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Morphological Characteristics
of the Lung during Lipopolysaccharide
and Perfluorane Inhalation
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Hcnoab3oBanue nepdropaHa ¢ 1eJbI0 HUTONPOTEKIUH CTPYKTYP JETKHX IPH TPAMOTPULIATeIbHbIX HH(PEKIHUAX JeTKUX U3Y-
4YeHO HeNoCTaTouHo. Ieny uccaedosanus — BbISIBUTH B 9KCIEPUMEHTE XapakTep MOPQDOIOrHYECKUX UBMEHEHHIl B JIETKUX
[PU COYETAHHOM HHTAISIMOHHOM Bo3/elicTeun unonosmcaxapuaa (JIIIC) u nepdropana, 061a1al01M€ero HUTONPOTEKTOP-
HBIMH CBOcTBaMu. Mamepuanvt u memoovl. IKCIEPUMEHT GbLT BHIIOIHEH Ha 48 GeJbIX GECOPOAHBIX KPbICaxX-CaMIaX Mac-
coit 320—350 r. IkcnepuMeHTaIbHbIE KUBOTHBIE ObUIM pacnpenenensl rpymusi: rpymna 1 (Ip. 1, n=12) — kourpoibHas
(BJI1 4.); rpymna 2 (Ip. 2, n=12) — unransuuonnoe Beeaenue JIIIC 1,0 mr; rpynna 3 (Ip. 3, n=12) — unransiumonHoe BBe-
nenne nepdropana 1,0 mr; rpynna 4 (Ip. 4, n=12) — unransiuuonnoe eeenenune JIIIC 1,0 mr, 3aTeM HHraJIsHOHHOE BBe/Ie-
nue nepdropana 1,0 mu. Pesyavmamot. Ilo nanubiM Mopdonornyeckoro uccaenosanusi B Ip. 1 (KoHTPoJb) He GbLIO BISIB-
JIEHO NPU3HAKOB NMOBPEXAeHHsS CTPYKTYp Jerkux. B Ip. 2 (JIIIC) 6buu ormevennl npusHaku JIIIC-unaynuupoBaHHOro
nopesxaenus gerkux. B Ip. 3 (mepdropan) cnycrs 3 4. nocie HHraJIsSIMOHHOTO BBeAeHus nepdTopana B npoceeTe GPoH-
XOB OOHAPYKUBAIOTCS KOMILIEKCHI MAaKPO(daroB ¢ BaKyoJIM3uPOBaHHON uTomwiasmoii (nepdropodaru). B Ip. 4 unramusiu-
OHHOe BBeJleHue nepdTopaHa OKa3pIBaeT IUTONPOTEKTOPHBIN 9 eKT: cTenens Bipa:keHHOCTH MOPGOI0THYECKUX H3MEHe-
HWUiA B Jierkux, BbizBannbix JIIIC, Gblia 3HAYNTEIHHO MEHBIIIE MOCIE HHTAIANNN TepdTopana no cpasuenuio ¢ Ip. 2. Boisoowt.
B sxcnepumenTanbHoii Mosenn JITIC-uHaynupoBaHHOTO MMOBPE:K/ICHNS JIETKUX IOKa3aHo, yTo uHrasus JIIIC npuBoaur k
MOBPEIK/IEHUIO AIbBEOISIPHOTO ¥ GPOHXHAIBHOTO JIUTENHS, PA3BUTHIO MHTEPCTHIIMAIBHOTO U ATbBEOJISIPHOTO OTEKA, BBIPA-
JKEHHOW KJIeTOYHOIl HHUIbTPanuu 3a cyeT IMM(QONUTOB, CETMEHTOSIEPHBIX JTEHKOUTOB 1 Makpodaros. B nannoii moxe-
JIM TIOKa3aHOo, YTO MHTAJISINOHHOE BBeAeHne nepdTopaHa MUHUMU3UPYET MOBPEK/EHUE ATbBEOISAPHOTO  OPOHXHAIBHOTO
SIMTENNS, YMEHBIIAET BHIPAKEHHOCTh HHTEPCTUIHATILHOTO H AJIbBEOJISIPHOTO OTeKa. JTO MOATBEP:K/IAET AaHHbIe KIHHHYEC-
KHX HCCJIeZIOBAaHUIT ¥ OTKPBIBaeT BO3MOKHOCTH /UISI HCIIOJIb30BAHUS HHIAJAIMHU epgpTOpaHa B peaHNMAaTOJIOTHH.

The use of perfluorane for the cytoprotection of lung structures in gram-negative lung infections has been inade-
quately studied. Objective: to experimentally reveal the pattern of morphological changes in the lung during com-
bined inhalation of lipopolysaccharide (LPS) and perfluorane that has cytoprotective properties. Materials and
methods. The experiment was carried out on 35 outbred male albino rats weighing 320—350 g. The experimental ani-
mals were allocated to groups: 1) one-hour ventilation (controls) (7=5); 2) inhaled LPS 1.0 mg (n=10); 3) inhaled
perfluorane 1.0 ml (2=10); 4) inhaled LPS 1.0 mg and then inhaled perfluorane 1.0 ml (2=10). Results. According to
morphological findings, Group 1 (controls) was found to have no signs of lung structural changes. Group 2 (inhaled
LPS) was noted to have signs of characteristic LPS-induced lung injury. Group 3 (inhaled perfluorane) showed com-
plexes of macrophages with vacuolated cytoplasm (perfluorophages) in the bronchial lumen 3 hours after inhaled
perfluorane administration. In Group 4, inhaled perfluorane exerted a cytoprotective effect: the degree of LPS-
induced morphological changes in the lung was much lower than that in Group 2. Conclusion. The experimental
model of LPS-induced lung injury indicated that LPS inhalation led to alveolar and bronchial epithelial damage,
interstitial and alveolar edema, and obvious cell infiltration at the expense of lymphocytes, segmented leukocytes,
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and macrophages. This model showed that inhaled perfluorane reduced the signs of alveolar and bronchial epithelial
damage and the degree of interstitial and alveolar edema. This supports clinical findings and offers possibilities of
using inhaled perfluorane in resuscitation. Key words: critical conditions, lipopolysaccharide-induced lung injuries,

perfluorane, cytoprotection.
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BBenenue

Kputnueckue coCTOSTHUST OCTOKHSIOTCS WH(DEKIHS-
Mu JierkuX y 25—30% GoJIbHBIX. ACCOIMAIMK TPaMOTPHUIa-
TETbHBIX MUKPOOPranu3MoB (Pseudomonas aeruginosa,
Acinetobacter spp., Klebsiella pneumonia) ssnsiiorcs Bey-
HIMMU TIPU HOB0KOMHUAJIbHBIX MH(peKImsx jJerkux. [To nan-
HbIM Hamrero uccaenosanus [1—2], y 70—80% GosbHbIX B
moceBax GPOHXOATHLBEOJISIPHON JIABAKHOMN JKIIKOCTH BbISIB-
asiercst Pseudomonas aeruginosa, y 70—90% — Acinetobacter
baumanii/calcoaceticus, y 30—40% — Klebsilella pneumonia.
Bemyniee 3BeHO maToreHesa TpaMOTPHUIIATENBHBIX HH(EK-
unit — jmmnonosmcaxapuy (JIIIC). JlerarprocTs Tpn rpa-
MOTPHIATETHBIX WHGEKIMAX Jerkux pocturaet 70% [3].
OcCTpblil PeCMPaTOPHBIil AUCTPECC-CUHIPOM OCTIOKHSIETCS
HO30KOMHAIBHOU THeBMOHMelH y 34—60% O0JMbHbIX, a Ts-
JKeJTbIe HO30KOMUANTbHbIE THeBMOHNH B 12—33% — ocTpbiM
PECIMPATOPHBIM JINCTPECC-CHHAPOMOM, UYTO YBEJTHMUUBAET
JretasbHOCTD 110 80% [4].

[Tepdropan obsagaer AOKA3aHHBIMU IIUTOTIPOTEK-
tTopubiMu adextamu [5, 6]. B T0 ske BpeMst, HCTOIb30Ba-
Hue nepdTopaHa C IeJIbI0 IIUTONPOTEKIUN JIETKUX TIPU
IPaMOTPUIATEBHBIX NHMEKIMSAX JIETKUX ¥ MX OCJOKHE-
HUSIX U3YYEHO HEIOCTATOUHO.

[Tesb vccsieioBaHmsT — BBISIBUTD B 9KCIIEPUMEHTE Xa-
paxTep MOp(hOJIOTHUECKUX UIBMEHEHUT B JIEPKUX MIPH cOYe-
tanHoM uHrassimonHoM Boszeiicteun JIIIC u nepdropa-
Ha, 06JIa/IAI0IIETO IUTOMPOTEKTOPHBIMU CBOUCTBAMMU.,

Marepuan u MeTO/bI

[IpOTOKOJ HKCTIEPUMEHTATBHOTO MCCAETOBAHUS OBLI 010~
6pen JlokanbHbiM JTHYecKUM KomuteTroM HUU o6meit peanu-
marosoruu uM. B. A. HeroBckoro. JKcrepuMeHT ObLI BIIOJ-
Hen Ha 48 OGenbix OeCMOPOXHBIX KPBICAX-CAMIAX MacCOi
320—350 r. (Bec XKUBOTHBIX HE PA3INIATICS MEXKIY TPYIIITAMI).
O6uryo aHecTesnio NMpoBoAWIN Xjopairuapatom (15—20
MT/KT, BHYTPHOPIOMINHHO, OAHOKPATHO). /lajee BBIMOTHSIIN
naTy6anuo Tpaxen TpyOKOM 2,5 MM IMaMeTPOM U OCYIIECTBIISA-
M MCKyCCTBeHHYI0 BeHTmusinmio Jjerkux (MBJI) anmaparom
«TSE Animal Respirator Process Control 02-25» (Technical
Scientific Equipment, Tepmanust). UBJI nipoBogniu B KOHTPO-
JIIPYEMOM TI0 00beMY pexkUMe: JbIXaTelbHblii 06beM 2 M (6
MJI/KT MacChl JKWBOTHOTO), 9acToTa Abixanuii 40 B munyTy. [1u-
KOBOE JIaBJIEHNE B JIBIXaTEJbHBIX MYTSIX COCTABJSIIO MPU ITOM
13—15 ¢M BOJH. CT.

IKCIepUMEHTATbHbIE KUBOTHBIE ObIIN PACTpeleseHbl Ha
CJIE/LyTOIINe TPYIITIbL

. rpymma 1 (Ip. 1, n=12) — xourposbhas (Hapkos, M1BJI
B Teyenne 1 4., MpobysKIeHNe JKUBOTHBIX, 9KCTYOAINS] U TPAHC-
MIOPTUPOBKA B BUBapuii). BeiBesienne ;KMBOTHBIX TAHHOI TPYTIIIBI
13 BKCIEPUMEHTA OCYIIECTBIIAIOCH ITyTeM JleKalnTaluy 1oj1 Hap-
Ko30M 4epe3 3 4. (n=6) u 24 4. (n=6);

. rpymma 2 (I'p. 2, n=12) — napkos, BJI, nnransimon-
noe seegenne JIIIC B gose 1,0 mr B Teyenne 15 mun., nanee NBJI
B Teyerne 1 4., MpobysKIeHNe JKUBOTHBIX, 9KCTYOAINS] U TPAHC-
MIOPTUPOBKA B BUBapuil. BeIBeieHNe KUBOTHBIX JJAHHOI TPYTIIIBI

Introduction

Critical states are complicated by pulmonary infections
in 25—30% of patients. Associations of critical illness with
aeruginosa,
Acinetobacter spp., Klebsiella pneumonia) are leading in noso-

gram-negative  bacteria  (Pseudomonas

comial pulmonary infections. According to our studies [1—2],
in bronchoalveolar lavage fluid Pseudomonas aeruginosa is
detected in 70—80%, Acinetobacter baumanii / calcoaceticus
in in 70—90%, Klebsilella pneumonia — in 30—40% of
patients. The leading link in the pathogenesis of gram-nega-
tive infections infections is lilpopolysacchoride (LPS). The
mortality in gramnegative pulmonary infections is close to
70% [3]. Acute respiratory distress syndrome is complicated
by nosocomial pneumonia in 34—60% of patients, and severe
nosocomial pneumonia is complicated by the acute respirato-
ry distress syndrome in 12—33% patients that increases the
mortality up to 80% [4].

Perfluoran derivative, the Perftoran, has proved
cytoprotective effects [5, 6]. However, cytoprotection of
lung tissues in gram-negative pneumonia and its complica-
tions has been poorly studied.

The aim of the study was to investigate the morpho-
logical aterations in lungs following inhaled administration
of LPS and perftoran in a rat model of LPS-induced damage.

Materials and Methods

The experimental protocol was approved by the Local ethical
committee of the V.A. Negovsky Research Institute of General
Reanimatology. The experiment was done on 48 outbred male rats,
weight 320—350 g (no differences in weight between the groups).
General anesthesia was induced by chloralhydrate 15—20 mg/kg
intraperitoneally as a single bolus. The trachea was intubated with
a 2.5 mm tube and mechanical ventilation (MV) started («TSE
Animal Respirator Process Control 02-25», Technical Scientific
Equipment, Germany). Ventilation was volume-controlled with a
2 ml tidal volume (6 ml/kg per body weight), respiratory rate
40/min, peak airway pressure — 13—15 water cm.

Experimental animals were split into 4 groups:

. group 1 (n=12) — controls (narcosis, MV for 1 h, awak-
ening, extubation, transportation to the animal facility). Animals
were executed by decapitation 3 (n=6) and 24 hrs. (n=6) after that.

e group 2 (n=12) — narcosis, MV, inhaled LPS 1.0 mg
within 15 mons, then MV for 1 h, awakening, extubation, trans-
portation to the animal facility. Animals were executed by decap-
itation 3 (n=6) and 24 hrs. (n=6) after that.

. group 3 (n=12) — narcosis, MV, inhaled perftoran 1.0
ml within 15 mins, then MV for 1 h, awakening, extubation, trans-
portation to the animal facility. Animals were executed by decap-
itation 3 (n=6) and 24 hrs. (n=6) after that.

e group 4 (n=12) — narcosis, MV, inhaled LPS 1.0 mg with-
in 15 mins, then inhaled perftoran 1.0 ml within 15 mins, then MV for
1 h, awakening, extubation, transportation to vivarium. Animals were
executed by decapitation 3 (7=6) and 24 hrs. (n=6) after that.

Escherichia coli LPS was used in this experiment (Sigma-
Aldrich, Taufkirchen, Germany) and perftoran (company
«Perftoran», Russia). Perftoran and LPS were administered via the

OBIJAA PEAHMUMATOAOI M, 2015, 11; 1

www.reanimatology.com



DOI:10.15360/1813-9779-2015-1-6-13

Mechanisms of the development of critical illness

13 9KCIIEPUMEHTA OCYIECTBIIAIOCH ITyTeM JleKarnTaluy Moj Hap-
Kxo30M 4epe3 3 4. (n=6) u 24 4. (n=6);

. rpynna 3 (Ip. 3, n=12) — napkos, VIBJI, nnransimon-
Hoe BBejieHue nepdropana B o3e 1,0 it B redenne 15 MuH., 1aee
VBJI B Teuenue 1 4., npolysaeHue KUBOTHBIX, 9KCTYOAIUs 1
TPAHCIOPTUPOBKA B BUBapuil. BbiBe/qeHne KUBOTHBIX JaHHON
TPYHIIBI U3 9KCIEPUMEHTA OCYIINECTBJISJIOCH IIyTeM JeKaUTaIIN
10/ HapKo30M uepe3 3 4. (n=6) n 24 4. (n=6);

. rpynna 4 (Ip. 4, n=12) — napkos, V1BJI, nnransimon-
noe Beejierre JITIC B no3e 1,0 mr B redenvie 15 MuH. u 3arem 1ep-
dropana B no3e 1,0 M B Tevenne 15 mum., nanee MBJI B Teuenne
1 ., IpoGyK/IeHUE KUBOTHBIX, 9KCTYOAIUS U TPAHCIIOPTUPOBKA B
BUBapuil. BeiBezieH1e )KIBOTHBIX JAHHOI IPYTIIIBI U3 9KCIIEPUMEH-
Ta OCYNIECTBIISIOCH ITYTEM JIeKAITUTAIlIH 110]l HAPKO30M depe3 3 4.
(n=6) n 24 u. (n=06).

B uccanenosanuu ucnoabzosan JIIIC Escherichia coli (Sigma-
Aldrich, Taufkirchen, Tepmanust) u nepdropan (HIID «Ilepdro-
pan»). Beenenne JIIIC u nepdropana nmpoBogauan mpu moMOILI
HeOynaiizepa «Aeroneb Pro» (Aeroneb, Mpaanaus) B coorBerct-
BUHI ¢ MHCTPYKIUsIME ipoussoautesst. HeGymnaiizep pasmernain B
MHCIUPATOPHOM IILJTAHTE JIBIXaTeJIbHOTO KOHTYPA, HA PACCTOSTHIU
10 cM oT aHAOTPaxeanbHON TPYOKH.

TTocsie AeKaUTAINK Y BCEX KPBIC TTPOBOANIICS 3a00p JIETKUX
JUII THCTOJIOTHYECKOro nccsenoBanust. Kycouku Jsierkux dukcn-
poBasu B HeiliTpaibiom 10% pactBope dopmainna, 3aauBain B
napadun. [McTosornueckue cpesbl OKpAlIMBAIN IeMaTOKCHIIN-
HOM ¥ 303uHOM. /{151 aHam13a MoOpgoI0rnueckux n3MeHeHuil nc-
nosib3oBas Mukpockornr OLYMPUS BX41 u nporpammy anasu-
3a maobpakenuss IMAGE SCOPE.

Mopostornyeckne u3MeHeHUs B JIETKUX (MHTEPCTHIINAIID-
HBIIl OTeK, KPOBOM3IMSAHUSA (IePUBACKYJISPHBIX M aJIbBEOJISAP-
HBIX), aTeJIEKTa3bl ¥ JANCTEJIEKTa3bl, HAPYLIIEHNST MUKPODUPKYJIs-
mun  (cTaspl M arperanus  PUTPOIUTOB), CIyIHIMBAHUE
GPOHXHMAIBHOTO U ATBBEOJISIPHOTO SMUTEJHsI, CTENIEHD BBIPAKEH-
HOCTH KJIETOYHON peakiyn, Haamdue nepdropodaros) orennsa-
JIM HellapaMeTpudeckumu Mertogamu (kpurepuii x°). Pasmmumist
cunTanu gocrosepubivu mpu p<0,05.

PesyabraThl U 00CyK/IEHHE

ITo manHBIM MOPGOJOTHYECKOTO HCCICOBAHUS B
Ip. 1 (KoHTPOIIB) He GBLIO BBIABICHO MPU3HAKOB TOBPEIK-
JIeHUsT CTPYKTYP Jierkux. [IpocBeTsl anbBeos n GPOHXOB
CBOGOJIHDI, He OOHAPYKEHO MPU3HAKOB IOBPEKACHUS
GPOHXMAJIBHOTO U aTbBEOJISIPHOTO AnuTeNnst. PaccTpoii-
CTBa KPOBOOODAIIEHNsI, HHTEPCTUI[HATBHBIIT 1 abBeO-
JISIPHBII OTEK, aTeJIeKTa3bl U TUCTEIEKTa3bl OTCYTCTBOBA-
au. Mopdosornyeckre U3MeHEHHU B JIETKUX B JaHHON
TpYIIIe 0CTOBEPHO OTJINYAIIICH OT NU3MEHCHUI B OCTANIb-
ubix rpymmax (p=0,0001). Takum o6pasom, B TaHHOH ce-
PHUH KCIIEPUMEHTOB T1aTOJIOTUYECKUX U3MEHEHUI B Jier-
KUX BBISIBJIEHO He ObLIO.

B Ip. 2 (unrassiunonnoe seaetue JIIIC) Gbim ot-
Meuenbl ipusHaku JIIIC-uHayupoBaHHOTO MOBPEKICHUS
Jlerkux yepes 3 4. u 24 4. nocse nnransiun JITIC. Yepes
3 4. mocye narassanuu JIIIC otMedaeTcs nepuapTeprab-
HBII U TIEPUBEHYJISIPHBII OTEK, MEePUBACKYJISIPHBIE U aJIb-
BeoJIsIpHbIEe KpoBouausiius (puc. 1), pacimipenue Jnum-
(harmueckux cocynoB. MHOTHE abBeOJIBI PACIIPABIICHBL, B
TO K€ BPeMs 0GHAPYKUBAIOTCST 0YArOBbIE IICTENeKTas3bl. B
IIPOCBETE AJIbBEOJI BCTPEYAIOTCS KJIETKH CIYIEHHOTO aJlb-
BEOJIIPHOTO SIUTEHS I MaKpoaru. AJbBeoJISIPHBIE XO/IbI
paciupensl. B mpocserax 6poHX0B 0GHAPYKUBAIOTCS CET-
MEHTOSI/ICPHBIE JIEWKOIUTbI, JUMMOLUTbI, B HEOOJIBIIOM

r

Puc. 1. AsbBeousipHble KPOBOMBIMSIHYS Yepe3 3 4. M0CIe UHIa-
JsiuM Jnonoscaxapuaa. OKpacka reMaTOKCHIMHOM U 903U-
HOM. ¥YB. X200.

Fig. 1. Alveolar hemorrhages three hrs after lypopolysaccha-
ride inhalation. Hematoxyline and eosine. X200.

«Aeroneb Pro» nebulizer (Aeroneb, Ireland) according to the man-
ufacturer’s instructions. Nebulizer was put into the inspiratory
limb of the circuit at a 10-cm distance from the endotracheal tube.
Lung tissue specimens for histological examination were
withdrawn after the decapitation of animals, fixed in neutral 10%
formalin and embedded into paraffin. Histological slices were
stained by hematoxyline and eosine. OLYMPUS BX41 micro-
scope and IMAGE SCOPE software were used for morphometry.
Morphological alterations in the lungs (interstitial edema,
perivascular and alveolar hemorrhages, atelectases and dystelectases,
microcirculatory disturbances (red blood cells stasis and aggregation),
desquamation of bronchial and alveolar epithelium, cellular response,
macrophages harvested the perftoran nanoparticles — perfluoro-
rophages) were assessed by nonparametric method (y* criterion).
Differences were considered statistically significant when p<0,05.

Results and Discussion

There were no signs of pulmonary damage in group 1
(controls). The lumen of alveoli and bronchi was free,
there were no signs of alveolar or bronchial epithelium
damage, no circulatory disturbances, interstitial or pul-
monary edema, atelectases or dystelectases. Morphological
alterations on this group significantly differed from the
other groups (p=0,0001). Therefore there were no patho-
logical changes in these groups of animals.

In group 2 (inhaled LPS) signs of LPS-induced
lung injury in 3 and 24 hours after LPS inhalation
became evident. Three hours after LPS inhalation peri-
arterial and perivenular edema, perivascular hemor-
rhages, dilated lymphatic vessels were detected (Fig. 1).
Many alveoli were free, but some dystelectases were
seen. Desquamated alveolar epithelium and macrophages
were seen in some alveoli. Alveolar ducts were dilated.
Neutrophils, lymphocytes and some macrophages,
desquamated epithelial cells, apoptotic bodies were
accumulated in bronchial lumen. Interalveolar septi
were infiltrated by lymphocytes, neutrophils and
macrophages.  Lymphocytes,  neutrophils  and
macrophages were also detected in peribronchial and
perivascular connective tissue.
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Puc. 2. AnbBeonsipHblii OTEK, IOIHOKPOBHE KAIMLISPOB, ajlbBe-
OJISIpHDbIE KPOBOUBJIHUSIHUS Yepe3 24 4. Mocjie MHraIsI|H JUIONO-
smcaxapuga. Okpacka reMaTOKCHJIMHOM U 903UHOM. YB. X400.
Fig. 2. Alveolar edema, capillary plethora, alveolar hemorrhages
24 hours after lypopolysaccharide inhalation. Hematoxyline and
eosine. X400.

KOJIMYecTBe Makpodaru, CIyHieHHble 3MUTeTHAIbHBIE
KJIETKH, allONTOTHYECKUE TesIblla. MeskaTbBeossIpHBIE Tie-
peropoakn UHGUIBTPUPOBAHBI JUMGBOIUTAME, HEGOIb-
M KOJTMYECTBOM CEIMEHTOS/ICPHBIX JICHKOIIITOB 1 MaK-
podaros. B nepubpoHXuanbHOU U IEPUBACKYJISPHOIL
COEIMTHUTEJIBHOI TKAHU TAK’Ke BBIABIIAIOTCS JTUM(MOINTEL,
CErMEHTOsI/IepHBIE JIEHKOIUTHI 1 MaKpodaru.

Yepes 24 u. nocae unransuuu JIIIC (puc. 2) o6Ha-
PY’KUBaeTCs aTbBeossipHbIil oTek. HapacTtaet nnguisrpa-
IIUST MEKATbBEOJISIPHBIX TI€PETOPOZIOK CETMEHTOSIIEPHBI-
MH JIeHKOIMTaMH, YTO TIPUBOAUT K YTOJIICHUIO
MESKATbBEOJISIPHBIX MIEPETOPOIOK U YMEHBIIECHHIO TTPOCBe-
Ta anbBeos. OOHAPYKUBAIOTCSI OYATOBBIE ATEJIEKTA3bl U
JMCTesIeKTa3bl. B mpocBeTe GPOHXOB OTMEYAIOTCS CKOTLIE-
HYSI CETMEHTOSIIEPHBIX JIEHKOIUTOB 1 HEGOJIBIIOTO KOJIU-
yecTBa Makpodaros.

B Ip. 3 (uuransgimonnoe BejeHue rmepdTopaHa)
crryctst 3 4. 1ocJie MHTaISIIIHOHHOTO BBeAeHHs epdTopa-
Ha B MpocBeTe OPOHXOB OOHAPYKMBAIOTCST KOMILIEKCHI
Makpo(haroB ¢ BaKyOJIU3UPOBAHHON ITUTOILIA3MOI (11ep-
dropodarn). B popmupoBannn Takux KOMILJIEKCOB MPHU-
HuMmaet yvyactue 10 30 makpodaros. B anbBeosiax BeTpe-
galoTest  HeboIbIIe
nepdropodaru (puc. 3). AIbBeosIBl PacIPaBICHBI, HEKO-
TOPbIE MEXKAJIbBEOJISIPHBIE EPETOPOJAKH YTOJIICHBI 3a

CKOIIJICHU A 14 C€/IMHNYHbIC

cyer I/IH(I)I/IJIBTPH.L[I/II/I I[I/IM(bO]_[I/ITaMI/I C IPUMECHIO CETMCH-
TOSIIEPHBIX JIEHKOIUTOB. [IpocBeTH GPOHXOB 1 GPOHXUOJT
cB0OOAHBI. [IpusHAKU MOBPEXKACHUS OPOHXUATIBHOTO
ATUTEJUST OTCYTCTBYIOT.

Yepes 24 4. ainbBeoJibl PACIPaBJICHb, CBOOOAHbI, B
npocBetax OpoHXHos 06HapysKUBAIOTCS TiepdTopodaru u
HeGOJTBINTOE KOJIMYECTBO CETMEHTOSIIEPHBIX JielikonnToB. K
(hOITNKYJISIPHOMY SITHTEJNIO MPUIIEKAT CKOIICHUST JIM-
dormToB, ¢ HeboMBIIUM UncaOM HepdTopodaros u cer-
MEHTOSIIEPHBIX JIEHKOIIUTOB. MUTpanms KJIeTOK, 10 BCei
BIJINMOCTH, OCYIIECTBJISIETCS MEXK/IY KJIeTKaMn (hOJUIHKY-
JIIPHOTO SMUTENNS U B 001aCTH KOHTAKTA (hOJITUKYJISIPHO-
r0 U MeprarespbHOro anureans. OTaeabHbIe MEKATbBEO-

Puc. 3. Ilepdropodaru B npocsere anbBeos yepes 3 4. mocie
unragsun nepdropana. Okpacka reMaTOKCHINHOM H D903HHOM.
V8. X400.

Fig. 3. Perfluorophages in alveolar lumen three hours after
perftoran inhalation. Hematoxyline and eosine. X400.

Twenty four hours after the LPS inhalation (Fig. 2)
the alveolar edema was detected, infiltration of interalveo-
lar septi by neutrophils and thickening of them with a
decrease of alveolar lumen were seen. Focal atelectases and
dystelectases were observed, as well as accumulation of
neutrophils and some macrophages in the bronchial lumen.

In group 3 (inhaled perftoran), three hours after
inhalation of perftoran macrophages with vacuolized cyto-
plasm (perfluorophages) were detected. These complexes
were comprised of up to 30 macrophages (Fig. 3). Alevoli
were dilated, some interalveolar septi were thickened due
to cellular infiltration with lymphocytes and neutrophils.
Brochial and bronchiolar lumens remained free. No signs of
bronchial epithelium damage were observed.

After 24 hours after the end of experiment the alve-
oli remained free, dilated, perfluorophages and some neu-
trophils were detected in bronchiolar lumens. Complexes
of lymphocytes with some perfluorophages were adjacent
to follicular epithelium. Migrating cells apparently accu-
mulated between the cells of the follicular epithelium and
within the contact area of follicular and ciliated epitheli-
um. Separate interalveolar septi were thickened due to cel-
lular infiltration.

Morphological changes in the lungs in group 3 (eval-
uated at 3 and 24 hours after the administration of
perftoran) differed significantly from changes in group 2
(inhalational administration of LPS), i.e. there was a lower
incidence of interstitial edema, hemorrhage (perivascular
and alveolar), atelectases and dystelectases, less pro-
nounced microcirculation disturbances (stasis and aggre-
gation of red blood cells), and the severity of bronchial and
alveolar epithelium desquamation (p=0,0001). There were
no significant differences between the groups in the sever-
ity of cell reaction. In group 3 perfluorophages were
observed in bronchi and alveoli (p=0,0001).

In a Group 4 (combined inhalational administra-
tion of LPS and perftoran), in three hours after the end
of experiment alveoli were mostly free and dilated. In
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L

Puc. 4. Ilepdropodaru yepes 3 4. nocjie HHraISIUH JUIIOTIOIH-
caxapua u nepdropana. Okpacka reMaTOKCHIMHOM M D03H-
HOM. ¥B. X400.

Fig. 4. The perfluorophages three hours after lypopolysaccha-
ride and perftoran inhalation. Hematoxyline and eosine. X400.

JISIPHBIE TIEPETOPOJIKU YTOJIIICHBI 32 CUET YBEJINYEHHS CO-
JepskaHusT TUM(GONIHBIX KIETOK 1 B MEHBIIIEM KOJTIIEeCTBE
CETMEHTOSI/ICPHBIX JICHKOITITOB.

MopdoJorinueckie nuaMeHeHus B JIETKUX B TpyIIe 3
(ottenennl yepe3 3 u 24 4. nocsie BBenenus [lepdropana)
JIOCTOBEPHO OTJIMYATMCH OT U3MEHEHUN B Tpytie 2 (MHra-
nanmonnoe sefenne JIIIC): Gplma MeHbIIEH yacToTa BbI-
SIBJIEHISI THTEPCTHIINAIBHOTO OTEKA, KPOBOMIIUSHNUI (T1e-
PUBACKYJISIPHBIX U aTbBEOJSPHBIX), aTeNeKTa3oB U
JINCTEJIEKTA30B, OBLIN MeHee BBIPAKEHbI HaPYIIEHIsT MUK-
podupkysay (CTa3bl U arperaiys SpUTPOIMTOB) U CTe-
[EeHb BBIPAKEHHOCTH CJIYIIUBAHISI OPOHXHATIHLHOTO U aJlb-
Beossiproro snutesus (p=0,0001). He Obuio BbIABIEHO
JIOCTOBEPHBIX PA3JIIYMI MeXK/Iy IPYIIIAMU 10 CTEIIeHU BBI-
PAKEHHOCTHU KJIETOUHOU peakiuu. B rpymie 3 3akoHoMep-
HO GbLIM BBIsIBJIEHBI TIepdTopodarn B mpocseTax GPOHXOB
u anbeeost (p=0,0001).

B Ip. 4 (couerannoe unramsanuonHoe Beegenne JIIIC
u nepdropana) yepes 3 4. OT Hayala HKCIIEPUMEHTA aJIbBe-
0JibI B GOJIBIIMHCTBE CBOEM PACIIPABJIEHbI, BO3/YIIHbI. B
YACTH aJIbBEOJI 0OHAPYKUBAIOTCS MaKpodar ¢ BakyoJI-
3UPOBAHHOI ITUTOIJIA3MOIl, KOTOPbIE PACTIOJIATAIOTCS O/ -
HOUHO Win HeGoblMMu rpymnamu (puc. 4). B meskanbse-
OJIIPHBIX IEPErOPOJIKAX BBISBJSIOTCS CETMEHTOSICPHBIE
JIEHKOTUTBI, TUMGOIUTEI, Makpodaru. BeisBisiiorest ova-
roBble AucTeseKTasbl. [I[pOCBEThl KPYIHBIX OPOHXOB U
OGPOHXMOJI CBOOOHBI, B HEKOTOPBIX U3 HUX B HEOOJIBIIOM
KOJIMYECTBE COAEPIKATCS CETMEHTOSI/IePHBIE JIEHKOIUTBI 1
enruHNYHbIe Makpodarn. B Benysiax ormedaercsl KpaeBoe
pacrosioxKeHne CeTMeHTOS/IEPHBIX JeHKONNUTOB. BorsaBis-
eTcsI IepuapTepHasIbHbIN OTEK, B OTEYHOMN JKIIKOCTH CKOII-
JICHUSI CETMEHTOSIICPHBIX JIEHKOIIUTOB.

Yepes 24 4. B mpocBeTe KPYITHBIX OPOHXOB BBISIBJIS-
I0TCSI CKOIJICHUSI CETMEHTOSI/ICPHBIX JIEHKOIIUTOB U KPYII-
HBIX Makpo(haros ¢ MeIKOBAKYOJN3NPOBAHHON IIUTOILIA3-
Mmoit  (nmepdropodarn).
IIePETOPOKHU YTOJIIIEHBL 32 CYET HMOBBIIIEHHOTO COIEPIKa-

Muorue MeXaabBeOJSIpHBIE

Hus KJIeToK (puc. 5). B causucroit obosiouke GPOHXOB
MHOTO GOKAJIOBUIHBIX KJIETOK. B mpocseTax ambBeos eau-

Puc. 5. YromueHne Me:KaabBEOISIPHBIX NEPErOPOOK, KIETOU-
Hasi peakuys yepes 24 4. nocje MHIrasIuy JUION0IMcaXapu/ia u
nepdropana. Okpacka reMaTOKCUIMHOM ¥ 903HHOM. YB. X400.
Fig. 5. Thickening of interalveolar septi, cellular response 24
hours after lypopolysaccharide and perftoran inhalation.
Hematoxyline and eosine. X400.

Puc. 6. Ilepdropodarn u cermeHTos1epHbIE JIEHKOLUTHI B TIPO-
cBeTe GpoHxa uepes 24 4. MocJie MHrAISLHH JTUIIONOIHCAXaPH/IA U
nepdropana. Okpacka reMaTOKCHJINHOM M 903HHOM. ¥YB. X400.
Fig. 6. Perfluorophages and neutrophils in bronchial lumen 24
hours. after lypopolysaccharide and perftoran inhalation.
Hematoxyline and eosine. X400.

some alveolar macrophages the cytoplasm was vac-
uolized, the vacuoles were separate or organized in
groups (Fig. 4). In the interalveolar septi the accumula-
tions of neutrophils, lymphocytes and macrophages were
detected. Lumens of the large bronchi and bronchioli
were free, some of them contained a small amount of neu-
trophils and macrophages. In venules a marked boundary
location of neutrophils was seen. Periarterially edema
and neutrophils was detected.

24 hours after the end of experiment complexes of
neutrophils and large macrophages with small-vacuolized
cytoplasm (perfluorophages) were detected in large
bronchi. Interalveolar septi were thickened due to cellular
infiltration (Fig. 5). Many goblet cells were seen in
bronchial mucus layer. Separate perfluorophages were seen
in alveolar lumens (Fig. 6). Edematous fluid with lympho-
cytes, macrophages and some neutrophils was detected in
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HuuHble tepdropodaru. B mpocserax 6poHX0B 06HAPYKHU-
BaioTcs mepdropodart U CerMeHTOsI/IEPHbIE JIEHKOITUTHI
(puc. 6). B mepuaprepnasbHOil COeAMHUTENBHON TKAHU
(eIMHUYHBIE aPTEPUN) COACPIKUTCS OTEUHAs KUAKOCTD, B
KOTOPOIi BUAHBI JUMMOILUTEI, MAKPO(haru, B HeOOJIBIIOM
KOJIMYeCcTBe CeTMEHTOsIZiepHble JelKonmuTel. [IpocBeTst
OPOHXOB ¥ OPOHXMOJ CBOOGOIHEL

Mopdosiorinueckue u3MeHEHUS B JIETKUX B TAHHOI
rpymre (depes 24 4. mocse BBefieHNs nepdropana) He OT-
JINYAJIUCH OT U3MEHEHMIT B rpyTine 3 (MHTAISIMOHHOE BBe-
nenue nep@ropaHa) u JOCTOBEPHO OTJINYAINCH OT U3MEHE-
HUH B Tpymme 2 TO yKa3aHHBIM BbINE MPU3HAKAM
(unramsinnonnoe Beezienue JIIIC) (p=0,0001).

[leHTpa/IbHBIM 3BEHOM IATOTEHE3a TPAMOTPHIIATE -
HBIX NH(MEKINH ABASCTCS eHcTBIE (PPATMEHTOB 0O0JI0UKN
IPaMOTPUIIATEIbHBIX OAaKTEPUii, 10 XUMUYECKOU CTPYKTYPE
otHOCAmMuxcss kK sgunonoancaxapugam (JIIIC). Tepmun
<IHJ/IOTOKCUH» BIIEPBbIE TTOsIBUJICS B iuTeparype B 1892 ro-
J1y 110 OTHOLIEHUIO K TePMOCTAOMIBHOMY KOMIIOHEHTY JIK-
3aTa rpaMOTpuUIaTe/IbHbIx Gakrepuil [7]. Jlunonosucaxa-
PUI  COCTaBJSIET OKOJO 75% HapyKHOU MeMOpaHbl
IPaMOTPUIIATEIbHBIX OAKTEPUI U COCTOUT U3 THAPOHOOHO-
ro simnuga A u osmmcaxapugnoro O-anturena. Jlumonosu-
caxapujl B KpoBu Tpancrnoprupyercsi B csizu ¢ JITIC-cBs-
JITIC
pacro3HaeTcss KJeTKaMU BPOJKIAEHHOTO MMMYHHUTETA MO-

3bIBAIONUM  TIpOTEeUHOM. JlunujHas  4vactb
cpencrBom Toll-nmopoGHbIMU perieniTopaMu 4 TuIa, 1oce
4ero MpOUCXO/IUT AKTUBAIMS BHYTPUKJIETOYHOTO SIJIEPHOTO
(axropa kB (NFxB) u cunres nuroxunos (UJI-8, NJI-6,
NJ-1, NJI-12, MJI 15, ®HO-a). Nnranxsnuontoe BBee-
nue JIIIC conpoBokmaeTcss 3HAUUTEJNBHBIM yCHUJIEHUEM
cunre3a DHO-a ampBeosonramu 2 tura. Kpome Toro, -
ruzt A JITIC BbI3bIBAET MOBPEK/ICHNUE IHAOTETUOIUTOB MO~
CPEJICTBOM CTUMYJISIIMU BHIPAOOTKU IUTOKUHOB U POCTO-
dakTopa,
AH/IOTENINONNTOB. BO MHOTHX MCC/IEIOBAHUSIX TOKA3aHO,

BOTO KOTOpblEe TPHUBOJAT K  alolTO3y
4YTO 9KCIEPUMEHTATIbHOE MHTAsIAIMoHHOe BBeneHue JIITC
COITPOBOK/IAETCS] PA3BBUTHEM ITPU3HAKOB OCTPOTO PECIpa-
TOPHOTO JIMCTPECC-CUH/IPOMA C BBIPAKEHHOM KJIETOYHOM
peakiueit Ha Tepputopun Jerkux |7, 8]. VicnosibzoBanue B
SKCIIEPUMEHTE IIpenapara cuibsesiectat (6J0KaTop aacTa-
3bl HEIUTPOMUIOB) CHIOCOOCTBYET YMEHBIIEHUIO BbIPAsKEH-
HOCTH TOBpesKieHus Jierkux nocsie unrasnsiiuu JITIC [9].
WuransiumonHoe BBeeHue nepdTopaHa OKa3blBaeT
IUTONPOTEKTOPHBIH ahheKT: cTerneHb BIPaKEHHOCTH MOP-
dosrornueckux uaMeHeHu B Jierkux, BoizBanuboix JIIIC,
ObLJIa 3HAUMTEJBHO MEHBIIIE TI0CJIE MHTAIAINY TTepdhTOpaHa
1o cpaBHenuto ¢ Ip. 2 (unrassuus JITIC 6e3 nepdropana).
Hawm me yzmanmoce HaliTH B IOCTYITHOM JinTepaType aHaso-
PMYHBIX 110 JIM3aHHY M UCIIOJIb3YeMbIM BeliecTBaM (11epd-
TOpaH ) dKCIIePUMEHTATbHBIX MCCe/[0BaHnil. bplro mokasa-
HO, 4TO BHYTPUBEHHOE BBe/leHUE T1epdOTOPYTIEPOAHOI
amyJibenn 10 unrasstiuuu JIIIC o6sazaer nuTonpoTeKkTop-
HBIM JIEHCTBMEM Ha CTPYKTYPbI JieTkux [8], a uHransims
nepdropyriepojia CriocoOCTBYET YBEJIMIECHUIO MHACKCA OK-
CUTEHAIMH, CTATMYECKOTO KOMILJIAHCA U JIBIXaTeJbHOTO
obbeMa 1pu MOBPEKACHUN JIETKUX, BHI3BAHHOM JI€TEPreH-
toM |10, 11]. IToyueHHBIC HAMM 9KCIIEPUMEHTAIBHBIE IaH-

periarterial connective tissue. Bronchial and bronchiolar
lumens were free.

Morphological changes in this group did not differ
from those in group 3, but were significantly different from
those in a group 2 (p=0,0001).

The central part of the pathogenesis of gram-negative
infections is the action of lipopolysaccharide (LPS) on the
cells. The term «endotoxin» first appeared in the scientific
literature in 1892 in relation to a thermostable negative
bacteria lysate component [7]. Lipopolysaccharide compos-
es about 75% of the outer membrane of gram-negative bac-
teria and consist of a hydrophobic lipid A and O-polysac-
charide antigen. Lipopolysaccharide is transported in the
blood in connection with the LPS-binding protein. The
lipid part of the LPS is recognized by the innate immune
cells, Toll-like receptor type 4 (TLR4), which mediate sig-
naling process to activate the proinflammatory transcrip-
tion factor NF«B, initiating the production of cascade of
inflammatory cytokines (IL-8, IL-6, IL-1, IL-12, IL 15,
TNF-¢). Inhalational administration of LPS is accompa-
nied by a significant increase in the synthesis of TNF-a by
alveolocytes. Moreover, lipid A, the LPS component, caus-
es endothelial damage by stimulating production of
cytokines and growth factors, which leads to apoptosis of
endothelial cells. Experimental inhalational administration
of LPS is accompanied by the development of acute respi-
ratory distress syndrome with a significant cellular reaction
in lungs [7, 8]. Use of an experimental drug silvelestat
(blocker of the neutrophil elastase) reduces the severity of
lung damage after LPS inhalation [9].

In present study, the inhalational administration of
perftoran resulted in cytoprotective effects: the severity of
morphological changes in the lungs caused by LPS was sig-
nificantly lower after the inhalation of perftoran compared
to animals received only LPS without perftoran (group 2).
To our knowledge, this was the first morphological analy-
sis of lungs following the inhalational use of perfluocorbon
derivative in experimental model of sepsis. Earlier papers
reported the cytoprotective effects on lungs of the intra-
venous administration of perfluorocarbon emulsion [8],
whereas the inhalation of perfluorocarbons increased the
oxygenation index, static respiratory compliance and tidal
volume in the lung injury caused by detergent [10, 11].
Our experimental data are in compliance with the results
of several clinical studies that demonstrated the efficacy of
endobronchial administration of perftoran in improving
gas exchange parameters and the functional conditions of
the lungs. Thus, the administration of the endobronchial
perftoran was more effective in patients with acute respi-
ratory distress syndrome caused by direct damaging fac-
tors. In this group the treatment increased the oxygena-
tion index to 34.6% compared to 17.8% in control (no
perftoran),whereas the decrease of pulmonary shunt frac-
tion was 23.3% vs. 14.3% in control. The efficacy of
perftoran is presumably results from its cytoprotective
effects and improvements of lung biomechanics. Definitely
the less pronounced effect of endobronchial perftoran in
acute respiratory distress syndrome caused by indirect
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Mechanisms of the development of critical illness

HBIE TIO/ITBEPIKIAIOTCS PE3YJIbTaTaMU Psijla KINHIUYECKUX
UCCIeIOBaHKH, B KOTOPBIX Oblia noKasaHa a(p(MEeKTUBHOCT
9HI0OPOHXUAIBHOTO TIep(TOPaHa B OTHOIIEHUU YJIydIle-
HUSI [TOKasartesiell ras000MeHa u (GyHKIIMOHAIBHOTO COCTO-
SIHUSL JIETKUX. B KJIMHUYECKOM MCCIe0BaHuK ObLIO BIEp-
BbIC 9HZI06POHXNATHHOE
nepdropana Gosee apdextusHo y 6ombHbix OPIC, BBI-

3BAHHBIM TPAMBIMH TTOBPEK/IAIOIITNMN CbaKTOpaMI/IZ B J1aH-

IIOKa3aHO, 4YTO BBeEJ/ICHUE

HOM TpyHIle IPUPOCT MHAEKCA OKCUTCHAIMH COCTABHII
34,6% (mpotus 17,8%), cHrskenne (Hpakinu BHYTPUIETOT-
moro myntupoBanust 23,3% (mpotus 14,3%). dbdexTn-
HOCTB riepdTopaHa P 9HT00POHXMATEHOM BBEICHNUST CBSI-
3aHa, BEPOSITHO, C €T0 IIUTONPOTEKTUBHBIME ahdexramu n
yJIydIlleHue JTeroaHoit Guomexanuiu. OUeBH/HO, YTO MEHb-
masi KJInHIdecKast 3GGhEeKTHBHOCTD 9HA0OPOHXUATBHOTO
nepdropana npu OP/C, BbI3BAHHOM HETIPSIMBIMU TTOBPEIK-
JAIONIMH (haKTOPaMH, CBSI3aHa € IVIOXUM €TI0 IPOHNKHOBE-
HIEM B [OBPEK/IECHHBIC 30HBI JIETKUX [, 12].

MexaHU3MBI IIUTONPOTEKTOPHOTO JeHCTBUS Tepd-
TOPYIJIEPOJIOB HA CTPYKTYPBI JIETKUX OCTAIOTCS AUCKYCCH-
OHHbIMU. 3BeCTHO, 4TO 11ephTOPYIIEPObI HHIUOUPYIOT
cuntes OHO-a B neiitpodmiax [13], monorurax [14] u
aTbBEOJIIPHBIX Makpodarax [15—17], cHmKaoT akcmpec-
CHIO MEKKJICTOTHOI MOJIEKYJIBI a/ire3uu 1 Tnumna Ha aHjpoTe-
JINOIIMTAX, YTO yrHeTaeT Murpaiuio Heiirpodusnos [18].
Tak:ke Ipe/IIoNaraioT, 4YTo 1epdTopyIIepoIbl MOTYT Gop-
MUPOBaTh (Gapbhep BOKPYT KJIETOK HMMYHHOH CHCTEMBI,
IPenAaTCTBYIOMNN MEKKJIETOYHBIM B3aUMOJICHCTBUAM
[19—20]. Heo6xoanM0o OTMETUTD, YTO BBINIEEPEdnCICH-
HbIE MCCJIEA0BAHSI OBLIN BBITOJHEHDI € MCIOJIb30BAHUEM
11epdTOPYTIEPOTHBIX IMYIbCHUIL, OTINYHBIX IO COCTABY OT
nepdTopana.

BroiBoasl

Takum 06pa3oM, B 9KCIEPUMEHTAIBHON MOJEIIH
JIIIC-nuAyninpoBaHHOrO TOBPEK/CHUS JIETKUX MOKa3a-
Ho, uto nHTangug JIIIC npuBoanT K TOBpEsKIeHNIO aTh-
BEOJISIPHOTO M OPOHXMATBHOTO ATUTENNs, PA3BUTUIO WH-
TEPCTUINAIBHOTO U aJIbBEOJISIPHOTO OTEKA, BhIPAKEHHOM
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10.15360/1813-9779-2013-6-61

damaging factors was associated with its poor penetration
into lung areas [5, 12].

Cytoprotective mechanisms of action of perfluorocar-
bons on lung structure remain debatable. It is known that
perfluorocarbons inhibit the synthesis of TNF-a in neu-
trophils [13], monocytes [14] and alveolar macrophages
[15—17], reduce the expression of the intercellular adhe-
sion molecule type 1 (ICAM-1) on endothelial cells, which
inhibits the migration of neutrophils [18]. It is also sug-
gested that perfluorocarbons may form a barrier around the
cells of the immune system preventing cell-cell interactions
[19—20]. It should be noted that the abovementioned stud-
ies were performed using perfluorocarbon emulsions differ-
ing in composition from perftoran.

Conclusion

This experimental model of LPS-induces lung injury
confirmed that LPS causes damage of alveolar and
bronchial epithelium, results in development of interstitial
and alveolar edema, induces extensive cellular response
through accumulaqgting the lymphocytes, neutrophils and
macrophages within the lung tissue. This study demon-
strates that inhaled perftoran decreases pulmonary alveo-
lar and bronchial epithelium damage and decreases the
degree of pulmonary edema. This data confirm clinical
investigations of perftoran and provide the way to a broad-
er implementation of inhaled perftoran in intensive care
medicine.

KJIETOUHON WHGUIBTpAIIUN 3a cYeT JUMGOIINTOB, CeT-
MEHTOSI/IEPHBIX JIEWKOIUTOB W MakpodaroB. B nanuoit
MOJIEJIN TTOKa3aHo, YTO MHTASIMOHHOE BBefeHue mepd-
TOpaHa MUHUMU3UPYET TOBPEXACHNE aTbBEOJIIPHOTO T
OPOHXMAJIBHOTO BIUTENUS, YMEHbUIAET BHIPAKEHHOCTD
WHTEPCTUIINAIBHOTO U aJbBEOJSIPHOTO OTeKa. IJTO TIOJI-
TBEP)KAAaeT AaHHBbIE KIMHUUECKUX HMCCIACTOBAHUN W OT-
KPBIBAeT BO3MOKHOCTHU JIJISI MHTAJISIIMOHHOTO TTpUMEHe-
Hust nepdropaHa B peaHuMaTOJIOTHH.
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Ilens paGomov: — BBISIBATH B 9KCIIEPUMEHTE BO3MOKHbIE H3BMEHEHHsI CHCTEMHOIi FeMOAMHAMUKH NI0CJIe IPE/EIbHO A0y~
CTHMOIl Pe3eKIMHU NeYeHHU C ONpe/ieIeHHeM CPOKOB UX (pOPMHPOBAHUSA B PaHHEM IIOCIeoNnepauoOHHOM nepuoje. Ma-
mepuanvi u memoost. B saxcnepumenTte Ha 22 0eCIOPOAHBIX GeNbIX KPbICaX-CaMIaX PErHCTPUPOBAIH IEKTPOKAPAHO-
rpaMMmy, AaBjeHHEe KPOBH B JIeBOil COHHONl apTepHM NPSIMbIM METOJOM, MHTETPAJbHYI0O pPeOrpaMMy H ee IepBYIO
NPOU3BOJHYIO IO MeTouKe TeTpanosapHoii peorpacduu IlI. 1. UcmannoBa u coast. B Moauduxkanuu B. B. Kapnuuxko-
ro u coasTt. yepe3 1, 3, 6, 12 vacoB u 1, 3, 7 cyTOK mocJie NpeeIbHO IOMYCTHUMOI pe3eKIuu NeyeHu. PaccuurteiBaniu
yZAapHblif 06b€M, cpeHee apTepuaIbHOE AaBICHHE, MUHYTHBIH 00beM cep/ua, yaenasHoe nepudepuieckoe ConpoTHB-
aenue cocyoB. OGbeM KPOBOIOTEPH PACCUUTHIBAIN IPABUMETPHYECKHM MeTo oM. Onpesesenne 3HaY4UMOCTH Pasiu-
YHii IPOBEAEHO € MOMOINbBIO METO/Ia HeNapaMeTPUYECKON CTATHCTUKH ¢ pacyeToM nokasarens Friedman ANOVA. Pe-
3yavmamut. Haunnas ¢ 1-ro yaca nocjieonepanyoHHOro nepuo/ia, pa3BuBaeTcsi H COXpaHsgeTcs: B TeyeHue 1-xX cyTox
CHH/IPOM HH3KOI'O CePAEYHOro BbIGPOCa, B OCHOBE KOTOPOTO JIEIKUT 3HAYUTENbHOE CHUKEHUE BEIMYMHbI YAaPHOT0 00b-
eMa, JONMOJHUTENbHDI BKJIAJ BHOCHT HA0IIOAI0MAsICs HA NPOTSKEHNH 1-X CYyTOK ymepeHHas Opaaukapausa. Ha 3-u
CYTKH [OCJIe OePAlHH [I0KAa3aTelH FeMOJMHAMUKY He OTINYAINCh OT HeXoaHbIX. K 7-M cyTkam HaGoeHus Kapano-
Jlelipeccus CMeHsIeTCs YMepPEeHHO! runepanHamMueii Muokap/a Ha (¢)oHe yMepeHHOI TaXUKapAui H YMEPEeHHOTO CHUXKe-
nusa YIICC. 3axatouenue. BoisiBI€HHBIM HAMH KPUTHYECKUM CPOKOM, XapPaKTEPH3YIOMUMCS MUHUMATbHBIM MHHY THBIM
o0beMoM cepaua, spiasercs 1 yac nocie onepauuu. OTINYHTENHHBIME Y€PTAMH T€UE€HUsI CHHAPOMA HU3KOTO CEP/eYHO-
ro BbIGpoca nocje npeieIbHO JAONYCTHMON pe3eKIUH IeYeHH sIBJsIeTCS ero o0paTuMblil Xxapakrep u pediexTopHas
Opaaukapausi B 1-e cytku nocie onepanuu. K 7-M cyTkam kapamonenpeccus CMeHsIeTCsl yMePEHHOI runep uHamuei
MHOKap/a BCJIeCTBUE TEHAEHIMH K Taxukapauu. Kniouesvie ciosa: npenebHo JONMyCTUMAs pE3€KIHs IeYeHH, TeTpa-
noJsisipHasi peorpadus, KpbiChbl.

Objective: to experimentally reveal possible systemic hemodynamic changes after maximally allowable liver resec-
tion, by determining the time of their formation in the early postoperative period. Materials and methods. The exper-
iments on 22 outbred male albino rats recorded an electrocardiogram, left carotid blood pressure by a direct method,
an integral rheogram and its first derivative by the tetrapolar rheographic procedure developed by Sh. I. Ismailov et
al. and modified by V. V. Karpitsky et al. 1, 3, 6, and 12 hours and 1, 3, and 7 days after maximally allowable liver
resection. Stroke volume, mean blood pressure, cardiac output, and specific peripheral vascular resistance (SPVR)
were calculated. Blood loss was estimated by the gravimetric method. The significance of differences was defined by
Friedman ANOVA. Results. At postoperative hour 1, the low cardiac output syndrome the basis for which is a con-
siderable reduction in stroke volume developed and persisted during the first 24 hours; an additional contribution
was made by moderate bradycardia observed within the first 24 hours. On day 3 postsurgery, the hemodynamic para-
meters were similar to those at baseline. By 7 day of an observation, cardiac depression changed into moderate
myocardial hyperdynamia in the presence of moderate tachycardia and a moderate decrease in SPVR. Conclusion.
The critical time found by the authors for the minimum cardiac output was an hour after surgery. The distinctive fea-
tures of low cardiac output syndrome after maximally allowable liver resection are its reversible pattern and reflec-
tory bradycardia on postoperative day 1. By day 7, cardiac depression changed into moderate myocardial hyperdy-
namia due to a tendency towards tachycardia. Key words: maximally allowable liver resection, tetrapolar
rheography, rats.
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BBenenue

Hapymenust cucteMHON TeMOAMHAMWKN SIBJISTIOTCS
OJIHOM M3 aKTyaJbHBIX 1podseM peanumarosorun [1—3].
Omepaium Ha TMEYEeHH OTHOCATCS K BBICOKOTPABMATHUY-
HBIM, YTO CBSI3aHO ¢ MEXaHUUYECKUM MOBPEKACHUEM 00JIb-
moro oObeMa TKaHel, 3HaYuTebHOI KPOBOIIOTEpEii, Au-
TEJIbHOCTBIO OTIEPAIINH, HH/IOTOKCEMUEH, BO3/ICiICTBUEM Ha
pedJieKcoTeHHbIe 30HBI OPIONTHON TOJIOCTH, MCXOAHOI
nucyHKIMeN TTedeHn, uiemMueii-penepdysueil mapenxu-
MBI [IEYEHH, COMYTCTBYIOMNMHU 3a00sieBanusMu [4, 5).

O6beM KPOBONOTEPU TIPH TIPOBEACHUU OOIIUPHBIX
pesekimii mevenn gocturaet 3000 mr, nam okoa0 50% 06b-
ema nupkyJupyioiieit kposu (OLIK). B cayuae e pesex-
1IUST TIEYEHU COMPOBOK/IAETCS BMEIIATEICTBOM HA BOPOT-
HOW /WM HWKHEH MOJONH BeHaX KPOBOTIOTEPST MOKET
OBITH cBepxXMaccuBHON 1 mocturats 10—20 sutpos [6, 7].

B KpyIHBIX XUPYPTUUECKUX T[EHTPAX MUPA 4acTOTa
MIOCJICOTIEPAIIMOHHBIX OCJOKHEHUN OCTAeTCs BBICOKOH M
nocturaet 30—56% [8—10], metambrocts 3—9%, a mpu Ha-
smann upposa mnedenn 25—35% [11—14]. HeynosreTtso-
PEHHOCTb pe3yJIbTaTaMu OOIIUPHBIX PE3EKIM TeYeHH
Tpebyer cobJI0/IeH ST, B MIOJIHON Mepe, KOHIenuu 6e30-
MACHOCTH TanuenTa [4, 5] KoTopas 3aKkI04aeTcst B TPOBe-
JICHUM aJIEKBATHON aHECTE3N0JIOTHUECKON 3aIUThI, HEeTpe-
PBIBHOTO ¥ yriyOJEHHOTO MOHUTOPMHIA BUTAJbHBIX
(yHKIMiA, pazpabOTKX COBPEMEHHBIX [TPOTOKOJIOB MHTEH-
CUBHOI Teparuu NoCcJaeonepanoHHOTO TEPHO/IA.

B smmtepartype 10CTaTOYHO TIOJTHO OCBEIEHbI BOIPO-
Chl IaroreHesa CrenupuuecKux renato-OuamapHbIx 0c-
JIO)KHEH U 1ocJie OOIIMPHBIX ONIEPATUBHBIX BMEIIATEIbCTB
Ha T€YEHH, OJIHAKO N3MEHEHUSIM CUCTEMHO reMOo/IMHaMu-
KM B PAaHHUE CPOKH MOCJIE OTIEPATUBHBIX BMEIIATEIbCTB Ta-
KOro obbeMa He yJeJIeHO JOJKHOTO BHUMaHusL. B To ke
BpEMs He BbI3bIBAET COMHEHUH TOT (haKT, UYTO CEP/IeUHO-CO-
CyMCTasl CUCTEMa IPeTepIeBaeT 3HAYUTeIbHbIE M3MEeHe-
HUS B YCJIOBUSIX ONEPAIIMOHHOTO CTPECCa, YTO OKA3bIBAET
BJIMSTHUE HA TEUEHME TIOCJIE0NEePAIMOHHOTO TIEPHO/IA U €r0
HCXO/JIBI.

