ajiesio TNFB2, nmuko-
Bbie KoHreHntpaiuu TNF-o u IL6 cratuctuyecku
snaunMo Boime (11,3+1,3 mporus 7,8+0,7 mr/mu,
p=0,013 u 15327 nporus 87+7 ur/mir; p=0,010) o
CPaBHEHWUIO C MMAIlUEHTAMH, TOMO3UTOTHBIM UJIN TeTe-
posurotabiM 10 TNFB1. B TOXE Bpemst, TOMO3UTOTHI
TNFB2 nmerot 60iee BBICOKYTO 9aCTOTY ANCHYHKITUT
geBoro skeaymouka (31% mporus 9%, p=0,029;
OI11=3,84; 95% /11 1,40—24,3), mocjieomepainoHHON
gerounoit auchyuximu (24% mnporus 6%; p=0,016;
OIlI=5,21; 95% /11 1,49—18,3), u HU3KUN WHIEKC
okcureHarmuu (29+1,9 mo cpaBuenuio c 36,1+1,8;
p=0,013). Takum o6pa3om, 1ocjae NPOBEACHUs Kap-
JMOXUPYPrUYECKUX BMEIIATEIbCTB, Y HOCHUTEJEH
romo3uroTHoro renotnmnia TNFB2 mokeT pasBuThes
BoipakeHHass CBP ¢ moBwImeHHbM puckom hopmu-
POBAHMS OCJIOKHEHUIT CO CTOPOHBI CEP/IIA U JIETKUX.

CxoJIHbIE Pe3yJIbTaThl TIOKa3aHbl B paboTte Opu-
TAHCKUX HccJleioBaresield, u3yyuBiinx 96 nauenTos,
TIO/IBEPTHY THIX KOPOHAPHO peBacKystpusarmu. [ larm-
eHThl, roMo3uroTHbIe 110 amnemio A reda TNF-a G-308A,
XapaKTEPU30BAINUCH CTATUCTHIECKN 3HAUNMBIM TIPEBbI-
menveM nupkyaupytoiero TNF-a (p=0,009), uto B
CBOIO OYepesib, CTUMYJIHpYyeT Oosiee BbipaskeHHyo CBP
U MOBBINIAET PUCK HEOIATONPUATHOTO UCXOMA MOCTe
MTPOBEIEHNUST KapMOXUPyprudeckux ornepanuii [32]. B
TOKE BpPEeMsl, B OJHOM W3 WCCJIEAOBAHUI PYCCKOI
HOMYJISIIUK GBLTO YCTAHOBJIEHO MTPOTEKTUBHOE BJIMSTHIIE

coronary revascularization. Patients homozygous for
the A allele (the TNF-a G-308A gene) had higher cir-
culating levels of TNF-alpha (P=0.009), which in turn
caused a severe SIRS and increased the risk of adverse
outcomes [32]. At the same time, a similar study per-
formed in a Russian population found that the A allele
(TNF-alpha G-308A gene) had a protective effect
(OR=0.33[95% CI, 0.15—0.75], P<0.05) and the G
allele was associated with a higher risk of postopera-
tive complications after CABG in the elderly (>60
years) patients (OR=6.20 [95% CI, 1.07—35.69],
P<0.05) [33]. AV. Efremov et al. showed that the G
allele (TNF-a G-308A gene) and the C allele (IL18
C+3953T gene) were individual risk factors con-
tributing to the severity of chronic heart failure [34].
These results demonstrate the contradictory role of
the TNF-a gene in the formation of individual suscep-
tibility to SIRS development and postoperative com-
plications which may be related to genetic
characteristics of the studied populations.

M. Gaudino et al. (2003) [35] studied 111 pa-
tients after CABG and evaluated postoperative circu-
lation IL6 levels and the development of postoperative
renal and pulmonary complications in patients with the
IL6 gene -174GC polymorphism (rs1800795). The car-
riers of the homozygous genotype for allele G had in-
creased the levels of IL-6 in serum (P<0.0001) and
postoperative impairment of renal and pulmonary func-
tion (the mean respiratory index in 6 and 12 hours was
2.9£0.8 and 2.8+0.3 versus 2.1+0.5 and 1.3%0.1, respec-
tively (P<0.0001), the mean duration of the mechanical
ventilation was 22.5%£2.1 versus 12.7£6.7 hours
(P<0.01)) [35]. In contrast, E. Wypasek et al. found a
decrease of circulating CRP and IL6 in the carriers of -
174G allele of the L6 gene in patients after CABG [36].

The risk of complications after CABG with CPB
has been studied in 126 patients from France. A large
panel of genes has been studied: LTA (252A>G), TNF
(-308G>A), IL6 (-597G>A, -572G>C, -174G>C),
IL10 (-592C>A, 117C>T) u APOE (Cys112Arg,
Arg158Cys). It demonstrated that single nucleotide
replacements in genes of IL6 cytokines -572G>C u
IL10 -592C>A may be used as markers of reduced re-
sistance to the development of the postoperative
SIRS. The dominant model G/C+C/C of the IL6 -
572G>C gene and the dominant genotype C/C in the
IL10 -592C>A gene is associated with clinical end-
points (P=0.032 and P=0.009, respectively), as well as
with increased serum level of TL10 within 24 hours
after surgery (P=0.017) [37].

In another study, peak concentration of I1L6
within 6 hours after CABG were significantly higher
(P=0.03) in carriers of the -572C allele as compared
to the -572G allele (355+67 vs. 21613 pg/mL) as
well as in carriers of the -174G/C genotype as com-
pared to carriers of the -174G/G genotype (287+31
and 227+15 pg/ml, P=0.04) of the IL6 gene [38].

Therefore, interleukins and the tumor necrosis
factor are the most studied factors in relation to the
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HocutesnbetBa amnens A rema TNF-a (rs1800629)
(OI11=0,33; 95% /111 0,15—0,75; p<0,05) u yBemmdyeHme
PHCKA BOSHUKHOBEHWS TIOCJICOTIEPAITUOHHBIX OCTIOKHE-
wuii ocae KIII y moxknseix (crapire 60 sret) marmen-
ToB TIpu HocuTeabeTBe amens G (OI11=6,2; 95% /11
1,07—35,69; p<0,05) [33]. B patore A. B. Edhpemosa u
COABT. YCTAHOBJIEHO, YTO ayjiesnb G moJuMophHOTO
sokyca G-308A rena TNF-a n ansens C nosmmopdHo-
ro jokyca C+3953T rena 1114 sBrsiorest hakTopamu
WHMBU/LyJIbHOTO TIOBBIIIEHHOTO PUCKA PA3BUTHUS U
TSDKECTH TEUEHUST XPOHMUECKOW Cep/ledHOoi HelocTa-
TouHOCTH [34]. /laHHBIE Pe3yIbTaThl CBUETETHCTBYIOT
o ipotuBopeunBoi posu reHa TNF-a B hopmupoBanmu
WH/INBUTYaTbHON TIPEIPACTIONOKEHHOCTH K PAa3BUTHIO
CBP u mocyieonepaliliOHHBIX OCJIOKHEHUH, W, BEPO-
SITHO, MOTYT OBITh CBSI3aHbI C TEHETHIECKUME 0COOEH-
HOCTSIMY U3YUYEHHBIX TIOTY IS,

B pabore M. Gaudino et al. (2003) [35] Gblia
MPOBeJIeHa OIeHKA COJIEPsKaHMS ITUPKYIUPYIONIETO
L6, a Takske HATMUME U TSKECTH AUCHYHKITMH JIETKO-
TO U MTOYEK Y HOCUTENEN Pa3JIMUHbIX MOJTMMOPHHBIX
BapuanToB TeHa 1L6 -174G>C (rs1800795) y 111
nannenTos, mepedecmux KIII. HocurenscTBo Tomo-
3UTOTHOTO TE€HOTHUIIA Mo ayerio G oKka3azoch acco-
IIUUPOBAHO C TIOBBIIIIEHNEM KOHIICHTPAITUH [TUPKYJIH-
pytoriero IL6 (p<0,0001) u mocTomepaTuBHBIM
yxyauenueM (GyHKIUN 1I04eK U JIerKUX (CpepHuii
pecnupaTtopHbIil WHAEKC Ha 6 1 12 yacax coctaBu
2,9+0,8 u 2,8+0,3 mporus 2,1£0,5 n 1,3+0,1, p<0,0001;
CPEHSIS TPOJIOJIKUTENBHOCTh MEXaHUIECKON BEHTH-
JISITIAN JIeTKUX cocrtaBmia 22,521 mpotus 12,7£6,7
vacoB, p<0,01). Hanporus, B pabore E. Wypasek et al.
OBLJIO YCTAHOBJICHO CHUZKEHUE KOHIIEHTPAIIUH IINPKY -
supytomiero [L6 u CRP y nocuteneit amnes -174G
rena [L6 y manimentos nocsie mposenerus KIII [36].

Puick pasBuTHS OCJIOKHEHNH TIOCJIE TIPOBEIEHUST
KIII B ycroBusix UK nzyvanca y 126 marmmenToB n3
Dpanrun. boita n3ydena 3HaYUTEIbHAST TAHETH TEHOB
— LTA (252A>G), TNF (-308G>A), IL6 (-597G>A,
-572G>C, -174G>C), IL10 (-592C>A, 117C>T) u
APOE (Cys112Arg, Arg158Cys). Ilokasano, uto
OJTHOHYKJIEOTH/IHBIE 3aMEHbI B reHaX MUTOKMHOB [L6
-572G>C u IL10 -592C>A MoryT CaysKuTh MapKepa-
MU CHUKEHHOW PE3UCTEHTHOCTH TTAIIMEHTOB K Pa3BH-
Tuto noctoniepatuBHoro CBP. /lommHaHTHAS MOIes b
G/C+C/CrenaIL6 -572G>C 1 1OMWHAHTHBIH TeHO-
tun C/C rena IL10 -592C>A acconumpoBaHbI ¢ K-
HUYecKNMU KoHeuyHbIMH Toukamu (p=0,032 u p=0,009
COOTBETCTBEHHO), a TAK)KE C MTOBBIIIIEHHBIMU YPOBHEM
nupkyaupytouiero IL10 B iazme B reyenue 24 yacos
nocJte orteparun (p=0,017) [37].

B apyrowm mcciieoBaHuy MIKOBBIE KOHIIEHTPA-
i 116 B Teuenue 6 gacos mocse mpoBenenus KIII
ObLIN CTATHCTHYECKN 3HAUNMO TipeBbitneHbr (p=0,03)
y Hocuresielt asiesist -572C 1o cpaBHEHHIO ¢ HOCHUTe-
Jsivu agesist -572G (355+67 nporus 216+13 ir/mun),
a Takke y HocuTeseir reHotutos -174C/C B cpaBHe-
Huu ¢ redotuniom -174G/G (287+31 u 227+15 i /mu,
p=0,04) rena IL6 [38].

formation of individual susceptibility to the develop-
ment of SIRS after cardiac surgeries. In addition, there
is evidence of the contribution of macrophages migra-
tion inhibitory factor (MIF) to the development of
systemic inflammation. MIF induces inhibition of mi-
gration of phagocytic cells and is involved in their mo-
bilization in the focus of inflammation. Along with
TNF-a and IL1 it participates in the endotoxic shock
reaction cascade and possibly controls the level of
TNF-a. The effect of the MIF gene -173G>C poly-
morphism on plasma concentration of MIF in 45 pa-
tients undergoing revascularization intervention in
CPB and in 34 on-pump patients was studied. In pa-
tients with CPB, the increased concentration of cir-
culating MIF in the carriers of heterozygotes of the
studied gene was detected, while in the second group
of patients no significant difference in this index was
observed [39].

Contribution of gene polymorphism to cell ad-
hesion, hemostasis and vascular reactivity to the
SIRS in CVD patients. It is known that inflammation
and oxidative cascades caused by ischemia and reper-
fusion primarily affect the endothelium [12]. Activa-
tion of the endothelium and leukocytes during
reperfusion produces pro-coagulant and pro-inflam-
matory effects, which ultimately result in endothelial
dysfunction and disability to regulate local circula-
tion. The greatest effect of the endothelial injury after
ischemia/reperfusion occurs at the microcirculatory
level. As aresult of the activation, endothelial cells ex-
press certain surface molecules, including selectins (P-
and E-selectins), which contribute to their interac-
tions with blood neutrophils [16].

J.P. Mathew et al. [40] examined the contribu-
tion of biologic pathways gene polymorphisms regu-
lating inflammation, adhesive cell interaction,
hemostasis and vascular reactivity to complications
after CABG with CPB. A prospective study examined
443 patients who underwent CABG with CPB. The
genetic panel consisted of 37 nycleotide polymor-
phisms. It was found that minor alleles of the CRP
gene 1059G/C u SELP 1087G/A were associated
with an improvement of the cognitive deficit in Euro-
pean Americans (OR=0.37, 95% CI 0.16—0.78;
P=0.013 and OR=0.51, 95% CI 0.30—0.85; P=0.011,
respectively). CRP levels of and the degree of platelet
activation were also significantly lower in patients car-
rying even one minor allele of CRP genes 1059G/C
and SELP 1087G/A.

The association between various polymorphic
variants in the endothelin-1 (END1) gene and CVD
was demonstrated thus permitting to use it as a prog-
nostic marker. A. Mansur et al. (2015) [41] tried to ex-
plain the importance of the relevance of the EDN1
polymorphisms for long-term survival in patients un-
dergoing cardiac surgery with CPB. They performed a
prospective study of 455 Caucasian patients who un-
derwent cardiac surgery with cardiopulmonary bypass
and followed up for 5 years. The obtained genotypes
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Taxum 06pasoM, THTEPJEHKUHBI 1 (DAKTOP HEK-
po3a oIyXoJieil ABJIATCS Hanbosee N3yYeHHBIMU B
KOHTEKCcTe (hOPMUPOBAHUS WHAUBUAYATHHOU TIPE]I-
pacnosiokeHHOCTH K pazsuTuio CBP nmpu xapanoxu-
PYPrUYECKHX BMeTaTebeTBax. [lomumo aToro, cyiie-
CTBYIOT JIaHHBIE O POJiK (haKTOPa, MHIHOUPYIONIETO
murparuio Mmakpodaros (MIF), B pasButnn cucrem-
Horo Bocriasienus. MIF BbI3bIBaeT TopMoskeHME MUT-
parnuu (haronUTUPYIOMNUX KJIETOK, YIaCTBYeT B UX
MoGumsaru B ouar Bocnasienust. Hapsny ¢ TNF-a u
IL1 on yyacTByeT B Kackajie peakIuii 9H10TOKCHYe-
CKOTO 11I0Ka, BO3MOKHO, KOHTposupys yposenb TNF-
a. Bplio mpoBeieHo uccie/[loBaHue BIAUSHUAE TTOJTMMOP-
(dusma rera MIF B BapuaGenbHoM caiite -173G>C Ha
coziepsKaHue JAHHOTO IIUTOKWHA B TJIa3Me KPOBH Y 45
MAIMEHTOB, MOJBEPIHYTBIX PEBACKYJISPUAINU B
yeaosusx K, u 'y 34 — Ha paGoratomieM cepaie. B
rpyrine naipeHToB ¢ K 6b110 00HapysKeHO TTOBbIIITe-
HUe KoHIleHTparmy iupkyaupytomniero MIF y nHocue-
JIeH TETEPO3UTOT 10 M3YUYECHHOMY I'eHY, B TO BPEMSI KaK
BO BTOPOII TPYIITIE TTAIIUEHTOB 3HAYMMBIX Pa3TUUNI 10
JIAHHOMY TIOKA3aTeJio OTMeUeHO He ObIo [39]

Poub mommmop¢dusama reHoB KJIETOYHO# ajre-
3WH, TEMOCTa3a U COCY/TUCTOI PEaKTUBHOCTH B pa3-
putuu CBP y nanmenrtoB ¢ CC3. N3BecTHO, uTO BOC-
MAJIUTETBbHBIN W OKUCJAWTEJBHBIM  KacKasbl,
BBI3BAHHBIE UIleMuel 1 perepdysueit, TpesKe BCero,
3aTparuBaoT aH0TeaN [ 12]. AKTUBAINS SHAOTETHS
U JIEWKOIIUTOB B TIpoliecce pernepdy3nuu 0Ka3biBaeT
MTPOKOATYJISTHTHBIN U TIPOBOCTIANTUTETbHBIN adhdeKT,
KOTODPBII B KOHEYHOM MTOTE TPUBOJUT K INCHYHKITUN
BHIOTEJIUS U HECTTOCOOHOCTH PEryTMPOBaHIsST MECTHO-
ro kpoBoroka. HanGosbinuii ahdekt TpaBMbl sHI0TE-
Jus TocJsie uieMuu/perepdy3un, TPOUCXOAUT HA
MUKDPOIUPKYJISTOPHOM ypOBHeE. B pesysibrare akTH-
BaIlM¥ 9HAO0TETNATbHBIE KJIETKH 9KCIIPECCUPYIOT Ha
CBOEIT TIOBEPXHOCTH MOJIEKYJIbI, CIIOCOOCTBYIOIIUE UX
B3aMMOJIENCTBUIO € HeUTpoduIaMu KPOBH, B TOM
yucyue u cenektnnbl (P- n E-cenextunsr) [16].

Poab nonumopdusmMa TeHOB OUOJOTHYECKUX
myTel, PeryJupyonmx BocnajJeHne, aJre3noHHOe
B3aUMO/IEICTBUE KJIETOK, TeMOCTa3 U COCYIUCTYIO
PEaKTUBHOCTD B CBSI3U C OCJIOKHEHUSIMU, BOZHIKAIO-
mumMu tocae KT B yenosusix UK, msyuanmachk
J.P.Mathew et al. [40]. B mpocmiekTUBHOM HCCIen0Ba-
Huu oOcaenoBano 443 nanuentos, nepenecinnx KIIT
¢ VK. Tenernueckas nanesib cocrosiyia u3 37 OTHOHYK-
JICOTHIHBIX ToUMOpdu3MoB. OOHAPYKEHO, YTO
muHopHble amnean renoB CRP 1059G/C u SELP
1087G/A cBsi3aHBI cO CHUKEHHEM KOTHUTHBHOTO
nedurura (O111=0,37; 95% /11 0,16—0,78; p=0,013 u
OI11=0,51; 95%/1 0,30—0,85; p=0,011 coorBet-
ctBerHoO). Konnearparuu CRP u crenens akTuBaum
TPOMOOIIUTOB ObLIN TaKKe 3HAYUTENBHO HUKE Y
MAIMEHTOB, UMEBINNX JIaXKe OHY MUHOPHYTO aJlJIesh
redoB CRP 1059G,/C u SELP 1087G/A.

[TonTBepskaeHa CBSI3b MOJUMOPGhHBIX BAPUAHTOB
rena anjoresnna-1 (EDN1) ¢ cepreuno-cocynmctoi-
MU 3200JI€BAHUSIME, YTO TIO3BOJISIET UCITOJIB30BATh €0

and inferred haplotypes were analyzed for their asso-
ciations with the five-year mortality rate (primary end-
point). The EDN1 gene T-1370G and K198N (1s5370)
major alleles were registered in the study group in 83%
and 77% of cases, respectively. The cardiovascular risk
factors were equally distributed in patients with differ-
ent genotype variants. The five-year mortality rate did
not differ between different EDN1 T-1370G and
K198N genotypes and haplotypes. A haplotype analy-
sis revealed that carriers of the GT haplotype of EDN1
T-1370G G/K198N T had a higher risk of cardiovas-
cular mortality than non-carriers (P=0.0008); however,
this difference did not reach significance after adjust-
ing for multiple testing. The authors concluded that
the EDN1 polymorphism cannot be used as a prognos-
tic marker for long-term survival in patients undergo-
ing cardiac surgery with CPB [41].

J. Hinz et al. (2013) [42] analyzed the influence
of the eNOS 894G /T gene variable site polymorphism
on early clinical outcome in patients who underwent
cardiac surgery with CPB. 500 Caucasian patients
were enrolled in the study. The authors demonstrated
that there was no significant difference between groups
with different surgery outcomes (immediate and de-
layed complications) in EuroSCORE, SAPS 1T and
APACHE 11 scoring; the cardiovascular risk factors
were distributed equally among carriers of different
genotypes of the eNOS 894G/T site. The early post-
operative course was relatively the same in different
genotype carriers; however, the ICU stay was signifi-
cantly longer in the GT genotype carriers (P=0.001).
The five-year follow-up demonstrated no significant
differences in the mortality rates between the groups.
Based on the obtained results the authors concluded
that this polymorphism can not be used as a marker to
identify high risk groups in heterogeneous patient pop-
ulation undergoing a cardiac surgery with CPB [42].
A summary of all genes described in this review is pre-
sented in Table.

Concluding the results of the literature search,
we found that there was a very limited number of arti-
cles describing non-infectious SIRS in patients under-
going a cardiovascular surgery, including CABG, who
are carriers of different alleles in genes involved in the
inflammatory response [31—40]. At the same time, the
problem of the contribution of gene polymorphisms in
the SIRS development has been studied well in pa-
tients with various stages of sepsis [20—30] and in pa-
tients with severe trauma [21, 25, 26, 29, 30]. Studies
carried out in CVD patients were mostly focused on
genes encoding a variety of cytokines, of which TNF-
a and TL6 were the most studied ones, but the data ob-
tained by different researchers are contradictory. For
example, one study demonstrated the effects of a «risk»
genotype AA of the TNF-¢ gene (rs1800629) [32],
whereas in other studies [33, 34], on the contrary, the
protective influence of this genotype was reported.
Similar results were demonstrated for the -174G>C
(rs1800795) locus of the IL-6 gene: one study found a
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Acconuanyu Mexxay nommopduamom psina renoB 1 CBP HenndeknuoHHoro renesa y nanyeHToB, IepeHecIInX Kap-

IMOXHPYPruYecKoe BMemaTeIbCTBO.

Association between gene polymorphisms and non-infectious SIRS patients undergoing cardiovascular surgeries.

Gene Loci Sample size (population) «Risk» genotype Reference

INF-a G-308A (rs1800629) 96 (UK) AA Bittar et al. 2006 [32]
INF-« G-308A (rs1800629) 81 (Russia) GG, GA Ponasenko et al. 2013 [33]
INF-« G-308A (rs1800629) 226 (Russia) GG Efremov et al. 2011 [34]
TNF-5 +252G>A (rs909253) 95 (Sweden) TNFB2B2 Tomasdottir et al. 2003 [31]
IL15 C+3953T (rs1143634) 226 (Russia) CcC Efremov et al. 2011 [34]
1L6 -174G>C (rs1800795) 111 (Ttaly) GG Gaudino et al. 2003 [35
IL6 -174G>C (rs1800795) 179 (Poland) GC+CC Wypasek et al. 2010 [36]
IL6 -174G>C (rs1800795) 168 (UK) CcC Brull et al. 2001 [38]

1L6 -572G>C (rs1800796) 126 (France) GC+CC Jouan et al. 2012 [36]

IL6 -572G>C (rs1800796) 168 (UK) GC+CC Brull et al. 2001 [38]

IL10 -592C>A (rs180087) 126 (France) CcC Jouan et al. 2012 [37

MIF -173G>C (15755622) 79 (Germany) GC Lehmann et al. 2006 [39]
CRP 1059G>C (rs1800947) 443 (USA) GG Mathew et al. 2007 [40]

IIpumeuanue. Gene — ren; Loci — sokyc; Sample size (population) — o6bem BeiGopku (morysiin); «Risk» genotype — puckoBbiii re-

norutn; Reference — cepuika.

B KauecTBe MPOTHOCTUYECKOTO Mapkepa. B uccrueno-
Banuu A. Mansur et al. (2015) [41] npeanpuHsiTa
HOIBITKa 0OOCHOBATh 3HAYNMOCTH MOJUMOPGHU3MA
EDN1 a5t 1oarocpoyHOro MpOrHo3a BEIKUBAHUS Y
MAIUEHTOB, MEPEHECINX HA KapAUOXUPYPTUIeCcKoe
BMemaTesnbcTBo B ycaosusax UK. Mccaeposanue
SIBJISITIOCH TIPOCHEKTUBHBIM, U CPOK HAOJIOEHUS 32
455 manueHToOB €BPOIEOUTHON PAChI, TIEPEHECIITNX
omeparuu Ha cepane ¢ UK, cocrasun 5 ner. beuin
MPOAHAIIU3UPOBAHBI ACCOIMAIIMN TEHOTUTIOB U BO3-
MOJKHBIX TATJIOTUIIOB C YDOBHEM CMEPTHOCTH 32 5 JIET
(mepBUYHas KOHeYHast TOYKA). MaskopHbIe ajienn
EDN1 T-1370G u K198N (rs5370) BcTpeuannch B
rpyre obcnenoBanns B 83% 1 77% caydaes, COOTBET-
CTBEHHO. Y CTAaHOBJIEHO, UTO (haKTOPBI CEPIETHO-COCY-
JIMCTOTO PUCKA PABHOMEPHO pacIpenesieHbl Y JIUIL C
Pa3IMYHBIMU BapUaHTaMW TE€HOTHUIIOB. Y POBEHD
CMEPTHOCTH 32 5 JIET He OTIMYAJICS MEKIY PasHBIMU
coUYeTaHUSIMU TeHOTunoB u rammnotunos EDN1 T-
1370G 1 K198N. AHamn3 rarjioTUIIOB II0Ka3aJl, 4TO
Hocutenu GT rammoruma EDN1 T-1370G/ K198N
umesn 6oJjiee BBICOKUN PUCK CEPAEYHO-COCYANCTON
cmeptn, yeM HeHocutenn (p=0,0008); onnako, ata
PasHWIIA He JOCTHUT/Ia 3HAUYEHUST TI0CIe KOPPEKTHPOB-
KA Ha MHOKECTBEHHOCTb CpPaBHEHHS. ABTOPBI
3aKJI0unn, yto noaumopdusm rena EDN1 ne mosker
HCIOJIB30BATHCS KaK MTPOTHOCTHYECKWIH MapKep Tpu
COCTABJICHWH JIOJITOCPOYHBIX TPOTHO30B BHIKMBAHUS
y TAIMEHTOB, TIEPEHECITUX KapAMOXUPYyPrudecKue
onepanuu B ycaoBusix UK.

B patore J. Hinz et al. (2013) [42] npoanasmsu-
POBaHO BJMsiHEE TOJIUMOpGhU3Ma BapuabeIbHOTO
cafita eNOS 894 G/T na xaunuyeckue UCXOAbL Y
MAIUEHTOB, TEPEHECIITNX OTIePAIlu Ha CeP/Ille B YCJIO-
Busax K. B uccaegosanue 66110 BrI04eno 500 eBpo-
MeouI0B. ABTOPBI MPOJIEMOHCTPUPOBAJIN, YTO MEKIY
IPYIIIIaMU ¢ Pa3HBIMK MCXOJaMK OMEPAaTHBHOTO BMe-
nrateabeTBa (OCAOKHEHUST HA TOCITUTAILHOM U OT/a-
JIEHHOM 9TallaX HabJIO/IEH s ) HET CYIIECTBEHHBIX Pa3-
Jmanii o 3navenusam miaix EuroSCORE, SAPS 11 u

«risk» effect of the G/G genotype [35], and some oth-
ers found a protective one [36, 38]. Studies of another
allelic variant of the IL6 gene (rs1800796) performed
in patients with CVD in France [37] and the UK [38]
showed similar results about the connection of C allele
and increased risk of SIRS.

In addition to these well-studied genes, there are
also some works describing genes TNF-3 [31], IL15 [36],
1110 [37], MIF [39] and CRP [40] as predictors of SIRS
development and complications after cardiac surgery. The
authors of these studies point to the fact that there are
common ways of genetic polymorphism influence on the
postoperative period after cardiac surgeries with CPB.

Conclusion

Therefore, the study of polymorphism of genes en-
coding proteins involved in systemic inflammation after
revascularization intervention is promising for identi-
fication of risk groups in CVD patients and the devel-
opment of preventive strategy that can help reduce the
severity of SIRS in patients undergoing cardiac surger-
ies. Detection of genomic predictors of SIRS is highly
urgent for applied cardiology and cardiac surgery (for
improving positive outcomes after CABG), as well as
for basic science (obtaining of new knowledge about the
contribution of gene polymorphisms involved in regu-
lation of homeostasis to non-infectious SIRS).
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APACHE 11, cepaeuno-cocyauctoie (hakTOpbl prcKa
PaBHOMEPHO PACIIPeIeIEHbI MEXKY HOCUTENSIMU Pa3-
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HpeAVLKTOpr, MapKepbl 1 MOHUTOPUHTI KPUTUICCKUX COCTOSIHUM

JIHBIX TeHoTuToB cafita eNOS 894 G/T. XapakTe-
PUCTHUKU PAHHETO MOCTEONEPAITMOHHOTO TePHoa
JIOBOJIbHO PAaBHOMEPHBI Y HOCUTEJEH Pa3TuIHbIX
TeHOTHUIIOB, OJHAKO CPEIHSS TPOIOJIKUTETHbHOCTD
npeObIBaHUsT B OTHEJCHUNM WHTEHCHBHOW Teparuu
3HauMMoO OGouiblie y Hocuteseil reHotuma GT
(p=0,001). IIpu aTOM 11pU HAGMIOAECHUH HAIIMEHTOB B
TedeHre 5 JIeT 3HAYNMBIX Pa3Indiil B yDOBHE CMEPT-
HOCTH MKy HOCUTEJSIMA Pa3TUIHBIX T€HOTUIIOB
oTMeueHO He Ob110. Ha 0CHOBaHUY TIOJTyYEHHBIX JIaH-
HBIX aBTOPBI CJEJTaJW BbIBOJ O HEBO3MOXKHOCTH
WCIIOJTh30BAHUS JIAHHOTO TeHETHYECKOTO MapKepa B
KauyecTBe MPEAMKATUBHOTO [IJIS WAEHTU(DUKAIUN
IPYIIITBI BBICOKOTO PUCKA B TETEPOTEHHON MOy SN
WHWBUYYMOB, TIEPEHECIITNX OMEPaIUy Ha Cep/Ile B
yeaosusix UK [42]. Kpartkast madopMaIus mo Bcem
OIMCAaHHBIM B JaHHOM 0630pe IeHaM TIpe/ICTaBJeHa B
TabJmIle.

[ToBo/ST U'TOTH JTUTEPATYPHOTO TIOUCKA, YCTAHO-
BUJIM, 4TO paboT, KoTopbie Obl onvcbiBaan CBP nenn-
(bexnMoOHHOI TTPUPO/BI Y TAIMEHTOB, MEPEHECITUX
Kap/IMOXUPyprdeckue onepary, B Tom urcie u K111,
U SIBJISTIONIMXCST HOCUTEJISIME PA3JIMYHBIX aJlJIEThHBIX
BapUaHTOB T€HOB, TaK WJIX MHAYE 33/IeiICTBOBAHHBIX B
BOCTIATTUTETHHOM OTBeTe, HeMHOTO [31—40]. BmecTe ¢
TeM, mpobJieMa BKJIaaa MoJuMopdusMa reHOB B pas-
Butre CBP nocratouno xoporiro ndyyueHa Ha TpuMepe
MAIUEHTOB C PA3JTMYHBIMU CTAUSMHU CENITUIECKOTO
mportecca [20—30], a Takske y TAIMEHTOB C TSKEJTBIMA
TpaBmamu |21, 25, 26, 29, 30]. UccnenoBanust, mpoBe-
jennble Ha BbiOOpkax 6oabHbIX CC3, B OCHOBHOM
MOCBSIIIIEHBI TeHaM, KOJUPYIONUM Pas3JIndHble 1UTO-
KWHBI, CPEIIM KOTOPHIX HAMOOJIbINEH N3YUeHHOCThIO
xapakrepusyiorcs TNF-a n 1L6, mpuuem maHHbIeE,
MOJTy4E€HHBIE PA3HBIMK UCCJEI0BATEISIMU, OCTATOY-
HO TIPOTHUBOPEYMBLI. Tak, B OJHOM HCCIEeIOBAaHUU
TTOKa3aHbl pUCKOBBIe 3 heKTh reHoTna AA TeHa
TNF-a (rs1800629) [32], Torma xak B psiie Ipyrux
pabor [33, 34], Hao6opoT, COOBIIAETCS O IPOTEKTHB-
HBIX CBOWCTBAaX JAHHOTO TE€HOTHUIA. AHAJIOTUUYHBIE
pe3yJIbTaThl TaksKe TMOKa3aHbl 17151 JJokyca -174 G>C
(rs1800795) rena IL6 — B 0HOM HCCIEAOBAHUM ObLI
obHapyskeH pruckoBbiil addext reroruna G/G [35], a
B psjie ApyTux — npotekTuBHBIHN [36, 38]. Uccaeno-
BaHUS [IPYTOTO aJlIelbHOTO BapuaHta reHa [L6
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1(12):48-51.

5. Bapbapaw JI.C., Ipuzopves E.B. CucteMublii BOCTIAIUTEILHBIH OTBET B
kapanoxupyprun. Kemeposo: Kysbacesysuszar; 2013: 149.

6.  Padusuaxo A.C. IIpounakTiKa OCTOKHEHUIT TOCIE OMepPaIii ¢ HCKYyC-
CTBEHHBIM KpoBooOpauerneM (paiiukect mybinkaimii). Komnaexciole

(rs1800796), BeimomHenHble y nannerTo ¢ CC3 n3
Opannuu [37] u Beaukobpuranuu [38], mokasasu
CXOJTHBIE PE3YJIBTATEI O CBSI3W HOCUTEIBCTBA AJIITeIs
C u nosbienns pucka pazsutus CBP.

[TomMrMO BBITIIETIEPEYMCIEHHBIX TEHOB, XapaKTe-
PUBYIONMXCsT HanGOMbINel M3yIeHHOCTHIO, BCTpe-
YAIOTCST TaKyKe eMHUYHBIE PAGOTHI, TIOCBSIIEHHBIE
MCTIOTb30BAHWIO B KaUeCTBE TMTPETNKTOPOB PA3BUTHS
CBP u ocnoxkHeHUl 1M0Ocse KapAuOXUPYPrudecKux
omepanuii Takux reuos, kak TNF-g [31], IL18 [36],
IL10 [37], MIF [39] u CRP [40]. ABTOpPBI BCex 1epe-
YICJIEHHBIX HCCJEOBAaHUN YKA3bIBAIOT HA TO, 4TO
CYTIECTBYIOT OOTITIE 3aKOHOMEPHOCTH BIUSTHUS TeHE-
TUYECKHUX BapHUAIUil Pa3JUIHBIX (DYHKITMOHATIBHBIX
crcTeM OEKOB Ha TeYeHHe TOCTEeONePAmOHHOTO
nepro/ia mocJje MPoBeIeHIST KapAMOXUPYPIHIECKUX
BMelIaresabeTs B yeaosuax MK,

3akiaoyeHue

Takum o6pasoM, HsydeHHE IOJTUMOPGhUIMA
I€HOB, KOAUPYIOIINX OEJIKU, YYACTBYIOIIUE B CHCTEM-
HOM BOCITQJIEHUH TIOCJIE TPOBEIEHUST KaPIUOXUPYPIH-
YeCKUX BMEIIATEJNbCTB, B TOM UNCJIe W PEBACKYJISIPU-
3UPYIONIUX MTPOIEYD, TOBOJBHO TIEPCIEKTUBHO IS
uaeHTU(UKALAT TPYIII PUCKA U Pa3pabOTKU CHCTEMbI
MPOMUIAKTHYECKUX MEP, YTO MOKET TIOMOUb CHUBHTD
pucku pazBuTus u Tskectu Tedennst CBP y marmen-
TOB, TIEPEHECIITNX KapAMOXUPYPTUUECKUe OTepaIuu.
Omnpenenerne TeHOMHBIX TpeuKTOpoB CBP saBiser-
CsI UPE3BBIYANTHO aKTYaJbHBIM KaK JIJIS TIPUKJIATHON
KapAMOJIOTUN U KapAMOXUPYPTuu (B KOHTEKCTE TIOBbI-
mreHus 6aronpuaTHbX nexonos nocse KII), tak u
st byHIaMeHTATbHON Hayku (ToJiydeHne HOBBIX
3HAHWE 0 POJIN MOJIMMOP(U3Ma reHOB B3aMMOCBSI3aH-
HBIX CHCTEM PETYJIUPOBAHUS TOMEOCTA3a B CUCTEMHOM
BOCTTAJIEHUN HEUH(DEKITMOHHOTO IreHe3a).

Baarogapuoctu. ABTOpbI BhIpakatoT 6Jraroaap-
HOCTh C.H.C. JJabOpaTOpUu TeHOMHOW MeIMIINHBI,
HUU koMILIeKCHBIX IPOOJIEM CEPAEYHO-COCYANCThIX
sabostesanuii (1. Kemeposo, Poccust) Kyruxuny A. T.
u corpyaHuky OxchOpIACcKOMY WHCTUTYTa pajua-
roHHOI orkostoruu (r. Oxedop, Besmkobpuranust)
[Oxamuy A. E. 3a 11eHHbIe KOMMEHTAPUU U TTOMOTIh
B HaIlMCAaHUU JAHHOTO 0030pa.
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Onenka 3¢ peKTUBHOCTH MHTAISIIIMOHHOTO KOJMCTHHA
NPY HO30KOMUAJIbHOU MTHEBMOHUHU
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Assessment of Aerosolized Colistin Efficacy for Nosocomial Pneumonia
A.N. Kuzovlev!, A .K. Shabanov!2, A. M. Golubev!, V. V. Moroz!

1'V. A Negovsky Research Institute of General Reanimatology,
Federal Research and Clinical Center of Intensive Care Medicine and Rehabilitology,
25 Petrovka Str., Build. 2, Moscow 107031, Russia
2N.V. Sklifosovsky Research Institute of Emergency Medicine,
3 Bolshaya Sukharevskaya Square, Moscow 129090, Russia

Iesblo uccaenoBanus — oreHka ahdexTuBHOCTH NHTAIAIIMOHHOTO KosnetnHa (V1K) B kayecTBe pomnoHeHus
K CUCTEMHOIT aHTUGHOTUKOTEPAIINY B JIEYUEHUH HO30KOMUaIbHOIT tHeBMouuu (HIT).