[Testb uccyenoBanmst — B 9KCIIEPUMEHTE BO3MOKHbIE
M3MEHEHHS] CUCTEMHOI TeMOJIMHAMUKH TIOCJIe TIPEIETHHO
JIOTTYCTUMOI PE3EKITNH TIeYeHH C OTIPe/IeJIeHIEM CPOKOB MX
(hopMupoBaHUs B paHHEM MOCTIEOTIEPAIIMOHHOM TIEPUOJIE.

Marepuan u MeTO/bI

IKCIIEPUMEHTDI TPOBEIEHBI Ha 22 6eCTIOPOIHBIX GETBIX KPbI-
cax-camIax Maccoii 272+24 r ¢ cobmoaeneM MoN0KEeHNH, PeKo-
MEHI0OBaHHBIX MesK/IyHAPOIHBIM KOMUTETOM 10 HayKe O Jabopa-
TOPHBIX JKMBOTHBIX U moajaepxanubix BO3, u cormacho
tpeboBanusm Esporeiickoil kousennuu (CrpacOypr, 1986) mo
COIEPIKAHUIO, KOPMJIEHUIO M YXO/Y 32 ITOJONBITHBIMI JKUBOTHbBI-
M, & TaKKe BBIBO/LY X M3 9KCIIEPUMEHTA ¥ TTOCIe/yIoIeil yTHIIn-
satmn. O6beM BBIGOPKH U1t TIOJTyIeHUS JOCTOBEPHBIX PE3yJIbTa-
TOB, paccuuTanHbiil 0 popmysie E Lopez-Jimenez u coasr. [15],
COCTaBUJI 8 JKUBOTHBIX.

Kpsic HaproTusupoBaiu 1unatiioseiM achupom (OAO «Mejt-
XUMITPOM», Poccust) 1 IPOBOIMIIN ATUITNYHYIO TIPE/IE/IBHO JI0ITyC-
tiMylo pesexnmio 80% Mmaccel nedenn. HemocpencTBento repes
oreparineit, a takxke depes 1, 3, 6, 12 vacos u 1, 3, 7 cyTok mnocJe
oliepaliiu PerucTpupoBan ajeKkTpokapauorpammy Bo Il cran-

Introduction

Alterations of systemic hemodynamics is one of chal-
lenging problems in reanimatology-anestesiology [1—3].
Liver surgery is considered as highly traumatic operation
due to damage of a large tissue mass, significant blood loss,
endotoxemia, stimulation of reflexogenic zones of the
abdominal cavity. It is a source of significant liver dysfunc-
tion due to ischemia-reperfusion of the liver parenchyma
and due to comorbidity [4—5].

Amount of blood loss in extensive liver resections
reaches 3000 ml, or about 50% of circulating blood volume.
If liver resection is accompanied by interference with the
portal vein and/or inferior vena cava, the blood loss may be
a supermassive and reach 10—20 liters [6—7].

In large surgical world centers the frequency of post-
operative complications remains high and reaches 30—56%
[8—10], mortality is 3—9%, and in the presence of liver cir-
rhosis the mortality is 25—35% [11—14]. Dissatisfaction
with the results of extensive resections of the liver requires
improvedpatient safety measures [4, 5], which include ade-
quate anesthesia protection, continuous and in-depth
monitoring of the vital functions, development of modern
protocols of intensive care in the postoperative period.

Issues related to the pathogenesis of specific hepato-
biliary complications after major surgical interventions in
the liver have been repeatedly studied, however, changes in
systemic hemodynamic at early stages after surgical inter-
ventions have not been thoroughly clarified. At the same
time, thre is no doubt about the fact that cardiovascular
system is undergoing significant changes due to stress dur-
ing surgery affecting postoperative period and outcome.

Aim: to identify experimental changes in systemic
hemodynamic after the maximum permissible liver resec-
tion during early postoperative period.

Materials and Methods

Experiments were carried out on 22 white outbred male rats,
weigh 272+24 g, subject to the provisions by the International
Guiding Principles for Biomedical Research Involving Animals as rec-
ommended by International Council for Laboratory Animal Science in
accordance with the requirements of the European Convention
(Strasbourg, 1986) on the content, feeding and care of experimental
animals, as well as their withdrawal from the experiment and subse-
quent disposal. The sample size to produce reliable results calculated
by the formula E Lopez-Jimenez et al. [15] was 8 animals.

Rats were anesthetized with diethyl ether («<Medkhimprom»,
Russia) and conducted atypical maximum permissible resection 80%
of the mass of the liver. Prior to operation and after 1, 3, 6, 12 hours
and 1, 3, 7 days after the surgery the animals were monitored by elec-
trocardiography in IT standard with the aid of electrocardiograph
«SCHILLER CARDIOVIT AT-1» (Switzerland), heart rate and
blood pressure in the left carotid artery (by direct method) determi-
nation, integral rheography accompanied by its first derivative in
practice, the tetrapolar theography (Sh. I. Ismailov et al. modified by
V. V. Karpitskiy et al. [16]) with the aid of rheoplethysmography
device «RPG 2-02» and registration device «N-338-4P».

Following parameters were computed: stroke volume accord-
ing to the formula W.G. Kubicek et al. (1966), the surface area of
the body according to the formula D. DuBois (1916), mean arter-
ial pressure, cardiac output, peripheral vascular resistance.
Amount of blood loss was calculated by gravimetric method [17].
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Me [LQ; HQ].
Changes of parameters of systemic hemodynamics after the maximum permissible resections of the liver in rats
Me [LQ; HQ].
Stages of the study Mean arterial Heart rate, Stroke volume, Cardiac output, Peripheral vascular
pressure, mm Hg min™ ml? ml*min™ resistance,
dean*cecm’
Baseline 91,5 350,7 168,2 58,9 27334
(83,3; 96,3] [326,5; 372,0] [163,4; 171,4] [56,6; 60,1] [23561; 28772]
1 hour 56,0 289,4 78,0 22,6 43599
[53,3; 58,3]* [261,0; 315,0]* [70,1; 83,5]* [19,9; 24,8]* [42502; 45268]*
3 hours 67,4 295,1 96,5 28,5 41612
[62,5; 68,8]* [272,0; 300,0]* [92,3; 99,7]* [25,4; 30,2]* [38898; 43352]*
6 hours 70,1 2721 118,6 32,3 38187
[69,0; 72,2]* [250,0; 286,0]* [112,4; 121,5]* [30,8; 34,01* [36634; 40028]*
12 hours 74,3 3139 129,1 40,5 32280
[71,6; 77,5 [250,0; 375,0]* [126,7; 131,4]* [37,7; 43,2]* [30526; 34546]*
1 day 80,6 3934 142,0 55,9 29370
[78,3; 82,5]* [354,0; 428,0]* [140,2; 145,6]* [52,5; 57,6]* [26365; 31897]*
3 days 92,7 366,0 166,8 61,5 26522
(88,3; 98,3 [337,5; 401,5] [163,2; 169,7] [56,9; 60,3] [24482; 28303]
7 days 93,5 407,6 167,4 68,2 24123
[91,3; 100,0] [375,0; 464,0]* [165,1; 170,6] [62,4; 68,8]* [22544; 26806]*
Friedman ANOVA p<0,00005 »<0,00000 »<0,00000 »<0,00000 »<0,00000

Note (npumeuanue): stages of the study — aransl nccienosanus; baseline — uexoanpiii mokasarenn; hour — vac; day — genn; Mean
arterial pressure, mm Hg — cpexree aprepranproe qaBienne, MM pr. cT.; Heart rate, min' — gactoTa cepieqHbIX COKPAIEHNH, MIH ;
Stroke volume, ml* — ynapubiii 06bem, mar?; Cardiac output, mlemin' — MunyTHBII 06beM cepaia, mu e Mus'; peripheral vascular resis-
tance, deanece(cm’em?*) — yuenbHoe nepudepuueckoe conpoTuBIeHne cocynos, aunece (cm’*m’); Friedman ANOVA — pacuernbrii

nokasaresb Friedman ANOVA.

JAPTHOM  OTBEJIEHMM €  TOMOIIbIO  3jeKTpoKapanorpacba
«SCHILLER CARDIOVIT AT-1» (IlIBenust) ¢ aHaaM30M 4acTo-
ToI cepreunbix cokpartenwii (YCC), naBienue KpoBU B JIEBOIT COH-
HOIl apTepru TIPSIMBIM METOJIOM, MHTETPAIbHYIO PEOTpaMMy U ee
[IepBYIO ITPOM3BOIHYIO 110 METOJMKE TeTPAIoJISIpHOIl peorpadun
1. M. emannosa u coast. (1982) B momudukaru B. B. Kapnmi-
KOTO ¥ c0aBT. [ 16]. Perncrpanuio nHTErpasbHON peorpaMMBbl 1 ee
[IepBOIl TPOM3BOIHOI OCYIIECTBIISIN, HCHOJIb3YsT PEOIJIeTH3MO-
rpad «PIIT 2-02» u perucrparop «H-338-411».

[lasee paccuuTBIBAIN CJEYIONINE MOKA3ATeIN: YIAPHBIN
o6bem (YO) cepana nio dpopmyae W. G. Kubicek u coasr. (1966),
IJIoMAab moBepxHoctu tena mo Gopmyre D. DuBois (1916),
cpenree aprepuaibhoe gapienne (cpearee AJl), MUHYTHBII 00b-
em cepana (MOC), yaenbHoe nepudepuueckoe CONPOTHBIEHUE
cocynos (YIICC). O6beM KpoBOIIOTEPH PACCUNTBIBAIN IPaBUME-
TpUUecKuM MeTozoMm [17].

Craructuueckyio 06pabOTKY Pe3yJIbraTOB HMCCJAEA0BAHUS
BBIIOJIHSIIA € UCIIOJIb30BAHMEM TAKeTa TPUKJIAIHBIX [TPOrPAMM
«STATISTICA 6.0». DxcniepuMeHTaIbHbIE JAHHbBIE TTPEACTaBIIe-
ubl B Bujie Meananbl (Me) ¢ noknnm (LQ) u Bepxaum (HQ) kBap-
tussimi. Otipejiesienie 3HAYUMOCTH PA3JIMIUN TIPOBEAEHO C 110~
MOIIBIO METO/d HerapaMeTPUYecKOi CTATHCTUKU C PACYETOM
nokaszarens Friedman ANOVA, npuMeHsieMoro sl aHajnsa mo-
BTOPHbBIX U3MePeHHil, CBSI3AHHBIX C OJIHUM U TeM JKe MHIUBHUIYY-
MoM. Kputnueckuit ypoBeHb 3HAUMMOCTH IIPU IIPOBEPKE CTATHC-
TUYECKUX MUIIoTe3 npuHuMascs pasabim 0,05,

PesyibraThl U 00CyK/IEHAE

N3 22 XUBOTHBIX BO BpeMs PE3eKINU TEYeHN U B
pasJMYHble CPOKK MOcJe Hee TOornb/au 3 KMBOTHBIX, YTO
coctasuiio 13,6%. Cpexnmii 06beM KPOBOIIOTEPH COCTABILI
3,5+1 mu1, uto He npesbiaer 30% o6beMa IUPKYIHPYIO-
meit kposu (OIIK) xpeicer [18].

Statistical processing of the research results was performed
using the software package «STATISTICA 6.0». Experimental
data are presented as median with lower (LQ) and upper (HQ)
quartile. Significance of differences was determined using the
method of non-parametric statistics to calculate Friedman indica-
tor by ANOVA, which applied to the analysis of repeated measure-
ments related to the same individual. The critical level of signifi-
cance for testing statistical hypotheses was taken equal to 0.05.

Results and Discussion

Three of 22 animals died during liver resection and
in different terms after it (13.6%). Average blood loss was
estimated as 3.5+1 ml, which not exceeded 30% of circu-
lating blood volume of rat [18].

Changes in systemic hemodynamic parameters after
surgery are shown in table. The most significant hemody-
namic impairment was observed after 1 hour after surgery.
Specifically, the hypotension with a minimum level of a
mean arterial pressure (61,2% from baseline), and signifi-
cant reduction in cardiac output (38% from baseline),
both due to the significant reduction of stroke volume
(46% from baseline) and in the expense of a moderate
bradycardia, were recordered Within the first hour after
surgery, peripheral vascular resistance was significantly
increased (1.6-fold over the baseline). Further, during the
first day the mean arterial pressure was increasing reach-
ing 88% of the original level, and a heart rate was partial-
ly restored, whereas low value of stroke volume (46—68%
from baseline) and trens to decreased peripheral vascular
resistance were evident.
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V3meHeHns cucTeMHON TeMOAMHAMUKU TIOCTIE OTIe-
paruu npuBeaeHsl B Tabauie. Hanbosmee BoIpaKeHHbIC Te-
MOJIMTHAMUYECKUE HAapYIIEeHs OTMeYasich yepes 1 uac no-
cie omnepanuu. Tak, perucTpupoBajach TUIIOTEH3US C
MUHUMaJIbHBIM ypoBHeM cpennero A/l (61,2% ot ucxon-
HOTO YPOBHS), NMPOUCXO/MJIO 3HAUUTETHHOE CHIKEHUE
MOC (38% OT UCXOJHOTO YPOBHS ), MPUYEM KaK 3a CuUeT
3HaunTEABHOTO cHIDKeHns YO (46% OT MCXOIHOTO YPOB-
Hs1), TaK ¥ 3a cueT yMepeHHOU Opagukapauu. Yepes 1 uac
nocste onepanun Y IICC 610 3HAYUTENHHO MOBBIIIEHO (B
1,6 pasa BbIIIe MCXOTHOTO YPOBHS).

B nanbHeiinem, Ha TPOTsKeHUN 1-X CyTOK cpejiHee
AJl moBbImasoch, octuras 88% OT MCXOTHOTO YPOBHS,
YCC yacTH4HO BOCCTAaHABIMBAJIACH, OCHOBHYIO POJb B
dopmuposannn nuskoro MOC urpasa BeJlnduHa HU3KOTO
YO (46—68% ot ncxomanoro yposusi), YIICC umesno ren-
JICHIINIO K CHUKEHUIO.

K 3-M cyTkam mocJjie orepannu moKasaTesan reMo/ii-
HaMWKH JJOCTOBEPHO HE OTIMYAJINCH OT UCXOMHBIX. Uepes 7
cyrok MOC pmake TpeBbITTan MCXoaublit Ha 16% 3a cuer
ymepenHoii Taxukapauu, Y [ICC 1pu aTom GbLI 10CTOBED-
HO HIDKE, 9eM 10 omeparuu (88% OT MCXOMHOTO YPOBHS),
cpentee A/l n YO He OTIMYaanch OT MCXOTHBIX.

AHaJIM3 MOJIyYeHHBIX JIAHHBIX TOKA3aJ1, 4TO POBEJIe-
HUE MPEJIeJIbHO JIOMYCTUMON PE3EKIUH 1TeY€HU COITPOBOK-
JTAeTCsT BHIPAKEHHBIMU U3MEHEHUSIMU CUCTEMHON TeMO/IN-
HaMUKH B pPaHHEM MOCJEONePAITHOHHOM TEPHO/JIE.
Hauunas ¢ 1-ro yaca mnocsie onepaiuu, pa3BuBaeTcst 1 co-
XpaHsieTcst B Tedenue 1-X CyTOK CHUHPOM HU3KOTO cep/ied-
noro Bertopoca (CHCB), B 0CHOBE KOTOPOTO JIEKHUT 3HAYH-
TesbpHOE CcHUWKeHnune BeandnHbl YO, MOTOTHUTETHHBII
BKIaz B cHmkenne Besmuniabl MOC BHOCHT Habmozaio-
mascst Ha MpOTsKeHun 1-X cyTOK ymepeHHast Gpagukap-
nust. B cBoto ouepesnn, Huskuit yposeub MOC ornipenesnsier
(bopMupoBanuMe apTepuanbHON TUIIOTEH3NH, a CTaONIM3a-
1IUsT IaBJICHHST HA 9TOM 9Talle JOCTUTAETCs 3a CUET BbIpa-
JKEHHOU CHCTEMHOU Ba30KOHCTPUKIINN. BhIsSIBIeHHBIM Ha-
CPOKOM,  XapaKTepPU3YIOINMCS
munnMaabHbiM YO 1 MOC n makcumaibibiM Y IICC, saB-

M KPUTUYECKUM

ssteTcs 1 gac mocJie onepanun.

B mesom, AnHAMNKA BOCCTAHOBJIEHUS ITOKa3aTesiell
CUCTEMHON TEeMOJIMHAMUKN CBUIETEIBCTBYET 06 06paTI/I'
MOM XapaKTepe reMOANHaMUYECKUX HapymeHHﬁ " COXpaH-
HOCTH MEXaHU3MOB KOMIIeHcaIn kpoBooOpaienst. Oz-
HAKO Pa3BUTHE JAEKOMIIEHCAIMH KPOBOOOpAIEHUS |
JIETAJILHOTO UCX0/1a Habmoaanoch y 13,6% sKUBOTHBIX.

3-U CyTKU IOCJIe Ollepaliii, KOTr/ia IoKa3aTesn reMo-
JUHAMHWKH HE OTJIMYAJINCh OT UCXOIHBIX, MOKHO OXapaKTe-
pu30BaTh Kak MEPexXOAHBI Tepuos K addexTuBHOMY
(byHKIIMOHMPOBAHUIO CEPAEYHO-COCYUCTOI cucTembl. K
7-M cyTKaM HaGJIioJeHus, KapAnOAEPECCUsl CMEHSIeTCst
YMEpEeHHOIl rurepAnHaMueil MUoKap/a Ha (oHe ymMepeH-
HOI1 TaXUKap/IMU ¥ CONPOBOJK/AETCS YMEPEHHBIM CHUKE-
unem YIICC.

Orenka ToKazaTesell CHCTEMHOH TeMOIMHAMUKH
METO/IOM MHTETPAJIbHON peorpaduu py pa3jinyHbIX MaTo-
JIOTUYECKUX IIpoIleccax IIPOBOAMIIACEh U paHee. Tak, usyda-
JIACHh HEZI0CTATOYHOCTH KPOBOOOPAIIEHNS B IOCTPEAHIMa-

On day 3 after the surgery, hemodynamic parameters
did not differ significantly from the original. After 7 days
cardiac output even exceeded the original to 16% due to
moderate tachycardia, and peripheral vascular resistance
was significantly lower than before surgery (88% from
baseline), whereas mean arterial pressure and stroke vol-
ume did not differ from the original.

Data demonstrate that holding the maximum per-
missible liver resection is accompanied by significant
changes in systemic hemodynamics in early postopera-
tive period. Starting from thefirst hour after the
surgery, the syndrome of low cardiac output develops
and persists for one day based on the significant
decrease in stroke volume; an additional contribution
to the reduction of the cardiac output is moderate
bradycardia that persists for one day. It seems likely
that the low cardiac output determines the formation of
arterial hypotension and stabilization of the pressure at
this step is achieved by severe systemic vasoconstric-
tion. We have identified that duration of a critical peri-
od characterized by minimal stroke volume,minimal
cardiac output and the maximum peripheral vascular
resistance is one hour after surgery.

In general, the dynamics of the recovery of indicators
of systemic hemodynamic testifies the reversible nature of
hemodynamic disturbances and security mechanisms of
circulatory compensation. However, the development of
circulatory decompensation and death was observed in
13.6% of animals.

The 31 day after surgery, when hemodynamic did
not differ from the original, can be described as a transition
period to the effective functioning of the cardiovascular
system. To the 7th day of observation cardiodepression was
replaced by moderate hyperdynamia in the face of moder-
ate tachycardia and accompanied by a moderate reduction
of peripheral vascular resistance.

Assessment of parameters of circulation by the
method of integral rheography in various pathological
processes was carried out in ealier studies. Circulatory
insufficiency in the postresuscitation period, contusion of
the heart, acute blood loss, severe thermal injury and acute
poisoning were intensively studied [19—22].

Our data and the data of other authors clearly
demonstrate that after extensive surgery accompanied
with the maximum permissible liver resection, as well as in
other critical conditions, significant hemodynamic distur-
bances develops and circulatory failure is formed.

According to the available data, the circulatory fail-
ure after extensive surgical interventions might be caused
by a reduction in contractility and non-cardiac factors,
which, in turn, occur due to the volemic violations,
changes in acid-base status, blood rheology and other fac-
tors [23—25].

The identified feature of hemodynamic disorders in
the early stages after the maximum permissible liver resec-
tion is the development of reversible syndrome of low car-
diac output with the gradual recovery of major hemody-
namic performance.
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Mechanisms of the development of critical illness

nroHHOM Trepuoge [19], npu yuube cepaua [20], npu re-
MOpparm4deckoii TunoTeHsnu [21], mpu TsKes1oi TepmMmde-
CKOIT TpaBMe [22], OCTPbIX OTPABJIECHUSIX U JIP.

Ananmn3 coOCTBEHHBIX MAHHBIX U MAHHBIX JAPYTHX
ABTOPOB TTOKA3aJ, YTO MOCJE OOIIMPHOTO XUPYPTHIECKO-
TO BMEIIATeIbCTBA, KAKUM SIBJISIETCS IPEIEeIbHO Oy CTH-
Mas PE3eKIMsI TeYeHn, KaK W TMPHU APYTUX KPUTHIECKUX
COCTOSTHUSIX, PA3BUBAIOTCS 3HAYUTETHHBIE TEMOIANHAMI-
4yeckue HapylieHus u (HopMHUpyeTcss HeloCTaTOYHOCTh
KPOBOOOpaIeHns.

CorlacHO JaHHBIM JIMTEPATYPbI, HETOCTATOUHOCTD
KPOBOOOpaIeH s TI0C)Ie OOIIMPHBIX XUPYPIUUECKUX BMe-
MIATETBCTB MOYKET OBITH OOYCJIOBIEHA KaK CHIZKEHIEM CO-
KPaTUTETbHOI CTOCOOHOCTH MUOKAP/Ia, TaK U 9KCTPaKap-
MUATLHBIME (haKTOPAMH, KOTOPbIE, B CBOIO OY€PEb, MOTYT
OBITH CJIECTBUEM BOJEMHUYECKUX HapyIIECHWUH, U3MeHe-
HUI KHCJIOTHO-IIEJIOYHOTO COCTOSIHUS, PEOJIOTHH KPOBU
[23—25] u zmp.

BblisBiieHHON HaMU 0COOEHHOCTBIO F€MOIMHAMUYEC-
KHX HapyIIeHU! B PaHHME CPOKH HOCJIE IIPE/IEIbHO 0TIy C-
TUMON PE3EKIUK [IEYECHH SIBJSETCS PA3BUTHE 00OPATUMOTO
CHCB c¢ mocTenenHbIM BOCCTAHOBIEHHEM OCHOBHBIX TO-
KasareJieil TeMOITHAMIKH.

MexaHU3Mbl KOMIIEHCAIIMU KPOBOOOPALIECHUS TIPH
cmkennn Besmanasl MOK X0potmo m3BecTHbl 13 JnTe-
patypsl. K HIM OTHOCST MOBBINIEHNE TOHYCA mepudepn-
YecKUX apTepuil («nepudepmaeckoes cepiie) u yBeamnde-
nre YCC BejeficTBUE aKTUBAIIMKA CUMITATO-aPEHATOBO
cucteMsbl [26]. AHanns 1mokasaTesieil CHCTEMHO# reMo/u-
HAMUKH, TOJYIEHHBIX B XO/I¢ HAIIETO UCCACIOBAHII, CBI-
JIETETLCTBYET O PA3BUTHH BBIPAKEHHON CHCTEMHON Baso-
rocJseayonei
apTepUaIbHOTO AaBJICHMUS.

KOHCTPUKIIMU € crabususzaiueit

HpI/I 9TOM, Ba’>XHO OTMETHUTbH, YTO OPUEHTAIIUA Ha
YPOBEHb apTEePUATIBHOTO JIABJIEHUSI B OIEHKE HAPYIIEHUI
TeMOJNHAMUKHN TIPU KPUTUYECKUX COCTOAHUAX 3a4aCTYIO
He siBJisteTcsl MH(OPMATUBHON, TaK KaK KOMIIEHCATOPHAS
«IEHTPAIU3AIKsT> KPOBOOOPAILEHHUS MO3BOJISIET 10 OIpe-
JICJIEHHON CTENeH! TTO/IEPKUBATh CUCTEMHYIO 1Iepdy3uio
U MaCKUPOBATh HEOCTATOK CEPIEYHOTO BHIOPOCA.

Eme oxHoit uepToii, XapakTepuaylorieli TedeHne He-
JIOCTATOUHOCTH KPOBOOOPAIIEHUSI TIOC/IE TIPEIETBHO Oy -
CTUMOI PE3eKIUU TIeYEHH, SIBJISIETCS OTCYTCTBHE TaKOTrO
MeXaHMU3Ma CPOYHOIl KOMIIEHCAIIUU CEPAEYHOro BhIOPOCa,
kak ysesuuerne YCC. Haoboport, Ha nporsikenun 1-x-cy-
TOK TI0CJIe ONEePalii PErUCTPUPOBAJIACH yMepeHHast Gpa-
mukapansa. OIHUMY 13 MEXaHU3MOB Pa3BUTHs OpauKap-
AN MOJKET BBICTYTIATh BaFyCHbeI Bchepo—BchepaHbeIﬁ
pediekc B OTBET Ha MOIIHOE pasjipa)keHne MexXaHoperier-
TOPOB, JIOKAJIM30BAHHBIX B KAIICyJIe eYeH , OprouiHe, 00-
JIACTU COJIHEYHOTO CIJIETEHUs, MPU TIPOBEJEHUN Oliepa-
THUBHDBIX BMEIIATEJIbCTB Ha ITICYCHN.

Pednextopnas 6pagukapans oTpakaet crerududge-
CKHUI XapaKTep BJIWSIHUS MPeebHO JIOMyCTUMON pe3ek-
M1 TMeY€HN Ha MEHTPAJIbHYIO T€eMOJANHAMUKY. IIo Mmepe
CHWJKEHUS Barotonnn Ha npotsikennu 1-x cyroxk YCC va-
CTHYHO BOCCTaHABJINBAJIACH, K 3-M CYTKaM He OTJIMYaIach
OT MCXOJIHOM, a K 7-M CyTKaM PerucTpHUpOBaJIACh yMepeH-

Compensatory mechanisms of circulation such as
reducing the value of the cardiac output are well known
from the literature. These include the increased tone of
peripheral arteries (peripheral heart) and an increase in
heart rate due to activation of sympathoadrenal system
[26]. Analysis of indicators of systemic hemodynamics
obtained in our study shows the development of severe
systemic vasoconstriction with subsequent stabilization of
a blood pressure.

However, it is important to note that measuring the
level of arterial blood pressure in the assessment of hemo-
dynamics is not informative since compensatory «central-
ization» of circulation allows in some extent to support
systemic perfusion and mask the lack of cardiac output.

Another feature that characterizes the period of cir-
culatory failure after the maximum permissible liver resec-
tion is the lack of such mechanism of urgent compensation
in cardiac output as an increased heart rate. On the con-
trary, during the first days after the surgery moderate
bradycardia was recorded. One of the mechanisms of
developing the bradycardia might be vagal viscero-viscer-
al reflex in response to strong stimulation of mechanore-
ceptors in the capsule of the liver, peritoneum, solar plexus,
which are activated when performing surgical procedures
on the liver.

Reflex bradycardia reflects the specific nature of the
influence of the maximum allowable liver resection on cen-
tral homodynamics. At least the reduced vagotonia on day
1 was partially restored in 3 days when it did not differ from
the original, and moderate tachycardia was recorded by day
7. As aresult, on 7 day 7 post-surgery the cardiodepression
is replaced by moderate hyperdynamia and accompanied by
a moderate reduction of peripheral vascular resistance.

We discovered the features of development of
changes of circulation in the postoperative period that are
consistent with the doctrine of compensation according to
which genetically programmed emergency response of
compensation proceeds the principle of «any price» and is
always excessive. In this regard, the compensation cannot
be considered a purely physiological response [26].

After normalization of cardiac output a series of
pathological changes in the body is launched. These
changes are associated with reperfusion and the phe-
nomenon of «<no-reflow» [17]. Reperfusion promotes the
absorption of toxic metabolic products from the tissues
into the systemic circulation ultimately leading to the
formation of multiple organ failure. Thus, the organism
while looking normal on 7th day after the surgery might
achive only limited function and is balancing in the face
of collapse compensation and re-emergence of a critical
state.

The results of the study allow to conclude that the
triggering factor in the formation of circulatory failure
after the maximum permissible liver resection is a signifi-
cant reduction in stroke volume due to blood loss, and
reflex bradycardia. Additional factors might include endo-
toxemia inevitable at the early stages after the maximum
allowable liver resection [27] for the contractility of the
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Hasl TaXxuKapaus. B pesdymbraTe, KapHOAeTIPeCCHsT CMEHSI-
€TCsl yMEPEHHOM TUTIepInHAMIel MUOKApP/Ia, COMTPOBOK/1A-
1omieiicst ymepennbsim cakenuem Y [ICC.

BoisiB/ieHHAsT HAMM 3aKOHOMEPHOCTh Pa3BUTHUSI Ha-
PYIIEHUH CHCTeMHON TeMOJMHAMUKY B TIOCJIEOTIePAIHOH-
HOM IIepHO/ie BIIOJHE COTJIACYETCs € yIeHHEeM O KOMIIeH Ca-
IUU, COTJIACHO KOTOPOMY TEHETHUYECKU 3aKPEIICHHBIC
peakiy aBapuitHON KOMIIEHCAIMU TPOTEKAIOT 110 TPUH-
uny «1o0oil 1eHoit», Beerna u3bbITOUHbI OTHOCUTEIBHO
CTUMYJIOB, UX BBI3BABIIUX, B 3TOW CBSI3U KOMIIEHCAIIUIO
HEJIb3sT CAUTATD CYTY00 (HDU3HOMOTHIECKON peakitueit [26].

Kak m3BecTHO, mocje HOPMAJIN3AIUH CEPACYHOTO
BbIOPOCA B OPraHU3Me 3AMYCKAETCS P/ MATOJOTHIECKIX
U3MEHEHUHl, CBSI3aHHBIX ¢ periepdysueit U (heHoMeHOM
«no-reflow» [17]. Penepdysust cnocobcTByeT mocTyiie-
HUIO B CUCTEMHBIN KPOBOTOK TOKCHYECKUX TIPOAYKTOB 00-
MeHa U3 TKaHel, MPUBOISIINX B KOHEYHOM urtore K ¢dhop-
MHUPOBAHUIO TTOJIMOPTaHHOi HegocTaTouHocTh. [Ipu atoMm,
opraHusM Ha poHe MHUMOTO OJiaronosryuus (7-e CyTKu 1o-
cJie oTiepaliun ), IOCTUTAEMOTO TIPE/IETbHBIM HATIPSIKEHUEM
(DyHKIIMOHAJIBHBIX CHUCTEM, CTAHOBUTCS HA TPaHb CPbIBA
KOMIIEHCAIIMM U TIOBTOPHOTO BO3HUKHOBEHMS] KPUTHYEC-
KOTO COCTOSTHUSL.

PesysbraThbl IPOBEJIEHHOTO UCCIEIOBAHUS TTO3BOJISI-
10T 3aKJIIOUUTD, YTO TIYCKOBBIM (DaKTOPOM (hOPMHUPOBAHUS
HEZI0CTATOYHOCTH KPOBOOOPAIIEH ST TOCTIE MPEIETBHO JI0-
IIyCTUMOUN PE3EKIUU MTeUEHH SBJISIETCS 3HAUNTEIbHOE CHU-
skerre YO Bese[cTBHE KPOBOMOTEPU ¥ pehJIeKTOPHOI
Opazukapauu. B Toxe BpeMsi HeJib3sl OTPULIATH BJIMSHUE
9H/IOTOKCEMUH, HEM30EKHO BO3HUKAIONIEH B paHHUE CPO-
KU TIOCJIe TIPEJIEJIbHO JOIYCTUMO# pesekiuu redenu [27],
Ha COKpPaTUMOCTh MHOKap/a. JlanbHeiiiee nuccaeoBanme
dyHKIMK 1 MeTaboIM3Ma MUOKAp/a HA MOJIEIH U30JIUPO-
BAHHOTO CEP/IIA, TTO3BOJIUT OIEHUTH BKJIAJ] TTOBPEKIEHHO-
ro cepana B (hOPMUPOBAHUE HEAOCTATOYHOCTU KPOBOOOPa-
IIEHUsT B PaHHUE CPOKHU TOCJE TPEJeJbHO JTOMYCTUMOI
PE3EKIUY TTeUYeHH Y KPbIC.

AHanM3upysl MoJIydeHHbIE JIAHHbIE, Mbl [IPEIITOJIAra-
€M, 4TO OIleHKa PHUCKA, MUHUMM3AIUS OIePAIMOHHOIO
cTpecca 3a CUeT aJleKBaTHOI aHeCcTe3NOJIOTHYEeCKOl 3ali-
ThI, HEIIPEPHIBHBII U yri1yOJIeHHbII MOHUTOPUHI BUTAJIb-
HbIX (DYHKIMIT, pa3paboTKa COBPEMEHHbBIX IIPOTOKOJIOB MH-
TEHCUBHOM Teparuu, HallPaBJIEHHBIX HA TPODUIAKTUKY 1
cBoespeMenHylo koppekiinio CHCB 1103Bo/iUT MOBBICUTH
6€3011aCHOCTD OOIIMPHBIX PE3EKIIUI [IEUECHHU.

3akiaouyeHue

Takum 00pasoM, HPOBEIEHKE MPEIEbHO MOy CTH-
MOIi PE3eKIINN ITeUYeHH BbI3bIBACT BbIPAsKEHHOE HAPYIIIEHUE
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myocardium. Further study of the function and myocar-
dial metabolism in the isolated heart will allow us to eval-
uate the contribution of the damaged heart in the forma-
tion of circulatory failure early after the maximum
allowable hepatectomy in rats.

The data suggest that the risk assessment, minimiza-
tion of operational stress due to adequate anesthesia pro-
tection, continuous and in-depth monitoring of the vital
functions, development of modern protocols of intensive
therapy to prevent and in-time correct syndrome of low
cardiac output will definitely increase the security of
extensive resections of the liver.

Conclusion

Thus, holding the maximum permissible liver resec-
tion causes pronounced impaired function of the heart
and blood vessels. Starting from the first hours of the
postoperative period, the syndrome of low cardiac output
develops and persists for one day. The triggering factor
includes a significant reduction in a stroke volume due to
blood loss, and reflex bradycardia. We have identified
that a critical period characterized by minimal stroke vol-
ume and cardiac output, and maximum peripheral vascu-
lar resistance, is 1 hour after surgery. Different parame-
ters of the flow syndrome of low cardiac output after the
maximum permissible resection of the liver are reversible,
and a gradual restoration of the basic hemodynamic para-
meters and reflex bradycardia on the first day after the
operation are evident.

(ynknun cepana u cocynos. Haunnas ¢ 1-ro vaca nocie-
OTIEPAIIMOHHOTO TIEPHO/IA, PA3BUBACTCS M COXPAHSIETCS B
teuenne 1-x cytok CHCB, myckoBeIM (hakTOPOM KOTOPOTO
SIBJISIETCS] 3HAUMTEIbHOE CHUKeHne YO BCJeacTBUe Kpo-
Borotepu u pedIeKTOpHON Gpaankapany. BoraBieHHbIM
HaMH KPUTUYECKUM CPOKOM, XapaKTEPHU3YIONIUMCSI MUHU-
MasbpHbIM YO 1 MOC n makcumanbabiM YIICC, asiser-
cst 1 yac nocse onepaiuu. OTIUYNTETbHBIMI Y€PTAMU Te-
yenuss CHCB mocite mpesiesbHO JOIyCTUMOI pe3eKIun
[EYEHU SIBJISIETCST €ro 00pPaTUMBII XapakTep ¢ MOCTEIeH-
HBIM BOCCTAHOBJICHIEM OCHOBHBIX FeMOJIMHAMUYECKUX TI0-
Kasatesieil u pepiiekropHas Opaaukapaus B 1-e cyTku mo-
7-M
KapAMO/IETIPECCUsT CMEHSIETCSl YMEPEHHO rutiepmHaMueit

cJie orieparum. K CYTKaM Ha6JHOI[CHI/I${

MUWOKap/ia BCJICJICTBUE TCHACHIINN K TaXUKapAUH.
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Mechanisms of the development of critical illness

ECTECTBEHHbBIE MEXAHMWU3MbI SAIIIUTHI TOJIOBHOTI'O MO3TA

YEJIOBEKA ITPU XPOHUYECKOI UIIIEMIU
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Natural Defense Mechanisms of the Human Brain against Chronic Ischemia

A. V. Sergeev, S. S. Stepanov, V. A. Akulinin, A. V. Mytsik

Department of Histology, Cytology, and Embryology, Omsk State Medical Academy, Ministry of Health of Russia, Omsk, Russia
12. Lenin St., Omsk 644043

Ileaw. UccienoBanne MOCBANIEHO H3YYEHUIO CTPYKTYPHBIX OCHOB €CTECTBEHHBIX MEXaHIH3MOB 3aI[ThI KOPBI TOJIOBHOTO MO3-
ra (KI'M) uesoBeka npu XpoHHYECKOii mmemun. Mamepuavt u memooovt. JIJist 3T0r0 ¢ MOMOIIBIO THCTOJOTHIECKUX, UMMY-
norucroxumuyeckux (NSE, kanp6unmun, NPY, p38) u MoppoMeTpryecKHX METOIOB HA HHTPAONIEPAIHOHHOM MaTepHaJie OIl-
pezensiii 0cOGEeHHOCTH PEOPraHu3aluy BO30Y K /AAI0MIUX U TOPMO3HBIX HEHPOHOB B 30HE HIIEMUYECKOIi IOy TeHH BUCOYHOM
KI'M. MopdomeTpryeckuii aHaau3 NPOBOAKIH € OMOIIBIO CIIEIHAIbHO Pa3pabOTaHHbIX aJTOPUTMOB BepU(pUKAIMU HEHPO-
HOB H MX 3JeMeHTOB B nporpamme Image]J 1.46. Pesyavmamoi. YcTaHOBIEHO YTO, CHUKEHHE OOIIE YHCIEHHON IIOTHOCTH
HEHPOHOB M CHHAIICOB IIPH XPOHHYECKOH HIIEMHH CONPOBOIKIAJIOCh KOMIEHCATOPHBIM ycmieHneM skcnpeccuud NSE, kaib-
o6ununa, p38 u NPY B coxpanusumxcs neiiponax KI'M. Mmenuch npuaHaku runeprpoguu TOPMO3HBIX HEHPOHOB U pocTa
HX OTPOCTKOB. B pe3yibraTe, BEpOSITHO, YCHIMBAIOCH BIUSIHHE TOPMO3HBIX MHTEpHelipoHoB KI'M Ha B0o30y:kqaomue Heii-
ponbl. 3axnrouenue. Ilpenmnonaraercs, YTo NpH XPOHUYECKOI HIIEMUH TOJIOBHOTO MO3Ta YeJ0BEKa B OTBET Ha NMOBPEsK/eHHE
YacTU KJIETOK MPOMCXOMIa KOMIEHCATOPHAS PEOPraHu3anus BO30ysKAAI0NUX U TOPMO3HBIX HEHPOHOB, HANPABJIEHHAS Ha
€CTECTBEHHYIO 3all[UTy OT HKCAHTOTOKCHYECKOTO MOBPEK/ACHNUS U YIydllleHHe YCIOBHii /11 KOMIIEHCATOPHOTO BOCCTaHOBJIE-
HUSI CTPYKTYpHO-yHKImoHaapHoro cocrosiansi KI'M. Knrouegvie cno6a: uenoBek, HEOKOPTEKC, THCTOJIOTUSI, UMMYHOTHCTO-
XUMHS, UIIEMHUs], 3alIUTa MO3Ta.

Objective: to study the structural bases of natural defense mechanisms of the human brain against chronic ischemia.
Materials and methods. To accomplish this, histological, immunohistochemical (NSE, calbindin, NPY, p38) and morpho-
metric examinations of intraoperative biopsy specimens were performed to determine the reorganization of excitatory and
inhibitory neurons in the ischemic penumbra of the temporal cerebral cortex (CC). Morphometric analysis was made using
the specially developed algorithms to verify neurons and their elements in the Image]J 1.46 program. Results. The reduction
in the total numerical density of neurons and synapses in chronic ischemia was ascertained to be accompanied by the com-
pensatorily enhanced expression of NSE, calbindin, p38, and NPY in the remaining CC neurons. There were signs of hyper-
trophy of inhibitory CC interneurons and growth of their processes. In consequence, the impact of inhibitory CC interneu-
rons on excitatory neurons was likely to enhance. Conclusion. In chronic ischemia, the human brain is anticipated to
respond to damage to some cells via compensatory excitatory and inhibitory neuronal reorganization directed towards its
natural defense against excitatory damage and towards better conditions for compensatory recovery of the structure and
function of CC. Key words: man, neocortex, histology, inmunohistochemistry, ischemia, brain defense.
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BBenenne

Kopa romosnoro mosra (KI'M) uemoBeka xopotro
M3ydeHa € MOMOIIBI0 AHATOMUYECKHX, TUCTOJIOTHYECKUX,
UMMYHOTUCTOXUMUYECKHUX, 3JEKTPOHHOMUKPOCKOITNYEC-
KUX U MOP(OMETpHUECKUX MeTOROB uccienoBanus [1].
OcHoBHasz nHGOPMAIUSA O THUCTOJOTHIECKOM CTPOCHUHI
KI'M nosyuena Ha ayToTCHITHOM MaTepuaje, a MPUKU3-
HEHHBIX UCCJIEIOBAHNI, MOCBSIIEHHBIX U3YUYECHHUIO CTPYK-

Introduction

Human cerebral neocortex (CNC) is studied with
the aids of anatomical, histological, immunohistochemical,
electron microscopic and morphometric techniques [1].
General information about the histological structure of
CNC has been obtained using the autopsy material and
during studies of structural and functional mechanisms of
natural protection of human CNC in response to ishemia.
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TYpHO-(DYHKIMOHATBHBIX MEXaHU3MOB €CTECTBEHHON 3a-
muTel KI'M gesoBeka B OTBET Ha XPOHUUECKOE HITEMIYEC-
Koe BozfeticTBue, HeT. OTHAKO, TIPH TTOMCKE CPEJICTB 3aIln-
TBHI TOJIOBHOTO MO3TQ, a TaKKe PETYJISINH 1eCTPYKTUBHBIX
7 KOMIICHCATOPHO-BOCCTAHOBUTENBHBIX MPOIECCOB, 00h-
eKTUBHbIC 3HAHMS MOAOOHOTO POJA ABAAIOTCS HEOOXOH-
MBIMH [IJIST TEOPETHYECKOTO OOOCHOBAHUS TOJYIECHHBIX
KINHIYECKUX Pe3yabraToB [2—5]. Pamee ycranoBieHo,
YTO B OCHOBE KOMITEHCATOPHO-BOCCTAHOBUTEJIBHBIX IIPO-
11€CCOB, TPOUCXOISIINX B HEPBHOW TKAHM TIOCJIE UITEeMIYe-
CKOTO BO3JICHCTBUS, JIEKUT PeOpPraHU3aIiis HEHPOHHBIX
cereil [3] 1 MEKHEIPOHHBIX CHHATITHYECKUX CBsI3eii [4, 6],
60JIbIIIOE 3HAUEHHE MMEET COCTOSTHHE TOPMO3HBIX MHTEp-
HelpoHoOB U cuHancoB [7—16]. Iloatomy, paccmarpubas
peopraHm3aInio HeHPOHHBIX ceTeil KakK MOCe/ICTBUE BBI-
X0/1a TKAaHW MO3Ta U3 IMaTOJOTHYECKOTO COCTOSTHUS, MBI MO-
JKeM ONPENEeNUTh JIOTUKY W eCTeCTBEHHBIE CTPYKTYPHO-
(ynknmonanpubie MexanuaMbl 3anmTbl KIM uesnoBeka
npu umniemun. YacTHOI 3a7iaueil 5TOTO TMEPCIEKTUBHOTO
HaIpaBJICHUS SBJSCTCS CPaBHUTETIbHOE WCCIEIOBAHUE
BO36YKIAIONMX U TOPMO3HBIX HelipoHoB KI'M desoBexa
MIPY XPOHUYECKOIN UIIEMUH, KOT/IA YaCTh HEHPOHOB (hyHK-
1uoHupyet u (opMUpPyeT HOBbIE HEHPOHHBIE CETH.

[Tenpio miccsieoBanns — MOJTyYeHNE HOBBIX JJAHHBIX
0 CTPYKTYPHO-(DYHKIIMOHATBHOM COCTOSTHUM BO30YK A0~
MIUX ¥ TOPMO3HBIX HEHPOHOB KOPBI TOJIOBHOTO MO3Ta YeJI0-
BeKa B HOPME U TIPW XPOHUYECKON HWIIEMHUH C TTOMOIIBIO
CPaBHUTEIBHOTO TUCTOJOTHIECKOTO, NMMYyHOMOpP(dOoJoTH-
YECKOTO 1 MOPMOMETPUIECKOTO NCCIIEIOBAHS.

Marepuan u MeTObI

Jlnst MOCTUZKEHUST MOCTABIEHHOW Ie GBI HCIOTb30BaH
KOMILTIEKCHBIH THCTOJIOTUYECKNN, UMMYHOMOP(OJOTMYECKUH 1
MOp(OMeTPUYECKUIl aHAIN3, PA3INYHBIX MOP(OTHUIIOB MTUPAMI/I-
HBIX U HermpaMuHbIX HeiiponoB KI'M dyesoBeka, mpoBeseHHBbIIH
Ha onepairoHHoM Mareprade. VecaegoBanue 006peHo JOKalb-
HBIM 3THYECKIM KoMHTeTOM OMCKOI rOCy/IapCTBEHHO Me/IMIINH-
ckoit akagemun (mporokoa Ne 61 ot 19.06.2014).

W3ydanmn muTo- U CMHANTOAPXUTEKTOHUKY KOPBI BUCOYHOI
JIOJTH, TIOJIyYEHHYIO B XOJie OHepanuy 110 YAAJIEHHUIO OIlyXoJeil
(n=10, Bospact narenToB 23—45 roxa). B cuiy riybokoro pac-
HOJIOKEHHS OTIYXO0JIei B Y/IaJIsieMblii MaTepUasl HONA/[a/IN YUaCTKH
KI'M u3 nepudokasbHoii 30HbI (OCHOBHAST TPYIIIIA, XPOHUUECKAST
unremust, n=10) 1 yacTUIHO HETOBpEXKIeHHasI Kopa (TpyIIia cpaB-
HeHus, n=7).

Marepuasn dpukcuposaiu B 4% pactBope hopmasnuna (0,1M
docdarnwrii 6ydep, pH 7,2—7,4), 3akmouann B nmapadun. Maro-
TaBJAUBAIN (PPOHTAIBHBIE CepuitHbIE cpe3bl (4 ) Yepes3 Bce CI0n
KI'M. [lsst rucTo/10rn4ecKkoro UCcie/JOBaHUs Cpe3bl OKpaIInBaIn
reMaTOKCUIMH-303MHOM 1 THOHIHOM 110 Hucceutio, poTorpacupo-
Basin Ha Mukpockorne Leica DM 1000 [5].

JL11 IMMYHOTHUCTOXMMUYECKOTO UCCJIeI0BaHUS (PPOHTAIIb-
uple cpe3bl KI'M Tosmmimaoit 4 | momenasn Ha MapKUPOBAaHHBIE
npeamernbie crexaa Thermo Scientific Polysine®, Menzel GmbH
& Co KG, Braunschweig, Germany. Creksa co cpesamu ObLin
THIATETbHO AenapaMHU3MPOBAHBI KCHJIOJIOM, HoMmerieHsl B 10
mM nurparusiii 6ydep (pH 6,0) n naky6uposanst 10 MuHyT nipu
temreparype +90°C, 3aTeM oCTaBJICHBI IJIsT OXJIKICHUS TIPU KOM-
nataoit Temrmeparype na 20 munyt. [locne oxmaxknenns crexia
6bn ipombiThl 0,05% dochatabiv Oydhepom ABakKIbI, 3aTeM Ha-
HeCEHbI IePBUYHBIE aHTHTE A, Bee BerecTBa OblI HaHECEHbI MU-
KPONUIeTKoii B oobeme 30 MKJI.

However, to protect the brain and modulate the destruc-
tive, compensatory and restorative processes, the objective
knowledge of mechanisms is needed to explain clinical
results [2]. It has been demonstrated that compensatory
and restorative processes in the nervous tissue after
ischemic exposure form a base of the reorganization of
neural networks [3] and interneuronal synaptic connec-
tions [4]. Therefore, considering the reorganization of
neural networks as a consequence of the release of brain
tissue from a pathological condition, one can define the
logic and natural structural and functional mechanisms of
protection of human CNC. Private task of this promising
trend icludes the comparative study of excitatory and
inhibitory neurons in human CNC chronic ischemia, when
the new neural networks are developing. The challenging
mechanisms include those that prevent these active excita-
tory neurons from damages and influence of other systems
in ischemic conditions. The purpose of this study was to
evaluate the structural and functional patterns of the exci-
tatory and inhibitory neurons within the different layers of
the cortex of the human brain in norm and chronic
ischemia using comparative histological, immunomorpho-
logical and morphometric studies.

Materials and Methods

To achieve this goal an integrated histological, immunomor-
phological and morphometric analysis was performed that includ-
ed the investigation of different morphological types of pyramidal
and non- pyramidal neurons of CNC specimens from removed
tumors harvested at a surgery in patients with brain tumors.
Study was approved by the local ethics committee of the Omsk
State Medical Academy (Decision Ne 61 of 06.19.2014). The areas
of interest included cytochrome synapses architectonics and vari-
ous compartments of the CNC, within the removed tumor (10
patients of 23—45 years old). Due to deep-seated tumors harvest-
ed material included both chronic ischemia zone and partially
intact bark. Control brain specimens were harvested from individ-
uals died in accidents (n=7). All autopsy material was harvested
not later than 5—10 hours after the death. The material was fixed
in 4% formalin solution (0.1 M phosphate buffer, pH 7.2—7.4) and
embedded into paraffin. We produced frontal serial sections (4 p)
through all layers of CNC. For histological analysis the sections
were stained with hematoxylin-eosin and Nissl thyonine method.
For histological examination the Leica DM 1000 microscope was
employed [5].

For immunohistochemical study 4 pM-thick frontal sections
of CNC were placed on a glass coated with ThermoScientific poly-
lysine Polylysine (Menzel GmbH & Co KG, Braunschweig,
Germany). Glasses assembled with tissue sections were thorough-
ly treated with xylene to get rid of paraffin, placed in 10 mM cit-
rate buffer (pH 6,0) and incubated for 10 minutes at + 90°C, then
allowed to cool down at room temperature for 20 minutes. After
cooling, the slides were washed with 0.05% PBS twice, and then
the primary antibody were applied. All the substances were applied
with a micropipette in a volume of 30 mcL. The primary antibodies
included rabbit polyclonal antibody (IgG) to neuronal specific
enolase, neuron-specific enolase (NSE from Spring Bioscience,
Pleasanton, USA, Ne E3304, diluted 1:300; Rabbit Anti-Human
Synaptophysin  Polyclonal ~Antibody; Spring Bioscience,
Pleasanton, USA, Ne E2174 diluted 1:300. For immunofluores-
cence studies of inhibitory interneurons the primary rabbit poly-
clonal antibodies to calbindin (Calbindin D28k; SWant,
Swissantibodies, Switzerland, diluted 1:400) and neuropeptide Y
(Neuropeptide Y, NPY; Sigma Chemicals, St.Louis, USA; diluted
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Vcriosb30Basin epBuyHble KPOJIUUbU HOJUKIOHAIbHbIE aH-
tutena (ImG) x meiipon crennduueckaoit exosnase, Neuron-
Specific Enolase, NSE, (Rabbit Anti-Human NSE Polyclonal
Antibody; Spring Bioscience, Pleasanton, USA, Ne E3304), passe-
nenne 1:300; cunanrodusnmy, synaptophysin, p-38, (Rabbit Anti-
Human Synaptophysin Polyclonal Antibody; Spring Bioscience,
Pleasanton, USA, Ne E2174), passenenue 1:300. /It ummynoh-
JIYOPECI[EHTHOTO NCCIIE0BAHUSI TOPMO3HBIX HHTEPHEIPOHOB 11pHU-
MEHSIIM [IePBUYHbIE KPOJMYbM MOJUKJIOHAIbHBIE aHTHUTENA K
kaapOunanny (Calbindin  D28k; SWant, Swissantibodies,
Switzerland, diluted 1:400) u neiiponentuny Y (Neuropeptide Y,
NPY; Sigma Chemicals, St.Louis, USA; diluted 1:8000).

Anturena k cuHantobusuny uHKyOuposaau 10 MumyT, a K
NSE — 30 MuHyT Ha KaJaionieiicss MoBePXHOCTH TTPH KOMHATHOM
TeMmIepaType, moTom crekia Obuin poMbithl 0,05% dhochaTHbiM
OydhepoM JBaKIbL.

Jlist BU3yannsaIy MIMMYHHON Peakini ObLIN MCIIOIb30Ba-
HBI KO3bH MOJUKJIOHATbHbIE BTOPHYHDIE aHTUTEIA K IMMYHOTJIO-
O6ynuny kposmka, (Goat polyclonal Secondary Antibody to
Rabbit IgG — H&L (TR) Ne ab6719; Abcam, Cambridge,
England), passenenue 1:200. AHTUTENa acCOMUPOBaHbI ¢ BIII00-
pecuientibiM kpacureseM Texas Red® Sulfonyl Chloride (moure-
KyJsIpHBIN Bec 625 manbron). /lanHoe BemiecTBO MMeeT JTUHY
BOJIHBI MOTJIONIEeHUsT 596 N ¥ JUIMHY BOJIHBI ncryckanust 620 nm,
CBeYeHME BBITJISIIUT KPACHBIM. BTOpUYHbIE aHTHTEA OBLII HKCITO-
HUPOBaHbl 20 MUHYT HA KaYaloIIeiicss MOBEPXHOCTH TIPH KOMHAT-
HOIT TemIieparype, 3areM caaiizbl 6bimu pombitet 0,05% dhocdart-
HBIM GyhepoM IBasKIIbL.

Ha mukpockomne Axioskop 40, Karl Zeiss, ocHantensom pryt-
noii tammioit HBO 100, kamepoit na CCD patunke — Axio CamMRc
n oovektBom EC Plan-Neofluar X40, anieprypa 0,9, nesasm undpo-
BbIe MUKpodoTorpadui ¢ pasmepom nzobpakernst 1300X1030 k-
ceJieid, peasibHbIM pazmepoM 220X174 mxm (38280 mxm?).

Mopdomerpudeckuii aHaiu3 M300pakeHUil MPOBOANIN C
nomoIbio mporpamMmsl Image] 1.46 Ha Mackax peanbHOTO 1306pa-
JKEHUE 10 PaHee pa3pabOTaHHBIM CTAHIAPTHBIM AJITOPUTMAM aHa-
JIN3a THCTOTPAMM [HMKCEJIBHOTO pacipe/esenus [5].

Omnpeziesistiin 06y 10 YUCTEHHYIO IVIOTHOCTD HEIIPOHOB 1 OT-
HOCHUTEIbHOE COZIepyKaHne PEaKTHBHO H3MEHEHHBIX Hellponos. Ha
MMMYHOTHCTOXUMHUYECKUX [Peraparax Olpelesisiii II0a/lb
(MKM®) U KOJIITIeCTBO (HITyOPECIMPYIOIINX IPAHYJI MapKepa B T10-
Jie 3pennst (38280 mxm®) mperapara.

[IpoBepKy CTaTHCTUYECKUX THIIOTE3 OCYIIECTBISIIIM C HC-
nosbzoBarnem mporpamm MedCalc, StatSoft Statistica 8.0 mpu
MOMOIIN HellapameTpuieckix kpurepreB Kosmoroposa-CMupHo-
Ba u U-kpurepust Manna-Yutnu Jist napaoro cpapuenus. Hyue-
Bast rumoTe3a orBeprayace npu p<0,05.

PesyibraThl U 00CyK/IEHHE

Omnepanmonnsiit marepuan KM He ObL1 mogBepken
nocMepTHbIM usMeHeHusM. O6 9TOM CBUIETEIbCTBOBAJIO
Haju4re B TPYyNIe CPaBHEHWS MPOTSLKEHHBIX YYaCTKOB
HEPBHOM TKaHU ¢ GOJIBIIUM COZIEPKAaHUEM HOPMOXPOMHBIX
HEHPOHOB 1 OTCYTCTBUEM TIPU3HAKOB JECTPYKTUBHBIX N3-
MEHEHUIi B OaBsIionieM GOJIbIINHCTBE KIeToK (puc. 1).

Hopmoxpomusle mpaMuable HEHPOHBI TIpeCTaB-
JIA cOOOM OKPYTJIbIE KJIETKU KPYITHOTO U CPEHEro pas-
Mepa ¢ XOPOIIO TTPOKPAIIeHHON coMOi 1 saapoM. B muto-
TJIa3Me HOPMOXPOMHBIX TTHUPAMUHBIX HEHPOHOB BW/IHBI
TEMHBIE TJIBIOKH TPaHy IS PHON SHIOIIA3MaTHYECKOM ceTH,
B IIEHTpPe — /PO, 3aHUMalollee OCHOBHYIO YacTh Tesa
KJIETKH, C TEMHOOKPAIIeHHBIM SIZPBITIKOM. [Ipn aTOM B He-
MpaMUHBIX HeWpOHAX ACHAPUTHI He Bepuduimposna-
JINCh, & B TMPAMUHBIX — OMPEENSITINCh TOJTBKO HAYab-
HbIE CETMEHTHI TPOKCUMAJIBHON YacTH JCHIPUTA.

B g oan T e, oS
! -
OII - .)é .0 o_ O » ; ;Q pa
.Q- - S L R, " o 2 Q% N q
R B S AP BRI
. o\l L - 2 % I‘
¥ e ¥ ‘. "43_._ o .t{l:‘ Ao < ‘,6‘
: 18 [t &
b, g “, 0!. \ﬁ_‘ 2 (o) “‘ s .
® o o &2 XU
. "“ b( . . 7
: as SREALL) 2 T
- L f_} ~ 13&‘,. 60 > . !
. A A e S Sk
° . .. o BBt
- L] = 1 C.-) 5 = |0. e 1
- g™ »
*Tab NS RE T T e
L] 3 o . :
- HI@ . --9‘:’,0_- 3 A s Ry
Y NS0 B ; ¥ &
. - % L] s ‘;
- L .
: x \ ® .0 —
- sl - . < O =
A e R TV e
. ;I[ra. ‘;} ':oa ,’ _. "
: X th b, P 5 /
" > L 3 SR R
2y e , 0 { W .
AN R X VRO R Q2 4
v .(:"\ v ﬁ'Ql\ .
- .‘ t "

A "
e : 5 ® ‘_.- Xt * v
."' Q R {:' PN - Ih.‘i : . ‘-\
0 . - ’ . #‘
‘ C = - AR '-q'-‘
j- A O O ARy T
.-;.‘ | . \.6 r X A 4 Y ! \‘ ; -
— s » P £ L Y -'\.x". R
g'l ‘@ 3 - qﬁ% ol A Gi' e
- b‘ Q \‘ !' J“t” \ . " -..\..- ’
O R Vs o N 2 b
' 2 Q -+ s ¥ R }
Dot rAL SEanl SN BICP SRR A
N pdasat i Ty N
b' . 1 & b M 5
v . N s ‘ ‘ Yy ol ‘ﬁ . ?\_' ..0_'
- T 2 k\ . i q".-_. N
& LShe A0 A SN o P Vg Y T
55 1< ‘_' i L 4 o .- Q
b, -8 ik I 2 SRR »
S L 0_&; e, o 5 < . y
R SNV e e

Puc. 1. ®poHTanbHbIii CPe3 PA3IHYHBIX CJIOEB KOPbI BUCOYHOM
nosm, rpymna cpasaennsi. Oxpacka tnonnaom no Huccmo. V8.
X20. xaxa — 100 Mxm.

Fig. 1. Frontal sections of intact temporal regions of the cere-
bral cortex of patients operated on for glioblastoma. Nissl stain
by thionine. Lens. X20. Scale — 100 um.

Note (npumeuanue): the total prevalence of normochromic neu-
rons with a distinct round nucleus and basophilic cytoplasm is
observed, dendrites are not dyed. — HopmoxpomHbie HEHPOHBI €
XOPOIIO BBIPAKEHHBIM KPYTJIBIM APOM U 6a30(UIBHOI UTO-
1a3Moii, ieHpuTsl He mpokparnensl. Here and fig. 2 (3nech u Ha
puc. 2). I—V — various layers of the temporal cortex (cion
BUCOYHOH JI0JTU KOPBI TOJIOBHOTO MO3Ta).

1:8000) were used . Antibodies to synaptophysin incubated for 10
minutes and antibodies to NSE were incubated 30 minutes on a
rocking platform at a room temperature, slides were then rinsed
with 0.05% PBS twice. To visualize immune reaction the goat poly-
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A = =

Puc. 2. MpouraibHblii cpe3 Pa3inYHbIX CJIOEB KOPbI BUCOUHON
JI0JIM ¢ YMEPEHHBIM COJIEPKaHHEM PEaKTHBHO U3MEHEHHBIX M-
NePXPOMHBIX HEHPOHOB, ocHOBHas rpymma. Okpacka mo Huc-
cJII0 THOHUHOM. ¥B. X10, mxana 100 Mxm.

Fig. 2. Frontal section of the various layers of the temporal cortex
with minimal reactive changes of neurons. Lens. X10, scale 100 pm.
Note (npumevanue): Nissl stain by the thionine in all layers nor-
mochromic neurons predominated — Bo Bcex cosx npesanTupo-
BaJIM HOPMOXPOMHbIE HEHPOHBL.

[Tpu rucronornyeckom uccaenosannn KI'M ocHoB-
HOIl TPYIIBl BbIsIBJIEHAa 3HAYUTENbHAS BapHaGeabHOCTD
CTPYKTYPHO-(DYHKITOHAIBHOTO COCTOSTHHS TTHPAMITHBIX
1 HeMUPAMUHBIX HEWPOHOB (puc. 2).

B KI'M ocHOBHOU Tpymnmbl mnpeobjaganu rumep-
XPOMHBIE HECMOPIIEHHbIE W CMOPIIEHHbIC HEIPOHBI
(Tabu. 1), KOTOpbIE UMEJIM THITUYHYIO CTPYKTYPHYO Opra-
Huszanuio (puc. 2), ONUCAHHYIO paHee B paboTax APyTHX
aBTOPOB TIPU OCTPOH W XPOHWYECKOW urmemun [4, 5.
Berpevanuen yuactku KI'M ¢ TOTaTbHBIME THIIEPXPOM-
HBIMHU U3MCHEHIAME ¥ CMOPITIBAHNEM TPAKTHIECKU BCEX
kyetok (rnukHoMopdubie). Hanmenbliiee copepskanue pe-
aKTUBHO M3MCHEHHBIX HEHPOHOB oTMevanyn B ciosx I,
IIa u IIIb (B cpaBHenuu co cioem V: 2=8,0, p=0,005%).
VIMEHHO B 9THX CJIOSIX, TIO JAHHBIM JIUTEPATYPhI, Co/Iep-
JKUTCST MAKCUMAJIBHOE KOJTMYECTBO KATbOMHANH-TTIO3UTHB-
HBIX TOPMO3HBIX UHTEPHENHPOHOB [7, 12].

B caoax 11, I11a, IV, V u VI KI'M ocHOBHOII rpyTiTibl
001mast YncJaeHHast IIOTHOCTh HEHPOHOB OblIA CTATHCTH-
4yecky 3HaYMMO (kpurepuit Mauna-Yurau, npu p<0,05)
HIKE, YeM B rpyTiie cpaBuenns (Tabir. 2), comeprkarieil He-

clonal anti-rabbit immunoglobulin (Goat polyclonal Secondary
Antibody to Rabbit IgG — H & L (TR) Neab6719; Abcam,
Cambridge, England) at final dilution 1:200 was used. These anti-
bodies were conjugated to fluorescent dye Texas Red® Sulfonyl
Chloride (molecular weight 625 Daltons), the absorption wave-
length was 596 nm and emission wavelength was 620 nm(red).
Slides treated with primary antibodies were exposed to secondary
antibodies for 20 minutes on a rocking platform at room tempera-
ture, then rinsed with 0.05% PBS twice. The emission was ana-
lyzed using the Karl Zeiss Axioskop 40 microscope equipped with
a mercury lamp HBO 100 and a camera with a CCD sensor. Axio
CamMRc lenses and EC Plan-Neofluar x40, 0.9 aperture were
employed to perform digital micrograph with image size of
1300x1030 pixels, the real size 220x174 mm (38280 mm?) .

Morphometric analysis of the images was performed using
Image] 1.46 software on masks of the real picture using stan-
dard algorithms of histogram analysis of pixel distribution [5].
The total number density and relative abundance of reactive
changes of neurons were determined. Statistical hypothesis
testing was performed using the software MedCalc, StatSoft
Statistica 8.0 using the Kolmogorov-Smirnov test to define or
decline normality, Mann-Whitney test for paired comparisons,
and ANOVA for multiple comparisons. The null hypothesis was
rejected at P<0.05.

Results and Discussion

Surgical material of CNC was not subject to post-
mortem changes. This was evidenced by the presence of
stretches of intact neural tissue with a high content of nor-
mochromic neurons and no signs of destructive changes in
the vast majority of cells (Fig. 1).

In these intact areas of nerve tissue the structural
features of microcirculation disorders (sludge cells,
perivascular edema, swelling of endothelial cells) were not
observed demonstrating no manifestation of ischemia. The
total density of neurons was slightly higher than similar
compartments and layers when studied the autopsy mate-
rial. This was probably due to the fact that in the intact
parts of CNC neurons were not subjected to dehydration
and successfully kept their native size, shape and proper-
ties of proteins to accept stain.

We have developed a method for the analysis of his-
tograms for the morphometric study using the program
Image] 1.4 [5] using 8-bit color images (flatten image for-
mat) [5]. Subsequent morphometric study was conducted
to analyze the histogram of pixel distributions.
Histological examination of areas of chronic ischemic
penumbra in all layers of SMC revealed considerable vari-
ability in structural and functional state of the pyramidal
and non-pyramidal neurons (Fig. 2).

In main group of CNC non-shrivelled hyperchromat-
ic and shrunken neurons were dominated (Table. 1). They
exhibited typical structural organization (Fig. 2) earlier
described in other studies in acute and chronic ischemia [4,
5]. Normochromic pyramidal neurons were comprised of
round cells of large and medium-sized with a well-dyed
soma and nucleus. In the cytoplasm normochromic pyra-
midal neurons looked as dark clumps of granular endoplas-
mic reticulum with the nucleus in the center occupying
most of the cell body, with dark-colored nucleolus. In non-
pyramidal neurons dendrites were not verified, whereas in

OBIJAS PEAHMUMATOAOI M, 2015, 11; 1

www.reanimatology.com

25



26

DOI:10.15360,/1813-9779-2015-1-22-32

Mechanisms of the development of critical illness

Ta6smna 1. OTHOCUTEIBHOE CONEPIKAHIE PEAKTHBHO M3MEHEHHBIX HEHPOHOB B KOPE BUCOYHOI JI0JIM MO3Ta Y€JI0BEKA CPaBHU-
BaeMbIx rpym (%, B nepecuete Ha 1000 BepudunmpoBanHsix HeiipoHoB, 50 moseii 3peHust) (okpacka TuonuHoM o Huccmo)
Table 1. The relative content (%, based on the 1000 verified neurons, 50 fields of view) reactive changes of neurons
in the temporal cortex of the human brain compared groups (Nissl stain)

Neurons Value of parameters in the groups P-level
comparisons main
Normochromic 85,6 (83,8—93,9) 45 (41,9-48,1) <0,0000*
Vacuolated 24 (1,6-3,6) 6 (4,6-7,7) -0,04*
Hypochromic 2(1,3-3,1) 8(6,4—9,9) =0,02*
Hyperchromic no shrunken 8 (6,4—9,9) 14 (11,9—16,3) =0,03*
Hyperchromic shrunken 1(0,5—1,8) 24 (21,4—26,8) <0,0000*
Cells shade 1(0,5-1,8) 3(2,0-4,3) ~0,045*

Note (npumeuanue): neurons — Heiiponsl; normochromic — Hopmoxpomubie; vacuolated — Bakyosnusuposanusie; hypochromic —
runioxpomusbie; hyperchromic no shrunken — runepxpomubie Heemopiertsie; hyperchromic shrunken — runepxpomtbie cMOpIEHHBIE;
cells shade — kuerku Tenu; value of parameters in the groups — snadenue nokasareJieii B rpyIiax; comparisons — rpyIia cpaBHEHHUSI;
main — ocHoBHas rpymna; * — the differences between groups are statistically significant at p<0,05 (criterion y*) — pazamans MesKIy
rpyInamMu cratucTiaecku suaunmel npu p<0,05 (kpurepwuii x*). In brackets 95% confidence interval, — B cko6kax 95% noBepuTebHbIIR
HHTEPBAIL.

Ta6mua 2. O6mas 4yucjieHHas IWIOTHOCTh HEHPOHOB B Pas3JMYHBIX CJIOSIX KOPbI BUCOYHOMN [[0JM MO3ra yeloBeKa
cpasuuBaeMbix rpymn (ua 1 mm®) (okpacka Tuonunom no Huccmo), Me (QI—Qh)

Table 2. The total number density of neurons (1 mm?) of the various layers of the parietal cortex of the human brain
(biopsies), Nissl thyonine staining, Me (Q/—Qh)

Layers The total number density of neurons in the groups P-level
comparisons main
I 145 (120—160) 122 (109_172) =0,05
1 672 (545-912) 503 (445—589) =0,01*
IlTa 360 (325—395) 300 (244—322) =0,045*
111h 300 (220—355) 278 (212—308) >0,05
Ilc 240 (195—262) 232 (225-270) >0,05
I\Y 542 (480—635) 469 (422—-501) =0,01*
\% 268 (245—340) 204 (154—237) -0,02%
VI 312 (302—380) 286 (243—301) =0,045*

Note (npumevanue): layers — caon; the total number density of neurons in the groups — obuiast yrcieHHas MIOTHOCTH HEHPOHOB B
rpyImax; comparisons — rpyIiiia cpaBHeHus; main — ocHoBHas rpyiia; * — the differences between groups are statistically significant
at p<0,05 (Mann-Whitney test) — pasimuuns Mexay rpynnamu cratuctudecku sauumbl npu p<0,05 (tect Mann-Whitney). Me —

median — meauana; Ql — lower quartile — wmxusas kBaptuib; Qh — the upper quartile — BepxHsst KBapTHIIb.

3HAYUTEJNbHOE KOJMYECTBO PEAKTHBHO M3MEHEHHBIX Heli-
ponos (Tab. 1).

Taxum 06pasoM, 10 TaHHBIM THCTOJIOTUYECKOTO MOP-
(omerprueckoro nsyuenns HeiipoHoB KBM, ycrtanosie-
HO, YTO B OCHOBHOI rpyTie (XpOHUYecKast UIIeMHUs) Mpo-
HUCXOIUJO  CTATUCTUYECKW  3HAYMMOE  BBINIAJICHUE
HEeHPOHOB, a 55% COXPAHUBIINXCS HEHPOHOB MMEJN TTPH-
3HAKM PEaKTUBHBIX M3MeHeHui. [Ipeobiamanu rumep-
XPOMHBIE CMOpIIEHHbIC HEWPOHBL. BoJibllie BCEro Takmx
HEHPOHOB BbIsIBIIsIOCh B cosix Illc, IV u V. Octanbubie
Hepombl (45%) — TUMTHYHBIE HOPMOXPOMHbBIE. BeposaTHO,
MMEHHO 3a CYET HUX MPU XPOHUYECKOH MIEMUN TPOUCXO-
nJIa KOMIIEHCATOPHO-BOCCTAHOBHUTEIbHAS PEOPTaHN3a-
1I11s TIOBPEK/ICHHBIX HePOHHBIX ceTelt KI'M.

B xome MMMYHOTHCTOXUMHYECKOTO HCCJIEIOBAHUS
Ha cepuiiHbIX cpesax usydain NSE-, kanbounana- u NPY-
MMO3UTHBHbBIC HEHPOHBI, a TAKKE PACIpe/ieJIeHne Ha Teaax
MMpaMUIHBIX HEMPOHOB M B Hedipornuie BucoyHoit KI'M
p38-103uTHBHOrO MaTepuasa (CMHANTHYECKUE TEPMUHA-
) (puc. 3).

YeTaHOBJIEHO, 4TO PemyKImst 00Mel YHcIeHHonl
IJIOTHOCTHU HEHPOHOB KOPBI BUCOUHO JIOJIM MO3Ta YeJI0Be-
Ka B OCHOBHOM I'pyTIIE COIPOBOXK/IAIACh KOMIEHCATOPHOH
akTuBanueii oopasosanusi NSE B coxpaHusimxcst (hyHK-
HUOHUPYIOMKX HelipoHax (Tabir. 3).

pyramidal neurons only initial segments of the proximal
part of the dendrit were identified. Reactive and destruc-
tive changes of the cell (hyperchromic shrunked and shriv-
eled cells, hypochromic neurons, shaded phagocytized neu-
rons) were observed. The ischemic penumbra zone
displayed well-known typical structural organization, as
described by other authors in acute and chronic ischemia.
The relative content of reactive changes of neurons was
significantly different in different parts of the zone of
ischemic penumbra. Extreme details included: 1) the
prevalence of normochromic neurons in the field of view
and 2) total hyperchromatic changes with shrinkage of
almost all cells. The «foci» of ischemic penumbra zone were
identified by different levels of local ischemic damage.
Morphometric analysis of neurons was performed only in
areas CNC containing typical normochromic and reactive-
ly modified neurons (Fig. 2, Table. 1—4). According to
available data [4, 9], these areas display the potential
structural and functional recovery after the removal of the
cause of chronic ischemia.

Changes of CNC cytoarchitectonics in chronic
ischemia followed by rearrangement of interneuron rela-
tions. Axon-spinules synapses inhibitory interneurons
affecting less than axon-dendrit and axon-spinules synaps-
es and excitatory neurons. This was evidenced by the
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Puc. 3. IMMyHOrHCTOXMMHYECKOE HUCCIIeI0OBaHIE KOPbI BUCOYHOM /101 MO3ra 4yejioBeKa, ocHOBHas rpynna. iMmyHnoduyopecuen-
must. yB. X40. Ikana 50 Mxm.

Fig. 3. Inmunohistochemical study of human cerebral neocortex. Inmunofluorescence. Lens X40. Scale 50 pm.

Note (npumeuanue): a — NSE-positive neurons (arrows) — NSE-nosutusnbie Heiiponst (crpesku); b — calbindin-positive neurons
(arrows) — KaTbOWHINH-TIO3UTHBHbIE HEHPOHBI (cTpesikn); ¢ — NPY-positive neurons (arrows) — NPY-mosuTtuBHbIil Helipon (cTpes-
kn); d — synaptophysin-positive neurons (arrows) — p38-nosurtusHbie Heiiponsl (ctpesikn); NSE (neuron specific enolase) — Heiipon
crieruuueckas enonasza; NPY (neuropeptide Y) — neiiponentus Y.

Ta6auna 3. Iltomaas NSE-103MTHBHOTO MaTepuaJa B MoJie 3peHHs KOPbl BUCOYHOM T0JIM MO3Ta YeJIOBeKa OCHOBHOM
rpynmbl 1 rpynnbl cpaBHenus (Mxm*) Me (Ql; Qh)

Table 3. Area (mm®) of NSE-positive material in the field of view temporal cortex of the human brain (main group
versus comparison group), Me (Ql; Qh)

Layers Area of NSE-positive neurons in groups

comparison main
111 215 (1905 256) 0,57% 325 (305; 376)** 0,85%
\Y% 475 (412; 488)%% 1,25% 609 (511; 628)***##% 1 60%

Note (npumeuanue): Here and table 4—6: layers — ciiou; group comparison — rpyiia cpaBHeHVst; main group — OCHOBHAsI TPYIITIa; ;
NSE (neuron specific enolase) — wueiipon crnennduueckas enonasa; area of NSE-positive neurons in group — moniaas NSE-
MO3UTHBHBIX HEHPOHOB B rpymnmax; ** — differences are statistically significant in comparison with the comparison group at P<0,01 and
*E* at P<0,001; ##¥ — in comparison with the layer IIT at P<0,01 and ### — at P<0,001 (Kolmogorov-Smirnov). ** — paznnuus
CTATUCTUYECKH 3HAUYMMBI B CPaBHEHUN ¢ TPpymoii cpasuenns npu p<0,01 u *** — npu p<0,001; ## — B cpaBuenun co cioem I11 pu
p<0,01 u #*#* — npu p<0,001 (xpurepuii Kommoroposa-Cmuprosa). Me — median — mexnana; QI — lower quartile — HukHuMit
kBapTuib; Qh — upper quartile — BepxHuii KBapTUIID.

Kaan6uHann-mo3uTuBHbE BO30Y/KIAIOINE U TOP-
MO3HBIe HEHPOHBI BBIABISAINCH BO Bcex ciaogax KI'M. B
CHIY TOTO, YTO ATOT OEJIOK HE SIBJISIETCST CHEpUIecKIM,
TOPMO3HbBIE MHTEPHEHPOHBI CPEIN BCEX KaTbOUHIMH-TT0-
3UTUBHbBIC HEHPOHBI MICHTUMUITNPOBAIN HA OCHOBAHWH
MOP(}OJOrHIeCKUX KPUTEPUEB, YCTAHOBJIECHHBIX [IJIsI

increase in ischemia area fraction of p38-positive PT with-
in akson-soma (mainly brake) synapses on pyramidal neu-
rons to 56.6—61.5% (OK — 35.3—55.6%).
Immunohistochemical study using serial sections
demonstrated the distribution of NSE-, kalbindin- and
NPY-positive neurons and the bodies of pyramidal neu-
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TaGauna 4. YucaeHHast IIOTHOCTh KaJbOMH/IMH-TIO3UTHBHBIX HHTEPHEHPOHOB U OTHOCUTEJIbHAS IIONIA/lb X TEJ B 10~
Jie 3peHHs BUCOYHOH 101 KOPbI TOJIOBHOTO MO3ra YeJIOBEKa OCHOBHOIM rpynnbl u rpynns cpasienusi, Me (Ql; Qh)
Table 4.The numerical density of calbindin-positive interneurons and the relative area of their bodies in the field of
view of the temporal cortex of the human brain ( main group vs. comparison group), Me (Ql; Qh)

Layers Calbindin-positive interneurons in groups
comparison main
The numerical density (1 mm?®)
11 34 (21; 43) 32 (17; 51)
v 16 (8; 24)##% 18 (11; 29)##
Relative area (%)
111 0,46 (0,35; 0,64) 0,90 (0,74; 1,06)***
\% 0,31 (0,22; 0,47) 0,63 (0,51; 0,82)***#

Note (npumeuanue): layers — ciaou; calbindin-positive interneurons in groups — KaJIbOUHMH-TIO3UTUBHbIE HHTEPHEUPOHBI B rpymax; the
numerical density (1 mm?) — uncsentast mwiotHocts (Mm?); relative area (%) — orHocuTebHAst TUIOMAMDb (%). *** — statistically significant dif-
ferences between the comparison and gruppnoy core group at P=0,001 — pasyiauusi cTaTUCTHYECKN 3HAYUMBI MEK/LY TPYIITHON CPABHEHVST 1
ocHOBHOII rpyrmoit ipu pu P=0,001; # — In comparison with the layer ITT when P=0,04 — B cpaBHenyu co ciioem 111 pu P=0,04; ## — when
P=0,01 (Mann-Whitney test) — nipu P=0,01 (kpurepuii Manua- Yuran); ### — when P=0,001 (Mann-Whitney test) npu P=0,001 (kpurepuit
Manna-Yurnan). Me — median — mezaumana; Ql — lower quartile — mmskrmii kBaptiib; Qh — upper quartile — Bepxuuii kBapTHIIH.

TaGauna 5. Yucaennast IWIOTHOCTh HEHPOHOB M OTHOCHTEIbHAS IUIOIA/AL (B noJe 3penusi, %) NPY-uMMyHONO3UTHB-
HBIX cTPYKTYP ciaos III kopbl BHCOYHOIT I3K0JIM TOJIOBHOTO MO3ra YeJI0BeKa OCHOBHOM I'PYNIbI H TPYIIbI CPAaBHEHU S
Table 5. The numerical density of neurons and the relative area (in sight, %) of NPY-immunopositive structures in
layer III of the temporal cortex of the human brain ( main group vs. comparison group), Me (Ql; Qh)

Parameter values in groups
comparison

Parameters

main

29 (1,9;32)
1,80 (1,50; 2,34)

2,7(1,53,1) P=0,9
391 (3,47, 4,67) P=0,003#

The numerical density of neurons per 1 mm?
Area, %, in the field of view

Note (npumeuanue): parameter — mokasaresb; parameter values in groups — 3HaueHuUe MOKasaTeJeil B IpyIIax; comparison
group — rpyIiia cpaBHeHusl; main group — ocHoBHas rpyina; the numerical density of neurons per 1 mm?* — ymc/eHHast MIOTHOCTD
Heiiponos, Ha 1 Mm% area, %, in the field of view — mromaznp,% B nosie spenusi; NPY (neuropeptide Y) — neiiponentuz Y; * — sta-
tistically significant differences between groups (Kolmogorov-Smirnov test for paired comparisons of independent samples) at
P<0,05 — pasnnums cTaTUCTUYECKH 3HAYMMbI Mexay rpynnamu (kpurepuii Kommoroposa-CMupHoOBa A apHbIX CpaBHeHUil

He3aBUCUMBIX BEIOOPOK) 11pu P<0,05.

JTaHHOTO THma kietok [7, 12]. IIpy MMMyHOTHCTOXUMH-
YEeCKOM BBISIBJICHUH KaJbOWHANHA THUIOJOTUST TOPMO3-
HBIX HMHTEPHEHPOHOB ONpeessiach HEMUpaMUIHOMN
(hopMoii, HEGOIIBIIOI BeJIMYMHON TIePUKAPUOHA C KOPOT-
KUMU PaaibHbIMU JieHapuTamMu (HeiiporanomMopdubie
kietkn) [12].

Cyl1ecTBEHHO TO, YTO TPU XPOHUYECKOH HIIEMUN
YKCIEeHHAs TJIOTHOCTh KaJbOMHANH-TIO3UTUBHBIX TOPMO3-
HBIX MHTEPHEHPOHOB COOTBETCTBOBATA YPOBHIO TPYIIIIBI
CPaBHEHUS, a KOJMYECTBO (DIIIOOPECIICHTHOI METKH Ha
eIMHUILY TUIOTIA/N HEfIPOHOB ObLT0 pakTHyecku B 2,0 pa-
3a Goubiie (kputepuii Manua-Yutuu, p<0,001) (tabum. 4).
ITO, BEPOSATHO, CBHU/ETEJIBCTBOBAJIO O KOMIIEHCATOPHOI
AKCIPECCHU TAHHOTO OeJTKa B COXPAHUBIINXCST HEPOHaX.

OTueTBO BeprU(UIIMPOBATD TeJIa 1 OTPOCTKH TOJIb-
KO MHTEPHEHPOHOB MOKHO C TIOMOIIBIO MMMYHOTHCTOXU-
Mudeckoit okpacku Ha NPY [7, 12]. 3To 103BOIIIO TOYHO
OlleHUTH (¢ OMOIIIBIO TIporpamMmbl Image] 1.46, GunapHoe
n300paskeHre — MacKa) KOJMYECTBO ATOTO HEHpoIenTu/a
B KI'M. B ocnosnoii rpymnne uucjaennas ImJIOTHOCTD TEJ
NPY-1103UTUBHBIX TOPMO3HbIX MHTEPHEHPOHOB OblIa Ha
YPOBHE TPYIIIBI CPAaBHEHUS, a OTHOCHUTEJbHAs ILIOMIA/b
NPY-nmMmyHOpeakTUBHBIX CTPYKTYP (Tesa, OTPOCTKH) —
CTATUCTUYECKU 3HAUMMO OoJibine (Tabur. 5).

Namenenus nuroapxutektronnkn KI'M npu xpoHu-
YeCKOW HIIEeMUN CONPOBOXKIAINCH IEPeCTPOHKON Mex-

rons and neuropil in the temporal CNC p38-positive mate-
rial (synaptic terminal) (Fig. 3).

It was found that the reduction of the total number
of neurons in CNC of the study group was accompanied by
activation of compensatory education NSE in surviving
neurons (Table. 3).

Calbindin-positive excitatory and inhibitory neu-
rons were detected in all layers of SMC. By virtue of the
fact that calbindin belongs to proteins of specific inhibito-
ry interneurons, the calbindin-positive neurons were iden-
tified based on morphological criteria established for a
given cell type [7, 12]. Immunohistochemical detection of
calbindin typology of inhibitory interneurons was
accompined by non-pyramidal shape, small size of the
perikaryon with short radial dendrites (neuroglial cells)
[12]. Significantly, in chronic ischemia the level of numer-
ical density of calbindin-positive inhibitory interneurons
matched the comparison group, and the number of fluores-
cent labels per unit area of neurons was almost twice more
(Mann-Whitney test, P<0.001) (Table 4) This is probably
indicative of compensatory expression of the protein in the
surviving neurons.

Clear verification of the body and appendages in
interneurons is available by immunohistochemical staining
of neuropeptide NPY [7, 12]. This allowed to accurately
estimate (using ImageJ 1.46, a binary image — mask) the
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Ta6mua 6. [ltomans (MrM®) p38-m03UTHBHOTO MaTepHaja B MoJie 3PEHUs KOPbI BHCOYHOI [0JIM TOJIOBHOTO MO3Ia Ye-
JIOBEKa B OCHOBHOI rpymme u rpynmne cpasuenusi, Me (Ql; Qh)

Table 6. Area (mm?®) of p38-positive material in the field of view of the temporal cortex of the human brain in the
study group and comparison group, Me (Ql; Qh)

Layers Area of p38-positive neurons in group Significance, P
comparison main

1111 365 (314; 422) 288 (245; 315) 0,01*

\Y% 456 (434; 575)* 321 (245; 433) 0,001*

Note (npumeuanue): Layers — ciou; Area of p38-positive neurons in group — BesunHa naomaAn p38-1mo3UTUBBIX HEPOHOB B
rpyIIax; comparison group — rpyIiia cpaBHEHUs]; main group — OCHOBHAS Tpymia; significance, P — 10CTOBEPHOCTD Pa3IMUHil;
* — significant differences between the comparison group and the main group — pasanums cTaTUCTUYECKN 3HAUYNUMBI MEKLY
IPYIION cpaBHEHM U OCHOBHO rpymnmoii; # — compared to the layer 111, P=0,03, Mann-Whitney test — B cpapuenuu co caoem 111
npu P=0,03, kpurepuii Manna-Yuruu. Me — median — menmnana; Ql — lower quartile — wwknuii kBapruab; Qh — upper quar-

tile — BepxHMIT KBaPTHUIB.

HEHPOHHBIX OTHOTIEHUIT. CTaTUCTUYECKN 3HAYMMO YMEHb-
majach IJIOMAAb p38-MO3UTHBHOTO MaTepuasia B I0Jie
3penus (Taba. 6).

ITpu aTOM Ha BO3OY/KIAIONINX MTHPAMUIHBIX HEHPO-
HaX aKCOCOMATUYECKHME CUHATICHI MTOBPEKIAINCH MEHbIIIE,
YeM aKCOACHIPUTHBIE W aKCOUMIUKOBBIE cuHarchl. O6
ATOM CBUJIETEJILCTBOBAIO YBEJUYEHUE TIPU XPOHUYECKOI
WATIEMUAN JIOJW TIOMAAN P38-TIO3UTUBHON METKH B 30HE
AKCOCOMATHYECKUX (TPEUMYIIECTBEHHO TOPMO3HBIX) CH-
HAIICOB Ha MUPaMUIHBIX HellpoHax 10 56,6—61,5% (B HOp-
Me — 35,3—55,6%, 95% moBepuTebHbIi HHTEPBAI).

[Ipu xponmdeckoit nmemun (OCHOBHAS TpyMma) pe-
AYKIsE 0011eit yncsienHoit motHoctn HeiiponoB KI'M co-
POBOXKIaeTcs ycunenuem akcnpeccust NSE, kanbOunan-
Ha, p38 1 NPY B coXpaHUBIINXCS HEHPOHAX.

NSE — rmukosutuueckuit hepment (2-docdo-D-
TJIMIEpaT THAPOJIa3a), OTHOCSIIHUIICS K CeMEHCTBY €HOJIa3,
YUACTBYET B IPEATIOCJE/IHEM Talle TIMKOJIN3a — KaTaju-
supyet 1epexof 2-(ocho-O-rianiepuHoBoit KUCTOTH B
ochoenonmupysat. VIMMyHOIIUTOXUMUYECKAST PEAKITNS
Ha NSE sgBsieTcst XopoiiM HHINKaTOPOM aKTUBHbBIX HEl-
POHOB B PasJIMUHBIX 00JIACTSIX TOJIOBHOTO Mo3ra [17].

KanbOuHANH — BHYTPUKJIETOUHbINA KaJIbIUi-CBI3bI-
BaOIUil GeJIOK, PEryJIUpyOIUii KOHIIEHTPAIIUID HOHOB
KaJIBIUS B IIUTO30JIE, & CJIEI0OBATEIBHO — BCE KaJIbIINIi-3a-
BHCHMbIE MEXaHU3MbI TOBPEKAECHUS W BOCCTAHOBJICHUS
HeiipoHOB [11—13]

P38 — uHTerpasbHbIil GeJ0K MeMOPaHbI CHHAIITHYE-
CKUX Iy3bIPbKOB, 00€CIIEUMBACT UX KOHTAKT C I[MTOIIA3-
MaTU4ecKoll MeMOPaHOU U yY4acTBYeT B IIPOIECCEe DK30- U
AHJIOIUTO3a MEIUATOPA TIPH Tepeiaye umiysbca. Mmmy-
HOTHCTOXMMHWYECKHE METO/Ibl BbISIBJICHUS P38 MCHOJIb3Y-
I0TCS JIJIsSE OLEHKU CUHATITOTEHEe3a, a TAKKe CHHATITUYECKOI
IJIOTHOCTH B HEPBHOM CHUCTEME B PA3JIMYHBIX MOJIETbHBIX
HeHpoOUOoJIOTHUeCKUX dKCIiepuMenTax [18].

NPY — 36-aMUHOKHUCJIOTHBI HEHPOIENTHI, KOTO-
PBIiT IeficTBYeT Kak HelpoMeanaTop B IeHTPaJbHO 1 Be-
TeTaTHBHON HEPBHOH CHCTeMe YeJOBeKa, COAEPIKUTCS B
TOPMO3HBIX UHTEPHEHPOHAX KOPbI TOJIOBHOTO MO3Ta, OKa-
3bIBAET MOy IUpytoriee aeticteue [15, 16].

Mpl nosiaraem, 4To B 30He JITTUTEIbHBIX HAPYIIEHMI
MukpouupkyJsiinn KI'M akTuBUpyioTcs MeXaHusmbl ec-
TeCTBEHHOW 3alllUThl HEHPOHHBIX CeTeil OT Ype3MepHOTO
HKCAUTOTOKCHMYECKOTO BO3OYKIEHUSI U MTOBPEKACHUS, KO-
TOpble MOP(OTIOTUYECKHU TIPOSIBIISIOTCS B BUJIE THIIEPTPO-

amount of the neuropeptide in CNC. In the main group the
density of bodies of NPY-positive inhibitory interneurons
was at the level of the comparison group and the relative
area of NPY-immunoreactive structures (body processes)
was significantly longer (Table 5).

Changes of cytoarchitectonics of CNC in chronic
ischemia followed by rearrangement interneural relations
demonstrate significantly reduced area of p38-positive
material in the field of view (Table 6).

Thus in the excitatory pyramidal neurons axon
synapses were damaged less than axon-dendrit /synapses.
This was evidenced by the increase in chronic ischemic
area fraction of p38-positive rigion within the areas of axo-
somatic (predominantly inhibitory) synapses in pyramidal
neurons up to 56,6—61,5%.

Discussion. Therefore, in patients with chronic
ischemia (main group) reduction of the total density of
neurons is accompanied by increased expression of CNC
markers NSE, calbindin, p38 and NPY in the surviving neu-
rons. NSE — glycolytic enzyme (2-phospho-D-glycerate
hydrolase), belonging to the enolase family, participates in
the crucial stage of glycolysis by catalyzing transitionof 2-
O-phospho-glycerol acid to phosphoenolpyruvate.
Immunocytochemical detecting the NSE is a good indica-
tor of active neurons in different brain regions [17].
Calbindin, the intracellular calcium-binding protein that
regulates the concentration of calcium ions into the cytosol
and thus is responsible for all calcium-dependent mecha-
nisms of injury and repair of neurons [11—13], as well as
p38 that is an integral membrane protein of the synaptic
vesicles, both contact with the cytoplasmic membrane and
are involved in the endocytosis of exo- and mediator in the
transmission pulse. Immunohistochemical methods that
identify p38-IC might characterize synaptogenesis and
synaptic density in the nervous system in in different neu-
robiological experiments [18]. NPY, the 36-amino acid neu-
ropeptide, which acts as a neurotransmitter in the central
and autonomic nervous system, is concentrated within the
brake cortex interneurons and provides modulating effect
[15, 16]. We believe that in the area of long-term distur-
bances of microcirculation CNC activates natural mecha-
nisms of neural networks to defend from excessive excita-
tion and excitotoxic lesions that morphologically
manifested as hypertrophy inhibitory interneurons with
increased tdensity of distribution.. It is likely that a denser
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(um TOPMO3HBIX MHTEPHEHPOHOB U YBEIMUEHNS TIOTHOC-
TH pacipesieJIeHNsT UX OTPOCTKOB. BrosiHe BeposATHO, 4TO
6oJiee IJIOTHASI CETh OTPOCTKOB TOPMO3HBIX WHTEPHEIPO-
HOB OJIOKHPYET BHYTPUKOPKOBOE PACIPOCTPAHEHUE BO3-
Gy KIAfoNeil MMITYJIbCAIIN OT TEPEKUBAIOTINX BO30YK/Ia-
10
HEHPOHHBIX ceTell K WIIeMUU 1 00ECIeYrBaeT BO3MOK-

IOINX  HEHPOHOB. MOBBIIIAET  YCTOWYHUBOCTD
HOCTb Peajin3alii MEeXaHU3MOB MX KOMIIEHCATOPHON pe-
OpraHu3aIMy 32 CYET TUIEPTPOMOUN COXPAHUBIINXCS HEM-
POHOB, POCTA UX OTPOCTKOB W CHHANTUYECKOI
IJIACTUYHOCTH [4].

Takum 006pasoM, IPU XPOHUUYECKON HIIEMHUU KOPbI
TOJIOBHOTO MO3Ta YeJIOBEKA MPOUCXOJUT PEOPraHm3aiiust
BO30Y/KIAOINX U TOPMO3HBIX HEHPOHOB, HAlPaBJCHHAS
Ha MX 3aMUTY OT MEXaHU3MOB HKCAHTOTOKCHYECKOTO TI0-
BPEXKIECHUS U KOMIIEHCATOPHOE BOCCTAHOBJIEHUE CTPYK-
TYPHO-(YHKITHOHATIBHOTO COCTOSTHUSI.

Vmerorest paboThl, B KOTOPBIX YCTAHOBJIEHO, YTO MO~
cJie MIIEeMWH TPOUCXOJUT PEOPraHn3aiinst TOPMO3HBIX U
BO30Y/KIAOINX HEMPOHHBIX CETell B Pe3yJibrare aKTHBa-
MM MEXaHU3MOB Heliporiactuuanoctu [4, 9]. BoisiBaeno
yBeJIMYEHNE DKCIIPECCUE KalbOUH/MHA B HEliPOHAX 110CIe
ocrtpoit uiiemuu [10]. ITo umMeeT cyiecTBEHHOE 3HAYEHUE
JUIst 0OCYKIeHUsST U OObSICHEHUSI PE3YJIBTATOB HACTOSIIIETO
nccaenoBauust motomy, uTo NPY-MIMMyHOTIO3UTHBHBIE MH-
TEPHEHPOHBI OTHOCATCS K KJIETKAM C BBICOKUM COJI€PIKa-
HUEM KaJbOWHINHA. YBeJIUUeHUE KOJMYECTBA U OOJIbIIast
COXPAHHOCTbh MHTEPHEHPOHOB PacCMaTpPUBAETCs, KaK pe-
3yJIBTAT KOMIIEHCATOPHOU 9KCIPECCUU KaJlbOWHINHA, pe-
TYJIPYIONIEr0 BHYTPUKJIETOYHYIO KOHIEHTPAIIMIO MOHOB
KaJIBIUSI, KOTOPBII UTPAET KJIIOUEBYIO POJIb B MHUIIUAIITHI
MeXaHM3MOB HeKpo3a u anonrosa [11—13].

Kpowme Toro, nzsectHo, uto akcnpeccust NPY cayxut
3aIUTHBIM MEXaHU3MOM OT KaJIbI[UEBOH TI€PErpy3Ku Mpu
nepeBo3OykaeHun HeilpoHos. [leiictBue NPY mosker ObiTh
CBSI3aHO C BJUSIHUEM Ha MUKPOCOCY/IbI, TIPECUHATITUYECKUE
Y2-penientopsl, MHTMOUPYIOIIKE BbiIEIEHUE TIyTamara, u
Y 1-perentopsl (B 1pe- U TOCTCUHAIITHYECKON CTPYKTYPeE).
IT0 CcrocoOCTBYET YMEHBINEHHUIO BXOJ UOHOB KaJibllUs B
KJIETKY W BBIJIEJICHUS TJIyTaMata B MEKKJIETOYHOe MPOCT-
paHCTBO — OJIOKA/IE OCHOBHBIX MEXAHU3MOB DKCANTOTOKCHU-
4eCKOTO TIOBPEK/IeHNs HelipoHOoB 1ipu uiemunu [14—16].

Takum ob6pasom, ganmbie gureparypsi [17—20] u pe-
3YJIBTAaThl HAIIUX HMCCJEOBAHUIT O CTPYKTYPHO-(YHKIINO-
HAJIbHOM COCTOSIHMU BO30YIKAAIOUINX 1 TOPMO3HBIX HEHPO-
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network of intracortical inhibitory interneurons blocks the
spread of excitatory impulses from neurons experiencing
excitation. These processes improve adaptation of neural
networks to ischemia and enable implementation of com-
pensatory mechanisms due to reorganizational hypertrophy
resulting in surviving neuronal sprouting and increasing
the synaptic plasticity [4]. Thus, in patients with chronic
ischemic human cerebral cortex reorganization of excitato-
ry and inhibitory neurons is induced to protect them from
the excitotoxic damage and compensatory restoration of
structural and functional state. There are studies that show
that after ischemia the reorganization of inhibitory and
excitatory neural networks occurs as a result of the activa-
tion mechanisms of neuroplasticity [4, 9]. The increased
expression of calbindin in neurons after acute ischemia has
been demonstrated [10].

It is essential to discuss and explain the results of the
present study since data show that NPY-immunopositive
interneurons are cells expressing calbindin. The increased
number and greater safety of interneurons might be con-
sidered as a result of compensatory calbindin expression
regulating intracellular calcium ion concentration, which
plays a key role in the initiation mechanism of necrosis and
apoptosis [11—13]. Furthermore, it is known that expres-
sion of NPY acts as a protective mechanism against calci-
um overload in overexcitation neurons. The action of NPY
could be due to targeting microvessel Y2 presynaptic
receptors and inhibition of the release of glutamate, as well
as targeting the Y1 receptor (pre- and postsynaptic struc-
tures). This prvides aid to reduce the entry of calcium ions
into the cell and release of glutamate into the extracellular
space — basic mechanisms that block excitotoxic neuronal
damage during ischemia [14—16]. Thus the available data
[17—20] and the residts of our studies on the structural
and functional state of the excitatory and inhibitory neu-
rons CNC contribute to understanding of the role of nat-
ural amplification mechanisms of inhibition of neuronal
activities to protection the human brain in chronic
ischemia from excitotoxic neuronal damage.

HoB KI'M MOTYT ysrydmuTh HOHUMAHIE POJIU €CTECTBEHHBIX
MEXaHU3MOB YCUJICHIA TOPMOKEHNS I 3alIATHI TOJIOBHO-
IO MO3Ta YeJIoBeKa IPY XPOHUYECKOH UIIEMUN OT 9KCANTO-
TOKCHYECKOTO TIOBPE/KICHIS HEITPOHOB.
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Effect of Succinate-Containing Infusion Solution
on Cellular Structures in Children in the Perioperative Period
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Ilens uccnedosanus. OueHnTs BIMSIHIE KPHCTAJUIONIHOTO IIOJMHOHHOTO pactBopa PeamGepun 1,5% Ha cocrosiHue KireToy-
HBIX CTPYKTYP B NE€PHONEPANUOHHOM Iepuoje y aereil. Mamepuanvt u memoowvt. IIposeieHO paHIOMH3HPOBAHHOE NPO-
cneKTuBHOe ucciaenoBanue y 117 nereii B Bodpacre ot 1 10 18 et npu pa3inyHbIX XUPYPruyeCKUX BMeIaTeIbcTBax Ha $ho-
He aHecTe3uH ceBOdIypanoM, (HPeHTaHHIOM, POKYPOHHEM U ¢ o1leHKoi 10 ASA I—II. B ocHOBHYI0 rpymiLy GbLIH BKIIOYEHbI
55 mereii, 3a 20 MUHYT /10 OKOHYaHHsI ONEPATHBHOIO BMeNIaTeabCTBa OasncHasi nH(Yy3MOHHAS TEPANNs 3aMEHsIacCh HA HH-
dysuonusiii pactop «1,5% PeamGepun». B rpynny cpaBHeHus BKoueHbl 62 pebeHKa, y KOTOPbIX 32 20 MUHYT 10 OKOHYa-
HHUS OIIEPaTHBHOTO BMeNIaTeabCcTBa GasucHas nHGy3nOHHas Tepanus 3aMensuiack Ha 0,9% pacrBop NaCl. B ocHoBHOIf 1
KOHTPOJIbHOII IpyIIIie pPacTBOPBI BBOAMIMCH B 103€ 6—10 MJI/Kr/CyT B 3aBHCHUMOCTH OT BO3pPacTa MallHeHTOB CO CKOPOCTHIO
2 mu/muH. Pesyavmamot. YcraHosaeno, uro 1,5% PeamGepun cnocoOCTByeT Goslee paHHEMY M 3HAYMMOMY YJIy4HIEHUH
(YHKIMHU KJI€TOYHBIX CTPYKTYP B IEPHONIEPAIMOHHOM Nepuoje y neteii. Kniouesoie cnosa: undysnonnas repanusi, KIeTou-
HbIE CTPYKTYPBI, (ha30BbIil yroJ, CyKIHMHATCOIePKAIHUil pacTBOP, AEeTH.

Objective: to evaluate the effect of a 1.5% crystalloid polyionic Reamberin solution on cellular structures in children in the
perioperative period. Subjects and methods. A randomized prospective study was conducted in 117 children aged 1 to 18 years
during different surgical interventions under anesthesia with sevoflurane, fentanyl, or rocuronium to provide ASA I—II esti-
mates. A study group included 55 children, in whom basic infusion therapy was switched to infusions of 1.5% Reamberin solu-
tion 20 minutes before the end of a surgical intervention. A comparison group comprised 62 children, in whom basic infusion
therapy was switched to infusions of 0.9% NaCl solution 20 minutes before the end of surgery. In the study and control groups,
the solutions were administered in a dose of 6—10 ml/kg depending on age at a rate of 2 ml/min. Results. 1.5% Reamberin solu-
tion was found to contribute to earlier and significant improvement in the function of cellular structures in children in the peri-
operative period. Key words: infusion therapy, cellular structures, phase angle, succinate-containing solution, children.
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Beenenne

[Iprmerenne MpernapaTos, OOJANAIONMX [UTOIPO-
TEKTOPHBIMU CBOWCTBAMHU, UMEET Ba)KHOE 3HAYEHUE B TIPO-

Introduction

The use of cytoprotective drugs has a crucial impait
on prophylaxy of perioperational complications [1—4].
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(rnaktuke nepuonepanMoHHbIX ocyoxkHenuii [1—4]. Tpu
OllepaTUBHBIX BMELIATEIbCTBAX B YCJIOBUSX OOIIel aHecTe-
3UM HaPSITY C TIOBPEKAAOIINME (hDaKTOPAMU XUPYPTHYeC-
KO¥T arpecc MMEIOT MECTO M HeTATHBHbIE BIIVISTHUS TIPEma-
paToOB AHECTE3WH, OKA3LIBAIONINX OTIOCPEIOBAHHOE U/UIN
NpsIMOE BO3/IEICTBUE Ha KJIETOUHbIE MEMOPAHBI PA3INUHbIX
opraHoB u cucteM [5]. OaHOI U3 3a1a9 aHECTE3NOTIOTHN STB-
JITETCST TIPEAYTIPE/KACHIIE HETATHBHOTO BO3EHCTBUS OTIe-
PAIMOHHON TPABMBI U TIPOBOAMNMOIT AHECTE3NH Ha MATINEH-
Ta, YTO JOCTUTAETCS PA3TMIHBIMU METOMAMMH, BKIIOYAs
UCIIOJIb30BaHKe 0ojiee COBPEMEHHBIX OPraHOIPOTEKTOP-
HBIX AHECTETHUKOB [ 6], yMEHBINEHNE 035 BBOAUMBIX TIPETTa-
paToB, MpUMEHEHE aIbI0BAHTOB, NCIOIB30BaHIe A(H(HEKTOB
cuHeprusMa u ip. B Hactostiiiee BpeMst 171t OTIEHKY (DyHKITHN
KJIETOUHBIX MeMOPaH, KaK OJHOTO U3 MHTErPaJbHbIX TT0Ka3a-
TeJIeil TIOBPESKIAIONIETO U 3AlUTHOTO AEHCTBUS UCTIONb3Ye-
MBIX MEIMKAMEHTOB U UHBIX (DAKTOPOB, B KIMHITICCKUX YCIIO-
BUSX HUCIOJb3yeTcs (DA30BbIA yroJ OGUOMMIIEaHCA TeJa.
DazoBbIi yroJI- 9TO APKTAHTEHC OTHOMICHIST PEAKTUBHOTO 1
AKTUBHOTO COMPOTUBICHUI [I7IST HEKOTOPOH YacTOTHI TOKA.
3muavenne (hazoBOTO yIJia XapaKTepu3yeT eMKOCTHBIE CBOTCT-
Ba KJIETOUHBIX MEMOPaH U 5KU3HECIIOCOOHOCTD TKaHel: cumTa-
€TCsl, 9TO YeM BbIIIe (Ha3oBBIi YO, TEM JIydIlie COCTOSTHIE
TKaHeil [7]. B kimHuKe ($hasoBbIil yros CIyKUT MHTErpajib-
HBIM TTOKA3aTETeM, XapaKTePU3YIONNM MHTEHCUBHOCTD IECT-
PYKTHBHBIX TIPOTIECCOB U HAPYIIEHIE YIIOPSIIOUYEHHOCTH KJTe-
TOYHBIX CTPYKTYp opranuama. 1o mikase (Selberg O., Selberg
D, 2002) [8] ero oTkjioHEeHHE OT HOPMAJbHBIX 3HAYEHMIT
(5,4—7,8) B CTOPOHY UX TOBBINIEHNST MHTEPIIPETUPYETCST KAK
TIOJTOKUTENBHBIN KPUTEPHI COCTOSTHST KIIETOUHBIX CTPYKTYP
7 CITIOCOOHOCTH K BBICOKOI METabO0IMIeCKOi aKTUBHOCTH, 1O~
HUDKeHHble 3Havenns (4,4—5,4) — HOCAT 0OpaTHBII Xapak-
tep. Taknm 06pasoM, MOKHO CAEIaTh BBIBOJ, YTO (hasOBbLINA
YTOJI- ATO TTAPAMETP, OTPAKAIONINI COCTOSTHIE KIETOK Opra-
HM3Ma, YPOBEHb 00111eil paboTOCIOCOOHOCTU U MHTEHCUBHOC-
i1 0OMEHA BEIECTB.

Ienv uccredosanust — OlEHKA BIVSTHUST KPUCTAJLION/I-
HOTO MOJIMUOHHOTO pacTBopa PeamGepri 1,5% 1a coctosgnmne
KJIETOYHBIX CTPYKTYP B TIEPUOTIEPATTHONHOM TIEPUOJIE Y JIETEN.

Marepuan u MeTObI

Wccnenosanist iposeennl y 117 narmentos (tabu. 1) B Bo3pa-
cre ot 1 10 18 siet ¢ onenkoit mo ASA I-11 ipu 11aHOBBIX XUPYPru-
YeCKHX BMelaTebeTBax. [lainenTs! ObLin pasziesieHbl Ha 2 TPYIIIIbL:
B 1-i1, ocHoswoii rpyrie (OT), (n=55) 3a 20 MuH /10 OKOHYAHSI OTTe-
PATHBHOTO BMEMIATENbCTBA Oa3ucHast NH(Y3MOHHAST TEPAITHST 3aMe-
Hstach Ha MHMY3HOHHBII pacTBop «1,5% PeambGeput», BO 2-if, KOH-
tpoubroit rpyme (KT), (n=62) — ma 0,9% pacrsop NaCl B Tom ke
peskuMe 1 oObeMe BBeeHus. [TaineHTsl OCHOBHON U KOHTPOJIBHO
IPYIIIIBL OBLIN Pa3/ieJieHbl Ha 3 TOATPYIIIIbI, COTJIACHO BO3PACTY:
1 moarpymnma — 1—3 roza; 2 moarpymma — 3—12 JreT; 3 moarpymnma —
12—18 net. Uccaenyempie pactBopsl BBoM/IN B 103e: 10 Mir/Kr/cyT
B Bo3pacte 1—3 roma, 8 msi/Kkr/cyTt B Bo3pacte 3—12 jet u
6 mu1/Kr/cyT B Bogpacte 12—18 et co cKopocThIo 2 MIT/MUH.

WHAYKIHIO aHeCTe31N OCYIIECTBIISIIN ceBO(IyPaHOM B KOH-
nentpaipu 8% B noroke 100% O,. 8 1/MuH. MHUOILIErHIO BBITIOJ-
Hs pokyporuem 0,6 Mr/Kr iJist MHTYOAIuy Tpaxeu U B ajibHeli-
mem 0,6 mr/kr B uac. [lommepskanue amecTe3uu MTPOBOIIIII
cesodiypanoM 2,5—3,5% B BO3/YIIHO-KUCJIOPOJHON CMeCH TIpH
O, 1e 6omee 40%. AHATTE31IO BBITOTHSIIN GOTIOCHBIM BBEIEHUEM
(enranuma 0,005% B 103e 3—5 MKI'/KT B Yac.

During surgery under general anesthesia, in addition to
damaging factors of surgical aggression there are negative
influences of anesthesia drugs that directly and/or indi-
rectly effect cell membranes of various organs and systems
[5]. One of the objectives of anesthesiology is to prevent
the negative influence of surgical trauma and anesthesia on
the patient, which is achieved by various methods includ-
ing the later use of organ-protective anesthetics [6], a
decrease in the dose of administered drugs, administration
of adjuvants, the use of synergy effects, etc. Nowadays, in
order to assess the function of cell membranes, as one of the
integral indicators of damaging and protective effect of the
drugs and other factors, the bioimpedance phase angle is
used in clinical settings as an indicator of cell integrity and
body cell mass. Phase angle is the arctangent of the ratio of
reactive resistance to active resistance at a certain current
frequency. The phase angle value characterizes some prop-
erties of cell integrity and tissue viability: it is believed
that the greater the phase angle is, the better the condition
of the tissue is [7]. In clinical practice, the phase angle is an
integral indicator characterizing the intensity of destruc-
tive processes and violation of the orderliness of the cellu-
lar structures of the body. On a scale (Selberg O., Selberg D.,
2002) [8], its deviation from normal values (5.4 to 7.8) in
the direction of their increase is interpreted as a positive
criterion of the state of cellular structures along with the
ability to of cells to possess high metabolic activity, lower
values (4.4 to 5.4) are indicators of a reversed situation.
Thus, the phase angle is a parameter reflecting the state of
the body's cells, the level of overall performance and meta-
bolic activity.

The aim of the investigation: estimation of the effect of
polyionic crystalloid solution of 1.5% Reamberin on the state
of cellular structures in the perioperative period in children.

Materials and Methods

The studies were performed in 117 patients (Table. 1) aged 1
to 18 years with ASA 1—2 during elective surgeries. The patients
were divided into two groups: in the first group — treatment
group (TG), (n=55) the background infusion therapy was substi-
tuted for «1.5% Reamberin» infusion solution 20 minutes before
the end of surgery, while in the second group — control group
(CG), (n=62) — for 0.9% NaCl solution in the same amount and
mode of administration. Patients of both treatment and control
groups were divided into three subgroups according to age: 1 to 3
years old (subgroup 1); 3 to 12 years old (subgroup 2); 12 to 18
years old (subgroup 3). Test solutions were administered in a dose
of 10 ml/kg/day for 1 to 3 year olds, 8 ml/kg/day for 3 to 12 year
olds, and 6 ml/kg/day for 12 to 18 year olds at a rate of 2 ml/min.

Anesthesia was induced with sevoflurane 8% in 100% O, 8
1/min. Myoplegia was rocuronium 0.6 mg/kg for intubation of the
trachea and subsequently 0.6 mg/kg/hour. Anesthesia was main-
tained with 2.5—3.5% sevoflurane in air and oxygen mixture (no
more than 40% of O,). Analgesia was provided with a bolus injec-
tion of 0.005% fentanyl in a dose of 3—5 ug/kg/hour.

In both groups, the background infusion therapy was per-
formed with a solution of Sterofundin and 6% HES (130/0.4) at a
ratio of 6:1 at the rate of 10—15 ml/kg/hour, depending on the
nature and extent of surgery.

Indicators were recorded by means of portable bioimpedance
analyzer «<ABC-01 MEDASS» with the use of the bioelectrical
indicator, i.e. the magnitude of the phase angle.
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Ta6imua 1. Kimnnyeckas xapakTeprcTiKa MaMeHTOB
Table 1. Clinical characteristics of patients

Parameters Subgroups Value of parameters in groups p
treatment (n=55) control (n=62)

Average age, years 1 1£0.5 1.5+0.5 0.125
2 8+2.6 6+2.3 0.067
3 15+1.9 14.5%1.4 0.926

Body weight, kg 1 12+2.8 12421 0.347
2 28+15 21+8 0.136
3 57.5+15.9 55+15.4 0.422

Duration of surgery, min 1 70+34.1 85£33.6 0.235
2 75+38.4 70+33.4 0.637
3 72.5+36.9 77.5 +48.4 0.528

Duration of anesthesia, min 1 120+34.8 130+38.9 0.388
2 120+44.7 105+38.3 0.559
3 130+45.3 120+53.6 0.384

Note (mpumeuanue): Parameters — nmokasarenu; value of parameters in groups — 3HaueHue mokasaTesieil B rpymmax; treatment
group — OCHOBHasI 'pyIIna; control group — KOHTpobHAS TPYIIA; average age, years — cpeHni Bozpact, roasl; body weight, kg
— macca Teaa, kr; duration of surgery, min — npogo/KuTeNbHOCTH Onepanuu, MuH; duration of anesthesia, min — npoxomxu-
TeJIBHOCTh HapKo3a, MUH. Subgroups treatment group — MOATPyIIbl OCHOBHOW rpynmbi: 1 — n=14; 2 — n=23; 3 — n=18.
Subgroups of control group — noarpynner KOHTpoBHON Tpynnbl: 1 — n=18; 2 — n=23; 3 — n=21.

Ta6auna 2. UsMeHenue nokasareist (pa3oBoOro yria y JeTeil Ha pas3jiu4HbIX dTanax uccaemosanus (M+m; n=117).
Table 2. Variation of the phase angle value in children at different stages of the investigation (M+m; n=117).

Subgroups of patients, n Solution Variation of phase angle value in the stages of the investigation

Initial value Prior to infusion 30 minutes after 60 minutes after
(after induction of test solution  start of infusion  start of infusion

of anesthesia) of test solution of test solution
1 (1 to 3 year olds); 1.5% Reamberin 4.53%0.8 4.43+0.8 5.77+1.2 4.3+0.8
n=32 (n=14)
0.9% NaCl 4.75+0.7 4.45+0.7 4.24+0.8 4.81+1
(n=18)
2 (3 to 12 year olds); 1.5% Reamberin 5.8+0.8 5.97+0.8 7+1.7 7.1+0.9
n=46 (n=23)
0.9% NaCl 6x1.7 6x1.8 6.1£1.2 6.3£1.9
(n=23)
3 (12 to 18 year olds); 1.5% Reamberin 7.3+1.7 6.840.9 8.8+1.7 7.94+2.6
n=39 (n=18)
0.9% NaCl 7.3+2.1 7+£1.6 7.8+1.8 7.3+1.8
(n=21)

Note (npumeuyanue): Variation of phase angle value in the stages of the investigation —usmenenuist okasaresieii (hazoBOro yriia Ha aTarnax
uccenosanust; Subgroups of patients, 7 — noarpynmsr GosbHBIX, 7; solution — pactsop; initial value (after induction of anesthesia) — uc-
xo/iHOe 3Hauenue (I10cjie BBOAHOIT atectesun); prior to infusion of test solution — nepea BBesenuem uccneyemMoro pactsopa; 30 minutes
after start of infusion of test solution — uepes 30 MuHYT ¢ Hayasa BBECHUsI HCCIeyeMOoro pactBopa; 60 minutes after start of infusion of test
solution — uepes 60 MuHyT ¢ Hauasa BBEIEHUS HCCIEAyeMOro pactBopa; subgroup 1 (1 to 3 year olds) — 1 moarpymma (1—3 rozma); subgroup
2 (3 to 12 year olds) — 2 noarpyma (3—12 ser); subgroup 3 (12 to 18 year olds) — 3 nmoarpymma (12—18 sier); reamberin — peambepun;
variation of phase angle value in the stages of the investigation —usmenenve nokasaresist (HazoBOTO yrila Ha aTarax UCCACAOBAHSL.

B obenx rpymmax 6asicHyio HHYIHOHHYIO TEPATINIO OCYIIe-
crisiin pactBopoM Crepodynauna u I9K 6% (130/0,4) B coor-
norrernu 6:1 u3 pacyera 10—15 Mir/Kr/4ac B 3aBUCUMOCTHU OT Xa-
pakTepa i 06beMa OTepaTUBHOTO BMEIIATETbCTBA.

Perucrpanuio rokasareJieil IpOBO/IIJIN IIPH HOMOIIH [T0PTa-
TUBHOTrO GuonmIieancHoro anaausatopa «<ABC-01 MEJTACC» ¢
MCIIOTB30BAHNEM OMODJIEKTPUYECKOTO TTOKA3ATENSI- BETIMINHBI
(hazosoro yria.

JLJist OlIeHKH IOCTOBEPHOCTH MOJIYYEHHBIX PE3YJITATOB BEChH
1 poBoil MaTepuas GbIT MOIBEPTHYT CTATUCTIHIECKON 06paboT-
Ke 110 OOIMM MPaBUJIaM BAPUAIMOHHON CTATUCTUKU C TIOMOIIBIO
nakera rmporpamm Statistica 10.

PesyabraThl 1 00CyK/IEHHE

[l cpaBHEHNS TOTYYEHHBIX PE3YJIBTATOB B KOHTPOJIb-
HOU 1 OCHOBHOT IPYTITIe OBIIO BBIIEIEHO 4 HTaria M3MepeHHsT:

To assess the reliability of the obtained results, all digital
material has been statistically analyzed according to general rules
of variation statistics using Statistica 10 software package.