Marepuasisi 1 MeTo/Ibl. B anHOe 06cepBaloHHOE Hcce0BaH e ObLIO BKIHUYEHO 90 PeaHUMAaTONOTMIECKUX T1a-
nmentoB ¢ HIL. B kauectBe ocHoBHOTO KpuTepus adhdexTuBHOCTH Jedenus otenusasu paspeiernue HIL. B kauectse
BTOPUYHBIX KpUTepreB 3(h(hEKTUBHOCTH JIeYeHUsT OIIEHUBAJIU 3PAUKAIIUI0 BO30YAUTE el 3 MOKPOTBI, BpEMS Tiepe-
BO/a GOJIbHBIX HA CAMOCTOSITEIBHOE [IbIXaHUE, BPEMsT IIPEObIBAHUS B OT/IE/ICHUN PEAHUMATOJIOTUU 1 JIETAIBHOCTD. BoJib-
HbIX ObLIM paszaesienst Ha 2 rpymnst I'p. 1 (n=48) — nobasierue VK k cucremubiv antrbuotukam; Ip. 2 (n=42) —
CMEHA CHCTEMHbIX aHTHOMOTUKOB B COOTBETCTBUU C UyBCTBUTEJIBHOCTBIO. I'PYIITibl GbLIIM CPABHUMBI 110 OCHOBHBIM Xa-
pakreprcTHKaM. VHTaSIIIMOHHbIH KOTUCTUH HazHavan B 1o3e 2 muri. EJT 3 paza/cyT. (Keemmmst DapmacbioTukaic
AnC, [lanust) 8 I'p. 1. Pexxum cucremuoli antubakrepuanbHoil Tepanuu npu HasHaverun VK we mensiiu, Crarucru-
YeCKMiT aHaJI3 BBITIOJTHILIN C TIOMOIIBIO ITporpaMMHoro nakera Statistica 7.0 (M, o, Newman—Keuls test; p<0,05).

Pesyabratel. B 1anHOM HCCIe[0BaHUY TPOAIEMOHCTPUPOBAIN 3((HEKTUBHOCTD MHTAISIIMOHHOTO KOJIUCTHHA 2
wut. EJl 3 p/cyT. B KauecTBe JOMONHEHUs K CUCTEMHON aHTuGaKTeprasibHOl Teparuu npu jedennu HII, BbisBaHHOI
HOJINPE3UCTEHTHBIMU TPaM-OTPULIATEIbHBIMI BO30Y IUTEsIMU: yacToTa pasperuenus [TH cocrasuia 75% (nporus
52% B I'p. 2, p=0.0295); spajuKaliust IaTOreHHbIX MUKPOOPIaHM3MOB K 7-M CYT. JiedeHust Oblia gocturayra 'y 80% B
Ip. 1uy60%8I'p. 2 (n=12) (p>0,05); 8 I'p. 1 nepeBoji Ha CAMOCTOSITEJBHOE JbIXaHUE ObLI BBIIIOJIHEH PAHbIIIE, YEM
BIp.2 —7,6%1,6 cyr. B I'p. 1 mporus 11,7+3,4 cyt. 8 I'p. 2 (p=0.0000); B ['p. 1 cpoku nipebbiBaHus B OTIEICHUN Pea-
HUMATOJIOTHH O MeHbIne, ueM B I'p. 2 — 12,0£3,4 cyr. B I'p. 1 nporus 16,3+3,4 cyt. B I'p. 2 (p=0.0000).

Sakmouenue. [Ipumenenne nHrasanuoHHoro Kosmeruna 2 MutH. EJ1 3 p/cyt. adhdexTuBHO B KauecTBe J1010J-
HEHUsI K CUCTEMHOI aHTHOAKTEePUAIbHON TePAIiU TIPU JIeYeHUU HO30KOMUAJIbHO ITHEBMOHWY, BBI3BAHHOU 110U~
PE3UCTEHTHBIMU IPaM-OTPUIIATEIbHBIMEU BO30yAuTeasiMI. [laHHOE MOAM(UIIUPOBAHHOE JIedeHUe CrocoOCTBYeET
6oJiee GBICTPOMY Pa3pPelIEHIIO THEBMOHUY, H0Jiee PAHHEMY IEPEBOJLY TIAIIMEHTOB HA CAMOCTOSITEIbHOE JIbIXaHUeE U
COKPAIIEHIIO CPOKOB ITPEOBIBAHNS B OT/IEJICHUN peaHuMaTosioruu. /lobaBiieHe HHTaISIIIMOHHOTO KOJMCTUHA K CU-
CTEeMHbBIM aHTHOMOTUKAM CJIEIyeT PACCMATPUBATH KaK BO3MOJKHbIIT aJITOPUTM JieueHust Ipu HeapHeKTUBHOCTH T1ep-
BOU JIMHUM aHTUOUOTHKOTEPATIUHL.

Kmioueswie cn06a: H030KOMUALLHAS NHEBMOHUSL; UHZALAYUOHHDILL KOJUCTIUH; UHZANSUUOHHDIC AHIMUOUOMUKY; He-
oyaaisep

The aim of the study was the assessment of aerosolized colistin (AC) efficacy as adjunctive therapy to systemic
antibiotic therapy for nosocomial pneumonia (NP).

Materials and methods. This observation study included 90 NP patients under critical care. The primary crite-
rion of therapy efficacy was NP resolution. As the secondary criteria of therapy efficacy, eradication of germs from
sputum, the time to patients’ spontaneous breathing, the time in critical care unit, and mortality were evaluated.
Patients were split into 2 groups: Gr.1 (n=48) — systemic antibiotics combined with AC; Gr. 2 (n=42) — systemic
antibiotics cross over due to sensitivity. The groups were comparable in main characteristics. Aerosolized colistin
was dosed 2 mIn. U 3 times/day (Xellia Pharmaceuticals ApS, Denmark) in Gr. 1. The regimen of systemic antibiotic
therapy was not changed upon AC prescription. Statistical analysis was carried out using Statistica 7.0 (M, o, New-
man—Keuls test; P<0.05).
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Results. This study has demonstrated efficacy of aerosolized colistin 2 mln. U 3 times/day as adjuvant therapy
to systemic antibiotic therapy for NP caused by multidrug-resistant gram-negative germs: the NP resolution rate
was 75% (versus 52% in Gr. 2, P=0.0295); eradication of pathogens by therapy day 7 was achieved in 80% in Gr. 1
and 60% Gr. 2 (n=12) (P>0.05); in Gr. 1, spontaneous breathing took place earlier than in Gr. 2 — 7.6+1.6 days in
Gr. 1 versus 11.7£3.4 days in Gr. 2 (P=0.0000); in Gr. 1, the critical care unit duration was shorter than in Gr. 2 —
12.0%3.4 days in Gr. 1 versus 16.3+3.4 days in Gr. 2 (P=0.0000).

Conclusions. Aerosolized colistin 2 mIn. U 3 times a day is an effective adjuvant therapy combined with systemic
antibiotic therapy for nosocomial pneumonia caused by multidrug-resistant gram-negative germs. This modified
treatment assisted faster pneumonia resolution, earlier spontaneous breathing of patients, and shorter time in the
intensive care unit. Addition of aerosolized colistin to systemic antibiotics should be regarded as a possible algorithm
of treatment in a case of inefficient first-line antibiotic therapy.

Keywords: nosocomial pneumonia; aerosolized colistin; aerosolized antibiotics; nebuliser
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BBenenne

HoszokoMuanbHast THEBMOHUST — 3a00JieBaHUeE,
XapaKTepusyIoleecs MOsIBJIeHIeM Ha PEHTTEHOTPAM-
Me HOBBIX 04aroBO-UHMUIbTPATUBHBIX U3MEHEHUIT B
JIETKUX cIycTs 48 4. u GoJiee 1ocie ToCIuTaIn3alun
B COUYETAHUU C KIMHUYECKUMU JAHHBIMU, TOITBEP-
JKIQIOMUMEA UX UMHQEKIUOHHYI0 npupoay (HoBas
BOJIHA JINXOPAJKU, THOWHASA MOKPOTA WUJIM THOWHOE
OT/IEJISIEMOE TPAaXeOOPOHXUATLHOTO IEPEBA, JIEUKOTIU-
TO3 W JIP.), IPU UCKJIIOUeHNN WHGEKITNH, KOTOpbIe
UMeJNCh B WHKYOAIIMOHHOM IIEPHOjie HA MOMEHT
noctymieHus: 60JIpHOTO B cTaruoHap [1].

Hozokomuasbnas nnesmonust (HIT) — Bropas o
YacTOTe BCTPEYAEMOCTH HO30KOMUATbHAS NH(EKIUS B
OT/IEJIEHUSIX PEAHUMATOJIOTHST U HabOoJIee PACIpoCTpa-
HEeHHas Y HAlUeHTOB HA MCKYCCTBEHHOU BEHTUJISIIIIN
gerkux (UBJT) (9—27%). B Poccuu B 2006 r. 66110
sapeructpuposano 25852 ciyuast HIT (3aboseBaeMoCTDb
0,8/1000 6ospHbIX). HO30KOMHUATIbHAST THEBMOHUSI Pa3-
susaercst y 0,5—0,8% rocrurainsnpoBaHHbIX OOJIbHBIX,
a B oTeseHny peanumarosorn — B 10—15 pas garie
(9—24% npu UBJI GoJiee 48 yacos). BerpeuaemocTsb
HII B oTneneHusIX peaHNMMAaTOJOTHU JTOCTUTAET 25—
44%. Tlo pannbIM 3apyOesKHbIX uccaegoBaTeneir HIT
peructpupyior B 1,4 caydae na 1000 nneit UBJI B
00IIUX OT/IETIEHUSIX PEAHUMATOIOTUH U B 3,5 CJIydasix
na 1000 xueit UBJI B ot/iesienusx peaHUMaTOJIOTUU
xupyprudeckoro mpoduist. [To zamibiv oTedecTBEHHBIX
uccreposanuii yactora HIT y xupyprudeckux 60JIbHbIX
cocraBiisieT 6% TOcJIe TIAHOBBIX XUPYPIrUIECKIX BMe-
matesbeTs 1 15% mocsie axerpennbix. 86% HII — Bew-
TUJISITOP-ACCOUUPOBaHHbIe. HacToTa PAa3BUTHSI BEHTHU-
JIITOP-aCCOIIUUPOBAHHOI ITHEBMOHUY COCTABJIsIET 22%
B miaHoBou xupypruu mnpu VBJI Gosee 2-X CyTOK;
34,5% B 9KCTpEHHOU abJOMUHAIBLHON XUPYPruu; 0
55% 1IpU Pa3BUTUH OCTPOTO PECITUPATOPHOIO JAUCTPECC-
cunyipoMa. Puck passutust HII makcumasen B iepBble
5 cyt. IBJI, nanee on cHmkaeTcst Ha 2% /CyT. B TeUeHHe
5-10 cyr. UBJI u o3auee — Ha 1%/cyr. Okoso 50%
AHTHOMOTUKOB, HA3HAYAEMBIX B OT/IEIEHUSIX PeaHnMa-
TOJIOTUH, UCTIONb3YytoTes fuid gedenus HIT [1—6].

ITo omenxam wucciiemoBaresieil MOSABJIEHHE B
MeMLMHE aHTHOMOTHKOB HO3BOJIAJIO CHUBUTD OOLILYIO
JIETAJIbHOCTD IIPY BHEOOIbHUYHON THEBMOHUK Ha 25%

Introduction

Nosocomial pneumonia is a disease characterized
by appearance on the X-ray image of new focal infil-
trative lesions in the lungs 48 hrs. and more after hos-
pitalization supported with clinical data confirming
their infectious nature (a new wave of fever, purulent
sputum or purulent discharge from the tracheo-
bronchial tree, leukocytosis etc.), provided the infec-
tions present in the incubation period at the time of
patient admission have been eliminated [1].

Nosocomial pneumonia (NP) is the second most
frequent nosocomial infection in intensive care units
and the most widely spread among patients on artificial
lung ventilation (AILV) (9—27%). In 2006, 25852 NP
cases (morbidity is 0.8 /1000 patients) were recorded in
Russia. 0.5—0.8% of inpatients develop nosocomial
pneumonia and those in intensive care units — 10—15
times more frequently (9—24% at ALV longer than 48
hours). NP incidence in intensive care units reaches
25—44%. According to international researchers, NP is
registered in 1.4 cases per 1000 days of ALV in general
intensive care units and in 3.5 cases per 1000 days of
ALV in surgical intensive care units. According to do-
mestic investigations, NP incidence in surgical patients
is 6% after elective surgeries and 15% after emergency
surgeries. 86% of NP are associated with ventilation.
The incidence of ventilation-associated pneumonia is
22% for elective surgery at ALV lasting longer than 2
days; 34.5% for abdominal emergency surgery; up to
55% for development of acute respiratory distress syn-
drome. The risk of NP development is maximal during
the first 5 days of ALV, thereafter it decreases by
2%/day during 5—10 days of ALV, and later — by
1% /day. About 50% of antibiotics prescribed in inten-
sive care units are used for NP [1—6].

According to researchers, appearance of antibi-
otics in medicine has allowed reducing the total mor-
tality of community-acquired pneumonia by 25%, and
by 30% — in case of NP, by 75% — in case of bacterial
endocarditis, and by 60% in case of bacterial meningi-
tis. However, development of antibiotic resistance
considerably complicates NP treatment and worsens
its results [7]. Many microorganisms, such as
Pseudomonas aeruginosa, Acinetobacter spp., Burk-
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u Ha 30% — npu HII, Ha 75% — nipu GakTepuaibHOM
sHpoKapauTe U Ha 60% 1npu GakTepuabHbIX MEHUH-
rutax. Ho passuTie aHTHOMOTUKOPE3UCTEHTHOCTH
3HAUYUTENbHO ocoxkHaeT gedenune HII u yxynmaer
€ro pe3yJIbTaThl [7]. MHOTHEe MUKPOOPTaHN3MBI, TAKWe
Kak Pseudomonas aeruginosa, Acinetobacter spp., Burk-
holderia spp., Stenotrophomonas spp., 061aja10T CI10-
COGHOCTBIO OPMUPOBATH OUOIIEHKH, YTO 3allUIIAeT
UX OT JIEHCTBUS IMMYHHOU CHCTEMbI M aHTHOHOTHUKOB.
B otnenennsx peannmatosorun CIITA n Esporsr B
Hacrosmee Bpemsa 15-20% mrammos Pseudomonas
aeruginosa noympesucTeHTHbI. Elle 6osibime omace-
HUS BBI3BIBAIOT KapOerneHeM-Pe3iCTEHTHBIE IITaMMbl
Acinetobacter baumanii v Enterobacteriaceae |[8—9]. K
COXKAJIEHNIO, paspaboTKa MPUHIUIHATIBHO HOBBIX
2(pGEKTUBHBIX aHTUOMOTUKOB B HACTOSIIEE BPEMs
3aTpy/IHEHA 1T0 MHOTUM MTPUYUHAM (HayIHbIE, 9KOHO-
MUYECKHe, 0PUINIecKue, OPraHN3alMOHHbIE U IP.) U
HEPCIEeKTUB WX CO3/IaHus B GJMsKaiiiiee BpeMs HeT.
CyIecTBYIOT pa3IMyHble TIYTH PENEHUS JaHHOM ITPO-
GJIeMbl: U3MEHEHIE METOA0JIOTHI HayYHOTO MOUCKA
HOBBIX aHTHOMOTHKOB U TOUEK MTPUJIOKEHNUST IEHCTBIIS
HOBBIX aHTHOMOTHKOB; U3yUeHIE METOIOB MOYJISIIIAN
UMMYHHOI CUCTEMbI OPTaHU3Ma-X03sIMHA B KaUeCTBe
KOMITOHEHTA TIPOTUBOUHMEKITNOHHOI 3alTUTHI; KOP-
PEKIIHST IIPUEMOB PETYJTUPOBAHUS TIPOTOKOJIOB KJTH-
HUYECKUX HCCJEJOBAaHUN HOBBIX aHTHOMOTHKOB;
pelieHre 9KOHOMUYECKUX MTPOOJIEM, CBSI3aHHBIX C CO3-
JIaHHEeM HOBBIX aHTUOHOTHKOB; KOHTPOJIb UCITOJIbB30-
BaHMs aHTUOMOTHKOB B cTal[oHapax u ap. [1—8]
Baskroii mpobsemoit antnbnotikorepari HIT
SIBJISIETCS TIJIOXO€ MPOHUKHOBEHWE BHYTPUBEHHBIX
AHTUOMOTUKOB B JIETKKE: TPAJAUI[HOHHOE BHYTPUBEH-
HOE BBeJICHIE aHTHOMOTHKOB ITUPOKOTO CIIEKTPa JIeii-
CTBHSI HE MO3BOJISIET JOOUThCS MX GAaKTEPUIMIHON
KOHIIEHTPAITNH B JIETKHX, YTO IPUBO/IUT K YBEJUIECHUTO
PE3UCTEHTHOCTU MUKPOOPTAHU3MOB U JJIUTETTHHOCTH
antu6noTtnroteparmuu [10]. TloaToMy mepcreKTHBHBIM
HarpasJyieHreM antubnorukorepanuy HIT siBaisiercst
UCITOJIb30BaHNE MHTAJISIIMOHHBIX aHTHOMOTHKOB.
[emp nccnenoBarmst — oleHKa 2 PEKTUBHOCTH
nHrassrorHoro komucrrHa (MK) B kagecTse nomootHe-
HUS K CUCTEMHOM anTuOnoTrkorepanuy B jedernn HIT.

MaTepI/IaJI N METO/1bl

Jlannoe obcepBamoOHHOE OJIHOIIEHTPOBOE MCCJIEN0BA-
Hue 6b110 nposeneHo B 2014—2016 rr. na 6ase HUU o6uieit
pearmmarosioruu uM. B. A. Herosckoro (Mocksa, Poccmst).
HccaenoBaniie ObLIO TPOBEIEHO B COOTBETCTBUH C IPUHITI-
namu Xespcunckoit [lexmapanuu, HanonaspbHpiMu cTan-
napramu 1 pekoMenaaisimu HVU o6uieii peaHnmaToornn
uMm. B. A. Herosckoro @HKIIL PP.

B uccaesoBanme Gbiii BKIIOYEHBI MAIIHEHTBI ¢ XUPYP-
IHYECKUME aGIOMIHATIBHBIMU HH(BDEKITUSIMU, OCJIOKHEHHBIM I
HII. Vicniosp30Basu cJieytontiie KpUTePHH BKITIOUEHS 1 UC-
kmodenust (puc. 1).

Kpumepuu exniouenus:

* TIAIWEHT B OT/IEJIEHUH PEAHNMATOJIOTHH;

*  HaJMYMe XUPYPruYecKoii abJjoMUHATbHO HH(EK-
nm;

holderia spp., Stenotrophomonas spp., possess the abil-
ity of forming biofilms protecting them from the im-
mune system and antibiotics effects. At present, in the
US and European intensive care units, 15—20% of
Pseudomonas aeruginosa strains are multidrug-resis-
tant. Carbapenem-resistant strains Acinetobacter bau-
manii and Enterobacteriaceae [8—9] cause even more
concern. Unfortunately, development of principally
new effective antibiotics is now difficult for various
reasons (scientific, economic, legal, organizational,
etc.) and there are no expectations that they will be
created in the nearest future. There are different ways
to address this problem: change the methodology of
scientific inquiry for new antibiotics and applications
of the effect of new antibiotics; study the methods of
modulating the host’s immune system as a component
of anti-infective protection; correct the techniques of
regulating clinical study protocols for new antibiotics;
resolve economic problems related to creation of new
antibiotics; control use of antibiotics in hospitals, and
other [1-8].

An important problem of NP antibiotic therapy is
poor penetration of intravenous antibiotics into lungs:
conventional intravenous administration of broad-spec-
trum antibiotics does not allow achieving their bacte-
ricidal concentration in lungs, which entails higher
resistance of microorganisms and longer antibiotic ther-
apy [10]. Therefore, application of aerosolized antibi-
otics is a promising direction of NP antibiotic therapy.

The aim of the study was assessment of
aerosolized colistin (AC) efficacy as adjunctive ther-
apy to systemic antibiotic therapy for NP.

Materials and Methods

This observation single-center study was conducted in
2014—2016 on the base of V. A. Negovsky Research Institute
of General Reanimatology, Federal Research and Clinical
Center for Intensive Care Medicine (Moscow, Russia). The
study was carried out in accordance with the Helsinki Dec-
laration principles, National Standards, and Ethical Commit-
tee of the Federal Research and Clinical Center for Intensive
Care Medicine. The study included patients with surgical ab-
dominal infections complicated with NP. The following cri-
teria were used for inclusion and exclusion (Fig. 1).

Inclusion Criteria:

* isacritical care unit patient;

* has a surgical abdominal infection;

* hasNP;

 the current systemic antibiotic therapy is ineffi-
cient: NP clinical course shows no positive dynamics;

» ageof 25—70 years.

Exclusion Criteria:

 incompliance with the inclusion criteria;

e APACHE II >26 points or a high risk of lethal out-
come within the next 24 hrs.;

* pregnant women;

* polytrauma;

* colistin hypersensitivity;

 acute renal injury (creatinin over 250 pmol /1);

* acute hepatic failure (bilirubin over 34 mmol/1 or
prothrombin time over 23.7 sec);
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e gaymyne HII,;

*  Hea(hHEKTUBHOCTH MPOBOAMMON CUCTEMHON aHTH-
GUOTHKOTEPAITUI: OTCYTCTBHE MOJIOKUTETLHON JMHAMUKH
kaunuveckoro Tevenns HIT;

* Bo3pact 25—70 Jer.

Kpumepuu uckmouenus:

* HECOOTBETCTBUE KPUTEPUSM BKIIOUECHHUS;

e APACHE II >26 6aju10B Win BBICOKUII PHCK Jie-
TAJBHOTO UCXO0/IA B TeueHne OJKaimmx 24 u.;

* GepeMeHHbIE JKeHIIIHBI;

*  TIOJINTPABMY;

* THUIIEPYYBCTBUTEIBHOCTD K KOJHICTHHY;

e ocTpoe TIOBpexk/eHre ToveKk (KpeaTHHUH Oosee
250 MKMOJTB/T);

*  OCTpast MeYeHOYHast HeJI0CTaTOuHOCTh (Ounnpy6uH
GoJiee 34 MMOJIb,/J1 JTH TPOTPOMOMHOBOE BpeMst Oouiee 23,7 ¢);

*  OILYXOJIH JIETKUX;

*  XpOHHYECKHE 3200JIEBAHIISI CEPACYHO-COCYAUCTOM
CHICTEMBI 1 JIETKHX B CTA/IUH IEKOMIIEHCAITIH; IEKOMIIEHCH-
poBamHble 0OCTPYKTHBHBIE 3a00I€BAHIISI JIETKUX;

*  MUACTEHUST;

*  MIMMYHOJEeQUIINT; JIUTETbHBIN IPUeM KOPTUKO-
CTEPOUIOB, JIeUeHNe IIIIOKOKOPTHKOCTEPOUIAMI B TEUEHIIE
GoJtee 24 4. OT MOCTYTIIIEHUS B OT/IEJICHIE PEAHIMATOIOTHH;

* ydYacThe B APYTUX KIMHUYECKIX UCCIETOBAHUSIX.

[TaneHTOB BKJIIOYAIHN B UCCTIE0BAHUE TIPU BBIABIIE-
Hur HeabeKTHBHOCTH HCIIOIb3YEMOTO PeKNMa aHTHONO-
TUKOTEPANNK, KOTJa BO3HHKATa HEOOXOAUMOCTDH JIOO
CMEHBI PEKIMa CUCTEMHOIT aHTUOHOTHKOTEPATTHH, TG0 J10-
GaBJICHUS K CYIIECTBYIONIEMY PEKUMY HHTASIITHOHHOTO KO-
JINCTUHA:

e I'pynma 1 (I'p. 1) — wHTATATTMOHHBIN KOJUCTUH 2
miaH. EJl 3 pasa/cyt. (Kcennus Dapmacwiotukanc AnC,
Jlanust) B KauecTBe JOMOMHEHUS K CHCTeMHON aHTHONOTH-
KoTeparnui; 6a3oBBIN PEKUM aHTHOUOTHKOTEPATUK TPH
9TOM OcTaBaJicst HensMeHHbIM. Boi6op UK 6ol ocHOBaH Ha
in itro TyBCTBUTEIBHOCTH MIKPOOPTAaHI3MOB K HEMY.

e I'pymma 2 (I'p. 2) — xoppekumst pexxumMa CUCTeM-
HOIT aHTHOMOTHKOTEPATINHI B COOTBETCTBUY € 4yBCTBUTEb-
HOCTBIO MUKPOOPTAHU3MOB: CMEHa aHTHOUOTHKOB Ha
econepazon/cyabbakram (1=20, 48%), nopurnerem (n=3,
7%), yBeJueHre CyTOYHO J03MPOBKHU MepolieHeMa 10 6
r/cyt (n=23, 51%).

[Tpn npoBeneHNN aHAII3a B KA9€CTBE OCHOBHOTO KPH-
Tepust 9 GEKTUBHOCTH JIeUeHUs OBLIO TIPUHATO paspeliie-
nue HIT Ha (hoHe npoBoaAMMOi aHTUOUOTHKOTEPAIINT Ha 5-€
CYT. JIeYeHWST: CHUKEHIE TeMIIePaTyphl Tesla 1 JIEHKOIINTO3a,
TIOJIOKUTEIbHAST TTHAMIKA TTHEBMOHNYECKON MHQUIbTPa-
U TT0 IAHHBIM PEHTTeHOTpadu OPraHOB TPYAHON KJIETKH,
cumkenne 6asos 1o mkaie Clinical Pulmonary Infectious
Score (CPIS), moBeimenne nHgexca okcurenaun. Paspe-
menue HII cayxmno kputepreM IpeKpaiieHus JedeHns
nHTaIAIMoHHbIM KosnctuaoM (UMK). amnoe pemenne
TIPUHUMAJI JIeYaIInii Bpad.

B xauecTBe BTOPUUHBIX KpUTepHeB (P (HEKTHBHOCTH
JIeYeH s OIIEHUBAIIN APATUKAIINIO BO30YIUTENEH 113 MOKPOTBI
K 7-M cyT. Jtederust (MukpoOuosiorndeckast 9hOeKTUBHOCTh
JIeYeHusT), BPeMsT 1iepeBojia GOJIbHBIX HA CAMOCTOSITEIBHOE
JIbIXaHue, BpeMst IPEObIBAHIST B OTICICHUH PEAHNMATOIOTHH
7 28-CyTOUHYIO JIeTaTbHOCTD. DHHEKTUBHOCTD JTIEIEHNUS OTIe-
HUBAJIACH HE3ABICUMBIMH 9KCIIEPTAMHU.

IIporoxon mpodpunaxtukn HII B oTnerennn peannma-
TOJIOTUH BKJTIOYAT B Ce0sI TIOIbEM TOJIOBHOTO KOHI[A KPOBATH,
06paboTKa MOJOCTH PTA BOAHBIM PACTBOPOM XJIOPTEKUCH-
muHa (3 pasa/cyT.), paHHee yaaeHre Ha30TaCTPATbHBIX 30H-

Examined 210
— [ Excluded 120

Included 90

v
v v

GROUP 1 GROUP 2
Base regimen + Change of the base
Aerosolized Colistin regimen of antibiotic
n=48 therapy
n=42

Puc. 1. Cxema BKIIOYEHHS TAIIHEHTOB B HCCJIEI0BAaHUE.

Fig. 1. Block diagram of patients’ inclusion into the study.
IIpumeyanue. Examined — o6¢ienosano; Excluded — uckimoueno;
Included — Bkioueno. as puc. 1—3, Taba. 1, 2: Group(s) —
rpynna(er). Basic — 6azoserit. [l puc. 1, Tabr. 2: regimen —
pesxkum. g puc. 1, tabu. 1, 3: Aerosolized — nurassionnsiii. Col-
istin — kosctun; Change of — emena. /st puc. 1, Taba. 1, 2: the
antibiotic therapy — antu6nornkorepanmsi.

* lung tumors;

» chromic decompensated cardiovascular and pul-
monary diseases; decompensated obstructive lung diseases;

* myasthenia;

« immunodeficiency; lengthy intake of corticos-
teroids, seuenue glucocorticosteroid therapy longer than 24
hrs. after admission to the intensive care unit;

* participation in other clinical studies.

Patients were included in the study when the applied
antibiotic therapy regimen was found inefficient, when it be-
came necessary either to change the systemic antibiotic
therapy regimen or add aerosolized colistin to the existent
regimen:

¢ GROUP 1 (Gr. 1) — aerosolized colistin 2 mln. U
3 times/day (Xellia Pharmaceuticals ApS, Denmark) as an
adjuvant to systemic antibiotic therapy; the base antibiotic
therapy regimen remained unchanged in this instance. AC
was chosen based on in vitro susceptibility of microorgan-
isms to it.

e GROUP 2 (Gr.2) — correction of the systemic an-
tibiotic therapy regimen in accordance with microorgan-
isms’ susceptibility: replacement of antibiotics with
Cefoperazonum/Sulbactamum (n=20, 48%), Doripenem
(n=3, 7%), increase of the daily dose of Meropenum to 6
g/day (n=23, 51%).

During analysis, the main adopted criterion of therapy
effectiveness was NP resolution at the background of con-
ducted antibiotic therapy on therapy day 5: decrease of body
temperature and leukocytosis, positive dynamics of pneu-
monic infiltration according to chest X-ray, decrease of score
according to Clinical Pulmonary Infectious Score (CPIS),
increase of oxygenation index. NP resolution was the crite-
rion for termination of aerosolized colistin (AC) therapy.
The decision was made by the attending physician.

The secondary effectiveness criteria assessed were
eradication of germs from sputum by therapy day 7 (mi-
crobiological efficacy of therapy), time to spontaneous
breathing, time in the intensive care unit, and 28-day mor-
tality. Therapy effectiveness was evaluated by independ-
ent experts.
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noB. /lmarnoctuka HII mpoBoamiack ¢ MCrosb30BaHnEM
KpHUTepHEB, N3JI0KeHHBIX B Poccniickix HanmoHaapHbIX pe-
roMeHanusax «HozokoMuambHast THEBMOHUS Y B3POCJIBIX>
2016 r., m ortenkn 1o kase CPIS [1].

VY Bcex maIrmeHTOB, BKJIIOUEHHBIX B FICCIE/IOBAHIE, B
JIEHDb BKJTIOYEHNST B FICCJIE/IOBAHIIE, HA 5-€ 11 7-€ CYT. HCCIIe0-
BaHUsI OB BHITOTHEH 3200 OPOHXOATBBEOJISIPHOI JTABaK-
voii  skmakoctm  (BAJI)  ama kommduecTBEeHHOTO
MHKPOOHOJIOTHYECKOTO HccaeaoBanust (bakrepuoiornye-
ckuii ananuzarop «VITEK Compact», Biomerieux, ®pan-
). 3abop BAJI npoBoan/n B ONEpanuoHHON WM PU
BBITIOJIHEHNH CAHAIIMOHHO GrOPOOPOHXOCKOHUI B OT/IE Ie-
HUW PeaHUMaTOJIOTUH. {JIst TOCTaBKH MaTepraJia NCIob30-
Basin Tpancnoprasie cpeabl «MEUS S.r.l» (Piove di Sacco,
Wramra). IlpensaputesbHble pe3yIbTaThl MOIyJasa yepes 12
u.; IAHHbIE TI0 BUJLY BO30YUTEIS U 4YBCTBUTEILHOCTH MUK-
POOPraHu3MoB — B TedeHre 3—4 cyT. JIMarHoCTIIecKuM Cuu-
Tasicst TUTp MuKpoopranusmoB B BAJI 6osee 104 KOE /M.
KpurepreM moJmpe3sucTeHTHOCTH MUKPOOpraHn3Ma Oblia
€ro HeYYBCTBUTEIBHOCTD K TPEM 1 6oJiee Kiaccam aHTHOUO-
THKOB. B mporiecce 1aHHOTO HCCTIEIOBAHNUS T€UEHUE XUPYP-
IUYecKOi abOMIUHATBHON WHMEKINK OBIO CTAOUTBHBIM 1
He TPeOOBAIO KOPPEKIMH aHTHOUOTHKOTEPAITHN.

Wurangannonblii KOJIUCTUH Ha3HAYAIN B 103€ 2 MJTH.
EJl 3 pasa/cyr. (Kcemms Mapmacwiorukanc AnC, Jlanus)
B I'p. 1. Pexkum cucremMHoii aHTHGAaKTEpUAIBHOI Tepanun
nipu HasHaueHun VK e namensiics. MeTtomyka npoBezieHNsT
WHTAJISIUN KOJMCTHHA COOTBETCTBOBAIA HAIIMOHATBHBIM
pexomenganusam [ 1]. [Tepea HauasoM UHraJISAIUU AaHTUONO-
THKA TIPOBO/IIJIN CAHAIMIO TPAXeOOPOHXUAIBHOTO JIEPEBA.
Beenenune VK ocymectssiiim npu nomout HeGyJaiizepa
«Aeroneb Pro» (Aeroneb, Vpsianans) B COOTBETCTBUM C MH-
CTPYKIIMSIMU TIPOM3BOIUTEIISL. VICTIO/Ib30BaIIH [IBIXATEIBHBII
KOHTYp 0e3 YBIaKHUTEJS]; YIS (DUIBTP-TEITIOBIATO-
0OMEHHUK Ha BPEMsI MHTAJISIIN, Pa3MelIaln ero Ha Kjia-
nase BbIZOXa; HeOyJaiizep nmomemntaau Ha anmapar BJI B
MecTe IIPUCOEeIMTHEH ST TNHIH BI0Xa WM Ha JINHUIO BJIOXa
koHTypa B 30 M OT TPOIHUKA; MCTIOTH30BANIN JIBIXaTETHHBIIN
00beM 0k0J10 500 MJI, TIOTOK Taza 0KoJI0 40 J1/MUH, COOTHO-
IIeHUe BA0Xa K BBIIOXY Gosiee S, BBIKTIOUAIH MTOTOKOBBI
TPUTTEP; NHTAJISANNIO TpoBoauaN B TedeHre 30 MuH. ITocie
3aBepIeHys MHTAISAIN TPOBEPSIA OCTATOYHBINH 06BheM
npernapara B HeOyaizepe U IPOBOAUIH €ro Je3MHPEKITHIO.

Pentrenorpacduio opranos TpyaHON KJIETKU BBITTOJ-
HSUIU B TTAJIaTe OT/IeJIEHUST PEAaHNMATOJIOT NN TIOPTATHBHBIM
peHTreHoBCKUM  ammnapatoM  Siemens Polymobil 10
(Siemens, ['epmanmus).

[TanmenTtam BceX TPYII TIPOBOMIIN CTAHAAPTU3NPO-
BaHHYIO KOMILTEKCHYTO THOTPOIHYIO, TATOTeHETUIECKYIO 1
CHIMIITOMATHYECKYIO HHTEHCHBHYIO TEPAITNIO W IMHAMIYE-
CKUIT MOHUTODPHHT, BKJIIOYABIINE B CeOsl: PECIUPATOPHYIO
TIO/UIEPKKY, TePAITIIO MHOTPOIHBIMI 1 BA30AKTUBHBIMH ITpe-
mapaTtamu (fopaMuH, Me3aToH ), TH(PY3NOHHYIO, TpaHCDY-
3MOHHYIO, aHTHCEKPETOPHYIO (6JOKATOPBI  IIPOTOHHON
TIOMIIBI), CEIATHBHYIO M AHAIBTeTHYECKYTO, aHTUKOATYJISTHT-
HYIO TEPAIHIO, TapeHTepaIbHOe (TPEXKOMIOHEHTHBIE ITHTa-
TeJbHBIE CMECH) U HHTEPATbHOE MHUTaHKE ¢ A00aBICHUEM
KOMIIJIEKCOB BUTAMIHOB U MUKPO3JIEMEHTOB, XUPYpPrHye-
CKHe BMelllaTeJabCcTBa. PecipaTopHyio o/Iep:KKy TIPOBO-
mun Ha anmapaTtax Puritan Bennett 840 (Puritan-Bennett
Corporation, CIIIA). [Ipumensnin BcriomoraTesnbHbIE pe-
skMb! BerTiusai SIMV u Bilevel B peskive ¢ KoHTposiem
110 06’BEMY HJIH TI0 JIABJIEHHIO. Y MAI[MEeHTOB ¢ OCTPBIM pec-
IUPATOPHBIM JiucTpecc-cuaapomoM VIBJI npoBoamn B co-
OTBETCTBUHM € KOHIlenueii 6esonacHoit UBJI. TIposoauiu

The protocol of NP prophylaxis in the intensive care
unit included raised head end of the bed, mouth treatment
with chlorhexidine aqueuous solution (3 times/day), early
removal of nasogastric tubes. NP was diagnosed using the cri-
teria given in Russian National Recommendations «Nosoco-
mial Pneumonia in Adults», 2016, and CPIS assessment [1].

All patients included in the study, on the study inclu-
sion day, day 5, and day 7 were subjected to bronchoalveolar
lavage (BAL) for qualitative microbiological analysis (bac-
teriological analyzer «VITEK Compact», Biomerieux,
France). BAL was taken in the operation theatre or during
therapeutic fibrobronchoscopy in the intensive care unit.
The material was delivered using transport media «<MEUS
S.r.L.» (Piove di Sacco, Italy). Preliminary results were ob-
tained after 12 hrs.; the data on the type of germ and mi-
croorganisms’ susceptibility — within 3—4 days. The BAL
microorganism titer exceeding 10* CFU/ml was considered
diagnostic. The criterion of microorganism’s multidrug re-
sistance was its non-susceptibility to three and more classes
of antibiotics. During this study, the course of surgical ab-
dominal infection was stable and did not require antibiotic
therapy correction.

Aerosolized colistin was dosed 2 mln. U 3 times/day
(Xellia Pharmaceuticals ApS, Denmark) in Gr. 1. The regi-
men of systemic antibiotic therapy was not changed upon
AC prescription. The method of the colistin inhalation pro-
cedure corresponded to the national recommendations [1].
Prior to the antibiotic inhalation procedure, therapeutic tra-
cheobronchial tree bronchoscopy was performed. AC was
administered with the help of nebulizer “Aeroneb Pro”
(Aeroneb, Ireland) according to manufacturer’s instructions.
The breathing circuit without humidifier was used; the fil-
tering heat and moisture exchanger was removed for dura-
tion of inhalation, it was placed on the expiratory valve; the
nebulizer was placed on the ALV apparatus at the point of
inspiratory line connection or on the inspiratory line of the
circuit 30cm from the T-piece; the tidal volume was 500 ml
approximately, the gas flow rate was about 40 1/min, the in-
spiration/expiration ratio was more than S, the flow trigger
was switched off; inhalation was performed for 30 min. Upon
inhalation completion, the residual volume of the drug in
the nebulizer was checked, and nebulizer disinfection was
carried out.

Chest X-ray was done in the intensive care unit ward
using portable X-ray apparatus Siemens Polymobil 10
(Siemens, Germany).