Results and Discussion

To compare the results obtained in the control and
treatment groups, the measurement was divided into four
stages:

1. initial value (after induction of anesthesia);

prior to infusion of test solution;

3. 30 minutes after starting the infusion of test solu-
tion;

4. 60 minutes after start of infusion of test solution;

During the period between the 3rd and 4th stages of
investigation, CG and TG patients were in the post anes-
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[ Reamberin [l NaCl

The phase angle, deg
w

1 hour

Initial value  Start of infusion 30 minutes

Puc. 1. /lunamuka uamenenuii ¢pazosoro yriaa B 1 Bo3pacrHoii
noarpymme (1-3 roxa).

Fig. 1 Dynamics of changes in the phase angle in age subgroup
1 (1 to 3 year olds).

Note (npumeuanue). Here and fig. 2, 3 (3mech u Ha puc. 2, 3):
initial value — ucxoxnoe snauenue; start of infusion — Hauaso un-
dysuu; 30 minutes — uepes 30 mun; 1 hour — yepes 1 yac; ream-
berin — peambepun. The X-axis presents the stages of the per-
formed investigation — mo ocu X TIpeaCTaBJIEHBI ITAIbI
nposeeHHoro uceseposanus; the Y-axis shows the values of the
phase angle (deg.) — o ocu Y mpencrasnens sHaueHnst (hazoBoro
yria (rpaj.).

1. Ucxonnoe 3Hayenue (1ocjie BBOJTHOI aHECTE3UN );

2. Ilepen BBeileHNEM HCCIIEYEMOTO PACTBOPA;

3. Yepes 30 MUHYT ¢ HAUAIA BBE/ICHUS UCCIIE/LyEMO-
TO PacTBOPA;

4. Yepes 60 MUHYT ¢ HAuaa BBE/ICHWS UCCIIELyEMO-
TO PacTBOPA;

B nepuoza mesky 3 v 4 aTarom uccie/JoBaHuil maiu-
entsl B KI' 1 OT Haxoaumucs B nasare npoOysKaeHusl, Jie-
’Ka Ha CIIMHE B COCTOSTHUN (PH3UUECKOTO ¥ 9MOIIMOHAIBHO-
TO HOKOSL.

B Tabumiie 2 nokasaHo usaMeHeHue nokasaress (haso-
BOTO yIJIa Y TAIIEHTOB 3-X BO3PACTHBIX ITOJTPYII B 3aBH-
CHMOCTH OT IPUMEHSIEMOTO MH(Y3HOHHOTO pacTBOpa Ha
YeThIPEeX Talax IPOBOANMOTO NCCIIETOBAHNS.

[lnnammnka maMeneHuit pazoBOTO yTJIa MpeCcTaBICHA
Ha puc. 1—3:

Kax Bugno us quarpammbi 1.1 Ha MOMEHT HavYasIa NH-
(ysun mccIeyeMbIX PaCTBOPOB OTMEUAECTCS] HAMMEHbBIIIEe
3Hadenne (GasoBoro yria, 4ro oOBICHIETCS JeiiCTBHEM
[pernaparoB JUisi aHECTE3MH Ha KJIETOYHBIE CTPYKTYPHI.
JlanbHelinee moBbIIeHNe 3HaUYeHMIT (Ha30BOTO yriia siBJisi-
€TCsI CJIE/ICTBIEM aKTHBH3AIMN MMAINEHTa, TAK KAK UMEHHO
C OKOHYaHWEM OICPATHBHOTO BMEIIATETbCTBA 3ajaueil
Bpaya-aHeCcTe3nosI0ra CIyKUT MPOOYKACHNE TallueHTa 1
nepesoz B najary npolyskaenus. Ha puc. 1 Mbl Buginm, 4o
Hanbosble U3MeHeHus (pazoBOro yriia OTMEYaInuch Je-
pe3 30 MUHYT 1ocsIe Hauasla NHGY3UH Y TPYIIIBL, TTOTydaB-
weii 1,5% pacrBop Peambepuna. 3naueHue (hasoBoro yria
BO3poCTO Ha 27% B CPaBHEHUM C MCXOIHBIM 3HAYCHUEM
(p=0,011) u nma 30% orHOCHTETBHO HaYasa WHOY3UN
(p=0,023) uccaenyemoro pacrsopa (1,5% Peambepun). Y
KOHTPOJIbHOIT rpyiinbl, nosydasiieid 0,9% pacrtsop NaCl,
3HaueHne (hasOBOrO YIJa CYIIECTBEHHO HE M3MEHSINCH.
Jlums wepes 1 gac (p=0,032) mocse navama uudysun 0,9%

e

B Reamberin [ NaCl

The phase angle, deg
b w = = = -1

Initial value  Start of infusion 30 minutes 1 hour

Puc. 2. /lunamuka uameHenuii ¢azoBoro yria y 2 Bo3pacTHOii
moarpymmsl (3—12 ner).

Fig. 2. Dynamics of changes in the phase angle in age subgroup
2 (3 to 12 year olds).

B Reamberin [ NaCl

S o~ X o

=

The phase angle, deg

LI

30 minutes 1 hour

Initial value  Start of infusion

Puc. 3. /lunamuka usmenenuii ¢a3oBoro yria y 3 Bo3pacTHoii
nmoarpynms! (12—18 mxer).

Fig. 3. Dynamics of changes in the phase angle in age subgroup
3 (12 to 18 year olds).

thesia care unit, lying on their backs in a state of physical
and emotional rest.

Table 2 shows the change in the indicator of the
phase angle in patients of three age subgroups, depending
on the used infusion solution at four stages of the per-
formed investigation.

Dynamics of changes in the phase angle is presented
in Fig. 1-3:

As shown in Fig. 1, the start of infusion of test solu-
tions is characterized by the smallest value of the phase
angle due to the effect, which anesthetic drugs have on cel-
lular structures. A further increase in the values of the
phase angle is a consequence of activation of the patient, as
exactly after the end of surgery the task of an anesthesiol-
ogist is the awakening and transfer of the patient to the
post anesthesia care unit. From Fig. 1 it is evident that the
greatest changes in the phase angle are observed in 30 min-
utes after the start of infusion in the group receiving 1.5%
Reamberin solution. The value of the phase angle increased
by 27% compared to the initial value (p=0.011) and by
30% compared with the start of infusion (p=0.023) of the
test solution (1.5% Reamberin). In the control group
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NaCl perucrpupoasoch HapacTanue 3HaueHuUi (asoBoOro
yria Ha 8,2%, 4TO CBUAETEJNbCTBYET O 0ojiee MEAJIEHHOM
BOCCTAHOBJIEHUHM COCTOSTHVSI KJIETOK OpTaHu3Ma, oOmieii
paboTOCIOCOOHOCTH M MHTEHCUBHOCTH 0OMEHA BELIECTB,

PaccmarpuBas TMHAMUKY U3MEHEHUST BEJTHUMHDI (ha-
30BOTO yTJIa y MAIUEHTOB 2 BO3PACTHOI moArpyibl (3—12
JIET) MBI BUINM, YTO TTAPAMETPHI HOCAT TPAKTUICCKH O/TH-
HAKOBBIN XapaKTep MPU PETUCTPAIII HCXOAHOTO 3HAYCHUS
1 MOMEHTa Havaaa MHQPY3UK UCCITELYEMBIX PACTBOPOB. DTO
00bsICHSIETCS JIEHCTBUEM aHECTETUKOB Ha KJIETOUHbBIE
CTPYKTYpbI oprannama. /lanbHeliliee Bo3pacTanue 3Haue-
Huii hazosoro yrua msl BuanM ¢ 30 mury T nHdy3sun 1,5%
peambepuna Ha 21% (p=0,031) u yepes 1 yac uHbysuu Ha
22% (p=0,0034) B cpaBHEHUM C MCXOIHBIMHU TAHHBIMU. Y
rpynibl, nonydasuieii 0,9% pacrsop NaCl, snauenue paszo-
Boro yriia dyepes 30 MuHyT nHGY31UI BO3POCIIO JIHIIb HA 2%
(p=0,026) u na 5% gepes 1 wac undysnn (p=0,04) B cpas-
HEHUU C UCXOMHBIMU TAHHBIMI TTAITHEHTOB.

Y mamueHTOB 3 BO3PACTHOI MOATPYIIIBI 3HAUCHHS
(ba30Boro yrira ObIM MUHUMAJIbHbI HA MOMEHT HauyaJia MH-
(bysuM uccsIeyeMbIX PernapaToB, YTO TAKKE OObICHIETCS
OTPUIIATEIbHBIM JIeHCTBUEM O0LIMX AHECTETUKOB Ha KJe-
TOYHBIE CTPYKTYPHI opranuama. JlambHeliiee HapacTaHme
3HaueHnit (ha3oBoro yriaa otMedaetcs na 30 MUHyTe nccie-
NyeMBbIX PacTBOPOB. Kak BUIHO M3 PUCYHKA, MAaKCUMAJIb-
HOe 3HAYeHWe OTMEYAETCsT y TPYMIbI mosydasimeit 1,5%
pactBop PeambGepuna, u cocrasuio 21% (p=0,0015) B
CpaBHEHUH € UCXOAHBIM 3HaueHneM. Ho Taxke u y TpyT-
eI, nosryuasieit 0,9% pacrsop NaCl, Mbl BuuM Bo3pacra-
rue dazosoro yraa na 7% (p=0,001) B cpaBHeHUN C UCXOI-
upiMu mapamerpamu. Ho depe3 1 gac mocsie mavana
UHGY3UN MCCTEYEeMbIX PACTBOPOB, KOT/IA MAIMEHTHI Ha-
XOJIUJIMCh B TIAJIaTe IIPOOYKICHUs, BeJMunHa (pasoBoro yr-
Jla OCTaBajachb BBICOKOH JIMMIL Yy TPYIIIbI, IIOJIyYaBHICH
1,5% Peambepun Ha 9% (p=0,0034) B cpaBHEHUM C UCXOJI-
HBIMHU 3HAYEHUsSIMU. Tor/ia Kak y TPYTIbI, MOJTydaBiiei
0,9% pacrop NaCl 3naueHue (hazoBoro yria CHU3UIIOCH
Ha 6% (p=0,001) B cpaBHeHNN ¢ 3 TANOM POBOAUMOTO
MCCIIe/IOBAHUSI.

TakrM 06pa3oM, OTMEYAIACh TTOJOKUTETbHAS TEH-
NEHTINST OT TIPUMEHEHUsT CYKITMHAT CO/IEPIKAIIET0 HH(Y-
3uoHHOTO pactBopa 1,5% Peambepuna B HapacTaHUM
3HaYeHuit (ha30BOTO yTJIa, CBUAETEIBCTBYIONIUX O MOJO-
JKUTEJHLHOM BJUSTHUN HA COCTOSTHYE KJIETOYHBIX CTPYK-
TYp OpTaHu3Ma y BceX 3 BO3PACTHBIX TOATPYIITL.

[laBaiite BCOMHUM (HaKTOPBI, CBSI3AHHBIE C MeXa-
HU3MOM HAPKOTUYECKOTO JEHCTBUS HEHTPAILHBIX Ta30B,
KOTOPBIE BKJIIOYAIOT TMCTOTOKCHUYECKYTO THITOKCHIO, YTHE-
TeHne MeTaboM3Ma, CTabNIN3aIuio KJIETOYHOH MeMOpa-
HbI, IPUBOSILYIO K OJI0Kajie HOHHOU MPOHUIIAEMOCTH, 110~
MaBIeHUI0 (DYHKIMH HATPUEBOTO HACOCA, YBEJTHUEHIIO
NPOAYKIIMU MHTUOUTOPOB (TaMMa- aMUHOMACJISIHOM KHC-
JIOTHI) U HApylIeHH0 06pa3oBaHust ajieHo3uHTpudochara.
IlepBbrii BRITIOUaeT BIAMSHNIE HEHTPATBHBIX TA30B HA CHUCTe-
MBI JIBIXaTEeTBHBIX (HePMEHTOB, BTOPOI- Ha CTPYKTYPY WJIN
B3aNMO/IEHICTBIE C HEKOTOPBIMM yJacTKaMi HeWpOHa, Ta-
KUMU Kak KjaeTouHass MmemOpaHa. CyKIMHAT, BXOJASIIMN B
coctaB 1,5% pactBopa PeambGepuna, akTuBHO Tpanchop-

receiving 0.9% NaCl solution, phase angle values have not
significantly changed. Only in 1 hour (p=0.032) after the
start of infusion of 0.9% NaCl, an increase in phase angle
values by 8.2% was recorded, which indicates a slower
recovery of the state of the cells of the organism, overall
performance, and metabolic activity.

Considering the dynamics of change in values of the
phase angle in patients of age subgroup 2 (3 to 12 year
olds), we see that the parameters are almost of the same
nature when recording the initial value and the start of the
infusion of test solutions. This is due to the effect, which
anesthetics have on the cellular structures of the body. We
see that phase angle values further increase by 21%
(p=0.031) starting from the 30th minute of infusion of 1.5%
reamberin and by 22% (p=0.0034) after 1 hour of infusion,
in comparison with the original data. In the group receiv-
ing the 0.9% NaCl solution, the phase angle value after 30
minutes of infusion increased only by 2% (p=0.026) and by
5% after 1 hour of infusion (p=0.04) compared with the
original data of the patients.

In patients of age subgroup 3, phase angle values were
minimal at the start of the infusion of test drugs, which is
also explained by the negative effect, which general anes-
thetics have on the cellular structures of the body. Further
increase in the values of the phase angle was noted on the
30th minute of test solutions. Figure demonstrates that the
maximum value is observed in the group receiving 1.5%
Reamberin solution and amounted 21% (p=0.0015) in com-
parison with the initial value. In the group receiving 0.9%
NaCl solution, there was also an increase in phase angle by
7% (p=0.001) in comparison with the original parameters.
One hour after the start of infusion of test solutions, when
patients were in the post anesthesia care unit, the phase
angle value was high only in the group receiving 1.5%
Reamberin (differences by 9%, p=0.0034) compared with
the initial values. In the group receiving 0.9% NaCl solution
the phase angle value decreased by 6% (p=0.001) in com-
parison with stage 3 of the performed investigation.

Thus, there was a positive trend from the adminis-
tration of succinate-containing infusion solution 1.5%
Reamberin in the growth of phase angle values, which indi-
cates a positive effect on the cellular structures of the body
in all three age subgroups.

Factors associated with the mechanism of narcotic
action of neutral gases include toxic hypoxia, depression of
metabolism, cell membrane stabilization due to blocking of
ion permeability, inhibition of the sodium pump, increased
production of inhibitory compounds (gamma-aminobu-
tyric acid) and interference with ATP production. The
first factor includes the effect of neutral gases on respirato-
ry enzyme systems, the second one affects the structure or
interaction with some components of the neurons, such as
the cell membrane. Succinate, which is a component of
1.5% Reamberin solution, is actively converted into pyru-
vate, which is «locked» on the border with the Krebs cycle
[9]. Reamberin causes a decrease in lactate levels and cre-
ates optimal conditions for the reductive carboxylation of
pyruvate to convert it into malate [10]. In simple terms, we
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MUPYETCsI B TIUPYBAT, KOTOPBIN «3aMMPAETCsT» Ha TPAHHUIIE
¢ nukiaom KpebGea [9]. PeamGepun BbI3bIBAECT CHUKEHUE
YPOBHSI JIAKTAaTa W CO3/IA€T ONTHMAJIBHbBIC YCJIOBHUS IS
BOCCTAHOBUTEIBHOTO KapOOKCHJIMPOBAHUS THPyBaTa ¢
nipespaitiiearieM ero B Manat [10]. ToBopst mpocThiMu cio-
BaMH, MbI CITOCOOHBI BO3/IEIICTBOBATH Ha CKOPOCTH BOCCTA-
HOBJICHUST METabOJIMIECKOIT aKTUBHOCTH IIyTEM aKTHBU3a-
1M KJIETOYHBIX MEXaHU3MOB.

3akiaoyeHue

JlaHHbIe MCCIE0BAHUA CBUACTEIBCTBOBANN O 6O~
Jiee paHHEM W 3HaYNMOM yJIYYIIEeHUH (HYHKIMN KJIETOY-
HBIX CTPYKTYP y MAI[MeHTOB, TTOJAyYaBHINX PeamOepun
1,5% B cpaBHEHHU C TanuWeHTaMu, moiydasmuMu 0,9%
pactsop NaCl.
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are able to influence the rate of recovery of metabolic
activity by activating cellular mechanisms.

Conclusion

The investigation data showed earlier and significant
improvement in the function of cellular structures in
patients receiving 1.5% Reamberin compared with
patients receiving 0.9% NaCl solution.
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Ileav uccaedosanus — u3yuuTh BIUsHUE HEePeGPANbHOI <TMIOKCEMUN»> Ha II0Ka3aTed HeHPOIOBPEeKIEeHHs, OCHOBBIBAICH
HA JMArHOCTHKE I10CIEe0NEePAIMOHHbIX KOTHUTUBHBIX HAPYLIEHHUIT U IOKa3aTeeil MapKkepa Heiipo-nospexaenus 6enxa S100b,
U3YYUTh B3AHMOCBSI3b PA3JINYHBIX MIOCIEONEPANOHHBIX KOTHUTUBHBIX paccTpoiicts. Mamepuan u memoost. UccnenoBanue
NPOBeEHO Y 48 GOIBHDBIX HE KaPAUOXUPYPTHYECKOTO U He HEHPOXUPYPrHUECKOro NPOGUIS € IIOATBEPIK/IEHHBIM LepeGpo-Ba-
CKYJISIPHBIM 3200JI€BaHUEM, ONIEPUPOBAHHBIX B YCJIOBUSAX TOTAJHHON BHYTPUBEHHOI aHECTE3UH HA OCHOBE MPONodoa u To-
TaJbHOI MUOIIernu. Yposens Geaka S100b B KpoBH onpenesiid nmocjie coObITHS HepedpaabHON «THIIOKCEMUH» , BbISABIIsIE-
Moii TpaHkpaHuaipbHOii oxcuMmerpueil. Ilocireomepanmonnsiii nemupuii auarnHocrupoBamn Merogom ICU-CAM;
MOCJIEONEPANMOHHYI0 KOTHUTUBHYIO JUC(YHKIMIO — HAa ocHOBaHHH MOHpPeaibCKOM IKaJIbl KOTHUTUBHOM Auc)YHKIUH B CPO-
ku: 7 auei, 1 Mecsiu, 3 Mecsna, 6 Mecsues, 1 rox, — UCNOJIb3YsI KOHTPOJIBHYIO IPYIILY, BBIIOJTHEHA CTAHAAPTUIALMS ITHX 110-
Kasateseil B Z-ouenku. Pesyavmamot. llepeGpanbuas necaTypanus npuBeia K pa3BUTHIO PAHHHX MOCIEONEPANMOHHBIX Pac-
crpoiict: u memupus, u auchynkuuu, — B 72,7 % ciyyaeB. Ilokasateau nepeGpaibHOl carypanuud yMEPEHHO, HO
JIOCTOBEPHO KOPPEJIHPOBATH € HEf{PONICHXO0IOrHYeCKUMH NOKa3aTesiMu Ha 30 CyTKH MCCIeIoBaHus M B 3 Mecsa 1ocjeorne-
PAIMOHHOTO MEPUOIA, A TAKIKE, HO YIKe cuibHee, ¢ ypoBHeM 0esika S100b. BepostHOCTh OCI€0nepaOHHBIX KOTHUTHBHBIX
PacCTpoIiCTB B 3aBUCUMOCTH OT n0Ka3areJeii 6eika S100b gocroBepHo npe/ckasana B MOJEIISIX JIOTHCTHYECKOI perpeccuu u
ROC-anamsa. Yacrora paHHeil 1 CTOWKON KOTHUTHBHOI MUCHYHKINH CTATUCTHYECKH 3HAYMMO Pa3inyaiach y OOJbHBIX C
Npe/IIeCTBYIOINM /{eIPHEM, B MOZIEIH JIOTHCTHYECKOIT perpeccHn, JOCTOBEPHO NPEICKA3aHa CBA3b 9TOTO COOBITHS U BbIPA-
JKEHHOCTH HEHPONCUXOIOrHYECKUX oKa3aTeell Ha 7 CYyTKH NOCJIe0NePaIHOHHOTrO Ieproia. 3akatouenue. Y GOJIbHBIX C 11e-
PeGPO-BACKYJISIPHBIMU 3200J€BaHUSIMU NU30/IbI IIePEGPAIBbHOI THIIOKCEMUH ONacHbl. IIpH HX BO3HNKHOBEHNH MOBBINIAETCS
BEPOSITHOCTb Pa3BUTHUSI NOCIEONEPAHOHHBIX KOTHUTUBHBIX PACCTPONCTB, B TOM YHCJIE /UIMTENbHbIX. PaHHUM npeuKTOpoM
NOC/IE0NEPANMOHHBIX KOTHUTHBHBIX PACCTPOICTE sABJsieTcs yposenb Genka S100b Boime noporosoro sHayenus B 0,26 ur/mi.
Knroueevie crosa: uepe6po-BacKyisipubie 3a00I€BaHNsl, HE KAPIAUOXUPYPIUYECKUE OIEPAIHH, OCIEONEPAMOHHBII J1eHu-
Ppwii, mocaeonepanuoHHasi KOTHUTHBHAs AuchyHKIMs, nepebpaibHas okcumerpusi, 6enox S100b.

Objective: to study the impact of cerebral hypoxemia on the indicators of neuroinjury, by relying on the diagnosis of post-
operative cognitive impairments, and the neuroinjury marker S100b protein and to examine the relationship of postopera-
tive cognitive mpairments. Subjects and methods. Forty-eight non-cardiac surgical and non-neurosurgical patients with
verified cerebrovascular disease, who had been operated on under total intravenous anesthesia with propofol and total
myoplegia, were examined. Blood S100b protein levels were determined after cerebral hypoxemia detectable by transcra-
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nial oximetry. Postoperative delirium was diagnosed by the ICU-CAM test; postoperative cognitive dysfunction was diag-
nosed according to the Montreal cognitive assessment scale in the periods: 7 days, 1, 3, and 6 months, and 1 year, by using
the control group, the Z scores of these indicators were standardized. Results. Cerebral desaturation led to early postoper-
ative disorders, such as delirium and dysfunctions, in 72.7% of the cases. Cerebral saturation parameters correlated mod-
erately, but significantly with neuropsychological indicators at 30 days of the study and 3 months after surgery and just
stronger with S100b protein level. The risk of postoperative cognitive impairments in relation to the values of S100b pro-
tein was validly predicted in the models of logistic regression and ROC analysis. The rate of early and persistent cognitive
dysfunction differed statistically significantly in patients with prior delirium; the logistic regression model validly predict-
ed a relationship between this event and the neuropsychological indicators on 7 days postsurgery. Conclusion. In the
patients with cerebrovascular diseases, cerebral hypoxemic episodes are dangerous. When they occur, there is an increased
risk of postoperative cognitive impairments, including long-term problems. The above-threshold S100b protein concentra-
tion of 0.26 ng/mg is an early predictor of postoperative cognitive disorders. Key words: cerebrovascular diseases, non-car-
diac surgery, postoperative delirium, postoperative cognitive dysfunction, cerebral oximetry, S100b protein.
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BBenenne

Ecin ete coBceM HelaBHO OCHOBHOE BHUMAHUE UC-
crefioBaresiell, 3aHUMAIOIIUXCS TIPOOIEMON TT0CIeonepa-
IIMOHHBIX W3MEHEHWN IeHTPaJIbHOU HEPBHON cHcCTe-
MbI(ILTHC), 6b110 chokycrpoBano Ha HeOGIArONpPUSITHBIX
HEBPOJIOTUYECKUX COOBITUSX, HE 3aMETUTh KOTOPbIE OBLIO
HEBO3MOKHO (MHCYJIBTBI, CY/IOPOXKHBIN CHHIPOM, OIUCTO-
ToHyC 1 T. .) [1], TO, B HacTosee BpeMst, Bce GOJIbIIML
MHTEPEC BBI3BIBAIOT MEHEE BbIPAXKEHHbIE HAPYIIIEHUS, TPO-
SIBJISIIONINECS, B TIEPBYIO OU€PE/ib, NU3MEHEHMSIMU BBICIITUX
MCUXUYecKnX (KOrHUTUBHBIX) Gynkimii [2, 3]. Xors, npo-
rHO3 MOA00HBIX COCTOSTHUI CYNTAETCS, B 11€JI0M, GJ1arornpu-
AaTHBIM (y OOJIBIIMHCTBA GOJIBHBIX KOTHUTUBHbIE PacCT-
poiicTBa perpeccupyioT B TedeHue 6 MecsIeB Tocje
OTIepaIni ), UMEIOTCSI OT/EJbHbIEC CBUIETEIbCTBA B3AUMO-
CBSI3U TTOCJICOTIEPAIIMOHHBIX KOTHUTUBHBIX HAPYIICHWH €
YXy/IIIEHHEeM KauecTBa JKU3HU, U, Ia)Ke, YBEJTMUCHUEM Jie-
tanmbHocTU [4—6]. [locaennee 06CTOATENBCTBO 00y CIIaB-
JIMBAET BO3PACTAIOIIUN HHTEPEC AHECTE3HOJIOTOB K 00CY K-
JlaeMoit mpobseme.

[TocneonepaimoHHbie  paccTPONCTBA CO3HAHMS
MPUHSATO Pa3/e/igITh Ha IOCJEeONePAMOHHBIN AeTUPUil
(ITO/1) u 1tocsieonepaMoOHHY 0 KOTHUTUBHYIO INCHYHK-
o (ITOK/D).

[empwuii onpenensiercst Mesxxaynapomaont Kimacen-
uxanueit bonesneit (MKB-10) kax atnosornueckuii ne-
criennpuuecKuii OpraHIecKuil epedpaJbHbIl CUHIPOM,
XapaKTEePU3YIONIMIICS HAPYIIEHUSIMU CO3HAHWS, BHIMA-
HUSI, BOCHPUSITHS, MBIIJICHUS, TAMSTH, ICUXOMOTOPHOTO
MOBEJICHUS, HMOIME, HapylIeHUEeM 4Yepe/loBaHus CHa-
6oapcrsosanus [7]. PassuBaercs y 10—70% nanueHToB
crapiire 65 et B 1—4 CyTKM MOCIEOTIEPAIHOHHOTO TIEPUO-
na [8, 9]. OOGwenpunsitag MOJAETb PA3BUTHS [IEJTUPHS
MIPE/ITIoJIaraeT HaJIM4ue MPeApPacoNaraloluX 1 UHAIUU-
pyoIux GakTopoB: MOKUION BO3pacT, 00pasoBaTeIbHbIII
[IEH3 U HAJIMYKE CEPbE3HBIX COIYTCTBYOIIMX 3a00 € BaHMiT
noBbInaioT puck sosunknosenus [1O/] [8, 10, 11]; cpeaun
ITyCKOBBIX (haKTOPOB €/[Ba Jii He IJIABHBIM TIPU3HAETCS 11e-
pebpasbHast Trokcemust [12].

[Tocneonepannonnast KOTHUTUBHAS TUCHYHKIIMS He
3HAUMTCS B liepeuHe 3a60JeBaHuii u coctostHuii MeskyHa-
pomnoit Kinaccuduxarym bomresueit (MKB) [13] u DSM-IV
[14, 15]. Caiegyer OTMETHTB, UTO TEPMHUH «yMepPEHHbIE KOT-

Introduction

In most previous studies much attention of
researchers dealing with problems of postoperative
changes of the central nervous system (CNS) was focused
on easy-to-notice unfavorable neurological events like
strokes, convulsive disorder, opisthotonos, etc. [1]. Most
recently the focus of interest was skewed to less evident
disorders manifesting themselves primarily as changes of
higher psychic (cognitive) functions [2, 3]. Although the
forecast of these conditions is considered, on the whole, to
be favorable (in most patients, cognitive disorders regress
within 6 post-operative months), there is some evidence of
interconnection of postoperative cognitive disturbances
with impaired life quality and even increased mortality
[4—6]. The latter circumstance ensures the increasing
interest of anesthetists to the problem in question.

Postoperative disturbances of consciousness are sub-
divided into postoperative delirium (POD) and postoper-
ative cognitive dysfunction (POCD). Delirium is defined
by the International Classification of Diseases (ICD-10)
as an etiologically non-specific, organic cerebral syndrome
characterized by troubles of consciousness, attention, per-
ception, thinking, memory, psychomotor behavior, emo-
tions, and wake-sleep cycle [7]. It develops in 10—70%
patients over 65 years old on the 1st — 4th day of the post-
operative period [8, 9]. The generally accepted delirium
model assumes the presence of predisposing and initiating
factors: elderly age, education qualification and presence of
serious coexisting illnesses increase the POD risk [8, 10,
11]; cerebral hypoxemia is considered to be the main
among the starting factors [12].

Postoperative cognitive dysfunction is not listed
among the diseases and states in the International
Classification of Diseases (ICD) [13] and DSM-IV [14,
15]. It is to be noted that the term «mild cognitive impart-
included
International Classification of Diseases as an independent
diagnostic position [16], but this revision does not men-
tion the cause-effect relation with the surgery. According
to modern vision, POCD is a reduction in various neu-

ment» was in the tenth revision of the

ropsychological areas including memory, attention concen-
tration, and educability [17]. Unlike the typical patient
with POD, POCD is marked by absence of disorientation,
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HUTUBHBIE paccTpolicTBay (aHrL: mildcognitiveimpartment)
6b1 BRTIOUEH B JlecaToiii mepecMoTp MeskayHapoaHOH
Knaccuduxarm Bosesneii, kak caMOCTOSITETbHAS IHArHO-
cTrdeckast no3uty [ 16], Ho ykazaHU Ha IPUIMHHO-CJIE-
CTBEHHYIO CBSI3b C XUPYPIHMYECKMM BMEIIATEJBCTBOM B
ATOM IIEePeCMOTpe OTCYTCTBYIOT. [0 coBpeMeHHbIM TIpes-
crasiernsv ITOK/T mpezcrasisier cob0l CHUKEHE B pas-
JIMYHBIX HEHPOICUXOTOINYECKUX 00JIACTSAX, BKJIKOYAs Ma-
MSATb, KOHIIEHTPAIMIO BHUMAHUSI, CIIOCOOHOCTh K
oGyuenmio [17]. B ommmunu oT TUIMYHOTO TMAIMEHTA C
IO/ pu ITOK/ orcyTcTBYIOT [Ae30pueHTalIrs, 0OOMaHbI
BOCIIPUSITHSI, IIMKJIMYHOCTh CUMIITOMATHKM; HO HaOJII0/1a-
I0TCSI 3HAYUTEIbHBIE OTJINYUS OT UCXO/IHOTO YPOBHS B KOT-
[18—21].

ITOK/ mipu He- KapAMOXUPYPrUYeCKUX BMEITATEIbCTBAX B

HUTHBHBIX 00J1aCTSIX PacrpocTpanenHocTb
€BPOIIEICKUX cTpaHax Oblla U3yyeHa B KPyIHeleM s1u-
JIEMUOJIOTIYECKOM HcceoBannu International Studyof
Postoperative Cognitive Dysfunction (ISPOCD), mnpose-
nexrom B 1998 1. B pesyuibrare uccaenoBanust 6110 06Ha-
PY:KEHO, UTO KOTHUTUBHAS ANCHYHKITUS TPUCYTCTBOBAJIA Y
26% mokuIbIX TareHToB yepes 1 nemperio n'y 10% gepes 3
Mecsitia noce ornepannu [22]. [TIOK/] MoskHO pasiennTsb Ha
OCTPYIO, TIPOMEKYTOYHYIO U TTO3/IHIO0 UJIH JIOJTOCPOUHYIO
muchynknnio [22]. Tepmun «octpas I[IOK/I» ucnomnsayer-
sl JIUISL ONKMCAHMsI KOTHUTUBHBIX HAPYLIEHUN, OOHAPY KEH-
HBIX Ha 6—7-i JleHb 10CJe Oleparyu, «IIPOMEKYTOYHAS
TTOK/l» — mist m3aMeHeHwit, COXPaHSIONUXCsT B TeueHne 3
Mecstes, u «gaoarocpouras [ITOK/l» — mist uamenenwnii, Ko-
TOpbIE MOTYT JUTUThCSE 10 1—2 JieT u, jaxe, COXPAHSITHCS
MoKU3HEeHHo |3, 6, 10, 23—28].

s onerku [TO/IB HacTositiiee BpeMst peKOMEH/10-
BaH TosbKo MeTosL ICU-CAM [29—33], Toraa xak 71s 1u-
arnoctuku [TOK/] HeoOX0A1MMO MCIOIb30BaTh HAabOP Tec-
TOB, COCTOSNIMII He MeHee 4yeM M3 4—5 mKan GaabHOR
ottenku. Ilocyiesiee BpeMst I7isi OIIEHKH <HE JIEMEHTHBIX»>
KOTHUTHUBHBIX PACCTPOMCTB B Py HEHPO-TICUXUIECKUX
TECTOB Bee GOJIBIIYIO MONYJISPHOCTD IiprobperaeT MoHpe-
asbekas mikana KoruutuBHoi onenkn (MoCA-test), pu-
MeHeHUe KOTOPOit 000CHOBAHO OTJIMYHBIMU [TOKA3ATEISIMI
YYBCTBUTEJNHHOCTH, CIENMUMUIHOCTH U TTPEBOCXOICTBOM
Ha/l aHAJIOTHYHBIMM JINATHOCTUYECKUMU Tectamu |34—38].

YauTbiBas CX0XKeCTb, €CJIM He CKa3aTh WMICHTHY-
HOCTb, TpejinosaraeMbix MexanusmoB pazsutus 1O/l u
ITOK/1, ectb ocHoBanus nosnararh, uto I1O/] asisercs, ec-
JI He TIPUYUHOI, TO OZIHUM U3 HauboJiee PacipoCTPaHeH-
HBIX 1TpeAnKTOpoB nocseaytonmx [TOK/I.

C 11eJ1b10 IPOBEPKU JAHHOTO TIPEAIIONOKEHUS U Obl-
JIO TIPEJIIPUHATO HacTosIee nccaenoBanue. [Ipuuem, Boi-
HOJIHEHO OHO ObLIO y GOJIBHBIX € 1ePeOPO-BACKYJISPHOIL
HEJI0CTATOUHOCTBIO, T.€. TAIUMEHTOB, HauboJee YyBCTBU-
TEJIbHBIX K ME€PUOTIEPAIIMOHHON IUTIOKCEMUH.

Marepuan u MeTObI

OO0niasi XapaKTepUCTUKA OOJbHBIX M METO/bl MCCIIEA0Ba-
Hust. VceienoBanie mpoBesieHo y 48 GOIBHBIX € COMYTCTBYIOIIIM
1epe6po-BaCKyIAPHBIM 3a00JI€BAaHNEM, OIIEPUPOBAHHBIX B (DU~
ane «Menunnentps TnasYu/[K npu MI/I PO u TKBI ®CBH PO
B2011—2013 rr. Bce 6oabHbBIE TMCHMEHHO MOATBEPANIIN COTIACHE
Ha y4yacTue B UCCJIe[OBAHIU.

false perception, or symptomatology cycles; but there are
significant differences from the initial level in the cognitive
areas [18—21]. The POCD prevalence at non-cardiosurgi-
cal operations in European countries was covered in a
major epidemiological study, International Study of
Postoperative Cognitive Dysfunction (ISPOCD) carried
out in 1998. The study discovered that cognitive dysfunc-
tion was present in 26% of aged patients after 1 week and
in 10% after 3 postoperative months [22]. POCD can be
subdivided into acute, intermediate and late or long-term
dysfunction [22]. The term <«acute POCD» is used for
describing cognitive disturbances detected on the 6th —
7th day after the operation; <intermediate POCD» is used
for changes persisting for 3 months; and <«long-term
POCD» is used for changes that may last for up to 1—2
years or even for life [3, 6,10, 23—28].

Only the ICU-CAM method is now recommended
for evaluating POD [29—33], whereas for diagnosing
POCD, it is necessary to use a set of tests consisting of at
least 4—5 point scales. Recently, to evaluate non-dement
cognitive disturbances, the Montreal Cognitive
Assessment (MoCA-test) has been becoming increasingly
popular among the neuro-psychic tests. Its use is account-
ed for by excellent indicators of sensitivity, specificity and
its superiority over similar diagnostic tests [34—38].

Considering the similarity or even identity of the
supposed mechanisms of development of POD and POCD,
there is every reason to believe that POD is a reason or at
least one of the most wide-spread predictors of subsequent
POCDs.

This study has been undertaken to verify this
assumption in patients with cerebrovascular insufficiency,
i.e.,, in patients who are most sensitive to perioperative
hypoxemia.

Materials and Methods

General Characteristic of Patients and Study Methods.

The study included 48 patients with coexistent cerebrovas-
cular disease who were operated on at the branch MedIntCentre
of the Main Production and Commercial Direction for Servicing
the Diplomatic Board at the Ministry of Foreign Affairs of the
Russian Federation and at the Main Clinical Military Hospital of
Federal Security Service of the Russian Federation in 2011 -2013.
All patients gave their written consent to the participation in the
study. The study was approved by local Ethics Committees prior
to initiation.

Inclusion criteria:

1. Age over 65;

2. A cerebrovascular disease confirmed by an expertize;

3. Reduction of cognitive functions. Evaluation according
to the MoCA-test scale — from 18 to 25 points.

Exclusion criteria:

1. Dementia;

2. Evaluation according to the MoCA-test scale — less
than 18 points;

3. Old stroke or infarction of less than 6 months before
this surgery;

4. Oncological disease or another grave chronic disease at
the decompensation stage;

5. Movement restriction due to previous diseases;

6.  The patient needs prolonged ALV,

7. The patient needs postoperative sedation;
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Ta6umua 1. /[03bl npenaparoB, HCHOJIb30BAHHBIX /ISl BBOJHOTO HAPKO3a/TOJIEPIKAHNIS AaHECTE3HH.
Table 1. Doses of drugs used for anesthetic induction/anesthesia maintenance.

Drugs The doses of drugs on the stages of anesthesia
induction maintenance
Propofol 2.2+0.9 mg*kg" 3.7+1.1 mg*kg*hour
Phentanylum 4 mg*kg 2.4+1.0 mg*kg*hour
Nimbex 0.05 mg*kg'*hour 0.05 mg*kg"*hour”'

Note (npumeuanue): drugs — npernapatsri; the doses of drugs on the stages of anesthesia — 10351 1penapaTos Ha atanax anecresu; induc-
tion — mHYKIMS; maintenance — noanepskanue; Propofol — mponodos; Phentanylum — ¢enrtannn; Nimbex — nncarpaxypusiGesuiar;

mg*kg*hour"' — mr*kr'*uac™.

Kpurepun BrioueHus::

1. Bospacr crapiue 65 ser.

2. IloaTBepkieHHOE 3aKTIOYEHHEM CIEUATICTa Tepes-
PO-BaCKyIsIpHOE 3a60IeBaHNE.

3. CHumxenue KOrHUTUBHBIX (hyHKInil. OlieHKa 110 1IKase
MoCA-test ot 18 510 25 6aoB.

Kpurepun uckmoyenus:

1. Jlemenius.

2. Ornenka 110 mkaize MoCA-test menee 18 6asos.

3. llepenecennsrii MHCYIBT W WHQAPKT JaBHOCTHIO Me-
Hee 6 MecsLeB /10 IH HACTOAIIEH oneparun.

4. Hammdne OHKOJOTHYECKOTO 3a00I€BAHUS MU IPYTOTO
TSKEJIOTO XPOHUIECKOTO 3a00IEBAHNST B CTA/INN TEKOMIIEHCAITH.

5. Orpanuyenvisi JBUKEHUIT BCJEACTBUE TE€PEHECEHHBIX
3aboreBaHuil.

6.  DBomproil (ast) HykaaeTcsl B TPOBEIECHUN MPO/JICHHOM
NBJIL

7. Bousbnoii (ast) Hy:kIaeTcst B celalluu TOCJIe ONepPaIui.

8. Xwupypruueckue OCJHOXKHEHHs B PaHHEM IOCJeolepa-
IIMOHHOM ITI€pPUO/IE.

9.  lpyroe omepaTuBHOE BMEIIATENBCTBO WJIU MEIUIIH-
CKast MAHUITYJISIIIIST C AHECTE3NOIOTHIECKIM TI0COOMEM B TIEPHOL
UCCIIe/IOBAHUSL.

Meron anecre3un. VIHTpaorepaIioHHast 3aiunra Bcex 60Jb-
HBIX [IPOBOJINJIACH METO/IOM TOTAJIbHO BHYTPUBEHHO aHECTe3MH
(TBA). BBosiHbIil HAPKO3 COCTOSLI U3 HOCJIE/[0BATEIBHOTO BBE/Ie-
Hus nporodosa u penranuia (tabsu. 1). Mnrybaimio Tpaxen Bbl-
MOJTHSIN Ha (hoHe TOTaTbHON Muonsernu moj Koutposem TOF
(TOF-Watch, Organon, Huznepnanasi) u monuropunra BIS (ie-
JieBoit ypoBenb 45—55 en.). Ilomnepskatie anecre3un oCymecTs-
JISTTA TEMU 3Ke TIpeTapaTaMu.

Bceewm nanmentam nposoauiu UBJI B pexkume CMV armmapa-
toMm FabiusGS+ ¢ wunrterpupoBanibiM MoHuTOpoM InfinityM
(Drégger, lepmanus).

B nocsieornepainoHHoM neproze 60JbHbIe Toydanm nHdysu-
OHHYIO U CHMITTOMATIYECKYIO TEPAIUIO B COOTBETCTBIE C TPeOOBa-
HUSIMI JIEYEHUS] OCHOBHOTO M COMYTCTBYIONMNX 3a00JI€BAHIN 110
eaunomy JiedeGHoMy cranapry. OGes3bosmBanyie: B IepBble CyTKI
oCJIeoTepaoHHoro nepuona — Mmopdu B 1o3e 10—20 mMr/cyTku,
BTOpbIe — TPeTbH cyTKN — Mopdun (0—15 Mr/cyTkn) B KOMOUHA-
I[UH C HECTEPOM/IHBIMI IIPOTUBOBOCIIATINTEIBHBIMU TIPEIIAPATAMIL.

MonuTOopHHT
IKT ¢ moxcuerom YCC.

A/l HeMHBA3UBHBIM METOJIOM.

SpO, ¢ myabpcoKCnMeTpUYecKoil KPUBOI.
O6bema BIIOXa,/BbIIOXA.

FiOy;

EtCOy;

Yacrotsr apixanus (Y/1).
lepMeTHYHOCTH /IBIXaTEIBHOTO KOHTYPA.

9.  BIS-monuropunrnputopom Aspect — 2000 nim Vista,
Aspect med. inc. (CIIIA).

TpaHKPAaHUATBHYIO OKCHMETPUIO MPOBOAUIKM TPUOOPOM
Fore-Sight (Casmed, USA). «3uusoaoM 1epebpaibHOil «TUIT0-
kceMnm» (cobbrTreM) cuntann camkerne SrO,y Ha 3 MuH 1 6osee
110 ypoBHs Ha 20% Hike, HAGIIOAEMOT0 OCIE UHY KUK AHECTe-
31H, JI0 HAYAJIa OTIEPAIUH B YCJIOBUSX CTAOUIBHON TeMOJINHAMI-
ku u SpO,y 98—100%. Ipu camxennu SrO, feiicTBOBAIN B COOT-
BETCTBHE CO CJIE/IYIOIUM aJTOPUTMOM:

PN W

8. Surgical implications in the early postoperative period;

9. Another surgical intervention or medical manipulation
with anesthetic aid during the study period.

Method of anesthesia.

The intraoperative protection of all patients was performed
by method of total intravenous anesthesia (TIA). The anesthetic
induction composed of consecutive injection of profopol and
phentanylum (Table 1). The intubation of trachea was performed
on the background of total myoplegia under TOF control (TOF-
Watch, Organon, Netherlands) and BIS monitoring (target level
45 — 55 U). The anesthesia was maintained with the same prepa-
rations.

All patients were subject to ALV in the CMV mode with a
Fabius GS+ apparatus with integrated Infinity M monitor
(Dragger, Germany).

During the postoperative period, the patients received infu-
sion and symptomatic treatment in conformity with the require-
ments for treatment of the main and coexisting illnesses according
to the single medical standard. Pain relief: on the first day of the
postoperative period: morphine 10—20 mg/day, second and third
day: morphine (0—15 mg/day) combined with nonsteroid anti-
inflammatory preparations.

Monitoring
ECG with HR count;

ABP by non-invasive method,;
Spot, with pulseoximetric curve;
Breathing in/out volume;

FiOy;

Breathing rate (BR);

Breathing circuit tightness;

9. BIS monitoring by means of Aspect — 2000 or Vista,
Aspect Med. Inc. (USA).

The transcranial oximetry was performed by means of Fore-
Sight device (Casmed, USA). A reduction of SrO, to a 20% lower
level for 3 minutes or more, observed after anesthetic induction
before the operation beginning in the conditions of stable hemo-
dynamics and at SpO, 98—100% was considered to be a cerebral
hypoxemia case (event). At SrO,, we acted in accordance with the
following algorithm:

e one-time hypotension (reduction of ABPavrg. by 10%
or more relative to the outcome) without hemorrhage — nora-
drenaline infusion with an initial dose of 0.3 mg/kg and increase of
FiO,4 to 0.9;

*  hypotension as a result of hemorrhage occurrence —
increase in the rate and change of the quality composition of the
infused solutions and increase of FiO, to 0.9;

* if the cause of SrO, reduction cannot be established —
increase of FiO, to 0.9 and change of ventilation parameters to
increase ETCO, to 50 mmHg.

To determine the content of S100b protein, as a marker of
neuronal injury [39] venous blood samples were taken before the
induction and subsequently 24 and 48 hours after the end of the
operation only in those patients in whom cerebral hypoxemia
event were discovered in the process of anesthesia.

The POD diagnosis was performed by CAM-ICU method
[40, 41] on the 1st—3rd day of the postoperative period; and
POCD was diagnosed by neuro-psychological testing with the aid
of a MOCa-test [38, 42].
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Bonpocsr obesboamBanms

Ta6muua 2. HekoTropbie aHTPONOMETPUYECKUE U [EMO-
rpaduyeckue aHHbIe 00CIEeJOBAHHBIX OOJIBHBIX

Table 2. Anthropometric and demographic information
of the patients under study

Parameters Parameter values
Number of patients, n 48
Men/women, n 22/26
Coexistent CHD, % 67
Coexistent essential hypertension, % 86
Coexistent COPD, % 13
Coexistent COLD, % 15
ASA1 —
ASA 11 —
ASAIII, % 17
ASA 1V, % 83
ASAYV, % —

Note (npumeuanne): Parameters — nokasarenu; Parameter val-
ues, n% — 3HaueHe Mokasareseif, n%; number of patients — uric-
J10 GOJIBHBIX; MeN — MYKYMHBI; WOmMeN — JKEHIINHBI; coexistent
CHD (ichemic heart disease) — comyrcrByomas UBC (umemu-
yeckast 6osie3Hb cepia); coexistent essential hypertension — co-
MyTCTBYIOIAsl THIIEPTOHMYecKast Oosesmb; coexistent COPD
(cronic obstructive pulmonary disease) — comyrerByomas xpo-
Huyeckass oOCTpyKTUBHast Gojiestb Jerkux; coexistent COLD
(chronic nonspecific lung disease) — comyTcTBytomee xporndec-
Koe Hecrenupuueckoe 3abosesanue jgerkux; ASA1 — ASAV —
mKaja AMEPUKAHCKOW accolMaluy aHecTe3noyoroB ASA s
OIEHKM TSKECTUT COCTOSTHUST OOJIBHOTO.

. MpU OHOMOMEHTHOW runoTen3uu (cumkenne AJlcp.
Ha 10% 1 GoJiee IO OTHOIIEHUIO K UCXOY) 6€3 KPOBOTEUEHUST —
nH}y3UsT HOpaIpeHaTNHa B HAYaIbHOi 03e 0,3 MKT/KT 11 yBeJsIn-
yenue FiO, 10 0,9;

. IIPU TUTIOTEH3UH B Pe3yJITaTe BO3HUKIIETO KPOBOTEUe-
HUS — YBeJMYeHHe TeMIla U U3MEeHeHNe KaueCTBEHHOTO COCTaBa
nndysupyempix pactsopos u yseanuenue FiO,y 1o 0,9;

. ecau ipuuniy cumkenusi SrO, He yIaBaloch yCTaHo-
BuTh — yBeanudenne FiO, 10 0,9 1 namenenne mapaMeTpoB BeHTH-
ssinn, npeznosaraoiue poct ETCO, 1o 50 MM pr. cT.

Jlnsa onpenenenus cogepskanus Geaxa S100b, kak Mapkepa
Heiipo-tioBpexkaenust [39] mpoObl BEHO3HOI KPOBU Gpajiv 110 WH-
JIYKIIIU 1 Jfasiee dyepes 24 1 48 yacos 1nocJie OKOHYaHUs OIepanm
TOJIBKO ¥ TeX OOJIbHBIX, Y KOTOPBIX B MPOIECCE aHECTE3UH ObLITN
BBISIBIIEHBI COOBITHST 11€PEGPATBHOI «THITOKCEMIN».

HexoTopsle anTporioMerpuyeckue AanHbie GOJbHBIX MPe/-
CTaBJIeHbI B TabI. 2.

Pacripeziesierivie 60IBHBIX B 3aBUCUMOCTH OT XapaKTepa BbI-
IOJIHEHHBIX OTIepalHii Ipe/icTaBIeHo Ha puc. 1.

Junarnoctuxy 1O/l npoBoauau meronom CAM-ICU [40, 41]
Ha 1-e n 3-u cyTku nocseoneparonnoro nepuoaa; [IOK/] — ma
OCHOBAHUU HEHPO-IICHXOJIOTNYECKOT0 TECTUPOBAHKS € TOMOIIIBIO
MOCa-test [38, 42].

C 11espIo ToCyTeayIomeii Helpo-TCUX0JIOTNIeCKON OIEHKH C
UCIIOJIb30BAHUEM METOJUKY CTaHnapTusanuu [43] Gblia coznana
KOHTPOJIbHASI TPYIINA, B KOTOPYIO BONLIO 47 HOOPOBOJBIIEB M3
YICIIa TIPUKPENIEHHOTO KOHTHHTeHTA BeJIOMCTBEHHOMN TTOJIMKJIN-
HUKU U POJICTBEHHUKOB IAIMEHTOB, IPUHIMABIINX y4acTue B UC-
caenoarui. Habop rpymibl KOHTPOJISE B TAHHOM CJTyYae 1eJieco-
o6paseH 1Mo MpUYMHAM:

1. Mununmusanus «ahdexra sanomunanusy [22, 44].

2. B cermente nmanuenTos ¢ conyrcrByiomumu [[B3 mpo-
1[ECChI OTPHIATENBHON IMHAMUKHI 3aKOHOMEPHBI I B HEKOTOPBIX
CIIYYastX CHUKEHME KOTHUTHBHOTO CTAaTyCa MOJKET ObITh HE CBS3a-
HO € [eprorepaonubiMu (hakTopamu.

B wuccrenyemoii Tpyiine, Ha KaskOM dTare MCCIe0BaHusT: 7
nueit, 1 mecsin, 3 Mecsna, 6 Mecsues, 1 rog, — pesyssratel MoCA-
test MOJBEPraCh MPOIE/LYPe CTAHIAPTU3AINI HAa OCHOBE aHAJIO-
THYHBIX HEHPO-TICHXOJIOTHYECKNX MOKa3aTeslel, Olpe/Ie/IeHHbIX B
Te ke CPOKM Y KOHTPOJIbHOI rpytibl. [Tomyuennslii pesysraT nc-

10

17
M Laparoscopic cholecystectomy
I Colon surgery
| Gynecological operations

B Herniotomy

Puc. 1. Pacnpezenenne 00JIbHbIX B 3aBUCHMOCTH OT XapaKrepa
BBINIOJIHEHHBIX OIepaIuii

Fig. 1. Distribution of patients according to the character of
operations performed

Note (mpumeuanue): laparoscopic cholecystectomy — mamapo-
CKOTIMYECKas XOJIEMUCTIKTOMUST; colon surgery — omeparuu Ha
kuteunnke; gynecological operations — runekosoTIYECKIE OTTE-
paiyn; herniotomy — yiajieHne rpboKHy.

For the purpose of subsequent neuro-psychological evalua-
tion with the use of standardization methods [43], a reference
group was created that included 47 volunteering individuals from
the local community area and relatives of the patients participat-
ing in the study. In this case, the reference group recruitment is
expedient for the following reason:

1. Minimization of the «memory effect» [22, 44]

2. In the segment of patients with coexistent CVDs, the
negative dynamics processes are natural, and in some cases the
cognitive status reduction may not be connected with periopera-
tive factors.

At every study stage (7 days, 1 month, 3 months, 6 months, 1
year ) the results of a MoCA-test were standardized on a base of
similar neuro-psychological indicators determined in the refer-
ence group for the same time periods. Obtained result was used for
detecting POCD and evaluating its gravity. The Z-score equal or
exceeding 1.96 evidenced a deviation from the norm, i.e., of devel-
oping POCD; a greater value corresponded to a greater gravity of
dysfunction.

For forecasting the standardized indicators determining a
severe degree of POCD, a logistic regression model was used, in
which the Z-score variables at all stages of the study were includ-
ed in one whole and reduced to a binary index (POCD event — 1;
absence of POCD — 0). After that, the least square method was
used to conduct the procedure of logistic regression with one vari-
able in the form of the said indexes; this analysis resulted in a
POCD event with probability of at least 95%.

Statistical analysis.

The statistical processing of the results obtained was made
using MedCalc 7 software, StatPlus 2009 Professional. The vari-
ables obtained during the neuro-psychological testing were stan-
dardized [43]. The results were further processed to perform
Spearman rank order correlation, logistic regression, ROC analy-
sis, and comparison of frequencies of binary qualitative characters
in both groups.
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nosib3oBasn Jiist BoisiBienust [TOK/] u orieHku ee TsixkecTi. Z-0o1eH-
Ka paBHas n npesbrmaiomas 1.96 ceugerenbcTBOBama 06 OTKIOHE-
HUM OT HOPMBI, TO ecTh 0 passutun [TOK/I, Gosbinmii okasaress
COOTBETCTBOBAJ OOJIBIEMY 3HAYEHHIO TSUKECTH IUCHYHKITHIL

JL1st Ipe/icKa3anms CTaHAAPTU3NPOBAHHBIX [TOKa3aTeeld, Or-
penensiionux Tsokenyto crerenb [TOK/L, ncnosb3oBaiacs soruc-
THYeCcKas perpecCHOHHas MOJIeJIb, B KOTOPOII IlepeMeHHbIe Z-o1ie-
HOK Ha BCEX IJTamax WCCAeI0OBAaHNS BKJIIOYEHBI B OJHY
COBOKYITHOCTb U IIPUBE/IEHBI K GUHAPHOMY TT0Ka3aTeso (CoObITIe
ITOK/I-1, orcyrctBue ITOK/I-0). B pambueiiniem MeTomoM Hau-
MEHBIINX KBA[PATOB ITPOBEIEHA TIPOIE/yPa JIOTUCTHIECKON per-
peccuu ¢ 01HOI He3aBUCUMOIL IIepeMeHHON B BUJie YKa3aHHBIX I10-
KazaTeJieii, pesyJIbraToM 9TOro aHajiusa siBusioch coobirne ITIOK/]
C BEPOSITHOCTBIO He MeHee 95%.

Cratuctnyeckuii anamms. Crarucrindeckas 06paboTKa 1oTy-
YEeHHBIX Pe3yJIbTaToB IIPOBOJIIJIACH C HCIIOJIb30BAHIEM IIPOrPaMM
Statistica 7, MedCalc, StatPlus 2009 Professional. Tlepementsre,
[OJTy4YEeHHbIE TIPM HeHPO-TICUXOJIOTMYEeCKOM TEeCTUPOBAHUU I10]I-
BepruyThl cranaaprusanun [43]. O6paboTka pe3yJ IbraToB npoBee-
Ha MPU MOMOIIN CTATUCTUYECKUX MOJIEJIEN: PAHTOBAsT KOPPEJISIINST
Crimpmena, sorucrudeckast perpeccusi, ROC-ananus, cpaBHeHue
YacTOT GHAPHBIX KAYeCTBEHHBIX TPU3HAKOB B JIBYX TPYIIIaX.

PesyabraThl U 00CyK/IEHHE

CpeaHue TepronepalioHHbIEIIOKA3aTEIN TeMOJIH-
HAMUKHN OTPa’keHbl Ha puUC. 2.

B xoz1e aHECTE3MOJOTMYECKOTO MOCOOUS B yKa3aH-
HOM BBIOOPKE GOJIBHBIX apTEPUAIbHON TUIIEPTEH3UN HE 3a-
peructprpoBano. HekoTopast TEHAEHIMS K TaXWKapIAHH,
BEPOSITHO, SIBJISIETCS] 3BAKOHOMEPHBIM KOMITEHCATOPHBIM OT-
BETOM CHMIIATHUECKONH HEPBHOW CHCTEMbl Ha BBEIEHUE
aHeCTeTHKa W OTBETOM Ha IpPUMEHEHHe HOpaJpeHaJInHa,
MIPUMEHSIEMBIM KaK JIJIsI JIeUeHsl TUIIOTEH3UH, TaK W P
AJITOPUTME JICYEHUS 11ePeOPATbHOON THTOKCEMUN.

Co0OBITHEM TUTIOTEH3UN CYUTATIOCH CHIKEHNE CPEl-
HETo apTepuabHOTO JaBjieHns Ha 20% OT UCXOIHOTO B Te-
YEeHUHU 5 MIUHYT, JAHHOE COCTOSHUE OTMeUeHo y 15 marmen-
ToB (31,2%).

[Ty IbCOKCMMETPHUST TTO3BOJIIIA BBISIBUTD TTNU30/IbI
YMEPEHHOH TUMTOKCEMUH, paree OMUCAHHDBIN aaTOPUTM
NpUBeEJI K HOPMAaJIU3aIluU CUTYaIuu y GOJIBIIUHCTBA O0JIb-
HBIX, OIHAKO, Y 3 60JbHBIX (6,2%) XUPYyprudeckoe BMela-
TEJILCTBO COMPOBOJKIAIOCH CUCTEMHOM ecaTyparet, ¢
HOCJIeYONMMEI NoKasaressivu catyparn 90—92%, 3a-
KOHOMEPHO, YTO ¥ ATHUX TAIMEHTOB CHCTEMHAsT TUIOKCE-
MUSI COTIPOBOKAAIOCH IIepeOpasibHOl ecaTypaliieHii.

[lepebpanbHas runokcemust ormedera y 22 (45,8%)
GOMBHBIX, TIPH 9TOM COOBITUE TUTIOTOHNHU OBLIOOCTOBEPHO
cBs3ano ¢ mokazaressimu StO, (r=-0,33; p<0,05), ¢ 607b-
el cnoit mogoOHas KOPPEIAIMOHHASA CBSI3b IPOSBIIACH
B oTHOMIeHNN MoKazatess SpO, (=0,56; p<0,05). OxHaxo
CJIETyeT OTMETHUTD, UTO TTPH TIPOBEICHUN MHOKECTBEHHOTO
PErpecroHHOT0 aHaIu3a pacipeie/eHre BIUSHUS Tepu-
OTIEPAIMOHHBIX (DaKTOPOB Ha BBIPAKEHHOCTh KOTHUTHB-
HBIX PACCTPONCTB YKA3LIBAET, YTO HE3ABUCUMBIMU TTPEINK-
(opmupoBanus
KOTHUTHBHBIX HAPYIIEHUH SBUINCD: CTETIEHD OOTEPAIH-

TOpaMu OCJIE0NEePAITTOHHBIX
OHHBIX KOTHUTHUBHBIX HapylleHuil, a 6ojiee 3HAYUMbIM,
riyOuMHA U BBIPAKEHHOCTh WHTPAOIEPAIIMOHHO 11epe6-
pasibHOI lecatyparuu. Tak cTaHAapTU30BaHHbIN Ko hu-
muent perpeccun (beta) ams mokasartens nepeGpasibHOiL

== Heart rate (beat/min) =gp= ABP, av. (mm hg)

mm Hg, beat,/min

End off 3hoursafter
operation surgery

Middle of an
operation

Out Induction

Puc. 2. Cpeanne nepuonepanyioHHbIe IOKa3aTeH TeMOMHAMHKH.
Fig. 2. Average perioperative hemodynamics indicators.