Patients of all groups received standardized combined
etiotropic, pathogenic and symptomatic intensive therapy
and dynamic monitoring including: respiratory support,
therapy with inotropic and vasoactive drugs (Dophaminum,
Mesaton), infusion, transfusion, antisecretory (proton pump
inhibitors), sedative and analgesic, anticoagulant therapy,
parenteral (tricomponent feeding formulas) and enteral
feeding with addition of complexes of vitamins and mi-
croelements, operative interventions. Respiratory support
was carried out using Puritan Bennett 840 apparatuses (Pu-
ritan-Bennett Corporation, USA). Support ventilation
modes SIMV and BiLevel with volume-based or pressure-
based control mode were used. In patients with acute respi-
ratory distress syndrome, ALV was performed according to
the safe ALV concept. Treatment side effects were moni-
tored. None of the patients was excluded from the study due
to development of antibiotic therapy’s side effects.

Statistical analysis of data obtained was carried out
using Statistica 7.0 software. Conventional statistic math
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MOHHUTOPHHT M0O0YHBIX ahderTos mederust. Hu opn us ma-
[MEHTOB He OB UCKITIOYEH U3 UCCIEI0OBAHNS BCIEICTBUE
pasBuTHsE MOGOYHBIX 9(D(HEKTOB AHTHOMOTHKOTEPAITHH.

CraticTiveckuii aHAIM3 MOJTYYEHHbBIX JAHHBIX OBLI
BBITTOJTHUJIN TIPU TToMoTIn akeTa Statistica 7,0. Vcmosb3o-
BaJT OOIIEIPUHSITHIC MATEMATHKO-CTATUCTIHYECKIE METO/[bI
pacyera OCHOBHBIX XapPaKTEPUCTHK BBIOOPOYHBIX Pacipese-
sneHutt: cpenree apudmerndeckoe (M), cTangapTHOE OTKIIO-
Hernue (0), Newman—Keuls tect, Tounbiii kpurepuii
Ounrepa (7151 aHATM3a KaTeTOPUATbHBIX aHHBIX). [JocTo-
BEPHBIM cunTaan pasanyne mpu p<0,05.

Pe3yabTaTel 1 00Cy:KaeHHE

XapaKkTepUCTUKK TAIMEHTOB, BKJIIOYEHHLIX B
uccjeoBanme, orpaskenbl Ha puc. 1 u B Tadum. 1. Iau-
eHTBI ObLII UCKJIIOUEHbI U3 UCCJIeI0BAHUS TI0 CJIeYTO-
M iprunHam: APACHE 11 >26 — n=30, 25%; moJm-
tpaBma — n=30, 25%; ummyHozxedunut — n=10, 8%;
yJacTue B JAPYTUX KJIUHUUECKUX UCCIENOBAHUIX —
n=10, 8%; ocTpoe mospexaeHne mouek — n=22, 18%;
JEKOMIIEHCUPOBaHHbIE OOCTPYKTUBHBIE 3a00JIeBaHUS
nerkux — n==8, 7%; xponunyeckue 3ab0IeBaHus cep-
JIEYHO-COCY/IUCTON CUCTEMbl W JIETKUX B CTaIUU
nexkommnercarmu — n=10, 9%. J/locToBepHbIX pasIndnit
MEK/Y TPYIIAaMU TI0 OCHOBHBIM JIeMOTrpayuIecKum
ITOKa3aTessIM U MHEKCAM TSKECTH COCTOSHUS Ha
MOMEHT BKJIFOUEHWUSI B MCCJIE[OBAHIE HE BBISIBUJIIL.

methods of calculating governing characteristics of sampling
distributions were used: arithmetic mean (M), standard de-
viation (o), Newman—Keuls test, Fisher’s exact test (for
analysis of categorical data). A difference was considered re-
liable at P<0.05.

Results and Discussion

Characteristics of patients included in the study
are shown on Fig. 1 and in Table 1. Patients were ex-
cluded from the study for the following reasons:
APACHE II >26 — n=30, 25%; polytrauma — n=30,
25%; immunodeficiency — n=10, 8%; participation in
other clinical studies — n=10, 8%; acute renal injury —
n=22, 18%; decompensated obstructive pulmonary dis-
eases — n=8, 7%; decompensate chronic cardiovascular
and pulmonary diseases — n=10, 9%. No reliable dif-
ference between the groups by demographic parame-
ters or condition severity indices was found as of the
time of inclusion into the study.

NP resolution. Positive NP dynamics at the
background of antibiotic therapy was noted in both
groups, more pronounced in Gr. 1. No reliable differ-
ences between groups were registered for body tem-
perature, leukocytosis, oxygenation index, and CPIS
score. A reliable decrease of body temperature by ther-
apy day 5 and day 7 versus day 1 in Gr. 1; reliable de-

Ta6auua 1. XapakTepUCTHKH NAIHEHTOB, BKIIOYEHHbIX B HCCIIEA0BaHHE.

Table 1. Characteristics of patients enrolled in the study.

Parameters Values of parameters in groups P
1 (n=48) 2 (n=42)

Age, years 425111 40.3+11.5 0.80

Men, n (%) 32 (67%) 25 (60%) 0.51

APACHE 11, score 16.6£2.8 16.4£3.5 0.36

CPIS, score (the day of inclusion into the study) 9.4%2.4 8.7+2.2 0.09

Transfer from ICU of other hospitals 22 (46%) 20 (47%) >0.99
Transfer from ICU of the same hospital 26 (54%) 22 (53%) >0.99
Presence of an oncologic disease 48 (100%) 42 (100%) >0.99
Surgical abdominal infection 48 (100%) 42 (100%) >0.99
Severe acute pancreatitis, peritonitis 20 (42%) 22 (52%) 0.39

Postoperative enteroentero anastomosis leakage, peritonitis 18 (38%) 10 (24%) 0.18

Hollow organ perforation, peritonitis 10 (20%) 10 (24%) 0.80

Broad-spectrum antibiotics during 90 days before inclusion into the study, n (%) 48 (100%) 42 (100%) >0.99

Systemic antibiotic therapy before inclusion into the study (n,% of the number of patients in the group)

Meropenum 1 g 3 times/day 40 (84%) 35 (84%) >0.99
Imipenemum 500 mg 4 times/day 4 (8%) 2 (4%) 0.68
Piperacillinum/Tazobactamum 4.5 g 3 times/day 4 (8%) 5 (12%) 0.72
Linezolidum 600 mg 2 times/day 3(6%) 2 (5%) >0.99
ALV, 1 (%) 78 (100%) 42 (100%) >0.99
Duration of aerosolized antibiotic therapy, days 71+4.1 — —
Transition time to spontaneous breathing, days 7.6£1.6 11.7£3.4 0.0000
ISU stay, days 12.0+3.4 16.3£3.4 0.0000
Mortality, 7 (%) 8(17%) 7 (16%) >0.99

Ipumevanue. /st Taba. 1, 3: Parameters — mapamerpsr; Values of — snauenust. Age, years — Bospacrt, Jjiet; Men — MyK4HHbI; score —
Gammer. s taba. 1, 3, puc. 3: the day(s) of — nenn (aun), cyrrm. Jlns taba. 1, 2: before — no; inclusion into the study — Bxmouernne B nc-
caenosanue; Transfer from ICU of... hospitals — nepesoa us otaenenuii peanumanu ... craiimoHapos; other — npyrux; the same — aroro
ske; Presence of an oncologic disease — nasmmuue onkosornyeckoro sabosesanus; Surgical abdominal infection — xupyprudeckast abo-
MuHaTbHAs HHGEKIuS; Severe acute pancreatitis, peritonitis — TsKeJIBIif OCTPBIN TAaHKpeaTHT, HepuTOHUT; Postoperative enteroentero
anastomosis leakage — mocsieonepannoHHast HECOCTOSATENBHOCTD MEXKKUIIIEUHOro aHacTomMo3a; Hollow organ perforation — nepdoparus
nosioro oprana; Broad-spectrum antibiotics during 90 days — anTHOHOTHKY IIUPOKO ClIeKTpa B TedeHue; Systemic — cucremuas; of the
number of — ot uncna. Jlus Taba. 1, 2, puc. 2: patients — Gosbubie; Meropenum times — mepornenem p; Imipenemum — nMumnexenm;
Piperacillinum/Tazobactamum — nunepariit /Tazobaktam; Linezolidum — sunesonu; ALV — UBJL; Duration of — npogosskuTesib-
Hoctb. [laist taba. 1, 3, puc. 3: Transition time to spontaneous breathing — nepesos Ha camocrtosTenbroe abixanue; ISU stay — npeGbiBanue
B oT/IesteHnn peannmarnn; Mortality — sieTaabHOCTb.
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Paspemtennie HII. B o6enx rpymmax oT™MeTHIN
noJsiokuTenpHyo nuHamMuky tedeHus HII na done
aHTHOMOTUKOTEpanu, Oojiee BbIpaxkeHHyo B I'p. 1.
He 3apeructpupoBajiii JOCTOBEPHBIX Pa3JNIUI
MEKLy TPYIIIAMU TI0 TeMTIepaType TeJia, JeHKOIITO-
3y, MHEKCY okcureHaruu, 6amram 1o mkaie CPIS.
PerucrpupoBain 1ocToBepHOE CHIKEHUE TEMIIEPATY -
pBI TeJIa K 5-M U 7-M CYT. JIeYeHUsI 110 CPAaBHEHUIO C
nepBbIMU cyT. B I'p. 1; nocToBepHOE CHIKEeHME JTeiTKO-
IIUTO3a K 7-M CYT. JIeYeHrs B 00enX TpyMiax; 6aiioB
mo mikaje CPIS k 5-M u 7-M cyT. jieueHust B 06enx
rpymnmax, roctoBepHoe nosbimenne MO wa 7-e cyr.
nccaenoBanus B ['p. 1.

Wcrnop3oBanme WHTAJISIIMOHHOTO KOJTUCTHHA B
I'p. 1 6b110 KIMHIYECKU 3 (HEKTUBHBIM, YaCTOTA Pas-
pemterust HIT cocraBuma 75% (mporus 52% B I'p. 2,
p=0,0295) (puc. 2)

Ipanukanus Bosoyautenei. 113 BAJI Bcex
GOJIbHBIX BBIIEIIN ACCOIMAIINN 13 2—3 MOJUPE3HU-
CTEHTHBIX TPaM-OTPHUIATEJNbHBIX BO30yAUTENCH B
tutpe 107—108 KOE /M1 (Tabur. 2). JIocTOBEpHBIX pas-
JIMYWH MEK/LY TPYTITIAMHU TI0 CTIEKTPY MUKPOOPTraHU3-
MoB BbistBiH. Ha (oHe poBonMoii aHTHONOTHKO-
Tepanuu B 00eMx TPyIIax 3aperucTpupoBaIu
JIOCTOBEPHOE CHIKEHHME TUTPA MaTOT€HHBIX MUKPO-
opranuamoB B BAJI k 5—7-m cyT. seuennst 1o 103—104
KOE /M, a Takike 10cTOBEpHOE CHUIKEHNE BBISIBIISIE-
MocTH psiza BosOyauteneir B BAJI (tabu. 2). dpaau-
KaIlisi MAaTOTEHHBIX MUKPOOPTAHU3MOB K 7-M CYT.
Jiedenust Obita gocturaytay 80% B I'p. 1 my 60% B I'p.
2 (n=12) (p>0,05) (puc. 2).

HespPpekTuBHOCTD MHIaASIMOHHON aHTHOHO-
TUKOTepanuu. Y 1stu maimeHToB I'p. 1 (10,4%) seve-
tue VK 6b110 HeaheKTUBHBIM, YTO TOTPEOOBAIO
BBITIOJTHUTH CMEHY aHTHOHOTHKOTEpanuu (Ha medo-
nepasoH/cyipbakTam (n=3), mopuiieHeM (n=2).
CMmena anTuOMOTUKOB ObL1a 5(PHEKTUBHON — 10JI0-
kutenapnyio nuHamuky HII orMmernsan B TedeHwme
6,5%2,3 cyr. nevenus. HeapbexkruBHocTh MHTAIS-
[IMOHHOW aHTUHOMOTUKOTEpauu Obljla CBs3aHa,
BEPOSITHO, C HAJIMYUEM Y JIAHHBIX TAITUECHTOB MTOJIPe-
3UCTEHTHBIX MMTAMMOB.

M Group1 (AC) [ Group2(1V)

90

80

70

60

40 —

Patients, %

30
20

10

NP resolution, % Eradication, %

Puc. 2. Yacrora paspeumenuss HIT u apagukamuu Bo3oyureneii
B BAJIL.

Fig. 2. NP resolution and BAL germ eradication rate.

Note. * — reliable difference between groups 1 and 2, Fisher’s exact
test, P<0.05.

IIpumeuanue. NP — HII. /lis puc. 1, 3: AC — UK; IV — BB. [lusa
puc. 1, Tabur. 3: resolution — paspemenue; Eradication — spauka-
1. * — I0CTOBEPHOCTD PA3IIMYMIT MKy TpyTaMut 1 i 2, TOuHbIi
tect Duepa, p<0,05.

crease of leukocytosis by therapy day 7 in both groups;
6asuos 1o mkane CPIS score points by therapy day 5
and day 7 in both groups, reliable increase of IR on
study day 7 in Gr. 1 were registered.

Application of aerosolized colistin in Gr. 1 was
clinically effective, NP resolution rate amounted to
75% (versus 52% in Gr. 2, P=0.0295) (Fig. 2)

Germ eradication. From BAL of all patients, as-
sociations of 2—3 multidrug-resistant gram-negative
bacteria in titer equal to 107—10%8 CFU/ml were iso-
lated (Table 2). No reliable difference between the
groups by the range of microorganisms was detected.

Ta6auua 2. Pe3yabrarsl MUKPOOHOTIOTHYECKOTO HCCIEI0BAHUsST GPOHX0AIBBEOSIPHON TaBakHOi xuakoctu (BAJI) B

rpynmnax naiu€HTOB.

Table 2. Results of microbiological analysis of the bronchoalveolar lavage fluid (BAL) in groups of patients.

Microorganisms Patients in groups, n (%)

before inclusion into after changing

the study the antibiotic therapy regimen

1 2 1 2
Pseudomonas aeruginosa 12 (25%) 14 (32%) 7 (14%) 10 (23%)
Acinetobacter baumanii/calcoaceticus 23 (48%)* 20 (46%) 5 (10%) 11 (25%)
Klebsilella pneumonia 27 (56%)* 24 (56%) 4 (8%) 7 (16%)
Proteus mirabilis 4 (8%) 5 (12%) 0 2 (5%)
Escherichia coli 5 (10%) 4(9%) 1(2%) 0
Staphylococcus aureus 3(6%) 4(9%) 2 (4%) 1(2%)

Note. * — the difference by detectability of microorganisms in BAL before and after changeover of the antibiotic therapy regimen in group

1, Fisher’s exact test (P<0.05).

IIpumevanue. Microorganisms — MUKPOOPraHU3Mbl; after changing — mocsie cMeHbL. * — pasinyie Mo BbISIBJISIEMOCTH MUKPOOPTAHI3MOB
B BAJI 110 ¥ 110CsIE CMEHBI PEeKUMa aHTHOMOTHKOTEpAIuu B rpyiie 1, tounsiii rect @uinepa, p<0,05.
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JluHaMuKa 10 TaHHBIM peHTreHorpaduu opra-
HOB TpyAHO# KaeTku. [lo marHbIM perTTreHOTpadun
opranoB rpyaHoil kusetkn HII y Bcex mammeHTOB
HOCHUJIA IBYCTOPOHHWH TTOJTMCErMEHTaPHBIX XapakTep.
[MonoxuTeNbHYIO IMHAMUKY TIO JAHHBIM PEHTTEHO-
rpadum OpPTraHOB TPYAHON KJIETKU OTMETHUJIN y 34
nanuenToB (71%) I'p. 1 K ceibMbIM CyTKaM JICUEHVIS;
B I'p. 2 Mo100HY 10 IUHAMUKY OTMETUJIN Y CEMU Taliu-
ertoB (28%) (p>0,05). He BbIABHIM MOCTOBEPHBIX
pasmIuii MEKIy TPYIIAMU, 9YTO CBSI3aHO C T€M, UTO
JTaHHBIE PEHTreHOrpauy OPraHOB TPYAHON KJIETKU
MaJIOMH(MOPMATUBHBI [T TUarHOCTUKUA W OTIEHKU
munamuky Tevenns [TH [1, 6, 7].

Cpoku nepeBo/ia Ha CaMOCTOSTEIbHOE JIbIXaHue
JUIATEJIHOCTD NPEObIBAHKS B OT/IEJIEHHU PEaHUMATO-
gorum. [Tonosxkurenpras mnaammka teuernst HIT noct-
PO IBIXaTeIbHOM HEIOCTATOYHOCTH Ha (poHe JieueHusT
MK no3Bosna panbliie mepeBecTy MarreHToB Ha caMo-
CTOSITEJIBHOE JIBIXAHKE 1 COKPATUTh CPOKHU TIPEObIBAHMS
B OT/ICJICHUY PEAaHUMATOJIOTHHN Oe3 BJIMSTHUS Ha JICTa/lb-
HocThb. B I'p. 1 mepeBos Ha camocTosITETHHOE /TbIXaHWe
BBITIOJTHUJIN panbine, yeM B I'p. 2 — 7,6+1,6 cyr. B I'p. 1
mpotus 11,7£3,4 cyT. B I'p. 2 (p=0.0000) (puc. 3). B I'p.
1 cpoku npedbIBaHUST B OTJECJICHUN PEAHUMATOJIOTHN
ObLI MeHblIe, yeM B I'p. 2 — 12,0£34 cy. B I'p. 1 ripo-
tnB 16,3134 cyT. B I'p. 2 (p=0.0000) (puc. 3).

ITo60ounbie 3pPpexTsi u aetaabHoCcTh. B I'p. 1 He
perucTpupoBaan MoOOUYHBIX 3(HPEKTOB, KOTOpPbIE
MOZKHO OBLIIO ObI IOCTOBEPHO CBSA3aTh € IPUMEHEHHEM
MK. CrydgaeB 6poHXOCTIa3Ma He OTMETHIIH HHU Y OJTHO-
ro maruenTa I'p. 1, 9To COOTBETCTBYET TaHHBIM JIPYTUX
uccnenosanuit. Jleranbuocts (28-cyrounas) B I'p. 1
cocraBuiia 16,7% (n=8), B I'p. 2 16,2% (n=7). Jlerann-
HBI€ MCXO/bl ObLIN CBSI3aHBI C TIPOIPECCUPOBAHIEM
MOJIMOPTAHHON HEIOCTATOYHOCTH, HO HE C HETIOCPE]T-
cTBeHHBIM TiporpeccupoBannemM HII. /locToBepHBIX
PaBJIMUUIi 10 JIETATLHOCTH HE TIOJIYYHUJIN B CBSI3U C
MaJIBIM Pa3sMepPOM BbIOOPKIL.

CpaBHenue 3¢ ¢heKTHBHOCTH HHTAJSIHOHHOTO
TOOpPaMUIIMHA U MHTAJSIMOHHOTO KoJiucTuHa. [Ipu
CPaBHEHWH KJIWHUYECKUX UCXO/IOB JICYCHMS TAI[UeH-
toB HII gByMs1 peskuMaMy HHTAJISTIHOHHOM aHTHOWO-
TUKOTEpanuy (MHTAISIIMOHHBIA TOOPAMUIIIH, WHTa-
JISSTIMOHHBINA KOJTMCTUH) HE BBISIBUJIU JOCTOBEPHbBIX
pasnuunii (tabir. 3)

B manHOM McciefoBaHUY TTPO/IEMOHCTPUPOBAIH
addextuBrocts MK B mosuposke 2 mura. E/[ 3 p/cyT.
B KauecTBe JIONMOJHEHUsST K CUCTEMHOI aHTHOaKTepu-

||
B Group1 (AC) [ ] Group2(IV)
18
16 -
14 —
12 —
E" 10 -
e 8 - —
6 I
4 f———
2 —
0- AT
Transition time ICU stay
to spontaneous
breathing

Puc. 3. Cpoku nepeBo/ia MANMEHTOB HA CAMOCTOSITEbHOE /[BIXa-
HHE€ ¥ [UTATEIbHOCTD NPEObIBaHUS B OT/IEICHHH PEaHUMAIHH.
Fig. 3. Transition time to spontaneous breathing and the ICU
stay duration.

Note. * — reliable difference between groups 1 and 2, Newman-
Keuls test, P<0.05.

IIpumeyanue. * — 1O0CTOBEPHOCTH PABINIMIT MEK Y TPyTIIIaMu 1 1
2, Newman-Keuls recr, p<0,05.

At the background of conducted antibiotic therapy, in
both groups a reliable decrease of BAL pathogen titer
by therapy day 5—7 to 103>—10* CFU/ml and reliable
decrease of detectability of a number of germs in BAL
were observed (Table 2). Eradication of pathogenic
microorganisms by therapy day 7 was achieved in 80%
in Gr. 1 and in 60% of patients in Gr. 2 (n=12)
(P>0.05) (Fig. 2).

Inefficacy of aerosolized antibiotic therapy. In
five patients of Gr. 1 (10,4%) AC therapy was inefficient
and required antibiotic therapy replacement (with Ce-
foperazonum/Culbactamum (7=3), Doripenem (n=2).
Change of antibiotics was effective: NP positive dynam-
ics was noted within 6.5£2.3 days of therapy. Inefficacy
of aerosolized antibiotic therapy was, probably, related
to presence in these patients of multidrug-resistant
strains.

Dynamics according to chest X-ray. According
to chest X-ray data, in all patients NP had bilateral
multisegmental nature. According to chest X-ray, pos-
itive dynamics was noted in 34 patients (71%) of Gr.

Ta6uuna 3. CpaBuenue 3¢ dexrusroctu aevenuss HIT unraisuuonnsiv ToopamunuaoM [11, 12] v MHraIsIMOHHBIM KO-

JIMCTUHOM.

Table 3. Comparison of NP treatment efficiency using inhalation tobramycin [11, 12], and aerosolized colistin.

Parameters Values of parameters of antibiotic therapy regimen
Inhalation tobramycin Aerosolized colistin
(300 mg, bid) (2 million units, bid)
Resolution of NP % 84% 75%
Eradication of pathogens,% 72% 80%
Transition time to spontaneous breathing, day 8.2+1.5 7.6+1.6
ICU stay, day 14.9+3.4 12.0£3.4

IIpumeuanue. Inhalation tobramycin — uHranAMOHHBIIT TOOPAMUIIIH.
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anpHOM Tepanuu ipu tederun HII, BpisBanHO# mosim-
PE3UCTEHTHBIMK IPaM-OTPUIATETbHBIMU BO30YANUTE-
JsMu: gacTtoTa paspernerns HIT cocrasuma 75% (mpo-
tuB 52% B I'p. 2, p=0.0295); spaguxarus maTOreHHbIX
MUKDPOOPTaHU3MOB K 7-M CYT. JIeueHust Oblia JOCTHUT-
Hytay 80% B I'p. 1 my 60% B I'p. 2 (n=12) (p>0,05); B
I'p. 1 mepeBoJ Ha camMOCTOSITEJbHOE AbIXaHUE OBLI
BBITIOJTHEH paHbIre, yeM B I'p. 2 — 7,6+1,6 cyt. B I'p. 1
nportus 11,7£3,4 cyT. B I'p. 2 (p=0.0000); B I'p. 1 cpokn
npeObIBaHUs B OTAEJICHUN PEAHMMATOJOIUN ObLIN
Menbine, 9em B I'p. 2 — 12,0£3,4 cyr. B I'p. 1 mpoTtus
16,3+3,4 cyT. B I'p. 2 (p=0.0000).
NHTangaimmoHHbIil Ty Th BBE/IEHNS UCTIOIb3YeTCS
JUTST JIEKAPCTBEHHBIX MPEapaToB Pa3JnIHbIX TPYIIIL:
AHTUOMOTHUKOB, IPOTHBOIPUOKOBBIX, TPOTUBOTYGED-
KyJIE3HBIX, UIMMYHOCYTIPECCOPOB, MHCYJINHA, BAKIUH,
naTepdepoHOB, (hypoceMnsia, B TeHOTEpATUN Psifa
3abosieBanuil. Ilo MaHHBIM KPYITHOTO HEMEI[KOTO
uccaenosanug Ehrmann S. 1 coast. 99% Bpaueii ote-
JICHWI PEaHUMATOJIOTUY UCTIOJIb3YeT WHTAJISIIUOHHBIIA
c1ocob BBeIeHUS JIEKapCTBEHHbIX Ipenaparos, 80%
MPUMEHSIOT MHTAJSIIIMOHHDIH KoaucTuH, a 30% mpo-
BOJISIT MHTAJSIMOHHYI0 aHTHOMOTHKOTEPANNIO KaK
MUHUMYM pa3 B /iBa Mecsia [ 13, 14].
WNHTansiinonHbIil My Th BBEJIEHUS C UCTIOJIb30Ba-
HIEM COBPEMEHHBIX HeOyJ/I1ail3epoB MO3BOJISIET 10CTa-
BUTh 50—70% 03B MHTAISAIIMOHHOTO aHTUOMOTHKA
HETIOCPE/ICTBEHHO B ovar nHpekimu. [Ipr aToM KOH-
HEeHTpaIMs aHTUONOTHKA B MOKpoTe B 10—25 pas Bbiiie
MUHUMAJTBHON TIOAABJSIONIEN KOHIIEHTPAINH, YeM
0CJIe BHYTPUBEHHOTO BBEIECHHSI, 4TO HEOOXOMMO JIJIsk
MPEOIOJIEHNS] PE3UCTEHTHOCTU MHUKPOOOPTAaHU3MOB.
VHTa/IAIUOHHBIN 1Ty Th BBEICHUST aHTUOMOTHKOB CBSI-
3aH ¢ MEHBIITUM CUCTEMHBIM TOKCHYECKUM BO3/IEHCTBH-
eM mpemnapara. BaskHbIM aclleKTOM aHTUMHKPOOHOTO
JNEHCTBUS MHTAISAIUOHHBIX aHTHOUOTHKOB SIBJISIECTCS
UX paspyliaoliee aeiicTeue Ha 6uoruenku [ 15, 16].
HawuboJbliree pacpocTpaHeHne B yJIbMOHOJIO-
MW U PEAHUMATOJIOTUN TIOJYUNJT WHTAJISITUOHHBINA
KOJUCTUH W WHTAJTSIMOHHBIE aMUHOTJINKO3U/IBI
BCJIE/ICTBYE X GaKTepPUIIUAHOTO aheKTa U JoKa3aH-
HOI 6e301aCcHOCTH IIPU WHTAISIIMOHHOM BBEICHUN.
[Momuvukcu E (KosucTuH) OBLT BBIAETEH U3
Bacillus polymyxa stmonckmm nccremosarenem Koya-
ma Y. B 1949 r. [Tlomumukcun E (konuctun) n nosm-
MUKCUH B OTIMYa0OTCS 10 XMMUYECKOI CTPYKTYPeE.
AT aHTUOMOTHKY AKTUBHO IPUMEHSIIIH JIJIsI JIeUeHUsT
TSIKEJIBIX TPaM-OTpUIaTeTbHbIX nHbekuil B 1950-
70-e TT., 3aTE€M UX B OCHOBHOM HCIIOJIb30BAJH TIPU
MyKOBHCIH/I03€, a ¢ Hadasra 2000 1. cHoBa BEpHYJINCH
K UX HCIIOJTb30BAHUIO B PEAHUMATOJIOTUN B CBSI3U C
POCTOM aHTHOMOTHKOPe3ucTeHTHOCTH. KommeTna —
HanboJree CJI0KHBIN JIJIsT HHTAISIIIHOHHOTO BBEICHIIS
AHTHOMOTHK, TIOCKOJIBKY OH TIPE/CTaBJIsIeT COOOM IPo-
JIEKapcTBO (KOJUCTUMETAT ), KOTOPOE JIJIST aKTUBAIINN
JIOJIKHO TIOABEPTHYTHCS TUAPOIN3Y. VIMEHHO laHHast
(opma mpenapara mpeANOYTUTETbHA JIJISI WHTAJIS-
[MOHHOU aHTHOHOTHKOTepanui., KoJmeTuH sBJisiercst
CMECHIO MUKJINIECKUX KaTHOHHBIX MENTH/IOB, KOTO-

1 by the seventh day of therapy; in Gr. 2 such dynam-
ics was observed in seven patients (28%) (P>0.05). No
reliable difference between the groups was found pre-
sumably because the chest X-ray data provided little
information on NP diagnosis and course dynamics as-
sessment [1, 6, 7].

Time to spontaneous breathing, time in inten-
sive care unit. Positive dynamics of the course of NP
and acute respiratory compromise at the background
of AC therapy allowed spontaneous breathing of pa-
tients earlier and reducing the time in intensive care
unit without influence on mortality. In Gr. 1 patients
were allowed to breathe independently earlier than in
Gr. 2:7.6£1.6 days in Gr. 1 versus 11.7£3.4 days in Gr.
2 (P<0.00001) (Fig. 3). In Gr. 1, the intensive care unit
time was shorter than in Gr. 2: 12.0£3.4 days in Gr. 1
versus 16.3+3.4 days in Gr. 2 (P<0.00001) (Fig. 3).

Side effects and mortality. In Gr. 1 no side ef-
fects that can be reliably associated with AC applica-
tion was registered. No bronchial spasm cases were
noted in any patient in Gr. 1, which corresponds to the
data of other investigations. Mortality (28-day) in Gr.
1 equaled to 16.7% (n=8), in Gr. 2 — 16.2% (n=7).
Lethal outcomes were connected with progression of
multiple organ failure rather than with progression of
NP itself. Reliable differences in mortality were not
received due to small size of the sample.

Effectiveness comparison between aerosolized
tobramycinum and aerosolized colistin. Comparison
of the clinical outcomes of NP patients’ treatment
with two regimens of aerosolized antibiotic therapy
(aerosolized tobramycinum, aerosolized colistin) re-
vealed no reliable difference (Table 3)

This study has demonstrated efficacy of AC
dosed 2 mIn. U 3 times/day as an adjuvant therapy to
systemic antibiotic therapy for NP caused by mul-
tidrug-resistant gram-negative bacteria: NP resolution
rate amounted to 75% (versus 52% in Gr. 2,
P=0.0295); eradication of pathogenic microorganisms
by therapy day 7 was achieved in 80% in Gr. 1 and in
60% in Gr. 2 (n=12) (P>0.05); in Gr. 1 time to spon-
taneous breathing was shorter than in Gr. 2: 7.6+1.6
days in Gr. 1 versus 11.7£3.4 days in Gr. 2
(P<0.00001); in Gr. 1 time in the intensive care unit
was shorter than in Gr. 2: 12.0+3.4 days in Gr. 1 versus
16.3+3.4 days in Gr. 2 (P<0.00001).

The method of administration by inhalation is
used for drugs of different groups: antibiotics, antimy-
cotics, antimycobacterials, immunosuppressive drugs,
insulin, vaccines, interferons, furosemide, in gene ther-
apy for a number of diseases. According to the large
German study by Ehrmann S. et al., 99% of intensive
care doctors use inhalation as the method of drug ad-
ministration, 80% apply aerosolized colistin, and 30%
perform aerosolized antibiotic therapy at least once
every two months [13, 14].

The inhalation method of administration using
modern nebulizer allow delivering 50—70% of the
aerosolized antibiotic dose directly to the nidus of infec-
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PbIe MOT'YT MMOBPESKAATH HE TOJNBKO KIETKH MUKPOOOB,
HO W KJIETKU PECHUPATOPHOTO TPaKTa U JIETKUX.
MurtiieHb 1T KOJTUCTHHA — JIMTTOTIOJIMCAXapu/l Kire-
TOYHOU cTeHKn GakTepuii [17].

KpymHbIX paHIOMU3UPOBAHHBIX MHOTOIIEHTPO-
BbIX nccnenoBanuii o MIK B revennn HII 1o nacrosi-
IIero BpeMeHU He MPOBOIUIOCH. Bee ncciemoBanus
KpaifHe TeTePOTeHHbI 110 [IN3aiiHY, BCJIE/CTBUE Yero B
Hacrosiee BpeMs EBporneiickum o611ecTBOM KJIMHUYe-
CKOI MUKPOOUOJIOTHN U MHMDEKIIMOHHBIX 3a00JIeBaHNI
HE PEKOMEHJIOBAHO HCIOJb30BaTh WHTAJSIIMOHHbIE
AHTUOMOTHKY B KJIMHUYeCKOH mpakTuke [18]. Harmpo-
THB, B PEKOMEHIAIIX AMEPHKAHCKOTO 00IIecTBa
undexnmonnbix 3abonesannii (Infectious diseases soci-
ety of America, IDSA) 2016 r. oT™Meu€eHO, 4To TIPH HaJIH-
YUW YYBCTBUTEIBHOCTU TOJHKO K aMIHOTJIUKO3UIAM
WM KOJTUCTHHY TIPEANOUTUTETHHO TPOBOANTD KOMOU-
HUPOBaHHOE JIeYEeHHE JaHHBIMU aHTHONOTHKAMU (BHYT-
PUBEHHO+HWHTAISAIMOHHO). Kpome TOro, B MaHHBIX
PEKOMEH/IAISX YKa3aHO, UTO TPUMEHSITh MHTAJISTITUOH-
Hble AaHTHOMOTUKHU 11€7IeCO00PA3HO B TEX CUTYAIUsX,
KOT/ZIa HET KJIMHWYECKOTO OTBETa Ha BHYTPUBEHHOM
peknMe aHTHOMOTHKOTeparii. JlaHHbIe MeTa-aHajm3a
IDSA mnoxkasbiBaroT, 4TO NCTIOJIb30BaHNE MHTAJISTIMOH-
HbBIX aHTHOMOTHKOB B KAUECTBE JIOTIOJTHEHHSI K CHCTEM-
HbIM yBeauuBaeT yactoty pasperenns HIT (RR 1,29)
6e3 BrustHus Ha JeTarbHocTh (RR 0,84) wmm wactory
pasBuTust mo6ouHbIX adderros (RR 1,11) [19].

B Poccutickux HarmmoHaabHBIX peKOMEHIAINSIX
«HoszoxomuasnbHas mHeBMOHUS Y B3pocbix» 2016 r.
TaKsKe OTMEUEeHa [1eJIeCO00PasHOCTh TPUMEHEHHS HTa-
JISIIIMOHHBIX aHTHOHOTHKOB B KAUeCTBE JOMOJTHEHUST K
cricteMHbIM. OTMEUeHa BasKHOCTD COOJTIOICHUS TEXHI-
KW UHTAJISIIIAN aHTUOMOTHKOB ¥ NCTIOJIb30BaHUs HeOY-
JIAali3ePOB MOCJIEHEr0 TTOKOJICHUS JIJIST YBEJTMUEHUST
JIOCTAaBKH TIperapara B jierkue. Kpome Toro, perienme o
Ha3HAYEeHUN WHTAISIHOHHON aHTHOHOTHKOTEPATUT
JIOJKEH MPUHUMATh KOHCUITYM (heiepasibHOH crierna-
JINBUPOBAHHON METUTTUTHCKON OPTAaHU3AIIH TP YCJITO-
BUU HaJW4ust J00POBOJBHOTO MHMOOPMUPOBAHHOTO
COTJIACHST TIAIMEHTA WU er0 3aKOHHBIX TIPE/ICTABUTE-
meti  (Ilpukas Munsapasconpassutusi P® ot
09.08.2005 r. Ne494 «O mpuMeHeHNH JIeKapCTBEHHBIX
CPeCTB Y GOBHBIX MO JKU3HEHHBIM TTIOKazaHusM» ) [1].

JlaHHbIe HAIITETO WCCIIEIOBAHISI BO MHOTOM COTJIa-
CYIOTCS € Pe3yJIbTaTaMu 3apyOesKHbBIX HCC/ICIOBAHUIT 10
npobJieMe, Ho TIPEUMYIIECTBOM JIAHHOTO UCCIIEIOBAHMS
SBJISIETCS] TOMOTEHHOCTD BbIOOPKU GoJIbHbBIX. B perpo-
CrieKTUBHOM nccsenoBanin Doshi M. u coasT. GbLI0
MOKA3aHO, 4TO JI06aBJICHIE HHTAJISIIIHOHHOTO KOJIUCTH-
Ha K BHYTPUBEHHOMY KOJICTHHY YCKOPSIET pa3pelieHue
I[TH n cawxaer meramprHocts mpu [TH, BpI3BanHOM
MOJINPE3UCTEHTHBIMU IPAaM-OTPHUIIATETHHBIMI MUKPO-
oprarmusmamu [20]. B uccienosaruu Tumbarello M. u
coaBT. OBLJIO MOKasaHo, 4To Kcnosib3oBanne VK 1o
CPaBHEHWIO C BHYTPUBEHHBIM CIOCOOCTBYET GoJiee
6eicTpomy paspeteruto ITH u Gosiee paHHemy miepeBo-
ny GOJBLHBIX Ha caMocTosTenpHoe abixanue [21]. Kor-
bila I. u coasr. nokazamnu, uto MBJI-acconuposantas

tion. In this instance, the sputum concentration of
antibiotica is 10—25 times higher the minimal suppress-
ing concentration that after intravenous administration,
which is necessary to overcome microorganisms’ resist-
ance. Administration of antibiotic by inhalation is asso-
ciated with a smaller systemic toxic action of a drug. An
important aspect of antimicrobial effect of aerosolized an-
tibiotics is their destructive action on biofilms [15—16].

The most common in pulmonology and intensive
care are aerosolized colistin and aerosolized aminogly-
cosides thanks to their bactericidal effect and proven
safety when administered by inhalation.

Polymyxinum E (colistin) was isolated from
Bacillus polymyxa by Japanese researcher Koyama Y.
in 1949. Polymyxinum E (colistin) and Polymyxinum
B differ by chemical structure. These antibiotics were
intensively applied for severe gram-negative infections
in the 1950—70s, later they were used mostly for mu-
coviscidosis, and since early 2000, they have been used
again in intensive care medicine due to growth of an-
tibiotic resistance. Colistin is the most difficult antibi-
otic for administration by inhalation, as it is a prodrug
(colistimethate), which must be subjected to hydrol-
ysis for activation. It is this form of the drug that is
preferable for aerosolized antibiotic therapy. Colistin
is a mixture of cyclic cationic peptides that can dam-
age not only the cells of microbes, but the cells of the
respiratory tract and lungs as well. Colistin target is
lipopolysaccharide of the cellular wall of bacteria [17].