Note (npumeuanue): heart rate (beat/min) — 4ucsio cepaednpx
cokpamennii (ya./mun); ABP, av — average blood pressure (mm
Hg) — cpennee aprepuanbrHoe gaBienue (MM pT. CT.); outcome —
ucxox; induction — unaykius; middle of an operation — cepeau-
na onepaini; end of operation — komert oneparuu; 3 hours after
surgery — 3 4 1ocJie OTepari.

Results and Discussion

Average perioperative hemodynamics indicators are
shown in Figure 2.

In course of the anaesthetic support in the specified
sampling, no patients with arterial hypertension were reg-
istered. Probably, some tendency to tachycardia is a regu-
lar compensatory response of the sympathetic nervous sys-
tem to anesthetic induction and response to noradrenalin
infusion which is used for the hypotension treatment and
in the algorithm of cerebral hypoxemia treatment.

A hypoxemia event was a reduction of average ABR
by 20% in comparison with the outcome during 5 minutes,
it was noted in 15 patients (31.2%).

Pulse oximetry allowed detecting the events of mod-
erate hypoxemia, the algorithm described earlier resulted
in the normalization of the condition of many patients;
however, the surgical intervention of 3 patients (6.2%) was
accompanied by system desaturation with further satura-
tion indicators of 90—92%. Expectedly, system hypoxemia
in patients was accompanied by cerebral desaturation.

Cerebral hypoxemia was found in 22 patients
(45.8%) in which the hypotension event was negatively
correlated with SrO, indicators (=-0.33; p<0.05) and a
positive correlation was found in relation to SpO, indica-
tors (r=0.56; p<0.05). However, it should be noted that, by
conducting the multiple regressive analysis, a distribution
of influence of the perioperative factors on the intensity of
cognitive disturbances shows that the independent predi-
cators of the formation of postoperative cognitive distur-
bances included: a degree of preoperative cognitive distur-
bances and depth and intensity of intraoperative cerebral
desaturation. Thus the standardized regression coefficient
(beta) for the indicators of cerebral saturation on the 7th
day and 30th day of the study and after 3 months was 0.47,
-0.53 and -0.51, correspondingly, and in case of the analy-
sis of influence on POD 7=-0.53, the final indicators are
shown in the Table 3.
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Ta6auna 3. B3aauMoCBs3b U CTENEHb BO3/EICTBUS PA3JINYHBIX MEPUONIEPANMOHHBIX MIOKa3aTesell Ha BHIPAXKEHHOCTD
MOCJIEONEPAMOHHBIX KOTHUTUBHBIX HAPYIICHUIA.

Table 3. Interconnection and influence of different perioperative indicators on the intensity of cognitive disturbances
at different stages.

Parameters on stages of study Perioperative factor beta t(df) and p(t) R R? P
POD (CAM-ICU) MCI 0.2 1.62 (p>0.05) 0.7 0.49 p<0.05
Hypotension -0.18 -1.48 (p>0.05)

SpO, -0.31 -2.01 (p>0.05)
SrO, -0.53 -3.71 (p<0.05)
POCD (MOCa-test) 7 days MCI 0.06 0.45 (p>0.05) 0.59 0.35 p<0.05
Hypotension -0.23 -1.70 (p>0.05)
SpO, -0.20 -1.14 (p>0.05)
SrO, -0.47 -2.95 (p<0.05)
POCD (MOCa-test) 30 days MCI 0.29 2.64 (p<0.05) 0.76 0.58 p<0.05
Hypotension -0.05 -0.51 (p>0.05)
Saturation -0.19 -1.35 (p>0.05)
SrO, -0.53 -4.09 (p<0.05)
POCD (MOCa-test) 3 months MCI 0.33 2.94 (p<0.05) 0.77 0.59 p<0.05
Hypotension 0.00 0.001 (p>0.05)
SpO, -0.19 -1.27 (p>0.05)
SrO, -0.51 -3.81 (p<0.05)
POCD (MOCa-test) 6 months MCI 0.68 5.90 (p<0.05) 0.8 0.64 p<0.05
Hypotension 0.03 0.30 (»>0.05)
SpO, -0.07 -0.47 (p>0.05)
SrO, -0.23 -1.87 (p>0.05)
POCD (MOCa-test) 1 year MCI 0.77 7.10 (p<0.05) 0.84 0.7 p<0.05
Hypotension -0.08 -0.8 (p>0.05)
SpO, -0.1 -0.74 (p>0.05)
SrO, -0.11 -0.96 (p>0.05)

Note (npumeuanue): Parameters on stages of study — nokasaresn Ha stanax uccaenosanust; Perioperative factor — repuornepaoHHbIii
(akrop; beta (standardized regression coefficient) — 6era (crangaprusosanubiii Koadduinent perpeccun); POD (postoperative deliri-
um) — nocseonepanuonnsiii gesmpuit; POCD (postoperative cognitive dysfunction) — mocsieonepannontas KOTHUTUBHAS TUCHYHKIIUS;
Hypotension — runorensust; MCI (degree of preoperative cognitive disturbances) — crernenn npeonepanoHHbIX KOTHUTHBHBIX HapyIIie-
uni; day — memn, months — mecsiier; SpOy — (saturation) — Haceiimenne Kposr Kucaoponom; SrO, (level of cerebral saturation) — ypo-
BeHb 1epebpanbHoii catypann; MOCa-test (Montreal cognitive assessment scale) — MoHpeanbckast mKasa KOTHUTUBHOW OIEHKH;
CAM-ICU — confusion assessment method for the intensive care unit — MeTo/1 OIIEHKK CIIyTAHHOCTH CO3HAHWS JIJIsl HHTEHCUBHOI Tepa-
man; R (coefficient of multiple correlation) — koadpunment muoskecrsernoii koppensiian; R? ((determination coefficient) — koadurm-
ent nerepmunaiuy; t (df) and p (t) is Student criteria and the error of a probability of a hypothesis about equality of zero in an absolute term
of regression equation — kpurepuii CTbioJIEHTa 1 BEPOSTHOCTD ONUOKI TUTIOTE3bI O PABEHCTBE HYJIEBOIO CBOOOHOTO YJIEHA PETPECCUOHHO-

ro ypasHenust: P is a level of significance of the regression model — yposenb 3HaunMocT perpeccHOHHON MOJIEIIH.

catyparuu Ha 7-1, 30-11 1HU nccaeoBaHUsA U 3 MecsIa co-
craBu coorBetctBento: —0,47; —0,53; —0,51, a B ciryuae
anasm3a sansaaudg Ha [10/] — 0,53 okoHUaTeIbHbIC 3HAYEC-
HUS PETPECCUN YKA3aHbI B TabJI. 3.

JlanbHeillee udydeHne BAUSHUS HepeOpaIbHON TH-
TTOKCHY TTPUBEJIO K CJIEAYIONIM Pe3yJIbTaTaM.

YacToTa pa3BUTHUS OCAEOTEPAIMOHHOTO JEJTUPUST
cocraBusia 43,7%.YMepeHHast oTpuIarejabHass KOPpeJs-
IIUOHHAS CBI3b MeKy nsmenenusimu SrO, 1 U3BMEeHEHU-
SIMA KOTHUTHBHOTO CTaTyca MOSBUJIACH TOTBKO (puc. 2)
ma 30 cyrkum uccrenosanus (r=—0,47; p<0,05). Ykazan-
HbIE B3aMMOOTHOIIECHUS COXPAHSIJINCh W Ha dTare «3 Me-
cama» (r=—0,51; p<0,05).

CutbHast OTpUIATEIbHAST KOPPEJISIIUST COAEPIKAHUST
6eska S100b ¢ Besmuunoit SrO, oTMeueHa Ha Beex aTariax,
HaumHas ¢ «7 auei m/o» (r=-0,87; p<0,05). [Ipeamomarasa
BBICOKYIO TIPOTHOCTHYECKYIO IEHHOCTh TecTa olpejelie-
Hud cogepkanus 6esaka S100b, 11 usydeHus CBA3U MeK-
JIy YPOBHEM 9TOTO MapKepa HeHpO-TI0OBPEKACHUS 1 COObI-
trem 1O/l HamMu TTpoBesieH pasebHBIN JTOTUCTHYECKUI
perpeccuoHHbIN aHaus (puc. 3), B KOTOPBII BOILIN COObI-
tue 110/], kak 3aBucnuMas OGuHApHAsA MepeMeHHast OTKIIN-

Further studies revealed that the frequency of devel-
opment of postoperative delirium was 43.7%. A moderate
negative correlative connection between the changes of
SrO, and changes of cognitive status appeared only on 30th
day of the study (r=-0.47; p<0.05, Fig. 2). The specified
relations were also evident in 3 months after the study
(r=-0.51; p<0.05).

A strong negative correlation of the content of
S100b protein with SrO, was detected at all stages
starting from 7 days after the surgery (r=-0.87; p<0.05).
Suggesting a high prognostic value of the test for
detecting concentration of S100b protein in neuro-
injury and the POD, theseparate logistic regression
analysis was performed (Fig. 3)/ In this study, the POD
event was considered as a dependant binary response
variable (1 — presence of POD, 0 — absence of POD)
and the content of S100b protein served as an indepen-
dent permanent variable. The compatibility level of the
model of regression x* amounted to -10.63; the impor-
tance level amounted to (p<0.05).

In order to detect the optimal parameters of the
prognostic value of the marker of neuro-injury, ROC
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Puc. 3. Koppeusinus uepeGpaisnoii carypauuu (SrO,) u cran-
JIapTU3UPOBAHHbIX NOKa3aTeseil HelPo-IICUX0JI0THYECKOro Tec-
TupoBaHus Ha 7 U 30 CYTKH HCCIeI0BaHUS.

Fig. 3. Correlation of cerebral saturation (SrO,) values and
standardized indexes of neuro-psychological testing on the 7th
and 30th days of the study.

Note (npumevanue): Z-score according to MoCA test — orernka
no mkase MoCA; cerebral oximetry indicators — nmokasaresu tie-
pebpasbHoil okcuMerpun; days — aHu.

ka (1 — mammume 110/], 0 — orcytcrsue I1O/1) u conep-
skanue Oenka S100b, kak HezaBuCHUMast HellpepbIBHAs Tie-
peMeHHas. YPOBEHb COTJIACOBAHHOCTH MOJIEJTH PETPECCUN
% coctasua —10,63; ypoBenn 3Haunmoct (p<0,05).

C 11esbI0 OTIpe/IesIeHNsT ONTUMATLHBIX TTapaMeTPOB
MTPOTHOCTUIECKON 3HAYNMOCTH MapKepa HEHPO-TIOBPesK/Ie-
Hug B pampHeiimem npoBenieH ROC-ananus n onpezeneH
ONTUMaJIbHBIN T10por otceuenus (optimalcut-offvalue) 1o
TabJIMIle MACCHBA TOUEK MAKCUMaJIbHAsT CyMMapHast 4yBCT-
BUTEJILHOCTD U CIIEU(MUIHOCTH MOJIENH, T. €. Se+Sp — 910
S100b>0,271r/Mu1. [Ipu 5TOM YYBCTBUTENBHOCTH COCTAB-
asita 68,7% (95% IV or 41,4 no 88,9), re. y 41,4—88,9%
nanmentoB ¢ gemupuem S100b>0,27, a cnenmduanocts
pasma 100% (95% /11 54,1—100), To ectb y 54,1—100% ma-
uentoB 6es gesmpust S100b<0,27 Hr/mu GanaHce MeKILy
YYBCTBUTEJILHOCTBIO M CHEIM(PIIHOCTBIO, T.€. Kor/ia Se~Sp —
aro S100b>0,24ur/ma. UyBcTBUTENLHOCTH paBHA 75%
(95% U ot 47,6 no 92,6), cermduanocts pasHa 83,3%
(95% I ot 36,1 mo0 97,2).

[Tpu rpaduueckom anammze ROC-kpuBoit (puc. 4)
OTMEYAETCsT, YTO TOUKA, COOTBETCTBYIONIAST Se~Sp NMeeT Ha-
ubosiee GIKHEE MOJIOKEHUE K JIeBOMY BepxHeMmy yruy. Ta-

Puc. 4. MoeJb JIOTHCTUYECKON PErpeccuu BEPOSITHOCTH COObI-
THS TOCIEONEPANMOHHOTO JeJUupHs oT yposHs Genka S100b.
Fig. 4. The model of logistic regression of the probability of the
POD event from the concentration of S100b protein.

Note (npumeuanue): concentration of S100b protein — komien-
tpaiust 6esika S100b; POD (postoperative delirium) — nocseore-
PAIMOHHBIN IeTUPHIL.

analysis was conducted and the optimal cut-off value of
S100b was defined as >0.27 ng/ml with sensitivity 68.7%
(95% DI from 41.4 to 88.9, i.e. 41.4—88.9% of the patients
with delirium had S100b>0.27) and the specificity 100%
(95% DI 54.1—100, i.e. 54.1—100% of the patients without
delirium S100b<0.27 ng/ml).

At S100b>0.24 ng/mlte the sensitivity was 75%
(95% DI from 47.6 to 92.6) and specificity was 83.3% (95%
DI from 36.1 to 97.2).

Analysis of ROC curves (Fig. 4) showed that the
point, correlating to Se=Sp, had the closest position to the
left upper corner. Thus, the choice of the most optimal cut-
off value by prediction of the POD event is mostly
required the value of S100b >0.24 ng/ml. At a latter cut-
off value, the area under ROC curve was a marker of prog-
nostic efficiency equal to 0.9 (SE 0.07; D1 95% from 0.69 to
0.98) that characterized the prognostic value of ROC
analysis as an excellent classifier.

The depth and intensity of intraoperative cerebral
desaturation during 6 months of postoperative period was
the main determining factor of POCD (table 4), so the
number of the patients with POCD on the 7th day of post-
operative period reached 72.7%, whereas after 1 month it
was decreased to 40.9%, after 3 months decreased to 36.4%,
after 6 months — decreased to 17.6%/ E even after 1 year
this indicator was equal to 17.6%.

The test for the detection of the content of S100 b
protein in blood plasma of the patients was also informa-
tive for the prediction of the POCD development in case of
indeliberate cerebral desaturation. So, there was a strong
correlation on the 7th day (=0.68; p<0.05). The prognos-
tic value of the test remained significant during the study
up to 6 months of postoperative period (table 7).

As in the cases of delirium, we have studied the cor-
relation between the concentration of S100b protein and
the POCD event with the aid of logistic regression analysis.
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TaGavia 4. Yacrora HaGMI0EHUS TTOCTEOTEPAIMOHHBIX
KOTHMTUBHBIX JUCQYHKIHMIA HAa JTaNax HUCCIETOBAHUS Y
60JIBbHBIX C IlepeOpalbHOi AecaTypanueii.

Table 4. The frequency of postoperative cognitive dis-
function (POCD) in patients with cerebral desaturation.

Stages of study n POCD %

—_
»

72.7
40.9
36.4
17.6
17.6

7 days 22
30 days 22
3 months 21
6 months 17
1 year 17

w W oo ©

Note (npumeuanue): Stages of study — ararsl nccaegoBanms; n —
ynesio GosbHbix; days — aHu; months — Mecsiibl; year — rog.

Ta6iuua 5. Koppensuuonnas cesasb yposHs 6eaxa S100b
C BBIPA’KEHHOCTbIO KOTHUTHBHOTO IOBPE;KIEHHUS HA 9Ta-
[ax Mccjae0BaHus.

Table 5. The correlation of the content of S100b protein
with the intensity of cognitive disturbances at the
research stages.

100 4

9

80 TSRS

Sensitivity
&
=

o 10 20 30 Al al 60 70 & 90 100
100-specificity

Stages of study Correlation Significance (p)
coefficient (7)

7 days 0.68 p<0.05

30 days 0.71 »<0.05

3 months 0.74 p<0.05

6 months 0.66 p<0.05

1 year 0.43 »<0.05

Puc. 5. ROC-kpuBas npeackasanusi coOObITHII mOCIEONepany-
OHHOTO JIeJIMPHS B 3aBUCHUMOCTH OT ypoBH: Oeaka S100b.

Fig. 5. ROC prediction of the postoperative deliriume event
depending on the concentration of S100b protein.

Note (mpumeuanme): sensitivity (Se) — 4YyBCTBUTEIBHOCTB;
specificity (Sp) — cnenuduunocts; (Se+Sp)max — MakCUMalib-
Tble 3HAYEHNS CIe(BUIHOCTH U TYBCTBUTETHHOCTH.

Note (npumeuanue): Stages of study — srambr ucciaenoBanus;
Correlation coefficient (r) — koadduimenT Koppensuuu,
Significance — yposens suaummoctw; days — mauu; months —
MECSIIIbl; year — rol.

Kum 06pasoM, BBIOOP HanboJiee ONTUMAIBHOTO TI0POra OTCe-
yenus (optimalcut-offvalue) npu npeackasanun I1O/] cko-
pee nenecoobpaszen A kpurepus S100b>0,24 ur/mur. [pn
atoM 1roma b o, RO C-kprBoii Kak MapKep TPOrHOCTHYe-
ckoit apdexruBrocTn cocrasma 0,9 (SE 0,07; IV 95% ot
0,69 mo 0,98), uTo xapakTepuayeT MPOTHOCTUIECKYTO TI€H-
nocts ROC-ananmsa, Kak OTIMIHBIN KIacCu(pUKaTop.

[nyGuHa 1 BBIPa)KEHHOCTh HHTPAOIIEPALIMOHHON Tiepe-
OpasTbHOI lecaTyparii Ha TPOTSLKEHUN 6 MECSTIEB TTOCTe-
OTIEPAIMOHHOTO TEPUO/IA SIBJISJIACH OCHOBHBIM OTIPEIEIISTIO-
M akropom Teuerust [IOK/ (Tabir. 4), Tak KOIU4eCcTBO
narenToB ¢ [IOK/] #a 7 cyTku mocsreonepaioHHOTO TIepu-
ofla coctaBuiao 72,7%; depe3 1 MecsIl yMEHBITUIOCH /10
40,9%, uepes 3 mecsinia 10 36,4 %, yepes nosroma 17,6%, u, na-
JKe yepes TOJI, HTOT 1oKa3aTesb OcTaBajics Ha ypoBHe 17,6%.

Tecr Ha conepxanue Geaka S100 b B miasme xkposu
GOBHBIX OKA3aJICsT MH(MOPMATHBHBIM U [IJIsT TPOTHO3a Pa3-
sutust [TOK/I B ciyuae HenpeaHaMepeHHOI epedpaibHOiL
necatypaiuu. Tak Ha 7 cyTKU HaGJIIOAanach CUIbHAS KOP-
pessiiinonHas ¢Bsizb (7=0,68; p<0,05). TIporrocruyeckoe
3HAYEHHUE TeCTa COXPAHSLJIOCH HA MPOTSKEHUH MCCJIe/I0BA-
HsI 10 6 MECSIIEB [OCIe0IePaMOHHOTO Tlepuoa (tabur. 5).

Takke Kak B ciiyyae C JeJUPUEM, HaMU M3Yy4eHa
cBsI3b MeKy ypoBHeM Geska S 100b u coGerruem TTOK/I,
C TIOMOIIBIO JIOTUCTUYECKOTO PErPECCHOHHOTO aHAJIN3a.
CTaTucTuYecKy 3HAaUNMasi KOppeJisiiiis OTMeYeHa Ha BCeX
aTarnax, HaunHas ¢ «30 [Hell mocse ornepannoHHOTo Mepu-
ona» (puc. 6, Tabu. 6).

M days

0.8 il

o

0,0 F o

A

b2
0,10 0.15 0,20 0,25 .30 0,35 0,40 0,45 0,50 0,55

Concentration of S100b protein

Puc. 6. 3agucumocts BepositHocTu coObitusi IIOK]L oT ypoBHs
6eaxa S100b na 30 cyrku ucciemnoBanus (MOIENb JOTHCTAYEC-
KOIi perpeccun).

Fig. 6. Dependence of POCD event on S100b protein level on
the 30th day of the study (logistic regression model).

Note (npumeuanue): Concentration of S100b protein — koHIeHT-
parmst Geaka S100b; days — arm; POCD (postoperative cognitive
dysfunction) — nocsieonepannontast KOTHUTHBHAS AUCHYHKIIISL.

Statistically significant correlation was noted in all stages
starting from 30 days after the surgery (Fig. 6; Table 8).

ROC-analysis determined the optimal cut-off value
for S100b as determined by maximal sensitivity and speci-
ficity within the model (i.e. Se+Sp) was >0.26 ng/ml (Fig. 7).
At the same time, the sensitivity was 100% (95% DI from
66.2 to 100) and the specificity was equal to 76.9% (95% DI
from 42.2 to 94.7). The area under the curve as a marker of
prognostic efficiency was 0.94 (SE 0.05; DI195% from 0.75 to
0.99) demonstrating an excellent prognostic value.

During the year, there were 2 fatal cases in the spec-
ified group due to acute myocardial infarction and
ischemic stroke, and 3 cases of the development of stable
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Ta6iuua 6. OueHka 3HaAYMMOCTH BJIMSHUSA YPOBHSA OeJKa
S100b Ha coObiTHE NOCIEONEPAIMOHHON KOTHUTHBHOM
aucYHKIMA B MOJIe/IM OMHAPHOM JIOTUCTHYECKOH perpec-
CHU Ha Pa3JMYHbIX TANax UCCIIEA0BAHMS.

Table 6. Significanceof the influence of the S100b protein
content on the postoperative cognitive disfunction event
in the model of binary logistic regression.

Stages of study Compatibility level Significance (P)
of the regression
model, y’
7 days 2.79 >0.05
30 days 13.67 <0.05
3 months 7.56 <0.05
6 months 6.54 <0.05
1 year 5.67 <0.05

Note (upumeuanue): stages of study — aranbl ucciegosanus;
compatibility level of the model of regression, y* — yposuu
COBMECTMMOCTH 110 3HaueHuo % days — auu; months — mecsupr;
year — To/I.

B xone mposenermss ROC-ananusa (puc. 7) ontu-
MaJIibHasl TOYKa OTCeYeHMsT BBIOPaHa 10 MPUHIIUITY MAKCHU-
MaJIbHOM CYyMMapHO# YyBCTBUTEJIBHOCTD U cHieliuGuuHOC-
TH Mozenu, T. €. Se+Sp, n okazamach pasaoit S100b>0,26
HT/MJT, TIPpH 9TOM 4yBCTBUTENbHOCTH pasHa 100 % (95%
I or 66,2 no 100), cnennduurocts pasta 76,9% (95%
[ ot 42,2 no 94,7).I1nomans nog ROC-kpuBoit kak map-
Kep mporHoctudeckoit addexruBHocTr cocraBuia 0,94
(SE 0,05; I 95% ot 0,75 mo 0,99), uTo yKasbiBaeT Ha OT-
JINYHYTO TPOTHOCTHYECKYIO IIEHHOCTb.

B Tedenue roza 1o pasHbIM IPUYUHAM B HCCIEILye-
MOIi TPYIIIie OTMEUEHBI 2 JIETATbHBIX UCXO/IA, BCJIEACTBUE
ocTporo uHpapKTa MUOKAp/ia U OCTPOTO HAPYIIEHUST MO3-
TOBOTO KPOBOOOPAIIEHUSI TI0 UIMEMUYECKOMY THITY COOT-
BETCTBEHHO, a TaK JKe 3 cJIydast pa3BUTHUSI CTONKOI JleMeH-
1uu. Pe3yssraThl MCCAe/JOBAHUS 9TUX TTAIIMEHTOB HOCUITH
He TIOJIHBIN XapaKTep, YITEHbl B aHAJIU3€E 10 MOMEHTA Ha-
CTYIUIEHUsI CMEePTU WK 3a00JIEBAHUS, a Ha CJEAYIONHX
aTarnax 1eH3yPUPOBAHBI.

Urax, y 60JbHBIX C 11epeOPo-BaCcKyISPHBIM 3a601€-
BaHMEM, JIaJKe, OTHOCUTEJIbHO KPATKOBPEMEHHOE CHUKe-
Hue SrO, npuBoauio k pazsuruio 1O/ B 72,7% cayua-
eB, k passutuio [IOK/I, Tak ke, B 72,7%. OOHapyKeHHas
KOPPEJISIITUOHHAS CBS3b CBUJIETEIBCTBYET B TI0JIb3Y BbI-
CKa3aHHOTO TPE/INOJOKEHNS] O HAJIMYNe B3aUMOCBSI3U 1
B3anmozasucumoctn mexay IO/l n [TOK/L. Oxrako xo-
JINYECTBEHHAS] XapaKTePUCTUKA JAHHON CBI3M — <«yMe-
PEHHO BBIpAKEHHAST» — 3aCTABJISIET UCKATh UHbIE PAaHHUE
cumnrombl ITOK/L.

Boicokasi KOppessiuoHHasi 3aBUCUMOCTb KOHIIEHT-
paruu 6eska S100b ¢ wacroroii passurus [0/ u ITOK/I,
MTO3BOJISIET CYUTATD JIAHHBIIN TTOKA3aTeIb YYBCTBUTEIbHBIM
U crenudUUHbIM TIPEAUKTOPOM Pa3BUTUSI 0OCYIKAAEMbIX
cocTostHUI. BO3MOKHO, OTCYTCTBHE KOPPEJISIUN HA Tiep-
BOM aTare («7 qHei 1/0») CBSI3aHO C TeM, YTO B CTPYKTYpe
PAHHUX TTOCJEONEPAITMOHHBIX KOTHUTUBHBIX HAPYIICHUI
MMEeTCs] 4acTh TaK Ha3bIBAEMbBIX KPATKOCPOUYHBIX KOTHU-
THBHBIX OTKJIOHEHNUH [44, 45]. B pOTHBOIIOI0KHOCTH 9TO-
My, curtaetcs, uto BbisiByienne [TOK/] nosnnee, B Boccra-
HOBUTEJIBHOM TIeprozie (0K0JI0 4 He/lesrb TIOCIe OTIepariim ),

Sensitivity

0 10 20 30 40 30 60 70 80 90 100
100-specificity

Puc. 7. ROC-kpuBas npeackasanusi COObITHSI OCIEONEPaLH-
OHHOIl KOTHHUTHBHOI IUCOYHKIMH B 3aBUCHMOCTH OT YPOBHSI
Geaxa S100b.

Fig. 7. Postoperative cognitive disfunction event probability
depending on S100b protein level (ROC analysis).

Note (nmpumeyanue): sensitivity — 4yBCTBUTEILHOCTD; specificity —
crernIHoCTD; (Se+Sp)max — MaKkCUMaTbHble 3HAYEHUST CIICIN-
(braHOCTH ¥ UYyBCTBUTEIBHOCTH.

dementia. The data were taken into account until death of
patients and the next stages they were censored.

Thus, even a short-term reduction of SrO, in the
patients with cerebrovascular disease resulted in the devel-
opment of both POD and POCD in 72.7% of the cases.
The detected correlation confirmed the hypothesis about
the interconnection and interdependence of POD and
POCD. However, the quantitative characteristic of such
connection as «moderately expressed» resulted in paying
attention to other precursory symptoms of POCD.

A high correlative dependence of the concentration of
S100b protein on the frequency of the development of POD
and POCD allows considering this indicator as a sensitive
and specific predictor of their development. Probably, the
absence of correlation at the first stage (7 days after the oper-
ation) was due to developing short-term cognitive deviations
in the structure of early postoperative cognitive disturbances
[44, 45]. In contrast, it was considered that the detection of
POCD later at the rehabilitation period (nearly 4 weeks
after the operation) had a «real»character [44]. Probably, the
differences of the correlation indicators between the level of
cerebral saturation (SrO,) and the severity of POCD in the
agreed period are similarly connected.

The concentration of S100b protein in the blood of the
patients with cerebrovascular diseases higher than 0.26
ng/ml clearly demonstrates a high probability of the devel-
opment of POD and POCD. POD and POCD are «the links
of one chain», showing the disturbance of consciousness due
to the diffuse brain lesion during the cases of cerebral hypox-
emia. The presence of organic disturbances of CNS during
delirium is connected with the definition of the discussed
condition [13—15]. Most likely, one of the reasons of the
development of POCD is also post-hypoxic encephalopathy.
Other authors have mentioned it earlier [44, 46, 47].
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Bompocs obesboanBanms .

CKOpee BCETro, NMeeT «UCTUHHBI» Xapakrtep [44]. C atuM
JKe, BEPOSITHO, CBSI3aHbl PA3JINUMs TTOKa3aTeseil KoppeJs-
UK MEKAY YPOBHEM 1iepeOpanbHoil carypauuu (SrO,) u
Tskectbio IIOK/L B o6cyskaaembie CPOKHL.

Conepxanne 6emxa S100b B KpoBu GOIBHBIX € TIEpe-
6po-BacKyJIsipHbIME 3a00JieBaHUsIMMY, TIpeBbimaniiee 0,26
HT'/MJI, YKa3bIBA€T HA BBICOKYIO BEPOSITHOCTb Pa3BUTHS U
IO n ITOK/L. Io-Buaumomy, I1O/1  ITOK/] saBasioTcs
«3BEHBSIMHU OJIHOH 1IeNN», TPOSIBJCHUSIMHI PACCTPONHCTBA
co3HaHus BeaencTsre AndysHOro mopakeHust Mo3ra BO
BpeMsl 3NU30/I0B liepebpaibHOil rumokcemun. Hamuune
opraamueckoro nospexxaenus [{THC npu gesmpun BoiTexa-
er u3 onpezeneHus obcyxkaaemMoro cocrosinust [13—15].
Ilo Bceit BeposTHOCTH, TIO KpaifHell Mepe, OHON W3 TPH-
yun paszsutusa [TOK/I, takike, siBJIsSIeTCsT TTOCTTUTTOKCHYEC-
Kas sHiedanonaTs. PaHee Ha 9TO yKa3bIBaIM U J[Pyrue
aBTOPHI [44, 46, 47].

WccenenoBanne MpoBeEHO € UCIOTb30BAHUE Z-aHAJIH-
3a, YTO, HECCOMHEHHO, MTOBBIIIAET €ro I0CTOBEPHOCTL. Bmecte
¢ TeM, paboTa UMEET U Psifl CEPhE3HbIX OrPAHIYEHUIL: cTapue-
ckuil Bospact u Hasmure 1IB3 — Bcero Jminb jBa 13 OoJiee,
yem 60-TM M3BECTHBIX TIPeApacIioyiaraionux (HaKkTopoB K
passuruio [TO/ u IIOK/L [2, 22, 49, 50, 51, 53, 54], a uepe6-
paJibHast THITIOKCEMUST — BCETO JIUIITb OJIMH U3 MHOTOUNCJICH-
HBIX WHUIUUPYIONIUX MEXaHU3MOB HEpO-TIOBPEKICHUS
[55]. MbI 0CO3HAHHO «CY3WJI» KPYT MAIHEHTOB, TaK KaK Ha
OCHOBAHWU YK€ UMEIONIUXCST UCCIIeI0BaHMI, OIyOJIMKOBaH-
HBIX B OTEYECTBEHHBIX HAYIHBIX M3MaHISIX 56, 57] mpesmo-
JIOJKIJIM, UTO UMEHHO y 6osibHbIX ¢ [1B3 1iepebpasbHas ru-
mokcemns (B

HalleM cJydae,

HEIIpe/lHaMEpEeHHaA, Kpalec HeKemaTebHasa, CBOEBPEMEHHO

KOHEYHO XKe,

oOHapy KeHHas U JieueHHast) 00J1a/IaeT MAKCUMAJIbHBIM 110~
BPEKIAOIINM Bo3JelicTBUeM. Mbl PACCUMTBIBAJIN, UTO JIaH-
HOE OOCTOSITEIHCTBO MO3BOJIKT BIIIOJHUTh UCCIIE0BAHNE B
OTHOCUTEJIBHO HEOOJIBIION rpyIiiie OOJNbHBIX U B CKATbIE
cpokn. Hatmt mpenoosKeHust MoATBEPANINCH, HO HACKOJIb-
KO MO’KHO TIEPEHOCHTh OOHAPY/KEHHbIE 3aKOHOMEPHOCTH Ha
OO0 MOIYJISINIO GOJIBHBIX, MOKHO OTIPEIETUTh TOJIBKO B
pe3yJIbTaTe JATBHEHTIINX NCCTETOBAHITH,

MaJtoe KoinuecTBO GOJIbHBIX HE MO3BOJIMIIO YCTAHO-
BUTH B3aMMOCBSI3b U B3aMMO3aBUCUMOCTb YaCTOThI Pa3BU-
g [TOK/L 1 rozoBoii ieTaabHOCTH, TEM He MeHee, HaJll-
yre 1OA0OHOH CBSI3M OTMEYEHO B  HECKOJIbKUX
HE3aBUCHMbIX UCCIEMOBAHUSAX PYTUX aBTOPOB [4—6, 58],
a 3HauuT, OOHAPY/KEHHBIC 3aKOHOMEPHOCTU IMAarHOCTUKY
u npodbmnaktuku [1O/] u [TOK/I, MoxHO nCIOIB30BATH
JUTST CHYDKEHUST KOTMYECTBA 11/0 OCTOKHEHUH 1 JIeTATHHO-

CTHu y XI/IpypI‘I/I‘{eCKI/IX 6OJIBHI)IX.
3akaouyeHue

VY 6osibHBIX ¢ 1epeOPO-BaCKyISIPHbIME 3a00JIeBaHMN -
SIMM KPaiiHe OTIACHBI IaKe KPATKOBPEMEHHBIE SITU30/IbI T1e-

Jlureparypa
1. Gendelman M. Postoperative nervous system dysfunction. Anaesthesia.
2000; 55 (4): 113—119.

2. Monk T.G., Price C.C. Postoperative cognitive disorders. Curr. Opin.
Crit. Care. 2011; 17 (4): 376—381. http://dx.doi.org/10. 1097/MCC.
0b013e328348bece. PMID: 21716111

The research was conducted with the help of the Z-
analysis that, undoubtedly, increased its accuracy.
However, the study had a number of serious restrictions:
old age and presence of cerebrovascular diseases were only
two of over than sixty known predisposing factors of the
development of POD and POCD [2, 22, 49—51, 53, 54]
whereas cerebral hypoxemia was the only one of various
initiating mechanisms of neuro-injuries [55]. We con-
sciously included limited the number of patients since
(according to most Russian scientific publications [56,
57]) we assumed that the patients with cerebrovascular
diseases had cerebral hypoxemia (in our case indeliberate,
totally unacceptable, timely detected and cured) with a
maximal affecting influence.

We considered that these circumstances would allow
conducting the research in a relatively small group of
patients and within the limited period. Our assumptions
were proved, however, it would be necessary to determine,
whether the defined regularities could be translated to a
larger cohorts of patients in further studies.

A small cohort of patients did not allow establishing
the interconnection and interdependence of the frequency
of the development of POCD and annual mortality,
although such connection was noted in several indepen-
dent studies [4—6, 58]. It means that the defined regulari-
ties of diagnostics and prevention of POD and POCD can
be used for reducing the number of postoperative compli-
cations and mortality of patients post-surgery.

Conclusion

Even short-term episodes of cerebrovascular compli-
cations are extremely dangerous in the patients with car-
diovascular diseases. In cases of short-term episodes of
cerebrovascular events, there is a high possibility of the
development of postoperative delirium and postoperative
cognitive dysfunctions, and the quarter of the patients
might have stable and refractory dysfunctions remaining
even in a year after operation. The early predictor of post-
operative cognitive dysfunction is rising concentration of
S100b protein in the blood of the patients 0.26 ng/ml
above the norm.

pebpasibHoiil Tunokcemun. [Ipu BOSHUKHOBEHUM T1OCTIE/l-
HIX BEJIMKA BEPOSITHOCTD Pa3BUTHS MTOCIEOTIEPAIIOHHOTO
JICJIUPHST ¥ TTOCJICOTIePAIIMOHHON KOTHUTHBHOM AMCHYHK-
1K, IPUYEM, Y YeTBePTU GOJIbHBIX YIIOPHOU M CTOUKOIA,
COXPAHSIONIENCsT 1 Yyepe3 TOoI TTocjIe TepeHeceHHON omepa-
mn. PaHHUM TIPEIMKTOPOM TOCIEO0NepaiioHHON KOTHH-
TUBHOU AUCHYHKIUY SBISETCS POCT COAEPKaHMs Oeska
S100b B npo6ax kpoBu GOJIBHBIX BbIIIE TOPOTOBOIO 3HAYE-
Hus B 0,26 HT /ML
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BJIWAHUE IOJIMMOP®U3MA p-OIIMONTHOT'O PELEIITOPA
OPRM1 A118G HA TEHEHUE TOTAJIbHOU BHYTPUBEHHOU
AHECTE3UN Y NAIIUEHTOK TMHEKOJIOTUYECKOT O ITPO®UJIA

B. M. JKenuno, O. A. Maxapun

PocroBcknii rocyiapcTBeHHBIN MEANIIMHCKUN YHUBEPCUTET,
kadenpa anecresuosioruu u peanumatosoruu, Pocros-ua-/lony, Poccust,
344022, r. PoctoB-na-/lony, nep. Haxuuesanckuii 29

The Influence of the A118G Polymorphism
of the pu-Opioid Receptor Gene (OPRM1) on the Course
of Total Intravenous Anesthesia in Gynecological Patients

V. M. Zhenilo, O. A. Makharin

Department of Anesthesiology and Rheumatology, Rostov State Medical University, Rostov-on-Don, Russia
29, Nakhichevansky Per., Rostov-on-Don 344022

Ienv uccnedosanus — ndyuenue Bumsinus noaamopdusma A118G p-onuouanoro penenropa OPRM1 Ha TeyeHue ToTaabHOM
BHYTPUBEHHOU aHecTe3un. Mamepuanvt u memoost. Boibopky cocrapuiaa 161 nanueHTKa rHHEKOJI0THYECKOro mpoduis, Ko-
TOPBHIM ObLIU BBINOJHEHDBI ONEPATHBHbIE BMENIATEIHCTBA B IUIAHOBOM MOPSI/IKE B YCJIOBHSIX CTAHIAPTHOH CXEMbI TOTAJIbHOI
BHYTPUBEHHOI1 anecTe3nu. Beem 00ciie10BaHHBIM OCYIIECTBIISLIM MOHUTOPHHT YaCTOTHI cep/eunbix cokpamenuii (UCC), ne-
HWHBa3WBHOIO cpeiHero aprepuaisuoro aasienus: (CAJN), nyabcoxcumerpun (SpO,), GHCIEKTPAIBHOTO HHIEKCA U COMATO-
CEHCOPHBIX BbI3BAHHBIX MOTEHIMATOB /10 ¥ NOCJIe BBEJAEHHS HHIYKIIMOHHOMN /103bl aHECTETUKA, HHTPAONIEPAIMOHHO H B PaH-
HeM mnocjeonepanuonHoM nepuope. Iloirumopdubie BapuaHThl HM3yYaeMOro TeHa ONPENeNsIH  MeTOIOM
aenb-cnemuduueckoit IIIP. Pesyavmamot. B 3aBUCUMOCTH OT BbISIBIEHHOTO T€HOTHUIIA NAIMEHTKH ObLIH pacipe/eseHbl Ha
Tpu rpynnsl: I rpynmna — Hocurenbauipl redoruna 118A /A (n=101 nanuenrka), Il rpynna — nocurensnunpi renotuna 118A /G
(n=48 nauuenrox), IIl rpynna — nocurenpuusi reoruna 118G/G (n=12 nanuenrox). MHTpaonepanunoHHO y HOCUTEIBHHUIL
renoruna 118G/G orMeyanu CKIOHHOCTb K THIIEPTEH3HH, 00Jiee BHICOKHUIT pacxo (peHTaHWIa U IPONIEPUI0JIa [0 CPABHEHHIO
¢ HocuteabHuamMu reHoTunos 118A/A u 118A/G. MeskrpynnoBas pasHuiia 3Ha4eHHH OMCIEKTPAJIbHOTO HH/EKCca ObLjla cTa-
THCTHYECKH HEeJJOCTOBEPHOIi BO BpeMsI onepanui. B panneM nocieonepanunoHHoM nepuoze y romosuror 118G-arens otme-
vasu 6osiee rayGOKuUil yPOBEHD CealliM, YTO KOPPEIUPOBATIO € JOCTOBEPHO (oJiee HUBKUMY 3HAUECHUAMH OUCTIEKTPAIBbHOTO
unzekca (p<0,01) u yBeInYeHHEM YacTOTHI Pa3BUTHSA TO0OUHBIX peakuuii (p<0,01). IIpu 3TOM TaTEHTHOCTD U AMILTUTY/IA CO-
MaTOCEHCOPHbIX BHI3BAHHDIX NIOTEHIMAIOB y HOCUTEIbHUL renotuna 118G,/ G nmenn HanMeHbIIne KoIeGanus, 0 CPAaBHEHUIO
€ roMo- u rerepo3uroramu no A-amiemo (p<0,01). 3axarouenue. Illomumoppuam A118G p-onmouanoro penenropa OPRM1
BJIMsIET HA TEYEHHE TOTAJIbHOI BHYTpUBeHHOI anecte3uu. Ilanuentku ¢ renorunom 118 G/G Hyskaaauch B GONBIIMX 032X
HapKOTHYECKHX aHAJBIETHKOB, YTO TPEGOBATO GoJiee JINTEIbHOTO HAOIIOIEHNS] B PAHHEM [OCIEOIEPAMIOHHOM IIepHoJie.
Kniouesvie cnosa: ToranbHasi BHyTPUBEHHAs] aHeCTe3Hs, MOIMMOP(HU3M, U-ONHOHM/IHbI PelenTop, COMaTOCEHCOPHBIE BbI-
3BaHHbBIE IOTEHIIUAIBI.

Objective: to investigate the influence of the A118G polymorphism of the p-opioid receptor gene (OPRM1) on the course
of total intravenous anesthesia. Subjects and methods. A sample consisted of 161 gynecological patients who had under-
gone elective surgery under conventional total intravenous anesthesia. Heart rate, noninvasive mean blood pressure,
peripheral oxygen saturation, bispectral index, and somatosensory evoked potentials were monitored in all the examinees
before and after administration of the induction dose of an anesthetic, in the intraoperative and early postoperative period.
The polymorphic variants of the gene in question were determined by allele-specific PCR. Results. According to the iden-
tified genotype, the patients were divided into 3 groups: 1) 118A/A genotype carriers (n=101); 2) 118A/G genotype carri-
ers (n=48); 3) 118G/G genotype carriers (n=12). It was intraoperatively found that the 118G/G genotype carriers tended
to have hypertension and to consume higher quantities of fentanyl and droperidol than the 118A/A and 118A/G carriers.
The intergroup difference in the bispectral index was statistically insignificant during surgery. In the early postoperative
period, the 118G-allele homozygotes showed a deeper level of sedation, which correlated with the significantly lower val-
ues of the bispectral index (p<0.01) and the higher incidence of adverse reactions (p<0.01). At the same time, the latency
and amplitude of somatosensory evoked potentials in the 118G/G genotype carriers showed the least variations as com-
pared to the A-allele homozygotes and heterozygotes (p<0.01). Conclusion. The A118G polymorphism of the p-opioid
receptor gene (OPRM1) affects the course of total intravenous anesthesia. The 118G/G genotype patients needed larger
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BBenenne

CosepiieHeTBOBaHUE CIIOCOO0B 06€300IMBaHUST TIPH
MIPOBE/ICHUH XUPYPIrUYECKIX BMENIATEIbCTB SBISIETCS aK-
TyalbHON mpobsemoit amectesnosornn [1—4]. Bocmpusi-
THE U OTBET HA OJIMH U TOT K€ HOIUIIETITUBHDIA CTUMYJT ¥
MaIMEeHTOB TIPOUCXOANT To-pasHomy [5—7]. Tenernaeckue
0COGEHHOCTY WHIMBUAA UTPAIOT B 9TOM HEMAJIOBAKHYIO
posb [8—12]. Tak, nonumopdhusm reHa riyTaMUHa3bl MO-
SKET TIPUBOINTD K PA3BUTHIO KOTHUTHBHOM ANCHYHKITNT 1
(hopMUPOBAaHUIO XPOHHYECKOTro OosieBoro cuHapoma [13,
14]. Tenernyeckuii momuMopduU3M CEPOTOHNHOBBIX peller-
TOPOB CYIIECTBEHHO BIUSIET Ha BOCTIPUSATHE GO, CBSI3aH-
HOH ¢ TepMuueckUM paszipakenneM. Huskas akcmpeccust
reHa TPaHCIopTepa CePOTOHMHA, MPUBOAUT K (hopMupoBa-
HUIO THIOAJITE3UH B OTBET Ha MOPOTOBYI0 TEPMUYECKYIO
60J1b 1 K (hOPMUPOBAHUIO IUIIEPAJITE3UH B OTBET HA HAIIO-
POTOBBIN TePMUUYECKUT HOIUIETTUBHBIN cTuMyJT [15—17].
Y nmanmeHToB CO CHMKEHHOI aKTUBHOCTHIO KATEXOJOPTO-
MeTuTpancdepasbl oTMedaercst 6osiee BHICOKHIA H0JIEBOIT
MOPOT B OTBET Ha MOBTOPHBIN HOIMIIETITUBHBIN CTUMY.JT
[18—20]. [TpumeHNTEIBHO K AHTHHOIUIIEITUBHON CHCTe-
Me YCTaHOBJICHO, UTO Y HOCUTeJIel n30(hOPMBI OTTMOUAHOTO
petienitopa MOR-1K cyiectBeHHO cHukeHa hdexTrB-
HOCTbh HAPKOTMUYECKUX aHayibreTukoB [21, 22]. Psn uccie-
JloBaTesieit mokasal, uto y Hocuteseil renorunos 118A/G,
118G/G p-onmounzpnoro penenropa OPRM1 cHukaetcst
OTBET Ha BBejieHUE (peHTaHWIA U aMb(eHTaHWIA U TaKue
HAIMEHThl HY/KAAJUCh B OOJIBIINX 032X HAPKOTHYECKHUX
AQHAJIBTETUKOB B PaHHEM MOCJIEONEePANOHHOM Iepuoje
[23—25]. ¥ roMOBUTOTHBIX HOCHTEJIBHUIT MUHOPHOI ajiie-
JI B PAHHEM II0CTICOTIEPAIlMOHHOM IIePHOJIe Yallle OTMeva-
Jch 11060uHbIe 3(MEKTHI B BUJE TOIIHOTBI U PBOTHI, CBSI-
3aHHbIC C BBEJIEHUEM HAPKOTUYECKUX aHAJIbIeTUKOB |26,
27]. OnHako JIpyTHe aBTOPBI He BBISIBUJIN KAKUX-JIO0 CTa-
TUCTUYECKH JIOCTOBEPHBIX PA3JIMYMil B Pacxo/ie HapKOTHU-
YECKUX aHAJTbTEeTUKOB CPEIM HOCUTEJIbHUIL PA3JUYHBIX T'e-
norunos OPRM1 [24].

Ilenb paboThl — OlEHKA BIAMAHMS NOJUMOPQpU3Ma
A118G p-onmounsnoro pereniropa OPRM1 Ha teuenue To-
TaJbHON BHYTPUBEHHON aHECTe3WH.

Marepuan u MeTObI

HcenenoBarne 0106peHo JOKaJIbHbBIM He3aBUCHMbIM THYEC-
KUM KOMUTETOM TIpu TocyzapcTBeHHOM OGI0/KETHOM 06pa3oBa-
TEJILHOM yUpesK/IeHHEe BBICIIEro MpodheccHoHaIbHOTO 00pa3oBa-
HUSA «PocroBckuii TOCYapCTBEHHBII MEIUTTNHCKUTT
yHuBepcuter»> Mununcrepcrsa 3paBooxpanHenust Poccuiickoit
Depeparn (porokos Ne 20112 or 20.12.2012). Pabora Bbinos-
HeHa B PAMKaX PaHIOMU3MPOBAHHOTO, JBOHOTO CJIEMOT0 KINHU-
YECKOTO MCCIICIOBAHUS.

B uccreposanue 6puin Baodernl 161 nanmenTka (eBporeo-
Uikl ¥ MOHTOJION/IBI) B Bo3pacte ot 20 1o 45 et (cpeanuii Bo3-
pacr 33,25£6,26 siet), mposxkusaioniie B PoctoBckoii obiactu, roc-
MUTAJU3UPOBAHHBIE B  OT/ejieHre ruHekojoruun MBY3
«Topoackast 6osnbruia Ne6» . PocroBa-Ha-/[0HY, KOTOPBIM BbI-

Introduction

The improving pain relief strafegies in surgery is a
challenging problem in contemporain anesthesiology-
reanimatology [1—4]. The perception and response to the
sample nociceptive stimulus in patients occurs in different
ways [5—7]. Genetic characteristics of an individual might
play important role in this process [8—12]. For example,
gene polymorphism of glutaminase leads to the develop-
ment of cognitive dysfunction and formation of chronic
pain syndrome [13—14]. Genetic polymorphism of sero-
tonin receptors significantly affects the perception of pain
associated with thermal irritation. Low expression of the
serotonin transporter leads to the formation of hypoalgesia
to a threshold heat pain and above-threshold thermal noci-
ceptive stimuli [15—17]. Patients with reduced activity of
catechol-O-methyltranspherase possess higher pain
threshold to repeated nociceptive stimuli [18—20]. In rela-
tion to the antinociceptive system the native isoforms of
opioid receptor MOR-1K significantly reduce the effec-
tiveness of narcotic analgesics [21, 22]. Carriers of geno-
types of 118A/G, 118G/G of u-opioid receptor gene
OPRM1 are characterized by reduced responses to the fen-
tanyl and alfentanil resulted in a need in higher doses of
narcotic analgesics in early postoperative period [23—25].
Side effects such as nausea and vomiting associated with
the administration of narcotic analgesics were reported
more frequently in post-surgery homozygous carriers of
the minor alleles [26, 27]. However, other authors did not
reveal any statistically significant differences in the con-
sumption of narcotic analgesics among the different carri-
ers of the OPRM1 genotypes [28].

The aim of our study was to evaluate the effect of the
A118G polymorphism in p-opioid receptor OPRM1 gene
on total intravenous anesthesia.

Materials and Methods

The study was approved by the local independent ethics
committee of the Rostov state medical university (Protocol
No0.20112 from 20.12.2012). The work was performed as two ran-
domized, double-blind clinical studies.

Study enrolled 161 patients (European and Asian popula-
tion) of 20 to 45 years old (mean age 33.25+6.26 years) who
were residents of the Rostov region, hospitalized in the
Department of gynecology, City Hospital Ne6, Rostov-on-Don.
All patients received total intravenous anesthesia during gyne-
cological operations.

Criteria for inclusion in the study:

1. Age of patients (20—45 years).

2. No comorbidity in patients on addmittance.

3. Patients with chronic bronchitis, chronic pharyngitis,
chronic gastritis with remission for at least 3 months and more
(patients with diseases of central nervous system, liver and kid-
neys without failure were excluded from the study).

4. No history of alcohol, drug, nicotine addiction, or
durable medication.
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MOJIHSIA TOTAJIBHYIO BHYTPUBEHHYIO aHECTE3WIO TIPU OTePATTHSIX
THHEKOJIOTUYECKOTO TIPOhUIIS.

Kpurepun BKIoueHus B MCCIe[0BAHUE:

. Bospacr narentox 20-45 et

. OTCyTCTBYE COMYTCTBYIOMIEN MATOJIOTHN

. IIpy HaaMuuu B aHaMHe3e XPOHUYECKOTO OPOHXHTA,
XPOHUYECKOTO (papUHIHUTA, XPOHUYECKOTO racTpuTa BHe 060cTpe-
HUS ¥ T.JL., IEPUOJL PEMUCCHN COCTABIISIII HE MeHee 3 MeCsITeB

. OrcyTcTBHE B aHAMHe3€e aJIKOT0JIbHOI, HAPKOTHYECKOIi,
HUKOTUHOBOI 3aBUCHMOCTH, a TaKyKe [JIUTEJBHOTO MpHeMa Ka-
KHX-7TMO0 JIEKAPCTBEHHBIX CPEJICTB

. WHpeke maccew Tesa o 27,5 kr/m?

. [TnamoBbie onepaTUBHBIE BMENIATETbCTBA

Kpurepnu uCKIIOYeHNS 13 NCCIEIOBAHNS:

° Hasinune B anamnese natosioruu LleHTpaJleOﬁ HEPB-
HOI CHUCTEMBI, B T.4. BCFBTO-COCy[[I/ICTOI‘/)I JAUCTOHNH;
° Hannune B anamuese maTosioruu Cep/IeIHO-COCyAnC-

TO CHUCTEMBI,
. Hasmune B anaMHese JibIXaTeIbHOM HEeJ0CTaTOYHOCTH;
. Haimune B anamue3e aToJIOTHN TIEYEHH 1 JKETUYEBBIBO-
JUSIIIUX Ty Teil;
. Hasuue B anamuese 3a60/ieBatuii 0YeEK;

. Hanwune B aHaMHe3e ayTOMMMYyHHBIX 3a00JI€BaHMIL,
aJLIepTuy;

. Hasimune B anamuese caxapHoro auabera;

. Hasmmune B anamuese BUY-undexnnn

. Wnpexe Macenl Tesia 6osee 27,5 Kr/m>

BceM 601bHBIM GBLITH BBITTOJHEHBI OTIEPATHBHbIE BMEIIATEb-
CTBA B TUIAHOBOM TOPSI/IKE B YCJIOBUSIX TOTAJIBHOI BHYTPUBEHHOI
anecresnu (TBA). Haunbosiee TUMMYHBIMU OTIEPATUBHBIMU BME-
IIATETbCTBAMY GBI PE3EKITHST KUCTHI SITIHITKA, JIATIAPOCKOITITYE-
CKasi KOHCePBATUBHASI MUOMOKTOMUSI, HA/[BJIATATHIIHAS aMITyTa-
111 MATKH, 3KCTHPIAIs MaTKU. [1po1o/k1Te IbHOCTD oltepariiu
kosebamach B mpeaesax or 35 go 98 wmumyT (B CcpemHem
62,48+11,27 MumyT).

Cxema TOTaJIbHOI BHY TPUBEHHOI aHECTe31U ObLIA CTAHAAPT-
HOI 11 BKJIIOYaJIa CJIe/LyIOIIe STalIbL:

. [Tpeanapko3nast MOArOTOBKA, KOTOPAs IOJPA3yMeBasIa
HasHaueHue cubasona B 03¢ 10 Mr B/M B HOUb HAKaHyHE Olepa-
MY 1 32 JIBa Yaca JI0 TTOCTYIIEHHUS B OlepPalliOHHYIO.

. Wnrpaonepannonusiii nepuoa. [Ipn mocrymnaennn ma-
IIUEHTOK B OIIEPAIIOHHYIO0 UM BBOJMJIM BHYTPHUBEHHO aTPOIIMH B
noze 0,5 mr, cubazon 10 Mr (OTYIT «MoCKOBCKII 9HIOKPUHHBII
3aBoz»), ipomeson 20 mMr un keramun B go3e 0,4 mr/kr (OTYIL
«MocKoBCKUIT HIOKPUHHBII 3aB0j»). VIHAyKIMIO IIPOBOAMIN
BHYTPUBEHHBIM CTYIEHYaTbIM BBezeHneM Iponodosa (IIpormo-
ou-Jlumypo, B.Braun, Tepmanust) mo 10 Mr kaskipie 5 CEKyHIL /10
TeX TI0P, MOKa YPOBEHDb OUCIEKTPATbHOTO MHIEKCA HE OTYCKAJIC
1o ypostst MeHee 60. VIHTyGanuio Tpaxer MPOU3BOANIN Yepe3
3—5 MUHYT T10CJIe BBeJICHHsT CYKITMHIIXOIMHA B /103¢ 1,5—2 Mr/KT,
[PY 3HAYEHUSAX OUCTIEKTPATBHOTO HHAEKCA OT 45 710 55. Vckycet-
BEHHYIO BEHTHUJIAIINIO JIETKUX TIPOBOJIMJIN CMEChIO BO3/yXa U KUC-
Jopozia B cooTHomennn 2:1 B pesknmMe HOPMOBEHTUIIAMN (Hap-
ko3HbIil ammapar Datex Ohmeda Aespire). 3a 2 MuHyTHI 10
Havasia orneparuu eoauin penranun B go3ze 0,005+0,0007 mr/kr.
Muopesrakcarnuio OCyIeCTBIISIIN BBEIEHUEM ITUIIEKYPOHNST B /[03€
0,06—0,07 mr/xr. B panbreiiniem runHotnyeckuii apdexr mos-
JIepKUBAJICST MUKPOCTPYIHBIM BBejileHHeM Iporiodorna B j103e
100—150 Hr/Kr/MHUH ¥ MEKPOCTPYHHBIM BBE/ICHIEM KETAMUHA B
nose 0,2 Mr/Kr/4ac. AHATIBTE3UI0 OCYIIECTBISAIN OOMIOCHBIM BBE-
nenneMm enrannia B 1o3e 0,003£0,00045 Mr/Kr 1ipu yBesimdeHUN
YACTOTHI CEPIEYHBIX COKPAIIEHIIT /NI CPeTHETO apTEPUATBbHO-
ro gaBienus oosee, ueM Ha 20%.

OteHKy aIeKBaTHOCTH O0Iell aHeCTe3Nu MPOBOIIIN CO-
rytacHo [apBap/CKUM cTaHzapTaM MOHUTOPHUHTA AaHECTE3UN C J10-
MOJHUTEIbHBIM aHATU30M OHMCIIEKTPAIBHOTO UHEKCA U COMATO-
CEHCOPHBIX BBI3BAHHBIX ITOTEHIINAJIOB. MOHHTOPHPOBAIICDH
HachIeHne KpoBu KucaopogoM (SpOy) MeToOM Iy IbCOKCHMET-
pun, vactora cepiaeunbix cokpauenuit (HYCC), nHenHBasmBHOE
cpenree aprepuanbrioe fapuenve (CA/l — HenHBa3WBHO), TaHHbIE

5. Elective surgery.

6.  The body mass index less than 27.5 kg/m’

Criteria for exclusion from the study:

1. A history of pathology of the central nervous system
including vegetative vascular dystonia.

2. Ahistory of pathology of the cardiovascular system.

A history of respiratory failure.

A history of liver disease and biliary tract.
A history of kidney disease.

A history of autoimmune diseases, allergies.
A history of diabetes.

A history of HIV infection.

. The body mass index more then 27.5 kg/m?*.

All patients were operated in a planned manner under total
intravenous anesthesia (TIVA). The most common operations
were: resection of ovarian cysts, laparoscopic conservative
myomectomy, supracervical amputation of the uteri, hysterecto-
my. The operative time ranged from 35 to 98 minutes (average
62.48+11.27 minutes).

Scheme of total intravenous anesthesia was standard and
included the following step. Premedication: administration of
sibazon at a dose of 10 mg at night before surgery and two hours
before entering the operating room.

Intraoperative period: after admittance at the operating
room patients were administered with atropine intravenously at
a dose of 0.5 mg, sibazon 10 mg («Moscow endocrine plant»),
promedol 20 mg and ketamine 0.4 mg/kg («Moscow endocrine
plant»). Induction was performed by intravenously bolus injec-
tion of propofol (Propofol-Lipuro, B. Braun, Germany), 10 mg
every 5 seconds, until the level of bispectral index decreased less
than 60. Tracheal intubation was performed in 3—5 minutes after
administration of succinylcholine (1.5—2 mg/kg), in means of
bispectral index from 45 to 55. Mechanical lung ventilation was
performed with a mixture of air and oxygen in the ratio 2:1
(DatexOhmedaAespire) in a normoventilation mode. In two
minutes before the incision fentanyl at a dose of 0.005+0.0007
mg/kg was administered. Myorelaxation was carried out by the
introduction of pipecuronii at a dose of 0.06 to 0.07 mg/kg.
During the surgery propofol (100—150 ng/kg/min) and keta-
mine (0.2 mg/kg/hour) were administered for maintenance of
anaesthesia. Analgesia was carried out by bolus administration of
fentanyl at a dose of 0.003+0.00045 mg/kg if heart rate and/or
mean arterial pressure increased more than 20% of initial values.

The assessment of the adequacy of general anesthesia was
performed according to Harvard standards monitoring anesthesia
(heart rate (HR), noninvasive mean arterial pressure (NIMBP),
electrocardiography (I — first standard abstraction) and plethys-
mography were analyzed, the oxygen saturation (SpO,) was esti-
matied by pulse oximetry and analysis of changes of bispectral and
somatosensory evoked potentials (SSEP).