Large randomized multi-center studies of AC for
NP have not been undertaken up to the present day.
All investigations are extremely heterogenic by de-
sign, hence, at present, the European Society of Clin-
ical Microbiology and Infectious Diseases does not
recommend using aerosolized antibiotics in clinical
practice [18]. On the contrary, the recommendations
of the Infectious Diseases Society of America (IDSA),
2016, have noted that if there is susceptibility only to
aminoglycosides or colistin, a combined therapy with
these antibiotics (inravenous administration plus in-
haled drug) is preferrable. Besides, these recommen-
dations find it expedient to apply aerosolized
antibiotics in situations when there is no clinical re-
sponse to intravenous antibiotic therapy. IDSA meta-
analysis data show that application of aerosolized
antibiotics as an adjuvant to systemic administration
increases the NP resolution rate (RR 1.29) without af-
fecting mortality (RR 0.84) or incidence of side effects
(RR 1.11) [19].

Russian National Recommendations «Nosoco-
mial Pneumonia in Adults», 2016, also note expedi-
ency of applying aerosolized antibiotics in adjuvant
setting complementary to systemic administration.
The importance of observing the antibiotic inhalation
technique and using last-generation nebulizers to en-
hance drug delivery to lungs is pointed out. Besides,
the decision of prescribing an aerosolized antibiotic
therapy must be taken by a council of a federal special-
ist medical organization subject to voluntary informed
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ITH 6bicTpee paspernaercst pu A00ABJCHUN K BHY TPH-
BEHHOMY KOJIMCTHHY HHTAJISIIMOHHON (hOPMbI aHTHOKO-
tuka [22]. B pa6ore Liu D. u coasr. Beuia gocTuriayTa
GOJIBIIIAS YACTOTA HPAMKAIIMN BO3OYANTEISI U3 MOKPO-
TBl M MEHbIAs JIETATbHOCTh NIPU KOMOWHUPOBAHWUN
WHTAJISIIIMOHHOTO W BHYTPUBEHHOTO KOJIMCTHHA. YacTo-
Ta NOOOYHBIX 3 (HEKTOB B 9TOM CJIyyae He BO3pacTaja
[23, 24]. B mera-anammse Valachis A. 1 coast. 66110
MoKa3aHo, uyTo ncroab3oBanne MK BmecTe ¢ BHyTpH-
BEHHBIM KOJIMCTUHOM COIPOBOKIAETCS YBEJTUUEHUEM
vactorhl pasperternst HIT, spagukaryy Bo3Oyauresiei
13 MOKPOTBI U CHUKEHHEM JIETAIbHOCTH, TOT/Ia KaK
nobGasnerre MK K ApyruM CHCTEMHBIM aHTUOHOTHKAM
He BJIMsIET Ha JieTaJbHOCTh [25]. B MeTa-anamuse Flo-
resci D. 1 coaBT. ObUIH MOKA3aHBI TTOJIOKUTETBHBIE KJIH-
HUYeckre a(h(HeKThl MHTaISIIMOHHOTO KOJTMCTUHA, HU3-
Kas yactota Hedpo- W HEMPOTOKCUYHOCTH, a TaKKe
CHUKeHUe JieTaibHOCTH [26].

HampoTuBs, B peTpOCTIEKTUBHOM UCCIIEIOBAHUN
caydaii-koHTposib Kofteridis D. u coaBr. He 6bLIO
OTMEYEHO KJIMHWYEeCKOW 3(hGheKTUBHOCTN WHTAJS-
[UOHHOTO KOJIMCTUHA MPU ero A06aBJCHUN K BHYT-
PUBEHHOMY KOJMCTUHY [27]. AHasoruyHble JaHHbIE
ObLIM  TIOJydeHBl B HeJAaBHEM HCCJEI0BAHUU
Demirdal T. u coast. [28].

Czosnowski u coasr. [29] 1okasasiu, 4To UCHOb-
30BaHUe WHTAJSIIMOHHBIX aHTHOMOTHKOB MMO3BOJISIET
noctuyb pasperernst HIT B 73% ciydaes, apagukaiun
Bo3OymuTesst B 71% ciyuyaeB. B perpocnekTnBHOM
ncenenosanun Arnold H. u coaBT. oTMedeHa TeHieH-
11 K 60s1ee BBICOKON BbhKMBaeMocTH 6oabnbix HIT,
KOTOPBIX JICUMJIH WHTAJISIIIMOHHBIM TOGPAMUIIMHOM
[30]. B uccremosarmu Niederman u coasr. [31] 6bima
mokazaHa 3(Q(HEeKTUBHOCTH MHTAISIIMOHHOTO aMUKaIIH-
Ha, KOTOPBI BBOJIVJIN C TIOMOTITHIO AKCTIEPUMEHTATTHHO-
ro HeGyJaiizepa 400 Mr Kaskablie 12 4. nm Kasable 24
v, Yacrora pasperernst HIT cocrasuima 50% tpu aBy-
KpPaTHOM BBEJIEHUM aMUKaIlnHa U 17% 1pu 0JIHOKpaT-
HOM, 4acToTa OO0YHBIX 9P (hEKTOB OblLTa MUHUMAJIb-
Hoii. Le Conte wu coaBr. [32] mokazamm, 4YTO
HCIIOJIb30BaHNE WHTAMSIMOHHOTO TOOPaMHUIIMHA B
KauecTBe JIONOJHEHUST K BHYTPUBEHHBIM GeTa-JlakTa-
MaM TI03BOJIIET COKPATUTD MTPoiosrkuTeThHOCTH BJI.
B perpocriektuBHOM nccsenoBaruu Lu Q. n coasT.
Oblla  3apETMCTPUPOBAHA CXOAHAS KJIMHUYECKAs
3(hHEKTUBHOCTH CUCTEMHOTO U MHTAJISIITUOHHOTO BBE-
JeHust e razuinmMa i aMUKaIHA, HO MEHBITIAs YacTo-
Ta  (opMUPOBaHUS  PE3UCTEHTHBIX  IITAMMOB
Pseudomonas aeruginosa B rpynme NMA. [33]. Ta xe
rpyIma uccjeoBaTeseil mokasana cXoaHyto addex-
TUBHOCTb MHTAJISIIIUOHHOTO KOJIMCTHHA M KOMOUHAIN
BHYTPUBEHHBIX OeTa-JTaAKTAMOB M aMIUHOTJIMKO3U/IOB Y
6ompubix HIT, BoisBanuoit Pseudomonas aeruginosa
Acinetobacter baumanii [34]. B nantnom ncciieioBanun
He OBbLIO TTOKa3aHo (DOPMUPOBAHKS PE3UCTEHTHOCTH
MHKPOOPTaHU3MOB Ha (JOHE MHTAIAIIMOHHO aHTHOWO-
tukorepanuu. Hamporus, y 25% MUKPOOPTaHN3MOB Ha
(dboHe JleueHMsT WHTAJSIIMOHHBIMU AHTHOMOTHKAMU
MOBBICUJIACh YYBCTBUTEIBHOCTh K aHTHOHOTHKAM, K

consent of the patient or his/her lawful representa-
tives (Order of the RF Ministry of Health and Social
Development dated 09.08.2005 «On Life-Saving Ap-
plication of Drugs in Patients», No. 494) [1].

The data of this study are largely consistent with
the results of international investigations of the prob-
lem; however, the advantage of this study is the patient
sample homogeneity. The retrospective study by Doshi
M. et al. has demonstrated that aerosolized colistin
combined with intravenous colistin accelerates NP res-
olution and reduces mortality from NP caused by mul-
tidrug-resistant gram-negative microorganisms [20].
In their study, Tumbarello M. et al. have demonstrated
that application of AC compared against intravenous
therapy facilitates faster NP resolution and earlier
spontaneous breathing of patients [21]. Korbila I. et al.
have proven that ALV-associated NP resolves faster
when intravenous colistin administration was comple-
mented by the aerosolized form of the antibiotic [22].
Liu D. Et al. achieved higher rate of germ eradication
from sputum and lower mortality in case of combined
aerosolized and intravenous colistin. The incidence of
side effects in such case did not rise [23, 24]. The meta-
analysis by Valachis A. et al. has shown that application
of AC together with intravenous colistin is accompa-
nied with a higher rate of NP resolution, eradication of
germs from sputum, and lower mortality, while AC
combination with other systemic antibiotics has no in-
fluence on mortality [25]. The meta-analysis by Flo-
resci D. et al. has demonstrated positive clinical effects
of inhalationoro colistin, low nephro- and neurotoxic-
ity, and reduced mortality [26].

On the contrary, in the retrospective case-control
study, Kofteridis D. et al. did not observe clinical effi-
cacy of aerosolized colistin when it was added to in-
travenous colistin [27]. Similar results were obtained
in the recent study by Demirdal T. et al. [28].

Czosnowski et al. [29] have proven that applica-
tion of aerosolized antibiotics allows achieving NP res-
olution in 73% of cases, germ eradication — in 71% of
cases. In a retrospective study, Arnold H. et al. noted
atrend towards higher survival of NP patients treated
with aerosolized tobramycinum [30]. The study by
Niederman et al. [31] has shown efficacy of aerosolized
amikacinum administered with the help of an experi-
mental nebulizer in 400 mg every 12 hrs. or every 24
hrs. The rate of NP resolution amounted to 50% in
case of two-time administration of amikacinum and
17% in case of one-time administration, the incidence
of side effects being minimal. Le Conte et al. [32] have
demonstrated that use of aerosolized tobramycinum
as an adjuvant to intravenous betalactams allows re-
ducing the ALV duration. In a retrospective study, Lu
Q. et al. registered similar clinical efficacy of systemic
and inhalation administration of ceftazidimum and
amikacinuma, but more rare formation of resistant
strains in Pseudomonas aeruginosa in the TA group.
[33]. The same team of researchers have shown similar
efficacy of aerosolized colistin and a combination of
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KOTOPBIM OHU paHee ObLIN Pe3UCTeHTHBL. B pabore
Ghannam D. 1 coasT. [35] 6bLIO TPOEMOHCTPHPOBAHO,
uTo B Tpy1ie 60sbHbIX HIT, KOTOPBIX JIeUn/ii MHTasI-
IMOHHBIMU AMUHOTJIMKO3UaMu, paspentenve HII
661710 GoJtee ObICTPBIM (¥ 81% OONBHBIX 110 CPABHEHHIO
¢ 31% B rpyIIne BHYTPUBEHHBIX aHTHOMOTHKOB). He
OBLJIO 3aPETHCTPUPOBAHO CJIyYaeB HePPOTOKCUIHOCTH
B TPYTITIE MHTAJISTIIMOHHBIX aMUHOTJTUKO3UIOB.

CpaBHUTEbHBIE UCCITE/IOBAHNS MHTASITIOHHO-
ro ToOpaMUIlMHA U KOJUCTHHA MTPOBOAMIIICH TOJIBKO
y GOJIBHBIX MYKOBUCITHI030M Ha CaMOCTOSITEJIbHOM
JIBIXaHUW, YTO 3aTPYAHSIET UCTIOJb30BaHNE TTOTYUYEeH-
HBIX JIaHHBIX B KaTETOPUHM PEAHUMATOJOTHYECKUX
6ompubix ¢ HIT [36].

B uccneposanuu Rietmuller J. u coast. Vcnosb-
30BaJIM HEOOBIYHYIO METOANKY MHTAJISIIIMOHHON aHTH-
OUOTHKOTEPATIMY CHHETHOWHON MHMEKIIH [TPU MYKO-
BUCIINIO3€:  TIOCHAEIOBATENbHO  KOMOWHUPOBAIH
UHTAISIIMOHHBIN ToMOpamutit (300 Mr 2 p/cyT.) u
nHTangmonssii kosmetun (1 mumn. EJL 2 p/cyT.).
JlaHHbIil aaropuT™ JiedeHust ObLI 9 (heKTUBEH Y
80,5/% narmenTos [37].

K orpanmveHmsM Hamiero ucciaeloBaHUsST OTHO-
CSATCS: OTHOIIEHTPOBOM M HEPAH/IOMU3NPOBAHHBIN €T0
XapakTep, MaJblii 00beM BBIGOPKH; HAJIMYKE Y BCEX
MAIMEeHTOB OCHOBHOTO XUPYPTrAYeCcKOTO NH(EKITNOH-
HOTO 3a60seBanms. Takke He BBITTOTHSIIOCH HU3Mepe-
HUe KOHIIeHTPAIlN KOJNCTIHA B KPOBH B TIpoliecce
JIEYeH NS, YTO He JaT0 BO3MOKHOCTH OKa3aTh Ge3-
OIACHOCTh MHTAJISIIMOHHON (POPMBI aHTHOMOTHKA.

3akiaoyeHue

[TpumeHeHne MHTATISTIMOHHOTO KOJIMCTUHA 2 MJTH.
EI 3 p/cyrt. abdexkTrBHO B KauecTBe JOMOJHEHUS K
CHUCTEMHOI aHTUOAKTEPUAIbHOI TepaIi [IPH JIeYeHUH
HO30KOMMUAJIBHOI TTHEBMOHWY, BHI3BBAHHOMN MOJINPE3U-
CTEHTHBIME TPaM-OTPUIATEJbHBIMU BO30YAUTEISIMIL.
Jlanroe MOAMMUIMPOBAHHOE JIEYEHUE CIIOCOOCTBYET
6oJiee OBICTPOMY PaspelleHI0 THEBMOHKH, O0JIee PaH-
HeMy TIepeBO/Ly TTaIMeHTOB HAa CAMOCTOSITETbHOE JIbIXa-
HI€ U COKPAIIIEHUIO CPOKOB MPEOBIBAHKS B OT/AETIECHUN
peanuMarosioruu. JlobaBiieHie HHIAIAIIMOHHOTO KOJIM-
CTHMHA K CUCTEMHbIM aHTHOUOTHKAM CJIEYET PAaCCMaTpH-
BaTh KaK BO3MOKHBIH aJITOPUTM JIeUeHMS TP Heaphek-
TUBHOCTHU HIEPBOiT JIMHIN aHTUOUOTHKOTEPATINH.
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intravenous betalactams and aminoglycosides in pa-
tients with NP caused by Pseudomonas aeruginosa and
Acinetobacter baumanii [34]. This study did not show
formation of microorganisms’ resistance at the back-
ground of aerosolized antibiotic therapy. On the con-
trary, at the background of aerosolized antibiotic
therapy, 25% of microorganisms developed suscepti-
bility to antibiotics, to which they had been earlier re-
sistant. Ghannam D. et al. [35] have demonstrated
that in the group of NP patients treated with
aerosolized aminoglycosides, NP resolution occurred
faster (in 81% of patients compared to 31% in the
group of intravenous antibiotics). There were no cases
of nephrotoxicity in the group of aerosolized amino-
glycosides.

Comparison investigations of aerosolized to-
bramycinum and colistin were carried out only in
spontaneously breathing patients with mucoviscido-
sis, which impedes application of data obtained in the
category of intensive-care patients with NP [36].

In a study, Rietmuller J. et al. used an unusual
method of aerosolized antibiotic therapy for
pseudomonas infection during mucoviscidosis: they
sequentially combined aerosolized tobramycin (300
mg 2 times/day) and aerosolized colistin (1 mIn. U 2
times/day). This therapy algorithm was efficient in
80.5% of patients [37].

The limitations of our study include: single-cen-
ter and non-randomized study, small sample volume;
primary surgical infection in all patients. In addition,
no colistin blood concentration was measured during
the treatment that limited proving the safety of the
aerosolized form of antibiotic.

Conclusion

Application of aerosolized colistin dosed 2 mlIn.
U 3 times/day is efficient as an adjuvant therapy to
systemic antibiotic therapy for nosocomial pneumonia
caused by multidrug-resistant gram-negative germs.
This modified therapy promotes faster resolution of
pneumonia, earlier spontaneous breathing of patients,
and shorter time in the intensive care unit. Addition
of aerosolized colistin to systemic antibiotic should be
considered a possible therapy algorithm in case of in-
efficacy of the first-line antibiotic therapy.
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Ckpbitas win onmbOYHO JUArHOCTUPOBAHHAS AUCHYHKIIUS TOHKOU KUIIKU — OOBIYHOE SIBJIEHKE Y TTAIIUEHTOB
B KPUTHYECKOM COCTOSTHUU. VIHTeCTHHAIBHAS OKCUTEHOTEPAIIM — OJIUH U3 aJIbTePHATUBHBIX Ty TeH HOPMaIU3aIiuu
KOOPAMHUPOBAHHOH akTUBHOCTH rytagikux Mbri JKKT.

Iess uccaenoBanus. OnpenesnThb BAMSHIEC UHTCCTUHAIBHON OKCUTEHOTEPAITNH Y MTAIIMEHTOB € 9HTEPONATUSAMU
KPUTUYECKUX COCTOSTHUI Ha IMHAMUKY MapKepPOB IIPOHUIIAEMOCTH ¥ UIIEMUH KUIICYHOI CTCHKH.

Marepuassi 4 MeTo/ibl. OTKPBITOE TPOCIIEKTUBHOE OITUCATENbHOE nccaenoBanme 12 mareHToB (7 B3pOCTIbIX, 5
JieTell) B KpUTUYECKUX COCTOSIHUSIX € TI0JIMOPTaHHOI HEJIOCTATOYHOCTBIO ¥ OUEBUAHOIL, TGO BEPOSITHOI AuCHYHK-
mueii JKKT. [lequarpudeckuie anueHTsl ObLIN TIPEICTABIECHB IETHMU C BPOXKIEHHBIMU IOPOKAMU CEPAILA, [epe-
HECIIUMU OTIEPATHBHbIE BMELIATEIbCTBA HA OTKPBITOM CEP/IIE € 1EJbI0 X PAJAUKAIbHOU, TUGO0 MaINaTUBHON
KOPPEKIUH.

Pesyabrarer. Ocyi03KHCHUI, CBS3aHHBIX C IPOBEICHUEM MHTECTHHAIBHON OKCUTEHAINNY, He oTMeTnn. Hanpo-
THUB, ee UCIIOJIb30BaHue Y ieTell COBIAJIO C OJIOKUTEIbHON KIMHINYECKOH ANHAMUKON: YCTPaHeHNeM I1ape3a KuIey-
HUKa, HOPMaJU3alueil yCBOeHNs dHTepaabHOro nmutanus. OQHaKo, 0ZIHO3HAYHO MHTEPIPETUPOBATD MOJYYCHHbIC
PEe3yJIbTAThI 3aTPYAHUTEIBHO.

[InasMeHHast KOHIEHTPALUS [IUTPYJUINHA Y leTell — OObeKTUBHBIN MapKep GyHKIMOHAIbHOTO cocTostHust JKKT:
B IIOJABJISAIOIIEM GOJIBUIMHCTBE KOHTPOJIbHBIX TOYEK €T0 YPOBeHb OblT <20 MKMOJIb/J1, UTO O3HAYAET OUEHD TSIKEI0e
nopaskenue kumeynnka. [lnasmennasg konnenrpanns [-FABP B 3HaunTe/IbHOI /10J1€ KOHTPOJIBHBIX TOueK — <100
IIT/MJ1, YTO, HAIIPOTHB, HE MTO3BOJIIET TOBOPUTH O TSIKEJIBIX UIIEMHYECKUX HAPYIICHUSAX KUIIEYHOH CTEHKH.

VY B3pOCJIBIX UCXO/IHAS [JIa3MEHHAS KOHI[EHTPAIUS [[UTPYJIINHA B TIOAABJISIOIIEM OOJIBITMHCTBE KOHTPOJIbHbIX
Touek — <20 MKMOJIb/JI, HO K 5—6 CyTKaM OT Havyajia MHTeCTUHAJIBHON OKCUTEHAIIUU Y OOJIBIINHCTBA ITAIIUEHTOB
6bLra yske >20 MKMOJIb/J1, rocturast >80 MKMOJIb/J1. Koppesisiiiuu Mesk Ly Iia3MeHHbIMY KOHIleHTpaiusivu [-FABP
U IIUTPYJUINHA Y B3POCJBIX HE OTMETHIIH.

Sakmoyenue. VIHTecTHHAIbHAS OKCUTCHOTEPAITNS — TIEPCIIEKTUBHBII TePANeBTUYECKII METO/ TPOMUIAKTUKY
U KOppeKIuu aHTeponarui. MeTo MOKeT 0Ka3aThCst 0COGeHHO 3 hEKTUBHBIM [IPU JIEUeHU Y aHa3POOHON (Hanpu-
mep, CL difficile-acconumupoBantoro kosmTa) uHdekmu. JuarHocTiuyeckast 3SHaYUMOCTb IJIa3MEHHBIX KOHIIEHTPa-
it nutpysuinHa u [-FABP HyskzaeTcs B IOTTOJIHUTEILHOM MTOJITBEPIKICHUH.

Knroueswte crnoga: unmecmunaiviuas OKCuzenomepanus, sHmeponamuit KpumuuecKkux COCMOSIHULL; UUMpPYIium,;
1-FABP

The latent or mist diagnosed dysfunction of the small intestine is a common disorder in critically ill patients. In-
testinal oxygenotherapy is one of the alternative ways to normalize the coordinated activity of the smooth muscles
of the digestive tract.

Purpose of the study. To determine the effect of intestinal oxygenotherapy in patients with enteropathies of
critical conditions on the dynamics of biomarkers of the intestinal wall permeability and ischemia.
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Materials and methods. An open prospective descriptive study of 12 critically ill patients (7 adults, 5 children)
with multiple organ failure and evident or saspected dysfunction of the gastrointestinal tract. Pediatric patients in-
cluded children with congenital heart disease who underwent open-heart surgery for the purpose of radical or pal-

liative correction.

Results. Complications related to the intestinal oxygenotherapy were not observed. On the contrary, its use in
children coincided with the positive clinical dynamics: elimination of intestinal paresis, normalization of digestion
of enteral nutrition. However, it is difficult to interpret the results unambiguously.

Serum citrulline concentration in children is an objective marker of the functional state of the gastrointestinal
tract: in the vast majority of the control points its level was <20 pumol/I; it means a very severe intestinal damage.
Serum I-FABP concentration was<100 pg/ml in a significant number of control points, which, by contrast, does not
allow to talk about the intestinal wall severe ischemic disturbances.

In adults, the initial serum citrulline concentration was <20 pmol/l in the vast majority of control points; but by
days 5—6 after the onset of intestinal oxygenation, in the majority of patients the citrulline levels exceeded >20 pmol/1
(up to =80 umol/1). No correlation between serum citrulline and I-FABP concentrations in adults was found.

Conclusion. Intestinal oxygenotherapy is a promising therapeutic technique for prevention and correction of
enteropathies. The method may appear especially effective in treatment of anaerobic (i.e. CL defficile-assosiated col-
itis) infection. The diagnostic value of plasma citrulline and I-FABP concentrations needs further confirmation.

Keywords: intestinal oxygenotherapy; enteropathy of critical states; citrulline; I-FABP
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BBenenne

JvchyHKIMS  SKeTyIOUHO-KUIIIEYHOTO TPaKTa
(KKT) — tunnynoe sBJeHue y alueHToB B KPUTHYE-
CKOM COCTOSHUU. 32 BPEMsI JICYeHUS B OT/ICJICHUN Pea-
HuManuu 1 uHreHcusHoil repanuu (OPUT) y 59%
MAIMEeHTOB OTMEYAEeTCs, TI0 KpaliHell Mepe, OJTUH CUMII-
toM paccrporicts JKKT, mpossigronmiicss HeriepeHoCu-
MOCTBIO HHTEPAJIBHOTO MUTAHU, KUIIEYHON HEITPOX0-
JIMMOCTBIO, Thapeeii, KpOBOTEUEHUSAMY WJIN UIlIeMUeit
crerku kumku [1]. TIpu aToM 0ObEKTHBHAST OI[EHKA
COCTOSTHUST TOHKOTO KUIIEYHUKA — «TJIyOOKOTO opra-
Hay, TAJIEKOTO OT POTOBOMH TIOJIOCTH, 33JTHETO ITPOX0/IA U
OPIOITHON CTEHKU, — BEChMA CJIOJKHA, UTO PEOTPeie-
JISIET «CKPBITHOCTB» €T0 AUC(hHYHKIIMUA U HEPEIKO OIITH-
GOUYHYI0 ¥ TO3/HIOK JAUATHOCTUKY: Y OGOJIBIIMHCTBA
MAIMEHTOB WINeMUS KUIIEYHUKA PACIIO3HAETCS YiKe
HOCJIE PA3BUTHsI OOMINPHOTO TPAHCMYPAJIbHOTO HEKPO3a
€To CTEeHKH Wi cericuca. [1pm aTom 3amep:kKa Inarto-
CTUKY UIIIEMUU KUTTIEYHUKA Ha 24 yaca CHUKAET BBIKM-
BaeMoCTb Oouibiie, ueM Ha 20% [2, 3].

HecMmoTps Ha TO, 94TO faske CKPBIThIE PACCTPOii-
CTBAa TOHKOTO KUIIEYHIKA MOTYT UMETb KJINHUYECKIE
MOCJIEACTBUSL W BJIUATD Ha IIPOTHO3 3a00JIeBaHUs,
ob1ero noaxoza B aedenuu naumentos OPUT orno-
CUTEJIbHO OlleHKH U Koppekiuu Hapymennii JKKT ne
cymectByet [1]. lyig iuaraocTUKY UIIEMUN KUITIEY-
HUKa TPAJAUIMOHHO TPUMEHSIOT JabopaTopHbIe
MCCJIe/IOBAHMUS, TIPEXK]IE BCETO, — OIEHKY KOHIIEHTpPa-
MU JIAKTATa MIa3Mbl U eUIUTa OCHOBAHWH, TTOJI-
cYeT KOJINYeCTBa JIEHKOIIUTOB B KPOBU. TeM He MeHee,
C TIOMOIIIBIO TOJIBKO ATUX TeCTOB MudpepeHiinpoBarthb
HAIUEHTOB C UIIEMUEN KUIeYHUKa U 0e3 Hee HEBO3-
MOKHO [2, 4]. Jlnarnoctudeckasi 1leHHOCTh METO/IOB
MEIIUIIMHCKON BU3yaJIn3aluy TaKKe OrpaHudeHa nu3-
3a pasHOOOpa3ust IPUUYKH, IPUBOSAIINX K UIIIEMU3a-
nuu crenku Kuirednuka |5—7]. CooTBeTCTBEHHO,
HOTPEOHOCTh B MHBIX MAapKepax UIIEMUU KUIIEYHUKA
(My1a3MEHHBIX X MOYEBBIX ) OCTAETCS BBICOKOM.

Introduction

A gastrointestinal tract (GIT) dysfunction is a
typical phenomenon in critically ill patients. During
the intensive care unit (ICU) treatment, 59% of pa-
tients have at least one symptom of GIT disorders
manifesting with enteral nutrition intolerance, ileus,
diarrhea, hemorrhage or bowel wall ischemia [1]. In
this case, an objective assessment of the small intestine
state , a «deep organ, located far from the oral cavity,
anus and abdominal wall, is very complicated, which
predetermines the «secrecy» of its dysfunction and
often erroneous and late diagnosis. In most patients,
bowel ischemia is diagnosed only after development
of extensive transmural wall necrosis or sepsis. At that,
a 24-hour delay in intestinal ischemia diagnosis re-
duces the survival rate by more than 20% [2, 3].

Despite the fact that even a hidden small intes-
tine disorder may have clinical implications and affect
the disease prognosis, no common approach to the
evaluation and correction of GIT disorders in ICU pa-
tients exists [1]. For the diagnosis of intestinal is-
chemia, laboratory studies are usually used, first of all,
plasma lactate concentration and base deficiency tests,
and the WBC count. However, it is impossible to dif-
ferentiate patients with or without intestinal ischemia
using only these tests |2, 4]. The diagnostic value of
the medical imaging modalities is also limited due to
a variety of intestinal ischemia wall causes [5—7]. Ac-
cordingly, the need for other markers of intestinal is-
chemia (plasmatic and urinary) remains high.

The concentrations of intestinal fatty acids bind-
ing proteins (I-FABP) and citrulline are among poten-
tially useful GIT dysfunction markers. I-FABPs are
small cytosolic proteins released upon the loss of en-
terocytes membrane integrity and excreted with the
urine; they help to distinguish patients with intestinal
ischemia from healthy ones [8—10]. I-FABP values in
plasma and urine were significantly higher in patients
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Cpeny TTOTEHITUATBHO TTOJIE3HBIX MAPKEPOB JIUC-
ynkuun JKKT ykaspiBaloT Ha KOHIIEHTPAIUIO HHTeE-
CTHUHAJIbHBIX OEJIKOB, CBSI3BIBAIOIINX KUPHBIE KICTOTHI
(I-FABP) u uurpysmun. I-FABP — masblie uto30i1n-
HbI€ TIPOTENHBI, 0CBOOOsKIAEMBbIE ITPU YTPaTe IIEJOCTHO-
CTH MeMOpaHbI HTEPOIIUTOB ¥ YAAJISIeMbIE ¢ MO0, —
MOMOTAIOIITIE OTJIMIUTD TTAITMEHTOB € MIIeMUei KAIed-
Huka otT 3710poBbIX [8—10]. I-FABP B mazme u moye
3HAYMMO BBIIIE Y MAIUEHTOB ¢ UIIEMUEH KUITEYHNKA,
YeM Y 37I0POBBIX M3 TPYIIT KOHTPOJS [8, 9.

[uTpy/IsIMH — aMUHOKHUCIOTA, CHHTE3UPyeMast
SHTEPOIUTAMU KUIIEYHUKA U3 TIIOTAMUHA, — TIPeIITe-
CTBEHHUK JIJII CHHTE3a apTUHNHA TouKoil. EcTh ykaza-
HUS, YTO TJIA3BMEHHBIH IUTPYJUIMH — TIPOCTONH U
HaJIe’KHBIIA MapKep GYHKIMOHUPYOIIel MeTabo Tinde-
CKO¥ MacChl 9HTEPOIIUTOB Y JIETEH 1 B3POCIBIX, UMETO-
U IPSIMOE OTHOIIIEHNE K OCTaTOYHOH JTIHE TOHKOM
KUIIKK TPU GOJIE3HSIX KUIeYHUKa (KOPOTKUIT KiTiey-
HUK, OOITUPHbBIE 9HTEPONATHH, CHIeIU(pUIECKoe Topa-
JKeHUe Tocjie XuMuo- u paanoteparun) [11—14], a
TaKKe PAaHHWI MHMKATOP OCTPOTO OTTOPKEHUST ITOCTIe
nepecajiki ToHkoi kumku [15]. Tlokasano, uyro y
MAIMEeHTOB C HOPMAJIBHOM JITMHOM TOHKOH KUIIKH, HO
aTpodueil BOPCUHOK, CBA3aHHOM ¢ ee 3a00/eBaHeM,
YPOBEHbD ITUTPYJIJITHA KOPPETHUPYET C TSKECTHIO U pac-
pocTpaHeHHOCThIO arpodun [16], a Takske oTpaskaer
TIOTJIOTUTEBHYIO CTIOCOOHOCTHIO TOHKON KUK [ 14,
17]. CBs13b MesK/ly HU3KOH TIJIa3MEHHOUN KOHTIEHTPaliu-
eif IUTpyJIIMHA U yTpaToil Gapbeproil pyHKim JKKT
6b1a peanoiokera A. H. Herbers u ap. (2008) [18],
MOKA3aBIINX, YTO MTOCJTE BBICOKOJO3HON XMMHUOTEPA-
MUY HUBKash KOHIEHTPAIUS MUTPYJIMHA B IJIa3Me
cBsI3aHa ¢ bakTeprueMueil 1 KIMHUKO-OUOJOTHYeCKHI-
MU CBHJIETETHCTBAMU MOBPEKIACHUS CJIUUCTON Y
neteit. [IporaocTiyeckast 3HaUMMOCTh KOHIIEHTPAINN
IUTPYJJINHA B TIJIa3Me TMPOJEMOHCTPUPOBAHA U Y
MAIMEHTOB ¢ OCTPBIM MankpeatuToM [ 19]. Kpome Toro,
BBISIBJICHA OTPUIIATEJbHAS KOPPEJISIIUS MEXKIY KOH-
HEeHTpaIUeil MMUTPYJUINHA B MJIa3Me U CHIBOPOTOUHBIM
yposHeM [-FABP; Torna xak ceiBoporounsiii [-FABP
MOJIOKUTETBHO KOPPETUPOBAJI ¢ KITMHUYECKUMU TTPH-
gnakamu guchysrmmu KKT, mkanoit APACHE 1,
KoHIeHTpanueit C-peakrusroro 6eka (CRP) u aym-
TesbHOCTBHIO JledeHnss B OPUT. B utore koHcTatnpo-
BaHO, YTO Y MAITMEHTOB C PUCKOM Pa3BUTHST TOHKOKH-
MeYHON JAMCHYHKIIUM — BCJIEACTBUE CHUCTEMHOTO
BocmajieHns1 1 tunoBosieMun paccrporictBa JKKT
00y CJIOBJIEHBI HEKPO30OM HTEPOIMTOB, OIIEHHBAEMbIM
Ha OCHOBAaHUM MOBbINIeHN TiasMennol [-FABP, u
OCTPBIM COKpaleHueM (PyHKIIMOHUPYIOIIEH MacChl
HTEPOIUTOB, O YeM CYIUJU Ha OCHOBAHWHW HU3KOW
KOHIICHTPAIIVS [IUTPYJIIHA B TIJIa3Me.

OrpaHnveHHbIe KITMHUYECKIE BO3MOKHOCTH KOP-
PEKINU (DYHKIIMOHATBHBIX U OPTAaHNYECKIX HapyTiie-
Huit JKKT npenonpeaesisiior ocTpyo HeoOX0ANMOCTh
MOUCKa cTenndmuecKux MeTo/10B Tepanuu. VHTecTr-
HasbHasg okcureHotepanusg (MO), npeanoxenHas B
npomiioM Beke [20, 21] — oanH M3 aTbTepHATUBHBIX
MyTell HOpMaJTU3aIu KOOPAMHUPOBAHHOI aKTUBHO-

with intestinal ischemia than in healthy individuals
from the reference group [8, 9].

Citrulline is an amino acid synthesized by intes-
tinal enterocytes from glutamine, a precursor for the
synthesis of arginine by the kidney. There are literature
data that plasma citrulline is a simple and reliable
marker of functioning enterocyte metabolic mass in
children and adults having a direct relation to the re-
maining length of the small intestine in patients with
bowel diseases (short intestines, extensive enteropathy
due to specific lesion after chemotherapy and radiation
therapy) [11—14]; it is also an early indicator of acute
small intestine rejection after its transplantation [15].
It has been demonstrated that in patients with a nor-
mal length of the small intestine and with villi atrophy
associated with its disease, citrulline levels correlate
with the severity and extent of atrophy [16], and also
reflect the small intestine absorption capacity [14, 17].
The relation between the low plasma concentration of
citrulline and the loss of the barrier function of the gas-
trointestinal tract was supposed by A. H. Herbers et al.
(2008) [18], who demonstrated that after a high-dose
chemotherapy low concentration of citrulline in
plasma were associated with bacteremia and clinical
and biological evidence of mucosal damage in children.
The prognostic significance of plasma citrulline was
demonstrated in patients with acute pancreatitis [19].
In addition, a negative correlation was found between
plasma citrulline and I-FABP concentration; whereas
plasma I-FABP positively correlated with gastroin-
testinal dysfunction clinical signs, APACHE II scale,
C-reactive protein (CRP) concentration and the ICU
treatment duration. As a result, it was found that in pa-
tients at risk of a small intestinal dysfunction due to
systemic inflammation and hypovolemia, gastrointesti-
nal disorders are caused by enterocyte necrosis esti-
mated based on elevated plasma I-FABP levels and an
acute reduction in the functioning enterocytes mass
confirmed by a low plasma citrulline concentration.

Limited clinical options for the correction of
functional and organic disorders of the gastrointestinal
tract predetermine the urgent need in a search for spe-
cific methods of therapy. Enteric oxygenotherapy
(EO) proposed in the past century [20, 21] is one of al-
ternative ways of normalizing the coordinated activity
of GIT smooth muscles. The results of experimental
and clinical studies demonstrate that the introduction
of low doses of oxygen into the intestine lead to a non-
predictable systemic oxygenation increase [22—31]
and a reduction of cardiac output increased under hy-
poxic conditions as a form of compensation [25], con-
tributes to preservation of the intestinal mucosa
morphological architectonics [32], and promotes GIT
function normalization [27, 30]. Thereby, the identifi-
cation of the mechanisms responsible for the observed
effects of enteric oxygenotherapy appears pathophysi-
ologically and clinically important.

Purpose of the study — to determine the effect
of intestinal oxygenotherapy in patients with en-
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ctu raaakux mei] JKKT. PesysabraTer akcniepruMen-
TAJBHBIX U KJIMHUYECKUX MCCIIEJOBAHNN CBU/ETEIh-
cTBY10T, 4TO BBezienne B JKKT HeBbIcOKMX /103 K1CI0-
pojia TPUBOAUT K HETTPOTHO3UPYEMOMY IO MOIITHOCTH
YBEJIMYEHUIO CUCTeMHOM okcureHanuu [22—31], cuu-
JKEHUIO0 KOMIIEHCATOPHO YBEJIMYEHHOTO B TUTIOKCHYe-
CKHX YCJIOBHSIX CEPAEYHOr0 BhIGpoca [25], criocobeTBy-
eT MOP(hOJOTUIECKON COXPAHHOCTH apXUTEKTOHUKU
CIM3NCTON KUMIeyHnKa [32] n HopMasiusanuu GyHK-
n JKKT [27, 30].

C yueToM M3J05KeHHOTO, BBISIBJIEHNE MEXaHU3-
MOB, OTBETCTBEHHBIX 3a HabJIt01aeMbie 9 ek ThI DHTE-
pPaJIbHOW OKCHUTEHOTEpaIny, MPe/ICTaBASIeTCs aKkTy-
AJbHBIM € TAaTO(MU3NOJOTHIECKON 1 KJIWHUIECKON
TOYEK 3PEHUSI.

[Tesrs — ompesieTMTh BANSHUE MHTECTUHATIbHON
OKCHUTEHOTEpaIrini y MallMeHTOB C 3HTePONaTusIMU
KPUTUYECKUX COCTOSTHUN Ha JAMHAMUKY MapKepoB
MTPOHUTIAEMOCTH ¥ UTIIEMUN KUTIIEYHOH CTEHKH.

MaTepI/IaJI N METO/1bl

[TpoBenenne OTKPHITOTO IPOCIIEKTHBHOTO OMUCATEb-
HOTO uccsegoBanus og00peto pemernuem JIDK. IlanueHTs
WJIH UX TIPEACTABUTENN TOANCHIBAIN HHGOPMUPOBAHHOE
corJacye Ha y4acTue B NCCIIeI0BAHUM.

B nccnenosanme Brmounm 12 manmnentos (7 B3poc-
JIBIX, 5 JleTeil) B KPUTUIECKIX COCTOSTHUSIX C OJTMOPTaHHOM
HezgocratourocTbio (ITOH) 1 oueBuaHOiL, 1160 BEPOATHOI
macynkimeit JKKT (taba. 1). MoTopHO-3BaKyaTOpHBIE Ha-
pymenus JKKT: mapes u B3ayTHe KUIIEYHNKA, HEBO3MOXK-
HOCTh 9HTEPATBHOTO MHUTAHWS W IOCTYIUIEHHE IO
HA30TacTPaIbHOMY 30H/IY 3ACTOWHOTO COEPKIIMOTO paciie-
HUBAJIN B Ka4eCTBe 9HTEPAJIbHOI HeocTaTouHoCcTH. Bee ma-
[MEHTBl  UMEJIN  KJIWHUKO-TabOPATOPHYIO — KapTHHY
CHCTEMHOI BOCIIAJIUTETBHON PEaKIUH.

IleamaTprdyeckne TAIMEHTHl OBLIA TIPEACTABIEHBI
JIeTbMU ¢ BposkieHHbIMU TTopokamu cepia (BIIC), mepenec-
MMM OTlePaTHBHBIE BMEIIATEIbCTBA HA OTKPBITOM CEPAIE C
IEJIBI0 UX PAIUKATLHON JIMOO MAITHATUBHON KOPPEKIIUH.

He BrIIIOYaQIIN B MiCCIeI0BAHE TAIIMEHTOB ¢ abIOMU-
HaJbHOU Tuneprensueil 11 u Gosee crenenu (BB >15 cm
BOL. cT. [33]) u meTell ¢ HEKPOTUUYECKUM IHTEPOKOIUTOM
(H9K) III-1V cragnm.

MO npoBoaumm yepe3 BBeleHHBIH B 12-miepcTHYIO
KMIIKY Kuiieddbld 30Ha («Hyrtputeio6», 8—12 FR.
«B|Braun», Tepmanus). Beeaenue 100% O, y aereii obec-
MeYMBAJIN C TOMOIIBIO HITIpUIleBoro Hacoca («B.Brauny,
Fepmanmnst) nam HU3KOMOTOUYHOTO MHCYhdIIATOPa y B3pOC-
JIBIX MO/l KOHTPOJIEM J[aBJI€HIsI B OPIOMIHON TTOJIOCTH, U3-
MepsieMOro JUCTATBHBIM JTATYNKOM arnmnapara
(pectimpatop «IMO 500», npoussoaurens «O00 Diek-
tpomenobopyaoBanue», Cankr-IlerepOypr, Poccus).
CKOpPOCTb TIOTOKA KUCJIOPOJIA Y JieTeil BapbUpoBaja B Ipe-
nenmax 5—20 mut/gac, y B3pocabix — 5—15 mir/mun. O6bem
BBeJIEHHOTO Ta3a y zereii coctaisan 120—240 miu/cyT, y
B3pocabix — 3—9 si/cyt. B 06uieii caoxkuoctu MO npo-
JIOJKAJN OT 4 710 44 CyTOK.

JIMHAMUKY KIMHUYECKHUX TIPOSIBJICHHI SHTEPOTIATHH
¢dburcuposaau Bo Bpems nposesnennst 1O u B Teuenue 5
IHel mocye ee mpekpamienus. [Ipn Hopmamusanum Mo-
TopHOo-3BakyaTopHoil pyuknnn JKKT (mosBrennn mepu-
CTQJIbTHKH, TPEKPAIIeHNN MOCTYIUIEHUSI 3aCTOIHOTO
CO/IEPIKIIMOTO TI0 HA30TacTPATbHOMY 30HLY Wi (y zeTeil)

teropathies of critical conditions on the dynamics of
the intestinal wall permeability and ischemia markers.

Materials and Methods

An open prospective descriptive study was approved
by the LEC. Patients or their representatives signed the in-
formed consent form to participate in the study.

The study included 12 critically ill patients (7 adults,
5 children) with multiple organ failure (MOF) and the ap-
parent or probable GIT dysfunction (see Table 1). Motor-
evacuation GIT disorders: paresis and bloating, the inability
of enteral nutrition and the flow of stagnant contents along
the nasogastric tube were regarded as enteric insufficiency.
All patients presented a clinical and laboratory picture of a
systemic inflammatory response.

Pediatric patients were represented by children with
congenital heart disease (CHD) who underwent an open-
heart surgery for the purpose of radical or palliative correc-
tion (Table 1).

Patients with abdominal hypertension (intraabdomi-
nal pressure (IAP)>15 cm H,O [33]) of degree IT or a higher
degree and children with necrotizing enterocolitis (NEC) at
IIT or TV stages were not included in the study.

EO was performed through the intestinal probe («Nu-
trityub», 812 FR «B|Braun «, Germany) introduced to
duodenum. The insufflation of 100% O, was carried out
using a syringe pump («B|Braun», Germany) for children or
using a low-flow insufflator incorporated into the respirator
(«<EMO 500», the manufacturer «<EMO Elektromedoboru-
dovanie» Saint-Petersburg, Russia) for adults with the IAP
monitoring measured by the distal sensor of the device. The
oxygen flow rate varied within 5—20 ml/h in children, and
5—15 ml/min in adults. The volume of the introduced gas
was 120—240 ml/day in children, and 3—9 1/day in adult
patients. In total, the EO continued from 4 to 44 days.

The dynamics of enteropathy clinical manifestations
was recorded during the EO and within 5 days after its ter-
mination. After normalization of the GIT motor-evacuation
function (the recovery of peristalsis, gastric stagnant con-
tents flow termination and stomach residual volume de-
crease (in children)) the enteral nutrition was started
through the same tube using a T-socket. The daily amount
of digested food was estimated. Flatulence and recovery of
the stool provided further evidence of the propulsive GIT
function normalization.

Physiological normal range of enteral nutrition in chil-
dren was calculated based on «Normal physiological require-
ments for energy and nutrients for children and teenagers in
the Russian Federation» [34].

The GIT barrier function and enterocytes condition
was assessed on the basis of plasma I-FABP and citrulline
concentrations: studies were performed using frozen plasma
samples stored at -40°C. To assess biomarker concentrations
the laboratory kits Human I-FABP (Hycult Biotech, the
Netherlands) and Human citrulline (CIT) (Immuno Diag-
nostic oy, Finland) were used. Reactions were carried out in
accordance with manufacturers’ guidelines.

The analysis of the assumed reference values of the
studied parameters was performed based on the literature
data. The reference value of I-FABP and citrulline are pre-
sented in Table 2.

Statistical processing and the results presentation.
Statistical analysis of the data was carried out using Mi-
crosoft Excel 2010 and Statistica 7.0 software. The correla-
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Taﬁmma 1. IlaHHbIe O BKJIIOYEHHBIX B HCCJICIOBAaHHE NNAllMCHTAX, ITapaMeTpax WHTECTUHAJIbHOU OKCUTEHAIIHH U €€ KJIH-

HUueckux apdexrax.

Mamuenr, Ne  Iuarnos IMapamertpst 1O, kiuanveckue apdexToi IHTeponarus
Bapocibie
1; MyskumHa, OcTpblil Jeiiko3. Peruaus, mporpeccupoBaHiie. 14 nueit (5—6 a/cyT). Beposithas
34 et XUMHUOPE3UCTEHTHOCTD. ATPAaHYJIOINTO3. AKTHBU3AINS TEPUCTATBTHKN.
ToTanbpHasg THEBMOHUS, TSUKEJIBIIN CEIICHC,
CenTUYeCKUil MoK
2; xxenmuaa,  Cunapom bana-Kuapn. Hnppos mevenn. Acriut 21 nenb (3—4 n/cyT). OueBnnas
48 ner AKTHUBU3AIMS IEPUCTATIBTUKH.
3; My’KUITHA, Bupycuwpiit renatut. [lnppo3s neyenu. 21 nenb (3—4 n/cyr). Beposithas
42 met NmmvynozpedunutHoe coctosame. bakrepnanbHo- AKTHBU3AINS TEPUCTATBTHKN.
rpubKoBbIii cercuc, centrueckuii mok. CIIOH
4; MysKUMHa, lenepanuzoBanusiii atepockiepos, UbC, cocrostiue 4 st (3—4 a/cyT). OueBnnas
65 ner nocsie ABBII, OVIM. Pesexnus 2/3 xxemyaka. AKTHBU3AINS TEPUCTATBTHKN.
lanrpenosusiii xosenucrut. ['HoliHOe paciiaBienue
sabpromunnoil kiaerdarkn. CITOH 3abpiomminas
rematoma [loBTopusie JKKK. Okcrpennas sanaporomus.
5; myskunna,  VBC. Tosropusiit OMM. Kapaunockiepos. [IKMII. 8 nueit (3—4 a1/cyT). Bepostras
68 et Orek serkux. XObJI AXTUBU3AINS TEPUCTATBTUKH.
Orayuen ot UBJL. IlepeBenen
B IPOUIIBHOE OT/IETIEHIE.
6; My>KUITHA, NBC, AKIL, 3 nrynra 8 nueit (7—9 n/cyT). OueBnnas
82 roza Paspenrenne mapesa KUIMIEIHNAKA.
7; mysxumna,  OJLJL, PTIIX kuiednnka TsiKesiblil 9HTEPOKOJIHT. 3 nenenu (3—4 1/cyr). OueBniHast
33 roma Cumxkenue tskectu PTITX.
VicuesnoBenne KpoBH B CTYJIe
Jern
1; neBouka, BIIC: E’KC, nocue Boimosnenus oneparuu Hopsyza. 10 muett (7—10 mu/a; 170—240 mu/cyT). OueBunas
7 mec AKTUBM3AIHS TIEPUCTAIBTUKH.
I[lepeBenena B npoduibHOE OTAEICHUE.
2; TeBouKa, BIIC: Terpama Dasuio, cocrosinue 34 pust (5 mur/a; 120 mur/cyT). OueBnnas
2 mec 10CJIe PAJIMKATIBLHOM KOPPEKIHH. Pazperene mapesa KUIMIEYHIKA.
Yepes 3 s 110C1€ NPEKpalieHns
MO yxynirenne coMaTH4ecKoro
craryca u pazsutine HOK.
BosoGuosrena MO eue na 10 gueii.
3; IeBOUKa, BIIC: AJTA+IMJKII, nocie BbITTOTHEHUST 6 mueit (7 mur/a; 1870 mur/cyT). OueBunas
11 mec paaukanbHoii koppeximu BIIC. Paspenrenne mapesa KUIMIeIHNAKA.
I[lepeBenena B npoduibHOE OTAEICHUE.
4; MQJIbYHK, BIIC: E’KC, nocuie BoimosiHenus cyskuBanust JIA 18 mueit (5—7 mu/4; 120—170 mur/cyr).
1 mec ¢ arpuocerntoctomueii B ycmoBusx MK. Paspenrenne mapesa KUIMIeIHNAKA. OueBnnas
[IepeBesen B IpodUIbHOE OT/E/ICHIE.
5; MaJIbYUK, BIIC: atpesust TK, crenos JIA, mociie HasmoKeHUST 10 mmett. (20 mo/q; 480 mur/cyT). OueBunas
6 jer MobUIINPOBAaHHOTO MIyHTa 110 bireoky-Tayccur. Paspenrenne mapesa KUMIeIHNAKA.

[Tepesesnen B mpoduiIbHOE OT/IE/ICHIE.

Ipumeuanne. 1O — unrectnnanbras okcurenanust; CITOH — curapom nommopranuoit Hepoctatounoct; UBC — nimemmaeckas 6o-
se3ub cepana; ABBIIL — 6udypkamuonroe aopro-6eapentoe myntuposanue; OVUM — octpeiii undapkr muokapia; KKK — sxemy-
nouHo-Kuieynoe kposorevenue; JKMIT — aunararponnas kapauomuonarist; XOBJI — xponndeckast 06¢TpyKTUBHAsE 00JI€3Hb JIETKUX;
AKIII — aoprokoponapuoe myntupoanue; OJIJI — octpbiit mumbobaacTrbiil eiikos; PTIIX — peakiusi «TpaHCIIaHTaT MPOTHB XO-
3sinHay; EJKC — enunbtii skemryrouek cepaua; AJIA — atpesus serounoii aprepun; JIMIKII — nedekt Meskikesy104K0BOI Ieperopo/iKy;
JIA — nerounas aprepust; UK — nekyccrsennoe kpooobpamierne; TK — TpukycrimpaibHblil KanaH.

CHUZKEHUHU OCTaTOYHOTO 0ObeMa B JKeJNyKe) HauMHAIN DH-
TepaJbHOE ITUTAHKe Yepes3 9TOT JKe 30H]] C TIOMOIIIBIO TPOii-
nuka. ONeHrBaIN YCBOCHHDBIIT 0O0bEM TIHTAHUSI 32 CYTKH.
OTxO0:k/IeHNe Ta30B U MTOSIBIEHE CTYJIa CJIYKHUJIH IOTOTHNI-
TeJIbHBIMU CBH/ICTEIbCTBAMI HOPMATM3AIIUH TIPOILYIbCHB-
noit gynkimm KKT.

Dusnosormyeckyo HOPMY SHTEPAIBHOTO TUTAHUS Y
neteii paccunThBasN Ha ocHOBe «Hopm dusnomormuecknx
MOTpeOHOCTEN B 9HEPIUY U TIUTIEBBIX BEIECTBAX /IS IeTell
u nogpocTkoB Poccniickoit Desepanun» [34].

O Gapbeproii pyukin KKT 1 cocTostHum sHTEpOIH-
TOB Cy/INJIN HA OCHOBaHWN N3y4deHns KoHteHTparmii [-FABP
U IUTPYJIMHA: NCCIE0BAHMS BBIIOTHSIN M3 3aMOPOKEH-
HBIX 00PA3IOB TJIa3Mbl MAI[MEHTOB, IHHAMUYECKH 3a0paH-
HBIX, QJIMKBOTHPOBAHHLIX W  OAHKUPOBAHHBIX  [PH

tion analysis was performed by Spearman's rank correlation
and Pearson's correlation. The results were assumed as sta-
tistically different at P<0.05. The results of the study are
presented in the form of graphs, including the numerical val-
ues of the studied parameters.

Results and Discussion

The dynamics of enteral nutrition digestion in
children (Fig. 1) shows that at the baseline 2 of 5 pa-
tients digested <40% of the physiologically normal
amount, and three of them digested <20%. Later,
starting from 2—3 or 6—7 days of observation, the vol-
ume of enteral nutrition in all patients was expanded.
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Table 1. Data on the patients included in the study, EO parameters and its clinical effects.
Patient, No.  Diagnosis EO duration (volume), clinical effects Enteropathy
Adults
1; man, Acute leukemia. Relapse and progression. 14 days (5-6 liters/day). Probable
34 years old Chemoresistance. Agranulocytosis. Total pneumonia, Activation of peristalsis.
severe sepsis, septic shock
2; woman, Bud-Chiari syndrome. Cirrhosis of the liver. Ascite 21 day (3-4 liters/day). Obvious
48 years old Activation of peristalsis.
3; man, Viral hepatitis. Cirrhosis of the liver. Inmunodeficient 21 day (3-4 liters/day). Probable
42 years old condition. Micotic and bacterial sepsis, septic shock. Activation of peristalsis.
MOF
4; man, THD, AMI, generalized atherosclerosis. Post-AFBB 4 days (3-4 liters/day). Obvious
65 years old condition. 2/3 stomach resection. Gangrenous Activation of peristalsis.
cholecystitis. Retroperitoneal tissue purulent melting.
MOF. Retroperitoneal hematoma. Repeated GIT bleeding.
Emergent laparotomy.
5; man, ITHD. Repeated MI. Cardiosclerosis. DCM. 8 days (3-4 liters/day). Probable
68 years old Pulmonary edema. COPD Activation of peristalsis.
Mechanical ventilation discontinuation.
Transferred to the profile department.
6; man, IHD, CABG, 3 shunts 8 days (7-9 liters/day). Obvious
82 years old The intestine paresis resolution.
7, man, ALL, intestine GVHD with a heavy enterocolitis. 3 weeks (3-4 liters/day). Obvious
33 years old Reducing of GVHD severity.
Disappearance of blood in the stool
Children
1; girl, CHD: SVH, condition after Norwood procedure. 10 days (7-10 ml/hr; 170-240 ml/day). Obvious
7 months Activation of peristalsis. Transferred
to the profile department.
2; girl, CHD: Tetrad Fallot, condition after radical correction. 34 days (5 ml/h to 120 ml /day). Obvious
2 months The intestine paresis resolution.
Somatic status deterioration and the NEC
development 3 days after EO termination.
EO renovation for other 10 days.
3; Girl, CHD: PAA + VSD, condition after 6 days (7 ml/h 1870 ml/ay). Obvious
11 months CHD radical correction. The intestine paresis resolution.
Transferred to the profile department.
4; boy, CHD: SVH, condition after PA narrowing 18 days (5-7 ml/hour; 120-170 ml/day).
1 month and atrioseptostomy under AC. The intestine paresis resolution. Obvious
Transferred to the profile department.
5; boy, CHD: TV atresia, PA stenosis, condition after 10 days. (20 ml/h to 480 ml/day). Obvious
6 years old amodified Blelok-Taussig shunt imposition. The intestine paresis resolution.

Transferred to the profile department.

Note. For Table 1 and Fig. 1, 2: EO — intestinal oxygenotherapy; MOF — multiple organ failure; IHD — ischemic heart disease;
AFBB — aorto-femoral bifurcation bypass; AMI — acute myocardial infarction; DCM — dilated cardiomyopathy; COPD — chronic
obstructive pulmonary disease; CABG — coronary bypass graft; ALL — acute lymphocytic leukemia; GVHD — graft-versus-host dis-
eases; SVH — single ventricle of the heart; PAA — pulmonary artery atresia; VSD — interventricular septum defect; PA — pulmonary

artery; AC — artificial circulation; TV — tricuspid valve.

temnepatype -40°C. Bpum ncrorp3oBanbl cTaHAPTHEIE HA-
6opsl Human I-FABP («Hycult Biotech», Huzepaamipr) u
Human citrulline (CIT) («Immunodiagnostic», @urisan-
must). [loctanoBka peaxiiii MpoBoOiNIach B COOTBETCTBUY C
PEKOMEH/IAIUSIMUA U3TOTOBUTEJIEN.

IIpoBenen ananus mnpejmnosaraeMbix pehepeHCcHbIX
3HAYEHMIT MCCTIEeyeMbIX MOoKa3aTeell 110 IaHHbIM JIUTepa-
Typsl. Pedepencurie 3navenunsi [-FABP un murpynnuna
MIPE/ICTABIEHBI B TaOJI. 2.

CTaTHCTUYECKN aHAJIU3 TIOJYYEHHbIX JIAHHBIX T1PO-
Bojun B iporpammax Microsoft Excel 2010 u Statistica
7.0. KoppensimmoHHbIil aHATN3 BBITTOJIHSIJIN METOJIOM PaH-
roBoii koppessiuu CrimpMana, a Tak:ke Koppessimeit [Tup-
cona. /locToBepHBIMU PUHUMAM 3AaKOHOMEPHOCTU TTPHU
<0.05. Pe3ynbTaThl NCCAETOBAHIS TIPEICTABIECHBI B BU/E
rpahuKoB, BKJIOYAIOMNX [IM(PPOBbIE 3HAUEHWS N3YYEHHBIX
roKa3aTeJIeit.

The exception was patient 2 with a very severe heart
failure persisted despite the radical correction of
tetralogy of Fallot; in this case, the increased volume
of enteral nutrition was noted since day 10.

The dynamics of stomach residual volume in
children (Fig. 1, b) shows that at a baseline it ex-
ceeded the introduced food volume in 2 of 5 patients;
in one case, the undigested food constituted 71% of
the initial volume. Later, there was a decrease of the
residual volume of the stomach on the following days
(starting from enteral nutrition beginning): by the
second day — in 3 of 5 patients, by the fourth day —
in one patient, by the seventh day — in one patient
(patient 4 with severe hypoxia due to the systemic
circulation steal syndrome). Complete enteral nutri-
tion uptake was observed in one patient.
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TaGauua 2. Pedepencusie 3nauenusi I-FABP u nurpysuiuna.
Table 2. I-FABP and citrulline reference values.

Reference values Source
Citrulline

30—50 umol/L, irrespective of nutrition state;

<10 pmol/L — an objective threshold for parenteral nutrition beginning at the enteropathy or short intestine 11

20—40 pmol/L 35

34 (27.7; 47.6) pmol /L (Me, upper and lower quartiles) — normal donors;

7.1 (2.3; 11.8) umol /L (Me, upper and lower quartiles) — in sepsis. [36]

26.5 (13,9—43) umol/L in healthy;

15.2 (5,7—28,6) umol/L in the critically ill. [37]

In healthy children (10, 50 and 90 quintile )

6 months — 14; 26; 32 umol /L

2 years — 17; 28; 35 pmol /L

6 years — 23; thirty; 37 umol /L

16 years — 23; thirty; 39 pmol /L [38]

<10 umol/L for patients with diffuse villi atrophy (n=10);

10—20 pmol/L for patients with proximal (duodenal) villi atrophy (n=12);

20—30 umol/L for patients with partial villi atrophy [16]
I-FABP

<65 pg/mL in healthy;

27.4 pg/mL (<20—87) pg/mL in patients with acute abdominal pain;
265.8 (<20—1496) pg/mL in patients with ischemic bowel disease;
>100 pg/mL in patients with mesenteric infarction (n=5);

Not more >100 pg/mL in healthy people [8]
268 pg/mL (in plasma); sensitivity /specificity — 0.68/0.71
551 pg/mL (in urine); sensitivity /specificity — 0.90,/0.89 [39]

1092 (average) pg/mL in severe acute pancreatitis;
84 (average) pg/mL in medium severity pancreatitis;

37 (average) pg/mL in healthy subjects. [40]
2872 (229—4340) pg/mL at proved intestinal ischemia;

1020 (239—5324) pg/mL in the absence of the small intestine ischemia (not statistically significant). [41]
194 pg/mL (in urine) (n=9).

The normal values of I-FABP in the urine are unknown [42]

IIpumeuyanue. Reference values — pedepencubie snauennst; Source — nerounuk; Citrulline — nurpysumm; irrespective of nutrition state —
HE3aBUCHUMO OT COCTOSTHUS TUTanst; an objective threshold for parenteral nutrition beginning at the enteropathy or short intestine — 06b-
eKTUBHBII [IOPOT JIJIsI Hayasia TapEHTEPaJbHOTO MUTAHMS TP SHTEPOIATUH WK KOPOTKOI kuke; upper and lower quartiles — Bepxuwuii u
HuKHAN KBapTuim; normal donors — Hopma y 10HOPOB; in sepsis — npu cericuce; in healthy — y sxoposbix; in the critically ill — y kpuru-
yecknx GospHbIx; children — mereii; quintile — kBanTHIN; months — mecsrpr; years — rozpr; for/in patients with — zist/y nanuenTos c;
diffuse villi atrophy — nuddysnoit arpodueii Bopeun; proximal (duodenal) villi atrophy — npokcumanbroit (yoxeHanbHO) aTpodueit
Bopeut; partial villi atrophy — wactuunoit arpodueii Bopen; acute abdominal pain — octpoii 60sbi0 B skuBOTE; ischemic bowel disease —
WIeMIYeckuM 3a0osieBaHieM KUIIeYHIKa; mesenteric infarction — 6pbikeeynbiM uHbapKkToM; people — smozei; in plasma/ urine — B
iasme,/Moue; sensitivity /specificity — ayBcTBUTEIBHOCTD /CIENMUIHOCTE; in severe acute pancreatitis — MPH TSKEIOM OCTPOM ITaHKPea-
ture; in medium severity pancreatitis — npu nankpearure cpejneii Tskect; subjects — cyGbekTh; at proved intestinal ischemia — npu so-
KazaHHOH wireMun ToHKO# kuiiky; in the absence of the small intestine ischemia (not statistically significant) — npu otcyTeTBUM HIIEMUT
TOHKO# KKK (CTaTUCTUYECKH HeocToBepHO); The normal values — nopMasibHble 3HAaUEHM; are UNKNOWN — HEM3BECTHBI.

PesyabTaThl M 00CYKIEHHE Dynamics of I-FABP and citrulline in children
and adult patients are shown in Fig. 2.

! Fig. 2, a shows that the plasma citrulline level was
aereit (puc. 1, @) AEMOHCTPUPYET, UTO MCXOAHO 2135 | <90 umol/1 in 4 of 5 children during the first ten days;

nanuentos  ycsansaan <40%  puanorornueckoil | ot that in patient 5 (congenital valve disease (CVD): TV
HOPMbI, a Tpoe — <20%. B noc/iesyioniem, HaunHasi ¢o | atresia PA stenosis, condition after applying the modified
2—3 wm 6—7 cyrox nabmonenus, 00beM SHTePab- Blalock—Taussig shunt) it was <10 umol/1 for 5 days,
HOTO IUTAHUA Y BCEX NALMEHTOB pacipsi. VICKmo- | 4 in patients 1 and 3 it dropped below this limit at sev-
"eHNe COCTABII IALMENT 2 ¢ Tsukedleliliiell CepAeatolt | o study points. In patient 4 with severe hypoxia due
HEAOCTATOTHOCTDIO, COXPAHABINCHCA, HECMOTPA Ha | ¢ gystemic circulation steal syndrome, the level of cit-
BBITIOJIHENHYIO PAANKAIbHYI0 KOPPeKInio TeTpanst | 1jline decreased, and in four of the five control points it
a0, y KOTOPOro pacuiupertue 0Gbema sHTEPAIBLHO- | i not exceed 25 pmol/l. There were no significant
ro utanus orvedasm ¢ 10 cyTox. changes of the marker in all patients during the study.
UﬂHHaMHKa OCTaTOYHOrO 00BeMA B KeMyLKe y The dynamics of I-FABP in children (Fig. 2, ¢)
neteii (puc. 1, b) mokasbiBaet, Uro MCXOAHO Y 213 5 | Jemionstrates that the baseline plasma I-FABP level
HAIMEHTOB OH IIPEeBBIIIA/ BBeIeHHBII 00beM ITHTa U, (except patient 5) was >100 pg/ml. At that, in patient
Y OJLHOTO — HEYCBOEHHOE UTAHKE COCTABIAN0 T1% OT | 5 he plasma I-FABP level was 289.7 pg/ml next day
BBe/IeHHOr0 o0beMa. B mocsenyiomem oTMedaercs | afier the EO initiation. During the subsequent 9 days,

JluHamuka yCcBOeHMSI 9HTePaJbHOIO TUTAHUS Y

www.reanimatology.com GENERAL REANIMATOLOGY, 2017, 13; 6
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Puc. 1. O6beM 9HTEPaIbHOTO IMTAHKS U IMHAMAKA OCTAaTOYHOrO 00beMa Ha (POHE MHTECTHHAJILHONH OKCUTEHALINH Y JIETEH.

Fig. 1. The volume of enteral nutrition and dynamics of residual volume during EO in children.

Note. a — ENV — enteral nutrition volume; b — RV — residual volume.

Ipumeuanue. Ias puc. 1, 2: Patient — nanment; Initially — mcxonno; Days — cytkn. a — ENV — 06beM aHTepaabHOTO TNTAHUS;

b — RV — ocTaTtounblii o6beMm.

CHUZKEHHE OCTATOUHOTO 00beMa JKeTyIKa: y 3-X U3 5-1
MAIMEHTOB KO BTOPBIM CYTKaM, Y OZAHOIO — K YeTBep-
TBIM, Y ZIPYTOTO (TAIUEHT 4 ¢ BBIPAKEHHOI FUITOKCHET,
«00OKpajIbIBAHEM» CHCTEMHOTO KPOBOOOPAIIEHHST) —
MTOJIHOE YCBOEHUE SHTEPAJILHOTO IUTAHUA OTMEYAIOCh
K ceZlbMbIM cyTKaM oT Havaiga MO.

there was a tendency toward decreasing the plasma I-
FABP levels in all patients. The correlation analysis
did not find reliable relationship between the plasma
concentrations of laboratory markers (citrulline and
I-FABP) and the stomach residual contents and the
digested enteral feeding volume.
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Serum citrulline
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Puc. 2. [lunamuka ucciieayeMbIX MoKa3aTeeil Ha poHe HHTECTHHATBHONW OKCHTeHAINH Y ieTeil U B3POCJIbIX.
Fig. 2. Dynamic of study indexes during EO in children and adults.

Note. a, ¢ — in children; b, d — in adults.

IIpumeyanue. Serum citrulline — cbIBOpOTOYHBII UTPYILINH; @, ¢ —

Junamuka [-FABP u uurpymivna y nereit u
B3POCJIBIX IIPE/ICTaBJIeHA Ha PUC. 2.

CornacHo mpejicTaBIeHHBIM JIaHHBIM (pUC. 2, a),
y 4-X u3 5-u [ieTeil ypoBeHb HUTPYJIMHA B IJIa3Me B
TeyeHue MePBbIX JeCSTU JHeN okazacs <20 MKMOJIb,/ I,
npuuem y marpenta 5 (BIIC: arpesust TK, crenos
JIA, mocsie HasoxeHud MoAU(PUITMPOBAHHOTO TITYHTA
no Baenoky—Tayccur) on B Teuenue 5 CyTok ObLI

in children — y nereii; b, d — in adults — y B3pocJibix.

The dynamics of citrulline in adults (Fig. 2, b)
shows that in 6 of 7 patients the baseline concentration
of plasma citrulline was <20 umol/l. Subsequently, by
5—6 days, in 5 of 7 patients the plasma citrulline was
>29.6 (maximum 384.9) pmol/l. In one patient the
growth of citrulline levels was observed from the first
EO day. In two patients the plasma citrulline did not
tend to increase remaining at <16 pmol/I.

www.reanimatology.com
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Puc. 2. [lunamMuka uccieayeMbIX moKa3aTeseil Ha ppoHe HHTEeCTHHATLHOW OKCHT€HAINH Y ieTeil U B3POCJIbIX.
Fig. 2. Dynamic of study indexes during EO in children and adults.

Note. a, ¢ — in children; b, d — in adults.

IIpumeyanue. Serum citrulline — ceiBopoTounblii nTpyIMH; @, ¢ — in children — y nereii; b, d — in adults — y B3pocibIx.

<10 mxmoJb/J1, a y nanueHToB 1 u 3 — onyckamucs
HUKe TOTO TIpe/iesia B HECKOJIbKUX TOUKaX UCCIIeI0Ba-
Hud. Y nanuenta 4 Ha ¢oHe BbIPaKEHHON TUTIOKCUU U
«OOKpa/IbIBAHUST» CUCTEMHOTO KPOBOOOPAIIEHUSA KOH-
LEHTPALUsT UTPYJIIMHA CHU3UJIACD, ¥ B YEThIPEX U3
IISTH KOHTPOJIbHBIX TOUYEK He TIPEBBIIIANA 25 MKMOJIb,/JL.
[Tpu aTOM 3aMeTHOI IMHAMUKY MapKepa y BCEX TaIli-
€HTOB 32 BpeMs UCCJIC/IOBAHIS He BBISBUJIM.

The dynamics of plasma I-FABP in adults (Fig. 2, d)
shows that in a considerable part of the control points,
the I-FABP concentration was >100 pg/ml. The max-
imum values were observed in patient 5 by 19 hour
after the EO initiation, which correlated with the in-
crease of ascites and intraabdominal hypertension as
a result of underlying pathology (Bud-Chiari syn-
drome, liver cirrhosis), as well as in patient 4, which
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Junamuka I-FABP y nereii (puc. 2, ¢) cBueress-
CTBYET, UTO UCXOJHAST KOHIIEHTPAIUs TIJITa3MEHHOTO
I-FABP (xpome marmenTa 5) okasanach =100 mr/mir.
[Tpu sTOM y MarimenTa 5 Ha CJIeAYIONINe CYTKU MOCTe
Hauasma MO xonmentparus miasmennoro [-FABP
coctaBuna 289,7 nr/mu. B mocnenyromne 9 nueit
BBISIBJIEH TPEH]I CHIKeHMsT KoHIleHTparnu [-FABP B
IJIa3Me y Beex narueHToB. [Ipu npoBeieHnn KoppeJisi-
IMOHHOTO aHaJM3a HE YCTAHOBJIEHO JOCTOBEPHBIX
B3aMMOCBSI3€il MEK/TY MJIa3MEHHBIMU KOHIIEHTPAITNSI-
M JIaOOPaTOPHBIX MapkepoB (uTpyJuinaa u I-FABP)
U OCTATOYHBIM COJIEPKUMBIM KEJTY/IKA U YCBOEHHBIM
06EMOM 9HTEPATBHOTO TIUTAHUSL.

JluHaMuKa M3MEHEHWST KOHIIEHTPAIUN TIUTPYJI-
JIHA y B3POCJbIX (pHC. 2, b) TOKa3bIBAET, YTO Y 6-11 13
7-1 IAIMEHTOB UCXOIHASI KOHIIEHTPAITUS IIUTPYJITMHA
B TITa3Me okasasach <20 MKMoJb/J1. B mocaemytotem,
K 5—6-M cyTKaMm, y 5-1 U3 7-U NaIUeHTOB IIa3MeHHasT
KOHTIEHTpaIusl IUTPYyJAAnHa ctasa >29,6 (maxcnu-
MaJIbHO — 384,9) MKMOJTB/J1. Y OIHOTO TTallieHTa POCT
KOHIIEHTPAIUN IUTPYJIIMHA OTMeYasIcs ¢ 1-X CyTOK
MNO. V¥ ocraBmmxcs 2-X maneHTOB KOHIIEHTPAINs
UTPYJUINHA HE WMeJIa TEHJIEHIINU K TIOBBINIEHUIO,
ocTaBasich Ha ypoBHe <16 MKMOJTH/J1.

[nnamuka namenenns koutenTpanu [-FABP y
B3pOCHBIX (pHC. 2, d) CBUAETENBCTBYET, UYTO B 3HAUHU-
TEJbHON YacTW KOHTPOJBHBIX TOYEK KOHIICHTPAIIHS
I-FABP 6bi1a >100 rir/mir. [Tpu aToM MakcHMasbHBIE
3HaUYeHUs HAOJI01a/IM y 5-T0 nanuerTa Ha 19-e cyTku
MO, 9To KOPPESUpPOBAJIO C HApACTAaHUEM acIlUTa U
BHYTPUOPIONTHOI IMIIEPTEH3UH B PE3YJIbTaTe OCHOB-
Hoi martosiornm (cuaApoMma bama-Kwapwu, numppos
MeYeHN ); a TAKXKe Y 4-TO MAIMEHTa, 9TO COBIAO TEKY-
MM THOIHBIM paciijiaBjieHreM 3a6poInHHON KJeT-
YaTKW, PEIUJAUBUPYIONIMMU KPOBOTCUECHUSIMU U
YPreHTHBIM abIOMUHAIBHBIM OllEPATHUBHBIM BMella-
TeabcTBOM. Kpome Toro, BeicoKHe TUMPHI OT™MeTan
y 6-To marnenTa Ha 2-e cytku IO — nHavaso paspe-
MIEHUS TTape3a KUIEeYHKA W MOsIBIeHue cTyJa. /]aB-
JieHre B OPIONTHON MOJOCTH Y B3POCJBIX 32 BPEMS
HaOJIo/IeHrs He npeBbimaio 15 ¢M BoaH. cT. (3a
HCKJIIOYEHNEeM 5-TO MalieHTa ¢ CHHAPOMOM bama—
Kuapm).

[IpoBenenHOE WMCCIEMOBAHNME —TPEANOIATAIO
pellieHune IByX 3aj1a4: onpezaesnenne ahpheKToB nHTe-
CTUHAJTBHOW OKCUTEHOTEPATTMH Yy TTAIlMEHTOB C HHTE-
POTATUSIMUA KPUTUYECKUX COCTOSTHUH, & TAKKe aHAJIN3
muarHoctndeckoit s3uaunmoct [-FABP n niurpymm-
Ha, TIO3UIHOHNUPYEMbIX B KauecTBE MapKepoB, 00b-
eKTHUBHO oTpazkaionux coctossare JKKT.

[Ipeskne Bcero, HU y JieTeid, HU y B3POCJBIX HE
OTMEUYEHO OCJIOKHEHUH, CBSA3aHHBIX C TIPOBEICHIEM
MO, nanpoTtus, ee NCNoOIb30BaHNE Y BCEX JIeTEl COB-
MaJi0 C OTYETIMBOU TOJOKUTENbHON KIMHUIECKOM
JIMHAMIKOW — OBICTPBIM CHUIKEHHEM OCTaTOYHOTO
obbeMa JKesyJKa, MOSBJIEHUEM TMEPUCTAIBTHKN U
MOCTENEHHBIM pacliupeHreM 00beMa 9HTePaJIbHOTO
MUTAHWS, KOTOPBINA JOCTUTAJ BO3PACTHBIX PACUETHBIX
nokazatesieil kK 8—19 cytkam ot nHavasna MO. Onnaxo

coincided with the retroperitoneal tissue purulent
melting, recurrent GIT bleeding and urgent abdomi-
nal surgery. In addition, high values were found in pa-
tient 6 on the second day of EO: the time of the
beginning of intestinal paresis resolution and the stool
recovery. The IAP in adults did not exceed 15 c¢cm of
water throughout the observation period (except pa-
tient 5 with Bud-Chiari syndrome).

The study intended to discuss two problems: de-
termination of effects of the intestinal oxygenother-
apy in patients with enteropathies of critical
conditions, and an analysis of the diagnostic signifi-
cance of I-FABP and citrulline positioned as markers
objectively reflecting the GIT state.

First of all, neither the children nor the adults
had any complications related to the EO, on the con-
trary, its use in all children coincided with a distinct
positive clinical dynamics: a rapid decrease of the
stomach residual volume, the recovery of peristalsis
and a gradual increase of the enteral feeding volume
that reached age-specific estimate indicators by the 8-
19 days from the EO initiation. However, it is difficult
to confirm the existence of the cause-effect relation-
ships between these events, or to interpret the results
unambiguously. Despite the fact that all children were
in the cardiosurgical ICU, the types of CHD (CVD)
and the possibilitis of CHD’s radical correction, as
well as the condition severity (severe, very severe,
critical) varied. One can only assume with certainty
that the time of the bowel function restoration is as-
sociated with the severity of its initial damage (past
or ongoing) because it is often impossible to eliminate
the causes related to the underlying pathology.