The study of the bioelectric activity of the cerebral cortex
was carried out by evaluating the bispectral index (monitor
«miter-01-RD» (Russia) and somatosensory evoked potentials
changes (two channel monitor <«Neuromian», Russia).
Registration of somatosensory evoked potentials was carried out
using the median nerve (between the middle and lower third of
the forearm). The threshold of pain was determined before induc-
tion and then spent the stimulation of the median nerve rectangu-
lar pulse current duration of 1 msec with a frequency of 5 pulses
per second. The intensity of the stimulus was 110—120% of a pain
threshold, number of incentives for the same averaging — 512, the
values of a band varied from 2 Hz to 100 Hz. The duration of
epoch analysis was 50 msec. The latency (the time from the
moment of stimulation until the component was registrated) and
the amplitude (the difference between the components N19 and
P23 was estimated) of the three main components (N19, P23,
N32) of SSEP were studied. The latency and amplitudes of com-
ponents were registered automatically according to the recom-
mendations of V. V. Gnezdicki (1997)

All functional studies were conducted at following stages:

e i
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Ta6smua 1. Yacrora renotunos u ajwiesneil rena OPRM1 cpeau nanueHToK pasiM4HbIX pac, BOIIEANNX B HCCIEI0BA-

HHE.

Table 1. The frequency of genotypes and alleles of the u-opioid receptor gene (OPRM1) in patients.

Parameters Parameter values in the groups
europeans mongoloids
n % n %

Genotypes

118A/A 91 65.94 10 43.48

118A/G 40 28.99 8 34.78

118G/G 7 5.07 5 21.73
Alleles

A 222 80.43% 28 60.87

G 54 19.57% 18 39.13

Note (npumeuanue): Parameters — nokasaresu; parameter values in the groups — 3Hauerue mapamMeTpoB B TPyIIIAX; europeans —
esporeonibl; mongoloids — MoHTOTOM BT, genotypes — renoruibl; alleles — ammesnu; n — yucno GOIBHBIX.

anexTpokaparorpadun (I — mepBoe cTanmapTHOE OTBENEHNE) T
IJIETH3MOT PaMMa.

V3yueHnie G1O3IEKTPIHYECKON aKTHBHOCTH KOPBI TOJIOBHOTO
MO3Ta MPOBOMIOCH € TIOMOIIBIO OIEHKN OUCIEKTPATBLHOTO WH-
JleKca B peskuMe peasibHOro Bpemenu (Moxutop «Mutap-01-PI»
Poccust), a Takke IyTeM aHAIN3a COMATOCEHCOPHBIX BBI3BAHHBIX
MTOTEHINAJIOB (IByKaHAIBHBI HefipoMuoananusatop «Hefipomu-
an», Poccus). Perucrpaiuio coMaTOCEHCOPHBIX ITOTEHIINAJIOB
OCYIIECTBJSIIN CO CPEJMHHOTO HepBa (TpaHUIa cpejiHell u HU-
SKHEH TpeTH npeariedns ). [lepen nnaykimeii B HApKO3 onpezesi-
Ji1 GOJIEBOH MOPOT, MOCJIE YEro MPOBOANIN CTUMYJISAINIO CPE/IH-
HOTO ~ HepBa  IIPSIMOYTOJBHBIM  MMIIYJBCHBIM  TOKOM
IUTATETTBHOCTBIO 1 MC ¢ 9acTOTOI 5 MMITYJIbCOB B CeKyHLy. UHTeH-
CHBHOCTD cTHMYJIa cocTaBuaa 110—120% Goxesoro mopora. Ko-
JINYECTBO CTUMYJIOB Uit ofiHoro yepeanenus: — 512. IToroca vac-
ToT Oblta B ripeesax 2-100 T, dmoxa anasimsa cocrasiisiia 50 Mc.
W3yyanu J1aTeHTHOCTD (BPeMst OT MOMEHTA CTHUMYJISIIIUH JI0 HOSIB-
JIEHUsT KOMIIOHEHTA) U aMIUIUTY/Ly (PasHOCTh MeXK/y KOMIIOHEH-
tamu (N19) u (P23)) tpex ocuoBubix KommonenToB (N19, P23,
N32) CCBIL

Ornpeziesienne JIATEHTHOCTH KOMIIOHEHTOB M MEKITMKOBBIX
AMILTUTY/] TIPOU3BOIMIOCH ABTOMATHYECKN COTJIACHO PEKOMeH 1a-
nusim B. B. Tresauitkoro (1997).

Bce dynxinonaibible 1ccae0BaHus IPOBOIUINCE HA CJie-
JYIOIINX ATaTax:

1. Ilpu mocrynyieHUM MaMeHTKy B ONEPAlMOHHYIO (J1aH-
Hble TI0Ka3aTe N IPUHIMAIICH 32 HCXO/IHbIE);

2. Ilocae BBe/ieHHs MH/YKIIMOHHOI 103bI 1 OPOTpaxXealb-
HOIi MHTYGauu (4epe3 2 MUHYTHI), HO 10 KOKHOTO Pa3pesa;

3. Bo Bpems sanaporomuu (Ha starne Hanbosee BhIPaKeH-
HOTO COMAaTHYECKOTO KOMITOHEHTA OOJII);

4.  Ha arane skcruprmanuu, aMIyTaluu MaTKHU, 9HyKJea-
u y3i1a (Ha stare HanboJiee BHIPAKEHHOTO BUCI[EPATBHOTO KOM-
norenTa 6oJn);

5. B pamnnem nocseonepainonnom epuoze (depes 15 mu-
HYT HOCJI€ OKOHYAHMSI OTIePAIIN ).

Wcceneposanne nosmmopdusma [-OIMOUTIHOTO PEIENTOpa
OPRM1 1poBoinIu METOOM aJIJIe/b-CIEIUMUIHON MOJnMepas-
HOIT TIETTHOM PEAKINK C UCTIOIb30BAHNEM CIEIM(DUUECKUX MPSMO-
ro 1 o6parnoro npaiimepos (Biosune Biotechnology Co. Ltd, Ku-
Tail) 1o MeTojMKe onucaHHoil panee [27]. B 3aBucumoctn ot
BBISIBJIEHHOTO TEHOTHIA (OJIbHbIE ObLIM PACIPE/eSIeHbl HA TPU
rpymmbl (tabr. 1): T rpynma — 101 mHocurespbHUIA TEHOTHIIA
118A/A (HOoCHTENIBHUIIBI HOPMAJIBHOI aJLJTesIH, MAaKOPHBIIT Bapu-
ant), 11 rpynmna — 48 wocurenprui renoruna 118A/G (rereposu-
TOTHBIE HOCUTETBHUIIBI TTomMopdHoit astem), 111 rpymma — 12
nocuresbhuil reroruna 118G/G (roMo3uroTHbsle HOCUTEIbHUIIBI
nosiumopdHoit (MuHOpPHOI) amnenu) (p=0,073 cornacho ypasue-
nuio Xapau-BaiinGepra). Tenotunuposanue ObLIO BBITIOJHEHO B
snaboparopun rederuku yenoseka HUU Buosorun IODY (r. Poc-
ToB-Ha-/[0HYy).

CraTnctideckyio 06paboTKy MOIYIEHHBIX JAHHBIX IPOBOIN-
JIM ¢ TIOMOIIBIO nakeTa mporpamM Microsoft Excel, SPSS 17,0, ¢

1. after the patient entered the operating room (start
point);

2. after induction and intubation (in 2 minutes), but prior
to skin incision;

3. during laparotomy (on a stage of the most significant
somatic component of pain);

4. at the stage of removing, amputation of the uterus, enu-
cleation of the node (at the stage of most significant visceral com-
ponent of pain);

5. in early postoperative period (15 minutes after the
surgery was completed).

The polymorphism of the p-opioid receptor gene OPRM1 was
detected by polymerase chain reaction using specific forward and
reverse primers (Biosune Biotechnology Co. Ltd, China) accord-
ing to the method described previously [27]. Depending on the
identified genotype patients were divided into three groups (table 1):
group I — 101 carriers genotype 118A/A (carriers of the normal
allele, the major variant), group II — 48 carriers 118A/G genotype
(heterozygous carriers of the polymorphic alleles), group IIT — 12
carriers of genotype 118G/G (homozygous carriers of the poly-
morphic (minor) alleles) (P=0.073 demonstrating- not significant
diference from the Hardy-Weinberg equilibrium). Genotyping was
performed in the laboratory of human genetics, Institute of
Biology, Southern Federal University, Rostov-on-Don).

Statistical processing of the obtained data was performed
using analysis of variance (ANOVA) and discriminant analysis by
SPSS 17,0 and Microsoft Excel. To evaluate the significance of
intra-group differences between the original and final values of
variables nonparametric Wilcoxon criterion was employed.
Statistically significant differences were considered at P<0,05.

Results and Discussion

Statistically significant differences between East
Europians and ethnic Asian carriers of the same genotypes
were not identified in consumption of drugs for TIVA, course
of anesthesia and early postoperative period (P<0,05).

Comparison of doses of drugs for general anesthesia
revealed increased consumption of fentanyl in heterozy-
gous and homozygous carriers of the minor G-allele com-
pared to homozygous carriers of the major A-alleles. Thus
in the first hour of operation the dose of fentanyl in the
first group (the carriers of the genotype 118A/A) was
0.0045%0.0003 mg/kg, in second group (118A/G) —
0.0054+0.0004 mg/kg, and in the third group (118G/G) —
0.0081+£0.0008 mg/kg. The total dose of fentanyl in
homozygous carriers of the a-allele was 0.0059%0.0006
mg/kg, heterozygous carriers of the G-allele 0.0073%0.007
mg/kg and in homozygous carriers of the G-allele —
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Bompocs obesboanBanms .

Ta6auua 2. Pacxoa cpecTB i aHECTE3UH Y HOCUTEJIbHUIL TEHOTUIIOB M-onHouaHoTro penentopa OPRM1 (M+m).
Table 2. The dose of the drugs for anesthesia in carriers of different genotypes of u-opioid receptor gene (OPRM1)
(M=£m).

Drug Induction dose (mg/kg) Doses on the first Total doses (mg/kg)
hour of surgery (mg/kg)

118A/A 118A/G 118G/G 118A/A 118A/G  118G/G 118A/A 118A/G  118G/G
Propofol 3.11£0.16 3.08£0.16 3.33+£0.18 3.76%x0.19 4.19%£0.21 4.26+0.24 4.41+0.18 4.66+0.18 4.78+0.22
Ketamine 0.42+0.014 0.39£0.012 0.41+0.02 0.86+0.02 0.83+0.01 0.83x0.04 1.21£0.01 1.24+0.02 1.32+0.02
Fentanyl 0.0029+  0.0031+  0.0030+  0.0045+  0.0054+  0.0081+  0.0059+  0.0073+ 0.010+

0.0004 0.0003 0.0002 0.0003 0.0004 0.0008** 0.0006 0.0007 0.002**

0.041+ 0.041+ 0.046+ 0.059+ 0.061+ 0.073+ 0.073+ 0.076+ 0.082+

0.003 0.004 0.002 0.004 0.008 0.004 0.007 0.008 0.005

Droperidol 0.05£0.01 0.07£0.01 0.06+£0.01 0.24+0.02 0.26x0.01 0.34%0.02* 0.31£0.01 0.31£0.02 0.41%0.09*

Note (mpumevanue): drug — npenapar; induction dose (mg/kg) — wnaykmmonnas mgosza (mr/kr); doses on the first hour of
surgery (mg/kg) — pacxox npenapara 3a nepsbiii yac onepanun (Mr/xr); total doses (mg/kg) — cymmapnas nosa (Mr/Kr); propo-
fol — nponodous; ketamine — keramun; fentanyl — denranun; droperidol — aponepuznosn; m — the average error. * — p<0,05

(ANOVA); ** — p<0,01(ANOVA).

HCTIOIb30BAHNEM METO/IA OHO(DAKTOPHOTO ANCIIEPCHOTO AHATM3a
(ANOVA), inckpuMUHAHTHOTO aHau3a. [yt ycTaHOBJIEHNS BHY-
TPUTPYIITIOBBIX PA3IUYNIN MEK/LY UCXOAHBIMU U OKOHYATETbHBIMI
pe3yJsibTaTaMi HCIOJIb30BAJIN HellapaMeTPUIeCKuil KpUTepuii
Buskokcona. CraTHCTUYECKH 3HAYMMBIME PACIEHUBAINCH A(D-
dexror ipu p<0,05.

PesyibraThl U 00Cy>KA€HUE
CraTHUCTHYeCKN 3HAYNMBbIe pa3anyns  pacxoja
MeanKaMeHTOB it TBA, TeueHust aHecresun W paHHEro
MTOCJTEOTIEPAITMOHHOTO TIEPUO/Ia MEKIY €BPOTCONIAMU 1
MOHTOJIOMIaMH, HOCUTEJbHUIIAMU OJUHAKOBBIX T'€HOTH-
0B, BbIstBJIeHbI He Obun (p>0,05), uTO O3BOINIO 0ObE-
JMHUTB UX B 00IIUE TPYIIIIBL.

CpaBHenne pacxoza CpeacTB A1 00uell aHeCTe3un
BBISIBUJIO TIOBBIMIEHHBIA PACX0/ (DEeHTAHUIA ¥ TE€TEPO3U-
TOTHBIX ¥ TOMO3HUTOTHBIX HOCUTEIBHUI] MUHOPHOUH G-a-
JIEJTU TI0 CPABHEHUIO ¢ TOMO3UTOTHBIMU HOCUTEIbHUTIAMU
MaskopHoil A-astenn. Tak, 3a mepBbI yac orepaiun pac-
X0/ (heHTAaHUIA B TIEPBOiT TpyIIe (HOCUTENLHUIIBI TEHO-
tuma 118A/A) cocrasua 0,0045+0,0003 mr/KT, BO BTOpOiT
rpynne (118A/G) pacxon kosebajicsa B npegeiax
0,0054+0,0004 mr/xr, a B TpeTheit Tpymme (118G/G) p-
onmonnoro perteniropa OPRM1 cpenusist nosa henranu-
J1a 3a mepBbii yac oneparuy 6oiaa 0,0081+0,0008 mr/kr.
O6mas 103a (heHTaHUIa Y TOMO3UTOTHBIX HOCHTEJbHMIL
A-anemu 6bu1a 0,0059%0,0006 Mr/Kr, y reTepO3UTOTHBIX
nocureapnul; G-ammenn 0,0073+£0,007 mr/xr, y romo3u-
rotHbix HocurenbHul] G-amnenn 0,01+0,0015 mr/xr. Ta-
KM 00paszoM, pacxoz (penTanmnaa ObLT JOCTOBEPHO BBILIE
y nocurenaphui renotuna 118A/G (p<0,05) u 118G/G
(p<0,01) 10 CcpaBHEHUIO C HOCHUTEJbHUIAMHU TEHOTHIIA
118A/A p-onmoupnoro pereniropa OPRM1. ¥V romosu-
TOTHBIX HOCUTEJIHHUI] MITHOPHOW aJIeIN U-OMHOUTHOTO
perenTopa Takke oTMevancss 6oJiee BBICOKUI cymMmap-
HBIIl PAcXojI APONEPUA0Ia B CPABHEHUH C TOMO3UTOTHbI-
MU HOCHTEJIbHUIIAMK MaskopHoii ajesnn Ha 30,21+3,11%
(p<0,01).

Pasnuunst B pacxojie APYTUX MPENapaToB, NCTIOIb3Y-
€MBIX TS TIPOBEJICHNS aHEeCTe3NN, OBLIN HE JOCTOBEPHBI

(1abu. 2).

0.01£0.0015 mg/kg. Thus, the consumption of fentanyl
was significantly higher in carriers of the genotype
118A/G (P<0,05) and 118G/G (P<0,01) when compared
with carriers of the genotype 118A/A of p-opioid receptor
OPRM1. Homozygous carriers of the minor allele of p-opi-
oid receptor needed higher total doses of droperidol
(30.21£3.11%, P<0,01), compared to homozygous carriers
of the major allele.

Differences in the consumption of other drugs for
anesthesia were not significant (Table 2).

Differences in changes between groups in values of
bispectral index were minor and statistically insignificant
on the first, second, third and fourth stages of the study.
However, at the fifth stage of the research, values of bis-
pectral index were significantly lower (P<0,05) in carriers
of the genotype 118G/G of p-opioid receptor OPRM1
(76.75£4.94) compared to the values of this parameter in
carriers of a genotype 118A/A (82.32+3.48) and 118A/G
(82.73£3.95) indicating a deeper level of sedation, and was
associated with higher total dose of fentanyl and droperi-
dol during operation.

The dynamic of changes in the amplitude and laten-
cy of somatosensory evoked potentials at the second, third
and fourth stages demostrated that the patients of group
11T had less variation of that parameters than in the I and
II groups, and exhibited an increased sensitivity to noci-
ceptive stimuli despite the higher doses of narcotic anal-
gesics (table 3). This fact is presumably related to to
altered p-opioid receptor signaling in brain compartments
of carriers of 118G/G genotype [30].

Homozygous carriers of the A-allele OPRM1 had
decreased amplitude of N19 compared to the original data
at the 2nd stage (34.71£1.29%, P<0.01), 3rd stage
(29.53+£2.12%, (P<0.01), and 4th stage (36.25+1.8,
(P<0.01). Heterozygous carriers of the G-allele OPRM1
had less pronounced changes of the amplitude of N19: on
the 2nd stage this parameter was decreased to 33.86+3.38%
(P<0.05), on 3rd stage — to 25.22+2.93% (P<0.05), on 4th
stage to 27.62+1.31% (P<0.05). Homozygous carriers of
the G-allele of OPRM1 had decreased amplitude of this
component only to 7.93+0.64% (20d stage), 10.89+0.26%

OBIJAA PEAHMUMATOAOI M, 2015, 11; 1

www.reanimatology.com

57



58

Problems of anesthesia

DOI:10.15360,/1813-9779-2015-1-53-63

[Ipu comoCTaBIEHUN MEKTPYITIOBBIX pa3-
JIMYUI M3MEHEHWI 3HAYCHUI GUCIIEKTPATIbHOTO
WHIEKCA MBI YCTAaHOBUJIM, YTO HA TIEPBOM, BTO-
POM, TPEThEeM ¥ YETBEPTOM HTalax MCCIETOBA-
HUSI MEKTPYIIIOBbIE PA3JINYUs 3HAUCHUs OucIe-
KTPaJIbHOTO UH/IEKCA ObLIN HE3HAUMTETbHBIMI 1
CTaTUCTUYECKN HemocToBepHbIMU. OaHaKo Ha
[ISITOM 9Talle UCCJIe0BaHUsT 3HAUCHUS OUCIIEKT-
PaJbHOrO0 WMHIEKCA OBLIM JOCTOBEPHO HIUIKE
(p<0,05) y nHocurenpuun resoruna 118G/G p-
ormmonaHoro perenrropa OPRM1 (76,75+4,94),
0 CPABHEHWIO CO 3HAUCHUSIMU TAHHOTO TTOKA3a-
Tenss |y HocurenpHuil renotuna 118A/A
(82,32+3,48) u 118A/G (82,73+3,95), uTo0 yKa-
3bIBAJIO Ha GoJiee riyGOKUI YPOBEHD Celalliu, U
ObLIIO CBsA3aHO € OOJIBIIElT CyMMapHOU 0301
BBEIEHHOTO (DEHTAHUIIA U IPOTIEPUIOIA.

[Tpu comocTaBIeHUN TUHAMUKI U3MeHe-
HUH aMIUTUTYIBI U JATEHTHOCTH COMATOCEHCOP-
HBIX BBI3BAHHBIX MOTEHIINAIOB Ha BTOPOM, Tpe-
THEM U YCTBEPTOM ITATIAX PETUCTPAIIIH JAHHBIX
rmokaszaTesieit Mbl yCTAHOBUJIH, YTO Y TAIIMEHTOK
III rpynmsl kosiebaHwst 3HAYEHMH OB MeHee
BBIpaskeHsbl, ueM B -1 n I1-if rpymnmax, uto yka-
3BIBAJI0 HA TOBBINIEHHYIO YYBCTBUTEIHHOCTD K
HOIMIIEIITUBHOMY CTUMY.JIY, HECMOTPsI Ha GOJIb-
MU pacxol HaAPKOTUUECKUX aHaJbIeTHKOB
(Tabi. 3), uTO BEpOSITHEE BCETO, CBI3aHO C 3a-
Me/ieHneM 0OpasoBaHUsl IUKJIUYECKOTO ajle-
HO3MHMOHOHYKJIeoTuzaa [30].

HauGosiee 3HAUMMOE CHUKEHUE aMILIUTY-
161 N19, 110 cpaBHEHUIO € NCXOAHBIMU JTAHHBIM,
ObLJIO 3aPETMCTPUPOBAHO Y TOMO3ZUTOTHBIX HOCHU-
tenpuaul A-asesn OPRM1: Ha 2-om arane Ha
34,71+1,29% (p<0,01), Ha 3-em »srame Ha
29,53+2,12% (p<0,01), Ha 4-m »srame Ha
36,25+1,81% (p<0,01). ¥ reTepo3urOTHBIX HO-
cutesnpnuil G-amiesin OPRM1 usmenenue ami-
autyabl N19 Obio MeHee BbIPaKEHHBIM: 2-I
aTanm — ymenbimaiach Ha 33,86+3,38% (p<0,05),
3-it ma  25,22+293% (p<0,05), 4-it mHa
27,62%1,31% (p<0,05). ¥ rOMO3UTOTHBIX HOCH-
tespru G-asutesnn uccaenyemoro rera OPRM1
AMILTITY/IA TAHHOTO KOMITOHEHTA YMEHBINAIach
Toibko Ha 7,93+0,64% (2-ii 9ram), Ha
10,89+0,26% (3-it atam) u na 10,96+0,78% (4-it
aTair), 4To ObLIO JOCTOBEPHO HUJKE, 110 CPaBHE-
HUIO ¢ HOcuTeabHUIIaMu resorumnos 118A/A u
118A/G (p<0,01).

[Tpu conocrapyiennu 3auenuii N19 B pan-
HEM TIOCJIEOTIEPAITHOHHOM TIEPHO/IE C MCXOHDI-
MU AHHBIMH, YCTAHOBJIEHO, YTO ¥ HOCUTEIHHHUIL
MayKOPHOTO T€HOTHIIA OTMEYAJIOCHh YBETUIEHIE
sarentHocT N19 Ha 15,24+0,32% ¢ ojHOBpe-
MEHHBIM CHIKeHHeM aMIiiuTyasl N19 Ha
34,14%1,82% (p<0,01). ¥ HOCUTETHHUI] TEHOTH-
na 118A/G narentHocth N19 Gbiia Gobiire vic-
XozHbIX 3Havennit Ha 11,18+0,92%, a amminry-
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Puc. 1. /IunamMuka M3MeHEHHSI YaCTOTHI CEPE€YHbIX COKpaIie-
HHUi{ Y HAIMEHTOK Pa3JIHYHbIX T€HOTUIIOB.

Fig.1. Dynamics of changes in heart rate of patients included in
the study.

Note (mpumeyanue). beat/min — yu./mun. Here and figure 2 —
31ech U Ha pucyHke 2: stages of study — cragnu ncciaenosami-
sk; A/A — renotun 118A/A; A/G — renorun 118A/G; G/G —
renorun 118G/G.

mm Hg
100
* *
— s
75 s ———
— 18A/A —118A/G 18 G/G
30

1 2 4

()

3
Stages of study

Puc. 2. lunamuka U3MeHEeHHI CPeIHEro apTepHaIbHOrO JAaBje-
HHUS1 Y NaHEHTOK PA3JINYHbIX T€HOTUIIOB.

Fig. 2. Dynamics of changes of NIBP (noninvasive mean arter-
ial pressure).

Note (npumeuanune). mm Hg — mm pr. cr. * — P<0,05 (ANOVA).

na Obuta Menbine Ha 18,34%2,27% (p<0,05). ¥ Hocutelb-
HUIl MUHOPHOTO TEHOTHIIA IaTeHTHOCTh N19 Oblia GoJiblie
Ha 4,37%0,06%, a aMIuuTy1a JaHHOTO MOKasaTesst ObLia
MEHBIIIE MCXOAHBIX 3HaUeHUI Beero Ha 5,26+0,16%. Takum
00pasoM y TIOMOBUTOTHBIX HOCUTEIBHUI] MOJIUMOPGDHOIL
anmnenn p-ormmongHoro perientopa OPRM1 moxasatemm
marerTHocT 1 aMtnTyab CCBII He3HAYNTETHHO OTJIH-
JAJNCh OT MCXOAHBIX MAHHBIX, YTO YKA3BIBATO Ha MPAKTHU-
YEeCKHU MOJIHOE BOCCTAHOBJIEHUE TIPOBEIECHNS HOIIUIIETITHB-
HOTO UMITYJIbCa, B TO BPEMsI KaK Y HOCUTEJIbHHIL TeHOTUTIA
118A/A u renoruna 118A/G coxpaHsiyioch 3ame/ieHne
TTPOBE/ICHUST NMITYJIbca (OCTaTOUHAS AHAITE3WT).

AHaJI3 TeMOZIMHAMUKY HE BBISIBILI JIOCTOBEPHBIX MESK-
IPYIIIOBBIX PA3INUUIl KOJIEOAHUS YaCTOThI CEPAECUHBIX COKPa-
MIEHUH HY Ha OTHOM U3 3TaIoB uccenoBanus (puc. 1 u 2).

B toske Bpems cpeziHee aprepuasbhoe nasienne (CAJL)
ObLIIO JIOCTOBEPHO BBILIIE Y TOMOSUIOTHBIX HOCUTEJbHUIL MHU-
HopHOIT G-ajutesi Ha 3—5-M sTanax ucc/ieloBaHusl, B CpaBHe-
HUK € TOMO3UTOTHBIMU HOCHTEJIbHUIIAMU MasKOPHOIT A-aJiie-
gt (p<0,05). Ha TpeTbeM aTarie y TOMO3UTOTHBIX HOCHTETHHUIT
MakopHoi asutenu cpexnne 3uadenust CAJl cocraBuim
77,29+3,43 MM PT.CT., Y TETEPO3UTOTHBIX HOCUTEJIBHHUI] MUHOP-
Hoit ammenmt — 84,31+5,38 MM PT. CT., a Y TOMO3UTOTHBIX HOCH-
TeJIbHUI] MUHOPHOI ajiiesin — 91,25£8,37 MM pT. CT.

Ha ugeTBepTOM 3Tame y TOMO3UTOTHBIX HOCHUTEIh-
nui A-amenn cpeanue suadenuss CAJl cocraBusim
76,14%3,32 MM PT. CT., Y T€TEPO3UTOTHBIX HOCUTEJIbHMUII
G-amnenn 81,35£6,12 MM PT. CT. U Y TOMO3UTOTHBIX HO-
curenpaul; G-amresn OPRM1 91,02+6,34 mm pr. cT.

(31d stage) and to 10.96+0.78% (4th stage), which was sig-
nificantly lower compared with carriers of genotypes
118A/A and 118A/G (P<0.01).

In early postoperative period carriers of major geno-
type had increased latency of N19 (15.24+0.32%) with a
simultaneous decrease of the amplitude of N19
(34.14%1.82%, P<0.01) in comparison with the original
data (start point). Carriers of the genotype 118A/G had
higher latency of N19 in comparison with original values
(11.18%0.92%), and the amplitude was lower in compari-
son with original values (18.34%2.27%, P<0.05). Carriers
of the minor genotype exhibited an increased latency of
N19 (4.37+0.06%), with a simultaneous decrease of the
amplitude of N19 (5.26+0.16%).Thus in homozygous car-
riers of the polymorphic alleles of p-opioid receptor gene
OPRM1 the latency and amplitude of SSEP differed in
comparison with the original data, which indicated almost
complete recovery of conduction of nociceptive impulse,
while the carriers of the genotype 118A/A genotype
118A/G were characterized by slower speed of the impulse
conduction (residual analgesia).

Significant differences were not revealed among
groups in heart rate at any stage of the study (Fig. 1—2).

At the same time, medium arterial pressure
(NIMBP) was significantly higher in homozygous carriers
of the minor G-allele at 3—5-m phases of the study, com-
pared to homozygous carriers of the major A-allele
(P<0.05). At the third stage medium arterial pressure of
homozygous carriers of the major allele was 77.29+3.43
mm Hg, in heterozygous carriers of the minor allele —
84.31+£5.38 mm Hg, and in homozygous carriers of the
minor allele it was 91.25+8.37 mm Hg.

At the fourth stage in homozygous carriers of the A-
allele NIMBP value wwas 76.14+3.32 mm Hg., in het-
erozygous carriers of the G-allele it was 81.35%6.12 mm Hg
and in homozygous carries of the G-allele OPRM1 —
91.02+6.34 mm Hg.

In early postoperative period (the fifth stage)
NIMBP in carriers of genotype 118A/A OPRM1 was
73.93+3.36 mm Hg, in carriers of the genotype 118A/G
OPRM1 was 81.15+4.67 mm Hg, and in carriers of the
genotype 118G/G was 85.33£5.52 mm Hg (Fig. 2).

Homozygous carriers of the major allele began exe-
cute verbal commands on 6.63%3.11 minutes, the extuba-
tion in that group was made on 9.74£3.46 minutes after
surgery. Heterozygous carriers of the minor alleles began
execute verbal commands on 9.27+3.69 minute, and extu-
bation was performed on 14.69+4.42 minute. In homozy-
gous carriers of the minor allele execution start time of ver-
bal commands were 27.75+8.23 minutes, and the time of
extubation was 34.08=11.13 minutes after surgery, which
was significantly higher (P<0.01) in comparison with the
patients of first and second groups.

In addition, the analysis of the occurrence of postop-
erative nausea and vomiting showed that this complication
was observed in twelve (11.88%) patients in the first
group, eight (16.7%) patients in the second group and
seven (58.3%) in the third group that corresponded to

OBIJAA PEAHMUMATOAOI M, 2015, 11; 1

www.reanimatology.com

59



60

Problems of anesthesia

DOI:10.15360,/1813-9779-2015-1-53-63

[ |
0 118 A/A ) 118A/G O 118G/G
15-1
104
s L o
a2 &
b o O o
o -
i1
(8]
D p
5= o -?g
-104
-157
T T T T T T T
15 10 5 o 5 10 15

Puc. 3. [Imarpamma paccesHus Jjisi KAaHOHHYECKUX 3HAYEHHIA
rpynn nauueHTos ¢ renorunom 118A/A, 118A/G, 118G/G.

Fig. 3. Scatterplot for the canonical values of the patient group-
swith genotype 118A/A, 118A/G, 118G/G.

Note (nmpumeuanue): root — KOpeHb.

B pannem mocieomeparmoHHOM Tepuoze (TISATHII
atam) cpeaune 3Hadennss CAJ/l y HOCUTENbHUIL T€HOTUIIA
118A/A OPRM1 cocrasuan 73,93%3,36 MM pr. CT., y HO-
cutespnuil renoruna 118A/G OPRM1 81,15+4,67 mm pr.
cT., a y Hocureapautl renotuma 118G/G — 85,33+5,52 MM
pT. cT. (puc. 2).

Cpentee BpeMsl Hadaja BBINOJHEHUsST BepOaIbHbIX
KOMaHJI cocTaBmiIo B mpesienax 6,63+£3,11 Mun. y romo3u-
TOTHBIX HOCUTEJIbHUI] MasKOPHOU aJIJIeJH, a CPeIHee BpeMst
9KCTYOAIMU Y TIAIIMEHTOK, BOIIEAIINX B JAHHYIO IPYIIILY,
coctaBmwiio 9,74+3 46 MuH. 1ocsie ONMepaTUBHOTO BMeIIa-
TENbCTBA. [eTepo3UroTHbIE HOCUTEIBHUITBI MUHOPHON aJ-
JIeJI HAUWHAJIM BBINOJHITh BepOaibHble KOMaHIbl Ha
9,27+3,69 muHyTe, a 9KCTYOALUS BBINOJIHSJIACH B CPELIHEM
Ha 14,69+4,42 munyTe. Y TOMO3UTOTHBIX HOCHUTEJBHUI]
MUHOPHOI aJljiesii BpeMsl Hauajia BBIIOJHEHUsT BepOalib-
HBIX KOMAH COCTaBWIO 27,75%8,23 MUH., a BpeMsI 9KCTY-
Gauuu kosebanoch B npenesax 34,08+11,13 munyT, uto
6b110 1ocToBepHO Bhiiie (p<0,01) B cpaBHEHWH C TTAIIUEHT-
KaM# TepBoii u BTOpo# rpymi. IlommMmo aToro, anamns
BCTPEYAEMOCTH TTOCJIEONEPAIIMIOHHON TOMIHOTBI ¥ PBOTHI
MoKa3aJl, 4YT0 JAHHOE OCJIOKHEHHE OTMEYasioch Y JIBEHa/l-
matn (11,88%) marmenTok B MEpBOH TPyMIe, Yy BOCHMU
(16,7%) narmentox Bo BTOpoii rpymre u 'y cemu (58,3%)
MAIMEHTOK B TPEThEN IPYIIIE, YTO CXOKE C Pe3yJbTaTaMu,
HOJIyY9eHHBIMU APYTHME aBTopamu |26, 27]. Takum o6pa-
30M, 9TO OCJIOKHEHUE 3HAYUTEJIBHO Yallle BCTPEYAIoCh y
HocuresnpHull renotuna 118G/G p-onmongaHoro perenTo-
pa (p<0,01).

[TpumeHeHne AMCKPUMUHAHTHOTO aHAJIM3A MT03BOJIH-
JIO BBISIBUTH HanboJjiee 3HAYUMbIE KPUTEPUU TIPOTHO3UPO-
BaHUS TEUEHHS AHECTE3UH Yy HOCUTEJbHUIL TTOTMMOPMOHBIX

Ta6iuua 4. CrangaprusupoBaHubie KO3(PQUIUEHTHI 1S
KaHOHMYECKHX I€PEMEHHBIX B IUCKPUMHHAHTHOM MOIEIN.
Table 4. Standardized coefficients for canonical variables
in discriminant model.

Parameters Root1 Root 2
Latency of N19 (4th stage) -0,030 -0,822
Amplitude of N19 (2nd stage) -0,389 0,198
Amplitude of N19 (3rd stage) -0,546 0,382
Amplitude of N19 (5th stage) -0,372  -0,575
Latency of N32 (5th stage) 0,596 -0,107
NIMBP (21 stage) 0,124 -0,285
Extubatuion time 0,309 -0,676
Time start of verbal commands execution -0,799 0,916
Eigen values 15,490 7,913
Cumulative proportion 0,662 1,000

Note (npumeuanue). Here and in table 5 (3aech u B T261. 5):
parameters — 1okasatenu; latency of N19 (4th stage) —
narentnocts 19 (4 sram); amplitude of N19 (2nd stage) —
ammuatyna 19 (2 sran); amplitude of N19 (3rd stage) —
ammauryna 19 (3 sram); amplitude of N19 (5th stage) —
ammutyza 19 (5 sran); latency of N32 (5th stage) — narenrnocts
32 (5 aran); NIMBP (noninvasive mean blood pressure) —
HEMHBA3UBHOE CpejiHee aprepualibHoe jasienue; extubatuion
time — Bpemst akcTybaimy; time start of verbal commands execu-
tion — BpeMs1 Havasa BBIOJHEHNS BepOATBHBIX KOMaHI, eigen
values — cobcrBennoe 3Havenus; cumulative proportion —
KyMyJIATUBHAst J10Jist; Toot — KopeHb; N — KOMIIOHEHTa
COMATOCEHCOPHBIX BBI3BAHHBIX MOTEHIINAJIOB.

results obtained by other authors [26, 27]. This complica-
tion was significantly more frequent in carriers of genotype
118G/G of p-opioid receptor (P<0.01).

The application of discriminant analysis allowed to
identify the most important criteria for predicting the
course of anesthesia in carriers of the polymorphic variants
of the gene OPRM1. Standardized coefficients that deter-
mine the value (weight) in the discrimination of the stud-
ied groups (Table. 4) were established. Analysis of the
results showed that the important value in predicting the
course of anesthesia and early postoperative period
depending on the OPRM1 genotype were: latency and
amplitude of somatosensory evoked potentials (primarily
the amplitude N19 on 20d, 3rd and 5th phases of the study,
the latency N19 on the 4th stage, latency N19 and N32 on
the 5th stage) and extubation time.

The distribution of the canonical values are present-
ed in Fig. 3

On the figure had shown that the difference between
homozygotes carriers of G-allele and homo- or heterozy-
gous carries of A-allele, were caused mainly by the values
of the root 1 of canonical function, and the difference
between patients of I and II group werecaused mainly by
values of root 2. The difference in the group of patients
with genotype 118G/G OPRM!1 from patients with geno-
types 118A/A and 118A/G was determined primarily by
the changes of latency of N32 on the 5th stage of the study
(standard rate 0.596), amplitude N19 on 20d, 3rd phases of
the study (standard rate -0.389; -0.546), the start time of
verbal commands (standard rate -0.799). At the same time,
the difference between patients with genotype 118A/A
and 118A/G OPRM1was determined, primarily, by the
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TaGmua 5. CraTucTHYECKash 3HAYMMOCTh TE€PEMEHHBIX,
BKJIIOUEHHBIX B JUCKPUMHHAHTHYIO MOJIEJb.

Table 5. Statistical significance of the variables included
in the discriminant model.

Parameters P-yposenb
Latency of N19 (4th stage) 0,000000
Amplitude of N19 (2nd stage) 0,000004
Amplitude of N19 (3rd stage) 0,000000
Amplitude of N19 (5th stage) 0,000000
Latency of N32 (5th stage) 0,000000
NIMBP (27 stage) 0,004911
Extubatuion time 0,016137
Time start of verbal commands execution 0,000011

BapuanToB rera OPRM1. boutn ycranosienn: craniapru-
3UPOBaHHBbIE KOI(DDUIIMEHTDI, ONpeAeIoNne 3HaYeHne
(BeC) B AUCKPUMMHALMK MCCJAeAyeMbIX Tpymm (tabi. 4).
AHam3 MOMYYIEHHBIX PE3YIBTATOB TIOKA3aJ, YTO HANOOJIh-
1iee 3HaYCHUE B TIPOTHO3UPOBAHUU TEUCHUS aHECTE3UU U
PAHHETO MOCJIEONEPAIIIOHHOTO TIEPHO/IA B 3aBUCIMOCTH OT
reqoruia OPRM1 umeroT: JIaTEHTHOCTb U aMILTUTY/[A CO-
MaTOCEHCOPHBIX BbI3BAHHBIX TIOTEHIHAJIOB (B MEPBYIO OYe-
pennb ammutuTyaa N19 ma 2-M, 3-M 1 5-M 9Tarnax nccaeoBa-
HUS, JaTeHTHOCTh N19 Ha 4-oMm aTame, maTeHTHOCTH N19 11
N32 Ha 5-M Tarie), a TakKe BpeMst 9KCTYOalui.

Ipacduuecku pacnpeziesieHne KaHOHHYECKUX 3Haue-
HU TIPe/ICTaBICHO Ha PUC. 3.

W3 pucyHka BUHO, YTO PA3JINUNe MEK/Y TOMO3UTO-
tamu G-ajuiesiss 1 obsagare/bHUIAMU A-ajljiesist B TOMO-
WM TeTepPO3UroTHOH (opMe 00YCIOBACHO B OCHOBHOM
3HaYeHUsIMM KOPHs 1 KaHOHMYECKOI (DYyHKIUH, a PasJiu-
yne Mexxay nanuenTtkamu 1-i u I1-if rpynm — 3HaueHnsIMmI
KOpHsi 2. Paszjinume Tpymnnbl MAlMEHTOK € TEHOTHIIOM
118G/G OPRM1 or nanuenTok ¢ renorunamu 118A/A u
118A/G ortipenesnsiercsi, B IepBYI0 OUepe/ib, BEJINUUHOI Jia-
TeHTHOCTH N32 Ha 5-M arare ucciefoBaHus (CTaHIapT.
k0add. 0,596), ammurynoit N19 ma 2—3-m aTamax nccse-
nosanus (cranaapt. koadd. coorBercTBeHHo -0,389,
-0,546), BpeMeHeM Hauasia BBIIIOJIHEHUS BepOAIbHBIX KO-
Mauz (ctangapt. koadd. -0,799). B Toxe Bpemst pasinune
Mexay manueHtkamu ¢ reHorunom 118A/A u 118A/G
OPRMI1 onpesiensiercs, B iepByto o4epe/ib, BpeMeHeM Ha-
yajia BBINOJHEHUs] BepOAJbHBIX KOMaH (CTaHAapT. KO-
add. -0,916), marentroctoio N19 Ha 4-M atarne nccrienosa-
Hus (CTanaapTU3npoBaHHbIil K0add. -0,822), amruTynoi
N19 na 5-M sTane ncciaenoBanus (CTaHIAPTU3UPOBAHHDIN
k0a(hd. -0,575), BpemeHeM aKcTyOaiuu (CTaHAAPTU3UPO-
Banubiit K03 d. -0,676).
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time of execution of the verbal commands (standard. coeff.
-0.916), latency N19 at the 4-th stage of the study (stan-
dardized coeff. -0.822), amplitude N19 at the 5th stage of
the study (standardized coefficient -0.575), time extuba-
tion (standardized coefficient -0.676).

All of the indicators included in the model have a
high statistical significance (table 5).

The high statistical significance of variables allowed
to applythis results to other patients.

Conclusion

1. The carrier genotypes 118A/G and 118G/G p-
opioid receptor OPRM1, primarily 118G/G are more tol-
erant to narcotic analgesics (P<0.01) and required higher
doses of narcotic analgesics to achieve adequate analgesia
during surgery.

2. Homozygous carriers of the minor allele had
deeper level of sedation, and they recovered the sponta-
neous breathing later demonstrating that the patients with
118A/G and 118G/G genotypes needed more attention in
early postoperative period (P<0.01). This fact could be
connected to higher doses of narcotic analgesics, which
were administered during surgery.

Bce mokasaresu, BKIIOYEHHBIE B MOJIEJTb, OOIAAI0T
BBICOKOH CTATHCTHYECKOH 3HAUNMOCTBIO (TabIL. 5).

Bblcokast 3HAUMMOCTD TIEPEMEHHBIX TT03BOJISIET MIPU-
MEHUTh MOJIyYEeHHbIE Pe3YJIbTaThl MOAEIUPOBAHUST K JPY-
I'UM BbIGOPKAM MAlUEHTOB.

BroiBoasl

1. Hocurempuunsl renotunos 118A/G un 118G/G
p-omrongnoro perenirtopa OPRM1, B mepsyio ouepenb
118G/G, nMeroT ToJIepaHTHOCTh K HAPKOTHYECKUM aHaJIb-
rerukam (p<0,01), u TpebyroT GosIee BBICOKUX /103 HAPKO-
TUYECKUX AHAJIBIETUKOB [IJIS JMOCTUKEHUS a/leKBATHOM
AHAJITe3MH BO BPEMSI OTIEPAITHH.

2. Y rOMO3UTOTHBIX HOCUTEJIBHUIL MUHOPHOIT asiie-
JIN BOCCTAHOBJICHHE JIBIXAaHUS U YPOBHSI CO3HAHUST HACTY-
najo sHauuTe bHo nozxe (p<0,01), uro TpeboBao 60b-
IIEr0 KOHTPOJISI 33 9TUMHU TAIMEHTKAMH U, BO3MOJKHO,
CBSI3aHO ¢ OOJIBIIUMU 103aMU HAPKOTUYECKUX aHAJIbIeTH-
KOB, BBOJIUMBIX BO BPEMsI OTIEPAIIHH.
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Simulation Training at a Medical Institute:
An integral Part of the Educational Process

P. V. Ligatyuk? S. A. Perepelitsa'?, A. N. Kuzovlev', D. D. Ligatyuk®

' V. A. Negovsky Research Institute of General Reanimatology, Moscow, Russia
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14, A. Nevsky St., Kaliningrad, 236041

Ilenv — oBnateHNE METOAMH CEP/IEYHO-TIETOYHOIl PeaHNMAINH, IPHOOPETEHIE HABBIKOB HCIIOJIb30BaHUS COBPEMEHHOM arl-
naparypbl, 00yuenre paGoTsl B Koutektuse. Mamepuanovt u memoosvt. Cumynsiuonnsiii Kype no 6asosoii CJIP u AH/I npo-
1w 46 Bpayeii-MHTEPHOB M OPAMHATOPOB. 32 3—4 JIHs /10 Kypca YYaCTHHKH IOJXYYiin opuuaibHeiii nepesos uundopmaim-
onnoro marepuaia ECP u ugyunmm ero. IIporpaMma 0Gyuenus Ha Kypce BKJIIOYAET JEKIMH, OCBOCHHE aJIrOPHTMA OKa3aHus
TIOMOIIIY IIPH BHE3AIHOH OCTAHOBKE CeP/ILa U IIPAKTUYECKUE 3aHATHS HA MaHEKeHaX, BKJIIOYAIOUKe BIIOJIHEHHE KOMIIPeCCHi
IPY/IHOI KJIETKH, MCKYCCTBEHHOE JIbIXaHHe, PadoTy ¢ y4eOHbIM aBTOMATHYECKHM Hapy:kHbM AeduGpurisaropom (AHI).
IIpomokuTEBHOCTD Kypca cocTaBisieT 6—7 yacoB. Pesyavmamot. Bce HHTEPHBI U OPAMHATOPHI MMEIH MOTHBAIMIO 00yye-
HUsI: NpHOGpeTeHre HABbIKOB OKa3aHHsI IIOMOILH 110 BHE3AIHOIi ocTaHOBKe cepaua. cnoab3oBaics aaropurM, paspaGora-
Hblii EBponeiickuM cOBETOM 110 peaHnManuu, u 4-X CTyleH4Yaras MoJelb 00ydYeHHs MpaKTHYeCKuM HaBbikaM. IIpomreqummii
KyPC COOTBETCTBOBAJ 0:kuAaHusIM y 100% y4acTHUKOB, BCe HHTEPHBI U OP/IMHATOPBI B /IOCTATOYHOIT CTEIIEHH OBJIA/IE]IU IPAK-
tueckumu Hasbikamu CJIP u ycnemno 3asepimiy oGyyenue. [IpoBe/ieHne aHKeTHPOBAaHMSI B KOHIE KyPCa II0KAa3aJI0 BBICO-
KYIO Pe3yJbTaTHBHOCTb Kypca. O0yueHne MOBbICHIO MOTUBAIMIO Y 29 HHTEPHOB U OPANHATOPOB, OHH IOIYYHIU CTATYC PO-
Baiinepa EBpomneiickoro Cosera nmo peanumanuu, 10 Bpauei-HHTEPHOB M OPAMHATOPOB MPOJOJKAT OOydYeHHE Ha Kypce
uncrpykropos ECP. Kntouesvie cnosa: cumynsiunonsoe o0ydyeHue, cep/eyHo-JerouyHast peaHuMalusi, Bpayn-uHTEPHbI, Me-
JMIHHCKAS TIOMOIIb.

Objective: to master and practically execute cardiopulmonary resuscitation (CPR) procedural techniques, to
acquire skills to use state-of-art equipment, and to teach work in the team. Subjects and methods. Forty-six interns
and residents took a simulation course of training in basic CPR and automatic external defibrillation. Three-four
days before the course, its participants received the certified translation of the European Resuscitation Council
(ERC) information material and studied it. The course education program encompasses lectures, lessons on a med-
ical care algorithm in sudden cardiac arrest, and practical works using models, including chest compression, ventila-
tion, and automatic external defibrillator (AED) training. The duration of the course is 6—7 hours. Results. All the
interns and residents were motivated to learn: to acquire first aid skills to manage sudden cardiac arrest. The ERC
algorithm and a 4-stepped model to have practical skills were used. The taken course met expectations in 100% of
the participants; all the interns and residents adequately acquired practical CPR skills and successfully completed
their training. A questionnaire survey at the end of the course showed the high efficiency of the course. The training
enhanced motivation in 29 interns and residents; they obtained an ERC provider degree; 10 interns and residents
continue to take a course of training as an ERC instructor. Key words: simulation training, cardiopulmonary resus-
citation, interns, medical care.
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HOAI‘OTOBKa KaApPOB aHECTE3MOAOITOB-PEaAaHMMATOAOTOB

Beenenue

O6bem nHdopMaIUy, KOTOPBIM BJIACET IMBUIN3A-
1S, TTIOJIHOCTBIO OOHOBAETCS Kaskaple 5 jer. OcBoeHue
3TOr0 0ObeMa MHIAUBULYYMOM BO3MOKHO TOJBKO B IIPO-
1iecce peryJisipHOro HelpephiBHOro obpasosanus. B cospe-
MEHHOM 00pa3oBaTeIbHOM IIPOCTPAHCTBE MOSIBUIOCH MHO-
JKECTBO TEXHOJIOTHH, OfHA M3 HUX — CUMYJISIIIMOHHOE
obyueHre, KOTOPOE SBJSAETCS MPOLYKTOM HAyUHBIX U IIPO-
M3BOJCTBEHHBIX TEXHOJIOTUH, MPeoOpPa3OBaHHBIX B MHHO-
BallMOHHOE 06Pa3oBaTeIbHOE MPOCTPAHCTBO. Briepsbie cu-
MYJSIUOHHBIE TEXHOJOTHH TOSBUINCh B aBUATIHH.
TTocTenenHo TMpUMEHEHNe CUMYJISTOPOB PACIPOCTPAHN-
JIOCH Ha Pa3JUdHble OTPACIN, B TOM YHCJE W MeIUTINHY. B
COBPEMEHHOI1 KJIMHUKE TIEPBUYHOE OOyYeHUe IPaKTUIec-
KUM HaBbIKaM HMEET HEKOTOpPble OTPaHWYEHHUsS: HeI0-
CTaTOK KOMMYHUKATUBHBIX HABBIKOB ¥ CTYZAECHTOB U MOJIO-
JIBIX Bpaueii B OOIEHNN ¢ TTarenTaMu, 1euInT BpeMeHn
I OTPabOTKU KasKAOTO HaBBIKA, NCUXOJOTHYECKass 00-
SI3HD BBITIOTHEHNUST TIPOTIELYPBHI, BBICOKUHT PUCK JIJIsT 310PO-
Bbs TTAIEHTA. B TO BpeMst oJTyueHne TeOPeTHYECKIX 3HA-
HUI He NpPEACTaBIsgeT OOJBMIMX CJIOKHOCTEH — B
paCIOpSKEHNY CTYEHTOB, WHTEPHOB, OPAMHATOPOB U
carymatesieit MMeIoTCsT IPOrPaMMBI TIOBBITIEHUST KBAaT(-
Kaluu, KHUTH, CTaThH, JIEKI[MH, BUIeOMaTepUaibl, WHTEP-
HeT-pecypcsl [1, 2].

[Tpumenenne CUMYISTIHOHHBIX TEXHOJIOTHI TIPU3Ba-
HO MOBBICUTH 3(PHEKTUBHOCTh YyUueOHOrO MHpoliecca, ypo-
BeHb TPO(ECCHOHATBHOTO MACTePCTBA W MPAKTHYECKUX
HaBBIKOB MEIUIIMHCKUX PabOTHUKOB, 00CCIIeunBas UM Ha-
n6onee a3 HEKTUBHBIA 1 6E30ACHDBII TTEPEXO K MEAMIIH-
CKOW JIESITETbHOCTA B PEATBHBIX YCI0BUsIX. C MOMOTIHIO
CUMY/JISIIIMOHHBIX METOJUK MOKHO OTPaboTaTh IIPAKTUYEC-
KM€ HaBBIKU OOYYAIOIUXCsI, YTO MO3BOJMT UM YBEPEHHee
nepeiTu K HaCcTOAIMM BMernarenberBam. [Ipn aTom obec-
[eYnBaeTCs HelpepbiBHOE MpodeccuoHaibHoe 0byueHue
MEJMIUHCKUX KaJPOB B COOTBETCTBUK C COBPEMEHHBIMU
ajroputMamMu. B xoze oOyueHus: oTpabaThiBalOTCs He
TOJIBKO KJIMHUYECKUE HABBIKM, HO U yMEHUE O0IaThCsl ¢
KOJIIeraMu ¥ TarieHTamu. J{Jist 5Toro co3aHbl Crieraib-
HbIE TPEHAKEPbI, CAMYJISITOPBI U Pa3pabaThIBAIOTCS UTPO-
Bbl€ METOMKK OOYUEHUSI, KOTOPbIE O3BOJISIIOT MOJAETUPO-
BaTh PAa3INYHbIE KINHUIECKUE CUTYAINU, B TOM YUCJE U
PEKO BCTPEYAIONNeCst.

PaGoTta cUMYJISIIMOHHOTO 1I€HTPA 3aBUCUT OT MHO-
rux (haKTOPOB: HAJIMUYMS CHEIMAaTU3UPOBAHHBIX TTOMeEIIle-
HUIi, PACCUNTAHHBIX HA PasMelleHre UMeIerocs: 06opy-
J0BaHUsl U O0ydYaloUMXCsl, OPraHU3aluu IIpolecca
o0yueHust 1 MeHepKMeHTa, YacTh 13 aTiX (hakTOpOB Olpe-
JeJISoTCst (DUHAHCUPOBaHUEM, YueOHbIe IJIaHbl U CTPYK-
Typy 00y4€eHUsT MOKET OINPeAeIsATh IIPOPECCOPCKO-TIPEIo-
JlaBaTeJIbCKUN KOJIJIEKTHB. 3/eCh MHOTOE 3aBHCHT OT
JIMYHOTO OTHOIIEHHUS TI€ATOTOB K CUMYJIIIHOHHOM MeTn-
nure. B Hactosmmii MOMEHT MBI TIPUOIM3UINCH K CO3/1a-
HUTIO WHHOBAIIMOHHOW CTPYKTYPHOU €IMHUIIBI B CUCTEME
00ydeHsT — TIOJHOIEHHOI CUMYJISIIMOHHON KJIMHUKE —
HE/IOCTAIOLIETO 3BeHa, 00ecreurBarIlero o6pasoBaTelib-

Introduction

The volume of information owned by civilization
fully updates every 5 years. Mastering this volume by indi-
vidual is possible only during regular continuing educa-
tion. Many technologies appeared in the modern educa-
tional environment, one of them is a simulation training,
which is the product of scientific and industrial technolo-
gies transformed into an innovative educational space. For
the first time simulation technologies appeared in aviation.
Gradually theuse of simulators hasexpanded to various
industries, including medicine. In modern clinical practice
primary skills training has some limitations: deficiency of
communication skills between students/young doctors
and patients leading to their dissatisfaction, deficiency of
time to practice each skill, psychological fear of the execu-
tion procedures, high risk to the health of the patient. At
the same time,obtaining theoretical knowledge is not a
problem — students, residents and studentsof professional
training programs have access tobooks, articles, lectures,
videos, Internet resources etc[1, 2].

The use of simulation technology isaimedon the
increase of the efficacy of the learning process, the level of
professional and practical skills of health care workers,
providing them with the most efficient and safe transition
to medical activities in the real world. With the use of sim-
ulation technologies one can work out practical skills,
allowing medical practitioners to be confident in real-life
situations. This provides continuous professional training
of medical workers in accordance with the modern guide-
lines.During the training one practice not onlyclinical, but
also communicative skills. To do this, special trainers, sim-
ulators and other teaching methods were developed which
allow us to simulate various clinical situations, including
rarely occurring.

Work of the simulation center depends on many fac-
tors: the availability of specialized facilities that accommo-
date existing equipment and trainees,organization of the
learning process and management. Some of these factors
are determined by funding. Curriculum and training struc-
ture can be determined bythe teaching staff. Much
depends on the personal attitude of teachers. At the
moment we stepped into the creation of a fully innovative
structural unit in the educational system — a full simula-
tion clinical environment, which is a missing link, that pro-
vides educational continuity between the preclinical and
clinical stages of training physicians [3, 4].

Due to an appearance of simulation centers the diffi-
cult transitionbetween the teaching and learning at the
bedside is facilitated. Education in simulation clinic
reduces anxietyexperiencedby studentwhile performing
certain techniques at bedside and have a positive impact
on the quality of care. During the training various practi-
cal skills are being taught on simulators of different levels
of realism. Basic level of realism allows candidates just to
train certain manual skills. After mastering these manual
skills one can switch to the next level of realism and use a
more difficult manikin, e.g. simulating variouscritical situ-
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HYIO TIPEEMCTBEHHOCTD MEKAY TOKINHIICCKIM M KJIHMHU-
YeCKUM aTaramu o0ydeHns Bpaueit [3, 4].

DBurarozapst MosIBJIEHUIO CHMYJISIITMOHHBIX IIEHTPOB
CTJIAKUBAETCS CJIOXKHBIN 1IEPEX0/l, CYIIeCTBOBABIINIT MeK-
Iy obydemHneM 3a maptoii n obydennem B kianauke. OGyde-
HIE B CHUMYJISIIIMOHHON KIIMHNKE YMEHBIINT BOJTHEHHUE, KO-
TOpOE KypPCaHT
OTIPEe/IETICHHON METOANKN Y MOCTeNMH GONBHOTO, U Haro-

HCTIBITBIBAET MpU  BBIMOJHEHUT
HPUSITHO OTPAsUTCSl HAa KavyecTBe JiedeHws.. B mporecce
TPEHUHTa [IPOUCXOAUT OTPabOTKA TeX MJIM MHBIX MAHUILY-
JIATIMOHHBIX HABBIKOB Ha (haHTOMAX M MaHEeKeHaX PassIimd-
HBIX YPOBHEH PEATUCTUIHOCTH OT MPOCTOTO K CIOKHOMY.
Havaspibie ypOBHI PEATUCTHYHOCTH TIO3BOJISAIOT KypCcaH-
TaM OCBOWTH Ha MaHEKeHe OTpe/eIeHHbIe MaHyaTbHbIe Ha-
BoikH. [loce yCBOEHUS OMHUX MaHYaJbHBIX HABBIKOB,
MOKHO TIEPENTH K CIIEAYIONEMY YPOBHIO PEaTHCTITIHOCTH,
T.e. UCIOJB30BaTh 0oJiee CIOKHBIN MaHEKEH, TTO3BOJISIO-
MU CUMYJNPOBATD, HAIPUMED, PA3IUYHbBIE CUTYaIllll B
AHeCTEe3NOOTUN-PEAHNMATOTIOTHI. 3a/laui OKa3bIBAEMON
HOMOIIH TOCTOSTHHO PACHINPSIOTCS: TPEOyeTCst IMarHoCTh-
Ka, HallpuMep, BU/Ia OCTAHOBKHU CEP/IIIA, TIPOBEICHNUS Tedu-
OpUJLISALINY, BBEIEHUSI JIEKaPCTBEHHBIX CpeicTB [5, 6].
OGyueHne Ha CJIEAYIONEM YPOBHE PEATMCTUYHOCTH Tpe-
JyCMaTPUBAET UMUTAIMIO pPeaybHoil obctanoBku. [l
06yJaoNXCst BCsi 0OCTAHOBKA SIBJSIETCST HEOXKUAAHHOC-
TBIO: YNCJIO TOCTPAMABIINX, UX TTOJOKEHUE B 3ae, HaJM-
que ammapaTtypbsl. Kpome TOro, IOMOTHATETHHO Ha TICUXO-
AMOIMOHANBHOE COCTOSTHHE KYPCAHTOB BO3AECHCTBYIOT
crieruuyHble BHENTHIE (haKTOPHI, KOTOPBIE MOKHO BOC-
MTPOU3BOANTH B YCIOBUSIX CUMYJIIIHOHHOTO TIEHTPA: BOH
CHUPEHDI, IHIMOBAS 3aBeca, MPUTIYIIeHHOe ocBemnienne. Ha
BBICIIIEM JTAlle PEAJIMCTUUHOCTH UCIIOJIb3YIOTCS POOOTHI-
CUMYJISITOPBI € ANCTAHIIMOHHBIM yIpaBienneM. Ha sTom
arare 00yYeHus! MOJTHOIEHHO 0TPabATBIBAIOTCS HE TOJIBKO
MaHyaJgbHbIe HABBIKW, HO W KIMHUYECKOE MbINLIeHe. B
CHMYJISIIIMOHHON KJIMHUKE MOJKHO CO3/aTh CIIEHAPUHU Pa3-
JINYHBIX KJIMHUYECKUX CUTYAIUi, B TOM YHCIEe U PEIKO
BeTpevatonuxcs |7, 8].