The citrulline dynamics analysis makes it possi-
ble to consider its plasma concentration in children an
objective marker of the GIT functional state: in the
vast majority of control points, the marker level was
less than 20 umol/L, and often <15 umol/L, which,
according to the literature data, indicates a very severe
bowel disease: mucosal atrophy and decreased func-
tioning enterocytes mass.

The plasma I-FABP concentration, however,
were <100 pg/mL in a great number of control points,
which, based on literature data, did not indicate severe
ischemic disorders of the intestinal wall. In addition,
the trend toward the I-FABP level drop was noted in
all children during 9 days from the EO beginning; it
correlates with the enteral nutrition volume increase
(R=-0.458, P=0.130). A similar correlation with the
plasma citrulline was not found (R=0.258, P=0.441).

In adults, the baseline (before EQ) plasma cit-
rulline concentration was <20 pmol/l in the vast ma-
jority of control points, but by 5—6 days after the EO
beginning in most patients it was >2.9 umol/I reach-
ing >80 pmol/1. In patients 5 and 7, however, despite
good clinical dynamics (normalization of stool, the
volume of enteral nutrition expansion, cessation of the
intestinal bleeding and reduction of the severity of in-
testinal GVHD), an increase of plasma citrulline was
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MOJITBEPK/IATh HAJINYME TPUUYNHHO-CJIECTBEHHBIX
B3aMMOCBSI3€H MEK/Y 9TUMK COOBITUSIMU, JIMOO KaK-
TO WHAYE OJIHO3HAYHO MHTEPIIPETUPOBATD TIOTyYE€HHbIE
pesyJsbTarsl 3arpyaauTenbHo. HecmoTps Ha To, 9TO
Bce petn Haxoauanch B OPUT kapaunoxupyprudecko-
ro ipocuis, Buzsl BITC 11 BO3MOKHOCTD MX pajinKab-
HOW KOpPEKINHM, a TaKkXKe TSKeCTh COCTOSHUS Ha
MOMEHT WCCJIe/0OBaHus (TsKeJIoe, OUeHb TSIKeJoe,
KpuTHYeckoe) pazandanauch. Co 3HAYNTETbHON yBe-
PEHHOCTHIO MOKHO JIUTIIH 1TOJIaTaTh, YTO CPOK BOCCTA-
HOBJIEHUS (DYHKINY KATIIEYHUKA CBSI3aH C TSKECTHIO
€T0 TIOBPEK/IEHUS: COCTOSIBIIIETOCS 1,/ WJTH TEKYTIETO, B
CUJTy HEBO3MOKHOCTH 3a9aCTYIO MTOJTHOTO YCTPaHEHUST
MPWYWH, TIPUCYTITIX OCHOBHOM TIATOJIOTUH.

AHann3 TMHAMWKY IATPYJIMHA TIO3BOJISIET CUU-
TaTh €ro MJIa3MEHHYI0 KOHIIEHTPAINIO y AeTell 00b-
eKTUBHBIM MapKepoM (hyHKITMOHATBHOTO COCTOSTHUS
JKKT: B opasistroriieM OOJIbIIMHCTBE KOHTPOJbHBIX
TOYEK ypOBeHb MapKepa Obl1 MeHee 20 MKMOJIb/JI, a
gacTo — <15 MKMOJIB/JI, 4TO, COTJIACHO TAHHBIM JINTE-
paTypbl, O3HAYaeT OYeHb TSIKEJI0e TOPaskeHne KUTiey-
HUKa — aTpO(UI0 CIUBUCTON U CHUKEHUU MaCCHI
(byHKITMOHUPYIONIIX 9HTEPOITUTOB.

[Imasmennas konnentpanus [-FABP, onnaxo, B
3HAYUTETHHON /I0JIe KOHTPOJIbHBIX ToueK — <100 mr/mur,
YTO, BHOBb ONMPASICh HA JIAHHbIE JINTEPATYPhI, HE TT03BO-
JISIET TOBOPUTD O TSLKEJIBIX UTEMUYECKUX HAPYITEHUSX
KHIIIEeYHOW cTeHKN. Kpome ToTo, TpeH 1 CHUKEHMST KOH-
nerrparu [-FABP B mta3me y Beex zieteii B Teuenve 9
nHei ot Havasia V1O Koppespyer ¢ paciimpeHneM oobe-
Ma suTepabhoro maranus (r=-0,458, p=0,130). Auaso-
TMYHOW KOPPEJISAINN C TIJIA3MEHHOHN KOHIIEHTpalnei
uTpyJiHa He BB (r=0,258, p=0,441).

¥ B3pocabix ncxoaHas (o0 MO) niazmenHas KoH-
HEHTPAIKS [ATPYJINHA B TOAABJISIIONIEM OOJIBITITHCTBE
KOHTPOJIbHBIX TOUEK — <20 MKMOJIb/JI, HO K 5—6-M CyT-
kam oT Havazia MO y GOIBITHHCTBA TTAIIHEHTOB YKe —
>29 MKMOJTB/J1, focturast >80 MKMOJIb/J1. Y 5-T0 1 7-T0
TAIMEHTOB, OJTHAKO, HECMOTPST HA XOPOIIYIO KJINHIYe-
CKYIO TMHAMUKY (HOPMaJIM3aIusl CTyJa, paciiiperne
00beMa 9HTEPATBHOTO TIHTAHMSI, TPEKPAIIEHNsT KPOBO-
TeYeHNs U3 KUIIeYHNKa 1 cHKeHns Tsokectn PTITX
KHUITEYHNKA) POCTA TIITA3MEHHON KOHIIEHTPAITIH TIAT-
py/uinHa He ot™eTwiau. Ilpu atom y 5-ro marmenTa
(rskenag PTIIX kumeynnka) konnenrpauus I-FABP
B TIJTa3Me JIUTITh OHOKpaTHO TipeBbicua 100 nr/Mit.

Haxownert, y B3pocibIX He OTMETUIIN KOPPEJISIITT
MESKTy TIa3MeHHbIMY KoHTieHTparusiMn [-FABP u -
PYJUIMHA: Y OZHOTO M TOTO JKe Tal[eHTa Morjia ObITh
O4YeHb HU3Kasl KOHIleHTparus nutpysumaa u [-FABP —
B ipefiesiax peepeHCHBIX 3HAYCHUI, U HAITPOTUB, OY€Hb
BbIcokas KoHteHTparus [-FABP (cBuzmeTenbcTBO BBIpa-
JKEHHBIX HWINEMUYECKUX TOBPEKICHUI KHUICUHUKA)
COITyTCTBOBAJIAa HOPMAJIbHBIM TIOKA3aTeJISIMU TIITa3MeH-
HOTO IUTPYJIITIHA.

[Tosryyennble HAMU PE3YIBTATHI OTHOCUTETHHO
HEO/THO3HAYHON MarHOCTUYECKOW IeHHOCTN TITa3-
MeHHBIX KoHTleHTparuii [I-FABP n utpynmaa y kpu-
THYECKUX OOJIBHBIX COTJIACYFOTCSI € JAOCTYITHBIMU U

not observed. At that, in patient 5 (severe intestinal
GVHD), the plasma I-FABP concentration exceeded
100 pg/ml only once.

Finally, in adults, no correlation between plasma
I-FABP and citrulline was observed: in one and the
same patient there was a very low citrulline level and
the I-FABP level was within the reference values. On
the contrary, a very high I-FABP concentration (evi-
dence of expressed ischemic intestinal damage) was
accompanied by normal values of plasma citrulline.

Our results regarding the ambiguous diagnostic
value of plasma I-FABP and citrulline in critically ill
patients are consistent with a limited number of pub-
lished data [36]. A. Poole et al. (2015), based on a
study of 15 healthy subjects and 20 critically ill pa-
tients, noted that fasting plasma concentrations of cit-
rulline is neither a marker nor a predictor of glucose
absorption by the small intestine in critically ill pa-
tients [37]. The low predictive accuracy of fasting cit-
rulline concentration was mentioned by J.H. Peters at
al. (2007) [43]. Other authors also did not find a cor-
relation between plasma citrulline and reduced energy
absorption capacity of the intestine in patients with
the enterocytes damage [44—46]. Thus, the plasma
concentration of citrulline is apparently not an accu-
rate marker in critically ill patients due to its complex
metabolism depending on the glutamine availability,
renal dysfunction and the level of systemic inflamma-
tion [12, 47]. Relatively high I-FABP levels in plasma
and urine can be observed particularly after extensive
vascular surgeries and in diseases with intestinal hy-
poperfusion, e.g., NEC [9, 48, 49]. The I-FABP con-
centration in urine significantly increases the
positive/negative likelihood of intestinal ischemia due
to low plasma elimination half-life time of -FABP (11
minutes) and its accumulation in urine [50]. But P.H.
van der Voort et al (2014) noted that the prognostic
value of biochemical tests in critically ill patients with
MOF and suspected bowel ischemia was unknown
and claimed that such biochemical parameters as cre-
atine kinase, lactate dehydrogenase, alanine amino-
transferase could hardly help a doctor in making
clinical decisions about patients with suspected bowel
ischemia; however, they admitted that further study
is necessary for I-FABP [51].

Our findings are in agrrement with data of EE.
Barr et al (2003) found a correlation between low
plasma citrulline levels predicting NO synthesis reduc-
tion with an increased risk of postoperative pulmonary
hypertension and poor clinical outcomes based on the
study of 26 infants with pulmonary hypertension after
CVD correction [52]. Our results are also consistent
with data by G. Piton et al. (2010) that demonstrate
low (<10 umol/L) plasma citrulline concentration in
only 24 of 55 critically ill patients (44%) 24 hours after
ICU admission [53]. However, P. Crenn et al. (2011)
still believe that regular evaluation of plasma citrulline
concentration allows monitoring the bowel function ex-
cepting, however, patients with severe renal failure [11].
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JIOCTaTOYHO HEMHOTOUMCJIEHHBIMU JTUTEPATYPHBIMU
cuzerenbcTBamu [36]. B wactHocTH, A. Poole ¢ coaBr.
(2015), Ha ocHOBaHWU W3ydYeHUs1 15-U 3MOPOBBIX
yesoBeK U 20-u OOJIBHBIX B KPUTHYECKOM COCTOSTHUN
OTMEYalOT, YTO TONIAKOBas TJIa3MeHHasi KOHIIEHTpa-
IUsT TTUTPYJUINHA, BEPOSITHO, HE SIBJISIETCS] HU MapKe-
POM, HM TIPOTHOCTUYECKUM KpHUTEPUEM (DYHKIUU
TOTJIONIEH NS TJIIOKO3BI TOHKOUM KATITKOHN y TAKWX TTaIiH-
eHToB [37]. Ha HM3KYIO MMPOTHOCTHYECKYTO TOYHOCTD
TOIIAKOBOTO IUTPYJIJINHA yKa3biBaloT 1 J. H. Peters ¢
coaBT. (2007) [43]. He mammm KOppessiinu MexKIY
MATPYJJIMHEMUE W CHUKEHHOW 3HepreTUYecKon
HOTJIOTHTENBHOI CITOCOOHOCTHIO KUIEYHUKA Y MAllK-
€HTOB C MOBPEXKIEHUEM HTEPOIUTOB U IPYTHE aBTO-
pbl [44—46]. Takum oOpasoM, TIa3MeHHAs! KOHIIEHT-
pars IUTPYJJINHA, TIO-BUANMOMY, HETOUHBII MapKep
y TAIMEHTOB B KPUTUIECKOM COCTOSTHUH BCJIENICTBHE
€ro CJIOKHOTO MeTaboJIM3Ma, 3aBUCKMOCTH OT JIOCTYTI-
HOCTU TJIOTAMUHA, TOYEUHOU AUCHYHKITUU 1 YPOBHS
cuctemHoro BocmaneHus [12, 47]. OTHocuTesbHO
BBICOKUX KOoHIeHTparuii [-FABP B mmasme u moue
OTMEYaETCsT, YTO OHU MOTYT HaOJIOJAThCS, B YaCTHO-
CTH, TOCJIe OOIIMPHBIX COCYAMCTBIX OINEepPaTHBHBIX
BMEIIATEIbCTB M TPU 0OJIE3HAX ¢ TUnonepdysueit
kuteynnka, Hapumep, HIK [9, 48, 49]. [Ipu atom
konnenTparus [-FABP B Mmoue 3HaunMo yBesmmunBaer
MOJIOKUTETTHHYT0/OTPUIIATETbHYTO BEPOSITHOCTH
HAJIMY ST UIIIEMUW KUTIIEYHUKA B CHITY HU3KOTO BpeMe-
HU 1oJ1yBbIBesieHus 11asmennoro I-FABP (11 munyT)
u ero HakoruteHus B Mode [50]. OxHaxo, P. H. van der
Voort ¢ coast. (2014) oT™MeuaroT, YTO TTPOTHOCTHYIE-
CKOe 3HaYeHHe OMOXMMUYECKUX TECTOB Y MaIlleHTOR
B kpuTnueckoM coctosanu ¢ [IOH u momospeBaemoii
unIeMuel KUIeYHKa HeM3BECTHO W YTBEPK/IAIOT, 4TO
Takue OMOXMMHUYECKUE TTOKa3aTeJu KaK KPeaTUHKH-
HAa3a, JJAKTaTAeruIPOreHasa, alaHnHOBas aMUHOTPaH-
chepasa e/[Ba Jid TOMOTYT BPa4yy B IPUHSTHH KJIMH-
YECKOTO peIleHUus] OTHOCUTEJNbHO TMalMeHTOB C
MOJIO3PEHIEM Ha UTIEMITO KUIIIEYHNKA, OTOBAPUBASICh,
o/1HaKo, 4To 11 [-FABP HeoO6X0MMbI TOITOJTHUTE I b-
Hble uccyepoBanus [51].

B3k oTydeHHbIM HaMU Pe3yJIbTaTaM U BbIBO-
et E E. Barr ¢ coast. (2003), koTopble Ha OCHOBAHUN
uzydeHusi 26 MIaJIEHIIEB C JIETOUHOW TUTIEPTEH3MEH
nocsie koppekinu BIIC Hamim Koppessimo MexLy
HUBKHUM IJIA3MEHHBIM YPOBHEM ITUTPYJITAHA, TPOTHO-
3UPYIONM yMeHbIeHre cuaTe3a NO 1 OBBITIIEHHBIM
PUCKOM TTOCTIE0TIEPAITHOHHON JIETOYHON TUTIEPTEH3H,
U IJIOXUMHU KJanHudeckumu ucxopamu [52]. Corma-
CyfoTcst HalmM pe3yabTarsl U ¢ ganabiMu G. Piton c
coasT. (2010), BpraBusiinMu HU3KYI0 (<10 MKMOIIB/J1)
IIJIa3MEHHYIO KOHIEHTPAIUIO IIUTPYJIIMHA JIMIb Y 24
u3 55 manuenToB (44%) B KPUTHYECKOM COCTOSTHHH
yepes 24 1 iocsie ux nocrymserns B OPUT [53]. Tem
He MeHee, P. Crenn c coasr. (2011) Bce »xe moJaraior,
YTO PeryJsipHasi OlleHKa TJIa3MEeHHOW KOHIIEHTpaIiy
IMUTPYJITMHA TTO3BOJISIET KOHTPOJIUPOBATH (DYHKITHIO
KHUIIEYHUKA 32 UCKJIIOUEHUEM, OJTHAKO, TTAIIMEHTOB C
TSKEJION 1ToYeyHOl HeocTaTouHoCTbIo [11].

M. Hersch et al. has the same opinion (2005),
noting that, under physiological conditions, the
plasma levels of citrulline reflects its synthesis by in-
testinal villi. However, in critically ill patients, there
are two causes of the elevated plasma citrulline con-
centrations. Firstly, a significant extra-intestinal cit-
rulline synthesis from arginine is possible in a systemic
inflammation, and secondly, acute renal failure causes
a decrease in renal synthesis of arginine from cit-
rulline, and it may lead to falsely high concentration
of the latter [54]. In this regard, normal plasma cit-
rulline concentration (=20 umol/L) observed in crit-
ical patients cannot exclude reduced GIT citrulline
synthesis. Finally, reduced glutamine income with
food which is the main citrulline precursor is another
factor of decreased intestinal citrulline synthesis [11].
Thus, the accuracy of plasma citrulline concentration
is confirmed under a variety of chronic and acute con-
ditions of reduced functioning enterocyte mass, but
this marker should be further assessed in ICU patients
with acute renal failure (ARF) and systemic inflam-
mation, which are frequent comorbid conditions [11].

Others, however, believe that despite systemic in-
flammation and ARF in patients with shock, low
plasma citrulline concentration is determined by its re-
duced intestinal synthesis [55, 56]. Other authors did
not find the relationship between plasma citrulline con-
centration and ARF, as well [42, 53, 57, 58]. Moreover,
no correlation was found between plasma citrulline in
patients with or without severe cardiovascular and liver
failure, but a significant relationship between the cit-
rulline concentration and severe acute respiratory dis-
tress syndrome was reported [58].

The presented contradictions may reflect the fact
of coexistence of functioning enterocytes mass acute
reduction and their dysfunction, i.e. evidence of or-
ganic and functional disorders [55, 59, 60]. At that, re-
duced arginine bioavailability due to reduced citrulline
synthesis can partly explain the higher mortality rate.
In critically ill patients, the early depletion of arginine
and citrulline is proportional to the severity of inflam-
mation. In this situation standard enteral feeding for
children may not contain a necessary amount of argi-
nine or its precursors (citrulline and glutamine). In this
context, the need to enrich the therapeutic nutrition
with these amino acids may also depend on the severity
of inflammation. The plasma CRP concentration, a tra-
ditionally used inflammatory response criterion, may
serve a reliable marker of the metabolic changes in sys-
temic inflammation and predict the need for supple-
menting the diet with arginine and citrulline [41].

It is preferable to use balanced enteral immune en-
teral mixture for such substitution therapy, e.g., «Nu-
trikomp Immun» («B.Braun Melsungen AG»,
Germany), having the greatest energy value (136
kcal /100 ml) among so called «Immune»-type mixtures,
the maximum number of glutamine (1,97 g/100 ml), and
arginine in an amount of daily requirement (0.24 g/100
ml), the highest concentrations of vitamins A, C, E, and
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B sToM ke kimoue BoickaspiBatores 1 M. Hersch,
¢ coast. (2005), ormMevast, YTO B PUBHOTOTHUECKUX
YCJIOBUSIX TIIA3MEHHBIN YPOBEHD ITUTPYJIMHA OTpa-
JKaeT eTo CHHTe3 BOPCMHKaMHU KuteuyHnka. OxHako, y
MAIeHTOB B KPUTHIECKOM COCTOSTHUN CYTIECTBYIOT
JIBE IPUYWHBI, BBI3BIBAIOIINE TOBBIIIIEHNE KOHIIEHTPA-
WU IUTPYJIJINHA B TJIadMe. Bo-1epBbIX, B yCIOBUSIX
CUCTEMHOTO BOCTIQJIEHUST BO3MOKEH 3HAUMTEIbHBIH
BHEKHUIIIEUYHbBIN CUHTE3 IIUTPYJJTUHA U3 apTUHUHA, a
BO-BTOPBIX, OCTpasl TOYeYHas] HeJOCTAaTOTHOCTD
06yCIOBIMBAET YMEHBINEHNE MOYEYHOTO CHUHTE3a
apTUHWHA W3 IUTPYJUIMHA W MOKET TPUBECTH K
JIOJKHO BBICOKOI KOHIIEHTPAIMH 1oceHero [54]. B
9TOI CBSI3M HOPMaJbHAS MJIa3MEHHAsT KOHIICHTPAITUS
urpysnHa (=20 MKMOJIb/J1), HabJTroaeMast y rmariu-
€HTOB B KPUTHYECKOM COCTOSTHWH, He MOKET NCKJIIO-
YUTh CHIKEeHHBIN cuHTe3 nTpysmmHa B JKKT. Hako-
Hell, yMEeHbIIIeHHEe TTOCTYIIJICHUS TTI0TAMUHA C THTIeH
— TJIaBHOTO MpEeJIecTBeHHNKA IUTPYJIIITHA — €llle
ouH (aKTOp CHIKEHHOTO CHWHTE3a INTPYJIITIHHA
kumegnkoM [11]. Takum o6pa3omM, TOYHOCTD TTa3-
MEHHOI KOHIIEHTPAINY [IUTPYJIJTMHA TTOITBEPKICHA B
PasINYHBIX YCJIOBUSAX XPOHUYECKOTO U OCTPOTO
cokparieHus (QYHKIMOHUPYIOIEH MacChl 9HTEPOIIN-
TOB, OJTHAKO 3TOT MapKep CJeAyeT AOMOJHUTETHHO
ounenutsb y nauuenros OPUT, y xoropbix ocrpas
noueunad HemoctatouyHocTh (OITH) 1 cuctemnoe Boc-
IaJieHue — YacTble COIyTCTBYIoMe cocTossHus [11].

/lpyrue, ogHaKo, CYMUTAIOT, YTO, HECMOTPST Ha
cuctemnoe Bocriasienne n OITH y marmenToB ¢ moxom
WMEHHO CHVZKEHHBIN KUTIIEYHBIN CUHTE3 ITUTPYJIMHA
OTIpeZIeTIsieT €T0 HU3KYIO TITa3MEeHHYI0 KOHI[CHTPAIHTO
[55, 56]. He namm 3aBUCUMOCTH MEKIY MTa3MEHHOMN
KkoH1eHTpanueit utpyssinaa u OITH n gpyrue asTo-
poi [42, 53, 57, 58]. Kak He HaILIN KOPPETSIIINN MEKITY
MJTa3MEHHBIM IIUTPYJIMHOM Y TAIIUEHTOB C TSIKEOMH
CepIeYHO COCYAMCTONH M TEUYeHOYHOH HemoCcTaTod-
HOCTBIO UK 6e3 Hee, OHAKO OOHAPYKUIIH TOCTOBEP-
HYIO CBSI3b MEXAY KOHIIEHTpAalllel IUTPYJIJINHA U
tsmkesim OP/ZIC [58].

[IpencraBieHHBIE TPOTUBOPEYNS, BO3MOSKHO,
OTpaKafoT (PAaKT COBMECTHOTO CYIIECTBOBAHMUS OCTPO-
TO COKpPAIIeHNsT MacChl QYHKITMOHNUPYIONTIX 9HTEPO-
[IUTOB M COOGCTBEHHO UX AMCHYHKIINHU, TO €CTh CBHJIE-
TEJIBCTB,  COOTBETCTBEHHO,  OPTaHUYECKUX U
(DYHKIIMOHATBHBIX HapyieHuii |55, 59, 60]. IIpu atom,
CHUKEHHAsT GMOIOCTYITHOCTH apTHHWHA BCJIEICTBIE
VMEHBIIEHNST CHHTE3a IUTPYJIITMHA MOKET OTYaCTH
00BSICHATH H0JIEE BRICOKYTO JIETATLHOCTD. Y PeaHnMa-
IIMOHHBIX TIAIIMEHTOB paHHee WCTOIIEHWE 3alacoB
ApPruHIHA U IUTPYJIMHA TPOTIOPIIMOHAJIBHBI TSIKECTH
BocTiasieHus. 1lpn aToM cTaHmapTHOE 2HTEpaTbHOE
TUTaHUe JUIST JIeTeil MOJKET He CO/epsKaTh HeOOXOIH-
MOTO KOJTMUECTBA APTUHUHA UJIU €TO TPE/IIIeCTBEHHI-
KOB (IUTPYJIMHA U TJIOTaMUHA), TIPUYEM T0Tpe6-
HOCTh B 0GOTaIeHny 1e4eOHOTO MUTAHUST TAaKUMHU
AMUHOKUCIOTAMU, BEPOSITHO, Takike OOYCIOBIEHA
TsKECThIo BocmaseHus. [1pu aToM mrasmenHast KOH-
nentpanuss CRP — TpaaunmonHo mcmomab3yemoro

B group, carotenoids, and containing 5 types of dietary
fiber (14 g/1) for the normalization of digestion.

Summing up the debate, the G. Piton et al.
(2011) concluded that the sharp reduction of func-
tioning enterocytes mass can occur in the following
cases: 1) small intestine ischemia (shock conditions,
hypoxemia, occlusive mesenteric ischemia), 2) toxicity
(chemo-, radiotherapy) with enterocytes damage and
3) immune injury (acute intestinal GVHD and acute
rejection of small intestine allograft) [35]. In these
cases plasma citrulline concentration must be low and
the I-FABP are high reflecting enterocyte necrosis. On
the other hand, acute enterocyte dysfunction can re-
sult from systemic inflammation or sepsis with proba-
ble mitochondrial dysfunction [55, 56]. In this
situation plasma citrulline should be low, reflecting a
weakened cellular enzyme activity and the concentra-
tion of I-FABP is normal due to the preservation of en-
terocytes. In septic shock, nevertheless, simultaneous
sharp reduction of functioning enterocytes mass and
their dysfunction are possible [35].

Similar hypothesis was put forward by P. Crenn
et al. (2003), suggesting that severe systemic inflam-
mation may have negative effects on the GIT function
(e.g., through the splanchnic hypoperfusion) and re-
duced citrulline synthesis [16].

Another topic of this discussion concerns the am-
biguity of «normals values of the markers cited in the
literature. In particular, the reference values of plasma
amino acid concentrations in healthy children is avail-
able only for venous blood [38], often taken after a
meal, with diverse and non-optimal conditions that
may explain the large discrepancy of values which not
allow to compare them with arterial amino acid con-
centrations obtained under optimal conditions [61]. In
addition, it is important to take into account the pop-
ulation of ICU patients and blood sampling time: in
surgical patients, in most cases, the starting point is the
surgery; whereas in medical ones it is the time between
the disease exacerbation and admission to the ICU.
Uncertainty of this period allows significant changes
in patients’ metabolic status and contributes to the ob-
tained indicators discrepancy [47]. Finally, the plasma
levels of citrulline demonstrates the U-shaped curve
during the ICU stay[53]: if its value is low at ICU ad-
mission, it becomes even lower 1—2 days later and tend
to increase in the survivors a week later [12, 47].

It should be also noted that a range of «normal»
plasma citrulline levels (20—40 umol/1) in patient dis-
playing stable clinical patterns cannot be adapted for the
critically ill patient. If the concentration is very low
(<10 pmol/1), it probably indicates an altered function
of the small intestine; the values between 10 and 20
umol/l may be in the «gray» area for interpretation [62].

In conclusion, it is worth noting another serious
difficulty: the limited availability of automated ion-
exchange chromatography and the duration of lab
tests for markers [63]. New methods of laboratory di-
agnostics allowing to determine plasma citrulline
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KPUTEpPUs BOCTATUTETHHON PEAKITUN — MOJKET CJIy-
JKUTh XOPOIIMM MapKepoM MeTaboIMYeCKUX M3MeHe-
HUI TPU CUCTEMHOM BOCIAJEHUN U MPeICcKa3aTh
HOTPEOHOCTD B IOMOTHEHUH TTHIIEBOTO PAIlMOHA apI-
HUHOM U IUTPYJATUHOM [41].

Jliig Tako# 3aMecTUTeNHHON Tepannuu MPeoy-
TUTEJbHEE UCIOJIb30BaTh cOaTaHCUPOBaHHbBIE JHTE-
pasibHble UMMYHHBIE CMeCH, HarpuMep, « HyTpukomi
Nmmynnbtity («B.Braun», [epmanus): BblaessA0MINAN-
cs1 Harboubieit (136 kkan/100 mur) cpeau cMeceit
tuma «MIMMyH» aHepreTueckoi 1MeHHOCThIO, MaKCH-
MaJIbHBIM KoJsimdecTBOM Titotamuaa (1,97 /100 M)
U apIUHUHOM B KOJIUYECTBE CYTOUHOU MOTPeOHOCTH
(0,24 v/100 muT), caMBbIMU BEICOKIMHY KOHTICHTPATIHSI-
mu ButamMuaoB A, C, E, rpynmsr B, kapotunonzios, a
TakKe COflepsKaHMeM 5 THIIOB MHUIEBBIX BOJTOKOH (14
T/J) /I HOPMATU3aIy TTAIeBapeHmsl.

[TomwrToxusag atn mebarsl, G. Piton ¢ coasr.
(2011) 3akmovaroT, YTO OCTPOE COKpaAlleHNne MacChl
(OyHKIIMOHUPYIOIINX 9HTEPOIIMTOB MOKET TIPOUI0NTH
B caydasx: 1) umeMuu TOHKOW KUIIKK (TIIOKOBBIX
COCTOSTHUSIX, THTIOKCEMUH, OKKJTFO3UOHHOI Me3eHTe-
pUAJbHOI HIeMUHn), 2) MHTOKCUKAIUU (XUMUO-,
pazuoTepanus) ¢ MOBPEKIeHNEeM SHTEPOITUTOB 1 3)
nMmyHHoro nospexzaenus (ocrpast PTIIX kumeynu-
Ka ¥ OCTPOE OTTOPKEHUE aJTOTPAHCIITIAHTAaTa TOHKOM
kumikn ) [35]. B aTux ciydasx niasMeHHast KOHIIEHT-
pars UTPYJINHA T0JKHA ObITh HU3KOH, a I-FABP
— BBICOKOI, OTpaskast HeKpo3 aHTepornToB. C Apyroi
CTOPOHBI, OCTPast IUCHYHKIIUS IHTEPOIIUTOB MOKET
MPOU3OUTH B Pe3yJIbTaTe CUCTEMHOTO BOCIAJICHUS
WJIN CETICHCa, BOBMOKHO — MUTOXOHIPUAILHON TUC-
dynkiun [55, 56]. Torna nurasmenHast KOHIEHTPAIMS
MUTPYJIIMHA TOKHA OBITH HIU3KOH, OTpaskas ociab-
JIEHHYIO KJIETOUHYTO (DEPMEHTATUBHYIO I€STETHHOCTD,
a xounenrtpamusa [-FABP — mopmambpHON, B cuiy
COXPAaHHOCTHU 9HTEPOIUTOB. [Ipu cenTrmueckom 1moxKe,
TeM He MeHee, BOBMOXKHO OJHOBPEMEHHOE OCTpOe
COKpallleHne U Macchl, (GYHKITUOHUPYIOIUX SHTEPO-
UTOB, U uX auchyHKms [35].

Anamormunyto runiotesy BeisuraioT u P. Crenn ¢
coasT. (2003), moraras, 4To TsKesioe CHCTEMHOE BOCTIa-
JICHWE MOJKET WMETh OTpullaTesibHble a(hdEKTh Ha
dynxmio JKKT (Hanmpumep, uepes CIJIaHXHUYECKYTO
runonepdysuro) v CHIKEHNE CUHTE3a ITUTPYJIHA [ 16].

CaMOCTOATEIbHBINA CIOKET HTOTO 0OCYHKIACHMS
KacaeTcs COMHUTEIbHOCTU «HOPMAJIbHbBIX» 3HAUEHUIA
MapKepOB, MPUBOUMBIX B JINTEPATYPHBIX UCTOUYHMU-
kax. B wactHOoCTH, pechepeHTHBIE 3HAUYEHUS TIJTa3MEeH-
HBIX KOHIIEHTPAINIT aMUHOKHUCJIIOT Y 3/I0POBBIX JIETei
JIOCTYIIHBI TOJILKO /Il BEHO3HO KpoBU [38], yacTto
3abupaeMoii rmocJie mprueMa MuIH, TP PasHOPOAHBIX
U HEOIITUMAJIbHBIX YCJIOBUSX, UTO MOKET OObSICHSITh
6oJIbIIOE PACXOJKACHIE 3HAUEHWIT U He MO3BOJIATH
CPaBHUBATDH UX C apPTEPUATHHBIMU KOHIIEHTPAITUSMU
AMUHOKHUCJIOT, TOJTyYE€HHBIX TIPU ONTUMAJBHBIX YCJIO-
Busix [61]. Kpome Toro, BaskHO TPMHUMAThH BO BHUMA-
Hue nomyJsiuio namedaToB OPUT u Bpemst 3abopa
00pasIoB KPOBU: Y XUPYPIUYECKUX GOJIBHBIX, B 00JIb-

within 30 minutes [64], should make it possible to ob-
tain results almost immediately.

Conclusion

A latent or misdiagnosed small bowel dysfunc-
tion is a common situation in critically ill patients.
Due to the anatomical and physiological features of
the intestinal wall microcirculation and its vulnerabil-
ity in critical conditions, the enteric oxygenotherapy
might represent a promising therapeutic approach to
the enteropathy prevention and correction, especially
in patients with anaerobic flora (i.e. C.difficile—asso-
ciated colitis) that requires validating studies. Because
of the complex metabolism and special kinetics in crit-
ically ill patients, the plasma citrulline level is proba-
bly not as accurate as that in stable patients to
determine the GIT dysfunction. The diagnostic value
of plasma I-FABP needs further confirmation.

MMUHCTBE CIy4YaeB, NCXO[HON TOYKON SIBJISIETCS OTie-
paTUBHOE BMEIATEIbCTBO; TOT/IA KaK Y TepareBTHye-
CKUX — BPeMsI MEKy obocTpeHneM 3abosieBaHus U
noctymsiennem B OPUT. HeonpenenennocTts aToro
MEePUOJIA IOTTYCKAET 3HAYUTETbHbIe U3MEHEHHST MeTa-
GOJIMUECKOTO cTaTyca MAIleHTOB 1 BHOCUT PasHOPO/I-
HOCTh B TloJrydaeMble Tokasatenu [47]. Haxowner,
MJIa3MeHHas KOHTIEHTPaIUs IUTPYJJINHA BO BPeMs
Haxoxaetuss B OPUT onmmceiBaet U-06pasHyto Kpu-
By1o [53]: ecii ero 3HaYeHUs HU3KUE TIPH OCTYTLIe-
Hum B OPUT, To onu craHoBsiTCA ennfe Hike 1—2 1HS
CIYCTS U MMEIOT TEHJIEHIINIO0 K YBEJIUYEHUIO Yepes
HEJIEJII0 Y BBIKUBIIUX O0IbHBIX [12, 47].

K nepeuncieHHoMy HeE0OXOAUMO JOGABUTH, 4TO
JIMATIA30H «HOPMAJTbHOCTU Y TJIA3MEHHOH KOHIIEHTpA-
uu urpyJsuinHa (20—40 MKMOJIB/JT) y «CTabUIbHO-
ro» MalleHTa He MOKET ObITh aflallTUPOBaH JJIs pea-
HUMAIMOHHOTO GosibHOTO. Ecau oueHb Hu3Kas
koHtenTpaiug (<10 MKMOJIb/JT), BEPOSITHO, YKa3bIBa-
€T Ha M3MEHEHHYIO (DYHKIHWIO TOHKOW KHIIKH, TO
3HaveHnst Mexkay 10 m 20 MKMOJTb /7T MOTYT HAaXOUTh-
CsI B «cepoii» 30He i1t nHTepnperaruu [62].

B 3aBepimieHue CTOUT OTMETHTD U €I11€ OJTHO CEPb-
e3HOe 3aTPy/HEHNEe — OTPAaHWUYEHHYIO JOCTYITHOCTD
aBTOMATH3UPOBAHHOI MOHOOOMEHHOII XpoMaTorpa-
by 1 TPOOIKUTETTHHOCTD UCCIIEIOBAHUS MAPKEPOB
[63]. HoBble MeTOmbI TabOPAaTOPHOIT AUATHOCTHKH,
MTO3BOJISIONINE OMpPeNesaTh TIa3MEeHHbIN yYPOBEHb
uurpy/ria B redenne 30 Munyt [64], nagyT Bo3MOXK-
HOCTbH MOJIy4aTh Pe3yJAbTaT MPAKTUYECKHU B PEKUME
PEeaNTbHOTO BPEMEHH.

3akjaoyeHue

CkpbITast Wiin OMUOGOYHO THATHOCTIPOBAHHAS
MCHYHKITNS TOHKOM KUITKH — 00BIYHOE SIBJICHUE Y
MalMeHTOB B KPUTHUEeCKOM cocTossHnu. HTecTn-
HaJbHAsl OKCHUTEHOTepalus, ¢ y4eToOM aHaTOMO-
(busromornyecknx 0co6eHHOCTEN KPOBOOOPATIEHUST
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CTEHKM KMIIEYHHUKA M €T0 YA3BUMOCTH NPU KPUTHU-
YECKUX COCTOSTHUSIX, MOJKET OKa3aThCsl IIEPCIIEKTUB-
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Ethics and Legislation in Intensive Care

IIpaBa nanueHTa, HECIOCOOHOTO BBIPA3UTH CBOIO BOJIIO B YCJIOBHSIX PEeaHUMAIUU

A. A. Kprokoga', O. 1O. Anekcangpoa?

! Canxr-ITerepOyprexuii Ientp o npoduiaktike u 6opboe co CITN/L u nrdeKImonHbIMI 3a60€BAaHUSMH,
Poccust, 190103, r. Cankr-Ilerepbypr, Hab. O6BoaHOTO Kanada, 1. 179
2 MOCKOBCKHIH 00JIACTHON HAyYHO-MCCACAOBATEIbCKIN KAnHNYecKuii mactutyt um. M. D. Biragumupcekoro
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Rights of Patients Incapable of Expressing Their Will in the ICU Setting
Anna A. Kruykova!, Oksana Yu. Aleksandrova?

! Saint Petersburg Center for the Prevention and Control of AIDS and Infectious Diseases,
179 Nab. Obvodnoy kanal, Saint Petersburg 190103, Russia
2 M. E Vladimirsky Moscow Regional Research Clinical Institute
61,2 Shchepkin Str., Moscow 129110, Russia

Iless vccmei0BaHUsE — OIEHUTD 3aKOHO/IATEILHO 000CHOBAHHbBIE MEPHI B OTHOILIEHUH MPAB TAIIUEHTA TIPH CO-
CTOSTHUSX, YTPOKAIOMINX JKUZHU.

Marepuansl u Merozpl. [Iposesu ananmus Denepanbroro 3akona «O6 0CHOBaX OXPaHbI 3[0POBbsI IPAK/IAH B
Poccuiickoit @eneparmy ot 21.11.2011 N 323-D3 u psijia 1103aKOHHBIX HOPMAaTUBHO-1TPaBOBbIX akToB (HITA),
PeryJIMpyIoNIuX TIPaBa MaIeHTa, B TOM YHCJIe IPU JIeYeHUH B OT/IeJIeHUSX PEAHUMAIUH.

Pe3yabTarhl. YCTaHOBUIIN, YTO COCTOSTHIE 3/I0POBbS TTAIIIEHTA, HAXOSIIEr0Cs HA JIEUeHUN B PEAHUMAIIMOHHOM
OT/IeJIEHNH METUITIHCKOW OPTaHM3aIlNH, BJIUSET HAa OTPAaHIYEHNEe er0 OTIeJbHBIX PaB. BBISABUIIM, 4TO NMEIOINeCs
OTPAaHUYHUTENIbHBIE MEPBI [IPAB MAIMEHTA TPU COCTOSTHUSIX, YTPOKAIOIIIX KI3HHU, YCTAHOBJIEHBI B IIEJISTX 00€CIIeYeH st
HannenTa CBOeBPeEMEHHON MeIMITUHCKOI TIOMOIIIBIO, KOT/IA OT CKOPOCTH €€ OKA3aHWsI 3aBUCHT Pe3YJIbTaT IPOBEIEH-
HBIX MEPOITPUSITUI.

3akmouenue. B zeiicTByioniem 3akononaresnbcTse PO 1peaycMOTpeHbl 10MOMHUTEIbHbIE TAPAHTUY JIJTST AN
€HTOB OT/IeJIEHMsI PeaHUMAI[UH U WHTEHCUBHON Teparnuu B Bujie 00eCIieYeHust yCIOBUN [IOIyCKa POJCTBEHHUKOB,
aJIBOKATOB U CBSIIIEHHOCTy KuTeseil. TeM He MeHee, IOMOJTHUTENBHO TPEOYETCsI CO3[aHIe MEXaHU3MOB Peau3aliiu
IIPaB TAIMEHTa, HAXOISIIErocst 6e3 CO3HAHUSI, UJIH, KOT/IA BOJISI AI[EHTa MOJKET ObITh HCKaKEHa.

Kantouesvte ciosa: npasa nayuenma 6 peaHUMAauulL; Yzpoxcaruyue HUsHU COCIMOSIHUSL; 8PaveOHas maina

The purpose of the study: to assess legally justified measures concerning the rights of a patient with life-threat-
ening conditions.

Materials and methods. Federal Law N 323-FZ «On The Fundamentals of Health Protection in the Russian
Federation» as of 11/21/2011 and a number of current normative legal acts (NLA) regulating patient's rights were
analyzed including those related to the ICU setting.

Results. It has been determined that the state of health of a patient who is being treated in the intensive care
unit of a healthcare institution involves restriction of some of his rights. We found out that the existing restrictive
measures related to the patient's rights under life-threatening conditions are established in order to ensure timely
medical care in cases, when the result of activities undertaken depends on the time of its delivery.

Conclusion. The current legislation of the Russian Federation provided further guarantees for patients in the
intensive care units, namely, the terms for the admission of relatives, lawyers, and clergymen. However, further mech-
anisms to implement the rights of patients in cases when they are unconscious or their will can be misinterpreted
are required.

Keywords: rights of the patient in the intensive care unit; life-threatening conditions; medical secrecy
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BBenenne

Kak mpaBuio, maiuenT, KOTOpoMy TpedyioTest
peaHrMaliMOHHble MEPOIIPUATHSI, HAXOJUTCS B COCTOSI-
HUH, YIpoKalolleM >KM3HH, B CHJIy KOTOPOTO OH He

Introduction

As a rule, a patient who requires resuscitation
has a life-threatening condition that prevents him
from expressing his/her will. In fact, such patients are
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IOTUKa " HOPpMAaTUBHO-IIPABOBAsI 6asa AHECTE3UOAOTUNU-PEAHUMATOAOTUN

MOKET BbIpasuTh cBoio Boso. Daxrudeckn, takoit
HAIMEHT SIBJISIETCS YA3BUMbBIM U HECIIOCOOHBIM 3allly-
TUTb CBOU IIpaBa CaMOCTOSITEJIbHO. 3aKOHOJATeIeM
YCTaHOBJIEH PSIJl YCJIOBUN B OTHOIIEHUH TIPOIELYPBI
OKa3aHUs MEJUIMHCKOHN IIOMOIIM TAKUM IallMeHTaM.
CunraeM Ba’KHBIM OIIPE/EJUTD, ABJSIOTCS YCTaHOB-
JICHHBIE Mepbl YIIEMJIAONUMU WK 3alIUIIAI0NIMA
TpaBa JaHHON KaTerOpPUH MallneHTOB.

[Tesb uccnenoBaus — OLEHUTD 3aKOHO/ATEb-
HO 060CHOBAHHbBIE MEPBI B OTHONICHHUH IPAB Tal[leHTa
IIPU COCTOSHUAX, YITPOKAIOIINX KISHU.

MaTepI/IaJI N METO/1bl

I[Tposenn ananus Dezepanbhoro 3akona «O6 ocHoBax
OXpaHbI 3710poBbs rpaskiaf B Poccuiickoit Dexeparms» ot
21.11.2011 N 323-D3 u psijia 1M0/J3aKOHHBIX HOPMATHBHO-
npaBoBbix akToB (HITA), perysmpyronux mpasa marmenTa,
B TOM YHCJI€ IIPH JIEUeHNH B OT/IEJICHNSIX PeaHNMAIINH.

Pe3yabraTel 1 00CyKaeHHE

Yacrbio 1, cratbu 6, yactoio 5 cratbu 19 Depe-
panbroro sakona ot 21.11.2011 N 323-D 3 «O6 ocHo-
BaxX OXpaHbl 37I0POBbs rpaskaad B Poccuiickoit Meje-
paruuy» (1) (mamee o Texcry — «D3 Ne 323-D3»)
YCTAHOBJIEHBI IyTH PeaU3aIuu IPUHITUIIA TPUOPU-
TeTa MHTepeca MMalMeHToB 1 0a30BbIil IepedeHb 1IpaB
MaryeHTa.

«IIpuopurer nHTEPECOB HallMEHTa IIPU OKa3a-
HUU MEJIUITUHCKOUN TOMOIIH PEATUZYETCS Ty TEM:

1) cobmoneHns STUYECKUX U MOPAJILHBIX HOPM,
a TaK)Ke YBAKUTETHHOTO U TYMAHHOTO OTHOIIEHUSI CO
CTOPOHBI MEAUIUHCKUX PAOOTHUKOB U MHBIX PaboT-
HUKOB MEIUIIMHCKON OpraHu3aliim;

2) okazaHUs MEJNITUTHCKON ITOMOTIN MTAITUEHTY ¢
y4eTOM ero (PU3UYECKOTO COCTOSHUS U € COOIIIOIEHN-
€M TI0 BO3MOKHOCTU KYJIbTYPHBIX U PEJUTHO3HBIX
TpaJUIUii TAIUEHTa,;

3) obecrieueHnst yXojia py OKasaHUU MeIUIIIH-
CKOI TIOMOIILH;

4) opraHM3aIuy OKa3aHWsI MEUITMTHCKOM ITOMO-
M TAIUEHTY ¢ YYETOM PAIlMOHABLHOTO HCITOJIh30Ba-
HUSI €ro BpeMeHH;

5) ycraHoBsieHus TpebOBaHUIT K IPOEKTHPOBA-
HUIO ¥ Pa3MEIeHUI0 MEAUIMHCKIX OPraHu3aluii ¢
y4eToM COOMIOAEHUS CaHUTaPHO-TUIMEHUYECKUX
HOPM U obecriedeHnst KOM(POPTHBIX YCIOBUIA IPeObI-
BaHMSI MAIMEHTOB B MEIUIIMHCKUX OPTaHU3aI[UsIX;

6) cosanust yCJI0BH, 00eCIIeYNBAIONIINX BO3MOK-
HOCTD IOCEIIECHUS TTAIMeHTa 1 IIPpeObIBAHUS POICTBEH-
HUKOB C HUM B MEJIMIIMHCKON OPraHU3aIuN C YIeTOM
COCTOSIHUS TAIUEHTa, COOJIIOAECHIS TIPOTUBOIIIU/IEMK-
YECKOro pesKMMa U MHTEPECOB UHBIX JIUIL, PAOOTAIONX
1 (I ) HaXO/IATIUXCS B MEIMITMHCKON OPraHnu3aIinms.

«ITarueHT MMeeT 1paBo Ha:

1) BbIOOP Bpaya 1 BHIGOP MEIUIIMHCKON OpraHu-
3al[MM B COOTBETCTBUMU ¢ HacTosmuM DenepanibHbiM
3aKOHOM;

2) mnpodusakTUKYy, AMATHOCTUKY, JIedeHUe,
MEIMIUHCKYIO0 PeabUINTAIINI0 B MEAUIIMHCKUX Opra-

vulnerable and unable to protect their rights on their
own. The legislation has set a number of terms regard-
ing the procedure for providing medical assistance to
such patients. We believe it is important to determine
whether the established procedure encroach on the
rights of this category of patients or protect them.

The purpose of the examination — to assess
legally justified measures in regard to the rights of a
patient with life-threatening conditions.

Results and Discussion

Part 1 of article 6 and part 5 of article 19 of Federal
Law N 323-FZ «On The Fundamentals of Health Pro-
tection in the Russian Federation» as of 11,/21/2011 (1)
(hereinafter referred to as FL No. 323-FZ) establishes
the ways of implementation of the principle of patient's
rights priority and the basic list of patient's rights.

«The priority of patient's interests in health care
is implemented by:

1) keeping ethical and moral standards, as well
as a respectful and humane treatment by medical per-
sonnel and other employees of the healthcare institu-
tion;

2) providing medical care to the patient, taking
into account his physical state and patient's cultural
and religious traditions, if possible;

3) providing care while rendering the medical
care;

4) organization of the medical care, taking into
account the rational use of patient's time;

5) establishing requirements for the design and
location of healthcare institutions, taking into account
the observance of sanitary and hygienic norms and en-
suring comfortable conditions of patient's stay in
healthcare institutions;

6) providing conditions allowing relatives to
visit the patient and stay with them in healthcare in-
stitutions taking into account patient's state, hygiene
regimen compliance and interests of other persons
working and /or located in the healthcare institution».

«The patient has the right to:

1) choose a doctor at a healthcare institution in
accordance with this Federal Law;

2) receive preventive, diagnostic, treatment and
medical rehabilitation services in healthcare institu-
tions under conditions complying with sanitary-hy-
gienic requirements;

3) be consulted by physicians;

4) relieve the pain associated with the disease
and/or medical intervention using available methods
and drugs;

5) obtain information about their rights and re-
sponsibilities, their state of health, the choice of per-
sons to whom the information about the state of
patient's health may be disclosed in the interest of the
patient;

6) receive clinical nutrition while receiving
treatment in a hospital;
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HUBAIUSIX B YCJIOBHSX, COOTBETCTBYIOINIIX CAHUTAPHO-
TUTHEHUYECKUM TPeOOBAHUSIM;

3) moryyeHne KOHCYIbTAIII Bpaueli-creraii-
CTOB;

4) obsreruenue 6oJIH, CBSI3aHHOI ¢ 3a60JIeBaHIEM
1 (MJIT1) METUTTTHCKUM BMETTATEeTbCTBOM, IOCTYITHbI-
MU METOJIAMU U JIEKaPCTBEHHBIMHU TIPenapaTaMu;

5) moJsrydenune wHGOPMAIUU O CBOUX TpaBax U
006sI3aHHOCTSIX, COCTOSTHUH CBOETO 3/10POBBSI, BHIOOD
JIMI, KOTOPBIM B MHTEpPecax MallleHTa MOKeT ObITh
nepenaHa MHGOPMAIINS O COCTOSTHUH €TO 37I0POBBST;

6) mosydenve JTe4eGHOTO MUTAHUS B CIydae
HaXOKJICHUST TIAIUEHTA Ha JICYEHUH B CTAITMOHAPHBIX
YCJIOBUIX;

7) 3alUTy CBEACHUII, COCTABJISAIONINX Bpaues-
HYIO TalHy;

8) 0TKa3 OT MEIUITMHCKOTO BMEIITATEIbCTBA,;

9) BoamerieHMe Bpeia, MPUYNHEHHOTO 3/I0POBBIO
MIPY OKABAHUN €My MEUITTHCKOM MOMOTIIH;

10) momyck k HeMy afiBOKaTa WMJN 3aKOHHOTO
TIPEICTABUTEJIS [ITIST 3ATUTHI CBOWX ITPAB;

11) nomyck K HeMy CBSILEHHOCJYKUTEJIS, a B
ciIyyae HaxXOo:K/IeHWs MalfeHTa Ha JJeUeHUH B CTaIlHo-
HapHBIX YCJOBUSAX — HA MpeNoCTaBJIeHNE YCIOBUIA
IUTST OTTIPABJIEHIST PETUTHO3HBIX 0OPSIIOB, MPOBEIe-
HUE KOTOPBIX BOBMOKHO B CTAIIMOHAPHBIX YCJIOBUSIX,
B TOM UHCJIe Ha TTPEAOCTaBICHIE OTAETBHOTO TIOMeTIle-
HUS, €CJTN 3TO He HapylIaeT BHYTPEHHNH paciopsiioK
MEIUIIMHCKON OPTaHU3AIUWS.

B cuy cBoero cocTosSHUS TalleHT He MMeeT
BO3MO’KHOCTH BBIPA3UTh CBOIO BOJIO M PEATN30BATh
CBOU TIpaBa. 3aKOHOM MPEAYCMOTPEH PsIJl OTpaHiye-
HUH OT/IEJTbHBIX TIPAB:

IIpaBo Ha coOuioneHHe BpauyeOHON TalHbI.
Cormacuo 1. 1 4. 4 cr. 13 @3 Ne 323-D3 npeocras-
JIeHHe CBEAECHNH, COCTABIISIONINX BpaueOHYIO TaifHy,
6e3 coryacus TpakIaHWHA UK €70 3aKOHHOTO TIPE-
CTaBUTEJIST IOMTYCKAETCST, B YACTHOCTH, B TIEJISIX TTPOBE-
MEHUS METUIITHCKOTO 00CTEIOBAHYIST U JIEUEHST TPAK-
TAHWHA, KOTOPHIN B Pe3yJIbTaTe CBOETO COCTOSIHUS HE
cocO6EH BBIPA3UTD CBOIO BOJIIO, € YUETOM TIOJIOKEHHU T
nynkra 1 yactu 9 crareu 20 M3 Ne 323-D3.

3aKOHOM PacIIupeH KPYT JINIl, KOTOPBIM MOKeT
OLITH TpeocTaBIeHa HHGOPMANUs o marnuenTe. B
caydae HeGIaroMPUATHOTO TIPOTHO3a PA3BUTHST 32060~
JieBaHVsT WHGOPMATIHS OKHA COOOTIATHCS B €U~
KaTHOH (hopMe rpak/laHuHy UJIK €ro cypyry (Cynpy-
re), OAHOMY U3 GJU3KWX DOJCTBEHHUKOB (JETSM,
POJIMTETISIM, YCHIHOBJIEHHBIM, YCHIHOBHUTEJISIM, POIHBIM
OpaTbsiM M POJHBIM CeCTpaM, BHYKaM, JEIyIIKaM,
GabymIKam ), eciiv MalueHT He 3aIPeTHJI COO0IaTh UM
06 5TOM U (WJTN) He OTPEIEITIIT HHOE JIUT0, KOTOPOMY
JoJKHA OBITh Tepeiada Takast nHdopmarus (4. 3 CT.
20 @3 Ne 323-D3).

IIpaBo Ha coriacue Ha MEIUIIMHCKOE BMeIIa-
TEIHCTBO U OKa3aHHE MEIUIHUHCKON momMomu Oe3
coriacus rpaskJIaHnuHa. B cooTBeTCcTBNN € YacThio 1
cratbut 20 M3 Ne 323-D3 HE0OXOAUMBIM IIPEBAPHU-
TEJLHBIM YCJIOBUEM MEIUIIMHCKOTO BMENIATEIbCTBA

7) protection of information that constitutes
medical secrecy;

8) refuse medical intervention;

9) compensation for harm caused to patient's
health while rendering the medical care;

10) admission of a lawyer or a legal representa-
tive for the protection of their rights;

11) admission of a cleric; and if the patient is
treated in a hospital, provision of conditions for per-
formance of religious rites, which can be carried out in
the hospital setting, including the provision of a sepa-
rate room if it does not violate the regulations of a
healthcare institution».

In some cases, due to their condition, patients are
unable to express their will and realize their rights.
The law provides for a number of restrictions of indi-
vidual rights:

The right to confidentiality (medical secrecy).
According to par. 1, part 4 of art. 13 of Federal Law
No. 323-FZ, disclosure of information that constitutes
medical secrecy without consent of an individual or
his/her legal representative is allowed, in particular,
in order to conduct a medical examination and treat-
ment of the individual who is unable to express
his/her will as a result of his/her condition, taking
into account provisions of paragraph 1, part 9 of article
20 of FL No. 323-FZ.

The law expanded the circle of persons to whom
information about the patient might be disclosed. In
case of unfavorable prognosis of disease, the informa-
tion should be disclosed to the individual or his/her
spouse, one of close relatives (children, parents,
adopted children, adoptive parents, relatives, brothers
and sisters, grandchildren, grandfathers, and grand-
mothers) in a delicate form, unless the patient has for-
bidden to inform them about this and/or has
identified the other person, to whom this information
may be disclosed (part 3, art. 20 FL. No. 323-FZ).

The right to consent to medical intervention
and rendering medical care without patient's con-
sent. In accordance with the article 20 of FL No. 323-
FZ, Part 1, there should be a prerequisite for a medical
intervention: the informed voluntary consent for a
medical intervention expressed by an individual or
his/her legal representative based on complete infor-
mation on the objectives, methods of the medical care,
associated risks, possible options for the medical inter-
vention, their consequences, as well as on the expected
results the medical care provided by a healthcare
provider in an accessible form.

Article 20 (FL No. 323-FZ), Part 1, paragraph 1
establishes the right to carry out a medical treatment
without patient's consent, if the medical intervention
is performed for a life-saving purpose and if the patient's
state restricts expression of his/her will, or there are no
legal representatives (in respect to persons as described
in Article 20 of FL No. 323-FZ), paragraph 2.

In this case, the decision on the medical interven-
tion with no consent by the patient is provided by one
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SIBJISIETCS laua WH(GOPMHUPOBAHHOTO T0GPOBOJIBHOTO
COTJIACHSI TPAKIAHITHA MJIN €T0 3aKOHHOTO TIPE/ICTABH-
TeJIsT Ha MEJVITMHCKOE BMEIATeNbCTBO HA OCHOBAHUN
[PEJOCTABJICHHOW MEAUIMHCKUM PaGOTHUKOM B
JIOCTYTTHOU hopMe TTosHON MH(MOPMAINU O TeTsX,
METO/IaX OKA3AHWS MEJUIIMHCKON TOMOTIH, CBSI3aH-
HOM C HUMU PUCKE, BO3MOKHBIX BAPUAHTAX METHITIH-
CKOTO BMEINATEIhCTBA, O €r0 TOCAE/ICTBUSX, a TAKKe
O TIPEITIOIaTAEMbIX PE3YJIbTaTaX OKA3AHUS MEIHIIIH-
CKOI TTOMOTIIH.

[Tynkrom 1 gactu 9 cratpu 20 D3 Ne 323-D 3
YCTaHOBJICHO MTPABO MTPOBECHIS MEIMIIMHCKOTO BMe-
maTeJbcTBa 0e3 COTJIacust TpakIaHIHa, eCIU MeIn-
[IUHCKOE BMEIIATEJbCTBO HEOOXOAUMO IO 9KCTPEH-
HBIM TTOKa3aHUSIM [IJIST YCTPAHEHUS] YIPO3bl KU3HU
YesIOBeKa U eCJIN €T0 COCTOSTHUE He MTO3BOJISIET BhIpa-
3UTDb CBOIO BOJTIO WJTH OTCYTCTBYIOT 3aKOHHBIE TIPE/I-
cTaBuTesn (B OTHOIIEHUHW JINI, YKA3aHHBIX B YaCTH 2
cratbu 20 @3 Ne 323-D3).

B sTom cirydae perienrie 0 MEIUITUHCKOM BMe-
maTeJbcTBe 0e3 Coriacus TpaskJaHUHA, OJHOTO W3
ponuTesiell WM WHOTO 3aKOHHOTO TIPENCTaBUTEIS
MIPUHIMAETCS] KOHCUJTMYMOM Bpayeii, a B CJIydae, ecyim
co6paTh KOHCUJIYM HEBO3MOKHO, — HEIIOCPEICTBEH-
HO JleqaluM (JIesKyPHBIM ) BpauOM € BHECEHUEM TaKO-
TO PENIEHUsT B METUITNHCKYTO IOKYMEHTAIIHIO MaI[ieH-
Ta W MOCTENYIONUM YBEIOMICHUEM OJIKHOCTHBIX
JIUIL MEIUIMHCKON OpraHu3aiuu (pPyKOBOJIUTEIS
MEIUITUHCKOM OPraHU3aIuy UITH PYKOBOIUTEIS OT/Ie-
JIEHWST MeIUTTMHCKOM OpraHm3aIiun ), TpakK/aHHa, B
OTHOIIIEHUU KOTOPOTO MTPOBEJIEHO MEAUIITHCKOE BMe-
matesbeTBo (1. 1 4. 10 D3 Ne 323-D3).

YkazaHHbIe OTPAHUUYEHUS, TIO HAIlIEMy MHEHWTO
YCTaHOBJIEHBI C TIEJIbI0 0OECIIeYeHUsT CBOEBPEMEHHOM
MEIMIIMTHCKOM TIOMOTIIN B CHJTY COCTOSIHUSI 3/[0POBBSI
MAIMEHTa, KOT/la OT CKOPOCTU €€ OKa3aHUs 3aBUCHT
Pe3yJIbTaT MPOBEICHHBIX MEPOTIPUITHI.

IIpaBo Ha mocemeHHe pPOJICTBEHHUKaMU U
uHbIMH JiiamMu. Ilo o6lieMy TpaBHIy, COTJIACHO
nyHKTy 5 yactu 5 cratbu 19 MesrepanbHOTO 3aK0HA OT
21.11.2011 N 323-D3 «O6 ocHOBaX OXPaHbI 37[0POBbSI
rpaxkaad B Poccutickoit Degepanu» K J1riaM, Ha
JIOITYCK KOTOPBIX Yy TAIMEHTA €CTh PABO, OTHOCSITCS
POJICTBEHHWKH, 3aKOHHBIH MTPE/ICTaBUTEb, aIBOKAT U
CBSITIEHHOCTTY KU TETb.

[Tynkrom 6 wactu 1 crarbu 6 DegepanbHoro
sakona ot 21.11.2011 N 323-D3 «O6 ocHoBax oxpa-
HBI 37I0pOBbsT TpakaaH B Poccuiickoit Memeparnmi»
OTHUM IIyTeH peayn3aluy MPUOPUTETA WHTEPECOB
HalMeHTa SIBJISIeTCs CO3JIaHue YCIOBUH, obecredn-
BaIOMINX BO3MOKHOCTH TIOCETEHNUS TTalleHTa U mpe-
ObIBaHMsI POACTBEHHUKOB C HUM B MEIIIHHCKO opra-
HUBAINH C YY9eTOM COCTOSTHUST MAIUEHTa, COOJTIOIECHIIS
MPOTUBOIMUIEMIYECKOTO PEKUMA U MHTEPECOB MHBIX
JITL, pabOTAONIX ¥ (VJIH ) HAXOASATINXCS B MEAUITHH-
CKOM OpraHu3aIinm.

Cornacuo IImcemy MunsnpaBa Poccun ot
30.05.2016 N 15-1/10/1-2853 «O mpaBuax mocerie-
HUSI POJICTBEHHIKAMU TTAIIMEHTOB B OT/AEJICHUSX pea-

of the parents, or other legal representative, or a doc-
tors's commission. If it is impossible to gather the com-
mission, the decision is made directly by a doctor in
charge with registration of this decision in patient's
medical records and subsequent notification of health-
care institution authorities (manager of the healthcare
institution or head of a unit of the healthcare institu-
tion) and the patient who has been exposed to this
medical intervention (par. 10, part 10, FL No. 323-FZ).

It is evident that these restrictions are set to en-
sure timely delivery of the medical assistance adequate
to patient's state of health, when the results of health
care activities might depend on the time of the prompt
medical care initiation.

The right to be visited by relatives and other
persons. As a general rule, in accordance with the Ar-
ticle 19, part 5, paragraph 5 of the Federal Law No.
323-FZ “On The Fundamentals of Health Protection
in the Russian Federation» as of 21/11/2011, the list
of persons to be admitted to the patient include rela-
tives, a legal representative, a lawyer, and cleric.

Same law, Article 6, part 1, paragraph 6 discloses
that one way to implement the priority of patient's in-
terests includes development of conditions for patient’s
accessibility byrelatives through staying at a health-
care institution in compliance with the antiepidemic
regime and observance of interests of other persons
working and/or located in the healthcare institution.

According to letter No. 15-1/10/1-2853 of the
Ministry of health of Russia as of 30.05.2016 «On the
Principles of Visiting Patients in Intensive Care Units
by Relatives» (2) relatives may visit patients in the
ICU, if the following conditions are met:

1. The relatives should not present signs of
acute infectious diseases (high temperature, respira-
tory infections, diarrhea). No medical certificate on
the absence of diseases is required.

2. Before the visit, the medical staff must hold a
brief conversation with the relatives to explain that
they should inform a physician whether they have any
infectious diseases and the prepare the visitor psycho-
logically to what they will sees in the ICU.

3. Before visiting the healthcare unit, the visitor
should remove outer clothing, put on shoe covers, a
robe, a mask, a cap, and wash hands carefully . Cell
phones and other electronic devices must be turned off.

4. Customers under the influence of alcohol
(drug) intoxication are not permitted to the health-
care unit.

5. The visitor promises to keep the silence, not
to prevent the medical staff to render care to other pa-
tients, to follow the instructions of the medical per-
sonnel, and not to touch medical devices.

6. Children below 14 years of age should not
visit patients.

7. Not more than two visitors may be in a room
at the same time.

8. Family visits are not allowed during invasive
manipulations (tracheal intubation, catheterization of
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HUMaIllMi 1 WHTEHCUBHON Tepanuuy (2) MoceneHnsT
POJICTBEHHUKAMU TIATIMEHTOB OT/ICIEHUT PeaHuMAaIin
Y UHTEHCWBHOI T€PAITNW Pa3peNIaeTcs IPU BBITIOJIHE-
HUU CJIEAYIOIINX YCJIOBUI:

1. PojicTBeHHUKM HE JIOJKHBI IMETh TPU3HAKOB
0CTPbIX HH(PEKIMOHHBIX 3a00/1eBaHuii (IIOBBIIIEHHO
TEMIIEPATYPBI, TIPOSIBIIEHUI PeCTUpPaTOPHOIT MH(hEK-
W, Jrapen ). MeuinHCK e CipaBKku 00 OTCYTCTBUN
3abosieBaHNi He TPeOYIOTCS.

2. Tlepex mocererreM MeMITMHCKOMY TIEPCOHA-
JIy HeOOXOIUMO ITPOBECTH C POJACTBEHHUKAMHU KPATKYTO
Gecemy [UIst pasbsiCHEHUST HEOOXOAMMOCTH COOOIIUTh
Bpauy 0 HAIMUYMK Y HUX KaKUX-JTMO0 WH(PEKIIMOHHBIX
3a00JIeBaHUI, TICUXOJIOTHYECKU TIOATOTOBUTH K TOMY,
YTO MOCETUTENTh YBUUT B OTIECJICHIM.

3. Ilepen mocemneHneM OTAETEHUS TOCETUTETH
JIOJKEH CHATH BEPXHIOW OJEKIY, HaAeTh OaXuJIbl,
XaJjar, MacKy, NIalloYKy, THIATEJbHO BBIMBITh PYKHU.
MoGuabHbIil  TeJeOoH W APYrHe 3JIEKTPOHHbBIE
YCTPOMCTBA JOJIKHBI OBITh BHIKJTFOUEHBI.

4. TloceTuTeTM B COCTOSTHMHU AJIKOTOJBHOTO
(HaPKOTUYECKOTO) OMbSTHEHUS B OT/IEJIEHUE HE JIOTTYC-
KaloTCSI.

5. Tlocetutens 06s3yeTcst COOMOMATD TUTITHHY,
He 3aTPYAHATH OKazaHUe MEIUITMHCKON TIOMOIIIN JIPY-
TUM TIAIUEHTAaM, BBITTOJHATH YKa3aHUS MEIUITTHCKOTO
[IEPCOHAJIA, HE TPUKACATHCST K MEAUIIHHCKIM ITPHOOPaM.

6. He paspemraercs mocemarh TaIrfieHTOB ETSIM
B Bo3pacTe 710 14 mert.

7. OmHOBpPEMEHHO pa3peniaeTcs HaXOIUThCS B
nasare He 6oJiee, YeM ABYM HOCETHTEISIM.

8. Tlocerenust poICTBEHHUKOB HE Pa3penialoTcst
BO BpPeMsI TIPOBE/ICHUS B MAJIaTe MHBA3WBHBIX MAHUITY-
Jisii (MHTYGAIMST TPaxer, KaTeTepUsalis COCY/I0B,
MEPEBSI3KK U T.I1.), TIPOBEIEHUS CEPIETHO-TIETOTHOM
peaHuMaInm.

9. PojcTBEeHHWKHM MOTYT OKa3biBaTh IMOMOIIh
MEJIMIITHCKOMY TI€PCOHATY B YXOJIe 32 MAI[MEHTOM U
MOJIIEPKAHUN YUCTOTHI B MAJIATe TOJIBKO 110 TUIHOMY
JKEJIAHUIO U TIOCJIe IOAPOOHOTO MHCTPYKTaKA.

10.B cootBercrBun ¢ MemepanbHbIM 3aKOHOM
N 323-D 3, MeAUIIUHCKOMY TIEPCOHAY CJIeayer obec-
MEYNTh 3AMTUTY TTPAB BCEX MAIMEHTOB, HAXOASIIXCST
B OT/JI€JIEHUW PeaHuMaIuy (3aniuTa mepcoHaJbHOM
uH(bopMaIu, COOJIICHIE OXPAHUTEIBHOTO PEKHU-
Ma, OKa3aHWe CBOEBPEMEHHOU TTOMOIIN ).

TTocetrerue v IpeObIBAHKE C HECOBEPIIEHHOJIETHI-
MU JIeTbMI 00ycoBaBaetcs 1. 3 cr. 51 M3 Ne 323 —
D3, cormacHo KOTOPO OJIHOMY U3 POAUTENEH, THOMY
YJIeHy CEMbH WM WHOMY 3aKOHHOMY TIPEJICTAaBUTENIO
NPEIOCTABIISIETCS TPaBO Ha OeCIIATHOE COBMECTHOE
HaXOKZIeHHE ¢ PeOEHKOM B MEMIIMHCKOI OpraHusaIiimn
MIPY OKA3aHUT MY METUTIMHCKON TOMOITIN B CTaITAOHAP-
HBIX YCJIOBUSIX B TeUEHHUE BCETO MEPUO/IA JICUEHHS He3a-
BHCHMO OT Bo3pacta pebeHka. ITpr cCOBMECTHOM HAXO:K-
JIEHUU B MEIUITMHCKON OPraHu3aIiiy B CTAIlMOHAPHBIX
YCIIOBUSAX ¢ PeOEHKOM JI0 JOCTHIKEHUST MM BO3pacTa
YETBIPEX JIET, a ¢ peGEHKOM CTapIIie IAHHOTO BO3pacTa —
MIPY HAJTMYUH METUTIMHCKIX TIOKA3aHUH TIJIaTa 3a co3/1a-

vessels, bandaging, etc.) and cardiopulmonary resus-
citation.

9. Relatives can assist medical personnel in pa-
tient care and maintenance of cleanliness in the room
only on the volunteer basis after a detailed instructing.

10.In accordance with the Federal Law No. 323-
FZ, the medical personnel should ensure the protec-
tion of the rights of all patients in the intensive care
unit (protection of personal information, observing a
sparing regimen, provision of timely care) .

Visiting and staying with minor children is reg-
ulated by par. 3 of art. 51 of Federal Law No. 323-FZ,
according to which one of the parents, a family mem-
ber or other legal representative, has the right to stay
with the child in a healthcare institution free of charge
while a child is receiving medical care in the inpatient
setting during the whole period of treatment regard-
less of child's age. If the relative stays in a hospital
with a child below 4 years of age, or with a child older
than 4 years in the case of medical indications for joint
stay in a hospital, no fee for the hospital stay, including
overnight stay and feeding, should be collected from
these persons.

Letter No. 15-1,/2603-07 of the Ministry of Health
of Russia as of 09.07.2014 «On Visiting Children Re-
ceiving Treatment in Healthcare Institutions Including
the ICUs by Relatives» (3) emphasized the possibility
of implementation of this right in the ICU setting.

Special attention is paid to the implementation
of the right of a patient under intensive care to the ad-
mission of a cleric. Due to the fact that «the admission
of priests to the ICU is restricted most often, although
the intensive care unit patients are in the greatest need
of confession and communion», Letter No. 15-4/10/2-
8348 of the Ministry of Health and Social Develop-
ment as of 25.08.2011 «On Observing Rights of
Patients Seeking and Receiving Medical Aid to Ad-
mission of a Priest» (4) recommended to provide the
conditions for the performance of religious rites in a
hospital, including provision of separate premises, if
this does not violate the regulations of the hospital.

Conclusion

If medical intervention is needed for a life-saving
purpose and if patient's condition prevents him/her
from expressing his/her will, a medical intervention is
possible without patient's consent. The decision on
the medical intervention without the consent ex-
pressed by the individual, one of the parents or other
legal representative is made by a doctors's commis-
sion; and if it is impossible to gather the commission ,
the decision is made directly by a doctor in charge
with registration of this decision in patient's medical
records and subsequent notification of healthcare in-
stitution authorities (manager of the healthcare insti-
tution or head of a unit of the healthcare institution)
and the patient who has been exposed to this medical
intervention (par. 10, part 10, FL No. 323-FZ).
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HIe YCJIOBHH MTPeObIBAHUS B CTAIIMOHAPHBIX YCJIOBUSIX, B
TOM YHCJIE 32 ITPEIOCTABIEHIE CITATTBHOTO MECTa 1 TINTa-
HUSI, ¢ YKa3aHHBIX JIUI] HE B3UMAETCSL.

[Tucemom Munsapasa Poccun ot 09.07.2014 N 15-
1/2603-07 «O mocemnieHNN POACTBEHHUKAMU JIETEM,
HAXOJISANINXCS HA JICYeHUN B MEJTUTIMHCKIX OPraHu3a-
IIUSTX, B TOM YHCJIE B OT/IETIEHISIX aHECTE3HONOTHH-Pea-
HUMaIm» (3) ToYepKHYTa BO3MOKHOCTh Pean3ariu
TaKOTO TIPaBa U B YCJIOBHSIX OT/ETIEHHS aHeCTE3UOTIOTHH-
peaHUMAITHH.

Oco6oe BHIUMaHUE y/IeJeHO pealusallii IpaBa
MaIMeHTa, HaXOASIIErocst B YCJIOBHUSAX PEaHUMAIlHH,
Ha JIOTYCK CBSIEHHOCTYKUTENS. B cBs3M ¢ TeM, uTo
«0COOEHHO YaCcTO OPAHMYMBAIOT JOCTYIT CBAIIECHHNU-
KOB B PEAHMMAITUOHHbBIE OT/ICJICHNS, XOTSI UMEHHO B
peaHuMaInuy 6oJbHbIE GOJbIIE BCErO HYKAAITCS B
WCTIOBEIV ¥ TPUYACTUN» TUChbMOM MUH3IpaBcoIpas-
Butust Poccun ot 25.08.2011 N 15-4/10/2-8348 «O
COOJIIOIEHUH TIPaB MAIMEHTOB TIPU OOpalleHnn 3a
MEIUIIMHCKON MTOMOIIBIO U €€ TIOJy4YeHUH Ha JIOTTYCK
K HUM CBSIIEHHOCJIYXUTEJsI» (4) PEKOMEHI0OBAaHO B
GOJIBHUYHOM YUPEKACHUN TPEJOCTABUTh YCIOBHS
JUIsL OTTIPABJICHUSI PEJUTHO3HBIX OGPSIZOB, B TOM
qucse Ha TPE0CTaBIEeHNE OT/IEIbHOTO TIOMENIeHMS,
€CJIM TO He HapyIlaeT BHYTPEHHUI pactopsiiiok 60Jb-
HUYHOTO YUPEKICHIS.

3akaoyeHue

B cJjy4dae, eCan MEeANIINMHCKOE BMEIIaTe/JIbCTBO
HeO6XOZ[I/IMO TI0 9KCTPEHHBIM ITOKa3aHUAM /I YCTPa-
HEHMA YIPO3bI JKU3HU Y€JIOBEKA 1, €CJIN €TI0 COCTOSAHNE
HE ITI03BOJIAET BbIPA3UTHh CBOIO BOJIIO, ITPOBE/IEHNE
MEIHUIIMHCKOI'O BMeIIaTe/JIbCTBa BO3MOKHO 6e3 cora-
CUA I'pakiaHHa. Pemrenue o ME/IMITMHCKOM BMeEIla-
TeJIbCTBE O3 COTIacus TpakaaHnHa, OHOTO U3 poan-

JlurepaTtypa

1. @epepanbhblii 3akon «O6 ocHOBaX OXpaHbl 30POBbsi Ipaskaan B Poc-
cuiickoit Mepeparm» ot 21.11.2011 Ne 323-D3.

2. Ilucemo Munszapasa Poccun Ne 15-1,/10/1-2853 ot 30.05.2016 <O mpa-
BUJIaX IMOCenieHnA pOIICTBeHHHK'dMW TIAIIMEHTOB B OTJEJEHUAX peaHmn-
MaIMU ¥ HHTEHCUBHOI Teparim».

3. ITucsmo Munszpasa Poccun Ne 15-1/2603-07 ot 09.07.2014 <O nocere-
HUN POJICTBEHHUKAMN €T, HAXO/SIIIXCS Ha JIEYCHUI B MEANIIIHCKIX
Opranusanysax, B TOM YUCJIe B OT/ICJICHUAX aHeCTEe3UO0JIOTUH-PeaHuMaliimn».

4. TImcemo Munszapaa Poccun Ne 15-4/10/2-8348 ot 25.08.2011 <O co-
6JII0/ICHUH TIPAB [AIIMEHTOB IPU 0OPAILEHIHN 32 MEUIIMHCKOI TOMOIIBIO
1 ee MOJIYYEHNH Ha JIOMYCK K HUM CBSIIICHHOCTYKUTEIIST».

Mocrymuna 03.07.17

The existing restrictive measures were estab-
lished to ensure timely patient care.

Taking into account patient's state of health in
the ICU, subordinate acts, the legislator provided for
additional guarantees for such patients in the form of
providing conditions for admission of relatives,
lawyers, and cleric. However, further mechanisms to
implement the rights of patients in cases when they
are unconscious or their will can be misinterpreted are
required.