[Tpumenenne wnHOOPMANTMOHHBIX TEXHOJOTUH B
yueGHOM TIpoLecce MPENoaraeT HaImIue KBaaupuiupo-
BaHHBIX IIPerojiaBaresieil, crocoOHbIX K paboTe B HOBOIL
uH(pOpPMAIMOHHO-00pasoBaTebHON cpese [3, 9].

Cosmanve CUMYJSIIIMOHHBIX T[EHTPOB B MEIUITNH-
ckux BY3ax — 910 HEoOXOAMMBIN 1ar 1pruoOpeTeHus 1
MOBBITIIEH ST TPO(HECCUOHATBHBIX HABBIKOB ¥ CTY/IEHTOB U
Bpavell pasIMYHLIX CrernuasbiocTeid. Cieayer OXKHuIaTh,
YTO BHEAPEHUE CUMYJISIIIMOHHOTO 0OYUYEHMsI IO3BOJIKT 110~
BBICUTH Ka4eCTBO MPO(eCCHOHATBHON TTOATOTOBKY MEIH-
IIITHCKHX KaJPOB, CJIEJIOBATEIBHO, KAYECTBO OKA3BIBAEMOI
WM TTOMOTITH.

MWHUCTEPCTBO 3PABOOXPAHEHMST M COIUATHLHOTO
passutnsi PD moAroToBUIO Pl JOKYMEHTOB, PETJaMeH-
TUPYIOIIUX CO3/IAaHUE U UCIIOJIb30BaHKE B OOYUEHUH CUMY-
JISTTIUNOHHBIX METO/UK:

 TIpuxaz Munszapascorpasirist PO or 15.01.2007
Ne30 «OO6 yTBepsKIeHIN HOPSIIKa J0IyCKa CTYACHTOB BbIC-
MIUX U CPEAHUX MEAUIMHCKUX yUeOHbIX 3aBeIeHUN K ydac-
THIO B OKA3aHUN MEUTIMHCKON TOMOIIH TPasKIAHAMY

ations in anesthesiology and intensive care.During each
upgrade the tasks of the candidate become more complex
(e.g. diagnosis of the type of cardiac arrest, administration
of defibrillation or drugs) [5, 6]. Education at the next
level provides a simulation of the real clinical situation.
The whole situation is a surprisefor students: the number
of victims, their position in the room, the availability of
equipment. Furthermore, the emotional state of students is
additionally affectedby specific external factors that can be
played out in a simulation center: sirens, smoke, ambient
lighting etc. At the top level of reality robotic simulators
with remote control are used. At this stage not only manu-
al skills arepracticed, but also clinical judgment. In the
clinic, you can create simulation scenarios of various clini-
cal situations, including rarely meeting situations [7, 8].

Application of information technology in the educa-
tional process implies the availability of qualified teachers,
that can work in the new educational environment [3, 9].

Creating of simulation centers in medical schools is a
necessary step in acquisition and improvement of profes-
sional skills of students and doctors of various specialties.
It should be expected that the implementation of the sim-
ulation training will improve the quality of training of
medical staff, hence the quality of healthcare.

The Russian Ministry of Health worked out a num-
ber of documents,regulatingset up and management of sim-
ulation techniques in training:

e Order of the Ministry of Health and Social
Developmentof the Russian Federation of 15.01.2007 Ne30
«Approval of the admission of students in higher and sec-
ondary medical schools to participate in the delivery of
health care to citizens»;

e Orders of the Ministry of Health and Social
Development ofthe Russian Federation of 05.12.2011
Ne1475 and 1476n «Approval of the Federal state require-
ments to the structure of the basic professional education-
al programs of postgraduate professional education»;

* The letter of the Ministry of Health and Social
Development of the Russian Federation of 18.04.2012
Ne16-2/10/2-3902 «On the organization and conduction
of hands-on training of the basic educational programs in
secondary, higher and postgraduate medical or pharmaceu-
tical education and additional professional educational
programs» states that the training program for postgradu-
ate education in residency in accordance with the above
orders starts from 2012/13 and only those professionals
who successfully mastered the discipline of the education-
al program and have completed a simulation course may be
accepted for clinical practice [10—12].

Thus, the implementation of the simulation teaching
into the training of medical graduates, young professionals
and in continuing professional development is a vital
necessity and is legally approved and must be preceded by
practice [1, 2].

Reduction of mortality of cardiac diseases is a
healthcare priority. Therefore the population of doctors
trained in simulation techniques is being expanded.One of
the tasks of residents” training isan acquisition ofthe skills
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* Ilpukaszsr Munsapascorpasiurusi PO ot
05.12.2011 Ne1475 u Ne1476n «O06 yrBepskaenuu deme-
PaJIbHBIX IOCYAAaPCTBEHHBIX TPeOOBAHUIT K CTPYKTYpe 0C-
HOBHOU TIpohecCnoHanbHOI 06pa3oBaTENIbHON MPOrpaM-
MbI [IOCJIEBY30BCKOTO TIPO(ECCUOHATBHOTO 00Pa3oBaHUs»;

* B mmcome Munsgpasconpasuutusi PO ot
18.04.2012 Ne16-2/10/2-3902 «O nopsi/ike opraHusarimu
" TIPOBEICHUA HpaKTI/I‘{CCKOI./JI ITIOJITOTOBKM 10 OCHOBHBIM
00pa3oBaTENIbHBIM MPOTPaMMaM CPEJHETO, BBICIIETO U
MOCJIEBY30BCKOTO MEIUIIMHCKOTO WU (hapMareBTu-
4eCcKoro 00pa3oBaHUS M JONOJHUTENbHBIM POdeccuo-
HaJIbHBIM O6paSOBaTC]IbeIM TIIporpaMmMamM» YTOUYHACTCA,
YTO TOATOTOBKA IO MPOrpaMMe TOCTIEBY30BCKOTO IPO-
(beccnoHabHOTO 06Pa30BAHUS B MHTEPHATYPE M OP/IMHA-
Type B COOTBETCTBUHU C BBINICYKA3aHHBIMU ITPpUKa3aMMN
ocymiectisiercss ¢ 2012/13 1. 1 K nmpakTUKe MOTYT ObITh
JAONYHIECHBbI JIMIIA, YCIICUTHO OCBOUBIINE JUCIUTIINHDBL 06-
pasoBaTesIbHON IIPOrPaMMBbl 1 3aBEPUIMBIINE 00yl
CUMYJIAIUOHHBIN Kype [10—12].

Takum 06pasoM, BHEJIPEHNUE B TIPAKTUKY MOATOTOBKU
BBIITYCKHUKOB MCAUITNHCKUX y‘{C6HBIX SaBCHCHHﬁ, MOJIO-
JBIX CIICITUAJINCTOB U B CUCTEMY HEIIPEPBIBHOTO HpO(bCCCI/I‘
OHAJIbHOTO PA3BUTHUA CUMYJIAIITMOHHBIX MECTO/I0OB O6y‘{CHI/IH
B HACTOSIIIEE BPeMsl JIOJIKHO TPEIIECTBOBATh MTPAKTUKE,
SIBJISIETCS KM3HEHHOU HEOOXOMMOCTBIO U YTBEPIKIEHO 3a-
KoHozaresbHo [1,2].

[IpuopureTHOli 3a/a4eil 3paBOOXPAHEHNS SBISECT-
Cs1 CHUKEHUE CMEPTHOCTU OT KapAHaJibHbIX 3a00JI€BaHMIA.
B ¢BsI31 ¢ 3TUM pPACIIMPSETCS KOHTUHTEHT 00YUYatonxcst
Bpaueit. OHOIT U3 3a1au 00yUYeHUs Bpauel-UHTEPHOB SIB-
JigieTcss puoOpeTeHre HABBIKOB OKasaHUsi HEOTJIOKHON
IIOMOIIM TAIlMeHTaM, B TOM 4YHCJIe C BHE3AITHON OCTAHOB-
KO cep/iia.

B ocHOBHYI0 IIpoheccHOHANBHY 0 00pasoBaTEIbHYIO
nporpamMmy (OITOIT) untepnaTypsl u opauHatypsl bas-
tuiickoro dezgepanibioro ynmsepcutera mm. M. Kanra
BKJIFOUEH CUMYJISIMOHHbII Kypc 1o 6azosoit CJIP u AH/I,
KOTOPBII MPOTILIHN 46 MHTEPHOB 1 OPAANHATOPOB. 32 OCHOBY
B34T Kypc 1posaiiziepos 6azosoit CJIP u apromaTuyeckoii
HapysxHoil aepubpuisiiiuu (AH/L), paspaboranubiii Es-
poreiickum Coserom 1o peannmanun (ECP) [13, 14].
Pacripesiesienrie 1o CHenuasbHOCTSIM TIPEJICTABICHO HA
puc. 1. 3a 3—4 aHs 710 Kypca yYaCTHUKH TOJIy4Yuan opu-
IUAJIBHBII 1IepeBoi HGOPMAIIMOHHOTO MaTtepuasa (pyKo-
BO/ICTBO st ipoBaiinepa) ECP no 6asosoit CJIP u AH/T
u usyunan ero [14]. HecmoTpst Ha 06s13aTe1bHOCTD yyac-
TUA, BCE€ WHTEPHBI M OPAWHATOPBI HUMEJN MOTHUBAIIHUIO
00yueHust: TPUOGPETEHNE HABBIKOB OKA3aHUs IOMOIIH T1a-
IMEeHTaM NPU BHE3AIHOI ocTaHOBKe cepaia. [Iporpamma
o0yueHus Ha Kypce, HE3aBHUCUMO OT CIIEI[MaIbHOCTH Bpa-
Ya-UHTEPHA, BKJIIOUAET:

1. Jlexnuonnbie Kypebr: «CepiedHo-JIerouHast peaHu-
Malusi ¢ aBTOMaTUYECKOW Hapy:KHOI jedubpuiisiyeiis;
<<O6CprI<I_II/I$[ JIBIXaTeJIbHBIX Iy Teil MHOPOTHBIM TEJIOM»;

2. OcBoeHue ajiropuT™Ma OKa3aHUs IOMOIIA TPU
BHE3AITHOI OCTAaHOBKE CEP/TIa;

3. Ilpaktuueckue 3aHATHS HA MaHEKEeHAX, BKJIOYA-
I0IMe OIEHKY HAJIMYMS CaMOCTOSITEIbHOTO JIBIXaHMSI, OT-

E Surgeon
 Traumatologist

u Allergologist

® Pathologist

u Obstetrician

u Anesthesiologist
u Neurologists

u Cardiologists

u Dermatologist

u Internist

Puc. 1. Crpykrypa cnennaabHoCTeli Bpaueii-uHTEPHOB, 00yUae-
MBIX Ha Kypce

Fig. 1. Distribution of specialities trained at the CPR/AED
course.

Note (npumeuanue): surgeon — xupypru; traumatologist — Tpas-
martouior; allergologist — ameprosor; pathologist — nar.anatom;
obstetrician — akyuep-runexosor; anesthesiologist — anecresno-
Jsior; neurologists — meBpomarosor; cardiologists — kapzamosior;
dermatologists — nepmaroseHeposior; internist — Teparesrt.

of emergency care including guidelines for cardiac arrest
management.

The basic professional educational program of the
residency at thel. KantBaltic Federal Universityincludes a
simulation course in basic CPR/AED, which was taken by
46residents. It is based on the CPR/AED provider course
developed by the European Resuscitation Council (ERC)
[13, 14]. Distribution of specialties of residents is shownon
Fig. 1. Three-four days prior the course participants
received an official translationof theERCmanual and stud-
ied it [14]. Despite the mandatory participation all resi-
dents had a highlearning motivation for the acquisition of
CPR/AED skills.

The course program, regardless of specialty of candi-
dates, included:

1. Lectures «Cardiopulmonary resuscitation with
AED»; «Airway obstruction by foreign object»;

2. Training of CPR/AED algorithm;

3. Practical training on manikins including assess-
ment of the availability of normal breathing, opening the air-
way, performing chest compressions and, artificial breaths;

4. Practical training with AED;

5. Practical training of recovery position.

The duration of the course was 6—7 hrs. Practical
skills were taught manikins and AED-trainers. Learning
algorithm, developed by the ERC, and a 4-stage approachfor
teaching practical skills were used. The instructor sdemon-
stration of CPR/AED algorithm preceded practical training
in groups. During this demonstration instructor showed
how to correctly perform the entire CPR/AED algorithm
and checked the skills acquisition by participants.

The course consisted of several modules:

A. Lecture «<CPR with AED» and the practical
stage, divided into 2 steps (15t — CPR; 20d — AED). The
emphasis on the early onset of high-quality chest com-
pressions and defibrillation,and on the safe use of AED
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Ta6imua 1. OueHka pe3yJbTaTHBHOCTH Kypca IPOBaii/IepOB CEPIAEYHO-JIETOUHAS] PeaHUMAlUsl/aBTOMaTHYECKasl Ha-
pyskHas aepudpwuisus (CJIP/AH/T) MHTEPHAMH M OPAMHATOPAMH.
Table 1. Evaluation of the impact of the cardiopulmonary resuscitation/automatic external defibrillator (CPR/AED)

provider course in residents.

Proposed questions in the questionnaire

Response (%)

How did the last course meet your expectations?
Did you sufficiently learn practical skills:
BasicCPR
AED
Recoveryposition
What was the most interesting to know:
AED
BasicCPR
Training of practical skills
Newinformationon CPR
What was the least interesting on the course?

Would you recommend your colleagues to participate in this course:

Yes

100

100
100
100

50
80
80
40

90

Note (npumeuanue): proposed questions in the questionnaire — npeasaraemMbie Bonpocel B ankere; response — orset; How did the
last course meet your expectations? — Ha CKOJBKO NPOIIE/IIHii Kype cooTBeTcTBoBa Bammm osxxuganusm? did you sufficiently learn
practical skills: basic CPR; AED; recovery position — Bbl B 10cTaTOUHON CTENEHN OBJAJENN MTPAKTHYECKIMU HaBbIKaMI: 6a30BOIT
peaHnMaIiu; aBTOMATUYECKON HApyKHOU nedubpuiisainuu; GezonacHbiM nosoxennem; What was the most interesting to know:
AED; Basic CPR; training of practical skills; new information on CPR — uto 6bli0 Hanbojiee MHTEPECHBIM Ha Kypce: GazoBast
peaHuMallis; aBToMaTH4ecKas HapyskHas 1eduOpHLIAINS; Kype IPAKTHYECKUX HABBIKOB; HOoBas uudopmanus no CJIP; What was
the least interesting on the course? — uro 6pu10 HanMenee untepecHbiM Ha Kypee? Would you recommend your colleagues to par-
ticipate in this course — BbI IIOpEKOMEHIyeTe CBOUM KOJIJIETaM y4acTBOBATh B IAHHOM Kypce: yes — Ja.

KPBITHE JIBIXaTEJIbHBIX IyTEH, BBIITOJTHEHUE KOMIIPECCHI
IPYJHOI KJIETKH, MICKYCCTBEHHOTO JIBIXaHUST;

4. Pabory ¢ yueOGHBIM aBTOMATHUECKUM HAPYKHBIM
nepudpusissropom (AH/T);

5. Ilomemienue nocTpagasiero B 60KOBoe cTabuJb-
HOE TIOJIOJKEHHE.

[TpomomxuTeBHOCTD Kypca cocTaBsiia 6—7 4acoB.
OT1paboTKa NPaKTHYECKMX HABBIKOB IPOU3BOAMIACH Ha
MaHEeKeHaxX-CUMYJISITOPaX, UCIOJIb30BAINCh yueOHbIE aB-
ToMarudeckue Hapyskubie aepubpumasatopbr (AH/L)
(Medtronic). Vcnosb3oBasicst alroput™ o0y4eHust, pa3pa-
GoTaHHbBIII EBPONEHCKMM COBETOM M0 peaHMMAaluu U 4-X
CTyIeHYaTass MOJIE/Ib OOYUEHUS TIPAKTUUECKUM HaBBIKaM.
[TpakTryecKuM 3aHSATUSM IPEINIECTBOBAJIA JIEMOHCTPA-
WS TIPenoiaBaTeieM aJropuT™Ma OKa3aHHs TOMOIIH TP
BHE3AITHON OcTaHOBKe cep/ra. OH MOKa3biBaJ Ha MaHeKe-
He, KaK TIPaBUJIBHO BBITIOJHITH BECh AJITOPUTM, 3aT€M KOH-
TPOJIMPOBAJ TTPABUJIBHOCTH BOCIPOU3BECHUS JIEHCTBUI
YYaCTHUKAMH Kypca.

Kypc cocTosit n3 HeCKOJIbKUX YacTeid:

A. Jleknus «Cep/ieuyHo-JIerouHasi peaHMaIusi ¢ aB-
TOMATUYECKOI HAPY/KHOI 1eubpusisimeii» 1 npakTuie-
CKasl yacTb, pas/ieJieHHas Ha JBa aTana. llocse jexium
KYPCaHTBI OCBOUJIM aJIFOPUTM OKa3aHUs TIOMOIIIN TIPU BHE-
3anHoil ocraHoBKe cepiia u 6azosyio CJIP. Caemyronum
aTaroM obyueHust saBJsioch npumeHenne AH/I, 1. K. paH-
Hee HavaJlo KaueCTBEHHBIX KOMIIPECCUH TPYAHON KICTKN 1
nebUuGpUILISAIIS SABJISTIOTCS 3JI0TOM yCIexa Mpu poBeie-
HIW peaHnMaImoHHBIX MeponpuaTtuil. [Ipu atom nemancs
akienT Ha GesonacHom npumenennn AHJI. B mponecce
00y4eHMsl YYaCTHUKU KyPCa OCBOWJIU BasKHbII 9Tall OKasa-
Hust oMoty ¢ npumenenrem AH/L. OrpabatbiBaiuch me-
toauku CJIP 0IHUM U IByMSI BpauaMu, 4TO CIIOCOOCTBOBA-
JIo oTpaboTKe HaBBIKOB paboThl B Komanze. OpaHOIl 13
CIIOKHBIX 3aj1au siBusach pabora ¢ AH/I, T. K. y MHOrHX

Puc. 2. OtpaGoTKa HaBbIKOB IIPOBEJAEHHUS KOMIIPECCHIA TPy IHOI

KJIETKH.
Fig. 2. Algorithm development facilities victim unconscious
with preserved breathing in a safe position.

was given. CPR techniqueswere also taught as a team-
work (2—3 candidates). One of the challenges was to
work with the AED due to many fears about it and
thought about the difficulties of its use.

B. The second part of the course consisted of a lec-
ture «Airway obstruction by foreign object» and a demon-
stration ofHeimlich Maneuver.

C. The third part — group practice on recovery posi-
tion.
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Ta6mua 2. Ouenka 3¢ dekTHBHOCTH PadOTHI HHCTPYKTOPA-IPENOJABATENS HA KyPCe IPOBaii/IePOB CEPAEYHO-TIEr0Y-
Has peaHuMaIus/aBToMaTHyecKas Hapy:kHas nepubpuwuisanus (CJIP/AH/T) BpayaMU-HHTEPHAMU.
Table 2. Evaluation of the efficacy of the instructors on the cardiopulmonary resuscitation/automatic external defib-

rillator (CPR/AED) provider course.

Proposed questions in the questionnaire Excellent (%) Good (%)
How would you rate your instructor? 90 10
How do you evaluate the organization of the course:
Courseprogram 95 5
Trainingmaterials 95 5
Room 95 5
Equipment 95 5
How do you assess the individual elements of the course:
Plenary lecture on basic CPR / AED
Plenary demonstration on basic CPR / AED 95 5
Basic CPR training 95 5
AED training 100
Plenary demonstration on recovery position 100
Answers to questions 90 10

Note (npumeuanue): proposed questions in the questionnaire — npemnmaraembie Bompocsl B ankere; Excellent — orsmuno; Good —
crenensb onenkn xopomo; How would you rate your instructor? — xak Boi onennsaere pabory uncrpykropa? How do you evaluate
the organization of the course: course program; training materials; room; equipment — kak Bbl olieHuBaere opraHusanuio Kypea:
MporpamMmy Kypca; yueOHble MaTtepuaibl; momererus; obopyaosanue; How do you assess the individual elements of the course — kax
Bol onieHuBaete oT/eabHbIE 9eMeHThl Kypca; Plenary lecture on basic CPR/AED — mienapuast nekuust no 6asosoii CJIP/AH/I;
Plenary demonstration on basic CPR/AED — muenapuas aemoncrpaiusa no 6Gasosoil CJIP/AH/I; basic CPR training —
npakTudeckoe sansaTue 1o 6azosoit CJIP; AED training — npaktudeckoe sansitue 1o AH/I; Plenary demonstration on recovery posi-
tion — mueHapHast IeMOHCTpAus 110 6e30IIaCHOMY T10JI05KeHnI0; Answers to questions — OTBETBI Ha BOTIPOCHL.

CIIENUANUCTOB ObLIO ¢(POPMUPOBAHO MHEHUE O TPYAHOCTH
€T0 UCTIOJIb30BAHUS, UMEJICS CTPaX PabOThl C HUM.

B. Bropas gacth Broyana Jekimnio «O6CTpyKIms
JIBIXaTeJIbHBIX TTyTell MHOPOJHBIM TEJIOM» M JIEMOHCTPA-
o mpuemMa lefimimxa.

C. Tperbst yacTh — NpaKTUKa B TPyIIax 1o «6e30-
MACHOMY» MOJIOKEHUI0 (OOKOBOE CTaGUIbHOE TIOJIOKEHNE).

B Teuenme Bcero Kypca MpoOBOIUIICS aHAIU3 OCBOE-
HUS MaTepuaja caMiuMK yaacTHrukamu. Heorbemiiemoii ua-
CTBIO 00YUeHUS ABJAIICS AeOPUBUHT, UTO [0 MHEHUIO Psijia
aBTOPOB [7, 15], 3HAYUTENHHO TOBBIIMIATIO KAYECTBO CHMY-
JIAMOHHOTO 00yueHusi. BaskHbIE MOMEHT — BbIJEJICHIE
KypCaHTOM COOCTBEHHBIX JOCTHIKEHWIT U Heyaad, orpee-
JIeHMe UM JIAJIbHEHIITNX MIJIAaHOB B OCBOEHNN MaTepuasia. Ha
CUMYJISIIINOHHOM KypCe MHTEPHBI U OPAMHATOPbHI PA3HbBIX
CIIeMaNbHOCTEN HayuuInuch paboTaTh B KOMaH/Ie, IPUHU-
MaTh COBMECTHbBIC PEIICHUS B CJIOKHOI MPodeccroHalb-
HOH CHUTyaInu.

YenemHocTh 0OydeHUs: 3aBUCea OT KOHTAKTa MH-
CTPYKTOpa — IIperojiaBaresisi ¢ ayJAuTOpHeii, CO3/laHns
JN06posKenaTeIbHON 0OCTAHOBKHU Ha Kypce, 4TO Cloco0OCT-
BOBAJIO JIyUIlIeMYy YCBOEHHIO MaTepuasa nHrepHamu. Ha-
n6GoJiee UHTEPECHBIM Ha Kypce ObLIU IPaKTHUYeCKUE Ha-
BBIKK OTPabOTKU KOMIIPECCHil TpyaHoii kietku (puc. 2),
HMCKYCCTBEHHOE JIbIXaHWe, MOMEIeHUe MOCTPalaBIliero
6e3 CO3HaHUSI C COXPAHEHHBIM JbIXaHUEM, B <«besorac-
HOe» T1oJ10kKeHue (puc. 3).

B Teuenue Bcero Kypca 1periojiaBaTesieM IPOBOINIIAC
HelpepbIBHAs OI[EHKA 00YUEHMUsT KasK/I0TO yYacTHUKa. B KOH-
11e Kypca IIPOBOJIMJICS 9K3aMEH, Ha KOTOPOM KaK/[blif MHTEPH
JIEMOHCTPUPOBAJ NIPUOOPETEHHbIE MPAKTUYECKUE HABBIKU
OKa3aHUsl TIOMOIIIN TIPY BHE3ATHOI OCTAaHOBKE CEP/IIIA.

[TpoBesieHe aHKETUPOBAHUS MMOKA3aJI0 BBICOKYIO
pesyabTaTUBHOCTD Kypea (Tabir. 1). [Ipomeammii kype co-

Puc. 3. OcBoenue aaropurMa NoMeImeH s MOCTPpaaBuiero 6es co-
3HAHMUsI, C COXPAHEHHBIM /[BIXaHHEM, B G€30IaCHOE TIOJI0KEHHE.
Fig. 3. Finalizing the habits of chest compressions.

During the course skill acquisition was analyzed by
the participants. Debriefing was an integral part of the-
course — it significantly improved the quality of a simula-
tion training, which coincided with the opinion of other
authors [7, 15]. An important point of the course is the
allocation of candidate’sgood and bad points and determi-
nation of candidate’s plans for the development. Residents
on the simulation course also learned teamwork skills

The success of learning depends on the contact ofin-
structor with the audience creating a friendly atmosphere
on the course which contributed to a better skills acquisi-
tion in residents. Practical training on manikins was the
most interesting part of the course: chest compressions,
artificial respiration (Fig. 2), recovery position (Fig. 3).

OBIJAA PEAHMUMATOAOI M, 2015, 11; 1

www.reanimatology.com

69



70

DOI:10.15360,/1813-9779-2015-1-64-71

Education of specialists in anestesiology-reanimatology

otBeTcTBOBAN Oknpanmsm y 100% y9acTHHUKOB, Bce WH-
TEPHBbI U OPAMHATOPBI B JIOCTATOYHOM CTETIEHU OBJIAJIETH
npakTudeckumu Hasbikamu CJIP. HaunGosiee uHTEpECHBIM
ObLIM KyPC MpakTU4ecKux HaBbikoB u AH/I, 910 oT™MeTnio
80% y4JacTHUKOB.

PerynsipHoe mpoBefieHHEe KypCcOB IIpOBaiiziepos
CJIP/AH/I criocobeTByeT MOBBIIEHUO MPOMECCHOHAb-
HOTO YPOBHSI TIpenojiaBaresis. B Teuenue Kypca mpoBonT-
cs1 He TOJIBKO OI[CHKA YYacTHHKA Kypca, HO 1 3(hperTus-
HOCTb paboThl npenogasaress (tabu. 2). B xoHie xypca
npoBaiiziepoB CJIP/AH/I uzyuanoch MHEHUE YUaCTHUKOB,
NOABEECHbI UTOTH PabOThl MHCTPYKTOPA-IIPENOAABATEIS.
Bce ygacTHUKN OTMETHUIIM XOPOIIYIO OPTAaHU3AIIIO CUMY-
JIIMOHHOTO Kypca, KauecTBO €ro IPOrpaMMbl, Y4eOGHOTO
MaTepuaa, MOMeIeHus 1 0600PyI0BAHNSI.

OOyueHue MOBBICKIO MOTUBAIMIO K 00ydeHuo y 29
MHTEPHOB ¥ OPJIMHATOPOB, OHU TIOJIYUNJIN CePTH(HUKAT TIPO-
Baiiziepa Eporneiickoro Cosera u Poccuiickoro Harmo-
HAJILHOTO coBeTa 110 peannmaiinu, 10 UHTEPHOB U Op/IMHA-
TOPOB MPOJI0JIKAT OOyUeHue Ha Kypce nrcrpykropos ECP.

3akjaoyeHue

[TpoBeneHme cUMYJISIIIMOHHOTO Kypca Y UHTEPHOB U
OPJMHATOPOB PA3IMYHBIX CHEIMATBHOCTEN 110 TPOrpaMme
IPOBaliIEPOB GAa30BON CEPACYHO-TETOYHON PEaHUMAIIT 1
aBTOMATUUECKON HapyskHOi nedubpusisainuu ECP sasid-
eTCs BaKHBIM 9TAIlOM OOYYeHuUsI, CiocoOCTBYeT mpuobpe-
TEHUIO TEOPETUIECKUX 3HAHUI U MPAKTUIECKIX HABBIKOB
[P BHE3AITHON OCTAHOBKE CEP/IIIA.
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Continuous assessment of candidates was used dur-
ing the course. Final assessment was executed at the end of
the course as an exam on practical skills, when each resi-
dent showed the acquired CPR/AED skills.

Conducting the survey showed a high efficacy of the
course (Table 1). The course matched 100% of expecta-
tions ofparticipants; all residents mastered practical skills
at good level successfully completed the training. The most
interesting part of the course were practical CPR skills and
the use of AED (noted by 80% of participants).

Regular participation in CPR/AED provider cours-
es improve the professional level of teacher. During the
course assessment of instructors (not only candidates) is
performed (Table 2). At the end of the coursecandidates
noted good organization of the course, its program, high
level of training materials, facilities and equipment.

Education increased the motivation to learn in 29
interns and residents, they received a certificate of the
provider of the European Council and the Russian
National Resuscitation council, 10 residents continued to
be trained on the ERC instructor course.

Conclusion

Conducting a simulation CPR/AED provider course
for residents of different specialties providers basic CPR
and AED and is an important stage of learning, which facil-
itates the acquisition of theoretical knowledge and practi-
cal skills of CPR/AED.
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JAaTa MCANIMHCKUX HaYK:

o O6was peanumamonozus.

Jluccepranuy Ha COUCKAHHE YYEHOU CTENEeHH JOKTOpPa HayK 0e3 oIy IHKOBaHMS
OCHOBHBIX HAayUYHBIX Pe3yJbTaTOB B BeAYyIIUX KypHaJaxX U M3/JaHUSIX, epeyeHb KOTO-
PBIX yTBEp:KA€eH Bbicuieii aTrecTannoHHON KoMuccuei, 6y/yT OTKIOHEHBI B CBSI3H C Ha-
pyuenueM 1. 10 IToso:keHus o nopsaaKe NPUCY>KIeHHUs yUeHBIX cTeneHeil.

ITepeuens xxypuanoB BAK, usnaBaembix B Poccuiickoit Deeparynt 1o crieruaibHOC-
i 14.01.20 «AHecTe3noI0rusT 1 PEaHUMATOJIOTHS», B KOTOPBIX PEKOMEH/yeTcst myOnKa-
111151 OCHOBHBIX PE3YJIBTATOB IUCCEPTAIMI HA COUCKAHNE YYCHOI CTeIeHN JOKTOpa 1 KaH/[1-

*  Amnecmesuonozus u peanumamosioeus;
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16-a Bcepoccuiickaa HayuHasi KOH(epeHIus
C MEK/IyHapO/IHbIM yYacTHUeM
«/Kusneobecneuenne npu KPUTHYECKUX COCTOSTHHSIX>

16th All-Russian Scientific Conference with International Participation
on Life Support for Critical Conditions

27—28 nosi6ps 2014 r. mponm 16-a Beepoceniickas
Hay4yHasl KOH(EPEHINs ¢ MEXKIYHAPOAHBIM yYaCTHEM
«’KusHeobecnieueHre npu KPUTUYECKUX COCTOSIHUSX»> U
Exeromnas xondepennns Mononsx yueHbIXx «CoBpeMeH-
HBIE METOJIbI IMATHOCTUKY U JIEYEHUST B PEAHUMATOJIOTUN .
KondepeHIin mpoxoanan B KOHTPECC-eHTPE TOCTHHUIIBI
«Bera». Opranusatopamu xonpepennnii Beictynman De-
JlepasibHOE areHTCTBO HaywHbIX opranmsaiuii, OIHBY
«HayuHo-uccseoBaTe bkl MHCTUTYT OOIIEN peaHnMa-
tonoruu uM. B. A. Herosckoro», kadeznpa anectesnoso-
THH-PEAaHNMATOJIOTHH MOCKOBCKOTO TOCYAapCTBEHHOTO
Me/INKO-CTOMATOI0rn4eckoro ynnsepceurera um. A. 1. Es-
nokuMoBa, HarnmoHanbHbIi coBetr 1o peanumMaruu, Obie-
cTBO 110 M3y4yeHuio moka (Poccus), CoBeT MOMOIBIX yue-
Hbix HUU obuieit peannmarosnoruu um. B. A. Herosckoro.

Hayunas mporpamma kordepennii Bkiaodana 1 mie-
HapHOe 3acefianne, 9 CeKINOHHBIX 3aCelaHtil 1 3 CUMIIO3H-
yMa, Ha KOTOPBIX OBUIO c/ieJialHo 79 OKIA/0B 1o Hanbosee
AKTYaJIBHBIM TPOOJIEMaM COBPEMEHHON aHEeCTe3UOJIOTHH-
peanumarosioruu. Yuenbie HUU o6rueii peaHumarosiornu
BBICTYIHJIK € 28 JOKJIalaMu, 4TO COCTaBuiio 35,4% ot obiie-
TO YNCJIa JIOKJIA/I0B.

Tpaaurmonnas koudepenims «Knsneobecnedenne
PN KPUTHUECKHUX COCTOSTHUSIX»> B HACTOSIIIEE BPEMsI SIBJISI-
eTCsl OJIHUM M3 BOKHEHIINX M TIOMYJISIPHBIX CPEIAU Me/In-
UHCKOIT ob1ecTBeHHOCTH Poccun u GJimKHEro 3apybeskbst
Hay4JHBIX opyMoB. Bombias HayIHO-MEUIINHCKAS W CO-

AW3IHEOBECTIEMEHME
NP KPUTUYECKUX
COCTOAHMAX

Pk

Perucrpanus yyacTHUKOB KOH(epeHIHii.

IUAIbHAS 3HAYUMOCTD TOTO (hopyMa OTpeiesIsieTcst mpoy-
HO yTBEPANUBIINMCA MECTOM aHECTE3NOJIOTUN-PEAaHNMATO-
JIOTUU KaK O/THOTO U3 TPpeX OCHOBHBIX HaHpaB]ICHI/II‘;I COBpe-
MEHHOI MCIUIWHDBI, B TOM YHCJEC B PEUHICHUN HACYIIHBIX
I[CMOFpa(l)I/I‘ICCKI/IX BOITPOCOB, KOTOPBIM Y/IEJISICT IMTOBBIIICH-
noe BunManueM [Ipasuresnnctso PD, MepepanbHoe areHT-
CTBO HAYYHBIX OPTaHM3aIuii 1 MUHNCTEPCTBO 37[paBOOXpa-
Henust PO, TIpo6isiema BHE3AMHOI CMEPTHOCTH JIMI] PA3HBIX
BO3PACTHBIX TPyI, 1pobiema 3(PGHEKTUBHOIO JICUEHMS
KPUTUIECKUX COCTOSTHUN Pa3JIUYHOTO ITHOTATOTEHE3a, B
TOM 4HWCJe B pe3yJbraTe alUIEMUYECKUX 3a00JIeBaHuil,
PUCK TEXHOT€HHBIX K'dTaCTpO(b " BbBICOKasA TpaBMaTHU3allnAg
HaceJieHus TPeOYIOT MAaKCUMAJIbHON UHTEHCU(DUKAIIMK Ha-
YYHBIX I/ICC]IC/IOBB.HI/II‘/JI, HaIlIpaBJICHHBIX Ha COBEPIIEHCTBO-
BaHHNE CYHIECTBYIONNX U CO3/TaHNE HOBBIX METO/IOB JKU3HE-
O6€CH€‘ICHI/IH TIPpYU PA3/INYHBIX KPUTUYECKUX COCTOAHUAX. B
Hacrosuee BpeMs Kpaiine HeoOXOANMbBI COBPEMEHHbBIE Me-
JAVUIWHCKNE N Hay4YHbIC NTHHOBAIINU, paspa60T1<a HOBEHIINX
TCXHO]IOI‘I/IP'I, HOBBIC TIO/IXO/IbI K aHECTE3NOJIOTO-peaHnMa-
TOJOIMYECKOMY 00€CIeUeHU0 OlePaTUBHBIX BMela-
TEJIbCTB U TIP. menno stum BOITpocaM 6bI]II/I ITOCBAIIIEHDBI
3ace/laHus Tpolie/nieil KoH(epeHInn, KOTOpble MPUBJIEK-
JIi Bpaveil u3 pa3inyHbix pernonoB Poccnn, Kazaxcrana u
V36exucTaHa u CTajiv apeHoH II0A0TBOPHOTO 0OMeHa MHe-
HUAMN MEKIY BEAYIIUMU CIEIUAJINCTAaMU, TTPAKTUYCCKN-
MM BpadaM¥ 1 HAYYHBIMU COTPY/THUKaMMU.

B aByx KOH(bepeHII-3a1ax MPOXOANIN HAYYHbIE 3ace-
JIaHusl, OJHOBPEMEHHO paboTaja BBICTABKA COBPEMEHHOU
MEIUIIMHCKON TeXHUKHU U U3JeJUH MeIUITMHCKOTO Ha3Ha-
yeHust. B paGore KoH(pepeHiuii npuHsin ydacrtue 6osee
400 wenoBeK M3 pa3nmUYHBIX pernoHoB Poccuiickoit Mege-
paruu (Mocksa, Cankr-IlerepOypr, ApxaHnresibck, Exare-

Perucrpanus y4acTHUKOB KOH(epeHIHid.
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XpoHuka

Top:xkecTBeHHOE OTKpbITHE KOH(pepeHuu. Boictynaer
aupexrop HayuyHo-uccienoBarebcKoro HHCTUTyTa
o01eit peannmarosorun uM. B. A. Herosckoro wi.-kopp.
PAH npodeccop B. B. Mopos. B npesuauyme (cieBa-
nanpaso) npod. K. M. JleGeaunckuii, HauyaIbHUK
ynpasienus @AHO npod. H. I. Tonuapos, akagemMuk
PAH A. A. ByusrsH, IIpesunentr @enepanuu
aHeCcTe3u0J0roB-peannmarosiorop PM

npodeccop B. M. Musukos.

punbypr, Kemeposo, Huxnuii Hosropoa, Owmck, Ilensa,
Tam6oB, Tsepn, Tompartu, Caparos, Cmonenck, Tam6oB,
SApocaasib), a Takxke n3 Asma-ATbl u TalkeHTa.

TopskecTBeHHOE OTKpBITHE KOH(MEPEHIMH COCTOSI-
sock 28 HostOpst 2014 1., 3acesaHue OTKPbLIT AUPEKTOP UH-
crutyTa wi.-kopp. PAH npodeccop B. B. Mopos, kotopsrit
BBICTYIIMJI C TPUBETCTBEHHBIM CJIOBOM K ayautopun. C
MIPUBETCTBUSIMU BBICTYIMUJIM HAYATbHUK YIPABJICHUS KO-
OpIMHAIUKY 1 06ecHedeHus esaTeIbHOCTH OPTaHU3aluil B
cdepe MEAMIIMHCKUX HAyK, OXPaHbl 3710POBbsl, 00pasoBa-
Hust 1 Kyasrypbl DejiepaibHOTO areHTCTBA HAYYHBIX Opra-
nuzarmiit (PAHO) npod. H. I. Toruapos, IIpesunent De-
Jlepaliii  aHecTe3n0JIOTOB U peaHuMaTosoroB Poccun
npod. B. . Musukos, a Takke akagemuk PAH A. A. Bynsi-
Ts1H, wieH-kopp. PAH npod. U. B. fpema, wren-kopp. PAH
npod. A. C. Epmonos, mpod. K. M. Jlebeannckmii.

Bo Bpems OTKpbBITHUS KOH(EPEHIMU COCTOSIOCH
TOPJKECTBEHHOE HArpask/IeHNe BBIJIAIONINXCS  YYEHBIX
npod. O. A. [lonunoii, unen-kopp. PAH mpod. U. B. Ape-
Mbl, yieH-kopp. PAH npod. A. C. EpmosioBa nouetHbiMu
Meznansmu akagemuka B. A. Herosckoro. 3arem Ilpesu-
neat Demepaliiil aHECTE3MOJIOTOB U PEAHMMATOJOTOB
npodeccop B. 1. Musukos narpaant 4i.-kopp. PAH mipo-
(deccop B. B. Moposa niouerHoii meganpio MAP.

Hayunas mporpamma Havasmace goxiagamu «Heiipo-
MPOTEKTOPHBIN 3P dEeKT WHTANSITNOHHON aHeCcTe3nns»
npod. B. B. JIuxsannesa, «Omnenka Tpancriopra u norped-
JIEHUS] KUCJIOPOJIA: UTPYIITKA JIJIsi UCCJIe/IOBATEIS UJIN UHCT-
pymeHT npaktuka?> mpod. K. M. Jlebeauuckoro u «3Hade-
HHUE TEHOB BPOKACHHOTO MMMYHUTETA U TIUTOMTPOTEKITII B
KOHTPOJIE MEXAaHU3MOB Pa3BUTHUSI KPUTHUECKUX COCTOSTHUI
1pu MH(MEKIUSX, CBS3AHHBIX C OKa3aHUEM MeUIMHCKON
oMoty pod. B. M. Tlucapesa.

Bo Bpems 1iieHapHOTO 3ace/laHks TaKKe COCTOSIIOChH
Mpe/ICTaBJIeHNEe HOBBIX (DYHIAMEHTAIBHBIX PYKOBOJCTB 1O
CHENNATBbHOCTH AHECTE3NO0JIOTHSI -PEAHIMATOIOTHS: «AHEeC-

Ipesuneur MAP npod. B. M. Musukos Harpaskiaer
yi.-kopp. PAH npod. B. B. Mopo3a nouetHoii Meajibio

C WwIeHAPHBIM I0KJIa/I0M BBICTYTIAET
npod. K. M. Jle6eaunckuii.

C nyieHapHbBIM JTOKJIAZIOM BBICTYIIaeT
npod. B. M. IIucapes.

te3nosnorus P. Munnepa» Ha pycckom a3bike 1 Poccniicko-
TO HAIMOHAJIBHOTO PyKOBO/ICTBA «IlapeHTepasbHOE 1 9HTe-
pajibHOE IUTAHUE.

Bousee 70 n0k1a10B TPO3BYYAIO HA CEKIIMOHHBIX 3a-

Ce/IaHnAX:

— «COBpeMeHHbIe JIOCTUJKEHUA B aHECTE3NOJIOTO-pe-

aHUMATOJIOTUYECKOM 00eCIiedeHnn OllepaTUBHBIX BMeEIIa-
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Boicrynaer npod. A. E. lllecronanos.

Conpencenarenu 3aceanus (cieBa-HaNnpaso)
K.M.H. O. A. Ipe6enunxos, npod. C. B. Ceupunos,
n.m.uH. H. A. Kapryn.

TesbeTB» (comnpeacenatenu mpod. C. B. CBupuaos, 1.M.H.
H. A. Kapuys, k.m.H. O. A. [pe6eHInKOB);

— «Octpbie paccTpoiicTBa reMOIMHAMUKHI. AHecTe-
3UOJIOTHSI-PEAHUMATOJIOTUST B KaPJIMOXUPYPTUU»> (COIpes-
ceparesmn: pod. A. I ABoposckuii, a.m.u. JI. A. Kpuues-
CKHI);

— «HoBblie HarpaBieHUsT B IUarHOCTUKE, JICUCHUU 1
npoduaakTrke WHGEKIMOHHBIX OCTOKHEHIH TPU KPUTH-
YeCcKUX cocTosTHUsIX» (compencenaresu: mpod. H. B. Beo-
6opoaosa, npod. A. A. 3ssarun, k.M.H. A. H. Kysosies);

— «OyHaMeHTaIbHBIE OCHOBBI aHECTE3MOJIOTHH-
peanumarosioruns (conpezacenarenu: npod. A. B. ByTtpos,
mpod. M. III. Aspymenko, npod. E. A. Crnupumonona,
npod. . B. Caguukos);

— «lurencuBHoe JiedeHrEe OCTPBIX OTPABICHUI»
(comnpencenarenn: mpod. I. A. Jlusanos, npod. P. H. Akasa-
es, nmpod. A. H. Jlogsirum);

— «Ocrtpas ppIxaTesbHas HEJIOCTATOYHOCTD: COBPE-
MEHHbIE BO3MOKHOCTHU TIPOMGUITAKTUKY, TMATHOCTUKHU U Jie-
yeHusi» (conpenceparenu: npod. K. M. Jlebenuuckuii,
am.a. 0. B. Mapuenkos, a.m.H. A. B. Biacenko, K.M.H.
A. H. Kysonzes);

— <«Tpasma u kposonorepsi» coBmectHo ¢ Obiect-
BOM 110 n3ydennio moxka (Poccust) (conpencenarenn: mpod

BsicTynaer 10KTOp GHOJOTHYECKUX HAYK
M. III. ABpymieHko.

Bo BpeMs ceKIMOHHBIX 3aceAaHuii KOH(epeHIuH.

Cormnpe/cenarenu 3acenanus (cjaeBa-HAINPaBo)
npod. A. I. AABoporckwuii, npod. 1. A. Koaznos,
npod. A. A. Epemenko.

E. A. Esgoxumos, ipod. B. M. Tlucapes, npod. B. I. Ba-
CUJIBKOB);

— «Hogeitmme pocTm:ReHUS 3KCTPAKOPIIOPATHLHOM
KOppeKImn romeocTasas (compeacenaresnu: mpod. M. b. Apy-
croBkuii, pod. 10. B. Hukndopos, n.m.1. C. E. Xopormios);

— <«AmpioBanTHast Kapauomnporekius (ocdorpea-
TUHOM B aHECTE3MOJIOTHU-PEAHUMATOJIOTUNY (Ccolpe/ce-
naresu: ipod. A. A. Epemenko, mpod. . A. Kosios, ipod.
A. T. AABoposckuit) u Exxeronnoit KoH(GepeHIInN MOTO/bIX
yuerbrx «CoBpeMeHHbIe METOIB TMATHOCTUKY U JICUCHUST
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B kyayapax koHdepeHimm:
yi.-kopp. PAH npod. B. B. Mopo3s (ciesa)
1 wi.-kopp. PAH npod. H. B. fIpema.

BpicTaBKa MeIUIMHCKOM TEXHUKH U U3/eJIMIi MeTUIUH-
CKOro Ha3HAYEHHS.

B peanumaroJioruns (conpenacenarenn: npod. A. M. Tomy-
6es, k.0.1. B. A. Ceprynosa, k.M.H. E. A. Msarkosa).

Jloktajibl Ha CEKIIMOHHBIX 3aCEIAHUSIX, CUMIIO3MYME
n KombepeHIim MOTObIX YIEHBIX OBLIN MPEACTABICHDI OT
BEJIYIINX HAYYHO-UCCIEI0BATENBCKUX YIPEKICHUI, MEIN-
nrHcKknX BY 30B n kanHMK, B yactHOCTH, 1-0r0 MTTMY 1.
W. M. Ceuenosa (Mocksa), MI'Y um. M. B. Jlomonocosa
(Mocksa), Poccuiickoro yHusepcurera ApysKObl HapOIOB
(MockBa), MOCKOBCKOTO 0GJIACTHOTO HAy4YHO-HCCJIEI0BA-
TEJIbCKOTO KJIMHUYecKoro mHetutyta um. M. @. Buaau-
mupckoro (Mocksa), HUW ckopoit momomu nm. H. B.
Cxundocosckoro (Mocksa), PHIIX um. akagemuka B. B.
ITerposckoro (Mocksa), HUI Ckopoii momoru um. M. 1.
Ilxanenuaze (Cankr-IlerepOypr),

CeBepo-3anajgHoro rocyJapCcTBEHHOTO MEAMITNH-
ckoro yuusepcutera (Cankr-Ilerepbypr), CesepHoro
rOCy/ZIapCTBEHHOTO MEIUIMHCKOTO yHuBepcuteTa (Ap-
XaHTeJIbCK), YPaJbCKOTO TOCYAAPCTBEHHOTO MEIUIINH-
ckoro yhusepcutera (Ekarepunbypr), Kemeposckoit
rocynapcTBeHHON MeaumuHcKoil axagemun (Kemepo-
B0), T'KB um. C. II. Borkuna (Mocksa), TKB Nel5 um.
O. M. @uinarosa (Mocksa), KB Ne83 (Mocksa), HUU
HeoTnoxHoil feTcKOil XUPYPruM M TPABMATOJOTUH
(Mocksa), TBepckoii rocyqapCTBEHHONW MeAMIIMHCKON
akagemuu (TBepn), OMCKOII TOCYyIapCTBEHHON Me/u-

B kysnyapax kondepeHiuu: 06Cy:KaeHne aKTyaIbHbIX
BOIIPOCOB.

[ :
CRHEOTOH
WCTOM KK

BHYTPEHHER
JHEPTHN

p
=

BpicTaBKa MeIUIMHCKON TEXHUKH U U3 eI MeTUI[UH-
CKOro Ha3HAYEHHS.

BricraBka-npozaaka u pacnpocTpaHeHue MeIUIUHCKON
JUTEpaTyphbl.

nuHckoi akagemun (OMCK) M JAPYrUuX YUpexKJAcHUIA.
Caenyer orMeTuTh 3 HEKTUBHOCTD PaOOTHI OPIKOMUTE-
Ta KoH(pepeHuuu: ObLIKM 3acaynianbl 6osiee 95% 3ass-
JIEHHBIX HAYIHBIX TOKTATOB.

K nauany pabotbl KoHbepeHnu OblT M3aH COOPHUK
«Tesucor mokmanos» (ISBN 978-5-9905214-3-8) na kom-
makT-aucke, cogepskanmii 100 crpanuil, Ha KOTOPBIX MPeji-
crassierbl 91 paboTa U aBTOMATUYECKOE OrJIABJICHUE,

Bce nHu paboThl KOH(MEPEHIMK MPOXOIKIa Bbl-
CTaBKa MEAUIIMHCKOTO 000PY0OBaHUSI U U3JEJUN Meau-
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[MHCKOIO HazHauyeHus. B BbicTaBKe Obljia MpejacTaBieHa
NPOAYKIUS BEAYIIMX OTEYECTBEHHBIX U 3apyOeKHBIX
MPOM3BOAUTENEN, B Hell mpuHAAN ydactue 15 dhupwm, Ha
CTEH/IaX KOTOPBIX OBLIM TIPeCTaBIeHbl 0OpasIbl U UH-
dbopmaius 0 HoBeHIUX pazpaboTKax B 00JIaCTH aHecTe-
3UOJIOTUU-PEAHMMATOJIOTUU U CMEXKHBIX ¢ Hell oOmacTeit
MeauiHbL PaboTana BbicTaBKa-1poiaKka MeAuMHCKON
JINTEPATYPBHL.

Top:kecTBEeHHOE 3aKPHITHE KOH(MEPEHIN COCTOSI-
noch 28 moabpa 2014 1. C 3aKII0YUTENLHBIM CJIOBOM 00

WUTOTax MPOBEICHHON KOH(MEPEHIUN BBICTYIIUI TUPEKTOD
HUMN obmeit peanumarosornu um. B. A. Herosckoro —
yiner-kopp. PAH, mpodeccop B. B. Mopos.

3aBeayiomuii HAyYHO-OPTraHU3AIMOHHBIM OTIEIOM
DIBHY «<HUMU o0611eit peaHuMaTooruu

um. B. A. Herosckoro»,

npodeccop U. A. Kozios

68" Annual PostGraduate Assembly in

DEC. 12-16, 2014

NEW YORK

Anesthesioloc

HlecTtpaecar BochbMas e;keroaHasi mocjeuIrioMHast
accaMoOJies 0 aHeCTEe3N0JOTUH

12—16 nexadps 2014, Hoio-Mopk, CIIIA

68th Annual PostGraduate Assembly in Anesthesiology
12—16 December 2014, New York, USA

CucreMa MocIeMIVIOMHON OATOTOBKY aHECTE3HO-
noros-peannmatonoros B CIITA BkiogaeT B ceOst opvHa-
TypY NMPOJIOJKUTETBHOCTBIO 4 TOMIa M Ia/ibHEliee Herpe-
pBIBHOE 00pasoBaHme, MOAPAZyMEBAKIIECE YYaCTHE B
HAay4IHBIX KOH(MEPEHINAX 1 00pa3oBaTEIbHBIX MHUKIAX C
Hosyd9eHneM 06pa3oBaTeIbHBIX KPEANTOB. Briepsbre mo-
CJIEMTIIIOMHAS accaMOJIest IO aHECTE3NOJIOTHHI ObLIa TTPO-
Begena 13 sexabps 1945 r. 8 Hpio-Mopke. Haunmas ¢ 1947
rozia, IaHHOE 00PA30BATEIBHOE MEPOIPUSITHE, AHAIOTHY-
HOE OTEYCCTBEHHBIM CePTU(HUKAIMOHHBIM ITUKIaM, TPOXO-
1T exxeroano npu noanepsxkke Hpio-Mopkekoro obmectsa
NewYork State Society of
Anesthesiologists). B atom roay accambiiest 6blia mpose;ie-

anecresnosnoros  (The

Ha TPW yYacTHN AMEPUKAHCKON acCOIMAINN MEeIUIIH-
ckux pykosomureseii (American Association of Clinical
Directors), AMepHKaHCKO acconuariy 6e30MacHOCTH T1a-
1eHToB B aHectesuoyoruu (Anesthesia Patient Safety

Foundation), Bpuranckoro amecTe3mosorm4eckoro
skypHasa (British Journal of Anesthesia), Esponeiickoro
obmecrBa  anecresnosoros  (European Society of
Anesthesiologists), Bcemupnoro unctutyTa  60JH
(WorldInstitute of Pain) u @oHaa o6pazoBaHust u uccJe-
nosannn B anectesnonornn (Foundation for Anesthesia
Educationand Research).

B sToM romy B pabore accambiien TIPUHSJIO yYacTHe
okosio 1000 aHeCcTe3MOM0rOB-peaHnMAaTOIOr0B Gojiee YeM
u3 30 crpan mupa (Poccus, CIITA, Kanaga, Vcnamus, Be-
sukobpuTanust, Adpuka, Caynosckas Apasus, PecriyGuu-
xa Kopen, Cunrarnyp, Typuwst, Bensrus, Opantwst, W,
Ykpauna, lTepmanus, Utamusg, Taiinana, Upnanaus, Ilop-

tyranust, Hunepaauasl u ap.)3aceianus IpoXo/IUJIn B IIeH-
Tpe ropoza B otesie Mappuott (Marriott Marquis).
O6pasoBarebHas MporpaMMa accamOIen BKIoYana
B cebs1 TIeHApHBIE 3ace/laiusl 110 Hanbosee aKTyalbHBIM
npobJjeMaM aHeCTe3MOJNOTUI-PEAHUMATONOTHI U MacTep-
KJIacchl (CepieYHO-JIeTOYHAs PeaHUuMallns, PeruoHapHas
aHecTe3ns, YJIBTPA3BYKOBBIE METOJIbI B aHECTE3MOJIOTHH,
obecriedenyie TPOXOJANMOCTH JIIXaTeTbHbIX My Telt u ip.). B
pamKax accamOien OblIa OpraHM30BaHa BBICTABKa COBpE-
MEHHOTO MEAMIIMHCKOTO 000PYZI0BaHKs U [IOCTEPHAs Cec-
CUS MOJIOJBIX Bpadeli-ucciaemoBaTesei, Kotopas ObLaa
[peJCcTaBIeHa JOKJIaaMU COTPYHUKOB OOJIbHUIL U KCCJIe-
JIOBATEJIbCKUX IIEHTPOB PA3JIMYHBIX CTPAaH MUPa. I_IOK]IaI[bI
ocBelanu pobIeMbl AaHECTE3UOIOTUU B3POCJIBIX 1 JIeTel 1
ObLIM MOCBSIIEHbI BOIIPOCAM KOHTPOJISI MOCTOIEPAIOH-
HOU 60/, MacCUBHOU TpaHc(ysuu, HeHpoakcUajibHON
aHecre3uu u JAp. B pamkax nocrepHoii ceccuu ObLun Tpes-
CTaBJIEHBI PE3YJIBTATbI HAYYHOTO HCCJIEIOBAHUS 3aBE/IYIO-
1ero JabopaTopueil KIMHUYECKON MaTo(hU3n0NI0ruu Kpu-
OTBHY «HUNOP»
Kysosznea Aprema Huxosaesnua «CypdakTanTHbII 11pO-

THYECKUX COCTOSTHUM K.M.H.
TenH A — MPOTHOCTUYECKUI GHOMAPKEP OCTPOTO Pecrmpa-
TOPHOTO auctpecc-cunapomas(«Surfactant Protein A: A
Prognostic Biomarker of Acute Respiratory Distress
Syndrome» ). IlpesicTaBiieHHbIE HAyYHbIE PE3YJIBTAThI ObLIK
BCTPEUYEHB! C MHTEPECOM W BBI3BATN HAYIHYIO AUCKYCCHIO.
Jlokaz o1yOJIMKOBaH B MaTepuasiax accaMmOJien.

11 nexkabps B pamkax accambien ObLI IIPOBEJEH CUM-
MO3UYM T10 TOPAKAJIbHOI aHECTE3UOJIOTHHU, HA KOTOPOM Obl-
JIN OCBEIEHBI BOMIPOCHI TIPOMUIAKTUKI OCTPOTO TTOBPEIK-
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JICHUS JIETKUX BO BPEMsI aHECTE3UU, XUPYPrudeckasi 1 aHe-
CTE3UOJIOTUYeCKasi TAKTUKA MPH BBITIOJHEHNUN 930(aroro-
muu. Beuepom 11 gekabpst cocTosICS YIKUH JISL YYACTHU-
KOB accamOJien, Ha KOTOPOM yYaCTHUKM 3HAKOMUJIUCH JPYT
¢ IPyroM U 0OMEHUBAIUCH HAYYHBIM OIBITOM. B msiTHUIy
12 nexabpst 6L 06CYKAEHBI TPOOJIEMBI JIeUEHUST OCTPOI
JIBIXaTeJIbHOM HEJIOCTATOYHOCTH U MIOKA Y B3POCJIBIX U JIe-
Teil. B TOT ke jeHb ObLIM PACCMOTPEHBI BOTIPOCHI MOCT-
MYHKI[MOHHON TOJOBHON GOJIN 1 GJI0Ka/l HEPBHBIX CILIETE-
HUI 1O YJIBTPa3BYKOBBIM KOHTPOJIEM, OCOOEHHOCTHU
MCTOJIB30BaHus BoauTesell purMa. OTaesbHOe 3ace/anne
ObLIO TIOCBSIIIEHO MEPUOIIEPAIIMIOHHOMY MepHoay y 6OJIb-
HBIX C TTOYEYHOH M TIeYeHOYHON HEeOCTAaTOYHOCTBHIO, a TaK-
JKe BOIpocaM cos/iaHust «perioperative surgical homes, Tak
Ha3bIBAeMOU MepHOoTIePallMOHHON nasatsl. [Ipu sTOM ObLIN
MTOKa3aHbI MOJIOKUTEIbHBIE CTOPOHBI JAHHOTO ATATIA MO0~
TOBKU GOJIBHOTO K TIPOBOJMMOMY OIEPATUBHOMY BMella-
TesbeTBY. B marTHuiy 13 gexabpsi o6cyxmaanu mpobiaeMbl
UHIYKIMNA aHECTE3MU Yy TeMOANHAMUYECKHU HECTaOUIIbHBIX
GOJIBHBIX, JICUCHUST TSIKEJION YePEITHO-MO3TOBOII TPABMbI U
MIPOBE/ICHUS ATU/YPAJIbHON aHAJIbre3Un, a BO BTOPOIi 110-
JIOBUHE [IHS — QHECTE3MOJIOTUYECKOTO TOCOOUST U BBICOKO-
TPaBMATUYUHBIX OTEPAINI 1 JICUCHUS] MACCUBHOI KPOBOIIO-

tepu. B cy66oty 14 nexabpst ObLIM IPOBEAEHBI CECCUU IO
AHECTE3MONOTHIECKOMY 0O0CCIIEUEHNTO Y GOBHBIX € OKMPe-
HYEM, JIEYEHNIO XPOHIYECKON OO M PETMOHAPHBIM METO-
nam neuennst. Oraenbroe 3acenanue EBponeiickoro o6me-
crBa anecresnosiornn (EuropeanSocietyofAnesthesiology)
cocrosiiock 15 gekabps. O6cyskaanuch Bonpockl besonac-
HOTO MCIOJb30BAHUST KUCIOPO/IA B IIEPHOIIEPAITMOHHOM TIe-
proie, TPOTEKTUBHON NCKYCCTBEHHOM BEHTHIISTINT JICTKIX
BO BPEMS @HECTE3MOJOTUYECKOTO TTOCOOUST U COBPEMEHHAST
npodumakTka TpOMO0IMOOIMH JIETOYHON apTepum.

B saBepmaronmit senp accambaen 1podeccopom
GeorgeSilvayOb1o opraHM30BaHO MOCEMIEHNE KPYITHOI OH-
Kosormueckoii kmmuukE Hpo-Fopka Memorial Sloan-
Kettering Cancer Center. YuactHuku accamGjien moceTuIu
OIEPAIMOHHBIE M OT/CTIEHNE AHECTE3MOTOTHH-PEAHMMATOIIO-
MU, O3HAKOMHJIUCH ¢ 000PYI0BAHUEM M OCOOEHHOCTSIMHU Pa-
6OTBI aHECTE3MOJIOTOB-PEAHMMATOJIOTOB TAHHON KIMHUKM.

3asenyromuii 1aGoparopueit

DOIBHY <HUUOP», k. m. 1. A. H. Ky3osies,
Hayuwnblii corpyannk @TBHY «<HUMNOP»,

k. M. H. E. A. MarkoBa

O pa6ote Poccuiickoro HanonaasHoro cosera o peanumanuu B 2014 r.

Update on a Russian National Reanimatology Council in 2014

Poccutickuit HanmmoHa bHBIA COBET IO peaHMMAITIH
(HCP) 6bu1 cospan B 2004 1. 11t 0ObeIMHEHNST HAYYHO-
[PAKTHYECKOr0 OTEeHIMa a pernoHos Poccun B obsactu
PEaHMMATOJIOTHH, AaHAJIN3a HAKOIIJIEHHOTO OITbITa, CO3/IAaHMS
e[IMHBIX TIPOrPaMM 00YYEHUS METOZIaM ITPOBEICHUS PeaHu-
MAIMOHHBIX MEPONPUSTHH, YHU(DHUIIMPOBAHHBIX METOJIMK,
COOTBETCTBYIONIUX MEKIyHAPOAHBIM TpeboBaHusaM (puc. 1).

C 2004 r. Poccuiickuit HCP sBiaisieTcst nosiHonpas-
HBIM 4JeHOM EBporieiickoro cosera mo peaHUMaIuu
(ECP) u 3KCKJIIO3UBHBIM MPEACTABUTEIEM HHTEPECOB
Poccun B Hem. Corpyanuuectso ¢ ECP ocymiectsisiercst
Ha OCHOBe oroBopa. Yupeaurtesnem Poccuiickoro HCP
asagerca HUU obmeit peanmmartonornn um. B. A. He-
rosckoro. Ilenp cozpanus Poccuiickoro HCP — paspa-
60TKa U BHeApeHUe YHUDUIIMPOBAHHBIX [IPOrpaMm 00y-
YeHUsT HABBIKAM PEAHMMAIMOHHBIX MEPOTPUITUIH B
COOTBETCTBUU € MEK/IYHAPOAHBIMU PEKOMEHIAIMSIMU.
IIpesupent Poccuiickoro HCP — ujien-koppectnoneHT
PAH, sacaysxkenmsiit gestens nayku PD, maypeat Ilpe-
muu [Ipasurenbcrsa PO, iupekrop HUU o6uieii peanu-

()=

C)(P)

HALUMOHAAbHbI COBET
no PEAHMMAUWWN

Puc. 1. Jlorotun Poccuiickoro HamuonaisHoro cosera
110 peaHuManuu.

OBIJAA PEAHMUMATOAOI M, 2015, 11; 1

www.reanimatology.com

77



78

Chronicle

maroJsioruu uM. B. A. Herosckoro, nmpodeccop
Mopos Buktop BacunbeBuy.

Poccwuiicknit HCP opranmsyer na tTepputo-
pun PO mposenenne caenyiomux kypco ECP:
Cep/leYuHO-JIErOUHAas peaHUMAIIUsT M aBTOMATHYeC-
Kasi HapyskHas JaeuOpULIsAIUs At TIpoBaiie-
pos (c 2008 r.); cepmedHO-TeTOUHAS peaHNMAaIINS
U aBTOMATHYeCKask HapyKHas aepuOpPHIIISIIs
1t THCTPYKTOPOB (¢ 2010 1.); Kypesl 110 paciim-
PEHHBIM PEAHMMAIMOHHBIM MEPONpPUITHSIM (C
2014 r.); KypcBHI IO HEOTJIOKHBIM PeaHNMAaIlNOH-
HbIM MeponpusaTusam (¢ 2014 r.); o61muii uHCTPyK-
Topckuii Kype (rpoBoautcesi ¢ 2014 r. coBMecTHO ¢
npenozasaresnsimu ECP).

JlaHHbIe KypChl TIPOBOJSITCS CTPOTO B COOT-
BETCTBUU € METOAMKAMHU U PEKOMEHAIUSIMU
ECP, no eaunomy o6pasity Ha Beell Tepputopun
PO, ¢ kOHTpOJIEM KauecTBa o CTOPOHBI Poccnii-
cxoro HCP. Bee yueGHble MaTepualibl, HCIIOJIb3Y-
embie Ha Kypcax Poccuiickoro HCP, siBaistiorcst
ouIMaIbHBIMU TIEPEeBOAAMU 00Pa30BATEIbHBIX
MaTepuasnioB EBporeiickoro cosera 1o peaHuma-
mn. Ha xkypcax ECP o06si3aTesbHbIM SIBJISIETCST
UCIIOJIb30BAaHKE CTAHIAPTHBIX HAOOPOB yUeOHBIX
MarepuasioB u yueOHbix niporpamm ECP. Yenern-
HO 3aBepIIMBIINE KYyPC YYaCTHUKH TOJYYaioT
ceprudurar ECP (na pycckom sizbike). Beero
HACTOSIIIIEMY MOMEHTY Ha Kypcax Poccuiickoro
HCP noarorosaeno 6omee 2000 mposaiinepos u
60s1ee 500 HHCTPYKTOPOB.

[TperromaBatenbckuit coctaB Poccuiickoro
HCP B Hacrosiuiee BpeMs BKJIOUaeT B cebsi OJIHO-
TO IMpeKTOpa KypcoB u 40 mHcTpyKTOpOB. Bee nn-
crpykropsl Poccuiickoro HCP gBasiorest crieru-
ATUCTAMU c BBICIITUM MEJIMIIMHCKUM
obpasoBanunem, 90% 13 HUX — Bpa4M aHECTE3MO-
JIOTH-PEAHNMATOJIOTH, CPEIIN HUX 5 TOKTOPOB Me-
JUIMHCKUX HayK (2 mpodeccopa) u 16 kaHmma-
TOB MEAMIMHCKUX Hayk. Uudopmanus 00
nHcrpykropax Poccuiickoro HCP pocrynna 1o
cebuike  http://niiorramn.ru/council /teachers.php
u B rpymma Poccuiickoro HCP www.vk.com/rusnre.

B 2008 r. 3Ha4nTEIHBHO YBETUUNIOCH KOJIN-
4yecTBO npoBorMbIX Poccuiickum HCP kypcos
1 PACIIUPUIICS UX CIIEKTP (PUC. 2), yBEJNYUIOCH
KOJIMYECTBO KyPCOB B pernonax crpausi (¢ 67% B
2013 r. mo 86% B 2014 r.; puc. 3) u Harpy3Ka Ha
WHCTPYKTOPOB (puc. 4).

B 2014 r. B pamkax jgoroBopa mesxay Poc-
cuiickum HCP u EBponeiickim coBeTom 110 pea-
numanuu (ECP) 6buio nposesero: 1 kype 1o
paCHIMPEHHBIM PEAHUMAIIMOHHBIM MEPOIPUSITH-
am (Advanced life support), 1 o6umii uHCTPYK-
topckuit kypce (Generic instructor course), 52
Kypca 110 6a30BON peaHUMaIMU U aBTOMATHYEC-
KOii Hapy»KHOI aepubpuiisiinu [uist poBaiie-
pos (CPR/AED Provider) u 4 kypca 110 6a3oBoii
peaHnMany 1 aBTOMAaTUYEeCKOH HapysKHOMU fe-
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20 4

Yucno kypcos
(=] = E o o

Hani

Kapafianor

Hpneoweesa

WHcTpy
KTOp

Bopucor
Foporiy
bopopnia
Bacnnuer
Tycen
Ranowo
Lpsaanon
Hnanor
Maicme
Marsion
Mapnuer
AT
Mopesine
Markora
Mepenanmgs
Monoe 1A
Nonoe 0.
Cenpnpos
CnHnEoE
Timom
Ypyros
Manaror
Upetror
Llarpasiaran
Azmron

BocTKoR

Anekcesr
BpyGneecknil

ApTamonon

[epacHion

FazsHkantf
Hyaspnues

ALy canamon

Abpypasmanon

Puc. 4. Harpy3ska Ha noJIHOIIpaBHbIX HHCTPYKTOpPOB Poccuiickoro
HCP B 2014 .
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bubpunnguun s (CPR/AED
Instructor), Ha KOTOPBIX TTOATOTOBJIECHO 557 MPOBANIEPOB.

UHCTPYKTOPOB

8—9 anpesst 2014 1. GbLIM TIPOBEIEHBI TIEPBbIE KYPChI
6a30BOI peaHMMAINN 7T TPOBAWAEPOB U HHCTPYKTOPOB B
Owmcke Ha 6Gaze OMCKOI TOCYZapCTBEHHONW MEAMIIMHCKOI
akagemun. [loanucan 10roBop o coTpyaamyecTse. B HacTo-
sitee BpeMsi coTpysiHuK OMCKO# TOCYIapCTBEHHON Me/IH-
IIUHCKOM aKaJ[eMUU SIBJISIETCS MOJHOMPABHBIM MHCTPYKTO-
pom 10 6a30BOH peaHMMANMM — J.M.H., Hpodeccop
MasnpkoB Oser AnexkceeBud.

23—24 anpenst 2014 1. GbLIK IPOBEECHBI IIEPBBIE KYP-
¢l Ga30BOI peaHmManuu A1 npoBaiizepos B ToMcke Ha
6aze CuOMPCKOTrO TOCYAAPCTBEHHOTO MEIUIIMHCKOTO YHHU-
BepcuTeTa U yueOHO-TPEHUMHIOBOIO IEHTpa <«3aluTas.
IToanucan goroBop o coTpyaHmuecTBe. B HacTosiee BpeMst
corpyaHuk CUOMPCKOTO TOCYAaPCTBEHHOTO MEAUIIMHCKOTO
YHUBEPCUTETA SIBJISIETCS TOJHOTIPABHBIM HHCTPYKTOPOM T10
6a30BO peanmmanmm — K.M.H., gonent Jlagaxo Cepreii
MuxaitioBuy.

B 2014 r. Poccuiickum HCP nipojioskeHo cotpyanu-
yectBO ¢ DejiepanbHbIM MEANKO-OMONOTUUECKUM areHTCT-
BoM Poccun (1. MockBa), DenepanbHbiM IIEHTPOM CEP/IIa,
KPOBH U dHI0OKpUHOIOTHN nM. B. A. AsmazoBa (r. CaHKT-
ITerepbypr), Bantuiickum DegepanbHbiM YHUBEPCUTETOM
nMm. W. Kanra (r. Kamunurpan), TIOMEHCKUM Kap/IM0JI0TH-
yeckuM reatpom (T. Tiomenn), Kpacuosipckoii acconmarnm-
eil aHecTe3MOJIOTOB-peaHuMaTooToB (T. KpacHospck),
Poccuiickum Corozom criacareseit. [oanucanbt 10roBopbl
O COTPY/IHMUYECTBE M IPOBE/IEHUH KYPCOB TPOBAIEPOB C
000 «Apubpuc» u OO0 «Meauc.

Buarogapst pabore wHCTpyKTOpoB Poccuiickoro
HCP B 2014 r. 661710 BBIIOJHEHO OCHAIIEHUE MEKILYHAPO/I-
HOTO asporopTa r. KaiuHuHrpas aBToMaTnyeckuM HapysK-
HBIM J1ePUOPHILIISITOPOM.

B despase 2014 r. Gbiiu niposeetsbl nepsbie B Poc-
cun Kypebl pacuiperHoil peannmaiu (Advanced Life
Support, 16—17.02.2014) u kypcst unctpykropos (Generic
Instructor Course, 18—19.02.2014). B pmanubx Kypcax
TIPUHAN ydacTue 6 TIOJTHOTIPABHBIX MHCTPYKTOPOB Poc-
cuiickoro HCP, xoropsie ycremno ux 3aBepiinian. Kypes
Obiu nipoBegenbl npenogasatesivu ECP: Dr. Carsten
Lott (Maiinn, Tepmanust), Dr. Andrew Lockey (Tanudaxc,
Beaukob6puranust), Dr. Alan Hargreaves (JIuac, Benuko-
6puranus), Dr. Dusan Vlahovic (JIwo6usna, Cirosenust).
TTpoBenenue caeayoOmMuUx KypoB PACIIUPEHHON peannma-
1Y 3aTTAHIPOBAHO Ha stHBaph 2015 T.

B anpeste 2015 r. tulanupyeTcst IPoOBeIEHNE CIIE/IYIO-
1ieii cepuu Kypcos paciiuperHoii peanumaruu (Advanced
Life Support, 8—9.04.2015 u 10—11.05.2015). [lantbie
Kypchl OyAyT MPOBEIEHbI € y4acTHeM MperojaBaTeseil
ECP. Ilo pesyJibratam JaHHbIX KypcoB Oyaer chopmuposa-
Ha KOMaHIa U3 7 WHCTPYKTOPOB MO KYPCY PACIIUPEHHOM
peaHuMaIuu.

Wudopmaruss o mpeacTosamux Kypcax JOCTYIIHA B
kasengape kypcos ECP (www.erc.edu), na caiite HUU
obuieii peanumatosiorun um. B. A. Herosckoro
(www.niiorramn.ru/council), 8 rpyme Poccuiickoro HCP
www.vk.com/rusnre u sxypHaie «O011ast peaHuMaTONOT s>,

IIpe3aunent Poccuiickoro HanuoHaabHOTO
coBeTa 110 peaHHMaluu

Saciy:keHHbli nesTesp Hayku Poccuu
yinen-kopp. PAH, npodeccop

B. B. Mopos,

JUPEKTOP KYPCOB II0 CePIeYHO-TIeTOYHOM
peanumaiu Poccuiickoro HanuoHaJIbHOTO
coBeTa 110 peaHUMaluH,

k.M.H. A. H. Ky3oBies
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Tony6es A. M. ecm. Mopos B. B. u zip. 6 (6)

Tonyoyoe B. B. cm. Tumoxosa C. 1O. u ap. 3 (15)
Tonuapenxo C. U. cm. bepanuxkos A. I1. n gp. 6 (39)
Tonuapos JI. @. cm. Asnexcanapos M. U. u ap. 3 (38)
Iop6ynos b. B. cM. Bocerpukos B. A. u ip. 1 (25)
Ipetenuuros O. A. cm. Xyoytust M. 111 u zip. 2 (23)
Ipebenuuros O. A. cm. Jluxsauues B. B. u ap. 4 (82)

Tpuwun A. B. cm. Xyoytus M. 111 u zp. 1 (43)
Iyokosa O. E. cm. Tepenenuna C. A. u ap. 1 (12)
Tyoxosa O. E. em. epenenuna C. A. u ap. 6 (46)
Tyces A. H. cm. Boctpukos B. A. u ap. 1 (25)

Jasnuanuose JI. I1I. cm. Mannkasa M. M. u ap. 5 (27)
Jonezux B. T. em. Bep6urkast B. C. i ap. 2 (31)
Joazux B. T. cm. Bapunos C. B. u ap. 3 (5)

Joneux B. T. cm. CnaBuoB A. A. 4 (37)

Aypnes A. /I. cm. Mopos B. B. mw 1p. 4 (11)

Ecun I'. B. em. AnexcaunpoB M. U. u ap. 3 (38)
E¢pemos C. M. cm. Jlomusopotos B. B. u 1p. 5 (33)

Kanamaes A. K. cm. Mopos B. B. u ip. 4 (11)

JKesnaxosa 10. A. cm. YerpsianieBa . M. u ap. 5 (18)

Kenuno B. M., Maxapun O. A. Biusinue nosmmopdusma reHa
OPRM1 118A/G na nepueniuio 601 u (papMakoMHAMUKY Hap-
KoTrYecknx ananreTnkos 1 (58)

3abonomexux U. B. cm. Bepauukos A. I1. u ap. 6 (39)

Baiinyounos 3. M. em. XyGyrus M. 111 u ap. 2 (23)

3apaceyxuii 1O. B., Mopos B. B., Boaxos A. B. Biusinie nMmmyHo-
AKTUBHDIX [PENapaToB Ha (HYHKIIMOHATIBLHOE BOCCTAHOBIEHUE MO3-
ra 1 CTePOM/IHBIE TOPMOHBI B TIOCTPEAHUMAIIMOHHOM Treproje 1 (9)

Sapaceyxuii FO. B. em. Poikkos U. A. u 1p. 2 (5)

3apaceyxuii FO. B. em. Poixkos U. A. u ip. 5 (6)

3namnux E. IO. cm. Ymakosa H. [I. n ap. 6 (32)

3vikosa T. A. cm. Ymakosa H. /I, n 1p. 6 (32)

Bvipsanos B. A., Cmey, B. B., Knumosa I'. M., o6umos M. /1., lla-
nosa H. I, IIlecmonanog A. E. [lapenTtepanbpioe TUTanue mpermapa-
ToM osuKIHOME b N8-800 marnuenTos ¢ CUHAPOMOM THIIEPKATA-
60JIM3Ma P PACITHPEHHBIX AGIOMUHATLHBIX OMEPAIIUSIX

Kucenes B. B. cm. Xy6ytus M. 1. u ip. 1 (43)

Kucnyxuna E. B. em. ITabanos A. K. u ap. 6 (16)

Kupcanosa A. K. cm. Poxkos W. A, u zip. 2 (5)

Knumosa I'. M. cm. 3vipsinos B. A. u 1p. 3 (25)

Knvrunuxosa E. B. em. XyGytust M. 111 u ap. 1 (43)

Konecnuxoes C. B., bopucos A. C., Kopnunos U. A., lomusopo-
mos B. B. IlocTossHHast 3aMecTHTeJIbHASI [TOUEUHAsT Tepamus C
HKCTPAKOPIOPATbHOI MeMOPaHHOiT OKCUTeHAIEll B KapANOXH-
pypruu 3 (75)

Kopnunos U. A. em. Kostecuukos C. B. u ap. 3 (75)

Kopnunos U. A. cm. Ulmbipes B. A. n np. 4 (74)

Kopnauesa O. B. cm. Bep6uikast B. C. u zp. 2 (31)

Komog C. H. cm. Caguukos /1. B. u gp. 2 (66)

Kpasuenxo-bepeacnas H. P. cm. lllax B. H. u mp. 1 (33)

Kysoenes A. H. em. XyOytust M. 111 u ap. 2 (23)

Kysoenes A. H. cm. Mopos B. B. u 1ip. 4 (6)

Kysoenes A. H. cm. Mopos B. B. u ip. 6 (6)

Kysoenes A. H. em. IlaGanos A. K. u ap. 6 (16)

Kyauxos A. H. em. Crpsiniko H. B. u zip. 2 (50)

Koprviwes A. I. em. ax b. H. u 1p. 1 (33)

Jlazymun M. b. cm. Anexcanapos M. U. u ap. 3 (38)

Jlanwun B. H. cm. 1llax B. H. u zip. 1 (33)

Jluxeanyes B. B., Ckpunxun IO. B., Ipebenuuxos O. A. Isyuenue
KJIMHIYECKOI 3HAYMMOCTH 3(hdeKTa aHecTeTHIeCKOTO TPEKOH/IN-
1oHnpoBanus (OTKpbITas 6aza ganubix) 4 (82)

Jlomusopomos B. B. cm. Konecuukos C. B. u ap. 3 (75)

Jlomusoomos B. B. cm. IlImbipes B. A. 1 1p. 4 (74)
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Jlomusopomos B. B., E¢ppemos E. A. lloxywanos, A. b. Pomanos,
/. H. Ilonomapes, A. M. Yepusecxuii, A. H. [Iunosa. Ectb 1 atna-
purmuyeckue 3hdeKTbl omera-3 IOJMHEHACHIIIEHHBIX JKIPHBIX
KHUCJIOT Y KapAMOXUPYPrudeckux 60abHbIXx? 5 (33)

Jyuuna A. A. cm. Tepenenuma C. A. 5 (44)

Jhobumos M. /. cm. 3pipsinos B. A. u ap. 3 (25)

Masnsn-Xooxcaes P. III. cm. Cabupos 1. M. u ap. 6 (24)

Manvyes I IO. em. Xybytus M. 111 u ap. 2 (23)

Manuxasa M. M., Momyeiudse H. I, lasnuanudse JI. I1I. Peo-
JIOTHYeCKHUe CBOMCTBA KPOBHU TP KPOBOIIOTEPE (9KCIIEPUMEHTAIb-
Hoe uccaegoBanue) 5 (27)

Mamunsn H. B. cm. Benoycosa E. U. u ap. 2 (57)

Maxapun O. A. em. Kenuno B. M. n 1p. 1 (58)

Medsnnuxosa 1. B. cm. Bapunos C. B. u ap. 3 (5)

Monuanoe U. B. cm. Crpsiniko H. B. u zp. 2 (50)

Momuyenudse H. I. cm. Mannkasa M. M. u zip. 5 (27)

Mopos B. B. cm. 3apsenxuii 10. B. u ap. 1 (5)

Mopos B. B., Iony6es A. M., Kysoenes A. H., [Tucapes B. M. Ho-
BbI€ JIMATHOCTUYECKUE KaHAUAATHBIE MOJIEKYJISIPHBIE GHOMAPKEPBI
0CTPOTO PeCIMPATOPHOTO JucTpecc-cuHipoma 4 (6)

Mopos, E. A. Msizkosa, A. K. 2Kanamaes, /[. A. Ocmanuenxo, A. /1.
Hypnes, Pewemmnsx B. 1. Ilospesknenns JJHK n mporeccst kiretou-
HOI rubesiu JIEHKOIUTOB Y TOCTPAJIABIINX C TSKEJIOH TpaBMOI

Mopos B. B., Iony6es A. M., Kysoenes A. H., [lla6anos A. K., ITu-
capes B. M. enok kaerok Kiapa (club cell protein) — wosbrii gua-
THOCTUYECKHH KaHUAATHBIN MOJIEKYISAPHBIN O1OMapKep HO30KO-
MuagbHOU nueBmMonuu 6 (6)

Mycaesa T. C. cm. Bepaaukos A. I1. u 1p. 6 (39)

Myxun A. C. em. Cumytic U. C. u ap. 3 (50)

Msexosa E. A. cm. Mopos B. B. u nip. 4 (11)

Hosodepacxuna H. C. em. Poixkkos . A. u 1p. 5 (6)

Opodyxansn 3. C. em. Benoycosa E. 1. u ap. 2 (57)

Opaos 0. I1., Ioéoposa H. B. Posib CyKIIMHATOB 11PY KPUTHYEC-
KuX cocrosiausix 6 (65)

Ocmanuenxo /[. A. em. Mopos B. B. n ip. 4 (11)

Ocmposa U. B. em. Aspyuienko M. 1. u zip. 5 (59)

Ocmpozisidosa U. A. cm. Bepbuiikas B. C. u ap. 2 (31)

Owopos A. B. cm. TTonyraes K. A. u 1p. 6 (55)

Ilanosa H. I'. cm. 3wipsinos B. A. u 1p. 3 (25)

ITapnubaes @. O. cm. Cabupos JI. M. u 1p. 6 (24)

Ilepenenuya C. A., Cepeynosa B. A., Ijokosa O. E., Anexceesa C. B.
OcobeHHOCTI MEMOPAH APUTPOIUTOB HEJOHOIEHHBIX HOBOPOKIEH-
HBIX TIPM MHOTOIIOAHON Gepementoctu 1 (12)

Ilepeneruya C. A. 3amecturesbHast Tepanus cyphakTaHTOM
«asibBeO(AKT> Y HOBOPOKIEHHBIX C PECITUPATOPBIM JUCTPECC-CHH-
JIpOMOM (TTIJIOTHOE MCCJIe/I0OBAHME)

Ilepenenuya C. A., JIyuuna A. A. nransunonnas cypgaxTant-
Teparisl y HOBOPOK/IEHHBIX IIPU UCKYCCTBEHHO BEHTUIISIIIIHI JIeT-
Kkux 5 (44)

Ilepenenuya C. A., Cepeynosa B. A., Tyokosa O. E. Cocrosiaue
MeMOPAHbI 9PUTPOIITOB HEJOHONIIEHHBIX HOBOPOKIEHHBIX B PaH-
HeM HeoHaTaJIbHOM Tepuoje 6 (46)

Ilepexodos C. H. cm. Anexcanapos M. W u ip. 3 (38)

Ieposckuii I1. I1. cm. Hlmbipes B. A. u np. 4 (74)

Ilemyxosa O. B. cm. Yerpsianesa . M. u ap. 5 (18)

IHucapes B. M. cm. Mopo3s B. B. u nip. 4 (6)

Iucapes B. M. cm. Mopo3s B. B. u p. 6 (6)

Hoxywanos E. A. cm. Jlomusoporos B. B. u ap. 5 (33)

Ionomapes /. H. cm. IlImpipes B. A. ut 1p. 4 (74)

Tonomapes /. H. cm. Jlomusoporos B. B. u gp. 5 (33)

Ilonyzaes K. A., Casun H. A., Owopos A. B. HoBble acTieKTHI pe-
AHUMATOJIOTUH B HEBPOJIOTUN U Heiipoxupypruu 6 (55)

Iomuesckas B. U. cm. Crpsinko H. B. u ap. 2 (50)

IIpunyxos /I. b. cm. Ciumytuc . C. u ap. 3 (50)

Twenucmos K. B. cm. Anexcanzgposuu 10. C. 3 (59)

Paouonosa T. B. em. Cagunkos /1. B. u ap. 2 (66)

Pasymos K. B. cm. Boctpuxos B. A. n ap. 2 (41)

Pewemnsx B. U. cm. Mopos B. B. u np. 4 (11)

Posenbepz O. A. Tlpenapatsl JIerodHoro cypdakranTa Ipu ocT-
PBIX U XPOHUYECKUX 3a00JICBAHUSIX JIeTKUX (4acTh 1)

Posentepe O. A. TIpenaparbl JIer04HOTO CypdhakTaHTa mpH OCT-
PBIX U XPOHUYECKUX 3ab0eBaHuii Jierkux (dactb 2) 5 (69)

Pomanos A. b. cm. Jlomusoporos B. B. u ap. 5 (33)

Poccmanvnas A. JI. em. Cabupos JI. M. u ap. 6 (24)

Poincros U. A., Kupcanosa A. K., 3apoceyxuii 1O. B. Amiumary -
HO-YaCTOTHBIN CIEKTP KoseGaHMiT MO3TOBOTO KPOBOTOKA TIPU Te-
Mopparudeckom moke 2 (35)

Puowncros U. A., Hosodepacxuna U. C., 3apaceyrui FO. B. Amnu-
TY/IHO-YaCTOTHBIN CTIEKTP KOJTEOAHNI KOKHOTO KPOBOTOKA IIPH OC-
TPOIl KpoBoIOTEPE (IKCHEPUMEHTAIbHOE HccenoBanue) 5 (6)

Poix A. A. em. XyOytusa M. 1L u ap. 1 (43)

Pabos I. A. cm. Mopos B. B. u ap. 4 (11)

Cabupos /. M., Masnsn-Xoodaucaes P. II1., Axaraes P. H., Amaxa-
noe III. 3., Poccmanvnas A. JI., Xaiioaposa C. 3., [lapnubaes @. O.,
Cyamanos X. /[. VIBJI-uHAynpOBaHHbIE MOBPEXK/ICHUS JIETKUX
(aKcrepuMeHTANIbHOE HccaenoBanue) 6 (24)

Casun U. A. em. Tlonryraes K. A. u ap. 6 (55)

Caouuxos /I. B., Komog C. H., Paduonosa T. B. TemneparypHas
PEAKIIst TIPU OCTPBIX HAPYIIEHHSIX MO3TOBOTO KPOBOOOPAIIEHNUS 2
(66)

Casonmosa T. I'. cm. Crpsiniko H. B. u ap. 2 (50)

Cepeees A. A. cm. Xyoytus M. 111 u ap. 2 (23)

Cepeynosa B. A. cm. Ilepenemnma C. A. m ap. 1 (12)

Cepeynosa B. A. cm. Ilepenennua C. A. u ap. 6 (46)

Cumymuc U. C., bospunos I. A., Myxun A. C., IIpunyxos /. b.
B03MOKHOCTH TEpanny reMopparnyeckoro moka y O0JbHBIX ¢ jKe-
JIYJIOYHO-KHIIIEYHBIM KpoBoTedenneM 3 (50)

Cxpunxun 0. B. cm. Jluxsantes B. B. u gp. 4 (82)

Cryaaues M. B. em. XyGytust M. I u ap. 2 (23)

Cnasnos A. A., /loneux B. T. MopdoJsiorndeckrie 1I3MEHEHUS B
CTEHKe a0PThI 110CJIe KPOBOIOTEPH (IKCIIEPUMEHTATBHOE HCCIIE0-
Banue) 4 (37)

Cmupnos /. b. em. lllax B. H. u xp. 1 (33)

Coepewtnun C. C. cm. Xyoytust M. 111, u ap. 1 (43)

Cnupudonosa E. A. cm. Anexcanapos M. U. u ip. 3 (38)

Cmey, B. B. cm. 3bipsinos B. A. u jip. 3 (25)

Cmonnuukuii A. A., Akanaes P. H. VintencuBHast Teparust 60J1b-
HBIX C OTPABJIEHNEM YKCYCHOI KUCTOTON, OCJIOKHEHHBIM Pa3BUTH-
em moka 2 (18)

Cmpsnxo H. B., Casonmosa T. I'., [lomuesckas B. 1., Xaipyrnu-
na A. A., Boosuna 1. b., Kynuxos A. H., Apxunenxo FO. B., Monua-
nog Y. B. Ananraimonnbiii a¢deKT MHOTOKPATHOTO TIPUMEHEHUS
kcenona 2 (50)

Cyamanoe X. /1. em. Cabupos [I. M. u ap. 6 (24)

Tumoxosa C. IO., Ioay6uos B. B. KoMiuiekcHble MEPONPUATHST
110 CHUJKEHUIO TIEPUHATATBHON KpoBoroTepu 3 (15)
Tumoea I. IT. em. Xy6ytust M. 1L u ap. 1 (43)

Yemvanyesa U. M., Xoxnosa O. H., Ilemyxosa O. B., 2Kesnaxo-
6a 10. A. JlunaMuka JIMIIOTIOINCAXaPU/ICBSA3BIBAIOIIETO TPOTEIHA
U JTaKTaTa B KPOBU TAI[MEHTOB ¢ oJauTpaBmoit 5 (18)

Ywaxoea H. /1., Ileguenxo A. H., Yemeepuxos M. B., 3namnux E. IO.,
3vikosa T. A. Pe3ysbraTbl NIPUMEHEHUs CEJIEKTHBHOI azcopomn
9HIOTOKCUHA TIPU XUPYPTrUYECKOM CElChce y OHKOJOTHYECKUX
GosbHbIx 6 (32)

Xaiidaposa C. 3. cm. Cabupos [I. M. u ap. 6 (24)

Xaupynnuna A. A. em. Crpsinko H. B. u ap. 2 (50)

Xoxnosa O. U. em. Yerbsuniesa Y. M. u ip. 5 (18)

Xyoymus M. 111, [lla6anos A. K., byrasa I. B., 3atinyounos 3. M.,
Crynauee M. B., Kysoenee A. H., IpeGenuuxos O. A., Cepeees A. A.,
1numonxoe M. U., Marvyes I'. FO. OKncmTeIbHblil IICTPecc y 1o-
CTPA/IABINNX C TSKEJIOH coueTanHoil TpaBmoit 2 (23)
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Xybymus M. II1., Puix A. A., Kucenee B. B., Arexcanoposa U. B.,
Ipuwun A. B., Iooxkos M. A., Knorunuxosa E. B., Illaspuna H. B., Co-
epewunun C. C., Tumosa I'. I1., boposxosa H. B. DuTepaibHOe UTA-
HIe B COCTaBe KOMIUIEKCHOIO JiedeHHsl Hal[ieHTa MocJe TPaHc-
TJIAHTAIN TOHKON Ktk 1 (43)

Xy6ymus M. III. cm. 1abanos A. K. u ap. 6 (16)

Hwvreanos /1. U. cm. Anexcangapos M. U. u 1p. 3 (38)

Yemeepuxos M. B. cm. Ymaxosa H. /1. u ip. 6 (32)
Yepusscrkuii A. M. em. JTomusopotos B. B. u ap. 5 (33)

Ila6anos A. K. em. Xy6ytust M. 111 u ap. 2 (23)

Illabanos A. K. cm. Mopos B. B. u 1p. 6 (6)

HTabanos A. K., bynasa I. B., Audpocosa M. B., Kysoenes A. H.,
Kucnyxuna E. B., Xy6ymus M. III. Posb paHHeii IMMyHO3aMeCTH-

TEJIBHOI Teparny B CHIDKEHUN JIETOUHBIX NH(MEKIIMOHHBIX OCJI0XK-
HEHWIT Y TOCTPAIABIIIX MOCJIE TSKEJION coueTanHo TpaBMbl 6 (16)

HTaspuna H. B. cm. Xy6ytus M. 111w ap. 1 (43)

Illax b. H., Jlanwun B. H., Kopnvuwes A. I., Cuupnos /[. b.,
Kpasuenxo-Bepexcnas H. P. Merabomueckue addexts cybeTpar-
HOTO QaHTUTUIIOKCAHTAa HA OCHOBE SIHTapHOI kucaoTsl 1 (33)

1lesuenxo A. H. cm. Ymaxosa H. /. u ip. 6 (32)

Illecmonanos A. E. cm. 3bipsinoB B. A. u 1p. 3 (25)

Iunosa A. H. cm. Jlomusopotos B. B. u ap. 5 (33)

HImwvipes B. A., /I. H. Ilonomapes, I1. I1. Ileposcruil, A. B. boza-
ueg-Ilpoxoghwes, U. A. Kopnuios, Jlomusopomos B. B. OcobennocTn
paHHero Iepuoja Iocje MUHMMHBA3UBHBIX Kap/HOXUpPyprudec-
KUX Ooreparuit

IInumonxoe M. . cm. Xy6ytus M. I u zp. 2 (23)

B Ne 3/1 3a 2014 ron na crp. 37 B ctathe B. A. 3bipsanos, B. B. Crar, A. E. [llectonanos, I. M. K-
moBa, M. /1. JTio6umos, H. T. TTanosa «ITapenTepaiberoe nutanue mpernaparom oukanHomess Ne8-800
MAI[IIEHTOB C CHHAPOMOM THIIEPKATabOIN3Ma TIPU PACIHIMPEHHBIX aGIOMIHAIBHBIX OTEPAIISIX>
jonyiiena onevarka: nocrymuiaa 06.09.2013 — nyskno unrars nocrynuia 06.02.2014.
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IIpaBuaa AAsT aBTOpPOB

ITPABUJIA 1JIA1 ABTOPOB

Pepakist oGpaliaetT BHUMAHIE aBTOPOB Ha CJIELYIOIIIE TIPABH-
sia u GopMy MpeCTaBIeHNs PYKOIUCETT [UIs TTyOJIUKAIK B Ky P-
nase «OBIIAA PEAHUMATOJIOT WS ».

Oo6mue npaBuia

ITonHblil TEKCT PYKOIUCH CTaTbU HA PYCCKOM U QHIVIMHCKOM
SI3BIKAX C MPHJIOKEHNEM WITIOCTPAIMI (B OT/IEIBHOM KOHBEPTE) B
2 9K3. Hanpasistiorest 1o azgpecy: 107031, Mocksa, yi. IletpoBka,
25, crp. 2, Pepaxuus xypuana «OBIIASL PEAHUMATOJIO-
I'». Pykomnuch f0oKHA ©METDH COTIPOBOIUTENBIOE MTHUCHMO, TTO/T-
MUCAHHOE PYKOBOJUTETIEM YUPEXK/IEHUS, B KOTOPOM BBITOJIHEHA
pabota. BTopoii 9K3eMILISp CTaTh MOAMMCHIBAETCS BCEMU aBTOPa-
MH, HO/TBEPIKIAsT CBOE y4aCTHe B BBIIOJHEHHN TIPEICTABIISIEMON
paboTHI 1 YIOCTOBEPSIS COTTIACHE ¢ cojepskanieM pyKorcu. Kaue-
CTBO MEPEBO/IA CTAThU HA AHTIMHCKUIN SI3bIK TAPAHTHPYETCsT ABTO-
POM U JIOJKHO COOTBETCTBOBATH MEK/IYHAPOIHBIM TPEOOBAHUSIM.

B pemakiumio HeOOXOANMO TaKKe PEAOCTABUTD HJTEKTPOHHBII
BapuanT pykonucu (Ha (JIdIIKe, AUCKETEe WK 110 JEKTPOHHON
noure: journal _or@mail.ru) B popmare Word. ABTop moJken yka-
3aTh Ha HaKJeiiKe ICKeThl HazBaHue (aiiyia, CoAepKaIero TeKCT
PYKOIKCH. 3aICh HA 3JIEKTPOHHOM HOCUTEJIE I0JIKHA ObITh UIEH-
THYHA OPUTHHAIY Ha Oymare.

Pykorich cratbu 0JpKHA OBITH OTHEYaTaHa Ha JIA3EPHOM TIPUH-
Tepe Ha OHOU CTOpOHEe 6enoii Gymarn 4yepes IOJITOpa MHTEPBAa
mpudrom Times New Roman 12-ro pasmepa uyepnoro iigera. Mop-
Mat CTpaHuibl — A4, KHIDKHAST OPUEHTAINsI, BBIPABHUBAHIE — IO
HIUPHHE, T/ — 2,5 ¢M €O BeeX cTopoH. CTpaHUIlbl HyMEPYIOTCS B
MPaBOM HIBKHEM YIuIy. PyKOIHCh CTaThy JI0JDKHA BKJIIOYATD: 1) TH-
TYJIBHBIIT JICT; 2) pe3ioMe U KJIIoUYeBble ¢I0Ba; 3) TekeT cTaTbi, co-
croduuii U3 pasjesion: «Beenenue», «Martepuasibl 1 MeTO/IbIy, «Pe-
3yJBTAThly, «O6CyKIeHNe>, «3aKmouenes; 4) TabnIbl U TOICH
K HUM; 5) WITIOCTPAIMK | TIOAMMCH K HUM; 6) Gnbmorpaduio.

TuTy BHBIA JHMCT JIOJDKEH coziepsKaTh: 1) 1oJHOe U KpaTKoe
(ATt KOJIOHTUTYJIA) Ha3BaHUe CTaThU, KOTOPOE MOKHO OBITH WH-
(hopMaTUBHBIM U JOCTATOUHO KpaTKuM (aGOpEeBUATYPBI He JI0IyC-
KAroTCst); 2) MHUIHAIILI U (haMIJIUK BCEX aBTOPOB € ajipecaMu aJjie-
KTPOHHON IOYTBI KaKJOTO aBTOpa; 3) IOJIHOe Ha3BaHue
yupeskaeHusi(Huil), OTKy/la IPECTaBIsieTcst paboTa U ero MecTo-
HaxosK/eHue; 4) haMuiIio, NMs, 0TYECTBO OTBETCTBEHHOTO 3 I1e-
PEINCKY C TOJIHBIM TIOYTOBBIM AJ[PECOM, a/[PECOM IJTIEKTPOHHON
OYTHI, HOMepamu TesiehoHOB 1 (hakca aBTopa.

Pesiome — ocHoBHas 1 HanboJiee YnTaeMas 4acTb paboThl, 0C-
HoBbIBalonasics: Ha (akrax. Teker pesioMe He JIOJKEH COAEPIKATD
ab0peBraTyp M COKpAIEHWH, 3a UCKIIOYEHUEM €MHUI] N3Mepe-
nus. Pesiome medaraercst Ha OTJEJIbHON CTPAHUIE, OHO JOJIKHO
GBITH CTPYKTYPUPOBAHHBIM 1 COCTOSITH U3 YETHIPEX 00S3aTEMBHBIX
PaszesIoB: a) 1eJTb UCCAEN0BAHNST; §) MaTepHaIbl U METO/IBI — OTIU-
camue M3aiiHa UCCIIEI0BAHNUS, M3Y4aeMOTro MaTepuaa, NCIoJIb30-
BAHHBIX KINHUYECKNX, MHCTPYMEHTATBHBIX, SKCIIEPUMEHTATbHBIX,
CTaTUCTUYECKUX U TIPOYNX METO/INK; B) PE3YJIBTAThI — U3JIOKEHIE
OCHOBHBIX ITOJTyYeHHDIX PE3YJIBTATOB U UX CTATUCTUYECKON 3HAUM-
MOCTH; T') 3aKJIIOueHne — BBIBOZ(bI) MUCCJIEI0OBAHS, OCHOBAHHbIN
Ha cOOCTBEHHBIX pesynbTaTax. OObeM pesiomMe J0JKeH ObITh He 6o-
siee 200-250 ciioB. Ha 9101l 5Ke cTpaHuile IIOMEIAI0TCS «KJI0UeBble
cnoBay» (or 3 g0 10 ci1oB), CMOCOGCTBYIONINE WHIEKCHPOBAHUIO
CTaThyl B MH(POPMAIIMOHHO-TIONCKOBBIX CHCTEMAX.

Tekcr. O6beM 0030pHOII CTaThbl HE TOJIKEH MPEBBINATD 25
CTPAHMIL, & CIIUCOK I[UTUPYEMOH JIMTEPATYPBI J0JUKEH COLEPIKATh
He Meree 100 nanmerosanmil. O6beM 3aKa3aHHbBIX CTATEH YCTAHAB-
JIMBAETCS 10 10r0BOpeHHOCTH. OGbeM OPUTHHAIBHOI cTaThil (KaKk
MIPABIJIO) He JOJIKEH MPEBBITATh 15 cTpaHuIl, BRIOYast TabIUIbI
1 WJLTIOCTpAIny, o0Iee KOJTNIeCTBO NILTIOCTpanuii — He Gouee 7.

OpurnHajabHbIE CTAThH JOJDKHBI IMETD CJIE/IYIONLYIO CTPYKTYPY:

Bsedenue. Pazen packpbiBaeT akTyalbHOCTD HCCIEOBAHNST HA
OCHOBAHWHU JINTEPATYPHOI CIIPABKHU, OCBEIAET COCTOSIHIE BOIIPOCA
CO cChUIKAMU Ha Hanbosiee 3HauKMMBble myGaukaiuu. B KoHIe BBe-

nennst GopMyJIMpPYeTCst 11eJib, OTPAKAIONIAs HEOOXOAUMOCTD T1PO-
BeJIeHUsI NCCIIe/OBAHUSI.

Mamepuanvr u memoov. Pasnen mocssimen nabOpMAIuu o
BKJIOUEHHBIX B UCCJII0BaHIE OOTBHBIX (IPUBOAATCS KOJMUECTBEH-
HbIE U KAYeCTBEHHBIE XapAKTEPUCTUKI GONBHBIX/00CIEIOBAHHDBIX)
WJIN HKCHEPUMEHTAIBHBIX JKMBOTHBIX, [M3aiiHe UCCIIeIOBAHNUS, UC-
0JIB30BAHHBIX KJINHUYECKUX, JTAOOPATOPHBIX, MHCTPYMEHTAIbHBIX,
IKCHEPUMEHTAIBHBIX U [IPOYMX METO/MKAX, BKJIIOYAsk METO/bI CTa-
THCTHYECKON 06pabOTKY HaHHBIX. [IpH yITOMITHAHNT almapaTypsl i
JIEKApCTB B CKOOKAX YKa3bIBAIOTCS (pUpMa U CTPaHA-TIPOH3BO/IITENb.
B sxypHase ucIosb3yioTes: MesK[yHapO/Hble HellaTeHTOBAHHbIE Ha-
3Banus (INN) sexapeTs n iperapaToB. ToproBbie (TaTeHTOBAHHBIE)
Ha3BaHUs, MOJ{ KOTOPBIMU HPeNaparhl BbITYCKAIOTCS Pa3INUHbIMU
bupmamu, npuBozATCs B paszene «Marepuan 1 METO/IbI», € yKasa-
HeM (GUPMBI M3TOTOBHUTEJST U X MEK/YHAPO/HBIM HEITaTeHTOBAH-
HbIM (TeHepudecknM) HazBanueM. Hampumep: Tapusu (odJiokca-
un), «Xexct Mapuon Pyccenb».

Pesynvmamuvt — oCHOBHas 4acTh PyKonncu. Pe3ysbrarsl ciely-
€T NPEJICTABIATh B JIOTMYECKOM T10CJIe/IOBATE/IBHOCTU B TEKCTE, A
TaKKe OHU MOTYT ObITh [IPEICTABJIEHBI B BHJIE TaOJIHII 1 UILTIOCTPA-
mit. He momyckaercst my6amMpoBaniie pe3ysibraToB: B TEKCTe HeE
CJIeTyeT IOBTOPATH BCE JaHHBIE 13 TAOJIHIl U PUCYHKOB, HAZIO yTIO-
MUHATh TOJILKO HanboJiee BasKHbIE 13 HUX; B PUCYHKAX He CJIELyeT
nyOIMpoBaTh aHHble, MpuBeeHHble B Tabsmmax. [lomamicn k pu-
CYHKaM U ollicaHue jieTajeil Ha HUX 110J] COOTBEeTCTBYoIIel Hyme-
pareil HaJlo MPeJCTaB/sITh Ha OT/AEIbHOI cTpanuie. Besnunnp
M3MePEeHHH JIOJIKHBI COOTBETCTBOBATH MesK/yHAPOJHOI crcTeMe
equnutt (CN).

Mecro, riie B TeKCTe MOJLKHBI OBITH MOMEIIEHbI PUCYHOK WU
TabJnIa, OTMEYAEeTCsT Ha TOJIe CTPAHUIIBI KBAIPATOM, B KOTODBIi
MIOMEINAETCsT HOMEP PHCYHKA WM TaO INIIbL.

B dopmynax momKHbI GBITH YETKO Pa3MeYeHbI BCE IEMEHTDL:
crpounbie (M) u ponucHbie (M) GyKBbI, CHHIM MOAYEPKHYTHI Jla-
THHCKME OYKBBI, KDACHBIM — Tpeveckue (¢ BBIHECEHUEM Pa3METKU
Ha T10J15T), YETKO BBIIEJISIOTCS HOJICTPOYHbIE M HAJICTPOUHbIE HH/IEK-
CBI; B calydae cxojicTBa Harmucanust nudp u 6yks (0 — nudpa, O —
GYKBa) JIOJDKHBI OBITH CIEMAHDI COOTBETCTBYIOIIHE TIOMETKIL.

CoxpalieHust CJIoB, Ha3BaHUil (KpoMe OOIMIENPUHSATHIX COKPa-
meHnit Mep (hu3nuecknx, XMMUIECKHX, a TAKKe MaTeMaTH4eCKuX
BEJIMUUH 1 TEPMUHOB) He Jloltyckatorcst. Mepbl gatorest o Mexy-
napozpnoii cucreme exunuil (CU), Temmneparypa — 1o mikase
Ilembcus.

JlaTuHcKMe Ha3BaHMST MUKPOOPTaHU3MOB HPUBOJSATCS B COOT-
BETCTBUU € COBPeMeHHOI Kiaccubukanueit, KypcuBom. [Ipu mep-
BOM YIHOMHUHAHMM Ha3BaHHe MUKPOOPraHU3Ma JIA€TCs MOJTHOCTBIO
— pon u Bun (Haupumep, Escherichia coli, Staphylococcus aureus,
Streptomyces lividans), ipy NOBTOPHOM YIIOMUHAHUU POAOBOE Ha-
3BaHKe coKparaercs 10 oauoii 6yksol (E.coli, S.aureus, S.lividans).

HasBaHUsI FeHETHYECKHIX HJIEMEHTOB JIAI0TCST B TPEXOYKBEHHOM
0603HaUEHIH JIATUHCKOTO asihaBrTa CTPOYHBIME GYKBaMMU, KYPCU-
BOM (fet), KOZIMPYEMBIMI COOTBETCTBYIONIMMH TeHETHIECKUMU dJle-
MEHTaMU MPOAYKTI — MPONUCHbIMU NpsiMbiMu Gyksamu (TET).

O6cyarcoenue. Pazpien BRIOUAeT B cebst HHTEPIIPETAILIIO PE3YIIb-
TATOB ¥ WX 3HAYMMOCTH CO CCBUIKOIT Ha COOTBETCTBYIONINE PabOTHI
apyrux aBropos. CozepikaHue pasjiesia JA0JKHO ObIThb YETKUM M
kparkiM. Hajto BT HOBbIE M Ba)KHbIE aCIIEKThI PE3Y/IbTaToB
CBOET0 MCCJIEJIOBAHNS U 110 BO3MOKHOCTH COMOCTABJISATh UX C JIaH-
HBIMHU JIpYyTUX HccaenoBatesneil. He ciaemyer moBTopsATh cBeieHMS,
yoKe IPUBOJIUBIINECS B pasjiesie « BBeieHue», u mopoOHble JaHHbIE
u3 pasnena «Pesyisratei». HeoOX0ANMO OTMETUTH OTPAHHYEHTIST
HCCJIEIOBAHMS U €0 MPAKTUYECKYIO 3HAYMMOCTb. B obcyskieHne
MOKHO BKJIIOYUTH 0O0CHOBAHHbBIE PEKOMEH/IAIIUH.

Saxmouenue. Pazen copepKUT TE3UCHl U BBIBOJIbI MCCJIEN0BA-
HUsI, OCHOBaHHBIE HA COOCTBEHHBIX JIAHHBIX.

BaarogaprocTtu 3a GUHAHCOBYIO MJIH JINYHYIO OMOIILL JT0JIK-
HBI OBITH TIOMEIIEHbI B KOHI[E TeKcTa. JINIia, BHECIINE CyIIeCTBEH-
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HBII WHTEJUIEKTYATbHbIN BKIAA B paboTy, HO HE OTBEYAIOIIITE KPH-
TEPUSIM aBTOPCTBA M He BOIIE/IIE B CIIUCOK COABTOPOB, MOTYT
ObITH OTMEUYEHBI B ITOM Pasjielie.

Ta6nuypt. TAGMHIIBI TOTKHBL GBITH SICHBIMI, AOTIOHSIOIMU, HO
He Ay6smpyommmu texcet. Kaxkaast tabimia Jo/KHa UMETh TTOPsi-
KOBBIII HOMEp COOTBETCTBEHHO II€PBOMY YIIOMIHAHMUIO €€ B TEKCTE 1
KPaTKKii 3aroJI0BOK, pasMeraeMblil Haj Tabsuieit. Kaxipiii cros-
Gerr B TabJIiIIe TOJKEH MMETh KPaTKUii 3aroJ0BOK (MOKHO HCIIOJb-
30BaTh ab0OpeBHATyph). Bee pasbsiCHEHUs 1 UCIOJIb3yeMble B Tal-
gunax abbpeBUATypbl  pacIPOBBIBAIOTCS B PUMEYAHIH.
VYkaspIBaiiTe CTATHCTIYECKUE METO/IBI, HCIIOIb30BAHHbBIE JIJIST TTPEJI-
CTaBJIeHUs BApUaGeJbHOCTU JIAHHBIX U JIOCTOBEPHOCTH PA3JIUYMil.
TabJILbI TIPEACTABISIOTCS B 9JIeKTPOHHOI (hopme B hopmate Excel
TUTH CTPOSITCST HETIOCPEACTBEHHO B mporpamme Word.

HUnnrocmpayuu (pucyHku, auarpammsl, dotorpadun) mpej-
cTaBigioTcs B 2 sk3emisipax (dotorpadpuu — Ha TIISHIIEBON
G6ymare). Ha 060poTHOI CTOpOHE PUCYHKOB MSTKHM Kapamja-
IOM JIOJIKHBI OBITH TIOMeIeHbl (hamMuJiist aBTopa (TOIbKO MepBo-
ro), HOMep PUCYHKa, 0603HAYeHIe BepXa PUCYHKA. PUCYHKU He
JOJIKHBI OBITH TIEPErPYKEHBI TEKCTOBBIMY HAIHCSIMU. PrcyHku
[IPE/ICTABJISIIOTCS. B 3JIEKTPOHHOI (hopme B dopmate jpg, aua-
rpammMbl — B dopmare Excel wmm cTpositest HerocpenacTBeHHO B
nporpamme Word.

IToonucu k unnocmpayusim. TledataroTest Ha OTIAENbHOI CTPaHU-
1ie uepes 1,5 mHTEpBaa ¢ HyMepaImeil apabcKIMu 1idpamu coot-
BETCTBEHHO HOMePaM PUCYHKOB. I10INCh K KaXI0My PUCYHKY CO-
CTOMT W3 €ro HasBaHUs M <JereH/Abl» (00bsICHEHUs yYacTeii
PHUCYHKa, CHMBOJIOB, CTPEJIOK U JIPYTUX ero aeTaseil). B moanmcsx
K MUKpodoTorpadusiM Hajlo yKa3bIBaTh CTeNeHb yBeandeHus. Pu-
CYHKH U TabJIHIbI He JIOJDKHBL AyOIupoBatTh Apyr Apyra. [jst rpa-
(ukoB n marpamMM OTMeYaeTcs, YTO JJaHO 10 OCSM KOOPAMHAT Ha
MIPUBEICHHBIX KPUBBIX M KaKue JaHHble TIPUBOISTCS 110 OCH ab-
cuuce. Bee pucyHKH 1 TpadUKy TaKKe TOJGKHBI ObITh [PEICTABIIE-
HBI B 3JIEKTPOHHOM BapHaHTe.

Bubnuoepagus (cCMCOK JTMTEPATyPhI) MEYATAETCS HA OT/IENb-
HOM(BIX) JircTe(ax) yepes 2 MHTEPBaJIa, KaK/Iblil UCTOYHUK — C HO-
BOII CTPOKH O/ OPSITKOBBIM HOMePOM. B crricke Bce paboThl Tie-
PEUNCIIAIOTCS B MOPSIIKE IINTHPOBAHUS (CCBIIIOK HA HUX B TEKCTE),
a He 110 asipaButy pamninii nepseix aBTopos. [Ipn ynomnHannm
OTZIEJIBHBIX (DaMIIINIT aBTOPOB B TEKCTE MM JIOJIKHBI IIPE/IIIECTBO-
BaTh MHAIMAIB! ((haMUIMKI MHOCTPAHHBIX ABTOPOB MPUBOJSTCS B
OPUTHHAJIBHOI TPAHCKPHIIIIH).

B rekcre cratbit GuGsmorpagudecKie CChUIKU A0TCst apabCKi-
M paMu B KBaIPaTHBIX CKOOKax. B Crmcok smrepaTypsl He pe-
KOMEH/Iy€eTCs1 BKJIIOUATh JIMCCEPTAIMOHHBIE PAbOThI, TAK KaK O3Ha-
KOMJICHHE C HUMM 3aTpPy[HHUTEJIbHO, a TakKxke aBTOpedepaTs
JIMCCEPTAINii, OCHOBHOE COJIEPIKaHKMEe KOTOPBIX M3JIOKEHO B IIPUBO-
JUMBIX B aBTopedepare myOIMKaIusX, CChUIKE HA KOTOPbIE TIPEl-
CTaBISAIOTCsT 60JI€€ KOPPEKTHBIMIL HeskemaTembHbl TaK/Ke CChIITKHI Ha
TE3UCHI JIOKJIAJIOB, 0COOEHHO OMyOJINKOBAHHBIX OoJIee 5 JIeT Ha3a/l.

[Topsiiok cocraBiieHust CIMcKa CJIeAyomunit: a) aBTop(bl) KHU-
i uim ctathi (KypcuBoM ). Briowaorest BCE (1) aBTopst (¢ wau-
Irasami rocste hammmnii); 6) HazBaHie KHUTH WK CTATBH; B) BBI-
XO/IHbIE JIJaHHbIE. B HEKOTOPBIX CJIyyasix B KA4eCTBE aBTOPOB KHUT
BBICTYIAIOT UX peakTopbl nin coctaBuresu. [locse pammmnn mo-
CJIEIHETO M3 HUX B CKOOKAx CJIeyeT CTAaBUTDH (Pel.), B MHOCTPAH-
HbIX ceblakax (ed.).

B 6ubsmorpaduueckoM OMMCAHNN KHUTH TOCTE ee Ha3BaHWsI
HPUBOJISITCS: TOPOJL, T/Ie OHA U3/IaHA, TIOCJIe IBOETOUNS — Ha3BaAHIE
M3/IaTeJIbCTBA, 110CJIe TOYKY C 3aIITON — Toji u3jianus (11ocje rojia
M3/JIaHUS CTABUTCS IBOETOYME ), CTPAHUIIBL. [opos, rie usana KHu-
ra, TIPUBOIUTCS MOJHOCTBIO, 3a HckaodenneM Mockssl (M.) n
Canxr-ITerepoypra (CII6.). Eciiu ceblika TaeTcst Ha IJIaBy U3 KHI-
I'il, CHaYyajia yIIOMUHAIOTCS aBTOPHI ¥ Ha3BaHMeE IJIaBbI, TI0CJIEe TOY-
KI — € 3ary1aBHOi GyKBBI cTaBuTest «B kit» («In»:) 1 bammmisi(i)
aBTOPA(OB) MJIN BBICTYIIAIOINIETO B €I0 KauecTBe PeJlakTopa, 3aTeM
— Ha3BaHUe KHUTHU 1 ee BBIXO/HDIE JTaHHbIE.

B 6u6morpaduaeckoM OMMUCAHNI CTATHI U3 JKyPHATA YKa3bl-
Batorcst pamuuiny u nannuansl BCEX (1) aBropos KypcuBowm, Ha-

3BaHKe CTAaThH, JKypHaa (HazBaHue SKypHala — KyPCHBOM), IO/,
toMm (yxaspBaercs Toabko APABCKVIMU mmdpamm), HOMep
JKypHAJIa, HOMepa CTPAHUIL «OT» 1 «/10». [lociie HagBaHuii craTbu n
JKypHaJIa cTaBsitcs Touky. CoKpaleHnble Ha3BaHNsl HHOCTPAHHBIX
JKyPHAJIOB TIPUBOJATCS B COOTBETCTBHN ¢ (aszoii fanubix PubMed,
IIPU 9TOM TOYKA CTABUTCS MOCJIE KAKIOTO COKPAIEHHOTO CJI0BA B
naszBanuu (cM. [Ipivepsr).

CcBUIKM Ha MHOCTPAHHbIE HCTOUHUKH JIOJIKHBI CO/IEPIKATD dJIe-
KTpoHHbLIH azipec pasmeriienust (PMID) u nudposoit uaentudu-
karop ob6bekta (doi), KoTOpble oOmpemensioTcss Ha caiitax
(http://www.ncbi.nih.gov/entrez/query.fcgizdb=PubMed) u
(http://www.crossref.org/guestquery,/), COOTBETCTBEHHO.

3a I0CTOBEPHOCTD TPECTABISIEMBIX OUGIMOrpaduuecKix nan-
HBIX aBTOPBI HECYT OTBETCTBEHHOCTD BIJIOTH 10 OTKa3a B ITPaBe Ha
Iy OIMKAIUIO.
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Penxosuierns ocrasiser 3a o600l MPaBo COKPANIATh U PEaK-
THPOBaTh cTatbu. CTaThi, paHee ONMyGIMKOBaHHbIE WM HANPAB-
JIEHHbBIE B IPYTOH 3Ky pHaJI Wik COOPHHK, PeIaKuueil ;KypHaja He
npuanMaiorcsa. CTaTbu, NPUHATHIE B XKyPHAJ, IPOXO/AT PeleH-
3upoBaHue. Penakius u u31aTeabCTBO HE HECYT OTBETCTBEHHOC-
TH 32 MHEHMs], U3JIO’KEHHbIE B MyOJIMKAIMSIX, 8 TAKIKE 32 COlEP-
JKaHue peKjaamMbl. PyKonucu oTKJIOHEHHBIX paGoT pefakiueii He
BO3BPAIAIOTCA.
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