TeJiell MJIM MHOTO 3aKOHHOTO TTPEeICTaBUTEST TIPUHU-
MaeTcsi KOHCUJIMYMOM Bpadel, a B cjydae, ecju
co6paTh KOHCUJIIYM HEBO3MOKHO, — HETIOCPE/ICTBEH-
HO JIeqalinM (JIe;KypHBIM ) BpauOM € BHECEHUEM TaKo-
TO peleHus B MEUINHCKYIO IOKYMEHTAIINIO TTallieH-
Ta ¥ TOCJTEAYIONNM yBeJIOMJIeHUEM JIOJIKHOCTHBIX
JINT] MEIUIIMHCKON opranusanun (PyKOBOAUTEJS
MEIUIMTHCKON OPTaHU3aINy NN PYKOBOIUTEIIS OT/Ie-
JIEHWST MeTUITMHCKOM OpraHm3alnun), Tpask/aHnHa, B
OTHOIIIEHNUN KOTOPOTO MTPOBEIEHO MEIUITMHCKOE BMe-
mateabeTBo (1. 1 4. 10 D3 Ne 323-D3).

Wmeroruecst OrpaHMYNTETHHBIC MEPBI YCTAHOB-
JIEHBI B TIEJISIX 00ECTIEUEHNST TAITHEHTa CBOEBPEMEHHON
MEIUITMHCKOH TTOMOTITBIO.

YuureiBast 0COGEHHOCTh COCTOSIHUST 3/I0POBbST
TaIeHTa B peaHnMallii, 3aKOHO/[ATe b TIPely CMOTPeT
B MTO/I3AKOHHBIX HOPMATUBHBIX aKTaX JOTIOJTHUTETHHBIE
TapaHTWy /IS TAIUEHTOB JJAHHON KaTeTOPUU B BUJIE
obecTieueH st yCIOBHH IOMYCKa POJCTBEHHUKOB, aJ1BO-
KaTOB 1 CBSIIIEHHOCTYkuTesieil. TeMm He MeHee, 710110J1-
HUTEJIBHO TPEOYETCsI COo3/[aHNe MEXaHU3MOB PeasIi3a-
I TIPAB MAIHEHTa, HAXOSIIETOCST 0e3 CO3HAHWSI TLIH,
KOT/[a BOJIST TATIUEHTA MOKET OBITh NCKa/KEHA,
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O XIX Bcepoccuiickasi KOH(pepeHIHs ¢ MeKTYHAPO/IHbIM yYacTHeM
«sKusneobecneuenue npu KPUTHYECKUX COCTOSTHHSIX >

B. W. Pemternsik, T. B. Typyxuna

On 18t All-Russian Scientific Conference with International Participation
«Life Support for Critical States» (in Rus)

Vasily I. Reshetnyak, Tatiana V. Turukchina

19 1 20 okra6psa 2017 1. B MockBe, B rOCTUHULLE
«Bera NamaittoBo Otenp 1 KoHrpecc-1ieHTpy, COCTOSI-
sace XIX Bceepoceniickas koH(pepeHIns ¢ MeK/IyHa-
pomHbIM yuacTreM «;KusHeobecieueHne mpu KpuTuae-
CKUX cocTosiHMsX>. KoHdepeHius Oblia mocBsiiieHa
80-nerimo HMU o6uieit peanmarosioriu um. B. A. Heros-
ckoro u 1o6useio Bukropa Bacuibesuua Moposa —
nayunoro pykosoautesnst OHKIL PP, noxropa memu-
IIMHCKUX HayK, Tpodeccopa, YeHa-KOPPeCToHIeHTa
PAH, saciysxennoro pesiresist Hayku PO, 3aciykeHnoro
Bpaua PO, nBax sl maypeara mpemun [IpaBurtesnbctsa
P®, naypeara nepsoii HaronaibHoit [Ipemui sydiimm
Bpauam Poccrn «IIpuzBannes.

Opranusaropamu koudepeniun craan: Deze-
pajibHOE areHTCTBO HAYYHBIX opranusanuii, Poccuii-
ckast Akagemust Hayk, DenepanbHblilt HAyYHO-KJINHU-
YeCKU [EHTP PEaHUMATOJOTHH U PeabUINTOIOTHH,
HayuHo-ucce10BaTeIbCKUi HHCTUTYT OOIIel peaHu-
matosiorun um. B. A. Herosckoro, O6mepoccuiickast
obmtectBenHas opranusaius «Deepariust aHecTe3no-
JIOTOB M peaHMMaToJI0TOB>, Kaepa anecte3noornm
n peannmatosiornn PMAHITIO Mwunsnpasa Poccun,
Kadenpa anecre3nonoruu-peanumMaTooruun MockoB-
CKOTO rOCYIapCTBEHHOTO MEINKO-CTOMATOJIOTHIECKO-
ro ynusepcutera uMm. A. 1. EBpokumosa, Harponasib-
HBII coBeT 1o peannumaruu, OGIIECTBO 10 U3YYECHIIO
moxa (Poccust).

C TpHUBETCTBEHHBIM CJIOBOM K yY4aCTHUKAM
KOH(bEPEHIUHU U TI03PaBJIeHUsIMHU 100usipa — Buk-
topa Bacuimbesnyua MOPO3A — BeicTynuin: 3ame-
CTUTEJb JUPEKTOPA 0 HAYYHOW U KJIWHUIECKO
pa6ore ®HKII PP npodeccop U. B. IIpanukos;
akazemuk PAH A. A. Byuaran; riaBublii Buemrar-
HBIIT aHecTe3noyor-peannmartosor Munaapasa Poc-
cun pocdeccop U. B. Momuanos; npesugent Desne-
paluy aHeCTEe3NOJIOTOB U PeaHuMaToJ0ToB Poccun
npodeccop K. M. Jlebenuuckuii; npesumeHt Bee-
MUPHOI OpTaHU3ANNH 110 U3yYEHUTO TOoKa Tpodec-
cop S. Bahrami (ABcTpust); TiaBHBII BHEIITATHBIN
aHecTe3noJoT-peannMarosor Munsapasa Pecry6-
aukn Ysbekucran npodeccop . M. Cabupos; rias-
HBII BHENITATHBIM aHECTe3M0JIOT-PeaHuMaTOJIOT
Munszapasa Ciosakuu mpodeccop B. Sdniové; 3ame-
CTUTENb JUPEKTOpa 10 HayuHoii pabore HUU kom-
IJIEKCHBIX TTPOBJIEM CePeuHO-COCYANUCTHIX 3a60Ie-
Banuii npocdeccop E. B. I'puropre (Kemepono);
npodeccop kadenpnl anecresmonoruu Meauinu-

ckoii mkoael nMeHn Keka Yuusepcutera IOxHOM
Kamudopaun akagemuk PAH, mpodeccop B. JI. 3emrs-
MmaH (Jloc Anmkenec, CIITA); 3aBemytomnuit kadeapoit
natodusnosoru OMCKOTO rOCyAapCTBEHHOTO Me/H-
nnHcKkoro yauBepcurera npodeccop B. T. [lonrux;
3aBeyoni Kadeapoit aHecTe3noI0TuN-peaHuMaTo-
Jgoruu Kypckoro Tocy1apcTBEHHOTO MEUITUHCKOTO
yauBepcuteta npodeccop C. A. CymuH; riaaBHBII
Hay4YHBIN COTPYAHUK OT/eJIeHUs THOWHON XUPYpPrun
Wucruryra xupypruu um. A. B. Bunnesckoro okTop
MeIUIIMHCKUX HayK A. A. 3BATUH; Bpay aHECTe3n0-
JIOT-PeaHnMaToIoT POCTOBCKOTO HAYYHO-MCCIIEI0BA-
TEJLCKOTO OHKOJIOTHYECKOTO MHCTUTYTA TIPOodheccop
H. . Ymaxkosa (Pocros-na-/lony); 3aBeaytonimii
kadeapoi aHeCcTe3NOJIOTUN-peannMaToaornu Huxe-
TOPOJICKOI TOCYZIAPCTBEHHON METUITUHCKOI aKa[leMAN
mpodeccop I'. A. bosspuHoB; kKadeapa aHeCcTE3NMOIOTHH-
peannmatosioruu Mexunuuckoro wacruryra MCH
Poccun noxrop mepaununckux nayk 0. . Bpuukun u
nokrop MeantnHCckuX HayK A. IO. AkoBses; accuctenT
Kadeapbl aHecTe3noJIornu-peanumarosiornun Hoso-
KY3HEITKOTO TOCYIAPCTBEHHOTO WHCTUTYTA YCOBEPIIIEH-
CTBOBaHUS Bpauell — puanana Poccuiickoit MeTuIImH-
CKOH aKaJieMU¥ HEPEPBIBHOTO MOCIEIUTITIOMHOTO
obpasoBanust MuHzapasa Poccun KaHIUIaT MeAITHH-
ckux Hayk B. C. CokonoBcKkuil u ipyrue.

Hayunast mporpamMma KoH(pepeHIInr Havyaiach
MJIEHAPHBIM JIOKJIa/IoM «Pa3BuTne aHecTe3noJIornm-
pearnmarosnornu 8 HUU o6ieit peaHuMaToIOr | 1M,
B. A. Herosckoro» wrena-xkoppecnionzienta PAH, mpo-
deccopa Buxropa BacumbeBmua Mopoza. B cBoem
nmoxkiaze mpodeccop Mopos B. B. ormeruit, uto HUN
ob6mieit peanumarosioruu um. B. A. Herosekoro @HKI],
PP rosoBHOE 1 emHCTBeHHOE B Poccun yupeskaenne
10 po6JIeMaM aHeCTE3NOJIOTUH-PEaHNMATOIOTHI, JKC-
HepUMEeHTaIbHbIE U KJIMHIUYECKIEe PaspaboTKI COTPY/I-
HUKOB VIHCTUTYTa TO3BOJIIN 0OOCHOBATh CO3/IaHIe
HOBOTO HAITPABJIEHUs B MEIUIIMHE — «PEAHUMATOJIO-
rusi». OCHOBHBIMU 3a/1adaMu VIHCTHUTYTA SIBIISIOTCST:

* TpoBesieHre (PyHIAMEHTAIbHBIX U MTPUKJIA]-
HBIX WCCJIeJIOBAHWI, HANPaBJICHHBIX HAa WM3y4eHHe
MEXaHNU3MOB Pa3BUTHS KPUTHIECKUX, TEDMUHATBHBIX
U MMOCTPEAHUMAITMOHHBIX COCTOSTHWH, TPUHITUIIOB UX
KOPPEKITMH Ha 9Tarax MeUIIMHCKON 2BaKyallnuu;

* paspaboTKa U BHEJPEHUE B IIPAKTUKY 3PaBO-
OXpaHeHWS] PEaHUMAITMOHHBIX TEXHOJOTWH U CUCTEM
KI3HEO0OECTICUEHS;
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DoroaneBHUK KOHDEPEHIMH.

a — Tlnenapubiii qoksaazn wi.-kopp. PAH, npodeccopa B. B. Moposa; 6 — Axagemux PAH A. A. Bynarsau; 6 — IIpesugent Beemuproit
OpraHM3aIN 10 U3y4YeHno moka npodeccop S. Bahrami, ABcrpust; 2 — Ha cexnmonnom 3acenamnun; 0 — Ipodeccop P. H. Axaraes,
[JIABHBIN BHEHITATHBII aHeCcTe3u0I0r-peannmaTonor Munsapasa Pecniybiukn Y36exucran npodeccop 1. M. Cabupos, wi.-kopp. PAH,
npoceccop B. B. Mopos, riiaBubiii BHENITaTHBIN aHecTe3nosor-peannmaronor Munaapasa Poccun ipodeccop V. B. Momyanos (cresa

nanpaso); e — Ha BpicTaBKe-nposiaske MeAUIINHCKOI TUTEPATYPHI.

*  KOOPAWHAIUS U IKCIIEPTU3A HAYIHBIX HCCIIe-
JOBaHUH 1 Pa3pabOTOK 110 AaHECTE3UOIOTHH-PeaHMa-
tosoruu B Poccutickoit Menepanny;

* TIOATOTOBKA HAYYHBIX KAJPOB (ACITUPAHTYPA,
JIOKTOPAHTYPa, COUCKATEIbCTBO), OCYIIECTBICHUE
HOCJIEIUTIOMHOTO 00pa3oBaHusL: TIOArOTOBKA (OpAU-
HaTypa) W MOBbIeHNe KBasudukamu (cepruduka-
I[FIOHHbIE IIUKJIBI) CIEI[AINCTOB B 00JIACTH aHECTE3HO-
Jorun-peannmarosioruu B Poccuiickoit Meneparun.

Nccnenosarenvckas [porpamma HV o6ieit
peannmartosornu uM. B. A. Herosckoro @HKII PP
BKJIIOUaeT B cebs psii HAYYHBIX HampaBJICHMUIL,
HarpaBJIeHHBIX HA PellleHre COIUATbHO 3HAUYMMBbIX
3a/1a4 0 YJIYUNIEHUTO IUarHOCTUKH, JIEYeHUST KPUTH-
YeCKUX TEPMUHAJIBHBIX W TOCTPEAHWUMAIMOHHBIX
COCTOSTHWI:

* [laToreHes, AMaTHOCTHKA U JieYeHUE OCTPOI
JIBIXaTebHON HEIOCTATOYHOCTH.

* BesonacHOCTh aHECTE3MOTOTHUECKOTO 0bec-
MeYeHUs B TIEPUOTIEPAITMOHHOM TIEPUO/IE.

 Paspaborka, anpobanys 1 BHeIPEHUE HOBbIX
TEXHOJIOTUI B PEAHUMATOJIOT M.

» KumHuyeckast 3HAUMMOCTD BBISIBJICHUS] Map-
KEepOB TIOBPEXKIAEHNS MHUOKap/Aa MPW KPUTHYECKUX
COCTOSTHUSIX.

* [larorenes nHMEKITMOHHBIX OCTOKHEHUH TPH
KPUTHYECKIX COCTOSTHUSX: TEHETHYECKIE, UMMYHOJIO-
rudecKue, GUOXUMUUYECKUE ACTIEKTHI.

* Hapymenust MeTabou3Ma U ero KOPPeKIHs
MIPY KPUTUIECKUX COCTOSTHUSIX.

* HoBble TeXHOJIOTUY IETOKCUKAITUY TIPU KPU-
TUYECKUX COCTOSTHUSIX.

* T'eHeTnKa KPUTUIECKUX COCTOSTHU.

* Cosanue HAHOCHCTEM HOBOTO KJIacca Me[u-
IIUHCKOTO Ha3HAYEHUST Ha OCHOBE 1P TOPYTIEPOIOB.

* HanorexHosornu B uccae0BaHUN MeMOPaH
KJIETOK TIPU KPUTHYECKUX COCTOSTHUSX.

e VIMMYHOJIOTHST KDUTUYIECKIX COCTOSTHUIA.

*  OO0uue 3aKOHOMEPHOCTH, UHANBUILYaTbHO-
THUIOJOTHUECKUE U [IOJIOBbIe 0COGEHHOCTH TIOCTPEAHM-
MaIlMOHHBIX MOP(HODYHKIIMOHATHHBIX HM3MEHEHU
IEHTPAJILHOI HEPBHOI CUCTEMBI: 3HAUEHUE B TIATOTE-
He3e TTOCTTUTTOKCUYECKIX IHIIeDaTomaThii.

MHoTroIeTHIEe  WCCJAEOBAHUS COTPYIHUKOB
WHcTtuTyTa, Hapsay ¢ HAYIHOW JIesTeTbHOCTHIO
HallpaBJIeHbl Ha aKTUBHYIO JIeueGHY0, ANarHOCTIYE-
CKY10, KOHCYJIbTAaTUBHYIO U [IeJIarOTUYECKY0 PadoTy.

C mnJieHapHBIMU JIOKJTAJIAMUA TaKKe BBICTYITJIN
yueHble 13-3a pybeska: podeccop S. Bahrami (Bena,
Ascrpust) — «Predicting life-threatening complications
after trauma» u npodeccop .M. Cabupos (TarukeHT,
Va6ekucran) — «IlepcrieKTuBbI pa3BUTUSA AHECTE3UOJIO-
TUYECKOIl U PeaHMMAIIOHHOM CJTysKObI B Y30eKUCTaHEe .

Ha cexInmoHHbBIX 3aceaHusX Ol PACCMOTPEHbBI
pPe3yJIbTaThl MOCJAEAHNX HAYYHBIX MCCIAENTOBAHUN U
MIPAKTUYECKOTO TPUMEHEHUS PA3JINTHBIX TEXHOJIOTHIA
AHECTE3NOJIOTUN-PEAHUMATOIOTHH. 3a 2 [THS [TPoBejie-
HUST MEPOTIPUATHS TIPO3ByYaio Oosee 150 HayuHBIX
NIOKJIazoB. B Tpex koHdepeHir-3amax cocTosumch 15
CEKITMOHHBIX 3aceaHuil: « OcTpast IpIxaTebHast Helo-
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cratrounoctb. MBJI. Breserounass oxcureHaius»,
«AHECTe3MoJIOTUSI-PEAHNMATOJIOTUST B aKYIIEPCTBE,
HEOHATOJIOTUH U Tieinatpuny», «CTpyKTypHO-(YHK-
noHasbable n3aMenennsi [[THC npu kputnueckmx
coctosiHusAX>, < TpaBma. Kposomnoreps. [lok», «IIpo-
6JieMa TeMOCTasa B aHECTE3MOJIOTHH-PEaHUMATOJIO-
TUW», «IKCTPAKOPIIOPATbHBIE METOIBI IETOKCUKATITH
B peannmMarosioruu. OcTpbie oTpaBienns», «Mudek-
IIMOHHBIE OCTOKHEHNS B peannmarosornu. Cerncucs,
«OcTpble paccTpoiicTBa TEMOJIUHAMUKH, BCIIOMOTa-
TeJIbHOE KPOBOOOPAIEHHE», « AHECTE3NOJIOTHSI-PEaH!-
MaTOJIOTHUSI B CEPAEYHO-COCYIUCTON XUPYPTUW»,
«AKTyaJbHBIE BOTIPOCHI MPODUITAKTUKU U JIEUCHUS
BHE3aITHOM cepiedroil cMept B Poccnuy, «ITpobiiembl
AHECTE3MOJIOTHI Y, « MeXaHU3Mbl Pa3BUTHST KPUTHYE-
CKUX COCTOSTHU. DKCTIepUMEHTATbHbBIE HCCIIe/IOBAHUS
B aHECTE3MOJIOTUH-PEAHUMATOJIOTHI>, « XPOHUYECKHUE
KPUTUYECKUE COCTOSTHUS >, « HyTpUTHBHAS Mo1epKKa
MPU KPUTHUYECKUX COCTOSTHUSIX», <«[eHeTnmueckue u
MOJIEKYJISTPHBIE MEXaHU3Mbl KPUTHYECKUX COCTOSI-
HUIi», a Takke: 3acepanne HarmmonanbHOTO coBeTa 1o
peannmanuu (HCP), 3acenanue obiecTsa Mo uayde-
Huto moka (Pocenst).

Bosbimm ycriexoM mosib30Baiich MacTep-KJiac-
col KoHdepeHIN, Ha KOTOPBIX JeJIeraThl CMOTJIH
oTpaboTaTh 1 3aKPENUTh BaKHbIE HABBIKU, KaCatoII1e-
cs1 Y 3U- TexHOIOTUH B aHECTE3NOJIOTUN-PEaHNMATO-
JIOTUH, obecrieueHrs TTPOXOAUMOCTH JIbIXaTeJbHbIX
MyTel, MPOBE/ICHUST PEAHNMAITMOHHBIX MEPOTIPUSTHIA
B MHoronpoduabHoM crannonape. OTaenbHBIN
MacTep-Kjaacce ObLI OCBSIIEH HCITOJIb30BAHUIO COBPE-
MEHHBIX CUMYJISIITUOHHBIX TEXHOJOTUI B TIEPBUYHOI
CTEIMATN3UPOBAHHON aKKPEAUTAIIUN OPJUHATOPOB.
MacTep-Kiacc pOBOJMICS HA COBPEMEHHBIX TPEeHa-
JKepax-CUMYJISITOpax.

Berno mpounTano 12 sexmmii. JIekmmonHsIit Kype
HenpepbiBHOrO MEIMIIMHCKOTO 00pasoBaHUs OBLI
MpEJCTaBAeH  TPO(ECccCOPCKO-TIPENoIaBaTeTbCKIM
COCTAaBOM BEAYIIUX MEIUIIMHCKUX YUPEKICHUH,
MHCTUTYTOB, yHuBepcutetoB: Mocksa (Poccuiickas
MEINTIMTHCKAST aKaJeMUsl HENPEPBIBHOTO TOCJIEIH-
IoMHOro obpasosatust Munsapasa Poccun, Hayuro-
HCCTIEIOBATENbCKUN OHKOJIOTHYECKUH UHCTUTYT WM.
I1. A. T'epriena, HarmmonaabHbIT MEAUITMHCKAN MCCTe-
JIOBATEIbCKWH TIEHTP HEHPOXUPYPTUN UM. aKaJleMUKa
H. H. Bypnenxo Munsapasa Poccun, Ilentpanbuas
rocylapCTBEeHHAs] MEJIMIIMHCKAsT aKaieMust Y TipasJie-

uus genamu [Ipesugenta PD, Topoackast KanHMde-
ckas Oonbauna um. B. I1. lemuxosa /lenapramenTa
3/paBooxpanenrs MockBbl, JleTckasi ropojickast Kiu-
Hudeckas 6oapnuia uM. 3. A. Banuisgesoit enapra-
MeHTa 371paBooxpanennst Mockssr), Huxuuit Hosro-
pox (Hukeropojickasi Tocy1apCcTBEeHHAS MEAUTTUHCKAST
akazemust, Huskeroposckas obacTHast KJIMHUUECKAST
6osmpamna um. H. A. Cemaimko), Cankr-ITerepGypr
(Canxr-ITetepOyprekuii rocyapCTBEHHBIN TeAnaTPH-
YecKWH MeIUIIMHCKUN yHUBEpPCUTeT), SpociaBib
(ApocnaBcknii rocy1TapcTBEHHbBIH MEUITMHCKIH YHU-
BepcuteT Munsapasa Poccun).

B pabote KoH(bepeHIIN TPUHSIN YYacTHE OKOJIO
TBICSIYM JICIETaTOB U3 Pa3JIMYHBIX pernoHoB Poccuii-
ckoit  Depepanuu  (Mocksa, Canxkr-IletepOypr,
Apxanrenbck, Kamunwnrpan, Hwxauit Hosropos,
Caxa-Axyrtus, ExarepunOypr, Tsepb, PocTos-Ha-
Ilony, Tambos, Bopotresx, TtomeHb, CmouieHck, Keme-
poso, Tomck, Hosocubupck, Hosokystenk, Tosbst-
™, Horunck, Kasans, [lensa, [lxuaBan, Apocaasib,
Owmck, Yda, Camapa, benropox, Kamyra, Pssans,
Cumdepotmons, HoBouepkacck u ap. ), Cpeirt KOTOPBIX
MACTHUTBIE U MOJIOJIbIE YUECHbIE, BELYTIIUE CTIEITUATTCTDI
u mpodeccopa n3 HayIHO-UCCIE0BATEIbCKIX HHCTH-
TYTOB, BBICIIUX MEIUIIMHCKUX 00pasoBaTeJbHBIX
YUPEKIEHUH 1 JiedeOHO-TTPODUITAKTHICCKUX YUPEsK-
nmennit Poccum.

Bce aHm paborbl KOH(EPEHIUH MPOXOANIA
BbICTaBKa MEIUIIMTHCKOTO 060PYOBaHUS U U3IETUN
MEIUIIMHCKOTO HazHaueHnst. CBOM pa3pabOTKU Mpeji-
cTaBuUIIN (hapMarieBTHIeCKe KOMITaHUH, TIPOU3BO/THU -
TEJIW W TIOCTABIIMKW JICKAPCTBEHHBIX MPENapaToB u
MEJIUIMHCKOTO 060pypoBaHusa. B BbicTaBke Oblia
Mpe/iCTaBIeHa MPOLYKINS BEYIUX OTEUeCTBEHHBIX
U 3apyOeKHBIX TIPOM3BOAUTENICH, B HEil MPUHSIN
yuactre 18 KoMIaHUi, Ha CTEHZAX KOTOPHIX ObLIN
peicTaBIeHbl 00pasibl 1 HHOOPMAIIKSI O HOBEHIITNX
paspaboTKax B 00J1aCTH aHECTE3MOIOTH-PEaHNMATO-
JIOTWM ¥ CMEKHBIX ¢ Hell obracTeil MeauiinHbl. Pabo-
TaJjia BBICTaBKA-TIPO/IaXKa MEJMITMTHCKON JIUTEPATYPHI.

B. U. Pewemusx, npogpeccop, yuenwiii cexpemapn
HUMH o6weii peanumamonozuu um. B. A. Hezosckozo
DHKI] peanumamonozuu u peadusumonrozuu

T. B. Typyxuna, sedyusuil cneyuaiucm

HAYUHO -OPLAHUSAUUOHHO020 OMOed

DHKI] peanumamonozuu u peadurumonrozuu

OIIEYATKA

O6mag peanumarosorust. 2017; 13 (5): 44—57.

DOI: 10.15360,/1813-9779-2017-5-44-57

«TeHiepHble 0COOEHHOCTH MOCTPEAHUMAIMOHHBIX
M3MEHEHU 9KCIIPECCHH MO3TOBOTO HEHPOTPODHUIECKOTO
daxropa (BDNF)»

c. 48 — puc. 3, a ciemyer yuTaTh Kak puc. 3, b; puc. 3, b
CJIeIyeT YNTaTh KaK PUC. 3, a.

c. 49 — B IPaBUJIBHOM BapHaHTe MOAIUCH K PHC. 3
obo3HaueHne (@) COOTBETCTBYET IMUPAMUIHBIM KJETKAM
IUIINOKaMIIa; 00osHadeHue (b) — IOy Ay KIeToK [Ty pKuHbe.

CORRIGENDA

General Reanimatology. 2017; 13 (5): 44—57.

DOI: 10.15360,/1813-9779-2017-5-44-57

«Gender Peculiarities of Postresuscitation in the Ex-
pression of Brain-Derived Neurotrophic Factor (BDNF)»

p. 48 — «Fig. 3, a» should be read as «Fig. 3, b», and
«Fig. 3, b» as «Fig. 3, a»

p. 49 — in the correct version of fig. 3 caption, the letter
(@) refers to hippocampal pyramidal neurons and (b) to
Purkinje cell pool.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2017, 13; 6



IIpaBuaa Arst aBTOpPOB

Hudopmaius s aBTopoB KypHaida «O0niass peaHnMaToJIorus»

[IpaBuiia MOATOTOBKM, IIOAAYU U ITyOIMKALUU PYKOIMCH, JOIIOJIHEHHbIE B COOTBETCTBUN
¢ pexomennanusimu AHPU (Accornmarnun Hayunbsix Penakropos u Msnaresneii, PD)
u ICMJE (International Committee of Medical Journal Editors) ais HayuHbIX M3HaHUI,
BXOJAIINX B MEKAyHAPOIHbIe 6asbl JaHHBIX, B pegakiuu ot 17.02.2017 r.

Information for English-Speaking Authors

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

IIpaBoBble acCHeKThI IIyOJMKAIMH PYKOIUCH

Yenosus nybauxavuu pyxonucu

— Pykomucu my6aukytoTess mpu 06s13aTesNhb-
HOM COOJIIO/IEHII aBTOPOM DTHKH ¥ MTPABUII Iy OJIH-
karnuu (moapobGHee Ha caiiTe KypHaJa: Www.reani-
matology.com).

— Pyxkomnucu nybauKyoTes ¢ coOMoaeHueM
HOPM aBTOP-CKOTO TMpaBa U KOH(MUIEHITHATBHOTO OT-
HOIIEHWS K IEPCOHATBHBIM JTAHHBIM aBTOPOB.

— Pyxkomucu my6aukyoTest GeCTiaTHo.

— Pykommicu, TpuHATBIE B JKypHAT, MPOXOAST
peleH3UpOBaHe Ha OPUTHHAJIBHOCTH, ATUYHOCTD,
3HAYMMOCTb, aJl€KBATHOCTb CTATUCTUYECKON 00paboT-
KM JIAaHHBIX Ha YCJOBUSX KOHDUIECHIIMAIBHOCTH 32
UCKJIIOYEHUEM BBISIBIEHUS (DasibCUDUKAITIY TAHHBIX.

— Penxounerus ocrapiser 3a co6oii IIpaBo co-
Kpamiarh U PeIaKTUPOBATH PYKOTTUCH.

IIpuvunvr crsimus ¢ nevamu u 3a0epicKu nyou-
Kauuu pyxonucu

— Pyxkornucu, He COOTBETCTBYIOINE TTPOGUIIO
JKypHaJa, He TPUHUMATOTCSI.

— Pykomuicu, paree onyOIMKOBaHHbIE, 2 TAKKe
HAIpaBJeHHble B APYrOi sKypHAI WIU COOPHUK, He
MIPUHUMATOTCSI.

— 3a HekoppekTHOe O0(OPMJIEHNE U HEIOCTO-
BEPHOCTH IIPEACTABJISIEMBbIX OUOAMOTpahUIECKIX
JTAHHBIX aBTOPBI HECYT OTBETCTBEHHOCTH BIJIOTH IO
CHSITUSI PYKOTIHCH C TIEYaTH.

— Hapymenue npaBui ohopmieHUsT PyKOIH-
CU, HECBOEBPEMEHHDII, a TaKKe HeaZleKBaTHBIN OTBET
Ha 3aMeYaHus PEIEeH3eHTOB W HAYUYHBIX PEIaKTOPOB
MPUBOJAT K 3a/IeP/KKe TTyOJIUKAIUH [I0 UCITPABIECHS
YKa3aHHbBIX HeJ0CTATKOB. [[pu urHopupoBanmu 3ame-
YaHWI PEIEH3EHTOB M HAYYHBIX PENAaKTOPOB PYKO-
MHACh CHUMAETCST C TATHHERTIIETO PACCMOTPEHUSI.

— Pykonucu OTKJIOHEHHBIX paboT penakiiueil
He BO3BPAIAIOTC.

Humepecor cmopon: Aemop,/Pedaxuus

Pepakitust ocrasisier 3a cOOOI MPaBO CUNTATH,
YTO ABTOPBI, IPEOCTABUBIINE PYKOIHUCH JJIsT TyOJIH-
Karuu B sKypHas «O0111ast peaHUMaTOJIOTHSI», COTJIAC-
HBI C YCJIOBUSIMU MyOJIUKAI[UK U OTKJIOHEHUSI PYKO-
MIUCH, a TAKKe C TIPaBUIaMu ee 0(popMIIEHHUS.

Pepaxiust ocrasisieT 3a cOOOI MPaBO CUMTATH,
YTO aBTOP, OTBETCTBEHHBII 32 TIEPEITUCKY C PeNIaKITHel,
BBIP’KaeT MTO3MIINIO BCETO aBTOPCKOTO KOJIJIEKTHBA.

ABTOp mosyyaeT MHGPOpPMAIMOHHBIE IJIEK-
TPOHHBIE THChMa 000 BCEX ATAMaX TPOABYIKEHUS
PYKOIINCH, BKJIIOUAsI YBeJOMJIEHHE O HECOOTBETCT-
BUM DPYKONMHUCH TPOMWII0 KypHANa ¥ TPABUIAM
0OPMIIEHUST; TEKCTHI PEIeH3NI; pellleHne peIKoJI-
Jieruy 0 MyGJUKAIMY WM OTKJIOHEHUU PYKOMUCH;
BEPCTKY OTPEAKTUPOBAHHOTO BapHaHTa PYKOMUCH
JIJIS1 IOJIyYeHusi aBTOPCKOro 0TTycKa K meyatu. [lo-
MOJTHUTEJbHYI0 NH(OPMAIUIO O MPOABUKEHUU PY-
KOIMCHU aBTOP MOJKET TOJYYUTHh O ajapecy: jour-
nal_or@mail.ru; www.reanimatology.com.

Tapanmuu Asmopa

[Tpenocrasentias B peIaKIUIO PYKOIUCH MOJI-HO-
CThIO OpUrHHAIbHA. Vcmorb3oBanue MoObIX MaTepia-
JIOB JIPYTUX aBTOPOB JIOIYCKAETCS TOIBKO C UX paspere-
HUST U TIPU 0OS3aTETBHOM CCBLIKE Ha 9TUX aBTOPOB.

Crincok aBTOPOB COIEPSKUT TOJBKO TeX JINIL, KO-
TOPBIE BHECJIU OILYTUMbIil BKJIAJl B KOHIIEIIHIO, ITPO-
€KT, UCTIOJIHEHUE WJIN WHTEPIPETAINIO 3asIBJIEHHOM
paboTbl, TO €CThb TEX JIUI], KOTOPbIE COOTBETCTBYIOT
KPUTEPUSIM aBTOPCTBA.

Pykommch He COMEPKUT MaTEepPUATOB, 3arpe-
IIEHHBIX B OTKPBITOI [E€YATH JeUCTBYIOMIUM 3aKOHO-
naTesabcTBOM Poccun.

Tapanmuu pedaxuyuu

JIto6bie PyKOTIHCH, TTOJTYYeHHbIE PEAAKITHET /1715t
pelieH3upoBanust, OyyT BOCIPUHUMATHCS KaK KOH-
dupenmanbipie 1okyMeHTb. OHU He MOTYT GBITH
MOKa3aHbl JPYTUM JIMIaM 1 00CYsKACHBI ¢ HIMH, 32
UCKJIIOUEHUEM JIUI], YIIOJHOMOYEHHBIX PeIaKITIel.

Heorny6rkoBaHHbIe MaTepHaIbl, HAXOISAIIHECS
B MIPEIOCTABJIEHHOI CTaThe, He OYYT MUCHOTb30BAHDI
B COOCTBEHHOM MCCIIEIOBAHIN HAYYHOTO PEIAKTOPA U
PEIeH3eHTOB 0e3 MUCHMEHHOTO Pa3pPEIIeH s aBTOPA.

PerienseHT He OyIeT JOMYIIEH K PACCMOTPEHHIO
PYKOITUCH, €CJI IMEET MECTO KOH(DJIMKT MHTEPECOB B
€r0 KOHKYPEHTHBIX, TAPTHEPCKUX JUOO APYTUX OTHO-
MIEHUSAX € KeM-JIM00 M3 aBTOPOB, KOMIAHUHT TJIH Op-
raHW3alUi, CBSI3aHHBIX C MATEPUATIOM TTYOJIMKAIIUH.

Tasee cM. www.reanimatology.com
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B/BRAUN

SHARING EXPERTISE

HYTPUKOMIT MHTEHCWB NIAKBUL

CNEUMANN3NPOBAHHAA METABOJTUYECK AQATNTUPOBAHHAA ®OPMYJIA C YBEJIMYEHHBIM
KOJIMYECTBOM BE/KA, NOBbILIEHHOV AONEV XPOB 1 HA3KM COLIEPXAHWEM YT TIEBOZIOB

AJ1A NMEPOPAJIbBHOIO UJIN
30HA0BOIO MNTAHUA NALWEHTOB

= Hyxpawwmxca B 3 ¢ yBennyeHHbIM KOJIMYECTBOM
6enka ¥ NOBbLILLEHHOW 01N XKUPOB B 3HEpreTUye-
cKom o6GecneyeHuu (TaxKenble TPaBMbl: 0XKOTOBbIE,
YyepenHo-Mo3roBbie, CONPOBOXAALLMECA AblXa-
TENbHOW HEA0CTAaTOYHOCTbIO)

Cc 06LUMprIMM XUPYPIrMY4E€CKUMU BMELLATENIBCTBAMMU
B npea- v ﬂOCﬂeOﬂeanMOHHbIFI nepuoa

npu OCJIOXKHEHUAX B nNocsieonepaumMoHHOM nepuoae

MPU OHKOJIOTMYECKUX 3aboneBaHuax c Bblpa*€HHbIM
UCTOWEHUEM, XUMUO- U Hy‘-IEBOI‘;I TEpanuu

® HI3KOE COLAEPKAHWUE YITIEBOOOB
cnoco6eTByeT cHuxeHunto o6pasosanna CO, n ymeHb-

LWAeT pecnupaTopHbI KO3hPULUMEHT Yy 6ONbHBIX
C [ibIXaTeNbHOW HE[0CTaTOYHOCTIO.

¢ S He copepXuT reHeTMYecK MOAGNLMPOBAHHBIX
VA . NpoAyKTOoB. He copepuT xonectepuna, rioTeHa.
OueHb HU3KOE copiepXKaHue NakTo3bl, MypuHa

000 «b.Bbpays Meaukan» | www.bbraun.ru

196128, Cankr-letepbypr, a/s 34, e-mail: office.spb.ru@bbraun.com
Ten.: +7 (812) 320-40-04, dakc: +7(812) 320-50-71

117246, Mockea, HayuHbiti npoe3g, a. 17, og. 10-30, ten.: +7(495) 777-12-72

® KOMBUHALMA MOOYHOIO (KA3EWH)
1 COEBOIO NMPOTENHOB
obnagaeT BbICOKON 61onornyeckon LLeHHOCTbIO

@ CHANTAHCUMPOBAHHBIV NIMMAHbIA NPODUIIb
N BICOKAA [0NA MCT (52 %)
yNy4LWaeT yCBOEHNE XMNPOB

@ MOJTHOLIEHHbIN COCTAB

1500 mn cmecu (1950 kkan) obecneynsaert cy-
TOYHYIO NOTPEBHOCTL B BUTAMUHAX, MUHEpanax,
MUKPO3NIEMEHTaX

® [TYTAMUH

(1,48 r/100 mn) cnoco6CTBYET NOAABAEHMIO
kaTabonuueckon peakuuu, obecneymsaer
IHTEPONPOTEKTOPHbIN 3 DEKT, nofaepxKaHme
(YHKLMM KMLWEYHMKA U UMMYHHOW CUCTEMbI

® APTVIHWH

(0,38 /100 mn) —crnocobeTByeT Gonee Gbi-
CTPOMY 32XWBNEHWIO PaH, CHUXEHWIO YacTOThl
NHMEKLIMOHHbIX OCNOXHEHWIA, COKPALLEHI0
ANWUTENBHOCTM FrOCNUTanM3aLmm

@ HV3KAA OCMOJIAPHOCTb
ObecneuynBaeT nyylyto NEPEHOCUMOCTb CMECK

(3 www.vk.com/bbraunrussia
] www.fb.com/bbraunrussia





